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Hi all, Happy New Year!

Yesterday Tom Prewitt posted a comment about his students who have trouble reflecting on
what they have learned. How to help them learn how to reflect?

Once | asked (in desperations) the principal of my school where | taught for 13 years: What
tools do we have to convince our students in the right stuff? He responded: "Eugenia, we
have two tools in our disposal: Word and personal example." Tom Prewitt, you used the
words, so maybe, it is time to use your personal example. Do your students have an image
of what it means to reflect on learning? Probably not?

If this is the case, | would start reflecting myself. What do you learn at the end of each
lesson? Show them how to reflect first and then ask three questions in the homework: What
did you learn today? How did you learn it? What questions remain unclear? And then, after
they submit the answers, comment, provide feedback individually. We have analyzed the
relationship between students' ability to reflect on their learning and their learning gains.
Please read the attached paper and share with your students what you learned from it and
HOW you learned. Please let me know if this advice helped.

https://www.facebook.com/groups/320431092109343/posts/1542305556588551/? cft  [0]
=AZV2s8SKEg8-

kUNMRIiHgPaor2JOXKdJDoKCf2rSftIkAnfMvKdU828ecoKWPZzYpT kLIcTvFLxazakqg3s01
pLIgvGAVVAKOHiaWUefJbPsjNn61jDHIIYvafTGghlIChA4SWFwOAM4iRdJxJ61wTjg ZHOG
00-F4eFsIbBTt3YCEMeA9I3ZjZbKUwmwoG2K8quiuPTK-
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Please read the attached paper and share with your students what you learned from it and
HOW you learned. Please let me know if this advice helped.
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Hi all Exploring and Applying Physics people! Two things today: if you have not signed up for
our second energy workshop on Jan 6, but plan to attend, please sign up. The link is
https://www.facebook.com/events/886602089514050

If you are new to ISLE, we will be funning a short (4 hours) online introductory workshop on
February 10 through the OPTYCs (Organization of two year colleges). You do not need to
teach in a TYC to participate. Here is the link to register. It is a free as all our workshops are
and you can receive a certificate with 4 hours of Professional Development.

https://www.facebook.com/groups/320431092109343/posts/1542820233203750/? cft [0]
=AZVEIJIp4OcO00FHLJG-SC-s-xoJM9ulWvki8BvAM9fWOas97 1Z25q7-

8i L9sG2p9IDQ85JiHIJnyK4ytVpMm3wyaCEo6ZIE6QETLgJsBWONduThH308JGBID4HXgif
cLHCx1VHXNIG y9iHWRBM22ZTX5iFLrw-YmmNG6LVrDhb5 0plLUSszuhezA-
cblglQN8Go& tn =%2C0%2CP-R
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Hi @everyone | am trying the everyone tag to see if it makes a difference.

Three things today (please read to the end).

| am reminding you of the Energy |l workshop on Saturday. Please go to your EVENTS on
Facebook and check the zoom link posted there. It is always the SAME link for all our
workshops.

Yesterday | made a post and it was not visible for some as it was a shared post. | put a
comment there explaining what it was about. The post is about Einstein's first wife and how
her contributions were completely overlooked.

Our member, Danielle Buggé, who was 2022 Teacher of the Year selected by the Physics
Teacher Education Coalition (PhysTEC), is presenting a very interesting talk. The
announcement about it is below, it is free to watch. | strongly recommend.

Reminder!
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The Physics of Living Systems Teacher (PoLS-T) Network invites all who want to advance
the teaching of high school physics to join, especially physics teachers, physics education
researchers, and decision makers in school administration and government.

Please register and Save the Date for the PoLS-T January 27 virtual talk!

SPEAKER: Danielle Buggé, physics teacher at West Windsor-Plainsboro High School
South, NJ

2022 PhysTEC Teacher of the Year

TITLE: Thinking (and Failing) Like a Scientist: Cultivating Growth Mindsets of High School
Physics Learners

DATE: Saturday, January 27, 2024

TIME: 9am MST (11am to noon EST)

VIRTUAL via Zoom, and FREE.

Register now, at this URL!
docs.google.com/forms/d/e/1FAIpQLSedyXjSwWWTOBOeJJgpA26SVphv3ywlucPtuUgQbktlu
16mPnA/viewform

Harvard’s PoLS-T Network Team is funded by NSF to strengthen high school physics
worldwide.

PoLS-T LINKS:

Website: projects.ig.harvard.edu/pols-t-network

Join the PoLS-T Network here!: forms.gle/cj87TLRzJ6zcCEULG6

Twitter: @PoLSTNet

YouTube Channel: www.youtube.com/channel/lUCRzn7nZ4f8JksXXUTrouSZg

https://www.facebook.com/groups/320431092109343/posts/1543877853097988/? cft [0]
=AZVe7EVI2Qk3BQR WOG pK IFGdQOva4zoMaP738 8IUP3Sg79bCm1sSBvV5RLUjYS
44sJ1czKnVJdw5uMEO9NS5 VamKL-

GTbvWcevUbXwXg6J XdyxS7UEi62x0aSig3xuFOLimtOp-2zVxD28Q21R-
QrThx6fLOIKOE2w8YahT8wWMFY3WZSmurGqglafPF6210g& tn =%2C0%2CP-R
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Hi @everyone! We had a really good workshop today. Thank you all those, who participated,
for working hard and for contributing to our discussions, thank you! Here is the link to the
recording:

https://rutgers.zoom.us/.../3Lz2F83iBM4J6N3bTbVQIyNJTgU52... Password is qY4*5U2z
Here is the link to the slides:

https://docs.google.com/.../1INPhUsK2fOVgTrRFiX.../edit...

| am also pasting the reflection slide.

The next workshop is on Gases, and after that will on the First law of Thermodynamics.
Possible dated for the gases workshop are Feb 3 or 17. | will post the poll tomorrow.
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| appreciate the discussion on sum of the forces and
distinguishing between the operation of summing, and
’ then thinking about and assigning direction (signs) to
What d|d you |eal'n ‘tOday"> forces. Many of my students have difficulty with net
force, and summing forces. | think if | introduce it this
way, and separating the sets "add the forces” then

Absolutely Amazing workshop! “assign direction to the forces” more students will
develop a better understanding of net force.

| understand better what the point of bringing up the the block dilemma

Internal forces convert energy and external forces add energy

Change in internal energy = friction force over displacement which the block moves

Friction is a key component in the understanding of Physics, because most of the world we live on has friction and interactions,
In fact, it is quite the opposite for studying kinematics where friction is considered 0 or negligible. Also, explain the algebra as a
component a bit different than what is to add and subtract in a Sum of Forces equation. It is important to review the problems as
students work out to understand the relationship of the concepts.

Force diagrams ever for starting

How the concept of internal energy and divided it to chemical, sound, and thermal energy is
important
https://www.facebook.com/groups/320431092109343/posts/1545079589644481/? cft [0]
=AZU9yskzjN6Ef1MJnDdAINJ3uiatWWNCxdG2Uy9Q-FE36GK-
HjvbXILPZO6nr4NNONFWXNNKOJyb1uxUosQjKpkfOdWMa3K281qgc-thiQ8sQa-
Dw4fk5qH96XIXFE8pYFwWTNOp4V-03pkr12hJjx4X6PgTIQ-j-pKtRakY 17mxU-
EfXXfZCBN3AjhlkEafxOOK8& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

January 9
| already posted about Cecilia Payne who discovered that stars are made mostly of

hydrogen. A person who thought she was absolutely wrong ended up getting credit for this.
History is very cruel to women in science. Cecilia Payne is one of those women.
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January 11

Hi all, two things today: first | am reminding you to sign up for the KMT workshop (see your
events). So far only 6 people signed up. If this workshop is not of interest to you, then we
should do a different one. Please sign up if you wish to learn how to teach kinetic molecular
theory through the ISLE approach.

Second, | wanted to continue our conversation about energy. Specifically, the difference
between impulse and work. | pasted below a figure from Chapter 4 (long before momentum
and energy) showing how friction force component of the force that the surface exerts on us
helps us walk. When we walk without slipping this force does NO WORK on us, but it exerts
an impulse that changes our momentum. If the surface does not do work on us, how can we
change our kinetic energy? This is where changing the system helps a lot. If we include the
surface in the system, then the energy of the person/surface/Earth/surrounding air should
remain constant. It is our chemical energy that is converted into kinetic energy (if we walk for
a long time we get hungry) and some thermal energy (the shoe soles, the surface, and
surrounding air) get warmer and we sweat. Thinking when to include the surface in the
system and when not to is important for both energy and momentum analysis.

FIGURE 4.5 The surface exerts a static friction force that helps you walk or run.
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January 14

Hi @everyone! Two things today:

Very few people registered for the Gases/KMT workshop. If the workshop is not needed | will
cancel it. Please register if you are planning to attend. We have never run it, | made a whole
new workshop for this as people in our previous Energy Il workshop requested it. This is a
prequel to the first law of thermodynamics which is a huge problem for both students and
teachers. If you wish your students to understand the first law of thermodynamics, they need
to first learn kinetic molecular theory, the subject of this workshop. The one after will be on
the first law of thermodynamics.
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We are skipping chapters 8-11 in the series of our workshops - Statics, Rotational dynamics,
vibrational motion and waves. Which of these topics should we discuss here between now
and the next workshop? What are the issues that you are having? What problems do your
students have with these topics? Please reply here.
https://www.facebook.com/events/3477986762419047/?acontext=%7B%22event_action_his
tory%22%3A[%7B%22mechanism%22%3A%22surface%22%2C%22surface%22%3A%22g
roups_highlight_units%22%7D]%2C%22ref _notif_type%22%3Anull%7D
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January 15

Hi all Exploring and Applying Physics people! Two things today:

Thank you all those who signed up for the KMT workshop. The workshop is about how to
connect ideal gas laws to a microscopic understanding using the ISLE approach. We now
have over 20 people who signed up, so the workshop will go on. Thank you for responding!
Yesterday | asked what topic should | start posting here before the workshop and Anne L.
Caraley, Meagan Vinson, and Sue Chase mentioned rotational motion (do not confuse with
circular motion which is Chapter 5). | will be happy to start a conversation about it. A few
days ago Gorazd Planinsic posted an excellent problem with a video for RD. But | will start
from the beginning.

How does the ISLE approach work when we are trying to help our students learn
something? We first identify WHAT ideas exactly we want them to construct. Then we think
of what they should definitely know before to be able to construct these new ideas. Then we
think of what they can observe, that is simple and they can see a pattern easily. Then we
think how they can explain the found patterns (if there is a mechanistic explanation, or
should we stay with a causal explanation only), and then how they can test their explanation
(or a pattern) in new experiments. Sometimes, if this process is not possible to follow
quickly, we replace it with hypothetical experiments or reasoning connecting new ideas to
the old ones.

So, to start rotational dynamics, | will identify the necessary prerequisite knowledge that the
students should develop BEFORE they start rotational motion:

Concepts of force, acceleration, Newton's second law, center of mass, torque, equilibrium
conditions, linear momentum, kinetic energy.

Skills: drawing force diagrams, determining the sign and magnitude of a torque.

The concepts that the students need to develop in rotational motion:

kinematics and dynamics physical quantities describing rotational motion in addition to what
students already know: rotational position (theta), rotational (angular) velocity (omega),
rotational acceleration, and rotational inertia.

Newton's second law for rotational motion

Rotational momentum and its conservation
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Rotational kinetic energy

The next questions is WHAT the students will observe to come up with those ideas? We will
start tomorrow with the quantities first. We will go step by step so that you can see the
process clearly. However, before we do this, | am asking you to read through Chapter 8 to
see HOW students construct the ideas of the center of mass and torque. | am also posting
the chapter opening photo for chapter 9 in the textbook - Rotational motion. Why would we
have radio telescopes as the need to know for this chapter?

https://www.facebook.com/groups/320431092109343/posts/1550139799138460/? cft  [0]

=AZXF2FnnOW9APMB6wWtDjUCWNSFyfplygBqW53h59uyUKTz0678ZzJvsGDrw6ITkanmZ
R9f7QON2ADfj2VTgfG5Px5qSEmF3orLMWPggNOA3kh58pgk591P8TKzNgOWH4B[|9Z21XF

8xPp5GYQ-
7m5gmpv0ZnFLnArefhKT _LI2WNRO7SETWIQTIEpoKR8ttvp64& tn  =%2C0O%2CP-R

Eugenia Etkina
Admin
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Hi all Exploring and Applying Physics people! Thank you again all for registering for the
Gases/KMT workshop - we have over 20 people and please keep signing up! The workshop
is definitely on and | will start posting the homework for those who signed up soon.

| continue with rotational motion. To invent kinematics quantities of the rotational position,
rotational velocity, etc. | recommend three things:

Bring a bicycle to class, turn it upside down to sit on the saddle, mark several points on the
same spike and let tthe students observe how much they moved when you stip the wheel for
about 90 degrees. Let them think about similarities and differences in their motion.

Use the following activity with the students:

OALG 9.1.1 Observe and find a pattern

Equipment: 2 1-meter sticks or 1 2-meter stick.

For this activity, you need to collect all of your housemates and go outside (you will need 5
people in total for this experiment). Use two meter sticks (or any other sticks about 1-m long)
connected together to form a 2-m long stick, or use a 2-m stick. Have one group member
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hold one end of the meter stick and stand at the same position at all times. The second
group member holds it at the 50-cm mark, the third one at the 1-m mark, the fourth one at
the 150-cm mark, and the last one at the end of the second stick (the 2-m mark). The four
non-fixed group members need to move so that the one member holding the 2-m end of the
stick runs in a circle at a comfortable constant speed.

a. Observe the motions of these four moving group members. What do you notice? Discuss
with your group.

b. What physical quantities characterizing motion are different for the four group members?
Discuss with your group.

c. What quantities are the same?

d. Compare your answers to Figure 9.7 on page 255 in the textbook. How does it help you
with the answers?

3. Let the students interrogate the following figures (9.1 and 9.2 in Chapter 9). If you are not
familiar with elaborative interrogation technique, please read Instructor guide Chapter 1
(Posted here in the FILES).

These three activities will help them construct all of the needed kinematics quantities that |
mentioned in my post yesterday.



FIGURE 9.1 Top views comparing the velocities
of coins traveling on a rotating disk.

(a} The direction of the velocity vV for each coin
changes continually.
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(b) Coins at the edge travel farther during Ar than
those near the center. The speed v will be
greater for coins near the edge than for coins
near the center.

(c) All coins turn through the same angle in As,
regardless of their position on the disk.

FIGURE 9.2 The rotational position of a point on a
rotating disk.
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Hi all, | continue with rotational motion today. After students constructed kinematics
quantities needed to study rotational motion, we proceed to helping them construct Newton's
second law for rotational motion. We have an excellent series of observational experiments
(thanks to the ingenuity of Gorazd Planinsic) that allow them to see the role fo the torque.
The activities are in the textbook (I am pasting a screen shot) and the link to the video. But
this series of experiments leads students to think of a mass as a contributing factor. How do
we help them construct the idea of rotational inertia? This is tomorrow!
https://mediaplayer.pearsoncmg.com/.../secs-egv2e-turning...
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OBSERVATIONAL 9 2 " '

EXPERIMENT TABLE ' v'! Turning effects of forces exerted on a rotating arm ey
Observational experiment Analysis

Experiment 1. Two fans are fixed on the arm. One fan is switched on, The arm with the fans is the system, The horizental forces are shown

and it pushes air along the arm. The arm does not rotate. in the figure at left.

(Note that all figures show the top view of the expenimental setup.) Because the arm does not accelerate translationally, &; = 0, This

isonlypussjhlcwhmlﬁ= 0. The force exeried by the air on the
system and the force exeried by the axis on the system therefore add
{0 zero.

The arm does not rotate (w; = 0) or accelerate rotationally (ary = (). @
This is only possible when Er = 0 in this case, the torques produced
by both forces are cqual to zero,

Experiment 2. The tumed-on fan rotates so that it pushes air perpen- The air exeris a foroc on the fan and the arm and causes o positive
dicular to the arm. When the fan is on, the arm rotates faster and faster, lorque, 77 > 0.
‘We determine its rotational acceleration by measuring the change in

rotaiioaal velocity sind ths this fniseval The arm has ncrcasing positive rotitional velocity and a pasitive

redational acceleration, wz > {0,

\" - The arm does not accelerste translationally, s = 0 this s only
Fiaom pussihdz’%mthcsumnrfihzl’m:;mmdmilkzﬂ'n,ﬁ-'?=0.
& v =

l-‘"..mm G

\

Experiment 3. Both fans are tumed on so that air pushes on the fans and The air pushing on the fans and the amm creates two torques of the
the arm in opposite dircctions. The arm rotates faster and faster, with the same magnitude that are both positive:

rotational acceleration twice as large as before. -
\ F=0
\ a=0
A =y
4 oy = 2ary
(=% -
= . B
. &2
\\ {CONTINUED)
s ETRITAZD 02 SE_COundd 287 & TIENT 355 AN
258 CHAPTER® Rotational Matian

Observational experiment. Analysis

Experiment 4. While the arm is rotating, you simultsncousty wm off the EF=0
fans. The arm continecs 1o rotate at o constant rotational veloity. =0

=

\ Ir=0

a,=0
-y

\
Patterns

*® An externil force that produces a'zero torque on the arm does not change the arm’s rotational velocity. If the arm is at rest, it remains at rest.

& Whei there ire no external forces exerling borgues on a rolating arm, ils relitional velocity remains constint.

® External forces that produce @ nonzero net lorgue on the arm cause rotational acceleration. Doubling the net orque doubles the rotational
acceleration of the arm.

https://www.facebook.com/groups/320431092109343/posts/1551877378964702/? cft  [0]
=AZXv6ePSuBGQle8PDPcwumQ3fMeMo9vrmik-6nARGUzNPDmvwd3UIcBtJvNhEI-
vbOt6 XaCT0 wRWY8bKXj-RIskn _eh4gAm-

sluOUAsqgljet g02UtEDPUoZQ1w4I3tvOtwlfgA-
2epzbCdOnclaXHGL2bUQijcn7AZpQhKdrRMXITnyCMf XHPjvI96kvrDk& tn  =%2C0%2
CP-R

Eugenia Etkina
Admin
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Top Contributor

Hi all, | continue with rotational dynamics today. Please see my post of yesterday to learn
how students develop the dependence of acceleration on the torque idea. But how do they
construct the concept of rotational inertia? Here is the next step in the development of
Newton's second law for rotational motion using the ISLE approach. Here is the video, the
text of the Testing experiment table is in the attachment.
https://mediaplayer.pearsoncmg.com/.../secs-egv2e-testing...

Please comment on this sequence - will it be helpful for your students?

Using these patterns, we can hypothesize that the rotational acceleration of an ob-
ject with fixed axis of rotation depends on the external net torque exerted on the object.
But is it just the torque that determines the acceleration? In translational motion, the
other quantity affecting translational acceleration was the mass of the object. What is
the analogous quantity in rotational motion? Could it be the mass, too? Let’s test the
hypothesis that the rotational acceleration depends on the sum of the external torques
and the mass of the object in Testing Experiment Table 9.3,

I === -
TESTING 9 3 . -
EXPERIMENT TABLE . *"ﬂ Testing the hypothesis that mass affects rotational acceleration Vogg.
Testing experiment Prediction Outcome
Experiment 1. Repeat Experiment 2 from Table 9.2, but this time If the rotational acceleration The rotational acceleration
move the tumed-off fan closer to the axis of rotation. depends on the external torques of the arm is greater than in
¢ and the mass of the system and Experiment 2 from Table 9.2,
\ we have the same fans as in
Experiment 2 from Table 8.2,
G—-‘:ﬁfrﬁ:’ - then changing the location of the
[OFF . O -
L turned olff fan should n.m change
-] the rotational acceleration of the
system.
Experiment 2. Remove the turned-off fan from the arm and repeat Because the mass of the system The rotational acceleration of the
Experiment 2 from Table 9.2. decreases, the rotational arm is greater than in Experiment 2
; acceleration should increase. from Table 9.2 and greater than in
Experiment 1 above,
=
Conclusion

Although we found that the mass of the system affects its rotational acceleration, we rejected the hypothesis that the rotational acceleration depends
only on the net exerted torque and the mass of the object. We found that the distribution of mass with respect to the axis of rotation is important, too.

https://www.facebook.com/groups/320431092109343/posts/1552482392237534/? cft  [0]
=AZVKBbHoKnF7pSKNbjjpnORw2rK2gqgUu2vdNbNJICRNos3ZAVubZN0ZpoTUHIVSPOXLT
_szeTaGRoHCijNcIszMDTQRfiSmejICIaJ560fruZBe70Wh7VzKCdrdfGCpreGranst
x7J5IBA7K707LRABDMCa06xMWxZHKBbiBXVCEWXdVASECIHCmmvM4&  tn =%2C0%
2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, two things today: First we have a big group of people who joined recently and | wanted
to welcome them; and second, | will continue with rotational dynamics.
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2. We talked about how students develop Newton's second law for rotational motion. Today,
I am sharing a problem, in which they need to apply it. The problem is completely new and
has not been published anywhere. The author is Gorazd Planinsic. Here it is!

You perform the following three experiments with a rod and a small metal object:
Experiment 1: You suspend the rod and the object on each side of a balance, as shown in
figure (a), and you find that the objects are at rest.

Experiment 2: You place the rod on a stationary axis and fix the object on the right end of the
rod (see figure (b)). When you exert a force of 1.6 N perpendicularly to the rod as shown in
figure (b), the rod is stationary.

Experiment 3 (continuation of experiment 2): When you remove your finger you observe that
the rod with the object starts to rotate with the rotational acceleration of 25 s-2 (figure (c)).
What can you tell about the rod and the small object from these experiments? List as many
physical quantities as you can and calculate them. Indicate any assumptions you have
made.

What do you think about this problem?

o Es
e
| ° ® [ o 21 ]
L L/4 L2 - S-:‘
YE..=16N
(a) (b) (c)

https://www.facebook.com/groups/320431092109343/posts/1553204345498672/? cft  [0]
=AZUBvpxGMcvaO-

DSGwDXstJA9YBzvPIIVFTIQxzbQ9OFUOHXxBC6JmxCS6P _plLe9206bgshTeFAHXnaFCMiq
TOh7dRvdi6olKic-M-

v45u9PyGUGV87H3FOyLDo DJpcaUcZS72gMLEPC5kp8JTXKYNCBNn2suwe4hHelActhxR
TdqqDgd7HX36LkyQkYxxV6CXkg& th  =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi @everyone! | continue with rotational motion. We have a quick and beautiful sequence for
rotational momentum in the OALG. | am pasting it here with the link to the video. Just two
activities that do a marvelous job. The sequence also shows that sometimes we do not start
with observational experiments, but with reasoning when students have enough knowledge
about the situation. Just as physicists do. Please let me know what you think. Also, please
do not forget to like the post or comment on it to make it more visible for the rest of the
group. Thank you. | a, also reminding you that all OALG files are posted here in the FILES.
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...


https://www.facebook.com/groups/320431092109343/posts/1553204345498672/?__cft__%5B0%5D=AZUBvpxGMcvaO-DSGwDXstJA9YBzvPllvFTlQxzbQ9OFU0HxBC6JmxCS6P_pLe9206bgshTeFAHXnaFCMlqTOh7dRvdi6oIKic-M-v45u9PyGUGV87H3FOyLDo_DJpcaUcZS72qMLEPC5kp8JTXKYNCBn2suwe4hHeIAcfhxRTdqqDgd7HX36LkyQkYxxV6CXkg&__tn__=%2CO%2CP-R
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OALG 9.4.1 Analyze and find a pattern
Below is a table describing several observational experiments. Read through the experiments and describe the
——patterns you find. Put those patterns on a whiteboard.

+

- Observational experiments Analysis
a. A figure skater initially spins slowly with one leg and Initial situation: Large rotational inertia J and
two arms extended. Then she pulls her leg and arms small rotational speed @.
i "?:;f]’yb"df xS e e Final situation: Smaller rotational inertia / and

d larger rotational speed @),
b. Watch video OET 9.6 on page 267 in the textbook. A Initial situation: Large rotational inertia f and
man sitting on a chair that can spin with little friction small rotational speed .
initially holds barbells far from his body and spins 2 s g e o s
slowly. When he pulls the barbells close to his body, i"ma-' mmijmna.d Smaller rotational inertia / and
the spinning rate increases dramatically. arger rotational speed .
OALG 9.4.2 Reason by analogy -

Discuss with your group and put your ideas on a whiteboard:

a. Use the analogy between translational and rotational motion to write a mathematical expression for rotational
momentum (do not forget to check the units) and one expression for rotational momentum constancy in an isolated
system. After you write the expressions, read and interrogate Section 9.4 in the textbook. Did you arrive to the same
expression as Equation 9.117

b. If the system is not isolated, what physical quantity would account for the change in rotational momentum (think
of an analogous quantity for impulse in translational motion)?

OALG 9.4.3 Analyze

A solid disk (radius 114 mm, thickness 25 mm, mass 1418 g) can rotate with almost
no friction around a vertical axis (see photo at right). You make the disk rotate with
a constant speed and hold a hellow eylinder (outer radius 64 mm, inner radius 56
mim, thickness 50 mm, mass 1428 g) directly above the disk so that the axes of both
objects coincide. When you release the cylinder, it falls onio the disk and slides on
it for a few seconds until both objects rotate with the same constant speed. A high-
speed video of the experiment (recorded at 300 frames per seccrul] is gucm here

3]. Answer the quesmns below:

a. Draw a rotational momentum bar chart for the experiment (for help, check the
bar charts in Example 9.6 in the textbook on page 269). Indicate your choice of
system and the initial/final states.

L} lmd:r

b. Estimate the ratio between the rotational inertia of the cylinder and the rotational inertia of the solid disk,

disk
using data from the video. Calculate the same ratio from the dimensions and masses of the objects given above. Compare
both results and explain any differences between them.

https://www.facebook.com/groups/320431092109343/posts/1554948005324306/? cft [0]
=AZVxsTnMrOvynM4PCZBvwcynC b8FIDn6CB45ZRbp5uxQy6VxbpCJW2RAFrUPLskck38
Bk2KyQ7dPUQtubkcTNyykJCcTd6iIFyXMHKF SD08G mYR4jmVd6qt1985bq4L.84k9zEHK7
5AsDGNLWyJ-

8iyNWt1WgQfxryNYOOn iXJ0Z2UQfO9p KRFMnh5Xgrvl& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all Exploring and Applying Physics people! Today I finish the rotational motion chapter - if
you go through my latest posts you will see the ISLE based progression, experiments,
videos, etc. The end of chapter problems are in the textbook, here | only outline the
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chronological progression of students' invention of 4 most important ideas: kinematics
quantities, Newton's second law for rotational motion, rotational momentum conservation
and rotational kinetic energy (today). Below is a short sequence of activities for energy.
Check them out and try with your students! And please do not forget to like the post or
comment to make it more visible. Lately even if | tag everyone, the number of views is
relatively small. | guess it it winter fatigue or something else? Thank you!

OALG 9.5.1 REASON BY ANALOGY

Discuss with your group and put your ideas on a whiteboard:

Use the analogy between translational and rotational motion to write a mathematical
expression for rotational kinetic energy. Check whether the units of rotational kinetic energy
are as expected. After you finish, read and interrogate Section 9.5 in the textbook and
compare your expression to Equation 9.14.

OALG 9.5.2 ANALYZE

Use the video from Activity 9.4.3 and work with your group to answer the following
questions:

a. Draw a work-energy bar chart for the experiment. Indicate your choice of system and the
initial/final states.

b. Estimate the change in the internal energy of the disk and the cylinder during the
experiment.

OALG 9.5.3 OBSERVE AND ANALYZE

The experiment in the video shows a ball rolling up a ramp
https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-9-5-3. Use the data that you can
collect from the video to decide whether the ball can be modeled as a point-like object, a
solid sphere, or a hollow sphere.

a.Draw an energy bar chart to represent the process for three different models of the ball.
b. Using the speed of the ball on the horizontal surface, predict how high each model
predicts the ball to climb.

c. Compare the actual height of the climb to the height that each model predicts. What
additional assumptions do you need to make to explain the outcome of the experiment?
OALG 9.5.4 OBSERVE AND ANALYZE (ALG 9.5.3)

Observe the video of a solid and a hollow cylinder of equal masses rolling down an incline
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]. Draw energy bar charts to
explain why the solid cylinder wins the race.
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Yesterday | posted the end of the rotational motion chapter. Very few people see the post. |
will not post anything new today to let people catch up. My next question is what to focus on
next? In the textbook the next step is Vibrational motion. Should | start posting about it or do
something else?
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Hi @everyone! Some were asking me about summer ISLE workshops. The best one is a
week long workshop at Rutgers (NJ).

Itis run by Danielle Buggé and Rob Charles (Rob Zisk) with contributions by Debbie
Stephanie (Debbie Andres, our famous AAPT vice-president!). | am attaching a flyer for the
workshop. With all details, please go to Rob Charles (Rob). His email is in the flyer.
https://www.facebook.com/groups/320431092109343/posts/1556414125177694/? cft [0]
=AZXArXSNHnKf5zXXkmAxocK3CmYVBloaDsv6pOAa9WdL KBjglLgeeYaVnNdCzlgAfo67
NQaO4wxiRQuLU2dno npW43W3wyV5uYZ22vuZQ77NNJX20mzF7vVRHQS9ICz06eB6m
zoCy8RIKAIicfJOXVJIHLuUjgBtV9Th-2Cb9y6IT6n9GNn zdI28zM5EmMODLdtYxnVN-
KaWh92YS EhoC5IT4v& tn  =%2C0%2CP-R
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Hi all, yesterday | asked what to comment on now that we have finished rotational motion
and the opinions were different. Some wanted optics, some waves, and some - vibrational
motion (which is the next chapter after Rotational Motion). As | cannot satisfy everyone, | will
go with the vibrational motion (chapter 10 in the textbook).

The most important thing for students to learn there is that all the tools that they have been
developing so far - motion diagrams, force diagrams, energy bar charts - they all come
together to help them analyze this new type of motion. Not only in this motion nothing is
constant even in magnitude, but it has a special point - an equilibrium position and a special
force - restoring force that changes direction during each cycle. And despite of all this
craziness, our tools work! This is the most amazing aspect of learning vibrational motion.
Now, here is the start (I am pasting the words here and do screen shots of the graphs
separately). ALL of those activities are in the OALG file posted here in the FILES.

10.1 OBSERVATIONS OF VIBRATIONAL MOTION

OALG 10.1.1 OBSERVE AND FIND A PATTERN

Equipment: Two small ~200-g objects, a soft spring (if available), piece of string.

For this activity, you will need a soft spring. If you do not have one, a rubber band can be
used too. In addition, find some string (dental floss will work) and a couple of small objects to
attach to the string and to the spring. Conduct the following two experiments and describe
common patterns concerning the behavior of the hanging object.

a. Perform the experiments and record your observations.

Experiment 1: Tie a string to a small object and let the object hang freely. Then, pull the
object to the side and release it. Record your observations.
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Experiment 2: Hang another object from the spring (or the rubber band), pull the object
down, and release it. Record your observations.

b. Identify patterns common to both experiments.

c. Compare and contrast the motions of the objects in these experiments with the motion of
objects at constant speed or at constant acceleration.

OALG 10.1.2 REPRESENT AND REASON

The cart in the figure below is attached to a light spring that can stretch and compress
equally well. The cart and spring rest on a low-friction horizontal surface. The cart is shown
at rest and not accelerating at position Ill. The cart is pulled to position | (by stretching the
spring) and then released. The cart moves to position V, where it then reverses direction and
returns again to position |. This motion then repeats.

Observe the cart in the video [https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]
and represent the cart’'s motion with motion diagrams and force diagrams, between each of
the points indicated in the table that follows.

AS FACEBOOK DOES NOT ALLOW ME TO PUT TABLES AND FIGURES HERE, | WILL
PUT THE TABLE IN THE SCREENSHOT.

a. Do the force diagrams depend on whether the cart was moving left or right? Explain.

b. Are the force descriptions consistent with the motion descriptions? For example, is the net
horizontal force in the same direction as the acceleration? Give several specific examples.
c. At each position, compare the direction of the force exerted by the spring on the cart and
the cart’s displacement from equilibrium when at that position.

d. Summarize the patterns in the direction of the sum of the forces exerted on the cart and
displacement of the cart. Compare the patterns you identified with the patterns in
Observational Experiment Table 10.1 on page 285 in the textbook and patterns 1 and 2 on
page 287. Make sure you read and interrogate the definitions of the equilibrium position,
restoring force, and amplitude.

OALG 10.1.3 REPRESENT AND REASON

a. Construct five qualitative work—energy bar charts for the cart—spring system described in
Activity 10.1.2 at the points described in the table that follows.

SAME HERE. SEE THE SCREEN SHOT.

b. Do the charts depend on whether the cart is moving left or right when at a particular
position? Explain.

c. Identify patterns in the energy conversions during this activity’s example of vibrational
motion. Compare those to the patterns identified in Observational Experiment Table 10.2 on
page 286 in the textbook and pattern 3 on page 287.

d. How would the charts change if the surface had considerable friction? Explain.

OALG 10.1.4 REASON AND EXPLAIN

Summarize the results of Activities 10.1.3—10.1.4 to describe and explain the motion of the
cart. The description should include your observations, and the explanations should include
your reasoning based on force and energy analyses for the observed phenomena.
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Draw a motion diagram for
the motion between points
[-I11, while the cart is
moving left.

Draw a motion diagram
for motion between
points [11-V, cart
moving left.

Draw a motion diagram
for motion between
points V-1II, cart moving
right.

Draw a motion diagram
for motion between
points I1I-1, cart moving

right.

Draw a force diagram for
the cart while it is at point |
and moving left,

Draw a force diagram

for point I11, cart moving
left.

Draw a force diagram for

point ¥, cart moving left.

Draw a force diagram

for point II, cart moving
left.

Draw a force diagram for

point I, cart moving right.

Draw a force diagram
for point IIl, cart moving
right.

Draw a force diagram for
point V, cart moving
right.

Draw a force diagram
for point II, cart moving
right.

Construct a work—energy bar
chart for point V.

Construct a work—energy bar
chart for point IV,

Construct a work—energy bar
chart for point I11.

K 0, Other

U — — —

K U, Other

K U/, Other

()| — o— —

Construct a work—energy bar
chart for point II.

Construct a work—energy bar
chart for point L.

K U, Other K U, Other
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Hi all, congratulations to Danielle Buggé who gave a great talk about ISLE, students growth
mindset and climate change yesterday for Harvard PoLS-T network. See the posts about it
and comments of Jane Jackson yesterday. | am not posting anything today to let people
catch up with Vibrations that | started yesterday. There many other posts that did not have
lots of views, so, please, catch up!
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https://www.facebook.com/groups/320431092109343/posts/1558069365012170/? cft  [0]
=AZUe1B7TrUhVX8I-
Kilg2pffw93sZrsBTuYD3M72rpTmMyZ1HNIM6c40KoUpO2NWZH1DiZiD6j3IPOzOulT77 _1E
RpNJG4zWGTSqg3mJgBeY8Th19YFPAG63CGvP2BXozB9td-
ZB6vI5eMvyMcEFWcqcQF90780v5HJBb6sgkMtk9z0k42XwhZzQixEnKNEn2eZQ& tn =
%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, I am interrupting the sequence of posts about vibrational motion to ask a question. We
started working on a new edition of our textbook and all supporting materials. Current users
do not need to worry, all problem numbers and chapter numbers remain the same, we are
adding new problems, videos and editing/enriching the content. You will not need change
anything in your present materials, just have more and better stuff.

But in this work we have a problem: in DC circuits chapter we help students learn to reason
qualitatively about DC circuits using experiments with small incandescent bulbs. Simple
example - lighting a bulb with a battery and one wire - a classic. But those bulbs are not
used in everyday life anymore and our students do not meet them anywhere outside of a
physics course (all bulbs are LEDs and those are too complicated to use for initial concept
development). Is this a problem? Do you still use incandescent bulbs teaching DC circuits?
Are they available for replacement? If not, what can be used to help students reason
qualitatively about DC circuits? Please share your thoughts! Thank you!


https://www.facebook.com/groups/320431092109343/posts/1558069365012170/?__cft__%5B0%5D=AZUe1B7TrUhVX8l-KiIg2pffw93sZrsBTuYD3M72rpTmMyZ1HNIM6c40KoUpO2NWZH1DiZiD6j3IPOzOulT77_1ERpNJG4zWGTSq3mJqBeY8Th19YFPA63CGvP2BXozB9td-ZB6vI5eMvyMcEFWcqcQF9o780v5HJBb6sqkMtk9z0k42XwhZzQixEnKNErr2eZQ&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1558069365012170/?__cft__%5B0%5D=AZUe1B7TrUhVX8l-KiIg2pffw93sZrsBTuYD3M72rpTmMyZ1HNIM6c40KoUpO2NWZH1DiZiD6j3IPOzOulT77_1ERpNJG4zWGTSq3mJqBeY8Th19YFPA63CGvP2BXozB9td-ZB6vI5eMvyMcEFWcqcQF9o780v5HJBb6sqkMtk9z0k42XwhZzQixEnKNErr2eZQ&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1558069365012170/?__cft__%5B0%5D=AZUe1B7TrUhVX8l-KiIg2pffw93sZrsBTuYD3M72rpTmMyZ1HNIM6c40KoUpO2NWZH1DiZiD6j3IPOzOulT77_1ERpNJG4zWGTSq3mJqBeY8Th19YFPA63CGvP2BXozB9td-ZB6vI5eMvyMcEFWcqcQF9o780v5HJBb6sqkMtk9z0k42XwhZzQixEnKNErr2eZQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1558069365012170/?__cft__%5B0%5D=AZUe1B7TrUhVX8l-KiIg2pffw93sZrsBTuYD3M72rpTmMyZ1HNIM6c40KoUpO2NWZH1DiZiD6j3IPOzOulT77_1ERpNJG4zWGTSq3mJqBeY8Th19YFPA63CGvP2BXozB9td-ZB6vI5eMvyMcEFWcqcQF9o780v5HJBb6sqkMtk9z0k42XwhZzQixEnKNErr2eZQ&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1558653118287128/? cft [0]
=AZXtVaFPxIZKwNKLJIBQs 80Eo0iuKkwbQi3CIQpGgRnyw2uxNWE5TsYIlyJN JEfTJOOXS
ARVPghsU5WasnET-bZ7NOIMsv1N1X9ni2xgSr3tQLfQ-caDGcvhmXybvH5vUIGKNTbhgE-
VmijpuonaZlkeUZ6TOqTbKTmOuXuWgmBNLN-

nVJy8H5hQkF4laL03uUYoM& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, three things today. First, thank you all who responded to my question about
incandescent light bulbs yesterday. It looks like they are very useful and we will not remove
them. Thank you!


https://www.facebook.com/groups/320431092109343/posts/1558653118287128/?__cft__%5B0%5D=AZXtVaFPxlZkwNKLJlBQs_8oEoiuKkwbQi3CIQpGqRnyw2uxNWE5TsYIyJN_JEfTJOOXSARVPghsU5WasnET-bZ7NOIMsv1N1X9ni2xgSr3tQLfQ-caDGcvhmXybvH5vUIGKnTbqE-VmjpuonaZLkeUZ6T0qTbKTmOuXuWqmBNLN-nVJy8H5hQkF4laL03uUYoM&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1558653118287128/?__cft__%5B0%5D=AZXtVaFPxlZkwNKLJlBQs_8oEoiuKkwbQi3CIQpGqRnyw2uxNWE5TsYIyJN_JEfTJOOXSARVPghsU5WasnET-bZ7NOIMsv1N1X9ni2xgSr3tQLfQ-caDGcvhmXybvH5vUIGKnTbqE-VmjpuonaZLkeUZ6T0qTbKTmOuXuWqmBNLN-nVJy8H5hQkF4laL03uUYoM&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1558653118287128/?__cft__%5B0%5D=AZXtVaFPxlZkwNKLJlBQs_8oEoiuKkwbQi3CIQpGqRnyw2uxNWE5TsYIyJN_JEfTJOOXSARVPghsU5WasnET-bZ7NOIMsv1N1X9ni2xgSr3tQLfQ-caDGcvhmXybvH5vUIGKnTbqE-VmjpuonaZLkeUZ6T0qTbKTmOuXuWqmBNLN-nVJy8H5hQkF4laL03uUYoM&__tn__=%2CO%2CP-R

Second, a continuation of my posts concerning vibrational motion. The sequence of activities
is in the ALG and OALG (all OALG files are posted here in the FILES). | will just describe the
flow: once the students learned the important features of vibrational motion the next steps
are: let them observe motion graphs of an object attached to a horizontal spring (not a
vertical spring) and analyze their shape. As the shape resembles sin curves, we create a
model of simple harmonic motion (it is only a model). Here come new physical quantities,
such as amplitude, frequency, etc. We analyze the relationships between position, velocity
and acceleration graphs (all these are observational experiments) and start thinking what
causes such motion (explanations). We come up with an explanation that the restoring force
also needs to be variable and changing the same way as the acceleration. The dynamics
analysis follows. Then we add friction to the system and see what energy changes occur and
how they lead to the change of amplitude. Finally, we analyze systems with the external
driving force and come up with the idea of resonance. The whole flow is beautiful - please
check it out in the textbook and in the ALG/OALG. There are several labs described there,
do not miss!
https://www.facebook.com/groups/320431092109343/posts/1559263674892739/? cft [0]
=AZVb8YfT pydIGMBIsii73CbklYy8vT nZOOFc9mRdrbSaMYuYRYyjb2pUzEM-8TNdEA-

rYEhW4cm1j VO0iDkip-zI2evSEZMyrBulEj5VOOM-
PES68DBJM00oYQt14hUmBWrlkiCX7uOvNxIV6d 08ZGjYQidOw1a9WKDpfJV40 YTUtg4SJ
5tnmOshNDnQEzU& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

This post is for those who signed up for the our Saturday workshop for Gases and kinetic
molecular theory. | am asking you to do an activity at home so that we save time during the
workshop as it takes about 5-7 minutes. You will need a sheet of printing paper, a paper
towel and rubbing alcohol. You can use water instead of alcohol but the experiment will take
longer. Today | used hand sanitizer and although it took longer than rubbing alcohol, it still
worked.

So, here is the experiment: Dip your paper towel in alcohol and make a we streak on the
paper. Then observe what happens. Write down what you saw using simple words. Only
what you saw. Not any explanations. OK? Please keep the record of your observations as
the first thing in the workshop would be to put it on a slide for your team. Thank you!

The link to zoom is in the announcement that | am pasting here. Check your time zone so
that you do not miss the start.

https://www.facebook.com/groups/320431092109343/posts/1560027978149642/? cft  [0]
=AZWosTEnIZyptGHqtr9eFLfTRYD-

MhoHYM10oKLpuvQZEy3eSbtPTw3lzydy YHNKCPcNFbV8ygqRNvvouXAXGXfMDsV ZRR4
8Ay3tdhtVKKkBrgKK1oMipRAZgANPcUKT2LcMDyLnoZrGrh1ZQv01IDyr5SRkTn9hhzd XRig
Qavmdhtg25dDzJOVxjyDQQUMHFvhY& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor
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Hi all, two things today. First, a reminder about gases workshop tomorrow, the link to the
event is in my yesterday's post. Second, | am sharing an activity that is a great lab for
vibrational motion and at the same time a testing experiment where the students can
practice hypothetico-deductive reasoning.

OALG 10.3.3 TEST AN IDEA

Equipment: a spring or a rubber band with an object to hang on it or a rubber band, a
stopwatch, a ruler.

In the previous activity, you found that the period of an object vibrating on a spring does not
depend on the amplitude of vibrations.

a. Explain whether this finding makes sense to you. Shouldn’t a larger amplitude lead to a
longer time for an object to come back to the equilibrium position?

b. Design an experiment to test whether the hypothesis that the amplitude of vibrations does
not affect the period applies to a system of an object attached to a rubber band.

c. Write a brief outline of the experimental procedure that you will use to test the hypothesis
that the period of vibrations of an object attached to a rubber band does not depend on the
amplitude of vibrations. Include a labeled sketch.

d. Conduct the experiment and record the data that you collected. What are the uncertainties
in your data?

e. What is your judgment about the hypothesis?
https://www.facebook.com/groups/320431092109343/posts/1560964704722636/? cft [0]
=AZXIrnyS1Aq0O9Tq3LC16TDhbVpZLQogh7b1NpVEZSp-

YnCsD6htVg5JIR 30W27if45hlve3BBLSoMpttiZWMkyNginO1nYzYKqg00bdv3uveb6Yaa8nKL
TJjpvwnQfE410gkz8xJY CZFpUCdhf71QbXQWJR19sj2MIhsPubl0Yyyet8iZQgUZ7he4Mfcbat
KWTnE& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, thank you all participants of today's workshop on GASES. We had an amazing group
and the whole spirit of the workshop was great. Thank you all for spending two hours on
Saturday to learn how to help our students construct them ost important concepts of physics
and chemistry.

For those who missed the workshop, here is the recording:
https://rutgers.zoom.us/.../SJJiCxx1udqcz9fcGU2QOXO0it...

The password is @hAi+3Y*

The slides are at https://docs.google.com/.../1IkfiXnfTbBAZF5.../edit...

And here is the slide with what people learned.

The second part of the workshop and the first part on the first law of thermodynamics will be
in March. Possible dates are 9th or 16th. | will post the poll tomorrow. Thank you all again
who attended the workshop!


https://www.facebook.com/groups/320431092109343/posts/1560964704722636/?__cft__%5B0%5D=AZXlrnyS1AqO9Tq3LC16TDhbVpZLQoqh7b1NpVEZSp-YnCsD6htVq5JIR_3OW27jf45hlvc3BBLSoMpttiZWMkyNginO1nYzYKq00bdv3uve6Yaa8nKLTJjpvwnQfE4lOgkz8xJYCZFpUCdhf71QbXQWJRt9sj2MlhsPubI0Yyyet8iZQgUZ7he4Mfc6atkWTnE&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1560964704722636/?__cft__%5B0%5D=AZXlrnyS1AqO9Tq3LC16TDhbVpZLQoqh7b1NpVEZSp-YnCsD6htVq5JIR_3OW27jf45hlvc3BBLSoMpttiZWMkyNginO1nYzYKq00bdv3uve6Yaa8nKLTJjpvwnQfE4lOgkz8xJYCZFpUCdhf71QbXQWJRt9sj2MlhsPubI0Yyyet8iZQgUZ7he4Mfc6atkWTnE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1560964704722636/?__cft__%5B0%5D=AZXlrnyS1AqO9Tq3LC16TDhbVpZLQoqh7b1NpVEZSp-YnCsD6htVq5JIR_3OW27jf45hlvc3BBLSoMpttiZWMkyNginO1nYzYKq00bdv3uve6Yaa8nKLTJjpvwnQfE4lOgkz8xJYCZFpUCdhf71QbXQWJRt9sj2MlhsPubI0Yyyet8iZQgUZ7he4Mfc6atkWTnE&__tn__=%2CO%2CP-R

What did you learn today?
| learned how to use some images to visualize
microscopic phenomena in a macroscopic way

| learned that Energy is how we tie temperature to pressure and volume.

Learned use videos for students. | teach CP and do not have the book to

show the students. Logical and experimental
Thinking about having a physical mechanism rather than “fancy” vocabulary words  steps to be able to deduce
to test (e.g. “evaporation” is not a mechanism; emphasizing difference between Ideal gas law. A few key
observational experiment and testable experiment steps: Energy to temperature

relationship, the concept of
how momentum relates to
particles. A few wows on how
alcohol dries off, how C02

Speed more tangible to think about than energy goesinto a balloon, how &
balloon will inflate when on

v : ! . vacuum,
Create discrepancies but use concrete experiences to do this. Use simple
words.

| learned that not all analogies can apply to all scenarios and it's really important to think of assumptions in them

https://www.facebook.com/groups/320431092109343/posts/1561837411302032/? cft [0]

=AZXCJ8HalLZ6zosAIBbNd4RRievOloLvT9K5xBF0Z2Z3dzXHkP8MQIDLHaWyID-90Dj-

0Y9c605JYDSqq7Xt9UQk210PdVaTPV0dPz3KuOt1NhAkpa 9yTvPEGYRvp7zBOks-

CDVjivwW5inpMZw4ho5pZRccgRXwuV24mCFbBfhnvO5PZEmMD1SDZGGTPGzDJo5EE&
tn . =%2C0%2CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, we got electricity back (after 5 days!) and | am on my regular schedule again. Two
things today. First, please vote for the date for the second workshop on GASES (scroll down
through the posts to find the poll, now votes are split equally). | am especially inviting those
who attended the first part of the workshop to vote. If you did not attend the first part but wish
to attend the second, please watch the video and work through the activities on your own.
Everything is posted here.

The second thing is that | am starting posting about waves. When students learn about
waves, there are three important ideas: the source of the waves, the medium in which the
wave propagates and the fact that mathematically the description of a wave is a function of
two variables - time and space. So far our students dealt with only functions of one variable
at a time.

We begin the exploration with focusing on the first two ideas. The sequence that | am
pasting below does not require videos but it is great if the students do the first experiment on
their own, video it and come to class to discuss. Based on the first ideas they come up with
two explanations for how the disturbance spreads in water. They design experiments to test
those. Please read the sequence and say what those explanations are and how the students
test them. We offer one experiment, but they ocme up with more. What are those?

OALG 11.1.1 OBSERVE AND EXPLAIN

Equipment: a pond or a large bowl, a small object to drop, a smartphone.

Go to a nearby pond, find a small rock (the smaller, the better), drop it into the pond, and
video what happens. You can do it at home too if you have a large bowl. In case doing your
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own experiment is impossible, observe the following high-speed video
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...].

Devise two (or more) explanations as to how the disturbance created by the falling droplet
spreads outward. What experiments can you design to test these explanations?

OALG 11.1.2 TEST YOUR IDEAS

Use the explanations from Activity 11.1.1 to predict what will happen to pieces of light
Styrofoam if we place them on the surface of the water before we drop the rock. Write the
predictions down, and then observe the following high-speed video
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]. Compare your predictions to
the outcomes. Which of your explanations devised in Activity 11.1.1 can be rejected?
OALG 11.1.3 EXPLAIN

Based on your observations and reasoning, what is necessary for you to observe a wave?
What property of the medium is essential for wave propagation? After you answer these
questions, read and interrogate material on page 316 in the textbook (do not forget to watch
the video!). Do your ideas agree with the ideas you read in the textbook? Explain.
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Hi all, a few things today. First, please read my post from yesterday and sign up for the
second workshop for Gases/Thermodynamics. | hope more people will see this post
compared to yesterday and sign up. We had a big group in the first workshop (27 people!)
and | hope that everyone who attended the first workshop will join the second. If you could
not attend the first workshop but wish to attend this one, please scroll down through the
posts and find my post with the slides and the recording to prepare.

Second, as you know, we have many members from Italy in the group. Eugenio Tufino
translated my article in Physics Today about ISLE into Italian. | am attaching his beautiful
translation here. Check it out even if you do not speak Italian. The original article is at
https://pubs.aip.org/.../When-learning-physics-mirrors...
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Hi all, | continue with waves today. In my first post | showed one way for the students to
construct two important ideas for waves: that a mechanical wave needs a source and a
medium to propagate. Here is another way to do it, using a Slinky. It is especially important
for them to understand that the parts of the medium do not move translationally, but the
energy does. It is clearly seen when you use a Slinky. | would actually use both types of
activities to help students solidify this idea. Here are the activities from the ALG:

11.1.1 OBSERVE AND FIND A PATTERN

PIVOTAL Lab or class: Equipment per group: Slinky, smooth floor, brightly colored tape,
whiteboard, markers.

With another member of your group hold both ends of a Slinky and place it on a smooth
floor. Stretch the Slinky to about 3-4 meters between the two of you. Do not lift it off the
smooth surface. Wrap a small piece of brightly colored tape around a single coil of the Slinky
somewhere near the middle. Perform the following experiments and analyze your
observations. It is best if another member of your group takes a high-speed video of the
Slinky with their cell phone.

a. Keeping the Slinky on the smooth surface and stretched along a straight line, give the end
of the Slinky in your hand a quick push along its axis. Your friend should just hold her end
without doing anything. Describe what you observe.

b. Sketch the entire Slinky at one instant of time during the propagation of the disturbance
you created in part a. Then choose another, later instant and make another sketch. Describe
the motion of the disturbance in words as precisely as you can.

c. Indicate in words and draw a motion diagram describing how an individual Slinky ring (the
one you wrapped in tape) in the middle of the Slinky moves with respect to the floor as the
disturbance passes.

11.1.2 OBSERVE AND FIND A PATTERN

PIVOTAL Lab or class: Equipment per group: Slinky, smooth floor, brightly colored tape,
whiteboard, markers.

Keep the Slinky from Activity 11.1.1 on a smooth, hard surface. Perform the following
experiments and analyze your observations. It is best if another member of your group takes
a high-speed video of the slinky with their cell phone.

a. Give the end of the Slinky in your hand an abrupt sideways shake, perpendicular to the
Slinky, all the while keeping it on the smooth surface. Your friend should just hold her end
without doing anything. Describe what you observe.

b. Sketch the entire Slinky at one arbitrary instant of time during the propagation of the
disturbance you created in part a. Then choose another, later instant and make another
sketch. Describe the motion of the disturbance in words as precisely as you can.

c. Indicate in words and draw a motion diagram describing how an individual Slinky ring (the
one you wrapped in tape) in the middle of the slinky moves with respect to the floor as the
disturbance passes.

11.1.5 EXPLAIN

Lab or class

Discuss with your group members what is necessary for you to observe a wave. What
property of the medium is essential for wave propagation?

11.1.6 TEST YOUR IDEAS

Lab or class

In Activity 11.1.5 you came up with an idea that the interaction of the parts of the medium
are necessary for a wave to propagate. Use this idea to predict what will happen if you hit
(lightly) a person’s arm (you tap the flesh on the forearm). Write the predictions down, then
observe the high-speed video [https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-
phys-egv2e-alg-11-1-6] and compare the predictions to the outcomes.
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Hi all, there are days when | just can't post anything about physics. Today is one of those
days. If you do not know who Alexey Navalny is (or was), please google. If you do not know
what happened to him, please google. If | were in the classroom, | would tell my students
about him and about the tyranny that exists in the world. We do not teach physics, we teach
people. And they should know the heroes and the villains. They are above politics.
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Hi all, | continue with the waves today. | am posting a sequence of activities that helps
students construct the physical quantities describing a sinusoidal wave and most importantly
the quantity of wavelength as the distance between two closest point that undergo the same
motion It is a really cool sequence but to see its benefits you need to go through the
activities yourself. The sequence is quite long, so be patient!

11.2.1 OBSERVE AND EXPLAIN

PIVOTAL Lab or class: Equipment per group: whiteboard, markers, laptop or tablet.

Work with your group, putting all your ideas and representations on a whiteboard. Open the
PhET simulation at the link:

https://phet.colorado.edu/.../wave-on-a-string_en.html

Set damping to “none”, set tension to “low”, select “no end”, and select “oscillate”.

Now set frequency to 0.5 Hz, check “rulers” and “timer”. You're set to go.
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a. Start the string vibrating by hitting “restart.” Look at the wave as it progresses down the
string. Use the “slow motion” function if it helps. As accurately as possible describe the
motion of the disturbance in words. What type of motion is it (constant speed/constantly
speeding up)?

b. If you hit the pause button, you're now looking at a picture of the disturbance at an instant
in time (a single snapshot of the action). Based on this snapshot, construct a graph that
shows on the vertical axis how the medium is disturbed at that instant of time at different
positions x along the horizontal axis. (Think carefully about what physical quantity you want
to put on the vertical axis.)

c. Start the string oscillating again by hitting “restart.” Now pick one of the green dots on the
string and focus your attention on it. Describe the motion of the green dot in words and draw
a rough motion diagram for that dot.

d. Based on your observations construct a graph that shows how the green dot moves as a
function of time. (Think carefully about what physical quantity you want to put on the vertical
axis.)

e. Now try varying the frequency of the oscillation up to, say, about 1 Hz. Does the speed at
which the wave moves down the string depend on how fast the end is oscillating up and
down? Describe what happens to the whole wave when the frequency is increased. Explain
why this happens.

11.2.2 OBSERVE AND EXPLAIN

PIVOTAL Class or lab: Equipment per group: whiteboard, markers.

Work with your group, putting all your ideas and representations on a whiteboard. Imagine
that somebody oscillates a Slinky by moving their hand in a sinusoidal motion along the axis
of the Slinky as shown in the snapshot picture below.

a. Imagine you can watch the wave as it progresses down the string. Describe as accurately
as possible the motion of the wave in words. What type of motion is it?

b. If you look at the picture above, you are looking at a picture of the disturbance at an
instant in time (a single snapshot of the action). Based on this snapshot, construct a graph
that shows on the vertical axis how the medium is disturbed at that instant of time at different
positions x along the horizontal axis. (Think carefully about what physical quantity you want
to put on the vertical axis.)

c. Imagine now that the Slinky is oscillating. Imagine you focus on one single coil on the
Slinky. Describe the motion of that coil in words and draw a rough motion diagram for that
particular coil.

d. Based on your observations construct a graph that shows on the vertical axis how the
single coil moves as a function of time. (Think carefully about what physical quantity you
want to put on the vertical axis.)

11.2.3 Represent and reason

PIVOTAL Lab or class: Equipment per group: whiteboard, markers, laptop/tablet.

Work with your group and put your work on a whiteboard to share with another group. Open
the PhET simulation at the link:

https://phet.colorado.edu/.../wave-on-a-string_en.html

Set damping to “none”, set tension to “low”, select “no end”, and select “oscillate”.

Now set frequency to 0.5 Hz, check “rulers” and “timer”. You’re set to go.

a. Hit “restart” and observe the motion of every other green dot. Describe what you see
concerning the relationship between the motions of the green dots in words, as clearly as
possible.

b. Construct a displacement-versus-time graph for one green dot on the string. Show the
period Tof that dot’s motion on your graph. (If the frequency is 0.5 Hz, what is the period?)



c. Pause the simulation and construct a displacement-versus-position graph for a segment of
the infinitely long string. Show the green dots, and number them 1, 2, 3, etc. Number 1 green
dot is the one attached to the oscillator. What name shall we give to the distance between
every other green dot?

d. Pause the simulation, hit “restart” and use “slow motion.” Now let the simulation run. How
long does it take for the front of the disturbance to get from dot 1 to dot 3? How long does it
take for the front of the disturbance to get from dot 1 to dot 5? Step the simulation one frame
at a time if needed.

e. If the disturbance moves down the string at a constant speed v, come up with a
mathematical relationship that relates the distance | between every other green dot to the
period T of the oscillator and the speed v of the wave.
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Hi @everyone! In a previous post by Allison Daubert Jason Chung asked a question: How
do we show a student how to read a textbook?" This is a great question and although |
posted about it before, | would like to come back to this issue. First, as Allison Daubert said,
in ISLE students read the textbook AFTER they do ALG/OALG activities in class, not before.
Our textbook College Physics: Explore and Apply by Etkina, Planinsic and Van Heuvelen
(the original reason for the creation of this group) discuses the SAME activities that the
students have done, thus, they have personal experience and an image of the ideas
described in the book. And yes, they need to know how to read the textbook. It is not the
same as reading fiction books. Here is a long post about this. Be patient, it is indeed very
long.

"One of the goals of the ISLE approach is to help students experience learning physics
similar to how physicists construct knowledge. A crucial part of functioning as a physicist or
any scientist is reading scientific texts. Although evidence suggests that the ability to
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effectively read science texts is important, students enrolled in STEM courses do not
regularly read science texts (Podolefsky and Finkelstein 2006). In one survey of life science
and engineering majors (Stelzer et al. 2009), the researchers found that 70 percent of
students never or rarely read texts. A study of students enrolled in introductory physics
courses found that while 97 percent of the students report buying the text, fewer than 40
percent of those students regularly read it. Studies in other content areas have yielded
similar results, finding that less than 30 percent of students regularly complete reading
assignments. This lack of consistent reading can be detrimental not only to the students’
learning in school, but also to their success out of school.

Why don’t students read the textbook even if they spent money on it? We can see three
reasons here. The first one is the textbooks are written in a way that does not help students
learn. The second one is that the students do not know how to READ textbooks. They
usually approach a textbook as they approach fiction, thinking that just by reading a
sentence after a sentence they can learn new ideas and solve problems. But reading is just
one part of the brain learning cycle (Kolb 1984 and Zull 2002). According to brain research,
the learning process starts with sensory input. It then proceeds to the reflection of this input
and the subsequent formulation of a hypothesis that explains the input by connecting it to
existing knowledge. Finally, the hypothesis explaining the input needs to be tested through
the engagement of the learner in active testing of the hypothesis which involves motor
functions (it can be talking, writing, performing an experiment, etc.). Based on this process,
reading involves sensory input. However, if after this input the reader does not reflect on the
read sentence and does not try to place it in the set of knowledge that they already possess
by making connections, does not hypothesize what this read sentence or paragraph can
mean, and does not talk to other people about it, or write it, then the read information does
not become “knowledge” or “understanding”. Therefore, if we wish the students to learn
something from reading the textbook, they need to learn to go through the above processes.
The third reason for the students not reading textbooks might lie in the use of internet and
social media. Research points to the reduced attention span and inability to concentrate of
those who spend a lot of time on online social networks (Paul et al. 2012). To benefit from
textbook reading, one needs to invest significant time and mental energy. The lack of this
time and inability to focus on the same content for a prolonged time might also contribute to
the lack of textbook reading. However, this reason might not be that important as even
before the expansion of social media our students did not read textbooks much.

To help students develop abilities to comprehend and think critically about their reading, we
need to teach them to read scientific text the same way we teach them how to design
experiments, collect and analyze data, solve problems, etc. One method that was found
effective to achieve this goal is called Elaborative Interrogation (Smith et al. 2009).
Elaborative interrogation is a reading strategy in which students are prompted to read the
text and then answer a “Why is this true?” question based on the reading. The results of
interrogation studies are encouraging, as the method shows increased comprehension over
more traditional comprehension techniques such as rereading. Two studies examined the
reason for the effectiveness of this method and both came to a similar conclusion. The
“Why” questions help focus students’ attention on the relevant information within the text,
which reduces the cognitive load of irrelevant information. But the reduction of cognitive load
is not the only benefit of the Elaborative Interrogation approach. If you think of what is
happening in our brain when we ask ourselves “Why is this true?”, you will see that the steps
resemble Kolb’s learning cycle. To answer this question, the reader needs to first think of
what this “this” is — reflective observation. Then they need to figure out how this new piece of
information relates to what they already know to answer the question why this is true —
making a hypothesis. Finally, if the assignment requires the student to write an answer to the



question as a part of the homework assignment or class activity, then they engage in active
testing as motor function is involved.

While it might seem that Elaborative Interrogation is just another technique that we, as
teachers, need to learn, in fact, there is nothing new to it. All experts, when reading scientific
papers, interrogate them. They ask themselves the following questions: How do the authors
know this? What is the evidence? What is the uncertainty in the evidence? How does this
new idea fit into my previous knowledge? How can we test this new idea? And so forth.
These are interrogation questions and when we ask them, we go through the Colb’s cycle
again and again. How can we teach our students to do the same?

Here is an example. We call it “reading aloud with the students”. Ask the students to open a
page in their textbook (it needs to be the same page for the whole class) and read a
paragraph. Then you model how to interrogate each sentence in the paragraph. For
example, here is a paragraph from the textbook mentioned above (Chapter 17, p 506):

“We now understand why rubbed objects acquire opposite charges. Two objects start as
neutral—the total electric charge of each is zero. During rubbing, one object gains electrons
and becomes negatively charged. The other loses an equal number of electrons and with
this deficiency of electrons becomes positively charged. Sometimes when you rub two
objects against each other, no transfer of electrons occurs. When the electrons in both
materials are bound equally strongly to their respective atoms, no transfer occurs during
rubbing.”

Below | show how to “read it aloud” with your students to help them learn how to interrogate
this text. | will show the original text in Italics and the interrogation progression in a regular
font.

We now understand why rubbed objects acquire opposite charges. When did we learn that?
Oh, right, we did experiments when we saw that when you rub the foam stick with fur, this fur
attracts that stick and repels the stick rubbed with plastic. Assuming that the stick rubbed
with fur is negatively charged, and the stick rubbed with plastic is positively charged, then
the fur should be positively charged. | guess the sentence makes sense.

Two objects start as neutral—the total electric charge of each is zero. That is right, zero
does not mean the absence of charge as | remember though. Maybe a neutral object
already has both charges inside, but they cancel each other?

During rubbing, one object gains electrons and becomes negatively charged. The other
loses an equal number of electrons and with this deficiency of electrons becomes positively
charged. We just studied that atoms are made of positive nuclei and negative electrons and
only electrons are mobile. When we charge objects by rubbing, then it is possible that some
of the electrons of one object jump onto the second object. Then the first object that lost
electrons is now positive and the object on which the electrons jumped is negative. But the
total charge is still zero as we did not create or destroy any electrons.

Sometimes when you rub two objects against each other, no transfer of electrons occurs.
Hmm, this does not make any sense. Does this sentence contradict the previous sentence?
When the electrons in both materials are bound equally strongly to their respective atoms,
no transfer occurs during rubbing. Oh, | see now. If the electrons are bound equally strongly
in both objects, then nobody can pull electrons from this other object. Then it means that for
charging by rubbing to work, the electrons in the two rubbing objects need to be bound
differently to their nuclei. However, if | think about it, it does not make sense. It is very hard
to imagine that all electrons are bound equally strong to an object. So, maybe, if the
electrons are bound approximately equally strongly in both objects, each object takes about
the same number of electrons from the other object. Therefore, the total number of electrons
on each object practically does not change. | wonder which one is more correct...



The process described above takes about 5-7 minutes in class, but it is extremely important
as it shows your students how you think. When we talk about cognitive apprenticeship, the
most difficult part of it is to make the thinking of an expert visible to a novice so that the
novice can use it as an example. Thinking aloud when reading the text achieves this goal.
The next step is to engage the students in the same activity for a couple of examples and
then to assign reading and interrogation for homework. But how do you know that the
students did indeed interrogate the text at home? One way to do it is to explicitly assign
interrogation questions as homework and then put them on quizzes and tests. In our
textbook each section ends with an interrogation question, the answer to which can be found
in the text of the section."

If you read the post to the end please like it or comment on it to make it more visible for other
group members. Thank you.
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Hi @everyone two days ago Hisashi Kuriki asked about ISLE am misconceptions. You
probably noticed that | never talk about students' misconceptions in my post. Why? It is a
long story and it will require a few posts. Here is the first one:

How do we treat student ideas?

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 class with
existing knowledge is the first step in helping them learn (Dehaene 2020; Zull 2002).
Investigating those ideas is the next important step. 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 viewpoints of educators diverge.

Some educators label the ideas that students bring into the classroom as “misconceptions”
(sometimes labelled as preconceptions, alternative conceptions, etc. (Clement 1982; Halloun
and Hestenes 1985; Kaltakci-Gurel et al. 2016; McCloskey 1983), some label them as
“resources” (Smith et al., 1994, and more below).

When researchers or teachers talk about misconceptions (or whatever label they give to
those) they usually mean that students strongly hold firm cognitive structures (conceptions)
that are different from experts, affect how students understand and explain natural
phenomena, and must be overcome or replaced. 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
(Hammer 1996), “This view frames research designed to identify misconceptions and
instruction designed to reveal, confront, and replace them.”

This view appears consistent with the constructivist idea that students are not blank slates.
Plus, it agrees with our experience: students do come up with incorrect ideas, don’t they?
We all have experiences when our students express views completely inconsistent with the
laws of physics. For example, many researchers have documented the student
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“misconception” that “motion implies a force, and when there is no force, motion ceases”
(impetus theory as described by (Hestenes, et al.1992)). It looked like in many instances
(including standardized assessment instruments, such the Force Concept Inventory
described in the paper cited above) students have this robust wrong idea.

Yet this “misconception” viewpoint imposes certain tasks on the teacher, namely to identify
such misconceptions in students’ minds and help them get rid of those ideas. That last step
breaks the connection with constructivism. If we remove those prior “wrong” ideas from
students’ minds, then how do we help our students build new ideas which (as brain research
tells us, see (Dehaene, 2020)) can only be developed if they connect to previously existing
ideas? In fact, when Brookes and Etkina (Brookes and Etkina 2009) conducted a linguistic
analysis of student responses about the “misconception” that motion implies a force, 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). Thus their responses are completely correct
and only require some language correction, not the replacement of the conception. Based on
similar analysis, other researchers (Smith et al. 1994, diSessa 1988, diSessa 1993) have
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.

So, are there alternatives to the "misconceptions" approach to student ideas? Yes! There
are and the ISLE approach is built on those alternative approaches. What those approaches
are and how ISLE incorporates them will be in my post tomorrow. Stay tuned!
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Hi all Exploring and Applying Physics people! | continue a series of posts about students
ideas and why we do not have the term misconceptions in our ISLE vernacular and why we
do not consider students to be carriers of incorrect physics ideas (however, we do not reject
the concept of "student difficulties" - something that is inherently difficult and needs to be
paid attention to; those are identified in every chapter of the Instructor Guide - posted here in
the FILES). So, here it goes - and it is again, very long. Be patient!

Knowledge in pieces

“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 marshaled by learners is an essential component of
a constructivist theory, but the misconception perspective fails to provide one.” ((Smith et al.
1994, p. 124) as cited in (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.
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diSessa answered this question positively when he developed the concept of
“‘phenomenological primitives” or ‘p-prims’, which refer to simple ideas that grew out of
generalizations of everyday phenomena (DiSessa 1993).

As Hammer writes: “In diSessa's model, intuitive physics is made up of smaller, more
fragmentary structures diSessa called phenomenological primitives, or p-prims for short. The
misconceptions perspective, diSessa argued, confuses emergent knowledge, acts of
conceiving in particular situations, for stable cognitive structures” (Hammer 1996, p. 98).
diSessa identified several p-prims in student reasoning.

Some of them are

- 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 the effect, the stronger the resistance
or impediment, the stronger its effect on the electric current, and several others.

Now, you can see that p-prims can be used to explain many physical and social phenomena,
but they are not connected to normative physics knowledge. When we ask a student a
physics question, they activate one of the available p-prims and sometimes the answer is
correct (current though 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 modifying 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)

David Hammer 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 is reasoning 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 they are activating rather quickly. Richards, Jones, and Etkina in the paper
“‘How Students Combine Resources to Make Conceptual Breakthroughs” (Richards et al.
2018) describe resources using the definitions of different researchers as “cognitive
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 p-prims, 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, it might lead to the 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 will want their teacher to “give them an answer”.
Like p-prims, conceptual and epistemological resources are activated when we ask students
questions or when they are interpreting reading materials. While these p-prims and



resources sometimes lead the students to give answers that are “wrong”, we should try to
“diagnose” the source of their ideas and channel this source in a productive direction.

Here is an anecdote 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 need to interview a novice about a specific physics topic, 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, we both consider the frameworks of p-prims and resources much more productive in
helping students learn than the framework of misconceptions (or alternative or naive
conceptions), and we try to avoid the term “misconceptions” when talking about student
ideas.

If you read the post to the end, please like it or comment on it to make it more visible for the
rest of the group. To be continued tomorrow.
https://www.facebook.com/groups/320431092109343/posts/1572869816865458/? cft [0]
=AZXL1vSKplUQt8K5THKRH09a30vod3vDQLKHC3EGB1QTc5K0AZbPXLNRx1D9096Cuh
sPHKGK7fYvfoOyWJh8i2P2MvArIIOokN2De47vyxqg4f169RsgLm3vh1 z9CoKcbdQPNTxG66
HQfsin3SY6pmncivsIM vs4SNrRscopxoE3ZpgD zzwm5E5eadiSwPJds& th =%2C0%?2
CP-R

Eugenia Etkina
Admin
Top Contributor

Hi all, | continue the series of posts about why we do not use the term misconceptions in the
ISLE approach. Please read my previous posts to see what came before this one. Again this
is a long post, so please be patient.

Without a doubt, we consider the frameworks of p-prims and resources much more
productive in helping students learn than the framework of misconceptions (or alternative or
naive conceptions), and we try to avoid the term “misconceptions” when talking about
student ideas.

Naturally, within the resource framework, we still appreciate that students often need to
overcome difficulties when constructing physics ideas. There are several well-documented
student difficulties (most 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.”
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This example shows the causes of the first two difficulties but does not address the causes
of others. We can think of the “moving in the direction of the force” difficulty as 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 from
some of our real-life experiences and forgetting about others. If we start from this experience
and then ask students to analyze their experiences when the forces are exerted on an
already moving object (for example, an object upward, under the condition that the students
apply the correct definition of force), they will see that their rule only applies for the beginning
of the motion, and not when an 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” with less emphasis 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 students’ thinking
here, it is simply misapplied. And the last difficulty can again be caused by teaching —
through not identifying the system and the environment before drawing the forces. Here it is
interesting that combining student reasoning related to Newton’s third law (above) with this
difficulty can help students with the application of the third law when they are trying to put the
forces that the system exerts on an object in the environment on their force diagram.
Therefore, none of these 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.

The ISLE approach and student ideas

At this point you may be wondering: how does the ISLE approach address students’ ideas,
including p-prims and resources? As we do not ask students to make predictions before
initial observational experiments, they are free to observe the phenomenon/a without any
expectations. When they describe what they observe 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, students conduct an observational experiment with a light bulb
illuminating the walls and the ceiling of the room. The students need to represent how the
bulb’s light rays reach all the points of the room. Their first model that they come up with is
that each point on the bulb sends one ray (see the image attached to this post).

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 sends one ray. While this will turn out to be a
wrong model, the beauty of this model is that it is easily testable. Then 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. They get
intrigued and think how they can tweak the model to account for the outcomes. Therefore,
you can see that in ISLE the students bring their ideas at the stage of the testing
experiments and reflect on why those ideas may be rejected sometimes. These actions
become epistemological resources — e.g. every idea needs to be experimentally testable —
which help them navigate new physics knowledge.

As another example of the ISLE approach to address student ideas, we can use
observational experiments to help students create a “correct” model when the model so
counterintuitive that they do not believe it. This is how one of the users of the ISLE
approach, Allison Daubert described this experience in her post last year:

“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 these 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)

From the above two 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! In other words, one of our main goals is to help our
students develop scientific epistemology (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.

https://www.facebook.com/groups/320431092109343/posts/1574418576710582/? cft [0]

=AZVJIGBEZbEy8B4GXX6z2JZXqHtE53FgbhaYPOOoGMMFgUvm cSydpN4UUBSSSFniL
ErFQU2QF5CYQcx6l1t6sDeji-
9bmcpwnKoskSdSkQIloBIlgpSJ3Kh2dEGCnolwvFiYfvwRC3NKc4MtI93NnDuvmp8uyP 1aM-
tmzSDd1t0ndoLQuZ9bjzG4AMwIIMbSZS-0Gs& th =%2C0%2CP-R

Eugenia Etkina
Admin

Hi all, after a brief interruption, | continue the series of posts about students ideas. Please
see my posts in the last 5 days before reading this one (if you did not read those). This post
is about how ISLE naturally builds on students' strengths.

Unexpected treasure: student learning resources

While we discuss conceptual resources that students bring into learning and epistemological
resources that we wish them to develop, it is good to remember that our students have other
resources that they bring into learning. We can call them learning resources. Normally when
we talk about those, people mean resources that the students can use - textbooks, websites,
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etc. to learn. Here, we mean a completely different thing: RESOURCES THAT THE
STUDENTS BRING INTO LEARNING that relate to how people learn. These are the
resources that our learning system should build on (and ISLE does).

Think of all the stuff that our students learn without our help. What skills do they develop
doing it and how can those skills help them learn physics through the ISLE approach?

1. Our students know how to persevere and to take time to learn something (think of multiple
lives in computer games or repeating the same trick on a skateboard). In ISLE, this helps
them when they design their own experiments, have to come up with a new explanation after
rejecting the previous one, and when they are given an opportunity to improve their work by
submitting a new version. Here their perseverance is rewarded when the experiment that
they have designed works, the new explanation fails to be rejected, or the resubmitted work
allows them to learn more and get a better grade. ISLE offers a system that rewards
perseverance and respects that different people may need different numbers of attempts or
different amounts of time to learn something. It is the final outcome of this learning, not the
speed with which it is achieved, that is rewarded.

2. Our students know how to work in a group and learn from group mates (e.g. they play with
other people online where there is a ton of learning going on; they practice their skills in
skateparks where more experienced skateboarders give support and advice to younger
people). This helps them with group work in ISLE where most of the learning is through
collaboration. This collaboration is rewarded when the students work together designing their
own experiments or solving problems and submit one report for the whole group. As
members receive the same grade for their work, they are motivated to work together. The
same is true for any group activity that is organized well.

3. Our students know how to fail and how to learn from their mistakes (think about those who
like to cook, garden, and, of course, gamers, skateboarders, musicians, athletes, ALL of
them!) This helps them in ISLE when it is difficult to figure out stuff and you need to try
again. We build on this resource with resubmissions of work and with encouraging students
and giving them time to rethink their models and redo their experiments. In fact, rejection of
a model through an experiment is a good thing in the ISLE approach, not a bad thing.

4. Our students know how to look for feedback and how to deal with feedback (think again
about all the activities that they engage in). In the ISLE approach, a lot of feedback is
provided through scientific abilities rubrics which allow the students to engage in self-
assessment - and this self-assessment is crucial when they need to improve their work in the
classroom or on a chess board or on the computer screen to survive.

5. They are creative (watch them play Minecraft!). ISLE builds on their creativity through
engaging them to develop their own explanations, design their own experiments to find
patterns or test ideas, and, most importantly, pose and answer their own questions.

Bottom line - our students are expert learners. And then they come into our traditional
education where they are rewarded for individual problem solving and speedy answers,
where grades are given once and forever for an assignment, and they are required to follow
detailed instructions in the labs, which mainly verify what they have heard in lectures. All
these elements (and many others) serve to reject the learning resources that students bring
with them and teach them that failure is not an option, perseverance is only good until the
first try, speed is more important than understanding, helping others does not improve your
learning or your grade, and there is no room or no time for creativity. Slowly, day by day in
such an environment, they stop brining their wealth to the table and start developing apathy,
boredom, and lack of interest to struggle. We all are familiar with these issues and often
blame the students for their lack of motivation, perseverance, etc. But really it is the result of
our educational system. Now, when you get the students who have been in this system for
many years and have stopped applying their real learning resources in school a long time



ago, how do you remind them that they have these resources? We need to remind them
because otherwise they will not be successful in the ISLE classroom.

To help your students remember all the learning resources that they possess, you can
engage your students in the Expertise Activity, brilliantly designed by Yuhfen Lin and David
Brookes (Brookes and Lin, 2012). David Brookes described it and other methods to help
students activate their learning resources in one of the interludes in our first ISLE book
(Etkina et al. 2019, page 3-9). (BTW, we are finishing up the second book about ISLE, it will
come out in the summer)

“In this activity, we ask students to identify a hobby they are accomplished at and divide
them into thematic groups based on their responses. For example, there is often a cooking
group, a sports group, a board and computer games group, etc. We task each group with
drawing up a learning cycle on their whiteboard that explains to the rest of the class how one
can move from becoming a novice to an expert in their chosen field of expertise. The
important point is that they must draw a repeatable cycle, not a list of ‘what does it take to
become good at something.” Having them construct a learning cycle draws out all the keys
features of real-life learning: the need for motivation and persistence, the role of critical self-
evaluation and seeking feedback from others, etc. These are all features of the ISLE
classroom. At the end, students present their learning cycles to each other and | draw the
discussion together at the end, highlighting common features, connecting those features to
how the ISLE class is set up, and sometimes have them watch Dr. Tae’s TED talk.”
https://www.youtube.com/watch?v=IHfo17ikSpY

YOUTUBE.COMN

Can skateboarding save our schools? | Dr. Tae | TEDxEastsidePrep

Dr. Tae is a skateboarder, videographer, scientist, and teacher. Contrasting ...
https://www.facebook.com/groups/320431092109343/posts/1575486493270457/? cft [0]
=AZUFRSsIgAxKYUzssXTJXEb6Uxkcd7w1gAqbgDTSuvI2DypoOkWJUgt8g4-
ZUjanlcDEpyOg-XCo0bJIb9tY03233zex02Qj-
zK2fZmt6JfxOUZcar7 T6j)LHMXSDRMpCO0JOZew4NZtzXkDBA1¢c1BJJoKHYtfcOZ-

IKQiZMQo_Hc8s0IP-WiTjeWhVZIuG9jngGg& tn  =%2C0%2CP-R

Eugenia Etkina
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Hi all, as we have been seeing a huge number of people joining our group, | wanted to
remind everyone that ISLE is an example of an intentional approach to curriculum design. |
pasted a screen shot to the slide that explains what the word intentionality means and what
intentionalities govern ISLE. But today, in light of those intentionalities, | wanted to share a
metaphor that | invented a long time ago to help me make decisions in the classroom. It is
called a compass.

Here is the story:

During a lesson, there can be multiple moments when a teacher needs to make a split-
second decision on how to proceed. If the decision is successful, the lesson improves. If the
decision is not successful, the lesson might tank. How do we make these in-the-moment
decisions? As | said above, a long time ago | came up with a metaphor of a “double headed
compass”. The main idea of the compass is that it guides you when you need to make a
decision. One “head” of the compass arrow aligns with the direction of more learning for the
students (or less learning for the students) and the other one aligns with the direction of
better well-being for the students (or worse well-being for the students). When making
decisions one should think of whether the decision will lead to more learning and/or better
well-being for the students or the opposite. For example, when a lesson is in progress, a
student walks in late. What to do? Here, the compass tells you to not discuss the reasons of
being late with the student in front of the entire class in order to not distract the rest of the
students from learning (more learning). This also allows the student who was late to proceed
to their seat and start working while helping them catch up (more learning). At an opportune
moment or after class, talk to that student about the reasons for being late and provide help
if needed (better well-being).

| found that this compass helps me not only in the classroom but also with my own
children/grandchildren and my friends - what to say and when... What do you think?



The ISLE approach— an intentional approach

to curriculum design and learning P —
Based on: “the medium is the motivation: People will only
message” - If we want students learn if they enjoy it (c.f. Flow),
to learn the process of physics Intentionalities*® see the value in their personal
they have to be engaged in f ISLE lives, experience learning as an
that process. o opportunity for mental and
\ | spiritual growth.
| | I’4
Students learn Students’ well-
physics by being is
practicing it enhanced.

*Intentionality = a purposeful mental state that guides all of our decisions about
assessment, activity design, course goals, classroom set-up and even how we
interact with students in the classroom on a minute-by-minute basis.

Brookes, D. T., Etkina, E., & Planinsic, G. (2020). Implementing an epistemologically authentic approach to student-centered
inquiry learning. Physical Review Physics Education Research, 16(2), 020148.
https://doi.org/10.1103/PhysRevPhysEducRes.16.020148
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Hi all Exploring and Applying Physics people (and Julie Zaborac), | continue with waves
today. We have discussed so far how to analyze wave motion using phet simulations. From
those activities (see my posts a week ago) the students should come up with the idea that a
wavelength of a wave is the distance between two closest points that vibrate the same way
(this is the operational definition of the wavelength). This distance depends on the period of
the wave (how long it takes ONE point to repeat the same motion) and how fast the wave
propagates during this time. Therefore, the wavelength should be equal to the period
multiplied by speed. The period (or the frequency) depends on the source of the wave and
the speed of propagation depends on the medium (this is actually only true in the absence of
dispersion, but we do not study dispersion in mechanical waves, only with light waves).
Therefore, the wavelength is the function of both - the source and the medium and we
should write the mathematical expression for it as lambda =T x v = v x (1/f). This is a cause-
effect relationship as both T and v can be varied independently. Unfortunately, in many
textbooks this relationship is written a v = lambda x f, which makes students think that the
speed of the waves depends on the wavelength and frequency. The same issue occurs
when Ohm's law is written at voltage=current x resistance, while voltage does not depend on
the current. Thus Ohm's law needs to be written as current = voltage / resistance. There are
many other examples of writing cause-effect relationships properly, we just need to pay
attention.
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If you read the post to the end, please like it or comment on it to make it more visible for

other group members. Thank you.
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Hi all @everyone, two things today: 1) If we were to run a two day (4 hours a day, 8 hours
total) introductory ISLE workshop online in the summer, who would be interested in
attending it? | need people to express their interest in comments to this post. Please
comment here if you are interested in attending. As always, these workshops are free (AAPT
summer in-person workshop which is also 8 hours is not free, as well as the week-long in-
person workshop at Rutgers). We will only run the workshop if there is enough interest. So,

please respond by commenting.

2) Yesterday | posted the reasoning behind two definitions of wavelength (operational and
cause- effect). But how will students arrive to these ideas and how will they construct the
wave equation - a function of two variables? The screenshot of two OALG activities is posted
here, the full chapter is in the FILES. Please ask questions.

OALG 11.2.4 Represent and reason

The geal of this activay s & seatstion that desceibecs the motson
aof the wave o o strisg

Open the PHET smilation st the Sollowing fink:

bt et codorade, edusims bt wave-on-a-string latest/ wa're-gn-a-smmg._en him

Se1 damping o “none”, 561 1enshon 10 “low’, i£let “no eod”, and selet “osgillee”,
Menw set the Frequency tie 0.5 He, chock “rulers™ and “timer™. You're all sct to go
= The moiiom of the green deod atiached to the oacillstor can be deserbed by ihe funciics;

i3
Vo oa = Acos] %J]
\

T mwrtion of ancther point on the siring af a distance x from e Mantng pomt can be described
a5 the s moln & the poist # « = 0, bul with a time delay & Wit £ i lerms of 1, lhe
distance from the arijin, and v, the ipeed af which the wave travels down the sring.

b 1 we want to describe the mation of the string af say point 1 usinig the same clock that we
used for the point 5 = {, we noed to factor a time delay into the function like so:

b1 i
[ A'tus[--r L]

Drecide whether wou should 284 1 or subizact s 1o deseribe the 5 metion of a poten 1. Remember,
this paink it naaking exactly the szme motion & the piskar a3 = 0, bt % affer the paint at 4 =
Adter you have deeided, rewrile the funclicn above with the correct sign for 1 and use the
expression you found for £, in part &

& The wecond groen dot b the right B 2 epecial paint becasie i executes enactly the seme
motion s the green dot antached ta the driver. What is the time delay botween the motson of the
driver greem dot and the second o s dhe right?

il Wrle the distance betwees & = 0 and the second groen ot im foms of the wave spoed v ind
the timse o fomnd in part ¢, Use thas 1o rewsile the Fanction you armived al in past b, You should
now have a gencal mathernatical fanction describisyg fog the moton of 3 wave,

€ Campare the fumction you devised 1o Equations. 112 and 11,4 oo pages 320 and 321 in the
sentbook.

0ALG 11.2.5 Describe and explain

A pereslic wave desturbance creatcd by a senusoidadly vibmating source at oo particubar time
feall it =41} s repeesenied by the graph below, In a wary, the graph is a snapshot of the wave.
Yaur physics mijor friend chaima that the fisction that follows describes this periodic wave
disturbance at different positions « ot different mes -

»
i) = A.—u»{-‘r'.'., I ;’]

wheze 18 e distusbance at Eime ¢ of the modium at position x (the distance from the souee)
Firsi, exsmine the function and decide whether it maloes serse. How 15 the function similar 1o the
mathematical function descaibang SHM? How i3 it difforem?

Answer the following questions to test her claim. Note that A is the amplitude of e wave, T
its period, and A i its wavelength

.
N W . W N

u. Wik Tooking at the function, snswer the following questions: At =0 md ¥ =0 a
particalar wave dissurhance has a valve y = dcos 0= 4, which matches with whas we sec i the
figure above, At the same time (s = 0), what sbould the vaboe v of the dimurbance be st une
wavelength forward? What will it be 21 two wavclengths foransd? Theoe wavelengths Forwand?
Naw, oo mpare yoar answers 1o the arswers peedicted try the function sbove. Does the fanction
give you the desired vabue? Explain

b. Withous Tooking o the fanction, anvwer ihe following questions: A8 ¢ =), whai sbeald e
value y of the wave disturbasce be st positions ; = 472, 34/2, 5472, end w0 forih? MNow,
comnpare your answers {o the answers predicted by the function sbove. Does the fanction give
you the desired valisesT Explain

o An =0, what will the value y of the wane disisbance be ol pesitions x= A4, 304, S1/4,
amd 5o forth? Doss the Fanction give you the desired value? Explain

oA =T, what will the value of v be at positions ¥ =0, A78, 22, 3474, and 27 Does ibe
femcrion give vou the desired values? Explain
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Hi all, yesterday Jeff Funkhouser posted about our group on the AP Facebook group and
over 40 new members joined us. We welcome all new members! If you joined yesterday,
please take some time to learn what this group is about. The foundational philosophy of the
group is the Investigative Science Learning environment approach (ISLE). It is briefly
described at islephysics.net and there you will find lots of resources that we offer. The goal
of the group is to help teachers of all levels engage their students in a consistent learning of
physics by practicing it. We do not do individual worksheets. We have a continuous
sequence of activities for every concept that follow the same logical progression: students
working in groups observe simple experiments, find patterns, devise explanations for them
and then test them experimentally by using hypothetico-deductive reasoning logical chain.
Un-rejected explanations are later used for practical purposes. We have these sequences
for every concept but to understand those you need to see the big picture of the ISLE
approach. | am posting a paper here that describes it Please read to know what this group is
about. We run monthly online free 2-hour workshops. The next workshop on Gases-First
Law of Thermodynamics is on March 16 noon-2 pm EDT. The information is in the EVENTS
but it is a continuation of the previous workshop, so you will need to review that one if you
wish to join the one on March 16. | know that many of you joined because of the workshop
on fluids that Jeff talked about, but gases are fluids and therefore all those workshops are
necessary. Finally, in these workshops we use the tools that the students developed in the
previous chapters. To learn those, you need to get the AP Edition of the textbook College
Physics: Explore and Apply by Etkina, Planinsic and Van Heuvelen. The instructions on how
to get a free copy are on islphyscs.net. Wow, it is a long post, hope you had patience to read
ot the end. We never had such a huge group join in one day, that is why | wrote this long
post.
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etngNrGg 2u gERQgIE59GgyxhTGQbZINEB7J9L0O5z0QrZur5FE2A1 eJBFSWzWt 2-
Nh520atpim9-R5ITLgKIF-

efOaWM45nusqgQH VmiN14GXgfSci0QORqg a3RMJJLrzXKQw& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Today (March 8th) is the International Women's day.

| already posted about Joselyn Bell Burnell, a graduate student (at that time) who discovered
pulsars and did not receive the Nobel prize for it. Her PhD advisor did though (he was not
part of the discovery but contributed to the explanation of it). A perfect story for the 8th of
March - the International Women's day celebrated in many countries in the world (but sadly
not in the US). Interestingly, making an explanation for a new discovery does not guarantee
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a Nobel prize if you are a woman either (Lise Meitner is and good example for it). But now
times are changing - women get Nobel prizes!

Happy International Women's day for all of the brave women who dare to teach physics! We
rock it, right?
https://www.facebook.com/groups/320431092109343/posts/1581434552675651/? cft [0]
=AZUfQuSuB2hXivcksAHIx6TxosG70QJFX_fXUJ6K6taO4angaYyYbM94x6\WbN-
B_8kvGolXxj nMfdWcjgzZW2QZxRCNTJUwTH EKIENKJRNO9A-
[7UIM0O0yVk8bFMShRnrmMR _A1pO6tpPeDstLX-hVED7w619Ti3PBitwzpU-jtU-
70gYHC8HOPmMAEWztw4s63tVN7Ig22PzB IOE2p9-C-& tn_ =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

In case you have not seen this. This is about our biases. Let's fight them hard.

| will tell you a story of me witnessing these biases. About 25 years ago | was observing a
very good 4th grade teacher teaching a science lesson to a class of infinitely cute and curios
4th graders, eager to learn, jumping out of their seats with their hands high up eager to
answer the questions asked by the teacher (a FEMALE teacher). And guess what?

She almost never called on the girls, only on the boys. At fist | did not pay attention - the
class seemed to get engaged, things were moving forward and everyone was working. But
then | saw one girl who was holding her hand up without ever lowering it even when there
were no questions asked and yet, she was never called on by the teacher. After the lesson, |
asked the teacher if she remembered if she had called equally on boys and girls and she
said: "Of course | did!" She was not aware of what was going on at all...

After that | started watching myself to make sure that | call on everyone equally when their
hands were raised. | encourage you to do it on Monday. Who do you call on? What is your
first impulse? Another thing that | wanted to say is that | never call on anyone who does not
have their hand up. But this is a different story...

https://www.facebook.com/groups/320431092109343/posts/1581793082639798/? cft [0]
=AZXnhPwmAZM4RG5XChujritFz118240U5iarYfQh9XdHc2Ib2FdD6JfaATcvIOVNrz23nYD
vB6Ffgiu2ylKgOympLxJIF26A9U8xu9ZdyDDdQKMfCPZrPz GofVzCV|CcOLuaMSwKC 24K
YpjWJVVK4FrSLGNng6jriQOKP6t25C26epimJihRb _ytXFfig FAhSP8hrxX8pm06Sm7GAAQ
OweWUGw5ZwzpsmK-

ILTPg5ANb7a1TO3VKgo80vL XyGhjRMZOK N iMH4z99BREKL7& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, Jason Chung and Valentina Bologna Longo asked about the classification of
engineering-based problems in our textbook College Physics: Explore and Apply. | am
attaching the file with the classification. The file was made by Gorazd Planinsic.
https://www.facebook.com/groups/320431092109343/posts/1582333639252409/? cft [0]
=AZXg3tSrkS8IAVa9EL-

6jhWhLbIX1PI60OVIKRUNrP97nYudvGk6FVag8550z4 4WwwH7pxpT walFPVStRk2vxc rWijj
KgSrcb0B11zQtmmQMS-
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RBCizgBoEm9iHZ39ID2Hj2RbrtlgpjyENj3Jis1 nxbeRcURcKT XGko3WqgoPhJfo3KXpOdva
kRHgzswIPt3SYcJyaWigaQuUk2WentAKIX8sr6 XohUEf7TMFPUhfptg& tn  =%2C0%2CP-
R

Second, | continue with waves. As the students meet many new physical quantities in
waves, it is good to have a summary lesson after all new quantities are invented by the
students. | am attaching the screenshot of the activity. And finally, it is good to discuss with
the students how wave motion is different from all other motions that they have studied. To
describe wave motion you need TWO independent variables, not ONE (time as it was
before). Now it is TIME and Position. The period of a wave refers to the time repetition of
motion and the wavelength - to the spatial repetition. That is why we need two graphs to
describe a wave - displacement vs time and displacement vs position. See ALG/OALG
activities that emphasize this very important idea. Here is the screen shot of the summary
and the activity number. The file is posted here in the FILES.

11.3.4 Represent and reason

Waves are commonly described using four physical quantities: (1) amplitude A, (2) frequency f,
{3) wave speed v, and (4) wavelength A4 Indicate how you would define these four quantities.
Hlustrate your definitions with reference to the pictures and graphs in previous activities. What
types of change(s) in the source or in the medium would lead to a change in each of these

quantities? Create a table like the one that follows.

For help, use Sections 1-3 in Chapter 11 in the textbook.

Cuantity Write a definition of | Ilustrate your definition | Does quantity depend
the quantity. of the quantity. on the source or the

mediom? Explain
why.

Amplitude

Frequency

Wave speed

Wavelength

-[h_

https://www.facebook.com/groups/320431092109343/posts/1582798715872568/? cft [0]
=AZXMvVO6x1Z7N61HkeNEU5zC-Le4Uk-
bcINOOdyBFxBVh1bAOT9zT1hHMVAGtW7SK99EKNpU7bVcSxh2BRbidt50J1FgngqgezpW
u3PHI2LBc19xw_kfklhDPWVEBeVQQDSz5PQebw6AaN9VHelrfOFdKk OeVXHhI69YYoBh
[jOJcYZz6G-Gh-SprJFXZiH- OHIIX912G6312d77Jt1HL&  th  =%2C0%2CP-R
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Eugenia Etkina
Admin
Top contributor

Hi @everyone! This is my first "reminder" post about the workshop on Saturday. If you plan
to attend, please go to your EVENTS on Facebook and sign up there. If you already have
signed up, | just posted the homework there and | am repeating the post here. We have not
run KMT and Thermo workshops here yet, so this one is the first of its kind. Make sure that
you know your time zone and knew when the workshop will start for you. Itis 9 am US
Pacific Coast time, noon US East coast time and 5 pm (not 6) Central European time (as the
US changed the clocks for daylight savings time already and Europe has not). If you live
somewhere else, PLEASE find our with the time difference is now.

Here is the homework post:

Hi all those who signed up for the workshop. | timed all the planned activities and they are
coming out to be 2 hours 15 minutes (best). Please have some extra time so that we can
finish as the very last activity is absolutely crucial for understanding the first law and | do not
know what to cut more to fit into 2 hours. Here is the link to the slides form the previous
workshop to review what we did and most importantly, please do activities 12.4.3 and 12.4.4
(the last two activities that we did in the workshop, but every activity is a must to be able to
follow the workshop on Saturday). Plus, if you are not familiar with bar charts, please read
Chapter 7 in the textbook.

https://www.facebook.com/groups/320431092109343/posts/1583398599145913/? cft [0]
=AZVPlkzv9QPn3SMcUJvdNvEox1SMvQHuXe-
rvtaMVRya9nMr7yie84PrDwhN5vP1bD8Va0-yAX6GYgjj8pA2MhOs4OWK-

A6U081 EmpjeOxVxIWpUTc XMiNPp1JRHWgMythSeZ54Lrz55IIFgmikCrnS0zu8IF 17wtb
NzoDy-ilkKGo2pv7nkWSkJNCquQoxVDj-yFRNPYkpaxVF5n9Mpl& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, as always two days before our workshop | only post reminders as not everyone sees
the posts every day. The workshop is on Saturday, March 16. It starts at noon EDT (if you
are not in the US, please check your time difference as the US went to daylight savings time
last Sunday and Europe has not). The topic is gas laws (continuation) and the first law of
thermodynamics. Our unique systems approach to energy allows to connect energy in
mechanics to energy in gases seamlessly and students truly understand the first law of
thermo which they commonly do not in traditional approach. The workshop is very full with
the material, so be prepared for a little longer meeting than our normal 2 hours. The zoom
link is in the workshop announcement in the EVENTS but | am also posting it here. for the
homework please review the slides from workshop 1 (I posted the link two days ago) and
chapter 7 if you are not familiar with our approach to energy and bar charts. See you on
Saturday!

https://www.facebook.com/groups/320431092109343/posts/1584345729051200/? cft [0]
=AZWGLNI5JEL6WYQHI9PdgW4CgAK5hg1V7nSQ05Q13LEeED-KcDIKhsbvLQ2-
UGHGAUS8IXdgJCIZrTzRPb3dVL0zw57eHoVTulXk8JnfYb9hNDcUthS4X8kbGtxkhfDHd1 P
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13vMSGD95KCOKrg7Ifo6EFaQTvzvMnUf1kClYgJnavzA508nUgHSV0eD1Fise UKCQ1dibCj
aKyGo-PrZO0ZOYE& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! We had a great workshop today. | am posting the link to the video, to the
slides and the summary reflections slide that w always do at the end of the workshop. Thank
you all who joined the workshop and worked for over 2 hours without losing steam. Special
thanks go to Hisashi Kuriki who has not missed a single workshop this year despite living in
Japan and having to be awake from 1 am to 3 am in the morning to participate. This is true
commitment!

The next workshop will be on fluids. Possible dates are April 20th or 27th. | will post the poll
tomorrow. Thank you again all who came to the workshop today!

Video recording: https://rutgers.zoom.us/.../R3YtWrkfGxAuZTCFXA...

password Yq3e+9dA

Link to the slides with activities
https://docs.google.com/.../1KWYJLP2YxrPYzzgCw3pR.../edit...

| learned that

What did you learn today? Energy is always

conserved, but is not
always constant.

How to add “heating” to a bar chart

When a gas expands the environment does negative work because of the
Pressure of the environment (in vacuum a gas eéxpands and it doesn’t change
emperature).

Today really put together the 1st law of thermodynamics, heating is process, | liked
the bar charts and the discovery method of putting together everything

When we ﬁraph the iso processes (PV, PT, VT) the shape of one of the paths on
eachhgrap looks similar to the directly proportional and inversely proportional
graphs.

My ideas that were vague until now have become clearer.

Heating is a process not a thing and where it is on the bar chart.

https://www.facebook.com/groups/320431092109343/posts/1585683498917423/? cft  [0]
=AZXL4KJbjnwAmY8yiaOEbufAU9HedvcR9 Z0cqoHfT bwAo3pVin3vWo8 IQHF 26YJO b

g(XngZZae etiAT2I3msQqwCnxss RpvT3Kbj5arqqYk0Xx2sXq0cpctSN7byaxZghHTQ2bv
K9DdYEkJV54b4som9DJ8Q-xM4jiW1HYgFtogKQe8VscMGIszMXTgNXV300CPQ-
66lIDIH3SPO& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor
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Hi all, two things today. First, | wanted to remind you to vote for the date of our Fluids
workshop. So far we have move votes for the earlier date.

Second, | wanted to follow up on our workshop on Saturday. In the ISLE approach gas laws
are the macroscopic consequences of the p=1/3xmsub0xnxv”2 relationship for the pressure
of the ideal gas. We tested the laws experimentally and represented them graphically in
many different ways. Now it is time to connect them to energy reasoning - the first law of
thermodynamics. Here are two activities in the ALG (similar ones are the OALG) for the
students to make these connections. | chose to do a screen shot from the ALG not OALG as
in the ALG we have PIVOTAL markings, meaning that hose activities should not be skipped.
Energy bar charts are crucial for understanding there! Please See the attached screen shot
and comment! Thank you!
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https://www.facebook.com/groups/320431092109343/posts/1586641042155002/? cft [0]
=AZX5aXGVy0gDMN7IBI7wwTIMOBdb60z0z7QGsZTIJ8PfT6BhwqgelOuL98l 1SsXHOtuSp
UDWypQmrcQEumNUaDVdZaEhg8wT|PTEpRDdADXGuiN-bJmimqqg llpO22KGq3As sy-
DBDikMcAcPs4dAihKrRpMWe TNF5uDoKBdnKgR2iDlvmoBBsrhVc-
FCIrBatdGPIfnxEQIRGQOMOIzrai& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! Two things today: 1) please vote for the date
of the Fluids workshop (the poll was posted on Sunday). It looks like the first date is winning
so far.

2) | continue with Thermodynamics. First, | wanted to reiterate our approach - the CHANGE
IN THE TOTAL ENERGY OF THE SYSTEM is equal to the sum of the external work done
ON the system and the energy transferred though the process of heating. If the mechanical
energy of the system remains constant then this statement turns into deltaUinternal = W + Q.
Q is not called heat but it is called HEATING to underscore tat it is a process not a thing.
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https://www.facebook.com/groups/320431092109343/posts/1586641042155002/?__cft__%5B0%5D=AZX5aXGVy0gDMN7IBl7wwTIMOBdb6OzOz7QGsZTlJ8PfT6BhwqeIOuL98I_1SsXH0tuSpUDWypQmrcQEumNUaDVdZaEhg8wTjPTEpRDdDXGuiN-bJmimqq_IlpO22KGq3As_sy-DBDikMcAcPs4dAihKrRpMWe_TNF5uDoKBdnKgR2iDlvmoBBsrhVc-FClrBqtdGPlfnxE9lRGQOM0lzrai&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1586641042155002/?__cft__%5B0%5D=AZX5aXGVy0gDMN7IBl7wwTIMOBdb6OzOz7QGsZTlJ8PfT6BhwqeIOuL98I_1SsXH0tuSpUDWypQmrcQEumNUaDVdZaEhg8wTjPTEpRDdDXGuiN-bJmimqq_IlpO22KGq3As_sy-DBDikMcAcPs4dAihKrRpMWe_TNF5uDoKBdnKgR2iDlvmoBBsrhVc-FClrBqtdGPlfnxE9lRGQOM0lzrai&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1586641042155002/?__cft__%5B0%5D=AZX5aXGVy0gDMN7IBl7wwTIMOBdb6OzOz7QGsZTlJ8PfT6BhwqeIOuL98I_1SsXH0tuSpUDWypQmrcQEumNUaDVdZaEhg8wTjPTEpRDdDXGuiN-bJmimqq_IlpO22KGq3As_sy-DBDikMcAcPs4dAihKrRpMWe_TNF5uDoKBdnKgR2iDlvmoBBsrhVc-FClrBqtdGPlfnxE9lRGQOM0lzrai&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1586641042155002/?__cft__%5B0%5D=AZX5aXGVy0gDMN7IBl7wwTIMOBdb6OzOz7QGsZTlJ8PfT6BhwqeIOuL98I_1SsXH0tuSpUDWypQmrcQEumNUaDVdZaEhg8wTjPTEpRDdDXGuiN-bJmimqq_IlpO22KGq3As_sy-DBDikMcAcPs4dAihKrRpMWe_TNF5uDoKBdnKgR2iDlvmoBBsrhVc-FClrBqtdGPlfnxE9lRGQOM0lzrai&__tn__=%2CO%2CP-R

While internal energy is a state function, Work and Heating ARE NOT (they do not reside in
the system).

We only consider the word done ON the system in the formulation of the first law, thus in the
equation is is always W+Q. Work can be positive or negative, the same is for Q. In this
approach there is an equivalence between mechanical work and heating as two
MECHANISMS of energy transfer (not something that a system possesses). This
equivalence was first suggested by Julius Robert Mayer and experimentally measured by
James Prescott Joule. 1 cal of energy transferred through heating (to raise the temperature
of 1 g of water by 1 degree C) is equivalent to 4.2 J of energy transferred through
mechanical work.

The activity pasted below allows the students to figure out this equivalence themselves. Do
not miss!

OALG 15.5.6 ANALYZE (ALG 15.5.7)

Watch the video of a cup of glycerin being stirred by a mixer used to whip cream
[https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]. The video is taken with a
thermal camera and allows you to follow the temperature of the glycerin at the location of the
cross hairs.

a. Use the data provided in the video to estimate how much energy provided by the mixer
went into warming up the glycerin.

b. Could this experiment be used to test the equivalence of work and heating as a means for
energy transfer similar to the historical experiment performed by James Joule? Explain why
or why not. This historical experiment is described in Testing Experiment Table 15.2 in the
textbook.
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RZLx6N51mDaHISxGdPSngUgCPIb7QGAQjCPaVQDgyGgzblesEnXGijNPy9X-
jz3ZQhgziZixhD4d5IvRTr1hIR4ucJcFgBKj-ul2HXWd6r2opl39-1_liyZdd3zSJV_JUb-
RCKLiikAVI31J6j0gATbVQRWaJQ2z9nq8JtvKHb-
jpcFS2jd01VsxdxsvTDAMOPOKWyYW9& tn_ =%2C0%2CP-R



Eugenia Etkina
Admin
Top contributor

Hi @everyone! Here is the link to the sign in form for the summer introductory ISLE
workshop July 17-18. The workshop is 8 hours - 4 hours each day from noon EDT to 4 pm
EDT. As the number of attendees is limited, please try to sign up ASAP but only if you know
for sure that will be able to attend. The workshop is free and will introduce you to the
philosophy of the approach, give examples for different topics and share students' and
teachers' attitudes toward ISLE. If you need a PD certificate, it will be for 10 hours as you will
need to do homework prior to the workshop. Here is the link to the google form.
https://www.facebook.com/groups/320431092109343/posts/1588231001996006/? cft [0]
=AZW3yzpJ3nLRo4Emyl-
x7leWnga5vT2wRatiGakwOn9l0cmTHoJOYsbv8SIvTJqlx3rbzdwMuPZ Hpt-
T8eAcOyEu8dHQN6auUJ9p-GjPjAeKi8RIJs7g27chstSuRpuA8bskP2t-
SIGcOM2VTIHffOUOIHqdJkJk3el8V-jYS3zS316XAhiXbUJ29bWKpu48-7GzILeOl-
fgm2D1fdUQRJA& tn_ =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, there is still space in the ISLE intro workshop in July, please sign up if you plan to
attend. The link is in my yesterday's post. Today, | am sharing two ISLE-based activities that
incorporate all elements of the ISLE process and are for the first law of thermodynamics.
They can be done in a lab or in class - up to you, but they are wonderful!

15.7.2 OBSERVE AND EXPLAIN

Lab or class:

Observe the video of an experiment taken with a regular camera and a thermal camera
[https://mediaplayer.pearsoncmg.com/assets/_frames.true/sci-phys-egv2e-alg-15-7-2]. In the
experiment, two identical metal objects (made of brass) are taken from the same hot water
bath and placed on two identical-shape (height, length, and width) plates made of wood and
aluminum (colored with the same black paint to reduce the reflective properties of aluminum)
that have been sitting on the table for a long time.

a. Describe what you observe.

b. Devise one or more explanations for your observation.

15.7.3 TEST YOUR IDEAS

Lab or class:

You use the same plates as in Activity 15.7.2, but this time you place an ice cube on each
one.

a. Use the explanations you made in Activity 15.7.2 to predict what you will observe.

b. View the video [https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...] and
compare the outcome to your predictions. Do you need to revise your explanation?

The credit goes to Gorazd Planinsic
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https://www.facebook.com/groups/320431092109343/posts/1589583778527395/? cft [0]
=AZWQacfKftmH7N4JzXUZILXRQE9 146VT006R7N1ig26ERj5nYFAunUsCrVuOIll7ZDihrXU
MiYNOSjzo ZuCkV7LnVRwO40OHrgqihhKHLMMmXiDJpDoZBb0ViXr8KRiLd3QMaWhkE9n
ElZveUstGcOUwIp2R1Hd 619IfD-ID045cLjT4Mz-qiVOXu8POR74KvUO3V875iz5Pvc-
dNEOzvR9& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, if you are still teaching waves, here is a thought about the difference between traveling
and standing waves: in a traveling wave (assuming a simple sinusoidal wave with no friction
in the medium) all points have the same amplitude but different phases (are in different
positions at the same time), while in a standing wave points have different amplitudes but
have the same phase at the same time.

If you plan to attend the summer online workshop in July but did not see the link to the
google form to sign up, please scroll down, find the form and sign up. | am waiting for the
last people to sign up to close the registration. The workshop is almost full.

Happy Sunday!
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| posted about this amazing woman several times before, but we have lots of new members,
so | am sharing again. Emmy Noether explained why we have laws of conservation.

Emmy Noether

The most important woman
in the history of mathematics

https://www.facebook.com/groups/320431092109343/posts/1590817311737375/? cft [0]
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EtJku0Wd1s8fOxth3DiwW75JQjO53xkpuB1B6aU7rIQ5WAQPsIbIAChX4yKlshQz 5blZ8kj\W
dC0Gq9tVVFZNKTadgfXbwQIxdEzivyct8uOtX3F9s820XXM3DNsfkOfchFEYijShtSmg1FgmY
p6ANt6KB9XWIgoUspo MofANvrhMNAYI7gsz& th =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all! Two things today. | am reminding you to sign up for the Fluids workshop, April 20th,
noon EDT, see the workshop in your EVENTS.

Second, | will start commenting on Electric Charge, Force and Energy concepts (Chapter
17). We had a workshop on this topic on March 11 last year. Here is the link to the slides.
The sequence of Activities and new videos are there. Please read the slides, follow the
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Activities in the slide deck and post questions here. If you wish me to comment on each idea
separately, please say it here in the comments. | never posted links ot the old workshops,
let's see if this is helpful.

https://www.facebook.com/groups/320431092109343/posts/1591905101628596/? cft [0]
=AZV--

gDD jM9c270sdgnyBHO7zYZLHRmwZMn30sch6MitOhbQgFAJdORDF8Qs WXUPOAJZRz
pyoVcya35imEgL7Y|6D3NBwbB1a3ZYat2W5ppsXnhTq 2YezaOhJWx-
p3hsdefMdvTLdjntnP7iDZqgUOw9jltLEUYAqOOEbnwnF28COVFENnU2eaz6f0DLsxB488mWo
BzJdChJiyBKONF-Nol& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

And here is another group of women who did not get the credit. | have a major in physics
and a minor in astronomy. | learned a lot about the role Edward Pickering in stellar
classification and even the O BE A FINE GIRL, KISS ME (OBAFGKM - spectral class
sequence) rule to remember the spectral classes when | was a student but did not hear a
word about the women who did the work and came up with this mnemonic rule. Here they
are.

https://www.facebook.com/groups/320431092109343/posts/1592145954937844/? cft [0]
=AZWs7iEVrecCQGDzoV8MJIMT1vhqZXRGzhGNE5Rd2-



https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1591905101628596/?__cft__%5B0%5D=AZV--qDD_jM9c27OsdgnyBH07zYZLHRmwZMn3oscb6MitOhbQgFAJd0RDF8Qs_WXUPOAJZRzpyoVcya35imEgL7Yj6D3NBwbB1a3ZYat2W5ppsXnhTq_2Yeza0hJWx-p3hsdefMdvTLdjntnP7jDZqUOw9jltLEUYAqOOEbnwnF28COvFEnU2eaz6f0DLsxB488mWoBzJdChJiy8K0NF-NoI&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1592145954937844/?__cft__%5B0%5D=AZWs7iEVrecCQGDzoV8MJImT1vhqZXRGzhGNE5Rd2-8IraRPagIs7hq4pIh4CW8EupfUdoiPft5Rb7ZdUEsf8hTpJ_MmAhfwPlW4Cf5ke6gXHRmV_z-9JPWYP-zokrjECbg2B3BiTa6sNlJNDPTsTXUdr-uxGrf6KevUQ-kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHyOvHe8f8SfS48O9ZRcHQ1SVyHMu4tN9e6oIz4-PZjTOa8nQ_LR9Jd72ErZM5FPL1QFKXNXOdww3OJUS&__tn__=%2CO%2CP-R

8lraRPagls7hg4plh4CW8EupfUdoiPftSRb7ZdUEsf8hTpJ MmAhfwPIW4Cf5ke6gXHRmMV_z-
9JPWYP-zokriECbg2B3BiTa6sNIJNDPTsTXUdr-uxGrf6KevUQ-
kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHYOVHe8f8SfS4809ZRcHQ1SVyHMu4tN9e6ol
z4-PZjTOa8nQ_LR9JA72ErZMSFPL1QFKXNXOdww30JUS&_ tn_ =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, yesterday | posted the link to the workshop's "Electric Charge, Force and Energy
slides". | am asking those who were interested in my posts about electricity and magnetism
(Roby Rod, Hisashi Kuriki and others) if you looked at the slides and watched the videos.
The first videos in the slides dedicated to the observational experiments of charing are new,
they are not in the textbook or the ALG/OALG. What do you think of them?

Please reply in the comments. Thank you.

Should | post about the process of student knowledge construction or are the slides with the
progression enough?
https://www.facebook.com/groups/320431092109343/posts/1592660348219738/?__ cft__[0]
=AZViBCC4lYUQq8I9TXi5BmZYIz7tXBbcAB-Y_vouofM176LOrz634vmveU-IbVzivhonkN8B-
LdFXgZygZg3TWI653Zh0hcilh6PWO4pFI9mIBLQuU60XTpsYvwQ2yV-
0ZhBabQQ3K_3YweLTLOAGVNTLQWbZAG6GtzQIrG-
4u_xzQA6narUymvbalxpRtHG30exysuZazt9-fGDbXCglpBFyMf& tn_ =%2C0%2CP-R


https://www.facebook.com/groups/320431092109343/posts/1592145954937844/?__cft__%5B0%5D=AZWs7iEVrecCQGDzoV8MJImT1vhqZXRGzhGNE5Rd2-8IraRPagIs7hq4pIh4CW8EupfUdoiPft5Rb7ZdUEsf8hTpJ_MmAhfwPlW4Cf5ke6gXHRmV_z-9JPWYP-zokrjECbg2B3BiTa6sNlJNDPTsTXUdr-uxGrf6KevUQ-kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHyOvHe8f8SfS48O9ZRcHQ1SVyHMu4tN9e6oIz4-PZjTOa8nQ_LR9Jd72ErZM5FPL1QFKXNXOdww3OJUS&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1592145954937844/?__cft__%5B0%5D=AZWs7iEVrecCQGDzoV8MJImT1vhqZXRGzhGNE5Rd2-8IraRPagIs7hq4pIh4CW8EupfUdoiPft5Rb7ZdUEsf8hTpJ_MmAhfwPlW4Cf5ke6gXHRmV_z-9JPWYP-zokrjECbg2B3BiTa6sNlJNDPTsTXUdr-uxGrf6KevUQ-kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHyOvHe8f8SfS48O9ZRcHQ1SVyHMu4tN9e6oIz4-PZjTOa8nQ_LR9Jd72ErZM5FPL1QFKXNXOdww3OJUS&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1592145954937844/?__cft__%5B0%5D=AZWs7iEVrecCQGDzoV8MJImT1vhqZXRGzhGNE5Rd2-8IraRPagIs7hq4pIh4CW8EupfUdoiPft5Rb7ZdUEsf8hTpJ_MmAhfwPlW4Cf5ke6gXHRmV_z-9JPWYP-zokrjECbg2B3BiTa6sNlJNDPTsTXUdr-uxGrf6KevUQ-kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHyOvHe8f8SfS48O9ZRcHQ1SVyHMu4tN9e6oIz4-PZjTOa8nQ_LR9Jd72ErZM5FPL1QFKXNXOdww3OJUS&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1592145954937844/?__cft__%5B0%5D=AZWs7iEVrecCQGDzoV8MJImT1vhqZXRGzhGNE5Rd2-8IraRPagIs7hq4pIh4CW8EupfUdoiPft5Rb7ZdUEsf8hTpJ_MmAhfwPlW4Cf5ke6gXHRmV_z-9JPWYP-zokrjECbg2B3BiTa6sNlJNDPTsTXUdr-uxGrf6KevUQ-kH9OUPFwdheoySOxkwO71b4r7AiUhl76FAHyOvHe8f8SfS48O9ZRcHQ1SVyHMu4tN9e6oIz4-PZjTOa8nQ_LR9Jd72ErZM5FPL1QFKXNXOdww3OJUS&__tn__=%2CO%2CP-R
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Eugenia Etkina
Admin
Top contributor

The eclipse was better than ever. As it was a very warm day in a cold environment (snow
around, as we went to Newport, Vermont) as the Moon started covering the Sun it got
noticeably cooler until it was really cold. The brightness of everything was dimming and the
eerie feeling filled up the crowds. Then when the Sun was no more thousands pf spectators
started cheering - screaming like crazy, and so did I. It was an unforgettable 4 minutes of a
natural miracle. It was even be... See more

Ting-Hui Lee

Top contributor



Nice picture of the solar prominence! We could even see it with our naked eyes during the
totality. Not the detailed structure, but just one pink spot on one side of the sun.

10w10 weeks ago

Reply

Meg Tredinnick

Top contributor

Traveling home now after viewing the eclipse in Indiana. Truly amazing experience.
10w10 weeks ago
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Eugenia Etkina
Admin

Top contributor

Hi all, we have been talking about electric potential energy. | am sharing a few conceptual
questions at the end of Chapter 17 in the textbook that might help you asses student
understanding.

Also, I will not post anything tomorrow as | will be driving to and from the eclipse. Wish me
clear skies!

If you are going to be in the path of totality, please share your photos and thoughts. My
previous experience with the total eclipse left me with the feeling of awe that is not g... See
more

Anne L. Caraley

Top contributor

My city is in the path of totality. The college has no classes and has organized loads of
science outreach instead. The roads and shorefront (Lake Ontario) are expected to be jam
packed.

For health reasons, I'm avoiding the crowds and staying home... See more

11w11 weeks ago

Reply

Edited

Jane Jackson

Top contributor

Even a partial eclipse is awesome. | was working outside, pulling weeds in the common area
of my subdivision near Phoenix, at the last solar eclipse -- and all of a sudden | noticed that
the light was dimmer, muted. It seems like everything got QUIET -... See more

11w11 weeks ago
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Julia Brodsky

A free pre-conference event for teenagers interested in space science - in case you know
some students who may benefit from this.
Julia Brodsky

#science #highschool

Attention high school students interested in space science and astrobiology! This year, you
have a unique opportunity to participate at an ... See more

Jason Chung

Thank you for the sharing information

11w11 weeks ago
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Hi all Exploring and Applying Physics people! Yesterday | posted the introductory activities
for the development of the concept of electric potential energy. The activity below will allow
your students to dive deeply into the concept. It requires working with the textbook too. You
can get a free examination copy if you follow instructions at islephysics.net.

Here is the activity, please ask questions and post your comments!

17.5.5 READING EXERCISE

PIVOTAL

Read Section 17.5 in the... See more



Anne L. Caraley

Top contributor

Looks like my own lecture notes... a potential energy ‘mountain’ along with the more familiar
potential energy well. Had a classroom observation done on one of the days | covered this,
many many years ago before tenure. My colleague complimented me an... See more

11w11 weeks ago

Reply

Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook
Facebook



Facebook
Facebook
Facebook
Eugenia Etkina
Admin

Top contributor

Hi all, | am continuing with Electric energy.

An important thing here is that one charge cannot have any electric energy, only a system of
electric charges can. The same way an object elevated above Earth does not have any
gravitational energy if Earth is not in the system. Therefore, the same way as choosing the
system and initial and final states was crucial for energy analysis in mechanics and thermo,
it is also crucial in electricity.

If you want to have potential energ... See more

Amin Rainy

Top contributor

| did this activity yesterday in my class. There was a confusion about configurations. For
example, students hesitate to select configuration 1 as initial state or configuration 2. Also,
some group compare configuratio 1 of Scenarion A with configuratio 1 of scenario B.
10w10 weeks ago
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Hi all, this is just came out and while the findings are positive, there is still a lot of lecturing
going on... Check it out!

JOURNALS.APS.ORG

journals.aps.org
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Admin
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Hi all, | am not going to post any new stuff today so that you have time to catch up with posts
on electric charge and force in the last 5 days. Tomorrow we will do electric energy.
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Hi all, | continue with electric charge. So, we are pretty far in the topic, but there is no math
yet. Now is the time to investigate how electrically charged objects interact with teach other. |
am pasting a screenshot of the activity that not only helps your students do that but also
shows one of the approaches that we use when real data are hard to get and are messy. We
"cook" data for the students to help them find a pattern. This way they can focus on the
mathematical re... See more

Amin Rainy

Top contributor

Okay, | covered this activity in my class today. It was challenging for students to remember
electric force as a function has three variables. | gave them some hints and finally, they got
it. | told my students to suppose one of the charges is a variab... See more

11w11 weeks ago

Reply

Maggie Gran

| did this activity with my high school Honors Physics students who are in their first physics
course. The activity was very valuable. Most of the students got stuck on how to graph the
data since it had 3 variables. | coached the students into coming ... See more
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Hi all, | am continuing with electric charge. See my post from yesterday if you missed it as it
will not be clear today without it.



Once students figured out that electric interactions are not magnetic, but are something else,
they need to explain those. Especially how the objects that were not rubbed before could
attract rubbed objects and why ANY rubbed object attracts BOTH poles of a magnet. It
means that they need to learn about conductors and dielectrics - macroscopically... See
more

Amin Rainy

Top contributor

| will teach this section on Tuesday and will share my experience.

12w12 weeks ago

Reply

Hisashi Kuriki

Top contributor

There is a simulation of the foil voltage detector that | use in class. | showed students this
simulation while having the students work with the foil voltage detector. Japanese word
switches at the top left of the video indicate "explanation using ele... See more
MIYAZAKI-CATV.NE.JP

Electroscope HTML5 Canvas

Electroscope HTML5 Canvas
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Hi all, this is the post about a logical flow of the concepts in Chapter 17: Electric charge,
force and energy. Please do not forget to like it it or comment on it to make the post more
visible for other group members.

As always, we start with students having personal experience with electrical phenomena.
Those are activities in Section 1 of chapter 17 in the textbook and in Section 1 in
ALG/OALG. The students figure out that rubbed objects exhibit certain patterns of behavior
when they interact and some of these patterns (attraction not repulsion) appear even when
an object has not been rubbed but is interacting with the rubbed object. We give those
interactions a name - electric interactions. Why electric? Because they were observed by
Greek women using spindles made of amber - those spindles attracted their long hair, and
as amber is ELEKTRON in Greek, the phenomena were called electric. (Later people
(Benjamin Franklin, indeed) added the word "charge" to the property of objects to participate
in electric interactions. Interesting, that in times of Franklin, electric charge was considered a
fluid. But this is for the later story for the students, for now we stop at the word electric).
Section 2 in the textbook and the ALG/OALG starts with the question - what causes electric
interactions? When | first asked my students this question | was shocked when they said
"MAGNETISM". | was like "what"???? And then | realized that everyone is familiar with
magnets attracting and repelling each other, so no wonder people (ask your students and
you will get the same answer, we got lots and lots of evidence that it is a common idea) think
that electric interactions are due to magnetism. This is a PERFECT opportunity for the
students to practice hypothetico-deductive reasoning. They need to design an experiment to
test whether electric interactions are magnetic. Give this task to the students and you will be
amazed by their creativity and their surprise when they reject this idea.

Here are two activities - one for the classroom and one for the online learning that address
this goal.

In person learning:

17.2.2 TEST THE EXPLANATION

PIVOTAL Lab: Equipment per group: a light magnet on a swivel, two foam tubes, felt, and
plastic wrap, whiteboard, markers.



Your friend Hector says that electric interactions are the same as magnetic interactions
because magnets also attract and repel each other. Consequently, he believes that when
you rub objects, they become magnetized. Work with your group members to design an
experiment(s) whose outcome will allow you to test Hector’s idea.

a. Describe an experimental set-up to test the idea that rubbing causes materials to become
magnetic (Hector’s idea).

b. Predict the outcome of your experiment based on Hector’s idea.

c. Perform the experiment and then describe the outcome.

d. Make a judgment about Hector’s idea based on the outcome.

On-line learning environment

OALG 17.2.2 TEST THE EXPLANATION

Your friend Hector says that electric interactions are the same as magnetic interactions
because magnets also attract and repel each other. Consequently, he believes that when
you rub objects, they become magnetized. What experiment(s) will allow you to test Hector’'s
idea?

a. We decided to test Hector’s idea by using a magnet on a pivot with a set of materials that
can be charged positively and negatively. Watch the following videos of the experiments that
we conducted https://mediaplayer.pearsoncmg.com/assets/ frames.true/sci-OALG-17-2-2
and decide which ones can be used to reject Hector’s idea and which ones cannot. Explain
how you made your decision.

b. Make a judgment about Hector’s idea.

https://www.facebook.com/groups/320431092109343/posts/1593935841425522/? cft [0]
=AZXqG7ELbudJZpYWkzIV7k1ZVIoK1TYE3OWbIENPuagQkFn3KTI7csn6kllj6 TDFrYH-
mhVkNapW7FwHSjTHaL5wgmrJHoOcBVaX7idMgCiN7hJsyTQd28E4RUbfRTkosjQBPQrpK
5B7Yg21G9G04EJD2tbTRricz52eV3Vg4989opllYYW-gl537UC  vOmpsc-
enDw3rjbbV4JlaFws1NV& tn =%2C0%2CP-R

Eugenia Etkina
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Hi all, | am continuing with electric charge. See my post from yesterday if you missed it as it
will not be clear today without it.

Once students figured out that electric interactions are not magnetic, but are something else,
they need to explain those. Especially how the objects that were not rubbed before could
attract rubbed objects and why ANY rubbed object attracts BOTH poles of a magnet. It
means that they need to learn about conductors and dielectrics - macroscopically and
microscopically.

Here are the activities in the OALG ( a complete file is posted here in the FILES). Activities in
the ALG deal with real experiments, not videos, | am posting the on-line version so that you
can see the experiments at home. The progression of activities is very important - they build
on each other, so | suggest that you go slowly through them to see the goal of each and
what the students learn from each.

OALG 17.3.1 OBSERVE AND EXPLAIN

a. Watch the experiments at https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-1.

b. Describe your observations for each of the 4 experiments.

c. Think of what model of the internal structure of the conducting and dielectric materials
could explain your observations?

d. Watch the experiment at http://islephysics.net/pt3/experiment.php?topicid=10.... Do you
need to adjust the model that you devised to explain the outcome of this experiment?

d. Read and interrogate subsections “Conductors” and “Dielectrics” in Section 17.3. Use the
text in these subsections to revise your explanations if necessary.

OALG 17.3.2 TEST YOUR IDEAS

Watch the 4 experiments in the following video https://mediaplayer.pearsoncmg.com/.../sci-
OALG-17-3-2.

a.Sketch the set-up for each experiment and describe the outcome.

b. Can the models of conductors and dielectrics that you devised in Activity 17.3.1 predict
the outcomes of the experiments? Justify your answer using charge diagrams such as those
in Figures 17.5 and 17.6 on page 508.

OALG 17.3.3 OBSERVE AND EXPLAIN

Watch the following video https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-3 and
answer the following questions:

A. WHY DO THE LIGHT METAL STRIPS STICK OUT WHEN A CHARGED ROD IS
BROUGHT CLOSER WITHOUT TOUCHING?

B. WHY DO THE LIGHT METAL STRIPS STICK OUT MORE AT THE ENDS OF THE
METAL BAR THAN CLOSER TO THE MIDDLE?

OALG 17.3.4 OBSERVE AND EXPLAIN

An electroscope consists of a metal ball attached to a metal rod that passes from the outside
through an insulating support into a glass-fronted metal enclosure. A very lightweight metal
needle is connected on a pivot on the metal rod (see the photo on the right).

a. Watch the following two experiments https://mediaplayer.pearsoncmg.com/.../sci-OALG-
17-3-4a and record the outcomes.

Explain the behavior of the electroscope needle (1) when the charged rod touches the
electroscope and (2) then when it is brought closer to the charged electroscope without
touching.

b. Watch the following experiment https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-
4band explain the outcome. What can you tell about the electric properties of a human body
based on the outcome of the experiment?



c. Read and interrogate subsections “Electroscope” and “Is the human body a conductor or a
dielectric” in Section 17.3 of the textbook and answer Review Question 17.3.

d. In the following experiment https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-4cthe
experiments that you saw in part a are repeated but now the rod that charges the
electroscope was rubbed very lightly (it carries a small charge). Describe what you observe
and explain the outcome. Why is it different from the outcomes you observed in part a?

e. In the following experiment, the experimenter connects a charged electroscope with an
uncharged electroscope, the first time with a metal rod and the second time with a plastic rod
https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-4d. Explain the results of the
experiments and why the experimenter uses wooden tongs with the inside rubber to pick up
the rods connecting the electroscopes.

OALG 17.3.5 OBSERVE, EXPLAIN AND TEST YOUR EXPLANATION

a. Watch the following experiment https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-
5aand explain how it is possible to charge the electroscope without touching it with a
charged object.

b. What sign of charge is on the electroscope? How do you know? Hint: do not forget that
the human body is a conductor.

c. One way to test your hypothesis is to bring the same negatively charged rod to the
electroscope and observe the needle. If the charge on the electroscope is the same as the
charge on the rod, it will deflect even more. If it is the opposite charge, then the needle will
deflect less. Predict what will happen to the deflection of the electroscope needle if it has the
charge that you identified in part b. After you make your prediction, watch the video at
https://mediaplayer.pearsoncmg.com/.../sci-OALG-17-3-5b. Did the outcome match your
prediction? Do you need to revise your answer in part b?

https://www.facebook.com/groups/320431092109343/posts/1594555931363513/? cft  [0]

=AZVLHbRpU55vIFKm6aVLYyRxP hZoka3rLdBXFmx4FDCulThv3X7uKGgRMdY3vUVDrX-
2cxD5sqgYePCe-gAhl9-
MVovJEXvcDqg9Z2 gkpSIg0OcTEpgOyQJICObBWKALISKIR4BB|19DpIWiXgA8IP65YFCaH
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Hi all, | continue with electric charge. So, we are pretty far in the topic, but there is no math
yet. Now is the time to investigate how electrically charged objects interact with teach other. |
am pasting a screenshot of the activity that not only helps your students do that but also
shows one of the approaches that we use when real data are hard to get and are messy. We
"cook" data for the students to help them find a pattern. This way they can focus on the
mathematical relationships not on the intricacies of data analysis.

You might wander if this is a good way to help students invent relationships when they do
not collect their own data. In fact, this is what many physicists do. They analyze and make
sense of data collected by somebody else. This is especially true in astronomy. For example
X-ray data come from X-ray telescopes and then lost of research groups analyze them.
Same is true for all other telescopes.

If you used this activity with the students, please comment! Thank you!
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OALG 17.4.1 Find a pattern

Charles Coulomb used a torsion balance (see

the figure at right) o measure the force thit one

charged ball exerts ol another charged ball to ~

find out how the force between two electrically

charged objects depends on the magnitudes of

the charges and on their separation. Coulomb

could not measure the absolute magnitude of the @l/

electnie charge on the metal balls, However, he — =3 G —
could divide charges in-half by touching a §
charged metal ball with an identical uncharged ball.

a, The table that follows provides data that resemble what Coulomb might have collected. Represent the
itz graphically, What are the independent vanables and what is the dependent variable in Coulomb’s
experiment? Then analyze the changes in the dependent variable as you change only ere independent
variable a1 a time. Use this analysis technigue {controlling variables) to find patterns in the data and
devise a mathematical relationship based on these observations.

Charges (g, 42) | Distamce | Force
I 1 {uamit) 1 {umit) I {umit}
[T 1 12
14,1 1 144

L 12 1 112

I 14 1 114
Iz, 172 1 14
14, 14 1 LH ]
I.1 2 14

I, 1 3 14
I.1 4 16

b. After you constructed your mathematical retationship, compare it to Equation 17.1 on page 513.
Howe are they similar and how are they different?

https://www.facebook.com/groups/320431092109343/posts/1595561667929606/? cft [0]
=AZWes1Nho3Yx2xmrsboml2|1CFSY3s34PgVk13-SyEtMzHHgnR-

u LBRZ5YeT1sPiVIxNZ9AMsgkgeHFhySAws1a8GPOp5RQDeD-SfwDs224kz-
J2u2RXtOIZIYDWN2sKLW35Ct3Vblr9yUv3dTREAhxaYLARu4DROMZYJJ53vyCpV_Cw44
PkaMo4UvnWtCfnWEpwSzJP-drGbCMIcKQEKdh& tn  =%2C0%2CP-R
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Hi all, this is just came out and while the findings are positive, there is still a lot of lecturing
going on... Check it out!
https://www.facebook.com/groups/320431092109343/posts/1596699581149148/? cft  [0]
=AZVIAiIBW6sVCs75LckJ3Md HdzoyEt4xyDu4DZnxdDIVgNhR6Ek3fw5-
YUuXtO8AwhNxdrYpzHERKkgSyWu-
d60g5yoMnlI1NPe7B30ONhU9c6iXze9C0vw1Um|j3hUsLS DjNP1Ffom3mD7Xrj32p44Crz3Tu
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4iNmQyA7ygwQh60hRhSrzXQGZCDorT2 fVclgvLi1zqdhFWjaw8bjNN37PEmMmqg&  tn
=%2C0%2CP-R

Eugenia Etkina
Admin
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Hi all, | am continuing with Electric energy.

An important thing here is that one charge cannot have any electric energy, only a system of
electric charges can. The same way an object elevated above Earth does not have any
gravitational energy if Earth is not in the system. Therefore, the same way as choosing the
system and initial and final states was crucial for energy analysis in mechanics and thermo,
it is also crucial in electricity.

If you want to have potential energy, you need to include more than one charged object in
the system. The language here is important. For example, in an atom, an electron by itself
does not have any electric potential energy, but the system nucleus-electron does.

Attached is a sequence of 3 activities that will allows your students to invent the concept of
electric potential energy. The same way the gravitational potential energy of two interacting
objects is NEGATIVE, the electric potential energy of oppositely charged objects is also
negative. This means that when the charges come closer due to mutual attraction the
electric potential energy becomes more negative (you need to do more work to separate
them) and thus larger in magnitude but SMALLER as for negative numbers the larger the
magnitude, the smaller the number itself. This is a very difficult concept, and it needs special
attention of your students.

Here are these three activities:
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Hi all Exploring and Applying Physics people! Yesterday | posted the introductory activities
for the development of the concept of electric potential energy. The activity below will allow
your students to dive deeply into the concept. It requires working with the textbook too. You
can get a free examination copy if you follow instructions at islephysics.net.

Here is the activity, please ask questions and post your comments!

17.5.5 READING EXERCISE

PIVOTAL

Read Section 17.5 in the textbook.

a. Compare and contrast graphs for the electric potential energy of interaction Uq of two
charged objects (q1 and g2) as a function of the distance between them and for electric
force between them. Consider both like-charged objects and oppositely-charged objects.

b. Evaluate the equation for Uq derived on page 519 of the textbook: Consider case 1: r =« and then let r
decrease for the case where q1 and g2 are both + or both —. Does the equation for Ug behave the way you think
it should — consistent with Activity 17.5.17 (I posted it yesterday) Discuss.

Next, consider case 2: r = « and then let r decrease for the case where g1 is + and g2 is —. Does the equation
for Ug behave the way you think it should — consistent with Activity 17.5.1? Discuss.

c. Answer Review Question 17.5.

Here is the review question. (note that the students need to consider all combinations of
charges):

REVIEW QUESTION 17.5 How can we reduce the magnitude of the electric potential energy
of a system of two electrically charged objects?



FIGURE 17.18 The electric potential energy-
versus-distance graphs for two charged objects.
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Hi all, we have been talking about electric potential energy. | am sharing a few conceptual
questions at the end of Chapter 17 in the textbook that might help you asses student
understanding.
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Also, | will not post anything tomorrow as | will be driving to and from the eclipse. Wish me
clear skies!

If you are going to be in the path of totality, please share your photos and thoughts. My
previous experience with the total eclipse left me with the feeling of awe that is not going
away. It was a true miracle and | hope to witness this natural miracle again tomorrow. To all
who are going - bright sun and clear skies!

10. Two objects with charges +¢ and —2¢q are separated by a distance r. You
slowly move one of the objects closer to the other so that the distance
between them decreases by half. Considering the two objects as the system,
which statements are incorrect?

() The electric potential energy of the system doubles.

(b) The electric potential energy of the system decreases by half.

(¢) The magnitude of the electric potential energy doubles.

(d) The magnitude of the electric potential energy decreases by half.

1. Charged point-like objects A and B are separated by a distance . Object
A is fixed in place, while object B can be moved. Choose object A alone as
the system. You slowly push object B closer to A, decreasing the distance
between them to 0.3d. Based on the given information, choose all of the
correct statements.

(a) The electric potential energy of the system increases.

(b) The electric potential energy of the system decreases.

(¢) The electric potential energy of the system does not change.
(d) You do positive work on the system.

{e) You do negative work on the system.

() You do zero work on the system.

12. If you move a negatively charged balloon toward a neutral dielectric wall,
the electric potential energy of the balloon-wall system
(a) increases. (b) decreases.

{¢) is constant but nonzero. (d) is constant and zero.
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The eclipse was better than ever. As it was a very warm day in a cold environment (snow
around, as we went to Newport, Vermont) as the Moon started covering the Sun it got
noticeably cooler until it was really cold. The brightness of everything was dimming and the
eerie feeling filled up the crowds. Then when the Sun was no more thousands pf spectators
started cheering - screaming like crazy, and so did I. It was an unforgettable 4 minutes of a
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natural miracle. It was even better as next to me were standing my former students - now
physics teachers who you all know very well - Danielle Buggé, Matt Blackman, and Jade
Lenshoek. The drive home was exhausting - the first 90 miles we did in 9 hours, because of
the insane traffic. The rest 250 were much better... On the photos taken with a telescope
during the eclipse you will see a pink arch - do you know what it is? It is now on all eclipse
photos.
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Hi @everyone! This is the message for those who signed up for Fluids workshop on April
20th (if you have not, see your EVENTS and sign up there). We will be doing lots of
experiments in the workshop. Most of them are simple and require everyday equipment. But
one piece is complicated and needs to be built in advance. Please take time to make the
apparatus. The instructions are at https://youtu.be/BRUWLa1EC3E.

Additionally, if you have not attended the workshops on Forces, Energy, and Gases, please
review the material in the textbook (College Physics: Explore and Apply) chapters 3, 7, and
12.

| finished posting for Electric charge, Force, and Energy and will start Electric Field
tomorrow.

L =7
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Hi all Exploring and Applying Physics people! | am starting a series of posts about electric
field. To begin | will share my experience with electric field. When | first read an American
physics textbook (it was Giancoli) | was surprised that the words electric field were used for
two different things - a concept of a field as an alteration of space due to the presence of
electrically charged objects, and a vector physical quantity measured in N/c. In my native
language these two ideas have different words - the former is indeed called an electric field
and the latter is called electric field intensity. In my experience having these two different
terms for two different ideas was important. This is exactly what we implemented in our
textbook and in the ALG/OALG. In the Instructor Guide we discuss this new terminology. |
am pasting this short discussion here but due to the nature of Facebook | cannot put vector
signs above vector physical quantities, | will put it after the symbol. Here is the text:
...Before we proceed to the analysis of individual sections and activities, we should discuss
the language used in this chapter. Because students have tremendous difficulties with the
concept of field as “altered space” and the concept of electric potential, we have moved
away from the traditional terminology. We wish to help students conceptually distinguish
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between the ideas that (1) there is an altered region of space (altered by the presence of
one or more electrically charged objects) with specific properties and (2) each point in this
region of space can be described by several physical quantities. We will use the term field
(electric or some other field) to describe an altered region of space. We call the physical
quantity which is traditionally called electric field, E field (vector sign above E), and we call
the quantity traditionally called electric potential, V field (and electric potential). The former is
the force-like vector quantity, and the latter is the energy-like scalar quantity. We represent E
field with E field vectors and E field lines (vector signs above all Es), and V field with
equipotential surfaces. In summary, when charged objects are present, each point in space
can be described by a vector field (E field (vector sign above E)) and a scalar field (V field).

The E field is a physical quantity that characterizes properties of space around
charged objects. To determine the E field at a specific location, place an object
with a small positive test charge ¢, at that location and measure the electric force
exerted on that object. The E field at that location equals the ratio

- F)‘O
E=—= (18.2)
Grest
and points in the direction of the electric force exerted on the positive test charge.
The E field is independent of the test charge used to determine the field. The unit

of the electric field is newtons per coulomb (N /C).
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Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people, | continue posting about electric field (Chapter
18 in the textbook and ALG/OALG - the OALG file is here, in the FILES).

Please read my post from the day before yesterday before you read this one.

As always, we start with students' physical experiences with the idea. In this case the idea is
a metal construct, so teacher's help between activities 1 and 2 is needed. See activities
below:

18.1 A MODEL OF THE MECHANISM FOR ELECTROSTATIC INTERACTIONS

OALG 18.1.1 OBSERVE AND EXPLAIN

Equipment: a foam tube (or a plastic rod, a plastic comb), rubbing material (felt, fur or wool),
a small piece of aluminum foil on an insulating string (such as dental floss).

Conduct the following experiment: First you need to charge a foam tube and a small piece of
aluminum foil on a string so they have the same charge. How will you do this? Then hold the
foam tube still and slowly bring the piece of foil close to the charged foam tube. Observe
what happens.
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a. What happens to the piece of foil as it is brought closer to the charged foam tube? As it
moves farther away?

b. Describe a possible mechanism by which the charged foam tube interacts with the
charged piece of foil without touching it.

c. Read and interrogate page 536 in Section 18.1 in the textbook. What is the mechanism
discussed there? How do you understand the term “electric field” and “gravitational field”?
OALG 18.1.2 OBSERVE AND EXPLAIN

WATCH EXPERIMENTS AT
HTTP://ISLEVIDEOS.NET/EXPERIMENT.PHP?TOPICID=10&EXPTID=194

A. DESCRIBE WHAT YOU OBSERVED.

B. EXPLAIN YOUR OBSERVATIONS USING THE CONCEPT OF ELECTRIC FIELD.

I am not sure why Facebook made the previous activity in caps and now the text is bolded.
Very strange.

Now, about teacher's help with activity 1. Here you have what we call "time for telling". You
tell the students about two approaches to the explanations of interactions at a distance. The
explanation that does not involve any mechanism, and this the interactions spreads at an
infinite speed and the explanation that involves some mechanism (we can call it a field) and
therefore the interaction spreads at a finite speed. It is an important idea which will later help
your students understand electromagnetic waves and gravitational waves too.

One more thing. The video that you see is not fo showing your student but for them to do the
real experiment or at least observe you do it. The video that you see is about 22 years old. It
is one of the very first videos that David Brookes and | made for our very first video website
(it is still working!) and in this video you see the hands of Alan Van Heuvelen. It is a reminder
of lots of contributions that Alan made to the field of PER. The magical work-energy bar
charts that we use are his invention. As well as many others.

& Suwffwith electroscopes

MORE VIDEQS

» o) 028/0%6 % Youlube [
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XER3Fu0IVsw1xLEWJAPp0oCBjJ350-DG79zUh5BnVYrnkhH-
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BeCdA06 t60 kozemKmcTZKmMErDzSj6UmpshCjsd0oPkktp82tCZxEx843BJNnUeKZAXT
€9qyvh-QJgyLoNgbg-UO07-6LPfSHAU|9x6gLoPxQ& tnh  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, yesterday Marta R. Stoeckel-Rogers asked for a list of equipment for the whole year
for those who are using our textbook College Physics: Explore and Apply. | posted this list
some time ago, but here it is again for those who are planning equipment purchases for next
year. Note that our equipment is very cheap and affordable.

Also, | am not seeing many views of my electricity posts. Is it because people are busy or
this topic is not of interest? Please comment!
https://www.facebook.com/groups/320431092109343/posts/1603513190467787/? cft [0]
=AZXYIzZW9gwMI-

elbnoET8ybbYKJOmMI9UBKEXtJHDLAYPKVLB9 ImNoT7Jxi84vcGqTUFs82109f9Qi_Jy7Kn-
OmJtAP5mApg2DyXzhRVE9I4X95CKK4Uyg2fpD-

LuainYelbLGLmqTIsiG6mLkutopWpOWY 1xi3ox7rC7TEDprWxnMvW5C07Tn4yECopTepZe7
gabUNuJ17SgHkcGMi7R3EKVGZZ1MH_0 mfteuRSjsWKsg& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Interesting history - in more than a 100 years only 5 women received a Nobel prize in
physics (two fo them were a mother and a daughter), but lots and lots in literature, medicine
and peace...
https://www.facebook.com/groups/320431092109343/posts/1603703727115400/? cft  [0]
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pjUGJnxcyE500fleqeM4w80 gPJNBZm6XNoMLEZIKT1gnNcrRoPgJ9 3Pgk24JLZCwgKR
PslgpvZQA15cXdCLQONFHCKZz4W8k0-ZOerkfkMTcddPmi_gsUEUezqObAPx2Efd0S6-
ezbgHXSI06ikAl087 C6fEF-ep-Q2tShVwImQ& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, | continue with the studies of electric field today. In my previous post about electric
field (the day before yesterday) | described how our students invent a concept of electric
field as a medium for transmitting interactions at a distance. Today | show how they invent
the physics quantities of E-field and g-field. Do not confuse electric field with the quantity of
E-field. There are other quantities characterizing electric field. The sequence of activities is
attached. They are also in Chapter 18 OALG posted here in the FILES. If you read the post
and downloaded the attachment, please do not forget either to like it or to comment on it to
make it more visible for other group members.
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Also, a reminder! If you are attending the workshop on Saturday, please see the homework
in the EVENT announcement. | will post additional materials for you to bring in the
announcement for the workshop in the EVENTS.
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Hi @everyone! We had a good workshop yesterday. Thank you all those who attended. The
workshop was on Static Fluids (chapter 13), the next one is on Fluids in Motion (Chapter 14).
Both workshops are new. As always | am posting the link to the slides and to the recording
of the zoom meeting. And the last reflection slide as well - what people have learned. | also
saw several people join my zoom long after the workshop was over. | think you confused the
time. The workshops always start at noon East Coast Time (this is the US East coast).
Please next time, if you are not sure about the time, post a question here and | will reply.
Also, those who need a PD certificate, please email me, eugenia.etkina@gse.rutgers.edu.
Link to the recording:

https://rutgers.zoom.us/.../YixAzv8NsIQeLXeXp70b... Password 5VYUKAL&

Link to the slides:

https://docs.google.com/.../17a38BUdCHV8y53kpbF8V.../edit...
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What did you learn today?
Importance of teaching gases, density of air, pressure,
pressure prior to teaching fluids, then elegant way to explain
Concepts working together: forces, energy buoyancy

| also appreciated the super short videos of experiments
Starting with a qualitative approach

How to use energy bar charts to discuss THEN the equations

buoyancy | really liked the experiments with the
suspended object measuring force as

| got reminded that water is the object is submerged.

part of the system and when

talking about energy, work | learned a lot! | am always surprised by your passion.

by B. force does not change

the energy of the system | appreciate the need to progressively

build physical models.

How to talk about prediction and hypothesis at the beginning of all labs
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Hi all Exploring and Applying Physics people, a few things today:

Let's choose the date for our Fluids in Motion workshop. My suggestions: May 18th or May
25h. The poll is below, please vote!

I will continue with the posts for Electric field. So far we discussed one physical quantity
characterizing it - E field. But there is another one - V field or electric potential. The same
way as E field at a point in space can be viewed as a force per unit test charge that the field
would exert on a test charge placed at a particular location, the V field or electric potential at
a point in space can be seen as the work per unit test charge that an external agent (you, for
example) needs to do to place the unit charge at that location, or the electric potential energy
per unit charge that the test charge and the field would have if you placed that test charge in
that location.

Both, the E field and the V field characterize a point in space and are independent of the the
test charge that we use to study them. Therefore, the definitions that | wrote above are
operational definitions not cause effect relationships (E= sum of F/q test and V = Uel/q test.
For different configurations of source charges the cause-effect relationships for both
quantities are different.

Now, how will the students learn what V field or electric potential is? See my post tomorrow.
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Hi @everyone! A few things today.

Yesterday | posted a poll for the workshop on Fluids in motion and very few people viewed
the post and consequently very few people voted. So, today | am tagging everyone to make
sure that you have a chance to vote. | am especially asking those who attended the Static
Fluids workshop to vote. As you requested this workshop, | would like to run it on the day
that is convenient for you. And | just added a third option to the Fluids in motion workshop for
May 11 after Gaby Scully posted that the 25th is the holiday weekend in the US, | completely
forgot about it. Check out again and if you voted for one of the previous dates but can attend
on the 11th, please check the 11th.

Yesterday Joseph Wachs asked if there is a book published about ISLE and a few people
thought that there was no book like this. But there is a book, actually, and it was published 5
years ago - in 2019. Here is the link to the book. It is in a hard copy and in a pdf. If you don't
want to buy it or have no access through your library, please email me and | will send you
the pdf. https://iopscience.iop.org/book/mono/978-1-64327-780-6...

Finally, | am glad to let you know that we just finished a sequel to this book, it is called
Investigative Science Learning Environment: A guide for teacher preparation and
professional development. This new book is much bigger than the first one. It has 9 chapters
and connects the ISLE philosophy to the development of productive habits of mind, practice
and maintenance and improvement of physics teachers. | posted a lot about habits before,
but in this book you will find a systematic approach to the development of these habits for
those who aspire to implement the ISLE approach. The book is now in the stage of proofs
and is going to be published in July. The authors are myself and Gorazd Planinsic. Several
people from this group contributed to the editing process - Andrew Yolleck, Carolyn Sealfon,
and Eugenio Tufino. My former students who have developed the habits described in the
book shared their experiences - June Lee, Allison Daubert, Danielle Buggé and Josh
Rutberg. We are infinitely grateful for their help. As soon as the book comes out, | will post
the link here.
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Hi all, a few things today. First, | added a third option to our dates for Fluids in motion
workshop, please check it out and if this date works for you also, please mark it.

Second, | was thinking of continuing with Electric Filed posts but they have little viewership,
so maybe | should build on the Static Fluids workshop and add some activities to it.

So, here is one of my most favorite activities for hydrostatic pressure - an easy mini-lab in
class and an excellent homework experiment - students can do it at home and report back in
class and even take videos of their experiments!

Here it is:

OALG 13.3.5 OBSERVE AND EXPLAIN

Equipment: two identical transparent containers (large plastic cups, glasses or 0.5-liter water
bottles with cut tops), two identical straws, sugar.

FOR THIS EXPERIMENT, YOU WILL NEED TO PREPARE A SUGAR SOLUTION IN
WATER. THE PROPORTION IS ABOUT 200 G OF SUGAR PER 1 LITER OF WATER.
FOR THE EXPERIMENT, YOU ONLY NEED ABOUT 200 ML OF WATER THEREFORE
LESS SUGAR (DO THE CALCULATION).

a. Prepare two identical containers. Pour tap water in one of them and sugar water solution
in the other. Make sure the level of water in both containers is the same.

b. Hold the two straws in your mouth and lower their other ends into the water of the two
containers so that both straws are almost touching the bottom (but are not in contact with it,
see the figure below).

Start blowing into the straws until bubbles come out. In which container do the bubbles come
out? Blow a little harder. Can you make the bubbles come out in the other container?

c. Explain your observations and draw graphs of pressure-vs-depth (for help, check the
graphs in Conceptual Exercise 13.3 in the textbook). Why do bubbles only come out in one
container and not in the other container? How can your graphs explain why you cannot
make the bubbles come out of the straw in the second container?
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https://www.facebook.com/groups/320431092109343/posts/1608310766654696/? cft [0]
=AZVOU3Zcx6X-J9mmv4AzuZ250HShpi9Rm syg2WhOVO7Mm_ GVSuHGK9eJ-

HKXJW _jzuxru1DWJ17G63CW8D2Km7zbGIRBzS64e9JIKERFrRbUI2PkNhKW6rFasBxFfH
16]9XXVVWEU-uQAEIa9rPEKYW9m-
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fubpVmViFy _mO7KECTDNTI4bZCq2_i2z2xXn9bsiRvK_bRwgOWOfRKhY0OdsI&_tn__ =%2
C0O%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! | did not post anything yesterday, as we had a
PhD defense of one of our students (Gorazd Planinsic's and mine), Danijela Dodlek.
Danijela had a marvelous defense and her project was very useful for all teachers.
Specifically, she found that while physics teachers are very good at recognizing students'
correct and incorrect ideas in their written explanations of a problem situation, they have
difficulties providing careful descriptive feedback to the student that would help the student
build on their productive ideas. She also found that pre-service teachers who have been
trained with the ISLE approach and the members of this group (who responded to the survey
that was the basis of the study) were much better in recognizing students' productive ideas
and building on those. Listening to the students and using their ideas as the foundation of
learning is at the heart of the ISLE approach and the effect of this are clearly seen in the
study. The paper about the study was published in Physical Review Physics Education
Research and is very useful for learning how to provide descriptive feedback. | am attaching
it.

Another thing that | wanted to mention is that we still need people to vote for the date of the
Fluids in motion workshop. The votes are split so far and | need more people to vote to
choose the date. We have been creating new activities for fluids in motion that have not
been published anywhere, so the workshop participants will be the first to try them! Please
scroll down through the posts to find the post with the poll and vote, thank you!
https://www.facebook.com/groups/320431092109343/posts/1609495449869561/? cft  [0]
=AZUKtHfLKUAIgUFjlKteHIXCZWcYZaDKteEfIB4-J7rnLEK2t3CJI128m50grzmIGPI50u9-
bOtJgNyE3phzUPrkgonAWIRVC9OykrXr6NJe4SWG93AVVdEH XgwLStKUdalcFGGx5gbTIm
D8DgshQ4s9fsW9B wHqgqg2InWJ71zDWNIT3BrS4EBfcrNIKY7-Pl4KeY57 Xr7zFyf-

M354p 7IFHZtaPw6yBbxYPOxwG4Wosg& th =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people!

Yesterday, without any prior discussion Bor Gregorci¢ and | posted two papers describing
teacher's responses to students' explanations. While in the study that | reported, the
teachers (in-service and pre-service)responded to the explanations of real students, in Bor
and colleagues' study, the teachers (professors and pre-service teachers) interacted with
ChatGPTs of different "ages". The stories described in both papers are fascinating, but here,
today, | wanted to focus on one idea from Bor and colleagues' study that is very relevant to
teaching real students.

Remember, | posted how deceptive the "AHA" moment in our students is? We all love this
moment, but if we only probe the "AHA" part a little deeper, we would almost for sure find out
that that AHA relates to something else (not what we wanted the student to understand) or
completely disappears the next day. This is exactly what Bor and colleagues found with their
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study, only the "student" was the bot! Because of the deceptiveness of the AHA moment, a
legendary physics educator Arnold Aarons recommended that we provide at least 6
exposures in different contexts for a student to actually understand and be able apply the
concept (this is exactly what we do in our ISLE materials).

There are many other very useful ideas in that paper so please take time to read both
papers and think of how they might affect what happens in your classroom. Good reading
this weekend! | will not post anything tomorrow to give you time to read the papers.
https://www.facebook.com/groups/320431092109343/posts/1610135649805541/? cft [0]
=AZWKr4zpPDIYG5mUQmbOI5SST _8mQ8WVLBRKEKAjlcv_KM1T-Ry-

xys LVecHtcswD36iTf5UBzgK8uakFTismi83UfmFLcxJpKCb20OTCCtStgDsp8oYkPo5H8-
mfcTeucRw70O1EzwpLMpgee5JibOKgF6yDkyP6hCQmMBHSAKTpIXnoJAL3hGHSEId03uBZ
cEuK82pxmtSjwEoml xLXMZmqg& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, | am continuing with Static Fluids posts to finish up the chapter. In the workshop we
did not do a wonderful activity that embodies the spirit of ISLE (multiple explanations with the
design of testing experiments and predictions based on those different explanations).
Hypothetico-deductive reasoning is a difficult thing and needs to be practiced multiple times
before one grasps the essence of it. In my physics teacher education program at Rutgers
experienced teachers who were working on their masters degree would take 2 semesters to
truly understand how to use it in the classroom. | am posting this example so that you can
see another implementation of this reasoning in a very scaffolded environment. As | said
before, Aaron Arons recommended 6 exposures in different contexts for a person to firmly
"get" the idea, but for the HD reasoning | think we need over 10. So, here it is! (You can see
this activity in the OALG file for chapter 13 posted here in the files).
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OalG 13.6.6 Test differert explanations

You place u plastic contaimer with water on o scale and obaerve the neading (see the Fgune on the Left bebow). Then, wou hang a
-k objoct from a string and submerpe il in e waler o that (e bottam of this abject does not touch the bedtom of the
comtginer (see ihe figure on the right below). You notice that the scale reading increases and the water level goes ip, Your
Trvends sappest the following explamations for the mcrease in the scale roadang:

Fmnn: The water exerts an upward foece on the submerged object, Acconding 10 Newton's thind law, the object consequently
exerts a force on the waer that i an equal in magrdbude and opposate in direction (dowrroand). This foree makes the water
press hander on the coniainer and the contaimer press harder on the scale.

Dimnitry: Some mass of the immersed pant of the object sl (o the mass of the water, As a result, the force exerted by the
comtziner on the scale incroases.

Alex: The lmemersed object exerts mo force on the water, but it doss make the water rise, The legher the level of the water, the
nq&wmhhﬂmaﬂmd’ﬂnmﬁw. Consequenily, this cases 3 larger the force fo be exerted by the contaaner
an ;

Whike testing their cxplarstions, your fricnds designed the lolloatng tesiing expermaents:

Testing experiment 1 Testing experiment 1

Testing experiment - Squocne the contamer & ackicve the same itcnease in water lovel as when immensing the -kg object
Revond the reading of the scale,

Testing expeniment 2: Submerge in the water & ping-potg ball Grxed on the end of a thin stick and record the change in the scale
reaiding. Then, repeat the expenment with o ping-pong ball filled with sand.

a. Before readling on, make predictions for the culcome of cach testing experiment based on cach explanation propesed by
yourr friends.

The cutearmes of the teting experimenls ane a8 follows:

Dutcome of TEL: The scale reading is 620 g (noge: the candhoand *squeeeens™ were also on the scale m the ongine experiment)
Dutconae of TEZX: 1n both cases, the scale reading increases by 30 g,

b, Compare the outcomes of the festing experiments with vour prodsciions and decide which explanation(s) you cen repect and
whach you carmet feject.

€. Based on the explanation]s) that you were not sble to reject, drrw o force diagram for the water-contaings obgect, Drany
anather foree diagram for the 1-kg ohject in the case when the 1-ky objoct 13 irmmersod in the water (as 15 the case in the figure
o Ehe regght at thee beganning of this activity),

i Try to explain the outoome of testing experiment L. (Hint draw the foroes that the water i the container exert on different
jaris of the m:uw’nml!s.j

https://www.facebook.com/groups/320431092109343/posts/1611515583000881/? cft [0]
=AZU00cCu82xu8NQ9QCUmMhNXgMgJwjQXdAmoCpxJ9gPZ8gNDGnXkpus2NFbzxtBlach4
LIBV60p1BbnFQjQKg5hLCtSIOgBFempD5wSgfOM1PIYM7KsWxzI6rHCHqOw QdEJEHEOQ3
129JI-

TNyuCWW50mjqqYBg1XFEs8MjzCPTZXvj uaTiTTqoyCfZCxhy9gg INWEOKZ60FOVVsZ0
6Rabv& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! A few things today. First, my yesterday's post disappeared from the group. |
wonder why... Second, | was asked to give a talk about our community at a conference and |
created a short survey (3 min max) for you to fill out. Would you please do it? You will see
that the questions are not just for the talk but for the improvement of our community too.
Thank you for doing it. And finally, | think the workshop on Fluids in motion will be May 18th.
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| will create the event announcement tomorrow and post it. Thank you again for doing the
survey!

https://www.facebook.com/groups/320431092109343/posts/1612792539539852/? cft  [0]
=AZVatVQ5bBEcdFXynNkj4Xo0kiiXyos604SJgy4w5MfeiHmjBm7iX2n3lhTWfQa97u-
BjggFxVHCu5FfrQReVAFDtB PHqgB ziVBhEW-elFkx9Lf6KmhM4Hth2cmgrHjatKaoUjFdke-
YFOVQ5K_ 8tJ7A5s2CrcYwbbP2gt9js9TTbS axJPiE-
zCHfrzcWpEVJgcDePAhRYhtoSDBgqVMNh& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! Three things today. First, thank you for filling
out the survey, almost 40 people did it so far, | will wait for a few more days to analyze the
results and share them with you.

Second, | just created an event for our Workshop Teaching Fluids in motion through the
ISLE approach. The workshop will be on May 18th, at 9 am US West coast time (PST), noon
US East coast time (EDT) and 6 pm Central European time (CET). Please sign up so that |
know how many people are coming. We have not had this workshop yet, there are no old
recordings. In fact, | have never taught a workshop on Fluids in motion for teachers yet (only
taught this topic for high school and college students), so it will be the first time. Let's learn
together! | am reminding our new members that all workshops are free and if you need a PD
certificate - you just need to email me and | will send you one.
eugenia.etkina@gse.rutgers.edu

And the third thing, | am going back to the posts about electric field. To see the beginning
you need to go back for about 2-3 weeks. | stopped at the concept of V field or electric
potential. | am reminding you that we use the term electric field for the region of space where
if you place a test charge, a force will be exerted on it. To characterize this region of space in
introductory physics we use two physical quantities - one is force-like quantity (called E field,
units N/C) and energy-like (called V field or electric potential, units J/C). But non of those
quantities depends on that test charge that you place in the field. The field exists without any
test charges, it is created by SOURCE charges and we only use test charges to study it.

So, what does it mean to imagine what E field at point A is? Imagine placing a small positive
test charge at location A and then measuring the force exerted on it - both direction and
magnitude. The direction fo that force tells you the direction fo the E field, and the magnitude
divided by the magnitude of the test charge tells you the magnitude of the E field. This is
rather simple. But what about the V field or electric potential?

To imagine what V field at point B (or electric potential) means, we again need a positive test
charge. Only now we need to measure the work we do to place that test charge at location

B and more, we need to agree that infinitely far from all source charges creating the field, the
potential is zero. Now, if we need to do positive work pushing the positive test charge from
infinity so it moves to to that point b at constant speed, the V field or electric potential at B is
positive and equal to that work divided by the magnitude of the test charge. But if we need to
pull it in the opposite direction, preventing it from flying into B at increasing speed so it does
reach B at constant speed, thus doing negative work for placing it at B, then the V field or
electric potential at B is negative and its magnitude again is equal to the magnitude of work
we did divided by the magnitude of the test charge.

This difference between the force and the work (or between the force and the energy of the
field-test charge system) is the key difference between the E field and V field (or electric
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potential). But again, no test charge is needed for the electric field to exist at A or B or for it
to have those two quantities describing it...
Please ask questions!

FIGURE 18.9 The equipotential surfaces and E field lines produced by (a) a positively charged
point object, (b) an electric dipale, and () two equal-magnitude positively charged objects.

{a) A Equipotential i 3 {c)
£ =S " AL surfaces / ) /
- A \ i

https://www.facebook.com/groups/320431092109343/posts/1613433376142435/? cft  [0]
=AZXgMFLvONxc8vekH5FtjktlVw9GsILmMRgERIkvIBOROIYs7nWCLvHz0oH2xabgNcaMkxDz
3i03eQ7ri4XTWgHQY9l1wa0zueU-PiTw-

dgO0jERrh _u3BVHZa7j1b7QrUW8yyMprxYcrU3TKTrNM-

66zLUWrdwOqavFEUNCKKYG2  LZdkCyeol Wf9J9yHuUBgS56vAj4NIN1M7B2TU3RUVSL
& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, a few things today. First, if you plan to attend the workshop on Fluids in motion, please
sign up. So far only 3 people did and we cannot have a workshop with 3 people. If there is
not enough interest, we can do a different workshop on that day or run the fluids workshop in
early June if the date in May is not good.

Second, although people are still responding to the survey that | posted two days ago, there
are a few things that are clear from the survey: We need a better system for keeping tack of
the workshops so that people can go back and look at the slides. So, | reorganized them in
the workshop folder (I will post the link to it in the comments) but here | wanted to post the
link to the workshop on Electric Filed that we had last year. As | have been posting on
electric field for a while, | think it is good if you can access the slides and see the
progression of activities. The workshops slides ARE VERY IMPORTANT IF YOU HAVE TO
SAVE TIME AND ONLY HAVE YOUR STUDENTS DO THE MOST VITAL ACTIVITIES. So,
here is the link to the electric Field workshop folder with the slides and all supporting
documents.
https://www.facebook.com/groups/320431092109343/posts/1614048099414296/? cft [0]
=AZXiOn7dSg4m2iRtm1EPmMOp5goBIgclb-fANIh5QxulmizF0-
uMFzKMttTpsitsoC_VkxU7iA9733yeZb0L0ThadAazKsFtgNgxtdIHk8nf-
GeqQz8jL4HMwW13keiNTdswljFop6i0U4B5NxXqyQEfsQtoNLCXEWuUAQ2rxkkcbSi8rxgST8
9GStIGNSBh1Y0oSx64GaSI4ySG61x_xLkcYf-& tn =%2C0%2CP-R

Eugenia Etkina
Admin
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Top contributor

No posts today, as there were two workshops in Trieste organized by Valentina Bologna
Longo and her amazing students and family. Gorazd Planinsic and | met wonderful teachers
who were eager to learn different aspects of the ISLE approach. | guess, it still came out as
a post
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DRAWIATOY4A6LPCwIdZ81-

mizX9KBErYMazLxv88Rpsf2UTND35GULpW mfo4geelcT2nhc5m1s9fNG4PZvixoomxx\W6t
SxAXIg-Yhrhdy-nXMh-vewS990P4yXwpO0IsxTQKSNmt-ozuau8oBkw& tn  =%2C0%2CP-
R

Eugenia Etkina
Admin
Top contributor

This is one of the women that | taught about my students a lot. She was not only everything
that the article says (please read as she was amazing!) but she also was a wife of a guy who
invented caloric model of heat and of the guy who proved it wrong. what is a probability of
that? The names of both husbands are in the article but it does not say a word about
caloric... Enjoy!
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Eugenia Etkina
Admin
Top contributor

Hi all, my last post for electric fields. These two activities have experiments that you can use
for your students to solidify their understandings of the Efield and Vfield. The first experiment
is very unique, the second one is not so much, but still it is a little tricky. But | did it with my

students many times with good success. Please read the text of the activities - these are not
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just experiments. One is an observational experiment and one is a testing experiment. How
is the wording different for those? How does this difference reflect the difference between
the epistemic nature of the experiments?

Often, everything that happens in a physics course is divided by the students into demos
and facts. We do not use these words at all not to trigger such thinking. There are no demos
in ISLE and no facts. But there are observational experiments, testing experiments,
applications experiments, hypotheses, predictions and assumptions. These are the words of
physics. Demos and facts are not, let's help our students understand and speak this
language. Right?

OALG 18.4.3 OBSERVE AND EXPLAIN

In the following video https://mediaplayer.pearsoncmg.com/.../sci-OALG-18-4-3 you see two
metal plates connected to a device called a voltmeter that allows you to measure the
potential difference between two points. Watch the video and explain what you observe.
Answer the following questions:

a. How is it possible for the voltmeter to read positive potential difference if the experimenter
only charged one plate? Hint: Note that the yellow wire in the experiment is connected to
Earth.

b. Why does the experimenter move the plate using a plastic holder?

c. Why does the reading of the voltmeter increase as the plate is moved to the right although
no more charges were added to it? Use an energy bar chart for help. Consider the system to
be the two plates and the hand to be a part of the environment. After you draw the bar chart
and explain the outcome of the experiment, think of how you could have explained it using
the relationship between the E field and the V field.

OALG 18.4.4 TEST YOUR IDEAS

In the following video https://mediaplayer.pearsoncmg.com/.../sci-OALG-18-4-4awe 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.

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 electrodes 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.pearsoncmg.com/.../sci-OALG-18-4-4band
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?



Voltmeter

Electrodes
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Hi @everyone! Two things today. | am asking you again to sign up for the workshop Fluids
in Motion on Saturday May 18th if you plan to attend it. most of my posts about the workshop
are invisible, so | am tagging everyone to make sure everyone saw the post. Got to the
EVENTS page and sign up if you plan to attend. so far we have 11 people who signed up. In
my experience about a half or 2/3 of those who sign up actually attend. If we do not have
enough people for the workshop, we will not run it.

The second thing is that in my post yesterday (largely invisible) | asked if | should start
posting about DC circuits. Amin Rainy said that it would be good to do DC circuits. So, | am
starting.

The most important thing for students' success in DC circuits is that they understand the
concepts of electric potential difference and the nature of electric conductors. Creating
potential difference at the ends of a conductor is a necessary condition for a continuous
charge flow but it is not sufficient. Electric charges move in the electric field in the direction
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that equalizes potentials, therefore we need a device or a mechanism that would maintain
that potential difference for the time that we need. Understanding of this idea leads the
students to the understanding of a nature of an electric circuit - the need for the device
maintaining potential difference between any two points in a circuit, a conducting path, and a
closed loop. Research shows that the understanding of these three conditions is the
foundation of students' understanding of electric circuits. | am pasting OALG activities below
that help students construct these fundamental ideas.

OALG 19.1.1 OBSERVE AND EXPLAIN

a. Watch the following experiment https://mediaplayer.pearsoncmg.com/.../sci-OALG-19-1-1.
Describe what you observed, and explain why both electroscopes got discharged. Explain
what is happening inside the metal rod right when it touches the electroscopes and at the
end of the experiment.

b. Read and interrogate Observational Experiment Table 19.1 in Chapter 19 in the textbook.
What do you think is needed for continuous charge flow?

c.Read and interrogate section “Fluid flow and charge flow” on page 574 in the textbook.
How does this section explain the experiments with electroscopes and experiments in Table
19.1?

OALG 19.1.2 OBSERVE AND EXPLAIN

Equipment: 1 D or C 1.5V battery, a small incandescent lightbulb, 2 connecting wires.

If you have a battery, two wires, and a small lightbulb, follow instructions below.

a. Try different arrangements of these four elements to make the lightbulb glow.

b. Then, remove one wire and try to light the bulb with just a battery and one wire.

c. Draw pictures of the arrangements where the bulb lights and several where it does not.
Explain how this experiment is similar to Activity 19.1.1 and how it is different.

d. Think of how an incandescent lightbulb might be constructed.

If you do not have the materials, go to https://phet.colorado.edu/.../circuit-construction-kit-
dc...

Note that the simulation also uses incandescent light bulbs. They are very different from the
LED bulbs that you use at home.

a. With PhET drag one light bulb, two wires, and a battery to the center of the screen.
Arrange these four elements to light the bulb.

b. Now use only one wire. Can you light the bulb? How is this circuit similar to the first one?
How is it different?

OALG 19.1.3 EXPLAIN

Use your observations and explanations for the previous activities to answer the following
questions.

a. Summarize the conditions that are necessary for the continuous flow of electric charge in
an electric circuit.

b. What properties of the devices are necessary to maintain a continuous electric charge
flow through the wire? Think of such devices in your everyday experience.

c. Construct an analogy to explain how an electric circuit works. Use the following table to
help you create your analogy. Note: An analogy involves mapping between the target
phenomenon (the one we are trying to understand) and some source phenomenon (that we
understand and are using to compare to the target phenomenon). The source phenomenon
should be some everyday experience that you are familiar with, and whose physical
processes are similar to the workings of the electric circuit you're trying to explain (this is
your target phenomenon).

Source phenomenon ???

Target phenomenon (electric circuit)

Battery



Connecting wires
Lightbulb

Electric charges
Explain how your analogy works. How are the elements of your source phenomenon similar
to the battery, charge flow, lightbulb, and connecting wires?

d. Compare and contrast your analogy with the material discussed in sub-sections “Making
the process contlnuous and Electrlc current on page 575 in the textbook
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This is a short clip that every teacher needs to watch. | have always been saying that every
child is a born scientist and we beat this out of them in our schooling system. He is saying
that every child is a born artist (actually he quotes Picasso on this). This means that every
child is a born everything...

But the key here is that our educational system scares children (of all ages, including
university) that making a mistake is bad. And this kills their natural curiosity, creativity and all
other amazing qualities that they have. They get glassy eyes and fear. It is strange (but not
strange at all actually) that the ISLE approach mitigates most of these issues by allowing
students to generate their own ideas and not to be afraid to make mistakes as there is
always another chance to improve.

Research shows that it is not only a person who needs to develop growth mindset, it is the
environment that needs to have growth mindset for individual mindsets to prosper. ISLE
provides this environment to all students. Unfortunately, when a sword of an AP exam or
some other test hangs over our children, the main idea of learning is weakened and
sometimes destroyed. | am not sure what to do about it. What do you think?
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Hi all, | continue with DC circuits today (Chapter 19 in the textbook). In addition to potential
difference and electric current, another physical quantity is extremely important. It's name
(emf - electromotive force) is a historical artifact, as it is not a force but work per unit charge,
but this term is left from the times when kinetic energy was called live force, gravitational
potential energy - dead force and so on. Why is it important? Because although the unit is
the same as of the potential difference or voltage, the concept behind is very different. emf
characterizes the work on non-coulomb forces per unit charge, the voltage - the work of
Coulomb's forces. We cannot use only Coulomb's forces in a closed circuit as they always
equalize potentials (their work on a closed loop is zero) and we need to keep potential
difference across conductors in the circuit for the current to exist. Here are the exercises.
The text is in the textbook. Note that the idea of emf is crucial in understanding
electromagnetic induction in chapter 21.

19.2.1 EXPLAIN

In Activity 19.1.2 you found that without a battery there is no continuous flow of charge in an
electric circuit. How can you explain this fact?

19.2.2 OBSERVE AND DESIGN

Go to https://phet.colorado.edu/.../circuit-construction-kit-dc...and use available materials to
build the three circuits according to the descriptions below.

Experiment 1 One battery, one lighted lightbulb, and two wires.

Experiment 2 Two batteries arranged so that the positive side of one touches the negative
side of the other, forming a chain (in physics they are said to be in series); one lighted
lightbulb; and wires.

Experiment 3

Two batteries arranged so that their positive sides are together and negative sides are
together, forming a ladder (in parallel); one lighted lightbulb; and wires.

a. Draw each circuit in your notes. Observe the brightness of the lightbulb in each
experiment relative to the other experiments and record your findings.

b. Explain the difference in brightness using the analogy you developed in Activity 19.1.3, or
modify your analogy to explain your new findings if necessary. Sometimes your analogy
won’t work to explain what you found here. In that case you may need to abandon your
analogy and come up with a new one.

c. Explain the difference in brightness using the language of energy.

OALG 19.2.3 OBSERVE AND FIND A PATTERN

Read and interrogate Conceptual Exercise 19.2 on page 577 in the textbook. Then, read the
“Try it yourself” question. The following photos show experimental steps to help you with the
question. Here, we used 2 lightbulbs instead of two motors.

a. Draw a sketch of the electric circuit used in the experiment. Carefully follow all
connections.
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b. Find a pattern in the reading of the voltmeter. What can you say about the changes in
electric potential through the circuit?

c. Draw a graph of potential-vs-location using the graph in Conceptual Exercise as a guide.
How is your graph different from the graph in the exercise? Explain.

OALG 19.2.4 READ AND INTERROGATE

Read and interrogate Section 19.2 in the textbook and then:

a. Answer Review Question 19.2.

b. Compare and contrast the physical quantities emf and potential difference (voltage).
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Hi all, today is not about DC circuits. It is a story. You probably remember, that we have
been working on the third edition of College Physics: Explore and Apply. Now it will be called
just Physics: Explore and Apply, but this is not what the story is about.

As you all know, we have lots of videos of experiments in the textbook and the ALG/OALG.
Most of them are made by Gorazd Planinsic with my humble assistance. For the new edition
we are making (he is making, | am assisting and directing) lots of new videos. One of those
is at the beginning of Chapter 11 - waves. The experiment needs to help students construct
the idea that waves do not carry material, but carry energy. To make this video we need still
water, drop a rock into it and have some light objects bounce when the wave pulse created
by the dropped rock reaches them. It is easier to say than do. Where is that still water???
Being on the Adriatic coast now, we have been watching the sea for days, but it is no good -
waves and wind. We tried many times but could not get good footage. So, today we are
running in the morning and | see a little bay made by rocks where the sea water seemed to
be still. | say: Gorazd, look - good water! He says: We need to hurry then, as the tide is
coming.

So, we sprint home (about a mile), pick the camera, the tripod, and get on the bikes to rush
to that place. It took us about 20 min to do this but by the time the wind was picking up.
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| said: It is no good, let's go home. But Gorazd does not give up. Ever. After about 30 min of
multiple takes we got that one moment that you will see on the video. It looks so easy...
https://youtu.be/Dg97KtWvotc
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And this is the direct application of the idea that students construct explaining our simple
video in my first post today - using this energy that a wave carries! | wonder how Facebook
knew to send me this video?
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Hi all, thank you for reading about our wave-making-video adventures.

Today, | am going back to DC circuits. | am sharing two activities. The first one is crucial for
your students to learn how to measure current through a resistor and voltage across it.
Notice the language here - current through - means the device to measure it should have the
same current passing through it, and voltage across - means the device needs to be
connected across the same points. The second activity is for the students to learn what
resistance is - as the ratio of voltage over current. It also help dispel a common idea related
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to Ohm's law - that resistance is the slope of the line on the graph voltage vs current. While it
is true for ohmic resistors, it is not true for non-ohmic resistors. Non ohmic does not mean
that Ohm's law is not true for them, it only means that the ratio of voltage over current is not
constant. Both activities are taken from the OALG - they use phet instead of real equipment,
but they can be done with real equipment too.

OALG 19.3.2 DESIGN AN EXPERIMENT

Your goal is to build an electric circuit in which the lightbulb glows, and an ammeter
measures current through the bulb, and the voltmeter measures potential difference across
different elements. You will do it using the circuit construction kit at
https://phet.colorado.edu/.../circuit-construction-kit-dc....

a. Think of how to assemble the elements. Read the instructions about connecting ammeters
and voltmeters in a circuit provided on your desk or on p. 580 of the textbook. Then examine
the materials available for you in the simulation.

b. Draw the circuit you are going to make, including the ammeter so that it measures the
current through the bulb. Mark points across which you will connect the voltmeter.

c. Make the circuit and check that the bulb only glows (and the ammeter is showing a non-
zero reading) when the switch is closed.

d. Collect the current and potential difference data for different positions of the voltmeter
(potential difference across the battery, across the bulb, across the wires, and across the
closed and open switch).

e. Record the patterns that you find.

OALG 19.4.1 DESIGN AN EXPERIMENT, FIND A PATTERN, AND EXPLAIN

Your goal is to find a relationship between the current through and potential difference
across commercial resistors. Use the materials at https://phet.colorado.edu/.../circuit-
construction-kit-dc...

To make a variable power supply to vary the potential difference across a resistor you can
place the battery in the circuit construction place, tap on it, and at the bottom of the screen
you will see that you can change its emf from 0 to 120 V.

Please address the following points when you write up your report:

a. Describe the procedure for your investigation and describe your experimental design.
Include a labeled circuit diagram.

b. What important physical quantities change during the experiment? What are the
independent and dependent variables in your experiment?

c. Record your data in a table. Then calculate the ratio of potential difference across the
resistor and the current through it for every potential difference reading. What can you say
about the ratios if you take uncertainty into account?

d. The ratio of potential difference across the resistor and the current through it for each
potential difference reading is called resistance. What can you say about the resistance of
the resistor for different potential differences across it? Is the resistance of the resistor
constant or is it changing?

e. Use the ohmmeter to measure the resistance of the resistor that is not connected to a
circuit. Does it match your findings in part c.?



a @ Tap circuit element to edit. (¢
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Hi all, three things today.

Those who signed up for the Fluids in Motion workshop on Saturday at noon EDT (East
Coast US time) please prepare the following equipment: 2 straws (at least one of them
needs to be transparent), a transparent glass (a beaker will do), two empty soda cans and
smooth surface to put them on, scissors, three sheets of printing paper, a syringe, A
container with water, a bottle with holes and tacks that we used in the previous workshop.

| continue with DC circuits. First | want to remind people that we write Ohm/s law as I=delta
VIR, not deltaV=IR as it is written in many sources. We chose the former way of writing it to
underscore the course-effect relationship - current is the result of potential difference and a
non-infinite resistance of the medium. Also, delta V - the voltage, is already potential
difference, so commonly used term voltage drop does not make sense and we do not use it.
As | said yesterday, a common mistake is to think that resistance is the slope of the potential
difference-vs-current graphs. It is not, resistance is the ratio of deltaV/I. Only for ohmic
resistors the ratio is the same as slope of the graph. But the definition of resistance that
follows from Ohm's law works for any resistor for specific current and voltage. We have a
great example of a non-ohmic device (crucial for today's life) - an LED. | am attaching the
screen shot of the text in the textbook. Last year we ran a 4-hour LED workshop for the
group as we have a special sequence of activities to embed LEDs in many topics of the
physics course (see our series of 4 papers in The Physics Teacher about LEDs, all posted
here in the FILES).
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Eugenia Etkina
Admin
Top contributor

Hi all, yesterday | was posting about difficulties that our students might have with the idea of
Ohm's law. By the way, notice, that | never use the word "misconceptions"” when | am talking
about things that are difficult for the students. If you are interested WHY | NEVER use the
term "misconceptions" - please ask, and | will write again as | have important, research-
based reasons to do it.

But, putting the language aside, what else is difficult for the students when they have to
apply Ohm's law? A open switch! They understand that when the switch is open, there is no
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current in the circuit (the current is zero). But does it mean that the potential difference or
voltage across an open switch is zero? It is so tempting to say YES, as I= delta V/R, so if |
=0, shouldn't deltaV=0 too? It would, if R were a finite number. But what if it is infinity? As it
is for an open switch. What will you get when divide ANY number by infinity? You get 0. Just
as what the current is. But then, what is potential difference across an open switch equal to?
This is where the knowledge of electrostatics comes into play and the understanding of what
an equipotential surface is. Here is the activity from the OALG that has videos of the
experiments. When in class- the students can do these experiments themselves, the videos
are just for you to have an idea.

OALG 19.4.4 TEST YOUR IDEAS

Use materials at https://phet.colorado.edu/.../circuit-construction-kit-dc...to build a circuit
consisting of a battery (rated 9 V), a lightbulb, and a switch connected in series. Keep the
switch open.

a. Draw the circuit diagram of your circuit.

b. Predict the potential difference across the battery, across the lightbulb, across a
connecting wire, and across the switch. Now use a voltmeter to check your predictions. Write
down the readings. Discuss any surprising results you found and reconcile them with your
prediction.

c. Now close the switch and repeat the experiment. Write down the readings. Do they make
sense?

d. Watch the following video https://mediaplayer.pearsoncmg.com/.../secs-experiment....
How do the readings of the voltmeters compare to the readings in your circuit?

e. Discuss whether Ohm'’s law in the form of |= delta V/R applies to a battery and to a switch
in an open circuit. Discuss whether Ohm’s law applies to a battery, a switch, and a
connecting wire in a closed circuit.
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FvKQrBJXYESY5nLHcD1LjeipOFuJv-
SLcVApgfxeHeg4Sn4E3bfbzRxIrmxdaJ6B69izwCkgqHmMD5bbxDodMfOXYkgbmvT9MhbCgL
KQdfASUir61YPXzcNek4l-9nJpVI1F3TShItS3tu0SLSI&  th  =%2C0%2CP-R
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Eugenia Etkina
Admin
Top contributor

Post about Allison Daubert, one of our members and my former student. | am so proud of
her!
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OgzwPIx9uFslcbJ8kj27FEK8YRvV _AKmYzOF946Dg7IRO50XI1ijKeAu1WhJdQyewn9KwhrH2
3H8uuxYukOJLzZgXybOLPXTdAMQbp03RMIXwZJo-IcsAK-
9bETpiHc TQJ 3R7x7sT30t20tItRpriKOxOTzlw71QZL8ec600PRaZ5JsCMRmMKEAPVJnyDO
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Eugenia Etkina
Admin
Top contributor

Although | promised not to post anything 2 days before th workshop other than the
announcements, this one post from Tamah Fridman is impossible not to share. 74 minute
solar eclipse. WHAT??? Indeed it was!
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Watch it - it is totally amazing. It is not only about solar eclipse, it is about relative motion!
Discussing it with your students during kinematics unit will make it it so much more relevant!
But still - the Fluids in motion workshop is tomorrow. Only a few people signed up and | am
worried that will will not have enough for high quality group work. Please join! noon EDT.
The zoom link is in the announcement in EVENTS. and the materials were posted 2 days
ago. The new videos we will watch and discuss will blow your mind. See you tomorrow!

CONCORDE'S 74 MINUTE
SOLAR ECLIPSE

I

In 1972, French astrophysnﬁl Pierl'ena
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Hi @everyone! We had a wonderful workshop yesterday. It was a small group but everyone
worked vigorously. Lot's of new activities and experiments that are not in the textbook yet
but will be in the next edition. | am posting as always the links to the recording, the slides
and the summary slide of what everyone learned.

In the workshop we discussed how to decrease surface tension at the hole of the bottle with
the water jet. Laura Novak Sloma and Dorota Sawicka came up with great ideas. But what
about adding some soap to the water? It will decrease surface tension, right? This is what
Gorazd Planinsic is going to do and make a new video. Thank you for your ideas!
Recording of the workshop (unfortunately the first 10 minutes are not recorded as | forgot to
press the button)

https://rutgers.zoom.us/.../F3GO9M7XcO-uRLZy2...

Password: eqvK*ng4

Link to the slides

https://docs.google.com/.../100a4fLzZWOW6xDQ3WyUw1.../edit...

And the reflection slide is attached.

What did you learn in the workshop?

Practical activities that | can use to teach Fluids in motion, using testing experiment as a
follow up of the observational experiment

It has been a while since | have taught fluids and this was a good refresher for me. |
liked doing the bar graphs with Bernoulli's principle. The idea of using the outline of the
derivation while the students work in groups.

Work group in derivation of more complex relationship, they have to interrogate the text,
and try to recover the previous knowledge (eventually with the aid of the teacher).

Great experiments!

My head is already full and | think it will take some time to sort it out.| will watch the video
again and review. thank you very much.

Showing the friction effect so clearly. Also, itis always useful to move to the
students’ frame of reference

https://www.facebook.com/groups/320431092109343/posts/1624151581737281/? cft [0]
=AZWXslYXCnNOioEukF8nnvCnfj9QIK7G46d9tHgYIANcJCDEqGKk9z7 QxfTdHBXfNcPSyFw
ABYRrkHWkLgUGEzLTrTKO Z1GJH gD9M4ivBjsPCLgoNXg5X-

S7 6QZ939IEVGH2g WWIMb1pd6erdZbM3KhD6P3wzJB1214vJ8GolijDSBY T4t-
XNTKED50mMoXQT9PC6ZTxygKGxV3nLdzsBA& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! Over a year ago | posted that Gorazd
Planinsic and | started working on a book that has a goal of helping teachers learn to use the
ISLE approach. The book was supposed to be a sequel to the first book about ISLE (we
wrote it together with David Brookes) that came out 5 years ago ( this first book is about the
approach itself, if you do not have this first book but wish t read it, please send me an email).
Basically, if you wish to use ISLE with your students and develop productive habits that will
help you implement it every day - this new book is for you. If you are not planning to use
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ISLE but wish to have an interactive student-centered classroom - the book is also for you. If
you are looking for some new physics ideas, cool experiments, and new problems - the book
is for you too!

We have been working on it for almost 2 years. Many people helped up us: Carolyn Sealfon,
Andrew Yolleck, and Eugenio Tufino helped edit the chapters. Bor Gregorci¢ wrote an
interlude about Al and ISLE. Allison Daubert, Danielle Buggée, June Lee, and Josh Rutberg
shared their experiences with the development of habits necessary to implement ISLE.
THANK YOU, THANK YOU, THANK YOU!

On Friday the book was published online. Here is the link. It should be in your university
library shortly, but if you wish to start reading it today - please email me.
eugenia.etkina@gse.rutgers.edu

One more thing: the book goes together with our textbook "College Physics: Explore and
Apply". If you do not have access to it, again - please email me.
https://iopscience.iop.org/book/mono/978-0-7503-5568-1
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Eugenia Etkina
Admin
Top contributor

Hi all, two things today. The post is long, please read to the end as | have questions for
everyone there. Thank you.
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Welcome, people! This group is for those who are learning to use or using the Investigative
Science Learning Environment approach to learning and teaching physics with their
students, as well as the materials that support this method: The textbook College Physics:
Explore and Apply (hence the name of the group), the Active Leanring Guide (ALG) and
Online Active Learning Guide (OALG). If you do not have the textbook but wish to explore it
(no pun intended), please send me an email at eugenia.etkina@gse.rutgers.edu. To start
learning about ISLE and all other resources that we offer - please visit islephysics.net. to
benefit from the group, check the posts daily and either like them or comment on them, and
keep an eye for the workshops. Once a month, online, free. Do not hesitate to ask questions.
The second thing is that | am skipping the June workshop as we have an 8 hour Introductory
workshop in July. The workshop is full. But | am asking you about August. Three choices:
the workshop on how to start a school year with the ISLE approach (most of it will be in the
intro workshop to ISLE in July), the workshop on kinematics (this will be the third time we will
run it, we had it the previous two years), or a new workshop on DC circuits or magnetism.
Please comment on your choices.

Tomorrow | will share the findings from the survey that you responded to. They are
fascinating. And please read the post form yesterday if you are interested in the book about
how to prepare teachers to teach with ISLE. Thank you all and welcome new members!
https://www.facebook.com/groups/320431092109343/posts/1625617994923973/? cft  [0]
=AZVdcbAAqQb2ZO2F7bxGWRxwUK50LPXUCMPHYuGr-ncCQQ-
Ew7PNJXgOnDU9iNFydAObehld3 T9e0Onzh-
8BbBWIOHMVOb8SAu2cnXUXSsoUX21KsdPPzIzZOWM2agHnoXUe68Sg68F1 rwwKrdL-
2P8IXFWn Dp54ijCVsZJ8VTmoUCCp53GiQg110f OWI6c0qUskhXyNgGempSXbRuOOK7P8
& tn_ =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! Thank you for all your comments about possible workshops in August.

Based on your wishes, this is what we are going to do:

Those who have not attended (and will not do it this July) the Introductory 8 hour workshop
for ISLE but are planning to start using the ISLE approach in the Fall, please watch the
recording of the workshops for the first day of class and kinematics in the zoom subfolder of
the google folder for the posts at https://drive.google.com/.../10gn...

The slide shows for all our workshops are at
https://drive.google.com/.../1kiYbLgbLP7xMBhmZJBrFQgjdQwL...

All meetings/workshops folders are renamed so it is easy for you to find a specific folder.
Additionally, | will start posting about the first day of class and kinematics at the end of July.
So, if you follow the posts, you will have additional help. But regardless of all this, please ask
questions when you have them! And read the Instructor Guide - chapter 1. The IG is posted
here in the FILES. If you cannot find it, please send me an email
eugenia.etkina@gse.rutgers.edu

Finally, based on your responses yesterday, we will have Magnetism workshop in August.
The days to run it are Saturday 3rd or 10th. | prefer the 3rd. | will post the poll tomorrow but if
you could express your preference in the comments to this post, it would be great!

Thank you!
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Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! | promised to share the results of the survey
about the group. | will do it slowly, a few ideas at a time. First, thank you all 63 people who
responded (I closed the survey after 2 weeks). Here is some statistics:

Who are we? 43% teach highs school physics, 30% teach AP 1, 2, or C and 24% teach
college. (The rest is IB and some other small groups).

How long have people belonged to the group is in the attached slide (over 11% of the
respondents have been members for over 5 years!). The countries of the participants are
listed below - and this is the list that shows how world-wide we are. Look at it! 22 countries
among those 63 people who responded!

USA

Canada

Mexico

Australia

Bali (Indonesia)

Vietnam

Italy

Slovenia

Croatia

Netherlands

Brazil

Ireland

Japan

China

Latvia

South Korea

South Africa

Thailand

Philippines

Sweden

Serbia

Argentina
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Statistics

How many years have you been a member of E&AP Facebook group
63 responses

@ 5 years and more

@ about 4 years
About 3 years

@ About 2 years

@ A little over a year

@ Less than a year

https://www.facebook.com/groups/320431092109343/posts/1626822031470236/? cft [0]
=AZU- e2BkjWG27Qe9v4fy8-U4Kn3p9lv-

iYz6J5F4yS2B85IAlne W3IBzsd149bsbVGWmTayW7bTO6ac0CReZnHE8wt7r6abvvA9Mg
Sag0QTYIVjfdYulmFezBb3firvnyO7p6auBUaJczdd5zlu4iUHFcZ868xB37GNVuM32qwDSM
FuogrmP3j3u4SnG1f77tSz7yYnmnUhY807fhAOVQG& tnh  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! Two things today: first | continue with DC
circuits and second, | will post another finding from the survey.

Here are two labs that can be done online to help students develop the ideas of electric
power. If you are doing flipped classroom approach, the students can do those epxeriments
at home and then come to class to discuss their findings. They do these experiments in
teams even at home. As you probably already know that | do not support traditional flipped
classroom approach when students are assigned to read the textbook before they come to
class - please ask me why. But doing experiments at home before they come to class is
great! So, it can be a flipped classroom but different. It does not mean that | recommend that
the students never read the textbook before coming to class, sometimes it is useful, but it
cannot be a regular set-up. So, here are those two lab experiments (note that all of them are
published on the scientific abilities website).

OBSERVATIONAL EXPERIMENT

Goal: to figure out what physical quantities affect the brightness of a bulb

Use materials at https://phet.colorado.edu/.../circuit-construction-kit-dc....

Equipment: 2 different lightbulbs, battery, connecting wires, voltmeter, ammeter.

Rubrics for self-assessment: Ability to conduct an observational experiment. Rubrics B5, B7,
and B9.

In this activity you will need to use different light bulbs. In the simulation, to make different
light bulbs click on the lightbulb and change its resistance. After you have created two
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different lightbulbs, connect the two bulbs in series with each other and the battery, and
compare their brightness.

a. Devise several explanations for why the brightness of the bulbs is different.

b. Design and implement experiments to test the explanations you came up with. Which
explanation couldn’t you rule out?

c. Use the explanation that you did not rule out to predict the relative brightness of the same
bulbs when you connect them in parallel to the battery (if you have not done this experiment
yetin part b.).

d. Explain why incandescent lightbulbs glow when there is current through them. Where
does this light energy come from?

TESTING EXPERIMENT

GOAL: TO TEST THE MATHEMATICAL MODEL FOR ELECTRIC POWER

Use materials at https://phet.colorado.edu/.../circuit-construction-kit-dc....

Equipment: 2 different lightbulbs, battery, connecting wires, voltmeter, ammeter.

Rubrics for self-assessment: Ability to conduct a testing experiment. Rubrics C1, C4, C7,
and C8.

a. Connect the bulbs in parallel and observe that bulb A is brighter than bulb B. Use your
knowledge of electric power to explain this observation, and then predict what you will
observe if you connect the bulbs in series to the same battery.

b. Perform the experiment and record the outcome. Did it match your prediction? If not,
revise your explanation to account for the outcome.

2. And here is another finding from the survey - how many workshops people have attended!
While it is amazing that over 10% of those who responded attended between 10 and 20
workshops, we have 20% who never attended a workshop or watched the recordings. Do
you think it is a problem or is it a good small number? And | counted how many workshops
we had total - 33!

Workshops — 33 total in 3.5 years

How many workshops offered by the Facebook group have you attended?
63 responses

® Over 20

@ Between 10 and 20
' Between 5and 10

@ Fewer than 5

@ | have not attended the worksheps but |
watch the recordings

@ | do not attend the workshop or watch
recordings

https://www.facebook.com/groups/320431092109343/posts/1627462574739515/? cft  [0]
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4zxFONWOri62xEvalL58SxfgviNMxc9ACDG2dZL4wHrdi3GDzHj0gWQSObSIhCt99wLSgWx
h2ANY-

Lp6IQIU001zypyZeNtzgjSwewT4ZGe69dQDOwCcRsp0 g hkZF2u8Cci63XtkZIFZfugW6S4M
& th =%2C0%2CP-R
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Eugenia Etkina
Admin
Top contributor

This post is out of order (not DC circuits) but is really important. Today everyone knows what
black holes are. In 1978 when | was studying astrophysics it was not the case. | learned the
limit of mass - 2.7 solar masses after which a remnant of a Supernova collapses to a black
hole, not neutron star in my 300 level stellar astrophysics course. But | never knew who
came up with this number. Watching the movie | realized who it was, and it was like, Wow,
why didn't | know this before? And this is exactly what this article is about. For all of us.
Enjoy!
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dOnjb2SQzZdXwb4fH BG7ajHy1UMyhgApK-IEJ4PhfM-

50LURjHiI90oqWmO08W PgBh1mmZn0pGt0g51TZ6LIXgKbYATTYyTZgk3gWpy31pUF& tn
=%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor
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Hi all Exploring and Applying Physics people! | continue with DC circuits today. In my
previous post for DC circuits (on Friday) | shared activities for the development of the idea of
electric power. This idea is very important if we wish to understand why we do not buy
incandescent bulbs anymore. The screen shot of our textbook page is an example of an
application experiment that the students need to do BEFORE they read the textbook. It is
easy to do and the results are amazing. As it is an application experiment, all you need to
ask them to do is to design an experiment to compare the power of two bulbs - and they will
be very creative doing that. Here is the screen shot:

Power of incandescent lightbulbs and LEDs

In the last few vears, LED hightbailbs 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.
i bright incandescent lightbulb, it is very hot; however, LED-based bulbs are not hot o fu) Experimental sehip

touch. Therefore, we can hypothesize that traditional bulbs convert a significant frac-
tion of the electric energy o thermal energy rather than w light, while LEDs convert
most of the elecine enerey delivered to them 1o light energy. 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. o 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 1%.23a). In order to cori-
pare the light sources more objectively, we will use a special device (a light sensor) that
measeres the brightness of both sources: its sensitivity to light is similar to that of our

th) Tuble of measurements taken

eyes, We will change the potential difference across the power supply until the light : Incandescant
sensor has the same reading for both sources when placed at the surface of the ping- LED lightbulb
pong ball. {In Figire 19.23a, the LED appears 1o have a somewhat different color than

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

data collected in the experiment are shown in Figure 19.23b. A pattern is clearly visible T(A) 0020 0.150
from the dota: the white LED meeds about 10 times less electric power o emit light of P(W) 0062 0680
the same brightness as an incandescent lightbulb. Thus the old-time incandescent Tight- B (lux)* 450 430

bitilb miist be converting the rest (90% ) of the energ

¢ into thermal énergy of some other *Rs

s of fight measined at the surfice of

pung ball

form of light that cannot be detected by our eyes,
for both light sources: the LED is at room temperature and the bulb is much warmer,
We will learn in Chapter 28 the mechanism behind the high efficiency of LEDs.

ure 19.23c shows thermal images

Paying for electric energy

Electric power companies chirge their customers according to the amount of elec-
tric potential energy that is converted into other energy forms in the devices that the
customer uses. Unlity companies do not use the joule. Insiead, they use an energy T

unit called the kilowatt-hour. A kilowatt-hour (KW +h) is the electric potential en- lightbul
ergy that a 10D0-W deviee transforms o other energy forms in o time interval of 1 h
(1EW-h =363 10"J).
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Tmr3B5 XLORDbIPIj9Cg7-guN-nkVX-hnkz15ucjOOpImg-vMrKimltHooB3wVKP|SWRHQB-

XHKTYPVGMS5T7nBY1XxA2fIG7TUAarSG6wYH  McjoK5HMIZmQO07hqjS14mDHGSS7uNb
Xd56huLWnlbz& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, | continue with DC circuits. | have been doing it for a while as we agreed to run the
Magnetism workshop next, which means skipping DC circuits. That is why | am trying to go
over them systematically. Please check my posts over the last 2 weeks to see the
progression.

Today is the emf of the battery and its internal resistance. When the internal resistance of
the battery is zero, then the emf is equal to the potential difference across it, but when the
internal resistance is not zero, the potential difference across the battery is always less than
the emf. The larger the current through the battery, the larger the difference between those
two.
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We have activities in the ALG and OALG for the students to figure out this idea.

Here is the OALG activity that they can do at home before coming to class or in class if you
are teaching an online class:

OALG 19.7.7 DESIGN AN EXPERIMENT

Equipment: Real battery, 3 different lightbulbs, connecting wires, ammeter, voltmeter, switch.
To make a real battery, go to https://phet.colorado.edu/.../circuit-construction-kit-dc...and
make battery resistance 1 ohm.

Then design an experiment to investigate how potential difference across this battery
changes as the current through the circuit changes. Make sure you start with the case when
the current through the circuit is zero and finish with the maximum possible current (without
short-circuiting the battery).

a. Draw the circuit for your experiment. Describe the data you plan to collect.

b. Make a table to record the data, and after you make the circuit put the data in the table.

c. Reduce the resistance of the battery to zero and repeat the experiments. Record the data
the same way you did in part b.

d. Describe the differences in the patterns you found in parts b and c. How do the emf of the
battery and its internal resistance explain the differences?

e. For help, read and interrogate sub-section “Internal resistance of a battery” on page 594 in
the textbook.

And here is a sequence of parallel ALG activities that they can do in class (in a lab). Notice
the difference between the ALG and OALG.

19.7.8 DESIGN AN EXPERIMENT

Lab: Equipment per group: 9-V battery, 3 different lightbulbs in holders, connecting wires,
ammeter, voltmeter, and/or multimeters, switch.

Working with your group-mates, design an experiment to investigate how potential difference
across the battery changes as the current through the circuit changes. Make sure you start
with the case when the current through the circuit is zero and finish with the maximum
possible current (without short-circuiting the battery).

a. Draw the circuit for your experiment. Describe the data you plan to collect.

b. Make a table to record the data and after you make the circuit put the data in the table.

c. Describe the pattern you found. How can you explain it? Think of the emf of the battery
and its internal resistance.

19.7.9 POSE YOUR OWN QUESTION

Lab: Equipment per group: whiteboard and markers, several different batteries, resistors,
lightbulbs, conducting wires, ammeter, voltmeter.

You have learned that batteries have internal resistance. What questions concerning the
internal resistance of a battery can you investigate using available equipment?
a.Collaborate with your group, making a shared list of questions and focus on one of them.
b.Working together, design an experiment to answer the questions.

c.Conduct the experiment and record the results.

d.What did you and your group learn about batteries in this investigation?
https://www.facebook.com/groups/320431092109343/posts/1629225367896569/? cft [0]
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efWHelESyRKtk3vbwk6aEmJR3SEiIcEmsEBYE6GGITFCpT8sUBjdlvmZBepazZWOFRHzfGq 4
NNYKYMFWv3AFKyi6EEKjOjmern& _tn =%2C0%2CP-R

Eugenia Etkina
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Top contributor

| continue posting about contributions of forgotten women to physics and science. This
woman - Hypatia of Alexandria, however, not only made significant contributions to
astronomy and physics but also to pedagogy! If you have never heard of her - research. |
posted below a few facts that ChatGPT shared with me when | asked about her and more
are in the shared article below.

Astronomy:Celestial Mechanics: Hypatia's work on astronomy involves principles that are
crucial to physics. Her studies likely included the motion of celestial bodies, an area that
directly relates to gravitational theory and mechanics.

Astrolabe: She improved the design and accuracy of the astrolabe, an ancient instrument
used to make astronomical measurements, such as the altitudes of celestial bodies. This
device was critical for understanding the heavens and contributed to the early development
of observational astronomy, which is deeply connected to the physics of celestial motion.
Hydrometer:Hypatia developed an improved hydrometer, an instrument used to measure the
density (or specific gravity) of liquids. This device relies on principles of buoyancy and
density, which are fundamental concepts in fluid dynamics, a branch of physics.
Philosophical Context:As a Neoplatonist philosopher, Hypatia taught and wrote about the
nature of reality and the cosmos, engaging with ideas that overlap with metaphysics and
natural philosophy. Her philosophical inquiries would have encompassed discussions on the
nature of the physical world and the underlying principles governing it.
Mathematics:Hypatia is credited with contributions to the development of algebra and
geometry. She wrote commentaries on the works of Diophantus (considered the "father of
algebra") and Apollonius (known for his work on conic sections), making complex
mathematical concepts more accessible to students.

Teaching and Influence: Hypatia’s role as an educator and her commentaries on classical
texts helped preserve and disseminate scientific knowledge from earlier Greek philosophers
and mathematicians, such as Ptolemy, Euclid, and Archimedes. These works include
foundational concepts that are essential to the study of physics.

Intellectual Legacy: By mentoring students and engaging in public intellectual life, Hypatia
contributed to the continuity of scientific and philosophical thought. Her influence helped
shape the intellectual environment of her time, fostering a culture of inquiry and rational
thought that underpins the scientific method.
https://www.facebook.com/reel/352990377085427
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Hypatia of Alexandria was a renowned philosopher, mathematician, and astronomel
in the 4th century. Teaching in Alexandria, she made significant contributions to
science and philosophy, Synthesizing complex ideas with clarity. Despite her tragic
death due to political and religious strife, Hypatia's legacy as a beacon of
intellectual inquiry and advancement continues to inspire.
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Eugenia Etkina
Admin
Top contributor

Hi all, two things today. First | wanted to welcome our new members. We have several
people who joined yesterday and today and answering the question why the joined they said
that they wanted to learn about reading interrogation technique.

| posted a lot about this technique and we learn it in our introductory ISLE workshop, but as
the summer workshop where we do the elaborate interrogation is full is full, let me slowly
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introduce the technique here. Especially as we decided not to do the August workshop for
the First days of school, but instead focus on Magnetism.

So, from tomorrow on | will systematically post what to do as the new school year starts (if
you are going to implement the ISLE approach) and will focus in detail on the elaborative
interrogation - a technique that teaches our students how to read scientific text.

What is important though, is that this technique is not an isolated thing, the same ways as
none of our activities is an isolated thing. They all work together to help our students learn to
think like physicists and there is much more to this then learning to read the text.

Or, better that, one cannot really learn how to read scientific text until they understand how
physics works - epistemologically. Epistemology is the study of the elements of knowledge
and how knowledge comes to be. Traditional physics teaching that is focused on students
solving problems and doing cook-book experiments does not help them learn the
epistemology of physics and that is why (one of the reasons) they do not know how to read
scientific texts.

Well, | said enough - welcome our new members! To learn what the group is about please
visit islephysics.net and read the material under every tab there, especially where there is
information about the resources that we have and the textbook that follows the method.
Hmm, what was that other thing that i wanted to talk about? Oh, the date for the workshop
on Magnetism. | can do it August 10 or August 24. What is your preference? Please
comment! | will post the poll later, but | want to see how many people are interested in
attending.
https://www.facebook.com/groups/320431092109343/posts/1630520424433730/? cft  [0]
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Hi @everyone! | am starting a series of posts (a long series!) for the beginning of the school
year. Consider this an asynchronous workshop. Instead of attending a 2-hour workshop on a
specific day, you will need to read the posts and do the work. Your responses are very
important - please post them in the comments AFTER you do the reading.

While the students will be doing various activities that | will describe, it is important that the
teacher sees a big picture behind all those activities and understands why the materials are
the way they are. Therefore, | will start by asking you to read the introductory chapter of the
Instructor Guide. It describes how the whole system works together and lists learning goals
common for ALL topics. Content specific goals are in every chapter. After you finish reading
the chapter, please put your questions in the comments and | will answer every one of them.
I will make posts every other day, not every day so that you have time to do the readings
and process new ideas. What do you think of this approach?

Here is the chapter to read, it is the introductory chapter of the Instructor Guide which is
posted here in the FILES.
https://www.facebook.com/groups/320431092109343/posts/1631051057714000/? cft [0]
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Mc8CWHkyyg7eyy2INTjzYzIgKuVTBYpRNfa2nWYKUh27W3jusWJtApGi7Nbxlcg-5Xg-
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Eugenia Etkina
Admin
Top contributor

Hi all, no new post today as | am giving you time to work through the Introduction to the
Instructor Guide posted yesterday. Joseph Wachs commented that he could access links to
the scientific abilities website though the links in the document. Did you have the same
issue? If you did, this website does not require any special access, you can find everything
here: https://sites.google.com/.../scientificabili.../introduction Explore all the tabs and you will
find lots of useful stuff! | will have a new post preparing for the upcoming school year
tomorrow.
https://www.facebook.com/groups/320431092109343/posts/1631625244323248/? cft  [0]
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D7Wr1E1JbPrPeUkXN3D96fWKkTS5EVEdmMTgbVqUhb13TLvJiLf6spRp2LSk6F7bfOfPcuy7-
cZs7ehNeDVvk5IZMSGqGgOlyzd6 _uUBFzZWPVOCEVMGM9T9GXWmTSWcjPrtiGXOTmZJ
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Eugenia Etkina
Admin
Top contributor

Hi @everyone, this is my second post about starting the school year with the ISLE
approach. The first post was the Introductory chapter in the Instructor Guide to help you see
what the approach is about, what is important, what the everyday goals are (same goals for
every day!), and so forth. Today's post is about preparing your classroom and your mind for
the kind of work that the students will be doing. Please read this post AFTER you have read
the Introduction to the Instructor Guide posted the day before yesterday. It is really really
important that you go in order and ask questions about every post. So far | got only one
question for the IG. Hope this post will inspire more. | am putting the text here and attach the
document with THE FIGURES. The photos were taken by Gorazd Planinsic in the
classrooms at the university of Ljubljana. Please post your classroom photos after you read
this post.

Here is the long text about important things to know and do to help your students learn
physics through the ISLE approach.

Every classroom starts with ... the classroom. What do students see when they walk in? Do
they see the neat rows of desks and tables facing the board, a theatre-style seating with the
stage in the front, or a room with tables for 3-4 people with small whiteboards and markers
on each table with no center stage? See the difference in figure 1. THIS FIGURE IS IN THE
ATTACHED DOCUMENT

(a) (b)

Figure 1. (a) interactive engagement classroom; (b) traditional classroom

These settings send completely different messages to the students. The students see what
is expected of them — either to watch the person on the stage or to work themselves. As the
ISLE approach assumes the latter, the first routine is clear — to set up your classroom in a
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way that sends a clear message to the students that learning physics is a collaborative
enterprise with them at the center.
Our routine is to first set up the whiteboards. As they last for many years with good care,
there is a good chance that you will only need to do this once. Here are a few suggestions:
Size: We recommend the size of approximately 50 cm x 70 cm or larger, depending on the
size of the desks where your students are working. Figure 6.2 shows a simple solution,
where we used a 50 cm x 70 cm whiteboard and combined two traditional school desks to
make a table for a group of four students.
Material: The most important thing is that the white surface is really smooth. If you can't find
panels with a suitably smooth surface, you can buy untreated panels and cover them with
smooth white self-adhesive wallpaper.
Care: Insist that students clean the whiteboards after each lesson. Ink left on the boards for
several days is difficult to remove. You can use a mild detergent solution or water for daily
cleaning, but occasionally you will need to clean the boards with alcohol.
In addition to whiteboards, you need different color dry erase markers, an eraser or some
cloth (old rags work best), and a cleaning solution for each group.

THIS FIGURE IS IN THE ATTACHED DOCUMENT
Figure 2. A whiteboard for group work and a set of colored markers.
The next step is to organize the tables and chairs. It is a good routine to come to the
classroom (if you are sharing it with some other teachers) a few minutes before class and
organize the tables and chairs for group work. It is even better if some of your students and
pre-service teachers come early too and help you do this. This way, the setting up becomes
a routine for them that they will replicate in their own classrooms.
The next step is to put any necessary equipment on every desk. It is truly important to
develop a habit of thinking about each activity as experimental. Even when the students
solve paper-and-pencil problems, it is great for them to have equipment to immediately
check their answer.
Your students will be working in groups at those tables, each holding a marker of a different
color in their hands so that the contributions of each member are clear. How do you form
groups? There are different approaches to this task. During the first class of a course, we let
groups be formed naturally, as the students walk in to the classroom and choose seats.
Once they are settled, it is good to check that there are no groups with one female and the
rest males. You can ask students to move in this case. While some females make
themselves heard in a group of males, many have difficulties doing so even when they have
a great grasp of physics. Thus, at the beginning, it is a good routine to avoid such situations.
Later, it is necessary to monitor the groups to make sure every voice is heard.
Is there a best size of a group for group work? If the activity has one right answer, 2 people
are enough, but if it is a creative activity with multiple possible approaches, then 3 is a
minimum number and an optimal number for all students to participate. Four is still ok, but
one person might not participate. Starting with 5 members, only a few of them participate. As
the semester progresses, it is great to change groups to make sure that everyone in the
course works with everyone else.
As one of the goals of any ISLE-based course is to create a community, the first necessary
condition is that people know each other well and experience working together in different
contexts (more about this later). With the possibility of a large variability in the group
member’s preparation, we found it useful to have groups of mixed ability. Thus, as you get to
know your students, try to organize the students so that the groups in each course meeting
have students who are high achieving, medium achieving, and those who struggle. If the
atmosphere in the course is supportive (and this depends on you), then the struggling



members will grow and improve quickly. However, random group assignments work too if
you change the groups often.

Working in groups is important in the ISLE approach. Do you remember the two
intentionalities of the ISLE approach? The first is to help students learn physics by
constructing knowledge that follows the processes that mirror those of practicing physicists.
The second is to help students stay motivated, feeling that they belong in physics and
develop growth mindset. Group work fosters both intentionalities as scientists work in teams
creating knowledge and group work can help develop the sense of community, belonging,
and extend students' zone of proximal development. The problem is that not all groups are
functional. What does it mean to have a functional group? A functional group is a group
where group members work together, listen to each other, and support each other to solve a
problem. By working TOGETHER, they extend each other's zone of proximal development.
This sound good in theory, but how do you help them learn to work this way? And does
belonging to a functional group make a difference? It turns out that it does!

From the above follows that it is important that the group work is really collaborative, not led
by one dominant person while everyone else is either passively listening or is “checked out”
until the answer is provided. How can we help group members collaborate? Research by
David Brookes, Yuehai Yang and colleagues (Brookes et al. 2021) found that in the groups
where the more knowledgeable person “hedges” the answers (makes them sound a little
uncertain, for example: “What do you think of this idea?” or “I could be wrong but these are
my thoughts...”) instead of declaring them authoritatively, other group members participate
and collaborate more equitably. Such hedging opens space for other members of the group
to contribute. The consequence of this more equitable engagement is that these groups
make far more progress on challenging activities (the activities that require the students to
leap into their zone of proximal development). If there is no equitable engagement, the other
group members do not challenge the statements of the person who is perceived as more
knowledgeable. It seems that hedging creates a feeling of some kind of psychological safety
that is necessary for effective collaboration.

As everything else, working in a group is a skill that needs to be learned. Using hedging in
your own speech to model desired behavior of your students is the first step. The next step
is openly talking to your students about what makes groups effective — this knowledge will
serve them long after they finish the physics class. Sharing with the students that being
socially aware of other people in the group, making sure that everyone has a chance to
speak, and understanding that everyone’s contributions are important is crucial for
productive collaboration. People have different strengths and building on these different
strengths is what makes the intellectual value of a group much higher than the sum of
intellectual values of its members. When students work in groups, it is helpful to stand
behind a group and listen to the tone of their conversations and watching if all members
have a chance to speak and if they are trying to hedge. If you notice a problem, either talk to
the whole group (“I noticed that not everyone has a chance to speak in your group, please
make sure that everyone does”), or asking the most dominant group members to meet you
outside of class and talk to them separately about the importance of being aware of other
people in the group (“Why do you think we hedge when we make statements? Why do you
think listening to other people might help you learn more?”).

After the groups finish their activity, they will need to report it to the rest of the class. Who will
do the reporting? A good practice is for each group to choose a “spokesperson” for the day.
This person will deliver the groups solution to the class during that lesson. You will need to
monitor the list of spokespeople so that everyone gets to play this role before the new round
starts. Choosing a spokesperson for the day can be the first assignment for each group at
the beginning of each class.



When the groups start working on the assignment, it is a good routine to announce the time
that they will have. If you do not do it, the start will be slow and about 4-5 min at the
beginning will be lost. It is good to have a timer or some other means to remind students
how much time is left. This time monitoring creates “the sense of urgency” in the lesson that
prevents it from dragging. How do you know how much time will be needed for a particular
activity? First, time yourself doing it when you are prepping the lesson and then multiple it by
2. This would be the minimum time. You can always extend it in class (obscurely), but
having the limit is crucial for a quick start of group work.

To have the accountability for student work, the students need to put everything on their
whiteboards and then present what they found to the rest of the class. But while such an
approach helps keep the students accountable, it might lead to the drudgery of the lesson
and the lack of the “sense of urgency”.

Therefore, a key step in maintaining the sense of urgency is deciding when to cut off the
time for the activity and how to organize groups’ presentations. It is tempting to wait until all
groups finish and then let them all present their findings by taking turns. There are several
dangers in this routine. Those who finish first get bored waiting for the rest of the groups and
when all the groups have the same solution to the problem, it is boring to listen to the same
thing again and again. Here are possible alternative routines:

1. Notice when the first group finishes and if their work is correct, stop the rest of the groups.
Let this group present and then ask representatives of the groups that did not finish to ask
questions or repeat what the first group said and then give them a few minutes to finish their
boards using the work of the finished group.

2. Invite the members of the finished group to visit the groups that are not done and help
them. Then the first group presents.

3. Give an additional activity to the finished group and let the rest of the class finish. Then, if
the solutions are the same, any group can present. However, if the solutions are different,
invite the groups to visit each other, talk and then share the differences that they found
without repeating the things that all groups did the same.

It is important to not be the first to validate the results and solutions yourself, but, rather, let
students discuss them. However, at the end it is a good practice to summarize the results of
the group activity and clearly state why the students did it and what they were expected to
learn from it. A good routine is to keep these summaries short on the class board and let the
students take photos for their journals at the end of the lesson.



Figure 2. A whiteboard for group work and a set of colored markers.
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Hi all Exploring and Applying Physics people. | continue the series of posts for the beginning
of the school year using the ISLE approach. You need ot read my two previous posts before
you read this one.

THE GOAL OF THE FIRST DAY OF CLASS IN THE ISLE ENVIRONMENT IS TO ENGAGE
THE STUDENTS IN THE PROCESSES THAT THEY WILL FOLLOW FOR THE REST OF
THE YEAR. THESE ACTIVITIES NEED TO BE NON-THREATENING BUT AT THE SAME
TIME HELP THE STUDENTS SEE THE LOGICAL PROGRESSION OF THE
EXPERIMENTS AND REASONING THAT SHOULD EVENTUALLY BECOME HABITUAL
FOR THEM. AT THE BEGINNING, SET THE CLASSROOM AS IT IS DESCRIBED IN MY
PREVIOUS POST, LET THE STUDENTS CHOOSE THEIR GROUPS ANY WAY THEY
WISH AND THEN TELL THEM THAT YOU ARE GOING TO PLAY A GAME: A MAKE-
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BELIEVE GAME. | HAVE NO IDEA WHY FACEBOOK DECIDED TO CAPITALIZE THIS
TEXT, BUT | THINK IT WORKS.

Imagine you come into my home and you see lots of tennis rackets. More than 10. What will
you be thinking looking at those rackets? The students might say: "Why are you having all
those rackets?" You say: “This is a great physics question. When you saw the rackets, how
did you know that they were rackets? You have an instrument that is sensitive to them —
your eyes, and you also have seen tennis rackets before. So, you conducted an accidental
observational experiment. When you asked why | have all those rackets, you are trying to
explain why | have them. This is the step in physics when you start constructing
explanations, or hypotheses. Why can | possibly have all those rackets? In your groups,
come up with at least three wild ideas explaining why | have those rackets. Let’s try with an
example together. What do you think?”

The students might say that | am a tennis rackets collector. “Great”, | say: “Are there more?
Put your wild ideas on the whiteboards. | give you 3 minutes for this.”

The students start talking and working and their ideas appear on the boards: | have many
children. Many other people live in the house. | steal tennis rackets. | repair them. | say:
“Now lift the boards and see what you came up with. There are so many explanations for the
same observational experiment! Which one is correct? Should we vote? Of course not! What
should we do next?” The students might say: “We just ask you.” | say: “OK, go ahead, ask
me.” They say: Why do you have all those rackets?” | respond: “l am a skabenga.”
WHAT??? They look at me: “What did you just say?” | repeat that | am a skabenga (this is
actually a zulu word for a thief but they do not speak this language). They look puzzled.
"What do you mean?" | say: “I answered your question but you cannot interpret my answer
as you were not prepared for what would happen, you do not have an instrument to interpret
the sound that | made. It was because your request for a new experiment — and it was an
experiment to ask me - was not based on any of the hypotheses that you made and you did
not expect me to answer in a foreign language. You do not have equipment to understand
the outcome of the experiment. What does it mean? It means that once you have a
hypothesis, you need to design a new experiment, called a testing experiment, whose
outcome you can predict in advance using your hypothesis. This way, you also prepare the
equipment to help you interpret the outcome as you know what it should happen IF YOUR
HYPOTHESIS IS CORRECT. So, now, please go back to your boards and think of what
testing experiments you can design and what equipment you need to interpret predicted
outcomes, which should appear if your hypothesis is correct.”

The students go back to the boards and devise experiments. For example, if the hypothesis
is that | have many children, and they go into the house and look for shoes, then they should
find pairs of shoes of different sizes. Or clothes. But if the hypothesis is that | am a thief, then
they do not expect to find any shoes, but they also do not expect to find any receipts for the
rackets. And, they come into the house and do not find receipts. Does it prove that | am a
thief? It does not disprove it but it does not prove anything as | could have been buying
rackets online or have lots the receipts. However, if they do find the receipts, they can rule
out the hypothesis that | am a thief. Also, to do this experiment, they need to know what the
receipts actually look like to know that they found them. This shows that disporive something
is much easier than proving.

We can continue this game for a few more rounds, but | think the point is clear. The testing
experiments are different from observational experiments. Hypotheses are different from
data. Observational experiments do not require any predictions, testing experiments require
a prior hypothesis that explains some other experiment and a prediction of the outcome
based on this hypothesis, not your intuition.



The point here is that the game is not scary, everyone is successful, and it is fun. The next
step is another game, now, with more physics in it. It is described in the attached document
and in the ALG/ OALG Chapter 1. Please read the attached document. These two activities
can be done in 45 minutes and at the end the teacher shares the slide with the logical
progression of experiments and reasoning that the students went through twice. Itis in the
Introduction for the Instructor Guide that you read 4 days ago. | will post a colorful slide
tomorrow for you to download.
https://www.facebook.com/groups/320431092109343/posts/1633357134150059/? cft [0]
=AZW9yul4a78EVXvW7am-

IdN90aUgMHCLGHRBHPszKaM91kaODvbLu m4yvdd2I9ww5t rXQ2Pt-
tPJ_Kly8qzA9Egialfgo2J2bB-

DgDTKSCBB zCw9W7e9WcecmTmnozNNgbiHomMz YTVDNSLVp1TRWcEKknGVScvd4NTh
xYPIJSHOEQhEjdRwjC7mYpw7HKHuU3DKQd9sxxpCpHLWw_3onedxJoH3ZWbQI3CI9EWA
MARSDLwW& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all, | posted a detailed description of the first day in an ISLE class and there are two
issues with it. First, relatively few people saw it and only two people commented. Thank you
Stephanie Hunt and Joseph Wachs! But we need more, right?

But the second issue is that nobody asked me a question that | was expecting. The question
that should sound like this: This is the first day of class, we should talk about the rules not
play games with the students. We should talk about the syllabus and requirements of the
course. Why are you not talking about it?

Exactly, WHY AM | NOT TALKING ABOUT ANY OF THIS ON THE FIRST DAY OF CLASS?
Your responses to this question will be greatly appreciated. Please write!
https://www.facebook.com/groups/320431092109343/posts/1633985757420530/? cft  [0]
=AZWcBbtzyewrip0F3RzdOjfC94pWCvhQI1GfmOE26BjMBKEbnfhX8YtizFxgOQizMg5n7faQ
MUYDLzTdjNMgluGjgiM1M_mh7Er_rgPHaPEObtKFjWuA-
sVU1stbxvjfOe58u1fJevgKDIY3gGzhgZbma3bOU-SE4mk-
gpG1IQJAVhVZHBUumMuBFAXTsPIDgeVJOFe-NBw-fEncAZy7 abm X& tn =%2C0%2CP-
R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! Thank you so much for responding to my post
of June 4th. | did not post anything yesterday as | was all day at a conference where |
presented a talk about our community - remember the survey you filled out? After my talk we
got lots of new members, | will welcome them tomorrow as today | wanted to continue with
my post of June 3rd. On June 4th | asked why describing the first day of class in the ISLE
approach | did not mention anything about the syllabus or the rules. We got a TON of
excellent responses to that questions. Thank you, Stephanie Hunt, Joseph Wachs, James
Kerr, Cynthia Hardesty, Martina Bach, Gopa Mukherjee, Dimitri Kaviani, and Joanne
Aronson for contributing your ideas! All of them are absolutely correct and infinitely precious!
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| strongly recommend those who missed the comments on June 4th to scroll down and read
them. Today, | will add my thoughts to them.

Here they are:

Once the students play the ten rackets (or 12 cameras, or 10 bicycles game, whatever you
chose) and a wet glass game (or why a balloon makes a loud sound game - see the
ALG/OALG Chapter 1 posted here in the FILES) you bring them back together and ask them
to reflect on the steps they took to figure out why the glass was wet (or the balloon made a
loud popping sound). After the discussion you bring up the ISLE diagram (posted here) and
go over what they said connecting their words to the elements of the diagram. Then you tell
them that this is how physicists construct new knowledge and, as they (your students) are all
physicists now, they will construct knowledge the same way. [| would make a posted of this
diagram, laminate it and put it on every desk in your classroom.]

"But", you say, "there is more to physics than this poster. How did you figure out why the
glass was wet? You worked together, right? And you shared your ideas with your group and
the rest of the class - this is again, how physicists work - they collaborate! So, in this class
you will always work together and help each other learn. Every person's mind and
experience will help all of us to learn (myself included!)

There is another important thing | want to tell you (you continue). In this class | do not give
grades. You "TAKE" grades. It is your decision what grade to take. | assume that everyone
wants to have an A at the end. | will help you earn this A or "TAKE" this A as long as you are
willing to work. First work in class as a good partner and member of the community. Second,
work at home. Every assignment, be it lab report, or a quiz, or a text can be improved after
you learned more. This is also how physicists work. Let's say | write a paper about my work
and | send it to a journal. The editor send it to reviewers- the experts in my field who will
decide whether my paper is good enough to be published. The reviewers find mistake or
omissions in my paper and the journal editors sends it back to me to revise and improve. |
work on it again and they review it again. If they are satisfied, the paper get published. The
value of the paper is not diminished by the number of revisions | did - only the final quality
matters. As long as you are willing to work to learn, | am willing to give you feedback and
help. So, it is your choice! Here is the syllabus with the stuff will be working on and activities
you will engage in and what work you need to do. Read it at home and come up with three
questions as your homework."

In the syllabus, by the way, there are no behavior rules. | do not tell my students what will
happen if they are late to class, misbehave, break equipment, or cheat. | do not tell them
what will happen as | do not expect them to do any of this. But if any of this happens (it
might, I live in a real world), then, and only then, | will bring it up with the class and ask them
to make the rules. The same way as we create "the need to know" before starting every new
concept, the behavioral stuff needs to come on the basis of the "need to know". Honestly, in
my teaching life of 40 years it almost never came up. And | taught students of all ages - from
12 to 17 in middle school and high school and from 19 to 55 in college. | think it almost never
came up as | expected my students to want to learn and communicated this expectation to
them, | kept them busy and engaged, and showed them again and again that | cared (as you
all do!) And if they lied to me, | would not have known as | believed them. | understand that it
is a controversial position and it might not work for everyone but | am putting it out here so
that you know who | am (you probably already do anyway

Here is the ISLE process picture. | wanted to add that the first graphical representation of the
process was done by David Brookes a long time ago and the present picture was done by
Gorazd Planinsic.
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Eugenia Etkina
Admin
Top contributor

Hi all, today is a welcome post for our new members. Many joined recently - the list is below
and | wanted to remind these new members of our community that this group is for those
who are using or interested in using the Investigative Science Learning Environment
approach to learning and teaching physics (ISLE).

ISLE (see more at https://www.islephysics.net/) is an intentional curriculum approach. There
are two maijor intentionalities of ISLE: students learn physics by practicing it and students'
well being is enhanced in the process. Intentionality means that no matter what happens in
the classroom - a lesson, a lab, a problem solving session, an individual conversation with a
student, these two principles need to guide our decisions and actions.

Here, in the group we share strategies, activities, approaches and issues that help all of us
implement ISLE. Lots of free curriculum materials are posted here in the FILES and on the
ISLE website (see above). The textbook for general physics that uses the ISLE approach is
called College Physics: Explore and Apply. The word College here means that it is algebra
based, not calculus based.

To benefit from the group, try to check the posts as often as you can and like or comment on
them to make the new post come to your feed and the make the present post visible for
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more group members. Please ask questions and share your experience implementing ISLE.
Welcome to our community!
https://www.facebook.com/groups/320431092109343/posts/1635890920563347/? cft  [0]
=AZWRCcAZU-6dz9TkJ2f1stGf3z0lUCNgM4DrUVngHfLtLvh-
iP4uKIbAcHFjAWCr5fwDCvpkQvnu3X-4Xp2Tq9S6dEnnzpjSQgCzOwPr68h101K2SwmCcv-
woCBWMNmMt92EhW9OUWBaP3yz1a1iHCw5wCSdPpYvTTH22zIcxstXAQs0pgh0S2PnlldKA
czfLzAGaF X 1gG8ZIgGg Oolck2Ur& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! | continue with the first days of school when you are using the ISLE
approach. See my previous posts if you were not following or joined after | had started. We
discussed two introductory activities - the tennis rackets and the wet glass. There is a third
activity in the ALG/OALG that is fun and if you have time or this is the second year with the
same students (AP1 and 2) or you do not like the wet glass activity, it is perfect for the first
day. It is more complicated as the correct explanation is the combination of two that the
students will devise, so you will need to be careful. Note, that | posted first the text for the
students who learn online. For those who teach in person, the students wll need to propose
and do the experiments, not watch the videos of course. | posted this version so that you can
see what the experiments look like. After that | posted the ALG text of the activity - this is
what you need to use when you are teaching in person.

I am also pasting the text and also the NEXT very important activity that the students need to
do if you have the textbook. If not, the poster with the ISLE process elements will serve the
same purpose. | posted it two days ago. Please download and save. The second activity
today is necessary to prepare your students for learning how to interrogate the text. Do not
skip it!

Here we go:

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
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.
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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?

SEAME ACTIVITY FOR TEACHING IN PERSON:

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?

This is the activity to slowly get your students to interrogate scientific texts. It is only present
in the OALG.

OALG 1.1.4 Represent and reason

a. Examine Figure 1.3 in the textbook and match the elements of reasoning to the steps you
took to figure out answers to each of the activities above. Specifically:

What were the observational experiments?

Patterns? Hypotheses (explanations)?

Testing experiments? Predictions?

Outcomes?

How did you arrive at a judgment?

Were there any application experiments?



b. After you identify the elements, read Section 1.1 in Chapter 1 in the textbook and compare
your answers to the answers to the tennis racket activity in the text.
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Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! | continue with my posts for the beginning of
the school year. Once the students do the tennis rackets activity, the wet glass activity, and
the activity identifying ISLE elements in both (SEE MY PREVIOUS POSTS), the next step
for them is to identify elements of scientific practice in a new context. This activity is in the
OALG only and not in the ALG (download chapter 1 here in the FILES). Please read it
carefully and match the sentences with the elements of the ISLE process. This activity is the
preparation for learning how to interrogate scientific text.

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

Proposing a hypothesis/explanation

Designing/planning a testing experiment
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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.

Please like the post or comment on it to make it more visible for other group members.
Thank you.

—_—
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Hi @everyone! | continue posting about the first week of class with ISLE but | am seeing that
the number of people who view the posts is decreasing despite the fact that the number of
members in the group is increasing. | am afraid that it is because few people like or
comment the posts and this makes posts not visible for more members. Thus | am asking
you for help - please like or comment.

Yesterday | posted an activity where students have to identify ISLE elements in a scientific
text. But what do these elements mean? | am posting the definitions of the most common
ISLE terms that the students will encounter during the year. As always the rule is to
introduce the word only AFTER the students have experience with the concept and have
and image of it. See The introduction to the Instructor Guide that | posted a week ago. This
treatment of new words is one of the most important aspects of ISLE.

Shared language in the ISLE approach

by 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 the reasons for something that 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 sum of the forces
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.

Model is a simplified version of an object, a system, a phenomenon or a process. A scientist
creating the model decides what features to neglect. A particle model of an object neglects
its size, a model of ideal gas neglects the sizes of its particles and the interactions at a
distance between them, a model of a free fall neglects interactions of falling objects with air,
a model of energy constancy of an isolated system neglects interactions of this system with
the environment. Models can be conceptual or mathematical. In a way explanations, models,
and hypothesis all belong to the same group of concepts — mental constructions describing
or explaining physical phenomena. In many cases the terms
models/hypotheses/explanations are synonyms.

Prediction is a statement of the outcome of a particular experiment (before you conduct it)
based on the hypothesis being tested. 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 test 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. 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 were
overlooked. In this case the prediction is said not to match the outcome of the testing
experiment.

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.

Application experiment is 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 disproved by multiple testing experiments. We can call application experiments
“Multiple hypothesis applying experiments”.

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.

The terms below were already defined in chapter 4, but we are repeating them here so that
you have them al together.

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.
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, s an operational definition of velocity.
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, 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).
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Hi all, thank you so much for responding to my request yesterday. Your "likes" and
comments made it 3 times more visible than the previous posts. THANK YOU!

I completely understand that many of you are still teaching and do not have time/energy to
process the long posts that | make. But downloading them in the logical progression does
not take much time. If you do it - you will be able to review them when you have the time.
The first post about starting the next school year was on May 30th, so you can go from
there. | am not posting anything new today to give you time to download the posts and
maybe read and post questions.

Tomorrow | will start a series about teaching students to read science texts. Some think that
students do not need to read the textbook if we engage them in active learning (which ISLE
does, of course). But this is a mistake in my opinion. A skill of reading and processing
scientific text is vitally important for the success in the future (as well as our duties as
citizens). Therefore, it is our responsibility to help our students read scientific texts and learn
from them. This reading is very different from reading fiction and if we do not teach our
students how to do it, they will not learn which happens to them now. So, tomorrow, it HOW
TO HELP OUR STUDENTS LEARN TO READ SCIENTIFIC TEXTS. Stay tuned! And please
like or comment Thank you!

https://www.facebook.com/groups/320431092109343/posts/1638759600276479/?__ cft__[0]
=AZWy7SS5evcYAQx-
nBxt96zX_8NBfjUAIKHXqHO4dz3LGzVI8DelzZWZgAKiOibN6vS0J_4m2FZg7naS_FcuxxWw
R6tjCqYwx75al0R9namb1iH6F 3-
_11nOtEVIOLCNbINHHVqqcwQ_VYI4_Y_YnjQS_AczW4Axdf8dt8fzZcc7pInAYaMEx3NXX5u-
YwWev5btEz cpZ9JG Xad1gq6DOvdgNE&  tn =%2C0%2CP-R
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Admin
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Hi all Exploring and Applying Physics people! Thank you for responding to my please to
"like" or comment on the posts. This is making posts much more visible. Please do not stop!
Today | start a series of 3 posts concerning reading. Textbook reading. Please be patient
and save all three posts. | do not want to make one long post as if you miss it, then it is hard
ot find. So, here is the start:

As we discussed above, one of the goals of the ISLE approach is to help students
experience learning physics similar to how physicists construct knowledge. A crucial part of
functioning as a physicist or any scientist is reading scientific texts. Although evidence
suggests that the ability to effectively read science texts is important, students enrolled in
STEM courses do not regularly read science texts (Podolefsky and Finkelstein 2006). In one
survey of life science and engineering majors (Stelzer et al. 2009), the researchers found
that 70 percent of students never or rarely read texts. A study of students enrolled in
introductory physics courses found that while 97 percent of the students report buying the
text, fewer than 40 percent of those students regularly read it. Studies in other content areas
have yielded similar results, finding that less than 30 percent of students regularly complete
reading assignments. This lack of consistent reading can be detrimental not only to the
students’ learning in school, but also to their success out of school.

Why don’t students read the textbook even if they spent money on it? We can see three
reasons here. The first one is the textbooks are written in a way that does not help students
learn. The second one is that the students do not know how to READ textbooks. They
usually approach a textbook as they approach fiction, thinking that just by reading a
sentence after a sentence they can learn new ideas and solve problems. But reading is just
one part of the brain learning cycle (Kolb 1984 and Zull 2002). According to brain research,
the learning process starts with sensory input. It then proceeds to the reflection of this input
and the subsequent formulation of a hypothesis that explains the input by connecting it to
existing knowledge. Finally, the hypothesis explaining the input needs to be tested through
the engagement of the learner in active testing of the hypothesis which involves motor
functions (it can be talking, writing, performing an experiment, etc.). Based on this process,
reading involves sensory input. However, if after this input the reader does not reflect on the
read sentence and does not try to place it in the set of knowledge that they already possess
by making connections, does not hypothesize what this read sentence or paragraph can
mean, and does not talk to other people about it, or write it, then the read information does
not become “knowledge” or “understanding”. Therefore, if we wish the students to learn
something from reading the textbook, they need to learn to go through the above processes.
The third reason for the students not reading textbooks might lie in the use of internet and
social media. Research points to the reduced attention span and inability to concentrate of
those who spend a lot of time on online social networks (Paul et al. 2012). To benefit from
textbook reading, one needs to invest significant time and mental energy. The lack of this
time and inability to focus on the same content for a prolonged time might also contribute to
the lack of textbook reading. However, this reason might not be that important as even
before the expansion of social media our students did not read textbooks much.

To help students develop abilities to comprehend and think critically about their reading, we
need to teach them to read scientific text the same way we teach them how to design
experiments, collect and analyze data, solve problems, etc.



How do we do it? See my post tomorrow. Thank you for reading, you know what to do next.

https://www.facebook.com/groups/320431092109343/posts/1639460173539755/?__ cft__[0]
=AZWHaMTjK3Ej4Q1dt4Cdx-DozOPefPxSXj7XBsx47sIQ1CAzsvD9q6K-th9x6gUqwo-
TKaz5zkMsxunllVoBbQmMEYZk8NjcO659WP9IbNZqgicWxuDcifuuH_ObBuEwr-
ZQZ4rGowwppixW6aohYEw3dgViSxWuC5ddgPcMQIliU7jYH9804r6sjzGIPj2JIGIb9FIdUkyy
ClveYZPKOu_08c77& tn_ =%2C0%2CP-R
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Admin
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Hi all Exploring and Applying Physics people! Yesterday (June 13) | started a series of posts
about teaching students to read scientific texts. Thank you all for commenting on the post.
Your comments indicated how important this part of our teaching is and how it is currently
missing from our work. Today is my next post. Will not post anything tomorrow to let
everyone catch up.

Here is goes:

To help students develop abilities to comprehend and think critically about their reading, we
need to teach them to read scientific text the same way we teach them how to design
experiments, collect and analyze data, solve problems, etc. One method that was found
effective to achieve this goal is called Elaborative Interrogation (Smith et al. 2009).
Elaborative interrogation is a reading strategy in which students are prompted to read the
text and then answer a “Why is this true?” question based on the reading. The results of
interrogation studies are encouraging, as the method shows increased comprehension over
more traditional comprehension techniques such as rereading. Two studies examined the
reason for the effectiveness of this method and both came to a similar conclusion. The
“Why” questions help focus students’ attention on the relevant information within the text,
which reduces the cognitive load of irrelevant information. But the reduction of cognitive load
is not the only benefit of the Elaborative Interrogation approach. If you think of what is
happening in our brain when we ask ourselves “Why is this true?”, you will see that the steps
resemble Kolb’s learning cycle. To answer this question, the reader needs to first think of
what this “this” is — reflective observation. Then they need to figure out how this new piece of
information relates to what they already know to answer the question why this is true —
making a hypothesis. Finally, if the assignment requires the student to write an answer to the
question as a part of the homework assignment or class activity, then they engage in active
testing as motor function is involved.

While it might seem that Elaborative Interrogation is just another technique that we, as
teachers, need to learn, in fact, there is nothing new to it. All experts, when reading scientific
papers, interrogate them. They ask themselves the following questions: How do the authors
know this? What is the evidence? What is the uncertainty in the evidence? How does this
new idea fit into my previous knowledge? How can we test this new idea? And so forth (to
ask these questions a student must know how scientific knowledge is constructed - thus the
ISLE process). These are interrogation questions and when we ask them, we go through the
Kolb’s cycle again and again (read about Kolb's cycle in the post form June 13). How can we
teach our students to do the same? See my post on Sunday to answer this question.

If you finished reading the post, PLEASE CLICK LIKE OR COMMENT ON IT TO MAKE IT
MORE VISIBLE FOR OUR GROUP MEMBERS AND TO ENSURE THAT THE NEXT POST
COMES INTO YOUR FEED. THANK YOU.



Wby Thie

https://www.facebook.com/groups/320431092109343/posts/1639995403486232/? cft [0]
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f4gh7uEvQJX66REa 0ZKGEywuNsmDalSgigY7kAMgX3Xo-
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Eugenia Etkina
Admin
Top contributor

Hi all, today is the WELCOME NEW MEMBER POST! | will continue with reading
interrogation tomorrow as promised.

Dear new members! Welcome to our community - a community of physics teachers of all
levels who are implementing or learning to implement the Investigative Science Learning
Environment approach to learning and teaching physics (see islephysics.net to learn about
ISLE and all the resources that we offer). Here, please check the files here as there is a ton
of resources of all kinds posted here too. We have monthly workshops online, the next one
is in August as July is taken by a workshop that is already closed (it is an introductory 8 hour
2-day workshop for ISLE). Monthly workshops are thematic. All workshops are online, free
and video recorded. To benefit from the group, try to check the posts daily and like them or
comment on them to help Facebook notify you about the next post. For now, just scroll down
and see what we have been talking about in the last 2 weeks. This time will be well spent, |
promise! Welcome!
https://www.facebook.com/groups/320431092109343/posts/1640630466756059/? cft  [0]
=AZWhj10LADuk3r3iJis68U|B7 1ryWW9tjvbwdboerSVr_E04tEK9rp3VnVD4X4KSQTN1v67la
d5Ti7HooANWVAistmBskkZRWO0vag40Q3ZxqvIPgGoUO2xKnwpg5htGEEesx CkgTNQ-
1dNSXonNXvcJAv-IGGXTZdnNiCGpoP1FvXUsUYYXGR52QKt06z117Kz-
YVDam74wcx3nhZFNpXGO& tn =%2C0%2CP-R
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Admin
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https://www.facebook.com/groups/320431092109343/posts/1639995403486232/?__cft__%5B0%5D=AZX31HSbKU7jFGGNnOF_ix8C3mKjzCNbWqrpehaVsUwpGX-f4gh7uEvQJX66REa_oZKGEywuNsmDaISgigY7kAMgX3Xo-dRfu51rsQkN1bdFj6RT17U8uCq1vTB7ycABh8aNUm34HfNpbjmI-6pb_IB4__RdAlERhhVQK7xQ9LjgHctBpgcNWrAESO5aveOGQESWk98JVHevV0uiXNq-Ax-t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1639995403486232/?__cft__%5B0%5D=AZX31HSbKU7jFGGNnOF_ix8C3mKjzCNbWqrpehaVsUwpGX-f4gh7uEvQJX66REa_oZKGEywuNsmDaISgigY7kAMgX3Xo-dRfu51rsQkN1bdFj6RT17U8uCq1vTB7ycABh8aNUm34HfNpbjmI-6pb_IB4__RdAlERhhVQK7xQ9LjgHctBpgcNWrAESO5aveOGQESWk98JVHevV0uiXNq-Ax-t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1639995403486232/?__cft__%5B0%5D=AZX31HSbKU7jFGGNnOF_ix8C3mKjzCNbWqrpehaVsUwpGX-f4gh7uEvQJX66REa_oZKGEywuNsmDaISgigY7kAMgX3Xo-dRfu51rsQkN1bdFj6RT17U8uCq1vTB7ycABh8aNUm34HfNpbjmI-6pb_IB4__RdAlERhhVQK7xQ9LjgHctBpgcNWrAESO5aveOGQESWk98JVHevV0uiXNq-Ax-t&__tn__=%2CO%2CP-R
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Hi @everyone! | continue with Elaborative Interrogation reading strategy. | described it in my
post of June 14, and today | am showing how | do teach my students. It is called "Reading
aloud with students". | chose an example from Chapter 17 - electric Charge, Force and
Energy, but you can try on any example. | will paste an activity from OALG Chapter 1 after
my example.

Ask the students to open a page in their textbook (it needs to be the same page for the
whole class) and read a paragraph. Then you model how to interrogate each sentence in the
paragraph. For example, here is a paragraph from the textbook College Physics: Explore
and Apply (Chapter 17, p 506):

“We now understand why rubbed objects acquire opposite charges. Two objects start as
neutral—the total electric charge of each is zero. During rubbing, one object gains electrons
and becomes negatively charged. The other loses an equal number of electrons and with
this deficiency of electrons becomes positively charged. Sometimes when you rub two
objects against each other, no transfer of electrons occurs. When the electrons in both
materials are bound equally strongly to their respective atoms, no transfer occurs during
rubbing.”

Now | show how to “read it aloud” with your students to help them learn how to interrogate
this text. The original text is in Italics and the interrogation progression - what you say as the
teacher - in a regular font.

We now understand why rubbed objects acquire opposite charges. When did we learn that?
Oh, right, we did experiments when we saw that when you rub the foam stick with fur, this fur
attracts that stick and repels the stick rubbed with plastic. Assuming that the stick rubbed
with fur is negatively charged, and the stick rubbed with plastic is positively charged, then
the fur should be positively charged. | guess the sentence makes sense. It is true.

Two objects start as neutral—the total electric charge of each is zero. That is right, zero
does not mean the absence of charge as | remember though. Maybe a neutral object
already has both charges inside, but they cancel each other? Not sure the sentence is true,
but I will go on.

During rubbing, one object gains electrons and becomes negatively charged. The other
loses an equal number of electrons and with this deficiency of electrons becomes positively
charged. We just studied that atoms are made of positive nuclei and negative electrons and
only electrons are mobile. When we charge objects by rubbing, then it is possible that some
of the electrons of one object jump onto the second object. Then the first object that lost
electrons is now positive and the object on which the electrons jumped is negative. But the
total charge is still zero as we did not create or destroy any electrons. It looks like this
sentence is true.

Sometimes when you rub two objects against each other, no transfer of electrons occurs.
Hmm, this does not make any sense. Does this sentence contradict the previous sentence?
When the electrons in both materials are bound equally strongly to their respective atoms,
no transfer occurs during rubbing. Oh, | see now. If the electrons are bound equally strongly
in both objects, then nobody can pull electrons from this other object. Then it means that for
charging by rubbing to work, the electrons in the two rubbing objects need to be bound
differently to their nuclei. However, if | think about it, it does not make sense. It is very hard
to imagine that all electrons are bound equally strong to an object. So, maybe, if the
electrons are bound approximately equally strongly in both objects, each object takes about
the same number of electrons from the other object. Therefore, the total number of electrons
on each object practically does not change. | wonder which one is more correct...

The process described above takes about 5-7 minutes in class, but it is extremely important
as it shows how you think. When we talk about cognitive apprenticeship, the most difficult
part of it is to make the thinking of an expert visible to a novice so that the novice can use it



as an example. Thinking aloud when reading the text achieves this goal. The next step is to
engage the students in the same activity for a couple of examples and then to assign
reading and interrogation for homework. But how do you know that the students did indeed
interrogate the text at home? One way to do it is to explicitly assign interrogation questions
as homework and then put them on quizzes and tests. In the textbook, College Physics:
Explore and Apply, each section ends with an interrogation question, the answer to which
can be found in the text of the section. Allison Daubert shared with me her excellent strategy
for engaging her students in Elaborative Interrogation reading. Allison Daubert, please share
with the group! Below | al posting an activity from Chapter 1 OALG (posted here in the
FILES) that achieves the same goal as my example above:

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 skill.

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 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.
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Eugenia Etkina
Admin
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Hi all, | finished posting about the first days of class in the ISLE classroom. Should | start
kinematics? As we will not have a workshop on kinematics this summer, but do magnetism
in August, what do you think? Kinematics? Or more of the general ideas that are applicable
for every topic? Such as reflection, homework, questioning techniques, group work, etc.
Please express your interests! Thank you!
https://www.facebook.com/groups/320431092109343/posts/1642521973233575/? cft  [0]
=AZVA5DRCUPIJnw88WtHNV4BHmMOOIPUYNvyt9J8ZrXsa2b1b7HCV4Pe3p6VFRJtYAWiw
kOupFdiUIWzBds21SDvzR-7YZXXhRLIo6fPWVROgzHKTulRyBOV-
iGshUC180AtCBVVGEKF _PWkyYZqJQ-
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Hi all those who will need to teach fluids. Oliver Moose, Tara Frazier Sloan, and Keri
McKenzie asked to share information about Fluid workshops we had in April and May.

Here are the links to the slides and workshop documents:
https://drive.google.com/.../1JN3YuiFEgQjyOEOaRAKvhz12tnK...
https://drive.google.com/.../1JN3YuiFEgQjyOEOaRAKvhz12tnK...

And to zoom recording for static fluids

https://www.youtube.com/watch_popup?v=J_3yy 2J2w4&ab_channel=HrvojeMilolo%C5%B
Ea

and fluids in motion

https://rutgers.zoom.us/.../[F3G9M7XcO-uRLZy2... Password: eqvK*ng4 somehow | could
not find it in the archive, Hrvoje Miloloza, do you know why?

| also wanted to make a few comments for fluids in motion topic as we have been working on
a new edition of our textbook and modified some stuff. | will do it later when you are closer to
teaching fluids next year.
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puRNMfeAgAKGKClcsWeRg YwKO0etW Dj4sPQMt7JxtuohQoVvSF1MCF9863JORBf1K5E
ZH39mq0eVVKkg-ewjSAQfi5HINeOz34hAoTTD38QORYV 4jkmTInrS& tn  =%2C0%2CP-
R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! Yesterday | asked if | should post about teaching kinematics or provide some
general notes about different aspects of ISLE methodology that are applicable to all topics.
You overwhelmingly voted for the latter and gave a comprehensive list of issues that need to
be discussed. | am starting these discussions today.

The issue that | want to start with is present in every unit of any physics curriculum and
might explain why physics is considered to be one of the most difficult subjects. Read on.
Warning: long post.

Every physicist and every physics teacher has had the same experience. When somebody
asks you” What do you do?” and you reply: “I do physics research or | teach physics”, the
response is almost identical no matter where you are or who is the person asking the
question. The response is usually full of respect: “Wow, physics! You must be smart. It is so
difficult! It has so much math! | never took physics.” Or, “| took physics but | hated it.” There
are minor variations in the responses but they all communicate the same fear of physics and
the admiration for those who are brave enough to do it.

Why? What is it about physics that makes it universally considered to be one of the most
difficult subjects accessible for only the brightest? One reason can be the way we teach it.
We start by using abstract words and we attach abstract mathematical relations to those
abstract words. However, the studies of the brain tell us that to learn something, one first
needs to have an image of it (Zull, 2002, Dehaene 2021). Imagine that we tell you that we
are learning about malum today. A malum can be green, yellow or red. It can be hard or soft.
Some malums can be sweet and some can be sour. Will you know what malum is? Probably
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not. But if | show you a picture of one malum (see the screen shot attached to this post), you
will know exactly what malum is (we used Latin language here).

| (Eugenia) can only solve a physics problem if | can imagine what is going on. | can see
moving pulleys and ice skaters doing their rotations but for the life of me, | cannot figure out
the rules of baseball. So, any problem involving baseball is impossible for me to solve. Why?
The quantities in the problem have no meaning for me. | cannot visualize them.

How does the ISLE approach deal with this problem of lacking concrete images to help
students bridge abstract words and abstract symbolic representations used in the practice of
physics? It links these abstract ways of describing the world to more concrete descriptions.
ISLE students learn to represent physical processes in multiple ways and learn to move from
one representation to another in any direction. This moving back and forth between
representations helps them make connections between concrete ways of representing a
process (pictures and diagrams) that create images in their brains and more abstract ways
of representing the same processes (graphs and equations). In fact, in our textbook College
Physics: Explore and Apply the first half of every chapter does not have any mathematical
representations. Instead, we focus on descriptions and videos of experiments, sketches, and
graphical representations specific to physics (such as motion diagrams, force diagrams,
energy bar charts, etc.). This approach helps students construct their personal
understanding and qualitative image of the concept and feel comfortable with it before using
abstract mathematics. In a way, using representations other than mathematics not only
addresses the first intentionality of the ISLE approach (help students learn physics by
practicing it) but also the second intentionality (improve student motivation, self-confidence
and persistence). Graphical representations in physics play a crucial role. We can think of
the Feynman diagrams as an example. Quantum electrodynamics (QED) was largely
inaccessible for many physicists before Richard Feynman invented a graphical
representation that allowed the physicists to keep track of particles and interactions. Galileo
took pages of his book Two new sciences(1638) to explain how to derive the quadratic
dependence of distance on time for the objects moving at constant acceleration, while if we
use the graphical representation of mean speed theorem invented in the 14th century by the
Calculators of the Merton College (a group of thinkers at Oxford) and proved by Nicolas
Oresme, we can do it using one graph[1].

Representations also help students group information in bigger units (the process called
chunking, see Gobet & Simon 1998) which allows them to process larger amounts of
information at once. The mind can supposedly hold five to seven chunks of information.
Experts with years of experience group many small ideas together in one of these chunks.
Thus, their seven chunks are actually much bigger. Each chunk for a novice is small. This
makes it difficult for novices to develop understanding about a whole process with these few
small chunks stored in their mind. They must go back multiple times to the problem
statement. It seems less fatiguing to solve the problem by finding an equation that seems
appropriate and plugging the known information into that equation—the infamous plug-and-
chug problem solving strategy.

Thus, constructing a sketch of the process, for example, allows a student to see the problem
situation without having to rely on storing the information in their mind. They can then focus
on using a more expert-like strategy to solve the problem. In such an expert strategy,
graphical representations serve as bridges between the abstract words describing the
problem situation and the mathematical equations that are needed to get the numerical
answer.

In other words, the different representations serve as tools that allow us to solve problems
and develop new knowledge more easily — similar to having tools in construction. We teach
students what “hammers” and “saws” they can use to build their “physics house”. Below |



show you an example of using graphical representations in dynamics and helping students
learn how to check consistency of representations.

The teacher is catching a vertically falling medicine ball. The ball has a blinking LED
attached to it and you can see the traces of light indicating that the ball’s speed is
decreasing after it gets in contact with the teacher’s hands. Part (b) of the figure shows the
motion diagram for the ball during the contact with the hands. Part (c) shows the force
diagram for the ball. We choose the ball as our system of interest and put a dot on the right
of the motion diagram to represent the system. We then find all objects with which the
system obiject interacts (either directly touching or without the direct contact if there is a long-
range force like the gravitational force that the Earth exerts on the object). Then we use this
sketch and the identified system to construct a new representation that is called a force
diagram or a free-body diagram (we actually prefer the word force diagram to the free body
diagram as when external forces are exerted on an object, it is not free). We then use the
diagram to write Newton’s second law in component form. (The method that we use is based
on work by Heller and Reif and further developed by Etkina and Van Heuvelen in the first
edition of College Physics.)

Now let’s go back to the force diagram representing the forces exerted on the medicine ball
as you are catching it. How long should the force arrows on the force diagram be? There are
two very important ideas at this moment. First, the relative lengths of the force arrows should
be approximately consistent with the magnitudes of the forces (if the information is known).
And here is where the motion diagram helps. If the student constructs the motion diagram
next to the force diagram, then the velocity change arrow on the motion diagram will indicate
the direction of the sum of the forces. The direction of the sum of the forces will help the
students to adjust the lengths of the force arrows on the force diagram. This step helps
students develop the habit of evaluating the consistency of the diagrams and also helps
them decide what lengths the force arrows should be. Students need to practice constructing
force diagrams and matching them with the motion diagrams before they start solving
quantitative problems. We provide examples of such activities in the textbook and
ALG/OALG.

Next students use the force diagram to help write Newton’s second law in component form.
Having the force diagram as an intermediate reasoning step helps students avoid mistakes
such as calculating the force that the hands exert on an accelerating medicine ball by setting
ma sub y equal to the force exerted by the teacher (F teacher on ball and neglecting the
gravitational force that the Earth exerts on the ball.

Once the students have learned to construct these different representations, they need to
learn to use them to evaluate their work. For example, is the velocity change arrow in the
motion diagram in the same direction as the sum of the forces in the force diagram? Have all
of the forces been included in the application of Newton’s second law in component form?
Students need to practice converting from one representation to another—for example, from
equations to a force diagram or to a word description of a problem. In the textbook multiple
representations are integral to the problem-solving strategy. The problem-solving strategy
has 4 steps: Sketch and Translate, Simply and Diagram, Represent Mathematically, and
Solve and Evaluate. All 4 steps are related to different representations. See textbook
Chapter 3 for the examples.

[1] The mean speed theorem says that a uniformly accelerated object starting from zero
initial velocity travels the same distance as the object with the constant velocity equal to the
half of the final velocity of the accelerated object. Oresme proved it using a trapezoid with
base being the time of travel and the sides being initial and final velocity.
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Hi all, no new post today, | want to give you time to process the one from yesterday (it is a
long one!) and also to scroll down through the previous posts to make a list of procedures for
the first week of class. Tomorrow is a new big post! Make sure you like this one so that the
one tomorrow comes to your feed. And please comment, comment, comment! Thank you
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Eugenia Etkina
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Hi my people Exploring and Applying Physics! | continue with the "general stuff" as you
requested.

Today my post is about three important skills that are vital for the implementation of the ISLE
approach: monitoring group work without interfering, running whole class discussion, and
withholding validation. These three skills are vital for the implementation of the ISLE
approach. The students need time to work on the activities and when we interrupt them
asking questions, they lose their train of thought and try to follow ours. Therefore, it is
extremely important not to ask leading questions when the students are working
collaboratively on the activities but carefully watch what is going on. If you feel that the
students are stuck, try to ask a question that will help them fall back on something that they
know, so that they make the conceptual leap themselves, thus using their brain connections
and building on them.

While it is important to let students figure out things on their own, how do you keep the
activities on time then? The time that each activity takes, depends on how much
guidance/scaffolding the teacher provides (I will post more about it tomorrow). Therefore,
sometimes it is trade-off between prompting the class with leading questions or cutting
“critical” activities. While our interruptions hurt student learning, it is a true challenge of trying
to implement ISLE at scale.

During class discussions, there is always a moment when a student responds to another
student, this is the most precious moment as it might give rise to the conversation among the
students, which is our ultimate goal. If you withhold validation, and they figure out the issue
themselves, this “self-figuring” not only will help them better remember what happened but
also will contribute to the development of self-efficacy — they did it themselves!

How do you withhold validation in practice? The technique is called “reflective toss” and |
learned it from Jim Minstrell. When a student asks a question, you do not answer it but toss
it back to the class — What do you, people, think? (notice that | did not say “guys”, in fact the
word guys when talking to the students should be banned from our vernacular). Wait for
somebody else to reply, or if no one does, let them discuss it briefly in groups. This creates a
habit of thinking for themselves, not waiting for you to answer. But when the answer comes
from a student, you do not say whether it is correct, but keeping a poker face ask the class
again: “What do you, people, think?” The students need to get used to the fact that you are
not the ultimate authority, that they can figure out things on their own with some help. Of
course, sometimes, a question requires a direct answer, usually when it is about some
routine procedure. So, being flexible here is important.

Look at the dynamic in the photo that | posed. These are the students in the ISLE class -
they are figuring out stuff on their own and you do not even see the teacher in front of the
class when they exercise authority. Not standing in front of the class is also very important
for showing that you are not the authority but a guide. You might think that these little details
are not important, but remember, ISLE IS THE INTENTIONAL APPROACH TO
CURRICULUM DESIGN. Intentionality means that EVERYTHING that you or students do in
the classroom serves the main goals of the curriculum approach. For ISLE these goals are:
students learn physics by practicing it and students' well being is enhanced by their
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experiences in the course (motivation, self efficacy, growth mindset, the sense of belonging,
etc.). So everything that you do (including where you stand during class discussions) should
be serving these goals. Does it make sense?

Finally, these skills are followed by the skills of facilitating cognitive reflection. These
reflections (what did you learn? How did you learn it? What remained unclear? What was the
most difficult part? What helped you learn?) can be a part of a whole class discussion, group
reflections or a homework assignment. | will post more about reflections in a separate post.
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KrSqJ3TQdevOsKM30OKoUF8KK1A2Y93REtMSgpiR paX4TCAQDgb5iZ8mg-
Cte1U3V7LNMANs2gbg9RJutXTy6WkGUSxzgk2& tn =%2C0%2CP-R

Dear NEW MEMBERS, please visit islephysics.net to learn about the ISLE approach
(Investigative Science Learning Environment) to learning and teaching physics group. ISLE
philosophy is the foundation of everything that we do here. The website will help you see
what resources we have and how to use them. Here we pist every day about different
aspects of ISLE as well as about teaching specific topics through the ISLE approach. We
have monthly online free 2 hour workshops and there are lots of materials posted here in the
FILES. To benefit from the group, try to check the post daily and like or comment on them to
make sure that he next post comes to your feed. Now, just start scrolling through the recent
posts. | recommend going back a month to see what has been happening and how to start a
school year if you are going to try ISLE with your students. Welcome!
https://www.facebook.com/groups/320431092109343/posts/1644965662989206/? cft [0]
=AZXVmiqO4oFvpRRFxuZkYNG8TMCW 5-0 iRyCja0TyDcS-
nwqjJEYLbPTAFz568ShmHFUpBbccsg2exnwC9obRf4BU3TaHVCqgtMD5n3699ZiStRKOPG
nCB6Q5XxB499KexfPcbTsA89hdEtgPBrgBQHt38QvarijrPjh-
cXvSnPXTscPThOUEMMEVW|QoK-

c9AEGwy9aB2p1wHyUbVFGTcXT80& tn  =%2C0%2CP-R
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Admin
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Hi @everyone! Today my post is about group work. | posted about it many times, but here,
in a very long post (THIS IS A WARNING!) Hang on, it will take time to read.

| already posted that in the classroom your students will be working in groups at those
tables, each holding a marker of a different color in their hands so that the contributions of
each member are clear. How do you form groups? There are different approaches to this
task. During the first class of a course, we let groups be formed naturally, as the students
walk in to the classroom and choose seats. Once they are settled, it is good to check that
there are no groups with one female and the rest males. You can ask students to move in
this case. While some females make themselves heard in a group of males, many have
difficulties doing so even when they have a great grasp of physics. Thus, at the beginning, it
is a good routine to avoid such situations. Later, it is necessary to monitor the groups to
make sure every voice is heard.

Is there a best size of a group for group work? If the activity has one right answer, 2 people
are enough, but if it is a creative activity with multiple possible approaches, then 3 is a
minimum number and an optimal number for all students to participate. Four is still ok, but
one person might not participate. Starting with 5 members, only a few of them participate. As
the semester progresses, it is great to change groups to make sure that everyone in the
course works with everyone else.

As one of the goals of any ISLE-based course is to create a community, the first necessary
condition is that people know each other well and experience working together in different
contexts (more about this later). With the possibility of a large variability in the group
member’s preparation, we found it useful to have groups of mixed ability. Thus, as you get to
know your students, try to organize the students so that the groups in each course meeting
have students who are high achieving, medium achieving, and those who struggle. If the
atmosphere in the course is supportive (and this depends on you), then the struggling
members will grow and improve quickly. but randomly formed groups that change often also
work.

Working in groups is important in the ISLE approach. Do you remember the two
intentionalities of the ISLE approach? The first is to help students learn physics by
constructing knowledge that follows the processes that mirror those of practicing physicists.
The second is to help students stay motivated, feeling that they belong in physics and
develop growth mindset. Group work fosters both intentionalities as scientists work in teams
creating knowledge and group work can help develop the sense of community, belonging,
and extend students' zone of proximal development. The problem is that not all groups are
functional.

What does it mean to have a functional group? A functional group is a group where group
members work together, listen to each other, and support each other to solve a problem. By
working TOGETHER, they extend each other's zone of proximal development. This sound
good in theory, but how do you help them learn to work this way? And does belonging to a
functional group make a difference? It turns out that it does!

From the above follows that it is important that the group work is really collaborative, not led
by one dominant person while everyone else is either passively listening or is “checked out”
until the answer is provided. How can we help group members collaborate? Research by
David Brookes, Yuehai Yang and colleagues (Brookes et al. 2021) found that in the groups



where the more knowledgeable person “hedges” the answers (makes them sound a little
uncertain, for example: “What do you think of this idea?” or “I could be wrong but these are
my thoughts...”) instead of declaring them authoritatively, other group members participate
and collaborate more equitably. Such hedging opens space for other members of the group
to contribute. The consequence of this more equitable engagement is that these groups
make far more progress on challenging activities (the activities that require the students to
leap into their zone of proximal development). If there is no equitable engagement, the other
group members do not challenge the statements of the person who is perceived as more
knowledgeable. It seems that hedging creates a feeling of some kind of psychological safety
that is necessary for effective collaboration.

As everything else, working in a group is a skill that needs to be learned. Using hedging in
your own speech to model desired behavior of your students is the first step. The next step
is openly talking to your students about what makes groups effective — this knowledge will
serve them long after they finish the physics class. Sharing with the students that being
socially aware of other people in the group, making sure that everyone has a chance to
speak, and understanding that everyone’s contributions are important is crucial for
productive collaboration. People have different strengths and building on these different
strengths is what makes the intellectual value of a group much higher than the sum of
intellectual values of its members. When students work in groups, it is helpful to stand
behind a group and listen to the tone of their conversations and watching if all members
have a chance to speak and if they are trying to hedge. If you notice a problem, either talk to
the whole group (“I noticed that not everyone has a chance to speak in your group, please
make sure that everyone does”), or asking the most dominant group members to meet you
outside of class and talk to them separately about the importance of being aware of other
people in the group (“Why do you think we hedge when we make statements? Why do you
think listening to other people might help you learn more?”).

It is also important to watch whether everyone in a group has a chance to speak and
whether everyone's suggestions are respected. If you notice lack of those two, talk to the
group members about developing those two skills.

After the groups finish their activity, they will need to report it to the rest of the class. Who will
do the reporting? A good practice is for each group to choose a “spokesperson” for the day.
This person will deliver the groups solution to the class during that lesson. You will need to
monitor the list of spokespeople so that everyone gets to play this role before the new round
starts. Choosing a spokesperson for the day can be the first assignment for each group at
the beginning of each class.

When the groups start working on the assignment, it is a good routine to announce the time
that they will have. If you do not do it, the start will be slow and about 4-5 min at the
beginning will be lost. It is good to have a timer or some other means to remind students
how much time is left. This time monitoring creates “the sense of urgency” in the lesson that
prevents it from dragging. How do you know how much time will be needed for a particular
activity? First, time yourself doing it when you are prepping the lesson and then multiple it by
2. This would be the minimum time. You can always extend it in class (obscurely), but
having the limit is crucial for a quick start of group work.

To have the accountability for student work, the students need to put everything on their
whiteboards and then present what they found to the rest of the class. But while such an
approach helps keep the students accountable, it might lead to the drudgery of the lesson
and the lack of the “sense of urgency”.

Therefore, a key step in maintaining the sense of urgency is deciding when to cut off the
time for the activity and how to organize groups’ presentations. It is tempting to wait until all
groups finish and then let them all present their findings by taking turns. There are several



dangers in this routine. Those who finish first get bored waiting for the rest of the groups and
when all the groups have the same solution to the problem, it is boring to listen to the same
thing again and again. Here are possible alternative routines:

1. Notice when the first group finishes and if their work is correct, stop the rest of the groups.
Let this group present and then ask representatives of the groups that did not finish to ask
questions or repeat what the first group said and then give them a few minutes to finish their
boards using the work of the finished group.

2. Invite the members of the finished group to visit the groups that are not done and help
them. Then the first group presents.

3. Give an additional activity to the finished group and let the rest of the class finish. Then, if
the solutions are the same, any group can present. However, if the solutions are different,
invite the groups to visit each other, talk and then share the differences that they found
without repeating the things that all groups did the same.

It is important to not be the first to validate the results (see my Friday's post on withdrawing
validation) and solutions yourself, but, rather, let students discuss them. However, at the end
it is a good practice to summarize the results of the group activity and clearly state why the
students did it and what they were expected to learn from it (this is TIME FOR TELLING). A
good routine is to keep these summaries short on the class board and let the students take
photos for their journals at the end of the lesson (or copy them as class notes. People asked
me about note taking - this is a good moment for note taking).

There are a few other important routines to keep in mind specifically for group work in the
ISLE environment:

1. Before each group activity, ask the students where it belongs in the ISLE process — are
they working on an observational experiment, on the patterns, on the testing experiment, etc.
For example, if it is a testing experiments, it is helpful to put the hypothesis that the students
will be testing on the class board for clarity.

2. After every group activity, summarize what the students found so that they can proceed to
the next one being “on the same page”. For example, if it is an observational experiment, it is
helpful to put the patterns that students found on the class board; if it is an application
experiment, it is helpful to put the results on the board and ask how we know that they make
sense. The bottom line is that developing an epistemological aspect of reasoning is as
important as doing the activities.

The “group work” routines described above work for the lessons when students learn new
material and when they do long labs (if you are teaching in college and the course is runin a
traditional mode the labs are separate from other activities).

If you are teaching a large enrollment physic course using the ISLE approach and have
“lecture time” (we call it a “large room meeting”) when all 200-300 students or more are in a
theatre-sitting environment, it might feel that no group work is possible. But team work is
always possible. A student needs to turn to their neighbor to discuss the activity. Their
consensus can either come from direct sharing with the rest of the class, or by choosing an
answer among the choices that you provide using a student-response system. Even if you
cannot organize team work in a large room meeting, the students can still work in groups in
the labs or when doing problem-solving activities. Then the routines described above are
relevant.

If you finished reading this long post, you know what do next Thank you for doing it!
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Hi alll Thank you for checking the posts every day, liking them, and commenting - it makes a
huge difference! Thank you!

As | promised, | post long posts every other day to give you time to read and process them.
On the "off" days | either welcome new members, put announcements, or post something
short.

Today is a post about a photo here. These are the former students, now physics teachers,
and present students in the ISLE-based physics education program at the University of
Ljubljana. (The empty seat is mine as | am taking the picture). They are the students of
Gorazd Planinsic, Andreja Sarlah, and Sergej Faletic. They have this summer picnic every
year, as a community. It is great to see how more experienced teachers share their stories
with the future teachers, how all conversations are about students and improvement in their
ISLE teaching. The same way the students need a community to learn, the teachers need a
community to prosper and be happy. That is why we have our community. Have a great day,
my people, | will have a long post tomorrow. (The photo posted with permission, several
people in it are the members of our group).
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Hi all Exploring and Applying Physics people! | continue my general posts - general meaning
that they apply to all topics when you are using the ISLE method. Today is about
REFLECTION.

The word reflection is common in educational practice. We can think of reflection as an act
of looking back in order to process experiences, or a way of thinking about one's own
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thinking in order to grow. A habit of reflection is crucial for one’s development as a teacher.
After every lesson we ask ourselves: How did it go? What went well? What should be
improved? Without such thoughts, we will repeat the same mistakes next year and will not
emphasize the aspect of the lesson that went well. But it is even more important to ask the
questions: Why did it go well? Why didn’t it go well? What made certain experiments trigger
productive thinking in my students and other experiments not? How could | have better
responded to that comment, or that question? From the above examples, it is clear that
without habitual reflection there is no progress.

Is there an explanation as to why reflection is important? YES! Indeed, our knowledge of
how the brain works provides two mechanisms for the importance of reflection for learning.
First, when a person who is asked to reflect on what they have learned searches through
their mind for the answers, they activate the electric circuits that have just been formed. This
activation makes the circuits stronger and thus more easily accessible later (reflection
improves memory). But there is more to the role of reflection, oral or written, in learning.
According to Kolb’s brain cycle (Kolb, 1984), when the brain learns, it goes through the
following steps: sensory experience, reflective observation, hypothesis formation, and active
testing. The active testing involves motor function — some kind of movement in our body. For
example, you walk into a room at a party and see a person by the window (sensory
experience). You start “searching” in your memory where you could have seen that person
before (reflective observations) and what her name is. You hypothesize that you saw her at
the hostess wedding and her name is Jill (hypothesis). You approach her and say with a
question mark in your voice: “JilI? Nice to see you again” (active testing). If you never spoke
her name, you would not know whether your hypothesis was correct; you had to test it!

You can think of oral reflections on learning new material or anything else that happened
during the lesson as one form of active testing (another one is performing the actual testing
experiments that are a part of the ISLE process). Such reflection can be done individually. At
the end of the class the teacher says: “Close your eyes and make a mental list of all the
things you learned today. Think of what happened in class that helped you learn those
things.” After 1-2 minutes, the students open their eyes and you ask them to raise their
hands when they are ready to share. The rule is that one person can only say one thing from
each category, and they cannot repeat what was already said. This means that the students
who go first have an easier time choosing what to say. The last people will find it difficult to
add to what was already said, so next time they will raise their hands first.

If you have too many students in the course to have individual reflections, you could have
group reflections. Give 2-3 minutes to your students who have been working in groups
during class to write what they have learned (same questions) on their whiteboard and then
ask them to share. Each group says one thing from each category on their whiteboard and
the reflection goes from group to group until all new things are said. Group reflections are
also very helpful when you have students that are (for various reasons) shy or not
accustomed to reflecting. Implementing regular group reflections helps them to break the ice
and learn how to reflect, so that you can later proceed with individual reflections.

You can do the reflection at the end of a lesson as instant non-threatening formative
assessment technique. Did the students mention everything that you wanted them to learn?
Could they explain how they learned it?

But there is more here. In addition to oral reflections, you can ask your students to reflect as
a part of the homework (Etkina 2000). Asking them to answer the following prompts:

- What did | learn this week?

- How did | learn it?

- What remained unclear?



- What questions would | ask if | were the teacher to find out whether my students
understood the material?

This homework does not only illuminate what and how students learned by providing
feedback to us as teachers, but also helps the students recompile and reconcile all of the
week’s experiences and ask themselves how they learned what they did. Our research
shows that when the students focus on the ideas and relationships instead of definitions and
when they can articulate how they learned something by connecting experiments and
reasoning, they have higher learning gains compared to those students who think that they
have learned from listening to the teacher of from pure observations of experiments (May
and Etkina 2002). Similarly, when they asked higher level questions (how to? And why?
Instead of what?) they have higher learning gains (Harper et al. 2003).

Another important reflection routine is the “reflection on the solution” of a problem or an
experimental result. The habits of mind that are used in reflections on the solutions to the
problems involve checking the units, doing extreme (or limiting) case analysis (White et al.
2023), considering how reasonable the result is and how consistent it is with different
representations used to analyze and solve the problem. The important next step is to go
back and fix the solution if any of these techniques show a mistake. How can we help our
students develop such habits and what routines can we use in this process? We need to
model it and to reflect on when we assess our own solutions. How do you catch mistakes
that you make? While every case is unique and there is no unique recipe, one good routine
is to use students themselves to find those mistakes when evaluating the solutions of
another peer group.

Reflection on experimental results is also extremely important. You probably experienced a
student asking you to validate their experimental result: “We did the experiment and found
the value of g to be 9.6 + - 0.2 m/s/s. Is it correct?” Although the students wrote the findings
with experimental uncertainty, it does not help them learn whether it is a “good” result. They
need to compare it to something. This something is often an “accepted value”.

But what if there is no accepted value? Imagine, the students need to find the coefficient of
static friction between their shoe and the floor tile. They design an experiment in which they
attach a force meter to the shoe and pull it until the shoe starts moving. They repeat the
experiment several times and determine the random uncertainty of the result (as shown
above). How do they reflect on the value that they found? You probably realized that this
experiment belongs to the group of Application Experiments in the ISLE process. These
experiments require the students to use multiple models to determine some unknown
quantity or build a device to achieve a specific goal. To determine some unknown quantity,
students are required to design two independent experiments. For those experiments,
reflection is crucial as it helps the students compare the results obtained from two different
experiments. Only by comparing the findings from two experiments including experimental
uncertainties can they decide whether they are “correct.” To help students learn how to
reflect on the experimental result in application experiments, we guide them with self-
assessment rubrics. All rubrics are posted at https://sites.google.com/site/scientificabilities/
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Ho @everyone! | continue my "general" posts. Today is the post about homework - assign or
not to assign? Read on.

Homework is probably one of the most contentious issues in education. Some studies show
that assigning homework does not improve student learning, some argue that the students
need to rest at home, some say that even if they assign homework, very few students do it.
There are lots of arguments against assigning homework. What are the arguments in favor
of assigning homework? We list them below.

Argument 1: Homework teaches people to plan their work. They need to decide where and
when they will do it. They need to rely on themselves to do it. They need to figure out how to
communicate with other people if they cannot accomplish the homework on their own. This
also requires planning. Planning intellectual work is one of the aspects of metacognition.
Therefore, the mere need to do the homework develops metacognition. In class, all aspects
of the work are planned by the teacher.

Argument 2: Homework helps people remember what they just learned. A long time ago, in
the 19th century Hermann Ebbinghaus used himself as a study subject to learn how he
remembers some information that he just learned. From his limited research came
“forgetting curve” that shows that within the first day (or more precisely, during the first 10
hours) a person forgets about 70% of what they learned (see attached screenshot).
However, if they review the material within this time, their memory brings up the new
knowledge to the same level. Repeated review drastically reduces the amount of forgotten
information.

While now we know more about memory and how to boost it in the first encounter with the
new information, the main idea remains: we forget new stuff very quickly. Therefore, having
an opportunity to work with new ideas within 10 hours of the first encounter and then again in
class increases the chances that the new ideas will stick in memory.
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Argument 3: Homework helps people “catch up”. If something was not clear in class, working
on the homework will bring these issues to light and encourage the person to see answers —
either with their friends or with the teacher.

Argument 4: Homework prepares people to learn in class next time. Sometimes, it is useful
to work on a problem or an experiment before seeing the material in class to create “the
need to know” or a question that will be answered later. If an experiment is videoed and data
collection is time consuming, the students can collect data at home and prepare for
discussion.

Argument 5: Homework helps learn to interrogate scientific text. There is a great deal of
research (Podolefsky and Finkelstein 2006) that shows that our students do not read
textbooks. They find the material in the textbooks not helpful and if they open a textbook,
then they mostly look for worked examples and mathematical representations. This is
unfortunate, as being able to learn from a scientific text is an important skill for current and
future education. We have developed a strategy that teaches students to read scientific text
in ways similar to how physicists do it (called interrogation strategy and described in the next
section). However, to practice this reading strategy, the students need different amounts of
time as everyone reads at their own pace.

Based on the above, we have enough arguments in favor of assigning homework. Assuming
that you decide to assign it, new issues arise: What to assign? How to provide feedback? To
grade or not to grade?

What to assign?What to assign for homework depends on your goals. Do you wish the
students to “strengthen” the new brain connections that they just developed? Then assign
several interesting problems, experiments to perform or activities to complete which the
students need to use the material that they just learned. You can also assign them to read
the textbook, but this is only if they have learned how to do it (see the next section in this
chapter). Do you wish to motivate them for the next lesson? Then assign them to observe
some experiments (real or videos), collect data and try to find patterns that you will discuss
during the next lesson. Do you wish for them to prepare for a test of the whole unit? Then
assign them to make a list of the most important things that they think they have learned in
the unit and make a test for the unit with the explanations of how each problem assesses
those important things. Note that the latter assignment requires team work, thus it should be
assigned to teams of students (2 or 3) to work together and they should have ample time to
complete it (3-5 days).

How to provide feedback? While there is always an option to collect homework (or see them
online if the students submit online), reading every single one of them and providing
feedback is a time and effort consuming approach. How can we save time providing
feedback? There are multiple options.

For the homework, which serves the purpose of strengthening the material of the previous
lesson, one way is to start the class with a short quiz with one or two questions that are
based on the homework. The quiz should be every day at the beginning of class and not
take more than 5 minutes. If a person did the homework, the time should be enough to
complete the quiz. But if the person did not do the homework, then 5 minutes will not be
enough. We discussed above how to grade these quizzes and how to provide feedback.
Another way to provide feedback is to have a group activity in class the next day that mirrors
the homework and then provide feedback in that moment to the class as a whole. You could
also post the solutions to the assigned problems a day after the homework is due and ask
those who have questions about the problems to come after class (or at any designated
time) to talk to you. The main idea is that you should not discuss how to solve homework
problems in class the next day as it sends the message to those who did not do them that



they will learn in class regardless of whether they complete the homework. So, why bother
do it at home?

For the homework that prepares the students for the next lesson, the feedback is provided
when you continue the activities through sharing in class. But in this case, there is no
accountability — if the homework was to collect data from an experiment, those who did the
experiments and collected data will benefit, but those who did not do the experiments would
wait passively and not learn. What to do? Here it is good to check the completion of the
homework (not correctness) and assign some points for this work to motivate the students to
do it. In addition, if you have time and space, you can offer them to come to class after and
do the experiments there. It is not the best option, but it is better than letting those who did
not do the work lose the learning opportunities that your assignment provided.

To grade or not to grade? Homework is work in progress. If you consider it learning, then
providing feedback is necessary but grading is not. You could grade for effort, for
completion, for clarity, but not for correctness. The bottom line is that the grade should not
be the motivation for a student to do the homework, but the real goals that the homework
has. Therefore, it is important to have a conversation with the students about the goals of the
homework that we discussed above so that they know WHY they are doing it and how it
helps them today and most importantly, in the future. Intrinsic motivation is always better
than the extrinsic one. And having exciting homework helps for motivation too!

If you finished reading the post, you know what to do now Thank you for doing it!
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GKqyy1eGLAMQWO03 Bye4eNMVHeiOfabmdJ5alr73Xxf9oeEmoHLO6oHrLw2aneTnmptrm4il
LZLOu9ilw-11THI9TQoAV-
RIMW_ Wi74XbXauH9JSYaotT6eKnQWEU9SZeZIiRxDnd& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

We have many people joining our group every day. We welcome them all!

Dear NEW MEMBERS, please visit islephysics.net to learn about the ISLE approach
(Investigative Science Learning Environment) to learning and teaching physics group. ISLE
philosophy is the foundation of everything that we do here. The website will help you see
what resources we have and how to use them. Here we pist every day about different
aspects of ISLE as well as about teaching specific topics through the ISLE approach. We
have monthly online free 2 hour workshops and there are lots of materials posted here in the
FILES. To benefit from the group, try to check the post daily and like or comment on them to
make sure that he next post comes to your feed. Now, just start scrolling through the recent
posts. | recommend going back a month to see what has been happening and how to start a
school year if you are going to try ISLE with your students. Welcome!
https://www.facebook.com/groups/320431092109343/posts/1648972029255236/? cft  [0]
=AZXE8BrLZTIEoP3fiUofi{CVVFr2beNGDA8ZUktDr7PXqgfgNabaj DCLiyJZ59f2DLDZBgD_P
wlC1kDHwLxeNuAIRLQDIOWTr4-2I-
isuZLOOhxvSQiY81ztprK8hjc56qYyyKkSmlowkN8iD8nu5pJLwgvI3xCJZSSrCY7k4CgWxgf3
f8RqgWywsyhmKEwlIslagVoRIQXHP38UGIWhfY8d6Fr& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

Hi @everyone! | continue posting general ideas about teaching physics through the ISLE
approach. This time it is about questioning. As it is a long story, | will split it into two and post
only one half today. Here we go! Oh, one more thing. | am not attaching any images to this
post to see whether without images people will respond.

Questioning techniques

If you ever attended a physics research seminar or a conference, you probably noticed that
physicists never take any statement for granted. They question. How did you know? What
were the uncertainties in your experiment? How does it compare to the experiment done by
XX? Such questions are common, and they show that authority is not the reason to believe
in anything. However, there is more. Without asking a question about something that they
observe, there is no development of new ideas of physics. While observations of the real
world always come first, the next step in the physics progress is asking a good question. In
the US Next Generation Science Standards, asking questions is one of the important
science practices that students are required to master. The question is (no pun intended
here), how do we teach our students to ask good physics questions?

As always, we need to start modeling this practice ourselves first. This means developing a
habit of asking our students good questions when they are learning. We can think of all
guestions that we ask our students as belonging to two big groups. We will call one group
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“closed questions” and the other group “open questions”. 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?

- What is acceleration?

- What is the definition of acceleration?

- What is the unit of acceleration?

- What does it mean that the acceleration is negative/positive?

All these questions assume confidence in those who answer and the existence of one right
answer. These are closed questions.

How can we 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 can you help her agree with your point of view?

- David says that an object with an acceleration of 5 m/s/s speeds up and an object with an
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 a positive acceleration and is slowing
down and another example of an object that has a 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 (and will) participate.

In general, it is a good rule of thumb to avoid starting questions with: What is ...? Who
knows ...?

If you read to the end, you know what to do next. Thank you!!
https://www.facebook.com/groups/320431092109343/posts/1649614345857671/? cft [0]
=AZVSjHSINfUI1ZxIfw9G2QHFIVfYuR3tF6M5XxYJQT3V_wv994nHEWz3 a6BMvA-

cQIOv7 1utdxj35Qjp8sHN47JsDN4rIMiRdwmnv3iliZ1MMp0dPOHzLaJmSPC3jpamXQvcvr0
rnvDs6ivVSe4KqgjhfZn5vCU-
SMdDBKhGOEVKwxs5VgzP7lc_KzPiS61i0gN2C4KtO8MOI7g7yG1rnHyw& tn =%2C0%
2CP-R

Eugenia Etkina
Admin
Top contributor

Hi all Exploring and Applying Physics people! | continue with questions.
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Let's say we asked a good question How to elicit answers to it? Here, the routines are
important. Sometimes we think that a question is easy and everyone should be able to
answer it. Then we ask the whole class and wait for volunteers. Try not to call on the same
person the second time before all others have a chance to participate and try not to miss
girls holding their hands (as you know, they are often invisible). Give students 10 to 15
seconds to respond, let them see that you really mean it. 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 routine 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:
Please share your thoughts about.... What are your ideas? How can we explain...? How can
we test...? How would you approach...? How do you know...? What is your image of...?
How can we convince A in...? Tell me more about... Who can add to...? Any ideas about
how we can explain...? Any ideas how we can test...?

We often ask a question in a whole class discussion or when students 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 routine is to make sure to ask this question: "What do you mean?". This is a simple
way to elicit their real understanding. 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 agree? Sometimes, when one
student answers a question, the others do not listen or do not understand. Asking "Do you
agree?" to the whole class with 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. The goal is to
communicate the message: “I am not the final authority; you need to figure it out yourselves.’
("What do you think?" a Reflective Toss by Jim Minstrell that we talked about a few days
ago) When somebody in the class responds, stay back until the discussion between the
students starts. Open questions encourage or trigger discussions, closed questions do not.
Did you finish reading the post? You know what to do next.
https://www.facebook.com/groups/320431092109343/posts/1650216715797434/? cft  [0]
=AZWEmv8wcOQ5TQ-CEkvx3 DSKsxkACF-

g1RrHXhjCQs310Zg2sWDFEFm_ Q10DOgHRWG6E5AV-IV7zxPI9zpm3uyxVDHOM3MITI8-
XIHEx-oxLNbwwa3ABdyBWOIUoA-bRrZs7DWmfaj8JaGJ ILa-
abChychb5edaceRA0XrbCeaNrHx20BIF9a03gjf9isPCoxKtvKgD7bFe3Tvu9lyLImtiDg& tn
=%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! | am starting a series of posts (a long series!) for the beginning of the school
year. Consider this an asynchronous workshop. Instead of attending a 2-hour workshop on a
specific day, you will need to read the posts and do the work. Your responses are very
important - please post them in the comments AFTER you do the reading.

While the students will be doing various activities that | will describe, it is important that the
teacher sees a big picture behind all those activities and understands why the materials are
the way they are. Therefore, | will start by asking you to read the introductory chapter of the
Instructor Guide. It describes how the whole system works together and lists learning goals
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common for ALL topics. Content specific goals are in every chapter. After you finish reading
the chapter, please put your questions in the comments and | will answer every one of them.
I will make posts every other day, not every day so that you have time to do the readings
and process new ideas. What do you think of this approach?

Here is the chapter to read, it is the introductory chapter of the Instructor Guide which is
posted here in the FILES.
https://www.facebook.com/groups/320431092109343/posts/1631051057714000/? cft  [0]
=AZWj7ULmIexRwQviLDEUe2WRN5ABKkukG2yxQwuRYpqzv7M4uy7HrOrtAnW50tdOL F4
CUBWRK70nfIHUXgvFnO5yWIgldKm-NgjL-S-Y7-
FacgX7uWaSgwjbjk7KVYXK8eMGK4iK8mTGKkYCxARsXxBgbbJz7 ZIGssNE6Eu1MNcCx5C
K51YbYDsNxkLLQGXxPALGP7IkA91VItUISpGYyWLTOMI1FLZVPSArYr-

xJisrPSUg& _tn_ =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! Today is my last post about questions. We talked about teachers asking
good questions, teachers responding to students' questions and answers, but we did not talk
about the most important, crucial part! Here it comes.

How do we encourage high school students to ask good questions when they are learning
physics? Although “asking questions" is the #1 science practice in the Next Generation
Science Standards, in teaching practice we only have tools and routines 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 or just extra points? 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 free fall - would you know that you are not standing on
Earth? So, bottom line, asking good questions is as important, 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 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 that remarkable - |
tried to show my students that almost every question they asked was important to follow as it
created a natural "need to know" and led to more learning. However, we all know, that
sometimes the questions are irrelevant or distracting. For those, we need all our tact to show
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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 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 (the 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 is
conducive to generating or producing insightful and valuable questions.

Below we give a few examples of good questions that the students learning through the
ISLE process might ask:

Observational experiments questions:

How do we infer a pattern from these data?

How do we best represent the data?

Which variable is independent and which is dependent?

Model/explanation/hypothesis development questions:

How do | start thinking about making a mathematical model for the pattern?

How do | know if it is a good idea to linearize data to find the pattern?

How do | go about finding a mechanism?

How do | know that my explanation is correct?

Testing experiment questions:

How do | design an experiment to test the model/explanation/hypothesis?

How do | know if this is a good testing experiment?

How do | make a prediction of the outcome of the testing experiment using the hypothesis
under test?

How do | know if my experiment will give me the outcome that will allow me to differentiate
between the two hypotheses that | have?

Were there any additional assumptions that | made when | made the prediction? How can |
validate them?

How do | determine the uncertainty of my result?

How do | know if my experiment ruled out the hypothesis/model/explanation?

We can go on to 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
questions start with HOW (“How do | know ...?”, (the best question ever) or “How do | do
such and such?”) and NOT with the word WHAT. Note also that we did not list any good
questions that start with the word WHY. Why is that? While the students often ask questions
starting with the WHY, those are in fact the questions that have the HOW in them, however
(and this is the reason to avoid “Why” questions) "Why" questions question the purpose of
the phenomenon, not how it happens. And often the answer is anthropomorphic
(Anthropomorphism is the attribution of human traits, emotions, or intentions to non-human
entities. It is an innate tendency of human mind). 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. The 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 your students to ask good questions, the teacher needs to model such questions
(see the above discussion) and to explain to the student why a specific question is good.
And of course, to reward them, as we described above. We have examples of such



questions in our materials, for specific elements of the ISLE process - in the labs at [see
ISLE-based labs at https://sites.google.com/.../scientificab.../isle-based-labs].

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 (Harper
et al. 2003). Those who asked questions that we described above as "good" had significantly
higher learning gains than those who focused on "what" type of questions.

If you read to the end, you know what to do next! Thank you for doing it!
https://www.facebook.com/groups/320431092109343/posts/1650833855735720/? cft [0]
=AZX_Uok65d4xFrT52hGRX7jryidW4-

Mjda2hPXfvAwa6VN4MGglHeMnl 9dgnL9MchXeuldJZ4uODnwbE141hPBzldnGsl1fSAjuzD
oclAXcl6KSmaFmTTztXqwSmLNRTknU2LIaSRFadvShMResM1Z71AT49SYVmB2uFSynC
Z-kz0IKN4bxhi6goBstdlc3WK1nZYmgV-01CTnQsV99Z69c& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi all, | continue today with the general ideas important to the implementation fo the ISLE
approach. | am starting a long series of posts about the reasoning processes employed in
physics as the first intentionality of ISLE is to help students learn physics by practicing it. But
practicing WHAT? Here is post #1. It is a long one, pleas be patient.

START of POST

In order to implement the ISLE approach, a teacher needs to habitually think like a physicist.
One of the most important habits of such thinking is treating physics as a process—not as a
set of rules. This habit relates to the physics epistemology. If we think about epistemology as
the field of knowledge that investigates the elements of knowledge and how knowledge is
constructed, then the habit of treating physics as a process is an epistemological habit. What
does it mean to have physics epistemology?

First, let's consider the elements of physics knowledge. We could group the normative
knowledge (the knowledge that our students need to develop independent of the level of a
physics course that they are taking) into the following categories:

- physical phenomena and physical objects,

- models of phenomena, objects, systems, interactions,

- physical quantities and their relationships,

- measuring instruments,

- physics devices,

- testing experiments,

- predictions of the outcomes of testing experiments,

- application experiments, and

- assumptions.

If you think of ANYTHING that you know in physics, your knowledge would fall into one of
those categories. We will analyze each of them separately and give examples of how to help
teachers and students think about each as a physicist.

Physical phenomena and physical objects

Physical phenomena and physical objects are things that happen (exist) and can be
observed directly or indirectly. Examples of phenomena include mechanical motion of
objects, waving of a string, water flow in a river, light shining on a surface, and clothes
sticking to each other after being pulled from a dryer. When we observe physical
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phenomena, we conduct observational experiments with no expectations of the outcome.
The goal of doing such experiments is to identify some pattern, which we will later model or
explain. These observational experiments can be qualitative or quantitative, involve some
measuring instruments or be done with our direct senses. When the students observe
phenomena, it is important to ask the following questions:

- What did you observe?

- What data can you collect?

- How can you represent the data to find patterns?

- What are the important patterns?

- What patterns can we explain?

Here is an example of a physical phenomenon (see video https://youtu.be/gT5_KYmOgKs
attached figure of four successive photos of a traveling transversal pulse on a Slinky.

- The students observe the disturbance that they created and how it travels along the Slinky
(a helical spring toy). They also observe each coil moving up and down while the
disturbance propagates to the right.

- There are many patterns that they can find by varying different parameters. They can
collect data concerning the speed of the propagation of the disturbance in various situations.
They can change how the spring is taut, they can attach lead beads or small magnets to a
spring, and they can also change the amplitude of the disturbance and measure the speeds.
- They can explain the propagation qualitatively by the interactions of the coils and use this
explanation to account for different speeds for different conditions.

To help students conduct observational experiments with the ISLE approach, we have
developed relevant self-assessment rubrics. They can be found at
https://sites.google.com/site/scientificabilities/rubrics (Rubric B).

If you finished reading to the end, you know what to do next
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YEZU-Zu4CnNHzBEat& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi all, yesterday | started a series of posts about physics reasoning. The first one was about
the elements of physics knowledge and the first element - physical phenomena. Today is the
next element - models. Read on - long post again.

Models of phenomena, objects, systems, processes, and interactions

While the word “model” is ubiquitous in educational vernacular, the definitions of models vary
in textbooks and science education literature (https://plato.stanford.edu/entries/models-
science/). In the ISLE approach, we adopt the definition of a model as a simplified version of
a phenomenon, object, a system, or a process (Etkina et al. 2006). Examples of models are
free fall (model of a phenomenon when you consider objects falling in the absence of air -
simplification) and point-like objects (model of an object when you disregard the object’s size
— simplification). Etkina and colleagues discuss different types of models including models of
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systems (ideal gas), models of processes (constant motion model, isobaric process,
isothermal process), or models of interactions (electric field model and magnetic field
model). It is possible to think of what we call hypotheses or explanations of phenomena as
models because these are simplifications in some ways too.

Explanations can be causal or mechanistic. A causal explanation (a causal model) shows
how one physical quantity depends on another quantity, but it is not concerned with a
mechanism (for example, F=Gm1m2/r*2). A mechanistic explanation involves a mechanism
explaining the relationship (for example, the liquids cool during evaporation as the fastest
molecules leave and the average kinetic energy of the remaining molecules decreases).
When students develop models, it is important to ask the following questions:

- What phenomenon, object, or system are you trying to simplify?

- What are your simplifications?

- How can you justify these simplifying assumptions? When is the model applicable?

- Is the model qualitative (if yes, is it causal or mechanistic?) or quantitative?

- What experiments can you conduct to test (and possibly reject) the model?

- What predictions can you make about the outcomes of these experiments using the
model?

- What are the limitations of the model?

Here is an example of analysis of an ideal gas model using the above questions:

- We are trying to simplify real gases.

- The simplifications are that

(1) the particles are identical point-like objects that have mass but negligible size,

(2) they interact with each other and with the walls of the container only during collisions but
not at a distance, and

(3) their motion obeys Newton’s laws.

- As the interactions of microscopic particles decrease dramatically when the distance
between them is larger than their sizes, we can estimate that, for example, the average
distance between the particles in air at normal conditions is about 30 times larger than their
diameter. Therefore, their size is negligible and there is no interaction at a distance.

- The model is both qualitative (in describing the mechanism) and quantitative because it
allows for using Newton's laws to derive the expression for the pressure that an ideal gas
exerts on the walls of the container p=1/3nmO0Ov/2.

- We can test this model to predict how the pressure of the same gas should depend on the
volume or temperature. See relevant experiments in Chapter 12 of our textbook College
Physics: Explore and Apply..

- The model is limited to rarefied gases. For example, a student should be able to realize
that the ideal gas law cannot be used to solve the following problem (College Physics:
Explore and Apply, page 382): “A 5000-I cylinder is filled with nitrogen gas at and 300 K and
closed with a movable piston. The gas is slowly compressed at constant temperature to a
final volume of 5. Determine the final pressure of the gas.”

There is another important point that we need to consider. It is the relationship between the
models and multiple representations. We can think of a force diagram or an energy bar
chart, for example, as an abstract model of a phenomenon of interaction of an object or a
system with other objects. If the students view a force diagram or a bar chart in this way,
they can answer the same questions about the diagram as listed above.

If you read to the end you know what to do next - Comment or like to make the post more
visible for other group members! Thank you!

https://www.facebook.com/groups/320431092109343/posts/1654526538699785/? cft  [0]
=AZVPKrNoMFCvvg0oGQgYo0ro5phHKt1ZdM 05uQ4joefg JxdCFkUYd I[Ebfszb tptX03B
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Eugenia Etkina is feeling thankful.
Admin

Level 3 contributor

Hi all, | see that my latest posts do not have many views, so | am not posting anything today
to let you catch up with the posts on physics reasoning. The next one is tomorrow!

Thank you all who signed up for the Magnetism workshop. It is great to see the names of the
"regulars" and some new names. We welcome everybody who wishes to teach physics
through the ISLE approach!
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! | continue with the elements of physics knowledge today. We discussed
physical phenomena and models (see my previous posts). Today are two other elements -
physical quantities and measuring instrucments. Here we go! Long post again

Physical quantities

A physical quantity is a feature or characteristic of a physical phenomenon or a model that
can be compared to some unit using a measuring instrument (see below). Examples of
physical quantities are your height, your body temperature, the speed of your car, the force
that Earth exerts on you, 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 ( cannot do arrows
here, but you know what | mean, F, v, etc.). 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, and K). Mass is a scalar quantity as are
temperature and kinetic energy. Scalar quantities can be positive or negative.

It is important to recognize the difference between the operational definition of a physical
quantity( a=delta v/delta t ) and the cause-effect relationship (a=sum of F/m ) — see causal
explanations in the models post. An operational definition tells us how to determine a
specific quantity, but does not tell us why it has a specific value as the variables in the
definition cannot be changed independently (when we double the time interval, the change
in velocity doubles). A cause-effect relationship tells us what the quantity depends on as we
can change the variables independently (the mass of an object can be double without
changing the net force exerted on it).
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One of the important features of physical quantities is that they are not exact numbers with
units (or points on a number line)—they are intervals. The value of the interval within which
we know the quantity is predicated on the method that we used to determine it. An excellent
document describing how to help students learn about experimental uncertainties in the
ISLE approach was created by M. Gentile and A. Karelina and can be found at
https://drive.google.com/drive/folders/1bYPf4GzCTtETFT7C9tz4g791MQpTQbdb. When the
students are developing a new physical quantity, it is important to ask them the following
questions:

- What phenomenon or model does this quantity describe?

- How do you define the quantity operationally?

- What are the units of the quantity?

- How do you know if this quantity depends on other known quantities? How doesthis
quantity depend on other known quantities?

- How can we test this relation experimentally?

- How do we determine the quantity: can we measure it directly or do we need to calculate it
using other measurable quantities?

Here is an example of analyzing the physical quantity of acceleration:

- The quantity describes the changes in motion of an object. Operationally, acceleration is
defined as delta v/delta t where delta v is the change of velocity vector and delta t is the time
interval during which this change occurred. Depending on the , we can talk about
instantaneous acceleration or average acceleration.

- The units of acceleration are .

- For an inertial reference frame observer, the acceleration of an object (or system) depends
on its mass and the sum of forces exerted on it, sum of F/m and similar for other
components. We can test this cause-effect relationship using an Atwood machine setup (see
video https://youtu.be/sUQPIAGbyMo ) and predict how far the object on the left side will
move in the first second after letting go of the object on the table.

- We can “measure” the quantity using a simple accelerometer (I will not post the picture as |
can only attach one per post, it is a small sphere on a circular gutter, students use a force
diagram for the sphere to derive the equation for its acceleration).

To help student answer the above questions, we have developed self-assessment rubrics.
https://sites.google.com/site/scientificabilities/rubrics (Rubric G)

Measuring instruments

We use measuring instruments to measure physical quantities (such as a meterstick, a
clock, an ammeter, etc.). Some quantities can be measured directly using an appropriate
device (time, length, electric current) and some can only be calculated using directly
measurable physical quantities (kinetic energy, entropy). Here is the list of questions that the
students should be able to answer about any measuring instrument.

- What physical quantity does this instrument allow us to measure?

- What are the physics principles behind the operation of the instrument?

- What are the rules of operation of the instrument?

- What are the safety procedures (if applicable)?

Below is an example of the analysis of a measuring instrument such as a spring scale to
determine unknown forces. (See below).

- A spring scale allows us to determine an unknown force.

- The principles of operation of a spring scale are Newton’s second law and superposition of
forces. The scale shows the stretch of a spring which is calibrated in newtons (the spring
needs to obey Hooke’s law). The scale is used to balance an unknown force. For example,
when we use the scale to hang an object at rest (zero acceleration), the forces that the
spring scale and Earth exert on the object add to zero (superposition), or balance each other



(Newton's second law, as acceleration is zero). Therefore, the magnitudes of these forces
are the same and the reading of the scale is equal in magnitude to the force that Earth
exerts on the object.

- To have an accurate measurement of an unknown force (in our example, the unknown
force is the force that Earth exerts on the object), the scale and the object must have zero
acceleration. To have an accurate reading of the scale, the person reading the scale needs
to have their eyes at the level of the dial.

- Do not use the scale for any force larger than the largest force that can be seen on the
instrument.

If you read ot the end, you know what to do next, thank you!
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Hi all, Adm Cohen yesterday asked in experiments in AP labs are observational, testing or
application experiments. | think most of them are application, but some are observational
and testing, you need to read the text carefully to figure it out. Please give examples, so that
we can discuss. also, Adm Cohen said that they could not access the uncertainty document
on the scientific abilities website. | am posting it here again, it will be the second copy in the
FILES. Please download and save!
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Hi @everyone! | continue with the elements of physics as science. We discussed
phenomena/observational experiments, models, physical quantities, and physics devices. If
you missed those posts, please scroll back and read before you read this one. This post
about testing experiments as an element of physics.

Testing experiments

These are experiments specifically designed to test a model, hypothesis, and/or explanation.
Testing experiments are different from observational experiments. However, testing
experiments also involve physical phenomena as we predict the experiment’s outcome using
the explanation under test before conducting the experiment. An example of such a testing
experiment can be the famous Galileo’s inclined plane experiment when he was testing his
hypothesis that all objects fall at constant acceleration (that he defined as the change of
speed over the change in time) without air resistance.

Here are the questions that will help our students to design and conduct testing experiments:
- What is the model, hypothesis, and/or explanation to be tested?

- Brainstorm possible experiments whose outcome you can predict using the model,
hypothesis, and/or explanation under test. What quantities can you measure and what
quantities can you calculate?

- Make predictions about the outcomes of the experiments that you designed (before
conducting them) as if the hypothesis that you invented is correct. How does the prediction
follow from the hypothesis? Explain your thought process.

- What additional simplifying assumptions are you making in your predictions?

- How might these assumptions affect the predicted outcome — will they make the result
smaller or larger than expected?

- After you conducted the testing experiment, how do you know whether the prediction and
outcome match or do not match?

- What is your judgment about the model, hypothesis, and/or explanation under test?

We will analyze Galileo’s inclined plane experiment as an example.

Galileo was testing his hypothesis that when objects fall freely from rest, their speed
increases in direct proportion to time, in other words v= at. As he could not measure the
speed directly and the time of fall was always rather short for the times when people did not
have handheld watches, Galileo decided to measure the distance instead. He designed an
experiment where a small ball rolled down an inclined plane and he made a prediction of
what he should observe if his hypothesis was correct. While he used graphical methods to
make the prediction, we can use our modern mathematical methods to do it: If v = at (where
a is the coefficient of proportionality) then the average speed is at/2. Therefore, the distance
traveled during time t is 1/2at*2. From this reasoning follows that the distance increases as
the square of the time for an object that starts from rest. Therefore, if the ball covers a
distance of d during the first second, in two seconds it would cover a distance of 4d, in 3
seconds it would cover a distance of 9d and so forth (see the attached figure).

Galileo could measure these distances and compare them to those that he predicted before
running this testing experiment. He also assumed that the motion of a rolling ball down an
inclined plane is similar to the motion of a falling object. It is not clear how Galileo validated
his assumption, but today we can do multiple testing experiments for his hypothesis that for
a falling object without air resistance, v= at. We can use a motion detector to obtain a



position vs time graph or design an indirect experiment with a string and lead beads (fishing
weights). Before running the experiment, students can predict that the sound pulses
produced by the falling beads that hit the ground will be separated by equal time intervals.
You can see the outcome of the experiment at https://youtu.be/FYOpmUDHXKU.

This is how to make this experiment work: Fix lead beads on an 8-m string at the following
distances from one end of the string: 0 cm, 20 cm, 80 cm, 180 cm, 320 cm, 500 cm, and 720
cm. Hold the string from a window so that the bead at 0 cm is touching the ground. Release
the string and listen to (and record) the sound produced by the lead beads hitting the
ground. You can make the sound louder by letting the beads fall on a metal plate.

To help students learn to design testing experiments, we have developed a set of rubrics
that can be found at https://sites.google.com/site/scientificabilities/rubrics (Rubric C).

If you finished reading to the end, you know what to do next! Please do not skip this step!
Thank you!
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Hi @everyone! | continue with the posts about elements of physics. Understanding those is
a part of learning the epistemology of physics - what knowledge is and how it is constructed.
Understanding these elements helps students see the coherence of physics, its structure,
instead of thinking about it as a collection of facts to memorize. If you missed my previous
posts for this topic, scroll down day by day to see all of them.

Today the post is about TWO elements - predictions and application experiments. The word
prediction is misused in education. It is being confused with the word hypothesis and often
referred MISTAKENLY to as a guess. While hypothesis is a guess explaining some
phenomenon, a prediction is ABSOLUTELY NEVER EVER, NEVER EVER A GUESS.
Please read on to see why. Warning: long post.

Predictions

What we have in mind are predictions of the outcomes of the testing experiments (not to be
confused with hypotheses or models). A prediction is a statement of the outcome of a
particular experiment (before you conduct it) based on the hypothesis being tested. It says
what should happen in a particular experiment if the hypothesis under test is correct. A
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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. In the example of Galileo that | posted 2 days ago, the hypothesis
being tested was that the velocity of the objects is proportional to the time of fall. For the
same experiment, the prediction that was based off of this hypothesis was that when the
objects roll down the ramp, the distance that they cover is proportional to the time squared.
Rubrics for the development of the ability to make predictions are at
https://sites.google.com/site/scientificabilities/rubrics (Rubric C).

Application experiments

These experiments are different from observational and testing experiments because, to
design them, one needs to put several tested models together to achieve a specific goal.
Application experiments make a bridge between physics and engineering. The goal can be
the measurement of a physical quantity (how many significant figures of g do we know? How
much energy does a square meter of Earth receive from the Sun? What is the coefficient of
static friction between your shoe and the carpet?) or to build a specific device (to power an
LED without burning it, or to build an electric motor, a telescope, etc.). Here are the
questions that help students design and analyze application experiments:

- What is the problem that you are trying to solve?

- What experiment can you design to solve the problem?

- What equipment will you use? What physical quantities will you measure and how will you
measure them?

- What is the mathematical procedure that will allow you to use the measured quantities to
solve the problem?

- What additional assumptions are you making? How can you validate them?

- How will you evaluate the results of your experiment?

- What independent experiment can you design to solve the same problem?

- After you compared the results of the two experiments, are the results consistent with each
or not? How do you know?

The following example shows what students do when they conduct application experiments
(full text of the lab and relevant rubrics are at
https://drive.google.com/.../1TwSTN5mYDzBFGN...) The lab is called Newton’s laws and
circular motion.

Title: Application Experiment: Coefficient of friction between the shoe and the floor tile
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, and an assortment of objects of different asses.

Include the following in your report (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 each of the relevant assumptions, separately evaluate the effect that making
each assumption will have on 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 that 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.

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.

The self-assessment rubrics to help students develop abilities necessary to design, conduct,
and interpret application experiments can be found at
https://sites.google.com/site/scientificabilities/rubrics (Rubric D).

If you read to the end, you know what to do next. Thank you!
https://www.facebook.com/groups/320431092109343/posts/1658307218321717/? cft  [0]
=AZ\VnJM784B2gAC2dL69Mfw-bx08-
TMO_fovWqtGM1uig1yVkyVwQ9ZIoTPs7cqteYwZP1bvQ49FNzCP-
TWXOGgwhVnLSS5100BfSTjVRzUuSubB3kK474VF _8UGMuG506ZU _iOSGFdzfhR7Rlogm
-GKvr1KDwFPnjEETFaWoxKyKwnd7ID8Cs31keGggLmhgMTGIMYO-W-
dGaMuG4t3yzMWJ& tn =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi all Exploring and Applying Physics people! Today is my last post about the elements of
physics. Tomorrow | will start discussing how physicists use these elements to construct
knowledge in physics. If you just joined the group or have not checked posts for a while,
please scroll back for about 2 weeks to see the progression of the posts on this subject. The
last element is extremely important and often overlooked in our teaching practice.
Assumptions

Assumptions, as they are understood by physicists, are the things that we choose to ignore
(air resistance, roughness of surfaces, mass of pulleys, rotation and velocity of Earth, etc.).
The ISLE approach activities encourage students to articulate assumptions and evaluate
their effect on the predicted outcome of a testing experiment. The prediction is made based
on the hypothesis under test, but additional assumptions that the prediction does not take
into account might make the prediction larger or smaller that the experimental outcome.
Evaluating the effects of additional assumptions is crucial for testing models and
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https://www.facebook.com/groups/320431092109343/posts/1658307218321717/?__cft__%5B0%5D=AZVnJM784B2gAC2dL69Mfw-bx08-TMO_f0vWqtGM1uig1yVkyVwQ9ZIoTPs7cqteYwZP1bvQ49FNzCP-TWXOGqwhVnLSS5I0oBfSTjVRzUuSubB3kK474VF_8UGMuG5o6ZU_iOSGFdzfhR7RIogm-GKvr1KDwFPnjEETFaWoxKyKwnd7lD8Cs31keGgqLmhqMTGIMYO-W-dGaMuG4t3yzMWJ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1658307218321717/?__cft__%5B0%5D=AZVnJM784B2gAC2dL69Mfw-bx08-TMO_f0vWqtGM1uig1yVkyVwQ9ZIoTPs7cqteYwZP1bvQ49FNzCP-TWXOGqwhVnLSS5I0oBfSTjVRzUuSubB3kK474VF_8UGMuG5o6ZU_iOSGFdzfhR7RIogm-GKvr1KDwFPnjEETFaWoxKyKwnd7lD8Cs31keGgqLmhqMTGIMYO-W-dGaMuG4t3yzMWJ&__tn__=%2CO%2CP-R
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hypotheses. To learn more about assumptions, read the following document written by D.T.
Brookes at https://docs.google.com/.../0By53x8SYAF 1IbVN5Sk9P.../edit...
In all my posts about elements of physics as knowledge, | referenced scientific abilities
rubrics to help students navigate the elements of physics. The rubrics can be seen as
specific tools for helping students operate with most of those elements effectively. In our first
book on the ISLE approach (Etkina et al. 2019), all of Chapter V was dedicated to the
abilities and rubrics. The work on Rubrics is described in several papers (Etkina et al. 2006,
2008, 2009, 2010; Bugge and Etkina 2016, 2020). The rubrics are available at
https://sites.google.com/site/scientificabilities/rubrics. The rubrics help students design
observational, testing, and application experiments; to develop explanations/hypotheses, to
make predictions, to collect data and determine physical quantities, to evaluate assumptions
and uncertainties, and to communicate.
The scientific abilities rubrics were developed by the Rutgers Physics Education Group in
2004 (a team of 9 people) long before NGSS an AP recognized the value of scientific
practices in the learning of physics and they have been THE FIRST rigorous, tested and
validated tool for the assessment of student engagement in such practices. Now, 20 years
later they remain as relevant and comprehensive as they were then. Please use them.
https://www.facebook.com/groups/320431092109343/posts/1659505334868572/? cft [0]
=AZV|Yf6KOIICu8amjE2ueSmfryReKqoHQDer4Sc_K9stJbNIY3NKWRzebfimKpxkkTTIBZNi
EisDSFF-
spEwp2HgFFMgTWh WveWjgS kpHuc5HWc4iB4oipyzyEsyo8hlifX QvD2BRoAgY SaivWyL
Lo8X2webZIxuyzLqgtVn4BFOihURUDD7Gr9aDwH3k6ckKYc9s2s7cVCOibnNguLJGH&  tn
=%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! Two things today: first, yesterday | posted about the last element of physics
knowledge - assumptions - and fewer than 3% of the group viewed it. So, please scroll down
to yesterday's post to see it.

Second, tomorrow and the day after tomorrow - July 17 and 18 is the introductory ISLE
workshop, 8 hours long. The leaders are Danielle Buggé, Carolyn Sealfon, Andrew Yolleck
and I. As a few people who signed up for the workshop notified me that they cannot attend,
we have a small number of open spots. The workshop requires homework using our
textbook as well as preparing some equipment. If you have the textbook (there is no time to
provide it to you) and are interested in doing the work and attending the workshop, please
email me ASAP at eugenia.etkina@gse.rutgers.edu.

I will not post anything till July 19th. Please read last month's posts. They will help you
implement ISLE from the beginning of the year and also help understand why we do things
they way we do. Thank you.
https://www.facebook.com/groups/320431092109343/posts/1660316324787473/? cft  [0]
=AZXFP1dtKd6obMBcRdBftk9LJCfNGxpSrr3j8iiOIkhNDOQIgxsMm2wpnrIDYvVFNRXBIgLEr
L6ZUkcVhXWO7hvCyaTMfNj7kg5zMqgEj5kydmYJojTqgH42rRIFgéw 73AghD laE5rHJwsBs
CPV31swrqCnbygQ5tFd1wAXzY3hSbksN-
7WwRzWKckBAu86G3TCM3LWIMYBbsJ08jZGaQ2fqgH& th_ =%2C0%2CP-R
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! We finished our 2-day 8-hour introductory ISLE workshop. Thank you all our
participants who persevered during 4 hour zooms working actively on the activities and
participating in discussions. Thank you Carolyn Sealfon, Danielle Buggé, and Andrew
Yolleck for co-leading the workshop and Jade Lenshoek and Gregor Brumec who joined us
to answer participants' questions. | am posting the link to the slides and to the recordings of
the two days of the workshop and the reflection slide.

Link to the slides:
https://docs.google.com/presentation/d/1NmjhPT9zCF6GRe6iINMT2[1UPh7MeHMGODcI7D
1dQOKO/edit?usp=sharing

Day 1 recording

https://rutgers.zoom.us/rec/share/IRVPI3KxqUab5iAzZaiAcx6ZidFb TNRuKNh9tz1cUnEgHIA7
EBbS5bMsQJxm1-H9oF.dX3Vj2xXgi5JsISb Password: m47Pz#Zq

Day 2 recording
https://rutgers.zoom.us/rec/share/L7vewXkCJE6WHqPSvk1zTmtOLw-okbbG-
TpymYMyCb71_og-4coN5cG9-nwEXqoR.qK-HECa2DTttn261 Password: R#?ig*2n

What did you learn in the workshop?
Review the ALG and OALG activities before | begin each unit

* | will be planning the Physics classes below AP level based on ISLE

* The interrogation of technical text - a model for reading a textbook for students.

* How strong the ISLE community is...and how to access support.

* Facilitating conversation in groups: hedging, supporting quiet students and helping overbearing
students share the space

« To treat everything as an experiment: Observational, Testing, and Applicational. This has helped me
better organize what | wanted to do but didn't know how to do it well without spending years of
individual trial and error.

* Be excited about encouraging students, have a positive attitude focused on learning and the process.
| will focus on hedging myself and modeling constructive behaviors to students.

» To focus on being intentional for student well-being as well as the Physics content

* Thisis an approach that | was unaware could be used to teach at the HS or college level. (It is how |
try to teach science to my children.) | need to get access to the two books about the approach.

* Reading after the lesson helps students make better connections with the text and allows them to
read/interrogate it.

* The physics toolbox, reading after class and using rubrics

*  Where to start to begin my journey to change the world. Specifically = Planning with the IG, ALG
and textbook.

* Using the order of the activities in the textbook in order to scaffold the activities. This assists the
students building their knowledge instead of defaulting to equations
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Hi all, | continue with the development of physics habits of mind - or how to think like a
physicist. | went over the structural elements of physics. But how are those connected to
produce physics patters of reasoning? Read on!

How are the elements of physics connected to the physicist habits of mind?

When a physicist encounters a new phenomenon or reads a research paper, they habitually
ask themselves the questions that | showed in my previous posts for each of the elements.
Perhaps they do not ask all of the questions at once, but all of them eventually. It would be
great if we, as physics teachers not only ask themselves these questions habitually, but
engage the students in answering these questions when they encounter new ideas in the
course. This practice might prevent students from seeing physics as collection of facts and
instead allow them to see the above elements as the building blocks of physics, similar to
the bricks, windows, banisters, toilets, sinks, etc. as building blocks of a house. One way to
do it is to make posters in the classrooms with the questions to be answered about each
element and when the students encounter a specific element, focus on the questions and
the similarity of all representatives of such element (this is what | did when | was teaching
high school). For example, when the students learn a new physical quantity, they should
habitually ask themselves its operational definition, units, the instrument to measure it and
so forth.

We can think of the elements discussed above as the building blocks of physics. How do
physicists put them together or use them to develop the huge body of knowledge that our
students need to learn? In their paper introducing the habits framework, Etkina, Gregorcic
and Vokos (Etkina et al. 2017) give the following examples of reasoning used by physicists:
“‘inductive (experiment-based) and ‘spherical cow’ reasoning, analogical reasoning,
establishing causality, questioning claims, quickly assessing coherence of suggested ideas
with the rest of the physics body of knowledge, and being able to spontaneously think of an
experiment to test an idea when it is proposed (hypothetico-deductive reasoning) (page
010107-7).” | will elaborate on some of these examples

Inductive reasoning

In physics, inductive reasoning means finding patterns in the experimental data, constructing
models and/or explanations of collected data, and making generalizations and extrapolations
based on data (Copi et al. 2006). This type of reasoning is crucial for the implementation of
the ISLE approach as observational experiments, their analysis, and inference of patterns is
the first step in the student construction of any concept.

An example of inductive reasoning could be moving a magnet with respect to a coil
connected to a galvanometer and deducing the pattern inductively.

Activity for the students:

Observational experiment Your group has the following equipment: a whiteboard, markers, a
coil with several turns, a bar magnet, and an analogue galvanometer (see ALG or OALG
Chapter 21).

a. Examine the equipment that you have on your desk. The galvanometer registers current
through the coil. It needs to be connected directly to the coil (note, there is no battery). Now
that you have connected the galvanometer to the coil, work with your group members to find
out what you can do to make the galvanometer register a current through the coil. Once you
figure out one way, look for other ways so that at the end you can formulate a pattern for the
cases in which the current is induced. Describe your experiments and findings with words
and sketches.

b. Develop a rule: Devise a preliminary rule that summarizes the condition(s) needed to
induce a current in a coil.



The students conduct a series of experiments and find that for certain motions the current is
induced through the coil, but for other motions and when the magnet is at rest with respect to
the coil, there is no current through the coil.

This finding is a pattern, but it can be generalized to form a hypothesis. The generalization
(hypothesis) would be that one needs to have relative motion between a coil and a magnet
to induce a current in the coil. We can think of this hypothesis as a causal explanation. It
connects the cause (motion of a magnet) to the effect (the appearance of the induced
current).

This was a qualitative example. To see how we can help students develop quantitative
inductive reasoning, | use an example from electrostatics. Imagine that your students are
investigating interactions of electrically charged objects. You do not have equipment for
them to collect quantitative data, so you offer them the following activity, which helps them to
construct Coulomb’s law.

Activity for the students:

The figure at right shows a schematic of the experimental setup that Charles Coulomb used
to determine the force that one charged ball exerts on another charged ball. He wished to
find how the force that two electrically charged objects exert on each other depends on the
magnitudes of the charges and on their separation. Coulomb did not have tools to measure
the absolute magnitude of the electric charge on the metal balls. He used an ingenious
method that helped him estimate the relative charges. He divided charges on the balls in half
by touching a charged metal ball to an identical uncharged ball. The table that is attached
provides data that resembles what Coulomb might have collected. Represent the data
graphically by collaborating with your group members on a whiteboard. Discuss with your
group: which are the independent variables and what is the dependent variable in Coulomb’s
experiment? Then, analyze the changes in the dependent variable as you change only one
independent variable at a time. Use this analysis technique (controlling variables) to find
patterns in the data and devise a mathematical relationship based on these observations.
Put your final mathematical representation on a whiteboard and share it with another group.
As you can see from the above examples, inductive reasoning is used for the analysis of the
observational experiments. The elements of physics used in inductive reasoning are the
phenomena (observational experiments), physical quantities, and
models/explanations/hypotheses. Sometimes two other elements are used too - measuring
instruments and physics devices, but those are not always necessary.

We have developed specific language for the prompts that would elicit students’ qualitative
and quantitative descriptions of phenomena. Although we listed some of them when
discussing phenomena/observational experiments, some prompts are new:

- Describe what you observe using simple language that a 5-year-old will understand.

- Describe what you observed without trying to explain.

- Describe the experimental set-up with words and with a sketch.

- Decide what is/are the independent variable(s) and what is the dependent variable.
Represent the data graphically.

- Find a pattern in the graph.

- Represent the pattern mathematically.

- Devise an explanation for the pattern (or devise a hypothesis explaining the pattern).

When students collect data, there is an issue of experimental uncertainty. | will come back to
this issue in later posts.
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Hi all Exploring and Applying Physics people! | continue with the types of reasoning that
physicists use to connect logically the elements of physics that | discussed before. Two days
ago | posted about inductive reasoning, today is the THE SPHERICAL COW REASONING.
Read on!

Spherical cow reasoning

Wikipedia defines spherical cow reasoning as “a humorous metaphor for highly simplified
scientific models of complex phenomena. Originating in theoretical physics, the metaphor
refers to physicists' tendency to reduce a problem to the simplest form imaginable in order to
make calculations more feasible, even if the simplification hinders the model's application to
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reality.”
(https://en.wikipedia.org/wiki/Spherical_cow#:~:text=0riginating%20in%20theoretical%20phy
sics%2C%20the,the%20model's%20application%20t0%20reality )

Although Wikipedia considers the spherical cow metaphor humorous, it lies at the heart of
physics — simplifying an incredibly complicated world to be able to explain and predict it.
While the language of spherical cows is not used in education, we engage our students in
“spherical cow” reasoning every time we ask them to ignore friction, air resistance, the
curvature of Earth’s surface, the dependence of g on the distance from the center of Earth
and so forth. We teach them that Newton’s laws are only applicable in inertial reference
frames while being on a rotating and revolving Earth means that we, as observers, are
clearly in a non-inertial reference frame. We do it as the effects of the above factors are
small compared to the main factors affecting the phenomena and, if ignored, we still arrive at
predictions supported by the experiments. The problem is that our students (and even
teachers) will very often not be aware that a particular approach ignores some factor. A great
example is the formulation of Newton’s first law in most American introductory textbooks.
Here are two examples:

- If the net force on an object is zero, the object does not accelerate and the velocity of the
object remains constant. If the object is at rest, it remains at rest; if it is in motion, it
continues in motion in a straight line at constant speed. (Stewart et al., 2019).

- Every object continues in its state of rest, or of uniform motion in a straight line, unless it is
compelled to change that state by forces impressed upon it (Hewitt, 2014)

This wording leads the students to believe that both statements are always true. But if an
observer is accelerating themselves, then this law does not work.

We teach our students Newton’s laws while 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 are 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,
Newton's second law does 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 is
not accelerating themselves. We can see Newton's first law as the statement of the
existence of the inertial reference frame observers. Sounds wild, right?

The above example of Newton’s first law shows the importance of discussing with students
what simplifications they are making when developing explanations/models or solving
problems. Helping physics teachers develop the awareness of the ever-present spherical
cow reasoning is infinitely more important.
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Hi all Exploring and Applying Physics people! | continue with the types of reasoning
processes that physicists use. We discussed inductive reasoning and spherical cow
reasoning. Today is another super important type.

Analogical reasoning

Analogical reasoning is often used when we wish to explain a new phenomenon using
something that we know by using the word “like”. An analogy is a cognitive device and
should not be confused with a metaphor, which is a figure of speech. When the word “like” is
dropped, an analogy becomes a metaphor. For example, we can say that time is precious
like money is. In this case, money is an analogy for time. But when we say: “Don’t waste my
time”, we do not refer to money as an analogy, but we speak about time as we would speak
about money.

When we make analogies, we are trying to understand or explain some new phenomenon
using our knowledge of a familiar phenomenon. The new phenomenon is called a “target”
and the known phenomenon is called a “base”. In a way, making an analogy is mapping the
objects and their relationships in a target to the known objects and their relationships
between objects in the base (Glynn et al. 2012).

For example, a common analogy is to say that electric charge flows in a circuit (target) like
water flows through a closed pipe system (base) (Gentner and Gentner 2014) with the
battery (object) being analogous to the pump (object). While a battery does not look like a
pump, its relationship to other parts of the electric circuit is like the relationship of a pump to
the parts of a closed water system. There are two important habits of mind when using
analogical reasoning:

1. We should not forget that every analogy has limitations or situations when the analogy is
no longer valid. For example, a battery provides a constant voltage for a wide range of
resistances including the case when the resistance is infinite (an open switch). The pressure
difference provided by the pump on the other hand strongly depends on the resistance of the
system to flow and it increases significantly when the flow is stopped (a closed valve). The
electrical resistance of the wires is inversely proportional to the cross-sectional area of the
wire while the resistance of the tube to liquid flow is inversely proportional to the square of
the cross-sectional area of the tube (Poiseuille law).

2. Research shows that it is much more effective when the students come up with analogies
to help them understand something instead of the instructor providing them with analogies.
This is because sometimes what is a base for the teacher is not familiar to the students
(Gentner and Gentner 2014).

Research also shows that in physics, analogies with time become metaphors (Brookes and
Etkina 2007). For example, when physicists were first figuring out what electric current was,
they had a model of a weightless fluid of positive electric charge moving through the circuit.
Then, as water is also a fluid, it became an analogy for the movement of the electric charge.
But now we simply say: “Current flows”, which is a metaphor based on the original analogy.
Analogical reasoning plays an important role in the ISLE process. When the students are
developing a mechanistic explanation of a phenomenon, they almost always use analogical
reasoning. Such reasoning allows them to relate the new explanation or mechanism to
something that they already know.

For example, in the case of explaining how a disturbance can propagate along a string, my
students came up with an analogy of multiple springs strung together. When one spring is
pulled, it pulls on the next one, and so forth. This is how the disturbance spreads along the
string without carrying any material.



If you finished reading the post, you know what to do next! Thank you!
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! | continue with the types of reasoning that physicists use and that we need to
engage in our students. All of the types that | posted before (inductive, spherical cow and
analogical) are present in the process through which students learn physics in ISLE. Now,
the most important type! Long post, though...

Hypothetico-deductive reasoning

According to Encyclopedia Britannica (https://www.britannica.com/.../hypothetico-deductive-
method ), “hypothetico-deductive method, also called H-D method or H-D, procedure for the
construction of a scientific theory that will account for results obtained through direct
observation and experimentation and that will, through inference, predict further effects that
can then be verified or disproved by empirical evidence derived from other experiments.”
Galileo used the H-D method when he made predictions of the outcome of his inclined plane
experiment and then made a judgement about the motion of falling objects based on the
outcomes of the experiment. Arthur Eddington used H-D reasoning when he predicted the
deflection of the position of stars using Albert Einstein’s newly proposed general relativity. H-
D method used in science is crucial as is separates science from religion. When a scientist
proposes a hypothesis, even if it explains all known phenomena, the hypothesis needs to be
potentially falsifiable through some experiment. If there is no experiment that can potentially
reject the hypothesis, the hypothesis is not scientific.

H-D method is used in the ISLE process when we make predictions of the outcomes of the
testing experiment using a hypothesis under test and then make a judgement about the
hypothesis based on the outcomes of the experiment. This is how the logical progression
works: If such and such [hypothesis] is true and | do such and such [testing experiment],
then such and such should happen [prediction] because[explicit connection between the
hypothesis and the prediction]. But, such and such [prediction] did not happen [outcome of
the testing experiment], therefore such and such [hypothesis] is not true [judgement]. Or:
And such and such [prediction] happened [outcome of the testing experiment], therefore
such and such [hypothesis] has not been rejected yet.

The following prompts help students develop H-D reasoning:

- What is the phenomenon(a) that your hypothesis explains?

- What is the hypothesis? Can you come up with a different one?

- Can you design an experiment whose outcome you can predict using this hypothesis?

- What should be the outcome of the experiment if your hypothesis is true? How do you
know? Explain.

- After you conduct the experiment, how would you know if the outcome matched or did not
match the prediction, especially when the experiment is quantitative?
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- What are experimental uncertainties in your testing experiment? How do they affect your
prediction?

- What are additional assumptions (additional to the hypothesis under test) that you made in
your prediction? Will the assumptions, if not validated, lead to the outcome being larger or
smaller than predicted?

- How can you validate your assumptions?

- After you conducted the experiment, what is your judgement about the hypothesis?

In the textbook College Physics: Explore and Apply there are multiple examples of
hypothetico-deductive reasoning. In our recent workshop we used an example in Chapter 22
when we showed how the students test a hypothesis that each point of an extended source
emits one ray of light. In this example, the reasoning was as follows (see the slides for the
workshop that | posted on July 19):

If such and such [our hypothesis that each point of an extended light source sends one light
ray] is true and | do such and such [cover the light bulb with aluminum foil with a tiny hole
poked in it], then such and such should happen [we should see a tiny light spot on the wall]
because [when that one light ray hits the wall, some of this light will reflect to our eyes]. But,
such and such [the tiny light spot] did not happen [in fact the whole wall was brightly lit],
therefore such and such [the hypothesis that each point of an extended source of light emits
only one ray] is [not true and rejected].

How can we help our students develop H-D reasoning? As is the case with every other
scientific ability, they need to first learn the steps of the logical chain when testing simple
hypotheses. After they design a first testing experiment and make a prediction about its
outcome, they need to reflect on the steps and record those steps as shown in the example
above. Then, when they test every new idea that they devise, they need to carefully word the
prediction using the language shown above. Over the years, we observed several difficulties
with this process with teachers:

- Teachers confuse explanations/hypotheses with predictions.

- They wish to run testing experiments to “see what happens” without making predictions.

- They do not use hypotheses to make predictions.

- They do not follow the H-D progression in their reasoning by putting the description of the
experiment after if: “ifl do such and such, then such and such will happen”. This logical chain
does not follow the logical flow of hypothetico-deductive reasoning as there is no hypothesis
and no deduction based on the hypothesis.

In Chapter 1 of the College Physics: Explore and Apply textbook and of the ALG/OALG, we
have three activities that will help teachers and students practice such reasoning (see their
brief description in the section below). In addition, we suggest reading activities that help
students develop H-D reasoning skills. Such activities consist of the students reading a
scientific text that describes a process of the development of a specific idea in physics and
annotating it to note the elements of physics.

Below is an example of such an activity (the solutions are italicized):

SPIDERS CAN FLY (adapted from (Yong 2018))

Match the sentences with the elements of scientific reasoning (see table below) by writing
the number that you find at the beginning of the sentence into the corresponding row in the
table.

Elements of scientific reasoning

Sentence numbers

Observations, collecting data, identifying patterns

1,4,10

Proposing a hypothesis, explanations, models

3,5, 11



Making assumptions

2

Designing/proposing testing experiments

6

Prediction for the outcome of the testing experiment

7

Outcome of the testing experiment

8

Making judgments

9

(1) On October 31, 1832, Charles Darwin walked onto the deck of his ship and realized that
thousands of tiny red spiders had boarded the ship. (2) The ship was 60 miles offshore, so
the creatures must have floated over from the Argentinian mainland. Spiders have no wings,
so how can they be taken into the air? (3) For a while, it was commonly believed that the
spider silk catches on the wind, dragging the spider with it. (4) But then scientists noticed
that spiders only “fly” during light winds. (5) An alternative idea was first proposed in the
early 1800s: spiders fly by electrostatic repulsion. Recently, Erica Morley and Daniel Robert
from University of Bristol tested the idea with actual spiders. (6) They decided to put the
spiders on vertical strips of cardboard in the center of a plastic box in which they could
generate electric fields similar in strengths to what the spiders experience outdoors. (7) If the
electrostatic repulsion idea was correct, they expected to see some spiders taking off when
switching the electric field on. ( When they conducted the experiment, many of the spiders
actually managed to take off, despite being in closed boxes with no airflow within them. (9)
Based on this result, scientists agreed that electrostatic repulsion plays an important role in
spider flying. (10) However, researchers from Technical University of Berlin recently showed
that spiders prepare for flight by raising their front legs into the wind. (11) Therefore, it seems
that the complete explanation for the phenomenon might include a combination of
electrostatic repulsion and the motion of air

@ | Published 2018
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Hi all, today is my last post about physics reasoning that we wish our students to develop.
Starting tomorrow | will go over examples of different types of reasoning in EVERY chapter
of the textbook and ALG/OALG - not all at once, of course, but chapter by chapter. Here is
goes - please "like" and comment!

Theory

You have probably been wondering why | never mentioned the word “theory” in our
discussions of the elements of physics or physics models of reasoning. | provide an
explanation below.

The word “theory” is probably the most misunderstood and misused word in physics and in
everyday language. When looking up the word “theory” in search engines, we find the
following definitions: “a supposition or a system of ideas intended to explain something,
especially one based on general principles independent of the thing to be explained”, “an
idea used to account for a situation or justify a course of action” and the synonyms that are
listed are hypothesis, conjecture, speculation, etc. From these definitions and synonyms, it
looks like we are speculating when we say “theory” and that there is no “proof”. However, if
we look up the word “scientific theory”, the definition comes back completely different. From
Wikipedia: “A scientific theory is an explanation of an aspect of the natural world and
universe that has been repeatedly tested and corroborated in accordance with the scientific
method, using accepted protocols of observation (read observational experiments),
measurement, and evaluation of results. Where possible, theories are tested under
controlled conditions in an experiment (read testing experiments). In circumstances not
amenable to experimental testing, theories are evaluated through principles of abductive
reasoning (astronomy for example) that seeks the simplest and most likely conclusion from a
set of observations. Established scientific theories have withstood rigorous scrutiny and
embody scientific knowledge.” This is quite different from a speculation, right?

If we think of physics, then we have for example:

- Newtonian Theory, which explains the wide range of mechanical phenomena involving
macroscopic objects at speeds much smaller that the speed of light; has its own set of
physical quantities, conceptual and mathematical models which were tested in numerous
experiments, measuring instruments and physics devices, and has its own limitations;

- Kinetic Molecular Theory, which explains a wide range of mechanical and thermal
phenomena involving microscopic objects, has its own set of physical quantities, conceptual
and mathematical models which were tested in numerous experiments, measuring
instruments and physics devices and has its own limitations;

- Special Relativity Theory, which explains a wide range of mechanical phenomena involving
macroscopic and microscopic objects moving at the speeds close to the speed of light, has
its own set of physical quantities, conceptual and mathematical models which were tested in
numerous experiments, measuring instruments and physics devices and has its own
limitations.

From the examples below, we see that the word theory in physics is much more specific
than even the definition of a scientific theory in Wikipedia. To be called a “theory” in physics,
a set of knowledge has to account for a wide variety of observational data, has its own set of
physical quantities, mechanistic and causal explanations, and mathematical models relating
those quantities, has been tested in numerous testing experiments, and applied for practice.
All kinds of reasoning—inductive, hypothetico-deductive, analogical, and abductive—are



used to create the conceptual and mathematical structure of the “theory”. The development
and testing of these models is impossible without special measuring instruments and physics
devices. Therefore, all of the elements of physics knowledge discussed above and all types
of reasoning come together to form a “theory” in physics. Finally, each theory has its own
very carefully defined set of limitations — statements when it can be applied to produce
predictions that match the outcomes of the testing experiments. Thus, the word “theory” in
physics and in science in general is as far from a “hypothesis” or a “speculation” as a
finished house is far from individual bricks, doors, window frames, etc. Only a proper
understanding of the word “theory” would allow teachers and students to argue against those
who think that science education should only involve “facts”.

Note: if you google scientific theory and look for images, you will see how many wrong
interpretations of this word exist on the internet. Be aware!

Now, that you finished reading, you know what to do next! Thank you!

What is a scientific theory?

A sctentific theary is a well-substantisted explanation of some
aspect of the natural world that is acquired through the scientific
method and repeatedly tested and confirmed,

Scientific theories are the most retiable, rigorous, and comprehen-
sive form of scientific knowledge.

rligs en wikipedia, ongfmiki Scientihic theory
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Eugenia Etkina
Admin

Level 3 contributor

Hi all Exploring and Applying Physics people! | have been posting for a while about the
structural elements of physics and the way physicists put them together to create new
knowledge. We teach out students to do the same. Not only we do it on the first day, but we
continue through the year. | promised yesterday to show how different types of reasoning
are developed through the course of the year. The first one is hypothetico-deductive
reasoning and it starts on day one. See activities in the OALG Chapter 1 and the guidance
for the teacher in the Instructor Guide. Here is the text in the textbook that introduces
students to this type of reasoning AFTER they did the activities together in class. Chapter 1.
Do not miss!
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Eugenia Etkina
Admin

Level 3 contributor

Hi all Exploring and Applying Physics people! Now that we finished a series of posts about
the types of reasoning that we wish our students to develop, | will start slowly posting about
teaching kinematics - the first unit. Please scroll down to see my posts abut starting the
school year - the first 3 days of school. After that, comes kinematics. (Actually, you can also
start with geometrical optics - Chapter 22, as those two topics do not build on any prior
physics). Please check posts daily to see the progression.

Here is my recommendation for preparing for kinematics:
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First study the goals that we put for the unit in the Instructor Guide to see whether you agree
with them. Then, read the textbook chapter and go over example problems. Then check out
chapter activities in the ALG/OALG and finally work though the end of chapter problems.
Both the IG and OALG provide suggestions on what to assign for homework and tests. We
recommend daily formative assessments in the form of one question quizzes to make sure
that every students is on board. So, | start with the goals for the kinematics unit as they are
listed in the Instructor Guide (the Guide is posted here in the FILES). note, that those are
kinematics specific goals, the general science process goals (scientific abilities-based goals)
are outlined in the Introduction to the Instructor Guide.

After studying kinematics

Students should be able to:

1. “Read and write” with motion diagrams (students can interpret a given diagram and draw
a diagram for a given scenario).

2. “Read and write” with motion graphs; reading in this context means being able to interpret
a graph, to write a mathematical function for the motion on the graph, to find the slope of the
graph and the area between the graph and the time axis; writing in this context means being
given a function for any kinematics quantity and using it to draw all three graphs (position-
versus-time, velocity—versus-time, and acceleration-versus-time).

3. “Read and write” with vectors.

4. Find consistency or inconsistency between different representations of motion.

5. Operate with average quantities and differentiate between the quantity and its change;
velocity and velocity change for example).

6. Compare and contrast displacement, velocity, and acceleration, and solve problems
involving these quantities.

7. Compare and contrast position, displacement, distance, and path length, and solve
problems involving these quantities.

8. Explain where the equations for position as a function of time for motion at constant
velocity and at constant acceleration come from.

9. Explain the meaning of the term “reference frame” and analyze the same motion using
different reference frames.

How do your goals compare to ours? How do you think one can assess student achievement
of these goals?

If you finished reading, you know what to do next Thank you!

The photo is of the students of Danielle Buggé working on a kinematics activity.
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! recently my posts are having fewer views but a lot more people "like" and
comment. | am not sure why it is happening, that is why | am tagging everyone to see if it
makes a difference in how many people view the post.

Yesterday | started posting about kinematics - Chapter 2 in College Physics: Explore and
Apply. | shared the goals as they are listed in the Instructor Guide. Today, | am focusing on
the first fundamental idea in studying motion - the fact that motion is relative. Relative to
what? To the observer! Everything in motion depends on the observer. The phenomenon
itself looks different for different observers, the quantities describing motion also depend on
the observer. But most importantly, as we learn in chapter 3, THE MIST IMPORTANT LAWS
OF PHYSICS DEPEND ON THE OBSERVER! | am talking about Newton's laws, which are
only valid for very specific observers. So, in order to understand Newton's laws, one needs
to learn the importance of specifying the observer when studying ANY motion. Here is an
activity in OALG Chapter 2 that helps students do it and a parallel set of activities in the
ALG.

OALG activity

OALG 2.1.1 Describe

Watch the video of cars moving on a street https://mediaplayer.pearsoncmg.com/.../_fr.../sci-
OALG-2-1-1.
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Use the arrow keys on your keyboard to play the video frame by frame. Notice the yellow
and red cars and a pedestrian in the pink dress on the street (see photo below).

a.Describe how a passenger in the yellow car sees the motion of the driver of the yellow car,
the driver of the red car, the pedestrian on the sidewalk.

b.How does the pedestrian describe the motion of the driver of the yellow car?

c.Why would the passenger in the yellow car and the pedestrian disagree about the motion
of the driver of the yellow car?

d. Based on your answers in parts a. through c., explain what it means when someone says
an object is “moving” and what it means when we say “motion is relative”.

e. To help with the answer to part d. Read and interrogate Section 2.1 Chapter 2 text on
page 14 (up to Modeling motion) in the textbook .

ALG Activities

2.1.1 Describe

Class:Equipment per group: none.

Each member of your group plays a role in the story described below. Assign roles and
discuss the answers to the questions. Then get up and enact the story for the rest of the
class.

Story: A person sits in the passenger seat of a car that is traveling along a street. Describe
the person’s motion as seen by each of the following observers:

a. another person sitting in the backseat of the car;

b. a pedestrian standing on the sidewalk as the car passes; and

c. the driver of a second car moving in the same direction and passing the first car.

2.1.2 Describe

Class:Equipment per group: none.

Each member of your group plays a role in the story. Assign roles and discuss the answers
to the questions. Then get up and enact the story for the rest of the class.

Story: A person stands near a bus stop. Describe the standing person’s motion as seen by
the following observers:

a. a person sitting in an approaching bus;

b. a person riding in a car moving away from the bus stop; and

c. another person standing at the bus stop.

2.1.3 Explain

Class:Equipment per group: none.

Discuss with your group members your analyses for Activities 2.1.1 and 2.1.2 and answer
the questions that follow. Did you agree on your answers? If not, what were the contentious
points?

a. Do any observers say that the person sitting in the passenger seat of the car in Activity
2.1.1 was moving? Explain.

b. Do any observers say that the person sitting in the passenger seat of the car in Activity
2.1.1 was not moving? Explain.

c. Do any observers say that the person standing near a bus stop in Activity 2.1.2 was
moving?

d. Do any observers say that the person standing near a bus stop in Activity 2.1.2 was not
moving?

e. Based on your answers in parts a. through d., explain what it means when someone says
an object is “moving.” List all explanations on the board and discuss which is the most
comprehensive.
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Hi all Exploring and Applying Physics people! | continue with kinematics. Warning- there will
be no post tomorrow as | will be traveling all day.

Now, kinematics... You probably noticed that in all chapters of our textbook as well as in the
ALG/OALG the first several sections have no algebra. They are purely conceptual and only
use simple experiments and graphical representations. It is a deliberate effort to help our
students to have images of physical phenomena that math describes later and to build
confidence tat they can succeed in physics. When we hit our students with algebra before
they construct concepts, those who did not develop algebraic reasoning robustly "fall off"
and start thinking that they cannot learn physics. Therefore, after constructing the idea of a
refenrece frame and the importance of defining the observer when describing motion, we
help our students construct the first physics representation - a motion diagram - that is
essential not only for kinematic, but most importantly, for applying Newton's second law to
analyze force-related situations. See activities in the ALG/OALG (I am pasting only ALG
activities here, as the OALG Chapter 2 is posted here in the FILES) that help students
construct the first graphical representation in their learnign of physics - the motion diagram.
Note that the most crucial part of the diagram is the velocity change vector.

2.2.1 Observe

PIVOTAL Lab or class: Equipment per group: metronome (download a metronome app.) or
any device to keep track of time in seconds, low-speed battery-operated car, sugar packets
(or any other marking device), meter stick (or any other length-measuring device),
whiteboard and markers.

This activity requires collaboration and coordination of all group members. Set a metronome
to about one beat per second. Person 1 turns on a battery-operated toy car and releases it
to roll across the floor. Person 2 places sugar packets on the floor at the points where the
car is located at every blip of the metronome (instead of sugar packets you can use anything
else that will allow you to mark the floor where the car was every second, be creative!). Do
not try to put the sugar packets where the car was just released. After about 5 to 7 blips,
stop the car and draw a sketch showing the locations of the sugar packets as dots. Discuss
with the group members how you can use the dots to describe the motion of the car. After
you come to a consensus, draw your representations on the board and share it with the
class. [If you do not have a toy car, you can use a hard ball such as a billiard ball or bowling
ball that you roll on a smooth floor.]

2.2.3 Observe

PIVOTAL Lab or class: Equipment per group: metronome or any device to keep track of time
in seconds, any light/soft rubber ball or under-inflated basket ball, sugar packets (or any
other marking device), meter stick (or any other length-measuring device), whiteboard and
markers.

This activity requires collaboration and coordination of all group members. One group
member sets a metronome to 1-second intervals. Another person places a flexible ball such
as a hollow rubber ball at rest on the floor (The ball should be flexible enough to change
shape a little when on a surface.) This person abruptly pushes on the ball once with a ruler
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so that the ball rolls away from the ruler, moving with considerable speed. The third group
member moves beside the ball and places sugar packets on the floor to indicate positions of
the ball every second after the ruler no longer touches the ball. Discuss together: describe
the motion of the ball in simple words, draw a sketch representing the sugar packets with
dots, and describe the relative distance between the packets. How does the distance
between the packets correspond to the observed motion of the ball?

2.2.4 Explain

Class: Equipment per group: none.

Examine Figure 2.2 in the textbook. Explain the changes in the light traces of the LED in
each experiment. In particular:

a.What can the length of the light trace tell you about the motion of the cart?

b.If each subsequent light trace gets shorter, what does that tell you about the motion of the
cart?

c.If each subsequent light trace gets longer, what does that tell you about the motion of the
cart?

Constructing a motion diagram

1. Draw dots to represent the 2. Point velocity arrows in the direction of
position of the object with respect to motion and draw their relative lengths to
the observer at equal time intervals. indicate approximately how fast the object
I is moving.
AV
Vo V NV

L ] s |

3. Draw a velocity change arrow to indicate how the
| velocity arrows are changing between adjacent positions.
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Hi all, | am back to posting and will continue with kinematics. So far we discussed to
important ideas: the relativity of motion and the motion diagram. Once the students have
constructed those, they are ready for mathematical description of motion. Here | will skip the
section on vectors (2.3) and physical quantities (2.4) in the textbook, please read those
before you continue this post. We start with the motion of constant speed but the approach
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to the invention of the concept of velocity is very similar to the process through which the
students invent the concept of acceleration.

We start with collecting position-vs-time data for objects moving at constant speed, then
graphing it and then analyzing the slopes of the graphs. The students can collect these data
using cars that move at constant speed. It is good to have cars of two different speeds so
that they can see how the slopes of the graphs correspond ot real objects. Once the
students analyze the slopes, we can give the slope the name - velocity. This way velocity is
not displacement over time but the slope of velocity vs time graph. The slope can be positive
or negative - which corresponds to the direction of motion relative to the chosen positive
direction. Here the students see a different meaning of the negative sign compared to
mathematics- direction.

Here are ALG activities but please read the textbook to know how to approach them. (The
students need to read the textbook AFTER they do the activities, but the teachers should
read BEFORE).

2.6.1 Represent mathematically

PIVOTAL Class: Equipment per group: whiteboard and markers.

Work together with your group members to answer the following questions:

a. Examine the graphs you drew in Activity 2.5.1c. (I pasted the screenshot of 2.5.1 below)
Write two function expressions x (t) for the graphs. Consider your labeling system: how can
you distinguish the function for your bike from the function for your friend’s bike?

b. What are the physical meanings of the slope of each function and the intercepts? What
common name can you use for the slope? Explain the meanings of positive or negative
values for these quantities.

c. Compare and contrast how we write linear functions in mathematics to how you just wrote
the position-versus-time functions for motion. What is the same between them? What is
different?

2.6.2 Test your idea

PIVOTAL Lab: Equipment per group: whiteboard and markers, metronome or any device to
keep track of seconds, 2 battery-operated toy cars that move with different speeds, sugar
packets (or any other marking device), meter stick or ideally a longer tape measure.

Work with your group members on the following assignments. Make sure that your group
keeps detailed records of the experiments so that another group from your class can repeat
the experiments and get the same results.

a. For car A, design an experiment to decide if the car moves with constant velocity. If it
does, determine the magnitude of the velocity (the car’'s speed).

b. For car B, use the same equipment and method to decide if this car moves with constant
velocity. If it does, determine the magnitude of the velocity (the car’s speed).

c. Predict where the cars will meet if you simultaneously release them from 2.0 m apart
moving straight toward each other. List all assumptions that you made about how the cars
move. If the assumptions were not valid, how would your prediction change?

d. Decide how you will record the data. How will you represent the data? In your
representation, mark the predicted value for the meeting location. Perform the experiment
and collect data.

e. Did the outcome match your prediction? How many times do you need to conduct the
experiment to be able to say for sure whether the outcome of the experiment matches the
prediction or not? Write the result of the experiment (meeting location) accounting for the
discrepancies in the meeting location in different repetitions of the experiment.

If you finished reading the post, you know what to do next. Thank you!



2.5.1 Observe and describe
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different clock readings,

a. Work with your group members to write everything vou can about the bike rides and indicate
any pattern in the data. What was happening at the clock reading of zero?

b. Draw motion diagrams for both bikes.

¢. Construet position-versus-clock-reading graphs for both bike trips using the same coordinate
axes in which x is a dependent variable and 1 is an independent variable. Compare and contrast
the graphs — how do the graph lines represent the differences in the bikes” motions? Check with
other groups — are their graphs the same or different from the graph of your group?

d. Diseuss with your group members how the motion diagrams in part b, comespond to the
graphs. How do you need to position the motion diagrams with respect to the graph axes so that it

helps you visualize the motions?
na
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I will hold off posting new stuff today to let everyone catch up with how the students invent
the physical quantity of velocity. But, | wanted to add an important note here.

When we define velocity as the slope of x-vs-t graph, we are dividing something in meters by
something in seconds, a new quantity arises, that is neither meters nor seconds. It is a
different concept of division compared to mathematics where division is a continuous
subtraction fo the same quantity. This is a huge difference between math and physics.
UNITS make this difference. Have a discussion with them about it.

https://www.facebook.com/groups/320431092109343/posts/1674978859987886/? cft  [0]
=AZUW7dDIG6w723FujCunRTyeacKUQdUIzb3IAS4-
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Hi @everyone! | continue with kinematics. Imagine that your students invented the concept
of velocity as | described in the post two days ago and are confident applying this concept to
the actual motion. They also learned how to find the position of an object moving at constant
velocity at any clock reading (see ALG activities for that and the textbook). Today | am
sharing one of my most favorite activities in the ALG for the students to apply their
knowledge to a real world problem. It is one of my favorites because it make them search for
additional information, connect ideas from different sciences, and just become more
educated citizens. Do not skip!

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 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 - taken by Gorazd
Planinsic when we were observing the eclipse).

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.
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Hi all Exploring and Applying Physics people! Our numbers are growing - we have over 2700
people in the group. While this is amazing and makes me feel great, | worry sometimes if the
new members have the time and information to know who we are and what resources we
have. The question posted by Bill Goodwin yesterday made me think about it. So, today |
summarize (very briefly) what we are and what we have. New members, please ask
questions!!

The philosophy behind everything that we do is ISLE - the Investigative Science Learning
Environment approach to learning and teaching physics. It is an intentional approach to
curriculum design that has two major goals: the students learn physics by engaging in the
same processes that physicists use to construct new ideas and apply then AND students'
well being is improved in the process (they develop confidence, growth mind set and feel
that they belong in physics). These goals are achieved EVERY DAY though the use of
specific tools that we have developed. The main goal behind those two goals is to raise
people who CAN THINK CRITICALLY, which means to distinguish between evidence and
inference, understand the nature of assumptions and uncertainties, use hypothetico-
deductive reasoning to test their claims, and so forth. The kind of reasoning that our society
needs to survive. To summarize: our goal is not to teach PHYSICS but to teach PEOPLE.
To help students learn this way and teachers implement this approach we have created
TONS of resources. Most of them are completely free except the textbook (which is free to
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teachers but not for the students). The resources are at the website
https://www.islephysics.net/

The textbook information is at https://www.islephysics.net/?page_id=159 in addition to the
textbook, Mastering Physics platoform gives you access to the free Active Learning Guide,
(ALG) Online Active Learning Guide (OALG), the Instructor Guide and lots of other stuff.
Both OALG files and the Instructor Guide are posted here in the FILES. Check them out!
MORE free resources are at https://www.islephysics.net/?page_id=51

To get access to some of the free resources you need to have Mastering Physics account
(Pearson). If you are a US instructor, just contact your Pearson rep. If you are not in US,
please send me an email at eugenia.etkina@gse.rutgers.edu.

This group represents an example of a communal continuous professional development for
those who wish to implement ISLE.

While we share individual activities, those are not the goal of ISLE - the logical progression
and the specific implementation are. To learn those you need to attend our workshops and
to read two books written about ISLE. If you do not have them in your school library, please
email me and | will send you the pdfs. My email is in this post. We have daily posts about
specific aspects of ISLE implementation and monthly online workshops (free), 2 hours on
Saturday, see your EVENTS for the next workshop (on Magnetic fields).

Below are the books about ISLE.

| am also asking those who have been implementing ISLE for a while (or forever :)) to share
their thought about it for the new members. PLEASE!

Etkina, E., Brookes D.T., & Planinsic, G. (2019) Investigative Science Learning Environment:
When learning physics mirrors doing physics, Institute of Physics, Concise Publishing;
Morgan and Claypool Publishers, DOI 10.1088/2053-2571/ab3ebd.
https://iopscience.iop.org/book/mono/978-1-64327-780-6

Etkina, E. & Planinsic, G. (2024) Investigative Science Learning Environment: A guide for
teacher preparation and professional development, IOP Publishing Ltd 2024.
https://iopscience.iop.org/book/mono/978-0-7503-5568-1

Please ask questions! And thank you for reading.
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/? cft  [0]
=AZVuB-dVN6vcD5sQJ-

g2nkEeeGONoQ6r1cfVPspAD sM83rPUi8e6J98hVgCSR tgraJ856H34xRekCimpFk2VAYP
DW dGydC5a9MbkEmbxXdwVI9YBnLzg-

fmOwxu9F 3ul25LLndFULQEQPtqiDNSf86aE 16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxyk
XEKvdxKryb-KHe61BDOCigo& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi Exploring and Applying Physics people! | continue with the invention of kinematic
quantities. | posted about the general approach - students do an experiment, collect the
data, plot the data, then make sense out fo the data and give the new quantity the name. In
case of velocity it was very simple - position-vs-time data for a constant motion car gives you
the slope which we call velocity. For acceleration is is more complicated as the students
need to graph velocity-vs-time to get the slope which they will call acceleration. Here is an
ALG activity that takes students step by step through doing this. The most important is to
choose the clock reading for which to calculate the average velocity for a time interval. The


https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1676357086516730/?__cft__%5B0%5D=AZVuB-dVN6vcD5sQJ-q2nkEeeGONoQ6r1cfVPspAD_sM83rPUi8e6J98hVgCSR_tgraJ856H34xRekCimpFk2VAYPDW_dGydC5a9MbkEmbxXdwVI9YBnLzg-fm0wxu9F3uI25LLndFuLQEqPtqiDNSf86aE16Zt5s20b8aahHKg7RUcne5ARufbjKQPrLNxykxEKvdxKryb-KHe61BDOCigo&__tn__=%2CO%2CP-R

screen shot of the table that scaffolds students' work helps them do it. Also, clear
instructions are in the textbook: page 31 in the textbook (make sure you are using the right
edition, the cover is the cover of this group). Here is the activity:

2.7.1 Observe and analyze

PIVOTAL Lab or class: Equipment per group:whiteboard and markers, motion detector (if
available), a small object that can be dropped and will not bounce, meter stick or any other
length-measuring device, video camera.[https://mediaplayer.pearsoncmg.com/.../sci-phys-
egv2e-alg...]

a. Use the available equipment to design an experiment to record position-versus-time data
for a ball falling from the height of about 2 meters. It helps to position the motion detector
above the falling ball, not below.

b. Perform the experiment and collect data. If you are using a motion detector, the data will
be represented as a graph right away. If you are analyzing a video, you will need to figure
out how to collect position and time data from it. Repeat the experiment a few times. What
can you say about the motion of the ball based on the data you collected?

c. Draw a motion diagram for the ball.

d. Draw a position-versus-time graph for the ball. Discuss whether the graph resembles a
position-versus-time graph for an object moving at constant velocity.

e. Determine the scalar component of the average velocity for the ball for each time interval
by completing the following table.

f. Plot this average velocity v*x on a velocity-versus-time graph. The time coordinate for
each average velocity coordinate should be in the middle of the corresponding time interval
(the average time for that time interval). Draw a best-fit line for your graph.

g. Discuss with your group the shape of the graph: How does the speed change as time
elapses? Suggest a name for the slope of the graph.

Please try it with your students and share your experiences here! And please do not forget to
like the post or comment on it to make it more visible for other group members. Thank you.

https://www.facebook.com/groups/320431092109343/posts/1677181466434292/? cft [0]
=AZV90wQjaxgjlhuC6-

DZzhxLyzVcFi1sdgdnx6U36 gGAN1VoRtfTHZaa7VoxT3o00wsn6dw52lgaSebBHIHo57t0aT
GQb6k8MPvogyDC4z5sml1F4pFZmVCIiT5H77wqgyvXsM3lw2 qSeBFHpQ1jEejvYQOZI7Z7T
i8GYPwWESocDn0oLsseFN4HSCuopFkygrGX-

wudrprKb0D80aOfIVMNZy& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! | continue with kinematics. If you are new to the group, scroll down and see
the posts in chronological order.

The activities in this post show how to help students derive the expression for the position of
an object moving at constant acceleration. Derivations are now a big thing in AP, much
bigger than before. Note the "pivotal" notation in the activities, this means that people who
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have implemented ISLE consider them super important. The summary table is crucial for
reflecting on what students have learned.

Also, please note how activities are worded. Research shows that it is important to articulate
in the activity text that students need to work together and share.

2.8.1 Derive

PIVOTAL Class: Equipment per group: whiteboard and markers.

Discuss with your group members how you can construct a function x(t) for a cart that moves
at constant acceleration. Choose the simple case first: when the cart starts at the origin of
the coordinate system and has zero initial speed. There are many ways of doing this. Think
of average velocity or a velocity-versus-time graph. Once you agree on the method, follow
through and derive the expression. Evaluate the expression using limiting case analysis — for
example, does your equation work for constant-velocity motion? Share the expression with
the class — are you in agreement concerning the function x(t) ?

2.8.2 Design an experiment

Lab: Equipment per group: Low-friction track and a cart, motion detector or a stopwatch,
meter stick.

Design an experiment to investigate the motion of a cart moving up and down an inclined
plane. You push it forcefully at the bottom of the plane so that it moves up the slope, and
then it stops and moves back down. You can use a motion detector, a stopwatch, a meter
stick, and other equipment available in the lab.

a. Describe your experiment in words and draw the setup.

b. What data will you collect?

c. How will you organize and report your data so that others can understand it?

d. After you have made all the decisions, conduct the experiment and write down your
findings. What can you say about the motion of the cart?

2.8.3 Summarize

PIVOTAL Class: Equipment per group: whiteboard and markers.

This is a really helpful activity to do with your group: Use different representations of the two
types of motion we have studied to fill in the empty cells in the table. Some cells are
completed to give you an idea of the motions and the direction of the coordinate axis for
each case. Your responses should relate to the motion already described. Completing the
table will help you summarize everything you have learned about the description of motion.
Resolve any confusion you may have by talking with your group members.

If you read the post to the end, you know what to do next. Thank you!

https://www.facebook.com/groups/320431092109343/posts/1679316019554170/? cft [0]
=AZVdH7cfgYQIKPS2YfE2QOWJIbTOf3arX6ShQ110QdYBPG8YwH-
YTI9YMulhlg40w3UGDRFOZnOG9RBXcrGGNLhOESuUPzro16sNxHI4PH97059ivYa0jGSZ1
VPOFqyLIgpxmA1UJ 6aqdrRgmWG9dULXneeew7FgozW3bpjdceaRSCQOSCvag4UmdS2
2XB SbCvd8er |-Kp0O4oniaiXrhjy& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor
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Hi all Exploring and Applying Physics people! A few things today. First, our Magnetism
workshop
(https://www.facebook.com/events/1019334956441111/?acontext=%7B%22event_action_hi
story%22%3A[%7B%22mechanism%22%3A%22your_upcoming_events_unit%22%2C%22
surface%22%3A%22bookmark%22%7D]%2C%22ref_notif_type%22%3Anull%7D) is
approaching. To prepare for the workshop you need to study Chapter 18 in the textbook -
Electric field. Our approach to fields is different form traditional and as Magnetism chapter
comes after Electric field, we assume that the vernacular and the concepts are already
familiar to the students. If you do not have a copy of our textbook and you teach in the US,
please contact your Pearson rep ASAP (if you do not know how to find them, please send
me an email at eugenia.etkina@gse.rutgers.edu and | ill help). If you are not in US and do
not have access to the textbook and signed up for the workshop, please send me an email
and | will try to help.

Second, | have been posting a lot about teaching kinematics through the ISLE approach. All
of the activities that | shared require group work. We talked about group work a lot, but |
would like to repeat three things that you could do to make students' group work more
effective and also to teach your students the skill of team work that they will benefit from for
the rest of their lives. So, three things:

Hedging: model hedging yourself and encourage students to use it when they talk to their
peers in the groups. This is what hedging means:

Hedging in the context of communication refers to the use of language that softens or
lessens the impact of a statement. It involves using cautious or non-committal language to
avoid making definitive claims or to express uncertainty. Hedging is often employed to make
statements less direct, to be polite, or to avoid offending someone.

Common Examples of Hedging:

Using qualifiers: "l think," "I believe," "It seems that," "In my opinion."

Softening statements: "It's possible that," "Maybe," "Perhaps."

Indicating uncertainty: "I'm not sure, but," "As far as | know."

Example in a sentence:

Direct statement: "This project will fail."

Hedged statement: "I think this project might face some challenges."

In the hedged statement, the speaker is less direct, making the claim less absolute, which
can be useful in discussions where the speaker wants to remain diplomatic or leave room for
other opinions.

2. Equal participation. This means that students in a group are aware that everyone needs to
have a chance to speak and they encourage shy members to participate. Nobody dominates
the conversation.

3. Social awareness. This means that group members value everyone's contributions.
Everyone brings an important point of vide ot the discussion. Those who say: Wait a minute,
I do not understand... or Why are we doing it this way? are challenging the consensus and
thus improving the outcome. Different life experiences enrich everyone.

The same way we teach our students to evaluate uncertainties, develop hypotheses, etc.,
we need t teach them to work in a team productively. But for them to learn how to do it, we
need to model the skill. Think how you can model hedging, equal particpation and social
awareness as a teacher.
https://www.facebook.com/groups/320431092109343/posts/1681020789383693/? cft [0]
=AZVQ4HTeEFT5RDEhEVZz7Shc60iDQdXgfgs2M_LelpOPAJNEWWWLw(F-
aUSiwr14KyOdB LIJ-n-
HWIInFhZUm9xPXFKIHbCnT9erxUSP73KpuLgiZOCfRKfELrqOCOS-OW-H7tQ-titkKrU-
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9IDOIbPpii- zQ-igGdjr5Yz6143X s3cIMILRBLXXbbmyzL RAOXH1TQLN-
OD5fo0cqupx0S&  tn =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi all, two things today.
First, we had a huge group of teachers who joined our community today! Welcome! | tagged
the new members to make sure that they see the post. Many of the new people wrote that
they are seeking help with AP. This is not the group that was created to specifically support
AP teachers. BUT! Everything that we do here will help your students be successful with AP,
as the ISLE approach is the methodology that is consistent with the AP goals, although it
was created a long time before new AP came into the world. To learn about our approach,
please visit islephysics.net and read the material under every tab. Today | continue my posts
about kinematics (Chapter 2 in the textbook College Physics: Explore and Apply, see the
cover image of this group to learn what it is).
We talked a lot about the progression fo the development of kinematics concepts with the
students. Today | want ot focus your attention on the back of the chapter problems that are
non-traditional. It is those problems that are common on AP exams, but also these are the
problem that develop real student understanding of physics and its methods of cognition. We
list those problems in the Instructor Guide. Here is the list for Chapter 2. | strongly
recommend that you solve those before asigning them to your students. The solutions are all
on Mastering Physics if you need to check yourselves. Good luck!
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
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Hi @everyone! | finished posting about teaching kinemaitcs through the ISLE approach. As
kinematics is a descriptive part of studying motion, there are no causal or mechanistic
explanations for why the objects move the way they do. Such explanations (mostly causal)
come in dynamics. But before we move into dynamics, | would like to remind you the logical
progression of thought that is used for EVERY concept in the physics course if you are using
the ISLE approach.

We start by motivating students with the NEED TO KNOW. The NEED TO KNOW is a
fascinating experiment or a story that does not require ANY predictions or explanations. It is
a cliff hanger that you use to motivate your students to move forward and they only answer
or explain it at the very end of concept construction.

Students observe carefully selected experiments (all shown in the ALG or the textbook - for
your use only, students are supposed to perform them or watch them). The DO NOT make
any predictions before watching those. We do not do predict-observe-explain approach (it is
a huge difference between our approach and many other reformed approaches in physics).
The students observe those experiments (they are called observational experiments and not
demos, we do not have demos in our vernacular) and look for qualitative patterns.

They work in groups to come up with the explanations for those patterns and design
experiments (called testing experiments) to test them. This process involves hypothetico-
deductive reasoning as they need to make predictions of the outcomes of those experiments
using the explanations under test and NOT their intuition. They do the experiments and
compare the outcomes to the predictions sometimes ruling out some of their explanations.
The same process repeats quantitatively - collecting data, analyzing them coming up with
patterns/explanations and testing them experimentally.

Only AFTER the students go through these processes, they read the textbook. We teach
them how to do it using the Elaborative Interrogation technique.

We developed all experiments/activities are for this process for every concept. They are in
the ALG/OALG and the textbook. As a teacher, it is great to study all of those materials + the
Instructor Guide to plan your lessons.

All materials are on Mastering Physics website, OALG files are posted here in the FILES.
Please post your questions after you finish reading this post. | have been repeating this
process many time here but as we have had about 50 people joined recently and because it
never hurts to repeat, | am doing it again. The ISLE progression is crucial for its success. But
it is not the only thing that we do to help students feel and be successful. Other things will
follow tomorrow.
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Please consider migrating this group from Facebook to another platform.
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Hi all Exploring and Applying Physics people! | finished posting about teaching kinematics
through the ISLE approach and am starting linear dynamics (Chapter 3 in the textbook).
Before | talk about the progression of student learning in ISLE, | would like to say what is
different or better say, special, in our approach to Dynamics content-wise compared to
traditional approaches. | want to emphasize that all these things are based on research
findings in the field of Physics Education Research (or PER) published in numerous papers
and most importantly, on the work of the members of the Rutgers PER group done in the last
20 years (published in papers and PhD dissertations).

We start by defining a system. A system in physics is anything you want it to be, the rest is
the environment. The environment is as important as the system but needs to be
distinguished from it.

We define force as a physical quantity characterizing an interaction of an object in the
environment with an object in the system. While there can be interactions between objects
inside the system, we do not use forces to describe them. In a way our definition of force is
similar to the definition of EXTERNAL force by Newton.

Force is not an interaction. Force is just one of the physical quantities characterizing
interactions. Another one is potential energy, for example.

Force is not an entity and therefor we do not talk about it as such. What does this mean?
The is no "force of" in our language, but "force exerted on by Y on X". Here X is the system
and Y is an object in the environment. For the same reason there is no "weight" or "tension
in the rope" as the word "weight" implies that it belongs to the object and the tension in the
rope belongs to the rope.

All forces are labeled with two subscripts, for example the force exerted by Earth on the
system is labeled as F_sub E on S. The force exerted by the rope on the system is labeled
as F_sub R on S. If you cannot find those two objects to write the subscripts, then probably
what you are thinking about is not a force. Students sometimes want to put "force of motion"
or "force of acceleration" on force diagrams, needing two subscripts helps them avoid this
mistake.

We do not use the term free body diagram, but instead use the term force diagram. This
wording comes from our students who could not understand why an object that interacts with
other objects is called a free body. It is not free. The forces on the diagram need to be drawn
to scale to make sure that the motion diagram is consistent with the motion (acceleration ) of
the system if it is known that he system accelerates.

Students learn to draw force diagrams using a specific set of steps. | will comment on those
steps in a different post, but you can see them in the textbook in Chapter 3. They also use
motion diagrams to check whether the lengths of the forces are drawn to scale.

The formulation of Newton's first law is different form traditional. It basically defines the
observer for whom the second and third laws are valid. Do not skip this section in the
textbook!

While we write Newton's second law in a vector form as
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a (vector)=sum of F (vector)/m, we use it to solve problems in a scalar component form.
Check Chapter 3 to see how we move from vectors to their scalar components. The use of
scalar components means that we have coordinate axes on the force diagram to help decide
what sign to put in front of the component.

10. We never, never ever, truly NEVER EVER EVER use the wording "F equal ma". No
single F is equal to ma, only the sum of Fs is. Therefore we systematically use the
vernacular of the "sum of the forces" not even using the term "net force". Anything with a
name attached to it makes the students think that it is is an additional force.

I think it is enough for today. Hopefully it was not too overwhelming. You can find all these
ideas in Chapter 3 of our textbook but only if you read it as if you never studied physics. |
know it is hard, but it will help a lot! If you finished reading this post, please either "like" it or
comment on it. Thank you!

naSer  owy
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Hi all Exploring and Applying Physics people! As you probably heard, our textbook is being
translated into Italian thanks to the continuous efforts of Valentina Bologna Longo, Eugenio
Tufino and many others. Recently, Martin Monteiro asked if we could start working on the
Spanish translation. | talked to the publisher and they said that they are looking for a group
of people to undertake the translation. If you are interested in working on this project, please
email me at eugenia.etkina@gse.rutgers.edu

It would be amazing to make our materials available to more people. Please email! Luis
Largo, are you in?
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Hi @everyone! | am starting with describing sequences of student activities for linear
dynamics (Chapter 3). Over the last 25 years we have developed a robust progression that
helps students really understand what the word 'force' stands for. It is also very ISLEish - as
it involves a testing experiment for an idea that all students have (or most students), that our
atmospheric air pushes down on objects. As this is the first time the students are testing an
idea, it is important to focus on the hypothetico-deductive reasoning steps:

IF my idea (the hypothesis under test) is correct AND | do such and such THEN such and
such should happen (this is the prediction) BECAUSE of - the connection to the idea - BUT if
did not happen THEREFORE my idea can be rejected (pending the additional assumptions
are validated) or AND it did happen THEREFORE | cannot reject my idea.

The key here is that the prediction is based on the hypothesis under test not on the intuition.
The prediction is wrong when it is not based on the hypothesis not when it did not match the
outcome of the experiment. When it does not match, it means that the hypothesis might be
incorrect, not the prediction.

Here is the sequence in the ALG. It needs to be implemented in this order and all of the
activities.

3.1 Describing and representing interactions

3.1.1 Observe and represent

PIVOTAL Lab or class: Equipment per group: whiteboard and markers, 1 medicine ball
(alternative: bowling ball), 1 basketball (alternative: volley ball, or a kid’s inflatable rubber ball
with similar size to a bowling/medicine ball).

Each member of the group while standing: hold medicine ball in one hand and a basketball
ball in the other hand (make sure you hold the medicine ball first and then follow up with the
basketball). Focus on what you need to do to hold each ball still. The goal of this activity is to
learn to draw a new representation called a “force diagram.” Do this on a piece of paper or
on a small whiteboard with your group. Share your ideas with each other.

a. Centered at the top of your page/whiteboard, draw a sketch of a person standing on the
ground, holding the balls, one in each hand. To draw a force diagram, you first need to
identify systems/objects of interest. In this case, each ball is a system or an object of
interest. Draw a circle around each ball to signify this. Divide the rest of your
page/whiteboard into a left column for one ball and a right column for the other.

b. The next question you need to ask yourselves is what other objects are interacting with
each system/object of interest? So in this case, what other objects are interacting with each
ball? If you are stuck, discuss the following: What do you think would happen to the ball if
your hand were the only object interacting with it? List the objects interacting with each ball
at the top of that ball’s column.

c. Drawing the force diagram: Below your lists of interacting objects, leaving enough space,
draw a dot that represents each ball as a point-like object. On each dot draw an arrow to
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show how your hand pushes on the ball. Let the tail of the arrow start at the dot. This arrow
represents the force that your hand exerts on the ball. How could you label this force arrow
to show that it is the force your hand exerts on the ball? Add this label to your representation
for each ball.

d. Repeat this for the other interactions you identified. Represent these interactions on the
force diagrams. Try to make the lengths of the force arrows in the two diagrams
representative of the relative magnitudes of the forces. The arrows on the force diagram
represent force vectors, physical quantities that have both magnitude and direction.

e. Discuss with your group: The word “force” is used in physics for a physical quantity that
characterizes the interaction between two objects. A single object does not have a force
because a force is defined as the interaction of two objects. Using the definition of a force in
physics, give three examples from everyday life when the use of the term force does not
match the meaning of this word in physics.

3.1.2 Test your idea

Class or lab: Single demo setup: Bell jar and vacuum pump large enough to accommodate a
2L soda bottle, empty 2L soda bottle. Light spring (k = 3N/m or 6N/m), ruler taped to outside
of bell jar. [https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...]

a. In the previous activity, did your group decide that air interacts with the ball?

b. If yes, do you think that the total force that the air exerts on the ball points up or down?

c. Discuss with your group members what experiment(s) can you perform to test your idea
about whether the air pushes up or down on the ball. Describe the experiment(s) and state
the predictions of what should happen if the air pushes up/down on the ball.

d. If the equipment that you need for the experiment is available, conduct the experiment
and record the outcome. Did it match the prediction? If not, revise your thinking about how
air interacts with stationary objects. If the equipment is not available, read the description of
the outcome of a possible experiment on page 53 in the textbook.

3.1.3 Read and analyze

Work through Conceptual Exercise 3.1 on page 54 in the textbook, do the Try it
yourselfexample, and compare your solution to the solutions of your group members. Revise
your work if necessary.

3.1.4 Reason

PIVOTAL Class: Equipment per group: whiteboard and markers

You stack three identical books on a table. Book A is on the top, book B in the middle, and
book C on the bottom.

a. Sketch the situation. Next, work with your group members to answer the following
questions.

b. Choose book B as the system/object of interest for a force diagram. Carefully draw a
closed dashed line around book B to indicate that it is the system—your whole focus of
attention. The top of the line should go between the top of book B and the bottom of book A.
The bottom of the line should go between the bottom of book B and the top of book C. This
is very important as it allows you to visualize what external forces to include in a force
diagram for the system (book B in this case).

c. Below the sketch, construct a force diagram for book B. Remember in the force diagram to
model the system as a point-like object, to include force vectors representing how each
object outside the system (external objects) interacts with the system, and to label each
vector on the force diagram with a force symbol that includes two subscripts (the first for the
object that exerts the force on the system and the second for the object/system on which
that force is exerted). For example, the force that book A exerts on book B can be written as
Try to make the lengths of the force arrows representative of the relative magnitudes of the
forces.



d. Discuss: If you added all the vectors on your force diagram together, what should be the
combined result? Adjust the lengths of the different vectors on your force diagram if needed.
If you finished reading to the end, you know what to do. Thank you!
https://www.facebook.com/groups/320431092109343/posts/1685184292300676/? cft  [0]
=AZVB8RWr3tMgx81KOI2jAUCIs8whGeEcelQlggboxk6VwmdzAEvx ywwRzhf9ek7 pgv0cch
d96Lh6 axxkKzit6 FkxXgHsFzCatzRenLpdmowmKGPpjsnHZ70QGZeQqg2YFNa7FfF5aVG8

cBsYyYHJbQRWxbNQbb4GflIOFc1laWza8xgKY9iAsGQ3tiOvA7abe-F Im-
SD4IARKRKk1vOxSdy& tn_ =%2C0%2CP-R

Eugenia Etkina
Admin

Level 3 contributor

Hi all Exploring and Applying Physics people! Three things today. First, for those who plan to
attend our Magnetism workshop tomorrow, the zoom link is
https://rutgers.zoom.us/my/etkina...
The workshop starts at 9 am Pacific Time (PST), noon East coast time (EDT) and 6 pm
Central European Time (CET). Please join 5-10 min early in case zoom will ask you update.
We start exactly at the times above.
Second: three days ago | posted about future Spanish translation of our textbook looking for
those who are interested in working on this (it is not a volunteer job) and only one person
responded. Please email me if you are interested in participating
eugenia.etkina@gse.rutgers.edu
Third: two days ago | posted a sequence of student activities to invent the concept of force
and force diagram. | must add that in the first activity EVERY student needs to compare how
they feel holding a heavy and a light object. | recommend giving every person a heavy
textbook and a sheet of printing paper and ask them to hold those for afew seconds on the
palms of their hands with the arms stretched. They will feel the difference right away. If you
have medicine of bowling balls it is even better, but it is hard to get so many. Heavy books
work perfectly. The point is that EVERY student needs to experience it. Check my post from
two days ago to see what activity | am talking about.
If you read to the end, you know what to do. Thank you!
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Hi all Exploring and Applying Physics people! we had a wonderful workshop yesterday.

Thank you all for attending and working non-stop for 2 hours! | am posting the link to the
recording and to the slides.
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https://rutgers.zoom.us/.../fhutvtkY1N... Password: $L428&09H

Slides: https://docs.google.com/.../1NhkyuPRgBh_4-v8n.../edit...

Here is the summary reflection slide.

Our next workshop is on the Electromagnetic induction. Here are possible dates: September
21 and 28. | will post a poll tomorrow to choose, but please comment here on your favorite
day. Thank you all again.

What did you learn today? How did you learn it?

Coming up with the right hand rule based on the observations/videos. Then testing
them to find the limits of the hypothesis. How to make rules by themselves.

It is ok to make mistakes and it is good to let students know that they should stand
up for themselves and their observations.

Rules are what someone told you but now you can come up with the same rule
using your own observations.

That the students are, after a finished chapter, ready to delve into harder chapters
(explaining the need to know) on their own!

Distinguish operational definition and cause effect one.
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Hi @everyone. The field of PER lost 2 of its founders this month. | am not sure that you
know (you do if you are my friend on Facebook) that Alan Van Heuvelen died 2 weeks ago.
This past Saturday Joe Redish died. Alan had a heart attack and Joe had cancer. They were
both in their eighties. It is hard to overestimate what those two people did for the physics
teaching.

Alan brought the idea of a system, the bar charts and the practical active learning
techniques. He was what we call an experimentalist in the PER.

Joe was a theorist. He explained why students think the way they do. Both affected my
personal thinking in different but infinitely important ways. The founders of PER (Physics
education research field) are gone. Those were Arnold Aarons, Lillian McDermott, Priscilla
Laws, Joe Redish, and Alan Van Heuvelen. All of them are gone. It is our turn to move the
field forward.
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone! | did not post for a few days to see if my post after a break will get more
views. So, | will continue today with dynamics. Once the students established the concept of
force, the next step in the ISLE approach is to find the relationship between force and motion
(actually, the sum of the forces and the change in motion). This is one of the most
fundamental ideas in Newtonian dynamics and one of the most difficult for the students as in
everyday life it is difficult to see the forces and the students often focus on the start of motion
when motion is indeed in the direction of the sum of the forces. We have a great sequence
of activities for it and | am pasting it here. See ALG/OALG for more. Please like or comment
on the post to make it more visible. And if you have implemented this sequence, please
share your experiences. Thank you!

Here you go!

3.3.1 Observe and find a pattern

PIVOTAL Lab or class: Equipment per group: 1 bowling ball, multiple sugar packets,
stopwatch (alternate: cellphone app.), meter stick.

Perform the experiments in the left column and analyze the observations using motion and
force diagrams. All experiments need to be performed on a smooth, hard floor.
Observational experiment

Analysis

Motion diagram

Force diagram

Experiment 1. One group member needs to use both hands to push once but hard on a
bowling ball on smooth floor so it rolls in a straight line. The second member needs to count
seconds (or use a metronome). The third group member drops sugar packets on the floor
next to the bowling ball on every count after it has started rolling. Then the group records the
locations of the sugar packets.

Experiment 2. Repeat experiment 1 only now the fourth group member needs to push the
moving bowling ball very lightly in the direction opposite to the direction of the ball’s motion
trying to exert a constant push (it is easier to do if you use a ruler and keep the same bend).
Other group members repeat the same procedure. The sugar packets need to be put on the
floor after the ruler touches the ball.

Experiment 3. Repeat experiment 1 only now the first group member needs to continuously
push the bowling ball trying to exert a constant push (it is easier to do if you use a ruler and
keep the same bend). Other group members repeat the same procedure. The sugar packets
need to be put on the floor after the ruler touches the ball.

Patterns
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Discuss with your group members the patterns in the direction of the velocity change arrow
on the motion diagram and the vector sum of the forces exerted on the ball. Make sure that
all your forces are labeled with two subscripts.

3.3.2 Observe and find a pattern

Class or lab: Equipment per group: 1 small ball. [https://mediaplayer.pearsoncmg.com/.../sci-
phys-egv2e-alg...]

You need a golf ball or any small ball for this activity. With your group members perform
each experiment described below. Then construct a motion diagram and a force diagram for
the ball’'s motion during each experiment. Based on our investigation in Activity 3.1.2, you
can ignore any force or forces that the air might exert on the ball.

a. Throw a golf ball upward. Observe its motion afterit leaves your hand until it reaches the
top of its flight. For details, see the video (use the above link).

b. Hold a golf ball using your straight arm raised up and drop it. Observe its motion after it
leaves your hand until just before it hits the floor.

c. Examine the results of both experiments. Is there the same pattern in the directions of the
sum of the forces that other objects exert on the ball and in the directions of thevelocity
change arrows on the motion diagram as in the previous activity? If so, describe the
patterns.

d. Use the patterns that you found in Activity 3.3.1 and in this activity to formulate a
statement relating the direction of the sum of the forces exerted on an object by other
objects and on one or more of the kinematics quantities that describe its motion.

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 velocity change 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?

3.3.4 Reading exercise

Now that you have done the activities, read Section 3.3 in the textbook and answer the
following question: Alan says that a prediction is an educated guess, Eugenia says that a
prediction is the same as a hypothesis, it explains some observed phenomenon, and David
says that a prediction is a description of an outcome of a specific experiment. Use Testing
Experiment Table 3.2 to resolve the argument and give examples of the predictions from this
table that refute Alan’s and Eugenia’s ideas.

3.3.4 Test an idea

PIVOTAL Class or lab: Equipment per group: whiteboard and markers,10 N spring scale,
500 g object.

An elevator starts at rest at the first floor of a building and stops at the top floor. The elevator
then returns to the first floor. You decide to test the following idea: an object’s velocity
change arrow on its motion diagram is always in the direction of the sum of the forces



exerted on it by other objects. You do this by hanging a 500 g object from a spring scale
while riding the elevator up and back down again. Complete the table that follows to
determine the relative magnitude of the force that the spring scale exerts on the object, FS
on O, compared to the force that Earth exerts on the object, FE on O. The motion diagram
and the force diagram should be consistent with each other and with the rule you’re testing
relating motion and forces. Predict, for each of the following seven phases of the motion,
whether the spring scale will read more than FE on O, the same as FE on O, or less than FE
on O.

a. The elevator and object hang at rest at the first floor.

b. The elevator and object start moving upward, going faster and faster.

c. The elevator and object move upward with a constant speed.

d. The elevator and object slow down as they approach the top floor.

e. The elevator and object start moving downward, going faster and faster.

f. The elevator and object move downward with a constant speed.

g. The elevator and object slow down as they approach the first floor and come to a stop.
Motion diagram

Force diagram

Now, with your group members, take a 500 g object and a spring scale and perform the
experiment. If it helps, use your phone to video the spring scale reading as the elevator is
moving
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Eugenia Etkina
Admin

Level 3 contributor

Hi all Exploring and Applying Physics people! Despite my break in posts, my yesterday's
post still got many fewer views than before, although many more likes. Not sure what is
going on, but | will continue. In my post yesterday | described how students can construct
the idea that it is the velocity change arrow that is in the same direction as the sum of the
forces, not the velocity arrow itself. This means that is the sum of the forces exerted on an
object is zero, its velocity does not change. They constructed this idea using observational
experiments and tested it in the new experiments that they designed themselves. Now it is
time to learn that this rule works for only very specific observers. And it does not work for the
majority of observers, including themselves when they are in an accelerating car, train,
airplane, etc. Basically, that this rule works ONLY for inertial reference frame observers. This
is a very important idea as it contradicts Newton's first law as it is commonly stated in most
textbooks. Most textbooks say that if the sum of the forces exerted on an object is zero, the
object continues moving in a straight line with constant velocity. But this is not true at all for
many situations (nothing to do with friction by the way) and this incorrect formulation of
Newton's first law leads to many students thinking that physics only works in the physics
classroom or in a textbook. What do we do about it? We change the statement of Newton's
first law to incorporate the idea of the observer. That is why studying RELATIVE MOTION at
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the beginning of kinematics is so important! Here is the screen shot of the textbook text and
one of my most favorite videos showing that for some observers objects can accelerate
when the sum of the forces exerted on them is ZERO. Watch it and enjoy! If you read ot the

end, you know what to do next

https://mediaplayer.pearsoncmg.com/.../secs-egv2e-strange...
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Eugenia Etkina
Admin

Level 3 contributor

Hi @everyone, no new post today Three reasons - my yesterday's post has fewer than 100
views, which means that Facebook is not notifying people. So, if you wish to benefit from
participation in this group, you need to check the posts daily. Facebook will not tell you that
they are there.

Second - | will be traveling in the next 2 days.

Third - | hope the absence of the new post will give people time to read two previous posts
that are important for helping our students become Newtonian thinkers.

https://www.facebook.com/groups/320431092109343/posts/1695213087964463/? cft [0]
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HYUaByavpcXPkggXWeSD cesTQpyeSkKTgHhSSHbHIRC9il4UKej4fOAVRD-
d2iDjpfvEc3LVzQ2VgXNhUxkiQZ1Cu1h2VY72H7C461gWilAgyVo1JMTZN-
APA1YHFIT72YcrABhfLTXmF2& tn =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

September 7

Hi all, Frank Noschese asked for the document describing the Expertise Activity. We do this
activity in ISLE introductory workshops and recommend that you do it with the students
when they start feeling frustrated that you are not "teaching" them. (In their eyes teaching
means the teacher explaining the concepts not them figuring those out). However, our
students are very familiar with learning out something by figuring it out themselves. To
remind them and focus on the important steps in such learning, Yuhfen Lin and David
Brookes devised an amazing activity. | am attaching the handout for teachers for this activity
but it is best when you learn it by playing during our intro workshop. Many people
participated in those, but if you have not, we will have 2 next summer - one at the AAPT and
one online.
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S2nuiPnTOMY7AfixFQhBQYhXOGg6VW1eetbO8EwWdVYGE7ZoNU7VZ7vIwC9ZwsOeVri8r
8KvlYaegme74M5ggNCmOL v7ykYKXSWpAct-c-
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Eugenia Etkina
Admin
Top contributor

September 8
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| posted a few times about Cecilia Payne, but this is too good not to share. | have an
astrophysics minor but in my years of education | never heard her name. Let it be known to
all our students. This is the woman who was the FIRST not only to hypothesize but to have
experimental evidence that our Sun and other stars are made of mostly hydrogen and a little
bit of helium. Only for a member of her PhD committee to take credit for this discovery 4
years later. And lots of other stuff. Read and enjoy.
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Hi all, | am glad that you enjoyed reading about Cecilia Payne! today | continue with
Newton's laws. | will not describe how the students come up with the Second law through
the ISLE approach as | posted the link to the slides of the workshop where we did it last
year. Scroll down to find the link. Today | am posting an ALG activity that will take your
students 3 minutes in class but will be a great source of discussion. A quick formative
assessment of their understanding of Newton's second law. Great for a quiz too. Here it is.

3.5.4 Represent and reason

Class: Equipment needed per group: whiteboard and markers.

Two cars are moving along a horizontal road as described in the table below:

Time interval | Car A Car B

0<r<l2s Is moving at constant | Is moving at constant
speed 12m/s speed 24 m/s

12s<t<20s | Is slowing down at Is slowing down at
constant rate constant rate

t>20s Is not moving Is not moving

In both cases the combined mass of the car and the driver was equal to 1200 kg. Draw a single
graph that shows the time dependence of the magnitude of the sum of the forces exerted on each
car during the first 25 s of motion. Make sure your graph is quantitative.
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This is an interesting post. How much physics goes into a windshield wiper? How do modern
wipers turn on an off automatically? What a great topic for a discussion in class that involves
so many physics concepts. When we look for projects for students to do, this could be a
winner!
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DID YOU KNOW THAT THE WINDSHIELD WIPER, A CRUCIAL
FEATURE IN MODERN CARS, WAS INVENTED BY A WOMAN
NAMED MARY ANDERSON? BORN IN 1866, SHE OBSERVED A
TROLLEY DRIVER STRUGGLING IN THE SNOW AND
DESIGNED A LEVER-OPERATED WIPER. PATENTED IN 1903,
HER INVENTION TOOK DECADES TO BECOME STANDARD IN
VEHICLES, EARNING HER LITTLE CREDIT OR PROFIT. TODAY,
WE RELY ON HER GROUNDBREAKING IDEA, BUT HER NAME
REMAINS LARGELY FORGOTTEN.
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Hi all, yesterday | posted about Mary Anderson who invented windshield wipers. There, | had
a question about the modern wipers that turn on and turn off automatically. We have a
problem in Chapter 22 (Geometrical optics) that addresses this mechanism. If you enjoyed
reading my yesterday's post, save this problem together with it, and when your students are
studying refraction, let them figure it out! Here is the problem.

One more thing - thank you all those who signed up for the electromagnetic Induction
workshop! We have now 25 people who plan to attend. Please, check the equipment list and
also, study chapters 18 and 20 in the textbook as they come before 21 (Electromagnetic
induction). Thank you!

45, 77 Raln sensor Many cars today are equipped with a rain sensor that
automatically switches on the windshield wipers when rain starts to
fall, The most common modern rain sensors are based on the principle
of total internal reflection. Light from an LED is beamed at a 45° angle
onto the windshield glass using a semicircular piece of glass that is
glued on the windshield from inside the car. When there is no rain,
the light beam underzoes total internal reflection and illuminates the
detector (see Figure P22.45a). If the glass is wet, the condition for
total internal reflection is no longer fulfilled. and some light escapes
to the outside (see Figure P22.45b). This results in a decrease in the
light intensity at the detector, which is used as a signal to the car electron-
ics to switch on the wipers. Determine the range of values of the index
of refraction of the windshield glass (i.e., the minimum and the maximum
vitlues ) that will allow the described operation of the sensor shown in
the figure.

FIGURE P22.45
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https://www.facebook.com/groups/320431092109343/posts/1701196864032752/?__cft__%5B0%5D=AZXGdxQHl_EWnS8VrsLk0jI094jrRqfQvurUKQ6qW50MUq9nwNCJsyeFBvpOcY4TuHjOKWuOgx3fF-fdYpYGR7VAoO2DX9le0WiP8oldykrNG3gRgx-MZpVtOdLVG61JMJCdJIWzvlEig1mKULv8qKyKdKw1zA8Gd1eXVeYI72AXGoE2dUfQumm2anmHlpZAzMvhkEa9ywAUDO8Nk9wVS704&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1701196864032752/?__cft__%5B0%5D=AZXGdxQHl_EWnS8VrsLk0jI094jrRqfQvurUKQ6qW50MUq9nwNCJsyeFBvpOcY4TuHjOKWuOgx3fF-fdYpYGR7VAoO2DX9le0WiP8oldykrNG3gRgx-MZpVtOdLVG61JMJCdJIWzvlEig1mKULv8qKyKdKw1zA8Gd1eXVeYI72AXGoE2dUfQumm2anmHlpZAzMvhkEa9ywAUDO8Nk9wVS704&__tn__=%2CO%2CP-R

September 14

Hi all Exploring and Applying Physics people! | continue with Newtonian dynamics. We have
established the first the second law with the students. What is next? The next step is to
figure out what force Earth exerts on the objects. Here are two activities that will help your
students figure it out. Please share if your students do it.

3.6.1 Reason

Class: Equipment per group: whiteboard and markers

From Chapter 2 you know that all objects fall with the same acceleration of 9.8 m/s"2
independently of their mass. How is this possible if the acceleration of an object is inversely
proportional to its mass? Construct a mathematical relationship for the magnitude of the
force that Earth exerts on an object of mass m. Discuss different possibilities with your group
members.

3.6.2 Test your idea

Lab: Equipment per group: Spring scale or platform scale calibrated in newtons, set of
objects with calibrated masses.

Your goal is to test the hypothesis that Earth exerts a force on every object which is directly
proportional to its mass. Work with your group members to design an experiment, make a
prediction using this hypothesis, carry out the experiment, and record the outcome. Did you
disprove the hypothesis?

If you do not have scales calibrated in newtons, it is easy to make them - just replace the
readings in grams to the readings in newtons.Since those activities, we do not use g=9.8
m/s*2 but instead use 9.8 N/kg in all dynamics problems as not g is not an acceleration of
free fall but a coefficient in front of the mass that allows you to calculate the force the Earth
exerts on objects close to its surface.
https://www.facebook.com/groups/320431092109343/posts/1703096163842822/? cft [0]
=AZUcxdOcWJTNNBCywAN U58SuVKlobRmxghDiEox6FKyNrgtGZDKkFmyngFTgqigkPgDr
rLYECwRNdibsxTxyT4 iPDtVi2ZkWuBH XBP zoljaXPxj3zNSYcdxb-

SQ3G6dCB59Abp ghfystYviBUY7IXYHMVbldo vLodWO04KilrkcuGpQbz ThpOwmmcTsoA8
0& tn_ =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

September 15

After Newton's second law comes the third. | am posting the sequence of activities that we
have been using for a long time that reflect the ISLE process in student construction of this
law. The observational and testing experiments can be swapped. The question in the
textbook that | put as a screen shot will let you formatively assess whether the students
grasped the essence of the law. Notice the structure of the question - typical for AP
questions. What do you think the right answer is?

3.8.1 Observe and explain

PIVOTAL Lab:Equipment per group: 2 dynamics carts, 2 force probes, 1 dynamics track,
computer with data-logging software, hoop-spring bumpers, slotted weight set, string.

The goal of these experiments is to find a relationship between the force that an object A
exerts on an object B and the force that object B exerts on object A when they are
interacting with each other. Design and perform three experiments that investigate the forces


https://www.facebook.com/groups/320431092109343/posts/1703096163842822/?__cft__%5B0%5D=AZUcxdOcWJTNN8CywAN_U58SuVKlobRmxghDiEox6FKyNrgtGZDkFmynqFTgqiqkPgDrrLYECwRndibsxTxyT4_iPDtVi2kWuBH_XBP_zoljaXPxj3zNSYcdxb-SQ3G6dCB59Abp_qhfystYviBUY7lXYHMVbIdo_vLodW04KiIrkcuGpQbz_ThpOwmmcTsoA80&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703096163842822/?__cft__%5B0%5D=AZUcxdOcWJTNN8CywAN_U58SuVKlobRmxghDiEox6FKyNrgtGZDkFmynqFTgqiqkPgDrrLYECwRndibsxTxyT4_iPDtVi2kWuBH_XBP_zoljaXPxj3zNSYcdxb-SQ3G6dCB59Abp_qhfystYviBUY7lXYHMVbIdo_vLodW04KiIrkcuGpQbz_ThpOwmmcTsoA80&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703096163842822/?__cft__%5B0%5D=AZUcxdOcWJTNN8CywAN_U58SuVKlobRmxghDiEox6FKyNrgtGZDkFmynqFTgqiqkPgDrrLYECwRndibsxTxyT4_iPDtVi2kWuBH_XBP_zoljaXPxj3zNSYcdxb-SQ3G6dCB59Abp_qhfystYviBUY7lXYHMVbIdo_vLodW04KiIrkcuGpQbz_ThpOwmmcTsoA80&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703096163842822/?__cft__%5B0%5D=AZUcxdOcWJTNN8CywAN_U58SuVKlobRmxghDiEox6FKyNrgtGZDkFmynqFTgqiqkPgDrrLYECwRndibsxTxyT4_iPDtVi2kWuBH_XBP_zoljaXPxj3zNSYcdxb-SQ3G6dCB59Abp_qhfystYviBUY7lXYHMVbIdo_vLodW04KiIrkcuGpQbz_ThpOwmmcTsoA80&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703096163842822/?__cft__%5B0%5D=AZUcxdOcWJTNN8CywAN_U58SuVKlobRmxghDiEox6FKyNrgtGZDkFmynqFTgqiqkPgDrrLYECwRndibsxTxyT4_iPDtVi2kWuBH_XBP_zoljaXPxj3zNSYcdxb-SQ3G6dCB59Abp_qhfystYviBUY7lXYHMVbIdo_vLodW04KiIrkcuGpQbz_ThpOwmmcTsoA80&__tn__=%2CO%2CP-R

that two interacting objects exert on each other. Look for a pattern that relates the two forces
to each other. For example: Place one probe at rest on the table and tap it with the second
probe. Or attach the force probes to the carts and vary the amount of mass on one of the
carts while rolling it so it collides with the other cart. Remember that the probes are very
delicate and if you use them to tap one another, you need to do it lightly. Hint: Keep your
experiments simple. Vary only one independent variable for each experiment.

For each of your three experiments, be sure to address the following points in your report:

a. Describe the design and set-up of your experiment, including what physical quantities
you’re varying and what variable(s) you’re going to measure. Evaluate your designs.

b. Describe your findings, sketch the graphs that you see on the computer if necessary.

c. Find a pattern in the pairs of graphs representing the force-versus-time functions recorded
by each probe during the time interval the interaction is taking place.

When you have completed all three experiments:

d. Devise and state a general hypothesis about the relationship between the force that
object A exerts on object B to the force that object B exerts on object A.

3.8.2 Test an idea

Class or lab: Equipment per group: 2 spring scales.

You and your friend each hold a spring scale and you hook the scales to each other. Use the
rule relating the directions and magnitudes of the forces that two interacting objects exert on
each other (formulated in Activity 3.8.1, part d.) to predict what your friend’s spring scale
reads if you pull yours with a force of 3 units. What if she pulls with a force of 5 units?

a. Describe what prediction you’re making for each case and the hypothesis on which that
prediction is based.

b. Conduct the experiment and record the outcomes. Do the results agree with the
predictions?

c. Can you arrange it so that one of you pulls with 3 units and the other pulls with 5 units?
Explain.

3.8.3 Represent and reason

Class: Equipment per group: whiteboard and markers.

You push horizontally on two crates of different mass. The surface on which the crates move
is smooth. Draw separate 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.). Crate 1 has a larger mass that
crate 2.

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.

c. Based on your diagrams in parts a. 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.)

3.8.4 Represent and reason

PIVOTAL Class:Equipment per group: whiteboard and markers.

A book rests on a table.



a. Draw a sketch of the situation and identify objects that interact with the book.

b. Draw forces representing these interactions (a force diagram for the book).

c. If the book is stationary, these forces are equal in magnitude and opposite in direction.
Can we say that they represent a Newton’s third law pair of forces? If not, why not?

d. Draw the Newton'’s third law force pair (using the same color pen for each pair) for each
force shown in the force diagram in part b. and identify the cause of each of these forces and
the objects on which each of these forces is exerted.

8. A book sits on a tabletop. What force is the Newton’s third law pair to the
force that Earth exerts on the book? Choose the correct answer with the
best explanation.

(a) The force that the table exerts on the book because it is equal and op-
posite in direction to the force that Earth exerts on the book

(b) The force that the table exerts on the book because the table and the
book are touching each other

(¢) The force that the table exerts on the book because it describes the
same interaction

(d) The force that the book exerts on Earth because it describes the same
interaction

(e) The force that the book exerts on Earth because it is equal and opposite
in direction to the force that Earth exerts on the book

https://www.facebook.com/groups/320431092109343/posts/1703532953799143/? cft  [0]
=AZUMjn7ZzQhAgICQxz7yHfGgZZv3Vs0 n3C4vlifcmeOWVQG15FHgGNn7GceB70fH2vJ5s
B470ugr2kABjJgnm_DINSmi94ejofP5SwfUEsf hCqO0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-
m3X0z0yMYMcw2alsTrX3nn30LMyzI5MPk7UOgIR30YGHY3vS3YPAO1TmZxraoCQxa04g
bSI9ED& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

September 16

Hi all, | keep posting about Dynamics, but many of you are teaching other topics and are
either ahead or behind my posts. For most of the topics we had online workshops for which
the slides and supporting documents are on google drive. Please save this link for when you
need a particular topic. In the workshops we work on the most essential activities that allow
you to see the ISLE logical progression of the material and focus on the issues that are most
difficult for the students.

The activities chosen for the workshop are the bare minimum that the students need to do,
ALG, OALG, and End of Chapter problems offer much more.

Also, it is important to know that in the workshops we mostly use OALG activities as they
have videos of the experiments, but if you are teaching in person, then try parallel ALG
activities as they are written differently. The language in the ALG activities focuses on group
work and in the OALG - for individual work as it was made for teaching online when students


https://www.facebook.com/groups/320431092109343/posts/1703532953799143/?__cft__%5B0%5D=AZUMjn7ZzQhAglCQxz7yHfGqZZv3Vs0_n3C4vlfcmeOWVQG15FHgGn7GcB7OfH2vJ5s_B470ugr2kABjJqnm_DlNSmi94ejofP5wfUEsf_hCq0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-m3XOz0yMYMcw2aIsTrX3nn3OLMyzl5MPk7UOqlR30YGHY3vS3YPA01TmZxraoCQxa04g_bSI9ED&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703532953799143/?__cft__%5B0%5D=AZUMjn7ZzQhAglCQxz7yHfGqZZv3Vs0_n3C4vlfcmeOWVQG15FHgGn7GcB7OfH2vJ5s_B470ugr2kABjJqnm_DlNSmi94ejofP5wfUEsf_hCq0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-m3XOz0yMYMcw2aIsTrX3nn3OLMyzl5MPk7UOqlR30YGHY3vS3YPA01TmZxraoCQxa04g_bSI9ED&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703532953799143/?__cft__%5B0%5D=AZUMjn7ZzQhAglCQxz7yHfGqZZv3Vs0_n3C4vlfcmeOWVQG15FHgGn7GcB7OfH2vJ5s_B470ugr2kABjJqnm_DlNSmi94ejofP5wfUEsf_hCq0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-m3XOz0yMYMcw2aIsTrX3nn3OLMyzl5MPk7UOqlR30YGHY3vS3YPA01TmZxraoCQxa04g_bSI9ED&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703532953799143/?__cft__%5B0%5D=AZUMjn7ZzQhAglCQxz7yHfGqZZv3Vs0_n3C4vlfcmeOWVQG15FHgGn7GcB7OfH2vJ5s_B470ugr2kABjJqnm_DlNSmi94ejofP5wfUEsf_hCq0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-m3XOz0yMYMcw2aIsTrX3nn3OLMyzl5MPk7UOqlR30YGHY3vS3YPA01TmZxraoCQxa04g_bSI9ED&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1703532953799143/?__cft__%5B0%5D=AZUMjn7ZzQhAglCQxz7yHfGqZZv3Vs0_n3C4vlfcmeOWVQG15FHgGn7GcB7OfH2vJ5s_B470ugr2kABjJqnm_DlNSmi94ejofP5wfUEsf_hCq0QSpINpXDmGvVsXabO7IcF3hVAr3xvG-m3XOz0yMYMcw2aIsTrX3nn3OLMyzl5MPk7UOqlR30YGHY3vS3YPA01TmZxraoCQxa04g_bSI9ED&__tn__=%2CO%2CP-R

work on their own. Knowing these differences will help you substitute activities from those
two documents. Also, in most folders you will find the Instructor Guide with all chapters. Here
is the link. Good luck browsing! Please ask me questions.

https://drive.google.com/.../1kiYbLgbLP7xMBhmZJBrFQgjdQwL...

And the next workshop is on Saturday. September 28, if you did not sign up yet (lots of
people did already!), go to your EVENTS and sign up! All workshops are online and free.
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/? cft  [0]
=AZWQqyHE6hGA48ETSMZCMS8DiLuyi08X28m9zhrz8 CSpUkCyCpRg_Tf13d3u8z93v8SKzP
edwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-
wYYxk2DCCalFTXUn8wdMXgqlyL2cCxooV6mdMDokT 3dxtiehy9pb65j-
6eBNUBgLkFJgUOcn d8yZR9CeAQ25uXRO1rri5v38YMacfP2& tn  =%2C0%2CP-R

Eugenia Etkina
Admin
Top contributor

September 17

Hi all, if your students are struggling with kinematics graphs, there is an amazing game
designed by Matt Blackman (an award winning physics teacher and my former student in
the Rutgers Physics Teacher Preparation Program). Millions of people played this game all
over the world. Your students will enjoy it. Try, and you will not be able to stop.

UNIVI
Y le

Motion Mapper

position

https://www.facebook.com/groups/320431092109343/posts/1705148083637630/? cft [0]
=AZWgZEfD2tDSYJqS8SodRDscuK4bpV u05wsvIiH94pVHIsleB32s80z6XwW76ehpe3ZrL1
WnBwlp XjtwR47nfLegL0ZkJ6EEB5sIGWqQisroF-

dEzDMidurkJV1Z7tE74im3ujOM7XzAw pYVv7l lyMVphxOSG770e5Bk J9d7t583C2 e2Zw
U8YCUOWZOKBcsVhG7EdvtazDVW8khVsWxf& tnh  =%2C0%2CP-R



https://drive.google.com/.../1kiYbLqbLP7xMBhmZJBrFQgjdQwL%E2%80%A6
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/?__cft__%5B0%5D=AZWQqyH6hGA48ETSmZCM8DiLuyi08X28m9zhrz8CSpUkCyCpRg_Tf13d3u8z93v8SKzPedwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-wYYxk2DCCaIFTXUn8wdMXgqlyL2cCxooV6mdMDokT3dxtiehy9pb65j-6eBNUBgLkFJqUOcn_d8yZR9CeAQ25uXRO1rrj5v38YMacfP2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/?__cft__%5B0%5D=AZWQqyH6hGA48ETSmZCM8DiLuyi08X28m9zhrz8CSpUkCyCpRg_Tf13d3u8z93v8SKzPedwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-wYYxk2DCCaIFTXUn8wdMXgqlyL2cCxooV6mdMDokT3dxtiehy9pb65j-6eBNUBgLkFJqUOcn_d8yZR9CeAQ25uXRO1rrj5v38YMacfP2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/?__cft__%5B0%5D=AZWQqyH6hGA48ETSmZCM8DiLuyi08X28m9zhrz8CSpUkCyCpRg_Tf13d3u8z93v8SKzPedwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-wYYxk2DCCaIFTXUn8wdMXgqlyL2cCxooV6mdMDokT3dxtiehy9pb65j-6eBNUBgLkFJqUOcn_d8yZR9CeAQ25uXRO1rrj5v38YMacfP2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/?__cft__%5B0%5D=AZWQqyH6hGA48ETSmZCM8DiLuyi08X28m9zhrz8CSpUkCyCpRg_Tf13d3u8z93v8SKzPedwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-wYYxk2DCCaIFTXUn8wdMXgqlyL2cCxooV6mdMDokT3dxtiehy9pb65j-6eBNUBgLkFJqUOcn_d8yZR9CeAQ25uXRO1rrj5v38YMacfP2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1704283503724088/?__cft__%5B0%5D=AZWQqyH6hGA48ETSmZCM8DiLuyi08X28m9zhrz8CSpUkCyCpRg_Tf13d3u8z93v8SKzPedwWUzoSoxwWvFmutgUUnTsCKeO4FP9agEST7YMDu2u-wYYxk2DCCaIFTXUn8wdMXgqlyL2cCxooV6mdMDokT3dxtiehy9pb65j-6eBNUBgLkFJqUOcn_d8yZR9CeAQ25uXRO1rrj5v38YMacfP2&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1705148083637630/?__cft__%5B0%5D=AZWgZEfD2tDSYJqS8SodRDscuK4bpV_u05wsvIH94pVHIsIeB32s8oz6XwW76ehpe3ZrL1WnBwIp_XjtwR47nfLegL0ZkJ6EEB5slGWq0isroF-dEzDMidurkJV1Z7tE74im3ujOM7XzAw_pYv7I_IyMVphxOSG77Oe5Bk_J9d7t583C2_e2ZwU8YCU0WZOKBcsVhG7EdvtazDVW8khVsWxf&__tn__=%2CO%2CP-R
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Eugenia Etkina
Admin
Top contributor

September 19

Hi all, two days ago | posted a MC question (choose right answer with the right explanation)
and nobody offered a correct choice yet, please check it out and post your choices with
arguments!

| continue with an excellent activity for the students to practice both Newton's second and
third laws. If you have not done it with your students - try! And if you did, please share how
they did.

Here is the activity:

OALG 3.3.4 Test an idea

a. Watch the video https://mediaplayer.pearsoncmg.com/.../sci-OALG-3-3-4a

to note the reading of the scale when the person puts a bean bag on it.

b. Use the pattern formulated in activity 3.3.1 to make a prediction about the reading of the
scale when you drop the bean bag on it. Will it be more, less or the same compared to the
reading you recorded? Use motion and force diagrams to make the prediction.

c. Watch the video https://mediaplayer.pearsoncmg.com/.../sci-OALG-3-3-4b

and compare your prediction to the outcome of the experiment. What can you say about the
pattern formulated in Activity 3.3.1? Does it hold for this experiment too?

© (. Planinsic and E. Etkina (20240)
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Hi all, we talked a lot about strategies that help our students learn to read scientific text. The
best strategy is "elaborative interrogation" which encourages students to pose the question”
"Why is this true™ when reading the textbook. Below is an example of an activity that helps
them develop this skill. It is based on the statement that | heard from many students over the
years. The second activity builds on the first by engaging the students in drawing force
diagrams for real life phenomena. Do not skip!

OALG 3.6.3 Read and interrogate

Read and interrogate Section 3.6 in the textbook and consider the following question: Is the
following statement true? “Because g is the same for all objects, Earth must exert the same
force on all objects”. How would you convince a person studying physics of your opinion on
this matter?

OALG 3.6.4 Observe and explain

Observe and explain the two experiments in the video
https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-3-6-4. What could be the reasons for
why the two objects did not fall at the same rate in both experiments? Use force diagrams to
support your explanations.

© G. Planinsic and E. Etkina (2020)

= ————— 1 ]
P 0013/ 00:48 44 H M o] (ov) o)) em@ms . Speed . o ‘,

https://www.facebook.com/groups/320431092109343/posts/1708084583343980/? cft [0]
=AZXV01Mzpx2100v3dBOFQEVMCR9SvvxaTc1znZ7SjVBA-
QCXIYptYA4M2aJ07saGLjflOo CdB7M5f56Pa55LwewgTYP2K-
9RboTINkM2zoONAAUQhGYOBVXIAKLY ZYnK5JbM5k v8skhcjlUtbAphM4cx BnRpzg7dw
vW4i-Hwa68gE-YUzcAOSEQKRqVXgVhkyPJFPRfZ4UGFUe5qGITm&  tn =%2C0%2CP-
R



https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1708084583343980/?__cft__%5B0%5D=AZXV01Mzpx2IoOv3dB0FQEvMCR9SvvxaTc1znZ7SjVBA-QCXIYptYA4M2aJ07saGLjfIOo_CdB7M5f56Pa55LwcwqTYP2K-9RboT9nkM2zo0NAAuQhGYO6VXtAKLY_ZYnK5JbM5k_v8skhcjIUtbAphM4cx_BnRpzg7dwvW4i-Hwa68qE-YUzcA0SEQkRqVXqVhkyPJFPRfZ4UGFUe5qGlTm&__tn__=%2CO%2CP-R

Eugenia Etkina
Admin
Top contributor

September 22

Hi all, happy Sunday! One of the important skills that we wish our students to develop is
linearizing data to solve problems. We help students learn this skill right in chapter 3 with the
worked example. With worked examples, we suggest that you give them to the students
without solutions in class to work through in groups, then have a sharing session about the
approaches of different groups and only then let them compare their solutions to the solution
in the textbook. Such process follows the "innovation first, efficiency next" approach that was
shown by John Bransford and colleagues to be much more beneficial to learning that the
traditional efficiency first, innovation after approach. What | mean that if we fist show the
students how to solve a specific type of problems and them let them do it themselves with a
different example, it is the efficiency first, innovation after approach. When we show them
how to solve a problem that they have never seen before, they do not have "the need to
know" which is the crucial component of learning. Thus letting them struggle first, collectively
work on the problem and then see the model solution is a much better approach (and
backed up by research). Here is the example!
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Facebook sent me a memory from 10 years ago. It is a picture that | took in Pisa. When we
climbed the tower | thought: "There is no way Galileo would drop anything from the top, it is
so high! It is terrifying to even come close to the edge." But the tower is beautiful as is the
legend. | am sharing this photo as it is my own and you can use it in your slides or anything
without worrying about copyright.
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Hi all, two things today.

First, did anyone do the Expertise activity yet? It would be great to hear your stories about it.
Second, as my post two days ago about linearizing caused interest, | am posting another
problem for linearizing - do not miss, it is one of the end of chapter problems in Chapter 3.
Note that one of the heroes of the problem is named Matt. The name was in honor of Matt
Blackman, the author of physics video games at the universeandmore website.

This will conclude my series of posts for chapter 3.

Here it is!
26. ** Matt is wearing Rollerblades.

Beth pushes him along a hallway Added mass Time interval
with a large spring, keeping the (kg) (s)
spring compressed and conse-

quently the force that the spring 0 L
exerts on Matt constant at all 3.0 19.4
times. They conduct several ex- 6.0 19.9
periments in which Matt starts

from rest and travels 12.0 m 9.0 20.3
while carrying objects of different 12.0 20.8
mass in his backpack, recording 15.0 212

the time interval for each trip.
Their data are shown in the table
at right.

(a) Draw a force diagram for Matt and use it to explain why he is moving
with a constant acceleration. (b) Two physical quantities that are not listed
in the table also affect Matt’s motion. Determine these two quantities using
the data above. (Hint: This problem requires linearization. See Example 3.8
for help.)
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VK109J4FFIf4-irdrcKHjDErsfZ3LgOtgky9QUmpY 1-WM6R2-
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Eugenia Etkina
Admin
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- October 1 -
Hi all Exploring and Applying Physics people! | saw the votes for the Optics workshop and it
looks like it is better to run it in November - slightly better. But | also noticed that we have a
few posts about difficulties implementing the ISLE approach - noise in the classrooms,
complaints of parents and students, pacing issues, etc. These are all normal, but | think we
should run a workshop that just focuses on the important aspects of implemeting ISLE with
your students and how to overcome obstacles. Therefore, | am thinking of running a
workshop that ofcuses on your questions in two weeks on October 12 and then the Optics
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workshop on November 16. | do not want to break our 4 year tradition of holding online
workshops once a month. So, if you are implementing the ISLE approach and have
questions - October 12 is for you. What do you think?
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Hi all, this is a post to welcome our new members. Their names are below, and one of them
is infinitely dear to me. It is the name of EneHa AdpuHa (pronounced as Elena Afrina) who
was my mentor when | was doing my student teaching practices in the Fall of 1980 and
spring of 1981 in Moscow, Russia training to become a physics teacher. It is during the fall of
1980 that | learned something that would change my life as a teacher. And | learned it from
EneHa AdpuHa. Here is the story.
At that time EneHa AdpuHa was already a famous physics teacher in Moscow. Teachers
who achieved her status were asked to run "open lessons" for other teachers who were
doing their professional development.
This meant that a group of teachers (up to 20!) would come to a regular lesson, sit in the
back, observe and then discuss it. The purpose was to learn from the best.
| was a student teacher and she was my mentor. Thus, | was also present at that "open
lesson". Although it was over 40 years ago, | still remember that lesson. It was on on electric
circuits. | expected the teacher to stand in the front and provide beautiful exciting
explanations of Ohm's law, derive the total resistance in different circuits, and so on. None of
this happened. | could not even see the teacher in that lesson (it did not help that Elena is a
petit woman with very soft voice). | only saw the students. They were working all 45 minutes
on their circuits, writing something in their notebooks, talking to each other, even getting up
and moving to talk to other students, and there was no lecture. Elena was quietly moving
among their desks saying something to each couple (students were working in couples) and
did not spend almost any time in front of the classroom - teaching. Literally - none. | was
sitting in the back thinking: "Oh, my goodness, what a disaster!". When the lesson ended |
waited with fear of what 20 some teachers who sat in the back with me would say. | loved
my cooperating teacher and was worried that they would bury her in their criticism. And
guess what??? The experienced teachers who observed the lesson WERE IN AWE. They
said that they had never seen students working so hard and so productively, that this was
one of the best lessons they have ever seen. | was confused. She did not TEACH. But they
learned! How could this be??? | thought long and hard what happened in that lesson for
weeks. What she did was not teaching, it was masterfully organized LEARNING. That lesson
was just the beginning of my journey to the development of the ISLE approach - a method
when all students learn physics by engaging in the processes and activities that physicists
engage in while doing real physics. They (students) succeed and fail, just like physicists do,
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but if we guide them right, they come out learning to think like physicists. Critically. And
feeling that they are capable of learning anything. What more do we need now?

New members, please visit islephysics.net to learn about the ISLE approach to learning and
teaching physics. And enormous thanks to my teacher, Enena AdpuHa.
https://www.facebook.com/groups/320431092109343/posts/1717304962421942/? cft [0]
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Hi all, this psot is for those who are teaching forces. As you probably noticed, in chapter 3
we do not have any horizontal forces, everything is in one dimension - vertical (as much as
possible) and we only have positive and negative force scalar y- components. Forces at an
angle, when you need both x- and y- components, come in chapter 4. Alan Van Heuvelen
came up with a brilliant way to help students understand the nature of vector and scalar
components. This brilliant idea is the GRID. Using his idea and the ISLE process we have
two activities that help your students construct the concept of components by themselves. |
am pasting the OALG version with the videos of the experiments but in my experience when
students actually DO these experiments, the benefit in huge! All you need are force scales
and a ring. Here is the text of the second activity in the ALG (there it is two activities):
4.1.2 Components of force vectors
PIVOTAL Class: Equipment per group: whiteboard and markers.
The sketch on the right (this is the figure in the attached document for the same activity)
shows the same three strings pulling on the ring as in the previous activity. However, an
angle is now shown for the pulling direction of string 1 relative to the x-axis.
a. How could you calculate the effect of string 1 pulling in the x-direction?
b. How could you calculate string 1’s effect pulling in the y-direction? That is, how could you
calculate the x- and y-components of if you know only the magnitude of the force (5 N) and
the direction of the force relative to the x-axis ( below the positive x-axis)? What are the
magnitudes of the other two forces?
4.1.3 Test your ideas
Lab: Equipment per group: whiteboard and markers, metal ring, 3 spring scales [Alternate:
Use a force table with ring, strings, pulleys, hangers and slotted objects]
Work with your group members to recreate the situation in Activity 4.1.2 and check whether
the forces that you found keep the ring in the equilibrium.
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0ALG 41,1 Camponents of fonoe wectoes

The sheich below shows thnee strings pulling in different directions in a honzotal planc on a small ming {R) o the
center. The cormesponding force diagram for the ring is also shawn on o grid

& Basod on what you sec in the foree disgram, explain why the nng does pot scoclerste in the positive or regalive x-
direction. Be explicit.

b, Repeat the same (or the p-dinection.

Conmomertt MNotice that siring | exerts 8 4-N foece.on (he ring toward the right, which balances the 4N foree exeried
by string 3 toword the left. Similarly, string 2 exerts 2 3- force on the ring upwand, which is balanced by the 3-N
dowrrwand pull exeried by string 1. IF you doa't see this, go back o the force diagram and try to visualize it. You
should be able to neaabize that siring | pudls in both the horromial r-direction and the verical y-Brection. W sy that
.F-']_M beas an v-component of F, = +4 N, and a pcomponentof F, _ =-3 N, Nommally, we don't
have foroe diagrams on grids 1hat aflow us to visualire the companents so explicaty m thas way, In the next activity,
we will do the same analysis using trigononsctry.

0aLG 4.1.2 Test your ideas

The sketch on the right shows the sume three
strinrs pulling on the ring & in the previouws
activity. However, an u.uglc 15 nowy shoam Tar the
pulling direction of sirng 1 redstive to the T-axis.

. How could you calculste the effect of string 1 o ar i
palling n the r-direcison?
b. How could you calculale siring 1's effect pulling

in the y-direction” That iz, how coulid you caleulate
the 1= and yeoomponenits of F 1w knerw anly the magnitude of the foree (5 M) and the drection of the focce

Tem R

relative to the x-axis (37° bedow the pestive x-ais]? What are the magnitudes of the other two forces?

. Waich the video of this experiment
hitps:/imedinplaver pearsoncmy com/assety’ frames. true/sci-0ALG-4-1-2 and check whether the
forces that vou found keep ihe ring in the equilibrivm,
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- October 5 -
Hi all Exploring and Applying Physics people! Thank you all who have been sharing their
experience, posting questions and resources, THANK YOU!
Today, | will continue with components stuff. One thing that we rarely discuss with our
students is that there is no separate normal force or friction force. These two are vector
components of the same force - the force that the surface exerts on an objects sitting on it or
sliding across it. To help students construct this idea we engage them in a very - ISLE-based
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https://www.facebook.com/groups/320431092109343/posts/1718166632335775/?__cft__%5B0%5D=AZXs23jmgxJnwR0INzjfLucTAuytWtmJ50pz_MIK1yOb7N8--tM1A1p-mDx6iSQMdrfCFNKb32VePpUSIjl4qs_uXgKxQD_ibrTwzKaVurh68ZeQwMhHua3pIjUPhwVmXpPip-0-wmIhd4KHlWGalDGoDdpbsY6hB0V3ivYejO1A9XM16HN8TGYmK4PyeboYq8wEqtL25MfZx63Jd4ep9_K4&__tn__=%2CO%2CP-R

observational experiment and the follow up analysis. | am pasting the screen shot of the
textbook page, but similar activities are in the ALG and OALG (I am reminding that all OALG
files are posted here in the FILES). If you do not have access to the ALG files, please send
me an email at eugenia.etkina@gse.rutgers.edu
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Eugenia Etkina
Admin

All-star contributor

- October 8 -
Hi all, if you are teaching Magnetic fields, Geometrical optics, or an astronomy course, and it
is a sunny day outside, this is a great short lab to do with the students. It is an application
experiment, if add a compass so that the students can compare the directions that they
foind using this approach with the directions showed by the compass, they can even do the
relative uncertainty estimations!

https://www.facebook.com/groups/320431092109343/posts/1720898928729212/? cft [0]
=AZVLe6SVXy Uviz3ErObeXLc D1QugSol841X0c2YfXd5XZsZra6G5mRNk D1AnPTNbql0
bbWj4wx7B6Rs4w80qaOan77bv6GXxLR5BW upoyBco9lgDsPN2ZKBXI4y73vpTiO62MQNi4
z7SxwpcQLURzLrvygk8qiv5fP8JFXgF fwVNTVKOTUjHHaP30B8gwTAgQOFwWLSZYDO9mzo
MIB5n3BfR5yjYHDWG11Y7DZ greCw& tn  =%2C0%2CP-R
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Eugenia Etkina
Admin

All-star contributor

- October 9 -
Hi all Exploring and Applying Physics people! | continue my posts abut dynamics and today |
want to focus on two ideas: the idea of a system and why even when we ask for predictions,
we do not follow the POE structure (predict, observe, explain). In the ISLE approach
students do not make predictions of the outcomes of testing experiments based on their
intuition. They do not start learning a new concept by confronting their previous ideas. On
the contrary, they start learning by observing new phenomena without being asked to make
any predictions, then they devise explanations of the observed phenomena and only then
they use these explanations to make predictions of the outcomes of the new experiments
(designed by them or offered by the teachers). These predictions are NEVER guesses. They
need to follow from their explanations and not from their intuition. This way of approaching
predictions is very different from POE sequence.
In the example that | describe today the students are asked to make predictions. BUT it is
not the beginning of their learning of Newton's laws, this is close to the end. They need to
know how to choose a system for analysis, analyze its interactions with external objects,
draw force diagrams and only then make a prediction about the outcome of the experiment.
Itis a great activity and teaches the students the importance of choosing a productive
system. Here is goes (the text is from our second ISLE book: Investigative Science Learning
Environment: A guide for teacher preparation and professional development):
"To apply Newton’s second law to solve problems, we first need to choose our system. We
then look at the external objects that interact with our system. They can either touch it or
interact at a distance (such as Earth, magnets, or electrically charged objects). We represent
the forces that those external objects exert on the system with arrows on force diagrams. We
then use the force diagrams to write Newton’s second law. The choice of the system
determines the analysis. The following exercise shows the difference.
A dynamics cart is held at rest on a level track. A spring scale is attached to the cart and a
string is attached to the spring scale. The string passes over a pulley at the end of the track
and a hanging object is attached (see the attached figure). Predict what will happen to the
reading on the spring scale when the cart is released.
Here the choice of the system is crucial for making the prediction. A productive choice is
choosing the hanging object as the system and not the cart (our system is indicated by the
red dashed line on the attached sketch). When the cart is held by the person, the sum of the
forces exerted on the hanging object is zero (see the attached force diagram). The scale
reads the force exerted by the string on the cart and on the hanging object. When the car is
released, the object starts pulling it to the right and accelerating down itself. As it accelerates
down, the sum of the forces exerted on it should point down, this means that the force
exerted on the object by the string decreases, and so does the reading of the scale. This is
our prediction. As you can see, it is not a guess, it is the result of complicated reasoning
using the models that the students have learned before.
See the video at (https://youtu.be/pznrUVWFNgU ). While the problem is relatively easy to
solve when we choose the hanging object as a system, it becomes impossible if we choose
the cart as the system.



https://www.facebook.com/groups/320431092109343/posts/1721720381980400/? cft [0]
=AZXYW-QNtTWnNo94AP6TbAgasWYO0 dXafC2jEV65Z-

1SvzZL AyroH8qv4BQrPwWTdsI8stFdumgza5eVKLXJ2DRIuPjS5gofAY7rcoVxAgJMxBopeP
PPReyrZkPjvW4wZ4 ab7CQejCOfVWayzjijCHISRoamrezsWBUdC3Z30DIlsg3mY-
iDK4g9enEbnrRojyeAohHXsLDgAjaDUdhc002W& tn =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 11 -
| got it in my Facebook feed. An excellent application experiment for static fluids! If you are
teaching AP1 - this is a great exam question and also a great mini-lab or a great homework
assignment with the requirement of their own video and an explanation of how every step
worked.
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6p0ENUCgXweQ10U8XhHZJg& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 14 -
Hi all, at our meeting for "Successes and Challenges in implementing the ISLE approach”
last Saturday there were a few challenges that we did not have time to discuss in detail and
a few that are very important to be discussed many times. Here is one of the latter:
Lack of support from admins, students report faculty for complains.
This is a common challenge and | am asking those who had it and resolved the issues to
comment. This is what | recommend:
Before switching to ISLE completely or even before starting to implement it step-by-step, talk
to your administration what you plant to do and why. If needed, use my paper in Physics
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Today - the magazine read by almost every physicist in the US that explains why ISLE
approach is good for student learning and well being. | am attaching it to this post. The goal
of these conversations is to make sure that your administration is on board, that they
understand why you are teaching this way and ready to explain it to anyone who complains.
Have regular conversations with your students about how people learn in general, how they
themselves have learned things that do well - play music, sports, computer games, etc. Use
Expertise activity (posted here in the FILES and in the folder for the meeting for which | put
the link on Sunday). | emphasize having multiple conversations with your students that
include how our brain learns (use the book by J. Zull The art of changing the brain) and the
findings from physics education research (I will attach the papers to my next message) that
students do not learn from listening to lectures.

If you are a high school teacher, do the same work with the parents. During back to school
nights have them engage in one of our introductory activities and then explain how this style
of learning helps EVERYONE learn. Also, you can play a short version of Expertise activity
with the parents.

Finally, try to get your colleagues on board by inviting them to observe your lessons and
explaining why you do things the way you do. But do it with a lot of hedging. This part is the
trickiest.

Hope this helps, but again, | invite those who have solved this problem to share their
experiences. Thank you!
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/? cft [0]
=AZVIH89pQYpEG8ggLX93NOdRfb2EMZNUbSfL-1E5r -
yGv_f75Pnc06AUsMvkdtgpp91QtLhU972td79DKICgklpkCx2KFFUapbhY TmFRfG78QsI2t Z
SKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-
GUFYgVGMEOIEcGnVzY7BV6NLfpONnQM e4 aY8tP57Uvrzul3y8qu0K214U47S& tn_ =%
2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 15 -
Hi all, yesterday | started responding to the challenges identified in our Saturday meeting
and | hoped that experienced ISLErs will comment about their experiences. Please, check
my yesterday's post and contribute! Today, | am posting my thoughts about another
challenge expressed in the meeting. | have experienced this one too. Many times.
I am the only physics teacher at school, students vary from year-to-year, some year students
couldn’t do the same activities as well as they should (especially in the assessment)
I think it is a common thing for groups of students to vary. The most important thing here is
to spend time learning about your students - what their interests are, what their situation at
home is, who their friends are, what school subjects they like most. Then talk to other
teachers who teach those students (it does not matter that they are not physics teachers)
and ask them about their strategies to motivate the kids.
Finally, there are always leaders in every social setting who affect the whole group, it is very
useful to find these leaders, talk to them and figure out how they can help you lead the class
to learning.
In terms of assessment - sometimes it is useful to ask the students how they want to be
assessed - through writing reflections, through solving problems, though independent


https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1725717771580661/?__cft__%5B0%5D=AZVIH89pQYpEG8ggLX93N0dRfb2EMZNUbSfL-1E5r_-yGv_f75Pnc06AUsMvkdtqpp91QtLhU972td79DkICgklpkCx2KFFUapbhYTmFRfG78Qsl2t_ZSKyj3LBtG_HcnWYviO9zYMdOhHsv4qasTYwUka-GUFYgVGME0lEcGnVzY7BV6NLfp0nQM_e4_aY8tP57Uvrzul3y8qu0K2l4U47S&__tn__=%2CO%2CP-R

projects, through talking to you? Varying your forms of assessment might help you find an
initial connection with them.

As for being the only teacher - that is why we have this community - to share, to support, to
help and to cheer!

Yesterday | promised to post two papers that showed that students learn better when they
are actively engaged. This paper was written over 25 years ago and has a study of 6000
students. Another paper that | will post tomorrow was written 20 years after this one and had
50000 students. The findings are very similar.
https://www.facebook.com/groups/320431092109343/posts/1726297551522683/? cft  [0]
=AZWzat Sb6RE6p5cxPb2m5p2PPZtRx  wcUYfpVkveMOtgNeHoL VL 9sFnsa6fVKSqYu2c
ReQL2cfGh7gF 1rkFWrLy6wUovGgWTKTv72LoMz3JCtjWZZSIly309Cki6fmiiJoQTv1KUZ G
3ZTMIKDAVQ2tYfoxG-6rm50T-
VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFIZesaXaQhy2yclRoy& th  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 16 -
Here is the second paper published 20 years after the one | posted yesterday about how
interactive engagement helps students learn and traditional instruction not so much (or
sometimes at all).
Save it for your files to work with administration and parents.

https://www.facebook.com/groups/320431092109343/posts/1727452824740489/? cft [0]
=AZUA HO 2IEs3qg yWPKFDNXZbxFQetcmBdB96gHyTwoFqUCz-
klyzvAOvDAbTeoYpQ75QTO0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-

FKNf rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-
EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufgVU5eFZbGyg03SLAF4K& tn =%
2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 17 -
Hi all, | continue with the challenges identified in our meeting past Saturday that did not have
time to be discussed in the meeting. Here is the next one:
There are so many activities. How do we know which ones to choose? What is enough?
What is too much? Timing?
| completely agree with too many activities. That is why we marked the most important ones
as "pivotal" in the ALG. We also discussed important activities in the Instructor Guide (it is
posted here in the FILES). | suggest reading the IG before planning your classes. Also, it is
important to know your students. Do they need more time and practice? Less time? Watch
the groups carefully to make decisions to move forward.
Also, remember that we come back to the same idea many times, so if they did not grasp it
on the first try, they might do it later. The resubmission policy should encourage them to fix


https://www.facebook.com/groups/320431092109343/posts/1726297551522683/?__cft__%5B0%5D=AZWzat_Sb6RE6p5cxPb2m5p2PPZtRx__wcUYfpVkveM0tqNeHoLVL9sFnsa6fVKSqYu2cReQL2cfGh7gF1rkFWrLy6wUovGqWTKTv72LoMz3JCtjWZZSly309Cki6fmiiJoQTv1KUZ_G3ZTMiKDAVQ2tYfoxG-6rm50T-VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFlZesaXaQhy2ycIRoy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1726297551522683/?__cft__%5B0%5D=AZWzat_Sb6RE6p5cxPb2m5p2PPZtRx__wcUYfpVkveM0tqNeHoLVL9sFnsa6fVKSqYu2cReQL2cfGh7gF1rkFWrLy6wUovGqWTKTv72LoMz3JCtjWZZSly309Cki6fmiiJoQTv1KUZ_G3ZTMiKDAVQ2tYfoxG-6rm50T-VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFlZesaXaQhy2ycIRoy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1726297551522683/?__cft__%5B0%5D=AZWzat_Sb6RE6p5cxPb2m5p2PPZtRx__wcUYfpVkveM0tqNeHoLVL9sFnsa6fVKSqYu2cReQL2cfGh7gF1rkFWrLy6wUovGqWTKTv72LoMz3JCtjWZZSly309Cki6fmiiJoQTv1KUZ_G3ZTMiKDAVQ2tYfoxG-6rm50T-VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFlZesaXaQhy2ycIRoy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1726297551522683/?__cft__%5B0%5D=AZWzat_Sb6RE6p5cxPb2m5p2PPZtRx__wcUYfpVkveM0tqNeHoLVL9sFnsa6fVKSqYu2cReQL2cfGh7gF1rkFWrLy6wUovGqWTKTv72LoMz3JCtjWZZSly309Cki6fmiiJoQTv1KUZ_G3ZTMiKDAVQ2tYfoxG-6rm50T-VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFlZesaXaQhy2ycIRoy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1726297551522683/?__cft__%5B0%5D=AZWzat_Sb6RE6p5cxPb2m5p2PPZtRx__wcUYfpVkveM0tqNeHoLVL9sFnsa6fVKSqYu2cReQL2cfGh7gF1rkFWrLy6wUovGqWTKTv72LoMz3JCtjWZZSly309Cki6fmiiJoQTv1KUZ_G3ZTMiKDAVQ2tYfoxG-6rm50T-VPhVAjO2AsiepctrDyupwwny0dyNvLHeRFlZesaXaQhy2ycIRoy&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1727452824740489/?__cft__%5B0%5D=AZUA_H0_2lEs3q_yWPkFDNXZbxFQetcmBdB96gHyTwoFqUCz-klyzv9vDAbTeoYpQ75QT0WuahrFmHFwnuu9Y9SIF4CT-6kqYD-FKNf_rcRFEV9dNbAWsNyCj4wP8R5WwLR5HT5eR1CcomIGyb4Amhg4U4-EgeLgYhrhVwjS1yNbSt7bK35VHdTUYhhdAjJpU3MufqVU5eFZbGyg03SLAF4K&__tn__=%2CO%2CP-R

their mistakes too. It is great to pair stronger students with struggling ones and encourage
collaboration.

The timing is important. Give your students a fixed time for an activity so that do not waste
time at the beginning. Watch the bast groups - how much time did they need? Why were the
others behind? Ask the students from the group that finishes first to help other groups.
Watch carefully that there is no time when they finished and are just waiting. The "sense of
urgency" is important in the lesson. There is no general recommendation on how long an
activity should take - it depends on your students. The faster pace you establish for the
lessons, the faster they will work.

Finally, it takes time for you get the feeling for what activities are most helpful for your
students. So, if during the first year of implementation you feel overwhelmed, it is normal.
That is why we have this group - post your questions, challenges and successes and the
community will come together to help. Hope this helps. | am asking here experienced ISLErs
to share their thoughts on this subject. Please do! Thank you!
https://www.facebook.com/groups/320431092109343/posts/1728141794671592/? cft  [0]
=AZVX37ngliU4HIuGQYclfGOcDVUOQz-1KSHEpxq3GdlhtgPpVMh-6ggolLh10toZf-
oeKfdJa7ZicfimXjrMnFK R1y7uYjtUAo3i-stUSUs3s6gfUDXfE uynH4JPxBGyRilDnjgqql-

7U_ XFkg94jG40t3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTMYQ& tn =%2C0%2
CP-R

Eugenia Etkina
Admin

All-star contributor

- October 18 -
Hi all, here is another challenge identified in our meeting last Saturday on successes and
challenges implementing the ISLE approach:
For resubmissions in hs, no office hours to talk to students.
I am not sure what this means - does the school not allow you to come a little earlier or stay
after school to work with students? | don't know who posted this challenge as it was group
work in the meeting, thus | would like this person to say more.
But, let's say there is zero outside class to meet with students for them to explain how they
redid stuff for resubmissions. Here is one possibility that | learned from one of high school
teachers. He designated one period a week for not teaching any physics but playing
educational and community building games with the students. This loss of instructional time
did not affect his students performance at all (it was magnificent) as they were more
motivated to work during other class times.
So, my suggestion is to designate some time every week for "self-improvement”. During this
time those who submitted Revision forms prior to this lesson (this is a form that asks the
students to explain what they did wrong, how they learned what to do correctly and what the
correct response to the question is) have an opportunity to work on extra similar problems
and answer your questions orally. Those who did not feel the need to improve their prior
work, just get some extra activities to work on or help those who need help. | know how we
are all pressed for time to make sure that we address all needed content with our students.
But if they are not ready to learn because they have not mastered previous stuff, us moving
forward is not successful.
Maybe giving your students an opportunity to improve (only if they worked on this before!)
will not only boost their knowledge and skills but also motivation so that you next lessons will
go faster.


https://www.facebook.com/groups/320431092109343/posts/1728141794671592/?__cft__%5B0%5D=AZVX37ngliU4HIuGQYcIfGOcDVUOQz-1KSHEpxq3GdlhtqPpVMh-6qqoLh10toZf-oeKfdJa7icflmXjrMnFK_R1y7uYjtUAo3i-stUSUs3s6gfUDxfE_uynH4JPxBGyRilDnjgqqI-7U__XFkg94jG4ot3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTmYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1728141794671592/?__cft__%5B0%5D=AZVX37ngliU4HIuGQYcIfGOcDVUOQz-1KSHEpxq3GdlhtqPpVMh-6qqoLh10toZf-oeKfdJa7icflmXjrMnFK_R1y7uYjtUAo3i-stUSUs3s6gfUDxfE_uynH4JPxBGyRilDnjgqqI-7U__XFkg94jG4ot3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTmYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1728141794671592/?__cft__%5B0%5D=AZVX37ngliU4HIuGQYcIfGOcDVUOQz-1KSHEpxq3GdlhtqPpVMh-6qqoLh10toZf-oeKfdJa7icflmXjrMnFK_R1y7uYjtUAo3i-stUSUs3s6gfUDxfE_uynH4JPxBGyRilDnjgqqI-7U__XFkg94jG4ot3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTmYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1728141794671592/?__cft__%5B0%5D=AZVX37ngliU4HIuGQYcIfGOcDVUOQz-1KSHEpxq3GdlhtqPpVMh-6qqoLh10toZf-oeKfdJa7icflmXjrMnFK_R1y7uYjtUAo3i-stUSUs3s6gfUDxfE_uynH4JPxBGyRilDnjgqqI-7U__XFkg94jG4ot3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTmYQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1728141794671592/?__cft__%5B0%5D=AZVX37ngliU4HIuGQYcIfGOcDVUOQz-1KSHEpxq3GdlhtqPpVMh-6qqoLh10toZf-oeKfdJa7icflmXjrMnFK_R1y7uYjtUAo3i-stUSUs3s6gfUDxfE_uynH4JPxBGyRilDnjgqqI-7U__XFkg94jG4ot3E3801ZSxF8W8xQrFJVzsihw42IpT2jdI7ULOTmYQ&__tn__=%2CO%2CP-R

What do you think?
https://www.facebook.com/groups/320431092109343/posts/1728934991258939/? cft [0]
=AZWWXSxWIBo-

SHZFF7ZTvGtThYNtdhs156sgkUnoa5rmae GMw6Tzx 3KiINTjpEH5ELe7aHKR6NbLovB3IO
TdC4rD3pB9z N9b5QwRsLcjF1-BJGCEXmSn6QKpF2QykTDM7K-
wWOAP4GTki1JRspKnGYZMmsxKtm fQCXQmMiZVwKrGvOELUaGQNXHOasabFDZjg& t
n_ =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 20 -
Hi all Exploring and Applying Physics people! | addressed all challenges that came up in our
meeting a week ago and were not discussed during the meeting and now | am going to back
to Newton's laws and a type of experiments that we have not discussed yet.
As you know, in ISLE, we classify all experiments in physics into three categories:
observational, testing and application. The testing experiments intend to test hypotheses
invented by the students to explain the outcomes of the observational experiments. Th
students use these hypotheses to make predictions of the outcomes of the testing
experiments before running them. But often there is more than just a hypothesis that goes
into making a prediction. This "more" is hidden assumptions, something that we take for
granted whic might not be true. To alert students to the assumptions, a long time ago David
Brookes and | came up with a new type of testing experiments that makes students question
their assumptions. They are called surprising data experiments. A lot of those are on our old
video website islevideos.net.
Here is my favorite example:
http://islevideos.net/experiment.php?topicid=13&exptid=121
Description of the Experiment
A helium-filled balloon is attached to a thread and placed inside a clear plastic box. The box
is on wheels. Predict what happens to the balloon when Dave pushes the cart forward. Do
not play the movie.
Explain how you made the prediction and write it down. What physics principles did you
use?
Play the movie. Did your prediction match the outcome of the experiment? If not, what do
you need to modify to account for the results of the experiment?
After watching the experiment:
Questions
What physics models did you use to make the original prediction?
What limitations of the models did you need to take into account to explain the result of the
experiment?
What information about the box could have been helpful at the beginning?


https://www.facebook.com/groups/320431092109343/posts/1728934991258939/?__cft__%5B0%5D=AZWWXSxWIBo-5HZFF7ZTvGtThYNtdhs156sgkUnoa5rmae_GMw6Tzx_3KiNTjpEH5ELe7aHkR6NbLovB3lOTdC4rD3pB9z_N9b5QwRsLcjF1-BJGcEXmSn6QKpF2QykTDM7K-wOAP4GTki1JRspKnGYZMmsxKtm_fQCXQmMiZVwKrGvOELUaGQNXHOasabFDZjg&__tn__=%2CO%2CP-R
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Existing users log in hewe or new
s s i Description of the Experiment
Fineratics Prcales 1. A helivm-filled belloon is attached to a thread and placed inside a clear plastic box. The box is on whezls, Predict what
happens to the balloon when Dave pushes the cart forward. Do not play the movie.
Meckanics Puzzhes 2, Explain how you made the prediction and write it down. Wkat physics principles did you use?
3. Play the movie. Was your prediction correct? If not, what do you need to modify to account for the results of the experiment?

Electric Circaits Pozeles

@lloon in g 4
Magnetism Puzzles e 00! r o
Watch later ' Share

Kinemtics Surprising Data -

Electrostatics Surprising Data

Flutds Surpristig Deta

Optics Surprising Duta

PXobe moNich o bodepped ey Tato vilng ey and keys oy ey boar Ty ment 10 ‘l
https://www.facebook.com/groups/320431092109343/posts/1730223371130101/? cft [0]
=AZWdgaMvgvQCZTyz55yK 93MMuML4raQe5n-
UXyJmITfO0uifOrQP5UWRMxPhs4J6PN3BSNRWpnOEnQXH-
TMtppoR4k1ZFK5R786evi8GpvXPjghQQ-
khFLOHKOIKOLTg4141QvKyd4iwzJ7icwcSNT7wWAXxsIdMMXZ4ShEiLagVsp 6pqCy50plhQ
RhoflInFgKyRR5ZRsh4 7S8Zw0Ral0dq& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 22 -
Felix Baumgartner... Lots of the "needs to know" and application experiments for all kinds of
physics. You can use it for kinematics, dynamics, rotational motion, pressure, and optics.
You can use this video multiple times during the year to help your students see how much
physics goes into it. All areas work together to describe and explain what is going on.
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https://www.facebook.com/groups/320431092109343/posts/1730223371130101/?__cft__%5B0%5D=AZWdqaMvgvQCZTyz55yK_93MMuML4raQe5n-UXyJmITf90uifOrQP5UWRmxPhs4J6PN3BSNRWpnOEnQXH-TMtppoR4k1ZFK5R786evi8GpvXPjghQQ-khFL9HKOIk0LTg4141QvKyd4iwzJ7icwcSNT7wWAxsldMMXZ4ShEiLagVsp_6pqCy50plhQRhofInFqKyRR5ZRsh4_7S8Zw0Ra0dq&__tn__=%2CO%2CP-R
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B- | ! -5: "
https://www.facebook.com/groups/320431092109343/posts/1731654754320296/? cft [0]
=AZVpwpoUYQkmadvyP KUjRiJVrf23Dn8ItKGwwGgGMGR-

kZkOfCzqvlvDCB jnN2CNUm1He 8-
QayrkfNu9J4CJjNH7p3Yvo1VJHfa8GgengLj2bYEXysspUVbkQOi8kRcSjf5X42BdH T6x70D7
0q8GEBijj SzST0zsXYUSxglL91nMGK48z go2bYKwxt-
yrqq3LBBtarqogaH9inHCpywzXvBvh7g2I0iR TauPrJRI2A& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 27 -
Hi all Exploring and Applying Physics people! | stopped posting for a while as my posts were
not getting many views. But it looks like the situation did not improve. Even the posts from
you that normally receive 800-1000 views are not very visible. | am not sure what to think
about it but as some of you are already starting circular motion, | decided to resume my
posts and share the most important ideas for the students to construct when they are in the
first lesson learning circular motion at constant speed.
Here kinestetic activities are crucial. We have a set of observational experiments for the
stuents to construct the idea that the sum of the forces exerted on an object moving in a
circle at constant speed points towards the center. While we have the videos, the key for
them to do the experiment trying to get a bowling ball to move in a circle at constant speed.
(ALG&OALG 5.1.1) https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-5-1-1
After the students construct the ides that the sum of the forces is towards the center, they
need to test it!
https://mediaplayer.pearsoncmg.com/.../sci-phys-egv2e-alg...
3. After they test this idea they need to explain why they feel pushed OUT not IN when they
are in a car making a turn. Here the ideas of the observer and a non-inertial reference frame
are key!
https://www.facebook.com/groups/320431092109343/posts/1735496267269478/? cft [0]
=AZXYO0CIMk-4wKQ8WzFUgBxSqZjPkxUMp5gckWOAdxzPGsB-IB-
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https://www.facebook.com/groups/320431092109343/posts/1731654754320296/?__cft__%5B0%5D=AZVpwpoUYQkma4vyP_KUjRiJVrf23Dn8ItKGwwGgGMGR-kZkOfCzqvIvDCB_jnN2CNUm1He_8-QayrkfNu9J4CJjNH7p3Yvo1VJHfa8GgengLj2bYEXysspUVbkOi8kRcSjf5X42BdH_T6x70D7oq8GEBjj_SzST0zsXYUSxqL91nMGK48z_go2bYKwxt-yrqq3LBBtarqoqaH9inHCpywzXvBvh7g2lOiR_TauPrJRI2A&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1735496267269478/?__cft__%5B0%5D=AZXY0CIMk-4wKQ8WzFUgBxSqZjPkxUMp5gckWOAdxzPGsB-lB-RIScdsSXNhDqejuU_YM7cUZtS9was7Xa7HtDloO0l2ZjRWD4GaWyQxlA5x1bbBGxeitvh7qjQqLx_DRFQD-jQCehFCcykcwVNgGGIx8atmxdcZ5Y6aLNv6Q4t2TiYmeFPdWjqpPYxEW_p7JLryzq79mpkPFG0KkZn-i7ES&__tn__=%2CO%2CP-R
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RIScdsSXNhDgejuU YM7cUZtS9was7Xa7HtDIoO0I12ZRWD4GaWyQxIA5x1bbBGxeitvh7qj
QgLx DRFQD-

jQCehFCcykcwVNgGGIx8atmxdcZ5Y6aLNv6Q4t2TiYmeFPdWjgpPYXEW p7JLryzg79mpk
PFGOKKZn-i7ES& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 29 -
Hi all Exploring and Applying Physics people! On Sunday | posted how to start the unit on
circular motion (the "need to know" is in the post with the workshop materials). The point of
the first lesson is to establish that when an object is moving in a circle at constant speed the
sum of the forces exerted on it points towards the center of the circle. But why? Here is the
sequence of activities that will help your students figure it out.
To help student see how the velocity vector changes its direction in circular motion, give
them meter sticks and let them hold those perpendicular to their bodies and run/walk along a
circle. The direciton fo the meter stick is the direction of their instantaneous velocity!

5.2 Anolyzing velecity change for cincular motion
5,2.1 Represent and reason

Ir the acisviises in the szmg-i_;}mlumudﬂmllh:mwrlhefmm nﬂiﬂdmnnﬂhjnclm‘lr@ ina ciecle
of commtant speed is pointed toward the center of the circle. Why is that? Thank of the motion of the object, The
speed 15 constant bt 15 the velocity constam? How can you find the durection of the veloctty of such an object al
eviry instant?

i Work together with your group members bo draw on a whitchoard the veloeiy vectors for such an object at four
different points of the emrele. What is the direction of the velocity vector? What i3 its magnatade?

I What can you say about the motion of the object? 15 it motion with constant velociny? I sol, how can you

- AV
determing the sceeleration ot cach point m the motion? Think of the definition of acoelerution { & =E‘I Jand how
you determuned ibe derection of the aceeleraiion in Chapter 2 for objects moving in a straigh line.

. Feadl Physecs Toolbax 5.1 in Section 5.2 of the textbook to leam the technsque for determining the direction of
accebemtion ol an ohject that is not moving along a struight line.

5.1.2 Represent and reason
FIVOTAL Class: Equiprmant per group: Whitoboard and whiteboard

4 T|r|1 VIEW
An object moves o constant speed m a ccle, a
& The tesk of vour group is o delermine the direction of its accelenation ot L A

ench of the: four positions shown in the ilhesirmtion, Split the work smong .
group mermbers s that cach member 15 respansibile for one poind, Work on
a shared whitehoard. Use what you leamed in Physscs Toodbox 3.1, Make n

suse you lake a point rght before the point of imerest and rght aller, and
use & nler o malkoe sure the lemgths of the velocity vecton remain the sume ard their directions are 1angent 10 the
anche,

. Examiine the findings of other members of the group. Can you agnee o a patierm in the directions of the
sccelemtion vectons? I so, what is it? Summarize your pattern on your whsiteboand and compare what you found
with the findings of ancther group

5.2.3 Explain
PIVOTAL Class: Equiprnant per group: wisilaboard and riardkers

Have a discussion with vour group: Explaan how the pattern you found in Activity 3.2.2 is connected with the
pattem yous ol in Activity 5,02 Does wour explanation for why the sum of the fonees exened on an object
maving in a circle 31 constant speed points toward ihe center of the cirche match the one you constrocted in Activity
3,137 I mot, which one necds Lo be revised? Put your revised wleas on o whitehoard end discuss wath another group.
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https://www.facebook.com/groups/320431092109343/posts/1736844247134680/? cft  [0]
=AZWQrIVKraLPGs4cPrWCEIliLijgghPcAozzcPCNRrmdje8GLy1vyv09UfzaAGN7WICOVJX
Ex-6qSxtI51fBEeKEocQ1hPKBW2EdDTDoFY SxtZkppEipKGtM77m-
fydPlg4a33xsN6dXw1oNZFeTaN3lukd6gERfY1YkopbD3c4Vmigrd8ca5OEVLz5J6XdNLy50
yJXbeOIP8cBoXFXO0WeF61& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor
- October 30 -

Many tools that we use in our lives are made for men. This is an example of engineering of

women in the world of men. And it is a great application for circular motion!

TABITHA BABBITT INVENTED THE CIRCULAR SAW IN THE
19TH CENTURY, TRANSFORMING THE WOODWORKING
INDUSTRY. STEMMING FROM HER FRUSTRATION WITH THE
CUMBERSOME TWO-MAN WHIPSAW, SHE DEVISED A BLADE
THAT CUT WOOD MORE EFFICIENTLY. THOUGH HER
INNOVATIONS BOOSTED SAWMILLS, SHE CHOSE NOT TO
PATENT HER INVENTIONS, BELIEVING IN SHARING
PROGRESS. BABBITT'S CONTRIBUTIONS REMAIN
OVERLOOKED, YET HER LEGACY OF INGENUITY ENDURES.
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https://www.facebook.com/groups/320431092109343/posts/1736844247134680/?__cft__%5B0%5D=AZWQrIVKraLPGs4cPrWCEliLijgghPcAozzcPCNRrmdje8GLy1vyv09UfzaA6N7W9C0VJXEx-6qSxtI51fBEeKEocQ1hPK6W2EdDTDoFYSxtZkppEipKGtM77m-fydPIq4a33xsN6dXw1oNZFeTaN3Iukd6qERfY1YkopbD3c4VmIgrJ8ca5OEVLz5J6XdNLy50yJXbeOlP8cBoXFX0WeF61&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1736844247134680/?__cft__%5B0%5D=AZWQrIVKraLPGs4cPrWCEliLijgghPcAozzcPCNRrmdje8GLy1vyv09UfzaA6N7W9C0VJXEx-6qSxtI51fBEeKEocQ1hPK6W2EdDTDoFYSxtZkppEipKGtM77m-fydPIq4a33xsN6dXw1oNZFeTaN3Iukd6qERfY1YkopbD3c4VmIgrJ8ca5OEVLz5J6XdNLy50yJXbeOlP8cBoXFX0WeF61&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1736844247134680/?__cft__%5B0%5D=AZWQrIVKraLPGs4cPrWCEliLijgghPcAozzcPCNRrmdje8GLy1vyv09UfzaA6N7W9C0VJXEx-6qSxtI51fBEeKEocQ1hPK6W2EdDTDoFYSxtZkppEipKGtM77m-fydPIq4a33xsN6dXw1oNZFeTaN3Iukd6qERfY1YkopbD3c4VmIgrJ8ca5OEVLz5J6XdNLy50yJXbeOlP8cBoXFX0WeF61&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1736844247134680/?__cft__%5B0%5D=AZWQrIVKraLPGs4cPrWCEliLijgghPcAozzcPCNRrmdje8GLy1vyv09UfzaA6N7W9C0VJXEx-6qSxtI51fBEeKEocQ1hPK6W2EdDTDoFYSxtZkppEipKGtM77m-fydPIq4a33xsN6dXw1oNZFeTaN3Iukd6qERfY1YkopbD3c4VmIgrJ8ca5OEVLz5J6XdNLy50yJXbeOlP8cBoXFX0WeF61&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1737572430395195/? cft  [0]
=AZWRSeae3D52ZYTFjnbliyMG3hF-

GVQtBC2cYhUZqOnQO0yQeo HLyJQwijrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC B8sc1-
vMgYOWhpCuQ49oycsdgFIfNPHcty90 jia6WeQTt1hfOCxxijZX8jZ611Ws3-
ilJVKny1Ds5hdegfiyFCxxghjKnQb9zL O7OHtjtwhVEsYeeE1w BNv3ni9IXM-
em8UXWI9cQub20rxKtQ& tn  =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- October 31 -
Hi all Exploring and Applying Physics people! Today | continue the logical flow of the
knowledge construction by the students. In my previous post (the day before yesterday) |
showed the activities that help students figure out the direction of velocity in circular motion
and explain why the the sum of the forces exerted on an object moving in a circle at constant
speed points towards the center. But what if the speed is not constant? Where does the sum
of the forces and thus, acceleration point? | am sharing an activity from chapter 10 -
Vibrations. Although it is in vibrations, it is excellent for the students to really understand
circular motion. Here is the screenshot from the ALG. The students first find the directions of
the acceleration at different points using kinematics and then the directions of the forces.
When you have the "Time for telling moment", discuss the roles of the radial and tangential
components of the sum of the forces. Tomorrow | will post a testing experiment for some of
the answers in the table.


https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1737572430395195/?__cft__%5B0%5D=AZWRSeae3D52ZYTFjnbljyMG3hF-GVQtBC2cYhUZqOnQ0yQeo_HLyJQwjrloda2JVbWH5e4PBn2NTxPG6H9hi1QQC_B8sc1-vMgY0WhpCuQ49oycsdgFlfNPHcty9O_jia6WeQTt1hfOCxxijZX8jZ6l1Ws3-iIJVKny1Ds5hdegfiyFCxxqhjKnQb9zLO7OHtjtwhVEsYeeE1w_BNv3ni9lXM-em8UXWI9cQub2OrxKtQ&__tn__=%2CO%2CP-R

10.5.1 Represent and reason
PIVOTAL Lab or class: Equipment per group; whiteboard and markers.

¥ou have a small bob on a long string (a pendulum). The pendulum bob swings back and forth,
a5 shown in the figure below. [t 15 released at position 1 and swings all the way to position IV
before coming back. At each of the marked points in the figure, the coordinate system consists of
an axis in the radial direction (r-axis) and a perpendicular axis in the tangential divection (f-axis),
Disregard air resistance,

u. Collsborate with your group members to complete the table that follows for positions shown

——in the figure.
e _ _ _

Use the graphical velocity method to Posthien | Position | Posibion | Posihon

estimate the direction of boh's acceleration. | | I (1] n

Diraw a force diagram for the bob, Position | Position | Position | Position
| I} 1] v

Braw the sum of the forces and of the Positien | Position | Postion | Position

acceleration. Do they match? | I In v

Draw the t-component of the sum of the Position | Position | Position | Position

forces and of the acceleration. Do they I 1 [} LY

match?

Deaw the r-component of the suin of the Position | Position | Position | Positon

forees and of the aceeleration, Do they | I i1} v

miateh?

https://www.facebook.com/groups/320431092109343/posts/1738197006999404/? cft  [0]
=AZUAATEZUIVezfFiDVXLoyRC0oA4X00hgBIOoJCriLEuiMxuD50shucwfOXCFFQyGjj7cP_S
JKkGHBb3aFXoQjON-

4b9SHQJPBRHaprSRHOiXNCOp30JrA9K38dcLgevciRsVzN5ZHP 11LVFuhNjzJR93pi1DtX
utYq7Kfr1017jtdpUSmaNu7fNluadb80GA3yPVBoukKSBMFtYZu6s50h4TZ& tn =%2C0%
2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 3 -
Tom Prewitt said something in his comment responding to my comment yesterday, and it is
so good that | want to share it with all of you. This is what he said:
"Sort of like Physics is this beautiful park and I'm going to take them to the spots where they
can get the best views."


https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1738197006999404/?__cft__%5B0%5D=AZUAA7EZUIVezfFjDVxLoyRCoA4X0ohqBIOoJCrjLEuiMxuD5oshucwfOXCFF0yGjj7cP_SJkGHBb3aFXoQj0N-4b9SHQdPBRHaprSRHOixNCOp3OJrA9K38dcLqevcjRsVzN5ZHP11LVFuhNjzJR93pi1DtXutYq7Kfr10I7jtJpUSmaNu7fNIuadb80GA3yPVBoukKSBMFtYZu6s50h4TZ&__tn__=%2CO%2CP-R

So true, if you are teaching through the ISLE approach...
https://www.facebook.com/groups/320431092109343/posts/1740424043443367/? cft [0]
=AZWZATFtKSCSBafdm7x9cJRG2EqtRgRrMtsgujm MXtmqgQtxVjgE4ohSSxgB4GDMcvmZ
y8pqC8iRGcd89d V2UrOUrmAMt-2TTcjbVzzfDI5jsNyOdbOd-
QMbF8gE9gDoWeGUK2txwXOF 1gtzFpWnlVZ-
vioYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE& tn =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 4 -
Hi all, if you live in the US you know how | am feeling now. Worried and terrified that our
country will make the wrong choice. All of us who believe in science and people's rights,
please vote! One of the reasons for my work spreading the ISLE approach is that | hope that
students who learn physics through ISLE learn to understand the difference between
evidence and inference; that they learn to think like scientists, and that they care about other
people belonging. This is what ISLE hopes to teach our students and | can only hope that
we can still teach it after tomorrow. Please do your part and vote.
https://www.facebook.com/groups/320431092109343/posts/1741124236706681/? cft [0]
=AZXdEtsouxBI371Q0iuARZ2dSr 8Wg-x-
mg2JnlzVM5mT7nSL1VNjyNtMTRAILljozupxH8v1i-
yTfQtJmoCWRC1 _MUSgS A2pEFnRA5uPB82IStD7eY5zyqZfGH5yENnjPiRUWDQITtVfbI1iV
p7UCb8LGMQR-UAOETMONKgAfzpSfgOUGMjkWMq_v8ZWpvWu2Y& tn  =%2C0%2CP-
R

Eugenia Etkina
Admin

All-star contributor

- November 7 -
Hi all Exploring and Applying Physics people! | continue posting about using the ISLE
approach to teaching circular motion. Notice, that we teach this topic AFTER Newton's laws
combining kinematics and dynamics. We also use the same tool - a motion diagram to help
students make sense of what is going on. How do they invent the mathematical description
of acceleration? After using the graphical techniques to find its direction, we proceed to
mathematics. The process allows them to focus on the idea that acceleration is NOT delta v.
Itis delta v over delta t. Below are two activities that allow students to reason conceptually to
the important v*1/r mathematical expression. Once they do it, they can evaluate the
expression for units. But yet our way does not give them the coefficient - 1, this comes
through testing experiments. | will post the next activity tomorrow. Please ask questions!


https://www.facebook.com/groups/320431092109343/posts/1740424043443367/?__cft__%5B0%5D=AZWZATFtKSCSBafJm7x9cJRG2EqtRqRrMtsgujm_MXtmqQtxVjgE4ohSSxgB4GDMcvmZy8pqC8iRGcd89d_V2Ur0UrmAMt-2TTcjbVzzfDl5jsNyOdbOd-QMbF8qE9gDoWeGUk2txwXOF1qtzFpWnlVZ-vloYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1740424043443367/?__cft__%5B0%5D=AZWZATFtKSCSBafJm7x9cJRG2EqtRqRrMtsgujm_MXtmqQtxVjgE4ohSSxgB4GDMcvmZy8pqC8iRGcd89d_V2Ur0UrmAMt-2TTcjbVzzfDl5jsNyOdbOd-QMbF8qE9gDoWeGUk2txwXOF1qtzFpWnlVZ-vloYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1740424043443367/?__cft__%5B0%5D=AZWZATFtKSCSBafJm7x9cJRG2EqtRqRrMtsgujm_MXtmqQtxVjgE4ohSSxgB4GDMcvmZy8pqC8iRGcd89d_V2Ur0UrmAMt-2TTcjbVzzfDl5jsNyOdbOd-QMbF8qE9gDoWeGUk2txwXOF1qtzFpWnlVZ-vloYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1740424043443367/?__cft__%5B0%5D=AZWZATFtKSCSBafJm7x9cJRG2EqtRqRrMtsgujm_MXtmqQtxVjgE4ohSSxgB4GDMcvmZy8pqC8iRGcd89d_V2Ur0UrmAMt-2TTcjbVzzfDl5jsNyOdbOd-QMbF8qE9gDoWeGUk2txwXOF1qtzFpWnlVZ-vloYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1740424043443367/?__cft__%5B0%5D=AZWZATFtKSCSBafJm7x9cJRG2EqtRqRrMtsgujm_MXtmqQtxVjgE4ohSSxgB4GDMcvmZy8pqC8iRGcd89d_V2Ur0UrmAMt-2TTcjbVzzfDl5jsNyOdbOd-QMbF8qE9gDoWeGUk2txwXOF1qtzFpWnlVZ-vloYXKDqpTtJ8zmuGq1SBUSoXJighLLQxeXxCQpmoE&__tn__=%2CO%2CP-R
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https://www.facebook.com/groups/320431092109343/posts/1741124236706681/?__cft__%5B0%5D=AZXdEtsouxBI37IQ0iuARZ2dSr_8Wg-x-mg2JnlzVM5mT7nSL1VNjyNtMTRAlLIjozupxH8v1i-yTfQtJmoCWRC1_MUSqS_A2pEFnRA5uPB82lStD7eY5zyqZfGH5yEnjPiRuWDQITtVfbI1iVp7UCb8LGmQR-uAOETMOnKgAfzpSfg0uGMjkWMq_v8ZWpvVu2Y&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1741124236706681/?__cft__%5B0%5D=AZXdEtsouxBI37IQ0iuARZ2dSr_8Wg-x-mg2JnlzVM5mT7nSL1VNjyNtMTRAlLIjozupxH8v1i-yTfQtJmoCWRC1_MUSqS_A2pEFnRA5uPB82lStD7eY5zyqZfGH5yEnjPiRuWDQITtVfbI1iVp7UCb8LGmQR-uAOETMOnKgAfzpSfg0uGMjkWMq_v8ZWpvVu2Y&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1741124236706681/?__cft__%5B0%5D=AZXdEtsouxBI37IQ0iuARZ2dSr_8Wg-x-mg2JnlzVM5mT7nSL1VNjyNtMTRAlLIjozupxH8v1i-yTfQtJmoCWRC1_MUSqS_A2pEFnRA5uPB82lStD7eY5zyqZfGH5yEnjPiRuWDQITtVfbI1iVp7UCb8LGmQR-uAOETMOnKgAfzpSfg0uGMjkWMq_v8ZWpvVu2Y&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1741124236706681/?__cft__%5B0%5D=AZXdEtsouxBI37IQ0iuARZ2dSr_8Wg-x-mg2JnlzVM5mT7nSL1VNjyNtMTRAlLIjozupxH8v1i-yTfQtJmoCWRC1_MUSqS_A2pEFnRA5uPB82lStD7eY5zyqZfGH5yEnjPiRuWDQITtVfbI1iVp7UCb8LGmQR-uAOETMOnKgAfzpSfg0uGMjkWMq_v8ZWpvVu2Y&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1741124236706681/?__cft__%5B0%5D=AZXdEtsouxBI37IQ0iuARZ2dSr_8Wg-x-mg2JnlzVM5mT7nSL1VNjyNtMTRAlLIjozupxH8v1i-yTfQtJmoCWRC1_MUSqS_A2pEFnRA5uPB82lStD7eY5zyqZfGH5yEnjPiRuWDQITtVfbI1iVp7UCb8LGmQR-uAOETMOnKgAfzpSfg0uGMjkWMq_v8ZWpvVu2Y&__tn__=%2CO%2CP-R

5.3.1 Observe and fincl a pattern Von
Clazs: Equiprent per group: whileboerd and markers. " ; =

Tmagine three small toy cars travel ot constant speed in identieal-radii borizontal gircular paths (3 3k _// N i p: \\\
top view i shown below). Car A moves at speed v, car B o¢ speed 2, and car Cat speed 3u. Use ‘/.\M _”_.\\ .'( "ot Lan
the vobacity technique (Physice Toolbex 5.1 in the exthook) ta determine how the magnitude of fo. MedE 1 ot
the acceleration of ihe cars depends on their spesds. Remember that cecleration is AH/A! and w |
that you need to conpars the velosity changs: &7 vectors for the thice speeds and alse e e \ / \ /
interval Asneeded for the velocity changes in each of the thyee cases A \ S/
/
x_u_//
[ W 5 a7 c
\ / b, Combine the results frem Astavities £.3.1 and 5.3.2a 10 write a general expressicn for the
II | i the aceek during peed circuler motion
| -
/ / =
- S o

5.3.7 Ohserve and find 2 patiern
Class: Equipment per grour: whitehosrd and markers

Twiosmall toy cars travel ot the same coastant speed in hanizontal circular paths (2 op view s
shown below |, Car | moves in a circle of radivs e and car Il ina circle of radins Ir.

a. Use the velaity techmique (Physics Toolbox 5.1 in the textbeok ) te determine how the
magnitmdes of the aceelerations of te cars depend on the mdii of the circles. Do nol farget to
consider the time intervale needed for the veloeity changes.

https://www.facebook.com/groups/320431092109343/posts/1743058476513257/? cft  [0]
=AZUiADcQIFBKIiDfI2KzSPt8BiXCP1AMDs6A8GBc49Pcbh oSFE6DXA3FPZHrMresWQCQ
RUCmsfppvzv1fSmYlp-
E9cTLHCE2JBFLiaoDVobUyQtdKAelASdWUOoC2VphyKyk40z04q9rdHYNzBykv-
IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD41Z4ujuTxhDr jTMIOIJIL4AMqINR1Y cXWE41& tn

=%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 8 -
Hi all, | continue with circular motion. How do we test that the derived expression for the
radial acceleration which was a proportionality in my yesterday's post can be turned into an
equality with the coefficient of 1. a=v*2/r instead of a is proportional to v*2/r? Here is the
testing experiment:
5.3.3 Test the relation
PIVOTAL Lab: Equipment per group: whiteboard and markers, ruler, string, objects, ring
stand, arms and rods, clamp, digital scale, stopwatch, protractor.
Learning goal: Use the equipment to construct a conical pendulum and use that set-up to
test your derived expression for radial acceleration vA2/r.
a. First brainstorm with your group members. What physical quantities can you measure?
What physical quantity could you predict with the equation in order to test it? Describe how
you will model the objects, interactions, and processes you will use in your mathematical
model. Construct force diagrams as appropriate.
b. Describe your experimental procedure. Include a sketch of your experimental design.
Explain what steps you will take to minimize experimental uncertainty.
c. 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.
d. What are the sources of experimental uncertainty? Which measurement is the most
uncertain? How did you decide?
e. Make a numerical prediction. Be sure to show your mathematical procedure. Show your
work to an instructor.


https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743058476513257/?__cft__%5B0%5D=AZUiADcQ9FBKtDfl2KzSPt8BiXCP1AMDs6A8GBc49Pcbh_oSF6DXA3FPZHrMr6sWQCQRUCmsfppvzv1fSmYlp-E9cTLHCE2JBFLiaoDVo6UyQtdKAeIASdWUOoC2VphyKyk4OzO4q9rdHYNzBykv-IPPi8BxUOx1w1KyQU7Xv1ssoCjOsaD4lZ4ujuTxhDr_jTMl0lJIL4MqiNR1Y_cXWE41&__tn__=%2CO%2CP-R

f. Perform the experiment. Record your results in an appropriate format. What is the
outcome of the experiment?

g. Make sure to compare your experimentally measured and predicted values. 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.

There are multiple ways to do the experiment (better several!). Please share what your
students have done.

In the OALG we have a video alternative if your students do not have access to equipment.
OALG 5.3.3 Test the relation

Equipment: a ruler, a protractor.

Use the video https://mediaplayer.pearsoncmg.com/.../_fr.../sci-OALG-5-3-3to test your
derived expression for radial acceleration v*2/r.. For this experiment, you will need a ruler
and a protractor.

a. Watch two spheres A and B of different masses move in a circle (( and ). What do you
notice about their motion? Write all your observations below (do not measure anything).
Draw force diagrams to explain the tilt of the strings qualitatively.

b. Use the data in the video for sphere A to determine whether the angle is consistent with
the equation under test. What other quantities do you need to determine to make this
judgment? Describe how you will model the objects, interactions, and processes that you will
use in your mathematical model. Construct force diagrams as appropriate.

c. Consider the uncertainties in your data. How do they affect your judgment?

d. How can you explain that the tilt of the string for sphere B is the same as for sphere A
although sphere B has about three times larger mass?

&~
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https://www.facebook.com/groups/320431092109343/posts/1743780909774347/? cft  [0]
=AZVcrJgYKQ67MKTFQ5HCYy8R6wWDs10Kac-
IsdYTVg62VdnYVIivpzZWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8h
uS0ONEKJrGXJExbKsTm4kigd7TgwrOCi92hgb8 z2HoxxCgKAZCjR17IRPsgAPJCYLVitnvNd
Tx0O6S0aFaV-QhhblUrlJhkQV5RFiDuDi816W3y t& tnh  =%2C0%2CP-R



https://www.facebook.com/groups/320431092109343/posts/1743780909774347/?__cft__%5B0%5D=AZVcrJgYKQ67MkTFQ5HCy8R6wDs1oKac-lsdYTVg62VdnYVlvpzWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8hu50nEKJrGXJExbKsTm4kigd7TqwrOCi92hqb8_z2HoxxCgKAZCjR17lRPsgAPJCYLVitnvNdTxO6S0aFaV-QhhbIUrlJhkQV5RFiDuDi816W3y_t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743780909774347/?__cft__%5B0%5D=AZVcrJgYKQ67MkTFQ5HCy8R6wDs1oKac-lsdYTVg62VdnYVlvpzWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8hu50nEKJrGXJExbKsTm4kigd7TqwrOCi92hqb8_z2HoxxCgKAZCjR17lRPsgAPJCYLVitnvNdTxO6S0aFaV-QhhbIUrlJhkQV5RFiDuDi816W3y_t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743780909774347/?__cft__%5B0%5D=AZVcrJgYKQ67MkTFQ5HCy8R6wDs1oKac-lsdYTVg62VdnYVlvpzWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8hu50nEKJrGXJExbKsTm4kigd7TqwrOCi92hqb8_z2HoxxCgKAZCjR17lRPsgAPJCYLVitnvNdTxO6S0aFaV-QhhbIUrlJhkQV5RFiDuDi816W3y_t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743780909774347/?__cft__%5B0%5D=AZVcrJgYKQ67MkTFQ5HCy8R6wDs1oKac-lsdYTVg62VdnYVlvpzWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8hu50nEKJrGXJExbKsTm4kigd7TqwrOCi92hqb8_z2HoxxCgKAZCjR17lRPsgAPJCYLVitnvNdTxO6S0aFaV-QhhbIUrlJhkQV5RFiDuDi816W3y_t&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1743780909774347/?__cft__%5B0%5D=AZVcrJgYKQ67MkTFQ5HCy8R6wDs1oKac-lsdYTVg62VdnYVlvpzWGK80ncM1hjqJfioXAF8oqa7d2423A5sRxZmZEtHzg76UXMo4Ja8hu50nEKJrGXJExbKsTm4kigd7TqwrOCi92hqb8_z2HoxxCgKAZCjR17lRPsgAPJCYLVitnvNdTxO6S0aFaV-QhhbIUrlJhkQV5RFiDuDi816W3y_t&__tn__=%2CO%2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 10 at 6:50 PM -
Hi all Exploring and Applying Physics people! This is my last post for Chapter 5 - Circular
motion. If you are teaching AP Physics, it is the post for you.
As you know, in the revised AP there are four types of questions/problems that students will
encounter on the exams. One of them is TBR - translation between representations. The
person who was the first to advocate that translating between the representation is one of
the important aspects of thinking like a physicist was Alan Van Heuvelen - my long time
collaborator and a co-author of our textbook.
In our textbook the multiple representation problem solving strategy is the the foundation of
problem solving. In the ALG/OALG we have lots of activities for the students to do in the
classroom where they do not need to solve for anything, but translate, translate and translate
again. | am posting a representative activity form the ALG/OALG in the circular motion
chapter. Do not skip!

OALG 5.4.1 Represent a process in multiple ways
Below are three scenarios involving a rollercoaster car running on a smooth nearly-frictionless

track.
1 n il
The roller coaster car glides at The roller coaster car moves along @ | The roller coaster car moves
constant speed along a frictionless, | frictionless cireular dip in the track. | inverted along the top of a
level track. . frictionless loop-the-loop.

14 7 TN\

.
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For each of the scenarios described above, perform the following:

a. Re-draw the diagram of the scenario on your page.
b. Indicate the direction of the radial acceleration & of the car on your diagram.

. Draw a force diagram for the car, labeling each force with two subseripts to show what object
is exerting a force on the object of interest. Indicate the direction of the radial axis on your

diagram.

&
d. Apply Newton's second law a_= Z_ to the car, making sure you are consistent with how
m

you chose your radial axis.

e

[
https://www.facebook.com/groups/320431092109343/posts/1745330302952741/? cft  [0]
=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJgzsQ7XU
gAmZbFsOpV8mCN43HDikzBBjgiFcmpfb1BgK51x00K7IEOSqfrHf-iUfANAGI72bqch8ZXG-
TViBTWhXnVkdBHd7aD401zLRfmOF _DtilYpUISWx7zjVYQ8UI9E4xeNmcyJ40GXa6X-
3X oPZRRC& tn  =%2C0%2CP-R



https://www.facebook.com/groups/320431092109343/posts/1745330302952741/?__cft__%5B0%5D=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJqzsQ7XUqAmZbFsOpV8mCN43HDjkzBBjgiFcmpfb1BgK51x00K7lEOSqfrHf-iUfAnAGl72bqch8ZXG-TVjBTWhXnVkdBHd7aD4o1zLRfm0F_DtiIYpUISWx7zjVYQ8Ul9E4xeNmcyJ40GXa6X-3X_oPZRRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1745330302952741/?__cft__%5B0%5D=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJqzsQ7XUqAmZbFsOpV8mCN43HDjkzBBjgiFcmpfb1BgK51x00K7lEOSqfrHf-iUfAnAGl72bqch8ZXG-TVjBTWhXnVkdBHd7aD4o1zLRfm0F_DtiIYpUISWx7zjVYQ8Ul9E4xeNmcyJ40GXa6X-3X_oPZRRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1745330302952741/?__cft__%5B0%5D=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJqzsQ7XUqAmZbFsOpV8mCN43HDjkzBBjgiFcmpfb1BgK51x00K7lEOSqfrHf-iUfAnAGl72bqch8ZXG-TVjBTWhXnVkdBHd7aD4o1zLRfm0F_DtiIYpUISWx7zjVYQ8Ul9E4xeNmcyJ40GXa6X-3X_oPZRRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1745330302952741/?__cft__%5B0%5D=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJqzsQ7XUqAmZbFsOpV8mCN43HDjkzBBjgiFcmpfb1BgK51x00K7lEOSqfrHf-iUfAnAGl72bqch8ZXG-TVjBTWhXnVkdBHd7aD4o1zLRfm0F_DtiIYpUISWx7zjVYQ8Ul9E4xeNmcyJ40GXa6X-3X_oPZRRC&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1745330302952741/?__cft__%5B0%5D=AZUbDhG6QYIPCsfGTAMJfuN3BjFNfl4THAsfKouZQRJ7s4xSCykhsMKkFhXNJqzsQ7XUqAmZbFsOpV8mCN43HDjkzBBjgiFcmpfb1BgK51x00K7lEOSqfrHf-iUfAnAGl72bqch8ZXG-TVjBTWhXnVkdBHd7aD4o1zLRfm0F_DtiIYpUISWx7zjVYQ8Ul9E4xeNmcyJ40GXa6X-3X_oPZRRC&__tn__=%2CO%2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 13 at 4:00 PM -
Hi all Exploring and Applying Physics people! | am starting a series of posts on conserved
quantities. These are mass, linear and rotational momentum, total energy, and electric
charge. There are four crucial ideas when students are learning conserved quantities:
The idea of a system and the environment. In physics any group of objects (fields are
considered objects here) can be considered a system, all other objects (and fields) are the
environment that interacts with the system.
For the analysis of the system you need to choose initial and final states. What happens in
between is not important.
There is a difference between the terms conserved and constant (they are not synonyms). A
conserved quantity (mass, momentum, total energy, etc.) is constant in an isolated system
and changes in a non-isolated system but you can always find a system in which a
conserved quantity is constant (the same in the initial and final state) A non-conserved
quantity can be constant (constant acceleration, constant velocity) but when it changes, you
cannot redefine the system to keep the quantity constant.
conserved quantities can be graphically represented with bar charts. For each quantity the
bars are labeled differently, but the principle is the same. Once you learn bar charts for one
quantity, it is easy to transfer this knowledge to a different quantity. non-conserved quantities
cannot be represented by bar charts.
ISLE students start learning the ideas of conservation in Chapter 6 - Linear momentum, but
in that chapter, they first learn about mass as a conserved quantity. We had several
workshops dedicated to Chapter 6. | am posting the link - you will find all documents there.
Please pose questions and share your experiences with students!
https://drive.google.com/.../1dd9zS99n4YALibVvYR12hZp1n3c...
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/? cft  [0]
=AZWsXhBe-pHZu49ruUgReJvg8qlJrOU4tn 1WbmjT7-
tTWKFoSFNCKI8VE9CuejNDiPe4YdT23S4qz60fi-
moGnsvePMKvWILXfA 5rkSzgDGAQXu4AuyH1jStTpZKvAmMUPg-
pN1nuGJZDig0x2sxO6gEHf3ycW-4e-
F1pjCDUOGjXk1fRRIzZIWZzVot8hwKyfZxuDmaEBd7 Dk6lIBUQCUXK& tn  =%2C0%2CP-
R

Eugenia Etkina
Admin

All-star contributor

- November 14 at 10:21 AM -
Hi all, this is a reminder of our workshop for Optics on Saturday. If you plan to attend please
sign up going to your EVENTS.
| posted the link to the registration two days ago. The enrollment if very small and it worries
me. Please let me know if these workshops are useful. Alternatively we could have office
hours on Fridays or Saturday once a week so that you can ask questions. | could have a
standing zoom meeting every Friday or Saturday at the time that is convenient for people.


https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1747354396083665/?__cft__%5B0%5D=AZWsXhBe-pHZu49ruUqReJvg8qlJr0U4tn_1WbmjT7-tTwKFoSFNCkI8VE9CuejNDiPe4YdT23S4qz60fi-moGnsvePMkvWfLXfA_5rkSzgDGAQXu4AuyH1jStTpZKvAmUPq-pN1nuGJZDiq0x2sxO6qEHf3ycW-4e-F1pjCDU0GjXk1fRRlzlWzVot8hwKyfZxuDmaEBd7_Dk6liBUQCuXK&__tn__=%2CO%2CP-R

The problem is that we are in different time zones and it is impossible to find the day/time
convenient for everyone. Please share your ideas. Thank you.
https://www.facebook.com/groups/320431092109343/posts/1747834566035648/? cft [0]
=AZXdCfJKBE8RfdWvsKIF9gdbxAoFkjhlgk5Hfd7QHu7HhEYsWhWEUifnUAVUDREG3Tmx
TtfydF7SCaZOKkEaNwrsrntVKnhldNZnh9nPIONu2lfUoOmhkJ7XacbLI7IbKpmH nm zK4F8k
shsRtqoRycrrh5GDFO9ZLrt9Lr59vMJMmJOXERQE7KAwW9bj0708nZc&  tn =%2C0%2CP-
R

Eugenia Etkina
Admin

All-star contributor

- November 17 at 7:20 AM -
Hi @everyone! We had a wonderful workshop on optics (part ). Thank you all those who
participated and created a unique atmosphere of learning and love for physics. Not only that
we went through the logical progression of the material and worked with new and exciting
experiments, but we also focused on the nature of the ISLE approach - no predictions before
observational experiments, testing hypotheses not intuition and the differences between
hypotheses and predictions. The more times we return to these pillars of the ISLE approach,
the more ISLE process becomes habitual. | enjoyed the workshop very much and | hope the
participants did too. Huge thanks to Gorazd Planinsic for his amazing experiments and help
with them during the workshop.
Here is the reflection slide and links to the workshop folder and zoom recording.

What did you learn today and how did you learn it?

| have never incorporated an experiment that refutes the hypothesis on purpose. Itis a
wonderful experience as we build understanding of the power finding what doesn't work is just
as important as finding what doesn't.

The importance of calling ideas coming from students’ intuition as ‘wild ideas’'.

These new experiments are very exciting. Hoping for using them very soon in

classroom activities.
The emphasis of staying away from having students make predictions as guesses based

on their intuition, but rather have them make a hypothesis that can tested and disproved.

| learned that laser distance meter can be used to measure speed of light in transparent media
and this is a simple and affordable way to bring optical physics into classroom and home. |
learned how students can rule out corpuscular nature of light.

| liked the new part on diffuse light that is linked to students difficulties. We can
always improve.

Never paid so much attention that is so important for students to be clear with fact
that one point of the source emits multiple rays of light.

https://www.facebook.com/groups/320431092109343/posts/1749785109173927/? cft [0]
=AZU 1EZdYSqgDXc5BXsNBiPOXz8det9SmOwLeR49h2TZ7jcKQEuWa4f5|B6tZEOPIiz4TG
D2-
gXfM1GSzSat5KimJpYWh5L2el1w4bx9LM1sUdDCAU1WGW6ExtoFaCx9NshOLgGpHDMJC
ggHSJ6E 2NVIv4cR1FyPNoxylpP372St81bbokVZMEbwNh8VRbRQGooNpOYbac1NZIvXxr
ce93BdGF& tn  =%2C0%2CP-R
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Eugenia Etkina
Admin

All-star contributor

- November 21 at 8:33 AM -
Hi all Exploring and Applying Physics people! The votes for the Optics Il: Wave optics
workshop are evenly split. | am thinking of running it on December 14th not on the 21st as
when it is closer to Christmas, people have more chores and other things. So, it will be on
the 14th. If you teach Wave Optics, please sign up for the workshop when | post the link to
the EVENT.
Based on our conversations in Optics | workshop last Saturday, | think it is important to
remind the new members the logical progression of the ISLE materials: We start the
development of EVERY concept with the students OBSERVING simple experiments without
making any predictions; they find patterns and come up with
EXPLANATIONS/MODELS/HYPOTHESES. Then they design TESTING experiments to test
their explanations (or patterns). They then PREDICT the outcomes of those experiments
using the explanations under test, not their intuition. They run the testing experiments and
compare the outcomes to the predictions. The predictions are correct when they are based
on the explanations under test, not when they match the outcomes of the testing
experiments. The explanations are ruled out when the predictions and outcomes do not
match but the explanations can never be proven correct, we can only fail to disprove them.
After several tries to disprove, we keep the ones that we cannot rule out and use them in
APPLICATION experiments. In all those steps students work in groups and then share their
ideas with the rest of the class. The following slide shows this logical progression. It is very
differnent form POE (predict-observe-explain) for many reasons that | have elaborated
before. But if there is a need to repeat | will be happy to do it. Please comment and ask
questions!
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https://www.facebook.com/groups/320431092109343/posts/1752593678893070/? cft [0]
=AZV _3CU8wSj64dvn6D844IRElbow-
MKEDXdUSZOTIxubbOuNIIdBE kt5YT2065djrim4DvdvOhCytZEQNsPlesvojaH9wfs9KUdU9
wrMIfblkwlhG1 nqgJz6bysfiCOF05IxW-
5X7G1KHQRIKUJuOcKfAjUFvglbOzWS5WoCczGt8XFRoCGwzlsqe11vrgem 17Nv9iUdcddi
9F5jvOILmW& tn =%2C0%2CP-R

Eugenia Etkina
Admin

All-star contributor

- November 24 at 7:07 AM -
Hi all, in our new edition of the textbook (is about to be ready for use in September) we
spend some time discussing the reason for the golf balls to have dimples. The text is below.
But today, | saw this in my Facebook Feed - and because we wrote the paragraphs | pasted
below, | could understand the physics and humor in the car's photo. This is a great
application experiment! If you are teaching FLUIDS IN MOTION, save this car's photo! Here
is our text:
"...Just because laminar flow is more energy efficient does not mean it is always preferred. If
you look at a golf ball, you see small dimples on its surface (Figure 14.9a - not shown here,
but is in the textbook). They are there to increase the turbulence of the balls in flight. Why is
increasing turbulence a good thing? When the ball is flying through the air, behind it is a
wake (similar to the wake that we see behind the ships in the water). The wake is a region of
relatively low pressure and the resulting pressure difference between the forward and
rearward regions results in a pressure drag on the flying ball. The greater the size of the
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wake the greater the drag will be. The increase of the speed of the ball increases the size of
the wake and thus, the drag exerted on the ball. However, when the ball flies very fast, the
air close to the ball surface becomes turbulent. It turns out that such layer of turbulent air
sticks longer to the ball, which causes the size of the wake to decrease and so does the
drag. Unfortunately, the golf balls do not fly fast enough for this to occur. Therefore, golf ball
designers came up with a clever way to create a layer of turbulent air at lower speed — by
making dimples on the ball surface! Dimples trigger turbulence, decrease the size of the
wake and the drag force exerted on the ball (Figure 14.9b). This makes the golf balls fly
farther. Researchers studied the difference in drive distances of the gold balls without
dimples and with the dimples. In their study, the drive distance of the golf balls without
dimples was only about 125 meters, while the average distance reached by the golf balls
with dimples was about 215 meters

https://www.facebook.com/groups/320431092109343/posts/1754629792022792/? cft  [0]
=AZWQ-eQkTgkht 4Fx 4crweeSh-

ZtrtE8LnaovIMHVKZGOU]LOQC6tNV rVAFPnrgzQOiT2akaf3sDIvOllj QEXiBXMeRnBm9ijyRa
JiDxZBUNbQLKublIHds54nzK29e8TrUNHN|j67E3UzUBWW3uHjxphKk2VzaBKs40ycE8NjF5
BmLHgJYFTfkTuhdeMnQZLdOimxgpCl u91X62Kj3yXfbVIbQYeU9Yw5vk1jZXKOVwW& tn
=%2C0%2CP-R

Eugenia Etkina
Admin
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All-star contributor

- November 25 at 12:15PM -
Hi all, two things today. First, we still have only 7 people who signed up for the Wave Optics
workshop. In my experience about half of those who sign up usually attend. This leaves us
with 3.5 people, which is not enough for group work. If we do not have over 12 people
registered, | can't run the workshop. | already asked if there is interest in these workshops, if
not, we will come up with something else to keep the community going. So, please sign up.

Second, today, | continue posting about conserved quantities. If you think about the biggest
departure from traditional approach to teaching any topic, our approach to energy is this
fundamental departure. We do not teach mechanical energy in mechanics. We teach TOTAL
energy as it is the only energy that is a conserved quantity (mechanical energy is not a
conserved quantity) and it makes no sense to talk about conservation when dealing only with
mechanical energy. | am posting below the start of our Chapter 7 (Work and energy) in the
Instructor Guide.

Here it is:

In the last chapter, students learned about two conserved quantities—mass and momentum.
Here they encounter the idea of the total energy of a system and the means to change it by
doing work on the system. Just as the quantity momentum is either constant for a system of
one or more objects if the system is isolated or can change when an external impulse is
exerted on the system, the total energy of the system is constant when the system is
isolated and it changes when an external force does work on it. This approach allows us to
incorporate the changes in the internal energy of the system into the generalized work-
energy equation and removes the need to discuss conservative and nonconservative forces.
As you read though the chapter, you will learn the details of this approach. Here we
summarize briefly:

1. To determine the energy of a system, one must first choose a system. Any choice is
allowable, but given the objective, often certain choices of system are better than others.

2. Total energy is a property of a system. Different forms of energy describe the interactions
between objects in the system and their motion. The various forms of energy can be
converted from one to another within the system.

3. External objects (parts of the environment) can do work on the system (positive or
negative) and thus change the system’s total energy. Objects within the system cannot do
work on the system.

4. The energy conversions within the system and the changes of the total energy due to
work done by external forces can be represented on a bar chart.

5 In cases that involve friction, we include both surfaces of interacting objects in the system.
Thus when one object slides across the surface of the other object, there is no force of
friction doing work on the system (this force is an internal force) but mechanical energy is
converted into internal energy of the system.

Many physics education research studies have found that students have difficulties
differentiating between work and energy and often double count them. For example, in a
system including Earth and another object (and therefore possessing gravitational potential
energy) students will still reason that Earth does work on the system. The approach used in
the book not only allows us to address this problem but also helps with the first law of
thermodynamics and all other areas of physics in which energy is the primary focus—
electrostatic interactions, photoelectric effect, atomic spectra, fission, and so on. The
approach establishes a link not only between different areas of physics but also between



physics and chemistry. The idea of energy arises first in mechanics and develops throughout
the text. The content-based learning objectives in the chapter are as listed below.

Students should be able to:

1. Connect energy to everyday experiences.

2. Recognize the role of a system in energy analysis, be able to analyze the same situation
using different systems and explain the benefits and drawback of different choices.

3. Calculate the work done by constant and variable forces (such as an elastic force).
Understand that the sign of work does not mean direction but addition and subtraction.

4. Differentiate between energy and related ideas (work, power, momentum, force).

5. Recognize that energy is a conserved quantity but not necessarily constant in a particular
system.

6. Represent processes using work-energy bar charts and convert the bar chart into a
mathematical statement of a generalized work-energy principle, and use the bar chart to
evaluate numerical solutions.

7. Account for conversions of different forms of energy into other forms within the system,
including conversions into internal energy.

8. Explain where the mathematical expressions for different form of energy came from,
explain how to choose the zero level for gravitational potential energy and why the
gravitational potential energy is negative when zero is chosen at infinity.

9. Design experiments to test energy conservation.

10. Analyze collisions using momentum and energy.

Constructing a qualitative work-energy bar chart

|. Choose and describe the initial and final states. 3. Represent the energies 4. Represent the energies
in the initial state on the in the final state on the
2. Choose a system. left side of the bar chart. | right side of the bar chart.
Initial state: Final state: . K+, + U, £ W= K + U, + U, +AU,,
Spring is compressed y  Springis released .~ v 2 ¥ : »
Car 15 at rest 3 and laenches car 2 ‘gpﬂ :
B - off ramp. ',l -
' - o7 . [
I { ' L \ []
i g_‘}:,-..' ' .+ I 4 .\‘\\;.' . D D
: \\\\{6’ ! R, ' 1] —_
N ' Y !
1 i i - i
Il Earth H -

____________ b simausissviasd 3. Determine the work done by external forces.
(No external work is done in this process.)

In Physics Tool Box 7.1, the system is isolated. No work is done on it. [fwe do
not include Earth in the system, then Earth will do negative work on the cart.
However, such a system will not have gravitational potential energy.

https://www.facebook.com/groups/320431092109343/posts/1755444785274626/? cft  [0]
=AZWIlawzWdzsZYsplo1g4PrxSin1K91S7tDoDkicNOIc3XjmtCcVFBuWO Fe4dC9h9yFiGCA
Mkj0SUnCJQcGaeZ4FTMIF-
ejTuMB1IgRm4ZJUVcJuny tCS4jKBOMJ7| ipw_VHmMDLSkJs]E_E9k0yljOID4pkM2e2xTO28
SyLiHTYuPPLr9alCBw652yLeV5yHn7nqgGRR85UWJLZuO0woVd8C& tn_ =%2C0%2CP-R
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- November 26 at 11:51 AM -
Hi all, | continue with work/energy today. This is the text in the upcoming edition of our
textbook, you will not find it in the current edition.
"In our approach we separate forces into external forces that do work on a system and thus
change the total energy of the system and internal forces that do not do work and do not
change the total energy of the system. Why internal forces do not do work follows from the
law of energy constancy in an isolated system. If internal forces could change the total
energy of a system, then total energy would not be a conserved quantity, and we would be
able to get energy from nowhere. But does this mean that internal forces are “useless” for
work-energy analysis? The answer is “far from it”’. Imagine that you investigate what
happens to the energies when you drop an object, let’s say a ball. We choose our system to
be Earth and the ball. The initial state is when the ball is lifted above Earth and the final state
is when the ball is moving at some speed right before it hits Earth. In the initial state the
system possesses gravitational potential energy and in the final state the system possesses
kinetic energy. While the force exerted by Earth on the ball does not change the energy of
the system as it is an internal force, it does work by converting the gravitational potential
energy to kinetic energy. While external forces change the total energy of the system,
internal forces help convert one type of energy into another.
Now, think about what happens when the ball lands on the floor and stops. Both the ball and
the floor deform a little and warm up. If we include the floor in the system, we can explain
this deformation and warming saying that kinetic energy of the system was converted into
internal energy. But what forces “did” the conversion? We can think of internal forces that
different parts of the ball exert on each other and the forces that the ball and the floor exert
on each other. All those forces do work to convert kinetic energy of the ball into internal
energy. To help visualize this process, see
https://mediaplayer.pearsoncmg.com/assets/ frames.true/sci-OALG-7-5-4

In the experiment shown in the video, a steel ball falls on a metal plate. The video is taken
with a thermal camera, so you can see the increase in temperature of the ball and the plate."

c FLIR © G, Planmsic and E. Etkina (2020)
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QmITvwS1qjlvaBcCK2r4VN5zt3h9C80Vv4JR5MvMpMeWObXFvvVnu2yi3KZJLiXQJD8FsSS
fiwjWbM9vsYw5-

CNRMqg_ Ps10lyNgAJdWGz1NoNZtuXBR3UuAMNn4fwTYW2quacW2Y0gSX& tn =%2CO
%2CP-R

Eugenia Etkina
Admin
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- November 27 at 9:21 AM -
No new post today. Happy Thanksgiving break to everyone in the US and for those who are
not on break - there is plenty to read in the latest posts. Please ask questions and share
your successes and challenges. Finally, please sign up for the Wave optics workshop in your
EVENTS. We still did not get to 14 people, the minimum number of registrants for the
workshop to go on. | will be back with new posts on December 2nd.
| am thankful for all participants in our group for their love of physics, dedication to their
students and commitment to ISLE. Huuuggggssss!
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/? cft  [0]
=AZW8IbAJOUfHNLOvoBNbXpP7A9n-vOCSOAI6g1VNAeZwpt20icA03ze-
1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-
tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfnOt--
yjejS-3hSsVhY& tn =%2C0%2CP-R

| already shared about this incredible woman, but it never hurts to do it again. Because of
her we have the term "scientist".


https://www.facebook.com/groups/320431092109343/posts/1756103745208730/?__cft__%5B0%5D=AZX2PeXWEX03ANfTKTqdAXuwutT0GxeotbYG2LFXPBEE1lDBOep3dkyFI4CwXVKrBML0s215g0BJM-QmlTvwS1qjIvaBcCK2r4VN5zt3h9C80Vv4JR5MvMpMeW0bXFvvVnu2yi3KZJLjXQJD8FsSSfiwjWbM9vsYw5-CNRMq_Ps1OIyNqAJdWGz1NoNZtuXBR3uAMn4fwTYW2quacW2Y0qSX&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756103745208730/?__cft__%5B0%5D=AZX2PeXWEX03ANfTKTqdAXuwutT0GxeotbYG2LFXPBEE1lDBOep3dkyFI4CwXVKrBML0s215g0BJM-QmlTvwS1qjIvaBcCK2r4VN5zt3h9C80Vv4JR5MvMpMeW0bXFvvVnu2yi3KZJLjXQJD8FsSSfiwjWbM9vsYw5-CNRMq_Ps1OIyNqAJdWGz1NoNZtuXBR3uAMn4fwTYW2quacW2Y0qSX&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756103745208730/?__cft__%5B0%5D=AZX2PeXWEX03ANfTKTqdAXuwutT0GxeotbYG2LFXPBEE1lDBOep3dkyFI4CwXVKrBML0s215g0BJM-QmlTvwS1qjIvaBcCK2r4VN5zt3h9C80Vv4JR5MvMpMeW0bXFvvVnu2yi3KZJLjXQJD8FsSSfiwjWbM9vsYw5-CNRMq_Ps1OIyNqAJdWGz1NoNZtuXBR3uAMn4fwTYW2quacW2Y0qSX&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756103745208730/?__cft__%5B0%5D=AZX2PeXWEX03ANfTKTqdAXuwutT0GxeotbYG2LFXPBEE1lDBOep3dkyFI4CwXVKrBML0s215g0BJM-QmlTvwS1qjIvaBcCK2r4VN5zt3h9C80Vv4JR5MvMpMeW0bXFvvVnu2yi3KZJLjXQJD8FsSSfiwjWbM9vsYw5-CNRMq_Ps1OIyNqAJdWGz1NoNZtuXBR3uAMn4fwTYW2quacW2Y0qSX&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/?__cft__%5B0%5D=AZW8IbAJOufHNL9voBNbXpP7A9n-vOCSOAI6q1VNAeZwpt2oicA03ze-1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfn0t--yjejS-3hSsVhY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/?__cft__%5B0%5D=AZW8IbAJOufHNL9voBNbXpP7A9n-vOCSOAI6q1VNAeZwpt2oicA03ze-1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfn0t--yjejS-3hSsVhY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/?__cft__%5B0%5D=AZW8IbAJOufHNL9voBNbXpP7A9n-vOCSOAI6q1VNAeZwpt2oicA03ze-1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfn0t--yjejS-3hSsVhY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/?__cft__%5B0%5D=AZW8IbAJOufHNL9voBNbXpP7A9n-vOCSOAI6q1VNAeZwpt2oicA03ze-1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfn0t--yjejS-3hSsVhY&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1756712905147814/?__cft__%5B0%5D=AZW8IbAJOufHNL9voBNbXpP7A9n-vOCSOAI6q1VNAeZwpt2oicA03ze-1YBtRHEKg4CM4yityxNtnjewfJoOjNPXSrNFxOLywhKbJss4DZOoa-xP-tbuQn3Ej6jewKZTgDhiz04Vq4wZj6CZFu4QyeWpfGuRCO37FZ09-RAfZP7woaqAfn0t--yjejS-3hSsVhY&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1759465118205926/7? cft  [0]
=AZWqg7wKwzelP6PF2eJPBKOCXVqy0tnelN-Sxb2Q3Khc4kxm-
avOmHHfgmCdGAXRECVt8hux _g9Xmj62DCkkO-- E-

XRlIsrzPexUWt0Xvy3mYO8CUAeBa u75FRsk3Hfb3jroHoz5FQ-
0jGxtAls3FiFIulZMA12AJC8cuaBV8tNvndPYhANFBbVejHTXOhmBYJB3eUv4kiFE7CYwEuU
T49aYynnurLolXCr5svN1Acjcpeg& th  =%2C0%2CP-R

Hi all, a few days ago Geraldine Cochran posed a question about her students struggling
with the physical meaning of negative work bard in the work-energy bar charts. Many people
responded to Geraldine and it started a conversation about the use of mathematics in
physics. In our second books about the ISLE Approach: "Investigative Science Learning
Environment: A guide for teacher preparation and professional development”, that many of
you have (and if you don't just send me an email), in Chapter 4 we have a long discussion of
the use of mathematics in physics. Here | post a part of this section. Hope it is helpful when
you help your students struggle with mathematics. Here is goes:

"A long time ago, Galileo said that a field of study becomes science when it starts using the
language of mathematics. But while physics uses mathematics as a language through which
it communicates its laws, the use of mathematics in physics is very different from its use for
pure mathematical purposes. In their paper, “Obstacles to mathematization in introductory
physics”, S. Brahmia, A. Boudreaux, and S. Kanim said: “University students taking
introductory physics are generally successful executing mathematical procedures in context,
but often struggle with the use of mathematical concepts for sense making” (p. 1, Brahmia et
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al. 2016). In this section, we will explore some of the physics habits of mind related to using
mathematics.

As Brahmia and colleagues put it: “Mathematizing in physics involves translating between
the physical world and the symbolic world in an effort to understand how things work.
Specific skills include representing concepts symbolically, defining problems quantitatively,
and verifying that solutions make sense. Physicists develop and communicate ideas through
the shared meanings they have built around these strong connections between mathematics
and physics.” (p. 1, Brahmia et al. 2016).

We can argue that mathematics, being the language of physics, has its own vocabulary and
grammar. We can see physical quantities and other symbols as a part of physics vocabulary
and their arrangement and rules using which we combine them as the grammar of
mathematics in physics. It is in the vocabulary and grammar that the important differences
and details of using mathematics in physics lie.

Let’s start with the first part of the vocabulary — physical quantities. Similar to mathematics,
in introductory physics we have numbers and vectors. An important difference is that in
physics, all quantities have units and therefore we cannot have certain operations with the
quantities that have different units. Physical quantities that have different units cannot be
added or subtracted from each other. They can only be divided or multiplied.

However, multiplication and division of quantities in physics are very different from
multiplication and division in mathematics. In mathematics, multiplication means addition.
When we multiply the number 5 by the number 3, it means that we will either have the
number that is made of 3 fives (5+5+5=15) or of 5 threes (3=3+3+3+3=15). In physics, when
we multiply two physical quantities, the new quantity cannot be made by summing anything.
For example, momentum of an object is a product of mass and velocity of an object. To
obtain it, we multiply the magnitude of velocity (speed in m/s) by the mass of the object (in
kg). The new quantity has the units of kgxm/s and we assign the direction of this quantity to
be the same as the direction of the velocity vector. Nowhere in this progression do we find
any addition.

The same is true for the division procedure or ratio quantities. In mathematics, division

means a sequence of subtractions. For example, to divide 15 by 5 we take away 5 from 15,
then another 5, and then one final 5. It took a total of 3 times to be left with nothing (15:5=3).
We know how many fives is contained in 15 — three fives. However, when we do a similar
operation in physics, the result is different. For example, if we divide the distance that a
person traveled (15 km) by the time they took (5 hours), we will not find 15 km to be made of
three 5-hour intervals. Instead, we will find the average speed of the travel of 15 km in 5
hours: 15 km: 5 h = 3 km/h. The result is a new quantity — average speed — and it has new
units, km/h.

Physicists execute these operations habitually while remembering the importance of units.
However, we very rarely discuss the differences in these mathematical procedures in
physics and mathematics. It is difficult to separate the vocabulary and grammar when we
talk about physical quantities. We can think of basic quantities (those that have Sl units) as
vocabulary and the compound quantities as sentences — combining both vocabulary and
grammar.

In addition, we can also think of mathematical signs as the grammar of mathematics. Let’s
examine a few meanings of signs in physics. The plus or a positive sign in an equation can
mean many different things: adding quantities that have the same units (m_total=m_1+m_2),
the positive sign in front of a force or velocity vectors scalar component (often omitted)
means that the vector itself points in the direction chosen as positive (when the y-axis points
down, the component of the force that Earth exerts on the system of interest is positive and
equal to +m_system g), the positive sign in front of work done by a force (also often omitted)



means that this work adds to the total energy of a system (W = +10 J), and a plus sign in
front of an electric charge means that it is a positive charge (q=+107(-9) C). Itis interesting
to notice that when physicists use the plus or positive sign, they only use it when it signifies
an operation of addition whereas in all other cases mentioned below, the sign is dropped
and is assumed to be positive.

The situation with the negative sign or a minus sign is even more obscure. In their paper,
“Framework for the natures of negativity in introductory physics” (Brahmia et al. 2020),
Brahmia and colleagues discuss the following use of the negative sign in physics (p.
010120-1):

In the equation, x(t)=-40 m+(-5 m/A)t+1/2(9.8 m/4”2 ) t*2 the minus sign shows that initial
position, velocity, and acceleration of the object all pointed in the negative direction of the
chosen positive axis. Thus, the sign signifies direction in relation to the a priori chosen
positive direction.

In the equation, F_(1 on 2)=-F_(2 on 1), the negative sign signals that the force exerted by
object 2 on object 1 is in the exact opposite direction as the force exerted by 1 on 2.

In the expression, 0 — (-5 uC), the first negative sign indicates that a quantity of electric charge is being
removed from an electrically neutral object. However, the second negative sign indicates which of the two
different types of electric charge is being removed.

In Faraday’s Law, e=-(d®_B)/dt, the negative sign reminds the expert that the emf induced
by a changing magnetic flux opposes (rather than reinforces) the change that created it.
We add to Brahmia et al. examples that the negative sign in front of work, W=-5 J, means
that the work done by the force in question decreased the energy of a chosen system. Also,
the negative sign in front of gravitational potential energy, U_g=-5 J, means that it is the
energy of a bound system, and one needs to do positive work to separate two interacting
objects. Conducting a deep theoretical analysis of the nature of negativity, Brahmia and
colleagues developed a categorization scheme that encompasses all possible uses of the
negative sign in physics (p. 010120-6, Brahmia et al. 2020).

From the above discussion, it is clear that while the sign conventions might be “transparent”
for physicists, the students need additional discussions every time they meet a positive or a
negative sign in front of a quantity or in an equation." (Etkina and Planinsic, 2024)

https://www.facebook.com/groups/320431092109343/posts/1760214364797668/? cft  [0]
=AZX-

TadFZyThkwOrRcGD4eeeDBT3fCPX KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS50t
Z6wOTBKB1j410mT4dBIBB4hZr10ike 1kOHakK7DC71lcDJWInuR8uY30pZnhix1-
LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpygsg3J3Tp00JJ10y21xl40& th  =%2CO
%2CP-R

Hi all, in order not to repeat my posts for energy, | am putting the link here to two workshops
(2023 and 2024) for the first part of teaching energy and the summary slide from 2023.
Hrvoje Miloloza will add a link to the video recording of one of those workshops when he has
a minute. | am reminding you that our approach to teaching energy is very different form
traditional and consistent with the AP approach. If you wish to become comfortable with the
systems approach and the difference between "conserved" and "constant" terms, please
visit the link below. Not only it has slides of the workshops but also research papers to
explain why we do things the way we do. Here is the link. The Reflection slide shows what
workshop participants found important and useful.


https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1760214364797668/?__cft__%5B0%5D=AZX-TadFZyThkwOrRcGD4eeeDBT3fCPX_KpTsiHWDxcaUb28Pran6uhFPSk0ygUCzo3WS5Ot_Z6wOTBKB1j4IOmT4dBlBB4hZr10ike1k0HakK7DC7IcDJWlnuR8uY30pZnhix1-LosUtcj2PB6KBMjwB1ftnE73RRNg8bSBY5ATpyqsg3J3Tp0OJJ1Oy21xl4o&__tn__=%2CO%2CP-R

List the most important things that you learned today

| think making that slide with Team 1 was a real ah ha moment for me about defining different systems for
what is traditionally just one scenario.

Bar-charts are very useful representation Once agair‘r, how to build knowledge
from experience
Bar-charts need time to master

Internal energy=chemical energy + thermal energy Show energy by crushing chalk

| gained a better understanding of graph charts, but most importantly | learned how the temperature
increases when going down stairs!

s " . Details about internal energy.
Redefining the system is very important

Separate systems but make
Impt to do qualitative analysis before quantitative analysis sure they balance

Definition of system + bar charts very helpful to show students how to view conservation of energy

https://www.facebook.com/groups/320431092109343/posts/1761584561327315/? cft [0]
=AZXpxUTsYtLS2dkEFI--6sXkmabypfR-
xvOoJ87fubQmxK6UgxSmLIx6njZdKZtMCfhcMZef7 CDmMgfwMWifght kK3PUwWuHhK2Wn
yUnfDSoRvm1IDPON1txtV10scrMywAsQIEQsqGbvgFraPGL7LHgN5sQImIIKDLoeul6J88sWE
rpe7aBhZfLgolL8Jgox10Xj6S5TghZuAzfibQgogghUt& tnh  =%2C0%2CP-R

| continue with the information about the workshops on Energy that were held before. We
usually have two workshops for energy, and here is the link to the slides of the second one
and the summary slide so that you can get an idea of what people learned there.

One of the important ideas is that when we walk (horizontally or up and down the stairs), the
ground exerts an impulse on is but does not do any work. How can this be? If the ground
does not do work, what makes us accelerate? These are the questions to ponder - please
share your thoughts.

What are the most important ideas that you learned today?

Wh k =0 then the total f th tem i tant . i :
en wor en the total energy of the system is constan Whriaver it Is nossible test with

experiments the results/predictions of

Constant versus conserved - difference S PHYSICS PIEDien) SRPOHSTE Gf EltRats

A conserved quantity is a quantity that you can always find at least one system where it is constant

It is helpful to use different bar charts to help students with
understanding systems

(1) The importance of choosing your system to help solve
your problem into something you can easily calculate.

(2) Solving physics problems is essentially making
predictions for an experiment.

Use different systems to help students
get a better conceptual understanding
to distinguish between constant and

Gradually building process in learning sequence consered.


https://www.facebook.com/groups/320431092109343/posts/1761584561327315/?__cft__%5B0%5D=AZXpxUTsYtLS2dkEFl--6sXkma5ypfR-xvOoJ87fubQmxK6UgxSmLlx6njZdKZtMCfhcMZef7CDmMgfwMWfght_kK3PUwWuHhK2WnyUnfDSoRvm1IDPONtxtV10scrMywAsQlE0sqGbvqFraPGL7LHqN5sQlmllKDLoeul6J88sWErpe7aBhZfLgoL8Jgox10Xj6S5TghZuAzfibQqogqhUt&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1761584561327315/?__cft__%5B0%5D=AZXpxUTsYtLS2dkEFl--6sXkma5ypfR-xvOoJ87fubQmxK6UgxSmLlx6njZdKZtMCfhcMZef7CDmMgfwMWfght_kK3PUwWuHhK2WnyUnfDSoRvm1IDPONtxtV10scrMywAsQlE0sqGbvqFraPGL7LHqN5sQlmllKDLoeul6J88sWErpe7aBhZfLgoL8Jgox10Xj6S5TghZuAzfibQqogqhUt&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1761584561327315/?__cft__%5B0%5D=AZXpxUTsYtLS2dkEFl--6sXkma5ypfR-xvOoJ87fubQmxK6UgxSmLlx6njZdKZtMCfhcMZef7CDmMgfwMWfght_kK3PUwWuHhK2WnyUnfDSoRvm1IDPONtxtV10scrMywAsQlE0sqGbvqFraPGL7LHqN5sQlmllKDLoeul6J88sWErpe7aBhZfLgoL8Jgox10Xj6S5TghZuAzfibQqogqhUt&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1761584561327315/?__cft__%5B0%5D=AZXpxUTsYtLS2dkEFl--6sXkma5ypfR-xvOoJ87fubQmxK6UgxSmLlx6njZdKZtMCfhcMZef7CDmMgfwMWfght_kK3PUwWuHhK2WnyUnfDSoRvm1IDPONtxtV10scrMywAsQlE0sqGbvqFraPGL7LHqN5sQlmllKDLoeul6J88sWErpe7aBhZfLgoL8Jgox10Xj6S5TghZuAzfibQqogqhUt&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1761584561327315/?__cft__%5B0%5D=AZXpxUTsYtLS2dkEFl--6sXkma5ypfR-xvOoJ87fubQmxK6UgxSmLlx6njZdKZtMCfhcMZef7CDmMgfwMWfght_kK3PUwWuHhK2WnyUnfDSoRvm1IDPONtxtV10scrMywAsQlE0sqGbvqFraPGL7LHqN5sQlmllKDLoeul6J88sWErpe7aBhZfLgoL8Jgox10Xj6S5TghZuAzfibQqogqhUt&__tn__=%2CO%2CP-R

https://www.facebook.com/groups/320431092109343/posts/1762914894527615/? cft  [0]
=AZUW10EvSQNMoSqgfXEFACVLZUOAWU-AK7QOuD-

mMOxQJ6Prb VXfKTSd3o0FB7WpWo9 PJBedaX6iWjHiK3jLe05WczNtcl1jloLgl5nAc1Vniol8M
MGWIwRuzCczYgXKkNOEbD OdtQmYlikrpmsoYVI6VzxYKNB_ WWr1w9MO0Sdk3GdGTG_Cs
1y66fkzb 9zgu8p7PkwRz56SyNkw5SMmgPLUKg& tn =%2C0%2CP-R

Great representations of a very complex idea. Even if it is not a part of your curriculum, it is
still fascinating!

https://www.facebook.com/groups/320431092109343/posts/1763542407798197/? cft  [0]
=AZVM2drHuT4luLovLMijdjsgHLnJpgYslgBo1sN jspsQ4NZaSgKN7PXhMcM-

FVOE6cN3 Fr CfCQYIXbYyts1e0zyOepHKSR2VtsdZCmO6qvFaF0oChC75JHOXddivCSFs
fOS0792J9xk3fsi819S2zMxGQzN1GSIAUIToeifcaLNRWSjOWBYI18sCUDg_ 1-
JhUOREuvcuVPGerDbRRXAWPP3dTmSsLNe5bjHy340YYTbQ& tn  =%2C0%2CP-R

Yesterday Noah Segal started an interesting conversation about using ISLE in the AP C
physics course after students already had some physics. | would say, yes, use as much as
you can and as often as you can (every day, actually), especially the activities where
students design their own experiments (we have calculus based labs on the scientific
abilities website), use graphical representations to solve complex problems, and try to use
one star and double stat end of chapter textbook problems as much as you can. But...

If you wish your students to develop physics habits of mind they need to start the
construction of a new idea with observing something (or remembering what they observed
last year), they need to discuss the patterns, they need to express them mathematically,
they need to develop graphical representations, they need to test their explanations of the
patterns by designing new experiments or by discussing experiments that they did last year,
and so forth - it is the ISLE approach to learning that develops physics habits of mind, and if
you wish your students to develop them, they need to experience it every day. Tom Prewitt
posted about the benefits of persistence in ISLE on Saturday, check his post!

A long time ago, when we just working together, Alan Van Heuvelen was teaching a calc
based physics course for honors engineering students at the Ohio State University in
Columbus (1999). He taught the first semester using his materials - all interactive and great,
but the students did not develop their ideas as they do it in ISLE. So, at the beginning of the
second semester in a large lecture hall he asked a question: "Do you know Newton's second
law?" The hands went up - everyone raised their hand, they were very good students! Then
he asked: "how do you know it?" There was silence and then one students said: You told us.
That response sold Alan to ISLE.

So, itis not necessary to repeat activities that you did last year, if it was you who taught
these students before, but if it was not you who taught them and they did not use ISLE, | bet
their answer to a question about any concept, would be the same as the answer of Alan's
student.

This is what | think. | welcome your ideas!
https://www.facebook.com/groups/320431092109343/posts/1765151737637264/? cft [0]
=AZW3WRYij3vkSs4FcHAc_7rp50R0VAddBwTwWTCGCSIgoACDhIR39IvYIVpdQ3Y0OXVU29
QC65J1E139doxpw3zffc4 XBezldXHBpdasY2ieRSFT4YCPNWzFHasfKu fbv8Xum3jzgQHkJ
zu3FbgCyNQn61HNJfQRPD1BI_gWIL219Q_Vbyf4d9ZLzvu9vNddQNhU& tn_ =%2C0%2
CP-R
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https://www.facebook.com/groups/320431092109343/posts/1765151737637264/?__cft__%5B0%5D=AZW3WRYij3vkSs4FcHAc_7rp5oR0VAddBwTwTCGCSlgoACDhlR39IvYlVpdQ3Y0XVU29QC65J1EI39doxpw3zffc4XBezIdXHBpdasY2ieRSFT4YCPNWzFHasfKu_fbv8Xum3jzgQHkJzu3FbgCyNQn61HNJfQRPD1Bl_gWIL2I9Q_Vbyf4d9ZLzvu9vNddQNhU&__tn__=%2CO%2CP-R

Hi Exploring and Applying Physics people! | wanted to share something that is very useful
for those who is using ISLE with their students. | have been reading an amazing book by
Rutger Bregman "Human kind: A hopeful history". While this book is an eyeopener in itself,
there is one page that is very relevant.

The book describes the studies conducted with students that show that when a teacher
believes that their students are gifted, the students do much better than when a teacher
thinks that they are teaching regular students. Here is the study. Two matched groups of
students had two teachers (also some kid matched). One teacher was told that they have a
selected gifted group and the other one was not told anything. They taught the same
material in exactly the same way to the students and the students in the group of the teacher
who believed that they were gifted outperformed significantly the other group. How can this
be? The videos of two teachers teaching explained the outcome. The teacher who thought
that their students were selected as gifted students treated them differently - with more
patience, more care, more tolerance, etc. And that made all the difference.

All my life | thought that the students become what you think of them - if you think that they
are lazy and incapable, they become lazy and incapable. If you think that they are motivated,
hard working and talented, they become those people. | observed this again and again with
my own students but | never had research to back it up. Students always meet our
expectations. The higher the expectations - the better they do. But care, understanding and
support are necessary with high expectations. So, there, food for thought. We have
tremendous power and we need to use it wisely...
https://www.facebook.com/groups/320431092109343/posts/1765717697580668/? cft [0]
=AZXaFPsmPMmefl19 EwzT6SBfTAGYE-

8PXHYi9excHNxDM D83aARIcxMzumOJEBwbxIGLORmwMZzHZke5mfEmMpMy7BgFENT
X69-

Cl__gbSv5hB4Rr4ROicsSNELtxXHFJ8xxij6DVveTY IjuKfT1i9UJjXsWtZbgYLGIYyWvmgoH
Ts9gD4RTsvoCjVjZbAI& tn  =%2C0%2CP-R

Hi all, a question. In our Optics Il workshop on Saturday we had a following activity (a testing
experiment for the derived expression of the maxima for the diffraction grating)

dsin 8 = nA - imagine that your students derived this expression and then you ask:

Imagine you a shining a laser pointer at a diffraction grating and notice where the central and
first maxima are. Where will those first maxima be (closer or farther away from the central) if
the hole set up is submerged in water? The participants made a prediction (the bright spots
will be closer together as the wavelength of light in water is less than in the air) and then
watched the experiment. The prediction matched the outcome - see the video below.
However, when the same activity was done with the students, one of them asked: "The
wavelength of light should change in water, why do we still see the green light?"

How would you respond here? What will you do?
https://www.youtube.com/watch?v=HGwc2sgWMYc
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https://www.facebook.com/groups/320431092109343/posts/1770012767151161/? _cft  [0]

=AZVRAfh_1d2EaaFO0XKEIQc g KjaiEQuBNpdMGeRfeqv_O1QGAPJiHzGGrbghzYg4nYbV
2mSDARJTB2JMEBmMGD7pWC7dMIFwbRy40T1_ALxOofXxObv0gX9ZgXXa25RHZCkQMG
H2yuSaVijIxM_YKArWTdAPmkK 2nAf99DHFAt2RIFb1trHUWUNmMf8xTmlcnR-
YDxyQOkx1YGLQhvZHWTZH2& tn_ =%2C0%2CP-R

That is the whole point of the ISLE approach - everyone in your classroom will have a feeling
that they figured out something and it does not matter that someone else figured it out before
them, what matters is that THEY did it for THEMSELVES. Every day, in every lesson there is
a bit of "engineered" discovery for every students. This is how we wrote our materials and
this is what makes them "real science". By the way, | created an event for our Quantum
optics workshop and only 8 people signed up there so far, while over 30 said that they are
interested and will come. Did you see the event announcement? It was yesterday. Please
sign up if you plan to attend.


https://www.facebook.com/groups/320431092109343/posts/1770012767151161/?__cft__%5B0%5D=AZVRAfh_1d2EaaF0XKElQc_q_KjaiE9uBNpdMGeRfeqv_O1QGAPJiHzGGrbqhzYq4nYbV2mSDARJTB2jMEBmGD7pWC7dMlFwbRy4OT1_ALxOofXxObv0qX9ZgXXa25RHZCkQMGH2yuSaVjIxM_YkArlWTdAPmk_2nAf99DHFAt2RlFb1trHuWUnmf8xTmlcnR-YDxyQ0kx1YGLQhvZHwTZH2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1770012767151161/?__cft__%5B0%5D=AZVRAfh_1d2EaaF0XKElQc_q_KjaiE9uBNpdMGeRfeqv_O1QGAPJiHzGGrbqhzYq4nYbV2mSDARJTB2jMEBmGD7pWC7dMlFwbRy4OT1_ALxOofXxObv0qX9ZgXXa25RHZCkQMGH2yuSaVjIxM_YkArlWTdAPmk_2nAf99DHFAt2RlFb1trHuWUnmf8xTmlcnR-YDxyQ0kx1YGLQhvZHwTZH2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1770012767151161/?__cft__%5B0%5D=AZVRAfh_1d2EaaF0XKElQc_q_KjaiE9uBNpdMGeRfeqv_O1QGAPJiHzGGrbqhzYq4nYbV2mSDARJTB2jMEBmGD7pWC7dMlFwbRy4OT1_ALxOofXxObv0qX9ZgXXa25RHZCkQMGH2yuSaVjIxM_YkArlWTdAPmk_2nAf99DHFAt2RlFb1trHuWUnmf8xTmlcnR-YDxyQ0kx1YGLQhvZHwTZH2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1770012767151161/?__cft__%5B0%5D=AZVRAfh_1d2EaaF0XKElQc_q_KjaiE9uBNpdMGeRfeqv_O1QGAPJiHzGGrbqhzYq4nYbV2mSDARJTB2jMEBmGD7pWC7dMlFwbRy4OT1_ALxOofXxObv0qX9ZgXXa25RHZCkQMGH2yuSaVjIxM_YkArlWTdAPmk_2nAf99DHFAt2RlFb1trHuWUnmf8xTmlcnR-YDxyQ0kx1YGLQhvZHwTZH2&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1770012767151161/?__cft__%5B0%5D=AZVRAfh_1d2EaaF0XKElQc_q_KjaiE9uBNpdMGeRfeqv_O1QGAPJiHzGGrbqhzYq4nYbV2mSDARJTB2jMEBmGD7pWC7dMlFwbRy4OT1_ALxOofXxObv0qX9ZgXXa25RHZCkQMGH2yuSaVjIxM_YkArlWTdAPmk_2nAf99DHFAt2RlFb1trHuWUnmf8xTmlcnR-YDxyQ0kx1YGLQhvZHwTZH2&__tn__=%2CO%2CP-R

roups/320431092109343/posts/1773314040154367/?  cft
=AZWOYyOFJYPUeRPZjz9J6HGQG482t tQiNzbtK60Zj4sVq6GHwIZnGDhglVEzMIXdhw
mOdQ F2PjgHxHG7eRqgfybtLKxelLXv7qET-joBH5m4x-



https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R

VISESuX5MID1XwQ7E P338nb2chHpLRRgcg14vH60WgeMOvJFtXuUdWnUOBpgnHjRuW
aa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0Ilcvv2D6ZsWZIXLQmMO aH18AuQ& th =%
2C0%2CP-R

Second, | was posting about energy for a while but | thought it would be helpful to share our
reasoning for teaching energy differently and the goals of the unit. | pasted the text form the
Instructor Guide below. The Instructor Guide is posted here in the FILES.

"In the last chapter, students learned about two conserved quantities—mass and
momentum. Here they encounter the idea of the total energy of a system and the means to
change it by doing work on the system. Just as the quantity momentum is either constant for
a system of one or more objects if the system is isolated or can change when an external
impulse is exerted on the system, the total energy of the system is constant if the system is
isolated and changes if an external force does work on it. This approach allows us to
incorporate the changes in the internal energy of the system into the generalized work-
energy equation and removes the need to discuss conservative and nonconservative forces.
As you read though the chapter, you will learn the details of this approach. Here we
summarize briefly:

1. To determine the energy of a system, one must first choose a system. Any choice is
allowable, but given the objective, often certain choices of system are better than others.

2. Total energy is a property of a system. Different forms of energy describe the interactions
between objects in the system and their motion. The various forms of energy can be
converted from one to another within the system.

3. External objects (parts of the environment) can do work on the system (positive or
negative) and thus change the system’s total energy. Objects within the system cannot do
work on the system.

4. The energy conversions within the system and the changes of the total energy due to
work done by external forces can be represented on a bar chart.

5 In cases that involve friction, we include both surfaces of interacting objects in the system.
Thus when one object slides across the surface of the other object, there is no force of
friction doing work on the system (this force is an internal force) but mechanical energy is
converted into internal energy of the system.

Many physics education research studies have found that students have difficulties
differentiating between work and energy and often double count them. For example, in a
system including Earth and another object (and therefore possessing gravitational potential
energy) students will still reason that Earth does work on the system. The approach used in
the book not only allows us to address this problem but also helps with the first law of
thermodynamics and all other areas of physics in which energy is the primary focus—
electrostatic interactions, photoelectric effect, atomic spectra, fission, and so on. The
approach establishes a link not only between different areas of physics but also between
physics and chemistry. The idea of energy arises first in mechanics and develops throughout
the text. The content-based learning objectives in the chapter are as listed below.

Students should be able to:

1. Connect energy to everyday experiences.

2. Recognize the role of a system in energy analysis, be able to analyze the same situation
using different systems and explain the benefits and drawback of different choices.

3. Calculate the work done by constant and variable forces (such as an elastic force).
Understand that the sign of work does not mean direction but addition and subtraction.

4. Differentiate between energy and related ideas (work, power, momentum, force).


https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1773314040154367/?__cft__%5B0%5D=AZWOYy0FJYPUeRPZjz9J6HGQG482t_tQiNzbtK6OZj4sVq6GHwIZnGDhglVEzMlXdhwgmOdQ_F2PjqHxHG7eRqfybtLKxeLXv7qET-joBH5m4x-yjSESuX5MlD1XwQ7E_P338nb2chHpLRRqcg14vH6OWgeM0vJFtXuUdWnUOBpqnHjRuWaa3cABShDKFBBs2jHYKXI33r5vnU72GbAY0lcvv2D6ZsWZtXLQm0_aH18AuQ&__tn__=%2CO%2CP-R

5. Recognize that energy is a conserved quantity but not necessarily constant in a particular
system.

6. Represent processes using work-energy bar charts and convert the bar chart into a
mathematical statement of a generalized work-energy principle, and use the bar chart to
evaluate numerical solutions.

7. Account for conversions of different forms of energy into other forms within the system,
including conversions into internal energy.

8. Explain where the mathematical expressions for different form of energy came from,
explain how to choose the zero level for gravitational potential energy and why the
gravitational potential energy is negative when zero is chosen at infinity.

9. Design experiments to test energy conservation.

10. Analyze collisions using momentum and energy.

Brief summary of student difficulties with work and energy

Students might think that work is a property of a system; this mistake often carries over to
thermodynamics. Given work can be positive or negative, students might think that work is a
vector quantity and has direction. Students still might have difficulties identifying a system
and initial and final states, and identifying the zero level of the gravitational potential energy.
As we said above, the failure to identify a system and external objects often leads to double
counting. Changes in internal energy of the system are imperceptible: this creates another
difficulty — students might think that energy disappears. Often students think that the change
in gravitational potential energy of the system is exactly equal to the change in its kinetic
energy and vice versa (compensatory reasoning). Students might confuse work with energy,
energy with force, and so forth. Thus they might think that both the elastic force and elastic
potential energy are directly proportional to the first power of displacement."
https://www.facebook.com/groups/320431092109343/posts/1774022336750204/? cft  [0]
=AZX88a8vhooOpy1NHNNbf2UxZqP_f-
NWUPxNkkGOSHntCcvgVLm_vMB6MSXnqHj4fTae34d607aLV-d13ol-
2V94kni5Gx7LS9wpaQcL _tBOJDhGfUurGZOEiSXGPWvP8aacBJN2eP0jtI8e330PAQgrCYd
YfPtOULMLRDbtI121YjU3qgcQXLbYYsOxCvf142svo9sJFbukE6zQfPLYXq6rHO& tn =%2C
0%2CP-R

Hi all Exploring and Applying Physics people! Happy holidays, whatever you celebrate! | am
going to take a break from posting for a while to let you catch up with the posts, watch the
recordings of the workshops, etc.

If you are new to the group, just scroll down and read the posts - they will take you the trove
of resources that we have. Check the FILES here too - lots of reading for the winter break!
Experienced participants: | am asking you to share here your questions, wins, and
challenges this year. This groups is over 6 years old and many of you have been members
and active participants for a long time. How did you classroom change? What is a common
habit for you and your students now that were not in your teaching practice before? How are
your students doing? Please share!

Thank you for participating and happy holidays again!

https://www.facebook.com/groups/320431092109343/posts/1774917403327364/? cft [0]
=AZXe7gMLIUQZNnDO0zimwa9LunZIXpssrORTzQU1ofl XpzKrNZeQVX7EnynLH6mnb GgaZ5
XLDxN1sUtvtbdncgY2 enj-CgPvYvG4kq8TEcAWzgFzB-
QIHJTFbENohURPEefIRyLgEFkkXr8v1LKLBPIloztzPTFUrdXbCYX817kYJwd 4Gwf905xFo5
ezSQrTbs& tn =%2C0%2CP-R
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A story about another woman in physics.

https://www.facebook.com/groups/320431092109343/posts/1775988669886904/? cft [0]
=AZXbsycHdV3taBBGbgOcfPqvC164A1 82rMrw-

1zn2Lrg5Ix0xMobBZDhdmU6BpkxOv_ QG e-
N5CguA1ISeCJBeei2FWKXRPPON5cGw6AphSKcQF 1NOfdFNEJMgMzXAZ0aGOWd7TLbn
MWgtsrZpuHYeGjz5aTNCpFvDirHOfmNODVIL]AF3mAhfhObraeNaqfSVsngYIRd3vS9aTm7
-xiUu5JQB-0qdQqg8eib5leKviQKw& tn  =%2C0%2CP-R

He would be a special needs child in our classroom. | usually post about unrecognized
people in physics, and Newton is, of course, very recognized. | am sharing this post so that
we all remember that behind a strange or an uncomfortable child in our class a genius is
hiding. How do we give them space and the right attention to make sure that this genius is
not shut down by our educational system? Thus - the second intentionality of the ISLE
approach.
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uBfyk wPfJjtinQfxr7eplxqFbsbHJr93BLRcKs4DiWPbBZR4p1zPIvINGYEyUAwWVhZ6SUdtPU
Kj1TN3OAGDD7L6zB29KRn1M3S2x0gpGmqgptZV70SH02Q0eh2 w& tn  =%2C0%2CP-
R

Hi all Exploring and Applying Physics people! Hope you are having a little break now.
Today | wanted to talk about "contrasting cases". Research shows that when physicists
solve new problems, they use contrasting cases at every step - when they are discussing
original observations, when they are noticing patters, when they are coming up with
hypotheses and when they are testing them. Basically, as they are trying to figure out what
something is, they immediately focus their attention on what it is not! How often do we use
this strategy when helping our students construct new ideas? Here are two examples of
contrasting cases to ponder. Tomorrow and the day after tomorrow | will post activities that
engage students in thinking about those contrasting cases.

When we walk or run (without slipping), the road exerts a force and an impulse on us but
does no work. This is also true when we go up or down the stairs. The stairs exert an
impulse on us but do not work.

When a wave travels, it carries energy but does not carry momentum.

Please comment, question, and share!

If you google "contrasting cases" - lots of stuff comes up in different subjects.
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WW_ bmZUCe1SQ5xJzRcTniRL6& th  =%2C0%2CP-R

Hi all, yesterday | posted about two important contrasting cases, and Joseph Wachs
commented on one of them. But the second case was left "uncommented". How can the
waves carry energy but not momentum? Here is an exercise in our new ALG (coming out
with the new edition of the textbook) that helps your students explain how it can be.

11.6.9 Apply

Run the PhET simulation at the following link:
https://phet.colorado.edu/.../wave-on-a-string_en.html

Set the following parameters:

Excitation mode: PULSE

Amplitude: 1 cm

Pulse width: 0.7 s

Damping: NONE

Rope tension: HIGH

Playback mode: SLOW MOTION

In the following, assume that the rope oscillates in a horizontal plane (e.g. sliding on a flat
floor with negligible friction). Since we have set the damping to zero, we can also assume
that the rope is ideally flexible. This means that if the rope is stretched slightly, this increases
the elastic energy of the rope. We also assume that the elastic energy of the undisturbed
rope is zero.

Create a pulse on the rope by clicking on the green button with the triangular symbol.
Answer the following questions, specifically for the case when the right end of the rope is
rigidly clamped (FIXED END) and for the case when it is free (LOOSE END). In all cases,
the system is the rope.

a. What types of energy are present in the rope when a pulse is traveling along the rope?
Describe in which parts of the rope each type of energy is residing (add a sketch). What can
you say about the total energy of the rope along which the pulse is traveling before, during
and after the reflection? Explain. Indicate any assumptions that made.

b. What can you say about the total momentum of the rope along which the pulse is
traveling, before it reaches the end? Explain. Indicate any assumptions that made.

c. Which parts of the rope along which the pulse travels have non-zero momentum? Add a
sketch.


https://www.facebook.com/groups/320431092109343/posts/1778960479589723/?__cft__%5B0%5D=AZXi3eKnTgQFVvVnP07JolkCM1Ir7TTLPce5USEJyfvey32zOrCokRiUdTs6ggLq9EwpPeiejR5MCqRZ71DZ9jNAeglA4omKHQs9GsckbQE0G8E3q1lNcHQkRuIzHsKDeSsEw5dxhOTxIMPxohWlIZNqG4tzapOSJ2cO7risnIr2Tejz-1qmkAzx5Sm8NWq-WW_bmZUCe1SQ5xJzRcTniRL6&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1778960479589723/?__cft__%5B0%5D=AZXi3eKnTgQFVvVnP07JolkCM1Ir7TTLPce5USEJyfvey32zOrCokRiUdTs6ggLq9EwpPeiejR5MCqRZ71DZ9jNAeglA4omKHQs9GsckbQE0G8E3q1lNcHQkRuIzHsKDeSsEw5dxhOTxIMPxohWlIZNqG4tzapOSJ2cO7risnIr2Tejz-1qmkAzx5Sm8NWq-WW_bmZUCe1SQ5xJzRcTniRL6&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1778960479589723/?__cft__%5B0%5D=AZXi3eKnTgQFVvVnP07JolkCM1Ir7TTLPce5USEJyfvey32zOrCokRiUdTs6ggLq9EwpPeiejR5MCqRZ71DZ9jNAeglA4omKHQs9GsckbQE0G8E3q1lNcHQkRuIzHsKDeSsEw5dxhOTxIMPxohWlIZNqG4tzapOSJ2cO7risnIr2Tejz-1qmkAzx5Sm8NWq-WW_bmZUCe1SQ5xJzRcTniRL6&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1778960479589723/?__cft__%5B0%5D=AZXi3eKnTgQFVvVnP07JolkCM1Ir7TTLPce5USEJyfvey32zOrCokRiUdTs6ggLq9EwpPeiejR5MCqRZ71DZ9jNAeglA4omKHQs9GsckbQE0G8E3q1lNcHQkRuIzHsKDeSsEw5dxhOTxIMPxohWlIZNqG4tzapOSJ2cO7risnIr2Tejz-1qmkAzx5Sm8NWq-WW_bmZUCe1SQ5xJzRcTniRL6&__tn__=%2CO%2CP-R
https://www.facebook.com/groups/320431092109343/posts/1778960479589723/?__cft__%5B0%5D=AZXi3eKnTgQFVvVnP07JolkCM1Ir7TTLPce5USEJyfvey32zOrCokRiUdTs6ggLq9EwpPeiejR5MCqRZ71DZ9jNAeglA4omKHQs9GsckbQE0G8E3q1lNcHQkRuIzHsKDeSsEw5dxhOTxIMPxohWlIZNqG4tzapOSJ2cO7risnIr2Tejz-1qmkAzx5Sm8NWq-WW_bmZUCe1SQ5xJzRcTniRL6&__tn__=%2CO%2CP-R

d. Analyze the reflection of the pulse at the fixed and loose end of the rope in terms of
energies and in terms of momenta, by drawing appropriate bar charts. See the table below
for details. Note that the observed system is the rope.

Fixed end for both energy and momentum

Initial state

Just before the pulse reaches the end (the pulse is moving to the right)

Final state

The moment when the rope is straight (horizontal)

Then again for

Initial state

The moment when the rope is straight (horizontal)

Final state

Immediately after the pulse moves away from the right end of the rope (the pulse is moving
to the left)

Loose end both energy and momentum bar charts

Initial state

Just before the pulse reaches the end (the pulse is moving to the right)

Final state

The moment when the right end of the rope is furthest from the equilibrium position

And again

Initial state

The moment when the right end of the rope is furthest from the equilibrium position

Final state

Immediately after the pulse moves away from the right end of the rope (the pulse is moving
to the left)

e. Are your answers to questions a, b, and c consistent with the bar charts that you drew?
Explain
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UO3znVmOMIidDQPha7llhbWZ4PPgBsV5xLUNSKkRkUZVNtZVj-
mrCr6AYmiSbYvZQdfmsfnRyOQuacLMbA9bs6LtMNIg viNmVNH1aRKILjPIUrS yFK-
uMQPf068hPa8NkmUKKrxFhW--9Z6BL7L5& tn  =%2C0%2CP-R

Hi @everyone! Happy New Year! It was a very productive year for our group!
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We had 10 2-hour workshops in 2024 and one 8-hour workshop. This year we ran several
new workshops that we did not have before - Gases, Fluids (2 workshops), 1st Law of
Thermodynamics, Magnetic fields, Electromagnetic induction, and Optics (2 workshops so
far, and one one more coming in January). All workshops are recorded and are available on
the google drive together with the slide shows used the workshops (I am not posting the
links here as if | do, Facebook does not tag everyone).

We had over 500 people join our group in this last year, making the number of members
2853 - almost 3000 people!

There are many of you who attend every workshop that | offer, which is amazing,
considering that you are all busy and the workshops are on Saturdays only. | thank all
regular attendees for their dedication and the support of our group.

Many of you expressed interest in the Quantum optics workshop but only half of those who
said that they wanted to come actually registered. If you did not see the announcement for
the workshop here, go to your EVENTS and you will find them.

This year we (Gorazd Planinsic and |) published a new book on ISLE (the first book came
out in 2019, same authors + David Brookes). Many of you asked me for a pdf. | sent the pdf
to everyone who asked but | did not hear back from those who have read the book. Please
share what you have learned from it and if was useful for the understanding of the ISLE
approach.

Happy New Year everyone and | hope that our next year will be as productive as 2024!
https://www.facebook.com/groups/320431092109343/posts/1780223916130046/? cft [0]
=AZVWJKkV-

xgID8GnKrBxzvi3T6Mmbgb t9KDINtoSRaCX1osyv6ebl63MTPZOfAYDF301pe1gVXSsj1kiu
LUYAzLBhD8nXPBKTc_tEjcT2SexJzAtnf8mQJkPsZf5nRjvil_ TaUdPsYFKfpWXGAM5 _QaD
VEA7zyGy3k ug0SCmBoLroVnbPfmV38bNKZLwgPfUnM& tn_ =%2C0%2CP-R
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