8. Using A(0, —4), we create the parametric equations

x=0+arand y =—4 + bt, which determine a line passing
through A at # = 0. We now determine a and b so that the
line passes through B(5, 0) at £ = 1. Since 5 = 0 + g, we have
a =15, and since 0 =—4 + b, we have b = 4. Thus, one
parametrization for the line segment is x =5¢, y=—4 +4¢, 0

< t < 1. (Other answers are possible.)

9. One possible answer: —725 <t< 3

2

10. One possible answer: 37” <t<2rm

Section 4.6 Exercises

1. Since gé=ﬁdr we have ﬂ—27rrdr,
dt  drdt’ dt dt
2. Since dS dS dr wehavei§=8n’r£.
4 dr dt dt dt
3. (a) Since d—V d—th ,we have ﬂ:ﬂ:rzi}i.
dt  dh dt’ dt dt
(b) Since ﬂ=dldr e have d—V—Z hﬂ
dr  dr dt’ dt dt
()d—V imzh:ni(rzh)
dt
d—V=n' dh+h(2 )—
dt dt
B s
d dt di
dP d
4. @ 2
(a) & dt( %)
dP Rilz 2 dR
dr dt dt
P _plaZ)ip®
d dt dt
dP=2RI£+ 2 dR
d dt di
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6. d—A—i —absin@
dr  dt\2

dA_1(da

dt dt

ebesinB+a-s db esinB+ab isin@]
t dt

d—A 1 bm9E+asm9@+abcos9de
a2 dt dt dt

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

d—V =1 volt/sec.
dt

(b) Since [ is decreasing at the rate of
1 dl 1
— amp/sec, —— = —- amp/sec.
3 dt 3

(c) Differentiating both sides of V= IR, we have

v _,dR dl
dt dt dt

(d) Note that V = IR gives 12 =2R, so R = 6 ohms. Now
substitute the known values into the equation in (c).

3= R

dt
d—R E hms/sec
dar 2

R is changing at the rate of —32— 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 (juestion, % =0.01 cw/sec, r =50 cm.

Step 3:

We want to find %
dt

(b) If P is constant, we have dap =0, which means Step 4:
dt A=mr?
wrr Ly p R g @R 2RA_ 2Pl Step 5:
dt dt dt I dt 2 di
% = ang’;
ds _d [3 2.2 a7 dr
ST oVt e Step 6
ds 1 dA 5
ol Sy GV TN 2 — =27m(50)0.01) =zcm” / sec
dt 2/x2+y2+z2dt(x ¥ +e) dt (50X0.0%)
At the instant in question, the area is increasing at the rate
ds ~1_(2x§+2yﬂ+2z£J of mem?/ sec.
dt ) x2 +y2 +ZZ dt dt dt
(B b, de
ds _ " at Ya
dt

eyret -
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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,
ﬂ:—Z cm/sec, d—w=20n1/sec, [=12cm,and w=5 cm.
dt dt

Step 3:

We want to find ié,d—P d d—D
dt dt dt

3

Steps 4, 5, and 6:

@) A=lw
dA_dw  dl
Rty Lt
drdr o dt
dA

A (A2X2) + (5X-2) =14 cm?/sec

The rate of change of the area is 14 em? /sec.

) P=21+2w
dP . dl _dw
= = 2_ +2—
dt e dt
[Z—I: =2(-2)+2(2)=0 cm/sec
The rate of change of the perimeter is 0 cm/sec.

© D=+ +w?

lﬂ + d_w

dD 1 dl aw\ ‘" a
— = 22— 42— = F——
dt 912 +w? dt dt VI +w?
d_D= A2X-2)+(5X2) =_E cm/sec

at 122 + 52 13
The rate of change of the length of the diameter is
_14 cm/sec.

13

(d) The area is increasing, because its derivative is positive.

The perimeter is not changing, because its derivative is
zero. The diagonal length is decreasing, because its

11.

Step 3:
We want to find d—V,ﬁ, and é
dr dt dt

Steps 4, 5, and 6:

(@ V=xyz
v _ e
dt dt dt Y dt
dav

o #B)1D) +@2)-2)+B)2)(1) =2 m*fsec
The rate of change of the volume is 2 m> /sec.

(b) S=2(xy+xz+yz)

dSz( dy dx dz dx dz Q)

U XAy A X Tk Yt
ar a7  a  a  a a

ds
i 2[(H)(-2)+ 3D+ (D)D)
+)D)+ D)+ (2)(=2)]=0 m?/sec

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

©) s =\/x2 +y2 +72

B L (o)
A a

dx dy dz
a e w

Jx2+y? 422
ds_(@+ED+@n _ 0
N O

V29

The rate of change of the diagonal length is 0 m/sec.

Step 1:

r = radius of spherical balloon

§ = surface area of spherical balloon
V = volume of spherical balloon

Step 2:

At the instant in question, ‘ji_‘t/ =100z ft*/minand r =5 ft.

Step 3:

We want to find the values of ﬂ and ﬁ

dr’

derivative is negative.

10. Step 1:

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

§ = surface area of the box

s = diagonal length of the box

Step 2:

At the instant in question,

ﬂ=1m/sec, d—y=—2 m/sec, £=1m/sec,x=4m,
dt dt dt

y=3m, and z=2m.

Steps 4, 5, and 6:

4 5
a)V=—rx
(a) 3

av =4mr? dr
dt dt
2 dr

100r =4n(5)" —
(5) ”

£=1ﬂ/min
dt

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



11. Continued

) S =4xr?

t
The surface area is increasing at the rate of 407
£t /min.

12. 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.

Step 4:

4

S=4nr?, V= 3 xr, ‘fi—‘t/ = kS for some constant £

Steps 5 and 6: _
Differentiating V = i7tr3 , we have av =4nr? ﬂ
3 dt dt

Substituting kS for %tv— and § for 4zr? , We

havekS:Sﬂ, orﬂ=k.
dt dt

13. Step 1:
s = (diagonal) distance from antenna to airplane
x = horizontal distance from antenna to airplane

Step 2:
At the instant in question,

=10 mi and %=300mph.

Step 3:
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14. Step 1:

Inge

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

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

We want to find é
dt

Step 4:

x? +300% = 5>

Step 5:

2x%= 25% or x%= s%
Step 6:

At the instant in question, since x% +300% = 5%, we have

x =5 —300% = \/5002 ~300? = 400.

Thus (400)(25_) = (500)%, ) %, S0 %: 20 ft/sec. Inge

must let the string out at the rate of 20 ft/sec.

15. Step 1:

C

6 in.

—er—

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

We want to find E
dt

Step 4:

x?+49=2s% orx=s? - 49

Step 5:

a1 (). s &

dt st 49\ dt) s?_49dt

Step 6:

& = 10 (300) = 3000 mph = 420.08 mph
dt 102 49 V51

The speed of the airplane is about 420.08 mph.

Step 2:

. . . dr _0.00lin. 1
At the instant in question, — = =
3min 3000

and (since the diameter is 3.800 in.), r = 1.900 in.

in./min

Step 3:
We want to find d—V

Step 4:
V =nr?(6)=6mr”
Step 5:
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15.

16.

Continued
Step 6:

Y ama.000)| —— 1= 227 _0.0076n
d 3000 ) 2500

=0.0239 in’ /min.
The volume is increasing at the rate of approximately
0.0239 in*/min.

Step 1:

AN

r = base radius of cone
h = height of cone
V = volume of cone
Step 2:

. . . dv 3, .
At the instant in question, 2 =4 m and I =10 m” /min.
Step 3:
We want to find dh and ﬂ

dt dt

Step 4:

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

h= E(2r) or r= ih.
8 3

17. Step 1:

45 mH
-

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

Step 2:
At the instant in question,
Step 3:

h dr

We want to find —d— and —.
dt dt

Step 4:

Note that 1 = % by similar cones, sor =7.5h.
r

Then V = %nrzh = %7:(7.511)2 h=18.757h’
Steps 5 and 6:

(a) Since V =18.757h> ,‘fi—‘: = 56.257h? dh

Thus —50 = 56.257:(52)%,' and

S0 dn = 8 m/min = _32 cm/min.
2 3 dt 225z o
Wealso have V=L arth="Ln| 2n| n=28" we win 32
caisofave V.= 3 ras 3\3 Too7 The water level is falling by on =~1.13 cm/min.
T
167k 4
use the equations V = T and r= Eh' (Since dh <0, the rate at which the water level is
Step S and 6: falling is positive.)
dv _16zh® dh
(@ —= — (b) Sincer = 7.5h,£ = 7.5@ = —Q cm/min. The rate of
dt 9 at dt dt KV 4
167(4)? dh change of the radius of the water’s surface is
10= —
9 a _80 849 co/min.
dh_ 45 1125 3
dr 1287 2 18. (a) Step 1:
The height is changing at the rate of y = depth of water in bowl
1125 V = volume of water in bowl

——=11.19 cm / min.
32

(b) Using the results from Step 4 and part (a), we have
dr 4 dh 4(1125) 375
=——=——|="—m/

—_—= = = min.
dt 3dt 3\ 32% 87
The radius is changing at the rate of
375 =~14.92 cro/min.
8r

Step 2:
. . . dav 3,

At the instant in question, E =-6 m’/min and
y=8m.
Step 3:

. dy
We want to find the value of U
Step 4:
V=%y2(39—y) or V=137ry2 —%y3

d—‘::—SO m>/min and A=5 m.



18. Continued
Step 5:
av 2,4y
—=Q6ry—-ny°)—
” (26my—my”) s
Step 6:
dy
—6=|267(8)-n(8?) |=
[26m@-n@) ]
—6=1447rQ
dt
Do 1 001326 m/min
dt 24w

or ——22 =~—1.326 cm/min
6n

(b) Since r? + (13— y)? =137,
r =169 (13— y)? =26y y*.

(c) Step 1:
y = depth of water
r = radius of water surface
V = volume of water in bowl

Step 2:

At the instant in question, ‘2—‘: =—6 m>/min, y=8m,

and therefore (from part (a)) Q = L m/min.
dt 24w

Step 3:

We want to find the value of %
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Step 3:
We want to find —Q,ﬁ, and d_@
dt dt dt
Steps 4, 5, and 6:
@) x2+y? =169
2xé+2yiy-=0

dt dt
To evaluate, note that, at the instant in question,

y=169—x? =/169—-12% =35.
Then 2(12)5)+ 2(5)% -0
ay

dt

The top of the ladder is sliding down the wall at the rate
of 12 ft/sec. (Note that the downward rate of motion is

=-12 fi/sec (or —% =12 ﬁ/sec)

positive.)
M) A= 1
2 Xy

dA 1 dy dx

— = x—+ y—
d 2\ dt "~ dt

Using the results from step 2 and from part (a), we have
dA 1 119

2 = [(12X-12) + (5X5)] = ——— ft®/sec. The area of
dt 2 2

the triangle is changing at the rate of -59.5 ft% /sec.

(© tanf=2
Step 4: * P
Y

From part (b), r =+/26y—y>. m29ﬁ=x5_yz
Step 5: dt x2

dr 1 dy_ 13-y dy 5 '

P (26-2y)—= T Since tan@=-—, we have

dt 226y ditJagy—y* dt 12’

Step 6: (t’or0S9<£]cose=E and sosec? 60— 5 _169
dr _ 13-8 1 5( 1 2 13 (13_) a4
o e o) :

5 Combining this result with the results from step 2 and
=——— = (00553 m/min 169-d8—A2X=12)—(5X5)
288% from part (a), we have ———= \—%, S0
125 144 dt 12
or ——— =~—0.553 cm/min 40
T2m — = -1 radian/sec. The angle is changing at the rate
19. Step 1: ‘f" = eadian
x = distance from wall to base of ladder ot —1 radian/sec.
y = height of top of ladder 20. Step 1:

A = area of triangle formed by the ladder, wall, and ground
6 = angle between the ladder and the ground

Step 2:

At the instant in question, x = 12 ft and % = 5 ft/sec.

h =height (or depth) of the water in the trough
V = volume of water in the trough

Step 2:

At the instant in question, ‘fi_‘t/ =25f>/min and A =2 ft.
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20. Continued 22. Step 1:
Step 3: x = distance from origin to bicycle
dh y = height of balloon (distance from origin to balloon)
We want to find e s = distance from balloon to bicycle
Step 4: Step 2:
. . 4 dy . dx .
The width of the top surface of the water is Eh’ so we We know that o is a constant 1 ft/sec and Z isa

1 4 ) constant 17 ft/sec. Three seconds before the instant in
have V = E(h)(gh)(ls)’ orV =10h question, the values of x and y are x =0 ft and y = 65 ft.
Therefore, at the instant in question x = 51 ft and y = 68 ft.

Step 5:
Step 3:
v = 20hﬁ ds
dt dt We want to find the value of 7 at the instant in question.
Step 6 Jh Step 4:
2.5:20(2)5 | s= /x2 +7
dh =0.0625= L ft/min Step 5:
dt 16 d
x— y—y
The water level is increasing at the rate of % ft/min. as = ;(2 X ax + 2ydl) —_dt " dr
a o /x2+y2 dt dt /x2+y2
21. Step 1:
I = length of rope Step 6:
X = horizontal distance from boat to dock ds = GIA7) +(68)1) =
11 fi/sec
0 = angle between the rope and a vertical line dr V512 +68?2
Step 2: The distance between the balloon and the bicycle is
dl increasing at the rate of 11 ft/sec.
. . oAl —10ft
At the instant in question, & 2 ft/sec and [ =10 ft dy dyds . dx 0% dx
. 23 —=——=-10l+x" )" Qx)— =55 —
Step 3: dt dt dt e (1+4x°) dt
) dx do
We want to find the values of % and e Since %’t{ = 3cm/sec, we have
Steps 4, 5, and 6: dy_ 60x .
@ x=VI2-36 dt - (1+2?)
dx I dl d
S+t @ ly 60(-2) 120 24
a) —=-————— —=——=—cm/sec
dt 236t ® 0+2%7 55
dt 102 -36 (b) === 2 =0 cmisec
The boat is approaching the dock at the rate of ! (1+0%)
2:5 fsec. Dy 60Q0)
L)y —-—== 22 = —=U.UU740 CIIIVsCC
(b) 0=cos™ 6 a (1+207)
l
dy dydx 9 dx
de 1 24, — =L =(3x° —4)—
ST [_l%)% dt dx dt (3x )dt
6
1- (“) Since @ = -2 cm/sec, we have ﬂ =8—6x* cm/sec.
l dt dt
do 1 6 3 . dy 2
— = —————=| ——— |(-2) = ——- radian/sec a) —=8-6(-3)" =—-46 cm/sec
dr T 1_—-0_._62_( 102 )( ) 20 (a) & (-3) cm/se
dy 2
The rate of change of angle 6 is —% radian/sec. (b) @ 8-6(1)" =2 cr/sec

() % =8-6(4)% = —-88 cm/sec
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26.

Step 1:

x = x-coordinate of particle’s location
y = y-coordinate of particle’s location
6 = angle of inclination of line joining the particle to the
origin.
Step 2:
At the instant in question,
dx

— =10 m/sec and x =3 m.
dt

Step 3:

We want to find Q
dt

Step 4:
y_x

Since y=x2, we have tan §==="—=x and so,
x x

for x>0,
f=tan"! x.
Step 5:
do 1 dx

E_1+x2 dt

Step 6:

e 1
dt 143

The angle of inclination is increasing at the rate of
1 radian/sec.

(10) =1 radian/sec

Step 1:

>, y)
\\\ 0
\\<\

x = x-coordinate of particle’s location

y = y-coordinate of particle’s location

6 = angle of inclination of line joining the particle to the
origin

Step 2:

At the instant in question, % =—-8m/secand x =—4m,

213

Section 4.6
Step 3:
We want to find d_9,
dt
Step 4:
Since y=+/-x, we have tan0= DA (~x)"2,
X x

~ and so, for x <0,

27.

172

0 =7+ tan [—(—x)"*]= 7 - tan~" (~x) 2.

Step 5:
do 1 1 ~312, dx
e - (== (= - |—
dt 1+[—x)""P [( AP
a1 1 &
- 1 2(_x)3/2 dr
X
1 &
2N=x(x—1) dt
Step 6:
‘1_9=;(—8)=3 radian/sec
dt 2Ja-4-1 5

The angle of inclination is increasing at the rate of

% radian/sec.

Step 1:

r = radius of balls plus ice

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

Step 2:

At the instant in question,

dv . 3, 1

m =—-8mL/min = -8cm” /minandr = 5(20) =10cm.
Step 3:

We want to find —fi—‘-j-.
Step 4:

We have V = %nr3 and S =47r?. These equations can be

Step 5:
ds_, (2)(3vY"(3\av _ (3" av
d T\ 3Nan ar jdt ~ “\ 4w dt
Step 6:

40007
—3

-3
dS=2[3 40007:) (g)= 16

a \an’ ~ 000

. ds . .
Since 7 <0, the rate of decrease is positive. The surface
t

Note that V = %n(10)3 =

=-1.6cm?/min

area is decreasing at the rate of 1.6 cm?*/min.

3 213
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28. Step 1: Step 6:
x = x-coordinate of particle ds 3
y = y-coordinate of particle . g(—S) = —3ffsec
D = distance from origin to particle The shadow length is changing at the rate of 3 ft/sec.
Step 2: 30. Step 1:
At the instant in question, x=5m, y =12 m, s = distance ball has fallen
ax _ | se ¢. and D _ s misec. x = distance from bottom of pole to shadow
dt Step 2:
Step 3:

2
1
We want to find tfi_D _ At the instant in question, s = 16(5J =4 ftand
t

Step 4:
PR é=32 1 = 16fit/sec.
D=4x"+y dt 2
Step 5: Step 3:
dx  dy dx
X—+y— We want to find —.
idq:—/%ﬁ[z"?*”?]:% dt
Loy ' : ¥ty Step 4:
Step 6: By similar triangles, x=30 =~ This is equivalent to
aD _OEDHADES) _ g 50-s 50
dt /52 +122 50x ~ 1500 = 50x — sx, or sx =1500. We will use
The particle’s distance from the origin is changing at the x=1500s"".
rate of —5 m/sec.
29, Step 1 Step 5:
. Step 1: dx L ds
Street 1 —=-500s""—
light dt dt
Step 6:
dx -2
16 ft ;=—1500(4) (16) =—1500ft/sec
The shadow is moving at a velocity of —1500 ft/sec.
6 ft )
Shadow 31. Step I: i L
T p— x = position of car (x = 0 when car is right in front of you)

6 = camera angle. (We assume 6 is negative until the car
passess in front of you, and then positive.)

x = distance from streetlight base to man
s = length of shadow

Step 2: Step 2:
At the instant in question, — =—5fi/secand x = 10 ft. At the first instant in question, x =0 ft and ;; =264 ft/sec.
Step-3:

D
i

1 -
s A half second later, x=—(264)=132 ftand — =264
We want to find o 2 dt

ft/sec.
Step 4: Step 3:
e s oSstx . . . do
By similar triangles, 6 = 6 This is equivalent to We want to find ;— at each of the two instants.
!
16s=6s+6x,ors=%x. Step 4:
Step 5: 6=tan"l(i)
ds 3dx 132
dt Sadt Step 5:
de 1 1 dx




31. Continued

Step 6:
When x=0:d—e=; 1
dt 0 2132
14| —
132
When x:132:£—q=—1—2(
dt 132
1+ —
132
32, Step 1:

p = x-coordinate of plane’s position
x = x~coordinate of car’s position

1
132

](264) = 2 radians/sec

s = distance from plane to car (line-of-sight)

Step 2:
At the instant in question,

=0, fi!; =120mph, s =5mi, and %:—160mph.

d
Step 3:

We want to find _ﬂ_
dt

Step 4:
(x—p) +3% =5
Step 5:

dx dp ds
2x-p)| ——— |=25s—
(x p)(dt dt) Var
Step 6:

Note that, at the instant in question,

x=v5%-3% =4mi.

2(4—~ 0)(% - 120] =2(5)-160)

](264) = | radians/sec

3,

Section 4.6

Step 5:

& goesc?0%?
dt dt

Step 6:

Note that, at the moment in question, since

tan9=§(~) and0<9<£, wehavesin0=i and so
60 2 5

cscd= é
d 5)
& 80| 2| (0.00157)
dt 4
& 12in
=0.18751 ——.
min 11t
=-2.257 in./min
~—7.1in./min

d
Since ;s <0, the rate at which the shadow length is
t

decreasing is positive. The shadow length is decreasing at
the rate of approximately 7.1 in./min.

Step 1:

a = distance from origin to A

b = distance fiom origin to B

6 = angle shown in problem statement

Step 2:

At the instant in question, % =-2m/ sec,% = 1 m/sec,
t t

a=10m, and b = 20m.

Step 3:

We want to find a’_@

dt
8[% - 120] =-1600 Step 4:
=% org=tan!| &
& 120=-200 tanf =7 or 0= tan [bj
dt
dx
dr ~80mph Step 5:
The car’s speed is 80 mph. da db . da db
33. Step 1: 40 _ 1 dar di __dt drt
s = shadow length dt a 2 b2 at+b*
6 =sun’s angle of elevation 1+ ;
Step 2: .
At the instant in question, Step 6:

do

s =60 ft and m =0.27°/ min = 0.00157 radian/min.

Step 3:

We want to find —é.
dt

Step 4:

tan@ = & ors=80cotd
s

9 _ (20X=2)-(10xXD) _
dt 10% +202

—0.1radian / sec

= —5.73 degrees/sec

To the nearest degree, the angle is changing at the rate of
-6 degrees per second.

215
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35. Step 1: 39, E. sA = 652
fiﬁ = 12sé
dt dt
12= 125“({{
dt
a_1
0 b B d ’,
a =distance from O to A V=s
b = distance from O to B dV_32ds_321
¢ = distance fiom A to B S ET s
Step 2: 24 =3s
At the instant in question, ¢ =5 nautical miles, » =3 s=8in
nautical miles, da =14 knots, and b =21 knots. 40.C. X+ }’2 =
dt dt dx dy
2x—+2y—=
Step 3: dt dt
d x—d—x =P
We want to find —C, dt Y dt
“ xdv_dy
Step 4: , —-ydt dt
Law of Cosines : ¢ = a* + b* - 2ab cos120° ( 0.6 )3 = 2
s 2 o -0.8 dt
c“=a"+b"+ab dy
Step 5: o =-2.25.
20£=2aﬁ+2b@+a@+b@ 41.B. v=nri
dt dt dt dt dt dv dr dl
- = — 2 _—
Step 6: & 2rrl I +7r ar

Note that, at the instant in question,

r 2
0=27(1)(100) =+ w(1)*2
c=Na+b +ab = \/(5)2 +(3)2 +(5X3) =N49=7

di
dt

dr 2@

219 = 2(5X14)+ 23X 21) + (5X21) + (314) o @ A0r

gf o —-.01 cm/s
145 =413 !

gt 42. (a) Note that the level of the coffee in the cone is not
& —29.5 knots needed until part (b).
df ) Step 1:

The ships are moving apart at a rate of 29.5 knots. V; = volume of coffee in pot

36. True. Since ac _ 271:2 , aconstant y = depth of coffee in pot

¢ at Step 2:
Amﬂ&%nﬁant E av; ———
dt dt — =10 in” / min
dt
37. False. Since a = 27rr£, the value of A depends on r. Step 3:
dt dt dt dy
A V=g We want to find the value of :i;
av =347 ds Step 4:
dt " dt » =9y
24 = 3s, & Step 5:
s=2in v J

dt dt



42, Continued
Step 6:

10:971:9

dt
dy = 10 =0.354 in./min
dt 9z
The level in the pot is increasing at the rate of
approximately 0.354 in./min.
(b) Step 1:

V2 = volume of coffee in filter

r = radius of surface of coffee in filter
h = depth of coffee in filter

Step 2:
dV2 3
At the instant in question, 7 =-10in’ /min and
t
h=5in.
Step 3:

We want to find —‘—iﬁ.
dt

Step 4:

Note that £=§, SO r=ﬁ.
h 6 2

3
Then V2 = l7tr2h = ﬂ
3 12
Step 5:
4V, _mh’ dn
dt 4 dt
Step 6:
2
—10=ZOL 4
4 dt
dh 8
— =——in./min
dt kY4

Note that _a;_h < 0, so the rate at which the level is
1

falling is positive. The level in the come is falling at the

rate of -8— = ().509 in./min
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dt d x
=(3x2 —12x—€]£
x2 ) dt
= [3(1 52 —12(1.5)- %](0.05)
=_1.5625 '
ar_ i(70x) =70% 70(0.05)=3.5
dr  dr dt
dp _dr_dec_ 3.5-(~1.5625) = 5.0625
dt  dr dt
44, Step 1:

Q =rate of CO2 exhalation (mL/min)

D = difference between CO2 concentration in blood

pumped to the lungs and CO,, concentration in blood
returning from the lungs (mL/L)
y = cardiac output

Step 2:
At the instant in question, Q = 233 mL/min, D =41 mL/L,

__, (mL/L)/min, and 99 _ 6 s min®.
dt dt

Step 3:
. dy
We want to find the value of d—
4
Step 4:
-2
Y D
Step 5:
pdQ_,dp
dy ___dt dr
dt D?
Step 6:
dy _ (41X0)— (233X-2) _ 466 ~0.277 Limin®
dt 41? 1681

kY4

de d 3 2
43. (a) —=—(x"—-6x"+15x)
dt dt

=(3x* —12x+15)§
dr

=[3(2)* -12(2) +15)(0.1)
=0.3

éC=i(9x)=93‘136-=9(0.1)=0.9
dr dt dt
d—p=£—£=0.9—0.3=0.6
dt dt dt

The cardiac output is increasing at the rate of approximately
0.277 L/min2.
45. (a) The point being plotted would correspond to a point on
the edge of the wheel as the wheel turns.

(b) One possible answer is 6 = 167, where ¢ is in seconds.
(An arbitrary constant may be added to this expression,
and we have assumed counterclockwise motion.)
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45, Continued

(¢) In general, assuming counterclockwise motion:

& =-2 sin@d—9 =-2(sin@)(167) = —-327sin O
dt dt

Ll = 2c050d—(9 =2(cos8)(16m) =327 cosB
dt dt
Aco=2.
4
% =321 sin% = —167(\J2) = —71.086 fUsec
D 37 cosE =16m(+2) = 71086 fisec
dr 4
At 0=£:
2
& o 327sin = 327~ ~100.531 fisec
dt 2
@ = 327ccos£ =0 fi/sec
dt 2
AtO=rm:
ﬁ =32z sinz =0 fi/sec
dt
dy
d_ =321 cosm =321 ~—100.531 ft/sec
t

46. (a) One possible answer:

(b) Since the ferris wheel makes one revolution every

x=30cos0, y=40+30sin6

10 sec, we may let 8 =02zt and we may write

x=30c0s0.27¢, y=40+30sin0.27¢. (This assumes

that the ferris wheel revolves counterclockwise.)

(b) d_ i(uv) = uﬂ+vﬂ
de dt d dt
=u(0.03v) + v(—0.02u)
=0.0luv
=0.01ly
The total production is increasing at the rate of
1% per year.
Quick Quiz Sections 4.4-4.6
L.B. xn+1 = xn - ff(x)
fx)

f)=x*+2x-1
F(x0)=3x2+2

_ P21

3% +2

3Y (3

21 422 ]-1
3 (5] [SJ
=23 T/ 0465

3
5

2.B. z2=)c2+y2

7=V4*+3% =5
2z£=2xﬁ+2yﬂ
dt dt dt

5:4[3@}3.@

47. (a)

dt dt
In general: dy 1
ax _ —30(in0.27¢) (0.27) = 67 sin 0.27z¢ 3
dt dx _ dy_?{l)_l
% =30(cos 0.27£)(0.27) = 67 cos 0.27¢ dr dr 3
3.A. x()=70
Att=5: (1) = 60t
%:mm: 0 fi/sec 2(t) = (601)° +70%)"
dz 1 2 _112
— =—(3600¢“ +4900 72001
d—y=67rcos7z=67t(—1)z—18.850 fi/sec dt 2( ) )
dr dz 7200(4)
Atr=8: dr 2(3600(4)° +4900)"
dz
P 6msinl.6m = 17.927 fUsec o oTe
dt t

% =67 cosl.6m = 5.825 fi/sec

& = i(uv) = uﬂ+v@
dt dt dat dt
= u(0.05v) + v(0.04u)
= 0.09uv
= 0.09y

d .
Since Y 0.09y, the rate of growth of total production

dt
is 9% per year.

4.() fO)=+x
x=25
’ 1 —1/2 1
25)=— (25 = —
f(25) 2( ) 0

V26 =5+ L (26-25)=51
10



