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1. [15 points] Determine whether the following are true or false.

The convergence or divergence of the series below can be investigated using the
Alternating series test.
∞∑
n=1

(−1)n3n

4n− 1

If pn ≤ qn ≤ 0 for each n and
∞∑
n=1

pn converges, then
∞∑
n=1

qn converges.

(Hint: Draw a picture!)

If lim
n→∞

|an+1|
|an|

<∞ then the series
∞∑
n=1

an converges.

2. [5 points] Consider the series below.

5− 10

3
+

20

9
− 40

27
+ . . .

To what value does the series converge?

(a) −2

3

(b) 0

(c)
2

3

(d) 3

(e) 5

(f) The series diverges
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3. [20 points] A spherical tank of radius 5 meters is buried in the ground. Suppose the
center of the tank is 15 meters below the surface and the tank is completely full of water
which has density 1000 kg/m3.

a) Draw a slice (taken parallel to the ground) of water h meters from the center of the
tank with a thickness ∆h. Give an expression for the work required to pump the
slice to the surface in terms of h and ∆h. Use g = 9.8 m/s2.

15 m

Surface

b) Use your result from part a to write an integral which gives the total work required
to pump water from the tank to the surface. You do not need to solve this integral.
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4. [20 points] Use the integral test to determine whether the series below converges.
Justify your work by showing that all requirements of the test are met.

∞∑
j=3

j2

ej
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5. [20 points] Determine whether the series is convergent or divergent. Justify your
answer by clearly stating which test you use and by showing that all requirements of
the test are met.

∞∑
n=1

2
√
n

n2 − 4n + 5
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6. [20 points] Determine whether the series is convergent or divergent. Justify your
answer by clearly stating which test you use and by showing that all requirements of
the test are met.

∞∑
n=2

3n

(n− 1)!

What can you say about the series

∞∑
n=1

(−3)n

(n− 1)!
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7. [20 points] Determine whether the series below converges when x = 4. Justify your
answer by clearly stating which test you use and by showing that all requirements of
the test are met.

∞∑
n=0

2n(x + 2)n

5n
.
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