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Eugenia Etkina
1. January 2022.

Hi all, Happy New Year again! | hope it is happy year, we all need it to be! Three (no, four!)
things in this post.

1.We have several new members today - WELCOME! Please read my post of yesterday and
the notice on top of this group's page to learn how to benefit from our community.

2.If you read this post, please like it or comment.

3.1 am reminding you about our repeat meeting dedicated to the essential elements of the
ISLE approach on Saturday, Jen 8th 11 am EST. see the events calendar.

4.As promised, | continue with fluids. Chapter 14, Fluids in motion. We start with a qualitative
analysis of the phenomena that occur when fluid moves - in the previous chapter the events
occurred in stationary fluid. Note that all most of the sections are dedicated to the laminar flow
of an ideal fluid. However, we have a section dedicated to viscous flow, which is very important
for medical students. Here i am attaching a screen shot fo the qualitative investigation that
starts the chapter. It conforms to the ISLE reasoning flow and serves as a conceptual way to
invent the relationship between the speed of the fluid's flow and the pressure it exerts. Note,
that as always we do not ask students to predict the outcome of the observational experiment.
We do not elicit prior knowledge or put students' intuition to the test. However, once they
constructed an explanation for the first experiment, they must use this explanation, not their
intuition to predict the outcome of the testing experiment. In class, both experiments can be
done by the students if you have enough equipment or the Observational experiment can be
done by EVERY student and then the testing experiment is performed by the teacher AFTYER
the students working in groups make the prediction about its outcome using the explanation
that they constructed for the Observational experiment.

5.Have you reached the end of the post? Please like it or comment, thank you!



alw CHAPTER 14  Fludds in Mation

14.1 Fluids moving across surfaces—
qualitative analysis
You learned in Chapters 12 and 13 that a key propenty of a static Fluid is its pressure.

What happens to that pressure when a fluid moves? To investigate this, we will analyze
the simple cxperiment described in Observational Experiment Table 14.1.
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Basad on the anatysis of the experiment and osing the force dsagram, we can infier that air moving aleng the surface of an objpect exees a smaller
furce on the object. Caven that foerce divided by the area over which it is exeried is pressure, we conclude that the sir moviag along a sarface exers
less pressure on the object than stationary asr.

Bernoulli's effect

Extrapolating from the patiern in Table 14.1, could it be that for any fluid, the speed
with which fluid is moving along the object and the pressure exerted by this fluid on
the ohject are related: the greater the speed, the smialler the pressure” Let's test this
hypothesiz experimentally.

1t is important to note here that in all of the experiments, the movernent of the
fluid was parallel to the surface of interest. When the fluid is moving perpendicuiar
o the surface of interest, it exerts a force in the direction of motion (yeu can think
of the momentum of f{luid particles changing as the particles hit the surface). You
can clearly observe this effect if you repeat the experiment in Testing Experiment
Table 14.2 with the hairdryer blowing directly downward into the tube—the water
level inside the tube lowers.
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Eugenia Etkina
2. January 2022.

Hi all, yesterday, Ashutosh Bhakuni posted some very important points about issues with
Bernoulli equation and suggested some excellent papers addressing those issues. Thank you,
Ashutosh Bhakuni! We (Gorazd Planinsic and |) are aware of the issues described in these
papers and we share the “pain”. Those of you, who have the first edition of our book can see
how we changed the experiments and how we tried to addressed these issues (obviously, we
will need to do more work). On page 427 we added a paragraph called “Using Bernoulli’s
equation to explain how airplanes fly” in which we show quantitatively using real life data that
Bernoulli’s effect cannot explain how airplanes fly and that the important idea that need to be
taken into account is change in direction of motion of air, which is also the main idea behind
the papers suggested by Ashutosh (see the attached screenshot).

The critical issue in our textbook that needs to be revised is the statement (explanation) in the
Pattern below the OE 14.1. (page 416): “Based on the analysis of the experiment and using
the force diagram, we can infer that air moving along the surface of an object exerts a smaller
force on the object.” It is not the motion of air per se that causes the observed effects but rather
the change of the speed of the air. On the next page, we make it clear that “...as a fluid’s
speed parallel to a surface increases, the pressure that the moving fluid exerts on the surface
decreases.” We might also add another testing experiment using the idea from papers
suggested by Ashutosh Bhakuni (similar to our TE 14.2 but to insert the tube into a hole in a
cardboard and make it flush with its surface) to test the idea that it is not the motion of air alone
that causes the change in pressure but the change in the speed of the air.
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Using Bernoulli’'s equation to explain how
airplanes fly

You may have heard that airplanes can fly because of the special shape of their FIGURE 14.10 Airflow over an airplane wing.
wings, which causes the air above the wing to move faster than the air below the
WINg (Vahove = Vhelows Shown in Figure 14.10a). Let us apply Bernoulli’s equation to
an airplane wing to evaluate this claim. A Boeing 747-8's maximum takeoff mass is
442 metric tons, its takeoff speed is 330 km/h, and its wing surface area is 554 m”. We
assume that the speed of air above the wing is egual to the takeoff speed and the speed
of air below the wing is zero (this is a rather unrealistic assumption, but it allows us to
estimate the largest possible force due to Bernoulli’s effect). In this case we find

Ap = L pviieonr = 0.5 X (13 kg/m?) X (92 m/s)? = 5501 N/m?

and
Ficonsirpiane = Ap*A = 3.1 X 10°N
The force exerted by Earth on the airplane is
FF. on airplane = maimmtg e 43 5.4 1{){:| N

This force is much larger than the largest possible lifting force exerted on the plane due
to Bernoulli's effect.

In other words, Bernoulli’s effect is at work, but it does not provide a complete ex-
planation of how airplanes fly. The important missing force comes from the change of
direction of the air’s motion. Due to the shape and the tilt of the wing, the air passing the
wing changes its direction of motion from horizontal (V) to slightly downward (vy)
(Figure 14.10b). For this to happen, the wing must exert a downward force on the air;
therefore (remember Newton's third law), the air exerts an equal and opposite force up-
ward on the wing. It is this force that provides the main lift and (together with the force
due to Bernoulli’s effect) makes the airplane {1y. Note that the origin of this force is the
change of the direction of motion of air and has nothing to do with Bernoulli's effect.
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Eugenia Etkina
3. January 2022.

Today my message is not about physics topics, but about our role as teachers who educate
students as whole human beings. If you have not seen "Don't look up” yet please rush (it it is
available in your country)! And make sure your students watch it too. Here is a brilliant
commentary by Brian Cox - totally worth watching. Conservative movie critics are bashing the
movie and it has relatively low ratings on "rotten tomatoes", but this makes it even more urgent
to advocate for it and focus on its message.
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Eugenia Etkina
4. January 2022.

Hi all, two things today. 1) For new members (WELCOME!) | wanted to note that old posts
related to different topics of our discussions are compiled in a google folder at
https://drive.google.com/.../10qgn...

You can read what happened over the years. Textbook related posts are especially important
for those who use our textbook College Physics: Explore and Apply by Etkina, Planinsic and
Van Heuvelen.

2) We are moving to Chapter 15, Thermodynamics. This chapter is an excellent example of
the coherent picture of physics that we tried to help our students construct. Remember, that in
chapter 7, Work and Energy, students learned that work done by the environment on the
system is the process through which the energy of a system changes. In these changes we
took into account the changes in mechanical energy and internal energy. In thermodynamics,
we usually do not have situations when the mechanical energy of a system changes, as we
only focus on the changes in internal energy. However, we now have another means of
changing energy - a new process (in addition to energy) - heating.

Heating is the process of energy transfer from the environment to the system when they are
at different temperatures. Notice that we do not use the word "heat", but the word "heating" to
underscore that it is the process of energy transfer, not energy itself. In our approach we only
consider work done by the environment on the system and energy transfer through heating
from the environment to the system - both can be positive or negative.

With this approach the first law of thermodynamics becomes an extension of the work-energy
principle that the students learned in chapter 7 - the total energy change of a system if equal
to the work done on the system by the environment plus the energy transferred to the system
through the process of heating. Now, the bar chart approach works naturally - see the attached
screen shot showing how the first law of thermodynamics applies to an isothermal process.
Here there is positive heating but no temperature change of the system as the environment
does negative work on it. As always, the bar chart is the step between the phenomenon and
the mathematical description of the process.

Tomorrow | will focus on the process through which the students learn all this.

Please do not forget to respond to the post to make it more visible.



FIGURE 15.6 Analysis of an isothermal
process.

(a) )
P W + Q0 =AU

A mnt

T is constant

O —_

v
<

https://www.facebook.com/groups/320431092109343/posts/1086855135466931/? cft [0]
=AZX6uU90ZLE8pge9-Ph4FtxWgNJR1G-cgbdtP8ZfzhHv8dG3 -yjkeVZ ZO-

BI5SHNndt YsYN56Hzp-

WNInR VvR9S 0zIdAZQ58If4CodJtK3YZcCOY10gTGxHVP3gvcHdq7exjitLav97-
6vHOXb8Mn1J& tn  =%2C0%2CP-R

Eugenia Etkina
5. January 2022.

Today, | will continue with Chapter 15 - Thermodynamics. We start the chapter by helping
students figure out how to calculate the internal energy of ideal gas and how to determine work
that the environment does on it.

Once the students are familiar with both, we present them with a difficulty that we experience
when we try to use familiar work energy principle Ei+W=Ef to explain two simple experiments
(see the attached Observational Experiment table).

Experiments conducted in this table cannot be explained using the idea that work changes
energy of a system. In both experiments, the energy clearly changes but there is no work
done. This difficulty motivates the invention of a new physical quantity that accounts for the
transfer of energy to the system without doing work- heating or Q. This step - the one
described in the attached document is extremely important for the students to help them
understand that Q is not energy, but a mechanism of transferring energy, it does not belong
to a system.

If you finished reading the post, please do not forget to respond to it - like it or comment! thank
you!
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15.2 Two ways to change the energy
of a system

Throughout this text, we have stressed the importance of defining a system—a carefully
identified object or group of objects on which we focus our attention. Everything
outside the system is the environment. A system is characterized by physical quanti-
ties, such as the system’s internal energy, mass, volume, temperature, and number of
particles. The interaction of the environment with the system is defined in terms of the
‘work done by the environment on the system. We devised the generalized work-cnergy
equation [Eq, (7.3)] that summarnzes these ideas: ®

E+ wmlwwwnﬂm = Hl
Using this equation, we find that the total initial energy £ of the system plus the work
done on the system by the environment Weissamees oa Sysie €quals the total final energy
E; of the systeny. The energy of the system can be in many different forms, but the only
way the total energy of the system can change is if the environment does work on the
system.

(Kt U+ U+ o0 ) # Wagos = (K + Uy + U + 000 + Al

Are there situations where these ideas are inadequate? Consider Observational Exper-
iment Table 15.1. To analyze these experniments we will use a rewrilten version of the
generalized work-energy equation:

Wasiiarneston svten = Er — Ej

———————————————
OBSERVATIONAL 15 1 (4 E
EXPERIMENT TABLE ' - Using the work-energy principle to analyze two processes
Observational experiment Analysis
Experiment 1. Place a fixed amount of ® The temp of the gas ir d; henee its internal thermal
£as in a fixed-volume container. A flame energy increased: Allg >0
below canses the gas 1o warm from Fompe # The work done on the gas was zero because the gas volume did
temperature T, to T, v not change: W = 0.
® Thus, O = Al According fo the generalized work-energy
L principle, this process cannor occur—ihe left side is zero and
\\':?’ the right side is 4 positive mumber.
{CONTINUED)
MIS_ETKI1820 02 SE_Cifindd 448 @ 200017 1058 AM

446 CHAPTER 15 First Law of Thermodynamics

Observational experiment Analysis

Experiment 2. Place the same ® The temp of the gas i d; hence its thermal energy
gas (same initial conditions) in a 1 increased: All, = 0.

cylindrical enclosure with a heavy ® The piston pushed down on the gas opposite the direction

piston that can move freely up or of its expansion; thus negative work was dene on the gas

down in the cylinder, thus kecping [ ————

the pressure excried on the gas ® Thus, - |W| = +| U |. Acconding to the gencralized work-cnergy
constant. A flame below causes the principle, this process camnor occur—ihe left side is negative and
gas to expand and warm from the right side ix positive.

temperature T, to 17, It takes longer

to reach T than it did in Experiment 1.
T, and T, are the same in Experiment |
and Experiment 2.

Pattern

Analyzing both experiments using the work-energy principle, we find that according to this principle the processes cannot possibly occur. However,
since we observe these processes in real life, they must be possible. We conclude that either the principle is incommect or it needs modification.

The gencralized work-energy principle is unable to account for the energy changes
in the two experiments in Table 15.1, What modification in the principle would help us
explain what happened in those two experiments?

Particle motion explains the change
in thermal energy of the gas &

https://www.facebook.com/groups/320431092109343/posts/1087444958741282/? cft  [0]
=AZUs|9p3pOFhgoYK27JgEvdj 6HSV33TKcgk3glzzf8ugxvP3VgmVifgsajF JMvCd8m5J3zM
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Eugenia Etkina
8. January 2022.

Hi all, thank you for coming to the meeting today, we had an amazing group representing
almost all continents on Earth. Here is the recording and the link to the slides:

Recording: https://rutgers.zoom.us/.../IZrb9SZE954XOlqy2ELVeMhR... Password: C5E1.su”
Slides link:

https://docs.google.com/.../106dcVylrSRdjuRxS1CS;.../edit...

Our next meeting was supposed to be about the strategies for student improvement of work
that do not ruin our lives. | suggest the meeting on Saturday, January 29th, 1 pm EST - two
hours later than today). If there are people for whom this time does not work, we can always
have a repeat meeting. Please comment on the day/time, thank you.

https://www.facebook.com/groups/320431092109343/posts/1089312491887862/? cft [0]
=AZX9GORanx0vHjMrgu-az7qFbEUDFBFd489-
YKLKkmFXKIWhhcyAVhZgSZNyMilHtUprvSeCpZa34gSEKOGROu vMkBhcx8mFAraJghT-
E8r5wnk0x3JzUdEcrsINa6sv2TOHFKwWEOmMNnTIngWS6 PJiFU& tn =%2C0%2CP-R

Eugenia Etkina
9. January 2022.

Hello everyone, happy Sunday! | am continuing with Chapter 15 - Thermodynamics. After the
students invented an improved statement of energy conservation - the first law of
thermodynamics (adding heating as the means of energy transfer to the system in addition to
work Q+W=change in E)), it is great to practice it a little before moving to complex problems
(which will come tomorrow). Here is an example from the OALG Chapter 15 (posted here in
the FILES) of such an activity for the students. It can be done in a group or individually and
then discussed as a whole class. Notice, that there are no numbers here and no calculations
but the activity allows the students to apply the first law in three different ways. If you read to
the end, please do not forget to respond to the post to make it more visible.
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OALG 15.3.3 Explain
Use the generalized work-energy principle with heating, called the first law of thermodynamics W + Q= AE, to
explain the processes described below in words. Decide whether the gravitational and kinetic energies of the system

change.

Verbal representation of the process Write an explanation | Indicate the Represent
in words using the signs of the the process
terms of energy, wIQIU,, with a bar
heating, and work. e in e chart.

equation.

A pas, originally at 20.0 °C, resides ina w:

cylinder with a movable piston. You push on

the piston, thus compressing and warming the Q:

gas. The cylinder is insulated so that there is no AE, 5

thermal energy transfer into or out of the gas. it

Choose the gas in the cylinder as the system.

A gas, originally at 0.0 °C, resides in a cylinder

with a movable piston, the cylinder is inside a

bath filled with ice water. You push slowly on o

the piston, thus compressing the gas, but this AL »

time the gas does not warm up. The cylinder e

has thin metal walls and slightly warms the

water surrounding it. Choose the gas in the

cylinder as the system.

Aburning match warms a paper cup that holds

ice water. After 2 minutes of warming, the

water is still at 0°C but now has less ice and o

more liquid water. Choose the ice water as the AUr 3

system. s

https://www.facebook.com/groups/320431092109343/posts/1089696408516137/? cft [0]
=AZVL6s71b9Wed5wtI8fVYFgD-

HhmvUr2LhHZWOpPgsgScF5I8epuyF Xpggbwgs0CuhHHJSxB4PjmQoigYoHISN xezntV|DI
3m21mGdFI3-

WO7qg26aXbpHabyjx88mMCXcvjU2G7PEo4ybGBolM4l MI& tn =%2C0%2CP-R

Eugenia Etkina
10. January 2022.

Hi all, | continue with Chapter 15 - Thermodynamics.

Using our approach to thermodynamic quantities and the law of energy conservation and bar
charts allows us to help student analyze processes in a gas with relative ease. We start with
iso processes - please read the attached document and see what happens to the work done
on the gas when the gas is expanding. But what is very important is how we explain the gas
processes microscopically.

Research by the PER group of late L. McDermott showed that students have tremendous
difficulties connecting macroscopic descriptions of processes to microscopic. We do it
systematically. In the textbook the section: Mechanism of energy transfer to a gas

10
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microscopically precedes the analysis of the processes. | suggest reading it first, and then the
part posted here. Enjoy! And please, do not forget to comment on the post or like it to make it

more visible.

Isothermal process (constant temperature)

During an isorhermal process, the gas pressure and volume change while the temperature
remains constant. We will limit our analysis to volume expansion only. To demonstrate
this process, we use a cylinder with a movable piston. The cvlinder 15 immersed in an ice
water hath to keep all parts at the same temperature. The cylinder walls are made of a
thermally conductive material (a material that allows thermal energy transfer—aluminum
is 5 good example, whereas Styrofoam has low thermal conductivity),
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FIGURE 15,6 Analysid of an isothermal
Process.
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We move the piston very slowly o that the volume of the gas inside the cylinder
is increasing {alternatively, we can say that we are lewing the gas push the piston by
expandingy. A graph of this process is shown in Figure 15.6n. The gas pushes on the
piston o the rght, and the piston pushes on the gas io the lefi. Let the gas inside the
cylinder be our system. In this case, the piston does negative work on the sysiem.
Therefore, the thermal energy of the gas should decrease and the temperature should
decrease, but because the gas is in a bath of constant temperature, the ice water transfers
energy o the gas theough the walls of the container, keeping the lemperatiire constant,
The enesgy bar chart for the process is shown in Figure 15.6b. Because the temperature
of the gas stays constant, AU, = 0. The external work done on the gas is negative
(W < 0). Transfer of energy through heating (@ > () is needed to make the thermal
energy change zero, The first Inw of thermodynamics can be written as —| W| + @ = 0,

Now let us explain the same process microscopically. We will first look at the
interactions of the gas particles with the moving piston. As described before, the gas
molecules stick to the inner walls (and the piston) and leave a short time later, Molecules
that leave from the maving pistan (expansion) have on average slightly smaller velocities
than before they stuck to the piston. (This i analogous ta when somebody throws a ball
taward you from a car that i moving eway from you. The speed of the ball is smaller
than it would be if the person had thrown the ball from » stationary car) The kinetic
energy (and therefore the temperature) of the molecules of the gas that leave the piston
is slightly smaller than the kinetic energy of the molecules before we started to move
the piston, Such a “cold molecule” eventually hits the inner surfuce of the wall of the
cylinder, which is kept at the constant temperature. When a molecule sticks to the wall,
it gains energy from the vibrating atoms and leaves the wall with a velocity that is larger
than the velocity it had before it hit the wall, Because the volume of the gas is increasing,
the density of the gas 18 decreasmg and so0 is the frequancy with which the molecules are
hitting the wall (note that the speed of the molecules remains constant).

Isochoric process (constant volume)

During an isochoric process, the volume of the gas remains constant. To demonstrate
this process, we now fix the piston so that it cannot move and place the container in a
higher temperature bath, The temperature of the gas increases. Because the volume is
constant, there is no work done on the gas (W = 0). Energy is transferred to the gas
through heating (@ = 0). The transfer of energy through heating leads to an increase
in the internal thermal energy of the gas (AL, = 0). The first law of thermodynamics
can be writien as 0 + ¢ = + AU, Figure 15,7 shows the bar chant for this process,
Microscopically speaking, the container wall wansfers thermal energy to the gas
through the mechanism explained above. The faster moving molecules of the gas collide
with the walls of the container more ofien and more violently. The gas pressure increases.

Isobaric process (constant pressure)

During an isobaric process, the pressure of the gas remains constant (Figure 15.8a).
To demonstrate this process, we place the gas in a container that has a heavy piston
on top that can move freely up (or down), keeping the gas al constant pressure.
The container is placed in a bath at a bigher temperature, causing the gas o expand a1
constant pressure.

During this process. the environment does negative work on the gas (W < (). Energy
is transferred through heating (@ > 0) and is greater than the negative work. The intemal
thermal energy of the gas increases { AL, = 0). The first law of thermodynamics can be
written as = | W| + @ = +AU,,. Figure 15.8b shows the bar chart for the process.

To explain the process microscopically, we again need to consider how the walls of
the container exchange energy with the warm bath. The walls transfer energy to the gas
molecules through collisions, but the gas warms less because the piston moves outward,
slowing the particles in a way similar to the mechanism for the isothermal process.
The greater velocity of the molecules is compensated for by less frequent collisions
between the molecules and the walls so that the pressure remains consgant.

TINGT 11T AM

11



https://www.facebook.com/groups/320431092109343/posts/1090349501784161/?

cft

[0]

=AZUc-1s10pED9pVGOTJBtkji9QACA-hwcee GWyKu5dpb-A-zuajS94n-

ufyJ7kGkJveHXq2jnNQrAACHjqwu706T_hHMZ2wHOsFVpp3HUP-

gaevhG3tcqlVBAMOIIVhJUs VCeBuXT1bO_R8jAMhI9fqo&

tn

=%2C0%2CP-R

Eugenia Etkina
11. January 2022.

Today my post is about one of my most favorite activities. It was created in response to a
quantitative study done by David Meltzer a long time ago and the dissertation by David
Brookes that used this problem for an interview study. This activity helps students truly
understand the difference between internal energy, work and heating. While students have no
problem figuring out that the work done on a gas in a cyclic process can be non-zero, they
have a lot of difficulty realizing that it is true for heating too. The steps in this activity help them
figure this out and see the difference between internal energy as a state function and work
and heating as the physical quantities that are not state functions.

DALG 15.4.1 Represent and reason

A gruphical descrption of three processes for a gas in a container §s provided in tae table below
{# means a positive valee and - 8 negative value), The gravitationsl and Kinctic energies of the
systerm do not change. Complete the table thar follows. Note that the process in pant ¢, 15 eyelio—
the system returns fo it starting state. For part ¢. you are to decide the chanpes in the theee
quantities for each part of the cycle (1 o2 and 2 to |} and for the complese cycle.

Tiescribe the process i words. | raphical description | Was AL, +,—, 07

f For 12+
.
el 1 For2—1:
] A For l-+2—s1:
-
Was W +—07 {Also indicate | Was ¢ +.-,07 Explaic each process by using
this om the graph in the ” your knawledge of the motion of
graphical description.) Favl=4s molecules in an ideal gas.
Far 21 % o
Forl—+1: Fearl—2:
Foe 2411 forls2=l Fer2-31:
Forl= 21— 1: Forl—=2—1;

Was =, — 07 (Ao Was gs 07 Explain each process by using vour
indicate this on the graph in knowledge of the motion of molecules
e graphical desenplion, ) in an ideal pas

b.

Deseribe the process im waords. | Graphical descnpiion | Was AL+ -, 07

[Was 7 =, 07 (ABa Was g +,-,07
indicate this on the graph in
the graphical deseription.}

Explain cach process by using vour
knowledge of the motion of molecules
Im an ideal pas

[

Teacribe (he process in words. | Lraplucal esctpion. | Was AU, +-07
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Eugenia Etkina
12. January 2022.

Hello everyone! Today | thought | would share an excellent explanation of the mechanism of
energy transfer to the gas through the process of heating. Traditionally we talk about
molecules of hotter gas hitting the walls of the container and transferring their kinetic energy
to the walls and then the walls - to the gas inside. But is this really accurate? When we were
working on the second edition of the textbook College Physics: Explore and Apply, that many
of you use, Gorazd Planinsic devised a brilliant explanation of the mechanism. | suggested
that you to read it in one of my previous posts, but then | realized that those who do not have
the textbook, will not be able to learn from it. | think this is one (of many) gems that we have.
And | wanted everyone to have access to it. So - here it goes. Please do not forget to respond
to the post after you finished reading it and the attached document.

L

Mechanism of energy transfer to a gas
through heating

We consider a gas inside a container that is being heated by a flame (see Figure 15.5).
The initial temperature of the gas is lower than the temperature of the flame. As you read
the following description of the heating process, remember that when we talk about the
velocities and kinetic energies of molecules, we always have average values in mind.

Transfer of thermal energy from the flame's hot gas to the container wall The
container wall is made of atoms that cannot move around (solids do not flow) but can
vibrate. As we heat the container (in this case with a flame), hot gas molecules hil the
outer surface of the container wall. If we assume that these collisions are elastic, as we
did when we developed the microscopic model of an ideal gas in Chapter 12, then each
molecule rebounds with the same speed without transferring any energy to the wall. To
explain how the molecules of the hot gas in the flame wansfer energy to the container
walls, we need to model the collisions differently. In this new model, when a mole-
cule hits the surface of the wall, nstead of rebounding immediately, it sticks to the wall
for a very short time and then leaves the surface because it is “knocked” by the vibrat-
ing wall atoms (sec the magnificd part of Figure 15.5). Hot gas molecules have a large
velocity (and thus kinetic energy). When they stick to the surface, their kinetic energy
is transferred to the wall atoms, As a result, the wall atoms start to vibrate with larger
amplitudes. When the gas molecules detach from the surface and fly away, their veloeily
(and therefore kinetic energy) is smaller than it was before they stuck to the surface.

Transfer of thermal energy through the container wall Atoms at the outer surface
of the container wall vibrate with large amplitudes, Since the atoms in the container
wall are bound Lo their nearest neighbors as if they were connected with little springs,
the vibrations of outer surface atoms are transferred to the atoms in deeper layers in the
will (Figure 15.5). The amplitude of vibration decreases as we move away from the
outer surface (and into the wall), but everywhere in the wall the amplitude of vibration
is larger than before we started heating the container with the flame. The atoms on the
inner surface of the container and molecules of the gas inside the container undergo a
similar process to that at the outer surface of the container. The only difference is that
now slow-moving gas molecules stick to the inner surface of the wall, where they receive
energy from the vibrating atoms of the wall. As a resull, they leave the inner surface with
a larger kinetic energy than they had before they stuck to the surface. We can describe
this process using the language of energy: the high-temperatre flame is transferring
energy through heating to the container wall. Thermal energy is transferred through the
wall to the gas inside the container. As a result, the lemperature of the gas increases,

FIGURE 15.5 Microscopic view of a gas being

heated by a flame.
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Eugenia Etkina
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https://www.facebook.com/groups/320431092109343/posts/1091551228330655/?__cft__%5B0%5D=AZVTiYvZEyJ12pyntRHLLa1eeVi5Z_z_fasTsaeT_UlS6nfouq3a1Ws3vpeBZel_V0L57iSWYgCazGUNFzj0xKN3kXlNtYrenGVuWWPbNyXHLAkCfOxgcqU4JXVwxt7Nu_t_iPkJK9zR1OG4_EF2h2Ul&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1091551228330655/?__cft__%5B0%5D=AZVTiYvZEyJ12pyntRHLLa1eeVi5Z_z_fasTsaeT_UlS6nfouq3a1Ws3vpeBZel_V0L57iSWYgCazGUNFzj0xKN3kXlNtYrenGVuWWPbNyXHLAkCfOxgcqU4JXVwxt7Nu_t_iPkJK9zR1OG4_EF2h2Ul&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1091551228330655/?__cft__%5B0%5D=AZVTiYvZEyJ12pyntRHLLa1eeVi5Z_z_fasTsaeT_UlS6nfouq3a1Ws3vpeBZel_V0L57iSWYgCazGUNFzj0xKN3kXlNtYrenGVuWWPbNyXHLAkCfOxgcqU4JXVwxt7Nu_t_iPkJK9zR1OG4_EF2h2Ul&__tn__=%2CO%2CP-R

13. January 2022.

Hi all, we finished Chapter 15 (as much as we could) and today | want to invite all our new
members to watch a video of my talk about the ISLE approach, posted on you tube by Martin
Monteiro. While he posted this link before, | think it will be very useful for those who are not
familiar with the ISLE approach to watch it to be able to benefit from the posts here. | am
reminding everyone that ISLE website is at islephysics.net - there are lots of materials and
instructions on how to get access to more free materials. Here is the video:
https://www.youtube.com/watch?v=BKsAGu7RN9k

https://www.facebook.com/groups/320431092109343/posts/1092221691596942/? cft  [0]
=AZUT-VbBOOKIiUxsnau96a3bhKFIK8BY1zEcale3sGtmv_MWyT9G6XSZ5sh8umNiE-
2W19S-DnRppelojA4gfMmo-htar-

jinF6LgfZ730NcnD4ma9HYLP3R7G j8zQTcZSJGKLKmMeAr9TOZHitimjxeKl& tn  =%2CO
%2CP-R

Eugenia Etkina
14. January 2022.

Hi all, today | start Chapter 16 - Second Law of Thermodynamics. The first step for the students
is to recognize that not every process allowed by the law of energy conservation occurs
naturally. We have a couple of excellent activities for it. | am attaching one that has cool videos.
The text of the activity is in the screenshot, | am also posting the links to videos below as | am
not sure you can get the links form the screenshot.
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
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https://www.facebook.com/groups/320431092109343/posts/1092221691596942/?__cft__%5B0%5D=AZUT-VbBOOKiUxsnau96a3bhKFlK8BY1zEcale3sGtmv_MWyT9G6XSZ5sh8umNiE-2W1qS-DnRppelojA4gfMmo-htar-jnF6LqfZ730NcnD4ma9HYLP3R7G_j8zQTcZSJGKLKmeAr9T0ZHitjmjxeKl&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092221691596942/?__cft__%5B0%5D=AZUT-VbBOOKiUxsnau96a3bhKFlK8BY1zEcale3sGtmv_MWyT9G6XSZ5sh8umNiE-2W1qS-DnRppelojA4gfMmo-htar-jnF6LqfZ730NcnD4ma9HYLP3R7G_j8zQTcZSJGKLKmeAr9T0ZHitjmjxeKl&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092221691596942/?__cft__%5B0%5D=AZUT-VbBOOKiUxsnau96a3bhKFlK8BY1zEcale3sGtmv_MWyT9G6XSZ5sh8umNiE-2W1qS-DnRppelojA4gfMmo-htar-jnF6LqfZ730NcnD4ma9HYLP3R7G_j8zQTcZSJGKLKmeAr9T0ZHitjmjxeKl&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092221691596942/?__cft__%5B0%5D=AZUT-VbBOOKiUxsnau96a3bhKFlK8BY1zEcale3sGtmv_MWyT9G6XSZ5sh8umNiE-2W1qS-DnRppelojA4gfMmo-htar-jnF6LqfZ730NcnD4ma9HYLP3R7G_j8zQTcZSJGKLKmeAr9T0ZHitjmjxeKl&__tn__=%2CO%2CP-R

16.1.2 Reason
In the table below there are links to videos that show different processes. For each process, describe the energy

changes that occur and decide whether the process occurs naturally.

a. Fill in the table that follows.

[+

Process Describe the types of energy | Does the processes
that change, the work done occur naturally?
on the system, and the
heating during the
Processes.

ttps://mediaplayer.pearsoncmg.com/assets/ frames
truefsci-phys-egv2e-alg-16-1-2a]

-

[https://mediaplayer.pearsoncmg.com/assets/ frames
true/sci-phys-eqv2e-alg-16-1-2b]

[hitps://mediaplayer.pearsoncmg.com/assets/ frames
ruefsci-phys-egqv2e-alg-16-1-2¢]

[https:/imediaplayer.pearsoncmg.com/assets/ frames
Atrue/sci-phys-egv2e-alg-16-1-2d]

b. Decide whether any of the processes shown in the videos are prohibited because energy is nof conserved. Explain.

https://www.facebook.com/groups/320431092109343/posts/1092867058199072/? cft  [0]
=AZUu_kketkH7JWigioNQWWOHNXLzJhQIiPIliuFD43xkW-

ytKA9tJIkYe i3itaABADgLLJIK7 7S04WaGUEAYL1I3NkKW3Y2iPw6Q-
[1pAGTpzOrm3ASCC10wi6ql3ul-hpLO0wZ98yoPVXWRtiecLNVYK& tn  =%2C0%2CP-R

Eugenia Etkina
15. January 2022.

Hi all, we continue with the second law of thermodynamics. Once the students learn about

reversible and non-reversible processes they proceed to the construction of the idea of the
direction of the flow of energy ( Direction of thermal energy transfer In an isolated system,
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https://www.facebook.com/groups/320431092109343/posts/1092867058199072/?__cft__%5B0%5D=AZUu_kketkH7JWiqioNQWWOHnXLzJhQiPIIiuFD43xkW-ytKA9tJIkYe_i3itaABADgLLJIk7_7S04WaGUEAYL1l3NkW3Y2iPw6Q-l1pAGTpzOrm3ASCC10wf6qI3ul-hpL0wZ98yoPvXWRtiecLNVyK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092867058199072/?__cft__%5B0%5D=AZUu_kketkH7JWiqioNQWWOHnXLzJhQiPIIiuFD43xkW-ytKA9tJIkYe_i3itaABADgLLJIk7_7S04WaGUEAYL1l3NkW3Y2iPw6Q-l1pAGTpzOrm3ASCC10wf6qI3ul-hpL0wZ98yoPvXWRtiecLNVyK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092867058199072/?__cft__%5B0%5D=AZUu_kketkH7JWiqioNQWWOHnXLzJhQiPIIiuFD43xkW-ytKA9tJIkYe_i3itaABADgLLJIk7_7S04WaGUEAYL1l3NkW3Y2iPw6Q-l1pAGTpzOrm3ASCC10wf6qI3ul-hpL0wZ98yoPvXWRtiecLNVyK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1092867058199072/?__cft__%5B0%5D=AZUu_kketkH7JWiqioNQWWOHnXLzJhQiPIIiuFD43xkW-ytKA9tJIkYe_i3itaABADgLLJIk7_7S04WaGUEAYL1l3NkW3Y2iPw6Q-l1pAGTpzOrm3ASCC10wf6qI3ul-hpL0wZ98yoPvXWRtiecLNVyK&__tn__=%2CO%2CP-R

energy always transfers from a warmer region to a cooler region), they are ready to devise the
second law of thermodynamics. One of the statements of the law relates to heat engines. But
we do not have the term heat in our vernacular. What to do? We thought long and hard about
it and came up with a new term - thermodynamic engine. But it is not the name that is important
but our approach to a conceptual understanding of why a cyclic process is needed in the
engines. | am pasting the text of the subsection on this and the link to the video. Read and
watch, it is very helpful for the students.

Here is the link to the video. Watch the ice cube being lifted. and please do not forget to
comment on the post ot make it more visible. https://mediaplayer.pearsoncmg.com/.../secs-
egv2e-simple...
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Direction of thermal energy transfer In an isolated system, encrgy always
transfers from a warmer region to a cooler region.

Thermodynamic (or heat) engines

Why are we interested in organized versus nonorganized forms of energy in the first
place? Historically, once people understood thet hot comp d gas can push pisions
and thus do work (maximizing this work being the main goal), they started dreaming
of making machines thal use this property. These machines are usually called heat
engines, but we will use the term thermodynamic engine to underscore that the laws of

18 ETKIBE 00 SE CiBingd 478 & ZRONTT 422 PM

16.1 livevirsibie processes . 479

thermodynamics explain their aperaliun. The main difficulty of creating such engines
1s that the gas cannot expand and push something indefinitely. In order for an engine to
work continuously, the piston needs lo be brought back 1o its original state, or some new
portion of gas needs to be acquired so it can now expand and push something again.

This 15 exactly what all thermodynamic engines have in common: they repeat the
same process over and over again, We will call such a process a evelie process, and we
will call the one “round-trip” during which the device returns to the original state a cyele.
In any cyclic process, the gas returns 1o the original state, meaning that the total energy
transferred 1o or from the engine during one complete cyele is zero. If it were not 2ero,
the engine would have had more or less energy at the end of the cycle, meaning that it
would not have been in the same state as at the beginning. Theréfore, in a cyclic process
all energy that is transferred to the engine should also leave the engine. But remember—
the goal is to maximize the portion of energy that leaves the engine as work. What is the
difference between organized and nonorganized forms of energy for this purpose?

It is easier to understand the answer if we use an example. Imagine we want 1o FIGURE 16.2 One cycle of an angine that
construct an eéngine that will lift sugar cubes from a conveyor belt at one level to a Irneotues only organized energy.
higher level. Let's compare two different designs. The first engine uses mostly organ-
ized forms of energy, and the second engine uses mostly less organized thermal energy,

The first engine uses a spring to do work. A compressed spring (the sysiem) stores
elastic polential ¢énergy, which is also an example of organized energy. All parts of &
deformed spring exert forces in the same direction on the neighboring parts. The ini-
tial state is a compressed spring with a sugar cube on ity the spring decompresses and
pushes the ciibe up. We then push down on the spring and it retums into i1s initial state,
Figure 16.2 shows one cycle of operation. Each cycle consists of a spring compression
and spring expansion during which the spring does work on the cube (considered to be
in the environment in this case),

The second engine uses an ideal gas to do work. The gas is inside a closed plastic

@ baottle, and the sugar cube sits on the side of the bottle, The initial state is when the gas

is cold (Tc) and the bottle is squished; we then wse 4 hair deyer (HD) to warm up the
gas. The positive heating of the gas (Qyn w ca) causes the gas (o wanm up to tempera-
wre Ty and to expand. During the expansion the gas does work on the sugar cube. To
return the boule to the initial squished state, we need to cool it to temperature Te, for
example, by placing it in cold water (CW), which means that that the energy provided
1o the gas through the process of heating at this stage is negative (Jow wGa), 85 the gas
transfers positive thermal energy to cold water. Figure 16.3 and the video at right show
one eycle of operation.

Mate that this engine (as with the first enging) ends the cycle in the same state as at FIGURE 16.3 One cycla of an engine that
the beginning of the cycle. Let's analyze energy conversions during one eycle for both invotves nonarganized enaergy.
engines, [n the first engine, the compressed spring that stored elastic potential energy does
wark on the sugar cube. The amount of work done is almost equal to the stored cnergy.

In the second engine, the hot gas that storéd intermal thermal energy transferred
1o it by the hair dryer (O 6. did work on the cube; however, the amount of work
done is less thian the amount of energy transferred 1o the gas through heating, Since the
thermal energy of the gas is less organized, we can use only part of the initial thermal
energy o do work. Because molecules in the gas are moving randomly, only a small
frw;tiqn of molecules at a time exert forces that contribute to the work done on the en-
vinonment. The rest of the energy transferred to the gas (Oyn 1w oa) remains in the form
of thermal energy, which has to be “dumped” (transferred) from the engine by cooling
(Qew 0 6 = =~Qeaecw). We cannot avoid this “dumping” of thermal energy from
the ¢ngine because, in order 1o complete the cycle, we need 1o bring the engine back
to the initial low-temperature state. Given that, at the end of the ¢ycle, the engine is in
the same state as at the beginning, this means that the total work done by the gas on the
eavironment is equal 10 Weu cacte = Qinwtin + Pownts = Qb w tu— Qs wow,
where Qew i Ga 15 @ negative number.

From the above analysis, we see that we can use all of the organized energy in the
system to do work on the environment in a cyclic process, but not all of the nonorganized
energy can be used for the same purpose. Unfortunately, the processes in fuel-based

17



https://www.facebook.com/groups/320431092109343/posts/1093332034819241/? cft  [0]
=AZWO0bVCpC 9XkmP3a9DXTSCGBPQVepNQpWEzQsSEUTCEKYeCpivA1j38566FBNmt
xfA1ZBAEbRbB4CqQK-jqli60 H5IYJVYcXpiuMEfg350QrXzGyMxUb22BQKpjlieoVIVE-
9JobfBOPZF d9L uBQ& tn  =%2C0%2CP-R

Eugenia Etkina
16. January 2022.

Hi all, | wanted to share multiple representations of the work of thermodynamics engines that
might help your students understand their operation. Traditional schematics, work-heating
energy bar chart and a sketch of a real thing. Research shows that when there is no time delay
between the representations, they help students much better than different representations
separated in time and space.

That is why we have it all in one figure in the textbook. | have not taught second law of
thermodynamics for a while, | am asking those who have done it recently, to share their
experiences and comment on student ideas and difficult issues.
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https://www.facebook.com/groups/320431092109343/posts/1093332034819241/?__cft__%5B0%5D=AZW0bVCpC_9XkmP3a9DXTSCGBPQVepNQpWEzQsSEuTCEKYeCpivA1j38566FBNmtxfA1ZBAEbRbB4CqQK-jqlj60_H5IYJVYcXpiuMEfq35oQrXzGyMxUb22BQKpjljeoVIVE-9JobfBOPZF_d9L_uBQ&__tn__=%2CO%2CP-R

FIGURE 16.7 Thermodynamic engine.

(a) A schematic illustration. (b) A bar chart for a
cycle. (c) An electric power plant is a thermody-
namic engine.
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https://www.facebook.com/groups/320431092109343/posts/1093912478094530/? cft [0]
=AZWDrKkqQspz7AURbwGk43GXadrwkvs4AtoQ1sABQcaSSPB2WAYEOhJ6 52zf87YddI
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2bqgp5Bu_HG|3tt502zri8KJXXwL1Q2Yd7mvQaFKB4ZH8pBolCO3nKuMRmMRHXGOkOze-
YZ98u3DGAPLa37cBf& tn  =%2C0%2CP-R

Eugenia Etkina
18. January 2022.

Hi all, today | am starting chapter 17 - Electric charge and electric force. Note that there are
no electric fields here. The main ideas are two types of electric charge, interactions between
charged and uncharged objects and conductors and dielectrics (insulators). As you know, the
experiments for electrostatics are very unreliable. They depend on the weather, on the dryness
of your hands, on the history of previous experiments. We have all necessary experiments
videoed in the textbook, ALG and OALG, but this year, Gorazd Planinsic found a new way to
conduct them and made the videos. They are not incorporated in our materials yet, but, in my
opinion, they are the best to help students construct ideas of charging by rubbing and electric
charge conservation. Watch them and post here the questions that you might ask the students
who can perform all these experiments themselves. The videos are for those who teach online
and for advice what materials to get. Please do not forget to respond to the post to make it
more visible.

https://youtu.be/_4ZqPVj09uk

https://youtu.be/rFfBWYQScQDo

https://youtu.be/tAQM353Tme4

https://www.facebook.com/groups/320431092109343/posts/1095250571294054/? cft  [0]
=AZWghi7hCOITMvzstXa3M0S9aVQX5hp9AYZ3k-pp2kO-

hK Cig9fRrOMB _tos1RXyH4loEF0ID8eJvIFwkZt04pjVkoQlyL4TPxw4zp7svtNOEYt1 2qfCC
M Z6JzSKQXh1ikVDyoP2ZWZ56aC71liFd& tn  =%2C0%2CP-R

Eugenia Etkina
19. January 2022.

Hi all, | continue with Chapter 17, Electric Charge and Electric Force. Today is a story.

A long time ago, when | was running a workshop for elementary teachers on Electricity and
Magnetism. We were doing experiments similar to those that are in the videos in my previous
post. The teachers found repulsion of similar objects rubbed with the same material and
attraction of the different objects that were rubbed with different materials. They observed
repulsion and attraction. | casually asked them how they could explain such interactions.

To my surprise several of them immediately said that the interactions were magnetic. | was
not expecting this answer but luckily | had magnets at hand and | asked them to design an
experiment to test this idea. They worked in groups and came up with the following: take a
magnet and put it on a swivel or hang it so that is hands horizontally. Then take a rubbed
object and bring it to one pole and then the other. If these interactions are magnetic, then the
rubbed object should attract one pole and repel the other.

What they found after they all did the experiment was that both poles of the magnet were
attracted to the rubbed object contrary to the prediction that they made based on the idea
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under test(of course, the magnet is made of metal and the metal got electrically polarized in
the presence of electrically charged object, which they did not know at the time but we
explained this phenomenon later after they learned about conductors and dialectics).

Bottom line, they were very successful in rejecting their idea experimentally and
simultaneously finding out some new properties of magnets. This moment is captured in the
textbook in the Testing experiment 17.3 (attached here) and in the activities in the ALG and
OALG.

You are probably thinking that my students were unusual and nobody else would think that
electrostatic interactions are magnetic in nature. This is not true. After my experience, | asked
many physics professors and teachers to ask their students the same question and they all
received a very similar answer. If you are teaching electrostatics, do not miss this opportunity
- not only it addresses student ideas but it also allows the students to practice experimentally
testing them and ruling them out. The video of the experiment that students usually design to
test this idea is below, there are lots of variations of this experiment. And please do not forget
to respond to this post if you read to the end to make it more visible.
https://mediaplayer.pearsoncmg.com/.../secs-experiment...

Is the electric interaction
a magnetic interaction?

Do you recall observing any other interaction that involved repulsion? If you've ever
played with magnets, you probably know that magnets have poles (north and south).
Like poles repel, while unlike poles attract. Both poles attract objects that are not
magnets bul contain iron—nails, paper clips, etc. Electrically charged objects also
attract and repel each other and attract uncharged objects. Perhaps the electric inter-
action is actually the magnetic interaction, just described using different terminology.
We test this hypothesis in Testing Experiment Table 17.3,

)
TESTING 17 3
EXPERIMENT TABLE . == Testing the electric = magnetic interaction hypothesis iogo
173
Testing experiment Prediction Outcome
Experiment 1. Bring a negatively If the electric interaction is the The negatively charged Ly

charged plastic rod near the north pole
of a magnet that is free to rotate about
a pivot.

same s the magnetic interaction,
then the negatively charged rod
should either attract or repel the
north pole of the magnet.

rod attracts the north pole.

Experiment 2. Bring the negatively If the electric interaction is the The negatively
charged plastic rod near the south pole same as the magnetic interaction, charged rod also
of a magnet that is free to rotate about then the negatively charged rod attracts the south pole, =—===' |=
a pivot, should repel the south pole of the
magnet.
Conclusion
The outcome of the second experiment is inconsi with the prediction. Thus we can reject the hypothesis that electric interaction is the same

as magnetic. However, both experiments can be explained using our knowledge of electric interactions if we assume that a magnet also behaves

like a piece of metal and thus attracts any charged object, the way all metals do.

https://www.facebook.com/groups/320431092109343/posts/1095828804569564/? cft [0]

=AZWf5et1IbK6sRAgKr-_rtM__ FtOHKJVAEPgP9aBblzeLH2Tj3wTIX5J5N4bO9W{Pu-sA-

dCbUhgbkseObT68Cq7uAPBI15MSGrAyZvTFU98Tq0y1WbALR7QK4P3I13iGqlVYsnDbl4 XY

1P5cIX7d6KGY& th =%2C0%2CP-R

Eugenia Etkina
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20. January 2022.

Hi all, today we focus on an electroscope. While we are all familiar with this device, many of
us also know that electroscopes are not very reliable. Sometimes it is hard to charge them
(the needle would not stay deflected) and sometimes they would not discharge when we touch
them. What is the reason? Watch the following video and see if you can explain the outcome.
https://www.youtube.com/watch?v=SE9iPm-16aU

Spoiler: focus on how the student charges the electroscope. Once you watch the video and
explain the outcome, you will see how important it is to always ground the electroscope for
proper functioning. We usually do not deliberately ground electroscopes because they are
automatically grounded when we put them on. desk (all desks are slightly conductive). But if
you have a really well insulated desk or put the electroscope on an insulating material, then
weird effects might occur. In my ext post | will attach the paper by Sergej Faletic and Gorazd
Planinsic discusses many strange effects that occur to electroscopes (I cannot attach it to this
post as | already added a link). Do not miss! And please do not forget to comment on the post
after you have read it to make it more visible

https://www.facebook.com/groups/320431092109343/posts/1096475797838198/? cft [0]
=AZX317nG1SbtngLUocOxCH2HWVUIH7IFPV7uYsI5IUMg4ApgOMwH7d9hgh2kGeaen BhCj
zaS6Ea8ry5HQ8jkPDHlod2ulpV5xHgesoDnooPTc7ZjavZw8CAgUB JARLCFHWWSTOOr9
WZ3Eeb6te5T81m& tn  =%2C0%2CP-R

Eugenia Etkina
20. January 2022.

And here is the link to the paper.

https://www.facebook.com/groups/320431092109343/posts/1096476154504829/? cft  [0]
=AZXvDS0QH-

e2xxqEbKg4YxvnSyBKoLQDOWv7JINDWZHQOaJNr3m 8PA9CU3Nxtw6YNOaZnVGTahG
P1RTTm1bl YAriLEBD5dX93fllvRsCIWCWoriJ8AUpw9ayDmaebFviNfglvt8GCnvdgQW aK
ZFg9& tn  =%2C0%2CP-R

Eugenia Etkina
23. January 2022.

Hi all, we have a large group of Italian teachers who joined our group today. Welcome! To
benefit form the group, please read the announcement on the front page explaining what the
group is about and visit https://www.islephysics.net/ to learn about the ISLE approach to
learning and teaching physics which is the philosophical foundation of the textbook College
Physics: Explore and Apply by Etkina, Planinsic and Van Heuvelen, which was the original
reason for the creation of this group. Science then, lots of people who have not heard about
ISLE before and do not have the textbook yet joined. We welcome you all and hope that
eventually the ISLE philosophy will become familiar and useful for you. We have regular
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meetings once a month , the next one is on January 29th, see the events calendar. Tomorrow
| will continue my posts for textbook chapters, we are on Chapter 18 - Electric Field!

https://www.facebook.com/groups/320431092109343/posts/1098515197634258/? cft  [0]
=AZXnFetglJTDN66uw9s9EfL7VotvtiMZGt1AQgh5jR4z7xGDgkQlgm4fgiTémDHsvOF8ammn
LyM6wz1hhgD-QWrPvp-
7tsi8BHXNotCnJoL1guU4m1CW2bYzo6IxsCVgSKATXTIdAJOXVZzojJeYLYHZQbF3& th =%
2C0%2CP-R

Eugenia Etkina
24. January 2022.

Hi all! Several things today.

First, please click on Events and check out when our next meeting is. Lots of people are
contributing materials to this meeting, it will be a sharing session of those who have their
students resubmit their work for improvement. They share how they do it and how their
students benefit from it.

Second, Hrvoje Miloloza and | are working on documenting all the posts here, the google folder
for all posts is at https://drive.google.com/.../10qn... Please visit it.

Third, | am starting to comment on Chapter 18 Electric Field. The first thing | wanted to talk
about is the language that we use. Traditionally in American textbooks the term "electric field"
refers to two things - the alteration of space around electrically charged object or a mechanism
of interaction of electrically charged objects and the physical quantity E=F/q*test, where F is
the force that electric field exerts on a test charge placed in a certain location and g*test is the
magnitude of the test charge (presumed to be very small). In order to make a distinction
between electric field as a mechanism of interactions and the physical quantity E, we call
quantity E "E field" and the mechanism of interactions or the space surrounding charged
objects - electric field. To underscore that E field is not the only quantity characterizing electric
field, we call the quantity of electric potential - "V field". Now that we established the
vernacular, | will continue commenting on E and V fields tomorrow. If you finished reading to
the end, please do not forget to like or comment to make the post more visible.

https://www.facebook.com/groups/320431092109343/posts/1098944334258011/? cft  [0]
=AZU5MgwRmYkKh9FB1PhC-jYYsHYJmJdSaFMJerKQ2UVgvANLfLsTckQdQrrn6WVA5SwL -
ptby8uGD22AhTg9asNwYfvlejGHSerGHHfdanyrhsvsYhMwE 1WvJh5EGHRVIOV0A2IIf5SJZ
v125wHb3X8eYS& tnh  =%2C0%2CP-R

Eugenia Etkina
26. January 2022.
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Hi all, as | mentioned in my previous post, Hrvoje MiloloZza and | have been working on saving
all the posts in the Facebook group in a google folder, so that you could go there and download
any post you want. In our discussions of how to do it best, Hrvoje Miloloza mentioned that in
addition to these posts, the Instructor Guide is very helpful in using our materials. | could not
agree with him more. | do not post any excerpts from the Instructor Guide as it is posted here
in the Files and you can find it on Mastering Physics. However, it is a huge document and it
might seem daunting to find the relevant part. So | decided to paste a short discussion of
electric potential energy from the Instructor Guide here (going back to Chapter 17 as | skipped
the energy aspect of electric interactions there) and ask you whether it might be useful for me
to post some excerpts from it in addition to the screenshots of textbook pages and Active
Learning Guide activities and follow up explanations. Please respond here whether it will be
useful for you to see excepts from the Instructor Guide. Here is the post:

The electric potential energy of a system of two or more point-like charged objects is the
subject of Section 17.5. Electric potential energy is glossed over in many textbooks, and yet it
forms the fundamental grounding and understanding for the more abstract quantity of electric
potential. In our experience, the time devoted to understanding electric potential energy pays
off later when students have to wrestle with electric potential. Both the ALG and the textbook
follow the same approach.

Student learning of electric potential energy is based on the system approach, which initially
involves using bar charts to analyze situations involving electrically charged objects
qualitatively. From this analysis, students invent a new type of energy—electric potential
energy. Only then do they proceed to the construction of the mathematical description of this
energy of two like and two unlike charged objects. We recommend starting off the section on
electric potential energy in class with the ALG Activities 17.5.1-17.5.3, making sure that
students analyze the situations using the bar charts (textbook Figures 17.15 and 17.16) and
follow up with a clicker question, in which you present students with pairs of configurations of
two charged objects and ask them which configuration has more electric potential energy. For
example, you could ask students to compare the electric potential energy of a system
consisting of a positively charged object and a negatively charged object when they are two
different distances apart. Then you could ask students to compare the electric potential energy
of a system of two negatively charged objects (or two positively charged objects) when they
are placed at a different distance apart. In our experience, this is a challenging activity for
students because there is more than one variable involved (charge and distance), but it helps
them to keep track of how electric potential energy should increase or decrease based on the
signs of the charged objects and the distance apart.

It is very important to establish where the electric potential energy of a system is zero. For
simplicity, we always assume that the electric potential energy of a system of two electrically
charged objects is zero when the distance between the objects is infinite. The signs of the
potential energies can cause difficulties. To help students with the signs, use textbook
Example 17.6 to analyze energy of the system of two opposite charged objects and then
Figure 17.18, in which students examine the graph of the potential energy versus separation
distance.

Finally, a general discussion concerning the fact that a system of objects that are attracted to
each other has negative electric potential energy (assuming that the same objects being
separated by an infinitely large distance do not interact and thus the system does not have
any electric potential energy) is extremely important. Discussing an analogy between a
gravitational potential energy of system object-Earth and electric potential energy of two
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oppositely charged objects might help students understand that if you have to do positive work
to separate two objects in the system, the most reasonable choice is to assign a negative sign
for the energy of their interaction. Comparing and contrasting positive and negative electric
potential energies of different system is also very important. Make sure that you assign the
reading exercise (ALG Activity 17.5.5) here. It is different from our common reading exercises
and it poses specific questions in addition to the Review Question.

If you read to the end, please like the post or comment on it to make it more visible. And please
do not forget about our meeting on Saturday!

https://www.facebook.com/groups/320431092109343/posts/1100165987469179/? cft [0]
=AZUj9YHKyy53xZunz89g8-VZ-
JZIN7dTGJgfANDMWQgRACsIXE2pQSIMTKYPPtvbQ97s0S RoDbojwAb89gpndTrz2PYCMY
weigUng5cyUHVpdn23okk ToMCF7Yj5Z1NJw-M& tn  =%2C0%2CP-R

Eugenia Etkina
27. January 2022.

Hi all, today | want to focus on an activity from the ALG and OALG that helps students invent
the physical quantity of E field. | am attaching here and | am asking you to first read and do
the activity before you continue reading this post.

First, the goal of the activity is clearly defined in the first sentence: "Alicia and Sammy decide
to map the gravitational field created by Earth near the Earth’s surface (assuming that close
to Earth’s surface it is flat) by measuring the force exerted by Earth on a test object at the six
points shown in the diagram. Alicia uses a 1-kg test object while Sammy uses a 2-kg test
object." Second, the students are invited to draw the field vectors in this simplified situation:
"a. Draw Alicia’s and Sammy’s measured gravitational field vectors at the points shown in the
diagram. Make sure you draw the vectors to scale."

Now that the students draw these vectors, the activity leads them to questioning the utility of
such representation of the E field and simultaneously creating the need to know:

"b. You may notice that in the previous activity, Alicia’s and Sammy’s fields look different. This
is a problem because, conceptually, the field is created by Earth and should be the same no
matter what mass the test object used to measure it has. Invent a new physical quantity (the
field) that will be independent of the mass of the test object used to measure it (we will call this
test object test-mass)." This step invited the students to recognize that they need to divide the
force by the mass of the test object.

The next step helps them connect the new quantity to the quantity that would serve the same
purpose for electric field:

c. Compare the physical quantity that you invented with the quantity defined in Equation 18.1
on page 537 in the textbook. Then think how you can devise a similar quantity to characterize
electric field. Then compare the physical quantity you invented with the one defined by
Equation 18.2 on page 538 in the textbook.

This activity follows the "optimal adaptivity corridor" of learning (google it and you will find the
work of Schwartz, Bransford and Sears, | wrote about it before): start with a clear goal, engage
students in the invention of a new idea, modify this new idea if necessary using teacher help,
invent a better idea and then, have the "time for telling". Starting with invention, not telling the
students the right answer was found to be much more effective for learning. And | wanted to
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https://www.facebook.com/groups/320431092109343/posts/1100165987469179/?__cft__%5B0%5D=AZUj9YHKyy53xZunz8g8-VZ-jZIN7dTGJgfAnDMWgRdCslxE2pQSlMTKYPPtvbQ97soS_RoDbojwAb89gpndTrz2PYCMYweiqUng5cyUHVpdn23okk_ToMCF7Yj5Z1NJw-M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1100165987469179/?__cft__%5B0%5D=AZUj9YHKyy53xZunz8g8-VZ-jZIN7dTGJgfAnDMWgRdCslxE2pQSlMTKYPPtvbQ97soS_RoDbojwAb89gpndTrz2PYCMYweiqUng5cyUHVpdn23okk_ToMCF7Yj5Z1NJw-M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1100165987469179/?__cft__%5B0%5D=AZUj9YHKyy53xZunz8g8-VZ-jZIN7dTGJgfAnDMWgRdCslxE2pQSlMTKYPPtvbQ97soS_RoDbojwAb89gpndTrz2PYCMYweiqUng5cyUHVpdn23okk_ToMCF7Yj5Z1NJw-M&__tn__=%2CO%2CP-R

use this activity as an example of innovation-efficiency-innovation-efficiency process that
allows our students to develop adaptive expertise.

OALG 18.1.4 Represent and reason

Alicia and Sammy decide to map the gravitational field created by Earth near the Earth’s surface
(assuming that close to Earth’s surface it is flat) by measuring the force exerted by Earth on a test
object at the six points shown in the diagram. Alicia uses a 1-kg test object while Sammy uses a
2-kg test object.

a. Draw Alicia’s and Sammy’s measured gravitational field vectors at the points shown in the
diagram. Make sure you draw the vectors to scale.

Earth Earth

b. You may notice that in the previous activity, Alicia’s and Sammy’s fields look different. This

is a problem because, conceptually, the field is created by Earth and should be the same no
matter what mass the test object used to measure it has. Invent a new physical quantity (the g

field) that will be independent of the mass of the test object used to measure it (we will call this
test object test-mass).

¢. Compare the physical quantity that you invented with the quantity defined in Equation 18.1
on page 537 in the textbook. Then think how you can devise a similar quantity to characterize
electric field. Then compare the physical quantity you invented with the one defined by
Equation 18.2 on page 538 in the textbook.

https://www.facebook.com/groups/320431092109343/posts/1100815444070900/? cft  [0]
=AZWG6LPmKNrRhint5eBedJxOQwR9YpzVZHwIYNpo4jgK Vv8sqHIZB5e5TE|OFSJBARF2j
RyYzOIRTWCFXhgS-1XJj8qpmIgA-

r YHgKTzC7uXlcx9WxRBe5QQz1uWfiFTbhe 9bT5SNAFFgeTDmMLAQC& tn =%2C0%
2CP-R

Eugenia Etkina
29. January 2022.

Hi all, it looks like we are going to have a longer meeting today. Nine people contributed to the
slide show describing how they do student resubmission of work and their contributions are
excellent! | am writing this so that you plan your day accordingly - the meeting might last longer
that 1 hour today. See you soon!

https://www.facebook.com/groups/320431092109343/posts/1102036020615509/? cft  [0]
=AZU6QZ3u8docwaepXsK77aPhMVT47quAsLiTOGeW1PEdXzPIwLL4AMASCnXLxWG9io
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https://www.facebook.com/groups/320431092109343/posts/1100815444070900/?__cft__%5B0%5D=AZW6LPmKNrRhint5eBedJxOQwR9YpzVZHwlYNpo4jqK_Vv8sqHlZB5e5TEj0FSJBdRF2jRyYzOIRTWCFXhgS-IXJj8qpmIgA-r_yHgKTzC7uXIcx9WxRBe5QQz1uWfiFTbhe_9bT5jSNAFFqeTDmLAqC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1100815444070900/?__cft__%5B0%5D=AZW6LPmKNrRhint5eBedJxOQwR9YpzVZHwlYNpo4jqK_Vv8sqHlZB5e5TEj0FSJBdRF2jRyYzOIRTWCFXhgS-IXJj8qpmIgA-r_yHgKTzC7uXIcx9WxRBe5QQz1uWfiFTbhe_9bT5jSNAFFqeTDmLAqC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1102036020615509/?__cft__%5B0%5D=AZU6QZ3u8docwaepXsK77aPhMVT47quAsLtTOGeW1PEdXzPlwLL4AMASCnXLxWG9ioT1tj1WKBwrJenR5kuUqVfduNuHueEzlifnppFpeVpdhlmHSbbtMn-4BFjwXoN7Hb8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1102036020615509/?__cft__%5B0%5D=AZU6QZ3u8docwaepXsK77aPhMVT47quAsLtTOGeW1PEdXzPlwLL4AMASCnXLxWG9ioT1tj1WKBwrJenR5kuUqVfduNuHueEzlifnppFpeVpdhlmHSbbtMn-4BFjwXoN7Hb8&__tn__=%2CO%2CP-R

T1tjf1WKBwrJenR5kuUqVfduNuHueEzlifnppFpeVpdhimHSbbtMn-
4BFjwXoN7Hb8& tn  =%2C0%2CP-R

Eugenia Etkina
29. January 2022.

Hi all, thank you for coming to the meeting today! Here is the link to the slides
https://docs.google.com/.../1jJUEcyjKmWY56Y 1ty3slv.../edit...

and here is the link to the recording:
https://rutgers.zoom.us/.../tIUYoqsbsv3Skb3J-BxckesO... Password: yXnK4+=7

The next meeting will be dedicated to the answers of the questions about different strategies
described today - the presenters will answer the questions and to the participants sharing their
approaches and how they are going to implement work improvement policies in their courses.
| will post the poll for the next meeting day/time tomorrow as well as the link to the google slide
deck to put your slides into.

Thank you all of our presenters and all of those who attended!

https://www.facebook.com/groups/320431092109343/posts/1102268537258924/? cft  [0]
=AZUZL11liuH6g7C5DZI0GytCN-zHYmLvn3owt-

rGWBT5V wWOxmQVv6GZTvCwb8PEKJy] MMPsGEZmrw nSUL8taeQ-

IY RGmyTFcN1IiENj47YS2mU9q03ZVjplZ 2bN P4tFNEs3t502pY9uZNQSJVi3& th =
%2C0%2CP-R

Eugenia Etkina
30. January 2022.

Hi all, yesterday during the meeting we agreed to have one more meeting on the same topic
- | wrote about it yesterday. We had many presenters and the audience did not have time to
think about each method and did not have time to share how they would implement (or are
already implementing) student improvement work. | am posting a poll for the choice of the next
meeting. | am suggesting moving the time up 2 hours to give an opportunity for people from
Australia and New Zealand to join, The meeting will be at 3 pm EST (this will be 9 pm Central
European time, | know it is a little late, but this way | think most of the world can join). The
possible dates are February 26 and March 5. Please vote!

If you missed the meeting yesterday, please watch the video recording and make sure you
access the slides ( posted both yesterday). This way you will be able to prepare questions for
the next meeting.

| also learned that people had trouble finding the link to the meeting in my posts, next time |
will put it right into the even announcement. | did not do it before as people tend to click on it
at random times and then an email comes to me that somebody joined the meeting. To avoid
it, | did not post the link in the event announcement and then people had trouble finding it in
the posts. | am very sorry about it. Please respond to this post to make it more visible and
please vote in the poll. If you can make both days, vote for both!
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https://www.facebook.com/groups/320431092109343/posts/1102268537258924/?__cft__%5B0%5D=AZUZL1IiuH6q7C5DZl0GytCN-zHYmLvn3owt-rGWBT5V_wW0xmQVv6GZTvCwb8PEKJyj_MMPsGEZmrw_nSUL8taeQ-IY_RGmyTFcN1iENj47YS2mU9qO3ZVjplZ_2bN_P4tFNEs3t5O2pY9uZNQSJVf3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1102268537258924/?__cft__%5B0%5D=AZUZL1IiuH6q7C5DZl0GytCN-zHYmLvn3owt-rGWBT5V_wW0xmQVv6GZTvCwb8PEKJyj_MMPsGEZmrw_nSUL8taeQ-IY_RGmyTFcN1iENj47YS2mU9qO3ZVjplZ_2bN_P4tFNEs3t5O2pY9uZNQSJVf3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1102268537258924/?__cft__%5B0%5D=AZUZL1IiuH6q7C5DZl0GytCN-zHYmLvn3owt-rGWBT5V_wW0xmQVv6GZTvCwb8PEKJyj_MMPsGEZmrw_nSUL8taeQ-IY_RGmyTFcN1iENj47YS2mU9qO3ZVjplZ_2bN_P4tFNEs3t5O2pY9uZNQSJVf3&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1102268537258924/?__cft__%5B0%5D=AZUZL1IiuH6q7C5DZl0GytCN-zHYmLvn3owt-rGWBT5V_wW0xmQVv6GZTvCwb8PEKJyj_MMPsGEZmrw_nSUL8taeQ-IY_RGmyTFcN1iENj47YS2mU9qO3ZVjplZ_2bN_P4tFNEs3t5O2pY9uZNQSJVf3&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1102718337213944/? cft  [0]
=AZVwnZgsFbiPRwukhf9Phv2zIV1u3k4YvikoCLBYhorh3M-CwwO0f-
HEIkwKtkQOWMpaECqglnchaHtWzzib2V5fhri3D5jioMej8PfWYdaNdPMgi7XLcuxjzcm7kb9fGNs
kUKw4B88C4QO0tyrfX0t25X0i& tn  =%2C0%2CP-R

Eugenia Etkina
31. January 2022.

Hi all, I continue with my posts about electric field today. Once the students invented an
operational definition of the E field quantity as E=F/q”test, they can learn how to find a cause
effect relationship for the E field created by one point like charged object (E=kg”*source/r*2) or
by many point like source charges (superposition principle). Note that in the cause-effect
relationships the source charge and the distance are present while in the operational definition
there is no source charge, only the test charge and the force. This is a big distinction and
needs a discussion with the students.

The next step is to help them invent the quantity of V field, or electric potential, which is another
physical quantity characterizing electric field. | am attaching two ALG activities that show how
to do it, please ask questions! There is a subtle problem in this approach, | wonder if you can
see it.

Please do not forget to respond to the post once you read it. | see that about 400-500 people
look at the posts each day but only 25-35 respond in some way. Try to take a second to
respond to make the post more visible. Facebook algorithms work in mysterious ways. If you
wish to see all the posts you need to respond to every post you see. Also, | see people
responding to the poll about the next meeting, if you wish your voice to be heard, please
respond there, | posted it yesterday.

choracterizes the field from the force-type perspective.

OALG 18.3.1 Represent and reason

A positive test charped object is placed ot each of the following points (A throuph F) near o
source charged object. Answer the foflowing guestions:

. Rank the potential energies for the system test-charge-source-charge from greatest o least
(for points A-C). (Remermber i hirgs negative nuntber i less than o small negative number. )
Show at least one additional point where you can place a test charge so that the electrical

potentaal energy is the same s for the configuration for poim C.

b. Rank from greatest to least the potentin] energies of the system test-churpe-source-
churge shown below (D-F). Show at lenst one additional point where you can place a et
charge so that the eleciricsl potential energy is the same as for the configuration for peint
E

e, How might the magnitude of the potential energy of the system festcharge-source-
charge depend on the magnitude of the source charge? How 15 the magmitude dependent on
the distance from the sounce’?

d. Does a system thar consists of a single electron bave an electric potential energy?

& Recall and write duwn the mathematical moded for electrical potential energy. How
does eleciric potential energy depend on the source charge? On the test charge?

1. Think of how you can define an energy-type physical quantity that will characterize the
elecirie fleld from the enorgy perspective similar 1o how the guamity of £ field

8. Campare and contrast the physical quantity you defined with the physical quantity defined
by Equation 5.6 m the textbook.

OALG 18.3.2 Reasan
. Why is the lest charge present in the definition of the ¥ field even thaugh the valoe of the ¥
ficld does not depend an the fest ohject?

b Compare and conirast operational definitions for £ and ¥ fields,

€ Think of the analogy of the F field quantity in the gravitational field. Then look
around the classraom and find three locations with the largest gravitational potential
and three locations with the smallest. Where did you choose the gravintional potential
1 e zera?

. Explain how you can relate the surface of a desk and three shelves of bookshelves
in the classroom 1o the cobeept of pravitational potentinl,

. Explain how topographical msaps might be reluted 1o the physical quantity of
wravitational potentinl.
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https://www.facebook.com/groups/320431092109343/posts/1103185820500529/? cft [0]
=AZW2xWI12JyOpAfKCkwCbnT4dfcOwOuCVS188YalL X0AAtAPGIyf8cqqgVivdeYMUeGclQ2
1LyWQhPN2TWOLWL88NCKY xIJD1sgChx-
1LuHGeeyOSYDJWCrvA11VvOBdpLQdPzukimUAOdvi9WIOqR7na& tn  =%2C0%2CP-
R

Eugenia Etkina
1. February 2022.

Hi all, today | will stop with chapter 18 and go back to 17 to ask a question: Can a single
electron have electric potential energy? The answer in our approach is a "no". A single object
cannot have electric potential energy even if it is placed near another charged object or
gravitational potential energy even if it is elevated above the surface of Earth or some other
celestial object (of course we are not talking about the gravitational potential energy of the
object itself due to the mutual attraction of its parts to each other).

Only a system of objects can have potential energy - electric or gravitational. Therefore when
a brick is lifted 5 m above ground, it does not have any gravitational potential energy, but the
system brick-Earth does. Same with an electron. An electron in a hydrogen atom does not
have electric potential energy, but the system nucleus-electron does. It is important to
remember that the total energy of a bound system is always negative (assuming the energy
of interaction is zero when the objects in the system are infinitely far away from each other) as
an external force needs to do positive work to separate them. It is true for atoms and it is true
for all objects on our planet, if the planet is included in the system. If the planet is not included
in the system, it can do work on the objects but they do not have gravitational potential energy.
Does this make sense?

https://www.facebook.com/groups/320431092109343/posts/1103953223757122/? cft  [0]
=AZWAWJIMGmMERpg5rXIV-WUWIg4F8HjS6QCd|tBWeHfnlUkgxZBb8d99DY 1-

G4t _3U90MQ8Y9FdMUuHAFKecCZiQkBWvgbNaj8zUqjqYzgr1lpASis|lOZQBKJoFbH8DIfB
mpE& th  =%2C0%2CP-R

Eugenia Etkina
2. February 2022.

Hi all, February 26 3 pm EST is the winner for our next meeting. | hope that all the presenters
from the last meeting can make it. If you cannot, please send me an e-mail.

As we agreed, here is the link to a new google slide deck for all participants of the previous
meeting to put their slides or/and questions. Please start posing questions and sharing your
ideas - how you are or you will help your students develop growth mindset by setting up a
system that allows them to improve their work without punishment for the second or third
attempt.

Here is the link to the slides, the title of the meeting is: How to help students develop growth
mindset and have a life (answers to the questions from presentations in the last meeting
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https://www.facebook.com/groups/320431092109343/posts/1104503423702102/? cft [0]
=AZVBMdvDDrY926D8ZsvvDDSt80pHr-
gPDJs8Wy2dSNPzBIFatHPSEGOYmMSXmQniTmest1ySydk5mk uL8CCOXZn6-
ikBN74EszMRuCgBTnUJWe8xYcWBSLXFI9OR--

MyNPXYPItyGu58k1cAGioA hxW& tnh  =%2C0%2CP-R

Eugenia Etkina
3. February 2022.

Hi all, today | continue with E and V fields. Please do not forget to respond to the post after
you finish reading it. The number of likes for the posts is going down, this means fewer and
fewer people will see the posts.

As you know, there is a relationship between them. In the areas where V field is constant, E
field is zero. The E field lines point in the direction of the decreasing values of V field. The
students can figure out these qualitative relationships by using graphical representations of E
field lines and equipotential surfaces for different configurations of electric charges and
charged metal objects and finding patterns in those (we have lots of activities for them). But
how will they figure out the quantitative relationship between those two fields?

We have an excellent derivation activity that allows your students to do it step by step for a
uniform E field. | learned from my previous posts that derivation activities do not cause as
much interest as qualitative discussions, but they are needed for our students to learn where
"formulas" (we actually never us this word, we use relations or mathematical representations,
operational definitions and cause effect relationships) come from. | am attaching the activity
and also the link to the slide show where people can add their ideas and questions for the next
meeting. | promised to do it in my every post. Please react to this post if you read to the end
to make it more visible.

https://docs.google.com/.../1Kf7CqPxTxj5IBKrUWfQy.../edit...
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https://www.facebook.com/groups/320431092109343/posts/1104503423702102/?__cft__%5B0%5D=AZVBMdvDDrY9Z6D8ZsvvDDSt80pHr-gPDJs8Wy2dSNPzBlFatHP5EGOYmSXmQniTmest1ySydk5mk_uL8CC0XZn6-jk3N74EszMRuCqBTnUJWe8xYcWBSLXFI9OR--MyNPXYPItyGu58k1cAGioA_hxW&__tn__=%2CO%2CP-R

OALG 18.4.2 Derive
Consider a uniform £ field produced by an electrically charged infinitely large glass plate. We
will place a small object with charge +¢ at some initial point in the field and move it (by hand) at

a constant speed to some final point, through a displacement Ax, as shown in the diagram below.
Calculate the work done by the hand and use that to estimate the difference in potential between

the initial and final points in order to find a relationship between the E field and the potential

difference AV. Use the guiding questions below to help structure your derivation.
"
[ |

+

+ + + ¥ + + +

a. Draw a force diagram showing forces exerted on the charged object by other objects.
How are those forces related to each other? Remember, we move the charged object at a
constant speed through the field.

b. Calculate how much work is done by the hand in moving the charged object
through a displacement Ax.

¢. Use the generalized work-energy principle to relate the work done by the hand to the
change in potential energy of the charged-object-glass-plate system.

d. Set your work equations equal to find an expression for the E field in terms of AV
and Ax. Does the equation you derived make physical sense? In what way? Come up
with specific examples to justify your reasoning.

e. Read and interrogate Section 18.4 in the textbook and find the matching steps in the
derivation in the textbook to parts a-d that you did. Compare your answer to part d to
the Equation 18.10 on page 551. Do you need to revise anything?

https://www.facebook.com/groups/320431092109343/posts/1105054593646985/? cft [0]
=AZXmujyHypPpR59g3bnfUOAYYFZTVK?2a-

XUPDruNskW5pIPu4T12eiothBRIKSeTgkp4G9lluQdBO CL2Q4KAIWYErdnGPbk93GpbhE
wPVN506Z0bquiUVG81LaEeHIctOWgKI2011wOIxmUzn7pVsOm& tn  =%2C0%2CP-R

Eugenia Etkina
5. February 2022.

Hi all, A few things today. First, we had a few new members joining our group - from Sweden
and ltaly. Welcome, people! To learn what this group is about, please read the announcement
post at the top of the group home page and visit islephysics.net website.

Second, | wanted to talk a little more about hypotheses and predictions. From my experience,
the ISLE approach is the only curriculum approach that focuses on the clear definitions and
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https://www.facebook.com/groups/320431092109343/posts/1105054593646985/?__cft__%5B0%5D=AZXmujyHypPpR59q3bnfU0AYYFZTVK2a-xUPDruNskW5pIPu4T12eiothBRlKSeTgkp4G9IluQdBO_CL2Q4KAlWYEr4nGPbk93GpbhEwPvN5O6ZObquiUVG81LaEeHlctOWgKI2o11wOIxmUzn7pVsOm&__tn__=%2CO%2CP-R

distinctions of these two terms. | am reminding you that a hypothesis (or an explanation, or a
model) is a generalized statement that explains and describes a pattern in certain
experiments. It is a general statement, a mental construction. For example: liquids dry
because air absorbs little particles that they are made of. It is a hypothesis explaining how a
wet spot disappears. A prediction, on the contrary, is not a general statement but a statement
that describes an outcome of a specific experiment. For example, if air absorbs the little
particles of a liquid, and we put a liquid under a vacuum jar, then it should not dry because
there will be no air to absorb it, or it should dry much more slowly than in air assuming that we
cannot take all air out of the vacuum jar. The statement after "then" and before "because" is
the prediction. You see how it is impossible to make a prediction unless you know exactly what
the experiment is about.

The key to the understanding of the ISLE process is that we only ask students to make
predictions of the specific experiments AFTER they have observed some other experiments
first, created a hypothesis explaining them and now use this hypothesis, not their intuition, to
predict the outcome of a new experiment. This approach is different from the PEO (predict-
observe-explain approach) and from a lot of materials that plainly confuse hypotheses with
predictions.

Today | am sharing an activity where the students need to predict an outcome of a specific
experiment in the electric field chapter. The text is in the attachment and the link to the video
is here. Notice how the activity asks the students to use their knowledge of electric potential
to make the prediction. This sentence should make a student think: what do | know about
electric potential that is relevant to this situation. The activity comes right after they have
constructed the relationship between E field and change in potential (I posted the derivation
activity 2 days ago) and after the students observed and explained the reading of the voltmeter
in a similar situation but only with one electrode. The carefully crafted sequence of activities
allows the students to be successful in matching the predictions with the outcomes and feeling
confident that they can do physics. This focus on making students confident that they can do
physics and they belong in a physics world is one of the main intentionalities of the ISLE
approach. In this particular activity, examining assumptions for the slight discrepancies
between predictions and outcomes will not make students feel that they made "wrong"
predictions, but will help them realize that the real objects are more complicated than ideal.
Here is the link to the video, but please read the activity first before you click on the link. And
please do not forget to respond to the post after you read it to make it more visible.
https://mediaplayer.pearsoncmg.com/.../sci-OALG-18-4-4b
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OALG 18.4.4 Test your ideas

In the following video https:/mediaplayer.pearsoncmg.com/assets/ frames.true/sci-
OALG-18-4-4a we use a digital voltmeter (in Activity 18.4.3 we used an analogue
voltmeter) to measure the potential difference between two points. We also use a
battery that creates a constant potential difference between two metal strips connected
to it.

Voltmeter

We filled the container with tap water and placed

metal strips (electrodes) as shown in the figure on

the right. It is possible to measure potential

difference between two points by touching them

with the voltmeter leads. These points can be the

on the electrodes anywhere in the water.

a. Watch the video and describe in words what happens
in the experiment. Then explain how you can predict the

results of the experiment using your knowledge of

potential difference. Discuss any additional assumptions
you need to make.

b. The experiment is then modified so that the distance between the electrodes is fixed.
Use your knowledge of electric potential to predict what will happen to the reading of the
voltmeter when (1) the two clectrodes are oriented along the line perpendicular to the
metal strips and are moved along this line; (2) the two electrodes are oriented along the
line parallel to the metal strips and are moved along this line, first closer to one of the
strips and then closer to the middle of the container. Explain how you made your
prediction.

c. Watch the experiment https://mediaplayer.pearsonemg.com/assets/ frames.true/sci-
OALG-18-4-4b and record the outcome. Did your prediction match the outcome? If not,
how do you need to modify the reasoning that led you to the prediction (or some
additional assumptions) to account for the outcome? £

https://www.facebook.com/groups/320431092109343/posts/1106373433515101/? cft [0]
=AZUMtJITMAMDWTZqlgmUdY6HekcWTWhp2Hg PUvHqW3TbkaGA7IHPSNp9kkKY 1N
NOABARSscgjprMiyOsAI89308Zziu998wxCSIn7BzPmyCXuJFvgA LVZJXU68IKdZMGKbn3d
ctnNmwWHCuedTwLII&  th =%2C0%2CP-R

Eugenia Etkina
7. February 2022.

Hi all, we have several new members today - WELCOME! If you just joined, please open the
group's posts as often as you can so that Facebook notifies you when a new post is posted -
which is almost every day. If you reply to the post - like it or comment, you will see more posts.
There is an announcement on the top of the page that explains how to use the group's
resources. You can also visit isplephysics.net website to learn more about the philosophy
behind the group.

Today | am starting Chapter 19 - DC circuits. The very first page of the chapter in the textbook
is a great example of the ISLE approach and also how we use the findings of physics education
research to design curriculum materials. | am posting the screen shot of the first page here
and | am asking you to write anything that you notices there that relates to the ISLE approach
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and to the findings of PER or science of learning in general. The link to video that is mentioned
in the OET is below. Please read it carefully - just one page and say how the ISLE approach
is represented there and how what we know about student learning of DC circuits is reflected.
https://mediaplayer.pearsoncmg.com/.../secs-experiment...

Please do not forget to like the post if you are not planning to write a response. This will make
the post more visible.

18.1 Electric current 573

19.1 Electric current

In the previous chapter we studied processes such as grounding that oceur when a FIGURE 19.1 The charged Wimshurst spheres

charged conducting object is connected with a wire to an uncharged conductor. We produce an £ field.

found that the excess electric charge on the charged object redistributes itself until the £

electric potential V' at both conductors becomes equal. Let us look at similar experi- I —

ments using a Wimshurst machine (Figure 17.21 shows one example of a Wimshurst ; ; i Y

machine). Recall that cranking the machine’s handle generates opposite charges in the - {5 L::

two metal spheres. The charge separation leads 1w a potential difference between the Nl

spheres (Figure 19.1). In the new Wimshurst machine experiments, we'll try to idenmify D

commeon features that might relate to transferring electric charge for useful purposes. s

Consider the experiments in Observational Experiment Table 19,1, Vi<¥

( E_S_ER‘-'P_uT_IU!\IRL 19 1 / ‘.\ ) . .

EXPERIMENT TABLI 2 Electric potential difference and charge transfer 3
Observational experiment Analysis

Experiment 1. Crank the handle of a Wimshurst There is charge separation and nonzero polential

machine and then bring the oppositely charged difference AV between the two spheres. The spark

spheres of the machine close 1o each other (about @:.x:. means that the air between the spheres becomes a

5 ¢m apart). You see a big spark. 7 % conductor, leading o the rapid discharge and the

- 3 § production of light. The original electric potential
Adter the spark when you again bring Lhe sphieres rd energy is converted to light and sound energy,
close, no further sparking occurs, &

Experiment 2. Crank the handle of the Wimshurst The foil ball must acquire a small amount of negative
machine and hang a Light aluminum foil ball from charge from the negative sphere each time it touches
an insulating thread between the oppositely charged it. The ball carries the negative charge io the positive
spheres, The ball swings back and forth from one Q.. 560 sphere, deposits it there, and then returns 1o the nega-
sphere to the other for a few minuies and then stops. \ tive sphere to repeat the process, This continees until

the spheres are discharged and the potential difference

When you remove the foil ball and bring the sphenes between them is zero, The original electric polential

near each other, o spark oceurs. i :_;._ energy is converted to mechanical energy and mnternal
Experiment 3. Crank the handle of the Wimshurst Before the bulb touches them, the spheres are charged
machine and connect the leads of a neon bulb and at different potentials, The bulb and its leads pro-
between the charged spheres. There is a flash of vide a conduciion path to discharge the spheres. The
light from the bulb. Qf b discharge causes a flash of light from the bulb. The

onginal électric potential energy s converted to light

When you remove the bulb and bring the spheres close, energy

no spiark- occurs.

Patterns

@ In all three experiments, the Wimshurst machine started with negative charge on one sphere and positive charge on the other sphere.
There was a potential difference AV between the spheres,

& This charge separation and potential difference led o a flow of charge from one sphere to the other.

® The charge flow invelved different observable consequences: a spark of light, the swinging ball of feil, and the fash of the bulb.

& After the charge flow, the Wimshurst spheres were discharged and the potential difference between them was zero. No more sparking or
movement could eccur.

https://www.facebook.com/groups/320431092109343/posts/1107674693384975/? cft  [0]
=AZUEZJGz41IfTcjIBfghcTRZjAKSMvBZ1Z9el1srp6IxW8ZNtauoPBS0cl2 DTBMT2nJvgFvin
aQU ds7XAJT3gmf310zY7c-

LIT hLg0ZnLzSBKILX3nNiGXde4dOHdnjXbo4oLwCC1yxURBZv23zh& tn =%2C0%2C
P-R
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Eugenia Etkina
9. February 2022.

Hello everyone! First, we have several new members who joined yesterday and today,
WELCOME! Please read the announcement post on the top of the group's home page to see
how to benefit from the group's activity the most.

Second, | will continue with DC circuits today. My post is about Ohm's law. What is the law
about? We write it as I=deltaV/R, where delta V is potential difference across a resistive
element of a circuit other than a battery and R is its resistance. The law does not say that R
needs to be constant for the law to be true. It also does not say that R is the slope of the line
I-vs-deltaV, it only says that to determine the R for the specific | and delta V one needs to
divide delta V across the resistive element by the current through it. Notice the language -
current through and potential difference (or voltage) across. We never say "voltage drop" as
voltage is the term for potential difference already.

Back to Ohm's law. | think the best way to think about it as the operational definition of
resistance. the resistance of any element when a particular current is through it is determined
by the ratio of potential difference across it and the current through it. This definition does not
say WHY the resistance is the way it is, it only tells us HOW to find it. If the resistance does
not depend on the current, then the element is called an ohmic element.

While R=deltaV/R is the operational definition, the form of I=deltaV/R is the cause effect
relationship because we the current through a particular element (effect) depends on both the
potential difference across it (the cause of current) and its resistance. Notice that | am not
suggesting to write the Ohm's law as deltaV=IR, as this form does not represent causality.
Electric field is the cause of current not the other way around. Right?

All these ideas are in the textbook pages 581-582. And finally there is a tip there which | am
pasting here. It addresses a cause of many misunderstandings not only between students but
between teachers too.

) The equation R = AV/I, which
allows us to determine the

resistance of a circuit element, is an
operational definition of resistance. It is
not a cause-effect relationship. Resistance
is the ratio of the potential difference across
the element and the current through it, not
the slope of the I-versus-AVgraph.

https://www.facebook.com/groups/320431092109343/posts/1109000439919067/? cft [0]
=AZXsq65AhNGIczYcEXkowjMDrm80OkA6TN4aga5dw hgvtymhuaFz zCfCHbNDB60O2U9R
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gdc D3idOGsTYTwilOX0Os5R1u2WU3j7HabCoqcWdgBbYm90AK40OgsnlpdXEFBG1fbp pg
T1NKo8kNnoSh8cpc& tn  =%2C0%2CP-R

Eugenia Etkina
8. February 2022.

Hi all, yesterday, | posted the very first activity in DC circuits chapter and asked you to
comment how it reflects the ISLE approach philosophy. Two people commented and we had
a really nice conversation. There are more elements of the activity that are ISLEish but were
not mentioned, | would like to keep this discussion going. In the mean time, | use one of the
points of the exchange between Bor Gregordi¢ and myself about the importance of
understanding that it is potential difference, not the charge difference that is important in
electric circuits.

Students often come up with the water analogy for electric current as our metaphorical
language (talking about current as a flow) kind of prompts it. It is good to build on it (for some
aspects of DC circuits but not others). Here is how we build on this analogy and emphasize
that it is potential difference not the charge difference that matters. Please comment!

| am also reminding you to put your questions and ideas in the google slide deck for our next
meeting, here is the link to the slides:
https://docs.google.com/.../1Kf7CqPxTxj5IBKrUWfQy.../edit...

And please like the post or comment to make it more visible.

Fluid flow and charge flow

FIGURE 19.2 A water flow analogy for electric A fluid flow analogy may help us better understand the electric potential difference

charge flow, and conduction pathways of these electrical processes. You have two containers with

o) = e water—A and B. A is almost full, and B is almost empty. You connect a hose between

the two containers (Figure 19.2a). Water starts flowing from A to B until the levels are

A the same (Figure 19.2b), at which point the water flow stops. The volume of water in

container A is analogous to the excess positive charge on Wimshurst sphere 2, and the

Water difference in water pressure in the hose is analogous to the potential difference between

\ flow | ! the spheres. The hose provides a pathway for water to flow until the pressure at both

- ] ends of the hose is the same; the electric charge flows until the electric potential at each
— f— sphere is the same.

High P B o Notice that it is the pressure difference and not the difference in the volume or mass

of water in each container that makes the water flow. Imagine a large container A full

m e of water with the water level the same as in small container B—the water will not flow

(Figure 19.3a). Similarly, it is not the total charge difference between the spheres of

B the Wimshurst machine but the potential difference that makes the charge low. Im-

agine a large sphere A and a small sphere B. Suppose the charge is large on A and small

| on B; but if the V fields (electric potentials) on the surfaces of these two spheres are the

 — same (recall the discussion of grounding in Chapter 18),

I V= kc%

Water low stops when the two eads
of the hose arc at equal pressure.

there will be no charge flow through the wire connecting them (Figure 19.3b),

FIGURE 19.3 There is no (a) water flow if F, = Py or (b) charge flow If vV, = Vv,

@) When the water levels ()
and pressure are the same ..

(

< . LiLuu-inc.J,\. charge
¥ === willflow if ¥, = V,.

e DO WatRr flows
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Eugenia Etkina
10. February 2022.

Hi all, today my post is about student difficulties with DC circuits. Notice, that | did not use the
word misconceptions here. And you probably noticed that never use this word. | already
posted about it but will do it again. Students do not have robust conceptions. They have tiny
ideas based on their life experience and the language that we use that they put together to
answer physics questions. We change the context - their answer will change. We change the
language - their answer will change. One example is the word "electricity". What does this
word mean? Electric charge? Electric current? Voltage? Energy? Power? As long as we have
this term in our vernacular, the students will confuse all those quantities. | strongly recommend
removing it (together with heat and weight...)

Often student ideas look completely wrong but once we find the right context or revise the
language, we will find that they are perfectly correct. There are many names for these ideas
in educational research. In physics we call them p-prims (phenomenological primitives, coined
by diSessa), facets (coined by Minstrell) or resources (Hammer et al.). Once we are familiar
with these three theoretical frameworks, we can easily explain almost every student idea that
we encounter. And we can find what everyday experience led them to this idea and in what
contexts it is productive. (If you want to learn more about those three frameworks for student
ideas, we can have a meeting and discuss them in detail.)

But today | want to attract your attention to the Instructor Guide (it is posted here in the FILES).
In each chapter of the guide we discuss student difficulties related to the material in this
particular chapter. Here is what we write about DC circuits. | invite you to think how our
language and everyday contexts contribute to those difficulties. Below is the text form the
Instructor Guide. We have a paragraph like this in EVERY chapter.

Brief summary of student difficulties with DC circuits

The biggest difficulty that students encounter is the concept of a complete circuit. Because we
often make an analogy between electric current and water flow, students often think that
electric charges making up current can flow in any downward directed wire. Another common
difficulty is thinking that when they can make local changes to the circuit (such as removing or
adding a resistor) it only affects the branch where the change was made without affecting the
rest of the circuit. The next difficulties are thinking that a conventional battery is a source of
constant current and the current is being used up as the charge move through a series circuit.
Another one is thinking that adding resistors always increases the total resistance of the circuit.
Finally, thinking that Ohm’s law |=delta V/R applies to only ohmic resistors.

A difficulty “induced” by instruction is the incorrect idea that the resistance of a circuit element
is determined by the slope of the line on the I-vs-delta V graph.

PLEASE do not forget to respond to the post to make it more visible!
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Eugenia Etkina
11. February 2022.

Hello all, first WELCOME to our new group members. We had a few yesterday! Please read
the announcement on top of the home page and visit islephysics.net to learn the philosophy
behind this group.

Now, today's post is about one more difficulty, also associated with Ohm's law. Before | go on,
please do not forget to like the post or comment to make it more visible. Here is the
phenomenon: You have a circuit consisting of a 9-V battery, a lightbulb, a switch and some
wires. All correctly connected in series. The switch is open. The bulb is not lit. What is potential
difference across the switch?

Many students would say it is zero. They will use Ohm's law to reason that if the switch is
open, the current | is zero, and I=deltaV/R, so if | = 0, then delta V must be zero as delta
V=IR=0R=0. If they measure the potential difference across an open switch with a voltmeter,
it would measure 9 V. Would the answer that it is zero a misconception? Of course, you know
my attitude towards this word, and would say NO. It is indeed a NO as it is an example of an
application of a correct mathematical relation in a tricky context. The resistance of an open
switch is infinite. Do our students know how to divide by infinity? Does it mean that Ohm's law
does not work for an open switch?

It does, actually (R is equal to infinity, 9 V/infinity=0), but it does not help us find the answer in
this case as every number divided by infinity will give us a zero. As there is no current in the
circuit, we need to reason using our knowledge of electrostatics, specifically of electric
potential which is the same along a conductor in the absence of electric current. Therefore ,
as one end of the switch is connected to a 0 of the battery and the other one to 9 V, potential
difference across an open switch is 9 V. Itis a great experiment to make students think deeply
about Ohm's law. Here is the page from the textbook with this activity and MORE.
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S
TESTING E
EXPERIMENT TABLE 1 9 ' 4 Applying Ohm's law to an open circuit

Testing experiment Prediction

585

194 Ohm's law

Outcome

Use the circuit in Figure 19,16 but We predict that the current in Ammeter readings Voltmeter readings
with e switch open. the circuit is zero, the amme- Amrneter 1 0A Voltmeter 1 85V
ters will measure #ero current
1 = 0, und sccording to Ohm's Ammeter 2 oA Voltmeter 2 ov
law. voltmeters 2-5 will meas- Ammeter 3 0OA Voltmeter 3 oV
ure zero polential difference Ammeter 4 OA Valtmeter 4 ov
AV=IR=0R =0, Volimeter 5 RSV

Conclusion

Wi prficeed 01 for valtmeter 5, it it measured B 5V The auteome of the sxperiment dees nat misteh one prediction. We need 1o either reviee

Ohm’s low or examine how we apply it

When an outcome does not match a prediction, we need to evaluate the reasoning
that led to the prediction. When the switch is open, there is no cumrent in the circuit,
sovon first glance Eq. (19.3) written as AV = [R predicts a zero potential difference. Let
us Jook at the battery first. Even when there is no-current in the circuit, the battery has
potential difference across the terminals equal to its emf. Thus, the nonzero reading of
voltmeter 1 makes sense. But why would there be potential difference across the switch
when there is no current in the circuit? When the switch is open, it stops being a con-
ductor; its resistance becomes mnfinite. We cannot apply relation AV = IR, as we do not
know the result of multiplying zero by infinity. Therefore, when we made a prediction
that did not match the cutcome, it was rot Ohm’s law that failed us, but how we applied
it. How do we explain the existence of the potential difference across the switch? When
the switch is open, the whole part of the circuit connected o the positive terminal of the
battery is at a potential of 8.5 V. The part of the circuit connected to the negative battery
terminal is at a potential of 0.0V (Figure 19.17),

We can find a similarity in the behavior of a switch in a cirenit and an LED.
Remember that for the “wrong” direction of an LED, the current through the LED is
#ero, The same holds also for an LED that is connected in the “right” direction but has a
potential difference across it that is less than its opening voltage. Thus we can equale an
LED connected in the “wrong” direction and an LED connected in the “right” direction
for voltages below opening voltage to an open switch. If this is correct and we measure
the potential difference seross the LED for these conditions, we should measure the
same vollage as that of the battery, This is exactly what happens (see Figure 19.18)!
However, once there is electric current through a switch, the potential difference across
it is zero for any current through it, whereas the potential difference across an LED
changes very little while the current might change by many factors of 10, This is due
to the rapidly decreasing resistance of an LED in the range of glowing potential differ-
ences. Therefore, it is useful 10 remember that when an LED is glowing. the potential
difference across it is always approximately the opening voltage.

—|' | |:) Any burned out Aghtbulb causes the currant in the line with the bufb to be

zaro. 1tis like an open switch, i the light switch on the wall is on, there may
be s 120-V potential difference across the contact points in the bulb canister. It is pot
safe to touch the contact points!

REVIEW QUESTION 18.4 Why does it make sense that all ammeters in Figure 19.16
hawve the same reading?

FIGURE 18,17 Electric potential in a circuit
with an open switch.

Minuss signs mdscate that the clectne potemtial of
ehis past of the cireuit is 8.5 W less than the potzstial
wof the pasitive termanal of the batiery,
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{/
v AV =85V
8.5V =——AMAM—e— A ——
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FIGURE 18.18 An LED is similer to an open
switch when (a) the LED is connected in the
“wrong” direction, and (b) the LED is con-
nected in the “right” direction but the poten-
tial difference across it is less than the opening
voltage,
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https://www.facebook.com/groups/320431092109343/posts/1110107263141718/?  cft
=AZWEK-
DgxRbCW1RoQt4WWzc1SBShi7YVhguWCyajza4dyFJMnmt452wogWPAWH21z5rsBcZKGj7
eMatCBigiMT _KOIillAfYUoOD6B-zEIRQRSHctogx45Wv4r4Ktgo-SukPITV-

fO53IBE9otyldVFjA& tn_ =%2C0%2CP-R

[0]

Eugenia Etkina
14. February 2022.

Hi all, thank you for great discussions about new types of problems yesterday! Taking into
account that it was Sunday, the level of activity is especially impressive, THANK YOU!
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Today is my last post for the Chapter 19, DC current. As you probably noticed, in our textbook
we have a lot of material using LEDs. We start with Chapter 2, where blinking LEDs are used
to help students construct the idea of a motion diagram. In Chapter 19 we discuss in detail
electric properties of LEDs, such as unidirectionality, opening voltage, and I(deltaV) curves. In
Section 19.6 Joule's law we finally help students learn WHY LEDs replaced in candescent
lightbulbs in our houses. The part of the section is pasted here with the data table and infrared
photos.

| want to add that we (Gorazd Planinsic and |) have developed a whole set of materials about
LEDs to be used in introductory physics courses (they are published in a 4-paper series in The
Physics Teacher and | put them all in the FILES here) and many activities with the videos are
now in the OALG Chapter 19 (posted here too). However, from my experience, it is difficult to
learn how to run a classroom from a paper, therefore if there is interest, Gorazd Planinsic and
| could run a workshop on LEDs. Is there an interest? We could run it in the summer. Please
reply here if you are interested. The length will probably be 3 hours.

And please do not forget to respond to this post to make it more visible.

Power of incandescent lightbulbs and LEDs

In the last few years, LED lightbulbs have almost completely replaced incandescent FIGURE 19.23 Comparing energy conversions
lightbulbs in our homes, Why? A simple observation can give us a hint, When we touch for an LED versus an incandescent lightbulb.
a bright incandescent lightbulb, it is very hot: however, LED-based bulbs are not hot to (a) Experimental sctup
touch. Therefore, we can hypothesize that traditional bulbs convert a significant frac-
tion of the clectric energy to thermal energy rather than to hight, while LEDs convert
mast of the electric energy delivered to them to light cnergy. Both light energy and
thermal energy leave the bulbs and LEDs through the process of radiation.

We can conduct an experiment to investigate this difference quantitatively using
a variable power supply, a small incandescent lightbulb, and a white LED. Both light
sources are enclosed in white ping-pong balls to ensure that the light they emit is spread
evenly, making it easier to compare their brightness (Figure 19.23a), In order to com-
pare the light sources more objectively, we will use a special device (a Light sensor) that

measures the brightness of hoth sources; its sensitivity to light is similar to that of our (b Tuble of measurcinents taken

eyes. We will change the potential difference across the power supply until the light Tricandescenit
sensor has the same reading for both sources when placed at the surface of the ping- LED lightbulb
pong ball. (In Figure 19.23a, the LED appears to have a somewhat different color than

the bulb, but despite this, their brightness as measured by the sensor is the same). The AV(V) ER 36

data collected in the experiment are shown in Figure 19.23b. A pattern is clearly visihle 1(A) 0.020 0190
from the data: the white LED needs about 10 times less electric power to emit light of P(W) (1062 0.680

the same brightness as an incandescent lightbulb. Thus the old-time incandescent light- B (lux)* 450 450

bulb must be converting the rest (90%) of the energy into thermal energy or some other “Brightness of light measured at the surfuce of
form of light that cannot be detected by our eyes. Figure 19.23c shows thermal images the ping-pong ball

for both light sources: the LED is al room temperature and the bulb is much warmer.

2 2 : T =5 P {c) Thermal images of the experiment
We will learn in Chapter 28 the mechanism behind the high efficiency of LEDs.

Paying for electric energy

Electric power companies charge thenr customers according to the amount of elec-
tric potential energy that is converted into other energy forms in the devices that the
customer uses. Utility companies do not use the joule. Instead, they use an energy
unit called the kilowatt-hour, A kilowati-hour (KW + h) is the electric potential en- E lighttulb 54 00
ergy that a 1000-W device transforms to other energy forms in a time mterval of 1 h
{1 kW+h = 3.6 X 10°]),

https://www.facebook.com/groups/320431092109343/posts/1112056412946803/? cft [0]
=AZWI 79JZigp8rAZ5RKPLciaNwUpLFcRI5SDRcBG;jjPb-
YRNnYHOGWEEIbZt7ToebgMRNUAEGTPdX--
UT4GR9hDIPrzY8SRKKyrKruyBxKo7uzsszuKY0Q41ZKLcxcEhOVEF-
X0xxqT1J0s6urjJ2zglZ2C& tn  =%2C0%2CP-R

Eugenia Etkina
15. February 2022.
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Hi everyone, today | will be continuing with cause-effect relationships and operational
definitions. We are moving to Chapter 20 - Magnetism. This is where student understanding
of the difference between cause-effect relationships and operational definitions becomes
really important. There are many difficulties for the students in magnetism, one of which is the
three dimensional nature of right hand rules that they are learning. But in those rules hide
those two types of the relationships.

Think of right hand rule for the fields - to find the direction of the B field you take your right
hand, pint the thumb in the direction fo the current and wrapped around 4 fingers show you
the direction of the magnetic field line. This is a cause-effect relationship, as the current causes
magnetic field. Here we know the source of magnetic field but we do not know anything about
the detector. If the source is a straight wire, you can find the B=I mu zero/2pi r, where r is the
distance from the wire. This equation is the cause effect relationship for the field as B depends
on all those quantities and | is the cause of the magnetic field.

Now, take right hand rule for the force. You take your right hand, point the thumb in the
direction fo the current, the four fingers in the direction of the B field and the line coming out
of your palm will show you the direction of the force exerted by the magnetic field on the current
carrying wire. For the perpendicular directions of the current and B field, the equation for the
force is F=IBL, where the L is the length of the current carrying wire in the magnetic field. Here,
the wire is the detector of the field, but the source is not known. However, you can find the
field using B=F/IL. This is the operational definition of B as it does not depend on any of these
quantities. | is not the source of the magnetic field, it is the detector, now the detector is
described by two quantities - | and L. However, is you use F=IBLsin theta, it is a cause-effect
relationship because F depends on all of those quantities.

Discussing the difference between these two rules and the difference between the two
expressions for the field is very important. If you read to the end, do not forget to respond to
the post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1112860696199708/? cft [0]
=AZVtbdQKRfoxUnBXzOC63uyR6-

tyNJUxj vGYpftwFKW7cOMzjz7rFTXKQIQvBFfCXCHD gBqMPfsH9KDoAURHXUH2a8naJp
yIGBQGZGKNtEic6F50HWNDtsm4HbncATIiYM&  th =%2C0%2CP-R

Eugenia Etkina
16. February 2022.

Hello everyone, | continue with Chapter 20, Magnetism. Here is one of my favorite sequence
of activities (20.3.1-20.3.3) for students' invention fo the right hand rule for the force
qualitatively and quantitatively. The sequence involves graphical representations, real
experiments, developing mathematical models from the data and then testing the models in a
new experiment. As the activities did not fit into one screen no matter how hard | tried, | pasted
the rest of activity 20.3.3 here. The whole thing is the OALG Chapter 20 posted in the FILES.
| am putting the links to the videos below. However, if you are teaching in person, there is no
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need to use any of those videos, you can use regular materials and run those experiments as
lab activities or teacher-shown experiments for which students make explanations or analysis.
Here is the continuation of the activity:

b. Compare the rule that you devised to Eq. 20.3 on page 625 in the textbook. How are they
the same? How are they different?

c. Use the set-up in Activity 20.3.2 to test the rule you just invented. Here are some additional
measurements: the length of the wire inside the magnet is about 20 mm; the magnitude of the
field at the location of the wire is 0.33 T. Using these data (and the value of the electric current
from the video you can calculate the magnitude of the magnetic force exerted on the wire. Use
the value of the magnetic force and other data from the video to predict the reading of the
scale when there is current through the wire. Compare your prediction to the actual reading.
Do you need to revise your reasoning?

And here are the links to the videos:
https://mediaplayer.pearsoncmg.com/.../secs-experiment...
https://mediaplayer.pearsoncmg.com/.../sci-OALG-20-3-2

Please reply to the post to make it more visible. Thank you.
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https://www.facebook.com/groups/320431092109343/posts/1113334932818951/? cft [0]
=AZWg3v7VBjVGrcPDLOAH]TEObcupd6oyqtbOojgZj4xjKZpa18VI2zvaMdgmZB27rKn-
YRmHqgleCsgrenRdgj6iwtt00zfn2P8dwmSz24PBdoQy FEhpX IE wUY25WI2p5hE3LG703
J1UoRY03IL2Prbxswo573 -XJiin69Ln6xY-Fzv8hwyZFXxGNHxd31orQ& tn  =%2C0%2CP-
R

Eugenia Etkina
19. February

Hi all, a few things.
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First, | really ask you to take one second to click on like or say that you read the post when
you do read a post. It worries me that we have so few responses to the posts, which means
very few group members see them. Please take a second to respond if you read a post.
Second, | will continue with the Magnetism. Today, | am attaching screen shot of several end-
of-the-chapter problems that show how we can help students reason about physical
phenomena without using any equations. Jumping to a "right formula" is the step that
separates some of our students from experts. To help them see that they CAN reason without
writing any equations, we created lots of problems which require sophisticated reasoning and
explanations, including multiple possibility solutions, while have no equations as crutches.
Many of those are common on the AP exams. Please examine every one of them and think
what kind of reasoning it inspires. Enjoy!

20.1 and 20.2 Magnetic interactions and Magnetic field
FIGURE P20.1

1.

When a switch is closed, a compass needle

deflects from the initial to final direction,

as shown in Figure P20.1. Say everything

you can about this circuit.

You have a lightbulb connected to a battery.

(a) What happens if a compass

is placed under the constant current
cable, made of two twisty wires that
connect the bulb with the battery?

(b) What happens if you separate the
wires and place the compass under

one of the separated wires? Explain
your answers for both parts.

The current through a circuit is shown in
Figure P20.3. The deflection of a com-
pass needle is shown in the figure. Is the
picture correct? If not, what is wrong?
Draw B field lines for the magnetic
field produced by the objects shown

in Figure P20.4.

FIGURE P20.4
(a) (b)

Bl s —

Battery

Top view

Final

.l

Compass under wire

FIGURE P20.3

T

+
[y
1

.

Compass above wire

* You need to determine the direciio_q of the B field at two points in space
and compare the magnitudes of the B field at those two points. Describe the
experiments that will allow you to accomplish this task.
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https://www.facebook.com/groups/320431092109343/posts/1115288302623614/? cft  [0]
=AZVIRdwmGyNH ZX7Se7HPKABCqTHkvryCEsT9J-

mzLGplCOhGgj 0WSsm_ 3TulgmMsLoQLNYL8Wuom1GixrtF4ANaLr--
KgKRkk2tjrfejfs8P05laS z0UaKVOSLVb1GrdGnhX76cCefqNKsdgc4LwDO0OyD7qglzp1k5nJgo
PDTLbpVGwQWrariDH3f716UIzCPQ& tn  =%2C0%2CP-R

Eugenia Etkina
20. February

Hi all,

thank you so much for responding to my plea to respond to posts! We have over 60 people
responding, which means that probably 300 more people will se the post compared to the
situation when only 20 people reply( this is my very rough estimate). Please, continue
responding!!! And Thank you AGAIN!

Today | will continue with the problems for magnetism. Yesterday, | posed examples of
problems that do not need any algebra. today - problems with math. But | should a page from
the textbook where you can see different examples of problem types and think of what
reasoning skills such problems develop. How to they relate to the three dimensions of the
NGSS? How do they address AP focus? And most importantly, do they promote interest in
physics? Please reply! Tomorrow | will share my thoughts about every problem.
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34.

35-

36.

37.

38.

39,

https://www.facebook.com/groups/320431092109343/posts/1115930612559383/?  cft

* Equation Jeopardy 2 The equation below describes a process involving
magnetism. Solve for the unknown quantity and draw a sketch that represents
a possible process described by the equation. Note: T'is a symbol that denotes

a force (for example, force exerted by a rope, tension), and T is the unit (Tesla).

2T — (0.020 kg)(9.8 N /kg) + (10 A)(0.10m)(0.10T) = 0

* Equation Jeopardy 3 The equation below describes a process involving
magnetism. Solve for the unknown quantity and draw a sketch that repre-
sents a possible process described by the equation.

100(2.0 A)(4.0 X 1072 m?)(0.20 T) — m(9.8 N/kg)(0.10m) = 0

ok The magnitude of the B field inside a long solenoid is given by
the equation B = ol (N/I), where N is the number of turns and / is the
length of the solenoid. (a) Describe an experiment that can help you test
this relation. (b) Explain whether this equation is an operational definition
of the magnitude of the B field or a cause-effect relationship. (c) Powerful
industrial solenoids produce B field magnitudes of about 30 T. Estimate the
relevant physical quantities for such solenoids.

* Electron current and magnetic field in H atom In a simplified model of
the hydrogen atom, an electron moves with a speed of 1.09 X 10° m/s in a
circular orbit with a radius of 2.12 X 107'® m. (a) Determine the time inter-
val for one trip around the circle. (b) Determine the current corresponding
to the electron’s motion. (¢) Determine the magnetic field at the center of
the circular orbit and the magnetic moment of the atom.

* Two long, parallel wires are separated by 2.0 m. Each wire has a 30-A
current, but the currents are in opposite directions. (a) Determine the mag-
nitude of the net magnetic field midway between the wires. (b) Determine
the net magnetic field at a point 1.0 m to the side of one wire and 3.0 m
from the other wire.

* Minesweepers During World War 11, explosive mines were dropped by
the Nazis in the harbors of England. The mines, which lay at the bottom of
the harbors, were activated by the changing magnetic field that occurred
when a large metal ship passed above them. Small English boats called
minesweepers would tow long, current-carrying coils of wire around the
harbors. The field created by the coils activated the mines, causing them to
explode under the coils rather than under ships. (a) Determine the current in
one long, straight wire to create a 0.0050-T magnetic field at a depth of 20 m
under the water. The magnetic permeability of water is about the same as that
of air. (b) How might the field be created using a smaller current?

[0]

=AZUEON7IBLdKRVi2l17jX3c7GeccA6\Wwdz6lUN1LpelLvEfiomX7nBmm2mRmS86AvCwLD

1uKwLphiPeU6h3hb8yh3JkRwktl9YqIQ9iARTqe kdkZzfLhVJsQykxYixp7VGHIMOEKXf99Z

9CxFOZm8IDTbQ6S9H2fSkz7ZWmnv67L4m2hyvnUfUpCaMtupatqulA& tn

=%2C0%2C

P-R
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Eugenia Etkina
21. February

Hello all! Before you go on reading, please do not forget to sign up for our meeting on
Saturday! (and to "like" the post to make it more visible).

Yesterday | promised to discuss the problems that | posted for Magnetism. You will need to
download my yesterday's attachment before you read on. | first focus on jeopardy problems
(#34 and 35 on the list) - the first two problems in the document. It is a type of problems devised
about 25 years ago by A. Van Heuvelen, Tom O'Kuma and Curt Heiggelke. These present a
solution to a problem in a form of a mathematical relation (or a graphical representation as we
started doing later) and ask a student either to draw a sketch of the situation or to pose a
problem for which the relation might provide a solution (these two are for the former). There
are many benefits to these problems. Based on the two examples that you see in the document
those might help students to:

1. Distinguish between physical quantities and their units - when m is italicized, it represents
mass (physical quantity), when it is not, it represents meters (a unit).

2. Visualize possible different physical scenarios that can be described with the same
mathematical relation.

3. Recall Newton's second law. Draw force diagrams and imagine situations when magnetic
force is exerted on an object with other forces.

4. Question why 9.8 has the units of N/kg, not m/s”2. Are they the same?

Problem 36 has a ton of features that are non-traditional although it operates within one
relation.

(a) What does it mean to test a relation (key practice in physics)? It means to design an
experiment whose outcome you can predict using this relation, conduct the experiment and
compare the outcome to the prediction taking uncertainties and assumptions into account. It
also means to be able to reason hypothetico-deductively - "if this relation is correct, and | do
such and such, then such and such should happen because of such and such". This is a really
complicated chain of reasoning, very often confused with the wrong if-then statement (the
wrong statement is "if | do such and such, then such and such should happen"). What kind of
experiments can students design (this is where their knowledge of physics comes in)? What
equipment would they need? What do they need to know about the materials to be able to
make the prediction? Lots of great questions there!

(b) Here again we call students' attention to the nature of the "formula" (although we NEVER
use this word) (coherence of physics). Does it describe a causal relation or is it a mere
operational definition of B? What do you think?

(c) Finally, the students need to think of what kind of solenoids can potentially produce large
magnetic fields (real life connection) and what it means to estimate (a skill useful outside of
physics).

This problem is an example of how in one problem you can address pure physics goals,
science practices, real life connections, development of logical reasoning and practical skills.
| will stop for now and discuss the rest of the problems tomorrow.

Please do not forget to respond to the post and sign up for our Saturday meeting!

https://www.facebook.com/groups/320431092109343/posts/1116420819177029/? cft [0]
=AZX8jjCbTBfoaf6VYHOMEW1eylpbwvRfm2zGahyXcmGTP8E6zUfMIrBY6QrnBJyU-
Od rkrOF4uiZhWDhP65kUfXg-c74YY99Qk1JA07QC7mR50SD3ACc8-
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JcVAXBbJKZApNIZwxudzGogSriOaqd5J6n6bAvJJfdC3poFRDO08SEUV0s4i82UikbQET|MfEI
LJAU& tn  =%2C0%2CP-R

Eugenia Etkina
22. February

Hi all, today is the last post about the set of problems from chapter 20 - Magnetism. The last
three problems can be called "traditional problems" - they have a set of givens and the
students needs to determine a quantity that is specified. There is only one answer to each
question and this answer is expressed as a number with units. For these types of problems
(most familiar to teachers) we have a 4 step problem solving strategy:

The first step is called "Sketch and translate". First students need to draw a picture of the
problem and translate what is written in words to physical quantities. Some things are never
written exactly but implied. For example, when we say "an object was dropped" it means that
the initial velocity is zero, when we say that an object 'moves across a smooth surface’, it
means that the friction component of the force exerted by the surface on the object is zero.
Therefore itis important that the students learn to "translate" each word into physical quantities
and if they do not know what some words mean - ask. | always tell my students that they need
to READ the problem statement three times and at least once out loud to make sure that they
really understand what the statement says. A huge number of mistakes come from not reading
the problem carefully and not visualizing the situation. That is why | ask students: "Tell me
what you see", before they start solving. "Seeing" and sketching is the very first step without
which it is impossible to solve anything.

The second step is "Simplify and Diagram". Simplify means that they need to think what
simplifications they can make based on the sketch and the translated givens. Can the object
be modeled as a point-like object? Can they neglect the air? Can they assume the uniform
field? Once they decide on this, they they need to think what they choose as a system for
analysis and what physics-like representation(s) are useful for representing the problem
situation - is it a motion diagram? It s it a force diagram? Is it both? Or a momentum bar chart?
Or an energy bar chart? Deciding on the useful representation is basically deciding what
fundamental principle to use to approach the problem. However, we do not use the term
principle or concept as the representation can be used later for evaluation for consistency and
the principle cannot. Once the students decide on the system and representations and draw
those, they can think of algebra/calculus. Notice, how much work is already done and there is
still no "formulas" involved.

The third step is called "Represent mathematically". This is where the students take the
graphical representation(s) from the previous step and USE them to write the mathematical
representation. This is where they first check for consistency between the algebra and the
force diagram, or energy bar chart.

The last step is called "Solve and Evaluate". Once the mathematical representations are
written and evaluated for consistency with the sketch and the physical representation, they
can express the needed quantity and solve for it using the givens. After that they need to go
back and evaluate the solution and the answer. Is it consistent with their presentations? Does
it survive extreme case analysis? Are the units correct? Does the answer make physical
sense.

All these steps are based on the analysis of how experts solve problems. Every problem in
the book requires some of these steps but only about 50% of the end of the chapter problems
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require all. Practicing these steps individually is very important. For those we have ALG and
OALG activities in addition to the worked examples and end of the chapter questions and
problems.

https://www.facebook.com/groups/320431092109343/posts/1117195505766227/? cft  [0]
=AZWjSIDiciPqaHPf8nISnMnSmuMQ3IZAR8A1eXSC4nrKbITGApk8QYi2US8I5s AZ4RN2s
kkBl ¢iB2X03YW26dkV6k2MUQO6jvI8 xSk1E7z6gmP1Bmt7Tdu384jsJk4X0hcG1aeD8gZjr
alLTidC-ZpldWbspO0tGEgBvSQNfya5f3RNGE4FXINI6uCOglpXRo& tn  =%2C0%2CP-R

Eugenia Etkina
27. February

Hi all, thank you for coming to the meeting yesterday and thank you everyone who shared
their work and asked questions. The next meeting will be dedicated to experimental
uncertainty - what is the best way to help students learn it? We have our conceptual approach
to uncertainty and there is lots of work done around the world on it, so it should be a very
interesting meeting. | will post the poll for days/times later today. Here is the link to the
recording of yesterday's meeting and the link to the slide show.
https://rutgers.zoom.us/.../sPFhFHtRYNnSUESQ6GOFCKm31IEIwdJ...

Password: Ek!pk1gs

Link to the slides:

https://docs.google.com/.../1Kf7CqPxTxjSIBKrUWfQy.../edit...

https://www.facebook.com/groups/320431092109343/posts/1120200425465735/? cft  [0]
=AZUvL2Yz47XfI5t7 UDRAMPN2ZPg1TyLHoU6Q51CoMGfzVUqyH1fZDWTQ30gngA6RYF
zs V78eA2i-

0QFN 1kDQFvSITd244YCvBJdHg73HUrlf8K0408gKGWPuUSPmeLlz5]X ELrANrUKQXE7G
DJvnuld--uy30 8XtANFEe3jX93mmxWhnLJUrg9ezspVwBbU& tn  =%2C0%2CP-R

Eugenia Etkina
1. March

Hi all, three things today. First, | did not post anything yesterday as | was and still am in shock
over the war. It did not seem right to post about electromagnetic induction when life as we
know it, is at risk. | am not sure how to continue but | know that all of you have to go and teach
every day, and in support of this, | will continue to post.

Second, we have quite a few new members who joined the group recently. | want to welcome
them. The notice on the top of the group page will tell you what the group is about, the
philosophy behind the group is at islephysics.net. This website will show you the logical
process behind our materials and our approach to student growth as they learn physics.
Third, | will continue with the discussions of the textbook chapters (for the new members, we
use the textbook College Physics: Explore and Apply, the cover of the book is the cover of this
group's Facebook page). We are done with 20 chapters, now is Chapter 21, Electromagnetic
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induction. Below | am posting the beginning of the OALG Chapter 21 activities for the students
(if you are teaching in person, the experiments are done by the students themselves). The
sequence follows our ideal ISLE process: observational experiments (moving a magnet with
respect to a coil connected to a galvanometer), patterns, invention of a hypothesis (the motion
of the magnet induces current), using this hypothesis to predict the outcomes of the new
experiments, seeing that some outcomes cannot be predicted (current can be induced without
any motion) and revising the hypothesis (the change in magnetic field leads ot the induced
current). The sequence has been tried with thousands of students and it works very well. If
you teach in person, the first activity is to give students a coil connected to a galvanometer
and a magnet and ask them to do whatever they can to get the galvanometer show current.
They struggle for a while but then somebody will accidentally move the magnet perpendicular
to the coil and observe deflection. When this happens, invite this group to share their discovery
with the rest of the groups, and they will all start vigorously experimenting. It is so fun to watch!
OALG 21.1.1 OBSERVE AND FIND A PATTERN

In the experiments that you will analyze in this activity we use a galvanometer to detect current.
You learned how a galvanometer works in Chapter 20, Activity 20.3.8

a. Watch the following video https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-
alg...and describe what you observed. What patterns do you notice? Note that the circuit with
the galvanometer does not have any battery in it.

b. Develop a rule: Devise a preliminary rule that summarizes the condition(s) needed to induce
a current in a coil. What are the assumptions that you made?

c.Compare the rule you devised in part b to the patterns identified in Observational experiment
table 21.1 in the textbook. The experiments from which the patterns emerged are at
https://mediaplayer.pearsoncmg.com/.../secs-experiment....

OALG 21.1.2 TEST AND REVISE YOUR IDEA

The goal of this activity is to test the rule that you invented in Activity 21.1.1. In the following
experiments you will have one coil (coil 1)connected to a battery/power supply through the
switch. The other coil (coil 2) is connected to the galvanometer.

Experiment 1.Use the rule devised in Activity 21.1.1 part b. to predict what will happen if you
move coil 1 relative to coil 2.

Experiment 2. Use your current rule to predict what will happen when you place a coil
connected to a galvanometer next to the coil connected to the battery/power supply (so that
axis of the coils coincide). Then you

(1) close the switch without moving either coil,

(2) let the current run for a period of time, and finally

(3) open the switch.

a. Describe the experiments in words and sketches and make the predictions of their
outcomes using the rule you invented in Activity 21.1.1.

b. Watch both experiments here [https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-
alg...] and compare the outcomes to the predictions.

c. Make a judgment concerning the rule that you're testing. If necessary, revise your rule to
incorporate your new findings. Note that your revised rule should be consistent with all the
experiments you’'ve conducted up to this point.

d. Compare your reasoning to the reasoning in Testing Experiment Table 21.2 in the textbook.
Do you need to revise the rule?
https://www.facebook.com/groups/320431092109343/posts/1121686638650447/? cft  [0]
=AZUI3vNS4WZd-

djgwgb6DctPRpLEf6qilB GeFtagd8mnTHgicKZwtd8teQwDgNFe7CNb glhxrxYStEAyhpOeH-
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uy97hxcp5-albBHonN-
ZQ7Q__ v3KqVzXhm5yfHTByMtOKvjOUYYSVJRrX9KFhNYuhfZwxzVAuUBH9kpTtJ3TQ6XnF
RxkjvEyWX7xH4rhdEQhk& th  =%2C0%2CP-R

Eugenia Etkina
2. March

Hi all, | continue with Chapter 21 today, Electromagnetic induction. Please do not forget to like
or respond to the post after you finish reading it.

Yesterday | showed how we hep students construct the idea that changing magnetic field
induces electric current in a closed coil. Students construct this idea without any help if they
follow our activities. The activities use real or video experiments. The next step - inventing the
rule for the direction of the induced current - can also be done using experiments and finding
patterns, but it is more complicated and takes more time.

To save time and make the process a little easier we present the data to the students in the
form of sketches, they still need to find the patterns but they do not need to mess with
equipment. | am attaching the screenshot of the activity (the file for OALG Chapter 21 is posted
in the FILES) and the link to an amazing experiment that allows the students to apply Lenz
rule right away.

https://mediaplayer.pearsoncmg.com/.../sci-OALG-21-3-1
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https://www.facebook.com/groups/320431092109343/posts/1121686638650447/?__cft__%5B0%5D=AZUI3vNS4WZd-djqwg6DctPRpLEf6qiIB_GeFtaqd8mnTHgicKZwtd8te9wDgNFe7CNb_qIhxrxYStEAyhp0eH-uy97hxcp5-albBHonN-ZQ7Q__v3KqVzXhm5yfHTByMtOKvj0UyYSVJRrX9KFhNYuhfZwxzVAuBH9kpTtJ3TQ6XnFRxkjv5yWX7xH4rhdEQhk&__tn__=%2CO%2CP-R
https://mediaplayer.pearsoncmg.com/.../sci-OALG-21-3-1

OALG 21.3.1 Observe and find a pattern

The experiments below repeat earlier experiments that used a galvanometer, a bar magnet, and a coil and
in which a current was induced, The direction of the induced current is shown in the illustrations.

a. Analyze the 6 experimental scenarios in the table below. For each case, on your whiteboard, draw Em

field vectors through the coil caused by the moving magnet. Indicate whether the external Em field

vectors through the coil are decreasing or increasing in magnitude. Draw induced magnetic field vectors

E‘i“ 4 created by the induced current in the coil.

Experiments:

I e I =
nd ¢ [N [ SF— nd 4 N | g

‘rind I ind

Experiments:

i"?:O’m 2T

Coil area is collapsing Coil area is expanding

b. Devise a rule relating the direction of the induced current in the coil and the change of external

magnetic flux through it. Hints: (1) Focus on the direction in which E'm is changing rather than the
direction of Bm itself. (2) Compare the direction of the induced magnetic field vectors Ei .4 inrelation

to AB_ .
exi

¢. Formulate a general rule: How does the direction of the induced current in a coil relate to the change of
external magnetic flux through it?

d. Watch the following video https://mediaplayer.pearsonemg.com/assets/ frames.true/sci-OALG-21-3-1.
Describe what you observed. Use your rule from part ¢ to explain the observations.

https://www.facebook.com/groups/320431092109343/posts/1122458688573242/? cft [0]
=AZX5pNDkuyTSiKIjl5fJO0OvzEU5ArcAplL-vDMKwuSsSqlrscH-
aHVC178qggH77wcMPfOOFIN5xONvVN3cw18XgfixvPOWPLG2-ISnNeapKDojHO6LhD-
R29W90aNm2uL6DNcsL905stcXIKK3Cpy-

8klIYGpwby2DJX3Fd7Uz3tPGxu 6BhD9SKrxv7DwDFdBccLQ& th =%2C0%2CP-R

Eugenia Etkina
3. March

Hi all, | will continue to post about electromagnetic induction. It feels so strange to worry about
physics when people are dying for the pleasure of a madman but as | said before, we must go
on. so, Faraday's law is today. It is really important to understand why the law uses induced
emf instead of induced voltage. As students learn later, there are two kind of electric fields -
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https://www.facebook.com/groups/320431092109343/posts/1122458688573242/?__cft__%5B0%5D=AZX5pNDkuyTSiKIjI5fJOOvzEU5ArcAplL-vDMKwuSsSqIrscH-aHVC178qgH77wcMPf00F9N5xONvN3cw18XgfxvPOWPLG2-lSnNeapKDojH06LhD-R29W9oaNm2uL6DNcsL9o5stcXlkK3Cpy-8klYGpwby2DJX3Fd7Uz3tPGxu_6BhD9SKrxv7DwDFdBccLQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122458688573242/?__cft__%5B0%5D=AZX5pNDkuyTSiKIjI5fJOOvzEU5ArcAplL-vDMKwuSsSqIrscH-aHVC178qgH77wcMPf00F9N5xONvN3cw18XgfxvPOWPLG2-lSnNeapKDojH06LhD-R29W9oaNm2uL6DNcsL9o5stcXlkK3Cpy-8klYGpwby2DJX3Fd7Uz3tPGxu_6BhD9SKrxv7DwDFdBccLQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122458688573242/?__cft__%5B0%5D=AZX5pNDkuyTSiKIjI5fJOOvzEU5ArcAplL-vDMKwuSsSqIrscH-aHVC178qgH77wcMPf00F9N5xONvN3cw18XgfxvPOWPLG2-lSnNeapKDojH06LhD-R29W9oaNm2uL6DNcsL9o5stcXlkK3Cpy-8klYGpwby2DJX3Fd7Uz3tPGxu_6BhD9SKrxv7DwDFdBccLQ&__tn__=%2CO%2CP-R

electrostatic field whole lines start and end on electric charges and a different field, whose
lines do not have the beginning and end, they are continuous loops, and therefore it is
impossible to characterize it with the physical quantity of voltage that is applicable for the first
kind of electric fields.

When we were first developing ISLE approaches to electromagnetic induction it was a struggle
to come up with an experiment which the students could use to "invent" the relationship which
we know as Faraday's law. So, | came up with "fake" experiment with the fake data that leads
the students to thinking about the emf not the voltage. The screenshot of the activity is pasted
below. Please comment what you think about it.

21.4.1 Observe and explain
In the table that follows, the results of four experiments are
shown in which a changing magnetic field produced by an

electromagnet passes through a loop, as illustrated to the
right. This changing B field causes a changing flux ®

through the loop and an induced current J, around the

loop of resistance R. The product /R is also plotted as a function of time.

a. Draw the third graph that shows the produet 7, R.

Coil resistance is 1.0 | Coil resistance is 3.0 Coil resistance is Coil resistance is
Q Q 2.0 Q 6.0 Q

AT - m2) PT - m2) T me) PAT - m2)

2 3 2 3
B * Fis) | & . Fis] 030 ¢
|a|||_._l___'7 | 0 ey,
0.30 J fis Y (s

i | 2 i U |

faa RUA - €2) Ina RAA - L))

b. Discuss what the meaning of the product 7_,R is and which equivalent quantity this product

may represent. Then devise a relationship between % and that quantity. Do not forget the sign

to indicate direction!

T

https://www.facebook.com/groups/320431092109343/posts/1122992928519818/? cft  [0]
=AZWNnVvg8bMjLXITrf7tWyZ7LRAYzfsJVnxzIXH4ed HhiBDOJEJGpaaKT 1WBYprqCcAB
IWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-
Nizz41cC6tSxUgxp2R1TmFKVnpDM1pukSDEHex91BWK pKr -
WtQgt5gquit3UUWOBAIWUGWacBPLpQQ8K1Lkg& tn  =%2C0%2CP-R

Eugenia Etkina
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https://www.facebook.com/groups/320431092109343/posts/1122992928519818/?__cft__%5B0%5D=AZWNnVvq8bMjLXlTrf7tWyZ7LRAYzfsJVnxzIXH4ed_HhjBD0JEJGpaaKT_1WBYprqCcABIWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-Nizz4IcC6tSxUqxp2R1mFKVnpDM1pukSDEHex91BWK_pKr_-WtQgt5guit3UUW08AiwUGWacBPLpQQ8K1Lkg&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122992928519818/?__cft__%5B0%5D=AZWNnVvq8bMjLXlTrf7tWyZ7LRAYzfsJVnxzIXH4ed_HhjBD0JEJGpaaKT_1WBYprqCcABIWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-Nizz4IcC6tSxUqxp2R1mFKVnpDM1pukSDEHex91BWK_pKr_-WtQgt5guit3UUW08AiwUGWacBPLpQQ8K1Lkg&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122992928519818/?__cft__%5B0%5D=AZWNnVvq8bMjLXlTrf7tWyZ7LRAYzfsJVnxzIXH4ed_HhjBD0JEJGpaaKT_1WBYprqCcABIWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-Nizz4IcC6tSxUqxp2R1mFKVnpDM1pukSDEHex91BWK_pKr_-WtQgt5guit3UUW08AiwUGWacBPLpQQ8K1Lkg&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122992928519818/?__cft__%5B0%5D=AZWNnVvq8bMjLXlTrf7tWyZ7LRAYzfsJVnxzIXH4ed_HhjBD0JEJGpaaKT_1WBYprqCcABIWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-Nizz4IcC6tSxUqxp2R1mFKVnpDM1pukSDEHex91BWK_pKr_-WtQgt5guit3UUW08AiwUGWacBPLpQQ8K1Lkg&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1122992928519818/?__cft__%5B0%5D=AZWNnVvq8bMjLXlTrf7tWyZ7LRAYzfsJVnxzIXH4ed_HhjBD0JEJGpaaKT_1WBYprqCcABIWLDwSmIucqCWBbAlwHaJDu-dGR43UWrXGBZZR6g-Nizz4IcC6tSxUqxp2R1mFKVnpDM1pukSDEHex91BWK_pKr_-WtQgt5guit3UUW08AiwUGWacBPLpQQ8K1Lkg&__tn__=%2CO%2CP-R

5. March

Hi all, I did not post yesterday as the war situation touched me personally and | just could not
write a post. But | am better today and will continue with the electromagnetic induction.

While we often focus on the phenomenon of inducing electric current in a closed loop of wire
placed in the changing magnetic field, the question is WHAT is the cause of this current?
Magnetic field does not act along the wire, it does not push electrons inside it, so - what does?
It can only be an electric field. But where does it come from?

Changing magnetic field must create it! This is the field that pushes the electrons inside the
wire, but if the wire is not there, the field still exists! This is the first step on the path to
understanding the nature of electromagnetic waves!

See what we write in the textbook about it and how we prepare our students to TRULY
understand Maxwell's equations without ever writing any equations... The equations are not
there yet, they come later, but the soil is prepared for them! Please do not forget to respond
to the post - last time | did not ask and very few people responded. If you read a post and do
not react to it, the post becomes less visible for other people. So, please do your duty and
either like it to write comment. Liking it here does not mean that you really like it, it only means
that more people will see it. Thank you.
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21.6 Mechanisms explaining electromagnetic induction 8§77

21.8 Mechanisms explaining
electromagnetic induction

Faraday's law describes how a changing magnetic flux through a wire loop is related
to an induced emf, but it does not explain how the emf comes about. In this section we
will explain the origin of the induced emf.

. M . X -+ FIGURE21.2§ A changing &, crestes an
A changing B field has a corresponding FE field electiic:fiabd E: that Induces an electic curvsnt,

We know that a changing magnetic flux induces an electric current in a stationary
loop (Figure 21.26). Because the loop is not moving, thene is 0o net magnetic force
exerted on the free electrons in the wire. Thus, an electric field must be present, The
clectric field that drives the curreni exisis throughout the wire. This electric field is not
produced by charge separation, but by a changing magnetic ficld.

If we were Lo represent it with ¥ field lines, those lines would have no beginning
or end—they would form closed loops. This electric field essentially “pushes™ the free
electrons along the loop. We can descrbe it quantitatively with the emf. But this emf
15 very different from the emf produced by a battery. For the batiery, the emf is the
result of charge separation across its terminals, For the induced emf, the electric field
that drives the current does not orginate on the charges but is distributed throughout
the entire loop; thus the emfl is also actually distributed throughout the entire loop. You
might visualize it as an electric field “gear™ with its teeth hooked into the electrons in
the wire loep, pushing the free electrons along the wire at every point.

What do we now know about electricity
and magnetism?

We have learned a great deal about eleciric and magnetic phenomena. We learned
about electrically charged objects that interact via electrostatic (Coulomb) forces,
Stationary elegtrically charged objects produce electric fields, and electric field lines
start on positive charges and end on negative charges (Figure 21.27a). In our study
of magnetism (Chapter 20), we leamed that moving electrically charged objects and
permanent magnets interact via magnetic forces and produce magnetic fields. Magnetic
field lines do not have beginnings or ends (Figure 21.27b); they are continuous loops,
So far, individual magnetic charges, magnetic monopoles, have not been found.

When we studied electric circoits (Chapter 19) we leamed that electric fields
cause electrivally charged particles inside conductors to move in a coordinated way—
electric currents. Later we learned that electric currents produce magnetic fields
(Figure 21.27c). In this chapter, we leammed about the phenomenon of electromagnetic
induction and its explanation: a changing magnetic field is always pccompanied by

FIGURE 21.27 A summary of some of the main
ideas of electricity and magneatism.

a comesponding electric field (Figure 21.27d). However, this new electric feld is not {e} B',' %
produced by electric charges, and its Geld lines do not have beginnings or ends, Fe— e
Except for the lack of magnetic charges, there is symmetry between electric and e

magnetic ficlds. This symmetry leads us to pose the following question: if in a region

where the magnetic field is changing there is a comesponding electric field, i it possible

that in & region where the electric field is changing there could be a cormesponding (e}
magnetic field (Figure 21.27¢)? This hypothesis, suggested in 1862 by James Clerk Chunglng
Maxwell, led 1o a unified theory of eleciricity and magnetism, a subject we will T ™ B, tdecreasing)
investigate in our chapter on electromagnetic waves (Chapter 25). LA X a

1043
REVIEW QUESTION 21.8 Explain how (a) an electric current is produced when only a 14 o -
part of a single wire loep moves through a magnetic field and how (b) an electric cur- — - f a::lf;:nsinn

rent is produced when an external magnetic flux changes through a closed loop of wire, —

https://www.facebook.com/groups/320431092109343/posts/1124273515058426/? cft [0]
=AZV_uTbmO01wrUoW49infMN2pp1ALOA0LBW2uWJEYWI1U9BOJDhYOONQK5K3Ngjw6vL
IpEPOxy4qojkVPFr80MmoiF2Dj11PvtRIQbZjGnyJFh-
Ji8MdJhAQi81zmdaipX1D0wjuofK6RsPNb-

wl6Eud20gqRaU6StoSgiOX3Jf HOXMC78yomUNdOYOIPYywEVAQ& tn =%2C0%2CP-R

Eugenia Etkina
6. March

Hello everyone! | am continuing commenting on the progression fo the material and today we
will start Geometrical optics - Chapter 22 - Reflection and refraction. In this chapter students
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https://www.facebook.com/groups/320431092109343/posts/1124273515058426/?__cft__%5B0%5D=AZV_uTbm01wrUoW49jnfMN2pp1ALOAoLBw2uWJEyWl1U9BOJDhYOOnQK5K3Nqjw6vLIpEP0xy4qojkVPFr80MmoiF2Dj1IPvtRIQbZjGnyJFh-Jj8MdJhAOi81zmdaipX1D0wjuofK6RsPNb-wI6Eud20gqRaU6StoSgiOX3Jf_H0xMC78yomUNd0Y0lPywEVAg&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1124273515058426/?__cft__%5B0%5D=AZV_uTbm01wrUoW49jnfMN2pp1ALOAoLBw2uWJEyWl1U9BOJDhYOOnQK5K3Nqjw6vLIpEP0xy4qojkVPFr80MmoiF2Dj1IPvtRIQbZjGnyJFh-Jj8MdJhAOi81zmdaipX1D0wjuofK6RsPNb-wI6Eud20gqRaU6StoSgiOX3Jf_H0xMC78yomUNd0Y0lPywEVAg&__tn__=%2CO%2CP-R

learn about light and how it interacts with different surfaces and media but not how mirrors or
lenses work - those come in Chapter 23. Please do not forget to respond to the post in some
form to make it more visible. Thank you.

There are a few crucial things for the students to learn about light in this chapter (the number
of crucial things about light is infinite... :)). The main are: to see anything we need a source of
light, our eyes are not producing any light themselves. We cannot see light itself unless it hits
our eyes directly, we can only see objects from which light bounces and then reaches our
eyes. We model propagation of light in one medium with straight lines (rays). Each (EVERY)
point of an extended source of light sends light rays in all directions.

To help students construct all those important ideas we start with a very simple and yet very
difficult experiment. The students need to go into an absolutely dark room and stay there for
a few minutes. It is crucial that the room is absolutely - ABSOLUTELY dark. That is why it is
so difficult to achieve. But if you manage to give this experience to your students and ask them
if they could see anything (do not ask them BEFORE), they will say that they could not. This
is a very important step to which you will come back many times when your students draw ray
diagrams starting with the observer eyes. For a long time people thought that we can see
objects because our eyes emit special rays that wrap around objects, come back to us and
bring us information about those objects. This experiment helps students learn that nothing
comes out of our eyes. Here are the activities from the Active Learning Guide:

OALG 22.1.1 OBSERVE AND EXPLAIN

Go into a room that is completely isolated from all external light sources—natural and artificial.
Turn off the internal lights and wait in the dark room for several minutes. Record your
observations and propose an explanation.

OALG 22.1.2 OBSERVE AND EXPLAIN

Equipment: laser pointer and a spray bottle or chalk dust.

Take a laser pointer and point it at a wall. Can you see the beam of light it sends or only the
shiny spot on the wall?

a. What path did the light follow to reach the wall? You can find it by trial and error - by trying
to block the light with a small piece of paper at several locations along its path to the wall, or
by using the water spray bottle.

b. What can you say about the path of the light from the laser to the wall? Represent that light
path by a long line with an arrow, called a ray. A ray is not real; it is just a way to show the
direction that light is traveling.

c. Explain why the water droplets (or chalk dust) makes it possible to see the light beam that
was previously not visible.

d. Discuss the conditions needed for us to see something.

Video alternate if you can'’t find the equipment: https://mediaplayer.pearsoncmg.com/.../secs-
experiment...

https://www.facebook.com/groups/320431092109343/posts/1125031984982579/? cft [0]
=AZVIQD 0JgpzpPyjAk42p6qRdVUz5G-86zh2agQH3gG6rbe4Mw HwXILIfeDPOCr-
JEi2PX90GmIKtYfIB34zU2JvJucHZGw1ygkGRXpiCyly9li5XSOdCE8UyuijgpksXzKlwb3-
ia7mOnMmXDelgPCzNubYjbjZQcvpR5spBOZgv2GyNelL GyfPBeYCjBKJ7gY& tn =%2C
0%2CP-R

Eugenia Etkina
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7. March

Hi all, | will continue with Reflection and refraction of light. If you read the post, please respond
to it in some way to make it more visible.
As | said yesterday, it is really important for the students to figure out that each point of an
object emitting light (or reflecting light) sends an infinite number of light rays in all directions.
Without understanding this idea it is impossible to draw images in mirrors and lenses. | am
posting the beginning of the discussion of this issue in the textbook. It ends with the proposal
of two competing models of how an extended light source emits light. In the ALG and OALG
these models are suggested for the students but | never actually use these activities as written.
What | do, | turn on a frosted light bulb in a dark classroom and ask the students to tell what
they see (see Figure 22.1 in the screenshot | posted). They say- the walls and the ceiling are
lit. Then | tell them to use the idea of the rays to show how light from the bulb reaches the
walls and the ceiling. Usually all groups draw a one point-one ray model. | ask them to think
how they can test it. They come up with the testing experiments that are shown in the Testing
Experiment Table 22.2 in the textbook (I am pasting the links to the videos below) and make
predictions of the outcomes of these experiments using one ray model. Of course, all
predictions do not match the outcomes, so the students go back and revise the model to have
more rays coming out of each point. Then we test it again with the pinhole camera experiment.
This way take a little longer than the one suggested in the OALG Chapter 22 posted here but
it is much more rewarding.
Here is the link to the testing experiments that the students propose, try to make a predictions
of the outcomes using one ray model and multiple ray model - which ones match the
outcomes?
https://mediaplayer.pearsoncmg.com/.../secs-experiment...
Please do not forget to respond to the post either by liking it or by commenting. Thank you!
22.1 Light sources, light propagation, and shadows 687
How do we represent the light sent by a light source? How do objects illuminated

by a light source reflect light into our eyes? We will start by investigating the first
question,

FIGURE 22.1 Alightbulb illuminates the
ceiling of a rcom.

Representing light emitted by different sources

A laser pointer is useful for studying light propagation because the emitted light
emerges as one narrow beam, However, most light sources, such as lightbulbs and
candles, do not emit light as a single beam. These extended light sources consist of
multiple points, each of which emits light. When we turn on a lightbulb in a dark room,
the walls, floor, and ceiling of the room are illuminated (Figure 22.1). Obviously, the
bulb sends light in all directions. But does one point of the shining bulb send light in

one direction, or does each point send light in multiple directions? Both of these ideas
can explain why the walls, floor, and ceiling are illuminated. Let’s investigate those two
possible models of how extended sources emit light. To do this we will represent the
travel of light from one location to another with a light ray, drawn as a straight line and
an arrow. Diagrams that include light rays are called ray diagrams. A ray is not a real
thing; it is a model that allows us to show the direction of light.

One-ray madel: Each point of an extended light source emits light that can be
represented by one outward-pointing ray (Figure 22.2a). Different points send rays in
different directions,

Mudtiple-ray model: Each point on an extended light source emits light in multiple
directions represented by multiple rays (Figure 22.2b).

To help us determine which model better explains real phenomena, we will use the
maodels to make predictions about the outcome of three experiments (Testing Experiment
Table 22.2). All of the experiments are conducted in an otherwise dark room.

FIGURE 22.2 Twa maodels of light emission
from a bulb.

(&) One-ray model (b) Multiple-ray model
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Eugenia Etkina
9. March

Hi all, | continue with reflection and refraction.
respond to the post!

Helping students construct the law of specular reflection is relatively easy with a simple
experiment - mirror, laser pointer and protractor. It is important for them to learn the role of a
normal line here, so try to encourage them not to put the mirror horizontally or vertically but at
an arbitrary angle with the horizontal to collect data.

After that follows the question - if the laser beam reflects off the mirror at the same angle with
the normal as the incident beam, and therefore travels only in one direction, how come we
ALL see the spot on the wall when we shine a laser beam on it? This question leads to figuring
out that 1) the beam is not a ray, it can be modeled as a set of multiple rays and 2) the wall is
not a mirror, but has bumps. Both lead to the fact that different rays reflect at different angles
- we have diffuse reflection.

Understanding diffuse reflection not only helps us understand how we all objects, but also why
we do not see some. Have you noticed that even on a very sunny day the windows of the
houses that have regular glass are always dark? Why is that and how does it connect to the
laws of reflection? See the answer in our Conceptual exercise in the textbook that is attached.
And please do not forget to respond to the post after you read it.

Lee ]l g UL S R 82888 Dark window on a sunny day

Before you read on, please remember to

Light enters

On a sunny day, a house’s uncovered window looks almost black, but its
outside walls do not. How can we explain this difference?

Sketch and translate If the window looks black, it must reflect very
little sunlight to your eyes. Our goal is to explain why.

Simplify and diagram When light shines on the rough walls of the house,
it reflects back diffusely at different angles, and some of the light reaches
your eyes—you see the walls easily. When light reaches the transparent sur-
face of the window, most of it passes through the window and into the room
and then reflects diffusely many times. During each reflection, some of the
light is absorbed; because of this absorption, little comes back out. A small
amount reflects off the smooth glass window as specular reflection (see the
front view of the house and the top view inside the room in the figures on the
right). If you are not standing in the right spot, you see very little light com-
ing from the window—it appears dark. But if you are standing in that one
location, you see a bright reflection of the Sun in the window,

https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?  cft

. the window,
D Top view of the room

Diffuse reflection
from the wall
reaches your eye.

Incoming
light

Diffuse reflection
on inside walls

e
Specular reflection from the window
does not reach your eye.

Try it yourself Why is the pupil of your eye dark?

Answer “yrep syoo] [rdnd
Ap—yoeq pajoapyar st apy A1aa pue ‘pdnd s s1aqua Sy Juapioug
"PSNOT B UL MOPULA B 0] Ieurs—aka i1 ot ajoy e st udnd sy

[0]

=AZVIGJiTORI6DH5kqaleRY6GE9OWwyYJ77PHS5dLe PKbFPvouzalHLYw5p70IQsFYALh2EKY

qdvXnCD3mCLJTaDIiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_680nUCuSbAifF5Qgy99CSYcL7

eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WAOWIcQ9yaNheU&

tn__=%2CO

%2CP-R

Eugenia Etkina
10. March

57


https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?__cft__%5B0%5D=AZVIGJjTORI6DH5kqIeRy6E9WwyJ77PH5dLe_PKbFPvouzaLHLYw5p7OlQsFYALh2EKYqdvXnCD3mCLJTaDiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_68OnUCu5bAifF5Qgy99CSYcL7eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WA0WlcQ9yaNheU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?__cft__%5B0%5D=AZVIGJjTORI6DH5kqIeRy6E9WwyJ77PH5dLe_PKbFPvouzaLHLYw5p7OlQsFYALh2EKYqdvXnCD3mCLJTaDiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_68OnUCu5bAifF5Qgy99CSYcL7eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WA0WlcQ9yaNheU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?__cft__%5B0%5D=AZVIGJjTORI6DH5kqIeRy6E9WwyJ77PH5dLe_PKbFPvouzaLHLYw5p7OlQsFYALh2EKYqdvXnCD3mCLJTaDiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_68OnUCu5bAifF5Qgy99CSYcL7eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WA0WlcQ9yaNheU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?__cft__%5B0%5D=AZVIGJjTORI6DH5kqIeRy6E9WwyJ77PH5dLe_PKbFPvouzaLHLYw5p7OlQsFYALh2EKYqdvXnCD3mCLJTaDiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_68OnUCu5bAifF5Qgy99CSYcL7eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WA0WlcQ9yaNheU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1126904734795304/?__cft__%5B0%5D=AZVIGJjTORI6DH5kqIeRy6E9WwyJ77PH5dLe_PKbFPvouzaLHLYw5p7OlQsFYALh2EKYqdvXnCD3mCLJTaDiE89Hr3C_vSjfswbi_XZk6xEeyFz38K_68OnUCu5bAifF5Qgy99CSYcL7eD_6Gr26KzOELRELOON709igQymKnu9toK9iVJZU1WA0WlcQ9yaNheU&__tn__=%2CO%2CP-R

Hi all, Shih-Yin Lin yesterday asked me why | do not like the word "formula". Here is my
answer.

There are certain words that have shortcuts in our brains to specific images. Neurons fire
together. In my experience the word "formula" in the minds of our students is connected to the
words and images of "memorize", "search for" etc. It is not connected to some reasoning
process but is connected to remembering. If we wish to disrupt this brain connection, we
should not use the term formula.

In addition, this term "covers" different meanings. Is the "formula" a definition of something?
Is it communicating a cause and effect relationship? All this questions do not arise when we
use this word. That is why | avoid it.

We already discussed why certain terms are not good for learning. My other term to avoid is
"worksheet". Worksheets in American schools are often literally sheets of paper with pre-
prepared places to fill in answering simple questions (these spaces are often small and
assume some very quick answer). | am sure that there are other worksheets but in my
experience the students, when they hear the word worksheet, expect some boring work filling
out the blanks. That is why | use the word "handout" instead.

https://www.facebook.com/groups/320431092109343/posts/1127493008069810/? cft [0]
=AZVGXYqVhFCpl1BjLtl10aWpj2sP7NJwgpBoM15fS i63GmUHEXbowagXgFGnuUZ1KF
OnlgtZXXxI09NhRvgVy06A4YiablbxxtGtWedMpxaacx3t9XiVJXDvAMSS8IPCxWOo5nMV4gl
Ad VEFbYWn570iS8pQW8FU00uG8SjvrLgOYkIUZJjITke01HQBQIDMgg& tn  =%2C0%
2CP-R

Eugenia Etkina
11. March

Hi all, thank you for responding to the discussion about "formula" issue. A few things today:
Please vote for the date of the next meeting, the poll is on the top of the page.

If you read the post, please do not forget to respond to it.

Among the terms | do not use there is another one - "demo". We already talked about it but |
want to repeat. We do not demo, we do experiments - either observational, or testing, or
application. Those have epistemological value - observational experiments help students find
patterns and generate hypotheses, testing experiments help students test patterns and
hypotheses, application experiments help students apply several tested ideas to solve
practical problems. Demos - show or illustrate something that the teacher wants to
communicate. The name does not help students learn how to think about these. The term
demo does not have an epistemological signal in it.

| continue with Refraction. | want to share an observational experiment table that help students
come up with the idea that when light encounters a boundary of media, multiple things happen.
We sometimes only focus on one of them. The experiments are easy to perform - they can be
done by students in groups or by the teacher in the front of the class, but it is the students who
need to notice all beams - there are lots of them.
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[ ]

OBSERVATIONAL PRRTREY,
EXPERIMENT TABLE 2 2 .4 The path of light changes when moving from air to water

Observational experiment Analysis
Experiment 1. Shine o luser beam straght - Draw light rays 1o describe the appearance
down into & glass container filled with water | of the red spots. For simplicity we do not

with a few drops of milk added 1o make the draw rays from the spots to our eyes.
beam visihle. The container sits on a
supparting ring so that light can leave
through the bottom, We see red spots on the
ceiling and floor of the room and on the

bottom of the container.

Experiment 2. Shine the laser af an angle,
and all four spots change their locations,

The pith of the ray changes as it enters
the waler—il bends toward the normal.
The path changes again when the ray
emerges into the air—it bends away
from the normal.

Experiment 3. [ncrease the angle, 2, e Although the incident angles change,
and the spots move farther from the main features of the pattern from
their original locations. Experiment 2 remain. P
M2z ETKIMBZ3 02 SE C22inod 692 @ ABNT 247 PM
22.3 Refraction of light 693
Patterns

When light reaches the air-vwater boundury at the top surface, the incident light beam represented by ruy 1
o partially reflects {ray 2) st the same angle a5 the angle of incidence and
® partiafly passes into the second medivm (ray 3), bending at the interface foward the nommal line.

Similar things happen to the light beam represented by ray 3. However, there are some differences, When ray 3 reaches the bottormn water-air
interface, it

& partially reflects {ray 4) at the swne angle is the angle of incidence and
@ partially passes from the waier into the air below the container {ray 5), bending at the interface away from the normal line.

https://www.facebook.com/groups/320431092109343/posts/1128012078017903/? cft  [0]
=AZUbtGrm20cCMvkXJJKkYO5K0ZF5Cteoflf7Oj2aKutcwdICe-
SdWYVo3Nnd8LSLQfBbYIlalxTRnpU3vLI2B3V8UA7jTVrRgHSIYYjL3vbcOmMYDcHyujuOVvV8
dVVveRW4jgkGkgmObRVbQIpkmd4o0iM9aZe2yLnmyTEn5dUUggGMuZ5MGPgNInc1SnIV3
rSTMrcU& tn =%2C0%2CP-R

Eugenia Etkina
13. March

Hi all, as no more votes were added to the poll, the meeting is on April 9th, 3 pm EST (noon
US West coast time and 9 pm CET).

I will continue with the Reflection/Refraction posts. While our students learn the laws of
reflection/refraction, the question arises - what is light? What is it made of? Historically, as you
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probably know, people thought of light as a stream of very small fast moving particles - like
tiny bullets.

This model of light explains reflection very well and it explains refraction too (see the attached
document, the reasoning there is the reasoning that Newton used to explain refraction using
this model). However, the bullet model explaining refraction makes a prediction about the
speed of light in a medium other than air.

It predicts, that light will speed up (see the reasoning in the attached document). And as the
speed of light is very high, it was impossible in Newton's time to measure the speed of light
accurately in water or glass. But but the time people could measure this speed, the bullet
model was rejected by other experiments and replaced with a different model, which predicted
the speed of light lower in media other than air (or vacuum). If you read to the end, please
respond ot the post. The last post got very few responses, it means that a small number of
people will see it.

FIGURE 22.20 Newton's particle-bullet model

oflight.
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FIGURE 22.21 Explanation of light refraction
uging the particle-bullet model.
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22.7 Explanation of light phenomena:
two models of light

We have developed a ray model of light that describes the way light behaves. What
other models can we use to explain the way light behaves?

Particle-bullet model

Isaac Newton modeled light as a stream of very small, low-mass particles moving at
very high speeds, like bullets. According to this model, light bullets are affected by
Earth’s gravitational pull and move like projectiles, but since they move very quickly,
their deflection from straight lines is not noticeable, Let us use this model to explain
light phenomena familiar to us. We will start with shadows.

Imagine an extended light source such as a bulb sending light bullets in all
directions from each point. If we place an obstacle close to the light source, bullets of
light will still reach each part of the screen—the result will be a semi-shadow or no
shadow (Figure 22.20a). If the obstacle is father away, there will be a place on the
screen where no bullets reach the screen—a shadow will form (Figure 22.20b). We
can explain the reflection of light if we imagine that the bullets bounce elastically off
surfaces. For the bullet model of light, the normal force exerted by a surface on the light
bullets can only change the component of velocity perpendicular to the wall (because
the scceleration of an object is in the same direction as the force exerted on it); the
component parallel to the wall stays the same (Figure 22.20c). This is consistent with
the law of reflection. Newton's particle-bullet model of light does successfully explain
light propagation and reflection.

Can we explain refraction using this model of light? In order for the model to be con-
sistent with Snell's experiments on refraction, the light bullets will have tospeed up when
they refract into a more optically dense medium (see Figure 22.21). The particle-bullet
model suggested that the denser medium exerts an attractive force on the light particles,
causing their speeds to increase. Accurate measurements of the speed of light turned
out to be very challenging, and for many years the speed of light could only be deter-
mined in air or in a vacuum (it was found to be 209,792 458 m/s—about 3 % 10%m/s).
In addition, the particle-bullet model requires an additional interaction between the
surface and the light particles that causes them to speed up when entering the denser
medium. Scientists prefer explanations that are as simple as possible. Another model of
light that did not require this additional interaction was proposed.

Wave model of light

Simultanecously with Newton's development of the particle-bullet model of light,
Christiaan Huygens was constructing a wave model of light. The motivation for the
model could have come from the observations that light reflects off objects similar to
the way sound reflects. Recall (from Chapter 11) that Huygens' wave propagation ideas
involved disturbances of a medium caused by each point on a wave front producing a
circular wavelet. Imagine that we have a wave with a wave front moving downward

https://www.facebook.com/groups/320431092109343/posts/1129324301220014/? cft [0]
=AZVIDnfwjl8bOnwk80otrz1f7dfan6KFipkpzsavbTU-
YZLiDtOvBrolkKG9FOxj6KgTQtRoyhHI9Rp8ZCB5PITwUr aQtdvZF5PbAO-8c-
8MPj5Xb3K0EN64QagVcvmgmgX6Q4hYRKnpkIliIKEM1PK61reNjni_J6xsoUFq4t9RYbpfw5
HGmYfV-TzearMFIiOE8& tn  =%2C0%2CP-R
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Eugenia Etkina
15. March

Hi all, a few things: first, please respond to the event - our uncertainty meeting in April.
Second, please respond to the posts if you read them.

Thirds - the end of the story of the models of light that we do in Chapter 22 - reflection and
refraction. We return to the models many times in the book - in the wave optics chapter, in the
electromagnetic waves chapter and then in the quantum optics chapter. Eventually the
students learn that there are no classical models that singularly explain all phenomena that
we observe with light. But this is on the future. Now - to the continuation of the story. | had to
shrink the view of the pages to make the whole thing visible on one screenshot. The key step
is figure 22.23 that explains what happens to wave fronts in different media. Traditionally, the
textbooks skip this step and only draw figures such as 22.24, but | think without 22.23 a student
cannot understand how the wave model explains refraction.

Notice that we carefully talk about particle-bullet model and wave model, never saying that
light is a wave. A wave is just one model explaining the behavior of light, as we will see later,
it is deficient.
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light that did not reguire this additional interaction was proposed.

m
[ i
Wave model of light
Simultancously with Newton's development of the particle-bullet model of light,
Christiasn Huyaens was constructing & wave model of light. The motivation for the
model could have come from the observations that hght reflects off objects similar to
the way sound reflects. Recall {from Chapter 11) that Huygens™ wave propagation ideas
invelved disturbances of a medium cansed by cach point on a wave front producing a
circular wavelet. Imagine that we have a wave with o wave front moving downward
FIGURE 22,22 Wavelits produce & hew wave parallel to the page (see Figure .1;.22.}. W chugc six dots on this wave front, a:'m:l from
front. each dot we draw a wavelet originating from it (as shown in Figure 22.27). Each dot
. L represents the source of & circular wavelet produced by the wave disturbance passing
Dy e iy that point. According to Huygens' principle, cach small wavelet disturbance produces
paints on the old wave front : g 2 . ; iy 3
Old wa‘\:: froat { 'j its own circular disturbance that moves down the page in the direction the wave 15
LI / ) traveling. The distance between twoe consecutive wavelets is equal to the wavelength.

Mow. note places where the wavelets add together to form bigaer waves, These places
are where the wave front will be once it has moved a short distance down the page. We
also draw an arrow (a ray) indicating the direction the wave is traveling perpendicular

Wavelels ,‘R‘ to the wave fronts and consistent with the ray model of light propagation. In this model,
Mew wave framt. * 0 the ray is the line perpendicular to the wave front.
Wiz ETAIEES 08 BE Cadindd Tod () TAAAT 24T M

22.7 Explanation of light phenomena: two models of Bght 705

When the waves emitted by the same source travel in different media, their FIGURE 22.23 Wavelels crosding perpedicu
frequency remains the source frequency, but their speed changes depending on the larly b the boundary between two regions with
medium. For example, water waves travel more slowly in shallow water than in decper AiffFont i B
water. Sound travels more slowly in cold air then in warm air. What docs the wave
model predict will happen when waves propagate through media with ditferent wave
speeds and with zete incidence angles? Imagine that the speed of the wave shown

in Figure 22.23 is greater in mediom A than in medium B, When the wavelets from

medium A reach the boundary with medium B, their radii reduce because the wave has Medivmd
o smaller speed in medium B, The new wave fronts arc therefore closer together. e
Wave model and refraction R

Imagine & light wave moving in a less optically dense medium A and reaching an in-
terface with a denser medium B (whese it travels at a slower speed) at & nonzero angle
of incidence {Figure 22.24). Using the wave model of light, we can now draw wave
fronts for this wave as it travels from medium A into medium B. During a certain time B
interval, the wevelet that departed from the right edge of the wave front is still raveling LA
in medium A. The wavelet that departed from the lower left edge of the wave front at
ihe same time travels a shorter distance in medium B since it is moving slower. Once
the point on a wave front reaches the boandary, the radius of the wavelet in medium B
becomes smaller than in medium A, while the wavelets for the points on the same wave FIGURE 22.24 Huygens' principle sxplaing
front that is still in medivm A have larger radii. The wave front breaks at the boundary, g Hhe WM ErnOe SRRe NG Wihne B
as shown in Figure 22.240. reaches the interface belwesn two media;
What if & light wave travels from 2 slower to & faster medium, as shown n
Figure 22.24h7 Using similar reasoning, we find that the light bends away from the
normal. If the wave model is going to describe refraction properky, we must conclude
that light travels more slowly in water than in air,

E’ According to the wave model of light, the speed of light should be slower in water
than in the air—exactly opposite the prediction of the particle-bullet model. Which
model is more accurate? An obvious way to answer this question is to measure the spead
of light in water. But this experiment is difficult. Thus, we are left with two models
of Light that hoth cxplain the reflection and refraction of light but lead to different
predictions about its speed in water. This dilemma existed in physics for a long time Mikium B
due to the difficulty in measuring the speed of light in different media. Ultimately, the
resoiution came nol from measurements of the speed of light but from overwhelming
cxperimental support for the wave model. We will discuss the wave mode] in mose Tt i Ho gl e

detall in a later chapter {Chapier 24). [oxs opeically dense medium A than oo the ledt
skl in denser medium B

{al
Mediun A

Unanswered questions b}

Although we have lcamed a greal deal abowt light, there arc sl questions that we have R B
not answered. We do not know why different media bend light differently. We still do not
know whether light propagates faster or slower in water and other media compared with
air. We do not know how objects radiate light. Why do some stars look white but athers
laok red? We also have not decided which model of light is better—the particle-bullet
maodel or the wave model. We will investigate these questions in the coming chapters.

Medium A
L
REVIEW QUESTION 22.7 What is the difference betwesn the two modals of light and

the predictions they make for the spesd of Hight in water? Medium B is less optscally dense than medmum A,
caasing e wave w1 bend out rasher thao in

Y Z
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Eugenia Etkina
16. March

Hi all, we continue with geometrical optics today. But before | write about the physics, i wanted
to ask you again, to indicate whether you are going to join the meeting on April 9th. so far we
have only 7 people who said that they would join. Does it mean that the topic is not of interest?
If yes, we could choose another topic, please propose here. If the topic is on interest and you
just did not click that you will attend, then, please, do!

Now, the physics. We are moving to Chapter23 - mirrors and lenses. First we start with plane
mirrors. Although they seem rather simple, in fact research shows that they are not. Many
students think that the image is on the surface of the mirror and many have trouble with virtual
images. Here is our sequence of actions, which addresses both issues. Please read it and
comment. How is it different from what you use to do with your students? How is it similar?
Thank you.
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=T
OBSERVATIONAL 23 1 | 3 E
EXPERIMENT TABLE ' " Seeing a point object in a plane mirror e
Obsearvational experiment Analysis
We place a small Hghtbulb For observer A to see an image of

on a table about 20 cm in
front of a plane mirror that
is held perpendicular wo
the table, with one side T
resting on the table, A 'i :
Observers A, B, and C -
place mlers on the table g /’ = -
and point them in the e
direction of the bulb that A

they see in the mirror. ©

Note that the dashed extensions of the mulers all intersect at one point
behind the mirror,

the lightbulb when looking at the
mirfor; one o morne rays of light
reflected from the mirror must
reach his eyes. Rays between |
and 2 do reach observer A's eyes.

AT

Patterns

® The rulers-all point to the same spot behind the mirror, Rays between 1 and 2
reaching observer A seem to originate from that spot. This is the location of
the perceived image of the bulb produced by the mirror.

® The ray diagram shows that the perceived image of the bulb is produced at the
same distance behind the mirror as the bulb is in front of it.

® To locate the image, at least two rays need to reach the observer’s eyes because
the perceived image is at the intersection of those rays.

=20 em——2em

In Table 23.1 we found that the image of the real object seen in the mirror is located
where light reflected from the mirror 1o the eye of the observer seems to originate.
This perceived image is behind the mirror and not on the surface of the mirror. We
also found, using the ray diagram, that the image is exactly the same distance behind
the plane mirror as the object is in front of it Let us test these findings in Testing
Experiment Table 23.2, on the next page.

Mz3 ETHINEZ3 02 SE_G23inad 713 @ 221017 259 PM

714  CHAPTER 23 Mirrors and Lenses

I R E————
e 530 ) =

Testing the image location of a plane mirror

ez
Testing experiment Prediction Outcome
We repeat the Table 23.1 If the image 15 due to the The ebserver secs the
experiment for observer reflected rays, thenevenif image of the bulb exactly
A but cover the part of the we cover part of the miror, where it was before,
mirrer directly in front of somie of the reflected rays
the bulb. will stll reach the observer's

eyes. The location of the
image should not change.

Conclusions

The position of the image formation is consistent with our previous cxperiment. It also disproves the common idea that the image forms on the
surface of the mirror.

https://www.facebook.com/groups/320431092109343/posts/1131345647684546/? cft  [0]

64


https://www.facebook.com/groups/320431092109343/posts/1131345647684546/?__cft__%5B0%5D=AZU8jluEgCDYuyBlVvETm4re2oVO5dTEBUVYrL_Q08p1bPJKqP35l3i3BC8eagST0qgeEBMqLjTvrKJiHYVrpHJHH7GwQ-jIzn4u_XgPNiFQ_Kp-gc3BdRuIClYCk8wpvqHSVPYKt49By7aKHf-e06zMuRiQvfHqLR406CIhnLmzNynFBp1S6hoE4kQaD8HFf4U&__tn__=%2CO%2CP-R

=AZUS8jIuEgCDYuyBIVVETmM4re20VO5dTEBUVYrL Q08p1bPJKgP35I3i3BC8eagST0qgeEB
MgLjTvrKJiHYVrpHJHH7GwQ-jlzn4u XgPNiFQ Kp-
gc3BdRulClYCk8wpvgHSVPYKt49By7aKHf-
€06zMuRiQvfHgLR406ClhnLmzNynFBp1S6hoE4kQaD8HFf4U& tn  =%2C0%2CP-R

Eugenia Etkina
19. March

Hi all, | see 15 people signed up for the meeting, this is great, thank you for doing it! We will
do the uncertainties then, and the next one will be about qualitative/quantitative reasoning. To
prepare for the meeting, please read the following document:
https://drive.google.com/.../1bYPf4AGzCTtETFT7C9tz4g791MQp...

Today | continue with mirrors/ lenses. Please study carefully the document that | attached. It
shows a sequence of several experiments that the students can do if you have enough
equipment, or you can show on a big screen. These experiments reveal two important patterns
which allow students to invent the concept of a focal point (a common thing) and a FOCAL
PLANE - a concept that is overlooked in most textbooks but is extremely helpful if you wish
your students to learn how to find images of objects and in general, to be able to explain a lot
of different phenomena.

The idea behind a focal plane is that any set of parallel rays incident on a concave mirror will
pass through the same point (different for different parallels but the same for the rays that are
parallel to each other) that is located on a plane passing through the focal point and
perpendicular to the principal axis. Understanding of this idea will allow students to use parallel
rays to find images. | am attaching the screenshot but if you have the textbook, please study
carefully Figure 23.5 - it emphasizes the point | am trying to make. Do not skip the concept of
the focal plane when you plan your lessons! And please do not skip responding to this post to
make it more visible to group members. Thank you!
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and to provide visibility ar blind spots, such as hallway corners and driveway exits

FIGURE 23.4 A cencave mirres reflects a laser

(Figure 23.3).

Hisic In both kinds of curved mirrors, the center of the sphere of radius R from which

OBSERVATIONAL |
EXPEF NT TABLE 23 N 3 9 Reflection of light from a concave mirror 3

Observational experiment

Experiment 1. We shine a laser beam
pasallel to the plane of the page toward a
concave mirnor and trace the path of the
incident and reflected light on the page.

the mirror 35 cut is called the center of curvature C of the mirror, The imaginary
liné connecting the center of curvature with the center of the mirror's surface is called
the principal axis.

Concave mirrors

In Observational Expenment Tuble 23.3, we cut a narrow band from a concave mmirror
and lay it on its edge on a piece of paper (Figure 23.4). The paper allows us to observe
the paths of laser light incident and reflected from the mirror.

Analysis

We nee the law of reflection
todraw a ray diagram. The Incedent ray |
clashed line from the place

where the riy hits the mimror
tothe center of corvature is .. gz
& normal line ndicutar Principsl 2

1o thi ﬂu’(mm MirTor, s
The law of reflection
accounts for the path of the
reflected ray,

Mormad line

Reflected ray |

Experiment 2, We send
several beams parallel to the
principal axis. Reflected
beams all pass near the same
point on the principal axis_
Beam 2
Beam 3

use the law of reflection to

analyze the paths of the Incideat rav |
light. The normal lines here

are radii of the mirmor, We

fined that alf reflected rays-
pass through the same point

on the prancipal axis {called
the facal peint F of the mirmor).
matching the outcome of the experiment,

We draw aray diegram ansd \

MZ3_ETWITEFY 02 BE CPimdd TI6

Observational experiment

Experiment 3. This time we
send several beams parallel
to-each othor but not paralie]
to the principal axis. One

ray passes though the center
of curvature C, All reflected
mys pass through the same
point.
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Analysis

We use the law of reflection Fogal
1o draw a ray diagram to

analyze the paths of the

light. The ray passing

throigh the cener of _
curvature is perpendicular " ¢
1o the mirror and thus

reflects back on itself. 2
All other rays after

reflection pass through the 1
same point on a line perpendicular to the principal axis and through
the focal point. This peint is in the focal plane of the mircor, The ry
diagram matches the outcome of the cxperiment.

Patterns

® The mirror reflects light according 1o the law of reflection. The normal line at any point on the mirror goes through the center of curvatre. The

normal lines are in the radial directions.,

= Afrer reflection, all incident rays traveling paralle] to the principal axis pass through the same point on the principal exis—the focal point of the

MIrTOr.

NHOAT 231 PM

® After reflection, all incident rays traveling paralle] to each other but not paraliel to the principal axis intersect 1t & common point. This point is on
the line perpendicular to the principal axis through the focal point.

https://www.facebook.com/groups/320431092109343/posts/1133263237492787/? cft [0]
=AZXgNI6ZfvGYQJtWy9-I3DHG2JLIVR _y9uMQmieTGKAPzKz3-
wFLO0dOQIlvngotQXD1ssZCZ0gERgD-

DJ99gnP3AucbXXIKkWKkrVsamF60Obl1KRO4G7rSp3IWL7iMBHrurt5-
pydJQVYIbRICThzPWWY30O5UTBEAdMEC1SIISS7belLs1cHGQjbSf5cEddOM1Y& tn =%
2C0%2CP-R
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Eugenia Etkina
20. March

Hi all, today | continue with the discussion of the focal plane and secondary axis in the curved
mirrors.

The combination of those two ideas (secondary axis is the one that passes through the center
of the mirror but is not drawn horizontally, this means that any ray incident along such axis
reflects on itself) allows you to solve problems that are otherwise difficult. The idea is that all
incident rays parallel to a secondary axis pass through the same point on the focal plane after
the reflection. This knowledge allows you to solve problems that otherwise do not even appear.
For example, how to find an image of a source located on a principal axis?

Traditionally, students would erect an arrow up, find an image of the top point and then draw
a line perpendicular to the main axis to find its intercept. But how do we know that an object
perpendicular to the principal axis will produce an image that is also perpendicular?

Is there a way to find the image of a source on the principal axis without imagining a large
object there? The method of secondary axis and the focal plane allows you to do it beautifully.
It is described in the screenshot that | attached here.

| see that only 8 people responded to my previous post about focal planes. | have no idea
whether only 8 people out of 1200 members of the group saw the post or only 8 responded.
Could you PLEASE ALWAYS respond if you read a post? Every time | ask if the posts are
needed, | get a very supporting response - lots of people say that they are needed, but then
the number of responses goes down and | need to ask again. So, PLEASE!

23.2 Qualitative analysis of curved mirrors 719

Locating the image of the base of an object
produced by a concave mirror

So far, our ray diagrams have only included the image of the top of the object. We have FIGURE 23.8 Locating the base of the image
assumed that the image of the base of the object is always on the principal axis directly produced by a curved mirror.
below the image of the top of the object. To validate this assumption we will use a ray A line par ray & that passes

from the base of the object traveling along the principal axis as ray 1. It reflects back o passes through the focal
on itself. Since ray 1 stays on the principal axis, any other ray that we use to locate .
the image of the base will also have to intersect the principal axis. To find where on
the axis the image of the base is located, first draw an arbitrary imaginary ray through
the center of curvature. This is ray 3 from Physics Tool Box 23.1. That ray reflects
back through C (Figure 23.8). Now draw another ray, which we will call ray 4, from
the base of the object and oriented parallel to ray 3. Ray 4 will pass through the same
point on the focal plane as ray 3. Ray 4 intersects the principal axis at the location of
the image of the base of the object. This locates the image of the base. It does in fact lie
directly above the image of the top of the arrow (not shown in the figure). The method
that we used to locate the base of the object works for locating the image of any point
of an object that resides on the principal axis.

https://www.facebook.com/groups/320431092109343/posts/1133775890774855/? cft [0]
=AZWtJFeRiycewmWeL7IVWh9md9qyY4tWoADokrw4d7xL9yQNHA7FeYNKLdOUIkoY4y90
91KjVC21CoSRa29bMv34nstXK04o0BKHKEI4g87mPWYpMvDylY Jxdlb9cyUU1PAgQYDexjd
7tH3TIdFDsbulL3 LRsQ4df49PooPF2SOPIpHr vFrCV3-

FwlajntlaJ2Ag& tn  =%2C0%2CP-R
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Eugenia Etkina
22. March

Today | continue with the focal plane - this time for lenses. The same way as we found it for
the mirrors, you find it for lenses. See the attached screenshot to see how to find the focal
plane. We actually all use it when we try to burn something with a convex lens using the light
from the Sun. It does not matter how we hold the lens, we can still find where to put the paper
for it to start burning. We put it at the specific location in the focal plane!

I = |
OBSERVATIONAL 23 5 O\
EXPERIMENT TABLE . Laser beams passing through a convex lens ey
Observational experiment Analysis

Experiment 1. We shine three laser beams from the left parallel to the After passing through the lens, the rays pass through the same point on
principal axis of a convex plastic lens. the principal axis. We use the law of refraction to analyze the paths of

the rays. Ray 2 is perpendicular

to the boundary of the two media Focal

and thus docs not bend. Rays | L g plalne

and 3 bend toward the normal at !

the air-plastic interface and away

from the normal at the plastic-air H

interface. t

3 ~
*Normal

Experiment 2. We shine three laser beams from the left parallel to The rays pass through a point on the plane perpendicular to the
each other at an arbitrary angle relative to the principal axis of the lens. principal axis that passes through the focal point found

above. We use the law of

refraction to analyze the paths Focal

of the rays. Although ray 2 is
not perpendicular to the
boundary, it passes straight
through the lens—a small
bending toward the normal on
the air-plastic interface is
cancelled by the small bending
away from the normal at the plastic-air interface

3 " Mormal

Patterns

. In all experiments, the rays passing through the center of the lens do not bend.

2. The rays parallel to the principal axis pass through the same point after the lens. We call this point the focal point, similar to the focal point of a
curved mirror.

3. The rays parallel to each other pass through a point on the plane perpendicular to the principal axis through the focal point. We call this plane the

focal plane.

https://www.facebook.com/groups/320431092109343/posts/1135220577297053/? cft  [0]
=AZW5yoW1zEFpcOpldydmNr3FtHsskB-
pHAW7ACcpwR9ctM4idPPMXuFzRzxDgQSEcRYtInjZxsaAoTgJYe3m5hwy3w-
b5tt8PLOIHrAN-L _dndbj7IU71ZxtYIKrGmOaDzQevbvlhufYxSV ruSjkm4VBKHSLE-
QSrk65bGwP8lymZTOPHg4085tnTICoMuYsF0& tn =%2C0%2CP-R

Eugenia Etkina
23. March

Hi all, we continue with lenses. | stopped asking you to respond to the posts and the number
of likes went down considerably. | know that it does not mean that people are not reading the
posts but it would be GREAT if you took a second to like it - this does not mean that you
REALLY LIKE it, it only means that your response gives more people an opportunity to see
the post and it gives YOU an opportunity to see more of the posts. Wow, this was long, but it
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really pains me when 8 people out of 1200 who are group members respond. PLEASE
respond!

OK, lenses. Hrvoje Miloloza tried to make an image of an object using the point on the principal
axis and had trouble getting the image to be perpendicular to the principal axis. We figured
out why. The focal plane idea only works for paraxial rays. Once you go away from the principal
axis or have a very curved mirror or a lens, our simple ray diagrams stop being accurate.

| have a nice ray diagram in the textbook showing how to draw an image of an object using
one of the points on the principal axis for lenses. | am attaching it here to show you how helpful
the focal plane and secondary axis are. Try to follow all the rays we used to see how the image
appears. Tomorrow, | will share our unique jeopardy problems that REALLY make you
understand how to draw images.
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FIGURE 23.17 Locating the image of the base of an object.

(a) {b) Paralle] rays 2 and 3 (c)
intersect in the focal plane.
Ray2 - Ray2 o e o |
R e — e I pi o -k age
L}’(r/' Ray 1 " Ray1 ﬁ sy \\‘ —__Image
= L — - - ————- - —ebd e - -
N Fi —
PR ; T
i F =

Base of object

T Objeet

s

y3i Rays 1 and 2

y 2 and intersect at the
as rough the center base of the image
of the lens (undeflected).

https://www.facebook.com/groups/320431092109343/posts/1135829697236141/? cft  [0]
=AZUlylQyJgZaz7RUXQ9e7m-

OYm_Y5GSItT7RNhRIX7 RCjSK5deOGx_7o0UWHCsvVe3eDUOz8M8mk9cs-
XpXwv8ItXQ2PG4mQUgQLzGUXSJCH6CK tHWIKVRaBb-
HN3g1SPbSUIPXiQ7wWdRLoNBI3uEG8eElla75LT7etqgpi-
UCY3MfSSIWmxxsOCPCIl0o1z3w& tn  =%2C0%2CP-R

Eugenia Etkina
24. March

Hi all, thank you for responding to my yesterday's post. Please continue to respond when you
read a post. Today | am posting a problem that makes students really think of how to draw
images in lenses (or mirrors). | am posting it without a solution and | challenge you to solve it
without making an extended object, but only using the shining point that is given. Take a
picture of your solution and post it here. The solution uses the idea of a secondary axis.
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The image of a shining point-like object S is produced by a lens (see
figure below). The line is the principal axis of the lens. Where is the
lens, what kind of lens is it, and where are its focal points?

Object

£y

S r
]
Image

https://www.facebook.com/groups/320431092109343/posts/1136253240527120/? cft [0]
=AZVSCUNZWaimLENhKzEQESySvtbYN-

IhyC 0jz6XNukG4zF2yQlbgON9IpKEO8iSNVFNI4AXVC 8gBtMf7xgp9fzNOhL6FhkOaEV7R
JRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCDOp8RsubQAeObW60G482cbpc7UgDPIgE9S-
-SSh63l018R071-twKs3u3HTo& tn  =%2C0%2CP-R

Eugenia Etkina
26. March

Hi all, Lane Seeley, Stamatis Vokos and myself just published a paper that explains why we
should not use the terms conservative and non conservative forces and other stuff connected
to energy. Please read!

Updating our language to help students learn: Mechanical energy is not conserved but all
forces conserve energy

American Journal of Physics 90, 251 (2022);

https://www.facebook.com/groups/320431092109343/posts/1137236393762138/? cft [0]
=AZUTKMYgxL6rsDMrgOE oBgEHb|SVIdAIVOrWKOfEgM zm7kCwZcmySMik p948WO01H
boPmAgZeJTdlutJI4ZHO1ThRW4y810irdSFQ83-

sscOVTy 6LTg7kl4LOkQfUtIOeOqua98bh6HWA4F8IRu 032fhYMCsTNa1Pw4-75V0rBTDu-
uF7IrQrWwimzKqgOfWYEeN7xcJgMOU40-mYVvdV& th =%2C0%2CP-R

Eugenia Etkina
26. March

Hi people, in the published paper about energy that | posted yesterday, there is an important
typo. Reference 2 should be next to Reference 3, not where it is in the pdf. In our book we do
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https://www.facebook.com/groups/320431092109343/posts/1136253240527120/?__cft__%5B0%5D=AZVSCUNZWaimLENhKzEQESySvtbYN-IhyC_0jz6XNukG4zF2yQlbgON9lpKE08iSNvFNl4AxVC_8gBtMf7xgp9fzNOhL6FhkOaEV7RJRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCD0p8RsubQAeObW60G482cbpc7UgDPlqE9--SSh63lo18Ro71-twKs3u3HTo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1136253240527120/?__cft__%5B0%5D=AZVSCUNZWaimLENhKzEQESySvtbYN-IhyC_0jz6XNukG4zF2yQlbgON9lpKE08iSNvFNl4AxVC_8gBtMf7xgp9fzNOhL6FhkOaEV7RJRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCD0p8RsubQAeObW60G482cbpc7UgDPlqE9--SSh63lo18Ro71-twKs3u3HTo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1136253240527120/?__cft__%5B0%5D=AZVSCUNZWaimLENhKzEQESySvtbYN-IhyC_0jz6XNukG4zF2yQlbgON9lpKE08iSNvFNl4AxVC_8gBtMf7xgp9fzNOhL6FhkOaEV7RJRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCD0p8RsubQAeObW60G482cbpc7UgDPlqE9--SSh63lo18Ro71-twKs3u3HTo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1136253240527120/?__cft__%5B0%5D=AZVSCUNZWaimLENhKzEQESySvtbYN-IhyC_0jz6XNukG4zF2yQlbgON9lpKE08iSNvFNl4AxVC_8gBtMf7xgp9fzNOhL6FhkOaEV7RJRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCD0p8RsubQAeObW60G482cbpc7UgDPlqE9--SSh63lo18Ro71-twKs3u3HTo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1136253240527120/?__cft__%5B0%5D=AZVSCUNZWaimLENhKzEQESySvtbYN-IhyC_0jz6XNukG4zF2yQlbgON9lpKE08iSNvFNl4AxVC_8gBtMf7xgp9fzNOhL6FhkOaEV7RJRBeA3zsGH5UTYjwNAO7psOssn34cnmuKCD0p8RsubQAeObW60G482cbpc7UgDPlqE9--SSh63lo18Ro71-twKs3u3HTo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137236393762138/?__cft__%5B0%5D=AZUTKMYgxL6rsDMrg0E_oBgEHbjSfVldAIvOrWkOfEqM_zm7kCwZcmySMtk_p948W01HboPmAqZeJTdlutJI4ZHO1hRW4y8I0ir4SFQ83-ssc0VTy_6LTg7kI4LOkQfUtIOeOqua98bh6HW4F8IRu_032fhYMCsTNa1Pw4-75V0rBTDu-uF7lrQrWwimzKqgOfWYEeN7xcJqMOU40-mYVvdV&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137236393762138/?__cft__%5B0%5D=AZUTKMYgxL6rsDMrg0E_oBgEHbjSfVldAIvOrWkOfEqM_zm7kCwZcmySMtk_p948W01HboPmAqZeJTdlutJI4ZHO1hRW4y8I0ir4SFQ83-ssc0VTy_6LTg7kI4LOkQfUtIOeOqua98bh6HW4F8IRu_032fhYMCsTNa1Pw4-75V0rBTDu-uF7lrQrWwimzKqgOfWYEeN7xcJqMOU40-mYVvdV&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137236393762138/?__cft__%5B0%5D=AZUTKMYgxL6rsDMrg0E_oBgEHbjSfVldAIvOrWkOfEqM_zm7kCwZcmySMtk_p948W01HboPmAqZeJTdlutJI4ZHO1hRW4y8I0ir4SFQ83-ssc0VTy_6LTg7kI4LOkQfUtIOeOqua98bh6HW4F8IRu_032fhYMCsTNa1Pw4-75V0rBTDu-uF7lrQrWwimzKqgOfWYEeN7xcJqMOU40-mYVvdV&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137236393762138/?__cft__%5B0%5D=AZUTKMYgxL6rsDMrg0E_oBgEHbjSfVldAIvOrWkOfEqM_zm7kCwZcmySMtk_p948W01HboPmAqZeJTdlutJI4ZHO1hRW4y8I0ir4SFQ83-ssc0VTy_6LTg7kI4LOkQfUtIOeOqua98bh6HW4F8IRu_032fhYMCsTNa1Pw4-75V0rBTDu-uF7lrQrWwimzKqgOfWYEeN7xcJqMOU40-mYVvdV&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137236393762138/?__cft__%5B0%5D=AZUTKMYgxL6rsDMrg0E_oBgEHbjSfVldAIvOrWkOfEqM_zm7kCwZcmySMtk_p948W01HboPmAqZeJTdlutJI4ZHO1hRW4y8I0ir4SFQ83-ssc0VTy_6LTg7kI4LOkQfUtIOeOqua98bh6HW4F8IRu_032fhYMCsTNa1Pw4-75V0rBTDu-uF7lrQrWwimzKqgOfWYEeN7xcJqMOU40-mYVvdV&__tn__=%2CO%2CP-R

not have conservative and non conservative forces. It is the whole point, | am not sure how |
did not notice it yesterday.

https://www.facebook.com/groups/320431092109343/posts/1137536037065507/? cft  [0]
=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6\WxKNM-

yqUSD 78CYZcWUFktOMjJfwNM1cx2NG-
AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSI6hF4naZbz9dINJHAGtM8PPJOyDfv
Q7o0cl-qcc8|TtPhALMQ7dH|1dplwgArPQU4i0vY&  tn =%2C0%2CP-R

Eugenia Etkina
28. March

Hi all, | continue posting stuff about optics. PLEASE respond to the post after you read it!

As we discussed before, historically there were two models of light first: the bullet particle
model (Newton) and the wave model (Huygens). We already learned that while the bullet
model explains reflection and refraction, it predicts the higher speed of light in water or glass
compared to air. One would think that the experiment measuring the speed of light in water or
glass would rule out the bullet model, but historically this experiment arrived too late. By the
time people could determine the speed of light in water and glass, they already discarded the
particle-bullet model.

And the reason was the experiment in the activity that is attached. The link to the video is
below. | love how Gorazd Planinsic made this experiment for two reasons - at the beginning it
helps students construct the idea of interference of light from two slits (double slit interference)
and later, it allows them to see the role of the width of the slit (single slit diffraction). Do not
miss! The activity and the video are a part of the OALG file posted in the FILES. You can have
the whole file if you wish.

https://mediaplayer.pearsoncmg.com/.../sci-OALG-24-1-1

https://www.facebook.com/groups/320431092109343/posts/1138988893586888/? cft [0]
=AZViFeecafkdkdaxoPCTkg9hrgKPQ-K1pdTi3qedfgd3I19Xul8p4Mi gsR1Z8s-
ViP8f02g1zIh5zYUu2FABmMOU3De3caNsp2nipyYXUB8SEZ sylbgw F60bjhBdD2u540IPwZ
7hQPMgjYVKvwTpxI01ykNSHv18Ay4yYxsBmQJ2JBwIZPsdTa6uFFtafEb258& tn  =%2C
0%2CP-R

Eugenia Etkina
29. March

Hi all, | continue with wave optics today. Please do not forget to respond to the post after you
read it.

After the students observed the double slit pattern and explained it arriving to the relation
dXsintheta=nXlambda (this is a series of activities in the ALG and OALG), it is time to test their
explanations/models. Here is the activity with the video of the result.

The whole sequence (observational experiment, reasoning, testing experiment) is better done
in a lab, or, if it is too difficult, | would show them the observational experiment as one for the
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https://www.facebook.com/groups/320431092109343/posts/1137536037065507/?__cft__%5B0%5D=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6WxKNM-yqUSD_78CYZcWUFkt0MjJfwNM1cx2NG-AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSl6hF4naZbz9dlNJHAGtM8PPJOyDfvQ7ocI-qcc8jTtPhALtjMQ7dHj1dpIwgArPQU4i0vY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137536037065507/?__cft__%5B0%5D=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6WxKNM-yqUSD_78CYZcWUFkt0MjJfwNM1cx2NG-AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSl6hF4naZbz9dlNJHAGtM8PPJOyDfvQ7ocI-qcc8jTtPhALtjMQ7dHj1dpIwgArPQU4i0vY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137536037065507/?__cft__%5B0%5D=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6WxKNM-yqUSD_78CYZcWUFkt0MjJfwNM1cx2NG-AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSl6hF4naZbz9dlNJHAGtM8PPJOyDfvQ7ocI-qcc8jTtPhALtjMQ7dHj1dpIwgArPQU4i0vY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137536037065507/?__cft__%5B0%5D=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6WxKNM-yqUSD_78CYZcWUFkt0MjJfwNM1cx2NG-AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSl6hF4naZbz9dlNJHAGtM8PPJOyDfvQ7ocI-qcc8jTtPhALtjMQ7dHj1dpIwgArPQU4i0vY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1137536037065507/?__cft__%5B0%5D=AZUh9VoawWQhwsok7c6MWgYLa4ambHK6crz2P4ul8HM8j6WxKNM-yqUSD_78CYZcWUFkt0MjJfwNM1cx2NG-AOVyhcQadojYWP6p6URi2x96SvZM42ZmQ4QjlwiQSl6hF4naZbz9dlNJHAGtM8PPJOyDfvQ7ocI-qcc8jTtPhALtjMQ7dHj1dpIwgArPQU4i0vY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1138988893586888/?__cft__%5B0%5D=AZViFeecafkdkdaxoPCTkq9hrgKPQ-K1pdTi3qedfgd3l19XuI8p4Mi_gsR1Z8s-ViP8f02q1zIh5zYUu2FABmOU3De3caNsp2nipyYXUB8EZ_syIbgw_F6ObjhBdD2u54OlPwZ7hQPMgjYVKvwTpxl01ykNSHv18Ay4yYxsBmQJ2JBwlZPsdTa6uFFtafEb258&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1138988893586888/?__cft__%5B0%5D=AZViFeecafkdkdaxoPCTkq9hrgKPQ-K1pdTi3qedfgd3l19XuI8p4Mi_gsR1Z8s-ViP8f02q1zIh5zYUu2FABmOU3De3caNsp2nipyYXUB8EZ_syIbgw_F6ObjhBdD2u54OlPwZ7hQPMgjYVKvwTpxl01ykNSHv18Ay4yYxsBmQJ2JBwlZPsdTa6uFFtafEb258&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1138988893586888/?__cft__%5B0%5D=AZViFeecafkdkdaxoPCTkq9hrgKPQ-K1pdTi3qedfgd3l19XuI8p4Mi_gsR1Z8s-ViP8f02q1zIh5zYUu2FABmOU3De3caNsp2nipyYXUB8EZ_syIbgw_F6ObjhBdD2u54OlPwZ7hQPMgjYVKvwTpxl01ykNSHv18Ay4yYxsBmQJ2JBwlZPsdTa6uFFtafEb258&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1138988893586888/?__cft__%5B0%5D=AZViFeecafkdkdaxoPCTkq9hrgKPQ-K1pdTi3qedfgd3l19XuI8p4Mi_gsR1Z8s-ViP8f02q1zIh5zYUu2FABmOU3De3caNsp2nipyYXUB8EZ_syIbgw_F6ObjhBdD2u54OlPwZ7hQPMgjYVKvwTpxl01ykNSHv18Ay4yYxsBmQJ2JBwlZPsdTa6uFFtafEb258&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1138988893586888/?__cft__%5B0%5D=AZViFeecafkdkdaxoPCTkq9hrgKPQ-K1pdTi3qedfgd3l19XuI8p4Mi_gsR1Z8s-ViP8f02q1zIh5zYUu2FABmOU3De3caNsp2nipyYXUB8EZ_syIbgw_F6ObjhBdD2u54OlPwZ7hQPMgjYVKvwTpxl01ykNSHv18Ay4yYxsBmQJ2JBwlZPsdTa6uFFtafEb258&__tn__=%2CO%2CP-R

whole class, have them work in pairs on derivation for about 3-5 min, then have give them
help deriving through whole class discussion, and then let them do the testing experiment
(including predictions) in groups. If they can predict what happens to the pattern when the
distance between the slits increases, and then see that it REALLY happens, their feeling of
success is hard to describe. They are so pleased!

Do not forget that in of double slit experiments we assume the slits to be very-very narrow,
each slit sending only one wave front. You will see how important this model is when we get
to diffraction on a single slit.

Here is the activity with the link to the video - from the OALG file posted here!

OALG 24.1.6 TEST YOUR IDEAS

a. Use the expressions that you devised in Activity 24.1.5, parts d and e, to predict what will
happen to the bright spots on the screen when in the experiment described there the distance
between the slits decreases. Will the bright bands be wider or narrower? Will the distance
between the brightest parts of the bands increase, decrease or stay the same? Explain how
you made your prediction

b. After you make your prediction, compare it to the outcome of the experiment in the following
video: https://mediaplayer.pearsoncmg.com/.../secs-experiment...

c. Discuss whether the outcomes of the experiments support the expressions you devised in
Activity 24.1.5 parts d. and e.

https://www.facebook.com/groups/320431092109343/posts/1139422156876895/? cft [0]
=AZWia0OD8SHRmMIXAFX09yCa023XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfclg
MWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4blCXcLz6¢cTEpJ592N7jxN4prP36TdGk
6z hTcyVDW7WhxnNX8cDN2u-

9IKA5FAVZinlFecKpJVV8IMRN55VT4ADM&  tn =%2C0%2CP-R

Eugenia Etkina
30. March

Hi all, | continue today with cool stuff in wave optics. (Do not forget to respond to the post!)
You probably noticed that in the double slit interference pattern there are actually two patterns
- one a small scale (dark lines and bright spots) and one of a larger scale (the change in
brightness of the whole pattern). The latter one is due to the fact that the slits have a finite
width and different parts of each slit send different wavelets that interfere too. This pattern (if
any of the students notice this larger scale pattern it could serve as the "need to know" for
diffraction. We have an excellent activity that helps the students realize the role that a non-
zero width of the slits play. Here is the activity. Make sure you watch the video - it is amazing!
Before Gorazd Planinsic made it, | knew what would happen theoretically but never saw it in
real life, now we have it!

OALG 24.5.1 OBSERVE AND EXPLAIN

In previous activities involving two or more slits, we used very narrow slits and considered
them to be point-like wave sources. In the following video one of the two slits in a double slit
experiment is slowly covered https://mediaplayer.pearsoncmg.com/.../sci-OALG-24-5-1.
Observe the changes in the patterns on the screen and suggest an explanation. Hint: what
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https://www.facebook.com/groups/320431092109343/posts/1139422156876895/?__cft__%5B0%5D=AZWia0D8SHRmlxAFX09yCaO23XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfcIgmWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4bICXcLz6cTEpJ592N7jxN4prP36TdGk6z_hTcyVDW7WhxnNX8cDN2u-9IKA5FAVZfnIFecKpJVV8iMRn55VT4DM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1139422156876895/?__cft__%5B0%5D=AZWia0D8SHRmlxAFX09yCaO23XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfcIgmWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4bICXcLz6cTEpJ592N7jxN4prP36TdGk6z_hTcyVDW7WhxnNX8cDN2u-9IKA5FAVZfnIFecKpJVV8iMRn55VT4DM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1139422156876895/?__cft__%5B0%5D=AZWia0D8SHRmlxAFX09yCaO23XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfcIgmWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4bICXcLz6cTEpJ592N7jxN4prP36TdGk6z_hTcyVDW7WhxnNX8cDN2u-9IKA5FAVZfnIFecKpJVV8iMRn55VT4DM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1139422156876895/?__cft__%5B0%5D=AZWia0D8SHRmlxAFX09yCaO23XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfcIgmWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4bICXcLz6cTEpJ592N7jxN4prP36TdGk6z_hTcyVDW7WhxnNX8cDN2u-9IKA5FAVZfnIFecKpJVV8iMRn55VT4DM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1139422156876895/?__cft__%5B0%5D=AZWia0D8SHRmlxAFX09yCaO23XJZ1KGphegwPNbN3K2400VivaMIwq3uiNvpyrbb7rfcIgmWTZYRhhriz7Fy3p2WzrMGHBFCCKr4DgOmyyN4bICXcLz6cTEpJ592N7jxN4prP36TdGk6z_hTcyVDW7WhxnNX8cDN2u-9IKA5FAVZfnIFecKpJVV8iMRn55VT4DM&__tn__=%2CO%2CP-R

would a pattern look like if each slit were infinitely thin as we assumed in all previous
experiments?

https://www.facebook.com/groups/320431092109343/posts/1140129196806191/? cft  [0]
=AZVQxGg4LvYztb2E-8Afl-

EYGdZJE1rbrl0Ap wiXHb88rYfwlUukUoGVb5iKKDSD{JLXEXs6in1ZikNOqSjR7Wua-
iEgdrual4iDVL9IPhaEVg1wlsnVBIhxZR30ufP2-
1EGLfymVpmD2vllJ5J0fipFG9x1bHB1NRY?2- PRS8LIg-

aZgV7jHOIHVCIyRW40Y8& tn  =%2C0%2CP-R

Eugenia Etkina.
1. April

Hi people, one of our group members, Danijela Kuvezdic is doing her PhD work studying how
teachers interpret student responses to non-traditional problems and how they respond to the
students. It would be amazing if you could take about 20 min to respond to her survey. You
will see a problem we gave to the students, their responses and you will need to decide what
is good about those, what is not so good and what you would say to the student to help them.
Your participation would be invaluable for her study. Everything is completely confidential, she
does not need to know who you are. The problem is from our textbook, and it is really cool! |
thank you in advance. Here is the link to the google form to answer the questions.
https://forms.gle/K8sedckbdck5hKhSA

https://www.facebook.com/groups/320431092109343/posts/1140855670066877/? cft [0]
=AZXlyiYE70Malzan06FXYaCmEU66SU9dVB2mIl11fPb89DVx215XEj70Qd9uOJSAKNmMN
G62S5TCEIZZMuZu5hULECfQyY5aXalxygB44i2R8Zs90BAYANOFA1GWiZ9rUCFOcdn 331
8PTApgm0Z9K0OXkQfhtfkYizXyG4cAIMTjmcesc1H1x1VL8ChgE-

PXarg& tn  =%2C0%2CP-R

Eugenia Etkina
2. April

Hi all, happy April 1st, | hope you did not waste this day and tricked your students nicely. | did
mine! | invite my former students who are the members of this group to confirm.

Today, | wish to finish posts about wave optics. In this series (if you noticed) | focused on
experiments - observational and testing experiments. Now, it is time for applications
experiments and experimental design. | wonder with what kind of designs your students would
come up if posed with the following challenge?

The activity below is not just an application experiment, it is an engineering activity that allows
the students to focus on different aspects of the goal. Do they with to have clear separation of
colors? Do they wish to measure the angles carefully? | have done this activity with my high
school students (they used interference gratings, protractors, rulers, double sticky tape and
white paper) and they came up with amazing designs!

OALG 24.7.5 DESIGN AN EXPERIMENT
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You have probably noticed that stars have different colors—some are white, some are
yellowish, and some are reddish. Does this mean that stars of a red color do not emit any blue
light? Astronomers use an instrument called a spectrograph to analyze the color composition
of starlight. The central mechanism of a spectrograph is a grating. Design a simple version of
a spectrograph, an apparatus that will allow you to separate different colors of light emitted by
a lamp on your desk (that emits light very similar to the light emitted by many stars) and will
also allow you to measure the wavelengths of these different colors. Draw a picture of the
apparatus and explain how it works.

Or, and please respond to Danijela Kuvezdi¢ survey if you have 20 minutes - | posted the link
yesterday. Several people did and the responses are amazing! And do not forget to "like" this
post of comment on it. "Liking" makes it more visible. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1141528866666224/? cft [0]
=AZV-aSsJnj-

VUuRmStthTRILsvSxfWuQV8YediJbs2RUITCjkrincKy6e2 6AeWOFEjgBbE20RUYZ7q30p0
5MBFeDzJIzPON8wcVoEt6HIKJIvbrpHa4kWohIB8aaJKEG63vOKO8LXn7BQAzChXhluWW
seslHKi30061iJz6 TS5hHQjSZ2W0-F4xxiYcpwOsvUhiw&  th =%2C0%2CP-R

Eugenia Etkina
3. April

Hi all! I continue with the wave model of light. This model explains many phenomena that we
observe with light but it does not say what is waving in the "light wave". The answer to this
question is in Chapter 25 - Electromagnetic waves. Please do not forget to respond to the post
after you finish reading it.

To understand the difficulty with this question - what is waving in the "light wave"? We need to
consider another phenomenon common to waves - polarization. We start investigating
polarization with simple experiments with mechanical waves, or rather mechanical pulses.
Watch this (very long) video and summarize what you have observed.
https://mediaplayer.pearsoncmg.com/.../secs-experiment...

It looks like transverse waves behave differently compared to the longitudinal waves. No
matter how we orient the boxes, the longitudinal waves pass through them and transverse do
not pass through the boxes that are oriented perpendicular to the direction of vibrations of the
rope or the slinky. See the Observational Experiment Table analyzing these explanations. The
next step is to connect mechanical waves to light - if a similar phenomenon can be observed
for light, it means that we can figure out whether light waves are longitudinal or transverse!
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25.1 Polarization of waves

25.1 Polarization of waves T85

In our previous study of mechanical waves, we neglected @ phenomenaon that is crucial
for answering the question posed in the chapier opening, Consider the experiments in

Observational Experiment Table 25.1.

[F———]
OBSERVATIONAL
EXPERIMENT TABLE 25 . 1 A Rope waves and Slinky waves

Observational experimeant

Experiment 1. A rope passes through the open ends of a namow rec-
tangular box. Shake the rope in a vertical plane, producing a transverse
wave. The leng sides of the box are parallel to the shaking direction.
The rope wave is unaffected by the box.
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Analysis

Veetors represent the displacement of each section of rope at one
instant. They are parallel o the long sides of the box.
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Experiment 2, Rowte the slotted box S0 with respect to the onginal
orientation, Shake the rope the same way as in Experiment 1. The long
sides of the box are perpendicular to the shaking direction. The wave
does not pass through the box.

The displacement vectors of the rope sections are perpendicular o
the long sides of the box. The box exens forces on the rope inthe
direction opposite to the motion of the parts of the rope inside the
box, therefore decfe:lsing the displacement of the parts of the rope.

S
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Experiment 3. Now use two slotted hoxes. Rotate the first box 307
from the vertical plane. Crient box 2 perpendicular to box 1. Shake the
rope as in Experiment 1, Part of the wive travels through box 1 but is
eliminated by box 2.

The component of the rope wave parallel to the first box travels
through the first box. Once the rope wave reaches the second box,
its displacement vectors are perpendicular to the box.

Displacements

Experiment 4, We achieve the same resulis as in Experiments 1-3 if we
replace the rope with a Slinky and produce a transverse wave. However, if
we compress and decompress the Shnky horizontally, producing a longi-
tudinal wave, the wave pusses through the boxes in all of the experiments,

Mue mnpr:_;und More compressed

Less compressed

Less coumpressed

The longitudinal displacement vectors of the Shinky codl always pass
through the boxes, They point along the direction of the Slinky.

K-Dilplmmcnu-\‘

Patterns

® If the displicement vectors of a transverse wave are parallel to the slit (ihe box}, the wave passes through undisturbed.
e If the displacement veciors are in the plane perpendicular to the slii, the wave does not pass through,
® When the displacement vectors make an angle with the slit, only the component of the vectors paraliel 1o the slit passes through,

® The displacement vectors of a longitudinal wave always pass through the shit. Longimdinal waves are not sensitive to the orientation of the slit.

https://www.facebook.com/groups/320431092109343/posts/1142646243221153/? cft  [0]
=AZVKJXFwoNLInzE tg XgsM79RkoUzkOPia2ui9DBfOogMmtPl Uaq0SpB476ibEOta-
rhOEQo1PmzvpHN8XCFxfsEuzbA2sQhnJ2goce TNvX0eNHa7tqgq847kOWEYEOKKv-
RfwtwLsB6xFwWI132nZK3g4nSiKd0q75Pd4C7tUSjbZ2HrRe2MzDLHuUmMxC6YCfs& tn =%
2C0%2CP-R

Eugenia Etkina
4. April

Hi all, today | continue with polarization and how it sheds light (no pun intended) on the nature
of light. As we know, only transverse waves can be polarized. Transverse waves require sheer
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https://www.facebook.com/groups/320431092109343/posts/1142646243221153/?__cft__%5B0%5D=AZVkJXFwoNLInzE_tq_XgsM79RkoUzkOPia2ui9DBfOogMmtPI_Uaq0SpB476ibEOta-rhOEQo1PmzvpHn8XCFxfsEuzbA2sQhnJ2goceTNvX0eNHa7tqgq847k0WEYE0Kkv-RfwtwLsB6xFwWl32nZK3g4nSiKd0q75Pd4C7tUSjbZ2HrRe2MzDLHumxC6YCfs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1142646243221153/?__cft__%5B0%5D=AZVkJXFwoNLInzE_tq_XgsM79RkoUzkOPia2ui9DBfOogMmtPI_Uaq0SpB476ibEOta-rhOEQo1PmzvpHn8XCFxfsEuzbA2sQhnJ2goceTNvX0eNHa7tqgq847k0WEYE0Kkv-RfwtwLsB6xFwWl32nZK3g4nSiKd0q75Pd4C7tUSjbZ2HrRe2MzDLHumxC6YCfs&__tn__=%2CO%2CP-R

deformation (layers sliding across layers) of the medium. Sheer deformation is only possible
in the solid state of matter. Thus, if light can be polarized, then it has to be a transverse wave.
The experiments described in the screenshot below show that light can be polarized. Thus it
is a transverse wave!

But it can propagate in gases and even in a vacuum. How can this be? The historical answer
was that everything, even the vacuum is filed with a special matter- ether - which is invisible
but behaves like a solid. Pretty weird, right? But how else was it possible to combine
uncombinable ideas? So, the ether entered the stage!

As you probably know, the experiments that rejected the ether were not only important for the
study of light, but also for the invention of the special theory of relativity. But similar to the
experiments with the speed of light that rejected the particle bullet model that cam too late,
these experiments were also too late for the explanation of the nature of the light waves.

The explanation came from the studies of electricity and magnetism.
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786 CHAPTER 25 Electromagnetic Waves

FIGURE 25.1 The effect of polarizers ona
polarized wave.

1a) The particles in an unpolarized wave vibrate
imi all directions in the plang perpendicular
to the direction the wave travels.

ih) Limearly
polasized wave

-\ No u:.ue »\

Unpolurized
wive

Slit twa
{second polarizer)
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(first polarizer)

We learned in Table 25.1 that slotted boxes with the proper orientation can block
transverse mechanical waves but cannot block longimdinal waves. This phenomenon
is referred to as polarization of waves—polarization is a property of waves that
describes the orientation of the oscillations of the wave. As we found in Table 25,1,
only transverse waves have this property. Thus, if we observe polarization of light
waves, we know that the waves are transverse,

In a linearly pelarized mechanical wave, the individual particles of the vibrating
medium vibrate along only one axis that is perpendicular to the direction the wave trav-
els (there are other types of polarization, but we will confine our discussion to linear
polarization). In our experiments, the vibrating medium was the rope. The slotted box
is called a polarizer. A polarizer is a device that allows only a single component of
transverse waves to pass through it. The component that can pass through defines the
axis of the polanzer.

The waves in Experiments 1-3 in Table 25. 1 were linearly polarized. An unpolarized
wave is one in which the particles of the medium vibrate in all possible directions
in the plane perpendicular to the direction the wave is traveling (Figure 25.1a),
often caused by a collection of differently polarized waves. If an unpolarized wave is
incident on a polarizer, the wave that emerges from the other side is linearly polarized
(Figure 25.1b). A second polarizer whose axis is perpendicuar to the axis of the first
polarizer blocks the wave completely. Thus, a linearly polarized wave can be reduced
to zero by a polarizer whose axis is perpendicular to the polarization direction of the
wave. An unpolarized wave is completely blocked by two successive perpendicularly
oriented polarizers.

Are light waves transverse or longitudinal? According 1o our observations in
Table 25.1, if we can polarize light waves, they must be transverse,

‘We can test this hypothesis using a semiprecious crystal called tourmaline, which
affeets light in the same way that our slotted box affected transverse rope waves, We
can compare light from a bulb (Figure 25.2a) to the same light after it passes through
the tourmaline crystal; the light looks dimmer. Rotating the crystal does not change the
intensity of the light. However, when we place a second crystal at a 45° angle to the
first, we observe that the intensity of light decreases (Figure 25.2b). When the second
crystal is placed perpendicular to the first, the intensity of the light reduces to zero
(Figure 25.2¢). To explain this experiment, we hypothesize that light is a transverse
wave and that a ightbulb emits unpolarized light waves. We also hypothesize that the
tourmaline erystal allows only one component of the wave to pass through the first
crystal. That component is completely blocked by the second crystal,

FIGURE 25.2 The polarizing effects on light of tourmaline crystal,

@ Bright light

https://www.facebook.com/groups/320431092109343/posts/1143310709821373/?

e}
X
One polanzer ellows The second polasizer No light passes through
oply inearly polarized reduces light pascing two perpendicolas
light to pass through. through polarizens

Most commonly used polarizers are made of a material that contains elongated
molecules that serve as slits for passing light. When these molecules are oriented paral-
lel to each other, their combined effect leads to polarization of passing light. The lenses
of polarized sunglasses, for instance, are covered with a film containing such a mate-
rial. Physics teaching labs often have “polarizers,” sheets of plastic that are translucent
and thus dark like sunglasses. Light seen through these polarizers behaves similarly to
Figure 25.2, Based on these observations we can say that light’s behavior is so similar
to the behavior of transverse mechanical waves passing through mechanical polarizers
that it supports the hypothesis that light waves dre transverse waves.

cft

[0]

=AZURTCYmZCCfsOWIUBLhZ-

m7_HI7hKTtvyrkYCmolm24zH5GgkQogA8mHFuy4YAEjllv37VFPht703qfluxPvvrxHVHOCrle
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61caOgLBtnEssOxXxPmMIRXMGP4N80jqs2BScy7bBSvJTQnmhaHiYVjoOJEMvVcTjctaWgeDo

TRVIMRIIDPQYEmeBsuhjKkpvIKs& tn_ =%2C0%2CP-R

Eugenia Etkina
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6. April

Hi all, two things. First, | am reminding of our meeting on Saturday. Uncertainties - an important
but overlooked issue in learning physics. Second, please respond to the posts if you read
them. Third - what is waving in a light wave?

In my previous post | showed how to help students figure out that light waves are polarized.
Thus, they need to be transverse. But transverse waves that they have encountered so far do
not propagate in gases or in a vacuum. So, these have to be some other kind of waves, not
the waves that are due to the interactions of the particles of the medium. To construct the idea
of these new types of waves, the students need to understand the history - how did people
figure it out? It was a long process that started with Maxwell summarizing what was known in
electricity and magnetism and extending this knowledge to have symmetry between electric
and magnetic fields. Maxwell's equations are usually written in differential or integral form in
calculus-based courses but these equations leave students with very little conceptual
understanding. We summarize Maxwell's equations conceptually and from those comes the
consequence - the spread of the electromagnetic disturbances in a vacuum at a speed of light.
See the attached screen shot from the textbook that shows this reasoning process. It is
beautiful.
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in a vacuum. We know from our study of electromagnetic induction (Chapter 21) that
Michael Faraday introduced the concept of a field and the relationship between elee-
tric and magnetic fields. According to Faraday, a changing magnesic field can produce
an electric field. Subsequently, in 1865 Maxwell suggested a new field relationship:
a changing electric field can produce a magnetic field. This idea was motivated by a
thought experiment devised by Maxwell in which he imagined what would happen in
the space between the plates of a charging or discharging capacitor. He suggested that
the changing electric field between the capacitor plates could be viewed as a special
nonphysical current, but one that would still produce a magnetic field (Figure 25.3).
This magnetic field was first detected in 1929 but not measured precisely until 1985
due 1o its extremely tiny magnitude. Maxwell summarized this new idea and other elec-
tri¢ and magnetic field ideas mathematically in a set of four equations, now known as
Maxwell’s equations. The equations are written using calculus, but we can summarize
them conceptually:

1. Stationary electric charges produce a constant electric field. The E field lines repre-
senting this electric field start on positive changes and end on negative charges.

2. There are no individual magnetic charges (magnetic monopoles).

3. A magnetic ficld is produced either by electric currents or by a changing electric
field (Figures 25.3 and 25.4a). The B field lines that represent the magnetic field
form closed loops and have no beginnings or ends.

4. A changing magnetic field produces an electric field. The E field lines representing
this electric field are closed loops (Figure 25.4b).

Producing an electromagnetic wave

Maxwell’s equations had important consequences. First, the equations led to an under-
standing that a changing electric field can produce a changing magnetic field, which
in tum can produce a changing electric field, and on and on in a sort of feedback
loop (Figure 25.5). This feedback loop does not require the presence of any electric
charges or currents. Maxwell investigated this idea mathematically using the four equa-
tions, amd to his surprise he found they led to a wave equation similar to Eq. (11.4) in
which the electric and magnetic fields themselves were vibrating. The speed of prop-
agation of these waves ina vacuum wmed oul to be a combination of two familiar
constants: v = (1/Veyuq), where the constants €, = 8.85 X 1072 C*/N+m? and
o = 4 % 107" N/A? relate to the electric and magnetic interactions of electrically
charged particles in a vacuum. The constant €, is the vacuum permittivity and is
related to Coulomb's constant ke through the relationship
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https://www.facebook.com/groups/320431092109343/posts/1144528616366249/? cft  [0]
=AZUJxwJGGVvbCOELKBKhYVFITNVItbCizdonWnhvDfY7Q60L3hW6aGN00s8dV7rKZimx6
opnS0s73d4ru177XIsXT7t5UfmydndLrgNrTfOzCuBSOixd6dxtiLWIsBQGzMkywdsul73dgSnj
rheyB1ixUdvg FOQhBKILOjgFfn DmveYYf7wdSu4 AV87ziiP7XA& tn  =%2C0%2CP-R

Eugenia Etkina
14. April

Hi all, four things today! First, welcome to our new members! We have several people who
joined recently. If you are one of them, please read about the philosophy of this group at
https://www.islephysics.net/. The textbook which uses this approach is College Physics:
Explore and Apply by Etkina, Planinsic and Van Heuvelen (its cover is the cover page for this
group). If you do not have it, ask your Pearson rep to send you an examination copy. There is
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also a welcoming message for new members on top of the group page that explains some
more stuff about the group. WELCOME!!!

Second - the June workshop google form has 23 people who applied, so we have one more
spot left, hurry if you wish to participate. If you try to register and the form says it is not longer
available, it means that the workshop is full. Please reply here if you see this message, we
need to know how many more people would like to take the workshop.

Third, please do not forget to respond to any post you see in this group to make it more visible
for other people. Facebook works in mysterious ways when it decided who should see a post

Finally, we are starting Chapter 26, Special Relativity. | know that many of you do not teach
this topic, but some of it is crucial for understanding the nature of light. So, even if you do not
Special Relativity, you might want to use this experiment in your wave optics unit.

As we have been talking about models of light for a while, | will share the beginning of this
chapter that describes the experiment that ruled out the existence of ether once and for all and
helped solidify the electromagnetic wave nature of light. | am pasting the screen shot
describing the experiment and the epistemology behind it. Note that the experiment was done
in 1887. Very soon after that, precisely in 1894 this model will be shattered again... Did you
finish reading? You know what you need to do...
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Testing the existence of ether

An experiment analogous to the hoat experiment can be used to test for the existence of
ether. Imagine that ether fills the solar system and is stationary with respect to the Sun.
Because Earth moves around the Sun at a speed of about 3.0 % 10% m/s, cther should
be moving past Earth at this speed. Shining light waves parallel and perpendicular to
the ether’s motion relative 1 Earth is similar to sending boars parallel and perpendicu-
lar to a flowing river. Therefore, the travel time for light waves (1) up and back zloag
the direction of the ether’s motion and (2) across and back perpendicular to the ether's
motion should differ if they travel the same distance. If one could measure this time
interval differeace experimentally, it would serve as strong support for the existence of
ether as a medium for light wave propagation.

In 1887, Albert Michelson and Edward Morley set up such an experiment
(although they th Ives firmly believed in ether and were trying to measure
Earth’s speed relative to it). They used & device called an interferometer to detect

M26_ETHNEZ3 (2 SE_C26ind0 B15 @ 20177 1143 AM

B16 CHAPTER 26 Special Relatvity

ether (see Testing Experiment Table 26.1). A Light beam 1s sent 1o a beam splitter {a
half-silvered mirror) that causes the light beam to split into two beams. One beam
continues forward and the other beam reflects perpendicularly, ach beam moving
along a scparate arm of the device. Mirrors at the end of the amns reflect the two
beams hack to the half-silvered mirror, where they recombine and are detected.

Becanse the two beams are formed by splitting a single light beam, the two beams
ure col (have a phase diff with respect to each other], When the
beams recombine after reflection, an interference pattern results. The details of this
interference patern depend on the difference in the ravel tdme intervals between the
two beams along each arm of the interferometer. ff the ether hypothesis is correct and
the interferometer is carefully rotated (causing the direction of each beam of light to
change relative to the ether), then the time interval it takes each beam to travel along
zach arm and back should change. As a result, the interference pattern produced by the
recombined light should change as the device romates.

EXPERIMENT TABLE 26 ' 1 Testing the existence of ether

Testing experiment Prediction Qutcome

Assume that the ether is moving to the left past the It should take the light longer to travel against and No matter how we change
interferometer. We shine a beam of light from the left onto with the ether than to trayel sideways across the mov- the interferometer oren-
the beam splitter. One beam moves parallel o the ether's ing ether, Rotating the interferometer in the plane of tation, the interference

velocity and the other beam moves perpendicular to its the page should lead to achange in the interference paitemn does not change.
velocity. pattern formed by the two light beams a1 the detector.
Vena
ol
@ ] Mirror
L Ether moving past
Mirrer
Light source
Light travelng sgainst the Bow of
Heam b, ———+ /clhcr should take longer © travel,
splitter l \
e

e Detector
Possibla conclusions

1. There is no ether through which ght travels.
2. Thereis ether. butit is “stuck” to Earth's surface and does not move relative to the interferometer.

Michelson and Morley repeaied the experiment several times, but the phase
difference between the two beams never changed. [t seemed that light traveled at the
same speed independent of its direction, This appeared to clearly indicate that ether as a
medium for light te propagate did rot exist.

https://www.facebook.com/groups/320431092109343/posts/1149609015858209/? cft [0]
=AZWmIJbSLKxU4GiuHBbSG4dVRA14gMjlyOkKQW 2h94IXiqurAZFICWWhUPCG5YRw3z8
Em-aecNSdpGDqgvEdpa euA-me20plQjKk8a8Rdb3yffpTTtKbiSckTuzmhFbRZkroYVH-
BvNfH ZF5buXnfPMRgupS8NnOvgkbMC gbBMyN|9Y2srrthzi3IEVRy8V4& th =%2C0%
2CP-R
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Eugenia Etkina
15. April

Hi all, I continue with Special Relativity. We have a pretty standard treatment, ISLEized, of
course, except space-time diagrams. This part was written by Paul Bunson and we are very
grateful for his contribution. We also have exercises and ALG activities for them. If you are
teaching SR and need the ALG file, please email me. | am attaching a screen shot of the text
and figures for space-time diagrams, see for your self how helpful they are - just as motion
diagrams in kinematics!

Two more things (three actually). The workshop is full. We closed the registration. If you did
not make it but wish to attend a workshop like that, please email me at
eugenia.etkina@gse.rutgers edu so that | can put you on a waiting list. Some people might
drop out, then you will be in.

PLEASE do not forget to respond to the post after you read it.

And please register for our May meeting, so that | can see how many people plan to attend.
Thank you!
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& 26.6 Spacetime diagrams @

FIGURE 26.11 Warld lines for two objects In relativity, as in other arcas, a graph is uscful for keeping track of information. This is
and twa light beams drawn on a spacetime especially true when there are multiple objects, There is & tool from Chapter 2 that, with
tisgean: only slight modification, comes in handy here, Recall that a position-versus-time graph
Wl Tine for Warld line for shows where an object is at any given time. To represent the motion of a stationary
lght traveling light traveling object on a position-versus-time graph, we draw a horizontal line. If a position-versus-
"hf‘ Rl e T - ;'E"" akapeide time graph is a straight line with a positive slope, it means that the object is moving in
\\ 10+ ki . d positive direction with constant speed, On these graphs, time is represented on the
- g i horizontal axis and position on the vertical axis. When physicists are accounting for

R 6 i relativity, the axes are traditionally swilched, so that tme is represented on the verti-

FWEI 4 cal axis and position on the horizontal axis. This new representation is often referred
2 o as a spacetime diagram to emphasize that space and time are intertwined, The

Pres 2 xily} line showing the time-versus-position graph of an object is called a world line for that

e 2( 2 4 6810 2 Shor : ; _

T object (Figure 26.11). In Figure 26.11 you see world lines for two objects and two light
beams sent in apposite directions. Notice that the two objects move at speeds less than
the speed of light and that their world lines are more steeply angled. In general, the
slower the object, the steeper its world line. Thus the line for the object moving at %c is
steeper than that for the object moving at gc.

Becaunse relativistic effects do not typically appear until close to the speed of light,
we will be choosing units that highlight this aspect. And because the ultimate speed
limit is the speed of light ¢, the units are also selected with this in mind. The motion of
light 15 represented by a line with a slope of 457 depending on which direction the
light is traveling. There are several systems of units that would give these results. For
example, if the unit on the time axis is years (y), then the unit on the horizontal axis
will be a light-year (ly), defined as the distance light travels in a year. Alternatively, we
could have the unit of time as a second and the unit of distance the distance that light
travels in 1 s—one lighr-second.

One result of switching the axes is that the slope of the ling is no longer velocity:
rather, it is the imverse of velocity. However, because we chose years (or seconds) for
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28.6 Spacetime diagrams 825
our time units and light-years (or light-seconds) for distance units, a line with the slope
of +1 disregarding the units { £45%) corresponds to the motion of an cbject traveling
at the speed of light, Thus, an object that is moving at 3¢ would have o world line with
slope 2. This leads to an important tip for building spacetime diagrams: the slope of the
world line for an object moving at speed v is ¢fv.

https://www.facebook.com/groups/320431092109343/posts/1150342652451512/? cft  [0]
=AZUF-YFpWswXTDpgp7iw7ItjiHIQvezCPwuW-

y2|PzIgTERdJkOHFpWmakFPgrTHV 5YfStiry8aB026E9iYIcwdeZZCUfEt-
5L2uGy3R3QUIGPpL etcPkX4Y56xnJjHAPrwAX-OSg-
dttQsYcYWBZUaHePw7ZZgEUx3wfFOINnhUK-

RKHz8QFWWN2Q5x7Qw428M& tn =%2C0%2CP-R

Eugenia Etkina
17. April

Hi all, | am continuing with the models of light - we are on Chapter 27 - Quantum optics.
Historically, the sign that there are some issues with the wave model, came from studies of
the radiation of hot objects.

This is when a model of a black body was created in attempts to explain the intensity vs
frequency dependence of emitted radiation. The weird shape of the curve probably left many
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physicists sleepless for many nights. This was until M. Plank came up with his wild idea that
light is not emitted as waves - continuously - but as potions of energy, and this energy depends
on the frequency of light. This was a truly wild idea and Plank himself thought of it being just
a mathematical model not a real thing... How strange it was for him later that his wild idea
changed the whole course that physics was taking forever...

While we do not have an activity that allows the students to make this curve, we have an
activity that allows them to devise the relationship between the power and temperature using
real data. This is a great activity to start quantum optics and it is in the OALG file posted here
for Chapter 27. If you have not downloaded all OALG files posted here, now is a good time as
we are finishing the textbook! | am attaching the file with this one activity, please take a look!
And please respond to this post to make it more visible!

https://www.facebook.com/groups/320431092109343/posts/1151572385661872/? cft [0]
=AZWilJJ4AMEcwhwk-wBOIpHgAxbd5a kXkd9uVc8bzcOsw -

43t2qV2xTo9w1ftJcv6 DWcRZNTOEAeQSV{j7TmphGgcC6ms-
pYCmJ2P1UiyZaUXwdvl49z70q1pBY9mFi3HzoFQUVtECMNfYOcEBCjwdo7dNjugPd-
dDRTGoAkalTrvNydzjeTkZha9HxHLrFmU 3SKGruB5Wn OsXulEtvxy& th =%2C0%2C
P-R

Eugenia Etkina
19. April

Hi all, today | continue the story of the new model of light. However, before | go on, | first
wanted to welcome new members who joined recently - WELCOME! and to remind you to
respond to the posts if you read them. Now Facebook shows me the reach of the post - our
average is about 500 people, but only about 20-30 of them respond with "likes" or comments.
It only takes a second to respond but it makes the post visible to more people, please do not
forget!

Now - models of light. Allison Daubert yesterday mentioned a historical table that she likes in
the book. The table summarizes the evolution of the models of light up to Plank. | also like this
table because it represents perfectly the nature of physics or science in general. Physics (and
science in general) are about making more and more sophisticated models (which are are
simplifications of some sort) of very complex natural phenomena, light being one of really
really complex. None of them is wrong - they all allow us to explain and predict SOME
phenomena. But as soon as a new phenomenon that cannot be explained by the existing
model is observed, the model needs to be revised. Just as the picture of the logical though in
the ISLE process. Enjoy the table and note, it is not the end!
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https://www.facebook.com/groups/320431092109343/posts/1151572385661872/?__cft__%5B0%5D=AZWiIJJ4MEcwhwk-wBOIpHgAxbd5a_kXkd9uVc8bzc9sw_-43t2qV2xTo9w1ftJcv6DWcRZNTOEAeQSVfj7TmphGqcC6ms-pYCmJ2P1UiyZaUXwdvI49z7oq1pBY9mFj3HzoFQUvtECMNfY0cEBCjwdo7dNjuqPd-dDRTGoAkaITrvNydzjeTkZha9HxHLrFmU_3SKGruB5Wn_OsXuIEtvxy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1151572385661872/?__cft__%5B0%5D=AZWiIJJ4MEcwhwk-wBOIpHgAxbd5a_kXkd9uVc8bzc9sw_-43t2qV2xTo9w1ftJcv6DWcRZNTOEAeQSVfj7TmphGqcC6ms-pYCmJ2P1UiyZaUXwdvI49z7oq1pBY9mFj3HzoFQUvtECMNfY0cEBCjwdo7dNjuqPd-dDRTGoAkaITrvNydzjeTkZha9HxHLrFmU_3SKGruB5Wn_OsXuIEtvxy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1151572385661872/?__cft__%5B0%5D=AZWiIJJ4MEcwhwk-wBOIpHgAxbd5a_kXkd9uVc8bzc9sw_-43t2qV2xTo9w1ftJcv6DWcRZNTOEAeQSVfj7TmphGqcC6ms-pYCmJ2P1UiyZaUXwdvI49z7oq1pBY9mFj3HzoFQUvtECMNfY0cEBCjwdo7dNjuqPd-dDRTGoAkaITrvNydzjeTkZha9HxHLrFmU_3SKGruB5Wn_OsXuIEtvxy&__tn__=%2CO%2CP-R

TABLE 27.1 Evolution of ideas concerning the nature of light

Approximate Experimental evidence
time period Model that the model explains
1600s Particle (bullet) model Light can be modeled as a Reflection, shadows, and possibly
stream of bullet-like particles. refraction
Early 1800s Wave model Particle model insufficient. Light Double-slit interference, diffraction, light
modeled as wave. Wave mechanism unknown. colors, reflection, and refraction
Middle 1800s  Electromagnetic wave (ether model) Light Polarization and electromagnetic wave

modeled as transverse vibrations of ether medium.  transmission and all of the above evidence

Late 1800s Electromagnetic wave (ne-ether model) Light Michelson-Morley experiment
modeled as transverse vibrations of electric and
magnetic fields. No medium required.

Early 1900s Quantum moedel Electromagnetic wave model Emission of light by black bodies

insufficient. Light modeled as stream of discrete
energy quanta.

https://www.facebook.com/groups/320431092109343/posts/1152407698911674/? cft  [0]
=AZWPsD9LC2D0UCQGgMRVYFCM16-9agXRYLa1 QhKwzQCsc0s2nz7SG-
eNbNsXeyjpNkcuD0gifgd050VPS4d48cV3ycQ7cuVeQalfUsMAEmMXwgY4bKqUmbWdc7Mes
NjZ7gYFy-GR3CjPqyDFUZmIJ RDsJjrE7TMhEgaTR54y-

dKfCCS5nPK cqVjUmYRObvC4cs& tn  =%2C0%2CP-R

Eugenia Etkina
19. April

As | will be traveling tomorrow, and will not be able to post, | will have two posts today (please
see my first post today before you read this one). This one is about a new phenomenon that
inspired the extension of Plank's model of emission of light to other light phenomena.

When H. Hertz was testing Maxwell's equations, he noticed some interesting phenomenon
that he did not have time to investigate. The discharge of the two charges spheres that he
used to emit and detect e/m waves started at lower voltages when the Sun was shining on the
electrodes. Enclosing them in a glass box removed the effect. W. Hallwachs decided to
investigate the effect. He conducted the following experiment. See the link.
https://www.youtube.com/watch?v=X7EQJU9bxV4

Questions: Why did he conduct this experiment?

Why would he use a UV lamp?

What could be possible explanations of his observations taking into account that the
experiment was conducted in 1888 and no quantum model of light existed at that time, but
Maxwell's model of light as an electromagnetic wave was accepted?

Note: for the students in order to reason at all about the experiment, they need to understand
the internal structure of metals. Although they learned in Chapter 17-19 it is great to review it
here, the same way we do it in the textbook and in addition introduce the concept of work
function as the minimum energy needed to remove a free electron from a metal . See the
attached screen shot. PLEASE respond to the post! and Answer the questions!
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https://www.facebook.com/groups/320431092109343/posts/1152407698911674/?__cft__%5B0%5D=AZWPsD9LC2D0UCQGqMRvYFCM16-9aqXRYLa1_QhKwzQCsc0s2nz7SG-eNbNsXeyjpNkcuD0gifgd050VPS4d48cV3ycQ7cuVe9alfUsMAEmXwgY4bKqUmbWdc7MesNjZ7gYFy-GR3CjPqyDFUZmIJ_RDsJjrE7MhEgaTR54y-dKfCCS5nPK_cqVjUmYR0bvC4cs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1152407698911674/?__cft__%5B0%5D=AZWPsD9LC2D0UCQGqMRvYFCM16-9aqXRYLa1_QhKwzQCsc0s2nz7SG-eNbNsXeyjpNkcuD0gifgd050VPS4d48cV3ycQ7cuVe9alfUsMAEmXwgY4bKqUmbWdc7MesNjZ7gYFy-GR3CjPqyDFUZmIJ_RDsJjrE7MhEgaTR54y-dKfCCS5nPK_cqVjUmYR0bvC4cs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1152407698911674/?__cft__%5B0%5D=AZWPsD9LC2D0UCQGqMRvYFCM16-9aqXRYLa1_QhKwzQCsc0s2nz7SG-eNbNsXeyjpNkcuD0gifgd050VPS4d48cV3ycQ7cuVe9alfUsMAEmXwgY4bKqUmbWdc7MesNjZ7gYFy-GR3CjPqyDFUZmIJ_RDsJjrE7MhEgaTR54y-dKfCCS5nPK_cqVjUmYR0bvC4cs&__tn__=%2CO%2CP-R

FIGURE 27.6 The structure of metals. (a and
b) Positive ions and free electrons. (c) Energy
bar chart for a lattice-free electron system.

{d) Adding the energy equal to the work func-
tion makes the total energy of the system zero.

(a)  Neutral atom Positive ion

c Free @ °

electron

In a metal, a nentral atom becomes
a positive ion and a free electron.

Lntlice of pomuw: ions i
’ Q °

Free electrons moving in the lattice

(c) K+ U=<20
Because the
electron-lattice 0 .' —
energy is less
than zero, the

electron cannot
escape.

(d) K+ U+d¢=0

The work function
¢ is the least energy
needed to raise the l

clectron-lattice
energy to Zero so
that the electron
can escape.

T I Even though ¢ is called the work

“function,” it's not a function in
the mathematical sense. It is a constant that
differs from material to material. It is also not
work because it is a property of a particular
metal. Finally, although same electrons in
metals are called "free” electrons, they are
not free to leave the metal; they are free to
move around within the metal, however.
From this analysis of the vernacular, you can
see how important it is to question the terms
we use in order not to be confused.
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https://www.facebook.com/groups/320431092109343/posts/1152412202244557/? cft  [0]
=AZW9p X7FdqlZz5J6aHv7Z60YndwlreNjsXkryesbITV6G12EqowugQ8N2EbmG kmFLSak
Sq872WDvy1-L BCCj1mVvAsiRrRh33D3-
QNK75PbAMwzfuRdUHWEXngzrIWKOCKoat8hLTHOY7F7N8TJbOCN5VacJ23qcSEefLwUy
cwOrKzUO3RzAKaOoVatMOwoag& tn =%2C0%2CP-R

Eugenia Etkina
20. April

Hello all, today | continue the story of the photoelectric effect. We observed that UV light
discharges negatively charged electroscope while the visible light does not. One possible
explanation based on the e/m model of light (available at that time) was that electric field in
the wave (UV light wave having more energy that the visible light) is able to ionize surrounding
air and those positive ions in the air discharge the electroscope (similar to how if you burn a
candle next to a charged electroscope, it discharges immediately) If this hypothesis is correct,
and we have a positively charged electroscope, then UV light should be able to discharge a
positively charged electroscope because in addition to positive ions in the air, there will be free
electrons and maybe even negative ions. This is a great testing experiment. See what
happens in the video of this experiment: https://youtu.be/EgxVXOnsFx0

Hmmm - UV light does not discharge a positively charged electroscope. We reject the
"lonization of air" model. How else can we explain what happens? Another explanation can be
that the electric field in the UV light exerts a force on free electrons and, as they are moving,
the work done by the field increase the energy of the system electrons-lattice and it becomes
positive - the electron is free. It is repelled by the negatively charged electroscope and flies
away. If this explanation is correct and we take a neutral, uncharged electroscope, it should
charge positively. Does it? See for yourself:
https://www.youtube.com/watch?v=V4NK4IQrXqQ

What??? It does not! Wait a second... Maybe it is not our hypothesis that is not correct, but an
assumption, that if light releases an electron from an electroscope, it will leave. Maybe the
electroscope did not charge for the same reason as the positively charged electroscope did
not discharge in the previous experiment... The leaving electrons make the zinc plate of the
electroscope positively charged. It attracts the electrons back and does not let the
electroscope to charge. How can we validate this assumption? We need to somehow pull
those liberated electrons away from the electroscope. But how to do it? Read on - | will answer
tomorrow.

Please do not forget to "like" the post or respond to it in some other way to make it more
visible.

https://www.facebook.com/groups/320431092109343/posts/1153595538792890/? cft [0]
=AZWgZzQY9xHghVwpSxjWBGg5-
HMVz9VL3azYyLoPkUd9MXtm8nzHzFsD7MfRJvvVOTPskv8NaSQO4xzdNZ2fo5rHd7dgBlq
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https://www.facebook.com/groups/320431092109343/posts/1152412202244557/?__cft__%5B0%5D=AZW9p_X7FdqIZ5J6aHv7Z6oYndwlreNjsXkryes6lTV6G12EqowugQ8N2EbmG_kmFLSakSq872WDvy1-L_BCCj1mVvAsiRrRh33D3-QNK75PbAMwzfuRdUHWExnqzrIWK0CKoat8hLTH0Y7F7N8TJbOCN5VacJ23qcSEefLwUycw0rKzUO3RzAKaOoVatM0woag&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1152412202244557/?__cft__%5B0%5D=AZW9p_X7FdqIZ5J6aHv7Z6oYndwlreNjsXkryes6lTV6G12EqowugQ8N2EbmG_kmFLSakSq872WDvy1-L_BCCj1mVvAsiRrRh33D3-QNK75PbAMwzfuRdUHWExnqzrIWK0CKoat8hLTH0Y7F7N8TJbOCN5VacJ23qcSEefLwUycw0rKzUO3RzAKaOoVatM0woag&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1152412202244557/?__cft__%5B0%5D=AZW9p_X7FdqIZ5J6aHv7Z6oYndwlreNjsXkryes6lTV6G12EqowugQ8N2EbmG_kmFLSakSq872WDvy1-L_BCCj1mVvAsiRrRh33D3-QNK75PbAMwzfuRdUHWExnqzrIWK0CKoat8hLTH0Y7F7N8TJbOCN5VacJ23qcSEefLwUycw0rKzUO3RzAKaOoVatM0woag&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1152412202244557/?__cft__%5B0%5D=AZW9p_X7FdqIZ5J6aHv7Z6oYndwlreNjsXkryes6lTV6G12EqowugQ8N2EbmG_kmFLSakSq872WDvy1-L_BCCj1mVvAsiRrRh33D3-QNK75PbAMwzfuRdUHWExnqzrIWK0CKoat8hLTH0Y7F7N8TJbOCN5VacJ23qcSEefLwUycw0rKzUO3RzAKaOoVatM0woag&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1153595538792890/?__cft__%5B0%5D=AZWgZzQY9xHghVwpSxjWBGg5-HMVz9VL3azYyLoPkUd9MXtm8nzHzFsD7MfRJvvVOTPskv8NaSQO4xzdNZ2fo5rHd7dgBlqg0MQn4aTGSzcbcoYVAxLboBPykjZNYDjZKd2rG5Z2P3UQeeJs_we-PnbYa5Ko9rQy1vqD04Gaq-pn5VnizNKjgIywTJvRLFwdDBE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1153595538792890/?__cft__%5B0%5D=AZWgZzQY9xHghVwpSxjWBGg5-HMVz9VL3azYyLoPkUd9MXtm8nzHzFsD7MfRJvvVOTPskv8NaSQO4xzdNZ2fo5rHd7dgBlqg0MQn4aTGSzcbcoYVAxLboBPykjZNYDjZKd2rG5Z2P3UQeeJs_we-PnbYa5Ko9rQy1vqD04Gaq-pn5VnizNKjgIywTJvRLFwdDBE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1153595538792890/?__cft__%5B0%5D=AZWgZzQY9xHghVwpSxjWBGg5-HMVz9VL3azYyLoPkUd9MXtm8nzHzFsD7MfRJvvVOTPskv8NaSQO4xzdNZ2fo5rHd7dgBlqg0MQn4aTGSzcbcoYVAxLboBPykjZNYDjZKd2rG5Z2P3UQeeJs_we-PnbYa5Ko9rQy1vqD04Gaq-pn5VnizNKjgIywTJvRLFwdDBE&__tn__=%2CO%2CP-R

g0OMQn4aTGSzcbcoYVAXLboBPykjZNYDjZKd2rG5Z2P3UQeeds we-
PnbYa5Ko9rQy1vgD04Gag-pn5VnizNKjglywTJVRLFwWdDBE& tn =%2C0%2CP-R

Eugenia Etkina
26. April

Hi all! A few things today. First, we have several new members - WELCOME! To learn about
this group, please read the welcoming message on the top of this group's page and visit
https://www.islephysics.net/. | recommend checking this group's posts every day if you wish
to be notified by Facebook about the posts. We have regular meetings on zoom - see events
on the top of the page.

Second, | will continue with the photoelectric effect. We learned that UV light can discharge
negatively charged electroscope. It seems totally possible if light behaves like an
electromagnetic wave. But so far our observations were purely qualitative. Can we make them
quantitative? In fact, we can! Two scientists who are often unknown for the students are Philip
Lennard (he was a German and a huge supporter of Hitler) and Alexander Stoletov (he was
Russian and for some reason completely unknown outside of Russia) completely
independently and at the same time figured out how to study this new effect quantitatively. We
use phet simulations for this exploration and | am attaching the screen shot of the activities in
the OALG Chapter 27. The whole chapter is posted here in the FILES. As you know it will turn
out that some of their observations could be explained by the electromagnetic wave model of
light and some could not...

if you read to the end, please respond to the post to make it more visible.
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QALG 27.2.5 Observe and explain

Physicists use an evacuated glass container such as the one shown below to study the photoelectric effect. Light of different
frequencies can shine through a quartz window onto a metal plate connected to the negative pole of the battery. Such a plate is called
the eathode. The other plate inside the tube is connected to the positive side of the battery and is called the anede. In our experiments
the anode and the cathode are always made of the same material. When no UV light shines on the cathode, the ammeter does not
register any current. Go to https://phet.colorado.edw/sims/cheerpi/photoel ectric/latest/photoelectric. html?simulation=photoelectric,
play with the simulations to find as many patterns as you can and record them below:

a. List all the patterns that you found in the simulation (make sure you change the emf of the battery, the material of the cathode, the
color of light and the intensity of light).
i._.;.:hl
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b. Use the simulation to observe that a UV light shines on the sodium cathode, the ammeter registers a current in the circuit
independently of the intensity. How can you explain how UV light can cause the current? Note: A voltmeter has very high electrical
resistance.

c. Use the simulation to observe that when the emf of the battery is zero, but the UV light still shines on the cathode, the ammeter
registers a small current—much smaller than in part a. How can you explain it?

¢. Use the simulation to observe that when the polarity of the battery is reversed, the plate on which the light shines is at a higher
potential than the plate on the left side. When this reversed potential difference reaches a certain value, the ammeter reading drops to

zero. Can you explain why? (This potential difference is called a stopping potential, V;- )
OALG 27.2.6 Observe and explain

Referring to the apparatus in Activity 27.2.5, the current is stopped when the metal cathode on which the light shines is at a positive
potential relative to the more negative potential of the plate on the left side.

a. Surprisingly, you find that the potential difference that stops the current (see Activity 26.2.5 part ¢.) does not depend on the intensity of
light. The electric current induced by high-intensity light is stopped as easily as electric current induced by low-intensity light. Can you
explain this observation using the electromagnetic wave model of light?

b. While the stopping potential does not depend on the intensity of light, it does depend on the color: the higher the light frequency
(UV versus visible, violet versus red), the higher the stopping potential. Can you explain this observation using the electromagnetic
wave model of light?

https://www.facebook.com/groups/320431092109343/posts/1157386315080479/? cft  [0]
=AZVCLYhfq3UUan4COZ nZPC-
kxi4RCvyejhHg70uTav89KRJcPVT8fXgagccurrtHWNDKI7Uie4PL762Cv36pg0hlih5GIGpkBb
U5ZbSthblgBuSYcZC4nfl669e2l Lkz5XsA4C1IpBGAMH1p-

otqRrFJKekBxrh7l qYFVyGodMxcFUs8KHfQMtURYX1f7An4& tn  =%2C0%2CP-R

Eugenia Etkina
27. April

Hi all, | will continue with PE effect today. Please respond to the post to make it more visible.
The students found patterns in the experiments conducted by Lenard and Stoletov.

Can they be explained by the e/m wave model of light? Remember, that the qualitative
experiments could be explained. To make sure that all patterns are addressed, we provide
students with a table with all of the patterns (which they first found themselves!) and ask them
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to use the electromagnetic wave model of light to explain them. There will be a few patterns
that can be explained and a few that cannot be explained. This activities creates "the need to
know" for the new model of light - the photon model proposed by Einstein.

What follows in the OALG is exactly the same activity (I will not post it here as you can find it
in the document posted in the FILES) when the students need to explain all of the same
patterns but using a new model of light (and they can). Does it mean that the e/m wave model
of light should be discarded? If you read to the end, please do not forget to "like" the post.

OALG 27.2.7 Observe and explain|

In the table below try to use the electromagnetic wave model of light to explain each of the experimental results
______ involving the apparatus shown in Activity 27.2.5.

i Experiment Result Explain using the

wave model

a. As the light intensity increases, the clectric
current changes as shown in the graph.

Current

Intensity

b. The dependence of the electric current on
the potential difference across the electrodes
is shown. Explain the steady part of the graph.
The intensity of light remains constant during
the experiment.

Current

-V, 0 AV

Note: AV is positive when the right
metal plate (the cathode) connects to
the positive battery terminal.

¢. Use the wave model to try to explain why

the current decreases to zero when there is a
negative stopping potential difference —K in

experiment b.

d. You repeat the previous experiment for : 3
Intensity 2 = Intensity 1

increasing intensity light. The stopping

Current

potential difference —F, does not change. Intensity 1

-V 0 AV

e. The potential difference —VS needed to "".i.

stop the clectric current depends on the light
frequency—see the graph.

f cutott

https://www.facebook.com/groups/320431092109343/posts/1158003385018772/? cft _[0]
=AZXmcaTz2njopg9GXP7UzZ18a1HIP1SOph0KxKeBJ4fk6-
N64cZojT5ibDNsZ97i48EGnclyNsoJLxMpUuSUAOeUNrYv pgsVOYawj nBv52csPjy By9iB
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OxT-
ybGv2JF0o 7EjGGQ7zn5G3dP2XeOxA9%k8wxmPS WAJu DIABWSV{EbVHzfOx6vPxLEcD
3Eqw& tn =%2C0%2CP-R

Eugenia Etkina
28. April

Hi all, | continue today with PE effect. The attached screen shot completes the story of a new
model of light and how it accounts for all patterns in the experiments by Lenard and Stoletov.
What is new in our textbook is the use of work energy bar charts to help students visualize the
process and apply the mathematical description of the PE effect devised by Einstein. It is
important that we continue to use work energy bar charts that students learned in mechanics
throughout the course - in thermodynamics, electricity and now in light. An important point
here is that the bar chart describes the processes for the system one electron + crystal lattice
of the metal. Electron by itself does not have any electric potential energy of interaction with
the lattice, it only has kinetic energy. Therefore if you are going to talk about work function in
metals, you need to include the lattice in the system.
Another thing is that the lattice is responsible for the conservations of momentum in the
process. A single electron cannot absorb a photon (that is why we have Compton effect), but
in the case of PE effect it is the lattice that rebounds and allows the photon to eject an electron
in some random direction. The role of the lattice is often overlooked when people talk about
PE effect.

27.3 Quantum model explanation

of the photoelectric effect

Philipp von Lenard thought that the absorption of UV radiation (and in some cases FIGURE 27.9 The electron-lattice system
visible light} by the electron-metal system (the cathode) increased the energy of the gains energy from light and UV. (a) The energy
system in accordance with the generalized work-energy principle. If the energy is large galned from lignt-otiels the negative election-

< i N X i . e = lattice energy, barely allowing the electron to
enough to raise the negative total energy of the system 1o zero (—¢ + Eyy, = 0), then escape. (b) If the eneray gained from the light

an electron could just barely be ejected from the metal (see the bar chart representing (or UV) is more than the amount needed to
the process in Figure 27.9a). If the system gained more energy from the EM radiation escape, then the electron has kinetic energy
than it needed to eject the electron, then the electron would have a nonzero kinetic when it escapes,

energy after leaving the cathode, and it might reach the anode even if the electric
field produced by the electrodes pushed it in the opposite direction (Figure 27.9b).

) Uy +Eyw= Ky Energy gained
; : i
Mathematically:

frc

—¢p + Ejjgry = Kot (274)

where K¢ is the kinetic energy of the electron immediately after leaving the metal.
However, von Lenard could not explain why the stopping potential did not depend
on the intensity of the incident light. In these experiments, light could mean either
visible light or UV—whichever is causing the photoelectric effect. According to his
understanding, increased light intensity should lead to greater energy of the light and
cause the electron to leave with more kinetic energy, thus requiring a greater stopping
potential to prevent it from reaching the anode.

() Uy + Eyy= K¢ 1f the electron-lattice
system gains more
energy from the light

In 1905, Albert Einstein (1879-1955) made a breakthrough similar to Planck’s {or UV)...
hypothesis. At that time working as a clerk in a Swiss patent office, Einstein suggested e
that light can be viewed as a siream of quanta of energy not only when it is emirted by :l .......
objects (as proposed by Planck), but also when it is absorbed by them. According to Oy sHidit ;;-.h:zs e
Einstein’s hypothesis, an electron-lattice system (a metal) can only absorb light energy t energy when it
one whole quantum at a time. If the value of the light energy of a particular quantum leaves the metal.

is more than the magnitude of the metal's work function, an electron could leave the
lattice. If the quantum of light energy is less than that, the electron would stay even if
the number of incident quanta is very high (corresponding to high-intensity light.)

According to Planck, the energy of a quantum of EM radiation equals E, = hf.
Using this idea, Einstein rewrote Eq. (27.4) as

— + hf = K (27.5)

91


https://www.facebook.com/groups/320431092109343/posts/1158003385018772/?__cft__%5B0%5D=AZXmcaTz2njopq9GXP7UzZ18a1HIP1SOph0KxKeBJ4fk6-N64cZojT5ibDNsZ97i48EGncIyNsoJLxMpUuSUA0eUNrYv_pgsV0Yawj_nBv52csPjy_By9iB0xT-ybGv2JF0o_7EjGGQ7zn5G3dP2XeOxA9k8wxmPS_WAJu_DlABWSVfEbVHzf0x6vPxLEcD3Eqw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1158003385018772/?__cft__%5B0%5D=AZXmcaTz2njopq9GXP7UzZ18a1HIP1SOph0KxKeBJ4fk6-N64cZojT5ibDNsZ97i48EGncIyNsoJLxMpUuSUA0eUNrYv_pgsV0Yawj_nBv52csPjy_By9iB0xT-ybGv2JF0o_7EjGGQ7zn5G3dP2XeOxA9k8wxmPS_WAJu_DlABWSVfEbVHzf0x6vPxLEcD3Eqw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1158003385018772/?__cft__%5B0%5D=AZXmcaTz2njopq9GXP7UzZ18a1HIP1SOph0KxKeBJ4fk6-N64cZojT5ibDNsZ97i48EGncIyNsoJLxMpUuSUA0eUNrYv_pgsV0Yawj_nBv52csPjy_By9iB0xT-ybGv2JF0o_7EjGGQ7zn5G3dP2XeOxA9k8wxmPS_WAJu_DlABWSVfEbVHzf0x6vPxLEcD3Eqw&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1158662664952844/? cft  [0]
=AZUj7TkONGMK7 WEYQyhE4322yKJrhYqed4xU90-s-WQKpXHXYJQGtdfaF4bMcd-
VhgmAAtrujDzxQLcbIPGImghV2td5ilkG5z13 19 qW-4mSKOAWQgNLAIzh82-
5Heg7PsschWuaJX4WO0fHPD90OU1aKWZhxmxJGpKuHVb-LImcFY-
lIgiRcJMhNWAZcshQWg4& tn =%2C0%2CP-R

Eugenia Etkina dijeli poveznicu.
29. April

Hi all, today | finish the discussion of the photon model of light. In the textbook the last section
is about photocells and LEDs. The material is too large to post screenshots. Therefore | send
you to pages 872 - 874. Our textbook is the only textbook that systematically uses and
discusses LEDs in many chapters - kinematics, dynamics, DC circuits (including power),
geometrical optics and quantum optics. We have lots of experiments, videos and activities that
helps students really learn how an LED works - first from observing their properties without
understanding the microscopic structure and finally to the details of the microscopy. Some of
the videos are absolutely unique, such as one on page 874 - the internal structure of the LED.
| am posting the link here but it probably will not help if have not studied the material in the
textbook. It shows the internal structure of an LED under a microscope. The LED is submerged
in a liquid with the same index of refraction as the plastic cover, this way you can see the
inside without any distortion. Made by Gorazd Planinsic.

We actually have a whole workshop on LEDs. We could run it for those who are already
familiar with the ISLE approach as the understanding of the process is needed to fully
participate. | wonder if there is interest in a pure LED workshop. Please let me know. Please
respond to the post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1159099841575793/? cft [0]
=AZU4VgRq3rgGiDApYZUD6No3bMWu3qTnMjLHWaYv-
bCZz72viHzZWZmclf4nbWaz5vtYhW3zVN1rzPV7iSmhFUEiObvtmhHZbcjZquaXIHglkJkcuO-
9NMSeDANKLWNBVIiFTIpHMJxCOET2-

nXkMhBFytngT2A9DoBa VMvasWbhz4rnzng3 MbR8wRaMnBhUIUO& tn  =%2C0%2C
P-R

Eugenia Etkina
3. May

Hi people, | see how the number of people who view posts depend on the number of comments
- the more you comment, the more people see the post itself. This is wild...

| continue with Atomic Physics. | want to emphasize the role of tools - multiple representations
- in learning physics. Research shows that students see physics as a set of disconnected facts
and do not appreciate its coherence.

The ISLE approach approaches coherence in many ways, two most important ones are the
ISLE process of knowledge construction that repeats again and again when students devise
new concepts and thus helps establish epistemological coherence of physics (epistemology
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is the study of what knowledge is and how it comes to be) and the use of the same tools
throughout learning ALL physics concepts therefore unifying them. One of such tools is the
work-energy bar chart. See how it can be used in atomic physics.

| am pasting a screen shot of a worked example that shown not only the use of bar charts but
also another unifying element of our approach - the problem solving strategy (PSS). The
elements of the strategy repeat for every problem in worked examples with the goal of showing
that the SAME reasoning approach works throughout all concepts.

PSS is another tool that students can use when solving ANY problem. Why it is important? - it
REPEATS. Repetition reduces fear and anxiety. Remember how small children want you to
read them the same book again and again? Why? Because knowing what will happen
increases their confidence. This is exactly what the PSS does. It makes problem solving less
scary. But it only works if your students really follow it. Do not forget to like the post! Thank
you!
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m Discharge tube excitation of hydrogen

Use the results of Example 28.2 o estimate the potential difference
needed between the cathode and anode in a discharge tube filled with
hydregen o produce hydrogen's visible light special lines.

Sketch and translate Anillustration of the gas in the discharge
tube 15 shown in Figare 28 14a-c. For the atom to cmit a visible
photon. it must trensition fromthe s = 3,4.5, ar 6 statetothen = 2
state. Therefore, the colliding el must bave enough kinetic
energy toinduce the transition of the electrons in the hydrogen atoms
from the # = 1 ground stale wthe n = 3,4, 5, or 6 state. Because the
trangition from # = | to n = f requires the most energy, the potential
difference between cathede and ancde must be high enough to induce
that transition. The system is the colliding electron, the electrodes and
the electric field they preduce, the hydrogen aloms, and the emitted

The electron gains kinehe snergy while crosing a potentizl difference

®) — 75 Koy B = K+ By
i

.|

photons.
The overall process has thiee parts.

The elecron excites an atom when it collides with it

I The electric potential energy of the system iz converted into the
kinetic energy of the elecuon, as shown tn part (a) of the figure ox (=) B + By = By + Ey

the top of the right column
II. The electron collides with and excites the atom [part (b)].

M. The excited atom retams to the gronnd state, emitting 1 photon

[part il

M2E_ETHI1623 02 _BE CoBindd BOY

894 CHAPTER 28 Atmic Physics

Simplify and diagram Assume first that the electron’s initial kinetic
energy is zero and that it increases only as a result of the decrease in
electric potential energy of the system. Assume also that the electric
potuatinl wt the bitial posiion ol te decton s 0 V. Belurs the colliding
electren encounters the hydrogen aom, assume the atom 1s in the ground
state and that the Bohr model 13 & reasonable way to model the atom.
Lastly, assume the electron is not moving relativisucally. Energy bar
charts shown carlier represent the three stages of this process.

Represent mathematically We can use the bar charts to help us
represent these three processes mathematically.

Part I: In the initial state, the electron is at rest at zero electric potential.
In the final state, the electron has positive kinetic energy and the
system's electric potential energy has decreased.

E+U, =K+,
Using the expressicns for nenrelativistic kinetic energy and electric
potential energy:
0+ gV, =gma’ + gV,
Subtractmg g, V; from both sides, we have
b= myt+ ¥ gV,
=imay’ + @AV =bma® - eAV
Part ll: The clectron eollides with and excites an atom from the n = 1
tothe # = 6 state. In the initial state, the colliding electron has consid-
crabic kinctic cnergy, and the atom i3 in the n = 1 ground state.

1o the final state, the colliding electron stops, and the atom is in the
n = 6 excited state.

K+ Eponi = K+ Eame

Inserting the expressions for kinetic energy and the total energy of the
hydrogen o
12 —136eVYy =136V
imy | — | =0+ |
n; ni

Part il The excited atom emits a photon and transitions to the n = 2
state. Initially, the atom is in the » = & state. In the final state, the stom
isinthe n = 7 state and a photon has been emitted.

E s = Enune + E,

‘H

The ereited stom smits a photm. (CONTIN UED)

@ 23H0AT 450 PM

Insert the expressions for the total energy of the atom and the energy of
the photon:

( iléuv) ') mscv) e
o o A

Solve and evaluate Wo arc interested in finding AV. Using our
mathematical representation of Part | and solving for AV:

1 -
A== (Ema®)

We can determine the kinetic energy from Part I1. Solving for

(1/2)m 7 gives
: 1_(—13.&\'] (—B.ﬁe\")
tmvi=l—F -/
: a "
1 1
=(-136ev)| = - =
{ £ }(nﬁ n?)
this into the expression for AV

1 L1
av = 13.ae\r)("¥ n=)

Inserting the appropriate values and converiing to joules:

1 1 1 )
AV = —————— (136 eV)[ = - = )| L6 m"“—‘-—)
M TTETE T }(ﬁi ;—')( eV
=132V

This value 15 the smallest poteatial difference that the electrons need
to cross in order to acquire enough kinetic energy to excite hydrogen
atons o the maximam » = 6 state so that they can emil photons in the
wizihle sp The p inl diff we found is not the potential
difference across the discharge tube, but rather the potential difference
across the average distance that the colliding electrons travel betwesn
two consecutive collisions. The required potential difference acrass the
cathode and anade of the tube is much greater than this.

Try it yourself Estimate the minimum potential difference required
1o aliow the hydrogen in the whe o emit phowons [rom then = 4w
the # = 2 fransition.

Answer ARTI

https://www.facebook.com/groups/320431092109343/posts/1161990354620075/? cft  [0]
=AZVY802zAsxP99gkTv216hmOtiwN7zu5Av _O7uNepreel. kCcadlt4CTcdhmfgHkskx5nE7
9BM9Cw6SY9xjYENAOLIHSMPOgWSsNglfuOK4kemISZjligTndI9BKylbLMaDhQmQNQu2rF
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4RwqTji3qWxdg4by6PxzBjXQmb-
92xrRIZz0ARIIWXXRWDBNSRdiIgL4& tn  =%2C0%2CP-R

Eugenia Etkina
4. May

Hi all, | continue my posts about atomic physics. Please do not forget to respond to the post
to make it more visible. The last two posts reached over 500 people, this is GREAT! All this is
thanks to your responses!

Today | focus on the negative energy of the atom (hydrogen atom at first). There are several
issue common here. First is that people talk about negative electric potential energy of the
electron in the atom. But, as we know, a single particle can only have kinetic energy, potential
energy is the energy of a system. Thus, it is the atom that has negative electric energy (positive
and negative objects attract) and the total energy of the atom is also negative as it is a bound
system. Why does a bound system always have negative total energy? Because we need to
do positive work or supply positive energy to ionize it.

When the positive kinetic energy of the electron becomes large enough that the sum of electric
and kinetic energies is positive or it absorbs positive energy from a photon - the atom ionizes
- the electron leaves. A familiar -13.6 eV value sometimes called the electron energy on the
energy diagrams is not the energy of the electron, it is the total energy of the hydrogen atom
and itis negative as it is the atom. The following set of activities helps students derive this total
energy of the atom and to recognize why it is negative.

28.2.6 DERIVE

Class: Equipment per group: whiteboard and markers.

Use Bohr’s postulates and your knowledge of electrostatic interactions and circular motion to
find the value of the smallest electron orbit in the hydrogen atom.

a. What is the electric potential energy of the electron—nucleus system? Is it positive or
negative? Assume that the atom is neutral.

b. What is the kinetic energy of the system?

c. What is the total energy of the system?

d. How is the velocity of the electron orbiting nucleus related to the distance between the
electron and the nucleus? Use your knowledge of circular motion and Bohr’s third postulate to
answer this question.

e. Combine the results of parts a. through d. to determine the smallest-radius electron orbit in
a hydrogen atom (the atom is said to be in the ground state).

f. Evaluate your result.

28.2.7 REASON

Class: Equipment per group: whiteboard and markers.

Imagine that a hydrogen atom is in its ground state.

a. What is the total energy of the atomic system?

b. In part a. you obtained a negative value. Does it make sense? Explain.

c. What is the minimum energy of the photon that a ground-state hydrogen atom needs to
absorb for the electron to become free? Explain.
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d. Express the value that you obtained in part c. in the units of electron volts. One electron volt
is the energy that an electron acquires when it passes through a potential difference of 1 V.
The magnitude of the charge of the electron is

If you read to the end, please do not forget to like the post.

https://www.facebook.com/groups/320431092109343/posts/1162598491225928/? cft  [0]
=AZWOLNL-
AOAGpopCsy8KUE7EgJvjzYTrXMOwBvViJOXoq7LorVKLU143mEUPgww2viMYiVLEY pQ
00cx3WLZYbSNWOFFcyAPrKgsm21zXk2SwVujuUB HZuel 3ZdjsX i-
GXpBunRU0803aMLhwQdSiPOE800uM8ywQNagDimGL90I7vJlyEa QjyEx36DuxLKoU&
th  =%2C0%2CP-R

Eugenia Etkina
5. May

Hi all, | continue with Atomic physics today. One of the big ideas to learn in this chapter is the
nature of stellar spectra. Please do not forget ot respond to the post if you read it.

Many think that we know stellar composition because of the light emitted by certain elements.
But this is not the case. Stars emit black body continuous spectra that only tell us about surface
temperature, not the composition.

So, how do we know what is inside stars? We actually do not know. We only know what atoms
in the very outer layers of a star absorb some of the continuous light spectrum coming from
the deeper layers. If the atoms are there but are ionized or too cold to absorb the radiation, we
do not see them or see very little of them and might devise an incorrect model of stellar
composition (thus the famous H-R diagram with the most prominent absorption lines). The
process through which one can realize that it is the absorption, not the emission that tells us
about the chemical elements in the stars is in the Observational Experiment Table 28.2 in the
textbook, | am pasting the screen shot here.

The person who figured out that the visible absorption spectra do not tell us the whole story
was a woman - Cecilia Payne Gaposchkin (https://en.wikipedia.org/wiki/Cecilia_Payne-
Gaposchkin) - read about her, her life was fascinating. Please do not forget to respond to the
post if you read to the end.
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EXPERMIENT TABLE 2O, £

Stellar spectra
Observational experiment Analysis
We observed a spectrum of the Sun using a The figure shows a photo of the Relative
handheld spectrometer and then recorded the spectrum from the first experiment infeasity

same speelrum using a computer-controlled
light detector.

and the spectral curve produced by the
computer in the second experiment.
In the visible region, we see a continuous
speetrum but with several dark lines.
The lines lnok dark 1n the photo, but the
matching spectral curve (intensily versus
wavelength) shows they are relative
reductions in brightness: less light is
emitted at particular wavelengths

pared Lo the i P

1 L |
L] gedi] T A0

Wavelength (nm)

If we look at a narrow part of the visible

e Intensity Light from the Sun
spectrum of the Sun, we see dips in i
the intensity at particular length i
of the intensity-versus-wavelength ::?3 i
graph. The wavelengths of the dips e "
in the solar spectrum match the ::1: L Solncaps
wavelengths of the line specira li. 6
s i 3 [ ] 1 1 ] 1
LI Y SO ARt S5 SE7 Se9 s91 593 s9S
ina lab. Intensity is shown in relalive Wavelenuth
units. You can see that light from aivelength (o)
the lamp is much brighter than light ) . .
from the Sun, Intensity  Light from a sodivm lamp in the lab
15
10
5t Sodium vapoer lamp
P T T . .
58S SK7 SRy in 593 5493
Wavelength (nm)
Pattern
If we observe a narrow region (516.6-517 4 nm) of the solar spectrum, we see dips that match
the wavelengths of the line spectra of specific elements (iron. magnesium, etc.). The spectra
of other stars are similar—continuous emission spectra with specific dark lines. .
4
.
=
£
E
Ni T
Fren Fe
MH o ] 1 1 1 1 Mg 1
5168 5170 5172 5174
‘Wavelength {nm)

https://www.facebook.com/groups/320431092109343/posts/1163270291158748/?  cft

[0]

=AZVBVy456nS0qgsbbgZ55jvx408sEb-YhLIQwSNzM23W-

S9VU  wL ifngoxSUDedeGdnLRQHOIsdUaziRYYFnmJ2nbdZVTVmQuerDXz6-

HjgSZHMU-

6c4TYbOyj3QgRnpa LgFQ1yVFGCxAOQ79Uqg7fcja8nedWuPgAlgr2jQAnr1T7bITi-

bGHjHbgGQIlJzQi0& tn

=%2C0%2CP-R

Eugenia Etkina
8. May

Hi all, | continue with atomic physics today. In Chapter 28 students also learn about the wave
nature of elementary particles. While we all know about de Broglie waves, not many know that
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their discovery went through a perfect ISLE process with an amazing testing experiment. Read
the attached screen shot to learn about it. Sometimes observational experiments that nobody
can explain, later become testing experiments for something else... This happened to
particles/waves and later for microwave background radiation discovery, for example. What |
am trying to say is that "ISLE lens" or "ISLE telescope" allows you to interpret historical events
in a very different way... Do not forget to like the post to make it more visible!

Another test of de Broglie waves

e Broglie’s hypothesis was tested aguin a few years later. Shontly after de Broglie
proposed his matter wave hypothesis, two scientists in New York, Clinton Davisson
and his young colleague Lester Germer, were probing the structure of the atom by
firing low-speed electrons at a nickel target made of small crystals and observing the
resulting electron scattering (Figures 28.28a and b). The experiments did not give them
any interesting results until they bad a small accident in the laboratory in 1925: their

FIGLRE 28.28 Davissen and Germer's experiment and accidental finding. (a) An electron beam
excites & sample, and scattering is detected, (b) The scattering from a sample made up of small
crystals. (€] The scattering from a sample accidentally turned into a large crystal.

(a) ] (e
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M2B ETHI1623 02 5E C2indd 505 - 02INT 113PM

906 CHAPTER 28 Atomic Physics

equipment malfunctioned, and the nickel target previously consisting of many small
crystals suddenly melted and resolidified into one large crystal.

When Davisson and Germer resumed the experiments with the large crystal, they
saw a ncw pattern (compare Figure 28.28¢ with b). As they changed the position of
the detector, they found alternating directions at which eleclrons were scattered and
not scattered. The results made no sense to them until they heard about de Broglie's
hypothesis. The large crystal was behaving like a three-dimensional interference grating,
and they had observed the wave-like behavior of the electrons, This story is a perfect
example of how accidental observations can tum into fund 1 testing experi
or how important serendipity 1s in science. Later, similar expeniments performed with
hydrogen nuclei and alpha particles supponted the idea that all subatomic particles
exhibit wave-like properties,

https://www.facebook.com/groups/320431092109343/posts/1165318704287240/? cft [0]

=AZUHnrm-

zTDwrgJHYHGIreVAIWBKkel9cZEtHzdLuXyFTF45wjxX4MfVHfF _ OMyg900QA7bYJgW6hD0

MsHTV-R-VnuTVWqaj3BYvakKTj1uyyrsSDMOCOvvcvQiH3ZeZcX-

MHfOMHs2pQHzqGARQ176viXjDuyQY8tQawiKsGogFOi1Pm69iFzh80k8XYAzyg Fs& tn
=%2C0%2CP-R

Eugenia Etkina
10. May

Hi all, | am starting Nuclear Physics, or Chapter 29. The beginning is a perfect ISLE process

- an accidental observational of Henri Becquerel who found that uranium salts behave very
strangely. What to do with these observations? Marie Curie was the one to quantify those and
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through efforts of many people after that the nuclear model was created. There is a big
historical difficulty here - both the models of the atom and models of the nucleus were
developing at the same time. Placing them in different chapters creates a "historical
nightmare". We deal with it the best we can... | pasted below ALG activities for the beginning
of the study of radioactivity - they follow the historical progression accurately. Please do not
forger to respond to the post if after you finish reading it!

29.1.1 OBSERVE AND EXPLAIN

PIVOTAL Class

Photographic plates are glass plates covered with material that undergoes a chemical reaction
when light shines on it — this is called “exposure”. After the photographic plate undergoes
another chemical process called “development,” the places on the plate exposed to light
change color. In 1896 Henri Becquerel experimented with uranyl crystals and found that when
placed on top of a photographic plate the crystals could expose the plate, even when the plate
was wrapped in black paper and no light could reach it. Suggest an explanation for this
observation.

Hint: Some phosphorescent or fluorescent materials, such as barium sulfide, zinc sulfide, etc.,
can expose photographic paper after they have been exposed to light when there is a direct
path from them to the paper. However, uranyl salts do this without exposure to light. In
addition, “rays” emitted by uranyl salts pass through covers.

29.1.2 TEST YOUR IDEA

Class

One of the explanations of Becquerel's experiments is that uranyl salts emit some kind of
charged particles that affect the photosensitive paper in a way similar to light. How can you
test this explanation?

29.1.3 EXPLAIN

PIVOTAL Class

Pierre Curie invented an electrometer that could be used to measure how much charge the
electrometer loses per unit time (the current). Marie Curie used this electrometer to measure
the amount of electric current produced when the electrometer was placed near uranium salts.
» She found that the amount of current was proportional to the amount of uranium present.

» She found that the intensity of the current was independent of the chemical structure of the
uranium salt (as long as it contained uranium), its wetness, temperature, physical appearance,
or the amount of light shining on it.

a. Explain why the electrometer could lose its charge when a sample of uranium salt was
placed nearby.

b. If you were Marie Curie, with a strong background in chemistry, what could you conclude
about how the uranium rays are produced? (Hint: Sometimes in science you can determine
what a phenomenon is notlong before you have an idea about what it is.)

https://www.facebook.com/groups/320431092109343/posts/1166739094145201/? cft [0]
=AZV4p EWoc6BINwo5SESUt8r9x5Lt8sbgb3uVF46md-
HC8tCONtMAO1MMS1RVeBFa8AH72U -

UK8 khuD6IHmcllsjVAcONMh1mWWFr3H9fWdJkEcGR3mgPFB pl6LWXYhEG NExtBDvgQ
SV5KTxjiaiXP1yagAPBDz34k81Uhr58gZRbsIuXEcGPEMXvDOdIX0UY& tn =%2C0%2
CP-R
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Eugenia Etkina
11. May

Hi all, | continue with nuclear physics chapter (#29). The attached screen shot shows the
sequence of activities that led to the first (incorrect) model of a nucleus.

You must be wondering why we let students learn stuff that later was found to be incorrect?
Exactly because it allows them to learn how scientific knowledge is constructed (in fancy
language it would be learning scientific epistemology). In traditional textbooks the students
never see incorrect models and never learn how to reject stuff (for examples, labs are
verification of theory labs).

What is missing in these traditional approaches is that 1) students begin thinking that theory
is the first step in physics; 2) students never learn how to reject models/hypotheses/ideas. And
it is the fact that models/hypotheses/ideas can be rejected experimentally that separates
science from religion where it is impossible to find an experiment that would rule out a
hypothesis cannot (there is no experiment that can rule out the hypothesis of intelligent
design).

| encourage you to do the activities that | posted (ALG Chapter 29) and focus on the questions
that ask students to think what observational data this first model of the nucleus explained. Do
not forget to respond to the post after you finish reading it!

29.1.4 Observe and explain & Describe everything you can about what caused the photographic paper to be exposed at O,

PIVOTAL Class: Equipmeant: none.

In 1859 Emest anud hi i i the ability of wraniem salts to jonize
air. He set up two parallel plates, with a potential difference between them, When a uranium
sample was placed between the plates, ions created by the radintion would be pulled o the plates
before they could recombine. This caused a deteciable current. Cavering the uwwanivm sample
with thin alwminum sheets decnzased the amaount of current observed, but snly up o 1 poinl.
After this print, po furiher decresse in current was ohserved, even with the addition of more
aluminim plates. Propase an explanation of why the current decreased with more sluminum
shiclding, bt anly 10 a point.

28,1 SExplain

PIVOTAL Class: Equipmant: none:.

In 1903 Rutherford placesd his radicactive sample in 5 magnetic feld in an apparaties such us that
shown below, He and his assistants used o seintillating screen, which glowed when a charped
particle hit the surface (similar to the screen of an old-fashioned TV that has a cathode-my tube
ingide), In the second experiment they wsed photographic paper and found thae it was exposed
arvund paint © (in this experiment the photographic paper was wrapped in a cover). Describe
bedow the cause of cach exposure.

Scntillating screen

Chlowwing space |
Datection of the

. Dhescribe everything you can aboul what caused the ghowing screen at space 1.

b, Describe everything vou can shout what caused the glowing screen af space 2.

29.1.6 Evaluate reasoning
Class

Based on the experiments such ae the ane described above, scientists proposed the following
model of an alomic nucleus (later found 1o be incorrect). The nucleus of an atom is made of
positively charged alpha particles and negatively charged electrons. Their elecirostatic atiraction
huoliés them together. When a muscleus has a lot of alpha particles. they stan repelling each other
nnd are likely to leave the mcleus (alpha decay), This leaves oo many electrons inside that repel
euch ather and thus electrons are emitied (beta decay). Afler vach transformation the oucleus is
left in an excited state and emits 3 high-energy photon—a pamma ray {gamma decayh Describe
how this propozal is eonsistent with the experiments m Activity 29.1.5,

-

https://www.facebook.com/groups/320431092109343/posts/1167404677411976/? _cft _[0]
=AZW-

DLcgisuE9igVCc33a006uZ0RPkBDu2mBSoPvr505VIY 1yZ95CxMN5VVVAFXKuRWwqLK6S
dCEVVPFqdUK1cnXPgfu4Sg1p14jDbu3v70KBNnWSKOuvEYsLFGFPzvX1F6Fb8KniiUJXd6s
32KG-uDNzo2uKpMI-8gHU3TzrOQLUAO5WO0fxeg36KXfpreiisVG8& tn  =%2C0%2CP-R
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Eugenia Etkina
12. May

Hello everyone! A few things today. First, | wanted to welcome several new members who
joined our group in the last few days. WELCOME! If you wish to benefit from the group, you
need to check the posts every day. This way you will not miss anything. To learn more about
the philosophy of teaching behind the group and resources that are available, visit
https://www.islephysics.net/ and ask your Pearson rep to send you a copy of the textbook
College Physics: Explore and Apply by Etkina, Planinsic and Van Heuvelen. The cover of this
textbook is the photo on the front page of this group. To see free resources here, go to FILES.
Now | will continue with nuclear physics. As we discussed yesterday, it is very important for
the students to learn how physicists ruled out ideas that seemed perfectly fine first. One of
those ideas was the structure of the nucleus. Marie Curie showed that Becquerel's radiation
could only come from the nucleus, Rutherford showed that the radiation consists of positively
charged nuclei of helium (alpha particles), negatively charged electrons (those were just
discovered) and neutral electromagnetic waves - gamma rays.

Therefore he proposed the model of the nucleus that consisted of alpha particles and
electrons. This model explained all radioactive decay processes but had one problem - the
nucleus of hydrogen. Read the screenshot of the textbook page describing how Rutherford
solved this problem. However, even though he solved it, another huge problem was on the
horizon. What was this problem? And how was it solved?

| will post tomorrow. For today, please do not forget to respond to the post if you read it. Thank
you.
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The early model of the nucleus

Based on these experiments, scientists developed a provisional explanation for
radioactivity: the nucleus of an atom is made of positively charged alpha particles and
negatively charged electrons. Their electrostatic attraction holds them together. When a
nucleus contains a large number of alpha particles, they start repelling each other more
strongly than the electrons can attract them, and the alpha particles leave the nucleus,
a process called alpha decay. Alpha decay leaves behind a large number of electrons
that also repel each other; thus beta particles are emitted (beta decay). After each
transformation, the nucleus is left in an excited state and emits a high-energy photon, a
gamma ray (gamma decay). This model provided a start for nuclear physics and was
later significantly modified when new findings emerged.

A hydrogen atom, however, is lighter than an alpha particle. What, then, is the
composition of its nucleus? In 1918, Rutherford noticed that when alpha particles were
shot into nitrogen gas, particles that were knocked out of the nitrogen nuclei moved in
curved paths that indicated they were positively charged. Further testing indicated that
the particles had the same magnitude charge as an electron (only positive) and a mass
that equaled that of a hydrogen nucleus. The particle was called a proton. Protons must
be the nuclei of hydrogen atoms. The proton became an important part of a new model
of the nucleus that began to emerge.

REVIEW QUESTION 29.1 How do we know that radioactive emission consists of three
components: positively charged particles, negatively charged particles, and radiation
with no electric charge?

https://www.facebook.com/groups/320431092109343/posts/1168075977344846/? cft [0]
=AZUCB6RVyqlfA14L1n005-8mFPStOvVAhVsLfCPRoRuSBP9vQe0CMTSbzj akS2j6LRng-
r3YBRAY-
JhmDCrlzHmMSIR7eyCzBUX8MVItimUf1aia1CsQ1SvgxfOc4srGESAWuUKv4riArd5F-
HyCOQjQBtOY| zY2x7YZI3zAtRKmSe74BjKLQytf500Rsm0bd4JpQ& tn  =%2C0%2CP-
R

Eugenia Etkina
15. May

Thank you all who participated in the discussion of WHY electrons cannot be inside a nucleus.
Calculations and explanations of WHY in the textbook are in the attached screen shot. Once
we figure this out, the question becomes (actually two questions!): 1) how to explain the charge
of a nucleus (half of the charge of available protons if one considers protons the only particles
contributing to the mass of the nucleus) and 2) how without electrons positively charged
protons manage to stay together inside a tiny nucleus. They should repel each other as like
charged particles!

The answers to these questions came in the form of a new proposed particle (a familiar to us
neutron that has zero electric charge and the mass slightly larger than a proton, different
numbers of neutrons with the same number of protons give us isotopes) and a new proposed
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type of interaction (nuclear interaction which is an attraction much stronger that electric
repulsion at the distances smaller than the nuclear size and non-existent at the distances
larger than that which affects both protons and neutrons). And with those came the idea of
mass defect which we will discuss in the next post. Please do not forget to "like" the post if you

finished reading it. | realized that it is the "likes" that make it visible, not so much responses.

Size of the nucleus: too small for an electron

Consider an clectron confined to a carbon nucleus whose radius is approximately
2.7 % 107" m. The position determinability Ax of such an electron can be no greater

M20_ETHITEZS 02 SE_G28.ngd 224 i1 121DA7 603 PM

29.2 A new particle and a new nuclear model 925

FIGURE 29.2 According to the uncertainty
principle, if an electran is confined within a

than the size of the nuckeus (Figure 29.2). According to the uncertainty principle, this

electron must have a momentum determinability of

Apm B 683% 10775
P = 4mAxr T 4m(27 % 10 P m)
We can use this value as an estimate for the momentum of the clectron confined to the
nucleus, Using the equation p = my, we would find that the speed of the electron is
hundreds of times the speed of light, so we need to treat the clectron relativistically.
Using energy ideas, we find that the kinetic energy of the electron is the total energy of
the electron minus its rest energy:

=195 10 Pkpem/s

K = B = Enst
Inserting the appropriate expressions:

K= VP T () — me?

We can | this ion using our for the of the el

the mass of the clectron, and the speed of light:

E="[(195% 1075 kg-m/s)(3.00 % 10° m/s) |2+ [(9.11 3 107 kg)(300 % 10° m/s)2]*
(9.11 % 107* kg){3.00 % 10°* m/s )’
=577 021

How does this resull compare to the electric potential energy between the electron
and the nucleus? When studying the Bohr model of the hydrogen atom. we found that
the total energy of a system (potential plus kinetic) must be negative for the system
to be bound (Chapter 28). Let’s think, for example, about a carbon nucleus. Carbon
is assigned atormnic number 6, so its nucleus has a charge of +6e. If there are both
protons and clectrons in the nucleus, there must be 6 more protons than electrons. We'll
mitke a rough estimate of the electric potential energy between an electron in a carbon
nucleus and the rest of the nucleus by assuming that the electron is an average distance
from the protons equal to half the diameter of the nuclens, or about 2.7 % 10 * m. The
electric potential energy between the electron and rest of the nucleus (lotal charge +7)
is approximately

Nem?\(7-16 X 107C)(-L6 x 1074 C)
2

Uq = Dnocleuse _ (9 « 10° —
C 27% 107" m

r
=—60x 107137

This value is slightly more than just ong-tenth the Kinetic energy of the electron,
In other words, the total energy of the system (Kinetic plus polential) is positive! This
result means that an electron in the carbon nuclens would very rapidly escape the nu-
cleus. This form of carbon is stable, however, and docs not emit electrons. Similar rea-
soning applies to other nuclei.

Thus we have determined that, because of the uncertainty principle and their tiny
mass. electrons cannot be components of nuclei.

nucleus, its speed would be greater than light
speed, Thus, it cannot be within the nucleus.

Nugcleus

Electron

=

Ag= 10" m—
If an electron is in & nuclens, 18 position
uncertzinty is the size of the nuclens and
its momentam can be eatimated by the
nncertainty principhe

']' | ) Notice that if you substitute the
mass of a proton into the equation

for kinetic energy, the kinetic enargy goes

to zero, making the proton a possible

constituent of a nucleus due Lo its

larger mass.

https://www.facebook.com/groups/320431092109343/posts/1170004237152020/? cft  [0]

=AZWZ-vTFjG3NjnpitCrKR5hpCiLPM6-LRcuPobB2ZAeRkg403Z-
fFei_m_wbxknBhpP7PiH9uXiinQwH5j0EuTH|SMilkD9sAgTvGBHKIkxie0YJgB2TpgnZw5D7k
Rx09tLmUVbscQWVcLXzBAINgTIhFhiDkXBOnr8oXR7UnD5dHR27SochYCt4g6G5PTkiXY
Y& th =%2C0%2CP-R
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Eugenia Etkina
16. May

Hello everyone! Two things today - 1) A reminder about our meeting on May 21st, 3 pm EST
- how we build on qualitative reasoning to develop quantitative reasoning in the ISLE
approach. 2) The continuation of our discussion of the structure of the nucleus.

For 1) - please sign up to the event - the EVENTS are on the low left of the Facebook group
page.

For 2) - It is interesting to notice the contributions of women to nuclear physics. Many of us
are familiar with the name of Marie Curie (and her daughter Irene). But how many know the
name of Lise Meitner and her contributions? She never got a Nobel prize for her work (Marie
received 2 and Irene - 1) and her name rarely appears in physics textbooks. Here are the
activities that show her role in the discovery of fission. While for us the idea that shooting
neutrons into heavy nuclei will lead to their breaking into smaller parts is absolutely fine, it was
not fine or even conceivable in late 30ths of the 20th century. The experiments bombarding
uranium with neutrons were expected to produce nuclei heavier than uranium (captured
neutron was expected to decay into a proton that would stay in the nucleus and an electron
that would leave) and therefore lead to the discovery of new elements. But this is not what
happened - read the activities below.

The activities, however, do not explain why Lise Meitner (or Otto Frish) was never recognized
for her contributions to the understanding of fission. Otto Hahn received the Nobel prize
without her. Life of Lise Meitner was tragic and typical for the life of a woman in physics at that
time compounded by the fact that she was Jewish working in a Nazi Germany during world
war Il. There are several books written about her life - | strongly recommend reading them.
She was an extraordinary woman and deserves full recognition.

29.5.4 EXPLAIN

PIVOTAL Class

In the 1940s Lise Meitner, Otto Hahn, and Fritz Strassmann irradiated uranium with neutrons.
They found that instead of getting a heavier uranium isotope, the reaction produced lighter
nuclei, like isotopes of Ba (barium). How can you explain their findings?

29.5.5 EXPLAIN

PIVOTAL Class: Equipment per group: whiteboard and markers.

Lise Meitner asked her nephew Otto Robert Frisch to help with the explanation. They thought
about Bohr’s liquid drop model; heavy nuclei behaved like a drop of water with a kind of
“surface tension” holding it together. The only problem was that the nucleus had an electric
charge that would counteract the effect of the surface tension, especially if the nucleus was
not very spherical. The model suggested that the nucleus could elongate and divide into two
smaller pieces. This meant that the uranium nucleus would be very unstable and ready to
divide with the slightest provocation. This could happen when a neutron hit it.

a. Explain how Meitner’'s and Frisch’s reasoning could explain the findings in Activity 28.3.5.
b. Use the liquid drop model to predict another product or products of uranium disintegration.
If a chemist finds such products in the mixture resulted from the irradiation of uranium with
neutrons, then the water drop model is a productive model to explain the observations in
Activity 28.3.5.

c. Explain how the model of Meitner and Frisch can be used to explain why uranium can be
used as a source of thermal energy. Additional information: the products of the irradiation of
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uranium with neutrons included not only chemical elements in the middle of the periodic table
but also extra neutrons.
https://www.facebook.com/groups/320431092109343/posts/1170651280420649/? cft  [0]
=AZWbAQglYA6r3WaWc7nlID3Q9dP-

yGTPdCDvUzZBtFnGmcX8Ks5s08cpn8ar GSZ0Up0O1UESGEHBATwWbS-
DGOLupuWjhuTzGwsuQkSXWU1-

tblijOLack6KVJJpPIH4tTIM fwyfQVmYyJNTYMQLgrksaVgPa5AeoUel1ofFcudcPge P3Q ctjC
GUKHHDbj3AYns& tn  =%2C0%2CP-R

Eugenia Etkina
17. May

Hi all, two things today - a reminder about our meeting on Saturday, 3 pm EST, please go to
the EVENTS on the left side of the group's page and sigh up for the meeting.

Second, | continue with nuclear processes today and | wanted to show how we use work-
energy bar charts in nuclear physics. Specifically, how the bar charts help understand the
mass defect. The students start by calculating the mass of the particles that make up a
nucleus - in this case, helium nucleus, and compare this sum to the mass of the nucleus to
find that the mass of the nucleus is less than the sum of the masses. This empirical finding
contradicts the law of mass conservation that they learned in Chapter 5. What to do? Read
the attached screen shot of the textbook pages that shows how to use a bar chart to explain
this discrepancy. Please do not forget to like the post after you read it and the attached
document!
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The missing mass is on the order of 1% of the mass of the nucleus. Our prediction
matched the outcome of the experiment. The mass of the helium nucleus is less than the
sum of the masses of the protons and neutrans that comprise it (Figure 29.6).

In Chapter 6 we learned that mass is constant in an 1solated system. Now we have
found thal this is not true for an atomic nucleus because it 1s & bound system. This
means that the mass of any bound system 1s less than the mass of ils constituents, but
al a macroscopic level the difference is tny. Now we understand that mass is not a
conserved quantity. However, energy is. We will use the idea of energy conservation to
understand what happens to the energy of a system when a nucleus is formed.

Let us represent a hypothetical process of making helium nuclel {from their constitu-
ents using a bar chart (Figure 29.7a on the next page). The system is an even and equal
number of protons and neutrons, The initial state is when the particles are far apart, and
the final state is when they form groups of two protons and two neutrons, helium nu-
clei. Thus the protons and neutrons initially have zero potential energy and zero kinatic
energy. The protons repel each other, so to bring them closer we need to add energy to
the system (Ej44), for example, by doing work on the protons. Once the particles are so
close that the attractive nuclear forces are larger than the repulsive electric forces, the
particles start accelerating toward each other, forming heliuvm nuclei. In the final state,
cach nucleus (two protons and two neutrons) has negative total potential energy (some
positive clectiic potential energy Uy and large negative nuclear potential energy Uy,
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FIGURE 29.7 Energy bar charts representing
the process of making a helium nucleus out of
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Because the final negative nuclear potential energy 1s much larger in magnitude than
the sum of the positive clectric potential energy and added encrgy, some cnergy con-
verts into the kinetic energy K; of the chaotic motion of the nucled, which manifests as
thermal energy of the system. We therefore see that o form helium nucle. some energy
initially needs to be added to the system, but at the end of the process, a larger amount
of energy is converted into thermal energy, which can leave the system through the
process of heating.

If the description above is correct, it should be consistent with the description in
terms of masses. Refer back 1o the caleulation on the previous page; instead of masses,
we will use corresponding rest energies. The initial state is when the particles are at rest
and far apart. In the final state, we have helium nuclei and we will assume that the ther-
mal energy has already left the system. Initially the system has large total rest energy.
In the final state, the rest energy of the system is smaller than the initial rest energy.
This is consi with the previous energy analysis: the initial total energy of the sys-
tem is zero and the final total energy of the helium nuclei (after the thermal energy pro-
duced in the process has left the system) is negative. The change in the total rest energy
of the system, AE, = Ejy — Ey, is therefore equal to the total encrgy that the system
exchanged with the environment (Eg, 4 = Ezy — K;). That is, AE; = Ep,,. We can
represent this relation using a new energy bar chart (Figure 29.7b), which 15 simular to
the bar charts we used to represent the first law of thermodynamics in Chapter 15,

We will see in Section 29.5 how this prediction of thermal energy release leads o
the production of energy through fusion. As we will also see then, the rest energies in
typical processes that involve nuclear particles are much larger in magnitude than the
released thermal energies.

Helium is not unique in having a smaller mass than its constituents. For example,
the nucleus of lithium JLi is made of three protons and four neutrons, The atom also has
three electrons. Thus we can compare it to three hydrogen atoms [H and four neutrons.
The total mass of the three hydrogen atoms and four neutrons is 7.058135 u, whereas
the mass of a lithium atom is 7.016003 u, or 0.042132 u less than the mass of its
constituents, On the basis of such findings, we can now define a new physical quantity
called mass defect.

240818 1:19PM |

https://www.facebook.com/groups/320431092109343/posts/1171523823666728/? cft [0]

=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeCOw3ZAr-

BeAEIKG QqcRIrM1YHc1UWSEFIbmWY6Ho1RPXrbfYRJVra-Zq207-

4 plJolmKIw5fn9 6WUSOfQRV8u8-FHLD3WwA njjDnvLgghHXL8hfrZA6pjcFYp-

g3KvaGYaP2ZuoCWyvjbn_E7BbXRbSWU& tn_ =%2C0%2CP-R

Eugenia Etkina

24. May

106


https://www.facebook.com/groups/320431092109343/posts/1171523823666728/?__cft__%5B0%5D=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeC9w3ZAr-BeAEllkG_QqcRIr1YHc1UWsEFlbmWY6Ho1RPXrbfYRJVra-Zq2o7-l4_plJoImKlw5fn9_6WU5OfQRV8u8-FHLD3WwA_njjDnvLqqhHxL8hfrZA6pjcFYp-g3KvaGYaP2ZuoCWvjbn_E7BbXRbSWU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1171523823666728/?__cft__%5B0%5D=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeC9w3ZAr-BeAEllkG_QqcRIr1YHc1UWsEFlbmWY6Ho1RPXrbfYRJVra-Zq2o7-l4_plJoImKlw5fn9_6WU5OfQRV8u8-FHLD3WwA_njjDnvLqqhHxL8hfrZA6pjcFYp-g3KvaGYaP2ZuoCWvjbn_E7BbXRbSWU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1171523823666728/?__cft__%5B0%5D=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeC9w3ZAr-BeAEllkG_QqcRIr1YHc1UWsEFlbmWY6Ho1RPXrbfYRJVra-Zq2o7-l4_plJoImKlw5fn9_6WU5OfQRV8u8-FHLD3WwA_njjDnvLqqhHxL8hfrZA6pjcFYp-g3KvaGYaP2ZuoCWvjbn_E7BbXRbSWU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1171523823666728/?__cft__%5B0%5D=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeC9w3ZAr-BeAEllkG_QqcRIr1YHc1UWsEFlbmWY6Ho1RPXrbfYRJVra-Zq2o7-l4_plJoImKlw5fn9_6WU5OfQRV8u8-FHLD3WwA_njjDnvLqqhHxL8hfrZA6pjcFYp-g3KvaGYaP2ZuoCWvjbn_E7BbXRbSWU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1171523823666728/?__cft__%5B0%5D=AZXsxqYhfl2tVwatnlAa9DINsGX980zJWEIHQeC9w3ZAr-BeAEllkG_QqcRIr1YHc1UWsEFlbmWY6Ho1RPXrbfYRJVra-Zq2o7-l4_plJoImKlw5fn9_6WU5OfQRV8u8-FHLD3WwA_njjDnvLqqhHxL8hfrZA6pjcFYp-g3KvaGYaP2ZuoCWvjbn_E7BbXRbSWU&__tn__=%2CO%2CP-R

Hi all, as | promised, now that we finished with the textbook, | will post thoughts about learning
and teaching in the ISLE approach. Today my post is about the general language that we use
(or mostly do not use). Please do not forget to like the post after you read it.

There are a few terms that are commonly used that | strongly recommend to avoid.

1) Demos. Demos mean that we are demonstrating something for the students. We do not
want to demonstrate, we want them to experience and either observe an experiment to come
up with explanations (hypotheses or quantitative patterns) - these are observational
experiments or hypotheses generating experiments. No predictions are required for those. Or
we want our students to test some ideas (hypotheses, patterns, relations) - these are testing
experiments for which they need to make predictions based on the idea under test, not their
intuition. Or we want them to apply their tested knowledge - these are application experiments.
It does not matter who performs them - you or the students, the epistemological framing is
important. So, avoid the term demo.

2) Worksheets. Worksheets are associated with filling in the blanks and often busy work. We
want the students to think and reason not to fill in the blanks, we want them to be creative. So,
avoid the term worksheet. Use "handout" or "activity" or whatever term you find but not the
worksheet.

3) Formulas. Formulas often mean something to memorize. We use terms mathematical
representation or mathematical relation, or mathematical expression. Avoid terms that might
trigger unwanted response in your students' brains.

4) Introduce. When we introduce we share something that we know and a person does not.
We do not want to introduce, we want students to construct, to develop, etc.

It might seem that these are just insignificant tweaks. But they are not. They communicate our
intentions and send messages to the students. Language is what shapes our thoughts.
Language is something that activates our brains. Let activate productive resources in our
students' brains, right?

https://www.facebook.com/groups/320431092109343/posts/1176004219885355/? cft  [0]
=AZWL8168DD202AJO205JELHMy0eRKKAF3g9P4 BrXRUprgl9ZTOpM1Rhm753WpeHc5
Zx8Ug31Yryk10iRk _YUQVvSOzGRNEGxHhoPpN3M3JybB3sfpyA gQNje-
CprsmMRxy4AErQS4DCpzLb7k4gWO0ha59V4AHXF2rpkUZvW 6LPp8yMw4yD5hX40nNjWiC
yKog& tn  =%2C0%2CP-R

Eugenia Etkina
25. May

Hi all, thank you for your incredible response to my post yesterday. Today | will continue with
language, but this time it will be connected to physics. When you finish reading the post,
please do not forget to like it to make it more visible.

My post today is based on the research done by David Brookes and long conversations with
Alan Van Heuvelen. It is about forces. According to |. Newton, an external force (this is what
we call a force now) is a physical quantity describing the interaction of two objects. It does not
exist by itself and does not belong to any of the objects (Newton emphasized it in his Principia).
As such, it should be expressed in language as a passive, external to both objects entity. And
yet, in our language we treat the force "pre-Newtonially", reflecting the struggle that physicists
had defining what we call the force today. | will show a few examples.
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The first one is the most common. We say: a force acting on the object is 5 N. As such we
imply that the force exists by itself and can do something to an object. In this case the force is
expressed by an active external entity.

The second example is also common: an object feels the force of 5N. Here the force is like a
feeling, feelings belong to people and as such are internal entities.

But the worst is our language related to weight. The weight of an object is 5 N. This means
that weight belongs to an object, to ONE object. Again, it is a passive internal entity.

What to do? In out textbook and in ALL materials that we have developed we use the language
and symbols that reflect two important attributes of a force: the passive external nature and
the fact that it does not belong to an object or reside in it.

When we talk about forces exerted on a system of interest (notice the passive nature of the
verb exerted) we say "the force exerted by rope on the system" (and not "tension in the rope")
or the force that exerted by Eugenia on the system (not Eugenia's force, note that in both
cases force is passive external) and we ALWAYS use two subscripts to note what the system
is and what external objects it is interacting FAR on S - force exerted by the rope on the system.
What about weight then?

We avoid this word. As much as we can. Instead we talk about the force exerted by Earth on
the system. Notice, it is NOT the force of Earth. Earth does not have any force. But as it
interacts with the system of interest, we can quantify this interaction as the force exerted by
Earth on the system. Passive and external.

I know how difficult it is to change our language. But if we want our students to ALWAYS
remember that forces do not belong to objects but describe interactions, it will help them if the
language we use is consistent with the concepts we want them to master. This will prevent
such things as "force of motion" or "force of acceleration" that students often use to describe
motion, not the forces the way how physicists now agree to define them.

Thank you for reading, you know what to do now!

https://www.facebook.com/groups/320431092109343/posts/1176684429817334/? cft  [0]
=AZVU ONSZVqzQA9D5cqWiPousGoY1SXsM0QppbzjLyQ8hP16n4JWdeKm8Jzz20701xC
U12UqgBg-LzwseCXkyU1HJoU52K?2h-

6GROQV5xKsHAjWoKS20AS2pdcemu rvG6UWus53VDiH5tCe8P4AX6Qurl wVTf28rZ SF
wzxJWa1ZIMPG568YWgvPelgBoxXTfM& tn  =%2C0%2CP-R

Eugenia Etkina
26. May

Hi all, thank you for your marvelous response to my yesterday's post. The more people like it
or comment, the more people view the post. We are over half of the membership of the group
for the number of viewers, this is much higher than before, which was on average 25-30%.
Thank you! Today | will continue with our language when we teach momentum and energy.
Here three key words are crucial: system, conserved, and constant (the latter two ARE NOT
the same). This post is based on my work with

Alan Van Heuvelen and the joint work with Lane Seeley and Stamatis Vokos. Both are the
members of this group.

Iltem 1. System. In physics it is an object or a group of objects - any groups WE decide to
include in the system. The objects are not included are the ENVIRONMENT. If they are not
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included, it does not mean that they not important, in fact, they are VERY important - as they
exert forces, impulses, and do work on our system. Objects in the system might also exert
forces and impulses on each other, but the sums of those are ALWAYS zeros, otherwise a
system would accelerate by itself (which is only possible for observers in non inertial reference
frames but we are not concerned with those now).

The idea of a system is crucial for understanding the concept of momentum and potential
energy. The former is the vector sum of momenta of system's objects and the latter describes
the energy of interactions of objects inside the system. If you have a single object, it cannot
have any potential energy (excluding its own gravitational potential energy, which is negligible
for macro objects and is almost never used in introductory physics courses, but is crucial in
astronomy). Therefore when we say that a 1-kg brick lifted 5 m above Earth has gravitational
potential energy, this statement goes against our understanding of GPE, which is the energy
of the system brick-Earth. If brick only is the system, then Earth can do work on it, but the brick
itself does not have any GPE.

The same is true for electric potential energy. An electron in a hydrogen atom does not have
any electric potential energy, but the system electron-nucleus has. An electron does not have
any electric potential energy in an electric field, but the system electron-electric field does
(here field is another object). An electron does not have any electric potential energy in a
metal, but the system electron-crystal lattice does.

Why is this important? You might think: "Who cares? We always used these expressions and
students were ok." But were they? According to lots of PER studies of students and our own
studies of teachers the lack of understanding of the role of the system choice leads to student
difficulties with energy (which is unsurprisingly considered one of the most difficult concepts)
such as double counting of work and energy and general confusion when to use work and
when to use energy and teachers' inability to help them with those difficulties.

So, before approaching any process or situation for analysis in mechanics or any other field
of physics your first question: "What is my system?" will determine the path you take in this
analysis and its success. Our textbook and the ALG represent the ONLY resource in
introductory physics (in calculus based physics it is the Matter and Interactions curriculum)
which teaches students systems approach to the analysis of all phenomena discussed in the
physics course. If you have the book, | invite you to study chapters 3, 6, 7, 15 and 17 to see
how our language is consistent with the energy approach.

Wow, it is a long post and | am still in #1. | will continue with 2 and 3 tomorrow. Please do not
forget to like it or to comment!

https://www.facebook.com/groups/320431092109343/posts/1177384086414035/? cft  [0]
=AZU330SVADafgrCrSwJQZvJ8WK4ruSnR3F5flI6hee33ioL sfpkKPivo87iDuaE8ik CMOEmo
NHEa4V6DZFWVnu9 ARuKvs-

eXHLrXxvdul11Ye6zMPEyg3XNWxS3KD M0eHnaHwWNQ5jSSJYxh251Zyp1tFGUO02Su98LL|
XMCWCNbMaQvzXHoM BELUSENITO3TA& tn  =%2C0%2CP-R

Eugenia Etkina
28. May
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Hi all, thank you for your response to my post about the importance of a system. | did not post
yesterday as Gorazd Planinsic and | were running an energy workshop for Italian teachers in
Trieste for the group organized by Valentina Bologna Longo and Francesco Longo.

I have known some of the participants for a year as | did several online workshops for them in
the Fall of 2021. It was so great to see those teachers in person. What an amazing group of
teachers! Valentina Bologna Longo and Francesco are doing superb work with the teachers,
our workshop was only a tiny part of it.

But what | wanted to write today is that a few undergraduate students (some physics majors
and some math majors) came to the workshop. They were in the same group and it is difficult
to describe the level of enthusiasm and positive response to our activities. They were such a
delight! The were the first to respond to most of the activities as a group, but what is more
important was to see their happy faces, their animated discussions! The group had 4 females
and 2 males and ALL females were contributing - | was watching them very carefully. | was
seeing my "dream students" - those who are in a state of "flow" doing physics ("flow is a
psychological state of complete happiness, the term invented by Mihaly Csikszentmihalyi ).
Why am | writing about it? Many think that as our textbook and all our materials are algebra
based, and therefore the students who are not physics majors (bio, pre-meds, etc.) should use
it, and the physics majors are good with traditional "rigorous” courses. This is sooo very wrong!
Physics majors need our approach the most - it teaches them to think like physicists from the
start, not when they come to work for some professor in a lab.

But the change in the physics departments is very slow. Yesterday we had a deputy head of
the department join the workshops and be a regular participant. His response was also very
positive and enthusiastic. The question is - how can we get more people on board of the ISLE
ship? How can we physics majors who later become physics teachers to learn physics through
the ISLE approach? These are the questions that keep me up at night. If you have answers,
please post them here. | will continue with energy language tomorrow not to make this post
too long. Please like it if you read to the end to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1178639026288541/? cft [0]
=AZWQO9krng2D uO0Puwh73cTGOcIHCI J7ZEXVLMP3dSo6MFajT5aSLpsnT4BxvYk5Dw-
CBbIvQ2T igQwFT8-jfD4V90ovVuUemUQjIHNCNXxiLy-6V1QmeJ7I-

t9PDShCFg8BEXMUpT 9jWIixoxQe-
EDt7Ym6X11Zo7KFIMMpr2WbMc929Wbae40FaywqOwOagVJM& th  =%2C0%2CP-R

Eugenia Etkina
294.

Hi all, today | finish the discussion of the photon model of light. In the textbook the last section
is about photocells and LEDs. The material is too large to post screenshots. Therefore | send
you to pages 872 - 874. Our textbook is the only textbook that systematically uses and
discusses LEDs in many chapters - kinematics, dynamics, DC circuits (including power),
geometrical optics and quantum optics. We have lots of experiments, videos and activities that
helps students really learn how an LED works - first from observing their properties without
understanding the microscopic structure and finally to the details of the microscopy. Some of
the videos are absolutely unique, such as one on page 874 - the internal structure of the LED.
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I am posting the link here but it probably will not help if have not studied the material in the
textbook. It shows the internal structure of an LED under a microscope. The LED is submerged
in a liquid with the same index of refraction as the plastic cover, this way you can see the
inside without any distortion. Made by Gorazd Planinsic.

We actually have a whole workshop on LEDs. We could run it for those who are already
familiar with the ISLE approach as the understanding of the process is needed to fully
participate. | wonder if there is interest in a pure LED workshop. Please let me know. Please
respond to the post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1159099841575793/? cft [0]
=AZU9WG6tFFDEUtL7pujYQsOphp8KXPIb1WdBt1dMIHDs15tQNPG sR1Kerp8kbbbZnxI9-
7hg1x2S8hTn2X9d1szK RgdLhF HUpmk3aBYu01WGC3 5PIEsITxP19S0g5A30YGGb 9sj
i0T1 tfjlbhXTJ2h5wPyydJBgXfgVaun C1YwdX-

VsjltSOVAKAMGWQY& th =%2C0%2CP-R

Eugenia Etkina
29. May

Hi all, today my post is about "conserved" and "constant". Please do not forget to respond to
it after you finish reading. This is not my first post about this issue, but before | go on, | would
like to share some history.

When Alan Van Heuvelen and | were working on the first edition of our textbook (College
Physics: Explore and Apply is the second edition, the first one came out in 2013), in about
2008 | suggested that we pay serious attention to the distinction between these two words
(conserved and constant), that constant does not mean conserved and conserved does not
mean constant when we talk about momentum and energy. The publisher and even Alan
responded to it negatively, saying that physicists will not understand us and that when we talk
about energy and momentum, the word conserved (or not conserved) is the only word that
people use. It was a battle that | won, and even in our first edition those two words are used
carefully. Conserved quantities such a momentum and total energy are constant in isolated
systems and are ALWAYS conserved in any system even though they might not be constant.
The word constant means not changing with time. We talk about constant speed motion,
constant acceleration motion, gas processes happening at constant pressure, volume, etc.
Although these quantities are not changing in the above processes it does not mean AT ALL
that they are conserved quantities. A conserved quantity is such that we can always find a
system where this quantity is constant. Think of an object (1) moving at constant acceleration
and then stops abruptly because it interacted with some other object (2). Does it mean that its
acceleration is now transferred to that other object (2) and in the system of objects 1-2 the
acceleration remain the same? Of course not, as acceleration is not a conserved quantity.
BUT the total energy of the system 1-2 and total momentum remain the SAME no matter what
interaction occurred between them and if there are no other objects with which they are
interacting at the moment.

Mechanical energy is not a conserved quantity by default, therefore talking about when
mechanical energy is conserved and when it is not conserved is not right fundamentally. We
can only talk about systems where mechanical energy is constant or not. Therefore the terms
conservative and non-conservative forces are incorrect and confusing. We do not have them
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in our textbook for this exact reason. All forces lead to conservation of energy, but for the
conservation of TOTAL energy, not mechanical.

I hope the difference between constancy and conservation is clear. In needs to be made clear
for the students too. We (Lane Seeley, Stamatis Vokos, and myself discussed these issues in
our recent editorial in the American Journal of Physics. Please read!
https://aapt.scitation.org/doi/full/10.1119/5.0067448

And please do not forget to respond to the post after you finish reading it!

https://www.facebook.com/groups/320431092109343/posts/1179409182878192/? cft  [0]
=AZU7IHXu8rpT9ImMMKVMGyIxnj6 GVjDeQioRwcN5-vPgVqytnzZRk93HdORCcoI8R-t-
9PVCZLpygB4v8Fw VQsIXUTagwUIl4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSInj
K6y41zmWY3gnfEHSMwD6QKSmM rwbojcP1eKQRJSsc JnyQLsIRnZ QJOpCwLk6wo21w
Q90IQFYbL3J7VIt& tn  =%2C0%2CP-R

Eugenia Etkina
30.5.

Hi all, | am continuing with my posts about language but before that | wanted to clarify a few
things that came up in our yesterday conversations.

There are two versions of our textbook - College Physics: Explore and Apply by Etkina,
Planinsic and Van Heuvelen. One is a regular version and the other one is the AP version.
The text and problems are identical in both versions but the AP version has materials that
show how our text and problems address AP requirements (enduring understandings, science
practices, etc.). The types of problems in the section End of Chapter Problems match the types
of problems on the AP exams + we have traditional problems and other types that were
invented by use before the AP courses were revised. when you ask for examination copy of
your Pearson rep, please make sure you tell them which version you are interested in.

The test bank for all Pearson books is the same except our textbook. Our textbook test bank
has about 20-25% of problems that match our approach to learning physics and the AP needs.
Those were written by Matt Blackman, an amazing physics teacher who makes physics video
games.

Each chapter of the book has Reading Passages that prepare pre-med students for MCAT
and provide additional connections to biology and medicine for all students.

This way we make learning better for all students by using the ISLE approach, better for AP
students by adding to the ISLE approach AP type problems and for college students by
preparing them for MCAT.

However, if you teach physics to 9th graders and think that your students cannot read our
textbook that has long sentences and complex arguments, or your students do not have
enough algebra skills to follow the development of mathematical ideas, we have a more
broken down step-by-step activities in our Physics union Mathematics modules (PUM) that
have two levels of sophistication - Physics | (for middle school and Physics First) and Physics
Il - college prep or honors. They are completely free, you just need to request access. The link
to the PUM website is on our ISLE website (islephysics.net). | strongly recommend studying
the resources on the islephysics.net website to make sure that you take advantage of
EVERYTHING that we have developed. And it is a lot!

112


https://www.facebook.com/groups/320431092109343/posts/1179409182878192/?__cft__%5B0%5D=AZU7lHXu8rpT9ImMKVMGylxnj6GVjDeOioRwcN5-vPqVqytnzRk93HdORcol8R-t-9PVCZLpyqB4v8Fw_VQsIXUTagwUI4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSlnjK6y41zmWY3qnfEHSMwD6QKSm_rwbojcP1eKQRJSsc_JnyQLsIRnZ_QJ0pCwLk6wo21wQ9OIQFYbL3J7V9t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1179409182878192/?__cft__%5B0%5D=AZU7lHXu8rpT9ImMKVMGylxnj6GVjDeOioRwcN5-vPqVqytnzRk93HdORcol8R-t-9PVCZLpyqB4v8Fw_VQsIXUTagwUI4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSlnjK6y41zmWY3qnfEHSMwD6QKSm_rwbojcP1eKQRJSsc_JnyQLsIRnZ_QJ0pCwLk6wo21wQ9OIQFYbL3J7V9t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1179409182878192/?__cft__%5B0%5D=AZU7lHXu8rpT9ImMKVMGylxnj6GVjDeOioRwcN5-vPqVqytnzRk93HdORcol8R-t-9PVCZLpyqB4v8Fw_VQsIXUTagwUI4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSlnjK6y41zmWY3qnfEHSMwD6QKSm_rwbojcP1eKQRJSsc_JnyQLsIRnZ_QJ0pCwLk6wo21wQ9OIQFYbL3J7V9t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1179409182878192/?__cft__%5B0%5D=AZU7lHXu8rpT9ImMKVMGylxnj6GVjDeOioRwcN5-vPqVqytnzRk93HdORcol8R-t-9PVCZLpyqB4v8Fw_VQsIXUTagwUI4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSlnjK6y41zmWY3qnfEHSMwD6QKSm_rwbojcP1eKQRJSsc_JnyQLsIRnZ_QJ0pCwLk6wo21wQ9OIQFYbL3J7V9t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1179409182878192/?__cft__%5B0%5D=AZU7lHXu8rpT9ImMKVMGylxnj6GVjDeOioRwcN5-vPqVqytnzRk93HdORcol8R-t-9PVCZLpyqB4v8Fw_VQsIXUTagwUI4Lo2MwmcWAhXu7Hk5ci6fR7my841dgwaR4PQeSlnjK6y41zmWY3qnfEHSMwD6QKSm_rwbojcP1eKQRJSsc_JnyQLsIRnZ_QJ0pCwLk6wo21wQ9OIQFYbL3J7V9t&__tn__=%2CO%2CP-R

Wow, it is a long post already. Let me stop here and come back to the language tomorrow.
Please like the post if you read to the end to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1180140172805093/? cft  [0]
=AZWk6kg flvrzkuMJYbmfLmOr7bfJ9eGH7wi6hAOSFTdIUGzkje6PiL7FgwOl-
XvjzV8yxCIfUKdd9GdCX4nrd1X20JvFJ5IUHTAOkamusHIZRswoFZudIBsoCw5f9G99IbFWE
pCF4FIUTWnHLYygNYH1gLWABeq5JjreNU81nbLWCijPqUUcutT9aKeAUZrNEKgE& tnh =
%2C0%2CP-R

Eugenia Etkina
31.5.

Hi all, today | continue with language. The word is "heat". It is a very difficult word as in
everyday life it has a completely different meaning compared to its meaning in physics. In
everyday life "heat" is something that an object (or a system ) has. We talk about it as a thing,
a noun. We say "too much heat in the room", "friction leads to heat" and so forth. There is
another issue here. The term heat means unquestionably warmth or warming up. Nobody
would associate "heat" with cooling. And yet...

In physics the term heat (when used correctly) has a completely different meaning. It stands
for a process - similar to work, a process through which the energy of a system (a thing) can
be changed. Heat can increase or decrease the total energy of the system, as heat can be
positive or negative. WHAT??? How can this be? It can, if we consider the definition of heat
as a process of changing the energy of a system without doing work when the temperature of
the system is different from the temperature of the environment. This means that when the
temperature of the environment is lower that that of a system, this process leads to the transfer
of energy from the system, or heat is negative.

The system can cool down even when the heat is positive! It happens when the work done on
the system is negative and its magnitude is larger than that of the energy transferred through
heat.

Ad the consequence of how we define them, heat and work are not the state functions, while
the total energy is. A system does not possess work or heat but it possesses energy.

Do you see how complicated this is??? To minimize the complication in our textbook and the
ALG (OALG) we chose a different word - heating. The goal is to emphasize that it is a process
not a thing. "Heating" does not necessarily leads to warming and it can me positive and
negative. Research by David Brookes and myself showed a long time ago that those students
who use the word "heat" as a process and not as a thing are much more successful solving
problems involving the first law of thermodynamics.

In the textbook we have a classic problem (first brought into PER by David Meltzer) that helps
students REALLY understand the difference between energy as a state function and work and
heating as not being state functions. | pasted it below.

If you finished reading, please do not forget to respond to the post. Thank you.
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7. ** Gas in a closed container undergoes FIGURE P15.7
a cyclic process from state 1 to state 2
and then back to state 1 (Figure P15.7).
Describe the processes 1-2 and 2-1 2
qualitatively using the concepts of work,
heating, and internal energy.
(a) What happened to the thermal energy
of the gas as it went from 1 to 2 and then
from 2 to 1? What is the net change in
the internal energy after the gas returned >V
to state 17 (b) On the P-versus-V graph,
show the magnitude of the work that
was done on the gas by the environment during process 1-2 and during pro-
cess 2-1. (c) Was the total work done on the gas positive, negative, or zero
during the entire process 1-2-17? (d) Discuss the heating of the gas during
process 1-2 and then 2-1. Was the total heating of the gas positive, negative,
or zero during the whole process 1-2-17

https://www.facebook.com/groups/320431092109343/posts/1180760072743103/? cft [0]
=AZX7XgqPXwktRahtcb-00PM5AkAdbazQvPI-6fMPLCpHGBRUIFwywI7bLINO-
8pQPrXXLU3LgHWkc VUQIHOFubNuUmoQpwA30OW2GHEVKIS1dBdksyAM70ahdhSEwVh
MnMBUALO5090RXbtFicJTMxHHJWG7uKRGQ5kCkgN LBHDGIAUFiGaD8xxTqUiG7ZZQf
Y& tn =%2C0%2CP-R

Eugenia Etkina
2. June

Hi all, | continue my series of posts about language. Today it will be about charges and fields.
Please do not forget to like the post after you read it to make it more visible.

We differentiate the terms electric field and the quantities of E field (F/g*test) and V field (or
traditionally called electric potential U*g/q”test). The reason is that we use the term electric
field for an entity that surrounds charged objects. This entity has several quantities that
characterize it - E, V, and D (electric induction - not taught in introductory courses). They are
sometimes called their own vector and scalar fields but we treat the electric field as a medium
of interaction, like a thing. It can exert a force on objects, for example. The same is true for
gravitational field. It can be characterized by several quantities - g field (F/m”test)or
gravitational potential (U*g). See our Chapter 18 for more clarification on this.

Thus we say that there is electric field at a specific location for which we can determine E field
and V field.

In addition, we also carefully separate operational definitions of E and V fields and cause effect
relationships for those. We already had a conversation about the epistemic difference between
those two types of mathematical relations but | think it would be useful to repeat those here.
An operational definition tells us how to determine a quantity if we know what is happening to
the test object placed in the field (E=F*field on test object/g*of the test object) but it does not
tell us what affects this value as F is proportional to g*test). When we know the sources of the
field and where our test object is, we can have a cause-effect relation for the E field at that
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location (for point like sources it is E=sum kQ”source/r*2. In this relation Q and r can be
changed independently of each other, they have no relation to each other, both affect the final
E. This distinction shows how important it is to ALWAYS say what charge you mean in the
relations - the source charge (of the charged object creating the field), or the test charge (the
charge of the object placed in the field to study it and whose effect on the field is usually
neglected).

If you read to the end, please do not forget to respond! Thank you!

https://www.facebook.com/groups/320431092109343/posts/1182190562600054/? cft  [0]
=AZWAmMftb9cJi70ZYaccfrIP _rcNCZt004020sJfJYzrcp9TmWxcdZ511BK73-
SDIdBs20hfAC4 4EPe6 5n0dEtsNQtXnxPUn9ZU7XuV1RX0YPPO1l Spxhva4Cbht 9A1Y
Q-Z5T6ebfYi CS8KP53FyCHoDmIQB-

tdcdzhhg88XlqthlgS3LcdIT6IrOZSu39s&  tn =%2C0%2CP-R

Eugenia Etkina
4. June

Hi all, today | continue with language. Please do not forget to like the post to make it more
visible.

First - the words that in physics have multiple meanings and, when used, obscure the subject.
One of them is GRAVITY. What is it? Students use it for free fall acceleration, for gravitational
force, for big G, for g-field, and for a physical phenomenon of attraction of two objects.
Therefore, | ban this word in my classroom, and ask students to be very specific about what
they mean when they refer to something gravitational - force, acceleration, G or something
else. The same way | ban the word ELECTRICITY. Students use it for electric charge, current,
potential, energy, power and who knows what else. Therefore, it is better to avoid this word all
together and require students to be specific when they talk about electric phenomena or
electric quantities (there many!)

The next part of the post about a different issue which occurs in magnetism and
electromagnetic induction. When physicists use a word that means one thing in everyday
language and a COMPLETELY different thing in physics, it is tough for the students. In
English this word is FLUX. It means change, instability: My life is in flux - for example. In
physics it means a physical quantity that can be constant in time (B x A x cos theta) but can
change (but even then we do not say flux of flux). In this case a discussion with the students
is in order - the difference in meanings of the same word in physics and in everyday life.
However, come to think about it, MANY terms that we discussed are common in everyday life
but have a very specific meaning in physics. Often it is one of the meanings used in everyday
language (force for example, one of the common meanings is a pull or a push which is
consistent with physics), but it is almost almost never NONE of the meanings, as it is with
FLUX.

Can you think of other physics terms that have the meaning opposite to the one in everyday
life? Is it in English only? Or in some other language? Please reply! And please do not forget
to like the post or comment on it.

https://www.facebook.com/groups/320431092109343/posts/1183363629149414/? cft  [0]
=AZWWE-6UwqCIFtVv8PTp4-WEEtJ7yOjow-Blc6LIBqZdgQfvAR YdwtoU-
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00d agtSPnxOVP1gkPGaYYp22K8wSDMWqgsQuD-
bTD6BIOJCGGIMSYgAPD6zk9RoJwGKhs70oPFLCbDVkpDASHX-
00Tv _hrSGHz0qOx dSBmAIOESs-VWOx400sx0Qe4ti 7g-XFOe8& tn  =%2C0%2CP-R

Eugenia Etkina
5. June

Hi all, we have several new members who joined recently and | wanted to welcome them to
the group! WELCOME!!! To fully benefit from our group you need to be familiar with the ISLE
approach and to have the textbook College Physics: Explore and Apply by Etkina, Planinsic
and Van Heuvelen (regular or AP Edition). The front page of this group is the cover of the
textbook. To learn about the ISLE approach - visit https://www.islephysics.net/ and read
carefully through all the tabs. To get an examination copy of the textbook, contact your
Pearson rep.

Today | will take a break from posting about language as we are running our second day of
the 8-hour ISLE workshop. The participants are amazing - motivated, hard working, creative,
and enthusiastic. We have the second half starting in half an hour.

https://www.facebook.com/groups/320431092109343/posts/1184217852397325/? cft [0]
=AZUil0gx8HSZgzu7kToRSki4c5tzmgWIBNVFFnQRhWpTNvViF6U7B-
sTbNYsDneTZo0ONelJdPNYckvhEgqwD-LxRPzjinN97QWxZNYWS5W-

FGyVNzcgrSRKC GAKkiu-
fJP7VINTG6BYYWIYpbRVtDiI068XYOSKTPeQmr2rcEQ3i3208YEVcTiDzppcZukyiWgniPkI&
th =%2C0%2CP-R

Eugenia Etkina
6. June

Hi all, today first, | wanted to report on our 2-day ISLE workshop. | thank David Brookes,
Yuhfen Lin, Josh Rutberg, and Yuehai Yang for co-leading the workshop with me. | am asking
the workshop participants to post here what they learned and how the workshop helped them
understand the ISLE approach better. Please post!

Second, | will continue with my posts concerning language. This time it is language in atomic
physics, specifically "electron energy levels in a hydrogen atom (or any other atom)". Two
things are problematic here: 1) electron as a system's choice. A single electron only has kinetic
energy, and therefore this energy is only a component of what is going into the value of the
"level". 2) the word "level" which invokes an image of a physical location, and sometimes even
a horizontal line as we use the word "level" to determine whether something is horizontal.
What do say then?

WE use the wording of "energy states (or values) of hydrogen atom" - these energy states are
comprised of the electric potential energy of the interaction of the the electron-nucleus system
and the kinetic energy of the electron. The former is the energy of interaction of two oppositely
charged particles, so it is negative and the latter is always positive. The sum of those two
energies needs to be negative for the electron to be bound to the nucleus. When kinetic energy
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of the electron is larger than the absolute value of the potential energy of the electron-nucleus
system, the total energy of the system is positive and that means that the electron is free - it
left the atom. This language is true for any bound systems.

For example a rocket (taken as a system) near Earth has only kinetic energy (always positive),
but the system rocket -Earth has also gravitational potential energy (negative as it is the
energy of attraction). If the rocket moves fast enough, the sum can become positive and rocket
can escape Earth. This is how we calculate escape velocity, right? See attached worked
example using the back charts to reason about escape speed. If you read to the end please
do not forget to respond to the post!

What vertical speed must a jumper have inorder to leave the surface of where mg is the mass of the planet, m; 15 the mass of the jumper, rp
a planet and never come back down? r is the radivs of the planet, and G = 6,67 % 107" N-m® /kg® is the
Sketch and translate First, we draw a I“! =0 AEAvERIoal O,

.“r =00

sketch of the process. The initial state is the
instant after the jumper’s feet leave the surface, 3Gm
The final state is when the jumper has traveled v f £
far enough sway from the planet 1o no longer FoEEEL: D= 4 Vi
feel the effects of its gravity {at r = =) i IT‘* = We can use the above equation to determine the escape speed for any
Choose the system 1o be the jumper and the celestial body, For example, the escape speed for the Moon is

planet, : i PO — D ——

’ ) _ (2667 x 107N ‘m‘,’kg'_]{?.is X 10%kg)
Simplify and diagram We represent the : ! Wi \.' ETRvET.
process with the bar chart. In the initial state, . s Tpiy '

the system has both kinetic and gravitational Jcincaecotonctb ke =370 m/s
potential energy. In the final state, both the
kinetic energy and the gravitational potential energy are zero.

Solve and evaluate Solving for the escape speed of the jumper,

(7.12)

The excape speed for Earth is

2Gny
G i |
K+ E\‘;-L"c:’l;. i m ﬁ-f +L§r+U,f<-.-5-l‘,l“_ﬂ 4 \ Re
U =i [2(6.67 % 1077 N m? fikg?) (5,97 % 107 kg)
0 :| ______ N 6.37 % 10%m
! = 11,300 m/s = 11.2km/s

Represent mathematically Using the generalized work-energy

equation and the bar chart: Try it yourseli What is the escape speed of o particle near the

E+W=E surface of the Sun? The mass of the Sun is 2.0 ¥ 107 kg and its
=K+ U +0=K+ Uy radins is THO000 k.

bt (—c™) vo—o+0
=5 i myv o i Answer Uy 079

https://www.facebook.com/groups/320431092109343/posts/11847941 15673032_/? cft _[0]
=AZUAE|fODx0rhIZ7 GGiVwfZIpMxr2m501WXxRmf3Pq6ZUhSJ2dnzwflne3zhs4iqgVIHM3djL
M FxZ0buWkOWpODh5yDH8CCZC3pghA MOpACph4WKRTX9E3yhfOLy1mD0amz69GR
MWEVrpn5Dc5U7Ma0vabVUm50nKn2v9tsAGdIpZjTUr-

SLSdb CdvYcxhU4& tn =%2C0%2CP-R

Eugenia Etkina
7. June

Hi all, for the last month | have been posting comments about language in our physics teaching
which is independent of the approach that you use in your instruction. Today | am starting to
post about ISLE language. During our workshop on Saturday/Sunday | saw once again how
this language is different from traditional and how difficult it is for people to switch to it. As |
said many times before, the ISLE approach is a philosophy of learning and teaching physics
and students learning physics through it use a set of steps to come up with their own
understanding of physics ideas. To understand this set of steps it is important to be familiar
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with the vernacular that we use. Below | pasted the terms and definitions that are crucial for
understanding how the ISLE approach works. Please do not forget to respond to the post
when you finish reading it.

SHARED LANGUAGE IN THE ISLE APPROACH (PART I)

Eugenia Etkina and David Brookes

Observational experiment is an experiment where you investigate a phenomenon by collecting
qualitative or quantitative data without specific expectations of the outcome. No predictions
are made of the outcome of an observational experiment. We can call observational
experiments “hypotheses generating experiments”.

Description is a statement of what was observed in an experiment without explaining it
(qualitatively or quantitatively). It answers the question, “What happened?” You can describe
with words, pictures, diagrams, etc.

Explanation is a statement of a possible reason for why something happened in the
experiment. It answers the questions “why” or “how”. An explanation might contain a
hypothetical mechanism of how something happened. In this case it is a mechanistic
explanation. For example, the mechanistic explanation for drying of alcohol is the random
motion of its particles. However, sometimes an explanation does not have a mechanism in it
- it only explains the causal aspect of the phenomenon. In this case it is a causal explanation.
For example, an object’s acceleration is explained by the net force exerted on it and its mass.
If you are collecting data, an explanation might be an inference from the data — why the data
look the way they do.

Hypothesis is a synonym for an explanation. There are multiple hypotheses that can explain
what happened. A hypothesis should be experimentally testable. A hypothesis can be
disproved by a series of testing experiments (see below). It can turn out to be wrong.
Prediction is a statement of the outcome of a particular experiment (before you conduct it)
based on the hypothesis being tested (see below). It says what should happen in a particular
experiment if the hypothesis under test is correct. Prediction is not a guess. Without knowing
what the experiment is, one cannot make a prediction. A prediction is not equivalent to a
hypothesis but should be based on the hypothesis being tested.

Testing experiment is an experiment whose outcome you should be able to predict using the
hypothesis being tested. We can call these experiments “hypotheses testing experiments”. A
testing experiment tests the hypothesis, not the prediction. A testing experiment cannot prove
the hypothesis to be correct (if its outcome matches the prediction) but might disprove it (if the
outcome does not match the prediction).

Here an important note is in order: A hypothesis can be disproved by a series of testing
experiments (see below). It can turn out to be wrong. A prediction, however, is only wrong
when it does not follow from the hypothesis being tested. If the outcome of the testing
experiment does not match the prediction, it does not mean that the prediction is wrong. It only
means that the hypothesis on which the prediction was based is wrong or some assumptions
(see below) were overlooked. In this case the prediction is said not to match the outcome of
the testing experiment.

AssumptionAn assumption is some factor in the physical situation you choose to ignore or
assume to be true, that simplifies a calculation or a model, or an experiment.

Model: A model is a simplified version of an object, a system, an interaction, or a process
under study; a scientist creating the model decides what features to neglect. In many cases
the terms models/hypotheses/explanations are synonyms.

Application experiment: an experiment with the goal of solving a practical problem or
determining the value of some physical quantity using the relations/models that have not been
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disproved by multiple testing experiments. We can call application experiments “Multiple
hypothesis applying experiments”.

https://www.facebook.com/groups/320431092109343/posts/1185534128932364/? cft  [0]
=AZWQINb7VsY18C2uztir-
fT3PFWZgJzRIkUPWVWZghcHGs2XdUAKEtCBaXnCj4R1smrYzB4ufgbMck9Gh4pgPNIZag
OvW760gERUCcXDudhPmFw4kr1dz0VaAcoaTwdyOE8zhLu ZblLg70H2-
6kkySRLMq7RPdw6m1c6lFsDdrsgwbuaZNn6CTvYvmA9OHZsgwe&  tn =%2C0%2CP-
R

Eugenia Etkina
8. June

Hi all, today | continue with ISLE language. Thank you for all the likes and comments on my
yesterday's post - the more you comment, the more people see the post and contribute.
Yesterday | posted about observational, testing and application experiments and hypotheses
and predictions. The confusion between the terms hypothesis and prediction is common and
most of science education resources (in print and online) confuse the two. Why is it important
to understand the difference? | think that without this understanding one cannot understand
the nature of physics and its logical reasoning chain.

While hypotheses are in a way guesses - we guess how to explain something that we observe,
right? Predictions ARE NEVER GUESSES. To make a prediction one needs two conditions:
first an experiment whose outcome needs to be predicted and second, most important - a
hypothesis (or an explanation, or a model) on which to base the prediction. the hypothesis
needs to be able to explain some other related phenomenon and be falsifiable. If a prediction
is based on a gut feeling, it is not a scientific prediction and we should not engage students in
making those.

Here is the chain of reasoning that the students need to learn: IF my hypothesis (state the
hypothesis clearly) is true, AND | do such and such experiment (description of set-up of the
testing experiment , THEN such and such should happen (this is the prediction), BECAUSE
of such and such (this is the explanation of HOW the prediction is based on the hypothesis).
Many people confuse this logical chain with the following IF | do such and such (description of
some experiment), THEN such and such should happen (description of the outcome). As you
can see, there is no logic in this chain as the prediction is not based on anything.

The above discussion shows that common sequence PREDICT-OBSERVE-EXPLAIN is not a
scientific sequence and is not useful for helping students think as scientists. In fact, it harms
them, especially females as when their predictions based on their intuition do not match the
outcomes of the experiments, they feel stupid and not belonging in physics, especially if this
experience repeats day after day after day. Therefore in the ISLE approach the sequence is
completely different: OBSERVE AND THINK WHAT YOU OBSERVED, DEVISE SEVERAL
EXPLANATIONS (hypotheses) OF WHAT YOU OBSERVED, AND THEN DESIGN
EXPERIMENTS WHOSE OUTCOMES THESE EXPLANATIONS (hypotheses) CAN
PREDICT. Make predictions, compare them to the outcomes of the testing experiments and
then decide what to do about your explanations. This is what we practiced in our last workshop
and this is what all of you can practice if you read our textbook.
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Each textbook chapter of our textbook College Physics: Explore and Apply is structured
according to the above logic and all ALG activities follow this logic. We not only teach the
students how physics works, but we let them experience this nature of physics day after day
devising their own ideas and testing them as a part of learning what we call "physics content".
In our approach traditional "content" becomes the context in which our students learn to think
like physicists. Habitually.

https://www.facebook.com/groups/320431092109343/posts/1185988838886893/? cft [0]
=AZWdM eCaQfzLPr1CNcYLwV9erLOMtzG12gNEgXoemQnNyW19fRTg1W5r-
bge9rMY205xghW79uRFTE8ChaMzExh9e JFzk3powQwdILF7gbph5LzypnWs4orx5EWXR
KuA6Dd44VNjm4F 3lloKyMQCRVXL3Kx6gc-Cowb60Bsfti-

IWYBONVxVAjT7o0HhBof5yk4& tn =%2C0%2CP-R

Eugenia Etkina
9. June

Hi all, yesterday Jared Betz commented on my post about hypotheses and predictions by
describing an excellent activity from a field different than physics where students come up with
several different explanations of a an observed phenomenon and learn to test them
experimentally. He asked if we know of any physics activities like this. | responded to him but
then | realized that not many people will see my response. So | decided to write about it here.
Please do not forget to respond to the post after you finish reading it.

The ISLE approach is based on activities like this. We have several for the first day of classes
to get students engaged in hypothetico-deductive reasoning but we also have them in almost
ever chapter when students invent new physics concepts (See OALG Chapter 1 posted in the
FILES here). | will spend a few posts showing those activities and discussing their purpose. |
already showed many of them in my posts before but | guess not everyone reads everything
and maybe when | post about content, the pedagogy gets lost a little.

So, here we go. The idea that the students need to invent is that matter is made of particles
that move chaotically in all directions. While many students heard about molecules, the
molecules are not real to them, it is just a word that use in chemistry. How do we help them
come up with the idea of microscopic particles?

This ISLE sequence is the first one that | designed for engaging students in the ISLE process
about 27 years ago. The students observe a streak of alcohol smeared on a piece of paper.
The streak disappears gradually - this is what they say about their observations. They come
up with the explanations of the gradual - alcohol is made of smaller parts and then they are
asked to devise at least three mechanism of how these parts disappeared from the paper. The
three most common mechanisms are: the parts went into the paper and one cannot see them;
air absorbed the parts similar to a vacuum cleaner absorbing dust and the parts can move and
they moved out of the paper by themselves. Now the students need to come up with
experiments to test those mechanisms. They come up with many and the most common are
in the our ALG activities that pasted below. The scale experiment rules out the mechanism of
the paper absorbing the parts and the vacuum bell experiment rejects the air absorbing the
parts. The moving parts mechanism is left not rejected and the last experiment with dissolving
colored alcohol can only be explained by the model of moving parts, and they have to be
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moving randomly in all directions. Check out the activities with the eye on the reasoning
process.

12.1.1 OBSERVE AND EXPLAIN

PIVOTAL Lab or class: Equipment per group: 90% isopropyl alcohol, strips of paper,
whiteboard, markers.

Dip a piece of paper in rubbing alcohol (or rub the paper with alcohol) and place it on a table.
Observe  what happens. Describe your observations in simple words.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

One of your friends described the observation in the following way: “The alcohol disappeared
gradually”. What do you need to assume about the internal composition of alcohol to explain
that the alcohol disappeared gradually rather than all at once?

12.1.2 DEVELOP MULTIPLE EXPLANATIONS

PIVOTAL Lab or class: Equipment per group: whiteboard, markers.

Mindy, Marc, Alex, and Nina are working on Activity 12.1.1. They agree that alcohol must be
made of small parts to enable the paper to gradually dry. However, they disagree on the
mechanism that allows these small parts to disappear. Work with your group to brainstorm
possible reasons for how and why the alcohol disappeared from the paper. Come up with at
least four different mechanisms and put them on your whiteboard. Share your ideas with
another group.

12.1.3 TEST MULTIPLE EXPLANATIONS

PIVOTAL Lab or class: Equipment per group: whiteboard, markers.

Below are four testing experiments that Mindy, Marc, Alex, and Nina decided to perform.
Working with your group, predict the outcome of each experiment described below based on
each of the four mechanisms you came up with in Activity 12.1.2. (For example, if the small
parts soaked into the table through the paper and we hold the paper in our fingers when drying,
then the paper should not dry—the table is not there to absorb the alcohol.) Remember that
each testing experiment needs four predicted outcomes, one based on each mechanism.
Predict the outcome of each experiment below using all four explanations:

a. Hold the paper that has been dipped in alcohol in your fingers without putting it on the table
while it is drying.

b. Weigh the paper before the experiment, when it is wet, and then again when it is dry.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

c. Take two identical pieces of paper and put the same amount of alcohol on each. Then place
one piece of paper under a vacuum jar and the other one just outside the jar.
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

d. Pour some alcohol in a beaker. Place a small drop of colored alcohol in clear alcohol but do
not stir it. [https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

After you have your predicted outcomes on a whiteboard, perform the experiments (or watch
the videos of them) and decide which experimental outcomes are consistent with which
predictions, and consequently which mechanisms you can or cannot reject.

| also wanted to give you our paper in The Physics Teacher that | write with Gorazd Planinsic
where we described several additional activities that help students engage in HD reasoning. |
am attaching it here. If you finished reading to the end, please do not forget to respond to the
post. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1186606092158501/? cft  [0]
=AZXWS-
5QYMePNMPgoAKshUsPmzikp8u vD1olaxwajBhglAX93G0EdGDDi1MhJSI4fOmn0Omf0gq9u
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HuPpWKXBo0sSIsCHPDOrRHWGRJAGBFUEwz8ESScXd7lupJcYu8jWpZyYS3EI7fc-
V3XbgnKowMKIKXXWNJxoyYOHLpaA-
TwecdHxpBcf5pyiVoMghORDOCEZB8prO6XwSQRIeCC1TPsG7E&  tn =%2C0%2CP-R

Eugenia Etkina
10. June

Hi all, today | am giving one more example - right from our textbook that teaches students to
test multiple hypotheses. This is the example that we just used in our ISLE workshop last
weekend. The idea that we want our students to construct is that each point of an extended
light source emits an infinite number of light rays as opposed to the idea that most people what
when they draw the Sun and rays, coming one by one from different points. The process is
described carefully in College Physics: Explore and Apply Chapter 22. It is important to see
how some experiments fail to reject any hypotheses and what we do after this happens.

| am posting a screen shot here. | had to shrink it to fit on one page, so if you do not have the
textbook, just zoom in and you will be able to read everything. | will not go through the process
step by step here, | invite workshop participants to describe their experiences when they went
through this process. Please comment!
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22.1 Light sources, fight propagation, and shadews GET

How do we represent the light sent by a light source? How do objects illuminated FIGURE 22.1 A fighibull illurminates the
by a light source reflect light inte our eyes? We will start by investigating the first ceiling of & foam.
guestion.

Representing light emitted by different sources

A laser pointer is useful for studying bght propagation because the emitted light
cmerges as one narrow beam. However, most light sources, such as lightbulbs and
candles, do not emit light as a single beam. These extanded light sources consist of
multiple points, each of which emits light, When we turn on & lightbulb in a dark room,
the walls, floor, and ceiling of the room are illuminated (Figure 22.1). Obviously, the
bulb sends light in all directions. But does one point of the shining bulb send light in
one direction, or doss cach point send light in multiple directions? Both of these ideas - . .
can explaum why the walls, floor, and ceiling are ithurminated. Let's investigate those two f:::l:ﬁfhi TR ER L iR
possible models of how extended sources emit light. To do this we will represent the
travel of light from one jocation to another with a light ray, drawn as a straight line and
an arrow. Diagrams that include light rays are called ray diagrams. A ray is not 4 real
thing; it is a mode] that allows us to show the direction of light,

One-ray model: Each point of an extended light source emits light that can be
represented by one outward-pointing ray (Figure 22.24). Different points send rays in
different directions.

Multiple-ray model- Each point on an cxtended light source cmits light in multipie
directions represented by multiple rays (Figure 22 2b). #

To help us determine which model better explains real phenomena, we will use the = =
models o make predictions about the oatcome of three experiments (Testing Experiment
Table 22.2). All of the experiments are conducted in an otherwise dark room.

(@) One-ray madel {h) Maltiple-ray nwodel

TESTING 22 -2 A E
EXPERIMENT TABLE f How many rays does each paint on a light source emit? =3
Predictions
Testing experiment Based on one-ray model Based on multiple-ray model Outconme

Expariment 1. Turn on a lightbulls We predict a dark sharp shadow be- Wi predict a dark, sharp shadow be- | We 2ee a dark, sharp shadow
and place a peneil close 1o the wall Idnd the pencal where the ravs do sot  hind e peacil slsere the rays do aot | on the wall.
hetween the bull and the wall, reach the wall. reach the wall.

hole i it i
|

~
Experiment 2. Turn on a lightbull We predict a dark, sharp shadow on Wi predict an almost aidforemly W ime a laght, fuzzy
and place a penell closer 1o the batb  the wall. as 1o Experiment 1. illuminated wall wath a hast of & shachow (pot as dark as
between the bulb and the wall. hadow. Expesiment L)
.
5 3 W :
{CONTINLGED)
Wiz ETAIERS 2 8E_CEMintd 647 g HOHONT 24T P
688 CHAPTER 22 Refllection and Refraction
Predictions
Testing experimant Basad on one-ray model | Based on multiple-ray model . Cutcome
Experiment 3. Cover the bulb with | We predlice that we will see oaly a We prisdact that the whole wall will | We observe that the wall i
alumanum foil and poke a hole in the | spot on the wall direcily in froat of | be dmly 1t camly bt If woe cover the
foil in the meddle of te bulb facing | the hobe, first bole and poke a hole in
the wall. Tarm the balb on. a diffevent place, the result
) . remaing the same.
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https://www.facebook.com/groups/320431092109343/posts/1187306995421744/? cft  [0]
=AZXPHIgkALTBRablF1CutcBTUeGEdhRIZeDCKrCnvOIMHG3wCLke4VoZnjlKC-
09Y6s3VIXO5PjyKoTcewlw0i1s7ZJPTbDURAKIwrrsq2jsRFAKFNIZIXp6-
bSclK59qwD3wh3TxDVeqZkiVHKBNB95ZTqoYUpYcnASFz0-EjedRVmMJ6YXIRV737sn-
agajgiA&  tn =%2C0%2CP-R

Eugenia Etkina
12. June

Hi all, | continue about language - the language that we share in the ISLE approach. | am
pasting a few definitions below, please ask questions and comment! and also | wanted to
welcome new members to the group - we had quite a few new people who joined in the last
week. WELCOME!

Assumption An assumption is some factor in the physical situation you choose to ignore or
assume to be true, that simplifies a calculation or a model, or an experiment. More about
assumptions is  written by David Brookes and can be found at
https://drive.google.com/.../1bYPf4GzCTtETFT7C9tz4g791MQp...

Model: A model is a simplified version of an object, a system, an interaction, or a process
under study; a scientist creating the model decides what features to neglect. In many cases
the terms models/hypotheses/explanations are synonyms. More about models can be found
in our paper in The Physics Teacher (I am putting a citation here as Facebook does not allow
me to add anything to this post. Here is the citation, you can find the paper online or ask me
to post as a separate post if you cannot find it. Etkina, E., Warren, A., & Gentile, M. (2005).
The role of models in physics instruction. The Physics Teacher, 43(1), 15-20).

System: A system is the object (or objects) of interest that we choose to analyze. Make a
sketch of the process that you are analyzing. Then, make a light, pretend boundary (a closed,
dashed loop) around the system object to emphasize your choice. Everything outside the
system is called the environment and consists of objects that might interact with and affect the
system’s motion. These are external interactions. Interactions of the environment objects with
the system cannot be neglected. External objects exert forces on the system, do work on the
system, exert impulse and so forth. Internal objects cannot do any of these things. In our
textbook the idea of a system is a red thread that goes through all the chapters.

Physical quantity: A physical quantity is a feature or characteristic of a physical phenomenon
that can be measured in some unit. A measuring instrument is used to make a quantitative
comparison of this characteristic with a unit of measure. Examples of physical quantities are
your height, your body temperature, the speed of your car, or the temperature of air or water.
Physical quantities that contain information about the direction of some quantity are called
vector quantities and are written using symbols with an arrow on top. Force and velocity are
vector quantities. Physical quantities that do not contain information about direction are called
scalar quantities and are written using italic symbols (m, T). Mass is a scalar quantity, as is
temperature.

Operational definition is a rule that tells you what to do (what other quantities to measure and
what mathematical operations to use) if you need to determine the value of a particular
quantity. For example, for motion at constant velocity, v=delta x/delta t is an operational
definition of velocity.
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Cause-effect relationship is a rule that tells you what will happen to a quantity when another
quantity changes. For example, for motion at constant velocity, delta x= v X delta t is a cause-
effect relationship that shows if the time interval of travel is doubled, the distance traveled is
doubled. However, the operational definition of velocity is not a cause-effect relationship
because if you double the distance that the object travels, the velocity will not change (since
the time interval for the doubled distance will be doubled too).

The difference between operational definitions and cause-effect relationships is crucial in
helping students not to view all mathematical representations as "formulas" but ask
themselves what kind of relationship this particular representation is.

If you finished reading to the end, please do not forget to respond to the post.

https://www.facebook.com/groups/320431092109343/posts/1188729071946203/? cft  [0]
=AZX2JPO0Oc1ZRhWa5HFV80QKS5f-3I0gIPkMwLiDyAytZotlzZRYUE1pVk-Oadmw8iWYv1im-
Kngz jhB-FhOxTZd5nffA8hU9EhUEPzKkDG4PkNIZtCoXa1UYCjSM2RXLxrrgGjXjl8ayGSn-
iIEZEHYORwOkKKhiXJ15-01192QEJatJHfGudhc1Bf8yO6VX54-IX8KM& tn  =%2C0%2CP-R

Eugenia Etkina
13. June

Hi all, first | wanted to welcome new members to our group - our community is growing!
Welcome!!! Please visit https://www.islephysics.net/ to learn about the philosophical approach
behind everything that we do, check out Resources there and here in the FILES.

As | promised yesterday, we will talk about the meaning of the negative sign in physics. Please
do not forget to respond to the post after you finish reading it. WARNING: long post!

While in mathematics positive and negative mean the placement on the number line or an
operation of taking away, in physics those signs have many different meanings and every time
the students meet the negative sign we need to stop and talk about those meanings. Here is
the list of the meanings of the negative sign (please add if you find something missing):
Direction. This meaning the students meet at the very beginning - in kinematics, when positive
and negative signs are associated with the direction of the chosen positive direction of a
coordinate axis when we are dealing with vectors, and then with their scalar components.
When the vector is in the same direction as the chosen positive direction, the sign of its scalar
component is positive, in the opposite direction - negative. The issue here is that in physics
we can point the positive direction of a chosen axis in a direction we want. For example the
vertical y axis can be pointed up or down depending on a problem. When you drop something,
it is easier to point it down, when you throw something upward - it is easier when the axis
points up. This means that the acceleration of a freely falling object is positive in the first case
and negative in the second! Thus it is very important to first establish your positive direction
and only then discuss the signs of components. This is also true for force components or
momentum components.

We often drop the plus sign of the operation and leave negative signs of components when
we write Newton's second law in component form or impulse-momentum conservation
statement. In Newton's second law the acceleration is proportional to the SUM of the forces,
and yet when two forces exerted on an system are in the opposite directions, we drop the
addition sign and leave the negative sign indicating direction as in mathematics it does not
matter. But these two signs have a completely different meaning in physics in this case! For
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example, how do we write the sum of the forces exerted on an object that is being lifted by a
rope? We will write mg - FAR on O, although it is in fact mg + (-F*R on O) - Rope on Object
when we point the y axis up. Dropping the plus sign makes the understanding of the law
difficult - is it a sum or a difference?

The next meaning of the negative sign comes when students meet work. Work is a scalar
quantity and does not have any direction. And yet it can have a negative sign. What does this
negativity mean? It means that due to this work the energy of a system decreases - negative
sign here means taking away. When we do not stop and talk about this issue with the students
they begin thinking that work has direction as this is what they are used from the previous
topics.

When we write a complete expression for the gravitational potential energy or electric potential
energy (- Gm1m2/r) of two oppositely charged objects (kq1q2/r), these energies are negative.
This sign does not mean direction at all, but it means that the system of these two objects is
bound and one needs to do positive work to separate them. The meaning of this negative sign
is the most difficult for the students.

The next is the negative charge. The charge of the electron is written with a minus sign. It does
not mean direction or subtraction at all. It is an arbitrary choice of notation. However, one can
use this minus sign to reason about charging neutral objects. If we take an object with a charge
of zero and add an electron to it - it becomes negatively charged (here | made the charge of
the electron 1): 0 + (-1) = -1. If we take a an object with a charge of zero and take away an
electron it becomes positively charged 0 - (-1) = +1. Note how in this case we see TWO minus
signs in the expression and they mean two COMPLETELY DIFFERENT THINGS: the first one
means taking away and the second one means a specific electric charge. How can a novice
student navigate all this if we do not stop and discuss these issues?

PLEASE, do not forget to like the post or comment on it if you read to the end. This makes the
post more visible for other group members. In general, the more posts you read and comment
on, the more of them you see. | try to post every day, unless somebody else posts and then |
skip not to distract attention from this other post.

https://www.facebook.com/groups/320431092109343/posts/1189391505213293/? cft  [0]
=AZXvMpbgmw4keFh7Ak-
mePHMuKptSIkll1HJExwuli1uurltObsmIWfJR3u6JLZPdp9ui0YXMTGI16YWiZpO1DwP3IPws
YcbdoBHJAZ6LmgLEC7hhrJoddxtNsuo7Po7ZTSnCXnKMrasGEkeUjFNOnouUgVgK1LP6R
ewUiskUkurLsobhrabOSHhOG6UmzUfgb0& tnh  =%2C0%2CP-R

Eugenia Etkina
14. June

Hi all, today | continue the discussions of the differences between the meanings of math
operations in math and in physics. Please do not forget to like the post or comment on it after
you finish reading. You do not really need to like it, but clicking on the "like" you make the post
more visible.

Today is about operations.

Addition of real numbers: in math you can add any two real numbers. In physics you cannot.
These numbers, representing physical quantities, need to have the same units. It sounds
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simple but in fact, it is a learned concept that we take for granted. It is especially important as
students often forget to add units to their answers.

Subtraction of real numbers: same as addition - the real subtraction operation can only be
performed with the physical quantities that have the same units.

Multiplication. Here we get into complications. In math multiplication means addition of the
same number several times. In physics, it only means the same when you multiple a physical
quantity by a number without units. For example m=3 kg, 5 m=15 kg. But when two multiplied
quantities have different units, the resulting quantity is a new quantity that cannot be found by
adding any of the original ones and the units of this new quantity are the product of the units
of the original quantities. How wild is that? For example: 1000kg/m”3 X 2 m*3 = 2000 kg (mass
from density and volume)

or 2 N X3 m=6 Nm=6J (work from force and distance). | am not even getting into
multiplication of vectors and scalars or two vectors. | am only talking about the most simple
operations with real numbers. Most of physical quantities are defined as ratio quantities (see
division below) but many are product quantities. In both cases the mew quantity is different
from both quantities that were used to define it and has different units. Nothing like that
happens in math!

Division has the same issues. When we divide distance by time we get a new quantity - speed!
The first quantities that the students construct - speed and acceleration - are ratio quantities,
later come momentum, work, etc. that are product quantities. Discussing the difference
between product and ratio in math and physics is crucial.

Next come issues with the concept of a function and graphing, but this is for a later post...

https://www.facebook.com/groups/320431092109343/posts/1190078358477941/? cft [0]
=AZX]WK1IvUYKWSUTTFcGipPLxRKS8il8jXIbD -VP7SyiwBot5IIRJR51sCZWrDBfDwPZ-
9JCzKc9atf1THAQIS517jhYUtKg0akV4g02Nn1dX OHOAGGEBRXiGm45Z0Tzc-
ERXUXgmTIgYoF6KtzzXFFSIsW7il5dEvLszpniKVGpSq1AhXLUGFAybw7sRK-

gErdc& tn =%2C0%2CP-R

Eugenia Etkina
15. June

Hi all, today my post is about functional dependencies and the difference in their
representations in math and physics. Please do not forget to respond to the post to make it
more visible.

A function in math is a recipe. You have an independent variable (sometimes called argument
of a function) x and you do specific things to it to get the function y. The function tells you what
to do with x to get ay. In physics an independent variable can be notated as an arbitrary letter,
the same as the function. For example when in a math class we write y = mx +b, we know that
the recipe tells us that y linearly depends on x, and x is an independent variable and y is
dependent. But when we write in a physics class x =3 m/st+ 5 m, we have t as an independent
variable and x as dependent. Or, even worse - v =3 m/s/s t + 2 m/s where t is independent
variable and v is dependent. How can students adapt to those differences?

We suggest discussing this issue upfront the moment the students need to draw their first
kinematics graphs and then continue discussing with every new physical representation. It
also helps to discuss why t is always an independent variable on kinematics graphs. Time is
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truly independent of anything we do... | am attaching a screenshot from Chapter 2 in the
textbook where we have an example of such discussion with a Tip for the students. Note, that
the Tips in our chapters are for the issues that research has found to be difficult for the
students. Do not skip them and encourage the students to discuss those. If you read to the
end, please do not forget to respond!

2.5 Representing motion with data tables and graphs 23

Time ¢ is usually considered to be the independent variable, as time progresses even TABLE 2.2 Time-position data for linear
if there is no motion, so the horizontal axis will be the r-axis. Position x is the depend- motion
ent variable (position changes with time), so the vertical axis will be the x-axis, Clock reading (time) Position
Plot the data in each row in Table 2.2 on the axes. Each point on the horizontal
axis represents a time (clock reading). Each point on the vertical axis represents the lo=00s X = 1.00m
position of a beanbag. When we draw lines through these points and perpendicular n=10s 0y =242m
to the axes, they intersect at a single location—a dot on the graph that simultane- =205 x=413m
ously represents a time and the corresponding position of the object. This dot is not t=130s x3=552m
a location in real space but rather a representation of the position of the beanbag at a =405 Xi=7T26m
specific time. ts=50s x5 = 84lm
Is there a trend in the locations of the dots on the graph? We see that the position =603 xe = 1000m

increases as the time increases. This makes sense. We can draw a smooth best-fit
curve that passes as close as possible to the data points—a trendline (Figure 2.13c).

It looks like a straight line in this particular case—the position is linearly dependent ) The quantity that appears on
on tme. the vertical axis of a graph can
represent the position of an object whose

actual position is changing along any axis.
The position on the vertical axis does not

Correspondence between a mOtiOl'I diagl‘am mean the abject is moving in the vertical
and nosition-versus-time aranh direction

https://www.facebook.com/groups/320431092109343/posts/1190559678429809/? cft  [0]
=AZXYTzsCm7DZUecXMDoH-
v69D6IUpSjRagRovd52a65S00aP1C7xZc8Znk1ijn7gQwSpbKs5ZI3BCHVGUEikOb yFi ZFj
MNBnhaS5SjGRVHjIxDFfdavGnKENOOVOtMoB8AHGoLr1fZzc0JhGheaRYQGTH4HUacFxl
9fRYcylHwW3QY2ZetBXhZaDa-dvFgkOQ& tn =%2C0%2CP-R

Eugenia Etkina
19. June

Today my post is about questions that we ask (I will discuss the questions that students ask
or should ask, tomorrow). When you read the post to the end, please do not forget to respond
to it (like or comment).

Over the years | came up with the names of "open" questions and "closed" questions for the
oral questions that we ask in class (not the questions in the handouts, for those, please see
OALG files posted here). Open questions assume multiple correct answers or they even do
not care about the correctness, just students' ideas. Multiple students are welcome to answer.
Closed questions assume one right answer and one person who knows it. For example, you
are interested in how your students understood the concept of acceleration. You might ask:
Who knows what acceleration is?

Or: What is acceleration?

Or: What is the definition of acceleration?

All these questions assume confidence in those who answer and the existence of one right
answer. These are closed questions.

How to turn them into open questions? Here are some examples:

Please tell me what you "see" when | say the word "acceleration”.

Please give me two examples of real objects that move with acceleration. How will you know?
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Think of a few differences between velocity and acceleration.

Eugenia says: "Acceleration is the change in velocity". Why would she say this? Do you agree
with her? If you disagree, how you help her agree with your point of view?

David says that an object with acceleration of 5 m/s/s speeds up and an object with
acceleration of -5 m/s/s slows down. Eugenia disagrees. What can be possible reasons for
her disagreement?

How would you explain the idea of acceleration to somebody who has never studied physics?
Please give me an example of an object that has positive acceleration and is slowing down
and negative acceleration and is speeding up.

How do you know if an object is accelerating?

What are your thoughts about acceleration?

How would you represent an object slowing down with a motion diagram?

If you compare the first set of questions to the second, you will find that in the second set each
question assumes the existence of multiple answers and no one needs to know all of them.
Therefore the "fear of the wrong answer" barrier is reduced and many more students can
participate.

In general | avoid starting my questions with: What is XX? What is the answer to XX? Who
knows XX?

The next step is how to elicit answers to the questions. Sometimes | think that a question is
easy and everyone should be able to answer it. Then | ask the whole class and wait for
volunteers. | try not to call on the same person the second time before all others had a chance
to participate and try not to miss girls holding their hands (as you know, they are often
invisible). But if after 10 -15 seconds no hands rise up, | say: OK, let's have 2 minutes in your
groups to come up with ideas and then we will share them. This approach reduces the need
for an immediate personal right answer even more.

In general, to invite more students to answer your questions, it is useful to start them with:
What are your thoughts about XX? What are your ideas? How would you approach XX? What
is your image of XX? How can we convince XX in XX? Tell me more about XX... Who can add
to XX? Any ideas about how we can explain XX? Any ideas how we can test XX?

The next step is when somebody answers, | do not validate. | keep a straight face and ask the
rest of the class - What do you think? The goal is to communicate the message that | am not
the final authority, that they need to figure it out themselves. ("What do you think?" is called a
Reflective Toss - the name coined by Jim Minstrell a long time ago.) Then somebody in the
class responds and | stay back until the discussion between the students starts. Open
questions invite or trigger discussions, closed questions do not.

What is your approach to questions? Please post here. And please do not forget to respond
to this post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1193554928130284/? cft [0]
=AZW6NXyVIuPGtEJme8dsrof-xs2jrUm5qStfFfwr2udY--1EVV-6WsIBplT477ZwRH-
mxFFxIKb50N-ainRswmdfji3By8tPzrbz5g-

EBsbNhn9sacjllE6vzFhYilxqfHZJ5WbARQR1 c3RCEmMVHCR1& tn =%2C0%2CP-R

Eugenia Etkina
20. June
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Hi all, today | repost my yesterday's post as it was hidden under the welcoming message to
the new members and people might not have realized it was there. We have more new
members today - WELCOME and please read my post from yesterdays with the directions of
what to do.

For the repeat of the yesterday's post: please comment: what are your approaches to
questioning students to make them relaxed and comfortable? Here is my yesterday's post:

Today my post is about questions that we ask (I will discuss the questions that students ask
or should ask, tomorrow). When you read the post to the end, please do not forget to respond
to it (like or comment).

Over the years | came up with the names of "open" questions and "closed" questions for the
oral questions that we ask in class (not the questions in the handouts, for those, please see
OALG files posted here). Open questions assume multiple correct answers or they even do
not care about the correctness, just students' ideas. Multiple students are welcome to answer.
Closed questions assume one right answer and one person who knows it. For example, you
are interested in how your students understood the concept of acceleration. You might ask:
Who knows what acceleration is?

Or: What is acceleration?

Or: What is the definition of acceleration?

All these questions assume confidence in those who answer and the existence of one right
answer. These are closed questions.

How to turn them into open questions? Here are some examples:

Please tell me what you "see" when | say the word "acceleration"”.

Please give me two examples of real objects that move with acceleration. How will you know?
Think of a few differences between velocity and acceleration.

Eugenia says: "Acceleration is the change in velocity". Why would she say this? Do you agree
with her? If you disagree, how you help her agree with your point of view?

David says that an object with acceleration of 5 m/s/s speeds up and an object with
acceleration of -5 m/s/s slows down. Eugenia disagrees. What can be possible reasons for
her disagreement?

How would you explain the idea of acceleration to somebody who has never studied physics?
Please give me an example of an object that has positive acceleration and is slowing down
and negative acceleration and is speeding up.

How do you know if an object is accelerating?

What are your thoughts about acceleration?

How would you represent an object slowing down with a motion diagram?

If you compare the first set of questions to the second, you will find that in the second set each
question assumes the existence of multiple answers and no one needs to know all of them.
Therefore the "fear of the wrong answer" barrier is reduced and many more students can
participate.

In general | avoid starting my questions with: What is XX? What is the answer to XX? Who
knows XX?

The next step is how to elicit answers to the questions. Sometimes | think that a question is
easy and everyone should be able to answer it. Then | ask the whole class and wait for
volunteers. | try not to call on the same person the second time before all others had a chance
to participate and try not to miss girls holding their hands (as you know, they are often
invisible). But if after 10 -15 seconds no hands rise up, | say: OK, let's have 2 minutes in your
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groups to come up with ideas and then we will share them. This approach reduces the need
for an immediate personal right answer even more.

In general, to invite more students to answer your questions, it is useful to start them with:
What are your thoughts about XX? What are your ideas? How would you approach XX? What
is your image of XX? How can we convince XX in XX? Tell me more about XX... Who can add
to XX? Any ideas about how we can explain XX? Any ideas how we can test XX?

The next step is when somebody answers, | do not validate. | keep a straight face and ask the
rest of the class - What do you think? The goal is to communicate the message that | am not
the final authority, that they need to figure it out themselves. ("What do you think?" is called a
Reflective Toss - the name coined by Jim Minstrell a long time ago.) Then somebody in the
class responds and | stay back until the discussion between the students starts. Open
questions invite or trigger discussions, closed questions do not.

What is your approach to questions? Please post here. And please do not forget to respond
to this post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1193839484768495/? cft [0]
=AZV3UepTJkOXNFV2GK9EK6BhZaFsphPW959DPTH4K41 PKV1sbM602Ar5BNVRO7-
wZGDP1yw Tjzbn4whN8Vki1O2TSFr8xyXhCKCh529yVBx-BgmjOZsS4FEn4w-
cB1v7eng2X7fVDgf4R1Eihgz1gz6DTXSxzbbdLWSg2L X7R5fL97mAKFurOfQVcerKCkdaHMO
& th =%2C0%2CP-R

Eugenia Etkina
21. June

Hi all, today | continue to talk about questions. Two things before | starts: 1) We have many
new members again - WELCOME! To benefit from the group, please read the post from 2
days ago and the welcoming message on the top of the group. 2) Do not forget to respond to
the post after you read it to make it more visible.

Yesterday | talked about teachers asking questions. This time it is about students asking
questions. Although "Asking questions" is the #1 science practice in the Next Generation
Science Standards, in a teaching practice we have tools to reward students for good answers
but not for good questions. Have you ever given a grade to your student for asking a good
question? And what are good questions?

If you look at the history of physics, the scientists who we all know are those who dared to ask
a question about something that everyone else accepted as true (dogma in a way). Galileo
asked whether it was true that all objects fall at constant speed with that speed proportional to
their mass (Aristotelian dogma). Newton asked how the Moon orbits Earth. Einstein asked
how we can figure out what would happen if we could travel on a light ray or be placed in a
closed elevator in a free fall - would you know that you are not standing on Earth? So, bottom
line, asking good questions is as important, even if not MORE important than giving good
answers.

When | was teaching high school, on the first day of class, | would tell my students that
questions were very important and if anyone asked a great question (I would be the person to
judge that), this person would receive the same number of points as they would on a perfectly
correct test. And during my teaching about 1 person per term would get these points. And
everyone clapped when | would say" "This question is a great question, such and such
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https://www.facebook.com/groups/320431092109343/posts/1193839484768495/?__cft__%5B0%5D=AZV3UepTJk0xNFV2GK9EK6hZaFsphPW959DPTH4K41_PKV1sbM6o2Ar5BNvRO7-wZGDP1yw_Tjzbn4whN8Vki1O2TSFr8xyXhCKCh529yVBx-BgmjOZsS4FEn4w-cB1v7eng2X7fVDgf4R1Eihgz1qz6DTXSxzbbdLWSg2LX7R5fL97mAkFurOfQVcrKCkdaHM0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1193839484768495/?__cft__%5B0%5D=AZV3UepTJk0xNFV2GK9EK6hZaFsphPW959DPTH4K41_PKV1sbM6o2Ar5BNvRO7-wZGDP1yw_Tjzbn4whN8Vki1O2TSFr8xyXhCKCh529yVBx-BgmjOZsS4FEn4w-cB1v7eng2X7fVDgf4R1Eihgz1qz6DTXSxzbbdLWSg2LX7R5fL97mAkFurOfQVcrKCkdaHM0&__tn__=%2CO%2CP-R

scientist asked it too and this is what happened after - | would tell a short story - and the
student who asked it would receive the points". Of course, it is a subjective decision but in all
my years of teaching no student ever argued that some question that | found worthy of the
points was not. Often, a good question would change my lesson plan and we would continue
our investigations to answer it. This is true even for questions that were not this remarkable -
| tried to show my students that almost every question they asked made me change what |
planned to do and follow the "need to know". However, we all know, that sometimes the
questions are irrelevant or distracting. For those we need all our tact to show the student that
we respect the question but it is out of the field of our studies or that it will be answered later.
Now, how do we teach students to ask good questions? First, the students should feel safe to
ask. Neither we, nor other students should ever comment or make make fun of a person asking
a question. But this is not enough. The same way as we teach students to reason like
physicists, or to read the textbook as experts (interrogation method that is described in the first
chapter of our textbook and in the activities in the 1st chapters of the ALG and OALG), we
need to teach them to ask good questions. The whole ISLE approach lends to good questions.
Below | will give a few examples of good questions based on the ISLE process:
Observational experiments questions: How do we infer a pattern from these data? How do we
best represent the data? How can we explain the pattern? How many different explanations
can we devise for the pattern? How do | know if it is a good idea to linearize data to find the
pattern?

Model/explanation/hypothesis development questions: How do | start thinking about making
mathematical model for the pattern? How do go about finding a mechanism? How do | know
that my explanation is correct? How do | design and experiment to test the
model/explanation/hypothesis? How do | know if this is a good experiment?

Testing experiment questions: How do | make a prediction of the outcome of the testing
experiment using the hypothesis under test? How do | know if my experiment would give me
the outcome that will allow me to differentiate between two hypotheses that | have? Were there
any additional assumptions did | make when | made the prediction? How can | validate them?
How do | determine the uncertainty in my result? How do | know if my experiment ruled out
the hypothesis/model/explanation?

I can go on the make a list of good questions for application experiments and for different
multiple representations, but you probably already see the pattern here. Almost all good
question start with How do | know this? (best questions ever) or How do | do such and such?
and NOT with the word WHAT. Note also, that | did not list any good questions that start with
the word WHY. Why is that? (no pun intended) While the students often ask the questions
starting with WHY, those are in fact the questions that have HOW in them. Sometimes though
"Why" questions hide the purpose of the phenomenon, not how it happens. And if you answer
them, then often the answer is anthropomorphic (Anthropomorphism is the attribution of
human traits, emotions, or intentions to non-human entities. It is considered to be an innate
tendency of human psychology). For example: why do objects fall down on Earth? Answer:
because they want to be in a state with the smallest gravitational potential energy. In fact, the
objects do not want anything, and we just gave them human characteristics with our answer.
Most famous answer to the question WHY was given by Newton who was asked WHY gravity
exists. He said that he did not care why, he only cared HOW to describe it.

To teach students to ask good questions you need to model them and to explain to the student
why )) a specific question is good. And of course, to reward them, as | described above.
We have examples of such questions in our materials, for specific elements of the ISLE
process - in the labs at https://sites.google.com/.../scientificab.../isle-based-labs
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A long time ago we did a study correlating the quality of the questions that students asked
about the material once a week as a homework assignment and their learning gains. Those
who asked questions that | described as "good" above has significantly higher gains than
those who focused on "what" type of questions. | will post the paper later, Facebook does not
allow me to add the file to this post as | already put a link. Please, if you read to the end, do
not forget to like or reply to the post. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1194692024683241/? cft [0]

=AZVVAJkHdZ7H4JVQ9iGBzdP8gTBJkPpPpS8WwQ CM6PmMjO4b8XwJtxWI7TSTrXsjhyG

LEe7RNTOIxYsVJ1kL190xe1DBHIOmM4EANIN3wQ nyvi6osAalwlIXwGMhqg-

C3tiZSghdQVW3zmQ8fRm4PQ R5TarUHLDpR70PYIGKk377FB3jYzptkWb0aWApc6Gjs0&
th  =%2C0%2CP-R

Eugenia Etkina
22. June

Hi all, three things today (and please do not forget to like or comment on the post when you
finish reading it):

First | wanted to welcome new members - our community is growing every day. New members,
please read my posts from 2 days ago to learn how to benefit from the group and please ask
questions!

Second, | am posting the paper about the relationship between the quality of students'
questions and their learning gains.

Third, when | talked to Paul Bunson who led the workshop on relativity last Saturday, he told
me that many attendees said that they are not familiar with the ISLE approach. As our group
is for those who are using the ISLE approach, or learning to use it and who are using our
textbook "College Physics: Explore and Apply" (both regular and AP editions), | am wondering
how else | could help people learn about the ISLE approach. We have regular workshops
about it (we just finished an 8 hour workshop), we have monthly meetings during the school
year, there is a website with the description and resources at islephysics.net and lots of
materials posted here in the FILES. What else can we do to help people learn about the ISLE
approach? All your suggestions are welcome!

https://www.facebook.com/groups/320431092109343/posts/1195341377951639/? cft  [0]
=AZVhunXYfCYNChkp5QmmIKtS5VgJDgmidkabQpgr3ZeNUOUrrAxpPro39y7iGN8vUYQOU
hUdrDJQwnNnEKRN3ryolv9Jp0siCg2cb3S6Sm8wm2G8ghcXioxKC-
NMFMIP6N7u2T80s3bDVZ0xSJt5NUq utYfupToOV7PKo7 Pd-
mMG4zHgUsImhKCUPjOck6Q 8U5SDxFs3a8xUNrKk6oHk j9& tn  =%2C0%2CP-R

Eugenia Etkina
23. June

Hi all, today my post is about the new types of problems that we have in our textbook College
Physics: Explore and Apply (the cover of the book is the cover of this Facebook group). But
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https://www.facebook.com/groups/320431092109343/posts/1194692024683241/?__cft__%5B0%5D=AZVVAJkHdZ7H4JVQ9jGBzdP8qTBJkPpPpS8WwQ_CM6PmjO4b8XwJtxWI7TSTrXsjhyGLEe7RNTOIxYsVJ1kL19Oxe1DBHIOm4EANln3wQ_nyvi6osAaIwllXwGMhqq-C3tiZSghdQVW3zmQ8fRm4PQ_R5TarUHLDpR70PYlGKk377FB3jYzptkWb0aWApc6Gjs0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1194692024683241/?__cft__%5B0%5D=AZVVAJkHdZ7H4JVQ9jGBzdP8qTBJkPpPpS8WwQ_CM6PmjO4b8XwJtxWI7TSTrXsjhyGLEe7RNTOIxYsVJ1kL19Oxe1DBHIOm4EANln3wQ_nyvi6osAaIwllXwGMhqq-C3tiZSghdQVW3zmQ8fRm4PQ_R5TarUHLDpR70PYlGKk377FB3jYzptkWb0aWApc6Gjs0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1194692024683241/?__cft__%5B0%5D=AZVVAJkHdZ7H4JVQ9jGBzdP8qTBJkPpPpS8WwQ_CM6PmjO4b8XwJtxWI7TSTrXsjhyGLEe7RNTOIxYsVJ1kL19Oxe1DBHIOm4EANln3wQ_nyvi6osAaIwllXwGMhqq-C3tiZSghdQVW3zmQ8fRm4PQ_R5TarUHLDpR70PYlGKk377FB3jYzptkWb0aWApc6Gjs0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195341377951639/?__cft__%5B0%5D=AZVhunXYfCYNChkp5QmmlKtS5VgJDqmidkabQpgr3ZeNUOUrrAxpPro39y7jGN8vUYOUhUdrDJQwnNnEKRn3ryolv9Jp0siCg2cb3S6Sm8wm2G8qhcXioxKC-nmFMlP6N7u2T8os3bDVZ0xSJt5NUq_utYfupToOV7PKo7_Pd-mG4zHgUslmhKCUPjOck6Q_8U5SDxFs3a8xUNrKk6oHk_j9&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195341377951639/?__cft__%5B0%5D=AZVhunXYfCYNChkp5QmmlKtS5VgJDqmidkabQpgr3ZeNUOUrrAxpPro39y7jGN8vUYOUhUdrDJQwnNnEKRn3ryolv9Jp0siCg2cb3S6Sm8wm2G8qhcXioxKC-nmFMlP6N7u2T8os3bDVZ0xSJt5NUq_utYfupToOV7PKo7_Pd-mG4zHgUslmhKCUPjOck6Q_8U5SDxFs3a8xUNrKk6oHk_j9&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195341377951639/?__cft__%5B0%5D=AZVhunXYfCYNChkp5QmmlKtS5VgJDqmidkabQpgr3ZeNUOUrrAxpPro39y7jGN8vUYOUhUdrDJQwnNnEKRn3ryolv9Jp0siCg2cb3S6Sm8wm2G8qhcXioxKC-nmFMlP6N7u2T8os3bDVZ0xSJt5NUq_utYfupToOV7PKo7_Pd-mG4zHgUslmhKCUPjOck6Q_8U5SDxFs3a8xUNrKk6oHk_j9&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195341377951639/?__cft__%5B0%5D=AZVhunXYfCYNChkp5QmmlKtS5VgJDqmidkabQpgr3ZeNUOUrrAxpPro39y7jGN8vUYOUhUdrDJQwnNnEKRn3ryolv9Jp0siCg2cb3S6Sm8wm2G8qhcXioxKC-nmFMlP6N7u2T8os3bDVZ0xSJt5NUq_utYfupToOV7PKo7_Pd-mG4zHgUslmhKCUPjOck6Q_8U5SDxFs3a8xUNrKk6oHk_j9&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195341377951639/?__cft__%5B0%5D=AZVhunXYfCYNChkp5QmmlKtS5VgJDqmidkabQpgr3ZeNUOUrrAxpPro39y7jGN8vUYOUhUdrDJQwnNnEKRn3ryolv9Jp0siCg2cb3S6Sm8wm2G8qhcXioxKC-nmFMlP6N7u2T8os3bDVZ0xSJt5NUq_utYfupToOV7PKo7_Pd-mG4zHgUslmhKCUPjOck6Q_8U5SDxFs3a8xUNrKk6oHk_j9&__tn__=%2CO%2CP-R

before | go on, | wanted to welcome our new members - we got more new members yesterday
- WELCOME and remind you to like the post or comment on it to make it more visible.

Now - about the problems. Traditional physics problems are word problems describing a
situation and a student needs to find the right answer (there is always one right answer to
those problems) and all the simplifications of the situation are given. Such problems in
cognitive studies are called "puzzles" as they require to put the pieces together in one right
combination.

Real problems do not have one right answer and demand the solver to make simplifying
assumptions and evaluate their effect on the answer (they require epistemic cognition).
Workplace studies show that those types of reasoning are lacking among college graduates.
College Board recognized the limitations of puzzles and revised its AP exams to reflect the
importance of the problems that assess conceptual reasoning, ability to work with real data
and multiple representations.

In our textbook the types of problems that we have addressed both issues - developing
epistemic cognition and preparing students to solve AP types of problems. In addition these
new types of problems help students learn to reason like physicists - one of the major goals of
the ISLE approach. | attached the table that classifies our non-traditional types of problems
and in the next 10 days or so | will post examples of each type and discuss how this specific
type develops epistemic cognition and helps students learn to think like a physicist. This table
is in the first chapter of the Instructor Guide posted here in the FILES.

| also want to mention that our textbook is the only textbook on the market that has these
different types of problems. If you read to the end, please do not forget to respond to the post.
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Type of problem Keywords Description
Ranking tasks (RAT) | Rank, The students have to rank the values of a certain physical quantity in
compare different situations in descending or ascending order.
Choose answer and The students have to choose the correct answer AND the correct
explanation (CAE) matching explanation (cause-effect or mechanistic) in order to get
full credit
Choose measuring procedure The students have to choose (or propose) the correct (or the best)

procedure (MEP)

experimental procedure that will allow to measure/determine a
certain quantity.

Evaluate (reasoning,

Evaluate, your

The students have to critically evaluate reasoning of some

solution. ..) (EVA) friend says, (imaginary) persons or evaluate the suggested solution to the
agree, problem (given either in words, graphs, diagrams or as equation).
explains, The students have to recognize productive ideas (even when they are
reconcile, embedded in incorrect answers) and differentiate them from
comment on unproductive ideas.

Make judgment Hypothesize, | The students have to make judgement about one or more hypotheses,

(based on data) decide based on data or other forms of evidence that are given in the

(MJIL) problem, sometimes taking uncertainties into account.

Linearization (LIN) First, the students have to write the equation that describes the

relevant situation. Then they have to rearrange the equation to obtain
a linear function (note that independent and dependent variables in
this function can be any function of data given in the problem).
Students then draw the graph, plot the best-fit line, and determine
unknown quantities using the best-fit line. These problems help
students combine knowledge of physics, the ability to “read and
write” with graphs, he ability to manipulate equations, and the
ability to recognize linear dependence in non-standard situations.

Multiple possibility Everything The students have to list as many quantities as they can that can be

and TELL ALL you can, tell determined based on data given in the problem, or tell everything

(NPO) all, make a they can about the physical attributes of the objects that appear in the
list, all text or relations between them. Normally, students are required to
possible determine the values for only few of the quantities that they identify.

These problems allow all students to feel successful.

JEOPARDY (JEO) Jeopardy, The students have to convert a representation of a solution into a
invent a problem statement. If the solution is given in a form of an equation,
problem, pose | they need to understand the meaning of the quantities and their units.
a problem Such problems emphasize the value of units.

Design an experiment | Design, The students have to design an experiment, an experimental

(or pose a problem) invent, write procedure or a device that will allow the, to measure/determine

(DEX) yOur own certain physical quantities or that would meet specific requirements.

problem, pose

The students have to pose a problem that involves certain objects
with given characteristics. Often there is an additional requirement
that the solving the problem should involve the use of a particular
physics topic/law/principle. The students may also need to do an
additional literature search.

Problem based on
real data (RED)

The students have to solve problems that are based on real data,
obtained in real-life situations, often using easy available equipment
and/or equipment that is typically used in student labs. The types of
problems may be traditional or any of the types presented above.
The students need to deal with uncertainties, anomalous data and

assumptions and to propose meaningful models.

https://www.facebook.com/groups/320431092109343/posts/1195829324569511/?

cft

[0]

=AZXh4_dCMIv3FDapEBrhAsHBtXUOoXBJ CChf3dd6NWLPixoiXHpkQTgh5oVcFA4Tr7At

PDRTxGaulcmm6PHshfeS1L29Gk _mSIwttOJduFASFigAGDKk5IVgt-

rahs97NyPu002LQgKyFZQ2vxDi8KZGCwRcL12rS6d0MVNvwoGDgbe62tAxA9AIzFJoWHuU

tn

=%2C0%2CP-R

Eugenia Etkina
24. June

Hi all, | continue my series of posts about problem types. In the table that | posted yesterday
(THANK YOQOU for responding so enthusiastically to it, the number of those who saw the post
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https://www.facebook.com/groups/320431092109343/posts/1195829324569511/?__cft__%5B0%5D=AZXh4_dCMIv3FDapEBrhAsHBtXUOoXBJ_CChf3dd6NWLPixoiXHpkQTgh5oVcFA4Tr7AtPDRTxGau1cmm6PHshfeS1L29Gk_mSlwttOJduFASFigAGDk5IVgt-rahs97NyPu002LQgKyFZQ2vxDi8KZGCwRcL12rS6d0MVNvwoGDqbe62tAxA9AlzFJoWHuUzkc&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1195829324569511/?__cft__%5B0%5D=AZXh4_dCMIv3FDapEBrhAsHBtXUOoXBJ_CChf3dd6NWLPixoiXHpkQTgh5oVcFA4Tr7AtPDRTxGau1cmm6PHshfeS1L29Gk_mSlwttOJduFASFigAGDk5IVgt-rahs97NyPu002LQgKyFZQ2vxDi8KZGCwRcL12rS6d0MVNvwoGDqbe62tAxA9AlzFJoWHuUzkc&__tn__=%2CO%2CP-R

is almost 700! Please continue to respond to every post you read!) the first type is RAT (cool
name) - Which means Ranking Tasks.

Ranking tasks develop metacognition as they invite the solvers to compare and contrast
different answers. Research shows that one learn what something IS when they know what it
IS NOT. Sounds complicated, right? Here is an example of comparing and contrasting
question (also from our textbook): Give an example of. situation when the velocity of an object
is zero but acceleration is non-zero. Here you can see how comparing and contrasting allows
a student to REALLY understand the difference, especially those who confuse v with delta v.
Now back to ranking tasks that achieve exactly the same goal. While this is not exactly a new
type of problems, the way we approach it is different. Traditionally, such problems are similar
to multiple choice questions, only instead of choosing one answer you need to rank the given
ones in order of increasing or decreasing (this ranking allows the students to compare and to
contrast). Below | show one example that illustrates how our approach is different. We ask the
students to come up with several answers themselves and then rank them in order of
increasing or decreasing. | am attaching a screen shot of the problem, it is from Chapter 7. |
invite you to post your answers (it was found to be very difficult for the students and even for
physics teachers).

In addition to this example, | am pasting the list of non-traditional problems of all types in
Chapter 7. The list is from the Instructor Guide - posted here in the FILES or available freely
from Mastering Physics website. If you have our textbook, | strongly recommend downloading
the Instructor Guide and studying every chapter before you plan your instruction for the topic.
Especially if you are teaching AP 1 or 2. See below how we provide help choosing non-
traditional problems.

Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P7.72

Choose answer and explanation (CAE): Q7.10, Q7.14, Q7.22

Evaluate (reasoning or solution...) (EVA): Q7.13, Q7.16, Q7.21, P7.29, P7.43, P7.44, P7.75
Make judgment (based on data) (MJU): P7.52, P7.53

Multiple possibility and tell all (MPO): P7.16, P7.28

Jeopardy (JEO): P7.39, P7.40, P7.41, P7.42

Design an experiment (or pose a problem) (DEX): Q7.17, P7.74, P7.80, P7.82

If you finished reading, please respond to the post! Thank you!
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72. * A spherical street lamp accidentally explodes. Three equal pieces A, B,
and C fly off the lamp holder with equal speeds but in different directions,
as shown in Figure P7.72. (a) Compare the speeds with which each piece
hits the ground. (b) Compare qualitatively the times needed for each piece
to reach the ground. Indicate any assumptions that you made.

FIGURE P7.72

https://www.facebook.com/groups/320431092109343/posts/1196479671171143/? cft _[0]
=AZVkIuUFj5dzkbQpRJ]N9E06LWEGoy-8MHVi7HtbLKMjtMRX6 UANO3JGX-
gjHahs10YWGTYKEXd5jhUZGYALmMvnVg4RtvWYpCtLEpldHXxQAWYkrZK1BYttDVgctWavC
arqgeZHPLH15r0Z42kXjaXmvQrQ2LnLcsErzwRg1k-

IPOUWGWE3qqZI4BivAq3QyUYaes& tn =%2C0%2CP-R

Eugenia Etkina
26. June

Hi all, thank you for your responses to my yesterday's post. Today | continue with the problem
types and the topic is EVA - Evaluate Reasoning and Solution. Please do not forget to respond
to the post after you finish reading it.

In EVA problems and questions students are asked to evaluate somebody else's reasoning or
answer. It can be an equation that somebody derived and the students need to evaluate it
using limiting cases, or a statement that somebody made and the students need to first reason
how that person reasoned, compare their reasoning to the reasoning of that person and
sometimes even convince that person in their reasoning.

In these problems and questions the students practice metacognition and epistemic cognition
as they need to think about somebody else's thinking, and evaluate reasoning and
assumptions. These are the highest levels of cognition and they are not developed at all by
solving traditional problems. Research by Aaron Warren showed that ISLE students taught in
systematic evaluation outperform other ISLE students on traditional problems. (If you are
interested, | will post his paper in PhysREV PER.)

| cannot attach two things to one post unfortunately. | am attaching one example from Chapter
8 (Statics) and challenge you to solve it.
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I am also pasting the list of other non-traditional problems in this chapter. | paste them for the
chapters from which | take the examples each day so that you can see the richness and
abundance of such problems in our textbook. If you do not have the textbook, reach out to
your Pearson rep and get an examination copy ASAP! Please do not forget to respond to the
post once you finish reading it, thank you!

Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P8.67

Evaluate (reasoning or solution...) (EVA): Q8.11, Q8.14, P8.56, P8.57, P8.58, Multiple
possibility and tell all (MPO): Q8.16, P8.3, P8.17, P8.18

Design an experiment (or pose a problem) (DEX): Q8.22, P8.58, P8.59

Problem based on real data (that students can collect by themselves) (RED): P8.17, P8.56
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57. * (O ' While browsing books on neurophysiology, you come across a
book published in 1967 by Soviet neurophysiologist Nikolai Aleksan-
drovich Bemstein, The Co-ordination and Regulation of Movements, in
which he describes a technique to determine the mass of a part of the
human body if the position of the center of mass of that body part is known.
His technique for determining the mass of the forearm is described as fol-
lows: The person lies on a support board, as shown in Figure P8.57. Two
readings of the scale are taken: first with the forearm held in position 1 (m,)
and second with it in position 2 (m,). Knowing the distance from the elbow
to the center of mass of the forearm (d,.) and the distance between the knife
edges supporting the board (D), the mass of the forearm and hand can be
calculated from the following expression:

D(my — my)

d.

(a) First, without deriving the expression, evaluate it to see if it is reasona-

ble. Are the units correct? Is the sign of the expression positive? Are quali-

tative dependences reasonable? (b) Now derive the expression. (¢) Why do
you think it is important to place the support board on knife edges instead
of rigid blocks?

iy =

FIGURE P8.57
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https://www.facebook.com/groups/320431092109343/posts/1197806027705174/?  cft

=AZWX5Tn2PXKaugzLkGhXTIGh3zuj9QNgDgU7bkMogTc3mijkJfuRs2XpnL7Ycul1zJgnklV2

rvADFsjY6HYyWoS3orMTwPS3hkQwwMsJ6p6WceS-

QRst7G4Bgxg y4c78MCLbal3gBR8H59eib9XJDwHLRIvgdxre1-WhvxJWE-

sf8Ve7G_K7118]HQADSEMbawEGs& tn =%2C0%2CP-R

Eugenia Etkina
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27. June

Hi all, today the post is about MEP problems - Choose Measuring Procedure. Those are
extremely useful for AP and simultaneously very ISLEish as in the ISLE approach the students
continuously engage in experimental design. When you finish reading, do not forget to respond
to the post to make it more visible.

As, always | first comment on the levels of cognition involved in solving every type of problems.
The MEPs are golden in this respect as they involve all three levels - cognition - as the student
needs to understand the content, metacognition as they need to think how to approach the
design and epistemic cognition (the highest level) as they need to evaluate all given
procedures to decide what is relevant, useful, possible, etc.

| am attaching a problem from Chapter 19 - Electric Circuits and, as always, the list of other
non-traditional problems available in this chapter. Please offer your answers! And, please do
not forget to respond to the post after you finish reading it and solving the problem!
Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P19.16, P19.17, P19.51

Choose measuring procedure (MEP): P19.78

Evaluate (reasoning or solution...) (EVA): Q19.25 Q19.28, P19.24, P19.71

Make judgment (based on data) (MJU): Q19.12

Multiple possibility and tell all (MPO): P19.13, P19.25, P19.53, P19.54

Jeopardy (JEO): P19.39

Design an experiment (or pose a problem) (DEX): Q19.19, P19.9, Q19.26, P19.60, P19.70,
P19.74

Problems based on real data (RED): P19.52
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78. ** Jesse needs to determine the resistance of a resistor. Which method
should he use? If you think that more than one of the described methods
is useful, compare your choices and explain which would give the most
accurate result. Describe any assumptions that you made. The final step in

AV
all methods is to calculate the resistance of the resistor as R = T

(a) Connect a voltmeter to a battery’s terminals. Record the voltage
reading AV. Then (in a different experiment) connect the battery, the
resistor, and an ammeter in series. Record the current reading /.

(b) Connect a battery, the resistor, and an ammeter in series and connect a
voltmeter in parallel to the resistor. Record the current reading [ and
the voltage reading AV.

(c) Connect a battery, the resistor, an ammeter, and a voltmeter in series.
Record the current reading 7 and the voltage reading AV.

(d) Connect a battery, the resistor, and an ammeter in series and connect a
voltmeter in parallel to the ammeter. Record the current reading 7 and
the voltage reading AV.

(e) Connect a battery, the resistor, and an ammeter in series. Record the
current reading /. Then (in a different experiment) connect the resistor
to the battery and a voltmeter in parallel to the resistor. Record the
voltage reading AV.

https://www.facebook.com/groups/320431092109343/posts/1198636734288770/? cft  [0]
=AZW4 ujtJSKIWI2Ir-ZmDIMVYWoFEU4Ho6jyZSGFHErN-
qlbknrrOfwD74Yw3b0IE2XTtx1sc1QxERbrlb gKB 1-

dehdmrzXOJORUSFTAX8 oftW2vizB A KvejUJASTDQN02kJ75IbWq27cgb2Q-
| DBNCSlo k9Ze pFpz Vp9yPN1HgJbJzZqWSytULIE& th  =%2C0%2CP-R

Eugenia Etkina
28. June

Hi all, today my post is about the MJU problems - Make Judgment based on Data. As the
previous types - it is very common for AP exams and is very ISLEish. Hmmm - | have been
writing this a lot lately. Interesting, how AP exams are aligned with the goals of the ISLE
approach. Only the ISLE approach was developed much earlier. | do not think that AP
developers used the ISLE framework to write the curriculum and make the exams, but | think
the match means that the goals that we set for ISLE many years ago are very timely and many
educators share them. So, we have MJU problems today, and please do not forget to like or
comment on the post after you finish reading it and solving the problem. Yesterday's problem
is still not attempted.

In the MJU problems the students are given quantitative or qualitative data and they need to
invent a hypothesis or decide which of the given hypotheses might explain or account for the
data. This is an authentic scientific problem as in many fields of physics the scientists do not
collect their own data but have to analyze and make sense out of the data collected by
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somebody else. For example in X-ray astrophysics the data come as tables of photon counts
collected by X-ray satellites and astrophysicists have the model these data to decide - Is it a
pulsar? A Supernova remnant? A black hole? So the MJU problems are as authentic as they
get... Needless to say that they develop the highest level of cognition - epistemic cognition as
the solver needs to make a decision about the data and evaluate the reasonableness of the
decision.

| am attaching a screen shot of my favorite MJU problem in the whole book. It involves one of
my stuffed toys - a Piglet (a friend of Winnie the Puh, who | have too) and therefore is very
human. Plus the data are awesome - unexpectedly. | was shocked when we analyzed them.
The video was taken, of course, by Gorazd Planinsic. Please take a minute to analyze the
data!

The follow-up problem explaining the reasons for the data to be this way is in Chapter 4: (84.
*In the situation of Problem 2.71 (Chapter 2) and using the data in the accompanying table,
determine the coefficient of kinetic friction between Piglet and the wooden floor.)

| am also pasting all other non-traditional types of problems in this chapter. Notice that it is
Chapter 2 in the textbook, just the beginning, and the list is huge. This means that we want
the students to consider these problems "normal" physics problems, they will be "traditional”
for them if they have to solve them from the beginning. The audience that resists these
problems are the teachers, actually, not the students, as such problems take them out of their
comfort zone. If you finish reading the post, please respond! Thank you!

Non-traditional end-of-chapter questions and problems

Choose answer and explanation (CAE): Q2.8

Choose measuring procedure (MEP): Q2.11

Evaluate (reasoning or solution...) (EVA): Q2.28

Make judgment (based on data) (MJU): P2.71

Multiple possibility and tell all (MPO): P2.18, P2.24, P2.25, P2.39, P2.59 Jeopardy (JEO):
Q2.22, P2.17

Design an experiment (or pose a problem) (DEX): Q2.27

Problem based on real data (that students can collect by themselves) (RED): P2.71, P2.75,
P2.76, RP2.

RP is the Reading Passage. If you are teaching pre-med students, these reading passages
and supporting MC questions are a must!
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71. * While babysitting their
younger brother, Chrisso
and Devin are playing
with toys. They notice that
the squishy Piglet slows
down in a repeatable way
when they push it along
the smooth wooden floor.
They propose a hypothesis
that the toy slows down
with a constant acceleration, which does not depend on the toy’s initial
velocity. For each of five different initial speeds, they measure the distance
traveled by the toy from the time they stop pushing it to the time the toy
stops moving, and they measure the corresponding time interval. Their data
are presented below. Do the data support their hypothesis? Explain. If yes,
determine the average acceleration of Piglet and the maximum speed with

which Chrisso and Devin push Piglet.

Experiment # Distance (m) Time ()

1 0.96 0.65
2 2.84 1.12
3 1.72 0.87
= 2.53 1.05
5 0.62 0.53

https://www.facebook.com/groups/320431092109343/posts/1199130140906096/? cft [0]
=AZWxIQqgcojoPWKkGyBwmD8dsQWNgol9bufmcZj1pRg2 U0OM2zKQ6tglbT2b2SLrgMSjulLx-
yayBmijrlAimAgZ MILh2bYaTLjUo7XtgaTukrZanvaM9y4TKjDK59VndY7Mtbfley5xySBpC7p
LgY8P9khK7WhzPv2008YGps3vq3PWd7LhTYCZONyuvga7De2sNc& tn =%2C0%2CP
-R

Eugenia Etkina
29. June

Hi all, | continue today with new types of problems, but before | do it, | wanted to WELCOME
our new members (please see Hrvoje Miloloza's post today to find what has been posted here
over the years) and try learn about the ISLE approach which is the foundation of everything
we do here. To do this, go to islephysics.net and study as much as you can there. And when
you read the post, do not skip "liking" it or commenting - your response makes the post more
visible for others.
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https://www.facebook.com/groups/320431092109343/posts/1199130140906096/?__cft__%5B0%5D=AZWxlQqcojoPWkGyBwmD8dsQWNqoI9bufmcZj1pRq2_U0M2zKQ6tglbT2b2SLrgMSjuLx-yayBmjrlAjmAgZ_MlLh2bYaTLjUo7XtgaTukrZanvaM9y4TKjDK59VndY7Mtbfley5xySBpC7pLgY8P9khK7WhzPv2O08YGps3vq3PWd7LhTYCZONyuvga7De2sNc&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1199130140906096/?__cft__%5B0%5D=AZWxlQqcojoPWkGyBwmD8dsQWNqoI9bufmcZj1pRq2_U0M2zKQ6tglbT2b2SLrgMSjuLx-yayBmjrlAjmAgZ_MlLh2bYaTLjUo7XtgaTukrZanvaM9y4TKjDK59VndY7Mtbfley5xySBpC7pLgY8P9khK7WhzPv2O08YGps3vq3PWd7LhTYCZONyuvga7De2sNc&__tn__=%2CO%2CP-R

OK - now to problems. Today is the LIN problems - Linearization problems - the favorite of
Modeling Instruction approach, AP exams and most of all - physicists, as linearizing the data
is the skill that helps find functional dependencies in the data. This is how we describe such
problems (copied from the Instructor Guide):

First, students have to write an equation that describes the relevant situation. Then they have
to rearrange the equation to obtain a linear function (note that the independent and the
dependent variables in this function can be any function of data given in the problem).
Students then draw the graph, plot the best-fit line, and determine the unknown quantities
using the best- fit line. These problems help students combine knowledge of physics, the
ability to “read and write” with graphs, the ability to manipulate equations, and the ability to
recognize linear dependence in non-standard situations.

Sounds like a lot of achieved "with one stone"... The example | am pasting here is from Chapter
4 - Applying Newton's laws. This chapter is very special. If you did not study it in detail, |
strongly recommend as we have a different approach to friction there compared to the rest of
the world. | posted about this approach a few months ago, but if you are new to this group, or
just adopted the book or attended the workshop and got access to the e-book, do not skip 4 -
it will surprise you!

The chapter is also extremely rich with non-traditional problems - see for yourself:
Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P4.55, P4.56

Choose answer and explanation (CAE): Q4.4

Choose measuring procedure (MEP): P4.25

Evaluate (reasoning or solution...) (EVA): P4.39, P4.74

Make judgment (based on data) (MJU): P4.63

Linearization (LIN): P4.86

Multiple possibility and tell all (MPO): P4.18, P4.48, P4.93

Jeopardy (JEO): P4.14, P4.38, P4.59

Design an experiment (or pose a problem) (DEX):, P4.92

Problem based on real data (that students can collect by themselves) (RED): P4.19, P4.75

| challenge you to solve the problem - to determine the speed of the marble and the height.
Please share your solution here! And please do not forget to respond to the post when you
finish reading it, it will make the post more visible for other group members.
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86.

https://www.facebook.com/groups/320431092109343/posts/1200115027474274/?  cft

*# Debbie wants to determine the initial speed at which a spring toy
shoots a marble. She assumes the toy shoots the marble with the same
speed every time. She shoots the marble horizontally from different
heights, using different numbers of bricks with equal heights of 20 cm on
a table as a support (see Figure P4.86). In every experiment she records
the number of bricks and the distance D from the table the marble lands
(see the table at right). When she finishes collecting the data, she realizes
that she has forgotten to measure the distance between the surface of the
table and the floor, A. Determine the initial speed of the marble and the

distance h using Debbie’s data. (Hint:

This problem requires linearization. First, # of bricks D (m)
express distance D as a function of initial 0 0.42
speed of the marble and the height from '
which the marble is shot. Then rearrange 1 0.48
the equation to obtain linear dependence 9 0.54
on the height, plot the best-fit line, and de-

termine unknown quantities from the data 3 0.59
that you obtained from the graph.) 4 0.64

FIGURE P4.86

D 1

[0]

=AZWecNoTOESIDdZAPINPgFWYdVGyDwSnpX7TgYDwrRhap4PPMIlaBcbvEelOor-

N8VvGUDP2ZDCLXy0143904yhk91pYemMuOWuPO806VZO9Im2FUKoHISrU1ULBdkSOD

3VzQc1NQo5h4cRZ YIEfro3FBbP4nEs9lcTm4T44PJoWEmMYjubzukvf Bp8RI8eDOiG4&

t

n_ =%2C0%2CP-R

Eugenia
30. June

Etkina
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https://www.facebook.com/groups/320431092109343/posts/1200115027474274/?__cft__%5B0%5D=AZWecNoTOESlDdZAP9NPqFWYdVGyDwSnpX7TgYDwrRhap4PPMIaBcbvEel0or-N8VvGUDP2ZDCLXyo143q04yhk91pYemMuOWuPO8O6VZO9m2FUKoHISrU1ULBdkS0D3VzQc1NQo5h4cRZ_YlEfro3FBbP4nEs9IcTm4T44PJoWEmYjubzukvf_Bp8RI8eDOiG4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1200115027474274/?__cft__%5B0%5D=AZWecNoTOESlDdZAP9NPqFWYdVGyDwSnpX7TgYDwrRhap4PPMIaBcbvEel0or-N8VvGUDP2ZDCLXyo143q04yhk91pYemMuOWuPO8O6VZO9m2FUKoHISrU1ULBdkS0D3VzQc1NQo5h4cRZ_YlEfro3FBbP4nEs9IcTm4T44PJoWEmYjubzukvf_Bp8RI8eDOiG4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1200115027474274/?__cft__%5B0%5D=AZWecNoTOESlDdZAP9NPqFWYdVGyDwSnpX7TgYDwrRhap4PPMIaBcbvEel0or-N8VvGUDP2ZDCLXyo143q04yhk91pYemMuOWuPO8O6VZO9m2FUKoHISrU1ULBdkS0D3VzQc1NQo5h4cRZ_YlEfro3FBbP4nEs9IcTm4T44PJoWEmYjubzukvf_Bp8RI8eDOiG4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1200115027474274/?__cft__%5B0%5D=AZWecNoTOESlDdZAP9NPqFWYdVGyDwSnpX7TgYDwrRhap4PPMIaBcbvEel0or-N8VvGUDP2ZDCLXyo143q04yhk91pYemMuOWuPO8O6VZO9m2FUKoHISrU1ULBdkS0D3VzQc1NQo5h4cRZ_YlEfro3FBbP4nEs9IcTm4T44PJoWEmYjubzukvf_Bp8RI8eDOiG4&__tn__=%2CO%2CP-R

Hi all, today | continue with the types of problems. Please do not forget to respond to the post
after you finish reading it. But first | want to WELCOME to our new members (we have new
members every day!). Welcome, people! Please visit islephysics.net to learn about the ISLE
approach - the foundation of all the activities we discuss here and the textbook that is based
on it.

Today my post is about MPO problems - Multiple Possibility and Tell All problems. The goal
of these problems is epistemic cognition - the highest level of cognition, when the solver needs
to examine possible solutions depending on the assumptions and decide what they can
determine using the available data (this addresses the first intentionality of the ISLE approach
- helping students learn physics by practicing it). These problems also allow students of
different level of preparation to be successful, thus addressing the second intentionality -
helping students feel successful and develop their confidence and physics identity. | am
pasting below two problems from Chapter 18 Electric field and the list of other non-traditional
problems in this chapter, and a screen shot of one more problem from Chapter 20 -
Magnetism. Decide which one you would like to solve.

42** Earth’s electric field Earth has an electric charge of approximately -5.7 x 105 C
distributed relatively uniformly on its surface. Determine as many quantities as possible about
the electrical properties of the space around Earth. Use any additional information that you
need. Indicate any assumptions that you made.

52*The dielectric strength of airis 3 X 1076 V/m. As you walk across a synthetic rug, your body
accumulates electric charge, causing a potential difference of 6000 V between your body and
a doorknob. What can you can estimate using this information?

Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P18.32, P18.33, P18.57

Evaluate (reasoning or solution...) (EVA): Q18.7, Q18.16, Q18.17, P18.61 Make judgment
(based on data) (MJU): P18.58

Linearization (LIN): P18.59

Multiple possibility and tell all (MPO): P18.18, P18.42, P18.52

Jeopardy (JEO): P18.19, P18.20, P18.30, P18.31

Design an experiment (or pose a problem) (DEX): Q18.10, P18.34

If you finish reading (and solving the problems), please respond to this post to make it more
visible, thank you!

36, ** The magnitude of the B field inside a long solenoid is given by
the equation B = I (N/I), where N is the number of turns and [ is the
length of the solenoid. (a) Describe an experiment that can help you test
this relation. (b) Explain whether this equation is an operational definition
of the magnitude of the B field or a cause-effect relationship. (c) Powerful
industrial solenoids produce B field magnitudes of about 30 T. Estimate the
relevant physical quantities for such solenoids.

https://www.facebook.com/groups/320431092109343/posts/1200597920759318/? cft [0]
=AZXpLJzRpIXMGiiFh5HP2J4gnN7160wgni3gVx3Snt2TCIz8LOVmMUR9-tUOcstxwTyXR9-
YXErv9iCmYMkZb O3cXlsjLZvgEyA4n-
u7fYXGJYjoBMCOgwjfGO50iTMxI7YmZmwH8V0swCJ3qpv-
NviuzgmAwNYiewhamDQ8eUNYr2e Wik6RBhxBVBSsmQQpW o0& tn  =%2C0%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1200597920759318/?__cft__%5B0%5D=AZXpLJzRp9XMGiiFh5HP2J4gnN7160wgnl3gVx3Snt2TCIz8LOVmUR9-tUOcstxwTyXR9-YXErv9jCmYMkZb_O3cXlsjLZvgEyA4n-u7fYXGJYjoBMCOgwjfGO5oiTMxl7YmZmwH8V0swCJ3qpv-NviuzqmAwNYiewhamDQ8eUNYr2eWfk6RBhxBVBSsmQQpW_o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1200597920759318/?__cft__%5B0%5D=AZXpLJzRp9XMGiiFh5HP2J4gnN7160wgnl3gVx3Snt2TCIz8LOVmUR9-tUOcstxwTyXR9-YXErv9jCmYMkZb_O3cXlsjLZvgEyA4n-u7fYXGJYjoBMCOgwjfGO5oiTMxl7YmZmwH8V0swCJ3qpv-NviuzqmAwNYiewhamDQ8eUNYr2eWfk6RBhxBVBSsmQQpW_o&__tn__=%2CO%2CP-R
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Eugenia Etkina
1. July

Hi all, today | continue our discussions about non-traditional types of problems. But before |
start, we have more new members! WELCOME, people, to our community! To learn the
philosophy of the ISLE approach and resources available, go to islephysics.net and also
explore the FILES posted here. You will benefit from the group the most if you check the posts
every day.

Today the post is about JEO - Jeopardy problems. These are the problems that have an
answer in the form of an equation or another physics representation (graph, force diagram,
bar chart, etc.) and the student needs to come up with a problem or a situation for this answer
and make other representations. These types of problems were invented by

Alan Van Heuvelen and colleagues about 20 years ago and they appeared first in our very
first edition of the Active Learning Guide in 2005. Since then the spectrum of the problems
expanded and we have a lot of them in the textbook and the ALG/OALG.

The jeopardy problem that only use mathematical expressions of a solution and look very
unusual for the students at first and they do not know what to do with them. But these problems
are amazing at helping students to appreciate the role of units and learning to visualize
problem situations. Do not skip them - once the students get used to these problems, they
love them! Jeopardy problems develop metacognition (as the students need to think about
their own thinking) and epistemic cognition, as their answer depends on how they visualize
the situation, and multiple correct answers exist.

Here are a few examples from Chapter 5 - Circular motion. Notice that 9.8 has the units of
N/kg, not m/s”2. These are the units we use for g in the dynamics problems to underscore that
it is not the acceleration, but a coefficient helping to determine the force that Earth exerts on
a system. If you read the post to the end, do not forget to respond to it and to post answers!
Thank you!

32. * Equation Jeopardy 1 Describe using words, a sketch, a velocity change
diagram, and a force diagram two situations whose mathematical descrip-
tion is presented below.

(30 kg)v?

700N — (30kg)(9.8 m/s?) = 5
m

33. * Equation Jeopardy 2 Describe using words, a sketch, a velocity change
diagram, and a force diagram two situations whose mathematical descrip-
tion is presented below.

(2.0kg) (4.0 m?/s?)

https://www.facebook.com/groups/320431092109343/posts/1201293804023063/? cft [0]
=AZVRpdgkceOnSN28J8Y7QSFNIIN3mzgFdOTbrs7W89AFDvVRFdSyeDFDTQ3gosgrOn7nA
g4Y1il0CVPtFZaozaRGtLcSbwSah2kpY0TLgJR6CBwIszL Cq6PjgxGyvgGhgpDglB8zBhx9s2
dOy98elaZcWLW6dfpzrh96kOFEfI8dxLUtK121bHhsihh6nnH75Ng& tn =%2C0%2CP-R

= 0.4 X (2.0kg) X (9.8 N/kg)
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Eugenia Etkina
4. July

Hi all, a few things today. First, | wanted to let you know that GIREP conference started today
and it gave me an opportunity to meet in person many of our group members who are
attending the conference. It feel so wonderful! Second, | want to remind you (again) to respond
to a post if you read it. This makes the post more visible for other group members. And finally,
third! - back to our problem types.

Today is DEX - Design your own experiment or pose your own problem. Here is how we
describe these problems: Students have to design an experiment, an experimental procedure,
or a device that will allow them to measure/determine certain physical quantities or that would
meet specific requirements.

OR: Students have to pose a problem that involves certain objects with given characteristics.
Often there is an additional requirement that solving the problem should involve the use of a
particular physics topic, law, or principle. Students may also need to do an additional literature
search.

The first type matches AP problems and also develops epistemic cognition as the student
needs to evaluate the equipment and decide how different pieces can help them solve the
problem. The second type problems have multiple correct solutions, so they also develop
epistemic cognition. Here are examples from Chapter 5 (circular motion):

34. ** Banked curve raceway design You need to design a banked curve at the new circular
Super 100 Raceway. The radius of the track is 800 m, and cars typically travel at speed 160
mi/h. What feature of the design ensures that all racecars can move around the track safely in
any weather? (a) Provide a quantitative answer. (b) List your assumptions and describe
whether the number you provided will increase or decrease if the assumption is not valid.
36** Design a quantitative test for Newton’s second law as applied to constant speed circular
motion. Describe the experiment and provide the analysis needed to make a prediction using
the law.

54.* Loop-the-loop You have to design a loop-the-loop for a new amusement park so that
when each car passes the top of the loop inverted (upside-down), each seat exerts a force
against a passenger’s bottom that has a magnitude equal to 1.5 times the gravitational force
that Earth exerts on the passenger. Choose some reasonable physical quantities so these
conditions are met. Show that the loop-the-loop will work equally well for passengers of any
mass.

62. Design 1 Design and solve a circular motion problem for a roller coaster.

For those who have the first edition of the book - all those problems are in the first edition too.
I am inviting all of you to propose your designs and share how it felt inventing them. Thank
you! And please do not forget to like the post or comment on it!

https://www.facebook.com/groups/320431092109343/posts/1203575840461526/? cft  [0]
=AZVVTdrdkDyvJfL 2P SIiRAhALJQ2sLdJ4rw9C4aTAroZWRCC86bDKUfs4vDjBwosjlUw
KllcYCQ2dSvhPwI3x8wAuhSKr73UahbJVRsGJLkq75mgR7s5 85s-

3mSsCvQ xHBRWd6 20ICnSGwM3BX5teQWFvI6yCWcPOTilPerEy52ViZQ wL5sg-
vzYoObdw& tn  =%2C0%2CP-R
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Eugenia Etkina
5. July

Hi all, today is my last post about problem solving. It is about Problems Based on Real Data
(RED). Here is the description of such problems in the Instructor Guide (posted here in the
FILES):

Students have to solve problems that are based on real data, obtained in real-life situations,
often using easily available equipment and/or equipment that is typically used in student labs.
The types of problems may be traditional or any of the types presented above. Students need
to deal with uncertainties, anomalous data and assumptions, and to propose meaningful
models.

Here are examples of such problems. By the way, nobody solved any problems from
yesterday. Please try to solve them - your solutions provoke excellent discussions!

Two problems that | am attaching here involve the experiments that students can perform
themselves and collect their own data. They involve hairdryers - equipment very familiar to
those who have long hair. The problems are from Chapter 6 - Linear Momentum. There are
lots of other problems in the textbook that involve real data provided ti the students, but they
all have figures and | can only attach one file to the post. | will post another good example
tomorrow. These are fascinating problems

If you finished reading the post, please respond to it to make it more visible for other group
members!

G LVUOL LLIGL LUIGASUILS 14 111 2% 111 1. AIGILGIL Gily GOSULLPUULS JUS LLGUL.

72. * While dangling a hairdryer by its
cord, as shown in Figure P6.72, you
observe that the cord is vertical when
the hairdryer is off and that it makes an
angle of 5° with the vertical when the
hairdryer is turned on. Draw a force
diagram for the hairdryer in both cases
and explain the outcome of the experi-
ment using momentum arguments.

73. ** While dangling a hairdryer by its
cord, as shown in Figure P6.72, you
observe that the cord is vertical when
the hairdryer is off and that it makes an
angle of 5° with the vertical when the
hairdryer is turned on. In a different
experiment, you determine that the
same hairdryer is pushing 0.03 m® of air
through itself every second. The mass of the hairdryer is 420 g. Determine
the speed of the air that is leaving the hairdryer, assuming that the mass of
1 m® of air is 1.2 kg and that the hairdryer is blowing air perpendicular to
the wire.

FIGUREP6.72 ¢
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=AZWr1B3YDG6FIrcBjvkzu4kTeBt1NVo0DeubT7udT1lvmpt3DzZUzFAg4gXVmAZPgGFtCKi
FP62000H5kz2g9Pe B7-B2LGQOyYEIa2p15YWm7YKIMHNatCcAllgVAIZ1WGQbT|4e-
GX3DMiTml_ZWsEpford-

wTIDwWFIpbyzk7R9xZxM 1822gM4rJ2XVBE1781& tn  =%2C0%2CP-R

Eugenia Etkina
6. July

Hi all, as | promised, | am pasting two examples of problems - one where students need to
analyze given data (RED) and the next one - a Ranking Task (RAT). They are from Chapter
11 - Waves. Below | show all non-traditional problems in this chapter.

Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P11.13, P11.59

Evaluate (reasoning or solution...) (EVA): P11.51

Make judgment (based on data) (MJU): P11.43, P11.65

Multiple possibility and tell all (MPO): P11.3, P11.7, P11.9, P11.50, P11.63

Design an experiment (or pose a problem) (DEX): Q11.16, P11.18, P11.25, P11.37, P11.75
Problem based on real data (that students can collect by themselves) (RED): P11.58, P11.79
| also wanted to welcome our new members - WELCOME! and to remind you all to solve the
problems that | post and to respond to the posts. Thank you!
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58. The speed of sound can be measured using FIGURE P11.58  Tuning
the apparatus shown in Figure P11.58. —— fork
A 440-Hz tuning fork vibrating above a ¢ ) '
tube partially filled with water initiates —
sound waves in the tube. The standing Movable ___—Resonant
sound waves are formed inside the tube reservoir tube
when the water in the tube is lowered ==

0.20 m and 0.60 m from the top of the E ]

tube. Use this information to determine
the speed of sound in air. \\ —

59. * Four strings of equal lengths are pulled W\
with equal forces. All four strings are
made to vibrate with standing wave fre-
quencies. The table shows the vibration —
frequencies of the strings and the corresponding number of antinodes. Rank
the masses of the strings from smallest to largest.

_—Water

Number of
String # antinodes  f (Hz)

1 1 220
2 2 670
3 1 440
4 3 360

https://www.facebook.com/groups/320431092109343/posts/1204732067012570/? cft [0]
=AZXYWKgjDIFtOIUzAhIfuJXypM3WWirdnEmJCaCSqZBfXNPIXXvTZWDExJdYRZtjHONvxt
EwPNesXc9sE60B071aivoy6fmclGLYN2eWKEeGp Jo5X20g2cu5CiaKaBU3gbDAtYmMQZB8A
aBNC6bh2-

S4hGIX6uQDjsu1BpcAReKxc1DjQ4XhK4YYgksmtUoQHNc& th  =%2C0%2CP-R

Eugenia Etkina
7. July

Hi all, | finished the series of posts about problem solving and today | will start posting short
pieces about the ISLE approach - the key things that will help you implement it. | will also
provide explanations for why we do things differently from most curriculum approaches. But
first | wanted to welcome new members - we are having new members every day! WELCOME,
people, we are glad to have you in our community. To learn more about the ISLE approach
which is the foundation of everything that we do and the resources that are available, please
go to islephysics.net and read every tab. also, if you are reading these posts, please do not
leave the page before you "like" it or comment on it. This makes the post visible for more
people.
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So, the ISLE approach. The main two goals are to help students learn physics by actually
doing physics (not listening about the outcomes of its process from authority) and to
simultaneously feel good (motivated, inspired to work hard, confident) about doing it. Thus,
EVERYTHING, literally EVERYTHING that we have in our materials and classroom settings
addresses these goals. | repeat - EVERYTHING. This is the sign of an intentional approach to
curriculum design.

First step in starting the ISLE approach in your classroom is to position your students. If you
have a small class (high school classroom) or a studio set-up, just have the table arrangement
that the students can work in groups of 3 or 4. If it is a large lecture hall setting - the students
can turn to their neighbors on the right and up and down the rows to make same size groups.
In a small class setting you need whiteboards on the tables for the students to put their
thoughts or to have boards on the walls of the classrooms so that each group has board space.
It is really important as the boards make students accountable for their work and allow them
to share the results without taking too much time talking about them. We also give each
student in this setting a marker of a different color - to make sure that everyone participates in
the creation of the whiteboard in each group. This positioning ensures collaboration of your
students in the learning process, which is EXACTLY what physicists do, None of the physicists
today works alone. But there is more - when the students work collaboratively, they learn from
each other and they also see that everyone struggles, not just them. Finally, talking involves
motor function fo the brain that is necessary for people to complete the brain cycle of learning
(see the book by J.Zull The art of changing the brain).

Student learning of any topic - velocity, Newton's laws, electric field, etc. starts with what we
call "the need to know". We already discussed what "the need to know" is for. It is to motivate
the students but NOT to elicit anything or to have any discussion (for example, a person in a
car struck by lightning - one of the most cool videos!). "The need to know" is a cool video, an
exciting experiment that the students will be able to explain at the end. Show, let them watch,
be amazed and then say: "What did you see?" "Isn't is amazing?" We will be able to explain it
at the end of our adventure into XX. There are several different ways to create the need to
know. 1) Use something really cool! 2) Use something that the students are familiar with but
never questioned before. 3) Use a problem that arises from the limits of their current
knowledge. In our textbook, College Physics: Explore and Apply the "needs to know" are in
the chapter openings of every chapter - the photo and three questions. The three questions
are always organized in the same way - the first related to the photo, one related to some
aspect of students lives (or their bodies!) phenomenon, and some to pure physics. | attached
an example to this post from Chapter 12: Gases. Here you see that the need to know in the
photo comes from students' experiences (deflation of bicycle tires in the winter), but two other
possibilities relate to student bodies (force exerted by the atmosphere on our bodies) and pure
physics - but a cool one (how long will the Sun shine?). All of those are answered in the text
of the chapter but not discussed at the beginning. | also want to note that there are NO specific
"needs to know" in the ALG or OALG, although some of the activities can be used for this
purpose. The reason is that you choose the needs to know based on the interests of your
students. On the website universeandmore.com there is a tab Video Vault where you can find
some really cool videos for the Need to Know in addition to the ideas in the textbook.
Pedagogical issues with the Need to Know: The key is NOT to ask for any predictions of what
should happen and for any explanations of how or why it happens. My question to you - why?
Why don's we ask students to predict this new phenomenon that they have not seen before
and make a prediction that will not match what they see? And why don't we ask the students
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to try to explain it right away and see that they can't? | am waiting for your responses. The
next step - Observational experiments, is tomorrow.

I @

Gases

& &
= Why does a plastic bottle left in a car Wheon you inflate the tires of your bicycle in a warm basement in winter, they tend
overnight look erushed on a chilly to look a bit flat when you take the bike outside. The same thing happens to a
morming? basketball—you need to pump it up before playing outside on a cold day. An empty

* How hard is air pushing an your body? plastic bottle left in a car looks erushed on a chilly morning, What do all those

» How long can the Sun shine? phenomena hava in common; and how do we explain them?
BE SURE YOU KNOW HOW TO: IN CHAPTER 11, we learned that sound propagates due to the compression and
» Draw force diagrams (Section 3.1). decompression of air. But what exactly is being compressed? To answer this
® Use Mewton's second and third laws question and the ones above, we need to investigate what makes up a gas and
to analyze interactions of objects how certain properties of gases can change.
(Section 3.7 and 3.8).
= LUise the impulse-momentum principle
(Section 6,3),

https://www.facebook.com/groups/320431092109343/posts/1205376930281417/? cft [0]
=AZV4G8MbJuMvUzs1QH5BYIA78DrADmIKZmh2JX8gn3dYFh2p9-
Ags38K1eBimx1bfuzewV1QxN1im7SJe8bdlzHtydwLIX2BAsnHTdq55Ki7Ddi0Ov1sbMRWb5v
FGMM7ZW-rXio6IP2V8XHLLdoRXZ8MWKNALASmM-u21iRKR1EtXK2HMIk-qaF75eHvVRVCn-
n54M& tn  =%2C0%2CP-R

Eugenia Etkina

8. July

Hi all, today | continue with the series of posts about the ISLE approach. | will try not to repeat
what is written on the website islephysics.net but | strongly recommend that you visit the
website and click on all the tabs to learn more. When you finish reading the post, please do
not forget to respond to it.
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Yesterday | talked about the "Need to know" and how we do not ask the students to make any
predictions before it. Today is the first step of the ISLE process - students observing simple
experiments and looking for patterns. Note, that these experiments can be either done by the
students themselves, or they can observe the teacher doing them or they can watch a video,
or they can see a picture of the apparatus and have collected data in a table to analyze. The
main idea is that these are the experiments that help students construct concepts that they
have to learn as "theory" in traditional physics courses. They can be done in the labs in large
enrollment courses or during regular lessons in high school, or even in the "lecture" setting.
The point is to give students an experience of "creating theory". This is only the first step but
it is crucial for them to see that "theory" does not come from a "theory god" but from their own
experiences and reasoning.

To give you an idea where these experiments belong in the process, | attached the diagram
of the whole process with the parts that | am discussing today circled with the dark oval.
These are OBSERVATIONAL EXPERIMENTS. Their goal is to help students find patterns and
eventually explain them. These experiments are simple so that the students can see the
pattern easily. For example to find a pattern that in circular motion at constant speed the sum
of the forces exerted on a moving object points toward the center of the circle the students use
a bowling ball and a mallet and try to make a moving ball go in a circle, then they take their
back packs and turn around to make the backs move in a circle holding the pack with two
hands in front of them. The emerging pattern comes from the force diagrams - for both objects
the sum of the forces points towards the center (see Chapter 5 for the videos of the
experiments). Note that we do not ask the students to make any predictions about the way
they need to hit the bowling ball to make it go in a circle. They need to try whatever they can
to accomplish this goal. My point here is that we DO NOT ASK FOR ANY PREDICTIONS
before observational experiments. We ask students to observe with open eyes and no fear.
Then we ask them to say what they saw/did and help to analyze what they saw/did suggesting
a useful physics representation. sometimes it is a motion or a force diagram, sometimes it is
a graph if collected data are quantitative. In the ALG and OALG these experiments have a
title: Observe and find a pattern or Observe and Explain.

The goal of these experiments is not only for the students to move towards constructing some
normative concept in physics, but to also make them feel good about it. There are no failures
in conducting observational experiments. Each group of students (and students do work in
groups) agrees what they saw or did and then shares their finding with the rest of the class.
From the discussion of all observations the pattern arises. The students are encouraged to
use simple terms so that no one feels excluded from the discussion. It is also important at this
state not to confuse descriptions with explanations. for example, when the students observe
a spot of a drying rubbing alcohol (Chapter 12), they sometimes say that they observe
"evaporation". But evaporation is a scientific term that stands for a specific mechanism of
drying. Therefore, before the students construct this mechanism, what they observe is the
drying or disappearing of the liquid. Everyone can see or feel it by smelling.

Our approach to Observational experiments is very different from Predict-Observe-Explain
approach or from Question-Hypothesis-Experiment-Conclusion approach. In the former the
students need to predict something when their prediction is a guess (and scientific predictions
ARE NOT guesses) and in the latter the students conduct experiments to support their
hypotheses that are also guesses (which is NOT al all how scientists do science). It is very
important to differentiate our approach from the above two approaches to really understand
the essence of what we are trying to do. If you finish reading the post, please respond to it to
make it more visible.
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HgQdPYtubCi-vndLrhNtM 6ZaS2RY2m9s-

UsbiM4vizaHEDpXE93HU& tn  =%2C0%2CP-R

Eugenia Etkina
9. July

Hi all, a few things today.

1) 26 people said that they can do the new types of problem workshop on august 27 at 1 pm
EDT. Since the voting we accepted lots of new members, so | am repeating that on August 27
at 1 pm EDT (East coast time in US) we will have a 2 hour workshop solving NEW problems
that we have been creating. They are all ISLE-based but unpublished and not seen by anyone.
| will post the EVENT, please sign up.

2) It looks like | will have some time in August to start our regular monthly meetings. This year
| was thinking of having a meeting once a month for the Chapter/s that come up in the next
month. So in August we could have a meeting on starting the school year and learning
Kinematics through the ISLE approach. What do you think if this idea? Please comment!

3) | continue with the ISLE process. Yesterday | posed about observational experiments and
their role in building or inventing normative concepts. The next step is for the students to
actually construct/invent those concepts. It is partially done in the step that is circled on the
diagram attached to this post. What kinds of concepts do we expect students to construct?
Actually all of them (or almost all). But the levels of complexity of these concepts are different.
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Examples: some of those concepts are new physical quantities that emerge from the analysis
of the patterns in the observational experiments (those are for example velocity, acceleration,
momentum, electric resistance, etc.) Students collect the data, plot them and figure out the
functional dependence or some other regularity, then the teachers helps them focus on a
specific pattern and asks them to come up with a name for it. It is only one pattern that can be
seen in the data.

Another example when the students generalize the pattern into a causal explanation or a
causal model (no mechanism). Sometimes it is a correct model and sometimes it is an
incorrect one or an incomplete and it needs to be replaced. An example is the concept of
electromagnetic induction - changing magnetic field induces electric current in a closed loop.
When the students try to generate electric current using a coil and magnet (observational
experiment, Chapter 21 in the textbook), they first observe that some motions of the magnet
cause current and come up with a causal explanation/hypothesis that moving magnets can
induce electric current in coils. While itis a correct idea, it is not complete, | will show tomorrow
how students revise/improve it and eventually arrive to a complete idea of the changing
magnetic flux that causes the current. But notice, that there is not mechanism in this
explanation. We call is a causal explanation.

Another example of constructing/inventing an explanation is when the observational
experiment and the pattern allow the students to come up with multiple possible mechanistic
explanations. An example of such is the development of the model fo the internal structure of
matter - chaotic motion of microscopic particles that comes out of multiple mechanisms that
students invent trying to explain the phenomenon of drying alcohol. Only one of the
mechanisms survives the testing experiments that follow. Note, that the circled step of the
ISLE process is NOT the end of it, it is somewhere about 40% in.

Bottom line is that it is THE STUDENTS in the ISLE approach who themselves construct the
concepts that we want them to "learn". These concepts are constructed in a systematic way
as a step to explain simple observational experiments that we choose for them (the
construction of these explanations is not by any means the end of the process as | said above).
Itis an inquiry process but it is a carefully orchestrated and prepared process for the students
which mirrors scientific practice.

Those who have our textbook | recommend reading carefully Chapters 2, 6, 12, 17, and 21 to
see how students construct different types of ideas analyzing observational experiments.
Those who do not have the textbook yet, please use OALG files to follow progressions. If you
do not have the textbook ,contact your Pearson rep and ask for an examination copy. If you
read the post to the end, please respond to it - 'like it" or comment - this will make the post
more visible.
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https://www.facebook.com/groups/320431092109343/posts/1207041060115004/? cft  [0]
=AZUrOMB1nMgu7nlVk7vbBLrI8zS1XI0GuVmofvAtGWARpalCMdPfL XRATddaT8AWEIQ
ZavXIFAGCV4EP4 fmlIT75SeDHkquu9al9p8im-
JdwFd8uyjCzHiu3pYL4BLJxgYLKJoLgA1t{LHTwDnSDeEU50bQSzuGwyMIBVGN4uhGa99e
yTKt29HH4z9Tpl5rSARK&  th =%2C0%2CP-R

Eugenia Etkina
10. July

Hi all, first, thank you for signing up for our meeting in august for solving new non-traditional
problems. 26 people liked the date and 26 people signed up for the event, this is great! Please,
if you are interested, sign up on the event page.

Second, | will continue with the ISLE process today. Students, working in groups discuss the
observational experiments, find patterns and come up with hypotheses/models/explanations.
Note, the the hypotheses are not wild guesses - they need to explain all available observations
and be experimentally testable. They can be qualitative or quantitative, causal or mechanistic.
sometimes there is just one model explaining the data, sometimes, there are multiple. but in
any case, whatever explanation/ hypothesis/model students come up with, they need to test it
experimentally.

What does it mean to test experimentally? It means first, to accept each explanation/model as
correct (even if you do not agree with it) and design an experiment whose outcome you can
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predict using all explanations/models/hypotheses that you constructed to explain the patterns
in observational experiments. Designing an experiment is the first step (it is marked orange
on the attached slide), the next step is to use EACH explanation/model/hypothesis to predict
the outcome of the experiment (violet circle on the slide). When there are multiple
explanations/models, the predicted outcomes need to be different, or the experiment is
useless.

This step is VERY IMPORTANT in the ISLE process and it underscores the different between
a hypothesis and a prediction. A prediction is NEVER a guess and is should not be made
based on one's intuition. It is a statement of an outcome of an experiment (therefore it cannot
be made before the experiment is designed) that follows from a hypothesis under test. A
Hypothesis/model/explanation EXPLAINS the observational experiment. A Prediction says
what should happen in a testing experiment IF the hypothesis is correct.

For example you Observe that when a a magnet moves near a coil, there is electric current
through the coil (coil A). So your hypothesis/explanation is that it is the relative motion of the
magnet and coil that causes the current in A. You design an experiment in which it is not the
magnet that moves, but another coil of wire (B) with current in it (connected to a power supply)
and predict that there should be current in coil (A) as you already know that a coil of wire acts
like a magnet when there is current through it. You run the experiment and the outcome
matches the prediction. Does it mean you proved your explanation?

Another experiment is needed (see the arrow YES on the diagram). You come up with another
experiment where B is not moving but the switch connecting it to the power supply opens and
closes. According to your original explanation, there should be no current through A as there
is no motion. Now you run this experiment and see that there IS current through A even there
is no relative motion. Now there is a mismatch between the prediction and he outcome. What
to do? Follow the arrow NO on the diagram. Revise the hypothesis!

Another explanation can be that it is not just the motion, but something else about the original
magnet that led to the induced current in A in the original observational experiments. You
revise your explanation and come up with the explanation of changing magnetic field instead
of a moving magnet to be the cause of the induced current. Now you need another experiment
to test it! What can you do?

Wow, what a long and complicated post! If you finished reading it, please respond! Thank you!
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https://www.facebook.com/groups/320431092109343/posts/1207632490055861/? cft [0]
=AZUgwmIKKaK -woKmBAu4tTFR81kIXO2-

fzIUpbkZ7SvLdxdDrURmbNgr2RUfDKOwY sIXUPimMts7SxWIX5F SvJ9x9GD7cBoHkjo-
ZR8fD40dU5vRaKPYD 4D8vaHEh hQYbnFa4E5I7qgptdxUEPoKtiGwitKHb3Beijgj7Ir QNU
cWSh5PMr8R2ydT-yF865ko& th  =%2C0%2CP-R

Eugenia Etkina
13. July

Hi all, I did not post yesterday but | am resuming my posts today. First, we have several new
members - WECOME! To benefit from the group, please check the posts every day and go to
islephysics.net to lear about the philosophical foundations of this group (the Investigative
Science Learning Environment Approach - ISLE) and available materials at islephysics.net
and here, in the FILES (marked OALG). Second, please do not forget to respond to post when
you read them!

Third, | am continuing with the posts about the logical progression of the ISLE approach. After
the students designed (or you suggested) an experiment to test their newly developed
explanation (of the Observational Experiments), made a prediction of its outcomes, conducted
the experiment, compared predictions to the outcomes and found the mismatch, this means
that their explanation needs to be reexamined and maybe rejected. One thing that they need
to check first is to examine additional assumptions that went into the prediction of the outcome.
For example, the students decided to test Newton's second law using an Atwood machine.
They did the analysis of the situation and predicted the acceleration to be (m1-m2)g/(m1+m2)
and then the time that it should take the objects to travel a specific distance. When they ran
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the experiment the time came out to be larger (and acceleration smaller in magnitude). This
does not mean that the second law needs to be rejected, but they need to examine additional
assumptions that went into the prediction, such as massless frictionless pulley. What should
happen to the acceleration is the pulley has mass r there is friction? Should be smaller or
larger than the predicted?

Once the students examine the effects of assumptions, they can either use a smaller lighter
pulley to check whether their prediction is closed to the measured acceleration.

Therefore checking additional assumptions is the first step that the students need to take when
their prediction does not match the outcome of the testing experiment. Read more about
assumptions and their  validation on our  scientific abilities website
sites.google.com/scientificabilities, go to Design Experiments, then to Reference materials
and then you will see the document for assumptions at
https://docs.google.com/.../0By53x8SYAF 1IlbVN5SKOP.../edit...

https://www.facebook.com/groups/320431092109343/posts/1209786326507144/? cft  [0]
=AZVi8Y tsZyEMKOCMsFveATKHOFEhIrkh3kOnAk9i ETgxGNL5ZAiZhn18gQKlpQxgOhM
tfTPbRb_opdvsgg5G400ZAQnY CkSm4oxui7jQT2fXKFBvyKO1C-

e3lttOHf2e 1mYzMX XcvwfG7VWZ0ZD6zDuH6¢sY Snnl4qublusSAZRHKGB586ttbxiw IEhQIYI
4& tn =%2C0%2CP-R

Eugenia Etkina
14. July

Hi all, | continue today with the posts about the ISLE process. But first, as always - welcome
new members! Our community grows every day! WELCOME! To benefit from the group, try to
check the posts every day and visit islephysics.net to learn about the philosophy behind the
approach that is the foundation of this group - the Investigative Science Learning Environment
(ISLE) approach. Check our documents in the FILES for the chapters with activities and the
tabs on the above websites for lots of resources.

Yesterday | discussed the first step that your students undertake when the outcome of the
testing experiment does not match the prediction. However, | omitted one step there before
checking assumptions. What does it mean the outcome matches or does not match? If the
experiment is quantitative, the students need to take uncertainty in the result into account. The
document on how to estimate uncertainty using a simple approach called weakest link rule is
posted on the same scientific abilities website. Go to Design Experiments, then to Reference
materials and there you will find the document on the uncertainty (we also had a meeting about
it in May, check out the google folder for the video recording).

Once the students see that even with the uncertainty interval, the outcome does not match the
predictions, they examine the assumptions (see my post yesterday) and revise the design of
the experiment if necessary.

But what if the explanation is qualitative and the outcome clearly does not match the
prediction? For example, the students observe drying alcohol spot on a piece of paper and
one of their explanations is that the liquid was "sucked into the paper". How can they test this
explanation? They often come up with the experiment of weighing the wet paper. If the alcohol
is absorbed by the paper, then when the paper is dry, it should weight the same as wet. The
experiment is easy to perform and the outcome clearly does not match the prediction. What
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does this mean? A new explanation is needed. This is another arrow on the ISLE process
circled in green on the picture. The assumptions are marked with the red arrow. Notice that in
traditional instruction there is no room for revising the explanations or models, as they are
provided by the teacher and are only "verified" by the students.

Finally, sometimes we give the students two hypotheses (without them constructing the
hypotheses) and they need to design an experiment to rule one of them or both. For example,
we give them a fan cart ( a low friction cart with an attached fan and a battery) and ask them
to test whether the cart moves at constant speed or constant acceleration (sometimes it can
be neither if the battery is old). The students need to design and experiment that will allow
them to make two different predictions based on two models and then compare the outcomes
to the predictions. Here, the most difficult thing is for them to actually base their predictions on
the proposed models, not their intuition. If you have fan carts, try this activity and observe how
students cope with the results.

If you finished reading the post, please do not forget to respond to it! Thank you!

Investigative Science Learning Environment (ISLE) process

Observational IDENTIFY PATTERNS
Experiments

D Different
Reflections and Rev LS S L ExDlanations, Models
e E— CRecE —=_

= . Lumptions

< Testing Experiments

MAKE
Do Outcomes Agr‘ee PREDICTIONS
with Predictions?

'YES I
More Testing Application
Experiments Experiments

Etkina and Van Heuvelen, 2001, 2007; Etkina, 2015

https://www.facebook.com/groups/320431092109343/posts/1210614999757610/? cft  [0]
=AZXSoC7G4RQNhCryvWyAcUAAMGIGABgTuMS3Di-
QzgsjETdo9ZL9FODyQX1LXxHRGf7WxX0QM98aeFmLEdipCSuliopuEJufévuDAyDTxDLB2
0JzxF3fHBE4BtINOR2VNnVFoFV9ymFN LfK7QRmMYq1AoKNCmcEk4UmXPsYW6H9Adfm
ZKUQTDEZq3wo2UYI40dTM& tn  =%2C0%2CP-R

Eugenia Etkina
15. July

161


https://www.facebook.com/groups/320431092109343/posts/1210614999757610/?__cft__%5B0%5D=AZXSoC7G4RQnhCryvWyAcUAAMGIGA6gTuMS3Di-QzgsjETdo9ZL9FODyQX1LxHRGf7WxX0QM98aeFmLEdipCSu0iopuEJuf6vuDAyDTxDLB2_oJzxF3fHBE4BtlNOR2VnVFoFV9ymFN_LfK7QRmYq1AoKNCmcEk4UmXPsYW6H9AdfmZkUQTDEZq3wo2UYI40dTM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1210614999757610/?__cft__%5B0%5D=AZXSoC7G4RQnhCryvWyAcUAAMGIGA6gTuMS3Di-QzgsjETdo9ZL9FODyQX1LxHRGf7WxX0QM98aeFmLEdipCSu0iopuEJuf6vuDAyDTxDLB2_oJzxF3fHBE4BtlNOR2VnVFoFV9ymFN_LfK7QRmYq1AoKNCmcEk4UmXPsYW6H9AdfmZkUQTDEZq3wo2UYI40dTM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1210614999757610/?__cft__%5B0%5D=AZXSoC7G4RQnhCryvWyAcUAAMGIGA6gTuMS3Di-QzgsjETdo9ZL9FODyQX1LxHRGf7WxX0QM98aeFmLEdipCSu0iopuEJuf6vuDAyDTxDLB2_oJzxF3fHBE4BtlNOR2VnVFoFV9ymFN_LfK7QRmYq1AoKNCmcEk4UmXPsYW6H9AdfmZkUQTDEZq3wo2UYI40dTM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1210614999757610/?__cft__%5B0%5D=AZXSoC7G4RQnhCryvWyAcUAAMGIGA6gTuMS3Di-QzgsjETdo9ZL9FODyQX1LxHRGf7WxX0QM98aeFmLEdipCSu0iopuEJuf6vuDAyDTxDLB2_oJzxF3fHBE4BtlNOR2VnVFoFV9ymFN_LfK7QRmYq1AoKNCmcEk4UmXPsYW6H9AdfmZkUQTDEZq3wo2UYI40dTM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1210614999757610/?__cft__%5B0%5D=AZXSoC7G4RQnhCryvWyAcUAAMGIGA6gTuMS3Di-QzgsjETdo9ZL9FODyQX1LxHRGf7WxX0QM98aeFmLEdipCSu0iopuEJuf6vuDAyDTxDLB2_oJzxF3fHBE4BtlNOR2VnVFoFV9ymFN_LfK7QRmYq1AoKNCmcEk4UmXPsYW6H9AdfmZkUQTDEZq3wo2UYI40dTM&__tn__=%2CO%2CP-R

Hi all, today is the very last step in the ISLE process. Once models/hypotheses/relations
devised by the students (under yours and our materials' careful guidance) have been tested
and not rejected, the students combine them with other relations that have not been rejected
to design application experiments. We have created a new type of experimental investigations
for this purpose.

Specifically, the students need to design two independent experiments to determine the same
physical quantity using several tested mathematical models. Here are some examples:
Design two independent experiments to determine the coefficient of static friction between
your shoe and the floor tile.

Design two independent experiments to determine the sum of the forces exerted on a conical
pendulum.

Design two independent experiments to determine te internal resistance of a battery.

The students design these experiments and get two values. To decide whether they are the
same or different, they need to use experimental uncertainties and write both numbers as
intervals. If the intervals do not overlap, they need to examine additional assumptions.

To help students in this process we have a set of scaffolding questions that repeat for every
application experiment and the rubric that students can use for self assessment.

Here are the scaffolding questions - in the example they are in the shoe and tile lab but you
will see that the questions are context independent. | am also pasting the link to the self-
assessment rubric. If you finished reading, please do not forget to respond to the post!
https://docs.google.com/.../0By53x8SYAF1IbG5CMDJE.../edit...

Brainstorm two independent experiments to determine the maximum coefficient of static
friction between your shoe and the sample of floor tile provided. Once you have done this call
your TA over and discuss your experiments with them.

Available equipment: Shoe of your choice, spring scale, ruler, protractor, floor tile, tape, string,
digital balance, assortment of weights

Include the following in your writeup (a-g are for each experiment. h-i are for after you have
performed both experiments):

a) Describe your experimental procedure. Include a sketch of your experimental design.
Explain what steps you will take to minimize experimental uncertainty.

b) Decide what assumptions about the objects, interactions, and processes you need to make
to solve the problem. How might these assumptions affect the result? Be specific. Considering
one of the relevant assumptions, evaluate the effect making the assumption will the results.
For example, evaluate how the coefficient of static friction will change if you pull the shoe at
an angle of 50 above the horizontal, rather than exactly horizontally.

c) Draw a force diagram for the shoe (recall your assumptions). Include an appropriate set of
coordinate axes. Use the force diagram to devise a mathematical procedure to determine the
coefficient of static friction.

d) What are the sources of experimental uncertainty? Which measurement is the most
uncertain? How did you decide?

e) One of the assumptions you have likely made is that the coefficient of friction does not
depend on the normal force the surface exerts on the shoe. (It's okay if you didn’t come up
with that on your own). In order to determine if this assumption is reasonable, perform a quick
experiment on the side to evaluate the assumption. Decide if the assumption is or is not
reasonable. Explain how you made your decision.

f) Give two different methods for measuring an angle with the available equipment. Which
method is likely to provide a result with less uncertainty? Explain your reasoning.
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g) Perform the experiment and record your observations in an appropriate format. What is the
outcome of the experiment?

h) When finished with both experiments, compare the two values you obtained for the
coefficient of static friction. Taking into account experimental uncertainties and the
assumptions you made, decide if these two values are consistent or not. If they are not
consistent, explain possible reasons for how this could have happened.

i) Describe the shortcomings you noticed in the experiments. Suggest specific improvements.

https://www.facebook.com/groups/320431092109343/posts/1211070066378770/? cft  [0]
=AZUdOuYDrlI7UUQtMyPOVnWOwr56JuKnHZHSur4gO2 TkS2GIZFms1p2uaTjm-
GZoWBLrn38kFd3gm9gAv2Vh7igRvaWaKYEjL4JZisSk-
KH4pdKfm3yPUAemoNG6IxJ3XXxenWOG-
mgmRzmmqg3ZsBfSJ15Rpkllu73s1M2epkz1UW4gayanyQ TT-

Q1ynKGVPr5c&  tn =%2C0%2CP-R

Eugenia Etkina
16. July

Hi all, again, WELCOME to our new members! Our community grows every day!

A few things today - for the new members - scroll down to the latest posts to see instructions
on how to learn what this group is about. And try to check the group page every day as the
new posts appear every day. If you skip a nay or two, it will be difficult to get into the flow.
For those who signed up for our 27th of August meeting - please mark your calendars for
correct time for your time zone. The meeting starts at 1 pm EST, 10 am Pacific Time and 7 pm
European Central time. We will be solving ABSOLUTELY NEW NONTRADITIONAL ISLE-
BASED PROBLEMS.

Two days ago Tom Prewitt asked about introductory activities for the first days of teaching
through the ISLE approach. They are all in the ALG file for online instruction posted here. But
| am pasting them into this message to make it easier. | recommend doing the first one and
one of the following - wet glass or a balloon, bit not both. The point of those is to help students
feel that learning physics is a fun game with established rules. But what is even more important
is to continue this game through the year, not just doing a few fun activities at the beginning
and then switch to traditional physics.

OALG 1.1.1 OBSERVE, EXPLAIN, AND TEST YOUR IDEAS

Watch the video at https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-1-1-1.

a. Come up with at least 3 explanations (crazy ideas) for why the person living in this house
has 12 cameras.

b. Make a list of the explanations. How can you decide which one is correct? You can conduct
additional experiments but you cannot talk to the person. Describe the experiments you plan
to perform.

c. What outcomes of these experiments might convince you that certain explanations (or all of
them) are not correct?

d. Read subsection “The process for devising and using new models” on pages 3-4 in the
textbook and compare what you planned in parts b and ¢ with what is described on these
pages. Do you think there is a way to know with absolute certainty why the person living in the
house has 12 cameras?
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OALG 1.1.2 OBSERVE, EXPLAIN AND TEST YOUR IDEAS

Equipment: glass or transparent plastic cup, ice cold water, additional materials to test your
ideas.

Take a glass (or a transparent plastic cup) and pour ice cold water into it.

a. Carefully observe the glass for a few minutes. Describe what you observe in simple words.
Take a photo of the glass to share with the class. If you do not have access to the materials,
use the link https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-2a.

b. Think of different explanations (crazy ideas) for the observed patterns. Try to devise as
many explanations as possible.

c. How can you find out which explanation is correct? In science we conduct testing
experiments. A testing experiment is an experiment whose outcome you predict before
conducting it using the explanation under test. You do not need to agree with the explanation,
but the prediction of the outcome must be based on it. After you design the experiment and
make predictions based on all explanations that you devised, you conduct the experiment and
compare the outcome to the prediction. Think about what testing experiments you can run to
test the proposed explanations. Try to propose as many as you can by writing each one with
a brief description.

d. For each testing experiment, make a prediction for its outcome based on each explanation
that you proposed in b. Indicate any of your additional assumptions when making the
predictions. (Note: The best testing experiments are those that give different predictions for
different explanations).

e. Perform as many testing experiments as you can. Take photos and/or videos of the
experiments to share with the class.

f. Compare the outcomes of the testing experiments with the predictions that you made in c.
What can you say about the explanations under test now? Can you reject some explanations?
g. One of the testing experiments suggested by other students is as follows: you take a glass,
put it on a scale, pour ice cold water into it and record the mass. If the explanation that water
on the outside of the glass comes from the outside air is true, then the reading of the scale will
increase as the glass becomes wet. If the explanation that water on the outside of the glass
comes from the water inside the glass is true, then the reading of the scale should not increase
but should stay the same or even decrease a little bit. Watch the experiment
https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-2b and compare the outcome to the
predictions. What can you say about those two explanations? Which one can you reject?
When answering the last two questions you are making a judgment about the explanations. A
judgment if the decision to accept or reject an idea/explanation under test, it needs to be back
up with evidence.

h. Think of the explanation that you were not able to reject as a new piece of knowledge. Can
you think of any application of this knowledge?

OALG 1.1.3 OBSERVE, EXPLAIN AND TEST YOUR IDEAS

Equipment: air balloons, needle, additional materials to test your ideas.

For this experiment you will need an air balloon and a sharp needle. If you have a balloon,
inflate it and then pop the balloon using the needle. If you do not have the balloon, watch the
video https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-3a

a. Describe what happened when you popped the balloon (or when the person in the video
popped the balloon).

b. What makes the sound so loud? Think of several explanations using only simple words.

c. Elana and Rob proposed the following explanations: Elana said that the air escaping the
balloon made the loud sound and Rob said that the breaking rubber of the balloon made the
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loud sound. Did you come up with similar explanations? How can you test them? Describe the
experiments that you would like to conduct.

Elana and Rob came up with the following testing experiments. Predict their outcomes
(specifically, whether you will hear the loud sound) using each explanation that they devised
separately (what does the air hypothesis predict? What does the rubber hypothesis predict?):
1. Fill the balloon with water and pop it with the needle.

2. Take a plastic bag, inflate it and pop it with the needle.

3. Take a piece of rubber from the first popped balloon, stretch it and pop it with the needle.
d. Watch the experiments (TE1: https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-3b,
TEZ2: https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-3c, TE3:
https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-3d) and compare the outcomes with
the predictions. What are your judgments of Elana’s and Rob’s explanations for the causes of
the loud sound of the popped balloon?

e. After Elana and Rob examined the original popped balloon they realized that they missed a
piece of evidence. Below is the photo of the original popped balloon.

They saw that it exploded into a few separate pieces (not one piece with a small hole). Now,
they came up with a new explanation: it is not just the air or just the rubber that makes the
loud sound, but the rapid expansion of air through large opening that appears in the balloon
due to the elastic rubber. How can they test this new explanation? They propose to take an
inflated plastic bag and hit it with a palm so that the plastic bag suddenly tears. If their improved
explanation is correct, it should produce a much louder sound than the bag that was just poked
with the needle. Watch the video of the experiment
https://mediaplayer.pearsoncmg.com/.../sci-OALG-1-1-3e and compare the outcome to the
prediction. With this new evidence, what is your new judgement as to which explanation best
explains the loud sound of a popped balloon?

Did you read to the end? Then you know what to do now!

https://www.facebook.com/groups/320431092109343/posts/1211716662980777/? cft  [0]
=AZXTXgTvVIgZBHrN6L7bw5tyW108UpO0wPzjeQSWyJyC8y4Sa1jDpTb5wFnKmgJPz-
Bc8v1Soy9va3chl1hFccip8LIIQIdBlod4wH8y3kgT7BpliOx8ldmdB3DZrmGUM7nP2SGx5tTT
ma1fYKTSKgCM9bVzq100KIDIoSr6QCiP23ZQVRMMZbEV9iheSShX7EUM& tn =%2CO
%2CP-R

Eugenia Etkina
17. July

Hi all, we have a big group of new members who joined us after the AAPT meeting. Welcome
all! to learn what the group is about, please visit islephysics.net and read the material under
all table. The textbook that we use is College Physics: Explore and Apply by Etkina, Planinsic
and Van Heuvelen, the book front cover is the cover of this group.

Request an examination copy from your Pearson rep if you do not have it as most of the posts
are associated with this textbook and supporting materials - Active Learning Guide (ALG),
Active Learning Guide for Teaching Online (OALG) and Instructor Guide (1G). OALG files are
posted here in the FILES. The rest is available for free on Mastering Physics Website that your
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Pearson rep will give you access to. Try to visit the group every day as new posts appear
every day.

Hrvoje Miloloza is the keeper of the group's archive. From time to time he posts the link to the
google drive folders with all the posts and records of our meetings and workshops. All our
professional development is online and free for anyone in the world. Check events to know
when the next meeting is. | will not make any new content today as | want to make sure that
the new members know how to use the group. WELCOME! And please respond to posts by
liking them or commenting to make sure that the next post comes into your Facebook feed.

https://www.facebook.com/groups/320431092109343/posts/1212369752915468/? cft [0]
=AZWC4pMQBIREXKWtO3ILOQ9yXnmMAXxIk7 GAcHgs0p5i64Zj9fC4gQ6ugHIb8HW r8mH
LsruKiDKYIuCHi zM-Y-PHfHueLBT3GGb-

BF2W8cltTCWtE6RWg493GwZ9iM7qGI& th =%2C0%2CP-R

Eugenia Etkina
19. July

Hi all, a few things today. First, we again have new members who joined the group -
WELCOME! Please read the FEATURED post about how to benefit from the group and see
the even announcement if you wish to participate - sign up!

Second, PLEASE do not forget to respond to the posts after yo read them. Clicking "like" takes
a second but this second will make the post visible for more people.

Third, we finished the first round of posts about the content of the textbook and the first round
of posts about the progression of material in the ISLE approach. As people have been asking
about the activities to do during the first day of the course, | thought it would be a good idea to
turn your attention to the instructor guide. When we wrote the latest edition, we had Chapter
1 dedicated to the big picture of the book and the ISLE approach, not the first chapter of the
textbook. The ALG also started from Chapter 2 only. Then later, we wrote the second Chapter
1 for the Instructor Guide (it is posted separately on Mastering Physics) which is supposed to
help you start the course and understand how the textbook works. If you adopted the textbook,
reading of the attached file is a must. If you did not adopt the textbook but are interested in
using the ISLE approach in your courses, the very first activity described in the textbook and
the ALG/OALG is a very important activity to help your students see how the ISLE approach
works. | am pasting the text from the IG chapter 1. | will post the whole file in a separate post.
Here is the text from the IG. |. What is physics is the title of the first section of the first chapter
in the textbook College Physics: Explore and Apply.

I. What is physics?

This section is dedicated to the first day of class. Traditionally, people start the first class
meeting by going over the syllabus and course requirements, but we suggest that you dedicate
the beginning of the first class meeting to activities that will show the students what the course
is about. Examples of such activities are in Chapter 1 of the Active Learning Guide.

A brief description of the first activity is in Section 1.1 of the textbook, subsection “The
processes for devising and using new models”. The first activity does not involve any physics.
It starts with you telling the students that you invite them to your house or your friend’s house
where they notice 10 tennis rackets (10 TV sets, 10 computers, 10 bicycles, anything that is
atypical to have in such quantity) in the house. Noticing these rackets is what we call an
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observational experiment. You can also shoot a short video of your home with these things
and show the video. The question is why you would have these 10 rackets? Group your
students in groups of 3-4 and ask them to come up with at least three “crazy ideas” (these are
actually hypotheses) that explain the data (the 10 tennis rackets) and put their ideas on
whiteboards. In 2-3 minutes you will see their ideas. They are usually: you have 10 people
living in the house, you repair tennis rackets, you steal them, you collect them and so forth.
The students lift their boards and share their ideas.

How would they know which one of their ideas is correct? The students usually say that they
would ask you. Then you answer in a language they do not understand (you can make up any
language you wish). They will look surprised at you. You say: “You posed the question and
you received an answer, but you do not have an instrument to interpret it. Why?” The answer
is that they did not expect you to speak in this unknown language. This situation brings up the
whole class discussion about testing ideas in physics. Testing means designing an experiment
whose outcome you can predict using an idea under test. However, in addition to the crazy
idea that is the basis of any prediction, we always make additional assumptions. In this case,
the students made two assumptions (1) that they could interpret your answer and (2) that you
will answer honestly. As they did not validate their assumptions, the outcome of the testing
experiment was inconclusive.

How does one design a testing experiment? There are a few general requirements. First, you
should be able to predict the outcome of the experiment using all the ideas under test. But the
second one is that these predictions should be different for different ideas. At this moment you
ask the groups to go back and think of experiments that they could run to test their ideas
(explanations, hypotheses). Then they need to make clear predictions of the outcomes based
on each of the “crazy ideas” that they suggested and make sure that they consider any
additional assumptions. For example, let’'s say they wish to test the ideas that you have 10
people in the house or that you are a tennis racket thief. The table below shows the
experiments that they might suggest, the predictions that they might make, and the outcomes
that they might find. Note the hypothetico-deductive logical structure of the predictions: if the
explanation is correct and we do such and such experiment, then such and such outcome is
expected. “If’ relates to the hypothesis under test, not to the experiment. See the attached
table to follow the reasoning:

Here you again have a whole class discussion about different issues involved. Here are three
key points that we suggest you could focus the discussion around:

a. Testing experiments and observational experiments are different from each other; they have
different intentions/goals. The first testing experiment in the table was specifically designed to
test an idea. It requires a video camera and a person to continuously film the entrance. Thus,
this experiment is very different from the first one when you just happen to notice the rackets
without any expectations. Understanding the different intentions of observational experiments
and testing experiments is key to understanding how physicists create knowledge and is one
of the cornerstones of the ISLE approach. Make sure you understand their distinct intentions
yourself!

b. Try to make the hypothetico-deductive reasoning process explicit. In our experience,
students try to avoid this and don’t see the point of being pedantic about it. They think the
reasoning process is “obvious,” and yet as soon as they move from tennis rackets to a physics
context, they struggle to perform the process. Try to get as many students as possible (either
verbally or on a whiteboard) to articulate the reasoning explicitly: IF idea X1 is correct AND |
conduct testing experiment Y THEN Z1should happen. Z1 is the predictedoutcome based on
the hypothesis, not the student’s personal beliefs or a hunch. Students mistakenly believe that
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a prediction is basically a hunch or a guess based on intuition or personal belief. While this
may be true in other contexts, this is not how physicists reason. This same statement repeats
in the context of testing experiment Y for idea X2, leading to predicted outcome Z2, and so on
for all the ideas under consideration.

c. Now let’s look at the outcomes of the experiments. The outcome of the first experiment
(many people going in and out of the house) matches the prediction based on both ideas and
the outcome of the second (you find the receipts) does not match the prediction based on the
second idea but matches the first. What judgment can we make about the ideas?Did we prove
that the first “crazy idea” is correct? There can be many reasons for people going in and out
of the house, thus the match between the prediction and the outcome is not a proof or even a
confirmation that the idea is correct. However, the mismatch in the second case is a stronger
reason for judgment. It is much more unlikely that you are a thief if we find receipts for the
tennis rackets in your house. This simple exercise helps students see that ruling out an
explanation is much easier than confirming one. And that a firm proof is not possible.

After this exercise, we suggest that you discuss the general reasoning pattern behind this
exercise. It is expressed in Figure 1.3 on page 4 in the textbook. Basically, the figure shows
the process they went through: from the initial (often accidental) observational experiments to
creating multiple explanations, testing them in new (testing) experiments until some of the
possible explanations are ruled out and proceeding forward with those that were not ruled out
by many experiments.

The following activities in the ALG (1.1.2 and 1.1.3) engage the students in a similar process
only now the context is physics. In Activity 1.1.2, students should arrive to a judgment that
water on the outside of the glass comes from the air. In Activity 1.1.3, they should reason that
the loud sound is the result of the rapid expansion of air that happened due to elastic properties
of the rubber (the rubber moves away very quickly, which allows the air inside the balloon to
expand quickly). Note that this activity is an example where the best explanation is a
combination of two (competing) explanations while the wet glass activity is a simpler case
where one of the proposed explanations is found to be the best explanation.

Finally, Activity 1.1.4 ask students to summarize the steps of the process using guidance from
the textbook. It is a very important activity. You can run it as a whole class discussion or let
students work in groups to prepare presentations on small whiteboards and make their own
decision about how to organize their answers — as a picture with similar elements as in Figure
1.3 or as a table or in some other way. The freedom of organizing their answers will help them
take ownership of the process.

While many teachers start their school year by engaging students in some kind of similar
activities, we follow with the same process throughout the whole course. You will find
observational experiment tables and testing experiment tables and many practical applications
for every physics concept that the students have to learn (read the textbook carefully to find
them). For the homework after the first day of class, you might assign students to do ALG
1.1.5. We do not have any End of the Chapter Questions/Problems in this chapter in the
current edition of the textbook, thus the homework activity comes from the ALG.

If you finished reading the post, please respond! Thank you!

168



‘ Crazy idea
(explanation,
hypothesis)

Testing experiment

Prediction based
on each idea

QOutcome

CD1: You have 10
people living in the
house who all play

TE1l: Video the
entrance to the
house for several

If CD1 is correct &
we perform TEI,
then we will see

There are many

people going in
and out of the

days different  people | house on the video.
going in and out.

If CD2 is correct &
we perform TEl:
then we might see
people going into
the house or we
might not.

If CD1 is correct &
we perform TE2:
then there might be
receipts.

[f CD2 is correct &
and we perform
TE2: then there
should be no

receipts.

tennis

TE2: Look for
receipts for the
tennis rackets.

CD2: You steal

tennis rackets.

You find receipts.

https://www.facebook.com/groups/320431092109343/posts/1213791609439949/? cft [0]
=AZXTftlehEMOvcQPNnlyXrAON4gDA4jNPoEbpkex2VOfacXulGuFLi8kxpyFOOXxIRITiv| pz2
JFalWggFVWRYVEOWexEHBZKQKkf7Tla kSNY7La9ATzvthnOm4XLXIY5rvxLogCJEHOO
Zi5G iquLZ27AVbcgdrezW7zLC6h 9CwINyvSQyP4 5JZQ-

13BBGw&  tn =%2C0%2CP-R

Eugenia Etkina
20. July

Hi all, | continue with the beginning of the school year posts. Today's post is for those who
have been and are using our textbook with their students "College Physics: Explore and Apply"
either regular or AP edition. BTW, the only difference between regular and AP edition is that
in the AP edition there are tables showing how the book is aligned with enduring
understandings and science practices. If you are using the book in the US and are not doing
AP, the AP edition will help you see how the textbook fully aligns with the NGSS. If you are
using it for college, and have pre-med students, then reading passages at the end of each
chapter will prepare them for the MCAT exam.

Below | am posting the text from the Instructor Guide Chapter 1 that describes the features of
the textbook and how to use them to benefit from everything that we have developed. Attached

169


https://www.facebook.com/groups/320431092109343/posts/1213791609439949/?__cft__%5B0%5D=AZXTftlehEMOvcQPNnlyXrA0N4gDA4jNPoEbpkcx2VOfacXulGuFLi8kxpyFO0xIRiTivj_pz2JFalWgqFVWRYVEOWexEHBZKQKkf7Tla_kSNY7La9ATzvthnOm4XLXIY5rvxLoqCJEH00Zi5G_iquLZ27AVbcgdrezW7zLC6h_9CwINyvSQyP4_5JZQ-13BBGw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1213791609439949/?__cft__%5B0%5D=AZXTftlehEMOvcQPNnlyXrA0N4gDA4jNPoEbpkcx2VOfacXulGuFLi8kxpyFO0xIRiTivj_pz2JFalWgqFVWRYVEOWexEHBZKQKkf7Tla_kSNY7La9ATzvthnOm4XLXIY5rvxLoqCJEH00Zi5G_iquLZ27AVbcgdrezW7zLC6h_9CwINyvSQyP4_5JZQ-13BBGw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1213791609439949/?__cft__%5B0%5D=AZXTftlehEMOvcQPNnlyXrA0N4gDA4jNPoEbpkcx2VOfacXulGuFLi8kxpyFO0xIRiTivj_pz2JFalWgqFVWRYVEOWexEHBZKQKkf7Tla_kSNY7La9ATzvthnOm4XLXIY5rvxLoqCJEH00Zi5G_iquLZ27AVbcgdrezW7zLC6h_9CwINyvSQyP4_5JZQ-13BBGw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1213791609439949/?__cft__%5B0%5D=AZXTftlehEMOvcQPNnlyXrA0N4gDA4jNPoEbpkcx2VOfacXulGuFLi8kxpyFO0xIRiTivj_pz2JFalWgqFVWRYVEOWexEHBZKQKkf7Tla_kSNY7La9ATzvthnOm4XLXIY5rvxLoqCJEH00Zi5G_iquLZ27AVbcgdrezW7zLC6h_9CwINyvSQyP4_5JZQ-13BBGw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1213791609439949/?__cft__%5B0%5D=AZXTftlehEMOvcQPNnlyXrA0N4gDA4jNPoEbpkcx2VOfacXulGuFLi8kxpyFO0xIRiTivj_pz2JFalWgqFVWRYVEOWexEHBZKQKkf7Tla_kSNY7La9ATzvthnOm4XLXIY5rvxLoqCJEH00Zi5G_iquLZ27AVbcgdrezW7zLC6h_9CwINyvSQyP4_5JZQ-13BBGw&__tn__=%2CO%2CP-R

is the screen shot of the problem solving rubric that will help your students approach problem
solving as experts (in addition to following problem solving strategy) and will help you assess
their mastering problem solving skills. Traditional approaches do not develop or reward expert
problem solving skills, they only reward correct answer. However, the answer is not as
important (I am sure you will agree with me) as the reasoning process. The rubric helps
students develop and you evaluate the reasoning process. Another thing that | wanted to add
is that in order to help students benefit from our textbook you need read it as if you never
studied physics. | already wrote about it but knowing how non-intuitive this message is, | will
repeat it again. Every sentence, every experiment, every problem in our book are based on
the work of the whole PER field. Lots of innovative approaches that we developed help
students succeed. But they will only benefit from these approaches if you are familiar with
them. So, invest some time and read the textbook as if you are a student. another point before
you go on reading - make sure you have the textbook open on the sections mentioned in the
text and have ALG Chapter 1 or OALG Chapter 1 (posted in the FILES here) open so that you
can see the activities and textbook material that the text below mentions. And if you do not
have the textbook, contact your Pearson rep to get a copy. If this does not work, please send
me an email and | will help.

IV. How to use this book to learn physics

Section 1.6 in Chapter 1 is extremely important for the students as it provides them with an
overview of how to use the textbook. The section starts with helping students learn how to
read the textbook and introduces them to the interrogation strategy (ALG Activity 1.6.1). This
is a very important activity and it will save you a lot of time later. Our studies show that those
students who learn to work with the textbook in the ways suggested in this activity grow
tremendously during the year and receive the highest grades. While it is not about the grades
but about learning, if you assess what you want them to learn, grades do reflect learning, and
this is what we find. The textbook is an incredibly useful companion in learning but only when
the students use it correctly. To assess their ability to apply this strategy, you can use ALG
Activity 1.6.2.

The rest of Section 1.6 in the textbook is dedicated to different elements of the book and how
they work together to help students learn. We suggest that you go back to this section multiple
times when the students are studying examples that are depicted here. For example, when
you assign them to read Section 1 in Chapter 2 in the textbook, also assign the part of Section
1.6 (Textbook features, details about Chapter openings). When they learn how to construct
force diagrams (Chapter 3), ask them to read the next small part — Physics tool boxes, and so
forth. Itis absolutely crucial that the students pay attention to Observational Experiment Tables
(OETSs), Testing Experiment Tables (TETs), and watch all the videos that are available in the
textbook and the ALG. Once they meet the first of each, send them to the subsections
Observational Experiment Tables and Testing Experiment Tables in the same Section 1.6 in
the textbook.

Finally, our approach to problem solving is very different from other textbooks. Once the
students work through the first Problem Solving Strategy 2.1 Example 2.12 (p. 40), ask them
to go back and read the subsection on Problem solving in Chapter 2. It is important that the
students follow the problem-solving strategy as closely as possible because each step
represents a reasoning block needed to build their confidence and expert-like approach to
problem solving.

The most common difficulty we observe among students when we ask them to solve a physics
problem on their own or with a group of peers, without us showing them how to do it first, is
that they don’t know what to do. They often say things like “I am stuck” or “| don’t know
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how/where to start.” The problem solving strategy provides students with a general framework
for how to tackle a problem that they don’t know how to solve. When students say “I'm stuck,
what should | do?” you can answer with suggestions like: “draw a force diagram,” or “sketch a
diagram of the situation,” depending on what point in the process they’re stuck on. Then you
can scaffold that process by reminding them of the key details entailed in that step. For
example, if they’re drawing a force diagram, you can ask them: What is your object or system
of interest that you're drawing a force diagram for? We suggest that you do not grade their
work on the numerical correctness of the final answer (many problems in our book do not have
one right answer) but instead use the following rubric. We devised this rubric to be aligned
with the problem solving strategy. It assesses how well students have engaged in the process
of solving a problem. The students should be familiar with the rubric before they attempt a
problem. Showing students how different parts of the rubric apply to worked examples in the
textbook is very helpful. (now check the attached rubric).

The rubric aligns with the problem-solving strategy: Item 2 corresponds to the steps “sketch
and translate” and “simplify and diagram.” Item 3 corresponds to “represent mathematically”,
but also to the overall choice of how they decide to approach the problem. Note that
mathematics is also a method of representation, so representational consistency applies to
the “represent mathematically” step in terms of checking for consistency. Rubric item 4
corresponds to “solve and evaluate” in the problem solving strategy. Finally, we introduce
rubric item 1: While not corresponding to a single step in the problem-solving strategy, this
item serves a higher-level goal of the ISLE approach. Namely, that students should be able to
articulate how they know what they know. Ideally to achieve “adequate” on item 1 of the rubric,
a student should be able to explain and justify their choices in the key steps of solving a
problem. It is not enough to set two forces equal in magnitude to each other. Rather, a student
needs to explain why/how they know the forces are equal. For example, they might say “these
forces are equal in magnitude because the object is not accelerating in the y direction.” In
other words, the student is able to articulate how they know what they know using valid physics
reasoning.
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Rubric Item

Adequate

Needs improvement

Inadequate

...is able to
clearly explain
and justify the
key steps of their
reasoning
process

Student verbally
explains what they are
doing and why.
Explanation is clear,
sufficiently detailed,
easy to follow, and
shows physical and
conceptual
understanding.

Student explains
what they are doing,
but missing why
they are doing it.
And/or there is
some difficulty in
following their
explanation.

Explanation is
incoherent,
confusing, or
missing; and/or
invokes
incorrect/irrelevant
physics ideas;
and/or is unrelated
to that which is

being explained.

...is able to Two or more Two or more There are major
create 2 or more | representations are different (key)
consistent constructed according to | representations are | mistakes/missing
representations accepted standards present and they are | elements in
of the problem learned in class, and the | consistent, but there | representations or

representations are are mistakes or different

consistent with each missing elements in | representations are

other. the representations. | inconsistent with

each other.
...is able to Mathematical procedure | Productive Mathematical
choose and apply | is productive for solving | mathematical procedures are
productive the problem. procedures are unproductive/inappr
mathematical Implementation of chosen, but opriate and will not
procedures for procedure is free of implementation lead to a physically
solving the major conceptual errors. | reveals reasonable answer
problem misunderstanding to the problem, even
about how to if implemented
implement them. correctly.

...is able to Evaluates An appropriate There is no
evaluate the reasonableness of the evaluation evaluation, or
reasonableness result, correctly applying | technique is used, evaluation
of final result. all the steps of one of the | but there are technique is

possible evaluation
techniques listed below:
a. limiting/special case
analysis, b. unit analysis,
c. physical
reasonableness of
answer, d. two
independent methods, e.
cross substitution
consistency, f.
consistency of
representations. A valid
conclusion is drawn
from the analvsis

mistakes in the
implementation of
the technique
(wrong units,
misunderstanding of
how reasonable the
numbers are) and/or
student neglects to
draw a conclusion
from their analysis.

implemented in an
incoherent way,
and/or an invalid
conclusion is
drawn, such as
concluding the
answer is
reasonable when
evaluation analysis
shows it is not
reasonable.

https://www.facebook.com/groups/320431092109343/posts/1214432439375866/? _ cft

[0]

=AZWncpZL73VOGXmIL3vMtDMBOXrKP ZUItUN8z eBe-wvbjLv5ginMs-BHjQzcwgp-

m2yyK4jWBsMsiKYvB1xQXqAomle2j5ShPApg8T3o _WUd2za7zBruGf8hfd_LtaDL1XnhUIYTe
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IvWQEA3vZTbOWXwf4v1bJRNIjs-
aQnSYp6SqGUpgSOrdYxfGargMLU8fk& tn  =%2C0%2CP-R

Eugenia Etkina
21. July

Hi all! A few things today. First - as always - WELCOME new members! We have many who
joined yesterday. A month like this and our group will reach 1500 - amazing! New members,
please read the featured post on the top of the group's page to know how to benefit from the
group. Welcome again, we are a big and a friendly bunch!

Second, ALL - please do not forget to respond to the post after you read it. | see 25-35
responses to every post while about 500 view each. PLEASE, if you read the post - either like
it or comment. Anne L. Caraley always responds, thank you Anne L. Caraley

Third, | will continue a little bit with chapter 1 ALG. We wrote very nice solutions for it that will
help you see how to develop hypothetico deductive reasoning. | am pasting the text of the
activities below and solutions as an attached file. Hypothetico deductive reasoning is the the
most fundamental foundation of science and physics especially, but unfortunately that are no
resources (except ours) that teach this type of reasoning to people. Even worse, the modern
reasoning approaches (one of them is CER claim - evidence -reasoning) mismatch scientific
reasoning and are only used in "school science". Please take this opportunity to examine
hypothetico-deductive reasoning and help your students develop it.

Chapter 1

Introducing Physics

1.1 WHAT IS PHYSICS? (DEVISING AND USING NEW MODELS)

1.1.1 TENNIS RACKETS

Class: Equipment per group: whiteboards and markers

Imagine that a new acquaintance (Miha) invited you to his house. You walk in and notice that
he has 10 tennis rackets in the hall way. You wonder WHY Miha would have those rackets.
Unfortunately, Miha does not speak English and cannot answer your question directly.

Work with your group members to come up with a plan to find out why Miha had 10 tennis
rackets.

1.1.2 COOL GLASS

Class:Equipment per group: dry glass, ice-cold water, whiteboards, markers. Note: the higher
the humidity in the room, more clearly visible will be the outcomes of the experiments (in our
experience humidity of air should be 60% or higher). Alternatively, teacher may show slides
with photos.

A teacher puts a dry and empty glass on the table and pours an ice-cold water into the glass.
a. Carefully observe the glass for few minutes. Describe in simple words what you observe.
b. Work with the members of your group to propose different explanations for the observed
patterns. Try to devise as many explanations as possible. Put them on the whiteboard.

c. How can you find out which explanation is correct? In science we conduct testing
experiments. A testing experiment is an experiment whose outcome you predict before
conducting it using the idea under test. You do not need to agree with the idea but the
prediction of the outcome must be based on it. After you design the experiment and make
predictions based on all explanations that you devised, you will conduct the experiment and
compare the outcome to the prediction. Work with your group members to propose testing
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experiments that you can run to test the proposed explanations. Try to propose as many as
you can.

d. For each testing experiment, make prediction for its outcome based on each explanation
that you proposed in b. Indicate any assumptions that you made when making predictions.
(Note: The best testing experiments are those that give different predictions for different
explanations).

d. Perform testing experiments that you proposed in b. (if necessary, ask teacher for additional
equipment).

e. Compare the outcomes of the testing experiments with the predictions that you made in c.
What can you say about the explanations under test now? Can you reject some explanations?
Do not forget to include the assumptions when making any judgements. Can you verify some
assumptions?

f. Think of the explanation that you were not able to reject as a new piece of knowledge. Can
you think of any application of this knowledge?

1.1.3 POPPING THE BALLOON

Class:Equipment per class: rubber balloons, needle, plastic bags (thin plastic bags for
vegetables and fruits work best), access to water (tap), bucket for catching water. Optional:
small embroidery hoop (about 12 cm diameter)

A teacher is holding a fully inflated balloon. The teacher asks the students to observe carefully
while she pops the balloon using a needle.

a. Describe what happened when the teacher popped the balloon.

b. What makes the sound so loud? Work in your groups to propose several explanations using
only simple words.

c. Propose testing experiments that you can run to test the proposed explanations. Try to
propose as many as you can.

d. For each testing experiment, make prediction for its outcome based on each explanation
that you proposed in b. Indicate any assumptions that you made when making predictions.
(Note: The best testing experiments are those that give different predictions for different
explanations).

d. Perform testing experiments that you proposed in b. (if necessary, ask teacher for additional
equipment).

e. Compare the outcomes of the testing experiments with the predictions that you made in c.
What can you say about the explanations under test now? Can you reject or revise some
explanations? Do not forget to include the assumptions when making any judgements. Can
you verify some assumptions?

https://www.facebook.com/groups/320431092109343/posts/1215166439302466/? cft [0]
=AZUnq8SVUnRja40RpIrXmEIfXIM -

gv8Q6mIc94HY xXby03fxv6j47RdJr58k2c4Q4pkjiQcMjumulnkUwFWab5iby TQUdkRg 6QQrq
XuGJvghRZL3U42hr9Pa3hMunpa5ITmgBiv07ho-

LQ NAQYBPa5piMtaohblb6lYnv4wjJmE9tEsv-
YiQfPuV_CUBUzbTP34tL6hmARJOSUBZZi75vX& tn  =%2C0%2CP-R

Eugenia Etkina
22. July
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Hi all, a few things today. First we have lots of new members since yesterday - WELCOME!
Please read the featured post at the top of the page to learn what this group is about and try
to check the posts every day to follow the discussions that go on for several days. See the
events to join us for the meeting in August.

Second, | am reminding everyone to respond to the posts if you read them. Like or comment
- whatever you do, makes the post more visible for other group members.

Third, | am finishing the series of posts about hypothetico-deductive reasoning, which is the
reasoning that scientists employ when doing science. They DO NOT do question-hypothesis-
experiment-conclusion and they DO NOT do claim-evidence-reasoning logical chains. Instead
the formulate hypotheses to explain collected evidence and then test them experimentally for
REJECTION, not confirmation, multiple times in the experiments whose outcomes they predict
using the hypotheses under test.

Below you see an activity in the OALG Chapter 1 (posted here in the FILES) that helps your
students practice these elements of scientific reasoning using the medical content, not
physics. The medical context is important for your female students as research shows that
females (on average) are more interested in the contexts that relate to people, plants and
animals and the male students (on average) are more interested in the contexts that relate to
sports and military activities.

I recommend doing this activity with your students after you did cameras/tennis rackets/tTVs
(one of those) and either a balloon or a wet glass (all of those are in the OALG Chapter 1).
OALG 1.1.5 IDENTIFYING THE ELEMENTS OF A PHYSICS PROCESS IN A TEXT

In the text below, identify elements of a process that scientists use when they construct new
knowledge (See Figure 1.3 on page 4 in the textbook) and match the sentences with the
elements of scientific reasoning by writing a number that you find at the beginning of the
sentence into the corresponding row in the table. Note: more than one sentences can match
each element and not all elements are necessarily present in the text.

Youth and physical activity*

(1) The skeleton shows greatest flexibility to physical activity-related mechanical loads during
youth but is more at risk for failure during aging; yet we know that some old people adapt
better to physical load than others. (2) Is it possible that the skeletal benefits of physical activity
during youth persist with aging and provide some benefits even decades later? Researchers
tried to find the answer to this question by studying professional baseball players (3) because
these athletes all undergo the same training routines, have similar levels of activity, and most
of them stop physical activity altogether upon retirement. (4) The researchers took CT scans
of baseball players of all ages, early career to long retired, and compared the humeri (the bone
of the upper arm) of their dominant and non-dominant arms. (5) The researchers expected
that if the benefits of physical activity persist with aging, some changes in humeri would
maintain later in life. (6) After comparing the CT scans, they found out that the humeri in the
throwing arms of the active baseball players were much larger than those in the non-throwing
arms. (7) When the researchers compared the bones of former baseball players, they found
out that though some benefits of training disappeared over time, the increase in total bone size
that resulted from years of throwing was maintained decades later. Even 90-year old former
baseball players retained some of the benefits of their training, even though they stopped
training more than half a century ago. (  The authors stress that their work shows the benefit
of physical activity, especially during youth.

Elements of scientific reasoning

Sentence numbers

Observations/identifying patterns
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Proposing a hypothesis/explanation

Designing/planning a testing experiment

Making a prediction of the outcome of the testing experiment

Making assumptions

Describing the outcome of the testing experiment

Making a judgment

* Adapted from the short news by Kara Feilich in The Journal of Experimental Biology(2014)
217, 2624-2626. Original article: Warden, S. J., et al (2014), Physical activity when young
provides lifelong benefits to cortical bone size and strength in men, Proc. Natl. Acad. Sci.USA
111, 5337-5342.

Some of the items will provoke a good discussion among the groups of your students! Please
post here if you tried this activity with your students and how they responded to it. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1215802189238891/? cft  [0]
=AZWktd3XBNOa8YqBNp8g47CDFD6K-fYz9xy3W4DSLDG-
hw4m1CqG8KYYelnWrO9Kmu0Cf54hgDUFwHIM xKzh302AsRdne8Fjbw-
1vhGFb2bJoolM5802JYFwW12-
mFbvicWZigINcIC4H8iP9C1RhALAetzhRba7te80e5KNgvukh9m7EXODB46 uCDy7dY-
200& th  =%2C0%2CP-R

Eugenia Etkina
23. July

Hi all, yesterday Tom Prewitt commented on my post concerning the bio content of one of the
activities as being female-friendly and | wanted to list more things that we do to make female
students feel that physics is their subject and that they belong:

1. Look at the cover of our textbook (it is the cover page of this group too). It is the only
textbook that has a female student on the cover. The young woman is riding a bicycle
and has a back pack. She is heading towards town. This symbolizes a journey from
school where she learned physics to the world where she will apply it.

2. Lots of problems in the book have human, bio or medical context and many problems
have materials that are more familiar to females than males - such as hairdryers, for
example. Over 50 % of the problems that involve humans have female actors in them.

3. Many chapter openings that motivate students for the new chapter involve women. My
favorite is the story about Elena Isinbaeva - a former pole vaulter who set many world
records in chapter 7, Energy. We have then pole vaulting analyzed in the problems
twice in the chapter - qualitatively and quantitatively. | am attaching the chapter
opening with her photo, the opening story and the motivating questions.

4. We have female physicists represented in the book more than it is common. For
example, we have a story about Lise Meitner with her photo, the person who came up
with a nuclear fission model. We also have Marie Curie, but her name is more common
in the textbooks.
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5. But most important, we try to have EVERYTHING that students learn be humanely
relevant - this relevance helps both females and males. And the whole ISLE logical
progression levels the playing field for all genders. They all start from observing simple
phenomena without using fancy terms and they all have an opportunity to test their
ideas experimentally. As soon as they learn that it is not the right answer that we are
looking for but the reasoning process, the females become much more comfortable
learning physics.

Recently one of the UK educational officials spoke somewhere and said that physics is not for
girls, that girls do not like difficult math. You cannot imagine what storm it caused! We have
the magazine Physics World where there are lots of articles with the data about how UK girls
are outperforming boys on difficult math tests and how they are enrolling in physics.

The world is changing and we should use our subject to empower all students and make them
feel that they belong. If you read the post to the end, please respond to it either by liking or by
commenting. Thank you.

Work and Energy

* How do pole vaulters reach a height of Yelena Isinbayeva from Russia has held the women's pole-vaulting record of 5.06 m
Sor6m? since 2008. The men's record is 6.16 m. How can pole vaulters reach such great
® Why does blood p i heights? If you watch the event, you will see three aspects of the vault that are
when the walls of the aorta thicken? essential: the vaulters run very fast before inserting the pole into the vaulting box;

they jump at the moment of takeoff while bending the pole as they start their vertical
ascent; and they crunch their muscles at the top of the flight to give a specific body
shape as they pass over the bar, All these elements contribute to the height of the
vault—in this chapter, we will learn how.

¢ |f our Sun were to become a black
hole, how big would it be?

https://www.facebook.com/groups/320431092109343/posts/1216437859175324/? cft  [0]
=AZWs8-g0gkTYfzOXtCozatndjd9ZZ5xhbgB-mbXSRnSMt2gs65alLEAKgQSoIXfG-
rC3EhvhrEbxfng3JnGE9820Ct4gw03-Qr6XbjsL7SaTc-
uwNO057Y8Fs5kKEYXkM8NyVJayUjISAKYV3DcK7XfQXi3pRcUMpgmMG8vDubakFBnMV{R
isOTnvQJMrG255I1JE&  th =%2C0%2CP-R
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Eugenia Etkina
24. July

Hi all, today my post is about reading. As you probably know, our students do not use
textbooks to learn physics, they mostly use them to check problem solving examples and to
solve assigned problems. There are many reasons for it, but | will name two:

1) The textbooks skip important reasoning steps and make student understanding of the text
or problem solving examples difficult;

2) The students do know know how to interact with a scientific text. They assume that they
just need to read it to understand and learn from it, but this is not how learning actually works.
So, we wrote the textbook that does not skip steps. But because of the second reason it is not
enough for the students to learn from it. They need to be able to read it for learning. What does
it mean "reading for learning"? - | just coined this term -

I will remind of you the brain learning cycle (described in Zull's The art of changing the brain).
This is how the cycle goes: sensory input - reflective observation - abstract hypothesis - active
testing.

What does this mean for reading? When a person reads any text, looking at the text involves
sensory input, agree? So the next step would be reflective observation - this means that the
person needs to stop and reflect on this sensory input - what does this sentence mean? How
does it relate to what | already know?

The next step - hypothesizing is making a connection, a hypothetical connection, to what the
person knows and interpreting the text that they just read.

Finally active testing means either talking to somebody about what they read or predicting
what should come next and then reading the text that follows. Alternatively, active testing might
mean actually doing the proposed experiment!

While this path sounds rather complicated, in fact this is what we all do (but very quickly and
subconsciously) when we (experts) read scientific texts. The method is called "Reading
interrogation" and it involves "interrogating" every sentence or a paragraph in the texts asking
yourself a question "Why is this true?". Answering this question to yourself takes you through
all of the stages of the brain learning cycle.

To check whether this is true (no pun intended), | encourage you to open our textbook on page
872 and read the section "Photocells, solar cells, and LEDs". Once you do it and see how this
method works, | will proceed with a discussion of how we can help our students read the
textbook this way. | am attaching just one page of this text, it is much longer. If you finished
reading the post, please either like it or comment on it, or both! Thank you!
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FIGURE 27.15 Light shining light on silicon
produces free electrons and "holes.”
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27.6 Photocells, solar cells, and LEDs

The photoelectric effect has numerous applications. One of them is the photocell,
which functions similarly to the tbe that von Lenard used for his experiments. The
cathode of the photocell (also called the emitter) is connected to the negative terminal
of a battery and therefore is at a lower electric potential than the anode (called the
collector). The cathode emitter is shaped like a cylindrical concave mirror to focus
emitted electrons toward the anode, which has the shape of a thin wire that collects the
electrons (Figure 27.13). When light of a frequency greater than the cutoff frequency
shines on the emitter, electrons are ejected and absorbed by the collector, causing an
electric current in the circuit, The magnitude of the current is a measure of the visible
light or UV intensity being directed at the photocell. Products that use photocells
include light meters (used in photography to adjust the size of a camera lens aperture),
motion detectors, and photoelectric smoke detectors (Figure 27.14). In such a smoke
detector, light from the source shoots across the top of the T-shaped detector. A cathode
sits at the bottom of the T. If the air is clear, no light is scattered to the cathode and
hence no photocurrent will be produced. However, smoke particles scatter light out of
the beam, causing it to reach the cathode of the photocell and producing a photocurrent.
When this photocurrent reaches a certain level, the alarm is triggered.

Solar cells

Solar cells, such as the rooftop panels used to generate electric current, are another
application of the photoelectric effect. Solar cells are based on the semiconductor
technology we discussed in an earlier chapter (Chapter 19). Semiconductors are
materials that act as insulators under some conditions and conductors under others.
Silicon is a commonly used semiconductor. A silicon atom has four valence electrons
that form covalent chemical bonds with neighboring atoms (each electron is shared
between them). As a result, a silicon atom has no free electrons; therefore, silicon is an
electric insulator. However, when silicon is heated or when light of sufficient frequency
shines on it, some of the electrons gain enough energy to become free to roam around
the erystal. The spaces vacaled by these electrons lack negative charge and become
positively charged “holes.” These holes can be filled by other bound electrons that are
not energetic enough to become free but can nevertheless move among the still-bound
valence electrons. Both free electrons and holes can potentially contribute to a current
if the silicon is placed in an external electric field. Figure 27.15 shows this process—

light photons deliver energy to the silicon, increasing its energy and allowing some of
§ its valence electrons to become free. Whether electrons will be freed depends on the

@9 e @ Z-'.'.'ﬁ.‘__'ﬂ frequency of the light.

S e ) | Ll ?50' £ k) Adding impurities to silicon—a process called doping—is another way to turn it

@ a a e a e a 9 into a conductor. There are two types of impurities: electron donors and electron accep-

S T Y | il b o) tors. Phosphorus, an example of an electron donor, contains five valence electrons, one
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.. and producing i free electron.
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more than silicon’s four. The result is one “extra” electron that does not form a strong
bond with a neighboring silicon atom and is essentially free to move about the bulk of

https://www.facebook.com/groups/320431092109343/posts/1217085739110536/? cft  [0]
=AZVTCrgSnHgIimghbEsE1fsbnROngfPmec2XQzm7tlpVx ZTQnIXGeZ zTwjE4kjddKXkwL
KbyfuzvzlrwCR56 CwSWYeT4NnXCt2350gIwVGKOtGRVKHhRaMB3Kkr1zoiRKZLR4vY 8zfyx
ICbr3Z9x-Nlj7BBJbSczGVNoRcGClfidjacsWIPY r1iGyzeKOUFnc& tn  =%2C0%2CP-R

Eugenia Etkina
25. July

Hi all, a few things today. First, WELCOME our new members - we had many people joined
yesterday. New members, please see the pinned post about what to do to benefit from the
group. Also, checking the posts every day will help you see the flow of the posts and comment.
When you like a post or comment on it, more posts come from the group into your Facebook
feed.

For all members, | continue the conversation about helping students learn how to read the
textbook. Yesterday | explained how reading is connected to brain learning process. Today |
will share the strategy that has been found the most helpful by research for student learning
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from a scientific text. The method is called "interrogation" and is described in Chapter 1 in the
textbook (attached to this post).

Here | am posting the exercise from OALG Chapter 1 that teaches students how to interrogate
the text step by step. | encourage you to do this exercise and ask yourself how the comments
during reading the text correspond to the steps of the brain learning cycle that | described
yesterday. | usually do this exercise with the students in class. | choose a random paragraph
from the textbook, we all read it and then | show them this internal conversation with myself
(the interrogation) that | do when | read the text. Then | assign the next paragraph to the groups
and ask them to come up with interrogation questions for this paragraph and share those. This
exercise takes about 30 min and these 30 minutes will pay back during the year. It is good to
repeat them one a month or so and in your syllabus assign after sections Review Questions
from the textbook for the students to answer (I already commented on those but | repeat now
as those are connected to the interrogation techniques.

OALG 1.6.1 INTERROGATION STRATEGY

Below are instructions on how to work with the textbook. The method is called interrogation.
Here is an example of your interrogation of the following text (Chapter 1, p. . This is how the
process works.

1.4 Making rough estimates

Sometimes it is useful to make a rough estimate of a physical quantity to help assess a
situation or to make a decision. To do this, we use our personal knowledge or experience to
get an approximate numerical value for an unknown quantity. Often the goal of the rough
estimate is to determine the order of magnitude of the quantity—is it tens, hundreds, or
thousands of the relevant units? Estimating is an extremely valuable skKill.

You read the first sentence: “Sometimes it is useful to make a rough estimate of a physical
quantity to help assess a situation or to make a decision.” You tell yourself: “What is an
estimate? Do | even make estimates to make decisions? Hmmm... When | need to estimate
how much money | need to live for one month | think about my rent, groceries, gas and other
expenses. The rent is fixed but food expenses change every week, so what | spend on food
can only be estimated. This means they are right; | make estimates to make decisions. Now
the next question is about physical quantities. What are those? Oh, let me go back to Section
1.3, it is called Physical Quantities. Aha, money can be a physical quantity as it has units —
dollars. So, | do make rough estimates of physical quantities. Then you read: “To do this, we
use our personal knowledge or experience to get an approximate numerical value for an
unknown quantity.” You tell yourself: “This is exactly what | need to use to estimate my monthly
food expenses. If | never paid for my groceries, | would have no idea how much it costs a
month. It looks like | completely understand what they are saying.” Then you continue reading:
“Often the goal of the rough estimate is to determine the order of magnitude of the quantity—
is it tens, hundreds, or thousands of the relevant units?” You tell yourself: “Order of magnitude.
What is this? Oh, | just read about prefixes on page 6 for the units — these are the mathematical
expressions for the powers of ten, for example 1 meter is 100 times bigger than 1 centimeter.
So, the order of magnitude is ones, tens, hundreds and so forth. For example, the length of
my finger is measured in centimeters, not in meters. For my food expenses example, the
estimate would be that | spend a few hundred dollars a month, not a few thousand. This is
good to know, especially if | have a better idea, whether it is one hundred or 8 hundred, right?”
This internal dialogue with yourself is exactly the process that scientists do when they read
scientific texts. They continuously interrogate every sentence by asking themselves whether
it makes sense, whether it is consistent with their prior knowledge, whether what the author is
writing describes an experiment or a hypothesis, and so forth. If the sentence does not make
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sense, they read the next one to check whether that sentence helps them understand the
previous one. They also interrogate figures in the text. Above you see the figure to which the
paragraph in the textbook mentions. Your task is to “interrogate it”. What questions would you
ask in the process? List possible interrogation questions and answers below.
Please respond to the post after you finish reading it, thank you!

https://www.facebook.com/groups/320431092109343/posts/1217620972390346/? _ cft

1.6 How to use this book to learn physics

The goals of this textbook are to help you construct understanding of some of the most
important ideas in physics, learn to use physics knowledge to analyze physical phe-
nomena, and develop the general process skills that scientists use in the practice of
science. One such skill is learning from a scientific text. Thus, by learning to work with
your textbook efficiently and productively, you will not only learn physics but also de-
velop textbook reading skills that will be helpful in any other science subject you study.
To take advantage of all the tools that this textbook has to offer, we suggest that you
read the text below and then, after you work through the first few chapters, come back
to this section and read it again.

The most important strategy that will help you learn better is called interrogation.
Interrogation means continually asking yourself the same question when reading the
text. This question is so important that we put it in the box below:

Why is this true?

Make sure that you ask yourself this question as often as possible so that eventually
it becomes a habit. Out of all the strategies that are recommended for reading
comprehension, this is the one that is directly connected to better learning outcomes.
For example, in Section 1.2 you read the following sentence: “The modeling of objects
is the first step that physicists use when they study natural phenomena.” Ask yourself,
“Why is this true?” Possibly because real-life phenomena are too complicated to be
investigated in detail—it is much easier to describe the motion of a runner if you
consider her to be a point-like object than to take into account the details of her arms,
legs, hair, etc. Thus, simplifying, (or as physicists call it, modeling) is the first step that
we take. By just stopping and interrogating yourself as often as possible about what
is written in the book you will be able to understand and remember this information
better.

FI
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Eugenia Etkina

26. July
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https://www.facebook.com/groups/320431092109343/posts/1217620972390346/?__cft__%5B0%5D=AZVd4d3xRf2fjpN2rpnjl2j2DdHl-eAXim3K6C-UrLRzrDbRiFXaboxU2C9OkBOhiuo-SxihWmK3EOSshAB73_O95L8a9dmglc-JuX34MhZ13cFLa2zL35Y2Wf-PF0RYZytyqencWvpt8xEubLCsbRdD7s8ihZQH992r4XPYxF7aq6E98LB-tyJcOCgzUylH7dA&__tn__=%2CO%2CP-R
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Hi all, today | continue my posts about learning to read scientific texts. | also wanted to
WELCOME new members who joined yesterday. Please read the post pinned on the top of
the group's page to learn how to benefit from this group the most.

Now, about reading. Research shows that not only students but teachers confuse the terms
'describe’ and 'explain’. This means a deeper issue than just vernacular. It means not
distinguishing between evidence and inference. This distinction is crucial when reading any
social text. What is the author claiming? Evidence? Then what does this evidence look like?
Or the text is just some inference? If it is, then was this inference tested experimentally for
rejection? Think of how much trouble it would save the US if people and politicians could
distinguish between the two and demand rigorous testing experiments for inferences or claims.
But, politics aside (although I truly think that we are educating our students to be scientifically
minded citizens), how does this speech relate to reading our textbook? It relates directly! To
help students understand the differences between evidence, inference and testing the
inferences experimentally we have a tool that no other textbook has (no other in the whole
world!). We have Experiment Tables: Observational Experiment Tables and Testing
Experiment Tables. They are key to helping students learn how physicists reason and how to
distinguish evidence from inference.

Many readers skip those in favor of plain text, but this is a mistake. All tables are carefully
crafted and most have the videos of the experiments to help students learn when evidence
come first (observational experiments) and when evidence is needed to reject supposition or
fail to reject it.

| am pasting an example of an observational experiment table and | am inviting you to respond
about HOW it helps students distinguish evidence from inference. | chose this example
because not only that it illustrates my point above but it also reminds you that we see the
FRICTION force differently from the traditional approach. So, please focus both on the form of
the table and the content.

If you finished reading this post, please like it or respond to it in some other way. "Loving" is
good too!
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OBSERVATIONAL -
EXPERIMENT TABLE 4 [ 1 C%” Pulling a block with a spring scale

&1/

OET &1
Observational experiment Analysis
A block is at rest on the horizontal surface of a desk. The force diagram for the block is shown at right.
ottt fbeiboby } 'Fa il
. - L}
!‘;Eu »
A spring seale pulls lightly on the block; the block The pulling force Figy uu n i8 exerted parallel to the surface
does not move. and Fi ., u is perpendicular to the surface. Because the block is F
L : A mn
TS e § not accelerating, the sum of all forces exerted on it must be zero. .
. . T ,’/’:}.in We therefore conclude that the suﬁacelenm a force Fy o  that, ™ Fomi
i J J 7 when added to the two forees nbove, gives zero. The vector Fon
companent of this force perpendicular to the surface has the

same magnitude as F, 5 its component parallel to the surface
has the same magnitude as Fg, ., 5.
(CONTINUED)

24 ETKI 1823 02 SE_Codindd 88 & PE0ENT 101 PM
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Observational experiment Analysis
The spring scale pulls harder on the block; the block The perpendicular component of £y, stays
stall does not move. the same; the magnitude of the parallel vector 7
......... companent increases. Therefore, the direction T -

:‘ E ) of K, changes, too, " Fonn

The spring scale pulls even harder on the block; the The force diagram for the moment just before
block finally starts moving. the block begins moving is shown at right.

N e e L 3 f?gmﬂ

1 i 2 5

A ' =

FLMB
Patterns

® [ each of the experiments, the surface exerted a force on the block that can be resolved into two vector comp one perpendicular to the

surface and one parallel to it.
® The perpendicular component of £, p did not change with the increase of the pulling force, but the parallel component did. The parallel
component seems Lo represent resistance to the motion of the block.

® The magnitude of the parallel component (the resistive force) can only increase up W a certain value. Thus the resistive force must be variable and
have a maximum value.

https://www.facebook.com/groups/320431092109343/posts/1218252442327199/? cft [0]
=AZWOOhgH JO0scLfkwf9l7GGlqgatggfqJWfdX7RyFJ67wlaxr7vyVc8zkYdZngY8y DgPp8N
P8 v7kkYue3oDL-WSsQj5gxfuF8bupli8DoCqrBVYMqg55wB2aRCAC4kjJkSP0zYTcbOM-
5D1hdqjcKsldvh5fkltbbGG9A4iZwCCY3ouFUwGisX AGukkp9bVT00& tnh  =%2C0%2CP
-R
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Eugenia Etkina
27. July

Hi all, two things today. First - more members are joining our group. WELCOME! To benefit
from the group, please read the pinned message on the top of the group's page to learn the
philosophical foundations of the ISLE approach to learning physics and the library of resources
that we offer here and at islephysics.net. Try to check the posts every day to follow the
progression. And check the events calendar for the upcoming events.

Second, | continue with the purpose of the experiment tables for learning to read the textbook
and understanding the progression of hypothetico-deductive reasoning.

Yesterday | commented how observational experiment tables (the green tables in the
textbook) help students learn how to distinguish between evidence and inference
systematically. The best thing to do is to work with those experiments in class so that students
can observe them, find patterns and come up with the explanations and then go home and
read the textbook reflecting on what they learned by themselves and what is written in the
textbook. They should not read the Tables before they actually try the experiments (or observe
the experiments) and try to interpret them.

The same is true for the Testing experiment tables (purple table in the textbook). These tables
teach students how to systematically reason like physicists and how to rule out the hypotheses
or inferences. | am pasting examples from Chapter 4 again. After students have constructed
the idea that friction force is a component of the force that the surface exerts on the object,
they need to find out what this component depends on. The first table in the attached
screenshot shows how they figure out what affects the force based on the experiments. From
these experiments the students might think that it is the mass of the object that affects the
friction force. The testing experiment that follows helps them learn how to rule out this
hypothesis. Notice how the prediction before the experiment is based on the hypothesis and
how the students view the video AFTER they made the prediction. | repeat again that the
prediction is not a guess based on the intuition but a statement of the outcome of the
experiment based on the hypothesis under test. There are NO predictions before
observational experiments. Note, how in the testing experiments table in the attached
screenshot under the column of "prediction" we show if-then reasoning, which is the
hypothetico deductive reasoning chain that we want our students to learn.

This reasoning was used by Joseph Wilson to rule out the hypothesis that Iraq was developing
weapons of mass destruction. He figured out how to conduct a testing experiment, made a
prediction based on this hypothesis and actually ran the experiment which ruled out the
hypothesis of the WOMD BEFORE the war with Iraq started. Unfortunately American
politicians did not listen to him (even worse) and started the war. The story is portrayed in the
movie "Fair Game" made in 2010. | strongly recommend watching it to see how hypothetico-
deductive reasoning is important in the world.

If you finished reading the post, please respond to it to make it more visible for other group
members. Thank you!
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I 00
OBSERVATIONAL 4 2 ~ m
EXPERIMENT TABLE ' : : What affects the maximum static friction force? e

Observational experiment Analysis

Experiment 1. Changes in the smoothness of the surfaces We'll use
the spring to pull a smooth plastic block that is resting on three different
surfaces: (1) a glass tabletop, (2) a wood tabletop, and (3) a rubber
exercise mat. The reading of the spring scale just before the block starts
moving is largest for the rubber mat, next largest for the wood tabletop,
and smallest for the glass tabletor

Finann = fiwoan = ficoan

Experiment 2. Changes in the surface area We vary the size of contact
area between the block and the rubber mat. The block is shaped like a
brick and has faces of three different areas. We use the spring to pull the
block while it is resting on each of these three different faces. The reading
of the scale just before the block starts to move is the same for all three
areas.

Ffinangal = finonnaz = ?.R..nn.-u

Experiment 3. Changes in the mass of the block We take plastic
blocks af 1.0 kg, 2.0 kg, and 3.0 kg and place them all on the same X o
wood tabletop. We use a spring scale te pull each of them. The reading fiwanzigs = 2fiwantng s
of the scale just before the blocks start moving is smallest for the 1.0-kg
block, twice as large for the 2.0-kg block. and three times as large for the
3.0-kg block.

f;w.m:ikgn = 3f;w:.n1kp_a

The maximum static friction force that the tabletop exerts on the
block is directly proportional to the mass of the block.

Patterns

The maximum static friction force that the surface can exert on the block depends on the rougl of the ing surfaces and the mass of the
block, but does not depend on the arca of contact between the surfaces.

The patterns in Table 4.2 make ble hypoth To test a hypothesis, we need to
design an experiment in which we can vary one of the properties and make a prediction
of the outcome based on the hypothesis being tested. We will test one hypothesis in
Testing Experiment Table 4.3 (on the next page), that the maximum static friction force
is directly proportional to the mass of the object.

MD4_ETKI1823 02 SE_CO4indd 21 @ 2210817 102 PM
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DXPERI 4.3 E= »

EXPERIMENT TABLE ' =" Does the maximum static friction force depend on mass? VIED

TET42

Testing experiment Prediction Outcome

We use a string attached to a spring scale to pull 2 1-kg block. The mass of If the friction force iz The friction force changes—

the block does not change, but we push down on the block with a spring that proportional to the mass the harder we press on the

exerts a series of downward forces on it. For each of these downward forces, of the block, the friction black, the higher the

we use the pulling string and spring scale to determine the maximum static force should remain constant maximum static friction

friction force the surface exerts on the block. The downward pushing spring during the experiment. force.

is on wheels to prevent it from exerting horizontal forces on the block.

& The scule measures the extra downward
|| push exerted by the spring on the block.

The spring pushes 4
down on the block
A spring scale measures the foree
required to slide the block.

Conclusion

The outcome of the experiment did not match the prediction; the hyp is requires a

https://www.facebook.com/groups/320431092109343/posts/1219119655573811/? cft  [0]
=AZUGIiN4ckL ZYINxP-tC 4-8AoPohkhHhRaox1A6v9zvmsRyuoWk1 cPfQugGNRz-
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P_QFeGojza9ZILEezbAffLqfSOHtV8YhsFMeF-2x-
DLxJsQsfPuSKn2sV8xCijbBLGAFBA28h02X9nilucVyjsbD9Fseajl8KG8LAQIUN4 3imJav9ra
ESzHHN-Ejt2tM&__tn_ =%2C0%2CP-R

Eugenia Etkina
28. July

Hi all, 3 things today. First, we have more new members joining our group - WELCOME!
please read the message pinned on the top of the group's page to learn hot to benefit form the
group the most.

Second, to join our group all of you needed to answer the question posted there - Why do you
wish to join the group? The question is needed for me to decide who to let in. The group is
not for the students or people curious about physics. It is only and exclusively for those who
teach physics and wish to teach it differently using the ISLE approach. So, to be admitted, a
person needs to indicate that they have interest in ISLE, or they are using our textbook, or that
they wish to learn new teaching methods because they are physics teachers. If a person asks
to join and does not answer the question, | message them and wait for their answer. Some
never reply and | do not admit them. Today | rejected 6 people for not answering the question.
Why am | writing this to you if you are already in the group? If you have any friends who are
trying to join, please tell them to answer the question. Thank you.

Third thing today. | have been posting about different aspects of the ISLE approach for 2
months now. Those who have been reading the posts probably have lots of questions about
it. | am asking you to start posting your questions here so that we can clear them before the
school year starts. Please do! When you ask a question responding to my post, it is great, but
very few people see the response, when you ask it as a post, then many more people see it.
Let's have a week of questions only. when August starts, | will start posting about the content
that you will be helping your students learn again.

Also, some time in August we will have another meeting for teaching of kinematics. | will need
to find a few days for you to choose and | will announce the meeting. Please respond to this
post if you read it. thank you.

https://www.facebook.com/groups/320431092109343/posts/1219754368843673/? cft [0]
=AZWOP1D0OQzJ-0I-

FPbh5v8YzQ re9Bs6EpZq BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb YQ50W2SM
BzyuTwgGmAiVIADN8zklU020cVhUd|TvjqQIfkDxS09Sz4VAaGSU50zpzZCNFtpY2UxdrxZ
S8NsggUsHO05103D6MLVKSLXHLIFZBdO9HBJOVMKA4& tn =%2C0%2CP-R

Eugenia Etkina
29. July

Hi all, yesterday Matthew Mac asked a question whether the ISLE approach takes more time
that the traditional instruction and what topics teachers address in a school year. He asked
this in a comment but | thought it was very important, so | am repeating the answer that
Danielle Buggé gave to Matthew Mac responding to his comment. Danielle Buggé teaches in
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https://www.facebook.com/groups/320431092109343/posts/1219119655573811/?__cft__%5B0%5D=AZUGiN4ckL_ZY9NxP-tC_4-8AoPohkhHhRaox1A6v9zvmsRyuoWk1__cPf9uqGNRz-P_QFeGojza9ZILEezbAffLqfS9HtV8YhsFMeF-2x-DLxJsQsfPuSKn2sV8xCjbBLGAFBA28h02X9nilucVyjsbD9FseajI8KG8LAqlUN4_3lmJav9ra_ESzHHn-Ejt2tM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219119655573811/?__cft__%5B0%5D=AZUGiN4ckL_ZY9NxP-tC_4-8AoPohkhHhRaox1A6v9zvmsRyuoWk1__cPf9uqGNRz-P_QFeGojza9ZILEezbAffLqfS9HtV8YhsFMeF-2x-DLxJsQsfPuSKn2sV8xCjbBLGAFBA28h02X9nilucVyjsbD9FseajI8KG8LAqlUN4_3lmJav9ra_ESzHHn-Ejt2tM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219119655573811/?__cft__%5B0%5D=AZUGiN4ckL_ZY9NxP-tC_4-8AoPohkhHhRaox1A6v9zvmsRyuoWk1__cPf9uqGNRz-P_QFeGojza9ZILEezbAffLqfS9HtV8YhsFMeF-2x-DLxJsQsfPuSKn2sV8xCjbBLGAFBA28h02X9nilucVyjsbD9FseajI8KG8LAqlUN4_3lmJav9ra_ESzHHn-Ejt2tM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219754368843673/?__cft__%5B0%5D=AZW0P1DOQzJ-0l-FPbh5v8YzQ_re9Bs6EpZq_BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb_YQ5OW2SMBzyuTwgGmAiV9ADn8zklU020cVhUdjTvjqQIfkDxS09Sz4VAaGSU5OzpzZCNFtpY2UxdrxZS8NsggUsH05Io3D6MLVKSLxHLIfZBd9HBJ9VMK4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219754368843673/?__cft__%5B0%5D=AZW0P1DOQzJ-0l-FPbh5v8YzQ_re9Bs6EpZq_BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb_YQ5OW2SMBzyuTwgGmAiV9ADn8zklU020cVhUdjTvjqQIfkDxS09Sz4VAaGSU5OzpzZCNFtpY2UxdrxZS8NsggUsH05Io3D6MLVKSLxHLIfZBd9HBJ9VMK4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219754368843673/?__cft__%5B0%5D=AZW0P1DOQzJ-0l-FPbh5v8YzQ_re9Bs6EpZq_BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb_YQ5OW2SMBzyuTwgGmAiV9ADn8zklU020cVhUdjTvjqQIfkDxS09Sz4VAaGSU5OzpzZCNFtpY2UxdrxZS8NsggUsH05Io3D6MLVKSLxHLIfZBd9HBJ9VMK4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219754368843673/?__cft__%5B0%5D=AZW0P1DOQzJ-0l-FPbh5v8YzQ_re9Bs6EpZq_BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb_YQ5OW2SMBzyuTwgGmAiV9ADn8zklU020cVhUdjTvjqQIfkDxS09Sz4VAaGSU5OzpzZCNFtpY2UxdrxZS8NsggUsH05Io3D6MLVKSLxHLIfZBd9HBJ9VMK4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1219754368843673/?__cft__%5B0%5D=AZW0P1DOQzJ-0l-FPbh5v8YzQ_re9Bs6EpZq_BndC61vit8cee96FDeeoe55cfdQfwQooWe8yFfb_YQ5OW2SMBzyuTwgGmAiV9ADn8zklU020cVhUdjTvjqQIfkDxS09Sz4VAaGSU5OzpzZCNFtpY2UxdrxZS8NsggUsH05Io3D6MLVKSLxHLIfZBd9HBJ9VMK4&__tn__=%2CO%2CP-R

NJ, in a high school. | am asking group members who use the ISLE approach at a
college/university level to share their experiences with how much they omit or what pace they
keep when they use the ISLE approach. David Brookes, Yuhfen Lin, Diane Crenshaw
Jammula and others, please respond! Below is Danielle Buggé's reply to Matthew Mac:
Matthew Mac, | agree with Eugenia Etkina that once students get the hang of it, the pacing is
not much different. As with any new undertaking, it takes time for them to learn the practices,
expectations, and language. If some of your students are not 100% proficient after the first
exposure to an idea (i.e. creating and interpreting motion diagrams), that is fine - there are
many opportunities to practice in future activities. Providing multiple exposures to ideas as we
advance the curriculum helps the students engage with ISLE while not becoming 'stuck' on
one topic. Creating a sense of urgency (aka setting time limits for tasks) in the classroom also
helps the students build the capacity to efficiently engage in the learning process. This past
year was a bit different, coming back from virtual learning, but ideally my timeline in a first year
high school course that runs September - June is as follows: | aim to finish Kinematics by the
first week in October. October - December the goals are Dynamics, 2D Motion and Forces,
Circular Motion, and Universal Gravitation. The goal for January and very early February is
Momentum and Energy. We typically spend until mid-late April (depending on spring recess
and state testing) on Electricity and Magnetism and the last few weeks on Waves and/or
Optics. Most years we are able to complete the school curriculum which is modeled off of the
Next Generation Science Standards (NGSS) while using the ISLE approach.

Please ask your questions in posts and please respond to the posts after you finish reading
them. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1220074758811634/? cft  [0]
=AZVo0z8MVED-6nCwvFHpMRLgsDVOmMn98i41jp4RhcSv9nB38fsvOPY8QyCw-2Q-
GkHONCcbI4071qy9BLiwTuzDJXgMD4us7hpK-
Qilmv1LRFJ050dj5hbsxcuwtl1sZL2HXZAV4AWxJKqu8wY 421ZsK2-0akldLa-
rufixGBwLgvegXU1owhHmo62PVztPZBwma E& tn  =%2C0%2CP-R

Eugenia Etkina
29. July

Hi all, | continue the conversation about what can be done in an ISLE-based course. Here is
the link to the Physics for the Sciences - an algebra-based physics course that has been using
the ISLE approach since 2003. The person who runs the course is Michael J. Gentile, he can
answer all your questions her or if you email him, his email is on the website that | post the
link to below.

https://www.facebook.com/groups/320431092109343/posts/1220254295460347/? cft  [0]
=AZX OdPwXLXzFcbHbglFkvsHmMIHM6u6KZtK5w4N1SpjuEh3A9dZ Tgi2oL4sMVyrluVvBv
0C850 vi6e1XDOUH WB8ZDH3pWN8pUBmMgdggx9PGiOIlIbQ99PCPOPiI8BSUF1bWVIITg AdX
ogvh3IULZI3tZgi7pJ2pLnQGciMZIGtPO6VIRR4kVO0qpC ARCpcy-

nfWo& tn  =%2C0%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1220074758811634/?__cft__%5B0%5D=AZVoz8MVED-6nCwvFHpMRLqsDVOmn98i4Ijp4RhcSv9nB38fsv0PY8QyCw-2Q-GkHONcbl407Iqy9BLiwTuzDJXqMD4us7hpK-Qilmv1LRFJo5Odj5hbsxcuwtl1sZL2HXZAV4WxJKqu8wY_42IZsK2-0akldLa-rufxGBwLqvegXU1owhHmo62PVztPZBwma_E&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220074758811634/?__cft__%5B0%5D=AZVoz8MVED-6nCwvFHpMRLqsDVOmn98i4Ijp4RhcSv9nB38fsv0PY8QyCw-2Q-GkHONcbl407Iqy9BLiwTuzDJXqMD4us7hpK-Qilmv1LRFJo5Odj5hbsxcuwtl1sZL2HXZAV4WxJKqu8wY_42IZsK2-0akldLa-rufxGBwLqvegXU1owhHmo62PVztPZBwma_E&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220074758811634/?__cft__%5B0%5D=AZVoz8MVED-6nCwvFHpMRLqsDVOmn98i4Ijp4RhcSv9nB38fsv0PY8QyCw-2Q-GkHONcbl407Iqy9BLiwTuzDJXqMD4us7hpK-Qilmv1LRFJo5Odj5hbsxcuwtl1sZL2HXZAV4WxJKqu8wY_42IZsK2-0akldLa-rufxGBwLqvegXU1owhHmo62PVztPZBwma_E&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220074758811634/?__cft__%5B0%5D=AZVoz8MVED-6nCwvFHpMRLqsDVOmn98i4Ijp4RhcSv9nB38fsv0PY8QyCw-2Q-GkHONcbl407Iqy9BLiwTuzDJXqMD4us7hpK-Qilmv1LRFJo5Odj5hbsxcuwtl1sZL2HXZAV4WxJKqu8wY_42IZsK2-0akldLa-rufxGBwLqvegXU1owhHmo62PVztPZBwma_E&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220074758811634/?__cft__%5B0%5D=AZVoz8MVED-6nCwvFHpMRLqsDVOmn98i4Ijp4RhcSv9nB38fsv0PY8QyCw-2Q-GkHONcbl407Iqy9BLiwTuzDJXqMD4us7hpK-Qilmv1LRFJo5Odj5hbsxcuwtl1sZL2HXZAV4WxJKqu8wY_42IZsK2-0akldLa-rufxGBwLqvegXU1owhHmo62PVztPZBwma_E&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220254295460347/?__cft__%5B0%5D=AZX_OdPwXLXzFcbHbgIFkvsHmIHM6u6KZtK5w4N1SpjuEh3A9dZ_Tgi2oL4sMVyrluVvBvoC850_vi61XDOUH_W8ZDH3pWN8pUBmgdgqx9PGi0IlbQ99PCP9Pi8SUF1bWVIlTg_AdXogvh3lULZI3tZgi7pJ2pLnQGciMZlGtP06VlRR4kV0qpC_ARCpcy-nfWo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220254295460347/?__cft__%5B0%5D=AZX_OdPwXLXzFcbHbgIFkvsHmIHM6u6KZtK5w4N1SpjuEh3A9dZ_Tgi2oL4sMVyrluVvBvoC850_vi61XDOUH_W8ZDH3pWN8pUBmgdgqx9PGi0IlbQ99PCP9Pi8SUF1bWVIlTg_AdXogvh3lULZI3tZgi7pJ2pLnQGciMZlGtP06VlRR4kV0qpC_ARCpcy-nfWo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220254295460347/?__cft__%5B0%5D=AZX_OdPwXLXzFcbHbgIFkvsHmIHM6u6KZtK5w4N1SpjuEh3A9dZ_Tgi2oL4sMVyrluVvBvoC850_vi61XDOUH_W8ZDH3pWN8pUBmgdgqx9PGi0IlbQ99PCP9Pi8SUF1bWVIlTg_AdXogvh3lULZI3tZgi7pJ2pLnQGciMZlGtP06VlRR4kV0qpC_ARCpcy-nfWo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220254295460347/?__cft__%5B0%5D=AZX_OdPwXLXzFcbHbgIFkvsHmIHM6u6KZtK5w4N1SpjuEh3A9dZ_Tgi2oL4sMVyrluVvBvoC850_vi61XDOUH_W8ZDH3pWN8pUBmgdgqx9PGi0IlbQ99PCP9Pi8SUF1bWVIlTg_AdXogvh3lULZI3tZgi7pJ2pLnQGciMZlGtP06VlRR4kV0qpC_ARCpcy-nfWo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1220254295460347/?__cft__%5B0%5D=AZX_OdPwXLXzFcbHbgIFkvsHmIHM6u6KZtK5w4N1SpjuEh3A9dZ_Tgi2oL4sMVyrluVvBvoC850_vi61XDOUH_W8ZDH3pWN8pUBmgdgqx9PGi0IlbQ99PCP9Pi8SUF1bWVIlTg_AdXogvh3lULZI3tZgi7pJ2pLnQGciMZlGtP06VlRR4kV0qpC_ARCpcy-nfWo&__tn__=%2CO%2CP-R

Eugenia Etkina
30. July

Hi all, as you are preparing for the new school year, this paper might help you decide on how
you set your grading scale. But the best of course, is to do standards-based assessment and
have no grades at all. https://journals.aps.org/.../PhysRevPhysEducRes.18.020103...

https://www.facebook.com/groups/320431092109343/posts/1220696775416099/? cft [0]
=AZUUSMMMWrMUIy53Gc1cDhcSdPzS4jQ3AKe8711LY 8-
JMgTIlzZvCgK6Hx1Le233UCBLqgly04lgzGRJD3gAujzCIn0OSi500t4R XITMDD7Mm9NUIfxiF
YT-n-Zt9AJ4zu9WO5mgkqSiD5Isg5VitcUzx2wgWZH7Kd-
k2RWoZO7hklmvXa8lID8mvFoo6169UK71Qo& tn  =%2C0%2CP-R

Eugenia Etkina
31. July

Jose Garcia asked yesterday to share papers related to the harm grades do to learners. Here
is one.

In my personal experience | taught one year in my high school without grades all year. Except
the final grades (which were pretty arbitrary). This was my best year of teaching with the most
students going on to become physics majors. | did a lot of things to compensate the absence
of grades and can share them if you are interested. Overall it was am amazing experience.

https://www.facebook.com/groups/320431092109343/posts/1221374825348294/? cft  [0]
=AZX8YOHNZKBjhHLPQWEI-g5FgG8JmUJn7ZEXxIFQNI9ZoUiShg46r11zJ1SPn421KFX--
EwOr7WQBmJIJy9cCUWNTfieQU7mkBd832byQpgN2kKUFB0ogATW6f9SPqjellt5FujueZ Dj
szX8i-Ef POE-p-
hRAayrYeFONBFKLyPb2Jsnom9g0rff2SmEbeKgmAameyHIRcyO10jcjYBBOEKK& tn =
%2C0%2CP-R

Eugenia Etkina
1. August

Hi all, a few things today. First, we have several new members who joined yesterday -
WELCOME! Please read the post pinned to the tope of this group's front page to learn how to
benefit from the group the most. And do not forget to check the posts every day to make sure
they appear in your feed. If you do not read the posts they stop coming to you and you miss
stuff.

Now to continue our conversation about grades. Thank you all for responding yesterday.
Martina Bach said that she is forced to give grades and | think we all feel the same. So, how
to reduce the harm of grades when we have to give grades?
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https://www.facebook.com/groups/320431092109343/posts/1221374825348294/?__cft__%5B0%5D=AZX8Y0HnZKBjhHLPQWEl-g5FgG8JmUJn7ZExlFQnI9ZoUiShg46r11zJ1SPn421KFX--Ew9r7WQBmJIJy9cCUWNfieQU7mkBd832byQpgN2kKUFB0oqATW6f9SPqje0lt5FujueZ_DjszX8i-Ef_POE-p-hRAayrYeF0NBFKLyPb2Jsnom9g0rff2SmEbeKgmAameyH9RcyO1ojcjYBBOEkK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1221374825348294/?__cft__%5B0%5D=AZX8Y0HnZKBjhHLPQWEl-g5FgG8JmUJn7ZExlFQnI9ZoUiShg46r11zJ1SPn421KFX--Ew9r7WQBmJIJy9cCUWNfieQU7mkBd832byQpgN2kKUFB0oqATW6f9SPqje0lt5FujueZ_DjszX8i-Ef_POE-p-hRAayrYeF0NBFKLyPb2Jsnom9g0rff2SmEbeKgmAameyH9RcyO1ojcjYBBOEkK&__tn__=%2CO%2CP-R

| see one solution for this problem. To reduce the harm of grades, the grades should not signify
the end of learning something. They should only serve as feedback about what to work on.
This means that they students should be allowed and encouraged to improve their grades
using any system that you, as a teacher, use. We had a meeting in the spring about different
approaches to the "resubmission policy" that people in different high schools and different
universities use.

When | was teaching high school my students could improve any assignment, including unit
tests. All they needed to do is to study and come an hour before school started and retake the
quiz or the test. | then asked them a few questions and if we both were satisfied with the
outcome, they received a new grade as if the first one never existed. If they were not happy
with the outcome, they would come again and we would repeat the procedure. This approach
meant that | had to come to school every day an hour early which was a burden, of course,
but it also meant that | had happy knowledgeable students who believed that | was there to
help them learn not to stamp them with a grade.

| used a similar policy when | ran a course at Rutgers physics department and when | came to
Rutgers GSE to prepare future physics teachers, i applied the same rules to their work. Many
of them are members of this group, they can share their experiences with their homeworks,
projects, etc.

This was one approach to reducing the weight of grades and developing growth mindset in my
students (at that time the term growth mindset has not been invented yet). There are many
others that were reported at our two meetings. | am posting the links to the slideshows from
those meetings and | invite you to pose your questions and the authors of different approaches
to answer them.

| also want to add the allowing and encouraging students to improve their work and not
punishing them for subsequent attempts is reflective of the second intentionality of the ISLE
approach - learning physics should be motivational and inspiring and lead to the improvement
of the well-being of our students.

Here are the links to the slides. Please respond to the post if you finish reading it.
https://docs.google.com/.../1jUEcyjKmWY56Y 1ty3slv.../edit...
https://docs.google.com/.../1Kf7CqPxTxj5IBKrUWfQy.../edit...

https://www.facebook.com/groups/320431092109343/posts/1222189278600182/? cft [0]
=AZXgjFGpnVsgkab5mHo-9QUwdw1bw7BZiXql50Fo-CSEfaBxrt-
v5AZkbZBF9yorGR85X1PYzLmIWMbvTW89HKEC9POUODSkzTRIpH2U-c-
XRM_vOpD1KWKVAWRTCXzxB861qc6319rng6h584epHV-tzuyxs5V7eVck3-
56wYjjVFJYPEpSY4Hn8eiKZooWaoU& tn  =%2C0%2CP-R

Eugenia Etkina
2. August

Hi all, yesterday | posted the links to google slides from our two meetings on student
resubmission of their work. We also had a meeting on the essential elements of the ISLE
approach that cannot be omitted if you wish to implement it. | am posting the link to the slides
below. Please take a look and ask questions. The slides might help you decide what you need
to keep in your curriculum in order to implement the ISLE approach.
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Also, as | promised, we will have a meeting in August about how to begin the school year and
how to teach kinematics using the ISLE approach. Possible dates are August 19, 20, 21. What
is better - Friday or the weekend? Please reply here. And please "like" the post or comment
on it when you finish reading it. If you comment, the next post will be on top of your Facebook
posts.

https://www.facebook.com/groups/320431092109343/posts/1222587638560346/? cft [0]
=AZWLDNU702SE84vGyHvblv4Z9zcaOBimBLsKL6vsiBFBMq7-
IXFywCFBJSuUPgKMMUDbPpFII88d SaVjzOQMWi1BHzyoewWJGPzZfWEG3d S30T49sGz3i2
Szo0lhuLDvVp6jzZ2ME4V7kisAax0nco9T6zW965dJJXc7kbZXtxXWLUEDMovGpo9hlEUTx4
ab8pkH4& tn  =%2C0%2CP-R

Eugenia Etkina
4. August

Hi alll Today my post is about preparation for our problem solving meeting on August 27th.
We will be solving non-traditional problems from different areas of physics and many of them
use the language and approaches from our textbook College Physics: Explore and Apply.
To prepare for the meeting you need to carefully review Chapters 2-4 (kinematics and
dynamics), 7 (energy), 17 (electric charge and force), 18 (electric field) and 19 (DC circuits).
Please make sure that you really study these chapters as we will be using the double notation
for forces, systems and energy bar charts, E field and V field representations and so forth.
We have 40 people signed up for the meeting! We have really cool problems, absolutely new!
for you to ponder. | am looking forward to seeing all of you!

Please like this post or comment on it to make it visible for more people.

https://www.facebook.com/groups/320431092109343/posts/1223895841762859/? cft [0]
=AZVB7pCgyzUbi2rKKcOBTF6z5u9poYVviYTbPOhE0o9hiROMSI61rNpUMEOBErViwS s74VZ
HQiz6 3xphZSOILJdEEJFgaW2F4DhQ7WNEFbn7JOXOFQ2VIXejSFr7xmZ95nyfhGu g8fc

Hvafi9Rwemlo2G1E HPFhEOAzXOJC3JBSCt-2xlo4 4jnRe2te6lJAs& tn  =%2C0%2CP-
R

Eugenia Etkina
5. August

Hi all, we have several new members who joined in the past two days. Welcome! Many of
them indicated that they are looking for resources at the freshman level of high school. This is
the group that uses the ISLE (Investigative Science Learning Environment) approach to
learning physics. This is a philosophy of teaching physics, not a set of activities to pick and
choose when you need an activity (please visit islephysics.net to learn more). While we have
tons of activities for the students to do every day of their school year published in the Active
Learning Guide, On-line Active Learning Guide and PUM materials, the goal is not to plug
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https://www.facebook.com/groups/320431092109343/posts/1223895841762859/?__cft__%5B0%5D=AZVB7pCgyzUbi2rKKcOBTF6z5u9poYvfYTbP9hEo9hiR9MSf61rNpUMEo6ErVtwS_s74VZH0iz6_3xphZSOlLJdEEJFgaW2F4DhQ7WNEFbn7J0XOFQ2VIXejSFr7xmZ95nyfhGu_g8fcHvafi9Rwemlo2G1E_HPFhEOAzXOJC3JBSCt-2xlo4_4jnRe2te6IJAs&__tn__=%2CO%2CP-R

some of them into a lesson but to understand HOW the approach works and then use the
resources.

The textbook College Physics: Explore and Apply is written for any algebra-based level course
- high school AP{, college, whatever as long as your students have developed reading skills
and you know what is in the textbook, you can use it with the students at any level.

Activities tailored to Freshman high school physics are in the PUM modules. The link to PUM
(Physics Union Mathematics) is on the islephysics.net website in the Free Resources tab. |
recommend reading everything on that website before you decide if you wish to use the ISLE
approach in your classroom. It is fully consistent with the NGSS, new AP 1 and 2 curriculum
and will prepare your students to pass MCAT exams. But it requires a lot of work on your part.
This community is one example of how we help those who wish to implement the ISLE
approach. Please post your questions and share your concerns. Thank you. If you finished
reading the post please like it or comment on it to make it more visible for other members and
make other new posts come to your Facebook feed.

https://www.facebook.com/groups/320431092109343/posts/1224620481690395/? cft [0]
=AZWnK4070R-
APXg1vcJAW2Telgf58BbCHy4tn8CQ0eZw7LowAA17KNAg9qgSKx8JHG6ivGgohCW--
urUinoYmRr164CkhGVICH4j9V6uXRpzbQpTRQSVIO29pA1sbxSI4o0H1YKog3pY3cY2q0CO
RvGvW63v4a00A4blZ4jgF OrztsmizbDplZDv0sqVbmZL71lec0& tn =%2C0%2CP-R

Eugenia Etkina
6. August

Hi all, | just created an event (for the the EVENTS on the top of the group community page)
for our meeting dedicated to the first lessons in an ISLE-Based classroom and teaching of the
first topic of kinematics using the ISLE approach.

Please sign up for the meeting so that | know how many people are coming. You need to
prepare for the meeting though. | will answer all your questions, but to ask them you need to
familiarize yourself with the materials.

Please read textbook chapters 1 and 2 and ALG?OALG chapters 1 and 2. Those who do not
have access to ALG and the textbook, there is still time to get on Mastering Physics and talk
to your Pearson rep to get an examination copy of the textbook. However, the meeting is for
those who decided to implement the ISLE approach in their classrooms or have been doing it
already. OALG Chapters 1 and 2 are posted here in the FILES. And, of course we have a
meeting on the 27th for the new types of problems. Lots of meetings Zoom links to both
are in the EVENTS .

Please like or comment on the post to make is more visible. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1225304321622011/? cft [0]
=AZVjSAzC7A09tPSOt rluYgvP7NgxAJuCSgbGPiwZZzOE26IpVLQ78KzM-
SuSbw00y0Axy0skUBKkT--sKtUPOYPGJ5alL4AU8BN7f1pdmRNHZNwWWKNbF-
Z8iw7cz36hBdIEXDzrGPeTxR9YyobCT95vsf7TKUISHS-DFre50QUZwrnZfEnTg-
QpNGjcann7zURNsA8& tn  =%2C0%2CP-R
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Eugenia Etkina
8. August

Hi all, three things today. First, welcome new members! We had quite a few in the last three
days. Please read pinned to the top messages to learn how to benefit form this group.
Second, when you read a post, please do not forget to respond to it - like it or comment. This
will make the post visible for more people and it will ensure that you see the next post.

Third, we are going to start preparing for our first meeting of the year which is dedicated to the
first lessons and the topic of kinematics. | already posted what to read in the textbook before
the meeting, but most importantly is to read the Introductory Chapter to the Instructor Guide. |
am attaching it here. The chapter not only introduces you ISLE but also discusses the general
goals of the approach and the crucial elements of the textbook. It also discusses fundamental
principles on which we base everything that we implemented in the textbook and in the
ALG/OALG. These principles are vital for the "easy" implementation of ISLE. So, please read
the chapter very carefully and pose your questions here. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1226642251488218/? cft  [0]
=AZUmw6T48HCxHgp18Mgs3 K8Hygm 34bJ9gMQLSi0eUBe67L692fSMvOrVr20T6xK5m
R8sseeRT5uglLs3bY RH3jsSPKpjBF4H1rFGmIIWC80ONgoG7Q8mCgTROWNb9GY6Wdj3Nt
Fi1P6éwOaMF1ex0 tvgvow7rgPOYTdUAgQuFM tvmtP13yHBJ6YY 7G6ha9GwlJe6IBYGNI36
8yRQOsnVXZ& tn  =%2C0%2CP-R

Eugenia Etkina
13. August

Hi all, today | continue discussing how our scientific abilities relate to the NGSS (Next
Generation Science Standards). In my previous post | showed an example of the relationship
between science practices and our scientific abilities rubrics. Today | show how we relate to
the cross cutting concepts. Here are examples of cross cutting concepts in the NGSS:
Patterns

Different patterns may be observed at each of the scales at which a system is studied and can
provide evidence for causality in explanations of phenomena. (HS-PS2-4)

Cause and Effect

Empirical evidence is required to differentiate between cause and correlation and make claims
about specific causes and effects. (HS-PS2- 1),(HS-PS2-5)

Systems can be designed to cause a desired effect. (HS-PS2-3)

Systems and System Models

When investigating or describing a system, the boundaries and initial conditions of the system
need to be defined. (HS-PS2-2)

What do we do? Identifying patterns is one of the steps in the ISLE process and it is reflected
in the components of the Observational Experiment Rubric (Rubric B). There, the students not
only learn HOW to identify patterns but also how to describe them in words, graphically and
mathematically and also how to develop explanations for the patterns.
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Cause-and-effect is an important issue when we discuss mathematical relationships (I posted
several times about the difference between operational definitions and cause-effect
relationships and gave examples from the textbook, | am attaching the screenshot again). In
addition to discussing cause-and-effect in the textbook when the students analyze new
relationships, we also have elements of the Data Collection and Analysis rubric (G) helping
the students identify dependents and independent variables. Here is an interesting issue -
sometimes there is a cause-effect relationship between an independent and dependent
variable ( sum of the forces and acceleration) and sometimes there is none (time and velocity).
Finally systems is a huge thing in our approach. We start systems approach from the very first
chapters and carry it through systematically across all chapters. It will be too much to repeat
my posts about systems here as you can always read them in the archives on google drive.
Hrvoje Miloloza is the keeper of the archive, he will post the link again of you need it. Bottom
line - EVERYTHING that we do in the textbook and the ALG/OALG is fully consistent with the
NGSS. If you need more examples, please post your requests! If you finished reading the
post, please respond to it or like it - it will make the post more visible for other people and you
will see the next post for sure.
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‘|" [ Natlce that the “vector sum of

the forces® mentloned In the
definition at right does not mean the sum
of their magnitudes. Vectors are not added
as numbers; their directions affect the
magnitude of the vactar sum.

TI Im the cause-effect relationship, the
quantities on the right side of the
aquation can be varied indopendontly. In our
case, these are the sum of the forces and the
mass. Exch can be changed indegendently
of the other to affect accaleration. In the
aperational definition, the guantities on the
right side of the equation cannot be varied
indepandantly, The velocity change depends
on the time interval during which it occurs,
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Newton's second law The acceleration @ of a system is proportional to the
vector sum of all forces being exerted on the system and inversely proportional to
the mass m of the system:

= EFas nﬁwﬂ"’?}nﬁ"’"'

(3.0)
L) Mg

Here the subscripts 1'and 2 stand for the objects exerting forces on the sysiem.
_The acceleration of the system points in the:same direction as the vector sum
of the forces.

Does this new equation make sense? For example, does it work in extreme cases?
First, imagine an object with an infinitely large mass. According to the law, it will have
zero acceleration for any process in which the sum of the forces exerted on it is finite:

i
. Bl

ds = L]

o
This scems reasonable, as an mfinitely massive object would not change motion
due 1o finite forces exened on it. On the other hand, an ohject with a zero mass will
have an infinitely large acceleration when & finite magnitude force is exerted on it

5 _ER
,,<=T-n5=m

Both extreme cases make sense, Newton's second law i3 a so-called cause-effect
relationship. The right side of the equation (the sum of the forces being exerted divided
by the mass of the system) is the cause of the effect (the acceleration) on the left side.
P 5 A
B = T
Effect s Cazse

On the other hand, @ = AV /At is called an operational definition of acceleration.
It tells us how to determine the quantity acceleration but does not tell us why it has a
particular value, For example, suppose that an elevator's speed changes from 2 m /s to
5m/sin 35 as it moves vertically along a straight line in the positive y-direction, The
clevator's acceleration {using the definition of acceleration)) is

_ mjs = 2 m_fs

= 41 mfs?
3s /s

v

“This operational definition does not tell you the reason for the acceleration. If you
know that the mass of the elevator is 500 kg and that Eanh exerts a 5000-N downward

3.5 Newton's second law

force on the accelerating elevator and the cable exerts 4 5500-N upward force on it
then using the cause-effect relationship of Newton's second faw:

5500 N + (~5000 N)
500 kg

-= 4] m,f.-i:'

Thus, you obtain the same number using two different methods—aone from kine-
matics {the part of physics that describes motion) and the other from dynamics {the par

of physics that explains motion),

E20ST 1251 PM
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https://www.facebook.com/groups/320431092109343/posts/1229803351172108/? cft [0]

=AZWYtQuxM2Ar68nv714p9R6GeO6NmMTbgvDVVW3KmFx-0gLJallyfd-

Tue5FHrXLuRopJz6Ls2hUgTpFxtxiADrma9WcMB1CcpkfPKtyNOha5AhsuZKfeurLGkISROi
dFt2dpKZAkc633HDO0zLelxjR1bJCyQ-
eagqcQdHindzluMywABA4xDx4glW48kbJZOZyTQ& tn

=%2C0%2CP-R

Eugenia Etkina
14. August

Hi all, first | wanted to welcome new members - many people joined in the last few days, our
group is approaching 1500! WELCOME! Please read the posts pinned to the top to learn how
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to use this group for your teaching. To see what events are happening soon, click on the
EVENTS and sign up for the meetings/workshops you wish to attend.

Second, | continue posts preparing for the meeting on August 19th - the beginning of the
school year in the ISLE classroom. As | said a few times, the ISLE process is an important
part of the approach, and it is really crucial that the teacher is fluent in it. We describe it in
many papers and we practice it in the workshops, but it is also described and explained in the
textbook. | am posting the screen shot of this description. If you are new to ISLE or you do not
have a copy of the textbook yet, please read carefully and think how this logical progression
can be used for the students to construct their physics knowledge (this is what we do in the
rest of the book and the Active Learning Guide Activities).

If you finished the post, please respond to it - comment or "like it". Thank you.
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A simple example will help you understand some processes that physicists follow
when they study the world. Imagine that you walk into the house of your acquaintance
Bob and see 10 tennis rackets of different quality and sizes. This is an
observational experiment. During an observatiopal experni a scientist coll
data that seem important. Sometimes il is an accidental or unplanned experiment. The
scientist has no prior expectation of the outcome, In this case the number of tennis
rackets and their quality and sizes represent the data. Having so many tennis rackets
Seems unusuul [0 yow, $o You try to explain the data you collected (or, in other words, (o
explain why Bob has so many rackets) by devising several hy potheses, A hypothesis is
an explanation that usually is based on some mechanism that is behind what is going
on, or it can be a mathematical model deseribing the phenomenon, One hypothesis is
that Bob has lots of children and they all play tennis. A second hypothesis is that Bob
makes his living by fixing tennis rackets. A third hypothesis is that he is a thief who
steals tennis rackets.
How do you decide which hypothesis is correct? You may reason: if Bob has many
children who play tennis, and T walk around the house checking the sizes of clothes T] P Watlex the diffarence betwsen
that I find, then I will find clothes of different sizes. Checking the clothing sizes is a ATYROHARE AN & pradiction, A
new experiment, called o testing experiment, A lesting experiment is different from hypotiiesis Ia sn idasthat explalrs why or
" i i 3 Y R i how semething that you observe happens.
an observational experiment. In a testing experiment, a specific hypothesis is being A soedisilas (N ERR Gt SThEE EHSGHE
“put on trial” This hypothesis is used to construct a clear expectation of the outcome Kpan I8 par<ilar exparitmant f-th
of the experiment. This clear expectation (based on the hypothesis being tested) is Rypathasis balng taatsd wara s The
called a prediction. So you conduct the testing experiment by walking around the prodiction ks biased an the hypethesls
house checking the closets. You do find clothes of different sizes. This is the outcome and cannot be made without o specific
of your testing experiment. Does it mean for absolute certain that Bob has the rackets expariment in mind
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4  CHAPTER 1 Intreducing Physics

because all of his children play tennis? Mo; he could still be a racket repairman or
@ thief. Therefore, if the outcome of the esting experiment matches the prediction
based on your hypothesis, you cannot say that you proved the hypothesis: All you can
say is that you failed to disprove it However, if you walk aound the house and do
not find any children's clothes, you can say with more confidence that the number of
rackets in the house is not due 10 Bob having lots of children whe play tennis. Still,
this conclusion would only be valid if you made an assumption: Bob's children live
in the house and wear clothes of different sizes. Generally, in order to reject a hypoth-
esis you need to check the additional assumptions you made and determine if they are

reasonable,
FIGURE 1.3 Science is a cyclical process for Imagine you have rejected the first hypothesis (you didn't find any children's
creating and testing knowledge. clothes). Next you wish to test the hypothesis that Bob is a thief. This is your reasoning:

If Bob is a thief {the hypothesis), and 1 walk around the house checking every drawer
{the testing experiment), then I will not find any receipts for the tenms rackets (the
prediction). You perform the experiment and you find no receipts. Does it mean that
Bob is a thiel? He might just be a disorganized father of many children or 2 busy
repazrman. However, if you find all of the receipts, you can say with more confidence
that he is not a thief (but he could still be a repairman), Thus it is possible 1o disprove
{rule out) a hypothesis, but it is not possible 10 prove it once and for all, The process
that you went through to ereate and test your hypotheses is depicted in Figure 1.3,
At the end of your investigation you might be left with o hypothesis that you failed to
Tk 2t disprove, As a physicist you would now have some confidence in this hypothesis and
‘and maske = start using it for practical applications.
predictions Using this textbook you will leam physics by following a process similar 1o that
‘ described above. The section “How to use this book to learn physics™ at the end of this
chapter will explain how to master this process.

Physicists use words and the language of mathematics to express ideas about the
world, But they also represent these ideas and the world itsell in other ways—sketches, @
diagrams, and even cut-out paper models (James Watson made a paper model of DNA
when trying to determine its structure). In physics, however, the ultimate goal is to
understand the mechanisms behind physical phenomena and 1o devise mathematical
madels that allow for quantitative predictions of new phenomena. Thus, a big part of
physics is identifying measurable properties of the phenomena (such as mass, speed,
and force), collecting quantitative data, finding the patterns in that data, and creating
mathematical models representing relations between the quantities.

https://www.facebook.com/groups/320431092109343/posts/1230538534431923/? cft [0]
=AZVtOCYZikipwGCX8A1JXQVq8s4uKA707wtO0d2CQM7M2C88TG6JQNZIHS2bj5HB-
7EyMo6fq7cgn_Sy-

2KwG34j0OiF4hhe45kb5BCRNP0OX03btL zDd6GHKKazvitvpoRTTRdF8sMt-
AQ4xHIPPBYNi45ynw7GAjQLX nvQqpM-

Mfb8QJsFLimXQ20y58tRBgQ& tn  =%2C0%2CP-R
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Eugenia Etkina
15. August

Hi all, today | will start a new series of interesting problems in our textbook that help our
students not only to learn physics but to expand their general knowledge of the world. The
example that | pasted below is from the Active Learning Guide and is for the students who
only learned constant velocity motion so this problem (or an activity) can be done by the
students in the second/third week of the school year. It is a problem based on real data that
we collected during the solar eclipse in 2017. In addition to applying the kinematics that the
students just learned, they will learn about solar eclipses, time zones, size of Earth and so
forth. The students need to work in groups and need to have access to the internet to google
whatever they wish to google. The photo used in the problem is the original photo taken by
Gorazd Planinsic during the eclipse that we drove for a long time to watch.

2.6.8 Apply

A total solar eclipse is a rare phenomenon that happens at the same location once in about
200 years. During this phenomenon, the Moon passes directly in front of the Sun as seen from
Earth. Given that the visible diameter of the Moon is very close to the visible diameter of the
Sun, the Moon covers the Sun completely and the part of Earth in the Moon’s shadow plunges
into darkness during the daytime. The average shadow of the Moon on Earth is about 200 km
wide and it slowly travels across Earth during the eclipse day. On August 21st 2017, this rare
phenomenon occurred in the US. Below are the data about the eclipse. Work with your group
members to answer the questions below. (The photo above shows the Sun in Franklin, NC,
about 5 minutes before the total solar eclipse in 2017).

a. The 2017 total solar eclipse started on Monday August 21 in Madras, Oregon at about 10:20
am (Pacific daylight time) and ended in Columbia, South Carolina at 2:44 pm (Eastern daylight
time). Estimate the average speed of the Moon’s shadow moving across the United States
and compare it to the speed of sound in air (340 m/s). Indicate any assumptions that you
made.

b. During the same total solar eclipse in Franklin, North Carolina, the Moon cast on Earth a
circular shadow with a diameter of about 109 km. The total solar eclipse in Franklin lasted for
2 minutes and 30 seconds. Estimate the speed of the Moon’s shadow moving across Franklin.
Compare this answer with the answer in part a. and try to explain any discrepancies.

If you finish reading the post, please like it or comment to make it more visible to the group
members.
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=AZVgyjnwpaVakuZg5Sf4flZv z27vkzXgK1Nn6XUAmM8gffDgYRjhoO-
{cKFWOroibwUXU9zs0ybyhe-gmxiVgeNkWjUZ1GEZd8I-
8Z4D9gHEAglpaWyYY1Zj2iNQi2gaDiT5N-
YnNEMTBzO7cyRfOAp|66EfL3fv2IEWGUgcX0ye5gvAgfTM-
r1lgetwnWEN4uXo& tn  =%2C0%2CP-R

Eugenia Etkina
16. August

Hi all, today | continue sharing problems and activities that use real life data and also teach
our students something outside of physics. Please do not forget to like or comment on the post
after you finish reading it.

The activity is still from Chapter 2 (ALG and OALG) and involves students learning about
airplanes. They again need to google and search to decide what airplane we photographed
(we do not know it either). They also need to feel ok not knowing the right answer. It is one of
my most favorite problems just because of this reason. We all worry about right answers. We
reward our students for right answers. And here is an example for a problem for which nobody
knows the right answer. Try to figure it out and you will see for yourself.

| am also reminding you about the meeting on Friday. | will post the zoom link again on
Thursday and Friday but you can also find it on the EVENTS announcement. The homework
is to read Chapters 1 and 2 in the textbook, 1 in the ALG/OALG and the Introductory chapter
in the Instructor Guide. If you wish to see the posts on Thursday and Friday, all you need to
do is to comment on this one. Then Facebook will deliver next posts to you. | see 400-600
people viewing the posts but only 30-60 like or comment, it would be great to get more likes
and comments to make the posts visible to more people, our Facebook group membership
approaches 1500!
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https://www.facebook.com/groups/320431092109343/posts/1231121324373644/?__cft__%5B0%5D=AZVgyjnwpaVakuZg5Sf4flZv_z27vkzXgK1Nn6XUAm8gffDqYRjhoO-jcKFWOroibwUXU9zs0ybyhe-gmxiVg6NkWjUZ1GEZd8I-8Z4D9gHEAgIpaWyYY1Zj2iNQi2qaDiT5N-YnEMTBzO7cyRf9Apj66EfL3fv2lEWGUqcX0ye5gvAgfTM-r1lge1wnWEN4uXo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231121324373644/?__cft__%5B0%5D=AZVgyjnwpaVakuZg5Sf4flZv_z27vkzXgK1Nn6XUAm8gffDqYRjhoO-jcKFWOroibwUXU9zs0ybyhe-gmxiVg6NkWjUZ1GEZd8I-8Z4D9gHEAgIpaWyYY1Zj2iNQi2qaDiT5N-YnEMTBzO7cyRf9Apj66EfL3fv2lEWGUqcX0ye5gvAgfTM-r1lge1wnWEN4uXo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231121324373644/?__cft__%5B0%5D=AZVgyjnwpaVakuZg5Sf4flZv_z27vkzXgK1Nn6XUAm8gffDqYRjhoO-jcKFWOroibwUXU9zs0ybyhe-gmxiVg6NkWjUZ1GEZd8I-8Z4D9gHEAgIpaWyYY1Zj2iNQi2qaDiT5N-YnEMTBzO7cyRf9Apj66EfL3fv2lEWGUqcX0ye5gvAgfTM-r1lge1wnWEN4uXo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231121324373644/?__cft__%5B0%5D=AZVgyjnwpaVakuZg5Sf4flZv_z27vkzXgK1Nn6XUAm8gffDqYRjhoO-jcKFWOroibwUXU9zs0ybyhe-gmxiVg6NkWjUZ1GEZd8I-8Z4D9gHEAgIpaWyYY1Zj2iNQi2qaDiT5N-YnEMTBzO7cyRf9Apj66EfL3fv2lEWGUqcX0ye5gvAgfTM-r1lge1wnWEN4uXo&__tn__=%2CO%2CP-R

2.9.11 Observe and analyze|

Collaborate together with your group to figure this out: Daniel fixed a camera on a tripod and
took four successive photos of an airplane that was flying above him. The time interval between
the photos was 0.2 s (see the first figure below; a straight line was added later to help you
compare the position of the airplane in the different photos).

a. Draw a motion diagram for the airplane.

b. Estimate the length of the airplane using the magnified photo (shown in the second figure
below) of the airplane and data that you can find on the Internet. Indicate any assumptions that
you made.

¢. Draw labeled position-versus-time and velocity-versus-time graphs for the airplane’s motion.
Indicate your assumptions (they will relate to the airplane you choose and the direction of
motion) and the choice of a coordinate system. Make sure the axes of your graphs contain units.
Note that you will need a ruler to solve this problem.

https://www.facebook.com/groups/320431092109343/posts/1231864440965999/? cft [0]
=AZXM20U08Y6V1teFjCzToTeVgsYt60ATLFDxdnMm9sLEjxtRptrVboFDjTjIOLu0I9-
9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-
iJOLIEYiSSkcOVvMVVTRKLEOzyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPCOvTBzrOF77w
RsOsGktfigSsWStyCM& tn =%2C0%2CP-R

Eugenia Etkina
17. August
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https://www.facebook.com/groups/320431092109343/posts/1231864440965999/?__cft__%5B0%5D=AZXM2oU08Y6V1teFjCzToTeVgsYt6oATLFDxdnMm9sLEjxtRptrVboFDjTjlOLu0I9-9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-iJ0LIEYiSSkc0vMVVTRKLE0zyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPC9vTBzrOF77wRsOsGktfiqSsWStyCM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231864440965999/?__cft__%5B0%5D=AZXM2oU08Y6V1teFjCzToTeVgsYt6oATLFDxdnMm9sLEjxtRptrVboFDjTjlOLu0I9-9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-iJ0LIEYiSSkc0vMVVTRKLE0zyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPC9vTBzrOF77wRsOsGktfiqSsWStyCM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231864440965999/?__cft__%5B0%5D=AZXM2oU08Y6V1teFjCzToTeVgsYt6oATLFDxdnMm9sLEjxtRptrVboFDjTjlOLu0I9-9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-iJ0LIEYiSSkc0vMVVTRKLE0zyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPC9vTBzrOF77wRsOsGktfiqSsWStyCM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231864440965999/?__cft__%5B0%5D=AZXM2oU08Y6V1teFjCzToTeVgsYt6oATLFDxdnMm9sLEjxtRptrVboFDjTjlOLu0I9-9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-iJ0LIEYiSSkc0vMVVTRKLE0zyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPC9vTBzrOF77wRsOsGktfiqSsWStyCM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1231864440965999/?__cft__%5B0%5D=AZXM2oU08Y6V1teFjCzToTeVgsYt6oATLFDxdnMm9sLEjxtRptrVboFDjTjlOLu0I9-9XxM8iDjRn07ddeSbJT9roTFb2tS4KHa-kt9fdEuy-iJ0LIEYiSSkc0vMVVTRKLE0zyHWgjvwmhpdHXvPC6pnGXH2E8TvbqUgPC9vTBzrOF77wRsOsGktfiqSsWStyCM&__tn__=%2CO%2CP-R

Hi all, three things today. First - welcome to our new members! Please read the posts pinned
to the top of the home page here to learn how to benefit from participating in this group.
Second, | am posting zoom link to our meeting on Friday, august 19th. The meeting starts at
2 pm Eastern Standard Time (East coast of the US) or at 8 pm European Central Time. If you
are in a different time zone, please figure out in advance when the meeting stats for you. We
had multiple cases of people missing meetings because of time confusion. If you plan to
attend, please say YES in the Event announcement (Events on the home page of the group).
Copy and paste this link to your browser.

https://rutgers.zoom.us/my/etkina...

password 164680

Third, | continue with the examples fo problems that allow our students not only to practice
their physics knowledge and skills but also learn some new stuff about the world. This problem
is gain from kinematics and it is my favorite because | learned from it how amazing water
striders are. You need to answer all the questions in the problem to understand what | mean.
| am asking you to post your answers here and reflect on them. The video of the strider was
taken by Gorazd Planinsic. And finally, please do not forget to respond to the post after you
read it. Thank you!
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16 * m 238 Water striders
Water striders are insects
that propel themselves on the
surface of ponds by creating
vortices in the water shed by
their driving legs. The veloc-
ity-versus-time graph of a
17-mm-long water strider
that moved in a straight line
was created from a video
(Figure P2.76). The insect
started from rest, sped up by
taking two strides, and then
slowed down until it stopped. Estimate (a) the maximum speed (in m/s),
(b) the maximum acceleration (in m/ s%), and (c) the total displacement
(in m) of the water strider. Note that the velocity on the graph is given in
units of length of water strider body per second.

FIGURE P2.76
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https://www.facebook.com/groups/320431092109343/posts/1232451954240581/? cft  [0]
=AZXaB4w7V6lvulFRa yR3kiA-w57sW ncibM98SriBgG7kmstQQtZPClabu K-

xzo 1mUgoNO0foX9-

kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbhs45gciSJmm P JOWUaQs-
AzD6Ix67hqDT6grEIqitBy02ql4LA2THKY 0tGREB3CB6BAO-

y19d0j9zGgOA& tn  =%2C0%2CP-R

Eugenia Etkina
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https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1232451954240581/?__cft__%5B0%5D=AZXaB4w7V6lvuIFRa_yR3kiA-w57sW_ncibM98SriBqG7kmstQQtZPCIabu_K-xzo_1mUqoN0foX9-kxHAGp3i78D7LzYb34LuVSk3LISzqoBuOcbs45gciSJmm_P_J0WUaQs-AzD6lx67hqDT6grElqitBy02ql4LA2THKY_0tGREB3CB6BA0-y1gd0j9zGgOA&__tn__=%2CO%2CP-R

20. August

Hi all, we had a great meeting yesterday. Thank you all for coming. It was great to see new
people joining our community and the ones who always come. | am posting the recording and
the link to the slides. If you missed the meeting and have questions after watching the
recording and working through the problems on the slides - please post your questions here.
Also, in the folder with all the documents there is a file with solutions for Chapter 2 ALG
activities. Our next meeting is on Saturday. It is about new types of problems - how to make
them, how to solve them. These will be completely new - not seen by anyone yet. Please
respond to the post if you finished reading it. Thank you!
https://rutgers.zoom.us/.../ThT6NeluhTTANsgzsF...

Password: 0g=aC0$R

Slides show with activities

https://docs.google.com/.../1ZftQdShLZiICPgd9iZsu.../edit...

https://www.facebook.com/groups/320431092109343/posts/1234158514069925/? cft [0]
=AZXA5z3bKIZXZ0XPsMs0ZVAewEMwQPJM1mhrOk-
HlcaUzD3f4pjgojC7fHYK9TZGH50rBIli7ExM-
RnrGrVdPTaonviviPGaXCBzUOZBRhp2X8tF G6JAI4mBeKBQESwfsRtcZKb2aEj7e35qgaUb
Fw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNPOe KdmhAhMollTs& tn =%2C0%2CP-R

Eugenia Etkina
22. August

Hi all, a few things today. First, WELCOME new members! To benefit from the group, please
read the posts pinned to the top of the community page and try to check the posts every day
to make sure they come to your Facebook feed. If you comment or like the post, they will
definitely show up there.

Second, | wanted to remind you all that we have a meeting (again!) this Saturday that is
dedicated to solving new non-traditional problems. See the EVENTS to find the details. To
prepare for the meeting, please study Chapters 3, 6, 7, 17, 18, 19, 20 and 21 (I am using the
numbers from the second edition, the title is College Physics: Explore and Apply, the cover of
the textbook is the photo on the community page of this group). You will need double subscript
force notation, force and motion diagrams, momentum and energy bar charts (not just in
mechanics but in static electricity too), E field vectors and lines, DC circuits and magnetic fields
(including electromagnetic induction). We tried to choose the problems that span many areas
of physics and many different types of the problems. If you are teaching AP 1 or 2, those are
especially important. | also recommend studying the introductory chapter to the Instructor
Guide posted here where the types of problems are described. | am attaching the list again
with the AP practices that they address. If you are teaching college, these problems are also
extremely important as they will help your students with the MCAT exam as well just in general
- how to do physics.

Finally, | wanted to talk about an important issue. Today | was meeting with some faculty
members interested in the ISLE approach and they asked me: when do students learn
definitions? Don't they need to know what velocity or acceleration are in order to be able to do
observational experiments? This was an excellent question as it uncovered one of the
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https://docs.google.com/.../1ZftQdShLZiICPgd9iZsu.../edit%E2%80%A6
https://www.facebook.com/groups/320431092109343/posts/1234158514069925/?__cft__%5B0%5D=AZXA5z3bKlZXZ0XPsMs0ZVAewEMwQPJM1mhr0k-HIcaUzD3f4pjgojC7fHYk9TZGH5OrBIi7ExM-RnrGrVdPTaonvlvrPGaXCBzUOZBRhp2X8tFG6JAl4mBeKBQESwfsRtcZKb2aEj7e35qaUbFw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNP0e_KdmhAhMolITs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1234158514069925/?__cft__%5B0%5D=AZXA5z3bKlZXZ0XPsMs0ZVAewEMwQPJM1mhr0k-HIcaUzD3f4pjgojC7fHYk9TZGH5OrBIi7ExM-RnrGrVdPTaonvlvrPGaXCBzUOZBRhp2X8tFG6JAl4mBeKBQESwfsRtcZKb2aEj7e35qaUbFw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNP0e_KdmhAhMolITs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1234158514069925/?__cft__%5B0%5D=AZXA5z3bKlZXZ0XPsMs0ZVAewEMwQPJM1mhr0k-HIcaUzD3f4pjgojC7fHYk9TZGH5OrBIi7ExM-RnrGrVdPTaonvlvrPGaXCBzUOZBRhp2X8tFG6JAl4mBeKBQESwfsRtcZKb2aEj7e35qaUbFw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNP0e_KdmhAhMolITs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1234158514069925/?__cft__%5B0%5D=AZXA5z3bKlZXZ0XPsMs0ZVAewEMwQPJM1mhr0k-HIcaUzD3f4pjgojC7fHYk9TZGH5OrBIi7ExM-RnrGrVdPTaonvlvrPGaXCBzUOZBRhp2X8tFG6JAl4mBeKBQESwfsRtcZKb2aEj7e35qaUbFw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNP0e_KdmhAhMolITs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1234158514069925/?__cft__%5B0%5D=AZXA5z3bKlZXZ0XPsMs0ZVAewEMwQPJM1mhr0k-HIcaUzD3f4pjgojC7fHYk9TZGH5OrBIi7ExM-RnrGrVdPTaonvlvrPGaXCBzUOZBRhp2X8tFG6JAl4mBeKBQESwfsRtcZKb2aEj7e35qaUbFw2bF4t7B30IMM7NmKUCJBVLaPMtkBYpNP0e_KdmhAhMolITs&__tn__=%2CO%2CP-R

important principles of the ISLE approach: "Image first, name second". This principle goes
back to the legendary pioneer of the physics education research Arnold Arons. It turns out that
it is also consistent with the brain studies (see J. Zull, the art of changing the brain).

It turns out that our brain can only access something if we store an image of it and this image
is connected to other images. Therefore helping students create an image of some important
idea and then give it a name helps them retrieve this idea later.

We worked through an example of this approach in our meeting last week on Friday when we
went through the steps that the students constructing the concept of velocity go through. They
conduct an experiment collecting position and time data of cars moving at constant (but
different) velocity (without knowing the name for velocity) and graph the data. Comparing the
graphs for the first and slow moving cars (or data for two differently moving bicycles), the
students come with the idea that the slopes of the graphs are different for two cars and the car
with the larger magnitude of the slope (as the cars can be moving in the negative direction) is
the car that they OBSERVED moving faster. They determine the slopes and the steps they
used to find them are exactly the steps that we use to determine the physical quantity of
velocity! This way the student create an image of velocity as the slope of position vs time graph
and then (only then) we give them the name of this slope. All of those activities are in the
ALG/OALG and described in the textbook, but only DOING them and DISCUSSING THEM in
groups help students develop the image so that they are ready to hear the name.

If you finished reading the post, please like it or comments on it to make it more visible for
more people and ensure that the next post comes to your feed.

https://www.facebook.com/groups/320431092109343/posts/1235652433920533/? cft [0]
=AZVipnXTsiPPza8Rw3-il-

hxS1hXzlbkp82S54Z1jiB0ZpjQuh118XulZHdb9U5QVccEGKIKX0GOBNi3kpJz0TFeUScXPXQs
dKTNaHJyZTQno3ziorSzHvGuBMr 0DZW61jpalbbPMlezzVKAdQbJqSPVPXAyyJrnssVSx
NpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLwOoGEbBDfWqg8nsLIRC& tn  =%2C0%2CP-R

Eugenia Etkina
23. August

Hi all, a few things today. First, | am asking you again to comment on the posts if you read
them. Your comments make the posts more visible for other group members. As there are
new posts every day, you will benefit the most from being a member of this group if you check
the posts every day.

Today my post is about most important things that the students should learn in kinematics. It
might seem boring and too mathematical but in fact it is crucial for learning the rest of physics.
What are those crucial things?

First, it is a feeling for the units of physical quantities. What does 1 meter mean? How big is
it? Try with your students asking them to show you one meter and you will see how different
the answers will come out. Then, how fast is the speed of 1 m/s? Ask your students to move
at a constant rate of 1 m/s. They will need to walk. What about 2 meters per second? They
will switch to a jog. 3 m/s? Who can move at 5 m/s? If you have a large classroom, it will be a
great kinestetic exercise for your students. To do it, ask for a volunteer and then ask the rest
of the class to give directions to this person what to do. Everyone will be engaged.
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https://www.facebook.com/groups/320431092109343/posts/1235652433920533/?__cft__%5B0%5D=AZVipnXTsiPPza8Rw3-iI-hxS1hXzlbkp82S4Z1jiB0ZpjQuh1I8XulZHdb9U5QVccE6KiKx0GOBni3kpJz0TFeUScXPXQsdKTNaHJyZTQno3ziorSzHvGuBMr_0DZW61jpalbbPMIezzVKAdQbJqSPVPXAyyJrnssVSxNpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLw0oGEbBDfWq8nsLlRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1235652433920533/?__cft__%5B0%5D=AZVipnXTsiPPza8Rw3-iI-hxS1hXzlbkp82S4Z1jiB0ZpjQuh1I8XulZHdb9U5QVccE6KiKx0GOBni3kpJz0TFeUScXPXQsdKTNaHJyZTQno3ziorSzHvGuBMr_0DZW61jpalbbPMIezzVKAdQbJqSPVPXAyyJrnssVSxNpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLw0oGEbBDfWq8nsLlRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1235652433920533/?__cft__%5B0%5D=AZVipnXTsiPPza8Rw3-iI-hxS1hXzlbkp82S4Z1jiB0ZpjQuh1I8XulZHdb9U5QVccE6KiKx0GOBni3kpJz0TFeUScXPXQsdKTNaHJyZTQno3ziorSzHvGuBMr_0DZW61jpalbbPMIezzVKAdQbJqSPVPXAyyJrnssVSxNpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLw0oGEbBDfWq8nsLlRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1235652433920533/?__cft__%5B0%5D=AZVipnXTsiPPza8Rw3-iI-hxS1hXzlbkp82S4Z1jiB0ZpjQuh1I8XulZHdb9U5QVccE6KiKx0GOBni3kpJz0TFeUScXPXQsdKTNaHJyZTQno3ziorSzHvGuBMr_0DZW61jpalbbPMIezzVKAdQbJqSPVPXAyyJrnssVSxNpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLw0oGEbBDfWq8nsLlRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1235652433920533/?__cft__%5B0%5D=AZVipnXTsiPPza8Rw3-iI-hxS1hXzlbkp82S4Z1jiB0ZpjQuh1I8XulZHdb9U5QVccE6KiKx0GOBni3kpJz0TFeUScXPXQsdKTNaHJyZTQno3ziorSzHvGuBMr_0DZW61jpalbbPMIezzVKAdQbJqSPVPXAyyJrnssVSxNpKAb4Q8ejjJzWxxPn2uLDijU3yKKN1hLw0oGEbBDfWq8nsLlRC&__tn__=%2CO%2CP-R

The next big issue is the difference between velocity and acceleration. Can the students move
with the acceleration of 1m/s/s? What does it mean? This difference is crucial for learning
dynamics later. It is also important for them to connect physics to real life and to simply have
fun during learning physics. People tend to want to do things with which they associate positive
emotions. Remembering it will motivate your students. Agree?

Finally, how to find the direction of delta v arrow on the motion diagram? Knowing how to do
it is extremely important for dynamics, for drawing force diagrams and applying Newton's
second law. But there is a big caveat here. The difference between the velocity change and
acceleration. The velocity change arrow on the motion diagram only shows the direction fo
the acceleration, not the magnitude. This distinction becomes important when we study
circular motion.

What about kinematics graphs? Aren't they important? They surely are but you can spend
months making sure that every student is able to read and write with them and still students
will be having problems. My advice, have them try some but do not worry if they cannot do it
yet, they will meet the graphs many more times in different topics and learn slowly. But without
understanding how to draw velocity change arrow on the motion diagram their ability to
understand dynamics will be compromised.

So, when you plan your units, think strategically. What is important for student future learning
of physics and what is important for their confidence, motivation, and the feeling that they can
do it? This double-arrowed compass will help you make decisions on what to spend time on.

FIGURE 2.4 Determining the magnitude and direction of the velocity change arrow in a motion

diagram.
(a) The ball is speeding up. (b)
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https://www.facebook.com/groups/320431092109343/posts/1236112900541153/? cft  [0]
=AZUAgfd8Yx7sNyvMfoXm4 zgP4YLGfWxpXjZ20iUQXbvWB3AjV8GRhPzxfzl OWdSyQ2
FESjHvCIZxr3U5Emvb7j4BwVo7dIR2luyBdeJarHeOqfeMz9lehWnRcX55dbUmxFIwYeQi6eg
YL96PX060dCu3BIICgCWarSLm2bltXBfTLzZUNJ11JzNdrbfOOVOrik& tn  =%2C0%2CP-R

Eugenia Etkina
24. August

Hi all! A few things today. First - WELCOME to our new members! Please read the posts
pinned to the top of the community page to learn what this group is about. To benefit the most
from the group, visit islephysics.net to learn the foundational philosophy of learning and
teaching physics that this group uses as well as the textbook that is based on this philosophy,
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and try to check posts here every day. If you wish the posts to come to your Facebook feed,
you need to like them or even better, comment - then Facebook will notify you about every
single post.

Today, | continue with images and kinematics. Yesterday my post was about most important
ideas that the students should learn in kinematics to be able to move forward and it inspired
an excellent discussion of kinematics graphs. Thank you all for contributing.

In this discussion a topic of enacting motion represented by a graph came up. This is a great
approach!

To help students remember that to understand what a kinematics graph is telling them, they
first need to figure out WHAT kind of graph it is - position vs time, velocity vs time, acceleration
vs time or something else. One of my former students, a future physics teacher, came up with
a great way to help students do it (during his student teaching internship). He asked his
students when they encountered any kinematics graph, to stop and say: "Hello mister graph!
My name is Jonathan, and you are.... velocity vs time graph! or position vs time graph!" It
sounds silly but it makes the student stop, slow down, before answering our questions about
this particular graph. In a way it moves cognitive processes from fast to slow. It is fast
processing that is the reason for many mistakes that our students make.

But enough of the graphs! Now to images. As | said two days ago, having an image of an idea
before giving it the name is very important. We have images of objects, everyone would agree
with that. But should we have images of mathematical representations? (Notice that | am not
using the term formula here exactly for the reason of preventing fast processing in my
students). Let's say you have the following mathematical representation: x =5 m + (-2 m/s)t.
What do you "see" or imagine when you see this expression? | literally ask my students to tell
me what they "see". And then | ask them to enact this expression.

One person (Anna, for example) comes to the front of the class and the rest of the class give
her advice what to do (they do it after discussing in their groups). At first they need to designate
the origin - the place where x = 0. Then they need to agree on the positive direction fo the x
axis. Then they need to put the person at 5 m away from the axis in the positive direction. And
then they tell Anna to start jogging (by this time they already know that 2 m/s is a jog) in the
negative direction. | ask them if they agree that this is the right image of the mathematical
expression. They sit quietly for a while and nobody say anything. And then | ask: "Look at the
mathematical expression carefully and ask yourself: What was Anna doing when t = 07" At
this point somebody says - Oh, she was already jogging!!! So, how to enact the expression
then?

The class goes back to their groups and after oner minute a representative of one of the groups
says: Everyone, close your eyes, Anna, please start jogging farther away from 5 m mark
moving towards the origin, when you pass the 5 m mark | will say "Open" and you will all open
your eyes and see Anna crossing the 5 m mark already jogging. Anna should continue jogging
forever And then Anna jogs and they all clap. This is what imagining equations can look
like in your classroom.

Of course, here you need to be careful to invite a person to the front who is not shy and who
is willing to jog. If you have a student in a wheel chair, | would invite them (asking before the
lesson if they do not mind). You can change the speed in the equation to walking or to running
if you teach athletes.

If you finished reading the post, please like it or comment to make it more visible for other
people, thank you!
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https://www.facebook.com/groups/320431092109343/posts/1236895060462937/? cft  [0]
=AZXQaL5EBwc3Zx9bUkya6YiBODydLmWYyiP1k M{FEdVIAIMR1Qu8 GAPmLIiX FQzr853t
1Upnmlhyd-Af7ih3Sb-uCiGQblnil7n1booBH80Svn2ANuybsALBcdkRk-
bSf4R|MEAZ7ZZCh6vb-sSTKZKDhO9VWB3RXjvIRTKOUxkzSZvRbp-AOp-

UAST7LmPk& tn =%2C0%2CP-R

Eugenia Etkina
26. August

Hi all, this is my second post today. A few months ago Bradley Moser interviewed me for his
Physics Alive podcast series. He asked me about ISLE and | tried to answer his questions as
best as | could. Check this out. If you are new to ISLE, this interview can be a short introduction
to it. http://physicsalive.com/ISLE/

He has tons of great podcasts on the website - | encourage you to check them out too.

https://www.facebook.com/groups/320431092109343/posts/1238366293649147/? cft [0]
=AZXVhWJTJ5zT6gV-

rUeOGHqCTJnYGfWH3uOPKOO6J g8bRfzzFQXb7tY4Ra5qetvPUwrC4PxyhnZqlmYOPpfn
FzH2sazXM-

C7 _mdMug87U5Hfp37CzYijUcQM5e0Un50W6zrDw1kntqrrFHKRuTvYbqV& th  =%2CO
%2CP-R

Eugenia Etkina
28. August

Hi all, first WELCOME to our new members - we had a huge group join yesterday - 24
members, wow! To benefit from the group, please read the messages pinned to the top and
visit islephysics.net. It is really important to check posts as often as possible (we post every
day) and to like or comment on them - then new posts come to your Facebook feed.

Second, about the meeting yesterday. Thank you all for coming and persisting. | know that
solving these new types of problems might look a little intimidating at first, but you did not give
up and persevered for over 2 hours! | thought discussions were very insightful and Gorazd
Planinsic and | learned a lot. Thank you.

For those who missed the meeting, the documents and google slides are at
https://drive.google.com/.../1YpW2TkfLpnI3V3-TSzEzzsPTWcH...

and the zoom recoding is at
https://rutgers.zoom.us/...lymYUA2YNtRm23nae5aLdGxI3M5uyA... Password: gj?7r9+i

The next step is for us to plan the meeting for Dynamics (chapters 3 and 4 in the textbook). |
wonder how many people are interested in attending such meetings. Maybe the meetings are
too taxing and just reading my posts helps enough? | am asking as for the meeting last night
46 people said that they are coming and only 16 actually came. Please comments here if you
need this meeting (linear dynamics) and also about the days/ times when it is convenient. |
was doing meetings on Saturdays mostly as people are not teaching then and different time
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can be accommodated. So, please comment - both about the need for meetings and
days/times. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1239322883553488/? cft  [0]
=AZX8Ax9iYOCqtPcM3sJEnwavQ1Tssqy2lJ3Ahf7SjxmQeHL-
8vTjHas7Bq9rjC5BSWsQjGIFdyvS808HKFwWVITECVG1si8GnVW8MD2vGvdumgwAIRcKU3
JPssTKka4j7pO0jKM]E90ZV99I0bK8-LuwBnKSI3-
RLWVJNr4eSgdZJYF789vCvBDUdGnwHheG1JVwW& th =%2C0%2CP-R

Eugenia Etkina
29. August

Hi all, many things today! First, we continue accepting more and more new members every
day, WELCOME, our new members! To learn about the group please read the posts pinned
to the top of the community page and visit islephysics.net website to learn about the ISLE
approach and the textbook College Physics: Explore and Apply (both regular and AP editions)
that are the foundation of this group's philosophy. We have meetings every month on-line, the
next meeting is about teaching Linear Dynamics through the ISLE approach. Finally, if you
wish Facebook to let you know when the new post is here, you need to "like" or comment on
the post you just read.

This brings me to the second point of today's post. Yesterday | posted a poll about 2 possible
dates for the dynamics meeting and twice as many people voted for September 17th
compared to September 10th. Therefore the meeting will be on the 17th. How is 1 -m EDT
(East coast time US), 10 am West coast time US and 7 pm Central European time - ok?

To prepare for the meeting, please read chapters 3 and 4 in the textbook, go through activities
in the ALG/OALG for the respective chapters and please read chapters 3 and 4 in the
Instructor Guide.

Finally, Rebecca Kung yesterday posted an example of the "need to know" for kinematics and
| responded to her post summarizing the "need to know" ideas for those who did not read my
previous posts about it, please read my comment about it in response to Rebecca's post and
start thinking of possible "needs to know" for dynamics. Thank you! If you finish reading the
post, please respond to it to make the post more visible for other group members.

https://www.facebook.com/groups/320431092109343/posts/1240090923476684/? cft  [0]
=AZWpQocOL8u4s1uZPV5BSObY30XOHLG|iP YQHXWIuHtMBh7pVa30Q8 2WjLZNew6c
MauuppkNPwILH2SnGV70hjXJILM9h EHYRypk34dZFb o00ofiLTQ91fq3JXSE nzZDCepP9t
hhgUQL7u2JNk9806yzbQ2qrzK-

LQVOtrsX5Fg9dU6g7yvz3z83hdimBKww& th =%2C0%2CP-R

Eugenia Etkina
30. August

Hi all, a few things today. First, WELCOME to our new members! We have many more who
joined yesterday. To benefit from the group, please visit islephysics.net and posts pinned to
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the top of this group's community page to learn about the philosophy on which the groups is
based (the ISLE approach to teaching and learning physics) and the resources that we use to
help students learn physics though this approach (textbook College Physics: Explore and
Apply, and supporting materials ALG/OALG and the Instructor Guide. Lots of materials are
posted here in the FILES.

Second, | am going to create an EVENT for our next meeting on September 17th for teaching
of Dynamics, please sign up there!

Third, | wanted to talk about the role of experiments in the ISLE approach (again) but this time
related only to kinematics. As you all know, the ISLE approach groups all experiments that
students do or watch into three big categories (observational, testing and application
experiments). In kinematics we use qualitative observational experiments to help students
invent the concepts of relative motion and of a dot and motion diagrams. When students
conduct these experiments, they do not make any predictions, they observe and look for
patterns. Finding patterns and then explaining them is the goal of such experiments. But in
kinematics we go further. The students conduct quantitative observational experiments
collecting data for slow and fast constant motion cars to invent the concept of velocity and of
a falling object to invent the concept of acceleration. The invention of both quantities follows
the same path - experiment, data collection -data representation as a motion diagram and then
as a graph - finding a pattern - giving name for the pattern. In case of velocity, the graph is
position vs time graph, in case of acceleration, it is velocity vs time graph. This way the
definitions of physics quantities do not come from authority but from the data analysis. | pasted
an example of the invention of the concept of velocity from the textbook here.

When do students do testing experiments in kinematics? There are a few ways to engage
them in such experiments. As you remember, testing experiments require a prediction which
is based on the hypothesis under test before the students perform the experiment. Testing
experiments give students a unique opportunity to REJECT hypothesis, a process that they
almost never engage in during their education. Here are a few examples: the students need
to test a hypothesis that a falling object moves at constant velocity (done before they learn the
concept of acceleration). The students are given a fan cart and are asked to test two competing
hypotheses: the cart moves at constant speed and the cart moves at constant acceleration.
To do this, the students need to first design the experiment, then make TWO predictions based
on TWO hypotheses (they do not need to like any of those) and then run the experiment and
compare the outcomes to the predictions.

Finally the application experiments require students to solve some practical problem using the
knowledge that they have developed. One of such problem is for them to work with given cars
to predict where they would meet when traveling along the same straight line. First, the
students need to study the cars to figure out how they move and then use kinematics equations
or proportional reasoning to make the prediction, run the experiment and compare the
outcome to the prediction.

It looks like in both testing experiments and application experiment that | described the
students are making predictions, but these prediction are different epistemologically. In the
former case, they serve as a tool tool to reject hypotheses and in the latter - to apply
hypotheses.

| am pasting an example of an invention of a physical quantity through an observational
experiment from the textbook. See ALG and OALG for activities for the students. And if you
finished reading the post, please respond to it or "like" it to make it more visible for other
members of the group and to make sure that the next post comes into your Facebook Feed.
Thank you.
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Pattern

It looks like a straight line is the simplest reasonable choice for the best-fit curve in both
cases (the data points do not have to be exactly on the line).

In Table 2.6, the slope of the line representing the motion of car B is greater than
the slope of the line representing the motion of car A. What is the physical meaning
of this slope? In mathematics the value of a dependent variable is usually written as y
and depends on the value of an independent variable, usually written as x. A function
¥(x) = f(x) is an operation that one needs to do to x as an input to have y as the output.
For a straight ling, the function y(x) is ¥(x) = mx + b, where m is the slope and b is
the y-intercept—the value of the y when x = 0.

In the case of the cars, the independent variable is time 1 and the dependent variable
is position x. The equation of a straight line becomes x(1) = mr + b, where b is the
x-intercept of the line, and m is the slope of the line. The x-intercept is the x-position
when ¢ = 0, also called the initial position of the car xp, Both cars started at the same
location: x4, = Xy = 1.0 m.

To find the slope m of a straight line, we can choose any two points on the line and
divide the change in the vertical quantity { Ax in this case) by the change in the horizontal
quantity (At in this case):

_fmm Ax

m
=1y Ar

For example, for car A the slope of the line is

iSm— 1.0m
R ey LW
The slope of the line for car B is
60m=1.0m
= s = 1
Ll i R L

Now we have all the information we need to write mathematical equations that
describe the motion of each of the two cars:

CarA: xp = (+05m/s)r + (1.0m)

CarB:  xp=(+1L0m/sht + (1.0m)
Notice that the units of the slope are meters per second. The slope indicates how
the object’s position changes with respect to time. The slope of the line contains more

information than just how fast the car is going. It also tells us the direction of motion
relative to the coordinate axis,
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Eugenia Etkina
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Hi all, a few things today. First, | created an event for our meeting on September 17th
dedicated to helping students learn Newton's laws using the ISLE approach. Please sign up if
yo plan to attend so that | see how many people are interested. Last year | posted about
teaching specific topics using the ISLE approach every day and this year we have meetings
dedicated to all major units once a month. | would like not to repeat my posts about respective
content, so | invite you to bookmark the google drive folder for all previous posts (created by
our amazing Hrvoje Miloloza) and slowly read the posts dedicated to the topics that you are
teaching as you are moving on during the school year. Below is the link to the google drive
where you will find all posts and links to the recordings of our previous meetings. | think |
mentioned before that if you need a certificate of PD hours for attending the meetings, | will be
happy to send you one as Rutgers is an official provider of professional development.
https://drive.google.com/.../10qgn...

As | said before, to prepare for the meeting please work through chapters 3 and 4 in the
textbook, ALG/OALG and the Instructor Guide to prepare your questions. We will focus on the
physical quantity of force, force and motion diagrams, force components, ways for students to
construct all laws and so forth.

Second, | would like to welcome our new members. WELCOME, people! Make sure you read
the posts pinned to the top of the group's community page to learn what this group is about
and what the ISLE approach to learning physics is (see islephysics.net). If you have any
questions, please do not hesitate to post. To benefit from the group, try to check the posts
every day and when you do so, "like" them or comment - this will make the posts more visible.
Thank you!

https://www.facebook.com/groups/320431092109343/posts/1241510326668077/? cft [0]
=AZVBx0lg- SUQIgZm e-

baVAYSgCcV46cCiMIvi4k6UclhVa s6Ntg3wuOgp5rphijlNoAcLHbIT4z7kFuGUggESw QWj
MtV6G3IPsDtZ6ptQ kJjklIDyzs931Mkyn39hmk vHJZDg2gHr1AyuV0a9u7& tn =%2C0%
2CP-R

Eugenia Etkina
1. September

Hi all, a few things today. First, if you plant to attend the meeting on teaching of Newton's laws
through the ISLE approach, please sign up at the EVENT announcement. Second, please
respond to the post after you read it - either like or comment.

Third, | will continue with learning of kinematics, but what | am going to say is relevant to
learning of any topic. Often when we wish our students to learn something we focus on what
it is. For example, when they are learning acceleration we use motion diagrams, velocity-vs-
time graphs, mathematical expressions for acceleration, etc. Everything is focused on helping
our students learn what acceleration is. But it turns out that to learn what something IS it is
equally important to learn what is IS NOT. This idea is called CONTRASTING CASES.
Contrasting cases were not only found to help students learn, but according to the research
done by one of PhD students, physicists continually use contrasting cases when they are
trying to solve problems.

Therefore, it is crucial to use contrasting cases when trying to help students develop an image
or an "understanding" of a specific concept. In kinematics, it is crucial, for example, that the
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students understand the difference between acceleration and velocity, that they know that
acceleration IS NOT velocity, without this understanding they cannot understand Newton's
laws (an object moving at a very high speed might have zero acceleration and vice versa, a
stationary object can have huge acceleration).

We have lots of question and problems that help students engage in "contrasting case"
reasoning in the textbook and in the ALG/OALG. Some examples from Chapter 2 are below
(the numbers show the numbering of the end of the chapter Questions:

25. Can an object have a nonzero velocity and zero acceleration? If so, give an example.

26. Can an object at one instant of time have zero velocity and nonzero acceleration? If so,
give an example.

28. You throw a ball upward. Your friend says that at the top of its flight the ball has zero
velocity and zero acceleration. Do you agree or disagree?

If you agree, explain why. If you disagree, how would you convince your friend of your opinion?
But in addition to question like those (and many others that we have) it is important at the end
of the unit to reflect on those contrasts. An example of an activity for such reflection is in the
ALG/OALG and | am putting the screenshot below. Look for Chapter 2 in the FILES here to
have the Word version of this activity. It is incredibly useful for the students as it allows them
to see SIMULTANEOUSLY those contrasting cases.

If you finished reading the post, please do not forget to respond to it in some way, thank you.
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Eugenia Etkina
3. September-
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Hello everyone! If you already started the school year, please share here the ISLE activities
you used to start physics: did you use cameras/TV/tennis rackets? What about the wet glass?
Did anyone use the balloon activity? If you did use any or more of those, how did the students
respond? | wonder if they offered multiple hypotheses and if they could design testing
experiments. All of those activities are in the OALG Chapter 1. If you have difficulty finding it
in the FILES posted here, please let me know.

Please share! Thank you!

https://www.facebook.com/groups/320431092109343/posts/1243587286460381/? cft  [0]
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4EAV8RX30OHCcFxO7HesJ17k8v0aDRZ2fyQzIhBjTWeENV8VbMXpGzJ615S9SzpkT8ipd-
XDgomfAGZhAvrUUsWo& tn =%2C0%2CP-R

Eugenia Etkina
4. September

Hi all, thank you all for your responses to my question about the activities of the first day of
class. Before | comment on the issues that you described, | wanted to remind you the purpose
of those introductory activities. We wish our students to see physics as a game that scientists
play when learning about the world. It is a game that has rules and strategies but as every
game it requires imagination. However, unlike card games or any other game, the purpose of
the physics game is not to win, but to participate in playing. Playing the physics game is doing
physics and as your students are in the physics classroom (or a physics lecture hall, or
whatever physics place they are), they are expected to play this game. Consequently, the
main goal of the first activity is to let students experience this game and then deduce its rules
and see where the imagination comes in. So, whatever activity you choose, as long as the
students engage in playing and then reflect on what they did thus developing the rules, it is a
perfect first day activity. So, what are the rules of the game that we want them to infer?
Physics learning starts from careful observations and noticing patterns in those observations.
These observations ARE REAL EXPERIMENTS even though they might not look like
experiments at first, as we collect data from those. We need instruments sensitive to the
relevant data to actually collect the data. That is why in some classes the cameras' activity
was not easy as the students did not have the instruments to recognize that the objects were
photo cameras and thus they did not feel the need to explain the data (the next step in the
game).

The next step is to invent explanations for those patterns (these can be qualitative and
quantitative, causal or mechanistic). All possible explanations are valuable in the game as
long as they can be potentially experimentally tested. This is where imagination kicks in the
first time!

Designing testing experiments is a careful step as we need to come up with experiments that
can rule out as many possible explanations as we can. Imagination again!

Ruling out is only possible if we make a prediction before running the experiment based on
the explanation under test (even if we disagree with the explanation!) and then compare the
outcome to the prediction. If we see that two different explanations give the same prediction
for the testing experiment, this testing experiment is not effective. Making a prediction based
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on the explanation under test and NOT your personal feelings or intuition is the RULE of the
game.

At the end we might not know which explanation is true 100%. We will only know which ones
we can reject with more certainty that others.

These are the rules of the game. You can play it with 10 TVs, 10 tennis rackets (as in the
textbook and the ALG), 10 photo cameras (OALG), 10 bicycles (as David Brookes does as he
owns a million bicycles) and so forth. The beauty of these games is that they are not related
to physics and feel like harmless, almost silly games. We wish our students to relax, see the
teacher being a little silly, feel that they can joke and have fun but at the same time they are
learning something very valuable. The wet glass and the poked balloon activities serve the
same purpose but they have a little bit of physics in them.

But | have to caution you here. Many school years in physics classrooms start with similar
games only to proceed to traditional learning of physics. The difference between them and the
ISLE classrooms is that the game continues EVERY DAY for EVERY TOPIC of the course. It
is helping the students see the parts of the game and keep the fun present that is the most
important. Then, when they drop bean bags to make a dot diagram of a moving ball, you ask
them - What part of the physics game did we just play? And they answer - Observational
Experiments - this is when you win! Does it make sense? If you finished reading the post,
please like it or reply to it, thank you!

https://www.facebook.com/groups/320431092109343/posts/1244371743048602/? cft [0]
=AZVelTs64ZDHTm1A6xMs0OJ124 4FHPINnHBOYAIi4-

A ROKx6kMoqlduMViO3tgBQORPMRrz92I0hjxog74sdFDJhWLRFY-
3Xyker9toeRASCCpCJbpjTJgpPI7EKmVtYFrWVLmcklic Kgjju Z84ktgyqcsmq8Hbx3fiXBpS
AdL2FTYyFKmDhwjzksh5EBhSH yc& tn =%2C0%2CP-R

Eugenia Etkina
6. September

Hi all, a few things today. First, WELCOME to our new members! Please read the posts pinned
to the top of the group's community page to learn what this group is about and how to learn
what the ISLE approach (the foundation fo this group) works. See islephysics.net for details
and resources.

Before | go on, | am asking everyone again to "like" or to comment on the posts if you read
them. This increases visibility of the posts for other members and helps you see new posts.
Commenting is the best, you do not need to say anything - just say "read".

Today | want to point your attention to the feature of our textbook that will 1) help your students
see exciting physics in the world around them; 2) help your students learn to read and interpret
text; 3) if you are teaching pre-med students, it will help them on the MCAT exam.

| am talking about reading passages with multiple choice questions at the end of each chapter.
To show you an example, | use kinematics, as this is what most of you are working on with
your students. One day Gorazd Planinsic and | were walking on College Ave in New Brunswick
(this is where the main Rutgers campus is located) and he saw a building with automatic sliding
doors. The next day we came back with the camera and | had to go through those doors again
and again for Gorazd to make a good video. The result of this video analysis is the problem,
that | am attaching below. It is in Chapter 2 of the textbook College Physic: Explore and Apply.
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Notice, how this problem combines real life context, with graphical representations and
algebraic representations. It is a perfect example of an ISLE-based problem. It also allows the
students to get the feel for the values of many physical quantities in the metric system, a
difficulty for American students. If you finished reading the post to the end, you know what to
do.

Automatic sliding doors The first automatic shding doors were described by the door staris opening o when the door is closed while a person walks toward
Hero of Alexandria almost 2000 years ago. The doors were moved by hanging and through the door. The doors are adjusted to start opening when a person is
containers that were filled with water. Modern sliding doors open or close 2.0 m away
ically. They are equipped with sensors that detect the proximity of a
person and an electronic circuit that processes the signals from the sensors and FIGURE 2.30
drives the electromotor-based system that moves the doors. The sensors typi-
cally emit pulses of infrared light or ultrasound and detect the reflected pulses. x (m)
By measuring the delay between emitted and received pulses, the system can ].0‘-
determine the distance to the object from which the pulse was reflected. The 09+
whole system must be carefully designed to ensure safe and accurate function- 08k
ing. Designers of such doors take into account several variables such as typical 0.7 -
walking speeds of people and their dimensions. 06
0.5 -
04 -
03
[ | 02F
| LI
1 . L L 1 1 L L1 1
0:1[ 3456789101112 e
91. How long does it take for the door 1o fully open?
(a) 155 (b} 2s {e} 55s fdy 11s
92, How long does it take for the door o close after it is opened?
(a) 11s (h) 85 (e} 35s ) 3s
93, A person is walking at constant speed of 1,15 m/s toward and through

the shiding door. How far from the door is the person when the door
starts closing?

(@) 23m (h) 43m (¢} B3m @) 83m
94, What is the average opening speed of the door?
(a) O.1mjs (b) D3m/s e} D6m/s (d) 3.0m/fs
95, What is the maximum speed of the door?
fa) 0.1m/s (h) D3m/s (e} Obm/s (dy 30m/s
Let's try to learn more about automatic sliding doors by analyzing the mo- 96, A S0-cm-wide persen is walking toward the door. What is the maximum
tion of a single-side automatic sliding door when a person is walking through walking speed of the person that will allow her 1o pass through the door
the door, Figure 2,30 shows the posilion-versus-fime graph of the motion of without hitting it (assume the person aims for the opening)?
the edge of the door (marked with a red cross in the photo) from the moment (a) O.6m/s (b) 1.2m/s (el 1.7m/s (dy 25m/s

https://www.facebook.com/groups/320431092109343/posts/1245739192911857/? cft [0]
=AZUNQ82paWwMY-
ZGeAf8it56aysIEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4ri6 CiKGHoSb3XWJ2bO3ECa
XXUigMrEmkRLrgzENHsSXgOI58ft1 GN84fsibK-1bx8M Fr6EzPszxDU qp4rOD-
6CxGoRpQVz154r5eLGj301QWwsu3I3-0Ulcpzib7S7Uw9ik& tnh  =%2C0%2CP-R

Eugenia Etkina
7. September

Hi all, thank you for commenting on my post yesterday, the visibility of that post was much
higher than of the ones before, so commenting really helps, thank you!
| am glad that so many of you liked the problem. Remember, that all problems that | post are
either in the textbook College Physics: Explore and apply or in the ALG/OALG (OALG files are
posted here in the FILES). | cannot post all of them here, it will take forever, so | encourage
you to study back of the chapter problems in the textbook - they are full of surprises. For today
I want to focus on reaction time.

It is the reaction time that is important to take into account when you are driving behind a car,
or encounter a pedestrian crossing a street. What is your reaction time? (Mine varies between
0.2 seconds to 0.6! seconds, really bad...)There are apps that allow you to measure yours and
your students' quickly, and when doing so you will also encounter random uncertainty which
will help you (and your students) see how to determine the average for each person and the

214


https://www.facebook.com/groups/320431092109343/posts/1245739192911857/?__cft__%5B0%5D=AZUNQ82paWwMY-ZGeAf8it56ayslEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4rj6CjKGHoSb3XWJ2bO3ECaXXUiqMrFmkRLrqzENHsSXgOl58ft1GN84fsibK-1bx8M_Fr6EzPszxDU_qp4rOD-6CxGoRpQVz154r5eLGj301QWwsu3I3-0UIcpzib7S7Uw9jk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1245739192911857/?__cft__%5B0%5D=AZUNQ82paWwMY-ZGeAf8it56ayslEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4rj6CjKGHoSb3XWJ2bO3ECaXXUiqMrFmkRLrqzENHsSXgOl58ft1GN84fsibK-1bx8M_Fr6EzPszxDU_qp4rOD-6CxGoRpQVz154r5eLGj301QWwsu3I3-0UIcpzib7S7Uw9jk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1245739192911857/?__cft__%5B0%5D=AZUNQ82paWwMY-ZGeAf8it56ayslEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4rj6CjKGHoSb3XWJ2bO3ECaXXUiqMrFmkRLrqzENHsSXgOl58ft1GN84fsibK-1bx8M_Fr6EzPszxDU_qp4rOD-6CxGoRpQVz154r5eLGj301QWwsu3I3-0UIcpzib7S7Uw9jk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1245739192911857/?__cft__%5B0%5D=AZUNQ82paWwMY-ZGeAf8it56ayslEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4rj6CjKGHoSb3XWJ2bO3ECaXXUiqMrFmkRLrqzENHsSXgOl58ft1GN84fsibK-1bx8M_Fr6EzPszxDU_qp4rOD-6CxGoRpQVz154r5eLGj301QWwsu3I3-0UIcpzib7S7Uw9jk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1245739192911857/?__cft__%5B0%5D=AZUNQ82paWwMY-ZGeAf8it56ayslEYohbdQyBTdodgCxK1mzbjVP4EQfhuEmO4rj6CjKGHoSb3XWJ2bO3ECaXXUiqMrFmkRLrqzENHsSXgOl58ft1GN84fsibK-1bx8M_Fr6EzPszxDU_qp4rOD-6CxGoRpQVz154r5eLGj301QWwsu3I3-0UIcpzib7S7Uw9jk&__tn__=%2CO%2CP-R

spread. Once the students have a feeling for their reaction time (they also use the famous
experiment in dropping and catching a ruler, after they they learn free fall acceleration). After
that, they can see how the ideas of reaction time are used in practice. We have a problem
about it that uses real data.

Here it is.

One more thing, did you notice that | used the term "free fall acceleration" and not acceleration
due to gravity? It is a conscious choice. In kinematics we do not investigate the causes of
acceleration or motion, we just learn how to describe motion. So, when the students use the
term "acceleration due to gravity", the word gravity becomes some magic word, that the
students use for acceleration, force, universal gravitational constant (big G), gravitational field,
and whatever things they mean. Later, when they learn about gravitational forces and the
phenomenon of gravitation, they will see that the word gravity is used for different physical
quantities and learn to always specify what physical quantity they mean when they use the
word "gravity". We also do not use subscript g for the gravitational force, but always specify
two interacting objects. So, the force that Earth exerts on an object is written F_sub_ E on O.
But we did not get to forces yet, we will during our meeting on September 17th. Do not miss!
If you read the post to the end, please do not forget to like it or respond to it. Thank you!

83. * Data from state driver’s manual The state driver’s manual lists the reaction
distances, braking distances, and total stopping distances for automobiles
traveling at different initial speeds (Table 2.11). Use the data to determine the
driver’s reaction time interval and the acceleration of the automobile while
braking. The numbers assume dry surfaces for passenger vehicles.

TABLE 2.11 Data from driver’s manual

Speed Reaction Braking Total stopping
(mi /h) distance (m) distance (m) distance (m)
20 g 7 14
40 13 32 45
60 20 91 111

https://www.facebook.com/groups/320431092109343/posts/1246671522818624/? cft  [0]
=AZWEpiknD3SxcOOsEbKiQz2M63Al bva xlpkKSw4HGKKERZbCndW9K0O4C7FetJfhrBn0
9IL9LPRLcOudsoWPId1gpZZjvbmz e808C4JeQIQTXdRX1PWFO3VGaN 8 5tWGZ|iZ3NIwi
Py1XMN7FXL1b5rYfBQ2zCbN7uZu0dGabSbzCxTtHeWtanEUBFG130Yk& tn =%2CO
%2CP-R

Eugenia Etkina
8. Semptember
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Hi all, a few things today. First, WELCOME to our new members! To benefit from this group's
work, please visit islephysics.net to learn about the ISLE philosophy and all the resources that
we offer. Please, also read the posts pinned to the top of this group's community page to see
to learn what we have here and how the group operates. to have the posts come to your
Facebook feed you need to comment on the posts you read (simple stuff, just say Read) or
like the post to see the next post for sure. To order an examination cope of the textbook check
Textbook information tab on the islephysics.net website.

Yesterday my post was about reaction time in kinematics and real world connections and
several people commented on the language aspect that | brought up. In fact, the language
that we use in many chapters is different from traditional. The reasons are based on the
research on the difficulties that students encounter in physics and the field of cognitive
linguistics that tells us that people thinking about a concept is often (VERY OFTEN) is affected
by how they talk about this concept.

A simple example is how we talk about forces. We say that "weight of an object" which
assumes that weight is something that belongs to an object and is always with it. Is this how
physicists conceptualize forces? I. Newton in his book Principia was the first to give the term
"force" the meaning that physicists use today. Specifically, he said: "An impressed force is an
action exerted upon a body, in order to change its state, either of rest, or of moving uniformly
forward in a right line. This force consists in the action only; and remains no longer in the body,
when the action is over. "

Here, Newton defines carefully the term force as a physical quantity describing an interaction
of two objects, and therefore not belonging to or residing in an object. We want our students
to understand that objects do not HAVE forces, and yet, in our first encounter with force we
confuse them by using the word "weight" for the force that Earth (or any other planet) exerts
on an object of interest (the system). No wonder, that our students start thinking of forces as
something belonging to objects - forces of motion, forces of acceleration, forces of inertia, etc.
In our textbook and all other supporting materials we are very careful of not confusing the
students with the language that does not reflect the essence of the concepts we wish them to
learn. Therefore | am recommending that when you read the textbook or activities in the
ALG/OALG you pay careful attention to the language that we are using. It is very deliberate. |
invite you to post here some terms that we use that might confuse the students. | will reply
with examples (if we do have examples) of how we avoided those words and with what words
we replaced them. If you finish reading the post, please like it or comment. thank you

https://www.facebook.com/groups/320431092109343/posts/1247322659420177/? cft  [0]
=AZUVW50hRh9AVO6zI1asZnUWyYEJN8JwilLh28wnBfJEJgFNOVd2KXYkrp7HIF 1t14tRIMxQ
7bjOIN3fpXxwrORbJlj 4zjriNIdGvCJWiUTjgkl3bobgHb3AXJMJ8bDzal 0l1lgjoU4e-1Z4b-

8l11aJ7R JOhKmCLKpTm9HJIB-Fb5 wD4faZKui-7X3fGEGEj9IU& tn  =%2C0%2CP-R

Eugenia Etkina
11. September

Hi all, for a long time we have been talking about student learning through the ISLE approach.
But we did not talk about the teacher. What kind of teacher does one need to be to implement
this approach successfully? When research talks about teacher preparation or professional
development they focus on three elements: dispositions, knowledge and skills. Today | want
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to start talking about dispositions. This post is based on our work with Stamatis Vokos and Bor
Bor Gregor¢ic.

Cambridge dictionary defines a disposition as “a natural tendency to do something, or to have
or develop something” [https://dictionary.cambridge.org/dict.../english/disposition, retrieved
Sept 3 2022]. This general definition does not help us understand teacher dispositions. We
can conceive a disposition as a strong (often subconscious) belief or attitude related to some
aspect of teaching, that in concert with other factors, shapes a teacher’s thought and behavior
(see Korthagen and Lagerwerf, 1996 and Thornton, 2006). Dispositions strongly affect how
teachers analyze new information and teaching situations, and how they plan and act in the
classroom (Fives and M. Buehl, 2012).

What are examples of dispositions of physics teachers? The most important is probably the
disposition towards students learning physics. Can all students learn physics or only very
special, selected individual? Teachers of these two different dispositions will run their
classrooms (high school or college) very differently. A teacher who believes that all students
can learn physics will create opportunities for the students to show their learning in multiple
ways, improve their work without being punished for several tries, and develop mistake-rich
environment. A teacher who believes that only selected students can learn physics will have
one method of assessment (multiple choice exams, for example) that they seem adequate
and make judgment of students’ abilities to learn physics based on those assessments.
Another important disposition is towards learning itself — is learning something that a person
does on their own or it is a communal activity and without collaboration and communication
with other students learning will not happen? Think of how these two different dispositions
affect, for example, the set-up of a classroom. When we walk into an amphitheatre with the
rows of individual seats all turned towards the stage where the teacher lectures to the
audience, we see the implementation of a disposition that students learn by listening and
studying their lecture notes. When we walk into a classroom where the tables for 3-4 students
are surrounded by chairs and small whiteboards are placed on those tables, we see the
implementation of a disposition that students learn by working collaboratively and sharing their
ideas.

An example of a disposition related directly to physics is one of the role of “theory” in students’
learning. Does theory come first or experiment? A teacher who believes in the former will start
their lessons with the description of theoretical knowledge related to the topic of learning
(introducing vocabulary, definitions and mathematical relations) and then showing
experiments illustrating the “theory”, while the teacher who believes in the role of experiment
as the driving force behind the construction of physics knowledge would begin their lessons
with experiments that would help their students see where “theory” comes from.

This is enough for today. Tomorrow, | will post the list of dispositions for the ISLE teachers
specifically. Stay tuned, "like" or comment on this post to make sure the next one comes to
your feed and other group members see the post.

https://www.facebook.com/groups/320431092109343/posts/1249253705893739/? cft  [0]
=AZWJS4sgXDfiXI-AlZclFQd1k23fwrgr8kGgTSOJ89Y-

B6FeUX188ZEBILKBWIOLPLsOSp 0k77hEzviOwEfeX7WdponQgTNgkWqG06us18-
BDROXTD-

97Fwl10fPp4c9d6F27PupmPpZQ35Ssd46ibdItQF ti03PxtiwNVIBkvuQnVeByZv 828Jx1jp
WLOHc& tn =%2C0%2CP-R
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Eugenia Etkina
12. September

Hi all, to day | continue the "dispositions story". PLEASE do not forget to like or to respond to
the post after you finish reading it to make it more visible.

What kind of dispositions should a teacher who intends to implement the ISLE approach have?
All of them need to be consistent with the two intentionalities of the ISLE approach: help
students learn physics by practicing it and improve student motivation, persistence, growth
mind set (well-being) through learning physics.

| will list some of the teacher dispositions that will help them implement the ISLE approach in
the classroom. Some of them are generic for all teachers (marked with one asterisk), some —
for all physics teachers (marked with two asterisks), some of them are specific for the teachers
who implement active learning techniques in their classrooms (three asterisks), and a few are
unique to those who help their students learn physics through the ISLE approach (four asterisk
marks). Note, that for a teacher implementing the ISLE approach all of the dispositions on the
list below should be important. The order of the bullets does not represent the order of
importance of the dispositions. When you are reading through the list, stop after each bullet
and ask yourself if you agree with it. It is a good self check on whether your personal
dispositions are in agreement with the ISLE-based dispositions.

* dispositions true for any subject

** physics learning related dispositions

*** interactive engagement in physics learning related dispositions (interactive engagement
means that the students learn by actively and collaboratively participating in the process, not
listening to a lecture, or watching a teacher solve problems on the board, or following cook-
book instructions in a lab)

**** learning physics through the ISLE approach related dispositions

LIST

* It is not about me. It is not personal.* (This is the most important disposition for all teachers
of all subjects and it means that the teacher believes that what happens in the classroom
(student behavior) should always be about the students not the teacher’s feelings about
themselves.)

* Learning is changing one’s brain (literally). My role is to help my students rewire their brains,
not to demonstrate the prowess of mine. Therefore, my role is to facilitate student learning,
not to present the material.* (This disposition again focuses on the students, not the teacher
in the classroom but this time it relates to student learning, not their behavior.)

* Learning is a social activity. My role is to create conditions in the classroom when the
students continuously collaborate and learn from each other in the atmosphere of mutual
respect.” (This disposition again focuses on the students and combines beliefs about their
behaviors, classroom setup and their learning).

* | am a physicist, and | am a teacher at the same time. When | think about physics, | think
about it as a teacher, when | think about student learning, | bring in my inner physicist.** (This
disposition means that encountering any physics problem or learning some new physics, the
teacher believes that thinks of how to make this content accessible and exciting for their
students pr what experiences their students might already have with this content. When
encountering a problem or a situation related to some episode during a lesson, the teacher
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thinks of the observed phenomenon (what happened) and tries to develop multiple
explanations for it, similar to how physicists construct new knowledge.)

* Physics is all around me; | notice phenomena and apply physics to every (or almost every)
one that | observe in my everyday life. And this is exactly what | wish my students to do.**
(This disposition relates to life of the teacher outside the classroom they are naturally excited
to observe, explain, calculate, or wonder about the causes of the observations — let it be waves
passing through two nearby stones that invoke diffraction patterns, a thunder delayed from the
lightning that makes them calculate the distance to the storm, or a run to catch a bus that
makes them wonder how many joules of their body’s chemical energy were just converted into
kinetic energy.)

* All of my students would want to learn physics, given the right opportunities, and are capable
of learning physics. They might need different time scales and different tools, but they all can
learn.**** (This disposition means believing in the growth mindset and therefore that students
need different times, different supports, and different representations to learn and it is the duty
of the teacher to help students master those different representations, it also means that the
teacher believes that the students should be give multiple opportunities to demonstrate their
learning.)

» My students come from different backgrounds and cultures and bring different strengths and
different life experiences into my classroom. | need to learn as much as | can about my
students and make sure that their cultural backgrounds and life experiences are respected
and provide the foundation for their learning of physics.* (This means that the teacher believes
that individual and cultural diversity affect student learning and it is their responsibility to learn
as much as possible about students backgrounds and cultures.)

* If some of my students are not learning, it is not because they cannot, it only means that |
have not yet found the way to help them learn and | need to try harder to accomplish that.****
(This disposition means that the teacher believes in their responsibility to find the ways to help
struggling students.)

* In order to help my students learn physics, | need to listen to my students and try to
understand what they are saying instead of hunting for the right answer.*** (This disposition
means that the teacher believes that all students ideas being productive in some context or
expressed in a different language, as they are based on their life experiences and therefore it
is their existing ideas that will determine own their future learning)

* Listening to my students is more important than talking myself.*** (This disposition means
the belief that it is about student constructing their knowledge not transmitting teacher’s
knowledge.)

+ Students’ questions are the most important part of the lesson.*** (This disposition means the
belief that it is student curiosity and creativity that should be the goal and the driving force of
their learning and shows the value that the teacher assigns to students’ questions.)

» Students talking to each other about physics is the most valuable part of their experience of
the lesson.**** (This disposition means the value given to the instances when students talk to
each other about physics, as this when they learn and develop community, exactly the same
way as physicists do.)

* Itis my role to motivate my students every day, not to expect them to always self-motivate.****
(This disposition means the belief in the importance of the second intentionality of the ISLE
approach.)

* For a physicist a mistake is a source of learning, so it should be for my students. They should
be able to improve their work and not feel punished for not getting it right on the first try.****

* Experiment (can be an observational experiment) is the start of learning in physics.****

*kk
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 All student ideas are valuable and need to be carefully used to develop their knowledge
further. Student ideas are not to be treated as misconceptions to hammer out but productive
ideas to build on.****

+ Students should learn by testing their ideas experimentally, not believing in authority.
« Students are very talented. | believe in them. They are born scientists and my role is to help
them feel that they belong in the physics world, that they develop physics identity.****

If you finished reading, please like the post or respond to it. And please add your own
dispositions to the list if you found them missing. Thank you!

*kkk

https://www.facebook.com/groups/320431092109343/posts/1249862115832898/? cft [0]
=AZWOO0O0RwVI8nmQqyUMThvLnfkbrG4vljPGUxEarFR Ge xwDysGEPvGa -
XRd0pLJQuSrAM5cVpWOAb Kui4ntaEOKC3B8cQL03dgR MbLtO1fGFQvTHGXyL40oVL1ds
dRHKtOLOQFC8fewlLZBtRrYS30aA-bQT8smIH5LfOM-

zcGJRSypzU28 ZjICFpUaZsmv0& tn  =%2C0%2CP-R

Eugenia Etkina
13. September

Hi all, this is a reminder that we have a meeting on Saturday, 10 am PDT, 1 pm EDT and 7
pm CET to discuss the most important points and the logical progression of teaching
Newtonian mechanics. To get more info, please go to the EVENT, i am posting the screen
shot of the event announcement. To prepare for the meeting - so that you can ask questions,
please read Chapter 3 in the textbook, 3 in the Instructor Guide (posted here in the Files) and
look through the activities in ALG/OALG files (OALG files are posted here in the files). It looks
like the meetings are running longer now that we are discussing the content progression, so,
please plan accordingly. If you did not sign up for the meeting, please do it now. | can send
you PD certificates for the event if you need them.

https://www.facebook.com/groups/320431092109343/posts/1250728285746281/? cft  [0]
=AZW2si6BuFLP-

uOH3MaPWPSMricMvd7 T 10JNIPECabN6U TvjYEBPmaimmFyQTa5X SjgtMu-

bx 6xKguNdTOLbk5n0 ysfqCfcTu fif GGXERaLpDjIKNKYTKXwWPSZXrswlL97Sr9ZZHFLOm
u_ 2zDar2tTbSRtg8YiEqcxCdx20YZTtT2VK26vnJbE4ADSWhEM&  th =%2C0%2CP-R

Eugenia Etkina
15. September

Hi all, | forgot to mention that those who plan to come to the meeting on Saturday need to
prepare two items: a VERY HEAVY object (could be our textbook ) that they can hold on
a palm of their hand and a sheet of paper. Please do not forget! If you have spring scales to
measure forces, having a spring scale an a few objects to hang would be good too, but not
necessary. Same if you have a medicine ball or a bowling ball at home. Have them handy.

220


https://www.facebook.com/groups/320431092109343/posts/1249862115832898/?__cft__%5B0%5D=AZWO00RvvI8nmQqyUMThvLnfkbrG4vIjPGUxEarFR_Ge_xwDysGEPvGa_-xRd0pLJQuSrAM5cVpW0Ab_Kui4ntaEOKC3B8cQL03dqR_MbLtO1fGFQvTHGXyL4oVL1dsdRHKtOL0QFC8fewLZBtRrYS3OaA-bQT8smlH5LfOM-zcGJRSypzU28_ZjlCFpUaZsmv0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1249862115832898/?__cft__%5B0%5D=AZWO00RvvI8nmQqyUMThvLnfkbrG4vIjPGUxEarFR_Ge_xwDysGEPvGa_-xRd0pLJQuSrAM5cVpW0Ab_Kui4ntaEOKC3B8cQL03dqR_MbLtO1fGFQvTHGXyL4oVL1dsdRHKtOL0QFC8fewLZBtRrYS3OaA-bQT8smlH5LfOM-zcGJRSypzU28_ZjlCFpUaZsmv0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1249862115832898/?__cft__%5B0%5D=AZWO00RvvI8nmQqyUMThvLnfkbrG4vIjPGUxEarFR_Ge_xwDysGEPvGa_-xRd0pLJQuSrAM5cVpW0Ab_Kui4ntaEOKC3B8cQL03dqR_MbLtO1fGFQvTHGXyL4oVL1dsdRHKtOL0QFC8fewLZBtRrYS3OaA-bQT8smlH5LfOM-zcGJRSypzU28_ZjlCFpUaZsmv0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1249862115832898/?__cft__%5B0%5D=AZWO00RvvI8nmQqyUMThvLnfkbrG4vIjPGUxEarFR_Ge_xwDysGEPvGa_-xRd0pLJQuSrAM5cVpW0Ab_Kui4ntaEOKC3B8cQL03dqR_MbLtO1fGFQvTHGXyL4oVL1dsdRHKtOL0QFC8fewLZBtRrYS3OaA-bQT8smlH5LfOM-zcGJRSypzU28_ZjlCFpUaZsmv0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1249862115832898/?__cft__%5B0%5D=AZWO00RvvI8nmQqyUMThvLnfkbrG4vIjPGUxEarFR_Ge_xwDysGEPvGa_-xRd0pLJQuSrAM5cVpW0Ab_Kui4ntaEOKC3B8cQL03dqR_MbLtO1fGFQvTHGXyL4oVL1dsdRHKtOL0QFC8fewLZBtRrYS3OaA-bQT8smlH5LfOM-zcGJRSypzU28_ZjlCFpUaZsmv0&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1250728285746281/?__cft__%5B0%5D=AZW2si6BuFLP-uOH3MaPWPSMricMvd7_T_I0JNIPECabN6U_TvjYEBPmaimmFyQTa5X_SjgtMu-bx_6xKguNdT0Lbk5n0_ysfqCfcTu_ftfGGXERaLpDjIKNKYTKXwPSZXrswL97Sr9ZZHFLOmu_2zDar2tTbSRtg8YiEqcxCdx2OYZTtT2VK26vnJbE4D5Wh6M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1250728285746281/?__cft__%5B0%5D=AZW2si6BuFLP-uOH3MaPWPSMricMvd7_T_I0JNIPECabN6U_TvjYEBPmaimmFyQTa5X_SjgtMu-bx_6xKguNdT0Lbk5n0_ysfqCfcTu_ftfGGXERaLpDjIKNKYTKXwPSZXrswL97Sr9ZZHFLOmu_2zDar2tTbSRtg8YiEqcxCdx2OYZTtT2VK26vnJbE4D5Wh6M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1250728285746281/?__cft__%5B0%5D=AZW2si6BuFLP-uOH3MaPWPSMricMvd7_T_I0JNIPECabN6U_TvjYEBPmaimmFyQTa5X_SjgtMu-bx_6xKguNdT0Lbk5n0_ysfqCfcTu_ftfGGXERaLpDjIKNKYTKXwPSZXrswL97Sr9ZZHFLOmu_2zDar2tTbSRtg8YiEqcxCdx2OYZTtT2VK26vnJbE4D5Wh6M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1250728285746281/?__cft__%5B0%5D=AZW2si6BuFLP-uOH3MaPWPSMricMvd7_T_I0JNIPECabN6U_TvjYEBPmaimmFyQTa5X_SjgtMu-bx_6xKguNdT0Lbk5n0_ysfqCfcTu_ftfGGXERaLpDjIKNKYTKXwPSZXrswL97Sr9ZZHFLOmu_2zDar2tTbSRtg8YiEqcxCdx2OYZTtT2VK26vnJbE4D5Wh6M&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1250728285746281/?__cft__%5B0%5D=AZW2si6BuFLP-uOH3MaPWPSMricMvd7_T_I0JNIPECabN6U_TvjYEBPmaimmFyQTa5X_SjgtMu-bx_6xKguNdT0Lbk5n0_ysfqCfcTu_ftfGGXERaLpDjIKNKYTKXwPSZXrswL97Sr9ZZHFLOmu_2zDar2tTbSRtg8YiEqcxCdx2OYZTtT2VK26vnJbE4D5Wh6M&__tn__=%2CO%2CP-R

Having a heavy book (A VERY HEAVY BOOK) and a sheet of paper is a must. PLEASE like
or comment on this post to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1252033235615786/? cft  [0]
=AZW7Caktn19zf9BOIly2PF GKEWJcwOvg0QhGREwWOLzudL2vaWjOYWRDAfstegFmKaggz5
msJJhNEO3PBYIly89Q-

MNol7zv K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2glLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk
976lo5sDHtcpadtiKtF0f7ezgmbT8CzDaNeBug& tn  =%2C0%2CP-R

Eugenia Etkina
15. September

Hi all, today, in preparation for our meeting on Saturday (10 am Pacific time, 1 pm Eastern
time and 7 pm European Standard time), | want to invite you to think about Newton's laws.
Please like or comment on the post after you finish reading it.

We teach our students those laws often forgetting their biggest limitation - the observer! The
second and third laws do not work for most observers on Earth and our students experience
this every day when they on a school bus or in a car going to school. They feel being pushed
forward and backward without any extra objects interacting with them when the bus starts or
stops. They see other objects accelerating without any extra forces exerted on them. How
often do we bring these experiences in class?

The reason for them is that when you are an observer in an accelerating reference frame, 2
Newton's laws do not work. And therefore the role of the first law is to limit the observers to
only those who do not accelerate themselves. This nuanced meaning of the law is often lost
in a traditional statement about EVERY OBJECT CONTINUES BLAH BLAH BLAH. No, every
object does not continue.

It only does if the person observing this object does not accelerate themselves. We can see
Newton's first law as the statement of the existence of the inertial reference frame observers.
Sounds wild, right? But in fact, this is how | learned Newton's first law in 1973 when | first
learned physics back in the Soviet Union. The first law stated in my textbook read: Inertial
reference frame observers exist. To illustrate my point, | am pasting the video from our Chapter
3 Newton's first law section showing what happens when the observer is accelerating. Try to
apply Newton's laws to explain what you observe! If you finished reading the post, you
know what to do! See you on Saturday!

https://www.facebook.com/groups/320431092109343/posts/1251950645624045/? cft  [0]
=AZUWIRLU8bQ29e 9AJO2r6VriEcrixi07K0 HOiddsAwChIl-GZ8vHS3-
guz01FK7qW2CVBP209IfEpjdsG  SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRwID
6L PjymECo0e0v4SWMAI48uRiKIHQcOXEUB6kKy0zUOZ MgzhLzd5FWVjPJ9ISn9ih-
Sh4& tn =%2C0%2CP-R

Eugenia Etkina
16. September

221


https://www.facebook.com/groups/320431092109343/posts/1252033235615786/?__cft__%5B0%5D=AZW7Cqktn19zf9BOly2PFGKEWJcwOvg0QhGREw0LzudL2vaWjOYWRDAfsteqFmKqgz5msJJhNEO3PBYIy89Q-MNol7zv_K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2qLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk976lo5sDHtcpa9tiKtF0f7ezqmbT8CzDaNeBug&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1252033235615786/?__cft__%5B0%5D=AZW7Cqktn19zf9BOly2PFGKEWJcwOvg0QhGREw0LzudL2vaWjOYWRDAfsteqFmKqgz5msJJhNEO3PBYIy89Q-MNol7zv_K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2qLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk976lo5sDHtcpa9tiKtF0f7ezqmbT8CzDaNeBug&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1252033235615786/?__cft__%5B0%5D=AZW7Cqktn19zf9BOly2PFGKEWJcwOvg0QhGREw0LzudL2vaWjOYWRDAfsteqFmKqgz5msJJhNEO3PBYIy89Q-MNol7zv_K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2qLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk976lo5sDHtcpa9tiKtF0f7ezqmbT8CzDaNeBug&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1252033235615786/?__cft__%5B0%5D=AZW7Cqktn19zf9BOly2PFGKEWJcwOvg0QhGREw0LzudL2vaWjOYWRDAfsteqFmKqgz5msJJhNEO3PBYIy89Q-MNol7zv_K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2qLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk976lo5sDHtcpa9tiKtF0f7ezqmbT8CzDaNeBug&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1252033235615786/?__cft__%5B0%5D=AZW7Cqktn19zf9BOly2PFGKEWJcwOvg0QhGREw0LzudL2vaWjOYWRDAfsteqFmKqgz5msJJhNEO3PBYIy89Q-MNol7zv_K2d3FSiGOSjlVI8Kw5UbLvt1uwHo2qLz3gqwB7trgYVmSKcWkJhiOnbcPgNrYSyk976lo5sDHtcpa9tiKtF0f7ezqmbT8CzDaNeBug&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1251950645624045/?__cft__%5B0%5D=AZUWlRLU8bQ29e_9AJO2r6VriEcrixi07K0_H0iddsAwChl-GZ8vHS3-guz01FK7qW2CVBP2O9IfEpjdsG__SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRw9D6L_PjymECoe0v4SWMAI48uRiKlHQc0XEU66kKy0zU0Z_MqzhLzd5FWVjPJ9lSn9ih-Sh4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1251950645624045/?__cft__%5B0%5D=AZUWlRLU8bQ29e_9AJO2r6VriEcrixi07K0_H0iddsAwChl-GZ8vHS3-guz01FK7qW2CVBP2O9IfEpjdsG__SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRw9D6L_PjymECoe0v4SWMAI48uRiKlHQc0XEU66kKy0zU0Z_MqzhLzd5FWVjPJ9lSn9ih-Sh4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1251950645624045/?__cft__%5B0%5D=AZUWlRLU8bQ29e_9AJO2r6VriEcrixi07K0_H0iddsAwChl-GZ8vHS3-guz01FK7qW2CVBP2O9IfEpjdsG__SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRw9D6L_PjymECoe0v4SWMAI48uRiKlHQc0XEU66kKy0zU0Z_MqzhLzd5FWVjPJ9lSn9ih-Sh4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1251950645624045/?__cft__%5B0%5D=AZUWlRLU8bQ29e_9AJO2r6VriEcrixi07K0_H0iddsAwChl-GZ8vHS3-guz01FK7qW2CVBP2O9IfEpjdsG__SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRw9D6L_PjymECoe0v4SWMAI48uRiKlHQc0XEU66kKy0zU0Z_MqzhLzd5FWVjPJ9lSn9ih-Sh4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1251950645624045/?__cft__%5B0%5D=AZUWlRLU8bQ29e_9AJO2r6VriEcrixi07K0_H0iddsAwChl-GZ8vHS3-guz01FK7qW2CVBP2O9IfEpjdsG__SirZmQ7aHVnTXFST3rFxi3y3dDOpThvx2rOyCJRw9D6L_PjymECoe0v4SWMAI48uRiKlHQc0XEU66kKy0zU0Z_MqzhLzd5FWVjPJ9lSn9ih-Sh4&__tn__=%2CO%2CP-R

Hi all, another post in the preparation for our meeting tomorrow. Please make sure you read
Chapter 3 in all of the materials - textbook, ALG/OALG, and the IG and prepare questions
about what is not clear. | prepared a lot of activities from the ALG/OALG that will take you
though every step of helping students construct 3 laws. You will need a heavy textbook, a
sheet of paper, if possible a medicine or a bowling ball and a spring scale with some objects
to hang (if you do not have those, it's ok). Please read my post from yesterday about Newton's
1st law. And here is the link to the zoom meeting. Please do not be late - 10 am Pacific time,
1 pm EDY, 7 pm CET (central European time). Plan for 2 hours. See you tomorrow. Please
like the post or comment on it to make it more visible for other group members. Thank you!
https://rutgers.zoom.us/my/etkina...

password 164680

https://www.facebook.com/groups/320431092109343/posts/1252636745555435/? cft  [0]
=AZXDUMNH5BTHQMFePR-
hn663pP8f4c3AIH2M|j54Q1C97E40zSaJ4VAFWnpvBodOdQaKIQzGA1BMugtnBB6L7SYC1
RkAcOUpvPGw1uQBCVytOhjmRaL7xF5BHj7QbMeP8wJsqUVUYe6hA Pr Qp334Lko3Zy6
RtVISNOu1DPMbGGKAOh-J51d4FteNwjOKgCJIU4& tn  =%2C0%2CP-R

Eugenia Etkina
17. September

Hi all, we had a great meeting today, thank you all for coming, participating, and persevering!
We worked for over 2 hours and almost no one left before the end. Here is the link to the slide
show that we used

https://docs.google.com/.../1QBhvQpeRVegsnclKwgEK.../edit...

And the recording of the zoom meeting:

https://rutgers.zoom.us/.../r65qacoye GxwQN6cInHspPf5BMwPt... Password: j($@E2k.m
Please ask questions here! Our next meeting is about force components, 2D situations in
dynamics, and what others call normal and friction forces (we don't )-

https://www.facebook.com/groups/320431092109343/posts/1253578642127912/? cft [0]
=AZUflIZ u2GybQJXeEtFpaZYP91HxnmyXxMy2sEgqmTYs4kLOPmyTZo7hb0GtkC81VoReL
QcShMOHLtj--Jc3sT130YhBc8tK62YAIdtr8U5jg9oF 1sg-X20SPybE1IncjHKLBJkiTnc7K-
9X5FIKL V7 0Yx2yjfzklaHVDedYcGM7wvLUZpwNvtzS4KjinaZfiQw& th  =%2C0%2CP-
R

Eugenia Etkina
18. September

Hi all, two things today (three if you count my plea to respond to the posts ).

First, our second dynamics meeting will be on October 8th, same time as yesterday. It is the
only Saturday in October when | can do it, so no poll. October 8th 10 am Pacific time, 1 pm
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Eastern and 7 pm Central European. We will work on Chapter 4. Force components, normal
forcef/friction, and problems. Mark your calendars, hope you can make it.

Second, | wanted to focus your attention on the mathematics of the application of Newton's
second law to 1D motion. | am pasting a screen shot of one of the worked examples that
emphasizes how we treat components when one of the forces points in the negative direction.
| circled on the screen shot the lines to which to pay attention. The main point is that in
Newton's second law we ALWAYS have the sum of the forces, even when one of them has a
negative components. This step should not be skipped so that the students do not wonder
when we add and when subtract. Here the negative sign does not mean the operation (taking
away), but direction. The operation is always summation. We talked about the multiple roles
of the negative sign in physics before, and | want to remind you to to ALWAYS discuss with
your students the meaning of the signs when they work through algebra. There are multiple
meanings of the negative sign in physics: direction (force, momentum, velocity components,
etc.), taking away (negative work), conventions (negative electric charges), attraction
(negative gravitational or electric potential energies), etc. Itis really important that the students
stop and think what a sign means when they put it into their calculations. Have a good Sunday
and do not forget to like the post or comment on it if you finished reading it. Thank you!

Earth exerts an approximately 100-N force on a 10-kg suitcase. Suppose
vou exert an upward 120-N force on the suitcase, If the suitcase starts at
rest, how fast is it traveling after lifting for 0.50 s7

Sketch and translate First, we sketch the initial and final states of
the process, choosing the suilcase as the system, The sketch helps us
visualize the process and also brings together all the known information,
letting our brains focus on other aspects of solving the problem. One
common aspect of problems like this is the use of a two-step strategy.
Here, we use Newton's second law to determine the acceleration of the
suitcase and then use kinematics to determine the suitcase’s speed after
lifting for (.50 5.

Y Fymg=120N
1 Fe o g=100N

mg=10hg “
4]9 ty=0 /\ t=0s0s
2 5 A Ng=0 =P
L] 4y =0 7 7 7
Simplify and diagram Next, we construct a Y

force disgram for the suitcase while being lifted,
The y-components of the forces exerted on

the suitcase are your upward pull on the
suitcase Fy g5, = +Fy .5 = +120N

and Earth's downward pull on the suitcase

Fi sy = —F ps = — 100 N. Because the
upward force is larger, the suitcase will have

Ems {120 M)

Fens 10ON)

an upward acceleration &,

P I ically Since all the forces are along the y-axis,
we apply the y-component form of Newton's second law to determine

https://www.facebook.com/groups/320431092109343/posts/1254130208739422/?

the suitcase's acceleration (notice how the subscripts in the equation
below change from step to step):

_ ZFusy _ Frasy T Feas,
mg ms

= (+Fywms) + (~Feams) _ Fyons = Frans
Mg

ag,

m

acceleration of the
suitcase, we then use kinematics to determine the suitcase’s speed after
traveling upward for 0,50 s:

After using Newton's second 0% 1o determine

Ve = Yo+ af
The initial velocity 18 vy, = 0,
Solve and evaluate Now substitute the known information in the
Newton’s second law y-component equation above 1o find the accelera-
tion of the suitcase:
_ Frons ~ Fyons _ 120N — 100N

S g 10kg

= +20m/s?
Insert this and other known information into the kinematics equation to
find the vertical velocity of the suitcase after lifting for 0,50 s:

vy = vy, +at =0+ (+20m/s*)(0.50s) = +1.0m/s

The unit for velocity is eorrect and the magnitude is reasonable.

Try it yourself How far up did you pull the suitcase during this (.50 57
Answer wern = (s0s0)(s/mogn) =% -«
AsENE A1 pay nok snUL s Oc0 = T/ (s/m ol + 0)

sEM 11 Ui apma paads afesaae ag],

cft

[0]

=AZXgsoE ikFHImuL17fvFqJiwBWmYYBoCpoqgcQrvOmaD6xJa EAUy2vRWaW6QYKIVGy
25bC7X2B0KukiYSPmjL-
I6CM3SknV2VAoMdd3KBfUInyLHyUSiddngXFgjkkMLk13N8EGnuLfVtit5Y86QfnbFDTtmRY
yhlyPEm5BbTsuCO Z-8XjKyG7-0QsM jt8F0& tn  =%2C0%2CP-R
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Eugenia Etkina
19. September

Hi all, today my post is about a very interesting contradictory fact. On one hand, Newton's
second law says that acceleration of an object is inversely proportional to its mass and on the
other hand, our students learned in kinematics that in the absence of air all objects
independently of their mass fall with the same acceleration of about 9.8 m//s*2. How can this
be?

As you all know, the answer is that the force that Earth exerts on objects pulling them towards
its center is directly proportional to their mass- the larger the mass - the larger the force. So,
the mass cancels out at the end. We know it. But how will our students learn it?

There are two ways of doing it (I am sure there are more, but | use one of the following). First:
have a conversation with your students exactly the same way as | had it above and let them
work in groups to come up with possible explanations of this conundrum. Then, after they
come up with their ideas (usually they are that the force exerted on all objects is the same and
that is why acceleration is the same (I know it does not make any sense, but many students
originally think this way) and that the force is proportional to mass). The next step is to test
these hypotheses. They need to come up with testing experiments, and they usually do - hang
objects of different marked masses on a vertical spring scale marked in newtons and graph
the reading of the scale vs the mass of the object. As the reading of the scale is equal to the
magnitude of the force that Earth exerts on the object when it is not accelerating, the slope of
the graph should either be zero (prediction based on the first hypothesis), or constant and
equal to 9.8 N/kg (prediction based on the second hypothesis). Then you have a discussion
of how 9.8 N/Kkg is the same as 9.8 m/s*2. This is the ALG and OALG sequence.

But there is another way to do it. First, ask the students to design an observational experiment
to find the relationship between the mass of the object and the force that Earth exerts on them.
They will come up with the experiment, similar to the testing experiment that | described above
but no predictions, of course, and find that the force is proportional to mass with the coefficient
of 9.8 N/kg (or so). Then you focus their attention on how weird this finding is. How can Earth
"know" to adjust its pull EXACTLY according to the object's mass This is absolutely amazing,
right? And after that you can ask them to design an experiment to test it. They should be able
come up with the experiment of dropping objects of different masses but small (to avoid the
effects of air) and predict that they will all fall with the acceleration of 9.8 m/s”*2 or a little less
due to air. And the discussion of the equality of n/kg units to m/s*2 units follows.

This is the reverse sequence. Remember, how Frank Noschese had several questions about
the same experiment being potentially useful as as observational or a testing experiment
depending on the framing? My examples above show how the same experiment (gravitational
force vs mass) can serve both goals but with different framings.

And of course, we all know that the reason for the coincidence is that inertial mass is
proportional to the gravitational mass with a coefficient of 1, but this story should be saved for
the end of this investigation for more advanced students. | would do it in a calc-based course,
but not in the algebra based course as not to have a cognitive overload of my students. In
learning, often less is more.

If you finished reading to the end, please like the post or comment on it. | feel very
uncomfortable asking people to like something that | wrote, but here the like does not mean
any liking, it just means a way for other people to see the post. So, please like it or comment.
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wWeNoB4S2G2Y2mUNgapOENQQQprwGUuo1m4 YARV-
DEVrNyvaAKGIVIragNQXvFpczHUozoCEzlcszkZd9AI8ez5zx7vYe3qg2t-

PoRyuxVC DDE3Q6-yfmDz69Pv3fUL1TzO02g& tn  =%2C0%2CP-R

Eugenia Etkina
21. September

Hi all, a few things today. Before | start, please do not forget to respond to the posts you read
to make them more visible for other members.

First, thank you, Frank Noschese for posting the story of the arrows! | love the signs for the
electric charges. | made "crowns" from paper that the students can wear on their heads. Using
crowns or your charge signs they can represents not only static situations but dynamic - ions
and free electrons in metals, without electric field and in electric field for example, charges in
magnetic field and so forth. The bigger the equipment, the stronger the episodic memory of
the event for the students. When it is their own body, the episodic memory is made of not only
visual memories but physical too - they will never forget it!

Now, for those who cannot attend meetings, | am reminding you that we always post the video
recording and the slide shows links the next day here. Here is the link to all meeting materials
that we have ever held. https://drive.google.com/.../1kiYbLgbLP7xMBhmZJBrFQgjdQwL...
We had 11 meetings so far, meeting 12 is coming up, | will set up event announcement later
today. The themes of the meetings are not listed in the file names, so you will need to open
the slides to see the topic. The goal of this is to encourage you to go through all the meetings
and see more! Once you go through the slide show and have questions - please post them
here. At the end of each meeting, | ask: "What did you learn today"? Here is the screenshot of
the slide form the last meeting about Newton's laws. If you read to the end, you know what to
do! Thank you!
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Teacher energy goes into focusing
student attention on what you want

What did you learn today? (which might not be what they see on

their own).

Predictions must be argued! The motion and force diagrams are connected. Time for telling.
Students working to draw their motion & force diagrams, and support their ideas...leads to
discovery of a rule!

It seems that it is easier to introduce the effect of force in terms of delta

v first, and then connect delta v to acceleration.
The importance of emphasising what students should focus on in each activity... and so many other
things! Thank you :-)

Motion Diagram and Force Diagram help students
to explain the phenomenon that they always see
regarding the relations of Force and velocity in
moving object. Force does not cause the move but

The change in velocity vector was THE piece for me  force affect the change of motion.

Need to explain what a scale tells us

How is important time for telling!
Stress sum of forces and acceleration

https://www.facebook.com/groups/320431092109343/posts/1256201645198945/? cft [0]
=AZXelU03zYnGCnviDMRZgKG3bgl bCmN6py41gpkF1MRKs xtljCZ95ekx VAeCkj1aCSI
7bel1lW2anXNB5H4vJybpnODcHLoY7¢ct82b4nhCuVQQwe wg Uat6gPEbGMgjYMO00jSdkw
xXK4wYHsoFFyxJfFsn5s-dfGUR786Rc1iaDVbl1Hrcsj8J7804exahE& tn  =%2C0%2CP-
R

Eugenia Etkina
22. September

Hi all, today | want to talk about a book about the ISLE approach that will help you implement
it in your classroom (not the physics textbook, but a book for teachers about ISLE). The book
was published in 2019 by the Institute of Physics and includes many of the details that are
essential to the understanding of the ISLE philosophy as well as issues that the implementers
of the approach face (5 stars on Amazon . Many of the chapters can be accessed for free
on the book website and the whole book is in your university library. Here is the link (it is also
provided on islephysics.net website. | recommend investing time in reading it so that you have
a big picture of the ISLE approach. https://iopscience.iop.org/book/mono/978-1-64327-780-6
| know that many of our Facebook members read the book, and | am asking those who have
done itto comment here. Was it helpful? Was it useful? | am asking these questions as Gorazd
Planinsic and | are going to write a sequel - how to use the ISLE approach to prepare physics
teachers and conduct professional development programs, and your feedback will be very
valuable for us.

Please respond to this post to make it more visible, thank you.

And do not forget to sign up to our next meeting in October (go to the EVENTS).

https://www.facebook.com/groups/320431092109343/posts/1257058538446589/? cft  [0]
=AZVI3pHOcZ8Ms3b81h7rWDGjMIZ7EDvhtK57eVhij4-
570Tn0yavgbsTpkcBm1NhxxRiWaAbkhlsbl-
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KDzmIRfIYAYZveUGvge7MhoEU60VDYqeWXIr9 xpvDTL1FBr733Z X3PFOVOg4wezeerM
Lko4DI6nAqpgFJgnSPLgvFcgroMKG3L5s6UOwWhVOQIgFLo0& tn =%2C0%2CP-R

Eugenia Etkina
24. September

Hi all, today is a post about Newton's third law and out force notation. Please do not forget to
respond to it after you finish reading, thank you!

As you know, we use double letter force notation. Instead of W for weight (we NEVER even
use this word!) we use Force that Earth exerts on the system or Fsub EonS (and NOT force
OF Earth on the system as Earth does not have any force by itself). This double notation
identifies the interaction of two objects - one is the system of interest that you circle on your
sketch and then use a dot on the force diagram, and the other one is the object in the
Environment that interacts with the system. The system is always second and the
Environmental object is always first when you write down forces.

According to Newton's third law, the object exerts the same force in magnitude and opposite
in direction on the Environmental object. So, Fsub EonS = - F subSonE

The important point is, as these two objects participate in the same interaction, the forces that
they exert on each other are of the SAME NATURE. If one is a gravitational force, the other
one is also a gravitational force. If one is a contact force, the other one is also a contact force,
and so forth. Therefore, there are three attributes of Newton's third law forces for your students
to learn:

1) these two forces are exerted on two different object and they are not drawn on the same
force diagram and they cannot be added to find the sum or the net force;

2) these are forces characterize the SAME interaction and therefore they are of the same
nature;

3) they are ALWAYS of the same magnitude and opposite in direction.

As we often focus on the item 3) students start thinking that ANY forces that are the same in
magnitude and opposite in direction are Newton's third law forces. Here is a worked example
that might help start this conversation with the students. Notice the Try it yourself step - it is
very important to do and to help students always ask "What is your system?" when they are
trying to work though the questions involving Newton's laws. This should always be the first
question.
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P LTS LX) A book on a table

A book sits on a tabletop. Identify the forces exerted on the book by
other objects, Then, for each of these forces, identify the force that the

book exerts on another object, Explain why the book is not accelerating.

Sketch and translate Draw a sketch of the situation and choose the
book as the system.

Earth

Simplify and diagram Assume that the tabletop is perfectly
horizontal and model the book as a point-like object. A force diagram
for the book is shown at right. Earth exerts a downward gravitational
force on the book ?‘F_“, e and the table exerts an upward force on the
book ?T an B Newton's second law explains why the book is not
accelerating: the forces exerted on it by other objects are balanced
and add to zero.

The subseripts on each force identify the two objects involved
in the interaction. The Newton's third law pair force will have its
subscripts reversed. For example, Earth exerts a downward gravita-
tional force on the book ('F.'E on i )- According to Newton’s third law,
the book must exert an equal-magnitude upward gravitational force
on Earth (Fy g g = —F o ), 3 shown at right. The table exerts
an upward contact force on the book (Fy oo p)s 50 the book must

4.4 rorces come in pairs: Newton's third law ra

Forces | =

Forces the book exerts §
“_ [z onother objects H
“|FBonE

Z Earth N T

5
FeonT

5

Try it yourself A horse pulls on a sled that is stuck in snow and not
moving. Your friend Chris says this happens because the horse exerts
on the sled the same magnitude force that the sled exerts on the horse,
Since the sum of the forces is zero, there is no acceleration. What is
wrong with Chris's reasoning?

Answer “AIID[AIIT 10U SIOP ISIOY A puT ‘0raz umde §1 a0i0)
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exert an equal-magnitude downward contact foree on the table
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https://www.facebook.com/groups/320431092109343/posts/1257908318361611/? cft  [0]
=AZXQ8pUGzPHtQ1ufkVP3S8SmhemppxxgqdGAbrtBYL3fF2eKtyKm1FgnxXvt bXIzELmLp
FBXmGOXwL3Ka0 2zjgwpFJKAB03j4ZijibMFXiJy8JGJ OmglPbHXAr1j6XAg2KRReq6IR0
Orp8LYV3PAYu5bgTTsjdrqwPcbpG5nbGFdpECkzwL7rBw3e0rE6GDU&  th =%2C0%2
CP-R

Eugenia Etkina
24. September

Hi all, there is a very nice discussion of the force subscripts in response to my yesterday's
post. Please read. People started discussing the subscripts for normal and friction force (same
subscripts as these are two components of the same force due to the interaction of an object
with the surface). We will learn how to help students construct these ideas in our next meeting
on October 8. Please sign up to attend it. If you cannot attend, | will share the slide show and
post the link to zoom recording after. We already had a discussion of this topic last year, so if
you are interested, please visit the Facebook archive where all posts are recorded. Here is the
link https://drive.google.com/.../10gn...

and go to "Textbook posts, work in progress". The google folders are kept updated by Hrvoje
Miloloza. Thank you, Hrvoje for your work! The posts are organized by textbook chapters, so
scroll down and you will find everything that was posted before on the topic of your interest.
And please do not forget to respond to this post to make it more visible. We have lots of new
members who do not know yet where the old posts are kept. Help spread the word! Thank
you.
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https://www.facebook.com/groups/320431092109343/posts/1258535901632186/? cft  [0]
=AZX 4ijRVaXBeqE-wkMbVQ6-

iChjg_YeAWgrGPrYnQ7 0851uZO6TEgX7SSptNVCin7Au_Afi3fZUOMByghlighnt7EXEwTi
T2 NMX6NDbC9q16GpROGK;|lZ22iuapLAG44Jgox0q3sM90GeCMctxeYfoiljeX6lI0RvFWBb
wglabxQ10KO6dKuWGpv1iMzhfl30I& tn  =%2C0%2CP-R

Eugenia Etkina
25. September

Hi all, we have talked a lot about different conceptual skills that we wish ISLE students to
develop, one of the most important is hypothetico-deductive reasoning. But there are also
some quantitative skills that we would like our students to learn. Such as finding patterns in
the data and using the data to describe relationships quantitatively. One of such methods
involves linearizing data, which is a skill often tested on AP exams. We have end of the chapter
problems asking students to do it, but before they try, they need to learn from a worked
example. | am posting a worked example from Chapter 3 here. Do not skip it if you wish your
students to start building this skill and to be able to do linearization on their own. Note that the
problem is based on real data, which is valued in AP exams a lot. The skill of linearization is
emphasized in Modeling Instruction.

If you read the post to the end, please respond to it! Thank you!

229


https://www.facebook.com/groups/320431092109343/posts/1258535901632186/?__cft__%5B0%5D=AZX_4jRVaXBeqE-wkMbVQ6-jChjq_YeAWgrGPrYnQ7_O851uZO6TEgX7SSptNVCjn7Au_Afi3fZUOMByghljghnt7ExEwTiT2_NMX6NDbC9q16GpROGKjlZ22iuapLAG44Jqox0q3sM90GeCMctxeYfoiIjeX6l0RvFWBbwglabxQ1OKO6dKuWGpv1iMzhfI3OI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1258535901632186/?__cft__%5B0%5D=AZX_4jRVaXBeqE-wkMbVQ6-jChjq_YeAWgrGPrYnQ7_O851uZO6TEgX7SSptNVCjn7Au_Afi3fZUOMByghljghnt7ExEwTiT2_NMX6NDbC9q16GpROGKjlZ22iuapLAG44Jqox0q3sM90GeCMctxeYfoiIjeX6l0RvFWBbwglabxQ1OKO6dKuWGpv1iMzhfI3OI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1258535901632186/?__cft__%5B0%5D=AZX_4jRVaXBeqE-wkMbVQ6-jChjq_YeAWgrGPrYnQ7_O851uZO6TEgX7SSptNVCjn7Au_Afi3fZUOMByghljghnt7ExEwTiT2_NMX6NDbC9q16GpROGKjlZ22iuapLAG44Jqox0q3sM90GeCMctxeYfoiIjeX6l0RvFWBbwglabxQ1OKO6dKuWGpv1iMzhfI3OI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1258535901632186/?__cft__%5B0%5D=AZX_4jRVaXBeqE-wkMbVQ6-jChjq_YeAWgrGPrYnQ7_O851uZO6TEgX7SSptNVCjn7Au_Afi3fZUOMByghljghnt7ExEwTiT2_NMX6NDbC9q16GpROGKjlZ22iuapLAG44Jqox0q3sM90GeCMctxeYfoiIjeX6l0RvFWBbwglabxQ1OKO6dKuWGpv1iMzhfI3OI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1258535901632186/?__cft__%5B0%5D=AZX_4jRVaXBeqE-wkMbVQ6-jChjq_YeAWgrGPrYnQ7_O851uZO6TEgX7SSptNVCjn7Au_Afi3fZUOMByghljghnt7ExEwTiT2_NMX6NDbC9q16GpROGKjlZ22iuapLAG44Jqox0q3sM90GeCMctxeYfoiIjeX6l0RvFWBbwglabxQ1OKO6dKuWGpv1iMzhfI3OI&__tn__=%2CO%2CP-R

EZEEEEE Learning to linearize data

Alex is investigating the motion of a battery-powersd fan attached o
low-friction cart {a fan cart) that is moving on a horizontal track. As the
fan blades rotute, they exert a force on the wir, and the air exents an equal
and opposite force on the bludes, making the can move (an analogy for
the fan cart is a hairdryer on wheels). Using a motion detector. Alex finds
that the cant moves with constant sceeleration. He also meusures how the
ucceleration of the can , depends on the mass of the objects that he mids
ta the cart {mr,45.4). His measurements are shown in the table below,

Sketch and translate The cart 1s moving to the left on a horizontal
surface, The scceleration of the can is also o the left due o the fan
pushing air to the right (the fan works in 4 similar way to the hairdryer
that we investigated in the previous example). We know the masses of
the additional objicis on the can and the respective sccelerations, We
also know that the acoeleration of any system is alfected by the sum

of the forees exerted on it and the system’s mass. Because the mass of
the cart {together with the fan) contributes 1o the system’s mass, we

hypothesize that the quantities that we need o determine are the sum
of the forces and the mass of the cari.

M (KED a, (mfs)
010 025 Simplity and diagram We assume that the
0.20 021 fian cant can be modeled 25 poini-like object s Front
and that the track is smooth, so we do notneedto £
ol 0.19 worry about friction, The only objects interacting -
049 017 with the cart (C) are Earth (E), the track (T), and FEonc
.50 015 the air (A). The motion disgram and the force di-

sgram for the cart are shown in the figures below and at right. From the
force dingram, we see that the forces exerted on the cant by Earth and
the track acdd 1o zero, and the only force that is causing the acceleration
of the cart to the beft is the force exerted by the air

() Draw a force diagrum for the cart and use it to explain why the cart
moves at constant acceleration for fixed added mass, (b) Two physical
quantities that are ned listed in the table affect the motion of the can.

Dictermine these two quantitics using the data above. (Hint: Rearmunge AT
the mathematical for the agcel of the can 1o ohtain 2 - .
lirsear dependence on sdded mizss and then plot the graph using the daty L = — .
in the wable )
W3 ETHINES, 02 SE_G0indd T4 @ ZHOMAT 1250 PM

3.4 Seatbelts and airbags 75

Represent mathematically We write Newton's second law in com-
punent form along the axis of motion:

Solve and evaluate The intercept of the graph with the vertical axis

is 1 divided by the acceleration the cant would have hiad if the added

miass wis zere. Thus pe/Fy e = 335 kg /N,

a1=—ﬁ"“‘_ We can find the slope of the graph as Ay divided by Ax. For
Moy + e example, when Ay = 6 — 335 and Ax = 0.4 — 0, this rudio is

Bince Mg i changed in each experiment (s an independent vari- ZOg{0A-: G- Theelipe b Gt greph S s
ble}, it is useful to reamrange the equation so that itis a linear function | L A s63 L
with lincar dependence on m_y.t | s e

Therefore, Fy o = 015 Nandme = 0.51 kg

Try it yourself How would the graph change (consider intercept and

and 1o plot 1 /o, against m ., ifa, shope} if you placed a second fan on the same cart and repeat the

(see graph at right). The 7 expesiment?

function for 1 /a, is 4 lincar &

r-mim-_ L etn el o Answer N[ $HE 30 S T SU0 [RUITLO S U250 3 |1
thus m = 1/F) oo isthe 4 MIISIUL U1 WY LTS SYN JO SETIE IU) UG SAEUES Yo 51 uw)
flof" Ofifm graphs and the 3 ) 0 SEC Y] RG] SULBSSE 2 1 NG 1 SUIULNP 0] TEp yEnous jou
intercept is & = me/Fye. SE G0N “SUEY PUR U g8 Jo S5 07 peoontedosd Appanp
(Do not confuse m for the 1 BT 1A DU U0 SYUDYS N ) 10 aano) a0 ruorsodosd Aasiase 51
shope with the symbol ne o idlacaanun Se1, JEY w0 94 [ sdofs 2 15LES 341 ua a1

i i e el 1SR g A0 3 [l adogs i aiajsy i 6o 11 o)

£q pauaea saso) 2 o) [eoonsedond Lpassan s ydeed ag) jo adops 2y,

https://www.facebook.com/groups/320431092109343/posts/1259473821538394/? cft  [0]
=AZWhd4p xXAL3yqYyg9Ds50uZf2C8xgDbkA9n9j1X6qgzajEdSw8rP3R3pmKsbUs2kIMCZ2
ODLBOwzWqYNj5JTAVFqYAKWIWZIXRj5LUIBKp-6wkfGOmKHDe2vC6L.3a-98nQP7MDLF-
cfF72IMzujzV1XYVRHSId3X0jFWaiXpBJJkcJx8rv8gOgi3gXsHTLB3M& tn  =%2C0%2CP
-R

Eugenia Etkina
27. September
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Hi all, first | wanted to welcome new members - we have a few recently and | have not
welcomed them yet. So, WELCOME! Please visit islephysics.net to learn what this group is
about. It is about the ISLE approach. Once you study the materials on that website, please
read the messages pinned to the top of the community page here. Try to visit the group every
day as we have posts every day and make sure that you respond to the posts - this will make
the posts more visible for you and other group members.

Today | want to go back a little bit (still staying within Newton's laws chapter) and share an
activity that we devised almost 20 years ago to achieve three goals: 1) let students test some
of the ideas that they might have without harming their self-confidence; 2) let students practice
hypothetico-deductive reasoning; 3) let students solidify they understanding of the most
fundamental idea of Newtonian mechanics. Here is the activity (in the in the ALG Chapter3
and in the textbook too), if you did it with your students, please share your experiences, and if
you did not, please pose questions! The key to the activity is to help students recognize that
the mallet exerts the force on the bowling ball ONLY when it is in contact with it.

3.3.3 TEST AN IDEA

PIVOTAL Lab: Equipment per group: 1 bowling ball, multiple sugar packets, stopwatch
(alternative: cellphone app.), 1 meter stick, 1 mallet

Shawn says that an object always moves in the direction of the sum of the forces exerted on
it by other objects. Jade says that an object’s delta v arrow on the motion diagram is always
in the direction of the sum of the forces exerted on it by other objects. How can you decide
who is right? You need to test both ideas. To test them:

a. Work with your group members to design an experiment whose outcome you can predict
using both ideas. The predictions about the outcome of the same experiment based on two
ideas need to be different in order to help you make the decision. Think of what additional
assumptions you used in the predictions (an assumption is something that you accept as true.)
b. Draw sketches of the experiments and show clearly how the predictions are based on the
ideas under test.

c. Perform the experiment and record the outcome. What can you say about the ideas? What
can you say about your assumptions?

If you finished reading the post, please like it or comment, thank you!

https://www.facebook.com/groups/320431092109343/posts/1260166814802428/? cft [0]
=AZWzRsnueodXNtK2DbeKQ112S7VAQ5sVsFbVLFarSdnCuihxBn201Z4JmL5bZtk5xS6eit
ngXxROVLYxK-
NhurG6tD52N3N8zNeUCWAtoM1FCB2a8lpcQeGI2Ah8tXiuroGFTpMtTC90n7-
T8pe5AalbYIZGvubkPhl6pxLWOU-xD9DcL7090gxkrtSOhr ZucCg&  tn =%2C0%2CP-R

Eugenia Etkina
27. September

Following Rob Mason's post, | am sharing another linearization activity from Chapter3. It is
from the OALG, so the full file is posted here in the FILES. It is easier than what Rob Mason
was trying to do as the data are provided. That is why it is good for practice. Thank you all who
responded to Rob. That is exactly what this group is for! And of course, WELCOME to our new
members - we had quite a few in the last two days. Ou group is growing every day. If you are
invite somebody, please ask them to answer the question when they apply, | do not let anyone
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it who did not answer the question (unless | know them personally). And please do not forget
to respond to the post if you read it!

OALG 3.9.2 Linearize
Alex was investigating the motion of a low-friction fan cart on a
horizontal track. As the fan blades rotate, they exert a force on the air Irg_

and therefore the air exerts an equal and opposite force on the blades

(see the sketch on the right). Using a motion detector, he found out

that the cart was moving with constant acceleration. He also measured how the acceleration of
the cart depends on the mass of the weights that he added to the cart. His measurements are
shown in the following table:

[+
Added mass | A celeration of the cart
(kg) (m/s?)
0 0.30
0.10 0.25
0.20 021
0.30 0.19
0.40 0.17
0.50 0.15

What are the two unknown quantities in Alex’s experiment that also determine the motion of the
fan cart? Try to determine these two quantities using the data above. (Hint: rearrange the
mathematical expression for the acceleration of the cart to obtain a linear dependence on added
mass, and then plot the graph using the data in the table.)

https://www.facebook.com/groups/320431092109343/posts/1260892248063218/? cft [0]
=AZVQgH8bCLPmM2 8pRgjWNpOKBE2ftUftisNAIQCOWhSSshVp0elMNXD3rYRwwo5yzJTFf
XNAGNCnelSWKOA97A5f0AgglLf6skZMNC2FvnF2IbK5LhY GfviG2fgTXeg Ynm4 fxMECwn
ebHytnBKLaudfEOmMLZLVIIrbUpA41NA1kdxg-

G7peabfk010pYZJpa c& tnh  =%2C0%2CP-R

Eugenia Etkina
29. September

Hi all, today my post about the role of the observer when we use Newton's laws. | commented
on this before but the idea is so important, that | am going to do it again.

Imagine, that you are standing on a bathroom scale in an elevator. You look at the reading of
the scale and see that it changes (increases and decreases) without anyone pushing down on
you or pulling you up. If you draw a force diagram, you will find only two forces exerted on you
- by Earth and by the scale. How can then, the scale's reading (the scale reads the magnitude
of the force that it exerts on you) change? Being in that elevator you cannot explain it. BUT!
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the person on the ground who knows that the elevators just went up a few floors and stopped,
can explain it using Newton's laws! This example shows you that observers are not EQUAL
when it comes to Newton's laws. For some the laws work and for some they don't. Omitting
this issue with the students makes them feel that physics does not apply to real life.

What | was talking about here are inertial reference frames. Our book is the only algebra-
based book that brings up inertial and non-inertial reference frames before students learn
second and third laws. BECAUSE those laws are only true for the observers in inertial
reference frames (the frames that do not accelerate themselves). Newton's first law is
essentially the statement about the observers - for whom the second and third laws would
work. Below | paste the text in the Instructor Guide helping you navigate the textbook and the
ALG for this concept.

Instructor Guide: In Section 3.3 students learned that objects change their motion when the
sum of the forces exerted on them is not zero. However, in the real world, they observe objects
that change their motion without any visible external influences. To explain this seeming
contradiction, students need to understand the role of the observer in these cases. That is why
we tie Newton’s first law to the existence of inertial reference frame observers.

Students can do ALG Activity 3.4.1 and read Section 3.4 in the textbook (make sure they watch
the videos!), or you can use the material of this section to have a discussion in class. The goal
is to apply the rule relating the motion and force diagrams to explain the motion of an object
from the point of view of two different observers. For one observer the rule works; for the other
it does not. Note that we formulate Newton'’s first law slightly differently than other textbooks
do, emphasizing the importance of identifying the observer. Consider a system that does not
interact with the environment or whose interactions with the environment are balanced (the
sum of the forces exerted on the system is zero). Only an observer in an inertial reference
frame sees this system moving at constant velocity. In this approach, Newton’s first law serves
as a definition of reference frames for observers for whom the subsequent second and third
law would be true. In summary, Newton’s second law (an object’s acceleration is proportional
to the sum of the forces and inversely proportional to its mass) holds true in inertial reference
frames. EOC Questions 2, 4 and Problems 14 and 15 are appropriate here.

If you finished reading the post - please like it or comment on it.
https://mediaplayer.pearsoncmg.com/.../secs-egv2e-strange...

https://www.facebook.com/groups/320431092109343/posts/1262197711266005/? cft  [0]
=AZWobsPwsJEVIycMski1mmVLiD-BKpH7pSD6ggNw-013u4H-

J8UxDf8 TRA9aOcJatqjchSZbNzORIsY7HduCKbEyx1fr1dD-

W69g50D8FXEC tjSxYFX6yqTotYraQ5SgsCKXEU53Wa0xjPDd8kBWskHIQeKw gXsNjHaF
eGEDF4PknR7XaOE7jb3dW-NTTxYCU& tn  =%2C0%2CP-R

Eugenia Etkina
2. October

Hi all, a few things today. First, WELCOME to our new members! Please read the posts pinned
to the top of the group's community page to learn what this groups is about, do not forget to
visit islephysics.net website to gather information about the ISLE approach and all the
resources that we offer.
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https://www.facebook.com/groups/320431092109343/posts/1262197711266005/?__cft__%5B0%5D=AZWobsPwsJEVlycMski1mmVLiD-BKpH7pSD6qgNw-o13u4H-J8UxDf8_TRA9aOcJatqjchSZbNzORIsY7HduCKbEyx1fr1dD-W6q5OD8FXEC_tjSxYFX6yqTotYraQ5SgsCKXEU53Wa0xjPDd8kBWskHlQeKw_qXsNjHaFeGEDF4PknR7XaOE7jb3dW-NTTxYCU&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1262197711266005/?__cft__%5B0%5D=AZWobsPwsJEVlycMski1mmVLiD-BKpH7pSD6qgNw-o13u4H-J8UxDf8_TRA9aOcJatqjchSZbNzORIsY7HduCKbEyx1fr1dD-W6q5OD8FXEC_tjSxYFX6yqTotYraQ5SgsCKXEU53Wa0xjPDd8kBWskHlQeKw_qXsNjHaFeGEDF4PknR7XaOE7jb3dW-NTTxYCU&__tn__=%2CO%2CP-R

Second, | wanted to share an activity that is very helpful for your students to REALLY
understand Newton's third law (they need to do it AFTER they go through the ISLE process
constructing it, the process is outlined in the textbook and the steps are easy to follow if you
download OALG Chapter 3 from the FILES here).

The activity that | am sharing today is in the ALG and OALG and | am pasting a screenshot
here to make sure that you do not skip it. When students work in groups on this activity, it
promotes excellent discussions and eventually they arrive to the correct answers. While they
are arguing and struggling, try not to interfere or guide them (guiding is not a good strategy in
general) but wait patiently for them to go through all questions. The questions are written in a
way that it will be impossible to them not to arrive to the "right answer". Try - and you will see.
It is one of my most favorite activities for Newton's third law.

Third, | am reminding you of the meeting next Saturday - we will continue Newton's laws with
force components and normal and friction components of the force that the surface exerts on
an object. Do not forget to respond to this post if you read it to the end.

3.8.3 Represent and reason

Class: Equipment per group: whiteboard and markers.

You push horizontally on two crates of different mass. The 1
surface on which the crates move is smooth. Draw separate 2

force diagrams for crates 1 and 2 for the two scenarios a. and b. below. When drawing force

diagrams, use the rule relating the forces that two interacting objects exert on each other (devised
in Activity 3.8.1, part d.).

a. You first push crate 1, which pushes against the smaller crate 2.

b. You now reverse the positions of the crates and push crate 2, which pushes against the larger

crate 1.

¢. Based on your diagrams in parts h. and b., should it be easier to push the crates in one situation
or the other? Explain.

d. Is your answer to part c. consistent with the idea that you are pushing the same amount of
matter, independent of the order of the crates?

e. If it is equally difficult to push the crates independent of their order, then how should the sum
of the forces exerted by crate 1 on crate 2 and by crate 2 on crate 1 for part a. compare to the sum
of these forces for part b.? What does this imply about the magnitude of the force that one crate
exerts on the other and vice versa? (Note: the sum of the forces used here is the sum of the forces
exerted on different objects, thus it does not determine the acceleration of any object.)

https://www.facebook.com/groups/320431092109343/posts/1264073171078459/? cft  [0]
=AZU45CjgkgZcbmQRFxtJwixejsMalE _USG8IMXjY5MvPcPE1OmarAwynPMf8-FJ-
yrxDjz5ESggh3SQVRXPG-
yTDpUYsApSGht98wm67cinHIQJcZ5cijkWzuAJeVY9Ip10ATzCiNP23JR oR61z XTrlAxg1f0
wveWrUhZgdcPBlai1M1-4WFJwyO6xwnwFeaV0& tnh  =%2C0%2CP-R

Eugenia Etkina
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https://www.facebook.com/groups/320431092109343/posts/1264073171078459/?__cft__%5B0%5D=AZU45CjqkgZcbmQRFxtJwlxejsMalE_USG8IMXjY5MvPcPE1OmarAwynPMf8-FJ-yrxDjz5ESgqh3SQVRXPG-yTDpUYsApSGht98wm67cjnHlQJcZ5cijkWzuAJeVY9p1oATzCiNP23JR_oR61z_XTrlAxg1f0wveWrUhZgdcPBlai1M1-4WFJwyO6xwnwFeaV0&__tn__=%2CO%2CP-R

2. October

Hi all, today my post is about motivation. Some people say: "ISLE is more difficult that
traditional teaching (telling students explanations) and traditional learning (listening to
somebody's explanations and repeating them back), how do you motivate teachers to use it
or students to learn through it?"

In order to answer both questions, we need to think what motivates us to do anything. | group
motivational things into 4 groups:

1. we do something because it is cool;

2. we do something because it is of personal interest to us;

3. we do something because we are good at it or we feel that we are getting better at it;
4. we do something because our friends do it and we want to be with them.

Did | miss anything? There is another reason why we do something - because we are addicted
to it. Addiction releases a neurotransmitter dopamine - which makes us feel good. We seek
the release of dopamine.

Now, how does ISLE help with all 4 (or | would say 5 aspects of motivation).

1. We look for cool "needs to know", and we specifically comment on the "coolness" of a
student's idea or suggestions.

2. We connect the "need to know" to personal interests of our students. That is why we
do not have "needs to know" in the ALG - each teacher, knowing their students needs
to choose based on their interests. We only make some suggestions in the Chapter
opening pages.

3. We encourage students to improve their work - "revise and resubmit" policy (we had 2
meetings about those last year), but most important, we carefully notice each student's
progress and comment on it personally and to the whole class. Our students have a
difficulty judging how much they are learning when they are constructing ideas
themselves. Thus we need to continuously help them see their progress. | would say:
Wow, you, my people, today made predictions based on the hypotheses under test -
this is the first time when all predictions were based on the hypotheses! Or | would say:
See, Matt, you have a perfect force diagram here and is is totally consistent with the
motion diagram, this is amazing progress that you made! We need to show that we are
genuinely impressed with their progress. Not with how smart they are but how their
hard work translates into being able to do something that they could not do before.
This is a huge motivation for learning.

4. We put them in groups and we make those groups who work hard look cool. We also
need to make personal connections to the "leaders" of each class and make sure that
they think that it is cool to do physics. If they think that it is cool, everyone else will
follow. One way to do it is to invite them to help you - setting up the equipment,
repairing it, searching for the right information, explaining how physics works in a
specific game, etc. Make them help you and they will think that you are awesome.

5. Finally - dopamine. Do you know that when we solve a problem the same dopamine is
released in our brains? Problem solving is addictive! So, engaging our students in
problem solving, in solving interesting problems, relevant to them, challenging, will
cause them to get addicted to the process.
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| am asking you all to share your approaches to motivating students. Now, what about
teachers? Please share what motivates you to do ISLE. And if you read this post to the end,
please like it or comment on it to make it more visible to other members of our group. Thank
you!

https://www.facebook.com/groups/320431092109343/posts/1264790747673368/? cft  [0]
=AZU2VSNT9F42zdm907z3cHbGH7z6r-HcOkDFaM4Ba1LRv T9-

Hh6C L1EEQW3yCbYTLHXkUvu-

itHtxJ9bM8wRDdjlJIvsyAl6ZMU1FIw450foOUPjwBt3vhs OkKWROM8UPKRZXWADEgmDYhM
AQ1lpZe8zgh9fJObkhmo1Y-jzoGIFWigVtizbKozf2z9x ZZmXI& tn  =%2C0%2CP-R

Eugenia Etkina
4. October

Hi all, we have a lot of new members who joined this week, | would like to welcome them! To
benefit from the group, please visit islephysics.net to learn what this group is about. The ISLE
approach is the philosophy behind the teaching approach that we use and the website helps
you learn about and navigate a ton of resources that we have. To benefit from the group you
need to open the posts every day and after you read them like or comment, this way you will
get a notification about the next post and more people in the group will see the current post.
We have meetings once a month, the next meeting is coming up this Saturday. See EVENTS
calendar for the details. In the FILES on the community page of this group there are lots fo
documents for you to read and free materials to downloads. Two messages pinned to the top
of the community page also explain what the group is about. The old posts are archived on
the google drive. | will post the link in the new message, somehow Facebook does not allow
me to add it to this one. Please respond to this message to show that you are participating in
the group. Thank you and WELCOME again!

https://www.facebook.com/groups/320431092109343/posts/1265535640932212/? cft  [0]
=AZUrb77 GYqhG3QtpdEuLw sjkR6Cg bSPXjsdQvJ90hqgpfST JQI5usvXnap 6zuYyjgFll
4b6DHWINXQDSfMmz7JjZinTtv2X3FKbmOEDLbTU8Kyv2KWA47-
LDFgeVFUFLRVWYgPPg8N6LQWGbTToOfL68MD0OcCIAN8NedpXECZsVNTN3nTCd3Ypq
XozyvZmgY& tn =%2C0%2CP-R

Eugenia Etkina
4. October

Hi all, if you are trying to learn about the ISLE approach, reading about it on our website at
islephysics.net should help. But, as we all know, watching or listening might be even more
effective. Since the start of the pandemic | gave numerous talks about ISLE, scientific abilities,
etc. Some of them were recorded and put on youtube. If you wish to watch them, they are in
our google drive folder where Hrvoje Miloloza systematically transfers everything that happens
on the group. | put the videos there at the suggestion of Jane Jackson, thank you, Jane!
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https://www.facebook.com/groups/320431092109343/posts/1264790747673368/?__cft__%5B0%5D=AZU2VSNT9F42zdm9O7z3cHbGH7z6r-HcOkDFaM4Ba1LRv_T9-Hh6C_L1EEQW3yCbYTLHXkUvu-jtHtxJ9bM8wRDdjlJlvsyAl6ZMU1FIw450foOUPjwBt3vhsOkWR9m8UPKRZXWADEgmDYhMAQ1lpZe8zgh9fJObkhmo1Y-jzoGlFWiqVtizbKozf2z9x_ZZmXI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1264790747673368/?__cft__%5B0%5D=AZU2VSNT9F42zdm9O7z3cHbGH7z6r-HcOkDFaM4Ba1LRv_T9-Hh6C_L1EEQW3yCbYTLHXkUvu-jtHtxJ9bM8wRDdjlJlvsyAl6ZMU1FIw450foOUPjwBt3vhsOkWR9m8UPKRZXWADEgmDYhMAQ1lpZe8zgh9fJObkhmo1Y-jzoGlFWiqVtizbKozf2z9x_ZZmXI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1264790747673368/?__cft__%5B0%5D=AZU2VSNT9F42zdm9O7z3cHbGH7z6r-HcOkDFaM4Ba1LRv_T9-Hh6C_L1EEQW3yCbYTLHXkUvu-jtHtxJ9bM8wRDdjlJlvsyAl6ZMU1FIw450foOUPjwBt3vhsOkWR9m8UPKRZXWADEgmDYhMAQ1lpZe8zgh9fJObkhmo1Y-jzoGlFWiqVtizbKozf2z9x_ZZmXI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1264790747673368/?__cft__%5B0%5D=AZU2VSNT9F42zdm9O7z3cHbGH7z6r-HcOkDFaM4Ba1LRv_T9-Hh6C_L1EEQW3yCbYTLHXkUvu-jtHtxJ9bM8wRDdjlJlvsyAl6ZMU1FIw450foOUPjwBt3vhsOkWR9m8UPKRZXWADEgmDYhMAQ1lpZe8zgh9fJObkhmo1Y-jzoGlFWiqVtizbKozf2z9x_ZZmXI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1265535640932212/?__cft__%5B0%5D=AZUrb77_GYqhG3QtpdEuLw_sjkR6Cg_bSPXjsdQvJ9OhqpfST_JQI5usvXnap_6zuYyjgFII4b6DHwINxQDSfMmz7JjZjnTtv2X3FKbmOEDLbTU8Kyv2KW47-LDFqeVFUFLRVWYqPPg8N6LQWGbTToOfL68MD0cClAn8NedpXECZsVNTn3nTCd3YpqXozyvZmgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1265535640932212/?__cft__%5B0%5D=AZUrb77_GYqhG3QtpdEuLw_sjkR6Cg_bSPXjsdQvJ9OhqpfST_JQI5usvXnap_6zuYyjgFII4b6DHwINxQDSfMmz7JjZjnTtv2X3FKbmOEDLbTU8Kyv2KW47-LDFqeVFUFLRVWYqPPg8N6LQWGbTToOfL68MD0cClAn8NedpXECZsVNTn3nTCd3YpqXozyvZmgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1265535640932212/?__cft__%5B0%5D=AZUrb77_GYqhG3QtpdEuLw_sjkR6Cg_bSPXjsdQvJ9OhqpfST_JQI5usvXnap_6zuYyjgFII4b6DHwINxQDSfMmz7JjZjnTtv2X3FKbmOEDLbTU8Kyv2KW47-LDFqeVFUFLRVWYqPPg8N6LQWGbTToOfL68MD0cClAn8NedpXECZsVNTn3nTCd3YpqXozyvZmgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1265535640932212/?__cft__%5B0%5D=AZUrb77_GYqhG3QtpdEuLw_sjkR6Cg_bSPXjsdQvJ9OhqpfST_JQI5usvXnap_6zuYyjgFII4b6DHwINxQDSfMmz7JjZjnTtv2X3FKbmOEDLbTU8Kyv2KW47-LDFqeVFUFLRVWYqPPg8N6LQWGbTToOfL68MD0cClAn8NedpXECZsVNTn3nTCd3YpqXozyvZmgY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1265535640932212/?__cft__%5B0%5D=AZUrb77_GYqhG3QtpdEuLw_sjkR6Cg_bSPXjsdQvJ9OhqpfST_JQI5usvXnap_6zuYyjgFII4b6DHwINxQDSfMmz7JjZjnTtv2X3FKbmOEDLbTU8Kyv2KW47-LDFqeVFUFLRVWYqPPg8N6LQWGbTToOfL68MD0cClAn8NedpXECZsVNTn3nTCd3YpqXozyvZmgY&__tn__=%2CO%2CP-R

The link to the google folder is https://drive.google.com/.../10gn... and the folder with videos is
there - it says Videos. Check them out, they might help you see how the ISLE approach works
a little better.

if you read the post to the end, please like it or comment on it.

https://www.facebook.com/groups/320431092109343/posts/1266351514183958/? cft  [0]

=AZUy9gPTHLYz5RQf5gBgXxGAh5-

iTOuslKBRx44PyhJRhH5S8w8sSaxgD7RNAV{3PXc82VV2i iDQxNAboVtfesClplugVVbuMj

bzLzdgBSevYJmYUIOtJpPUI9tcOUK-

YKNXxRfcWEsS5LQEQgYqyz9Jft6 UHgMFx9T0alMxPCs1FEiBMthhYdig52530gbwEWGK&  tn
=%2C0%2CP-R

Eugenia Etkina
5. October

Hi all, two things today - first, please do not forget that we have our monthly meeting on
Saturday. 10 am West Coast time, 1 pm East Coast time and 7 pm Central European time.
Check your time zone and calculate carefully the start time.

Second, | wanted to talk today about routines. Routines are what makes our life predictable,
and predictability means safety. This is why little children like to hear the same story again and
again - they can predict what will happen next and thus, feel safe. Feeling safe also means
that we have control over our life.

One of the main goals of the ISLE approach is to create this predictability or the feeling of
safety or control. You might be thinking - what is safe about creating your own ideas?
Struggling? Not knowing the right answer? The predictability and safety are in the ROUTINE.
The routine of the ISLE process helps students see the predictability of their learning. They
know that when they are observing something without making predictions, it means that they
are going to devise a new idea. They know that after these observations the next step comes
- identifying patterns. After patterns come explanations. Then designing testing experiments
and so on.

With my own students | would constantly ask them - what are we doing today? And they would
scream - observing! And then | will ask: So, what should we do next? And they yell - Look for
patterns. And so on. They knew exactly what was coming, it was not my blind choice, it was
the path of science. Creating this predictability is very important if you wish your students to
feel safe. Of course, many other things are needed for the feeling of safety, this is only one of
them.

But | had another routine that my students knew very well. Every class meeting started with a
short quiz. Every single one, no exceptions. They knew that once they enter my classroom,
they would get a piece of paper with a question. It would take them only 3-5 minutes to answer
it, but the question would be there. This routine not only helped me do formative assessment
at the beginning of each lesson and them to know that if they did the homework, the question
would be a piece of cake, but also helped them to know exactly what is going to happen in the
physics classroom. Routine. Predictability. Safety.

This means that the word quiz was not a scary word, something that fell out of the sky for them
- today! But something that happens EVERY day and is a part of their learning. | would explain
to them the role of these quizzes and | would call them "physics teeth brushing". We brush our
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teeth every morning and every night and it is not scary, but it helps us be healthy, so does the
quiz. It is physics "tooth brushing".

I had many other routines, which | will share tomorrow, but before | do that, | would love to
hear from you.

What routines have you established in your classrooms? What are the reasons for those
routines? If you finished reading the post, please like it or comment on it. This will make new
posts visible for you and this post more visible for other group members. It only takes a second
to like it. Make it your new ROUTINE, please. The same as making a post for you every day
is my routine.

https://www.facebook.com/groups/320431092109343/posts/1267258017426641/? cft  [0]
=AZV11JhZDCII7WDntia-iBBOWiOiwHSEESJrj7XF KKIjnSCfYB18-
VX6iY0OKdnR80iJ3u53Q80PEZFfoWHT2-dgNBGLPURK-CVMUS8 Z-
{PYTOEDIizATm5e10wdmRIiNI2kUn5syKINGy3ZyVZQISWFmMCArG _ngwWTGUEMdxITG1vu
8003t7bPcN|DIfFygP2IC8& tn  =%2C0%2CP-R

Eugenia Etkina
6. October

Hi all, two things today.

Please share your routines - | posted about routines yesterday.

Please prepare for the meeting on Saturday. Please read Chapter 4 in the textbook, Instructor
Guide and Active Learning Guide/Online Active Learning Guide (the files for the latter are
posted here), and prepare your questions.

The zoom link to the meeting is https://rutgers.zoom.us/my/etkina...

password is 164680

Please save the link and do not click on the link before the meeting. The meeting is on
Saturday, 10 am Pacific time, 1 pm Eastern Standard Time and 7 pm Central European time.
Joining 10 min before helps to be on time if zoom asks you to update. The meeting is about
teaching force components, normal and friction forces and projectile motion using the ISLE
approach. And please share your routines! and do not forget to like the post or comment - you
do not really need to "like " it, but clicking the like button makes the post more visible to other
group members. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1267920647360378/? cft [0]
=AZVqA0jCqyJORqvBd 5uBs7MsUjxOrtR6VXikTKkL-sN9hn 1b60oX-
AdsCWQzIGRS2HVnssHUS w6RugFYd9cfp9Z8n5nf6BF XgJBKdFj1wnksQg-
wEu4foWast9rttRu19VhdVEUixrpl9GSy4YEO-

2Rjgk9sR4 ¢C259cS18h6Ngh82pVvujyKGM8DA vyilb60& tn  =%2C0%2CP-R

Eugenia Etkina
7. October
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https://www.facebook.com/groups/320431092109343/posts/1267258017426641/?__cft__%5B0%5D=AZV11JhZDCII7WDntia-iBB0WiOiwH8EESJrj7XF_KKljnSCfYB18-VX6iY0KdnR8oiJ3u53Q80PEZFfoWHT2-dqNBGLPURk-CVMU8_Z-jPyTOEDizATm5e10wdmRiNl2kUn5syKlNGy3ZyVZQ9SwFmCArG_ngwWTGuEMdxlTG1vu8Oo3t7bPcNjDIfFygP2IC8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267258017426641/?__cft__%5B0%5D=AZV11JhZDCII7WDntia-iBB0WiOiwH8EESJrj7XF_KKljnSCfYB18-VX6iY0KdnR8oiJ3u53Q80PEZFfoWHT2-dqNBGLPURk-CVMU8_Z-jPyTOEDizATm5e10wdmRiNl2kUn5syKlNGy3ZyVZQ9SwFmCArG_ngwWTGuEMdxlTG1vu8Oo3t7bPcNjDIfFygP2IC8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267258017426641/?__cft__%5B0%5D=AZV11JhZDCII7WDntia-iBB0WiOiwH8EESJrj7XF_KKljnSCfYB18-VX6iY0KdnR8oiJ3u53Q80PEZFfoWHT2-dqNBGLPURk-CVMU8_Z-jPyTOEDizATm5e10wdmRiNl2kUn5syKlNGy3ZyVZQ9SwFmCArG_ngwWTGuEMdxlTG1vu8Oo3t7bPcNjDIfFygP2IC8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267258017426641/?__cft__%5B0%5D=AZV11JhZDCII7WDntia-iBB0WiOiwH8EESJrj7XF_KKljnSCfYB18-VX6iY0KdnR8oiJ3u53Q80PEZFfoWHT2-dqNBGLPURk-CVMU8_Z-jPyTOEDizATm5e10wdmRiNl2kUn5syKlNGy3ZyVZQ9SwFmCArG_ngwWTGuEMdxlTG1vu8Oo3t7bPcNjDIfFygP2IC8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267258017426641/?__cft__%5B0%5D=AZV11JhZDCII7WDntia-iBB0WiOiwH8EESJrj7XF_KKljnSCfYB18-VX6iY0KdnR8oiJ3u53Q80PEZFfoWHT2-dqNBGLPURk-CVMU8_Z-jPyTOEDizATm5e10wdmRiNl2kUn5syKlNGy3ZyVZQ9SwFmCArG_ngwWTGuEMdxlTG1vu8Oo3t7bPcNjDIfFygP2IC8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267920647360378/?__cft__%5B0%5D=AZVqA0jCqyJORqvBd_5uBs7MsUjxOrtR6VXikTkL-sN9hn_1b6oX-AdsCWQzlGRS2HVnssHUS_w6RuqFYd9cfp9Z8n5nf6BFXgJBKdFj1wnksQg-wEu4foWast9rttRu19VhdVEUixrpI9GSy4YE0-2Rjgk9sR4_cC25qcS18h6Nqh82pVvujyKGM8DA_yilb60&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267920647360378/?__cft__%5B0%5D=AZVqA0jCqyJORqvBd_5uBs7MsUjxOrtR6VXikTkL-sN9hn_1b6oX-AdsCWQzlGRS2HVnssHUS_w6RuqFYd9cfp9Z8n5nf6BFXgJBKdFj1wnksQg-wEu4foWast9rttRu19VhdVEUixrpI9GSy4YE0-2Rjgk9sR4_cC25qcS18h6Nqh82pVvujyKGM8DA_yilb60&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267920647360378/?__cft__%5B0%5D=AZVqA0jCqyJORqvBd_5uBs7MsUjxOrtR6VXikTkL-sN9hn_1b6oX-AdsCWQzlGRS2HVnssHUS_w6RuqFYd9cfp9Z8n5nf6BFXgJBKdFj1wnksQg-wEu4foWast9rttRu19VhdVEUixrpI9GSy4YE0-2Rjgk9sR4_cC25qcS18h6Nqh82pVvujyKGM8DA_yilb60&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267920647360378/?__cft__%5B0%5D=AZVqA0jCqyJORqvBd_5uBs7MsUjxOrtR6VXikTkL-sN9hn_1b6oX-AdsCWQzlGRS2HVnssHUS_w6RuqFYd9cfp9Z8n5nf6BFXgJBKdFj1wnksQg-wEu4foWast9rttRu19VhdVEUixrpI9GSy4YE0-2Rjgk9sR4_cC25qcS18h6Nqh82pVvujyKGM8DA_yilb60&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1267920647360378/?__cft__%5B0%5D=AZVqA0jCqyJORqvBd_5uBs7MsUjxOrtR6VXikTkL-sN9hn_1b6oX-AdsCWQzlGRS2HVnssHUS_w6RuqFYd9cfp9Z8n5nf6BFXgJBKdFj1wnksQg-wEu4foWast9rttRu19VhdVEUixrpI9GSy4YE0-2Rjgk9sR4_cC25qcS18h6Nqh82pVvujyKGM8DA_yilb60&__tn__=%2CO%2CP-R

Hi all, as always, two days before our monthly meetings | stop posting new content and only
bug you about the meeting. Here it is again: the meeting is a continuation of our work on
Newtonian dynamics. We will work on components from all angles. All in the ISLE style. It is
Chapter 4 in the textbook and all learning guides and the instructor guide. Please spend some
time studying those to have questions that we can discuss. The meeting is at 10 am Pacific
Time (US), 1 pm Eastern Standard Time (US) and 7 pm Central European time. If you are in
a different time zone, please check what time it is in your time zone. The zoom link is
https://rutgers.zoom.us/my/etkina...

Try to log in about 5-7 min before the start of the meeting in case zoom will ask you to update.
| will see you tomorrow! Oh, please do not forget to respond to this post to make it more visible.
Thank you.

https://www.facebook.com/groups/320431092109343/posts/1268894627262980/? cft [0]
=AZWIVRcZeP17hoWBCUcOP7snNPIU75yFrPVQeV1N3KZgebmdizoZvn6mOhdiOummaw
MUOfMuZFTmhr-lg  ZkF2M9XhSCmpQ0VzR7Z20Sq6wGu12FyDky7Wd41HSpCpCsy52V-
pfV7IBiZ8ZnHIyYf1s4rzJEcImEmMVI7MI-

TiwPVcH2tX48ty3fKnsMAIgAtXjo& th  =%2C0%2CP-R

Eugenia Etkina
9. October

Hi all, yesterday | posted the links to the zoom video recording of our meeting the meeting
materials but | did not attach the screen shot of the reflection slide. Here it is! Those who
attended the meeting, please share additional things that you learned. Thank you all again, for
coming! And if you read the post, please like it or comment on it to make it more visible.

What did you learn today?

Do not expect students to have answers to questions before their direct experiences and do enough
thinking to create a hypothesis: ex: run with a ball and discover which direction they must throw the ball
to be able to catch it (the hypothesis will emerge that horizontal and vertical motions are independent of

each other). Use grids before using trigonometry for components!
The idea of components can be introduced by using grids.

Using components on a grid to solve for non perpendicular vectors.

The importance of example of role of friction in walking. That it is important to

The sequence for students to learn the approach normal force and
independence of motions (starting from friction force as components
observational experiment) of a single force, rather than

Stressing components to understand physical situation. b difamant forcss

https://www.facebook.com/groups/320431092109343/posts/1270361747116268/? cft [0]
=AZUIMzznoINJOfm5W8A1IDInzZKmPNrA6q-
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https://www.facebook.com/groups/320431092109343/posts/1268894627262980/?__cft__%5B0%5D=AZWlVRcZePI7hoWBCUcOP7snNPlU75yFrPVQeV1N3KZge6mdizoZvn6m0hdiOummawmUOfMuZFTmhr-lq__ZkF2M9XhSCmpQ0VzR7Z0Sq6wGu12FyDky7Wd41HSpCpCsy5ZV-pfV7IBiZ8ZnHlyYf1s4rzJEclmEmVI7MI-TiwPVcH2tX48ty3fKnsMAlgAtXjo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1268894627262980/?__cft__%5B0%5D=AZWlVRcZePI7hoWBCUcOP7snNPlU75yFrPVQeV1N3KZge6mdizoZvn6m0hdiOummawmUOfMuZFTmhr-lq__ZkF2M9XhSCmpQ0VzR7Z0Sq6wGu12FyDky7Wd41HSpCpCsy5ZV-pfV7IBiZ8ZnHlyYf1s4rzJEclmEmVI7MI-TiwPVcH2tX48ty3fKnsMAlgAtXjo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1268894627262980/?__cft__%5B0%5D=AZWlVRcZePI7hoWBCUcOP7snNPlU75yFrPVQeV1N3KZge6mdizoZvn6m0hdiOummawmUOfMuZFTmhr-lq__ZkF2M9XhSCmpQ0VzR7Z0Sq6wGu12FyDky7Wd41HSpCpCsy5ZV-pfV7IBiZ8ZnHlyYf1s4rzJEclmEmVI7MI-TiwPVcH2tX48ty3fKnsMAlgAtXjo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1268894627262980/?__cft__%5B0%5D=AZWlVRcZePI7hoWBCUcOP7snNPlU75yFrPVQeV1N3KZge6mdizoZvn6m0hdiOummawmUOfMuZFTmhr-lq__ZkF2M9XhSCmpQ0VzR7Z0Sq6wGu12FyDky7Wd41HSpCpCsy5ZV-pfV7IBiZ8ZnHlyYf1s4rzJEclmEmVI7MI-TiwPVcH2tX48ty3fKnsMAlgAtXjo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1268894627262980/?__cft__%5B0%5D=AZWlVRcZePI7hoWBCUcOP7snNPlU75yFrPVQeV1N3KZge6mdizoZvn6m0hdiOummawmUOfMuZFTmhr-lq__ZkF2M9XhSCmpQ0VzR7Z0Sq6wGu12FyDky7Wd41HSpCpCsy5ZV-pfV7IBiZ8ZnHlyYf1s4rzJEclmEmVI7MI-TiwPVcH2tX48ty3fKnsMAlgAtXjo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1270361747116268/?__cft__%5B0%5D=AZUlMzznoINJ9fm5W8A1lDlnzKmPNrA6q-9IYyecuRzKSk9mavkqTtItsLIzn9rwmrQcEqPOUo6XxnXi2XoXQqj1wHH7zGW38Op_OPXV80shfK8Rp7srcKbawISaFpveiPXJpkjmuatBgGnJ97wFFUnS5uBqbgCBpCANHE7gKBeZZxcEDT7urM2kSNXKJLYHPqo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1270361747116268/?__cft__%5B0%5D=AZUlMzznoINJ9fm5W8A1lDlnzKmPNrA6q-9IYyecuRzKSk9mavkqTtItsLIzn9rwmrQcEqPOUo6XxnXi2XoXQqj1wHH7zGW38Op_OPXV80shfK8Rp7srcKbawISaFpveiPXJpkjmuatBgGnJ97wFFUnS5uBqbgCBpCANHE7gKBeZZxcEDT7urM2kSNXKJLYHPqo&__tn__=%2CO%2CP-R

9lYyecuRzKSk9mavkqgTtltsLIzn9rwmrQcEgqPOUo06XxnXi2XoXQqj1wHH7zGW380p OPXV8
0shfK8Rp7srcKbawlSaFpveiPXJpkimuatBgGnJ97wFFUNnS5uBqbgCBpCANHE7gKBeZZxcE
DT7urM2kSNXKJLYHPgo& tn  =%2C0%2CP-R

Eugenia Etkina
9. October

Hi all, we had a great meeting today. Thank you all those who joined the meeting and worked
hard for 2 hours on a Saturday! Send me an email if you need PD hours. The link to the video
recording is below.

https://rutgers.zoom.us/.../3gPSuAo3uqZ7fTSZsJ7zkeKvKuw...

password is Xix$*zQ9

The link to the google folder with all material is at
https://drive.google.com/.../1jNA1isK4yIWRT7W7N3kLNeRpt1x...

https://www.facebook.com/groups/320431092109343/posts/1269857053833404/? cft [0]
=AZVbOLpJCMXPBhgBDJRjU7Uw3b0sggn6MCZqyDDm-
xcnpuuH5dI3BuuGRA2n96iTTiIM4Y XiHPnZ0jUgXNTh1AHYi9Z2zqo8ISG1VVyQ8CPoOUovXr1
eKEmnomDSmljLIeOmVg3Ry-qoPshhLtl4Gbxemyy28s8xTNQP-
Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw& tn  =%2C0%2CP-R

Eugenia Etkina
10. October

Hi all, today my post is about vector and scalar components of a vector. This is an important
issue as without understanding scalar components, one cannot use Newton's second law
which is written for vectors. To receive a number with units, we must turn the vector relation
into a scalar.

So, what are vector and scalar components of a vector? The attached screen shot of a figure
in Chapter 4 helps visualize them. An arbitrary vector F (in red color) that has a magnitude of
5 N and is pointed at 37 degrees above horizontal with respect to the negative direction of the
X axis can be seen as the sum of two perpendicular vectors (orange vectors F*x and F%y).
These vectors also have their magnitudes and directions - FAx vector points along the x axis
in the negative direction and F*y vector points in the positive y direction. These are VECTOR
components of the original vector F. We still cannot use them to operate with numbers. To
"convert" vectors into "numbers" we need one more step. We consider scalar components of
vectors FAx and F*y to be the numbers that can be found if we subtract the tails coordinate of
each vector from the head coordinate or in other words, take their magnitude and add a + sign
to it if the vector is pointing in the positive direction of the axis and the - sign if the vector is
pointing in the negative direction of the corresponding axis. In this particular case, the scalar
component of vector FAx is equal to the negative 4 N, or -4N, and the scalar component of
vector F*y is positive 3 N or +3N.
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https://www.facebook.com/groups/320431092109343/posts/1270361747116268/?__cft__%5B0%5D=AZUlMzznoINJ9fm5W8A1lDlnzKmPNrA6q-9IYyecuRzKSk9mavkqTtItsLIzn9rwmrQcEqPOUo6XxnXi2XoXQqj1wHH7zGW38Op_OPXV80shfK8Rp7srcKbawISaFpveiPXJpkjmuatBgGnJ97wFFUnS5uBqbgCBpCANHE7gKBeZZxcEDT7urM2kSNXKJLYHPqo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1270361747116268/?__cft__%5B0%5D=AZUlMzznoINJ9fm5W8A1lDlnzKmPNrA6q-9IYyecuRzKSk9mavkqTtItsLIzn9rwmrQcEqPOUo6XxnXi2XoXQqj1wHH7zGW38Op_OPXV80shfK8Rp7srcKbawISaFpveiPXJpkjmuatBgGnJ97wFFUnS5uBqbgCBpCANHE7gKBeZZxcEDT7urM2kSNXKJLYHPqo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1270361747116268/?__cft__%5B0%5D=AZUlMzznoINJ9fm5W8A1lDlnzKmPNrA6q-9IYyecuRzKSk9mavkqTtItsLIzn9rwmrQcEqPOUo6XxnXi2XoXQqj1wHH7zGW38Op_OPXV80shfK8Rp7srcKbawISaFpveiPXJpkjmuatBgGnJ97wFFUnS5uBqbgCBpCANHE7gKBeZZxcEDT7urM2kSNXKJLYHPqo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1269857053833404/?__cft__%5B0%5D=AZVb0LpJCMXPBhqBDJRjU7Uw3b0sggn6MCZqyDDm-xcnpuuH5dl3uuGRA2n96iTTiM4YXiHPnZ0jUgXNTh1AHYi9Zzqo8ISG1VVyQ8CPoOUovXr1eKEmnomDSmljLle0mVq3Ry-qoPshhLtI4Gbxemyy28s8xTNQP-Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1269857053833404/?__cft__%5B0%5D=AZVb0LpJCMXPBhqBDJRjU7Uw3b0sggn6MCZqyDDm-xcnpuuH5dl3uuGRA2n96iTTiM4YXiHPnZ0jUgXNTh1AHYi9Zzqo8ISG1VVyQ8CPoOUovXr1eKEmnomDSmljLle0mVq3Ry-qoPshhLtI4Gbxemyy28s8xTNQP-Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1269857053833404/?__cft__%5B0%5D=AZVb0LpJCMXPBhqBDJRjU7Uw3b0sggn6MCZqyDDm-xcnpuuH5dl3uuGRA2n96iTTiM4YXiHPnZ0jUgXNTh1AHYi9Zzqo8ISG1VVyQ8CPoOUovXr1eKEmnomDSmljLle0mVq3Ry-qoPshhLtI4Gbxemyy28s8xTNQP-Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1269857053833404/?__cft__%5B0%5D=AZVb0LpJCMXPBhqBDJRjU7Uw3b0sggn6MCZqyDDm-xcnpuuH5dl3uuGRA2n96iTTiM4YXiHPnZ0jUgXNTh1AHYi9Zzqo8ISG1VVyQ8CPoOUovXr1eKEmnomDSmljLle0mVq3Ry-qoPshhLtI4Gbxemyy28s8xTNQP-Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1269857053833404/?__cft__%5B0%5D=AZVb0LpJCMXPBhqBDJRjU7Uw3b0sggn6MCZqyDDm-xcnpuuH5dl3uuGRA2n96iTTiM4YXiHPnZ0jUgXNTh1AHYi9Zzqo8ISG1VVyQ8CPoOUovXr1eKEmnomDSmljLle0mVq3Ry-qoPshhLtI4Gbxemyy28s8xTNQP-Fb2mT6TjsZ8zubxLYM25EM508LSIM-ndw&__tn__=%2CO%2CP-R

Those two numbers are ALSO two scalar components of the original vector F (the red vector
that we started with). So, every time we need to find scalar components of a vector that is not
aligned with one of the axis, we first BREAK IT INTO VECTOR COMPONENTS ALONG
EACH OF THE AXES, then find the scalar components of those two and those are the scalar
components of the original vector. If our original vector is aligned with one of the axes, then
we can find its scalar components right away. Then you can use Newton's second law in
components form to analyze physical situation: a subx = sum of F sub x/m and a sub y = sum
of F sub y/m. HERE F sub x and F sub y are the scalar components of the forces.

| cannot use vector signs about the vector components here as | do not know how to add
vector symbols while typing on Facebook. But | hope that you get the point of the
DIFFERENCE between the vector components of a vector and scalar components. You can
see the absence of arrows above scalar components in the figure that | attached. Please post
your questions here if the distinction is not clear. And PLEASE like or comment on the post if
you read it. | see about 20-25 likes and comments on the posts that have been viewed by 500
people. Please take a second to click, it will make the post more visible to the rest of the group.
And one more thing: our next meeting can be on Saturday, November19 or November 26
and it will be on Circular motion and Law of universal Gravitation. Please post which date is
better for you. | will do a poll tomorrow. Thank you.

FIGURE 4.3 The vector and scalar components
of a vector.

Vertical vector
component:
the y-scalar

component is
F = +IN

Horizontal vector component:
the x-scalar component is F_ = —4 N.

https://www.facebook.com/groups/320431092109343/posts/1271394473679662/? cft  [0]
=AZVHYMCKSrthVLn4khM9HvvtDJ9sRrb5SNKpr2kQDGbhXlu951Qt03t6sb2EKY3ZXze8yoYV

kayOOAu-kz3-
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https://www.facebook.com/groups/320431092109343/posts/1271394473679662/?__cft__%5B0%5D=AZVHYMCkSrthVLn4khM9HvvtDJ9sRrb5NKpr2kQDGbhXlu95lQt03t6sb2EKY3ZXze8yoYVkayOOAu-kz3-yjrX7N1uC9dJ17T6zfvkjFJxeR5dnth4nIkf_ZS8dDiV4mNkXFIdPHedQnlxwgiuxlSJgajdk5Mlg-RHh0EzQkPW7QnUV9-iZ-tKk4S5Ly_SRt8Q&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1271394473679662/?__cft__%5B0%5D=AZVHYMCkSrthVLn4khM9HvvtDJ9sRrb5NKpr2kQDGbhXlu95lQt03t6sb2EKY3ZXze8yoYVkayOOAu-kz3-yjrX7N1uC9dJ17T6zfvkjFJxeR5dnth4nIkf_ZS8dDiV4mNkXFIdPHedQnlxwgiuxlSJgajdk5Mlg-RHh0EzQkPW7QnUV9-iZ-tKk4S5Ly_SRt8Q&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1271394473679662/?__cft__%5B0%5D=AZVHYMCkSrthVLn4khM9HvvtDJ9sRrb5NKpr2kQDGbhXlu95lQt03t6sb2EKY3ZXze8yoYVkayOOAu-kz3-yjrX7N1uC9dJ17T6zfvkjFJxeR5dnth4nIkf_ZS8dDiV4mNkXFIdPHedQnlxwgiuxlSJgajdk5Mlg-RHh0EzQkPW7QnUV9-iZ-tKk4S5Ly_SRt8Q&__tn__=%2CO%2CP-R

yirX7N1uC9dJ17T6zfvkjFJxeR5dnth4nlkf ZS8dDiV4AmNKXFIdPHedQnlxwgiuxISJgajdk5MIg-
RHhOEzQkPW7QnUV9-iZ-tKk4S5Ly SRi8Q& tn  =%2C0%2CP-R

Eugenia Etkina
12. October

Let's welcome our new members:

Rachel Atay,

Paul Wolf,

Claudia Mihesan,

Reece Geursen,

Scott Berger

To benefit from the group, please see two posts pinned to the top of the community page and
visit islephysics.net. Try to see posts every day and respond to them in some way so that the
next post comes to your feed and more members of the group see the posts. The group only
functions if we all participate. | looked up the stats today and we are a very international
groups. | am attaching the screen shot of the geography - it is very impressive. Tomorrow | will
start posting systematically about chapter 4 - the one we had the meeting for last Saturday.
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Top countries

United States 1.213
Canada 59
Sweden 44
Italy 33
Australia 26
United Kingdom 18
Philippines 18
Indonesia 1S
India 18
Slovenia 1

https://www.facebook.com/groups/320431092109343/posts/1272738096878633/? cft [0]
=AZW5BXrzOXDbCqO93ylbyQHf6rfp-
wBpGvf4mQKcexDaf8FJtUGh7pgK0zh48aZgTXWkF39jF QivD-dI9uiGPwF Jgni-
ZnTxiPRIMRmMmVYGmLIDCPqq6Ucm5DbVPew25IHMOVHD20dN60ZgTgxICK9QoKW9IPd3S2Q
OxBSbQxvupoXwxpKZ oXCjzA084eWIKM-p3208& tn  =%2C0%2CP-R

Eugenia Etkina
13. October
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https://www.facebook.com/groups/320431092109343/posts/1272738096878633/?__cft__%5B0%5D=AZW5BXrzOXDbCqO93yIbyQHf6rfp-wBpGvf4mQKcxDaf8FJtUGh7pqK0zh48aZgTXWkF39jFQivD-dl9uiGPwFJqni-ZnTxiPRiMRmVGmLIDCPqq6Ucm5DbVPew25IHm0vHD20dN6OZgTqxICK9oKW9Pd3S2QOxBSbQxvupoXwxpKZ_oXCjzAO84eW9KM-p32o8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1272738096878633/?__cft__%5B0%5D=AZW5BXrzOXDbCqO93yIbyQHf6rfp-wBpGvf4mQKcxDaf8FJtUGh7pqK0zh48aZgTXWkF39jFQivD-dl9uiGPwFJqni-ZnTxiPRiMRmVGmLIDCPqq6Ucm5DbVPew25IHm0vHD20dN6OZgTqxICK9oKW9Pd3S2QOxBSbQxvupoXwxpKZ_oXCjzAO84eW9KM-p32o8&__tn__=%2CO%2CP-R

Hi all, you need to read this! The paper has not been published yet, but it is available for
reading.

https://arxiv.org/pdf/2210.03522.pdf

How well-intentioned white male physicists maintain ignorance of inequity and justify inaction
Melissa Dancy, Apriel Hodari

https://www.facebook.com/groups/320431092109343/posts/1273582583460851/? cft [0]
=AZXM1IU7SVPPEIzjInr4WdfRDrGHDrmzkJOCYkfSZFisDFumxMCnCcZSysH5K3D2oyMY
DOUcde EFIPIckkVibK BJOUzSCs2LhJ9A maJU-

xzavj309pQo BiHee60h iQ4hzYELZwWvMJmLIiTiFQoEBOWCFmMYZOFUU-
vvcZvKBi4gZXdhHj TRzTjNg65q8jQ& tn  =%2C0%2CP-R

Eugenia Etkina
13. Ocotober

Hi all, this is my second post today. As you all know, the ISLE approach is based on how
physicists "do physics". This is where the observational experiments, hypotheses, multiple
testing experiments and predictions of their outcomes based on hypotheses, and application
experiments come from. They originally came into ISLE from the history of physics. Then we
conducted educational experiments documenting how physicists solve experimental problems
in real time. We found the same elements in their work and very similar logical progression. |
am attaching a story of the Nobel Prize in Physics in 2022 that follows the exact same path.
When you read it, try to find observational experiments, two competing hypotheses, lots of
testing experiments and application experiments. It is an amazing story not only in how long it
was, but also how it goes through the same steps in which we are engaging our students when
they learn physics through the ISLE approach. They literally participate in REAL SCIENCE
PRACTICES. Read and enjoy.

https://www.facebook.com/groups/320431092109343/posts/1273074400178336/? cft [0]
=AZUKkC9sUa4aYhSNXTpN-
g918702Yqg1gkBz2NWSw2Fkpsl6MnflakHOP5N86gxBCq7OTAa5J4RQuJx7SIWcO0CJHS8L
p TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cg4W3xj9F52ua H4XDEVjOUIAT1P1CPpwnR
Eqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204PI7dE-

6eytcRCKtb& tn =%2C0%2CP-R

Eugenia Etkina
14. October

Hi all, first | wanted to thank Frank Noschese for his post yesterday - over 700 people viewed
his post. My posts never reach this number. Thank you, Frank Noschese, you are a master of
engaging the audience!

Today | wanted to continue our conversation about force components. | posted about vector
and scalar components two days ago, today | want to show you how we move to Newton's
second law with the knowledge of components. See attached screen shot of the beginning of

244


https://www.facebook.com/groups/320431092109343/posts/1273582583460851/?__cft__%5B0%5D=AZXM1lU7SVPPEIzjInr4WdfRDrGHDrmzkJ0CYkfSZFisDFumxMCnCcZSysH5K3D2oyMYD0Ucde_EFIPlckkVibK_BJ0UzSCs2LhJ9A_maJU-xzavj3o9pQo__BiHee6Oh_iQ4hzYELZwvMJmLiTjF9oEB9WcFmYZ0FUU-vvcZvK6i4gZXdhHj_TRzTjNg65q8jQ&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1273582583460851/?__cft__%5B0%5D=AZXM1lU7SVPPEIzjInr4WdfRDrGHDrmzkJ0CYkfSZFisDFumxMCnCcZSysH5K3D2oyMYD0Ucde_EFIPlckkVibK_BJ0UzSCs2LhJ9A_maJU-xzavj3o9pQo__BiHee6Oh_iQ4hzYELZwvMJmLiTjF9oEB9WcFmYZ0FUU-vvcZvK6i4gZXdhHj_TRzTjNg65q8jQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273582583460851/?__cft__%5B0%5D=AZXM1lU7SVPPEIzjInr4WdfRDrGHDrmzkJ0CYkfSZFisDFumxMCnCcZSysH5K3D2oyMYD0Ucde_EFIPlckkVibK_BJ0UzSCs2LhJ9A_maJU-xzavj3o9pQo__BiHee6Oh_iQ4hzYELZwvMJmLiTjF9oEB9WcFmYZ0FUU-vvcZvK6i4gZXdhHj_TRzTjNg65q8jQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273582583460851/?__cft__%5B0%5D=AZXM1lU7SVPPEIzjInr4WdfRDrGHDrmzkJ0CYkfSZFisDFumxMCnCcZSysH5K3D2oyMYD0Ucde_EFIPlckkVibK_BJ0UzSCs2LhJ9A_maJU-xzavj3o9pQo__BiHee6Oh_iQ4hzYELZwvMJmLiTjF9oEB9WcFmYZ0FUU-vvcZvK6i4gZXdhHj_TRzTjNg65q8jQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1273074400178336/?__cft__%5B0%5D=AZUkC9sUa4aYhSNXTpN-q91870ZYq1gkBz2NWSw2Fkpsl6MnfIaKHOP5N86qxBCq7OTAa5J4RQuJx7SlWcO0CJH8Lp_TLpYMrc1UjqV3cbEsFz3QdgvNmsI7Hd116Cq4W3xj9F52ua_H4XDEVj0UiA1P1CPpwnREqze3sytBhRtOrKGwbzBF7y7cR-4KYh6jzuvE5204Pl7dE-6eytcRCKtb&__tn__=%2CO%2CP-R

the textbook section. What is important there is that in Newton's second law the components
of forces are ALWAYS SUMMED UP to find the components of acceleration. Even if the
component is negative, it is still ADDED as a negative number to the positive components. It
is crucial to distinguish between the + plus of summation and the + for the direction of the
force, or minus - for the direction of the force. Those signs have different meanings. We never
subtract forces, we always add them, but some of them have positive scalar components and
some have negative scalar components.

Finally, it looks like November 26 is the winner for our next meeting. If you did not vote yet,
and you want the 19th, please vote!

If you finished reading the post, please respond to it! Thank you!

4.2 Newton’s second law
in component form

® In this section we will apply Newton's second law to more complex situations in which @
one or more of the forces exerted on the system do not point along one of the coordinate
axes, The figure in Quantitative Exercise 4.1 15 an example of such a sitvation. 1f the
knot in that figure is not accelerating, the sum of the forces exerted on the knot is zero:

=T e+ Tine+ Bimg=0

It is difficult to use this vector equation to analyie the situation further—for example,
1o determine one unknown force iff you know the other two forces, However, we can do
suich tasks if this situation is represented in scalar component form.

Notice in the force diagram in Quantitative Exercise 4.1 that the y-scalar compo-
nents of the forces that the three ropes exert on the koot add to zere. Ropes 2 and 3
exert forces that huve positive y-scalar components +300N + 100N = +400 N, and
rope 1 exerts a force with negative y-scalar component —400 N. Consequently:

~ Thieaxy t Tranky + Treaky
gy = ’

iy
_ —400N + 300N + 100N _ o
iy
Similarly, the x-scalar ponents of the forces exernted on the knot also add to zero:
= Donks* Tangs * Ty
K e
_ 040N+ (400N)
= = =

Thus, we infer thut when the x- and y-scalar components of the sum of the forces
exerted on the system are zer, it does not accelerate;

a=0 if ZFg, =0

a,=0 if EFgg, =10

| wos_einges o2 sE coaad & & BeRENT 121 PW

pe_—_____________________——___|
@ |

88 CHAPTER & Applying Nowton's Laws

Suppose that in general objects 1, 2, 3, and so forth exent fomcs-'"'. on ’-'L‘".g- f",‘.,.;. =
on a system and that the forces point in arbitrary directions and do not add o zero. If
the system has mass mis. it has an acceleration &g as a consequence of these forces
(Newton's second faw):

j'“]ul\ﬁ + E‘:ms + Ejums s 7

g

iy =

Because this equation invelves vectors, we can’t work with it directly. However,
we can split it into its x¥- and y-scalir component forms to use Newton's second law to
determine the system’s scceleration,

T | [ n practice, we usually choose the Newton's second law rewritten in scalar component form becomes:
1 Axes 80 that the abject accalerates
along only ene of thess axes and has zero aui= Fionsit Froase + Frgse + o0 420
acceleration along the other axis. g
ﬁm57+‘=‘1w$!+P3m.‘i;—+
gy = (429}
: g
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https://www.facebook.com/groups/320431092109343/posts/1274345886717854/? cft  [0]
=AZWmFoL9DYpOuUg1Dz59piAU-
MP6KczP5BWHmMKkmT598IVIB8u1KGyJEWMIKiJO2VhfSUBYXxVBAEIXrOyOPOPh5¢cC5qs6T0c
znDjKuOUQON5iBMGQkOKdHgM-

YT6Vy Q8vgPYyAERWHhRRpQe36qgevY8zKEfOmvFant anH7bBOYEtrLYk q7gXvMJ33U9d7i
pCpNs& tn  =%2C0%2CP-R

Eugenia Etkina
15. October

Hi all, first | wanted to thank Allison Daubert for her post yesterday - if you did not see it, please
do! It is about the importance of a routine. The routine she described is to ask your students
to reflect at the end of each lesson what they learned.

If you come to our meetings, you know that this is what we do at the end of each meeting.
Now | even started posting the slides with those reflections after the meeting here.

The idea of such reflections came to me a long time ago (in 1997) when | was teaching a
summer course at Rutgers. | asked my student to reflect once a week about answering 3
questions:

1. What did you learn this week?

2. What remained unclear?

3. If you were the professor, what questions would you ask to find if your students understood
the material?

The responses of my students were eye opening. It turned out that what they thought they
learned were not the most important things but small details, but they had questions about the
important things. | used their responses as formative assessment to structure my Monday
classes. And | wrote a paper about it that was published in Science Education. Here is the
reference: Etkina, E. (2000). Weekly Reports: A two-way feedback tool. Science Education,
84, 594-605.

When | started the physics teacher preparation at Rutgers, and we only had courses that met
once a week for 3 hours (Allison Daubert was my student a long time ago), | realized that it
was important for me to know what my students learned in every class. So, we had these
reflections at the end of each class: What did you learn today in physics? What did you learn
today as a teacher? The rule was that you cannot repeat what the previous person said, so
those who waited to raise their hands were in a difficult position. Everyone was trying to keep
a list of what they learned during these long classes.

In the summers, | co-ran a program for high students in astrophysics. There were about 25-30
students in the program, and they spend 5 hours every day learning about stars and X-ray
astronomy. We had them reflect at the end of each day - what did you learn today and how
did you learn it? When time was tight, we asked them to have a list from each group and then
we went around listening to one from each group, and again, they could not repeat what
another group said. This way we knew if the goals of each day were accomplished. My
students, future physics teachers started using this method in their classes once they had
graduated.

If you ever attended any of the ISLE workshops, you also reflected at the end on what was
that most important thing that you would take away from it. Why is reflection so important?
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https://www.facebook.com/groups/320431092109343/posts/1274345886717854/?__cft__%5B0%5D=AZWmFoL9DYpOuUg1Dz59piAU-MP6KczP5BwHmkmT598lV9B8u1KGyJ6wMlKiJ02VhfSU6YxV8AE9Xr0y0P0Ph5cC5qs6T0cznDjKuOUQOn5iBMGQk0KdHgM-YT6Vy_Q8vgPyAERWhRRpQe36qevY8zKEf0mvFant_anH7bB9YEtrLYk_q7qXvMJ33U9d7ipCpNs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1274345886717854/?__cft__%5B0%5D=AZWmFoL9DYpOuUg1Dz59piAU-MP6KczP5BwHmkmT598lV9B8u1KGyJ6wMlKiJ02VhfSU6YxV8AE9Xr0y0P0Ph5cC5qs6T0cznDjKuOUQOn5iBMGQk0KdHgM-YT6Vy_Q8vgPyAERWhRRpQe36qevY8zKEf0mvFant_anH7bB9YEtrLYk_q7qXvMJ33U9d7ipCpNs&__tn__=%2CO%2CP-R

According to J. Zull (The art of changing the brain), reflecting on what you learned and
SPEAKING about it is a crucial element of the brain learning cycle. You have to search in your
brain for what is it that you learned, and you have to speak about it, which engages the motor
function of the brain, which is the last step of the brain processing information.

In my later research with D. May we found that those students who can reflect productively
actually learn more. Or those who learn more, demonstrate higher quality reflections. We also
found that those who have deeper questions, learn more. These are old papers, | am putting
the references here, if you can't find the files, please email me and | will send you the papers.
May, D. & Etkina, E. (2002). College physics students' epistemological self-reflection and its
relationship to conceptual learning. American Journal of Physics, 70(12), 1249-1258.

Harper, K., Etkina, E., & Lin, Y. (2003). Encouraging and analyzing student questions in a
large physics course: Meaningful patterns for instructors. Journal of Research in Science
Teaching, 40( , 776-791.

Please do not forget to respond to the post after you finish reading it. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1275116283307481/? cft  [0]
=AZV SlpVMPqO0TalUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-

FW jvOGLhv2gDVQWRY JoKXP7E1UmX5vIBdo T1D hUalNKKF6e6cxVC0OpC8cc5P8ahR
JK2G-9FzaAlhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKY O46QUKgS43T0ondWCpxi-
N8rFD87qTY& tn  =%2C0%2CP-R

Eugenia Etkina
16. October

Hi all, a few days ago | posted a story of the latest Nobel prize work that illuminated again the
features of the ISLE approach. But in the story we did not see the original puzzling
observational experiment that started the process. The story, the link to which | am posting
today has all the ISLE steps in a mind-blowing process. You will see an initial observational
experiment, multiple explanations, a quantitative model with multiple representations, a
predictions, and a testing experiment. It is a story in astronomy, so nobody could run a
specially designed experiment therefore it is important to learn how testing experiments are
done in the fields where the immediate manipulation of the equipment is not possible. My point
is (and has been for 30 years) that that ISLE process mirrors actual scientific practice and our
students can do REAL PHYSICS from the first day of class. It is the process that is at the core
of physics (and all of the sciences) and not a set of facts that for many years were the heart of
our science education. While the NGSS (Next Generation Science Standards) recognize the
importance of science practices, they do not offer a clear path for the students to engage in
them in a logical manner. The ISLE approach does.
https://www.abc.net.au/.../james-webb-space.../101511786...

https://www.facebook.com/groups/320431092109343/posts/1275860506566392/? cft [0]

=AZWn0-pm-
gnIXEKZzwIMNOg6p8KqgJo9b2BIDZYVAIrPq78mgfifinTREJXIWNa5Lx9ZeHtSvIMD8TzHAp
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https://www.facebook.com/groups/320431092109343/posts/1275116283307481/?__cft__%5B0%5D=AZV_SIpVMPqO0TaIUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-FW_jv0GLhv2gDVQWRy_JoKXP7E1UmX5vlBdo_T1D_hUaINKKF6e6cxVC0pC8cc5P8ahRJK2G-9FzaAIhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKYO46QUkqS43T0ondWCpxi-N8rFD87qTY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275116283307481/?__cft__%5B0%5D=AZV_SIpVMPqO0TaIUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-FW_jv0GLhv2gDVQWRy_JoKXP7E1UmX5vlBdo_T1D_hUaINKKF6e6cxVC0pC8cc5P8ahRJK2G-9FzaAIhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKYO46QUkqS43T0ondWCpxi-N8rFD87qTY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275116283307481/?__cft__%5B0%5D=AZV_SIpVMPqO0TaIUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-FW_jv0GLhv2gDVQWRy_JoKXP7E1UmX5vlBdo_T1D_hUaINKKF6e6cxVC0pC8cc5P8ahRJK2G-9FzaAIhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKYO46QUkqS43T0ondWCpxi-N8rFD87qTY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275116283307481/?__cft__%5B0%5D=AZV_SIpVMPqO0TaIUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-FW_jv0GLhv2gDVQWRy_JoKXP7E1UmX5vlBdo_T1D_hUaINKKF6e6cxVC0pC8cc5P8ahRJK2G-9FzaAIhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKYO46QUkqS43T0ondWCpxi-N8rFD87qTY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275116283307481/?__cft__%5B0%5D=AZV_SIpVMPqO0TaIUxYFkUXTqLO3xsQgG-prLsQgNcjD7aS3-FW_jv0GLhv2gDVQWRy_JoKXP7E1UmX5vlBdo_T1D_hUaINKKF6e6cxVC0pC8cc5P8ahRJK2G-9FzaAIhrYHcKmvQwZ0ptFgGRtJAAUVjziQkDJncTKYO46QUkqS43T0ondWCpxi-N8rFD87qTY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275860506566392/?__cft__%5B0%5D=AZWn0-pm-qnlXEKZzwlMNOq6p8KqJo9b2BlDZYvA9rPq78mqfjflnTREJXIWNa5Lx9ZeHtSvIMD8TzHApP2XvhUAvWHoVvGLrJ6r_Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoEIyacTQ_Ybo5fCxlKkqBT8rIMan2yeHVAwHAB5Of9NOCLY94ijdvYTKE274pXUvs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275860506566392/?__cft__%5B0%5D=AZWn0-pm-qnlXEKZzwlMNOq6p8KqJo9b2BlDZYvA9rPq78mqfjflnTREJXIWNa5Lx9ZeHtSvIMD8TzHApP2XvhUAvWHoVvGLrJ6r_Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoEIyacTQ_Ybo5fCxlKkqBT8rIMan2yeHVAwHAB5Of9NOCLY94ijdvYTKE274pXUvs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275860506566392/?__cft__%5B0%5D=AZWn0-pm-qnlXEKZzwlMNOq6p8KqJo9b2BlDZYvA9rPq78mqfjflnTREJXIWNa5Lx9ZeHtSvIMD8TzHApP2XvhUAvWHoVvGLrJ6r_Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoEIyacTQ_Ybo5fCxlKkqBT8rIMan2yeHVAwHAB5Of9NOCLY94ijdvYTKE274pXUvs&__tn__=%2CO%2CP-R

P2XvhUAVWHoVvGLrJ6r Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoElyacTQ Ybo5fCxIKkgBT
8riMan2yeHVAWHABS50OfONOCLY94ijdvYTKE274pXUvs& tn =%2C0%2CP-R

Eugenia Etkina
17. October

Hi all, during our meeting dedicated to Chapter 4 2 a week ago we used walking as the "need
to know" for this chapter. We focused our attention on both feet during one step and found that
the friction component of the force exerted on each foot is responsible for each step. The force
is exerted forward on the back foot and backward on the front. Walking on sand helps us see
how the surface exerts a force that can be resolved into two components. Watch the video
and draw a force diagram for each foot, remembering the ONE object can only exert ONE
force on the other object for the same interaction. The activity is from the OALG file for Chapter
4. It is posted here in the files. Do not forget to respond to the post once you finish reading it.
OALG 4.3.6 OBSERVE AND EXPLAIN

a. Watch the video of Eugenia walking on sand (from Activity 2.9.2)
https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-2-9-2.

b. Draw force diagrams for Eugenia (consider the person to be a point like object) when she
starts a step and when she finishes the step. What object is exerting a force that makes her
accelerate?

c. How does the shape of the sand help us determine the direction of the force that the sand
exerts on the person?

https://www.facebook.com/groups/320431092109343/posts/1276787736473669/? cft [0]
=AZV7Y0dlYqWRS8IJURQMko-5NsdJPcW-
[1gvfYQtihUchF9ajrGsPblviIRu2B3DsTMn6vgD52RxQqWDZFFI7ckNQe-
SbHegGXg3TC4XIUSNLoqgJC gr BCdvHLdANs8C3ncjWfS YsYyD44xPyilL BBudbGkalec e-
WneASydsLUW70OJOLSOHNI1y0zOpQKL3QCwW& tn =%2C0%2CP-R

Eugenia Etkina
18. October

Hi all, to follow up on our conversation of walking and the role of friction there, | want to share
an example that is crucial for understanding how it works and also the shape of the sand in
the video that | posted yesterday. Hrvoje Miloloza commented on it, his comment is very
important - that is why we chose sand as a surface to walk on. Look at the figure that | pasted
below to see how Newton's third law is necessary to understand how friction works.
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https://www.facebook.com/groups/320431092109343/posts/1275860506566392/?__cft__%5B0%5D=AZWn0-pm-qnlXEKZzwlMNOq6p8KqJo9b2BlDZYvA9rPq78mqfjflnTREJXIWNa5Lx9ZeHtSvIMD8TzHApP2XvhUAvWHoVvGLrJ6r_Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoEIyacTQ_Ybo5fCxlKkqBT8rIMan2yeHVAwHAB5Of9NOCLY94ijdvYTKE274pXUvs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1275860506566392/?__cft__%5B0%5D=AZWn0-pm-qnlXEKZzwlMNOq6p8KqJo9b2BlDZYvA9rPq78mqfjflnTREJXIWNa5Lx9ZeHtSvIMD8TzHApP2XvhUAvWHoVvGLrJ6r_Yd4yBmdrkjZdZzHEDCV6y1GpBJLAsoEIyacTQ_Ybo5fCxlKkqBT8rIMan2yeHVAwHAB5Of9NOCLY94ijdvYTKE274pXUvs&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1276787736473669/?__cft__%5B0%5D=AZV7Y0dIYqWRS8lJURQMko-5NsdJPcW-l1gvfYQtihUchF9ajrGsPbIvIRu2B3DsTMn6vqD52RxQqWDZFFl7ckNQe-SbHegGXg3TC4XlUSNLoqJC_gr_BCdvHLdns8C3ncjWfS_YsYyD44xPyiLB8udbGkalec_e-WneASydsLUW7OJ0LSOHnl1y0zOpQKL3QCw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1276787736473669/?__cft__%5B0%5D=AZV7Y0dIYqWRS8lJURQMko-5NsdJPcW-l1gvfYQtihUchF9ajrGsPbIvIRu2B3DsTMn6vqD52RxQqWDZFFl7ckNQe-SbHegGXg3TC4XlUSNLoqJC_gr_BCdvHLdns8C3ncjWfS_YsYyD44xPyiLB8udbGkalec_e-WneASydsLUW7OJ0LSOHnl1y0zOpQKL3QCw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1276787736473669/?__cft__%5B0%5D=AZV7Y0dIYqWRS8lJURQMko-5NsdJPcW-l1gvfYQtihUchF9ajrGsPbIvIRu2B3DsTMn6vqD52RxQqWDZFFl7ckNQe-SbHegGXg3TC4XlUSNLoqJC_gr_BCdvHLdns8C3ncjWfS_YsYyD44xPyiLB8udbGkalec_e-WneASydsLUW7OJ0LSOHnl1y0zOpQKL3QCw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1276787736473669/?__cft__%5B0%5D=AZV7Y0dIYqWRS8lJURQMko-5NsdJPcW-l1gvfYQtihUchF9ajrGsPbIvIRu2B3DsTMn6vqD52RxQqWDZFFl7ckNQe-SbHegGXg3TC4XlUSNLoqJC_gr_BCdvHLdns8C3ncjWfS_YsYyD44xPyiLB8udbGkalec_e-WneASydsLUW7OJ0LSOHnl1y0zOpQKL3QCw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1276787736473669/?__cft__%5B0%5D=AZV7Y0dIYqWRS8lJURQMko-5NsdJPcW-l1gvfYQtihUchF9ajrGsPbIvIRu2B3DsTMn6vqD52RxQqWDZFFl7ckNQe-SbHegGXg3TC4XlUSNLoqJC_gr_BCdvHLdns8C3ncjWfS_YsYyD44xPyiLB8udbGkalec_e-WneASydsLUW7OJ0LSOHnl1y0zOpQKL3QCw&__tn__=%2CO%2CP-R

FIGURE 4.6 Force analyses when we choose
different objects as the system.
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Force exerted by the block on the
surface. We are concerned with these
forces when the surface is the system.

https://www.facebook.com/groups/320431092109343/posts/1277302666422176/? cft [0]
=AZUXLw8vBHQsBXAVYNvUw7vDItOMUNNTDayQJdja-
I0fp9TMNgaeF22Nf6NL6E0qAAES7 xdsyRPp Kv-sWmuzkKPGdHKIxcFMQeFqUqg-
VbALxrw8vN470TwqgQgqAKPzwVGY0sBsugU7TDNnnzz j2UVUNL9S5DQyYLRyhGgYG yGz
O0QHikciNTZBTISIKT89XrhM& tn =%2C0%2CP-R

Eugenia Etkina
20. October
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https://www.facebook.com/groups/320431092109343/posts/1277302666422176/?__cft__%5B0%5D=AZUXLw8vBHQsBxAVYNvUw7vDltOmUNnTDayQJdja-l0fp9TMNgaeF22Nf6NL6EoqAAES7_xdsyRPp_Kv-sWmuzkKPGdHKIxcFMQeFqUq-VbALxrw8vN47OTwqQqAKPzwVGY0sBsugU7TDNnnzz_j2UVUNL9S5DQyLRyhGgYG_yGzoQHikciNTZBTl5lKT89XrhM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1277302666422176/?__cft__%5B0%5D=AZUXLw8vBHQsBxAVYNvUw7vDltOmUNnTDayQJdja-l0fp9TMNgaeF22Nf6NL6EoqAAES7_xdsyRPp_Kv-sWmuzkKPGdHKIxcFMQeFqUq-VbALxrw8vN47OTwqQqAKPzwVGY0sBsugU7TDNnnzz_j2UVUNL9S5DQyLRyhGgYG_yGzoQHikciNTZBTl5lKT89XrhM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1277302666422176/?__cft__%5B0%5D=AZUXLw8vBHQsBxAVYNvUw7vDltOmUNnTDayQJdja-l0fp9TMNgaeF22Nf6NL6EoqAAES7_xdsyRPp_Kv-sWmuzkKPGdHKIxcFMQeFqUq-VbALxrw8vN47OTwqQqAKPzwVGY0sBsugU7TDNnnzz_j2UVUNL9S5DQyLRyhGgYG_yGzoQHikciNTZBTl5lKT89XrhM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1277302666422176/?__cft__%5B0%5D=AZUXLw8vBHQsBxAVYNvUw7vDltOmUNnTDayQJdja-l0fp9TMNgaeF22Nf6NL6EoqAAES7_xdsyRPp_Kv-sWmuzkKPGdHKIxcFMQeFqUq-VbALxrw8vN47OTwqQqAKPzwVGY0sBsugU7TDNnnzz_j2UVUNL9S5DQyLRyhGgYG_yGzoQHikciNTZBTl5lKT89XrhM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1277302666422176/?__cft__%5B0%5D=AZUXLw8vBHQsBxAVYNvUw7vDltOmUNnTDayQJdja-l0fp9TMNgaeF22Nf6NL6EoqAAES7_xdsyRPp_Kv-sWmuzkKPGdHKIxcFMQeFqUq-VbALxrw8vN47OTwqQqAKPzwVGY0sBsugU7TDNnnzz_j2UVUNL9S5DQyLRyhGgYG_yGzoQHikciNTZBTl5lKT89XrhM&__tn__=%2CO%2CP-R

Hi all, today my post is about Jeopardy problems. These are the problems where the students
need to work backwards - from the solution that is given to a possible problem for which this
solution might work. These problems are extremely useful for the students to work through
consistency of representation, to engage their creativity and to see the value of units. While
we have jeopardy problems in every chapter, | wanted to share a worked example with a
jeopardy problem in Chapter 4 (which we are working through now). The steps follow our
problem solving strategy steps: sketch and translate, simplify and diagram, represent
mathematically and solve and evaluate but the order of the steps is reversed! As the first
representation is the mathematical representation, the students need to solve first, then
simplify and diagram and then sketch and translate. After they work though this worked
example, it is good to give them problems 14 and 38 from the back of the chapter problems.
If you have never done those problems with your students, start slowly. Let them read the
problem and work on it in groups for about 5 minutes, then see where they are, and, building
on the most successful group's solution, continue on the board with the explanation of each
step. Giving them the first 5 min to struggle themselves is very important, so that their brains
are "warmed up" and they have the "need to know ". When you finished reading the post,
please respond to it.

E;uaaon :eopa(dy

The equations below are the horizontal x- and vertical y-component
forms of Newton's second law applied to a physical process. Solve for
the unknown quantities. Then work backward and construct a force

on the left side of each equation). Consider the x- and y-scalar
components of each foree:

1. A 200-N force ariented 30° above the positive c-axis—maybe a rope

diagram for the system of interest and invent a process and question for
which the equations might provide an answer (there are many possibil-
itigs), Remember that the itabicized N is the symbol for normal force,
and the roman N is & symbol for the newton.

F-COmponent equation:
(200 N)cos 30° + 0 — 040Ny o + 0 = (50 kg)a,
y-component equation:

(200 N)sin 30° + Ny .0 + 0~ (50kg)(9.8 N/kg) = (50 kg)0

Solve Inserting the cosine and sine values, we get:
x-component equation:
(200 NJO.BT + 0 — 040N ;0 + 0 = (50 kg)a,
y-component equation:
(200 NJ0.S0 + Ny o + 0 — (50keg)(98 N/kg) =0

‘We can solve the y-equation for the magnitude of the normal force:
Ngono = 390 N. Inserting this value into the -equation produces the
following:

) (200 N)0.ET + 0 — 0.40{390 N) + 0 = (50 kg)a,
This can now be solved for a.:
ay= (174 N — 156 N) /(50 kg)
= +0.36 N/kg = +0.36 m/s

Simplify and diagram The equations provide the components for
each of the four forces exerted on the system (since there are four terms

is exerting a force on an object.
2. A 390-N normal force points
:1::;:::; uxis, perpendicular to Rguno (350N
3. It looks like a friction force of
0.40(390 N) = 156 N points
in the negative x-direction with
a coefficient of friction equal
to 0.40.
4. A 490-N gravitational force
points in the negative y-direction
perpendicular to the surface.

y

i ——y
fsseni (156 M)

Feamp 90N

We can now use these forces to construct a force diagram.

h and 1 ‘The situation could involve a sled or wagon

or crate that is being pulled along a horizontal surface. as shown below.

Note that the rope is at an angle with respect to the horizontal, so the

foree that it exerts has a +100-N y-component. It combines with the

normal force’s +390-N y-component to balance the gravitational force's
-490-N y-component.

One | ible p t Determine the acceleration of
a 50-kg sled being pulled 2cross a horizontal surface by a rope eriemed
30° above the horizontal and pulling with a force of 200 N. The coeffi-

cient of kinetic friction between the sled and the surface is 0.40.

https://www.facebook.com/groups/320431092109343/posts/1278839619601814/? cft [0]

=AZUmu6D0G}VCUkazWIOdDEX0bm6zBGB49jUP|1fIXz8QakPeZb6T-

QxmDG1gbLzRkv7b ZEsf7m8jF NI60t 2SjEe6QI991d4IN3uCS9heXi1SvObHZhdKyKL6aVV

ZgqKXPJ5_WFDBhb6alWd0CcOXx-

D46vHWD60OySAHWo_bSF8Lz1AEbiIOHhAPdO1REVNEcck& tn

=%2C0%2CP-R

Eugenia Etkina
22. October
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My good friend and a member of this group Stamatis Vokos shared with me a very interesting
article related to the place and role of hypotheses in physics research. Needless to say that
the article is in complete agreement with the ISLE approach - OBSERVATIONAL experiments
are not based on any hypotheses and they are crucial for the new hypotheses to be formed.
Just the way we do it when we teach physics through ISLE. This article is very important as
many science educators argue that experiment in science is "theory laden" (see work on NOS
- the Nature of Science in science education). As you can see from the article, it is not true.
The same goes for predict-observe-explain sequence. While in the ISLE approach we make
predictions but ONLY after we observe something, create an explanation for it (a hypothesis)
and then test it experimentally by designing a new experiment whose OUTCOME we
PREDICT using the hypothesis under test and remembering that we can never prove a
hypothesis, we can only fail to reject it. Please read and enjoy!

https://www.facebook.com/groups/320431092109343/posts/1279805552838554/? cft  [0]
=AZXiAMbKF 1H8u6BhhIgRIfTL1Piuk5keyVt XVRbB0oZ4KvefE3F3Qj pOKZU-
[1M11XajcsmxeHN4pS1ioYgGMmmgWGVsZTih8L4u4cVHIauAAK-byabznnift-
PdPdANN6KBxaBONdNm5a5ajGl-

CxxfVbtjOigdVhVhwZhueaW3JzH 1QymGI9L1wSK20Lm1S6MU& th  =%2C0%2CP-R

Eugenia Etkina
23. October

Hi all, | want to continue with non-traditional problems today and stay with Chapter 4 as this is
what we have been working with for a while. Traditional problems have several features that
distinguish them from real life problems and make them not problems but PUZZLES. You can
think of a puzzle as a set of steps that need to completed to have one right answer and this
answer is known to the creator of the puzzle. In physics, these are usually worded scenarios
of unrealistic physical situations (surfaces with no friction, absence of air, constant
acceleration of falling objects, etc.) that, when solved, give one right answer. Students figure
out very quickly how to be successful on those and that is why they use the famous plug-and-
chug strategy. How can we engage them in different activities? How do we make them stop
and think what is going on and how to approach the problem other than looking for the right
"formula"? In our textbook we have a huge number of such problems. Many of them will help
your students do well on AP exams as the new AP curriculum uses these non-traditional
problems a lot. As | said before, they are all marked in the Instructor Guide - every chapter. |
will paste the list from Chapter 4 here but also show an example of one of the back-of-the-
chapter problems that has a different structure and goals compared to traditional.
Nontraditional end-of-chapter questions and problems

Ranking tasks (RAT): P4.55, P4.56

Choose answer and explanation (CAE): Q4.4

Choose measuring procedure (MEP): P4.25

Evaluate (reasoning or solution...) (EVA): P4.39, P4.74

Make judgment (based on data) (MJU): P4.63

Linearization (LIN): P4.86

Multiple possibility and tell all (MPO): P4.18, P4.48, P4.93

Jeopardy (JEO): P4.14, P4.38, P4.59
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Design an experiment (or pose a problem) (DEX):, P4.92
Problem based on real data (that students can collect by themselves) (RED): P4.19, P4.75

25. * You want to determine the coefficient of kinetic friction between a

1 m X 1 mrug and a wooden floor. You obtain a piece of the same rug

of size 10 cm X 10 cm (which has a surface area 100 times smaller than

the entire rug), a scale for measuring mass, a force meter, and an object of

mass mg. Which of the following procedures would you choose to obtain
the correct value of kinetic friction between the rug and the floor?

(a) Put the object on the piece of rug. Measure the force F; ,, gp €xerted
by the hand on the rug piece in the horizontal direction while moving
it with constant speed along the wooden floor. Calculate the coefficient

K H on RP
mog
(b) Use the same method described in (a) but calculate the coefficient of
100- K H on RP
mng b
(c) Use the same method described in (a) but also measure the mass
of the rug piece mgp and calculate the coefficient of friction as
= K H on RP
(mo + mgp)g’
(d) Use the same method described in (c) but calculate the coefficient of
100+ A Hon RP

(mo + mgp)g’
https://www.facebook.com/groups/320431092109343/posts/1281138666038576/? cft [0]
=AZUIldcxiVZRM84Rd SXjFeDoWrnoHPtp404ZmwR6iDDVRGEGDnjWDmMWpe972sHRSuF
8ZS7zxfNoXQpsvt1413kLvBsPEMuHwaCVZ ThigiHmdtzEpOnZXr9eGpUIXWJNDpfeOqtbCc
zVJZC5sXceQVvUQGstXebtdWgTvSoqgtWtoJPbphuAQeg3WKXOpELmMmydWQ& tn =%2C
0%2CP-R

of kinetic friction as uy, =

friction as py, =

My

friction as u;, =

Eugenia Etkina
24. October

Hi all, today | want to talk about contrasting cases. A contrasting case is when we compare
two things to learn what one is and what one is not. We often ask students to solve examples
when they continuously operate with the same idea. But it turns out that knowing when this
idea does not work is important as well, Contrasting cases were found to be very useful for
learning new material by the students and, according to research by Darrick Jones (my former
PhD student), physicists use contrasting cases all the time when trying to solve new problems.
For example, contrasting velocity and acceleration helps students learn that a rocket can have
very high velocity and zero acceleration. Or vice versa, when we start moving, we have zero
velocity, but non-zero acceleration. How can we make problems contrasting multiple ideas? |
am attaching a screenshot of a problem form Chapter 4 that does just that. It also achieves
another important cognitive processing goal - it lets the students see the contrasts
simultaneously - an important condition for understanding what is going on. Think of what you

252


https://www.facebook.com/groups/320431092109343/posts/1281138666038576/?__cft__%5B0%5D=AZUldcxiVZRM84Rd_SXjFeDoWrnoHPtp404ZmwR6iDDvRGEGDnjWDmWpe972sHRSuF8ZS7zxfNoXQpsvt14I3kLvBsPEMuHwaCVZ_ThigiHmdtzEp0nZXr9eGpUIXWJNDpfeOqtbCczVJZC5sXceQVvUQGstXebtdWqTvSoqtWtoJPbphuAQeg3WKx0pELmydWQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1281138666038576/?__cft__%5B0%5D=AZUldcxiVZRM84Rd_SXjFeDoWrnoHPtp404ZmwR6iDDvRGEGDnjWDmWpe972sHRSuF8ZS7zxfNoXQpsvt14I3kLvBsPEMuHwaCVZ_ThigiHmdtzEp0nZXr9eGpUIXWJNDpfeOqtbCczVJZC5sXceQVvUQGstXebtdWqTvSoqtWtoJPbphuAQeg3WKx0pELmydWQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1281138666038576/?__cft__%5B0%5D=AZUldcxiVZRM84Rd_SXjFeDoWrnoHPtp404ZmwR6iDDvRGEGDnjWDmWpe972sHRSuF8ZS7zxfNoXQpsvt14I3kLvBsPEMuHwaCVZ_ThigiHmdtzEp0nZXr9eGpUIXWJNDpfeOqtbCczVJZC5sXceQVvUQGstXebtdWqTvSoqtWtoJPbphuAQeg3WKx0pELmydWQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1281138666038576/?__cft__%5B0%5D=AZUldcxiVZRM84Rd_SXjFeDoWrnoHPtp404ZmwR6iDDvRGEGDnjWDmWpe972sHRSuF8ZS7zxfNoXQpsvt14I3kLvBsPEMuHwaCVZ_ThigiHmdtzEp0nZXr9eGpUIXWJNDpfeOqtbCczVJZC5sXceQVvUQGstXebtdWqTvSoqtWtoJPbphuAQeg3WKx0pELmydWQ&__tn__=%2CO%2CP-R
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can ask your students to contrast today. And if you finished reading the post, do not forget to

respond to it! Thank you!
L&l Ue resisuve 1orce exXeried Dy e 4ir 1s ncguglmc.

56. * A frog jumps at an angle 30° above the horizontal. The origin of the
coordinate system is at the point where the frog leaves the ground.
Complete Table P4.55 by drawing check marks in the cells that correctly
connect the quantities in the first column that describe the motion of the
frog and the descriptions of what is happening to these quantities while the
frog is moving. Consider the frog as a point-like object and assume that the
resistive force exerted by the air is negligible.

TABLE P4.55

Increases, Decreases,
Physical Remains Is Increases Decreases then then
quantity constant changing only only decreases increases

x-coordinate
magnitude

y-coordinate
magnitude

Direction of
velocity

Magnitude
of velocity

Direction of
acceleration

Magnitude of
acceleration

Eugenia Etkina
25. October

Hi all, | have a question: when you joined the group, could you see the question posted there?
| do not let anyone in unless they answer the question or it is clear from some other signs that
they are physics teachers/professors. Recently we have a lot of people who wish to join but
they do not answer the question. | message them individually and wait for their responses but
they usually do not come as they might not see my texts. If you tell people about the group,
please tell them that they MUST answer the question or they will not be let in. Thank you.
https://www.facebook.com/groups/320431092109343/posts/1282555019230274/? cft [0]
=AZWMprCk04EWkJ3GCk3uWKCFcKwTRM-
xv637iDVN85dSaStPRs181HfG7pFPa128xLX4dh-

7fLBeNsgRuKmE U6vstdCrqo2yuFmYK8GmJGhyLyOwADNn4sQeVGZ1gFbZv15pl2aT3xiW
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eozysblYJUIOtxo15fiwkBJLp4sbHYrZthcNUAVPHWwsjYO8U3eMZxg& tn_ =%2C0%2CP
R

Eugenia Etkina
26. October

Hi all, thank you for responding to my post about the question to enter the group. | rejected all
of those who did not answer the question. If it is clearly visible, then there is no need for me to
text people begging them to answer the question. Thank you.

Today, | would like to continue with chapter 4 non-traditional problem. See the one that |
attached to this post. What is unique about it? How is it different from typical end-of-the-
chapter problems? | think there are 3 fundamental differences, although to solve it one needs
to know only traditional projectile motion mathematical representations. Can you find those
three fundamental differences? And maybe more?

63. * Marbles are exiting a con-  F|GURE P4.63
tainer through a horizontal
nozzle positioned 1.3 m
above sandy ground (see
Figure P4.63). You notice
that all the marbles land
between 0.25 m and 0.45 m
from the point directly
below the end of the nozzle. ' Vs
How do you explain this : ‘e
observation? What can
you determine based on the
data given in the problem?
Indicate any assumptions
that you made.

https://www.facebook.com/groups/320431092109343/posts/1283296465822796/? cft [0]
=AZWqgS4V34JheWVvR30 QQsVD AnDSF6gOLS0uMJz7CRVpn5S006SQR6RG250uc3b?
7xaBQx0lyolEcKCECtEdNyFrql9o-

VRgNg8DtNtBKwk6SMkcfAvntzCOc2mbBxHboV rfY GTJo05ithTXrKwlitiDtOfGKdEegBehc6F
TTUygmK64nkWIKWGNBMy70g98Qgc& th  =%2C0%2CP-R

Eugenia Etkina
27. October

Hi all, today | wanted to talk about responding to the students. We often ask a question in a
whole class discussion or when they are reporting on their group work, and a student answers
with one word. If this word is correct, we often validate and move on. But does it always mean
that the student really understands what they said? A good way to make sure is the ask the
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questions: "What do you mean?". This is a simple way to elicit their real understanding. Try
today and you will see how much more you will learn from their response to "What do you
mean?". The next step, even if they provide a good answer is to NOT validate it, but to toss it
back to the class- do you, people, agree? What do you think? Sometimes, when one student
answers a question the others do not listen or do not understand. "Do you agree?" question
and the expectation that somebody else would answer makes everyone focused on what the
first student was saying. Habitually asking the rest of the class to evaluate each other's
answers will become routine for them. Try "What do you mean?" today and report on what
happens! And please do not forget to respond to this post to make it more visible for other
group members. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1284054025747040/? cft  [0]
=AZXgZpMgQmWbFFblabYbngp fLASpe3n--

fyCWeygHSCGcnsP11s98TGKzqge TsWKCWfuvrOBAdakZKy5Pe-
hceOllzqgfUPk8hPh60zBOJggca7cZXkYYliz_ziz2h8eVKNRRT6JmDY JIg6i7kq6kinEjUDJgCb
KyRMOTXmQrA1Jdy441wuhOICRbJgr8wlgglw& tn  =%2C0%2CP-R
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Eugenia Etkina
28. October

Hi all, today | wanted to follow up on David Harrison's response yesterday about assuming
what the students think without asking them to elaborate. A long time ago Charles Henderson
and collaborators did a study comparing how different university physics professors (traditional
and reformed) grade student problem solving work. They found that "traditional" professors
(who teach in a transmission mode) when see the right answer, assume that the student had
the right reasoning and that "reformed" professors (those who subscribe to student-centered
active learning) do not assume but push the students to explain how they did the work. They
found that it is the explanations that are most difficult for the students and the latter approach
is much more effective for learning. Therefore, use all the strategies that were mentioned in
the post and comments on the post yesterday to help your students EXPLAIN why they think
so and HOW they arrived at the answer. Also, our textbook reading interrogation strategy
helps them learn how to interrogate the text, which, in turn, helps them learn to elaborate on
their reasoning process. Lots of research found that it is the explanations and not the answers
that are most important.

Another important strategy is to ask some other student in your class to repeat what the
student who provided the answer said. If you always do it, the students will listen to the those
who speak and try to understand. And, of course, your own careful listening to what a student
says is the first step (see again, David Harrison's comment yesterday).

Please do not forget to comment on this post after you finished reading it.
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1jnoh47B3Fg0IlshBclL.2PVWebnfzgf3jK5SPs7njfFwk3VkvkuHJ-

2PdSrw& tn =%2C0%2CP-R

Eugenia Etkina
29. October

Hi all, as we continue with the questions aimed at eliciting student reasoning, | would like to
focus on specific ISLE-based questions. There are TWO most important ISLE questions: 1)
related to an Observational Experiment and 2) related to Testing Experiments. For 1) the most
important question is: "What did you observe? Please DESCRIBE in simple words that a 5
year old can understand". This is one of the first rules of the ISLE game,

The key here is not to accept the answers that contain scientific terms or the answers that are
explaining not describing. For example, the students observe a drying wet spot. You ask them:
What did you see? And they say: The spot evaporated. This is not an acceptable answer. It
contains a scientific term which is an explanation not something that a student saw, but they
are using it just to mean that the spot dried. What you want them to say is that they observed
the wet spot disappearing slowly/gradually. To elicit this answer you need to ask them what
they meant in simple words that a 5 year old can understand.

Habitually asking your students to DESCRIBE what they observed without first trying to explain
it is very important for them to understand the difference between a description and an
explanation. Research shows that many teachers use these term interchangeably while
scientists never confuse them.

There are several other questions that we recommend always asking when students conduct
observational experiments. They are best seen in our labs that are posted on
https://sites.google.com/site/scientificabilities/ - you need to go to ISLE-based labs and click
on Algebra-based labs or Online labs. The scientific abilities rubrics describe good answers to
those questions. | am attaching a screenshot of a rubric for observational experiments that
shows what we expect students to think about when they conduct those. | will return to 2)
(Testing experiments) tomorrow. Please do not forget to respond to the post when you finish
reading it.
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Scientific Ability Missing Inadeguate eeds improvement Adeguate
1{is able to identify the No phenomenon is [The description of the [The description of the The phenomenon to be investigated
h to be g mentioned. phenomenon to be phenomenon is vague or lis clearly stated.

investigated is confusing or [incomplete.
it is not the phenomena of

interest.
B2Zils able to design a reliable [The experiment does not  [The experiment may not [Some important aspects of the  [The experiment might yield
eriment that i the |i t the [vield any interesting phenomenon will not be linteresting patterns relevant to the
s atlerns, ] A v p 3

|B3ls able to decide what physical  [The physical quantities are(Only some of physical [The physical quantities are The physical quantities are relevant

uantities are to be measured irrelevant. quantities are relevant. relevant. However, independent  fand independent and dependent

nd identfy independent and land dependent variables are not  fvariables are identified,

ependent variables lidentified.

s able to describe how to use |At least one of the chosen |All chosen measurements  [All chosen measurements can be [All chosen measurements can be
available equipment to make measurements cannot be |can be made, but no details  |made, but the details of how itis [made and all details of how itis done

Imeasurements made with the available  |are given about how it is idone are vague or incomplete,  fare clearly provided,
equipment. \done.

BS5|ls able to describe what is Mo description is |A description is incomplete. |A description is complete, but Clearly describes what happens in
observed without trying to mentioned. Mo labeled sketch is present. mixed up with explanations or  [the experiments both verbally and
explain, both in words and by Or, observations are adjusted pattern. The sketch is present but jwith a sketch. Provides other
means of a picture of the to fit expectations. is difficult to understand. representations when necessary
Exgz’ri mental setup. tables and graphs).

s able to identify the Mo attempt is made to [The shortcomings are Not all aspects of the design are  |All major shortcomings of the
shortcomings in an experimental |identify any shorteomings |described vaguely and no dered in terms of experiment are identified and
and suggest improvements of the experimental. suggestions for lshortcomings or improvements. freasonable suggestions for

improvements are made. fimprovement are made.

B7(ls able to identify a pattern in the |No attempt is made to [The pattern described is [The pattern has minor errors or  [The pattern represents the relevant
data search for a pattern irrelevant or inconsistent lomissions. Terms proportional  ftrend in the data. When possible, the

lwith the data lare used without clarity- isthe  |trend is described in words.
proportionality linear, quadratic,
letc.

|B8jis able to represent a pattern No attempt is made to [The mathematical INo analysis of how well the The expression represents the trend

imathematically (if applicable) represent a pattern expression does not |expression agrees with the data i pletely and an analysis of how
mathematically represent the trend. included, or some features of the |well it agrees with the data is
attern are missing, ncluded.

s able to devise an explanation |No attempt is made to |An explanation is vague, not |An explanation contradicts reasonable explanation is made. It

Banr an observed pattern explain the ohserved testable, or contradicts the  |previous knowledge or the s testable and it explains the

pattern, pattern. Ireasoning is flawed. bserved 11,

https://www.facebook.com/groups/320431092109343/posts/1285472395605203/? cft  [0]
=AZUPalnmxo-t oD-6L0B9VHoNOf0SGkB1v6Upe40iyqi8dq1Wuuj2 4UydkOHdIKOVH-
Zi3YRZholn6FNzEYgBy3fXhCZSzP9Gbcw50ameU0Yd8Gn sh84iyEXHTv8UdUu2AJjz5K8J
OuU-

alhlerBphdatXMKv1XQ KzYhFzbUDJMvIi5VDevUHVICKRx3eNPY& tn  =%2C0%2CP-R

Eugenia Etkina
1. November

Hi all, Yuehai Yang asked an excellent question today, and | wrote my answer. | want to
remind you all that we have a whole set of scientific abilities rubrics that will help students not
only develop scientific abilities while learning in your course but also do independent research.
The question that we have in our labs (also posted on the same website, see Algebra-based
labs) will help the students while they are working on experiments. But the same questions
can be asked during class discussions! David Brookes and Yuhfen Lin use the rubrics to score
exam questions. Please do not forget about this rich resource that we have!
https://sites.google.com/site/scientificabilities/ Make sure you read the introduction first and
then proceed to the rubrics. And please do not forget to respond to this post after you finish
reading it!

https://www.facebook.com/groups/320431092109343/posts/1287855558700220/? cft  [0]
=AZVsdhX18rvLbEdTJMQ4got05¢clOWNVmMJEqQBNWRPMxdISQIECbFn U1 7ffYj5prG7gt2tiz
fbowc1-bl4WovrRR5uS6pAValO8JLoaoMTrva9y9RGpb4sSlkeRYS bnDuEJ45kMKhoS-
3IEOD3cEuCveYfKiO1vb-

{3fduPNOjKVDT5Pa45SDSOYWOdcX9QgK8& tn  =%2C0%2CP-R
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Eugenia Etkina
2. November

Hi all, | want to remind you that all videos that we made for the textbook and the ALG are freely
available on Pearson website. You do not need Mastering Physics to access them. See
https://media.pearsoncmg.com/aw/aw_etkina_cp_2/videos/.

The videos have several goals: 1) to save your time putting the equipment together in class;
2) to give you ideas of what experiments you can assemble or what equipment to buy or to
build in advance for the students to be able to do experiments themselves; 3) to assign those
for homework - so that the students can watch videos for observational experiments, for
example, and ponder the explanations on their own first before they come to class and discuss
them with peers.

There are many more videos of experiments in the OALG files that are posted here. |
recommend checking the videos for the chapter that you plan to teach next month in advance
to decide what you will let the students watch in class, what - at home, and what experiments
they will do themselves. Note that some experiments are ingenious in their design (due to the
creativity of Gorazd Planinsic) and require a lot of discussions with the students. An example
is Testing experiment 4.3 (does the maximum friction force depend on mass). The link is at
https://mediaplayer.pearsoncmg.com/.../secs-egv2e-does... - check it out and keep checking
the videos before you plan your lessons!

© G.PlaninSiCRESITKifn (2019)
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https://www.facebook.com/groups/320431092109343/posts/1288224251996684/? cft [0]
=AZVc8QMuPbsw0imBk6Vxc2fadl6gf4lvmCdHFP-joD20oPiULTUEpqU8-
XMbDTu02dsjWORclJfd3Jinnvk-F-
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Eugenia Etkina
3. November

Hi all, | want to share an email that came to me today from Sweden from a professor who was
interested in the differences between IBSE and ISLE. IBSE is a popular curriculum approach
in Europe, stands for inquiry based science education. There is lots online about it. As we
have many European members in this group, | thought | would share what | wrote back.
"Concerning the IBSE and ISLE there is a big difference. IBSE follows the flow of predict-
observe -explain which contradicts the ISLE philosophy. We do not ask students to make
predictions using their intuition before they observe something. We ask them to observe, find
patterns and then come up with the explanations. To test the explanations, they need to design
new experiments and only then they make predictions of their outcomes using the
explanations under test, NOT their intuition as the IBSE does. We do not make students feel
bad about their intuitions, we help them learn to make predictions based on the ideas that they
are testing, not their personal intuition. There are many other differences too, but they are less
important than this major one (we have clearly articulated intentionalities and the difference |
described before addresses both - we mirror scientific practice and help students feel good
about learning physics)."

| posted before about the differences between the POE approach (or elicit-confront-resolve as
known in PER) approach and the ISLE approach. But we have lots of new members and |
thought | would explain once again why we do not ask for predictions before observational
experiments.

WAIT A MINUTE! Why don't | ask you why we don't do it. Please, can you explain for the rest
of the group why in the ISLE approach we NEVER ask students to make predictions before
observational experiments and ALWAY'S ask to make predictions before testing experiments.
Please do! Thank youl!
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W 019)

https://www.facebook.com/groups/320431092109343/posts/1289156808570095/? cft [0]
=AZUZDJ4vSAt6vnwOxhZvLUjJKfo5YYITk6Xgow2M77p9nghlkirspgc22BKzgKFKkRNO2M P
J4eXKfk2d3gP30TvGMRCZ-s0k3AASW?2q-H8UyOKQvdZROTEs-

fNVKo3R 6TvebQXhNPj4sedM2MKw36eBPne5aVZTloDti7uEa4wTu8NES5ynMZNke9VTzc
UDANwQ& tn_ =%2C0%2CP-R

Eugenia Etkina
4. November

Hi all, thank you for responding to my post yesterday! It was so wonderful to see your deep
understanding of the reasons why we do not ask for predictions before observational
experiments. Building on our yesterday's conversation | would like to say a few words about
observational experiments in general. How do we choose them?

Observational experiments can be qualitative or quantitative but most importantly, they need
to be plain simple. Truly simple, so that the pattern can be easily seen and every student can
be successful identifying the pattern. Second, they need to be familiar (if possible) to the
students, to remind them of something that they did or observed. No tricks, no surprises. Our
role as teachers is to focus the attention of the students on the patterns that are relevant and
the ones we want them to notice.

Most of observational experiments in our textbook and the ALG are based on historical
experiments (with lots of modifications, of course). Thus, if you wish to design your own, the
first step is to study the history of the phenomenon or a concept and see how scientists went
about figuring it out. How did they start? The very first observations experiment that leads to
the construction of dot and them motion diagrams is based on Galileo's writings. The
observational experiment for magnetic fields is based on Oersted's accidental observation,
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observational experiments for photoelectric effect are the repeat of the experiments done by
Wilhelm Hallwachs, and so forth. Not any experiment can be an observational experiment. We
want the students to be successful identifying patterns and feeling that physics is something
that they can do!

https://mediaplayer.pearsoncmg.com/.../secs-egv2e...

Zinc plate

i

Electroscope ——

https://www.facebook.com/groups/320431092109343/posts/1289675138518262/? cft  [0]
=AZXsytrugwrDkkKQEQkgfTK7t50 €8A9Bw B6wVxhtexrObCkYy04KnCROJO j8Pc8apTfA
8H0a kk8r 100bsg2Peku sOFutPbY7SRUWkgZTviC7yDs8tm MO07d5hNknfiAQdygyl6Yz
wwcPgWMFyYR-pmhKiTrtzlYi9m p7KeZ4L9g9vRemGp7aTWer1KE-

E& tn  =%2C0%2CP-R

Eugenia Etkina
5. November

The post has two parts - read to the end please!
Let's welcome our new members:

Fred Wafula,

Andria Schwortz,

Steven Henning,

Susan Rolke,

Fig Newton,

Sean Linden,

Blake Laing,

Paul Holder,
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Louise Taylor,

Tiffany Estes Dickson,

Jonathan Bowen,

Rj Predny

Please read two posts pinned to the top of the community page, visit islephysics.net to learn
more about the ISLE approach - the foundation fo this group and check out archived posts at
https://drive.google.com/.../10gn...

You will benefit form the group if you check the posts every day - as they come every day. Do
not forget to respond - like or comment. This will bring new posts to your feed and make them
more visible for other group members. Welcome again!

Some of those new members attended today my talk about the ISLE approach at the AAPT
New England Section meeting. After the talk one of the participants asked a question:
"Eugenia, in your podcast on physics alive (here is the link http://physicsalive.com/ISLE/) you
said that 9th graders are better responding to the ISLE approach than seniors in high school
Why do you think that?" | am not going to write here what | said when | was answering the
question and | wonder if you would have the same question or you can answer the question
posed by that person. Any volunteers?

PHYSICSALIVE.COM
044 - Investigative Science Learning
Environment - Physics Alive!

The Physics Alive Podcast Episode #44 The
Investigative Science Learning Environment with
Eugenia Etkina Or download the episode from...

https://www.facebook.com/groups/320431092109343/posts/1290674868418289/? cft [0]

=AZWDuSZII2Hye91HPhGrPZ-

v162n275AadcPukwWE vUGogG5HEvVZa12C0Qpfog6ajjopTvKhlc71bvrRR85iYD11jM1_25

qz8yEy-EJygnlsunpvzZRGVOgpp-wS-

JKZ45YnYhEQIVKBEMZEIiqRVLrA8idtKhUkPk1uux40 peimcDDUcOMZjyc5zYscyPOKJwQ&
tn_ =%2C0%2CP-R

Eugenia Etkina
6. November

Hi all, | promised to Juan Regalon yesterday to explain how my answer to the questions: "Why
did you say that 9th graders are better with ISLE than seniors" is similar but slightly different
from his. To follow this post, please read my yesterday's post and our exchange with Juan.
Other people responded too (Dedra Demaree, Tom Prewitt) and, while | agree with every word
they said, there was a common theme in all responses. The responses focused on the
students. What is "not right" (sorry for the language, | want to make a point here) with the
students that they are not excited about exploring the physics and figuring it out by themselves
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when they are older. And while this is true, as students are the learners, | would like you to
think why the students in 9th grade are more receptive to our methods than seniors.

The problem is not in the students. It is in the system. It is the educational system that
transforms eager, shining eyes children who are looking forward to learning and who learn
every day lots of stuff by themselves with those shining eyes and incredible persistence into
the students are only interested in the right answer and the grade (again, exaggeration to
make a point) with glassy eyes. Year after year we collectively, as an educational system (the
country does not matter, it is all the same over the world) beat out of our students the
excitement, curiosity, creativity, and perseverance with which they come to the first grade and
which they all have outside of school. So, it is not the students, it is us. The longer they spend
with us, the harder it is for them to keep alive the inner excited learner that they all have. We
do not need to change the students, we need to change the environment.

We need to replace the schooling environment with a learning environment. This is what the
ISLE approach is about. And it is our responsibility to change it. Think about the ramps for
wheelchairs that every building in the US is supposed to have. It is the change in the
environment so that anyone can enter the building (same for sidewalk ramps, bumps to make
them visible for blind people, etc.). These are all the result of the Universal Design approach
which says that we need to change the environment to make all people able to do X, Y, and Z
and not the people to fit the environment. We need to think about learning using this framework
- changing the environment, not the students if we wish to see learners in our classes. And
then, 12th graders will be as excited about figuring things out on their own as 9th graders.
Again, | want to add, that | agree with all people who responded to my post yesterday, but |
wanted to shift the attention from the students to us - the educators, the professionals. We are
responsible.

https://www.facebook.com/groups/320431092109343/posts/1291247245027718/? cft [0]
=AZW-HJI-BIGFGHrhWMmmO0Jmk6w4ydwCTAV7ijSR3d-
AddYG4egtPGimy3gGcTEFN3yOSpTKUM-3yWiKYGU9dilyaolr06mtNitJ7FofOz8-

L jmmSvnisf8bS6r396mXaG20Q9nvd88hY X0ir3FIG-iJONEzH-Mot-
ORDc5uQ8fWLpTWJIWXzJ6rXLVscRVuhScg& tnh =%2C0%2CP-R

Eugenia Etkina
7. November

Hi all, first, thank you so much those who responded to my questions the day before yesterday
and commented yesterday. And thank you all those who post their ideas and questions!
Today | want to attract your attention to an activity in the OALG Chapter 4:

OALG 4.4.5 TEST YOUR IDEAS

The video https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-4-4-5 shows the following
experiment:

The object on the left has a mass of 112 g and the object on the right, 101 g. The experimenter
holds the right object on a table; the left one is about 1 meter above the table. Use your
knowledge of Newton’s laws and kinematics to predict how far the object on the left will move
in the first second after letting go of the object on the table. After you have made that
prediction, watch the video and use the frame count to determine the time. The video is
recorded at 30 frames per second. Did the outcome match that prediction? Consider the
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assumptions that you made about the motion of the objects, the pulley, and the uncertainties
in the data.

Here you have a traditional problem turned into a testing experiment. The students make a
prediction and compare it to the outcome of the experiment. We can call it also an application
experiment if the students already tested Newton's second law. This activity allows a full
exploration of experimental uncertainties and assumptions. See the rubrics for those on the
scientific abilities website. It can also be done by the students with real equipment.

10cm 20

https://www.facebook.com/groups/320431092109343/posts/1291919021627207/? cft  [0]
=AZUHaeTR40HISGEMBzLnSphizVxg4 RtYtnac3tpOwYgtPxPHACFh4rdgh6 eWpAbtuEXa
4FpEXw9xDeB9ly8NdACDHIcNH pkBccVX5QYFWxXEBApF9g8FwWM7Y253i9b9AB6AXG6B
4Xs0-J-

uxHj8a3Lg91GSnUUpanbTsXHOaz1G4QzD1229yFB6Qwd9nPvczk& th  =%2C0%2CP-
R
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https://www.facebook.com/groups/320431092109343/posts/1291919021627207/?__cft__%5B0%5D=AZUHaeTR40Hl8GEMBzLnSphizVxq4_RtYtnac3tp9wYgtPxPHACFh4rdgh6_eWpAbtuEXa4FpEXw9xDeB9Iy8NdACDHIcNH_pkBccVX5QYFWxEBApF9g8FwM7Y253i9b9AB6AxG6B4Xso-J-uxHj8a3Lg9IGSnUUpanbTsXHOaz1G4QzD1229yFB6Qwd9nPvczk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1291919021627207/?__cft__%5B0%5D=AZUHaeTR40Hl8GEMBzLnSphizVxq4_RtYtnac3tp9wYgtPxPHACFh4rdgh6_eWpAbtuEXa4FpEXw9xDeB9Iy8NdACDHIcNH_pkBccVX5QYFWxEBApF9g8FwM7Y253i9b9AB6AxG6B4Xso-J-uxHj8a3Lg9IGSnUUpanbTsXHOaz1G4QzD1229yFB6Qwd9nPvczk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1291919021627207/?__cft__%5B0%5D=AZUHaeTR40Hl8GEMBzLnSphizVxq4_RtYtnac3tp9wYgtPxPHACFh4rdgh6_eWpAbtuEXa4FpEXw9xDeB9Iy8NdACDHIcNH_pkBccVX5QYFWxEBApF9g8FwM7Y253i9b9AB6AxG6B4Xso-J-uxHj8a3Lg9IGSnUUpanbTsXHOaz1G4QzD1229yFB6Qwd9nPvczk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1291919021627207/?__cft__%5B0%5D=AZUHaeTR40Hl8GEMBzLnSphizVxq4_RtYtnac3tp9wYgtPxPHACFh4rdgh6_eWpAbtuEXa4FpEXw9xDeB9Iy8NdACDHIcNH_pkBccVX5QYFWxEBApF9g8FwM7Y253i9b9AB6AxG6B4Xso-J-uxHj8a3Lg9IGSnUUpanbTsXHOaz1G4QzD1229yFB6Qwd9nPvczk&__tn__=%2CO%2CP-R

Eugenia Etkina
9. November

Hi all, we have been talking about observational experiments and testing experiments a lot.
However, there is the third type of experiments in the ISLE approach - application experiments.
Many of them involve students determining a value of some quantity using two independent
methods and comparing the results. The rubrics for those experiments are on the scientific
abilities website. My favorite application experiment is determining coefficient of static friction
between your shoe and the floor tile. Why is it my favorite? Because it is related to students'
lives directly, and because nobody knows the "right answer". Here is the same activity in the
OALG and in the ALG (without the video, of course). | am pasting the texts of both. The beauty
of this activity is that it helps students see the importance of uncertainties (Rubric G) and
assumptions. If you have not tried yet, please do! If you did - share the results! Thank you!
OALG 4.4.9 DESIGN AN EXPERIMENT

Watch the videos to determine the coefficient of static friction between the shoe and the board
https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-4-4-9.

a. Take your measurements, devise a mathematical procedure to determine the coefficient of
static friction, record your results, and estimate the uncertainty in your determined value of ms
for each method.

b. Compare the outcome of the two methods. Do your two measurements agree within
expected uncertainties? Explain. Discuss what assumptions you made to implement each
mathematical method and how these assumptions might impact the results you found.

ALG Activity:

4.4.15 DESIGN AN EXPERIMENT

PIVOTAL Lab: Equipment per group: whiteboard and markers, spring scale [alternative: force
probe and computer], rigid floor tile [alternative: any rigid wooden board or plank], meter stick.
Your group is tasked by a floor tile company to determine the coefficient of static friction
between your shoe and their floor tile in two different ways. You have the following equipment:
a shoe, a spring scale or force probe, a floor tile, and a meter stick.

a. Devise the first method using the spring scale or force probe as your only measuring
instrument. Include a sketch of your proposed method, a force diagram, and a detailed
mathematical description that can be used to get a quantitative answer to the problem. Take
your measurements, record your results and estimate the uncertainty in your measured value
of ms.

b. Devise a second method using the meter stick as your only measuring instrument. Include
a sketch of your proposed method, a force diagram, and a detailed mathematical description
that can be used to get a quantitative answer to the problem. Take your measurements, record
your results and estimate the uncertainty in your measured value of ms.

c. Compare the outcome of the two methods. Do your two measurements agree within
expected uncertainties? Explain. Discuss what assumptions you made to implement each
mathematical method and how these assumptions might impact the results you found.
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https://www.facebook.com/groups/320431092109343/posts/1293185618167214/? cft _[0]
=AZVZia9GgP-BKzduaSGTc2wfBWOfgsi-

JO0et4dEQwcW1qjiUGEn8S104M9U2by3 Wn1fKjlgdzr-
H2FVzwusdA0V12SjO1vWSVvRpkQob6PIMXu3zQRIif5OKSO3EdBNN2GhpslJaCsjkaObCF
SXTo8Ee6BSL3RIRHqUJivdxJ8VX WPVHTaXcufPKkBXESbbwFHCVA& tnh  =%2C0%2C
P-R

Eugenia Etkina
10. NOvember

Hi all, two things today: the welcome message for our new members and our continuing work
on Chapter 4 - Applications of Newton's laws.
Welcome to our new members:

Odedeji Idowu Titus,

Michelle Owen Girage,

Lana Ivanjek,

Aungadh Tiwari,

Lisa Marie,

John Robbins,

Anita Borsody Lotti,

Kaitlyn Diver,

Patrick Makowski,

Omer Peretz,

Adam Ulen,

Martin Sandino,
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https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293185618167214/?__cft__%5B0%5D=AZVZia9GqP-BKzduaSGTc2wfBWOfqsi-J0et4EQwcW1qjiUGEn8S104M9U2by3_Wn1fKjIqdzr-H2FVzwusdA0V12SjO1vWSvRpkQob6P9MXu3zQRif5OKSO3EdBNN2GhpsIJaCsjkaObCFSXTo8Ee6BSL3RlRHqUJivdxJ8VX_WPVHTaXcufPkBXE5bbwFHCvA&__tn__=%2CO%2CP-R

Louise Sutton

To benefit from the group and participate in its work, please see two messages pinned to the
top of the community page and visit islephysics.net to learn about the ISLE approach, which
is the foundational philosophy of this group and all the resources that we provide (this group
is not about individual activities but about learning physics through a specific philosophical
lens). Check out the FILES here - lots of materials have been posted. Make sure you check
the posts every day and either like them or respond. This makes new posts visible for you and
the current post more visible to other group members.

I continue with applications of Newton's laws. We talked about the importance of teaching
students to linearize data. It is one of the methods used by physicists and it is also used on
AP exams. Here is an example from Chapter 4 Active Learning Guide that will help your
students practice this skill. Those who used the activity, please comment!
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4.6.4 Linearize

Class: Equipment per group: none.

We use a string attached to a spring scale to pull a wooden block. The mass of the block is
unknown and it does not change during the experiment. We push down on the block with a
spring that exerts a series of downward forces F} . Onit. For each of these downward forces,
we use the pulling string and spring scale to determine the magnitude of the maximum force
F, ., that we can exert on the block in the horizontal direction before the block starts sliding.

The downward pushing spring is on wheels to prevent it from exerting horizontal forces on the
block.

%_ ﬁ;’oul!

A

Using the measurements in the table, determine the coefficient of static friction between the
block and the table, and the mass of the block.

F; on B (N) F:z on B (N)
0.0 1.2
1.0 1.8
2.0 22
3.0 2.6 -
g

https://www.facebook.com/groups/320431092109343/posts/1293908934761549/? cft [0]
=AZUXcyxTE4VuVMV7 NuzqgXMA2GjGDkA nN-IWCc50P-

NeCGlaJKOSEh YhCckgslaKYaOa5N8wxYywVsuRt72j80b28Xo5QUv3fe-
NWCccSuCaeSabxZ1Eo8HOInbsvgABIMgw4KgaGecKbOIA50sJPMOwy3EtKOUvVTx2hJttArs
YgGJ4FZhjsWtugprG1abm6ec& th  =%2C0%2CP-R

Eugenia Etkina
11. November
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https://www.facebook.com/groups/320431092109343/posts/1293908934761549/?__cft__%5B0%5D=AZUXcyxTE4VuVMV7_NuzqqXMA2GjGDkA_nN-IWCc50P-NeCGlaJK0SEh_YhCckgsIaKYaOa5N8wxYywVsuRt72j8Ob28Xo5QUv3fe-NWCccSuCaeSa6xZ1Eo8HOlnbsvgAB9Mgw4KgaGcKbOIA5osJPm0wy3EtKOUvTx2hJttArsYgGJ4FZhjsWtugprG1a5m6c&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293908934761549/?__cft__%5B0%5D=AZUXcyxTE4VuVMV7_NuzqqXMA2GjGDkA_nN-IWCc50P-NeCGlaJK0SEh_YhCckgsIaKYaOa5N8wxYywVsuRt72j8Ob28Xo5QUv3fe-NWCccSuCaeSa6xZ1Eo8HOlnbsvgAB9Mgw4KgaGcKbOIA5osJPm0wy3EtKOUvTx2hJttArsYgGJ4FZhjsWtugprG1a5m6c&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293908934761549/?__cft__%5B0%5D=AZUXcyxTE4VuVMV7_NuzqqXMA2GjGDkA_nN-IWCc50P-NeCGlaJK0SEh_YhCckgsIaKYaOa5N8wxYywVsuRt72j8Ob28Xo5QUv3fe-NWCccSuCaeSa6xZ1Eo8HOlnbsvgAB9Mgw4KgaGcKbOIA5osJPm0wy3EtKOUvTx2hJttArsYgGJ4FZhjsWtugprG1a5m6c&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293908934761549/?__cft__%5B0%5D=AZUXcyxTE4VuVMV7_NuzqqXMA2GjGDkA_nN-IWCc50P-NeCGlaJK0SEh_YhCckgsIaKYaOa5N8wxYywVsuRt72j8Ob28Xo5QUv3fe-NWCccSuCaeSa6xZ1Eo8HOlnbsvgAB9Mgw4KgaGcKbOIA5osJPm0wy3EtKOUvTx2hJttArsYgGJ4FZhjsWtugprG1a5m6c&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1293908934761549/?__cft__%5B0%5D=AZUXcyxTE4VuVMV7_NuzqqXMA2GjGDkA_nN-IWCc50P-NeCGlaJK0SEh_YhCckgsIaKYaOa5N8wxYywVsuRt72j8Ob28Xo5QUv3fe-NWCccSuCaeSa6xZ1Eo8HOlnbsvgAB9Mgw4KgaGcKbOIA5osJPm0wy3EtKOUvTx2hJttArsYgGJ4FZhjsWtugprG1a5m6c&__tn__=%2CO%2CP-R

Hi all, somehow | saw this video on Facebook and realized that you can use it in multiple units
- kinematics, forces, linear momentum, torques, rotational momentum, and maybe something
else that | did not figure out yet. It is an example of a phenomenon that is very complex but if
you break it up and analyze using different systems, at the end the students will be able to
explain every step. For dynamics you can start by analyzing take off and going into the water.
Do not worry about rotation, just the interaction of the diver with the board and the water. You
can also choose the front part of the board as a system and analyze forces exerted on it too.
Fascinating video!!l!

https://lwww.facebook.com/reel/634187481530304/?s=single_unit

Sam Fricker

' ~fin Remix) Zyrex - Love |

https://www.facebook.com/groups/320431092109343/posts/1294402814712161/? cft  [0]
=AZW7QCPj OoZafLfa8vI7xhdc5LGb-ODzWp0eTh4LYzb0OYPT2TpZzjBTV9Bb-
sNwSwtBKKRfIFVR5uY-SzRq8GSgE3R Cth8muyZV2jn1bHKgM2Pk-
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https://www.facebook.com/groups/320431092109343/posts/1294402814712161/?__cft__%5B0%5D=AZW7QCPj_OoZafLfa8vI7xhdc5LGb-ODzWp0eTh4LYzb0YPT2TpZzjBTV9Bb-sNwSwtBKKRf9FvR5uY-SzRq8GSgE3R_Cth8muyZV2jn1bHKqM2Pk-HKt3jbwJzl2zAiMBNTeDBTWF-GTRd7zYu2CJakZetaJY9wluC4GRexOAoDyacEnYqt2gBbqL1BcdnWWw-WimGcHycOT0c1MDqeF01s&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1294402814712161/?__cft__%5B0%5D=AZW7QCPj_OoZafLfa8vI7xhdc5LGb-ODzWp0eTh4LYzb0YPT2TpZzjBTV9Bb-sNwSwtBKKRf9FvR5uY-SzRq8GSgE3R_Cth8muyZV2jn1bHKqM2Pk-HKt3jbwJzl2zAiMBNTeDBTWF-GTRd7zYu2CJakZetaJY9wluC4GRexOAoDyacEnYqt2gBbqL1BcdnWWw-WimGcHycOT0c1MDqeF01s&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1294402814712161/?__cft__%5B0%5D=AZW7QCPj_OoZafLfa8vI7xhdc5LGb-ODzWp0eTh4LYzb0YPT2TpZzjBTV9Bb-sNwSwtBKKRf9FvR5uY-SzRq8GSgE3R_Cth8muyZV2jn1bHKqM2Pk-HKt3jbwJzl2zAiMBNTeDBTWF-GTRd7zYu2CJakZetaJY9wluC4GRexOAoDyacEnYqt2gBbqL1BcdnWWw-WimGcHycOT0c1MDqeF01s&__tn__=%2CO%2CP-R

HKt3jbwJzI2zZAiIMBNTeDBTWE-
GTRd7zYu2CJakZetaJY9wluC4GRexOAoDyacEnYqgt2gBbglL 1BcdnWWw-
WimGcHycOT0c1MDqeF01s& tn =%2C0%2CP-R

Eugenia Etkina
12. November

Question: Can you please share where you are in the sequence of topics with your students?
We have our next meeting on circular motion in 2 weeks, so | was wondering if anyone started
circular motion already. | will begin commenting on it. If you are still doing Newton's laws in 2
dimensions, | will not rush. Please hare here and | will adjust the content of the posts
accordingly. | assume that people who are teaching in colleges/universities are moving faster.
Please comment! As this post does not have an attached photo, it will be automatically seen
by fewer people, thus it is REALLY important that those who view the post - respond. Please
do, and thank you.

https://www.facebook.com/groups/320431092109343/posts/1295104437975332/? cft  [0]
=AZW dkH0jS30Gthf6NnSvkUf0cqYzg2HyQKHF a86E 8blFR82wz18SVtkOUDOVFRguMy
tWS27TUKaY 3kJHZJWiXtcU82BWWWINQPFt3JYyiuKz9BHt9 F3HOrwt4DrnrMOgTAgxKK
sfV8jx2HGL6sKrYakeRBp6guuVG KEFNO0jo5JY6VenorQM1DPyXRRa1Z4& tn =%2CO
%2CP-R

Eugenia Etkina
13. November

Hi all, thank you for answering my question about where you are in curriculum now. | see that
although many people are moving in sync with our meetings, some will be starting circular
motion on Monday. Therefore | am want to slowly ease into circular motion (Chapter 5 in the
textbook) before we actually do the meeting. So, if you signed up for the meeting, try to read
my posts starting today.

As always, when we start a new topic, we need to create the "need to know" - the motivation
that will sustain student interest as they are learning new ideas. | am reminding you that the
need to know activity does not involve students' predictions or explanations. It is a question,
an experiment, a video that is "cool" and puzzling. The students watch the experiment or a
video and you say: "Is't it interesting? Or cool? Or surprising? We are not going to explain our
observations today but | promise you that at the end of the unit you will be able to do it
yourselves". there are a few "cool" videos for the need to know in circular motion. One of them
was posted. H a few days ago by Sheehan H Ahmed. Here is the link:
https://arstechnica.com/.../nascar-driver-stuns.../... Another one is the video that | have been
using in the past 5 years:

https://www.youtube.com/watch?v=dSDb9oKMCRc&t=19s

You can use any of those.

To start explaining the experiments in those videos, students first need to construct an idea of
radial component of the net force exerted on an object moving in a circle. As we start with a
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https://www.facebook.com/groups/320431092109343/posts/1294402814712161/?__cft__%5B0%5D=AZW7QCPj_OoZafLfa8vI7xhdc5LGb-ODzWp0eTh4LYzb0YPT2TpZzjBTV9Bb-sNwSwtBKKRf9FvR5uY-SzRq8GSgE3R_Cth8muyZV2jn1bHKqM2Pk-HKt3jbwJzl2zAiMBNTeDBTWF-GTRd7zYu2CJakZetaJY9wluC4GRexOAoDyacEnYqt2gBbqL1BcdnWWw-WimGcHycOT0c1MDqeF01s&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1295104437975332/?__cft__%5B0%5D=AZW_dkH0jS3oGthf6NnSvkUf0cqYzg2HyQKHF_a86E_8blFR82wz18SVtk0UDOVFRguMytWS27TUKaY3kJHZJWtXtcU82BwWWdNQPFt3JYyiuKz9BHt9_F3H0rwt4DrnrMOgTAgxKKsfV8jx2HGL6sKrYakeRBp6guuVG_kEFN0jo5JY6VenorQM1DPyXRRa1Z4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1295104437975332/?__cft__%5B0%5D=AZW_dkH0jS3oGthf6NnSvkUf0cqYzg2HyQKHF_a86E_8blFR82wz18SVtk0UDOVFRguMytWS27TUKaY3kJHZJWtXtcU82BwWWdNQPFt3JYyiuKz9BHt9_F3H0rwt4DrnrMOgTAgxKKsfV8jx2HGL6sKrYakeRBp6guuVG_kEFN0jo5JY6VenorQM1DPyXRRa1Z4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1295104437975332/?__cft__%5B0%5D=AZW_dkH0jS3oGthf6NnSvkUf0cqYzg2HyQKHF_a86E_8blFR82wz18SVtk0UDOVFRguMytWS27TUKaY3kJHZJWtXtcU82BwWWdNQPFt3JYyiuKz9BHt9_F3H0rwt4DrnrMOgTAgxKKsfV8jx2HGL6sKrYakeRBp6guuVG_kEFN0jo5JY6VenorQM1DPyXRRa1Z4&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1295104437975332/?__cft__%5B0%5D=AZW_dkH0jS3oGthf6NnSvkUf0cqYzg2HyQKHF_a86E_8blFR82wz18SVtk0UDOVFRguMytWS27TUKaY3kJHZJWtXtcU82BwWWdNQPFt3JYyiuKz9BHt9_F3H0rwt4DrnrMOgTAgxKKsfV8jx2HGL6sKrYakeRBp6guuVG_kEFN0jo5JY6VenorQM1DPyXRRa1Z4&__tn__=%2CO%2CP-R
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simple case of constant speed circular motion, the sum of the forces exerted on an object
should be in the radial direction. The students construct this idea through the ISLE process by
first doing observational experiments, analyzing them finding patterns and then testing them
in new experiments. The sequence is presented in the textbook, ALG and OALG (posted here
in the FILES). The key here is to identify the system for analysis and then draw a force diagram
for it. If you have bowling balls and mallets, it is best to let students do the first two experiments
themselves. For the first one, ask them to figure out how to use the mallet and the moving
bowling ball to make the ball move in a circle. Try it yourself and you will see that it is not easy.
The video will help! The students should find that in all experiments the sum of the forces
exerted on the system is pointed towards the center. They test this idea with the ring
experiment. Then next step is find out WHY the sum of the forces needs to be towards the
center. Stay tuned and check my post tomorrow.

B Ulse e paticrn you fisnd in Activity 5.2 fiot your intuificn) to predict what will hepeen i the ball if, afier the

5.1 Qualgutive dynemics of circular mation
ball rolis for o couple of tums, the persan nmioves o quarter of the ring s shown isthe  Luter when o is opon

fjure. Fustify your precictiom i wonds s widh 2 force diagrarn befons you wtch the
QALG 5,11 Observe and find a pathern wideo of the mperiment. I
Waseh the vidcos of the following iments: bxps: pearmoney oo incty P ruciac ) 1e
(CALGE. 1.1, For ach experiment, 01 in the blanks i the table that fullows. Asseme thut the fricticnal farces ‘%*mewﬂ“mmm??,hw”z \_ /
exertedd on all e cbyects are negligihle and that the ohjects move a1 comstn spesd. e OV S i - U St 5 K

eutenie suppern, peove, or disprove the ides you're ferting!!

Experiment: the List shjects that Draw & foroe List forees or Indicate (e direction of
elrcling ohiect bs I | isteract with the diagram for the force e sum o the Forees
bold.

direling objces, clreling ohject. enmpanen. exerted an the object.
that add e

e,

& Tapping &
howling ball, Sa it
muves im a chrele
an the Aoor

g &
bucket in o
orizontal cincle.
& Pulling a rope:
attacked 10 a moving

rollerblader so e
mioves in a circle.

OALE S 1.2 Find 3 pattarn
Review your analysis recorded in the table for Activity 5 1.1, Based nn your abservatiors ard on the analysis. fisd o
patiern fior the disection of the s of the foroes exeied o i i at constant speed i cicle inall
hroe expermments. Sammmares your paiiorn fn wionds and compars to the paier identified in Observational
Experiment Table 3.1 on page 1 14 the testhooic

OALG 513 Test vour explanation 4G 5,14}
- E S e B yB-EYTVER- k514

For g P r in Activity 5,03 i
s dict i Fih T et okl e oot Top vicw

e firsish piet b af this ietiviry. /\

& Insicke n metal ring, & person rolls o grall ball or a e o6 o smooth hortzoces) sarfice, l‘ |
The i ino of the hall consistent wit P
formulated in Adivity 5.1.27 Explain.

https://www.facebook.com/groups/320431092109343/posts/1295966984555744/? cft  [0]
=AZVB7iB1svZqy x3H3-Fz LWTSdXhvVGJSIlubgPSI49xInd 8XcoOm paMq tWfV4xg-
8tpwGh4KqcOn8w_ CeaMJolWS1kwloinpQre9f3aMiDgTqgGiXdN55FEGIi19NitiHzPux5npMO0z
rF2AUF9cU-

TcEPaKO9V3fO7Wok1yNYULNHiIMJUAe4fyMzBkZZTPn3E& tn  =%2C0%2CP-R

Eugenia Etkina
14. November

Hi all, yesterday | started posting the sequence of activities and reasoning for circular motion.

I am doing it for all of you, of course, and for those who are starting circular motion before we
have our meeting in 2 weeks. However, if | am posting these things, | do not plan to repeat
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them during the meeting. How do | make sure that all 24 people who signed up for the meeting
are reading these posts? 10 people liked my post yesterday and over 300 saw it. | wonder if
those who are planning to go to the meeting saw the post yesterday. Please respond here. |
will run the meeting on the 26 with the assumption that you followed the posts during these
two weeks. Please respond. In the mean time | will continue.

Once the students figured out that for an object to move in a circle at constant speed the sum
fo the forces exerted on it should point towards the center. Why is that? To answer this
question the students need to examine the motion of an object, especially its velocity. How
can the students "see" the velocity? Take a meter stick and hold it in your hand so it points in
the direction of your motion. Walk around the circle at constant speed (I usually use
rollerblades in this experiment) and ask the students to observe what is happening to the meter
stick. They will see that at every location it points tangent to the circle. Let them draw the
direction fo the meter stick. After that ask whether the object moving at constant speed in a
circle is accelerating. They should say YES as the direction of the velocity is constantly
changing.

How do we determine the direction of the acceleration? Here we use the motion diagram
approach but slightly differently. When we are interested in the direction of a delta v arrow at
a point, we need to examine the velocity vectors right before and right after that point (see the
attached screenshot). The next step is to use the technique in the figure below to determine
the direction of the acceleration at each point of the circle trajectory. Stay tuned. And please
do not forget to respond to the post once you finish reading it, and those who signed up for
the meeting, please respond too! Thank you!

Consider the motion of the car shown in Figure 5.1 as it travels al constant speed around FIGURE 5.1 Since the direction of the velocity
a circular track. The instantaneous velocity of the car is tangent to the circle at every is changing, the car is accelerating.

point. Recall from Chapter 2 that an object has acceleration if its velocity changes—in
magnitude, in direction, or in both. Even though the car is moving at constant speed, it
is accelerating because the direction of its velocity changes from moment to moment.

To estimate the direction of acceleration of any object (including that of the car)
while passing a particular point on its path (see Physics Tool Box 5.1), we use the
velocity change method. Consider a short time interval At = f; — f; during which
the car passes that point. The velocity arrows v; and v represent the initial and final
velocities of the car, a little before and a little after the point (note that the velocity
arrows are tangent to the curve in the direction of motion; this is Step 1 in the Tool
Box). The velocity change vector is AV = ¥, — ¥, You can think of AV as the vector
that you need to add to the initial velocity 7, in order to get the final velocity V', that is,
Vi + AV = V. Rearranging this, we get AV = V; — ¥, (the change in velocity).

To estimate AV, place the ¥; and V; arrows tail to tail (Step 2 in the Tool Box) with-
out changing their magnitudes or directions. AV starts at the head of ¥ and ends at the
head of ¥ The car’s acceleration & is in the direction of the AV arrow (Step 3 in the
Tool Box) and is the ratio of the velocity change and the time interval needed for that
change:

The magnitude of the car's velocily is

Estimating the direction of acceleration during two-dimensional motion

| 1. Choose the point at which you want to 2. Place the ¥, and ¥, arrows tail 3. The acceleration arrow @
determine the direction of acceleration and to tail. Draw a Av arrow from is in the direction of Av.
draw velocity vectors at equal distances the head of ¥, to the head of v,

| before and after the point.

. A W-F
A Km0

https://www.facebook.com/groups/320431092109343/posts/1296621707823605/? cft  [0]
=AZXDQ8IPmM4BuY0zLRTgKdmY7epUK7r5M40y2AbQ6jPDY-
YYFxai0GRxHPs 6695C1iM8CCyfZMTGN(tflLaZg wecpc8DvvMeZxYN2VhbHulbx8oONKCg
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mnSXr Ixutn7LP1FiGyN7mj8cMpFvrwrGAHL75A3185xFONKQXIoEnE5puptUokdxXs9bL7Y
6Gf-SPP0& tn =%2C0%2CP-R

Eugenia Etkina
15. November

Hi all, | continue with circular motion today. Once the students learn the technique to determine
the direction of the delta v arrow at a specific point (see my post yesterday), they need to figure
out where the delta v arrow points when an object moves in a circle. Here is one of my most
favorite activities for this. Each group determines only one point, but the whole class together,
after reporting what they found on their whiteboards, will see that at every point the delta v
arrow points towards the center. (They can also divide the points within one group as shown
in the activity posted below.) The direction of the delta v arrow is the same as the acceleration,
thus the acceleration always points in the radial direction. This is not consistent with Newton's
second law qualitatively but not quantitatively. We also have not tested this qualitative
relationship yet. This will be our next step. Please do not forget to respond to the post or like
it to make it more visible to other group members. Thank you.

5.2.2 Represent and reason

PIVOTAL Class: Equipment per group: Whiteboard and whiteboard

B ew
markers Top view

An object moves at constant speed in a circle.

a. The task of your group is to determine the direction of its X

acceleration at each of the four positions shown in the

illustration. Split the work among group members so that each

member is responsible for one point. Work on a shared

whiteboard. Use what you learned in Physics Toolbox 5.1. Make sure you take a point right
before the point of interest and right after, and use a ruler to make sure the lengths of the velocity
vectors remain the same and their directions are tangent to the circle.

b. Examine the findings of other members of the group. Can you agree on a pattern in the
directions of the acceleration vectors? If so, what is it? Summarize your pattern on your
whiteboard and compare what you found with the findings of another group

-
https://www.facebook.com/groups/320431092109343/posts/1297203797765396/? cft [0]
=AZVMna-
COglWxBgaAnSAGKA7yGC4x04srAcboWs0ofaTuMYtMRPqga77BuVHYCOEVOVmpkJWBb
OR-C35RRtxrPn5xBVXwWYE-

eNB24Lyk4XCGfkx hjlWWIGFgCfdOGqgd2z6aj3Pn 9Dui4tSES5K4nR4bGMKXwNgd1YEfZ
PE52r1rBG7hOb1hgO37WVAXMIxB-do& tn  =%2C0%2CP-R
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Eugenia Etkina
16. November

Hi all, today | will talk about testing experiment for the conceptual part of Newton's second law
for circular motion that the students have invented (see my post yesterday). It is an example
when we offer the experimental setup to the students and they need to make predictions of
the outcome using the motion and force diagrams. The setup is a pendulum connected to a
spring scale. When the bob of the pendulum is hanging at rest the scale reads a certain
number of Newtons. Will the scale read the same, more , or less when the pendulum is passing
though the bottom point during a swing? Here is the text of the ALG activity:

5.2.6 TEST YOUR IDEAS

PIVOTAL Lab or class: Equipment per group: Pendulum with a 1 kg bob on a string attached
to a 20 N spring scale calibrated in newtons. [Note: equipment is flexible: if using a 500 g bob,
use a 10 N spring scale.]

Now that you have figured out how to determine the direction of the acceleration of the
pendulum bob at the bottom of its swing, use everything you have learned about circular
motion so far to make a prediction of the outcome of the following experiment:

a. A 1.0-kg ball hangs from a 1.0-m long string. The other end of the string is attached to a
Newton force measuring scale. The string pulls up on the ball exerting a 9.8-N force and the
string and ball in turn pull down on the scale exerting a 9.8-N force—the scale reads 9.8 N.
Imagine that you pull the ball to the side and release it so that the ball swings like a pendulum
at the end of the string. Predict the scale reading as the ball passes directly under the scale
(i.e., is it more than, less than, or equal to 9.8 N?).

b. Perform the experiment; record the outcome and compare it to the prediction. Did the
outcome support the pattern?

Here is the video: http://islephysics.net/pt3/experiment.php?topicid=5...

a Pendulum attached to a spring scale: Testing experiment o ~»

| Watch later | Share

| |

© Brookes, Etkina
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8CgcZ8-Zs0-

5C4Lyi9BMIr77wBdAzsf eOmXSsDDWHLrbFV syQRavyGgPjLoblzDwwZLsQANnB4uXjVSL
ZHbDkIGO4szubb29hnsf FfnLCgbzCjopHxbLkoejiSK5Q& tn  =%2C0%2CP-R

Eugenia Etkina
17. November

Reconciling our knowledge of circular motion with everyday experience

Hi all, Facebook added an option to add a title to a post, so now | will be adding titles. if you
post, please add titles too for easier searching. Today, | will continue with circular motion. A
long time ago one of my students asked: We learned that when an objects moves in a circle
with constant speed the sum of the forces exerted on it points towards the center of the circle.
Why do | feel being thrown out when a car makes a turn? What would you do if you heard this
question? Please post! Thank you!

https://www.facebook.com/groups/320431092109343/posts/1298713037614472/? cft _[0]
=AZXYMUIOnIu9grlahTuj7Vdb9rrigTVbBwYnyTcmzY5w9j99MGn0IZz92xNV3agnGGpMbvr
OWLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQgFweCnWneopv95BNkmg-
McQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jEIZtXBDIMMb 7ZkOt9-
CQjOfGVAxx49HOWS& th =%2C0%2CP-R

Eugenia Etkina
18. November

Explaining why we feel thrown out in a car making a turn.

Hi all, yesterday | posed a question asked by a student about the feeling of being thrown out
when sitting in car making a turn instead of feeling a force being exerted towards the center.
Many provided good responses but all of them were to explain what is going on from the point
of view of a person standing on the ground. This does not help explain why the PERSON
SITTING IN THE CAR feel this way. The person sitting inside a turning car is an accelerating
observer in a non-inertial reference frame. Therefore this person cannot use Newton's laws to
explain what is happening to them. We can only use Newton's laws if we are observing
phenomena being in inertial reference frame (see chapter 3). Here is the explanation given in
the solutions for such activity in the ALG. | posted this question to remind you how important
an observer is when using Newton's second law. Imagine standing on a bathroom scale in an
elevator. all of a sudden the reading of the scale increases. This means that the scale starts
exerting an extra force on you, while you remain at rest. How can you explain it? You cannot.
Only the person on the ground can. Do not forget the importance of the observer when
applying Newton's laws!
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https://www.facebook.com/groups/320431092109343/posts/1297866614365781/?__cft__%5B0%5D=AZXDN6FK8Ir9nHm867Vjf2F-0XH0xuf8BZfHyyeiJsfAj9CXai0okxMDjhobmn342k7-8CgcZ8-ZsO-5C4Lyi9BMIr77wBdAzsf_e0mXSsDDWHLrbFV_syQRavyGqPjLoblzDwwZLsQAnB4uXjVSLZHbDkIGO4szubb29hnsf_FfnLCgbzCjopHxbLkoejiSK5Q&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1298713037614472/?__cft__%5B0%5D=AZXYMUIOnIu9grIahTuj7Vdb9rriqTVbBwYnyTcmzY5w9j99MGn0lZz92xNV3aqnGGpMbvr0wLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQqFweCnWneopv95BNkmg-mcQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jElZtXBDlMMb_7ZkOt9-CQjOfGV4xx49HOw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1298713037614472/?__cft__%5B0%5D=AZXYMUIOnIu9grIahTuj7Vdb9rriqTVbBwYnyTcmzY5w9j99MGn0lZz92xNV3aqnGGpMbvr0wLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQqFweCnWneopv95BNkmg-mcQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jElZtXBDlMMb_7ZkOt9-CQjOfGV4xx49HOw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1298713037614472/?__cft__%5B0%5D=AZXYMUIOnIu9grIahTuj7Vdb9rriqTVbBwYnyTcmzY5w9j99MGn0lZz92xNV3aqnGGpMbvr0wLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQqFweCnWneopv95BNkmg-mcQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jElZtXBDlMMb_7ZkOt9-CQjOfGV4xx49HOw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1298713037614472/?__cft__%5B0%5D=AZXYMUIOnIu9grIahTuj7Vdb9rriqTVbBwYnyTcmzY5w9j99MGn0lZz92xNV3aqnGGpMbvr0wLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQqFweCnWneopv95BNkmg-mcQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jElZtXBDlMMb_7ZkOt9-CQjOfGV4xx49HOw&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1298713037614472/?__cft__%5B0%5D=AZXYMUIOnIu9grIahTuj7Vdb9rriqTVbBwYnyTcmzY5w9j99MGn0lZz92xNV3aqnGGpMbvr0wLTVEMbGDOAAG9kXDOFhLiGrBu6BV87QQqFweCnWneopv95BNkmg-mcQEeQNB1dWM2GouBS2Z2n96LjYSFFsmS26jElZtXBDlMMb_7ZkOt9-CQjOfGV4xx49HOw&__tn__=%2CO%2CP-R

[ R ST

5.2.9 Discuss -

Pivotal, class: Equipment per group: Whiteboard and whiteboard markers.
Talk with your group about the following question, and draw diagrams T
on your whiteboard as needed: How can you reconcile the dynamics of

circular motion with a feeling of being “thrown outward” when a car

moves around a curved road? E :
E

As you are in an accelerating car, you are an observer in a non-

inertial reference frame and therefore Newton's laws do not apply to

you. You cannot explain why you tend to slide across the seat away

from the center of the circle. However, an observer on the ground can

explain this. Assuming that there is no seatbelt and the seat is smooth,

the sum of the forces exerted on you is zero, thus you are moving in a straight line (Newton s
second law. But the car is turning left underneath you, the car is sliding under you to the left
causing you to bump into its right door and start moving in a circle.

https://www.facebook.com/groups/320431092109343/posts/1299439594208483/? cft [0]
=AZWt7W5WcdnrdJuQhdQIRQqfQBg7 OjBLu3oLpYPIP -QaziQ-fAOm2gbd0-
v7029nV5Nx0enxiAoPYUFUFXJVuinFPpkQ5HTdigN2gEXYI0GHKr6ew3H-jMxg3qib0t-
AoDK8-
MkwoKVx10DnmAsGIwZx3UpgpAtTRHACRgxnj1pOWFIPWRse8wrHSaJlzLMItQ& tnh =
%2C0%2CP-R

Eugenia Etkina
21. November

Are our students wrong?

Hi all, today my post is about student ideas. Notice, that | did not use the word misconceptions.
And you probably noticed that | never use this word. | already posted about it but will do it
again. Students do not have robust conceptions. They have tiny ideas based on their life
experience and the language that we use that they put together to answer physics questions
that we pose and they have never thought about before. We change the context - their answer
will change. We change the language - their answer will change. One example is the word
"electricity”. What does this word mean? Electric charge? Electric current? Voltage? Energy?
Power? As long as we have this term in our vernacular, the students will use all those terms
interchangeably.

Often student ideas look completely wrong but once we find the right context or revise the
language, we will find that they are perfectly correct. There are many names for these ideas
in educational research. In physics we call them p-prims (phenomenological primitives, coined
by diSessa), facets (coined by Minstrell), or resources (Hammer et al.). Once we are familiar
with these three theoretical frameworks, we can easily explain almost every student idea that
we encounter. And we can find what everyday experience led them to this idea and in what
contexts it is productive. What | am trying to say is that approaching student ideas as
something that is wrong is a dead end. When we have an idea in our brain, there is nothing
that can be done to remove it from there (unless you do brain surgery). What we can do it to
help our students use this idea in an appropriate context or slightly tweak it using language.
But if we see student ideas as resources on which to build on, possibilities are endless! Not
only we challenge ourselves to understand what our students are saying and thus growing
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https://www.facebook.com/groups/320431092109343/posts/1299439594208483/?__cft__%5B0%5D=AZWt7W5WcJnrJuQhdQlRQqfQBg7_OjBLu3oLpYPlP_-QaziQ-fA0m2qbd0-v7029nV5Nx0enxiAoPYUFuFXJVuinFPpkQ5HTdiqN2qExYI0GHKr6ew3H-jMxg3qib0t-AoDK8-MkwoKVx1ODnmAsGlwZx3UpqpAtTRHAcRgxnj1p0WFIPWRse8wrHSaJlzLMItQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1299439594208483/?__cft__%5B0%5D=AZWt7W5WcJnrJuQhdQlRQqfQBg7_OjBLu3oLpYPlP_-QaziQ-fA0m2qbd0-v7029nV5Nx0enxiAoPYUFuFXJVuinFPpkQ5HTdiqN2qExYI0GHKr6ew3H-jMxg3qib0t-AoDK8-MkwoKVx1ODnmAsGlwZx3UpqpAtTRHAcRgxnj1p0WFIPWRse8wrHSaJlzLMItQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1299439594208483/?__cft__%5B0%5D=AZWt7W5WcJnrJuQhdQlRQqfQBg7_OjBLu3oLpYPlP_-QaziQ-fA0m2qbd0-v7029nV5Nx0enxiAoPYUFuFXJVuinFPpkQ5HTdiqN2qExYI0GHKr6ew3H-jMxg3qib0t-AoDK8-MkwoKVx1ODnmAsGlwZx3UpqpAtTRHAcRgxnj1p0WFIPWRse8wrHSaJlzLMItQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1299439594208483/?__cft__%5B0%5D=AZWt7W5WcJnrJuQhdQlRQqfQBg7_OjBLu3oLpYPlP_-QaziQ-fA0m2qbd0-v7029nV5Nx0enxiAoPYUFuFXJVuinFPpkQ5HTdiqN2qExYI0GHKr6ew3H-jMxg3qib0t-AoDK8-MkwoKVx1ODnmAsGlwZx3UpqpAtTRHAcRgxnj1p0WFIPWRse8wrHSaJlzLMItQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1299439594208483/?__cft__%5B0%5D=AZWt7W5WcJnrJuQhdQlRQqfQBg7_OjBLu3oLpYPlP_-QaziQ-fA0m2qbd0-v7029nV5Nx0enxiAoPYUFuFXJVuinFPpkQ5HTdiqN2qExYI0GHKr6ew3H-jMxg3qib0t-AoDK8-MkwoKVx1ODnmAsGlwZx3UpqpAtTRHAcRgxnj1p0WFIPWRse8wrHSaJlzLMItQ&__tn__=%2CO%2CP-R

ourselves, but we help our students develop confidence and self efficacy. Instead of thinking
of themselves as incapable and not belonging in physics, they start seeing themselves as
intuitive physicists who need a little bit of help to align their ideas with the formal physics stuff.
Our students are infinite wells of observations, intuition, and curiosity. Let's draw from those
wells instead of closing their lids!

https://www.facebook.com/groups/320431092109343/posts/1301739363978506/? cft [0]
=AZWFnp-KcC8QRzpnyO-

zu9 X6Z7LidW9Im6MeO0G56jbrg4CJ6pfLP4GWxHvUwSYINmMYQj2K8cHJ9 cviCw7sSIQExX
LMYxP96A9Bd7 CrfvMO6jD9pSNRPDHeo rcOCTbIGtwU6DVHIMGmMUF4Qy4xDggYDsR9
cifyTliV4Lqt0oCQTGzp qJlpUHVXGWTUWIrOk& tn =%2C0%2CP-R

Eugenia Etkina
November 23

What do we need to learn?

Hi all, | am reading a very interesting book called How we learn? by S. Dehaene. This is how
he writes about the conditions that people need to learn (see the quote below). While you are
reading it, | would like you to think how these conditions related to the ISLE approach. We will
discuss them more during our meeting on Saturday.

There are 4 pillars of learning. "These pillars are:

* Attention, which amplifies the information we focus on.

» Active engagement, an algorithm also called “curiosity,” which encourages our brain to
ceaselessly test new hypotheses.

* Error feedback, which compares our predictions with reality and corrects our models of the
world.

» Consolidation, which renders what we have learned fully automated and involves sleep as a
key component.

Far from being unique to humans, these functions are shared with many other species.
However, due to our social brain and language skills, we exploit them more effectively than
any other animal—especially in our families, schools, and universities.

Attention, active engagement, error feedback, and consolidation are the secret ingredients of
successful learning. And these fundamental components of our brain architecture are
deployed both at home and at school. Teachers who manage to mobilize all four functions in
their students will undoubtedly maximize the speed and efficiency with which their classes can
learn. Each of us should therefore learn to master them." p.176-177.

Please do not forget to respond to this message or like it to make it more visible to other group
members, thank you!

https://www.facebook.com/groups/320431092109343/posts/1303079320511177/? cft [0]
=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctgbvP-tyOIx5gNAvgWM3aJNg-
NGgdM92NL2e26L bmH1bi20N9fts0glWkaFDVDIk i 0aQUJOrEXZXAmVulZox TF9nVf2xzcl
YiCdHc  YrFZVhyws1InmZxhSETqC5fKHrpYjKCOA4Ncj9Yxce2RoEI& tn  =%2C0%2C
P-R
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https://www.facebook.com/groups/320431092109343/posts/1301739363978506/?__cft__%5B0%5D=AZWFnp-KcC8QRzpnyO-zu9_X6Z7Li9W9m6MeO0G56jbrg4CJ6pfLP4GWxHvuwSYINmYOj2K8cHJ9_cvtCw7sSlQExLMYxP96A9Bd7_CrfvMO6jD9pSNRPDHeo_rcOCTbIGtwU6DVH9MGmUF4Qy4xDgqYDsR9_cjfyTIiV4Lqt0oCQTGzp_qJIpUHvxGwTUWrOjk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1301739363978506/?__cft__%5B0%5D=AZWFnp-KcC8QRzpnyO-zu9_X6Z7Li9W9m6MeO0G56jbrg4CJ6pfLP4GWxHvuwSYINmYOj2K8cHJ9_cvtCw7sSlQExLMYxP96A9Bd7_CrfvMO6jD9pSNRPDHeo_rcOCTbIGtwU6DVH9MGmUF4Qy4xDgqYDsR9_cjfyTIiV4Lqt0oCQTGzp_qJIpUHvxGwTUWrOjk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1301739363978506/?__cft__%5B0%5D=AZWFnp-KcC8QRzpnyO-zu9_X6Z7Li9W9m6MeO0G56jbrg4CJ6pfLP4GWxHvuwSYINmYOj2K8cHJ9_cvtCw7sSlQExLMYxP96A9Bd7_CrfvMO6jD9pSNRPDHeo_rcOCTbIGtwU6DVH9MGmUF4Qy4xDgqYDsR9_cjfyTIiV4Lqt0oCQTGzp_qJIpUHvxGwTUWrOjk&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1303079320511177/?__cft__%5B0%5D=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctqbvP-tyOIx5gNAvgWM3aJNq-NGgdM92NL2e26LbmH1bi2ON9fts0glWkaFDVDlk_i_oa9UJ0rEXZXAmVulZox_TF9nVf2xzclYiCdHc__YrFZVhyws1InmZxhSETqC5fKHrpYjKC0A4Ncj9Yxce2RoEI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1303079320511177/?__cft__%5B0%5D=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctqbvP-tyOIx5gNAvgWM3aJNq-NGgdM92NL2e26LbmH1bi2ON9fts0glWkaFDVDlk_i_oa9UJ0rEXZXAmVulZox_TF9nVf2xzclYiCdHc__YrFZVhyws1InmZxhSETqC5fKHrpYjKC0A4Ncj9Yxce2RoEI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1303079320511177/?__cft__%5B0%5D=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctqbvP-tyOIx5gNAvgWM3aJNq-NGgdM92NL2e26LbmH1bi2ON9fts0glWkaFDVDlk_i_oa9UJ0rEXZXAmVulZox_TF9nVf2xzclYiCdHc__YrFZVhyws1InmZxhSETqC5fKHrpYjKC0A4Ncj9Yxce2RoEI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1303079320511177/?__cft__%5B0%5D=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctqbvP-tyOIx5gNAvgWM3aJNq-NGgdM92NL2e26LbmH1bi2ON9fts0glWkaFDVDlk_i_oa9UJ0rEXZXAmVulZox_TF9nVf2xzclYiCdHc__YrFZVhyws1InmZxhSETqC5fKHrpYjKC0A4Ncj9Yxce2RoEI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1303079320511177/?__cft__%5B0%5D=AZXh4mpljlrwrkgpjcd3t7Pv-SfLriXAc0cuiDWy5ctqbvP-tyOIx5gNAvgWM3aJNq-NGgdM92NL2e26LbmH1bi2ON9fts0glWkaFDVDlk_i_oa9UJ0rEXZXAmVulZox_TF9nVf2xzclYiCdHc__YrFZVhyws1InmZxhSETqC5fKHrpYjKC0A4Ncj9Yxce2RoEI&__tn__=%2CO%2CP-R

Eugenia Etkina
November 25

Zoom for our meeting tomorrow and more from "How we learn" book

Hi all, | am posting the zoom link again (actually, it is the same zoom link for all our meetings,
so if you attended once and saved the link you can use it for any meeting). The meeting is at
10 am PST (West coast US), 1 pm EDT (East coast US) and 7 pm CET (Central European
Time). Check your time zone to avoid missing it. Here is the link:
https://rutgers.zoom.us/my/etkina...

Now, | will continue with the wisdom from the book. | hope that you followed the conversation
of John Davisson and Hrvoje Miloloza who were discussing issues with student motivation.
They brought up several very important points!

Dehaene, the author of the book that started the discussion emphasizes the role of attention
in student learning. He writes how if the students do not know what is important to pay attention
to, their brain does not engage in learning (they use the brain scans). Another person who
wrote a great book about how people learn (I mentioned him many times, James Zull, the Art
of Changing the Brain) also emphasizes the need to focus student attention on what is
important. he writes how novices do not know what to focus their attention on when the new
material and because of that they do not learn. So, helping students to know what is important
in the new stuff is really IMPORTANT. But

Dehaene wrote more about focusing attention. He talks about of the importance of EYE
CONTACT to help learners see what is important. | always teach my future teachers to
establish eye contact with every student multiple times during a lesson to let the students know
that you see them. But | never thought that the eye contact is crucial for a person to recognize
what is important in what they are supposed to learn (they have really cool testing experiments
for this idea in the book). The need for eye contact explains again (and again) why people do
not learn by listening to lectures.... It also explains why group work is better for learning that
whole class discussions. In the group work every group member who is talking/explaining can
establish eye contact with every other group member. It also explains the success of individual
tutoring sessions...

Bottom line - when you are in the classroom next time, check how many times and when you
establish eye contact with every one of your students. If you finished reading this post, you
know what to do! Please do it! Thank you!

https://www.facebook.com/groups/320431092109343/posts/1304413580377751/? cft  [0]
=AZWsAYQzkY vNs-H7jTgk-mE6gWz P6UHzCthr-
4apk7ASUdHILCWIOU59szknJrPYD75DfO03WKVr7UTGawyTT2wr8Im9iWSdPPptfVvILzOra
5UIXwJgdj2NeitrT4jQmVyQop61TOzNVmM5JwksdvgQeB3ITBcZQAtog3dy 62ZMcDEF9k2mZ
5aiH22vitHm1k& tn  =%2C0%2CP-R

Eugenia Etkina
November 27

Yesterday's meeting recording and slides
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https://www.facebook.com/groups/320431092109343/posts/1304413580377751/?__cft__%5B0%5D=AZWsAYQzkY_vNs-H7jTgk-mE6gWz_P6UHzCthr-4apk7ASUdHiLCWl0U59szknJrPYD75DfO03WkVr7UTGawyTT2wr8lm9iWSdPPptfVvILzOra5UlXwJgdj2NeitrT4jQmVyQop61TOzNVm5JwksdvqQeB3lTBcZQAtog3y_62ZMcDEF9k2mZ5aiH22vjtHm1k&__tn__=%2CO%2CP-R

Thank you all those who came to our meeting yesterday, we did a lot of work there! Here is
the link to the slides from the meeting
https://docs.google.com/.../1WKXHDnIEgpRwkmIOgDKs.../edit...

and the recording of the meeting: https://rutgers.zoom.us/.../LAUAzD7grefrOHFm...
password is T99&KsJi

| am pasting the What did you learn in the meeting slide here. Thank you all again for a
wonderful meeting!

What will | take with me from today’s meeting?

L - ™
Progression of how Law of Universal Gravitation led to discovery of Neptune and
eventually Pluto

The fact that Halley sponsored Newton's publication of Principia

Newton's second law applies to circular motion

L How to help students find the relationships of universal gravitation law and centripetal L]
acceleration themselves

Law of universal gravitation uses Newton's 2nd and 3rd laws, as well as

observational data

From the first part, we can work with centripetal acceleration, without differential
geometry

T SOmelimes we can derive relalionships via reasoning from data ratier than expenments (i, Newton ang”
the Moon)

https://www.facebook.com/groups/320431092109343/posts/1305730416912734/? _cft _[0]
=AZVNIclghDfuWpPZEmgJd-5 rrHO0Aj5JQ5G7gCtogCW-
3VAeJZQ80jC8sQAQt|ZpBw8LXsX5ie3WCDsGuyeBXjlP1obHHgbp-
tm_1RKHrBJalQ4WNiEjxbyHoMLGErXcqgZ4qiNY 1TnoE8xv6N8ON8n1Kg-elp Q15bW-
{PLWgwOrYM5tX2-NxrMAGhRC4hgfc8& th =%2C0%2CP-R

Eugenia Etkina
November 29

Circular motion and rolling

Hi all, as we had our meeting on circular motion, | will make a few posts about the "jewels"
that we have in the textbook and the ALG/OALG so that you do not miss them. One of them
is rolling motion. It often gets neglected in physics courses as it is not clear where it belongs -
circular motion (which is a revolutionary motion) or rotational motion? In any case, we have
two really cool problems that will help students understand how rolling motion works. | always
think of it as a combination of circular motion and translational motion. Analyzing rolling motion
helps also understand the role of the observer - which brings us back to the relative nature of
motion.
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https://www.facebook.com/groups/320431092109343/posts/1305730416912734/?__cft__%5B0%5D=AZVNIclqhDfuWpPZEmgJd-5_rrH00Aj5JQ5G7gCtogCW-3VAeJZQ80jC8sQAQtjZpBw8LXsX5ie3WCDsGuyeBXjIP1obHHgbp-tm_1RKHrBJaIQ4WNiEjxbyHoMLGErXcqZ4qiNY1TnoE8xv6N8ON8n1Kq-elp_Q15bW-jPLWgw9rYM5tX2-NxrMAGhRC4hqfc8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1305730416912734/?__cft__%5B0%5D=AZVNIclqhDfuWpPZEmgJd-5_rrH00Aj5JQ5G7gCtogCW-3VAeJZQ80jC8sQAQtjZpBw8LXsX5ie3WCDsGuyeBXjIP1obHHgbp-tm_1RKHrBJaIQ4WNiEjxbyHoMLGErXcqZ4qiNY1TnoE8xv6N8ON8n1Kq-elp_Q15bW-jPLWgw9rYM5tX2-NxrMAGhRC4hqfc8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1305730416912734/?__cft__%5B0%5D=AZVNIclqhDfuWpPZEmgJd-5_rrH00Aj5JQ5G7gCtogCW-3VAeJZQ80jC8sQAQtjZpBw8LXsX5ie3WCDsGuyeBXjIP1obHHgbp-tm_1RKHrBJaIQ4WNiEjxbyHoMLGErXcqZ4qiNY1TnoE8xv6N8ON8n1Kq-elp_Q15bW-jPLWgw9rYM5tX2-NxrMAGhRC4hqfc8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1305730416912734/?__cft__%5B0%5D=AZVNIclqhDfuWpPZEmgJd-5_rrH00Aj5JQ5G7gCtogCW-3VAeJZQ80jC8sQAQtjZpBw8LXsX5ie3WCDsGuyeBXjIP1obHHgbp-tm_1RKHrBJaIQ4WNiEjxbyHoMLGErXcqZ4qiNY1TnoE8xv6N8ON8n1Kq-elp_Q15bW-jPLWgw9rYM5tX2-NxrMAGhRC4hqfc8&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1305730416912734/?__cft__%5B0%5D=AZVNIclqhDfuWpPZEmgJd-5_rrH00Aj5JQ5G7gCtogCW-3VAeJZQ80jC8sQAQtjZpBw8LXsX5ie3WCDsGuyeBXjIP1obHHgbp-tm_1RKHrBJaIQ4WNiEjxbyHoMLGErXcqZ4qiNY1TnoE8xv6N8ON8n1Kq-elp_Q15bW-jPLWgw9rYM5tX2-NxrMAGhRC4hqfc8&__tn__=%2CO%2CP-R

| attached the screen shots to this post and | would like to see your reasoning for problem 12.
Gorazd Planinsic made those photos when | was driving a car on a highway and | bet many
truck drivers were wondering what the guy is doing taking pictures of their trucks! | can
post a bigger photo from problem 12 if you do not have the textbook. Please share your
thoughts! And please do not forget to respond to this post once you finished reading it.

280



11,

* Rolling is a combination of linear and circular motion. In order to study
rolling motion, we perform the following experiment. We mark three points
A B, and C on a bicycle wheel and observe how these points move while
the bicyele is pushed forward 2 cm, a distance much smaller than the radius
of the wheel, Figure P5.11 shows a long-exposure photo of the experi-
ment. The camera (i.e., the observer) is standing still on the pround. A is
the point where the wheel is initially touching the ground, B is the point at
the wheel's axis, and C is the point on the top of the wheel, directly above
point A, (a) Determine the displacements of points A, B, and C as observed
by the stationary observer. (Hint: Use similar triangles.) (b) Using your
answers from part {a), determine the speed of the points A, B, and C with
respect to the ground for the bicyele that is moving at constant speed v.
How would the answers to part (b) change if the observer were moving in
the same direction as the bicycle but (c) with the same speed as the bicycle
or {d) twice as fast as the bicycle?

FIGURE P5.11

12, ** Figure P5.12 shows photos of car wheels that were obtained in four

different ways:
i. A person standing on the sidewalk took a photo of a car that was

passing by.

ii. A person in a moving car took a photo of another car. Both cars were
moving with the same speed.

iii. A person in a moving car took a photo of another car that was moving
faster than the photographer’s car.

iv. A person in a moving car took a photo of another car that was moving
slower than the photographet’s car.

Match each photo (a) to (d) with the corresponding photographing procedure.

[Hint: If vou have difficulties with this problem, solve the previous problem.]

FIGURE P5.12




https://www.facebook.com/groups/320431092109343/posts/1306947380124371/? cft  [0]
=AZVsySnygrX8NAKv2pYuxPnUSDPEwU1OMAwWHmMgNgraMOrlUPHKkFtVaKyAn0BV1s05E
HdLrOl044birEua1dN1DYjJoccwBWOWbgpO0MJfyC5KaazFQdCIv3CFzfan430pQKFWqjgAT
mMhLvCvhKIcuV3IAPC7xwW6WIJOOXGZmKKdbyYx j4k6éwBy WOQO7-

2EZgIxI&  tn =%2C0%2CP-R

Eugenia Etkina
November 30

Next meeting and other stuff

Hi all, three things today. First, | created an event for our meeting on December 10th. Please
sign up there so that | know how many people plan to attend.

Second, | will be traveling for the next 5 days and will not be posting much.

Third, | wanted to explain why we do not use the term "centripetal force" in our textbook and
in our vernacular in general. The reason is that every time we give a special name for
something, our students might think that it is a separate thing. They think that there are forces
exerted on an object, and then there is this special centripetal force. The truth is, there is no
such thing. The term "centripetal force" is reserved for the component of the sum of the forces
exerted on an object that is moving in a circle. Therefore, it is better to just name all the forces
and then find the sum. When the object is moving in a circle at constant speed, this sum will
be pointed towards the center. If there is only one force exerted on an object moving in a circle,
it will point towards the center.

Notice also that we do not use the term net force (or use it very rarely). The same reason. You
give it a name and the students think that there is a special force, called the net force. so, itis
better to always talk about the sum of the forces to establish brain pathways that would never
lead the students to think that F=ma. Because it does not. It is the sum of the forces that is
equal to the product of the mass and acceleration. If you finished reading the post, you know
what to do!

https://www.facebook.com/groups/320431092109343/posts/1307741223378320/? cft [0]
=AZWeAu_1NjCUYRIOkSWPprtJH8fxS7156 XdQINTNy9CgJMicbHejiiK1TY6gxRQg3wiCbg
QE1IL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-
PS7yMu4u5r48RLSIHUi-

7Czho _egelJ Niv7IMfXSYSeSMVMLLIwjraNuu8E4bXcLugKBuVYQ& tn  =%2C0%2CP-
R

Eugenia Etkina
December 6, 2022

Physics on rollerblades

Hi all, some time ago | posted about teaching mechanics on rollerblades - a method that |
invented in 1997. | wrote a paper about it in the Physics Teacher and my first talk at the AAPT
was on rollerblades! Since then, all my students - future physics teachers learned how to use
rollerblades to help their students learn relative motion, dot diagrams, Newton's laws, etc. And
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https://www.facebook.com/groups/320431092109343/posts/1306947380124371/?__cft__%5B0%5D=AZVsySnyqrX8NAKv2pYuxPnUSDPEwU1OMAwHmqNgr9M0rIUPHkFtVaKyAn0BV1s05EHdLrOI044birEua1dN1DYjJoccw6WOWbgp0MJfyC5KaazFQdCIv3CFzfan43opQKFWqjgATmhLvCvhKlcuV3IAPC7xwW6WlJOOXGZmKKdbyYx_j4k6wBy_WO7-2EZglxI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1306947380124371/?__cft__%5B0%5D=AZVsySnyqrX8NAKv2pYuxPnUSDPEwU1OMAwHmqNgr9M0rIUPHkFtVaKyAn0BV1s05EHdLrOI044birEua1dN1DYjJoccw6WOWbgp0MJfyC5KaazFQdCIv3CFzfan43opQKFWqjgATmhLvCvhKlcuV3IAPC7xwW6WlJOOXGZmKKdbyYx_j4k6wBy_WO7-2EZglxI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1306947380124371/?__cft__%5B0%5D=AZVsySnyqrX8NAKv2pYuxPnUSDPEwU1OMAwHmqNgr9M0rIUPHkFtVaKyAn0BV1s05EHdLrOI044birEua1dN1DYjJoccw6WOWbgp0MJfyC5KaazFQdCIv3CFzfan43opQKFWqjgATmhLvCvhKlcuV3IAPC7xwW6WlJOOXGZmKKdbyYx_j4k6wBy_WO7-2EZglxI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1306947380124371/?__cft__%5B0%5D=AZVsySnyqrX8NAKv2pYuxPnUSDPEwU1OMAwHmqNgr9M0rIUPHkFtVaKyAn0BV1s05EHdLrOI044birEua1dN1DYjJoccw6WOWbgp0MJfyC5KaazFQdCIv3CFzfan43opQKFWqjgATmhLvCvhKlcuV3IAPC7xwW6WlJOOXGZmKKdbyYx_j4k6wBy_WO7-2EZglxI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1306947380124371/?__cft__%5B0%5D=AZVsySnyqrX8NAKv2pYuxPnUSDPEwU1OMAwHmqNgr9M0rIUPHkFtVaKyAn0BV1s05EHdLrOI044birEua1dN1DYjJoccw6WOWbgp0MJfyC5KaazFQdCIv3CFzfan43opQKFWqjgATmhLvCvhKlcuV3IAPC7xwW6WlJOOXGZmKKdbyYx_j4k6wBy_WO7-2EZglxI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1307741223378320/?__cft__%5B0%5D=AZWeAu_1NjCUYRI0kSWPprtJH8fxS7156XdQ9NTNy9CgJMicbHejiiK1TY6qxRQg3wiCbgQE1lL-AgpuCSEAM-k7nPi9CbD7DPa6WNIxcXi6zmwpC3Ales509d-PS7yMu4u5r48RLSIHUi-7Czho_egeLJ_Niv7MfXSYSeSMVMLLlwjraNuu8E4bXcLuqKBuVYQ&__tn__=%2CO%2CP-R

once a year we would rent a rollerskating rink and practice the techniques (they look very
simple but in fact they require a lot of practice). In the last 3 years because of Covid, we did
not do it, and then I retired. So, in November, when | came to NJ we rented a huge rollerskating
rink (thanks to Danielle Buggé) and lots of people from the community of my graduates came
to the lesson. We skated for 2 hours and it was such fun! | am sharing a few pictures taken by
Henry Chen. You can see dot diagrams, passing a medicine ball for Newton's third law,
difference between linear velocity and rotational velocity and many others. | am also reminding
you of the meeting on Saturday, more about it tomorrow.

https://www.facebook.com/groups/320431092109343/posts/1312146052937837/? cft  [0]
=AZVoHKadsNdejbJEhv3EOQ6T 5QyB-FHMOrWWKFqG430J0IRog08g-

Lysfrky5ufJ3SQ _KQ-

6F 1nIzZWz8N9wBZ5saeK7WFdaYIOjKhGAxt57DeX9WO0evLZrJJleyji3i65Nib-
Rmpmm9iHsLYImm2hfPokVjgn Po5RDJ pe3XqdcKIlvdNXcXrulJ25JJuwdefO0& th  =%2
CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1312146052937837/?__cft__%5B0%5D=AZVoHKadsNdejbJEhv3E06T_5QyB-FHm0rWWKFqG43OJ0IRog08q-Lysfrky5ufJ3SQ_KQ-6F1nlzWz8N9wBZ5saeK7WFdaYIOjKhGAxt57DeX9W0evLZrJJleyji3i65Nib-Rmpmm9iHsLYlmm2hfPokVjgn_Po5RDJ_pe3XqdcKlvdNXcXruIJ25JJuwdefO0&__tn__=%2CO%2CP-R

Eugenia Etkina
December 8, 2022

Info for the upcoming meeting on Saturday

Hi all, as always, | start posting information for the meeting a couple of days in advance, so
that you can find the zoom link easily. The meeting is on Saturday at 10 am PST (US West
Coast), 1 pm EDT (US East coast) and 7 pm CET (Central Europe - ltaly, Slovenia, Croatia,
etc.) The topic is conservation vs constancy and linear momentum. To prepare, please read
section 1 in Chapter 6. The concept of the difference between these two terms is very difficult
for the teachers who are used to the term conservation to mean both. We distinguish between
those terms to make clear that conserved quantities are ALWAYS CONSERVED WITH NO
EXCEPTIONS but they might not be necessarily constant in a particular system. | repeat
again, that this is a difficult concept and that is why | invite you to start working on it before the
meeting, but reading section 1 in Chapter 6 in the textbook. Here is the link to the zoom
meeting and the password:

https://rutgers.zoom.us/my/etkina...

password 164680 Please do not click on the link before the meeting day/time (15 min in
advance is great!) as this is my universal link for all of my meetings. Please also sign up on
the EVENTS page so that | know how many people are coming. Thank you, | am looking
forward to our meeting on Saturday!

PS It looks like we are going to have a rollerblading session in the Bay area some time in late
January - early February, stay tuned if you live near by.

Please do not forget to like this post or comment on it to make it more visible.

https://www.facebook.com/groups/320431092109343/posts/1313595849459524/? cft [0]
=AZVVEQQQV62|TIWABRpFhVXFvawGI6PYTmlILqVz7vB xAU8MzI7rmgz-1UgyKPec-
dcGk1yusyo2RGbohHvXIYJMDMs5Yo05mQxoCQLYXxgjNR _1e-WNUENnbjB-t9cN8NnYe-M-
iYOKWHS5aje2 1INJz7sVJAQREhyMbw5cbhXmjzyOI5K327hUriNKlb7dgsKyxU& tn =%2CO
%2CP-R

Eugenia Etkina
December 11, 2022

Hi all, this the information about our meeting yesterday. First, thank you all those who
attended! | think we had one of the biggest attendances yesterday! We have a very stable
group of those who participate in every meeting and then new people who come for the first
time and then continue coming. It is great to see people from 10 different countries working
together!

Second, here is the link to the zoom recording
https://rutgers.zoom.us/.../ZwFfoOjyW8E8cVw2cmdduQohG5... and here is the password:
U.92sF %!

The google slides are at https://docs.google.com/.../1kyryevAOWGWWOHZz68fp3.../edit...
Please do not delete the slides when you view the deck. | made them editable so that you can
copy what interests you but this editable feature is dangerous as you can accidentally delete
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a slide. Please make sure you do not do it. On the first slide there is the link to all materials for
the meeting.

And finally | am posting the reflection slide - what people thought they learned during the
meeting. Please ask questions if something is not clear. The biggest issue was the difference
between the words conserved and constant.

Third - please do not forget to like the post or comment on it to make it more visible for other
people and to make sure that the next post comes to your feed! Thank you!

Getting students to make predictions when they have
the knowledge to be correct is much better than when

What d|d you |ea[‘n today? students don't have the knowledge and can only make a

guess.
Andrew: | really enjoyed OALG 6.5.3. When thinking about this activity, it's nice to use proportional reasaning rather than doing specific calculations to arrive at an-answer. | also
wani to-explore how to buitd on this activity. Specifically, would it be possible to have a challenge question where students are expected to figure out by how much the change in
momentums will differ by? To do this, we would need 1o find and then compare the lime I takes each object o reach the finlsh line, F'm not sure if this is possible vet, bul I'm

Interested In trying 1o do the activity this way.

Siephanie! | learned that using bar charts can help us look at the system in terms of both Impulse and momentum

Hrvoje: Difference between multiplication and division in physics and math. Jet
propulsion was inconceivable in 19th century. Analysing collisions without knowing the

forces. Michelle: | enjoyed many of the videos in today's meeting. | think they will be very helpful for the
_students to illustrate interesting results from analyzing momentum and could be good motivators
Martin: How to introduce momentum - explore what stays same in sequence of collision experiments.

Steve: to wait to say certain concepts until students have developed them!

Cecilia: we could invent a new thing, we could see how it was useful. We were very conscious about our language. We analize what momentum
means, we compare between using forces or using momentum. We saw the videos, we observe, we predict. ..

The usefulness of activity 6.3.3. Where you really test your
understanding without doing math. Also how multiplication in physics is a
whole different thing than in math :)

Jeopardy energy bar chart for momentum Look at the process: initial + impulse -> final

https://www.facebook.com/groups/320431092109343/posts/1315859459233163/? cft [0]

=AZW-aZQ34CwWsy0v2bEt6phSHh7VRIRzw2wxsH1w5P-49pWCMKYwDTMSIfO-

a10HkuizCJa1wkNCeBsYBMTRFpScNXQBKhRzX511e1MnpYrL8sfU89Wn7XRzDjSt2peVh

OrqCvp2CJhxEhSpCAjaaPUIHeyGWXgXk0BkY7Qg9IgAjCTxLdz5e031aDMIygOOXxhE& tn
=%2C0%2CP-R

Eugenia Etkina
Admin

December 12, 2022 at 8:14 AM

Hi all, today | wanted to show how you can use both the ALG/OALG and the textbook to help
students develop a specific idea. In class, the students do activities in the ALG/OALG in
groups, share their whiteboards and have a discussion. THEN they go home and read the
textbook where THE SAME activities are described (usually the same experiment with the
analysis that they just did themselves). This way two goals are achieved: students Innovate
first and then the have Time for telling (the book does the telling) and they construct the
concept first and then learn the name for it. Here is the beginning of the progression for the
concept of linear momentum. Look at the parallels in student learning:
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OALG 6.2.1. OBSERVE AND FIND A PATTERN

Observe the following four videos of the experiments with a two-object system. Two carts (the
system consists of both carts) move on a dynamics track:

a. Cart A (500 g), moving right at constant 0.37-m/s speed, hits identical cart B (500 g) that is
stationary. Cart A stops and cart B starts moving at the speed of 0.37 m/s to the right.
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-2-1a

b. Cart A loaded with a block (total mass of the cart with the block is 1470 g), and moving right
at 0.31 m/s hits stationary cart B (mass 500 g). After the collision, both carts move right: cart
B at the speed of 047 m/s and cart A at the speed of 0.15 m/s.
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-2-1b

c. Cart A (500 g), with Velcro attached to its front, moves right at 0.31 m/s. Identical cart B
(500 g) moves left at constant speed 0.31 m/s. The carts collide, stick together, and stop
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-2-1c¢

d. Repeat experiment c. but this time cart A is loaded (with a block, total mass is 1470 g)
moves right at constant speed of 0.35 m/s. Cart B (500 g) moves left at constant speed of 0.35
m/s. After the collision, both carts stick together and travel right at the speed of 0.17 m/s.
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-2-1d

For each experiment, sketch the process before the collision and after the collision. Create a
table like the one that follows to help you determine if anything is the same before and after
the collision for the two-cart system. (Use the table below to look for quantities.) [The table did
not come through here, you can see it in the OALG document or in the meeting folder - our
last meeting]

Possible physical quantity

Mass

m

Speed

v

Velocity

Mass times speed

mv

Mass times x- velocity component

mvx

Cart A

(before collision)

CartB

(before collision)

Combined physical quantity for Cart A & Cart B (add line

1 and line 2 for each quantity)

CartA

(after collision)

CartB

(after collision)

Combined physical quantity for Cart A & Cart B (add line

1 and line 2 for each quantity)

After you come up with a physical quantity that is the same before and after each collision,
decide whether this quantity remains constant in all four experiments. Then, read and
interrogate Observational Experiment Table 6.1 on page 149 in the textbook. Did you come
up with the same quantity?

286



Below is the screenshot of the textbook analyzing similar experiments. They help students
solidify the idea that it is the sum of mass times velocity for all objects in the system that
remains constant before and after the collision. Note, that there is still NO NAME for this new
quantity as it has not been tested yet.

We do not only parallel the invention of the new ideas, we also parallel problem solving
allowing the students first to struggle themselves and then read the model solution in the
textbook. But this is for tomorrow.

If you finished reading the post, you know what do do now! Thank you.

OBSERVATIONAL

EXPERIMENT TABLE 6 1 #8=% collisions in a system of two carts o
Observational experiment Analysis

Experiment 1. Can A (020 Vo =0 Wy, = +10mic  The pesilivex-axis pointy reght;

kgl moving right at 1.0m/s
collides with carl B (0.20 kg),
which i stationary, Cari A
stops. and cart B moves right

e metion to the right has & poditive

o~ velogity r-compancoi
ui,

at 1.0m /s

ETHIB2I_02_SE COSmod 140

® Speed: The sum of the speeds of the objects is the saume before and after the
colligion: L.Om,/s + O0m/s = 0m/s + 1L.0m/s.
® Mazss - speed: The sum of the products of mass and speed is the same before and after the
collision: 0.20 kgl 1.0m/s) + 0.20 kp{0m/s) = 0.20 kg{0m//s) + 020 ke(1.0m/s).
® Mass - velociny: The sum of the products of mass and ihe x-component of velocity is the same before and
after the collision: 020 kg(+1.0m/s) + 020 kg(0) = 0.20kg(0) + 0.20kg(+1.0m/s).
(CONTINUED)

& ZOGNT 1A% PM

150 CHAPTER 6 |mpuiseand Linear Momentum

Observational experiment

Experiment 2. Can A

(0,40 kgh moving right at

1.0 m/s collides with cart B
(0,20 kg), which is stationary.

& Speed; The sum of the speeds of
the objeets i3 not ihe same belore
and after the collision:
LOmfs+ 0mfs # 04dm/s + 1L.2m/s

Afier the collision, both carls & Mass - speed: The sam of the products of
ovove right, cart B at 1.2m/'s miss and speed is the ame before and
and can A at 0.4 m)/s. after the vollision: 040 kgl 10O mys) + 0.20 kg{Om/s) = 0.40 kg{0.4 m/s) + 0.20kg(1.2 m/s).
& Muass « velocirg: The sum of the products of mass and the y-component of velocity is the same before and after
the collision: 0.40 kg{ +1.0m/s) + 0.20kg(0) = 040 kg(+04 m/s) + 020 kg(+ 1.2 m/s).
Experiment 3. Cant A ® Speed: The sum of the speeds of the

(0.20 kg) with & piece of
clay anached 1o the front
moves right ot 1L.Om/s.

Cart B (0,20 kg) moves left
at 1.0 m/s. The cans collide,
stick together, and stop.

whjects is not the same before and afler
the collision:
Libm/s + L0Om/s # O0m/s + Dm/s
& Mass » speed: The sum of the products of
meass dnd speed is not the same before and after the collision: 0,20 kg(1.0m /) + 0.20kg(1.0m/s) #
0.20kg(Dmy's) + 020 kg{Dm/s).
® Mass - veloeity: The sum of the prosducts of mass and the x-component of velocity is the same before and afler
the collision: 0.20 kg(+1.0m/5) + 020kg(—1.0m/s) = 020kg(0m/s) + 0.20kg{0m/s).

Pattern

One quantity remains the same before and after the collision in each experiment—ibe sum of the products of the mass and the x-velocty

component of the objects,

In the three experiments in Table 6.1, only one gquantity—the sum of the products
of the mass and the x-component of velocity, Emy, —rmemained the same before and &
after the carts collided. Note also that the sum of the products of the mass and the *
y-component of velocity, Emy,, did not change—it remained zero. Perhaps ZmV is the
quantity characterizing some quantity of motion that is constant in an isolated system.
But will this pattern persist in other situations? Let's test this idea by using it to predict
the outcome of the experiment in Testing Experiment Table 6.2,
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https://www.facebook.com/groups/320431092109343/posts/1316725815813194/? cft  [0]
=AZV0z4JhNX1UdRX1TSHVc8-

Xp51zLITbeWhy7uaObYIz8YHN35eQ lyMcU dIPWvJ7PQRVPbr8Fp BowC6RgEtZ3mxOn
PPsdXxYuiVnpSColLpwjKbR-ZEazLL102J6XpVTFsO-
v8aw4kdgkwKW710YJatxE3UeNuINn8uDL-6dLaNdoN10INx2nzJ-

IFQFLrPLo& tn  =%2C0%2CP-R

Eugenia Etkina
December 12, 2022 at 1:45 PM

For those who are looking into information on women in physics/astronomy, this is a great
reference! https://www.facebook.com/.../a.21356957.../1159029781386121/

Today in # Annie Jump Cannon
Science HiStOI‘Y ¥ born Dec. 11,1863

An American astronomer whose

cataloging work was instrumental in
" the development of contemporary
stellar classification. With Edward C.
Pickering, she is credited with the
| creation of the Harvard Classification
Scheme, which was the first serious
' attempt to organize and classify stars

based on their temperatures and
spectral types. She was nearly deaf
throughout her career. Shewas a
suffragist and a member of the
National Women's Party. Cannon
o manually classified more starsina
¥ lifetime than anyone else, with a total of
around 350,000 stars. She discovered
300 variable stars, five novas, and one
spectroscopic binary, creating a
bibliography that included about
200,000 references.

https://www.facebook.com/groups/320431092109343/posts/1316915372460905/? cft  [0]
=AZU-egqmNadmFTcm9ewLhEL7hFQXoTwKD-
K9ZvUnJaXEJNglkYdkSgjsmaWgUt7MEVx4-
CWehD0yx5ZW6HICcdBH28xmeTaCxmW3 m45jA-UPuhp66QuKN1e3Ch-
DjuV40NHKBWc4KalYHMNa1eqvWBhA26 ONPrGStMCDguUT73sQJ1SsAYNrICDamitQ2U
GQFyAGf1p1SJiIRRgWNTtvFwxyljfk1qiApC2Ba99pFVypaOw& tn  =%2C0%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1316915372460905/?__cft__%5B0%5D=AZU-eqmNa4mFTcm9ewLhEL7hFQXoTwKD-K9ZvUnJaXEJNglkYdkSgjsmaWgUt7MEVx4-CWehD0yx5ZW6HlCcdBH28xmeTaCxmW3_m45jA-UPuhp66QuKN1e3Ch-DjuV40NHKBWc4KalYHMNa1eqvWBhA26ONPrGStMCDguUT73sQJ1SsAYNrlCDamitQ2UGQFyAGf1p1SJiRRqWNTtvFwxyIjfk1qiApC2Ba99pFVypaOw&__tn__=%2CO%2CP-R

Eugenia Etkina
December 14, 2022 -

Hi all, we had a meeting on Momentum, the next is Energy. Our approach to energy is very
different from traditional as we include internal energy in the investigations from the beginning,
not just mechanical energy and talk about the total energy. As always, the idea of a system is
central to our approach and we use work-energy bar charts. It looks like one meeting will
probably be not enough to discuss everything, so we should be prepared to have two. The first
one | propose to have on January 7th (the first Saturday that is not a holiday, if you consider
Dec 31 to be a holiday already). Please respond here if January 7th is a good day to have the
first meeting for energy.

Thank you!

https://www.facebook.com/groups/320431092109343/posts/1318470435638732/? cft [0]
=AZXSvIhg20ig4rmgNi7Fs0BIfgGv61DruFa4X39SUrQMX131JYJ HhNybNwxg8LGZ-
zZ8zwZEoWTSw1b2rZKocj3UrNHFAZn4ML6Jp52WxzbGAIQProZst7kaMAdh5ugEWHUwz7
NIPDHaNLy7vffy wOpbFeoGW3tUijr-

0loioGANY9pwFIrbSDSMfuXycGzyA& tn =%2C0%2CP-R

Eugenia Etkina
Admin

December 15, 2022 at 11:08 AM

Hi all, today | want to talk about momentum and the activity that caused a lot of discussion
during our meeting. It involved a person (in this case myself) dropping and throwing a medicine
ball while rollerblading. | am pasting the text of the activity for you to ponder and then we can
talk about what important ideas it can help students develop. What are your thoughts? Why is
this activity so important?

OALG 6.4.6 REPRESENT AND REASON

a. Watch Eugenia wearing rollerblades and holding a ball
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-4-6a. She pushes off the floor once and
continues rolling at constant speed across the floor. Then she drops the ball. Describe
everything you can about momentum in this process using words, bar charts, and
mathematics. Choose Eugenia and the ball as the system and initial state is when Eugenia is
rolling while holding the ball and the final state is right after she lets go of the ball. Does
dropping the ball change Eugenia’s speed? What if, instead of the basketball, she dropped
object that is 1/10 of her mass in the same manner as before? Would her speed change? To
answer these questions, remember that momentum is a vector quantity.

b. Watch Eugenia wearing rollerblades and holding a heavy medicine ball
https://mediaplayer.pearsoncmg.com/.../sci-OALG-6-4-6b. She pushes the ball away from
her. Describe everything you can about momentum in this process using words, bar charts,
and mathematics. Decide what your system is and what the initial and final states are.
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https://www.facebook.com/groups/320431092109343/posts/1318470435638732/?__cft__%5B0%5D=AZXSvIhg20ig4rmgNi7Fs0BIfqGv61DruFa4X39SUrQMX13IJYJ_HhNybNwxg8LGZ-zZ8zwZEoWTSw1b2rZKocj3UrNHFAZn4ML6Jp52WxzbGAiQPr0Zst7kaMAdh5uqEWHUwz7NIPDHaNLy7vffy_wOpbFeoGW3tUijr-oIoioGdNY9pwFIrb5DSMfuXycGzyA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1318470435638732/?__cft__%5B0%5D=AZXSvIhg20ig4rmgNi7Fs0BIfqGv61DruFa4X39SUrQMX13IJYJ_HhNybNwxg8LGZ-zZ8zwZEoWTSw1b2rZKocj3UrNHFAZn4ML6Jp52WxzbGAiQPr0Zst7kaMAdh5uqEWHUwz7NIPDHaNLy7vffy_wOpbFeoGW3tUijr-oIoioGdNY9pwFIrb5DSMfuXycGzyA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1318470435638732/?__cft__%5B0%5D=AZXSvIhg20ig4rmgNi7Fs0BIfqGv61DruFa4X39SUrQMX13IJYJ_HhNybNwxg8LGZ-zZ8zwZEoWTSw1b2rZKocj3UrNHFAZn4ML6Jp52WxzbGAiQPr0Zst7kaMAdh5uqEWHUwz7NIPDHaNLy7vffy_wOpbFeoGW3tUijr-oIoioGdNY9pwFIrb5DSMfuXycGzyA&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1318470435638732/?__cft__%5B0%5D=AZXSvIhg20ig4rmgNi7Fs0BIfqGv61DruFa4X39SUrQMX13IJYJ_HhNybNwxg8LGZ-zZ8zwZEoWTSw1b2rZKocj3UrNHFAZn4ML6Jp52WxzbGAiQPr0Zst7kaMAdh5uqEWHUwz7NIPDHaNLy7vffy_wOpbFeoGW3tUijr-oIoioGdNY9pwFIrb5DSMfuXycGzyA&__tn__=%2CO%2CP-R

| also want to thank Gorazd Planinsic who made all those amazing videos that we used in our
meeting on momentum. In the second video in the above activity you see Bor Gregorcic.

https://www.facebook.com/groups/320431092109343/posts/1319328765552899/? cft [0]
=AZVUrtZhnJnDhEIXRtIXFgLwfJkUfUj5hh08949 tEZwWRJESZqgC6g6akiIDKk937tB2ukAiSY
vYKYLKDChK8 QnUzxLoyQKSY28hndc3qOLYg9MgLKUFtiO8aXo3WL1ZsnEiOrMgZWSuK
PG2DJHbY7se01ilKT1T5nFL 4xMdiZ8B O7 1GMONUG6zinA8BNgVDel& tn  =%2C0%2C
P-R

Eugenia Etkina
Admin

December 16, 2022 at 11:11 AM

Hi all, yesterday | posted an activity related to momentum (Please read my yesterday's post
before you continue reading this one).

There, in the first video, | move forward on rollerblades and drop the ball | am carrying which
falls down but continues to be next to my body during the fall and lands by my feet. The
question is - what happens to the momentum in this process?

If we take Eugenia as the system, then the answer is Nothing. There are no extra external
forces exerted on me, thus my momentum does not change - which is clear from the video - |
do not slow down or speed up.

But what if we take me and the ball as the system? In this case, we need to remember that
momentum is a vector quantity and we analyze x component separately from the y component.
In the x direction there are no external forces exerted on the system, therefore the momentum
of the system is CONSTANT. This means that if before | dropped the ball, | was moving at
velocity v in the x direction and the ball was moving at the velocity v in the same direction, we
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https://www.facebook.com/groups/320431092109343/posts/1319328765552899/?__cft__%5B0%5D=AZVUrtZhnJnDhEIXRtIXFqLwfJkUfUj5hhO8949_tEZwRjESZqgC6q6aklDKk937tB2ukAiSYvYkYLkDChK8_QnUzxLoyQKSY28hndc3qOLYg9MgLKUFtiO8aXo3WL1ZsnEi0rMqZWSuKPG2DJHbY7seo1iIKT1T5nFL_4xMdtZ8B_O7_1GM0NU6zinA8NqVDeI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1319328765552899/?__cft__%5B0%5D=AZVUrtZhnJnDhEIXRtIXFqLwfJkUfUj5hhO8949_tEZwRjESZqgC6q6aklDKk937tB2ukAiSYvYkYLkDChK8_QnUzxLoyQKSY28hndc3qOLYg9MgLKUFtiO8aXo3WL1ZsnEi0rMqZWSuKPG2DJHbY7seo1iIKT1T5nFL_4xMdtZ8B_O7_1GM0NU6zinA8NqVDeI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1319328765552899/?__cft__%5B0%5D=AZVUrtZhnJnDhEIXRtIXFqLwfJkUfUj5hhO8949_tEZwRjESZqgC6q6aklDKk937tB2ukAiSYvYkYLkDChK8_QnUzxLoyQKSY28hndc3qOLYg9MgLKUFtiO8aXo3WL1ZsnEi0rMqZWSuKPG2DJHbY7seo1iIKT1T5nFL_4xMdtZ8B_O7_1GM0NU6zinA8NqVDeI&__tn__=%2CO%2CP-R

continue moving the same way (until the ball touches the floor). The x momentum of the
system did not change when | dropped the ball!

But in the y direction, there is an external force exerted on the ball that previously was
cancelled by the force exerted by my hand. After | drop it, the ball's momentum CHANGES
because of the impulse exerted by Earth - it accelerates towards the floor. But even though
the system's momentum is not constant in the y direction, the momentum of the system is still
CONSERVED.

WHAT??? How is this possible - CONSERVED BUT NOT CONSTANT? Exactly!

The momentum is conserved because if we redefine the system to include Earth we will find
that as the ball acquires the downward momentum due the the pull of Earth, Earth itself
acquires the upward momentum due to the pull of the ball. EXACTLY the same momentum in
magnitude but in the opposite direction. So, if we include Earth in the system, the total
momentum in both directions remains CONSTANT. And this is the main difference between
conserved quantities and the quantities that are not conserved. If a quantity is a conserved
quantity, then we can ALWAYS find a system in which this quantity is constant. It does not
disappear without a trace and does not appear from nowhere (for example, velocity and
acceleration are not conserved quantities, although they can be constant in some processes
but momentum and total energy are, as well as electric charge for example are conserved
quantities but they are not necessarily constant in some systems - see Emmy Noether theorem
for the explanation).

I hope that this brief example helps you see the very important difference between the words
CONSTANT AND CONSERVED. When a quantity is constant, is is not necessarily conserved.
When the quantity is conserved it is not necessarily constant. If you finished reading to the
end, you know what to do next, thank you!

https://www.facebook.com/groups/320431092109343/posts/1320186115467164/? cft [0]
=AZWqg6bralgGEmvs6XylwqbK5xf2Mt6VTJwxkTgimFrUPnGEdJFiayVwstDWx5S1p18 Uwt5
O MS3jHIRXNZv9cBMFmMOLC4Mkk7yk1s4qR5gAUK4sisL.2xDp71Jn_ QHWBIESoWgbJGdK2
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04Eqg-
hNFo3gd2AnB70JhsnHIrimEuEgopCAHaetA4zIPFpgg9jwlV 60& tn  =%2C0%2CP-R

Eugenia Etkina
December 19, 2022

Hi all, in the last couple of days we had very interesting discussions related to the Al bots
responding to our questions. Frank Noschese, Bor Gregorci¢, Peter Bohacek, Gorazd
Planinsic all contributed to those, thank you all!

Today | wanted to talk about why the bots give wrong answers to many of our questions. If
you think of a traditional answer to this questions - "students have robust misconceptions",
you will realize how wrong this answer is using the bots' difficulties answering our questions.
Nobody programmed any wrong physics ideas into them, they have difficulties when putting
these ideas together being triggered by the context or some word in the question (Gorazd
Planinsic tried changing just ONE word in the problem and the bot went from a completely
right answer to a totally wrong one). This means that the bots (just as our students) have
trouble putting ideas together when being put on the spot with our questions. EVEN having all
CORRECT equations and ideas programmed into them, they still make mistakes. Those bits
of information programmed into the bots need to be viewed as RESOURCES which the bots
use, sometimes productively and sometimes not. But if we remove this resources (and this is
what the misconception approach tells us to do - do away with misconceptions, remove them
from students brains!), there will be nothing for the students (or bots) to build on and no
learning will occur. That is why the misconception approach is inherently flawed and we should
be using the resources (including p-prims) approaches to interpret student responses. If you
are not familiar with the p-prims approach, | can explain tomorrow.

https://www.facebook.com/groups/320431092109343/posts/1322828728536236/? cft [0]
=AZWv8SkhMjVYIlynKS-uBr696hL0gd6IbkPjC1YXk8aAlfPe4UH62nCwi2l-
SWXpNuEwD1TalVR-
ZH2f5juYOgE1dtrSAIPMJppd;jiL428v17CRLsOnakSjgi4r3xNdvanSO0Kn77CVkO0s-
gQ8K7KvttlOOKxj8XmIKgGy5XXEVWiUMjyil gA4ciMos1JYhUZ40& tn  =%2C0%2CP-R

Eugenia Etkina
December 20, 2022

Hi all, representing ideas in multiple ways helps all students learn. There is no question
anymore about different learning styles - those do not exist, instead, there is a firm consensus
about specific instructional methods that help ALL students learn. One of those methods is
multiple representations.

The pioneer and the advocate of this method in the PER community was Alan Van Heuvelen.
Since his first papers many curriculum developer came up with various graphical
representations but it is his idea of using the graphical representation as a concrete bridge
between abstract words and abstract equations that is the most powerful. Building on these
ideas, we extended graphical representations in many directions, one of those being graphs
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https://www.facebook.com/groups/320431092109343/posts/1322828728536236/?__cft__%5B0%5D=AZWv8SkhMjVYlynKS-uBr696hL0gd6IbkPjC1YXk8aAIfPe4UH62nCwf2l-SWXpNuEwD1TalVR-ZH2f5juYOgE1dtrSAlPMJppdjiL428v17CRLsOnakSjgi4r3xNdvanSO0Kn77CVk0s-gQ8K7KvttIO0Kxj8XmlKqGy5XXEVWiUMjyiI_qA4cjMos1JYhUZ40&__tn__=%2CO%2CP-R

of the quantities that are normally not used in specific topics. Here is an example of such use
in momentum (as we have been working on momentum since our last meeting). This is the
problem from the back of the chapter problems in our textbook (Chapter 6), there are many
more different representations in that chapter, check it out!

Two more things. Yesterday | mentioned p-rims as a type of student ideas and | said that |
would elaborate on those if you are not familiar with them. Nobody asked any questions about
p-prims, does it mean that they are clear? Finally, please do not forget to like the post or
respond to it to make it more visible for other members. Thank you.

12. You hold a clay ball above a scale and then drop it. After hitting the scale,
the ball sticks to it. In Figure (26.12, which of the graphs (a) to (c) cor-
rectly shows the qualitative time dependence of the force exerted by the ball
on the scale, and which of the graphs (d) to (f) correctly shows the qualita-
tive time dependence of sum of the forces exerted on the ball? Assume the
y-axis points vertically down.

FIGURE Q6.12
(a) (d)
{:‘ ball on scale y S’F on ball ¥
> 1 > 1
(b) ()
fbull on scale y 2"‘F‘cm ball y
> 1 U > 1
(c) (f)
{;‘hall on scale y EF{m ball y
- * [ »
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https://www.facebook.com/groups/320431092109343/posts/1323495275136248/? cft  [0]

=AZW-IIHMhO5uEQqgnpzOLY SR7wOAW32hdgDjS6FF-h2 gtl8-

JV_7Yapforr5 rk2CBRKUvyCrMAfBZfe7B9Myy an3kUK71412wP9pydP58enb8Ss3VHQhoc-

iODdPE-

EaNrvbomDJE3FaS3905CZVjLcDBKNz3qGPo7EdAsCzZhOpvGZI5cFUErfylIFutBdM4& tn
=%2C0%2CP-R

Eugenia Etkina
Admin

December 21, 2022 at 3:45 PM

Hi all, | promised to explain what p-prims and resources are but | think | need to start by
defining the context in which ideas appeared. so, | plan to do at least 4 posts on this topics -
next 4 days. If you are interested, please make sure that you check the posts every day. The
text that | will be sharing here is a draft of one of the chapters in the new book that Gorazd
Planinsic and | are working on - this is the sequel to our first ISLE book and is focused on
helping to prepare physics teachers who will implement the ISLE approach with their students.
So, here is the first part:

The disagreement of how to treat student ideas is as old as the idea that the students are not
blank slates when they come to us. The recognition that students come to us with existing
knowledge is the first step in helping them learn (Dehaene, 2022 and Zull, 2002). Investigating
those ideas is the next important step (see the work of the University of Washington group led
by late Lillian McDermott). Often, these ideas look “wrong” at a first glance as they do not
match the normative physics understanding that we wish our students to develop. However,
after that the paths of the educators diverge.

Some travel in the direction of labelling student ideas that they bring into the classroom as
“misconceptions”’(sometimes labelled as preconceptions, alternative conceptions, etc.)
(Clement 1982; Halloun and Hestenes 1985b; Kaltakci-Gurel et al. 2016; McCloskey 1983 ),
some label them as “resources” (Smith et al., 1993/1994 and more below).

When researchers or teachers talk about misconceptions (or whatever label they give to those)
they usually mean that students hold firm cognitive structures (conceptions) that are strongly
held, different from experts, affect how students understand and explain natural phenomena
and must be overcome. In other words, if a student has a misconception about something,
first, it means that they have some robust conception and second, it means that this
conception is wrong and needs to be cleared out from their mind and hopefully replaced by
the correct conception. As D. Hammer put it a long time ago (1996), “This view frames
research designed to identify misconceptions and instruction designed to reveal, confront, and
replace them.”

While, as we said above, this view looks to be consistent with constructivist ideas that students
are not blank slates, it also imposes certain tasks on the teacher — identify those ideas in
student minds and help them get rid of those.

That last step breaks the connection with constructivism, as if we “remove” those wrong ideas
from students’ minds, then how do we help our students build new ideas which (as brain
research tells us, see Dehaene, 2022) can only be developed when they connect to previously
existing ones.
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But students do come up with incorrect ideas, don’t they? We all have those experiences when
students express the views completely inconsistent with the laws of physics. For example,
many researchers documented student “misconception” that “motion implies a force, and
when there is no force, motion ceases” (impetus theory as described by Hestenes, Wells, &
Swackhamer,1992). It looked like in many instances (including standardized assessments,
such Force Concept Inventory) the students have this robust wrong idea. However, when
Brookes and Etkina (2009) conducted a linguistic analysis of student responses, they found
that the students do not see the force as a cause of motion but treat it as a property of motion
(similar to momentum or kinetic energy) and thus their responses are completely correct and
require some language correction not the correction of the conception. Based on similar
analysis, “Smith et al. (1993/1994) and diSessa (1988, 1993) challenged the idea of a
discontinuity between student and expert knowledge, arguing that it conflicts with the
constructivist account of how we develop new understanding. To be continued! Please like or
comment to ensure that the next post comes to your feed.

https://www.facebook.com/groups/320431092109343/posts/1324396945046081/? cft [0]
=AZUp88qU8HNSKOUC7G3m20Dmu9I27DLWrXAQIskhjzr25Uuld90oEywyvv9l4sI1MQOKs
WRLMpAP7ptBkahwXBtba G2KbxztkLFzmEwxOHIBjzyBXHUKBePjhIS6aqgOQYq51fzZWgM
xXV34 JtiyNTpC UswPsVSMMT3yCziBTozE26T4MHMA4bf-

5xzj3WgRsoc& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

December 22, 2022 at 11:15 AM

Hi all, | continue the series of posts about student ideas. Please read my yesterday's post to
follow. | start from the end of yesterday's post.

...In focusing only on how student ideas conflict with the expert concepts, misconceptions
approach offers no account of productive ideas that might serve as resources for learning.
Because they are fundamentally flawed, misconceptions themselves must be replaced. ... An
account of useful resources that are marshalled by learners is an essential component of a
constructivist theory but the misconception perspective fails to provide one. (Smith et al.,
1993/1994, p. 124 as cited by Hammer, 1996).

At the same time, several researchers started investigating student ideas in detail and found
that they are not robust ideas, but depend on the context and the wording of a question
(Schuster, 1993, and many others). For example, the students have small experience-based
ideas that they put together when asked a scientific question.

Is it possible, that students (and all people) construct cognitive structures based on their every-
day experience and then apply these structures to answer physics questions? A. diSessa
answered this question positively when he developed the concept of “phenomenological
primitives” (means simple ideas that grew out of generalizations of everyday phenomena) or
‘p-prims’ (1993). These p-prims are small ideas that students have and they put them together
to answer our questions. Using the pr-prims idea, we can think that student answers are not
based on stable cognitive structures, but are the results of them trying to apply and combine
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their previous ideas to respond to us. The emergent answer is often made on the spot in
response to our request.

diSessa (born in 1947, | put his photo here) identified several p-prims in student reasoning.
Here are some examples: maintaining agency (for example food is needed on a hike),
actuating agency - the consequence of something lasts longer than this something (for
example, if you burn your tongue eating hot food, the pain lasts longer than the contact with
the hot beverage ), closer means stronger (the closer you are to the stove, the hotter it is),
Ohm’s p-prim — the stronger the cause, the stronger its effect, the stronger the resistance or
impediment, the stronger its effect, and several others.

Now, you can see that p-prims can be used to explain many physical and social phenomena
but they are not directly connected to normative physics knowledge. When we ask a student
a physics question, they activate one (or more) of the available p-prims and sometimes the
answer is correct (current through a resistor is directly proportional to the potential difference
across it and inversely proportional to its resistance) and sometimes it is not (velocity is not
directly proportional to the force and inversely proportional to the mass).

Being able to habitually identify the p-prim on which the student based their reasoning is
extremely important. If we can do this, we can use the existing p-prim and build on it by
tweaking the language or the context. We need to view p-prims as productive resources on
which to build students’ new knowledge (Smith et al., 1993/4). ... End of today's post.

To be continued. If you read to the end, please like the post or respond to it, so that my
tomorrow's post comes to your feed.

PS Notice, that | am citing very old papers that refute the idea of misconceptions and provide
a different approach to student ideas. The question remains: Why do so many educators hold
the "misconceptions approach" even now? As a member of the editorial boards of several
physics education journals, | regularly receive papers to review that describe students'
misconceptions in different areas of physics, including quantum mechanics. | wonder, how
many students thought and formed conceptions (wrong conceptions) about quantum
mechanics models before they came to class? The answer would be none. And yet, those
papers come. Stay tuned!
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ZQI3UDwWVhE8jDoqU39CpRcz8rTOWKE 1wiwWQtx2EbNfwy9l6fsok6 GCfV4aia1nigMPgzG-
Aql8I-21Zk-Tw& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

December 23, 2022 at 11:07 AM

Hi all, | continue with student ideas today. Please read three last posts before reading this one
(if you missed them) as they build on each other.

Yesterday | finished with the idea that we need to view p-prims as productive resources on
which to build students’ new knowledge. Here is the continuation of the story:

David Hammer (see his photo attached) and his collaborators developed the idea of resources
further (see for example Hammer 2000; Hammer and Elby 2003; Hammer et al. 2005). They
proposed that resources are bits of prior knowledge that can be activated alone or with other
resources as a student reasons about a physics topic. Resources are often context-dependent
and may not be robust in their activation, i.e., a student may abandon a resource or change
which resources are being activated rather quickly. AJ Richards, D. Jones, and | in the paper
“‘How Students Combine Resources to Make Conceptual Breakthroughs” (Richards, Jones, &
Etkina, 2018) describe resources using the definitions of different researchers as “cognitive
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elements at various grain sizes that may be in different states of activation at any given
moment” (Conlin et al. 2010, pp. 19-24); they can range from small, basic elements like
Disessa’s, to more complex conceptual structures such as “coherent theories about physical
phenomena”(Harrer et al. 2013, p. 23101).

Hammer and colleagues discuss conceptual and epistemological resources. Conceptual
resources are similar to p-prims but differ from them in size and scope and many of them are
physics related. For example, a conceptual resource of energy as a substance can help a
student successfully explain how a battery powers a lightbulb but when used to analyze what
happens to electric current in a circuit might lead to an incorrect answer that current is used
up in a circuit.

Epistemological resources relate to the nature of knowledge and learning (Hammer and Elby,
2003). An epistemological resource of "knowledge as fabricated stuff" can help students think
of developing their own explanations but if they have a resource that "knowledge comes from
authority”, they would want you to “give them an answer”. As the p-prims, both types of
resources are activated when we ask students questions or when they are interpreting reading
materials. While these p-prims and resources sometimes make the students give answers that
are "wrong” or seem wrong, we should try to “diagnose” the source of their ideas and channel
this source in a productive direction.

Here is an anecdote that might help. In the Rutgers Physics Teacher preparation program in
the course “Development of Ideas in Physical Science” there is an assignment when the
students (future physics teachers) need to interview a novice about a specific physics concept,
transcribe the interview and then interpret what the subject said. One of the pre-service
teachers had to interview a novice about electric charge. This was his comment at the end of
the discussion of the interview: “It looks like my interviewee did not know anything about
electric charge, but if you replace the word “energy” with the words “electric charge” in his
answers, most of them are absolutely correct”’. This comment shows how important it is to
listen to the students carefully and think of what resources they activate when responding to
our questions. Without a doubt, | consider the frameworks of p-prims and resources to be
much more productive in helping students learn than the frameworks of misconceptions (or
alternative or naive conceptions) and | try to avoid the term “misconceptions” as much as
possible when talking about student ideas. End of post.

There is one more post left in this series, stay tuned and please do not forget to like the post
or respond to it in some other way so that the next post comes to your feed and is more visible
for other group members. Thank you.
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Eugenia Etkina
Admin
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December 24, 2022 at 11:53 AM

Hi all, today is the last post in the series concerning student ideas and why the misconception
approach to those ideas is not productive.

While in the previous posts | tried to convince you that listening to the students and building
on their ideas is more productive that trying to help them get rid of their initial ideas. However,
this approach does not mean that we think that students do not have difficulties constructing
physics ideas. There are several well documented student difficulties (most are created by
instruction, or by the confusing language, or by the context of our questions that is unfamiliar
to the students) that we acknowledge and list them in every Chapter of the Instructor Guide
(posted here in the FILES).

Here is an example from Chapter 3 Newtonian mechanics:

“The most difficult is the meaning of the word “force” as a quantity that characterizes an
interaction between two objects as opposed to the motion of an object. The reason for this
difficulty is the language we use in everyday life. The difficulty that stems from our teaching is
thinking that ma is a force and using ma to calculate any force. Other common difficulties
include thinking that objects move in the direction of forces, and that any two forces that are
the same in magnitude and opposite in direction are Newton’s third law forces. When drawing
force diagrams for an object of interest, students mistakenly put forces exerted by the object
of interest on some other object.”

This example shows the causes of the first two difficulties but does not address the causes of
the rest. We can think of moving in the direction of the force difficulty arising from focusing on
the experience when any motion starts — the object always starts moving in the direction of
the sum of the forces. Therefore, this difficulty stems from generalizing some of real-life
experiences and forgetting about others. If we start from this experience and then ask students
to analyze the experience when the forces are exerted on an already moving object (for
example, an object thrown upward, remembering to ask the students first what the word "force"
means), they will see that their rule only applies for the start of the motion, not when the object
is already in flight on the way up.

The difficulty with Newton’s third law stems from teachers’ focus on “equal in magnitude and
opposite in direction” and not so much on the fact that these two forces characterize the same
interaction. Here, student thinking is very productive for applications of Newton’s second law
and all we need to do is ask on what systems those equal and opposite forces are exerted
and what interactions they describe. Again, there is nothing wrong with student thinking, it is
simply misapplied. And the last difficulty can again be caused by teaching — not identifying the
system and the environment before drawing the forces. What is interesting here, is that
combining student reasoning related to Newton’s third law above and this difficulty, helps the
student with the the application of the third law when they are trying to put the forces that the
system exerts on the object in the environment on the force diagram. Therefore, none of those
difficulties is a firm wrong concept that needs to be removed from students’ minds but a
productive resource that can be used to develop conceptual understanding.

Recently, the Al developers created physics bots that answer physics questions and solve
physics problems. Any student can put any question or a problem and the bot will answer. The
bots are programmed with correct physics knowledge and physics laws. But surprisingly, they
have difficulties answering very simple questions.

Here it is clear that the explanation that "students have robust misconceptions", won’t work for
bots. Nobody programmed any wrong physics ideas into them, but they have difficulties when
putting these ideas together being triggered by the context or some word in the question
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(changing just ONE word in the problem and the bot went from a completely right answer to a
totally wrong one). This means that the bots (just as our students) have trouble putting ideas
together when being put on the spot with our questions. Even having all correct equations and
ideas programmed into them, they still make mistakes. Those bits of information programmed
into the bots need to be viewed as resources which the bots use, sometimes productively and
sometimes not. But if we remove these resources (and this is what the misconception
approach tells us to do - do away with misconceptions, remove them from students’ brains!),
there will be nothing for the students (or bots) to build on and no learning will occur. That is
why the misconception approach is inherently flawed and we should be using the resources
(including p-prims) approaches to interpret student responses.

End of post. If you reached the end, please do not forget to like it or comment on it, these
actions will make the next post visible for you and this post visible for more members. Thank
you!
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=AZWIXUf6JvbgGY-

6da4Aw6Z1RRA 4hdBe0OvPvGWpX0r86vnhNR1jyHBdE1yf70dWhbnCIGdAmM13loY6Ecv449
xefjl-sYvTs5i2xP39YpnVihG93YyU4i4x-L0TI4fI60Jy07SIe3gM3TbR5-
5JED1VKkcL7ySnPfTtPeXY4UcKnsYdc-uGxj2EUMs8-GAtDlyOwW& tn  =%2C0%2CP-R

Eugenia Etkina
December 28, 2022 at 3:42 PM

Hi all, this post is to fill your coffers with the information about women scientists.

| asked ISLE users to explain how the ISLE approach deal with students ideas and they did a
marvelous job - see their yesterday's comments. | will add my thoughts tomorrow. Today
please read is this! Have a great day!
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Today in Mary Somerville
Science HiStOI‘Y g born Dec. 26, 1780

A Scottish scientist, writer, and
polymath. She studied mathematics
' and astronomy, and in 1835 she and
Caroline Herschel were elected as the
| first female Honorary Members of the
Royal Astronomical Society. When
John Stuart Mill organized a massive
| petition to Parliament to give women
} the right to vote, he made sure that the
first signature on the petition would be
§ Somerville's. In 1834 she became the
| first person to be described in printasa
' "scientist”. When she died in 1872, The
Morning Post declared in her obituary
that "Whatever difficulty we might
experience in the middle of the
nineteenth century in choosing a king of
science, there could be no question
whatever as to the queen of science”.

=
-

https://www.facebook.com/groups/320431092109343/posts/1329697424516033/? cft  [0]
=AZW9In9e15¢cp6riq3kXVpy9GOQRGIpb0OK70Z6z0P7dw6jVx5agmf07piT1AqDW4XRCgh65

ia0ToA29D agJ4kUOb bmBHLH8mMWzOTnzl-sq3YA7ee38a86K|UEEZbOXCEXT-
50RMveNHDxToC7DhhnnBIMkkJSCZAVdSsNuvwPXC4K9LzJDGhwVoGtKGVOodzzmD8d
6haPTC4ptgxcFwIMf& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

December 29, 2022 at 3:53 PM

Hi all, today, as promised, | will summarize (or start summarizing) how the ISLE approach
relates to resources, p-prims and such. | will repost some of the posts of the group members
too, specifically, Allison Daubert and Christopher Robin Samuelsson. It is a long post, so,
please be prepared

As we do not ask the students to make predictions before initial observational experiments,
they are free to observe the phenomenon/a without any expectations. When they describe
what they observed using simple language, again, we are trying not to tap into their resources
(yet). But when they have to come up with “wild ideas” explaining the observational
experiments, this is when their resources and p-prims come into play. For example, they
conduct an observational experiment described in Chapter 22 in the textbook with a light bulb
illuminating the walls and the ceiling of the room (see attached screen shot, Figure labeled
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22.1). The students need to represent how the bulb’s light rays reach all the points of the room
(they have a model of a light ray by then).

The first model that they draw looks like Figure 22.2.(a) - each point of the bulb emits one ray.
Why would they come up with this model? The resource here that they tap, is a commonly
used drawing of the Sun, where one point of the surface sends one ray. While this will turn out
to be a wrong model, the beauty of this model is that it is easily testable. When the students
themselves devise the testing experiments, make predictions of their outcomes using their
model, run the experiments and find that the outcome do not match the predictions (see
experiments and predictions based on this model in Testing Experiment Table 22.2), they do
not get upset at all. In fact, they get intrigued and think how they can tweak the model to
account for the outcomes. This is when they come up with the model in Figure 22.2b.
Therefore, you can see that in ISLE the students bring their ideas at the stage of the testing
experiments and reflect why those ideas have been rejected sometimes. These actions
become epistemological resources — every idea needs to be experimentally testable, which
help them navigate new physics knowledge.

Another example of the ISLEish approach to student ideas is to use the observational
experiments to help the students create a “correct” model on the first try, but the model is so
counterintuitive, that they do not believe it. This is how one of the ISLE users, Allison Daubert
describes this experience:

“The biggest place where | think we bring in student ideas is during testing experiments. (Key
here - not observational experiments at the beginning). So, as an example, for Newton's 3rd
Law, students observe that the readings of F 1 on 2 is always the same as F 2 on 1, but really,
they don't believe it yet. We let them test all of their own ideas about how motion or mass
might affect the sizes of these forces in the testing experiments where they themselves design
the experiments and they themselves get to disprove these ideas. | often discuss with students
at the end of the testing experiments about how their initial ideas just contained slightly wrong
language - that's all. While yes, the objects exert the same magnitude forces on each other
their accelerations are drastically different, and *that's* the experience that they have in life,
and that's the value in their idea.” (Allison Daubert, December 27th, 2022)

Finally, the students bring in their experiences to make analogies when explaining
observational experiments and use their ISLE-based epistemological resources to self-
regulate their learning. From a post of another ISLE user, Christopher Robin Samuelsson
“Some of the conceptual resources that | always find interesting are exemplars (see Smith,
2014 or Nosofsky & Zaki, 2002 for more on the concept), i.e. resources that are specific
instances or events (in contrast to p-prims that are more similar to prototypes). Students will
at many times (in our ISLE-based activity) find useful events that they employ in order to
compare with an observation or to formulate a hypothesis.

For example, it is very common that students (in our study three pairs of engineering students
and three pairs of physics teacher students) almost immediately compare the observation of
ice melting when salt is added to it with "adding salt on roads during winter" and that they are
explicit with the resource as in "but we know that.../l remember that.../l am thinking of this.../|
have seen that...". This can then lead them to construct the meaning of freezing point
depression (even though they may not remember what it is called) by mediating their
conceptual resources through semiotic resources such as specific hand gestures (gesturing a
scale of temperature). Additionally, when having observed the temperature decrease of the
solution on the ice with an IR camera, they formulate some of the hypotheses by employing
exemplars such as "caloric theory as presented in that thermodynamic lecture" (historical
theories and models can be great exemplars for ISLE or ISLE-based activities).”
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Exemplars can be deceiving though as they are based on our memory and memories can be
affect by reconstruction during recall. An exemplar can thus be altered compared to what the
student actually experienced, for example one student employed the exemplar of "that time
when | was cooling beer" and made the assumption that they could use liquid water in their
testing experiments of their hypotheses (of the observation that the temperature of the solution
decreases when salt is added to the ice) instead of ice as the exemplar involved putting bottles
of beer in water which had salt added to it. However, as the students were experienced with
ISLE, they self-regulated toward ISLE (one of the epistemological resources that the students
brought to the activity) throughout their activity which also acted as a self-assessment of the
conceptual resources that they employed and the pair with the "cooling beer" exemplar
realized that they had to use ice in their experiments after additional testing experiments.
Although conceptual resources such as exemplars may be a great support for students in
formulating observations and hypotheses, it seems that the epistemological resources, e.g.
the self-regulation toward ISLE, are important in directing the employment of resources and
that they can act as a sort of tool for self-assessment of employed conceptual resources.”
(Christopher Robin Samuelsson, December 27, 2022)

From the above three examples emerges a very big idea. One of the mains goals of the ISLE
approach is to help students create new epistemological resources which resemble
epistemological resources of scientists! Or in a more fancy way is to say that one of the main
goals is to help our students develop scientific epistemology (I remind you that the word
epistemology means the study of the structure and development of knowledge). Having
scientific epistemology, i.e. the approach to the nature and development of knowledge that
scientists have, will allow our students to learn how to question claims that people make, how
to view scientific knowledge as continuously improving (this is something that lay people have
a hard time accepting), how to separate experimental facts from hypotheses or opinions, and
so forth. If you are truly implementing the ISLE approach, your students will develop all these
resources and they will be using them for the rest of their lives.

If you finished reading the post, you know what to do!
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question.

Representing light emitted by different sources

A laser pointer is useful for studying light propagation because the emitted light
cmerges as one narrow beam. However, most light sources, such as lightbulbs and
candles, do not emit light as a single beam. These extended light sources consist of
multiple points, each of which emits light, When we tum on 4 lightbulb in a dark room,
the walls, floor, and ceiling of the room are illuminated (Figure 22,1}, Obviously, the
bulb sends light in all directions. But does onc point of the shining bulb send light in
one direction, or does each point send light in multiple directions? Both of these ideas
can explain why the walls, floor, and ceiling are illuminated, Let's investigate those two
possble models of how extended sources emit light. To do this we will represent the
travel of light from one location to another with a light ray, drawn as a straight line and
an arrow. Diagrams that include light rays are called ray diagrams. A ray is not a real
thing; it is a model that allows us to show the direction of light,

One-ray model: Each point of an extended light source emits light that can be
represented by one outward-pointing ray (Figure 22 2a). Different points send rays in
different directions,

Musltiple-ray model: Each point on an extended light source emits light in multiple
directions represented by multiple rays (Figure 22.2b).

To help us determine which model better explains real phenomena, we will use the
models w make predictions about the outcome of three experiments (Testing Experiment
Table 22.2). All of the experiments are conducted in an otherwise dark room.

L | . |
TESTING

EXPERIMENT TABLE 22 . 2

.
' How many rays does each point on a light source emit?

FIGURE 2.2 Two madels of light emission
from & bulb,

() Ome-ray model

il

) Multiple-ray mode

paint

sctuls
madiiple
ays

Each paing
senids

e gneay,

5@

TET T2
Predictions
Testing experiment Based on one-ray model Based on multiple-ray model Outcome
Experiment 1. Tumn on a lightbulb .%mﬁj(ldm.ﬂli{p shadow be- W predict a dark, sharp shadow be-  We sce a dark, sharp shadow
and place & pencil close to the wall hind the pencil where the raysdo net | hind the pencil where the rays do not - on the wall,

between the bulb and the wall.

reach the wall,

~——l|

reach the wall.

A

Experimant 2. Tum on a hghtbhulh
and place a pencil closer to the bulb
hetween the bulb and the wall.

M2 ETHITERS (& SE Calincdd €87

We predict a dark, sharp shadow on
the wall, as in Experiment 1.

We predict an almost uniformly
dlluminated wall with a hint of a
shadow.

We see a light, furey

+ shadow {not as dark as in

Experiment 1.

(CORTINUED)

0T AT PV

688

Testing uperl:_!nnt

Experiment 3. Cover the bulb with
aluminum foil and poke & hole in the
foil in the middle of the bulb facing
the weall. Turm the bulb on,

Pl with
t——haole in it

https://www.facebook.com/groups/320431092109343/posts/1330397984445977/?  cft

CHAPTER 22 Reflection and Rafraction

Based on one-ray model

We predict that we will see only a
spot on the wall directly in front of
the hole.

Predictions

Conclusions

Based on multiple-ray model

‘We predict that the whole wall will
e chimly hi

Outcome

We observe that the wall is
dimly lit. 1f we cover the

first hole and poke 3 hole in
a different place, the resalt

remains the same.

[0]

=AZWbnUFyO0ATt2xdoJ65csnNoVIeoFZ82Y8cDgAmaF CdRRWLsOcEJrfPadX52iz6BFpLHr
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OXbZaMH-kJvXjki1K9VmCaNIiz1cTwWUE5AhRZea9WTNXnFXsvEJUvaQSpNzDuBh-
AVwitHjMu6BpJJjbIRTryhr1ladnPxGZ7-
D12Vt53kd7Xx5E0BP72YjiHDD3vm0& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

December 30, 2022 at 4:34 PM

Hi all, a few things today. First, guess how many members our group has now? An amazing
number!

1741111

Seventeen hundred forty one! Wow!

The average number of people seeing every post is about 500, some posts have more than a
1000 people viewing them. This is an mazing engagement!

The contributions! | would say that now the members' contributions (other than myself) account
for the majority of posts! It looks like we managed to form a real community of those who are
interested, learning, practicing, and sharing their expertise about the ISLE (Investigative
Science Learning Environment) approach to learning and teaching physics.

In 2022 we had 10 zoom meetings, with 7 of them lasting over 2 hours (3 meetings were 1
hour long) and one 8-hour zoom-based workshop. This means that the group delivered 25
hours of activities-based professional development in addition to every-day posts (often
multiple!!!) dedicated to learning and teaching physics. The average number of participants in
every meeting or a workshop was about 20, therefore we had 500-person hours of
professional development.

People attending the meetings came from every continent except Antarctica - Africa,
Australia/New Zealand, Asia, Europe, North and South America!

Group participants established personal connections and as the result were invited to give in-
person talks, to do in-person workshops and started collaborating on research.

All this makes me think that we have been very productive and successful this year and | am
looking forward to 2023!

Our next meeting is January 7 - it will be dedicated to teaching energy through the ISLE
approach. We do not stop

Happy New Year all, | am taking tomorrow off posting, | will be back NEXT YEAR!
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Investigative Science Learning Environment (ISLE) process

Observational IDENTIFY PATTERNS
Experiments

Different

Reflections and Revisions % Explanations, Models
Check

Assumptions

Testing Experiments

MAKE
Do Outcomes Agree PREDICTIONS
with Predictions?

lYES l
More Testing Application
Experiments Experiments

Etkina and Van Heuvelen, 2001, 2007; Etkina, 2015

https://www.facebook.com/groups/320431092109343/posts/1331120077707101/? cft [0]
=AZViRYj|39 1JeVrg IdME08Q3yeDYAet CcOgFI2ZOHLaEJpKWLMG6EKrjbJI65GINKNTP7L
71aGcCKxc6fBSBYdj5dwyf1oL5CRa570tZ9wJ qiqlHbcWW822R8VxPTjEuP-

VxZoB91u0OUoOcoplLhcMIgs-FrQ48Riel-
r GS9uBa68SzNFXrvSsPxxHSFEOhFo& tn  =%2C0%2CP-R
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