
Related Rates

Multiple Choice
Identify the choice that best completes the statement or answers the question.

1. A railroad track and a road cross at right angles. An observer stands on the road 70 meters south of the
crossing and watches an eastbound train traveling at 60 meters per second. At how many meters per
second is the train moving away from the observer 4 seconds after it passes through the intersection?

a. 57.60
b. 57.88
c. 59.20
d. 60.00
e. 67.40

2.

x

In the triangle shown above, if B increases at a constant rate of 3 radians per minute, at what rate is
x increasing in units per minute when x equals 3 units?

b.

3
15
4

4
9
12

a.

c.
d.
e.

3. The radius of a circle is decreasing at a constant rate of 0.1 centimeter per second. In terms of the
circumference C, what is the rate of change of the area of the circle, in square centimeters per second?

a. -(O.2)JZC
b. -(O.l)C

- (O.I)C
C. 21r
d. (0.1)2 C

e. (0.1)2 nC



Name: _

4. If the base b of a triangle is increasing at a rate of 3 inches per minute while its height h is decreasing at a
rate of3 inches per minute, which of the following must be true about the area A ofthe triangle?

a. A is always increasing.
b. A is always decreasing.
c. A is decreasing only when b < h.
d. A is decreasing only when b > h.
e. A remains constant.

5. The radius of a circle is increasing at a constant rate of 0.2 meters per second. What is the rate of increase in
the area of the circle at the instant when the circumference of the circle is 20Jr meters?

a. 0.0411 m-/sec

b. 0.411 m-/sec

C. 411 m2/sec

d. 2011 m2/sec

e. 10011m2/sec
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5. A container has the shape of an open right circular cone, as shown in the figure above. The height of the

container is 10 em and the diameter of the opening is 10 em. Water in the container is evaporating so that

its depth h is changing at the constant rate of ~gcmIhr.

(Note: The volume ofa cone of height h and radius r is given by V = jnr2h.)

(a) Find the volume V of water in the container when h = 5 cm. Indicate units of measure.

(b) Find the rate of cbange of the volume of water in the container. with respect to time. when h '" 5 cm.
Indicate units of measure.

(c) Show that the rate of change of the volume of water in the container due to evaporation is directly
proportional to the exposed surface area of the water. What is the constant of proportionality'?
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Question 5

A coffeepot has the shape of a cylinder with radius 5 inches, as shown in the figure

above. Let h be the depth of the coffee in the pot, measured in inches, where h is a

function of time t, measured in seconds. The volume V of coffee in the pot is

changing at the rate of -5r....ffi cubic inches per second. (The volume V of a cylinder

with radius r and height h is V = 71'rh. )
dh .../h

(a) Show that -d = --.
t 5

(b) Given that h = 17 at time t = 0, solve the differential equation : = - ": for

h as a function of t.

(c) At what time t is the coffeepot empty?
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Oil is leaking from a pipeline on the surface of a lake and forms an oil slick whose volume increases at a
constant rate of2000 cubic centimeters per minute. The oil slick takes the form of 8 right circular cylinder
with both its radius and height changing with time. (Note: The volume V of a right circular cylinder with
radius r and height h is given by V = m-2h,)

(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) = 400Ji cubic centimeters per minute, where t 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 I 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).
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Question 6
I. 10 em .j

A container has the shape of an open right circular cone, as shown in the figure
above. The height of the container is 10 em and the diameter of the opening is 10
em. Water in the container is evaporating so that its depth It, is changing at the

-3
constant rate of 10 em/hr.

(The volume of a cone of height h and radius r is given by V = i7rr~h.)

(a) Find the volume V of water in the container when h. = 5 cm. Indicate units

of measure.

I
TT

h

1
(b) Find the rate of change of the volume of water in the container, with respect to time, when h = 5 em. Indicate

units of measure.
(c) Show that the rate of change of the volume of water in the container due to evaporation is directly proportional

to the exposed surface area of the water. What is the ronstant of proportionality?
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5 1 (5)2 125 .(a) When h = 5, r = '2; V(5) = '37r '2 5 = 127r em"
1: V when h = 5

1: r = ~h in (a) or (b)
r 5 1
- = - so r =-h
h 10' 2
V = .!.7r(.!.h2)h = ..!..7rh3• dV = .!.7rh2dh

3 4 12' dt 4 dt
dVI 1 (3 ) 15 '3/- = -7r(25) -- = --7f em/hdt h=5 4 10 8 r

(b)

Vasa function of one variable

in (a) or (b)
1: OR

5 1 I dr
dt

OR

dV = .!.7f{~dh. + 2rh dr). dr = .!.dh
dt 3 dt dt I dt 2 dt

~~L5.r=~= ~7r((~)( -13
0) + 2(%)s( - :0))

2

2' dV
. dt

< -2 > chain rule or product rule error

1: evaluation at h = 5- _15 7fcroAr- 8

dV1: shows Tt = Ie . area

2 ~ 1: identifies constant of

proportionality

dV 1 2 dh 3 h2(c) - = -7rh - = --7r
dt 4 dt 40

3 2 3 2 3= --7r(2r) = --7rr = --. area
40 10 10

The constant of proportionality is -1~'

units of ems in (a) and cmAr in (b) 1: corred units in (a) and (b)
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QuestionS

A coffeepot has the shape of a cylinder with radius 5 inches, as shown in the figure
above. Let h be the depth of the coffee in the pot, measured in inches, where h is a-

function of time t, measured in seconds. The volume V of coffee in the pot is

changing at the rate of -51r.f1i cubic inches per second. (The volume V of a cylinder
with radius r and height h is V = 1rrh. )

dh ..fFi
(a) Show that dt = -5'

(b) Given that h = 17 at time t = 0, solve the differential equation : = - ": for

h as a function of t.

(c) At what time t is the coffeepot empty?
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(a) V = 257rh

dV dh- = 25n- = -51f.Jh
dt dt

dh -57r.Jh -n
dt =~=-5

(b)dh d = _ .f!i
t - 5

1 1
.Jhdh = -sdt

12..fii = --t + C
5

2m = 0 + C

h = (-:ot + mf

(c) (_"!"t + m)2 - 010 -

t = 10m

3 :

dV1 : dt = -57r../li
dV

1 : computes dt
1: shows result

5:

1: separates variables

1 ; antiderivatlves

1: constant of integration

1 : uses initial condition h = 17

when t = 0
1 : solves for h

Note: max 2/5 [l-l...Q..Q..O] if no constant

of integration

Note: 0/5 if no separation of variables

1: answer
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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 ofa right circular cylinder
with both its radius and height changing with time. (Note: The volume V of a right circular cylinder with

radius r and height h is given by V = 1fr2h.)

(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 of2.5 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) = 40o./i cubic centimeters per minute, where t 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 t 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 r = 100 em and h = 0.5 em, c::; = 2000 cm3fmin

and : = 2.5 em/min.

dV = 2m- dr h + m-2 dh
dt dt dt

2000 = 2Jr(JOO)(2.5)(0.5) + Jr(100)2 ~7
~~ = 0.038 or 0.039 em/min.

dV dV
(b) dt = 2000 - R(t), so dt = 0 when R(/) = 2000.

This occurs when I = 25 minutes.
. dV dVSince (j[ ::> 0 for 0 < I < 25 and (Jt < 0 for t > 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 t := 25 minutes

r2S
is given by 60,000 + Jo (2000 - R(t» dt.

C 2008 The College Board. All rights reserved.
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dV dr
1 : (it = 2000 and dt = 2.5

4 : 2 : expression for CZ
I :answer

{

I: R(t) = 2000
3: I; answer

I :justification

2 . { 1 : limits and initial condition
. I: integrand


