
2026

AP
®

 
Sample Student Responses  
and Scoring Commentary

These exam materials may not be posted on school or personal websites, nor 
electronically redistributed for any reason without the express permission of 
College Board. 

These training materials may be used solely for noncommercial purposes 
by AP teachers and students for course exam preparation. Permission for 
any other use must be sought from College Board. Teachers may reproduce 
these training materials in whole or in part, in limited quantities, for 
noncommercial, face-to-face teaching purposes, as long as the copyright 
notices are kept intact.

DRAFT

© 2026 College Board. College Board, Advanced Placement, AP, AP Central, and the acorn logo are registered 
trademarks of College Board. AP Capstone is a trademark owned by the College Board. Visit College Board on 
the web: collegeboard.org.

AP Central is the official online home for the AP Program: apcentral.collegeboard.org.



Visit College Board on the web: collegeboard.org.	 3�
© 2026 College Board.

AP PHYSICS C: MECHANICS 2026 n FREE-RESPONSE QUESTIONS

Question 1: Version J

1.	A box of mass M slides to the right on a horizontal surface. A small cube, also of mass M, is 
inside the box. The cube is against the right wall of the box and above the bottom of the box, as 
shown in Figure 1. The coefficients of static and kinetic friction between the cube and the wall 
of the box are sn  and kn , respectively, where >s kn n .

Figure 1

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

Consider the motion of the box and cube for the following times.

•	 At time t 0= , the box-cube system slides to the right with speed v0 .
•	 For t t0 < crit# , the cube remains in contact with the wall of the box at a constant height 

above the bottom of the box.
•	 At t tcrit

= , the cube begins to slide downward along the wall of the box.
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AP PHYSICS C: MECHANICS 2026 n FREE-RESPONSE QUESTIONS

Part A

The magnitude of the normal force exerted on the cube by the wall of the box is FN .

i.	 Determine an expression for the magnitude of the acceleration of the cube. Express your 
answer in terms of M, FN , and physical constants, as appropriate.

ii.	 Derive an expression for FN  as a function of t from t 0=  until immediately before the 
cube reaches the bottom of the box. Express your answer in terms of M, b, v0 , t, and 
physical constants, as appropriate. Begin your derivation with a fundamental physics 
principle or an equation from the reference information.

iii.	 On the axes shown in Figure 2, sketch a graph of the magnitude Ff  of the frictional force 
exerted on the cube by the wall of the box as a function of t from t 0=  until immediately 
before the cube reaches the bottom of the box.

Figure 2

Part B

Derive an expression for tcrit  in terms of M, b, sn , v0 , and physical constants, as appropriate. 
Begin your derivation with a fundamental physics principle or an equation from the reference 
information.
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Question 1 Mathematical Routines (MR) 10 points 
 
General Scoring Notes  
NR (No Response): A score of NR is only assigned to responses that are blank. 

 
A (i) For determining a correct expression for the magnitude of the horizontal acceleration of 

the cube 
Point A1 

  Example Response 

cube
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 (ii) For a multistep derivation that includes Newton’s second law  Point A2 

  For indicating that the magnitude of the acceleration is 2
bv
M  Point A3 

  For separating dv  and dt  variables Point A4 

  For an exponential expression for NF  that evaluates to zero at infinite time Point A5 

  Example Response 
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 (iii) For sketching a horizontal line from 0t =  to critt t=  Point A6 

  For sketching a concave up curve that never increases for critt t>  

Scoring Note: This point can be earned regardless of the discontinuity at critt t= . 

Point A7 

  Example Response 

 

 

B  For a multistep derivation that includes Newton’s second law  Point B1 

  For indicating that the sum of the frictional force and gravitational force exerted on the 
cube is zero at critt  

Point B2 

  For substituting the expression for NF  derived in part A into the expression for static 
friction  
Scoring Note: Responses that omit the subscript on sµ  may earn this point. 

Point B3 

  Example Response 
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Mathematical Routines (MR) 

Sample: 1A 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 1 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 1 
MR Part A Point 6 Score: 1 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 1 
MR Part B Point 3 Score: 1 
 
Score:  10 
A. i 

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube.  

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point A3 was earned. The response indicates that the magnitude of the acceleration is 
bv/2M. 

• Point A4 was earned. The response separates dv and dt variables. 

• Point A5 was earned. The response includes an exponential expression for FN that 
evaluates to zero at infinite time. 

A. iii  

• Point A6 was earned. The response includes a sketch of a horizontal line from t=0 to 
t=tcrit. 

• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit. 

B.  

• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 



• Point B2 was earned. The response indicates that the sum of the frictional force and 
gravitational force exerted on the cube is zero at tcrit . 

• Point B3 was earned. The response includes a substitution of the expression for FN 
derived in part A into the expression for static friction.  

  



Sample: 1B 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 1 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 1 
MR Part A Point 6 Score: 0 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 1 
MR Part B Point 3 Score: 1 
 
Score:  9 
A. i 

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube.  

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point A3 was earned. The response indicates that the magnitude of the acceleration is 
bv/2M. 

• Point A4 was earned. The response separates dv and dt variables. 

• Point A5 was earned. The response includes an exponential expression for FN that 
evaluates to zero at infinite time. 

A. iii  

• Point A6 was not earned. The response does not include a sketch of a horizontal line 
from t=0 to t=tcrit . 

• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit. 

B.  

• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 



• Point B2 was earned. The response indicates that the sum of the frictional force and 
gravitational force exerted on the cube is zero at tcrit . 

• Point B3 was earned. The response includes a substitution of the expression for FN 
derived in part A into the expression for static friction.  

  



Sample: 1C 
MR Part A Point 1 Score: 0 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 1 
MR Part A Point 6 Score: 1 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 1 
MR Part B Point 3 Score: 1 
 
Score:  8 
 
A. i  

• Point A1 was not earned. The response does not include a correct expression for the 
magnitude of the horizontal acceleration of the cube. Specifically, the response 
incorrectly attempts to solve for the vertical acceleration instead of the horizontal 
acceleration.  

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, this response includes a net force equation in the 
form of ∑F=ma and is followed by a multistep derivation. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 

acceleration is bv/2M. Specifically, the equation 
dvbv m
dt

− =  is given, which is missing 

the 2M variable. 

• Point A4 was earned. The response separates dv and dt variables. Specifically, this 
response shows a = dv/dt and then separates it onto each side with the integral. 

• Point A5 was earned. The response includes an exponential expression for FN that 

evaluates to zero at infinite time. Specifically, the response includes  ~ 
bt
m

NF e
−

.  

A. iii 

• Point A6 was earned. The response includes a sketch of a horizontal line from t=0 to 
t=tcrit. 



• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit . 

B. 

• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, the response includes ∑F = ma and then follows 
with ∑F = 0. 

• Point B2 was earned. The response indicates that the sum of the frictional force and 
gravitational force exerted on the cube is zero at tcrit . Specifically, the response 
includes s NF mgµ = . 

• Point B3 was earned. The response includes a substitution of the expression for FN 
derived in part A into the expression for static friction. Responses that omit the 
subscript on μs may earn this point. Specifically, the response correctly substitutes the 
expression for FN derived in part A into the expression for static friction. 

  



Sample: 1D 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 1 
MR Part A Point 6 Score: 1 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 0 
MR Part B Point 3 Score: 0 
 
Score:  7 
 
A. i  

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube. Specifically, the response includes a = -FN/M, 
and it correctly applies the absolute value to reflect the magnitude, as shown in the 
prompt. 

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, this response includes a net force equation in the 
form of ∑F = ma and is followed by a multistep derivation. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 

acceleration is bv/2M. Specifically, the equation 
dvm bv
dt

= −  in the response is missing 

the 2M variable. 

• Point A4 was earned. The response separates dv and dt variables. Specifically, this 
response shows a = dv/dt and then separates it. 

• Point A5 was earned. The response includes an exponential expression for FN that 
evaluates to zero at infinite time. 

A. iii 

• Point A6 was earned. The response includes a sketch of a horizontal line from t=0 to 
t=tcrit. 

• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit . 



B. 

• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, the response includes ∑F=ma and then follows 
with a multistep derivation. 

• Point B2 was not earned. The response does not indicate that the sum of the frictional 
force and gravitational force exerted on the cube is zero at tcrit .  

• Point B3 was not earned. The response does not include a substitution of the 
expression for FN derived in part A into the expression for static friction. Specifically, 
the response substitutes the expression for FN derived in part A into the expression for 
kinetic friction instead of static friction. 

  



Sample: 1E 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 0 
MR Part A Point 6 Score: 0 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 1 
MR Part B Point 3 Score: 0 
 
Score:  6 
 
A. i  

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube. 

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, this response includes a net force equation in the 
form of ∑F = ma and is followed by a multistep derivation. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 
acceleration is bv/2M. Specifically, the equation is missing the 2M variable and 
includes the normal force. 

• Point A4 was earned. The response separates dv and dt variables. Specifically, this 
response shows a = dv/dt and then separates it onto each side with the integral. 

• Point A5 was not earned. The response does not include an exponential expression for 
FN that evaluates to zero at infinite time. Specifically, the response does not indicate 
that t

NF e−
 . 

A. iii 

• Point A6 was not earned. The response includes a sketch of a non-horizontal line from 
t=0 to t=tcrit. 

• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit . 

B. 



• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, the response includes ∑F = ma and then follows 
with a multistep derivation. 

• Point B2 was earned. The response indicates that the sum of the frictional force and 
gravitational force exerted on the cube is zero at tcrit . Specifically, the response 
includes both μsFN = Ff and Mg =  μsFN, indicating the net force is zero. 

• Point B3 was not earned. The response does not include a substitution of the 
expression for FN derived in part A into the expression for static friction. 

  



Sample: 1F 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 1 
MR Part A Point 5 Score: 0 
MR Part A Point 6 Score: 1 
MR Part A Point 7 Score: 0 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 0 
MR Part B Point 3 Score: 0 
 
Score:  5 
A. i 

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube.  

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. Specifically, the response included ∑F = ma and includes a 
multistep derivation. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 
acceleration is bv/2M. Specifically, the response never substitutes Fr = -bv into their 
equation to obtain the bv/2M equation. 

• Point A4 was earned. The response separates dv and dt variables. 

• Point A5 was not earned. The response does not include an exponential expression for 
FN that evaluates to zero at infinite time. Specifically, the response never 
indicates t

NF e−
 . 

A. iii  

• Point A6 was earned. The response includes a sketch of a horizontal line from t=0 to 
t=tcrit. 

• Point A7 was not earned. The response does not include a concave up curve that 
never increases for t > tcrit . 

B. 



• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point B2 was not earned. The response does not indicate that the sum of the frictional 
force and gravitational force exerted on the cube is zero at tcrit . 

• Point B3 was not earned. The response does not include a substitution of the 
expression for FN derived in part A into the expression for static friction. Specifically, 
the response never uses the normal force in this part of the problem. 

  



Sample: 1G 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 0 
MR Part A Point 5 Score: 0 
MR Part A Point 6 Score: 0 
MR Part A Point 7 Score: 1 
MR Part B Point 1 Score: 1 
MR Part B Point 2 Score: 0 
MR Part B Point 3 Score: 0 
 
Score:  4 
A. i 

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube.  

A. ii 

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 
acceleration is bv/2M. Specifcally, the response uses M instead 2M. 

• Point A4 was not earned. The response does not separate dv and dt variables. 
Specifically, the response doesn't show that a = dv/dt, so the variables cannot be 
separated. 

• Point A5 was not earned. The response includes an exponential expression for FN that 
evaluates to zero at infinite time. Specifically, the response doesn't include expression 

t
NF e−
 . 

A. iii  

• Point A6 was not earned. The response does not include a sketch of a horizontal line 
from t=0 to t=tcrit. 

• Point A7 was earned. The response includes a concave up curve that never increases 
for t > tcrit and is earned regardless of the discontinuity at t=tcrit . Specifically, even 
though the curve is very slight, it approaches zero asymptotically. 

B.  



• Point B1 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point B2 was not earned. The response does not indicate that the sum of the frictional 
force and gravitational force exerted on the cube is zero at tcrit . Specifically, the 
response shows mg > Fs. 

• Point B3 was not earned. The response does not include a substitution of the 
expression for FN derived in part A into the expression for static friction. Specifically, 
the response doesn't include FN in the derivation. 

  



Sample: 1H 
MR Part A Point 1 Score: 1 
MR Part A Point 2 Score: 1 
MR Part A Point 3 Score: 0 
MR Part A Point 4 Score: 0 
MR Part A Point 5 Score: 0 
MR Part A Point 6 Score: 1 
MR Part A Point 7 Score: 0 
MR Part B Point 1 Score: 0 
MR Part B Point 2 Score: 0 
MR Part B Point 3 Score: 0 
 
Score:  3 
A. i 

• Point A1 was earned. The response includes a correct expression for the magnitude of 
the horizontal acceleration of the cube. 

A. ii  

• Point A2 was earned. The response includes a multistep derivation that includes 
Newton’s second law. 

• Point A3 was not earned. The response does not indicate that the magnitude of the 
acceleration is bv/2M. Specifically, the response uses M instead 2M. 

• Point A4 was not earned. The response does not separate dv and dt variables. 
Specifically, the response doesn't show that a = dv/dt, so the variables cannot be 
separated. 

• Point A5 was not earned. The response does not include an exponential expression for 
FN that evaluates to zero at infinite time. Specifically, the response doesn't include the 
expression t

NF e−
 . 

A. iii  

• Point A6 was earned. The response includes a sketch of a horizontal line from t=0 to 
t=tcrit. 

• Point A7 was not earned. The response does not include a concave up curve that 
never increases for t > tcrit and is earned regardless of the discontinuity at t=tcrit . 
Specifically, this incorrect curve is concave down. 

B.  



• Point B1 was not earned. The response does not include a multistep derivation that 
includes Newton’s second law. 

• Point B2 was not earned. The response does not indicate that the sum of the frictional 
force and gravitational force exerted on the cube is zero at tcrit . Specifically, the 
response shows Fg > Fs. 

• Point B3 was not earned. The response does not include a substitution of the 
expression for FN derived in part A into the expression for static friction. 
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