
Related Rates Calculus PracticeTest Solutions

Name:

1. (8 points) An observer is watching the launch of a rocket which is being sent vertically into the air in such a way that its
position at time t is given by s(t) = 40t2 feet after t seconds. The observer is 500 feet from the launch pad, and is positioned
so that the line of sight from her eyes to the rocket before it lifts off is horizontal. What is the rate of change of the angle
of elevation of the observer’s eyes 5 seconds after lift-off?

Solution

Let θ be the angle that her eyes make with the horizontal. Then tan θ = 40t2

500 Thus (sec2 θ)dθ
dt = 80t

500 = 4t
25 . Thus at time t,

we have that dθ
dt = cos2 θ · 4t

25 . We can compute θ when t = 5 using the fact that tan θ = 1000
500 at that time. Thus tan θ = 2

and so cos2 θ = 1
5 . Therefore at time t = 5 we have dθ

dt = 1
5 ·

20
25 = 4

25 radians per second.
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2. (7 points) An airplane is flying horizontally at an elevation of 4 miles on a flight path that will take it directly over a radar
tracking station. If the straight-line distance between the plane and the radar station is decreasing at a rate of 200 mph
when the plane is 8 miles away, what is the speed of the plane?

Solution

Let y be the distance between the plane and the radar station at time t. Then dy/dt = −200. Let x be the distance
between the plane and the point in the air which is 4 miles directly above the radar station at time t. We want to find dx/dt
when y = 8. The relationship between y and x is given by the Pythagorean theorem. We have that x2 + 16 = y2. Thus
2x(dx/dt) = 2y(dy/dt), so dx/dt = y

x (dy/dt) = y
x (−200). Now when y = 8, we can compute that x =

√
82 − 42 =

√
48.

Thus when the plane is 8 miles from the radar station, dx/dt = 8√
48

(−200) ≈ −230.94. This is the velocity. The airplane’s
speed is the absolute value of this number, or approximately 230.94.
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3. (8 points) A large cube of ice is melting in such a way that it remains a cube at all times. The cube is melting so that
the rate of change of the volume of the cube is 100 cubic inches per hour. At what rate is the length of a side of the cube
changing when the volume of the cube is 1000 cubic inches?

Solution

Since the volume of the cube is given by V = s3 where s is the length of a side, we have dV
dt = 3s2 ds

dt . We are given that
dV
dt = −100, so −100 = 3s2 ds

dt , so −100
3s2 = ds

dt . Also, when V = 1000, it must be true that s = 10, so ds
dt at this time is

ds
dt = −100

300 = −1
3 . Thus the length of a side is decreasing at a rate of 1/3 inch per hour.

4. (5 points) Air is being pumped into a spherical balloon at a rate of 8 cubic inches per minute. What is the rate of change
of the radius of the balloon when the radius is 2 inches? Hint: the volume of a balloon is given by V = 4

3πr3.

Solution

Differentiating with respect to t yields dV/dt = 4πr2(dr/dt). We know that dV/dt = 8, so 8 = 4πr2(dr/dt), so dr/dt = 2
πr2 .

When r = 2, this expression is equal to 1
2π .
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5. (8 points) An airplane traveling at a constant altitude of 2 miles passes directly over the Furman football stadium while
traveling at 360 miles per hour. At what rate is the distance between the airplane and the Furman symbol on the 50 yard
line increasing 1 minute later?

Solution

Let x be the horizontal distance between the point 2 miles directly above the center of the field and where the plane is
at time t. Let z be the distance between the plane and the symbol in the middle of the field. Then x2 + 22 = z2, so
2xdx

dt = 2z dz
dt . And since dx

dt = 360, we have 360x
z

dx
dt = dz

dt . After 1 minute (which is 1/60 hours), x would be 6 miles, and so
z =

√
62 + 22 =

√
40. Thus, dz

dt = (6)(360)√
40

≈ 341.6 miles per hour.

6. (5 points) A rock is dropped into a calm swimming pool, causing ripples in the form of concentric circles to form. The
radius r of the outer ripple is increasing at a constant rate of 2 feet per second. When the radius is 3 feet, at what rate is
the total area A of the disturbed water increasing?

Solution

A and r are related by the formula A = πr2. Thus A′(t) = 2πr(r′(t)). Since r′(t) = 2, this yields A′(t) = 4πr. When r = 3,
we have A′(t) = 12π.
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7. (7 points) If you drop a certain stone into a pond, a circular wave is formed which increases in size over time. If the radius
of the circle is increasing at a rate of one foot per second, How fast is the area of the circle increasing in size when the radius
is 2 feet?

Solution

Since A = πr2, it follows that dA
dt = 2πr dr

dt = 2πr(2) = 4πr. When r = 2, this would be equal to 8π. Thus the area of the
circle is increasing at a rate of 8π square feet per second.

8. (7 points) A boat with a rope attached to its bow is being pulled into shore by a man whose hands are 12 feet vertically
above the water level. He is pulling the rope in at a rate of 3 feet per second. How fast is the boat moving when there is
still 13 feet of rope out?

Solution

Let y be the amount of rope still out at time t, and let x be the distance from the boat to the point on the water directly below
the man’s hands. The Pythagorean theorem states that x2 +(12)2 = y2. Thus, 2x(dx

dt ) = 2y(dy
dt ), so dx

dt = y
x

dy
dt . Since we are

given that dy
dt = −3, we have that dx

dt = −3y
x . When y = 13, we have that x = 5, since (5)2 +(12)2 = 25+144 = 169 = (13)2.

Thus we have that dx
dt = −39

5 at the moment in question. The negative sign simply indicates that the motion is toward the
dock, that is, that x is getting smaller as time t increases.
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