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CHAPTER %

1

1.1 Concepts Review

1. rational

2. \/527[

3. real

4. theorems

Probiem Set 1.1

1. 4-2@-11)+6=4-2(-3)+6
=4+6+6=16

2. 3[2-4(7-12)]=3[2-4(-9)]

=3[2+20]=3(22) =66

3. A[5(-3+12-4)+2(13-7)]

= —4[5(5)+2(6)] = 425 +12]
=-4(37)=-148

4. 5[~1(7+12-16)+4]+2
=5[-1(3)+4]+2=5(-3+4)+2
=5(1)+2=5+2=7

65 7 58

1
13 91 91 91

5. 2
7

3 3 1 3 3 1

6, =g

4-7 21 6 -3 21 6
42 6 7 43

—_———t—_——— = ——

42 42 42 42
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10.

11,

12.

13.

14,

15.

m_12 1_4 7
7 21_7 7_71_7
nm iz 11,4 15 15
7%21 777 3
3 7 4 5
2 8_8 8 8_8_3
3 7 4 7 373
8 g8 8
1 1 2 3 2 1
1_—_l_= —?zl——z-———:—
1+1 3 3 33 3
3 3 3
2+——5-2+2 5_2+7
1+2 Z_= =
2 2 2 2
6 14 6 20
7 7 71 17

(5-5) 5] () (5]

Section 1.1



16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

(=B ~(5) -2 B)(5)-(5

=5-2J15+3=8-215
WV2(V2-B)=3/4-3V16

=3.2-3.4
=6-12=-6
23/3[3/’2-+%/'1_6]=2§/§+23/a
=2-2+2-4
=4+8=12
Gea) () -6
—+—= =| =+ ==
4 2 4 4 4
1 _1_Is
(_9_2 ?—‘ 81
4

Gx-4)(x+1)=3x> +3x-4x-4

=3x%-x-4

(2x-3)% =(2x-3)(2x-3)
=d4x2 -6x—6x+9

=4x% -12x+9

(3x-9)(2x +1) = 6x> +3x-18x-9
=6x%-15x-9

(dx-11)Bx-7)=12x* = 28x-33x+77
=12x*-61x+77

(3% -1 +1)°
=3 -1+ DB =t +1)
=0 2383 432 _33 w2 32—+

=9 63 + 712 -2t +1

Section 1.1

26.

27.

28.

30.

31.

32.

(20 +3) = +3) 2 +3)2r +3)
= (47 +120 +9)(2r +3)
=83 +122 +24¢% +361 +181+27

=83 +3602 + 54t +27

xt -4 G CLr N

x-2 x-2

+2

<

xz—x—6=(x—3)(x+2)= .

+2
x=3 (x-3)
o= @3e-7
r+3 t+3
-2 2x(l-x)
X —2x% +x x(x2 -2x+1)
o =2x(x-1)
x(x—-1x-1D
2
T ox-l
12 4 2

+—+
x2+2x X x+2

_ 12 +4(x+2)+ 2x
x(x+2) x(x+2) x(x+2)

_12+4x+8+2x

- x{(x+2)

_ 6x+20

T x(x+2)

_2(3x+10)

- x(x+2)

2 y  2p+l
+ —

6y-2 9y2-1 1-3y

- 2 . y +2y+l

23y-1) Q@y+)Gy-1) 3y-1

__ 2By 2y

23y +1)@3y-1) 23y+DH3By-1)

+ 2y +D)3By+1)

23y +1)(3y-1)

_6y+242y+12)7 +10y+2
23y +1)(3y-1)
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12y> +18y +4
T 2@y + DBy 1)

2(6y° +9y+2)
T 206y+)3y-1)
_ 6y2+9y+2
T By+D3y-D

12+l—12_x2-6x—7

oxtol & -2-15
_(+d)U =N x-T}x+1)
—(x+D)(x-D(-3)t-5)
@+ x-7)
(x-1)(z-5)
X 2 x_ 2
34 x=3 x?-4x+3 _x-3 (x-3)x-1
: 5 5 5 5
x-1 x+3 x-1 x-3
o x(x=1)-2
5(x=-3)+5(x-1)
_ xt-x-2
5x-15+3x-5
_(x—2)(x+1)_x+l
10(x-2) 10
0.
35, a. 0-0=0 b. — is undefined.
¢ i=O d. Eisundeﬁned.
17 0
e. 0°=0 f. 17° =1

36. If % =a .then 0=0-a, but this is meaningless
because a could be any real number. No

single value satisfies % =a.

37. a. -3<-7;False b. -1>-17; True
2
c. -—3<—k;—2 —12— False
7 7 7
d. -5> —-\/%; —\/ﬁ > —\/%; True

6 34 234 238

7%39' 73 " 2713
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38.

39.

40.

41,

42,

5 44

7 59

a<b;a® <ab and ab<b2,

=

< -ﬂ; False

413

25
413

p 2
soa” <b”

1111
b a a b

a<b; 3<1; —< =1 =>
b

a<b:2a<a+banda+b<2b,so

2a<a+b<2b; a<a

a,

b.

C.

d.

C.

€.

+b

<b

isfalse if a<0

is always true

is always true
is false
True; If x is positive, then X% is
positive.
False; Take x =-2.Then
x* >0 but x<0.
False; Take x = -'2- Then
x*=1<x.
True; n = 2 is even and prime.
True; Let x be any number. Take
y=x*+1.Then y>xt.
False;  There is no number larger than
every x°.
True; 1/ n can be made arbitrarily
close to 0.
True 27" can be made arbitrarily
close to 0.

If n is odd, then there is an integer k such

that

n=2k+1. Then
n? = 2k +1)? = 4k? + 4k +1=2(2k? + 2k) +1

Section 1.1
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44.

45.

46.

47,

48.

49.

b. Prove the contrapositive. Suppose 7 is
even. Then there is an integer & such that
1n=2k. Then

n? = (2k)? = 4k* = 2(2k%)
Thus n? is even.

¢. Parts (2) and (b) prove that n is odd if and
only if n? is odd.

. a, 243=3.3.3.3.3

b. 127=1-127

c. 5100=2-2550=2-2-1275=2-2-3-425
=2.2-3.5-85=2-2-3-5-5-17

d. 346=2-173

Let A=b-c? 'd3; then 4% =b%-c* -d6,so
the square of the number is the product of
primes which occur an even number of times

2

V2= E: 2 =—p7:2q2 = pz; Since the prime
q g

factors of p? must occur an even number of

times, 2¢? would not be valid and P_h
q

must be irrational.

2
b= g; 3=p_2; 3q2 = p2: Since the prime
q

2
factors of p* must occur an even number of

times, 3q2 would not be valid and £ = 3
q

must be irTational.

Let a. b, p, and g be natural numbers, so -Z— and

P e rational. L ag+bp This sum is
q q bg

the quotient of natural numbers, so it is also
rational,

Let a be an irrational number and p and ¢ be
natural numbers. a P .2 Since the
9 49

numerator is not a natural number, the product
is irrational.

a. —+9 =-3; rational

Section 1.1

50.

51.

53.

54.

55.

b. 0375 =§: rational

c. ]—\/5: irrational

(+V¥3) =142 3 +3=4+23;

irrational

=

e

(3v2)(5/2) = 15V/4 = 30: rational

e. 5\/5 : irrational

The sum of two irrational numbers is not
always irrational. If the numbers are additive
inverses, the sum is 0, which is rational.

If m were a perfect square, its prime factors
would occur even numbers of times. If m is not
a perfect square, some factors will occur an odd

number of times and \/; will be irrational.
J6 +3 = 4.18154 is irrational.

V2 =3 +6 = 2.13165 is irrational.
log o 5 = 0.69897 is irrational

a. Converse: If1 getan A in this course,
then | do all of the homework.
Contrapositive: If I don't get an A in this
course, then I don't do all of the
homework.

b. Converse: If x is an integer, then x is a
real number.

Contrapositive: If x is not an integer,
then x is not a real number.

c.  Converse: If AABC is an isosceles
triangle, then AABC is an cquilateral
triangle.

Contrapositive: If AABC isnotan
isosceles triangle, then AABC isnot an

equilateral triangle.

Instructor's Resource Manual



1.2 Concepts Review

1. 0.333..... (3s repeat); 0.200... (Os repeat);
3.14159...

2. rational
3. rational; irrational

4. real

Problem Set 1.2

1. 0833

12)1.0000
96
40
36
40

2. 285714
7)2.000000

14
60
56
40
35
50
49
10
7
30
28
2
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3. .846153

13 il 1.000000

104
60
52
80
78
20
13
70
65
50
39
11

4. 294117

17)5.000000
34
160
153
70
68

5. 3.66

Section 1.2



6.

10.

.846153

13)11.000000

104
60
52
80
78
20
13
70
65
50
39
1

x=0.123123123...

1000x =123.123123...

x=0.123123...

999x = 123
B4
999 333

x=0217171717...

1000x = 217.171717...

10x=2.171717...

990x =215
215 43
X=—=——
990 198

x =2.56565656...

100x = 256.565656...

x =2.565656...

99x = 254
x=222
99
x=3.929292...
100x = 392.929292...
x=3.929292...
99x = 389
389
T 99

X

Section 1.2

11. x=0.199999...
100x = 19.99999...
10x = 1.99999...
90x =18
18!

X =—
90 5

12, x=0.399999...
100x = 39.99999...
10x = 3.99999...
90x = 36
36 2

x= =
90 5

13. Those rational numbers that can be expressed
by a terminating decimal followed by zeros.

14, = p[l) so we only need to look at l If
q

P
q q
g=2".5" then

1 (1Y (1)" - ‘
—=[=1] =] =(0.57"(0.2)". The product
g \2) \5 ,
of any number of terminating decimals is also a

terminating decimal, so (0.5)" and (0.2)™. and

. 1 . e
hence their product, —, is a terminating
q

decimal. Thus £ hasa terminating decimal
q

expansion.

15. Answers will vary. Possible answer: 0.000001,

1 0.0000010819...
ﬂlz

16.

=5

Smallest positive integer: 1; There is no
smallest positive rational or irrational number.

17. Answers will vary. Possible answer:
3.14159101001...

18. There is no real number between 0.9999...
(repeating 9's) and 1. 0.9999... and 1 represent
the same real number.

19. Irrational

20. Answers will vary. Possible answers:
- and &, —\/5 and \/5

21. (V3 +1)° =20.39230485

Instructor's Resource Manual



22.

23.

24,

25.

26.

27.

28.

29,

30.

31.

32,

33.

(JE—JE)" ~0.0102051443

#1.123 - 31,09 ~ 0.00028307388

112

(3.1415)77"° =~ 0.5641979034

V305
3

— 5 ¥ 12.43322783
32

(0.00121)(5.23x1073)
6.16x107*

=0.0102732143

8.97 +1 - 31 = 0.000691744752

Y(67% - 2)7 =3.661591807

Let g and b be real numbers with a < b. Letn
be a natural number that satisfies

1/n<b-a.Let S ={k:k/n>b}. Since

a nonempty set of integers that is bounded
below contains a least element, there is a

k, € S suchthat ko /n > b but
(kg -1)/n<b. Then

k-1 %k 1 1
L -0 _sh->g

n n n n
Thus,a<k°n_15b. If¥<b,then choose

ko] . ky-2
r = =—_ Otherwise, choose r = ===

Answers will vary. Possible answer: =120 in’

r = 4000 mi x5280£, = 21,120,000 ft
mi

equator = 2zr = 27(21,120,000) = 132,700,874 ft

Answers will vary. Possible answer:
70283 L 60 M 4 94 T 365937 5 yr
min hr day year

= 735,840,000 beats

2
V=mrlh= n(-‘f-lZ) (270-12)

~93,807,453.98 in>

volume of one board foot (in inches):
1312312=144in?
number of board feet:

ﬂ‘ﬂl”;ﬁﬂ = 651,441 board ft

Instructor's Resource Manual

34. ¥V =n(8.004)2(270) - 7(8)2(270) = 54.3 in 3

35. a. At x=27: 286.866542
b. Atx=2.15:9.16925
¢ Atx=2.71828: 16.34874967
d. Atx=1.1:4.292
36. x*-3:3+4x% +6x-10
=(x*-3x% +4x+6)x-10
= [(xz —3x+4)x+6]x— 10
= [((x—3)x+4)x+6]x— 10
a. Atx=[;-2
b. At x=rm:52.71823452
c. At x=14.2;32,950.5856
d. At x=1.2157;0.0000269681

37. a. -2 b. -2

c. x=24444...:
10x =24.4444...

x=2.4444...
9x =22
22
X=—
9

2

e. n=lx=0,n=2;: x=2, n=3 x=-—,
2 3

n=4: x=—5-

4

The upper bound is %

. V2

38. a. Answers will vary. Possible answer: An

example
isS ={x: < 5,x a rational number}.

Here the least upper bound is «/5, which is
real but irrational.

b. True

Section 1.2
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1.3 Concepts Review

5. 7x-2<9x+3

~-5<2x
1. interval; intervals 5[ s )
X2-=~-—,®
2 2
2. [-1.5)(-=,2]
I I{l ] 1 | | { 1
3. b>0;b6<0 <4 <3 22 -t 0 1 2 3 4
4. -5.-43 6. 5x-3>6x-4
1> x:(-»,1)
Problem Set 1.3 ] { 1 | [ 1 [
7
13111E|J11|1 -4 -3 -2 -1 0 1 2 3 4
e L S 7. 10x+1>8x+5
2x>4
b ( { (] | 1 ] | )] ! .
4 a3 2 9 0 1 o2 3 4 x>2;(2, )
T TS IR Y S A 2N S A
¢ |( | ) ] ! Jli | i | -4 -3 =2 -1 0 1 2 3 4
4 03 =2 -1 001 2 3 4
8. -2x+524x-3
d TSR S S S SN R 8>6x
" 4 3 2 -1 0 0 2 3 3 4( 4)
XS_; ~x0, —
3 3
€. L ; ; { el [N TR WORN SR WA AU A B |
-4 -3 =2 -1 0 1 2 3 4 4 -1 -2 =) 0 1 2 ) -_‘4'
3 3 3 3 3 3
f { | { 1 b} 1 1 1
. ]
-4 -3 =2 -1 0 | 2 3 4 9, 4<3x+2<5
—-6<3x<«3
2<x<;(-2,-1
2. a. (2.7) b. [-3,4) Ll ey 1
-4 -3 -2 -1 0 | 2 3 4
c. (-2 d. -1,3
( ! [ ] 10, -3<4x-9<11
3, x-7<2x-5 6<4x<20
“2<x(-2, ) 3<x<5; 3,5
2 2
H 1 ( ! 1 [ 1 | }
-4 -3 2 -1 0 1 2 3 4 llJI(Jll\,lJ
-2 -1 0 1 2 3 4 5 6
4, 3x-5<4x-6
1< x;(1,0) 11. -3<1-6x<4
—4<-6x<3
R T N T R 2SS S S W 9 | 12)
-4 -3 2 -1 0 1 2 3 4 —>Xx2=-=i|-=.=
3 2 23
[ T B S TR DA S T B
L 7
-4 -1 -2 -1 0 1 2 1 4
3 3 3 3 3 3

8 Section 1.3
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12. 4<5-3x<7 18.  4x*-5x-6<0
-1<-3x<?2

] 2 ( 2 1) (4x+3)(x—2)<0;(—3,2j
—>x>—-= | -——.,= 4
3 3 33 S R 20 T T T
o kx4 4 -4 3 2 -1 0 1 2 3 4
4 o1 <2 -1 0 1 2 1 4
3 ER 33 3 19. 2o 43
x-3
13, 2+3x<5x+1<16 | S W WU SR T W RO
2+3x<Sx+land5x+1<16 %5 20 25 4
I <2xand 5x< 15
)c>l and x < 3; (13] 20. 3x—220’ —ooz U(l,)
2 2 x-1 3
1 i | 1 | A | y | - 1 | t [ 4 | | {
\ 7 1\
-4 -3 -2 -1 0 1 2 3 4 4 -3 2 -1 0 t 2 3 4
14, 2x-4<6-7x<x+6 2
21, —<3
2x-4<-T7xand 6-7x<3x+6 x
9x<10and 10x>0 2 5o
x
)rsE andxzo;[o,m] 2-5x
9 9 <0;
P
] 1 1 L 1 1 1 | i |
2 -4-2 0 2 4 2 8 I0 (‘w’o)u(“»“’)
3 9 9 9 9 3 9 9
Il 1 ] { A ] Y ] |
7 Ay
15, x2+2x~12<0; -4 -3 -2 -1 0 f 2 3 4
55 5 5 5 5 5 %
_23Y(@)? -4()-12) _ 22452
2(1) 2 7
22. —<7
=-1+J13 4x
[x—(—1+\/§)][x—(—l—\/ﬁ)]<0; 7 1<
(-1-V13,-1+413) ax
7-28x
<0;
L(gL ] | | [ |)| 4x
-5 4 -3 =2 -1 0 1 2 3 (_.m())ulw
: 4)
16. x*>~5x-6>0
] | 1 y[ | 1 | 1
(x+1)(x-6)>0; 4 3 2 - 0 1 2 3 4

(~0, 1) (6,)

7
-1 0 1 2 3 4 5

O A<

17. 2x2+5x-3>0; (2x— 1)(x + 3) > 0;
1
~0,-3)U| —,©
(<030 3]

SOS . | ! 1

i | A |
7
4 3 2 -1 o0

]
12 3 4

L
\

Instructor's Resource Manual Section 1.3



23.

24,

25.

26.

27.

28.

10

L <4
3x-2

-4<0

3x-2

1-43x-2)
Ix-2

<0

9-]2x50;(_m,3Ju|:
3x-2 3

i

3

4

]

tnd
1 0 1
6 6

[T
-
PRIN D 4

>2

x+5
3
x+5
3-2(x+5) 50
x+5

-2x-17 . 0;(_5’_ZJ
x+5 2

-2>0

I L L) | [

T
D

N~ -

\
6 -5 4 -3 -2 -

(x+2)(x-1)(x-3)>0:(-2,)w(3,8)
| i L ! L h | 1 L i
3 7 <
-4 -3 -2 -1 0 1 2 3 4
3

2x+3)3x-D(x-2)< O;(—oo,

— { L ! L
7/ X

-4 -3 -2 -1 0 1

y
4

@x-3)(x-1)*(x-3)20; [—oo, %]u[l )
1 1 } { { 1] | L ]
J i
-4 -3 =2 -1 0 1 2 3 4
(x-3)x-D)?(x-3)>0;
(—oo,l)u(l,%)u(lw)
1 ] § ] 1 Y | ) A
N7 N\
~4 -3 2 -1 0 t 2 3 4

Section 1.3

29,

30.

31.

32,

33.

x -5x2 _6x <0

x(x? -5x-6) <0

x(x+1D)(x-6)<0;

(=e0,-1)u(0.6)

Y L 1 1 1 [ ] N}
A AY 7
=2 -1 0 1 2 3 4 5 6
©-x?=x+10
(X =Dx=1)>0
(x+1D)(x-1)% >0
(-1L.Hu ()
1 | | K | Y { | |
Ay FAY
-4 =3 2 -] 0 | 2 3 4

a. 3x+7>land2x+1<3
Ix>6and2x<?2
x>-2andx<1:;(-2, 1)

b. 3x+7>land2x+1>—+4
3x>—-6and 2x>-5

x>-2 and x>—§; (-2, o)

c. 3x+7>land2x+1<—+4

x>-2and x<—§:®

a. 2x-7>1

{4<x}or2x+1<3

2x>8or2x<2:x>4o0rx<l;
(-, (4,x)

b. 2x-7<1

{x<4}or2x+1<3

x<4orx<l;(—0,4]

c. 2x-7<l1

{x<4}or2x+1>3

x<4orx>1i(—0,o)

a. (+DZ+2x-7)2x% -1
©+3x2-5x-72x% -1
C+2x —5x-62>0

(x+3)(x+1)(x=-2)20
[-3,-1]w[2,0)

Instructor’'s Resource Manual



34.

3s.

b. x*-2x2>8
% —212—820
(x* —4)(x* +2)20

(x? +2)(x+2)(x-2)20
(—0,12]U[2,0)

e (x2+)2-7(=xF+1)+10<0
(2% +1)=5][(x* +1)- 2] <0
(- 4)(x? -1)<0
(x+2)(x+D)(x-1)x-2)<0
(-2,-Hu(1,2)
Suppose x > 0. If we divide both sides of the
inequality 1> 0 by x, we obtain 1/x>0. To
prove the converse, divide both sides of the

equation 1 >0 by 1/x. Thisgives 1 _ 0
Ux Ux

which is equivalent to x > 0.

a. 1.99 < lom
X

1.99x <1< 2.01x
1.99x <1 and 1<2.0Lx

x<_l_ and x>_l_

1.99 2.01

e
049 0.495 0.500 0.505 0.510

b. 299« 12<3.01

X+

2.99(x+2) <1<3.01(x+2)
2.99x+598<1 and
1<301x+6.02

Instructor's Resource Manual

-498 g . -5.02

<.—_. e
2.99 3.01
5.02 498
3.01 2.99
(_ 502 498
3.017 299
{ | A | { Y| | 1 o
< 4
-1.668 -1.667 -1.666 -1.663
c. 3-g< <3+¢
X+

B-&)x+2)<l<(B+e)x+2)

B-ex+(3-e)2<1<(B+e)x+(3+¢€)2

I<1—2(3—5) and
3-¢ 3+¢

[1—2(3+£) 1-2(3—6‘))

3+ | 3-¢

36. l+x+x2 e <0

(=,~1)

1 1 1
S—+—+—
10 20 30

11 1 1
— 22— +—t—
R 20 30 40
i>6+4+3

R 120

1,13

R 120

Section 1.3
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1.4 Concepts Review

1.

o

-1;5
. la+bf$ia|+lb|
b, c

92 504
5

Problem Set 1.4

12

1

E\)

o x+2f<k
-l<x+2<l
-3<x<-1

(=3.-1)

|x—2|25;
x-2<-50rx-225

x<-3orx>7
(—0,-3]U[7.)

[2x-1|>2

dx-1<-2or2x-1>2
2x < -1 or 2x > 3;

oot (o3 o3 )
X<——orx>—,| ~0,—— || =,
2 2 2 2

[4x +5|< 10:
-10<4x+5<10
-15<4x <5

15 s[ 155
——<xgI ==
4 4’| 4’4

<l

L)
4

-—l<£+l<1
4

—2<5<0;
4

-8<x<0;(-8,0)

Z_s
2

2
2% _s<—Tor '—7"-527

27

5
ES—Zor ;X-ZIZ
7 7

x<-Torx242
(-oo,—7]u[42,ce)

Section 1.4

7. |2x—7|>3;
2x-T7<-3or2x-7>3
2x<4dor2x>10
x<2o0rx>5; (—,2)U(5®)

8. |5x-6|>L
Sx—-6<-lor5x-6>1
Sx<SorS5x>7

x<lorx >1;(—w,l)u(l.w)
5 S

9. |[4x+2|=10:
4x+2 < -100rdx+2 210
4x < -12o0rd4x 2 8
x<~3o0rx22
(o0, -3JU[2, )

X7
2

10. >2:

Z47<20r 24722
2 2

X : S
—<-9or-2-3
2 2

x<-i8orx2-10
(-0, —18]U[~10,)

2+—5- >

X

11.

2+£<—1 or2+3>l
X X

3+§<Oorl+§>0
x x

3.vc+5<Oor x+5>0;

X X

(—co, —S)U(—g. O)U(O, )

13
x

12. >6;

l—3<—-6or l—3>6
x x

l+3<0 or l—9>0

X X

1+ 3x 1-9x
<Qor >

X X

(Fopol

0

Instructor's Resource Manual



13. x2-3x-430: 23. [6x+36)<c o|6(x+6)|<e

L3O oa _3es = blx+6/<e

2(1) 2 olrrg<lis=L
(x+1)(x —4) = 0: (~0, - 1] U[4. ) 6 6
5 24. |5x+25| <& |5(x+3)|<e
2 4+ \J(—4)% - 4(1)(4 ]
14, x" —4x+4<0: x= ( 7)(1) Ot )=2 o Slx+5|<e
(x-2)(x-2)<O:x =2 <:>|x+5]‘<§;6=§
5 2 .
15, 3x>+17x-6>0; 25. C=nd
T -a3)6) _ 17219 1 C-10]<0.02
2(3) 6 3 |nd -10] < 0.02
1 T d—l—0 <0.02
Bx-1)x+6)>0: (—00,~6)U(5,°°] )
, ’d-ﬁ <292 4.0064
16. 14x° +11x-15<0; n n
W t the di ter t
_-‘”i\/(l 1)2_4(14)(_15) B _11+31 of%'rg(l)lg;?liasure € diameter to an accuracy
- 2(14) 28
277 26. ]C—SO!SI.S,’—(F—32)—50 <15
5 9
3 5 35
X+—[|x—= <0 -=,= 5
AN 27 §|(F—32)-9o|51.5
17. |x-3]<0.5 < 5)x-3| < 5(0.5) = [5x - 15 < 2.5 |F-122|<2.7

We are allowed an error of 2.7°F.

18. |x+2[<03 o 4]x+2[<4(0.3) e [4x+18/<1.2

27. Ix—1]<2|x—3[
, Ix-ll<l2x—6‘
19. |x—2'<g©6]x—2l<8©|6x—12|<5 (x-1? <(2x-6)?
X2 2x+1<4x? - 24x+36
20. |x+4|<§<:>2]x+4|<€c>|2x+8|<£ 3x2 22x+35>0
' Bx=T)(x~5)>0:
21. Px-15|<e = PB(x-5)|<e 7
(—oo,—)u(S,oo)
< 3x-5<e
£
¢:>|x-5|<§:5=§ 28, |2x-1|2|x+]]

2x-1)% 2 (x+1)?
22. [4x-8l<e o |a(x-2)|<e x-1)y72(x+)

2 2
- >
4’ 2I<5 4x" —4x+12x°+2x+1

e £ 3x2—6x20
@l-2<7i8=7 3x(x-2)20
(==0,0]U[2,0)

Instructor’s Resource Manual Section 1.4



29. 2|2x -3 <|x+10| 30. 3x-1<2|x+6]

[4x - 6] <|x+10| [3x-1| <|2x+12|
(4x - 6)% < (x+10)? (3x-1)? <(2x-12)2
16x% - 48x +36 < x> +20x +100 9x? —6x+1<4x? +48x+144
1552 - 68x ~ 64 <0 5x2 ~54x-143<0
(5x+4)(3x-16)<0: (5x+11)(x-13)<0;

(54 (40}

31, |x] <|y|=|x||x| <|||y] and |x||¥| <|y||y] Order property: x < y < xz < yz when z is positive.

= ‘xlz <|yl2 Transitivity
=>x%<y? (|x|2 = xz)
Conversely,
<yt |x|2 <ly|2 (,rz :lez)
= |x|2 - y[z <0 Subtract | y[z from each side.
= (|x|-|»])(lx|+|¥]) <0 Factor the difference of two squares.
=|x-|y|<0 This is the only factor that can be negative.
= |x| <|y| Add |y] to each side.
2 2
32. 0<a<b=a=(x/;) andbz(\/l;) ,SO 34, I ! _ 1 |= 1 + - 1
5 5 |x2+3 ]x]+2| 2+3 | |x+2
(JZ) <(JB) . and, by Problem 31, | |
[Val <[ e[ = Va < /o UENEE
ERENE
33. a. |a-b|=|a+(-b)| <|a|+|-b| =|a|+b] " 2.3 + |x|+2|

1 1

b. |a—b|2||a|—|b||2|a|—|b| Use Property 4 ——
x2+3 ]x|+2

of absolute values.

.. |a +b+c| _ |(a+b)+c| 5|“+bl+lcl by the Triangular Inequality, and since1

2 0,x]+25>0=>——50—1 5o
<|a|+ 6| +|c| x*+3>0, |x]+2> :>x2+3> x|+2>
x*+32>3 and |x]+222, so
Sl an Sl, thus,
2+37°3 [d+2" 2
| 1 1 1
—_— < ——
2+3 |{+273 2

14 Section 1.4 Instructor's Resource Manual



x-2| [x+(-2)|

3s. =
2 +9 x2+9|
x-2 x || -2 |
<
2 +9 x2+9|+|x2+9|
x-2| 2+

x2+9] x2+9 x%+9 X2 +9

. 2
Since x*+929,

]
2+9 9

36. |ds2 4207 <|2|+f2x+7
<4+4+7=15

and|12+llzlso ! <l
x°+1

1

x? +1

X +2x+7

X% +1

Thus,

=lx2 +2x+ 7|

<15-1=15

el il
2 4

8 16

37.

1
s|x4|+llx3 +l|le+l[x|+—
2 4 8 16

s1+l+l+l+l since |x|<1.
2 4 8 16

s 13 1o 1 1

So|x"+—x" +=x"+—x+—
4 8 16

38. a. x<x?

x—x2<0
x(l-x)<0
x<0orx>l1

b. J:2 <x

x-x<0

x(x-1)<0
0<x<l

39, a#z0>

1Y !
OS(Q——) =a“—2+—2—
a a

| 1
SO, 25a2+—,, 0r02+'—2.>.2
a” a

Instructor's Resource Manual

<1.9375<2.

40,

41,

42,

43.

44,

a<b
a+a<a+banda+b<b+bd
2a<a+b<?2b

a+b<b

a<

O<acxb
a® < aband ab < b*
a? <ab <b?

a<vab<b

ms%(a+b)@absi(az+2ab+b2)

<:::>0Sla2 —lab+lb2 =l(a2—2ab+b2)
4 2 4 4

<0< %(a - b)2 which is always true.

For a rectangle the area is ab, while for a square

a+

2
the area is a” =( b] . From Problem 42,

P4

2
Jab < %(a +b)e=>ab< (a—;b) so the square

has the largest area.

A=nrt 4=147(10)* = 4007
|47rr2 -400;:] <0.01

47r|r2 - 100[ <0.01

2 - 100 < 221
4T

_0.01 <r2-100< 0.01

4r 4r
\/100——0‘01 <r< \/100+-%)—|

¥4 41
J =~ 0.00004 in
Section 1.4
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4, By
1.5 Concepts Review 10
1. IV 1.5 oI
: e (6.3
2. J(x+2)? +(v-3) IR I A SR A
-10 | 10X
3 (x+ a2+ (p-22=25 -
-2+5 3+7 . —
4.( 3 ,—,E—J—(JJ) -0
2 = 2
Problem Set 1.5 d=\/('1‘6) +(5-3)? =49+4 =53
= 7.28
1. ¥
S 5. ¥
= oF
B [~ (56.34, 89.56)
=1L 1) (3, 1) -
|~ ® [ ] -
| I I | | I = 100
=5 5 X IR W R
B -100 [ (1.345, -1.234)"
-5£ ~100f
d=3-12+(-17 =J4=2 d = J(1.345 - 56.34) + (~1.234 - 89.56)°
) . ~106.151
® S
_ | 6. Ly
(-3.5) o _
= | o (n.8.145)
RN NN :o(ﬁ,3.222)
-5 - 5% N N N A YO0 I |
- e ) Jio " 0%
sk B
-1o}
d = J(-3-2)2 +(5+2) = V74 ~8.60
d = J(Jr - 1)} +(3.222-8.145)2 =5.110
3. NE
] -
= 7. dy =y(5+2)2 +(3-4)2 =/a9+1 =50
)
S dy ={(5-10)2 +(3-8)2 =25+25 =50
T R T dy = (-2-10)2 + (4-8)? = 12416 = VI60
L d| =d, sothe triangle is isosceles.
[ o (5.-8)
-10
" 8. a=\(2-4)2 +(-4-0)2 =J4+16 =20
d=\J(4-57% +(5+8)? =170 = 13.04 b=(4-8)72 +(0+2)> =/16+4 =20

c=(2-82 +(=4+2)% =36+4 =40

16 Section 1.5 Instructor’'s Resource Manual



a?+p?=¢?

triangle.

, so the triangle is a right

9. -L.-1),(-1,3):(7,-1),(7.3): (1, D), 5. 1)

10. (x-3)2 +(0-1)2 = (x—6)2 +(0-4)*:
x2—6x+10=x> - 12x+52
6x =42
x= 7:>(7.0)

1. (_2”, -2+3)=(Ll}
2 2 2
2
d=\/(1+2)2+[1-3) = ‘f9+—23 ~3.91
2 4

12. midpoint of 4B =| =2 3*6 =(§,3)
2 2 272

)
midpoint of CD = [ 333 T+ ) _ _,ﬂ)
2 2 )22

2 2

d= E_Z + 2_1_1)
2 2 2 2
=Va+1=5=2/24

13. (x=1)2+@-1)2=1

14, (x+2)% +(y-3)* =4°
(x+2)* +(y-3)* =16

15. (Jc—2)2+(y+1)2=r2
(5-22+(3+1? =r?
r*=9+16=25
(x=-22 +(y+1)?* =25

16. (x-4)% +(y-3)% =r?
6-4+2-3?%=r2
rP=4+1=5
(x-4 +(y=3)* =5

1+3 3+7

17. ter = , =(2,5
center [2 2) 2,5

radius = 2\(1-3)% + 3= 7)? =3 /A+16
=%\/ﬁ=\/§

(x-2P +(y-5)?% =5

instructor's Resource Manual

18.

19.

20.

22,

23,

25.

Since the circle is tangent to the x-axis, r = 4.
(x-3)%+(y-4% =16

. 1. .
Substitute x = P into the equation and solve

for y.

2
(-%) +(y-1?=1

-1’ =

]

(=2

]
I+

A|§|&|§

y-1

+

y=1

Substitute y =1 into the equation and solve for
X.

(x=-D2+©)?% =1

x—1=%I

x=0,2

x% +2x+10+y* -6y-10=0
x? +2x+y2—6y=0

(x> +2x+ 1)+ (3 -6y +9)=1+9
(x+1)%+(y-3)2 =10

center = (-1, 3):radius = J10

x* +y2 -6y=136
x2+(y*—6y+9)=16+9

x? +(y—3)2 =25
center = (0, 3);radius = J5

x?+y? —12x+35=0
x* —12x+y2 =-35
(x* —12x+36)+ y* = -35+36
(x-6)2+y* =1
center = (6, 0); radius =1

x> +y* —10x+10y =0
(x? = 10x +25)+ (% +10y+25) =25+ 25
(x-57% +(y+3)* =50
center =(5,-5); radius =50 =52
4x% +16x+15+4y> +6y=0

3 9 9
4x? +ax+4)+4] Y2+ y+— |=-15+16+=
(x* +4x+4) [y 57 16) a

Section 1.5 17



4(x+2)? +4(y+ :

(x+2)2 +(y+—3-) B
4 16

[%3 _;_|w
(8]

1}
I o

73
4

3 .
center = (—2,—Z ; radius =

26. 4x° +16x+%+4y2 +3y=0

3 9
4CHx+ D) +4| Y+ y+—
(“+4x+4) () red 64)

—105+16+—9-

16 16

3 2
4(x+2)2+4(_v+§) =10

5

(x+2)2+( +E)2=—
r78) T2

center = —2,—3 : radius =\/E=@.
8 2 2

2+6 =1+3
s =(41
3 3 ) (CH))

27. center:[

midpoint = (E%(Z . %) =(4,3)

inscribed circle: radius = /(4 — 4)% +(1-3)’
=J4=2

(x-4)*+(y-1)* =4

circumscribed circle:

radius = J(4-2)% +(1-3)2 =B

(-4 +(y-1> =8

28. The radius of each circle is ¥16 = 4. The
centers are (1.—2) and (-9,10). The length of
the belt is the sum of half the circumference of
the first circle, half the circumference of the
second circle. and twice the distance between
their centers.

L =%~2n(4)+%-2n(4)+2\m+9)2 +(-2-10)?

=87 +2J100+144

=56.37

20, AC = 4B2 + BC? =(214)2 +(179)2

= /77,837 = 278.99

Cost by truck = 3.71(214 + 179) = $1458.03

18 Section 1.5

30.

31

32.

33.

Cost by plane = 4.82(279) = $1344.78; cheaper
by plane.

Distance running =6 mi

2
Distance swimming = 1{(10—6)2 +(—;-)

= 16+% =4J16.25
Time = Distance8 _ _§+ 16.25 ~2.09 hr
Rate 8 3

Put the vertex of the right angle at the origin
with the other vertices at (a. 0) and (0, b). The

midpoint of the hypotenuse is (g— %) The

distances from the vertices are

[0

which are all the same.

From Problem 31, the midpoint of the
hypotenuse, (4.3,), is equidistant from the

vertices. This is the center of the circle. The

radius is V16+9 = 5. The equation of the circle
is

(x—-4)% +(y-3)* = 25.

x2+y?—4x-2y-11=0
(F-dx+8)+(y2 —2y+1)=11+4+1
(x-22+(y-1% =16
x?+y2+20x-12y+72=0
(x2 +20x+100)+ (y* —12y +36)
=-72+100+36
(x+10)2 +(y - 6)*> =64

center of first circle: (2, 1)
center of second circle: (=10, 6)

Instructor's Resource Manual



34.

35.

36.

d=\(2+10)2 +(1-6)? =134+ 25

=169 =13
However, the radii only sumto 4 + 8 =12, so
the circles must not intersect if the distance
between their centers is 13.

x? +ar+_v2 +by+c=0

2 2
rar+ i |+ y2 +by+b—
’ 4 4

a? p?
= (b —t—
4 4

( a)z b]z a? +b? -4c¢
X+=| +{y+=-| =0—-"u-—
2 2 4

a® +b%—4c
4

>0=a?+b° > 4c

Label the points C, P, 0, and R as shown in the
figure below. Let d =|OP|, h=|0Q|, and
a=|PR|. Triangles AOPR and ACQR are
similar because each contains a right angle and
they share angle ZORC . For an angle of 30°,
dih=3/2. Thus, using a property of similar
triangles,
loc|/|Rc| =372

2 V3
a-2 2
a=2+4/3
Thus, k= 2a=2(2+4y3) = 4(1+ 243)-
By the Pythagorean Theorem, we have

d=Vh?-a® =\a=2J3+4~7.464
R

h Q

0 __

—
d

The equations of the two circles are

(x~RY+(y-R =R

(x=r)?+(y-r) =r’

Let (a,a) denote the point where the two

circles touch. This point must satisfy

Instructor’'s Resource Manual

(a-R? +@-R)?*=R?

RZ
a-Ry? ="
(a-R) >

a=[li£)R
2
Since a<R, a =[1——\/2§JR.

At the same time, the point where the two
circles touch must satisfy

(a-r)* +(a-r)? =12
a=(li£]r

2
Since a>r, a=(l+%]r.

Equating the two expressions for a yields

R

2
V2 -2
-2 p. 2 R
S
- 1+ X2 1-X2
2 2 2
-v2 41
r= I 2R
1-2
2
r=(3-2V2)R=0.1716R
AY

37. The centers of the circles are

J(10-2)2 +(8-2)? =100 = 10 units apart,
so the belts cross at a point 5 units from each
center. The belt makes a right angle with the
radius at point B, as shown in the figure.

From the Pythagorean Theorem, the length of

Section 1.5
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38.

39.

20

the belt from A to B is V5% —3% = J16 = 4.

sind = i = 8 ~0.93 radians. The situation on
5

the lower half of the wheel is identical, and the
two wheels are identical. so the length of the
belt around each wheel is

3(27 —1.86) = 13.3 units. The length of the belt

is 2(13.3) + 4(4) ~42.6 units.

-2 +(y-1% =\x=3 +(y-4)
4% = 2x+1+y° =2y +1)

=x2—6x+9+y° -8y+16
32— 2x+3y° =9+16-4-4

3x? —2.\‘+3y2 = 17;.7{2 —%):+y2 =-]—7-:

3
5
(.\'2 ——'—x+l)+ y? =£7-+l
39/ 3 9
2

[x_l)“+ 252
3) 7Y T
center: (]50] radius: [@]

Let a, b, and ¢ be the lengths of the sides of the
right triangle, with ¢ the length of the
hypotenuse. Then the Pythagorean Theorem
says that a?+b’ =c?
2 2 2
Thus, K+-n—b— =X or
8 8

I (a1 (b 1 (cY
—a|l=| +=x|=] ==n| =
2 \2 2 \2 2 \2
P (xY . .. .
En 5 is the area of a semicircle with

diameter x, so the circles on the legs of the
triangle have total area equal to the area of the

semicircle on the hypotenuse.

2
From a2 +b% =¢2.

ﬁaz +—\/—§b2 =£c"'
4 4 4

B

x° is the area of an equilateral triangle with

sides of length x, so the equilateral triangles on
the legs of the right triangle have total area
equal to the area of the equilateral triangle on
the hypotenuse of the right triangle.

Section 1.5

40. See the figure below. The angle at 7 is a right
angle, so the Pythagorean Theorem gives

(PM +7)? = (PT)? +r2

& (PM)? +2rPM + 12 = (PT)? +r?

< PM(PM +2r) = (PT)?

PM +2r = PN so this gives (PM)(PN) = (PT)?

41. The lengths 4. B. and C are the same as the
corresponding distances between the centers of
the circles:

A=y2)2 +®)?2 =68 = 8.2
B=1(6)% +(8)2 =100 = 10
C=®)?+(0) =64 =8

Each circle has radius 2, so the part of the belt
around the wheels 1s
2Qr-a-m)+2Qr-b-7)+22n-c-7)
= B3r-(a+b+c)]=2Q2n)=4n

Since g + b + ¢ = &, the sum of the angles of a
triangle.

The length of the belt is = 8.2 +10+8+4n

~ 38.8 units.

42. In Problems 28 and 41, the curved portions of
the belt have total length 2zr. The lengths of
the straight portions will be the same as the
lengths of the sides. The belt will have length
2rr+d) +dy+...+d,.

Instructor’s Resource Manual



1.6 Concepts Review

1. @-5h 3. y=mx+bix=k
(c-a)
2. 0 4. Ax+By+C=0

Problem Set 1.6

10.

11.

12.

13.

14,

2-1 7-5

3

1]
—
[0
H

=1

13"
—-6+4
0-2

=1

-3.456-5.678
7.654+1.234

1.642 -7

=~ —-1.028

0.212

y-2=-1(x-2)
y-2=-x+2
x+y-4=0

y-4=-1x-3)
y—-4=-x+3
x+y-7=0

y=2x+3
2x-y+3=0
y=0x+5
Ox+y-5=0
8-3
4-
y-3=2(x-2)

m=

[}
(SR RV

2y-6=5x-10
5x-2y-4=0

2- 1
m= =—;

-4 4

1
-l1=—(x-4
y 4( )

—

o0

4y-4=x-4
x-4y+0=0

Instructor's Resource Manual

15.

16.

17.

18.

19.

20.

+z : undefined; x+0y-2=0

x==5x+0y+5=0

Jy=-2x+1; y-—gr-rl' slo e--z'
T 3Ty Ry
. 1
y-intercept = —
] P 3

—4y=5x-6
I
Y=

P4

W

s .
slope = _Z; y-intercept =

6-2y=10x-2
-2y =10x-8
y=-5x+4;
slope = —5: y-intercept = 4

4x+5y=-20
5y =—4x-20

4
=—-—x-4
Y S

to | L

4

slope =—-—: y-intercept =
b

a. m=2

y+3=2(x-3)
y=2x-9

1

2
+3=-2(x-3
y 3( )

——-gt~l
y 3

Section 1.6
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22,

23,

22

d m=§-
2
3
+3==(x-3
y 2( )
3.0
=272
-1-2 3
e. m= =-—
3+1 4
7+3——3(r—3)
) 4
__3,.3
Y 4 4
f. x=3 g. y=-3
a. 3x+cy=5
33)+c()=5
c=-4
b. ¢=0
c. 2x+y=-1
y=-2x-1
m=-2
3x+cy=35
cy=-3x+5
3 5
y=——x+=—
c ¢
-2
c
3
c==
2

d. ¢ must be the same as the coefficient of x,
so ¢ =3.

e. y-2=3(x+3)

perpendicular slope = —%;

6 W
1]
|

o | w

y+l=(x+2)

y=—x+2

Section 1.6

24. a. m=2;

o

=
"
|

RIW o= 0| —

fl

= W

25. y=3(3)-1=8;(3.9) is above the line.

2. (a,0).(0.6), m=2=2= _b
O0-a a
’

y=-—x+b b—x+y=b;£+
a a a b

27. 2x+3y=4
“3x+y=5

2x+3y=4
9x-3y=-15
Hx =-11
x=-1
3(-)+y=5
y=2
Point of intersection: (-1, 2)
Jy=-2x+4
2

=22
yET33

3
nmn=—
2
3
-2==(x+1
y 2(1 )

f—it-bl
Y=3*"3
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28. 4x-5y=8

2x+y=-10
4.r—5y=8
—4x-2y=20
-7y=28
y=—4
4x-5(~4)=8
dx=-12
x=-3
Point of intersection: (-3.-4);
4x-Sy=8
~Sy=-4x+8
_4 8
=353
5
"

29, 3x-4y=5
2x+3y=9

9x-12y=15
8x+12y=36
T =51
x=3
3(3)-4y=5
—4y=-4
y=1
Point of intersection: (3, 1); 3x -4y =15;
—4y=-3x+5
3 5

=—X—-—-
Y=

m=-—
3
4
r—l=-=(x-3
Y 3(x )

4
r=——x+5
=73

Instructor’'s Resource Manual

30.

31.

32.

33.

Sx-2y=5
2x+3y=6

15x-6y=15
4x+6y=12
19x =27
27

xX=—

19

2
Point of intersection: (ﬂ '0):

19°19
5x-2y=5
-2y=-5x¢+5
5 5
=—X——
2 2

19 5 19
2 54 20

y=-—-Xxt—+—
5 95 19

Y75 s

A=3B=4C=-6
d=|3(—3)+4(2)+(—6)|=z

Ja)z +( 4)2 5

2(4)-2-D+4) 14 _7V2

Jor+@? B 2

A=12,B=-5.C=1
[12(-2)-5(-1)+1] _ 18

d=t—mi——o—

(12)2 + (_5)2 13

d=

A=2B=-1C=-5
_23)-1-1-9|

g=t2 2

22
@2+t V5 S

Section 1.6
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35.

37.

38.

39.

40.

41.

42.

43,

24

2x+4(0)=5
x=2
2
_!2(g)+4(0)—7|_ 2 5
Jar+@? V20 S
. 7(0)=5y=-1
yed

5

17(0)'5@_6}_ 7 174

o e YT

d

120,000(0.08) = 9600; ¥ = 120.000 — 9600/

Slope =-9600; The bulldozer depreciates at
$9600 per year.

(0, 700.000), (10, 820,000)
, _ 820.000-700.000 . o
10-0
N = 12,000 + 700,000
At n=25: N=12,000(25) + 700,000 =
1,000,000

(0, 80,000), (20,2000)

m= M =-3900
20-0

V = -3900n + 80,000

a. When x =0, P=-2000, which indicates
that the company loses money if no items
are sold.

b. Slope = 450; this is the amount of profit
gained with the sale of each item.

a. Slope =0.75; this is the amount of money
added to the cost with each item produced.

b. When x=0, C =200. This is the fixed cost.

that is, the cost to produce zero units..

If (xg. o) is on both lines, then
2xg—yg+4=0 and xy+3y,-6=0 so
2xg—yo+4+k(xg+3y9-6)=0+0-k =0,
which means that (xq, yg) is on the line

2x —y + 4 + k(x + 3y - 6) = 0 regardless of the
value of k.

Section 1.6

N
e

45.

46.

417.

a a
2'-+£=l
a a
3.4
a
a=>5
L
55
x+y-5=0
m= —2-3 = _2; m= 3; passes through
142 3 5

(-z+1 3-2)_(_1 l)
2 2 272

m= .6____ =3m= -—13—; passes through

4-2
2+4,0+6)=(3‘3)

5

xX==
2

x=3
1 3

y —5(3)+3—3

center = (3, 3)

Let the origin be at the vertex as shown in the

figure below. The center of the circle is then

(4-r.r), so it has equation
(x-@-r)+(y-r)?= r?. Along the side of
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50. A=mB=-1,C=B8-5,0,0)
Je [m(0)-1(0)+ B4  |B-8|
the x-coordinate. Thus, we need to find the \/m2 + (_1)2 \/",2 +1

< . . . 3 .
length 5, the y-coordinate is always = times
4

value of r for which there is exactly one x-
, y . The midpoint of the side from (0, 0) to (a, 0) is
solutionto (x—4+r) +(y-r)" =r°. Solving 51 (0.,_ a 0+ 0) (a 0
2 2 )\ )
The midpoint of the side from (0, 0) to (b, ¢) is

xzi_(l6—ri,f24(—r2+7r—6)). There is _OLb_ O+e)_ 2 <
25 2 272

for x in this equation gives

2 22
. 2 —_

exactly one solution when —r~ +7r-6=0, my = c-0 __°

b-a b-a
thatis, when »=1 or r=6. Theroot r=6 is c_p

=2 __< ... _

extraneous. Thus, the largest circle that can be M=y e h-a m =

22

inscribed in this triangle has radius r = |.
52. See the figure below. The midpoints of the

4 3

sides are

@-r, pl A tX ity 0 Xp+x3 Yoty
2 2 ) 2 2 )
AL r
, R 13+-¥4’Y3+Y4 and
- 2 2
4-r 4 £ >
S(M—L’&) The slope of PS is
48. The line tangent to the circle at (a,b) will be 2 2
]
dicular to the line through (a.b)and the PSRt 7Ra%)) R
perpendicular to the line through (a,b)and the 2 YTV e slope of
. . . . 1 X4 — ).'2
center of the circle, which is (0.0). The line E[X' +xq = (% +x2)]
|
through (a.b)and (0.0) has slope 5[y3 +ys -y + )] a7
) ORis 4 =24 22 Thys
m=30 =2:ax+by =rtoy=-2x+ T §[X3 +xy-(n+x)] TR
0-a a b b PS and QR are parallel. The slopes of SR and
so ax+by = r? has slope —% and is PQ arc both u, so PORS is a
X3 =X
perpendicular to the line through (a.6) and parallelogram. B
(. %)
(0.0). so it is tangent to the circle at (a.b). o)
49, 12a+0b=36 s

a=3
32 +5° =36 (e, y)
b=133 2t r)
3x —3\/§y =36
x— ng =12 53, X2+ - 6)2 = 23; passes through (3, 2)

tangent line: 3x —4y = |
3x+3V3y=36 The dirt hits the wall at y = 8.
x+3y=12
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1.7 Concepts Review 4. y=4x*—1; y-intercept = -1

1. y-axis 3. 8-2,1,4 y = (2x+1)(2x - 1); x-intercepts = — %

N | —

2. (4.-2) 4. line; parabola Symmetric with respect to the y-axis.

Problem Set 1.7

1. y=-x2+ ; y-intercept = 1; y= (1 + x)(1 - x);

x-intercepts = -1, 1

Symmetric with respect to the y-axis T
4y
5 -

—

-
Illl,\lllj__

X 5. x2+y=0;y=-x?
x-intercept = 0, y-intercept = 0
Symmetric with respect to the y-axis

—

= 4y
5 —
=S -
2. x= —y2 +1; y-intercepts = —1,1; —
x-intercept = 1 W
Symmetric with respect to the x-axis. -5 A 5
y -
s i
\: =S
I ™N 11 6. y=x2—2x;y-intercept=0
- X
5// y = x(2 - x); x-intercepts = 0,2
B y
o 5
5k
3. x=-4y? - 1; x-intercept = -1
Symmetric with respect to the x-axis _; A t L SL}
%4
5 -
= -5
1 | B | I T T I
-3 B 5 x
-5+

26 Section 1.7 Instructor’s Resource Manual



2 2 .
7. 7x2+3y=0; 3y=-7x2; y=—-7—xz 10. 3x° +4y” =12; y-intercepts =—-\/3_,\/§
3 x-intercepts = —2,2

x-intercept = 0, y-intercept = 0
Symmetric with respect to the y-axis
y

Symmetric with respect to the x-axis, y-axis,
and origin

11. y=-x%-2x+2: y-intercept =2
+ +
2—";‘“8 BB L

-2

x-intercepts =

y

-5

9. x2+)y2=4 A
x-intercepts = -2, 2; y-intercepts = -2, 2
Symmetric with respect to the x-axis, y-axis,

12. 4x? +3y2 =12; y-intercepts = -2,2

and origin
%4 x-intercepts = 3.3
3 : Symmetric with respect to the x-axis, y-axis.
| and origin

3y

Instructor’s Resource Manual Section 1.7 27



13. x2-)2=4
x-intercept=-2,2
Symmetric with respect to the x-axis, y-axis.

16. x* —4x+3y2 =-2
x-intercepts = 2+ 2

14.

15.

28

and origin Symmetric with respect to the x-axis
y
5P
|
L1 LTSN

-5 _v 5
F
-5+

x* +(y=1? = 9: y-intercepts = -2.4

x-intercepts = -2V2.22
Symmetric with respect to the y-axis

st

At [ | I [
-5 5 x

T T

-5

4(x - 1)2 + 32 =36;

y-intercepts = +32 =442
x-intercepts = -2, 4

Symmetric with respect to the x-axis

10 -

/AT
10 \Ej 10

-10

Section 1.7

17. X2 +9(y+2)2=
x-intercept = 0
Symmetric with

10

-10 t_

36; y-intercepts = —4, 0

respect to the y-axis
v

-0

18. x* +y4 =I; y-intercepts = - 1.1

x-intercepts = -1.1

Symmetric with
and origin

(¢S]

respect to the x-axis, y-axis,

A
2

(1
_J

o
=
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19. x* + )4 = 16; y-intercepts = -2,2

. 22, y= ; y-intercept =0
x-intercepts = -2,2 Y x2 41 Y P
Symmetric with respect to the y-axis, x-axis and x-intercept =0
origin Symmetric with respect to the origin
y ¥
5 S5+
I -

20.

y =x3—x; y-intercepts = 0; 23.

-5

2x% _4x+3y* +12y=-2

y=x(x2=1)=x(x+ 1)x-1);
x-intercepts = -1, 0, 1
Symmetric with respect to the origin

2% - 2x+1) 4307 +4y+4) = -2+2+12
2Ax-DE+3(y+2)% =12

Ay
5 — '
y-intercepts = -2 i%

x-intercept = |

n
'\'
{111 NI 5
-5 '*_' 5 X -
- B
-5 -5 _ 5%
2. y=——; y-intercept = 1 —
x°+1
Symmetric with respect to the y-axis -5F
'S4
5r 24, 4(x-5)° +9(y+2)* = 36: x-intercept = 5
_ by
= 4
-5 B 5 X -
-5t

Section 1.7 29
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25. y=(x - 1)(x—2)(x - 3); y-intercept = -6

26.

27.

28.

30

x-intercepts=1.2,3

y = x%(x — 1)(x - 2); y-intercept = 0
x-intercepts =0, 1, 2
I\'

5

y= x? (x- 1)2; y-intercept =0
x-intercepts =0, 1

<

5_

y= x* (x- l)4 (x+ 1)4 ; y-intercept = 0
x-intercepts =-1,0,1
Symmetric with respect to the y-axis

[
.5

3

-0.5F

Section 1.7

29. |x|+|y| =1 y-intercepts = -1, 1;

30.

31.

x-intercepts = —1, 1

Symmetric with respect to the x-axis, y-axis and

origin
'
2 —

2F

|x|+]¥| = 4; y-intercepts =4, 4;

x-intercepts = -4, 4

Symmetric with respect to the x-axis, y-axis and

origin

y

—x+1=(x+1)%

—x+1=x? +2x+1

x> +3x=0
x(x+3)=0
x=0,-3

Intersection points: (0, 1) and (-3. 4)

y
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32, 2x+3=-(x-1)?
2x—3=—x2 +2x-1

2
x“+4=0
No points of intersection
y

34, -2x+3=-3x*-3x+12

3x2-x+9=0
No points of intersection

U/

+—

JJII]\IIIIV

-5

5%

-

33.

—2x+3=-2(x-4)?

2x+3=-2x* +16x-32
2x% ~18x+35=0

L 18+1/324-280 _ 18:2J11 9+ il

4 4 2

Intersection points: (9 _;/ﬁ ,—6+ \/—l_l}
(9+\/1_1.,—6‘\/-1_1J

2

y
10

L 4 111 | I
-10 10+

-10

Instructor's Resource Manual

+x’=4

35, x2=2

x=+J2
Intersection points: (—\/5 —\/E) (\/5 \/5\)

36. 2x2+3(x-D =12
2Jc2 +3x2 -6x+3=12

5x2 -6x-9=0
Lo 6364180 _ 6+6J6 3+3J6
10 10 5

Intersection points:

(3-3«/6 —2-3J€}[3+3\/3 -2+3J6]

5 5 5 5

_5’—

Section 1.7
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37. 40.  x*+y? =13;(=2.-3),(=2.3).(2.-3),(2.3)
dy=\2+2) +(-3+3)? =4

y=3x+1 dy =\2+2)? +(=3-3)2 =52 =213
x2+2x+(Q3x+1)7 =15 dy=\J2-22 +(3+3)? =6
X2 +2x+9x2 +6x+1=15 Three such distances
10x? +8x-14=0
2(5x* +4x-T7)=0 4. X2+ 242 -2y =20; (-2.1+21).
x=-1.650.85
— - 7 1-

Intersection points: (—1.65. -3.95) and (0.85, ( 2] \/ﬁ)'(z’H\/ﬁ)’(-’] \/B)
3.55) 2

' d = J(2-207 #1421 - (14413

- Jt6+ (<21 -VI3)
=y50-2J273 = 4.12

B N > d2=‘ﬁ-2-2)2+[1+\/§—(1-\/i§)]2
» =Jl6+(\/2_l+\/l—3)2

_5[—
=50+2v273 =9.11

38, x?+(4x+3)? =8l 3
d=J—2 2)% +| 1+21-(1-V21
x% +16x2 +24x+9 =81 3=y(2+2) +[ +V21 ( ‘/_)]
2 2 2
1722 +245-72=0 = Jo+ (Va1 1) = (22) = 243107
x=-2.88, 1.47
Intersection points: (-2.88,-8.52),(1.47.8.88)

d, =‘p—2)2+[1—\/ﬁ-(1+~/ﬁ)]2
=J16+(_Jﬁ_JE)2 =50+24273 = 9.11

ds =J(-2—2)2 +[1-Jﬁ—(1—\/ﬁ)]2
=J16+(J1§_Jﬁ)2 =50-2273 = 4.12

39. 2. y=x:1(2) d6=\/(2-2)2+[1+\/ﬁ—(1-\/ﬁ)]2
b. ax +bx’ +cx+d, witha>0: (1) =J0+(\/§+\/ﬁ)2 =\/(2\fl_3_)2 2B 2721

3 2 : .
¢ ar +br’+cx+d, witha<0: () Four such distances (d, =d4 and d) = ds ).

d. y=a_r3, witha>0: (4)
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1.8 Chapter Review

~—

Concepts Test

1.

10.

11.

12,

13.

~ 14.

15.

False:

True:

False:

which

True:

False:

True:

False:

. True:

True:

True:

True:

True:

True:

True:

False:

p and g must be integers.

P _P2_ P92~ P29
aQ 92 4192
P14y, P2, and g, are integers, so

are p1g; - p2q) and q19>.

; since

If the numbers are opposites
(-7 and ) then the sum is 0,

is rational.

Between any two distinct real
numbers there are both a rational
and an irrational number.

0.999... is equal to 1.

(a-b)-c=a[";a-(b~c)=abc

Since x<y<zandx2zx=y=z

A

be a positive number less than |x| .

If x was not 0, then £ = would

y—-x=—(x-y)so
(x=y-x)=(x-y)-Nx-y)
= (-Dx-»)°

(x—y)2 >0 for allx and y, so
—(x-y)* <0.

a<b<0;a<b; E>l;l<l
b b a

[a.b]and [6,c] share point b in

common.

If (a, b) and (c, d) share a point then
¢ < b so they share the infinitely
many points between b and c.

\/x_2=|xl=—xifx<0.

If x = 0, the number has no sign.

Instructor’s Resource Manual

16. False:

17. True:

18. True:

19. True:

20. True:

21. True:

This only holds if x and y are greater
than 0.
[ <Iy = |+ <[y

IX|4 =x* and | y|4 =% soxt <yt

Ix + y| =—(x+})
=-x+ (-9 =lal+ i

If r=0, then
1 1 1

=— !

l+—|r|— —r=l—|r[: '

Forany r, 1+|r|21-}r|.
|rl<L1-}r|>0 so

also, -1 <r<1.

If -1 <r<0, then |r|= —-r and

l—r=l+|rt SO

If0<r<1. then H=r and

I-r=1-|r, so

If |r| > 1, then 1-|r| < 0. Thus, since

1 1
l+|r|21—|r|, ]—_lrlsl—q-FI

r>1, |r|=r.and 1-r=1-|r|.s0
1 1 1

—_—=— <

1—lr| 1-r l+|r|

Ifr<-—l,|r|=—rand l—r=1+ir|.
i

l+|r|'

1
<— =
I-r

1=

If x and y are the same sign, then

Il = |9 =x =51 -y le+ ]
when x and y are the same sign, so
[l =¥ <=+ ¥- Ifxandy
have opposite signs then cither
=[x =l -l = e+ 5
(x>0,y<0)or

=1 =12 = o =[x+ 5]

{(x <0, y>0). In either case

Section 1.8
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22,

23.

24,

25.

26.

27.

28.

29,

30.

31.

34

True:

True:

True:

True:

False:

True;

True:

True:

True:

True:

el = ==+ 1.
Ifeitherx=0o0ry =0, the
inequality is easily seen to be true.

If y is positive,
thenx = \/; satisfies

2

2=(f5) =

For every real number y, whether it
is positive, zero, or negative, the

cube root x= 3/)_;
satisfies X° = (%/;)3 =y

For example x2 <0 has solution

[0].

x2+wc+y2+y=0
2 a® 2 Y S
X rax+—+y +y+—=—+—
4 - 4 4 4

2

( oV ( 1V g+l
x+—| +|y+=| =

2 2 4
is a circle for all values of a.

If x=b=0 and ¢ <0, the equation
does not represent a circle.

3
-b==(x-a
y 4( )
3 3a
=Zx-—+b;
y X 2
Ifx=a+4:

3 3a
=Z(a+4)-=+b
y 4(0 ) 4

=3—a+3—§£+b=b+3
4 4

If the points are on the same line,
they have equal slope. Then the
reciprocals of the slopes are also
equal.

If ab > 0, a and b have the same
sign, so {a, b) is in either the first or
third quadrant.

Let x=¢/2. If €>0,then x-0
and x < €.

Ifab=0,aorbis 0, so(a, b) lieson
the x-axis or the y-axis. [fa=56=0,
(a, b) is the origin.

Section 1.8

32.

33.

34.

35.
36.

37.

38.

39.

40.

True:

True:

False:

True:

True:

False:

True:

False:

True:

¥ =¥2.50 (x,3) and (x2,5,)
are on the same horizontal line.

d=\[(a+b)-(a-b)P +(a-a)’
= J(26)* =24

The equation of a vertical line
cannot be written in point-slope
form.

This is the general linear equation.

Two non-vertical lines are parallel if
and only if they have the same
slope.

The slopes of perpendicular lines are
negative reciprocals.

If 2 and b are rational and
(a,0).(0,b) are the intercepts, the

slope is _b which is rational.
a

ax+y=c=>y=—-ax+c
ax—-y=c>y=ax-c
(a)(-a) = -1.

The equation is
@B+2m)x+(6m-2)y+4-2m=0
which is the equation of a straight
line unless 3+ 2m and 6m -2 are
both 0, and there is no real number
m such that

3+2m=0and 6m-2=0.

Sample Test Problems

1. a. (

n 1 2
n+l ;(l-l-l =2;(2+l =§;
n 1 2 4

-2
2+ L) 4

I

b, (1% —n+1)% [(1)2 -(1)+1]2 =1

[(2)2 -(2)+1]2 =9

[2? -(—2)+1]2 =49

. 43n. g3 g4 4312 —g. 4732 1

8
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- Bf-fst

] 5
1 1+l+l
2. a. (]+l+lj(1_i+l) — T )11
m n m n L.t
m n
_mn+n+m
mn—-n+m
2z 2 x
p, XHl xPox-2 _ x+l (x-2)(x+])
3 2 3 2
x+1 x-2 x+] x-2
_ 2(x-2)-x
I(x-2)-2(x+1)
_x—4
x-38
3_ _1vy2
. (-1 _ (=D +t+1)=12+t+1

-1 t-1

3. Leta, b, ¢, and d be integers.

$+5 a ad +bc

c
+—
2 2 2d 2bd

4. x=4.1282828...
1000x = 4128.282828...

10x = 41.282828...
990x = 4807

4807

T 990

5. Answers will vary. Possible answer:

’E ~0.50990...
50

(\/3 8.15x10% -1.32

3.24

7. (n-v20)"°

)2
= 545.39

-32.0=266

8. sin?(2.45)+cos? (2.40)-1.00 = -0.0495

Instructor's Resource Manuai

= which is rational.

9, 1-3x>0
x<1

<
[T 3
[PITTS T
LVT Y Ny

10. 6x+3>2x-5
4x > -8
x> =2;(-2,0)

(IR S AN N SN S SO N
<
-4 -3 2 -1 0 1 2 3 4

11, 3-2x<4x+1<2x+7
3-2x<4x+land dx+1<2x+7
6x22and 2x>6

le andx <3; 1,3
3 3

S IR VU TN W o MM B N |
T ——
-4 -3 =2 -1 0 1 2 3 4

12 2x% +5x-3<0:(2x-1)(x+3) < 0;

-3<x <l; —3,1]
2 2

1 L L | | t
C
-4 -3 2 -1 0 1

13. 212 —44r+12<-3;21% 441 +15<0:

_ 44+/442 —4Q1)(15) 44226

353
202D 42 73

with iy
L)

15, (x+4)2x—1)*(x—3) < 0;[-4,3]

T B
-4 -3 2 -1 0 1 2 3 4

16. 3x-4]<6;-6<3x-4<6~2<3x<10;

2 10 ( 2 10)
—§<x<—,

3 33
t | I Y 400 R | L IR
Y -7
-4 -3 -2 -1 0 1 2 3 4
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3 ¢. The distance between x and a is greater than

17. <2
— b.
i_zgo 25, ¥
I-x 8
3-2(1-x) A(=2,6) [
2m V<0 — 5
—x = C(5,5)
2x+]$0: —
l-x
| L B(1,2)
—00. — — I I | | O I |
(-2 ]o.) + R
| 1 | {3 | |4 | ] t
) Y LY
-4 -3 =2 -1 0 1 2 3 4
18. [12-3x]2 || d(4, By=y(1+2 +(2-6)* =9+16 =S5
(12-3x)% 2 x2 d(B,C)=y(5-1 +(5-2)* =/16+9 =5
2 2
144 -T2x+9x" 2 x d(4.C) =(5+2)? +(5-6)* =/49+1=50
g >
zx 372x+;4:)o _sf3
(x=3)(x-6) (4B)? +(BC)* =(AC)*, so AABC isaright
(-0,3)0[6.) .
IS S S triangle.
0 | 2 3 4 5 6l 7 8
e 1+7 2+8
19. For example. ifx=-2, |-(-2)|=2# -2 26. midpoint ('7_ 2 )_(4’5)
|-x| = x forany x <0 d =(4-3)2 +(5+6)F =V1+121 =122
20. If |-x| = x, then |x| = 2+10 0+4
T 2. center—( : ) 6.2)
2. [(=5|=-5-D=15-1 radius = -\/(10 ) +(4-0) =~ Jea+16
If|S—1f=5-1 then 5-¢20. 2 2
1<5 =23

ircle: (x—6)° +(y-2)* =20
22. I’_al=l-(a—t)]=|a—1| circle: (x—6)% +(y-2)

If |a—l|=a—t. then a—12>0. 28. x> +y*—8x+6y=0

tsa x2—8x+16+y2+6y+9=l6+9

23. If x| <2, then (x-4)% +(y+3) =25,

0<fox® +3x+2|sfox?| 4+ 228464216 center = (4.-3). radius = 5

<l Thus x2—2.r+y2+2y=2

R
also lx' +2| 22s0

|x +2| 29, % -2x+1+y 42y +1=2+1+1
2x2 2 I ave)? =
2x -2I-3x+ |2x +3x+2l s16(lJ (x=1)y +(y+1)* =4
x°+2 x%+2 2 center = (1, -1)
=8 x2+6x+y2-4y=—7

X2 +6x+9+y* —dy+4=-T+9+4

. : (x+37+(y-2° =6
b. The distance between x and —1 is less than _
center = (-3, 2)

or equal to 2.
d=\(=3-12+@2+1)? =169 =5

36 Section 1.8 instructor’s Resource Manual

24. a. The distance between x and 5 is 3.



30.

C.

Ix+2y=6

2y=-3x+6
3

=—-=x+3
Y =72
3
m=-=

2
m=—;
3
2
+l=—(x-1
y 3( )
__x_é
Y=3%73
y
5.—-
-5 | 5 X
=St
y=9
104
lllll_lllllv
-10 B 10X
-10f

Instructor's Resource Manual

d x=-3
y
54-
L {1 ] _l [t f 1
-5 B 5 X
5L
_ 7
31. a. m=-3—1=1;
+2 9
y-l==(x+2)
28
4 9
b. 3x-2y=5
2y=-3x+5
_3,..3.
y_zx 2)
3
m=—
2
3
-l==(x+2
y 2( )
3
r==x+4
r73
¢. 3x+4y=9
4y=-3x+9;

= 3x+_' nl—i
YETRTTe TS

4
-1=—(x+2
y 3(x )

4.
=313

d x=-2

e. contains (-2, 1) and (0, 3); m =_3."_l-;
0+2

“

y=x+3
- 4
32. ml=i=i'mz=u=§=—;
5-2 3 11-5 6 3
I+1 12 4
)n3= =—=—
11-2 9 3

m =m; = my, so the points lie on the same
line.
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33.

34,

W
h

3e6.

37.

38

The figure is a cubic with respect to y.
The equation is (b) x = y3.

The figure is a quadratic, opening downward.,
with a negative y-intercept. The equation is (c)

y=a.x2+bx+c.witha<0,b>0,andc<0.

Ll i
-10 B 10*
-10F

.t2—2.r+y2=3
x2—2x+1+y2=4
(x-1)2+)y* =4

y
5_

-5 5 x

Section 1.8

38.

-5

39, y=x?-2x+4andy-x=4;

40.

x+4=x"-2x+4
¥ -3x=0
x(x-3)=0
points of intersection: (0, 4) and (3, 7)

4x—y=2
y=4x-2;
1

m=——
4

contains (a.0).(0,b):

b _g
2

ab=16
16

b=
a

b-0_ b _ 1
a

o

0-
a=
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