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@ A ladder 20 ft long leans against a vertical
uilding. If the bottom of the ladder slides
away from the building horizontally at a rate
of 3 ft/sec, how fast is the ladder sliding down

the building when the top of the ladder is 8 ft

from the ground?

Gas is being pumped into a spherical

bailoon at a rate of 5 ft*/min. If the pressure
is constant, find the rate at which the radius is
changing when the diameter is 18 in.

A light is at the top of a 16-ft pole. A boy
5 1t tall walks away from the pole at a rate of
4 ft/sec. At what rate is the tip of his shadow
moving when he is 18 ft from the pole? At
what rate is the length of his shadow
increasing?

l@he top of a silo has the shape of a
emisphere of diameter 20 ft. If it is coated
uniformly with a layer of ice, and if the
thickness is decreasing at a rate of % in./hr,

how fast is the volume of ice changing when
the ice is 2 in. thick?

A boy flying a kite pays out string at a
rate of 2 ft/sec as the kite moves horizontally
at an altitude of 100 ft. Assuming there is no
sagin the string, find the rate at which the kite
is moving when 125 ft of string have been

paid out. .
‘;: )Boyle’s Law for gases states that pv =G,
ere p denotes the pressure, U the volume,
and c is a constant. At a certain instant the
volume is 75 in.3, the pressure is 30 lbs/in.z,
and the pressure is decreasing at a rate of
2 Ibs/in.2 every minute. At what rate is the
volume changing at this instant?

'\ The ends of a water trough 8 ft long are
“Equilateral triangles whose sides are 2 ft long.
If water is being pumped into the trough at a
rate of 5 ft3/min, find the rate at which the
water level is rising when the depth is 8 in.
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2  As acircular metal disc is being heated, its
diameter changes at a rate of 0.01 cm/min..
When the diameter is 5 cm at what rate is the
area of one side changing?

4 A girl starts at a point Aandrunseastata
rate of 10 ft/sec. One minute later, another
girl starts at A and runs north at a rate of 8
ft/sec. At what rate is the distance between
them changing 1 minute after the second girl
starts?

6 A man on a dock is pulling in a boat by
means of a rope attached to the vertical bow
of the boat 1 ft above water level and passing
through a simple pulley located on the dock 8
ft above water level. If he pulls in the rope at a '
rate of 2 ft/sec, how fast is the boat approach-
ing the dock when the bow of the boat is 25 ft
from a point on the water directly below the
pulley?

P

s sand leaks out of a hole in a container,
itfoTms a conical pile whose altitude is always
the same as its radius. If the height of the pile
is increasing at a rate of 6 in./min, find the
rate at which the sand is leaking out when the
altitude is 10 in.

10 A weather balloon is rising vertically at a
rate of 2 ft/sec. An observer is situated 100 yds
from a point on the ground directly below the
balloon. At what rate is the distance between
the balloon and the observer changing when
the altitude of the balloon is 500 ft?

12 Suppose a spherical snowball is melting
and the radius is decreasing at a constant rate,
changing from 12 in. to 8 in. in 45 minutes.
How fast was the volume changing when the
radius was 10 in.?

14 Work Exercise 13 if the ends of the trough

- have the shape of the graph of y= 2|x|

- between the points (—1, 2) and {1, 2).
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15 A point P(x, v) moves on the graph of
the equation y=x*+ x% + 1, the abscissa
changing at a rate of 2 units per second. How
fast is the ordinate changing at (1, 3)?

/17) The area of an equilateral triangle is

Zreasing at a rate of 4 cm?/min. Find the rate
"at which the length of a side is changing when
the area of the triangle is 200 cm?.

19 A stone is dropped into a lake, causing
circular waves whose radii increase at a
constant rate of 0.5 m/sec. At what rate is the
circumference of a wave changing when its
radius is 4 m?

When two electrical resistances R; and

; are connected in parallel, the total resistance

Ris given by 1/R = (1/R,) + (1/R,). If R, and

R, are increasing at rates of 0.01 ohms/sec

and 0.02 ohms/sec, respectively, at what rate is

R changing at the instant that R, = 30 ohms
and R, = 90 ohms?

23 If a spherical tank of radius a contains
water which has a maximum depth h, then the
volume V of water in the tank is given by
V = $nh*(3a — h). Suppose a spherical tank of
radius 16 ft is being filled at a rate of 100
gal/min. Approxxrnate the rate at which the
water level is rising when h=4 ft (1 gal
~ 0.1337 ft3).

25 From the edge of a cliff which overlooks
a lake 200 ft below, a boy drops a stone and
then, two seconds later, drops another stone
from exactly the same position. Discuss the
rate at which the distance between the two
stones is changing during the next second.
(Assume that the distance an object falls in ¢
seconds is 16¢2 ft.) -

27 An airplane, flying at a constant speed of
360 mph and climbing at an angle of 45°
passes over a ‘point P on the ground at an
altitude of 10,560 ft. Find the rate at which its
distance from P is changing one minute later.
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16 A point P(x, y) moves on the graph of
y? = x2 — 9 such that dx/dt = 1/x. Find dy/dt
at the point (5, 4).

18 Gas is escaping from a spherical balloon
at a rate of 10 ft3/hr. At what rate is the radius
changing when the volume is 400 ft3?

. A softball diamond has the shape of a
\‘ ,i'l . . .

are with sides 60 ft long. If a player is
running from second base to third at -a speed
of 24 ft/sec, at what rate is her distance from
home plate changing when she is 20 ft from
third ?

22 The formula for the adiabatic expansion
of air is pv'* = ¢, where p denotes pressure, v
denotes volume, and ¢ is a constant. At a
certain instant the pressure is 40 dynes/cm?
and is increasing at a rate of 3 dynes/cm? per
second. If, at that same instant, the volume is
60 cm?, find the rate at which the volume is
changing. -

24 A spherical tank is coated uniformly with
a 2-inch layer of ice. If the volume of ice is
melting at a rate which is directly proportional
to its surface area, show that the outside
diameter is decreasing at a constant rate.

26 A metal rod has the shape of a right
circular cylinder. As it is being heated, its
length is increasing at a rate of 0.005 cm/min
and its diameter is increasing at 0.002 cm/min.
At what rate is the volume changing when
the rod has length 40 cm and diameter 3 cm?

28 Refer to Exercise 38 of Section 6. At what
rate is the distance between the airplane and
the automobile changing at 10: 15 Am.?




