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Question 3

Oil is leaking from a pipeline on the surface of a lake and forms an oil slick whose volume increases at a
constant rate of 2000 cubic centimeters per minute. The oil slick takes the form of a right circular cylinder
with both its radius and height changing with time. (Note: The volume ¥ of a right circular cylinder with

radius » and height # is given by ¥V = mr*h.)

(a) At the instant when the radius of the oil slick is 100 centimeters and the height is 0.5 centimeter, the
radius is increasing at the rate of 2.5 centimeters per minute. At this instant, what is the rate of change
of the height of the oil slick with respect to time, in centimeters per minute?

(b) A recovery device arrives on the scene and begins removing oil. The rate at which oil is removed is
R(t) = 400Vt cubic centimeters per minute, where ¢ is the time in minutes since the device began
working. Oil continues to leak at the rate of 2000 cubic centimeters per minute. Find the time ¢ when
the oil slick reaches its maximum volume. Justify your answer.

(c) By the time the recovery device began removing oil, 60,000 cubic centimeters of oil had already
leaked. Write, but do not evaluate, an expression involving an integral that gives the volume of oil at
the time found in part (b).

(a) When 7 =100 cmand & = 0.5 om, 4 = 2000 om® /min 1: 4% = 2000 and & = 2.5
d . 4: . : dv
and —d!ti =25 cm/mm_ 2 : expression for 7{'-
1 : answer
av._ . _ dr 2dh
o —andth+7rr T
2000 = 27(100)(2.5)(0.5) + 7;(100)2‘;—’:
dh _ .
77 = 0038 or 0.039 cm /min
(b) & =2000 - R(¢), 50 % = 0 when R(£) = 2000. 11 R(t) = 2000
This occurs when ¢ = 25 minutes, 3oL anS\"ver
av av I : justification
Sin067>0 for 0 <t <25 and7<0 for ¢ > 25,
the oil slick reaches its maximum volume 25 minutes after the
device begins working.
(c¢) The volume of oil, in cm3, in the slick at time ¢ = 25 minutes 2 { 1 : limits and initial condition
25 RERT
is given by 60,000 + [ (2000 - R(£)) dt, I': integrand
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