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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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Sunday

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

eCo]lageBoard Oather Strawderman AP Physics




Workshop Links & Documents

www.PhluidPhysics.com/Resources

("‘:-’Co]legeBoard



Translation

Between
Representations

Free Response Question

FRQ #2
12 Points

Oather Strawderman AP Physics



Translation Between Representations Tasks

e Open up your Physics CEDs
* Find Question #2 the TBR FRQ

* P1 page 194
* P2 page 204

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

 Record how many points per part

eCollageBoard Oather Strawderman AP Physics



Translation
Between

Representations
FRQ #2

Translation Between Representations FRQ

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

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

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

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

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

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

scenario were altered and justify that claim using consistent reasoning or
analysis. 9



FRQ Booklet: Which Version?

— _—

Question 2

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

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

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




FRQ Booklet Structure: Question #2 TBR

Jseapenzt o et wth oinck o' cark Ee nk. DO NOT arle pour naTe. Do NOT wite orside the boc.

Use 2 penzl or 2 pen 'afl® biack o~ dark Eiee ink. Do NOT wiheyour tarve. Do NOT e culske

Question 2: Verslon J

PART A

Aninnmgt o B agpit vy
‘or thadaks 0 atle on

PART B

Page 8

e 2Qx.

Queslion 2: Varsion J

PARTC

Mosmnny el apgens bve
for wadord s wowTie e,

PARTD

Page 9

Question 2: Version J continues an the naxt pags.

u Go lo Question 3 in Bluebiouk when youre done with this gquestion.




Translation
Between

Representations
FRQ #2

Representations Discussion

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

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

- What representations are used in all courses?

- Which representations are course specific?
- How do you teach your students how to make and use each

representation?

12



P1 Units

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

Designed as year long course.

Unit
Number

Unit Title

Kinematics

Force and Translational Dynamics
Work, Energy, and Power
Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Fluids




P2 Units

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

Designed as year long course.

Unit

Number Unit Title

) Thermodynamics

10 Electric Force, Field and Potential
11 Electric Circuits

- Magnetism and Electromagnetism
13 Geometric Optics

14 Waves, Sound and Physical Optics

15 Modern Physics




Mechanics Units

Kinematics
Force and Translational Dynamics
Work, Energy, and Power

Linear Momentum

Torque and Rotational Dynamics

Energy and Momentum of Rotating
Systems

Oscillations

Unit

Number

8

E&M Units

Electric Charges, Fields, and
Gauss’s Law

Electric Potential

Conductors and Capacitors

Electric Circuits

Magnetic Fields and
Electromagnetism

Electromagnetic Induction

15




TBR Skills: EEZY KX EXY ET1 ETY EX3

Practice 1

Creating Representations Kl
Create representations that d2alict physical
phenomena.

= SHKILLS

EM Create diagrams, tenles, charts,
or schematics to reprosent physical
situations.

K] Create quantitative graphs with
plotting data.

EE3 Create qualitative s«etchas of
uraphs thal represent fealwes ol &

muodel or the bersvar al a physical
system.

appropriate scales and units, irclucing

Practice 2
Mathematical Routines EX

Conduct analyses Lo der ve, celou'ale, estimate, o1
predict,

EX) Derive a symbolic expression
from known guantitice by selecting
and fallowing a logical mathamatical
nathway

EX] Calculate or estimate an unknown
quantity with units from kncwn
quantities, by szlecting and following a
ogical computstional pathway.

EXA Compare physics! quantilies
oetbwesn two or more scenarios or
at dtterent imes and locations ina
sirgle scenaric,

EX] Pradict rew values or factors cf
channe of physical quartities using
funclional dependence belween
vanables,

Practice 3

Scientific Questioning and
Argumentation E}

Deseribe expzrimental procedures, analyce data, and
support claims.

EX) Create experimental procedures
that arc appropriate for o given scientic
o estion.

EXJ Apply an appropriata law. defnition,
theoretical relationship, or modsal to mzke a
claim,

EX3 Justify or suppert a claim using
evidencs from exparmenlal cala, physical
represenlalions, or physicsl pnnciples or
laws.

16



P1 2025

eCollageBoard

(5) QUESTION 2 TRANSLATION BETWEEN REPRESENTATICNS (TBR) 12
TBRE PART A FOINT 1 1
IBR PART A FOINT 2 1
IBK PART A FOINT 3 1
TBR PARTBFOINT 1 1
TBR PARTBFOINT 2 1
TBR PART BFOINT 3 1
IBRE PART BFOINI 4 1
TBR PART C POINT 1 1
TBR PART C POINT 2 1
TBR PART CPOINT 3 1
TER PARTDPOINT 1 1
TEBR PART D POINT 2 1

6.1

0.8

0.7

0.6

0.4

0.2

0.6

0.5

04

0.5

0.2

17



P2 2025

lE:p QUESTION ? TRANSILATION BETWEEN REPRESENTAT DNE (TER) 12
TBRPART A POINT 1 1
TBRPART A PCINT 2 1
TBEPART APOINT 3 1
TBRPART 8 FOINT 1 -
TBRPART 8 FOINT 2 1
BRPARI B FOINT 3 1
TBR PART 8 FOINT 4 1
TBRPART C FCINT 1 1
BEPARI CRFAGINT 2 1
TBRPART T POINT 3 1
TBRPART D PCINT 7 1
TBRPART [ POINT 2 1

L3

0.8

0.6

0.8

0.9

0.6

0.4

0.5

0.9

0.5

0.8

0.7

0.4

eCdlageBoard
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Electric Circuit Diagram

2. (12 points, suggested time 25 minutes)

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

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

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

Circuit
Component

500 s
e

€ CollegeBoard Oather Strawderman AP Physics 20




Optics Ray Diagram

2017 AP® PHYSICS 2 FREE-RESPONSE QUESTIONS

Screen

Convex
lLens

Plate on Hidden
Side of Box

Light Box
with Plate

3. (12 points, suggested tume 25 minutes)

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

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

G)qulggeﬂoard Oather Strawderman AP Physics
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Translating

Between
Representations

Translation Between Representations FRQ

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

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

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

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

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

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

scenario were altered and justify that claim using consistent reasoning or
analysis. 23



TBR N EuEsHion ~
A
Example of a Sketch g ’\g\% S - —
i =

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

a) Track A.

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

\ i «(—'E;J.ﬂ' _:J
* ARBOR SCIENTIFIC Trerwil

24




House —

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

2. (12 points. suggested time 25 minutes)

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

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

Vv

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

| | | | I | I | | |

| | | | | | ] 1 | |



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

For a clcarly labeled horizontal line for the truck

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

to indicatc that the housc has been rcached

© CollegeBoard

ﬁw ) -

Vi PJUL1L

26
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Representing
Forces with
Diagrams



\ 4

 Areor scienTiFic

tharme ¢ Amoid Arons

e \

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

a) upward.
b) downward.
¢) Can't say.




AP Free Body Diagram Guidelines

* Pointing away from the dot

* Touching the dot

 Labeled: Various conventions accepted
« Straight, use ruler

* Relative length on grid

* NO Components

connect to college success™
5 CollegeBoard wrwrwicolleqeboard com



F

47. A block is held at rest against a wall by a force

30

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

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

man, AP Physics

C?JollegeBoard

1 TA
connect to COLE{JL’—: SUCCeSS

wwwicollegeboard com



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

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

wall on the block, and Ff be the frictional force

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

(A) I' = F,/sin0
(B) Fcos@ = F,
(C) Fsin@ — F.s: + Ff
(D) 1= 14 Iy 1";



"‘l
\ Earth k
RN F=7—— Spacecraft

~ -~
- -

—

Note: Figure not drawn to scale.

1. (7 points, suggested time 13 minutes)

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

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

Note: Figure not drawn to scale.



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

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

Note: Figure not drawn to scale.

For an arrow directed toward Earth’s center 1 point

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

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




-

!
\ /
\ Earth k )

\ F=——— Spacecrall

.

e —— — -

Note: Figure not drawn to scale.

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

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

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

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

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



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

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

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

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




Planet

Moon A Moon B \

(/ \J

[~ Ry -
- R -

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

Moon A Moon B



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

1 point

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

Scoring Notes:

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

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

1 point

Example Response

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

Total for part a. 2 points



Block | Block 2

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

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

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

Block | Block 2



of points
(a) 2 points

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

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

One earned point is deducted for drawing any extraneous vectors.

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

e



Block | Block 2

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

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

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

Block 1 Block 2

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



{b) 3 points

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

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

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

I =ma+mg

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

41 Oather Strawderman, AP Physics
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Question 1 (continued)

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

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

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

Fo =(my —my)g

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

Fret = (my +my)a

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

(my +my)a = (my —m)g

a = (my —m)gf(m +m)

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

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

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




2 points

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

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

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

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

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

1 point

1 point
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\

NlERng GuaEsTion ~
@

* ARBOR SCIENTIFIC

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

N air resistance is negligible. The

~ B ball that strikes the ground

"below with the greatest speed
will follow path

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

£)IC:

46



Instructional Approaches offer recommendations on integrating skills and content

-
Elements included: . o e Prace s a2
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Translating
Between
Representations

Course and Exam Description Instructional Strategy

Strategy

Four-Square
Problem Solving

Description

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

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

Example

A. sketch a force diagram of the disk,

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

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

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

48



Translating

Between
Representations

Translating Between Representations FRQ

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

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

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

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

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

49



Diagram

Graph

Mathematical Representation

Qualitative Analysis




TBR
Representations

& CED
Instructional
Strategies

Rapid Compression of a Gas: Fire Syringe

51


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

Diagram

Graph

Mathematical Representation

Qualitative Analysis




Diagram

[nitial

Final

Graph

/7 .,'-'0 -

Mathematical Representation

Qualitative Analysis

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




TBR
Representations

& CED
Instructional
Strategies

Two Positively Charged Particles

A system consists of Q
two positively charged |«
particles. The particle

on the left is fixed in Q
place. The particle on E

the right moves
towards the particle on Q

the left at constant f———]

velocity.

O O
—|

54



Diagram

Graph

Mathematical Representation

Qualitative Analysis




Diagram

Graph

r
L‘L.

Mathematical Representation

Qualitative Analysis

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

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




TBR
Representations

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

Two Objects Submerged in Liquid

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

B 2.01

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

string to which object B is
attached is 0.1104 N.
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Mamiineg &uesHien ~
)

- Three baseballs are thrown
‘T from the top of the cliff along
‘ paths A, B, and C. If their
\ initial speeds are the same and

¥~ =da L air resistance is negligible. The
IR ' ~ B ball that strikes the ground

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

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

\ [ - o lk..sﬂ'lj
* ARBOR SCIENTIFIC X u‘:ur.
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Tool Choice

e Hammer/Screwdriver Example

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

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

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

e Don’t save review till the Spring

eCdllageBOtlrd Oather Strawderman AP Physics
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Stonec A Stone B

‘ '_J I ——

O

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

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

(B) The two stones reach the ground at the
same time but with different speeds.

(C) Stone A reaches the ground first, but the
(w0 stones have the sume speed just
before they hit the ground.

(D) Stone A reaches the ground first and has
areater speed just before hitting the

Oather Strawderman AP Physics
ground.



Energy

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

e Energy Transferred through Heating or Cooling

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

eCO]lageBOtlrd Oather Strawderman AP Physics
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Types of Systems

Surroundings I

Isolated System Closed System

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

Open system

e-'CollageBoard
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Types of Systems

Examples of Systems

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

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

I —— —
1 No exchange
of matter

No exchange
of energy

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

€ CollegeBoard

65



Systems MCQ: 2017 IPE

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

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

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

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

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

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

©? CallegeBoard

Oather Strawderman AP Physics
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Systems MCQ: 2014 Practice Exam

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

Rocket
Kinetic
Energy

(A) Increasing
(B) Increasing
(C) Increasing
(D) Dccercasing

Svslem
Gravitational
Potential

Energy

Increasing
Increasing
Decreasing
Increasing

System
Mechanical

Energy

Increasing
Constant
Decreasing
Constant

©? CallegeBoard
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Energy Bar Charts (LOL Diagrams)
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Energy Bar Graphs

e The “Free Body Diagrams” of the Energy Unit
e Can be used during Fluids, Thermo and E&M in P2
e Three parts

-First graph represents the energy in the system prior to
the event

-The Circle tells you the system you are analyzing and
shows any work done on or by the system

-Second graph represents the energy in the system after
the event

eCdllageBOtlrd Oather Strawderman AP Physics
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Energy Bar Graphs WS

Final

Initial Eﬂ;fgv Flow Final
ram
K I'IAQ U"" 20 K U 2 U $ F-Therm
0 0
e’CollageBourd Oather Strawderman AP Physics 70



Energy Bar Graphs WS

Final

Initial Eﬂ;fgv Flow Final
ram
K I'IAQ U"" 20 K U 2 U $ F-Therm
0 0
e’CollageBourd Oather Strawderman AP Physics 71



Energy Bar Graphs WS

Final

Initial Eﬂ;fgv Flow Final
ram
K I'IAQ U"" 20 K U 2 U $ F-Therm
0 0
e’CollageBourd Oather Strawderman AP Physics 72



Energy Bar Graphs WS

5. Aload of bricks rests on a tightly cotled spring, and then 1s launched 1nto the air.

y
e v>0
I"
y=0
ve0 B =
-0 =
B v
Initial Final

Initial
K U, U

Energy Flow
Diagram

Final
K IJQ IJq F,Thcrm

e — e — ——— ———— — —— —— —

f‘?CollageBoard

Oather Strawderman AP Physics
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Energy Bar Graphs WS

6. A crate 1s propelled up a hill by a ughtly coiled spring.

v=>0 Initial Energy Flow Final

Di
K Uy U agram K U U Erfhem

Initial

e’CollageBourd Oather Strawderman AP Physics 74



1.

Energy Bar Graphs WS

A moving cart hits a spring, travcling at 5.0 my/s at the timc of contact. At the instant the cart 1s
motionless, by how much is the spring compressed?
Initial Energy Flow Final

§.0kg k=30N v | L Diagram T T
2.0mis v=10 m g 5 K L}l Ls ]:thcrm

m=
Y=

pEmEm_—__E,Em-mEmm-m-—- e wn owmowm mm omm owm mm omm owm e e e
—— 1] 4
— b3 H
® L B I B B BB :.:
o 3----------------
S TT I « A T e S T T+« RS T« w1 = R ansen man s ARSI Y IS APSS  ANBASS o AAPIY e ABOS MY IS

Initial Final
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Day 2 Folder: Energy Bar Graphs WS

3. Determine the final velocity of the cart, assuming that 20% of the energy 1s dissipated by friction.

%‘
Initial Engrgv Flow Final
iagram
3 K Ug Us A K IJ}J Us  Etherm
E [ e
£ S I
2 -
g - == === s G
() o — 0 e e e e

e’CollageBoard Oather Strawderman AP Physics 76



Energy Bar Graph MCQ: 2017 IPE

4. A rubber ball with mass 0.20 kg 1s dropped
vertically from a height of 1.5 m above a floor.
The ball bounces off of the floor, and during the
bounce 0.60 J of energy is dissipated. What is the
maximum height of the ball atter the bounce?

(A) 0.30 m
(B) 0.90 m
(C) 1.2m
(D) 1.5 m

eCO]lageBOi!rd Oather Strawderman AP Physics



AP Physics 1 2022 Exam FRQ #1

€ CollegeBoard

Oather Strawderman AP Physics
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Consider the system that includes the spring, Farth, both blocks, and the string, hut not the surface. .t the initial
stale be when the blocks are at rest just belore they start moving, and let the final state be when the blocks [irst
come momentarily to rest. Diagram A at left below is a bar chart that represents the energies in the scenario where
there is negligible friction between block 1 and the surface.

The shaded-in bars in the energy bar charts represent the potential energy of the spring and the gravitational
potential energy of the blocks-Earth system, L§ and U, respectlively, in the initial and [inal stales. Posilive energy
values are above the zero-point line (*07”) and ncgative energy values are below the zero-point line.

Diagram A: Negligible Friction Diagram B: Nonncgligible Friction
A U, v U U, v Ul U, U U,

e —— i —————— -

b - - - ————— - -

e ————————— -

e ———————————— -

e - - ————— -

Initial Final Initial Final

(c¢) Complete diagram B (at right above) for the scenario in which friction is nonnegligible. The energies for the
initial state are already provided. Shade in the energies in the [inal state using the same scale as in diagram A.

* Shaded regions should start at the solid line representing the zero-point line.
* Represent any energy that is equal to zero with a distinct line on the zero-point line.




AP Physics 2 2022 Exam FRQ #3

AP® Physics 2 2022 Free-Reaporsa Questions

Begin your response to QUESTION 3 on this page.

Election
e}

Npie: Figure not drawn to scale.

3. (12 points, suggested time 25 minutes)

A hydrogen atom can be modeled as an electron in a circular orbit of redius 7 aboul a stalionary proton, as shown

above. The gravitational force belween the prown and elecuon is negligible compared o the elecuostatic ‘orce
between them.

(a) Derive an equation for the speed v of the electron in terms of r and physical constants, as appropriate.

eCollageBoard Oather Strawderman AP Physics
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AP Physics 2 2022 Exam FRQ #3

Before Photon After Photon
Absorbed Absorbed
‘ UE K ' U E K

iii. The left bar chart in the figure above is complete and represents the initial electric potential energy Uy ; of the
atom and the initial kinetic energy K; ol the electron before the photon is absorbed. In the space provided on the
right, draw a bar chart to represent a possible final electric potential energy of the atom and final kinetic energy of
the electron.

€ CollegeBoard Oather Strawderman AP Physics 81




AP Physics 2 2023 Exam FRQ #4

€ CollegeBoard
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AP Physics 2 2023 Exam FRQ #4
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PhET: Energy Skate Park

Enargy O Piecrat @
(& Ber Graph [
O cid it
() speed
ooy MaSS

Potanhal

L
Q0O ©
Energy Skate Park: Basics \Y /ﬁ p”]:—” —

Access the Simulation at: https:/phet.colorado.edu/sims/html/energy-skate-park/latest/energy-skate-park en.html
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The Physics Classroom

Chart That Motion

Use the lettered buttons to select a description that matches the bar chart shown below. When
you think you have a match, click/tap the Check Answer button.

‘.\J ul\c"u]\‘u’r]'u[‘uj lHJ”uHL‘
Initial Final Description
PE KE W, PE KE A car is moving along a level roadway at a
% - :' ':' ':" constant speed.
0 - 1
— : - : : : Check Answer ’ ‘ Main Screen

Access the Simulation at: https://www.physicsclassroom.com/Physics-Interactives/Work-and-Energy/Work-Energy-
Bar-Charts/Work-Energy-Bar-Charts-Interactive

e’CollageBoard



concerruat Physics

PN

Two oppositely charged particles, an alpha particle with
2 positive charges and a less-massive electron with a
single negative charge are attracted to each other.
Compared to the force that the alpha particle exerts on
the electron, the electron exerts a force on the alpha
particle that is

a) greater. b) the same. c) less.
The particle with the most acceleration is the
d) alpha particle. e) electron. c) same for each.

As the particles get closer to each other, each experiences
an increase in

g) force. h) speed. i) acceleration.
}) all of the above. k) none of the obove.J
*LARBOR SCIENTIFIC A}{?Tf’r’
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The Physics Aviary

Photogates are 10 m apart
Photogate Time

Oms

Work To KE Lab

Extinguisher's Force
115N

1

Wally's Mass
70 kg

1

Access the Simulation at: https://www.thephysicsaviary.com/Physics/Programs/Labs/WorkToKELab/

€ CollegeBoard
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Little Larry slides down an icy grass slope in a card-
board box and skids to a stop across the flat ground.
[f Larry's friend were also in the box, giving it twice
the mass and starting from the same height, the
skidding distance would be

conceprual Physics

a) less.
b) the same.

c) twice as far.
d) four times as far.

e) none of the above.

~
\ y -+L--1r*,_j
* ARBOR SCIENTIFIC “Dyari]
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A block is released from rest and slides down a track with negligible friction,
descending a vertical distance of 5.0 m from its initial position to Point P, as
shown in the figure. The block then slides on a horizontal surface where the
coefficient of kinetic friction u, between the block and the horizontal surface
is 0.20. How far does the block slide on the horizontal surface before coming to
rest?

(A) 1.0 m (B) 5.0 m
(C) 10 m (D) 25m

e'CollageBoard
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AP Classroom

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




MyAP.CollegeBoard.org

--’.—'.
N

Sign 1n to access your
AP or Pre-AP

resources and tools

1vrmalissdswvmeas AT

Sign In

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

Student

Educator

Don't have an account?
Create Account

f‘?CollageBoard
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AP Classroom - AP Daily Videos: AP Physms 2

i ] AP Classroom

Unit 10
Unit 11
Unit 12
Unit 13

Unit 14

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

TOPIC 9.1

Kinetic Theory of
Temperature and
Pressure

NFORMATION

jonal Periods ~ 1016
Weighting 15 18%

DAILY VIDEO 1

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

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

gas particles and a container.

< & O 8

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

e’CollageBoard
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AP Classroom - Question Bank: AP Physics 1

€7 AP Classroom ArHeanl v @ meaves A 7 (8 auw

— Question Bank

Create Quiz
L i
Author Guestion
Al Quastions Edit Quiz
Filters O Searct ©
ra -4. s ™~ N )
| Coee Gooniea L Bedccond 2 * |1 A IR ot 30 Sounce * || Sarais Tyge - |
. - . - L. I S -
' - P - ] .\ ". S~ ‘.'.
A'_AC.(n:H.m)ct,\ ',,' i 21 v haa lhanats v_.l I.‘Euw-n;m:u ) v"._u
1014 cuastions
@ Indude O Indude Criy oy,
Irchods questions 1ag0ad with at les et a2 of thase 2eactions -
+ ! .
Quesdion v .  Practce 1:Creating Representations - Create Ine v Topic v Skl v :
repraaentations that depict physical phanomena.
. . 1.4: Creyte dgrame, tables, charts, or schematcs o
° 10kg Mass Bpaad Tima Graph repeeaan phyaical shuations -
1.B Craate guanbtabwe orapha with anorapnate scaks
ard untz,inclodng olcting data
10 kinematcs - average accelerstio 9 2 12 m
of 3 car 1.C:Creane quaiitative skatches af gragds than
repeszent festures of s mods or the benayvior of 3
phyzical system,
1D Kinamatics - average velacity wi , , ) , 1.2
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AP Educators YouTube Channel

3 YoeTube

(N Home
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Qualitative / Quantitative
Translation

FRQ #4 - 8 points



Qualitative/Quantitative Translation Tasks

e Find Question #4 the QQT FRQ
 P1 page 198
e P2 page 208

e Read through the CED QQT FRQ and the
Practice Exam QQT 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 98



Qualitative/Quantitative Translation FRQ

The Qualitative/Quantitative Translation (QQT) question assesses students’
ability to connect the nature of the scenario, the physical laws that govern the
scenario, and mathematical representations of that scenario to each other.

(a)Students will be asked to make and justify a claim about a given scenario.
(3 pts)

(b) Students will then be asked to derive an equation related to that scenario.
(3 pts)

(c) Finally, students will be asked to do any one of the following: (2 pts)

- Justify why their answers to the previous parts do (do not) agree with each
other.

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

 Use their representations and mathematical analysis to make a prediction
about how those representations would change if properties of the scenario
were altered and justify that claim using consistent reasoning or analysis.



ERC

Evidence
Reasoning
Claim

Evidence: information from the question or
event description

Reasoning: using Physics principles to
synthesize your evidence into your Claim

Claim: short statement that answers the
guestion

100



FRQ Booklet: Which Version?

Se——

Question 4

Answer Question 4 on page 27.




FRQ Booklet Structure: Question #4 QQT

v th Dlack o Ca Ao ik, Do NOT weie pou manw Do N CRUTESE Lo :

-

:

-

BAKT A -
-

-

-

-

-

-

-

-

SART B -
o

-

-

-

-

-

-

-

PARTC :
-

-

-

-

-

Page 27 | =
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Last Question...Now What?

es——

AFTER THE EXAM

Da not close your device.

Stop writing. Flace your free-response
baaklat face down an the desk.

Remain seated. Wait for the proctor to
collect your exam materials.

Remain quiet. Other stucdents may still
be lesting.




QQT Skills: LY EXY EC) EX3

Practice 1

Creating Representations Kl
Create representzt ons that deaict physical
ohenomeana.

= SKILLS

EX) Create diagrams, tzbles, charts,
or schematins to represent nhysical
stuations.

KX Create quartitative graphs with
nlotting data

X3 Creale qualilalve s4elches of
graphs that reoresent features of a
madel or the behavicr ot & physical
3ystem.

approoriate scales and units, inc/uding

Practice 2
Mathematical Routines IF1

Conduct analyses to desive, caloulste, estimate, or
predict.

EX) Derive & symbclic expression
frem knowr quantities by selecting
&nd followng & logical mathematical
pathway.

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

EX3d Compare physical quantities
hetween two or more scenarios or
atortterent times and locations ina
single scenario.

EX] Predict new values or factors ot
change of physical quantities using
functional dependerce between
variables.,

Practice 3

Scientific Questioning and
Argumentation EX

Cescrbe axpesimental procecuras, analyze data, and
s.pportelzims.

EX Create sxperimental proceduras
that arc appropriate for a given seiensifie
gueston.

EX3 Apply an appropriate law, dafinition,
theoreucsal ralationship. or model to make &
claim.

EXa Juslily ur supporlaclaimusing
evidence from experimental daza, physical
representations, or physical princip'es ar
lavis.
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@ QUESTION 4 QUALITATIVE QUANTITATIVE TRANSLATION (QQT) 4.6
DOT PART APOINT 1 0.7
QQT PART A POINT 2 0.3
QQT PART A POINT 3 0.5
QQT PART B POINT 1 0.7
QQT PART B POINT 2 0.7
QQT PART B POINT 3 0.4
QQT PART C POINT 1 0.7
QQT PART C POINT 2 0.6
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.

(=) QUESTION 4 QUAL TATIVE QUANT TATIVE TRANSLAT ON (Q0T)

QQT PART A POINT 1

QQT PART A POINT 2

QOT PART A POINT 3

QQT PARTB FOINT 1

QQT PARTB POINT 2

QQT PARTB FOINT 2

QOQT PARTC POINT 1

QQT PART C POINT 2
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AP Physics 1:
Using the Student
Workbook to Scaffold

Content and
Skill Instruction

Oather Strawderman

International Lead AP Physics Consultant




What is the Student Workbook?

* Print instructional resource, available as a digital PDF

* Developed by a team of experienced educators—from both high
schools and higher education institutions—to help AP Physics 1
teachers support students in their learning of college-level
physics content and skills

« Contains 159 individual scenarios, aligned to specific units,
essential knowledge statements, and science practices from
Workbook | 2019 the AP Course and Exam Description (CED)

AP Physics 1 - Designed to guide students through the processes of thinking
about physics both conceptually and mathematically, as well
as writing about physics

* Includes an Appendix with a summary of graphical methods and
specific tips for writing in physics

€ CallsgeBoard 109




Where can | access it?

==Y @ 0 0@ Option #1: AP Course Audit
AP Course Audit rooe wesucs A mo Lo s apcentral.collegeboard.org/ap-course-

Teachel - Course Status ety [ievicVeer aUd it

A0NS-2020 v

Trewnr Packer High Schonl 1019 M Sireet MW Teaetr comrmamT]

Yhit Witate Suhe 300 Decerme s AP Buader AP Course Audit @ Move  Deicurces Mg Ledge A2 Clamtraoen
Now York NY 12081

—

AP Dhyrcr 1 Bractics Do frees the 3013 Disen Admvristaaser

fvoderatard 0034/ F Pravton Bxarmg are lor ndlacecom voe ool To encare thar rhagrfy ) il seap therr 1 p envire o0aton, wnl et aceape tham ¢ take home
SHhPIerh, el coliect Yo Aot Taver vy Radon's SN A eg Thert vi o o ind WO T podl A a0 sened v oty ivedin'cd 1o cveare Mot/ may
weoporaly Jweatera fom he AN ected Do oo 2hotor aracaarrts W 1owa's, 20 g a5 K1Y 300CRINTONTL 90 PApar DNICE RIS AADCIFTERT @ damanered
0 Rosse00n, g 1 Codec! W Test QUesonws farm e Sauder 05 wpar COMpweyon of e iesing G | Oy stend NS 3uy #0000l d st Duow: (Fthe AP Provie Exany

* You must be a course-authorized AP o A e e o e S
Physics 1 teacher to access the Student
WorkbOOk 9 :l"’rl‘:::n:::luﬂhtn')oJO"Mnnmu

- Student version may be printed and ' R
distributed to students

6 AUN7 AP Fowsics | SW0em MorhDook - Teacher EJR0e

NTE R MR | STUNMM TRATTRONN ¢ SRATArT BTN m

* Teacher version should not be shared with D nae .
students

AF Fhyacs 1 Frectior Saom lrers Uw 2014 Adesrist alive
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Where can | access it?

Units

I v \"('n(oqnl'-f-\m AP

, Course Ut )

Wecleome to AP Clessroom
Ot flen 1o with v Jag Tapden arnd Ml oniers
/ <f the new rescurcen foryou ane your sudents Course-level Resources

@ Teacher Reacurces

Class Progress

Unt 1 Mogess Dheck: MOQ

UM T Progmess k. 189

g Coupe e ) 4

Pre 'AP @ N

Unt 2

@ Sudert Resources

Option #2: AP Classroom
myap.collegeboard.org

& AP Phiyscs 1 and 2 Lab loveaSguons: A Shedent
Ouide 10 Data Analysis
SHS AP PRygics SIuSe00) Wit i

SCCUACY. DNEOSION. D red ¢

NS B0 Mt oanons BIOA 10 T AP Priysics | Course
é‘ Lab Appendiz A SCence Praction 1ot AP Physics 1
and 2

Ex0anan 0N OF 119 SCente Practices 0 e AP Prygics |
8nd 2 Courses

&, 13b Appendis R Rubwice for Sciecce Practices in AP
Physics | and 2 wedligations

5

L A~y
ST PN

&, Lab Appendix C: AP Physics | and 2 Constants and

EQuations

Table of Information and ESuston Tades for the AP PRyscs
and 2 Eams

.  AF Py o .

& AP Physios 1 Stedent Workook, Jnit | S€

AP Phy 15 of WorkBook, Jevt 2 S
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AP Phiysics | Stedeat Workbook, Jnit 3 SE

AP Phiyscs 1 Stedeat WorkBook, it 4 51

A
v
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&, AP Phiysics | Stedent WorkDook, Jnit § SE
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Why did we make them?

AP Physics 1 - To facilitate exploration of the required course content and
COURSE AND EXAM DESCRIFTION Ski”S in the CED

- To provide scaffolded skill instruction and practice using
the course Science Practices

« To shift focus from just mathematical understanding of
physics to full conceptual understanding of physics

* To support teachers in making connections between
course content and skills

Worlbool | 2019 * To model strategies that students can use on their own to
AP Physics 1 support efficient study and true understanding

©? CallegeBoard 112




Scaffolded Approach

AP Physics 1 Student Workbook



How does it work?

The units in the workbook are scaffolded so that
students can learn the skills such as
argumentation, quantitative analysis, and data
analysis, alongside course content, so that they
will be prepared for the AP Exam by May.

As you read through the problems, you will see
that the scaffolding slowly falls away as
students progress from unit to unit. By Unit 10,
students are expected to be able to demonstrate
all skills without support.

Teachers are encouraged to modify the
problems in the workbook as necessary, so
that they meet students’ needs. If appropriate,
consider adding your own scaffolding to the
scenarios.

€ CallegeBoard 114

SCAFFOLDING

Instructional technique used to move
students progressively toward stronger
understanding and, ultimately, greater
independence in the learning process

Provides success levels of temporary
support that help students reach higher
levels of content comprehension and
skill acquisition

Supports are incrementally removed
when they are no longer needed, as
the student gradually takes additional
ownership of their learning
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What’s Covered?

AP Physics 1 Student Workbook




Workbook units align to CED units ...

* Unit 1: Kinematics

* Unit 2: Dynamics

« Unit 3: Circular Motion and Gravitation
* Unit 4: Work and Energy

* Unit 5: Momentum

* Unit 6: Simple Harmonic Motion

* Unit 7: Torque and Rotation

* Unit 8: Electric Charge and Force

* Unit 9: DC Circuits

* Unit 10: Mechanical Waves and Sound
* Unit 11: Review Questions

15 scenarios
15 scenarios
15 scenarios
15 scenarios
15 scenarios
12 scenarios
15 scenarios
12 scenarios
15 scenarios
15 scenarios
15 scenarios

159 scenarios

GCo]lageBoard

116

Al hpsirn ) wWinhlnak

Contents

2 AbuyrtThis Wecktock

¢ Wecesook ata Slace

Fediaing kg n

Cokaraien *lepaes an e liing Crmonnn

Uak L: Rraxadcs

30 Uaxl: Dl

Ehad Ko anndon Matom onnl Honitatan

WY et 2amak and baes g

OUak5: Momertan

1E0 ©aks: Qo llamzak Yotcn

JEAL B0l 0 Dramger omid Heloline
it e Ma e hargeand Madis Ae
€0 Taxo: DO Chngu

200 wazl) Mehalon Wrse sz Sonc

Bl 1o wrviea Gvnnlines

Pynnnabe

A3 Pyple | Tmvin Save

1Y ASPapmra Lz Fladane

377 Grepkiey Matkrtr Sroverry

wWernY T

Hwwir

"~

D1 A agas L ark Verba Laeciz L ree Maapcoan

Contents

B )

1 Abovt AP

1 AP Beraien aad Sacpnrs
O bty o bl Mo

T ADovt the AP Pryuics 1 Cosnse
)

Crmmge Dosn sar lomrweme o

L ARGE ATV MVERTIO N O
4% Leb Lnpermery
7D MW e UP M40 Magien




. How does it work?

' 1' Xavwno by LD Noatticn azc Velooy

* Each unit in the workbook is unique and focuses on content, skills,
and learning objectives for that unit.

Beanenc
drpfivnmavy et e e ku 15m ey

Using Represantations

o Jdow B atalis ARV Joakion M et =
vovead Uniphvi Listaloy Laas wi By J k‘
BapionlAvgdivdlleobay ivndea vaditon - L ¢
wennl AR el o sl sy aveed Mo - 2 =
™rT T T
s “ 3

However, the overall format of each unit and each scenario is
similar.

R by Dy AT b S s Apea U it
oy eccrd

X lren b 14 1

-
I
o
¥ Mok ) 14 3 ¢ |

T I e L e

Teanflzg oot the daks s o nad

T students’ attention on key elements of the problem.

.-
Andr fnin

O —— | * Each page includes a scenario, which acts as the prompt to focus

[t ane s Trah e At P i

S Swrks vty oovdvav rmldr b

Jacegaliv poidn 12t LvEna bl Bae
: ¥ wvsmoide

e e e | | * Each problem is then broken down into several parts, and
T headings are added to provide guidance to the students—to key
i e s i et by e s L s them into the type of question they’re going to be asked. The major
headings are:

2w Pt Jaoun on 24 Lan—cemazte DO NOT mae Sals pocats Sor= e adin

T e A EO R e T e i e 1T Mk oate)

e Bt g D et > Using Representations
S > Quantitative Analysis
T 8 woew ceaenl smawtse B Arcs T P A T RC M ded mhav e e hele [ ) > Argumentathn

> Data Analysis

> Experimental Design
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There’s more for teachers ...

JUNITY, e . Position and Velocity
s werkseok | (g ) Kinematics _
L EK | 3A1 1A SP| 11,21
D e » -
- Prepare

Creating. interpreting. and using representations are critical skills for the
AP Physics 1 Exam. While studernils can be Liained Lo (ind an egualion

Sagmem ¥ Anger it

-2 Teach

If your students are using thelr calculatar to calculate the glope, they nsed
Assess

To further assess student
understanding of the concepfs
addressed In this scenarlo, you
may want to ask students the

Distance

questions below: / L
~ The position vs. time graph above " ’
1epiesents e moliorn ol iwo / L’

- o gr—]

f‘]’CollageBoard

{ What’s the point?

- Representations come in many farms. including cguations! You will
| need to be able to crcate morc than one represcntation far a physical

sltuation to be able to show that you undcrstand relatonships among
physleal quantitles.

Teacher pages include the Unit,
Essential Knowledge, and Science
Practices that are linked to each
scenario.

eacher pages also include notes about

ow to Prepare for assigning the page,

se it in your classroom (Teach) and
Assess that your students have learned

ey concepts and/or skills. Some of the
teacher notes include quick quizzes, lab
ideas, or other suggestions for
extensions.

he What’s the point? section will help
ou emphasize the main idea of the
entire scenario with your students.
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How can | use the workbook?

Sewnarts N Teachers can:

s‘ramtn:t: z2ovar v cc-ouw; t..-m e
R L e T Rl Eoanw Aphs s

Vcing Representations
L, ‘ '.unu.-uuu.u..u s M.Aan
™m.

Veninges Ldetie daljrescbdan Bs

.“‘ff.‘?":’.""f‘.f.‘"““"’?“’:“".,‘.’.’ - Assign scenarios as pre-work before class discussion or instruction

s e it e Assign scenarios as homework after class instruction

vRisdw Ao el Ll Lo ocvela oy s, ke gt
e A2 Y W T el T P A red, eyt

s s eme s u i s Work through a scenario with students in class

Use the teacher notes to create related extensions: desktop
bt e e e et experiments, lab investigations, quick quizzes, etc.

Assign the lab questions as pre- or post-lab exercises

Have students work through the scenario and articulate the “So
What?” for themselves

Assign specific parts that are most relevant for your students

Use their own scaffolding to modify scenarios

Use the style of the scenarios to create their own “AP-like”
questions from textbook exercises

Use as exam-prep work in the Spring
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Student Misconceptions

Scenario | Seenario = Scenario Misconception  Students m ay stru gg le with in-de pth
1.0 212 3. 3.M.30 The force that Is excrted on an applc 's not the came as the force conce ptu al u nderstanding and resort

that 'S excrtec on the moan.

E e 3N FO There Ar= rwe gravitzionsl fonses insnane. to USIng memorlzed termS to answer

L4, 1n R o ) .

2E 3M.30 The gravitationa! force cxerted on the space shuttle is near’y zoro. conce th al qu estions.
il JH 3N E0 The QravilZ1iA [ee ACTE an s mass 40 = e
11 2B 220 3MN.30 The moon stays In erblt because the aravitatlons| foroe 13 balanced

i oy the eentrifugal tarce exerted on I « Teachers are encouraged to set the

202010, %0

TIL1J 1K 3k Wakibllessned= mesns= [h=re i@ ne aravily Stage for Iearn|ng by he|p|ng

ERRVN

3R 3NAFAMLAG,  Cenvipetal anceleratnn points nward and centrifugazl acaelsration 1
AD.2L2F | Lo L K ‘ ' students understand that their

provind s oubwarcl A obgscl ring in A circle 2epsrnignces

S centrifucal accaleration. p reconce |Ved no-“o nsS m ay ] u St

1.C - - ;
3B.3D.3E3F 35 - . .
e 2C, 211 2M| 3H,30,3.1.3K Cenvlpctal force F, = R Iz anew foree ito add to graviy, normal based on /ncon ’plete u nderStandlng,

antd il not incorrect underStandlng

TJ 1K

I H 3B.30.3E 3R 356 Whenanobjecttravclsinacirele.itis lung toward the outsice by a
JNLELID DK contritugal teree.

SHL LB Circulsr reslion thowes nwel require = loce °

2C 20,20 1 L3 5K ‘ Teachers are also encouraged to

2l 2. 25 2 3N ED 50 Cenbilugal lorces are ezl |dent|fy thell’ StUdentS,

’H 3R 3NAFEMLAG  Anobactmoving in a circla with conatant apeed haz no accslEration. m |SCOnce p“ons and then prOV|de a

BHLELUS UK forum for students to confront them.

200,70 .3

W 3R 3M,3F. 360,30, Anabjectmovingin a circle will conticue in eircn as motion whan

3H.3.L34.3K relessed.
N R An objectin circular roulion will 'y oulizdally when ieleasec,
121
e’CO“BgeBDurd 3R AMAFAMLAG,  Thec=nlrpsilfoesis: naw fores hs reeds 1o be drawn on &

INLEL IS DK lree-uody didgyram




More on addressing skills ...

* The design of the AP Physics 1 course
and exam focuses on seven
overarching science practices that

“ APH!\;BI’.‘B! .
% Science Practices

Practice 1 Practice 2 Practice 3 Practice 4 Practice 5 Practice 6 Practice 7
capture important aspects of the work Modeling WM Mathematical  yciemtific  Experimental  Uatadnalysis KN Agumentation KN Making
Of SCientiStS_ Soienoe Proctice Rclated Skl Prompt Heading Scerario
Flltlalaimi s pach Liiiny Rgrssmsor f b 1rvs TIRITOIFIATH YT 10K
1L 1IN 1O
« Science practices describe the skills Urawa bzt Akn Uanq Koprezerkztions 18,1.0,16,1.L10
and abilities that students should learn : tentaiatasi NN SR
and demonstrate, integrated with 2 Fnaa ciope of abeczStin. uanttatve Analysiz 18,1916, 1L 1N
Content knowledge’ to reach a goal or 14 Nelate the slzp= 10 a phy=iza| quartity Guatitatve Analy=isDate Anelysis 1.?.:.5.1.8.12.11'.1.0.‘11
Complete a |earn|ng aCt|V|ty 14 Fe'ate the 3rea urdar a cUrva o 3 phvalas] quardzy ?L;w:‘::;?::ayﬂw:: anclysis) 1F15,1K "1
5 Lir i a1 pmpy Lhdim) R pempir f b 1iwmy 1M.10
° Whlle the Skl”S Ilsted In the Charts 1.5 FA-SXPress ONGTYZ6 07 gach 33 anoLrer. Using Rapresentstians/2rgameTation 1D 1H 1LY K 1N
. d . h h . - | 2- Uafena the uss ©f an equaton 10 zoke 3 speoric crozizm. GuaThtatve nalyois 15
aSSOCIate Wlt eaC unlt are Crltlca to 2.° |dentfy an ecustion thatcar be used 20 scive a problem Qratitatve Analy=is 1L.1AM10
student success, most of them are 22 Resrer camgom et et on s s 4 ~gwa ez pecibaons O i alivee rrdpim 1% 1M
scaffolded skills necessary for students SO - = =
; . N3 Unoose cocupment 10 oanduck a zaentiho cxpermer xzenmertal Jezign oL
to be successful at the science practice 5- Determine ¥ detoisreisbe Dtz Archyois e
|iSted Wi‘th eaCh Ski”- h3 :;:‘;;::;“;E aptlelera mmes Aap wsl o bl - O ilialive Annd ywia 1M.10
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Experimental
Design




Task: Experimental Design

2018 AP Physics 1: Algebra-Based Exam

(¢) Describe an experimental procedure to determine whether or not the resistivity of the dough cylinders
depends on the temperature of the dough. Give enough detail so that another student could replicate the
experiment. As needed, include a diagram of the experimental setup. Assume equipment usually found

in a school physics laboratory is available.
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Task: Experimental Design

Unit 1, Physics 1 Student Workbook 1.C

EXPERIMENTAL DESIGN:

Part A: The students decide that they need to collect distance and time data for each car to test the company’s claim. The
siudents design a procedure.

Cross cut 2ny extraneous steps and order the remaining procedural steps:

Turn the car on and elease alorg Lhe measured palh.

Gather equipmeant.

Repeht to raduce error.

Measure and record the time the car took to travel the 2 meters with a stopwetch

Measure a 7-meter-long path on the floor

Draw a data table in your noteboox.
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Task: Experimental Design

Unit 5, Physics 1 Student Workbook 5.H

EXPERIMENTAL DESIGN: |

Fart A kot Jomincus’s procedurs for langth and clanty. Cross out ary uinesessary statements, crange the ordar of

statemarts carract statemarts far &rors, a7 wrta raw samtancas if naraszary

1. Zather all meterlals.

2 Rewowd e s of He aa

3. ®lugir bsththe motken detacte - and the
lorar seeeay

4. Check thateach derice 1s working.
Secure e mol oo deledor lo he ring sland

6. Atachtha cardbos dtargat totie cartsc
that it car b2 "sear.” by the mot an s2nscr

2 agnthamnt o amnsae with 1he target
carcroard.

2 o bl yooe nolshioak

9. Setthemoticn zensort1a necord Incart mede.

A0 g veaonding loece sl melion i wilh
tha comouter

17, Srec the zurla push loward Lie Toee vensor
and aviay from 1he motior catacter

12, Aller e carl collidey will Tie lorce sensur
and has houncad hack, step remarding farce
and maion data.

13 Ietarmrara ke immikse

14. Repast staps 9-12 with 4 ffereat Initial pushas
lerendime crnon

15. Clagn up the leb a1atica and putaway all

ralrnisls
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Task: Experimental Design

Unit 5, Physics 1 Student Workbook 5.K

EXPERIMENTAL DESIGN:
23n Az Outline a procedure that Blake could follow 10 maks measurzmer:s that could te used 10 a~swer allth-ze
qu=stinas shove Give fran™ measirame~t a meanngtu! algebrac symaal 2nd =tate wir 1 what equiomen each

measurcment Is made. Drav a labcled diagram showling each plece of cqu pment belng usca.

Whal Newds (o Be Measwed & Alyatraic Symbo's | Procedure

Labe'ed D agram of the Setup
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Task: Experimental Design

Unit 10, Physics 1 Student Workbook 10.M

SCENARIO: Blcke is given the cquipment listed below and asked o usc it to obtain a precise value for the saced of sourd

in air.

Meterstick Stopwaten Sound Intersity Metar Harral fil ed with water

Tuning forks (Each has Iis fraquercy printec on the handle.) Plpe (as.long_as the barrel Is tall)

_____ Speake" who can gene-ate a single tone (The tone can 2e varled, and the speaker disglays tha frequancy.’

EXPERIMENTAL DESIGN:

Part A: Selzci equipment from the above list that Dlake cou'd use to cetermine the speed of socundinar

|

Part 3: Ouilina a procedura that Blake could fellow to make a cingle set o* measurements that can be used to ca culate an
estimzta of the speed of sound in ar Inzlude a ladelzd diagram ot tha experimanial setun Exoalain how the

measuraments car he 1sed 1o make the calrulatinn
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Task: Writing About Physics

2018 AP Physics 1: Algebra-Based Exam

2m

-

compate with the origimal amplhitude A, of block P alone”

reasomng.

—— /‘PQ < "‘P — 1“.p‘;. = /“[ — /\PL) > 1'\F

(b) The figure is reproduced above. How does the amplitude of oscillation Ag, of the two-block system

[n a clear, coherent paragraph-length response that may also contain diagrams and/or equations, explain your
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Task: Writing About Physics

Unit 1, Physics 1 Student Workbook 1.A

ARGUMENTATION:

Part C: You are as«ed to make a claim about the physical meaning of Angela’s disp/lacement in Part B. Fill in the blanks
below 10 complete the Claim, Evidence and Reasoning paragraph.

Evidence: When Angelz gets to the bus stop, her position is meters. Angela’s initial position was
numbat

meters.

number
Reasoning: Displaccment is cqual to the final position minus the initial position. ( Ax = Xp =2 OF Ax=Xx—Xxp )

Claim: Therefore, Angela’s displacementis meters minus meters which equals

numbsar number numbar
meters.

136



Task: Writing About Physics

Unit 2, Physics 1 Student Workbook 2.B

ARGUMENTATION:

PART C: The following statement is written to describe what will happen after the first 5 seconds wher Blake is no Icnger

pushing. Cross out any incorrect statements and explair why they are incorrect.

“After Blake stops pushing, Ange a will travel al a constant speed for a few seconds befcre she runs out of force. Then

she will decelerate and stop.”
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Task: Writing About Physics

Unit 2, Physics 1 Student Workbook 2.C

ARGUMENTATION:
Checklist

Parl C: Carlos gels lired of pushing snd inslezd begins lo pull with force Fygral an

anglc to the horizantal. The blcek slides along the rough herizonial surfacc et a

. . N . Fi -1 F i V |l answered the question directly.
conslanl speed. A lree-body diagram (or the silualion is shown Lo [he rightl. Blake

makes the following cleim about the fres-body diagram:

| stated a law of physics that is
always true.

Blake: “The velocily of the hlock is constant, so the net force acting on the block must be 7zern. Thus, the normal force

| connected the law or laws of
a2quals the welght F,,, and the force cf friction 1 equa ¢ the applled force Fuu.” physics to the specific

circumstances of the situation.

Wwhat, iIf anything, 1= wrong wit” thie statemant? If comething is wrong 1dentify it and explain how to ccrrect it. If this I used physics vocabulary (force,
mass, acceleration, velocity,
statement is correct, exp ain why. coefficient, friction).
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Task: Writing About Physics

Unit 3, Physics 1 Student Workbook 3.D

Dominique: “The nct force on the ball at the top pesition is 7N since the nct foree is the samce as the tension.”

Carlos: "No, the net force or the ball Includes the centripetal force, tenslon, and welght. The tenslcn and the welght are

4 Ry

acting dOWI‘leI’d and have g be added. Ther you need 10 figure out the centripetal force | idd I and include 1t in the net
.

force”

ARGUMENTATION:

Pari A: Cross out the incorrect statements for each student's argumen: ard circle the correct statements.

Pari B: Ir a few short sentences, state the nat force on the ball at tha top of the circle and suppert your claim with

evidence.
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Task: Writing About Physics

Unit 6, Physics 1 Student Workbook 6.1

A dartis shot to the right into the cart at e mcment intime whean the cart's momentum has greater maanitude than the
dart's mcmentum. In Czse 1,tha dartis shot into the cartattuime t = 12 3. In Czse 2, th2 experimart is repeated exaclly as
belore, bul the darl is sholinlo the carl 2 Lime [ = 14 seconds. The darl embeds ilsellinlo the carl in bolh cases. The
graphs below show the velocity of the nart as a function of time for hoth cases for the interval 20 s < < 35 s. The cotied
graph in each case is the graph of the cart's velccity vs. t me had the dart rot been shot into the cart.

Case | Case 2

vim's y(nvs)
*3‘ — 1) - 43‘ (  f
+1 : +1 Fil :.-' Y i (=3
0 i (s) 0 PN s ()
. " AL RN R D
_2 —2 '.'. ‘_' L B |2
3 3
2 20 23 30 35

ARGUMENTATION.

Part B: In a clear, coberens, paragraph-length response, explain how and why the maximum spead and period shown in
2ech casce is different from the maximum sgpeed and pericd had the dart not keen enot into the cart. Discuge speciTic
physical princip'es as approprizte.

Checklist

| answered the question directly.

| stated a law of physics that is always
true.

| connected the law or laws of physics
to the specific circumstances of the
situation.

| compared the situation (stated what
was the same in all cases).

| contrasted the situations (stated what
was different in all cases).

| used physics vocabulary (period,
mass, spring constant, force, velocity,
displacement, equilibrium, momentum,
energy).
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Task: Writing About Physics

Unit 9, Physics 1 Student Workbook 9.J

ARGUMENTATION:

Part C: Blake connects the three bulbs as shown in the diagram to the right. He

— p—
measures the luminosity of Bulb A with a photometer ard determines that Bulb C’:}J ()B

A emits one-eighth as much light energy each second as Bulb B. In a clear,

coherent, paragraph-length response that references both the circuit diagram

and the above graph, explain why this is the case. T
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Task: Graphing

2018 AP Physics 1: Algebra-Based Exam

(@) The students want to determme the resistivity of the dough cylinders.

1. Indicate below which quanaties could be graphed to determine a value for the resistivity of the dough
cylinders. You may use the remanmg columas in the table above, as needed, o record any quantities
(including umits) that arc not already 1n the table.

Verucal Axis: Honzontal Axis:

u. On the gud below, plot the approprate quantities to determme the resistvity of the dough cylinders.
Clcarly scale and label all axcs, including units as appropnaltc.

B B d=-4-4 =4~ =4+ ' +—+ o + [ B |
el ded et ek dedodbdoedodl b ded b ded b cbded b d -
e i s o i e el s i el e i e e i e s e s i i o o i et el
B N N S N NN N NN N RN SN NGNS NN SN S BN SN S NN =1 G BEY B J_J-L_L I_Jd_
I 1 | DA N B P | | | | [
LI T 7 7T 1 L LI 1 T LI
=TT T T Tt T Tt T reTr T T rTraTy T reYraTaOT
F==-r1-t+t-r-r{+—t-t+r-r1-t-t-r-r1+-t-r-r- L A e (e e e el
e b bl Bl B Sl DB Bl B S D DD Bl b ot B Bl i ol ol Bl oBd o X B T b BE B
S e e e e S B o S e o B e e o e e s e e e e B I e o P
1 A L L A L L A L I L L L L L '
(PRI N DU N SN NN DN DU RN SR NN DU R AR NN DU B S S ~d-L_LJ_J_L_LJ_Jd_
o o e e e b ol ol 4 He 0 0 740 ol 50 v 0 e Soi ol o e an Ao en ob b & & b o | Iyl (Y 1 E- A ol
U 1 | | 1 I | ' I | I | I | | I
I e i e e e e e e e e e i A e i D e e e i
11 | el b B | 17171 1= T~ ) el r-ri1r1
T T L ™ T T L
pepojedoedapopadedoafopadedeodapamdedapopagedepapafjeqopapajed-
[ | | S O | O | [ ==k S S B |
e e B e S e B o e e D R R e e ettt e et el Bl e B
tebalsdadabpahdadalahdadalabhamdadababhdeadababhdadebabhdad -
Ll LA 1 1l L1l 1l L.l 1 Ll
T A e A e
(it o et Dt vl bttt Bt 6] et ot et sl et it b bt vt e [ Bt sl il W s Bt Dt 1~ 17
[ B | [ B A | LI B | [ | 1 1 [ |
bt bt et et gt bt anby mrhy bk wbd oy ok Dol Lo S ol Mok o sy o ot o o Sl od fd L o ol L

itl. Use the above graph to ¢stimate a value for the resistivity of the dough cylinders.
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Task: Graphing

Unit 1, Physics 1 Student Workbook 1.B

SCENARIO: Angelz IS running af Zmys taward tha
bus stop, 16 m away.

USING REPRESENTATIONS:

Parl AL ALrighlis a leble ol angela's
postien st each second. Complete S A
the table. Then on the dagram

ahnve, nreate a motion map of

Angcla’s position at every scconc. Do 13
this by marking wilhi a do., wzre 14
Angela 1s et every second. '

Part 3 Another way ta "epresent
Angcla’s mofion is by creating a
position vs. time graph. =inish fill rg
out the datz table to the nght and
then mark Angela's position at every
second on bk yraph. [Plol the Jala
po nts with solid filled-in dots.)
S<zich & best ftlne througn the data
pnnts by drawing a stralght line
through the points. [Sketeh the best

| Position (Mezers)

=BRErnouwmos

fi. line wilh Lhe sarme nuinber of Lela
ponts above and below th2 lineif
neaded.’

ra

4

5 r g

Time (Seconds)

X Y
Time |Position

(s) (m)

0 0

1 3

z 6

4

5

144



Task: Graphing

Unit 2, Physics 1 Student Workbook 2.A

GRAFPH

RELATIONSHIP

AS X INnCreases, y
INCreases

proportionally. Yis
direcily proporticnal to
X.

AS X INCTRASES, Y
decreases. Yis
inversely proportionzl
to x.

v 1s proportcral tothe
square of x.

SCENARID (iardna and Dominiq)ie eollzet the follnwing drs p
trom a- sxpeimszn: where 1-ey aodlied the same force, :
F Wwidznlcal buxes wilh dif ferenl masses g d iscurded the .
zceelerztion.,
Tuisl Mass | Avceleralio

1 7 kg 15 B

2 4 kg 075

3 5 kg 260

4 7 kg 040

5 12 ky 0.30

6 1-kqg (]

7 12 ky 015
USING REPRESENTATIONS:
Parl A Plul e acceleralun of the buxes versus e imass ol wach box

I e sruare of yis
proportional o x.
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Graph

Unit 3, Physics 1 Student Workbook 3.K

Task

146

.t.--!..i..-’---

a.

..{...*..-»-

0.3

Radlus (m)

Draw g begt-fit Ine to the da

lhe Lable abuve.

Part C: Plot tha data on the T2 vs, rgrash shown on tha "igh

Tae shudent collects the fats

show




Task: Graphing

Unit 5, Physics 1 Student Workbook 5.C

SCENARIC A l'uck v umuss ol Mand ilially rooves will g speec ol va, Consider bee vases. the ives miakes a "goalic

stop, and the Tuc< mekss an “emergency” stcp.

USING REPRESENTATIONS:

Zanl & Sheve on e g whal
s "genthe” stop and &n “emargency”

ztop might Dok like

Gentle Stop

LA Irita NaTmantum

v, F

Emergency Stap

Cav”sz Initka Momentum

v, F

m +

I wuky Appdivd Lo Co

~r

‘mroukes Appl ad o Ca-

W * Carz Final MomzTtum
4

v ":ll & Final Mome tam
v’
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Task: Graphing

Unit 8, Physics 1 Student Workbook 8.H

I'art C: Jzing the diagram, fi' 10 172 122ke below |2f: of charge g of @ 2ing 2 netic = ard haight yof a
5ing 'z patticle. Sdsc notethat you are asked to calculata the quantity y*

Crarge ¢ (U)

=eighty {m)

¥ (md)

Parl. 3. Sraplig ve. y* rern your dela luble on lie grid abeve and 1o e righl Crave w beol (O Lline, Use Ve slope of the

>

baerssl D D Qual omn avwcoranepes o g siinggles clarbow pooien ) Doy ez lezuli b Hhoes venass s ool Thie prolle s paacliles
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Task: Derivations

2018 AP Physics 1: Algebra-Based Exam

I. Derive an equation for the orbital period 7 of the spacecraft in terms of m, M., R, and physical

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

ii. A second spacecraft of mass 2m is placed in a circular orbit with the same radius R. Is the orbital
period of the second spacecraft greater than, less than, or equal to the orbital period of the first
spacecraft?

Greater than Less than Equal to

Briefly explain your reasoning.
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Task: Derivations

Unit 1, Physics 1 Student Workbook 1.0

QUANTITATIVE ANALYSIS
The d:la Laken by lhe engineer are shown n Lhe lable.

Part A: Using the assumption that the crasshow darts were projected

\

horizonia'ly, denive ar expression for [ interms ot H end g (Remember

an equation given an the &7 Physics T enuation sheet )

Step 1:

Step 3:

Slep 4.

that derivations srould start with a fundamental equation of physics,i e,

Horizcntel \ertical Time 1hc
Diztarcc to Distance Dartisa
Target Cart Falls Projcctilc
D(m) H{m) T(s)
5.0C 0.084
10.00 0.16%
15.00 0.408
20.00 0.677
2500 0975
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Task: Derivations

Unit 2, Physics 1 Student Workbook 2.C

QUANTITATIVE ANALYSIS:

gs ar exampla.

PART B: Blake is asked Lo use Newlon's second ‘aw lo derive an equalion thal relales the force o7 gravily and Lhe normal
forcc from the surfacc actng on the block. Annotate his dcrnivation by filing in the night sidc of the tablc below. For cach

line of the d=rivation, explain mathematically what was done (i.e.. annotzte your derivatian). The first line is done for you

an objact Iz equal to the object’s macs 1ilmes the object’s eccelerat on

*F —ma We slarl with Newlon's szcond law, which szys Lhal the sum of all the forces acling on
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Task: Derivations

Unit 5, Physics 1 Student Workbook 5.J

QUANTITATIVE ANALYSIS:

Parl B: Derive exoressions Tor gg and gg, Angela and Carles's ling! specds [or lme E> Tin lermes of M, m, and v,

1

Systam Is Carlos end kall. There ara ronet
cxlemal farcaes, sao lbe momoentom ol the
systemis censarved,

Iritizlly Car'os and the ball are &t rest, s¢ thalr
inilizl momenlum is s2ro, s heir lingl
mcmartum must also be zero.

Fauatianfarye intarms of M, m and v

For the second parl of L problemn, the syslem
i1s the ball ard Angale. There are ne net extarnal
lorees, so the momenbum of the syslemn s
conserved.

Iritially Ancelo is ol rest and Lhe Ball has
memartum my, which mears that the final
memanrtum must also cqual my. After the
collicion. the bell and Ange a have a new
velaclty Vi,

Equalion lor v in lepms ol M, m und v,
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Task: Derivations

Unit 9, Physics 1 Student Workbook 9.1

Part C: Derive an expression for P, the power delivered to the light bulb, in terms of g, r, and R
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Practice 1

Creating Representations Kl
Create represzntations that depiet prysies|
phenomena.

= SKILLS

K Create dingrams, tanles, charts,
or schematics to represent physical
situations.

K] Create quantitatve grapns with
gppropr ate scales andunits, ircluding
plotting data.

EX3 Cieale gqualilalive skelches of
graphs theligpresent lealures ol a
model or the bebavior of ¢ physical
system.

Practice 2

Mathematical Routines E2

Conduct analyses to darive, calculats, estimate, or
predict.

EX]) Derive a symbelic expression
frem knowr quantities by selecting
and following alogical mathamatical
pathway.

EX] Calculate or estimate an unkrown
quantity with units from known
quantities, by selecting and following a
logical computaticnal pathway.

EX3 Compare physical quanlilies
hetwean twa or more scenarios or
atdifferent times and lecations in a
single scenario.

EX] Predict rew values or factors ¢f
change ot physical quantities using
tunctional dependerce betweesn
varables,

Practice 3

Scientific Questioning and
Argumentation EX

Describe experimenta procecures, znalyze data, and
support ¢ aims.

EX]) Create experimental procedures
that are apprapriate for a given sciontific
aquestion.

EX] Applvan eppropriate law dafiniton,
theoretical relationship, or model tc make a
claim.

EX3 Juslify or suppor L a claim using
evidence lrom experimenlal s @, physica
represenlalions, or physical principles or
laws
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Ranking Tasks

 Composed of a question with several
contextually similar situations

« Rank situation according to some other
physical quantity, with justification
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* Sometimes are ‘tricky’ to drive home a point

* The explanation is not to be glossed over but
the most important part

* "How sure were you?” ranking very important

Oather Strawderman AP Physics

ﬁjollegeBoard wiw.collegeboard com



Ropes Pulling Boxes—Rope Tension 27
The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can

see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

a 44— a 44—

a 4—

Greatest 1 2 3 4 5 6 Least

Or, all of the tensions will be the same.

Please carefully explain your reasoning.

How sure were you of your ranking? (circle one)

Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 8 9 10
27'S. Loucks

Physics Ranking Tasks 29 Mechanics



Ropes Pulling Boxes—Rope Tension 27
The figures below show boxes that are being pulled by ropes along frictionless surfaces, accelerating
toward the left. All of the boxes are identical, and the acceleration is the same in each figure. As you can

see, some of the boxes are pulled by ropes attached to the box in front of them.

Rank the ropes from greatest to least on the basis of the tension in the rope.

a 44— a 44—

a 44—

Greatest 1 2 3 4 5 6 Least

Or, all of the tensions will be the same.

Please carefully explain your reasoning.



Ranking Task

A physics experiment is performed
with a can full of water that has three |
openings spaced at equal intervals h
above the base of the can. The canis h
open to the atmosphere, and the

speed of the water at the top of the h
can is approximately equal to zero.
The result of the experiment is shown
on the diagram.

-

—y — A— —
N —_—

-

Rank in order from greatest to least, —— J
the magnitude of the exit velocity of I: 13

the water at each of the openings at
the instant the holes are opened.

N\

, CollegeBoard



The six circuits below all have one battery and three resistors. All of
the batteries are identical. All of the wires in these circuits are
identical, of equal length and negligible resistance.

Rank these circuits, from greatest to least, on the basis of the
potential difference across the circled resistor. Place ties in the

same blank.
A Iﬁ e <
| B C
1 1 |
400 600 20 O 20Q 20 Q GOQ
. & € €
I E F
1 1 |
60 Q ZOQ 20 O 40;2 20 Q 4OQ
A~

L :CollegeBoard



Ball Motion Diagrams — Acceleration 114

The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from left to right. Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

Highest 1 2 3 4 5 6 Lowest

Or, all have the same acceleration.

Please carefully explain your reasoning.

How sure were you of your ranking? (circle one)
Basically Guessed Sure Very Sure
1 2 3 4 5 6 7 8 9 10

4D. Schramme, C. Fang, B. Speers, C. Hieggelke, D. Maloney, T. O’Kuma
Physics Ranking Tasks 5 Mechanics



The following drawings indicate the motion of a ball subject to one or more forces on various surfaces
from left to right. Each circle represents the position of the ball at succeeding instants of time. Each time-
interval between successive positions is equal.

Rank each case from the highest to the lowest acceleration, based on the drawings. Assume all
accelerations are constant and use the coordinate system specified in the drawing. Note: Zero is greater
than negative acceleration, and ties are possible.

Highest 1 2 3 4 5 6 Lowest

Or, all have the same acceleration.

Please carefullv explain vour reasonine.



Create a ranking task that addresses one
of the following Essential Knowledge

Mechanics - EK 3.2.A.4

“The work-energy theorem states that the change in an
object’s kinetic energy is equal to the sum of the work
(net work) being done by all forces exerted on the
object.”

E&M - EK 12.2.B.1

“A magnetic field will exert a force on a charged object
moving within that field, with magnitude and direction
that depend on the cross-product of the charge’s
velocity and the magnetic field.”
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Create a ranking task that addresses one
of the following Essential Knowledge

P1/C:Mech

“The work-energy theorem states that the change in an
object’s kinetic energy is equal to the sum of the work
(net work) being done by all forces exerted on the object.”

P2/E&M

“The magnitude of the force exerted by a magnetic field
on a moving charged object is proportional to the
magnitude of the charge, the magnitude of the charged
object’s velocity, and the magnitude of the magnetic field
and also depends on the angle between the velocity and
magnetic field vectors.”
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Conflicting Contentions Tasks:
Teaching Strategy

The think-pair-share strategy can be used with this

type of task.

— Students first work individually and write down
their answers.

— Then they share their answers with one partner
and see if they agree or disagree with each other.

— After each of the exercises, you can ask a couple
of teams to share their answers with the class.

..
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Conflicting Contentions Tasks

* Present students with disagreeing statements
» Students indicate which is correct and why

« Contrast students’ alternate conceptions with
physically accepted statements

~0
N
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B1-SCT25: BALL THROWN UPWARD—GRAPH OF SPEED-TIME
A ball is thrown straight upward and falls back to the same height. A A

student makes the graph of the speed of the ball as a function of time. Three Speed, m/s
students who are discussing this graph make the following contentions:

Akira: “I don’t think this can be correct because the sign of the
acceleration changes on this graph, but the acceleration on
the ball will be constant.”

Burt: “No, I think this is right because it is only showing what
happens to the speed, which will decrease to zero at the top and then increase as the ball falls. Since
the slopes for both segments are the same except for sign that means the acceleration is constant. ”

Catalina; “This graph makes sense to me because it shows the speed decreasing on the way up. But I disagree
with Burt, because I think this means the acceleration is also decreasing until the ball gets to the top
and stops. Then both the speed and acceleration increase as the ball falls down again.”

-

Time, s

With which, if any, of these three students do you agree?
Akira Burt Catalina None of them

Explain your reasoning.




B3-SCT78: HANGING MASS—TENSION IN THREE STRINGS

A hanging mass is suspended midway between two walls.
The string attached to the left wall is horizontal while the
string attached to the right wall makes an angle with the
horizontal as shown. This angle (&) in Case A is larger than
the angle () in Case B. Four students make the following
claims about the tensions in the strings:
Abbie: “I think the tensions in any string in Case A is
going to be the same as the equivalent string

| Case B

in Case B. The weight is the same, and the
weight is still going to be divided up among
the three ropes.”

Bobby: “I think the tensions in the horizontal and vertical strings are the same, because they are exactly the
same in both cases. But in Case B the diagonal rope is shorter, so the tension is more concentrated
there.”

Che: “The diagonal string still has to hold the weight up by itself, because the horizontal string can’t lift

anything. So the diagonal string still has the same tension. But in Case B it’s pulling harder against
the horizontal string because of the angle, so the tension in the horizontal string has to go up.”

Damian: “But the diagonal string is fighting harder against the weight in Case A—Iit is pointing more nearly
opposite the weight. So it has to have a greater tension in Case A. And since the tension in the
diagonal string is greater, and the tension in the vertical string is the same, the tension in the
horizontal string must be less in Case A. The tensions still have to balance out so that they are the

‘ same in both cases.”
With which, if any, of these students do you agree?
Abbie Bobby Che Damian None of them

Explain your reasoning.




Conflicting Contentions Task P2

A square wire loop with sides of length L and resistance R is
being pulled to the right at velocity v through a region with a
magnetic field of strength B directed into the page as shown

below:

X
X
X

X

X
X
X

X

X
X
X

X

X X X X

X X X X

X X X

X IX X
[
X IX X

X X X

Three students are working on this problem and make the following statements
regarding the direction of the induced current:

N\
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Conflicting Contentions Task P2

Student A: The current must be counterclockwise. As the loop is
moved out of the magnetic field, it increases the flux and the
induced field acts in opposition to it. By applying Lenz’s law, |
determined that the current must flow counterclockwise.

Student B: There is no induced current since the loop is only
halfway inside the magnetic field and does not receive the full
effect of the magnetic field region.

Student C: As the loop is moved to the right, the flux decreases so
the induced field must act in the same direction of the applied field
to try to keep the flux constant. In order to produce an induced
magnetic field into the page, the current must flow clockwise.

N\
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Conflicting Contentions Task P2

The graph below represents the data obtained in a photoelectric
effect experiment for a range of frequencies. The students graphed
the stopping potential as a function of frequency as shown below:

2

1

1234 5678 9 10 Faquancy [10% Hz!

Students in a physics class were asked to draw an expected graph
for a different metal surface with a threshold frequency of 7.0 x 1014
Hz. Three students’ responses to this task are given.

e
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Conflicting Contentions Task P2

Student A Student B
i A B M1 A
1 2
| . ' /
1 2 34 867 3 9 19 prequency (10%Hz) 12 34 5678 9 0 Fpyuency (109 Hz)
 StudentC

A metal surface with a threshold value of 7.0 x 1074 Hz will not
be able to eject electrons unless the light intensity is

increased.

N\ 0
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Conflicting Contentions Tasks

P1/Mech

“Qualitatively predict, in terms of linear momentum
and kinetic energy, how the outcome of a collision
between two objects changes depending on
whether the collision is elastic or inelastic.”

P2/E&M

“The student is able to predict electric charges on
objects within a system by application of the
principle of charge conservation within a system .”

N\
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Online Simulation Sites

The ones | use the most!

Online Simulations in AP Physics 192
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Home Labs Tools Games HW AP1 AP 2 1st Year New Search
The Physics Aviary

Welcome to the Physies Aviary. Sinee 2013 we have been making cross-platform, Tun-anywhere, programs to help physies
students around the world master the big ideas in physics. Use the navigation links above to explore the site.

I make all of these resources available ad-free and free of charge to all swho will find them of some use. As Thomas Jefferson
said, "MTe who receives an idea from me, receives instruction himself without lessening mine; as he who lights his taper at
mine, reccives light without darkening me. “That ideas should freely spread from one to another over the globe, for the moral
and mutual instruction of man, and improvement of his condition, seems to have been peculiarly and benevolently designed
by nature."

If vou can't find what you are looking for among my resources above, check out the other sites listed below. Check back here
often for updates and new programs. You can o get immediate notice of updales.

Other Resources

» Simbucket
» Boston University Simulations



oPhysics: Interactive Physics Simulations

Home Kinematics Forces Conservation Waves Light E&M Hotation Fluids Modern Drawing Tools Fun Stuff

Select a simulation from one of the above categories or click an a category to see descriptions of the simulations for that category.

About oPhysics

The oPhysics website is a collection of interactive physics simulations. It is a work in progress, and likely always will be. Content will be
added as time allows.

About The Author
All of the content on this site was created by me, Tom Walsh. | recently retired after teaching high school physics for 27 years, and AP

Physics for 25 years. Please click my name above to send me feedback about these simulations or suggestions for new simulations |
could create. Being retired now, | actually have more free time to work on new projects.

About GeoGebra
Most of the animated illustrations and all of the interactive simulations on this site were created using the wonderful GeoGebra software.
GeoGebra is a free program that makes it very easy to create animations and simulations far anyone with a good understanding of math
or physics.
For more information about the software please visit their website: www.geogebra.org,

To browse or search for pre-made math and physics simulations (including those used on this site) visit: tube.geogebra.org.

Permissions

Please feel free to use any of the content on this site for non-profit educational purposes.



My Favorite Sites

e PhET.Colorado.edu
e wwWw. ThePhysicsAviary.com

e WWW.OPhysics.com

o www.walter-fendt.de/ntmli5/phen/
e www.falstad.com/mathphysics.html
e www.physicsclassroom.com/Physics-Interactives

e Your favorites??

eCollagoBoard Online Simulations in AP Physics 196


http://PhET.Colorado.edu
http://www.ThePhysicsAviary.com
http://www.oPhysics.com
http://www.walter-fendt.de/html5/phen/
http://www.falstad.com/mathphysics.html
http://www.physicsclassroom.com/Physics-Interactives

Experimental Design FRQs
and
Online Simulations

Great way to prepare students for the exam!

nline Simulations in AP Physics



Uses

e Pre-Lab Activity: Better understanding of what the
lab will be investigating

e Ability to vary difficult to vary 1Vs like g or n
e Lab makeup
e WS replacement
e Determining Unknown Constants
-Replicates FRQ Experimental Design Questions
e Linearization Practice
e Replicates expensive equipment
e Helps visualize unseeable things

GCollageBoard Online Simulations in AP Physics 198




Experimental
Design Rubrics

Duplicate items in lab
reports

Look at the released Experimental Design
Questions for lab ideas

Also carefully examine the rubrics to see
common points

Make sure students are doing those things
In lab and on lab reports

C: Mechanics look at P1 FRQs
C: E&M look through E&M P2 FRQs

Basic basic basic!!!

199



2017 AP° PHYSICS 2 FREE-RESPONSE QUESTIONS

2. (12 points, suggested time 25 minutes)

A group of students is given several long, thick, cylindrical conducting rods of the same unknown material with

vanious lengths and diameters and asked w expenimentally determine the resistivily of (he matenial using a graph.

The available equipment includes 4 volumeler, an ammeler, connecting wires, a variable-outpul DC power
supply, and @ melric ruler.

(|
(a)

The students are now given a rectangular rod of the material, as shown below, whose dimensions are not known.

1. Describe a procedure the students could use to collect the data needed to create the graph, including
the measurements (o be taken and a labeled diagram o[ the circuit (0 be used. Include envugh detail
(thal another sludent could [ollow the procedure and obtain similar data.

Draw a labeled diagram here.

Write your procedures here.

1. Describe how the data could be graphed in a way that is usetul for determining the resistivity of the

material. Describe how the graph could be analyzed to calculate the resistivity.

The students are asked to experimentally determine the resistance of the rod. They obtain the data in the table
below for the potential difference AV across the rod and the current 7 in it.

Q )

AV (V) 6.0 5.0 3.5 25 2.0 1.5
{(A) 0.078 0070 | 0.044 | 0036 | 0,027 | 0.018

200



AP® PHYSICS 2

2017 SCORING GUIDELINES -
Question 2
12 points total Distribution
of points
(a)
1. 5 points
For drawing a circuit with the battery, rod, and ammeter in series (rods can be drawn to 1 point
look like rads, or schematically as resistors)
For drawing the voltmeter parallel to the rod, or indicating that the setting on the power 1 point
supply will be used
For measuring potential difference and current for a rod | point
For measuring the length and diameter of a rod 1 point
For including multiple trials with appropriate controls 1 point
Examplcs: 1) Usc onc rod and apply different potential differences
2) Use different rods
ii. 2 points

For graphing appropriate quantities whose slope can be used to calculate resistance 1 point
directly or indirectly
Far correctly stating how the slope relates to the resistivity 1 point



Resistance of a Wire Lab
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meters

Wire Cross Section Wire Resistance
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2017 AP° PHYSICS 1 FREE-RESPONSE QUESTIONS

2. (12 points, suggested time 25 minutes)

A student wants to determine the coefficient of static friction between a long, flat wood board and a small wood
block.

(a) Describe an experiment for determining the coefficient of static friction between the wood board and the
wood block. Assume equipment usually found in a school physics laboratory is available.

1. Draw a diagram of the experimental setup of the board and block. In your diagram, indicate each
quantity that would be measured and draw or state what equipment would be used to measure cach
quantity.

ii. Describe the overall procedure to be used, including any steps necessary to reduce experimental
uncertainty. Give enough detail so that another student could replicate the experiment.

(b) Derive an equation for the coetficient of static friction in terms of quantities measured in the procedure from
part (a).



v <

(v Forces >

(] Sum of Forces
(O Values
() Masses

(] Speed

Friction
Nona Lots

-
T \ U /7
Mol

= y B Y & .
7N .;P}A- rt 7N A II/ A-/l J at a
/,;';-' 1\)_ \ | {/’ v 3'-‘\\\_\ - /L.;, “\7 /\ N

g] m] w] sw| ] w] w] w] s e o] ] w] ] w] o] ow] o] ow] ow] )
[ ) Applied Force

N (4][«] ONewtons [mw][»]

Forces and Motion: Basics



(a)

1. 3 points

For drawing a diagram of an experimental setup to measure the coefficient of friction
that is feasible in a school physics lab

For indicating the measurcments nccessary for calculatmg the coefficient of friction

For indicating cquipment necessary for measuring the quantities required to calculate
the coefficient of friction

ii. 3 points

For a description that is consistent with the diagram in part (a)(1), in ecnough detail that
another student could replicate the experiment

For a description that 1s a conceptually valid method to find quantities that would allow
a calculation of a friction coctficient

For including a valid mcthod for reducing experimental crror

| point

1 point
] point

1 point
| pomt

1 point



(b)

3 points

Note: In order to cam full credit for part (b), all terms (variables) must be indicated in
the diagram and/or procedure of part (a).

For using Newton’s second law (or reasoning in terms of zero net force) in one
dimension, parallel to the board’s surface, either explicitly or implicitly

For using Newton’s second law (or reasoning in terms of zero net foree) m one
dimension, perpendicular to the board’s surface, either explicitly or implicitly

Note: Replacing the normal force with mg is “implicit” use of Newton’s second law in
the perpendicular direction for a horizontal surface. For a tilted surface, the
appropriate trigonometric term should be included.

For a correct derived expression of the coeflicient of static friction in terms of quantities
indicated in part (a)

1 point

| pomt

1 point



Pre-Lab and Post-Lab Uses
for Online Simulations

Supplement Hands-On Lab Experiences

Online Simulations in AP Physics 207



Use as a Pre-Lab Activity

e See a basic image of the setup

Have students begin to investigate possible
ndependent Variables and how they affect the

Dependent Variable (directly or inversely)

e Start to make a list of required equipment and

measuring devices

e Reinforces what values to measure and how to

measure them

e'Co]lageBourd Online Simulations in AP Physics 208



Pendulum Lab: PhET.Colorado.edu
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Using PhET sims prior to

instruction. =R RS
Here, the instructor elicits students i
ideas about an everyday action and —

then has them explore the Projectile
Motion sim to begin develaping a
framework of ideas about what is
important when considering
projectile motion, providing a
foundation for class discussion.

1. One day after school, you are enjoying a soda in the back yard. When the can
is empty, you decide to throw it in the trashcan. What effects whether or not it

gets in the can?

2. Use Prajectile Motion to test your 1ideas about the things that affect the landing

location of a projectile.

* Make a complete list of things that affect the landing site of a projectile
including your ideas from question #1 and any discoveries you made using the
simulation.

\ * Next to each item, briefly explain why you think the landing location changes.




Post-Lab Uses

e Change unchangeable Independent Variables
-Most common is g

e Change Independent Variables that are difficult to
change quickly

-Example on the next slide of n
e Great for use as Homework to replace worksheets

-PhET has a great site about using them as
Homework

e'Co]lageBoard Online Simulations in AP Physics 211
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Impulse Lab: www.ThePhysicsAviary.com

Find the change in velocity of a 139 g hockey puck subject to the force shown below. -

500

A

/

]
=)

Force (N)

S
=3
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Force Electric in a Line HW: www.ThePhysicsAviary. com

Calculate the net Force on Charge 1.

Charge 1 Charge 2 Charge 3
-14.7 uC +1.2 uC +53.8 uC

15 20 25 30 35 40 45 50 655 60 65 70 75

Distances incm
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Force Electric in a Line HW: www.ThePhysicsAviary.com

I Enter Your Answers Below 1
: Don't Enter Units and Do Not puta + or - sign. :
| |
| |
I Your Name: I
! Foree on 1 (N): !
| |
i Direction : [(Right <] 1
| |
| |
i i
| |
| |
| |
| |
| |
| |
| |
| |
B on on on G0 SN BN G SN GE SN BN OGN SN SN SN GN GE SN OGN GD SN BN SN Gn GE BB e S Em = -
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Force Electric in a Line HW: www.ThePhysicsAviary.com

F------------------------------q

Actual Force was 25.3 N. Student Response was N.

Actual Force Direction was Right . Student Response was Right.

Your answers were not good enough. Refresh this page and try again.

1611852019025

h------------------------------d
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Thank You!!!

oather@PhluidPhsyics.com
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