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4 Chapter 2 / The parvative

de is changing at

at which the ahim
£ mi/min.

ellite and the taie
the rale 10t unifs ©

Bxpress

sall
this instant.

o 32, A
- Figure Ex-23
constant neignt of

qee fhe acCOW™
angle of eleva-

ing norizontally at @
on point (

24, An ajroraft is fiy
fxed observal

4000 £ above &
panylng figure). At a certain insiant the
tion 8 is 30° and decreasing, and the speed of the aircraft
is 300 mi/h.
{a) How faat is 0 decreasing at ¢hs instant’? Express the
result in wnits of deg/s.
tance between +ne atrcraft and the

o) How fost is the dis
i changing at this instant? Fxpress the

ghservation poi
cesult in BNIS of ft/s. Lis€ 1 mi = 5280 ft.

+ TFigure Ex-24

with verex Gown has a radius of
10 ft at the 0P and is 24 £ pigh. If water fiows nto ihe
tank at a rae of 20 ft} /min, how fast i the depth of the

wafer incressing when the waler 1ot deen?
« of 8 2 /roin forms &

wice its radius, HOw
gtant whet

25. A conical wateT tank

m a chute at the rat

e neight i¢ always

26. Grain pouring 0o
the pile increasing at the in

copical pile whos

fast is the height of

ihe pile is 6 frhagh?

7. Sand pouring from a chute forms a conical

i always equal 10 the diametel: 1§ the hel

copstant rate of 5 i/ min, at what rate 18 8
the chute when the pile 18 10 £t high?

e at the 1at8 of 10 ft? /min

g always half

48, Wheat 18 poured hrough & chut
onical pile whose botter? radios i
£ the base bE

and fallsinac

{ne attitude. How fast will ine circumference ©
increasing wheo the pile is ®

28, An apreraft is climping 2t 2 30° angle 10 ihe horizontal. How
fast is the aircraft gaining altitnde if 8 speed 15 500 mi/h?

19, A boatis puiled :nto a dock bY means of 2 TOP® attached 10

5 pulley od the dock (s8¢ the accompanying figure}. The
jed to the bOW of the boatat 2 point 10 ft pelow
rope s pit a rate

{lad thyough the pulley at
will the boat be app i

pile whose beight
ght increases at 8
and pounng from

£ high?

rope is aitac
the pulley. if the

of 20 ft/min. af what rate
25 ft of rope 15 out?

roaching the

doclk when 1

Dock

31, Forthe poat in Bxer
1fwe wwant the
af the instant Whie

man 6 fi tall 18 W

sireetlight 18 fihigh (see

(a) At what rate & adow length changing’

(b) How fast is the b

%3. A beacol thal

34, An ai¥Cr

_ Boat
\ =]
a Tigie Fx-30
e be pulled

cise 30, how fast must the rop
£12 ft;" min

noat Lo apptoach the dock atd rate o

125 ft of TOpe is ont?
lking at the ate of 3 ft/s towarc 2
the accOMpAnying figure}-

s his sh

ip of his shadow moving?

« Figure Ex-32

¢ is located
from 2 straight ghoreline. |
along the shoreline when i
shore?

ant attitunde with
missile 18
of the

+ nakes o0& revolution every 10

on & siip anc
Yow fast is the beam moving
makes an angle of 45° with the

oft s flying at
f 600 mi/h. AD sntiaircraft
ine perpendiculax ro the flight path

¢ will hit t}:tel aircraft at a point

panying figure)- At the ins
{mnpact poin p the missile is4

/b At that instant, how raptdly 18 the distan
missile and ajreratt gecreasing’

a const o constant

speed ©
straight
so that i

- Figure T34

15, Solve Exercise 4 under the agsumption th
between the fight paihs is 120° instead of 1
that the paths are perpendicular. (Hint

cosines.|

36. A police helicopter is flyin
i 1 mi. Belov, acard

0
(z) How fast is the distance be
ment he helicopier &

changing at the mo
way'!

) Is the distance heiween
or decreasing at that morment?

the car and helicoptet jpet®




2.9 Local Linear Approximatios; Differentials 175

1oving along the curve whose equation is where s 18 the object distance from the lens, § is the image

xy° 8 distance from the lens, and f is the focal length of the lens.
ﬁ'_\,? — 5 Suppose that & certain lens has a focal length of 6 cm and
vl the X- _coordinate 1s increasing at the rate of 6 that an object is moving toward the lens at the rate of 2 cm/s,
hen the pasticle is at the point (1, 2). How fast is the image distanqe changing at the instant when
14t rate is the y-coordinate of the pomt changing the object is 10 cm from the lens? Is the image moving
t instant? away from the lens or toward the lens?
ie particle rising or falling at that mstant'f 44, Water is stored in a cone-shaped reservoir (vertex down).
p is moving along the curve whose equation is Assuming the water evaporafes at a rate proportional to the
/;’“_;T When P is at (2, 5}, y is increasing at the surface area exposed io the air, show that the depth of the
of2 units/s. How fast is x changing? water will decrease at a constant rate that does not depend

on the dimensicns of the reservoir.

oint £ s moving ailong the line whose equation is
_ How fast is the distance between P and the point 45. A meteor enters the Earth’s atmosphere and bums up at a
0) changmg at the instant when P is at (3, 6) if x is rate that, af each instant, is proportional to its surface area.
créas ing at the rate of 2 units /s at that instant? Assuming that the meteor is always spherical, show that the
radius decreases at a constant rate.

point P is moving along the curve whose equation is
- /x. Suppose that x is increasing at the rate of 4 units/s 46, On a certain clock the minute hand is 4 in long and the hour
when x = 3. hand 15 3 in long. How fast is the distance between the tips
) How fast 1s the distance between P eimd the point (2, 0) of the hands changing at 9 o’clock?

. changing at this instant? 47. Coffee is poured at 2 uniform rate of 20 ¢cm®/s into a cup
{b) How fastis the angle of inclination of the line segment whose inside is shaped like a truncated cone (see the accom-
from P to (2, 0) changing at this instant? panying figure). If the upper and lower radii of the cup are
A particle is moving along the curve y = x/{x*+1). Find 4 ¢m and 2 cm and the height of the cup is 6 cm, how fast
* o1 values of x at which the rate of change of x with respect will the coffee level be rising when the cotfee is halfway
o time is three times that of v, [Assume that 4x/d? is never up? [Hint: Extend the cup downward to form a cone.}
7210.]

42. A particle is moving along the curve 16x% 4 9y* = 144

" Find all points (x, y) at which the rates of change of x and

y with respact to time are equal. [Assume that 4x/dt and
dy/dr are never both zerc at the same pojat.}

< Figure Ex-47

43. The thin lens equation in physics is

MQUECK CHECK ANSWERS 2.8

3 dr  dy av dr  d
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20 YT ar g + a7t dr

LENEAR APPROXIMATION, DIFFERENTIALS

It this section we will show how derivatives can be used 10 approximate nonlinear
Sunctions by linear functions. Also, up to now we have been interpreting dy/dx as a single
entity representing the derivative. In this section we will define the quantities dx and dy
themselves, thereby allowing us to interpret dyjdx as an actual ratio.

Recall from Section 2.2 that if a function f is differentiable at xy, then a sufficiently mag-
nified portion of the graph of f centered at the point P (xy, f{xp)) takes on the appearance
of a straight line segment. Figure 2.9.1 illustrates this at several points on the graph of
y = x% + 1. For this reason, a fanction that is differentiable at xg is sometimes said to be
locally linear at xg.




