
Douglass Houghton Workshop, Section 1, Mon 01/23/17

Worksheet Damn the Torpedoes

1. Let’s practice some integration by parts.

(a)
∫

x2ex dx

(b)
∫

ln x dx

(c)
∫

ex sin x dx

(d)
∫

1

0

tan−1(x) dx Hint: d

dx
tan−1(x) = 1

1+x2

2. We’re interested in finding an equation that de-
scribes the shape of a hanging chain. Clearly the
shape is determined by the forces on the chain.

(a) Consider the portion of the chain highlighted
here. Draw it on the board, and draw arrows
for all the forces that act on it. t

y
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(b) Give the forces names. Given that the chain is not in motion, what must the
forces sum to?

(c) So how are your variables related? Write down as many equations as you can.

3. Consider the gamma function: Γ(x) =
∫

∞

0

e−ttx−1 dt, for x > 0.

(a) Use integration by parts to prove that Γ(x+ 1) = xΓ(x).

(b) Show that Γ(1) = 1. Then fill in this chart, using part (a):

x 1 2 3 4 5 6
Γ(x)

(c) So if x is a positive integer, what is Γ(x)?

4. Suppose you are pumping water up from a lake to a water tank. The tank is a rect-
angular solid, with a base that is 46′′ × 381

2

′′

, and a height of 38′′. The base is 27 feet
above the lake. Water weighs 62.4 lb/ft3.

(a) How much work, in ft·lb, will it be to fill the tank?

(b) It took about 10 oz of gasoline to pump the water up. A gallon of gasoline contains
about 132 megajoules of energy, according to Wikipedia. Use the fact that 1 gallon
is 128 ounces and 1 ft·lb is 1.355 joules to find the efficiency of the pump.



5. The buoyancy force on a floating object is pro-
portional to the volume of water it displaces.
Using this fact, Vicki and Christine plan to
study the weights of penguins by floating beach-
balls on the ocean and enticing penguins to
climb on top. They then measure the depth the
ball sinks to, and thereby deduce the penguin’s
weight.

So given a beachball of radius R which is par-
tially submerged in the water, find a formula for
the volume of the ball which is below the water
line when its bottom is at depth Y . Check that
your formula makes sense for the values Y = 0,
Y = R, and Y = 2R.

Y

R

6. Suppose that 1% of a certain population has hepatitis, and that a particular test for
hepatitis is 98% accurate.

(a) Fill in the following table of possibilities. For instance, the upper-left corner is
the probability that a randomly-chosen person has hepatitis and tests positive.
The upper-right corner is the probability that a person has hepatitis and tests
negative.

Has disease?
Yes
No

Test Results
Positive Negative

(b) Given that a person tests positive, what is the probability that he or she actually
has hepatitis?

7. Suppose a Solo cup has radii R1 cm and R2 cm and height H cm.

(a) Consider a disk-shaped slice of the cup which is a height h
above the bottom. What is its radius, in terms of h? Hint:
The sides of the cup are straight, so the radius is a linear
function of h.

(b) If the thickness of the disk is ∆h, what is its volume?

(c) Find the volume of the cup.

h


