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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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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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Saturday October 25

AM1

* Agenda & Introductions

- Exam Overview / Digital Exams / MCQ Section: CED

* Developing the Science Practices

AM2

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

- Mathematical Routines FRQ / The Physics Aviary HW
PM1

 Writing Strategies

* Experimental Design and Analysis FRQ

PM2

- Reading / Mock Reading

* LABS: Diffraction Labs and Fidget Spinner Lab
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Sunday October 26

AM1

* Translation Between Representations

» Types of Representation: Diagrams & Sketches
AM2

* AP Classroom / Instructional Planning Reports

- Instructional Strategies / Vocabulary in AP Physics
PM1

- Qualitative/Quantitative Translation FRQs

- Labs: Decay Constant Lab and Density of Air Lab
PM2

- TIPERs & Ranking Tasks
- LAB FRQ Simulation Labs
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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 1&2 Websites

apcentral.collegeboard.org/courses/ap-physics-1

apcentral.collegeboard.org/courses/ap-physics-2
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AP Exam Structure
For
Every AP Physics Course

(Since May 2025 Exams)



Exam Structure

e Section 1: Multiple-Choice (50%) DIGITAL
= 40 questions, 80 minutes
= One correct answer
= Four answer choices

e Section 2: Free-Response (50%) HYBRID DIGITAL
= 4 questions, 100 minutes, 40 points
1. Mathematical Routines (10 points)
2. Translating 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 2026

* P1: Wednesday May 6 PM

» P2: Thursday May 7 AM

 Mech: Wednesday May 13 PM

« E&M: Thursday May 14 PM 17
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Multiple Choice Questions Activity
 Turn to the following pages in the CED:

 P1 page 183
P2 page 195
* 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

Oather Strawderman AP Physics
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Discussion Topics

 What are some things that stick out about the
guestions...format and content?

* What struggles could your students have with
the questions?

* What instructional strategies will you employ
to help your students be successful on this
section of the exam?

* Test taking strategy suggestions?
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Informations

* Hybrid Digital

e Pacing/Clock

e Equation Sheets

e Exam Forms

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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Multiple Choice Section Directions
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represent the difTerent question types and functionality you will encounter on exam day and has fewer

muldple-choice questions than the exam.

Sectwn 1 has 20 multiple-chowe guestions and Zasts 1 hour and 20 nunutes.

Fach nf the questions ar incomplete statements is fallowed by four sugrested answers ar cormmletions. Selectthe
one that is bestin gaghk

o sumplily culewlations, you may use g = 10 m/s* oall problems.

A calonlaror is allnwed 1 this sechian, as well a5z miler and straighredge. You may vse a handheld four-funcrion,
scientific, ar graphing caleularor or the ralculator available in this applicarian

Reference infermarion, including lists of equaticns, is available in this application and can he accessed

trvughout e exain,

¥om can go hack and forth between quastions in this section until fime expires. The clack will nem red when 5
minutes remain—rhe procror will nor give you any rime npdares or warnings.
C Close

7 Hide
_ Hide |

-
-



Built-in Desmos Graphing Calculator

Calculator
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Switching Angle Modes in Desmos!!

Calculator
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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
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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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P1: Table of Information Conventions

The lollowing conventions are used in this exam:
¢ The framc of reference of any problem is assumed to be inertial unless otherwisc stated.
e Airresistance 1s assumed to be negligible unless otherwise stated.
e Springs and strings arc assumed (o be idcal unless otherwisce stated.

e Fluids arc assumecd to be 1dcal, and pipes arc assumed to be complcetely filled by fluid, unless otherwisc
stated.




P2: Table of Information Conventions

The following conventions are used in this exam:

e The [ramc ol relerence of any problem 1s assumed (o be inertial unless
otherwise stated.

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

¢ The electric potential is zero at an infinite distance from an isolated point
chargc.

o The direction of current 1s the direction i which positive charges would drift.
e All batterics, wires, and mciers arc assumed (o be 1dcal unless otherwise stated.




@ CollegeBoard



Developing the
Science Practices

How your students will be asked
to demonstrate what they know

Oather Strawderman AP Physics 37



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 procecures, analyze daza, and
support claims.

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

KX Create guantitative 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 sclecting
and folowirg a logical mathcmatical
pathway.

EX] Calculate or estimate an unknown
quantity with units from known
quantities, 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 approprizata law, definiion,
theoretical relztionship, or model to make a
claim.

Juslily or supporlaclaimusing
gvidence from expenimental 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 analys:s lo desive. caleulale, estmaieor -~ Argumentation IEX
ENOmend. i
g predict. Describe expe-imental procedures, analyze daz, 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 folowrg a logical mathcmatical qucstion,,
. pathway. } S

KK Create quaniitative graphswith | ] JEX] Apply an approprigte law, definiion,
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 supporlaclaimusing
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: P1 & P2

Approxmate Approximate Approximate Approximate
MCQ Exam FR Exam MCQ Exam FR Exam
Sikdll Welghting Welghting Skill Weighting Weighting
m Create d1aq;r:m:<. :ables\ charts, ar schematios to NJA [y Creac e‘_t:pc:imonta_l- procedures that are N/A
represent physical situations. appropriate for a qiven seientihe question.

B eate cmantitative graphs with appropriate srales N =nnropriate lawe do - o
Apply an appropriate law, definition, theorctical
anc units, including plotting data. LA 20-35% rclationship, or model to make a claim. 20-26% 35-45%

B Create qualitative sketches of graphs that represent

Justify or support a claim using evidenee from
features of a model or the behavior of a physical N/A exppﬂ*nen'rlalfﬁam, physical 'erg'osemaﬂms\ or

syslen. physical principles o laws,

O Derive a symbolic expiession [romn known
quantities by selacting and following a logical 15-20%
mathamatical pathway.

[T Calculate or cstimate an unknown quantity with
units from known quantiiies, by selecting and 20-25%
tollowing a logical computational pathway.

30-40%
B3 Compiue plysical quanlilies belwesn Lwo o imore

scenazios or al different lnes and locations in a 10-15%

single scenario,

Y hedicl new velues o felors of change of physical
quantities using tunctional dependance between 10-15%
variables.
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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 tha we fundame il Lo the discipling of physivs
Students wll hanafi: fromr mutple apportunitias tn davelop trasa craztizasin 3 scafoldad mannar Tha tahles
that folkw [ook ot cach of the scence practices £0d ther assocatad shilks and provids cxampkes of gueshons 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 cjecly, syslems,
and aracssses 1o maks e analyrie rarassanle.
These simplficatizns ar madizls ore uzed to predics
how nax cheromena w il DCCur. A ST Cie mods|l may
treat a system as an cofect, naglect tp the syeteme
internal structurs @nd behiavior Mors como ex moszle
are mndels of asysien o’ anects suct asa firesark
dlspisy ar pdarats orbbng the sun A cmcses can
be s it 20, too, Viadels cat be bothconce Ztual
and methermatical. The & Terenlivl equalion rdaling
welocity dasendent foree sxectad 20 an nbjact
o the oecedeation af Thal ooectis cnexagle of
amattgmadcal rodel whik the ¢gs of e objes:
reacking asarminal velocity Is 3 cancaptua madel
Tomske g cosd mode, stacents ess Wwadeniify
a st of the most zaelart cha-acteislics of »
phanamanan or systerr that may slimplfy aralysls
Ihzy then n2ed to creats arecresenetion o those
charactar stizs. Examples of representatiors usas to

mads ivrndictory S TRass CoNARtS At pichires,
malen ey, oo budy dag-ums, 1eree Smams,
grapts. energy bar chertzs. end momertum char:s,
Represertstons 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 anly expscts
ANMANIE I AAACT e Fveas Axevitd A DhACrE, Nat
o forne povnponyrs on five body diugvane, O the
AP Physies exams, Mdindus! forces raprasented o 5
fraa-hoaya'agram must be drsan 38 ndbakh i strafond
S70wSs, 2rgunaivig on the oot and powting n the
dwecrivin of the faron nohnac s forces thet aqe sxevieo
e same direeBon mest be deosn sioe Sy siaz, not
OVESEOENY

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

Thes foll:w 1p table proides mamples of questbion:s 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 ve aopconiate for iz plhysica
scenarw?’

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

\har fastures ef thae 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 wo 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?
\What daes an appropristaly sealed granh
louk Ike?

\"Yha: does a graph need to con@in o be
considersd “comrecdy labe ec”?

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

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

\hat is the physical meaning of the slope
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. Hepeat the measurements “or
varaus neights. Have atucents determirs
whzl Lhey should gragh so el Licy van
cradls alneariced graph,

I lave stucents dentify 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 scaffclded o he more clfficu t
and addrege stuczn: mizconcepliore kater
Inthe cowrse,
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AP Physics 1 — Skill Based Case Study

A block is released from rest near
the top of a rough ramp inclined at
an angle 6 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 the ramp

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

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

ramp inclined at an angle 6 above the horizontal. Point - - :
Ais a distance L away from the point where the block is Derive an expression for the speed Va 1N

released, as shown in the figure. The coefficient of terms of the given quantities and physical

kinetic friction between the block and the ramp is p,. constants, as appropriate.
The block is moving with speed v, when it reaches point
A.

(A) vy = /2gLsin @

L (B) v4 = /2gL(sin @ — y; cos )

(€) va = \/2gL (i, cos 6)

A (D) vy = /2gL(sin 8 + w;, cos 6)
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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.

A block is released from rest near the top of a rough Given L=10m Uy = 0.1. and 9 — 30°
ramp inclined at an angle 8 above the horizontal. Point ] » MK - I

Ais a distance L away from the point where the blockis  the Speed Va of the block as it reaches
released, as shown in the figure. The coefficient of

kinetic friction between the block and the ramp is y,. point A IS most nearly
The block is moving with speed v, when it reaches point
A (A) 2.9 m/s
(B) 3.1 m/s
L
(C) 8.3 m/s
(D) 9.9 m/s
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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.

The work done by the force of gravity on
A block is released from rest near the top of a rough the block as the block slides from the
ramp inclined at an angle 8 above the horizontal. Point , , ,
A is a distance L away from the point where the block is point of release to point Ais W,. The
released, as shown in the figure. The coefficient of angle of the ramp is increased, and the
kinetic friction between the block and the ramp is p,. :

work done by the force of gravity on the

The block is moving with speed v, when it reaches point _ _
A block as the block slides from the point of

release to pointAis W,. How does W,

compare to W.,?
(A) W, > W,

(B) Wy < 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 block is released from rest near the top of a rough The energy dissipated by the frictional force as the
ramp inclined at an angle 8 above the horizontal. Point block travels from the point of release to point A is
Ais a distance L away from the point where the block is E,. If the coefficient of friction between the block

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

The block is moving with speed v, when it reaches point

and the ramp is doubled, the energy dissipated by
the frictional force as the block travels from the
point of release to point Ais E,. What is the ratio

E
—7?
r

A.
& L (A)3
(B) 1
(C) 2
A (D) 4
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3.B Apply an appropriate law, definition,
theoretical relationship, or model to make a claim.

A block is released from rest near the top of a rough
ramp inclined at an angle 6 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 the ramp is p,.

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

Which of the following statements is correct?

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

(B) The total 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 consisting
of the block and Earth decreases from 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.C Support a claim using evidence from experimental data,
physical representations, or physical principles or laws.

A block is released from rest near the top of a rough
ramp inclined at an angle 6 above the horizontal. Point
Ais 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 the ramp is p,.

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

Which of the following statements is a correct
justification for the total mechanical energy of the
block-Earth system decreasing 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 Earth does negative work on the block-
Earth system.

(D) The normal force from the incline does negative
work on the block-Earth system.
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AP Physics 2 — Skill Based Case Study

An object O is located at
point P to the left of a
converging lens, as shown
in the figure. F7 and F2 are
the focal points of the lens.
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2.A Derive a symbolic expression from known quantities by selecting and
following a logical mathematical pathway

An object O is located at point P |P°i":: i‘:‘ :1 difta”‘_’e d{’/\::.’";thfeﬂ']e”:"i"d. the focal
to the left of a converging lens, ength of the lens is /. Which of the following is an
_ , expression for the magnification of the image?
as shown in the figure. F7 and F>
are the focal points of the lens. (A) /
d,—f
d,—|
f
fd,
d,—f
—f

fd,



2.B Calculate or estimate an unknown quantity with units from known
quantities, by selecting and following a logical computational pathway.

An object O is located at point P

to the left of a Converging Iens, If the focal length of the lens is 0.40 m and point P is
as shown in the figure. Frand F2  0.30 mto the left of the lens, where is the image of the

are the focal points of the lens. objectlocated?

(A) 1.2 m to the left of the lens
(B) 0.17 m to the left of the lens
(C) 0.17 m to the right of the lens

(D) 1.2 m to theright of the lens
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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.

An object O is located at point P The height of the image, when the object is at

to the left of a converging lens, point P is H. If the object is moved closer to
as shown in the figure_ F:and F> the lens, how does the new height of the
: image H> compare to H?
are the focal points of the lens. (A)H > Hs
(B) H < Ho
(C)H=H:>

(D) H and H> cannot be compared without
knowing the focal length of the lens.
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2.D Predict new values or factors of change of physical
quantities using functional dependence between variables.

An object O is located at point P
to the left of a converging lens,

as shown in the figure. F7 and F>
are the focal points of the lens.

Students move the object to various positions to the

left of F1 and record the image distance and the object
distance for each position of the object. Students graph
the inverse of the image distance on the vertical axis
and the inverse of the object distance on the horizontal
axis. Which of the following describes how students can
determine a value for the focal length of the lens with
their graph?

(A) The focal length is the slope of the graph.

(B) The focal length is the inverse of the slope of the
graph.

(C) The focal length is the area bound by the line of best
fit and the horizontal axis.

(D) The focal length is the vertical intercept.
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3.B Apply an appropriate law, definition,

theoretical relationship, or model to make a claim.

An object O is located at point P | | |
to the left of a converging lens Which of the following characterizes the

as shown in the figure. F7 and F>
are the focal points of the lens.

image when the object is at point P?

(A) Real, inverted, and smaller than the
object

(B) Real, upright, and larger than the
object

(C) Virtual, upright, and larger than the
object

(D) Virtual, upright, and smaller than the
object
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3.C Support a claim using evidence from experimental data,
physical representations, or physical principles or laws.

An object O is located at point P
to the left of a converging lens,
as shown in the figure. F7 and F>
are the focal points of the lens.

For the setup above where the object distance is less
than the focal length of the lens, which of the following
correctly explains why the image is virtual?

(A) The light rays originating from the tip of the object
are refracted so that they intersect at another common
point.

(B) The light rays originating from the tip of the object
are refracted so that they diverge such that they appear
to have originated from a common point.

(C) The light rays originating from the tip of the object
are reflected beyond a critical angle of incidence.

(D) The light rays originating from the tip of the object
are reflected and diverge as if they originated from a
focal point on the incident side of the lens.
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ldentify the Science Practice
* Course and Exam Description

* P1 page 183
* P2 page 195

* |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



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 analys:s lo desive. caleulale, estmaieor -~ Argumentation IEX
ENOmend. i
g predict. Describe expe-imental procedures, analyze daz, 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 folowrg a logical mathcmatical qucstion,,
. pathway. } S

KK Create quaniitative graphswith | ] JEX] Apply an approprigte law, definiion,
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 supporlaclaimusing
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




Unit

P1 Units: May 2025 Unit Title

Number

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

Kinematics

_ Force and Translational Dynamics
Designed as year long course.

Work, Energy, and Power
Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Fluids




Unit of Instruction Exam Weighting

Unit 1: Kinematics 12-18%
Unit 2: Dynamics 16-20%
A P P h u Unit 3: Circular Moticn and Gravitation 6-8% O I d
IcS 1
yS Unit 4: Encrgy 20-28%
Unit 5: Momentum 12-18%
Unit 6: Simple Harmonic Motion 4-6%

Unit 7: 'l'orque and Ratational Maotion

12-18%

Units of Instruction

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% N eW
Unit 5: Torque and Rotational Dynamics 10-159%

Unit 6: Energy and Momentum of Rotating Systems 5-8%

Unit 7: Oscillations 5-8%

Unit 8: Fluids 10-15%




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

12 Magnetism and Electromagnetism

13 Geometric Optics

14 Waves, Sound and Physical Optics

15 Modern Physics




Unit of Instruction Exam Weighting

Unit 1: Fluids 10-12%
Unit 2: Thermodynamics 12-18%
A P P h S i C S 20nlt 3: Electric Force, Field, and Potential 18-22% O I d
y Unit 4: Electric Circuits 10-14%
Unit 5: Magnetism and Electromagnetic Induction 10-12%
Unit 6: Geomelric and Physical Optics 12-14%

Unit 7: Quantum, Atomic, and Nuclear Physics

10-12%

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% N eW
Unit 12: Magnetism and Electromagnetism 12-15%
Unit 13: Gecmetric Optics 12-15%
Unit 14: Waves, Sound, and Physical Optics 12-15%

Unit 15: Modemn Physics 12-15%




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




Unit of Instruction Weighting

Unit 1: Kinematics 14-20%

A P P h S i C S C « Unit 2: Newton's Laws of Motion 17-23%
y *  Unit 3: Work, Energy, and Power 14-17% O I d
M e C h a n i C S Unit 4: Systems of Particles and Linear Momentum 14-17%

Unit 5: Rotation 14~-20%
Unit 6: Qzcillations 6-14%
Unit 7: Gravitation 6-14%
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% N eW
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%




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




Unit of Instruction Weighting

Unit 1: Electrostatics 26-34%
A P P h yS i C S C : Unit 2: Conductors, Capacitors, Dielectrics 14-17% O I d
Unit 3: Electric Circuits 17-23%
E & IVI Unit 4: Magnetic Fields 17-23%
Unit 5: Electromagnetism 14-20%
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% N ew
Unit 11: Electric Circuits 15-25%
Unit 12: Magnetic Fields and Electromagnetism 10-20%

Unit 13: Electromagnetic Induction 10-20%




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




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
Checkpoint 1 . .
What are the three Science Practices Y[Vhat aredtgi Gt_anegc La_? Egulpmelntl_ b
and the ten Skills? What do you notice Items and Fhysics-Specitic Optional La
about the skills as you go down the Equipment items listed in the Course and
column of a practice? Exam Description?

greatest number of topics? How ¢

many topics does that unit have?

¢ * L "
\ 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 2 ,  — .‘_ .
How many units are there in the AP -
Physics course? Which unit has the 7~ ™~

. Checkpoint 8

- Where can you find more detailed
information about teaching and developing
the Science Practices?

[

Checkpoint 9

Which skills are assessed on the

MCQ section of the exam and

which skills are assessed on the

FRQ section of the exam?

\ P

X

/

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

2024-2025 Plan

Oather Strawderman AP Physics



2025-26 AP Course Audit Process: AP Physics

Key takeaway: Administrators will be able to renew previously-authorized courses from 24-25, but not from before
last year.

Submission Options
1. Adopt the Unit Guides or a Sample Syllabus
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 last year will have to: ©
1. Complete the AP Course Audit Form attestation; and

2. Select one of the three submission options for authorization. e

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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2025-26 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
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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 1 Textbook List

Cutnell, John D., Kenneth W. Johnson, David Young, Shane Stadler. Physics (Physics 1). 10th edition.
Wiley.

- Etkina, Eugenia, Michael Gentile, and Alan Van Heuvelen. College Physics. 2nd edition. National Geographic
Learning/Pearson.
Etkina, Eugenia, Michael Gentile, and Alan Van Heuvelen. College Physics: Explore and Apply, AP Edition.
Pearson.
Ingram, Douglas and David Anderson. OpenStax College Physics for AP® Course 1. 1st edition. OpenStax.
Knight, Randall J., Brian Jones, and Stuart Field. College Physics: A Strategic Approach. 4th Edition.
Pearson.
Knight, Randall J., Brian Jones, and Stuart Field. College Physics: A Strategic Approach, AP Edition.
Pearson.
Serway, Raymond A. AP Edition, AP Physics 1. 1st edition. National Geographic.
Serway, Raymond A. and Chris Vuille. College Physics (AP Edition) 11th edition. National Geographic
Learning/Cengage Learning.

- Stewart, Gay, Roger A. Freedman, Todd Ruskell, and Philip R. Kesten. College Physics for the AP Physics 1
Course. 1st Edition. Bedford, Freeman, and Worth.
Stewart, Gay, Roger A. Freedman, Todd Ruskell, and Philip R. Kesten. College Physics for the AP Physics 1
& 2 Courses. 3rd edition. Bedford, Freeman, and Worth.
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Example AP Physics 2 Textbook List

Cutnell, John D., Kenneth W. Johnson, David Young, Shane Stadler. Physics (Physics 2).10th
edition. Wiley.

Etkina, Eugenia, Michael Gentile, and Alan Van Heuvelen. College Physics. 2nd edition. National
Geographic Learning/Pearson.

Etkina, Eugenia, Michael Gentile, and Alan Van Heuvelen. College Physics: Explore and Apply,
AP Edition. Pearson.

Ingram, Douglas and David Anderson. OpenStax College Physics for AP® Course 2. 1st edition.
OpenStax.

Knight, Randall J., Brian Jones, and Stuart Field. College Physics: A Strategic Approach. 4th
edition. Pearson.

Knight, Randall J., Brian Jones, and Stuart Field. College Physics: A Strategic Approach, AP
Edition. Pearson.

Serway, Raymond A. and Chris Vulille. College Physics (AP Edition), AP Physics 2. 11th edition.
National Geographic Learning/Cengage Learning.

Stewart, Gay, Roger A. Freedman, Todd Ruskell, and Philip R. Kesten. College Physics for the AP
Physics 1 & 2 Courses. 3rd edition. Bedford, Freeman & Worth.
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AP Physics Online Textbook

Openstax.org
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© AP

SYLLABUS DEVELOPMENT GUIDE

AP Physics 1

The golde oontaiza th: X Dowlg nformaticn

Curricular Requirements

“The ourricular requzements are the core elements af the course. A syllakus must
provide explict evidence of sach requirenast baged oo the regued e7lence
citermentis). Tac Uzit Caldes and the “Insmructional ARgrodszes” soction of the
AR Bhgniee 1 Afgeken Haoed Coaree aod Sanam desertan (CER way heomehil'm
rrasifing evidanes o RatiEtving thase sovicnlar requiremans

Required Evidence
Tl valemuns desee s e type of woadomee and bevel of detell jeguited o (ke
crlabas 22 demonsirabe how the curricular requizement s met e the course.

Nete: Surleuvlar requoements may havs mees than cne required evidence siatsrzent.

Cack stwtement et b nrdcomened ta ful fill the razuirament

Samples of Evidence

For wash varcsulan teguusimenl, tav W Uies oxpolane sanple of evidence are
proe el Toee eamples peovide colver verbation evidenos o exar deswiptioce
ol whal secwplasle weidenoe coald lanx liks in s 2yllabuse [n2eme samoiex, the
sprcific language that addreeons The megquesed sade new ix tughligh e 1n bald bext

Curricular Requirements: Syllabus Development Guide P1

Curricular Requirements

CR1

CR2

CR3

CR4

CRS

CRE

CR7

CRB

Students and teachers have access to ccllege-level resources, including a
college-Tavel texthook and refarence matenals in primt or electrome formar.

The course provides cprortunities 1o develop student understanding of the
required content cutlined in each of the units describad in the AP Physics |
Course and Exam Description.

The cowse provides vpporlunilies [or sluden s o develop Lhe skills relaled lo
Science Practice 1: Creating Representations.

The course pravides opportumties for students tao develop the skilla related to
Science Practice 2: Methemaltical Routines.

The course provides opportunities for students to develop the skills related t¢
Seence Practee 3: Scientific Questioning & Argumentatian.

Studernts spend a minimum of 25% of instructional time engaged in hands-on
leboratory investigations.

Students engage in hands-on laboratary investigations represantative of the
topics outlined in the AP Physice 1 Course and Exam Description.

The course provides cpportunities for students to racord evicence of their
sclentific investigaticns In a portfolic ¢f lak reports or a lab notebook
(print or digital fTormat).

€ CallegeBoard
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Curricular Requirements: Syllabus Development Guide P2

2= n
© AP Curricular Requirements
[CR1 | Students and teachers have access to college-level resources, including a See page:
SYLLABUS DEVELOPMENT GUIDE college-level textbook and reference materials in print or electronic fermat. 3
’ Ph . [ CR2 | ‘The course provides opportunities to develop student understanding of the See page:
AP YSICS 2 required content outlined in each of the units described in the AP Physics 2 4
Course and Exam Description.
[CR3 | The course provides opportunities for students ta develop the skills related to See page!
Science Practice 1: Creating Representations. 6
The puide containe the following in ormat an [ CR4 | The course provides opportunities for students to develop the skills related to See page:
Science Practice 2: Mathematical Routines. 7
Curricular Requirements
;;;:,:;‘;‘;;;*; seQuloemats are U "";;;;:_‘:‘;;;w’;'h"n";.ﬂ",',j:“:,ﬁ;ﬂ';“d"‘;,:‘“" [CR5 | The course prpvides oppo_rlunilies l'pr students to develop the skills related o See page:
statement(z). The Unit Suides and the “Instruriional Apgecaches” sccton of the Science Practice 3: Scienlific Questioning & Argumentation. 8
AP* s 20 Agebea-Oarad Dourse oo Exom Lesznpthion {CED) may be nseful :n
previding endence for sat sfying these curncular recarements. .. . . . .
' 4 CR6 Students spend a minimum of 25% of instructional time engaged in hands-on See page:
Required Evidence laboratory invesligations. 9
These slabvmunts duscribe the type ol wvideciow and sl ol decail meguized in the
» us L damons! e s tivalas TR §=9 L ovuise
et ot om e sl e l M '. ‘ CR7 Students engage in hands-on lahoratory investigations representative of the See page:
Noke Cunnonviis ivguavimeils may Bave tsoew Uian ooe veguined yvideioy slalwinel, X X ) . . .
Fac araramans mnse he addweand 10 20l the wquise=arr topics outlined in the AP Physics 2 Course and Exam Description. 10
Samplee 9f EviTence . [CRA | The course provides opportunities for students to record evidence of their See page:
For cxch currlet’zr roquirs—ent, two ta t-zee sepamte samples of cridener ae . . . . . A .
previded. [hese samples peonide eitner vaebatm pacence or clear descuptons scientific investigations in a portfolio of lab reports or a lab notebook 13
e kS & i (priat or digital format).
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Year Long Pacing Activity P1 & P2

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 2026
* AP Physics 1: Wednesday May 6 - 12:00pm
e AP Physics 2: Thursday May 7 - 8:00am

e' CollegeBoard
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Mathematical Routines

FRQ #1 - 10 points



Mathematical Routines FRQ
 Find Question #1 the MR FRQ
 P1 page 193
e P2 page 203

44

* Read through the CED MR FRQ and the
Practice Exam MR FRQ linked in the agenda
and identify what tasks they ask students to do

 Recored how many points per part

eCollageBoard Oather Strawderman AP Physics
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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)
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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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Tips for Derivations and Calculations

- Start with a fundamental Physics Law or Principle
« Show all your Physics work, it is OK to not show every Algebra step
« 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

* For calculations do not put the numbers in until you have derived the full
equation

« Make sure to include units in any numerical answer, you do not need to
iInclude units during your derivation

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



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.




Question #1: Mathematical Routines-P1&2

"o
Section Il 0:00 2B o ~ :
Directions v @ Mighlights & Notes  Calkculstor  Refecence  More

THIS IS ATEST PREVIEW

A

On exam day, you'll write your answer in the free-response booklet. i. On the diagram in F
(not compaonents) thd : rolls down the ramp,
which is indicated by the T = = arce in your diagram must he
represented by a distinet arrow starting on, and pointing away from, the
point at which the force is exerted on the disk.

2, draw and label 2 that represent the forces

In Experiment 1, students release a disk of mass M and radius R from rest at the top of
a ramp that makes an angle & with the horizontal. The disk rolls without lipping, as
shown in Figure 1. The raational inertia of the disk is I, = § MR? The frictional
force exerted on the disk 5 F),

Figure 2
Figure 1 *
Disk
= M
Y
Ramp

il. Determine an expression for the net torque exerted on the disk around the
center in terms of 6, F,, M, R and physicad constants as appropriate.

iii. Determine an expression for the net force exerted on the disk in terms of 6,
F,. M. R and physical constants as approsriate.

the translational acceleration of the center of mass
answer in term: of 6, M, R and physical constants as

gret your derivation by writing a fundamental physics
principle or an equation from the reference information.

Oather Strawderman Question 1 of 4 o




FRQ Booklet Structure

e = penetl e 2 pan wth bback or “ak Bhoe s B9 NAT oote your nome Da NOT write nuterds the noe

Question 1: Version J

PART A

A wrege sl spremhny
S Ml ARG e o

PART B

Page 3

g Ga lo Quesclion 3 in Riusbioak when you'te darm wilh this question




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.



Switching Modes in Desmos AGAIN!!

Calculator

: DY
sinal)

= —LOSROF1G24053

Reverze contast
Braille Mode

Vv Grid V' Sz Numbzre

%’ L v M Cidines

ATrows

| A=
v X-Axs ‘
B | Sty
L
7 Y-fais l
=0T T S 1RNOTEE Step:

b Mare Gplans

Comaiex Morle

Radians Dagres

sin 30

10

Reverse conlrast ||+ |
Erallle Mode —
v Crid W hxiz umbzrs
%’_‘ VM o Crdiness
Arrows
«Labs
v K dxis ‘
IR ST (| Step
Labs
10}

v F-Axin ‘
= D LG Stege
b Vem QOptions

Complax Mods
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Mathematical Routines Skills: EFNESENES EGO 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 EX

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.

EXd Compare physical quantities
between two or mare scenarios or
at ¢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 are 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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Mathematical Routines

FRQ #1 - 10 points



P1 2025

(-:) QUESTION 1 MATHEMATICAL ROUTINES (MR)

eCdlageBoard

MR PART A PCINT

MR PART A PCINT 2

MR PART A PCINT 3

MR PAILT APCINT 4

MR PART A PCINT 5

MR PAIT APUINT 6

MR PART APCINT 7

MR PART B PPUINT 1

MR PART B POINT 2

MR PART B POINT 3

10

4.7

0.8

L4

0.6

0.5

0.7

0.6

04

0.4

0.1

0.2
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P2 2025

(=) QUESTICN 1 MATHEMATICAL ROUTINES (MR)

MR PART A POINT 1

MR PART A POINT 2

MR PART & POINT 3

MR FPART & POINT 4

MR PART & POINT 5

MR PART A POINT &

MR PART A POINT 7

MR PART B "OINT T

MR PART 8 POINT 2

MR PART B POINT =

Max Score

10

Global

53

0a

0.5

08

0.6

0.6

0.6

0.3

0.6

0.2

€ CallegeBoard
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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 107
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CONCEPTLAL Phgsi s
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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. 5%%
¢)..Both reach the end at the same time.

i - -__-h:fn' —/
ARBOR SCIENTIFIC '%L“"’TF
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Instructional
Strategies for
Effective Writing In
AP Physics

Oather Strawderman

International Lead
AP Physics Consultant

F:'Na4ll © CollegeBoard



Scientific Writing

Strategies and Processes
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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

112



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

113



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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CONCEPTLAL Phgsi s
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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. 5%%
¢)..Both reach the end at the same time.

i - -__-h:fn' —/
ARBOR SCIENTIFIC '%L“"’TF
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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

116



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.
117



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).

1 point
| point
1 point



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

120



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




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




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.
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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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2m

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.
125



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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Analysis FRQ
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LAB FRQ FRQ #3 - 10 pOlntS
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Experimental Design and Analysis FRQ Tasks

e Open up your Physics CEDs

* Find Question #3 the LAB FRQ
 P1 page 196

* P2 page 205

* Read through the CED LAB FRQ and the Practice
Exam LAB FRQ linked in the agenda and identify
what tasks they ask students to do

* Recored how many points per part

€ CollegeBoard Oather Strawderman AP Physics 130




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.



Experimental Experiment 1

Design & Analysis Describe an experimental procedure including
FRQ multiple Independent Variable values

(Part A-2pts)
Tasks Describe how the data can be graphed and

analyzed (Part B-2pts)
Experiment 2

Indicate which measured or calculated
guantity could be plotted to yield a linear
graph (Ci-1pt)

Scale & Label all axes and Plot the quantities
(Cii-2pts)

Draw a best fit line (Ciii-1pt)

Calculate an experimental value using an
equation and the graph’s slope (D-2pts) 12




LAB Skills: EEIETIETI 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 expeimental 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 expernimental data, physical
representations, or physical principles or
laws.
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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.




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.



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




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.

Jable 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



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

I L
1

A
=ttt -t oo bt - — -

Quantty ([nits, if eppropriate)

(c) i. Label the axes of the grid provided with mcasured or calculated

quantitics. Include units. as appropriate. The graphed quantitics should ST N N O 1 O I
yicld a linear graph that can be used to determine ;. B e R B e e B s
11111 | N S I I I I | |

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. T T

« 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 O Y O DO

will not be scored. I o 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 (if appropricte)
space, U,.




Experimental Design and Analysis (LAB)
Skills: B EC B BN EXI X3

10 points; suggested time: 25-30 minutes

The Experimental Design and Analysis (LAB) question assesses students’ ability to create scientific procedures
that can be used with appropriate data analysis techniques to determine the answer to given questions. The | AB
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 a 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 able to be perfcrmed in a typical high school laboratory.
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 question, by either
graphical or comparative analyses.

Students will then be given experimental data collected in order to answer a similar, but notidentical, question to
what wes 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 analyzed 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.



LAB: Experimental Design and Analysis

Experiment 1: Design

* Describe an experimental procedure including multiple Independent Variable
values

» Describe how the data can be graphed and how the graph can be analyzed
to determine the unknown quantity

Experiment 2: Analysis
» Determine which measured or calculated quantities could be plotted to yield
a linear graph
« Scale & Label axes and Plot the quantities
* Draw a best fit line
 Calculate an experimental value using an equation and the graph



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 10
answer (J, K, L, or M) and the page
number in the booklel

Makes sure you respond in the comrect
space in the booklet,




FRQ Booklet Structure: Question #3 LAB: P1

Usw 3 peogil on 3 pee with Bl o diek Woe ish. Co NOT aim your name. Co NO7 wibe culside he bos,

Lawanracmloransy wihFlackerdsrs =l A ne X NOTwrs oo cnmme AR5 arie Srsos tha sy

PAKT A
PARTE
Page 16

PARTC

Tbbe 2

Question 3

¥ (msY)
.

£0

10

40 -

in

n

co

Quantity

Unats (if appropnicte)

PARTD

Page 17

Quastion 3 i9 continuad an the naxt page

Q Ceo to Questian 4 In Elucteok when you e dene with this question.




FR

Booklet Structure: Question #3 LAB - P2 & Cs

Usw 3 peogil on 3 pee with Bl o diek Woe ish. Co NOT aim your name. Co NO7 wibe culside he bos,

PART A

Laanracmloransy wihFlack erdsre =l & nqe

PARTE

Page 16

PARTC

Question 3

NO wrrs o0 cnmme a5 arte crsas tha hey

(Quantity ([nits, if sppropriate) ;

H

Tbbe 2

Quantity

Umts (it appropnicte)

PARTD

Page 17

Quastion 319 contnued an the next page

Q Ce to Question 4 In Elucteok when you re denc with this question.




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



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



Experimental Analysis Part: Tips

- Label both axes with the Quantity and the Units, i.e,. length (m) or time (s) or 12 (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



Experimental Analysis Part: Tips

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

*  When calculating the slope of the line show your work and make sure to
use points on the line

- Or explicitly state you used your calculator or Desmos

- Make sure your answer to Part D includes the correct units



Using Desmos to Determine Slope of a Graph




P1 2025

eCollageBoard

.9 QUESTION 3 EXPERIMENTAL DESIGN AND ANALYSIS (LAE)

| AB PART A POINT 1
LAB PART APOINT 2
LAB PART 3 POINT 1

| AB PART 3 POINT 2

LAB PART CPOINT 1
| AB PART C POINT ?
LAB PART CPOINT 3
LAB PARI CPPOINIT 4
LAB PART O POINT 1

LAB PART O POINT 2

10

4.9

0.7

0.8

0.4

0.2

0.6

0.4

0.7

0.7

0.3

0.3




P2 2025

(5: QUESTION 3 EXPERIMENTAL DESIGN AND ANALYSIS (LAB) 10 7.2
LAB PART A POINT 1 1 0.6
LAB PART APOINT 2 1 0.5
| AB PART B POINT | 1 08
| ABPART B POINT 2 1 06
| ABPART C POINT 1 1 09
| AB PART C PQINT 2 1 09
| AB PART C POINT 3 1 0.9
LAB PART C PQINT 4 1 0.9
LAB PART D PQINT 1 1 0.8
LAB PART D PQINT 2 1 0.4
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Experimental Design and Analysis: P1 2025 Torque Lab FRQ

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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Answer the LAB Question

e With your partner, answer the Torque Lab FRQ #3
P1 2025 linked in Day 1 PM1

e Use Desmos to determine the meterstick mass in
Parts C&D

» 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 to
nelp prepare students?

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

(“)CollageBoard Oather Strawderman AP Physics 154



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 155




Experimental Design and Analysis: Ball Drop LAB Question in Agenda

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 due w gruvity.

(2) Describe a procedure for collecting data that can e araphed to desermine the acceleration due to gravity,
Saudents have access anly 1o the sphere, stopavatch, and meerstick. Tnclude any steps neocssary th reduce
experiental uncertauty.

() 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 vaal as a lneuoa 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 &) The
stclents 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 o he tatle, os needed, 10 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
- ol b b -4 (R SR o e ol
dedendd 1 1 1 1
I | | | |
HEE NG 1 I 17
rt=i=r1 L | Ll } r+
L S e B S -4 Ll 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 pomnts for the quantities mdicated i part (¢)(1) that can be used
o determine @ Scale the graph as approprate Clearly label the verrical axis, including upits

1. Draw a best-G0 line [or the dats graphed in pert (¢

() Calenlate an experimenral value for @ using the best fit-line vou drew in Figure 1 in pant (c)iii)

eCollageBoard
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AP Reading

Scoring the
Free Response
Questions




AP Reading

e 7 (12) Days long

e Second Week: June 11-17, 2026
 Tampa, Florida

e 2025 (2024 / 2023) Exam Volumes

« P1 Exams 174,506 (164,950 / 160,924)
P2 Exams 23,650 (22,831 /20,597)

e C:Mech Exams 66,238 (61,606 / 56,169)
o C:E&M Exams 29,946 (28,238 / 24,407)

e 305 Onsite Readers and 329 At-Home
Readers

* Mix of HS and college

6? CallegeBoard 159



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 160



Reading Positions
 Reader

e Table Leader
*Question Leader
Exam Leader
*Chief Reader

eCcllageBuard Oather Strawderman AP Physics 161



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 162
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Mock Reading Activity

AV THYEN S 1T AL HEAEASEL « 045 « FIEE-IES CONSE QUEETIO NS

Question 3: Version J

3. Students are invesligating balancing systems asing Cwe Tollowing sedumn, The students have a
spring svale of negligible mass that is fixed o one end of @ uniform meterstick. The center of the
meterstick is anached t¢ a stand ¢n which the meterstick can pivet. There i3 a heok of negligible
mass fixed to the top of & block of mass mg. 'The hook can be artached to the meatarstick through
onz cf the smell holes in the materstick. as shown in Iigure 1. The students do not have a direct
way to measure the mass of the blockk. The block cannot be attached ¢ the sgpring scale,

Figure1
Meterstick
)
.'U
T T T T T T - .
10cm  20cm 3)cm 40cm &) sbom F0em 80cm Wom
> o @ <
'\f\
<~ Spring Stale i Small ole
"y Stane
3
—l' -~ Blo*_ ?ﬁ(
. Lo
z [ — 0

The studens are asked o loke measurements el will allow the stadents (o creae a linear

graph whose slope could be used 1¢ dztermine the mass oy of the block.

A. Describe an experimencal procedure to collect data that would allew the students ¢
determineg »;. Include any steps necessary to reduce experimental uncertainty.

B. Nescribe how the dac eollected in part A coald be graphed and how that graph would be
analyzed 1o determine mi.

The students have an idendcal meterstick of mess A that is new attachec o an axle that is fixed
to a wall The meterstick is frea to rotate with negligible fricton abcurt the axle. The meterstick
i suspended horizontally by astring that is connecled oo spring scale of neglig ble maoss, as
shown in Figure 2.
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Mock Reading Activity

AF P=Y5ICS 2. ALGZERA-EASED 3025 « FREE*RESPONSE QUESTIONS

3, In Lxperiment 1, a student 1s given a resistor of unlkmown registance and an awr-filled parallel-
plate capacitor of unknuwn capacitance, The student is asked (o predict the expected tirme
constant 7 of a circuit it these twvo circuit elements were connected in serics with a battery.

The stucdent has access to a battery of known emf, a switch, an ammeter, a ruler, and wires, as
shawn in igure 1. The plates nf the capacitor are squere, and the separation hetween the plates
is small compared ro the dimensions of the plates. The capaciror is inftially uncharged. Assume
that the dielectric constant of air is 1.

Figure 1
¥
L~
o 7 t
Resistor  Capacitor  Battery Switch  Ammeter Ruler Wires

Nute: Figure not drawn o stale,

A. Describe a pracedure for collecting data that would allow the student to determine the
expected time constant . In your description, include the measurements to he made.
[nclude any sreps necessary to reduce experimental uncertainty.

B. Describe how the collected data could be analyzed to determine 1. Include references to
epprapriate equations and ta relationships between measured and knawn quantities.
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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, just to
get a feel for the Reading
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