Chariho Regional School District - Science Curriculum
September, 2016

PHYSICS CURRICULUM

Unit 1: Measurement and Mathematics

OVERVIEW

Summary

Mathematics is an essential tool of physics. This unit will familiarize students with measurements and
standards. Students will learn about presenting scientific information with precision, accuracy, in significant
digits and scientific notation. They will also learn about graphing data and how equations and graphs reveal the
relationships between variables.

Content to Be Learned

List basic SI units and the quantities they describe.

Convert measurements into scientific notation.

Distinguish between accuracy and precision.

Use significant figures in measurements and calculations.

Interpret data in tables and graphs, and recognize equations that summarize data.
Distinguish between conventions for abbreviating units and quantities.

Use dimensional analysis to check the validity of expressions.

Perform order-of-magnitude calculations.

Practices

Using Mathematics and Computational Thinking
o Mathematics and computational tools are central to science and engineering.
o Mathematics enables the numerical representation of variables, the symbolic representation of
relationships between physical entities, and the prediction of outcomes.
o Mathematics provides powerful models for describing and predicting such phenomena as atomic
structure, and quantum mechanics.

Crosscutting Concepts

Scale, proportion, and quantity.

In considering phenomena, it is critical to recognize what is relevant at different measures of size,
time, and energy.

Recognize how changes in scale, proportion, or quantity affect a system’s structure or performance.




Essential Questions

e Why do scientists use the metric system?
e How can dimensional analysis help evaluate answers?

e What are significant figures?

Common Core Standards

Next Generation Science Standards

RST.9-10.7 Translate quantitative or technical information expressed in words in a text into visual
form (e.g., a table or chart) and translate information expressed visually or mathematically (e.g., in

an equation) into words.

MP.2 Reason abstractly and quantitatively.

MP.4 Model with mathematics.

HSN-Q.A.1 Use units as a way to understand problems and to guide the solution of multi-step

problems; choose and interpret units consistently in formulas; choose and interpret the scale and the

origin in graphs and data displays.

HSN-Q.A.2 Define appropriate quantities for the purpose of descriptive modeling.

HSN-Q.A.3 Choose a level of accuracy appropriate to limitations on measurement when reporting

quantities.

HS-PS1-7

HS-PS1-7.

Students who demonstrate understanding can:

Use mathematical representations to support the claim that atoms, and therefore
mass, are conserved during a chemical reaction. [Clarfication Statemeant: Emphasis s
on using mathematical ideas to communicate the proportional relationships between masses
of atoms in the reactants and the products, and the translation of these relationships to the
macroscopic scale using the mole as the conversion from the atomic to the macroscopic
scale. Emphasis is on assessing students’ use of mathematical thinking and not on
memarization and rote application of problem-solving techniques.] [Assessment Boundary:
Assessment does hof include complex chemical reactions.]

Sclence and Engineering Practices

Using Mathematics and Computational
Thinking

Mathematical and computational thinking
-t the 9=12 level builds cn K-8 and
progresses to using algebraic thinking and
‘amalysis, a range of linear and noniinear
functions including trigonometric functions,
exponentials and logarithms, and
computational tools for statistical analysis
to analyze, represent, and model data.
Simple computational simulations are
created and used based on mathematical

models of basic assumptions.
®  |Jse mathematical representations of
phenomena to support claims.

i o o

P51.B: Chemical Reactions
*  The fact that atoms are

conserved, together with
knowledge of the chemical
properties of the elements
involved, can be used to
describe and predict chemical
reactions.

The performance expectation above was developed using the following elements from A Framework for K=12 Science Education:

i G [ Lk

Energy and Matter
®  The tofal amount of energy
and matter in closed systems
is consened.

Connections to Nature of
Science

Scientific Knowledge Assumes
an Order and Consistency in
Matural Systems
= Science assumes the universe
is & vast single system in
which basic laws are
consistent.




Unit 2: Motion in One Dimension

OVERVIEW

Summary

Net forces on an object causes an object’s velocity to change. Forces can be exerted by direct contact or by
electric, magnetic or gravitational fields. It is Newton’s laws that will give us an in-depth knowledge of the
inter relationships.

Content to Be Learned

Describe motion in terms of displacement, time, and velocity.

Calculate the displacement of an object traveling at a known velocity for a specific time interval.
Construct and interpret graphs of position versus time.

Describe motion in terms of changing velocity.

Compare graphical representations of accelerated and non-accelerated motions.

Apply kinematic equations to calculate distance, time or velocity under conditions of constant
acceleration.

Relate the motion of a freely falling body to motion with constant acceleration.

Calculate displacement, velocity and time at various points in the motion of a freely falling object.
Compare the motions of different objects in free fall.

Practices

Planning and carrying out investigations.
Analyzing and interpreting data.

Using mathematical and computational thinking.
Constructing explanations and designing solutions.

Crosscutting Concepts

Patterns.
Cause and effect.
Systems and system models.

Essential Questions

How do motion diagrams represent motion?
How can you use a particle model to represent a moving object?




Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fa one-
dimensional motion and fo macroscopic objects moving at non-refativisfic speeds.]

Science and Enginearing Practices

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and
progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models (e.g.. computaticnal, mathematical) in
order to make valid and reliable scientific claims
or determine an oplimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Natural Phenomena

*  Theories and laws provide explanations in
science. :

®* | gws are sistements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion
®  Newton's second law
accurately predicts changes
in the motion of macroscopic
objects.

The performance ﬁxmaﬁan above was developad using the following elemeants from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and
comelation gnd make
claims about specific
causes and effects.




P T e g e

HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-P53-1

slizdents who demanstrate understanding can:

HE-PS53-1.

Create a computational model to calculate the change in the energy of one componeant

in a system when the change in enargy of the othar component{s) and enargy flows in
and out of the system are known. [Clarification Siatement Emphiasis is on explaining the
meaning of mathematical expressions used in the model.] [Assessment Bowndary:
Huzazsment is imilog fo bagic algebraic exprossions or compwlations; (9 sysfems of lwo or
thres components; and o thamal enargy, Kinelic enemgy, andsor the enengies n grawvitabicnal,
magrialic, ar giscint felo's

Tho pariormance expectator above was developed using the fokowing ploments from gﬁﬁwwﬂl;rﬁ-i.a‘mmﬁ'm

Sclance and Enginearing Practices

Lhadng and
! nal Thinking
Methemalical ang computational thenking
at the 912 lavel bulds on K—8 and
procresses o using alpebrale thinking
and aralysis, arange of finear and
nonkne s Tunclions incudsny :
lopanithms, and compulational tocls for.
slatistical aralyais o anaivae, raprasant
simutations are createds &nd used based
on mathamstical modets of basic
ASSUTIEIONG. -
*  Create g computatonel model or
simutation of & phersmencen,
desigrad device, protess, of sysbam:

A P | PR i

PE3.A: Delinitions of Enargy

» Energyis & cuantitate property of &
syEtem that cepends on the molion
end intergctions of maiar and
Tadiation within thatl syatem. That
Ihera s 3 enple cuanlity called
enangy ig dus o the fac that a
sysiem's iolal energy s congered,
even as, within the system, enesgy &
conircally tranafemes [ram ane
oiyect i anddher and Dehween 45
varkoue possinle forme.

PE3.8: Conservation of Energy and
Energy Transfer

&  Corsersaton of enargy maans thal
the total change of erangy o any
gyshem g always ecual 1 he 1okal
enargy Fansiamed ko o oul of the
gystam,

*  Enargy cannot be cresied or
destroved, buf it can be transsorbed
1mam one placa o another and
Irarslared babwaen syslems.

*  Mathemabead exprasssons, which
ouantify how the elored eramy m a
sysbam depancs on ils conliguration
(8., mlalive positions of changed
particles, comprassion of 8 spang!
End how KiRelc enengy deganss on
miass and speed, abow the cancead
of consardation of enenty 10 be Lsed
I pregic] and Sesciia avabam
bahisvior.

#  The avadabiity of enargy limits what

can noeuUr in any Syshen.

Syatems and Svatemn Modals

Modeais can be used 1o
predict the behavior of &
sysbam, but fese
predictions. have liritad
préectsion and rekability due
i the essumplions and
aporoxirations inherant in
[§atu i

Connechions fo Nature of
Schence

Scientillc Knowledge
Aszumes &n Order and
Consistency in Matural
Syalems

Heience gssumes the
Ureverss = a vaal sngle
Sysian i whech Dasas laws
are consisbanl




HS-PS32

Students wha demonstrale understanding can:

HS-P53-2. Develop and use models to illustrate that energy at the macroscopic scale can be
accountad for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles
(ebjects). [Clarfication Stetemant: Examples of phenomena at the macrscopic scale could
includs the convarsion of kirstic eremgy lo thermal enargy, the energy siored due to position
of an object abowe the earth, and the energy stored betwesen two efectrically-charged plates,
Examples of modets could include diagrams, drawitas, descnptions, and computar
simulations.]

Tog pesformanca-prpeckation aove was developar using e follgwing shamants from A Framawark for K-12 Science Egucation;

Sclancea and Engineering Practices Jinciplinary Core Id BCL
Developing and Using Models P53.4: Definitions of Energy Energy and Matber
Maodeling In 912 builds on K-8 and #  Energy s & ouantitabive property of |« Enengy cannot be created or
prograsses Lo using, synthesizing. and & wwslam that deperds o tha gastroved: it only moves
devaloging modals o predict and show molion &nd Interactions of matter batween e pace and
relaliorafips among variables bebwaen & raciation within 1hat systam, another piaca. betwean
aystems and their cOmponiants in e - That Mere is a single guantity called ohjects andior fleids, or
natural and designed workds. enargy la due fothe fact thata Betwean systams.

L4 mwmmhmmmaﬁm syslem’s ofal enargy 8 congensed,
wﬁﬂmmmmatem 5 evesn 85, wilhin the gyslem, enengy
relalionships batwaan ystams of ig contimueily transfared from ona
Dﬂhﬂﬁmmpﬂmﬂﬂ:ﬂm oizjact o anaiher and Detwesn s

Vs posshie formns.

* A the macroecopic scale, enargy
maritasts dsel in mulBpe ways,
such as i mation, sound, kg, and
thenmal anengy.

& These reabicnshiss ane balies
Lndarsbaod &1 the mesTossopic
sizake, af which all of the diffesant
mariteststions of anergy can be
modeled &5 a combination of
enargy assocatad wih the mohon
of pardicles and enargy aasscatad:
with the configuration (ralaliva
position of the parlicles). I some
cagas tha ralative positon anergy
can be thought of &5 stored in fisids
[wehich meclata interackons
Detwean parlicles). Thes Iast
concept inchadas radigtion. &
phancemenon in which enargy
sfored in fielcs moves acoss
SOE0E.




HS-PS§3-3

Students who demonstrate understanding can:

HS-P53-3. Design, build, and refine a device that works within given constraints to convert one
form of energy into another form of energy.* [Clgrification Statement: Emphasis is on
both gualitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldberg devices, wind turbines. solar cells. sofar ovens, and generators. Examples of
constraints could include use of renewable enermy forms and efficiency.! [Assessmant
Boundary: Assessment for guantifative evaluations /= imited to folal outout for & given input.
Assessment is imited to devices constructed with matenals provided fo students. ]

chanc d ’
Constructing Explanations and
Designing Sclutions
Constructing explanations and designing
sofutions in 812 builds on K-8
experiences and progresses o
explanations and designs thatare
supported by multiple and independent
student-generated sources of evidence
consistent with sclentific ideas, principbes,
and thearies.
¢ Design, evaluate, andior refing a
spfution o a compléx real-world
problem based on scantific knowledga,

prioritized critara, and tradeofl
considerations.

student-genorated sources of evidencs,

The performance expectation above was developed using the following elements from A Framework for K-12 Scisnce Education:

PS3.A: Definitions of Energy

& Al the macroscopic scale,
enargy manifests itsell in
miutipte ways, such asin
motion, sound, llght, and
thermal energy.

PS3.0: Energy in Chemical
Processes

*  Alhough energy cannal ba
destroved, it can be canverted
1o less usaful forms — for
example, o tharmal enengy in
the surrcunding environment.

ETS1.4: Defining and Delimiting
an Engineering Problem

*  Crilera and constraimts also
Inciude satisfying any
requirements set by society,
such as laking issues of risk
mitigalion into account, and they
shoukd be guantified (o the
extent possibie and stated in
such a way that one can tefl if a
given design meats therm.

{secondary)

Energy and Matter
&  Changes of energy and
matber in a system can be
described in terms of enangy
and rmatter flows into, aut of,
ard within thal syvstem.

Connections to Engineering,
Technology, and Applications
of Science

Influence of Sciance,
Engineering and Technology
on Society and the Natural
Warld

*  Modem civilization depends
an maijor technologicat
systems. Enginears
continuausly madify these
technolagical systems by
applying scientific knowledge
and engineering design
practices 1o increase benelits
while decreasing costs and
MSES,

Unit 3: Two Dimensional Motion and Vectors

OVERVIEW

Newton’s laws can be extended from one dimensional motion to two dimension. Students will be introduced to
formal vector addition which play a key role in describing the outcomes of forces in two dimensions. The fields
of kinetics and statics will be included in the Newtonian analyses. Additional topics will include incline planes

and equilibria.

Content to Be Learned

Summary

Distinguish between a scalar and a vector.

Add and subtract vectors using the graphical method.

Multiply and divide vectors by scalars.

Identify appropriate coordinate systems for solving problems with vectors.




Apply the Pythagorean theorem and tangent function to calculate the magnitude and direction of a
resultant vector.

Resolve vectors into components using the sine and cosine functions.

Add vectors that are not perpendicular.

Recognize examples of projectile motion.

Describe the path of a projectile as a parabola.

Resolve vectors into their components and apply the kinematic equations to solve problems involving
projectile motion.

Describe situations in terms of frame of reference.

Solve problems involving relative velocity.

Practices

Planning and carrying out investigations.

Analyzing and interpreting data.

Using mathematical and computational thinking.

Obtaining, evaluating, and communicating information.

Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

Patterns.

Cause and effect.

Systems and system models.
Structure and function.

Essential Questions

How are vectors added graphically?

What are the components of a vector?

How are vectors added algebraically?

How are the vertical and horizontal motions of a projectile related?

What are the relationships between a projectile’s height, time in the air, initial velocity, and
horizontal distance traveled?



Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fa one-
dimensional motion and fo macroscopic objects moving at non-refativisfic speeds.]

Science and Enginearing Practices

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and
progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models (e.g.. computaticnal, mathematical) in
order to make valid and reliable scientific claims
or determine an oplimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Natural Phenomena

*  Theories and laws provide explanations in
science. :

®* | gws are sistements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion
®  Newton's second law
accurately predicts changes
in the motion of macroscopic
objects.

The performance ﬁxmaﬁan above was developad using the following elemeants from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and
comelation gnd make
claims about specific
causes and effects.




P T e g e

HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-P53-2

Students wha dermanstrate underslanding cam;

H5-P53-2.

Cevelop and use models to illustrate that energy at the macroscopic scale can be

accounted for as a combination of energy associated with the motions of particles
[ohjects) and energy associated with the relative positions of particles

[objects). [Clarficalion Statement: Examples of ghenocmena at the macroscopic scale could
includs the corearsion of kineltic energy to thermal energy, the energy stored due to position
of an object zbove the earth, and the energy stored betwesn two elsctrically-charged plates.
Examples of modeis could ingiude disgrams,; drawings, descnptions, and computer

simulations.]

Thi parfarmanca expectation aHowe was desmopat using e following slements from A Framawok far K-12 Scignee Education:

fSiclance and Englnesarl

Developing and Using Models
Hodabmg in 9-12 builgs on K-8 and
prograsses b using, synthesizing. ard
dewveloping mooels 1o predict ang show
refalionships amang varatles bebween
syalema and thelr components in e

*  Desalop and use 8 model based on

g Practices

———

FS3.A: Definitions of Enargy

Energy is & guaniitatee proparty of
& syslam that depénds on the
molicey gnd inbargchions of matlar
and radalion wilhin that systam.
Thai fere is 8 sirghe quaniity calles
ENergy g Sua o the fac that a
ayslen's iolal enangy s condended,

Energy and Maiter
= Enangy canndal be greated or
gesiroad; it ohly moves
bebwaen ofe place and
anolhier placs betwean
objects andior liekds, or
babwsan sysbams

evidence b ilustrats tha
relalionships babwaan svslems o
Debwaan components of 3 syabam.

gven 85, wilhin the sysiem, enegy
8 conbnuedy- ransfarred from one
ohject o andther and Detwesn i
varnous possiile forms,

® Al the mactoscopic scale, anary
marifests isetl i muliple ways,
such as in motion, sound, kgl and
thermal enerngy.

&  These relationshios ane telfer
understoog 8l the resrssosic
acala, at which all of the diffesenl
marifestations of energy can be
mocelad g5 a combination of
energy assicated with the malion
of parices ang enargy asscckated
with thér configuration {relative
position of the particles). In some
cases ke relalive posibon arergy
can ba thought of a8 slonad in felds
[wirezh mediabe interacthans
batwean parlicles). This last
corcept includes radiation, &
phanomanon in which eparngy
gecred in felds moves achoss
SOECHE,

Unit 4: Forces and Laws of Motion Dynamics

OVERVIEW

Summary

The concepts of kinematics and dynamics will be extended into motion in two dimensions. Projectile motion
will be analyzed by applying kinematics of motion with constant velocity horizontally and motion with constant
acceleration vertically. In addition, Newton’s laws will be used to analyze circular motion and relative velocity.

Content to Be Learned
e Explain how force affects the motion of an object.

e Distinguish between contact forces and field forces.




Interpret and construct free-body diagrams.

Explain the relationship between the motion of an object and the net external force acting on it.
Determine the net external force on an object.

Calculate the force required to bring an object into equilibrium.

Describe the acceleration of an object in terms of its mass and the net external force acting on it.
Predict the direction and magnitude of the acceleration caused by a known net external force.
Identify action-reaction pairs.

Explain why action-reaction pairs do not result in equilibrium.

Practices

Planning and carrying out investigations.

Analyzing and interpreting data.

Using mathematical and computational thinking.

Constructing explanations and designing solutions.

Obtaining, evaluating, and communicating information.

Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

Patterns.

Cause and effect.

Systems and system models.
Structure and function.

Essential Questions

What is acceleration?

How is acceleration different from velocity?

What information can you learn from velocity-time graphs?
What is force?

What is the relationship between force and acceleration?
How does motion change when the net force is zero?



Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fo one-
dimensional mation and fo macroscopic objects moving at non-refativisfic speeds.]

The perfformance ﬁxpac:tati'nn above was developad using the following elemeants from A Framework for K-12 Science Education:

Science and Engineering Practices m nary Cors Idea

Analyzing and Interpreting Data PSZ.A: Forces and Motion
Analyzing data in 9-12 builds on K—B and = Newton's second law ®  Empirical evidence is
progresses to introducing more detailed statistical accurately predicts changes required to differentiate
analysis, the comparison of data sets for in the motion of macroscopic between cause and
consistency, and the use of models o generate and ohjects. correlation and make
analyze data. claims about specific

*  Analyze data using tools, technologies, andior causes and effects.

models (g.g.. computational, mathematical) in
order to make valid and reliable scientific claims
or determing an optimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
*  Theories and laws provide explanations in
science. :
*  |aws are siatements or descriptions of the
relationships among observable phenomena.




P T e g e

HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-PS2-4

Students who demonstrate understanding can:

HS-PS2-4. Use mathematical representations of Newton's Law of Gravitation and Coulomb's
Law to describe and predict the gravitational and electrostatic forces between
objects. [Clarification Statement: Emphasis is on both guantitative and conceptual
descriptions of gravitational and electric fields.] [Assessment Boundany Assessment is

limited to svsfems with two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education;

Cro

CUEEING ONCe L

Using Mathematics and Computational PS2.B: Types of Interactions Patterns

Thinking »  Mewion's law of universal * Different pattems may be
Mathematical and computational thinking at gravitation and Coulomb's law obsarved at each of the
the 8=12 level builds on K~8 and progresses provide the mathematical scales at which a system is

to using algebraic thinking and analysis; a
range of linear and nonlinear functons
including trigonometric functions,
exponentials and logarithms; and
computational tools for statistical analysis to
analyze, represent, and model datza. Simple
computational simulations are created and
used based on mathematical models of
basic assumptions.
*  Use mathematical representations of
phenomena to describe explanations.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Matural Phenomena

®  Theories and laws provide explanations

* Laws are statements or descriptions of
the refationships among observabie
phenomena. :

models to describe and predict
the effects of gravitational and
electrostatic forces between
distant objects.

Forces at a distance are
explained by fields
{gravitational, electrc, and
magnetic} permeating space
that can transfer energy
through space. Magnets or
elecinc curments cause
mannetic fields; electric
charges or changing magnetic
fields cause electric fields.

studied and can provide
evidence for causality in
expianations of phenomena.




L am e . g

HS-F53»1

Students wha dermonstrale understanding can:

H3-P&3-1.

Create a computational model to calculate the change in the anergy of one componant

in a system when the change in enargy of the othar componentis} and enargy flows in
and out of the system are known. [Clanfication Statement Emphasis is on explaining the
maaning of mathamatical expressions used n the model ] [Assessman Boundary:,
Aszezzmont 5 imited fo basic algedraic exproszions or compulations; o syshems of wo or
fhres components; and (o thermal enargy, Kinslic enengy, andior the gnangigs in gravwiabicnal,

magriel

&, ar giscinc felds.]

The parformance apeciaion abave wes developed wing the fofowing slamens mkﬁmm*hﬁi?m Edicahon:

Sciance and Enginesring Practices

ﬂﬂﬂ&-ﬂhu‘ﬂl mmx-uw
Mmmwm
and analysis: & range of linear and
nonfinear iunctions (nciuding
Irigonansatne funetions, exponentials and
lopadthens, end computational tools for
slatistical analysi bo angiee, fepresant,
and modal data. Simgle G
simutatons ane cragted and used based
an mathematical madets of basic
BSTUMNG. -
s Craate ammutahmﬂnmmur
mdaﬂm
dasigrad device, procass, of systam.

PE3.A: Definitions of Enerngy

Enargy i3 8 cusntitative property of 8
system that sapends on the madion
and intarections of matter and
radiglion within that system. That
there =8 a sagle cuaniily called
Energy I8 oue ko the fac et &
ayElem's 1ol enerEy is conasnsed,
Even as, within tha syslem, aneny ia
cantinually transtermad [rom one
abject bo anothar and between Hs
vafous poasila forms.

P53 8: Conservalion of Emergy and
Enargy Tranafer

GCorsersabon of enargy means that
Ihe betal change of erangy o any
watam & 2iways Eﬁusﬂ @ he 1atal
enargy Fansierred into of out of the
gyglam.

Energy canrofl be crested or
Sasiroyed, DUl it San b Irsnspartad
from one gace 1o anotiner and
traratarred beteaen syslams.

Mathematcal exprassions, which
cuanlify how the siored enangy n a
gwElam depenss on ik conliguralion
(e, reiakiva positons of changed
particles, cornprasaion of 8 spingh
and how Kinalic anargy degands on
mass enid aneed. alow the conrcent
of congarvalion of anengy 10 be used
1o-predict ans dasaripa syskam
Bahiavios,

The svelabinty of enarmy limits what
can DeCuUr in any sysbam.

Systems and System Models

Modals Gan be vesed 1o
predict the bekavior of 3
syabam, but Tuesa
predictiong Rave limitad
precision and rekability dus
ta the szsumptions and
approddmalions inbarent in
modals.
l'.‘mnuw-nru to Nafure of
Sclemea

Seientific Knowledge
Azsumes an Order and

Congislancy in Natural
Syslems

Splerce sssumes tha
uTEVErss i & vaslsngle
Sabem bewhich bashc iBws
are corsiabant
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H5-P53-2

Siudents who damonstrate understanding can:

HS-PS3-2.

Develop and use models to illustrate that energy at the macroscopic scale can be

accounted for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles

(ehjects). [Clarficstion Stztement: Examples of phencmena at the macmoscopic scale could
include fha comearsion of kinatic enargy o thermal energy, the ensergy siored due to posiion

of an object above the eanh, and the enengy stored betwesn bao eleciric

cally-charged plates.

Examiples of modeis could include diagrams. drawings, descrigtions, and computer

simulations.]

The perfarmancs cupsctation shous was develiped using Sie following slemarss from A Framsisn for K272 Seisnce Sduceion;

Science and Enginesring Practices

Developing and Using Models
Modedng in 9=12 builgs on K-8 and
prograsses bo using, symilhesizing. and
devaloging models 1o predict and show

Eyalems and their components in e

mmmmmalmmm

L D&.ﬂmmﬂunamnﬂnlhﬂaﬂm
evdence o illustats tha
ralglionahins Bebyaan systems o
bebwean componants of B syaiem.

PE3.A: Definitions of Enargy

Energy is & suantitatee property of
& systam that deperds on 1ha
mlion and intersctions of matter
and raciahon within thal aysbam.
That fhere is 8 sirgia quanity called
enargy is oue S0 the fac: that a
gysten's olal enengy I8 congened,
even s, within the syslemn, eneqgy
ig continualy trarstarred fnom ona
anject lo another and between ds
valols possinla forms.

Al the macrescoplc scale, anardy
marifests dsall & mulsola ways,
siich a8 i modion, sound, Bght and
thesmal energy.

These relationships ara baltes
uhderstood &t the microsconic
scaie, at which ail of the difersnt
manifastations of enargy can be
riogales a5 a combination of
Eneny asscorated with the malion
of parfiches ang enargy adeocatad
with the confiquration {relalive
position of the particles). In some
casas e relative positon erergy
can be thought of &s stored in falds
[wihich reciate inberackarns
betwean paricles). Thee [aal
concept includes radiation, a
prencerenon in which enardy
aigred in flalds moves acss
SOECE.




Y FOr aLases, By Jtaies

HS-PS3-5

Students who demonstrate understanding can:

HS-PS3-5.

Develop and use a model of two objects interacting through electric or magnetic

fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction. [Clarfication Statement: Exampies of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Assessment Boundary: Assessment is limifed fo
systems confaining two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Sciance and Engineering Practices

Developing and Using Models
Modeling in =12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables betwesn
systems and their components in the

P53.C: Relationship Between

Energy and Forces

* \When two objects interacting
through a field change relative
position, the energy stored in the
field is changed.

LTOE!

Cause and Effect

= Cause and effect relationships
can be suggested and
predicted for complex natural
and human-designed systems
by examining what is known

CLITTING algb==1n}s

natural and designed world(s).

& Develop and use & model based on
evidence to illustrate the relationships
betwaen systems or between
components of a system.

about smaller scale
mechanisms within the

system.

Unit S: Work and Energy

OVERVIEW

Summary

The relationships among force, displacement, work, and energy will be considered in this unit. Mechanical
advantages of machines will be explored through hands on activities. The ideas of transfer of energy through
executing a force over a distance will be analyzed and calculated for simple and compound machines.

Content to Be Learned
e® Recognize the difference between the scientific and the ordinary definitions of work.

Define work, relating it to force and displacement.

Identify where work is being performed in a variety of situations.
Calculate the net work done when many forces are applied to an object.
Identify several forms of energy.

Calculate kinetic energy for an object.

Distinguish between kinetic and potential energy.

Classify different types of potential energy.

Calculate the potential energy associated with an object’s position.
Identify situation in which conservation of mechanical energy is valid.
Recognize the forms that conserved energy can take.

Solve problems using conservation of mechanical energy.



e Apply the work-kinetic energy theorem to solve problems.

e Relate the concepts of energy, time and power.

e (Calculate power in two different ways.

e Explain the effect of machines on work and power.
Practices

e Planning and carrying out investigations.

e Analyzing and interpreting data.

e Using mathematical and computational thinking.

e Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

e Patterns.

e (ause and effect.

e Systems and system models.
e Structure and function.

Essential Questions
e What is work?
What is energy?
How are work and energy related?
What is power, and how is it related to work and energy?
What is a machine, and how does it make tasks easier?
How are mechanical advantage, the effort force, and the resistance force related?
What is a machine’s ideal mechanical advantage?
What does the term efficiency mean?
How is a system’s motion related to its kinetic energy?
What is gravitational potential energy?
What is elastic potential energy?
How are mass and energy related?
Under what conditions is energy conserved?
What is mechanical energy, and when is it conserved?
How are momentum and kinetic energy conserved or changed in a collision?
What is a simple harmonic motion?
How much energy is stored in a spring?
What affects a pendulum’s period?




Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fa one-
dimensional motion and fo macroscopic objects moving at non-refativisfic speeds.]

Science and Enginearing Practices

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and
progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models (e.g.. computaticnal, mathematical) in
order to make valid and reliable scientific claims
or determine an oplimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Natural Phenomena

*  Theories and laws provide explanations in
science. :

®* | gws are sistements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion
®  Newton's second law
accurately predicts changes
in the motion of macroscopic
objects.

The performance ﬁxmaﬁan above was developad using the following elemeants from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and
comelation gnd make
claims about specific
causes and effects.




P T e g e

HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.




tum A g s

HS-F53»1

Students wha demonstrate understanding can:

HS-P53-1.

Create a computational model to calculate the change in the anergy of ona componant

in a system when the change in enargy of the othar componentis} and energy flows in
and out of the system are known. [Clanfication Statement Emphasis is on explaining the
maanirg of mathematical exprassions used n the model.] [Assessmeni Boundary:
Aszezzmant is fmited fo basic algelraic exprossions or compulations; fo sysfems of lwo or
three components: and fo thermal energy, kinelic enargy. andfor the energios in grawvialional,
magrelic, or alscinc falds. )

The parformance mepeciabon abaves wes devalnped using the foloweng oloments mﬁﬁmm*hrm'gm Edicahon:

Sciance and Enginesring Practices

&t the 812 favel bulds on ¥-3 ang
prOpesses b usng loabesic thinking
and aralysis: a range of linear and
noninesr functions incuding
Irigonomatie funclions, exponentisls and
wmmmmm soals lor
b dnaiyze, feprasant,

®  Create ammuhahmﬂnmmuf
Mﬂam
dasighad device, procass, of sysbam.

PS3.A: Definitions of Enengy )

s Enargy i 8 cusnlitative proparty of &
aystem that Sepands on the matlon
and inbargstions of maettar and
radiation withip that svstem. That
there =5 a sngle cuantily called
energy s due o thefaci that 8
syslem's lolal energy is conaended,
Even as, within tha syslem, engmy is
cantinually transfemad rom one
oinfect o anathar and betweaen is
Vafious possible forma:

P53.8: Conservalion of Energy and

Energy Transfer

& Corservabon of enangy masns that
Ihe total changs of ersrgy in any
B-lp‘al:am % BlwEYE Bl::auslil o the latal
enargy Fansterred into of out of the
gystam,

*  Energy cannol be cresied o
casiroyed, bul it Can be Iranspartad
1rom ane pace 1o anothar and
traralered babwaen syslems.

*  Mathematicel exprassiong, which
cuanlify how the siorad enargy n a
syslem depands on ik configaration
[&:q., mialive positons. of changed
parteles, comprassion of 3 speing)
and how kinalic anangy defancs on
mass end speed, alow the concent
of congarvalion of anengy 10 be used
o predict ans descrize syslam
bsahavicr,

& The avalabity of enermy limits what
can ool in any sysham.

Syslems and Sysiem Models
#  Mogals &an be vsed 1o
predict the behavior of 2
Syabem, but Puesa
predictions have limitad
precision and rakability dua
ta the assumptions and
approgimations inbarent in
modals.
l‘.':mnaw-nm to Nafure of
Sclemea

Scientific Krowledge
Azsumes an Order and

Censistency in Matural

Sysiems

* - Splence sssumes the
Ureverss 15 a vasl sngie
Sypabarm b wihacty basgic iBws
are corsibant.
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H5-P53-2

Siudents who damonstrate understanding can:

HS-PS3-2.

Develop and use models to illustrate that energy at the macroscopic scale can be

accounted for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles

(ehjects). [Clarficstion Stztement: Examples of phencmena at the macmoscopic scale could
include fha comearsion of kinatic enargy o thermal energy, the ensergy siored due to posiion

of an object above the eanh, and the enengy stored betwesn bao eleciric

cally-charged plates.

Examiples of modeis could include diagrams. drawings, descrigtions, and computer

simulations.]

The perfarmancs cupsctation shous was develiped using Sie following slemarss from A Framsisn for K272 Seisnce Sduceion;

Science and Enginesring Practices

Developing and Using Models
Modedng in 9=12 builgs on K-8 and
prograsses bo using, symilhesizing. and
devaloging models 1o predict and show

Eyalems and their components in e

mmmmmalmmm

L D&.ﬂmmﬂunamnﬂnlhﬂaﬂm
evdence o illustats tha
ralglionahins Bebyaan systems o
bebwean componants of B syaiem.

PE3.A: Definitions of Enargy

Energy is & suantitatee property of
& systam that deperds on 1ha
mlion and intersctions of matter
and raciahon within thal aysbam.
That fhere is 8 sirgia quanity called
enargy is oue S0 the fac: that a
gysten's olal enengy I8 congened,
even s, within the syslemn, eneqgy
ig continualy trarstarred fnom ona
anject lo another and between ds
valols possinla forms.

Al the macrescoplc scale, anardy
marifests dsall & mulsola ways,
siich a8 i modion, sound, Bght and
thesmal energy.

These relationships ara baltes
uhderstood &t the microsconic
scaie, at which ail of the difersnt
manifastations of enargy can be
riogales a5 a combination of
Eneny asscorated with the malion
of parfiches ang enargy adeocatad
with the confiquration {relalive
position of the particles). In some
casas e relative positon erergy
can be thought of &s stored in falds
[wihich reciate inberackarns
betwean paricles). Thee [aal
concept includes radiation, a
prencerenon in which enardy
aigred in flalds moves acss
SOECE.




H5-P83-3

Students who demonstrate understanding can:

HS-P53-3.

Design, build, and refine a device that works within given constraints to convert one

form of energy into another form of energy.* [Clarification Statement: Emphasis is on
both quaiitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldberm devices, wind turbines, solar cells, solar ovens, and generators. Exampies of
constraints could include use of renewable enemy forms 2nd efficiency.! [Assessment
Boundary; Assessment for quaniitative evaluations is iimited (o fotal owtowt for 8 given input.
Azsessment is imited to devices constructed with materials provided fo students.]

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
solutions in 9—12 bullds on K-8
expenences and progresses o
axplanations and designs (hat-ara
supported by multiple and independent.
student-generated sources of evidencs
consistent with scientific ideas, principies,
ard thearies.

Design, evaluate, andlor refing a
solution to a compiex real-world
problem based on scientific knowledge,
student-genarated sourncos of evidence,
prioritized crteria, and lradeof!
considerations.

PS3.A: Definitions of Enargy
* Al the macroscopic scale,
anergy manifests itzell in
muftipie ways, such as in
miotan, sound, light, and
thieermal enargy.
P53.D: Energy in Chemical
Processes

+  Although enemy cannol ba
destroyed, it can be converbad

1o ez usaful forms — for
example, 1o thermal energy in
thie surrounding environment.

ETS1.A: Defining and Delimiting

an Engineering Problam

*  Critera and constraints also

include satisfying any
requirements sel by society,
guch as laking Esues of risk
mitigation into account, and they
shoud be guantified to the
axtent possible and stated in
such a way thal ene can tell if a
given design meats them.

(secondary)

The performance expectation above was developed using the folliowing elements from A Framework for K-12 Seience Educalion:

Sclance and Engineering Practices

LTOSERECLITUNG

wlpl=ifn

Energy and Matter

* Changes of energy and
matier in a system can ba
describad in tarms of snongy
and matler flows Into, out of,
and within that svslam.

Conneciions to Engineering,

Technology, and Applicalions
of Science

Influence of Science,
Engineering and Technalogy
on Society and the Natural
World

*  Modern civilization depends
on major technolegical
systems. Enginpers.
continuously madify these
technological systems by
applying scientific knowledage
and engineefing design
practices o increase banefits
while decreasing costs and
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HS-PS3-5

Students who demonstrate understanding can:

HS-PS53-5. Develop and use a model of two objects interacting through electric or magnetic
fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction. [Clarfication Statement: Exampies of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Azsessmeant Boundary: Assessment is limited fo
systems confaining two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Developing and Using Models P53.C: Relationship Between Cause and Effect
Modeling in =12 builds on K-8 and Energy and Forces » Cause and effect relationships
progresses to using, synthesizing, and s  When two objects interacting can be suggested and
developing models to predict and show through a field change relative predicted for complex natural
relationships among variables between position, the energy stored in the and human-designed systems
systems and their components in the field is changed. by examining what is known
natural and designed world(s). about smaller scale
& Develop and use & model based on mechanisms within the
evidence to illustrate the relationships system.
betwaen systems or between
components of a system.

Unit 6: Momentum and Collisions

OVERVIEW

Summary

This unit involves changes in motion of an object by considering an object’s momentum before and after forces
act on it. The Law of Conservation of Momentum will be described in terms of a complete system when no net
external forces act on the objects involved.

Content to Be Learned
e Compare the momentum of different moving objects.

Compare the momentum of the same object moving with different velocities.

Identify examples of change in the momentum of an object.

Describe changes in momentum in terms of force and time.

Describe the interactions between two objects in terms of the change in momentum of each object.
Compare the total momentum of two objects before and after they interact.

State the law of conservation of momentum.

Predict the final velocities of objects after collisions, given the initial velocities.

Identify different types of collisions.

Determine the decrease in kinetic energy during perfectly inelastic collisions.

Compare conservation of momentum and conservation of kinetic energy in perfectly inelastic and
elastic collisions.
e Find the final velocity of an object in perfectly inelastic and elastic collisions.



Practices
e Planning and carrying out investigations.
Analyzing and interpreting data.
Using mathematical and computational thinking.
Constructing explanations and designing solutions.
Obtaining, evaluating, and communicating information.
Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts
e Patterns.
e (Cause and effect.
e Systems and system models.
e Structure and function.

Essential Questions
e What is impulse?
What is momentum?
WHat is angular momentum?
How does Newton’s third law relate to conservation of momentum?
Under what conditions is momentum conserved?
How can the law of conservation of momentum and the law of conservation of angular momentum
help explain the motion of objects?




Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fa one-
dimensional motion and fo macroscopic objects moving at non-refativisfic speeds.]

Science and Enginearing Practices

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and
progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models (e.g.. computaticnal, mathematical) in
order to make valid and reliable scientific claims
or determine an oplimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Natural Phenomena

*  Theories and laws provide explanations in
science. :

®* | gws are sistements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion
®  Newton's second law
accurately predicts changes
in the motion of macroscopic
objects.

The performance ﬁxmaﬁan above was developad using the following elemeants from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and
comelation gnd make
claims about specific
causes and effects.
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HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-PS2-4

Students who demonstrate understanding can:

HS-PS2-4. Use mathematical representations of Newton's Law of Gravitation and Coulomb's

Law to describe and predict the gravitational and electrostatic forces between
objects. [Clarification Statement: Emphasis is on both guantitative and conceptual
descriptions of gravitational and electric fields.] [Assessment Boundany: Assessment is
limited to sysfems with two obfects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education;

iina

CUEEING ONCE DL

Using Mathematics and Computational PS2.B: Types of Interactions Patterns

Thinking +  Mewlon's law of universal * Different patterms may be
Mathematical and computational thinking at gravitation and Coulomb's law observed at each of the
the 9-12 level builds on K-8 and progresses provide the mathematical scales at which a system is

to using algabraic thinking and analysis; a
range of linear and nonlinear funchions
including trigonometric functions,
exponentials and logarithms; and
computational tools for statistical analysis to
analiyze, represent, and medel data. Simple
computational simulations are created and
used based on mathematical models of
basic assumptions.
=  |se mathematical representations of
phenomena to describe explanations.

Science Models, Laws, Mechanisms, and

Theories Explain Matural Phenomena

®  Theories and laws provide explanations

* Laws are statements or descriptions of
thi refationships among observable
phenomens.

models to describe and predict
the effects of gravitational and
electrostatic forces betwesn
distant objects.

Forces at a distance are
explained by fields
(gravitational, electric, and
magnetic) permesating space
that can transfer energy
through space. Maonets or
elecinc currents cause
mannetic fields: electric
charges or changing magnetic
fields cause electric fields.

studied and can provide
evidence for causality in
expianations of phenomena.
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HS-FSE-—1

Students wha demonstrale understanding can:

HS-P53-1,

Create a computational model to calculate the change in the energy of one componant

in a system when the change in enargy of the other component{s} and enargy flows in
and out of the system are known. [Clanfication Statement Emphasis is on explaining the
maaning of mathematical exprassions used n the model.| [Assessmen Boundary:,

Aszezsment is imited fo basic algebraic cxpressions or compwlalions, o sysfems

of hwo or

thres componants; and fo hermal enengy, inelic enengy, andfor fhe anemgias in gravilationsal,
magrelic, ar alscinc felds. |

The parformance apecabon abave was deveioped using the folowng elaments hmkﬁmmw*hﬁfi‘m Edipcation:

Sciance and Enginesring Practices

g::r!m ‘I'hinE;
rial
mmmmmm
ﬂﬂﬂ&-ﬂhu‘&lmﬂ.ﬂ,mﬁ-ﬁw
OpreEses 1o using shpebraic thinking
And analysis; a renge of lingar and
noniinear functions incuding
Irigenoeatng functons, exponentials and
lopersithins; end-computational tools for
slatisticai analyss bo dnaivze, represent,
and mozel data. Simple computational
simutations are created and used based
an mathematical modets of bagio
BSSUMPHONG. -
L meamammuhahnﬂnmmﬂr
simidaton of & phercmenon,
dagighad device, procass, of sysam.

PS3.A: Definitions of Energy .

s Enargy s 8 guantitalive property of 8
system that depends on the mation
and intarections of matter and
rediation within thal system. That
hens == 8 sngle cuanlily called
energy ig oue ko the fact that &
syslem's ol energy is conasnsed,
evern as, withen the syslem, anenqy i
cantirually franstesmad rom one
oinject b ancihar and bEtween i
varous poasile forms.

F53.8: Conservation of Energy and
Energy Transafer

& Corsencaton of enangy mesgns that
the botal changs of arergy in any
syElam s aiways egual o the lotal
enargy Fanstarmes indo of out of tha
galam.

*  Ernargy canrol be cresied of
casiroyed, bulit can ba iransporad
1ram one pace 1o anobher and
trarsfarred betwaan syslams.

*  Mathemaicel expressons, which
cuanlify how the sioved energy na
syslem depands on its condigaration
[&:0., raiabiva positons of changed
partcles, compression of 8 speing)
and how Rinalic anargy degencs on
mass and speed, alow the concest
of coneanvalion of anengy 10 be Used
1o predict ang dassriie sysbam
EeafiEvioe,

& The avelabiity of energy limits what
can oocur in army systam.

Syslems and Syslem Models

*  Models can be used 1o
predict the beravior of 8
sygbam, but bsa
prediclions have lirmitad
precision and rekability dua
& the essumplions and
approximations inberant in
modals.

:‘.‘mnuw-nru (7] H.rtr.u'e-ur
Solamed

Scientific Krowledge

Azsumes an Drder and

Consislancy in Matural

Sysiems

* - Science sssumes the
UPEVErss i 8 vas] sagle
b by whach Baghe inws
are cofsishant
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H5-P53-2

Siudents who damonstrate understanding can:

HS-PS3-2.

Develop and use models to illustrate that energy at the macroscopic scale can be

accounted for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles

(ehjects). [Clarficstion Stztement: Examples of phencmena at the macmoscopic scale could
include fha comearsion of kinatic enargy o thermal energy, the ensergy siored due to posiion

of an object above the eanh, and the enengy stored betwesn bao eleciric

cally-charged plates.

Examiples of modeis could include diagrams. drawings, descrigtions, and computer

simulations.]

The perfarmancs cupsctation shous was develiped using Sie following slemarss from A Framsisn for K272 Seisnce Sduceion;

Science and Enginesring Practices

Developing and Using Models
Modedng in 9=12 builgs on K-8 and
prograsses bo using, symilhesizing. and
devaloging models 1o predict and show

Eyalems and their components in e

mmmmmalmmm

L D&.ﬂmmﬂunamnﬂnlhﬂaﬂm
evdence o illustats tha
ralglionahins Bebyaan systems o
bebwean componants of B syaiem.

PE3.A: Definitions of Enargy

Energy is & suantitatee property of
& systam that deperds on 1ha
mlion and intersctions of matter
and raciahon within thal aysbam.
That fhere is 8 sirgia quanity called
enargy is oue S0 the fac: that a
gysten's olal enengy I8 congened,
even s, within the syslemn, eneqgy
ig continualy trarstarred fnom ona
anject lo another and between ds
valols possinla forms.

Al the macrescoplc scale, anardy
marifests dsall & mulsola ways,
siich a8 i modion, sound, Bght and
thesmal energy.

These relationships ara baltes
uhderstood &t the microsconic
scaie, at which ail of the difersnt
manifastations of enargy can be
riogales a5 a combination of
Eneny asscorated with the malion
of parfiches ang enargy adeocatad
with the confiquration {relalive
position of the particles). In some
casas e relative positon erergy
can be thought of &s stored in falds
[wihich reciate inberackarns
betwean paricles). Thee [aal
concept includes radiation, a
prencerenon in which enardy
aigred in flalds moves acss
SOECE.




H5-P83-3

Students who demonstrate understanding can:

HS-P53-3.

Design, build, and refine a device that works within given constraints to convert one

form of energy into another form of energy.* [Clarification Statement: Emphasis is on
both quaiitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldberm devices, wind turbines, solar cells, solar ovens, and generators. Exampies of
constraints could include use of renewable enemy forms 2nd efficiency.! [Assessment
Boundary; Assessment for quaniitative evaluations is iimited (o fotal owtowt for 8 given input.
Azsessment is imited to devices constructed with materials provided fo students.]

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
solutions in 9—12 bullds on K-8
expenences and progresses o
axplanations and designs (hat-ara
supported by multiple and independent.
student-generated sources of evidencs
consistent with scientific ideas, principies,
ard thearies.

Design, evaluate, andlor refing a
solution to a compiex real-world
problem based on scientific knowledge,
student-genarated sourncos of evidence,
prioritized crteria, and lradeof!
considerations.

PS3.A: Definitions of Enargy
* Al the macroscopic scale,
anergy manifests itzell in
muftipie ways, such as in
miotan, sound, light, and
thieermal enargy.
P53.D: Energy in Chemical
Processes

+  Although enemy cannol ba
destroyed, it can be converbad

1o ez usaful forms — for
example, 1o thermal energy in
thie surrounding environment.

ETS1.A: Defining and Delimiting

an Engineering Problam

*  Critera and constraints also

include satisfying any
requirements sel by society,
guch as laking Esues of risk
mitigation into account, and they
shoud be guantified to the
axtent possible and stated in
such a way thal ene can tell if a
given design meats them.

(secondary)

The performance expectation above was developed using the folliowing elements from A Framework for K-12 Seience Educalion:

Sclance and Engineering Practices

LTOSERECLITUNG

wlpl=ifn

Energy and Matter

* Changes of energy and
matier in a system can ba
describad in tarms of snongy
and matler flows Into, out of,
and within that svslam.

Conneciions to Engineering,

Technology, and Applicalions
of Science

Influence of Science,
Engineering and Technalogy
on Society and the Natural
World

*  Modern civilization depends
on major technolegical
systems. Enginpers.
continuously madify these
technological systems by
applying scientific knowledage
and engineefing design
practices o increase banefits
while decreasing costs and
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HS-PS3-5

Students who demonstrate understanding can:

HS-PS3-5.

Develop and use a model of two objects interacting through electric or magnetic

fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction. [Clarfication Statement: Exampies of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Azsessmeant Boundary: Assessment is limited fo
systems confaining two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Sciance and Engineering Practices

Developing and Using Models
Modeling in =12 builds on K-8 and

,""'.-.l':l w[:F=1

P53.C: Relationship Between
Energy and Forces

LTOE!

CLITTING algb==1n}s

Cause and Effect

Cause and effect relationships

& Develop and use & model based on

progresses to using, synthesizing, and = When two cbjects interacting
developing models to predict and show through a field change relative
relationships among variables between position, the energy stored in the
systems and their components in the field is changed.

natural and designed world(s).

can be suggested and
predicted for complex natural
and human-designed systems
by examining what is known
about smaller scale
mechanisms within the
evidence to illustrate the relationships system.
betwaen systems or between
components of a system.

Unit 7: Rotational Motion and Laws of Gravity

OVERVIEW

Summary

Linear motion and rotational motion obey Newton’s laws. However, as an object rotates, different parts of an
object experience different velocities and accelerations. This unit will ascribe the concepts of torque and
moments of inertia to this common type of motion. In addition, torque will be used to determine rotational
equilibrium of objects.

Content to Be Learned

Relate radians to degrees.

Calculate angular displacement using the arc length and the distance from the axis of rotation.
Calculate angular speed or angular acceleration.

Solve problems using kinematic equations for rotational motion.

Find the tangential speed of a point on a rigid rotating object using the angular speed and the radius.
Solve problems involving tangential acceleration.

Solve problems involving centripetal acceleration.

Calculate the force that maintains circular motion.

Explain how the apparent existence of a toward force in circular motion can be explained as inertia
resisting the force that maintains circular motion.

Apply Newton’s universal law of gravitation to find the gravitational force between two masses.




Recognize the difference between a point mass and an extended object.
Distinguish between torque and force.

Calculate the magnitude of a torque on an object.

Identify the lever arm associated with a torque on an object.

Identify the center of mass of an object.

Distinguish between mass and moment of inertia.

Define the second condition of equilibrium.

Solve problems involving the first and second conditions of equilibrium.
Describe Newton’s second law of rotation.

Calculate the angular momentum for various rotating objects.

Solve problems involving rotational kinetic energy.

Practices

Planning and carrying out investigations.

Analyzing and interpreting data.

Using mathematical and computational thinking.

Constructing explanations and designing solutions.

Obtaining, evaluating, and communicating information.

Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

Patterns.

Cause and effect.

Systems and system models.
Structure and function.

Essential Questions

What is the relationship between a planet’s orbital radius and period?

What is Newton’s law of universal gravitation, and how does it relate to Kepler’s laws?

Why was Cavendish’s investigation important?

How can you describe orbital motion?

How are gravitational mass and inertial mass alike, and how are they different?

How is gravitational force explained, and what did Einstein propose about gravitational force?



Next Generation Science Standards
HS-PS21

Students who demonstrate understanding can:

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship ameong the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp, or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment is limited fa one-
dimensional motion and fo macroscopic objects moving at non-refativisfic speeds.]

Science and Enginearing Practices

Analyzing and Interpreting Data

Analyzing data in 9-12 builds on K-8 and
progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models (e.g.. computaticnal, mathematical) in
order to make valid and reliable scientific claims
or determine an oplimal design solution.

Connections to Nature of Science

Science Models, Laws, Mechanisms, and

Theories Explain Natural Phenomena

*  Theories and laws provide explanations in
science. :

®* | gws are sistements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion
®  Newton's second law
accurately predicts changes
in the motion of macroscopic
objects.

The performance ﬁxmaﬁan above was developad using the following elemeants from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and
comelation gnd make
claims about specific
causes and effects.




P T e g e

HS-PS2-2

Students who demonstrate understanding can:

HS-P52-2. Use mathematical representations to support the claim that the total momentum of a
system of objects is conserved when there is no net force on the system. [Clarification
Staterment: Emphasis is on the gquantitative conservation of momentum in interactions and
the qualitative meaning of this principle.] [Assessment Boundary: Assessment is limited to
systems of two macroscopic hodies moving in one dimension.]

The performance expectation above was developed using the following efements from A Framework for K-12 Science Education;

Science and Engineering Practices [ plinary Cora lde rosscutting Concapls

Using Mathematics and Computational | P52.A: Forces and Motion Systems and Systern Models
Thinking : T e ¢ Momentum is defined for a e When investigating or
Mathematical and computational thinking particular frame of reference; it is describing a system, the
at the 9-12 level builds on K-8 and the mass times the velocity of the boundaries and initial
g&nrmies: to mmn.ﬂgfﬂt}rﬂc ttﬂfﬂ‘;ﬂm object. conditions of the system need
analysis; a range of linear an s W ; to be defined.
nonfinear functions including ' i:smmmﬂm mt;imh Spin
‘a*inm?umetric functions, wmh and momentum Df the system can
w; and n:nmpulahmw] t_u:lls for change: however. any such
W 1ﬂm|.ﬂf§£'ar1mt mﬂ.ﬁ. change is balanced by changes
St m_m data. pie computational in the momentum of objects
simulations are created and used based outside the system.
on mathematical models of basic

= Lse mathematical representations of
phenomena to describe explanations.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-PS2-4

Students who demonstrate understanding can:

HS-PS2-4. Use mathematical representations of Newton's Law of Gravitation and Coulomb's

Law to describe and predict the gravitational and electrostatic forces between
objects. [Clarification Statement: Emphasis is on both guantitative and conceptual
descriptions of gravitational and electric fields.] [Assessment Boundany: Assessment is
limited to sysfems with two obfects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education;

iina

CUEEING ONCE DL

Using Mathematics and Computational PS2.B: Types of Interactions Patterns

Thinking +  Mewlon's law of universal * Different patterms may be
Mathematical and computational thinking at gravitation and Coulomb's law observed at each of the
the 9-12 level builds on K-8 and progresses provide the mathematical scales at which a system is

to using algabraic thinking and analysis; a
range of linear and nonlinear funchions
including trigonometric functions,
exponentials and logarithms; and
computational tools for statistical analysis to
analiyze, represent, and medel data. Simple
computational simulations are created and
used based on mathematical models of
basic assumptions.
=  |se mathematical representations of
phenomena to describe explanations.

Science Models, Laws, Mechanisms, and

Theories Explain Matural Phenomena

®  Theories and laws provide explanations

* Laws are statements or descriptions of
thi refationships among observable
phenomens.

models to describe and predict
the effects of gravitational and
electrostatic forces betwesn
distant objects.

Forces at a distance are
explained by fields
(gravitational, electric, and
magnetic) permesating space
that can transfer energy
through space. Maonets or
elecinc currents cause
mannetic fields: electric
charges or changing magnetic
fields cause electric fields.

studied and can provide
evidence for causality in
expianations of phenomena.




1rm e g,y e

HS-FSE-—1

Students wha demonstrale understanding can:

HS-P53-1,

Create a computational model to calculate the change in the energy of one componant

in a system when the change in enargy of the other component{s} and enargy flows in
and out of the system are known. [Clanfication Statement Emphasis is on explaining the
maaning of mathematical exprassions used n the model.| [Assessmen Boundary:,

Aszezsment is imited fo basic algebraic cxpressions or compwlalions, o sysfems

of hwo or

thres componants; and fo hermal enengy, inelic enengy, andfor fhe anemgias in gravilationsal,
magrelic, ar alscinc felds. |

The parformance apecabon abave was deveioped using the folowng elaments hmkﬁmmw*hﬁfi‘m Edipcation:

Sciance and Enginesring Practices

g::r!m ‘I'hinE;
rial
mmmmmm
ﬂﬂﬂ&-ﬂhu‘&lmﬂ.ﬂ,mﬁ-ﬁw
OpreEses 1o using shpebraic thinking
And analysis; a renge of lingar and
noniinear functions incuding
Irigenoeatng functons, exponentials and
lopersithins; end-computational tools for
slatisticai analyss bo dnaivze, represent,
and mozel data. Simple computational
simutations are created and used based
an mathematical modets of bagio
BSSUMPHONG. -
L meamammuhahnﬂnmmﬂr
simidaton of & phercmenon,
dagighad device, procass, of sysam.

PS3.A: Definitions of Energy .

s Enargy s 8 guantitalive property of 8
system that depends on the mation
and intarections of matter and
rediation within thal system. That
hens == 8 sngle cuanlily called
energy ig oue ko the fact that &
syslem's ol energy is conasnsed,
evern as, withen the syslem, anenqy i
cantirually franstesmad rom one
oinject b ancihar and bEtween i
varous poasile forms.

F53.8: Conservation of Energy and
Energy Transafer

& Corsencaton of enangy mesgns that
the botal changs of arergy in any
syElam s aiways egual o the lotal
enargy Fanstarmes indo of out of tha
galam.

*  Ernargy canrol be cresied of
casiroyed, bulit can ba iransporad
1ram one pace 1o anobher and
trarsfarred betwaan syslams.

*  Mathemaicel expressons, which
cuanlify how the sioved energy na
syslem depands on its condigaration
[&:0., raiabiva positons of changed
partcles, compression of 8 speing)
and how Rinalic anargy degencs on
mass and speed, alow the concest
of coneanvalion of anengy 10 be Used
1o predict ang dassriie sysbam
EeafiEvioe,

& The avelabiity of energy limits what
can oocur in army systam.

Syslems and Syslem Models

*  Models can be used 1o
predict the beravior of 8
sygbam, but bsa
prediclions have lirmitad
precision and rekability dua
& the essumplions and
approximations inberant in
modals.

:‘.‘mnuw-nru (7] H.rtr.u'e-ur
Solamed

Scientific Krowledge

Azsumes an Drder and

Consislancy in Matural

Sysiems

* - Science sssumes the
UPEVErss i 8 vas] sagle
b by whach Baghe inws
are cofsishant




= i BT, HE BSaIES

H3-P53-2

Stisdents wha damonstrale understanding can:

HS-P53-2. Develop and use models to illustrate that energy at the macroscopic scale can be
accountad for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles
(ehjects). [Clarficstion Stztement: Examples of phencmena at the macmoscopic scale could
include fha comearsion of kinatic enargy o thermal energy, the ensergy siored due to posiion
of an object above the earh, and the enengy stored betwesn btao elecirically-charged plates,
Examples of modeis could include diagrams. drawings, descrigtionhs, and computer

simulations.]

The perfarmancs cupsctation shous was develiped using Sie following slemarss from A Framsisn for K272 Seisnce Sduceion;

Scisnce and Engineering Practices Jiscipiinmry Con Crosscirtting
Developing and Using Madels PE3.A: Definitions of Energy Energy and Matter
Modedng in 8=12 builds on K-8 and s  Energyis auartitabyve proparty of |« Energy cannct be creatad or
pogresses bo using, synihesizing, ard & systam that deperds on 1ha ‘dastrovad, It caly moves
develoning models o predicd and show malion gnd interactons of matter babwean one place and
relalionships among variasles between and raciation wilhin fhal systam. anather piaca, hetwean
gystems ard their components in e Thal Swere is a singia quanbity called objecls andior fislds, or
rature! and designed worlzs, enargy is cue o the Tact that a batwaan syslams.

*  Devalop and use 8 midal based on systen's iolal energy |s conaerved,
evidence o illustrate the : EvEn as, wilhin 1he ystem, enemy
ralalionships babwean systems o is continually trarstarred from onea
betwaan componants of a system. anject by ancihar and between is

vanous possibla forms.

® AL Ehe maccscopic scale, anargy
marifests dsall & mulsola ways,
such as i modion, sound, Eght and
thermal erengy.

&  Theserelationships ars Deltes
uidersions &1 the mecoscoic
scaie, at which ail of the difersnt
marnifeslations of enargy can be
modaled g5 8 comibination of
Energy assocsakad with the mobion
of paricles ant enargy assocatad
with the coanfguration (relalive
positicn of the pacticles). In some
casas e ralative positon erergy
can be thought of &5 stonad in fislds
[wihdch medaba nterachans
betwean paricles). Thee [aal
concend inchedes radiation, a
prencerenon in which enardy
siorad in fleles moves acmss
SpacE.

Unit 8: Electric and Magnetic Forces and Fields

OVERVIEW

Summary

These complementary phenomenon will be considered separately and together in terms of attractive, repulsive
forces and fields. Magnitudes of fields and changes will then be addressed by the inverse square of the distance
separating them.



Content to Be L.earned
e Understand the basic properties of electric charge.

Differentiate between conductors and insulators.

Distinguish between charging by contact, charging by induction, and charging by polarization.
Calculate electric force using Coulomb’s law.

Compare electric force with gravitational force.

Apply the superposition principle to find the resultant force on a charge and to find the position at
which the net force on a charge is zero.

Calculate electric field strength.

Draw and interpret electric field lines.

Identify the four properties associated with a conductor in electrostatic equilibrium.

Define electrical potential energy.

Compute the electrical potential energy for various charge distributions.

Distinguish between electrical potential energy, electric potential, and potential difference.
Compute the electric potential for various charge distributions.

Relate capacitance to the storage of electrical potential energy in the form of separated charges.
Calculate the capacitance of various devices.

Calculate the energy stored in a capacitor.

For given situations, predict whether magnets will repel or attract each other.

Describe the magnetic field around a permanent magnet.

Describe the orientation of Earth’s magnetic field.

Describe the magnetic field produced by the current in a straight conductor and in a solenoid.
Explain magnetism in terms of the domain theory of magnetism.

Given the force on a charge in a magnetic field, determine the strength of the magnetic field.

Use the right-hand rule to find the direction of the force on a charge moving through a magnetic field.

Determine the magnitude and direction of the force on a wire carrying current in a magnetic field.

Practices
e Planning and carrying out investigations.
Analyzing and interpreting data.
Using mathematical and computational thinking.
Constructing explanations and designing solutions.
Obtaining, evaluating, and communicating information.
Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

e Patterns.

Cause and effect.

Systems and system models.

Structure and function.

Energy and matter.

Influence of science, engineering, and technology on society in the natural world.

Essential Questions
e How can you demonstrate that charged objects exert forces, both attractive and repulsive?




What is an electric field?

What are some properties of magnets?
What causes an object to be magnetic?

Next Generation Science Standards
HS-PS2-1

Students who demonstrate understanding can:

How are charge, electric field, and forces on changed objects related?
How can you represent electric fields in diagrams and other models?

What are the characteristics of magnetic fields?
What is the relationship between magnetic fields and electric currents?

How do we know that charging is the separation, not the creation, of electric charges?
What are the differences between conductors and insulators?

HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the
mathematical relationship among the net force on a macroscopic object, its mass,
and its acceleration. [Clarification Statement: Examples of data could include tables or
graphs of position or velocity as a function of time for objects subject to a net unbalanced
force, such as a falling object, an abject rolling down a ramp; or 2 moving object being
pulied by a constant force.] [Assessment Boundary: Assessment 15 imited fa one-
dimensional motion and fo macroscopic objects moving at non-refalivisfic speeds.]

Science and Engineering Practices

Analyzing and Interpreting Data
Analyzing data in 8=12 builds on K=8 and

progresses to introducing more detailed statistical
analysis, the comparison of data sets for
consistency, and the use of models to generate and
analyze data.

*  Analyze data using tools, technologies, andior
models {e.g., computational, mathematical) in
order to make valid and reliable scientific claims
or determine an optimal design solution.

Connections fo Nature of Science

Science Models, Laws, Mechanisms, and
Theories Explain Natural Phenomena
*  Theories and laws provide explanations in
science.
® | aws are statements or descriptions of the
relationships among observable phenomena.

PSZ.A: Forces and Motion

*  Newlon's second law
accurately predicts changes
in the motion of macroscopic
objects.

The perfformance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Empirical evidence is
required to differentiate
between cause and

comadation and make
claims about specific
causes and effects.




HS-PS2-3

Students who demonstrate understanding cam:

HS-PS52-3.

Apply scientific and engineering ideas to design, evaluate, and refine a device that

minimizes the force on a macroscopic object during a cellision.* [Clarification
Statement: Examples of evaluation and refinement couid include determining the success of
the device at protecting an object from damage and modifying the design to improve it.
Examples of a device could inciude a football helmet or a parachute.] [Assessmernt
Boundary: Assessment is fimited fo qualifative evaluations and/or algebraic manipulations.]

The performance expectation above was deuajﬂp&d usim_ﬁ'ra following elements from A Franmvbftfurﬁ- 12 Schncs Education:

Science and Engineering Practices

Constructing Explanations and
Designing Solutions
Constructing explanations and
gesigning solutions in 9=12 builds on
K=8 experiences and progresses to
explanations and designs that are
supported by multiple and independent
student-generated scurces of evidence
consistent with scientific ideas,
principles, and theories.
®  Apply scientific ideas to solve a
design problem, taking into account
possible unanticipated effects.

ra

PS2.A: Forces and Motion

If a system interacts with obiects
outside itself, the total momentum
of the system can change; however,
any such change is balanced by
changes in the momentum of
objects outside the system.

ETS1.A: Defining and Delimiting an
Engineering Problem

Criteria and constraints also include
satisfying any requirements sat by
society, such as taking issues of
risk mitigation into account, and
they should be guantified to the
extent possible and stated in such a
way that one can tell if a given
design meets them. (secondary)

ETS1.C: Optimizing the Design
Solution

Criteria may need to be broken
down into simpler ones that can be
epproached systematically, and
decisions about the priority of
certain criteria over others
(tradecffs) may be needed.
(secondary]

OESCUTENG

Cause and Effect

®  Systems can be designed o
cause a desired effect.
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HS-PS2-4

Students who demonstrate understanding can:

HS-PS2-4. Use mathematical representations of Newton's Law of Gravitation and Coulomb's

Law to describe and predict the gravitational and electrostatic forces between
objects. [Clarification Statement: Emphasis is on both guantitative and conceptual
descriptions of gravitational and electric fields.] [Assessment Boundany: Assessment is
limited to sysfems with two obfects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education;

iina

CUEEING ONCE DL

Using Mathematics and Computational PS2.B: Types of Interactions Patterns

Thinking +  Mewlon's law of universal * Different patterms may be
Mathematical and computational thinking at gravitation and Coulomb's law observed at each of the
the 9-12 level builds on K-8 and progresses provide the mathematical scales at which a system is

to using algabraic thinking and analysis; a
range of linear and nonlinear funchions
including trigonometric functions,
exponentials and logarithms; and
computational tools for statistical analysis to
analiyze, represent, and medel data. Simple
computational simulations are created and
used based on mathematical models of
basic assumptions.
=  |se mathematical representations of
phenomena to describe explanations.

Science Models, Laws, Mechanisms, and

Theories Explain Matural Phenomena

®  Theories and laws provide explanations

* Laws are statements or descriptions of
thi refationships among observable
phenomens.

models to describe and predict
the effects of gravitational and
electrostatic forces betwesn
distant objects.

Forces at a distance are
explained by fields
(gravitational, electric, and
magnetic) permesating space
that can transfer energy
through space. Maonets or
elecinc currents cause
mannetic fields: electric
charges or changing magnetic
fields cause electric fields.

studied and can provide
evidence for causality in
expianations of phenomena.




1rm e g,y e

HS-FSE-—1

Students wha demonstrale understanding can:

HS-P53-1,

Create a computational model to calculate the change in the energy of one componant

in a system when the change in enargy of the other component{s} and enargy flows in
and out of the system are known. [Clanfication Statement Emphasis is on explaining the
maaning of mathematical exprassions used n the model.| [Assessmen Boundary:,

Aszezsment is imited fo basic algebraic cxpressions or compwlalions, o sysfems

of hwo or

thres componants; and fo hermal enengy, inelic enengy, andfor fhe anemgias in gravilationsal,
magrelic, ar alscinc felds. |

The parformance apecabon abave was deveioped using the folowng elaments hmkﬁmmw*hﬁfi‘m Edipcation:

Sciance and Enginesring Practices

g::r!m ‘I'hinE;
rial
mmmmmm
ﬂﬂﬂ&-ﬂhu‘&lmﬂ.ﬂ,mﬁ-ﬁw
OpreEses 1o using shpebraic thinking
And analysis; a renge of lingar and
noniinear functions incuding
Irigenoeatng functons, exponentials and
lopersithins; end-computational tools for
slatisticai analyss bo dnaivze, represent,
and mozel data. Simple computational
simutations are created and used based
an mathematical modets of bagio
BSSUMPHONG. -
L meamammuhahnﬂnmmﬂr
simidaton of & phercmenon,
dagighad device, procass, of sysam.

PS3.A: Definitions of Energy .

s Enargy s 8 guantitalive property of 8
system that depends on the mation
and intarections of matter and
rediation within thal system. That
hens == 8 sngle cuanlily called
energy ig oue ko the fact that &
syslem's ol energy is conasnsed,
evern as, withen the syslem, anenqy i
cantirually franstesmad rom one
oinject b ancihar and bEtween i
varous poasile forms.

F53.8: Conservation of Energy and
Energy Transafer

& Corsencaton of enangy mesgns that
the botal changs of arergy in any
syElam s aiways egual o the lotal
enargy Fanstarmes indo of out of tha
galam.

*  Ernargy canrol be cresied of
casiroyed, bulit can ba iransporad
1ram one pace 1o anobher and
trarsfarred betwaan syslams.

*  Mathemaicel expressons, which
cuanlify how the sioved energy na
syslem depands on its condigaration
[&:0., raiabiva positons of changed
partcles, compression of 8 speing)
and how Rinalic anargy degencs on
mass and speed, alow the concest
of coneanvalion of anengy 10 be Used
1o predict ang dassriie sysbam
EeafiEvioe,

& The avelabiity of energy limits what
can oocur in army systam.

Syslems and Syslem Models

*  Models can be used 1o
predict the beravior of 8
sygbam, but bsa
prediclions have lirmitad
precision and rekability dua
& the essumplions and
approximations inberant in
modals.

:‘.‘mnuw-nru (7] H.rtr.u'e-ur
Solamed

Scientific Krowledge

Azsumes an Drder and

Consislancy in Matural

Sysiems

* - Science sssumes the
UPEVErss i 8 vas] sagle
b by whach Baghe inws
are cofsishant
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H5-P53-2

Students who demonstrate understanding can:

HS-P53-2.

Develop and use models to illustrate that energy at the macroscopic scale can be

accountad for as a combination of energy associated with the motions of particles
(objects) and energy associated with the relative positions of particles

[objects). [Clarficstion Statement: Examples of phenomena at the macoscopic scale could
include the comvarsion of kinatic energy o thermal energy, the ensargy stored due to position

of an object abowe the earh, and the enengy stored betwesn two elscliric

cally-charged plates.

Examiples of modeis could include diagrams. drawings, descriptions, and comaouter

simulations.]

The peformancs capachation Ao was develapad using Sin following slernarts from A Eramawons for K212 Seiseice Sdocsdon:

Science and Enginsering Practices

Dewveloping and Using Models
Modedng in 9=12 builgs on K-8 and
EFDFeSsEs b using, syrihesizing, and
developing mogels to predict and show
Mﬂﬂmmmm

wmwmdrmmmm

mmwdaalgrm

- D&.ﬂmmﬂunamuﬂalhﬂaﬂm
evidence to llustrate the
ralalionships bebiean systams o
bebwasn componants of B Sysiam.

PE3.A; Definitions of Energy

Energy is a guantitabive property of
& systanm that depends on 1he
miclion and inmterections of matter
and raciaton within thal aystam.
That there is 8 singha guanbly called
enargy Is cue 1o the fac thata
gysien's 1olal energy |8 condened,
Even as, within the sysiem, enevoy
ig continually trarstarred from one
aoject b anodher and between ids
varous possible foms.

Al the racncecoplc scale, anargy
manifests dsall b msola ways,
auch a8 i modion, sound, Bght and
thesmal energy.

These relalionships ana balies
understond a1 the microsconic
scale, af which all of tha diffesént
manifestations of anargy can be
modaled a5 a cormbination of
Enery agsscaalad with the malios:
of parices ant energy assccated
with the confiquration {relative
posiicn of the particles). Tn some
casasg fhe refalive posibon energy
can ba thowghl of g5 stored in fialds
[wehich meciabe nierackans
beswean parlicies). Thes [ast
concen! inchedes radiation, a
pheneeranon in which enaroy
aigred in fields moves acss
BOSCE.




H5-P83-3

Students who demonstrate understanding can:

HS-P53-3.

Design, build, and refine a device that works within given constraints to convert one

form of energy into another form of energy.* [Clarification Statement: Emphasis is on
both quaiitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldberm devices, wind turbines, solar cells, solar ovens, and generators. Exampies of
constraints could include use of renewable enemy forms 2nd efficiency.! [Assessment
Boundary; Assessment for quaniitative evaluations is iimited (o fotal owtowt for 8 given input.
Azsessment is imited to devices constructed with materials provided fo students.]

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
solutions in 9—12 bullds on K-8
expenences and progresses o
axplanations and designs (hat-ara
supported by multiple and independent.
student-generated sources of evidencs
consistent with scientific ideas, principies,
ard thearies.

Design, evaluate, andlor refing a
solution to a compiex real-world
problem based on scientific knowledge,
student-genarated sourncos of evidence,
prioritized crteria, and lradeof!
considerations.

PS3.A: Definitions of Enargy
* Al the macroscopic scale,
anergy manifests itzell in
muftipie ways, such as in
miotan, sound, light, and
thieermal enargy.
P53.D: Energy in Chemical
Processes

+  Although enemy cannol ba
destroyed, it can be converbad

1o ez usaful forms — for
example, 1o thermal energy in
thie surrounding environment.

ETS1.A: Defining and Delimiting

an Engineering Problam

*  Critera and constraints also

include satisfying any
requirements sel by society,
guch as laking Esues of risk
mitigation into account, and they
shoud be guantified to the
axtent possible and stated in
such a way thal ene can tell if a
given design meats them.

(secondary)

The performance expectation above was developed using the folliowing elements from A Framework for K-12 Seience Educalion:

Sclance and Engineering Practices

LTOSERECLITUNG

wlpl=ifn

Energy and Matter

* Changes of energy and
matier in a system can ba
describad in tarms of snongy
and matler flows Into, out of,
and within that svslam.

Conneciions to Engineering,

Technology, and Applicalions
of Science

Influence of Science,
Engineering and Technalogy
on Society and the Natural
World

*  Modern civilization depends
on major technolegical
systems. Enginpers.
continuously madify these
technological systems by
applying scientific knowledage
and engineefing design
practices o increase banefits
while decreasing costs and
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HS-PS3-5

Students who demonstrate understanding can:

HS-PS3-5.

Develop and use a model of two objects interacting through electric or magnetic

fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction. [Clarification Statement: Examples of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Assessment Boundary: Assessment is limifed fo
systems confaining two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Sciance and Engineering Practices

Developing and Using Models
Modeling in =12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables betwesn
systems and their gomponents in the
natural and designed world(s).

&  Develop and use 8 model based on
evidence to illustrate the relationships
between systems or between
components of a system.

Haciplinary Core ldea:

P53.C: Relationship Between
Energy and Forces

* \When two objects interacting
through a field change relative
position, the energy stored in the
field is changed.

Cause and Effect

Cause and effect relationships
can be suggested and
predicted for complex natural
and human-designed systems
by examining what is known
about smaller scale
mechanisms within the

system.

S —

HS-PS4-1

Students who demonstrate understanding can:

HS-PS4-1.

Use mathematical representations to support a claim regarding relationships

among the frequency, wavelength, and speed of waves traveling in various

media. [Clarification Statement: Examples of data could include electromagnetic radiation
traveling in a vacuum and giass, sound waves traveling through air and water, and seismic
waves fraveling through the Earth.] [Assessment Boundary: Assessment is limifed to
algebraic relationships and describing those relationships gualitatively.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education.

Sclence and pinearing Practices

Using Mathematics and Computational
Thinking

Mathematical and computational thinking at
thie 9-12 level builds on K-8 and progresses
to using algabraic thinking and analysis; a
range of linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms; and

computational tools for statistical analysis to-

anahyze, represent and model data. Simple

computational simulations are created and

used based on mathematical models of

besic assumptions.

® |Ise mathematical representations of

phenomeana or design solutions to
describe andior support claims and/or
explanations.

PS4.A: Wave Properties

* The wavelength and freqguency
of a wave are related o one
another by the speed of traval
of the wave, which depends on
the type of wave and the
medium through which it is
passing.

CLEING 0 CE

Cause and Effect

*  Empirical evidence

required to differentiate
between cause and
correlation and make claims
about specific causes and
effects.




HS-PS4-3

sludents who damonsirate understanding can:

HS-P54-3.

Evaluate the claims, avidence, and reasoning behind the idea that electromagnatic

radiation can be described either by a wawe mode] or a particle model. and that for
some situations one model is more useful than the other. [Clarification Statement
Emphasis is on how the experimantal evidencs suppods the caim and how a thaorny is

gansrally modified
rasOnance, in

in light -of new evidence. Examples of 2
tzrference, diffraction, and pholoelectric effect.] [Azzessment Boundary:

Aszessmant dops noi incluge using guanium theany]

phenomenon could include

The performanca expactation showe was developst using the following slemarts from A Framasa for K-72 Scipnee Education

Emuﬂnn]nkmmm frawm Evidence
Engaging in angument from avidence in =
12 buiids on K-8 expernances and
progresses b usng aporoprtata and
sufficient avdence snd scientific
reasoning to defend and criligue claims
and explanations sbout the nateral and
deslgnad world(z], Arguinsnls may also
mvmmm;ﬂnﬁmum
enm-slnm
*  Evgluste the ciaims, evidence, and
reasoning behing currently acoeplad
exglanaions of SoluBons 10 delemming
the mesits of saqumenis.

Conneclions fo Nalwre of Sciefce

Beiance Madals, Lawa, Mechanisms,
and Thearies Expiain Hﬂuﬂi
Phanamens -

s A sgiendific theery is a substantiated
explanaton of some sspact of the
nahural workd, based on a body of
{Btts thiat have been rapeatadly

thraugh chsarvation and
sxpanment. Tha stience commusty
wvalldates each haory before il i
acoepied. H new evidence ia
giscoverad et the theory does nat
accommadate, the theory is generally
enadifled in tight of this new evidence.

PS40 Wave Propertias

#  [From the 3-5 grade band endpoinis]
Waves can add or cancel one gnother
a5 they cross, depancing on thair
relstive phasze [Le., relative posiion of
peaks and roughs of e waves ), bul
ihey emerge unatlectad by each
ather, {Bowndary: The discussion alt
s grede level fs quakiative only; &
<an be based on the fact that two
diffefant sounds can gass & locatin n
diffesant directans without geting
rremend up. )

P34.B: Electromagnetic Radiation

*  Flectromagretic radiation (e, radio,
fricrowaveas, Hohi) can be modaled &z
& wewe of changing electric and
magnetic figids or as partichas calad
phoions. Tha wave model is ueelul for
axplaning mary feabures of
alectramagnelic radiation. and the
particla moded explaing othar featires.

Crosscutling Concepib
Syatems and Syalem
Maodels

«  Models (e.g., physical,
rathematical, and
Cormpuler modals) can b
e I Simuiate Syslerns
and ineracihng —
incluging ersargy, matiar
and rormaion Bows —
wWithin ard batwean
systams af diferent
ECahas.

Unit 9: Waves and Electromagnetic Radiation

Summary

Water, sound, and electromagnetic waves will be compared and contrasted in this unit. Characteristics of each
will be considered in terms of generation, modes of transport, crests, troughs, wavelength, frequency,
amplitude, and cycles/second. Particular attention will be payed to radiation in terms of generation and
communication.

OVERVIEW




Subunit 9.1: Vibration and Waves

Content to Be Learned

Identify the conditions of simple harmonic motion.

Explain how force, velocity, and acceleration change as an object vibrates with simple harmonic
motion.

Calculate the spring force using Hooke’s law.

Identify the amplitude of vibration.

Recognize the relationship between period and frequency.

Calculate the period and frequency of an object vibrating with simple harmonic motion.
Distinguish local particle vibrations from overall wave motion.

Differentiate between pulse waves and periodic waves.

Interpret waveforms of transverse and longitudinal waves.

Apply the relationship among wave speed, frequency and wavelength to solve problems.
Relate energy and amplitude.

Apply the superposition principle.

Differentiate between constructive and destructive interference.

Predict when a reflected wave will be inverted.

Predict whether specific traveling waves will produce a standing wave.

Identify nodes and antinodes of a standing wave.

Subunit 9.2: Sound Wave

Content to Be Learned

Explain how sound waves are produced.

Relate frequency to pitch.

Compare the speed of sound in various media.

Relate plane waves to spherical waves.

Recognize the Doppler effect and determine the direction of a frequency shift when there is relative
motion between a source and an observer.

Calculate the intensity of sound waves.

Relate intensity, decibel level, and perceived loudness.

Explain why resonance occurs.

Differentiate between the harmonic series of open and closed pipes.

Calculate the harmonics of a vibrating string and of open and closed pipes.

Relate harmonics and timbre.

Relate the frequency difference between two waves to the number of beats heard per second.

Subunit 9.3: Characteristics of Light



Content to Be L.earned
e Identify the components of the electromagnetic spectrum.

Calculate the frequency or wavelength of electromagnetic radiation.
Recognize that light has a finite speed.

Describe how the brightness of a light source is affected by distance.
Distinguish between specular and diffuse reflection of light.

Apply the law of reflection for flat mirrors.

Describe the nature of images formed by flat mirrors.

Calculate the distances and focal lengths using the mirror equation for concave and convex spherical

MmIrrors.

Draw ray diagrams to find the image distance and magnification for concave and convex spherical
Mmirrors.

Distinguish between real and virtual images.

Describe how parabolic mirrors differ from spherical mirrors.

Recognize how additive colors affect the color of light.

Recognize how pigments affect the color of reflected light.

Explain how linearly polarized light is formed and detected.

Subunit 9.4: Refraction

Content to Be Learned
e Recognize situations in which refraction will occur.

Identify which direction light will bend when it passes from one medium to another.
Solve problems using Snell’s law.

Use ray diagrams to find the position of an image produced by a converging or diverging lens, and
identify the image as real or virtual.

Solve problems using the thin-lens equation.

Calculate the magnification of lenses.

Describe the positioning of lense in compound microscopes and refracting telescopes.

Predict whether light will be refracted or undergo total internal reflection.

Recognize atmospheric conditions that cause refraction.

Predict whether light will be refracted or undergo total internal reflection.

Recognize atmospheric conditions that cause refraction.

Explain dispersion and phenomena such as rainbows in terms of the relationship between the index of
refraction and the wavelength.

Subunit 9.5: Interference

Content to Be L.earned
e Describe how light waves interfere with each other to produce bright and dark fringes.

e Identify the conditions required for interference to occur.
e Predict the location of interference fringes using the equation for double-slit interference.
e Describe how light waves diffract around obstacles and produce bright and dark fringes.



e (alculate the positions of fringes for a diffraction grating.
e Describe how diffraction determines an optical instrument's ability to resolve images.
e Describe the properties of laser light.
e Explain how laser light has particular advantages in certain applications.
Practices

e Planning and carrying out investigations.
e Analyzing and interpreting data.
e Using mathematical and computational thinking.
e Constructing explanations and designing solutions.
e Science models, laws, mechanisms, and theories explain natural phenomena.
Crosscutting Concepts

e Patterns.

e (ause and effect.

e Systems and system models.

e Structure and function.

Essential Questions
e What is the origin of sound?
What are the characteristics of resonance in air columns?
What are the characteristics of resonance on strings?
Why are there variations in sound quality among instruments?
How are beats produced?
What is the ray model of light?
How are distance and illumination related?
How was the speed of light determined?
What is the law of reflection?
What is the difference between specular and diffuse reflection?
How can the images formed by plane mirrors be located?



Next Generation Science Standards

B R, P ers

HS-PS2-5

Students who demonstrate understanding can:

HS-PS52-5. Plan and conduct an investigation to provide evidence that an electric current can
produce a magnetic field and that a changing magnetic field can produce an electric
current. [Assessment Boundary: Assessment is limited fo designing and conducting
investigations with provided materials and fools.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education;

Sclence and Engineering Practices

Planning and Carrying Out Investigations
Planning and carrying out investigations to
answer guestions or test solutions o
problems in 9=12 builds on K-8 experiences
and progresses to include investigations that
provide evidence for and test conceptual,
mathematical, physical and empirical
models.

s Plan and conduct an investigation
individually and collaboratively to
produce data to serve as the basis for
evidence, and in the design: decide on
types, how much, and accuracy of data
needed to produce reliable
measurements and consider limitations
on the precision of the data (e.g.,
number of trials, cost, risk, time). and
refine the design accordingly.

Disciplinary Core Io

P52.B: Types of Interactions

Mewton's law of universal
gravitation and Coulomb's law
provide the mathematical
models to describe and predict
the effects of gravitational and
glectrostatic forces between
distant objects. (HS-PS2-4)
Forces at a distance are
explained by fislds
(gravitational, electric. and
magnetic) permeating space
that can transfer energy through
space. Magnets or electric
currents cause magnetic fields;
electric charges or changing
magnetic fields cause electric
fields.

PS53.A: Definitions of Energy

“Electrical energy” may msan
energy stored in a battery or
energy transmitted by electric
currents. (secondary)

Cause and Effect

*  Empircal evidence is
required to differentiate

between cause and
correlation and make claims
about specific causes and
gffects.




H5-P83-3

Students who demonstrate understanding can:

HS-P53-3.

Design, build, and refine a device that works within given constraints to convert one

form of energy into another form of energy.* [Clarification Statement: Emphasis is on
both quaiitative and guantitative evaluations of devices. Examples of devices could include
Rube Goldberm devices, wind turbines, solar cells, solar ovens, and generators. Exampies of
constraints could include use of renewable enemy forms 2nd efficiency.! [Assessment
Boundary; Assessment for quaniitative evaluations is iimited (o fotal owtowt for 8 given input.
Azsessment is imited to devices constructed with materials provided fo students.]

Constructing Explanations and
Designing Solutions

Constructing explanations and designing
solutions in 9—12 bullds on K-8
expenences and progresses o
axplanations and designs (hat-ara
supported by multiple and independent.
student-generated sources of evidencs
consistent with scientific ideas, principies,
ard thearies.

Design, evaluate, andlor refing a
solution to a compiex real-world
problem based on scientific knowledge,
student-genarated sourncos of evidence,
prioritized crteria, and lradeof!
considerations.

PS3.A: Definitions of Enargy
* Al the macroscopic scale,
anergy manifests itzell in
muftipie ways, such as in
miotan, sound, light, and
thieermal enargy.
P53.D: Energy in Chemical
Processes

+  Although enemy cannol ba
destroyed, it can be converbad

1o ez usaful forms — for
example, 1o thermal energy in
thie surrounding environment.

ETS1.A: Defining and Delimiting

an Engineering Problam

*  Critera and constraints also

include satisfying any
requirements sel by society,
guch as laking Esues of risk
mitigation into account, and they
shoud be guantified to the
axtent possible and stated in
such a way thal ene can tell if a
given design meats them.

(secondary)

The performance expectation above was developed using the folliowing elements from A Framework for K-12 Seience Educalion:

Sclance and Engineering Practices

LTOSERECLITUNG

wlpl=ifn

Energy and Matter

* Changes of energy and
matier in a system can ba
describad in tarms of snongy
and matler flows Into, out of,
and within that svslam.

Conneciions to Engineering,

Technology, and Applicalions
of Science

Influence of Science,
Engineering and Technalogy
on Society and the Natural
World

*  Modern civilization depends
on major technolegical
systems. Enginpers.
continuously madify these
technological systems by
applying scientific knowledage
and engineefing design
practices o increase banefits
while decreasing costs and




FOr aLases, By Jtaies

HS-PS3-5

Students who demonstrate understanding can:

HS-PS3-5.

Develop and use a model of two objects interacting through electric or magnetic

fields to illustrate the forces between objects and the changes in energy of the
objects due to the interaction. [Clarification Statement: Examples of models could include
drawings, diagrams, and texts, such as drawings of what happens when two charges of
opposite polarity are near each other.] [Assessment Boundary: Assessment is limifed fo
systems confaining two objects.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Sciance and Engineering Practices

Developing and Using Models
Modeling in =12 builds on K-8 and
progresses to using, synthesizing, and
developing models to predict and show
relationships among variables betwesn
systems and their gomponents in the
natural and designed world(s).

&  Develop and use 8 model based on
evidence to illustrate the relationships
between systems or between
components of a system.

Haciplinary Core ldea:

P53.C: Relationship Between
Energy and Forces

* \When two objects interacting
through a field change relative
position, the energy stored in the
field is changed.

Cause and Effect

Cause and effect relationships
can be suggested and
predicted for complex natural
and human-designed systems
by examining what is known
about smaller scale
mechanisms within the

system.

HS-PS4-1

Students who demonstrate understanding can:

HS-PS4-1.

Use mathematical representations to support a claim regarding relationships

among the frequency, wavelength, and speed of waves traveling in various

media. [Clarification Statement: Exampies of data could include electromagnetic radiation
traveling in & vacuum and glass, sound waves traveling through air and water, and seismic
waves traveling through the Earth.] [Assessment Boundary: Assessment is limited fo
algebraic relationships and descrbing those relationships gualitatively.]

The performance expectation-above was developed using the following elements from A Framewaork for K-12 Science Education:

Sclence and Engineering Practicas

Using Mathematics and Computational
Thinking
Mathematical and computational thinking at
the 8-12 level builds on K-B and progresses
to using algebraic thinking and analysis; a
ranage of linear and nonlinear functions
including trigonometric functions,
exponentials and logarithms; and
computational tools for statistical analysis to
anahyze, represent and model data. Simple
computational simulations are created and
used based on mathematical models of
basic assumpticns.
®  |Ise mathematical representations of
phenomena or design solutions o
descrbe andfor support claims andfor
explanations.

PS4.A; Wave Properties

=  The wavelength and frequency
of a wave are related to one
another by the speed of travel
of the wave, which depends on
the type of weve and the
medium through which it is
passing.

GG ONCa 0T

Cause and Effect

Empirical evidence is
required to differentiate
between cause and
correlation and make claims
about specific causes and
effects.




HS-PS4-2

Students who demonstrate understanding can:

HS-PS54-2.

Evaluate guestions about the advantages of using a digital transmission and

storage of information. [Clarification Statement: Examptes of advantages could include
that digital information is stabie because it can be stored reliably in computer memary,

transferred easily, and copied and shared rapidly. Disadvantages could include issues of
easy deletion, security, and theft.]

The performance expectation above was developed using the following elements from 4 Framework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining

Problems

‘Asking questions and defining problems

in grades 9=12 builds from grades K~8

EXperiences and progresses to

formulating, refining, and evaluating

empirically testable questions and

design problems using models and

*  Evaluate guestions that challenge
the premise(s) of an argument. the
interpretation of a data set or the
suitability of a design.

Discip Core Ideas

PS4.A: Wave Properties

* |nformation can be digitized (e.qg.,
& picture stored as the values of
an amay of pixels); in this form, it
can be stored relizbly in computer
memory and sent over long
distances as a series of wave
pulses,

i " 0 CanT

Stability and Change

*  Systems can be designed for
areater or lesser stability.

------------------------

Conneciions to Engineering,

Technology, and Applications of
Science

Influence of Engineering,
Technology, and Science on
Society and the Natural World

®  Modern civilization depends on
major technological systems.

s  Engineers continuously modify
these technological systems by
applying scientific knowledge
and engineering design
practices to increase benefits
while decreasing costs and
risks.




T aLmeA. L TR

HS-FS#-G

Students who damanstrale understanding can;

H5-P54-3.

Ewvaluate the claims, evidance, and reasoning behind the idea that electromagnatic

radiation can be described either by a wave mode! or a particle model, and that for
some situations one model is more useful than the other. [Clarification Statement
Emphasis is-on how the experimental evidencs suppons the claim and how a theory is

genarally modified in fight of new evidence. Examples of 2

phenomenion could incude

resonancs, interferance, diffraction, and photoelecinc effect.] [Azsezsment Boundary:
Aszessment doss nal include using guanium theony.]

Tha;lalfqmwmgmpmﬂm ancin was devaloped using e followirg mﬁm;ﬂ-ﬁwmw:iﬁrﬁ;f_? Science Educatior:

Engaging {ﬁmmfrﬁn Evidence
Engaging in angument Ko evdencein -
1EMMHWH

desigrad word(s). Arglments may also
‘eovne fror curment scentific or hshodk:al
Mh_ﬂw

‘Beolence Madels, Laws. Mechanismas,

uﬂMEnﬂHniHmd

Phenomena

* A scientilic theary &= 8 subsiantizled
axplaration of Bome sspact of the
mmmmmamm
facts that Rave been repeatedly
cordrmed through chsarvation and
axpariment. Tha scienca community
mds’taumﬁmrﬁaﬁrnih

CIEC TR MRy L0
PS4.4: Wave Properthas -
= [From the 3=5 & band andpoirga]
Waves can of cancel ong another
a8 they Gross, depandcing on their

ralative phass (e, relalive oosiion of
peaxs and roughs of e waves) bul
they emarge unaflacted by each
obinar. {Boundary: The discussion a2
thes grade IEn-E_lI 18 guaklative aniy, o
can ba based on he fact thal two
differant sounds can pass & loesalion In
differant directions withoul galting
red up.)
PS4.B: Eleclromagnelic Radiation

% Elactromagnelic rediation (e.q.; radia,
erecrowaves, light) can be modaled as
a wae of changing electric ang
rragnetc fieids of as partcies cabad
photors. The wave model s el Tor
axplaning mary features of
El&m'f:im&gi'l-aﬂn radialion, ard the
particie mode! explaing cther features.

Syatems and Sysiem

Meodels

«  Models (e.g., physical,
mathematicat, and
campLitar mosalst can ba
Lsed bo sinulabe systems
ard infaracions —
including ersrgy, mattar
and nfsrmaticn Tows —
wilfin and balwean
svabems al diffesant
soalas. '
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HS-PS4-4

Students who demonstrate understanding can:

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that
different frequencies of electromagnetic radiation have when absorbed by
matter. [Clarification Statement: Emphasis is on the idea that photons associated with
different frequencies of light have different energies, and the damage to living tissue from
electromagnetic radiation depends on the energy of the radiation. Examples of published
materials could inciude trade books, magazines, web resources, videos, and other passages
that may reflect bias.] [Assessment Boundary: Assessment s imifed fo qualifative
descriptions.]

The performance expectation above was developed using the following elements from A Framework for K-12 Science Education:

Cro
Obtaining, Evaluating, and PS4.B: Electromagnetic Radiation Cause and Effect
Communicating Informatien * When light or longer wavelength & Cause and effect
DObtaining, evaluating, and communicating electromagnetic radiation is relaticnships can be
information in 8=12 builds on K=8 and absorbed in matter, it is generally supgested and predicted
progresses to evaluating the validity and converted into thermal enengy for complex natural and
reliability of the claims, methods. and {heat). Shorter wavelength human-designed systems
designs. ) electromannetic radiation by examining what is
= Ewgluate the validity and reliability of {ultraviolet, X-rays, gamma rays) known about smaller scale
multiple claims that appear in scientific can ionize atoms and cause mechanisms within the
and technical texts or media reports, damage to living cells. system.
verifying the data when possible.

Unit 10: Modern Physics

OVERVIEW

Summary

Modern Physics refers to the advancements in physics from 1900s to the present. The transition from Classical
Newtonian physics to Quantum Mechanics has changed the way scientists look at the world. An understanding
of this change is critical in securing a good foundation for physic students. This transition is leading to new
information technologies that present new opportunities to advance how information is processed and stored.

Content to Be Learned
e Particle wave duality.

Double slit experiment.

Heisenberg Uncertainty Principle.
Aspect experiment.

Quantum entanglement.
Superposition.

Quantum computing.

Implication to SETF.

Practices
e Asking questions and defining problems.



e Evaluating questions that challenge the premise of an argument.
e (Obtaining, evaluating, and communicating information.
e Science models, laws, mechanisms, and theories explain natural phenomena.

Crosscutting Concepts

e (Cause and effect.
Systems and system models.

e Stability and change.
e Interdependence of science, engineering, and technology.
e Influence of science, engineering, and technology on society in the natural world.

Essential Questions
e How might quantum mechanics and computing effect artificial intelligence and the world?

Next Generation Science Standards

HS-PS4-1

Students who demonstrate understanding can:

HS-PS4-1. Use mathematical representations to support a claim regarding relationships
amaong the frequency, wavelength, and speed of waves traveling in various
media. [Clarification Statement: Exampies of data could include electromagnetic radiation
traveling in & vacuum and glass, sound waves traveling through air and water, and seismic
waves traveling through the Earth.] [Assessment Boundary: Assessment is limited fo
algebraic relationships and descrbing those relationships gualitatively.]

The performance expectation-above was developed using the following elements from A Framewaork for K-12 Science Education:

Science and Engineering Practices Disciplinary Core Ideas cutting Concapt

Using Mathematics and Computational PS4.A; Wave Properties Cause and Effect

Thinking _ ) | = Thewavelength and freqguency | e  Empirical evidence is
Mathematical and computatianal thinking at of a wave are related 1o one required to differentiate

the 8-12 level builds on K-8 and progresses another by the speed of travel between cause and

to using algebraic thinking and analysis; a of the wave, which depends on correlation and make claims
range of linear and nonlinear functions. the type of wave and the gbout specific causes and
including trigonometric functions, medium through which it is effects.

exponentials and logarithms; and passing.

computational tools for statistical analysis to

anahyze, represent and model data. Simple

computational simulations are created and

used based on mathematical models of

basic assumpticns.

®  |Ise mathematical representations of
phenomena or design solutions o
descrbe andfor support claims andfor
explanations.




HS-PS4-2

Students who demonstrate understanding can:

HS-PS54-2.

Evaluate guestions about the advantages of using a digital transmission and

storage of information. [Clarification Statement: Examptes of advantages could include
that digital information is stabie because it can be stored reliably in computer memary,

transferred easily, and copied and shared rapidly. Disadvantages could include issues of
easy deletion, security, and theft.]

The performance expectation above was developed using the following elements from 4 Framework for K-12 Science Education:

Science and Engineering Practices

Asking Questions and Defining

Problems

‘Asking questions and defining problems

in grades 9=12 builds from grades K~8

EXperiences and progresses to

formulating, refining, and evaluating

empirically testable questions and

design problems using models and

*  Evaluate guestions that challenge
the premise(s) of an argument. the
interpretation of a data set or the
suitability of a design.

Discip Core Ideas

PS4.A: Wave Properties

* |nformation can be digitized (e.qg.,
& picture stored as the values of
an amay of pixels); in this form, it
can be stored relizbly in computer
memory and sent over long
distances as a series of wave
pulses,

i " 0 CanT

Stability and Change

*  Systems can be designed for
areater or lesser stability.

------------------------

Conneciions to Engineering,

Technology, and Applications of
Science

Influence of Engineering,
Technology, and Science on
Society and the Natural World

®  Modern civilization depends on
major technological systems.

s  Engineers continuously modify
these technological systems by
applying scientific knowledge
and engineering design
practices to increase benefits
while decreasing costs and
risks.




T aLmeA. L TR

HS-FS#-G

Students who damanstrale understanding can;

H5-P54-3.

Ewvaluate the claims, evidance, and reasoning behind the idea that electromagnatic

radiation can be described either by a wave mode! or a particle model, and that for
some situations one model is more useful than the other. [Clarification Statement
Emphasis is-on how the experimental evidencs suppons the claim and how a theory is

genarally modified in fight of new evidence. Examples of 2

phenomenion could incude

resonancs, interferance, diffraction, and photoelecinc effect.] [Azsezsment Boundary:
Aszessment doss nal include using guanium theony.]

Tha;lalfqmwmgmpmﬂm ancin was devaloped using e followirg mﬁm;ﬂ-ﬁwmw:iﬁrﬁ;f_? Science Educatior:

Engaging {ﬁmmfrﬁn Evidence
Engaging in angument Ko evdencein -
1EMMHWH

desigrad word(s). Arglments may also
‘eovne fror curment scentific or hshodk:al
Mh_ﬂw

‘Beolence Madels, Laws. Mechanismas,

uﬂMEnﬂHniHmd

Phenomena

* A scientilic theary &= 8 subsiantizled
axplaration of Bome sspact of the
mmmmmamm
facts that Rave been repeatedly
cordrmed through chsarvation and
axpariment. Tha scienca community
mds’taumﬁmrﬁaﬁrnih

CIEC TR MRy L0
PS4.4: Wave Properthas -
= [From the 3=5 & band andpoirga]
Waves can of cancel ong another
a8 they Gross, depandcing on their

ralative phass (e, relalive oosiion of
peaxs and roughs of e waves) bul
they emarge unaflacted by each
obinar. {Boundary: The discussion a2
thes grade IEn-E_lI 18 guaklative aniy, o
can ba based on he fact thal two
differant sounds can pass & loesalion In
differant directions withoul galting
red up.)
PS4.B: Eleclromagnelic Radiation

% Elactromagnelic rediation (e.q.; radia,
erecrowaves, light) can be modaled as
a wae of changing electric ang
rragnetc fieids of as partcies cabad
photors. The wave model s el Tor
axplaning mary features of
El&m'f:im&gi'l-aﬂn radialion, ard the
particie mode! explaing cther features.

Syatems and Sysiem

Meodels

«  Models (e.g., physical,
mathematicat, and
campLitar mosalst can ba
Lsed bo sinulabe systems
ard infaracions —
including ersrgy, mattar
and nfsrmaticn Tows —
wilfin and balwean
svabems al diffesant
soalas. '




HS-PS4-4

Students who demonstrate understanding can:

HS-PS4-4. Evaluate the validity and reliability of claims in published materials of the effects that
different frequencies of electromagnetic radiation have when absorbed by
matter. [Clarification Statement: Emphasis is on the idea that photons associated with
different frequencies of light have different energies, and the damage to living tissue from
eglectromagnetic radiation depends on the energy of the radiation. Examples of published
materials could inciude trade books, magazines, web resources, videos, and other passages
that may reflect bias.] [Assessment Boundary: Assessment is imifed fo qualitative

descriptions.]

The performance ﬂmﬂﬂiﬂiﬂ]‘l above was developed using the following elements from A Framework for K-12 Science Educafion:

Sclence and Engineering Practices

Obtaining, Evaluating, and
Communicating Information
Obtaining, evaluating, and communicating
information in 9=12 builds on K=8 and
 progresses to evaluating the validity and
reliability of the claims, methods, and
designs. :
=  Evaluate the validity and refiability of
multiple claims that appear in scientific
and technical texts or media reports,
werifying the data when possible.

PS4.B: Electrom

Discip ore ldes

agnetic Radiation
When light or longer wavelength
electromagnetic radiation is
absorbed in matter, it is generally
converted into thermal energy
{heat). Shorter wavelength
electromannetic radiation
{ultraviolet, X-rays, gamma rays)
can ionize atoms and cause
damage to living cells.

Cause and Effect

Cause and effect
relationships can be
supgested and predicted
for complex natural and
human-designed systems
by examining what is
known about smaller scale
mechanisms within the

system.




HS-P34-5

Students who dermonstrate understanding can:

H5-P54-5.

Communicate technical information about how some technological devices use the

principles of wawe behavior and wawe interactions with matter to transmit and capture

information and enengy.” [Clarfication Slatemant: Exampd

gs could include solar calls

cepturing light and conweriing it to electricity; medical imaging; and communications
techinology.] jAssessmant Boundany: Assossmenis Gre irmiled o qualialive Informahcn
Assassmeanis do nol insivde band fheory.|

Tha perdormance axpeciaton abp#mhwﬂﬁadmhh“uammﬂwmrhﬂm Edcation:

Sciance and

g Fracticas

Obtaining, Evaluating, and Cedmmunicating
Infonmation

ard eommunicating

Obtaireng, avaluating,

im'maﬂm in B=12 budds on K-8 ang
HD#&BE?E to @waluating tha vBEdily &rd
ralissility of the cesms, methads, end desians.

mnmmﬂmm
of idess (8.0, about phersmens .

andior the process of development -
and the design end perdormance of

qraphically. extually, and
methermatically}.

F53.0: Energy In Chermical
Processes
& Sofarcalls are humen-maca
pavces thal Bewise caplira [ha
sun's energy and produce
secirical enary. [saconderyl
PS4.A: Wave Progarios
®  Information can b ggitieed
(&0, 8 peolung shored ag e
valuasof an array of pleats); in
thig form, it can ba gtored
redtably in compuler memoey
and sent ower lonn distancas as
& saries of wave pulses.
P54.8: Bectromagnetic Radiation
#+ - Pholoelectnc matenals amit
ehgcirons when they sbsorb light
of a high-andunh fraguancy.
PS4.C: informatien Techralogies
arsd fngtrursentstion
+  Mullipta techrologies bagad on
the urderstanding of waves and
e inleraciions with matler g
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