FIGURE 3.31

EXERCISES for Section 3.7
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A television camera at ground level is filming the lift-off of a space shuyg
that is rising vertically according to the position equation s = 59,2, Wher
is measured in feet and 7 is measured in secoan. The camera is 200 g,
from the launch pad. Find the rate of change 1n th.e distance betwegy q
camera and the base of the shuttle 10 seconds .after lift-off. (Assume thy
camera and the base of the shuttle are level with each other when ¢ = 0.

SOLUTION

1. We let r be the distance between the camera and the base of the shy
as shown in Figure 3.31. Then we can find the velocity of the rocke
differentiating s with respect to 7 to obtain ds/dt = 100¢. Thus, we |

the following model.

Given: —Z": = 100t = velocity
dr
ind: — t =10
Find: 7 when

2. Using Figure 3.31 we relate s and r by the equation

r2 = 20002 + s2.
3. Implicit differentiation with respect to ¢ yields
dr ds
2r i 2s 7
dr _s ds_5
dt  r dt r(lot)'

4. Now, when t = 10, we know that s = 50(10%) = 5000, and we

r = V20007 + 50002 = 1000V/29.

Finally, the ratc of change of r when t = 10 is

dr 3000 _

In Exercises 1—4, assume that x and y are both differ-
entiable functions of ¢ and find the indicated values of

dy/dt and dx/dt.

Equation Find

Equation Find

2. y=x*-3x (a ‘ji—};whenx=3

d
1. y=Vx (a)—d—);whenx=4

dx
(b) Z when x = 25

] dx
Given (b) P when x = 1
@ _, .
dr 3. xy=4 (a)Ewhenx=8
dy

dx
dt b & _
(b) I when x = 1
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7 T4 inches and (b) r = 24 inches. When
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3 s r of a sphere is increasing ar
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6. uwﬁﬂm.ﬁndthcmofchangeofhvl 2
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- s constant? Explain why or why not. e

. il ) Wisinﬂated\m’thgasath“

‘ 2;,aﬂ,;cfm:tpcrmmutt:.‘l-lowfastisthemﬁu“softhe
ralloon increasing at the instant the radius is (a) 1 foot
and (b) 2 feet?

5. The formula for the volume of a cone is

=

Find the rate of change of the volume if dr/dr is 2
inches per minute and 2 = 3r when (a) r = 6 inches
and (b) r = 24 inches.

1. Arasand and gravel plant, sand is falling off a conveyor
znd onto a conical pile at the rate of 10 cubic feet per
minute. The diameter of the base of the cone is approx-
mately three times the altitude. At what rate is the
height of the pile changing when it is 15 feet high?

1. A conical tank (with vertex down) is 10 feet across the
top and 12 feet deep. If water is flowing into the tank
at the rate of 10 cubic feet per minute, find the rate of
hange of the depth of the water the instant it is 8 feet

i;:fs of a cube are expanding at the rate of 3
i e 15 per second. How fast is the volume chang-
i n each edge is (a) 1 centimeter and (b) 10
“timeters?

ga:‘::d;gons are the same as in Exercise 13. Now
each g W fast the surface area is changing when
8¢ 1s (a) 1 centimeter and (b) 10 centimeters.

. A Boiet :
L POy "
’uat? l; fioving along the graph of y = x? so that
4, . - centimeters per minute. Find dy/dr when
5 . 0 and (b) X = 3
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Mg 1008 are the same as in Exercise 15, but now

‘.,;)“re 3
apdme Tate of change of the distance between the
¥ thc Oﬁgm

ﬁeﬁ:no..! per mimmee

(a,x= - "hdx' m‘fu‘
‘c)xzz (2:1:0

18. A oo . d x=10

o percentage of the pool is filled?
(b)Alenmish level risi '?

20. An'oughi512feetlongand3feetaaossthetop(see
ﬁgme).ltsendsa:eisoscel&suiangleswithanahimde
of3feet.Ifwaterisbeingpumpedimotheumghal
2-<.:ubicfeetperminme,howfastisﬂ1ewmlevel
nising when it is 1 foot deep?

21. A ladder 25 feet long is leaning against the wall of a
house (see figure). The base of the ladder is pulled
away from the wall at a rate of 2 feet per second. How
fast is the top moving down the wall when the base of
the ladder is (a) 7 feet, (b) 15 feet, and (c) 24 feet from

the wall?
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180 Chapter 3 / Differentiation

22. A construction worker pulls a 16-foot plank up the side
of a building under construction by means of a rope
tied to the end of the plank (see figure). Assume the
opposite end of the plank follows a path perpendicular
to the wall of the building and the worker pulls the rope
at the rate of 0.5 feet per second. How fast is the end
of the plank sliding along the ground when it is 8 feet
from the wall of the building?

0.5 ft/sec

16 ft

23. Consider the right triangle formed by the moving lad-
der, the side of the house, and the ground in Exercise
21. When the base is 7 feet from the wall, find the rate
at which the area of the triangle is changing.

24. A boat is pulled in by means of a winch on the dock
12 feet above the deck of the boat (see figure). The
winch pulls in rope at the rate of 4 feet per second.
Determine the speed of the boat when there is 13 feet
of rope out. What happens to the speed of the boat as

it gets closer to the dock?

25. An air traffic controller spots two planes at the same
altitude converging on a point as they fly at right angles

to each other (see figure). One plane is 150 miles from
the point and is moving at 450 miles per hour. The

other plane is 200 miles from the point and has a speed

of 600 miles per hour.
(a) At what rate is the distance between the planes

decreasing?

27.

29.

(b) How much time does the traffic controljer ha
get one of the planes on a different flight pau‘;:u

100 200
Distance (in miles)

The point (0, y) moves along the y-axis at a COnstay
rate of R feet per second, while the point (x, 0) Moveg
along the x-axis at a constant rate of r feet per secqy

Find an expression for the rate of change of the diStancg;
between the two points.

A baseball diamond has the shape of a square with Sides
90 feet long (see figure). A player 30 feet from thirg

base is running at a speed of 28 feet per second, 4
what rate is the player’s distance from home ply,

changing?

2nd
3rd

Home

For the baseball diamond in Exercise 27, suppose the
player is running from first to second at a speed of 28
feet per second. Find the rate at which the distance
from home plate is changing when the player is 30 feet
from second.

A man 6 feet tall walks at a rate of 5 feet per second
away from a light that is 15 feet above the ground (s¢¢
figure). When he is 10 feet from the base of the light,
(a) at what rate is the tip of his shadow moving?
(b) at what rate is the length of his shadow changing’




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}




{"type":"Document","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}



