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Problem 1 

 
 
a) 

 

The number of fish that enter the lake during the five-hour interval is approximately 278. 
 
b) 

 

The average number of fish that leave the lake during the five-hour interval from midnight 
till 5AM is approximately 6.059 fish/hour. 
 
c)  
Using the Closed Interval Method, we first find critical numbers by setting the two rates 
equal to each other. No information is given about the original number of fish present in the 
lake, so we will call this amount Q(0). 
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Q(x) = Q(0) + E(t) − L(t)dt
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∫
Q '(x) = E(x) − L(x) = 0 or undefined
L(t) = E(t)→ t ≈ 6.2035644 = m

Q(m) = Q(0) + E(t) − L(t)dt
0

m

∫ = Q(0) + 268.326

Q(8) = Q(0) + E(t) − L(t)dt
0
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∫ = Q(0) +181.188
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Using the Closed Interval Method (or the First Derivative Test for Global Extrema), at 
approximately 6.204 hours, the number of fish in the lake is the greatest. 
 
d) 
We compare E(5) versus L(5). 
 

 

 
At 5AM, fish are entering the lake at a higher rate than they are leaving. Therefore, the 
overall number of fish in the lake is increasing at 5AM. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

t < m→Q '(x) = E(x)− L(x) > 0
t > m→Q '(x) = E(x)− L(t) < 0
∴Q(m)→ local(andglobal) max

E(5) ≈ 45.000 fish / hr
L(5) ≈ 9.657 fish / hr
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Problem 2 

 
 
a) 

 

b) 

 

 
c) 
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d) 
The circle gets larger as k approaches infinity. The corresponding angle of intersection 
approaches pi/2, therefore: 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

lim
k→∞
A(k) = 1

2
r(θ )( )

2
dθ

0

π /2

∫ ≈ 3.324
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Problem 3 

 
 
a) 

 

 
b) 
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c) 
 
We use the Closed Interval Method: 
 

 

 
d) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

g(x) = f (t)dt
−2

x

∫ → g '(x) = f (x) = 0

→ x = −1, x = 0.5, x = 5
g(−2) = 0
g(−1) = 0.500

g(0.5) = 0.5*(−1)
2

= −0.250

g(5) = 2+ 9− 9π
4

= 44− 9π
4

→ Absolute Maximum.
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Problem 4 

 
 
a) 

 

 
When the water is 4 feet deep, the volume of water in the barrel is decreasing at a rate of 

 cubic feet per second.  
 
b) 
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The rate of change of the height of water with respect to time is increasing. 
 
 
c) 
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Problem 5 

 
 
a) 

 

 
b) 

 

c) 

 

Therefore, the overall integral is also divergent. 
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Problem 6 

 
 
a) 

  

 
 
 
 

T3(x) = f (0)+ f '(0) x +
f ''(0)
2!

x2 + f '''(0)
3!

x3

T3(x) = 3− 2x +
3
2
x2 + −23

12
x3





AP Calculus BC | 2019 FR Solutions | Draft: 05.18.2019. @teachopensource 

b) 

 

c) 

 

 
d) 

 

ex ≈1+ x + x
2

2!
Method 1: Multiply the Representations:

ex f (x) = 1+ x + x
2

2!
+ ...
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ex f (x) ≈ 3+ x + x2

Method 2: Compute the Coefficients

h(x) = ex f (x)→ h '(x) = ex ( f (x)+ f '(x))

h(0) = e0 f (0) = 3

h '(0) = e0 f (0)+ f '(0)( ) = 3− 2 =1

h ''(x) = ex ( f (x)+ 2 f '(x)+ f ''(x))

h"(0) = e0 ( f (0)+ 2 f '(0)+ f ''(0)) = 3+ 2(−2)+3= 2
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2!
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0

x
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2
−
23
48

=
97
48

Error Bound =| next term |= f (4) (0)*15

4!*5
= 54
5*24

= 9
20

= 0.450.




