
 

 
   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AP® CALCULUS AB 
2012 SCORING GUIDELINES  

Question 1 

t (minutes) 0 4 9 15 20 

W t( )  (degrees Fahrenheit) 55.0 57.1 61.8 67.9 71.0 

The temperature of water in a tub at time t is modeled by a strictly increasing, twice-differentiable function W, 
where W t( )  is measured in degrees Fahrenheit and t is measured in minutes. At time t = 0,  the temperature of 
the water is 55°F.  The water is heated for 30 minutes, beginning at time t = 0.  Values of W t( )  at selected 
times t for the first 20 minutes are given in the table above. 

(a) Use the data in the table to estimate W ′(12 )  .  Show the computations that lead to your answer. Using correct
units, interpret the meaning of your answer in the context of this problem. 

(b) Use the data in the table to evaluate ³
20 
W t′( ) t

0
d . Using correct units, interpret the meaning of ³

20 
W t′( ) dt  

0 

in the context of this problem. 

(c) For 0 ≤ ≤t� 20 ,  the average temperature of the water in the tub is 1 ³
20
W t( ) �dt20 0 

.� Use a left Riemann sum  

with the four subintervals indicated by the data in the table to approximate  1 ³
20
W t( ) �dt20 0 

.� Does this

approximation overestimate or underestimate the average temperature of the water over these 20 minutes? 
Explain your reasoning. 

(d) For 20 ≤ ≤t� 25 ,  the function W that models the water temperature has first derivative given by 
W t′( ) = 0.4 t cos(0.06t ).  Based on the model, what is the temperature of the water at time t = 25 ?  

(a) W ( )  15 −W (9)  67.9 − 61.8W ′( )  12 ≈ = 15 − 9 6 
= 1.017 (or  1.016)

The water temperature is increasing at a rate of approximately  
1.017 °F  per minute at time t = 12  minutes. 

{ 1 : estimate
2 : 

1 :  interpretation with units

(b) ³
20 
W t′( )  d� t = W (20 )  −W (0 )  = 71.0 − 55.0 = 16 

0 

The water has warmed by  16 °F  over the interval from  t = 0  to 
t = 20  minutes. 

1
2 : {  : value 

 
1 : interpretation with units 

(c) 1 ³
20 1W t( )  �dt ≈ ( 4 ⋅W ( )  0 + 5 ⋅W (4 )  + 6 ⋅W (9 )  + 5 ⋅W ( 51 ))20 0 20 

1 = (4 ⋅ 55.0 + ⋅5 57.1 + 6 ⋅ 61.8 + ⋅5 67.9)20
1 = ⋅1215.8 = 60.7920

 1 : left Riemann sum
°3 : ®�1 : approximation 
°̄�1 : underestimate with reason 

This approximation is an underestimate, because a left Riemann 
sum is used and the function W is strictly increasing. 

(d) ³
25 

W ( )  25 = 71.0 + � W t′( )  d� t
20 

= 71.0 + 2.043155 = 73.043
{ 1 : integral

2 :  
1 : answer
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AP® CALCULUS AB 
2012 SCORING COMMENTARY 

Question 1 

Overview 

This problem involved a function W that models the temperature, in degrees Fahrenheit, of water in a tub. Values 
of W t( )  at selected times between t = 0  and t = 20  minutes are given in a table. Part (a) asked students for an 
approximation to the derivative of the function W at time t = 12  and for an interpretation of the answer. Students 
should have recognized this derivative as the rate at which the temperature of the water in the tub is increasing at 
time t = 12,  in degrees Fahrenheit per minute. Because t = 12  falls between the values presented in the table, 
students should have constructed a difference quotient using the temperature values across the smallest time  
interval containing t = 12  that is supported by the table. Part (b) asked students to evaluate the definite integral 

³
20
W ′( )t d

0 
t  and to interpret the meaning of this definite integral. Students should have applied the Fundamental 

Theorem of Calculus and used values from the table to compute W ( )20 −W 0 ( ).  Students should have recognized 
this as the total change in the temperature of the water, in degrees Fahrenheit, over the 20-minute time interval. In 
part (c) students were given the expression for computing the average temperature of the water over the 20-minute 
time period and were asked to use a left Riemann sum with the four intervals given by the table to obtain a 
numerical approximation for this value. Students were asked whether this approximation overestimates or 
underestimates the actual average temperature. Students should have recognized that for a strictly increasing 
function, the left Riemann sum will underestimate the true value of a definite integral. In  
part (d) students were given the symbolic first derivative W t′( ) of the function W that models the temperature  
of the water over the interval 20 ≤ ≤t 25,  and were asked to use this expression to determine the temperature  
of the water at time  t = 25.  This temperature is computed using the expression 

³
25

W ( )25 = W (20 ) + W ′(t )
20 

dt, where W ( )20 = 71 is given in the table.

Sample: 1A 
Score: 9 

The student earned all 9 points. 

Sample: 1B 
Score: 6 

The student earned 6 points: 2 points in part (a), 2 points in part (b), 2 points in part (c), and no points in part (d). 
In parts (a) and (b) the student’s work is correct. In part (c) the student earned the left Riemann sum and 
approximation points. The student does not give a correct reason for “underestimates,” so the last point in part (c) 
was not earned. In part (d) the student’s work is incorrect. 

Sample: 1C 
Score: 3 

The student earned 3 points: no points in part (a), 1 point in part (b), 2 points in part (c), and no points in part (d). 
In parts (a) and (d) the student’s work is incorrect. In part (b) the student earned the value point. In part (c) the 
student earned the left Riemann sum and approximation points. The student does not give a correct reason for 
“underestimates,” so the last point in part (c) was not earned. 
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AP® CALCULUS AB 
2012 SCORING GUIDELINES  

Question 2 

Let R be the region in the first quadrant bounded by 
the x-axis and the graphs of  y = ln x  and y = −5 x,  
as shown in the figure above. 

(a) Find the area of R.

(b) Region R is the base of a solid. For the solid,
each cross section perpendicular to the x-axis is
a square. Write, but do not evaluate, an
expression involving one or more integrals that
gives the volume of the solid.

(c) The horizontal line y = k  divides R into two regions of equal area. Write, but do not solve, an equation
involving one or more integrals whose solution gives the value of k.

ln x = −5 x � x = 3.69344  

Therefore, the graphs of y = ln x and y = 5 − x  intersect in  
the first quadrant at the point (A B, )  = (3.69344, 1.30656).  

(a) 
B

A ³
 

rea = y 
0 

(5 − −y e )  dy

= 2.986 (or  2.985)  

OR  

Ar ³
A 5

ea = ln x dx + (5 − )
1 ³ x dx

A 
= 2.986  (or 2.985)

 1 : integrand
°3 : ®  1 : limits 
°̄ 1 : answer 

(b) V l ³
A 5 

o um  e = ( )ln x 2  dx + (5 − x)2  
1 ³ dx

A 
3 { 2 : integrands 

 :  
1 : expression for total volume

(c) ³
k ( y 1 15 − −  y e )  dy =  ⋅ 2.986  or ⋅ 2.985
0 2 (  2 )  

 1 : integrand
°3 : ®  1 : limits  
°̄ 1 : equation 
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Question 2 

Overview 

Students were given the graph of a region R bounded below by the x-axis, on the left by the graph of y = ln x,  
and on the right by the graph of the line y = 5 − x.  In part (a) students were asked to find the area of R. This 
required an appropriate integral setup and evaluation. Students first needed to determine the intersection point, 
( ,A B),  of the two curves. The area could then be computed by solving each expression for x in terms of y and 
evaluating a single integral with respect to y. Alternatively, the area could be computed by evaluating a sum of 

two integrals with respect to x. In the first case, students would evaluate ³
B 
 (5 − −  y ey
0 

) dy and in the second

case, ³
A 

³
5 

ln x dx + (5 − x) dx
1 A 

.  Part (b) asked for an expression involving one or more integrals that gives the 

volume of a solid whose base is the region R and whose cross sections perpendicular to the x-axis are squares. 
Students should have found the cross-sectional area function in terms of x, which is (ln x 2) on the interval 

1 ≤ ≤x A  and (5 − x) 2  on the interval A x≤ ≤ 5 .  These expressions are used as the integrands for two definite 
integrals with the corresponding endpoints, whose sum provides the desired expression. Part (c) asked for an 
equation involving one or more integrals whose solution gives the value k for which the line y k=  divides the 
region R into two smaller regions of equal area. Students should have first rewritten the equations for the curves 

as functions of x in terms of y. Two common solutions were setting the definite integral ³
k
 (5 − −y ey ) dy
0 

equal

to half the value of the area computed in part (a), and ³ k 

k

0  ( − − ³
B

5 y e y ) dy =  (5 − −  y ey ) dy.  

Sample: 2A 
Score: 9 

The student earned all 9 points. 

Sample: 2B 
Score: 6 

The student earned 6 points: 3 points in part (a), 3 points in part (b), and no points in part (c). In part (a) the 
student’s work is correct. The student works in terms of x in part (a) and correctly sums the two integrals for the 
area of R. In part (b) the student’s work is correct. In part (c) the variable k (or an expression involving k) must 
be included in the limits of the integrals in order to be eligible for points. 

Sample: 2C 
Score: 3 

The student earned 3 points: 3 points in part (a), no points in part (b), and no points in part (c). In part (a) the 
student’s work is correct. In part (b) the student is not working with the correct cross section. In part (c) the 
variable k (or an expression involving k) must be included in the limits of the integrals in order to be eligible for 
points. 

© 2012 The College Board. 
Visit the College Board on the Web: www.collegeboard.org.  

https://www.collegeboard.org


 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 
 

AP® CALCULUS AB 
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Question 3 

Let f be the continuous function defined on [−4, 3]  
whose graph, consisting of three line segments and a 
semicircle centered at the origin, is given above. Let g�  

 be the function given by g x ³
x

( )
�

�= f (t )  dt
1 

.  

(a) Find the values of g(2 ) and g(−2).   

(b) For each of g′(−3)   and g′′(−3)  ,  find the value or 
state that it does not exist. 

(c) Find the x-coordinate of each point at which the 
graph of g has a horizontal tangent line. For each 
of these points, determine whether g has a relative minimum, relative maximum, or neither a minimum nor 
a maximum  at the point. Justify  your answers. 

(d) For − <4 x�< 3,  find all values of x for which the graph of g has a point of inflection. Explain your 
reasoning. 

(a) g ³
2 1 1 1( )2 = � f (t )  dt = − ( )1 � = −  

1 2 ( 2 ) 4 
−2 1 

g(− 2 ) = ³ f ( )  t dt =� − f ( )t dt
1 ³

3 π= −( − 2 2 )
−2  π 3= −2 2 

�1 :  g( )2
2 : ®  

¯�1 :  g(  −2 )

(b) g x′ ( ) = f ( x)  ��� g′( )−3 = f ( )  −3 = 2 
g x′′( ) = f ′( )x ��� g′′(  −3 ) = f ′(  −3 ) = 1 

�1 :  g′( )−3
2 : ®  

¯�1 :  g′′( )−3 

(c) The graph of 
 

g has a horizontal tangent line where 
g x′( ) �= f ( )x = 0.  This occurs at x = −1 and x = 1.  

g′( x)  changes sign from positive to negative at x = −1.  
Therefore, g has a relative maximum  at x = −1.  

g′( )x  does not change sign at x = 1.  Therefore, g has  
neither a relative maximum nor a relative minimum at x = 1.  

 1 : considers  g x′ ( ) = 0
°3 : ® 1 :  x = −1 and x = 1 
°̄�1 : answers with justifications

(d) 
 

The graph of g has a point of inflection at each of  
x = −2,  x = 0,  and x = 1  because  g′′( )x = f ′( )x changes 
sign at each of these values.  

  

{ 1 : answer 
2 : 

1 :  explanation 
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AP® CALCULUS AB 
2012 SCORING COMMENTARY 

Question 3 

Overview 

This problem described a function f that is defined and continuous on the interval [ 4− ,  3].  The graph of f on 
[ 4− ,  3]  is given and consists of three line segments and a semicircle. The function g is defined by 

³
x�

g( )x� = f (t ) dt
1

.  Part (a) asked for the values of g( )2  and  g(−2).  These values are given by  
2
³ f ( )t dt
1 

 and 

³
−2 
f ( )t dt,  respectively, and are computed using geometry and a property of definite integrals. Part (b) asked for 

the values of g′ −( )3  and g′′( )−3 ,  provided they exist. Students should have applied the Fundamental Theorem  
of Calculus to determine that g′ −( )3 = f (−3)  and g′′( )−3 = f ′(−3 ).  Students should have used the graph  
provided to determine the value of f and the slope of f at the point where x = −3.  Part (c) asked for the x-
coordinate of each point where the graph of g has a horizontal tangent line. Students were then asked to classify  
each of these points as the location of a relative minimum, relative maximum, or neither, with justification. 
Students should have recognized that horizontal tangent lines for g occur where the derivative of g takes on the 
value 0. These values can be read from the graph. Students should have applied a sign analysis to f in order to 
classify these critical points. Part (d) asked for the x-coordinates of points of inflection for the graph of g on the 
interval 4 − < x�< 3.  Students should have reasoned graphically that these occur where f changes from increasing 
to decreasing, or vice versa. 

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), no points in part (b), 2 points in part (c), and 2 points in part (d). 
In parts (a) and (d) the student’s work is correct. In part (b) the student does not supply the correct values. In 
part (c) the student correctly considers g x′ ( ) = 0  and identifies the correct x-values. The student does not give a
correct justification for x = −1,  confusing f ′ with g′,  and does not specify which function’s slope is intended in 
the justification for x = 1.  

Sample: 3C 
Score: 3 

The student earned 3 points: no points in part (a), 2 points in part (b), 1 point in part (c), and no points in part (d). 
In part (a) the student does not supply the correct values. In part (b) the student’s work is correct. In part (c) the 
student considers g x′ ( ) = 0,  so the first point was earned. The student identifies only one of the x-values, so the
second point was not earned. The student is not eligible for the third point. In part (d) the student does not identify  
the correct x-values. 
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AP® CALCULUS AB 
2012 SCORING GUIDELINES  

Question 4 

The function  f is defined by   f ( )x 2� = 25 − x  for  − ≤5  x ≤ 5.   

(a)  Find  f ′( )x . 

(b)  Write an equation for the line tangent to the graph of  f at  x = −3. 

(c)  Let  g be the function defined by   f x( )  for − ≤5  x ≤ −3
g x( ) = ®  

¯x + 7 for  −3 < x ≤ 5.  
Is  g  continuous at  x = −3 ?  Use the definition of continuity to explain your answer. 

(d)  Find the value of  ³
5 
x 25 − x d2

0 
x.

(a)  1 ( ) −1 2  2  −xf x′ = (25 − x ) (−2x) = ,  −5 < x < 52 25 − x2
2 :  f ′( )x�  

(b)  3  3 f ′( )−3  = = 
25 − 9 4 

f�( )−3  = 25 − 9 = 4 

An equation for the tangent line is  3 y = +4  (x + 3)4 . 

�1 :   f ′( )−3
2 : ®  

¯�1 : answer 

(c)  lim  g x( ) = lim  f ( x) = lim  25 − x2� = 4  
x→− − − −3  x→−3  x→−3 
 

lim  g x( ) = lim  (x + 7) = 4  
x→−3 + x→−3 +
 

Therefore,  lim  g x( ) = 4
x→−3 

. 

g( )−3  = f�(  − 3 ) = 4  

So,  lim  g x( ) = g(−3)
x→−3 

. 

Therefore,  g  is continuous at  x = −3. 

{ 1 :  considers onesided limits 2 :   
1  : answer with explanation 

(d)  Let u = 25 − x2  �� du = −2x dx� 

³
5  2 1 0 
x 25 − x� dx = − u du

0 2 ³
u=0

ª� 1 2  3 2  º= −  ·  u«¬� 2 3  »¼�u=25 

1= − (0 1− 25) = 3  3   

{ 2 :  antiderivative 3 : 
1 :  answer 

25  

 125  
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Question 4 

Overview 

This problem presented a function f defined by  f x( ) = 25 − x2  on the interval − ≤5 x ≤ 5. In part (a) students 
were asked to find the derivative f ′(x).  This involved correctly applying the chain rule to determine the 
symbolic derivative of f. Part (b) asked for an equation of the line tangent to the graph of f at the point where 
x = −3.  Students needed to find the derivative at this point to determine the slope of the tangent line, the y-
coordinate of the graph of f at this point, and then combine this information to provide an equation for the line. 
Part (c) presented a piecewise-defined function g that is equal to f on the interval − ≤5 x ≤ −3  and to x + 7 on 
the interval − <3 x ≤ 5.  Students were asked to use the definition of continuity to determine whether g is
continuous at x = −3.  Students should have evaluated the left-hand and right-hand limits as x approaches −3,  
and observed that these are the same and equal to the function value at that point. Part (d) asked students to 

evaluate the definite integral ³
5 

 x 25 − x d2 x,  
0 

which can be done using the substitution u = 25 − x2.  

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 points in part (c), and 2 points in part (d). 
In parts (a) and (b) the student’s work is correct. In part (c) the student’s work is not sufficient for any points. In 
part (d) the student earned 1 of the 2 antiderivative points owing to a sign error. The student evaluates the definite 
integral in a manner consistent with the sign error and earned the answer point. 

Sample: 4C 
Score: 3 

The student earned 3 points: 2 points in part (a), 1 point in part (b), no points in part (c), and no points in part (d). 
In part (a) the student’s work is correct. In part (b) the student evaluates f ′  incorrectly but uses this value as the 
slope along with the point (−3, 4)  to write an equation of the tangent line. In parts (c) and (d) the student’s work 
is incorrect. 
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Question 5 

The rate at which a baby bird gains weight is proportional to the difference between its adult weight and its 
current weight. At time t� = 0,  when the bird is first weighed, its weight is 20 grams. If B( )t  is the weight of the 
bird, in grams, at time t� days after it is first weighed, then 

dB� 1 = (100 − B)dt� 5 .

Let y�= B( )t  be the solution to the differential equation above with initial condition B( )0 = 20.  

(a) Is the bird gaining weight faster when it weighs 40 grams or when it 
weighs 70 grams? Explain your reasoning. 

�(b) Find d B
2

dt2�
 in terms of B. Use d B

2

dt2�
   to explain why the graph of B�

cannot resemble the following graph.  

(c) Use separation of variables to find y�= B( )t� ,  the particular solution to 
the differential equation with initial condition B( )0 = 20.  

(a) dB� 1 = ( )  60 = 12 dt� B�=40 5 

dB� 1 = ( )30 = 6dt� B�=70 5 

Because dB� dB>dt� B�= 40 dt B�=70 
,  the bird is gaining  

weight faster when it weighs 40 grams. 

 dB�° 1 : uses 2 : ® dt�
°̄�1 :  answer with reason 

(b) d
2� B� 1 dB 1 1 � 1 = −  = − ⋅ (100 −  B = −  2 ) (100 − B�)
dt� 5 dt� 5 5  25

Therefore, the graph of B� is concave down for 
20 ≤ B�< 100.  A portion of the given graph is 
concave up. 

 d 2 B° 1 :  in terms of  B2 : ® dt2�
°̄� 1 :  explanation 

(c) dB� 1 = (100 − B)dt� 5 
´ 1 ´ 1dB�= dt�¶ 100 − B� ¶ 5

1− ln 100 − B� = t C+5 
Because  20 ≤ B�< 100,  100 − B� = 100 − B.  

1 − ln (100 − 20 ) = ( )0 + C � − ln (80) = C5  
100 − B�= 80e−t� 5�
B t( ) = 100 − 80e−t� 5 � , t�≥ 0 

 1 :  separation of variables 
° 1 :  antiderivatives 
°

5 : ® 1 :  constant of integration  
° 1 :  uses initial  condition 
°
¯�1 :  solves for  B�

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 is weight gain of a baby bird. At time t�= 0,  when the bird is first weighed, its weight 

is 20 grams. A function B� modeling the weight of the bird satisfies dB 1 =� (100 − B)dt� 5 ,  where t � is measured in 

days since the bird was first weighed. Part (a) asked whether the bird is gaining weight faster when it weighs 40 

grams or when it weighs 70 grams. Students had to evaluate and compare dBdt�  for these two values of B. Part (b)

asked for d B
2 

dt2�
� in terms of B. Students should have used a sign analysis of the second derivative to explain why  

the graph of B � cannot resemble the given graph. Part (c) asked students to use separation of variables to solve the 

initial value problem  dB 1 =� (100 − B)dt� 5 with B( )0 = 20  to find B( )t� .  

Sample: 5A 
Score: 9 

The student earned all 9 points. Note that in part (c) the student does not need absolute value on the fifth line because 
B( )0 = 20.  

Sample: 5B 
Score: 6 

The student earned 6 points: 2 points in part (a), 1 point in part (b), and 3 points in part (c). In part (a) the 

student’s work is correct. In part (b) the first point was not earned because the student does not present d B
2

dt2 �
in 

terms of B. The student’s correct appeal to the chain rule and correct explanation earned the second point. In  
part (c) the student earned the first point with a correct separation on the second line. The second point was not 
earned because the student’s antiderivative on the left-hand side on the third line is incorrect. (The antiderivative 
should be − ln (100 − B),  with no absolute value needed.) A student who did not earn the second point is not 
eligible for the fifth point. The student earned the third point on the third line and the fourth point on the fifth line 
for correctly substituting 0 for t � and 20 for B.� 

Sample: 5C 
Score: 3 

The student earned 3 points: 2 points in part (a), no points in part (b), and 1 point in part (c). In part (a) the 
student’s work is correct. In part (b) the student makes a chain rule error and did not earn the first point. The 
student is not eligible for the second point in part (b). In part (c) the student presents a correct separation on the 
first line and earned the first point. The student’s incorrect B-antiderivative makes the student ineligible for any 
additional points in part (c). 
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Question 6 

For 0 ≤ ≤t� 12 ,  a particle moves along the x-axis. The velocity  of the particle at time t is given by  

( πv t( ) = cos t6 ).  The particle is at position x = −2  at time  t = 0.  

(a) For 0 ≤ ≤t� 12,  when is the particle moving to the left?  

(b) Write, but do not evaluate, an integral expression that gives the total distance traveled by the particle from 
time t = 0  to time t = 6. 

(c) Find the acceleration of the particle at time t. Is the speed of the particle increasing, decreasing, or neither at 
time t = 4 ?  Explain your reasoning. 

(d) Find the position of the particle at time t = 4. 

(a) (πv t( ) = cos t = 0 � t = 3, 9 6 )
The particle is moving to the left when v t( ) < 0. 
This occurs when 3 < <t� 9.

 1 :  considers v t( ) = 0
2 : ®

¯ 1 :  interval 

(b) ³
6 
v t( ) dt

0
1 : answer 

(c) π πa t( ) = − sin 6 ( t6 )
π 2π 3π a( )4 = − sin 6 ( ) = −  < 03 

2 1 v( )4 = cos( π ) = −  < 03 2  

 1 :  a t( )  3 : ®
¯�2 :  conclusion with  reason 

12  

The speed is increasing at time t = 4,  because velocity and 
acceleration have the same sign. 

(d) 
4 π x�( ) ´4 = −2 + µ cos t d

¶0
( 6 ) t �

6 4
ª� sin (π t«¬π � 6 )º= −2 +

¼» 0 

6 ª= −2 + � πsin ( 2 ) º− 0 �
π «¬� 3 ¼»
6 3 3 3 = −2 + ⋅  = −2 +π 2 π  

 1 : antiderivative 
°3 : ®�1 : uses initial condition  
°̄� 1 : answer 
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Question 6 

Overview 

This problem presented students with a particle in rectilinear motion during the time interval 0 ≤ ≤t� 12.  The 
particle’s position at time t = 0  is given, and the velocity  v t( )  is provided. Part (a) asked students to determine 
the times when the particle is moving to the left, which they should have done by considering the sign of the 
given velocity function. In part (b) students were asked to provide an integral expression for the total distance 
traveled by the particle from time t = 0  to time t = 6, which they should have recognized as given by the definite 
integral of v t( )  over the given time interval. Part (c) asked for the acceleration at time  t. Students should have 
recognized that the acceleration a t( )  is the derivative of the velocity function. Students should have provided a 
symbolic derivative for the given velocity function, correctly using the chain rule. Students were then asked 
whether the speed of the particle is increasing, decreasing, or neither at time  t = 4.  Students should have 
evaluated both the velocity and the acceleration functions at time t = 4.  Because v( )4 < 0  and a( )4 < 0,  the 
speed of the particle is increasing. Part (d) asked students to find the position of the particle at time  t = 4.  This is 

calculated using the expression 
4 

x( )  4 = x(0 ) + ³� v(t )  dt.  �
0 

Sample: 6A 
Score: 9 

The student earned all 9 points. 

Sample: 6B 
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 does not consider v t( ) = 0  and gives an incorrect interval. In part (b) the student subtracts 
2 from the correct expression. In parts (c) and (d) the student’s work is correct. Because “the speed of the particle” 
is included in the question for part (c), the student’s “The particle is increasing” is acceptable. 

Sample: 6C 
Score: 3 

The student earned 3 points: no points in part (a), 1 point in part (b), 1 point in part (c), and 1 point in part (d). In 
part (a) the student does not consider v t( ) = 0  and gives an incorrect interval. In part (b) the student’s work is 
correct. In part (c) the student has a correct expression for acceleration, so the first point was earned. No 
additional points in part (c) were earned because the student uses an argument based on a(4)  with no mention of 
v(4).  In part (d) the student presents an incorrect antiderivative. The student uses the incorrect antiderivative with 
the initial condition and earned the second point. The student is not eligible for the answer point. 
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