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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.

| appreciate feedback concerning errors, solution correctness or style, and manual style—
comments from professors using previous editions have greatly strengthened the ancillary package
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Davis Drive, Belmont, CA 94002-3098.
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Cynthia Ashton, of Cengage Learning, for checking the manuscript. | dedicate this book to my
children, Becky and Brad.

Jeffery A. Cole
Anoka-Ramsey Community College
11200 Mississippi Blvd. NW
Coon Rapids, MN 55433
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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 done using € : 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 }
E { implies, next equation, logically follows }
T {iif and only if, is equivalent to }
1 {bullet, used to separate problem statement from solution or explanation }
& { used to identify the answer to the problem}
8 { section references }
a {Forall, i.e., aB means “for all B". }

< {+} { The set of all real numbers except +. }
{ therefore }
QI-QIVvV {quadrants I, II, 1, IV}

vii



Chapter 1: Fundamental Concepts of Algebra

1.1 Exercises

(@) Since >< and y have opposite signs, the product ><y is negative.

(b) Since >* > 0andy > 0, the product ><*y is positive.
(c) Since >< 00 {>< is negative} and y > 0 {y is positive}, the quotien§/§ is negative.

Thus, = b X is the sum of two negatives, which is
negative.
y

(d) Sincey > 0and>< 00,y —x > 0.

(a) Since >< and y have opposite signs, the quotienty5 is negative.

(b) Since x 00 and y* > 0, the product ><y* is negative.

(c) Since x —y O0and >y 0O, X2y (d) Sincey > Oandy - x > 0,yy - >) > 0.
0.
Xy ]
(a) Since -( is to the left of -% on a coordinate line, -( O —%.
# #
(b) Using a calculator, we see that 1 __ "P&(. Hence, l% ©) é_@ Note: E=##& A ,,"&
o, "&

(@) Since -$ isto the right of -' on a coordinate line, -$ > —'.

b) Using a calculator, we see that 2 _ OP(*. Hence, X 0 0P). (o) BE= Note: E=#)* A ,,"(
(b) (c)
"( _

(a) Since — ce 0PO* ce OP0*0*4, EDO* (b) Since * ce OP' e 0P34, * > 0b".
_ -] $ g

(¢) Since # ce §P%MB(and 1 _ $P"% &6, [1]> 1.

(a) Since - e 0"%#)&(, " O 0P"%$. (b) Since & e 0p)$ ce OP)$$$a > 0OP)$$.

( ] o -]

(©) Since BE=# _ "p%"%[E=# > "p%.

(a) “>< is negative” is equivalent to >< 00. We symbolize this by writing “>< is | >0
negative

(b) y is nonnegative i y O (c) islessthan orequal to 1 i Y1

(d) .isbetween%and# | #0 0% (e) !isnotlessthan& 1 | &

(f) The negative of D is not greaterthan$ i -D Y $
(@)



The (h) Th
quotient

of and
is at most re
(f -V ci

( or

oc
al
of

at
lea

(i) The absolute value of >< is greater than ( i ko<k > (

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

. itself if itself is positive or zero
ksomethingk oe . o . .
g © _itself  if itself is negative

)

(@) ,ispositive 1 ,>0 (b) isnonpositive | YO

(c) $ is greater than or equal to —% i$ -%



2 1.1 EXERCISES
(d) eisbetween Tand ' < T<e< ! (e) pisnotgreaterthan -2 < p < =2

5 3 5 3
(f) The negative of 7 is not lessthan =2 < -7 -2

(g) Thequotientofrand isatleast! < © ! (h) The reciprocal of fisatmost 14 < 1 < 14
5 5 f
(i) The absolute value of - islessthan4 < 1.1 < 4

O @ 1-3-4=1-7l=—(-7){since -7 <0}=7
(b) 1-51-121= —(=5)-2=5-2=3 © M41-4=741-(-H1=744=11

(@ 1-11411=1-101= —(-10) {since -10 <0} =10
(b) 161 =1-31=6-1-(-3)1=6-3=3 (c) 18141-91=841-(-9)1=849=17

(@) (-5)13 - 61 = (-5)I-31 = (=5)I=(-3)1 = (=5)(3) = 15
(b) 1-61/(=2) = —(~6)/(~2) = 6/(-2) = -3 © 1-714141 = —(-T)44=T744=11

@ @16 -71= @)I-11 = @4)-(=1)1 = (4)(1) = 4
(b) 5/1-21 = 5/1-(-2)1 = 5/2 (© 1-1141-91= —(=1)41-(-9)1=149=10

(a) Since (4 - 1) is positive, 14 - 11 = 4 - 1.

(b) Since (1 — 4)isnegative, 11 -4l = -(1-4)=4-1.
(c) Since S -2 — 1A5< is negative, | =2 — 1A51 = —§= 2 - 1A5< = 1A5 = - 2.
(a) Since $ - 3 - 1A7< is positive, | - 3 — 1A71 = - 3 - 1A7.

(b) Since S1A7 - - 3<isnegative, ITA7 — - 31 = —=§1A7 - -3< = - 3-1A7.

(© b1 _Tb_b3 _Sh_b_2b_ _~_24_ 2
5 3 7 15 15 — 15

(@ d(A,B) =17-31=14=4 () d(B,C) =1-5-T7I=1-121=12
(c) d(C,B) =d(B,C) =12 (d) d(A,C) =1-5-31=1-81=8
(@) d(A,B) =1-2-(-6)I =141 =4 (b) d(B,C) =14 - (-2)1=161=6
(c) d(C,B) =d(B,C) =6 (d) d(A,C) = 14— (=6)I = 1101 = 10
(@) d(A,B) =11 = (=91 =1101 =10 (b) d(B,C) =110-1=191=9
(c) d(C,B) =d(B,C) =9 (d) d(A,C) =110 - (=9I =1191=19
(@ d(A,B) =1-4-8I=1-121=12 (b)y d(B,C) = 1-1-(-41=131=3
(c) d(C,B) =d(B,C) =3 d) dA,C)=1-1-81=1-91=9
Note: Because I | = I- I, the answers to Exercises 19-24 could have a different form. For example, I-3 — .1 8is

equivalentto 1.4 31 8.

A= _andB =7,s0d(A,B) =17 — _I. Thus, "d(A, B) is less than 2" can be written as I7 — _I < 2.
dAB)y =1--2-.1 = 1--2-_1>1



2T d(AB) =1-3-.1 = I1-3-. 8 22 d(A,B) =14-_1 = I4-_1<5



1.1 EXERCISES 3
23] d(AB) = 1. -4 = I.-41<3 24 d(A,B) = 1. - (=l=1.+2 = IL.+2 4
O

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.

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

Hence, 13+ .= -3+ .)=-. - 3.

[26] If - > 5,then5- . < 0,andI5-_1=-5-.)=.-5
[27]1f . < 2,then2 - .>0,and 12~ .1=2- _.
28 If. -7, then7+ . O,andI7+ .1=7+ .
[29) Ifa<b,thena-b <O,andla-bl=-(@a-b)=b-a.
[30] Ifa > b, thena-b > 0,andla - bl = a -b.
[3T] Since .% + 4 > Oforevery ., 1.2 + 4= 2 + 4,
[32] Since —.2 = 1< Oforevery ., I-.2 =1l = —(-.2-1)= .
-Ls_ab"ac ? E:bJ,C@RS(whichisbmc).
-Ls—abJ'—ac-% T =b+[=IRs.
B Ls= 2 b, C=Rs

a a a
LS_a+c_ a4 [# ]RS Swhich is = + =<

1]

bt+d b+d b+d b d

B7]LS=(azh):c a l=§.Rs=a:(b:c)=a:9=a‘rE A s # Rs
b ¢ be C b b

B8 LS=(@a-b)-c=a-b-cRS=a-(b-c)=a-b+c le‘i—,RS

-Lz_bzib;l _1E|RS

a b-a

@O LS=-(@a+b)=-a-b @RS (which is —a + b).

(@) On the TI-83/4 Plus, the absolute value function is choice 1 under MATH, NUM.

Enter abs(3.2°2- _ (4.27)). 13A22 - - 4271 _ 8A1736

(b) E(15A6 — 1A5)* + (4A3 — 5A4)* _ 14A1428
@ MAzm (b) 1° - 31A0063
5A83 + 2A6

X 3AT,
@) 1A2, 10 _ 0AG557 = 6A557, 107" 10+




1A52, 103
Note: For the T1-83/4 Plus, use 1.2E3/(3.1E2 + 1.52E3), where E is obtained by pressing

(b) "1A23, 104% + -ZA5, 103 _ 67A08 = 6A708, 101 [2nd|[EE]
[34) (a) -T3A45 —TAZ, TOT+ 105 _ 334A7 = 3A347, 102



4 1.1 EXERCISES
(b) (1A79, 10%), (9A84, 10%) = 1,761,360 _ 1A761, 106

= . 2
Construct a right triangle with sides of lengths - 2 and 1. The hypotenuse will have length ES - 2< + 12= =3,

Next construct a right triangle with sides of lengths -3 and -2. The hypotenuse will have length

N
ES-3< +§-2¢ = -5,

Use C = 21r withr = 1,2,and 10 to obtain 21, 41, and 201 units from the origin.

The large rectangle has area = width, 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.

3 1 8 13 2 13 4 117 17
@-= and8=2 = . = .+ = + - = + = =
L 2 &1 L olp 3l iy 3t SEL 4o - —
2
1 2 117 2 117 24 1 577 577
- = -+ = + = _+ = =

33C@2 0 ot wt 2% 17t %2040 408
(a) Since the decimal point is 5 places to the right of the first nonzero digit, 427,000 = 4727, 10°.

(b) Since the decimal point is 8 places to the left of the first nonzero digit, 0A000 000093 = 9A3, 10"
8.(c) Since the decimal point is 8 places to the right of the first nonzero digit, 810,000,000 = 8A1,
108,

(a) 85200 = 8A52, 10* (b) 0A0000054 = 5A4, 10°©
(c) 24,900,000 = 2A49,
107

(a) Moving the decimal point 5 places to the right, we have 8A3, 10° = 830,000.

(b) Moving the decimal point 12 places to the left, we have 2A9, 10-12 = 0A000 000 000 002
9.(c) Moving the decimal point 8 places to the right, we have 5A64, 108 = 564,000,000.

(@) 2A3, 107 = 23,000,000 (b) 7A01, 10" = 0A000 000007 01
(c) 1A25, 10" = 12,500,000,000

Since the decimal point is 24 places to the left of the first nonzero digit,

0A000 000 000 000 000 0000000017 = 1A7, 10°
24

9A1, 103" = 0A000 000 000 000 000 000 000 000 000 000 91

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

answer. — f [ t— 11year _ 5A87, 10" mi



second 1 minute 1 hour 1 day 1 year

[56] (2) 100 billion = 100,000,000,000 = 1, 10"
(b) d _ (100,000 yr)E5A87 , 1012';% - 5A87, 107 mi

1A01 .
grams 1A01 _0A1678, 103 g = 1A678, 1072 ¢
mole 1 atom = grams

BT 5R02 . 10% atoms || 210™ = 6A02, 10%
mole

[58] (2A5 million)(0A00035%) = (2A5, 106)(3A5, 10-6) = 8A75 _ 9 halibut



1.1 EXERCISES 5

24 frames 60 seconds 60 minutes

t t t = 4A 6
<ocond Tminite Thour 48 hours = 4A1472, 10° frames
O 2, 10" calculations 60 seconds 60 minutes 24 hours 18
% 1 t t t60 days = 1A0368, calculations
second 1 minute 1 hour 1 day

[61] (a) 1ft> = 144in?, so the force on one square foot of a wall is 144 in?, 1A41b/in2 = 201A6
Ib. (b) The area of the wall is 40, 8 = 320 ft2, or 320 ft2, 144 in/ft> = 46,080 in2.

The total force is 46,080 in?, 1A4 Ib/in® = 64,512 Ib.
Converting to tons, we have 64,512 1b/(2000 Ib/ton) = 32A256 tons.
(@) We start with 400 adults, 150 yearlings, and 200 calves {total = 750}
Number of Adults = suryiving adults + §urviving yearlings
= (0A90)(400) + (0A80)(150) = 480
Number of Yearlings = suryiving calves
= (0A75)(200) = 150
Number of Calves = number of female adults
(0OA50)(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

~_2u4 — ~_2uth_ 2yt~ 2ut~_ 20 — 16
g gh g h 5" = g

Note: Do not confuse (—.)* and —.4since (—.)* = _#and — .4 iis the negative of _%.

23 ® 9
327237 8
_ - . o311
Note: Remember that negative exponents don’t necessarily give negative results—that is, 27> = 3 =g not — 5
0 2
1 1
2+0 _1+0_1
2+0 2 2
43 e+l By 1o 4T 6] "-3'-24=8_1-8:35
3 3 3 3 2 16 16 16 1
“ 5 . 3
9PP2=8§-9 =3>=28 & 16734 = 171634 = 1/S £ 16< = 1/23=1
1 8

N . 2 N R
[] 9 (-0A008)%° =%+-"=(-0A2)"=0A04 =% 5.1
0A008< ;

] 2 10 (0,008) = 1/(0.008)* = 1/3 2 0.008<



= 1/(0A2)* = 1/(0.04) = &

"1 M(16.5) = "Lt16h 40 = 8.0
2] (-3.72)"4 % = (-3 14).724 =122



6 1.2 EXERCISES

[T3] A common mistake is to write 3.2 = _6, and another is to write (.2)° = .
The following solution illustrates the proper use of the exponent rules.

)32 @13). 37 s _  _6
6.5 ) )

3 213 6
(-3

3.2 6
2HYy? _ 8.6,
- 442 44 = 2.

[I5] “a*h(-3a%)"4a’™ = 11(-3)141a5+2+7= —2aM

~ Ry [/— 1 +2+4 _
[T6] (-4b2)" 1b2"-9b%h = (-4) 1 11 (-9) th3+2+4 = 6b?

3)2 2 32 6
(6—')—“3-2%00 _ &% t1 {an expression raised to the zero power is equal to 1} = 36. = 36 = El
2.2’ 2328 8.6 8 2
3 22 3 4 7
/Jo
(v y
) 1011
"3"7#3%}"4"4#—5%“ - 12"7+4#3+D—5N — 12"11#—2 — ?
165
[20] (-zy-a)(_z--z)(;y-z) — _2-z+1+3y1-2-3+2 — _2-6y—1'5 — iy

- 8 4 —30M1 —syz%u = 4.4—5y—3+2 - 4.—1y—1 = _;l'/

4a’b  5a’b 20a2*2b™*"  20a%b?  10a%-3p%-6 10a

L) _ _ _ _
E3p2 E2p7 T T2 T 2a%6 1 bt
|%|_4-3-2 1_2A4m-2 -3 -2 52-86 2 -8 6 9y®
E5-Y =@y -M ) =E0 -y =3y =
] 25 :Z 5 10 :Z 127

24 (-2.y ) Byl = (=32.y )(E8y3D =-4.y

Gy) (yH)7 = 3y 14y S = g1yt = —)f
6
6] (-3a2b—5)3 = —27a36p-15 = _27a
b15
6 6
~oopt 32 o 2y 28 6 = _
e T Gy A
~ N 4
(2-2y~5)(6.3y) LTy = 4.2y = 2

=34 _ Sy = -5y—3+4 — - _QX
(5-2)’ 3) 4. 5y4yoﬂ_ 20.2 Sy 3+4 — 20. 3y1 - 3



[B0] (-2r2 )53r7" )2 = (-32r10 %)(9r~? ©) = -288r°

.2
] 3.5y 9.10y8 10 8-(-6) 10 14
31 €

{remember that .° = 1, cancel '} = ys = 9.y =9. y

Oy=3"
-y
2

2 4 @ g4 a° 14 2
@ (4a b) E b 0 = “256a b %U(E4bZD =64a b

A_533/2%0A2a1/29/ = -5 Jfz(—:]D3/21§l+£)1/21§l - _10a4/2 = 8a2



1.2 EXERCISES
"_B.N 2 BN = -6 12 NS 12155 = 123
[35] "3.5/64°8.23% = 3 18.(/0+(4/6) = 24.9/6 = 24372
[36] (8r)1/3°2r1/2% = "2r13472r 112y = Ar2/6)+(/6) = 4r5/6

-4
6y2/3 _ 97-2/34-12/3 = @ _ 1 _ 1 1
(273 27 a 272/3 g3 27<2a4 32 g4 934

[38] 2544 >/2 = 25-3/2-12/2 = Lo 1 _1 1
253/ §_25<3'6 53'6  125'6

~8.-2/3y, _1/6 = 8 (-4/6)+(1/6) = g _-3/6 — % [ "3./2°-2 52 = -6.0/2+6/D) = _6 3
2
3 23 23 32/3 {3-8¢ B23N 2 5 )
- - o —_ - - - -
P A ) N & N I DA Sy
y© (y-6)23 y-6102/38 y4 y-4
3
iﬂ -y?2 11/2
2 0 s 0 = = -y
y /3 y-1
6 12 -3 1612 4 -4 o3 3 ]
-4 -1/2yy2 3y2 3y2 8 y 346 346
16y 167172y Y Y 81d §iglcgs d° 27cd
6 3-1/3 6-1/3 3-1/3 2 1 L]
(y) ) &) -y _, o q*353241/6 _ 48/6)-(9/6)+(1/6) — 50/6 = 50 — 1

22 a2y 2yl

@7 tF+y-= A,4+y%a1/4 48 1 3+y2= (_3+y2)1/3
IE E(a + b)2 — (a + b)2<1/3 - (a + @ Ea + _B — Aa + b1/2%91/2
b 2/3
) m
173 B

_-2+y2:(-2+y2)1/2 Note: _-2+y2#-+y 52 ir3_ 3=(r3_ 3)
(a) 4.3/2 = 4_1-1/2 = 4_ _T(b) (4.)3/2 - (4-)1(4-)1/2 - (4‘)1 41/2-']/2 =j'72 t -1/2 — 8_ -

(a) 4+ =4+ T2 =44 _T0) 4+ )P =@+ )@+ )=+ )4+,

[55] (a) 8- y"*=8- 1y b) G-y =:8-y
(a) 64y'? =642y (b) (64y)?=6413y13 =41y

[]



B7] -8T=-%9=9 58 1-216 = E(-6)°’ = -6

(9] 264 = 232 :2=E(-2) 22=-23:2 [60] 4572 = 4256 42= 447 22=4472

In the denominator, you would like to have 2 23. How do you get it? Multiply by 2 22, or, equivalently, 2 4. of
course, we have to multiply the numerator by the same value so that we don’t change the value of the given fraction.
1 1 -4 —=4 s34 =4

= T - = =

1
iy 1D 314 i2t4 8 2 2
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P 3
LGB = "9 4yBy 12 = glen a2y 12 - 3 23 o §)§

4
[62] - 16282 = da‘b-1 = 42

- 2 — _
[68] 2 8abh-3 = 2a%b-1 = 22 66 81r58= 3448 &r=3r24p

[]

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.

The index is 2. Choose the multiplier to be - 2y so that the denominator contains only terms with even exponents.
3 3. -2y -6y -6y 1

~_ -t = ____ = —_— -
Sy By T ay s Y

T T -3y -3y 1

= = E 1 = = -
B Ezsy B3y T35 " Tomz - 3y Y

The index is 3. Choose the multiplier to be 2 3.2 so that the denominator contains only terms with exponents that

are multiples of 3.

4 4 44 3 2 3 64 1633 2 3 _
3 3 —
2.y 2.y 3. 6.y y 6y .y 6y .y,
Eg - E t = = = = - by
9 3 2 2 3 3. 3 3
3 27.
325 3.25 322 ;645 303 2 16—2 y
E'yzé'yf -y _ =Y _ =y -y= i-yz
4. 4. 122 183 2. 2. 2

The index is 4. Choose the multiplier to be * 3.2 50 that the denominator contains only terms with exponents that

are multiples of 4.

3 3 83 42 g?n—s 478 i?’b‘ 2 5?2—5 }
E—YS = ES- y t 3 -y = = -y == -y = 4 15_2y3
272 272 132 L1814 3. 3. 3

The index is 5. Choose the multiplier to be 2 4 _2 s that the denominator contains only terms with exponents that

are multiples of 5.
s 5.y2 s ST@ 42 =200 £.5:20%p  .s2042 1,
= = = = 2-07

: : T
Egs "Bgs 1427 1355 2. 2. 2



- -8y

5 5 =3 =81.My3 =.10-8743
I:l T3 T3 5 5 5 5 2 s
a3 Y
3.y 27.
= T = =
9.2 9.2 1273 22435 3.
55
[z8 E(55y3)'=55y2=>
y2
s s s 5 - 4 - 5_ 24 - 2 4
3 4 3 4 s 5 5 5
8. 4. 8 4.y 3. .y 3. .y
L] t = =
77 E E = B - v4 _yl10
y -y "EyEy 7Y y




1.2 EXERCISES 9
13142 L 29I T#E = L IQ73H6 = 3142 80 EQr—)>=2r-

- By = E(3)%(y)? = E(B3)’E(y2)° = 1.31y21 = 131y since y2 is always nonnegative.
Note: I.31 could be written as .2I.1.

- YT = EC)AE) = 1210 = 2y

E_6(y - 3)"2= E( )" (y -3 = 1.2y - 3 = _2(y - 3%, or _%(y - 3)°I(y - 3)!

B4 E( + )"yt = BN+ 2)3%u4y4 = b(. + 2)*blyl, or (. + 2)°I(- + 2)y!
@)? = azraDrZN since 2r # r2 for all values of r; for example, letr = 1.

Squaring the right side gives us (a + 1) = a2 + 2a + 1. Squaring the left side gives us a2 + 1.
a2+ 2a + 1[#]a2 + 1 for all values of a; for example, leta = 1.
(ab)¥ = aYbY[#]a-b¥ for all values of - and y; for example, let. = 1 andy = 2.

— 1/8 1/8
L 11 1
! c - C. = C1/8E| 8 ¢

- 1/2 ,
a=@) ="a [=] -aW E

[90] 15 =a> @aw since =5 # 1/5 for all values of 5; for example, let 5 = 1.
a
173 .
(@) (-3)¥° =1 (=3 =915 _ (b) (-7)¥3 = (=7 = 2401"3 _ 13A3905

1A5518

3.1/7

@ (-1A2%" = 0(=1A2*"" = (-1A728)"" _ -1A0813

N 1/3 \ N
(b) (-5A08)"” = (- _ (-87,306A38)"3 _ —44A3624
5A08)« _
@) -1+1_2A0351 (b) 217A1+5"4 _4A0717
(a) QA6 -TA3)? _ (b) 577 _ 70A6807
0A5917

$200(1A04)'% _ $232,825A78
2=1454ft = d=1A2-2=1A2-1454 _ 45A8 mi

[ =230kg = P=0A46I [ =0A46Z230 _2A82m
P=25ft = [ =00016P%4 = 0.0016(25%* _ 3A99 tons
$ 180 X
b=75and$ = 180 = = = 52A6.
and § L=y 35" 275-35~
$ 250 .
b=120and$ =250 = [ = = 5o . 56A9.

It is interesting to note that the 75-kg lifter can lift 2A4 times his/her body weight and the 120-kg lifter can lift



approximately 2A08 times his/her body weight, but the formula ranks the 120-kg lifter as the superior lifter.
@ 2=72in.and$ = 1751b = W = (0A1091)$0A45204725 = (0A1091)(175)%44%%(72)%7%> _ 21A76 2.,

(b) 2=661in. = Wq = (0A1091)$°A425(66)0A725. A 10% increase in weight would be represented by 1A1$
and
thus W, = W, /W, = (1A1)0A425 - 1A04, which represents a 4% increase in W.
(0A1091)(1A1$)%A4%5(66)°A72,
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[107 [ = 0A11662'A7 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

[ = 0A10492'A7 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

R +3)("-4+4"("-2)=(2">-5"-12)+ (4"*-8") =6"2-13"-12
2 G -DC+2+7"C"+1)=(3"2+5"=2)+(7"2+7")=10"+12"-2

23 _ 3 2 3
8 -6k 8.5 6N _ 40 3

2.2y 2.2y 2%
2yv' 3 2 v 3 2!
63—y 6.9 % _¥¥ .2y
Y -y %

We recognize this product as the difference of two squares.

2.+ TY)QR- - Ty) = (2-) - (Ty)* = 4.2 - 49y?

Bl (5.+3y)(5- =3y) = (5.)° - (3y)° = 25.2 - 92

M 3.+ 2y)° = (3.)° + 2(3)2y) + (2y)°> = 9.2 + 12y + 4y?

B] (5.-4y)°=(5.)° - 2(5.)(4y) + (4y)* = 252 — 40y + 16y?

B "-TH P -To ph=Te T W oy

MO " -T+ g T g = e YW - = ((my) = -2y y?
Use Product Formula (3) on page 30 of the text.

(- = 2y)* = (1)’ = 3()%2y) + 3@ - Qy)’ = 3 - 6.2y + 122 - 8y?

(- +3y)>= (1) +3()°Gy) + 3()BY) + By)’ = -3+ 9.2y + 27y + 27y3
[13] We recognize 8.2 - 17. - 21 as a trinomial that may be able to be factored into the product of two binomials.

Using trial and error, we obtain 8.2 — 17. — 21 = (8. + 7)(. — 3). If you are interested in a sure-fire method for
factoring trinomials, see Example 6 on page 48 of the text.

[T4] Using trial and error, we obtain 7.2 + 10. — 8 = (7. - 4)(. + 2).
The factors for .2 + 4_ + 5 would have to be of the form ~. + wand ~. + .
The factors of 5 are 1 and 5, but their sum is 6 (not 4). Thus, .24+ 4_ + Sisirreducible.

3.2 - 4_ + 2isirreducible.
[17] 36.2 - 60. + 25 = (6. - 5)(6. - 5) = (6. — 5)° [18] 9.2+24. +16= (3. +4)(3. + 4) = (3. + 4)°



1.3 EXERCISES 11
A-42= (P-4 = (=29 2+ (-2
[20] =16 = (:2-16)= (2 -4%)= (- +4(- -4
[2I] We recognize 8.3 — y® as the difference of two cubes.
83 - yb= (2. = YA = 720 -y (202 + (2.) YR+ YR
="2_— yZ%oA4,2 + 2,y2 + y4%o
22 -5 - 27y = () - By)’ = (2= 3y) (D + (DB + By)* = (2= 3y) -+ 3.7y + 9y
We recognize 343.3 + y? as the sum of two cubes.
3433 + y9 = (7,)3 + Ay3%u3 ="7.+ y3%o ’(7_)'2 - (7_)Ay3%u + Ay3%02“
7.+ Y492 — 7 y3 + Y

23 3+64= () + (@’ =+ - @+ @ = (c+4(2-4.+16)

[25]3.3+3.2-27.-27=3"2+ 2-9. - % {gcf = 3}
=302+ 1)=-9( + {factor by grouping}
1° {factor out (- + 1)}
=3"2-0(.+1) {difference of two squares}

=3C+3)--3)+1

[26] 5.3+ 10.2-20. -40=5"3+2.2 -4 - 8v=502(_ +2) - 4(. + 2)°
=572 (. +2) =5+ 2(- -2 +2)=5(-+2*(.-2)
[27] We could treat ab — bb 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:
a—bb = "a¥’ — b3’ = "ad + b3 ad - b
(a + b)(a -b)"a® — ab + b?%"a® + ab + b2

@ 8 -16= ,\-4%02 —AR2=" A M A 4= " A 4%0(_2 + 2)(_2 -2

We might first try to factor .2 + 4. + 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).

2o+ 4-9y?= (L + 2= @By)P= (- +2+3y)(- +2- 3y)

B0 .2 -4y -6.+9 = (:2-6.+9)—4y?= (. =3)° - 2y)* = (- -3+ 2y)(- - 3 -2y)
y2—25_ (Y+5)(y=5 _ _ y+5

y? =125 (y - 5)(y?+5y+25) y2+5y+25
2
2+r-r @B+nN@-n 4-r

r3 + 3r2 r’(r + 3) r2
2_ 4_g 3 2 _ 2_
92-4 ,94-6.3+4.2_ (3.+2(3.-2), .q9.2-6.+4)
32-5.+2  274+8. G.-2(.-1)  _(273+8)

(3. +2)(3.-2).2(9.2- 6. + 4)




T (B - -1.(3.+2)(92-6.+4) _ _-
2 2 --1
S5a +12a+4 _ 25a +20a+4= (5a + 2)(@a +2) a(a-2) _ a

;
a*-16 a2 -2a (@+4@+2)a-2) Ga+2)5a+2) (a2+4)(5a+2)
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4 11 43 + 1) 11 12 +4-11 12 -7
35 - _ _ _ _
341 3B +12 (3 +12 (3 +1)7° (3 + 1) (B +1)

4 (5 -2)_4+52-2 _52-2 +4

4 —
G -22 5-2 (-2 6-2° 6-20 (-2°

- 2 _ 2 2 _ 2
g+3.+1_- 2:2_. +(3-+1)- (=2 :2_. +3.¢4+.-.+2 5.+2

B8 = - + == =
- _2 _3 -3 -3 -3 -3 -3
3! 5! 40 3! 51 40
B ot T 2" e aT 42T -2 (v 2(-2)
311 -2) 51(1 + 2) 40
HERERMEREDEER R
_ 32-61+ 52+ 10! - 40
T+ 2 =2)
812+ 41-40 422+ !1-10) 4! +5)(1-2) 42! +5)
T+ -2 (+2( -2 (+2(-2 142
! 4 18 11 =3)+4l(01+3)-18 51%91-18 (51-6)(+3) 5!-6
O 33 " 2o9” 12-9 =T -9 T (1+3)(1-3)° 1-3
2
4. 8 2 _4()+8+2B.-4) _ 4.°+6. _ 2.(2.+3) _2Q2.+3)
3.-4 32-4. -(3. -9 (3.-4  _3.-4 3.-4
12. 3 5 12(.)-3+5Q.+1) 12.210.+2 2(6.%5.+1)
2.+1 22+ .77.7 2.+ 1) ST+ T @2+
2.+ DB.+1) _26-+1)
- -+ 1) a .
2. 8 3 2()-8+3(-+2) 2. %3.-2 (2.-ND(-+2) 2.-1
127 242,777 (+2 T (+2 T +2 T
2
5. 6, 2_5()-6+2Q.+3) _ 5-°+4.  (5.+4) _5.+4
2.+3 22+3. . -(2.+3) (2.+3) .(2.+3) 2.+3
3+ ,,§+ 3 2+"1 _ 3G +1),T(35“(T :)1) +2°() {common denominator}
9"2 +3" +15" + 5 +2"2 .
= "G+ 1) {multiply terms}
_11"+18"+5
= —W {add like terms}

2 3" 6"(" +5)+2("+5 -3"("M) iz +32" +10




3

"(" +5)
2.+ 1

"(" +5)
6. 3

+

2 (+2% (+(--2 .-2

Q. +D(. =2) = 6.(. +2) + 3(.2+4. +4)

(. +2%(--2
_ 22-3.-2-62-12.+3.2+12. +12
- (- +2%(- - 2)
-.2-3.+10 .2+3.-10 . +5)(. =2 .+5
TN -2 (4= (+(-2)  (+2
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4. +12 5. 7 4 5. 7 A =3)+5.47(_+3) _16.+9
48] 5. 6.+9" 2-9" _.3° 13t 2.9% 37 2.9 =7 2-.9

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

b
b—a (E__QHTab 2 2
a b__a b :b—a:(b+a)(b—a):aer
1 1 - -
T (E;—%Dfab b-a b-a

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

LI AR ALY
yr 2oy Aoyt (oy(Phlyry?) | By ry?
T 171 1, 2=y 6=y Sy
y2 2 (Eyz_._zDJr y

1,1 1,1,
ylet y T Gy ey
= = = :-+y
' 2 1 1
y E_ 0ty
11 11 5,
-2 2 - € 2ty 2 2
57 Y S P A _ -y
y2+.2 11 11 5, Ay?
+
y2 2 Eo* o0ty
r r
o+ S + «tr?? 3 3 (2 2)
ro_ r _r +r r(r + _ r
E—:_@E-:Trzz_ - 47 R+ 2)(r2- 2 -2
2 p2 2 P
2 4 2%+ 1) - 4%
|5_1'|§_2$+1— $$ +1) _ 4$+2-4% _ 2
5, 8 52$+1)+8% 10$+5+8% 18$+5
$ 28 +1 $(2$ + 1)
(42)°=3(.+2)— (. %3.) . #2.2+2 -3.-32- . +32
2 - 2
22 +22%2-32 2Q2.+2-
_ 3) - -
= 5 = ’ =2.+2-3

2

(+2)3+5(+2)- (. 35.) _ - #3.2%3.2 +2 45 452 . -5




2
3.22+3.22+234+52

2
=2(3,2+3.22+22+5)=?).2+3.2+22+5
5 5 5@-1-5 -1 _ .
T T, (—D@-1) a-5s. @-.)
7 — <@ * = = =
~a --a (=D@-DC-a D@ -2)

T C=NDE-T)
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14
+2  a+2 a(-+2)-.(@+2)
58] - T 73 _ a. :2a—2- =2(a—.):__2
.-a --a a.(-—a) a-(--a a.
1 1 3o (L+2P
(+2)3 -3 (L+2) 33
2 B 2 ,
3 _ 3 - 0.2 ¢
= gﬂ% S LoDt +23) *(*2) - edifference of two cubesf
23(.+2) 2.3(.+2)
—21.2+ 24+ 242422424 _ -2(3.2+3.2+42%) _ 3.2+3.2+2°
2300 +2)° 23+ T 3 +2)
L -—(+2)
+2 (-+2). -2 _ -1
2 2 2.(.+2) .(.+2)
The conjugate of -1-5 s -!1+5 Multiply the numerator and the denominator by the conjugate of the

denominator. This will eliminate the radical in the denominator.

_ - _ & 2 2 _
145 -T45 -T45 S-Ta+215-T+5% 45 T4 25

—_ = 1
-1-5 -T-5 -T+5 S_!<2_52 1-25

-

y =@4.+y)2-_+ Jyh

2 _y TZ'_-+-_y_(4.+9,(4.—}A2' - +-

2_-—-y 2_-—-y 2 -+ y 4. -y

We must recognize :a- 2b as the first factor of the product formula for the difference of two cubes,

B —y3= (L —y)(-%2+ .y + y?). The second factor is then
2 —_

2 A oy oy
igh”+ " 2ahSihc+Sibhbe = 2324

1 1 132+
— — = _T — — — = -
ia_ib ia_ib ia ﬁa +12 a-b
172 3—+3 2 12 3 +;2
1 e m ey Ty .-y Ty
i+ 3y i+ 3y 1-2_3-y+1y2 +y
~a--b -a--b -a+-b a-b 1
[] - —
65 = t = 3 =




(a+b)a- (a+

b)S-a+ b)S -
-b< a+
-b<
-b+-¢ -b+-C -b--c b-c 1
[]
66 = T = =

b? — c2 2= _b--c (btb-0F-b--c< (b+)S-b- -c<

“2(-+2)+1--2.+1 S2(+2)+T1--2.+1 -2(0+2)+1+ -2.+1

2 2 1-2(.—ﬁ)—-v-—T+-2.+1
C(R.+2+ D) -(2.+ 1)
27 -2(.+2)+ 1+ =2_+ 1
22 2

2" - 2A-F2yFt+ -2 =th X+t -2+ 1
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D;;;.+2 _— = +2 - . +=_42 .—(.+2)
68 _ = 3 1 = B _ I
2-.-.+2  2-.-.42 .+ -.+2 2. . _+28-_+ -_+2
2-7-TF28-T+ -TF2«  -TATFEZS-TH+ -TH2¢
32-.+7_3.2 . 7 43 _ 13 -2/3
3 = a3 apt =3I

2+4.-6_ 2 A 6 _ 3p,412_g 172

2 2 4 2 4 2
(- L) B Nt . SRS SN R - -
5 5 55 _5
N = o2
-. =3 .—-6-.+9 _ 6-. 9
3 = 3 =g -+t =.2-6.2497

Note: You may wish to demonstrate the three techniques shown in Example 7 with one of these simpler expressions in
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 . is —3.

. 5
34 {factorout L7 = L7304 2PN 3Ny ks ﬁ_1 ir -
5 5 5~ 1-b-5N 5 6 1-.°
[74] .72 — _ {factorout .2} = _7>"1 - _ h=_701-_.%= S
_ _ PP Botpfe - 1-2
V2 2 302 ffactor out .12y = 17271 = 3201y = <1721 - 2) = 7
a  -2/3. 113 2/3y = -2/3~ 7/3-D-2/30y, —  -2/3 3o 1+7
76 - + /7> {factorout ."</3} = . 1+. W= _"43(1+ %) = T

[77] 2.2 - 3.+ 15(4)(3. + 2°3) + (3. + )*(4. - 3)
= 3.+ 23112722 = 3_ + 1% + (3. + 2)(4. — 3)* “factor out the gcf of (3. + 2)°™
=(3.+2)°%242-36. +12+12.2— . — 6
= (3. +2)3736.2 - 37. + 6h
[78] (6. —5)°(2)" -2+ 4%(2.) + ~.2 + 44°(3)(6. — 5)%(6) = 2(6. — 5)°".2 + 441 12_(6. — 5) + 9.2 + 4b*
=2(6. -5 2+ 4122 - 10. + 9.2 + 36h
=272+ 4%(6. - 5)%721.2 - 10. + 36b
[79] The smallest exponent that appears on the factor (-2-4)is —1? and the smallest exponent that appears on the factor
(2. + 1)is 2. Thus, we will factor out (.2 — 4)'1/2(2- + 1)2.

(2= 8732 + 12Q) + Q-+ D72 =422 = (2= 42+ DAB(Z - 4) + Q2. + 1)

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), —12 and 1, and we get 1, which is the exponent we

started with.

Proceeding: ~.2 — 4% 2(2. + 1)206™ 2 =+ (2. + 1) = "2 4P+ 1262 - 24422+



Q.+ -2
(-2 _4)1/2 )




16 1.3 EXERCISES

13 2 1 23 -2/3
89 G-+2) QU -5B+ @ -5 ¢, G-+ (G)=06.+2) @ -G +)+ @ -5

_ (4.-5)(28. + 11)
@3B+

(3. + D12, - 572 + (2. - 5 (B)3- + 1)°3)
=GB+ 1)°Q.-57"2(3. + 1)+ 18(2. - 5)1 Sfactor out (3. + 1)°(2. - 5)7/%>

_ (3. +1°(3.+1+36.-90) _ (3. + 1)>39. — 89)
@. - 5)1/2 @. - 5)1/2

B2) "2+ =15+ 6) Y + (+6) P02+ 92,
(2 +97(23.2 + 144. - 9)

~

= I 2 P+ 6P 2 9t 24, (L + 6) =

3(- +6)“/3
3 (6. +1)(27 +2) (9- +2)(3)(6 +1)(6) _ (6. +1)|(6 + 1)(27. +2)—18(9 +2)1
(6. +1) (6. +1)
(6.+ NP(162.3 +27. 2+12. +2-162. 3 =
_ 36.)
- 6. + 1°
272 - 24. +2

- (6 +1)

2 4 2 2
-NE)-- (4)(- —1)(2) CS]E —1)|(- —1)—4 1 _2.(=3. =1)_2.3. +1)

( 1) ( 2_1) (-2_1)5 - (-2_1)5
2 3 2 2 2 24222, 2421_ 23
(- +R)-. B+ 2 YC ) O
(2 - (:2+2F
2)3 2.(2+2-32 2.2-22 4.(1-.%
(2+2* 2+t 2+t

2 4 2 3 2 3 - 513 — 4
_ _ _ (o ?( )’CT YO () %"
(- =59B-)--@®HC =-5C.) _ _

(2= Byh ) (-2 - 5)F
.2(3.2-15-8.2)  _2(-5.2- 15) 5.2(.2+ 3)
(2-5°  (2-5°  (2-5)
2 1/3 ~ 10/ 2 -2/3 2 -2/3 2 2 2 2
(- +4) )-G.) (- +4) (2.) _ (4 B +4) 2.1_3.+12-2. . +12
(24 4y (-2 + 42 R
-1/2 -1/2 2 2 2
(1—) (2)—- w(1— ) (=2.) _-(0-. ) 12(1 . )+ 1_-Q=2. +.) _.(2-.)
_ 2)1/2 (1- 22T (1- .2)3%% (1- .23

4. + .+ on 4 + . .+ -+ - .t




(4.2 + 92 4.2+9)
_ 82+18-82-12._ _18-12. _ 6(3-2.)

(4.2+9) (42+9% (42+9%
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ay G 22+ 3 @-@2.+3) P 3.+ 2 B
(3. + 2)1/2“2
C oI In3+ 2) 220+ 3)2R14(3. + 2) - 9(2- + 3)!
- 3.+2)’
“1h(12.+ 8 -18. - 27) "l(-6.-19) 6.+ 19
) _ 6 _
B+ 3 3.+ )2+ 3 6(3.+27%2.+3)
[9T] Table Y+ = 113 +280°-150. .\ _ 3. . 42
223+ 772 - 100. - 350 2.+7 1A12-5
; Y: Y,
1 —0A6923 | -0A6923
2 | -—26A12 “26A12
3 8A0392 8A0392
4 5A8794 5A8794
5 5A3268 5A3268

The values for Y4 and Y, agree. Therefore, the two expressions might be equal.

[92] Table Y4 =%;1H—1'&zﬂandY2= ;+ -11 +3.—'2AZ
- Y1 Y
1 4A6 4A7
2 1A6083 1A6333
3 0A92778| 0A93889
4 0A64375| O0A65
5 0A49067| 0A49467

The values for Y4 and Y; do not agree. Therefore, the two expressions are not equal.

In the second figure, the dimensions of area | are (-) and (- —y). The area of I is (- — y)-, and the area of Il is
(- —y)y. TheareaA = 2-y2 {in the first figure}
=(-=Y). + (- =y)y {inthe second figure}

= -y)(.+ {in the third figure}

Volume of I is .%(. —y), volume of Il is .y(. — y), and volume of Il is y2(. — y).

Z=2-y3= 2=+ Y- Y-y = CoCEEy +yE).
(a) For the 25-year-old female, use

Cr = 66A5 + 13A8$ + 52 — 6A8y with $ = 59,2 = 163, and y = 25.
Cs = 66A5 + 13A8(59) + 5(163) — 6A8(25) = 1525A7 calories

For the 55-year-old male, use
C7 = 655 + 9A6$ + 1A92 — 4A7y with $ = 75,2 = 178,and y = 55.
C7 = 655 + 9A6(75) + TA9(178) — 4A7(55) = 1454A7 calories

(b) As people age they require fewer calories. The coefficients of $ and 2 are positive because large people
require more calories.
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1.4 Exercises

4.-3=-5.+6 = 4.+5.=6+3 = 9.=9 = _=1
5.-4=2(.-2) = 5.-4=2.-4 = 3.=0 = .=0
(3.-2%=(--50(9.+4) = 9.2-12.+4=9.2-41.-20 = 29.=-24 = .=-2%
(C+5P2+3=(.-2% = 2+10.+25+3=2-4.+4 = 14 =-24 = _=-12
3.+1 2.+5
[]
IR - ol — — — —_ = — = 7
5 "e—5= 173" (6 -4 -13) (3. + 1)(4.-13)= (2. + 5)(6. - 2)
122 -35.-13=122+26.-10 = -3 =61. = _=-23"notethat. # 1, 13
61 3 4
7.+ 2 .-8
» = - - = 7- 2 2- = \- — 14— =
B 17 —3= 553114 -3)2.+3) (7-+2)2-+3) = (- - 8) 3)
7C
142 +25.+6=142-115.+24 = 140.=18 = .=2
4 1 5.-6
[]
7 "5t =-2_4.T(-+2)(-—2) = 4.-2)+1(.+2)=5.-6 =
4.-8+.4+42=5.-6 = 5.-6 =5.-6c¢eo0r 0= 0f, indicating an identity. The solutionis < —e,, 2f.
2 3 10. + 5
29 = .1’ —_ = —_ = =
2.+5+2'_5 A75% 2. + 5. -5) 2(2. —5)+3(R.+5=10.+5
4.-10+6.+15=10.+5 = 10. + 5=10. + 5eor 0 = 0f, indicating an identity.
The solutionis < = ~,, %TM.
5 4 14. + 3
» = . - = 52.-3)+4R2.+3)=14.+3 =
B oot g = o 1@+ DR - 3) (2- = 3)+ 4@ +3)
10. -15+8.+12=14.+3 = 18.-3=14.+3 = 4.=6 =
= ; which is not in the domain of the given expressions. No solution
-3 7 -5.+4
[]
i = .1‘ —_ = - — = - =
10 .+4+._4 RS -+d(. -9 3(.—H+7(. +4) 5.+4

-3.+12+7.+28=-5.+4 = 4.+40=-5.+4 = 9.=-36 =
. = —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.
75.2 + 35. — 10 = 0 {divide by 5} = 15.2 +7. - 2= 0{factor} =

(3. + 2)(5. - 1) = 0 {zero factor theorem} = _ = —%,

[2] 482 + 12. — 90 = 0 {divideby 6} = 8.242.-15=0 = (2.+3)4.-5=0 = .= -3 8



Here, the lcd is - (- + 3) and we need to remember that . # 0, —3.
1 9 et (t+3) = ()+1(+3)-4(.%2+3.)=9 =

B R

2+ .+3-42-12.=9 = 0=32+11.+6 = (3-+2)(-+3)=0 =

.= —% e—3is not in the domain of the given expressionsf
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[14] » ?'2 + 12 = 2__44.1(_+2)(__2) = 3.(+2)+1(--2)=-4 =

3.246.+.-2=-4 = 3247.42=0 = @.+1)(.+2)=0 =

.= —13 e—2 is not in the domain of the given expressionsf

25-2:9 = -2:_9 = '="E_? = =”§
25 25 5
[16]64.2=49 = 2= = _= E® = _=,7
64 64 8
M7 (--3°=17 = .-3=,-T7 = _.=3, -77
M8 (-+5°=29 = _.+5=,-29 = _=-5,-29
6, -3%-12 -6, -24 -6,2-6 ~
2 - — - ” - ” - ” — _
[19] .c+6.+3=0 - 201 > > 3, -6
4,-16+8 4,-24 4,2-6 -
2— — = = = = = = = = = -
[20] .c-4.-2=0 - 2(1) > > 2, -6
The expression is .2 + . — 30. The associated quadratic equation is .> + . —30 = 0.
- -h2 —
Using the quadratic formula, . = %, to solve for - witha = 1,b = 1,and ¢ = —30 gives us:
-1, -12-4M(-30) -1, -1+120 -1, -2t -1 ,11 10 -12
= = = = = —,— = 5, —6
2(1 2 2 2 2 2
Write the equation as a product of linear factors: I. — (5)11. — (-6)1=0
Now simplify: (. = 5)(- +6) =0
So the final factored formof .2 + . = 30is (. — 5)(. + 6).
2-11.=0ea=1b=-11,c=0f,s0. = = '2121 -0 ”'é” =11,0.
Thus, .2 =11. = (. = 1D)(. = 0)= (- = 11).
16, -256+144 16,20 3 1
2 _ —_ = = = - = - = o = r = - —-—
[23] 122 -16. -3=0ea =12, b=-16, c 3f,s0 . >4 Y > "6
Write the equation as a product of linear factors: */. — 5*h* 1. = "¢ Th* = 0
Now multiply the first factor by 2 and the second factor by 6. (2. - 3)(6.+ 1) =0
So the final factored form of 12.2 — 16. - 3is (2. = 3)(6. + 1).
-34, -1156+960 -34,46 2 8
2 — = = = = — = = = L = - —-=
152 +34. —16=0ea =15 b= 34c 16f, so - 30 30 c T3
Thus, 152 +34. =16 =5 . — & 137 == = (5. - 2)(3- + 8).
We must first isolate the absolute value term before proceeding.
B.-21+3=7 = 1B.-21=4 = 3.-2 =40r3.-2 =-4 =
3.=6or3.=-2 = .=2o0r.=-}
[26]215. +21-1=5 = 25.+21=6 = 15.+21=3 =
5.+2=30r5.+42=-3 = 5.=1or5.=-5 = _=1lor.=-1

273.+1-5=-11 = 3L.+1=-6 = Il.+1=-2



Since the absolute value of an expression is nonnegative, I. + 11 = —2 has no solution.
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I.-31+6=6 = I.—3I=0. Since the absolute value of an expression can only

equal 0 if the expression itselfis0,1. —31=0 = .-3=0 = _=3.

Since there are four terms, we first try factoring by grouping.
93-182-4.+8=0 = 92(.-2)-4.-2)=0 =

(92-4(--2=0 = 2=For.=2 = _=,%2
Notice that we can factor an - out of each term, and then factor by grouping.
44+103=6.2+15. = 4.4+103-6.2-15.=0 = _(43+102-6.-15=0 =
JR2Q.+5)-3R.+51=0 = .2.2-3)2.+5=0 =
=0Qor.2=30or.=-2 = _=0,,1-6-2
- - - 2 2 2 2
Note: .2=3 = _=, E3= A =3t:=2_ -6_ 7 _g
2 2 -2 -3 2 2
There are several ways to write this answer—your professor may have a preference.
y¥2=5y = y¥2_5y=0 = yy"2_54=0 = y=0ory”2=5,
y2=5 = ~y/42 =52 = y =25 Thesolutionsarey = Oandy = 25.

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-8% = a2+ 2ab-8+b28

and that "a + b - 8% is not a2 + b28.

(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.

y4/3 = —4y = y4/3+4y =0 = y"y1/3 +4M% =0 = y = Oory1/3= —4
yB=-4 = "yl = (-4 = y=-64 y=0,-64

B3] -7-5.=8 = §-7-5.« =8 = 7-5.=64 = -57=5 = _=-3%

34 -3 -.-.=3 = §-3 T =(+32 = 3-.= 2+6.49 = 247.46=0 =



(-+D(-+6)=0 = _=-1and -6 isan extraneous solution.
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B5.=3+-5.-9 = _.-3=-5-9 = 2-6.+9=5.-9 =
2-1M.+18=0 = (.-2)(--9 =0 = . =9and?2isan extraneous solution.
(6] .+ -5.+19=-1 = -5 +19=-.-1 = 5.+19=2+2.+1 =
2-3.-18=0 = (.-6)(-.+3)=0 = .=-3,6.
Check . =-3: LS=-3+2=-1 =RS = _ = -3 isasolution.
Check. =6:LS=6+7=13# RS = .= 6 isan extraneous solution.

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

[37] We recognize this equation as a quadratic equation in y2 and apply the quadratic formula, solving for y2, not y.

, 7,,-19. .10 70, 10-19 (I a—
Sy* — 7y2 + 1A5 = 0 y 0 o 0 Y= uig E70.,10-19
Alternatively, let " = y2and solve 5"2 = 7" + 1A5 = 0.
B8] 3y* -5y +1A5=0 = y?= 2.-7,6_30.6-7 _ y=,,1E30,,6-7
6 6 36 6
[936.4-13.2+1=0 = (4.2-1)09-2-1)=0 = .2= %19 = .2=49 = _.=,2.3
Alternatively, let " = _"2 and solve 36" — 13" + 1 = 0.
A0 .2-2.1-35=0 = (T-7(.T+5=0 = .1=7-5 = _=1.%
A1323+4.13-4=0 = "3B_-%" 1B+%=0 =
17=2,-2 = _="2% (=2} = .=238 -8
3 3 27
Alternatively, let" = .3 and solve 3"2 + 4" — 4= 0.
B2 2y3 -3yo+1=0 = "-Wy-1h=0 = cy=L1 = y=_1,1

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 .7/8 is in the given equation and 7 is even, we have to use the ,, symbol for the

solutions. Here are a few more examples:

Equation Solution 2
=g oo gen = 21
225~ 2y g 1
34 =8 A_3/4%n4/3 =843 — =16
4/3 — ~ 4/3u3/4 _ 3/4  — _ . .
45 =81 A3 = 81 = .=,27e, since4isevenf
. 3
@ -3=32 = "3 =32 = _=§:32.=2=8

b 43=16 =



Mo gt = - =.8iT16C o 3o 8

n o 3 3
) -P=-64 = 2332 L(-68%% = =, §-=64<, which are not real numbers.
No real solutions
(d) A =125 = A_3/4%04/3 = (125)4/3 = _=8 iﬁ‘s<4 = 54= 625
@ -¥2=-27 = "o = =gimprd = (37 =9,

which is an extraneous solution. No real solutions
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3 5
@) () ¥ =-27 = "3 =(27)7 = [=§1727 =(-3)° = -243
(b) 23 =25 = A_2/3%ﬂ3/2 = (25)3/2 = _=,% _25(3 = ,5=,125
~ , « 3 .
@ -P=-49 = Ao (—49* = =, 8449, which are not real numbers.
No real solutions

@ -2=64 = "= (64 = =526 =42=16
@ -=-8 = "B o = =% 18 = (-2)* = 16, which is an extraneous solution.

No real solutions
(a) For this exercise, we must recognize the equation as a quadratic in -, that is,

A2+B.+C=0

where A is the coefficient of _2, B is the coefficient of -, and C is the collection of all terms that do not

contain -2 or ..
42-4y+1-y?=0 = @2+ (-4y)-+(1-y>)=0 = _—

4y, -T6yZ-T6(T-y2) 4y, -T6lyZ-(T-y)Hl 4y, 4-2y2-1 vy, -2y2-1

2(4) - 2(4) - 2(4) - 2

(b) Similar to part (a), we must now recognize the equation as a quadratic equation in y.
42-4.y+1-y2=0 = (-Ny?+(-4.)y+@.2+1)=0 =

4., -162+442+1) 4., =442+ 4.2+l 4.,2-82+

= = = = — 2
y 2(-1) -2 -2 2o 85T

@8] (8) 22-.y=3y2+1 = (Q-2+(-y)-+(-3y2-1)=0 =
_ Y. -Y B3I Y. -2y7F8

2(2) 4
() 22~ .y=32+1 = (Y +(-Jy+@.2-1=0 =
. - ZF2@2Z-T) -4 -257-T2
& 2-3) R—
-4,500,000 ,, - 4,500,0002 — 4(T)(=
— 0A96)
ar @ - = > _ Oand -4,500,000
by = P =b%-4dac -b..=b’-4ac  b%- (b2~ 4ac)
o= 2a -b .. -b2-4ac” 2a8-b ... - b2 - 4ac<
4ac 2c

- 2aS-b ... - b7 —Zac< ~ -b .. -t*=4ac

The root near zero was obtained in part (a) using the plus sign. In the second formula, it corresponds to the
minus sign. . = 2(=0A%) - 2A13, 10/
an. - -4,500,000 — - 4,500,0002 — 4(1)(-0A96) = '




73,000,000 ,, E(~73,000,000)? —

[ 4(1)(2A01)
48 (@) - = 5 .. 73,000,000 and O
(b) The root near zero was obtained in part (a) using the minus sign. In the second formula, it corresponds to the
2(2A01 N
plus sign. . = (2A01) _2A75, 168

73,000,000 + E(=73,000,000)% — 4(1)(2A01)
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I10+P=H-XO egiven equation, solve for Of

IO+XO0O=H-P eget O-terms on one side, everything else on the otherf
O, 1 +X)=H-P efactor out Of
_H-P edivide by , 1 + X) to solve for OF
I +X
B CH+C=7C+9 = CH+C-7C=9 = CH+1-7)=9 = C= 2
H+1-7

8+ 1 1
BI R = = R8=8+1 = R8-8=1 = 8R-1)=1 = 8=——

8 R -1
":—La = "1-a)=a = "-"a=a = "=a+"a = "=qa1+") = a:1:
BIA=7+7r1 = A-7=7r = r=A—_7I

T2 2 ’ 2 211

:E‘U +§1 = 2 =11+ = 2 —11°=2# | =o#=2I

55 S=—PB egiven equation, solve for qf

55] q+p1-0 g q q
Slg+p1-qgl=p eeliminate the fractionf
Sqg+SpT-g)=p emultiply termsf
Sq+Sp-Spg=p emultiply termsf

Sq-Spq=p-5Sp eisolate terms containing qf

59.1-p)=p,1-9) efactor our Sqf

1-
q= 21—_5}}) edivide by S,1 — p) to solve for gf
[55]S = 26$+25 +26) = S=265+22$+22% = S-26$=22$+6) = 2=ZS$‘2+6%)
1 1 1 .
£ 5+ a{multlply by the Icd, fpg} =
fp
:f +f = —f :f = , —f :f = =
Ppqg=Tq+Tp Pq — Tq p q.p-1*)="1p q p-T
1 1 1 1 .

— =— + — + — {multiplybythelcd, 99993} = 999 =999 +999 +999 =
9 9 9, o9 12 3 12 3 2 3 13 12
9:9;9; -99,9;-99:9,=99/9; = 9;919;-99;-99)=99,9; =

99,9;
9,= ————
9,9; - 993 - 99;

0:17#2 = #2=@ = #=,,E2— = #=I§@since#>0.

2 7 7 7
5=V - g _ 4. gl7Q 17

17Q = d=|§Q since d > 0.

d? J J J

B A=21rr+2) = A=21r’+21r2 = 21)r> +,212)r — A = 0 ea quadratic equation in rf =



-212),, E212)> - 421),-A) -212 , -F1227+BIA
r= =

2.21) = 2.21)
_-212,2-1%27+21A _ -12, -1227+ 21A
2,21) - 21

12+ -1 2 4+ 21A
21 '

Since r > 0, we must use the plus sign, and r =
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2
L oy Loessy- =0 = = Hou = tpt 2]
2 0 (EZD 0 1
_#O+_#2+21
Since ! > 0, we must use the plus sign, and ! = 1 0
|1Ed:12-492—c2 = 2d= -2497-C2 = 4d2=492-C2 = (C2=492-4d2 =
C2=49%2-d) = C=,2-92-d2 = C=2-92-d?sinceC>0
—— S e — S2
[64]S =1r-r2+22 = Ir:-r2+22 = (El_l’ =S-r2+22¢ = Frzzr2+22 =
s, st N P P! 1.
-r =2 = - =2 = 2 = S -1rh = 2=, TS2- 124 =
12r2 12r2 12r2 12r2 %
2=— S2 - 124 since 2 > 0

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 20.. 20. = 2400 = . = 120 months (or 10 yr).

Let - denote the amount (in millions) invested in bonds.
-,0.06) + ,800 — .),0.05) =42 = 0.06.+40-0.05.=42 = 001.=2 = _=200.

The arena should be financed by selling $200 million in bonds and borrowing $600 million.
(@) They will meet when the sum of their distances is 224. Let ! denote the desired number of seconds.

Using distance = rate, time, we have 1A5! + 21 = 224 = 3A5!=224 = | = 64sec.

(b) The children will have walked 64,1A5) = 96 m and 64,2) = 128 m, respectively.
Let 6 denote the length of the side parallel to the river bank. 7 = 2$ + 6

@ 6=2% 7=29+2$=4% 4$=180 = $ =45ftand A = 45),90) = 4050 ft>.

b 6="¢ 7=2%+"$=°%$.%$=180 = $ =72ftandA =,72),36) = 2592 ft>.
2 2 2 2

6=% = 7=2$+$=3535=180 = $ =60ftand A =,60),60) = 3600 ft2.

Let - denote the distance to the target. We know the total time involved and need a formula for time. Solving
d =r! for!givesus! = d/r.

Timeg target + TiMefrom target = TiMetotal = ?0 W = 1A5 {multiply by the Icd, 3300} =

.+3.=1A53300) = 4.=4950 = _=1237A5ft

Let - denote the miles in one direction. A 6-minute-mile pace is equivalent to a rate of 16 mile/min. Solvingd = r!
for ! givesus! = d/r. Minutes  + Minutes = Minutes = —+— =47 =
north south total 1 /6 1 /7

6.+7.=47 = -—ﬂ Thetotaldlstance|52fﬂ:91—43or73 mi.



Let b, denote the larger base. A = %,b1 +0)2 = 5= %,3 +0),1) = 10=3+b, = by=7ft

Let 27 denote the height of the cylinder. Z = 41r® + 1r?2y = 11,2501 andr = 15 =

22501 + 225124 = 11,2501 = 22512y = 90001 = 27 = 40. The total height is 40 ft + 15 ft = 55 ft.

[73] (&) X =Xo—~545,2 i 2=5280ftandXo=70°F = X =70 - ~shs, 5280 = 40A96°F.

o

1000 1000

(b) X =32°F = 32=70-"3AS42 = "SAS4p =38 = 2=38°100% 6909 ft.
1000 1000 5A5
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@ 2=227X-H) i X=70FandH = 55°F = 2 = 227,70 - 55) = 3405 ft.

(b) 2=3500ftand H = 65°F = 3500 = 227X - 65) = X = 52 4+ 65 _ 80A4°F

X=B-"23%2 i B =55Fand2 = 10,000 - 4000 = 6000 ft = X =55- "-3%6000) = 37°F.
1000 1000

[/6] (@ 2=65+3A14. i . =30 = 2=65+3A1430) = 159A2 cm.
cm

() 2=73A6+3A0. i . =34 = 2=73A6+3,34) = 175A6 cm. The height of the skeleton has

decreased
by 175A6 — 174 =  cm due to aging after age 3O0. e = 27 years. The male was approximately
1A6 0.06

30 + 27 = 57 years old at death.
[[7] (@ #=55 = d=#+ #/20) = 55+ ,552/20) = 206A25 ft
(b) d=120 = 120 =#+ #/20) = 2400=20#+# = # +20#-2400=0 =
H+60)#-40)=0 = #=40mi/hr
(@ X =98 = 2=1000,100 - X) + 580,100 — X)? = 1000,2) + 580,2)%> = 4320 m.

(b) If . =100 — X and 2 = 8840, then 8840 = 1000. + 580.2 =
292 450 — 44 =0 = = -50,, -2500 + 51,272= -25,, -13,443

_ - 4A86,3A14.

2,29) 29
.=-4A86 = X =100 —. = 104A86°C, which is outside the allowable range of X.
.=3A14 = X =100-. = 96A86°C for 95 < X < 100.

(a) The northbound plane travels %TZOO = 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 = E,100 + 2001)? + ,400)2 = E1002,1 + 21) + 1002,41)° = E1002.1,1 + 21)% + ,41)%¢
=100-1+ 4!+ 412+ 1612=100 - 2012 + 4! + 1.

(b) d=500 = 500=100-202+41+1 = 5= -202+41+1 = 52=202+41+1 =
202 +41-24=0 = 512+1-6=0 Sl+6),!-1=0 =
I = 1 hour after 2:30 p.Mm., 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,, = 1612=11004-1) {d=1rl} = 41°=2754-1) =
» -275, =93225 -275 + 5-=3729
| | — = = | = = A

41 + 2750 - 1100 = 0 ! 24 g _ 3A79.

The height is 1612 _ 229A94, or 230 ft.

Let . denote the number of $10 reductions in price.
Revenue = ,unit price) , #ofunits) = 7000 =,300-10.),15 +2.) =

7000 = 10,30 - .),15+2) = 700= -2.2+45 +450 = 2.2-45 +250=0 =



2.-25,.-10)=0 = . =100r12A5.
The selling price is $300 — $10,10) = $200, or $300 — $10,12A5) =
$175.

The total surface area is the sum of the surface area of the cylinder and that of the top and bottom.
S=21r2+21rfand2=4 = 101= 81r + 21r? {divideby21} = 5=4r+r? =

PP+4r-5=0 = r+5,r-1=0 = r =1,andthe diameter is 2 ft.
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(@) Areacapsue = Areagpnere {the two ends are hemispheres} + Areacylinder
_ 2 _ A1~102 Ay~ Te 1, 31 _ 2
=A41r° + 2112 = 41730 + 217 02 — Sh = 5+ 35 = 1 cme,

Areapier = Aretop and bottom + Al€acyiinger = 21r% + 21r™ 1% = 21r2 + 1r.

Equating the two surface areas yields 21r2 + 1r =1 = )
2r+r-1=0 = 2r-1)r+1)=0 = r=" andthe diameteris1cm.

(b) VOIUmecapsule = VOIUmesphere + VOIUmecyIinder
T R Tr - N ¥ o U ol P S R SR 1 _ 0A360 cm3.

3 3 4 2 48 32 96

4
Volumepier = Volumeeyjinger = 1r22 = 1° 1_—2%02 1=1 _0A393cm’.
7 =15700S529H — g52-__ [  _
&4 5% =157009H
7 2/5 380 2/5

S =C7570000 |~ 15.700)0A113/22)° -
0A54

From the Pythagorean theorem, d® + 2% = P2. Since d is to be 25% of P, we have

d=1P,so"IPW +22=P2 = 22=p2_"1py’ = 22=1p2_ 1p2 =
4 4 L 4 16
22=15p2 = 2= E®BP2esince 2 > 0f = 2P _ 0A97P. Thus, 2 _ 97%P.
16 16 4
[B6] X =0A257 4 I~ 1 _# = 7WVAZ4X -4 = 7 = 4X)#2 = 443452 = 518,400
CoStynderwater + COStoverland = COStigr = 7500 t,underwater miles) + 6000 t,overland miles) = 35,000 =

7500 - -2+ 1+ 6000,5 - .) = 35000 = 7500- -2+ 1 + 30,000 - 6000. = 35,000 =
7500 - .2+ 1=6000.+ 5000 = 15-_.2+ 1= 12. + 10 {divide by 500} =
225,.2+ 1) = 1442 + 240. + 100 = 2252+ 225 = 1442+ 240. + 100 =

5 240,, 17,700 6140, =-900t19 6140, 30-19 40, 5-19
81. —240.+125=0 = _= = = =

162 6 T2\7 i 6127 27 =
2A2887,0A6743 mi. There are two possible
routes.

The y-value decreases 1A2 units for each 1 unit increase in the --value. The data are best described by equation (1),
y = -1A2_ + 2.

The y-values are increasing rapidly and can best be described by equation (4), y = 32224 -10.
(@) Let Y1 =X;=-1A09P + and Y, = X, = —0A011P2 — 0A126P + 81A45. Table each equation
96A01 and

compare them to the actual temperatures.

- (P) 85 75 65 55 45 35 25 15 5
Y1 3A36| T4A26] 25AT6[ 36A06] 46A96| 57A86[ 68A76| 75A66] 90A56
Y2 - TOAT3] 26A79| 41A25] 53A51] 63A57| 7TA43] 77A09| 80A55
S.Hem. | -5 | 10 27 42 53 65 75 78 79




Comparing Y1 (X1) with Y3 (X3), we can see that the linear equation X4 is not as accurate as the quadratic
(b) equation X».

@ p=50 = X,=-0A011,50)° — 0A126,50) + 81A45 = 47A65°F.

Let Y1 = H; = 6A096P + 685A7 and Y5 = H, = 0A00178P3 — 0A072P2 + 4A37P

+ 719. Table each equation and compare them to the actual values.



1.5 EXERCISES 27

_(P) | 0 | 10|20 30| 40| 50| 60
Y 686| 747] 808| 869 930] 991 1051
Y, 719] 757] 792] 833] 893 980 1106
Summer | 720] 755] 792| 836) 892| 978] 1107

Comparing Y1 (H1) with Y3 (H>),
we see that the linear equation Hy is not as accurate as the cubic equation H.

(o) P =35 = H,=0A00178,35)° - 0A072,35)° + 4A37,35) + 719 _ 860 min.

1.5 Exercises

5-23)+,-3+63)=15+,-3)1+,-2+6)3=2+43
2] ,-5+43)+,3+93)=,-5+3)+,4+9)3=-2+133
B .7-83)-,-5-33)=,7+5)+,-8+3)3=12-53
@ ,-3+83)-,2+33)=,-3-2)+,8-3)3=-5+53
,3+53),2-73)=,3+53)2+,3+53),-73) edistributive propertyf
=6+103-213 - emultiply termsf
3532
=6-113-135-1) ~combine 3-terms, 3% = -1™
=6-113+35
=41-113
6] -2 +33)8-3)=,-16-332)+,2+24)3 = -16 + 3)+ 263 = 13 + 263
[ 4-33)2+73)=.8- 2132) + 28 - 6)3 = ,8+ 21) + 223 = 29 + 223
B .8+ 23),7-33) =,5 - 632) + ,-24 + 14)3 = 56+ 6) - 103 = 62 — 103
[9] Use the special product formula for ,. — y)2 on the inside front cover of the text.
5-23)2=52-25),23) +,23)2 =25 - 203 + 432 = 25 - 4)-203 = 21 -
203

[10] .6 + 73)° = 62 + 2,6),73) +,73)% = ,36 — 49) + 843 = —13 + 843
[I1) 3.3 +43)° = 30132+ 2,3),43) + 43)°° = 31,9 16) + 2431 = 3,-7 + 243) = -24 - 73
2] 3.2-73)° = 3122 +22),-73) +,-73)*° = 31,4 - 49) — 2831 = 3,-45 - 283) = 28 — 453

,3 +43),3 - 43) {note that this difference of squares & }
=32 - ,43)2 =9 —,-16) = {& becomes a "sum of squares"} 9 + 16 = 25

[T 4+73)4-73) = £ — 73)% = 16 — ,—49) = 16 + 49 = 65
(a) Since 3° = 1if 5isa multiple of 4, we will write 3 as 34033, knowing that 3*° will reduce to 1.
343 = 34033 = A34%010,_3) = 110,-3)
- -3
(b) As in Example 3(e), choose b = 20. 37201320 = 30 = 1,
[16] (a) 3% = "3%' =117 = 1

(b) AsinExample 3(e), choose b = 36. 373313% =33 = -3,
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(@) Since 3° = 1if 5is a multiple of 4, we will write 373 as 373", knowing that 372 will reduce to 1.

37 =373="34"%3=183=3

(b) Asin Example 3(e), choose b = 48. 3746134 = 32 = _1,

18] (a) 3% = 36432 = "34"° 1) = 116.1) = 1
(b) Asin Example 3(e), choose b = 56. 3713 = 31 = 3,

Multiply both the numerator and the denominator by the conjugate of the denominator to eliminate all 3°s in
the

denominator. The new denominator is the sum of the squares of the coefficients—in this case, 22and 42.

3 2-43 32- 6-123 6 12 3 3
43)
T = = =S - — = -
126+ 43 2-43 4-,- 20 0 03 1 5 3
)

5 13+73—5’3+73) 15+353 15
- 35

= 3—: =+
3-73 3+73 9-,- 58 58 58
49)

Multiply both the numerator and the denominator by the conjugate of the denominator to eliminate all 3’s in
the

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

1-73 6+ 6+14)+,2-42)3 20-403 20 40 1
23

t = = =_ - __3=_
6-23 6+23 36 —,- 40 0 40~ 2

4

-3

2+93T-3+3 —6-9+2-2Nn3 -15-253 3 5

220 37-3"35 3 9_ - - 0 -2 23
1)
-4 +63 . 2-73 | -8+42)+,28+12)3 34+403 3 0
T = = = — —
2+73 2-73 4- - 53 53 d3 3
49)
3-23.5-23 -15-4)+,6-10)3 -19-43 19 4
t = - __BB_4
5+23 5-23 25 — — 29 29 238

4

Multiplying the denominator by 3 will eliminate the 3 s in the denominator.
4-23 4-23 3 43- 2+43 2 4

232
73 —n'"3—— =7 =7%+73
732
2 _ _ _ _
- ,g 2+63 _ -2+63 -3 _ 23 -63



33, B3 0 63,2
= 3= 4=
3 3

[27] Use the special product formula for ,. + y)3 on the inside front cover of the text.

2+53)% = 2)3+32)7253)+3,2),53)%+
53)°
=8+ 603 + 67253%% +
12533
= "8 + 1503% + "603 + 12533 = .8 — 150) + ,60 — 125)3 = -142 - 653
28] .3 -23)° = ,3)> + 3,3)%,-23) + 3,3),-23)* + ,-23)> = 27 - 543 + 9°43% - 833
= "27 + 363% + "-543 — 83%h = 27 — 36) + ,-54 +8)3 = -9 - 463
[29] A common mistake is to multiply - -4 - -T6 and obtain - &4, or 8.
The correct procedure is - -4 --16 = -431t =163 = ,23),43) = 832 =
-8.

§2- -=Z33- -=T6<= 2-23)3-43) = 6-8)+,-63-83) = -2 — 143

§-3 + - -25<88 - - -36< = ,-3 +53),8-63) = -24 +30) + ,403 + 183) = 6 + 583
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4+ -—_ﬁ_4+93T2+33_,8—27)+,12+18)3_-19+303 19 30

2- -=¢ 2-33 2+33  4-- 13 FRER
9)
5—-— u:5—113Jr1—53:,5—55)+,—25—11)3:—50—363:_§_183
1+ -=25 15+53 1-53 1-,- 26 13 13
--36--49 ,63),73 423 -21 -21 -3 213 213 21
I:l ) 2
33 —— = = — = = t = - - 3
--16 43 43 23 23 -3 -232 2 2
= -25 _ 53 _ 53_ 53 3
-=T6 -=8T  43).93 363~ -36 36
)
We need to equate the real parts and the imaginary parts on each side of * = ".
4+, +2y)3=_+23 = 4=_and. +2y=2 =
-=4andd+2y=2 = 2y=-2 = y=-1,s0.=4andy=-1.
[B6],--y)+33=4+y3 = 3=yand. -y=4 = .-3=4 = _=7,y=3
B7,2.-y)-163=10+4y3 = 2.-y=10and-16=4y = y=-4and2.-,-4)=10 =
2.+4=10 = 2.=6 = _.=350.=3 andy = -4
[B8]8+,3.+y)3=2.-43 = 2.=8and3.+y=-4 = _=4and12+y=-4 = _=4y=-16
-76), Er6)-41)13) 4,-36-52 6,--16 6, 43
2
Q- -6.+13=0 = .= 21) = > = 5 = 5 =3, 23

[0 2-2.+26=0 =

--2)., E,-2)"-41)26) . _Z-1704 2, --100 2, 103

= 2.7) - 2 = T 1.3
A1 2+12.+37=0 =
] 12, BE-12)2-4137) 12, -144-148 -12, --4 12, 23
= 2’1) = 2 = 2 = 2 :_6"3
8, -64A-68 -8, -—4 8,23 —
2 — —_ _ 1 _ r” _ ” - _
[42] c+8.+17=0 = _= 21) = > =—5 = 4, 3
-+5), E-5)-41)20) 5,-25-80 5,--5 5 1
2 —_ —_—
Ll "5 +20-0 = .- = = =, .-553
¥ 2,1) 2 2 2" 2
M 243.+46=0 = _=2w=9-28 B.="15_ = 53
3.1
2,1 2 2 2

1, -17-483) -1, -1-48 -1, --47 1 1 —




45 4. + . +3 =0 = .= = = = - 473

2,4) 8 8 8" 8
] 2 -1,=-1-4-3)-5) -1, =1-60 1 1 =
46 -3. +.-5=0 = .= 2.-3) = 6 = 6" 6 593
Solving .3 = —64 by taking the cube root of both sides would only give us the solution . = —4, so we need to
factor .3 + 64 asthesumofcubes. 3+64=0 = ,.+4),.2-4.+16)=0 =

= —4or. = 4,=16-64 :u?ﬁ The three solutions are —=4,2,, 2 - 3 3.

2
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48] 3-27=0 = ,.-3),.2+3.+9=0 = ~
3,-9-36 -3,3-33 3 3 -
.=3 or.= = . The three solutionsare 3, - ,, "33,
2 2 2 2
@273 =,.+5° = 3.)-,_+5°=0 =
{difference of cubes} 13- — - + 5)111,3.)°+ 3., +5)+,.+5° =0 =
3.-.-5),9.2+3.2+15.+_.2+10.+25) =0 =
5 -25, -625-1300_ -25, 15-33
— 2 = = = = ” = ”
2.-5)132 + 25 +25)=0 = Jor. Bl .
The three solutions are 3, - 23 ,, 12 -3
3.
(0] 164 =,. -4 = 4.2 -1, - 4)2‘2 =0 {difference of squares}
A2 4,0 —4) 42— 4% =0  5.2-8.+16)3.2+8.-16)=0 =

52-8.+16=00r3.2+8.-16=,.+4),3.-4)=0.

8, -64-320 8, 163 4, .
. The four solutions are —4, 4,4 ,, &3,

52-8.+16=0 = .=23 = =
10 10 5 35 05
B -4=625 = .4-625=0 = ,2-25,.2+25=0 = o
2=25-25 = _.=,-25,--25 = _.=,5,53
(2] .4=81 = 4-81=0 = ,2-9),2+9=0 =
-2=9,_9 = -=u-§lu-__9 = -=ll3lll33
B3] 4.4+252+36=0 = ,2+442+9=0 =
-2 = _4, _2 - - = . '__4, ’” E_g = - = 11231 11_3
4 s 3 2
(4274 +212+4=0 = 9.2+4)3.2+1)=0 = o -7
2=-4 1 = = E-4,E-" = .=,23,,7-3
9 3 9 3 3 3 3
I'5_5,_3+3-2+4_:0 = -,-2+3.+4)=0 &
=0 or-=_3 »=9-16_-3, LE. ThethreesolutionsareO,—é,,1:-73.
2 2 2 2
(6] 83-122+2.-3=0 = 422.-3)+12.-3)=0 = 42+1)2.-3)=0 =
-2=—10I’-=§ = -="E—_10I’.=§ = -=3lll;3
4 2 4 2 2 2

Note: In Exercises 57-62: Let' =a+b3and $ = c+ d3.

+$=,a+b3)+,c+d3) edefinition of ' and $F
=,a+0+,b+d)3 =,a+c)-,b+d3




rite in complex number formf

w edefinition of conjugatef
=,a-b3)+,c-d3) erearrange terms ,*)f
="+ % edefinition of conjugates of ' and $F

,*) We are really looking ahead to the terms we want to obtain, “and $-

B8l*=%=,a+b3)-c+d3)=,a-c)+b-d)3=,a-¢)-b-d)3=,a-b3)-,c-d3)="=85.

“+$=,a+b3)f,c+d3)=,ac-Dbd) + ,ad + bc)3
=,ac-bd)-,ad+bc)3 =ac-ad3-bd-bc3=a,c-d3)-b3c-d3)=,a-b3)tc-d3)='t$
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~Z _ a+bi  a+bi,c-di _ ,ac+bd)+ bc—ad)i _ ac+bd bc-ad.
B0 Sqg<=Cigi’ = Ccrdil c—di = C 2+ UFE 2 df s ke

ac+bd bc-ad ,ac + bd) + ,ad - bo)i a-bi c+di a-bi a+hi) z

c2+d?> 2+ d? c?+ d? , -
Tc-di c+di c-di c+di) $
, Ifz=2zthena-bi=a+ biandhence —bi = bi, or 2bi = 0. Thus,b = 0and z = ais real.
,2 Conversely, if zisreal, thenb = Oand hencez=a+0i =a-0i=a+0i = z.
Thus, by, and,2 ,z = zifandonly if z is real.

[62] z2 = a+ bi)> = a2+ 2abi - b2 = a2 — b?) + 2abi = ,a2 — b?) — 2abi = a2 - 2abi — b2 = .a - bi)? = 2§

1.6 Exercises

Note: Brackets, "I'" and "1", 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.

0
d -<-2 < ,-oo,-2) 2 . 4 < OelN—tt+t+t+t+++>
e s s s e s
-2 0 0 4
B 5>. -2 < -2<.<5 < 0-2,5i a 3<.<7 < 3,7
R e e S B S I
-2 0 5 0 3 7
B B-54 < -5<.<4 6 -6, ©) < _.> -6
2.+5<3.-7 = -. <-12 = _>12echange inequalityf < ,12,00)
.-6>5.+3 = -4.>9 = _< -2echange inequalityf < "—oo, -2k
4 4
2.-9 .
[ ~3< —— < 7«15 {multiply by the led, 5} = 15<2.-9<35 =
24 < 2. < 44 {add 9 to all three parts} = 12 < . < 22 {divide all three parts by 2} <
012, 22N {equivalent interval notation}
[10] »-2 < <013 = 6<4.+1<0 = -7 <4.<-1 = -, <.<-, < "=, =,

3

By the law of signs, a quotient is positive if the sign of the numerator and the sign of the denominator are the same.
>0 = 3.+2>0 = .>-%2 < -2 ool

3.+2 3 3
The expression is never equal to 0 since the numerator is never 0. Thus, the solution of

Since the numerator is positive,

4 Aoy
3 42 Ois —35, oo,




- 2)° > 0a. except 1. Thus,175

3

<0

2.+5

-7
4- 3.

-3
2-.

>0

<0

2. + 5 < 0 edenominator must be negativef 2. <=5
4 — 3. < 0 edenominator must also be negativef =
4<3. =
2-.>0 = 2>. = _.<2 < ,=%,2)

¥ > 0 has solution < — {1}.
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3 3 .
2+4>0a.. Hence,— . > 0a.,and—; N 4< 0 has no solution.

+4
7] 1. +31<0A0T = -0A0T<.+3<0A01 = -3A01 <. <- -3A01, -2A99)
2A9 <
8] 1. -4<003 = -003<.-4<003 = 3A97 <. <4A03 13A97,4A031
<
M 13.-71 5 = 3.-7 5o0r3.-7<-5 = 3. 1NRor3.<2 =
. dor.<? <

-

202-11-7.1-2>10 = 2-11-70>12 = I-11-7.1>6 =
11 -7.>60r-11 =7.< -6 = -7.>170r-7.<5 =
.<-Tor.>-3 < "o, -1
7 7

Since17.+ 21 0a.,I7.+ 21 > -2 has solution ,— oo, 00),

Since 16. — 51 0 a.,16. — 51 < —2 has no solution.

13. - 91 > 0 a. except when 3. — 9= 0,0r . = 3. The solution is ,—o0, 3) U ,3, o0).

[23)15.+21=0if . = —%, but is never less than 0. Thus, I5. + 2| < 0 has solution - = —2.

—-2<1.1<4 = -=-2<I.landl.l < 4. Since —2 is always less than Il {because |.1 0},
we only need to consider I.1 < 4. 1.1<4 = -4<_

26]1<1.1<5 = 1<.<50r1<-.<5 = 1<.<50-1>.>-5 =

1T<.<50-5<.<-1 <

—E oM

7 7
<4 < ,-4,4)
1_51_1)U1115)

, 3.+ 1),5-10.) >0 1 See the sign chart for details concerning the signs of the individual factors and the

resulting sign. The given inequality has solutions in the interval ~— 1§

for the Resulting sign.

12%0, which corresponds to the positive values

Interval —oo, = 3h | "1 I | 7L ool
Signof 5 - 10. + + -
Signof 3. + 1 - + +
Resulting sign - + -
-+ 2),. - 1)4-") <0 1 —Fromthechart, we See the product is negative for - — ,—2, 1) U ,4, ). Since we

want to also include the values that make the product equal to zero {-2, 1,and 4}, the solution is -2, 11 U 04, coN.

Interval ,—00,=2) |,=2,1) |,1,4) | /4, )
Signof 4 - . + + + -
Signof. -1 - - + +
Signof. + 2 - + + +
Resulting sign + - + -

29] .2-.-6<0 = ,.-3),.+2)<0

®,-2,3)



Interval ,—00,=2) | ,-2,3) | ,3,00)
Signof. -3 - - +
Signof. + 2 - + +
Resulting sign + - +
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[0 .2+4.+3 0 = ,_+1),.+3) 0 e D-00,-30U0-1,cofl
Interval ,-00,=3) | ,=3,-1) | -1, o)
Signof. + 1 - -
Signof. + 3 - +
Resulting sign + -
B.2.+3) 5 = 2.2+3.-5 0 = _2.+5),.-1 0 e "—o00, =3 U1, 00l
Interval "—oo, =3k | "=3, 10 | 1, 00)
Signof. -1 - - +
Signof 2. + 5 - + +
Resulting sign + - +
B2]8.-15> .2 = 2-8.+15<0 = ,.-3),.-5<0 ® ,3,5)
Interval ,—0,3) |,3,5)|,5 00)
Signof.-5 - - +
Signof. -3 - + +
Resulting sign + - +
Note: Solving .2<a®> or .2>a®> for a>0 may be achieved wusing factoring, that i,
2-a2<0 = ,.+a),.-a)<0 = -a<.<a;or by taking the square root of each side, that is,
-2<-aZ = |.l<a = -a<.<a. Themostcommon mistake is forgetting that -i= I-1.
[B3]252-16<0 = 2<1® = | 1<% = -4<_<4 < "4 4
25 5 5 5 55
|3_2F|25.2—16. <0 = .25.-16)<0 aerﬂz_‘;%u
Interval ,—00,0) | "0, &k | “18 ool
Sign of 25. - 16 - - +
Sign of . - + +
Resulting sign + - +
— .4l - _ — = . _ 5 . . . .
+2) <0 = 1 <0 {we will exclude - = -2 since it makes the original expression
e+ 2),.+1)
undefined} = —:1 < 0{we can divide by -2since .2 0and we will include . = Osince it makes .% equal
to zero and we want all solutions less than or equal to zero} = . + 1 < O {the fraction cannot equal zero and
- + 1 must be negative so that the fraction is negative} = . < -1 ®,-00,-2)U,-2,-1) Uelf
LZM 0 = =3 0{.2+1>0} = L 0 {exclude 3} =
2-9 - +3),.-3) 43

-+3>0{exclude -3} = _.>-3 ®,-3,3)U,3,00)



2+ 2.

< 0ewe will exclude . = 0 from the solutionf ae ,—2, 0) U B0, 10

<0 =
-+2
Interval ,—00,=2) | ,-2,1) | ,1,00)
Signof . - 1 - - +
Signof . + 2 - + +
Resulting sign + - +
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. +3)F2 - 2-. : 1
[38] w+IF2-2) <0 = < O{include -3y = — 0 {cancel, change
.+ 4),.2-4) e+, +2),.-2) -+ 4, +2)
inequality, exclude 2} 2 ,-00,—-4)Ue-3fU,-2,2)U , 2 )
Interval ,-00, =4) | ,-4,-2) | ,-2, )
Signof . + 2 - -
Signof. + 4 - +
Resulting sign + - +
-2 0 = -2 0 {. = 2 is a solution since it makes the fraction equal to zero, . = 5
2-3.-10 ,-—5),. +2)
and . = —2 are excluded since these values make the fraction undefined} e 0-2,20u 5, o)
Interval ,—00,=2) |,-2,2) |.,2,5) |,5 )
Signof. -5 - - - +
Signof. -2 - - + +
Signof . + 2 - + + +
Resulting sign - + - +
.+6 _ .+6 ;
-2_7'+12<0 = TI3.-% <0 & D-oo, -60 U,3,4)
Interval ,—00,=6) | ,=6,3) | ,3,4) | 4, )
Signof. -4 - - - +
Signof. -3 - - + +
Signof. + 6 - + + +
Resulting sign - + - +
3. 5,0 = — = < 0 {divide by —3} & ,—o0,-3)U,0,3)
.2-9 ,-+3),--3)
Interval ,—00,=3) |,=-3,0) |,0,3) |,3, )
Signof. -3 - - - +
Sign of - - + +
Signof. + 3 - + +
Resulting sign - + - +
A2 —2— <0 = —= <0{divide by 5} 2 ,-4,0)U 4, )
16— .2 A+ )4-0)
Interval ,—oo, —4) | ,-4,0) | ,0,4) | ,4, )
Signof 4 - . + + + -
Sign of . - - + +
Signof 4 + . - + + +
Resulting sign + - + -
.+1 sy = .+1_2>O _ .+1—2,22-3—3}>0 _ -+1-4-+6>0 _
2.-3 2.-3 2.-3 2.-3
—3. + 7 ~3 Tu

> 0. From the sign chart, the solution is Lh. Note that you should not multiply by the factor 2. — 3

2.-3



as we did with rational equations because 2. — 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 “—oo, 3 | 73, Ih | "1, cob
Signof -3.+7 + + -
Signof 2. - 3 - + +
Resulting sign - + -
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_-2-43. -11. -
2<4: 243+5)<O 11 22<0
3.+5 3.+5 3.+5
Interval ,—00,=2) | "=2, =3 | =3, coh
Signof 3.+ 5 - - +
Signof -11. - 22 + - -
Resulting sign - + -
1 i 3. =
3 T 3 0 = 1,-+1)-3,.-2) 0 =
-2 _+1 -2 _+1 -—2),-+1
.+1-3.+6 -2.+7
.—2),-+1) - -—2),-+ 1) 0
Interval -00, =1) [ ,=1,2) | "2, 5 | 75, ool
Signof -2.+7 + + -
Signof . - 2 - - +
Signof. + 1 - + +
Resulting sign + - -
2 . 2 2,.-5)-22.+3) <0 = -2.-16 <0
2.+3 -5 2.+ 3),.-5) 2-+3),.-5)
Interval —o0,=8) | =8, =34 | "=3,5h | 5, 00)
Signof.-5 - - - +
Signof 2. + 3 - - + +
Signof -2.- 16 + - - -
Resulting sign + - + -
- 2 -2 <0 .,-—-1D-23. —5)<O _
3.-5  .-1 3.-5  _-1 3.-5,.-1)
22— . -6.+10 .2-7.+10 - —2),- =5)
3.-5)..-1) = 3.-5.-1 <0 = 3._5. <0
Interval ,—00, 1) | °1,3h | 73,20 | ,2,5) | ,5, )
Signof. -5 - - - - +
Signof. -2 - - - + +
Signof 3. -5 - - + + +
Signof. -1 - + + + +
Resulting sign + - | F - +
- 3 - 3 0 = = +27=3,2-=1) 0 —
2.-1 .+2 2.-1 .+2 2.-D,.+2)
2+2.-6.+3 2-4.+3 -=D,. =3
2.-1),. +2) = 2. -1n.+2 O 2.-1.+2 O =
Interval ,—00,=2) | "=2, % | "1, 1% | 1,3) | 3,00)
Signof. -3 - - - - +
Signof . - 1 - - - + +
Signof 2. - 1 - - + + +
Signof. + 2 - + + + +

35

@ D-oo, 20U =3, ool

& ,-00, 1)U "2,

e [1-8, 3% ,5, c0)

2

5

& "1,5mV 12,51

,=2)U "5, 1°U 03, oo
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49 3> . = 32-.>0 = _,2-1D>0 = _.+1D.-1D>0 2 ,-1,0)U,1, )
Interval ,—o0,=1) | ,=1,0) | ,0,1) | ,1,00)
Signof . - 1 - - - +
Sign of . - - + +
Signof. + 1 - + + +
Resulting sign - + - +
A2 = 42 0 = 22-1 0 = 2_+1,.-1) 0. Since .2 0, . does not need

to be included in the sign chart, but O must be included in the answer because of the equality.
% D-o0, —10 U e0F U (1, N

Interval ,—o0,=1) | ,=1,1) | ,1,00)
Signof . - 1 - - +
Signof. + 1 - + +
Resulting sign + - +
Bll@ I.+5=3 = .+5 =30r.+5=-3 = _=-2o0r.=-8

(b) 1. + 5I < 3 has solutions between the values found in part (a), that is, ,—8, —2).

(c) The solutions of I. + 51 > 3 are the portions of the real line that are not in
parts (a) and (b), that is, ,-oco, —8) U ,-2, o).

B2l@ 1--4<3 = -3<.-4<3 = 1<.<7 < 1,7).
(b) 1. — 4l = 3 has solutions at the endpoints of the interval in part (a); thatis,at . = Tand . = 7.
(c) Asin Exercise 51(c), I. — 4l > 3 has solutions in ,—oo, 1) U ,7, c0).

We could think of this statement as "the difference between $ and 141is at most 2." In symbols, we have
I$ — 1411 < 2. Intuitively, we know that this inequality must describe the weights from 139 to 143.

"r must be within 0AO1 centimeter of 1 centimeter" is written as Ir — 11 < 0.01.

Q= fL 1 We want to know what condition will assure us that an object’s image is at least 3 times as large as
-p

the object, or, equivalently, when Q 3. Q 3 eandf =6f = G_?p 3 = 6 18- 3p {since
6 — p > 0, we can multiply by 6 — p and not change the direction of the inequality} = 3p 12 = p 4,
butp < 6sincep < f. Thus, 4 < p < 6.
3A5 s 3A5 . \ X
C='—ic>1A5 '—>1A5 gl +1>0f3A5! > 1A5! + 1AS = 2!i = !>§hr
I+ 1 I+1 2 4
[57] Let - 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.
Costa < Costg = 100,000 + 8000. < 80,000 + 11,000. = 20,000 < 3000. = .> % or6§yr.

Let ! denote the time in years from the present. Costg < Costa =



Purchaseg + Insuranceg + Gasg < Purchasep + Insurancep + Gasy =

24,000 + 1200! + 155'8001 31 < 20,000 + 1000! + 15’3%00 31 =

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




CHAPTER 1 REVIEW EXERCISES 37
>9 = -161° +24!+1>9 = -162+241-8>0 = 21°-31+1<0{divideby-8} =
@' -1)( -1)<O0{useasignchart} = J<!<1.
The dog is more than 9 ft off the ground for 1 — 3 = 1 sec.

1536 = -16!°+320! 1536 = -16!>+320'-1536 0 =
12-20! + 96 < 0 {divideby =16} = (! —8)(! - 12) < O{useasignchart} < 8<!<12

61 d<75 = #+ J# <75{multiplyby20} = 20#+# <1500 = #2+20#-1500<0 =

(# +50)(# - 30) < O{useasignchart} = -50<#<30 = O0<#<30{since# 0}
Q 45 = ‘?10#2 + %# 45 {multiply by -30} = # —75# < —1350 =
# - T75#+ 1350 <0 = (#-30)(# - 45) < O{useasignchart} < 30 < # < 45

(@ 5ft9in =69 in. In a 40 year period, a person's height will decrease by 40 X 0.024 = 0.96 in __ 1in. The

person will be approximately one inch shorter, or 5 ft 8 in. at age 70.
(b) 5ft 6in=66in. In 20 years, a person's height (h = 66) will change by 0.024 X 20 = 0.48 in. Thus,

66 — 048 < h <66+ 048 = 6552 <h<6648.

7500 < [ < 10,000 = 7500 < 0.00334Z2S < 10,000 = 7500 < 0.00334(210)Z 2 < 10,000 =

_7500 <Z%< 10,000 _ E 7500 < Emo = 1034 <Z <1194 ein ft/secf. To convert
0.7014 0.7014 0.7014 0.7014

. . 60 15 . 1foot ., 3600 seconds ., 1 mile .
ft/sec to mi/hr, multiply by 38 or ~», which are reduced forms of Tsecond Thour €380 Teet’ Using
the approximations in ft/sec, we get 1034 < Z < 1194 ein ft/secfF = 70.5 < Z < 81.4 ein mi/hrf.

The numerator is equal to zero when . = 2, 3 and the denominator is equal to zero when - = ,, 1. From the table,
the expression Y = ((2 — '))((3‘ +_ 9)) is positive when - —0-2, =18 U (1, 2) U D3,3.50. See the table on the left.
TR Y4 Y4

-351] 30.938/ 1.0 36
-30] O 1.5 19.688
25| -7313 120 0
-20( 0 2.5|-18.56
-1.5| 14.438/ 3.0| -30
-1.0| 30 3.5| -26.81
-0.5| 42.188| 4.0 0

00| 48 45| 60.938
0.5| 45938/ 5.0| 168

- Y1 - Y1
-2.0 20 1.0| ERROR
-1.5 378 |15 1.8
-1.0 |ERrROR [ 20| O
-0.5] -35 2.5|-0.1429

0.0| -18 30| O

05| -15 35| 0.2

By using a table it can be shown that the expression is equal to zero when . = -3, -2,2,4.
The expression Y1 = .4 - .3 —16.2 + 4_ + 48 is negative when . — (-3, —2) U (2,4). See the table on the
right.



Chapter 1 Review Exercises

If . < -3,then.+3 <0,andI.+3l=-(.+3)=-.-3.
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If2< . <3,then -2 > 0{.-2 is positive} and . -3 < 0 {. - 3 is negative}. Thus, (- —2)(-—3)<0
{positive times negative is negative}, and since the absolute value of an expression that is negative is the negative
of the expression, I(. — 2)(- — 3)I = —(. — 2)(- — 3), or, equivalently, (2 - .)(- - 3).

6
o @ b o 232 ° 63 -
3 0 g2 T a12p6 T g8 4 -2pqe (E4q2 ="-8pq /"°(E16q4\ | = "2
2
|:| y—1 4 -1/3)/2 4y_4 Z_3 i |:| _643 23 SiT64«¢ . 16.2
STt T o Ty Ty 8 g AT 2%
5n —0/3“_1 —6\- _ B _ R 1 1 - .2
aPh = @) =aHf = -2—y1=fz‘>7=.L2y

O 2:275y3z%= 127373 7 =3.yz* 7z

[10] E(-4a3b2c)’ = * T6ath?c? = * 2%a%b* ¢ a%c? = 2ab E(ac)® = 2ab - ac

N - - - =1 ~
_1 1 -1 =_1_ _1__—;_ =_1_ L Eé'('cﬂ‘dﬁf': & c12d24 = ¢4
-TH-!_ _!H__!_ -1 _!H -1 \ 1 —
_ |:| — -
L_gl -124% 124y 4.2 2. 3+ -0 3+ -. 3+ .. _+6-.+9
1 = E = 14 = 1 =
S5y E337 Bye Ty 3- -7 3--7 3%+ 9-.

M5 (33 -4.2+.-6)+ " 4=23+32+5h= 4+ 3 24+ -1

M6 (+H(-+3)-QR.-=3N(--5=(2+7.+1) - (2.2-13.+15)= -2+ 20.-3
[I7] (3a - 5b)(4a + 7b) = 12a® + 21ab — 20ab — 35b® = 12a2 + ab — 35b2

[18] (4r2 — 3 )* = (4r2)* = 2(4r2)(3 ) + (3 )* = 16r* — 24r2 +9 2

[T9] (13a2 + 5b)(13a2 — 5b) = (13a%)° - (5b)° = 169a* — 25b?

[20] (2a + b)’ = (2a)® + 3(2a)*(b) + 3(2a)(b)* + (b)’ = 8a3 + 12a% + 6ab? + b3

2T (3. + 2y)°(3- - 2y)? = 13- + 2y)(3. - 2y)1% = (9.2 — 4y?)° = 814 — 72.2y2 + 16y*
[22] @+ b+c+d)*=a2+b2+c2+d’+2(ab +ac + ad + bc + bd + cd)

[23] 60.$ + 50$ = 10$(6. + 5)

[24] 16a* + 24a2b? + 9b* = (4a2 + 3b2)(4a? + 3b%) = (4a2+ 3b?)°

[25] 8.3 + 64y® = 8(3 + 8y3) = 811(.)° + (2y)> = 8(- + 2y)(-2 - 2y +4y?)

[26] "3#4 = "6# = "H(#3 — "3) = "H(H - )(# + "# + "2)

"

mnApZ + qz%fp2 - qz%n
4y ~.2

= "p* + " p? + ¢%(p + q)(p - )

27 pd-q®= Ap"%az - Aq4%uz = "pt+ g*pt — gt = pt+ g



2 -*
4-123
-2_49. +36.2 = _?
29 y"-—14.+4s; o
o 6) = .2
14. + 49) -4(9. B
y? = .
o 20 -
7)? - (Ty)? "
= (. -
7+7
y)(
=7
- 17y)

@ -5
— 4.3
+8.% -
32=_%
- -2 - !
=0+ 24:OU e
e — ="
2- ; 4%0" -3 + 8%0’\ 2
(- + 2)( -2_ "
--2l=
(- —
2)(. + 2)*".2
e =2, + 4h
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6 15 _6(10.+1)-154.-5) 60.+6-60.+75 _ 81
4.-5 10.+1 (4. -510.+1) — & -5010.+1)  (4.-5)(10. +1)
7 3. 5 7()(+2)+3.()=-5-+2)° 7.2+14.+3.%-5.2-20.-20
+ 2~ T 7 2 = 2 =
42 ((+2?% - (. +2) -(.+2)
52-6.-20
,(,+2)2
1 1 2
2 + @+ ,0t
) 2 3+
-+- - - = = == . We could factor the numerator,
1+, '|+i 1+—‘I .2 T 1
2 2
-2 E ZH
but since it doesn't lead to a reduction of the fraction, we leave it in this form.
. 4 a1 117 bra @b T ab
34 @ +b ) SE LT T D T Y T ok
- 4 . -4
¥2 %2 2 . .-4 __.-4 __ .-4 1
3. 6 T (A6 (2-.-6)-6 2-.-T2 (c+3)(-FH .+3
i .+ 2 .+ 2

2.1 -2/3 1/3 -2/3 2
(A-)56.+1) (6)-(6.+1) (=2.) _2(6.+1) (4= .)+_(6-+N!

36
(4_ -2)2 (4_ -2)2
_2(4-.2+46.2+.) _ 2(5.%+.+4)
(6. + 1)2/3(4_ -2)2 (6- + 1)2/3(4_ -2)2
[ 3.+1 6.+11
29 = .1' —_ = —_— = =
37 537 - 10 =3 (5. +7)(10. - 3) (B-+1D(0. =3)=(6-.+11)5.+7)
302+.-3=302+97.+77 = -96.=80 = -=—%
B8] 22+7.-15=0 = (.+5(2.-3)=0 = -=—5,§
B9 .3.+4)=2 = 32+44.-2=0 = oA, cl6v2d 4,2-10_ 2 1 4
6 6 3”73
4_12372 - — 2 _ 2 _ —  2-25 — -5
@0 4.5-37°+75=0 = (4. -25)(-*-3) = . —7,3 L 3
[41]1 203 +8.2-55.-22=0 = 42%5.+2)-11(55.-+2)=0 =
(4.2—11)(5_+2):0 = _2:_10['_:—2_ = _:Hl-_']'—g
4 5 2 5
@214 -11=7 = 4. -1=Tord. -1=-7 = 4.=8o0rd.=-6 = _=20r.=-]
4322 +1+1=15 = 22.+11=14 = 12.+11=7 =
2.+1=70r2.+1=-7 = 2.=60r2.=-8 = .=3o0or.=-4
1 5
__+6:__T_ = 1+6_:5__ =



LT3 To1%=0 = _T=11 = _=~12~142 = o1

- 1 - -, - - =

23 2 3 49
Check. = 1:1S=4+6=10,RS=5/1=10 = .= lisasolution.
Check. = §:LS=9+6=15RS=5/5=15 = .= lisasolution.

@5 -T-F2+.=6 = "-T W =(6-.7 = 7.+2=36-12.+.2 =

2-19.+34=0 = (.-2)(--17)=0 = . =2and 17 is an extraneous solution.
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[46] -3.+1- -_+4=1 = -3 +1=1+-.+4 = A_3__-|-_1_%02:A1+-,_-|-_4%02 =
3.+41=1+2-.44+.+44 = 2-_.+44=2.-4 = -.+4=.-2 =
A—.+4%02:(.—2)2 = . +4=2-4.+4 = 2-5.=0 = _(.-5=0 = .=0,5.
Check. =0:LS=1-2=-1# RS = .=0 isanextraneous solution.

Check. =5LS=4-3=1=RS = _ =5isasolution.

[A7]10-7.<4+8. = -15.<-6 = .>% < "% ooh

] 1 2.+3 3 1 9 19

48 ”—2< 5 <2.’r10 = -5<4.+6<15 = 11 <4.<9 = -, <.<, < "=, b

T <0 = 10.+3<0{since7>0} = .<-3 < "—oo,—3%

10. +3 10 10

GO 4. +71<21 = -21<4.+7<21 = -28<4.<14 = -T7<.<1 < ~-7I%

2 2

Blj2B-.1+1>5 = 23-.1>4 = 13-.1>2 = 3-.>203-.<-2 =

1>.0r5<. = _<lor.>5 < (=9,1)U (5, )
B2J116-3.1 5 = 16-3. 50r16-3.<-5 = -3. -11or-3.<-21 =
.<Mor. 7 < "o, 1y 07, coll
3 3
(3102 +11.>6 = 102+11.-6>0 = (2.+3)(5--2)>0 @ "-oo0, 3% U "2, ool
2 5
Interval "—oo, =3 | =3, &k | "2, ool
Signof 5. -2 - - +
Signof 2. + 3 - + +
Resulting sign + - +
54 .(.-3)<18 = .2-3.-18<0 = (.—-6)(.+3)<0 ®1-3,61
Interval (=00, -3) | (=3,6) | (6, )
Signof . - 6 - - +
Signof. + 3 - + +
Resulting sign + - +
23 - 3-. ~ . ; .

55 = <0 =——= <07.%2 0,include O™ & (—o0, —2) U {0} U (3, ool

L+ 2 _+2
Interval (=00, -2) | (=2,3) | (3, )
Signof 3 -. + + -
Signof. + 2 - + +

Resulting sign - + -




(- =2+ o .-2
(.+1)(-+3)<O 3 < 0 {exclude -1}
Interval (-o00,-3) [ (-3,2) | (& )
Signof . -2 - - +
Signof. + 3 - + +
Resulting sign + - +

@ (-3,-1)Ud-1,20
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3 - 1 _ 3. 1 <0 = 3(.—2)—1(2.+3)<O
2.+3 .-2 2.+3 _-2 2-+3)(.-2)
3.-6-2.-3 --9
e = - ~_ _3000
(2-+3)(-_2)<0 (2.+3)(-_2)<0 & "—oo, -3WU (2,9)
Interval "—oo, =3 | T=3,20 | (2,9) | (9, )
Signof . -9 - - - +
Signof. -2 - - + +
Signof 2. + 3 - + + +
) B ) +I3esu|ting sign - + - + \ )
-2_25<0 = m<U & (oo, -5 U0- 25N
Interval (-o0,=5) | (-5,-2) | (-2, 5) | (5, )
Signof.-5 - - - +
Signof . + 2 - - + +
Signof.+ 5 - + + +
Resulting sign - + - +
(9 3> .2 = 2.-1>0e? 0f = .-1>0 = _.>1 < (1,00)
[60] (-2 - )(-2-5.+6)<0 = _(--1(--2(--3)<0 e (0, 1)U 3)
Interval (=00,0) [ (0, 1) | (1,2) | (2, 3) | (B, )
Signof . — 3 - - - - +
Signof . —2 - - - +
Signof . —1 - - + + +
Sign of . - + + + +
Resulting sign + - + - +
C+2 _ _ _ _ _
617 +R = C = C7 +R)=C+2 = C7+CR=C+2 =
C7+CR-C=2 = C7+R-1=2 = C= 2
7+R -1
— — — 3
A=BE£—I = A+I=BI§g = Al =E§ = (EA+I[ =£ =
H H B H B H
3 3
HTM =C = H(A+|)3=CTB3 = H= CB
B3 A+ 1)
4 - -
4 4
179 o, 8ZP . =8JZP _ =28JZP
J__8ZP = 9 ="17 = 9=,E 17 = 9=E 17 since9 > 0
64] Z = 11h(r? + 92+ r9) = 3Z =1h(r®? + 9°+r9) = (1h)r? + (1h9)r + (1h92-3Z2)=0 =

3
_ —(@h9),, E(1h9)? - 4(1h)(1h92 - 37) _ —1h9,, - 121hZ - 312h29?
- 2(1h) B 21h '

-1h9 + -121hZ -31h D 2

Since r > 0, we must use the plus sign, and r = >1h

[65] (5 + 8i)® = 52 + 2(5)(8i) + (8i)? = (25 — 64) + 80i = —39 + 80i



1 1 1 .9+2i 9+2i 9 2.
— = T 3 - —
B8 T, §I2i G 2i 942 Bl+4 B> B5 |
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6-3i 6-3i.2-7i (12-2)+(42 -6)i 9 A48,
= 1‘ = = - =
67 5 7= 2+7 227 4+ 49 537 53 |
e et e 2
244i8|:4(64i2|):6 2i, -i _ -6i+2F _ -2 6'=—2—6i

i —i -2 1

Let 7 denote the principal that will be invested, and r the yield rate of the stock fund.
Incomegiocks — 28% federal tax — 7% state tax = Incomeyongs =
(7r) —0.28(7r) - 0.07(7r) = 0.071867 {divideby7} = 1r-0.28r-0.07r = 0.07186 =

0.65r = 0.07186 = r=90718 = 011055, or, 11.055%.

0.6

Let . denote the number of cm3 of gold. Gramsgoig + Gramssier = Gramsipra =
-(193)+(5-.)(105) =80 = 19.3.+525-10.5.=80 = 8.8.=275 = _=3.125.
The number of grams of gold is 19.3. = 60.3125 __ 60.3.

Let - denote the number of ounces of the vegetable portion, 10 — . the number of ounces of meat.
Proteinegetaple + Proteinmes = Proteingy = '(.)+1(10-.)=7 = 1. +10-.=7 =
2 2
—1?- = -3 = _ =6. Use6 o0z of vegetables and 4 oz of meat.
Let . denote the number of gallons of 20% solution, 120 — . the number of gallons of 50% solution.
20(.) +50(120 - .) = 30(120) {all in%} = 20. + 6000 -50. =3600 = 2400=30. = . =80.
Use 80 gal of the 20% solution and 40 gal of the 50% solution.

Let . = the amount of copper they have to mix with 140 kg of zinc to make brass.

Copperamount putin = COpperamoum in final product =
-=065.+140) = .=065+91 = 035.=91 = _= 2 =260kg

[74] Let - denote the number of hours needed to fill an empty bin.

1 1 1
Using the hourly rates, "5 = —et10. = 5.-2.=10 = 3.=10 =
. = X hr. Since the bin was half-full at the start, &, = Lt 19 = 3 hr, or, 1 hr 40 min.

(a) The eastbound car has distance 20! and the southbound car has distance (-2 + 50!).

d2 = (2012 + (=2 + 5002 = d2= 4002 + 4 - 200" + 25002 = d= -290012 — 200! + 4

(b) 104 = -2900!2 - 200!+ 4 = 10,816 = 2900!> — 200! + 4 = 2900!° - 200! - 10812=0 =

72512 — 50! — 2703 = 0 edivide by 4Ff =

_ 50, -7,841,200 5+2-19,603

! {'>0}= _ 1.97, or approximately 11:58 a.m.
1450 145
[76] Letband $ denote the length and width, respectively. 36 + 6$ = 270 = 6$=270-36 = $ =45- 126.
The total area is to be 10 1100 = 1000 ft>. Area=6$ = 1000 = 6745 — 56b = 1000 = 456 — 5> =

2 -906+2000=0 = (6-40)(6-50)=0 = 6=4050and$ = 25,20.
There are two arrangements: 40 ft X 25 ft and 50 ft X 20 ft.

Let - denote the length of one side of an end.
(@ Z=6%h = B=6t.t. = 2=8 = _=2-2ft



(b) S=6$+2%h+26h = 44=6.+2(.)+26.) = 44=22+18 =

2+9.-2=0 = (+1M)(.-2)=0 = _=2ft
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28 pt =200 = #2290 5opeso = 25<20.50 = 1 2 1 _ g o o4 =
P p 25 200 50
4<p<38
Let - denote the amount of yearly business. Payg > Paya = $40,000 + 0.20. > $50,000 + 0.10. =
0.10. > $10,000 = . > $100,000
~ ~ 2
B #>1100 = 10872 X »1100 = X > 1100 _ X 1100 _ 0, 23T1100° _
273 273 1087 273 10872 10872
X > 27957 K

Let - denote the number of trees over 24. Then 24 + _ represents the total number of trees planted per acre, and
600 — 12. represents the number of apples per tree.

Total apples = (number of trees)(number of apples per tree)

= 24+ _)(600 — 12) = =122 + 312. + 14,400
Apples 16416 = -122+312.+ 14400 16416 = -122+312.-2016 0 =

2-26.+168<0 = (L-12)(.-14)<0 = 12<.<14 = 36<24+_.<38
Hence, 36 to 38 trees per acre should be planted.

Let - denote the number of $25 increases in rent. Then the number of occupied apartments is 218 — 5_ and the rent
per apartment is 940 + 25..

Total income = (number of occupied apartments)(rent per apartment)
= (218 = 5.)(940 + 25.) = —125.2 + 750. + 204,920
Income 205920 = -1252+ 750. + 204,920 205920 = -125.2+750.-1000 0 =

2-6.48<0 = (L-2(--4<0 = 2<.<4 = 990 <940+ 25. < 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 = 3- - - 0.5.

Chapter 1 Discussion Exercises

$7 in cash back Tpoint  _ $Tincashback _ 0.001, or 0.1%.

X
100 points $10 charged ~ $1000 charged
Squaring the right side gives us (a + b)® = a2+ 2ab + b2 Squaring the left side gives us a2+ b2. Now

a2+ 2ab + b2 will equal a2 + b% only if 2ab = 0. The expression 2ab equals zero only if eithera = Oorb = 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 2t5. = 10.. Then we will obtain the square of a binomial—i.e.,
(-2+10. + 25) — 10. = (- + 5)> = 10.. We can now factor this expression as the difference of two squares,

(L+52-10. = (. +5°-8-T0.< =8.+5+ -T0.<§. +5- -T0.<.

The expression can be evaluated at . = 1, whereas the expression = is undefined at . = 1.

o+ 1 22-1
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2 _
37-4- %7 ith _ = 103,104 and 10°. You get approximately 0.374,0.3749, and 0.37499. The

Y 82+ 9. - 100

numbers seem to be getting closer to 0.375, which is the decimal representation for %, which is the ratio of the
coefficients of the .2 terms. In general, the quotients of this form get close to the ratio of leading coefficients as -

gets larger.
352 Qa2 3 +1 Cvaluating the oridinal o and the simplified .
2_4 T A -2) 2 valuating the original expression and the simplified expression

with any . # ,, 2 gives us the same value. This evaluation does not prove that the expressions are equal for any
value of . other than the one selected. The simplification proves that the expressions are equal for all values of .
except. = 2.

Follow the algebraic simplification given.

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

2) Multiply it by 2. 2.

3) Add>5. 2.+5

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

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

As a specific example, suppose the age is 21 and the height is 68. The number obtained by following the steps is
100. + 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.

O\i Zp _O\i {definition of Il }

92_\2-39\i & 9 -\i "
9 -\
_ Zin(9 - \l) _ 9\|
T A T AN I
o\i

- 92 _ \2 — 39\| (Zin)
99i

= -gr—g7—399;@n) {let\ = 9}
9%

- —3g7 @) = Zin

We need to solve the equation .2 — _y + y2 = Ofor ..
Use the quadratic formula witha = 1,b = -y, and ¢ = y2.

(Vo ECYP-4M02  y, yT- &2y, -3 y,lyl=3i

2(1) 2 2 2

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



A similar argument holds for .2 + _y + y2.

-b + - b2 4ac b - -b2-4ac
The solutions are .1 = b + Zt; aCand 2 = Ta'
The average is LZ'Z = —2b/§a = - _bZa Suppose you solve the equation —_% + 4_ + 7 = 0 and obtain the

solutions -1 __ -1.32 and -, __ 5.32. Averaging these numbers gives us the value 2, which we can easily see is
equal to -b/(2a).
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1 c+di,a-bi ac+bd+(ad-bo)i ac+hbd ad-bc. .
L@ Z5bi " avbi a-bi- a2+ b? T azep T azepe! TP

c +di

(b) Yes, try an example such as %. Leta=3,b=0,c=4,andd = 0. Then, from part (a),
p +qi = 2+ %i = 12 = 4 which is the multiplicative inverse of %

(c) aand b cannot both be 0 because then the denominator would be 0.

Since we don't know the value of -, we don't know the sign of . — 2, and hence we are unsure of whether or not to
reverse the direction of the inequality sign.

Hint: Try these examples to help you get to the general solution.
(1) ->+1 0 {Inthiscase,a > 0,H = —4 < 0, and by examining a sign chart with .2 + 1 as the only factor,
we see that the solutionis. — <.}
(2 .2-2.-3 0
B) -.2-4 0
4 -.2-2.-1 0
G) —.2+2.+3 0
General solutions categorized by a and H:
(1) a> 0,H < O:solutionis. — <

(2) a>0,H > O:let . :uand- _b+-H = solution isD—oo, . 0 U(. , oofl
! 2a 2 2a 1 2
(3) a < 0,H < 0:no solution

. b
(4)a<0,H=0.squt|on|s.——2a

(5) a < 0,H > O:solutionis .1, -1

(@) This problem is solved in three steps.

(i) First, we must determine the height of the cloud base using the formula in Exercise 74 in Section 1.4,
h = 227(X — H) = 227(80 — 68) = 2724 ft.
(ii) Next, we must determine the temperature X at the cloud base. From (i), the height of the cloud base is

h=2724and X = Xo— 22 h =80 - 2212724 = 65.018°F.
1000 1000

(iii) Finally, we must solve the equation X = B — 10% h for h, when X = 32°Fand B = 65.018°F.

32 = 65.018 - m%)h = h = (65.018 - 32)1gﬂ = 11,006 ft.

(b) Following the procedure in part (a) and changing a few variable names, we obtain the following:

(i) L =227(K-H) = 227K - 227H

(i) X=Xo- gish = B=K-ghL = B =K - (227K-227H) =

B =K- 2497K+ 2497” - 2497” _ ;&%K

(i)h =B -3)1%0 = h="2H- BTK-3% = h=20TH 297K - 3200



3 2000 2000 3 6

5 297H - 497K - = h = 1(2497H - 497K - 64,000)

6 6 6 6
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The first equation, -2. -3+ - _+5 = 0,isasum 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 - . + 5isequal to Oonly if . = =5, but =5 will
not make - 2. — 3 equal to 0, so there is no reason to try to solve the first equation.
On the other hand, the second equation, 22.-3+ 2 _+5=0,can be writenas 22.-3 = - 2.+ 5. This
just says that one cube root is equal to the negative of another cube root, which could happen since a cube root can
be negative. Solving this equation givesus 2. - 3= —(.+5) = 3.=-2 = _= —%.
-T=c.-2/c = c-_=c*"-2 = A.=c*2-4%.+4 = 0=c*.2-5c2+4 =
1 4
0= (2. -1(*--4) = ;= o
1 1 1
Check . = — = =

T e (2X 10500)2  4X 101000

1

LS=-_1=

2 X 10°00
500
2 2X10 2 1 2 1
RS=c¢c. ——= - = - = -
Toc 4X 101000 2X 1050 2X 10500 2 X 10500 2 X 1000
Check . = 2 _ 4 = 4 - .
2 e (2 X 10500)2  4X 101000 11000
1
LS = - -2= 1050
500
_ 2 2X10 2 2 T 1
RS=c.2- c 101000 T 2 10500 T 10500 ~ 10500 ~ Q500

So ., is a valid solution. The right side of the original equation, c. — 2/c, must be nonnegative since it is equal to
a square root. Note that the right side equals a negative number when . = _j.

S
S-+A- =

(@ S =975, A=599and . =183 = winning percentage = 0.709206. Since they played
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).

(b) The actual winning percentage is 1115? _0.714 286. For an estimate of -, we'll assign % to Y1 and
look at a table of values of . starting with . = 1.80 and incrementing by 0.01. From the table, we see that

- = 1.88 corresponds to Y4 __ 0.714 204, which is the closest value to the actual winning percentage. Thus,
the value of - is 1.88.
[18] 1 gallon _ 0.13368 ft3 is a conversion factor that would help.
The volume of the tank is 10,000 gallons _ 1336.8 ft3. Use Z = ‘_é)lr3 to determine the radius.

1336.8 = g'lr3 = = .= - 6.83375 ft. Thenuse S = 41r? to find the surface area.

S = 41(6.83375)° _ 586.85 ft2.
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y*?is negative since it is a negative number raised to an odd power. y — . 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.

[2Z] The quotientof . and y is not greater than5 < = < 5,
y
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Since —.2 — 3 < O for every . (it doesn't matter that - is negative), I- .2 =31 = =D—_2 =3 = _2 + 3.

. . d 91,500,000 miles
- ' - - = ! !
Using distance = rate X time, we get ! r = 786,000 miles per second > 492 seconds.
2 -3 0o -2 2 2 2 2 24 2
-y 3. : _ = tZY _ =¥z
z Ezy2t _ 372% . Ty3z 32 79
y3z 3.

(] /334 = 812 912 = p-8aed9iN = 112 = vz

4]
m -

Y s.¥ Y2 3.¥3 -y
37 ngzW%:z&y%:zﬁy%

B D-+2®.2-3.+50= D2+ p-3_+ _D5N + 202 + 20—3_N + 205

=3-324+5_.422-6_.+10
=3-2-.4+10

9] The leading term of 2.2D2. + 3\* will be determined by multiplying 2.2 times D2.N4. The " + 3" will affect other
terms, but not the leading term. Hence, 2.2D2.N% = 2.2016.4 = 32.5.

[T0] By trial and error, 2.2 + 7. - 15 = B2. - 3ND. + 5K.
33-27.=3DP2 - =3b. +3Np. - 3Nl
Recognizing this polynomial as a sum of cubes, we get
643 +1=D04N3 + 13 = D4. + 1004.N2 — DARDIN + 120 = 4. + 1ND162 - 4. + 1N.

[13] We must recognize that b 2 7 = _, and then factor as we would any other difference of cubes.
. —5=p27B-pi5P =paT - 25T+ DTSN+ D250 =pa T~ 25022+ 25+ 275
Factor by grouping. 2.2 + 4. — 3.y — 6y = 2.D. + 2N = 3yB. + 2N = D2. - 3yD. + 2l
Recognizing this polynomial as a difference of cubes, we get
B o1=p3MB -13= D3 — 100032 + D3PI + 120 = 93" — 1ND.S2 + 31 + 1R,

3. 5 12 3DN+5D. -21-12  3.2+5.-10-12
18 —5+ T - T . =2 - D=2
_32+45.-22 P3L.+1ND. -2 3.+ 11
b -N T b, -N T
Multiply numerator and denominator by .y.
2 2 2 2
LA e -L iy
y . y . o 3-yi b —yNP2+ Ly + Al
- y = =72 2 = 2 2 =--Yy
— +1+= = y_ - tyty - tyty
E-+1+50t.
y - y - y
D.+h® +70. +hil-B. 2+ 7.1  .242.h+h&7.+7h- . F_.  2.h+h27h
h h h .
_ hDZ-+hh+7N =2 +h+7

2 2 - 2 - 2 T -



.+ h+

N 6hd _+h+ _N

h
= 6ho- "+ R+ - Ti
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D_ + 2[Pp4ip. — 31 + b — 3i*p3WD. + 2% = b_ + 2. — 3iP04p. + 2N + 3p. — 3
=D+ 2WD. - 34, + 8+ 3. — N = D_ + 20°D. - 3P*p7. - 1

D2 - 32N - 22Np.2 - 30PN _ D.2-3Wp2N0D.2-3i- 2.9 _ 2.D-3 - .4

0.2 — 32 p.2 — 314 Tp.2- 3
[22] - ?'3+Z: 24_53 f(-=-3) = 52+7(.-3)=45 = 52+7.-66=0 =
(5.+22)(.-3)=0 = _=-2 3 But. cannot equal 3 since it would make denominators in the original

5
22
X

equation equal to 0, so -

A:ngs = A@B-5=3B = 2AB-5A=3B = 2AB-3B=5A =
5A

B2A -3)=5A = B=T_3

[24] Let . denote the original value of the stock. Then . + 0.2. is the value after the first year and . + 0.3(. + 0.2.) is

the value after the next year, so an equation that describes the problemis . + 0.3(. + 0.2.) = 2720. Solving gives
1.3¢€

us . +03(.+02.)=2720 = _.+0.3.+0.06.=2720 = 1.36.=2720 = . =2720=2000.

The original value was $2000.

[25] 3.2+ -B0.y +5y2=0 = 3.2+8-B0y<.+5y’=0 =

2

=60y ES-60y< —4B)5¥%)  __4_15y, _60y2-60y2 -2-T5y,0 - -15
- 23) - 2(3) - T 23 3
26]0.-y+z#=9 = _-y+z=,3 = _=y-z,3
7] h=1584 = -1612+3201=1584 = -16/2+3201-1584=0 =
12 - 20! + 99 = Oedivide by —16f = DI - 9 -1\ =0 = 1!=90or11.

Thus, the object is 1584 feet above the ground after 9 seconds and after 11 seconds.

[28] i%* 3 = Ti%h(i%) = "% (i3) = (1) (i) = (I)(-i) = -i=0-1i,soa=0andb = -1.
3-64=0 = (—-H(2+4.+16)=0 = _=4dor.>+4 +16=0.
-4, -FZ-—WDTN -4, -16-64 -4, --48
By the quadratic formula, . = BN = 5 = 5 xe4,-2, 2-3i
_ -4 ;21_;—_ _ —4,,24;Q -2 2.30
2 2
BOJA=B-.2+r = A:-.2+r2 = (]EAD=,2+r2 = A—r2:_2 -
B B B?



B 3.2+ 2% -5 .25 -a=0 = 2=00r(.+2*=00r(.-5"=00r.22-4=0

.=0or.= ;2 or.=50r.23=4 Now.23=4 = "84 = (432 =

., 23=,, 8. Thus, the solutions of the equation are 0, =2, 5,and ,, 8

20000 = 41 = 3 =15000/1 = 1 = 215000/1.
3 1 1

Similarly, 25,000 = 31r3 =

r, = & T8,75071. The radius increased Br, — ryN/r; _.0.077, or about 7.7%.
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Plan A pays out $3300 per month for 10 years before plan B starts, so its total payout is D10ND128D3300N + 3300.,
where - is the number of months that plan B has paid out. Plan B's total payout is 4200..
PlanB PlanA = 4200. 396,000+ 3300. = 900. 396,000 = . 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 -113-2.1+6 2 = -"3-21 -4 = 13-2.1<16 = -16<3-2.<16 =
4 4
19 <-2.<13 = 10 —13. The solution in interval notation is

2 2 2 2

(2.+1 3 = 22+.-3 0 = (2. +3)(--1) 0 = thesolutionisb—oo, —30U 01, oofl,
[39]

_13 19«

2

(D=0 0 = ——=7  ‘Oeinclude ~1f =
(71- O -4 (7- (- -4
-z 0 ecancel, change inequality, exclude 7f = . —4> Qeexcluded4f = _.>4 =
the solution is O-1x U B4, 7l U D7, oN.
2 2 _ 22 _g _ 2A+D-2.-3)
-3 _+1 .-3 _+1 GC=-3)-+1
2.+2-2.+6 8
<0 = — <0 = (.-3)(-+N<0 e (-1,3)
(-=3)(-+1) (-=3)(-+1)
Interval (=00, =1) | (=1,3) | 3, )
Signof. -3 - - +
Signof. + 1 - + +
Resulting sign + - +

Let P and [ denote the length and width of the rectangle. Then P + [ = 14,50 P = 14 — [ and the area is

A=P[=014-[N[. SinceA 45 wehavedl4- [N[L 45 = —[2+14[ 45 =
-[2+14[ -45 0 = [2-14[ +45<0 = DL -5WL -9i<0.
Interval (=0,5) | (5,9) | (9, )
Signof L -5 - + +
Signof L -9 - - +
Resulting sign + - +

From the sign chart, we see that the inequality is satisfied for 5 < [ < 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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