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

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

 

 

0 3 7 12
(minutes)

100 85 69 55
(degrees Celsius)

t

C t

t ,C

 C t 0 12,t   C t

 

 Model Solution Scoring 

(a)  5C C  3 7.t 

 

 
     7 3 69 855 4

7 3 4
C C

C
     


 

 

Estimate with 
supporting work 

1 point 

 Units 1 point 

 Scoring notes: 

 

 16 ,
7 3



 69 85 ,
7 3



 or 69 85
4


  5C

  

 Total for part (a) 2 points 
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(b) 

 
12

0
.C t dt  

12

0

1
12

C t dt   

              
12

0
3 7

3 100

7

4 85 5 69 985

3 0 0 7 3 12C t dt C C C  

    

   

 

  
Form of left Riemann 
sum 

1 point 

 Estimate 1 point 

  
12

0

1
12

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

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

Interpretation 1 point 

 Scoring notes: 

  

 

 A response of            73 0 0 7 12 733 CC C      earns the first point. Values must be 

pulled from the table to earn the second point. 

 3 100 4 85 5 69    

 3 85 4 69 5 55    

806

 

 

 

 Total for part (b) 3 points 

(c) 12 20,t 

 
0.0124.55 ,

teC t
t

  C t

20.t   

      
20

12
20 12C C C t dt    Integral 1 point 

 Uses initial condition 1 point 

 55 14.670812 40.329188    

 

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

Celsius. 

Answer 1 point 
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 Scoring notes: 

  .C t

    
20

12
20 55 14.670812C C t dt  

 
20

12
14.670812 40.329188C t dt   

 dt

o      
20

12
20 12C C C t      

20

12
20 55C C t  

o      
20

12
20 12C C t C     

20

12
20 55C C t 

  12C 55 12,

 55 14.671 14.671 55 

 40.329  

 Total for part (c) 3 points 

(d) 
   0.01

2

0.2455 100
.

te t
C t

t

 

12 20,t 
 

 Because   0C t   on the interval 12 20,t   the rate of change 

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

interval. 

 

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

Answer with reason 1 point 

 Scoring notes: 

 
.C

  C t

 
 

 12 20t   

 Total for part (d) 1 point 

 Total for question 1 9 points 
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Part A (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 20.y t t t    2t 
 3, 6 .  

 

 Model Solution Scoring 

(a) 2t   

      2 22 2x y   Setup for speed 1 point 

 12.3048506  

 

The speed of the particle at time 2t   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 
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(b) 0 2.t 
 

      
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 0.t 

 

    
0

2
0 6 6 7.173613 1.173613y y t dt       

 

The y -coordinate of the position of the particle at time 0t   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 2,t 

6.
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2

0
0 6y y t dt    or 6 7.173613,

 

 

o  
0

2
1.174,y t dt    

0

2
6 7.173613,y t dt  

 
2

0
6 6 7.173613,y 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

0t     
0

2

310 3 10.333,
3

x x t dt     
 

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

 Because   0y t   when 2 8,t   the particle will be moving 

toward the x -axis when   0.y t   This occurs when 
5.222  (or 5.221) 8.t   

Considers sign of 

 y t  

1 point 

 Answer with reason 1 point 

 Scoring notes: 

   0,y t    0,y t    0,y t  5.222t  5.221

 y t .
dy
dt

 
 

 2, 8   0.y 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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Part B (AB or BC): Graphing calculator not allowed 
Question 3 9 points 

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

 

H

   1 1 cos ,
2 2

dH tH
dt

   H t t 0t 

 0 4H   

 

 Model Solution Scoring 

(a) 
 ,y H t  0, 4 .  

 

 

Solution curve 1 point 

 Scoring notes: 

  0, 4 , 4.5,t 

  

 Total for part (a) 1 point 
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(b) 0 5,t    1.H t  ,t 0 5,t  H  

 

 
Because   1,H t   then 0dH

dt
  implies  cos 0.

2
t   

 

This implies that t   is a critical point. 

Considers sign of 

dH
dt

 

1 point 

Identifies t   1 point 

 
For 0 ,t    0dH

dt
  and for 5,t    0.dH

dt
  Therefore, 

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

Answer with 
justification 

1 point 

 

 Scoring notes: 

 0,dH
dt

 0,dH
dt

 0,dH
dt

  cos 0,
2
t   cos 0,

2
t 

 cos 0.
2
t 

 ,t 
1H   1t 

 

 dH
dt  cos

2
t

0 t   5.t   dH
dt

 

  

      2

2
1 11 sin c

2
1
2

os
2 2 2

dH
dt

d H t tH
dt

      

2

2
0

t

d H

dt 
   

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

 Total for part (b) 3 points 
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(c)   ,y H t

   1 1 cos
2 2

dH tH
dt

   0 4.H   

  1 cos
1 2 2

dH t dt
H




 
Separation of 
variables 

1 point 

  
 

1 cos
1 2 2

ln 1 sin
2

dH t dt
H

tH C




   

 
   

One antiderivative 1 point 

 Second antiderivative 1 point 

  0ln 4 1 sin ln 3
2

C C      

Because  0 4,H   1,H   so 1 1.H H    

   ln 1 sin ln 3
2
tH     

Constant of 
integration and uses 
initial condition 

1 point 

    sin 2 ln 3 sin 21 3t tH e e     

   sin 21 3 tH t e   

Solves for H  1 point 

 Scoring notes: 

 

  ln 1
1

dH H
H

 





 

 

 
0 t 4 .H

 

    sin 21 3 tH t e 

 H t    sin 2 ln 31 .tH t e    

 1 1H H    

 

 s1 co
1 22

dH t dt
H

 


 

 Total for part (c) 5 points 

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

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

 

,f 6 7,x   2x  
0 7.x  R ,f

6,x   x y R 12.

 

 Model Solution Scoring 

(a) 
g    

0
.

x
g x f t dt   6 ,g   4 ,g  6 .g  

      
6 0

0 6
6 12g f t dt f t dt




         6g   1 point 

    
4

0

14 44
2

2g f t dt      4g  1 point 

    
6

0 2
4 2 1

2
2 116 3g f t dt         6g  1 point 
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 Scoring notes: 

 

 Special case: A response that explicitly presents    
6

x
g x f t dt


   does not earn the first point it 

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

o Note:  
6

6
0,f t dt




   

4

6
16,f t dt


   

6

6
15f t dt


   

 
 6 ,g   4 ,g  6 ,g

 

 Total for part (a) 3 points 

(b) g x 0 6x 

g  

    g x f x   

 

    0 4g x f x x      

 

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

Fundamental 
Theorem of Calculus 

1 point 

 Answer with reason 1 point 

 Scoring notes: 

 g f   in this part.

o g f 

0.f 

 
 4 0,g  4x 

 0 6x    

o 0 6x   

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

6
.

x
h x f t dt


   6 ,h  6 ,h  6 .h

 

        
6

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


          

Uses Fundamental 
Theorem of Calculus 

1 point 

  6h  
 

1 point 

     ,h x f x   so     16 6 .
2

h f      6h  1 point 

     ,h x f x   so    6 6 0.h f     6h  1 point 

 Scoring notes: 

 

  6 ,h  6 ,h  6 ,h

  6 1.5h  

     6 6 6h f f  

  6 1 0.5h   

    h x f x     6 6 ,h f 

1 .
2



  6 0,h 

 

    16
2

h x f   

   6 0.h x f    

 Total for part (c) 4 points 

 Total for question 4 9 points 
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Part B (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. 

 

 
0 2

5 6 0

x

f x

 


f x  0 0.f  ,f  ,f

.x  

 

 Model Solution Scoring 

(a) 
0,x  h     2

0
1 .

x
h x f t dt    .h 

 

     21h x f x    Fundamental 
Theorem of Calculus 

1 point 

     2 21 1 6 37h f        Answer 1 point 

 Scoring notes: 

   21 f  

 21 6

     21 37,h x f x   

 

  h x  h 

    2
0

1 ,dh x f t dt
dx


    

 Total for part (a) 2 points 
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(b)   2
0

1 f x dx


 ?f  

   2
0

1 f x dx


  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) ’ 0x   2 .f 
 

      0 0 0 5 5f f f         

 

     2f 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 ,
dy
dx

 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 

 2 .f   

 

 (or )

0 0 5

5 6

2 11

dy dy
x y x

dx dx


  
 

 

 

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 .
4
tt dt


 

  
 

5 cos
4

4sin
4

tu t dv dt

tdu dt v

  

 
 

u  and dv  1 point 

          5 cos 4 5 sin 4sin
4 4 4
t t tt dt t dt     

 
 uv v du   1 point 

      4 5 sin 16cos
4 4
t tt C     

Answer 1 point 

 Scoring notes: 

 u dv

     4 5 sin 4sin
4 4
t tt dt  



 

5t   cos .
4
t

     4 5 sin 4sin
4 4
t tt dt  



 

     4 5 sin 16cos
4 4
t tt C        4 sin 20sin 16cos

4 4 4
t t tt C  

  

  

       5 cos cos 5cos
4 4 4
t t tt dt t dt dt      

  
  

 
 

cos
4

4sin
4

tu t dv dt

tdu dt v

 

 
  

         
     

cos 5cos 4 sin 4sin 5cos
4 4 4 4 4

4 sin 16cos 20sin
4 4 4

t t t t tt dt dt t dt dt

t t tt C

   

   

      
     

o A response can earn the first and second points for correctly applying integration by parts to 

 cos .
4
tt 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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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 6x 

 

 
At 6,x   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

1,n

n



 

2
1n

n



o 
2

1 1 ,n
nn

 

o 

 

6,x 
 

2 2
1 1

1 6 1.
6

n

n
n n

n n

n n 

   

Because 
22

2

1

lim lim 1
1n 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 .
144

S     3
13 .

50
f S    

 
        2 2

1 1

1 3 1 13
26

n n

n
n n

n n
f

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  3f   with error of at most 

 42
4 1 1 5 5 1 .

2 256 250 504

      

Thus,   3
13 .

50
f S    

Uses fourth term 1 point 

 Verification 1 point 

 Scoring notes: 

 3x  
3x  

  42
4 1 1

24

  5
256

  42
4 1 1

24

 

  3f 

o  42
4 1 1 1Error

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 2
lim lim 1 6

61 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 6
1 1l 1im 1l 1

6 66
im

n n
nn

n nn

n x n x
nn

x x
x




  
         


f  6.

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

2
1

1
 .

3

n

n
n

n x
g 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

2
lim

3 31n

n n x x

n






 

Limit 1 point 

 2
21 3 3

3
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 
   22 1

2 2 2

1 1 3
.

3

n n

n n

n x 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 
 




