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Part A (AB or BC): Graphing calculator required 
Question 1 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 

 

 

0 3 7 12
(minutes)

100 85 69 55
(degrees Celsius)

t

C t

t ,C

 C t 0 12,t   C t

 

 Model Solution Scoring 

(a)  5C C  3 7.t 

 

 
     7 3 69 855 4

7 3 4
C C

C
     


 

 

Estimate with 
supporting work 

1 point 

 Units 1 point 

 Scoring notes: 

 

 16 ,
7 3



 69 85 ,
7 3



 or 69 85
4


  5C

  

 Total for part (a) 2 points 
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(b) 

 
12

0
.C t dt  

12

0

1
12

C t dt   

              
12

0
3 7

3 100

7

4 85 5 69 985

3 0 0 7 3 12C t dt C C C  

    

   

 

  
Form of left Riemann 
sum 

1 point 

 Estimate 1 point 

  
12

0

1
12

C t dt  is the average temperature of the coffee (in degrees 

Celsius) over the interval from 0t   to 12.t   

Interpretation 1 point 

 Scoring notes: 

  

 

 A response of            73 0 0 7 12 733 CC C      earns the first point. Values must be 

pulled from the table to earn the second point. 

 3 100 4 85 5 69    

 3 85 4 69 5 55    

806

 

 

 

 Total for part (b) 3 points 

(c) 12 20,t 

 
0.0124.55 ,

teC t
t

  C t

20.t   

      
20

12
20 12C C C t dt    Integral 1 point 

 Uses initial condition 1 point 

 55 14.670812 40.329188    

 

The temperature of the coffee at time 20t   is 40.329  degrees 

Celsius. 

Answer 1 point 
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 Scoring notes: 

  .C t

    
20

12
20 55 14.670812C C t dt  

 
20

12
14.670812 40.329188C t dt   

 dt

o      
20

12
20 12C C C t      

20

12
20 55C C t  

o      
20

12
20 12C C t C     

20

12
20 55C C t 

  12C 55 12,

 55 14.671 14.671 55 

 40.329  

 Total for part (c) 3 points 

(d) 
   0.01

2

0.2455 100
.

te t
C t

t

 

12 20,t 
 

 Because   0C t   on the interval 12 20,t   the rate of change 

in the temperature of the coffee,   ,C t  is increasing on this 

interval. 

 

That is, on the interval 12 20,t   the temperature of the coffee 
is changing at an increasing rate. 

Answer with reason 1 point 

 Scoring notes: 

 
.C

  C t

 
 

 12 20t   

 Total for part (d) 1 point 

 Total for question 1 9 points 
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Part A (AB): Graphing calculator required 
Question 2 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 

 

x 0t     2ln 4 5 0.2 .v t t t t     

 

 Model Solution Scoring 

(a) ,Rt t 0 2t  .Rt

0 ,Rt t   

   0 1.425610v t t    

 

Therefore, the particle is at rest (not moving) at 1.426Rt   (or 

1.425 ). 

Rt  1 point 

 For 0 ,Rt t     0.v t   Therefore, the particle is moving to the 

right on that interval. 

Direction with 
explanation 

1 point 

 Scoring notes: 

   0v t  1.426t  1.425t 

 Rt

  v t ,t 0 1.426.t 

 

 Total for part (a) 2 points 
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(b) 1.5.t 
1.5 ?t   

    1.5 1.5 1a v    

 

The acceleration of the particle at time 1.5t   is 1  (or 0.999 ). 

Acceleration with 
setup 

1 point 

  1.5 0.076856 0v     

 

Because  1.5a  and  1.5v  have the same sign, the speed is 

increasing at time 1.5.t   

Answer with 
explanation 

1 point 

 Scoring notes: 

 v a 
 1.5 1v   0.999 v a   and  1.5 1a  

0.999  1.5 1a   0.999

  1.5a

 
1.5t   1.5 .a

  1.5v

  1.5 ;v  

o  1.5a  1.5v

 1.5a

  1.5v

 

 Speed v t 1.5,t 

 Total for part (b) 2 points 
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(c) t   ,x t 1t   1 3.x  

4.t   

      
4

1
4 1x x v t dt    

Integral 1 point 

 Uses initial condition 1 point 

 3 0.197117 2.802883      

 

The position of the particle at time 4t   is 2.803  (or 2.802 ). 

Answer 1 point 

 Scoring notes: 

  .v t

    
4

1
4 3 0.197x v t dt   

 
4

1
0.197 2.803v t dt   

 dt

o    
4

1
1x v t   

4

1
3 v t  

o    
4

1
1v t x  

4

1
3v t 

  1x 3

1.

 3 0.197  0.197 3

 2.803 2.802

 Total for part (c) 3 points 
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(d) 1 4.t 
 

  
4

1
v t dt  Integral 1 point 

 0.9581  

 

The total distance traveled by the particle over the interval 
1 4t   is 0.958.  

Answer 1 point 

 Scoring notes: 

 The first point is earned for any one of the following: 

o  
4

1
v t dt   

o      
1.425 2.883 4

1 1.425 2.883
v t dt v t dt v t dt      

o      
1.426 2.883 4

1 1.426 2.883
v t dt v t dt v t dt     

 
0.958, 0.959, 0.96  

 Total for part (d) 2 points 

 Total for question 2 9 points 
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Part B (AB or BC): Graphing calculator not allowed 
Question 3 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 

 

H

   1 1 cos ,
2 2

dH tH
dt

   H t t 0t 

 0 4H   

 

 Model Solution Scoring 

(a) 
 ,y H t  0, 4 .  

 

 

Solution curve 1 point 

 Scoring notes: 

  0, 4 , 4.5,t 

  

 Total for part (a) 1 point 
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(b) 0 5,t    1.H t  ,t 0 5,t  H  

 

 
Because   1,H t   then 0dH

dt
  implies  cos 0.

2
t   

 

This implies that t   is a critical point. 

Considers sign of 

dH
dt

 

1 point 

Identifies t   1 point 

 
For 0 ,t    0dH

dt
  and for 5,t    0.dH

dt
  Therefore, 

t   is the location of a relative maximum value of .H  

Answer with 
justification 

1 point 

 

 Scoring notes: 

 0,dH
dt

 0,dH
dt

 0,dH
dt

  cos 0,
2
t   cos 0,

2
t 

 cos 0.
2
t 

 ,t 
1H   1t 

 

 dH
dt  cos

2
t

0 t   5.t   dH
dt

 

  

      2

2
1 11 sin c

2
1
2

os
2 2 2

dH
dt

d H t tH
dt

      

2

2
0

t

d H

dt 
   

Therefore, t   is the location of a relative maximum value of .H   

 Total for part (b) 3 points 

  



AP® Calculus AB/BC 2024 Scoring Guidelines  

© 2024 College Board 

(c)   ,y H t

   1 1 cos
2 2

dH tH
dt

   0 4.H   

  1 cos
1 2 2

dH t dt
H




 
Separation of 
variables 

1 point 

  
 

1 cos
1 2 2

ln 1 sin
2

dH t dt
H

tH C




   

 
   

One antiderivative 1 point 

 Second antiderivative 1 point 

  0ln 4 1 sin ln 3
2

C C      

Because  0 4,H   1,H   so 1 1.H H    

   ln 1 sin ln 3
2
tH     

Constant of 
integration and uses 
initial condition 

1 point 

    sin 2 ln 3 sin 21 3t tH e e     

   sin 21 3 tH t e   

Solves for H  1 point 

 Scoring notes: 

 

  ln 1
1

dH H
H

 





 

 

 
0 t 4 .H

 

    sin 21 3 tH t e 

 H t    sin 2 ln 31 .tH t e    

 1 1H H    

 

 s1 co
1 22

dH t dt
H

 


 

 Total for part (c) 5 points 

 Total for question 3 9 points 
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Part B (AB or BC): Graphing calculator not allowed 
Question 4 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 

 

,f 6 7,x   2x  
0 7.x  R ,f

6,x   x y R 12.

 

 Model Solution Scoring 

(a) 
g    

0
.

x
g x f t dt   6 ,g   4 ,g  6 .g  

      
6 0

0 6
6 12g f t dt f t dt




         6g   1 point 

    
4

0

14 44
2

2g f t dt      4g  1 point 

    
6

0 2
4 2 1

2
2 116 3g f t dt         6g  1 point 
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 Scoring notes: 

 

 Special case: A response that explicitly presents    
6

x
g x f t dt


   does not earn the first point it 

would have otherwise earned. The response is eligible for all subsequent points for correct answers, 
or for consistent answers with supporting work. 

o Note:  
6

6
0,f t dt




   

4

6
16,f t dt


   

6

6
15f t dt


   

 
 6 ,g   4 ,g  6 ,g

 

 Total for part (a) 3 points 

(b) g x 0 6x 

g  

    g x f x   

 

    0 4g x f x x      

 

Therefore, the graph of g  has a critical point at 4.x   

Fundamental 
Theorem of Calculus 

1 point 

 Answer with reason 1 point 

 Scoring notes: 

 g f   in this part.

o g f 

0.f 

 
 4 0,g  4x 

 0 6x    

o 0 6x   

 Total for part (b) 2 points 
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(c) 
h    

6
.

x
h x f t dt


   6 ,h  6 ,h  6 .h

 

        
6

6
6 6 6 1 0.5 1.5h f t dt f f


          

Uses Fundamental 
Theorem of Calculus 

1 point 

  6h  
 

1 point 

     ,h x f x   so     16 6 .
2

h f      6h  1 point 

     ,h x f x   so    6 6 0.h f     6h  1 point 

 Scoring notes: 

 

  6 ,h  6 ,h  6 ,h

  6 1.5h  

     6 6 6h f f  

  6 1 0.5h   

    h x f x     6 6 ,h f 

1 .
2



  6 0,h 

 

    16
2

h x f   

   6 0.h x f    

 Total for part (c) 4 points 

 Total for question 4 9 points 
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Part B (AB): Graphing calculator not allowed 
Question 5 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 
 

2 23 2 48.x y y   2 .
3 4

dy x
dx y




 

 

 Model Solution Scoring 

(a)  2, 4 x 3.

 2, 4 y  

 

   

 
 , 2, 4

2 2 4
193 4 4x y

dy
dx 


  


 

Slope of tangent line 1 point 

  4 724 3 2
19 19

y      
Approximation 1 point 

 Scoring notes: 

 
   , 2, 4

4 ,
19x y

dy
dx 

 

 
   , 2, 4x y

dy
dx 

 but uses a slope of 4
19

  in a 

linear approximation also earns the first point.

 
   , 2, 4x y

dy
dx 

4
19



3x 
 2, 4  

o 

4
19


   , 2, 4

.
x y

dy
dx 

 x 3.

 
3x 

  44 3 2 .
19

   

 Total for part (a) 2 points 
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(b) 1y   

 2 0 0
3 4

dy x x
dx y

   


 Considers 0
dy
dx

  
1 point 

 And so, if the horizontal line 1y   is tangent to the curve, 

the point of tangency must be  0, 1 .  

 

However, the point  0, 1  is not on the curve, because 
22 .0 53 1 2 1 48      

 

Therefore, the horizontal line 1y   is not tangent to the 

curve. 

Answer with reason 1 point 

 Scoring notes: 

 0,
dy
dx

 2 0,x  0,x 

 0, 1 .

 1y 

 0, 1  

  

1,y  22 3 48 43.1 2 1x x      

   , 43, 1

2 43 0
7x y

dy
dx  

 

1y 

o A response that uses this method earns the first point by using 1y   in 2 23 2 48.x y y    

o A response that fails to consider both 43x    and 43x    does not earn the second 
point.  

 Total for part (b) 2 points 
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(c) x  48, 0 .

 

 At the point  48,  0 ,  the slope of the line tangent to the 

curve is  
2 48 .

3 4 0
dy
dx




 

The denominator of 
dy
dx

 is  3 4 0 ,  which does not equal 0.

Therefore, the line tangent to the curve at this point is not 
vertical. 

Answer with reason 1 point 

 Scoring notes: 

 
   , 48, 0x y

dy
dx 

 To earn this point a response must clearly demonstrate that the slope of the tangent line at the point 

 48, 0  is defined and answer “no.” 

o Such demonstrations include, but are not limited to, the following: 

  3 4 0 0   

 At  48, 0 ,  2 48 .
3

dy
dx

  

 2 48
3

  

 When 3 4 0,y   0.y   

 Total for part (c) 1 point 
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(d) 0,t  3 2 24.y xy 

 4, 2 , y ’

2 x

’  

 23 2 2 0
dy dy dxy x y
dt dt dt

     
1 point 

 23 2 2 0
dy dy dxy x y
dt dt dt

  
1 point 

 
2

dy
dt

   

        2 403 2 2 2 4 2 2 2 0 10
4

dx dx
dt dt

         

 

The rate of change with respect to time in the x -coordinate 
is 10  units per second. 

Uses 2
dy
dt

   
1 point 

 Answer 1 point 

 Scoring notes: 

 3 2 24y xy  t

o x

23 2 2 0.
dy dy

y x y
dx dx

  

 23 2 2 0.
dy dy dxy x y
dt dt dt

  

 2
dy
dt

  2
dy
dt



2
dy
dt

  2
dy
dt

  in the implicitly 

differentiated equation. 2
dy
dt

  2
dy
dt



 
10

o 2
dy
dt

 40

        2 403 2 2 2 4 2 2 2 0 ,
4

dx dx
dt dt

    

 

 Total for part (d) 4 points 

 Total for question 5 9 points 
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Part B (AB): Graphing calculator not allowed 
Question 6 9 points 

 
General Scoring Notes 
The model solution is presented using standard mathematical notation. 
 
Answers (numeric or algebraic) need not be simplified. Answers given as a decimal approximation should be 
correct to three places after the decimal point. Within each individual free-response question, at most one 
point is not earned for inappropriate rounding. 
 

f g   2 2f x x    2 2 ,g x x x   
 

 Model Solution Scoring 

(a) R f ,g 0x  2,x 

.R  

     
2

0
Area f x g x dx   

Integrand 1 point 

 Answer 1 point 

 Scoring notes: 

     ,f x g x     ,f x g x  

    ,g x f x     g x f x

  f x

 .g x

     
2

0
,dg x xf x   such 

as    
2 2

0 0
,f x dx g x dx      

2

0
,f x g x dx      

2

0
,g x f x dx   or    

2

0
.g x f x dx  

o Note:    
2 2

0 0
f x dx g x dx   would earn both points. 

 Total for part (a) 2 points 
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(b) S g x 2x  5,x 

S x

x .S
 

 
    

5 5 22 2

2 2

1 1Volume 2
2 2

g x dx x x dx   
   

Integrand 1 point 

 Limits 1 point 

  5 4 3 2

2
55 3

4

2

1 4 4
2

1 4
2 5 3

x x x dx

x xx

  

 
   

 


 

Antiderivative 1 point 

  
 

5
41 5 500 32 325 16

2 5 3 5 3

1 500 16 414
2 3 15 5

  
       

  

  
 

Answer 1 point 

 Scoring notes: 

   2k g x

k

 The second point is earned for limits of 2x   and 5x   in a definite integral with an integrand of 

the form    a x g x  for any nonzero factor  .a x  

  2 2
n

k x x

2.n 

  1 500 16 .
2 3 15



   
5

2

2
V 1o me

2
lu f x dx 

  
5 22

2
V 2olume 1

2
x dx 


 

 Total for part (b) 4 points 
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(c) 
 ,S 20.y   

     

  

  

5 22

2
5 2

2
5 22

2

Volume 20 20

400 20

400 20 2

g x dx

g x dx

x x dx







    

    
      





 

Form of integrand 1 point 

 Integrand 1 point 

 Limits and constant 1 point 

 Scoring notes: 

   2220 20 ,g x 

  2220 20 ,g x    2 220 20 ,g x    2 220 20 ,g x    

   2220 20 g x 

  2220 20g x    220 400
b

a
g x dx 

   220 400
b

a
g x dx 

 

o     
5 5 22

2 2
Volume 20 20dx g x dx    

  
5 22

2
Volume 20 3 20 .g x dx     

   ,g x

  ,g x

o     5 5 222 2 2

2 2
20 20 20 20 2g x dx x x dx              

 

 g x 2 2R r

  2x 
5.x  5x  2,x 

o   
2 2

5
20 400g x dx    

   
5 2

2
400 20 f x dx      

 Total for part (c) 3 points 

 Total for question 6 9 points 

 


