
Douglass Houghton Workshop, Section 2, Tue 03/07/17

Worksheet Licorice

1. The Mercury memorial contains the equation VC = R0

√

g

R0 + h
. What does it mean?

2. A spaceship seeks to reach a height y above the surface of the earth. The force of
gravity at any time is

Fg = G
Mm

r2

G = The universal gravitational constant

M = The mass of the earth

m = The mass of the spaceship

r = The distance from the spaceship to the center of the earth.

(a) How much work will it take to raise the spaceship from the surface of the earth
to a point y meters above the surface? Use R for the radius of the earth. Don’t
assume gravity is constant as the ship moves upward!

(b) How much work would it take to push the spaceship entriely beyond the reach of
Earth’s gravity? (Let y → ∞.)

(c) If the ship is travelling at velocity v, it will have kinetic energy 1

2
mv2. That energy

will be converted into work to move the ship upward. What speed must the ship
be going near the surface to leave the earth’s gravity well? This is the earth’s
escape velocity.

(d) Look up the values of G, M , and R, and get a numerical answer in miles per
second.

3. (This problem appeared on the Fall, 2007 Math 116 Final Exam. Really!) Newton’s
law of cooling (or warming) says that the rate of change of the temperature of an object
is proportional to the difference between the object’s temperature and the temperature
of the surrounding medium. Suppose that a thermometer used by a veterinarian to find
the temperature of a sick horse obeys Newton’s law of cooling. Further suppose that
before insertion the thermometer reads 82◦ F, after one minute it reads 92◦, and after
another minute it reads 97◦ F, and that a sudden convulsion unexpectedly destroys
the thermometer after the 97◦ reading. Call the horse’s temperature Th.

(a) Write a differential equation for the temperature T (a function of time t) of the
thermometer. Your equation may involve the constant Th.

(b) Solve the differential equation for T to find a general solution for T . Your solution
may include undetermined constants such as Th.

(c) Use the temperature data to solve for T .



4. We have a new tool for evaluating limits, called L’Hôpital’s Rule. It
allows us to resolve some limits we couldn’t do last fall. In particular,
we can prove our favorite result, about Michael Phelps’s towel.

(a) Recall our model of toweling: water spreads out evenly over Michael and the
towel. So if Michael has area 1m2 and starts with wetness W , after using a towel
of size T his new wetness will be

W
(

1

1 + T

)

.

Suppose instead he divides his towel of size T into n parts. How wet will he be if
he starts with 1 liter of water on him?

(b) What happens if he divides the towel into more and more pieces? Let

L = lim
n→∞

(the formula you found in part (4a)).

Take the ln of both sides of the equation above. It’s OK to move the ln inside
the limit, because ln is a continuous function.

(c) Let p = 1/n. As n → ∞, p → 0. So rewrite your limit with p’s instead of n’s.

(d) In order to use L’Hôpital’s Rule, you need to have something of the form 0/0 or
∞/∞. So get you limit in that form, and resolve it.

5. (This problem is from a Fall, 2014 Math 116 exam. For some reason, all the exams
that term were about robots and chickens.)

Consider the polar curves

r = cos θ and r = sin θ + 2.

(a) Franklin’s robot army occupies the shaded region between these
two curves. Find the area occupied by Franklin’s robot army.

x

y

(b) Your friend, Kazilla, pours her magic potion on the ground.
Suddenly, a flock of wild chickens surrounds you. The chickens
occupy the shaded region enclosed within the polar curve r =
1 + 2 cos θ as shown below. Find the perimeter of the region
occupied by the flock of wild chickens.

x

y


