8. Using A(0, —4), we create the parametric equations
x=0+atand y =—4 + bt, which determine a line passing
through A at ¢ = 0. We now determine @ and & so that the
line passes through B(5, 0y at t = 1. Since 5 =0+ g, we have
@ =35, and since 0 =—4 + b, we have b = 4. Thus, cne
parametrization for the line segment is x =54 y=~4 + 44,0
<7< 1. (Other answers are possible.}

3

9, One possible answer: % sis S5

10, One possible answer: 37” <t<im

Section 4.6 Exercises

1. Since —=@£ we have é4:2?” dr
dt drdt’ dt dt’
2, Since §=££, we have —=8m’£
dt  drodt d dt
3. (a) Since ﬁ=ﬂ@ ,we have ﬂ‘i:mg@.
di  dh di dr dr
(b) Since ﬁ{‘_{:ﬁﬂ we have d—V:Zf«: h—.
dr  dr dr’ dt dt
av. d 4 d o
———=- h=a—(r"h
() s ﬁdr(r )
EIK: r2@+h(2r)£’i
dt dr
AN L hw
ot dt dt
dP  d
4. RI*
{a) — 2 dz( )
ar _ R zdR
dt dr dt
2ok 21£ g
dt dt di
CpIYE L
dt dr di

(b) If P is constant, we have C:i_P =0, which means
!

[ dar
o R g R _2RAL_ 2P
di di dt Idr [P
ds _d (5 2 %
8. =y xt
d @V TR
é'“—m—l-———(x +yr 42
dt 5 ﬂx2+y2+z2 dt
ds: ] (2x7+2yﬂ+ ﬁ}
@t ol e\ d d d
dx  dy dz
ds Mg a
dt 22,2
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dr dt\2

da_1fda
dr 2\ dr
A

aa = 1 bsin@ﬁ-l-asmﬁ—d—b% ih coseﬁ

dar 2 dt dt dt

7. (a) Since V is increasing at the rate of 1 volt/sec,

ﬂ =1voltfsec.
dr

6. —(Li = i(iabsinlﬁi]

ehagin@+a-e db . sin9+ab-isin8
dt dt

(b} Since [is decreasing at the rate of

lam /SEC ﬂ——l amp/sec
g RIS, T = Ty AR

(c) Differentiating both sides of V= IR, we have
A LIy L
dr dt dt
(d) Note that ¥ = IR gives 12 =2R, so R = 6 ohms. Now
substitute the known values into the equation in (c).

dr
&
3= 25@
dt
ﬁ = thms/sec
dar 2

R is changing at the rate of % ohms/sec. Since this

value is positive, R is increasing.
8. Step 1:
r =radius of plate
A = area of plate

Step 2:

At the instant in question, % =001 cm/fsec, r =50 cm.
Step 3:

We want o find %

Step 4:
A=mr?

Step 5:

2 =2 (5000,01) = wem® / sec

At the instant in question, the area is increasing ai the rate

of srem? /sec.
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9. Step 1:

I = length of rectangle

w = width of rectangle

A = area of rectangle

P = perimeter of rectangle

D =length of a diagonal of the rectangle

Step 2:
At the instant in question,
dl aw
—=—2 cm/fsec, — =2 cm/sec, [ =12 em, and w=5 cm.
dr dr
Step 3
We want to find 9'—451-8 and g—D—
de dt dt

Steps 4, 5, and 6:
{a) A=Iw
dA  dw dl

— e w—
aa Y a

%‘;‘- = (12)(2)+(3X-2) = 14 em? /sec

The rate of change of the area is 14 cm? fsec.

(b) P=20+2w
dp _dl_dw
P Y et
. dr ot
P
% = 2(-2)+2(2) = 0 em/sec
d
The rate of change of the perimeter is 0 cm/sec.

(©) D=VI*+w?
dw

lﬂ+w—
.dgz_.__l___ 21ﬂ+2w@_ =M
dt 9 12+w2 dt dr "12+W2

D_(AD+ED_ 14

dt /122 1 52 13
The rate of change of the length of the diameter is

—E cIm/sec.

(d) The area is increasing, because ifs derivative is positive,

The perimeter is not changing, because its derivative is
zero, The diagonal [ength is decreasing, because its
derivative is negative.

10. Step 1:

%, ¥, z =edge lengths of the box
V= volume of the box

§ = surface area of the box

s = diagonal length of the box

Step 2:
Al the instant in question;
dx dy dz
— =1 m/fsec, — = -2 mfsec, — =1 m/sec, x =4m,
dt dr dt

y=3m, and z=2m.

Step 3:
We want to find d—v,ﬁ, an ﬁ
dr dt dt

Steps 4, 5, and &:
(a) V=xn

av = % + zﬂ +yi—

éir dt dt d

d_V = (W) +{AN2(-2) + (3H2XD) = 2 m>fsec

!

The rate of change of the volume is 2 m® /sec.

(b) S =2(xy+xz+y2)
S,f dy, dr  de  dx dz dy
dtZ(th”dz+xdt+zclr+ydr+zd.tJ
%:" = 22+ ()Y -+ (431
+ D)+ (D) + (2)~2)] =0 m? /sec

The rate of change of the surface area is 0 m? /sec.

{c) s=\ﬁc‘2+yz+z2

OB S (P S .
dt o f e\ d Yy
de dy dz
—_dt " dr dt
\[x?‘+yz+z2
ds_@0+3E2+@Q0 _ 0 o

dr Jat 432422 V29
The rate of change of the diagonal length is 0 m/sec.

11. Step 1:

r = radius of spherical balloon
S = surface area of spherical balloon
V = volume of spherical balloon

Step 2:
. . . dv 1, . .
At the instant in question, Tz =100x £ fiin and r =5 f.

Step 3:

We want to find the values of gi and fl—si
dt dt

Steps 4, 3, and 6:

4 4
a) V=-m
(a) 3
av 251'?‘
Y 4™
dt dr
1007 = 47(5)* @
dt
£lli=li’r./rm'n
dt

The radius is increasing at the rate of 1 ft/min.




)

11,

12,

13.

Continued

The surface area is increasing at the rate of 407
#* /min.

Step 1:

r=radius of spherical droplet

§ = surface area of spherical droplet

V =volume of spherical droplet

Step 2:
No numerical information is given.

Step 3:

. dr . -

‘We want to show that? is constant.
H

Step 4:

S=dgr? V= %:’rrs, % = [§ for some constant &

Steps 5 and &:

Differentiating V = * 0% we have LAy
3 , dr dt

Substituting kS for »%rv— and § for 4mr?, we

have kS = Sg’;, orff—tzk.
dt dt

Step 1:
5 = (diagonal) distance from antenna to airplane
x = horizontal distance from antenna to airplane

Step 2:
At the instant in question,

5 =10 mi and i—j—=300 mph.

Step 3:

We want to find gx_
dt

Step 4:

x? 449 =57 orx =+s* 49

Step 5:

fi_x_:__l%[zséJ=_____s_m£§

di 9 a9\ dt 2_y4g dt

Step 6:

dx = L—BDO):M mph = 420,08 mph

a7 a9 Vi

The speed of the airplane is about 420,08 mph.
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14, Step 1:

Kite

i
i

g 1300 fr
]

Inge -

s=length of kite string
x =horizontal distance from Inge to kite

Step 2:
At the instant in question, == 25 fi/sec and s =500 ft
Step 3:

We want to find ﬁ
dr

Step 4:
&% 4300% = ¢*
Step 5:
2x£= 2.'9E or xd—x=s£
dt ot e dt
Step 6:

At the instant in question, since x? 43007 = ¢*, we have

x=s? —300% = /5007 — 300% = 400,

ds ds
dat
must let the string ont at the rate of 20 ft/sec.

Thus {400)(25) = (500)%:«, S0

15. Step 1

——
The cylinder shown represents the shape of the hole.
r =radius of cylinder
V = volume of cylinder

Step 2:

dr  000lin. 1
dt 3min 3000
and (gince the diameter 1s 3.800 in.), »= 1.900 in.

At the instant in question,

Step 3:

‘We want to find C;—V
1

Step 4:

V=7’ (6) = 67r°
Step 5t

dav dr

, 80 — =20 ft/sec. Inge
dt

in./min
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15, Continued

Step 6:

av 1Y) 19%

& 12m(1.900) o | = - = 0.0076
iR )[30001 2500 d

= 0.0239 in® fmin.
The velume is increasing at the rate of approximately
0.0239 in’/min.

16. Step 1:

AN

[

r =base radius of cone
A =height of cone
V = volume of cone
Step 2:
. , , av 1, .
At the instant in question, 2=4m and e 10 m’ /min.
i
Step 3:
We want to find il and Efﬁ
dt dt
Step 4:

3
Since the height is 3 of the base diameter, we have

1= ~3-(2r) or r= ﬂh
8 3

2
1 1 - .
We atso have V= -zrth= ) Y| n=L" we win
3 303 27
3
use the equations V = 167k and r= —:r—h
Step 3 and 6:
dv  16zh* dh
() o= =t
dt 9 dt
2
102 167" di
9 dt
dh 45 . 1123 .
=—1n/ = ———Cm/ min

-_—= my/ min
dr 128w 32

The height is changing at the rate of
1125

—— = | 1,19 cm / min.
32r

(b) Using the results from Step 4 and part (a), we have

dr 4dh 4(1125) 375 .
e el E Tt 6171 Y0 1)/
dt  3dt 3\ 32w 8z
The radius is changing at the rate of
375

— = 14.92 cm/min.
8r

17, Step 1

r = radius of top surface of water
f = depth of water in reservoir
V= volume of water in reservoir

Step 2
. . . dv 3,
At the instant in question, Z =350 m’/min and A=3 m.
Step 3:
We want to find —@ and ﬁ
dt dt
- Step 4:

Note that h = 46—5 by similar cones, so r = 7.5,
r

Then V= %m’zh = %zr('}’jh)z h=18.75nk>

Steps 5 and 6:

W _ 562500
d

(a} Since V = 18.75%!13,? =56.25
£

Thus —50= 56.25?:(52)%, and

dh g
80 —=—
dt 2257

m/min = _12“ cIm/Tin,
9z
. - . 32 .
The water level is falling by on = 1.13 cm/min.
T

(Since d <{}, the rate at which the water level is

Sfalling is positive.)

(b) Sincer = 7.5h,£lf- = 7.55& = _80 cm/min. The rate of
dt dr 3
change of the radius of the water’s surface is
—§—Q ~—8,49 cn/min.
I

18. (a) Step 1:
y = depth of water in bowl
V= volume of water in bowl

Step 2:
X . . . dv 3,

At the instant in question, E =-6 m’/min and
y=8m.

Step 3

o dy

We want to find the value of E

Step 4:

v =%y2(39-—y) or V =137y —%;;3
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18. Continned Step 3:
Step 5 We want to find —%,Z—A, and %g
av 5. dy t 4
—=(26my— —
@~ mm Steps 4, 5, and 6:
Step 6: (@) x2+y* =169
d
6= — 2y
6=[267®) -7 | 2x%+2y%2=0
dy ! . . .
~fH= 14471:2; To evaluate, note that, at the instant in question,
Do 001326 mimin 3;:\/169—;{2 =4169-122 =5.
di 24 p
or =22 < _1.326 cm/min Then 2(12X5)+2(5) % =0
(%4 dt
L2 2 _ a2 dy ‘ dy
(b) Sincer -1-(]_3—37} =13 , Ez—lZ fifsec 01'—'5:12 fi/sec
r= \/169— (13- y)* = \/26})— ¥ The top of the ladder is stiding down the wall at the rate
of 12 ft/sec. (Note that the downward rate of motion is
(c) Step 1: positive.}
y = depth of water
r=radius of water surface ' ) A= i x
V = volume of water in bowl 2
Step 2: de=i xﬂ“ﬂ’é{
AV dar 2\ dt dr
At the instant in question, ——=—6 m>/min, y=8m
‘ T At 4 ’ Using the resnlts from step 2 and from part (1), we have
d therefore (f @) P i A L 2x-12)+ (550 = ~ 122 1 jsec. The area of
and therefore (from part {a)) —— = -—— m/min. = - =—— .
P a4 i 2 2
Step 3: the triangle is changing at the rate of -59.5 #t” fsec.
dr
We want to find the value of —.
dt () tnd="
Step 4 * P d
y b
From part (b), r=+/26y~ 7. 29d9 xa_}’a
Step 5: see dr x*
dr 1 dy 13-y dy 5
— =262y} = —————— Since tan@=—, we have
dt 2y26y-y* dt \aey—y* @ 12’
Step 6: [forOSB<%Jces€=% and sosec? 8 ! 5 =i—j—3.
dr _ 13-8 1Yy s( 1 (E]
dt - /26(8)__82 —24m - 12 24x 13
5 Combining this result with the results from step 2 and
=——— =-0.00553 m/min —12)—
2887 from part (a), we have l@?_é_g_ = @————}( 12)-6)5) , 80
144 di 12?
125 .
or ——— =—0.553 cm/min a6
—— =—1 radian/sec. The angle is changing at the rate
19, Step 1: }?11 o
x = distance from wall (o base of ladder 0L~ radian/sec.
v = height of top of ladder 20. Step 1
A = area of triangle formed by the ladder, wall, and ground h = height (or depth) of the water in the rough
6 = angle between the ladder and the ground V= volume of water in the trough
Step 2: Step Z:

. . . dx
At the instant in question, x =12 ft and _d—t = 5 fi/sec. At the instard in gaestion, %Y_ =251 /min and k=2 ft.
/ t
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20. Continned
Step 3:

We want to find @
dt
Step ¢

The width of the top surface of the water is %h, 50 We

have V= %(h)[h:i hJ (15), or V = 10h%

Step 5:
Uil = Q,Ohxcﬂ .
dt dr
Step 6
2.5= 20(2)@
dt
dh

|
o 0.0625 = — fifmin
ar 1g Mnin

The water level is increasing at the rate of % fi/min.

21. Step 1:
[ =length of rope
x = horfzontal distance-from boat to dock
8 = angle between the rope and a vertical line

Step 2:
. . . dl .
At the instant in question, E ==2 fi/sec and /=10 ft.

Step 3:
We want to find the values of L and fﬁ
‘ : dt dt

Steps 4, 5, and 6:

(a) x=vI*-36

et _dl
dr ,‘L(Z -36 dt
dx 10 (-2)=-2.5 fifsec

@ it

The beat is approaching the dock at the rate of
2.5 ft/sec.

(b 0=cos™! ?

@w__ L [ 64
dt 6\ 12 dt
at
[
df 1 6 3
= WE_FJ(—Z) = radian/sec

The rate of change of angle & is _536 1'adian/§ec.

22. Step 1:

23.

24,

x = distance from origin to bicycle
v =height of balloon (distance from origin to balloon)
s = distance from balloon to bicycle

Step 2:
We know that % is a constant 1 ft/sec and % isa

constant 17 fi/sec. Three seconds before the instant in
question, the values of x and y are x = 0 ft and y = 63 ft.
Therefore, at the instant in question x = 51 ft and y =68 ft.

Step 3:

' d. . . .
We want to find the value of d—j at the instant in question.

Step 4.
§=yx7 4y
Step 5:

dr,
ds 1 dr o ody)_Yar T a
| Dy Ry =
dt 2fx2+y2 dt dt x2+y2
Step 6:

ds _ (31X17) +(68)(1)

de \51* +68%

The distance between the balloon and the bicycle is
increasing at the rate of 11 fi/sec.

dy dydx 5.2 dx
— == 10+ 2x)—=
dt dt dt (=50 x)cir

=11 ft/sec

. 20x @
(1) di

Since % - 3cm/sec, we have

@=- 60); 5 cm/sec.
di  (1+x%)

dy 60(=2y 120 24
(@) —=—————=—="—cmfsec
e [+’ ¢ 5
(b)ﬂ=—6Lm2w= 0 cm/sec
. (1+0%)

(©) % = M =~ —(1.00746 cm/sec

f (1420

@=ﬂﬁ_{3x2 _4)£

drdedr dt

Since @ = -2 cm/fsec, we have -dl =§-6x% cm/sec.
dt dr
{a) 28 8= 6(~3) = —46 cmisec
dt
(b) % =8—6(1% = 2 cmisec
£

/
(© % =8 -6(4)* =88 cm/sec
a




25,

Step 1:
Jl

x = x-coordinate of particle’s location

. y=y-coordinate of particle’s location

26.

@ = angle of inclination of line joining the particle to the
origin.
Step 2:
At the instant in guestion,
dx =10 m/sec and x =3 m.
4t .
Step 3:

We want to find ﬁ
dt

Step 4:

2
. X

Since y:xz,we have 1an H:2=—=x and so,

X x

forx >0,
6=t x
Step 5:

de I dx
_f-l'wf": 1+x2 dr

Step 6:
dg_ 1
de 143
The angie, of inclination is increasing at the rate of
1 radian/sec.

(1) =1 radian/sec

Step 1:

{x, ¥)
\\6

x = x-coordinate of particle’s location

y = y-coordinaie of particle’s location

& — angle of inclination of line joining the particle to the
origin

Step 2:

. . . dx
At the instanl in quéstion, I =—8m/sec and x =—4m.
.

27,
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Step 3:

We want to find -@,
di

Step 4:
Since y= \—x, we have tanf= %= -J-;;—i—(—x)_lfz,
and so, for x < 0,
6=r+tan~ [~(—x)"]= 7 - tan~H(—x)" 2.
Step 5:
a6 1 L, _an ax
A S I S 1y |22
& Trion T [( 2( x) 7D it
NN SR -
- 1) 2(-x)%? dr
L X
I S
2=x(x-1) dt
Step 6:
49 _ ;(—8) = 2 radian/sec
dt 2J44-1) 5

The angle of inclination is increasing at the rate of

% radian/sec.

Step 1:

r=radius of balls plus ice

8 = surface area of ball plus ice
V= volume of ball plus ice

Step 2:

At the instant in question,

dv . 1, 1

= =-8ml/min = -8 ¢m” /minand r = 5(20) =10cm.
Step 3:

We want to find —fgé.
dt
Step 4;

We have V= gmj and § =47r®, These equations can be

. 3 23
combined by noting that r = Eid , s0 S=4m i
AL 4

Step 5:
ds_, (2)(3v (3 0ay (v P av
dt 3 N4dxm 4 ) dt 4 dr
Step 6:

40007z
3

~1/3
a5 _ 2 3 40007 (-8)= 16 _ —1.6cm? fmin
dt 4z 3

31000

. ds . o
Since — <0, the rate of decrease is positive. The surface

Note that V = %naof =

area is decreasing at the rate of 1.6 em? fmin.



