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Preface
This publication is designed to help teachers and students understand and prepare 
for the revised AP® Physics 1: Algebra-Based Exam. The publication includes 
sample free-response questions, scoring guidelines, student responses at various 
levels of achievement, and reader commentaries. Collectively, these materials 
accurately reflect the design, composition, and rigor of the revised exam.

The sample questions are those that appear on the AP Physics 1: Algebra-Based 
Practice Exam, and the student responses were collected from actual AP students 
during a field test of the exam. The students gave permission to have their work 
reproduced at the time of the field test, and the responses were read and scored by 
AP Physics Readers in 2013.

Following each free-response question, its scoring guideline, and three student 
responses, you will find a commentary about each sample. Commentaries include 
the score that each response would have earned, as well as a brief rationale to 
support the score.
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Free-Response Question 1
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 Physics 1 Practice Exam

 GO ON TO THE NEXT PAGE. 

 

 

 
 

 
 
 

 

(a) Based on the graph, were the measurements started at the instant the carts were released?  
 
 
 
 
 
 
 
 
 

Justify your answer. 

(b) Calculate the magnitude of the external force exerted on the system. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Suppose the experiment is repeated with different carts, so that the masses of cart plus magnet are 2 kg  

and 4 kg. Would your answer to part (b) be different with the new masses?  
 
 

Justify your answer. 

45
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Information for Free-Response Question 1

Timing
The student should spend approximately 10 – 13 minutes on 
this question.

Essential Knowledge/ 
Big Ideas

3.A.1 An observer in a particular reference frame can 
describe the motion of an object using such quantities  
as position, displacement, distance, velocity, speed,  
and acceleration. 
4.A.3 Forces that systems exert on each other are because 
of interactions between objects in the systems. If the 
interacting objects are parts of the same system, there will 
be no change in the center-of-mass velocity of that system.
4.B.1 The change in linear momentum for a constant-mass 
system is the product of the mass of the system and the 
change in velocity of the center of mass.
4.B.2 The change in linear momentum of the system is 
given by the product of the average force on that system and 
the time interval during which the force is exerted.

Science Practice

2.2 The student can apply mathematical routines to 
quantities that describe natural phenomena.
5.1 The student can analyze data to identify patterns  
or relationships.

Learning Objective

3.A.1.3 The student is able to analyze experimental data 
describing the motion of an object and is able to express the 
results of the analysis using narrative, mathematical, and 
graphical representations.
4.A.3.1 The student is able to apply Newton’s second law 
to systems to calculate the change in the center-of-mass 
velocity when an external force is exerted on the system.
4.B.1.1 The student is able to calculate the change in linear 
momentum of a two-object system with constant mass in 
linear motion from a representation of the system (data, 
graphs, etc.).
4.B.2.1 The student is able to apply mathematical routines to 
calculate the change in momentum of a system by analyzing 
the average force exerted over a certain time on the system. 

© 2014 The College Board 7
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Scoring Guidelines for Free-Response Question 1

Question 1

7 points total Distribution
of points

(a) 1 point

For a correct, justified response about the state of motion at time t = 0 1 point
For example:

No. The carts have a non-zero momentum at t = 0, so this cannot be 
the instant they were released.

(b) 4 points
For using the relationship between force and momentum, or Newton’s 

second law and the definitions of acceleration and momentum
   F p t= D D   or F ma= , a v t= D D , and p mv=

1 point

For recognizing that the force causes a change in momentum or a change 
in velocity

1 point

For using reasonable values of momenta from the graph to calculate the 
momenta of the carts 

F p t5 1 25 0 25 10 0 10= = -( ) =D D   kg m/s  kg m/s  s  N. . .i i
F p t1 0 6 0 2 10 0 04= = - - -( ) = -D D   kg m/s  kg m/s  s  N. . .i i

1 point

For recognizing that the external force is the sum of the two forces on  
the cart

F F Fext = + = - =5 1 0 10 0 04 0 06. . . N  N  N

1 point

Calculating only the force on one of the carts earns a maximum of  
1 point.

Alternate Solution: Alternate 
Points

For recognizing that the momentum of the system is the sum of the momenta 
of the two carts

1 point

For obtaining reasonable values of momenta from the graph and using them 
to calculate the system momenta

psystem intial
 kg m s

 kg m s  kg m s= - + =
0 5

3
0 25 0 08

.
. .

i
i i

psystem final  kg m s  kg m s  kg m s= -( )( ) + =6
5

0 5 1 25 0 65. . .i i i

1 point

For using the change in the system’s momentum (final value minus initial 
value)

Dpsystem  kg m s  kg m s  kg m s= - =0 65 0 08 0 57. . .i i i

1 point

For using the relationship between force and momentum to determine the 
external force

F p t= = =D D 0 57 10 0 057. . kg m s  s  Ni

1 point

© 2014 The College Board 8
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Question 1 (continued) Distribution
of points

(c) 2 points 2 points
For a correct, justified response about the effect of changing the masses of 

the carts
For example:
 No. The calculations in part (b) account for the effect of the external 

force on the motion of the entire system. The changes in individual 
masses do not change the total mass of the system, so the net effect on 
the system remains the same.

In the absence of other correct reasoning, recognizing that the mass is the 
same for both situations earned 1 point.

© 2014 The College Board 9
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Sample 1B

© 2014 The College Board 12



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

© 2014 The College Board 13



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

Sample 1C
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2014 Practice Exam Scoring Commentary
Note: Student samples are quoted verbatim and may contain grammatical errors.

Free-Response Question 1 

Overview

This question provided students an opportunity to describe qualitatively and 
quantitatively the effect of an external force on a system of particles; in this case, 
the effect of gravity on a two-cart system on an unleveled kinematics track.  Part (a) 
asked students to use data from a graph and the information given in the question 
stem to determine if the data started at the instant the carts were released and to 
justify their answers. Part (b) required that students calculate the magnitude of the 
external force on the system, using the information from the graph. Part (c) asked 
students to identify and justify whether their answer to part (b) would be different 
if the masses of the carts were different (but still totaled the same mass).

Sample: 1A 
Score: 6

In part (a), 1 point was earned for correctly stating the measurements were not 
started at the instant the cart was released, noting that “the momentums began at 
non-zero values.”

In part (b), 3 points were earned for using appropriate relationships among force, 
momentum, and Newton’s second law, recognizing that force involves a change in 
momentum and correctly calculating the force on each cart. The response did not 
account for force being a vector, which resulted in an incorrect response for the sum 
of the forces on the system of carts.

In part (c), 2 points were earned for a correct and justified response, noting that 
since the total mass of both carts hasn’t changed, then “the total magnitude [of 
external force] exerted would still be the same.”

Sample: 1B 
Score: 4

In part (a), 1 point was earned for correctly stating "no," and for justifying the 
response by stating that the initial momenta on the graph “should have been 0 
kg·m/s” since the carts started from rest.

In part (b), 3 points were earned for using appropriate relationships among force, 
momentum, and Newton’s second law, recognizing that force involves a change in 
momentum and correctly calculating the sum of the forces on the system of carts. 
The response incorrectly substitutes values of momenta into the expression for 
impulse as if they were velocities and miscalculates the force on the 1 kg cart by 
missing a negative sign on the initial momentum.

In part (c), no points were earned since the justification did not support the answer.

© 2014 The College Board 16
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Sample: 1C 
Score: 2

In part (a), 1 point was earned for correctly stating "no," and for justifying the 
response by stating that “if the carts were measured from the beginning, the data 
should have started from the zero."

In part (b), 1 point was earned for showing that the external force was the sum of 
the forces, taking into account that one of the forces must be negative. This is 
equivalent to the point in the alternate solution for recognizing that the total 
momentum is the sum of the individual momenta. More points could have been 
earned if the response stated that force equals mass times a change in velocity 
over time.

In part (c), no points were earned since the response stated that the external force 
would be different.

© 2014 The College Board 17
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Free-Response Question 2
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 Physics 1 Practice Exam

  
GO ON TO THE NEXT PAGE. 

 

 
 
  Next the student is given a rubber band and asked to determine whether the relationship between the restoring 

force exerted by the rubber band and the amount it is stretched is the same as that of an ideal spring.  
 

 
 
 

(c) Describe an experimental procedure that the student could use to collect the necessary data, including all the 
equipment the student would need. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(d) How should the student analyze the data to determine whether the relationship between the restoring force 

exerted by the rubber band and the amount it is stretched is the same as that of an ideal spring? What 
evidence from the analysis would be used to make the determination? 

47
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Information for Free-Response Question 2

Timing
The student should spend approximately 20 – 25 minutes on 
this question.

Essential Knowledge

3.B.3 Restoring forces can result in oscillatory motion. 
When a linear restoring force is exerted on an object 
displaced from an equilibrium position, the object  
will undergo a special type of motion called simple 
harmonic motion. Examples should include  
gravitational force exerted by the Earth on a simple 
pendulum and mass-spring oscillator.
5.B.3 A system with internal structure can have  
potential energy. Potential energy exists within a  
system if the objects within that system interact  
with conservative forces.

Science Practice

1.4 The student can use representations and models  
to analyze situations or solve problems qualitatively  
and quantitatively.
2.2 The student can apply mathematical routines to 
quantities that describe natural phenomena. 
4.2 The student can design a plan for collecting data to 
answer a particular scientific question.
5.1 The student can analyze data to identify patterns  
or relationships.

© 2014 The College Board 20
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Scoring Guidelines for Free-Response Question 2

Question 2
12 points total Distribution

of points

(a) 3 points

Zero potential energy can be defined at any point. For convenience define 
it to be at the equilibrium point of the hanging object. The graph above 
uses this definition.  

Then E U K mv= + = 1
2

2
max, so  

U mv K mv m v t= - = - ( )[ ]1
2

1
2

1
2

2 2 2
max max .

The amplitude of the velocity graph is approximately 1 6.  m s , and the 
period is 1 s. So v t t( ) = ( ) ( )1 6 2 1. sin m s  sp .

U t t= ( )( ) - ( )( ) = ( ) -1
2

0 125 1 6 1 2 1 0 16 1 2 12 2 2. . sin . sin kg  m s  s  Jp p   s( )( )
For a graph with a reasonable sine squared shape 1 point
For having the maxima of the graph at the labeled times 1 point
For having maxima and minima with a potential energy difference of 

about 0 16.  J
1 point

(b) 3 points

For a graph that is either a sine or cosine curve 1 point
For a graph that has the appropriate phase relationship to the given 

position and velocity graphs
a F m kx mmax max max= =

The spring constant k can be determined using the period.

T m k= 2p , so k m T= = ( ) ( ) =4 4 0 125 1 0 52 2 2 2 2p p p. . kg  s  kg s2

a = ( )( ) =0 5 0 25 0 125 9 872. . . .p  kg s  m  kg  m s2 2

1 point

For an amplitude of approximately 10 m s2 1 point

© 2014 The College Board 21
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Question 2 (continued) Distribution
of points

(c) 3 points
For a reasonable experimental setup that would allow useful 

measurements
1 point

For indicating all measurements needed and no extraneous ones 1 point
For evidence that multiple trials are performed
For example: Hook the rubber band over a horizontal rod, and measure 

its length. Hang an object of known mass from it and measure the new 
length. Repeat for a number of different objects.

1 point

(d) 3 points
For an appropriate analysis that would check for a linear relationship 

between force and rubber band stretch
1 point

For indicating an appropriate characteristic from the analysis that signifies 
a linear relationship

1 point

For indicating that a linear graph means that the rubber band exhibits 
F xµ  like an ideal spring

For example: Plot the rubber band stretch as a function of the mass of 
the objects. A linear graph would show that the stretch and the force 
exerted on the rubber band (i.e. the weight of the object) are directly 
proportional, as they are for a spring.

1 point

© 2014 The College Board 22
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Sample 2A

© 2014 The College Board 23



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

© 2014 The College Board 24



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

Sample 2B

© 2014 The College Board 25



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

© 2014 The College Board 26



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

Sample 2C
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Free-Response Question 2 

Overview

This question provided students the opportunity to demonstrate their 
understanding of the energy transformation and kinematics of simple harmonic 
motion, as well as experimental design and analysis. Part (a) asked students to use 
the given position-time and velocity-time graphs to construct a graph of the potential 
energy as a function of time. Part (b) asked students to use the given graphs to 
construct a graph of acceleration as a function of time. Part (c) required students 
to describe an experimental procedure to determine whether a given rubber band 
behaves like an ideal spring, including needed equipment and what data is to be 
collected. Part (d) asked students how they would use their data to determine if the 
rubber band behaves like an ideal spring.

Sample: 2A 
Score: 7

In part (a), 3 points were earned for drawing a reasonable sine squared graph with 
maxima occurring at half-second intervals starting with zero, and for identifying the 
maximum potential energy as 0.14 J. 

In part (b), no points were earned.

In part (c), 3 points were earned for describing an experimental setup that would 
yield useful measurements, identifying the measurements needed, and stating 
“repeat for different amounts of masses.”

In part (d), 1 point was earned for an analysis that would check for a linear 
relationship between “x vs. Fs.” By saying, “Connect the line. Find the slope of the 
line,” the response assumes linearity. 

Sample: 2B 
Score: 7

In part (a), 1 point was earned for a reasonable sine squared graph, but the 
response had maxima at one-second intervals and a difference between maximum 
and minimum potential energy of 0.625 J.

In part (b), 2 points were earned for a cosine curve with a correct phase relationship 
to the given graphs. The response missed the third point by calculating a maximum 
acceleration of 4.3 m/s2 instead of approximately 10 m/s2.

In part (c), 2 points were earned for an experiment that indicates which 
measurements are needed and includes multiple trials: “calculate and graph the 
forces applied … with different displacements …” The description of the setup was 
incomplete in that there was no mention of what would apply the force.

In part (d), 2 points were earned for indicating a correct method of analysis and not 
assuming but checking for a linear relationship. A statement that force is directly 
proportional to stretch for a spring would have earned the 3rd point.

© 2014 The College Board 29
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Sample: 2C 
Score: 3

In part (a), no points were earned.

In part (b), no points were earned.

In part (c), 3 points were earned for a reasonable setup with useful measurements 
and an indication of all measurements needed, as well as multiple trials (“Record 
the force on the scale for each medium … at each distance”).

In part (d), no points were earned.

© 2014 The College Board 30
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Free-Response Question 3
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 Physics 1 Practice Exam

 GO ON TO THE NEXT PAGE. 

 

 
 

 

  

 
 

 

 

 
 
 

Together the students write the following equations to describe the two circuits. 

  
  

Series Arrangement
Equation 1: I IS A= = IB

Equation 2: DV I- -A AR IBRB = 0

 Parallel Arrangement 
Equation 3: I IP = +C DI  

Equation 4: D DV I- =C CR V - IDRD = 0  

 

   

(b) 
 i. Indicate all of the equations above that support Student 1’s reasoning, and explain how each equation 

provides support. 
 
 
 
 
 
 
 
 
 
 
 ii. Indicate all of the equations above that support Student 2’s reasoning, and explain how each equation 

provides support. 
 
 
 
 
 
 
 
 
 
 
(c) Resolve the two lines of reasoning about the two circuits to conclude which arrangement will have brighter 

bulbs. Use the equations above and any other equations that you need, and explain how the equations 
support your conclusion. 

49
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 Physics 1 Practice Exam100

Information for Free-Response Question 3

Timing The student should spend approximately 20 – 25 minutes on 
this question.

Essential Knowledge

1.B.1 Electric charge is conserved. The net charge of a 
system is equal to the sum of the charges of all the objects in 
the system.
5.B.9 Kirchhoff’s loop rule describes conservation of energy 
in electrical circuits. The application of Kirchhoff’s laws to 
circuits is introduced in Physics 1 and further developed in 
Physics 2 in the context of more complex circuits, including 
those with capacitors.
5.C.3 Kirchhoff’s junction rule describes the conservation 
of electric charge in electrical circuits. Because charge is 
conserved, current must be conserved at each junction in 
the circuit. Examples should include circuits that combine 
resistors in series and parallel. [Physics 1: covers circuits 
with resistors in series, with at most one parallel branch, 
one battery only.]

Science Practices

2.2 The student can make claims and predictions about 
natural phenomena based on scientific theories and models.
6.4 The student can make claims and predictions about 
natural phenomena based on scientific theories and models.
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Scoring Guidelines for Free-Response Question 3

Question 3
12 points total Distribution

of points

(a) 5 points

(i)
For indicating that Student 1 is correct that bulbs A and B “get all the 

current coming out of the battery”, and explaining that it is because 
there is only one loop in the circuit

1 point

For indicating that bulbs C and D each get half the current, and explaining 
that it is because of the junction rule

1 point

(ii)
For indicating that while bulbs C and D do get half the current in their 

circuit, Student 1 is incorrect in assuming that this means they must 
have less current than A and B, and explaining that it is because the total 
current is not the same in both circuits

1 point

(iii)
For indicating that Student 2 is correct that the potential difference 

across bulbs C and D is the same and equal to the battery voltage, 
and explaining that for each bulb you can trace a loop that only goes 
through the bulb and the battery

1 point

(iv)
For indicating that Student 2 is incorrect in saying that current is “used 

up” by bulb A before it reaches bulb B, and explaining that a current 
moves an equal amount of charge through all the circuit elements 
carrying it

1 point

(b) 3 points
(i)  

Equations 1 and 3 support Student 1’s reasoning.
For indicating that equation 1 shows that series bulbs A and B each 

carry the total current in the circuit
1 point

For indicating that equation 3 shows that parallel bulbs C and D share 
the total current in the circuit

1 point

(ii)  
Equation 4 directly supports Student 2’s reasoning. Equation 2 can also 

be considered as providing support for the implied contrast between 
circuits.

For indicating that equation 4 shows that the potential difference across 
bulbs C and D is the same

1 point

No penalty for also indicating that equation 2 shows that the voltage is 
shared in the series circuit.
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Question 3 (continued) Distribution
of points

(c) 4 points
For indicating a valid quantity that can be used to compare bulb 

brightness across circuits (power, current, or voltage)
1 point

For correctly manipulating equations in an attempt to determine some 
quantity for the circuits with a valid assumption

1 point

For stating a conclusion that follows from the work for the two points 
above (even if that work is incorrect)

1 point

For explaining how the calculations support the conclusion (connecting 
ideas by using the chosen valid quantity to determine how it affects 
power which determines brightness)

1 point

For example, calculating currents and comparing power:
 Substituting IS  into equation 2 and solving gives I V R RS A B= +( )D

 Solving each part of equation 4 gives I V RC C= D  and I V RD D= D

 Since the resistors are identical, I I IS C D= =2 2
 Power is given by P I R= 2 , and for identical resistors depends on the 

current. Therefore the power and thus the brightness of bulbs A and B  
is less.
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*  Due to a question ordering change after the piloting of this exam, some item numbers may appear differently. All item numbers 
correspond with the AP Physics 1: Algebra-Based Practice Exam. 

Sample 3A*
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Sample 3B
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Sample 3C
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Free-Response Question 3 

Overview

This question asked students to demonstrate an understanding of the difference 
between the brightness of two light bulbs wired in series or wired in parallel to 
the same battery. Specifically, students were asked to compare and contrast two 
predictions and lines of reasoning about the brightness of the bulbs. Part (a) 
requested that students ignore the predictions about the brightness but address 
the correctness and incorrectness of the reasoning behind the predictions. Part 
(b) asked students to identify any of the given equations describing the circuits as 
support for the reasoning in part (a) and to explain how each equation provides 
support. Part (c) asked that students resolve the two lines of reasoning to generate 
their own conclusion about which arrangement is brighter, and to support their 
conclusion.

Sample: 3A 
Score: 10

In part (a)(i), 2 points were earned for stating that the currents in A and B are the 
same because “electrons flow along the same path,” and for stating and explaining 
why the currents in C and D are half of the total current.

In part (a)(ii), 1 point was earned for stating and explaining why the total current is 
smaller in series than in parallel.

In part (a)(iii), no point was earned. The point could have been earned if the 
response explained that potential difference is the same in parallel because a loop 
can be traced that goes through only one bulb and the battery. 

In part (a)(iv), no point was earned for a statement that says current is the same in 
A and B “because it’s a series circuit.” 

In part (b)(i), 2 points were earned for correctly indicating and explaining how 
Equations 1 and 3 support Student 1’s reasoning.

In part (b)(ii), 1 point was earned for correctly indicating and explaining how 
Equation 4 supports Student 2’s reasoning. 

In part (c), 4 points were earned for indicating that power can be used to compare 
bulb brightness, and for using equations correctly and logically to arrive at the 
correct conclusion.

Sample: 3B 
Score: 7

In part (a)(i), 1 point was earned for stating “each bulb gets all current from the 
battery because in a series circuit there are no junction points to split the current.” 
The student restates the second prediction and says it is because “the voltage is 
equal and R is equal so V = IR shows they get equal current.”  That same line of 
reasoning could be used to explain why two identical light bulbs in series get the 
same current. Nothing is said about the total current being split equally, so the 
second point is not earned.

© 2014 The College Board 42
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In part (a)(ii), no point was earned.

In part (a)(iii), no point was earned. Merely citing the name of a rule (in this case, 
the loop rule) instead of explaining how it is used to explain the observation is not 
enough to earn the point.

In part (a)(iv), no point was earned. Stating that the current in a series circuit is the 
same throughout the circuit with no explanation why was insufficient to earn the 
point.

In part (b)(i), 2 points were earned for correctly indicating and explaining how 
Equations 1 and 3 support Student 1’s reasoning.

In part (b)(ii), 1 point was earned for correctly indicating and explaining how 
Equation 4 supports Student 2’s reasoning. 

In part (c), 4 points were earned for indicating that current can be used to compare 
bulb brightness, and for using equations correctly and logically to arrive at the 
correct conclusion.

Sample: 3C 
Score: 3

In part (a)(i), no points were earned. Only one correct prediction was identified but 
with no explanation. 

In part (a)(ii), no point was earned. No incorrect predictions were identified.

In part (a)(iii), no point was earned. The correct prediction was identified but with 
no explanation.

In part (a)(iv), no point was earned. The correct prediction was identified, but 
stating that “the current is equally distributed” with no explanation why was 
insufficient to earn the point. 

In part (b)(i), 1 point was earned for correctly indicating and explaining how 
Equation 1 supports Student 1’s reasoning.

In part (b)(ii), 1 point was earned for correctly indicating and explaining how 
Equation 4 supports Student 2’s reasoning. 

In part (c), 1 point was earned for indicating that current can be used to compare 
bulb brightness.
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Information for Free-Response Question 4

Timing
The student should spend approximately 10 – 13 minutes on 
this question.

Essential Knowledge

6.D.1 Two or more wave pulses can interact in such a way 
as to produce amplitude variations in the resultant wave. 
When two pulses cross, they travel through each other;  
they do not bounce off each other. Where the pulses 
overlap, the resulting displacement can be determined  
by adding the displacements of the two pulses. This is  
called superposition.
6.D.3 Standing waves are the result of the addition of 
incident and reflected waves that are confined to a region 
and have nodes and antinodes. Examples should include 
waves on a fixed length of string, and sound waves in both 
closed and open tubes.

Science Practice

1.1 The student can create representations and models  
of natural or man-made phenomena and systems in  
the domain.
6.4 The student can make claims and predictions about 
natural phenomena based on scientific theories and models.

Learning Objective

6.D.1.1 The student is able to use representations of 
individual pulses and construct representations to 
model the interaction of two wave pulses to analyze the 
superposition of two pulses.
6.D.3.2 The student is able to predict properties of  
standing waves that result from the addition of incident  
and reflected waves that are confined to a region and have 
nodes and antinodes.
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Scoring Guidelines for Free-Response Question 4

Question 4
7 points total Distribution

of points

(a) 3 points

For overlap of one wavelength showing something other than  
amplitude A

1 point

For showing amplitude 2A in the overlapping segment 1 point
For showing two wavelengths of amplitude A on both sides 1 point

(b) 2 points

For a straight line at zero displacement 2 points

(c) 2 points
For a complete, correct response with justification
For example: The length is either a multiple of l  or l 2. The ends are 

nodes, so the pattern has zero amplitude at the ends. That can only 
happen if the ‘middle’ or ‘end’ of a wavelength is at each end.

2 points
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Sample 4A

© 2014 The College Board 47



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

© 2014 The College Board 48



© 2014 The College Board

AP Physics 1: Algebra-Based Sample Responses

Sample 4B
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Sample 4C
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Return to the Table of Contents

Free-Response Question 4 

Overview

This question provided students an opportunity to illustrate their knowledge of the 
nature of wave interaction and standing waves. In Part (a), students were asked 
to draw a picture of the shape of a string as two identical wave pulses traveling 
towards each other just begin to overlap. Part (b) required students to construct a 
graph of the position of a point in the middle of the string as a function of time for 
the duration of time the two waves are interacting. Part (c) asked students to infer 
the length of the string if a continuous standing wave is set up on the string.

Sample: 4A 
Score: 7

In part (a), 3 points were earned for drawing a string shape with constructive 
interference in the overlapping segment with an amplitude of 2A and for showing 
two wavelengths of amplitude A on both sides of the overlapping segment.

In part (b), 2 points were earned for drawing a straight line on the time axis 
between t = 0 and t = t

1
.

In part (c), 2 points were earned for a correct justification of the length of the string 
being “n times the half wavelength.” The points were awarded for describing 
the locations of nodes at the ends of the string, stating that “a string has a node 
at every half-wavelength,” and stating that “a standing wave can be created 
whenever there is an integer multiple of the half-wavelength.”

Sample: 4B 
Score: 4

In part (a), 3 points were earned for drawing a string shape with constructive 
interference in the overlapping segment with an amplitude of 2A and for showing 
two wavelengths of amplitude A on both sides of the overlapping segment.

In part (b), no points were earned.

In part (c), 1 point was earned for correctly identifying the condition for the first 
harmonic or fundamental frequency (“The length of the string is half of the 
wavelength … because in the 1st harmonic, λ = 2L …”).

Sample: 4C 
Score: 2

In part (a), no points were earned. The middle segment shows complete destructive 
interference, and the waves on either side are 1.5 wavelengths instead of 2.

In part (b), 2 points were earned for drawing a straight line on the time axis 
between t = 0 and t = t

1
. The drawing after t

1
 was disregarded.

In part (c), no points were earned because no part of the student response was 
correct. 
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 Physics 1 Practice Exam

  GO ON TO THE NEXT PAGE. 

 

 
 

 

 5. (7 points, suggested time about 13 minutes) 
  The figure above shows part of a system consisting of a block at the top of an inclined plane that rests on a table, 

which is located on Earth. The block and plane are at rest when the block is released. In trial 1 there is no friction 
between the block and the plane or between the plane and the table. In trial 2 the plane is fixed to the table so it 
cannot move, but there is still no friction between the block and the plane.  

 
  Indicate whether the speed of the block relative to the table when the block reaches the bottom of the plane is 

greater in trial 1 or trial 2. Justify your answer in a clear, coherent, paragraph-length explanation. 
 
 
 

51
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Information for Free-Response Question 5

Timing The student should spend approximately 10 – 13 minutes on 
this question.

Essential Knowledge/ 
Big Idea

3.A.3 A force exerted on an object is always due to the 
interaction of that object with another object.
3.A.4 If one object exerts a force on a second object, the 
second object always exerts a force of equal magnitude on 
the first object in the opposite direction.
3.E.1 The change in the kinetic energy of an object  
depends on the force exerted on the object and on the 
displacement of the object during the time interval that  
the force is exerted.
4.C.1 The energy of a system includes its kinetic energy, 
potential energy, and microscopic internal energy. 
Examples should include gravitational potential energy, 
elastic potential energy, and kinetic energy.
5.B.3 A system with internal structure can have potential 
energy. Potential energy exists within a system if the objects 
within that system interact with conservative forces.
5.D.1 In a collision between objects, linear momentum is 
conserved. In an elastic collision, kinetic energy is the same 
before and after.
5.D.3 The velocity of the center of mass of the system 
cannot be changed by an interaction within the system. 
[Physics 1: includes no calculations of centers of mass; the 
equation is not provided until Physics 2. However, without 
doing calculations, Physics 1 students are expected to be 
able to locate the center of mass of highly symmetric mass 
distributions, such as a uniform rod or cube of uniform 
density, or two spheres of equal mass.]

Science Practice

6.4 The student can make claims and predictions about 
natural phenomena based on scientific theories and models.
7.2 The student can connect concepts in and across 
domain(s) to generalize or extrapolate in and/or across 
enduring understandings and/or big ideas.
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Learning Objective

3.A.3.1 The student is able to analyze a scenario and make 
claims (develop arguments, justify assertions) about the 
forces exerted on an object by other objects for different 
types of forces or components of forces.
3.A.4.1 The student is able to construct explanations of 
physical situations involving the interaction of bodies using 
Newton’s third law and the representation of action-reaction 
pairs of forces.
3.E.1.1 The student is able to make predictions about 
the changes in kinetic energy of an object based on 
considerations of the direction of the net force on the object 
as the object moves.
4.C.1.2 The student is able to predict changes in the total 
energy of a system due to changes in position and speed of 
objects or frictional interactions within the system.
5.B.3.1 The student is able to describe and make qualitative 
and/or quantitative predictions about everyday examples  
of systems with internal potential energy.
5.D.1.1 The student is able to make qualitative predictions 
about natural phenomena based on conservation of  
linear momentum and restoration of kinetic energy  
in elastic collisions.
5.D.3.1 The student is able to predict the velocity of the 
center of mass of a system when there is no interaction 
outside of the system but there is an interaction within  
the system (i.e., the student simply recognizes that 
interactions within a system do not affect the center of  
mass motion of the system and is able to determine that 
there is no external force). 
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Scoring Guidelines for Question 5

Question 5
7 points total Distribution

of points

For any mention of energy conversion 1 point

For indicating that the same amount of potential energy is converted to 
kinetic energy in each trial

1 point

For indicating that the kinetic energy is shared between the block and 
plane in trial 1

1 point

For indicating that the block has all the kinetic energy in trial 2 1 point
For a description of the motion of the plane in each trial 1 point
For using momentum or forces to explain the motion in each trial 1 point
For a coherent argument that leads to a correct conclusion
For example: 
The speed of the block is greater in trial 2. Since gravity is the only  

force doing work in both trials, energy is conserved. The potential 
energy of the block at the top of the plane is converted into kinetic 
energy. In trial 1 the plane is free to move, so if the block ends up going 
to the right, the plane has to move to the left to conserve momentum. 
[Alternate: In trial 1 the plane is free to move, so if the plane pushes the 
block to the right, the block pushes the plane to the left.] Since the plane 
moves, the original potential energy of the block must be divided 
between the plane and the block. In trial 2 the plane doesn’t move, so 
the block gets all of the available energy. More kinetic energy means a 
greater speed.

1 point
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*  Due to a question ordering change after the piloting of this exam, some item numbers may appear differently. All item numbers 
correspond with the AP Physics 1: Algebra-Based Practice Exam. 

Sample 5A
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Sample 5B
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Sample 5C
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Free-Response Question 5 

Overview

This question asked students to compare the energy transformation from potential 
energy to kinetic energy for two trials. The first trial is a block sliding from rest 
down an inclined plane that is free to move on a horizontal surface. The second trial 
is the same block sliding from rest down the same inclined plane, except that the 
plane is fixed so it cannot move. In both scenarios, there is no friction among any of 
the surfaces.

Sample: 5A 
Score: 6

The response earned a total of 6 points. The statement “When the plane moves 
it takes some of the energy out of the system and therefore out of the block” is 
incorrect. The total energy of the system is the same in both trials. 

Sample: 5B 
Score: 4

The response earned a total of 4 points. An inaccurate statement of energy 
conversion (“the kinetic energy, while converted to work, while moving the incline 
in Trial 1 …”) earns one point, but there is no mention of the initial potential energy.  
The same statement indicates that the kinetic energy is shared between the block 
and plane in Trial 1, earning a 2nd point. Additionally, the response indicates that 
the block will retain all available kinetic energy in Trial 2, earning a 3rd point. 
The statement, “the force downward was used to push the plane to the left” is 
technically incorrect; however, it’s clear that the student can demonstrate how 
forces can be used to explain motion. Due to this underlying understanding, the 4th 
point was awarded.

Sample: 5C 
Score: 2

The response earned a total of 2 points. One point was earned for an explanation 
using forces to describe why the plane moves to the left in Trial 1. The argument 
is coherent, albeit off the mark; but it leads to a correct conclusion, resulting in the 
2nd point.
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