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Preface

This manual contains solutions/answers to all exercises in the text Precalculus:
Functions and Graphs, Thirteenth Edition, by Earl W. Swokowski and Jeffery A. Cole. A
Student’s Solutions Manual is also available; it contains solutions for the odd-numbered exercises
in each section and for the Discussion Exercises, as well as solutions for all the exercises in the

Review Sections and for the Chapter Tests.

For most problems, a reasonably detailed solution is included. It is my hope that by
merely browsing through the solutions, professors will save time in determining appropriate

assignments for their particular class.

I appreciate feedback concerning errors, solution correctness or style, and manual style—
comments from professors using previous editions have greatly strengthened the ancillary package

as well as the text. Any comments may be sent directly to me at jeff-cole@comcast.net.

I would like to thank: Marv Riedesel and Mary Johnson for accuracy checking of the
new exercises; Andrew Bulman-Fleming, for manuscript preparation; Brian Morris and the late
George Morris, of Scientific Illustrators, for creating the mathematically precise art package; and
Laura Gallus, of Cengage Learning, for checking the manuscript. I dedicate this manual to Carly,

Eli, and Mason, my grandchildren.

Jeffery A. Cole
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To the Instructor

In the chapter review sections, the solutions are abbreviated since more detailed solutions
were given in chapter sections. In easier groups of exercises, representative solutions are shown.

When appropriate, only the answer is listed.

All figures have been plotted using computer software, offering a high degree of
precision. The calculator graphs are from various TI screens. When possible, we tried to make

each piece of art with the same scale to show a realistic and consistent graph.

This manual was prepared using EXIP: The Scientific Word Processor.
The following notations are used in the manual.

Note: Notes to the instructor/student pertaining to hints on instruction or conventions to follow.

{} { comments to the reader are in braces }

LS { Left Side of an equation }
RS { Right Side of an equation }

= { implies, next equation, logically follows }

& {if and only if, is equivalent to }

° { bullet, used to separate problem statement from solution or explanation }
* { used to identify the answer to the problem }
§ { section references }

v { Example: V2 means “for all 2 }
R — {a} { The set of all real numbers except a. }
{ therefore }

QI-QIV { quadrants I, II, III, IV }
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Chapter 1: Fundamental Concepts of Algebra

1.1 Exercises

(a) Since = and y have opposite signs, the product xy is negative.
(b) Since 22 > 0 and y > 0, the product 2>y is positive.
(c) Since z < 0 {x is negative} and y > 0 {y is positive}, the quotient z is negative.
Y

Thus, — + x is the sum of two negatives, which is negative.
Y

(d) Sincey >0andz <0,y —x > 0.

[2] (a) Since z and y have opposite signs, the quotient — is negative.
Y

(b) Since x < 0 and y? > 0, the product 2 is negative.

(c) Sincex—y<0andxy<0,xx—_yy > 0. (d) Sincey >0andy —z >0, y(y —x) > 0.

[3] (a) Since —7 is to the left of —4 on a coordinate line, —7[< | —4.
(b) Using a calculator, we see that T ~ 1.57. Hence, 5[> ] 1.5.
(c) v/225[=]15 Note: /225 +# +15

[4] (a) Since —3 is to the right of —6 on a coordinate line, —3[> ] —6.
(b) Using a calculator, we see that 7 ~ 0.79. Hence, 5[ <]0.8.
(c) v/289[=]17 Note: /289 # +17

[5] (a) Since - =0.09 = 0.0909..., % [>10.09. (b) Since = 0.6 = 0.6666..., 5[ > ] 0.666.
(c) Since 2 = 3.142857 and 7 ~ 3.141593, Z[> ] 7.

[6] (a) Since 1 =0.142857, 1[<]0.143. (b) Since 2 = 0.83 =0.8333..., 2[>]0.833.
(c) Since /2~ 1.414, /2[>]1.4.

(a) “x is negative” is equivalent to x < 0. We symbolize this by writing “x is negative < x < 0.”
(b) yis nonnegative < y >0 (c) gislessthanorequaltonm < ¢g<m
(d) disbetweendand?2 & 2<d<4 (e) tisnotlessthanb < t>5
(f) The negative of z is not greater than3 < —z <3

p

1
(g) The quotient of p and ¢ is at most 7 < . <7 (h) The reciprocal of w is atleast 9 < - 9

(i) The absolute value of x is greater than 7 < |x| > 7

Note: An informal definition of absolute value that may be helpful is

itself if itself is positive or zero

[something| = { —(itself ) if itself is negative

© 2019 Cengage Learning. All Rights Reserved. 1
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2 1.1 EXERCISES

(a) bispositive < b>0 (b) sisnonpositive < s<0
(c) wis greater than or equalto —4 < w > —4
(d) cisbetween and 3 & : <c<g (e) pisnot greater than —2 < p < —2

(f) The negative of m is not less than —2 < —m > —2

(9) The quotientof r and sisatleast <« £ 1 (h) The reciprocal of f is at most 14 < % <14
(i) The absolute value of z is less than 4 < |z| < 4
9] (a) |-3—4|=|-7 = —(=7) {since =7 < 0} =7
(b) |-5|— 2| = —(-5)—2=5-2=3 (€ 7|+ -4 =T+ [-(-4)]=7+4=11
(@) |~11+1]| =|-10] = —(~10) {since =10 < 0} = 10
(b) [6] = [-3[=6—[-(-3)]=6-3=3 (€) 8] +[-9[=8+[-(-9)]=8+9=17
@) (=5)[3—6[=(=5)|-3] = (=H)[-(=3)] = (-5)(3) = —15
(b) [-6]/(=2) = —(=6)/(-2) =6/(-2) = -3 € [-7[+[4]=—(-T)+4=T7T+4=11
@ ([6—-7=@)-1]=D)[-(-1)]=(4)(@1) =4
(b) 5/[-2] =5/[-(-2)] =5/2 € -1+ [-9==(-1)+[-(-9)]=1+9=10
(a) Since (4 — 7) is positive, |4 — 7| = 4 — .
(b) Since (7 — 4) is negative, |7 — 4] = —(7 —4) = 4 — .
(c) Since (\/5— 1 5) is negative, [v/2 — 1.5‘ - ,(\/5 - 1.5) —15-/2.
(a) Since (\/5 ~1 7) is positive, | /3 — 1. 7‘ V31T,
(b) Since (1 7~ \/3) is negative, f‘ —(1.7 . \/5) — /3171,
© [s-sl=l5-%l=l-%l=-(%) =%
(@) d(A,B)=|7—3|= 4 =4 (b) d(B,C) =|-5—17|=|-12| = 12
(c) d(C,B) =d(B,C) =12 (d) d(A,C)=|-5-3|=|-8/=8
(@) d(A,B)=|-2—(-6)[ =4[ =4 (b) d(B,C) =[4—(-2)|=[6]=6
(c) d(C,B) =d(B,C) = (d) d(A,C) = |4 —(—6)| = 10| =10
(@) d(A,B) =1 —(-9)|=[10[=10 (b) d(B,C)=[10-1[=[9] =9
(c) d(C,B)=d(B,C) =9 (d) d(A,C) =10 —(=9)| = [19] = 19
(18] (a) d(A,B) = |-4 -8 =[-12| = 12 (b) d(B,C) =|-1—-(-4)|=[3]=3
(c) d(C,B) =d(B,C) = (d) d(A,C)=|-1-8/=|-9=9
Note: Because |a| = |—al, the answers to Exercises 19-24 could have a different form. For example, |—3 — x| > 8 is

equivalent to |z 4 3| > 8.

A=xzand B="7,s0d(A, B) =|7—z|. Thus, “d(A, B) is less than 2” can be written as |7 — x| < 2.

© 2019 Cengage Learning. All Rights Reserved.
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1.1 EXERCISES 3
d(A,B) = ‘—\/5—1:‘ = ‘f\/ifm‘ > 1
21]d(A,B)=|-3—2| = [-3—2[>8 22]d(A,B)=]4—x| = |4—2|<5
23] d(A,B) = |z —4] = |z—4]<3 24] d(A,B) = |z — (-2)| =z +2| = |z+2[>4
Note: In Exercises 25-32, you may want to substitute a permissible value for the variable to first test if the expression

inside the absolute value symbol is positive or negative.

[25] Pick an arbitrary value for z that is less than —3, say —5.
Since 3 + (—5) = —2 is negative, we conclude that if z < —3, then 3 + z is negative.
Hence, |3 +z| = -3+ z) = —z — 3.

[26]Ifz > 5,then5 — 2z < 0,and |5 — 2| = —(5 — ) = = — 5.
[27]Ifz < 2,then2 — 2z > 0,and |2 — 2| =2 — z.

(28] Ifz > —7,then 74+ 2 > 0,and |7 + 2| = 7 + .

[29]Ifa < b,thena —b < 0,and |a — b| = —(a —b) = b — a.
[30] Ifa > b, thena — b > 0,and |[a — b| = a — b.

[31] Since 22 + 4 > 0 for every =, |2 + 4| = 2% + 4.

[32] Since —2> — 1 < 0 forevery , | -2 — 1| = —(—2> — 1) = 2% + 1.

b b
B3 LS = T = 00y B0y ([ZIRS (which is b+ a).
b b
BajLs = LTI _ DL 9y [=]Rs.
a a a
b+c b ¢
LS = =—4 - RS.
[35] =t -[=]
a+c a c .,. a c
[36] LS = - Z]RS (whichis £ + ).
S= b~ b ya by ZIRS (whichis T+ )
1 b
LS:(a+b)+c:%-—:bg. RS:a+(b+C):a+—:a-%:%. LS[#]RS
& (& &

[38]LS=(a—b)—c=a—-b—c. RS=a—(b—c)=a—b+c. LS[Z]RS
a—-b —(b—a)
LS = = =-1 RS.
b—a b—a EI
LS = —(a+b) = —a — b[£]RS (which is —a + b).
(a) On the TI-83/4 Plus, the absolute value function is choice 1 under MATH, NUM.
Enter abs(3.2"2-  /(4.27)). ‘3.22 - \/4.27‘ ~ 8.1736

(b) \/(15.6 —1.5)% + (4.3 — 5.4)* ~ 14.1428

3.42 —1.29
[42] (a) =———"" ~ (.2515 b) =3 ~ 31.0063
@ r 3201 (b) =

© 2019 Cengage Learning. All Rights Reserved.
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4 1.1 EXERCISES

1.2 x 103
3.1 x 102 4 1.52 x 103
Note: For the TI-83/4 Plus, use 1.2E3/(3.1E2 + 1.52E3), where E is obtained by pressing .

(b) (1.23 x 107%) + /4.5 x 103 ~ 67.08 = 6.708 x 10

~ 0.6557 = 6.557 x 107"

(a)

(@) /]3.45 — 1.2 x 10%] + 10° =~ 334.7 = 3.347 x 10?
(b) (1.79 x 10%) x (9.84 x 10?) = 1,761,360 ~ 1.761 x 10°

2
Construct a right triangle with sides of lengths \/5 and 1. The hypotenuse will have length (ﬂ) +12= \/§

Next construct a right triangle with sides of lengths \/§ and \/5 The hypotenuse will have length
2 2
\/ <\/§) + (\/5) = /5.

Use C = 27r with r = 1, 2, and 10 to obtain 27, 47, and 207 units from the origin.

The large rectangle has area = width x length = a(b + ¢). The sum of the areas of the two small rectangles is

ab + ac. Since the areas are the same, we have a(b + ¢) = ab + ac.

@ = Sanin=2 = (_)()(>(_7>_7
1 2 117 2 1/17 24 1/577 577
T8 g (f”Z*g) =3 (E*g) :§<E+ﬁ) ﬁ(m) ~ 108
(a) Since the decimal point is 5 places to the right of the first nonzero digit, 427,000 = 4.27 x 10°.
(b) Since the decimal point is 8 places to the left of the first nonzero digit, 0.000 000 093 = 9.3 x 1075,
(c) Since the decimal point is 8 places to the right of the first nonzero digit, 810,000,000 = 8.1 x 10%.
(a) 85,200 = 8.52 x 10* (b) 0.0000054 = 5.4 x 107
(c) 24,900,000 = 2.49 x 107
[51] (@) Moving the decimal point 5 places to the right, we have 8.3 x 10° = 830,000.
(b) Moving the decimal point 12 places to the left, we have 2.9 x 1072 = 0.000 000 000 002 9.
(c) Moving the decimal point 8 places to the right, we have 5.64 x 108 = 564,000,000.
[52] (a) 2.3 x 107 = 23,000,000 (b) 7.01 x 1072 = 0.000 000 007 01
(€) 1.25 x 10'° = 12,500,000,000

Since the decimal point is 24 places to the left of the first nonzero digit,
0.000 000 000 000 000 000 000001 7 = 1.7 x 1072,

9.1 x 10731 = 0.000 000 000 000 000 000 000 000 000 000 91

[55] It is helpful to write the units of any fraction, and then “cancel” those units to determine the units of the final
186,000 miles 60 seconds 60 minutes 24 hours 365 days 12 .
. . : -1 year = 5.87 x 107" mi

second 1 minute lhour 1 day 1 year

answer.
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1.2 EXERCISES 5

(a) 100 billion = 100,000,000,000 = 1 x 10™

(b) d ~ (100,000 yr) (5.87 x 1012 %) =5.87 x 10" mi

1.01 grams
1.01 grams _o: _
oy e Latom = oo 01678 x 107 g = 1678 x 107 g
mole

(2.5 million)(0.00035%) = (2.5 x 10°)(3.5 x 107%) = 8.75 ~ 9 halibut

24 fi 60 ds 60 minut
rames seconds IInYEes | 48 hours = 4.1472 x 10° frames

second 1 minute 1 hour

2 x 10" calculations 60 seconds 60 minutes 24 hours

- 60 days = 1.0368 x 10'® calculati
second 1 minute 1 hour 1 day ays X calculations

(a) 1 ft> = 144 in? so the force on one square foot of a wall is 144 in®> x 1.4 1b/in? = 201.6 Ib.

(b) The area of the wall is 40 x 8 = 320 ft?, or 320 ft*> x 144 in?/ft> = 46,080 in’.
The total force is 46,080 in? x 1.4 Ib/in? = 64,512 Ib.
Converting to tons, we have 64,512 1b/(2000 1b/ton) = 32.256 tons.

(a) We start with 400 adults, 150 yearlings, and 200 calves {total = 750}

Number of Adults = surviving adults + surviving yearlings

= (0.90)(400) + (0.80)(150) = 480
Number of Yearlings = surviving calves

= (0.75)(200) = 150

Number of Calves = number of female adults

= (0.50)(480) = 240

(b) 75% of last spring’s calves equal the number of this year’s yearlings (150), so the number of calves is 200.
The number of calves is equal to the number of adult females and this is one-half of the number of adults,
so the number of adults is 400.

90% of these (360) are part of the 400 adults this year.

The other 40 adults represent 80% of last year’s yearlings, so the number of yearlings is 50.

1.2 Exercises

O e C R CHRCHREHES

Note: Do not confuse (—z)* and —z* since (—z)* = z* and —2* is the negative of z*.

2 (-3 = 27—
270 3 9

@ 92 o3 g
3 2 8 ) ) .
Note: Remember that negative exponents don’t necessarily give negative results—that is, 272 = ¥ =3 not — 3

20402 140 1
Izl = — =
240 2 2
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6 1.2 EXERCISES
5] —2'+37=-16+5=-F+5=—7% B (-9)'-2'=%-5=0=
5 3 .
92 = (/9) =37 =28 8 16791 =1/16%" =1/(V/16) =1/2° = L
3 2
B (-0.008)”* = (v/=0.008) = (~0.2)" = 0.04 = 1} = %
(0.008)"%/% = 1/(0.008)%* = /(\/o 008 ) —1/(0.2)> =1/(0.04) = 2

[11] (§2*)(162°) = (4 - 16)2'*® = 8a*
(=3z72)(4z") = (=3 - 4)z 2™ = —122?

Ll (Al

2 5

. . L . . 3
[13] A common mistake is to write 22> = 20, and another is to write (22)” = z°.

The following solution illustrates the proper use of the exponent rules.

2 3 2 2. 342 5 c
( 95()2(;33 ) _ ( 32)«;3 _ 6936 — 6256 — ! = 6
T z x z
3
'y s,
4xty? 4ot 2@
%a5)(—3a2)(4a7) = % (=3)-4-a®HT = 201

A05) () (<98) = (=) - (-9) -2 = g

62%)” 62032 o ‘ 3625 36
(2;132;3 . (33:2)0 = ﬁ - 1 {an expression raised to the zero power is equal to 1} = 8—x6 =g =
X €T X
. 2 .
By a0 B 127 12
N3 (5y%) = 12 B R
() y y y
12 11
(3u™?) (dutv™?) = 1263 (D) = 12411072 = U—Z
. . —220
(22y23) (=222 (aBy~2) = —222F1H3y1=2,3+2 = _9y6,-1,5 — £
Yy
‘ 4
21] (8;r4y )(1 ’5y2) = 4zt Oy = gyl = -
22 40”0 (5a”b\ _ 200> 2040 10a'P6°7%  10a
a’b? )\ 2b* ) 2a3b2tt 26305 1 T

_9 -2 2 6
<;x4y3> _ <%) (z4)_2(y*3)72 _ <%) o8y5 = 328,56 = 9%’

5 ZC7 587
(_meQ) (_3> ( 32%5 10) <8_y3> = —41’12y7

3y

. s o1 81
[25] (3%)"(4”) " = 8"y 47y O =810 5 =
503 _ 27a8
(=3a’b7°)" = —27ab"° = — e
(§ 6
oA -3\"2 _ [ oy-2.-86_ 5 _ S
27] (—2rts73) " = (-2)""r S_(72)27~8_47’8
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1.2 EXERCISES
(22%y~°)(627%y) (527"9°) =4y =
-y
- ., 2
(5.732?}73)(4.7}7‘] 4) _ 2O$27oy73+4 — 201‘753/1 — g?sy

(—27‘25)5(37“_153)2 = (—32r19s°)(9r—25%) = —288r8s!!

10,8

3250 2
[31] <%> {remember that 2° = 1, cancel z} = Z_Gy = 9x10y8_(_6) = 9x10y14

32] (4a%)" (_Q—“bgf (256a°b") ( ;) = 640"’
[33] (—5a%?) (2a'/?) = —5 - 2a3/2+(1/2) = —10a*/? = 8a?
[34] (—627/7) (22%/°) = —6 - 22(/D+(/5) = —12215/5 = —1243
[35] (32°/) (82%/3) = 3 - 8x(/OF(H/6) = 242:9/6 = 2443/2
(

[36] 8r)1/3 (2T1/2) (2T1/3) (2T1/2) — 4p(2/6)+(3/6) — 44:5/6

4
6\—2/3 _ 9/3 —12/3 _ 4 1 _ 11
SR T s = iy T
‘ a

- =6 1 1 1
95,4 2 _o5-8/2,-12/2 _ % _ _ _
( z ) z 253/2 (\/275>326 53 56 12526

(8x‘2/3)x1/6 = R (—4/6)+(1/6) — 8,—3/6 — % (3$1/2) (_2x5/2) — (/D62 — g3
x

2
: 3)(2/3

s\ (e (V) O e e

Yo = (y—6)2/3 = y—OC/3) Tyt Ty Y

3

.32 _.9/2

Y _ Yy 2
(y‘]/3> Ty Y /
8 _]/27 a7 161/2 4 c? 3/47 3 et 1

16y~ o 16—1/2y2 B 372 o 372 81d8 - - 5

<\4/8_1)3d6 33d6  27¢3dS
( 6 3)*1/3 (xG)*1/3(y3)*1/3 2241

rY _ _ry 4/3 ,-3/2_1/6 _ _(8/6)—(9/6)+(1/6) _ 0/6 _ 0 _
(g2 )71/2 (x4)71/2(y2)_1/2 22y 1 a’’a """a a a a 1

N (m4+y)”4 Vg =+

@8] f(a+ 0" = [(a+ ] " = (a0 Vor Vo= (a+pr)”

@\/W: x2+y2 2 NOte:\/m7éz+y

52 Vi = ()

(@) 42%? = 42'2'/? = 42, /z(b) (437)3/2 = (4:r)1(4:c)1/2 = (42)' 4120\ 2 =4z . 2. 412 = 8z+\/z

@ 4+2°2=d+2l2'? =4+ 2\/z (b) (442 =@+2)d+2)?=U+2)/i+z
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8 1.2 EXERCISES

[55] (a) 8~y =8 - y/y (b) (8-y)"" =8~y

[56] (a) 64y =64/y (b) (64y)" = 641/3y'% =4/

57) /51 = /9% = 9 V=216 = {/(-0)" = -

Vo61= V= (27 V= 202 B VAR = VA6 V2 = Y/ V= 42

In the denominator, you would like to have v/23. How do you get it? Multiply by v/22, or, equivalently, C/Z of

course, we have to multiply the numerator by the same value so that we don’t change the value of the given fraction.

11\‘~‘/fo\‘ﬂ_1ﬂ

Ve Ve o1 W4 N8 22
NG
R v
3
63] /921y = (92~1y 6)1/2 91/2(m—4)1/2<y6)1/2 = 32 = 33%
V16052 = da'p = 2
2

V/8aSh—3 = 2a2b~1 = 2% \/817”058 /34748 ﬂ = 3rs \/_

Note: For exercises similar to numbers 67-74, pick a multiplier that will make all of the exponents of the terms in the

denominator a multiple of the index.

[67] The index is 2. Ch multiplier to be / 2y so that the denominator contains only terms with even exponents.
6 \/6 —
xy xy 62y
V2y  Vat 2
3x \/3—
3$3 y 93;4 3$2 .

The index is 3. Choose the multiplier to be /32 so that the denominator contains only terms with exponents that

are multiples of 3.

oty af2atyt V3a? 6dbyt AN by 2Py 6y ay ;
9z \ 92 Vae Vot 3z 3z 3 VY

5/ 3229 s 3220 /222 B \"761‘4;1/5 B (7x3y3 {76:03;2 xyv/6xy: oy, G
4z ir Vor2  Y8p3 2z N 2z ) vy

The index is 4. Choose the multiplier to be v/3x2 so that the denominator contains only terms with exponents that

are multiples of 4.

\4/5x8y3 B \4/5968343 S V/3a? /15108 Vad /15273 2?15ty z N
2722V 2722 W32 WR1st 3x N 3z 3 vy

© 2019 Cengage Learning. All Rights Reserved.
May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part.



1.2 EXERCISES 9

-\/ Ty 2Ty e ‘/5x10y12 _ /2812 /52 _ w2 /522 _ x_y3 /o2
1252 125:[: o3 62508 5z oz 5

The index is 5. Choose the multiplier to be v/4x? so that the denominator contains only terms with exponents that

are multiples of 5.

\5/5x7y2 s/ 5Ty’ 4x?  /20x%2  /ad V/202ty? oz \/20xiy? 1 20Ty
= = = = - T y
2z 2

825 ~ \ 8% a2 /320 21
PREPE PR 3 5 14 3/105 4,3 2 5 1,3
-\/ \/ \/2733 _/8lzty !0 /81zty _z v/ 8lzty :gm

922 /275 /24315 3z 3z

- 50 . _ vt
V/ (52y2)" = bty = 7 V (Tu30h)® = Tut = e

S8 fdxt 84 L [axt Nyt /3200 /Pyt /3220 [aPyt 2x o
T\ = =\ s 0 = > = Vaty
Y Y ) Y VY VY ) Y

VYT 1583y = /2501y /3 = 5227 /3

[79] /3t402/—9t—1vt = /—27t306 = —3t? J@r—s)=2r—s

Vatyt =1/ (22)(12)? = Va2 /[ (2)* = |z|[y?| = |x|y? since y? is always nonnegative.

Variy? = \/(xQ)Z(gﬂ) = \/(zQ)Q\/y2 = |2?||y| = x?|y| since z? is always nonnegative.

byt = \/(xi‘)Q(y2)2 = \/(x3)2\/(y2)2 = |2?||y?| = |23|y? since 3? is always nonnegative.

Note: |z%| could be written as z2|z|.
Ve = /@) () = 22| = 2y
Vo= = @) (-39 = 12|y - 3| = «*w - 3)%.
d (@+2)% = /(@ +2°) 'y = @+ 2°|lyl, or (2 +2)°|(z + 2yl

=a”|# -a since 2r # r2 for all values of r; for example, let 7 = 1.

2(y = 3)%|(y — 3)|

Squaring the right side gives us (a + 1)2 = a’® + 2a + 1. Squaring the left side gives us a® + 1.
a? + 2a + 1[ # |a® + 1 for all values of a; for example, leta = 1.

(ab)™ = a‘”“yb‘"ya‘”by for all values of  and y; for example, let z = 1 and y = 2.
80 V7 — () — (@) [Z] () T E RS
“ “ c \ec el Ve
1 '
— =a *[Z£]a"* since —k # 1/k for all values of k; for example, let k = 1.
%
a

(@) (=3)"° =[(-3)2]"" = 9'/5 ~ 1.5518 (b) (-7)" = [(-7)"] Y 94011 ~ 13,3005
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10 1.2 EXERCISES

(@) (-1.2)"7 = [(-1.2)*]"" = (~1.728)"" ~ —1.0813

1/3
(b) (—5.08)7/% = [(—5.08)7] ~ (—87,306.38)"/% ~ —44.3624

(@) /7 +1~2.0351 (b) /17.1 + 5% ~ 4.0717
(@) (2.6 —1.3)72~0.5917 (b) 5V7 ~ 70.6807

$200(1.04)"™ ~ $232,825.78
h=1454ft = d=12vh=1.2/1454 ~ 45.8 mi
W =230kg = L=046y/W =0.46/230~ 2.82m

L=25ft = W =0.0016L2% = 0.0016(25)>* ~ 3.99 tons
w 180
Vb—-35 /7535
w250
Vb—35 /12035

It is interesting to note that the 75-kg lifter can lift 2.4 times his/her body weight and the 120-kg lifter can lift

M01]b=75andw =180 = W = ~ 52.6.

b=120andw =250 = W = 56.9.

approximately 2.08 times his/her body weight, but the formula ranks the 120-kg lifter as the superior lifter.

(@ h=72in.andw=1751b = S = (0.1091)w425h0725 = (0.1091)(175)"**°(72)"™ ~ 21.76 fi2.

(b) h=066in. = S5 = (0.1091)u*25(66)""*. A 10% increase in weight would be represented by 1.1w and
thus Sy = (0.1091)(1.1w)***°(66)" ™. S,/S, = (1.1)"**® ~ 1.04, which represents a 4% increase in S.

W = 0.1166h"7 Height | 64| 65| 66| 67| 68| 69| 70| 71
Weight | 137 | 141 | 145 | 148 | 152 | 156 | 160 | 164
Height | 72| 73| 74| 75| 76| 77| 78| 79
Weight | 168 | 172 | 176 | 180 | 184 | 188 | 192 | 196

W = 0.1049h'7 Height | 60 | 61| 62| 63| 64| 65| 66| 67
Weight | 111 | 114 | 117 | 120 | 123 | 127 | 130 | 133
Height | 68| 69| 70| 71| 72| 73| 74| 75
Weight | 137 | 140 | 144 | 147 | 151 | 154 | 158 | 162

1.3 Exercises

M (2u+3)(u—4) + 4u(u — 2) = (2u® — 5u — 12) + (4u® — 8u) = 6u® — 13u — 12

2] (3u—1)(u+2)+ Tu(u+1) = (3u® + 5u — 2) + (Tu? + Tu) = 100> + 12u — 2
8z — 623y _ 8z%y® 63y _

= - =4y’ -3
222y 2%y 2x%y 4 .

62%yz® — xy’z 62y wy’z 9
= — =6xz" —y

TYz TYz TYz
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1.3 EXERCISES 11

[5] We recognize this product as the difference of two squares.

(2x + Ty)(2z — Ty) = (22)* — (Ty)* = 42 — 49>

(52 + 3y)(5z — 3y) = (5z)? — (3y)* = 2522 — 9y

ERERCRCEERC

-

3z 4 2y)° = (3z)* + 2(3z)(2y) + (2y)* = 922 + 12zy + 49
)+

( 2
(52 — 4y)? = (52)? — 2(5z) (4y) + (4y)? = 2522 — 40zy + 1632

(Ve + o) (Ve =) = (Vo) = (Vo) =z —y

Vet o) (Ve o) = [(Ve+ Vo) (Ve = )] = (@ —y)° =a® = 2ay + 4

Use Product Formula (3) on page 30 of the text.

(z —2y)° = (2)” — 3(2)*(2y) + 3(2)(2y)* — (2y)° = 2° — 627y + 1229* — 8°

1

(z +3y)* = (2)® + 3(2)*(3y) + 3(x)(3y)> + 3y)” = 2 + 922y + 2Txy? + 279

We recognize 82° — 17x — 21 as a trinomial that may be able to be factored into the product of two binomials.
Using trial and error, we obtain 8z% — 17z — 21 = (8z + 7)(z — 3). If you are interested in a sure-fire method for

factoring trinomials, see Example 6 on page 48 of the text.
Using trial and error, we obtain 7z* + 10z — 8 = (7z — 4)(x + 2).

[15] The factors for 2% + 4z + 5 would have to be of the form (:c + _) and (x + _)
The factors of 5 are 1 and 5, but their sum is 6 (not 4). Thus, 2% + 42 + 5 is irreducible.

3z — 4 + 2 is irreducible.
3622 — 60z + 25 = (62 — 5)(62 — 5) = (62 — 5)° 922 4+ 24z + 16 = 3z +4)(3z + 4) = 3z + 4)°
ot —4a? = 2% (2? — 4) = 2%(2? = 22) = 2% (. + 2)(z — 2)
23— 162 = z(2® — 16) = z(2? — 4%) = z(z + 4)(x — 4)
[21] We recognize 82 — 35 as the difference of two cubes.
9 =4 — (20" — (1)’ = (20— ) [0 + 20 () + ()]
= (2x — y2) (41’2 + 2z1% + y4)
[22)2° - 27 = (2%)° - (3y)" = (¢ = 3y) |(@*)° + (2)3y) + (By)°] = (& = 3y) (2 + 32y + 90)
We recognize 3432 + 1° as the sum of two cubes.
3432° + 9 = (72)* + (y‘r‘)3 = (Tz +¢") {(73:)2 — (7T2)(y°) + (y3)2]
= (Tz +¢°) (492" — Tay’ + 1)
20464 = (2) + (4)" = (2 +4) [(2)° = (2)4) + @)*] = (z + 4)(2” — 4z + 16)
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12 1.3 EXERCISES

[25] 32° + 32 — 272 — 27 = 3(2® + 2 — 97 — 9) {gef = 3}
=3[z*(z +1) — 9(z + 1)] {factor by grouping}
=3(z"-9)(z+1) {factor out (z + 1)}
=3(z+3)(xz—-3)(x+1) {difference of two squares}

52° + 1027 — 207 — 40 = 5(2° + 22% — 4z — 8) = 5[2%(z +2) — 4(z + 2)]
=5(2 —4)(z +2) =5(z +2)(z — 2)(z +2) = 5(z + 2)*(z — 2)
We could treat a® — b5 as the difference of two squares or the difference of two cubes. Factoring a® — b° as the

difference of two squares and then factoring as the sum and difference of two cubes leads to the following:
@1 = (@) = () = (a+ 1) (a" =)
= (a+b)(a—0b)(a® — ab +b*) (a® + ab + b?)
28— 16 = (:p4)2 —42 = (2" +4) (2" —4) = (2" +4) (2* +2)(2* - 2)
We might first try to factor 2 + 42 + 4 — 9y? by grouping since it has more than 3 terms, but this would prove to

be unsuccessful. Instead, we will group the terms containing = and the constant term together, and then proceed as

in Example 2(c).

A +4-92 =@ +2)7-By)’=(@+2+3y)(z+2—3y)

[30] 22 — 43> — 62+ 9= (22— 6z +9) —4y® = (z — 3)* — (29)° = (z — 3+ 2y)(x — 3 — )

@ y> — 25 _ (y+5)(y—5) _ y+9o
=125 (y—5)(y* +5y+25) Yy +5y+25

@12+T_T2 B+r)(d—r) 4-—r

r4+3r2 r2(r43) r?
33 92 —4 92 —62° +4a® (32 +2)(3x —2) 2%(92° — 6z +4)
3x2 — bz + 2 27z + 8z Bx—2)(z—1) x(2723 4 8)
 (Br+2)(3x —2)2* (922 — 6z +4) x
Bz —2)(x — D)x(Bx+2)(922 -6z +4) =x—1
-5a+12a+4_25a2+20a—|—4_ (Ga+2)(a+2)  a(a-2) - a
16 ' a? — 2a (a®>+4)(a+2)(a—2) (Ba+2)(ba+2) (a®>+4)(5a+2)
5 11 43s+1) 11 12s4+4—11 1257
38+1 (Bs+1)° (Bs+1)?2 (3s+1)°  (3s+1)°  (3s+1)°
36 5 _ 4 2+s(55723:4+5s2722$:5s2723424
(5s 72) T (bs—2)"  (5bs—2) (5s —2) (5s —2)
- 3x+1 3372_212 Br+lz (z—2) 22243 +z—z+2  5Sa’+2
P x? oz x? a8
- —1+x+7_5x2_(2x—1)x+x+7:5x2—2x2—|—x+x—|—7:3x2+2x—|—7

3 3 3 3 3 3
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1.3 EXERCISES
3t 5t 40 3t 5t 40
42 12 P4 iy2 =2 (t+2)(t — 2)
3t(t —2) 5t(t +2) 40

t+2)(t—2)  (t+2)(t—2) (E+2)(t—2)
3t2 — 6t + 5t> 4+ 10t — 40

t+2)(t—2)
8P+ 4t —40 422+t —10)  4(2t+5)(t—2)  4(2t+5)
(2t -2)  (t+2)(t—-2) (t+2)(t—-2)  t+2
t 4t 18 t(t—3)+4t(t+3)—18 5t2 49t — 18 5t —6)(t+3 5t—6
N S8 (t-3) : (t+3) _ o _ )(E+3)
t+3 t-3 -9 2 -9 2 -9 (t+3)(t—3) t—3
4z N 28 +2:4m(z)+8+2(3x74): 4z + 62 :2x(2x+3):2(2x+3)
3xr—4 322 —-4x =z x(3z —4) 3z —4)  x(3z—4) 3x—4
12z 3 +§_12m(z)73+5(2x+1)_12x2+10z+2_2(6z2+5x+1)
20+1 222+2 x z(2z +1) o z(2z4+1) x4+ 1)
22z +1)Bx+1) 23z +1)
z(2x + 1) N x
2z 8 3 2z(r) -8+ 3(x+2 22% + 31 — 2 2z — 1)(x + 2 2z —1
) P L S (z) (x+2) _ _ )z +2)
x+2 2242z =z z(x +2) x(x +2) x(x +2) x
5o 6 +g_5m(:p)—6+2(2x+3)_5z2+4m_x(5:r+4)_5x+4
20 +3 222+3r 2z z(2z + 3) 22z +3) z(2r+3) 22+3
5 2u 3u(3u+1) +5(3u+ 1) + 2u(u) .
3+ — = t
+u+3u+1 WGut 1) {common denominator}
9u? + 3u + 15u + 5 + 2u? (multiply terms}
= rm
u(3u+ 1) HHpLy terms
11u? + 18 5
_ st {add like terms}
u(3u+1)
6+2— 3u :6u(u+5)+2(u+5)—3u(u):3u2+32u+10
u  u+5b u(u + 5) u(u + 5)
2 1
T+ 6z n 3 _ 2z +1 6z 3

P2 +dr+4 22—4 12 (x+2)2_(ac+2)(9c—2)+x—2

2z + 1)(x — 2) — 6x(x + 2) + 3(z* + 4z + 4)
(z+2)*(z —2)

2% — 3z — 2 — 622 — 122 + 322 + 122 + 12
(z+2)*(z —2)

_—x2—3x+10__a:2—|—3$—10 _ (@+5)(z—-2)  =x+5

(@+2%(-2) (@2+2)°(-2) (@+2)°(z-2) (z+2)
4o+ 12 Sx 7 4 5x 7 4xz-3)+5x+T7(x+3) 16249
x2+6x+9+x279+z—3_x+3+x2—9+x—3_ z2—9 Coa?-9
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14 1.3 EXERCISES

The led of the entire expression is ab. Thus, we will multiply both the numerator and denominator by ab.

<b a> b
P 2 _ 2 _
a b b —a :(b—i—a)(b a):a—i—b

T 711 T b-—a b—a
Z_Z).ab
(3-1)
2

The Icd of the entire expression is 2%y?. Thus, we will multiply both the numerator and denominator by 221

r_Y 2 _ Y ) a2y

v 22 \y? 2 Py @y tayt+yt) 2 tay+y
i,i (i_l 222 T — gy (z+y)(z—y) T+Yy
y2 x2 yg 2

[51] The lcd of the entire expression is zy. Thus, we will multiply both the numerator and denominator by .

1,1 1,1
1.1 o1,
y '+ oy y ) " a4y

CAEET A o

ros I N ‘
53] ;—"; B <§+_) TS s rs(rP4sh) s
2 2 2 2 ) T A (12 + s2)(r2 — s2) 12 — 2
22 \gZ a3) s
2 r s T
2 4 22w+1) — 4w
E_Zw%—l: w(2w + 1) _ Aw+2-dw 2
E-i— 8 5Qw+1)+8w  10w+5+8w 18w+5
w  2w+1 w(2w + 1)
T+ —3x+n)—(r"—3x r°+2xh + h* —3x — —z°+3x
55] h)? —3(z+h 2—3z) 2*+2zh+h?—3x—3h—2>+3
h N h
2 - 2 —
_ 2xzh+h 3h:h(x+h 3):2x+h—3
h h
(m+h)3+5(x+h)—(x3+5:c)_$3+3x2h+3xh2+h3+5x+5h—$3—5x
h B h
_ 32h + 3zh? + h* 4 5h
N h
2 2
:h@x+ﬁﬁHJl+5)=&ﬂ+mm+h?+5
5 5 5(a—1)=5(x—1)
-1 a-— —1)(a—1) 5a — 5z 5(a — )
x—a T—a (z—Da—D(xz—-—a) (x—-1(a—-1)(x—a)
)
C(@-D(a-1
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1.3 EXERCISES 15

t+2 a+2 a(@+2)—-z(a+2)

2a — 2z 2(a —z) 2
x a  _ ax _ _ - _
x—a x—a ar(x —a) ax(x—a) azx
1 1 z® — (z + h)®
(z+h)? @3 (x4 h)’d
; = -
3 — ’ — (z +h)][+? h h)’
=2 - (erh?; = Sl CRRD) [x +$($ +3 I Chs )] {difference of two cubes}
ha3(x + h) ha3(x + h)
_ —hlg? + 2 +xh+a® +2xh +h?]  —h(32® + 3zh +h?) _3x2 + 3zh + h?
had(z + h)® had(x + h)? z3(x + h)°®
1 1 x—(x+h)
c+h x_ (@+h)x  -h 1
h N h ~ hx(z+h)  x(z+h)

The conjugate of \/_ —5is \/Z+5. Multiply the numerator and the denominator by the conjugate of the

denominator. This will eliminate the radical in the denominator.

Vi+5  \t+5 \/;+5_(\/Z)2+2-5\/Z+52_H10\/;+25
Vi—5 -5 Jt+5 (\/;)2,52 - t=2

1622 — 2 1622 —1y® 2o+ .y  (“z+y)(dz—y)(2y/z+ /Y)

L _ . Vi vy = (42 + ) (2V/z + /)
NN NN NCE N dr—y

We must recognize \'VE— \VB as the first factor of the product formula for the difference of two cubes,
23—y} = (z — y)(2® + zy + y*). The second factor is then

(V) + () (Vo) + (Vb) = Va2 + Vb + ¥/

1 1 Va2 + /ab+ /b V/a? + ab+ /0

Va3 Ya b @+ ab a—b

1 1 Va? = ey + P V= Yay+ VY
\/+f Vet N - Yy E Ty

ag Vi VE_ i Vh ik b ) !
@=bt =l o Vb @ab)a-b)(Vat+ve)  a+b)(Va+ V)

\/+\/_f+\/ Vb— e b—c _ 1
b= o V-V prab-a(Vi-ve)  b+o(vVe- o)
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16 1.3 EXERCISES

-\/2x+h —V2z+1 \/2(x+h)+1—\/2x+1.\/2(x+h)+1+\/2a:+1
h h V2@ +h)+1++/22+1
2z +2h +1) — (22 + 1)
h(v2(z +h) + 142z +1)

2h 2
W2+ h) + 14+ 22 +1) 2@+ h) +1+/2z+1
& Vi-Vrt+h Jr—vr+h Jrt+Va+h z—(z+h)

Wavith  hJavath ot Joth hﬁm(\[+m)

—h
h\/E\/JJ-Fh(\/E-F :c+h) VEyVz+h (f+\/x+)
32—z +7 32° T 7
80— = m m
2> +4x -6 x? 4z

ﬁfff

— 3z4/3 - 331/3 + 75672/3

— 232 4 42 gL/

2 4 2)° 472 +4 2t 42?4 ‘
(&“;;) ::E -l-;:-l— :%+%+E:$71+4x73+4$75
2
r—3 xr—06 +9 6+/T 9 B .
(\/;3 ) _ f %_ Y +E:m_2—6x_°/2+9$_3

Note: You may wish to demonstrate the three techniques shown in Example 7 with one of these simpler expressions in
Exercises 73-76.

Note: Exercises 73—90 are worked using the factoring concept given as the third method of simplification in Example 7.

The smallest exponent that appears on the variable x is —3.

27 4 2% {factorout %} =27 (1 + 372_(_3)) =z (1+2) = : —;3965
z7% —z {factor out )} = 7% (1 — 2!~ (P)) = 277(1 — 2f) = 1 ;;UG
Y2 — 232 {factor out 272} = 71/2(1 — 232 C12) = 712 (1 — 2?) = 1_1—/a262
2723 4+ 273 {factor out 273} = 2723 (1 + 273 2)) = 27231+ 23) = 1::_2—/f

(227 —39:+1)( )3z +2)*(3) + 3z + 2)* (42 — 3)
= 3z +2)*[12(22% — 3z + 1) + (3z + 2)(42 — 3)] {factor out the gef of (3x + 2)°}
= (3z +2)* (242 — 362 + 12 + 1227 — 2 — 6)
= (3z +2)*(362° — 37z + 6)

(62 — 5)*(2)(2? + 4) (22) + (2 + 4)(3) (62 — 5)°(6)

2(62 — 5)% (22 + 4) [22(62 — 5) + 9(2® + 4)]
2(62 — 5)% (2 + 4) (122% — 10z + 92% + 36)
2(z? + 4) (62 — 5)° (212% — 10z + 36)

© 2019 Cengage Learning. All Rights Reserved.
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1.3 EXERCISES 17

The smallest exponent that appears on the factor (22 — 4) is —3 and the smallest exponent that appears on the factor
p pp 2
(22 + 1) is 2. Thus, we will factor out (2 — 4)/*(2z + 1),

“Pr) = (22— 4) 22 +1)2[6(2% - 4) + 22z + 1)]

(22— 4)*(3)(2z + 1)%(2) + (2 + 1)* (%) (2% — 4)
If you are unsure of this factoring, it is easy to visually check at this stage by merely multiplying the expression—
that is, we mentally add the exponents on the factor (2> — 4), —% and 1, and we get %, which is the exponent we
started with.
Proceeding: (22 —4) "*(2z + 1)*[6(2% — 4) + 22z + 1)] = (2 —4) (2w + 1)*(62? — 24 + 22% + )
2z +1)%(82% + x — 24)
(a? — 4)1/2

(3z +2)'3(2)(4z — 5)(4) + (4z — 5)* (%) 3z +2)23(3) = (3 4+ 2) ¥*(4z — 5)[8(3z + 2) + (4z — 5)]
_ (4x —5)(28z + 11)
B 3z + 2)2/3

Bz +1)°(1) 2z —5)7%(2) + (22 — 5)/2(6)(3z + 1)°(3)
= (3o + 1’20 -5) (B2 +1) + 1822 -5)]  {factor out (3 + 1)°(2 - 5)"/*}

B+ 1B+ 14362 —90)  (3z+1)°(39z — 89)
- (22 — 5)/* N 2z — 5)2
(@ +9)" (1)@ +6) + (x +6)*(4) (> +9)° (22)
_ (@2+9)°(230% + 1442 - 9)

3(x +6)"*
(62 +1)*(272% +2) — (92° + 22)(3)(6z + 1)*(6) (62 + 1)°[(6x + 1)(272% + 2) — 18(92> + 22)]
(6 +1)° a (62 4+ 1)°
(62 +1)°(1622% + 272% + 122 + 2 — 1622° — 361)
B (6 +1)°
_ 27x% — 24z + 2
B (624 1)*
(22— 1)'(22) — 22 (@2 = 1)°(22)  (22)(2? = 1)’[(a® — 1) —42?]  2z(—322—1) —2z(322+1)
(a2 = 1)° - (a2 = 1)° @1 @)
(2 +2)(22) - 2(3)(? + 2 20) _ (0 +2°20) |02+ —2*@)]
[<$2 + 2)3]2 (JJQ + 2)6

2¢(2® +2—32%)  2x(2-22%)  4dx(l—a?)
@+2)" (@2+2' @2+2)’
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18 1.3 EXERCISES

(2% = 5)'(32%) — B3() (22 = 5)*(22) (@ —)’(@?) [(mQ -5)'(3) - (9:)(4)(29:)]

|:(x2 - 5)4:|2 = (:L,Q _ 5)8 =
a?(30* =15 —82%) _ 2’(=52° —15)  5a’(2’ +3)
(22 — 5)° (z2—5)° (22— 5)
@ +4)7706) - 6B0)() @+ 49 22)  @P+4)PBE2+4) -2 3?+12-27 a?+12
(@2 + 4] - (22 + 4) T @ @)
(1)) — (1)1 -2 P (~20)  2(1-2?) 20 -2 +2Y 22-2 +2Y)  2(2—a?)
[ - a2 : (1-a2) -t -
(422 +9)'(2) — 22 +3) (3) (422 + 9)/* (8x) (4?2 +9)2(4a? +9) — 4w(22 + 3)]
[(4:02 + 9)1/2] ? (422 +9)'
_ 8% + 18 — 822 — 12z 18 — 12z 6(3 — 2x)

(42% 4+ 9)3/2
(32+2)° (1) (2r+3) " 2) — 25 +3)"P () Bz +2)°3)

(422 + 9)*? (422 + 9)*?

{(3z + 2)1/2} ’
(D) (2) Bz +2)7 22z + 3) 7 [4(3z + 2) — 9(2z + 3))]
B 3z +2)'
(5)12z+8—-18x-27)  (§)(—6x—19) o 6z + 19
G242z +3)Y Br+2222+3)7 63z +2)7%(22 +3)*°
11323 4 28022 — 1502 3z 4a?
Table Y = o+ 7722 — 100z — 350 4 V2 T 7 Tz =5
T Y, Y,
1 —0.6923 —0.6923
2 —26.12 —26.12
3 8.0392 8.0392
4 5.8794 5.8794
5 5.3268 5.3268

The values for Y; and Y, agree. Therefore, the two expressions might be equal.

2022 + 41z + 31 1 1 3.2

[92] Table Y1 = 5=y and Yo = o4 oo+ T
az Y, Y,
1 4.6 4.7
2 1.6083 1.6333
3 0.92778 0.93889
4 0.64375 0.65
5 0.49067 0.49467

The values for Y; and Y, do not agree. Therefore, the two expressions are not equal.
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1.4 EXERCISES 19

In the second figure, the dimensions of area I are (z) and (x — y). The area of I is (x — y)x, and the area of II is
(r —y)y. Thearea A = 2 — 3> {in the first figure}
= (x —y)x + (x —y)y {in the second figure}
=(z—y)(x+y). {in the third figure}
Volume of I is 2%(x — y), volume of Il is zy(x — y), and volume of 11 is 3 (x — ).
V=2’ —y=2’(@-y)+aylz—y) +z—y) =@z -y’ +ay+y’).

(a) For the 25-year-old female, use
Cy =66.5+13.8w+ 5h — 6.8y with w = 59, h = 163, and y = 25.
Cf = 66.5+ 13.8(59) + 5(163) — 6.8(25) = 1525.7 calories
For the 55-year-old male, use
Cy, = 655 + 9.6w + 1.9h — 4.7y with w = 75, h = 178, and y = 55.
Cy, = 6554 9.6(75) + 1.9(178) — 4.7(55) = 1454.7 calories
(b) As people age they require fewer calories. The coefficients of w and h are positive because large people

require more calories.

1.4 Exercises

4y —3=-br+6 = 4dr+52=6+3 = 9r=9 = z=1
2] 52 —4=2x-2) = bSr—4=22-4 = 3r=0 = =0
2 _ _ _ _ 24
Bl Bz—2 =(x-50z+4) = 9?—-122+4=92"—-4lz—-20 = 292=-24 = z=-2
[4 (2+5°+3=(2-2° = 2°+100+25+3=2-4dz+4 = Mo=-24 = z=-12
(3 +1 20+ 5
= (62 —2)(4z — 13 3z 4 1)(4z — 13) = (22 4 5)(6x — 2
8 |2 oy G- 1) 5 e Do 13) = o k92 =
122? — 352 — 13 = 122 + 260 — 10 = -3 =06lr = 2z =—2 {notethatz # }, 1
[ 7z +2 r—8
6] _14x_32m+3]-(14x3)(2z+3) = (T2 +2)2x+3)=(x—8)(l4x2 —3) =
1422 4+ 252 + 6 = 142” — 1150+ 24 = 140z=18 = =z =3
4 1 5c — 6
= : 2)(z — 2 4z —2)+1(z +2) = bz —
_$+2+$—2 $2_4] (x4+2)(x—2) = 4(z-2)+1(z+2)=bx—-6 =
dr —8+x+2=5x—6 = 5x—6=>5z—6{or0=0},indicating an identity. The solution is R — {£2}.
(2 3 10z +5
= (2 2 — 2(2z — 2 =1
5515 or s 436225] (20 45)(2z —5) = 2(2z—5)+3(2x+5)=10c+5 =

4r — 10+ 624+ 15=10x+5 = 10z + 5= 10z + 5 {or 0 = 0}, indicating an identity.
The solution is R — {:I:% }
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20 1.4 EXERCISES

5 4 142+ 3
= -(2 2z — 2x — 4(2 =14
9] [2x+3+2$_3 4x2_9] (2¢43)(2x—3) = 5(2z—3)+4(2z+3) 43 =
102 —154+8x+12=14x+3 = 18r—-3=14z+3 = 4dr=6 =
T = %, which is not in the domain of the given expressions. No solution

-3 7 —b5x +4
1 = . 4H(x —4 —3(x—4 4)=— 4
[m+4+x4 zzlﬁ} (x+4)(z—4) = =3@x—4)+T7(x+4) S5r+4 =

3+ 1247z +28=-bzx+4 = 4r+40=-5x+4 = 9r=-36 =

x = —4, which is not in the domain of the given expressions. No solution

Divide both sides by a nonzero constant whenever possible. In this case, 5 divides evenly into both sides.
752% + 35z — 10 = 0 {divide by 5} = 152> + 72 — 2 =0 {factor} =
(3z + 2)(bx — 1) = 0 {zero factor theorem} = x=—2,

Tt

[12] 482 + 122 — 90 = 0 {divide by 6} = 82*+22—-15=0 = (2z+3)4z—5)=0 = z=-3,

(S

Here, the Icd is z(x + 3) and we need to remember that = # 0, —3.
oo 1,9
r+3 =z 22+ 3z

P4+ r+3-422-120=9 = 0=322+1lz+6 = GBr+2)(z+3)=0 =

]-x(:r+3) = z(z)+1(z+3)—4(z*+32)=9 =

x = —2 {-3 is not in the domain of the given expressions}
3z 1 —4
prae S Sl (z+2)(z-2) = 3z(@+2+1(z—-2)=-4 =

322 +6r+rx—2=-4 = 32°+7r+2=0 = @Bz+1l)(z+2)=0 =

x = —% {—2is not in the domain of the given expressions}
15]2522 =9 = 3:2:% = :E::I:\/QE5 = x::t%
[A6)642° =49 = #*=8 = s=+/8 = 2=+
A7] (2 -3’ =17 = z-3=%/17 = z=3+./17
8] (z+5)7=29 = z+5=+29 = z=-5+/29

—6 £+ -12 —-6£+24 —6+£2
M9]22+62+3=0 = z= 0 56 _ =6 _ =6 2\/63i\/§

2(1) 2
4+ /1 A++/24 4+
2022 —42-2=0 = = 6+8 _ 24 _ 2\/6:21\/6
2(1) 2 2
—(=3) £1/(=3)" — 4(2)(—4) + /9 + 32 1
21]222 - 32 -4=0 = z= \/ _3EvOHs2_ 3 1 g
2(2) 4 171
54 /52 —4(3)(1) —5++/25— 12 1
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1.4 EXERCISES 21

The expression is z2 + 2 — 30. The associated quadratic equation is 2> + 2 — 30 = 0.
p

—b £ Vb?% —4ac

Using the quadratic formula, r = ——————  , to solve for x witha = 1, b = 1, and ¢ = —30 gives us:

_1EVEAM(B0) 114120 -1 VI20 11110 <12
v 2(1) - 2 - 2 -T2 T g T

Write the equation as a product of linear factors: [z — (5)] [z — (—6)] =0
Now simplify: (z — 5)(z +6) =0
So the final factored form of 22 + z — 30 is (z — 5)(z + 6).

11++121-0 11+£11

24] 2> —1lz=0{a=1,b=—11,c=0},s02 = 5 - — =11,0.
Thus, 22 — 112 = (z — 11)(z — 0) = z(z — 11).
16:i: 256 +144 1620 3 1
—162-3=0{a=12,b=—16, ¢ — — - i
[25] 122> — 162 — 3 = 0 {a = 12, 6,c=—3},s0x 51 o 5%
Write the equation as a product of linear factors: [z — (3)] [z — (=)] =0
Now multiply the first factor by 2 and the second factor by 6. (2z — 3)(6z+ 1) =0
So the final factored form of 1222 — 162 — 3 is (2 — 3)(6x + 1).
—34 4+ /1156 +960 —34+46 2 8
[26] 152% 4+ 342 — 16 =0{a = 15,b =34, c = —16},s0x = =0 + = —=5  ~ &3

Thus, 152% + 342 — 16 =5 [z — (2)] -3 [z — (=3)] = (52 — 2)(3z + 8).
x2f8x+11:O{azl,b:f&c:ll},soxzSi : 54_4 812\/%8122\/54:&\/5'

Soafactoredformofx2—83:+11is[:p—<4+\/5)} [:p—<4—\/5)},0r{x—4— 5] {x—4+\/3}.
—6+/36-8 _ —6+/28 _ —6i2f__3if
2

2
So a factored form of 22 + 6z + 2 is [w— (—3+\ﬁ)] {w— (—S—ﬁ)},or {w—l—S—\ﬁ} {x—&-S—&-\ﬁ]

5+./25+84 1
[29] 342 +5x—7_0{a_3b_5c_—7}sox_—+=—(—5i 109).

So a factored form of 3z +5x771s3[:p——( 5+\/W)}[ 7%( )]
1

7T+ v49 — 32
2x277x+4:0{a:2,b:77,0:4},5050:#——(7:&\/ )
So a factored form of 222 — 7z + 4 is 2[$ — %(7—# \/ 17)} {x — %(7 — \/17)].

[31] We must first isolate the absolute value term before proceeding.
Bz —2|+3=7 = Bz—-2|=4 = 3rx—-2=4or3z—-2=-4 =

3r=6o0r3r=-2 = x=20rx=—%

28] 2> +62+2=0{a=1,b=6,c =2},s0x =

2
3

B2] 252 +2|-1=5 = 2bz+2/=6 = [5z+2/=3 =
Sz+2=3o0rbz+2=-3 = brx=lorbe=-5 = z=torz=—1
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22 1.4 EXERCISES
B33z +1|-5=-11 = 3Blz+1=-6 = |z+1]=-2
Since the absolute value of an expression is nonnegative, |« + 1| = —2 has no solution.

|t —3]+6=6 = |z — 3] =0. Since the absolute value of an expression can only
equal 0 if the expression itselfis 0, [t — 3| =0 = z-3=0 = z=3.

[35] Since there are four terms, we first try factoring by grouping.
92 — 182 —4x+8=0 = 92*(z—-2)—4(zx—-2)=0 =
(922 —4)(z —2)=0 = a?’=jorz=2 = z==+32

[36]32° — 522 —1224+20=0 = 2?3z —-5)—4(3z-5)=0 = (?—4)Bz—-5) =0 = z =42,

wlot

Notice that we can factor an x out of each term, and then factor by grouping.
42t +102° = 622 + 150 = 4ot +102° — 622 — 152 =0 = (42> +102°> -6z —15)=0 =
z[22°(22+5) =32z +5)]=0 = z(22°-3)2z+5)=0 =

z:Ooraﬁ:%ora::f

L2 3 _ 3 43 V2 V6 4
Note: z* =3 = zfi\/g,i%.%,ini?\/g_

There are several ways to write this answer—your professor may have a preference.

wolo
8
I
=
H_
Lol
=
\
rolot

152° — 202" = 62° — 827 = %(152® —202® — 62 +8) =0 =
2? 5z’(3z —4) =23z —4)] =0 = 2’(52°—-2)(Bz—-4)=0 = 2=0,£1/10,3
39] 2 =5y = P2 —-by=0 = y(y1/2—5) =0 = y=0ory/?=5.
y'?=5 = (yl/Q)2 =52 = y=25. The solutions y = 0 and y = 25 both check in the original equation.

[40] y*3 = —dy = P +4y=0 = y@W'P+4) =0 = y=0oryP=—-4 yP=-4 =
(v 3)3 = (—4)" = y= —64. The solutions y = 0 and y = —64 both check in the original equation.
:(:5/3 =4z = PP _dx=0 = w(x2/3—4) =0 = z=0orz?*=4.
2?3 =4 = 1 =44%7 {see the last illustration on page 51} = z = j:(\/l_l)3 = x =48
The three solutions z = 0 and x = =8 all check in the original equation.
P =-27r = P+21x=0 = ac(x3/2 + 27) =0 = z=0orz%?=-27.
P2 =07 = ()P = (2 = a= (J—T7)2 = z=0.

Only the solution « = 0 checks in the original equation.
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Note: The following guidelines may be helpful when solving radical equations.
Guidelines for Solving a Radical Equation

(1) Isolate the radical. If we cannot get the radical isolated on one side of the equals sign because there is more
than one radical, then we will split up the radical terms as evenly as possible on each side of the equals sign.
For example, if there are two radicals, we put one on each side; if there are three radicals, we put two on

one side and one on the other.

(2) Raise both sides to the same power as the root index. Note: Remember here that

‘(a + b\/ﬁ)2 =a?+ 2ab\/ﬁ+ an|

and that (a + b\/ﬁ)2 is not a2 + b’n.

(3) If your equation contains no radicals, proceed to part (4). If there are still radicals in the equation, go back

to part (1).
(4) Solve the resulting equation.

(5) Check the answers found in part (4) in the original equation to determine the valid solutions.
Note: You may check the solutions in any equivalent equation of the original equation, that is, an equation
which occurs prior to raising both sides to a power. Also, extraneous real number solutions are introduced
when raising both sides to an even power. Hence, all solutions must be checked in this case. Checking

solutions when raising each side to an odd power is up to the individual professor.

[43]\/7—-52=8 = («/7—5x>2:82 = T-5x=64 = —5T=5r = z=—=—
2
@) \3-s-2=3 = (V3-2) =(@+3) = 3-2=2+62+9 = 2+Te+6=0 =

(x+1)(x+6)=0 = == —1and —6 is an extraneous solution.

45| 2 =3+bzx—9 = z-3=+bx—-9 = 22—62+9=5x—-9 =

2—1lz+18=0 = (z—-2)(x—9)=0 = 2z =9and 2 is an extraneous solution.

[46] 2+ 5z +19=—1 = /5r+19=-2—-1 = 5r4+19=22+2z4+1 =
?-3rx—-18=0 = (z—6)(z+3)=0 = z=-3,6.
Checkz = —-3:LS=-3+2=—-1=RS = 2z = —3isasolution.
Checkz =6:LS=6+7=13#RS = 2 = 6 is an extraneous solution.

w5

Note: Substitution could be used instead of factoring for the following exercises.

We recognize this equation as a quadratic equation in y? and apply the quadratic formula, solving for 4, not y.
7TE£419 10 70+£104/19 1
2 _ =Y =+—1/70£ 1019
Y 10 10 100 Y=> 10
Alternatively, let u = 32 and solve 5u? — 7Tu + 1.5 = 0.

547 6 30+£67 1
48] 3y* — 52 +15=0 = y*= 6\['627\[ = y==g 30+ 61/7

5yt =Ty +15=0 =
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[49] 3624 — 13272 +1=0 = (e 2-1)0%22-1)=0 = z2=11 = 2?=49 = z=4+243

=

Alternatively, let u = 22 and solve 36u? — 13u + 1 = 0.
50| x2 —227'-35=0 = (7' =Tz '+5)=0 = 27'=7,-5 = =

[51]32%° + 423 —4=0 = (322 -2)(2'*+2)=0 =

Alternatively, let u = z'/% and solve 3u® + 4u — 4 = 0.
[62] 2y'% -3y +1=0 = (2/°-1)(¥/°-1)=0 = Jy=151 = y=g.1

[53] See the illustrations and discussion on text page 51 for help on solving equations by raising both sides to a
reciprocal power. Note that if 2™/ is in the given equation and m is even, we have to use the + symbol for the

solutions. Here are a few more examples:

Equation Solution

212 — 4 (m1/2)2/1 — 421 = =16

=5 () o2 o =L

231 =8 @M =83 = 2=16

243 =81 (x4/3)3/4 =81%% = 2 =427 {+ since4iseven}

(@« =32 = ()" =" = 2= (3 32)3 — 25 —3
(b) 29 =16 = ()" =216 = z=x(y 16)3 = +2% = 48
(c) 2?2 =—-64 = (m2/3)3/2 = +(-64)°? = = i(\/——64)3, which are not real numbers.
No real solutions

d) 21 =12 = (@) =@12)" = 2= (\/ﬁf — 5% = 625
(@ «¥2 =27 = (%)= (21 = w=(y 727)2 =(-3)2=9,

which is an extraneous solution. No real solutions

(@) 35 =-27 = (239" =(—21)® = 2= (\/——27)5 = (=3)° = —243

(b) 223 =2 = (22 =x25)" = 2= j:(\/%)3 = +5% = +125
(c) 2% =—-49 = (a:4/3)3/4 =+(—49*" = 2= i(\4/——419)3, which are not real numbers.

No real solutions

d) 22 =64 = (232" =60 = x:(364)2:42:16

1
(e) z%'=-8 = (x3/4)4/3 = (=) = z= ( y —8) — (—2)* = 16, which is an extraneous solution.

No real solutions
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[55] (a) For this exercise, we must recognize the equation as a quadratic in z, that is,
Az’ +Br+C =0

where A is the coefficient of 2, B is the coefficient of z, and C is the collection of all terms that do not

contain 2

4z —day+1—-9y* =0 = D22+ (-dy)x+(1—-y) =0 =

. dy+ /1602 —16(1 —3?) Ay /1612 — (1 —¢%)] 4dy+4y/297 -1 y+/22 -1
2(4) 2(4) 2(4) 2

orx.

(b) Similar to part (a), we must now recognize the equation as a quadratic equation in .
42 —day+1—-9 =0 = (—Dy*+ (—4a)y+ 42> +1)=0 =
Azt /1622 +4(42% + 1) Ao+ /4422 4 (422 +1)] 4z £24/822+1
v= 2(—1) - ) - )
(@ 222 —2y=32+1 = 222+ (-y)zr+(-3*-1)=0 =

. y+ /1> —8(—3y>—1) y+/25y2+38
N N 4

2(2)

=—2x++822+1

(b) 22> —zy=3>+1 = (=3)yP’+(—2)y+(222-1)=0 =

/12120207 —1) x4 /2522 — 12

v= 2(—3) - —6
—4,500,000 + 1/4,500,0002 — 4(1)(—0.96
(@) z= v 5 (1)( ) ~ 0 and —4,500,000
(b) —b+ Vb?—4ac —bF /b2 —4dac b? — (b* — 4ac)
xr = . =

2a —bF Vb% — 4dac - Qa(—b FVbE - 4ac)
dac

2c
a 2a(—b$ \/b2—4ac) —bF Vb% —4dac

The root near zero was obtained in part (a) using the plus sign. In the second formula, it corresponds to the
2(—0.96)
—4,500,000 — 1/4,500,0002 — 4(1)(—0.96)

minus sign. © = ~213x 1077

73,000,000 =+ \/ (—73,000,000)% — 4(1)(2.01

) ~ 73,000,000 and 0

(@ = -
(b) The root near zero was obtained in part (a) using the minus sign. In the second formula, it corresponds to the
2(2.01
plus sign. = = (2.01) ~2.75 x 107%
73,000,000 + \/(—73,000,000)2 —4(1)(2.01)
EK+L=D-TK {given equation, solve for K}
EK+TK=D-1L {get K-terms on one side, everything else on the other}
K(E4+T)=D-1L {factor out K}
D-L
=517 {divide by (F + T') to solve for K}
R
60]CD+C=PC+R = CD+C-PC=R = C(D+1-P)=R = C:m
Q+1 1
N:T = NQ=Q+1 = NQ-Q=1 = QWN-1)=1 = Q=5
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ﬂzlfa = fl-a)=a = pf-0a=a = f=a+pfa = pf=a(l+pF) = a:%
A-P
63/ A=P+Prt = A—P=Prt = r= 2
1, 9 9 25 — gt?
s:igt ‘vt = 25s=gt"+ 209t = 25—gt° =2t = ?}():T
S = _r iven equation, solve for ¢
q+p(l—q) {givancq )

Slg+p(l—q)]=p {eliminate the fraction}

Sq+Sp(1—q)=p {multiply terms}

Sq+Sp—Spg=p {multiply terms}

Sq—Spqg=p—Sp {isolate terms containing ¢}
Sq(l—p)=p(1-29) {factor our Sq}
p(1—2S5) .
q=—5——= divide by S(1 — p) to solve for ¢
S — 2w

66] S =2(lw+hw+hl) = S=2w+2hw+2hl = S—-2w=2h(w+l) = h= ot ])

1 1 1 .
? = — + — {multiply by the lcd, fpq} =

p q
pe=fa+fp = pa—fa=fpr = abp—f)=fr = q=pf_—pf

1 1 1 1
— = — + — + — {multiply by the led, RR1RsR3} = R1R;R3=RRyR3+ RR1R3+ RR1Ry =
R R Ry Rs

R1R2R3 — RRQR;; — RR1Ry = RR1R3 = RQ(R1R3 — RR3 — RRl) = RRle =

Ry
1 2K 2K 2K
69 K =-mv® = »="— = ov=4/"— = v =4/ — since v > 0.
2 m m m

M M M M
FZQW;Q = dQ:% = d:iw% = d:”gﬂ; since d > 0.

A=2mr(r+h) = A=2m’+21mrh = (2m)r’+ (2rh)r — A = 0 {a quadratic equation inr} =
—(2nh) £/ (2h)? — 42m)(~A)  _oxh 4 /IR T 87 A

"= 2(27) - 2(27)
_ —2rh £ 2+/7?h? +-2rA  —7mh++\/7m?h% + 27 A
B 2(27) B 2

—mh ++\/72h? + 27 A
21 ’

- RRR;
" RiR; — RR; — RR,

Since r > 0, we must use the plus sign, and r =

—v 1}3 + 2gs
p .

1 1
s:§gt2+v0t = (59)t2+(v0)t—s:0 = t=

Since ¢ > 0, we must use the plus sign, and ¢ =

—vg + /3 + 2gs
J .

d:%\/ﬁlRQ—CQ = 2d=V4R2—-C? = 4d*=4R’>-C? = C(C*=4R’>-4d* =
C?’=4R*-d*) = C=4+2/R2—d> = C=2yR2—d?sinceC >0
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2

2
74 S =nr/r2+ 12 = %:\/r2+h2 = (%) :<\/r2+h2)2 = %:ﬂﬂﬂ =
Y s e

52 52 2t 1 1
———r’=h = SRS N W=—=(S-7r") = h=2—VS2-n2t =

w22 m2r? g2 w22 irr

h=—vVS5?2—n?rtsinceh >0
r

Let x denote the number of consecutive wins. We want
total wins 1503 + =

> 490,80 ——————
total games played — 5 1503 4+ 1575 + =

> 490 = 1503+ > .490(3078 + z) =

5.22
1503 + = > 1508.22 + 490z = .510x >5.22 = x> =10 [~ 10.2],s0 2 = 11.

We usually use the notation 0.490, but baseball statistics usually use .490, so we omitted the preceding zeros.

Let x denote the maximum height of the grass. Maximum height — amount cut = desired height =

lr,—31 2,7 — 7.3 _2 i i is51i
r—3x=3; = 3sx=35 = =53 = 7. Themaximum heightis 5} inches.

Let = denote the number of months needed to recover the cost of the insulation. The savings in one month is 10%
of $200 = $20, so the savings in  months is 20z. 20z = 2400 = 2« = 120 months (or 10 yr).

Let = denote the amount (in millions) invested in bonds.
2(0.06) 4+ (800 — 2)(0.05) =42 = 0.06z+40—0.052 =42 = 0.0lz=2 = z=200.

The arena should be financed by selling $200 million in bonds and borrowing $600 million.

(a) They will meet when the sum of their distances is 224. Let ¢ denote the desired number of seconds.
Using distance = rate x time, we have 1.5¢ + 2t =224 = 3.5t =224 = t = 64 sec.

(b) The children will have walked 64(1.5) = 96 m and 64(2) = 128 m, respectively.

Let [ denote the length of the side parallel to the river bank. P = 2w + [
(@ l=2w = P=2w+2w=4w. 4w=180 = w=45ftand A = (45)(90) = 4050 f°.
(b) I=3w = P=2w+jw=3w jw=180 = w="72ftand A = (72)(36) = 2592 ft*.
() l=w = P=2w+w=3w 3w=180 = w==60ftand A = (60)(60) = 3600 ft>.

Let = denote the distance to the target. We know the total time involved and need a formula for time. Solving

d = rt fort givesust = d/r.
Time target + TIMEfrom target = TiMeEoral = 3300 + 1100 = 1.5 {multiply by the lcd, 3300} =

x4+ 3x =15(3300) = 4x=4950 = = =1237.5ft

Let z denote the miles in one direction. A 6-minute-mile pace is equivalent to a rate of % mile/min. Solving d = rt

for t gives us t = d/r. Minutes,orm + Minutesgoy, = Minutesyom = 1/_6 + m =47 =

_ _ 41 : : 47 _ 94 3 -
6r +7x =47 = 1z = 33. The total distance is 2 - 33 = i3, or 753 mi.

Let by denote the larger base. A = 3(by +by)h = 5=3B+b)(1) = 10=3+b = b =T1f
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[84] Let h; denote the height of the cylinder. V = —7r7" +mr?hy = 11,250r and r = 15 =
2250w + 2257h; = 11,2507 = 225wh; = 9000m = h; = 40. The total height is 40 ft + 15 ft = 55 ft.

[85](a) T=G — (&35)H o H=5280ftand G =70°F = T =70— (£2)5280 = 40.96°F.
(b) T=32F = 32=70—(35)H = (3%5)H =38 = H=338() ~ 6909 fi.

(@) C =227(G—D) e G =70°and D =55F = C =227(70 — 55) = 3405 ft.
(b) C =3500ftand D = 65°F = 3500 =227(G —65) = G =32 465~ 80.4°F
T =B- (1gg)h ® B=D55°Fandh = 10,000 — 4000 = 6000 ft = T = 55— (12;)(6000) = 37°F.

88](a) h=65+3.142 ¢ z=30cm = h =65+ 3.14(30) = 159.2 cm.

(b) h=736+30x ¢ =34 = h=73.6+3(34) =175.6 cm. The height of the skeleton has decreased
by 175.6 — 174 =1.6 cm due to aging after age 30. 01% ~ 27 years. The male was approximately
30 + 27 = 57 years old at death.

B9](a) v=>55 = d=uv+(v?/20) =55+ (55%/20) = 206.25 ft
(b) d=120 = 120=w+ (¢v?/20) = 2400 =20v+1v® = v*+200—2400=0 =
(v+60)(v—40) =0 = v=40mi/hr

(@ T=98 = h=1000(100 — T) + 580(100 — T)* = 1000(2) + 580(2)* = 4320 m.

(b) If z = 100 — T and h = 8840, then 8840 = 1000z + 580x> =
2922 + 50z —442=0 = = —50+ /2500 + 51,272 = —25+ V13,443 ~ —4.86,3.14.
2(29) 29 ’
r=-486 = T =100— z = 104.86°C, which is outside the allowable range of 7.

r=314 = T =100—-z=96.86°C for 95 < 7T < 100.

(a) The northbound plane travels % - 200 = 100 miles from 2 P.M. to 2:30 P.M., so the distances of the northbound
and eastbound planes are 100 + 200¢ and 400¢, respectively. Using the Pythagorean theorem,

d= \/ (100 4 200¢)* + (400t)? \/ 1002(1 + 2¢)% + 1002 (4¢)? \/ 1002[(1 + 2t)* + (4t)°]
= 100\/1 + 4¢ + 4¢2 + 1612 = 1001/20¢2 + 4t + 1.
(b) d =500 = 500=100/20£2 +4t+1 = 5=+/200+4t+1 = 52=202+4t+1 =

2062 +4t—24=0 = 52+t—-6=0 = (Bt+6)(t—1)=0 =
t = 1 hour after 2:30 P.M., or 3:30 P.M.

Let ¢ denote the number of seconds the rock falls, so that 4 — ¢ is the number of seconds for the sound to travel.
Distancegown = Distance,, = 16t =1100(4—t) {d=rt} = 4?=275(4—t) =

—275+ /93,225 275+ 54/3729 379

42 + 275t —1100=0 = t= -
* 2(4) g

The height is 16t> ~ 229.94, or 230 ft.
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Let 2 denote the number of $10 reductions in price.
Revenue = (unit price) x (# of units) = 7000 = (300 — 10z)(15 + 2z) =
7000 = 10(30 — z)(15 +22) = 700 = —22> + 45z +450 = 22° —45x+250=0 =
(22 —25)(z —10) =0 = x=10or12.5.
The selling price is $300 — $10(10) = $200, or $300 — $10(12.5) = $175.

The total surface area is the sum of the surface area of the cylinder and that of the top and bottom.
S =2mrh+2mr?andh =4 = 107 = 8ar + 27r? {divideby 271} = 5S5=4dr+1? =
P+4r—5=0 = (r+5)(r—1)=0 = r=1,and the diameteris 2 ft.

(a) Areacypsuie = Areagphere {the two ends are hemispheres} + Areacylinger
= 47?4+ 27rh = 4#(%)2 + QW(%) (2 - %) =71+ %TW =7 cm?.
Areagplet = AT€top and bottom + AT€acylinder = 2mr? 4 271'7‘(%) =271 4 77,
Equating the two surface areas yields 277 + 7r =71 =
2r+r—1=0 = (2r—1)(r+1)=0 = r= 3, and the diameter is 1 cm.

(b) Volumecypsuie = Volumegphere + Volumeeyiinder
— 4.3 2p — 4.(1)3 1V23 _ x4 3m _ Ur 3
=gt +arth = gn(3)" +7(3)" 3 = K+ 5 = 5 ~0.360 cm®.

2 .
Volumegpier = Volumeeyiinger = mrh = 7(3)” § = % ~ 0.393 cm?.

P
P=1 52RD 5/2
5,700S°2RD = S 157000 =

2/5 2/5
S = —P = 380 ~ 0.54
15,700RD (15,700)(0.113/2)(2)

From the Pythagorean theorem, d? + h? = L?. Since d is to be 25% of L, we have
d=1Lso (L)’ +n2=1> = r=0"-(11) = R =112-L1> =

h2=112 = h= /5L {sinceh >0} = YL ~0.97L. Thus, h ~ 97%L.

T=025P/\/uv = PV =4T\/v = P=4T)"*=4'3'52=518,400

Costynderwater + COStoveriand = Costiors = 7500 - (underwater miles) + 6000 - (overland miles) = 35,000 =
75001/22 + 1 + 6000(5 — z) = 35,000 = 75004/z% + 1 + 30,000 — 6000z = 35,000 =
7500y/22 + 1 = 6000z + 5,000 = 15y/22 + 1 = 12z + 10 {divide by 500} =
225(2% + 1) = 1442 4+ 240z + 100 = 225z2% + 225 = 1442? + 240z + 100 =

240+ /17,100 6-40++/900-19  6-40+304/19 40+ 5,/19
162 - 6- 27 - 6-27 Y B
2.2887,0.6743 mi. There are two possible routes.

812 — 2402 +125=0 = ==

The y-value decreases 1.2 units for each 1 unit increase in the z-value. The data are best described by equation (1),
y=—12x+2.

The y-values are increasing rapidly and can best be described by equation (4), y = 2* — 2 + z — 10.
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(@) Let Y, =T, = —1.09L 4 96.01 and Yy =T, = —0.011L*> — 0.126L + 81.45. Table each equation and

compare them to the actual temperatures.

z (L) 85 (6] 65 %) 45 35 25 15 )
Y, 3.36 | 14.26 | 25.16 | 36.06 | 46.96 | 57.86 | 68.76 | 75.66 | 90.56
Yo —8.74 | 10.13 | 26.79 | 41.25 | 53.51 | 63.57 | 71.43 | 77.09 | 80.55
S.Hem. | —5 10 27 42 93 65 75 78 79

Comparing Y; (17) with Yo (73), we can see that the linear equation 7} is not as accurate as the quadratic
equation 75.

(b) L=50 = T,=—0.011(50)> — 0.126(50) + 81.45 = 47.65°F.

(@) LetY, = D; = 6.096L + 685.7 and Yy = Dy = 0.00178L? — 0.072L* + 4.37L + 719.

Table each equation and compare them to the actual values.

z (L) 0 10 | 20 | 30 | 40 | 50 60

Y, 686 | 747 | 808 | 869 | 930 | 991 | 1051
Yo 719 | 757 | 792 | 833 | 893 | 980 | 1106
Summer | 720 | 755 | 792 | 836 | 892 | 978 | 1107

Comparing Y; (D7) with Ys (D7), we see that the linear equation D; is not as accurate as the cubic equation
Ds.

(b) L=35 = Dy=0.00178(35)" — 0.072(35)* + 4.37(35) + 719 ~ 860 min.

1.5 Exercises

(5—2i)+ (=3+6i) =[5+ (-=3)]+ (-2+6)i =2 +4i

2] (-5+4)+(B+9)=(-5+3)+4+9)i=-2+13i

B8] (7—8i)—(=5—3i)=(7T+5)+ (-8 +3)i =12 —5i

4] (-3+8)—(2+3i))=(-3-2)+(8-3)i=-5+5i

[5] (3+45i)(2—7i) = (3+5)2+ (3 + 5i)(—7i) {distributive property}
=64 10i — 217 — 3542 {multiply terms}
=6—11i — 35(—1) {combine i-terms, i* = —1}
=6—11i+ 35
=41—-11i

(@]

(—2+30)(8 —i) = (=16 — 3i?) + (2 + 24)i = (—16 + 3) + 26i = —13 + 26

(N

(4 —3i)(2+ Ti) = (8 — 21i%) + (28 — 6)i = (8 + 21) + 22i = 29 + 22i

(8 + 2)(7 — 3i) = (56 — 6i2) + (—24 + 14)i = (56 + 6) — 10i = 62 — 10i

[©]

Use the special product formula for (x — y)2 on the inside front cover of the text.
(5 —2i)* = 52 — 2(5)(20) + (2i)* = 25 — 20i + 4i> = (25 — 4) — 20i = 21 — 20i

(6 4+ 7i)* = 62 + 2(6)(7i) + (7i)* = (36 — 49) + 84i = —13 + 84i
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(1] (3 + 40)* = i [3% 4 2(3)(44) + (44)*] =i [(9 — 16) + 244] = i(—7 + 247) = —24 — T
(2 = 7i)7 =i [22 +2(2)(=T4) + (=7Ti)?] =i [(4 — 49) — 28i] = i(—45 — 28i) = 28 — 45i
(3 + 44)(3 — 4i) {note that this difference of squares ...}
=32~ (4i)* =9 — (—16) = {... becomes a “sum of squares”} 9 + 16 = 25
(44 Ti)(4 —T7i) = 42 — (7i)* = 16 — (—49) = 16 + 49 = 65
[15] (a) Since i* = 1 if k is a multiple of 4, we will write i*® as i*04*, knowing that *0 will reduce to 1.
43— 4053 _ (1-4)10(_0 = 110(—4) = —
(b) As in Example 3(e), choose b = 20. i~20 .20 =40 = 1.
(a) i = (i4)17 — 17—
(b) As in Example 3(e), choose b = 36. i3 - 36 =3 = —3.

(a) Since i* = 1 if k is a multiple of 4, we will write i"® as i"%i!, knowing that ;7> will reduce to 1.

(b) As in Example 3(e), choose b = 48. 40 . % =2 = —1,
(@) % =it = (i*)'°(~1) = 116(~1) = -1
b) As in Example 3(e), choose b = 56. i7" - %0 = 4! =,
(b) ple 3(c),
Multiply both the numerator and the denominator by the conjugate of the denominator to eliminate all ¢’s in the
denominator. The new denominator is the sum of the squares of the coefficients—in this case, 2> and 42.

3 2—4i  3(2—-4i) 6—12 6 12 3 3.

2+4i 2—4 4-(-16) 20 20 20 10 5

5 347  5(3+7) 15435 15 35,
201 - — 54T 9—(—49) 58 58 ' 5%

[21] Multiply both the numerator and the denominator by the conjugate of the denominator to eliminate all i’s in the

denominator. The new denominator is the sum of the squares of the coefficients—in this case, 62 and 22.

1-7i 642 (6+14)+(2—42)i 20-40i 20 40, 1

6-2 6+2 36— (-4 0 40 40 2 '
oz 249 A (6-9)+(2-2Mi 15-2%i 3 5
—3—i —3+i 9—(-1) 10 2 2
g A0 2-Ti (8442 (8+12)i  34+40i 34 Ao,
247 2-Ti 4 — (—49) 53 53 53
—3-2i 5-2 (—15-4)+(6-10)i —19—4i 19 4
5+2 5-2 25 — (—4) T 29 T 29 29

[25] Multiplying the denominator by 7 will eliminate the 4’s in the denominator.

4-2i 4-2i i 4i—2* 244 2 4.
- - = = :——'——Z

-7 =Ti i —7i2 7 77
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32 1.5 EXERCISES

= C— = — —94 2
3 3 i 32 3 e

—246i —246i —i 2—6> 642 2

Use the special product formula for (z + y)3 on the inside front cover of the text.
2+ 50)° = (2)* + 3(2)*(54) + 3(2)(50)* + (5i)°
= 8+ 60i + 6(25*) + 1254
= (8 4 1504%) + (60i + 125i*) = (8 — 150) + (60 — 125)i = —142 — 65i
(3—2i)° = (3)° + 3(3)°(—2i) + 3(3)(—2i)” + (—2i)® = 27 — 54i + 9(44%) — &°
= (27 + 364%) + (—54i — 8i*) = (27 — 36) + (—54 + 8)i = —9 — 46i

[29] A common mistake is to multiply /—4 \/—16 and obtain \/ 64, or 8.
The correct procedure is \/—4 /=16 = /44 - /167 = (2i)(43) = 8i> = —8.
(2 - \/74) (3 - \/—16) = (2—2i)(3 — 4i) = (6 — 8) + (—6i — 8i) = —2 — 14i
( 34+ /=25 )(8— /=36 ) (=3 + 50)(8 — 6i) = (—24 + 30) + (40i + 18i) = 6 + 58i
gr AT VISl 4490 2430 (8-00)+(12418)i  —19430i 19 30,

99 2-3i 2+3i 1= (-9) “ T3 Tt
32 5o/-121 511 1-5i _ (5-55)+(-25—11)i _ —50—36i _ 25 18,
14++/—25 1+5 1-5i 1—(—25) 26 13 13
33 V=361/-49 _ (6i)(7i) _ d2® _ 21 -1 i 200 200 21
/—16 47 43 2i 2 - 22 2 2

16 . /—_8 (40)(99) ~ 3622 —36 36
[35] We need to equate the real parts and the imaginary parts on each side of “ = .
44+ (z+2y)i=x+2i = 4d=zandz+2y=2 =

g V2 5 5 5i 5

r=4and4+2y=2 = 2y=-2 = y=-1l,soxr=4andy=—1.
B86] (z —y)+3i=4+yi = 3=yandzr—y=4 = z-3=4 = x=T7y=3

37 2z —y) —16i=10+4yi = 2rx—y=10and—16=4y = y=—-4and2zx—(—4)=10 =
20 +4=10 = 2x=6 = z=3,s0x=3andy= —4.

38|84+ (Br+y)i=20r—4 = 2rx=8and3z+y=-4 = z=4and124+y=-4 = z=4y=-16

)E£4/(=6)" —4(1)(13) 64+ /36 -52 6+/—16 6+4i

3942 62+13=0 = z= \/ - - === L 349
[40] 2°> — 22 +26=0 =

i\/ —2)° —4(1)(26) 2+£./4—104 24/~100 24 10i :

frd = = :l:l:57/

2 2

A1) 22+ 122 +37=0 =

421\/(*1 ¥ —4()BT) 124+ 144 — 148 _ 421\/ _ 2k o

Tr = = = — 7

2(1) 2 2
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1.5 EXERCISES 33

—8++y64—-68 —8xvv—-4 —8+2i

42] 2> +8x4+17=0 = z= 2 = 5 -— =444

[43] 22 —52+20=0 = 2= i\/ —5)° 1)(20) _2% Z5780:5i2755:gi% 557
[44] 22 +324+6=0 = w:—312(1s§ 24 _3i2‘/j_—gi% 154

@540’ +245-0 — x:11#;24)4(4)(3):—&81—48:—&8 —47 _ 818 "
[46] 322 +2—-5=0 = x:1ivl22<_§)(3)(5)=_1i_61_60:éié 59

Solving 2® = —64 by taking the cube root of both sides would only give us the solution z = —4, so we need to
factor % + 64 as the sum of cubes. 22 +64 =0 = (z+4)(2?—-42+16)=0 =

4++/16—64  4+44/3i
2 - 2

r=—-4dorx = . The three solutions are —4, 2 + 2\/51‘.

[48]2° -27=0 = (z-3)(2*+32+9)=0 =
-3+£1/9-36 —3+3y/3i 3 ?ng_

r=3o0rx = 5 = 5 . The three solutions are 3, —3 + 3

[49] 2723 = (2 +5)° = (32)’—(z+5)°=0 =
{difference of cubes} [3x — (z + 5)] [(Sx)2 +3z(z+5)+ (z+ 5)2] =0 =
(3z —x —5)(92° + 322 + 152 + 2 + 102 +25) =0 =
—254+4/625 — 1300 —25£154/3%
2(13) B 26 '
The three solutions are 2, 2‘) + 15 \/_ 31.

5
(22 — 5)(1322 + 252 +25) =0 = z=gore=

160 = (¢ —4)" = (402 - [(z - 4)2]2 =0 = {difference of squares}
[42? + (x —4)*][42> — (- 4)*] =0 = (52° — 8z +16)(32>+ 82 —16)=0 =
522 =8z +16 =0or 3z’ + 8z — 16 = (z +4)(3z — 4) = 0.

8++/64—-320 8+16i 448
502 -8r+16=0 = x= 10 =" - 5 Z. Thefoursolutionsare—él,%,

51]2* =625 = 2'-625=0 = (22—-25)(2>+25)=0 =
22 =25-25 = x=4/254/-25 = x==45+5i

44 8;
5j:52.

52] z* =81 = 2'-81=0 = (*-9@*+9)=0 =
2=9,-9 = z==494+/-9 = z=+3 43

(53] 42! + 2522 +36 =0 = (224+4)(4224+9) =0 =
?=—-4,-% = z=+y-4,+/-) = z==£2i+3

(54] 272! + 2122 +4=0 = (922+4)(B32°+1)=0 =

— 4 _ _4 _1 — 425 41 ;
x° = -3, e 3 = x==35i,%£3/31
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34 1.5 EXERCISES

(55| 2° + 322 +42 =0 = z(2*+3zx+4)=0 =

—3+v9-16 —-3++7: 3 1
r=0o0rx = = z_ The three solutions are 0, —— 4+ —+/ 7 4.
2 2 2 2
[56] 82 — 1222 + 22 —3=0 = 42’2z —-3)+12r-3)=0 = (42’ +1)22-3)=0 =
?=-torz=3 = z=%\/-torz=3% = 2=3+L

Note: In Exercises 57-62: Let z = a + bi and w = ¢ + di.

z+w=(a+bi)+ (c+di) {definition of z and w}

=(a+c)+ (b+d)i {write in complex number form}
=(a+c)—(b+d)i {definition of conjugate}

= (a —bi) + (c — di) {rearrange terms (*)}

=zZ+w {definition of conjugates of z and w}

(*) We are really looking ahead to the terms we want to obtain, Z and w.
58] z=w=(a+bi)— (c+di)=(a—c)+ (b—d)i=(a—c)— (b—d)i=(a—bi)— (c—di) =% —w.

[59] z=w = (a + bi) - (¢ + di) = (ac — bd) + (ad + be)i
= (ac — bd) — (ad + bc)i = ac — adi — bd — bei = a(c — di) —bi(c —di) = (a—bi)- (c—di)=Z W

zZ\ _ (a+bi\  [(a+bi c—di\ ((ac+bd)+ (bc—ad)i\ (ac+bd bc—ad.
(w)(c—l—di)(c—i—di c—di)( 2 +d? “\egretere’
ac+bd bc—ad. (ac+bd)+ (ad—bc)i a—bi c+di a—bi (a+Dbi)

T2 e 2rat T 2+ d? c—di c+di  c—di (c+di)

SRS

(1) Ifz = 2, then a — bi = a + bt and hence —bi = be, or 2bi = 0. Thus, b = 0 and z = a is real.
(2) Conversely, if zisreal,thenb =0andhencez=a+0i =a—0i =a+ 0i = z.
Thus, by (1) and (2), z = z if and only if z is real.

[62] 22 = (a + bi)® = a2 + 2abi — b% = (a® — b%) + 2abi = (a? — b?) — 2abi = a® — 2abi — b? = (a — bi)* = (%)

1.6 Exercises

Note: Brackets, “[” and “|”, are used with < or > and indicate that the endpoint of the interval is part of the solution.

Parentheses, “(” and *)”, are used with < or > and indicate that the endpoint is not part of the solution.

r<—2 & (—o00,—2) 2] 2>4 & [4,00)
-l—l—l—l—l—l—lj—l—(l)—l—» 4—|—|—|—|—|—|—[—|—|—|—>0 v
B 5>2>-2 & 2<2<b5 & [-2,5) 4] 3<z<7 & [3,7]
-2 0 5 -'_(|)_|_|_§_|_|_|_]7_|_|_>
5] (5,4 & —-5<x<4 6] (—6,00) & z>—6

2e+5<3x—-7 = —x<-12 = x> 12{changeinequality} < (12,00)
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1.6 EXERCISES 35

r—6>5r4+3 = —4r>9 = x< - {changeinequality} < (—oco,—})

2 — 9
9] [3§ $5 <7}-5{multip1ybythelcd,5} = 15<2-9<35 =

24 <2z < 44 {add 9 to all three parts} = 12 <z < 22 {divide all three parts by 2} <

[12,22) {equivalent interval notation}

]

[11] By the law of signs, a quotient is positive if the sign of the numerator and the sign of the denominator are the same.

@ (h-

ST
N

4z +1
[—2< x; go]-?) = —6<4r+1<0 = —-T<4z<-1 = —-I<z<-—

Since the numerator is positive, TR 0 = 32+2>0 = z2>-3 & (-2 ).
x

+2

The expression is never equal to 0 since the numerator is never 0. Thus, the solution of 3

12 01is (fg,oo).

D <0 = 2z+5 <0{denominator must be negative} = 22<-5 = 2<-3 & (—oo,—3)
x

-7 . .
13] 1_3 >0 = 4— 3z <0 {denominator must also be negative} =

— 3z

4<3z = 3r>4 = :E>% & (%,oo)

-3
2—<O = 2-2>0 = 2>z = <2 & (—00,2)
— X

5
M5/ (1—=z 2> 0Vz except 1. Thus, ———— > 0 has solution R — {1}.
(1- )

— T

< 0 has no solution.

3
22 4+ 4 > 0 Vz. Hence, i 0 Vz, and

|t +3] <001 = —00l<z+3<00l = -30l<z<-299 & (-3.01,-2.99)

x2 4+ 4

|t —4/ <003 = -003<r-4<003 = 397<2<403 < [3.97,4.03]

M9] 3z —7/>5 = 3z—-7>50r3z—7<-5 = 3x>120r3xz<2 =
x24orx§§ & (—00,2] U [4,0)

20]2(-11—72z[-2>10 = 2/-11-Tz|>12 = |-11-7z|>6 =
—11-7Tx>6o0or—-11-7Tx < -6 = —-Tr>17Tor—-T7x<5 =

T < —177 orx > —% = (—oo,—ﬂ) U (—§ oo)
[21] Since |7z + 2| > 0 Va, |7z + 2| > —2 has solution (—o0, c0).
[22] Since |62 — 5| > 0V, |62 — 5| < —2 has no solution.
|3z — 9| > 0 Vx except when 3x — 9 = 0, or z = 3. The solution is (—o0, 3) U (3, 00).

5z + 2| = 0 if z = —, but is never less than 0. Thus, [5z + 2| < 0 has solution z = —

[S01]

[25] -2 < |z| <4 = —2<|z|and |z| < 4. Since —2 is always less than |z| {because || > 0},
we only need to consider |z| < 4. |z] <4 = —-4d<z<4 & (—4,4)
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36 1.6 EXERCISES

26]1 < |z|]<5 = l<z<borl<—-a<5 = l<z<bor—1>z>-5 =
l<z<bo-b<zr<-1 & (=5,-1)U(L,5)

3z 4+ 1)(5—10z) > 0 e See the sign chart for details concerning the signs of the individual factors and the

11

resulting sign. The given inequality has solutions in the interval ( — 3 5), which corresponds to the positive values

for the Resulting sign.

Interval (=00, =3) | (—3,3) | (3,0)
Sign of 5 — 10z + + -
Sign of 3z + 1 — + +
Resulting sign - + -

(x +2)(x—1)(4 —xz) <0 e From the chart, we see the product is negative for x € (—2,1) U (4, 00). Since we

want to also include the values that make the product equal to zero {—2, 1, and 4}, the solution is [—2, 1] U [4, 00).

Interval (—00,—2) | (=2,1) | (1,4) | (4,00)
Sign of 4 — x + + + -
Signofz — 1 — — + +
Sign of z + 2 — + + +
Resulting sign + - + —
29]22 —2-6<0 = (z—-3)(z+2)<0 * (—2,3)
Interval (—00,—2) | (=2,3) | (3,00)
Signofz — 3 - - +
Sign of x + 2 — + +
Resulting sign + - +
B0 2> +424+3>0 = (z+1)(z+3)>0 * (=00, =3]U[—1,00)
Interval (=00, =3) | (=3,-1) | (—1,00)
Signof z 4 1 — — +
Sign of z 4+ 3 — + +
Resulting sign + - +
Blz2c+3)>5 = 22+432-5>0 = (2z+5)(z—1) 0 * (—00,—3] U [1,00)
Interval (—o0,=3) | (=5,1) | (1,00)
Signofz — 1 — - +
Sign of 22 + 5 - + +
Resulting sign + - +
B2]8z - 15>2 = 22-8r+15<0 = (z—3)(z—5)<0 * (3,5)
Interval (—00,3) | (3,5) | (5,00)
Signofz — 5 - — +
Signof z — 3 — + +
Resulting sign + - +
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Note: Solving z?<a? or a2?2>a®> for a>0 may be achieved wusing factoring, that is,
?—a’<0 = (r+a)(r—a)<0 = —a<z<a;orby taking the square root of each side, that is,
Vat<iya® = |z]<a = —a <z <a. Themostcommon mistake is forgetting that /22 = |z|.

[33]252° —16 <0 = 2?2<¥ = |z/<i = -i<z<i & (-19

2502 — 162 <0 = z(25z —16) <0 * (0,42)
Interval (—00,0) (O, %) (%, oo)
Sign of 25z — 16 - — +
Sign of © - + +
Resulting sign + - +
@ (3550—5(256)—(4:;24?1) <0 = m:f T <0 {we will exclude z =—2 since it makes the original expression
undefined} = P < 0 {we can divide by 2’ since > 0 and we will include = = 0 since it makes 2> equal

to zero and we want all solutions less than or equal to zero} = x4+ 1 < 0 {the fraction cannot equal zero and

x + 1 must be negative so that the fraction is negative} = x < —1 * (—o0,—2)U (—2,—1)U {0}
2
@+ D=3 221)_(:;_ Doy ErsTem fs)_(j_ 5 O (22 +1>0} = %+3 0 fexclude 3} =
x4+ 3>0 {exclude -3} = x> -3 * (—3,3) U (3,00)
ir;;x <0 = % <0 = z—jr; < 0 {we will exclude z = 0 from the solution} % (—2,0) U (0, 1]
Interval (—00,—2) | (—2,1) | (1,00)
Signofz — 1 — — +
Sign of = + 2 — + +
Resulting sign + - +
r+3)7%2 -1z 2-z , 1
—Ex n 4;(;2 — 43 <0 = Cr D@2 <0 {include =3} = —(x T2 > 0 {cancel, change
inequality, exclude 2} * (—o0,—4)U{-3}U(-2,2) U(2,00)
Interval (—o0,—4) | (—4,-2) | (—2,00)
Sign of z + 2 — - +
Sign of z + 4 — + +
Resulting sign + — +
=z 0 = _v-2 > 0 {z = 2 is a solution since it makes the fraction equal to zero, = 5
2 -3z —10 (z —5)(r+2) ~ ’
and x = —2 are excluded since these values make the fraction undefined} * [—2,2) U (5,00)
Interval (—00,—2) | (—=2,2) | (2,5) | (5,00)
Signofz —5 — - — +
Sign of z — 2 - - + +
Sign of z + 2 — + + +
Resulting sign - + — +
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a:?:n?ZilQSO = (:cfz?))tffél)go * (=00, —6]U (3,4)
Interval (—00,—6) | (—6,3) | (3,4) | (4,00)
Signof z — 4 — — — +
Signofz — 3 - — + +
Sign of x + 6 — + + +
Resulting sign - + — +
—3z T .
S50 = CIE_d < 0 {divide by —3} * (—o0,—3) U (0,3)
Interval (—00,—3) | (-=3,0) | (0,3) | (3,00)
Signofz — 3 — — — +
Sign of = — — + +
Signof z + 3 — + + +
Resulting sign - + — +
5T x .
Tz <0 = T o) < 0 {divide by 5} * (—4,0) U (4, 00)
Interval (—o0,—4) | (—4,0) | (0,4) | (4,00)
Sign of4 — x + + + —
Sign of = — — + +
Sign of 4 + x - + + +
Resulting sign + — + —
x+1 x+1 x+1—2(2x—3) r+1—4z+6
23373>2 = 55 -2>0 = 3 >0 = ———— >0 =
%j‘; > 0. From the sign chart, the solution is (3, Z). Note that you should not multiply by the factor 2z — 3

as we did with rational equations because 2x — 3 may be positive or negative, and multiplying by it would require

solving two inequalities. This method of solution tends to be more difficult than the sign chart method.

Interval (=00,3) | (3:3) | (5:%0)
Sign of —3z + 7 + + -
Sign of 2 — 3 - + +
Resulting sign - + -
r—9 T —2—4(3z+5 —11z — 22
e 3x4£5 l<o =+ “Bu15 " * (o0, =210 (7500)

Interval (—00,—2) | (-2, _%) (_%’OO)

Sign of 3z + 5 - ~

Sign of —11z — 22 + - -

Resulting sign - + ~
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1 3 1 3 (z+1)—3(x—-2)
x—% 3:104—13 a:—2_x2+17 (x—2)(x+1) 0 =
r+1—-3xr+ —2x +
G-t | T G-+ * (oo =D) U (23]
Interval (=00, =1) | (-1,2) | (2,1) | (%,00)
Sign of —2z 4+ 7 + + + -
Sign of z — 2 — - + +
Signofz + 1 - + + +
Resulting sign + - + -
2 2 2(x—5)—2(2x+3 —2z — 16
2x+3_x—5 ((2x+)3)(:p(5) )—0 (22 4 3)(z — 5) 0 * [-8,-3) U (5,00)
Interval (—00,=8) | (=8,-3) | (-%,5) | (5,0)
Signofz — 5 — - - +
Sign of 2x + 3 — - + +
Sign of —2z — 16 + - - -
Resulting sign + - + -
x 2 x z(r—1) —2(3z —5)
3926—5§x—1 3x—5;x—1§0 (3x—5)(a¢(—1) )—0 -
r°—x —6x+10 - —T7x+ 10 z—2)(x—5
Bz —=5)(z—1) =0 3z —=5)(z—1) =0 ((Bm—’;')))(a:—l) =0 * (1,5) U2,9]
Interval (=00, 1) | (1,3) | (3,2) | (2,5) | (5,00)
Signofx — 5 - - — - +
Sign of x — 2 — - - + +
Sign of 3x — 5 — - + + +
Signofz — 1 - + + + +
Resulting sign + — + - +
x 3 x 3 x(r+2)—302x—-1)
2;5—1 T+ 2 2x—1_2x—|—2 0 (2 —1)(x +2) 0 =
x4+ 2x — 6+ 3 x*—4x+3 z—1)(z—3
(2 —1)(x + 2) 0 (2 —1)(x + 2) (<2x— 1))(($+2)> 0 (=00, =2)U (5, 1] U[3,00)
Interval (—00,—2) | (-2,3) | (3.1) | (1,3) | (3,00)
Signofz — 3 - - - — +
Signofz — 1 — - - + +
Sign of 22 — 1 — - + + +
Sign of z + 2 — + + + +
Resulting sign + — + - +
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923> = 2°—2>0 = z(@*-1)>0 = z@x+1)(z—-1)>0 * (—1,0) U (1, 00)
Interval (—o0,—1) | (=1,0) | (0,1) | (1,00)
Signof z — 1 - - - +
Sign of x — - + +
Signofz + 1 — + + +
Resulting sign - + - +

i>2? = 2'-22>0 = 2*(2°-1)>0 = 2*(x+1)(x—1) 0. Since z°> >0, 22 does not need
to be included in the sign chart, but 0 must be included in the answer because of the equality.
* (_007 _1] U {0} U [17 OO)

Interval (—o0,—1) | (—1,1) | (1,00)
Signofz — 1 — — +
Signofz + 1 — + +
Resulting sign + - +

51 (@) [t+5/=3 = z+5=3o0orz+5=-3 = x=-2o0rz=-8.

(b) |z + 5| < 3 has solutions between the values found in part (a), that is, (—8, —2).

(c) The solutions of |z + 5| > 3 are the portions of the real line that are not in

parts (a) and (b), that is, (—oo0, —8) U (—2, 00).

[52](a) |z —4|<3 = -3<z-4<3 = 1<z<7 & (1,7).

(b) |z — 4| = 3 has solutions at the endpoints of the interval in part (a); that is,at z = 1 and x = 7.

(c) Asin Exercise 51(c), |z — 4| > 3 has solutions in (—oo, 1) U (7, c0).
[53] We could think of this statement as “the difference between w and 141 is at most 2.” In symbols, we have

|w — 141] < 2. Intuitively, we know that this inequality must describe the weights from 139 to 143.

“r must be within 0.01 centimeter of 1 centimeter” is written as |r — 1| < 0.01.

[55] We could think of this statement as “the difference between s and 55 is at most 10.” In symbols, we have

|s — 55| < 10. Intuitively, we know that this inequality must describe the speeds from 45 to 65.

“V must be 32.1 fluid ounces, plus or minus 0.05 fl. 0z.” is written as |V — 32.1| < 0.05.

M = L o We want to know what condition will assure us that an object’s image is at least 3 times as large as

f—=p

. . 6 .
the object, or, equivalently, when M >3. M 3 {and f =6} = - 3 = 62>18—3p {since

6 — p > 0, we can multiply by 6 — p and not change the direction of the inequality} = 3p>12 = p>4,
but p < 6since p < f. Thus, 4 < p < 6.

3.5t 3.5t 3 3
= — 1. — > 1. 1 . 1. 1. 2 — —h
(58] ¢ = e c>15 = t+1> 5 = {t+1>0}35t>15t+15 = t>2 = 1t>4 r

Let 2 denote the number of years before A becomes more economical than B.
The costs are the initial costs plus the yearly costs times the number of years.
Costy < Costg = 100,000 + 8000z < 80,000 + 11,000z = 20,000 < 3000z = x> 23—0, or 6% yr.
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Let ¢ denote the time in years from the present. Costg < Costy, =
Purchaseg + Insuranceg + Gasg < Purchases + Insurances + Gasy =

15,000 15,000
24,000 4+ 1200t + — -3t < 20,000 + 1000t + — -3t

24,000 + 2100t < 20,000 + 2500t = 4000 <400t = ¢ > 10yr.

61s>9 = —1662+24t+1>9 = —16t2+24t—-8>0 = 2t2—3t+1<0 {divideby -8} =
(2t —1)(t—1) <0 {useasignchart} = §<t<1.

The dog is more than 9 ft off the ground for 1 — § = 3 sec.

s>1536 = —16t>+320t > 1536 = —16t>+320t—1536>0 =
t2 — 20t + 96 < 0 {divide by —16} = (t —8)(t — 12) <0 {use a sign chart} < 8 <t <12
d<75 = v+ 550 <75 {multiply by 20} = 20v+0? <1500 = o*+200—-1500<0 =
(v+50)(v—30) <0 {useasignchart} = —-50<v<30 = 0<wv<30{sincev>0}
M 45 = —gv? 4 Jv>45 {multiply by —30} = o* — 750 < —1350 =
VP —Thu+1350 <0 = (v—30)(v—45) <0 {use asignchart} < 30<v<45
(@) 5ft9 in=069 in. In a 40 year period, a person’s height will decrease by 40 x 0.024 = 0.96 in =~ 1 in. The
person will be approximately one inch shorter, or 5 ft 8 in. at age 70.

(b) 5 ft 6 in =66 in. In 20 years, a person’s height (h = 66) will change by 0.024 x 20 = 0.48 in. Thus,
66 —048 <h <66+0.48 = 65.52<h <66.48.

7500 < W < 10,000 = 7500 < 0.00334V25 < 10,000 = 7500 < 0.00334(210)V2 < 10,000 =
7500 10,000 7500 10,000
<Vi< DT <V <y = 103.4 <V <1194 {in ft . T It
oot =V Soroia 7 Vomoua =V SVoqo T 1034V <1194 {infi/sect. To conve

60 15 1 foot 3600 d 1 mil
ft/sec to mi/hr, multiply by 58 % 52’ which are reduced forms of 1 se((:);)n el li::;n % x 528?};,[

the approximations in ft/sec, we get 103.4 <V < 119.4 {in ft/sec} = 70.5 <V < 81.4 {in mi/hr}.

. Using

The numerator is equal to zero when = = 2,3 and the denominator is equal to zero when x = £1. From the table,

the expression Y; = 2-2)Bz-9) is positive when = € [-2,—1) U (1,2) U (3, 3.5]. See the table on the left.
(1-z)(x+1)

T Y, x Y, T Y, T Y,
—-2.0 20 1.0 | ERROR —-3.5 | 30.938 ] 1.0 36
—-1.5 37.8 1 1.5 1.8 —-3.0 0 1.5 19.688
—1.0 | ERROR | 2.0 0 —25 | =7313 1 2.0 0
—-0.5| =35 2.5 | —0.1429 —2.0 0 2.5 | —18.56

0.0 —18 3.0 0 —1.5| 14.438 1 3.0 | —30

05| —15 3.5 0.2 —1.0 | 30 3.5 | —26.81

—0.5 | 42.188 | 4.0 0
0.0 | 48 4.5 60.938
0.5 | 45.938 | 5.0 | 168
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By using a table it can be shown that the expression is equal to zero when z = —3, —2,2,4.
The expression Y; = ! — 2% — 162 + 4z + 48 is negative when = € (—3,—2) U (2,4). See the table on the
right.

Chapter 1 Review Exercises

=]

Ifr<-3,thenz+3<0,and|x+3|=—(x+3)=—x—3.

]

If 2 <2 <3, then z—2>0 {x—2is positive} and x — 3 < 0 { — 3 is negative}. Thus, (x —2)(x —3) <0
{positive times negative is negative}, and since the absolute value of an expression that is negative is the negative

of the expression, |(z — 2)(z — 3)| = —(x — 2)(x — 3), or, equivalently, (2 — x)(z — 3).

6
a2/3p3/2 a't? b SNTAAS 6 [ P P
( a’b > IR 4 () (4_q2> = (=80 )(16q4) Ty
T W T iyt B3 22 —642° < - ) z 1622
5] + = = O (o5 ) == s
NE z 26y 24y 24y
‘ -1 b6
[(a2/3b’2)3] = (a%b~ ) — 020 = = gyl — =
9] 275321 = /2Ta3y3 23/ 222 = Bayz/ a2z
\/ (—4a3b2¢)? = V16aSb4c? = \/24a%b4 \/a2c? = 2ab v (ac)® = 2ab \/ac

() )b (A) 2
\/W \/m \/Z g ArVE 3 EE B a6/
302y

\/3a2y7 3—x 33—z 3+\/x 9—x
5] (32° — 42> + 2 —6 x—23: + 322 +5)—x4+x3—x2—|—x—1
(x+4)(x+3)— (22 —3)(z—5) = (22 + Tz + 12) — (22> — 132 + 15) = —2® + 20z — 3
(3a — 5b)(4a + 7b) = 124> + 21ab — 20ab — 35b% = 124> + ab — 35b°
(4r% — 35)” = (4r%)* — 2(472)(3s) + (3s)% = 16r* — 24r%s + 95
(13a® + 5b)(13a2 — 5b) = (13a2)” — (5b)* = 169a* — 25b*
(2a +b)® = (2a)® + 3(2a)*(b) + 3(2a)(b)* + (b)® = 8a® + 12a%b + 6ab? + b
[21] (3z + 2¢)*(3z — 2y)* = [(3z + 2y) (3 — 2)]* = (922 — 49%)* = 81z — 7222 + 16"
22] (a + b+ c+d)’ = a® + b + ¢ + d? + 2(ab + ac + ad + be + bd + ¢d)

(23] 602w + 50w = 10w (6z + 5)
16a* + 24a2b? + 9b* = (4a> + 3b)(4a2 + 3b2) = (da® + 3b%)°

[25] 8% + 64y = 8(a” + 8y") = 8 [(2)" + (29)°] = 8(x + 2y)(2” — 22y + 43°)
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udvt — ubv = wdv(v? — u?) = wdv(v — uw) (V¥ + uv + u?)
27— ¢* = (") = ()" = (' +¢") (' — ") = (0 + '
= (' +q'

ot — 122° + 3622 = 2%(2? — 122 + 36) = 2%(z — 6)(x — 6

»* +¢) (P — )
(P +)p+a)(p—q
) = 2*(x — 6)°
[29] 22 — 4932 — 14z +49 = (22 — 142 +49) — 492 = (2 — 1)  — (TY) 2 = (x = T+ Ty)(x — T — Ty)
[30] z° — 4a® + 82 — 32 = 2% (2> — 4) + 8(2% — 4) = (2° +8) (¢* — 4)

=[(x+2)(2* -2z +4)] [(z +2)(z - 2)] = (z — 2)(z + 2)* (a? — 22 + 4)

vv

6 15 6(10z 4+ 1) — 15(4z — 5) 60z 4 6 — 60z + 75 81
[31] dz—5 10z+1  (4z-5)(10z+1)  (4z—5)(10z+1)  (4z —5)(10z + 1)
32 [ R 7(x)(z + 2) + 3z(z) — 5(z + 2) _ 72 + 14z 4 32° — 52” — 20z —20 _
r+2  (z+42)°* = z(z +2) z(x + 2)°
5% — 62 — 20
z(z + 2)

T+ 3
33] 7 = zcl = R We could factor the numerator,

but since it doesn’t lead to a reduction of the fraction, we leave it in this form.

(a1+b1)1:<%+%>1:<b;a)1:< ab )1: ab

a+b a+b
T 4 r—4
@5 Lt2 r+2 _ z+2 _ z—4 _z—4 -4 1
o3 6 (x=3)(x+2)—6 (22—2—-6)—6 22—2—-12 (z+3)(z—4) x+3
r+2 T+ 2
(4 —22) (1) (62 +1)"*3(6) — (62 +1)"/*(—2x) _ 26z + 1)73[(4 = 22) 4 2(62 + 1))
(4—a2) (4—a?)?

24— 2?4+ 62 +2) 202’ +x+4)
(6 + 1)*3(4— 22> (6z+1)"(4 — 22)?

3x+1 _6x+11

37 =
37] S5+ 7 10x — 3

cBr+T7)(102—3) = (Be+1)(10z-3)=6z+11)(5z+7) =

3022+ —-3=3022 4972+ 77 = —-96x=80 = x=—

(=[]

[38] 222+ 72 —15=0 = (z+5)22—-3)=0 = z=-53

—44+./16+24 —4+2/10 2 1
B9 z(Bx+4)=2 = 32°+42-2=0 = z= G ret . :—515\/10

_ __ 25 _ 5
[40] 42* — 3722 +75=0 = (42°-25)(a*-3) = 2’=23 = z==3+3

[41] 202° + 822 — 550 —22=0 = 42’(5r+2)—11(5z+2)=0 =
(42?2 —11)(524+2) =0 = 2*=Yorz=-% = z==£§/11,-2

[42] |4z —1|=7 = 4z—-1=Tordz—1=-7 = 4dz=8orde=-6 = z=2o0rz=—3
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43|22z +1|+1=15 = 22z+1=14 = [2z+1]=7 =
2c+1=70r2x+1=-7 = 2x=6o0r2xr=-8 = zr=3o0orx=-—4

5
—+6:—]~x = 1+6m=5\/5 =

TR
6x — 5\/5 + 1 = 0 {factoring or substituting would be appropriate} =
@Ve-)BVE-1)=0 = Vo= = 2=().0) = =13
Check z = {:LS=4+4+6=10;RS=5/3 =10 = x =} isasolution.
Check z = 5:LS=9+4+6=15RS=5/3 =15 = x = § isasolution.
[45] \/Tx +2+2=6 = (\/7:107—#2)2:(6—:17)2 = Tr+2=36-12z+2°> =
22—192+34=0 = (z—-2)(x—17)=0 = x =2and 17 is an extraneous solution.
48] 3z +1-Vr+d=1 = VBrrl=1+etd = (VBe+1)' =(1+Vo+4) =
S3r+1=1+2yr+4+z+4 = 2z +4=22-4 = Jrtd=2-2 =
(\/507—|-4)2:($—2)2 = z+4=22—-4r+4 = 22-5r=0 = z(z-5 =0 = =x=05
Checkz =0:LS=1—-2=—-1#RS = 2z =0 is an extraneous solution.
Checkx =5:LS=4-3=1=RS = 2 =5isasolution.

[47]10 -T2 <448z = -15a<—6 = z>% & (%,0)

1 2+3 3
L EI P00 o 5<4rt6<15 > —ll<dr<9 = —Uop<? o (219

2575 T2

[50] [4z 4+ 7| <21 = —21<4z+7<2l = -28<da<ld = -T<z<l & (-7,1)

m<0 = 10z+3<0{since7>0} = z<-7 & (—o0,—5)

5123 —z|+1>5 = 23—z/>4 = |3-z|/>2 = 3-z>203-z< -2 =
I1>zorb<z = z<lorz>5 & (—o0,1)U(5,00)

[52] |16 —3z|>5 = 16—-3x>50r16—-3r<-5 = -3z>-llor—3z<-21 =
s<Horz>7 & (o0, 4] U[7,00)

[63]102° + 112 >6 = 102°+1lz—6>0 = (2z+3)(hz—2)>0 * (00, ~3) U (2, 0)
Interval (—oo, _%) (_%7 %) (%700)
Sign of bx — 2 — — +
Sign of 22 + 3 — + +
Resulting sign + — +
B4l z(z—3)<18 = 22-32-18<0 = (z—6)(z+3)<0 * (3.6
Interval (—00,—=3) | (—3,6) | (6,00)
Signof z — 6 — — +
Sign of z + 3 — + +
Resulting sign + — +
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209 _
@I%SO = i+230{x220,includ60} * (—00,—2)U {0} U[3,00)

Interval (—00,—2) | (—2,3)
Signof 3 — z + + -
_l’_
+

Sign of z + 2 —
Resulting sign —

2

;T% <0 = % <0 = i—_}_; < 0 {exclude —1} * (—3,—-1)U(—1,2]
Interval (=00, —3) | (—3,2) | (2,00)

Sign of x — 2 — — +

Signof x + 3 — + +

Resulting sign + — +

2:(:+3<:c—2 = 2m+3_:5—2<0 = (2z + 3)(x — 2)
3t —6—2x—3 r—9 ,
@r3e—2 " 7 a2 " * (—00,~3) U (2,9)
Interval | (~o0,—3) | (=5,2) | (2,9) | (9,%0)

Signofz —9 — — —

3 1 3 1 Br-2)-1Q2w+3)

Sign of x — 2 — — +
Sign of 2x + 3 — + +
Resulting sign - + -
xff;SO = %so * (—00,—5)U[—2,5)

Interval (=00,=5) | (=5,-2) | (=2,5) | (5,00)
Signof x — 5 — — —
Sign of x + 2 — - +
Signofx + 5 - + +
Resulting sign — + —

59] 2% > 22 = 22(z—-1)>0{z>>0} = z-1>0 = z>1 & (1,00)

[60] (22 — 2)(z® =5z +6) <0 = z(z—1)(z—2)(z—3)<0 * (0,1)U(2,3)
Interval (—=00,0) | (0,1) | (1,2) | (2,3) | (3,00)
Signofz — 3 - - - — +
Sign of x — 2 — - - + +
Signofz — 1 — — + + +
Sign of x - + + + +
Resulting sign + — + - +
C+2
P+N:? = C(P+N)=C+2 = COCP+CN=C+2 =
2
CP+CN-C=2 = CP+N-1)=2 = CzierN_1
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e e A+E _,[C A+E\’ C
ABDE:>A+EBD:>BD:><B)D

A+ E)? . B3
D~#:C = DA+E)’=C-B® = D:Ci3
B (A+E)
nPR* , S8FVL J/SFVL J8FVL .
[63] F = VL = R—? = R=4% e R = since R > 0
[64] V = ixh(r’ + R*+rR) = 3V =xh(r’+R*+rR) = (7h)r’+ (thR)r+ (thR*-3V)=0 =

—(whR) £/ (xhR)® — A(xh)(xhR? — V) _zhR 4 \/T25hV — 322h2 2
/r. — p— .

2(mh) 27h

—7hR + \/12rhV — 372h?R?

Since r > 0, we must use the plus sign, and r = 5T
i

[65] (5 + 8i)® = 52 + 2(5)(8i) + (8i)* = (25 — 64) + 80i = —39 + 80
1 1 1 942 9+2 9 2
gf,/74_9—2i_972i'9+2i_81+4_§+§l
6-3i 6-3i 2—7i (12—21)+ (—42— 6)i 9 48,
o7 i =or i ao 1+ 49 53 53
24—8@':4(6—2@'):6—21'.—_1’:—6@'—1—2752:—2—6@':72761,

4i 4i i —1 —2 1

Let P denote the principal that will be invested, and r the yield rate of the stock fund.

Incomegocs — 28% federal tax — 7% state tax = Incomepongs =

(Pr) — 0.28(Pr) — 0.07(Pr) = 0.07186P {dividleby P} = 1r—0.28r —0.07r =0.07186 =

0.65r = 0.07186 = r="20088 = 7~ 0.11055, or, 11.055%.

Let = denote the number of cm? of gold. Gramsgoyg + Gramsgjiyer = Gramsre =
2(19.3) + (5 —2)(10.5) =80 = 19.3x+52.5—-10.52 =80 = 88x =275 = x=3.125.
The number of grams of gold is 19.3x = 60.3125 ~ 60.3.

Let x denote the number of ounces of the vegetable portion, 10 — = the number of ounces of meat.
Proteinyegetable + Proteingey = Proteingnm = %(1:) +{(I0—2)=7 = %:c +100—2=7 =

—%x = —3 =z =6. Use 6 oz of vegetables and 4 oz of meat.

Let = denote the number of gallons of 20% solution, 120 — z the number of gallons of 50% solution.
20(z) + 50(120 — ) = 30(120) {allin %} = 20z + 6000 — 50z = 3600 = 2400 =30z = =z = &0.
Use 80 gal of the 20% solution and 40 gal of the 50% solution.
Let x = the amount of copper they have to mix with 140 kg of zinc to make brass.
Copperamount putin — Copperamount in final product =

2 =065(z+140) = 2=0652+91 = 0352=91 = z= b =260kg

Let = denote the number of hours needed to fill an empty bin.

1 1 1

Using the hourly rates, [5 —5= —} 10z = Hr—2xr=10 = 3zx=10 =
xr

x

= 4 hr. Since the bin was half-full at the start, o = 1 - ¥ = 2 hr, or, 1 hr 40 min.
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(a) The eastbound car has distance 20t and the southbound car has distance (—2 + 50t).
d? = (200)* 4+ (=2 + 50t)° = d? = 40062 + 4 — 200t + 2500¢> = d = \/2900£2 — 200t + 4
(b) 104 = \/2900t2 — 200t + 4 = 10,816 = 29002 — 200t +4 = 2900t> — 200t — 10,812 =0 =
725t2 — 50t — 2703 = 0 {divide by 4} =

50+ /7,841,200 (t>0) = 5+ 24/19,603
o 1450 o 145

Let [ and w denote the length and width, respectively. 3] + 6w =270 = 6w =270—-3] = w=45— %l.
The total area is to be 10 - 100 = 1000 fi?. Area =lw = 1000 =1(45—3I) = 1000 =45]— 1I* =
2—901+2000=0 = (I—40)(I—50)=0 = [=40,50andw = 25,20.

There are two arrangements: 40 ft x 25 ft and 50 ft x 20 ft.

~ 1.97, or approximately 11:58 A.m.

Let = denote the length of one side of an end.
(@ V=Ilwh = 48=6-z-z = 2°=8 = z=22ft
(b) S =lw+2wh+2lh = 44=6x+2(2?) +2(6x) = 44=22"+18z =
?2+9r-22=0 = (z+11)(z-2)=0 = z=21f
1 p 1

200 200
78] pr =200 = v="-.25<0v<BH0 = 25<—<50 = — — — = 8>p>4 =
P P 25 200 50

4<p<8y

Let = denote the amount of yearly business. Payg > Paya = $40,000 + 0.20z > $50,000 + 0.10z =
0.10z > $10,000 = =z > $100,000

T T 1100 T 11002 273 - 11002
1100 10871/ — > 1100 T _ 1100 T 11000 273 - 1100
v = 273 = = \a2m T 108t 23 0108 7 T 1087
T > 27957K

Let = denote the number of trees over 24. Then 24 + x represents the total number of trees planted per acre, and
600 — 12z represents the number of apples per tree.
Total apples = (number of trees) (number of apples per tree)
= (24 + 2)(600 — 12x) = —122% + 312z + 14,400
Apples > 16,416 = —122° + 312z + 14,400 > 16,416 = —1222+ 3122 —2016 >0 =
22262 +168<0 = (z—-12)(z—-14)<0 = 12<x<14 = 36<24+2<38
Hence, 36 to 38 trees per acre should be planted.

Let x denote the number of $25 increases in rent. Then the number of occupied apartments is 218 — 5x and the rent
per apartment is 940 + 25z.
Total income = (number of occupied apartments)(rent per apartment)
= (218 — 52)(940 + 25x) = —1252% 4 7502 + 204,920
Income > 205,920 = —1252° + 7502 + 204,920 > 205,920 = —1252% + 750z — 1000 >0 =
22 —62+8<0 = (z-2)(z—-4)<0 = 2<z<4 = 990 <940 + 252 < 1040
Hence, the rent charged should be $990 to $1040.

The y-values are increasing slowly and can best be described by equation (3), y = 3v/x — 0.5.
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$1 in cash back 1point ~ $1 in cash back

= = 0.001, or 0.1%.
100 points % $10 charged  $1000 charged of °

Squaring the right side gives us (a +b)? = a® + 2ab + b2. Squaring the left side gives us a®+ b2 Now
a® + 2ab + b? will equal a® + b? only if 2ab = 0. The expression 2ab equals zero only if either a = 0 or b = 0.

We first need to determine the term that needs to be added and subtracted. Since 25 = 52, it makes sense to add and
subtract 2 - 5x = 10z. Then we will obtain the square of a binomial—i.e.,

(22 4+ 10z + 25) — 10z = (z + 5)> — 102. We can now factor this expression as the difference of two squares,
2
(+5)° — 10z = (z+5)° — (\/103;) - (:c 54 \/103;) (3; 5 \/1055).

N
T can be evaluated at x = 1, whereas the expression P is undefined at x = 1.
72 —

The expression - 5

3x2 — 4w+ 7
Y 822 1 9z — 100
numbers seem to be getting closer to 0.375, which is the decimal representation for %, which is the ratio of the

with z = 10%, 10%, and 10°. You get approximately 0.374, 0.3749, and 0.37499. The

coefficients of the 2 terms. In general, the quotients of this form get close to the ratio of leading coefficients as
gets larger.

322 —bx—2  (Bz+1)(z—2) 3x+1
-4 (z+2(@—-2) z+2°

with any = # =+ 2 gives us the same value. This evaluation does not prove that the expressions are equal for any

Evaluating the original expression and the simplified expression

value of x other than the one selected. The simplification proves that the expressions are equal for all values of x

except r = 2.

Follow the algebraic simplification given.

(1) Write down his/her age. Denote the age by .

(2) Multiply it by 2. 2z

(3) Add5. 2 +5

(4) Multiply this sum by 50. 50(2x + 5) = 100z + 250

(5) Subtract 365. (100x + 250) — 365 = 100z — 115
(6) Add his/her height (in inches). 100x — 115 + y, where y is the height
(7) Add 115. 100z — 115 4+ y + 115 = 100z + y

As a specific example, suppose the age is 21 and the height is 68. The number obtained by following the steps is
100z 4+ y = 2168 and we can see that the first two digits of the result equal the age and the last two digits equal the
height.
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RXi Vin RXi ..
8] Vou= 1n( m) = : (R — Xi) {definition of I;,}

R? — —3RXi

R X1
_ Vin( R Xi)
R? — — 3RXi

TR 7X273RX1(V)
RRi
R R 3RRi ™ {le j

R?;
_m (Vm) = %‘/m

Z
= ( ) {definition of Z;,}

[9] We need to solve the equation 2> — zy + y? = 0 for .

Use the quadratic formula witha = 1, b = —y, and ¢ = 3.

—y) £ \/(—9)2 AW  y P-4y oyt /3yt y] VB
2(1) B 2 B 2 B 2 '

Since this equation has imaginary solutions, 2> — 2y + y? is not factorable over the reals.

A similar argument holds for 2% + zy + y°.

—b+ Vb2 — 4ac —b — v/ b% —4ac

The solutions are x1 = and x9 =
e b >
The average is n -;332 = — 2/ ¢ _ ~5g" Suppose you solve the equation —x* + 4z + 7 = 0 and obtain the
a

solutions z; ~ —1.32 and xy ~ 5.32. Averaging these numbers gives us the value 2, which we can easily see is
equal to —b/(2a).

1 c+di a—bi ac+bd+ (ad—bc)i ac+bd ad-—bc .
[11] (a — = . = = =
() a + bi a+bi a—bi a? + b2 a2+52+a2—|—b22 P+ q
c+di

(b) Yes, try an example such as % Leta=3,b=0,c=4,and d = 0. Then, from part (a),
p+qi= 2+ %=1 =1 which is the multiplicative inverse of 3.

(¢) a and b cannot both be 0 because then the denominator would be 0.

Since we don’t know the value of x, we don’t know the sign of x — 2, and hence we are unsure of whether or not to

reverse the direction of the inequality sign.
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50 CHAPTER 1 DISCUSSION EXERCISES

Hint: Try these examples to help you get to the general solution.
(1) 22 +1>0 {Inthiscase, a > 0, D = —4 < 0, and by examining a sign chart with 2> + 1 as the only factor,
we see that the solution is z € R.}
Q) 2-2x-3>0
3 —22-4>0
4 —2>2-2:-1>0
5) —2>+22+3>0
General solutions categorized by a and D:
(1) a>0,D < 0:solutionis z € R

~b—+/D

2a

—b++/D

2) a>0,D>0:letx; = and 29 = o = solution is (—o0, 21| U [z2, 00)

(3) a <0, D < 0: no solution

b
4 a<0,D=0: SOluthHlSl‘——Q—
a

(5) a <0, D > 0: solution is [z, z5]
(a) This problem is solved in three steps.
(1) First, we must determine the height of the cloud base using the formula in Exercise 86 in Section 1.4,
C = 227(G — D) = 227(80 — 68) = 2724 ft.
(i) Next, we must determine the temperature 7' = T at the cloud base. From (i),
the height of the cloud base is H = C = 2724 and T = G — 1‘56’0 H =80- 1000 - 2724 = 65.018°F.
3 3 1000
w hforh. woh=B-T = h=(B-T)53"
Now let 7' = 32°F and from (ii), B = T = 65.018°F. h = (65.018 — 32)1%% = 11,006 ft.

(iii) Finally, we must solve the equation 7' = B —

(b) Following the procedure in part (a), we obtain the following:
(i) C=227(G — D) =227G — 227D

(i) T=Tp=G— 35H =G — 555 H = G — 555 (227G — 227D) {from (i)}
2497 2497 2497 497
=G~ 200G + 20000 = 20000 ~ 2000 G
(iii) h = (B —32)190 = (33D — TG — 32) 190 {from (ii)}

— Q%ﬂD 497G 32 000 — 24697D 497G 64 000 %(2497D _ 497G _ 64,000)

The first equation, v/2z — 3 + \/ x + 5 =0, is a sum of square roots that is equal to 0. The only way this could be
true is if both radicals are actually equal to 0. It is easy to see that \/m is equal to 0 only if z = —5, but —5 will
not make \/m equal to 0, so there is no reason to try to solve the first equation.

On the other hand, the second equation, \7 2x — 3+ v/x + 5 = 0, can be written as \VF = —\‘J/m. This
just says that one cube root is equal to the negative of another cube root, which could happen since a cube root can
2

be negative. Solving this equation givesus 2z —3 = —(z +5) = 3r=-2 = z=-3.

mﬁzcx—Q/c = cr=cr—-2 = cdrz=ca’?-4z+4 = 0=c*2?-5c%z4+4 =

1 4
0= (c’z—1)(Px—4) = z19=—

27 E
1 1
eck I =73 (2 x 10700Y2 4 x 101000
1 2 2% 10 2 1 2 1
LS = . RS = ey — 2 = _ _ _ __
VL= 5 1050 T LT I 101000 2% 10500 2 x 1050 2 x 1090 2 x 10900
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(@) S=975, A=599, and x =1.83 = winning percentage =

CHAPTER 1 TEST 51

Checkm - L4 4 1
eck r9 = 2 (2 x 10500)2 "4 x 101000 T 1(1000°
1 2 2x10™ 2 2 1 1
LS = /72 = 155w RS =comy =~ = —0iom ~ 5% 1050 — 1050 10500 — 1gi0

So x5 is a valid solution. The right side of the original equation, cz — 2/¢, must be nonnegative since it is equal to

a square root. Note that the right side equals a negative number when x = ;.

154 games (110 + 44), the number of wins using the estimated winning percentage would be
0.709(154) =~ 109. Hence, the Pythagorean win-loss record of the 1927 Yankees is 109-45 (only one game off

their actual record).

~ 0.709206. Since they played

x
(b) The actual winning percentage is % ~ 0.714286. For an estimate of x, we’ll assign 975 1599 to Y; and

look at a table of values of x starting with = 1.80 and incrementing by 0.01. From the table, we see that
x = 1.88 corresponds to Y; = 0.714 204, which is the closest value to the actual winning percentage. Thus,

the value of = is 1.88.

1 gallon ~ 0.13368 ft? is a conversion factor that would help.

(a)

(]

The volume of the tank is 10,000 gallons ~ 1336.8 ft*. Use V = %mﬂ?’ to determine the radius.

4 . 1002.6
1336.8 = §7rr3 = B= r ~ 6.83375 ft. Then use S = 47r? to find the surface area.
T

S = 47(6.83375)” ~ 586.85 ft2.

Total tax  $34.5M(35%) + ($345M — $34.5M)(15%)  $12.075M + $46.575M  $58.65M
Total income $345M n $345M T $345M
or 17%.

=0.17,

(b) Ifit’s all taxed at 20%, then the tax rate is 20%, which is greater than the tax rate in part (a).

(c) Note that the taxpayer in part (a) has only 10% of his/her total income subject to the 35% rate, and 90% at the
15% rate, so it makes sense that the federal income tax rate gets close to 15%. The “federal income tax rate” is
a misnomer in this case since the rate is calculated on taxes other than income taxes. In a sense, we are
comparing apples and oranges. If we really wanted to get these tax rates in “proper proportion,” we could do
so by raising the captial gains rate to 35%. Every year you will hear the “rich people pay less in taxes”

statement, but it usually refers to a situation similar to parts (a) and (b).

Chapter 1 Test
99

y”” is negative since it is a negative number raised to an odd power. y — x is negative since it is a negative number

made even more negative by subtracting a positive number. The quotient of two negatives is a positive number.

The quotient of « and y is not greater than 5 < ad <.
Y

Since —z2 — 3 < 0 for every z (it doesn’t matter that z is negative), |—z% — 3| = —(—2% — 3) = 2% + 3.

. . . d 91,500,000 miles
Using distance = rate x time, we gett = —

= ~ 492 ds.
r 186,000 miles per second seconds
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52 CHAPTER 1 TEST

g B (T (YT 2y
z 212 Pz \320) 3z 39
@ x—2/3x3/4 — x78/12$9/12 — JU(fg/12)+(9/12) _ x1/12 — 1\2/5
3 \‘75 Jxy:  /3xy? Y/ 3xy?
(z+2)(2* = 3z +5) = z(2*) + z(—32) + z(5) + 2(z%) + 2(—3z) + 2(5)

=a2° — 322 4+ 52 + 22° — 6z + 10
:x?’—xQ—x—i—lO

[9] The leading term of 22%(2x + 3)* will be determined by multiplying 222 times (2x)". The “+ 3” will affect other
terms, but not the leading term. Hence, 222(2z)* = 222 (162*) = 3225,

By trial and error, 2% + 7z — 15 = (2x — 3)(z + 5).
323 — 27x = 3x(2? — 9) = 3z(z + 3)(z — 3)

[12] Recognizing this polynomial as a sum of cubes, we get
642 + 1 = (42)* + 13 = (4o + 1)[(42)* — (42)(1) + 1%] = (4o + 1)(162° — 4z + 1).

[13] We must recognize that (ﬁ)3 = 1z, and then factor as we would any other difference of cubes.
o5 (V2)" = (V3)' = (V= V5) (V&) + (/) (V) + (V) ]
= (W—%)(WJr /52 + ”25)
Factor by grouping. 2x2 + 4z — 3zy — 6y = 2x(x + 2) — 3y(z + 2) = (22 — 3y)(x + 2)

Recognizing this polynomial as a difference of cubes, we get
2 = 1= ()" =17 = (@ = 1) [(@™)" + (@) () + 12| = (¥ = 1) (% + ¥ + 1),

32 5 12 3z(2)+5@—2)—12 322 +5z—10— 12
:(:—2+x 221 x(x —2) N x(x —2)
32 +5x—22  (Bz+11)(z—2) 3zx+11
r(r—2) z(x —2) oz
Multiply numerator and denominator by zy.
Y. (xQ y2>
-z ——= ) xy .
y o« \y = Py @y try+y)
T Y y B tay+yr x? + zy +y? B
+ +:C —+1+=| -y
t+h)?+T7(x+h)— (22 + 7Tz 22 +2zh + h?> + 7o+ Th — 2> — Tz 2zh + h* + Th
( _ _
h B h B h
:—h(2m—2h+7>:2z+h+7
612 612 e+ h+ T 6h2(\/x+h+\/§> 6h2(\/m+h+\/§)
\/x+ — Ve Vith—z Veith+z  @+h -z h
—6h(Va+h+/z)
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CHAPTER 1 TEST 53
(z+2)°@)(x -3+ (z—3)"B)(z +2)% = (z +2)*(x — 3)°[4(z + 2) + 3(z — 3)]
= (x 42z —3)4x+8+3z—9) = (x +2)*(z — 3)*(Tz — 1)

) (=320 — Q) —Her) _ (o~ Pt —3) 2] _ 2(-8 o)
(e — 37 E (a —3)°

5r 7 45
22] xf3+52x273z (z—3) = 52 +T(z—3)=45 = 522 +Tr—66=0 =

(5x +22)(x—3)=0 = =z =-—%,3. Butz cannot equal 3 since it would make denominators in the original

equation equal t00,s0 2 = —2.

23] A=

2B 3 = A(2B-5)=3B = 2AB-5A=3B = 2AB-3B=54 =
54

2A-3

B(2A—-3)=5A = B=

Let 2 denote the original value of the stock. Then x + 0.2z is the value after the first year and = + 0.3(x + 0.2z) is
the value after the next year, so an equation that describes the problem is « 4+ 0.3(x + 0.2z) = 2720. Solving gives
usz+0.3(z+02z) =2720 = z+0.3z+0.06z=2720 = 1.362=2720 = x =320 =2000.

The original value was $2000.

[25] 322 4+ /602y + 52 =0 = 3m2+<\/@y)x+5y2:0 =

2
—V/60y + \/(\/@y) —AB0Y)  1/Thy+ /607 — 602 —2y/Toy=0  —\/Ty
2(3) B 2(3) N 2(3) 3

26] (1 —y+2)*=9 = z—-y+2=+3 = z=y—2+3

xr=

h=1584 = —16t2+320t=1584 = —16t2+320t—1584=0 =
t2 — 20t + 99 = 0 {divide by —16} = (t—9)(t—-11)=0 = t=9orll.
Thus, the object is 1584 feet above the ground after 9 seconds and after 11 seconds.

i3 = (#40) (%) = (i*)" (%) = (1)"(—i) = (1)(—i) = —i=0—i,s0oa =0and b = —1.
29]2° —64=0 = (z—4)(2®+42+16)=0 = x=4orz’+4z+16=0.

—44 /22 —41)(16) -4+ \/16— 64 —4++/—48
B o 2

2(1)

_741\/176\/73 74:i:4\/z _ot25
N 2

* 4, -242,/3i

By the quadratic formula, z =

A A\? A2
[30] A=By22+12 = sz/z2+r2 = (—) =224+ = Z-—rr=2 =

B B2
1
E(A - B = x—iB A? — B?r?
[B1]32%2(z +2)P(x —5)"(2*? —4) =0 = 2% =0or(z+2)* =00r(z -5 =00ra?*-4=0 =
r=0o0rz=—2orz=>50rz’?=4. Nowz?? =4 = (552/3)3/2:jz(él)?’/2 =

r=+ (ﬂ) = + 23 = £ 8. Thus, the solutions of the equation are 0, —2, 5, and =+ 8.

[32] 20,000 = 7 = 1 =15,000/7 = 7 = /15,000/7.
Similarly, 25,000 = %777“% = 19 = /18,750/m. The radius increased (1o — r1)/r1 = 0.077, or about 7.7%.

r? =
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54 CHAPTER 1 TEST

Plan A pays out $3300 per month for 10 years before plan B starts, so its total payout is (10)(12)(3300) + 3300z,
where z is the number of months that plan B has paid out. Plan B’s total payout is 4200z.
PlanB > Plan A = 4200z > 396,000 + 3300z = 900z > 396,000 = x > 440.
It will take plan B 440 months (36 years, 8 months) to have a total payout at least as large as plan A.

[34] —i3-22|+6>2 = —13-221 -4 = [3-22/<16 = -16<3-22<16 =

—19< —22 <13 = % 2> —13 The solution in interval notation is [—12, £2].

35| 2(2z+1)>3 = 22°4+2-3>0 = (20+3)(z—1)>0 = thesolutionis (—oo0, —3] U[L,00).

(z+ 1)z —7) r—7 .
-— 2 <0 — <0 lude —1
T8 =0 7 @onog <O lichde 1} =
0 {cancel, change inequality, exclude 7} = =z —4>0{excluded} = z>4 =
T —
the solution is {—1} U (4,7) U (7, 00).
2 2 2 2 2z +1) - 2(x —3)
37 <— = - <0 = <0 =
9:—3_x+1 x—3 x+17 (x=3)(z+1) —
20 4+2—-2x 46 8
Interval (=00, —1) | (=1,3) | (3,00)
Sign of z — 3 — — +
Signofz + 1 — + +
Resulting sign + - +

Let L and W denote the length and width of the rectangle. Then L + W = 14, so L = 14 — W and the area is
A=LW = (14— W)W. Since A > 45, we have (14 — W)W 45 = —-W?4+14W 45 =
W24+ 14W —45>0 = W?2—-14W +45<0 = (W -5(W -9)<0.

Interval (—00,5) | (5,9) | (9,00)
Signof W — 5 — + +
Signof W — 9 — - +
Resulting sign + - +

From the sign chart, we see that the inequality is satisfied for 5 < W < 9. Of course, once the width passes 7, it
becomes the length, but that’s not the point of the problem.
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