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A baker is creating a birthday cake. The base of the cake is the 
region R in the first quadrant under the graph of ( )y f x=  for 

0 30,x≤ ≤  where ( ) ( )20sin .30
xf x π=  Both x and y are 

measured in centimeters. The region R is shown in the figure 

above. The derivative of f is ( ) ( )2 cos .3 30
xf x π π′ =  

 

(a)  The region R is cut out of a 30-centimeter-by-20-
centimeter rectangular sheet of cardboard, and the 
remaining cardboard is discarded. Find the area of the 
discarded cardboard. 

(b)  The cake is a solid with base R. Cross sections of the cake perpendicular to the x-axis are 
semicircles. If the baker uses 0.05 gram of unsweetened chocolate for each cubic centimeter of cake, 
how many grams of unsweetened chocolate will be in the cake? 

(c)  Find the perimeter of the base of the cake. 

(a) 
 

Area ( )
30 2
0

30 20 218.028 cmf x dx= ⋅ − =∫  3 : { 2 : integral
 1 : answer

 

 
 
 
 
 
 
 

(b) Volume ( )30 2
3

0
2356.194 cm2 2

f x dxπ ⎛ ⎞= =⎜ ⎟
⎝ ⎠

⌠
⎮
⌡

 

Therefore, the baker needs 2356.194 0.05 117.809× =  or 117.810 grams 
of chocolate. 
 
 
 
 
 
 
 

 

3 : { 2 : integral
 1 : answer

 

 

(c) 
 

Perimeter ( )( )
30 2
0

30 1 81.803f x dx′= + + =∫  or 81.804 cm 3 : { 2 : integral
 1 : answer
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Question 1 
 
Sample: 1A 
Score: 9 
 
The student earned all 9 points. 
 
Sample: 1B 
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 (c) the 
student does not have an arclength integral and was not eligible for the answer point. 
 
Sample: 1C 
Score: 4 
 
The student earned 4 points: 3 points in part (a), 1 point in part (b), and no points in part (c). In part (a) the student’s 
work is correct. In part (b) the student has an error in the constant factor and earned only 1 of the integral points. The 
student was eligible for the last point, but the answer is not consistent with the work shown. In part (c) the student 
does not have an arclength integral and was not eligible for the answer point. 


