


Part II: Calculations and/or Proofs (show all work).

1. (20%) Suppose that f(x) is continuous and increasing on [−1, 2] with f(x) > 0. Let

F (x) =

∫ x

0

(
t

∫ t

1

f(u)du

)
dt.

(a) Find all critical points of F (x) in (−1, 2) and classify them (local minimum/maximum).

(b) Show that F ′′(x) is increasing on (0, 1) and there is a point of inflection of F (x)

on (
1

2
, 1).
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2. (10%) Calculate

∫
x4 + 2x3 + 1

(x− 1)(x2 + 1)2
dx
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3. (10%) Express the following limit as a definite integral of certain function and then
evaluate the integral.

lim
n→∞

1√
n

n∑
k=1

1√
n+

√
nk

.

4. (10%) Find the area of the region that is outside r = cos 2θ but inside r = 1, and
sketch the polar curves.
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