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1. —CONTINUED—

() P=x(110 — x) = 110x — »*

(e) %= 110 = 2x = 0 when x = 55.
(d) .sso0

d*P
‘&?= =2 <D

P is a maximum when x = 110 — x = §5.

120
0

The solution appears to be x = 55.

2. Let x and y be two positive numbers such that x + y = S, 3. Let x and y be two positive numbers such that xy = 192.

= = - = — x2
P=xy=x(S—x)=8—x S=x+y=x+'12
x
dP S
E;—S‘?.x—()whenx-a.

ds 192
—é_= I = — = 0whenx = 192
2P s i *
= —2 < Owhenx = =
2 : 2 84
dx 2 j§=%>0whcnx=\/l 3.
P is a maximum when x = y = §/2.

§is a minimum when x = y = /192,

4. Let x and y be two positive numbers such that xy = 192, 5. Let x be a positive number.

192 1
S= + P:_+ ‘: +—
2 i P 3y S=x =
ds 192 as . 1 _ B
3;—3—‘}?—0wheny—8. dx—] xz—Owhenx—l.
2 384 ds 2
$=—v;— > Owheny = 8.

-d?=;550whenx= L.

§ is minimum when y = 8 and x = 24. The sum is a minimum whenx = 1 and 1/x = 1.

6. Let x and y be two positive numbers such that

7. Let x be the length and y the width of the rectangle.
x + 2y = 100. 2% + 2y = 100
P = xy = y(100 — 2y) = 100y — 2y? =80~ %
j—i=]00—4y=0wheny=25. d:=.xy=x(50—x)
j—i—?=—4<0when_\'=25. E=50—2x=0whenx=25.
P is a maximum when x = 50 and y = 25. &4

P —2 < 0 whenx = 25.

A is maximum when x = v = 25 meters.
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8. Let x be the length and y the width of the rectangle.

2x+2y =P
r=P_2x:£—x
) 2 2
P P

= = —_ - =y — y2
A=x ,\’(2 ):) 2x 5 -
dA P P
dx—2-2x—0whcnx—4.
d’A £
7T e el OWhE]"IX—4.

A is maximum when x = y = P/4 units. (A square!)

10. Let x be the length and y the width of the rectangle.

=4
P=ﬂ
YT X
P=2x+2y=2x+2(é)=2x+£
x X
dP 24
dx_z o = O whenx = VA.
d*P  4A

Irz—'=“;3‘->0whenx= JA.

P is minimum whenx = y = VA centimeters.

(A square!)

12. d= V(x — 2 + [x2 - (1/2)]
=JF - 4x+ (17/4)

Since d is smallest when the expression inside the radical is smallest, you need only find the T

critical numbers of f(x) = x* — 4x + 4.
fX) =4 —4=0

x=1

By the First Derivative Test, the point nearest to (2, 3) is (1, 1).

9. Let x be the length and y the width of the rectangle.
xy = 64

y=—
N X

P=2x+2y=2x+2(ﬁ):2x+-l§
X X
dP 128
dx—z-?~0whcnx~8.

2
j—g=?’f—f> 0 whenx = 8.

P is minimum when x = y = 8 feet.

1. d=/(x— a2+ (Sx—0p

=Jxt-Tx+16

Since d is smallest when the expression inside the radical
is smallest, you need only find the critical numbers of

flx) =x*—T7x + 16.
flx)=2x—7=0
7

x=3

By the First Derivative Test, the point nearest to (4, 0) is

(7/2, V772).

{x, /x)

1+ d

X
i : io4m




238  Chapter 3 Applications of Differentiation
g _ . g N i i
1B g =l — o = MO — W F= oo
d*Q dF _ 22 — 0022
= kQy — 2kx —
FERa dv (22 + 0.02v?)?
e k(Q{] - Zx} = 0 when x = %Q = (whenv = ~/ 1100 = 33.166
; By the First Derivative Test, the flow rate on the road is
d'? =k AR = 9y maximized when v = 33 mph.
dx’ 2°

15.

17.

dQ/dx is maximum when x = (/2.

xy = 180,000 (see figure)
S=x+12 = (x + W) where § is the length
of fence needed.

2 ] = 360’?00 = 0 when x = 600.

dx x*

d?S 720,000

F= o > 0 when x = 600.

S is a minimum when x = 600 meters and y = 300
meters.

(a) A = 4(area of side) + 2(area of Top)
(a) A =4(3)(11) + 2(3)(3) = 150 square inches
(b) A = 4(5)(5) + 2(5)(5) = 150 square inches
(c) A = 4(3.25)(6) + 2(6)(6) = 150 square inches

Q8 =gy 4 8y8 = [y A — B
4x
150 — 222\ 75 1
et e dSd — e Y o s
V=x% x( T ) 2 X 3%
b1 3, o
V—2 5 X =) =px =5

16. 4x + 3y = 200 is the perimeter. (see figure)
A= ZXI = h(m) = §(50)_. o xl)
3 3
dA 8
=3 (50 — 2x) = 0 when x = 25.
2
d“:‘ =38 < 0 when x = 25,

- 3

A is a maximum when x = 25 feetand y = % feet.

(b) V = (length)(width)(height)
(a) V= (3)(3)(11) = 99 cubic inches o
(b) V = (5)(5)(5) = 125 cubic inches
(c) V = (6)(6)(3.25) = 117 cubic inches

X

[ PR p——

By the First Derivative Test, x = 5 yields the maximum volume. Dimensions: 5 x 5 x 5. (A cube!)
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22. You can see from the ﬂgunethat:"t=,x;vz’mdy=6—2”r
Y  Taal | NS ORI
A—x( 3 )—2(6): x2).
dA 1
&—2(6 2x) = O whenx = 3.
2
i—;‘-= —1 < O whenx = 3.
Ais a maximum when x = 3 and y = 3/2.
y=2 0=2
il T ey
2
y_2+x—l
2. N2
L=Jx2_+?=\/x2+(2+x—_l)
8 4
= 4+ —+ ——
by 1o
(2,587, 4.162)
o 10

0

L is minimum when x = 2.587 and L = 4.162.

U A= %base x height

(2v/16 — R2)(4 + h) = /16 — K4 + )

| —

A _ 1
dh 2
(16 = W)~V —h(4 + h) + (16 — A?)]
—2[h> +2h — 8] _ —2(h + 4)(h - 2)

V16 — 12 V16 — h?
dA/dh = 0 when h = 2, which is a maximum by the

First Derivative Test. Hence, the sides of the equilateral
triangle are 2/16 — h2 = 2/16 — 4 = 4./3.

(16 — h2)~V2(—2h)(4 + h) + (16 — K2)1/2

Il

25.

L

(c) Area =

x)(y)

L 09—

X

=x+
xx—l

Use a graphing utility to approximate x:
X
x= 1

P

Area is minimum when x = 2 and y = 4,
Vertices: (0, 0), (2, 0), and (0, 4)

y=x=+

10

=2xy = 2x/25 — X% (see figure)
_ h(l)(_—_lf__) +2 /55—

2 25— x2
25 — 2x2 5V/2
= 2(\/??) =0whenx=y= T o 3.54.

By the First Derivative Test, the inscribed rectangle of
maximum area has vertices

(380 (38 58)

2 2

Width: 5—2"@; Length: 5./2
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26. A =2y = 2x-/r? — x? (seefigure) v

dA 2P - 223 J2r
_:_“_,)__,,‘—OWhenxz—.
dx Jrun—_—" 2 (—1. 'l rz—xz) [1‘. ,2__\,1 ]'
By the First Derivative Test, A is maximum when the rectangle has dimensions ) [
J2rby [ﬁr) /2. .
=r.0) o
27 A= :—,12(2;‘ + 2)Vr2 — x2 = (r + x)/r* — x* (see figure) ¥
J
e =(r +.x) b (r* = x3)~1V2(-2x) + /r2 —x?
A X ) [~.r, .-’rz_xz} (I',,,;ra_xz}
—x(r + x) PR — 22
R e ’.2 — xl e e
.-"’.2 = ).'3 .-"’.2 i x?. Jd - E
(=r. ) (r.0)
(r — 2x)(r + x)

=-—————= Owhenx :-{.
JIFE—x2 2

By the First Derivative Test, A will be a maximum when the trapezoid bases are r and 2r, and the altitude is (\/51] /2

28. x)'=30=:-y=-:1—0 — g+ 2 ———
A=(x+ 2)(%? + 2) (see figure) ]
dA ~30\ . (30 202 — 30) diés
o — B o S =
= (x + 2]( 2 ) + (x 2) = 0 when x = /30. l

30
T
Y= /30

By the First Derivative Test, the dimensions (x + 2) by (y + 2) are (2 + /30) by (2 + +/30) (approximately 7.477 by
7.477). These dimensions yield a minimum area.
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\Z
30. V= wr?h = V,cubic units or h = ?Ei

S=2mrt+ 27wrh = 2(11'1'2 + J?)

Vo) _ _{/ﬂ .
rz) = O when r B units.

h = VD - VO(Z'.'T)Z-” m 2V01"{3 =
A IV/2mf wVP T (2m)
By the First Derivative Test, this will yield
the minimum surface area.

ds
e Z(Zm‘

2r

32. V= arix

X+ 27 =108 => x = 108 — 2mr (see figure)
V= 7r2(108 — 27r) = #(108r% — 2am°)

dv
e w(216r — 6mr?) = 6mr(36 — wr)
=0whenr = Eam:lx= 36.
T
2
d—‘: = (216 — 1277) < Owhenr = E
dr T

31. Let x be the sides of the square ends and y the length of
the package.

P=4x+y=108 = y= 108 — 4x
V= x% = x*(108 — 4x) = 108x? — 4x°

Vv
%= 216x — 1252
= 12x(18 — x) = 0 whenx = 18.
%= 216 — 24x = —216 < Owhenx = 18.

The volume is maximum when x = 18 inches and
y = 108 — 4(18) = 36 inches.

Volume is maximum when x = 36 inches and r = 36/7 = 11.459 inches.

3. V= %ﬁ-x"h = %mﬁ[r + /r? — x?) (see figure)

L] =at = 2]=__m_ =
dx—31r[ﬂ+2:[r+\/ﬂ ) ST (04 i = o — ) = 0

22+ 2r /PP -2 -32=0
2r/rt— =32 =2r?
4r%(rt — x%) = 9t — 12x%r2 + 444
0 = 9x* — 8x2r? = x*(9x% — 8r2)
2J/2r
3

x=0,

By the First Derivative Test, the volume is a maximum when

= 2‘;iramdh =r+ Jrt —x¥= %

Thus, the maximum volume is -

V= l (B_rz)(ﬁ) = 2ay? cubic unilts
3"\ 9 )\3 81 '

/22)




