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Introductions

* Name

* Where do you teach?

- How long have you taught Physics/AP Physics?

* Which AP Physics course(s) are you teaching
this year?

- What is your favorite Physics topic to teach?
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Setting the Stage

» Ask questions and share ideas!

» Participate!!

* Physics

« Switching Seats

« Computers: WiFi & Workshop Resources
» Building logistics: Restrooms

« Workshop Logistics: Breaks / Lunch
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Objectives

Participants will:

- Explore each section of the Course and Exam Description (CED)
and make connections to the Curricular Requirements

- Develop a semester and/or yearlong instructional plan that
iIncorporates all units, topics and skills of the course, as
referenced in the CED.

- Explore the exam design and how students will be assessed in a
hybrid-digital environment.

- |dentify and explain various instructional strategies and tools
that teachers can incorporate in their lesson plans to teach the
content and skills in the Course and Exam Description.

* Investigate how AP Classroom can develop skills/practices and
be used in lesson plans to reinforce topic and skill/practice
connections.
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Saturday Schedule

9:15am - 10:15am: AM 1 Session
10:15am - 10:.30am Tea Break
10:30am - 12:00pm: AM 2 Session
12:00pm - 1:00o0m: Lunch

1:00pm - 2:45pm: PM 1 Session
2:45pm - 3:00pm: Tea Break
3:00pm - 4:45pm: PM 2 Session
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Sunday Schedule

8:30am - 10:00am: AM 1 Session
10:00am - 10:15am Tea Break
10:15am - 12:00pm: AM 2 Session
12:00pm - 1:00o0m: Lunch

1:00pm - 2:30pm: PM 1 Session
2:30pm - 2:45pm: Tea Break
2:45pm - 4:00pm: PM 2 Session
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Saturday October 17

AM1

- Agenda & Introductions

- Exam Overview / Digital Exams / Multiple Choice Section

- Developing the Science Practices

AM2

« Courses Overview / Course & Exam Descriptions/Textbooks
* Year Long Plan

- Labs / Desmos / Graphing Calculator

* Fidget Spinner Labs

PM1

- Experimental Design and Analysis Free Response Questions
* Resistivity Lab Free Response Question

PM2

- Mathematical Routines Free Response Questions

- Derivation Strategies

« Calculus on the AP Physics Exams
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Sunday October 18

AM1

- Meterstick Torque Lab Free Response Question

- Reading / Mock Reading

« AP Classroom / Instructional Planning Reports

AM2

- Translation Between Representations Free Response Questions
- Types of Representation: Diagrams & Sketches

- Toilet Paper Roll Free Response Question Activity

PM1

 Qualitative/Quantitative Translation Free Response Questions
- Writing Strategies

* Dielectric Constant of Paper Lab Free Response Question
PM2

- TIPERs & Ranking Tasks

« P1 Workbook

* Online Simulation Labs

eCo]lageBoard Oather Strawderman AP Physics
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Contact Info:
www.PhluidPhysics.com

oather@PhluidPhysics.com




Workshop Links & Documents

www.PhluidPhysics.com/Resources
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AP Physics C: Mechanics and E&M Websites

apcentral.collegeboard.org/courses/ap-physics-c-mechanics

apcentral.collegeboard.org/courses/ap-physics-c-electricity-
and-magnetism
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AP Exam Structure
For
Every AP Physics Course

(Since May 2025 Exams)



Exam Structure

e Section 1: Multiple-Choice (50%)
= **42 questions, 85 minutes (2 not scored)**
= One correct answer
= Four answer choices

e Section 2: Free-Response (50%)
= **4 questions, 95 minutes™*, 40 points
1. Mathematical Routines (10 points)
2. Translation Between Representations (12 points)
3. Experimental Design and Analysis (10 points)
4. Qualitative/Quantitative Translation (8 points)
= Same order of Free-Response Questions for every course on every exam
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Free-Response Question Types: In this Order

« Mathematical Routines
= Emphasizes problem-solving, calculations, and derivations.

« Translation Between Representations
= Emphasizes fluency between various representations of physical phenomena

« Experimental Design and Analysis
= Design an experiment, analyze the results of an experiment

» Qualitative/Quantitative Translation

= Emphasizes fluency between conceptual and mathematical descriptions of physical
phenomena
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Exam Information

» Each Multiple Choice Question and Free Response Question
point assesses relevant physics content using a given Science
Practice

 All content may be assessed with any Science Practice
» All AP Physics courses have nearly identical exam structures
« Exam Dates 2027

» P1: Wednesday May 5 - Session 2 (1:00pm)

» P2: Thursday May 6 - Session 1 (9:00am)

 Mechanics: Monday May 3 - Session 1 (9:00am)

 E&M: Wednesday May 5 - Session 2 (1:00pm) 18



AP Central
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Multiple Choice Questions Activity
 Turn to the following pages in the CED:

 Mech page 175
 E&M page 151
* Answer the MCQ items in the CED
* Write down your answer to each question on paper

* Focus on both the content of the questions as well as
how the questions are formatted and how they ask
students to demonstrate their Physics knowledge
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Discussion Topics

* What are some things you notice about
the questions...content and skill?

* What successes and challenges could
your students have with these questions?

e What instructional strategies do you
employ to help your students be
successful on the Multiple Choice section
of the exam?

Oather Strawderman AP Physics
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Information

* Hybrid Digital

e Pacing/Clock

e Equation Sheets

e Scratch Paper

10 m/s/s and 10 N/kg

e Discrete ltems vs ltem Sets

e Calculators, Rulers and Pens/Pencils
e Difficulty and Guessing

e Answers and Rationales

Oather Strawderman AP Physics
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https://bluebook.app.collegeboard.org/
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Zooming Shortcuts
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Multiple Choice Section Directions

Section |
Directions ~

0:00
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Built-in Desmos Graphing Calculator
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Switching Angle Modes in Desmos!!

Calculator

L] 1
— 3
<in 30 Reverze contast sin 30 Reverse conlrast
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Strikethrough to help narrow down options!

n W Mark for Review

Which of the following is most nearly the MOMENTUM of Block B after the collision?




Highlights & Notes

\

Initial velocity = 0

E
two-block-spring system ﬁ
Type of System
Block A is held at rest ﬁ

Highlights & Notes

L2053

Calculator

xa"
Reference

100% [E3

More

/—\ * two-block-spring system
(&) pring sy

g change, if at all, from
when Block A is held at rest to when the blocks return to rest?

N

@ Two-Block-Spring
System

Two-Block-Spring-
Earth System
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Section | Questions Review

Section | Questions X
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C Go to Review Page >
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PC-Mech: Table of Information

ADVANCED I'LACEMENT PHYSICS MECHANICS TABLE O INFORMATION

CONSTANTS AND CONVERSION FACTORS

Universal gravitationa! consbad, G =6.67x 10" l:l’/l:kg S)=667x 0" Nm® k'
4 ‘
Acceleration due to gravity at Farth’s surface, 2 =98 m/s?

Magnitude of the gravitational field strength at the Carth’s surface, g =98 N/kg
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Factor Prefix Svmbdol UNIT jaule, J second. s
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107 milli m 2] 0 i 37° 45° £3° 60° Go°
10 micro u sin@ 0 2| ¥s | Jafa | 45 32 I
0~ r‘w? cosd 1 Jifa | 45 | J2i2 | S /2 0
' pico P -
fan§ B! S| e 1 4/3 N oo

The following assumptions are used in this exam
¢ The frome of reference of anv problem is assumad o be merial unless otheswise stated.
o Adrresistance 15 assumed o be neghigible mless otherwase stated.
e«  Sprmngs and surmgs arc assumed to de deal unlcss otherwise stated.




PC-Mech: Table of Information Conventions

The [ollowing assumptions are used n this exam.
e The [rame ofrelerence of any problem 1s assumed (o be inertial unless otherwisce stated.
e Aurresistance 1s assumed to be negligible unless otherwise stated.
e Springs and strings arc assumed to be 1dcal unless otherwisc stated.




PC-E&M: Table of Information (OLD

ADVANCED PLACEMENT PHYSICS ELECTRICETY AND MAGNETISM
TABLE OF INFORMATION

CONSTANTS AND CONVLISION FACTORS UNIT SYMIOLS
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PC-E&M: Table of Information Conventions (OLD)

The following conventions are used 1n this exam:

e The frame of reference of any problem 1s assumed to be ertial
unless otherwise stated.

e Airresistance 1s assumed to be negligible unless otherwise stated.
e Springs and strings are assumed to be 1deal unless otherwise stated.

e The electric potential 1s zero at an infinite distance from an
1solated point charge.

e The direction of current 1s the direction 1n which positive charges
would dnift.

e All batteries, wires, and meters are assumed to be 1deal unless
otherwise stated.




PC-E&M: Table of Information (NEW

ADVANCED PLACEMENT PHYAICS Cr ELECTRICITY AND MACNETIEM
TABLE OF INFORMATION
CONSTANTS AND CUNVERSION FACTORS UNITSYMECOLS
) -— = J : aipwe, A
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PC-E&M: Table of Information Conventions (NEW)

The following conventions are used in this exam unless otherwise stated:

e The frame of reference for any problem 1s inertial.
e Frictional forces and air resistance are negligible.
e Strings, springs, batteries, wires, and meters are ideal.

e The clectric potential 1s zero at an infinite distance from an
isolated point charge.

e The direction of current 1s the direction in which positive charges
would drift.

e Resistors and lightbulbs are ohmic.
e (Capacitors are air-filled (K‘ = 1.0).




Some students have determined the gravitational
mass of an object and want to compare it to the
object’s inertial mass. Procedures that would
allow them to accomplish this include which of
the following? Select two answers.

(A) Hanging the object vertically from a spring
scale and recording the scale reading

(B) Placing the object on one side of a double
pan balance, adding objects of known mass
to the other side until the masses are
balanced, and recording the amount of mass
added

(C) Attaching the object to a spring of known
spring constant, allowing it to oscillate
horizontally on a nearly frictionless surface,
and measuring the period

(D) Attaching the object to a force sensor, using
the sensor to pull the object across a nearly
frictionless horizontal surface, and
measuring the acceleration
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Developing the
Science Practices

How your students will be asked
to demonstrate what they know

Oather Strawderman AP Physics 42



Science Practice/Skills

Practice 1

Creating Representations KN
Crezte rzpresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines E3

Conduct analyszs lo derive. caleulats, estimate, or
predict,

Practice 3

Scientific Questioning and
Argumentation EX

Describe experimental procedures, analyze daza, and
support claims.

KX Create ciagrams, tables, charts,
or schematios to renresent physical
situaticre.

KX Create guaniitative graphs with
appropriate scales and units, ncluding
plotting data.

EEa Creale gualilalive skelches of
craphs that represent features of a
model orthe behavior of a physical
system.

EX] Derive a symbolic axpreasien
from known quantities by selecting
and folowirg a logical mathcmatical
pathway.

EX] Calculate or estimate an unknown
quantity with units from known
queantities, by selecting and following a
logiczl computztional pathway.

EXd Compare physical quantities
between two cr mare scenarios or
at c/fferent times and locatiorsina
single scenario.

EX:] Frediet new values ar factors of
change of physical quantities using
furctional dependenca between
variables,

EX) Create experimental pracedures
that are appropriate for 2 given seinntific
qucstion.

EX] Apply an appropriate law, definiion,
theoretical relztionship, or model to make a
claim.

Juslily or supporlaclaimusing
gvidence from expernimental data, physical

representations, or physical principles or
laws.

ALL Skills Assessed
on the FRQ Section
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Science Practice/Skills

Practice 1 Practice 2 Practice 3

Creating Representations B  Mathematical Routines EX Scientific Questioning and
C:leete representations that depict physica| Conduct analyszs lo desive. calculale, estmaie or -~ Argumentation IEX
ENOmend. i
g predict. Describe expe-imental procedures, analyze daza, and
support claims.
- SKILLS
KX Create ciagrams, tables, charts, { ‘E!J Derive a symbolic axpression \1 EX) Create experimental pracedures
or schematios to represent physical - from known quantities by selecting 3‘" that are appropriate for a2 given scinntific
situatiors. . anc folow'rg a logical mathematical qucstion,,
. pathway. } S

KK Create quaniitative graphswith ¢ ] JEX] Apply an approprigte law, definizion,
appropriate scales and units, including | EXJ Calculate or estimate an unknown | | theoretical relationship, or model to make a |

s
)

plotting data. ¢ quantity with units from known ‘ claim.

- guantities, by selecting and following a;{ i
EE3 Creale gudlilalive skelches of . logical computztional pathway. EX3 Juslily or supporla claimusing
craphs that represent features of a * | evidence from expernimental data, physical
model or the behavior of a physical 1l 2.C Compare physicalquantities - representations, or physical principles or !
system. o between two or mare scenarios or

- Llaws.
¢+ atcifferent times and locatiorsina N
¢ single scenario.

EX3 Fradict new values ar factors of 5‘ O N LY S k| | IS Assessed

- change of physical quantities using

furctional dependence between »‘ on the MCQ Sect|on

variables.




Science Practice/Skills Weighting: AP Physics C Exams

Appraximate Appraximate

MCQ Exam
Weighting

FR Exam
Weighting

B Create diagrams, tables, charts, or schematios to
represent physical situations.

B Create quantitative graphs with appropriate scales
and units, including plofting data.

3 Creale qualilalive skelches of graphs al represenl
features of 2 model or the behavior of a physical
system.

N/A

EX} Create experimental proceduras that are

Skill

Approximate Approximate
MCQ Exam FR Exam
Weighting Weighting

apprapriate tor 2 given selentific queastion. N/A

3.8
20-35%

Apply an appropriate law, definition, theoretical

relationship, or madel ta make a claim. 15-25%

30-35%

Justify or support a claim using cvidence from
experimoental data, physical representations, or
physical principles or laws.

5-10%

EY] Dorive a symbolic expression from known
rmantities by selecting and following a lagical
mathamatical nathway.

25-30%

[ Caleulate or cstimate an unknown quantity with
units from knawn quantitiss, hy selecting and
following a logical compulalional paliway.

20—-25%

[X] Comparc physical quantitics between two or more
scenarios or at differant times and locations in a
single scenario,

10-15%

[X] Predict new values or factors af change of physica
guanlilies using flunclional dependence belween
variables,

10-15%

40-45%
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AP Physics 1 & 2

Approximate Approximate

MCQ Exam FR Exam
Sidll Welghting Weighting
D) Create diagrams, tables, charts, or acheratics to NJ/A
represenl physical silualicos.
B Crosle quasnlitalive graghes willy agproprisle sk
N/A
and units, Inchiding plottmg data. 20-35%
B3 Crostle qualilalive skelohies of graphes hal egnoesenl
foaturrs of 2 model or the behaviar of 2 physias] N/A
aystem.
R Dedve a symboliv expresgion oo kewn
quantities by selacting and following a logical 15-20%
maliemealical palluway.
] Cualewhale o cxlumate an wokoeown quantily wilk
units from knovam quantities, by sealaoting and 20-25%
fallowma a lecieal computatiomal pathwig.
30-40%
B3 Compane priysina] guanlilics: belween bavo o meoee
arenarias or at different times and loratans n 2 10=-15%
alngles acenarlo.
] Predict new valuss o laelors of change of physical
quantities using functional dependence betvreen 10-15%

virlables.

EQ Create exportmental procedures that anw N/A
appropriate for a given acientific queston.
Apply an appropuiale kw, deluibon, Beorelical 20-25%

35-45%

relationship, or moclel ta make a clam.

B Justity or support a claim using evidence from
cxperiinental dala, ptysical wepresenlalions, o 5=10%
phsics] prineciphes: an Lawes.

AP Physics C: Mech and E&M

Approximate Approximate
MCQ Exam IR Exam
Weighting Weighting

Create diagrams, tables, charts, or schemaries to
represert physical situations

Create quantitative graphs with apprepriate acales
and units, including plotting data.

Create qualitative alicichea of grapha that reprzaent
features of a moce! or the behavior of a phvsical
aystem.,

Lerive a symoclic expression from known
quantities by selecting ard following a logical
mathemnatical parhway.

Calculate or estimate an unknown guantity with
units from known quantities, by selecting and
following a lcgical computationzl pathway.

Compare physical quantities between two ot rcre
scenarics or at diflerent tiwes and locations in a
single seenario

Fred.ct new valuas or factors of change of physical
quantitica vanyg functicnal dependence between
vanab.es.

N/A 20-35%

25-30%

20-25%

40-45%

10-15%

10-15%

Creat2 experimental procedures tha: are
apprepriate for a given acizrtific queation.

Apply en appropriate law, definition, thearetical
relationship, nr model to make a claim

Justify or support a claim using evidence fiom
experimental data, physical representatons, or
physical prinsisles ar laws.

N/A

5-10%
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Developing the Science

Practices

Science Practice 1: Crealing Reviesentations

Skill

Questions to Ask Students

Sample Activities

Threughtaul e evarse slude s wil develup seiencs pracbees thas wee fundame il Lo the discipling of plysivs
Students wll hanafi: fromr mutple apportunitias tn davedop trasa cractizasin 3 scafoldad mannar Tha tahles
that folkw [ook ot cach of the scence practices £0d their assocatad shilks and provide cxampkes of guestons with
sample ectvites o inconporating 1sruction on thet skllinto de course.

Science Practice 1: Creating
Representations

Create representations that depiot physioal
phenomena

When chysiciats describe and explain comphex
phenamea, they by W sinpl’y real czjecly, syslems,
and aracssses 1o maks e analyrie rarassanle.
These simplficatians ar madizls ore uzed to predics
how nax cheromena w1l DCCur. A ST Cie mods|l may
treat a system as an cofect, naglect tp the syeteme
internal structurz @nd behavior Mors como ex moszle
are mndels of asysien o’ anects suct asafiresark
dlspisy ar pdarats orbbng the sun A cmcses can
be s it 20, too, Viadels cat be bothconce Ztual
and melhermatical. The & Terenlivl equalion rdaling
welocity dasendent foree sxectad 2 an nbjact
o the oecedeation af Thal ooectis cnexangle of
amattgmadcal rodel whik the ¢gs of e objes:
reacking aserminal velocity Is 3 cancaptua madel
Tomske g cosd mode, stacents ness Wwadeniify
a st of the most zaelart cha-acteisics of »
phanamanan or systerr that may elimplfy aralysls
Ihzy then n2ed to creats arecresenetion o those
charactar stizs. Examples of representatiors usaz to

mads ivrndictory 2 TRass CONARtS At pichires,
malen ey, oo buedy dag-ams, Ieree Smams,
grapts. energy bar chertzs. end momertum chars,
Represertstions melp In araivzing phenomera ma<hg
predictions and communicating (deas A7 Physcs O
Mechanics reguires sludenls Lo uss, enelye, sdio

re cxpress modkels and representations of notural or
man-meade systems. A special note about ree-body
diagrama AP Fhyeles C Mazhanics caly expscts
ANMANIE I AAOACT IR Fveas Axevitd A DAEPE, Nat
s forne povnponyrs on five body diugrane, O the
AP Physies exams, Mdindus! forces raprasented o s
fraa-hoaya'agram must be drsan 38 ndbakh ' strafond
S70wSs, 2rgunaivig on the oot and powting n the
dwecrivin of the faron nohnac s Sorces thet aqe sxevieo
e same direcBon mest be dosn sioe Sy siaz, not
OVESEOENY

Sludents ofen Uik Usl Lo mneke a graph, hey need Lo
connect the data paints, ar that the Bestfi: functionis
aays inear TRas, tis impoctant that tacy <now bow tn
construct a pest-it cunve, even fordata tret do ottt a
Inaar reletionship.

Thes follw 71p table proides mamples of quesbions and
sample actating for strengthering the s<il of areating
1Epres2ntatons.

Create diaarams,
tables. charts,

or schiematics to
represent physicai
situations.

\"/hat kine o moadel or represantatior
would oe aopmconiate for iz plhysica
scenarw?’

\Whas physiczlcharacteristics canbe
maczled or reprezented for th = physical
scenaria?

\Jhar fastures ef the rapresentztinn
provide nformation relevant 10 the
questicr or aroklem?y

Have stucents divice thair naper inte four
quartars. 'n each cuarter of the paper,
have studems create a representet o of
A provided physical situatan Fos examnle
have studests create “our different
representalions of two objects curing

An elastic colisisn NepresentAtiong 2an
Innindn graphs, rquations, nrrativas, har
charls, mol on maps, ree-body disgrams,
or sketchaes of physical s tuations, | lave
smdents c2scribe the cansistency
betveen e reoresentalons.

eCollageBoard

1.8}

Create quantitative
graphs with
anpropriote scalas
and units, including
plotting data.

\"Yhat daw. snould be plotted:

\What ecale and axie labels should be usad?
\Jhat daes an appropristaly sealed granh
look Ike?

\"ha: does a graph need to con@in o be
considersd “comrectdy labg ec”?

Fuow should IHe vala be yraphed so Lhal
the best-fit curve shows a reladonship?
\"hat do the data cr the graph show?

Is there a pattern pressert in the cdatar How
de you know? What does tne pattern show
abaout the relationship betweer guantiias?
\“hat dama weould nead 1o be graphed tn
creale @ incar rekationzhip?

\hat is the physical meaning of the slepe
anclior erza underneeth the lneanzed
grapn?

\Whar isthe physical meaning ot the v ara!
ar X interneats of tha linearized graph?

\Vher learnirg about one-dimensional
matlen, have students messom the Hmne
it takas for an object to "3l aspecified
height. Hepeas the measurements “or
varaus nelghts. Have atucents determirs
whzl Lhey should gragh so el Licy van
cradls alneariced graph,

I lave stucents destify correce graphs

by glvirg them a “Wret, if Anything., IS
\Wrenig?” Lask, Ask sludenls o anelyse

a ze:of data and a supposed match ng
graph, and ask them to identi®y wrat if
anything, is wreng with the graph. The
"wrong” things can 2e s role atfirst [8.q,
scales nct uniform, lanels eft off) ard
then can be scaffolded mo he more clfficu t
and addrege stuczn: mizconcepliore kter
Inthe cowrse.
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AP Physics C: Mechanics — Skill Based Case Study

/~\ A block is released from rest near the top of a rough

ramp inclined at an angle @ above the horizontal. Point
A is a distance L away from the point where the block

is released, as shown in the figure. The coefficient of
kinetic friction between the block and theramp is u,. The

block is moving with speed v , when it reaches
point A.
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2.A Derive a symbolic expression from known quantities by selecting and
following a logical mathematical pathway

Derive an expression for the speed v , in terms of the
given quantities and physical constants, as appropriate.

(A) v, =2gL sin O

A black is released from rest near the top of a rough B) vy = \/2 gL ( sin 6 — U COS 9)
ramp inclined at an angle @ above the horizontal. Point
A is adistance L away from the point where the block C) vy = \/ 2¢L (1 cos 9)

is released, as shown in the figure. The coefficient of

kinetic friction between the block and therampis ti.. The (D) v A= \/2 gL (sin 6+ JTPR 9)
block is moving with speed v, when it reaches
point A.
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2.B Calculate or estimate an unknown quantity with units from known
quantities, by selecting and following a logical computational pathway.

Given L=1.0 m, i, =0.1, and 8=30, the speed v , of
the block as it reaches point A is most nearly

(A)2.9 m/s
A black is released from rest near the top of a rough (B)3.1 m/s
ramp inclined atan angle @ above the horizontal. Point '
A is adistance L. away from the point where the block (C)8.3 m/s

is released, as shown in the figure. The coefficient of
kinetic friction between the block and the ramp is i,. The (D)9.9 m/s

block is moving with speed v, when it reaches
point A.
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2.C Compare physical quantities between two or more scenarios
or at different times and/or locations within a single scenatrio.

A black is released from rest near the top of a rough
ramp inclined at an angle @ above the horizontal. Point

A is adistance L. away from the paint where the block

is released, as shown in the figure. The coefficient of
kinetic friction between the block and the ramp is (i,. The

block is moving with speed v, when it reaches
point A.

The work done by the force of gravity on the block as
the block slides from the point of release to point A is

W.. The angle of the ramp is increased, and the work
done by the force of gravity on the block as the block

slides from the point of release to point A is W,. How
does W, compare to W,?

(A) W, >W,
B) W, <W,
C) W, =W,

(D) W, and W, cannot be compared without knowing
the mass of the block.



2.D Predict new values or factors of change of physical
quantities using functional dependence between variables.

A black is released from rest near the top of a rough
ramp inclined at an angle @ above the horizontal. Point

A is adistance L. away from the paint where the block

is released, as shown in the figure. The coefficient of
kinetic friction between the block and the ramp is (i,. The

block is moving with speed v, when it reaches
point A.

The energy dissipated by the frictional force as the
block travels from the point of release to point A is E,.
If the coefficient of friction between the block and the
ramp is doubled, the energy dissipated by the frictional

force as the block travels from the point of release to
point A is

E
E,. What is the ratio —?
& Ez
(A) +
(B) 1
(C) 2

(D) 4



3.B Apply an appropriate law, definition,
theoretical relationship, or model to make a claim.

A black is released from rest near the top of a rough
ramp inclined at an angle @ above the horizontal. Point

A is adistance L. away from the paint where the block

is released, as shown in the figure. The coefficient of
kinetic friction between the block and the ramp is (i,. The

block is moving with speed v, when it reaches
point A.

Which of the following statements is correct about the
total mechanical energy in the scenario above?

(A) The total mechanical energy of the system
consisting of only the hlock decreases from the
time of release until the time when the block

reaches point A,

(B] The tetal mechanical energy of the system
consisting of only the block remains constant from
the time of release until the time when the block
reaches point A.

(C) The total mechanical energy of the system
censisting of the block and Earth decreases frem
the time of release until the time when the block
reaches point A.

(D) The total mechanical energy of the system
consisting of only the block and Earth remains
constant from the time of release until the time

when the block reaches point A. >3



3.C Support a claim using evidence from experimental data,
physical representations, or physical principles or laws.

A black is released from rest near the top of a rough
ramp inclined at an angle @ above the horizontal. Point

A is adistance L. away from the paint where the block

is released, as shown in the figure. The coefficient of
kinetic friction between the block and the ramp is (i,. The

block is moving with speed v, when it reaches
point A.

Which of the following stalements correclly explains
why the total mechanical energy of the block-Earth
system decreases as the block travels to point A?

(A) The height of the block above the surface of Earth
decreases.

(B) The force of friction removes energy from the
block-Earth system.

(C) The downward gravitational force exerted on the
block by Farth does negative work on the block-
Earth system.

(D) The normal force from the incline does negative
work on the block-Farth system.
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AP Physics C: E&M — Skill Based Case Study

A circuit contains two
identical lightbulbs and
a switch connected to a
battery, as shown.

The switch is initially I
open.

Bulb1l Bulb?2

55



2.A Derive a symbolic expression from known quantities by selecting and
following a logical mathematical pathway

Bulb1l Bulb?2 The bulbs each have a resistance R, and the emf
supplied by the battery is £. The switch is open. Which
of the following expressions correctly represents the
power delivered to Bulb 17

1L _2¢’
i A) -
A circuit contains two B) pzﬁ
identical lightbulbs and a R

switch connected to a battery, C) p- &

as shown. The switch is -

initially open. D) ,_&
4R
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2.B Calculate or estimate an unknown quantity with units from known
quantities, by selecting and following a logical computational pathway.

Bulb1 Bulb?2

The bulbs each have a resistance of 2.0 €2, and the emf
supplied by the battery is 9.0 V. The switch is open.
Which of the following is most nearly the power

I | l delivered to Bulb 1?

A circuit contains two A 10w
identical lightbulbs and a B) 20 W
switch connected to a battery, ¢, 49w
as shown. The switch is
initially open.

D) 80 W
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2.C Compare physical quantities between two or more scenarios
or at different times and/or locations within a single scenatrio.

Bulb1 Bulb2 When the switch is open, the bulbs have equal
brightness. When the switch is closed, which of the
following occurs to the bulbs?

|I|' Bulb 1 Bulb 2
' A | Gets brighter Gets brighter
A circuit contains two 5 | Cetsbrighter | Goes out
. : : C Gets dimmer Goes out
identical lightbulbs and a . .

_ D | Gets dimmer Gets brighter
switch connected to a battery, S
as shown. The switch is -
initially open. B B

) C

D) D



2.D Predict new values or factors of change of physical
quantities using functional dependence between variables.

Sl L When the switch is open, the currentin Bulb 1 is

I_. When the switch is closed, the currentin Bulb 1is I_.
Which of the following correctly relates [ to [ ?

il (A) I =21

A circuit contains two -1
identical lightbulbs and a B) o
switch connected to a I :l I

battery, as shown. The \&
switch is initially open. 1
D) I, :ZI



3.B Apply an appropriate law, definition,

theoretical relationship, or model to make a claim.
Bulb1 Bulb?2

Which of the following clams about the arrangement of
the circuit is correct?

| | : (A) Thetwo bulbs are in series with each other.
A circuit contains two identical (B) Bulb 2 is in parallel with the battery.
lightbulbs and a switch (C) Bulb 1is in parallel with the battery.

connected to a battery, as
shown. The switch is initially
open.

(D) Bulb 2 isin series with the switch.
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3.C Support a claim using evidence from experimental data,
physical representations, or physical principles or laws.

Bulb1l Bulb? The switch is closed, and Bulb 2 is replaced with an
uncharged capacitor of capacitance C. The switch
is then opened. Which of the following describes the
current in the battery after the switch is closed, and

| | | : provides a correct justification?

( A) The current in the battery is constant because

. . . batteries always provide constant current.
A circuit contains two il

iIdentical |ig htbulbs and a (B) The currentin the battery is constant because the

: capacitor and resistor are in series.
switch connected to a battery,

: : (C) The currentin the battery decreases because energy
aS S hown. The switch Is is dissipated by the resistor.
initially open.

(D) The current in the battery decreases because the
potential difference across the resistor decreases as
the capacitor is charged. o



ldentify the Science Practice
* Course and Exam Description

 Mech page 175
 E&M page 151

* |dentify which Science Practice is assessed in each of
the Multiple Choice Questions

* Write them down and after you are done check if you
are right

e'COHBQOBOﬂrd Oather Strawderman AP Physics
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Science Practice/Skills

Practice 1 Practice 2 Practice 3

Creating Representations B  Mathematical Routines EX Scientific Questioning and
C:leete representations that depict physica| Conduct analyszs lo desive. calculale, estmaie or -~ Argumentation IEX
ENOmend. i
g predict. Describe expe-imental procedures, analyze daza, and
support claims.
- SKILLS
KX Create ciagrams, tables, charts, { ‘E!J Derive a symbolic axpression \1 EX) Create experimental pracedures
or schematios to represent physical - from known quantities by selecting 3‘" that are appropriate for a2 given scinntific
situatiors. . anc folow'rg a logical mathematical qucstion,,
. pathway. } S

KK Create quaniitative graphswith ¢ ] JEX] Apply an approprigte law, definizion,
appropriate scales and units, including | EXJ Calculate or estimate an unknown | | theoretical relationship, or model to make a |

s
)

plotting data. ¢ quantity with units from known ‘ claim.

- guantities, by selecting and following a;{ i
EE3 Creale gudlilalive skelches of . logical computztional pathway. EX3 Juslily or supporla claimusing
craphs that represent features of a * | evidence from expernimental data, physical
model or the behavior of a physical 1l 2.C Compare physicalquantities - representations, or physical principles or !
system. o between two or mare scenarios or

- Llaws.
¢+ atcifferent times and locatiorsina N
¢ single scenario.

EX3 Fradict new values ar factors of 5‘ O N LY S k| | IS Assessed

- change of physical quantities using

furctional dependence between »‘ on the MCQ Sect|on

variables.




AP Physics
Courses Overview

Since Fall 2024




College Major

Engineering,
Science, Math, Pre-Med and
Computer other
Semester Science
1st AP Physics C: AP Physics 1
Mechanics
2nd AP Physics C: AP Physics 2

E&M



AP Physics 1

Course Overview




P1 Units: May 2025

Algebra Based course meant to
replicate 1st Semester College
Physics.

Designed as year long course.

Unit
Number

Unit Title

Kinematics
Force and Translational Dynamics
Work, Energy, and Power

Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Fluids

67



AP Physics 1

Units of Instruction Exam Weighting
Unit 1: Kinematics 10-15%
Unit 2: Force and Translational Dynamics 18-23%
Unit 3: Work, Energy, and Power 18-23%
Unit 4: Linear Momentum 10-15%
Unit 5: Torque and Rotational Dynamics 10-15%
Unit 6: Energy and Momentum of Rotating Systems 5-8%
Unit 7: Oscillations 5-8%

Unit 8: Fluids 10-15%
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AP Physics 2

Course Overview




P2 Units: May 2025

Algebra Based course meant to
replicate 2nd Semester College
Physics.

Designed as year long course.

Unit

Number Unit Title

) Thermodynamics

10 Electric Force, Field and Potential
11 Electric Circuits

- Magnetism and Electromagnetism
13 Geometric Optics

14 Waves, Sound and Physical Optics

15 Modern Physics
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AP Physics 2

Units of Instruction Exam Weighting
Unit 9: Thermodynamics 15-18%
Unit 10: Electric Force, Field, and Potential 15-18%
Unit 11: Electric Circuits 15-18%
Unit 12: Magnetism and Electromagnetism 12=-15%
Unit 13: Geometric Optics 12-15%
Unit 14: Waves, Sound, and Physical Optics 12-15%

Unit 15: Modern Physics 12=15%
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AP Physics C:
Mechanics

Course Overview




_ : - Unit ta
C: Mechanics Units: May 2025 Number Uit Title

Calculus Based course meant to
replicate 1st Semester
University Physics.

Kinematics

Force and Translational Dynamics
Can be taught as a semester

long course or a year long
course.

Work, Energy, and Power
Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations
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AP Physics C: Mechanics

Units of Instruction Weighting
Unit 1: Kinematics 10-15%
Unit 2: Force and Translational Dynamics 20-25%
Unit 3: Work, Energy and Power 15-25%
Unit 4: Linear Momentum 10-20%
Unit 5: Torque and Rotational Dynamics 10-15%
Unit 6: Energy and Momentum of Rotating Systems 10-15%

Unit 7: Oscillations

10-15%

74



AP Physics C:
Electricity & Magnetism

Course Overview




C: E&M Units: May 2025

Calculus Based course meant to
replicate 2nd Semester
University Physics.

Can be taught as a semester
long course or a year long
course.

Unit
Numb

3

Unit Title
er

Electric Charges, Fields, and Gauss’s Law
Electric Potential

9

10 Conductors and Capacitors
11 Electric Circuits

12 Magnetic Fields and Electromagnetism

13 Electromagnetic Induction
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AP Physics C: E&M

Units of Instruction Exam Weighting
Unit 8: Electric Charges, Fields, and Gauss’s Law 15-25%
Unit 9: Electric Potential 10-20%
Unit 10: Conductors and Capacitors 10-15%
Unit 11: Electric Circuits 15-25%
Unit 12: Magnetic Fields and Electromagnetism 10-20%

Unit 13: Electromagnetic Induction 10-20%
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Redesign Committee

Hamza Balci, Kent State University

*Suzanne Brahmia, University of Washington
*Eric Burkholder, Stanford University

*Robert Davis, Brigham Young University
*Veronica Ellingson, Hudson Senior High School
*Kristin Glover, Prairie Ridge High School
eKathy Harper, The Ohio State University

eMark Hossler, Landmark Christian School
«Stefan Jeglinski, University of North Carolina
eKathy Koenig, University of Cincinnati

*Kristine Lang, Colorado College

«Samuel Lofland, Rowan University

*Joe Mancino, Glastonbury High School
*Ricardo Markland, Miami Coral Park Senior High School
*Dee Dee Messer, William Mason High School
*Holley Mosley, Liberty High School

*Matt Sckalor, Great Neck South High School

*Peter Sheldon, Randolph College

*Gay Stewart, West Virginia University

*Shelly Strand, West Fargo High School

*Oather Strawderman, Lawrence Free State High School
*Brian Utter, University of California Merced

*Matt Vonk, University of Wisconsin

College Board Consultants
*Brian Brown

*Anders Gardestig

*Ann Marie Zolandz

*Angela Jensvold

Mark Widmer

e' CallegeBoard
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AP Physics Course and
Exam Description

Course and Exam Description : ‘CED’



The Course and Exam Description aligns course skills with course content.

Content Instruction

* Instruction should help develop
and reinforce long-term takeaways
for students, not just mastery of or
familiarity with specific concepts or
vocabulary definitions.

 Consider what students should
remember beyond the completion
of the course — that is, what
students should understand vs.
know.

Skill Instruction

« Students need explicit instruction and
repeated opportunities to practice
course skills in different contexts
throughout the school year — just
because students can apply a skill in
Unit 1 doesn’t always mean they’ll be
able to apply it in Unit 3.

* Course skills help students make
sense of new situations, giving them
the tools they need to be successful
on the AP Exam and in sequent
courses.
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A “one-stop shop” for teachers!!

AP Physics
Course and Exam
DeSCrI ptIOnS AP Physics 1: AP Physics 2:

Algebra-Based Algebra-Based

Major Sections:
* Front Section
* Course Framework

* Laboratory
nvestigations

* Instructional Approaches AP Physics C: aggg;g;sag;
* Exam Information e
» Scoring Guides B

* Appendix
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The Course and Exam Description has six main sections.

Contents

Acknomodoments
About AP

AP Rescurces anc Support
Instructional Mode!

Aboutthe AP Physics 1 Cowse
College Course Equiwleor:
Provexquisites

Laboalory Bagurerm=nt

INSTRUCTIONAL APPROACHES
Sebecting and Using Course Materiale
Culdecd Inguiry 'n AP Physizs 1
Instruciional Suategies

Develaping the Science Practices

EXAM INFORMATION

T Ceaarn Overview

How Stadoent Learning s Asscasced anthe AP Exam
Task Verbe Usad in Fres-Respense Cuestiora
Sample Exam Questions

COURSE FRAMEWORK
Introduction

Course Framewoark Comparents
Scianca Fracrces

L CoursaCortent

Couirsm wt a Glancs

Unit Guides

hircducncn

Uzing t1e Jar Guides

vt 1 Klnematics

usr = Farss ard Tenclational Dynamrics
vt % Week, Encrge, ard Poacr

T war & Lo Voewnluen

vt & Torgueand Rolsbang Dparece

wnt e Eoergy Aol Mo s tm o sofating Sesiens
vt 7: Cezilatiors

vt e Fluice

SCORING GUIDELINES

Guestion 1: Mathematical Routings Guestion

Guiestion 2= Transintion Between Represantations Questice
Question 2 Egpenmantal Decign and Analyzes Queclion

> Guestion 4 Qualitath e/ Quantitative Trarslation Queston

APPENDIX

5 Wocabwlary and Delinitiars of Impodlant [deas in AR Physics

Tadla of Irformation: Equations

LABDORATOAY INVESTIGATIONS

5 Lab Experiments

How to Set Up o Lab Frogram
Laboratory Invastgaticns

1.

Front Matter: All about AP,
including resources and supports,
as well as course prerequisites and
laboratory requirements.

Course Framework: All course
content and skills, with both high-
level and detailed views.

3.

Laboratory Investigations: Information on
lab experiments and materials, lab manuals
and notebooks, lab time, how to set up a lab
program, lab equipment, group
collaboration, lab safety, what “counts” as a
lab, types and formats of labs, and lab skills.

Instructional Approaches: Selecting and
using course materials, scaffolding scientific
inquiry, strategies for constructing learning
activities that develop course content and
skills, and a case study for practicing apply
course skills within the context of a single
scenario.

Exam Information: Overview of the
structure and contents of the AP Exam, plus
sample exam questions.

Scoring Guidelines: Explanation of how
points are awarded for each FRQ type on
the AP Exam

Appendix: Vocabulary and definitions of
important course/discipline ideas, and the
reference sheet with equations
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Checkpoint 7

What are the Generic Lab Equipment
items and Physics-Specific Optional Lab
Equipment items listed in the Course and
Exam Description?

Checkpoint 1

What are the three Science Practices
and the ten Skills? What do you notice
about the skills as you go down the
column of a practice?

Checkpoint 2

How many units are there in the AP
Physics course? Which unit has the
greatest number of topics? How
many topics does that unit have?

\ A Checkpoint 6

AP Physics courses require that 25%

" of instruction time is spent in hans-on

" laboratory work. How does AP define

) | Labs and Lab Time?

.

Checkpoint 3

In the Course at a Glance, what do the

percentage ranges under each unit .
header represent? Why are they given
as ranges? Which unit has the greatest
percentage listed?

Checkpoint 5
. Put these terms in order from most
. general to most specific content
knowledge:
Topic
Learning Objective
Unit
Essential Knowledge.

Checkpoint 4
What information is provided at the
beginning of every Unit?

/__‘_-—\

. Checkpoint 8
- Where can you find more detailed

‘ information about teaching and developing

the Science Practices?

[

Checkpoint 9 l
Which skills are assessed on the

MCQ section of the exam and .
which skills are assessed on the o
FRQ section of the exam? I

L

\ *
. “ Checkpoint 10

Where can you find the
Equation Sheets in the Course
and Exam Description? What
information are students
provided in them?
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Textbooks,

Syllabus Development Guides,
Sample Syllabi

And

Yearlong Pacing

2026-2027 Plan

Oather Strawderman AP Physics
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2026-27 AP Course Audit Process: AP Physics

Submission Options
1. Adopt the Unit Guides or a Sample Syllabus s s o v

2. Claim identical to an approved syllabus (i.e., from a colleague)
3. Submit an original course document

All AP Physics teachers returning from before 2024 will have to: ©
1. Complete the AP Course Audit Form attestation; and
2. Select one of the three submission options for authorization.

Note: An original course document does not have to be what is used in the classroom. The document
submitted needs only address the curricular requirements as described in the required evidence
statements outlined in the AP Course Audit Syllabus Development Guide.
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2026-27 AP Course Audit Process: AP Physics

Submission Options

AP Course Audit 0w o Prumiirs ~ Yy . CUTF TR

~ Rusomecs v Help Loager AP Classroom

AP Course Audit  Home

Adopt the Unit Guides or a Pre-approved Syllabus for Phyzics 1

e WPl ¢ Busramcr ype ) Ao o¥arpe tdkay

Rl aw s reg resd siage 2 0308 & coe s docamwel

f Cecoansvurememhenwen
3 Dredand e (00 e T T AT Ol W TE W e
20" vanzea o nInnee

Syllabus Submission

Fleaze zelect the type of cubmission that yoa would 1ke 10 uce for your
2020 - 2021 Physaics 1 ecurse, AP Physics L Unit AP Physics
Gudes Sample Syllzhus 2

BNV 0h By DR LD (O W WL T Do 2 AR

- s i T ' .
Course Stmus /  Submisskn Twpe AP Course Audit Cikew  Raa v Weowcm v APPrelaiewllawig Decore snAP Medw Mk Ledoer

3 57
Meed help steating your eylien Submit New ar Revised Syllabue for Phyaton 1

079 Nen o “evaxd Uykb o

Carse efus 7 Lderoomot Ime /)

Aeviow e Sleous Deveicoment Gace Thiz reecurse nelugas 19 DU BRI NeE MA@V es LBe 16 ava uate sfladd alorg with 1hies saeg/es of addenca ‘areach
roquremen. Tris guide also speofics the ‘ovel of detzil reguined in the sellzbus to reccive course suthonzst or
The coourert you t b thauld ol adziece e curicud a regirarerr s 3 ceccr Bad in Mz ragirad eviiesce stemes ostissd In 1he 75 Couse

Salect a submizeion W Asdr Tt abran Dessiopmeat Guida Manlly 1w rocommat Bouki 0 ewens 175 pogrs 4o 250k Wina v e A7y dratlping IThmaion (8 3w i WaTa
W) nETC,
Cek 1 uplosd »out Zecimart
B MIW DN 2\ e o8l 30¢ 3eeo' M. Ih E A Ca2ted 2N
Butenit Hew o Reviaed Syllabex aim 1dentizal 1o 2 Syllabes in Approved Sxll Mopt Unit Caides ar

afample Syllebin
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https://apcentral.collegeboard.org/media/pdf/ap-course-audit-user-guide.pdf

AP Teacher Access to AP Classroom

v Toestors | AF 'ﬂ'. _ Q

A Caval § Mowe Msow AR A Cowane | B . Coow Onbeing Adwinatnsios & Sooees [P IT IV

AP Course Audit

Find everything you need 1o complets tre AP
Course Audit and get your course authorized

Whatle AP Courve Aucie®

How It Works

Neadr o gst vou corae pithcazed? Hee's overytvirg roameed o
Inow, iIneiLding g2p by skep inataucticna, femma, and sxexf e dekib
SROUT YOUr A sULject.

For AP Physics teachers to be able to access AP
Classroom AND to be able to create class
sections for the 2025-26 school year, only two
actions are necessary.

* The AP teacher must complete and submit
the AP Course Audit form.

The AP Course Audit Administrator must
approve the form.

Important: Selecting and completing one of the
syllabus submission options is not required for
access to AP Classroom or to create class
sections.

Teachers can access AP Classroom at

https://myap.collegeboard.org.
Bookmark this website!!!
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Example AP Physics C Textbook List

- Bauer, Wolfgang, and Gary Westfall. University Physics, McGraw Hill.

« Chabay, Ruth W., and Bruce A. Sherwood. Matter and Interactions. New York: John Wiley & Sons.

- Fishbane, Paul M., Stephen Gasiorowicz, and Stephen M. Thornton. Physics for Scientists and Engineers. Upper Saddle River,
NJ: Prentice Hall.
Giancoli, Douglas C. Physics for Scientists and Engineers. Upper Saddle River, NJ: Prentice Hall.
Halliday, David, Robert Resnick, and Jearl Walker. Fundamentals of Physics. New York: John Wiley & Sons. (or any variation on
the Halliday text)

« Hecht, Eugene. Physics: Calculus. New York: Brooks/Cole.

« Knight, Randall D. Physics for Scientists and Engineers: A Strategic Approach with Modern Physics. Boston, MA: Addison-
Wesley.
Knight, Randall D. Physics for Scientists and Engineers: A Strategic Approach with Modern Physics, AP Edition. Pearson.

«  Moebs, William, Samuel Ling, and Jeff Sanny. University Physics Volume 1. OpenStax.

- Sanny, Jeff, and William Moebs. University Physics. Fort Worth, TX: Saunders.

- Serway, Raymond A. Principles of Physics. 1st Edition. Fort Worth, TX: Saunders, 2012.

- Serway, Raymond A. and John W. Jewett, Physics for Scientists and Engineers with PhysicsNow and InfoTrac. 5th edition.
National Geographic Learning/Cengage Learning.
Tipler, Paul A. Physics for Scientists and Engineers. New York, NY: W. H. Freeman.
Wolfson, Richard, and Jay M. Pasachoff. Physics for Scientists and Engineers. Reading, MA: Addison Wesley Longman.

* Young, Hugh D., and Roger A. Freedman. University Physics. 14th Edition. Addison Wesley.

«  Young, Hugh D., Roger A. Freedman, T.R. Sandin, and A. Lewis Ford. Sears and Semansky’s University Physics. Reading, MA:
Addison-Wesley.
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AP Physics Online Textbook

Openstax.org
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Curricular Requirements: Syl

© AP

SYLLABUS DEVELOPMENT GUIDE

AP Physics C:
Mechanics

T quidh con taine the faTosing iefornaan:

Curricular Requirements

‘Tac curmedar reguremens e the core eeorex s of the ccurs:. A syllaboo nust
prodde ool edtdaace al cych mquireeent based an the regulres evidinoe
eren)o) Tie Unit Quiles aud the *lrsuuctional sppre oo™ sovuon of U
AV® tyeves O Meonaier Casess an? Dvore Dasenedsze (CHD) oy be cxeful 1
proAdoy e ence tor tatistyyy these cumbuly tqurements

Required Evidence
Tucss sycroems deaxeibe the wpe of evidence ad lovel of dotad tequaed in e
wylubics o Jemzesdzain tum thy surzioale sequinenaal i anl in Un cocee

Note, Currl sular eqaiiements my havs ore ©an oo oyded evidanoe srateont
Ewch waise sy, mual by addnscasd 1o 2200 Die soquine sy,

Samples of Evidence

Foe wach ruenmzlnr mouiressct, boas o taree | phex od pard nrm
provided. Thaoe oamgles poovsde cithar worzatio evldiace of choxt deszcipthons
al wha!l axceplacie woidenze coubl woa hwin ¢ sylabas. L scoas scnplas, s
Apecite Aanguae that acdrassad e cequingd sridance s hidalghted iz ald %o

abus Development Guide Mech

Curricular Requirements

2

g

g

Students and teachers have access lo college-level resources, including a
college-level textbook and reference materials in print or electronie format.

The course provides cpportunities to develop student undersianding of the
required content outlined in each of the unita described in the AP Physies C:
Mechanics Course and Exam Description.

The courze provides opportunities for students to develop the skills related to
Science Practice 1: Creating Representaticns.

The course provides opportunities for students to develop the skills related to
Science Practice 2: Mathematical Routines.

The courze provides oppaortunities for students to develop the skills related to
Selence Practice 3: Scientific Questioning & Argumentation.

Students spend 2 minimum of 25% of instructional time engaged in hands-¢n
laboratory invezstigations.

Students engage in hands-on laboratory invesligalions representative of
the topics cutlined in the AP Physica C: Mechanics Course and Exam
Description.

The courae provides opportunities for students to record evidence of their
seienlific investigations in a portfolio of lab reports or a lab nolebook
(print or digital format).

f‘?CollageBoard
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Curricular Requirements: Syllabus Development Guide E&M

© AP

SYLLABUS DEVELOPMENT GUIDE

AP Physics C:
Electricity and Magnetism

The: quide contalns the folowing Lndarmation:

Curricular Requirements

The cord cu ar requirement | A% the onre slamente of the ooumee & syllahus mugt
yenvide seplelt svidencs af aach vaquireeya=t haszad an the *seqoined avidarnon
alubwenmrntix) Thee Unil Gondees wnd the *lectnschooald A pmmaches®™ sectcn af t=e
APS Pirgpaies C: Blectrieiry and Mogmenzo Dourae and Sxom Deaciiptiac (CED) may
e ugeful i poeoviding evidencs o seislying uede curticulae tagaiements,

Required Evidence

‘Thene statemarts deacnbe the type of evidence and Jevel cof desmi) requesed in tae
ayllabus to demonstrate how the cwrcular requiramient & rmet in the courss

Nate: Cummicular requiremyerss may have more than one eeguired svidence styemert
Eutiy alalemunt must Do uiddoessed W JulCL the reguinameca,

Samples of Evidence

For each cundlouly reqozement, two Lo Luee separate sampoeda of vbience e
cevided. Thede samples soovide ¢lther verbatim evldnee or clear descrnplicea

of what aceeptahia endenrs coake bbac 2k Ina syllabuis. I soore sampes, the

aparhe langiags that addreasaz the mauiras suidanes 2 highhghtad I= bald =t

Curricular Requirements

(CR2

CR7

Students and teachers have access to enllege-level resoureas, including a
college-level textbook and reference materials in print or electronic forma:.

The coursz providas opportunities to develop student understanding of the
required content oullined in each of the units desciibed in the AF Physics C:
Elactricity and Magnetism Course and Exam Description.

The course provides opportunities for students to develop the skills related to
Science Practice 1: Creating Represertations.

The coursa providas opportunities for students to devalop the ekills related to
Science Practice 2: Mathematical Routines.

The coursa providas opportunities for students to develop the skills related to
Science Practice 3: Scientific Questioning & Argumentztion.

Students spend a minimum of 25% of instructional time ergaged in hards-on
laboratory investigations.

Students engage in hands-on laboratory Investigations representative of the
topics outlined in the AP Physics C: Electricity and Magnetism Course and
Exam Description.

The coursz providzs opportunities for students to record evidence of their
scientifie investigations in a portfelio of lah reports or a lab notebook
(print cr digital format).

f‘?CollageBoard
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Year Long Pacing Activity C:Mech and C:E&M

In your group, break up the content into a year long list of units, that
doesn’t have to match the Course and Exam Description.

*Assign numbers of days/weeks to each unit, include location of
breaks.

Include time for review (hopefully!!).
*List the major content covered in each unit.
*For each unit list one lab/activity you do during the unit.

 Exam Dates 2027
» Mechanics: Monday May 3 - Session 1 (9:00am)
 E&M: Wednesday May 5 - Session 2 (1:00pm)
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Angular Acceleration
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Angular Acceleration of Rotating Phone Lab

© Last purchased Aug 5, 2024

Number of Items: 24 | View arder
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S ddd
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Funos Click to see full view

#* Ask Rufus

What ages are these for?

Can they be used as classroom rewards?

24 Pack Party Favors Fidget Spinners for
Kids, Sensory Fidget Toys, Return Gifts for
Birthday Party Goodie Bags Stuffers for
Kids Spinners Toys Classroom Rewards for
Students

Visit the Wsslan Store
48 M A kA (364) | Search this page
1CC+ hought in past month

$2699

Jprime One-Day

FREE Returns v

Save up to 11% with business pricing. Sign up for a free Amazon
Business account

Thank you for being a Prime member. Get a $150 Gift Card: Pay $0.00
upcn approval for Prime Visa, No annual fee.

May be available at a lower price from ather sellers, patentially without
free Prime shipping.

Numhar nf Iteme 24

Buy new: (o]
52699
vprime One-Day

FREE delivery Tomorrow, June

16 to Lawrence 66049, Order
within 8 hrs 38 mins

@ shorter shipping distance v

FREE Returns v
In Stock

Quantity: 1 v

Add to Cart

Ships from  Amazon

sold by Weslon-85

Retums 50-day
refund/replacement 4 97



Angular Acceleration of Rotating Phone Lab

e Put your phone on top of a fidget spinner

e Start the stopwatch on the phone and spin the phone

e Video the phone spinning with another phone until it stops

e Record the time when the phone is orientated upright

e Record the time after one rotation

e Calculate average angular velocity which is equal to the
instantaneous angular velocity at the middle of those two
times

e Repeat this calculation several times over a range of spins

e Plot instantaneous angular velocity vs time;
the slope is the angular acceleration

Oather Strawderman and Joe Mancino 98



Angular Acceleration of Rotating Phone Lab

Initial Time Time after 1 Middle Time w=21/(At)
(s) rotation (s) (s) (rad/s)

Oather Strawderman and Joe Mancino
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Angular Acceleration of Rotating Phone Lab

Initial Time (s) Time after 1 rotation (s) Middle Time (s) w=2m/(At) (rad/s)
1.92 3.21 2.565 4.87
6.76 9.93 8.35 1.21

Oather Strawderman and Joe Mancino 100




Angular Acceleration of Rotating Phone Lab

Middle Time (s)

2.565

3.985

5.76

8.35

w=21/(At) (rad/s)

4.87

4.05

3.14

1.21

c Linear Regression

o IF
v = ~0625330x + 656285

STANTSTES RESDODUM
& = 09924 € plot
O] r= -0.9962
-

v .

Oather Strawderman and Joe Mancino
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PhyPhox App

i

- &

5.0 a+ S = EN 17.9
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wm"ﬁ ch Ve Malay
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= acevad a0 e Alapwatch perfnerancs Mlawing Toe mismum cleliy v tingt halw e intanal auso bouffer sirze of Pw . mare VYewson 1L1%
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Angular Acceleration of Rotating Phone Lab

e Use PhyPhox app on a smart phone or tablet

e Put your phone on top of a fidget spinner

e Open up the Magnetometer in PhyPhox

e Select the x graph and hit play

e Spin the phone and record until the phone stops spinning

e Record the time at the top of a peek

e Record the time at the next peek

e Calculate average angular velocity which is equal to the
instantaneous angular velocity at the middle of those two
times

e Repeat this calculation several times

e Plot instantaneous angular velocity vs time and the slope is
the angular acceleration
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Angular Acceleration of Rotating Phone Lab

Graph Absolute Multi Simple Help
Magnetometer x

N
K

20

B (uT)

-20

0 2
t(s)
ses Nare tools

[o: Pick data

“ Pan anad zoom
S
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Angular Acceleration of Rotating Phone Lab

e Use PhyPhox app on a smart phone or tablet

e Put your phone on top of a fidget spinner

e Open up the Gyroscope in PhyPhox and select
Z graph

e Hit play

e Spin the phone

e Once the phone stops spinning stop PhyPhox

e Select Pick Data

e Tap and drag along the line to determine
angular acceleration

Oather Strawderman and Joe Mancino 105




Density of Air Lab

e Use PhyPhox app on a smart phone or
tablet

e Raise your phone as high as possible,
and measure pressure at thish =0

eVary ‘depth’ from this highest point

e Plot Pressure vs Depth

eSlope is pg

Oather Strawderman and Joe Mancino 106



Density of Air Lab

Depth (m) Pressure (Pa)
0.0 101,805
0.5 101,810
1.0 101,816
1.5 101,820
2.0 101,826
2.9 101,831

Oather Strawderman and Joe Mancino 107




Density of Air Lab

Depth (m)
0.0
0.5
1.0
1.5
2.0
2.5

Pressure (Pa)

4
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,810
,816
,820
,826
,831

4 @ »
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R = 0SS L
=052

sl siKs RESIJ VLS

x In Sgn Up
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™
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107830
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Oather Strawderman and Joe Mancino
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Density of Air Lab
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Density of Air Lab

oo (DJ(< ] @@)(2 desmos.com 2 @) (@) (+)(©)

= Untitled Graph | Save login | Signup 2 ©@ ®
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Density of Air Lab

oo M) @@ wmmem o) (O

= Untitled Graph | Save Log In Sign Up
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67 CollegeBoard

Experimental Design and
Analysis FRQ

e

e FRQ #3 - 10 points

Oather Strawderman AP Physics 114




Mechanics LAB FRQ 2026

AP PHYSICS C: MECHANICS 2076 = FREE-RESPONSE QUESTIONS

The following information applies to parts A and B.

3. Ahorizontal spring of known spring conslanl k is altached (o a wall. A block of known mass m
is placed on a harizanlal surface next (o but not attached to the spring. The spring is al ils
relaxed length when the block is at pasitian x = (}, as shaown in Figure 1. There is [riction
between the block and the surface only far positions x > 0.

Iigure 1
— X
k _
0000090000006 A | {5"‘
X = 0 o

A student is asked to experimentally determine the coefficient of kinetic friction 4, between
the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

eCo]lageBoard Oather Strawderman AP Physics 115




Mechanics LAB FRQ 2025

AP PHYSICS C MECHANICS 2025 - FREE-RESPONSE QUESTIONS

3. A bax is connected to one end of a rigid rod. Both the box and the rod have negligible mass. The
nther end of the rod is connected to a pivol. The box is open on one side. and a block is placed

inside the box.

The center of mass of the block is displaced a vertdical distance h, as shown in Figure 1. The
block-box system is then released from rest and swings downward. There is negligible friction
abourt the pivot. When the system is at the lowest point of its swing, the rod collides with a rigid
stopper, as shown in Figure 2. The box comes (o rest, and the block is launched horizantally out
of the box. The black maves across 3 horizontal surface toward a malian sensor thal measures

the speed of the block. All frictional forces are negligible.

Pivar

v

.
=~ Stopper ':I
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E&M LAB FRQ 2026

AP PHYSICS C: ELECTRICITY AND MAGNETISM 20206 - FREE-RESPONSE QUESTIONS

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance £, ol an inductar: The students have access to multiple charged capacitors, each ol a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is cannected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1
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E&M LAB FRQ 2025

AP PHYSICS C: ELECTRICITY AND MAGNETISM 2025 « FREE-RESPFONSE QUESTIONS

3. In Experiment 1, students are asked to use a graph to determine the resistivity p, of a circuit
element that is connected to a variable power supply, as shown in Figure 1. The circuit element

is cylindrical and has uniform resistivity. The students have access to a voltmeter, an ammeter,
and a ruler.

Figure 1

e

Circuit Element
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Experimental Design and Analysis FF

e Find Question #3 the LAB FRQ

e Look at either the Mechanics or the E&M Student
Samples packet

* Read through and determine the tasks that the
student have to do for each part

* Record how many points per part

Q

[__4 4
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LAB FRQ Practice

» Work through the LAB FRQ for the exam of your
choosing

e As you work the FRQ think about how you can
help prepare you students for this item type

 How could you adjust how you structure labs?

e How could you adjust what you require in lab
reports?

€ CollegeBoard Oather Strawderman AP Physics 120




Experimental Experiment 1

Design & Analysis Part A

FRQ Indicate quantities that could be measured to
create a linear graph (Part i-1pt)

Tasks Describe a method to reduce experimental

uncertainty (Part ii-1pt)

Part B

Indicate what quantities could be graphed on the
axes to create a linear graph (Part i-1pt)

Describe the relationship between the unknown
guantity and one feature of the graph (Part ii-1pt)

121



Experimental Experiment 2

Design & Analysis Part C

FRQ Label the axes with quantities & units that could
be measured to create a linear graph (Part i-1pt)

Tasks Label the axes with linear scales (Part ii-1pt)
Plot the corresponding data points on the grid
(Part ii-1pt)

Draw a best fit line (Part ii-1pt)

Part D

Calculate the unknown quantity (2pts)
1pt for indicating what the slope represents

1pt for stating the unknown quantity within a
range 122




Experimental Design and Analysis (LAB)
Y 15[ 23] 20]3a]38]3c

10 points; suggested time: 25-30 minutes

The Experimental Design and Analysis (I AB) question assesses students’ abllity to create scientific procedures
that can be used with appropriate data analysis techniques to determine the answer to given questions. The LAB
question can roughly be divided into two sections: Design and Analysis. In the Design portion of the LAB question,
students will be asked to develop @ method by which a question about a given physical scenario could be answered.
The experimental procedure is expected to be scientifically sound: vary a single parameter, and measure how that
change affects a single characteristic. Methods must be gble to be performed in a typical high school labcratory.
Measurements must be made with realistically obtainable equipment or sensors. Students will be expected to
describe a method by which the collected data could be analyzed in order to answer the posed guestion, by either
graphical or comparative analyses.

Students will then be given experimental data collected in order to answer a similar, but not identical, question to
what was asked in the Design portion of the question. Students will be asked to use the data provided to create

and plot a graph that can be analyzec to determine the answer to the given question. For instance, the slope or
intercepts of the line may be used to determine a physical quantity or perhaps the nature of the slope would answer
the posed question.



FRQ Booklet Structure: Question #3 LAB: P1
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Page 16

PARTC
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Question 3
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PARTD

Page 17

Quastion 3 i9 continuad an the naxt page

Q Coto Question 4 In Elu cbco‘ mnn you're denc with this question.




FRQ Booklet: Which Version? P1

(0]

Question 3

There are fzur versions of Question 3; you
vill only be arswering one version.

Bluebock will indicate which version 1
answer (J, K, L, or M) and the page
number in the booklel

Makes sure you respond in the comrect
space in the booklet,
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FRQ Booklet Structure: Question #3 LAB - P2 & Cs

- w
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Question #3: Experimental Design and Analysis: P2&Cs

—/
T__/
| B
L
=

~Y

Force

Sensor

The students want to determine an experimental value for the magnetic
permeability of free space, u,. The same experimental setup is used and the
current [ is the same for both wires, as shown in Figure 2. The length I. of the
wire segments fixed to the boards is measured. In this experiment the distance

d belween Lhe wires is held [ixed and the [orce is measured while the current {
is then varied. Using measured values of L=1.4 m and d =0.005 m, the students
collect the data shown in Table 1.

lable 1
I(A) | F(mN)
2.8 0.35
3.2 0.60
3.6 0.65
4.0 1.00
4.4 1.10
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Question #3: Experimental Design and Analysis: P2&Cs

(Juantity ([nits, if sppropreate) N R N

. . . . i I O O O O O

(c) i. Label the axes of the grid provided with mcasured or calculated O O O O
quantitics. Include units. as appropriate. The graphed quantitics should ST N N O 1 O I

yicld a lincar graph that can be used to determine g, B o B o o e e o S &

I | I I N I I I I B | L1

ii. On the grid provided, create a graph of the quantities indicated in part (c)i. N A e

o e o e e
. . . Sl L L
o Clearly label the axes with a numerical scale. e T e R

« Plot the corresponding data points on the grid. ST N O O O O

» lable 2 is provided in your booklet for scratch work and Y S W A o

will not be scored. B B B e e e

SN O O

iii. Draw a best-fit line for the data plotted in part (¢)(ii). O S O I G

(d) Using the line drawn in parl (¢)(iii) and the measured values L=1.4 m
and d =0.005 m as needed, calculate the magnetic permeability of free Quantity

Units (f appropnate)

space, .
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Question #3: Experimental Design and Analysis

A group of students are given a cylindrical container half filled with a liquid of unknown
density p as shown in Figure 1. The students have access to an additional container with
more of the same liquid, meter sticks, and a pressure sensor. They do not have access to a

A. i Indicate quantities that could be measured by the students that would
allow them to determine the density of the liquid using a linear graph.

ii. Briefly describe a method to reduce experimental uncertainty for the
measured quantities.

Container—s’

i. Indicate what quantities students could graph on the horizontal and

vertical axes to create a linear graph that can be used to determine the
density of the liquid.

i. Briefly describe the relationship between the density of the liquid and
a feature of the graph from Part B (i). Your answer may include an

equation that relates the density of the liquid and the chosen feature of
the graph. 130




Question #3: Experimental Design and Analysis: P1

[

~~~~~
-

Figure 2

The students perform another experiment with another cylindrical
container which is filled with water, as shown in Figure 2, The students
make a small hole in the side of the cylinder and measure the speed v at
which water exits the hole. The students plug the first hole, make another
one at a different height, and repeal this procedure. Table 1 shows the height
h of each hole relative to the top of the water, and the corresponding water
speed v.



Question #3: Experimental Design and Analysis: P1

Table 1
Height h (m) | Speed v (1m/s)
0.25 2.2
0.20 2.0
0.15 1.8
0.10 14
0.05 1.1

C. The students correclly determine (hal the relationship belween i and v is
given by

v=/2gh

The students want to determine an experimental value for the acceleration

due to gravity. The students create a eraph with v* plotted on the vertical axis.

i. Label the horizontal axis of Figure 3 with a measured or calculated
quantity. Include units, as appropriate. The graphed quantities should yield
a lincar graph that can be used to determine the acceleration due to gravity.
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Question #3: Experimental Design and Analysis: P1

ii. On the grid provided in Figure 3, create a graph of the quantities

Figure 3
indicated in part C (i). 2 (mis?)
. . . . 6.0
- Clearly label the horizontal axis with a numerical scale.
- Plot the corresponding data points on the grid. >
- 'Table 2 is provided in your booklet for scratch work and will not be 40
scored.
3.0
iili. Draw a best fit line for the data graphed in part C (ii). 2.0

1.0

D. Calculate an experimental value [or the acceleration due to gravity using the best-fit
line that you drew in part C (iii). 0.0

Quantity Umits (if appropnete)
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Experimental Design Part: Tips

« Use the Reference Table equations to guide your thinking to decide what
quantity you will vary and what quantity will vary as a result

- Make sure and mention that you will vary the independent variable many
times (10 times for example) to reduce experimental uncertainty

* Be very clear which axis which quantity will be graphed on in Part B.

« Show the equation you are using and how the slope of the graph will give
you the unknown quantity, write derivation in y=mx+b format
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Experimental Analysis Part: Tips

« Use the Reference Table equations to guide your thinking to decide what
qguantity you will vary and what quantity will vary as a result

* Tip: Use the space in Part D to do your derivations to determine what
you are going to graph, write derivation in y=mx+b format

* Fill out the data table to help the Reader know what values you are
plotting but it will not be scored
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Experimental Analysis Part: Tips

« Label both axes with the Quantity and the Units, i.e,. length (m) or time (s) or t2 (s2)
« Make sure if a quantity is squared in your equation, you plot that quantity squared
« Label each axis with a linear scale of values

« Use as much of your graph as possible, don’t have all the dots in the bottom left-
hand corner because it makes it difficult to determine if the data points are correctly
plotted

« Good rule of thumb is to have an equal number data points above and below the
best fit line
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Experimental Analysis Part: Tips

« Make it clear how the graph/equation will be used to determine the
unknown quantity

 Use Desmos to determine the slope of your line

. Mal o Part D includos 4 i
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Using Desmos to Determine Slope of a Graph
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Switching Modes in Desmos!!

Calculator

. DY
sinal)

= —[LOSROF1G24013
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Developing the
Science Practices

How your students will be asked
to demonstrate what they know

Oather Strawderman AP Physics 141



LAB Skills: EEIETIFTY ERS

Practice 1

Creating Representations KN

Crezte rzpresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines E3

Conduct analyszs lo derive. caleulats, estmale, or
predict.

Practice 3

Scientific Questioning and
Argumentation EX

Describe expe-imental procedures, analyze daza, and
support claims.

KX Create ciagrams, tables, charts,
or schematios to represent physical
situatiore.

KX Create quantitative graphs with
appropriate scales and units, ncluding
plotting data.

EEd Creale gualilalive skelches of
craphs that represert features of a
model or the behavior of a physical
system.

EX] Derive a symbolic axpression
from known quantities hy selecting
and fol'low rg a logical mathcmatical
pathway.

EX]) Calculate or estimate an unknown
quantity with units from known
quentities, by selecting and following a
logiczl computztional pathway.

EXd Compare physical quantities
between two or mare scenarios or
at ¢/fferent times and locatiorsina
single scenario.

EX Fredict new values ar factors of
change of physical qauantities using
functional dependence between
variables.

EX) Create experimental pracedures
that are appropriate for 2 given seinntific
qucstion.

EX] Apply an appropriate law, definizion,
theoretical relztionship, or model to make a
claim.

Juslily or supporlaclaimusing
gvidence from expenimental data, physical
representations, or physical principles or
laws.
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Mech 2026

eCollageBoard

(=) QUESTION 3 EXPERIMENTAL DESIGN AND ANALYSIS (LAB) 10
ILAB PART A PONT 1 1
LAB PART A POINT 2 -
LAB PART B POINT 1 1
LAB PART B POINT 2 1
LAB PART C POINT 1 :
LAB PART C POINT 2 ,
LAB PART ¢ POINT 3 :
LAR PART C PONT 4 1
LAB PART D POINT 1 1
LAB PART D POINT 2 .

5.9

0.6

ne

0.4

03

0.5

D8

0.8

08

0.5

D4
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E&M 2026

.':;ju QUFSTION 3 FXPERIMENTAL DESIGN AND ANALYSIS (| AB)

eCdlageBoard

IAE FART AFOINT 1

LAE FARTAFOINT 2

LAG FART B FOINT 1

LAE FART BFCINT 2

LAE FARTC FONT 1

LAB FART CFUOINT £

LAB FART CFONT 3

LAE FART C FOINT

LAE FART D PONT 1

LAE PARTC POINT 2

10

6.6

0.8

03

0.2

0.8

0.6

0.5
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Next Time Questlons Arbor SC|ent|f|c

Roll a piece of modeling clay into a cylinder and
use an ohmmeter to measure its resistance.

concerruat Physics

Now roll it out until it's twice as long. and measure
the resistance again. Compared with the initial

resistance, the new resistance is

a) unchanged.
b) twice as much.

c) fpur JH.mes as much. @nd e °"s'”"jD
d) eight times as much. \
\ e) actually less. ‘%J
econa i *LARBORSCIENTIFIC thanx to Peter Hopkinson ALTIT/ 147



E&M LAB FRQ 2025: Nichrome Wire Experiments

AP PHYSICS C: ELECTRICITY AND MAGNETISY 2025 » FREE-RESPONSE QUESTIONS

3. In Experiment 1, students are asked to use a graph to determine the resistivity g, of a circuit
element that is connected to a variable power supply, as shown in Figure 1. The circuit element
is cylindrical and has uniform resistivity. The students have access to a volumeler, an ammeter,
and a ruler.

Figure 1

S R

— I —

Circuit Element

A. Describe a procedure far collecting data that would allow the students to use a graph to
determine o), including any steps necessary to reduce experimental uncertainty.

B. Describe how the caollected data could be graphed and how that graph would be analyzed to
determine p,.

In Lxperiment 2, the students are asked to use a graph to determine the resistivity p-, of solid,
cylindrical resistors made of the same material but of different lengths L. The cross-sectional

area of each resistor is 5.0x10 % m®, The students directly measure the resistance R between the
ends of each resistor. Tahle 1 provides L and R far each resistor.

eCc]lageBoard Oather Strawderman AP Physics 148
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Mathematical Routines

FRQ #1 - 10 points



Mathematical Routines Mechanics FRQ 2026

AP PHYSICS C: MECHANICS 2025 » FREE-RESPONSE QUESTIONS

Question 1: Version J

1. A hox of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is
inside the box. The cube is against the right wall of the box and above the bottom of the box, as
shaown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall

of the box are x4, and p,, respectively, where &, > 4,.

Figure 1

Box, M

The speed of the box is decreasing as a result of a resistive force thatis exerted on the box. The
resistive force f, is modeled by F, = —bv, where b is a positive constant and v is the velocity of
the box. Friction between the box and horizontal surface is negligible.

eCc]lageBoard Oather Strawderman AP Physics 151




Mathematical Routines Mechanics FRQ 2025

AF PHYSICS C: MECHANICE 2025 « FREE-RESPONSE QUESTIONS

Question 1:Version J

1. Two blocks, 1 and 2, slide toward each other on a horizontal surface. Block 1 has mass m
and slides in the +x-direction with constant speed 2vg. Block 2 has mass ém and slides in the
—x-direction with constant speed v. as shown in Iigure 1. The blocks then collide and stick
tagether. The collision occurs from time ¢ = 0 to ¢ = (.. After the collision, where (> ¢, the hlacks

move together with the same constant speed.

= X
Block 2
Block 1

V
21}0 D

— | m -

Figure 1

eCo]lageBoard Oather Strawderman AP Physics 152



Mathematical Routines E&M FRQ 2026

AF PHYSICE C ELECTRICITY AND MAGKRETISM 2025 « FREE-RESPONSE QUESTIONS

Question 1: Yerslon J

1. Twa very long, cylindrical, current-carrying Wires S and T are oriented parallel to the y-axis,
as shown in Iigure 1. The centers of the wires are in the xy-plane. The wires are described as
follnws.

«  Wire S has radius 22 and is centered at « = 0. Wire S has nonuniform current density

and carxties total cwrrent Z, in the y-directon. The magnitude of the current density in
Wire S as a functon of the radial distance r from the center of the wire is described by
= Cr, where ( is a positive constant.

+  Wire T has radius a and is centered at x = |0a. Wire T has uniform current density and
carries total current £, in the —y-directon,

Figure 1

Wire S Wire'l'

-
-
.

6¢ 8z 102 nysics 153

|

1J

=
-t
19

=

&

©? CollegeBoard




Mathematical Routines E&M FRQ 2025

AP FHYSICS C: ELECTRICITY AND MAGNETISM 2025 = FREE-RESPONSE QUESTIONS

Question 1: Version .J

1. An isolated, air-filled, charged capacitor consists of twa conducting, coaxial, cylindrical shells
that each have length L. The inner shell has radius &, and the outer shell has radius R-, as
shown in Figure 1, where R, < R; < L. The surface charge densities (amounts of charge per unit
area) of the inner and outer shells are + ¢, and 0, respectively. The ahsolute values of the

total charges on the shells are equal.

Side View Cross-Sectinnal
View

-G

+0‘1

I L -

Note: Figures not drawn to scale.

Figure 1

eCc]lageBoard Oather Strawderman AP Physics 154




Mathematical Routines FRQ

e Find Question #1 the MR FRQ

e Look at either the Mechanics or the E&M Student
Samples packet

* Read through and determine the tasks that the
student have to do for each part

* Record how many points per part

44

€ CollegeBoard Oather Strawderman AP Physics 155




MR FRQ Practice

 Work through the MR FRQ for the exam of your
choosing

e As you work the FRQ think about how you can
help prepare you students for this item type.

 How could you adjust your problem sets to match
this derivation focused format?

e How could you adjust what you require when you
score derivation FRQs?

€ CollegeBoard Oather Strawderman AP Physics 156




NEW Item Type
Mathematical

Routines
FRQ #1

Mathematical Routines FRQ Mech and E&M

The Mathematical Routines question assesses students’ ability to use
mathematics to analyze a scenario and make predictions about that
scenario.

(a) Students will be expected to symbolically derive relationships
between variables, as well as calculate numerical values. (5pts)

(a) Students will be expected to create and use representations that
describe the scenario, either to help guide the mathematical analysis
(such as drawing a free-body diagram) or that are applicable to the
scenario (such as sketching velocity as a function of time). (2pts)

(b) Students will be expected to symbolically derive relationships
between variables, as well as calculate numerical values. (3pts)
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NEW Item Type
Mathematical

Routines
FRQ #1

Mathematical Routines FRQ P1 & P2

The Mathematical Routines question assesses students’ ability to use
mathematics to analyze a scenario and make predictions about that
scenario.

(a) Students will be expected to symbolically derive relationships
between variables, as well as calculate numerical values. (5pts)

(a) Students will be expected to create and use representations that
describe the scenario, either to help guide the mathematical analysis
(such as drawing a free-body diagram) or that are applicable to the
scenario (such as sketching velocity as a function of time). (2pts)

(b) For AP Physics 1 and AP Physics 2, the Mathematical Routines

guestion will ask students to make a claim or prediction about the

scenario and use appropriate physics concepts and principles to
support and justify that claim. The justification is expected to be a

logical and sequential application of physics concepts that demonstrates
a student’s ability to connect multiple concepts to each other. (3pts) 158



Tips for Derivations and Calculations

Start with a fundamental P

nysics Law or Principle

Show all your Physics wor
Algebra step

K, It is OK to not show every

Try to be as organized as possible and follow a clear path

For answers to derivations

, only use the given variables

using the same letters/symbols and physical constants as

appropriate

Circle or box your answer so it is clear to the Reader

159



FRQ Booklet: Which Version?

H
R

Question 1

There are four versions of Question 1; you
will only be answering one version.

Bluebook will indicate which version to
answer (J, K, L, or M) and the page
number in the booklet.

Make sure you respond in the correct
space in the bocklet.

1

0



Question #1: Mathematical Routines-PC

the speed nf Object A at the instant Objert A is passing
*p- Express your answer in terms of my, Uj, xp, and
physical constants, as appropriate. Begin your derivation by writing a
furdamental physics principle orazsggaiation from the reference information.

il. On the grid shown in Figure@ draw a graph Bf the force exerted on Object A by
Object B.

Derive an expression

In another scenario, Object A is replaced by Object C. Objects C and B interact with 2ach
other through a conservative force Fg(z) = —fz?, where 6 = -;- ;';‘; The potential
energy Upc(z) of the Object C-Object B system is cefined to be zero when Object Cis at
positior. = —2 m. No external forces are exertad on the two-object system.
I' Upc l'r) Express your answer only in terms ol x. Begin your
e a fundamental physics principle or an equation from the

reference information.

Fga(x)

5F,

3F,

-FO

-3F,

-5F

Figure 2

161
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FRQ Booklet Structure: Which Version??

len = penedl o 2 pan wth bbaok o ok Bhoe nic B NOT ootn your nome. Da 0T writs naterdn the noe

PART A

A wvege sl apremhny
S Ml ARG e o

PART B

Page 3

g Ga lo Quesstion 3 in Rlusbioak when you're dar
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FRQ Booklet Structure: Label Sub-parts

o
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box.

Question 1: Version J

PART A

An image will appeasr here
for students Lo write an.

PART B

g Go to Question 2 in Bluebook when you're done with this question.

Page 3

g Go to Question 2 in Bluebook when you're done with this question.

163



Developing the
Science Practices

How your students will be asked
to demonstrate what they know
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Mathematical Routines Skills: EFNESENES EEO ED

Practice 1

Creating Representations KRl
Create rapresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines E3

Conduct analys:s lo derive. calculalz, estimate, or
predict.

Practice 3

Scientific Questioning and
Argumentation X

Describe experimental procecures, analyze daz, and
support claims.

KX Create ciagrams, tables, charts,
or schematios to renresent physical
situatiors.

KX Create guartitative graphs with
appropriate scales and units, ncluding
plotting data.

EEd Creale gualilalive skelches of
craphs that represent teatures of a
model or the behavior of a physical
system.

EX Derive a symbolic expression
from known quantities by selecting
and followirg a logical mathcmatical
pathway.

EX] Calculate or estimate an unknown
quantity with units from known
qguentities, by selectirg and following a
logiczl computztional pathway.

EXJ Compare physical quantities
between two or mare scenarios or
at c¢ifferent times and locatiorsina
single scenario.

EX:) Fredict new values ar factors of
change of physical quantities using
furctional dependence between
variables.

EX) Create experimental pracedures
that arc appropriate for & given seinntific
qucstion.

EX] Apply an appropriate law, definition,
theoretical relztionship, or model to make a
claim.

Juslily or supporl @ claimusing
gvidence from expernimental data, physical
representations, or physical principles cr
laws.
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Mech 2026

© CollegeB

(':j NUFSTION 1 MATHFMATICAL ROUTINES (MR) 10
MR PART A POINT 1 1
MR PART A POINT 2 1
MR PART A POINT 3 1
MR PART A POINT 4 1
MR PART A POINT 5 1
MR PART A POINT 6 1
MR PART A POINT 7 1
MR PART 2 POINT 1 1
MR PART 2 POINT 2 1
MR PART 8 POINT 2 1

3.5

0.4

0.9

0.1

0.2

0.1

0.5

0.2

0.5

0.3

0.3
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E&M 2026

G}’CollageBoa

Question Z Max Score

(=) QUESTION 1 MATHEMATICAL ROUTINES (MR) 10
MR PART A FOINT 1 1
MR PART A FOINT 2 1
MR PART A FOINT 3 1
MR PART A FOINT 4 1
MR PART A FOINT 5 1
MR EART A POINT 6 1
MR FART A FOINT 7 1
MR EART B FOINT 1 3
MEFART B FOINT 2 1
MR PART B FOINT 3 1

0.3

04

0.3

0.5

0.2

0.5

0.2

0.8

0.6

0.3
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Derive an equation for ux between the block and table in terms of
the given variables and fundamental constants.
Note: Massless/Frictionless Pulley & d>>h

6’ CollegeBoard 169
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Calculus on the
AP Physics C
Practice Exam #1

R Mechanics and E&M



Calculus MCQs

eOpen AP Classroom
e Either Mechanics or E&M
e Access Practice Exam #1

e| ook through all of the questions
and identify the ones that require
the students to use calculus

eMake a list of those questions

eCo]lageBoard Oather Strawderman AP Physics



Calculus MCQs

é AP Classroom
Overvew

Unit1

Linit 2

Unit 3

Linit 4

Unit 5

Linit 6

Unit7

Practice Exams

Archive of Exam FRQs

AP Physics C: Mechanics

All  Practice Exams

Practice Exam 1

u Practice Frams

Practice Fxam 2

Practice Exam 3

v 1B swaen wew 2&% Conmunity 0 ? S, Osther

COURSE GUIDE

Practice Exams

9 Practice Exam 1 MCQ

) Practice Exam 1 FRQ

@ sewcniins

~ Expandal

View 2l

~
v
v

4

€ CallegeBoard
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Calculus MCQs

Mechanics E&M

14 4
15 (5)
20 8
22 10

(23) 21
25 40
28
33
36

© CollegeBoard 174



Calculus on the
AP Physics C
Practice Exam #1

AT Mechanics



14. An object is moving along the y-axis. The
object’s position as a function of time is given
by v = at” — Bt + ¢, where @ = 1 m/s°,

B = 4m/s, and ¢ = S m. What is the acceleration

of the object attime r = 3.0s ?
(A) 6m/s’
(B) 18 m/s’

(C) 20m/s”

(D) 23 m/s’

©? CollegeBoard 176




Bumper =

1| ==~

15. A nomdeal spring 1s hixed (0 a wall. A small
bumper on the end of the spring is initially at
position x = 0 when the spring is at its
cquilibrium lcngth, as shown. When the spring is
compressed a distance x [rom equilibrium, the
elastic potential energy I/, of the spring in joules
is given by U 3x° — 4x” + 2x. What is the

spring force £ as a function of x ?

(A) FS=9x2—8x+2

(B) 1~;=—9x2+8x—2

3 4
(C) K= Zx4— §x3+x2
3 4
(D) Fsz—zx4+§x3—x2

eCollageBoard
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20). The work done on an object 1s described by the
. ) et
equation W = 31~ + 5t — 1, where W 1s 1n
joules and ¢ 1s 1n seconds. What 1s the power

delivered to the objectat t = 2.0 ?

(A) 10.5W
(B) 16.0W
C) 17.0W
(D) 21.0W

€ CallegeBoard 178



22. A'box of mass m is pulled across a horizontal surface by a rope. The rope exerts a variable force K. directed
at an angle 6 from the horizontal that is described by the function . = c0s(8x), where B is a positive
constant. The box is pulled from position x = 0 to x = D, where Fy,, < mg. Which of the following is the

work done on the box by the rope as it is pulled from x =0 to x =D ?

(A) Dcos(BD)
(B) Dcos(BD)cos 8
(C) Bsin(fD)cos 6

(D) %sin(ﬂD)cos 0

©? CollegeBoard 179
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e AfA—

23. A block on a horizontal surface is attached to one end of a horizontal spring. The other end of the spring is
attached to a wall. 'The block oscillates with amplitude A and period 7. as shown. There is negligible friction
between the block and surface. At time ¢ = 0 the net foree on the block is zero. Which ol the following is an

. : . T
expression for the speed of the block at time ¢ = 3 ?

, 7A
(A) v=—
T
/34
(B) v=
13 T
- Ic’v"?.“.
(C) v=
T
2r°A
Dy =
(D) v 37

6’ CallegeBoard 180
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Cylinder, m

W'edge‘ NI \\J" |
,"v’
i
I ]
} 5L L i
25. A wedge of mass M 1is balanced about its center with a small cylinder of mass m attached to its narrowest end,
" . . . n 2
as shown. The linear mass per length of the wedge can be modeled bv an equation of the form: 4 = bx*, where
) : . : : : o . M
b 1s a constant with appropriate units and x is the distance from the narrowest end. What is the ratio — of the
m
masses of the two objects?
2
A) —
(A 3
(B) 1
(C) 2
181

(D) 3




Turntable
~/

Motor

\

Top View

28. A motor is attached 1o a turntable by a belt, as shown in the Top View figure. When the motor is turned on, the
3
. . . _ A - . .
angular displacement of the turntable is modeled by the equation (/) = 67~ — 21+ 2, where € is in radians

and 7 1s 1in seconds. What 15 the angular velocity @ of the turntable @5 a function of time?

(o)
L ]

) Y ’
(A) o) - — 1"+ 2t

+
I

(B) o(r)=9%" -2

(C) woff) =06t

0 -
€ CallegeBoard D) o) ==1 * 182



<« Lquilibrinm Position
?

|
] -
Rod-~ B
(o I
|
1
|
|
|
|
|
| (A) Zero
| Torsion Spring 3
¢ 2k
) 37
‘Top View IR
33, A torsion spring is fixed (o the end of 4 rod of " K'O%)
rotational inertia /. The torsion spring 1s fixed (C) 2 ‘ ———
(0 a horizontal table with negligible friction, as \ R
shown in the Top View. When the rod is
displaced an angle & from equilibriummn, (he f K'03
: . | | 0
torsion spring exerts a restoring torque of (D) 2 S
magnitude 7 = 2x6°. where & is a positive V 37 R
constant with appropriate units. After heing
displaced by an angle 8, the rod is released and
rotates through s equilibrium position with
angular speed @,. Which of the following is a
€ CallageBoar 183
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36. The magnitude of the momentum of an object as
a function of time, in seconds, is given by
p=(4kg- m/s’ ) t*. The magnitudes of the net
force exerted on the object at times #; and
t, = 21, are F; and F>, respectively. Which of

the following correctly compares F> and F; ?

(A) F, =2F
(B) F, =4F,
(C) F, =8F,
(D) F, = 16F,

€ CallsgeBoard 184
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Calculus on the
AP Physics C
Practice Exam #1

2024-2025 E & M



4. The current in a resistor of resistance Ry varies
with time 7. Starting at f = 0, the current in the
resistor is /() = at, where a is a positive
constant. How much energy 1s dissipated by the

resistor during the time interval 0 <7 <17, ?

(A) GRO tf
(B) a’Ryt;
(C) 2(2'2R0 tf

D) L a’Ry 17

© CallegeBoard 3
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(A) Varying the field in time as
5. A square conducting loop of wire 1s initially in . .
B(t) = Bo(i cos(wt) + k) while keeping

the xy-plane with its center located at the origin |
the loop stationary.

There 1s a magnetic field that is uniform in , o
(B) Varving the field in time as

space, but not necessarily constant in time, that B (1) = B, (;\ N ]?cos(w[)) while keeping

— AA .
is initially described by B = Bﬂ(z + k) at time the loop stationary.

t = 0. Which of the following would cause an (C) Rotating the loop about the z-axis while
keeping the field constant in time.

eml (o be induced in the loop ol wire? (D) Moving the loop in the positive z-direction

while keeping the field constant in time.

€ CallegeBoard 188



8. A long canducting cvlinder has radius £, as shown in the figure, and carries a current to the left. 'The current
density varies with distance r from the cylinder’s central axis according to the equation J = kr=, where r < R

and & 1s a positive constant. What 1s the total current in the cvlinder?

1

(A) _lkR"
3

(R) 1 irt
4
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+Q
A

——-—x

0 ,\.’0 ,Xc, + L

0. A positive charge +( is uniformly distributed within a very thin nonconducting cylinder of length L. The
cylinder 1s placed along the x-axis in the region xp < x < xy + L, as shown in the figure. What 1s the electric
potential at the origin?

Al

(A) kQ l | l

2 \.fo X0 | L}

‘xo+ L)

(B) 12 1| X0

]_- i .\'0 )
L0 (L
C) k—In|—
(C) L
(M) I(Q

Xn
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I }

0.50 m

(A) 6N/(C - m)
0%: / ().50 m»ﬂ (B) ] 2 N/(C ) fn)
21. The figure shows a square in the xv-plane (C) 24 N/ (C . ln)
(z = 0) occupying the region defined by ,
(D) 48 N/(C - m)

0<x<050mand ) <v <0.50m. The
electric field at the surface ol the square is in the
z-direction. The magnitude of the electric field is
given by E,(x) = bx, where b 1s a positive
constant. [t the electric flux through the square

. . 2, .
15 3.0N - m~/C, what 15 the value of the

191
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40. An inductor in a circuit has an inductance L and the current / in the inductor varies with time ¢ according to
the equation /(t) = at’, where @ is a constant. The induced emf of the inductor is zero at time ¢ = 0. What is

the magnitude of the induced emf of the inductor as a function of time?

(A) 2at
(B) 2Lat

(C) g ol

(D) %Lat
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DAY 2: October 18



Please Change
Partners!

Thank You!!




6 CollegeBoard

AP Physics C
Workshop

Shenzhen College of

International Education
Shenzhen, China

Oather Strawderman

International Lead AP Physics Consultant

October 17-18, 2026




Schedule

8:30am - 10:00am: AM 1 Session
10:00am - 10:15am Tea Break
10:15am - 12:00pm: AM 2 Session
12:00pm - 1:15pm: Lunch

1:15pm - 1:30pm: Check-in

1:30pm - 3:00pm: PM 1 Session
3:00pm - 3:15pm: Tea Break
3:15pm - 4:45pm: PM 2 Session
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Sunday October 18

AM1

- Meterstick Torque Lab Free Response Question

- Reading / Mock Reading

« AP Classroom / Instructional Planning Reports

AM2

- Translation Between Representations Free Response Questions
- Types of Representation: Diagrams & Sketches

- Toilet Paper Roll Free Response Question Activity

PM1

 Qualitative/Quantitative Translation Free Response Questions
- Writing Strategies

* Dielectric Constant of Paper Lab Free Response Question
PM2

- TIPERs & Ranking Tasks

« P1 Workbook

* Online Simulation Labs

eCo]lageBoard Oather Strawderman AP Physics
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Contact Info:
www.PhluidPhysics.com

oather@PhluidPhysics.com




Workshop Links & Documents

www.PhluidPhysics.com/Resources
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Next Time QuestionS' Arbor Scientific

( Blmymeiites | Q? JUESTIHON

cerruat Physics

The 40-kg woman stands at the
end of a 4-meter-long uniform
plank. If the maximum overhang
for balance is 1 meter, estimate
the mass of the plank.

\ £ | :*.{;“;ﬁwj 202
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Experimental Design and Analysis: P1 2025 Torque FRQ Lab

3. Students are investigating balancing systems using the following setup. The students have a. Figure 2
spring scale of negligible mass that is fixed to one end of a uniform meterstick. The center of the
meterstick is attached to a stand on which the meterstick can pivot. There is a hook of negligible

mass fixed to the top of a block of mass m;. The hook can be attached to the meterstick through Lo
one of the small hales in the meterstick, as shaown in Figure 1. The students do not have a direct 5
way to measure the mass of the block. The block cannat be attached to the spring scale. "\
ol \'~.
Figure 1
\
o Y
Meterstick Y
r \
T T T T 'Al T 1 T T J sPeg N
10cm  20cm  30cm 40cm  (8) 60cm 70e¢m  S0cm 90cm kY
2 < Qo \
?'V“| ',:;\ -Spring Svale
Snring S Small Hole ° x.,\j
«— Spring Scale N
; —_— )
- .‘b SI&J’Id \'\i\
e
T Block <. i "‘-, Meterstick
—— ! my | -Axle i ;_J
(O:,' ' ‘8 L - T
- A em .|
The students are asked to take measurements that will allow the students to create a linear 100 cm i
graph whose slope could be used (o determine the mass m; of the block
A. Describe an experimental procedure to collect data that would allow the students to The angle 0 that the string makes with the meterstick can be varied by attaching the string to
determine #ig. Include any steps necessary to reduce experimental uncertainty. one of the pegs located along the wall. The students use the spring scale to measure the

B. Describe how the data collected in part A could be graphed and how that graph would be byl required to hold the meterstick horizontal. Table 1 shows the measured values of §
an -

analyzed to determine m,.
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AP Reading

Scoring the
Free Response
Questions




AP Reading

e 7 (12) Days long

e First Week: June 3-9, 2027

e Cincinnati, OH

e 2026 (2025 / 2024) Exam Volumes

« P1 Exams 183,400 (174,506 / 164,950)
e P2 Exams 25,012 (23,650 /22,831)

e C:Mech Exams 70,672 (66,238 / 61,606)
e C:E&M Exams 32,309 (29,946 / 28,238)

563 Onsite Readers and 485 At-Home
Readers

e Mix of HS teachers & college professors

e‘CollageBoard 206



Scoring Guides

e Rubric points are now uniform across exams.

e [tem writers put the Physics into the uniform
rubric.

e Test Development Committee has the final say
before going to the Reading.

 Leaders ‘clarify’ the rubric after looking at
hundreds of student samples.

e 5 days of Leader meetings
7 days of Reading

eCo]lageBoard Oather Strawderman AP Physics 207



Reading Positions
 Reader

e Table Leader
*Question Leader
Exam Leader
*Chief Reader

eCollageBoard Oather Strawderman AP Physics 208



Reading Process

e Image projected on a laptop

* Readers grade just one question, not the whole
exam.

* Readers decide if a response gets each individual

point by clicking a radial button for each rubric
point.

* Make sure they use a sharpened pencil or pen

e Focus your students on having good handwriting
that is not miniscule.

eCo]lBgeBoard Oather Strawderman AP Physics 209
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Mock Reading Activity

AP PHYSICS C: MECHANICS 2076 = FREE-RESPONSE QUESTIONS

The following information applies to parts A and B.

3. Ahorizontal spring of known spring conslanl k is altached (o a wall. A block of known mass m
is placed on a harizanlal surface next (o but not attached to the spring. The spring is al ils
relaxed length when the block is at pasitian x = (}, as shaown in Figure 1. There is [riction
between the block and the surface only far positions x > 0.

Iigure 1
— X
k _
0000090000006 A | {5"‘
X = 0 o

A student is asked to experimentally determine the coefficient of kinetic friction 4, between
the block and the surface using a graph. The student is permitted to use only measurements
from a meterstick.

eCo]lageBoard Oather Strawderman AP Physics 215




Mock Reading Activity

AP PHYSICS C: ELECTRICITY AND MAGNETISM 20206 - FREE-RESPONSE QUESTIONS

The following information applies to parts A and B.

3. In Experiment 1, students are asked to collect data that can be graphed to determine the
inductance £, ol an inductar: The students have access to multiple charged capacitors, each ol a
different known capacitance, and a voltmeter that measures potential difference as a function
of time. In each trial, the inductor is cannected to a charged capacitor and an initially open
switch, as shown in Figure 1.

Figure 1

eCo]lageBoard Oather Strawderman AP Physics 216




Mock Reading Activity: Lab FRQ

e Find FRQ#3 in the Student Sample Packet

e Practice using the rubric to score several
student samples.

e The purpose of this activity is to give you an
idea of what the Reading is like and practice
applying a rubric.

e You will NOT agree with every decision
made about how the rubric is applied, this
activity is just to get a feel for the Reading.

eCo]lageBoard Oather Strawderman AP Physics 217
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AP Classroom

Consistent use increases AP
score by 1 full point!!!




MyAP.CollegeBoard.org

--’.—'.
N

Sign 1n to access your
AP or Pre-AP

resources and tools

1vrmalissdswvmeas AT

Sign In

Which type of accaunt do you
want to sign in to?

Student

Educator

Don't have an account?
Create Account

f‘?CollageBoard
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http://MyAP.CollegeBoard.org

AP Classroom - AP Daily Videos

(7 AP Classroom

Unit 10
Unit 11
Unit 12
Unit 13

Unit 14

AD Dhsine ¥ s @ Sadent View 0 ? & Qs
9.1:Daily Video 1  This video is visible to all students on their homepage 2, 0% Watched v 2 Assign X

TOPIC 9.1

Kinetic Theory of
Temperature and
Pressure

NFORMATION

jonal Periods ~ 1016
Weighting 15 18%

DAILY VIDEO 1

ADD . In this video, we will review impulse, types of
-‘-‘LYS]CS 2 collisions, and pressure, and see how the pressure

a exerted by a gas is a result of collisions between
s 008

gas particles and a container.

< ¥ O 8

pressure, and see how Y
12 containes —
9.1: Daly Video 1 9.1: Dally Video 2 9.2: Dully Video 1
mperature and the "
o n o w1 owe 83 ribution -
Kinetic Theory of Kinetic Theory of The ideal Gas Law
B 9.2:Daily Video 1 In this video, we will cover guantities asseciated with gases and describe the = 4

e’CollageBoard
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AP Classroom -

ff? AP Classroom
&ll Questions
Create Quiz

Author Question

Question Bank

AV e W

Question Bank

& o

4+ Creals Gutx -

L snceaven

a 7 B st

All Quastions Edit Quiz

Filters ! 0
7~ ~N 7 -~ 7 -~ "
| Coee Gooniea w0 P ond 2 ) v | RS e 3] Sance » || Even Type - |
. - . - L. A ‘."
B ™~ -~ N
j'_ Cressze Canpony - ,: Sekact Al = o s aa » || Ecwnakyenew ) o~ )

1014 cuastions
@ Indude O Indude Criy -

+ 12 th o 1z 3 E N

Irchods questions 1ag0ad with at les et a2 of thase 2eactions -

+ .

Question v Practce 1: Cresting Representations - Create Topic W skl v :

o 10 kg Mass Spaad Time Qraph

10 kinematcs - average accelerstio

of 3 car

° 1D Kinamatics - average velacity wi

e ommlcm -

repraaentations that depict physical phanomena.

1.4: Creyte dgrame, tables, charts, or schematcs o
repesmam phyakcal shuaticns

1B Craate guanbtabue orapha with aporapnate scaks
ard untz, inclodng plcttng data

1.C:Creane quaiitative skatches af gragds than
repeszent festures of s mods or the benayvior of 3
phyzical sy=tem,

- - - s . - . -~ .. '

©? CollegeBoard
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Questions in AP Classroom

Formative Summative

6’ CollegeBoard




Questions in AP Classroom

Formative Summative

Topic Questions
MCQ Only
Yellow Light Bulb

é CollegeBoard




Questions in AP Classroom

Formative Summative

Topic Questions
MCQ Only
Yellow Light Bulb

Progress Check
MCQ & FRQ
Blue Desk Lamp
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Questions in AP Classroom

Formative Summative
Topic Questions Practice Exams
MCQ Only MCQ & FRQ
Yellow Light Bulb Green Question Mark

Progress Check
MCQ & FRQ
Blue Desk Lamp
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Questions in AP Classroom

Formative Summative
Topic Questions Practice Exams
MCQ Only MCQ & FRQ
Yellow Light Bulb Green Question Mark
Progress Check Old AP Exams
MCQ & FRQ MCQ & FRQ
Blue Desk Lamp No lcon
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Translation

Between
Representations

Free Response Question

FRQ #2
12 Points
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Translation Between Representations Mech FRQ 2026

AP PHYEICS C: MECHANICE 2025 - FREE-RESPONSE QUESTIONS

Question 2: Version J

2. A projectile of total mass 4M is launched from the ground at position x = 0 and tirne ¢ = 0. The
projectile is launched with an initial speed v, at an angle @ above the horizontal. When the
projectile is at the highest point in its trajectory, it breaks into Pieces Q and R of masses M and
3M , respectively.

The moton of the projectile is described for the following times,
Att = f,, immediately alter the projectile breaks apart, the two pieces are moving away

from each other harizontally.
At 1= f4, Piece () reaches the ground at x = 0 and Piece R reaches the ground at x = x,, as

shown in Figure 1.

Figure 1
=0 t=tf 1 f=t¢ 2
+y
Piece (). M _,, i ,.'/PIECE R, 3M
|—+x /
.J
l'.
ks /
) :‘ i
x=10 =10 y=0 X=X,
6 Callad Note: Figure not drawn to scale, s 230




Translation Between Representations Mech FRQ 2025

AP PHYSICS C MECEANICS 2025 « FREE-RESPONSE QUESTIONS

Questian 2: Version J

2. In Scenario 1, a system composed of two springs, A and B, and a block of mass m is at rest on
a horizontal surface. Friction between the block and the surface is negligible. Each spring is
attached to a fixed wall and the block, as shown in Figure 1. Spring A has a spring constant
and Spring B has a spring constant 2%. Each spring is at its relaxed length when the block is at
position x = 0, as shown.

Spring : Spring
A : B
000000 A
i
x=10
Figure 1
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Translation Between Representations E&M FRQ 2026

AP FHYSICS C: ELECTRICITY AND MAGNETISM 202G « FREE-RESPONSE QUESTIONS

Question 2: Version J

2. Thin, nonconducting, charged Rods S and T are held fixed in the xy-plane, as shown in Figure 1.
Rod S is oriented along the x-axis in the region =34 = x = —L. Rod T is oriented along the y-axis
in the region L = y = 3L, Cach rod has uniform, posidve lincar charge density +A. Point P is
located at (—2L, 2L).

Figure 1
{r
i Rod T
L A B =7
! | | I
| I | I
: P :
o & S
| |
i I i +2 |
| ! +A i l
|
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Translation Between Representations E&M FRQ 2025

AP PHYSICS G: ELECTRICITY AND MAGNETISM 2025 « FREE-RESPONSE QUESTIONS

Question 2: Version J

2. A rotating, circular, conducting loop of area A and resistance R is in an external uniform
magnetic field of magnitude B that is directed in the - z-direction. At time { = 0, the magnetic
field is perpendicular to the plane of the loop, as shown in Figure 1. The loop is rotating with
constant angular speed @ and period 7' about the dashed line that is along the diameter of the
loop. The value of the magnetic flux through the loop as a function of time ¢ is ® = BA cos{@!).

CI,)@

X X X X X X

Figure 1
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Translation Between Representations FF

e Find Question #2 which is the TBR FRQ

e Look at either the Mechanics or the E&M Student
Samples packet

* Read through and determine the tasks that the
student have to do for each part

* Record how many points per part

eCollageBoard Oather Strawderman AP Physics 234




TBR FRQ Practice

* Work through the TBR FRQ for the exam of your
choosing

e As you work the FRQ think about how you can
help prepare you students for this item type.

* How could you adjust your problem sets to include
multiple representations?

e How could you adjust what you require when you
score FRQs with diagrams and sketches?

(")Collagenoard Oather Strawderman AP Physics 235




Translation
Between

Representations
FRQ #2

Translation Between Representations FRQ

The Translating Between Representations question assesses students’ ability to
connect different representations of a scenario.

(a) Students will be expected to create a visual representation that describes a
given scenario. (3 pts)

(b) Students will derive equations that are relevant to the scenario. (4pts)
(c) Students will sketch graphs that relate quantities within the scenario. (3pts)
(d) Finally, students will be asked to do any one of the following: (2pts)

- Justify why their answers to any two of the previous parts do/do not agree with
each other.

- Use their representations, mathematical analysis, or graph to make a
prediction about another situation and justify their prediction using that
reasoning or analysis.

- Use their representations, mathematical analysis, or graph to make a
prediction about how those representations would change if properties of the

scenario were altered and justify that claim using consistent reasoning or
analysis. 236



FRQ Booklet: Which Version?

H
— _—

Question 2

There are four versions of Question 2; you
will only be answering one version.

Bluebook will indicate which version to
answer (J, K, L, or M) and the page
number in the booklet.

Make sure you respond in the correct
space in the booklet.




FRQ Booklet Structure: Question #2 TBR

- — -
: Jseapenzt o et wth oinck o' cark Ee nk. DO NOT arle pour naTe. Do NOT wite orside the boc. Us= 2 penct or 2 pen 'afl® biack o~ dark biee ink. Do NOT wrheyour tave. Do NOT acte culsice e tae =
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= Question 2: Version J CoRiNuss on the NeXt Page. u Go lo Question 3 in Bluebiook when youre done with this question. -




Translation

Representations Discussion

Between

Representations
FRQ #2

What are the diagrams and sketches you teach in each course?

< AP Physics 1
< AP Physics 2
< AP Physics C: Mech
< AP Physics C: E&M

- What representations are used in all courses?
- Which representations are course specific?

- How do you teach your students how to make and use each
representation?
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Mechanics Units

Kinematics
Force and Translational Dynamics
Work, Energy, and Power

Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Unit

Number

8

E&M Units

Electric Charges, Fields, and
Gauss’s Law

Electric Potential

Conductors and Capacitors

Electric Circuits

Magnetic Fields and
Electromagnetism

Electromagnetic Induction
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Unit Title

Kinematics
Force and Translational Dynamics
Work, Energy, and Power

Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Fluids

Unit

Number

9

10

11

12

13

14

15

Unit Title

Thermodynamics

Electric Force, Field and Potential

Electric Circuits

Magnetism and Electromagnetism

Geometric Optics

Waves, Sound and Physical Optics

Modern Physics
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Developing the
Science Practices

How your students will be asked
to demonstrate what they know

Oather Strawderman AP Physics 242



TBR Skills: EEZY KX EXY ET1 ETY EX3

Practice 1

Creating Representations KR
Crezte rzpresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines E2

Conduct analys:s lo derive. caleulats, estimale, or
predict.

Practice 3

Scientific Questioning and
Argumentation EX

Describe experimental procedures, analyze daza, and
support claims.

KX Create ciagrams, tables, charts,
or schematios to rapresent physical
situaticre.

KX Create quarsitative graphs with
appropriate scales and units, ncluding
plotting data.

EEa Creale gualilalive skelches of
craphs that represent treatures of a
model or the behavior of a physical
system.

EX] Derive a symbolic expression
from known quantities hy selecting
and followrg a logical mathcmatical
psthway.

EX] Calculate or estimate an unknown
quantity with units from known
quantities, by selecting and following a
logicel computztional pathway.

EX3 Compare physical quantities
between two or mare scenarios or
at cifferent times and locationsina
single scenario.

EX3 Fradict new values ar factors of
change of physical quantities using
furctional dependence between
variables.

EX) Create experimental pracedures
that are appropriate for a2 given seinntific
qucstion.

EX] Apply an approprizgta law, definizion,
theoretical relztionship, or model to make a
claim.

Juslily or supporl @ claimusing
evidence from experimental data, physical
representations, or physical principles or
laws.
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Mech 2026

eCdlageBoard

(=) QUESTION 2 TRANSLATION BETWEEN REPRESENTAT CNS (TSR) 12

TBR PART A POINT 1 1
TBR PART A POINT 2 1
TBR PART A POINT 3 1
TBR PART B POINT | 1
TBR PART 8 POINT 2 1
TBR PART & POINT 3 1

BRPART 5 POINT 4 1
TBR PART C POINT 1 ,
TBR PART G POINT 2 1
TBR PART C POINT 3 1
TBR PART D POINT 1 1

BR PART D POINT 2 1

5.1

0.6

0.5

0.5

0.7

0.4

0.2

0.1

0.5

0.5

0.4

0.5

0.3



E&M 2026

eCdlleg

'€) DULSTION Z TRANSLATION GLTWELN RCPRLSLNTATIONS (1BR) 12
TBR FART APOINT 1 7
TBR PART A PDINT 2 1
TBR FART A PDINT 3 1
TEBR PART E POINT 1 1
TBR FART B POINT 2 1
TBR FART B POINT 2 1
IBE FART B POINT 4 1
TBR FART C POINT 1 1
TBRE PART C PDINT 2 1
TBR FART C POINT 3 1
TBR FART D PDINT 1 1
TBR FART D POINT 2 1

/.4

0.9

0.9

0.8

0.7

0.6

0.5

0.5

0.8

0.B

0.5

0.4

0.2
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Question #2: Translation Between Representations

1008
Section |l I .
Directicons T Hedv ) Higtlgie 2 Koses  Cniiatnr Retecarca  Nace

THISI5 ATEST PREVIEW

o "’a [] Ptk Toe Reriowe

On exam day, you'll write your answer in the free-response hooklet. -
A. The energy har charts in Frigure 2 reprasent the spring petental enevgy U7 of the
bleck-spring systeom and the kineuc energy Kol the Llock, as the Lluck passes
throngh pasthans x — —a,, © = L andxn — —z_ while the black asallates. The
Lir = —&,, i cuinplete,

Ableck of mass o is gtlached w an ideal spring, whuse other nd is Gxed 1o & wall The
back 15 displaces a dusrance a, 10 the ot at the saring s aquiibrum pesitlon, as shown
in Figure 1, The blodk is then released [rem rest and oscillates with aegligible rictzon
along the harzantal sarface. While the Black 15 ascllating, ot has a maxomum spaad

m perangles to complete the energy har charts in B gure 2 foy
e . :
— Dand & = =i,
Figure 1 ¢ Pusilive enecgy values gre above Qe zeco-enecgy e (C0F), and negative
Original Pusition energy values are heloav rthe zerp-energy hine

el Dlodk « Shaded regions shuoald startal U dashed Les repressiiing teco enegy.

R 4 = Reprosent any energy thar is aqual to 2eva with a distines line an the zero-
eniergy lie,

= The relattee beight of each shaded regoan should reflect the magnituds of

0 e U respeclive enersy consistent vl Uue svale shown.

I

-

B, Figure 3 shows the poasition of the alock a3 a funaclon at tme. Flgare £ shows the
furpe exered by the spring on the Elock as o functiun el time,

d



Question #2: Translation Between Representations

W
Section Il 0:00 e 8 x
Directions v (ee ) Mighlights & Notes  Calculstor  Refecence  More

B. Figure 3 shows the position of the block as a function of time. Figure 4 shows the
force exerted by the spring on the block as afunction of time.

On exam day, you'll write your answer in the free-response booklet. Figure §

A block of mass m is attached to an ideal spring. whose other end is fixed to a wall. The
block is displaced a distance z, to the left of the spring’s equilibrium position, as shown
in Figure 1. The block is then released from rest and oscillates with negligible friction
along the horizontal surface. While the block is oscillating, it has a maximum speed

v

ax’
Figure 1
Original Position
of Block
WA - L
N ' '
“Xy 0 X

I, Using figures 3 pression for the spring constant of the
spring in terms o cal constants as app :

il. Starting with the equation for the period of a mass on a § @

expression for the mass of the block. Express your answe
F___. and physical constants, as appropriate. Begin your derivation by
wriling a fundamental physics principle or an equation from the reference

G- Y




Question #2: Translation Between Representations

Lo
Sectionl 0:00 P B x
Directions v @ Mighlights & Notes  Calculator  Referssce  More

THIS IS A TEST PREVIEW

C. On the axes provided in Fi
function of time
On exam day, you'll write your answer in the free-response booklet.
A block of mass m is antached to an ideal spring. whose other end i fixed 1o a wall. The
block is displaced a distance x,, to the left of the spring’s equilibrium position, as shown
in Figure 1. The block is then released from rest and oscillates with negligible friction
along the horizontal surface. While the block is oscillating, it has amaximum speed
L
Figure 1
Original Position
of Block
-
: - + - + D. Astudent sketches the free-body diagram in Figure 6, and makes the following
“Xo 0 ) claim: “The free-body diagram shows the forces exerted on the block at time
t = 15t,."
Figure 6
m student’s sketch (Figure 6) and claim are or are not consisent
ph of velocity as a function of tire you sketched in part C.
O.MS"M“m.n Questios 201 4 o



Question #2: Translation Between Representations

The Translation Between Representations question assesses students’ ability to connect different
representations of a scenario.

. Students will be expected to create a visual representation that describes a given scenario.
. Students will derive equations that are relevant to the scenario.
. Students will sketch graphs that relate quantities within the scenario.
. Finally, students will be asked to do any one of the following:
o Justify why their answers to any two of the previous parts do/do not agree with each other.

o Use their representations, mathematical analysis, or graph to make a prediction about another
situation and justify their prediction using that reasoning or analysis.

o Use their representations, mathematical analysis, or graph to make a prediction about how those

representations would change if properties of the scenario were altered and justify that claim using
consistent reasoning or analysis.

. 12 points, Suggested time 25-30 minutes
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FRQ Booklet: Which Version?

H
— _—

Question 2

There are four versions of Question 2; you
will only be answering one version.

Bluebook will indicate which version to
answer (J, K, L, or M) and the page
number in the booklet.

Make sure you respond in the correct
space in the booklet.




FRQ Booklet Structure: Question #2 TBR
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Free Body Diagrams

Car S, Back View
Figure 3

Pointing away from the dot/box
Touching the dot/box

Same direction: side by side

Labeled: Various conventions accepted
Straight, use ruler

Relative length on grid

NO Components
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Tips for Derivations and Calculations

Start with a fundamental Physics Law or Principle
Show all your work
Try to be as organized as possible and follow a clear path

For answers to derivations, only use the given variables using the
same letters/symbols and physical constants as appropriate

Make sure to include units in any numerical answer

Circle your answer so it is clear to the Reader
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Tips for Sketching Graphs

* You are not plotting data, do not make up data.

* Focus on the shape.
o Straight
= Slope
= Vertical or Horizontal Intercept
o Curved
= What shape?

If a grid is given, focus on relative location of lines (i.e., steeper,
intersection of lines, axis intercept).
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Do or Do Not Agree???

* One of the possible tasks for the written portion of this question:

o Justify why your answers to any two of the previous parts do/do not agree with
each other.

- If you are comparing two parts of your answers to each other, they must agree if
you did both parts correctly! (NOTE: If a hypothetical student introduces a model/
claim, it may not necessarily match your answer(s).)

« What to do if you realize two of your parts do not agree??
o Move on and come back to this part at the end

o If you have enough time at the end, try and fix which part you realize is incorrect
and then say how they agree

o If not enough time, explain how the parts do not agree 25
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Toilet Paper Roll TBR: P1 PE#1 FRQ #3

Dropped Unrolled
Roll 1 Roll 2

/:2

| y 259




Dropped Unrolled
Eoll | Rull 2

Toilet Paper Roll TBR: P1 PE#1 FRQ #3 o %
@

hy

Two identical rolls of paper have mass M and radius R. Roll 1 is held at a height #; above the ground and
dropped from rest. Roll 1 falls to the ground without unrolling. Roll 2 is held a height A, above the ground,
where hy < h;. When Roll 2 is released from rest, the end of Roll 2 is held in place. Roll 2 unrolls and rotates
while it falls, as shown in Figure 1. Both rolls are released from rest at time ¢ = 0 and reach the ground at the

1

same time f = f;. The rotational inertia of both rolls of paper can be modeled as I = 5 MR?.

-
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Dropped

Toilet Paper Roll TBR: P1 PE#1 FRQ #3

(a) Draw and label a force diagram of the forces (not components) exerted on each roll as they fall between r = 0
and 7 = 1. Each forcc in your force diagram must be represented by a distinet arrow starting on. and pointing ",
awdy Irom, the pomnt at which the Torce s exerted on the roll

Unrolled
Rull 2

v
@

O O

Dropped Unrolled
Roll 1 Roll 2

261



Dropped Unrolled
Eoll | Rull 2

Toilet Paper Roll TBR: P1 PE#1 FRQ #3 © v
@

(b)
i. Determine an expression for the linear acceleration a; of Roll 1 as it falls in terms of Ay, hy», M, R, and
physical constants, as appropriate.

ii. Starting with Newton’s second law in rotational or translational form, derive an expression for the
linear acceleration a, of Roll 2 as it unrolls in terms of hy, hy, M, R, and physical constants, as
appropriate. Begin your derivation by writing a fundamental physics principle or an equation from the
reference book.



Dropped

Roll |
- ]
Toilet Paper Roll TBR: P1 PE#1 FRQ #3 ©
(c) Iigure 2 shows a graph of the linear speed of Roll 1 as a function of time between 7 — 0 and ¢ — 1. The linear
speed of Roll | just before it hits the ground is v. On the same grid, sketch the linear speed of Roll 2 as a
function ol time between = 0 und ( = ). Clearly laubel the Iinal speed ol Roll 2 as v, hy

Speed
A

Unrolled
Rull 2

= Time

Figure 2

(d) Justify how the force diagram created in part (a) is or is not consistent with the graph drawn in part ().
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Electric Circuit Diagram

2. (12 points, suggested time 25 minutes)

Students are given an unknown circuit component that is connected in series to a resistor with known
resistance 500 .

(a) The students are asked to experimentally determine whether the component is a resistor or an uncharged
capacitor.

i. Complete the following diagram to show how to use standard circuit equipment to determine whether the
component is a resistor or an uncharged capacitor.

Circuit
Component

500 s
e

€ CollegeBoard Oather Strawderman AP Physics 266




Optics Ray Diagram

2017 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

Screen

Convex
lLens

Plate on Hidden
Side of Box

Light Box
with Plate

3. (12 points, suggested tume 25 minutes)

Some stuclents are acked 10 determine the focal length of a convex lens, They have the equipment shown ahove,
which mcludes & waterproof light box with a plate on one side, a lens, and a screen. The box has a bright light
nside, and the plate on the side has shapes cut out of it through which the light shincs to create a bright object.
This particular plate has a cutout that is a vertical arrow and a horizontal bar with a circle al one end. In the view
shown above, the circle is near the right edge of the plate,

With the screen and light hox on opposite sides ol the lens, the box is ahgned so that the plate is 20 cm from the
center o the lens, amd an image ol the arraw and bar is formed on the screen, The students Find that the image is
clear on the scroen when the sereen is 30 ¢m from the center of the lens,

f‘)CollageBoard Oather Strawderman AP Physics 267
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Translating

Between
Representations

Translation Between Representations FRQ

The Translation Between Representations question assesses students’ ability to
connect different representations of a scenario.

(a) Students will be expected to create a visual representation that describes a
given scenario. (3 pts)

(b) Students will derive equations that are relevant to the scenario. (4pts)
(c) Students will sketch graphs that relate quantities within the scenario. (3pts)
(d) Finally, students will be asked to do any one of the following: (2pts)

- Justify why their answers to any two of the previous parts do/do not agree with
each other.

- Use their representations, mathematical analysis, or graph to make a
prediction about another situation and justify their prediction using that
reasoning or analysis.

- Use their representations, mathematical analysis, or graph to make a
prediction about how those representations would change if properties of the

scenario were altered and justify that claim using consistent reasoning or
analysis. 269
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Example of a Sketch

i
)
S

P

concepruat Physics

Tracks A and B are made from pieces of channel
iron of the same length. They are bent identically
except for the same dip in Track B as shown.
When the balls are simultaneously released on both
tracks as indicated. the ball that races to the end
of the track first is on

a) Track A.

b) Track B. &
¢)...Both reach the end at the same time.

\ o —j{i:"ﬁ"f'/_j
* ARBOR SCIENTIFIC i)
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House —

A car 1s stopped al a trallic hight. The light (urns green, and at ime ¢ = 0 the car starls moving and (ravels with
a constant acceleration. At that instant a truck traveling at constant speed v, is alongside the car, with the front of

2. (12 points. suggested time 25 minutes)

each vehicle at position x = 0, as shown above. The truck passes the car, but the car later catches up to the truck
in [ront of a housce, such that at time £, the [ront of cach vehiele 1s at position x = D).

(a) On the axes below, sketch and label graphs of the velocity of the car and the velocity of the truck as a
function of time. Indicate any important velocities or times.

Vv

| | | | I | I I | |
B S R e T e T S s e e

| | | | I | I | | |

| | | | | | ] 1 | |



3 poinlts
Vv
'}
| | i i | |
r ! | ! | I |
! | ) x | |
! | H | | |
| | 1 ! I |
IR PSRN QRIS NFSRSIN RSN WS QR SRap— |
Vt‘

For a clcarly labeled horizontal line for the truck

For a clcarly labcled straight linc with positive slopc for the car
For the speed of the car ending higher than the speed of the truck at a time labeled

to indicatc that the housc has been rcached

© CollegeBoard
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 Areor scienTiFic

tharme ¢ Amoid Arons

She holds the book statio
against the wall as shown.
Friction on the book by t
wall acts

a) upward.
b) downward.
¢) Can't say.

\

nary

he




AP Free Body Diagram Guidelines

* Pointing away from the dot

* Touching the dot

 Labeled: Various conventions accepted
« Straight, use ruler

* Relative length on grid

* NO Components

275 i
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F

47. A block is held at rest against a wall by a force
of magnitude F exerted at an angle & from the

horizontal, as shown in the figure above. Let Fg
be the gravitational force exerted bv Earth on the
block, I-':N be the normal force exerled by the
wall on the block, and F ¢ be the frictional force

exerled by the wall on the block. Which of the
[ollowing statements about the magnitudes of
the forces on the block must be true? Select
(WO answers.,

276 man, AP Physics
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47. A block is held at rest against a wall by a force
of magnmitude Fexerled at an angle @ from the

horizontal. as shown in the higure above. Tet F;;
be the gravitational force exerted by Larth on the
block, Iy be the normal force exerted by the

wall on the block, and Ff be the frictional force

exerted by the wall on the block. Which of the
following statements about the magnitudes of
the forces on the block must be true? Select
WO answcrs.,

(A) I' = F,/sin0
(B) Fcos@ = F,
(C) Fsin@ — F.s: + Ff
(D) 1= 14 Iy 1";
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\ Earth k
RN F=7—— Spacecraft
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Note: Figure not drawn to scale.

1. (7 points, suggested time 13 minutes)

A spacecraft of mass m 1s in a clockwise circular orbit of radius R around Earth, as shown in the figure above.
The mass of Earth is M.

(a) In the figure below, draw and label the forces (not components) that act on the spacecratt. Each force must
be represented by a distinct arrow starting on, and pointing away from, the spacecratt.

Note: Figure not drawn to scale.



(a) LO/SP:3.A2.1/1.1;3B2.1/1.1,14
2 points

In the figure below, draw and label the forces (not components) that act on the spacecraft. Each force must be
represented by a distinct arrow starting on, and pointing away from, the spacecraft.

Note: Figure not drawn to scale.

For an arrow directed toward Earth’s center 1 point

For a correct label on the arrow representing the gravitational force, where the arrow 1s 1 point
pointing toward Earth’s center

Note: A maximum of 1 point may be eamed 1f extraneous forces are present.
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\ Earth k )

\ F=——— Spacecrall
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e —— — -

Note: Figure not drawn to scale.

1. (7 points, suggested time 13 minutes)
A spacecraft of mass m 1s in a clockwise circular orbit of radius R around Earth, as shown in the figure above.
The mass of Earth is M.

(a) In the figure below, draw and label the forces (not components) that act on the spacecraft. Each force must
be represented by a distinct arrow starting on, and pointing away from, the spacecraft.

Note: Figure not drawn 1o scalc.
(b)

1. Derive an equation for the orbital period T of the spacecralt in terms of m, M, R, and physical

constants, as appropriate. If you need to draw anything other than what you have shown in part (2} to
assist in your solution, use the space below. Do NOT add anything to the figure in part (a).



(b) LO/SP:2.B.2.1/22;3.A.1.1/1.5,22;3B.1.3/1.5,22;3B2.1/1.1,14,22,3.C.1.2/2.2
4 points

1. 3 points
Derive an equation for the orbital period T of the spacecraft in terms of m, M -, R, and physical constants,

as appropriate. If you need to draw anything other than what you have shown in part (a) to assist in your
solution, use the space below. Do NOT add anything to the figure in part (a).

For using (or implying) Newton’s second law and equating the centripetal force to the 1 point
gravitational force:
2 GmM 2
I'":ma:”n) r.E:m;
& R R R
For explicitly or implicitly determining that the speed of the spacecraft is: 1 point
- 27R
II'
For a correct answer algebraically equivalent to: 1 point
M2
7 — AT’ R
\ GM,
Note: It is acceptable to leave answer in terms of 7°
72 _ 4x*R°
G.l"[E




Planet

Moon A Moon B \

(/ \J

[~ Ry -
- R -

(a) The following dots represent the two moons when they are at the locations shown in the previous figure. On
each dot, draw and label the forces (not components) exerted on Moon A and on Moon B. Each force must be
represented by a distinct arrow starting on, and pointing away from, the appropriate dot.

Moon A Moon B



For two forces direcred to the right on Moon A. correctly labeled, with no extraneous forces

1 point

For two horizontal forces in opposite directions on Moen B. The labels on the forces must be
comect and distimgwshable fom each olher, with no exrangons forces.

Scoring Notes:

Acceptable labels for torces include: Iy, I7y . Ty T I Iyl I, . et

Maximum 1 point can be earned if the arrows do not start on the dot.

1 point

Example Response

l'AD FEA IIB'plﬁllﬂ'
a : < @ >
E*'s planet
Moon A Moon B

Total for part a. 2 points



Block | Block 2

Note: Figure not drawn to scale.
1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string of negligible mass that passes over massless pulleys that turn with
negligible friction, as shown in the figure above. The mass m, of block 2 is greater than the mass m, of block 1.
The blacks are released from rest.

(a) The dots below represent the two blocks. Draw free-body diagrams showing and labeling the forces
{not components) exerted on each block. Draw the relative lengths of all vectors to reflect the relative
magnitudes ol all the forces.

Block | Block 2

____________________________________________ 284



of points
(a) 2 points

___________ ey ot
_________________________________ "3 _
For drawing two vectors starting on the dots that point upward, have the same 1 point
length and are labeled as the tension force
For drawing two vectors starting on the dots that point downward, where the 1 point

vector for block 1 is smaller than the vector for block 2 and both are labeled as
the gravitational force

One earned point is deducted for drawing any extraneous vectors.

One earned point is deducted for vector lengths that do not allow the system to
accelerate in the proper direction.

e



Block | Block 2

Note: Figure not drawn to scale.
1. (7 points, suggested time 13 minutes)

Two blocks are connected by a string of negligible mass that passes over massless pulleys that turn with
negligible friction, as shown in the figure above. The mass m; of block 2 is greater than the mass m; of block 1.
The blocks are released from rest.

(a) The dots below represent the two blocks. Draw free-body diagrams showing and labeling the Torces
{not components) exerted on each block. Draw the relative lengths of all vectors to reflect the relative
magnitudes ol all the forces.

Block 1 Block 2

(b) Derive the magnitude of the acceleration of block 2. Express your answer in terms of »1,, m, . and g.

286



{b) 3 points

For writing an equation for Newton’s second law for block 1 1 point
ma =71 —mg

For writing an equation for Newton's second law for block 2 1 point
ma = mg—1T

For eliminating T to obtain an equation that can be sclved for the acceleration 1 point

I =ma+mg

Ma = mg — ma —mg
(my +my)a = (m, —m)g
a=(m —m)g/(m +m)

287 Oather Strawderman, AP Physics
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Question 1 (continued)

Distribution
of points
{b) (continued)
Alternate solution Alternate points

The system of two blocks must move as a unit, so the acceleration of the system is
the aceeleration of block 2.

For writing an equation showing that the net force acting on the system is the 1 point
difference in masses times the acceleration of gravity

Fo =(my —my)g

For writing an equation that relates the net force to the sum of the masses and the 1 point
acceleration of the system

Fret = (my +my)a

For writing an equation that can be solved for the acceleration in terms of the 1 point
varables used 1n the summation of forces equations

(my +my)a = (my —m)g

a = (my —m)gf(m +m)

288 Oather Strawderman, AP Physics
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1. (7 points, suggested time 13 minutes)

A wocden wheel of mass M, consisting of a rim with spokes, rclls down a ramp that makes an angle @ with the
horizontal, as shown above. The ramp exerts a force of static friction on the wheel so that the wheel rolls without
slipping.
(a)
i. On the diagram below, draw and label the forces (not components) that act on the wheel as it rolls
down the ramp, which is indicated by the dashed line. To clearly indicate at which point on the wheel
cach force is exerted, draw each force as a distinct arrow starting on, and pointing away from., the point

at which the force is exerted. The lengths of the arrows need not indicate the relative magnitudes of the
forces.




2 points

For a labeled arrow representing the gravitational force, starting at the wheel’s
center and directed downward

For labeled arrows representing the friction and normal forces or a single arrow
representing the resultant of the friction and normal forces (i.e., the force
exerted on the wheeal by the surface), with no extran=sous forces

The friction force should start at the wheel-ramp contact and be directed up and
left along the ramp.

The ncrmel force should start at the wheel-ramp contact and be perpendicular to

the ramp and toward the wheel’s center. [t does not have to go exactly through
the center but must come reasonably close.

1 point

1 point
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Three baseballs are thrown
from the top of the cliff along
paths A, B, and C. If their
initial speeds are the same and

N air resistance is negligible. The

~ B ball that strikes the ground

"below with the greatest speed
will follow path

a) A. b) B.
d) either A or C.
e) All strike with the same speed.

£)IC:
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Instructional Approaches offer recommendations on integrating skills and content
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Translating
Between
Representations

Course and Exam Description Instructional Strategy

Strategy

Four-Square
Problem Solving

Description

Students are given a scenario, perhaps
one that came from a traditional,
“plug-and-chug"” calculation problem.
They divide a sheet of paper into four
guadrants. In each quadrant, students
put some representation of what is
going onin the problem—for example,
motion maps or graphs, free-body
diagrams, energy bar graphs, momentum
bar graphs, mathematical models (i.e,
equations with symbols), well-labeled
diagrams, or written explanation (i.e., two
to three strong, clear sentences).

Assign students the scenario of a disk
rolling without slipping down an incline.
For the four-squares, have students

Example

A. sketch a force diagram of the disk,

B. sketch an energy bar chart of the
translational kinetic, rotational kinetic,
and gravitational potential energy of
the disk-Earth system when the disk
is at the top and bottom of the incline,

C. derive an equation for the
translational speed of the disk at the
bottom of the incline, and

D. make a claim about the final speed
of a hoop (with the same mass and
radius) if it were released from rest at
the top of the same incline.
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Translating

Between
Representations

Translating Between Representations FRQ

The Translating Between Representations (TBR) question assesses students’ ability
to connect different representations of a scenario. Students will be expected to
create a visual representation that describes a given scenario. Students will
derive equations that are mathematically relevant to the scenario. Students will
draw graphs that relate quantities within the scenario. Finally, students will be
asked to do any one of the following:

- Justify why their answers to any two of the previous parts do/do not agree with
each other.

- Use their representations, mathematical analysis, or graph to make a prediction
about another situation and justify their prediction using that reasoning or analysis.

- Use their representations, mathematical analysis, or graph to make a prediction

about how those representations would change if properties of the scenario were
altered and justify that claim using consistent reasoning or analysis.
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Diagram

Graph

Mathematical Representation

Qualitative Analysis




TBR
Representations

& CED
Instructional
Strategies

Rapid Compression of a Gas: Fire Syringe

297



https://www.youtube.com/watch?v=K6bPDMkYoAM

Diagram

Graph

Mathematical Representation

Qualitative Analysis




Diagram

[nitial

Final

Graph

/7 .,'-'0 -

Mathematical Representation

Qualitative Analysis

The gas is compressed, so positive work is done on the gas
adding energy to the gas, therefore W = +. Because the gas is
compressed rapidly, there is not time for energy to transfer to/
from the gas via a heating process, so Q = 0. The change in
internal energy is the sum of the energy added/removed by
heating and the work done on the gas, so the internal energy of
the gas increases. Because internal energy is directly
proportional to temperature, the temperature of the gas also
increases. By the ideal gas law, the temperature of the gas is
proportional to the product of pressure and volume. Therefore,
because the temperature of the gas increases, the product of
PV is greater in the final state than in the initial state.




TBR
Representations

Two Positively Charged Particles

& CED
ectonal A system consists of O 00 O
2 two positively charged S EEEEE—
particles. The particle
on the left is fixed in Q

place. The particle on <
the right moves

towards the particle on Q Q
the left at constant f———]

velocity.
ON©,
je—1
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Diagram

Graph

Mathematical Representation

Qualitative Analysis




Diagram

Graph

r
L‘L.

Mathematical Representation

Qualitative Analysis

When the charges are an infinite distance apart, the potential
energy is zero. Because the electric force, which is internal to the
system, is repulsive, for the charges to move closer together at
constant velocity an external force must push the charges toward
each other. The kinetic energy of the system is constant, but the
external force does positive work, so the energy of the two-charge
system increases. As a result, the electric potential energy is
greater for each new configuration because of the work done by
the external force.

As the charges move closer together, more force is needed to
move the charge through each equal distance interval, so more
work must be done and the potential energy changes at a greater
rate for smaller separation distances.




TBR
Representations

& CED
Instructional Two objects of identical mass
Strategies are attached to strings and
submerged in a large tank of
liquid, as shown at right. The
fluid is filled to a depth of 2.0 m.

Two Objects Submerged in Liquid

Object A has a volume of 1.0 x
10->m3 and a density of 1300
kg/ms3. The tension in the string
to which object A is attached is
0.0098 N.

B 2.01

Object B is tied to the bottom of
the tank. The tension in the

string to which object B is
attached is 0.1104 N.
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- Three baseballs are thrown
‘T from the top of the cliff along
‘ paths A, B, and C. If their
\ initial speeds are the same and

¥ =i~ air resistance is negligible. The
IR ' . P bol\ that strikes the ground

N e “"below with the greatest speed
‘ 1 will follow path

‘ a) A b) B. e) €.
' d) either A or C.
e) All strike with the same speed.

concerruat Physics
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Tool Choice

e Hammer/Screwdriver Example

e |t is just as important to teach when to use a tool as it is to
teach how to use a tool

e Talk out loud before starting each problem describing what
made you choose to use the tool you are using

e Make sure and include problems from previous units in
every unit exam

e Don’t save review till the Spring

eCdllageBOtlrd Oather Strawderman AP Physics 307



Stonec A Stone B

‘ '_J I ——

O

10. Two stones are thrown from the same height and
with the same initial speed. Stone A is thrown
vertically downward, and Stone B is thrown
horizontally, as shown. If the stones are thrown
at the same time and air resistance is negligible.
which of the following is truc?

(A) The two stones reach the ground at the
samge time with the same speed.

(B) The two stones reach the ground at the
same time but with different speeds.
(C) Stone A reaches the ground first, but the
(w0 stones have the sume speed just
before they hit the ground.
(D) Stone A reaches the ground first and has
areater speed just before hitting the 308

Oather Strawderman AP Physics
ground.



Energy

e Mechanical Energy
-Kinetic Energy
-Elastic Potential Energy
-Electric Potential Energy
> Requires a system
-Gravitational Potential Energy
> Requires Earth as part of the system

e Energy Transferred through Heating or Cooling

- Atomic level Kinetic Energy transferred through friction,
heating or cooling

eCO]lageBOtlrd Oather Strawderman AP Physics 309



Types of Systems

Surroundings I I

Isolated System Closed System Open system

Exchange of matter with the surroundings «—
Exchange of energy with the surroundings <«—»

e-'CollageBoard 310



Types of Systems

Examples of Systems

Figure 2. This is an open system. The system is the
pan and the surrounding is the kitchen. %)

Figure 4. This is a closed system. The system is the
pan/lid and the surrounding is the kitchen. !

I —— —
1 No exchange
of matter

No exchange
of energy

Figure 4. This is an so ated system.
The system is the thermos and the
surrounding s e kitchen.?)

€ CollegeBoard
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Systems MCQ: 2017 IPE

5. A sled shdes down a hill with [riction beltween

the sled and hill but negligible air resistance.
Which of the following must be correct about
the resulting change in energy of the sled-Earth
system?

(A) The sum of the kinctic energy and the
gravitational potential energy changes by
an amount equal to the energy dissipated
by I[riction.

(B) The gravitational potential energy decercases
and the kinetic energy is constant.

(C) The decrease in the gravitational potential
energy is equal to the increase in Kinetic
energy.

(D) The gravitational potcntial encrgy and the
Kincuce energy must both decrcasc.

©? CallegeBoard
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Systems MCQ: 2014 Practice Exam

19. A rocket 1s continuously [iring 1(s engines as
it accelerates away from Earth. For the first
kilometer ol 1ts ascent. the mass ol Lucl ¢jected 1s
small compared to the mass of the rocket. For this
distance, which of the following indicates the
changes. if any, in the Kinetic energy of the
rocket, the gravitational potential energy of the
Earth-rocket system, and the mechanical energy
of the Earth-rocket svstem?

Svslem

Rocket Gravitational — System

Kinetic Potential Mechanical

Energy Energy Energy
(A) Increasing Increasing Increasing
(B) Increasing Increasing Constant
(C) Increasing Decreasing Decreasing
(D) Dccercasing Increasing Constant

e‘CollageBourd Oather Strawderman AP Physics 313
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Energy Bar Charts (LOL Diagrams)
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Energy Bar Graphs

e The “Free Body Diagrams” of the Energy Unit
e Can be used during Fluids, Thermo and E&M in P2
e Three parts

-First graph represents the energy in the system prior to
the event

-The Circle tells you the system you are analyzing and
shows any work done on or by the system

-Second graph represents the energy in the system after
the event

eCdllageBOtlrd Oather Strawderman AP Physics 315



Energy Bar Graphs WS

Final
Initial
K U, U

——————————————
————————— ————

Ene.fgy Flow Final
Diagram K I,Tg Us ETherm

©? CallegeBoard
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Energy Bar Graphs WS

Final
Initial
K U, U

——————————————
————————— ————

Ene.fgy Flow Final
Diagram K I,Tg Us ETherm

©? CallegeBoard
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Energy Bar Graphs WS

Final

Initial Eﬂ;fgv Flow Final
jagram
K .[_]’.g [Ts ag K U 2 I J 3 F.-Therm
0 0
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Energy Bar Graphs WS

5. Aload of bricks rests on a tightly cotled spring, and then 1s launched 1nto the air.

y E v >0 Initial Ene.rgy Flow Final
y=0 [/ — - —
¥V = 0 e
- :
Initial Final

(“J’CollageBoard Oather Strawderman AP Physics 319



Energy Bar Graphs WS

6. A crate 1s propelled up a hill by a ughtly coiled spring.

v=>0 Initial Energy Flow Final

Di
K Uy U agram K U U Erfhem

Initial

e’CollageBourd Oather Strawderman AP Physics 320



Energy Bar Graphs WS

1. A moving cart hits a spring, travcling at 5.0 my/s at the timc of contact. At the instant the cart 1s
motionless, by how much is the spring compressed?
Initial Energy Flow Final

Dk a k=5 0% % K 1 Jg | Js Dlag ram K I.Jg I-L Ethcrm

m=39§
¥=5.0mis v=10

e e e - o o e e e e e e e e e e e e e e e

pEmEm_—__E,Em-mEmm-m-—- e we o owm mmoem owm me e owm e e e e e e e
— # z

® O O O e e e e - :.:

.. §- O ————

T« T L e LT+« e LT« et Y s = L TR T L L L T L LI e T TN SRR R AR A

Initial Final
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Day 2 Folder: Energy Bar Graphs WS

3. Determine the final velocity of the cart, assuming that 20% of the energy 1s dissipated by friction.

%‘
Initial Engrgv Flow Final
iagram
3 K Ug Us A K IJ}J Us  Etherm
E [ e
£ S I
2 -
g - == === s G
() o — 0 e e e e
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Energy Bar Graph MCQ: 2017 IPE

4. A rubber ball with mass 0.20 kg 1s dropped
vertically from a height of 1.5 m above a floor.
The ball bounces off of the floor, and during the
bounce 0.60 J of energy is dissipated. What is the
maximum height of the ball atter the bounce?

(A) 0.30 m
(B) 0.90 m
(C) 1.2m
(D) 1.5 m

eCO]lageBOi!rd Oather Strawderman AP Physics 323



AP Physics 1 2022 Exam FRQ #1
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Consider the system that includes the spring, Farth, both blocks, and the string, hut not the surface. .t the initial
stale be when the blocks are at rest just belore they start moving, and let the final state be when the blocks [irst
come momentarily to rest. Diagram A at left below is a bar chart that represents the energies in the scenario where
there is negligible friction between block 1 and the surface.

The shaded-in bars in the energy bar charts represent the potential energy of the spring and the gravitational
potential energy of the blocks-Earth system, L§ and U, respectlively, in the initial and [inal stales. Posilive energy
values are above the zero-point line (*07”) and ncgative energy values are below the zero-point line.

Diagram A: Negligible Friction Diagram B: Nonncgligible Friction
A U, v U U, v Ul U, U U,

e —— i —————— -

b - - - ————— - -

e ————————— -

e ———————————— -

e - - ————— -

Initial Final Initial Final

(c¢) Complete diagram B (at right above) for the scenario in which friction is nonnegligible. The energies for the
initial state are already provided. Shade in the energies in the [inal state using the same scale as in diagram A.

* Shaded regions should start at the solid line representing the zero-point line.
* Represent any energy that is equal to zero with a distinct line on the zero-point line.




AP Physics 2 2022 Exam FRQ #3

AP® Physics 2 2022 Free-Reaporsa Questions

Begin your response to QUESTION 3 on this page.

Election
e}

Npie: Figure not drawn to scale.

3. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of redius 7 aboul a stalionary proton, as shown

above. The gravitational force belween the prown and elecuon is negligible compared o the elecuostatic ‘orce
between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

eCollageBoard Oather Strawderman AP Physics
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AP Physics 2 2022 Exam FRQ #3

Before Photon After Photon
Absorbed Absorbed
‘ UE K ' U E K

iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Uy ; of the
atom and the initial kinetic energy K; ol the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

€ CollegeBoard Oather Strawderman AP Physics 327




AP Physics 2 2023 Exam FRQ #4
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AP Physics 2 2023 Exam FRQ #4
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PhET: Energy Skate Park

Enargy O Piecrat @
(& BerGraph [
O cid it
() speed
ooy MaSS

Potanhal

L
Q0O (@)
Energy Skate Park: Basics \Y /ﬁ p”]:—” —

Access the Simulation at: https:/phet.colorado.edu/sims/html/energy-skate-park/latest/energy-skate-park en.html
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The Physics Classroom

Chart That Motion

Use the lettered buttons to select a description that matches the bar chart shown below. When
you think you have a match, click/tap the Check Answer button.

‘.\J ul\c"u]\‘u’r]'u[‘uj lHJ”uHL‘
Initial Final Description
PE KE W, PE KE A car is moving along a level roadway at a
™ ™ ™ ™ constant speed.
@ [ _ N I .
0 H
— : - : : : Check Answer ’ ‘ Main Screen

Access the Simulation at: https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-

Bar-Charts/Work-Energy-Bar-Charts-Interactive

e’CollageBoard
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PN

Two oppositely charged particles, an alpha particle with
2 positive charges and a less-massive electron with a
single negative charge are attracted to each other.
Compared to the force that the alpha particle exerts on
the electron, the electron exerts a force on the alpha
particle that is

concerruat Physics

a) greater. b) the same. c) less.
The particle with the most acceleration is the
d) alpha particle. e) electron. c) same for each.

As the particles get closer to each other, each experiences
an increase in

g) force. h) speed. i) acceleration.
}) all of the above. k) none of the obove.J
*LARBOR SCIENTIFIC A}{?Tf’r’
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The Physics Aviary

Photogates are 10 m apart
Photogate Time

Oms

Work To KE Lab

Extinguisher's Force
115N

1

Wally's Mass
70 kg

1

Access the Simulation at: https://www.thephysicsaviary.com/Physics/Programs/Labs/WorkToKELab/

€ CollegeBoard
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Little Larry slides down an icy grass slope in a card-
board box and skids to a stop across the flat ground.
[f Larry's friend were also in the box, giving it twice
the mass and starting from the same height, the
skidding distance would be

conceprual Physics

a) less.
b) the same.

c) twice as far.
d) four times as far.

e) none of the above.

~
\ y -+L--1r*,_j
* ARBOR SCIENTIFIC “Dyari]
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A block is released from rest and slides down a track with negligible friction,
descending a vertical distance of 5.0 m from its initial position to Point P, as
shown in the figure. The block then slides on a horizontal surface where the
coefficient of kinetic friction y, between the block and the horizontal surface
is 0.20. How far does the block slide on the horizontal surface before coming to
rest?

(A) 1.0 m (B) 5.0 m
(C) 10 m (D) 25m

e'CollageBoard
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Qualitative / Quantitative
Translation

FRQ #4 - 8 points



Qualitative/Quantitative Translation FRQ 2026

AP PHYSICS C: MECHANICS 202€ » FREE-RESPONSE QUESTIONS

4. A unicycle is placed on a stand such that the wheel does not touch the ground. The rotational
inertia of the wheel ahout the axle is /. One end of a crank arm can he attached to the wheel,
as shown in the side view.

e Whgel

Side View

G}Collagenoard Oather Strawderman AP Physics 340




Qualitative/Quantitative Translation FRQ 2025

AP FHYSICE C MECHANICTS 2025 « FREE-RESPONSE QUESTIONS

4. A uniform disk and ring, each of mass M and radius R, rall without slipping along a horizonlal
surface, as shawn in Figure 1. The auter edges of the disk and ring are made of the same
material. The center of mass of the disk and the center of mass of the ring each initially move
with the same canstant speed v.

The disk and the ring then smoothly transition to a ramp that is inclined at an angle @ above
the horizontal. Both the disk and the ring continue 1o roll without slipping as they move up the
ramp, as shown in Figure 2.

The ring Iravels a grealer distance along the ramp than the disk travels before each
momenlarily comes o resl.

. n -1
Disk Ring e

\ A \ ’,."

" U I
_£RA T
e K — e

5
Figure 1
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Qualitative/Quantitative Translation FRQ 2026

AP PHYSICS C: ELECTRICITY AND MAGNETISM 20265 » FREE-RESPONSE QUESTIONS

4, In Scenario 1, a square conducting loop with side length s has total resistance R. The loop is
held lixed in the xy-plane in an external, uniform, time-varying magnetic field that is initially
directed in the +z-direction, as shown. The z-companent of the magnetic field changes as a

y

function of time ¢ as described by B, = B, cos (M%), where B, and 7 are positive constants.

. . . . . . +',,\"
BZ l
] [ L L3 Kl . +2 +x
R?‘ g
- . . » . .

eCo]lageBoard Oather Strawderman AP Physics
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Qualitative/Quantitative Translation FRQ 2026

AP PHYSICS C: ELECTRICITY AND MAGNETISM 2025 « FREE-RESPONSE QUESTIONS

4. Long, parallel wires S and T are a distance 24 apart. Both wires carry equal currents /, but the
currents are in opposite directions. Both wires are parallel to the x-axis. At the instant shown
in Figure 1, Sphere 1 is a distance d abave Wire §, Sphere 2 i5 a distance d below Wire §, and
both spheres are moving with speed v in the | x-direction. Lach sphere has positive charge + Q.
Gravitational effects are negligible.

Figure 1

+¥

Sphere | » —
+0Q
Wire S +X
+-

<

Sphere 2 -
d +0
1 A Wire T

ST R
| B
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Qualitative / Quantitative Translation FF

e Find Question #4 the QQT FRQ

e Look at either the Mechanics or the E&M Student
Samples packet

* Read through and determine the tasks that the
student have to do for each part

* Record how many points per part

eCollageBoard Oather Strawderman AP Physics 344




QQT FRQ Practice

* Work through the QQT FRQ for the exam of your
choosing

e As you work the FRQ think about how you can
help prepare you students for this item type.

e How could you adjust your home work sets to
match this derivation format?

 How could you adjust your home work sets to
match this qualitative heavy question?

eCO]lageBoard Oather Strawderman AP Physics 345




Qualitative/Quantitative Translation FRQ

The Qualitative/Quantitative Translation (QQT) question assesses students’
ability to connect the nature of the scenario, the physical laws that govern the
scenario, and mathematical representations of that scenario to each other.

(a)Students will be asked to make and justify a claim about a given scenario.
(3 pts)

(b) Students will then be asked to derive an equation related to that scenario.
(3 pts)

(c) Finally, students will be asked to do any one of the following: (2 pts)

- Justify why their answers to the previous parts do (do not) agree with each
other.

 Use their representations or mathematical analysis to make a prediction about
another situation and justify their prediction using that reasoning or analysis.

 Use their representations and mathematical analysis to make a prediction
about how those representations would change if properties of the scenario
were altered and justify that claim using consistent reasoning or analysis.



ERC

Evidence
Reasoning
Claim

Evidence: information from the question or
event description

Reasoning: using Physics principles to
synthesize your evidence into your Claim

Claim: short statement that answers the
guestion

347



FRQ Booklet: Which Version?

S——

Question 4

Answer Question 4 on page 27.




FRQ Booklet Structure: Question #4 QQT

v th Slack oo Ca C Aaw il Do NOT weide pou manie Do N o ool sede L :
-
=
-
BAKT A -
-
-
-
-
-
-
-
-
JART B -
-
-
-
-
-
-
-
-
"ART S :
-
-
-
-
-
Page 27 | =
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Last Question...Now What?

es——

AFTER THE EXAM

Do not close your device.

Stop writing. Flace your free-response
baoklat face down an the desk.

Remain seated. Wait for the proctor to
collect your exam materials.

Remain quiet. Other stucents may still
be lesting.

350



Developing the
Science Practices

How your students will be asked
to demonstrate what they know

Oather Strawderman AP Physics 351



QQT Skills: LY EXY EC) EX3

Practice 1

Creating Representations KRl
Create rapresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines E2

Conduct analys:s lo derive. calculalz, estimate, or
predict.

Practice 3

Scientific Questioning and
Argumentation X

Describe experimental procecures, analyze daz, and
support claims.

KX Create ciagrams, tables, charts,
or schematios to renresent physical
situatiors.

KX Create gquaniitative graphs with
appropriate scales and units, ncluding
plotting data.

EEa Creale gualilalive skelches of
craphs that represent teatures of a
model or the behavior of a physical
system.

EX] Derive a symbolic axpression
from known quantities by selecting
and followirg a logical mathcmatical
pathway.

EX] Calculate or estimate an unknown
quantity with units from known
qguentities, by selectirg and following a
logiczl computztional pathway.

EX3d Compare physical quantities
between two or mare scenaros or
at cifferent times and locatiorsina
single scenario.

EX] Fradict new values ar factors of
change of physical quantities using
furctional dependence between
variables.

EX) Create experimental pracedures
that are appropriate for & given seinntific
qucstion.

EX] Apply an appropriata law, definition,
theoretical relztionship, or model to make a
claim.

Juslily or supporla claimusing
gvidence from expernimental data, physical
representations, or physical principles or
laws.
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Mech 2026

@ QUESTION 4 QUALITAT VE QUANTITATIVE TRANSLATION (QQT)

QO PAKT APCINT 1
QQT PART A PCINT 2
NOT PART A PCINT 3
QQT PART B POINT 1
NOT PART B PUINT 7

QQT PART B PCINT 3

QQT PART C PCINT 1

QQT PART CPCINT 2

43

0.8

0.6

04

0.6

0.3

0.3

0.6

0.3

eCollageBoard
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E&M 2026

(:) QUESTION 4 QUALITATIVE QUANTITATIVE TRANSLATICN (QQ1)

QCT PART APOINT 1

OCT PART A POINT 2
OCT PART A POINT 3
OCTPART BPONT 1

OCT PART BPONT 2

QCTPARTBPONT 3

QCT PART C POINT 1

QCT PART C POINT 2

4.6

0.7

0.3

04

0.6

0.5

04

0.7

0.7

eCollageBoard
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Instructional
Strategies for
Effective Writing In
AP Physics

Oather Strawderman

International Lead
AP Physics Consultant
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concepruat Physics

o e ———
——

Y

|\.|j-:
[

Tracks A and B are made from pieces of channel

iron of the same length. They are bent identically

except for the same dip in Track B as shown.

When the balls are simultaneously released on both
tracks as indicated, the ball that races to the end

of the track first is on
a) Track A.
b) Track B.

¢)..Both reach the end at the same time.

= CriCkITICIF
ARBOR SCIENTIFIC
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Scientific Writing

Strategies and Processes

359



CER Framework for writing scientific arguments

Tool students can use to answer “Justify
your answer” questions

Clai Students may be familiar with this
alm
framework from other classes

Claim: short statement that answers the
guestion

Evidence: information from the question or
event description

Reasoning: using Physics principles to
synthesize your evidence into your Claim

Evidence
Reasoning
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Switch-it Up

Focus on the order

CER is a great method, but.....

Don’t start with answering the
question!!

Most of the time when students start
with an answer it comes from their
gut and not their brain, seen it
thousands of times at the Reading

Start with things they see and then
tie them to Physics principles
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ERC NEW ORDER

Evidence Evidence: information from the question or
Reasoning event description
Claim Reasoning: using Physics principles to

synthesize your evidence into your Claim

Claim: short statement that answers the
guestion
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Tracks A and B are made from pieces of channel

iron of the same length. They are bent identically

except for the same dip in Track B as shown.

When the balls are simultaneously released on both
tracks as indicated, the ball that races to the end

of the track first is on
a) Track A.
b) Track B.

¢)..Both reach the end at the same time.

= CriCkITICIF
ARBOR SCIENTIFIC
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ERC NEW ORDER

Evidence Evidence: information from the question or
Reasoning event description
Claim Reasoning: using Physics principles to

synthesize your evidence into your Claim

Claim: short statement that answers the
guestion

365



Block |

Table |
Table 2

Team | Team 2

4. (7 points, suggested time 13 minutes)

A physics class 1s asked to design a low-friction slide that will launch a block horizontally from the top of a

lab table. Teams 1 and 2 assemble the slides shown above and use identical blocks 1 and 2, respectively. Both
slides start at the same height  above the tabletop. However, team 2’s table is lower than team 1’s table. To
compensate for the lower table, team 2 constructs the right end of the slide to rise above the tabletop so that the
block leaves the slide horizontally at the same height & above the floor as does team 1°s block (sce figure above).

(a) Both blocks are released from rest at the top of their respective slides. Do block | and block 2 land the same
distance from their respective tables?

Yes No

Justify your answer.
366



For attempting to use conservation of energy to compare the two blocks

For explicitly or implicitly indicating that the launch velocities are different
For stating or implying that the time to reach the ground is the same for both blocks

Example: The amount of potential energy converted to kinetic energy is different for the
two blocks. The potential energy is proportional to the change in height, which is
smaller for block 2. Therefore, at the edge of the table, block 1 will have more
kinetic energy than block 2, and hence a larger speed. The launches are both
horizontal and from the same height, so the blocks will spend the same amount of
time in the air. Because d = vt , the distances will be different for the two blocks (as
the speeds are different).

367
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B B B
Lo X X X X X X, X X X X X X X X X
—_— —_— —
X X X X X X X x [xX x x| x
/ X X X X X X X X X X X X X X X
Conducting
Loop X X X X X X X X X X X X X X X
Time ¢, Time ¢, Time 14

1. (10 points, suggested time 20 minutes)

The figures above show a rectangular conducting loop at three instants in time. The loop moves at a constant
speed v into and through a region of constant, uniform magnetic field B directed into the page. The magnetic
field 1s zero outside the region.

(a) In a coherent paragraph-length response, compare the magnitude and direction of the current at times ¢, f,,
and f5. Include an explanation of why there is or is not a current and the direction of the current if one is
present. Use fundamental physics concepts and principles in your explanation.
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For indicating that the currents at #, and ¢, have equal nonzero magnitudes and are in
the same direction

| point

For mdicating that there 1s no current at /5 1 point
For correctly indicating that the currents depend on the change in flux through the loop 1 point
or the forces on the charges moving in the field
For correctly 1dentifying the direction of the current as counter-clockwise and either 1 point
explaining that the direction of the current generates a magnetic field that opposes
the change in flux or analyzing the force on the charge carriers in each segment of
the loop
For an on-topic response that has sufficient paragraph structure, as described in the 1 point

published requirements for the paragraph length response
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A new pendulum is made by hanging the same small sphere from a different string with negligible mass. The new
string 1s slightly elastic, and the length of the string may increase or decrease depending on the tension applied to
the string. On Earth, when the sphere is again displaced @ from the vertical and released from rest, the new

pendulum oscillates with period 7.

The new pendulum is then taken to a different planet, Planet Y. The radius of Planet Y 1s the same as the radius
of Earth, but the mass of Planet Y is larger than the mass of Earth. On Planet Y, when the sphere is again
displaced from the vertical and released from rest, the new pendulum oscillates with period 7y.

(b) In a clear, coherent paragraph-length response that may also contain drawings, explain how 7+ could be larger
than 7 but also could be smaller than 7.

b,(' Small Sphere
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For relating a larger planetary mass to a one of the following: 1 point
e A larger weight of the sphere

e A larger acceleration due to gravity g

e A larger gravitational field strength

For indicating that the period is inversely related to one of the following: 1 point
e The acceleration due to gravity g

e The gravitational field strength

For indicating that the amount of stretch is dependent on one of the following: 1 point
e The weight of the sphere

e The acceleration due to gravity g

e The gravitational field strength

For relating the length of the string to the period of the pendulum 1 point
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2019 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

:"— « o o 1 | MagneQC Field
Proton Beam i | Out of Page
> i * T ‘ 1 ¢ i Electric Field
e o e |5 Toward Top
bommm e y of Page

Another region of space contains an electric field directed toward the top of the page and a magnetic field
directed out of the page. Both fields are constant and uniform. A horizontal beam of protons with a varicty
of speeds enters the region, as shown above. Protons exit the region at a variety of locations, including
points 1 and 2 shown on the figure. In a coherent, paragraph-length response, explain why some protons exit
the region at point 1 and others exit at point 2. Use physics principles to explain your reasoning.

372




For indicating that initially the electric and magnetic forces act in opposite directions 1 point

For indicating or implying that the magnetic force is affected by speed, but the electric 1 point
force is not

For indicating that different paths occur as a result of the addition of forces 1 point

For indicating that slower protons exit higher than faster protons (i.e., slower protons 1 point
exit at point 1 and faster protons exit at point 2)

For a logical, rclevant, and intcrnally consistent argument that addresses the question 1 point

asked and follows the guidelines described in the published requirements for the
paragraph-length response

Example:

For a charged particle to travel through the region undeflected, the net force on it must
be zero. This means that the upward electric force and the downward magnetic force
must be equal and opposite to each other. This occurs for a particular speed. The
electric force 1s independent of the particle’s velocity, but the magnetic force will be
larger for greater velocities and less for smaller velocities. If a particle is moving
faster than the particular speed, it will experience a greater magnetic force and be
deflected downward. If it is moving more slowly than the particular speed, it will be
deflected upward.
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ERC 0
|

2018 P1 FRQ #5

W0 | =

X 0

(b) The figure is reproduced above. How does the amplitude of oscillation A, of the two-block system
compare with the original amplitude Ap of block P alone?
Apy < Ap Apg = Ap Apg > Ap

In a clear, coherent paragraph-length response that may also contain diagrams and/or equations, explain your
reasoning.
374



Correct answer: 4p, < Ap .

Note: The response is graded even if an incorrect selection 1s made.

For applying conservation of momentum to the collision
For correctly finding that the post-collision speed has decreased (or, for determining that

1
Vi = §Vi)

1 point
1 point

Note: The first 2 points can be carned for stating that the collision is inclastic

For stating or implying that the system’s kinetic energy has decreased (or, for
calculating a lower final kinetic energy)

1 point

For stating or implying kinetic energy of blocks right after collision equals maximum
potential energy of spring
OR
For stating or implying that the maximum potential energy equals the total mechanical

cnergy just after the collision (Simply stating that £, = %I\:A2 is sufficient.)

1 point

For stating or implying that maximum potential energy 1s reached when the
displacement from equilibrium cquals the amplitude of oscillation

1 point

Note: The previous 2 points can be earned in a single sentence in which one or both of
the points 1s implicit.




Tips

Just write it!

Write every day!
Start small, one sentence statements
Start early!!

Scaffold what you are asking them to do
both Physics wise and writing wise....don’t
jump into lengthy responses in Unit 1

Give them a framework to use that you
teach and continually use...just like you do
with Quantitative problems

Present material in ways that foster writing
VS just computation

Show students the rubrics
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2018 AP Physics C: E&M FRQ #2

e’CollageBoard

Multimeter
Aluminum Foil

A group of students are asked to take measurements that will allow the

students to create alinear graph whose slope could be used to determine
the dielectric constant of paper using the setup shown.

A. Describe an experimental procedure to collect data that would allow the
students to determine the dielectric constant of paper. Include any steps
necessary to reduce experimental uncertainty.

B. Describe how the data collected in part A could be graphed and how
that graph would be analyzed to determine the dielectric constant of paper.
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SHM LAB FRQ: Mech Unit 7 Progress Check FRQ#3
AP PITYSICS C: MECIIANICS Test Booklat

Unit 7 Progress Check: I'RQ 3

1. Show all vour work for each part of the question. The parts within the question may not have equal weight.

A scicnfist 1s on a space station orbiting another planct in an apparcntly weightless environment. The scientist 1s
lasked with developing a method o measure the unknown mass ol a rock sample that came [rom the planet’s
surface. The scientist has a collection of springs of different, known spring constants. The rock can be attached to
cach of the springs using a fastener of ncgligible mass.

(a) Describe an experimental procedure that (1) uses the springs with known spring constants and (2) would allow
the scientist to determine the rock’s mass by making a linear graph. Inchide steps necessary to reduce
cxperimental uncertainty.

(b) For the dara collected in the proecdure from part (a). describe how the scientist could crcate a Tinear graph and

how that graph would be analyzed 1o determune the rock’s mass. 380




Pendulum LAB FRQ: Mech Unit 7 Progress Check FRQ#3

Figure 1

Down om the swrlface of the planet. anashronaul wishes 1o expenmantally determne the plamet™s gravitabional
acceleration gp . The astronaut grabs a small rock from the pround and attaches it to a string o make a simple
pendulum. as shown in Figure 1. After measuring the suing leneth Lg and the time 4y it takes the pendulum o
make 10 small-anglc oscillations, the string is cut to shorter and shorter leneths, with the procedure repeated for
cach leneth of string. The table shows the results of the astronaut™s measurcments.

Length of swing Lg (m) Iglzzgarions i (s)
0.480 27.2
0.350 24.1
0.200 18.3
0.100 13.3
0.050 10.1
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Pendulum LAB FRQ: Mech Unit 7 Progress Check FRQ#3
Test Bl

Unit 7 Progress Check: I'RQ 3

(c)

i. Indicate what quantitics could be graphed to yicld a straight linc that could be uscd to calculate an
expertmental value [or gp.

Horizontal axis: Vertical axis;

Use the remaining columns in the table. as needed. to record any quantities indicated that are not already
providcd in the tablc. Label cach column and include units.

i1. On the grid in Figure 2, plot the data points for the quantities indicared in part (¢)(i). Clearly scale and label
all axes, Including units. On the same grid, draw a straight line that best represents the data.

(d) Using the line drawn 1n part (c)(11), calculate an experimental value for gp.
382
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C?JollegeBoard

TIPERSs

Tasks Inspired
by Physics
Education
Research



Physics Education Research

A field of research focused on understanding
how students think about physics and how to
teach physics more effectively.

“... focused inquiry into what happens as
students struggle to grasp and use the
concepts of physics.”

How do students learn physics?

385 9
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AEM
COMMERCE

MNAVICATE TMIS PAGE

CITE NENY

SEE YOURSELF SUCCEED

i PASS ALONG YOUR CURIOSITY OF
%" THE UNIVERSE

PRACTICAL APPLICATIONS
CAREERS

INTERNSHIP OPYORTUNITES
We need more passionate STEM educaiors. You can help hll this gap. Our fully online, nen-

WHAT YOU WILL LEARN thesis program gives you the wols and knowledge to succeed in the classroom. Improve
your seaching skills through our pedagogical, stientifc and matematicil courses designed
for physics educators. Enrollment in our progrém will enable you 1o join a comrunity of

Texas educatars and share teazhing ideas and strategies. Our master's degree also enatles



Using TIPERs

How can you use TIPERs as Formative

Assessments?
— Classroom starters
— Review of previous topics
— Class discussion
— Combined with a demonstration
— Pre-lab activity

387 N
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Practice 1

Creating Representations Kl
Crezte rzpresentations that depict physical
phenomena.

- SKILLS

Practice 2

Mathematical Routines EX

Conduct analys:s lo derive. caleulats, estimate or
predict.

Practice 3

Scientific Questioning and
Argumentation EX

Descr be expe-imental procedures, analyze daza, and
support claims.

KX Create ciagrams, tables, charts,
or schematics to represent physical
situatiors.

KX Create quarsitative graphs with
appropriate scales and units, ncluding
plotting data.

EEa Creale gualilalive skelches of
craphs that represent teatures of a
model or the behavior of a physical
system.

EX] Derive a symbolic axpression
from known quantities by selecting
anc folow'rg a logical mathcmatical
pathway.

EX] Calculate or estimate an unknown
quantity with units from known
quantities, by selecting and following a
logicel computztional pathway.

EXd Compare physical quantities
between two o maore scenarios or
at ¢/fferent times and locationsina
single scenario.

EX: Fredict new values ar factors of
change of physical quantities using
furctional dependence between
variables.

EX) Create experimental pracedures
that are appropriate for o given seinntific
qucstion.

EX] Apply an approprizgte law, definiiion,
theoretical relationship, or model to make a
claim.

Juslily or supporlaclaimusing
gvidence from exparnimental data, physical
representations, or physical principles or
laws.
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Ranking Tasks

 Composed of a question with several
contextually similar situations

« Rank situation according to some other
physical quantity, with justification

* Provide a justification for the answers

400 T, M
', CollegeBoard



Ranking Task Exercises: Common Elements

» Should not require use of a calculator, all
math should be ‘easy’

* Sometimes are ‘tricky’ to drive home a point

* The explanation is not to be glossed over but
the most important part

* "How sure were you?” ranking very important

401 Oather Strawderman AP Physics

ﬁjollegeBoard wiw.collegeboard com



Ropes Pulling Boxes—Rope Tension 27
The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can

see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

a 44— a 44—

a 4—

Greatest 1 2 3 4 5 6 Least

Or, all of the tensions will be the same.

Please carefully explain your reasoning.

How sure were you of your ranking? (circle one)

Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 8 9 10
27'S. Loucks

Physics Ranking Tasks 29 Mechanics 402



Ropes Pulling Boxes—Rope Tension 27
The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can

see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

a 44— a 44—

a 44—

Greatest 1 2 3 4 5 6 Least

Or, all of the tensions will be the same. __ 403

Please carefully explain your reasoning.



Ranking Task

A physics experiment is performed
with a can full of water that has three
openings spaced at equal intervals h
above the base of the can. The can is
open to the atmosphere, and the
speed of the water at the top of the
can is approximately equal to zero.
The result of the experiment is shown
on the diagram.

Rank in order from greatest to least,
the magnitude of the exit velocity of
the water at each of the openings at
the instant the holes are opened.

-

-

=
—y — A— —

404
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The six circuits below all have one battery and three resistors. All of
the batteries are identical. All of the wires in these circuits are
identical, of equal length and negligible resistance.

Rank these circuits, from greatest to least, on the basis of the
potential difference across the circled resistor. Place ties in the

same blank.
A Iﬁ e <
| B C
1 1 |
400 600 20 O 20Q 20 Q GOQ
. & € €
I E F
1 1 |
60 Q ZOQ 20 O 40;2 20 Q 4OQ
A~

405
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Ball Motion Diagrams — Acceleration 114

The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from left to right. Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

Highest 1 2 3 4 5 6 Lowest

Or, all have the same acceleration.

Please carefully explain your reasoning.

How sure were you of your ranking? (circle one)
Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 8 9 10

4D. Schramme, C. Fang, B. Speers, C. Hieggelke, D. Maloney, T. O’Kuma
Physics Ranking Tasks 5 Mechanics
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The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from left to right. Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

Highest 1 2 3 4 5 6 Lowest

Or, all have the same acceleration. 407

Please carefullv explain vour reasonine.



Create a ranking task that addresses one
of the following Essential Knowledge

Mechanics - EK 3.2.A.4

“The work-energy theorem states that the change in an
object’s kinetic energy is equal to the sum of the work
(net work) being done by all forces exerted on the
object.”

E&M - EK 12.2.B.1

“A magnetic field will exert a force on a charged object
moving within that field, with magnitude and direction
that depend on the cross-product of the charge’s
velocity and the magnetic field.”

408 9
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Create a ranking task that addresses one
of the following Essential Knowledge

P1/C:Mech

“The work-energy theorem states that the change in an
object’s kinetic energy is equal to the sum of the work
(net work) being done by all forces exerted on the object.”

P2/E&M

“The magnitude of the force exerted by a magnetic field
on a moving charged object is proportional to the
magnitude of the charge, the magnitude of the charged
object’s velocity, and the magnitude of the magnetic field
and also depends on the angle between the velocity and
magnetic field vectors.”

409 9
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Conflicting Contentions Tasks:
Teaching Strategy

The think-pair-share strategy can be used with this

type of task.

— Students first work individually and write down
their answers.

— Then they share their answers with one partner
and see if they agree or disagree with each other.

— After each of the exercises, you can ask a couple
of teams to share their answers with the class.

410 N\
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Conflicting Contentions Tasks

* Present students with disagreeing statements
» Students indicate which is correct and why

« Contrast students’ alternate conceptions with
physically accepted statements

411 ..

, CollegeBoard



B1-SCT25: BALL THROWN UPWARD—GRAPH OF SPEED-TIME
A ball is thrown straight upward and falls back to the same height. A A

student makes the graph of the speed of the ball as a function of time. Three Speed, m/s
students who are discussing this graph make the following contentions:

Akira: “I don’t think this can be correct because the sign of the
acceleration changes on this graph, but the acceleration on
the ball will be constant.”

Burt: “No, I think this is right because it is only showing what
happens to the speed, which will decrease to zero at the top and then increase as the ball falls. Since
the slopes for both segments are the same except for sign that means the acceleration is constant. ”

Catalina; “This graph makes sense to me because it shows the speed decreasing on the way up. But I disagree
with Burt, because I think this means the acceleration is also decreasing until the ball gets to the top
and stops. Then both the speed and acceleration increase as the ball falls down again.”

-

Time, s

With which, if any, of these three students do you agree?
Akira Burt Catalina None of them

Explain your reasoning.




B3-SCT78: HANGING MASS—TENSION IN THREE STRINGS

A hanging mass is suspended midway between two walls.
The string attached to the left wall is horizontal while the
string attached to the right wall makes an angle with the
horizontal as shown. This angle (&) in Case A is larger than
the angle () in Case B. Four students make the following
claims about the tensions in the strings:
Abbie: “I think the tensions in any string in Case A is
going to be the same as the equivalent string

| Case B

in Case B. The weight is the same, and the
weight is still going to be divided up among
the three ropes.”

Bobby: “I think the tensions in the horizontal and vertical strings are the same, because they are exactly the
same in both cases. But in Case B the diagonal rope is shorter, so the tension is more concentrated
there.”

Che: “The diagonal string still has to hold the weight up by itself, because the horizontal string can’t lift

anything. So the diagonal string still has the same tension. But in Case B it’s pulling harder against
the horizontal string because of the angle, so the tension in the horizontal string has to go up.”

Damian: “But the diagonal string is fighting harder against the weight in Case A—Iit is pointing more nearly
opposite the weight. So it has to have a greater tension in Case A. And since the tension in the
diagonal string is greater, and the tension in the vertical string is the same, the tension in the
horizontal string must be less in Case A. The tensions still have to balance out so that they are the

‘ same in both cases.”
With which, if any, of these students do you agree?
Abbie Bobby Che Damian None of them

Explain your reasoning.




Conflicting Contentions Task P2

A square wire loop with sides of length L and resistance R is
being pulled to the right at velocity v through a region with a
magnetic field of strength B directed into the page as shown

below:

X
X
X

X

X
X
X

X

X
X
X

X

X X X X

X X X X

X X X

X IX X
[
X IX X

X X X

Three students are working on this problem and make the following statements
regarding the direction of the induced current:

N\
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Conflicting Contentions Task P2

Student A: The current must be counterclockwise. As the loop is
moved out of the magnetic field, it increases the flux and the
induced field acts in opposition to it. By applying Lenz’s law, |
determined that the current must flow counterclockwise.

Student B: There is no induced current since the loop is only
halfway inside the magnetic field and does not receive the full
effect of the magnetic field region.

Student C: As the loop is moved to the right, the flux decreases so
the induced field must act in the same direction of the applied field
to try to keep the flux constant. In order to produce an induced
magnetic field into the page, the current must flow clockwise.

..
1 1~ . .3
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Conflicting Contentions Task P2

The graph below represents the data obtained in a photoelectric
effect experiment for a range of frequencies. The students graphed
the stopping potential as a function of frequency as shown below:

2

1

1234 5678 9 10 Faquancy [10% Hz!

Students in a physics class were asked to draw an expected graph
for a different metal surface with a threshold frequency of 7.0 x 1014
Hz. Three students’ responses to this task are given.

e

416 { JCohegeBoa rd



Conflicting Contentions Task P2

Student A Student B
i A B M1 A
1 2
| . ' /
1 2 34 867 3 9 19 prequency (10%Hz) 12 34 5678 9 0 Fpyuency (109 Hz)
 StudentC

A metal surface with a threshold value of 7.0 x 1074 Hz will not
be able to eject electrons unless the light intensity is

increased.

N\ 0
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Conflicting Contentions Tasks

P1/Mech

“Qualitatively predict, in terms of linear momentum
and kinetic energy, how the outcome of a collision
between two objects changes depending on
whether the collision is elastic or inelastic.”

P2/E&M

“The student is able to predict electric charges on
objects within a system by application of the
principle of charge conservation within a system .”

418 N\

, CollegeBoard



@ CollegeBoard



Online Simulation Sites

The ones | use the most!

Online Simulations in AP Physics 420
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Home Labs Tools Games HW AP1 AP 2 1st Year New Search
The Physics Aviary

Welcome to the Physies Aviary. Sinee 2013 we have been making cross-platform, Tun-anywhere, programs to help physies
students around the world master the big ideas in physics. Use the navigation links above to explore the site.

I make all of these resources available ad-free and free of charge to all swho will find them of some use. As Thomas Jefferson
said, "MTe who receives an idea from me, receives instruction himself without lessening mine; as he who lights his taper at
mine, reccives light without darkening me. “That ideas should freely spread from one to another over the globe, for the moral
and mutual instruction of man, and improvement of his condition, seems to have been peculiarly and benevolently designed
by nature."

If vou can't find what you are looking for among my resources above, check out the other sites listed below. Check back here
often for updates and new programs. You can o get immediate notice of updales.

Other Resources

» Simbucket
» Boston University Simulations



oPhysics: Interactive Physics Simulations

Home Kinematics Forces Conservation Waves Light E&M Hotation Fluids Modern Drawing Tools Fun Stuff

Select a simulation from one of the above categories or click an a category to see descriptions of the simulations for that category.

About oPhysics

The oPhysics website is a collection of interactive physics simulations. It is a work in progress, and likely always will be. Content will be
added as time allows.

About The Author
All of the content on this site was created by me, Tom Walsh. | recently retired after teaching high school physics for 27 years, and AP

Physics for 25 years. Please click my name above to send me feedback about these simulations or suggestions for new simulations |
could create. Being retired now, | actually have more free time to work on new projects.

About GeoGebra
Most of the animated illustrations and all of the interactive simulations on this site were created using the wonderful GeoGebra software.
GeoGebra is a free program that makes it very easy to create animations and simulations far anyone with a good understanding of math
or physics.
For more information about the software please visit their website: www.geogebra.org,

To browse or search for pre-made math and physics simulations (including those used on this site) visit: tube.geogebra.org.

Permissions

Please feel free to use any of the content on this site for non-profit educational purposes.



My Favorite Sites

e PhET.Colorado.edu
e wwWw. ThePhysicsAviary.com

e WWW.OPhysics.com

o www.walter-fendt.de/ntmli5/phen/
e www.falstad.com/mathphysics.html
e www.physicsclassroom.com/Physics-Interactives

e Your favorites??

eCollagoBoard Online Simulations in AP Physics 424


http://PhET.Colorado.edu
http://www.ThePhysicsAviary.com
http://www.oPhysics.com
http://www.walter-fendt.de/html5/phen/
http://www.falstad.com/mathphysics.html
http://www.physicsclassroom.com/Physics-Interactives

Experimental Design FRQs
and
Online Simulations

Great way to prepare students for the exam!

nline Simulations in AP Physics



Uses

e Pre-Lab Activity: Better understanding of what the
lab will be investigating

e Ability to vary difficult to vary 1Vs like g or n
e Lab makeup
e WS replacement
e Determining Unknown Constants
-Replicates FRQ Experimental Design Questions
e Linearization Practice
e Replicates expensive equipment
e Helps visualize unseeable things

GCollageBoard Online Simulations in AP Physics 426




Experimental
Design Rubrics

Duplicate items in lab
reports

Look at the released Experimental Design
Questions for lab ideas

Also carefully examine the rubrics to see
common points

Make sure students are doing those things
In lab and on lab reports

C: Mechanics look at P1 FRQs
C: E&M look through E&M P2 FRQs

Basic basic basic!!!

427



2017 AP° PHYSICS 2 FREE-RESPONSE QUESTIONS

2. (12 points, suggested time 25 minutes)

A group of students is given several long, thick, cylindrical conducting rods of the same unknown material with

vanious lengths and diameters and asked w expenimentally determine the resistivily of (he matenial using a graph.

The available equipment includes 4 volumeler, an ammeler, connecting wires, a variable-outpul DC power
supply, and @ melric ruler.

(|
(a)

The students are now given a rectangular rod of the material, as shown below, whose dimensions are not known.

1. Describe a procedure the students could use to collect the data needed to create the graph, including
the measurements (o be taken and a labeled diagram o[ the circuit (0 be used. Include envugh detail
(thal another sludent could [ollow the procedure and obtain similar data.

Draw a labeled diagram here.

Write your procedures here.

1. Describe how the data could be graphed in a way that is usetul for determining the resistivity of the

material. Describe how the graph could be analyzed to calculate the resistivity.

The students are asked to experimentally determine the resistance of the rod. They obtain the data in the table
below for the potential difference AV across the rod and the current 7 in it.

Q )

AV (V) 6.0 5.0 3.5 25 2.0 1.5
{(A) 0.078 0070 | 0.044 | 0036 | 0,027 | 0.018
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AP® PHYSICS 2

2017 SCORING GUIDELINES -
Question 2
12 points total Distribution
of points
(a)
1. 5 points
For drawing a circuit with the battery, rod, and ammeter in series (rods can be drawn to 1 point
look like rads, or schematically as resistors)
For drawing the voltmeter parallel to the rod, or indicating that the setting on the power 1 point
supply will be used
For measuring potential difference and current for a rod | point
For measuring the length and diameter of a rod 1 point
For including multiple trials with appropriate controls 1 point
Examplcs: 1) Usc onc rod and apply different potential differences
2) Use different rods
ii. 2 points

For graphing appropriate quantities whose slope can be used to calculate resistance 1 point
directly or indirectly
Far correctly stating how the slope relates to the resistivity 1 point



Resistance of a Wire Lab
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0 1 2 3 4 5 6 / 8
meters

Wire Cross Section Wire Resistance

Wire Type
Nichrome




2017 AP° PHYSICS 1 FREE-RESPONSE QUESTIONS

2. (12 points, suggested time 25 minutes)

A student wants to determine the coefficient of static friction between a long, flat wood board and a small wood
block.

(a) Describe an experiment for determining the coefficient of static friction between the wood board and the
wood block. Assume equipment usually found in a school physics laboratory is available.

1. Draw a diagram of the experimental setup of the board and block. In your diagram, indicate each
quantity that would be measured and draw or state what equipment would be used to measure cach
quantity.

ii. Describe the overall procedure to be used, including any steps necessary to reduce experimental
uncertainty. Give enough detail so that another student could replicate the experiment.

(b) Derive an equation for the coetficient of static friction in terms of quantities measured in the procedure from
part (a).
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Forces and Motion: Basics



(a)

1. 3 points

For drawing a diagram of an experimental setup to measure the coefficient of friction
that is feasible in a school physics lab

For indicating the measurcments nccessary for calculatmg the coefficient of friction

For indicating cquipment necessary for measuring the quantities required to calculate
the coefficient of friction

ii. 3 points

For a description that is consistent with the diagram in part (a)(1), in ecnough detail that
another student could replicate the experiment

For a description that 1s a conceptually valid method to find quantities that would allow
a calculation of a friction coctficient

For including a valid mcthod for reducing experimental crror

| point

1 point
] point

1 point
| pomt

1 point



(b)

3 points

Note: In order to cam full credit for part (b), all terms (variables) must be indicated in
the diagram and/or procedure of part (a).

For using Newton’s second law (or reasoning in terms of zero net force) in one
dimension, parallel to the board’s surface, either explicitly or implicitly

For using Newton’s second law (or reasoning in terms of zero net foree) m one
dimension, perpendicular to the board’s surface, either explicitly or implicitly

Note: Replacing the normal force with mg is “implicit” use of Newton’s second law in
the perpendicular direction for a horizontal surface. For a tilted surface, the
appropriate trigonometric term should be included.

For a correct derived expression of the coeflicient of static friction in terms of quantities
indicated in part (a)

1 point

| pomt

1 point



Pre-Lab and Post-Lab Uses
for Online Simulations

Supplement Hands-On Lab Experiences

Online Simulations in AP Physics 435



Use as a Pre-Lab Activity

e See a basic image of the setup

Have students begin to investigate possible
ndependent Variables and how they affect the

Dependent Variable (directly or inversely)

e Start to make a list of required equipment and

measuring devices

e Reinforces what values to measure and how to

measure them

e'Co]lageBourd Online Simulations in AP Physics 436



Pendulum Lab: PhET.Colorado.edu
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Using PhET sims prior to

instruction. =R RS
Here, the instructor elicits students i
ideas about an everyday action and —

then has them explore the Projectile
Motion sim to begin develaping a
framework of ideas about what is
important when considering
projectile motion, providing a
foundation for class discussion.

1. One day after school, you are enjoying a soda in the back yard. When the can
is empty, you decide to throw it in the trashcan. What effects whether or not it

gets in the can?

2. Use Prajectile Motion to test your 1ideas about the things that affect the landing

location of a projectile.

* Make a complete list of things that affect the landing site of a projectile
including your ideas from question #1 and any discoveries you made using the
simulation.

\ * Next to each item, briefly explain why you think the landing location changes.




Post-Lab Uses

e Change unchangeable Independent Variables
-Most common is g

e Change Independent Variables that are difficult to
change quickly

-Example on the next slide of n
e Great for use as Homework to replace worksheets

-PhET has a great site about using them as
Homework

e'Co]lageBoard Online Simulations in AP Physics 439
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Impulse Lab: www.ThePhysicsAviary.com

Find the change in velocity of a 139 g hockey puck subject to the force shown below. -

500

A

/

]
=)

Force (N)

S
=3
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Force Electric in a Line HW: www.ThePhysicsAviary. com

Calculate the net Force on Charge 1.

Charge 1 Charge 2 Charge 3
-14.7 uC +1.2 uC +53.8 uC

15 20 25 30 35 40 45 50 655 60 65 70 75

Distances incm
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Force Electric in a Line HW: www.ThePhysicsAviary.com

I Enter Your Answers Below 1
: Don't Enter Units and Do Not puta + or - sign. :
| |
| |
I Your Name: I
! Foree on 1 (N): !
| |
i Direction : [(Right <] 1
| |
| |
i i
| |
| |
| |
| |
| |
| |
| |
| |
B on on on G0 SN BN G SN GE SN BN OGN SN SN SN GN GE SN OGN GD SN BN SN Gn GE BB e S Em = -

©? CallegeBoard Online Simulations in AP Physics 443




Force Electric in a Line HW: www.ThePhysicsAviary.com

F------------------------------q

Actual Force was 25.3 N. Student Response was N.

Actual Force Direction was Right . Student Response was Right.

Your answers were not good enough. Refresh this page and try again.

1611852019025

h------------------------------d
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AP Physics 1:
Using the Student
Workbook to Scaffold

Content and
Skill Instruction

Oather Strawderman

International Lead AP Physics Consultant




What is the Student Workbook?

* Print instructional resource, available as a digital PDF

* Developed by a team of experienced educators—from both high
schools and higher education institutions—to help AP Physics 1
teachers support students in their learning of college-level
physics content and skills

« Contains 159 individual scenarios, aligned to specific units,
essential knowledge statements, and science practices from
Workbook | 2019 the AP Course and Exam Description (CED)

AP Physics 1 - Designed to guide students through the processes of thinking
about physics both conceptually and mathematically, as well
as writing about physics

* Includes an Appendix with a summary of graphical methods and
specific tips for writing in physics

GJ'CollageBoard 447




Where can | access it?

==Y @ 0 0@ Option #1: AP Course Audit
AP Course Audit rooe wesucs A mo Lo s apcentral.collegeboard.org/ap-course-

Teachel - Course Status ety [ievicVeer aUd it

A0NS-2020 v

Trewnr Packer High Schonl 1019 M Sireet MW Teaetr comrmamT]

Yhit Witate Suhe 300 Decerme s AP Buader AP Course Audit @ Move  Deicurces Mg Ledge A2 Clamtraoen
Now York NY 12081

—

AP Dhyrcr 1 Bractics Do frees the 3013 Disen Admvristaaser

fvoderatard 0034/ F Pravton Bxarmg are lor ndlacecom voe ool To encare thar rhagrfy ) il seap therr 1 p envire o0aton, wnl et aceape tham ¢ take home
SHhPIerh, el coliect Yo Aot Taver vy Radon's SN A eg Thert vi o o ind WO T podl A a0 sened v oty ivedin'cd 1o cveare Mot/ may
weoporaly Jweatera fom he AN ected Do oo 2hotor aracaarrts W 1owa's, 20 g a5 K1Y 300CRINTONTL 90 PApar DNICE RIS AADCIFTERT @ damanered
0 Rosse00n, g 1 Codec! W Test QUesonws farm e Sauder 05 wpar COMpweyon of e iesing G | Oy stend NS 3uy #0000l d st Duow: (Fthe AP Provie Exany

* You must be a course-authorized AP o A e e o e S
Physics 1 teacher to access the Student
WorkbOOk 9 :l"’rl‘:::n:::luﬂhtn')oJO"Mnnmu

- Student version may be printed and ' R
distributed to students

6 AUN7 AP Fowsics | SW0em MorhDook - Teacher EJR0e

NTE R MR | STUNMM TRATTRONN ¢ SRATArT BTN m

* Teacher version should not be shared with D nae .
students

AF Fhyacs 1 Frectior Saom lrers Uw 2014 Adesrist alive
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Where can | access it?

Units

I v \"('n(oqnl'-f-\m AP

, Course Ut )

Wecleome to AP Clessroom
Ot flen 1o with v Jag Tapden arnd Ml oniers
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Class Progress

Unt 1 Mogess Dheck: MOQ

UM T Progmess k. 189

g Coupe e ) 4

Pre 'AP @ N

Unt 2

@ Sudert Resources

Option #2: AP Classroom
myap.collegeboard.org
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Why did we make them?

AP Physics 1 - To facilitate exploration of the required course content and
COURSE AND EXAM DESCRIFTION Ski”S in the CED

- To provide scaffolded skill instruction and practice using
the course Science Practices

« To shift focus from just mathematical understanding of
physics to full conceptual understanding of physics

* To support teachers in making connections between
course content and skills

Worlbool | 2019 * To model strategies that students can use on their own to
AP Physics 1 support efficient study and true understanding

€ CallegeBoard 450




Scaffolded Approach

AP Physics 1 Student Workbook



How does it work?

The units in the workbook are scaffolded so that
students can learn the skills such as
argumentation, quantitative analysis, and data
analysis, alongside course content, so that they
will be prepared for the AP Exam by May.

As you read through the problems, you will see
that the scaffolding slowly falls away as
students progress from unit to unit. By Unit 10,
students are expected to be able to demonstrate
all skills without support.

Teachers are encouraged to modify the
problems in the workbook as necessary, so
that they meet students’ needs. If appropriate,
consider adding your own scaffolding to the
scenarios.

©? CallegeBoard 452

SCAFFOLDING

Instructional technique used to move
students progressively toward stronger
understanding and, ultimately, greater
independence in the learning process

Provides success levels of temporary
support that help students reach higher
levels of content comprehension and
skill acquisition

Supports are incrementally removed
when they are no longer needed, as
the student gradually takes additional
ownership of their learning
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What’s Covered?

AP Physics 1 Student Workbook 453




Workbook units align to CED units ...

* Unit 1: Kinematics

* Unit 2: Dynamics

« Unit 3: Circular Motion and Gravitation
* Unit 4: Work and Energy

* Unit 5: Momentum

* Unit 6: Simple Harmonic Motion

* Unit 7: Torque and Rotation

* Unit 8: Electric Charge and Force

* Unit 9: DC Circuits

* Unit 10: Mechanical Waves and Sound
* Unit 11: Review Questions

15 scenarios
15 scenarios
15 scenarios
15 scenarios
15 scenarios
12 scenarios
15 scenarios
12 scenarios
15 scenarios
15 scenarios
15 scenarios

159 scenarios

GCo]lageBoard
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. How does it work?

' 1' Xavwno by LD Noatticn azc Velooy

* Each unit in the workbook is unique and focuses on content, skills,
and learning objectives for that unit.

Beanenc
drpfivnmavy et e e ku 15m ey

Using Represantations

o Jdow B atalis ARV Joakion M et =
vovead Uniphvi Listaloy Laas wi By J k‘
BapionlAvgdivdlleobay ivndea vaditon - L ¢
wennl AR el o sl sy aveed Mo - 2 =
™rT T T
s “ 3

However, the overall format of each unit and each scenario is
similar.

R by Dy AT b S s Apea U it
oy eccrd

X lren b 14 1

-
I
o
¥ Mok ) 14 3 ¢ |

T I e L e

Teanflzg oot the daks s o nad

T students’ attention on key elements of the problem.

.-
Andr fnin

O —— | * Each page includes a scenario, which acts as the prompt to focus

[t ane s Trah e At P i

S Swrks vty oovdvav rmldr b

Jacegaliv poidn 12t LvEna bl Bae
: ¥ wvsmoide

e e e | | * Each problem is then broken down into several parts, and
T headings are added to provide guidance to the students—to key
i e s i et by e s L s them into the type of question they’re going to be asked. The major
headings are:

2w Pt Jaoun on 24 Lan—cemazte DO NOT mae Sals pocats Sor= e adin

T e A EO R e T e i e 1T Mk oate)

e Bt g D et > Using Representations
S > Quantitative Analysis
T 8 woew ceaenl smawtse B Arcs T P A T RC M ded mhav e e hele [ ) > Argumentathn

> Data Analysis

> Experimental Design
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There’s more for teachers ...

JUNITY, e . Position and Velocity
s werkseok | (g ) Kinematics _
L EK | 3A1 1A SP| 11,21
D e » -
- Prepare

Creating. interpreting. and using representations are critical skills for the
AP Physics 1 Exam. While studernils can be Liained Lo (ind an egualion

Sagmem ¥ Anger it

-2 Teach

If your students are using thelr calculatar to calculate the glope, they nsed
Assess

To further assess student
understanding of the concepfs
addressed In this scenarlo, you
may want to ask students the

Distance

questions below: / L
~ The position vs. time graph above " ’
1epiesents e moliorn ol iwo / L’

- o gr—]

f‘]’CollageBoard

{ What’s the point?

- Representations come in many farms. including cguations! You will
| need to be able to crcate morc than one represcntation far a physical

sltuation to be able to show that you undcrstand relatonships among
physleal quantitles.

Teacher pages include the Unit,
Essential Knowledge, and Science
Practices that are linked to each
scenario.

eacher pages also include notes about

ow to Prepare for assigning the page,

se it in your classroom (Teach) and
Assess that your students have learned

ey concepts and/or skills. Some of the
teacher notes include quick quizzes, lab
ideas, or other suggestions for
extensions.

he What’s the point? section will help
ou emphasize the main idea of the
entire scenario with your students.
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How can | use the workbook?

Sewnarts N Teachers can:

s‘ramtn:t: z2ovar v cc-ouw; t..-m e
R L e T Rl Eoanw Aphs s

Vcing Representations
L, ‘ '.unu.-uuu.u..u s M.Aan
™m.

Veninges Ldetie daljrescbdan Bs

.“‘ff.‘?":’.""f‘.f.‘"““"’?“’:“".,‘.’.’ - Assign scenarios as pre-work before class discussion or instruction

s e it e Assign scenarios as homework after class instruction

vRisdw Ao el Ll Lo ocvela oy s, ke gt
e A2 Y W T el T P A red, eyt

s s eme s u i s Work through a scenario with students in class

Use the teacher notes to create related extensions: desktop
bt e e e et experiments, lab investigations, quick quizzes, etc.

Assign the lab questions as pre- or post-lab exercises

Have students work through the scenario and articulate the “So
What?” for themselves

Assign specific parts that are most relevant for your students

Use their own scaffolding to modify scenarios

Use the style of the scenarios to create their own “AP-like”
questions from textbook exercises

Use as exam-prep work in the Spring

GCollageBoard 457




Student Misconceptions

AP Physics 1 Student Workbook



Student Misconceptions

Scenario Scenario Scenario Misconception
1.4 21, 2. 3.M.3.N. 30 The force that Is excrted on an applc 's not the came as the force
that 'S exertec on the moan.
1. 2B
3N FO There Ar= rwe gravitzionsl fonses insnane.
1.4, 1N . L :
2E 3MN.Z0 The gravitationa’ force cxerted on the space shuttlc is ncarty zoro,
1.F - I .
JH 3N E0 The QravilZ1iA [ee ACTE an s mass 40 = e
L 2B 2120 3MN.30 The moon stays In erblt becausc the arsvitations| foree | balanced
111 erel by the contritugal farce cxerted on It
3k Waighll=asneds mesns Thare i@ ne aravily

TILTJ 1K

Cenvipetal ancelerat nn points nward and centrifigzl aceelsration
provind s oubwarcl A obgscl ring in A circle 2epsrnignces

—an
Cenvlpctal force k. = S Iz a new forec (te add to gravity. normal

ERRVN
3R 3NAFSEAG
1.0 1K 2D 20 2F | BILELILLAGK
T ) centrifunal ace aleration.
10 ER N &
' 3B.3D.3E3F 36
s 2C.211L2M | 3H,30.3.0 3K
anth fnienl
I H 3B.30.3E3F 3G

When an object travads ina circlaitis lurg toward the outsice by a

B0 U Y X contritugal rerce.

200,70 .3

SAL L OERS Circulan roaslion thwes el requirs = lonce

2C 20,20 ] 3MLALIJ 3K

2120248 2 I T R

JH 3R 3M3F3ML3A0G  anobactmoving in a circl2with conatant sneed haz no acesleration.

SNLELYJ DK

W 3R 3M,3F. 360,30, Anabjectmovingin a circle will conticue in eircn as motion whan

3H.3L3d 3K reessed,

N R An objectin circular roulion will 'y oulizdally when ieleasec,

e’CollageBoard

SN GLYJ DK

Cenbiloval lorces areesl

Students may struggle with in-depth
conceptual understanding and resort
to using memorized terms to answer
conceptual questions.

Teachers are encouraged to set the
stage for learning by helping
students understand that their
preconceived notions may just
based on incomplete understanding,
not incorrect understanding.

Teachers are also encouraged to
identify their students’
misconceptions and then provide a
forum for students to confront them.

SR 3MAFENLAN,  Thec=olrprilnesizg: n=w fores hal reeds o be ciawn on 2
lree-uody didgyram
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More on addressing skills ...

* The design of the AP Physics 1 course
and exam focuses on seven
overarching science practices that

“ APH!\;BI’.‘B! .
% Science Practices

Practice 1 Practice 2 Practice 3 Practice 4 Practice 5 Practice 6 Practice 7
capture important aspects of the work Modeling WM Mathematical  yciemtific  Experimental  Uatadnalysis KN Agumentation KN Making
Of SCientiStS_ Soienoe Proctice Rclated Skl Prompt Heading Scerario
Flltlalaimi s pach Liiiny Rgrssmsor f b 1rvs TIRITOIFIATH YT 10K
1L 1IN 1O
« Science practices describe the skills Urawa bzt Akn Uanq Koprezerkztions 18,1.0,16,1.L10
and abilities that students should learn : tentaiatasi NN SR
and demonstrate, integrated with 2 Fnaa ciope of abeczStin. uanttatve Analysiz 18,1916, 1L 1N
Content knowledge’ to reach a goal or 14 Nelate the slzp= 10 a phy=iza| quartity Guatitatve Analy=isDate Anelysis 1.?.:.5.1.8.12.11'.1.0.‘11
Complete a |earn|ng aCt|V|ty 14 Fe'ate the 3rea urdar a cUrva o 3 phvalas] quardzy ?L;w:‘::;?::ayﬂw:: anclysis) 1F15,1K "1
5 Lir i a1 pmpy Lhdim) R pempir f b 1iwmy 1M.10
° Whlle the Skl”S Ilsted In the Charts 1.5 FA-SXPress ONGTYZ6 07 gach 33 anoLrer. Using Rapresentstians/2rgameTation 1D 1H 1LY K 1N
. d . h h . - | 2- Uafena the uss ©f an equaton 10 zoke 3 speoric crozizm. GuaThtatve nalyois 15
aSSOCIate Wlt eaC unlt are Crltlca to 2.° |dentfy an ecustion thatcar be used 20 scive a problem Qratitatve Analy=is 1L.1AM10
student success, most of them are 22 Resrer camgom et et on s s 4 ~gwa ez pecibaons O i alivee rrdpim 1% 1M
scaffolded skills necessary for students SO - = =
; . N3 Unoose cocupment 10 oanduck a zaentiho cxpermer xzenmertal Jezign oL
to be successful at the science practice 5- Determine ¥ detoisreisbe Dtz Archyois e
|iSted Wi‘th eaCh Ski”- h3 :;:‘;;::;“;E aptlelera mmes Aap wsl o bl - O ilialive Annd ywia 1M.10

©? CollegeBoard
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{ 1) Kinematics Valocity i a Vectorl

NAME NATE

AP Physics 1 ey e ksbet

15 m away. At time £ - 0 5, Angelc runs to the right ot

Workbook at a o el et ol S

Using Representations
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Kinematics Velocity is a Vector!
EK 3.A1 1M1 SP 1114152261

AP Physics 1 o

an Khsematics | Waioctty 13 3 W IFsilodenlsane: SHhmease ahood posilioo e weloc] y will o ot
o they may need mors sCaTolang for this workshaet. | he key takeaways

WO rkboo k at a o o nere are that veioc Ty and Asplacement are VECtors and dection mattsrs,
'bma! — Teach
G I a n Ce 367 03 411 . 20 s SR 1: -k’ Fulluw wp Questivr:
ey ore! v o b e ol o amie ~ . .

Al' Uhysics 1| Werkbook | 1)

T Wher ¢o Angela ana Ciake meet? | low do you know? What coher evidence
L —— could you produce to show that they maet at this time?
PRz cmuai::::am;u:m’::““m“’”“ What would a graph of someons running at 10m/s look like? How wou'd
that qraph snow en Increasad speed?
e Syl Anwio's Poston e Wi > Roaticn vy . )
, _ 12 Whal would a geaph of position vs. Lims look Tz (o somecis whe look 3
— : oreak in the middls of running?
.
: — : SUCRsTen ACTITES- Walking Graphs | ah
2 15 é |lave stucents act out for themssives the suggestad isb n the AP Physics
D questicn =2 rom 2005.
— A 100
j § s mu I Assess .
- rumma T further assess student understanding
i 1 o ot the concepts addressad n this o +
ir o .- 3CEMEro, you may went to 83« students 20 —==
E ? > = the questiang baiow: sa} —”
. 1 1™y I e tcliowing graph represents the w | T
Ny position as a functicn of time for en S 5 N S S
i) abject mening Ina siezight Ine to the
. — Aght Wnich of the foliowing [ trae?
Tare Toesad
A |he cbject rcraases its velocrty.
CeantTative Aralysis B Theebijesc chemeseassils wdoaly
- ('A'“a-n—q-:lb-l-paa-ihl - ﬁt_"a l,ltu(q --F-u-mno.m
Cix s Dawgaddon Tntow: C. Ihe cbjects velocity remains unchangad.
g _R~h _Lm-am _Sw_.. L. Ihe cbjectstays strast

mw & 2 0& LB ¢ . .. X
F Mo infoensilion e espumesd
muoe Cdodde Qv oo o B Bow oo Sew o Pal A2 Sladke Ly Jamnday lvoplds aiCalae el

TRz bt Bewgaslon Lniow: =xplain
2 2 a=y m=llm e
B A v
* = What's the point?
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recbalien: dipe: you will @y heooghosd The cooese o maalb o The
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Task: Experimental Design

2018 AP Physics 1: Algebra-Based Exam

(¢) Describe an experimental procedure to determine whether or not the resistivity of the dough cylinders
depends on the temperature of the dough. Give enough detail so that another student could replicate the
experiment. As needed, include a diagram of the experimental setup. Assume equipment usually found

in a school physics laboratory is available.
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Task: Experimental Design

Unit 1, Physics 1 Student Workbook 1.C

EXPERIMENTAL DESIGN:

Part A: The students decide that they need to collect distance and time data for each car to test the company’s claim. The
siudents design a procedure.

Cross cut 2ny extraneous steps and order the remaining procedural steps:

Turn the car on and elease alorg Lhe measured palh.

Gather equipmeant.

Repeht to raduce error.

Measure and record the time the car took to travel the 2 meters with a stopwetch

Measure a 7-meter-long path on the floor

Draw a data table in your noteboox.

468



Task: Experimental Design

Unit 5, Physics 1 Student Workbook 5.H

EXPERIMENTAL DESIGN: |

Fart A kot Jomincus’s procedurs for langth and clanty. Cross out ary uinesessary statements, crange the ordar of

statemarts carract statemarts far &rors, a7 wrta raw samtancas if naraszary

1. Zather all meterlals.

2 Rewowd e s of He aa

3. ®lugir bsththe motken detacte - and the
lorar seeeay

4. Check thateach derice 1s working.
Secure e mol oo deledor lo he ring sland

6. Atachtha cardbos dtargat totie cartsc
that it car b2 "sear.” by the mot an s2nscr

2 agnthamnt o amnsae with 1he target
carcroard.

2 o bl yooe nolshioak

9. Setthemoticn zensort1a necord Incart mede.

A0 g veaonding loece sl melion i wilh
tha comouter

17, Srec the zurla push loward Lie Toee vensor
and aviay from 1he motior catacter

12, Aller e carl collidey will Tie lorce sensur
and has houncad hack, step remarding farce
and maion data.

13 Ietarmrara ke immikse

14. Repast staps 9-12 with 4 ffereat Initial pushas
lerendime crnon

15. Clagn up the leb a1atica and putaway all

ralrnisls
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Task: Experimental Design

Unit 5, Physics 1 Student Workbook 5.K

EXPERIMENTAL DESIGN:
23n Az Outline a procedure that Blake could follow 10 maks measurzmer:s that could te used 10 a~swer allth-ze
qu=stinas shove Give fran™ measirame~t a meanngtu! algebrac symaal 2nd =tate wir 1 what equiomen each

measurcment Is made. Drav a labcled diagram showling each plece of cqu pment belng usca.

Whal Newds (o Be Measwed & Alyatraic Symbo's | Procedure

Labe'ed D agram of the Setup
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Task: Experimental Design

Unit 10, Physics 1 Student Workbook 10.M

SCENARIO: Blcke is given the cquipment listed below and asked o usc it to obtain a precise value for the saced of sourd

in air.

Meterstick Stopwaten Sound Intersity Metar Harral fil ed with water

Tuning forks (Each has Iis fraquercy printec on the handle.) Plpe (as.long_as the barrel Is tall)

_____ Speake" who can gene-ate a single tone (The tone can 2e varled, and the speaker disglays tha frequancy.’

EXPERIMENTAL DESIGN:

Part A: Selzci equipment from the above list that Dlake cou'd use to cetermine the speed of socundinar

|

Part 3: Ouilina a procedura that Blake could fellow to make a cingle set o* measurements that can be used to ca culate an
estimzta of the speed of sound in ar Inzlude a ladelzd diagram ot tha experimanial setun Exoalain how the

measuraments car he 1sed 1o make the calrulatinn
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Task: Writing About Physics

2018 AP Physics 1: Algebra-Based Exam

2m

-

compate with the origimal amplhitude A, of block P alone”

reasomng.

—— /‘PQ < "‘P — 1“.p‘;. = /“[ — /\PL) > 1'\F

(b) The figure is reproduced above. How does the amplitude of oscillation Ag, of the two-block system

[n a clear, coherent paragraph-length response that may also contain diagrams and/or equations, explain your
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Task: Writing About Physics

Unit 1, Physics 1 Student Workbook 1.A

ARGUMENTATION:

Part C: You are as«ed to make a claim about the physical meaning of Angela’s disp/lacement in Part B. Fill in the blanks
below 10 complete the Claim, Evidence and Reasoning paragraph.

Evidence: When Angelz gets to the bus stop, her position is meters. Angela’s initial position was
numbat

meters.

number
Reasoning: Displaccment is cqual to the final position minus the initial position. ( Ax = Xp =2 OF Ax=Xx—Xxp )

Claim: Therefore, Angela’s displacementis meters minus meters which equals

numbsar number numbar
meters.
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Task: Writing About Physics

Unit 2, Physics 1 Student Workbook 2.B

ARGUMENTATION:

PART C: The following statement is written to describe what will happen after the first 5 seconds wher Blake is no Icnger

pushing. Cross out any incorrect statements and explair why they are incorrect.

“After Blake stops pushing, Ange a will travel al a constant speed for a few seconds befcre she runs out of force. Then

she will decelerate and stop.”

475



Task: Writing About Physics

Unit 2, Physics 1 Student Workbook 2.C

ARGUMENTATION:
Checklist

Parl C: Carlos gels lired of pushing snd inslezd begins lo pull with force Fygral an

anglc to the horizantal. The blcek slides along the rough herizonial surfacc et a

. . N . Fi -1 F i V |l answered the question directly.
conslanl speed. A lree-body diagram (or the silualion is shown Lo [he rightl. Blake

makes the following cleim about the fres-body diagram:

| stated a law of physics that is
always true.

Blake: “The velocily of the hlock is constant, so the net force acting on the block must be 7zern. Thus, the normal force

| connected the law or laws of
a2quals the welght F,,, and the force cf friction 1 equa ¢ the applled force Fuu.” physics to the specific

circumstances of the situation.

Wwhat, iIf anything, 1= wrong wit” thie statemant? If comething is wrong 1dentify it and explain how to ccrrect it. If this I used physics vocabulary (force,
mass, acceleration, velocity,
statement is correct, exp ain why. coefficient, friction).
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Task: Writing About Physics

Unit 3, Physics 1 Student Workbook 3.D

Dominique: “The nct force on the ball at the top pesition is 7N since the nct foree is the samce as the tension.”

Carlos: "No, the net force or the ball Includes the centripetal force, tenslon, and welght. The tenslcn and the welght are

4 Ry

acting dOWI‘leI’d and have g be added. Ther you need 10 figure out the centripetal force | idd I and include 1t in the net
.

force”

ARGUMENTATION:

Pari A: Cross out the incorrect statements for each student's argumen: ard circle the correct statements.

Pari B: Ir a few short sentences, state the nat force on the ball at tha top of the circle and suppert your claim with

evidence.
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Task: Writing About Physics

Unit 6, Physics 1 Student Workbook 6.1

A dartis shot to the right into the cart at e mcment intime whean the cart's momentum has greater maanitude than the
dart's mcmentum. In Czse 1,tha dartis shot into the cartattuime t = 12 3. In Czse 2, th2 experimart is repeated exaclly as
belore, bul the darl is sholinlo the carl 2 Lime [ = 14 seconds. The darl embeds ilsellinlo the carl in bolh cases. The
graphs below show the velocity of the nart as a function of time for hoth cases for the interval 20 s < < 35 s. The cotied
graph in each case is the graph of the cart's velccity vs. t me had the dart rot been shot into the cart.

Case | Case 2

vim's y(nvs)
*3‘ — 1) - 43‘ (  f
+1 : +1 Fil :.-' Y i (=3
0 i (s) 0 PN s ()
. " AL RN R D
_2 —2 '.'. ‘_' L B |2
3 3
2 20 23 30 35

ARGUMENTATION.

Part B: In a clear, coberens, paragraph-length response, explain how and why the maximum spead and period shown in
2ech casce is different from the maximum sgpeed and pericd had the dart not keen enot into the cart. Discuge speciTic
physical princip'es as approprizte.

Checklist

| answered the question directly.

| stated a law of physics that is always
true.

| connected the law or laws of physics
to the specific circumstances of the
situation.

| compared the situation (stated what
was the same in all cases).

| contrasted the situations (stated what
was different in all cases).

| used physics vocabulary (period,
mass, spring constant, force, velocity,
displacement, equilibrium, momentum,
energy).
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Task: Writing About Physics

Unit 9, Physics 1 Student Workbook 9.J

ARGUMENTATION:

Part C: Blake connects the three bulbs as shown in the diagram to the right. He

— p—
measures the luminosity of Bulb A with a photometer ard determines that Bulb C’:}J ()B

A emits one-eighth as much light energy each second as Bulb B. In a clear,

coherent, paragraph-length response that references both the circuit diagram

and the above graph, explain why this is the case. T
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Task: Graphing

2018 AP Physics 1: Algebra-Based Exam

(@) The students want to determme the resistivity of the dough cylinders.

1. Indicate below which quanaties could be graphed to determine a value for the resistivity of the dough
cylinders. You may use the remanmg columas in the table above, as needed, o record any quantities
(including umits) that arc not already 1n the table.

Verucal Axis: Honzontal Axis:

u. On the gud below, plot the approprate quantities to determme the resistvity of the dough cylinders.
Clcarly scale and label all axcs, including units as appropnaltc.

B B d=-4-4 =4~ =4+ ' +—+ o + [ B |
el ded et ek dedodbdoedodl b ded b ded b cbded b d -
e i s o i e el s i el e i e e i e s e s i i o o i et el
B N N S N NN N NN N RN SN NGNS NN SN S BN SN S NN =1 G BEY B J_J-L_L I_Jd_
I 1 | DA N B P | | | | [
LI T 7 7T 1 L LI 1 T LI
=TT T T Tt T Tt T reTr T T rTraTy T reYraTaOT
F==-r1-t+t-r-r{+—t-t+r-r1-t-t-r-r1+-t-r-r- L A e (e e e el
e b bl Bl B Sl DB Bl B S D DD Bl b ot B Bl i ol ol Bl oBd o X B T b BE B
S e e e e S B o S e o B e e o e e s e e e e B I e o P
1 A L L A L L A L I L L L L L '
(PRI N DU N SN NN DN DU RN SR NN DU R AR NN DU B S S ~d-L_LJ_J_L_LJ_Jd_
o o e e e b ol ol 4 He 0 0 740 ol 50 v 0 e Soi ol o e an Ao en ob b & & b o | Iyl (Y 1 E- A ol
U 1 | | 1 I | ' I | I | I | | I
I e i e e e e e e e e e i A e i D e e e i
11 | el b B | 17171 1= T~ ) el r-ri1r1
T T L ™ T T L
pepojedoedapopadedoafopadedeodapamdedapopagedepapafjeqopapajed-
[ | | S O | O | [ ==k S S B |
e e B e S e B o e e D R R e e ettt e et el Bl e B
tebalsdadabpahdadalahdadalabhamdadababhdeadababhdadebabhdad -
Ll LA 1 1l L1l 1l L.l 1 Ll
T A e A e
(it o et Dt vl bttt Bt 6] et ot et sl et it b bt vt e [ Bt sl il W s Bt Dt 1~ 17
[ B | [ B A | LI B | [ | 1 1 [ |
bt bt et et gt bt anby mrhy bk wbd oy ok Dol Lo S ol Mok o sy o ot o o Sl od fd L o ol L

itl. Use the above graph to ¢stimate a value for the resistivity of the dough cylinders.
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Task: Graphing

Unit 1, Physics 1 Student Workbook 1.B

SCENARIO: Angelz IS running af Zmys taward tha
bus stop, 16 m away.

USING REPRESENTATIONS:

Parl AL ALrighlis a leble ol angela's
postien st each second. Complete S A
the table. Then on the dagram

ahnve, nreate a motion map of

Angcla’s position at every scconc. Do 13
this by marking wilhi a do., wzre 14
Angela 1s et every second. '

Part 3 Another way ta "epresent
Angcla’s mofion is by creating a
position vs. time graph. =inish fill rg
out the datz table to the nght and
then mark Angela's position at every
second on bk yraph. [Plol the Jala
po nts with solid filled-in dots.)
S<zich & best ftlne througn the data
pnnts by drawing a stralght line
through the points. [Sketeh the best

| Position (Mezers)

=BRErnouwmos

fi. line wilh Lhe sarme nuinber of Lela
ponts above and below th2 lineif
neaded.’

ra

4

5 r g

Time (Seconds)

X Y
Time |Position

(s) (m)

0 0

1 3

z 6

4

5
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Task: Graphing

Unit 2, Physics 1 Student Workbook 2.A

GRAFPH

RELATIONSHIP

AS X INnCreases, y
INCreases

proportionally. Yis
direcily proporticnal to
X.

AS X INCTRASES, Y
decreases. Yis
inversely proportionzl
to x.

v 1s proportcral tothe
square of x.

SCENARID (iardna and Dominiq)ie eollzet the follnwing drs p
trom a- sxpeimszn: where 1-ey aodlied the same force, :
F Wwidznlcal buxes wilh dif ferenl masses g d iscurded the .
zceelerztion.,
Tuisl Mass | Avceleralio

1 7 kg 15 B

2 4 kg 075

3 5 kg 260

4 7 kg 040

5 12 ky 0.30

6 1-kqg (]

7 12 ky 015
USING REPRESENTATIONS:
Parl A Plul e acceleralun of the buxes versus e imass ol wach box

I e sruare of yis
proportional o x.
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Unit 3, Physics 1 Student Workbook 3.K
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Part C: Plot tha data on the T2 vs, rgrash shown on tha "igh

Tae shudent collects the fats

show




Task: Graphing

Unit 5, Physics 1 Student Workbook 5.C

SCENARIC A l'uck v umuss ol Mand ilially rooves will g speec ol va, Consider bee vases. the ives miakes a "goalic

stop, and the Tuc< mekss an “emergency” stcp.

USING REPRESENTATIONS:

Zanl & Sheve on e g whal
s "genthe” stop and &n “emargency”

ztop might Dok like

Gentle Stop

LA Irita NaTmantum

v, F

Emergency Stap

Cav”sz Initka Momentum

v, F

m +

I wuky Appdivd Lo Co

~r

‘mroukes Appl ad o Ca-

W * Carz Final MomzTtum
4

v ":ll & Final Mome tam
v’
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Task: Graphing

Unit 8, Physics 1 Student Workbook 8.H

I'art C: Jzing the diagram, fi' 10 172 122ke below |2f: of charge g of @ 2ing 2 netic = ard haight yof a
5ing 'z patticle. Sdsc notethat you are asked to calculata the quantity y*

Crarge ¢ (U)

=eighty {m)

¥ (md)

Parl. 3. Sraplig ve. y* rern your dela luble on lie grid abeve and 1o e righl Crave w beol (O Lline, Use Ve slope of the

>

baerssl D D Qual omn avwcoranepes o g siinggles clarbow pooien ) Doy ez lezuli b Hhoes venass s ool Thie prolle s paacliles
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Task: Derivations

2018 AP Physics 1: Algebra-Based Exam

I. Derive an equation for the orbital period 7 of the spacecraft in terms of m, M., R, and physical

constants, as appropriate. If you need to draw anything other than what you have shown in part (a) to
assist in your solution, use the space below. Do NOT add anything to the figure in part (a).

ii. A second spacecraft of mass 2m is placed in a circular orbit with the same radius R. Is the orbital
period of the second spacecraft greater than, less than, or equal to the orbital period of the first
spacecraft?

Greater than Less than Equal to

Briefly explain your reasoning.
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Task: Derivations

Unit 1, Physics 1 Student Workbook 1.0

QUANTITATIVE ANALYSIS
The d:la Laken by lhe engineer are shown n Lhe lable.

Part A: Using the assumption that the crasshow darts were projected

\

horizonia'ly, denive ar expression for [ interms ot H end g (Remember

an equation given an the &7 Physics T enuation sheet )

Step 1:

Step 3:

Slep 4.

that derivations srould start with a fundamental equation of physics,i e,

Horizcntel \ertical Time 1hc
Diztarcc to Distance Dartisa
Target Cart Falls Projcctilc
D(m) H{m) T(s)
5.0C 0.084
10.00 0.16%
15.00 0.408
20.00 0.677
2500 0975
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Task: Derivations

Unit 2, Physics 1 Student Workbook 2.C

QUANTITATIVE ANALYSIS:

gs ar exampla.

PART B: Blake is asked Lo use Newlon's second ‘aw lo derive an equalion thal relales the force o7 gravily and Lhe normal
forcc from the surfacc actng on the block. Annotate his dcrnivation by filing in the night sidc of the tablc below. For cach

line of the d=rivation, explain mathematically what was done (i.e.. annotzte your derivatian). The first line is done for you

an objact Iz equal to the object’s macs 1ilmes the object’s eccelerat on

*F —ma We slarl with Newlon's szcond law, which szys Lhal the sum of all the forces acling on
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Task: Derivations

Unit 5, Physics 1 Student Workbook 5.J

QUANTITATIVE ANALYSIS:

Parl B: Derive exoressions Tor gg and gg, Angela and Carles's ling! specds [or lme E> Tin lermes of M, m, and v,

1

Systam Is Carlos end kall. There ara ronet
cxlemal farcaes, sao lbe momoentom ol the
systemis censarved,

Iritizlly Car'os and the ball are &t rest, s¢ thalr
inilizl momenlum is s2ro, s heir lingl
mcmartum must also be zero.

Fauatianfarye intarms of M, m and v

For the second parl of L problemn, the syslem
i1s the ball ard Angale. There are ne net extarnal
lorees, so the momenbum of the syslemn s
conserved.

Iritially Ancelo is ol rest and Lhe Ball has
memartum my, which mears that the final
memanrtum must also cqual my. After the
collicion. the bell and Ange a have a new
velaclty Vi,

Equalion lor v in lepms ol M, m und v,
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Task: Derivations

Unit 9, Physics 1 Student Workbook 9.1

Part C: Derive an expression for P, the power delivered to the light bulb, in terms of ¢, r, and R
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Experimental Design and Analysis: Ball Drop FRQ Lab

Scudents are @aiven o steoll sphere. a stopwatch, and o metersicek aad ore nsked o tke measurements to create a
graph thut could be used W detenmme the acceleraizon dug w gruvity.

(2) Describe a procedure for collecting data that can e araphed to desermine the acceleration due to gravity,
Saudents have access anly o the sphere, stopavatch, and meerstick. Tnclhude any steps neocssary th reduce
expermental uncertauity.

() Describe how the Jdata collecied o peat Gy would be gaophed, and how thas graph woald be eoalvzed 1o
determmne the acecleration die 10 pravly

Another group of students i mven a cart on an mehved track. Al the end of (e mack 1s a moaon sensor which

revords Ui veloualy ol the vaat as a flneuoa of e, The [ollowing e shows the Jdala vollecied by the students,

Velocity (m/s) Time (8)
1.0 0.1
1.7 03
3.0 0.3
3.7 0.7
5 0.9

The students coarestly determme that the relatiomship betwoen veloeity snd tme is given by o = (gein&)d. The
stuclents create a graph with £ plotod on the horzontzl axas

ch

i Indicate which meusured or ealowated quantty could be plotled on the vertical axi= 1 vield o linear graph
whose slope can be wsed to calculate an experimental value for the angle of the track. You mav use the
remanig coluens mhe tatle, os needed, W0 record any quaatities (including vnts) that are not already n the
lable.

Vertical: Herzanal: £

*********** ™ T T T
______ U T T T T T W .
LU N U S SN A B . LA
i r | | | |
! f19°r r I r™M
' 2 B A B | | e~
i 4434 i 4 I —4—-4-3
______ fddabiddoebddabiddap bl
| | | | |
I rT T I T
—————— t 1T rre-rrrTrreeeTTr T
- od b b - d o e ol
dedendd 1 1 1 1
I | | | |
HEE NG 1 I 17
rt=i1=r1 L t r+
L S e B S -4 + Lo
I HEE RS LR A o B R L
| | | | |
L=1=01 | | | |
T 17 r ™ T BREN
.. L o e Bl o a2 - e e Bl
pbhddenpddahlasdeniddebhbibdawanidld.
L1 L1 | | | |
I | | | |
T 1T T7T T T 1 T
* r1=i=rt ol s | Hr e+
| 400 R ) | L
A0 L1 - 1 1 J
L1101 | 1 | | |
LI I A | 11 I 11
B T e S e e | L S S
R R PR S B SR SRR R S B R SRR ok o S B
Ll ~4dJ L LA LLI1_ LiJ_L
1 1 1) | | | |
I~ (7= I rrITTTrIaTr
o gtn B et e e o bt e o St el e e hd 2 b bk b e el ,
" y WP——— P P— | T ‘rml?‘:s:l
0.0 0.2 04 0.6 s 1.0
Figure |

1. On the gnd shown m Figure L, plot the data ponts for the quantities mdicated in part (¢)(1) that can be used
o determine @ Scale the graph as approprate Clearly label the verrical axis, including units

1. Draw a best-A0 line [or the dats graphed in pert (C)(i).

() Calenlate an experimenral value for @ using the best fit-line vou drew in Figure 1 in pant (c)iii)
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Thank You!!!
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