
Merit Calculus 1, Fall 2009, Worksheet 12

Problem 1. I heard on the radio that the number of newly laid-off workers signing on for
unemployment benefits decreased for the fourth straight month. If W (t) is the number of
people employed at time t, express the above statement in terms of derivatives of W (t). Is
this good news or bad news?

Problem 2. Let C(t) be the concentration of a drug in the bloodstream. As the body
eliminates the drug, C(t) decreases at a rate proportional to the amount of the drug present
at that time. Injecting the drug leads to a (nearly immediate) increase of C(t) by 0.1 mg/L.
The body eliminates 30% of the drug in three hours. Does this mean that the drug will have
left the patient’s body after a little more than three hours?
Concentration levels above 0.15 mg/L can have toxic effects but concentration levels below
0.2 mg/L have little to no medical effect. During what period of time should the doctor give
the next dose?
The doctor waited as long as possible before giving that dose; when should the doctor give
the patient the next dose after that?

Problem 3. Boyle’s law says that the pressure p of n moles of a gas at temperature T (in

Kelvin) in a container of volume V is given by p =
nRT

V
. Here R is a constant. Find dp

dV
.

What is the meaning of dp
dV

? What does the minus sign indicate?
Suppose it is known that the pressure of a gas is decreasing at the rate of 8 Pa/cm3 when
V = 10cm3. How fast does this pressure change when V = 20 cm3?

Problem 4. A particle moves on a vertical line so that its coordinate at time t is y =
t3 − 12t+ 3, t ≥ 0.

a. Find the velocity and acceleration functions.

b. When is the particle moving upward and when is it moving downward?

c. Find the distance that the particle moves in the time interval 0 ≤ t ≤ 3.

d. Graph the position, velocity and acceleration functions for 0 ≤ t ≤ 3.
(Do not use a graphing calculator - you have enough information to give a good sketch.)

e. When is the particle speeding up? When is it slowing down?

f. What is the highest that this particle goes? The lowest?

Problem 5. The surface area of a sphere is increasing at a rate of 6π cm2s−1. At what rate
is the radius of the sphere changing when the sphere has surface area 36π cm2?



Related Rates: There are many things to consider before you even think about taking a
derivative.

• Sketch the situation.

• Label the sketch.

• Which pieces of information are constants? variables? functions? functions of what
variables?

• What is the relationship between the variables/functions?

• What do you know? What are you trying to find?

The above is just the starting point. How do you continue?

Problem 6. A pebble dropped into a lake creates an expanding circular ripple. Suppose
that the radius of the circle is increasing at a rate of 2 in/s. At what rate is its area increasing
when the radius is 10 in?

Problem 7. An ice cube is melting in such a way that each edge decreases steadily by 2 in
every hour. At what rate is its volume decreasing when the volume is 1000 in3 long?

Problem 8. Coffee is poured at a uniform rate of 20cm3s−1 into a cup whose inside is
shaped like a truncated cone. If the upper and lower radii of the cup are 4cm and 2cm,
respectively, and the height of the cup is 6cm, how fast will the coffee level be rising when
the coffee is halfway up the cup?

Problem 9. Falling sand forms a conical sandpile. Its height h always remains twice the
radius r. If sand falls at a rate of 6πft3/min how fast is r increasing when r = 5ft?

Problem 10. A ladder 41 ft tall that was leaning against a vertical wall begins to slip. Its
top slides down the wall while its bottom moves along the ground at a constant speed of 4
ft/s. How fast is the top of the ladder moving when it is 9 ft above the ground?

Problem 11. Suppose an ostrich 6 ft tall is walking at a speed of 4 ft/s directly towards a
street light 12 ft high. How fast is the tip of the ostrich’s shadow moving along the ground?
At what rate is the ostrich’s shadow decreasing in length?

Problem 12. A circular oil slick of uniform thickness is caused by a spill of 1,000,000 cm3

of oil. The thickness of the oil slick is decreasing at a rate of 0.1 cm/hr. At what rate is the
radius of the slick increasing when the radius is 8 m?

Problem 13. A conical water tank has radius 160cm and height 800cm. Water is running
out of the tank out of a small hole at the tip (at the bottom). When the height h of the
water in the tank is 600cm, what is the rate of change of its volume with respect to h?

Preparation for next time: Read Section 3.9.


