MATH180 - HOMEWORK SOLUTIONS
HOMEWORK #3
Section 3.3: Problems 1-63 (odd), 71, 75, 77
Section 3.4: Problems 1, 5, 7, 13, 15, 19, 21

Section 3.5: Problems 1, 5, 9, 15, 19, 29, 31, 41, 43, 45
Section 3.6: Problems 1, 5, 9, 15, 19, 27, 40, 41, 49, 51, 55

Krzysztof Galicki

Note: In problems 3.3.1-45 we always use the formula

y(@) =[f@)]",  y(@)=nlf@)]"""f (),

which is a special case of the chain rule.
Problem 3.3.1 Let f(z) = (22 — 1)*4. Then f'(z) = 4(2z — 1)% -2 = 8(2z — 1)3.
Problem 3.3.3 Let f(z) = (2 +2)5. Then f'(z) = 5(x? + 2)* - (2z) = 10z(22 + 2)*.

Problem 3.3.5 Let f(z) = (22 — z?)3. Then f'(z) = 32z — 2?)? - (2 — 2z) =
= 622(2 — 1)%(1 — ).

Problem 3.3.7 Let f(z) = (2 +1)72. Then f'(z) = —2(2z +1)73-(2) = —4(2zx+1)73.
Problem 3.3.9 Let f(z) = (#2 — 4)%2. Then f'(z) = 3(2? — 42 (22) = 3zvz? — 4.

Problem 3.3.11 Let f(z) = /32 — 2 = (3z — 2)'/2. Then f'(z) = (32 — 2)"Y/2- (3) =
33z —2)71/2

Problem 3.3.13 Let f(z) = (1 — 2%)/3. Then f'(z) = 1(1 — 22)7%/3. (-22).

Problem 3.3.15 Let f(z) = (22+3)73. Then f'(z) = —=3(2z+3)7*-(2) = —6(2z+3)~*.
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Problem 3.3.17 Let f(t) = (2t—3)~'/2. Then f'(t) = —3(2t—3)73/2.(2) = (2t —3)~3/2.
Problem 3.3.19 Let f(z) = (4z* 4+ 2)73/2. Then f'(z) = —3 (42* + z)~%2 - (162° + 1).
Problem 3.3.21 Let f(z) = (322 +2z+1)"2. Then f'(z) = —2(32%+2z+1)73- (62 +2).

Problem 3.3.23 Let f(z) = (z® + 1) — (z® + 1)2. Then f'(z) = 3(z* + 1)? - (22)—
2(z3 4+ 1) - (3z2).

Problem 3.3.25 Let f(t) = (t7! —¢72)3. Then f'(t) = 3(t7! —t72)2(—t=2 4 2t73).

Problem 3.3.27 Let f(z) = vz +1++vVz—1= (z+ 1)Y2 + (z — 1)/2. Then f'(z) =
Ye+1)" V24 Lz —1)"V2

Problem 3.3.29 Let f(x) = 22%(3 — 4z)*. (Here we also have to use the product rule):
d
f'(z) = 4z(3 — 42)* + 2372%[(3 — 42)* = 42(3 — 4z)* + 227 - (4(3 — 42)3) - (—4) =

= 4z(3 — 4z)* — 322%(3 — 42)3 = 4(3 — 42)3(x(3 — 42) — 82?) = 4(3 — 42)3(3z — 122?) =
=12(3 — 4z)*(z — 42°) = 122(3 — 42)3(1 — 4x).

Problem 3.3.31 Let f(z) = (z — 1)?(2z + 1)*. (Here we also have to use the product
rule):

fl(z) =2(z—1)2z+1)*+(z—1)2-(4(22+1)3-(2)) = 2(z—1) (22 +1)*+8(z—1)?(2z+1)3.

Problem 3.3.33 Let f(z) = (i—fg’)s (Here we also have to use the quotient rule):

e e I )

Problem 3.3.35 Let s(t) = (ﬁ)?’/ 2, (Here we also have to use the quotient rule):
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sy 3t V2o e N 30t NPty -2t
C2\2t+1 di\2t+1) 2\2t+1 (2t +1)2

_§ ¢ 1/2 1
2\ 2t+1 (2t —1)%°

Problem 3.3.37 Let g(u) = (32112)1/ 2, (Here we also have to use the quotient rule):

du

L(u+t1 ™Y dfut1 1 u+1\ " Bu+2) -3u+l)
3u+ 2 3u+2) 2\ 3u+2 (2t +1)2 -

1w+l
2\ 3u+2 (3u+2)2°
Problem 3.3.39 Let f(x) = ﬁ (Here we also have to use the quotient rule):

2z(z® = 1)* — 2% (8w(2® — 1)%) _ 2z(2? — 1) — 8® -2z —62°
GED

= @1 GEDE

Problem 3.3.41 Let f(z) = ((35:1)213. (Here we also have to use the quotient rule):

3(3z2 +1)2(6z) (22 — 1)* — (322 +1)2 - (8z(2® — 1)3)

22324+ 1)%(2® — 1)3[9(2® — 1) —4(32* + 1)
- (22 — 1)8 -
_ 22(32% +1)%(—13 — 32?)

@-107

/
Problem 3.3.43 Let f(x) = % (Here we also have to use the quotient rule):

y o Qe 1)7V2(a? = 1) — 25(2z + 1)1/2
f(z) = @1 .
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Problem 3.3.45 Let g(t) = % (Here we also have to use the quotient rule):

s+ DT+ )2 —t(t + 1) (2 4 1)1/

Problem 3.3.47 Let f(r) = (3z+1)*(22—x+1)3. (Here we also have to use the product
rule):

() =123z + 1)3(z? — 2+ 1)> + 33z + D)*(2? — 2+ 1)?(2z - 1).

Problem 3.3.49 Let y = u*/3 and u = 322 — 1. Then

dy_41/3 du_
du 30 das_Gx
d_y_dy du 4

— 2L 22 T8 — 2 1\1/3
9r = du de =~ 3" (6x) = 8x(3z° — 1)*/°.

Problem 3.3.51 Let y = v~ /% and v = 22% — £ + 1. Then

dy 2 _5/3 du
o2 b —1
du 3¢ dz N

dy dy du 2 53 2,3 ~5/3
W _dy a2 ) =—Z(2 -z +1 —1).
i ol U (6x —1) 3( z° —x+1) (6x — 1)

Problem 3.3.53 Let y = u'/2 + 4=/2 and u = 23 — z. Then

dy 1 1/2 1 3/2 du 2
= = — — =3z"-1
du 2 2 ’ dz o

dy _dy du 1. _ ), —3/2 2 N —-1/2 3 —3/2 2
%:@%ZE(U 12 _u=3/2) (3 —1)—5((1‘ —z)7Y2 — (2% — 2)7%/2) (322 - 1).
Problem 3.3.55 Since F(z) = g(f(z)) and f(2) = 3, f'(2) = —3,9(3) = 5,9'(3) = 4 we
get
Fl(z) = g'(f () f'(2),
F'(2)=¢'(f(2))- f'(2) =g'(3) - (=3) = 4- (=3) = —12.
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Problem 3.3.57 Let F(z) = f(22+ 1) and f'(2) = 3. We get

F'(z) = 2z f'(z® + 1),
F'(1)=2f'(14+1) =6.

Problem 3.3.59 When h(x) = g(f(z)) then h'(x) = ¢'(f(z))- f'(x) which is not ¢'(f'(z)).

Problem 3.3.61 Let f(z) = (1 —z)(z? —1)%, P = (2,—9). We get
fll@)=—=(*=1)* + (1 - 2) - (42) - (a* = 1),

m=f2=-4-1)2+1-2)-8)-(4—1)=-9—24=-33,

and the equation of the line is

y+9=-33(zx—2).

Problem 3.3.63 Let f(z) = 2v222+ 7, P = (3,15). We get

, 1
fley =Vt Taa (W) e
/ — . 71 =
£'8) = VISFT+3-(12) s

18
'3 =5+ 5= 43/5,
and the equation of the line is

43
y—15= g(:c—S).

Problem 3.3.71 Since A(t) = 0.03t3(t — 7)* + 60.2 we get

A'(t) = 0.09t2(t=7)*40.12t3 (t=7)% = t2(t—=7)3[0.09(t—7)40.12t] = t*(t—7)3(0.21t—0.63).

Hence
A'(1) = (—6)3 - (=0.42) = 90.72

A(3)=9-(-4°-(0)=0,
A'(4) =16 - (=27) - (0.21) = —90.72
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At 8 a.m. the level is increasing. At 10 a.m. it stops increasing and starts decreasing
afterwards.

Problem 3.3.75 Since the are of the circular disc is A(r) = mr? we get

dA dr
— =271r - —

dt dt’

As dr/dt = 2 ft/sec is constant, when r = 40 feet we obtain

dA
— |lr—40= 807 - 2 = 1807 ft*/sec.

Problem 3.3.77 We have
= f(t) = 6.25t> +19.75t + 74.75, 0<t <5,

and
S = g(x) = —.00075z% + 67.5, 75 < z < 350.

Since beginning of 1959 is ¢ = 0, the beginning of 1999 corresponds to ¢ = 4. We have
x = f(4) =100 + 79 4 74.75 = 253.75. Using the chain rule, we have

dS dS dz
— = — . — = —.0015z - (12. 19. = —0.38-72.25 = -274
7 Iz dl 0015z - (12.5t 4+ 19.75) 0.38 -72.25 7.45
and

S5(253.75) = 19.21.



EXERCISES 3.4, page 212

1.

3.

a. C(x) 1s always increasing because as x, the number of units produced, increases,
the greater the amount of money that must be spent on production.

b. This occurs at x = 4, or a production level of 4000. You can see this by looking
at the slopes of the tangent lines for x less than, equal to, and a little larger then
x=4.

a. If very few units of the commodity are produced then the cost/unit of production
will be very large. Next, if x is very large the typical total cost is very large due to
overtime, excessive cost of raw material, breakdowns of machines, etc., so that
A(x)is very large as well; in fact, for a typical total cost function, C(x) ultimately

A(x) grows faster than x, that is, lim ) =0

X—>0 x
b. The average cost per unit is smallest, ($y,) when the level of production is x,

units.

a. The actual cost incurred in the production of the 1001st record is given by

C(1001) — C(1000) = [2000 + 2(1001) — 0.0001(1001)*]

—[2000 + 2(1000) — 0.0001(1000)*]
=3901.7999 — 3900 = 1.7999,
or $1.80. The actual cost incurred in the production of the 2001st record is given
by C(2001) — C(2000) = [2000 + 2(2001) — 0.0001(2001)*]
~[2000 + 2(2000) — 0.0001(2000)*]
=5601.5999 — 5600 = 1.5999, or $1.60.

b. The marginal cost is C'(x) =2 — 0.0002x. In particular



C(1000) = 2 ~ 0.0002(1000) = 1.80
and  C'(2000) = 2 - 0.0002(2000) = 1.60.

a. C(101) = C(100) = [0.0002(101)? - 0.06(101)* + 120(101) + 5000}
~[0.0002(100)* - 0.06£100)* + 120(100) + 5000]
= 114, or approximately $114.
Similarly, we find C(201) - C(200) = $120.16; C(301)— C(300)= $138.12.
b. We compute C '(x) = 0.0006x” — 0.12x + 120. So the required quantities are
C'(100) = 0.0006(100)* — 0.12(100) + 120 = 114, or $114,
C' (200) = 0.0006(200)* — 0.12(200) + 120 = 120, or $120,
and C’ (300) = 0.0006(300) *~0.12(300) +120 = 138, or $138,

C(x) _100x+200,000 _ o 200,000

X X X

a. C(x)=
200,000

2
X

b T'(x) = (100) +-%(200,000x") = -200,000x = -
dx dx

c. limC(x)= lim[lOO +

X X

200,000] 100
X

and this says that the average cost approaches $100 per unit if the production level
is very high.

C(x) _ 5000
X X

c. Since the marginal average cost function is negative for x > 0, the rate of change
of the average cost function is negative for all x > 0.

5000

7
X

a. C(x)= +2. b. C'(x)=-

_ 2

T = C(x) _ 2000+2x-00001x" _ 2000 , o000

X X X
C'(x)=- 20?0 +0-0.0001=- 20?0 ~0.0001.

X X
3 _ 2

Clx) = C(x) _ 00002x’ ~006x* +120x +5000 _ o 0n 20 06r 4 12045000

X X X

5000

C'(x) = 0.0004x - 0.06 - ==~
X



9.

10.

11.

12.

13.

a. R'(x)= %(8000):— 100x?) = 8000 — 200x.

b. R'(39)=8000—200(39) =200. R'(40)= 8000 -200(40)=0
R'(41) = 8000 — 200(41) =-200
This suggests the total revenue is maximized if the price charged/ passenger is $40.

a. R(x) = px = x(=0.04x + 800) = —0.04x” + 800x

b. R'(x) =—0.08x + 800 c. R'(5000) = -0.08(5000) + 800 = 400.

This says that when the level of production is 5000 units the production of the next
speaker system will bring an additional revenue of $400.

a. P(x) = R(x) - C(x) = (—0.04x* + 800x) ~ (200x + 300,000)
= —0.04x> + 600x — 300,000.
b. P'(x) = —0.08x + 600

. ¢. P'(5000) =-0.08(5000) + 600 =200 P '(8000) =—0.08(8000) + 600 = —40.

d.

1j>P(x)

(millions of dollars)

+ - u ——t > x (thousands)
{ 25 s 75 10 125 |\

The profit realized by the company increases as production increases, peaking at a
level of production of 7500 units. Beyond this level of production, the profit begins
to fall.

a. P(x) = —10x* + 1760x — 50,000. To find the actual profit realized from renting
the 51st unit, assuming that 50 units have already been rented is given by
P(51) — P(50) = [-10(51)* + 1760(51) — 50,000]-[—10(50)* + 1760(50) — 50,000]
=-26,010 + 89,760 — 50,000 + 25,000 - 88,000 + 50,000 = 750, or $750.
b. The marginal profit is given by P'(x) =~20x + 1760. When x = 50,
P'(50) = -20(50) + 1760 = 760, or $760.

a. The revenue function is R(x) = px = (600 — 0.05x)x = 600x — 0.05x>
and the profit function is
P(x) = R(x) - C(x)
= (600x — 0.05x%) — (0.000002x — 0.03x* + 400x + 80,000)



=-0.000002x — 0.02x> + 200x — 80,000.
b. C'(x)= % (0.000002x" —0.03x* +400x + 80,000) = 0.000006x> — 0.06x +400.

R'(x)= di(600x —-0.05x*)=600-0.1x. »
X

P'(x)= %(—o.ooooozx3 ~0.02x? +200x — 80,000) = —0.000006x> — 0.04x + 200.

c. C'(2000) = 0.000006(2000)* — 0.06(2000) + 400 = 304, and this says that at a
level of production of 2000 units, the cost for producing the 2001st unit is $304.
R'(2000) = 600 — 0.1(2000) = 400 and this says that the revenue realized in selling
the 2001st unit is $400. P'(2000) = R'(2000) — C'(2000) = 400 — 304 = 96, and this
says that the revenue realized in selling the 2001st unit is $96.

d.

Z

of dollars

Tens of thousands
of dollars
- ™
= [=]

Hundreds of thousands

Hundreds of thousands
of dollars
— t
[=] <

b T Tt X X
1 3 5 7 4 8 12 1 3 5 7
Units of a thousand Units of a thousand Units of & thousand

. a. R(x)=xp(x)=-0.006x> + 180x
P(x) = R(x) - C(x)
=-0.006x* + 180x — (0.000002x> —0.02x* +120x + 60,000)
=-0.000002x> + 0.014x* + 60x — 60,000.
b. C'(x) = 0.000006x” — 0.04x + 120; R'(x) =-0.012x + 180
P'(x) = -0.000006x* + 0.028x + 60.
c. C(2000) = 0.000006(2000)* — 0.04(2000) + 120 = 64;
R'(2000) =-0.012(2000) + 180 = 156
P'(2000) = -0.000006(2000)* + 0.028(2000) + 60 = 92.

CW R ()

1200 1200

2

(thousands of dollars)
o0
g g
(thousands of dollars)

(thousands of doilars)

4 8 12 10 20 30
(units of a thousand) (units of a thousand) (units of a thousand)



15.

16.

C(x) _ 0.000002x’ —0.03x> +400x +80,000
x x

C(x)=

=0.000002x2 - 0.03x + 400 + 30,000 )

x
80,000

x2

a. C'(x) = 0.000004x — 0.03 -

b. C'(5000) = 0.000004(5000) —0.03 — 85%88?

~-0.0132,

and this says that, at a level of production of 5000 units, the average cost of
production is dropping at the rate of approximately a penny per unit.

C"(10,000) = 0.000004(10000) — 0.03 - 18:60(?02 ~ 0.0092,

and this says that, at a level of production of 10,000 units, the average cost of
production is increasing at the rate of approximately a penny per unit.
c.

w9)

C(x) = 0.000002x° - 0.02x* + 120x + 60,000

C(x) =0.000002x> —0.02x +120 + 60,000 .

x
a. The marginal average cost function is given by

C'(x) = 0.000004x —0.02 - 60’200
X
- ,, 60,000
b. C'(5000) = 0.000004(5900) - 0.02 - 5000 =0.02 - 0.02 — 0.0024 = —0.0024.
- 60,000 '
C'(10000) = 0.000004(10000) - 0.02 - (10000, =0.04 —0.02 — 0.0006 = 0.0194.

We conclude that the average cost is decreasing when 5000 TV sets are produced
and increasing when 10,000 units are produced.



17.

18.

19.

20.

21.

22.

23.

50x (0.01x* +1)50 - 50x(002x) 50— 0.5x

a. R(x)=px=m- - Ri(x)= (0.01x* +1)? (001x +1)°
C. R’(2)—M 44.379.
[001(4) + 1] ¥

This result says that at a level of sale of 2000 units, the revenue increases at the
rate of approximately $44,379 per sales of 1000 units.

‘fzc i(0 712x +95.05) = 0.712.

C(x)=0.873x"" +20.34; C'(x)=0.873(1.1)x""
C'(10) = 0.873(1.1)(10)*! = 1.21, or $1.21 billion per billion dollars.

s _d ac
Cixyn=1-2¢
g cwl=l=an

The consumption function is given by C(x) = 0.712x + 95.05. The marginal
propensity to consume is given by % = 0.712. The marginal propensity to save is

given by% =1- % =1-0.712 = 0.288, or $0.288 biltion per billion dollars.

Here C(x) = 0.873x"! +20.34. So C'(x) = 0.9603x"" and

as _ 1—d—c =1-09603x*.
dx dx

When x = 10, we have ‘;X—S =1-0.9603(10)*' = -0.209,
or —$0.209 billion per billion dollars.

Here x = f(p)=—-2p+20 andso f'(p)=-3. Therefore,
] _5 5
Epy=-2P __ 15?( D) __ P
f(p) -+p+20 80-5p
5100 50 5
80-5(10) 30 3

=>1, and so the demand is elastic.

E(10) =



EXERCISES 3.5, page 219

1.

f(x)=4x*-2x+1; f'(x)=8x-2; f"(x)=8.
f(x)=-02x*+03x+4; f'(x)=-04x+03 and f"(x)=-04.
F(x)=2x>-3x"+1; f'(x)=6x*—6x; f"(x)=12x-6=6(2x-1).

g(x) ==3x" +24x> + 6x — 64; g'(x) = -9x* +48x+6; g"(x) = ~18x +48.

h(t)=1t' =202 +6t* =3t +10, h'(t) =4’ - 6" +12¢ -3
h'(H) =126 —12t +12=12(¢* =t +1).

F(X)=x"=x*+x>=x+x—1; f'(x)=5x"-4x’ +3x* -2x +1;
£7(x)=20x" ~12x* + 6x-2.

() =(x*+2)%; f'(x) =5(x* +2)*(2x) = 10x(x* +2)* and
F7(x) =10(x* +2)* +10x(x* + 2)’(2x)
=10(x? + 2)’[(x* + 2) + 8x*]=10(9x* + 2)(x* + 2).

g(t) =13t +1)";

g' () =2tBt+ 1) + 2 (@3t +1)°(3) = 2t (Bt +1)°[(3t + 1) + 6¢]
=(3t+1)°(18: +2¢),

g"(t)=2t(9t +1 3t +1)°(3)+ (3t +1)’ (36t +2)
=23t +1)*[9¢(9t +1) + (3t + 1)(18¢ +1)]



10.

11.

12.

13.

=203t +1)* (812 + 9t +54¢% + 3t + 18t +1) = 2(135¢% + 30t + 1)(3¢ +1)°.

g(t) = (21> -1)*(3¢%);
g'(t) =202 -3t} - (21 - 1)’ (6¢1)
= 6¢(262 —1)[4£ + (2t =1)] = 6¢(21> = 1)(6¢* - 1)
=6t(12t* — 812 +1) =721’ - 48¢ + 6.
g"(t)=360t* —144¢% +6 = 6(60t" —24¢* +1)

h(x) = (2 +1)*(x -1).
A (x)=2(x* +D2x)(x =D+ (x> +1)*(1)

= (2 +D[Ax(x-D+ (x> + D] = (x> +D(5x* —4x +1);
h"(x) = 2x(5x* = 4x+ 1)+ (x> +1)(10x - 4)

=10x" —8x* +2x+10x" —4x* +10x -4

=20x" —12x* +12x -4 = 4(5x> = 3x* +3x - 1).

F(xX)=@2x*+2)"% f'(x) =2 (2x* +2)"*(4x) = 14x(2x* +2)*?;
£7(x) =142x* +2)? +14x(3)(2x* +2)** (4x)
= 14(2x* +2)"[(2x* +2) +10x2] = 28(6x” + 1)(2x% +2)*.

h(w) = (W +2w+4)"%;

B (w)=3(W! +2w+4)"2Qw+2) = 5(w+ (W’ +2w+4)*?;

B(W) = S(W' +2w+4) " +5(w+ (W +2w+4)" (2w+2)
=5(w’ +2w+4)"[(W +2w+4) +3(w+1)’]

=54w? + 8w+ T)(W? +2w+4)"%,

f(x)=x(x* +1)%

()= + 1D + x(2)(x* +1)(2x)
=(2+D[(x* + D) +4x ] = (x> + )52 +1);

£7(x) = 2x(5x + 1) + (x> + 1)(10x) = 2x(5x> + 1+ 5x* +5)
= 4x(5x* +3).



14.

15.

16.

17.

18.

19.

g() = u2u-1)’;

g' W) =Qu-1 +uB)Qu-17>12)=Qu-1)*[(2u—1)+ 6u]=(8u —1)(2u —1)*;

g"(u) =8(2u —1)* + (Bu —1)(2)2u - 1)(2)
= 4(2u —1)[2(2u 1)+ (8u —1)] = 12(2u - 1)(4u - 1).

(2x+i)(1)—x(2)_ 1
Qx+1)? Qx+1)?’

X . ! i
f(x)—m, f'(x)=

" _i -2 _ -3 - 4
f (x)—dx(2x+1) ==-2(2x+1)7(2) i)
o (=D@2n-1f() -2 _tt-2)
0= EOET Ty Ty ey
") = C-D2(2=-2)—t(t-2)2(t=1) _20=-D[(t=1)’~t(t-2)] 2
&7 -1 } ‘-1 Tu-ny
_s=1 o (D) -(s-DO) 2
f(s)"s+1’f(s)— (s +1)° (s+1)%
. 2 5___ 4
f (s)—2ds(s+1) =—4(s+1) G
_u o (@D - ()2 w41 )
f(u)—u2+1sf(u)_ (u2+1)2 (u2+1)2’
oy @D - (@)2u)  —u’+1
ACh (u* +1)? NUED
oo @+ (220) = (—u? + D)W’ +1)(2u)
= (u? +1)°
: 2u(? + 1)~ -1+ 24" -2) 3 2u(u’ -3) )
- (? +1)°* T W+

3

S@)=V4-3u=(4-3)". f'(u)=3(4-3u)"(-3)=- 2V4-3u’




20.

21.

22.

23.

24.

25.

26.

27.

9

" __E'i _ -1/2____3 _l N AT
I OE 2 du(4 3u) 2( 2)(4 3u)(=-3) 4(4_3u)3/2'

f(x)=2x-1=2x-1)",

f'(x)= %(2x D) =(2x-D)" = o
x—1

]

Jex-1*

f(x)=3x*—4x%; f1(x)=12x - 12x%; f"(x) =36x" -24x; ["(x)=T2x-24.

S = —%(2x ~DY(2) = -2x =) =

F(x)=3x"~6x* +2x ~8x+12; f'(x) =15x* = 24x> + 4x - §;
f"(x)=60x3—72x2+4; f”'(X)=180x2-144x,

F@ =75 f1 =2 (M) ==x 1) =20 () =637 = -
x dx x
f(x)= -22-; fl(x)= 2i(x‘2) =—4x7; fr(x)=12x7* f"(x)=-48x" = —54—§.
X dx X
(5)=(35-2)"; g/(5) =2 (352" () = -
sW= > 81077 T35
" _E _l A2 ____9_ - 9 .
g"(s)= 2( 2)(35 2)7°03) = 4 (3s-2) 4(35-2)""

_ 8l gy 81

" _ZZ _4\-S2
g"(8) =g Gs=9 ) =3 8(3s-2)"

g(t) =2t +3; g'(1) =1t +3)"?* () =2t +3)™"?;

g (1)=-32t+3)7*(2)=—~(2+3)™"; g"(r) = %(2t +3)7"%(2) = &

(20 +3)"

F()=@x=3)"; f'(x) =4(2x-3)*(2) =8(2x-3)
f7(x) =24(2x-3)*(2) = 48(2x -3)%; f"(x) =96(2x -3)(2) =192(2x-3).



28.

29.

30.

31.

32.

g =G -1 g' () =52 - (1) =5t(5* - 1)

g'(t) =53 -1 +5t(4)E 2 =1)°(¢) = 5 2 = 1)’[(L £ = 1) +4¢7]
=309 -2)(317 -1y,

g" (1) =2[18t(1 1 =1)* + (9> - 2)3(1 2 - 1)’ (1)]
S B 1616~ 1)+ (96 —2)] = 306362 ~2)(L 2~ 1)2.

Its velocity at any time ¢ is v(¢) = %(16t2 ) =32¢. The hammer strikes the ground

when 16¢% = 256 or ¢ = 4 (we reject the negative root). Therefore, its velocity at
the instant it strikes the ground is v(4) = 32(4) = 128 ft/sec. Its acceleration at time

. d . . . :
tis a(t) = Z(32t) = 32. In particular, its acceleration at ¢ = 4 is 32 ft/sec’.

s(t) =20t +8¢% —£%; 5'(t) =20+ 16¢ = 3¢%; s"(t) = 16— 6.

") =16-6(3)=16-£=0.

We conclude that the acceleration of the car at ¢ = 8/3 seconds is zero and that the
car will start to decelerate at that point in time.

N()=-0.1£ + 1.5 + 100.

a. N'(f)=-0.3¢ +3t=0.3¢(10 - #). Since N'(f) >0 for t =0, 1, 2, ..., 7, it is
evident that N(¢) (and therefore the crime rate) was increasing from 1988 through
1995.

b. N"(#)=-0.6t+3 =0.6(5- ). Now N"(4)=0.6 > 0, N'(5) =0,

N"(6) =-0.6 <0 and N"(7) = -1.2 <0. This shows that the rate of the rate of
change was decreasing beyond ¢ = 5 (1990). This shows that the program was
working.

G() =-0.27 + 2.4 + 60.

a. G'(f) =-0.67* + 4.8t = 0.61(8 — 1)
G'(0)=0,G'(1)=42,G'2)=72,G'33)=9,G4)=9.6, G'(5)=9,G'(6)=1.2,
G'(H=42,G'(8)=0.

b.G'"()=-1.2t+4.8=12(4 1)
G"(0)=4.8,G"(1)=3.6,G"2)=24,G"(3)=1.2,G"4) =0,
G"(5)=-12,G"(6)=-2.4,G"(7)=-3.6, G"(8) =—4.8.

¢. Our computations show that the GDP is increasing at an increasing rate in the



first five years. Even though the GDP continues to rise from that point on, the
negativity of G'(¢) shows that the rate of increase is slowing down.

33. N(r)=0.00037£ —0.0242¢> +0.52t +5.3 (0<t<10)
N'(£) =0.00111£ - 0.0484¢ +0.52
N"(¢) = 0.00222¢ - 0.0484
So N(8)=0.00037(8)’ —0.0242(8)> +5.3=8.1
N'(8) =0.00111(8)* —0.0484(8) +0.52 ~ 0.204.
N"(8) = 0.00222(8) - 0.0484 = —0.031.

We conclude that at the beginning of 1998, there were 8.1 million persons
recelving disability benefits, the number is increasing at the rate of 0.2 million/yr,
and the rate of the rate of change of the number of persons is decreasing at the rate
of 0.03 million persons/yr>.

34, a. h(t) =Lt - +42 () =10 -3 + 8t

b. h'(0) = 0 or zero feet per second.
h'(4) = 1(64)~3(16) +8(4) = 0, or zero feet per second.
h'(8) = 1(8)* - 3(64) +8(8) = 0, or zero feet per second.

c. h'(t)=31" -6t +8

d. B"(0) =8 ft/sec®; h"(4)=2(16)—6(4)+8=—4 ft/sec’.

h"(8) = 3(64)—6(8)+8=8 fi/sec’.

e. h(0) =0 feet; h(4) =L (4)" —(4)’ +4(4)* =16 feet.

h(8) = (8)" —(8)’ +4(8)> = 0 feet.

35. N(f) = —0.00233¢* + 0.006337* — 0.054177 + 1.3467¢ + 25
N'(1) =-0.009327 + 0.018997 — 0.10834¢ + 1.3467
N"(£) =—0.027967 + 0.03798¢ — 0.10834
So N'(10) =~7.158 and N "(10) = -2.5245.
Our computations show that at the beginning of the year 2000, the number of
Americans aged 45 to 54 was decreasing at the rate of 7 million people per year,
and the number decreases at a rate of approximately 2.5 million people per year per
year.

36. A(f) =100 - 17.63¢ + 1.915¢ - 0.1316¢ + 0.00468¢" — 0.00006¢°



- 37.

38.

39.

40.

4].

42.

43.

A'(f)=-17.63 + 3.83¢— 0.39487 + 0.01872F - 0.0003¢*

A"(r) = 3.83 - 0.78961 + 0.0561672 — 0.0012¢.

So, A'(10) =-3.09 and 4"(10) = 0.35.

Our computations show that 10 minutes after the start of the test,the smoke
remaining is decreasing at a rate of 3 percent per minute but the rate at which the
rate of smoke is decreasing is increasing at the rate of 0.35 percent per minute per
minute.

f(¢)=10.72(0.9t +10)** .

£'(£) =10.72(0.3)(0.9¢ +10) 7 (0.9) = 2.8944(0.9¢ +10) ™’

£(t) =2.8944(=0.7)(0.9¢ +10)™"7(0.9) = —1.823472(0.9¢ +10)™"7

So f"(10)=-1.823472(19)™"" ~—0.01222. And this says that the rate of the rate
ofvchange of the population is decreasing at the rate of 0.01%/ yr®.

P(t) =33.55(t +5)° ; P'(t) =33.55(0.205)(t + 5)°™ = 6.87775(¢ +5)°"™
P"(t) = 6.87775(=0.795)(t + 5)"7 = —5.46781125(¢ + 5)"7

So P"(20) =6.87775(=0.795)(t + 5)™""*° = -5.46781125(t + 5) "%
And this says that the rate of the rate of change of such mothers is decreasing at the
rate of 0.02%/ yr’.

False. If f has derivatives of order two at x = a, then f"(a) =[f"'(a)].

True. If h = fg where fand g have derivatives of order 2. Then
h'(x)= ["(x)g(x)+2f'(x)g'(x)+ f(x)g"(x).

True. If f(x) is a polynomial function of degree n, then f"*"(x)=0.

True. Suppose P(t) represents the population of bacteria at time ¢ and suppose
P'(t)>0 and P"(¢) <0, then the population is increasing at time ¢ but at a
decreasing rate.

True. Using the chainrule, A'(x) = f '(2x)-%(2x) = f'(x)-2=2f"'(2x)
Using the chain rule again, A"(x)=2f"(2x)-2=4f"(2x).



44,

45.

46.

fr(x)=1x", f"(x)=%x"", andso f' and f" exist everywhere.

3

But f"(x)=3x" = 2770“3 is not defined at x = 0.
x

Consider the function f(x) = x?""?2 = x™0/2),
Then  f'(x)=(n+ %)xn—(l/z)
f"(x)=(n+H(n —%)x”“m)
f(")(x) :(n+;)(n___) %xl/z
f(rH-l)(x) = (n + %)(n _ ) ._|/2

The first n derivatives exist at x = 0, but the (n + 1)st derivative fails to be defined
there.

Let P(x) = apx" + ax™ +ax™? + - + a,. Then
P'(x)= nagx"vl + (n - l)alx"*2 + e ap.
Eventually, P(x) = ag, P"*V(x) = P"P(x) = P"Vx) = - = 0.

So P has derivatives of all orders.



EXERCISES 3.6, page 2231

1. a. Solving for y in terms of x, we have y = —4x+3. Therefore, y'=—7.

2. a. Solving for y in terms of x, we have y = -2 x+3. Therefore, y'=-3.

b. Next, differentiating 3x + 4y = 6 implicitly, we obtain 3+4y' =0, or

1 dy 1
3. a =1l,y=—, and —=-
v Y X dx x?
b x—y+y=0
dy
X—==-
i y
d_ y_~x__1
dx X x x?

4. a. Solving fory, wehave y(x ~1)=1ory=(x- 1)"". Therefore,
1

"= (x~-1)7 =~ .
y'==(x~1) oD
b. Next, differentiating xy — y — 1 = 0 implicitly, we obtain
y 1
+x'-y'=0,0oryx-1)=—y or '=- =- :
ytxy'-y yax-1)=-y Y == -1

5. x3—x2—xy=4.
a. —xy=4—x3+x2
4 4
y=——+x"-x and y' =—+2x-1.
x x
b. x’-x*-xy=4
dy

—x==-3x"+2x+
dx Y
g}i=3x—2—1
dx x
=3x—2—l(—i+x2—x)=3x—2+iz—x+1
X x x
=iz+2x—1.

X



9.

10. 2x% +y* =16, 4x+2ygl=o and == =

xzy*x2+y—1=0.
2

, 1
a. (X +1y=1+x}ory= M x2 = 1. Therefore, & =0.
1+x dx
b. Differentiating implicitly,
2x(1-
XY +2xy=2x+y' =0; (X*+1)y' =2x(1-y); y'= ______x(z ly) )
X+
2x(1-
But from part (1), we know thaty=1,s0 y' = x(2 11) =0.
x°+
X, : . X,
a. ——x° =1 isequivalentto —=x"+1, or y=-———. Therefore,
y % x°+
, (P +D)-x(2x)  1-x°
(x* +1) P+
b. Next, differentiating the equation x — x’y = y implicitly, we obtain
1—
1-2xy—xy'=y y(1+x)=1-2xy,0r y' = 2x2y.
(1+x%)

(This may also be written in the form -2y° + 2 .) To show that this is equivalent to
x

the results obtained earlier, use the value of y obtained before, to get

X
1-2
o x(x2+1)_x2 F1-22  1-x?

1+ x (1+x3)?  (1+xH)?

a. 2 -2x? =4 is equivalent to y = 2x* + 4x. Therefore, y’ = 8x° +4.
x

b. Next, differentiating the equation y — 2x* = 4x implicitly, we obtain
y'—-8x’=4 andso y'=8x’+4
as obtained earlier.

x> + y* = 16. Differentiating both sides of the equation implicitly, we obtain

2x+2yy' =0 and so y' =-Z
Y

dy _ 2x
x dx y



11.

12.

13.

14.

15.

16.

17.

18.

x1/3 +y

-2 =16. Differentiating implicitly with respect to x, we have

2x—4yg)—}=0 and d—y=i.
dx dx 2y

~

x* +y’ +y—4=0. Differentiating both sides of the equation implicitly, we obtain
3x*

3y 41

3x% + 3y +y'=0 or y(3y*+1)=-3x% Therefore, y’ = -

X ~2xy=6. Differentiating both sides of the equation implicitly, we obtain
2x-2y-2xy'=0andso y' = aiNPANS P4

X X

x*+ 5xy + y* = 10. Differentiating both sides of the equation implicitly, we obtain
2x+5y

5x+2y

x+5y+50'+2)y'=0,2x+5y+y'(5x+2y)=0andso ' =-

xy* —xy = 8. Differentiating both sides of the equation implicitly, we obtain
27 +2x°yy —y —xy' =0, 27—y + y(2x'y —x) = 0
y_Y(0=2x) _ y

and so y .
x(2xy-1) X

x%?® — 2x)? = 5. Differentiating both sides of the equation implicitly, we obtain
Y g y
2xy* + 35y =27 —dxy =0, 2y - 1) + 0By - 4)' =0,
S _2y(0-x%)
x(3xy —4)

x"* + y¥* = 1. Differentiating implicitly with respect to x, we have

d d -1/2
Ly V2 g 1y™2 % _0. Therefore, 2 =— x—m = _%_‘)i_
y b

2

B=1. Differentiating both sides of the equation implicitly, we obtain

-2/3 2/3 213
1x+1y?Py' =0 andso y' =~ -2 =-(l) :

273 273
X X




19.

20.

21.

22,

23.

24.

Jx+y = x. Differentiating both sides of the equation implicitly, we obtain
T+ A+ y) =1, 1+y' =2(x+y)
or y=2x+y-1

[/2

(2x + 3y)”3 =x°. Differentiating both sides of the equation implicitly, we obtain
1(2x+3y)?(2+3y")=2x, 2+3y' =6x(2x+3y)*"

or ¥'=2[3x(2x+3y)*" -1).

1 1 : - . T .
— +— = 1. Differentiating both sides of the equation implicitly, we obtain
oy

2 2 y
-—-—y'=0,0r y=-=
x3 3 y y x3

1 1 . _ : ST .
— +— = 3. Differentiating both sides of the equation implicitly, we obtain
Xy

3.3, oY
‘—4‘——;)) O, or y =——.
x x

\/xj = x + y. Differentiating both sides of the equation implicitly, we obtain
() () =1+
X' +y =2y (1+y")
Y(-2fm)=2/ry -y
o ye G- Ne-y
(2\/5 -X) x- 2\[5

\/—x; =2x+ y°. Differentiating both sides of the equation implicitly, we obtain
1)+ y) =242y
xy+y= 4\/—y+4\/5yy’ = y’(x—4y\/'5) =4\[x;—y
4\/— y
x—-4 y\/_

~1/2

and



+ . -~ . :

25, 21X 3x, or x+y=23x"=3xy. Differentiating both sides of the equation
=y

implicitly, weobtain  1+y'=6x-3x'-3y or y'=

6x—-3y-1

2. 22 = 2x, or x—y=4x*+ 6xy. Differentiating both sides of the equation

2x+3y
implicitly, we have 1 —y'=8x + 6y + 6x)' or y' = _%'
x+

27. xy** =x*+y’. Differentiating implicitly with respect to x, we obtain

dy ly
2 4 (3212 E 0o
vy y
dy ‘ dy
32 v &Y ay o
2y™" +3xy P 4x+4y e (Multiplying by 2.)

d—yz 2(2x_y3/2)
dx  3xy? -4y

28. x*y'? =x+ 2y°. Differentiating implicitly with respect to x, we have
172

2)cy”2 +%x2y_”2y’ = 1+6y2y’ = dxy+x’y'= 2y 12y

,_ 2y 4%y

or x2 _12y5/2 :

29. (x +y)* +x’ +* = 0. Differentiating implicitly with respect to x, we obtain
dy dy
Bx+ )| 1+==|+3x* +3y* = =0
(x+y) ( dx) Y

dy dy
x+ Y)Y +(x+ )Y L4xr+yr L =0 .
(x+y) +(x+y) s s



30.

31

32.

33.

34.

[+ 90 + 7112 = (x4 45

fll__Zx2+2xy+y2
de X +2xp+2y°

(x+yH'0=x*+25. Differentiating both sides of the equation with respect to x, we
249
obtain 10(x +y*Y’(1 +2pp")=2x, or y'= i—ﬁ(—xf—yz—-);
10y(x+y°)
4x* + 9y* = 36. Differentiating the equation implicitly, we obtain
8x+ 18yy'=0.
At the point (0,2), we have 0 + 36)' = 0 and the slope of the tangent line 1s 0.
Therefore, an equation of the tangent line is y = 2.

y* —x* = 16. Differentiating both sides of the equation implicitly, we obtain
2yy' = 2x = 0. At the point (2, 2\/—) we have 4«/_y -4=0, 0r m—T~ﬁ‘
+

Using the point-slope form of an equation of a line, we have y = T‘f

chy3 — Y +xy-1=0. Differentiating implicitly with respect to x, we have
dy dy dy ‘
2xy +3x%y? L2y L py e =
e ax Va7 T

At (1,1), 2+3d—y—2ﬁ+1+£1—)i=0, and
dx  dx dx

& =-3 and d_y —2.
dx dx 2
Using the point-slope form of an equation of a line, we have
y-1=-3(x-1)
and the equation of the tangent line to the graph of the function fat (1,1) is
3 5
yYy=—35x+73.

2

(x~y - 1)’ = x. Differentiating both sides of the given equation implicitly, we
obtain 3(x-y-1)*(1-y')=1. Atthe point (1,-1), 3(1+1-1)*(1-y")=lor y' =%
Using the point-slope form of an equation of a line, we have

y+l=%(x-1) or y=%x-3.



35. xy = 1. Differentiating implicitly, we have xy'+y=0, or y'= -2
X

Differentiating implicitly once again, we havexy” +y'+y' =0.
_

y

2l =

w_ 2y (x)
__Y _ )

X X X

Therefore, y

36. X’ +3° =28. Differentiating implicitly, we have
2
3x* +3y%y' =0, or y'= —x—z.

Differentiating again, we have 6x+3y°y" +6y(y')* =0.

2y(y') +2 d :
So y" =___y(_y_)2LJ£. But —y=——x—2, and, therefore,

y dx y
4 4
X X

2yl — [+2x 2l —~+x

e y(y“) __ (Y’ )__ZX(f*“f)

% ¥ v

37. y* —xy = 8. Differentiating implicitly we have 2yy' —y —xy' = 0

and y' = 5 Y Differentiating implicitly again, we have
y-—Xx
1 r ] ] " " 2 - 2 ' :
20 +2py" -y -y ~xy"=0, or y L2200
2y—x

2y~ — —x— -
Then yr=—2Y=XN 2y=x) 2yQy X3y)=2y(y x}).
2y-x (2y-x) (2y-x)

2/3
y' =0 and y'=—yT
x

3"

38. Differentiating implicitly, we have £ x> +1y™?

Differentiating implicitly once again, we have

2 s as[ YY) 2 anan
-“x - +-y"°x
. X3 (2)y 0y -y (2)x” 73 y T Y

y = 4/3 - 4/
X x*?




2 y|/3 +y2/3x-1/3 2y”3(x”3 +y1/3) . 2y1/3
= EYRIENTE 38

=5 43

3 x

39. a. Differentiating the given equation with respect to f, we obtain
a = m? @+27zrh£= r rﬁ+2h£).
dt dt dt dt dt
b. Substituting r =2, A =6, ﬂ =0.1 and @ = 0.3 into the expression for d—V
dt dt dt

we obtain% =m(2)[2(03)+2(6)(0.))] =367

and so the volume is increasing at the rate of 3.6z cu in/sec.

40. Let (x,0) and (0,y) denote the position of the two cars. Then D =x"+)~.
Differentiating with respect to ¢, we obtain

20 9 &y W 1’
di dt dt
D
dt dt dt
3 X
When ¢ =4, x =20, and y = 28, x
£=—9, and Q=ll.
dt dt
Therefore
(\/(—20) +(28) )Z = (-20)(-9) +(28)(11) = 488
dD 488
and —=———=1418 ft/sec.
dr 1184

That is, the distance is changing at the rate of 14.18 ft/sec.

41. We are given Z—It) = 2 and are required to find % when x =9 and p = 63.

Differentiating the equation p + x* = 144 with respect to t, we obtain
dp dx

—+2x—=0.
dt dt



42,

43.

44.

Whenx =9, p=63, and £j§=2,

dx
2+2(9)—=0
()dt

dx

and —=
dt

-—lz -0.111,
9

or the quantity demanded is decreasing at the rate of 111 tires per week.

p =+x* +48. Differentiating implicitly, we have

dp
d—p—xfifzo, and —x£=-d—p, réx— dt
dt d dt dt dt  x
d_p__3 wehave-iii——g——l
When x =6, p = 66, and di ) i 6 %

or (~1)(1000) =-500 tires/week.

100x* + 9p2 =3600. Differentiating the given equation implicitly with respect to ¢,
dp
dt
100x* + 9(14)* = 3600

100x* = 1836,

orx=4.2849. Whenp = 14, Z—p =-0.15, and x = 4.2849, we have
t

we have ZOOx% + 18 p— = 0. Next, when p = 14, the given equation yields

200(4.2849) % +18(14)(~0.15) =0

ﬂ =0.0441.
dt

So the quantity demanded is increasing at the rate of 44 ten—packs per week.

625p” — x* = 100. Differentiating the given equation implicitly with respect to ,
p g

'
dt

72
625p* — 625 =100 giving p = é% ~ 1.0770.

we have 1250p ZxQ = 0.To find p when x = 25, we solve the equation
t



ad
dt
We conclude that the supply is falling at the rate of 539 dozen eggs per week.

Therefore, 1250(1.077)(-0.02) — 2(25) % =0 and —=-0.5385.

45. From the results of Problem 44, we have

1250p %P 2% _ g

dt dt -

When p =1.0770, x =25, and % = -1, we find that
1250(1.077) Z—I: -2(25)-1)=0,

dt | 1250(1077)
We conclude that the price is decreasing at the rate of 3.7 cents per carton.

dp_ 50

and —-0.037.

46. p=-0.01x*—0.1x + 6. Differentiating the given equation with respect to ¢, we
obtain

1= —O.O2xix-—0.141

dp dp
=—(0.02x + 0.1)5"-
dp.

When x = 10, we have

1=—[0.02(10)+0.1]§ ,Or g:—i=—1~q.
dp dp 0.3 3
Also, for this value of x, p =-0.01(100) - 0.1(10) + 6 = 4.
Therefore, for these values of x and p,

{9
__ o __\3)_4 (py e &
o=y =0 37 [f(p) dp]

and the demand is elastic.

47. p=-0.01x* - 0.2x + 8. Differentiating the given equation implicitly with respect to
p, we have

1=-002x % _02% ~1002x+02]%

dp dp dp



48.

49.

50.

51.

1
dp  002x+02°

When x =15, p=-0.01(15)%-0.2(15) + 8 =2.75

and & SO S -2.
dp  002(15)+02

Therefore, E(p)=- 02 =_ (2.75)(=2)

=037<1,
f(p) 15
and the demand is inelastic.
p=x, W _godx 4V 3(25)(0.1) = 7.5 cu in/sec.
dt dt dt

A=m Differentiating with respect to ¢, we obtain

dA . dr
dr dr’

When the radius of the circle is 40 ft and increasing at the rate of 2 ft/sec,
dA

s 27(40)(2) = 1607 ft* / sec.

Let D denote the distance between the two ships, x the distance that Ship A
traveled north, and y the distance that Ship B traveled east. Then D*=x*+ 3.
Differentiating implicitly, we have

4
4
2L 5 F Y
dt dt dt D
or DD b
dt a B
At1PM.,x=12,and y= 15, so > x

J144+225 iid? = (12)(12) +(15)15)

D _ 3P 1921 f/sec.

& J369

Let D denote the distance between the two cars, x the distance traveled by the car
heading east, and y the distance traveled by the car heading north as shown in the



diagram at the right. Then
D* = x* + y* Differentiating with respect

Ay
to ¢, we have
2D£D—=2x£ix—+2y32, b
dt dt dt
x dx +y @ > x
o P _Tdr "t
dt D
Whent=35, x =30,y=40,§—§=2(5)+1=11, and %=2(5)+3=13.
Therefore, E,—D— = (30D + (40)13) =17 ft/sec.
dt V900 +1600
52. D*=x*+(50)* = x* + 2500. Differentiating implicitly with respect to ¢, we have :
a helicopter

dD _ dx dD Y4

2D—=2x—, —= .
dt dt” dt D

When x = 120 and éx— =44,
d b

D _ (12044 .0

dt\[(120)* +(50)° man s

and so the distance between the helicopter and the man is increasing at the rate of
40.6 ft/sec.

53. Referring to the diagram at the right, we see boat
that

D =120% + 4%, 12001 p /1o
Differentiating this last equation with
respect to 7, we have

[ X

spectator
dx

x_—
2D.d£=2x§ and d_D.z_if__

dt dt dt D



54.

55.

When x = 50, D=+/120" +50* =130 and

@b = 2069 ~7.69, or7.69 ft/sec.
dt 130

Refer to the diagram at the right. By the Pythagorean Theorem,
st=x"+4 =x* +16.

/ \
We want to find ﬂ when x = 25 s
d[ ’ 4/
given that Z—j = -3. Differentiating
both sides of the equation with Bow of

< o —9,

respect to ¢ yields Bt
< X S
s é < =7
2s & 2xé or & __dr .
dt dt d x

Now, when x = 25, s> =252 +16 =241 and s =v/241. Therefore, when x = 25,

ﬁdf _ Vv241(-3) N
t 25

rate of approximately 1.86 ft/sec.

we have —1.86; that is, the boat is approaching the dock at the

Let ¥ and S denote its volume and surface area. Then we are given that
(il_lt/ =—kS, where k is the constant of proportionality. But from V' = (g) zr,

we find, upon differentiating both sides with respect to ¢, that
4 _ (ijﬂ(Bﬁrz)g:— =47’ dr

dt 3 dt
and using the fact stated earlier, i
v dr

— =4’ —=—kS = -k(4nr?).
dt dt

2
Therefore, ar = _k@zr) = _k and this proves that the radius is decreasing at

dt 4r’r’ T
the constant rate of (£ /) units/unit time.



