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For 0 d dt 6,  a particle is moving along the x-axis. The particle’s position, x�t � ,  is not explicitly given. 

The velocity of the particle is given by v t� �  2sin �et 4 � � 1.  The acceleration of the particle is given by 

1a t� �  et t4 4cos� �e  and x� �0  22 .  

 

(a) Is the speed of the particle increasing or decreasing at time t  5.5 ?  Give a reason for your answer. 

(b) Find the average velocity of the particle for the time period 0 d t d 6.  
(c) Find the total distance traveled by the particle from time t  0  to t  6.  
(d) For 0 d t 6d ,  the particle changes direction exactly once. Find the position of the particle at that time. 

(a) � �5.5 0.45337,v  �  � �5.5 1.35851a  �  
 
The speed is increasing at time t  5.5,  because velocity and 
acceleration have the same sign.  
 
 
 
 
 

2 : conclusion with reason 
 

(b) 
 

Average velocity � �
6

0
1 1.9496 v t dt  ³  2 : ^ 1 : integral

1 : answer
 

 
 
 
 
 

(c) 
 

Distance � �
6

0
12.573v t dt  ³  

 
 
 
 
 

2 : ^ 1 : integral
1 : answer

 

(d) � � 0v t   when 5.19552.t   Let 5.19552.b   
v t� �  changes sign from positive to negative at time t b .  

� � � �
0

2 14.134x b v t dt �  ³  
or 14.135

 

b

 

3 : 
� �1 : considers 0

 1 : integral
 1 : answer

v t  
°
®
°̄
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Question 1 
 
Overview 
 
This problem presented students with a particle in rectilinear motion during the time interval 0 d t 6d .  The 
position, x t� �,  of the particle is unknown, but velocity and acceleration functions, v t� �  and a t� �,  respectively, 
are provided. Part (a) asked students whether the speed of the particle is increasing or decreasing at time t  5.5.  
Students should have evaluated both the velocity and the acceleration functions at t  5.5;  because v�5.5� � 0  
and a�5.5� � 0,  the particle’s speed is increasing. Part (b) asked for the average velocity of the particle during 

the given time interval. This can be computed as an average value, v�t � dt6 0� ³0
61 ,  and evaluated on a 

calculator. Part (c) asked for the total distance traveled by the particle. The total distance is the value of 

³
6
v�t � dt

0
,  which can be computed directly on the calculator, or by splitting the interval into a segment on which 

v t� � ! 0  and one on which v t� � � 0,  and then appropriately combining the corresponding definite integrals of 
velocity. Part (d) highlighted that the particle changes direction exactly once during the interval, and asked for 
the position of the particle at that time. If they had not already done so, students should have used their 
calculators to find the solution to v t� �  0  with 0 d dt 6.  If the solution is t  A,  the position of the particle at 

that time is then calculated as 
A

x�A�  2 � ³ v�t � dt0
.  

 
Sample: 1A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 1B 
Score: 6 
 
The student 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 parts (a) and (c) the student’s work is correct. In part (b) the student’s work is incorrect. In part (d) the student 
does not write v t� �  0,  so the first point was not earned. The student earned the integral and answer points. 
 
Sample: 1C 
Score: 4  
 
The student earned 4 points: 2 points in part (a), no points in part (b), 1 point in part (c), and 1 point in part (d). 
In part (a) the student’s work is correct. In part (b) the student finds average acceleration, so no points were 
earned. In part (c) the student earned 1 point for the integral. Because the student incorrectly adds 2, the answer 
point was not earned. In part (d) the student’s phrase “velocity, v t� �,  changes sign” earned the first point. The 
student finds the value t  5.196  but does not continue. 
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t 
(minutes) 0 2 5 9 10 

� �H t  
(degrees Celsius)

66 60 52 44 43 
 

As a pot of tea cools, the temperature of the tea is modeled by a differentiable function H for 0 d dt 10,  where 
time t is measured in minutes and temperature H �t �  is measured in degrees Celsius. Values of H � �t  at selected 
values of time t are shown in the table above. 
(a) Use the data in the table to approximate the rate at which the temperature of the tea is changing at time 

t  3.5.  Show the computations that lead to your answer. 

(b) Using correct units, explain the meaning of 1 10
H t� � d10 ³  

0
t in the context of this problem. Use a trapezoidal 

sum with the four subintervals indicated by the table to estimate 1 10
H t� � d10 ³0 t.  

(c) Evaluate ³
10
H tc� � d

0
t.  Using correct units, explain the meaning of the expression in the context of this 

problem. 
(d) At time t  0,  biscuits with temperature 100qC  were removed from an oven. The temperature of the 

biscuits at time t is modeled by a differentiable function B for which it is known that 
B tc� �  �13.84e�0.173t .  Using the given models, at time t  10,  how much cooler are the biscuits than 
the tea? 

(a) � � � � � �53.5 5 2
H HH �c |

�
52 60 2.666 or 2.6673

�  � � degrees Celsius per minute

2

  

 

 

1 : answer 
 

(b) � �
10

0
1

10 H t d³ t  is the average temperature of the tea, in degrees Celsius, 

over the 10 minutes. 
 

� � � �10

0
1 1 66 60 60 52 52 44 44 432 3 4 110 10 2 2 2 2

52.95

H t dt � � �| � � � � � � �

 

³ �

 

 

3 : 
 1 : meaning of expression
 1 : trapezoidal sum
 1 : estimate


°
®
°̄

(c) � � � � � �
10

0
10 0 43 66 23H t dt H Hc  �  �  �³  

The temperature of the tea drops 23 degrees Celsius from time t  0  to  
time 10t   minutes.  
 

 

2 : ^ 1 : value of integral
 1 : meaning of expression

(d) � � � �
0

10 100 34.18275;B B t dtc �  ³   � � � �10 10 8.817H B�   
10

The biscuits are 8.817 degrees Celsius cooler than the tea. 

 

3 : � �
 1 : integrand 
 1 : uses 0 100
 1 : answer

B

°  ®
°̄
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Question 2 
 
Overview 
 
In this problem students were presented with a table giving Celsius temperatures H t� �  of a cooling pot of tea 
during selected times between t  0  and t  10  minutes. Part (a) asked for an approximation for the rate of 
change of the tea’s temperature at time t  3.5.  Students needed to construct a difference quotient using the 
temperature values across the smallest time interval containing t  3.5 that is supported by the table. Part (b) 

asked for an interpretation of 1 10
³ H �t � dt10 0

 and a numeric approximation to this expression using a trapezoidal 

sum with the four intervals indicated by the table. Students should have recognized this expression as providing 
the average temperature of the tea, in degrees Celsius, across the time interval 0 d dt 10  minutes. Part (c) asked 

for an evaluation of and interpretation of 
10
³ H c�t � dt

0
.  Students needed to apply the Fundamental Theorem of 

Calculus and use values from the table to compute H �10� � �0�H .  In part (d) students were told about biscuits 
that were removed from an oven at time t  0.  It is given that the biscuits’ temperature was 100qC  initially, and 
that a function B t� �  modeling the temperature of the biscuits has derivative B tc� �  �13.84e�0.173t .  Students 
were asked how much cooler the biscuits are than the tea at time t  10  minutes. This was answered by taking 
the difference between the tea’s temperature, H �10� ,  as supplied by the table, and the biscuits’ temperature, 

B�10� ,  computed by 
10

B�10�  100 � ³ Bc�t � dt
0

.  

 
Sample: 2A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 2B 
Score: 6 
 
The student earned 6 points: 1 point in part (a), no points in part (b), 2 points in part (c), and 3 points in part (d). 
In parts (a), (c), and (d) the student’s work is correct. Units are not required in part (a) but are required in part (c). 
In part (b) the student’s explanation is inadequate. The student appears to be using the Trapezoidal Rule rather 
than a general trapezoidal sum. 
 
Sample: 2C 
Score: 4 
 
The student earned 4 points: 1 point in part (a), 2 points in part (b), no points in part (c), and 1 point in part (d). 
In part (a) the student’s work is correct. In part (b) the student refers to “the average rate of change in 
temperature” rather than the average temperature. The student presents a correct trapezoidal sum and estimate, so 
the second and third points were earned in part (b). In part (c) the student’s value is incorrect and the explanation 
contains no reference to the time interval. In part (d) the student’s integral earned the first point. 
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Let R be the region in the first quadrant enclosed by the graphs of f � �x  8 3   x
and g x� �  sin �S x� ,  as shown in the figure above. 

(a)   Write an equation for the line tangent to the graph of f at 1
2x  .  

(b)   Find the area of R. 

(c)   Write, but do not evaluate, an integral expression for the volume of the solid 
 generated when R is rotated about the horizontal line y  1. 

 

(a) � �1 12f    

� � 224 ,f x xc   so � �1 62f c   

 

An equation for the tangent line is � �11 6 2y x � � .  

 
 
 
 

2 : � �1 1 : 2
 1 : answer

f c°
®
°̄

 

 

(b) Area � � � �� �
1 2

0
g x f x dx �³  

� ��1 2

0
3sin 8x x dxS �³ �

� �
1 2

4

0

1 cos 2
x

x
x xSS

 

 

ª � �«¬
1 1
8 S � �

º
»¼

 
 
 
 

 

4 : 
 1 : integrand
 2 : antiderivative
 1 : answer


°
®
°̄

 

 

(c) � �� � � �� ��1 2

0
2 21 1f x g x dxS � � �³ �

� � � �� �� �1 2
23

0

2
1 8 1 sinx x dxS � � �µ́

¶
S

 

 

 

3 : ^ 1 : limits and constant
 2 : integrand
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Question 3 
 
Overview 
 
This problem involved the graphs of functions � � 38f x x  and � � � �sing x xS  that enclose a region R in the 

first quadrant. A figure depicting R was supplied, with the label � �1 , 12  at the point of intersection of the graphs 

of f and g. Part (a) asked for an equation of the line tangent to the graph of f at 1
2x  .  Part (b) asked for the 

area of R, which required students to set up and evaluate an appropriate definite integral. For part (c) students 
needed to provide an integral expression for the volume of the solid that is generated when R is rotated about the 
horizontal line y  1.  
 
Sample: 3A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 3B 
Score: 6 
 
The student earned 6 points: 2 points in part (a), 1 point in part (b), and 3 points in part (c). In parts (a) and (c) 
the student’s work is correct. In part (b) the student earned the integrand point only; the student does not find 
either antiderivative. 
 
Sample: 3C 
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 

earned the point for � �1
2f c .  The student does not find the y-intercept of the tangent line. In part (b) the student 

earned the integrand point. In part (c) the student earned the limits and constant point. 
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The continuous function f is defined on the interval 4 x� d 3d .  
The graph of f consists of two quarter circles and one line 
segment, as shown in the figure above.  

Let � � � �
0

2
x

g x x f � ³ .t dt  

(a)   Find g��3�.  Find gc� x�  and evaluate gc��3�.  

(b)   Determine the x-coordinate of the point at which g has an 
absolute maximum on the interval � d4 x d 3.  
Justify your answer. 

  
 

(c)   Find all values of x on the interval � �4 x � 3  for which 
 the graph of g has a point of inflection. Give a reason for 
 your answer. 

(d)   Find the average rate of change of f on the interval 
� d 4 3.x d  There is no point c, 4 3c� � � ,  for which f c�c�  is equal to that average rate of change. 
Explain why this statement does not contradict the Mean Value Theorem.  

(a) � � � � � �
3

0
933 2 4f t dtg S�

� �  � ��  ³  6

� � � �2g x f xc  �  
 

� � � �3 2 3 2g fc �  � �   
 
 

 

3 : 
� �
� �
� �

1 : 3
 1 : 
1 : 3

g
g x
g

�
° c®
° c �¯

 

 

(b) � � 0g xc   when � � 2.f x  �  This occurs at 5
2x  .  

� � 0g xc !  for 54 2x� � �  and � � 0g xc �  for 5 32 x� � .  

Therefore g has an absolute maximum at 5
2x  .  

 
 

 

3 : 
� � 1 : considers 0

1 : identifies interior candidate
1 : answer with justification

g xc  
°
®
°̄

 

 

(c) g xcc� �  f c� �x  changes sign only at x  0.  Thus the graph 
of g has a point of inflection at x  0.

 
 

 
 

1 : answer with reason 

(d) The average rate of change of f on the interval �4 d dx 3  is 
� �3 ( 4) 2
3 ( 4) 7

f f� �
 �

� �
.  

To apply the Mean Value Theorem, f must be differentiable 
at each point in the interval 

 
� �4 x � 3.  However, f is not 

differentiable at x  �3 and x  0.  
 

2 : ^ 1 : average rate of change
 1 : explanation
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Question 4 

 
Overview 
 
This problem provided the graph of a continuous function f, defined for �4 d x d 3.  The graph consisted of two 

quarter circles and one line segment. The function g is defined by g�x�  2x � f �t � dt
0³
x

.  Part (a) asked for 

g��3� , an expression for g xc� �,  and the value of gc��3�.  These items tested the interpretation of a definite 
integral in terms of the area of a region enclosed by the x-axis and the graph of the function given in the 
integrand, as well as the application of the Fundamental Theorem of Calculus to differentiate a function defined 
by an integral with a variable upper limit of integration. Part (b) asked for the x-coordinate of the point at which 
g attains an absolute maximum for �4 d x d 3.  Several approaches were possible, but they all begin with 
identification of candidates using the expression for g xc� �  found in part (a). Part (c) asked for locations of points 
of inflection for the graph of g, involving another analysis of g xc� �.  Part (d) asked for the average rate of change 
of f on �4 d x d 3,  and tested knowledge of the hypotheses of the Mean Value Theorem to explain why that 
theorem is not contradicted given the fact that its conclusion does not hold for f on �4 d x d 3.  
 
Sample: 4A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 4B 
Score: 6 
 
The student earned 6 points: 2 points in part (a), 2 points in part (b), no point in part (c), and 2 points in part (d). 
In part (a) the student makes a sign error in evaluating g��3�  but correctly determines g xc� �  and evaluates 
gc��3� , thus earning 2 of the 3 points. In part (b) the student earned the first 2 points for considering where 
g xc� �  0  and correctly identifying 2.5 as the interior candidate for the x-coordinate of the absolute maximum. 
The student does not justify this as giving the absolute maximum, and so the final point in part (b) was not 
earned. In part (c) the student gives incorrect x-coordinates for the point of inflection. In part (d) the student’s 
work is correct. 
 
Sample: 4C 
Score: 3 
 
The student earned 3 points: 2 points in part (a), 1 point in part (b), no point in part (c), and no points in part (d). 
In part (a) the student makes a sign error in evaluating g��3�  but correctly determines g xc� �  and evaluates 
gc��3� , thus earning earned 2 of the 3 points. In part (b) the student earned the first point for g xc� �  0.  The 
student solves the equation incorrectly. In part (c) the student gives an incorrect x-coordinate for the point of 
inflection. In part (d) the student does not correctly compute the average rate of change and does not provide an 
explanation for why the Mean Value Theorem does not apply. 
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At the beginning of 2010, a landfill contained 1400 tons of solid waste. The increasing function w models 
the total amount of solid waste stored at the landfill. Planners estimate that w will satisfy the differential 

equation 

 

�1
25

dw wdt  � 300�  for the next 20 years. w is measured in tons, and t is measured in years from 

the start of 2010. 

 

(a) Use the line tangent to the graph of w at t  0  to approximate the amount of solid waste that the landfill 

contains at the end of the first 3 months of 2010 (time 1t  4 ). 

(b) Find 
2

2
d w
dt

 in terms of w. Use 
2

2
d w
dt

 to determine whether your answer in part (a) is an underestimate or 

an overestimate of the amount of solid waste that the landfill contains at time 

 

1
4t  .  

(c) Find the particular solution � �w w t  to the differential equation � �1 30025
dw wdt  �  with initial 

condition � �0 1400.w   

(a) � �� � �
0

1 10 300 1400 300 4425 25t

dw wdt  
 �  �  �  

The tangent line is y  1400 44  � .  t

� � � �1 1w | �1400 44  1411 tons 4 4

2 : 1 : a t 0

 1 : answer

dw tdt
  °
®
°̄

 

 
 

 

(b) � �
2

2
1 1 30025 625

d w dw wdtdt
  �  and 1400w t   

Therefore 
2

2 0d w
dt

!  on the interval 10 4td d   .

The answer in part (a) is an underestimate. 
 
 

2 : 
2

2 1 : 

1 : answer with reason

d w
dt


°
®
°̄

 

 

(c) �1 30025
dw wdt  � �

 
1

300 25dw dtw  
�

´
¶  1´

¶
1ln 300 25w t�  �  C

� � � � � �1ln 1400 300 0 ln 110025 C�  � �   C

1
25300 1100
t

w �  e   

� �
1
25300 1100 ,
t

w t e �  0 20td d  
 

 

5 : 

1 : separation of variables
 1 : antiderivatives
1 : constant of integration
1 : uses initial condition

 1 : solves for w


°
°
®
°
°
¯

 

 
Note: max  2 5  [1-1-0-0-0] if no constant of

 integration 
Note: 0 5  if no separation of variables 
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Question 5 
 
Overview 
 
The context of this problem was accumulating waste at a landfill. The landfill contained 1400 tons of waste at the 
beginning of 2010, and a function w modeling the total tons of waste in the landfill satisfies 

� �1 30025
dw wdt  � ,  where t is measured in years since the start of 2010. Part (a) asked for an approximation 

to � �1
4w  using a tangent line approximation to the graph of w at 0t  . Part (b) asked for 

2

2
d w
dt

 in terms of w, 

and students should have used a sign analysis of 
2

2
d w
dt

 to determine whether the approximation in part (a) is an 

overestimate or an underestimate. Part (c) asked students to solve the initial value problem � �1 30025
dw wdt  �  

with � �0 1400w   to find � �w t .  Students should have used the method of separation of variables. 
 
Sample: 5A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 5B 
Score: 6 
 
The student earned 6 points: 1 point in part (a), no points in part (b), and 5 points in part (c). In part (a) the 
student earned the first point. The student has the correct answer of 1411 but links it incorrectly with equal 
signs to 44. As a result of this error, the second point was not earned. In part (b) the student’s work is incorrect. 
In part (c) the student’s work is correct. 

 

 
Sample: 5C 
Score: 3 
 
The student earned 3 points: no points in part (a), 1 point in part (b), and 2 points in part (c). In part (a) the 

student’s work is incorrect. In part (b) the student has a correct 
2

2
d w
dt

.  In part (c) the student earned the first 

2 points for correct separation of variables and antidifferentiation. In part (c) absolute value symbols were not 
required for 

 

� �ln 300w �  because w ! 1400.  The constant of integration appears late, so the student was not 
eligible for any additional points. 
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Let f be a function defined by � � 4
1 2sin for 0

for 0.x
x x

f x
e x�

� d
 ®

!¯
 

(a) Show that f is continuous at x  0.  
(b) For x z 0,  express f c�x�  as a piecewise-defined function. Find the value of x for which f xc� �  �3.  

(c) Find the average value of f on the interval >�1, 1@.  

(a) � �
0

lim 1 2sin 1
x

x
�o

�  
 

4

0
lim 1x

x
e

�

�

o
 

 
 

� �0 1f    
 

So, � � � �
0

lim 0 .
x

f x f
o

  
 
Therefore f is continuous at x  0.  
 
 

 

2 : analysis 

(b) � � 4
2cos for 0
4 for 0x

x x
f x

e x�

� �c  ®
� !¯

 

 
2cos 3x� z �  for all values of 0x � .

�  4 3e�4x �  when �  �1 3ln 04 4x  � ! .  

 

Therefore � � 3f xc  �  for � �1 3ln4 4x  � .  
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AP® CALCULUS AB 
2011 SCORING COMMENTARY 

 
Question 6 

 
Overview 
 
This problem defined the function f using one expression for 0x d  and a different expression for 0.x !   
Part (a) asked whether f is continuous at 0x  .  Students needed to acknowledge that the left- and right-hand 
limits as 0x o  and the value � �0f  all agree. Part (b) asked for a piecewise expression for � �f xc  and the value 
of x for which � � 3f xc  � .  This involves taking the symbolic derivatives of the branches of f and recognizing 
which piece produces a value of 3� .  Part (c) asked for the average value of f on the interval > @1, 1� .  The 
required integral must be split at 0 to use the antiderivatives of the two branches of f. 
 
Sample: 6A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 6B 
Score: 6 
 
The student earned 6 points: 1 point in part (a), 2 points in part (b), and 3 points in part (c). In part (a) the student 
begins the analysis of continuity by looking at the functional values on each side of 0. The student does not use 
limits and does not consider f �0�  1,  thus earning only 1 of the possible 2 points. In part (b) the student presents 
a correct piecewise derivative, so the first 2 points were earned. The student’s value of x is incorrect. In part (c) the 

student earned the first 3 points. The student does not multiply by 1
2 ,  so the answer point was not earned. 

 
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 begins the analysis of continuity by looking at the functional values on each side of 0. The student does 
not use limits and does not consider � �0 1f  ,  thus earning only 1 of the possible 2 points. In part (b) the student 
does not give a correct piecewise presentation for � �f xc  and so earned 1 of the possible 2 points for � �f xc .  The 
student finds the correct value of x and earned the third point in part (b). In part (c) the student’s work is 
incorrect. 
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