
2024

  

  

  

AP
®

 Calculus BC
Sample Student Responses  
and Scoring Commentary

Inside: 

Free-Response Question 1

55 Scoring Guidelines 

55 Student Samples 

55 Scoring Commentary 

© 2024 College Board. College Board, Advanced Placement, AP, AP Central, and the acorn logo are registered 
trademarks of College Board. Visit College Board on the web: collegeboard.org.

$3�&HQWUDO�LV�WKH�RƱFLDO�RQOLQH�KRPH�IRU�WKH�$3�3URJUDP��DSFHQWUDO�FROOHJHERDUG�RUJ�

https://collegeboard.org
https://apcentral.collegeboard.org


AP® Calculus AB/BC 2024 Scoring Guidelines  

© 2024 College Board 

 

 

 

 

 

 

 

  

 

 

  

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. 

t
(minutes)

0 3 7 12

C t 
(degrees Celsius)

100 85 69 55

t C,
Ct  0  t  12, Ct 

Model Solution Scoring 

(a) C5 C  3 7t  .
 

     7 3 69 855 47 3 4
C CC      


 

 

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 t  0  to t  12.  

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 20t  ,

 
0.0124.55 teC t t

 ,  C t

t  20.  

      
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 t  20  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 

 C 12 55 12,

 55  14.671 14.671  55

 

 

40.329  

Total for part (c) 3 points 

(d) 
   0.01

2
0.2455 100te tC t

t
  .

12 20t  ,
 

 Because   0C t   on the interval 12 20t  ,  the rate of change 
in the temperature of the coffee,  C t ,  is increasing on this 
interval. 
 
That is, on the interval 12 20t  ,  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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Question 1 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question students were given a table of times t  in minutes, 0 12td d ,  and values of a decreasing 
differentiable function C�t �  that models the temperature, in degrees Celsius, of coffee in a cup. 

In part (a) students were asked to approximate the value of � �5Cc  using the average rate of change of C  over the 
interval 3 td d 7  and to include correct units with their answer. A correct response will use values from the given 

table to calculate � � � � � �7 3 69 855 7 3 4
C CC � �c |  

�
4 �  degrees Celsius per minute. 

In part (b) students were asked to approximate the value of � �
12

0
C t dt³  using a left Riemann sum with the three 

subintervals indicated by the values in the given table. Then students were asked to interpret the meaning of 

� �
12

0
1

12 C t dt³  in the context of the problem. A correct response would present the left Riemann Sum setup and the 

approximation (e.g., � � � � � � � � � � � �0 7 3 3 12 7 7 9853 0 C C C� � � � � �  � � ). A correct response would also 

indicate that � �
12

0
1

12 C t dt³  represents the average temperature of the coffee, in degrees Celsius, over the time 

interval from t  0  to t  12.  

In part (c) � �
0.0124.55 teC t t

�c    was introduced as a function that models the rate of change of the 

coffee’s temperature, in degrees Celsius per minute, over the time interval 12 20td d  Students were 
asked to find the temperature of the coffee at time t  20.  A correct response would provide the setup 

� � � � � �
20

12
20 12C C C t dtc � ³  then use a calculator to add the value C�12�  55  to the value of integral 

and report a temperature of 40.329  degrees Celsius. 

In part (d) students were given � � � �0.01

2
0.2455 100teC t

t
�cc  ,  the derivative of the model introduced in part (c), 

and asked to determine whether the temperature of the coffee was changing at a decreasing rate or at an increasing 
rate for 

t

12 20t� � .  A correct response would observe that the given function, � �Ccc ,  is positive on the interval t
12 20t� � ,  and therefore the rate of change of the temperature of the coffee, � �Cc ,  is increasing on this interval. t
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Question 1 (continued) 

Sample: 1A 
Score: 9 

The response earned 9 points: 2 points in part (a), 3 points in part (b), 3 points in part (c), and 1 point in part (d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
�
�

 with no 

simplification. Because no simplification error is made, the response earned the first point. The response earned 
the second point for the correct units, “degrees Celsius per minute.” 

In part (b) the response earned the first point in line 1 with 3�100� � �4�85� 5�69�  and would have earned the 
second point with no simplification. Because no simplification error is made, the response earned the second 
point. The units reported in line 1, “degrees Celsius,” although incorrect, do not affect scoring. The response 
earned the third point for “the average temperature over the interval from 0  min to 12  min” in lines 2 and 3. 

In part (c) the response earned the first point with � �
20

12
C t dtc³ .  The response earned the second point with the 

sum of 55  and the definite integral. The response earned the third point with the correct answer of 40.329.   

In part (d) the response earned the point with the correct conclusion “The temp of the coffee is changing at an 
increasing rate” and the statement “ � �C tcc  is .� ”. 

Sample: 1B 
Score: 6 

The response earned 6 points: 2 points in part (a), 3 points in part (b), 1 point in part (c), and no points in part (d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
�
�

 with no 

simplification. Because no simplification error is made, the response earned the first point. The response earned 
the second point because of the correct units in line 2.  

In part (b) the response earned the first point in line 2 with 3�100� � �4�85� 5�69�  and would have earned the 
second point with no simplification. Because no simplification error is made, the response earned the second 
point. The third point was earned for the phrase “average temperature of the coffee from 0  to 12  minutes” in 
lines 6 and 7. 

In part (c) the response earned the first point with the definite integral that appears in line 2. The response did not 
earn the second point because the initial condition is never used. The response did not earn the third point because 
the stated answer is incorrect. 

In part (d) the response did not earn the point because the reasoning is based on the evaluation of � �C tcc  at a single 
point. 
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Question 1 (continued) 

Sample: 1C 
Score: 3 

The response earned 3 points: 1 point in part (a), 2 points in part (b), no points in part (c), and no points in part 
(d). 

In part (a) the response would have earned the first point in line 1 with the expression 69 85
7 3
�
�

 with no 

simplification. Because no simplification error is made, the response earned the first point. The second point is 
not earned because the units “degrees Celsius” are incorrect.  

In part (b) the response earned the first point in line 1 on the left with �3 �100� � �4 �85� � ��5 69�  and would 
have earned the second point with no simplification. Because no simplification error is made, the response earned 
the second point in line 3. The third point is not earned because the interpretation includes the phrase “average 
rate of change.”. 

In part (c) the response earned no points because no definite integral is presented. 

In part (d) the response did not earn the point because the response states “ � �Ccc t  is changing at an increasing rate” 
instead of C�t �.  
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Part A (BC): 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. 

xy     ,x t y t t  x t

 y t   28x t t t    1.2 20y t t t    . t  2
3, 6.  

 

 Model Solution Scoring 

(a) t  2  

      2 22 2x y   Setup for speed 1 point 

  12.3048506  
 
The speed of the particle at time t  2  seconds is 12.305  (or 
12.304 ) centimeters per second. 

Answer 1 point 

 Scoring notes: 

      2 22 2x y       2 2x t y t 

  21.2144 2 2 20   

 12.305 12.304

 

     
22 2 1.2144 2 2 20x t y t             2 2x t y t   12.305 12.304

  

 Total for part (a) 2 points 

  



AP® Calculus AB/BC 2024 Scoring Guidelines  

© 2024 College Board 

(b) 0 2t  .
 

      
2 2 2
0

x t y t dt   Integral 1 point 

  15.901715  
 
The total distance traveled by the particle over the time interval 
0 2t   is 15.902  (or 15.901) centimeters. 

Answer 1 point 

 Scoring notes: 

      
2 2 2
0

x t y t dt 

o    
2 2 2
0

x t y t dt 
 15.902 15.901

  

 Total for part (b) 2 points 

(c) y t  0.
 

    
0

2
0 6 6 7.173613 1.173613y y t dt       

 
The y -coordinate of the position of the particle at time t  0  is 
1.174  (or 1.173 ). 

Definite integral 1 point 

 Uses initial condition 1 point 

 Answer 1 point 

 Scoring notes: 

 1.174 1.173

  
0

2
y t dt  

2

0
y t dt .

 

o    
0

2
2 ,y y t dt   

0

2
6 ,y t dt 

o    
2

0
2 ,y y t dt    

2

0
6 ,y t dt 

o  2 7.173613,y  6 7.173613 .

  y t dt
o 

 y t , t  2,
6.
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    
2

0
0 6y y t dt    or 6  7.173613,

 
 

o  
0

2
1.174y t dt   ,  

0

2
6 7.173613y t dt   ,

 
2

0
6 6 7.173613y t dt   ,  

2

0
6 6 7.173613 1.173613y t dt    

o    
0

2
6 1.174y t y t dt   

 dt

o    
0

2
2 ,y y t     

2

0
2 ,y y t   

0

2
6 ,y t   

2

0
6 y t 

o    
2

0
2y y t    

2

0
6 y t 

o    
0

2
2 ,y t y     

2

0
2 ,y t y   

0

2
6,y t   

2

0
6y t 

o    
2

0
2y t y   

2

0
6y t 

 x - y x

 x

t  0    
0

2
310 3 10.3333x x t dt      ,

 

 Total for part (c) 3 points 
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(d) 2 8t  , t 2 8t 
x  

 Because   0y t   when 2 8t  ,  the particle will be moving 
toward the x -axis when   0y t  .  This occurs when 
5.222  (or 5.221)  t  8. 

Considers sign of 
 y t  

1 point 

 Answer with reason 1 point 

 Scoring notes: 

   0y t  ,   0y t  ,   0y t  , t  5.222 5.221

 y t dy
dt .

 
 

2, 8   0y t  .  The interval can be open, closed, or half-open. 

 Total for part (d) 2 points 

 Total for question 2 9 points 
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Question 2 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question students were told a particle was moving along a curve in the xy -plane with position � � � �� �,x t y t  at 
time t  seconds. Students were also given expressions for � �xc t  and � �y tc  and were told that the particle was at the 
point �3, 6� at time t  2.  

In part (a) students were asked to find the speed of the particle at time t  2  seconds. A correct response would 
provide the setup � �� � � �� �22xc � 22yc  and use a calculator to find the numerical value 12.305  (or 12.304 ). 

In part (b) students were asked to find the total distance traveled by the particle over the time interval 0 2td d .  A 

correct response would present the setup � �� � � �� �
2 2
0

x t y t dtc �³ 2c  and use a calculator to find the value 15.902  

(or 15.901). 

In part (c) students were asked to find the y -coordinate of the position of the particle at time t  0.  A correct 

response would provide the setup � � � �
0

2
0 6y y t dtc � ³  and use a calculator to find the value �1.174  (or �1.173 ). 

In part (d) students were told that the particle remains in the first quadrant during the time interval 2 8td d  and 
were asked to find all times in this interval when the particle is moving toward the x -axis. A correct response would 
consider the sign of � �y tc  and answer that because � � 0y tc �  on this time interval, the particle will be moving 
toward the x -axis. 

Sample: 2A 
Score: 9 

The response earned 9 points:2 points in part (a), 2 points in part (b), 3 points in part (c), and 2 points in part (d).  

In part (a) the response earned the first point with the expression � �� � � �� �2 22 2x y�c c  on line 3. The response 

earned the second point with the expression 212 2.7220� 2  with no subsequent errors in simplification. Note 

that the expression 212 2.7220� 2  alone would have earned both points. The units, though correct, are not 
required to earn the second point. 

In part (b) the response earned the first point with the definite integral � �
2 22

0

dydx dtdt dt
§ ·� ¨ ¸
© ¹

´
µ
¶

.  The response 

earned the second point with the boxed value of 15.9017.  The units, although correct, are not required to earn the 
second point.  

In part (c) the response earned the first point for the definite integral � �
2

0
y t dtc³  in line 2. The response earned the 

second point for using the initial condition in the equation � � � � � �
2

0
2 0y y y t dtc � ³  in line 2. The response 

earned the third point with the boxed statement y�0�  �1.1736  in line 4.  
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Question 2 (continued) 

In part (d) the response earned the first point for the statement “ y tc� �  is negative” at the end of line 1, and is eligible 
to earn the second point. The response earned the second point for the correct interval with the reason “when y tc� �  
is negative” given in the paragraph at the bottom right. The second point may be earned with a half open interval, as 
given in this response. 

Sample: 2B 
Score: 6 

The response earned 6 points: 1 point in part (a), no points in part (b), 3 points in part (c), and 2 points in part (d). 

In part (a) the response earned the first point with the correct expression for speed at time t  2,  

� �� � � �� �22 2xc � 2 .  The response presents an incorrect value for the speed at time t  2  and did not earn the 
second point. 

yc

In part (b) the response does not present the correct definite integral and does not present the correct answer, thus 
did not earn either point.  

In part (c) the response earned the first point with the definite integral � �2 1.2
0

20t t dt� � �³ .  The response 

earned the second point with the expression � �2 1.2
0

6 20t t dt� � � �³ ,  demonstrating use of the initial 

condition. The response earned the third point with the presentation of the correct value �1.174.   

In part (d) the response earned the first point with the statement � � 0y tc �  in line 2, and is eligible to earn the second 
point. The response earned the second point with the correct interval �5.222, 8@  and reason � � 0y tc �  both given in 
line 2, and no subsequent incorrect statements. 

Sample: 2C 
Score: 2 

The response earned 2 points: 1 point in part (a), no points in part (b), no points in part (c), and 1 point in part (d). 

In part (a) the response earned the first point in line 1 for the expression � �� � � �� �2x t y tc � .  The response did 
not earn the second point. The response has a linkage error between line 1 and line 2, thus is eligible to earn at 
most 1 of the 2 points.  

2c

In part (b) the response did not earn the first point because the response presents a definite integral with an 
incorrect integrand in line 2. The response does not present the correct value for distance, and did not earn the 
second point. 

In part (c) the response does not include a definite integral, and did not earn the first point. The second point was 
not earned because, although the response attempts to present an expression for the antiderivative of yc� �t  in the 
last line, the response does not include a constant of integration. Without an attempt to solve for the constant of 
integration at t  2,  the response cannot earn the second point. Neither of the first two points has been earned, so 
the response is not eligible to earn the third point. 

In part (d) the response earned the first point for the statement y tc� � � 0  in line 1. The response did not earn the 
second point because the correct interval is not presented. 
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AP® Calculus AB/BC 2024 Scoring Guidelines 

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. 

The depth of seawater at a location can be modeled by the function H that satisfies the differential equation 
dH 1  t H  1cos dt 2 2 , where H t  is measured in feet and t is measured in hours after noon ( t  0 ). It is 

known that H 0  4 

Model Solution Scoring 

(a) A portion of the slope field for the differential equation is provided. Sketch the solution curve, 
y  H  t  , through the point  0, 4 . 

Solution curve 1 point 

Scoring notes: 
 The solution curve must pass through the point 0, 4, extend to at least t  4.5, and have no 

obvious conflicts with the given slope lines. 

 Only portions of the solution curve within the given slope field are considered. 

Total for part (a) 1 point 

© 2024 College Board 
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(b) For 0  t  5, it can be shown that H t   1. Find the value of t, for 0  t  5, at which H  has a 
critical point. Determine whether the critical point corresponds to a relative minimum, a relative 
maximum, or neither a relative minimum nor a relative maximum of the depth of seawater at the 
location. Justify your answer.  

Because H t   1,  then dH  0dt  implies t cos    02 .

This implies that t    is a critical point. 

Considers sign of 
dH
dt

1 point 

Identifies t    1 point 

For dH 0  t   ,   0dt and for   t  5,  dH  0dt .  Therefore, 

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

Answer with 
justification 

1 point 

Scoring notes: 

 The first point is earned for considering dH-  0dt , dH  0dt , dH  0dt , t cos  0 2  , cos  t   02 , 

or 

AP® Calculus AB/BC 2024 Scoring Guidelines  

 

 

 

 

 

 
 t cos   02 . 

 The second point is earned for identifying t   , with or without supporting work. A response 
may consider H  1 or t  1 as potential critical points without penalty. 

 The third point cannot be earned without the first point. The third point is earned only for a correct 
justification and a correct answer of "relative maximum." 

 The justification can be shown by determining the sign of dH  t - ( or cos -  )dt 2 
 at a single value in 

0  t   and at a single value in   t  5. It is not necessary to state that -dH 
dt does not change 

sign on these intervals.  
 The third point can also be earned by using the Second Derivative Test. For example:  

d 2 H 12  1 t t 1 dH  H  1 
dt 2   sin 2  2   cos      2 2 dt 

�,�d 2H  0
dt 2 t  

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

  

 Total for part (b) 

  

3 points 

© 2024 College Board 



(c) Use separation of variables to find y  H  t  , the particular solution to the differential equation 

dH 1  H 1 t  cos dt 2 -2  with initial condition H 0  4.  

dH H  1 
1 t cos dt  2 2 

Separation of 
variables 

1 point 

dH 1 t   cos dt  H  1  2 2  
t ln H  1  sin  C 2 

One antiderivative 1 point 

Second antiderivative 1 point 

0ln 4  1  sin  C  C  ln 3  2 
Because H 0  4,  H  1, so H  1  H  1. 

 tln  H  1  sin  ln 3 2 

Constant of 
integration and uses 
initial condition 

1 point 

sin t 2ln 3 sin tH  1  e  3e 2  ,� ,�

sin t 2 H t  1  3e  ,�

Solves for H  1 point 

AP® Calculus AB/BC 2024 Scoring Guidelines  

  

  
 

 
 

  
 

 
 

 Scoring notes: 
 A response with no separation of variables earns O out of 5 points. 

 A response that presents  dH  ln H  1  H  1 without absolute value symbols earns that 

antiderivative point. 

 A response with no constant of integration can earn at most the first 3 points. 

 A response is eligible for the fourth point only if it has earned the first point and at least 1 of the 2 
antiderivative points. 

 An eligible response earns the fourth point by correctly including the constant of integration in an 
equation and substituting 0 for t and 4 for H . 

 A response is eligible for the fifth point only if it has earned the first 4 points. 

 A response earns the fifth point only for an answer of H   1 2 t  sin   3e t ,� or a mathematically 

equivalent expression for H t  such as  H  t   1  e sin t ,�2 ln 3 .  

 A response does not need to argue that ,�H  1  H  1 in order to earn the fifth point.  

 Special case: A response that presents an incorrect separation of variables of 
1 dH  co t  s dt2 H  1 2   does not earn the first point or the fifth point but is eligible for the 2 

antiderivative points. If the response earns at least 1 of the 2 antiderivative points, then the response 
is eligible for the fourth point.  

 

 

 Total for part (c) 5 points 

 
 

Total for question 3 9 points 
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AP® Calculus AB/BC 2024 Scoring Commentary 

Question 3 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question students were told that the depth of sea water, in feet, could be modeled by the function H which 

satisfies the differential equation dH 1 t �H � 1�cosdt 2 2 , where t is measured in hours after noon. Furthermore, 

H �0 �  4, and so at noon the depth of the seawater is 4 feet. 

In part (a) students were given a slope field for the differential equation and asked to sketch the solution curve 
through the point �0, 4 �. A correct response will draw a curve that passes through the point �0, 4 � , follows the 
indicated slope segments, and extends to at least t  4.5. 

In part (b) students were told that H t� � ! 1 and asked to find the value of t in 0 � t 5�  at  which H has a critical 
point. Then the students were asked to determine whether this critical point is the location of a relative minimum, a 
relative maximum, or neith

�,�
er a relative minimum nor a relative maximum of the seawater depth. A correct response 

would first determine that dH  0dt t  S 
 and therefore the critical point in 0 � �t 5  occurs when t  S . Because 

dH 
dt 

changes from positive to negative at t  S , this critical point is the location of a relative maximum value of 

H . 

In part (c) students were asked to use the separation of variables technique to find an expression for the particular 

solution to the differential equation dH 1 t �H � 1�cos� �dt 2 2 with initial condition H �0 �  4. A correct response 

will separate the variables H and t, integrate, use the initial condition to find the value of the constant of 
integration, and arrive at a solution of H t� �  1 3� e sin�t ,�2�. 

Sample: 3A 
Score: 9 

The response earned 9 points: 1 point in part (a), 3 points in part (b), and 5 points in part (c). 

In part (a) the response earned the point with a correct sketch of H . 

In part (b) the response earned the first point with dH  0dt . The response earned the second point by identifying 

S in line 5. The response earned the third point with the statement “the point is a relative maximum because H c 
changes from positive to negative at t  S . ” 

In part (c) the response earned the first point with an acceptable separation of variables in line 2. The second and 
third points are earned with correct antiderivatives in line 5. The fourth point is earned with the constant of 
integration appearing in line 5 and the initial condition being used correctly in line 6. The fifth point is earned with a 
mathematically equivalent expression for H t� � in line 10. 

�
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AP® Calculus AB/BC 2024 Scoring Commentary 

Question 3 (continued) 

Sample: 3B 
Score: 5 

The response earned 5 points: 1 point in part (a), 1 point in part (b), and 3 points in part (c). 

In part (a) the response earned the point with a correct sketch of H . 

In part (b) the response earned the first point with the equation � �1 t0  � H � 1�cos2 2  in line 1 on the right. The 

second and third points were not earned. 

In part (c) the response earned the first point with a correct separation of variables in line 2. The second point was 
earned with a correct antiderivative on the left side of the equation in line 4. The third point was not earned because 
the antiderivative on the right side of the equation in line 4 is incorrect. The response is eligible for the fourth point. 
The fourth point was earned with the constant of integration appearing in line 4 and the initial condition used 
correctly in line 5. The response is not eligible for the fifth point. 

Sample: 3C 
Score: 3 

The response earned 3 points: 1 point in part (a), no points in part (b), and 2 points in part (c). 

In part (a) the response earned the point with a correct sketch of H . 

In part (b) the first point was not earned because the response does not consider the sign of dH
dt . The second 

point was not earned because t  S is not identified. The response is not eligible for the third point. 

In part (c) the response earned the first point with an acceptable separation of variables in line 2. The second point 
was earned with a correct antiderivative on the left side of the equation in line 6. The third point was not earned 

because there is not a correct antiderivative for 1 tcos� �2 2 . The fourth point was not earned because the initial 

condition is not used correctly: 0 is substituted for H instead of 4. The response is not eligible for the fifth point. 

© 2024 College Board. 
Visit College Board on the web: collegeboard.org. 
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AP® Calculus AB/BC 2024 Scoring Guidelines  
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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
14 442 2g f t dt .== . =∫  ( )4g  1 point 

 ( ) ( )
6

0 2 4 2 1
2 2 116 3g f t dt= . . – . .= =∫  ( )6g  1 point 

  

AP® Calculus AB/BC 2024 Scoring Guidelines

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.

The graph of the differentiable function f, shown for -6 ≤ x ≤ 7, has a horizontal tangent at x = -2 and is 
linear for 0 ≤ x ≤ 7. Let R be the region in the second quadrant bounded by the graph of f, the vertical line 
x = -6, and the x- and y -axes. Region R has area 12.

Model Solution Scoring

(a) The function g is defined by g (x) = x
∫ f (t) dt. Find the values of g (-6), g (4), and g (6).

- - g( 6 0-6) = L f(t) dt = f 0 Af(t) dt =-12
*0 J-6

g(-6) 1 point

„ , 4 4 „ z , . 1 _g (4 )= L f (t) dt = 2.4 • 2 = 4
*0 2

g(4) 1 point

g(6)= f6 f (t) dt = 1 • 4 • 2 - 1 • 2 • 1 = 3 
*0 2 2

g(6) 1 point

© 2024 College Board
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 Scoring notes: 

• 

( )
6

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 

  

AP® Calculus AB/BC 2024 Scoring Guidelines

Scoring notes:

• Supporting work is not required for any of these values. However, any supporting work that is 
shown must be correct to earn the corresponding point.

• Special case: A response that explicitly presents (
x

g x) = f f ( t ) dt
- -6

 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: f f (t) dt = 0, f4f(t)dt=16, f6 f(t)dt=15
—6 —6 —6

• Labeled values may be presented in any order. Unlabeled values are read from left to right and 
from top to bottom as g(-6), g(4), and g(6), respectively. A response that presents only 1 or 2 
values must label them to earn any points.

Total for part (a) 3 points

(b) For the function g defined in part (a), find all values of x in the interval 0 < x < 6 at which the graph 
of g has a critical point. Give a reason for your answer.

g'(x) = f (x) Fundamental
Theorem of Calculus

1 point

g'(x) = f (x) = 0   x = 4

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

Answer with reason 1 point

Scoring notes:

• The first point is earned for explicitly making the connection g ' = f in this part.

o A response that writes g'' = f' earns the first point but can only earn the second point by 
reasoning from f = 0.

• A response that does not earn the first point is eligible to earn the second point with an implied 
application of the FTC (e.g., “Because g'(4) = 0, x = 4 is a critical point”).

• A response that reports any additional critical points in 0 < x < 6 does not earn the second point.

o Any presented critical point outside the interval 0 < x < 6 will not affect scoring. 

Total for part (b) 2 points

© 2024 College Board
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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 .2h 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 2h x f' '= = –

( ) ( )6 0.h x f'' ''= =  

 Total for part (c) 4 points 

 Total for question 4 9 points 
 

AP® Calculus AB/BC 2024 Scoring Guidelines

(c) The function h is defined by h(x) = j 6f'(t) dt. Find the values of h(6), h'(6), and h''(6). Show

the work that leads to your answers.

6 6
h(6) = j f'(t) dt = f (6) - f (-6) = -1 - 0.5 = -1.5 J-6

Uses Fundamental
Theorem of Calculus

1 point

h(6) with supporting 
work

1 point

h'( x) = f'(x), so h'( 6) = f'(6) = - 2. ^'(6) 1 point

h''( x) = f''(x), so h''( 6) = f''(6) = 0. ^'(6) 1 point

Scoring notes:

• Labeled values may be presented in any order.

• Unlabeled values are read from left to right and from top to bottom as h(6), h'(6), and h''(6),
respectively. A response that presents only 1 or 2 values must label them in order to earn any 
points.

• A response of h(6) = -1.5 does not earn either of the first 2 points. A response of 
h(6) = f (6) - f (-6) earns the first point but not yet the second point.

• A response of h(6) = -1– 0.5 is the minimum work required to earn both of the first 2 points.

• To earn the third point a response must state either h'(x) = f'(x) or h'(6) = f'(6), and provide�

an answer of 1  - y.

• The fourth point is eaned for a response of h''(6) = 0, with or without supporting work.

• A response that has one or more linkage errors does not earn the first point it would have otherwise 
earned. For example, h'(x) = f'(6) = -2 does not earn the third point but is eligible for the fourth 

point even in the presence of another linkage error, such as h''(x) = f''(6) = 0.

Total for part (c) 4 points

Total for question 4 9 points

© 2024 College Board
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Question 4 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question the graph of a differentiable function f ,  for �6 d x d 7,  and the shaded region R  in the second 
quadrant bounded by the graph of f ,  the vertical line x  �6  and the x - and�y -axes are shown. Students are told 
that f  has a horizontal tangent at x  �2  and is linear for 0 d x 7.  Students are also told that region R  has area 
12.  

d

In part (a) the function ³
x

g�x�  f �t � dt
0

,  is defined and students are asked to find the values g��6 ,�  g�4� ,  and 

g�6�.  A correct response would recognize that �³
�6

g��  6� f �t � dt  ��area of R�  12
0

0

.  In addition, 

³
4

g�4�  f �t � dt  is the area of a triangle of base 4  and height 2,  so g�4�  4

 

.  Finally, 

³
6

g�6 4�  g� � � f �t � dt
4

,  where  is the area of a triangle with base 2  and height �1.�Thus, g�6�  4 1 3�  .�

Throughout this part of the problem, students are asked to demonstrate knowledge of the properties of definite 
integrals. 

In part (b) students are asked to find all values of x  in the interval 0 d x 6d  at which the graph of g  has a critical 
point. A correct response would recognize that by the Fundamental Theorem of Calculus, the derivative of the 
function g  is the function f ( gc  f ), and therefore the critical points of g  occur where f �x�  0  or where 
f �x�  is undefined. Because f �x�  is differentiable, f � �x  is defined for all x  in the interval >0,6@.  Therefore, 
f �x�  0 � x 4 .  Thus, the only critical point in this interval occurs at x  4.  

In part (c) a third function, h,  is defined as ³
x

h�x�  f c�t � dt
�6

,  and students are asked to evaluate this function and 

its first two derivatives at x  6.  A correct response will use the Fundamental Theorem of Calculus and the given 

graph of f  to find that ³
6

h�6�  f c�t � dt  f �6� � f ��  6� �1.5
�6

.  Applying the Fundamental Theorem of 

Calculus again, a correct response would indicate that h xc� �  f � �xc  and use the fact that f  is linear for 
0 d x 7d  to find that hc�6�  � �f c 6  equals the slope of f  at x  6.  Finally, a correct response would report that 
hcc�6�  f cc�6�  0  because f  is linear for 0 d x 7d .  

Sample: 4A 
Score: 9 

The response earned 9 points: 3 points in part (a), 2 points in part (b), and 4 points in part (c). 

In part (a) the response earned the first point on the first line with the conclusion g ��  6� 12� .  The response 
earned the second point on the second line with the conclusion g�4�  4. The response then earned the third 
point on the third line with the conclusion g�6�  3.  Although supporting work was not required to earn any of 
these three points, any supporting work presented must be correct. The response has all correct corresponding 
work with the presentation of integrals on each of the three lines. 

In part (b) the response earned the first point on the first two lines with the explicit application of the Fundamental 
Theorem of Calculus (FTC), with correct supporting work, resulting with the conclusion that gc�x�  f � �x .  The 
response earned the second point on the last three lines with the conclusion that “ g  has a critical point at x  4   
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Question 4 (continued) 

because gc� �x ,  the slope of g x� � ,  equals 0  at x  4. ” The response continues correctly to refer to the fact that 
gc�x�  f �x�  by the FTC. 

In part (c) the response earned the first point on the second line with the intermediate step indicating that 
h f�6�  �6� � � 6�f � .  The response earned the second point by correctly linking the above work with the 
numerical value � �1 0.5  �1.5.  Note that the expression � �1 0.5  appropriately linked to h�6�  would have 
earned both the first two points. The response earned the third point on the third line with the conclusion on the 

penultimate line that � � 1hc 6  � 2  with the supporting work on the line above indicating that h xc� �  f � �xc .  The 

response earned the fourth point on the last line with the conclusion hcc�6�  0  .

Sample: 4B 
Score: 6 

The response earned 6 points: 2 points in part (a), 2 points in part (b), and 2 points in part (c). 

In part (a) the response did not earn the first point as the answer presented for g ��6�  at the end of the first line is 
12,  which is incorrect. The response would have earned the second and third points with the 4  and 3,  presented 
at the ends of lines two and three, unsupported. Because support is presented, that support must be correct to earn 
each point. The supporting work on lines two and three is correct, thus the second and third points were earned. 

In part (b) the response earned the first point with the equation on the second line. This is then reinforced on the 
third line with the indication that gc  is 0  where f  is 0.  Note that although there is a difference between the 
independent variables presented with the above functions, this point is earned for correctly identifying the 
relationship between g  and f  via the FTC, as this response has done. The response earned the second point with 
the conclusion on the last two lines that “ g�x�  has a critical point at x  4 ” and the supporting reason that gc  is 
0  at x  4  .  

In part (c) the response did not earn the first point as the presentation on the first line that h�6�  is f c�6� � � �6f c �  is 
incorrect. The response did not earn the second point as the value presented for h�6�  is incorrect. The response 

earned the third point on the penultimate line with the conclusion that 1h fc c�6 6�  � �  � 2 .  Note here that the 

intermediate step 6hc�6�  � �f c  is necessary to earn the third point. It would have also sufficed to present 
h xc� �  f � �xc  to justify a correct evaluation of hc�6�.  The response earned the fourth point with the correct 
conclusion that hcc�6�  is 0.  

Sample: 4C 
Score: 3 

The response earned 3 points: 1 point in part (a), no points in part (b), and 2 points in part (c). 

In part (a) the response did not earn the first point as the first statement that ³
�6
f t� �  12

0
 is not true. Note that as 

this response does not label the three answers, it is assumed that they are in the order presented in the question. 

The response earned the second point on the second line with the statement ³
4
f t� �  4

0
.  The response did not 

earn the third point as the answer of 5  presented is not correct. 
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Question 4 (continued) 

In part (b) the response did not earn the first point as no connection is presented between functions f  and g  via 
the FTC. Although the response presents the correct location of x  4  for a critical point, the reasoning is that 
“Critical points match inflections when taking derivative equation.” is not correct. 

In part (c) the response earned the first point on the second line in the work on the left, as the presented expression 
6f �6� � � �f �  provides evidence for the use of the FTC in evaluating h�6�.  The response would have earned the 

second point on the third line on the left with the expression � �1 .5  without simplification. The simplification is 
correct, and the point was earned on the last line. The response did not earn the third point as the answer presented 
for hc�6�  is incorrect. The response did not earn the fourth point as no answer is presented for hcc�6�  .
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Part B (BC): 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. 
 

x 0  2
f x 5 6 0

f x f 0  0. f , f ,
x.  

 

 Model Solution Scoring 

(a) x  0, h .h 
x

x   1   f t 2 dt
0

h .

 

 h x  1   f  x2  Fundamental 
Theorem of Calculus 

1 point 

 h   1   f  2  1  62  37  Answer 1 point 

 Scoring notes: 

 1   f  2

 1  62

 h x  1   f  x2  37,
 

 h x h 




h   d x  1   f t 2 dtdx 0
,  

 Total for part (a) 2 points 
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(b) 



1   f x2 dx
0

f ?  

 



1   f x2 dx
0

 is the arc length of the graph of f  on 0,  .  Arc length of f  1 point 

 Interval 0,    1 point 

 Scoring notes: 

 
f .

 f

f

 f

 0,  

 Total for part (b) 2 points 
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(c) ’ x  0 f 2 .
 

 f    f 0   f 0  0  5  5  

 

f 2   f     f    

Euler’s method 1 point 

  5  6  11  Answer 1 point 

 Scoring notes: 

 To earn the first point a response must demonstrate two Euler’s steps, with use of the correct 

expression for dydx ,  and at most one error. If there is an error, the second point is not earned.

 In order to earn the first point, a response that presents a single error in computing the 
approximation of f    must import the incorrect value in computing the approximation of 

.  f 2 

 
dy dyx y  x (or   )dx dx

0 0 5  
 5 6
2 11

o 

 Both points are earned for 5  6 .  

 The response may report the final answer as 2 , 11 .  

 Total for part (c) 2 points 
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(d)   5cos  t t  4  dt
.  

 

 
tu  t  5 dv  cos 4  dt  
tdu  dt v  4sin 4

u  and dv  1 point 

    5cos t  t  4t 5 t t t d  sin  
     4sin4   dt4  4

uv  v du  1 point 

    t4 5 t t  sin  16cos  C  4 4
Answer 1 point 

 Scoring notes: 
 u dv

t4 5sin   4sin4  tt    4  dt

 

t  5 tcos 4 .
t4 5sin   4sin4  tt    4  dt

 
t4 5sin   16cos4  tt   4   C t4 sin   20sin  t  16cos4 4  tt   4   C

  
  

    t t  5 cos
 4   tdt  t cos t  dt   5cos   dt   

 4  4

tu  t dv  cos 4  dt
tdu  dt v  4sin  4 

  

t t t t t t cos   dt   5cos   dt  4t sin     4sin dt cos dt4 4 4  4    5
     4   

t4 sin   16cos t  20sin4 4  t t   4   C

o A response can earn the first and second points for correctly applying integration by parts to 
 t t cos 4  dt

.  The tabular method may be used to show integration by parts. The third point is 

earned for the correct answer. 

 Total for part (d) 3 points 

 Total for question 5 9 points 
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Question 5 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question, students were told that the function f  is twice differentiable and that f �0�  0.  A table of selected 
values of x  and f xc� �  was provided. 

In part (a) students were told that for x t 0,  the function h  is defined by ³
x

h�x�  1 � � f c�t ��2 dt  and were 

asked to find the value of hc�S �
0

.  A correct response will use the Fundamental Theorem of Calculus to find 

h xc� �  1 � � f �x��2 ,  then will evaluate this expression at x  S .  c

In part (b) students were asked what information the expression ³
S

1 � � f c�x��2 dx
0

provides about the graph of f .  

A correct response indicates that this is the expression for the arc length of the graph of f on the interval >0, S @.  

In part (c) students were told to use Euler’s method to approximate f �2S � ,  starting at x  0, with two steps of 
equal size. A correct response will use the line tangent to the graph of f  at �0, 0�  to find an approximation for 
f �S � ,  then use the line tangent to the graph of f �S , f � ��S at  to approximate the value of 2f � S �.  

In part (d) students were asked to find ´ tµ�t � 5�cos� 4 � dt¶
.  A correct response will use the technique of integration 

by parts to find an answer of 4
t4�t � 5� � sin � � � 16cos4 � � .  t C�

Sample: 5A 
Score: 9 

The response earned 9 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and 3 points in part (d). 

In part (a) the response earned the first point with the correct application of the Fundamental Theorem of Calculus 
in line 1 on the right. The response would have earned the second point with the expression 1 � �6�2 .  In this 
case, the response correctly simplifies to the expression 37  at the end of line 2 and earned the second point. 

In part (b) the response earned the first point with the phrase “arc length of . ” The response earned the 
second point with the interval “from 

f �x�
x  0  to x  S ” in line 2. 

In part (c) the response earned the first point with two correct Euler’s steps in the table. The response earned the 
second point with the boxed answer f �2S � | 11 .   S

In part (d) the response earned the first point with the correct identification of u  and dv  in line 2. The response 
earned the second point with the correct application of integration by parts on the right side of line 1. The response 
earned the third point with the boxed answer. 
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Question 5 (continued) 

Sample: 5B 
Score: 6 

The response earned 6 points: 2 points in part (a), no points in part (b), 2 points in part (c), and 2 points in part (d). 

In part (a) the response earned the first point with the correct application of the Fundamental Theorem of Calculus 
in line 1. The response earned the second point with the boxed solution 37  at the end of line 3. 

In part (b) the response did not earn the first point with the phrase “Accumulates” because this phrase does not 
reference arc length. The response did not earn the second point because the second point cannot be earned 
without a connection to arc length. 

In part (c) the response earned the first point with two correct Euler’s steps in the table. The response earned the 
second point with the boxed answer of 11S .   

In part (d) the response earned the first point with the table on the right which begins with the columns t � 5  and 
tcos� 4 �.  The response earned the second point with the correct application of integration by parts on the left in line 

2. The response did not earn the third point because the boxed answer does not include a constant of integration. 

Sample: 5C 
Score: 4 

The response earned 4 points: 2 points in part (a), no points in part (b), 2 points in part (c), and no points in part 
(d). 

In part (a) the response earned the first point with the correct application of the Fundamental Theorem of Calculus 
in line 2. The response would have earned the second point with the expression 1 6� � �2  in line 4. In this case, 
the response correctly simplifies to the solution 37  at the end of line 4 and earned the second point. 

In part (b) the response did not earn the first point with the phrase “the sum of the change in the function” because 
this phrase does not reference arc length. The response did not earn the second point because the second point 
cannot be earned without a connection to arc length. 

In part (c) the response earned the first point with two correct Euler’s steps in line 4 and line 9. The response 
earned the second point with the answer of y2  11S  �2 �f S  in line 10. 

In part (d) the response did not earn the first point with the incorrect identification of dv  in line 3. The response did 
not earn the second point because the response applies integration by parts with the incorrect function for v  in line 
4. The response did not earn the third point because the integration is not complete. 
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Part B (BC): 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  
2

1

1 
6

n

n
n

n x
n

  f  x x

f 6.  

 

 Model Solution Scoring 

(a) f x  6
 

 
At x  6,  the series is  

2 2
1 1

1 6 1.
6

n

n
n n

n n
n n 

     Considers  
2
1 6
6

n

n
n
n
  

1 point 

 
Because 2

1 1n
nn

   for all 1n   and the harmonic series 
1

1
n n




diverges, the series 2
1

1
n

n
n

   diverges by the comparison test. 

Answer with reason 1 point 
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 Scoring notes: 

 
 

2
1 6
6

n

n
n
n
 . 2

1n
n
 ,

 

2
1n

n


o 2
1 1n

nn
  ,

o 

 

x  6,  
2 2

1 1

1 6 1.
6

n

n
n n

n n
n n 

   

Because 
n

22

2

1

lim lim 11 n

n
n nn
n

n
  


 

1

1
n n


  diverges, t

2
1

1
n

n
n

 

o 

1.
o 

 Total for part (a) 2 points 
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(b) 
      2 2

1 1

1 3 1 13   26

n n

n
n n

n nf
n n 

       

3
125
144S   .   3

13 .50f S    

 
        2 2

1 1

1 3 1 13 26

n n

n
n n

n nf
n n 

   
      is an alternating 

series with terms that decrease in magnitude to 0.  
 

By the alternating series error bound,  3

2
1

1 1 125
2 144

n

n

n
n

     

approximates f 3  with error of at most 

 42
4 1 1 5 5 1 .2 256 250 504
      

Thus,   3
13 .50f S    

Uses fourth term 1 point 

 Verification 1 point 

 Scoring notes: 

 x  3
3x  

  42
4 1 1

24
  5

256

  42
4 1 1

24
 

  3f 

o Error  4

2
4 1 1 1

2 504
  

 5
256

 Total for part (b) 2 points 
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(c) f , f .
f .  

 The general term of the Maclaurin series for f   is

   1 1

2
1 1 .

6 6

n n

n n
n n x n x

n n

  



 

General term 1 point 

 Because the radius of convergence of the Maclaurin series for f  
is 6,  the radius of convergence of the Maclaurin series for f   is 
also 6.  

Radius 1 point 

 Scoring notes: 

   1

2
1

6

n

n
n n x

n



   1

2
1

6

n

n
n n x

n

 ,

 6.

 

 
 
 

 
 

1

1 2

2
1 6 2lim lim 1 661 1
6

6

n

n

nn n

n

n x
n n n x x
n x n

x

n



  



 
    

 




f  6.

 

   
1 1

1 61 1l 1im 1l 16 66
im

n n
nn

n nn
n x n xnn

x xx




  
         


f  6.

 Total for part (c) 2 points 
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(d) 
    2

2
1

1 .
3

n

n
n

n xg x
n

 
 
g.  

  
 
 

 
   

2 2

2 1 2 2 2

2 2 21

2

2
1 3 2 3
1 11 3
3

n

n n n

n nn

n

n x
n n x n
n x n xn
n



 





 


 



 

Sets up ratio 1 point 

  
 

2 2 2

3
2lim 3 31n

n n x x
n







 
Limit 1 point 

 2
21 3 33

x x x      

The radius of convergence of g  is 3.  

Radius of 
convergence 

1 point 

 Scoring notes: 

 

 
 
 
 

2 2

2 1

2

2

2
1 3
1
3

n

n

n

n

n x
n
n x
n










,   
   

2 2 2

2 21
2 3

11 3

n n

nn
n x n

n xn









,  

 

 

2

2

2 2

2 1

1
3

1 3

n

n

n

n

n x
n
nx

n









,  or   2

2
1
3

n

n
n x
n



 2 1

2 2
1 3n

n
n
nx




 .

 

 

 
 

2

2

2 2

2 1

1
3

2
1 3

n

n

n

n

n x
n

n x
n











,     
 

22 1

2 2 2
1 1 3
3 2

n n

n n
n x n
n n x




 


 ,   

 

2 2

2 1

2

2

1 3
1
3

n

n

n

n

nx
n
n x
n






,

   

2 2 2

2 21
3
11 3

n n

nn
nx n

n xn



 
 .

2
3
x

.

3 1
3

.

 

 3  

 Total for part (d) 3 points 

 Total for question 6 9 points 
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Question 6 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

In this question, students are told that the Maclaurin series for a function f  is given by � �
2

1

1
6

n

n
n

n
n 

f �¦ x .  Furthermore, 

the series converges to f �x�  for all x  in the interval of convergence and the radius of that interval of convergence 
is 6.  

In part (a) the students are asked to determine whether the Maclaurin series for f  converges or diverges at x  6  

and to give a reason for their answer. A correct response will determine that at x  6,  the series is � �
2

1

1

n

n
n 

f �¦  and 

that for all n t 1,  the terms of this series are larger than the terms of the divergent harmonic series. Therefore, this 
series diverges by the comparison test. 

In part (b) students are told that � � � � � �2
1

1 13 2

n

n

nf
n 

f
�

�
�  �¦  and that the first three terms of this series sum to 

3
125
144S  � .  Students are asked to show that � � 3

13 50f S� � � .  A correct response will observe that the series for 

f ��3�  is alternating with terms that decrease in magnitude to 0.  Therefore, by the alternating series error bound, 

3S  approximates � �3f �  with an error that is no more than the value of the fourth term of the series. The fourth term 

is � �42
4 1 1 5

2 2564
�  � � ,  which is less than 1

50 . 

In part (c) students are asked to find the general term of the Maclaurin series for f c  and to find the radius of 
convergence of the Maclaurin series for f c.  A correct response will differentiate the general term of the Maclaurin 

series for f  to find a general term of � � 11
6

n

n
n x
n

��

�
 and will note that the radius of convergence of the Maclaurin 

series for f c  must be 6,  because this is the radius of convergence of the Maclaurin series of f .  

In part (d) students are given a new Maclaurin series, � � � � 2

2
1

1
3

n

n
n

ng x
n 

f �
 ¦ x ,  and asked to use the ratio test to 

determine the radius of convergence. A correct response will set up a ratio of consecutive terms, 1n

n

a
a
� ,  find the 

limit of the absolute value of that ratio as n o f,  and determine for what values of x  the limit is less than 1.  
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Question 6 (continued) 

Sample: 6A 
Score: 9 

The response earned 9 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and 3 points in part (d). 

In part (a) the response earned the first point in the first line for the term � �
2

1  6
 6

n

n
n
n
� .  The response earned the 

second point in the second, third, and fourth lines by correctly evaluating the limit of the ratio of our series with 
the harmonic series, stating that the “harmonic series diverges”, and concluding that our series diverges. 

In part (b) the response earned the first point in the second line for the term � �45
16 2� 1 .  The response earned the 

second point by stating “ � �3f �  is an alternating series” and presenting the inequality � �45 1 1Error 16 2 50d � .  �

In part (c) the response earned the first point in the first line for the correct general term of the derivative 
� � 1

2
1  
 6

n

n
n n x

n

�� .  The response earned the second point in the second and fourth lines for the limit of the ratio with 

absolute values, correct evaluation, and the answer. 

In part (d) the response earned the first point in the first line for the term � �
� � � �

2 2 2

2 1
2   3

1  1  3

n n

nn
n x n

nn

�

�

�
�

�� 2x
.  The response 

earned the second point in the first line by correctly evaluating the limit with the term 
2

3
x .  The response earned the 

third point for the correct answer of 3  with correct supporting work. 

Sample: 6B 
Score: 6 

The response earned 6 points: 1 point in part (a), 1 point in part (b), 2 points in part (c), and 2 points in part (d). 

In part (a) the response earned the first point in the second line on the left for the term � �
2
1 6
6

n

n
n
n
� .  The response 

did not earn the second point because the response did not reference that the series 
1

1
n n 

f
¦  diverges and instead 

only referenced the term 1
n .  

In part (b) the response earned the first point in the second line on the right for the term � �42
4 1 1

24
� � .  The 

response did not earn the second point since the response did not reference alternating series or alternating series 
error bound. 
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Question 6 (continued) 

In part (c) the response earned the first point in the second line for the term � � 1
2

1
6

n
n

n nx
n

��
� .  The response earned 

the second point for a correct application of the ratio test together with the correct answer. 

In part (d) the response earned the first point in the third line for the term 
� �� � � �� �

� � � �� �
2 1 2

2 21

1 1  3
11  3

n n

nn

n x n
nn

�

�

� �
�

�� x
.  

The response did not earn the second point because in the fourth line there is a missing 13n�  in the denominator. The 
response earned the third point for a correct radius of convergence with correct supporting work. 

Sample: 6C 
Score: 3 

The response earned 3 points: 1 point in part (a), no points in part (b), no points in part (c), and 2 points in part 
(d). 

In part (a) the response earned the first point in the first line for the term � �
2

1  6
 6

n

n
n
n
� .  The response did not earn the 

second point because the response presented an inequality that compares series instead of terms of series. 

In part (b) the response did not earn the first point because the response did not correctly use the fourth term of 
the series. The response did not earn the second point because the response did not reference alternating series. 

In part (c) the response did not earn the first point because the presented derivative is incorrect. The response did 
not earn the second point because the response did not present a radius of convergence. 

In part (d) the response earned the first point in the first line for the term � �
� � � �

2 2 2

2 1
2   3

1  1  3

n n

nn
n x n

nn

�

�

� �
�

�� x2 .  The response 

earned the second point in the second line for the correct evaluation of the limit as 
2

3
x .  The response did not earn 

the third point because the response presented an imaginary number 3�  in the third line. 


