
MATH 138 Calculus 2, Solutions to the Exercises for Chapter 1

1: (a) Find

∫ 2

1

2x3 − 3x2 + x− 4 dx.

Solution:

∫ 2

1

2x3 − 3x2 + x− 4 dx =
[
1
2 x

4 − x3 + 1
2 x

2 − 4x
]2
1
=
(
8− 8 + 2− 8

)
−
(
1
2 − 1 + 1

2 − 4
)
= −2.

(b) Find

∫ 4

0

√
2x+ 1 dx.

Solution:

∫ 4

0

√
2x+ 1 dx =

[
1
3 (2x+ 1)3/2

]4
0
= 1

3 (27− 1) = 26
3 .

(c) Find

∫ 4

1

2x2 +
√
x+ 1

x
dx.

Solution:

∫ 4

1

2x2 +
√
x+ 1

x
dx =

∫ 4

1

2x+x−1/2+
1

x
dx =

[
x2+2x1/2+lnx

]4
1
= (16+4+ln 4)−(1+2)−17+ln 4.

(d) Find

∫ 2π

0

∣∣ cosx−√3 sinx∣∣dx.
Solution: Let f(x) = cosx−

√
3 sinx. We must determine where f(x) is positive. One way to do this is to

sketch y = cosx and y =
√
3 sinx on the same grid. Another is as follows. Note that for 0 ≤ x ≤ 2π we have

f(x) = 0 ⇐⇒
√
3 sinx = cosx ⇐⇒ tanx = 1√

3
⇐⇒ x = π

6 ,
7π
6

and f(0) = 1 > 0, f(π) = −1 < 0 and f(2π) = 1 > 0, and so f(x) ≥ 0 for x ∈
[
0, π6

]
∪
[
7π
6 , 2π

]
and f(x) ≤ 0

for x ∈
[
π
6 ,

7π
6

]
. Thus∫ 2π

0

∣∣f(x)∣∣dx =

∫ π/6

0

f(x) dx−
∫ 7π/6

π/6

f(x) dx+

∫ 2π

7π/6

f(x) dx

=
[
sinx+

√
3 cosx

]π/6
0
−
[
sinx+

√
3 cosx

]7π/6
π/6

+
[
sinx+

√
3 cosx

]2π
7π/6

=
(
1
2 + 3

2

)
−
(
0 +
√
3
)
−
((
− 1

2 −
3
2

)
−
(
1
2 + 3

2

))
+
(
0 +
√
3
)
−
(
− 1

2 −
3
2

)
= 8 .

We remark that there is an alternate solution which makes use of the fact that f(x) = −2 sin
(
x− π

6

)
.



2: (a) Approximate

∫ 2π

0

4cos x dx by the Riemann Sum for f(x) = 4cos x using the right endpoints of 6 equal-sized

subintervals of [0, 2π].

Solution: The subintervals all have size π
3 and the endpoints of the subintervals are 0, π3 ,

2π
3 , π,

4π
3 ,

5π
3 , 2π, so∫ 2π

0

f(x) dx ∼= π
3

(
f
(
π
3

)
+f

(
2π
3

)
+f(π)+f( 4π3 )+f( 5π3 )+f(2π)

)
= π

3

(
41/2+4−1/2+4−1+4−1/2+41/2+41

)
= π

3

(
2 + 1

2 + 1
4 + 1

2 + 2 + 4
)
= 37π

12

(b) Find the exact value of

∫ 2

−1
x2 + 2x dx by calculating the limit of a sequence of Riemann sums.

Solution: Let f(x) = x2 + 2x. Then∫ 2

−1
f(x) dx = lim

n→∞

n∑
i=1

f(xi)(xi − xi−1) = lim
n→∞

n∑
i=1

f
(
−1 + 3

n i
) (

3
n

)
= lim
n→∞

n∑
i=1

((
−1 + 3

n i
)2

+ 2
(
−1 + 3

n i
)) (

3
n

)
= lim
n→∞

n∑
i=1

(
1− 6

n i+
9
n2 i

2 − 2 + 6
n i
) (

3
n

)
= lim
n→∞

n∑
i=1

(
−1 + 9

n2 i
2
) (

3
n

)
= lim
n→∞

n∑
i=1

(
− 3
n + 27

n3 i
2
)
= lim
n→∞

(
− 3
n

n∑
i=1

1 + 27
n3

n∑
i=1

i2
)

= lim
n→∞

(
− 3
n · n+ 27

n3 · n (n+1)(2n+1)
6

)
= −3 + 9 = 6 .

3: (a) Let h(x) =

∫ x

0

√
1 + t3 dt. Find h′(2).

Solution: By the FTC, h′(x) =
√
1 + x3 so h′(2) =

√
1 + 8 = 3.

(b) Let h(x) =

∫ x
√
x

√
x

23−
√
t/2 dt. Find h′(4).

Solution: Let f(t) = 23−
√
t/2. Let g(u) =

∫ u

0

f(t) dt, and note that g′(u) = f(u) by the FTC. Let

u(x) =
√
x and v(x) = x

√
x so that h(x) = g(v(x))− g(u(x)), and note that u′(x) = 1

2
√
x
and v′(x) = 3

2

√
x.

Then h′(x) = g′(v(x))v′(x) − g′(u(x))u′(x) = f(v(x))v′(x) − f(u(x))u′(x), and so in particular h′(4) =
f(v(4))v′(4)− f(u(4))u′(4) = f(8)v′(4)− f(2)u′(4) = 2 · 3− 4 · 14 = 6− 1 = 5.


