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1.(15 points) Compute the following sums and integrals.

(a)
∑7

k=1(k
2 − 2k + 2).

(b)
∑7

k=2 2k.

(c)
∫ 3

1
1
x3dx.

(d)
∫ 1

0
(sin(3πx) + cos x)dx.

(e)
∫ x

−1
(1 + 2t− 3t2)dt.

Solution:

(a)

7∑
k=1

(k2 − 2k + 2) =
7∑

k=1

k2 − 2
7∑

k=1

k +
7∑

k=1

2

=
7(7 + 1)(14 + 1)

6
− 2

7(7 + 1)

2
+ 14

= 140− 56 + 14 = 98.

(b)

7∑
k=2

2k =
7∑

k=0

2k −
1∑

k=0

2k =
1− 27+1

1− 2
− (1 + 2) = 255− 3 = 252.

(c) ∫ 3

1

1

x3
dx =

∫ 3

1

x−3dx =
x−2

−2

∣∣∣∣3
1

=
3−2

−2
− 1−2

−2
= − 1

18
+

1

2
=

4

9
.

(d) ∫ 1

0

(sin(3πx) + cos x)dx =

(
− cos(3πx)

3π
+ sinx

)∣∣∣∣1
0

=
− cos(3π)

3π
+ sin 1−

(
− cos(0)

3π
+ sin(0)

)
=

1

3π
+ sin 1 +

1

3π
− 0 =

2

3π
+ sin 1.

(e) ∫ x

−1

(1 + 2t− 3t2)dt =
(
t+ t2 − t3

)∣∣x
−1

= x+ x2 − x3 −
(
−1 + (−1)2 − (−1)3

)
= x+ x2 − x3 − (−1 + 1 + 1)

= x+ x2 − x3 − 1
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2.(8 points) The speed of a car (km/h) is given by the expression

v(t) = t3 + 2t+ 10, 0 < t < 2,

where t is time in hours. Use this expression to find

(a) The average velocity of the car during this time period.

(b) The acceleration of the car over this time period.

(c) The average acceleration of the car over this time period.

(d) The total displacement over this time period.

Solution:

(a)

v̄ =
1

2− 0

∫ 2

0

v(t)dt

=
1

2

∫ 2

0

(
t3 + 2t+ 10

)
dt

=
1

2

(
1

4
t4 + t2 + 10t

) ∣∣∣∣2
0

=
1

2

(
1

4
16 + 4 + 20− 0

)
= 14 km/h

(b)

a(t) =
dv

dt
=
(
3t2 + 2

)
km/h2

(c)

ā =
1

2− 0

∫ 2

0

a(t)dt

=
1

2

∫ 2

0

dv

dt
dt

=
1

2
v(t)|20

=
1

2

(
t3 + 2t+ 10

) ∣∣∣∣2
0

=
1

2

(
(8 + 4 + 10)− (10)

)
= 6 km/h2

(d)

∆x = x(2)− x(0) =

∫ 2

0

dx

dt
dt =

∫ 2

0

v(t)dt = 2v̄ = 28 km
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3.(10 points) Compute the area between the graphs of the two functions f(x) = 1
2
x2 − 2 and

g(x) = −1
2
x2 + x by completing the following steps.

(a) Find the intersection points of f(x) and g(x). Draw a graph of f(x) and g(x) with
intersection points marked.

(b) Find the area by first writing down the integral. Compute the integral by using
fundamental theorem of calculus.

Solution:

(a) The intersection points of f(x) and g(x) are solutions to the equation f(x) = g(x).

1

2
x2 − 2 = −1

2
x2 + x

x2 − x− 2 = 0

(x− 2)(x+ 1) = 0

x = 2,−1

The two intersection points are (−1,−3
2
), (2, 0).

(b) Let A denote the area between f(x) and g(x). From the graph, the graph of g(x)
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is above the one of f(x) in the interval (−1, 2).

A =

∫ 2

−1

[g(x)− f(x)]dx

=

∫ 2

−1

[(
−1

2
x2 + x

)
−
(

1

2
x2 − 2

)]
dx

=

∫ 2

−1

(−x2 + x+ 2)dx

= −x
3

3
+
x2

2
+ 2x

∣∣∣∣2
−1

=

(
−8

3
+ 2 + 4

)
−
(

1

3
+

1

2
− 2

)
=

9

2

The area between f(x) and g(x) is 9/2.
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4.(12 points) Consider the area enclosed by the graph of the function f(x) = 1− e−2x, the x-axis,
x = 0 and x = 1. Answer the following questions

(a) Use fundamental theorem of calculus to compute this area.

(b) Next divide the x-axis between x = 0 and x = 1 into N intervals of equal length
∆x. What is the value of ∆x?

(c) Let the k-th interval be between xk and xk+1 (x0 = 0, xN = 1). What is xk in
terms of k and N?

(d) Let the k-th rectangle be of height f(xk) and width ∆x. Find the area of k-th
rectangle in terms of k and N .

(e) Write the approximate area SN using the Σ symbol. Compute your sum to find an
expression for SN in terms of N .

(f) Show that as N →∞, SN approaches the value you computed in using the
fundamental theorem of calculus in Part (a). (Hint: for x small, you can use the
approximation e−x ≈ 1− x).

Solution:

a) ∫ 1

0

(1− exp(−2x)) dx = x+
exp(−2x)

2

∣∣∣∣1
0

=
1

2
(1 + exp(−2))

b) ∆x = 1
N

c) k must index from 0 to N − 1 based on the instructions. In this case
xk = k∆x = k/N .

d) Since f(xk) = 1− exp(−2k/N), the area

∆Ak = (1− exp(−2k/N))
1

N

e)

SN =
N−1∑
k=0

∆Ak =
N−1∑
k=0

(
1− exp

(
−2k

N

))
1

N
= 1− 1

N

N−1∑
k=0

[
exp

(
−2

N

)]k

= 1− 1

N

1−
[
exp

(−2
N

)]N
1− exp

(−2
N

) = 1− 1

N

1− exp(−2)

1− exp
(−2

N

)
f) Using the fact that 1− exp(−2/N) ≈ 2/N , the limit can be evaluated as

lim
N→∞

SN = 1− 1

2
(1− exp(−2)) =

1

2
(1 + exp(−2))
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5.(5 points) Consider the function shown in the box. Use the sketch of this function y = f(x) to
draw a sketch of the graph of the related function F (x) =

∫ x

0
f(t)dt on the grid

provided. (Note that F (0) = 0.)

Solution:
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