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*UDVV�FOLSSLQJV�DUH�SODFHG�LQ�D�ELQ��ZKHUH�WKH\�GHFRPSRVH��)RU� � d dW ��� �WKH�DPRXQW�RI�JUDVV�FOLSSLQJV�
UHPDLQLQJ�LQ�WKH�ELQ�LV�PRGHOHG�E\� $�W �  ������������W � �ZKHUH� $�W� �LV�PHDVXUHG�LQ�SRXQGV�DQG� W� LV�PHDVXUHG�
LQ�GD\V��

�D����)LQG�WKH�DYHUDJH�UDWH�RI�FKDQJH�RI� $�W � �RYHU�WKH�LQWHUYDO� � d dW ��� �,QGLFDWH�XQLWV�RI�PHDVXUH��

�E��� )LQG�WKH�YDOXH�RI� $c����� �8VLQJ�FRUUHFW�XQLWV��LQWHUSUHW�WKH�PHDQLQJ�RI�WKH�YDOXH�LQ�WKH�FRQWH[W�RI�WKH�
SUREOHP��

�F����)LQG�WKH�WLPH� W� IRU�ZKLFK�WKH�DPRXQW�RI�JUDVV�FOLSSLQJV�LQ�WKH�ELQ�LV�HTXDO�WR�WKH�DYHUDJH�DPRXQW�RI�JUDVV�
FOLSSLQJV�LQ�WKH�ELQ�RYHU�WKH�LQWHUYDO� � d dW ��� �

�G��� )RU� W ! ��� � / W� � � �WKH�OLQHDU�DSSUR[LPDWLRQ�WR�$� DW� W  ��� �LV�D�EHWWHU�PRGHO�IRU�WKH�DPRXQW�RI�JUDVV�
FOLSSLQJV�UHPDLQLQJ�LQ�WKH�ELQ��8VH� / W� � �WR�SUHGLFW�WKH�WLPH�DW�ZKLFK�WKHUH�ZLOO�EH�����SRXQG�RI�JUDVV�
FOLSSLQJV�UHPDLQLQJ�LQ�WKH�ELQ��6KRZ�WKH�ZRUN�WKDW�OHDGV�WR�\RXU�DQVZHU��
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Question 1 
 
Overview 
�
,Q�WKLV�SUREOHP�VWXGHQWV�ZHUH�JLYHQ� $�W �� �D�PRGHO�IRU�WKH�DPRXQW�RI�JUDVV�FOLSSLQJV��LQ�SRXQGV��FRQWDLQHG�LQ�D�
ELQ�DW�WLPH� W� GD\V�IRU� � d dW ��� �,Q�SDUW��D��VWXGHQWV�ZHUH�DVNHG�WR�VKRZ�WKH�FDOFXODWLRQ�RI�WKH�DYHUDJH�UDWH�RI�
FKDQJH�RI� $�W � �RYHU�WKH�LQWHUYDO� � d dW �� �DQG�VSHFLI\�WKH�XQLWV�RI�WKH�UHVXOW�±�SRXQGV�SHU�GD\��,Q�SDUW��E��
VWXGHQWV�ZHUH�DVNHG�WR�FDOFXODWH�WKH�GHULYDWLYH�RI� $�W � �DW� W  ��� �HLWKHU�E\�XVLQJ�WKH�FDOFXODWRU�RU�E\�DSSO\LQJ�
EDVLF�GHULYDWLYH�IRUPXODV�WR� $�W � �WR�REWDLQ� $ Wc� � �DQG�WKHQ�HYDOXDWLQJ� $ Wc� � �DW� W  ��� �7KLV�DQVZHU�LV�QHJDWLYH��
7KHUHIRUH��VWXGHQWV�QHHGHG�WR�LQWHUSUHW�WKH�DEVROXWH�YDOXH�RI�WKLV�DQVZHU�DV�WKH�UDWH�DW�ZKLFK�WKH�DPRXQW�RI�JUDVV�
FOLSSLQJV�LQ�WKH�ELQ�LV�GHFUHDVLQJ��LQ�SRXQGV�SHU�GD\��DW�WLPH� W  �� �GD\V��,Q�SDUW��F��VWXGHQWV�ZHUH�JLYHQ�WZR�
WDVNV��)LUVW��VWXGHQWV�QHHGHG�WR�VHW�XS�DQG�HYDOXDWH�WKH�LQWHJUDO�H[SUHVVLRQ�IRU�WKH�DYHUDJH�YDOXH�RI� $�W � �RYHU�WKH�

LQWHUYDO� � d dW ��� �QDPHO\� �
��
$�W � GW��� ³� �6HFRQG��VWXGHQWV�QHHGHG�WR�VHW�XS�DQG�VROYH�WKH�HTXDWLRQ�

� � � ��
$ W  $�W � GW�� ³� �IRU� W� LQ�WKH�LQWHUYDO� � d dW ��� �,Q�SDUW��G��VWXGHQWV�QHHGHG�WR�FRPSXWH� $����� � $c����� �

DQG�ZULWH� / W� �  $���� � �$c�����W ���� �6WXGHQWV�ZHUH�WR�WKHQ�VROYH�WKH�HTXDWLRQ� / W� �  ���� �
�
Sample: 1A 
Score: 9 
�
7KH�VWXGHQW�HDUQHG�DOO���SRLQWV��,Q�SDUW��G��WKH�VWXGHQW�HYLGHQWO\�VWRUHG�PRUH�DFFXUDWH�LQWHUPHGLDWH�YDOXHV�LQ�WKH�
FDOFXODWRU�EHFDXVH�WKH�FRUUHFW�DQVZHU�LV�SUHVHQWHG��
 
Sample: 1B 
Score: 6 
�
7KH�VWXGHQW�HDUQHG���SRLQWV����SRLQW�LQ�SDUW��D�����SRLQW�LQ�SDUW��E�����SRLQW�LQ�SDUW��F���DQG���SRLQWV�LQ�SDUW��G���,Q�
SDUW��D��WKH�VWXGHQW¶V�ZRUN�LV�FRUUHFW��,Q�SDUW��E��WKH�VWXGHQW�HDUQHG�WKH�ILUVW�SRLQW�IRU� $c����� �7KH�XQLWV�DUH�
LQFRUUHFW��VR�WKH�LQWHUSUHWDWLRQ�SRLQW�ZDV�QRW�HDUQHG��7KH�VWXGHQW¶V�GHVFULSWLRQ�VHHPV�WR�VXJJHVW�WKDW�WKH�VWXGHQW�
WKLQNV�WKDW� $c���� �LV�D�UDWH�RI�D�UDWH�RU�WKDW� $c���� �VXJJHVWV�WKDW�$� LV�GHFUHDVLQJ�DW�D�QHJDWLYH�UDWH�DW� W  ��� �,Q�

SDUW��F��WKH�VWXGHQW�HDUQHG�WKH�ILUVW�SRLQW�IRU� � ��
$�W � GW��� � � ³� �7KH�VWXGHQW¶V�DQVZHU�LV�QRW�DFFXUDWH�WR�WKUHH�

GHFLPDO�SODFHV��,Q�SDUW��G��WKH�VWXGHQW�HDUQHG�WKH�ILUVW�WZR�SRLQWV�IRU� / W� � �DQG�WKH�SRLQW�IRU�VHWWLQJ� / W� �  ���� �
7KH�VWXGHQW¶V�DQVZHU�LV�QRW�DFFXUDWH�WR�WKUHH�GHFLPDO�SODFHV��



AP® CALCULUS AB/CALCULUS BC 
2014 SCORING COMMENTARY 

 

 

Question 1 (continued) 
�
Sample: 1C 
Score: 3 
�
7KH�VWXGHQW�HDUQHG���SRLQWV����SRLQW�LQ�SDUW��D�����SRLQW�LQ�SDUW��E�����SRLQW�LQ�SDUW��F���DQG�QR�SRLQWV�LQ�SDUW��G���,Q�
SDUW��D��WKH�VWXGHQW¶V�ZRUN�LV�FRUUHFW��,Q�SDUW��E��WKH�VWXGHQW�HDUQHG�WKH�ILUVW�SRLQW�IRU� $c����� �7KH�LQWHUSUHWDWLRQ�
SRLQW�ZDV�QRW�HDUQHG�EHFDXVH�WKH�VWXGHQW¶V�FODLP�WKDW�WKH�JUDVV�FOLSSLQJV�GHFRPSRVH�DW�D�QHJDWLYH�UDWH�LV�LQFRUUHFW��
7KH�JUDVV�FOLSSLQJV�DUH�GHFUHDVLQJ�DW�WKH�UDWH�RI� $c���� �SRXQGV�SHU�GD\�DW� W  ��� �,Q�SDUW��F��WKH�VWXGHQW�HDUQHG�

WKH�ILUVW�SRLQW�IRU� �
��
$�W � GW��� ³� �,Q�SDUW��G��WKH�VWXGHQW�LV�QRW�HOLJLEOH�IRU�WKH�SRLQW�IRU�VHWWLQJ� / W� �  ��� �EHFDXVH�

QHLWKHU�RI�WKH�ILUVW���SRLQWV�ZDV�HDUQHG��
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Question 2 

 

Let R be the region enclosed by the graph of 
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4 3f �x�  x 2.3x 4� �  and 
the horizontal line y  4,  as shown in the figure above. 

(a)   Find the volume of the solid generated when R is rotated about the 
horizontal line y  �2.  

(b)   Region R is the base of a solid. For this solid, each cross section 
perpendicular to the x-axis is an isosceles right triangle with a leg 
in R. Find the volume of the solid. 

(c)   The vertical line x  k  divides R into two regions with equal areas. 
Write, but do not solve, an equation involving integral expressions 
whose solution gives the value k. 

  
    

(a) f �x�  4 �  x 0, 2 3.  
 

2.3
Volume  S �4 2�2 � f �x� 2�2 dx

0
98.868 (or 98.867)

ª º� � �¬ ¼
 
³  

 
 
 
 

 

­ 2 : integrand
°4 : ® 1 : limits
°̄ 1 : answer

 

 

 
(b) 

2.3 1Volume  ´ �4 � f �x��2 dx¶0 2
 3.574 (or 3.573)

 

 
 
 
 

 

3 ^ 2 : integrand
 : 

 1 : answer
 

 

 

(c) 
 

� �� � � �� �
2.3

0
4 4

k

k
f x dx f x dx³ ³�  �  

 

2 ^ 1 : area of one region
 : 

 1 : equation
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Question 2 
 
Overview 
 
In this problem a sketch of the boundary curves of a planar region R in the first quadrant was given. One 
boundary is the graph of 4 3f �x�  x � 2.3x 4,�  and the other boundary is the line y  4.  In part (a) students 
were expected to compute the volume of the solid generated when R is rotated about the horizontal line y  �2,  
using the method of washers. Both the integral setup and evaluation were required. Students needed to find the 
limits of integration and the integrand. The limits of integration are the solutions of f �x�  4. The solutions can 

be found by algebra or using the calculator. By the method of washers, the integrand is S �6 22 � � f �x� � �2 �  

because the outer radius of the washer centered at �x, 0�  is 4 2� 6  and the inner radius of that washer is 
f �x� � 2.  Students were expected to evaluate the resulting integral by using the calculator. In part (b) students 

were expected to find the volume of the solid by integrating A x� �,  the area of the cross section of the solid at 

�x, 0�,  from x  0  to x  2.3.  By geometry, 1A x� �  � ��4 � f �x��22 .  In part (c) students were expected to 

realize that the area inside R to the left of x  k  can be written as ³
k
�4 � f �x�� dx

0
 and the area inside R to the 

right of x  k  can be written as 4 .³
2.3
� � f �x�� dx

k
 Thus, if the vertical line x  k  divides R into two regions 

with equal areas, then ³ ³
k 2.3
�4 �  f �x�� dx �4 .� f �x�� dx

0 k
 

 
Sample: 2A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 2B 
Score: 6 
 
The student earned 6 points: 2 points in part (a), 2 points in part (b), and 2 points in part (c). In part (a) the student 
presents the correct square of the outer radius, but the student does not present the correct square of the inner 
radius. The student earned 1 of the 2 integrand points and the limits point. The student is not eligible for the 
answer point. In part (b) the student has a correct integrand for the cross-sectional area. The volume is not 
calculated correctly. In part (c) the student’s work is correct. 
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Question 2 (continued) 
 
Sample: 2C 
Score: 3 
 
The student earned 3 points: 1 point in part (a), 1 point in part (b), and 1 point in part (c). In part (a) the student 
has neither the square of the outer radius nor the square of the inner radius. The student did not earn any integrand 
points, but the limits point was earned. The student is not eligible for the answer point. In part (b) the student 
attempts to work with the area of a cross section involving an isosceles right triangle. The student presents a 
correct expression for the length of one of the sides of the triangle, but presents an incorrect expression for the 
length of the other side. The student earned 1 of the 2 integrand points and is not eligible for the answer point. In 
part (c) the student has the parameter k as the upper limit in an integral expression for the area of a portion of the 
region R. The student earned the point for the area of one region. Although the student writes an equation, the 
equation is true for any value of k. The student did not earn the equation point. 
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Question 3 
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The function f is defined on the closed interval >�5, 4@.  The graph 
of f consists of three line segments and is shown in the figure above. 

Let g be the function defined by ³
x

g�x�  f �t � dt.
�3

 

(a)   Find g�3 .�  

(b)   On what open intervals contained in 4� �5 x �  is the graph  
of g both increasing and concave down? Give a reason for your 
answer. 

(c)   The function h is defined by .g x� �h x� �  5x  Find hc�3 .�  

(d)   The function p is defined by p x� �  f �x2 � x�.  Find the slope 

of the line tangent to the graph of p at the point where x  �1.  
  
   
 

(a) ³
3

g�3�  f �t � dt  6 � 4 � 1  9
�3

 

 
 

 

1 : answer  
 

 

(b) g xc� �  f �x�  
 
The graph of g is increasing and concave down on the 
intervals 3�5 � x � �  and 0 � x 2� because gc  f  is 
positive and decreasing on these intervals. 
 
 

 

2 ^ 1 : answer
 : 

 1 : reason
 

 

 

(c) � � � � � �
� �

� � � �5xgc cx � �g x 5 5xg x 5g xhc x   
5x 2 225x

 

 

� � � �� � � � � �

� � � �

5 3 g gc 3 � 5 3hc 3  
25·32

15 �2 � 5 9 �75 1   �225 225 3

 

 
 

 

­ 2 : h xc� �3 : ® ̄1 : answer
 

 

 

(d) pc�x�  f xc� 2 � �x��2 1x �  
 
pc��1�  f c�2���3 2�  �� ���3 6�   

 

 

­ 2 : p xc� �3 : ® ̄1 : answer
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Question 3 
 
Overview 
 
In this problem students were given the graph of a piecewise continuous function f defined on the closed interval 
>�5, 4@.  The graph of f consists of line segments whose slopes can be determined precisely. A second function g 

is defined by ³
x

g�x�  f �t � dt.
�3

 In part (a) students must calculate ³
3

g�3�  f �t � dt
�3

 by using a decomposition 

of � �
3

3³ f t dt,
�

 such as ³
3 2 3
f ( )t dt  f ( )t dt � f ( )t dt,

�3 ³ ³�3 2
 and by applying the relationship between the 

definite integral of a continuous function and the area of the region between the graph of that function and the 
x-axis. In part (b) students were expected to apply the Fundamental Theorem of Calculus to conclude that 
gc�x�  f �x�  on the interval >�5, 4@.  Students were to then conclude that gcc�x�  f xc� �  wherever f xc� �  is 
defined on >�5, 4@.  Students needed to explain that the intervals ��5, �3�  and �0, 2�  are the only open intervals 
where both gc�x�  f �x�  is positive and decreasing. In part (c) students were expected to apply the quotient rule 
to find hc�3�  using the result from part (a) and the value gc�3 3�  f � �  from the graph of f. In part (d) students 
were expected to apply the chain rule to find pc��1 .�  This required finding f c�2�  from the graph of f. 
 
Sample: 3A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 3B 
Score: 6 
 
The student earned 6 points: no points in part (a), 1 point in part (b), 3 points in part (c), and 2 points in part (d). 
In part (a) the student reports an incorrect value for g�3 .�  In part (b) the student gives an incomplete answer, but 
the student is eligible for and earned the reason point. In part (c) the student’s work is correct based on the 
imported incorrect value for g�3 .�  In part (d) the student earned both derivative points but reports an incorrect 
value of pc��1 .�  
 
Sample: 3C 
Score: 3 
 
The student earned 3 points: 1 point in part (a), no points in part (b), 2 points in part (c), and no points in part (d). 
In part (a) the student’s work is correct. In part (b) the student provides values outside of the given intervals, so 
the student is not eligible for the reason point. In part (c) the student’s derivative is correct, but the answer is 
incorrect. In part (d) the student presents an incorrect expression for p x� �  near x  �1,  so the student is not 
eligible for any points. 
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Train A runs back and forth on an east-west section of 
railroad track. Train A’s velocity, measured in meters per 
minute, is given by a differentiable function vA � �t ,  where 
time t is measured in minutes. Selected values for v tA � �  
are given in the table above. 

t �minutes�  0 2 5 8 12 

v tA � �  �meters minute� 0 100 40 –120 –150

(a)   
  

  

  

Find the average acceleration of train A over the interval 2 d t 8d .  
(b) Do the data in the table support the conclusion that train A’s velocity is �100  meters per minute at some time t 

with 5 � �t 8 ?  Give a reason for your answer. 

(c) At time t  2,  train A’s position is 300 meters east of the Origin Station, and the train is moving to the east. 
Write an expression involving an integral that gives the position of train A, in meters from the Origin Station, at 
time t  12.  Use a trapezoidal sum with three subintervals indicated by the table to approximate the position of 
the train at time t  12.  

(d) A second train, train B, travels north from the Origin Station. At time t the velocity of train B is given by 
v t� � 5 2

B t  � � 60t 25� ,  and at time t  2  the train is 400 meters north of the station. Find the rate, in meters 
per minute, at which the distance between train A and train B is changing at time t  2.  

   

 
(a) � � � � 28 2 120 100 110  m/min8 2 6average accel 3

A Av v� � �  � 
�  

 

 

 

1 : average acceleration  

(b) vA  is differentiable �  vA  is continuous 
� � � �8 120 100 40 5vv  � � � �   A A

 

2 : � � � � 1 : 
 1 : conclusion, u

8 100 5
sing IVT

A Av v� � �­
®
¯

 

Therefore, by the Intermediate Value Theorem, there is a time t, 
5 � �t 8,  such that vA �t �  �100.  

 

 

 

(c) � � � � � � � �
12 12

2 2
12 2 300A A A As s v t dt v t dt �  �³ ³  

� �
12

2
100 40 40 120 120 1503 3 42 2 2Av t dt � � � �| � � � � �³  

450 �
 

� �12 300 450 150As | �  �  
 

The position of Train A at time t  12  minutes is approximately 150 
meters west of Origin Station. 
 

 

 

 

3 : 
 1 : position expression
 1 : trapezoidal sum
 1 : position at time 12t

­

 

°
®
°̄

(d) Let x be train A’s position, y train B’s position, and z the distance 
between train A and train B. 

2 2 2 2 22 dydz dxx y x ydt dt dtz z �  ��

300, 400 500x y z  �  
� �2 20 120 25 125Bv  � � �  

� �� � � �� �500 300 100 400 125dz
dt  �

80000 160 meters per minute500
dz
dt   

 

 

 

 

3 : 
 2 : implicit differentiation of
      distance relationship
 1 : answer

­
°
®
°̄
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Question 4 
 
Overview 
 
In this problem students were given a table of values of a differentiable function v tA� �,  the velocity of Train A, 
in meters per minute, for selected values of t in the interval 0 d dt 12,  where t is measured in minutes. In part 
(a) students were expected to know that the average acceleration of Train A over the interval 2 d dt 8  is the 
average rate of change of v tA� �  over that interval. The unit of the average acceleration is meters per minute per 
minute. In part (b) students were expected to state clearly that vA  is continuous because it is differentiable, and 
thus the Intermediate Value Theorem implies the existence of a time t between t  5  and t  8  at which 
v tA� �  �100.  In part (c) students were expected to show that the change in position over a time interval is given 
by the definite integral of the velocity over that time interval. If s tA� �  is the position of Train A, in meters, at 

time t minutes, then � � � � � �
12

2
12 2As s v t dt�  ³A A , which implies that � � � �

12
12 300s v t dt � ³  

2A A is the 

position at t  12.  Students approximated � �
12

2 Av t dt³  using a trapezoidal approximation. In part (d) students had 

to determine the relationship between train A’s position, train B’s position, and the distance between the two 
trains. Students needed to put together several pieces of information from different parts of the problem and use 
implicit differentiation to determine the rate at which the distance between the two trains is changing at time 
t  2.  
 
Sample: 4A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 4B 
Score: 6 
 
The student earned 6 points: no points in part (a), 2 points in part (b), 1 point in part (c), and 3 points in part (d). 
In part (a) the student makes an arithmetic mistake in computing the average acceleration. In part (b) the student’s 
work is correct. In part (c) the student earned the point for the position expression, but the trapezoidal sum is 
incorrect. The student is not eligible for the answer point. In part (d) the student’s work is correct. 
 
Sample: 4C 
Score: 3 
 
The student earned 3 points: 1 point in part (a), 1 point in part (b), 1 point in part (c), and no points in part (d). In 
part (a) the student’s work is correct. In part (b) the student encloses �100  within the required interval, but the 
student does not provide a reason. In part (c) the position expression is correct, but the trapezoidal sum is 
incorrect. The student is not eligible for the answer point. In part (d) the student’s work did not earn any points. 
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x  �2 �2 1� x � �  �1 �1 � x � 1  1 1 � x � 3  3 

f �x�  12 Positive 8 Positive 2 Positive 7 

f xc� �  �5  Negative 0 Negative 0 Positive 1  2

g x� �  �1 Negative 0 Positive 3 Positive 1 

g xc� �  2 Positive 3  2 Positive 0 Negative �2  

 

 

The twice-differentiable functions f and g are defined for all real numbers x. Values of f, f c,  g, and gc  for 
various values of x are given in the table above.  

(a)   

  

  

  

Find the x-coordinate of each relative minimum of f on the interval >�2, 3@.  Justify your answers. 

(b) Explain why there must be a value c, for �1 � c � 1,  such that f cc�c�  0.  

(c) The function h is defined by h x� �  ln � f �x��.  Find hc�3�.  Show the computations that lead to your 
answer. 

(d) Evaluate � �� � � �
3

2
f g x g x dx

�
c³ .  c

      

(a) x  1  is the only critical point at which f c  changes 
sign from negative to positive. Therefore, f has a 
relative minimum at x  1.  
 

 

 
1 : answer with justification  

 

(b) f c  is differentiable � f c  is continuous on the 
interval 11 x� d d  

� � � �
� �

1 1 0 0 021 1
f fc c� � �  

� �
 

 

Therefore, by the Mean Value Theorem, there is at 
least one value c, 1 1c� � � ,  such that � � 0f ccc  .  

 

 

 

 

 

� � � � 1 : 1 1 0
2 : 

 1 : explanation, using Mean Value Theorem
f fc c� �  ­

®
¯

(c) � � � � � �1h x f xf x
c c �  

� � � � � �1 1 1 13 3 7 2 143h ff
c c �  �   

 

 

 

 

� � 2 : 
3 : 

 1 : answer
h xc­

®
¯

 

(d) � �� � � � � �� �
3 3

22

x

x
f g x g x dx xf g

 

 ��
ª ºc c  ¬ ¼³

� �� � � �� �
� � � �

3 2
1 1

2 8 6

f g f g
f f

 � �
 � �
 �  �

 

 

 

 

^ 2 : Fundamental Theorem of Calculus
3 : 

 1 : answer
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Question 5 
 
Overview 
 
In this problem students were provided with a table giving values of two twice-differentiable functions f and g at 
various values of x. Part (a) asked students to find the x-coordinate of each relative minimum of f on the given 
interval. Students should have determined that x  1  is a critical point and that f c  changes sign from negative to 
positive at that point. In part (b) students had to explain why there is a value c, for 1 1c� � � ,  such that 

� � 0f ccc  .  Because the function is twice differentiable, f c  is continuous on the interval 1 1x� d d ,  and 
because � � � �1 1 0f fc c � ,  the Mean Value Theorem guarantees that there is at least one value c,  1 1c� � � ,  
such that � � 0f ccc  .  In part (c) students needed to differentiate � �h x  using the chain rule to get 

� � � �1
( )h x ff x

c  � .  Using values from the table, xc � � 13 14hc  .  Part (d) required students to find the 

antiderivative of the integrand to get � �� � � �� �3 2f g f g� .  Using values from the table, the result is �6.  �
 
Sample: 5A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 5B 
Score: 6 
 
The student earned 6 points: no points in part (a), no points in part (b), 3 points in part (c), and 3 points in part (d). 
In part (a) the student provides a seemingly correct justification but gives an incorrect answer. There is not a 
relative minimum at x  0.  In part (b) the student does not communicate that � � � �1 1 0f fc c� � .  The student 
names the Mean Value Theorem but does not connect it to the question asked. The student’s explanation is not 
complete. In parts (c) and (d), the student’s work is correct. 

 

 
Sample: 5C 
Score: 3 

 
 
The student earned 3 points: no points in part (a), no points in part (b), 3 points in part (c), and no points in 
part (d). In part (a) the student refers to “ � �f xc  changes from decreasing to increasing.” To earn the point, the 
student needs to communicate that f c  changes sign from negative to positive. In part (b) the student does not 
communicate that � � � �1 1 0f fc c� �  .  The student names Rolle’s Theorem but does not connect it to the question 
asked. The student’s explanation is not complete. In part (c) the student’s work is correct. In part (d) the student 
evaluates the integrand at the limits of integration without first finding an antiderivative. The student does not 
earn any points for use of the Fundamental Theorem of Calculus; therefore, the student is not eligible for the 
answer point. 
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Consider the differential equation � �3 cosdy ydx  � .  Let x � �y f 

  

  

  

x  be the particular solution to the differential 

equation with the initial condition � �0 1f  .  The function f is defined for all real numbers. 

(a) A portion of the slope field of the differential equation is given below. Sketch the solution curve through the 
point �0, 1�.  

(b) Write an equation for the line tangent to the solution curve in part (a) at the point �0, 1�.  Use the equation to 
approximate f �0.2�.  

(c) Find y  f � �x ,  the particular solution to the differential equation with the initial condition f �0�  1.  

     (a) 

 
 

 

 

1 : solution curve  

(b) 
� � � �, 0, 1

cos 0 22
x y

dy
dx  

   

An equation for the tangent line is 2 1y  � .  x
� � � �2 0.2 1 1.40.2f | �   

 

 

 

 

 

^ 1 : tangent line equation
2 : 

 1 : approximation

(c) � �3 cosdy y xdx  �

cos3
dy x dxy  
�³ ³

ln 3 siny x C� �  �
ln 2 sin 0 ln 2C C�  � �  �
ln 3 sin ln 2y x� �  �

  

Because � �0 1,y   3,y �  so 3 3y y�  �  
sin3 2 xy e� �
sin3 2 xy e� �

 

Note: this solution is valid for all real numbers. 
 

 

 
 

 

 

 1 : separation of variables
 2 : antiderivatives

6 :  1 : constant of integration
 1 : uses initial condition
 1 : solves for y

­
°
°
®
°
°
¯

 

Note:  max 3 6  [1-2-0-0-0] if no 
constant of integration 

Note: 0 6  if no separation of variables 
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Question 6 
 
Overview 
 
This problem presented students with a differential equation and defined � �y f x  to be the particular solution 
to the differential equation passing through a given point. Part (a) presented students with a portion of the slope 
field of the differential equation and asked students to draw a solution curve through the point � �0, 1 .  Part (b) 
asked students to write an equation for the line tangent to the solution curve from part (a) at a given point, and 
then to use this tangent line to approximate � �f x  at a nearby value of x. Students needed to recognize that the 
slope of the tangent line is the value of the derivative given in the differential equation at the given point. 
Part (c) asked for the particular solution to the differential equation that passes through the given point. Students 
were expected to use the method of separation of variables to solve the differential equation. 

 

 

 
Sample: 6A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 6B 
Score: 6 
 
The student earned 6 points: 1 point in part (a), 1 point in part (b), and 4 points in part (c). In part (a) the student’s 

solution curve is correct. In part (b) the student does not show use of dy
dx  to find an equation of the tangent line, 

so the first point was not earned. The student uses a correct tangent line to approximate � �0.2f .  In part (c) the 
student earned the separation of variables point, 1 antiderivative point, the constant of integration point, and the 
initial condition point. The student has an incorrect antiderivative on the left side of the equation, so the student is 
not eligible for the answer point. 
 
Sample: 6C 
Score: 3 
 
The student earned 3 points: 1 point in part (a), 2 points in part (b), and no points in part (c). In part (a) the 
student’s solution curve is correct. In part (b) the student’s work is correct. In part (c) the student’s work did not 
earn any points. 
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