Related Rates Problems

1. A spherical bubble is being inflated with air such that the volume of air in the bubble is increasing at the rate
of 156.4 cm3/min. How fast is the radius of the bubble increasing when the radius is 7.1 cm?

2. The radius of a circle is increasing at the sate of 4 in/sec. Find the following:
a) The rate at which the area of the circle is increasing when the radius is 20 in.
b) The rate at which the area of the circle is increasing when the circumference is 30m.
¢) The rate at which the area of the circle is increasing when the circumference is 24.
d) The rate at which the area of the circle is increasing when the area is 36x.
3. Anexplosion has occurred at the LMF Methane Company in Little Rock, Arkansas and the radius of the
hemispherical:shock wave is expanding at the rate of 20 meters per second. Find the rate of change of
(a) the surface area of the hemisphere (the curved portion only) and
(b) the volume of the hemisphere -
when the circumference of the hemisphere is 50x meters.

4. Gravel is falling off a conveyer belt onto a conical pile. The coarseness of the gravel is such that the height
of the pile is always three-fourths of its radius. If the height of the pile is increasing at the rate of 3.2 ft/min, at
what rate is the volume of the pile increasing when the radius is 16?7

' (
5. Sand is falling off a conveyer belt onto a conical pile at the rate of 60 ft3/min. The coarseness of the sand is
such that the radius of the pile is always 2 times the height. Find the rate at which the height of the plle is
1ncreasmg when the radius is 6ft. :

6. Sand is falling off a conveyer belt onto a conical pile at the rate of 25.2 cubic meters per minute. The
coarseness of the sand is such that the diameter of the pile is always 2.4 times the height. Assuming the height
is increasing at a constant rate of 1.2 m/min, find the rate at which the radius of the pile is increasing when the
diameter is 7.2 meters. '

7. A25-foot ladder is leaning against the side of a building. The base of the ladder is sliding éway from the
building at the rate of 3 ft/sec. At what rate is the top of the ladder sliding down the wall when the base of the
ladder is 15 ft from the base of the building?

8. An 18-foot ladder is leaning against a house and its base is sliding away from the house at the rate of
2.2 ft/sec. What is the rate of change in degrees per second of the angle formed by the ladder and the ground
when the top of the ladder is 12.4 ft above the ground? ﬁ/
{

9. A 15-foot ladder is leaning against a house and the base is sliding away from the house at the rate of 2 ft/sec.
how fast is the top of the ladder sliding down the wall when the top of the ladder is

a) 14 ft high?

b) 12 ft high?

¢) 6 ft high?

d) 1 fthigh?



12. Batman is driving in the Batmobile toward point P while Superman is flying vertically upward from point P.

See figure.
a) If we suppose Batman is driving at the rate of 39.3 m/sec and that the diagonal distance between
Batman and Superman is increasing at a constant rate of 46.8 m/sec, how fast is Superman flying when
Batman is 120 meters from P and Superman is 50 meters high.
b) Let us now suppose that Batman is driving at 44.4 m/sec and Superman is flying at 66.6 m/s. What is
the rate of change of Batman’s angle of elevation (measured in degrees per second) to Superman when
Batman is 80 meters from P and Superman is 100meters above point P.
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13. When Alice went into wonderland she had in her pocket a small wooden cylinder and when she shrank in
size the cylinder shrank along with her in such a way that the height of the cylinder was always 3 times
the radius. Find the following:

a) Assume the cylinder shrank such that the radius is decreasing at 1 cm/sec, find the

rate of change of the volume when the height is 9 cm.

b) Assume the cylinder shrank such that the height is decreasing at the rate of 2 cm/sec. Find the rate of
change of the volume when the diameter of the cylinder is 5 cm.



10. Clark is putting lights up on his house using his retractable ladder (a ladder which can change its length).

a) While he is stapling lights to his eaves, the ladder starts retracting (getting shorter) at the rate

of 1 ft/sec. At the same time, the base of the ladder starts sliding away from the wall at 4 ft/sec. How
fast is the top of the ladder sliding down the wall when the base of the ladder is 12 feet from the wall
and the ladder is 13 feet long?

b) Having returned from the emergency room, Clark again gets on the ladder, however this time, the
ladder starts retracting at the rate of 2 ft/sec and the base of the ladder starts sliding away from the wall
at 3 ft/sec. How fast is the top of the ladder sliding down the wall when the top of the ladder is 12 ft high
and the ladder is 20 ft long?

c¢) When the paramedics finish their work, Clark climbs back on the ladder. This time the base of the
ladder starts sliding away from the wall at 5 ft/sec and the top is sliding down the wall at 6 ft/sec.

What is the rate of change of the angle formed by the ladder and the house (in degrees per sec) when the
bottom of the ladder is 12 ft from the wall and the top of the ladder is 5 ft high.

11. A water trough is 40 inches long and has ends which are isosceles triangles having their heights equal to

Figure:

their bases. Both height and base are 8 inches. See figure.

a) Assume water is being poured into the trough at the rate of 94.1in3/min. At what rate is the depth of
the water increasing when the depth is 3.8 inches?

b) Assume the water is being poured into the trough at the rate of 126.4 in3/min and that there are holes
in the bottom of the trough which cause it to leak water at the rate of 42.8 in3/min. At what rate is the
depth of the water changing when the water is 6.8 inches deep?
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