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1. (a) f ′(x) = 2e2x + ex > 0 ⇒ f is increasing ⇒ f is one-to-one.

(b) y = e2x + ex ⇒ (ex)2 + ex − y = 0 ⇒ ex = −1+
√

1+4y
2 ⇒ f−1(x) = ln(−1+

√
1+4x

2 ).

(c) Df−1 = Rf = [f(0) , lim
x→∞

f(x)) = [2,∞).

2. The limit is of the form 0
0 , so by L’Hospital’s Rule

lim
x→( π

2 )−

sin−1(cos x)
ln(sinx)

L′H= lim
x→( π

2 )−

− sin x√
1−cos2 x
cos x
sin x

= lim
x→( π

2 )−

− sin x

cosx
= −∞.

3. (a) Let u = cos 3x ⇒ du = −3 sin 3x dx, then

∫
... =

−1
9

∫
du

2
3 + u2

=
−√3
9
√

2
tan−1

√
3u√
2

+ c =
−√3
9
√

2
tan−1

√
3 cos x√

2
+ c.

(b) Let u =
√

1 +
√

x ⇒ x = (u2 − 1)2 ⇒ dx = 4u(u2 − 1)du, then∫
... = 4

∫
(u2 − 1)2du = 4(

u5

5
− 2

u3

3
+ u) + c = 4[

(1 +
√

x)
5
2

5
− 2

(1 +
√

x)
3
2

3
+ (1 +

√
x)

1
2 ] + c.

(c) By parts: take u = ln(ex + 1), dv = e−
x
2 , then∫

... = −2e−
x
2 ln(ex + 1) + 2

∫
e

x
2

ex + 1
dx = −2 e−

x
2 ln(ex + 1) + 4 tan−1(e

x
2 ) + c.

4.
∫ ∞

2

... =
∫ 3

2

... +
∫ ∞

3

... = lim
t→2+

∫ 3

t

x dx

(x2 − 4)2
+ lim

t→∞

∫ t

3

x dx

(x2 − 4)2
.

The first term is lim
t→2+

∫ 3

t

x dx

(x2 − 4)2
=
−1
2

lim
t→2+

[
1

x2 − 4

]3

t

=
−1
2

lim
t→2+

(
1
5
− 1

t2 − 4

)
= ∞,

so the improper integral is divergent.

5. The region is symmetric about the line y = x, so the centroid is on the line y = x and x̄ = ȳ.

Now x̄ =
1
A

∫ 1

0

x(
√

x− x2)dx = 3
∫ 1

0

(x3/2 − x3)dx =
9
20

, where A =
∫ 1

0

(
√

x− x2)dx =
1
3

and the centroid is (x̄, ȳ) = ( 9
20 , 9

20 ).

6. (a) The two intersection points are (
√

2
2 , π

4 ) and the pole.

(b) For r = sin θ the parametric equations are x− 1
2 sin 2θ, y = sin2 θ. Hence

dy

dx
=

dy/dθ

dx/dθ
=

sin 2θ

cos 2θ
= tan 2θ = 1

and θ = π
8 or 5π

8 , that is the points are (sin π
8 , π

8 ) and (sin 5π
8 , 5π

8 ).

7. For r = θ2, 0 ≤ θ ≤ π the arc length is
∫ π

0

√
r2 +

(
dr

dθ

)2

dθ =
∫ π

0

√
θ4 + 4θ2 dθ

=
∫ π

0

θ
√

θ2 + 4 dθ =
1
2

∫ 4+π2

4

√
u du =

1
3

(
(4 + π2)3/2 − 43/2

)

8. Let x = cos t + sin t, y = sin t− cos t, 0 ≤ t ≤ π/2. Then

ds =

√(
dx

dt

)2

+
(

dy

dt

)2

dt =
√

2 dt and S = 2π

∫
x ds = 2π

∫ π/2

0

(cos t + sin t)
√

2 dt = 4
√

2 π

2



9. r = 2 sin θ + 4 cos θ ⇒ r2 = 2r sin θ + 4r sin θ, then x2 + y2 = 2y + 4x and completing the square
(x− 2)2 + (y − 1)2 = 5, so the center of the circle is (2,1), the radius is

√
5.

10. The region consists of a quarter of the big circle and two pieces under the small circle, so

A =
π

4
+ 2× 1

2

∫ 0

−π/4

(sin θ + cos θ)2 dθ =
π

4
+

∫ 0

−π/4

(1 + sin 2θ) dθ =
π

2
− 1

2

Another solution: The radius of the small circle is
√

2
2 , its area is π

2 , then

A =
π

2
− 1

2

∫ π
2

0

[
(sin θ + cos θ)2 − 1

]
dθ =

π

2
− 1

2

3




