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Chapter 0

Problems 0.1

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

True; —13 is a negative integer.
True, because —2 and 7 are integers and 7 # 0.

False, because —3 is not positive.
0
False, because 0= I

False, it is fairly easy to see (although the details
are not relevant for a course using this text) that

\/ﬁ, for n an integer, is either an integer (if n is
a perfect square) or irrational (if  is not a
perfect square). The perfect squares are 1, 4, 9,
16, 25, 36, ... and since 3 is not among these,

V3 is not rational.
False, since a rational number cannot have
. 7.
denominator of zero. In fact, 6 is not a number

at all because we cannot divide by 0.

. False, because /25 =5, which is a positive

integer.
True; \/E is an irrational real number.
False; we cannot divide by 0.

False, we have 3 < < 4 so that 7 is at best
rational and not an integer. It can be shown that
T is irrational (but the details are not relevant for
Our purposes).

True

False, since the integer O is neither positive nor
negative.

True

False; 2.78 and \/5 are real numbers but not
integers

True
True

False; negative integers are not natural numbers.

Problems 0.2
1. False, because 0 does not have a reciprocal.
2. True, because Z-— = 2 =1.
37 21

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

False; the negative of 7 is —7 because
7+ (=7)=0.

True; 1(x-y)=(1-x)1 - y)
False; x+y=y+(—x)=y—x.
True; (x +2)4) = (x)4) + (2)(4) =4x + 8.

True: X+2 _
2

X 2 X
—+—=—+1
2 2 2
ab

True, because a(Ej =
C Cc

False; 2(x - y) = 2xy while
(2x) -2y =(2-2)- (x-y) =4xy.

True; by the associative and commutative
properties, x(4y) = (x - 4)y = (4 - x)y = 4xy.

distributive

commutative

associative

definition of division and commutative property
commutative and distributive
associative

definition of subtraction

commutative

distributive and commutative
distributive

2x(y = 7) = 20)y — (207 = 2xy — (1)(2x)

=2xy—(7-2)x =2xy — 14x

© Pearson Education Limited 2012



Chapter 0: Review of Algebra ISM: Introductory Mathematical Analysis

22. (a—b)+c=[a+(-b)]+c=a+(-b+c)
=a+[c+(=b)]=a+(c-Db)

45. (a)+(-b)="=2

23. (x+ y)(2) =2(x + y) =2x+ 2y 46. 2(—6 + 2) - 2(_4) =_8
24. x[(2y + 1) + 3] = x[2y + (1 + 3)] =x[2y + 4] 47. 3[_2(3) + 6(2)] - 3[—6 + 12] — 3[6] =18
=x(2y) + x(4) = (x - 2)y + 4x = 2x)y + 4x
=2xy + 4x 48. (—a)(=b)(—1) = ab(-1) = —ab
25. x(y—z+w) =x{(y —2) +wl=x(y - 2) + x(w) 49. (-12)(-12) = (12)(12) = 144
=x[y + (=2)] + xw = x(y) + x(=2) + xw
=Xy — X7+ xw 50. X(1)=X
26. 1+a)b+c)=1(b+c)+alb+c) 51. 3(x-4)=3(x)-34)=3x-12

=1b)+ 1(c)+ab)+al(c)=b+c+ab +ac
52. 45+x)=4(05) +4(x) =20 + 4x
27. 2+(4)=-6
53, -(x—y)=—x+y=y—x
28. —a+b=b-a

54. 0(=x) =0
29. 6+(4)=2
1) 81 8
_ 55. 8 — |=22=2
3L T (4)=T+4=11 ]
56. 2=5
32, -5-(-13)=-5+13=8 1
33. —(—a)+(-b)=a—b 57, WX _2:7-X_2X
" 2ly 37y
34, (-2)(9)=—(2-9)=—18 y 37y 3y
35. 7(-9)=—(7-9) =63 58, X_2X__
2
36. (-2)(-12)=2(12)=24
59, 21_21_2
37. 19(-1) = (-1)19=—~(1 - 19) =19 C 3% T3 % 3x
-1 a
38, j“l[_ij‘a 60. 2(a)= 23
a C C C
39. (-6+x)=—(-6)—-x=6-x
(6 +x)=-(-6) 61. (5a)[l]:7
40. —7(x)=—(7x)=-7x
41, —12(x—y) = (“12)x — (~12)(y) = —12x + 12y 6 21_2al_a
(or 12y — 12x) bc bc bc
2. -6+ =—~(06)-(-)=6+y 3. 2.5_25_10
_ . Xy Xy Xy
43. —3+(3a)=£:—;—3=—1
a a 11 3 2 3+2 5
M 3376767 6 &
44. —9+(—27)="—9=3=£=1
27 27 93 3

2
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65. 24,3.5,9_5+9_ 14 27 7
T12 4 12 12 12 12 26 6
6. S _9 14 914 -5 51
10 15 30 30 30 30 56
67. §+£:_a+c
b b b
X Y X-Y
68. ——_—_-2""1
NCENG 5
3 11 18 3 2 18-3+2 17
69, — ——(+-—-="——— 4 — ="~ =T
2 4 6 12 12 12 12 12
70, 2.3_16_15_16-15_ 1
" 58 40 40 40 40
y Yy X X
1
gy, w_l m_1 1 T
m w 1 wm wm
= 2
y? X z X Xy X
y Y y
4. O g
7
Problems 0.3

1. (2%)(2%) =22 =2°(=32)

6. (A2)% = X124 - x%8

1
6

Section 0.3

@ a3 a2
(b%)° = A5 = 20

g (ﬂ)Y:[Ly:[LJY:L:L
e w-w? w2 A w

9. (2x2y3) = 202)3(y3) = 8x23y33 = 8x8y?

[Wzss ]2 ~ (Wzss)z _ (Wz)z(ss)z _ w2232

10. =
y? (y%)? y?? y*
_wis®
N
9
11. X—5: xg‘5 = x4
X
6
2a* (2a4)6
12. —5 = 5 6
7b (7b°)
~ 26(a4)6
64a*®
" 117,64906
648.24
© 117,6490%°
" (X2)5 ~ X2~5 ~ XlO ~ XlO ~ XlO 1
. (x3)2x4 - 32y - N - B4 _F_
14. J25=5
15. ¥81=3
16. {-128=-2
17. 30.027=30.3%=03
4,
s 4t 11
16 %16 2

3
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Chapter 0: Review of Algebra

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33. 4

34.

8 _J8_ Y8 -2 2
27 \N27 327 3 3
(49)Y? =Ja9=7

(64)Y3 =64 =4

572/3 _ (%)2 _2_g

1 1 1

(0.09)V2 = = =—
0.09Y2 009 03

CRREE

V50 =+/25-2 =25 12 =5/2
Joa=327.2=321 2=
V28 =323 =x 32

Jax =/a\x = 2x

J25y° =V25-y® =5y°

x _Wx ¥
16 416 2

R

E

81

256

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

4
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(9242 —Jor* - /32(22)2 _J2 /(22)2

=372

4
(27x8)43 = (\3/ 27x6j — (3x%)4 =818

LI I :

x2/5,315
5/X2y32—1o = x2/5,3/5,-10/5 _
2
z
5,,-3 5
a’b 3 1 1 1 a
;= bt =a S
c c b ¢ bc
saly3-211_ 2
ap® ab’
X+ y‘1:x+—
(3)72 _ 1 1
@2 o
I 2
(3-2

8oy = (5x2)/5 = 51/5(x2)V/5 = 51/52/5

-2 2
222 X2 ~ Y2 _Y4
e ‘[v—zj ‘(FJ X
\/;_\/ylelz_yllz
WA WD WP

W A 27
4302 54 — (a3 2y 4 a5p
_ 3341254
= 7147912
Sl7/4

= po/2
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49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

X2 4/Xy—223 — X2 (xy_223)1/4 — x2x1/4y_2/4z3/4
X9/423/4

- y1/2
(a+ b—c)2/3 = \3/(a+ b—c)2

(ab?c®)3/4 = i‘/(abzc?’)?’ — 44380

a5 1 1

X4/5 5 X4

X

2x1/2 _(2y)V/2 = 2Jx 2y

~3/5 3/5_ 3 1
3w —(3w) VIE B (3w)3’5

_ 3 1 _ 3 1
W e T T

(X BYY3)VA _ (x5/3)V4
_ y5/12
1
512
1

6 6

e T g2 T g2 gz T
J5 5 512 .5 5
3 3

33 _ 3 5 3
% 81/4 81/4~21/4 416 2

4 4 aM? 0 ad2x
\/5 - (2X)1/2 - (2X)1/2(2X)1/2 - 2X

242x
T x

11 120?® (2a??
Pa (a3 (a32a¥® 2a

:

3452
2a

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Section 0.3

_ _yeytr w2y
J2y @eyt? o @eytieyy? 2y

e

2

y Yy

2 2 2913 2yM3 Fly

33’/? - 3y?/3 - 3?33 3y 3y

2 12
ia

18 -J9=3
2
53 55 5. g/ 2304

4la2b a2/4b1/4 a1/ 2b1/4 . a1/2b3/4
~ 21/5a1/ 2b3/4 ~ 24/ 20a10/20b15/ 20

ab ab
B (24 a10b15)1/ 20 B 20/16a10b15
ab ab

B_B_\B322® B2 B

3p U3 B 23 2

6
2,34 _ 56,3 _2X
22Xy X =2Xy =—
y
3 3.4V 2 12 212
BlaM2 T Bl iz T 3y
{1(32%)%17% 2 ={[3%a°1 %} 2
_{3104730y-2
_ 320460
N243 | 1288 _ i _g
J3 3
3 1 3

(33332 - 36523, IR
BB (353
CEINTE X
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Chapter 0: Review of Algebra ISM: Introductory Mathematical Analysis

. Js /2 gl _aus 82. ./(-6)(-6) =/36=6
Jg2 3 M6 Note that 1/(-6)? # —6 since —6 < 0.
8 -2
7. (3 @40 P - g g BT 44
2s3 $3s? s
3.2 33/ 2.3 3,33 5
73. {x yz \/(X y22)(y?) = \/X 84, (x3y‘4\/2) @y A2
_ x520,5/2
74. 32(32)—2/5:32(25)—2/5 X15Z5/2
=3%(27%) - y20
=32. = 1
2 3.2\
_9 85. (3x°y?+2y 2_3)4=[%J
4 2y°z
3/5 38
52 2/5,.1/5\3/5 _ .6/25,3/25 =
75. ( ab) =@“""b")¥°=a""b 2
33,4
_ (a6b3)1125 _ (3x 24)
(2
—1,,242 2.4 _ 4y 3*x272
76. (2xy9) = 2% y' = e
o
2/3.3/4 _81*Z*
7. 3 _ 3 _ 3 y“ToX 16
Pyllx  HaAA T ABAIA (213,314
3,3/4\2/3 86. LCD=¥x+h-¥x
=Ty 3 3 3Fx  3Fx+h
Ix+h Ix  Ix+h¥x Ix+n¥x
3y 3
78, VxCyRafx2 = XM 2(x2yR)Y 2 (xy2)l2 :3(&—\/x+h)
:X1/2(Xy3/2)(X1/2y):X2y5/2 Ix+hdx
79. 75k* = (75k*)Y 2 =[(25k*) ()1 2 87, f'z_ﬁ: 24‘?:2—\/5
_1(5K2)23H2 _ 5y 24M/2 2443 2-V3 4=
= [(5k?)23[Y/2 = 5k
1 1442 14v2 1442
88. = =-1-+2
80. 3729 =37.72 -3 -7 102 142 1-2 4 V2
2
o 0P [ 2 T ¢ o go, 2 3+
. X4 ’ (X3)2 X4 ’ (X6)2 \/é_\/6 \/§'|'\/6
2 x° 2. ..,612_2 .6 :\/E(\/é+\/6):*/€+\/1_2:_‘/6+2*/§
=X +pzx +X =X +X 3—6 _3 3
:Xz_%zxz_xezxs

6
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90.

7

J7_ 5(V6-7)
% _

V7 6-7

=5(I6_—1)=5(\/7—J€)
25 3447

BT BT
25(\3+7)

T 37

_2(\/]3-%\/%)

5
+

ey

-

91.

4
_ V154435
2

3 -7 _3-3/7

92. : =
t+7 t-7  t2-7

03, (X=+4_ x+1 \/§+1_(X+1)(\/;+1)

Jx-1  Jx-1 Jx+1  x-1
5(2-+3) a(1++2)

9. -

(2+V3)(2-+3) (1-v2)(1+v2)
5(2-+3) 4(1+2)

4-3  1-2
5(2-3) 4(1+2)
=

=5(2—J§)+4(1+J§) = 4J2-5/3+14

5% 5 4fx-12
a/x+12 4fx+12 4/x-12
_20x2&—60x2_20><2(&—3)
© 16x-144  16(x—9)
5x2(&—3)

)

9s.

Apply 1t 0.4

1. If x is the width of the rectangle, then 4x is the

length.

The perimeter P is given by

Section 0.4

P = 2x (lengthx width)
= 2(4X+ X)
=10x
The area A is given by

A= lengthx width

=4x- X
= 4x°
Problems 0.4
1. 8x—4y+2+3x+2y-5=11x-2y-3

2.

10.
11.

12.

13.

14.

15.

4a% — 2ab+3+5c—3ab+7
= 4a° —5ab+10+5¢

8t° — 6% +45% — 2% +6=6t2 - 25 +6
X+ 20X+ X +3Yx = T

Ja+2y3-+c+3V3
=va+5/3-+c

3a+7b-9—-5a—-9b—-21=-2a-2b-30

7x2 +5xy+\/§—22+ 2xy—\/§
=7x2+Txy -2z

Vx4 2% =[x =3x = —/x

Vx+\2y —/x—/3z = J2y -3z
8z—4w—-3w+6z=14z-Tw

Ox +9y— 21 — 24x + 6y — 6 = —15x + 15y~ 27
4s —5t—25s —5t+s5s+9=35s—-10t+9

5x2 — 5y2 + xy—3x2 —-8xy— 28y2
=2x2 —33y2 —-7xy

2-[3+45-12]=2-[45-9]=2—-4s+9
=11-4s

2J3x% +6-2x° +10]} = A x° +16]}
=2[3x° + 48 = 6x° + 96

© Pearson Education Limited 2012



Chapter 0: Review of Algebra

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32,

43t +15-1[1—-t—1]} =4{3¢t+ 15— 1[-1]}
= 43t +15+t%} = 4% +12t + 60

—{—6a —6b + 6 + 10a + 15b — a[2b + 10]}
=—{4a+9b + 6 —2ab — 10a}
=—{—-6a +9b + 6 — 2ab}
=6a—9b—6+2ab

u+ (5+2u+2(5) = u?+7u+10
X? + (44 5)X+ 4(5) = X% +9x+ 20
w2 + (-5+2)x+2(-5) = w2 —3w-10
x? +(—4+7)x—28= X% +3x—28

(2x)(53x) +[(A(2) + A (O]x+3(2)
=10x% +19x+6

O + [()(T) + (=5)D)]t + (=5)(T7)
=22 _3-35

X2 +2(X)(2Y) +(2Y)? = X2 + 4XY +4Y?
(2%)% = 2(2%)(D) +1° = 4x% — 4x+1

7% —2(7)(X)+ X2 =49-14X + X2

(8 2)(&)2 +[(B) + D NxX+ (D)
=2x+3/x-5

( x) (3x)(5)+(5)
=3x+10y/3x + 25

2
()= -y-s
(25)% -12 =4s* -1
(@%)% - (2b)? = a* —ap?

X2 (X+4) = 3(x+4)
=xC+4x% —3x-12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

ISM: Introductory Mathematical Analysis

X2 (3x2 +2x-1) —4(3x2 +2x-1)
=3P+ 23 - X2 —12x% —8x+ 4
=3x*+2x°—13x° —8x+ 4

x(x2 +X+3) +1(X2 +X+3)

3 2

=+ X2 +3x+ X%+ x+3

=X +2X° +4x+3

t{3(t% - 2t —8) + 53t — 21t]}
=t{3t? — 6t — 24+15t2 — 105t}

=t{18t% —111t — 24

=183 -111t% - 24t

[(22)% —12|(42% +1) =[42° 1) (42° +1)
=(42%)?-1? =167* -1
XBx+2y—-4)+yBx+2y-4)+20Bx+2y—4)
:3x2+2xy—4x+3xy+ 2y2—4y+6x+4y—8
:3x2+2y2+5xy+ 2x-8

[x2 +(x+1)]2

= (x2)2 + 2x2(x+1)+(x+l)2
=23+ 2% + X%+ 2x+1
=x*+ 23 +3x% + 2x+1

(2a)° +3(2a)%(3) + 3(2a)(3)% + (3)°
=8a° +36a2 +54a+ 27

(2a)% —3(2a)%(3) +3(2a)(3)% - 3°
=8a° -36a° +54a- 27

(2x)° —3(2%)%(3) +3(2%)(3)* - 3°
=8x° —36X° +54x— 27

X3 + 3x2(2y) + 3x(2y)2 + (2y)3

=x+ 6x2y+12xy2 + 8y3

2
Z__@: z-18
VA Z
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5 3
45. 6L+9L_i:2u3+3u_i
3wl 3l 32 3u?

46.

47. x+5ix2+5x—3
X2 +5x
-3

-3
Answer: X+——
X+5

x=1
48. x—4jx2—5x+4
x> — 4x
—x+4
—x+4
0

Answer: x — 1

3x% —8x+17
49. x+2)3xC-2x°+ x-3
3+ 6x°
8x°+ X
—8x% —16x
17x-3
17x+34
-37
37

Answer: 3x2 —8x+17+——
X+2

X3 = X% +4x—4
50. x+1> x4 +0x3 +3x% +0x+ 2

X4+ X3

—x3+3x°
3 2
4x° +0x
4x2 + 4x
—4X+2
—A4x—4
6

3—x2+4x—4+i

Answer: X
X+1

X° —2x+4
51. x+2]x3+0x% +0x+0
X2 + 2x°
—2x%+0
—2x2 — 4x
4x+0
4x+8

-8

Answer: X2 — 2X+ 4—i
X+2
X—2
52. 3x+ 2j3x2—4x+3
3x2 + 2x

—6Xx+3

—-6x-4

7

Answer: X—2+
3X+2

z+2
53. 72 —z+1i23+ +z
2-72+z
272
27° - 2z+2
- 2z-2
2z-2

2Z-z+1

Answer: z+2+

© Pearson Education Limited 2012
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Chapter 0: Review of Algebra

Problems 0.5

1.
2.

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

5b(x + 1)
2y(3y-2)

5x(2y +2)

3x2y(1-3xy?)

4bc(2a° - 3ab’d +bcd?)
22 -7?=(z+7)(z-7)

(x+2)(x-3)
(s—4(s-2)

(p+3)(p+1)

(5y)% - 2% = (5y+2)(5y-2)

x+6)(x—-4)

(21)% - (39)? = (2t +3s)(2t — 3)

X2 + 2(3)(x) +3% = (x+ 3)2

(t—6)(t-12)

5(x2 +5X+6) =5(x+3)(x+2)

3(t% +4t—5) = 3(t—1)(t +5)

3(x? —1%) = 3(x+1)(x—1)
OGx+ D(x+3)

Ax+3)(x-1)

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

25(65° + 55— 4) = 25(3s+ 4)(2s-1)

(32)% +2(32)(5) +5° = (3z+5)?

35.

u®/Sy(u? — av?) = u¥/Sv(u + 2v)(u - 2v)

36.

(2x3/5)2 _12 = (2535 4 1)(2x35 ~1)

2x(x2 +X—6) = 2X(x+3)(x—2)

10
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()2 = 2(xy)(2) + 22 = (xy - 2)?

[2(2x+1)]? = 22(2x+1)?
= 4(2x+1)?

2x2[2x(1—- 2X)]

= 2x2(2%)%(1- 2x)?
= 2%% (4x%)(1- 2x)?
=8x*(1-2x)?

X(x2y? —16xy +64) = X[(xy)? — 2(xy)(®) +8?]
= X(xy—8)°

X(5x+2) +2(5x +2) = (5x + 2)(x + 2)

x(x2 —-4)+2(4- x2)
= x(x2 —4)— 2(x2 —4)

= (X% —4)(x—2)
=x+2)(x-2)(x-2)
=(x+2)(x-2)?

x+DEx-D+E-2)x+1)
=+ D=1+ (x=2)]
=+ 1)2x-3)

y2(y? +8y+16) — (y? + 8y +16)
= (y? +8y+16)(y*-1)

=(y+4)%(y+1(y-2)
tu(t? —3)+ WA (t2 —3)

=(t? =3)(tu+w)
= (t+\/§)(t—x/§)(tu+w2)

b3+ 43 = (b+4)(b? - 4(b) + 4?)
= (b+4)(b® — 4b+16)

3 -1° = (x—1)[x2 +1(x) +12]

= (x—l)(x2+x+1)

(x%)2 =12 = (G +) (3 -1)
= (x+1)(x2 - x+1)(x—1)(x2 +X+1)
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37

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

. B4 (20°% = (3+2X)[3% - 3(2X) + (2%)?]

=(3+2X)(9—6x+ 4x2)

X+ 82 (X=2)[(X+4) +(x=2)]
= (X+ 42 (X=2)(2x+2)
=2(X+ 4)2(x— 2)(x+1

[PA+D]+[PA+n]r=[PA+n]1+7)

= P(1+r1)?

(BX +51)[(X =31) = (X +21)] = (3X +5I )(-5)
= -5 (3X +5l)

(%)% =42 = (% + 4)(x° - 4)
= (X° +4)(x+2)(x—2)

(16y%)? —(Z%)? = 16y? + Z2)(16y* - 7%)
= (16y2 + zz)(4y+ 2)(4y—-2)

(yh?-22 = (y* +1)(y* -2)
= (y* +D(y* +D(y* -1
= (y* +(y* +D(y+D(y-1)

(t?)?-2%2 = (t° +2)(t*>-2)
=(t?+2) [tz —(\/5)2}
= (t?+2)(t++2)(t-V2)

(X% +5)(X2 -1 = (X?+5)(X +1(X -1

(X? =9)(x% —1) = (x+ 3)(X—3) (X +(x—-1)

b(a* —8a® +16) = b(a? — 4)?
= bj(a+2)(a—2)]?
=b(a+2)%(a—2)°

Problems 0.6

2.

a’-3a

a’-9 _(a-3)(a+3) a+3
~ a@-3 a

x2—3x—10_ (x+2)(x-5 x-5

X2 -4

S (X+2)(x-2) x-2

10.

11.

12.

13.

14.

11

x2—9x+20_ (x=5)(x-4) x-5

Section 0.6

X2 +x—-20 (X+5)(x—4) x+5

3x% - 27x+ 24 _ 3(x-8)(x-1)
23 —16x% +14x  2X(x=7)(x=1)
3(x-8)
2X(x=7)

15x%2 +x-2 _ (5x+2)(3x-1) _5x+2

32 +20x—7 X=D(x+7)  x+7

12x% -19x+4 _ (4x-1)(3x-4) _

4x-1

6x2 —17x+12 (2x-3)(3x—-4)

YD) y?

(y-3(y+2)  (y-3(y+2)

(a+b)a-ba-b)? (a-h)?
2a-bya+b) 2

(ax-b)(c-x) _ (ax=b)(=D(x-c)
(x—=c)(ax+b) (x—c)(ax+hb)
_ (ax=b)(-1)

_b-ax
ax+b

X2 4 4X%? X
8 X 8X 2
2(x-1) (X+4)(x+1)
(x—A)(x+2) (x+1(x-1)
o 2Ax=D(x+BH(x+D
T (X=A)(x+ 2)(x+D)(x—1)
_ 2x+4)
T (x=4)(x+2)

3x* 14 _3x 14 _ 3(14)x 6

X X 7 X 7X

<

150 v*  150v*
3uv

V3

|

c+d 2c _2c(c+d) _2(c+d)
¢ c-d c(c-d) c—d
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15, Moo 1 _4x_2
3 3 2x 6x 3

ax 2x_ 429 8¢

16. =
1 3 3 3
3 3
17. —9x .§=ﬂ=_27xz
1 X X
21° 1 21 3
18, — —=—""—=—
; 2 -7 72 %
19. x—3. X—4 :x—3. 1 :x—3:1
1 (x-3)(x-4) 1 x-3 x-3
2 2
20. ﬂ+(x+3):ﬂ.i
X X+3
_(X+3)2_i3
_x(x+3)_ X
)1 10> x+1_ 103(x+1) 2%
T (x+D(x=1) 5x  5X(x+1)(x-1) x-1
2 (x=3)(x+2) (x+3)(x-1)
T (x+3)(x=3) (x+2)(x-2)
_X+2 (x+3)(x=1
CX+3 (X+2)(x=2)
_ (x+2(x+3)(x-1)
T (x+3)(x+2)(x-2)
_x1
Cx-2
23 (X+6)(x+2) ' (X=5)(X+3) _ x+2. X+3
T (X+6)(X+3) (X=5)(X+2) X+3 X+2
_ (X+2)(x+3)
_(x+3)(x+2)
=1
2
24, (x+3)7 (3+4x)(3-4x)

4x-3 7(x+3)
_ (x+3)2(3+4%)(3-4X)
© 7(4x-3)(x+3)
_ (x+3)(3+4x)(-1)(4x~-3)
B 7(4x—3)
__ (x+3)(3+4x)
7

26.

27.

28.

29.

30.

31.

ISM: Introductory Mathematical Analysis

(2x+3)(2x-3) 1+x)(1-Xx)
(x+4)(x-1)  2x-3
_(2x+3)(2x=3)(1+ x)(1-x)
T (x+4)(x-1(2x-3)
_(2x+3)(A+ ) (=D(x-])

- (x+4)(x-1)

_ (2x+3)(1+X)

T x+4

y(6x2+7x—3) X(y-D+4(y-1
X(y=-D+5(y-1)  xPy(x+4)
_yEX=D)(2x+3)(y - (x+4)

- (y—1)(x+5)x2y(x+4)

~ (Bx=D(2x+73)

- x2(x+5)

x> +5x+6 _(x+3)(x+2) «
X+3 X+3

+2

—1+x= x—1=l

32. LCD=s+4

4 hee 4 +s(s+4):4+s(s+4)
s+4 s+4 s+4 s+4
_ % +4s+4 _(s+ 2)2
 s+4  s+4
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33. LCD=GBx—-D(x+1)
1 + X _ X+1 + X(3x-1)
-1 x+1 @Bx=-D(x+D) Bx-DH(x+1
_ (X+D)+x(3x-1)
C Bx=D(x+D)
_ 3% +1
T (X+D(3x-1)

34. LICD=(x-Dx+1)
X+1 x-1_(Xx+D(x+D) (x-1(x-1)
x-1 x+1_(x—1)(x+1) (x=D(x+1)

(X412 - (x-1)?

(x+DH(x-1)
_ X%+ 2x+1— (X2 — 2x+1) _ 4x
- (x+1)(x-1) C(x+D)(x-1)

35. LCD=(x-3)(x+(x+3)
1 . 1 _ X+3 + X+1
x=3)(x+D) (x+3JP(x-3) (X=JP(x+D(x+3) (Xx=3J)(x+(x+3)
_ (x+3)+(x+D
T (x=3)(x+)(x+3)
_ 2X+4
T (x=3)(x+1)(x+3)
_ 2(x+2)
T (x=3)(x+1)(x+3)

36. LCD = (x — 4)(2x + D)(2x— 1)
4 X B 4(2x-1) X(2x+1)
(x=B)(2x+]) (x—48)(2x-1) (x—&)2x+D(2x-1) (x—4)2x+1)(2x-1)
_A(2x-1) - x(2x+1)
T (x—-4)(2x+1D(2x-1)
_ 2% +7x-4
T (x=4)(2x+1)(2x-1)

37. LCD=(x- 1)(x+5)
4 5. —3x? __A(x+5)  3(x=D)(x+5) 3x2
x-1 —(X=-D(x+5 (xX=-D(x+5) (xX=-DH(x+5) (x=-1(x+5)
_4x+20—3(x2+4x—5)+3x2
B (x=1)(x+5)
_ 35-8x
 (x=1)(x+5)

13
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38. LCD=2x—-Dx+2)3x—-1)

(X+D(3x-1)

ISM: Introductory Mathematical Analysis

(X=1(2x-1) 2X-1D(x+2)

X+1 X—-1 1
+

2x-1(x+2) - Bx=D(x+2) 3x-1 - (2x-D(x+2)(3x-1) - 2x-D(X+2)(3x-1) (2x-DH(x+2)(3x-1)

_ (X+DBXx-D —-(X=D(2x-D +(2x-D(Xx+2)

(2x=D(x+2)(3x-1)

3x% +8x—4

T 2x—D(x+ 2(3x-1)

2 2 2 2
39, 1+1j =[§+1j =(x+1j _X“+2x+1
X X X X NG
E+EJ2 —(14_1}2 _(y‘f‘ ij _ y2+2XY+ X2
Xy Xy Xy xy x2y?

41.

42,

(
o |
(
(

B a’b? + 2ab+1
==

43. Multiplying numerator and denominator by x gives

44. Multiplying numerator and denominator by x gives

45. Multiplying numerator and denominator by

+2

X+3 X+3 1

2_9 (x+3(x-3 x-3

2x(x + 2) gives
X(2X)(X+ 2) + X(2x)

Review Problems
1. The integers of S are -2, 0, 2.

2. The rational numbers of S are

7 PR
-2,——,0,2,1.34.
3
e
3. The irrational numbers of S are —\/5, 7, E .

4. The natural numbers of S consist of 2 only.

5. The real numbers of S are

7 — €
_2,—5,—\/5,0, 2,7[,1.34,E (all except J-2).

3(2X)(X+2) —1U(x+2) _ (x+2)[3(2x)-1] _ (x+2)(6x-1)
2x2[(x+ 2)+1]] '

2x2(x+3)

6. X— 3x[2x2 -2(4-3x)+1]]
=x —3x[2x2 -8+ 6x+1]
=X - 3x[2x2 +6x—7]
= x> - 6x° —18x° + 21x
= 5x° —18x® + 21x
7. (2m=3n)% — (3m+ 2n)(m-2)
= (4m2 —-12mn+ 9n2) - (3m2 —6m-+ 2nm-—4n)
= 4m’ —12nmn + 9n” - 3m’ + 6m—2mn + 4n

=m? —14mn+9n” + 6m+4n

14
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8. (x2 -3x+1D(5x+1)-3x+4
= 5% + x° —15X° — 3x+ 5x+1—3x+ 4

= 5x3 —14x2 —X+5

9. 2x% —{3xX[x— (2X* —1)] - (4-3x) + 1
= 2x° —{3x[x—2x2 +1]1-4+3x+3
=2x° —{3x° —=6X> +3x— 4+ 3x+ 1
=2x° —{3x2 -6+ 6x—3
=2x° = 3x" +6X° —6x+3
=6X - x> —6x+3

3X 4 X

10. —; + -
X" +Xx-2 X+2 x-1

3 3x . 4 X
(x+2)(x-1) x+2 x-1
3x . 4(x-1) X(X+2)

T (x+2(x-1)  (x+2)(x-1)  (x-1(x+2)
X+ 4(x—=1) — x(x+2)

B (x+2)(x-1)
3X+4x—4-x* - 2x

B (x+2)(x-1)

3 —X° +5x—4
C(x+2)(x-1)
_—(x=4(x-1)  x-4
- (x+2)(x-2) __x+2

X+3 X2 +6x+9

11. 5 s
X" —4x+4 X" —2X
X+3 x2—2x

_x2—4x+4.x2+6x+9
X433 X(x-2)

T (x=2) (x+3)7°

B X
(x=2)(x+3)

14.

15.

16.

Chapter 0 Review

1
u _u-u

4 2 2 C2u-2
u u2

_u(l- u2) _u@+u)1-u)

2(u-1) —-2(1-u)
o u@+u)
2
b'—a™
ab® —ba™?
1 1
11 b(j
b a b a
a b ,,(a b
P ab(bz‘azj
2 2
_a’b-ab” ab(a—Db)
a’-b® (a-b)@®+ab+b?)
B ab
a’+ab+b’
x® — 4x

= x(x2 —4) =xX(X+2)(x-2)

2x(x+3)%(x = 2) = X2 (x— 2)%(x+3)
= X(X+3)(x— 2)[2(x+ 3) — x(x— 2)]
= X(X+3)(x-2)[2Xx+6— x° + 2x]

= X(X+3)(x— 2)(—x2 +4X+6)

5x° - 7x—6

= (5x+3)(x-2)
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17. 3x” —5x+6 is prime (cannot be factored) 25 327X4y1026
18. 9x* —12x+4 2xyz
=(3x-2)(3x-2) _ 3/33x3xy9y26 _ 3xy3223@
= (3x-2)° 2%yz 2xyz
2, 78,08 3,08,/
19. x2—6x+9—y2 :3y Xy :3X y 'z
2 2
:(x2—6x+9)—y2 ?/]F ™~
X'y -J4x
= (x=3)2 —y? 2. y . y
33X~y

=(X=3+y)(x=3-Y)

5 4.4 , 7 5,6 11 5
20. x°+9is prime (cannot be factored) = \/16)( y -axy = \/2 Xy

. 3x2y 3x2y
21. 8x” +512
527 %y 2Wlox 2(2x)%’
=8(x3+64) =8(x3 +43) 3x2y 3x2y 3
:8(x+4)(x2 —4x+16) 1
27, ———
By JA Ix ++/x+2
22, _
(27x2y3j B 1 \/;—\/x+2
8x® b S%X% 5 Ix+x+2 Ix=+x+2
= 727y9 —‘27%),%_37)/3 _ ;(— X+ 2 - X—4X+2
(P -(amaf x0ed
3 4 \?
23, mn _\/;— X+2_ X+2—\/;
4m°n? N _9 - 2
-2 2
( m° J [4n6] 16n" X
= 6| | 8| T 16 28
4n m m 3 2x4y2
et
w | X Y2’xy
24, - )
9X_732 %/2x“y2 3/22X2y
N Y _ x\3/22x2y _ x{”/4x2y B ?/4x2y
[ AT fax_2dx _2x” Ty 2y 2y
9 9 3 3

16
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( x+h)2—\&) X+h-x
_ A X(X+h) —x
h

30. If x is the width of the base, then the height is
x + 3. The area of triangle is therefore

basex height +3) X +3
_ x heig :x(x ):x Xcm2

2 2 2
Chapter Test
1. alb+(c+d)]=alb+c)+dl=ald+ (b+c)]
=al(d+ b) + c]

—aX —a- X X
0. . ..
3. 0 is not defined (we cannot divide by 0).

(X2)3(X3)2 ~ X2-3X32 ~ X6X6 ~ X12

(x3)4 34 W12 _ﬁ
212 _ 0 _q

5. 2J8-5/27+3128

=24-2-5/9-3+364-2
=2.2J2-5.3/3+4%2
=4/2-15/3+432

«(@[3]) B

I
X_g 43 64
(aZb 3C4)5 10b—15c20 a7C14

7. =
(alc2)3 23 pi5

8.

10.

11.

12.

13.

14.

15.

16.

18.

Chapter 0 Test

1 1 1

=8x10

1
(e e 2
\/EX?’ (161/ 2)2 (x3)2 16x

—2(6u3 +6u° - 2(u2 -5+ 2u))
=—2(6u° + 6u? — 2u® +10— 4u)
= —2(6u + 4u” — 4u +10)
=-12u%-8u% +8u-20

3y(4y® +2y® - 3y) - 2(4y> + 2y - 3y)
=12y* +6y3 —9y? —8y> —4y? + 6y
=12y* -2y 13y + 6y
1
3x—§

2X+3 6x2 +8x+1

1 §
Answer: 3X—=+—2
2 2X+3

5r 2tz(s+ 2rs’t -3
(a+T)a+)5)
By-4(3y-2)

(a+5)%(a+1)?[(a+5)+(a+1)]
= (a+5)2(a+1)2(2a+ 6)
=2(a+5)%(a+1)%(a+3)

2X(2X% — 3x— 2) = 2X(2x+ 1) (X - 2)

(t+3(t-3t* _ t
tt+3)(t-3> t-3

X(X+2) (x—2)2
Ax—4)(x-2) (x=3)(x+2)
X(x+ 2)(x—2)2
3(x—4)(x—2)(x—3)(x+2)
_ X(x=2)
 3(x—4)(x-23)
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19. Multiplying numerator and denominator by

3(x + 3)(x + 2) gives )1 23 \/5_\/5 _ 2\/§(\/§_\/§)
3(x-1)-1(3)(x+3) J3+45 \3-5 3-5
3 (X+3)(x+2) + (Xx=7)(x+3)(x+2) _ 2.3-2/15
=12 12 o
T (x+3)(X+2)[9+ (x=T7)] __(X+3)(x+2)2 ' =_3+4/15

20. LCD=+/3+x-x
x& 2 x\/;\/; 243+ X

Bix Ix Brxdx  Brxdx
_x2+2\/m
T B xdx

18
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Chapter 1

Apply It 1.1 3. X*+x-6=0; 2,3
1. a.If 1 Bahraini dinar is 15.64 Egyptian pounds, Setx=2: (2)*+2-620
then x Bahraini dinars are equivalent to 15.64x 4+2-620
Egyptian pounds. 0=0
< Setx=3: 32 +3-620
b. x Egyptian pounds equate to Bahraini 9+3-620
15.64 620

dinats Thus, 2 satisfies the equation, but 3 does not.
2. Let x be the profit realized by the company in _
2009. We know that in 2010 the profit increased 4. x(6+x)— ?(x +1)-5x=4,-2,0

by 22.2%, so Set x = -2: ,
(-2)(6-2)-2(2+1)-5(-2) =4

x+0.222x =45 ~2(4)-2(=1)+10 24
1.222x =45 9
45 —-8+2+10=4
x= =~ 36.825 4=4
1.222 Setx=0:
9
Therefore, the company realized a profit of 0(6)-2(1)-5(0) = 4
36.825 million dinars in 2009. D24

Thus, -2 satisfies the equation, but 0 does not.
Problems 1.1

5. x(x+1)%(x+2)=0; 0,-1,2

1. 9x-x*=0; 1,0 Set x = O:

Setx=1:

R o2 2o
9(1) —?(1) =0 0=0
2_10:0 Set x =—1:

£ 9
Set x = 0: (DO’ () =0

9 0 = 0
9(0)~(0)* = 0 Setx =2:
()
0-020 23*#) 20
0=0 _ 72+0
Thus, O satisfies the equation, but 1 does not. Thus, 0 and —1 satisfy the equation, but 2 does
not.
2. 12-7x=-x%; 4,3
Set x = 4- 6. Adding 5 to both sides; equivalence guaranteed
? 2
12— 7(4)) =-4) 7. Dividing both sides by 8; equivalence
12-28=-16 guaranteed
-16=-16
Setx=3: 8. Raising both sides to the fourth power;
12-73) 2_ ( 3)2 equivalence not guaranteed
5

12-21=-9 9. Dividing both sides by 2; equivalence
9=-9 guaranteed

Thus, 4 and 3 satisfy the equation.
10. Dividing both sides by x; equivalence not
guaranteed

19
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11. Multiplying both sides by x — 1; equivalence not 23, Tx+7=2(x+1)
guaranteed Ix+7=2x+2
Sx+7=2
12. Dividing both sides by x + 1; equivalence not 5x=-5
guaranteed -5
X=—=-1
S . 2x-3 .
13. Multiplying both sides by ; equivalence
24, 4s+3s-1=41
not guaranteed 7s—1=41
. . o 7s=42
14. Adding 9 — x to both sides and then dividing 47
both sides by 2; equivalence guaranteed S=—=6
7
15. 4x=10
10 5 25. 5(p—-7)-2(3p—-4)=3p
X=7=5 5p-35-6p+8=3p
—-p-27=3p
16. 0.2x=7 —27=4p
7 27
X=——=35 p=———
0.2 4
2 _ 26. t=2-2[2r-3(1 -1)]
17. 7y"=0 1=2-2020-3+3]
y=0 t=2—2[5t-3]
t=2-10t+6
18. 2x—4x=-5 11r=8
-2x=-5 8
t=—
X:i—szé 11
-2 2
X
19. -8x=12-20 27. 7:3x+5
—8x=-8 x=21x+35
w81 —20%=35
- _ B 7
20. 4-7x=3 20 4
=7x=-1
5y 6
- 28, ———=2-4
=77 Sy—6=14-28y
21, 5x-3=9 33y =20
_ 20
Sx=12 y="
12 33
X:?
29, 74X X
22. 3x+2=11 ) 2 : ,
NG Multiplying both sides by 9 - 2 gives
3x=9 9.2 -7+ 2(4x) = 9(x)
_9_9@_3\5 126 + 8x = 9x
573 T x=126

20
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30.

31.

32,

33.

34.

35.

X_,_X

3 5

Multiplying both sides by 15 gives
5x—60=3x

2x =60

x =30

r =ir -5
3
Multiplying both sides by 3 gives
3r=4r-15
-r=-15
r=15

%.{.&: 4
11 2
Multiplying both sides by 22 gives
4x+121x=88
125x =88
_ 88

X =
125

y Y Y Yy
2 3 4 5

Multiplying both sides by 60 gives

60y — 30y + 20y — 15y = 12y

35y =12y

23y=0

y=0

2y—-3 6y+7
4 3

Multiplying both sides by 12 gives
32y-3)=4(6y+7)
6y —9=24y + 28
—18y =37
37
18

t 5 7

2 + 3t =3 t-1

Multiplying both sides by 12 gives
3t+20t =42(t-1)

23t =42t —-42

42 =19t

42

t=
19

37.

38.

39.

40.

t t ot

. tt=——+—=10

Multiplying both sides by 36 gives
36t +12t-9t+t =360
40t =360
t=9

T+2(X+1)  6X
3 5
Multiplying both sides by 15 gives
35+ 10(x + 1) = 18x
35+ 10x+10=18x
45 =8x
45

3 6
Multiplying both sides by 6 gives
20+2)-(2-x)=6(x-2)
2x+4-2+x=6x—-12
3x+2=6x-12
2=3x-12
14 =3x
14
X=—
3

5.’_@: 7
5 10
Multiplying both sides by 10 gives
2x+2(x-4)=170
2x+2x-8=170
4x =178
78 39
X=—=—
4 2

9 3

s B-x 2 (X=3)

Multiplying both sides by 20 gives
36(3-x)=15(x-3)

108 —36x = 15x - 45

153 =51x

x=3
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2X=17 N 8X—-9 3x-5
3 14 21
Multiplying both sides by 42 gives
14(2x—-7)+3(8x—9) =2(3x-5)
28X—98+24x—-27 =6x-10
52x—-125=6x-10
46x =115
115 5

X=—=
46 2

41.

42. §(5x—2)=7[x—(5x—2)]

4(5x—=2) =21(X—=5x+2)
20X—8=-84x+42
104x =50

50 25

T104 52

43. (2x=5)2 +(3x-3)? =13x> = 5x+7
4%% —20X+25+9x> —18X+9 = 13%X> —5x+7
13x% —38x+34 =13x% —=5x+7

-33x=-27

279
=33 11

44. §= 25
X

B

45.

x
|

= Nk B
W~
= =
|
[\S)

46.

47. Multiplying both sides by x + 3 gives 5 =0,
which is false. Thus there is no solution, so the

solution set is &.

48.

49.

50.

51. ——

52,

53.

54.

ISM: Introductory Mathematical Analysis

3 _7

5-2x 2
3(2) =7(5-2X)
6=35-14x

14x =29

29

X=—

14

X+3 2

X 5
5(x+3)=2x
Sx+15=2x
3x=-15
x=-5

2x-3

4x-5
2x—-3=24x-30
27 =22x

‘»—A
‘N

©
I
—_
Il
©
I
[\

[\)
<
|
—
~

ST S
&
0o
s
S

+

|
V[ =9 w

X X|=x|—=x|—

NN goalw =
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5S.

56.

57.

58.

59.

60.

61.

2 3
x—1 x-2
2(Xx=2)=3(x-1)
2X—4=3x-3
-x=1
X=-1
2t+1  3t-1
2043 3t+4

Qt+1)3t+4) = Gt—1)(2t +3)
6t2 +11t+4 = 6t% +7t—3

aA=-7
o
4
X+2 X+1 ~0
Xx—-1 3-X

x+2)B-x+x+DHx-1)=0
3x—x2+6—2x+x2—1:0
x+5=0

x=-5

y-6_6_y+6
y y y-6
(y—6)> =6(y—6) = y(y+6)
y2 —12y+36-6y+36= y2 +6y

y2 —-18y+72= y2 +6y

72 =24y

y=3

y-2_y-2

y+2 y+3
O=-2D0+3)=0-20+2)
y2+y—6: y2—4

y=2

-5 __7 .l
2X—3 3-2X 3X+5
—5(3%+5) =-7(3%+5)+11(2x-3)
—15X—25 = -21x—35+22x—33
—15X—25=X—68
—16x=—43
43
X:_
16

23

62.

63.

64.

65.

66.

67.

Section 1.1

x=3
But the given equation is not defined for x = 3,
so there is no solution. The solution set is &.

X X  3x-4
X+3 X-3 x2_9
xx=3)—x(x+3)=3x-4
x> —3x— x> —3x=3x—4

N
|
[\S)
Il
(98]

ﬂ
I
\S)
—_
[\
Il
w
S

NN —
|

(S )
e

¥ 1l
x
o] + ||
X | W
+ ||
[V N
o
A O

[\
x
+
(3]
Il
~
[\

(v2x+3)
2X+3=16
2x=13

4—/3x+1=0
4=+/3x+1
2
42 :(\/3x+1)
16 =3x+1
15=3x
X=5

X 2
—+1l==
2 3
2

)6
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68. (x+6)?=7

69.

70. VX+1=+/2x-3
(Vxr1) = (vax=3)’
X+1=2x-3
—X=-4
X=4

71. (x-5)4 =27
[(x=5)3 4743 = 27%/3

x—5=81

X=86

72. \Jy?-9=9-y
(V7o) =0~

y2 -9=81-18y+ y2
18y =90

90
=—=95
Y 18

73. \/§+ y+2=3
723y
(V9+2)" =(3-¥)
y+2:9—6\/§+y
6y =17
(o) =7

ISM: Introductory Mathematical Analysis

36y = 49

)
36

74. x—-x+1=1
Ix=x+1+1
2 2
(\&) :(\/x+1+1)
X=X+1+2vX+1+1
-2 =2Xx+1
—1=+/X+1, which is impossible because

«/5 >0 for all a. Thus there is no solution.
The solution set is &.

75. \/a2+2a:2+a
2
(\/az +2aj =(2+a)2
2

a’+2a=4+4a+a

—2a=4
a=-2
76, J-- |20
w Sw-2
1_]2
w Sw-2
2 2
\ﬁ (2
w Sw-2
12
w  Sw-2
Sw—-2=2w
3w=2
2
w=—
3
77. [=Prt
|
r=—
Pt

© Pearson Education Limited 2012



ISM: Introductory Mathematical Analysis

79. p=8g-1
p+1=28¢q
_ptl
a 8

80. p=10-2q
2q=10—-p

10—p

a=—7>"

[ = 2ml
~ B(n+1)
r[B(n+1)]

81.

S R[(l+ii)”—1]
S=R1+)"-1]
N
1+ -1

82.

R=

=N

A R[l—(1i+l) ]
Ro_ A
1-1+)™"

83.

g4, X=3_Xb
" b-x a-x
x—a)a-x)=x-b)(b-x)
(x—a)a-x)(1)=(x-Db)b-x)(-1)
x—a)x—a)=(x-b)(x-Db)
x> —2ax+a’ = x> —2bx+Db’

a? —b? =2ax—2bx

(a + b)(a—-b)=2x(a—-b)
a+b=2x(fora#+b)
a+b

2

85. S=Pd+r)"

S n
==(+r
S =(+1)

1/n
(S) —a+n)" "

VR
%)

S5 N
2
~
=}

1

o

+

-

7\
Tlw
N—
=
|
L
1

R
S
+

|

Q|l— a|l—= 5|~
"9.,'9.,‘

o]
I

87.

88. P=2l+2w
660 = 2| +2(160)
660 =2l +320
340 =2l

IZ@:UO
2

Section 1.1

The length of the rectangle is 170 m.

89. V=nrh
355 =nr?(16)

355 =16mr?
2235

16T

[355

r=,—

16w

The radius of the can is

A /ﬁ =~ 2.66 centimeters.
167

90. ¢c=x-0.0825x=0.9175x
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91.

92.

93.

9.

9s.

96.

Revenue equals cost when 450x = 380x + 3500.
450x = 380x + 3500

70x = 3500

x=50

50 toddlers need to be enrolled.

o3

2000 = 3200(1 —gj

2000 = 3200 — 400n

4001 = 1200

n=3

The furniture will have a value of $2000
after 3 years.

Reem’s weekly salary for working 4 hours is 47h
+ 28. She saves one quarter of this amount.

%(47h+28)=550

47h+28=2200
47h=2172
h= 2172 46.2
47
Reem must work approximately 46.2 hours per
week.

y=a(l —by)x

y=ax(l - Dby)

y = ax — abxy

y + abxy = ax

y(1 + abx) = ax
ax

1+ abx

y:

1.4x

1+0.09x

With y = 10 the equation is
_ 14x
1+0.09x

10(1 + 0.09x) = 1.4x
10 + 0.9x = 1.4x
10 =0.5x
x=20
The prey density should be 20.

Let x = the maximum number of customers.
8 10
X—-92  Xx-—46
8(x—46) =10(x —92)
8x—368 = 10x — 920
552 =2x

ISM: Introductory Mathematical Analysis

x=276
The maximum number of customers is 276.
97. t= i
r—-cC
Hr-c)=d
tr—tc=d
tr—d=tc
tr—d d
= = r' —_—
t t

98. Let x be the horizontal distance from the base of
the tower to the house. By the Pythagorean

theorem, x> +100° = (x+ 2)2.

X +10,000 = X* +4x+4
10,000 =4x+4
9996 = 4x
X= 9996 =2499
4
The distance from the base of the tower to the
house is 2499 meters.

99. Let e be Maram’s expenses in Nova Scotia
before the HST tax. Then the HST tax is 0.15¢
and the total receipts are e + 0.15¢ = 1.15¢. The
percentage of the total that is HST is

0.15¢_0.15 15 3 .
=——=——=—— or approximately
1.15e 1.15 115 23

13%.

100. s=./30fd
Set s = 45 and (for dry concrete) f=0.8.

45 = {30(0.8)d

45=24d
(45)* =(V24d )2
2025 = 24d
d=292_675 _¢43 g4m
24 8
Apply It 1.2

3. a. The year 2010 corresponds to ¢ = 20, so we
replace ¢ by 20 in the given formula:

N =175.15%x207 +3641.68x 20+ 26032
=70060+72833.6+ 26032
=168925.6

Thus, in 2010, the number of female secondary-

school teachers in Saudi Arabia was
approximately 168,926.
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b. To find the year in which the number of uU-4)Uu-9=0
teachers is 252,041 we solve the equation u—4=0 or u—9=0
175.15¢> +3641.68¢ + 26032 = 252041 u=4 or u=9

175.15t> +3641.68¢ — 226009 = 0

8. AZ+4z+4)=0
Applying the quadratic formula with a = 175.15, 2z+ 2)2 -0
b =3641.68 and ¢ = —226009 gives

z+2=0
z=-2
(= -3641.68 J_r\/(3641 .68)* —4(175.15)(=226009)
2(175.15) 9. x2_4=0
_ —3641.68+13099.76 ~ 477,270 x=2)(x+2)=0
350.30 x-2=0 or x+2=0
x=2 or x=-2

As t is the number of years after 1990, the
positive solution 27 is the reasonable one, so the 10. 3u(u-2)=0
number of female secondary-school teachers will

be 252,041 in 2017. ”=8 o ”_320
u= u=
Problems 1.2
11. t>-5t=0
1. X2 —4x+4=0 (t-5)=0
[:0 t—5=0
(x=2% =0 e or 123
x-2=0
x=2 12. X*+9x+14=0
x+7Dx+2)=0
2. t+DH(+2)=0 x+7=0 or x+2=0
t+1=0 or t+2=0 x=-7 or x=-2
t=-1 or t=-2
13. 9x% +4 =—12x
3. tP-6t+8=0 9% +12x+4=0
(t—4)(t-2)=0 Gx+2)? =0
t—-4=0 or t-2=0 3X+2:0
t=4 or t=2 Ix=-2
2
4. (x-2)(x+5)=0 X=-3
x=2=0 or x+5=0
:2 =—5
X or 14. 222 +92-5=0
5 2z-D(z+5)=0
5. x*-2x-3=0 2z—-1=0 or z+5=0
x-3)x+1)=0 1
x=3=0 or x+1=0 z=— or z=-5
x=3 or x=-1 2

15. v(3v-5)=-2
6. x—-4Hx+4)=0

2
x—-4=0 or x+4=0 3ve=5v=-2
x=4 or x=-4 32 —5v+2=0
Bv-2)(v-1)=0
7. u*—13u=-36 3v-2=0 or v—1=0
W2 —13u+36=0 v=2 or v=1
3

27
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16. —6X% +X+2=0

6x> —Xx—-2=0

2x+1)(Bx-2)=0
2X+1=0 or 3x-2=0

1 2
X=—— or X=—
2 3
17. u?=2u
u>-2u=0
uu-2)=0
u=0 or u-2=0
u=0 or u=2
18. 2p?=3p
2p*-3p=0
p(2p-3)=0
p=0 or 2p-3=0
3
=0 or =—
p p >
19. r2+r—12=0
(r=-3)(r+4)=0
r-3=0 or r+4=0
r=3 or r=—4

20. x(x+4(x-1)=0
x=0 or x+4=0 or x—-1=0
x=0 or x=-+4 or x=1

21. (w=3)2(w+1)2 =0
w—3=0 or w+1=0
w=3 or w=-1

22. S -16s=0

(s?-16)=0

S(s+4)(s—-4)=0
s=0 or sS+4=0 or s—-4=
s=0 or s=-4 or S=

23. X(X*—4x=5)=0
x(x-=5x+1)=0
x=0 or x-5=0 or x+1=0
x=0 or x=5 or x=-1

0
4

24,

25.

26.

27.

28.

29.

30.

28

ISM: Introductory Mathematical Analysis

6X> +5x> —4x=0
x(6x2 +5x-4)=0

x2x-1DBx+4)=0
x=0 or 2x-1=0 or 3x+4=0

1 4
x=0 or X=— or X=-——
2 3
X2 +2X+1-5X+1=0
x> —3x+2=0
x-Dx-2)=0
x—1=0 or x-2=0
x=1 or x=2
2 _
(X=3)(x*-4)=0
(X=3)(Xx-2)(x+2)=0
x—3=0 or x—2=0 or x+2=0
x=3 or x=2 or x=-2

7(z—4)(z+1)(z+7)=0
z—4=0 or z+1=0 or z+7=0
z=4 or z=-1 or

p(p-3)*-4(p-3)* =0
(P—-3)°[p-4(p-3)]=0
(p-3)*(12-3p)=0
3(p-3)2(4-p)=0
p-3=0 or 4
p=3 or p=
O -1)(x*-2)=0
(x+D(x=1)(x++2)(x=+2) =0
x+1=0o0rx—-1=0

or X+\/§=O or X—x/zz()

x=—-lorx=1
or X=—/2 or X=\/§

x> —2x—15=0

x> —2x=15

2 2
x* —2x+(_—2j = 15+[_—2j
2 2
(x-1)* =16

X—1=+/16 = +4
X=1%x4=5,-3
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31. Before completing the square, divide through by 248
3 to make the coefficient of x* equal to 1. = b
)(2—2)(:8 X:ﬂ:s or X:ﬂ:—i{
2 2
2y 2\
x2—2x+(—j =8+(—J 5
2 2 35. X" +2x-24=0
(X—1)2=9 a=1,b=2,c=-24
x—1=+/9 =43 o bE Vb’ —dac
x=143=4,-2 2a
214 -4(1)(-24)
32. x*+4x=6 2(1)
) 4Y 4y 244100
X +4X+| = | =6+ = =
2 2 2
(x+2)? =10 _ 22210
2
x+2=J10 —2+10 —2-10
x=~10-2 or —10-2 X= 2 =4 or x= 2 =6
33. Before completing the square, divide through by 36. q2 -50=0
4 to make the coefficient of x* equal to 1. d=1.b=-5c=0
) 1 —b++/b? —4ac
X —x——=0 =
4 2a
I 1 =51425—4(1)(0)
4 2(1)
a1 (Y _ 54425
N 111 =222
(x_) a1 525 5-5
2 4 4 2 q= +.:5 or q:—_ =0
1 1 2 2 2
x——=%,/—=f—
2 22 A 37. 16x* —40x+25=0
UL CRVEE N a =16, b =40, ¢ = 25
2 2 2 2 X_—bi\/b2—4ac
34. x> -2x-15=0 2?\/—
a=1.b=-2c=-15 _ ~(-40) £1600—4(16)(25)
2(16)
2
_b+ _
. b+vb” —4ac _40%0
2a - 32
_ A(2)£J4-4()(-15) _ 2
B 2(1) 4
2464

2
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38. p2—2p—7:0
a=1,b=—2,c=—7

o= —b++b? —4ac

2a
_ (DD 4D
2(1)
_ 2432
2
=1+2V2
p=1+242 or p=1-22

39. 2-2x+x2 =0

X2 —2X+2=0
a=1,b=-2,c=2

wo DEV4-40Q)
2(1)

_2+4-4
2
no real roots

40. 4x* +5x—2=0
a=4,b=5c=-2

. —b++b? —4ac

2a

_—5E\25-4(4)(-2)

41. 4-2n+n’=0

n? —2n+4=0
a=1,b=-2,c=4

n —b++b% —4ac
2a
_~(=2)*y4-4))
2(1)
244-12

2
no real roots

ISM: Introductory Mathematical Analysis

42. W -2w+1=0
a=1,b=-2,c=1

We —bJ_r\/b2 —4ac
2a

_—(=D)E(2)* -4()()

2(1)
2440
2

=1

43. 0.02w* —0.3w=20

0.02wW> —0.3w—20 = 0
a=002,b=-03,c=-20

—b++b? —4ac
B 2a
 —(-0.3)£,/0.09 — 4(0.02)(-20)
B 2(0.02)

_03++/1.69

0.04

44. 0.01x* +0.2x-0.6=0
a=001,b=02,¢=-0.6

. —b++b? —4ac
2a
 —0.2£,/0.04 - 4(0.01)(-0.6)
B 2(0.01)
_ —02+~/0.064
002
_—0.2%.J(0.0064)(10)
N 0.02
—0.2+0.084/10
- 0.02
=-10£4/10
X=-10+4/10 or x=—-10-4+/10
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45. 3x% +2x=6 Thus X% =5 or X? = —2, so the real solutions
3% +2x-6=0 are X =+/5.
a=3,b=2,c=-6

2
2
x= “PEVb" —4ac 49. 3(% —7&}2:0

2a X
= —244-403)(=9) Let W=l. Then
2(3) X
_ 24476 W —TW+2 =0
6 Bw-1)(w-2)=0
242419 wel 5
- T
:ﬂ Thus, X=3,l.
3 2
—1+\/E —l—x/ﬁ
X=——g— orX=——o 50. (x )2 -x'-6=0
Let w=X"". Then
46. —2X> —6X+5=0 W —w—6=0
a=-2,b=-6,c=5 (wW=3)(w+2)=0
X_—bi\/b2—4ac w=3,-2
2a Thus, X:—l,l.
_ (-6)£/36-4(-2)(5) 23
B 2(-2) 2.2 2
51, (X 2)2-9(x2)+20=0
6+/76 )
= 4 Let w=Xx“. Then
6+2:/19 W2 —9wW+20=0
=—4 (W—S)(W—4)=O
- w=S5,4
_3+419 1 1 , 1 ) 1
_T Thus, — =5 or — =4, so X" =— or X" =—.
)(2 )(2 5 4
X:_3+\/E or X:_3_\/E _+\/§ +1
2 2 X=ESEY
47. () -5x*)+6=0 LV .
Let w=x2. Then 52. (;J —9()(—2}*8:0
W —5W+6=0 1
w=-3)w-2)=0 Let w=—-. Then
w=3,2 X
Thus X2 =3 or X> =2, so X=1+/3, ++/2. W —9w+8=0
w-8w-1)=0
w=38,1
48. (X*)2-3(X)>-10=0
Thus L—8 or L—1 s0 X? —l or X2 =1
Let w= X2, Then T2 2 8 o
W2 —3w—10=0 2,
(W=5)(W+2) =0 X=+—"-, %1,

w=5,-2

31
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53.

54.

55.

56.

57.

58.

(X=5%+7(X-5)+10=0
Let w=X—5. Then
W +7W+10=0
(W+2)(w+5)=0
w=-2,-5
Thus, X—-5=-2o0orX—-5=-5,s0X=3,0.

(3x+2)* =5(3x+2)=0
Let w=3x+ 2. Then

W —5w=0
w(w-5)=0
w=0,5

Thus3x+2=0o0r3x+2=5, so Xz—g,l.

2
Lj —7[L +12=0
X—4 xX—4

Let W:%. Then

W —7w+12=0
(w-4)(w-3)=0
w=4,3
Thus, =4 or =3, 80 X—4=— or
X— X—
x—4=l. x=£,2
3 4
2 X+3
2
2x% = x+3
2x% —x-3=0
2x=3)x+1)=0
Thus, X:E,—l.
2
xX_7.5
2 X 2

Multiplying both sides by the LCD, 2x, gives
x> =14-5x
x* +5x-14=0

x-2)x+7)=0
Thus, x =2, -7.

3 X-3
Xx—-4 X
Multiplying both sides by the LCD, x(x — 4),

=2

59.

60.

61.

62.

ISM: Introductory Mathematical Analysis

gives
3x+(x=-3)(x-4)=2x(x—-4)

3X+ x> —7X+12 =2x? —-8X
X2 —4x+12 = 2x> —8X
0=x>—4x-12

0=(x-6)(x+2)
Thus, x =6, 2.

1 2
+—=
3x+1  x+1
Multiplying both sides by the LCD,

Bx+ D(x+ 1), gives
X+14+203x+1) =33x+1)(x+1)

X+1+6X+2=9x> +12X+3
0=9x>+5x
0=XO9x+5)

Thus, x =0, —E.
9

3X+2 2X+1 |
X+1 2X
Multiplying both sides by the LCD, 2x(x + 1),
gives
2X(BX+2) - 2X+1)(X+1) =2x(x+1)
6x> +4x—(2x2 +3x+1)= 2%% +2X
4%% +x—1=2x% +2X
2x% —x-1=0
2x+1)(x-1)=0

Thus, X= —l, 1.
2

6(w+1) L
2-w  w-1
Multiplying both sides by the LCD,
2 -w)(w-1), gives
6w+ DHw—1)+ w2 -w) =32 -w)w-1)
6(W —1)+2W—W =3(-W +3w—2)
5W2 +2W—6 = —3W* +9wW—6

8w —7w=0
w@w—-7)=0

Thus, w =0, Z
8

2 r+1_0

r-2 r+4

Multiplying both sides by the LCD,
(r=2)(r +4), gives

20 +4) - (r-2)(r+ 1H)=0
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63.

64.

65.

2r+8—(r2=r-2)=0
—r243r+10=0

r>-3r-10=0
r=5r+2)=0
Thus, r=15, 2.

t-1 t-3_ t-5
t-2 t-4 2_6t+8
Multiplying both sides by the LCD,
(t=2)(t—4), gives
t-Dt-4)+t-3)(t-2)=t-5
t2 —5t+4+t2-5t+6=t-5
2t —11t+15=0
(2t=5)t-3)=0

Thus, x =3, 2
2

2X_3+ 2X
2X+5 3x+1

Multiplying both sides by the LCD,
(2x +5)(B3x + 1), gives

2x=3)Bx+ 1) +2x2x+5)=2x+5Bx+1)
6% —TX—3+4x2 +10X = 6X> +17X+5

10x% +3x=3=6X> +17x+5
4x* —14x-8=0

2x% —7x—4=0
2x+DHx-4=0

Thus, xX= —l, 4.
2

2 3 4
_t =
X+1 X x+2
Multiplying both sides by the LCD,
x(x + D(x + 2), gives

2X(X+2) +3(X+1)(X+2) =4x(x+1)
2% +4X+3X° +9X+ 6= 4%% +4X
5%% +13%+ 6 = 4x% +4x
X2 +9X+6=0
a=1,b=9,¢c=6

- —bJ_r\/b2 —4ac

2a
 —9%4/97 —4(1)(6)
- 2(1)
—9++/57

2

66.

67.

68.

69.

70.

Section 1.2

_—9+\/§ -9-+/57
2 7 '

Thus, X
2

2 1 2
ol xx=D)
Multiplying both sides by the LCD,
X2 (X+1)(x—1), gives
2x% = X(X+1) = 2(x+1)(x—=1)
2% —x? —x=2x2 -2
x> —x=2x>-2
0=x>+x-2
O=x+2)x—-1
x=-"2orx=1

But x = 1 does not check. The solution is —2.

If x # -3, the equation is 5 3 = 1_—X

X X
Multiplying both sides by x gives
5x-3=1-x

6x=4

2
X==

3

2

(«/2x—3) =(x-3)?
2X—3 = x> —6X+9
0=x>—8x+12
0=(x-6)(x-2)

x=6orx=2
Only x = 6 checks.

(2 x+1)2 :(x+3)2

4(x+1) = X2 +6X+9

0=x>+2x+5
a=1,b=2,c=5

. —bJ_r\/b2 —4ac
2a
_ —2+.J4-40)(5)

2(D)
24416
S

There are no real roots.

2
@+2)" =(24a-7)
q2+4q+4:16q—28
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q2 —-129+32=0
(q-4)q-8)=0
Thus, g =4, 8.
2
71 (Vx) +2(Vx)-5=0

Let w=+/X, then W? +2w—5=0
a=1,b=2,c=-5

We —bi\/b2 —4ac

2a

o 2% [4—4(1)(-5)
B 2(1)
_ 2424
_ 2% 276

2
=-1+J6

Since W=+/x and —1-6 <0, w=—-1-+/6

does not check. Thus w=-1+ \/E , SO

x:(—1+J€)2=7—2\£.

72. \/z+3:J37+1
2 2
(\/z+3) :(\/3_z+1)
z+3:3z+2J§+1
22+2=23z

—z+1=\/§
(—z+1)2 =(J§)2

22 -2z+1=3z

72 -52+1=0
a=1,b=-5,c=1
Z_—bi\/b2—4ac
2a
_—(=5)EN(=5) -4
2(1)
_5+421
2
Only z= S_F checks.
73. JIx-2=2x-8

(52 = (s

ISM: Introductory Mathematical Analysis

X—4x+4=2x-8
—4x =x-12

(—4\&)2 = (x—12)?

16X = x> —24x+144

0=x>—40x+144
0=(x-4)(x-36)
x=4orx=36

Only x =4 checks.

74. x+1=3x+1
(1) = (1)
X+ 24/x +1=3x+1
0=2x—2&=2&(&—1)

x=0 or x=1

75. (Jy—2+2)2 :(1/2y+3)2
y—2+4,y-2+4=2y+3

4Jy-2=y+1
(4,/y—2)2 = (y+1)?

l6y—-32= y2 +2y+1

0=y> -14y+33
0=0(-1D(»-3)
Thus, y =11, 3.

2 2
76. (\/x+3+1) :(3\/})
X+3+2vX+3+1=9X%
2UX+3=8x—-4
VX+3=4x-2
2
(\/x+3) = (4x—2)?
X+3=16X> —16x+4

0=16x> —17x+1
0=(16x-1)(x-1)
X:i orx=1

16
Only x = 1 checks.

77. (m)z - (\/3tﬁ)2

Jt+2=3t+1
JE=3t-1

34
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78.

79.

80.

81.

(xﬁ)z =(3t-1)2
t=9t> —6t+1

0=9t>—7t+1
a=9,b=-7,c=1

_ —b++b? —4ac

2a

_ (DD - 40))

2(9)

t

B -(—2.7)1\/(—2.7)2 —4(0.04)(8.6)
- 2(0.04)
~ 64.15 or 3.35

X

X2 +(0.1)x—0.2=0
a=1,b=0.1,¢c=-0.2
- —b++/b? —4ac
2a
—0.1+4/0.01—4(1)(=0.2)
2(1)
~0.1+/0.81

2
-0.1£0.9

2
X=0.40 or x=-0.50.

Let [ be the length of the picture, then its width is
1-2.

I(1-2)=48

12 -21-48=0
(1-8)(1+6)=0

[-8=0 or [+6=0
/=8 or [=-6

Since length cannot be negative, / = 8. The width
of the pictureis /-2 =8-2 =6 cm.

The dimensions of the picture are 6 cm by

8 cm.

The amount that the temperature has risen over
the X days is

(X degrees per day)(X days) = x? degrees.
X% +15=51

X% =36

82.

83.

84.

Section 1.2

X =+36
X=6o0orX=-6

The temperature has been rising 6 degrees per
day for 6 days.

- QQ+10)
44
44M = Q% +10Q

0=Q% +10Q—44M
From the quadratic formula witha =1, b = 10,
Cc=—44M,

0= —10£4/100 — 4(1)(—44M)
- 2(1)
_-10+ 2325+ 44M
2

=—5++/25+44M
Thus, —5++/25+44M is a root.

g =—200P? +200P +20
Set g = 60.

60 = —200P? + 200P + 20
200P% —200P+40=0
5P2 —5P+1=0

From the quadratic formula witha =5, b = -5,
c=1,

b SEV25-45)D) _5£45
B 2(5) 10
P=0280r P=0.72

28% and 72% of yeast gave an average weight
gain of 60 grams.

a. (2n—1)v2 -2nv+1=0

From the quadratic formula with a =2n -1,
b="2n,c=1,

U Jan? —4@2n-1)(1)

2(2n-1)

v 2n++/4n? —8n+4

2(2n-1)

~ 2n+2yn? —2n+1 ~ ni\/(n—l)z
2(2n-1) 2n-1

Because of the condition that n > 1, it
follows that n — 1 is nonnegative. Thus,

(n—l)2 =n-1 and we have
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85.

+(Nn—
V:n_(n 1).
2n-1
v=1lorv= .
2n-1

nvz—(2n+1)v+1:0

From the quadratic formula with a = n,
b=-2n+1),andc=1,

[—(2n+1)]J—f\/[—(2n+1)]2 —4(n)(1)
2n

V_2n+li\/4n2+1

2n

Because vV4n? +1 is greater than 2n,
choosing the plus sign gives a numerator
greater than 2n + 1 + 2n, or4n + 1, so v is

an+l =2+i. Thus v is
2n

greater than

greater than 2. This contradicts the
restriction on v. On the other hand, because

Van? +1 is greater than 1, choosing the
minus sign gives a numerator less than 2n,

so v is less than ? =1. This meets the
n

condition on v. Thus we choose

v 2n+1-+v4n% +1
2n
When the object strikes the ground, /2 must
be 0, so
0=39.2t—4.9t> =4.9t(8-t)
t=0ort=8

The object will strike the ground 8 s after
being thrown.

Setting 7 = 68.2 gives
68.2 = 39.2t — 4.9t2
4.9t> 392t +68.2=0

[ _392% \/(—39.2)2 —4(4.9)(68.2)
B 2(4.9)

39.2%14.1

9.8
t=54sort=2.6s.

86.

87.

ISM: Introductory Mathematical Analysis
The revenue covers the cost when R = C, that is,
when

—5%% +600x = 10000 +150%
—5x% +450x—10000 = 0

Using the quadratic formula, we get

450 £+/450% — 4(=5)(~10000)
X =
2(-5)

_ —450£50
~10

=40 or 50

So when 40 or 50 laptops are sold, the revenue
covers the cost; since profit equals revenue
minus cost, the university’s profit is zero in this
case. (Note that for x between 40 and 50 we have
R > C, so revenue more than covers cost and the
university makes a positive profit.)

a. To find household consumption expenditure
in 2011, replace x by 11 in the equation

H =0.138x> +0.416x+2.57 to get

H =0.138x11> +0.416x11+2.57
=16.698+4.576+2.57
=23.844

For the year 2023, replace x by 23:

H =0.138x23" +0.416x23+2.57
=73.002 +9.568 +2.57
=85.14

Therefore, the household consumption

expenditure amounts in 2011 and 2023 are
$23.844 billion and $85.14 billion, respectively.

b. To determine when household consumption
expenditure will be $100 billion, we replace H
by 100 in the equation

H =0.138%* +0.416x+2.57 and solve for x, as
follows:

100 = 0.138%% +0.416X+2.57
0.138%%> +0.416X—97.43 =0

e —0.416++/0.4167 —4(0.138)(~97.43)
B 2(0.138)

X=25 or —28
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Since x is the number of years after 2000, we
accept only the positive solution, 25. Hence
household consumption expenditure in Qatar
will be $100 billion in 2025.

Problems 1.3

1. Let w be the width and 2w be the length of the

plot.
2w

2w
Then area = 800.
w)w = 800

2w? =800
W2 = 400

w=20m
Thus the length is 40 m, so the amount of
fencing needed is 2(40) + 2(20) = 120 m.

. Let w be the width and 2w + 3 be the length.
2w+ 3

2w+3
Then perimeter = 300.
2wW+2(2w+3) =300
6w+6 =300
6w=29%4
W=49 m
Thus the length is 2(49) + 3 = 101 m.
The dimensions are 49 m by 101 m.

. Let n = number of cubic meters in each part.
Then we have

In+3n+5n="765

9n =765

n=2385

Thus he needs 11 = 1(85) = 85 m3 of portland
cement, 31 = 3(85) = 255 m3 of sand, and

5n = 5(85) = 425 m3 of crushed stone.

. Let w = width (in km) of strip to be cut. Then the
remaining forest has dimensions 2 — 2w by
1 -2w.

—2-2w—
w] '|'
1 —2w A ]
- l
w]
} 2 i

Section 1.3

Considering the area of the remaining forest,
we have

(2 —2w)(1-2w) =%

2—6W+4vv2:%

8§ —24w+16wW =3

16W> —24W+5=0
Aw-1DMAEw-5)=0

1 .. . .
Hence w=—, é But W=E is impossible since
4" 4 4
one dimension of original forest is 1 km. Thus

the width of the strip should be % km.

. Let n = number of ounces in each part. Then we

have
2n+1n=16
3n=16
16
n=—
3
Thus the turpentine needed is

Hn= 16 = 5l ounces.
3 3

. Since diameter of circular end is 140 mm, the

radius is 70 mm. Area of circular end is

Tt(radius)2 = n(70)2. Area of square end is x2.

Equating areas, we have x* = TC(70)2.

Thus x= i\/n(70)2 =+70\/1. Since x must be
positive, X= 70\/E =124 mm.

. Let w=“width” (in meters) of the pavement.

Then 5 — w is the radius of the circular flower
bed.

10 m
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10.

11.

Thus
nr2 =A
(5-w)> =60

w? —1ow+25=%
T

e —10w+(25—@) =0

T

a=1,b=-10, C=25—@
T

—bi\/100—4(l)(25—60]
T

2
Since 0 <w< 5, w=0.63 m.

w= =9.37, 0.63

Let g = required number of units.
Profit = Total Revenue — Total Cost

150,000 = 50g—(25g+500,000)

150,000 =25g—-500,000

650,000 =250, from which
g=26,000

Let ¢ = number of tons for $560,000 profit.
Profit = Total Revenue — Total Cost

560,000 =134q9—(82q+120,000)

560,000 = 52g9-120,000

680,000 =529

680,000

s2 0
q=13,076.9=13,077 tons.

Let x = amount at 4% and
120,000 — x = amount at 5%.
0.04x+0.05(120,000 — x) = 0.045(120,000)

—0.01x+ 6000 = 5400

—0.01x=-600
X = 60,000

The investment consisted of $60,000 at 5% and
$60,000 at 4%.

Let x = amount at 6% and
20,000 — x = amount at 7%%.

X(0.06) + (20,000 — x)(0.075) = 1440
—0.015x + 1500 = 1440

—0.015x =-60

x =4000, so 20,000 — x = 16,000. Thus the
investment should be $4000 at 6% and $16,000

at 71%.
2

12.

13.

14.

15.

16.

17.

ISM: Introductory Mathematical Analysis

Following the procedure in Example 34 we
obtain the total value at the end of the second

year to be 1,000,000(1+ r)2.
So at the end of the third year, the accumulated
amount will be 1,000,000(1+ r)2 plus the

interest on this, which is 1,000,000(1 + r)2 r.
Thus the total value at the end of the third year
will be 1,000,000(1+ r)2 +1,000,000(1+ r)2 r
=1,000,000(1+r)>.
This must equal $1,125,300.
1,000,000(1 + r)3 =1,125,800
1+ r)3 _ 1,125,800 -1
1,000,000
1+r =1.04029
r = 0.04029
Thus r = 0.04029 = 4%.

1258

Let p = selling price. Then profit = 0.2p.
selling price = cost + profit
p=340+0.2p

0.8p =3.40

p= 249 _g40s
0.8

Let n = number of bookings.
0.90n =281
n =90 seats booked

Following the procedure in Example 34 we
obtain

3,000,000(1 + r)2 = 3,245,000
649
141)? ===
a+n 600

1+r =% @
600

r=-1=+ /@
600
r=-2.04 or 0.04
We choose 1 = 0.04 = 4%.

Let n = number of people polled.
0.20p =700

p:ng,soo

0.20

Let x be Aramex’s profit in the first half of 2009.
The profit realized in the same period of 2010 is
equal to the profit in 2009 plus an extra 10%, so
we have

© Pearson Education Limited 2012



ISM: Introductory Mathematical Analysis

18.

19.

20.

21.

22,

X+0.1x=102
1.1x=102

X=%z92.73
1.1

Hence, the profit realized by Aramex in the first
six months of 2009 was approximately 92.73
million dirhams.

Yearly salary before strike = (7.50)(8)(260)

= $15,600

Lost wages = (7.50)(8)(46) = $2760

Let P be the required percentage increase (as a
decimal).

P(15,600) = 2760

P= 2760 =0.177=17.7%
15,600

Let g = number of cartridges sold to break even.
total revenue = total cost
21.9590=14.92q+8500
7.039=28500
gq=1209.10
1209 cartridges must be sold to approximately
break even.

Let v = total annual vision-care expenses (in
dollars) covered by program. Then

35+ 0.80(v — 35) =100

0.80v +7 =100

0.80v =93

v=_$116.25

a. 0.031c

b. ¢-0.031c = 600,000,000
0.969¢ = 600,000,000
Cc=619,195,046
Approximately 619,195,046 bars will have
to be made.

Revenue = (number of units sold)(price per unit)
Thus

80—q
400=q| ——
q{ 4 }

1600 = 80q—
o> —80q+1600 =0

(q-40)* =0
q =40 units

23.

24,

25.

26.

Section 1.3

If I = interest, P = principal, r = rate, and

t = time, then I = Prt. To triple an investment of
P at the end of ¢ years, the interest earned during
that time must equal 2P. Thus

2P = P(0.045)t

2 =0.045¢
t= L = 44 4 years
0.045

Let g = required number of units. Equate the
incomes of each proposal.
5000+ 0.50q = 50,000
0.50q =45,000
q=90,000 units

Let w = width of strip. The original area is
80(120) and the new area is (120 + w)(80 + w).

120 wol
80

1
1
1
:80+w
1
1
1

Thus
(120 + w)(80 + w) = 2(80)(120)

9600 + 200w+ W = 19,200

W +200w—9600 = 0
(w+240)(w—-40)=0
w=-240 or w =40

We choose w =40 m.

Let x = original value of the blue-chip
investment, then 3,100,000 — x is the original
value of the glamour stocks. Then the current

value of the blue-chip stock is X+% X, or % X.
For the glamour stocks the current value is

(3,100,000 — X) — %(3, 100,000 X), which

simplifies to %(3,100, 000 — x).

Thus for the current value of the portfolio,
11
10
11x + 27,900,000 — 9x = 32,400,000

2x = 4,500,000

x =2,250,000

Thus the current value of the blue chip

X+%(3,100, 000 - x) = 3,240,000

investment is %(2,250, 000) or $2,475,000.
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27.

28.

29.

30.

31.

Let n = number of $20 increases. Then at the
rental charge of 400 + 20n dollars per unit, the
number of units that can be rented is 50 — 2n.
The total of all monthly rents is

(400 + 201)(50 — 2n), which must equal 20,240.
20,240 = (400 + 20n)(50 - 2n)

20,240 = 20,000 + 200n— 40n>
40n% —200n+240=0

n’-5n+6=0

n-2)(n-3)=0

n=2,3

Thus the rent should be either

$400 + 2($20) = $440 or $400 + 3($20) = $460.

10,000 =800 p—7 p?
7p% —800p+10,000 =0
o= 800+ /640,000 — 280,000

14
~ 800++/360,000 _ 800+ 600
14 14
800 + 600

For p > 50 we choose p= =3$100.

14

32,

Let p be the percentage change in market value.
(1+0.15) Pl__d+pP
E) (1-0.10)E
I+p

.15 =——+
0.90

1.035=1+p
p=0.035=35%
The market value increased by 3.5%.

2p? -3p=20-p?
3p?-3p-20=0
a=3,b=-3,c=-20
~b++/b? —4ac

2a

_ (3% (=3)” —4(3)(-20)

203)
344249
6
p=3.1300rp=-2.130
The equilibrium price is p = 3.13.

Let w = width (in meters) of enclosed area. Then
length of enclosed area is
300 —w —w =300 - 2w.

40

33.

ISM: Introductory Mathematical Analysis

300 - 2w

w AREA w

PLANT

150
Thus
w(300 —2w) = 11,200
2w(150 — w) = 11,200
w(150 — w) = 5600
0= w? —150wW+ 5600
0=w-80)(w-170)
Hence w = 80, 70. If w = 70, then length is
300 — 2w = 300 — 2(70) = 160. Since the
building has length of only 150 m, we reject
w =70. If w = 80, then length is
300 — 2w =300 — 2(80) = 140. Thus the
dimensions are 80 m by 140 m.

Let s = length in centimeters of side of original
square.
!

.J3
3

N {

3L

3

3 3
HE 3s[]1
} s—6 |
Considering the volume of the box, we have
(length)(width)(height) = volume
(s—-DHs-412)=50

(s—4)? =25

S—4=+/25=15

s=4+5

Hence s =-1, 9. We reject s = —1 and choose
s = 9. The dimensions are 9 cm. by 9 cm.

Original volume = (10)(5)(2) = 100 cm?
Volume increase = 0.50(100) = 50 cm?3

Volume of new sweet = 100 + 50 = 150 cm3
Let x = number of centimeters that the length and
width are each increased. Then
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2(x+10)(X+5) =150
X% +15X+50 =75
x> +15x—-25=0

a=1,b=15,¢c=-25

154157 —4(y25)
ISEVIS™ —4(29) 51 1451

2

We reject —16.51 as impossible. The new length
is approximately 11.51 cm, and the new width is

approximately 6.51 cm.

34. Volume of old style candy
=1(7.1)%(2.1) - 1(2)% (2.1)
=97.461m mm’

Let r = inner radius (in millimeters) of new style
candy. Considering the volume of the new style

candy, we have
m(7.1)%(2.1)—7r?(2.1) = 0.78(97.46 17)
29.841421 = 2.1ntr

142102 =r?
r =+3.7696
Since r is a radius, we choose r = 3.77 mm.

35. Let x = amount of loan. Then the amount
actually received is x — 0.16x. Hence,
x—0.16x=195,000

0.84x =195,000
X = 232,142.86

To the nearest thousand, the loan amount is
$232,000. In the general case, the amount

received from a loan of L with a compensating

balance of p% is L P L.
100

L-P -k
100

100-p L—E
100
100E

“100-p

36. Let n = number of machines sold over 600. Then
the commission on each of 600 + n machines is

40 + 0.04n. Equating total commissions to
30,800 we obtain
(600 + n)(40 + 0.04n) = 30,800

24,000 + 24n +40n+0.04n” = 30,800
0.02n% +32n—3400=0

e -32+4/1024+272 -32+£36

0.04 ©0.04

Section 1.3

We choose n= ﬂ =100. Thus the
0.04

number of machines that must be sold is
600 + 100 =700.

. Let g = number of units of product sold last year

and g + 2000 = the number sold this year. Then
the revenue last year was 3¢ and this year it is
3.5(g + 2000). By the definition of margin of
profit, it follows that
7140 _ 4500 N

3.5(9+2000)  3q

2040 _ 1500+0.02
q-+2000 q
2040g = 1500(g + 2000) + 0.02¢(q + 2000)

2040q = 15000+ 3,000,000+ 0.02q° +40q
0= 0.02¢% — 500q + 3,000,000

q= 500+ \/250,000 —240,000
0.04

~500+/10,000
0.04
~500+100

0.04
= 10,000 or 15,000
So that the margin of profit this year is not
greater than 0.15, we choose ¢ = 15,000. Thus
15,000 units were sold last year and 17,000 this
year.

0.02

. Let ¢ = number of units of B and

g + 25 = number of units of A produced.

Each unit of B costs 0 , and each unit of A

0 . Therefore,

COsts
1500 1000
=—+2
q+25 q

1500g = 1000(q + 25) + 2(q)(q + 25)
0=29° —450q+ 25,000

0=q% —225q+12,500

0= (g - 100)(g — 125)

q=100or g =125

If ¢ = 100, then g + 25 = 125; if ¢ = 125,

g + 25 = 150. Thus the company produces either
125 units of A and 100 units of B, or 150 units of
A and 125 units of B.
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39. To find the year in which Bahrain’s birth rate
will be 10, we replace y by 10 in the equation
y =-0.268x +565.179 and solve for x, as

follows:

10 = —0.268X+565.179

0.268x = 555.179
_555.179
©0.268

=2071.56

The birth rate of Bahrain (per 1000) will be 10
by the middle of the year 2071.

Apply It 1.4

4. Because 549,130 is 549.13 thousand, we solve
the inequality 131.18+32.15t > 549.13 for

131.18+32.15t > 549.13
32.15t > 549.13-131.18 = 417.95
(5 417,95

> =13
32.15

Hence the number of internet users in Libya will
be at least 549,130 from the year 2015 onward.

5. Since X =20, X 20, X3 20, and X4, 20, we

have the inequalities
150-%4 20

3%4-210=0
X4 +60=0
X4 20

Problems 1.4

1. 5x>15
15
X>—=

5

X>3
(3, )

,

2. 4x<-2

X<—

ISM: Introductory Mathematical Analysis

5x-11<9
5x<20
x<4

(=0, 4]

. ]

o
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10.

11.

12.

13.

4s—-1<-5
ds <-4
s< -1
(co0, 1)

-1

3<2y+3
0<2y
O<y
y>0
(0, )

t+6<2+3t
4<2t
2<t
t>2
[2, o)

2
3>8(2-x)
3> 16-8x
8x> 19

x>

)

Bx+1)+1<32x)+1
8x+9<6x+1
2x<-8

x<-4

(e, —4)

|3

7
4

14.

15.

16.

17.

18.

19.

Section 1.4

5-(x+2)<2(2-X%)
5-X-2<4-2x
X<1
(=oo, 1]

1

1

2(4x—2)>4(2x+1)
8X—4>8x+4
—4 > 4, which is false for all x.

Thus the solution set is &.

x+2<\/§—x
2x<\/§—2

<\/§_2

V2(x+2)>8(3=X)
V2(x+2)>242(3-%)

x+2>23-x)
X+2>6-2x
3x>4
4
X>—
3

WP

—£x>6
3

-x>9
x<-9
(—oo, _9) N

2x<40
6

5x <240
x<48

(—oo, 48)

48
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20. Sy+2

<2y-1
S5y+2<8y-4
-3y<-6
y=2
(2, o)

21.

22, -3x+1<-3(x=2)+1
—3X+1<-3x+7
1 £7, which is true for all x. The solution is
—00 < X < oo,

(—oo’ oo)

23. 0x<0
0 <0, which is true for all x. The solution is

53t+1)  2t—4

t
3 6 2
103t +1) > 2t —4+3t
30t+10> 5t—4
25t > —14

t>—ﬂ

25

24.

25. 2x+13 2%x—7

6X+392>x-21
5x=-60
X=>-12

26.

27.

28.

29.

30.

ISM: Introductory Mathematical Analysis

[~12, o)

—1\2
3x—ls§x
3 2

18x—2 <15x
3x<2

X< —

[FSIINYE

2 5
r<=r
3 6
4r < 5r
O<r
r>0

(0, =)

=

1t>—§t
4 3
21t >-32¢t
53t>0
t>0

(0, =)

=

yr Y Y,y
2 3 5
30y+15y<10y+6y
29y <0
y<0

(=02, 0)

7

0

9—O.lxsw

1.8-0.02x<2-0.01x
—0.01x<0.2

x=-20

[-20, o)

C

-20

© Pearson Education Limited 2012
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31, Y=l 30D
-3 -3
3y—1>5y+5

—-6>2y
3>y
y<-3
(-0, =3)

7

-3

32. 12(50) < S < 12(150)
600 < S < 1800

33. r23andr<S5o0r3<r<S.

34. The measures of the acute angles of a right triangle sum to 90°.
If x is the measure of one acute angle, the other angle has measure 90 — x.
x<3(90-x)+ 10
x<270-3x+ 10
4x <280
x<70
The measure of the angle is less than 70°.

35. Let d be the number of disks. The stereo plus
d disks will cost 219 + 18.954.
219 + 18.95d « 360
18.95d « 141

d< 7
18.95

The student can buy at most 7 disks.

Problems 1.5

1. Let g = number of units sold.
Profit > 0
Total revenue — Total cost > 0
20q - (15¢g + 600,000) > 0
5¢ — 600,000 >0
5¢ > 600,000
q > 120,000
Thus at least 120,001 units must be sold.

2. Let g = number of units sold.
Total revenue — Total cost = Profit
We want Profit > 0.
7.40qg — [(2.50 + 4)q + 5000] > O
0.9¢ - 5000 >0
0.9 > 5000

> m =5 555E
0.9 9
Thus at least 5556 units must be sold.

3. Letx = number of miles driven per year.
If the auto is leased, the annual cost is
12(420) + 0.06x.

If the auto is purchased, the annual cost is

45
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4700 + 0.08x. We want Rental cost < Purchase cost.

12(420) + 0.06x <4700 + 0.08x

5040 + 0.06x < 4700 + 0.08x

340 <0.02x

17,000 < x

The number of miles driven per year must be at least 17,000.

4. Let ¢ = number of clocks produced during regular work week, so 11,000 — g = number produced in overtime.
Then
2g + 3(11,000 — g) < 25,000
—q + 33,000 < 25,000
8000 <g¢q
At least 8000 clocks must be produced during the regular workweek.

5. Let ¢ = number of magazines printed. Then the cost of publication is 1.30g. The number of magazines sold is
0.80q. The revenue from dealers is (1.50)(0.80¢). If fewer than 100,000 magazines are sold, the only revenue is
from the sales to dealers, while if more than 100,000 are sold, there are advertising revenues of
0.20(1.50)(0.80g — 100,000). Thus,

1.5(0.8)q if  0.89<100,000

1.5(0.8)g+0.2(1.5)(0.89—100,000) if 0.8q>100,000

_J1.2q g <125,000
a {1.44q —-30,000 qg>125,000

Profit = Revenue — Cost

_|1.29-1.3q g<125,000

- {1 449-30,000-1.3q qg>125,000

-0.1q g<125,000

{0.14q—30, 000 qg>125,000

Clearly, the profit is negative if fewer than 125,001 magazines are printed.

0.149-30,000=0

0.14g9 = 30,000
q=214,286
Thus, at least 214,286 magazines must be printed in order to avoid a loss.

Revenue = {

6. Let L be current liabilities. Then

. current assets
Current ratio = ———
current liabilities

570,000

L
3.8L = 570,000
L =3$150,000
Let x = amount of money they can borrow, where x > 0.
570,000+ x
150,000 + x

570,000 + x = 390,000 + 2.6x

180,000 > 1.6x

112,500 > x

Thus current liabilities are $150,000 and the maximum amount they can borrow is $112,500.

3.8=

=26

46
© Pearson Education Limited 2012



ISM: Introductory Mathematical Analysis

7. Let g be the number of units sold this month at
$4.00 each. Then 2500 — ¢ will be sold at $4.50
each. Then
Total revenue > 10,750
4q + 4.5(2500 — ¢g) 2 10,750
-0.5¢ + 11,250 > 10,750
500 = 0.5¢
1000 > ¢
The maximum number of units that can be sold
this month is 1000.

8. Revenue = (no. of units)(price per unit)
q [@ + 3j > 9000
q

200+ 39> 9000
3q>8800
q>2933.3
At least 2934 units must be sold.

9. For t < 40, we want
income on hourly basis
> income on per-job basis
9t >320+3(40-1)
9t > 440 -3t
12t > 440
t>36.7 hr

10. Let s = yearly sales. With the first method, the
salary is 35,000 + 0.03s, and with the second
method it is 0.05s.
35,000+0.03s> 0.05s

35,000 > 0.02s
1,750,000 > s
The first method is better for yearly sales less
than $1,750,000.

11. Let x = accounts receivable. Then
450,000+ X
398,000
< 450,000+ x
398,000

517,400 £450,000 + x

X> 67,400

The company must have at least $67,400 in
accounts receivable.

Acid test ratio =

Apply It 1.6

6. |w—500/<13

47

Problems 1.6

1.

10.

11.

|-13|=13

M‘H‘l
2] 2

|8—2|=|6|]=6

S
2 2

i

B-5/-[5-3=]-2-Pl=2-2=0

|x|<4,—4<x<4

¥ <10, -10<x <10

Because 3 —\/ﬁ <0,

=it =~(s-ig) 105

Section 1.6

Because \/§—2>0, ‘\/5—2‘=\/§—2.

a.

b.

|x=7|<3
|x-2[<3
|x-7|<5
|x—7|=4
|x+4]<2
X <3

X > 6
|x—105| <3

|x—850] <100
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

[fix)-—L|<e
|p1—p2|S9
|x—u| <30

30 <x—-u<3o
U—30 <x<u+3o
X=7

x==7

|-x =2

—-x=2o0r-2
x==2

x=14orx=—4

|4+3X =6

44+3x=+6

3x=-4+6

3x=-100r2
10

X=—-——orx=—

|sx—2|=0
5x-2=0

23.

24.

25.

26.

27.

28.

29.

48
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—4x=-2o0r-12

1
X=—orx=3
2

|5-3x=7
5-3x=4%7
-3x=-5%7
—3x=2o0r-12

2
X=——orx=4
3

|x|<M
-M<x<M
(=M, M)

Note that M > 0 is required.

F4<3
<3

-3<x<3
(_3, 3)

X
4

>2

X <=2

4

x<-8

(=00, =8) U (8, =0).

|x+7|<3
-3<x+7<3
-10<x<-4
(=10, —-4)

[2x— 17| <-4

or

or

5>2
4

x > 8, so the solution is

3 ..
X > 5 , So the solution is

Because —4 < 0, the solution set is &.
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31.

32,

33.

34.

35.

1] 1
X——|>—
21 2
1 1 1 1
X——<—— r X——>—
2 2 2 2
x<0 or x>1
(o0, 0) U (1, )
[1-3x>2
1-3x>2 or 1-3x<-=2
-3x>1 or —3x<-3
1
X< —— or x>1
3

The solution is [—oo, —%) U (1, o).

|5-8x<1
~1<5-8x<1
—-6<-8x<+4

>x2

IN

IN
Blw |~

X

= AW

The solution is l,i .
2 4

|3X—2| >0 is true for all x because |a| >0 for

all a. Thus —ee < x < o0, Or (—00,00).

3x—8 >4
2
3x-8 <-4 or 3x-8 >4
2 2
3x-8<-8 or 3x-828
3x<0 or 3x2>16
x<0 or XZE

The solution is (—oe, 0] u[%, ooj .

X—7

3

<5

X—=7

-5< <5

—-15<x-7<15
—-8<x<L22
[-8, 22]

, which may be rewritten as

49

Chapter 1 Review

36. |d—35.2m|<20cmor|d—352/<0.20

37. Let Ty and T, be the temperatures of the two

chemicals.
5<|T -T,|<10

38. |x—u|>ho

Either x — 4 < —ho, or x — £ > ho. Thus either

x<pu—hoorx> U+ ho,so
(=e0, 4= h0) U (U + hO, ).

39. [x-0.01/<0.005

Chapter 1 Review Problems

1. 3x—-1=22(x-3)
3Xx—122x-6
X=-5
[=5, o)

2. 2x—(7T+x)<x
2x—-T7T-x<x

the solution is

—7 <0, which is true for all x, S0 —o0 < x < oo, OF

(_003 oo)

3. 5x+2)<-(2x+4)
Sx-2<-2x-4
-3x<-2

2
X>—
3

4, 2(x+6)>x+4
2x-12>x+4
-3x>16

5. 3p(l-p)>312+ p)—3p2
3p-3p® >6+3p-3p°

0 > 6, which is false for all x. The solution

setis .
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6.

10.

11.

12.

5
2[6 2p}<7
12-5p<7
—Sp<-5
p>1

(1, e)

X+ 1,

3 2
2x+5)-3(1)<6(2)
2x+10-3<12
2x<5

20X—15x>12x
S5x>12x

0>7x
0>x

(o0, 0)

ls—3 Sl(3+25)

4 8

25 —24<3 +2s

0 <27, which is true for all s. Thus

—00 < § < 00, OF (—00,00).,

1 1
—(t+2)>—
;2=

4(t+2) =31+ 48
4t +82=23r+48

t=>40
[40, o)
|4-3x=9
4-3x=29
—3x=—4%9
-3x=5 or —3x=-13
5 13
X=—— or =—
3 3
5X—6 —0
13
5Xx—6 ~0
13

13.

14.

15.

16.

17.

18.

ISM: Introductory Mathematical Analysis

S5x-6=0
6
X=—
5
[2z-3|<5
-5<2z-3<5
—2<2z<8
-1<z<4
(-1,4)
4<£x+5
3
zx+5<—4 or Ex+5>4
3 3
gx<—9 or Ex>—1
3 3
27 3
X< —— or X>——
2 2
The solution is —oo,—2—7 U —i,oo .
2 2
[3-2x >4
3-2x=>24 or 3-2x<-+4
2x2>1 or 2x<-7
XS—l or XZZ
2 2

The solution is (—oo, —l ) l, oo |,
2 2

Let p = selling price, ¢ = cost. Then
p-040p=c
0.6p=c

c 5c 2
p=—=—=cC+|—|C
06 3 3

Thus the profit is %, or 66%%, of the cost.

Let x be the number of issues with a decline, and
x + 48 be the number of issues with an increase.
Then

x+(x+48)=1132

2x = 1084

x=542

Let x = purchase amount excluding tax.
X+0.065x=3039.29
1.065x=3039.29
X=2853.79
Thus tax is 3039.29 — 2853.79 = $185.50.
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19.

20.

21.

Let g units be produced at A and 10,000 — g at B.
Cost at A + Costat B+ 117,000
[5¢ + 30,000] + [5.50(10,000 — ¢) + 35,000]
* 117,000
—0.5¢ + 120,000 = 117,000
—0.5¢g * 3000
q * 6000
Thus at least 6000 units must be produced at
plant A.

Total volume of old tanks
=11(10) (25) + 7(20)> (25)
=2500m+10,000m

=12,500m ft°

Let r be the radius (in feet) of the new tank.
Then

%nr3 =12,5007

r> =9375
r =3/9375 = 21.0858
The radius is approximately 21.0858 feet.

Let ¢ = operating costs
Cc
236,460
c<$212,814

<0.90

Chapter Test

1.

z+3(z—4):5;%, 4

Set Z=1—7:
4

£+3(1—7—4) =5
4 4
T3 4525

4
5=5
Set z=4:
4+34-4)215
44025
4#5

Thus, % satisfies the equation, but 4 does not.

Multiplying both sides by x — 2; equivalence not
guaranteed

Chapter 1 Test

3x+§—5 :l+5x
5 5

Multiplying both sides by 5 gives
15x+x-25=1+25x
16x-25=1+25x
—O9x =26

26

9

1 2 -6
—+ =
X+1 x-3 3-2x
(X=3)2X=-3)+2(X+1)(2x—-3) = 6(X+1)(x—-3)
2%% —9X+9+4X% —2x—6=6X> —12x—18
6x% —11x+3 =6X> —12x—18
X=-21

. S=P(+rD)

S=P+ Prt

S—P=r(Pr)

_S-P
Pt

r

vf

F =
334.8

495 = V(2500)

334.8

165,726 = 2500v
165,726

2500

Since the car is traveling at 66.2904 km/h on a
65 km/h highway, the officer can claim that you

were speeding.

=66.2904

. Let P be the amount in the account one year ago.

Then the interest earned is 0.073P and
P+ 0.073P =1257.
1.073P =1257

P17 117148
1.073

The amount in the account one year ago was
$1171.48, and the interest earned is
$1171.48(0.073) = $85.52.

x> +3x+10=0

x> —3x—10=0
x=-5x+2)=0

x-5=0 or x+2=0
x=5 or x=-2
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10.

11.

u>-u=1

uw?-u-1=0
a=1,b=-1,c=-1

. —b++b? —4ac

2a
_—E T ADED
201)
145
2
x:1+\/§ or x:l_ﬁ
2 2

1 Y? 1
2l — | +7| ——|+3=0
(x+4) (x+4j

Let w= L . Then

X+4
202 +7W+3 =0
Cw+DWw+3)=0
W=—l,—3
2
Thus, =—l or L:_
+4 2 X+4
:—6, —E
3
A _g-Afly
A+12 24

Dividing both sides by d and then multiplying
both sides by 24(A + 12) gives
28A=A+12)(A+ 1)

24A= AZ +13A+12

0=A>—11A+12
From the quadratic formula,

C11£4121-48 11473

A
2 2
A=%z10 or A=@zl.

The doses are the same at 1 year and 10 years.

¢ =d in Cowling’s rule when A-;l =1, which

occurs when A = 23. Thus, adulthood is achieved
at age 23 according to Cowling’s rule.

¢ =d in Young’s rule when =1, which is

never true. Thus, adulthood is never reached
according to Young’s rule.

12.

13.

14.

15.

16.

ISM: Introductory Mathematical Analysis

0 0 25

Young’s rule prescribes less than Cowling’s for
ages less than one year and greater than 10 years.
Cowling’s rule prescribes less for ages between

1 and 10.

Let n = number of grams in each part. Then we
have

4n +5n =145

9n =145

n= 16l
9
1 4
Thus there should be 4 165 = 645 grams of A
1 5
and 5 166 :803 grams of B.

Total revenue = variable cost + fixed cost
100,/q = 2g+1200

504/q = q+600
2500q = g +1200q +360,000

0 =q> —1300q+ 360,000

0 = (g — 400)(g — 900)
g =400 or g = 900

Let n = number of shares.
total investment = 5000 + 20n
0.04(5000)+0.50n = 0.03(5000 + 20n)
200+0.50n=150+0.60n
—0.10n=-50
n=>500
500 shares should be bought.

To have supply = demand,
2p-10=200-3p
5p=210
p=42

Let n = number of acres sold. Then n + 20 acres
7200

n+20

were originally purchased at a cost of
each. The price of each acre sold was

30+ 7200 . Since the revenue from selling n
n+20

acres is $7200 (the original cost of the parcel),
we have
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17.

18.

19.

20.

n+

n[30n+ 60047200
n+20
n(30n + 600 + 7200) = 7200(n + 20)

30n® +7800n = 7200n+ 144, 000

30n? +600n—144,000 = 0

n® +20n—4800 =0
(n+80)(n-60)=0
n = 60 acres (since n > 0), so 60 acres were sold.

} =7200

3(2-3x)>4(1 —4x)
6-9x>4—16x

Tx>-2 22.

-t 3t-7 23.
—<

2 3
30-t)<2(3t-7)
3-3t<6t-14
—Ot<-17

t>£

5

0.1(0.03x +4) > 0.02x + 0.434
0.003x + 0.4 >0.02x + 0.434
-0.017x>0.034

x<-2

(o0, 2]

o3

24,

1

-2

Let N = required number of shirts. Then
Total revenue = 3.5N and
Total cost = 1.3N + 0.4N + 6500.
Profit >0
35N -(1.3N+0.4N +6500) >0
1.8N —6500>0
1.8N > 6500
N >3611.1
At least 3612 shirts must be sold.

53

=7200 21.
20

Chapter 1 Test

Let x = amount at 63% and 30,000 — x
4
= amount at 5%. Then interest at 6%%

. . 1
+ interest at 5% > interest at 65%

x(0.0675) + (30,000 — x)(0.05) > (0.065)(30,000)
0.0175x + 1500 > 1950

0.0175x > 450

x>25,714.29

Thus at least $25,714.29 must be invested at

3

6—%.

4
|7x+3| = x
Here we must have x > 0.
Tx+3=x or —(7x+3)=x
6x=-3 —Ix-3=x
x:—l<0 x:—§<0

2 8

There is no solution.

3x-8 >4
2
3X_8S—4 or ﬂ24
2 2
3x-8<-8 or 3x-8>8
3x<0 or 3x>16
x<0 or XZ?

The solution is (—eo, O]U|:%, wj .

Let x be the first even integer. Then the second
and third consecutive even integers are x + 2 and
x + 4. We want these three numbers to satisfy the
equation

X+2(X+2)=4(x+4)
Expanding and solving for x, we get

X+2X+4=4x+16
4-16=4x-2x-X
-12=X

Hence, the integers are —12, —10, and 8.
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25.

26.

27.

To find the year in which electricity production
will be 25.5 billion kWh, we substitute 25.5 for
E in the equation E =1.0366Xx—2064.185 and

solve for x:

25.5 =1.0366x —2064.185
2089.685 =1.0366x

2089.685
x=—=20159

1.0366

Therefore the electricity production in Qatar will
be 25.5 billion kWh around the year 2016.

Revenue = (number of units sold) X (price per
unit). So

80—
400~ q(‘*]
4

1600 = 80q—q’

q° —80q+1600 =0
(q-40)" =0
q=40

For the revenue to be $400, 40 units need to be
sold.

— +10
Given M = & , we have
44
44M = Q° +10Q

Q> +10Q-44M =0

Using the quadratic formula with a = 1, b = 10,
and c = —44 M, we get

o102 100 - 4(1)(—44M)
2

—10+2v25+44M
2
= 5+25+44M
Thus, —5+25+44M is a root.

ISM: Introductory Mathematical Analysis

Explore & Extend—Chapter 1

1. Here m =120 and M =2%(60) =150. For LP,

r =2, so the first # minutes take up % of the 120

available minutes. For SP, r = 1, so the

S0t of the

remaining 150 — 7 minutes take up

120 available.
1502t 1o
2 1

t+300-—2t =240

—t=-60
t=60
Switch after 1 hour.

. Here m =120 and M :2%(60) =150. For EP,

r = 3, so the first # minutes will take up % of the

120 available minutes. For SP, r = 1, so the

50—t

remaining 150 — ¢ minutes take up of the

120 available.
%+—150_t =120
t+450-3t =360
-2t =-90
t=45
Switch after 45 minutes.

. Use the reasoning in Exercise 1, with M

unknown and m = 120.

t M-t
—+
2

=120

t+2M -2t =240
-t=240-2M
t=2M -240
The switch should be made after
2M — 240 minutes.

. Use the reasoning in Exercise 2, with M

unknown and m = 120.
LMt a0
3

t+3M =3t =360

2t =360—-3M
t:%(3M —360)
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The switch should be made after ) ) t )
7. The first t minutes use E of the m available

%(3M —360) minutes.

minutes, the remaining M — ¢ minutes use

5, Eoluels 17+ I0CH
R e PR bl ) of the m available.
Al t M-t
R r
Mot
R r r
X=600 1 1
Eoluelms Lo+ L o (———jZm
— o 2d=7d . K. 4580 R r r
=1 (r Rj_r‘r‘r M
| | rkR
- R(mr M)
x=310 -R

6. Both equations represent audio being written
onto 74-minute CDs. In the first equation, 18
hours (1080 minutes) are being written to a CD
using a combination of 12-to-1 and 20-to-1
compression ratios. Here, x gives the maximum
amount of audio (600 minutes or 10 hours) that
can be written using the 12-to-1 compression
ratio. In the second equation, 26.5 hours
(1590 minutes) is being written using 15-to-1
and 24-to-1 compression ratios. A maximum of
310 minutes can be written at 15-to-1.
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Chapter 2

Apply It 2.1

1.

a.

The formula for the area of a circle is 7r> R

where r is the radius.

a(r)=nr2

The domain of a(r) is all real numbers.

Since a radius cannot be negative or zero,
the domain for the function, in context, is
r>0.

The formula relating distance, time, and
speed is d = rt where d is the distance, r is
the speed, and ¢ is the time. This can also be

written as t = 9 When d = 300, we have
r

r

The domain of #(r) is all real numbers
except 0.

Since speed is not negative, the domain for
the function, in context, is r > 0.

Replacing r by x: t(X) = ﬂ

Replacing r by g : t[zj = 300 = @

X
2 3 X
Replacing r by 5: t X =@=@_
4 4 % X

When the speed is reduced (divided) by a
constant, the time is scaled (multiplied) by

r 300c
the same constant; t| — |= ——.
C r

If the price is $18.50 per large pizza,
p=18.5.

185=26—2
40
75=-3
40
300= g

At a price of $18.50 per large pizza, 300
pizzas are sold each week.

b. If 200 large pizzas are being sold each

week, g = 200.
200
=26———
P 40
p=26-5
p=21

The price is $21 per pizza if 200 large
pizzas are being sold each week.

c¢. To double the number of large pizzas sold,
use g = 400.
400

p=26 40
p=26-10
p=16
To sell 400 large pizzas each week, the price
should be $16 per pizza.

. Revenue = price - quantity = pg

From the table, the weekly revenue is:
pg =500 -11=35500

pq =600 - 14 = 8400
pq=700-17=11,900

pg =800 - 20 = 16,000

Problems 2.1

1. The functions are not equal because f{x) > 0 for

all values of x, while g(x) can be less than 0. For

example, f(-2)= \/(—2)2 =4=2 and
8(=2) = -2, thus f{-2) # g(-2).

. The functions are different because they have

different domains. The domain of G(x) is [—1, )
(all real numbers = —1) because you can only
take the square root of a non-negative number,
while the domain of H(x) is all real numbers.

. The functions are not equal because they have

different domains. 4(x) is defined for all non-
zero real numbers, while k(x) is defined for all
real numbers.

. The functions are equal. For x = 3 we have

f(3)=2and g(3) =3 - 1=2, hence f(3) = g(3).

For x # 3, we have

x> —4x+3 _(X=3)(x=1) _
x-3  x=3

Note that we can cancel the x — 3 because we are

assuming x # 3 and so x — 3 # 0. Thus for

X—1.

f(x)=
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f3)=23)+1=7
f4)=2(4)+1=-7

x#3, f(x)=x—1=gXx).
f(x) = g(x) for all real numbers and they have the

same domains, thus the functions are equal.

16. H(s)=5s>-3
5. The denominator is zero when x = 1. Any other )
real number can be used for x. H(#)=54)"-3=80-3=77
Answer: all real numbers except 1 2
P H(V2)=5(v2) -3=10-3=7
6. Any real number can be used for x. P
Answer: all real numbers % = E 3= @ 3= _1
H 5 3 3
3 3 9 9
7. For VX—3 tobereal,x—3>0, sox=>3.
Answer: all real numbers > 3
17. Fx)=-7x+1
8. For Vz—1 tobereal,z—12>0,s0z=>1. We ?ES)=1)_7S+7(1 D aleite6
. t+)==T7¢+ D+ 1==Tt—
exclude values of z for which vVz—1=0, so Flr+3)=—T(x+3)+ 1 =~Tx—20
z—1=0,thus z=1.
Answer: all real numbers > 1 18. y(u)= 2wl —u
9. Any real number can be used for z. y(=2)= 2(—2)2 -(-2)=8+2=10
Answer: all real numbers 2 5
7(2v) =2(2v)" = (2v) =8V~ =2V
10. We ;xcglde values of x for which y(X+a) =2(X+ a)2 —(x+a)
+ =
§:_3 =2x% +4ax+2a’ —x-a
Answer: all real numbers except —3 |
11. We exclude values of x where 19. h(v)=—
20+7=0 V1 1
2x =-7 h(16) = —=—
7 16 4
=7 N 11
| 7 “(z}f*ﬂ
Answer: all real numbers except Y 52
12. We exclude values of y for which ]
h(1-x) =
y2—4)’+4=0. y2—4y+4:(y—2)2, SO we NIED
;xzclzu.de values of y for which y — 2 =0, thus 20, f(x)= W2 4%t 1
Answer: all real numbers except 2. f()= 12+ 2)+1=1+2+1=4
13. We exclude values of x for which f(-1)=(1)%+2(-1)+1=1-2+1=0
2
X" +Xx-6=0 2
f(x+h)=(x+h)"+2(x+h)+1
(X+3)(x-2)=0 ( ) (2 ) (2 )
X=_3.2 =X"+2xh+h"+2x+2h+1
Answer: all real numbers except —3 and 2 21. H(X) = (x+ 4)2
14. r?+1 is never 0. H(0)=(0+4)2 =16
Answer: all real numbers s 2
H2)=2+4)"=6" =36
15. fix)y=2x+1

R0)=2(0)+1=1
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H(t—4)=[(t—4)+4] =t>
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x+h _

— h
2. k(=== S LCS 1 CC WS S W i |
X“+1 h h h 3
k(5) = 275 g 5
52 +1 28. f(x)=3x*-2x-1
K(2X) = 2X-=5  2x-5
2x)%+1 4% +1 a.  f(x+h)=3(x+h)>-2(x+h)-1
KO ) = (x+h)-5  x+h-5 =3(x* +2xh+h?)—2x—-2h-1
(x+h?+1 x> +2xh+h? +1 =3x" +6xh+3h* —2x—2h-1
23. k(¥)=+x-3 p, X+ -f(0)
K(#)=Va-3=V1=1 (3x2+h6xh+3h2 2x—2h—1)—(3x2 —2x-1)
k3)=~3-3=~0=0 = H
K(x+1)—k(X) = [(x+1) =3 =+/x—=3 _ 6xh+3h? —2h
=/X—=2—-+/x-3 - h
=6X+3h-2
24, f(x):x4/3 5
f(O):O4/3:O 29. f(X)=x"+2x
4
f(64)=644/3=(364) =(4)* =256 a.  f(x+h)=(x+h)2+2(x+h)

=x% +2xh+h% +2x+2h

(M-
8) |8 8 2) 16 f (x+h)— f(X)

b.
h
25. g(x)=x*"3 _ (2 +2xh+h? +2x+2h) - (¢ +2x)
. -
9(32)=32""° =(332) =2’ =4 "
2xh+h? +2h
25 (s P =——=2Xx+h+2
g(—64) = (—64) =( —64) h
=(15/_32§/§)2 = (72%)2 =44 30. f(x)=3-2x+4x
10N _ (4#102/5 _ ;4
gt =(@t")"" =t a.  f(x+h)=3=2(x+h)+4(x+h)>
— 2 2
26. fix)=4x—5 =3-2X-2h+4(x" +2xh+h")
a. flx+h) =4(x+h) —5=4x+4h-5 p, S+ =X
) h
p, SO -f(0 _ 3-2x=2h+4x* +8xh+4h” - (3-2x+4x*)
h - h
_ (4x+4h-5)-(4x-5) =4_h=4 —2h+8xh+4h?
h h - hn
=-2+8x+4h

X
27. f(X)=—
(X) 3

a. f(x+h):%h
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3. f(x=x

a. f(x+h=(x+ h)3 =% +3x*h+3xh? +h?

f(x+h)—f(x) (x3 +3x%h+3xh? +h3)—x3 _ 3x*h+3xh? +h?’

b. =3%% +3xh+h?
h h h
2. fo=Xt8
X
a. f(x+h)= (x+h)+8 _ x+h+8
X+h Xx+h
¢ h— f x+h+8 _ x+8 X(X+h)(Lh+8_X7+8) hts h ]
b, TOFEW-F0) T _ xth — x ) _ X(X+h+8)—(x+h)(x+8)
h h X(x+h)h X(x+h)h
_ x? + xh+8x— x> —hx—8x—8h __ 8% 8
X(x+h)h X(X+h)h X(X+ h)
1
33 f(x)=—
x—1

1

a. f(x+h)=
X

+h-1
1 1 X—1—(x+h-1)
b, JOFM=TO) bt Txr - eDoerheD) -1
h h h (Xx=D(x+h-1)
34 fG+h)-f(3) [53+h)+3]-[5(3)+3] 36. 9y-3x-4=0
h [i5+sh+ 3?_ [15+3] The equivalent form y = shows that for
h . . 3x+4
18+5h—18 each input x there is exactly one output, .
h Thus y is a function of x. Solving for x gives
_3h 9y-4
“h X=———. This shows that for each input y
=5
there is exactly one output, — Thusxisa
f)-f(2) 2X° —x+1-(8-2+1)
35. x_2 = <2 function of y.
2% —x+1-7
= 37. X4—1+y:0
X=2
2%% —x—6 The equivalent form y = —x*+1 shows that for
o x=2 each input x there is exactly one output, —x*+1.
=2X+3

Thus y is a function of x. Solving for x gives
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38.

39.

40.

41.

42,

43.

44.

45.

x=+¥1-y. If, for example, y = 15, then
x ==2, 50 x is not a function of y.

y=7x
For each input x, there is exactly one output

7x%. Thus y is a function of x. Solving for x
gives X= i\/g. If, for example, y = 7, then
x = =1, so x is not a function of y.

Xy =1

Solving for y we have y==2v1- x> Ifx= 0,
then y = +1, so y is not a function of x. Solving
for x gives X== 1—y2. If y=0, then x = 1,
o x is not a function of y.

a. f(a)= a’a’+a’a’=a’+a’ =2a’

b. f(ab)=a’(ab)’ +a’(ab)?

=a’a’d’ +a’a’L?
=a'b’ +a’b?
=a bz(b+ 1)

Yes, because corresponding to each input r there

is exactly one output, nr2.

Depreciation at the end of ¢ years is
0.021(30,000), so value V of machine is
V =f(t) = 30,000 — 0.02#(30,000), or

V =£(r) =30,000(1 — 0.027).

Yes; for each input g there corresponds exactly
one output, 1.25¢, so P is a function of ¢g. The
dependent variable is P and the independent
variable is gq.

Charging $600,000 per film corresponds to
p = 600,000.

600,000 = 1,200,000

g=2

The actor will star in 2 films per year. To star in
4 films per year the actor should charge

p=1200.000 _¢356 000 per film.

The function can be written as g = 48p.
At $8.39 per kg, the supply is g = 48(8.39)
=402.72 kg per week. At $19.49 per kg, the
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46.

47.

ISM: Introductory Mathematical Analysis

supply is ¢ = 48(19.49) = 935.52 kg per week.
The amount supplied increases as the price
increases.

a. fi0)=1-1=0

3
b, f(100)=1— 2%
300
(3
3
27
_10
27
3
e £800)=1-|2%
1000
3
5
L
125
1
125
d. Solve
3
051 [_ 200
200+t
3
200 V' _ s
200+t
200 4
=3/0.5
200+t
200 =2003/0.5 +13/0.5
— 3
t= M ~51.98
Jos
Half the group was discharged after 52 days.
4
31000 4
a. f(1000):( ) _ 10" _ 10,000 _
2500 2500 2500
4 4
[Hfio002) | (1032)
b. f(2000) = _
2500 2500
34
_10.0032° _ 5 e
2500
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(2|0)4/3 2413 |81/3 50. a.
c. fQ2ly= =
2500 2500 b.
L IS
=232 ——|=2x/21(l c.
2500 (o)
51. a.
Thus f(21y)=232f(ly), which means
that doubling the intensity increases the b.
response by a factor of 2%/5 . c.
52. a.
48. P(l):l—l(1—0.344)0 :l—l(l):l a
2 2 2 b
1 | 1 )
P(2)=1-—(1-0.344) =1-—(0.656) =0.672
(2)=1-2(1-0344)' =1-_(0656) .
49. a. Domain: 3000, 2900, 2300, 2000 53. a.
£(2900) = 12, f(3000) = 10 b
b. Domain: 10, 12, 17, 20 c

g(10) = 3000, g(17) = 2300
Apply It 2.2

5. a. Letn = the number of visits and p(n) be the premium amount.

pn) =125

Section 2.2

-18.97
-581.77
-18.51

-5.13

2.64

-17.43
1,997,723.57
1,287,532.35
2,964,247.40
7.89

63.85

1.21

b. The premiums do not change regardless of the number of doctor visits.

c. This is a constant function.

6. a. The degree of each term of d(f) is a nonnegative integer, so d(¢) is a polynomial.

b. The leading term is 0.0022¢*, which has power 2, so the degree of d(1) is 2.

c. The leading coefficient is 0.0022.

7. The cost C of using n units of electricity is

0.03n if N <3000
C(n) =40.03x3000+ 0.09(n—3000) if 3000 < n <5000
0.03x3000+0.09x 2000+ 0.16(n—5000) if n> 5000
0.03n if N <3000
=<0.09n-180 if 3000 < n <5000
0.16n-530 if n> 5000

8. Think of the bookshelf having 7 slots, from left to right. You have a choice of 7 books for the first slot. Once a
book has been put in the first slot, you have 6 choices for which book to put in the second slot, etc. The number

of arrangementsis 7-6-5-4-3-2-1="7!=5040.
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Problems 2.2

1.

2.

12.
13.

14.

15.

16.

17.

18.

N W

yes

3
%H:lf +%X—1, which is a

polynomial function.

f(x)=

no
yes
yes
yes

no

ag(x)= 4x74 = i4 , which is a rational function.
X

. all real numbers
10.
11.

all real numbers
all real numbers

all x such that 1 <x<3

a.
b.

~N O

a.
b. 1
a. 0
b. 9

fx) =8
fo)=28
fit+8)=8

f(—V17)=8

F(12)=2
F(—3)=-1

F(1)=0
F[Ej=2

5
9(x) =|x-3|
9(10) =[10-3|=|7| =7
93 =[3-3|=0|=0
9(-3)=|-3-3|=|-6|=6

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.
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G(8)=8-1=7
G(3)=3-1=2
G(-1)=3-(-1)* =2
G()=3-(1)> =2
f3)=4

f-4)=3
£0) =4

6!=6-5-4-3.2-1=720
(3-3)1=01=1
4-2)1=21=2.1=2
6!-21=(6-5-4-3-2-1)(2-1)

=(720)(2)
=1440

n'  n(-10!
(n=1! (n=1!

8! 8!
518—5)! 5.3
_8.7-6-5-4-3-2-1
(5-4-3-2.D)(3-2-1)
_8-7-6

241
-7

Il
W 00 (),

6

Let i = the passenger’s income and
¢(i) = the cost for the ticket.
c(i)=6.24

This is a constant function.

Let w = the width of the prism, then

w + 3 = the length of the prism, and

2w — 1 = the height of the prism. The formula for
the volume of a rectangular prism is

V = length - width - height.

V(W) = (W+3)(W)(2w—1) = 2w’ + 5w — 3w
This is a cubic function.

a. C=850+3q

b. 1600=3850+3q
750 =3q
g=250
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30.

31.

32.

33.

34.

35.

36.

37.

38.

The interest is Prt, so principal and interest
amount to f{(r) = P + Prt, or f{(t) = P(1 + rf).
Since f(t) = at + b where a (= Pr) and b (= P)
are constants, f'is a linear function of 7.

For a committee of five, there are 5 choices for
who will be member A. For each choice of
member A, there are 4 choices for member G.
Once members A and G have been chosen, there
are 3 choices for member M, two choices for
member N, then one choice for member S once
members A, G, M, and N have been chosen.
Thus, there are 5 -4 -3 -2 -1 =5!=120 ways
to label the members.

S sl

"= 500 s 1024
oy M G) sG] o
21(1Y) 2(1) 64
a. all Tsuchthat 30<T7<39
11 5 11 16
b. f(30)__(30)+_22+72724
6 11 17
f(36)=—(36)+—=z+?=?
175 175 33
1‘(39)_—(39)——=52—T=T
a. 742.50
b. -20.28
c. 1218.60
a. 118274
b. 4985.27
c. 25215
a. 19.12
b. —62.94
c. 57.69
a. 221
b. 9.98
c. -14.52
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Section 2.3

Apply It 2.3

9.

10.

The customer’s price is
(Cos)(X) =c(S(X)) = C(X+3)=2(x+3)
=2x+6

ag(x) = (X+3)2 can be written as

g(x)=a(l(x)) =(acl)(x) where a(x)= x> and
I(x) = x + 3. Then I(x) represents the length of
the sides of the square, while a(x) is the area of a
square with side of length x.

Problems 2.3

1. fx)y=x+3,gx)=x+5

a. (f+9)(0)=f(x)+9(x
=(X+3)+(x+5)
=2X+8

b. (f+2)(0)=2(0)+8=8

¢ (fF-9x)=Ffx-9(x
=(X+3)—(X+5)
=-2

d. (fg)(x)=f(x)9(x)
=(X+3)(x+5)

=x? +8x+15
e. (fg)(-2)= (—2)2 +8(-2)+15=3

x+3

£ _(X)_f(X) X+5

9(x)

g (fo9)(="f(g(x)
f(x+5)
(X+5)+3
=X+8

h. (fog)3)=3+8=11

i (9o F)()=9(f(x)
=g(x+3)
=(X+3)+5
=X+8

i (gof)3)=3+8=11
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2. flx)=2x,gx)=6+x o i(x):w
a. (F+@00=1(0+g() o9
= (2% +(6+X) _x -1
=3X+6 X2 + X
=(x+1)(x—1)
b.  (f-9)(x)=f(x)-a(x) X(X+1)
=(2X)—(6+X) _Xx-1
—X_6 _T,x;t—l
¢ (f-9@=@4-6=-=2 . i(_ljz—;—l j=3
d.  (fg)(x) = f(X)g(x) = 2X(6+ X) = 12x+2x* g\ 2 ‘% _%
ff(x_ 2x g (feg)(x="f(g(x)
e —(N=—"t=—"— 2
g g(x) 6+X =f(xX“+x)
:(x2+x)2—1
f _(2):@:i:l =xt+23 +x% -1
6+2 8 2
h.  (ge f)(%) =g(f(x)
g (fog)(=Tf(gx) _ g0 -1)
=f(6+X%) — (2 _1)2 2 4
=2(6+X) =(x"=D7+(x" -1
=12+2x =x* -2t +1+x% -1
A2

h. (go )%= g(f(x)=g2x) =6+2x

. 2 — (_ 4 2:
i (gof)2)=6+2(2)=6+4=10 b @ D)= -y =T2

4, fx=x2+1, X)=5
3. f()=x>-1, g(xX)=x>+X (X) g(x)

a. (f+9)00=f(0+90 w1900 = 1007909
2 D) =(X"+1)+5
=(X"-D)+(X"+Xx) )
2 =X"+6
=2X"+x-1
2
b (f-g)0=f(9-g(x b, (f+g>[3j=(ij +6=38
=(x*-1)-(x* +X) 3) 3 9
- ¢ (f-g)=f()-g()
=(x*+1)-5
e (-g-H)=tat el
d. (fg)(x) = f(x)g(x) d. (fg)(x) = f(x)9(x)
= (¢ = 1)(x* +X) =(x* +1)(5)

2
=x* 433 =% —x =35X"+5
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e. (fg)(7)=5(7%)+5=245+5=250

2

M:x +1

f
£~ (=
PR

g (fog)()=f(gx)=Tf(5)=5+1=26

h.  (fog)(12,003)=26

i (g HX=g(f(x)=g0¢+1)=5

5. lg@)=fid-4H=f0)=0+ 6=6
g(f2) =g(12+6) = g(18) =4 — 36 = -32

6. (f-9)(p)=f(9(p)

e

4
T op2
3
12
e
4) 372 4-2p
(gof)(p)=g(f(p))=g(—J=
p 3 3p

7. (FoG)(t)=F(G(t))

(GoF)(®) =G(F(1))

=G(t2 +7t+1)
2

Tt -1
2

t2 +7t

8. (FoG)(t)=F(G(t))
=FQt? -2t+1)

=2t% -2t +1

Section 2.3

(GeF)(V) =G(F(1)

-]
2] ~2(4)

=2t—2t +1

9. (fog)v)=Tf(a(v)
=f (\/v+2)

1

( v+2)2+1
1

=v+2+1
1

V43

(ge HH)(v)=g(f(v)

o)
V2 +1
/ 1
= 2
v2+1Jr
_ /1+2(v2+1)
V2 +1
_ f2v2+3
v2+1
10. (fof)(x)=f(f(X)
=f(x2+2x—1)

OC +2x=1)% +2(0¢ +2x—-1)—-1
=xt+ad +4x* -2

11. Let g(x) = 11x and fix) = x — 7. Then
h(x) = g(x) = 7 = flg(x))

12. Let g(x) = x> —2 and f (X) =~/X . Then

h(x) =vVx* =2 =/g(x) = f(g(x))
13. Let g(X)= x>+ x+1 andf(x)=%. Then

-3 )

h(X) = -
> X2 —x+1  9(x)

14. Let g(X) =9x> —5x and f (X) = X —x2 +11.
Then h(x)=[g()’ ~[g(x)]* +11= f(g(x))
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15.

16.

17.

18.

19.

20.

21.

2 —
Let g(X) = ):<+31

and f(x)= Yx.
Then h(x)=%/9(X) = f(g(X)).

Let g(x) = 3x— 5 and f(x)= ZZ_X . Then
X +2
2-(3x=5
h) ==X ¢ g,
(Bx-=5)"+2

a. The revenue is $9.75 per pound of coffee
sold, so r(x) = 9.75x.

b. The expenses are e(x) = 4500 + 4.25x.

c. Profit = revenue — expenses.
(r—e)(x) =9.75x — (4500 + 4.25x)
= 5.5x —4500.

4
V(X) = En(3x— 1)3 can be written as

v(X) = F(1(X)) = (f ol)(X) where f(x)=%nx3

and /(x) = 3x — 1. Then /(x) represents the radius
of the sphere, while f(x) is the volume of a
sphere with radius x.

(ge f)(m) = g(f(m)

_ 40m-— m’

=g —4

:40(MJ
4

=10(40m—m?)

= 400m-10m?
This represents the total revenue received when
the total output of m employees is sold.

(fog)E)=f(g(E))
= £(7202+0.29E>%)
=0.45(7202+0.29E%%% _1000)%-33

=0.45(6202+0.29E>68)0-33

This represents status based on years of
education.

a. 14.05

b. 1169.64

22.a.

23.

24.

ISM: Introductory Mathematical Analysis

—-0.13

b. 18.85
a. 19447
b. 0.29
a. 045

b. 1.61

Problems 2.4

1.

|

- 7
0=7-3

—1 X 3
X)=—+=

g (¥ 53
Fl(x)=2x+14
Jx 5

=242
(X) 7 2

r(A)=\/E
T

R\
"=

. flix) = 5x + 12 is one-to-one, for if

f(x)=f(X) then 5% +12=5% +12, so
5)(1 =5X2 and thus X =X.

g(x) =(3x+ 4)2 is not one-to-one, because
g(% ) =9g(Xy) does not imply X = X,. For

example, ¢ (—%) =g (—%j =0.

h(x) = (5x+ 12)2, for x> —%, is one-to-one.
If h(x)=h(xy) then (5% +12)% = (5% +12)%.
Since x> —% we have 5x + 12 > 0, and thus

(5% +12)% = (5% +12)? only if
5% +12=5%, +12, and hence X = X;.
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10. F(X)= |X—9| is not one-to-one, because Apply It 2.5

F(%)=F(x) does notimply X = X,. For 11. Lety = the amount of money in the account.

11.

12.

13.

14.

15.

example, F(8) = F(10) = 1.
. 2 5.
The inverse of f(X)=(4x-5)" for x> 2 1s

Jx

f _I(X) = T+%’ so to find the solution, we

Then, after one month,

y=7250 - (1 - 600) = $6650, and after two
months y = 7250 — (2 - 600) = $6050. Thus, in
general, if we let x = the number of months
during which Amal spends from this account,

y =7250 — 600x. To identify the x-intercept, we
set y = 0 and solve for x.

find f1(23). y = 7250 — 600x
0 = 7250 — 600x
(103 = YB3, 5 600x = 7250
4 4 1
X=12—
12

The solution is X = £+ 2
4 4

The inverse of f(X)= 23 +1is 1= 3/)(7_1,

so the solution is f ! (129) =4.

1,200,000 1,200,000
- weget q="—""——.

From p=

Since g > 0, p is also greater than 0, so g as a

1,200,000
E——

function of p is q=q(p) = > 0.

p((P) = p(%]

12.

The x-intercept is (12%, 0) .

Therefore, after 12 months and approximately
2.5 days Amal will deplete her savings. To
identify the y-intercept, we set x = 0 and solve
for y.

y =7250 - 600x

y = 7250 - 600(0)

y=7250

The y-intercept is (0, 7250).

Therefore, before any months have gone by,
Amal has $7250 in her account.

Let y = the cost to the customer and let
x = the number of rides he or she takes. Since the
cost does not change, regardless of the number

— M of rides taken, the equation y = 12.6 represents
1,200,000 this situation. The graph of y = 12.6is a
P horizontal line whose y-intercept is (0, 12.6).
=1,200, ()()().L Since the line is parallel to the x-axis, there is no
1,200,000 x-intercept.
=p

Similarly, g(p(q)) = g, so the functions are
inverses.

q

From p= 18’ we get g =48p. Since g >0, p is

also greater than 0, so ¢ as a function of p is
q=q(p)=48p,p>0.

gl A =489 =
q(p(q))—q(48) 48 =d

_ _a8p_
PA(p)) = P8P =~

Thus, p(g) and g(p) are inverses.

yes, it is one-to-one.

13.

The formula relating distance, time, and speed is
d = rt, where d is the distance, r is the speed, and
t is the time. Let x = the time spent biking (in
hours). Then, 12x = the distance traveled.
Yassine bikes 12 - 2.5 = 30 km and then turns
around and bikes the same distance back to the
rental shop. Therefore, we can represent the
distance from the turn-around point at any time x

as |3O — 12X| . Similarly, the distance from the

rental shop at any time x can be represented by
the function y=30-[30-12x.

X 0 1 2 2.5 3 4 5

y 0 12 | 24 | 30 | 24 | 12 0
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y
361 (2.5, 30)
%
= 24
=
2r (5,0)
(O,a 1 23 45 hours

14. The monthly cost C of using x IG of water is

0.35x if x <6000
C(x) =10.35x6000 + 0.4(x — 6000) if 6000 < x 12000
0.35x6000 + 0.4 x 6000 + 0.46(x —12000) if x > 12000

0.35x if x <6000
= 10.4x-300 if 6000 < x 12000
0.46x—-1020 if x > 12000

The graph of C(x) is as follows:

C)

6,000
5,000 -
ol S
3.000 -

2,000

|
|
1,000 4 !
|
|

|
0 T T T T T | x
02000 4000 6000 8000 10.000 12,000 14,000 16,000

3.a. i0)=1,/2)=2f(4)=3,-2)=0

Problems 2.5
b. Domain: all real numbers
L 104
QI 1 c¢. Range: all real numbers
Lot
5.4 i 1.0 d. f{x) =0 for x =-2. So areal zero is -2.
S P
1 23’ oy 10 4. a. f(0)=2,f(2)=0
2.-5 7 b. Domain: all x>0
Q.1 Q.1Iv
c. Range:ally>2
2. 104
QI Q1 d. f(ix)=0forx=2.So areal zero is 2.
“5 Tan 5.a. fl0)=0,)=1f-1)=1
T (3 6) 0 b. Domain: all real numbers
0.-6) c. Range: all nonnegative real numbers

d. fix)=0for x=0. So areal zero is 0.
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6. y=2x 9. y=3x-5
Ify=0,thenx=0.If x=0, then y=0. 5
Intercept: (0, 0) Ify=0,then0=3x-5, X= 5 .
y is a function of x. One-to-one. s
Domain: all real numbers If x = 0, then y = —5. Intercepts: | =, 0 |, (0, =5)
Range: all real numbers 3
547 y is a function of x. One-to-one.

Domain: all real numbers
Range: all real numbers

7. y=x+1
Ify=0, thenx=-1.
Ifx=0,theny=1.

Intercepts: (-1, 0), (0, 1) 10 _2

y is a function of x. One-to-one. - Y= X2

Domain: all real numbers 2

Range: all real numbers If y=0, then 0= > which has no solution.
X

Thus there is no x-intercept. Because X#0,
Not one-to-one.

Domain: all real numbers except 0

Range: all real numbers > 0

8. y=3-2x
If y=0, then 0 =3 - 2x, X=%.

If x = 0, then, y = 3. Intercepts: E, 01,(,3) 3
2 11. y=X +X

. . . to-one. ; ,
y iiﬁi?i‘iﬁﬁ"ﬁéﬁffu n?ggrsto one Ify =0, then 0= +x=x(x* +1), x=0.If
Range: all real numbers x=0,theny=0.

Intercept: (0, 0)

y is a function of x. One-to-one.
Domain: all real numbers
Range: all real numbers
y
5
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12. y=4x*>-16
Ify=0, then 0=4x*> —16=4(x> —4)
0=4(X+2)(x-2),x =+2.
If x =0, then y =-16.
Intercepts: (2, 0), (0, —16)

y is a function of x. Not one-to-one.
Domain: all real numbers

Range: all real numbers > -16
20F

VA

13. x=0
If y =0, then x = 0. If x = 0, then y can be any
real number. Intercepts: every point on y-axis
y is not a function of x.

14. y= x°

Ify=0,then 0=%,x=0.Ifx=0, theny = 0.
Intercept: (0, 0). y is a function of x. One-to-one.
Domain: all real numbers

Range: all real numbers

15. x =3 is a vertical line.
Intercept: (3, 0)
y is not a function of x.

ISM: Introductory Mathematical Analysis

16. x=-y|
If y=0, then x = 0. If x = 0, then 0 = —|y|, y = 0.
Intercept: (0, 0)
y is not a function of x.

17. x* = y2
Ify=0, then x> =0,x=0.Ifx=0, then

0= yz, y=0. Intercept: (0, 0)
y is not a function of x.

18. 2x+y-2=0
Ify=0,then2x-2=0,x=1.If x =0, then
y—2=0,y=2. Intercepts: (1, 0), (0, 2)
Note that y =2 — 2x. y is a function of x.
One-to-one.

Domain: all real numbers
Range: all real numbers

70
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19.

20.

21.

x+y=1
Ify=0,thenx=1.Ifx=0,theny=1.
Intercepts: (1, 0), (0, 1)

Note thaty =1 — x.

y is a function of x. One-to-one.
Domain: all real numbers

Range: all real numbers

u= f(v)=2+v2

Ifu=0,then 0=2 +v2. No intercept.

If v=0, then u = 2.
Intercept: (0, 2)

Domain: all real numbers
Range: [2, o)

f(X)=5-2x>.If fix) = 0, then 0="5—2x"

2x% =5

2=
2

N CRC
2 2

If x =0, then fix) =5.
Intercepts: [i@, OJ, (0,5)

Domain: all real numbers

22,

23.

24,

Section 2.5

Range: all real numbers <5
%)

y=h(x)=3

Because y cannot be 0, there is no x-intercept. If
x =0, then y = 3. Intercept: (0, 3)

Domain: all real numbers

Range: 3
sy
3l
.......... X
5
g(s)=-17

Because g(s) cannot be 0, there is no s-intercept.
If s =0, then g(s) =—17.

Intercept: (0, —17)

Domain: all real numbers

Range: -17
204
.......... X
-20 1 20
201

y=h(x) = x* —4x+1

If y =0, then 0=x>—4x+1, and by the
4i5/5:2i\/§.1f
x =0, then y = 1. Intercepts: (2i\/§ ,0),(0,1)

Domain: all real numbers
Range: all real numbers = -3

quadratic formula, x=
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25.

26.

27.

y

L

VA

(2,-3)

y=f(X)=-x* +X+6

Ify=0, then 0=—X>+X+6=(X-3)(X+2), s0
x=3,-2.Ifx=0,y=6.

Intercepts: (3, 0), (-2, 0), (0, 6)
Domain: all real numbers

25
Range: | —co, —
s ( 4 j

f(t)=—t3

If f(r)=0, then 0=—t>, t=0.
If t = 0, then f{t) = 0. Intercept: (0, 0)
Domain: all real numbers

Range: all real number
0

p=h@)=1+2q9+¢

If p=0, then 1+2q+q> =0, (1+qg)> =0, so
g=-1.1Ifg=0thenp=1.

Intercepts: (-1, 0), (0, 1)

Domain: all real numbers

Range: all real numbers > 0

28.

29.

ISM: Introductory Mathematical Analysis

F(r):—%

1 . .
If F(r) =0, then 0 =——, which has no solution.
r

Because r # 0, there is no vertical-axis intercept.
Intercept: none.

Domain: all real numbers # 0

Range: all real numbers # 0

5 F(r)

s=f(t)=vt> -9

Note that for \/t2 —9 to be areal number,
t2-9>0, so t?>9, and || >3.If s =0, then

0=+t -9, 0 =t? —9, or t=23. Because

7] = 3, we know ¢ # 0, so no s-intercept exists.
Intercepts: (-3, 0), (3, 0)

Domain: all real numbers 7 < -3 and > 3
Range: all real numbers > 0

30. v=H(u=|u-3|

Ifv=0,then 0=|u-3|, u-3=0, sou=3.
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1fu =0, then V=|_3|:3' x#4.If y=0, then O:L, which has no
Intercepts: (3, 0), (0, 3). X—4
Domain: all real numbers

Range: all real numbers > 0
1%

solution. If x =0, then y= f% .

10 1
Intercept: | 0,——
2
3 Domain: all real numbers except 4
o Range: all real numbers except 0
3 10 y
10+
X LD X
31. fix)=[3x+2| 1IN\ 10
2]
If f{x) = 0, then 0 = |3x + 2| and X=—§. T
Ifx=0,fix)=2|=2.

Intercepts: (—g, Oj, ©,2)
3 34. Domain: [0, o)

Domain: all real numbers Range: (-0, 6]
Range: all real numbers > 0

16 35. Domain: all real numbers > 0
32. F)= 2 Range: all real numbers 1 < ¢ < 8
16 10 ¢
If F(r) =0, then 0= - which has no solution. 8
t L o
Because ¢ # 0, there is no vertical-axis intercept. »
No intercepts T é t 1=0

Domain: all nonzero real numbers

Range: all positive real numbers
F(r)

36. Domain: all positive real numbers
Range: all real numbers > 1

fx)
10 107
al
5 1
33. =f(X)=—— T
y () X—4 1
Note that the denominator is 0 when x = 4. Thus A S A A

73
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37.

38.

39.

40.

41.

42,

From the vertical-line test, the graphs that 43. 10004
represent functions of x are (a), (b), and (d). +

From the horizontal line test, the graphs
which represent one-to-one functions of x are
(c) and (d).

Let y = credit card balance.

Then y = 9200 — 325x.

If y = 0, then X=%z28.31—thetimetopay T2l

300 +

off the debt (29 months). 4. 4y
If x = 0, then y = 9200—the amount originally 4
owed.

The cost of an item as a function of the time of
day, x is 45 12

9, 1f10:30 AM. X< 2:30PM.

. 45. 0.39
8,1f2:30PM. £Xx< 4:30PM.
y=413,if4:30 PM. < X< 6:00 P.M. 46. —0.50, 0.57
18,if6:00 PM. < X< 8:00P.M.
13,if 8:00 PM. < X< 10:00 P.M. 47. -0.61,-0.04
. 48. 0.62,1.73, 4.65
20
16 - 49. -1.12
I N
s L 50. No real zeros
= 8 *—e—
S 4 51. -1.70,0
IR R R R
10122 4 6 8 10 52. -0.49,0.52,1.25
As price increases, quantity supplied increases; p 53. B

is a function of g.
5047
1 4

e

a. maximum value of f{x): 19.60

-15

10+

4q b. minimum value of f{x): —10.86

3 210
54. 4

As price decreases, quantity increases; p is a
function of q.
2547

(%

-2

a. maximum value of f(x): 3.94

» 4 b. minimum value of f(x): —1.94

w4

74
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55.

56.

57.

58.

6

S~

3 5

a. maximum value of f(x): 5
b. minimum value of f(x): 4

. /Js
{

-5

a. range: (—oo,0)
b. intercepts: (-1.73, 0), (0, 4)

35

[ i

=5

a. maximum value of f(x): 28
b. range: (—eo, 28]
c. real zeros: —4.02, 0.60

5

.

-5

a. range: (—oo, o)
b. intercepts: (0, 0.29), (-1.03, 0)

c. real zero: —1.03

59.

60.

15.

Section 2.6

35

a. maximum value of f(x): 34.21
b. minimum value of f{x): 18.68
c. range: [18.68, 34.21]

d. no intercept

The points of intersection are where the two
graphs cross each other. From the diagram, the
coordinates of these two points are estimated to
be (1989.5, 10.1) and (1992.9, 10.6). This means
that around the middle of year 1989, imports to
and exports from Kuwait were the same amount,
approximately $10.1 billion. Similarly, near the
end of 1992, imports and exports were both
about $10.6 billion.

Apply It 2.6

The line describing the relationship between the
price per share and the year passes through the
points (2005, 24.75) and (2010, 3.55).

Price(p) per share

25 & (2005, 24.75)

(2010,3.55)

L I I I I year(r)
2006 2007 2008 2009 2010

The slope of the line is

3.55-24.75
m=

= =-4.24

2010-2005
This is a negative number, which means that the
share price was decreasing at a rate of $4.24 per
year.
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16. If enrollment is growing by 14 students per year, the number S of students in the program can be described by the
equation of a line whose slope is 14. Since the program had 50 students when

t = 3 (in the third year), the line passes through the point (3, 50). Using the point-slope form of the equation of a
line with m = 14 and (¢,, S,) = (3, 50), we get

S-§ =mt-t)
S—50 =14(t—3)
S—50=14t—42
S=14t+8

17. Let F stand for the temperature in degrees Fahrenheit and C for the temperature in degrees Celsius. The line
passing through the points (25, 77) and (17, 62.6) has slope

62.6-77
m=——=138
17-25

Using the point-slope form of the equation of a line with m = 1.8 and (C,, F,) = (25, 77), we get

F-F =m(C-C))
F—77=18(C-25)
F-77=18C-45
F=18C+32

18. To find the slope and y-intercept, let a = 1000, then write the equation in slope-intercept form.

1
= t+Da
y 4( )

24
Y= (t+1)1000
24

1000, 1000
- t+—
24 24
125, 125
=2t =2
3 3

Thus the slope, m, is % and the y-intercept, b, is %

19. The total cost of club membership is given by the fixed one-time fee of $400 plus the monthly fees of $50. For x
months, the total comes to

C =400+ 50x

The graph is a line that passes through (0, 400) and (1, 450).

cost

C =400+50x

450
400 9270, 400)

Number of months
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© Pearson Education Limited 2012



ISM: Introductory Mathematical Analysis

20.

21.

F
100+

IIIII/_IIIIIC

-100 100

—-100 -

Section 2.6

To convert Celsius to Fahrenheit, locate the Celsius temperature on the horizontal axis, move vertically to the
line, then move horizontally to read the Fahrenheit temperature of the vertical axis.

Right angles are formed by perpendicular lines. The slopes of the sides of the triangle are:

6-0 6
BCIm='"2_7_4

7-6 1
ACim='=2_7_4

7-0 7

Since none of the slopes are negative reciprocals of each other, there are no perpendicular lines. Therefore, the

points do not define a right triangle.

Problems 2.6
L m=072_8_,
7-3 4
2 m=0B3_ 7
-2-5 -7

me2—C2 _“1_ 1
8-6 2 2

3-2 1

The difference in the x-coordinates is 5 —5 =0,

so the slope is undefined.

3-0 3
_2-()_0 _,
4-5 -1
9-1 8

77

9.

10.

y=7==3x-(=1)]

y—7=-=5(x+1)
y—7=-5x-5
5x+y-2=0
104’
X
5
y—0="75(x-0)
y="75X
75x—y=0
y
100
.......... X
""""" 10
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1 2-(4) 6
11. —5=——[X—(-5 4. m=——"2=—=-6
y 2[ (=5)] 6
2(y-5)=—(x+5) y—2=-6(x->5)
2y-10=—-x-5 y—2=-6x+30
X+2y-5=0 6X+y-32=0
Y
5 y
50
X
3 X
10
1 5 _8—(-4) -
12. y—5=—{x—(——ﬂ 15 meomH _HA_
3 2 2-(-3) 1
6(y—5):2{x+§} Y- (~4) = —4{x—(-3)]
2 y+4=-4x-12
6y—30=2x+5 4X+y+16=0
2X—-6y+35=0 y
10")}/7 20
35
A/:F ..... X

4-1 3 16. m=ﬂ=2
13. m=——=— -3-0 3
1-(-6) 7 )
y—-0=—=(x-0)
y—4=3(x—l) 3
7 2
7(y-4)=3(x-1) y=3%
7y—28=3x—3 3y=2X
3IX=7y+25=0 2x-3y=0
104 y
5.-
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Section 2.6
17. y=2x+4 21. A horizontal line has the form y = b. Thus
2x-y+4=0 y=-5,0ory+5=0.
104
Yy
1s
4 1
..... X
-2 o T X
""""" 5
18. y=5x-17
S5x-y-7=0
104 22. A vertical line has the form x = a. Thus x = -1,
orx+1=0.
y
X 15
7 10
5
-7 N X
1,-1)¢ 1 5
19 y= —lx—3 I
) 2
2y=2| - ! X-=3
2
2y=—X-6 23. A vertical line has the form x = a. Thus x =2, or
X+2y+6=0 x—=2=0.
Y

I les
3 \ 1

1
20. =0X——
y 2

24. A horizontal line has the form y = b.

R Thus y = 0.
y= > ,
2y=-1 5
2y+1=0
54 N
I - oo s
......... Jx
-\_l
T2
79
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25. y =4x -6 has the form y = mx + b, where m = 4 29. x=-5isa vertical line. Thus the slope is
and b = -6. undefined. There is no y-intercept.
104 54
X X
10 s s
26. x+9=2orx=-7,is a vertical line. Thus the 30.
slope is undefined. There is no y-intercept.
y
15
...... . X
""" 2

27. 3x+5y-9=0

S5y=-3x+9
5 5
3 9 31. y=—-2x
m=—g,b=g y=-2x+0
m=-2,b=0
5 Y 5y
9
L5
A X
""""" 5
28. y+4=7 32. y-7=3(x-4)
y=3 y—7=3x-12
y=0x+3 y=3x-5
m=0,b=3 m=3,b=-5
y
5..
31
.......... X
5
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33.

34.

35.

36.

37.

38.

y=3
y=0x+3
m=0,b=3

sy

3]

I e e

6y—24=0
y=4
y=0x+4

m=0,b=4

2x=5-3y,0r 2x + 3y — 5 = 0 (general form)
2
3y=-2x+5,0r y= 3 X+§ (slope-intercept

form)

5x =2y =10, or 5x — 2y — 10 = 0 (general form)
—2y=-5x+10,0r y= % X—5 (slope-intercept

form)

4x + 9y — 5 =0 is a general form.
9y=—4x+5,0r y= —g X+§ (slope-intercept
form)

3(x=4)-7(y+1)=2

3x=12-7y-7=2
3Xx—7y—21=0 (general form)

—Ty=-3x+21l,0r y= %X—3 (slope-intercept

form)

Section 2.6

39. X Y3
2 3 4
12(—5+ﬂ]=12(—QJ
3 4
—6X+8y=-57
6Xx—8y—57 =0 (general form)
-8y =—-6X+57

y= % X —% (slope-intercept form)
1
40. =——X+8 is in slope-intercept form.
y 300 P p

300y = 300] ——x+8
300

300y = x+2400
X—300y+ 2400 =0 (general form)

41. The lines y =—5x + 7 and y = —5x — 3 have the
same slope, —5. Thus they are parallel.

42. Thelinesy=4x+ 3 and y =15+ 4x (or
y =4x + 5) have the same slope, 4. Thus they are
parallel.

43. Thelinesy=5x+2and-5x+y-3=0 (or
y = 5x + 3) have the same slope, 5. Thus they are
parallel.

44. The line y = x has slope m; =1 and the line
y=-xhasslope mp =-1. m =—L so the

m

lines are perpendicular.
. 1.5
45. Thelinex+3y+5=0 oryz—gx—g has
1 .
slope m = 3 and the line y = —3x has slope

m, =-3. Since m # M, and my ¢—L, the
m

lines are neither parallel nor perpendicular.
46. Thelinex+2y=0 (or y= —% Xj has slope
m =—% and the line x + 4y —4 =0 (or

y:—%x—i-l) has slope m, :—%. Since

81
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m #M, and m # —L, the lines are neither
m

parallel nor perpendicular.

47. The line y = 3 is horizontal and the line X = —%
is vertical, so the lines are perpendicular.
48. Both lines are vertical and thus parallel.

49. The line 3x +y =4 (or y = —3x + 4) has slope
m, =-3, and the line x—3y+1=0

1 1 1
ory=—X+— | has slope =—. Since
(ory=ce1 | hsstope my =

m, = 1 , the lines are perpendicular.

m

50. The line x —2 =3 (or x = 5) is vertical and the
line y = 2 is horizontal, so the lines are
perpendicular.

51. The slope of y=4Xx+3 is 4, so the slope of a

line parallel to it must also be 4. An equation of
the desired line is y—3=4(X—-2) or
y=4x-5.

52. x=-4is avertical line. A line parallel to x = —4
has the form x = a. Since the line must pass
through (2, -8), its equation is x = 2.

53. y=2is ahorizontal line. A line parallel to it has
the form y = b. Since the line must pass through
(2, 1) its equation is y = 1.

54. The slope of y =3 + 2x is 2, so the slope of a line
parallel to it must also be 2. An equation of the
desired line is y — (—4) = 2(x — 3), or y = 2x — 10.

55. The slope of y =3x — 5 is 3, so the slope of a line

. . 1
perpendicular to it must have slope -3 An
. . . 1
equation of the desired line is y—4= —g(x— 3),

1
or y=——X+5.
y 3

56. The line 3x+2y—4=0, or y=—%x+2, has

3 . . .
slope 5 A line perpendicular to it must have

ISM: Introductory Mathematical Analysis

2
slope 3 An equation of the desired line is

2 2
—1=—=(x-3), or y=—x-1.
y 3( ), or 'y 3

57. y=-31is ahorizontal line, so the perpendicular
line must be vertical with equation of the form
x = a. Since that line passes through (5, 2), its
equation is x = 5.

58. The line 3y=-25+3 [ory=—2X+1 has
5 15
2 . .
slope YL so the slope of a line perpendicular
. 15 .
to it must have slope BN An equation of the
. L 15
desired line is y—(-5) = ?(X— 4) or
15
=—X-35.
y 2
. 2
59. The line 2x + 3y + 6 = 0 has slope Y so the

slope of a line parallel to it must also be —%. An

equation of the desired line is
2 229
—(=5)=—=[x=(-7)], or y=—=x—"—.
Y= (=) ==3Dx= (Dl or y=—=x==
60. The y-axis is vertical. A parallel line is also
vertical and has an equation of the form x = a.
Since it passes through (-4, 10), its equation is
x=-4.

61. (-1,-2), (4, 1)
_1-(=2)_3
C4-(-1) 5

m

Point-slope form: y—1= %(X— 4). When the

x-coordinate is 3,

3
~1=2(3-4
y 5( )

3
—1=2(-1
y 5( )

3
—1==-=
Y 5

y==

Thus the point is [3, %)
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62.

63.

64.

65.

m=3,b=1
Slope-intercept form: y = 3x + 1. The point

(-1, -2) lies on the line if its coordinates satisfy

the equation. If x =—1 and y = -2, then
—2 =3(-=1) + 1 or =2 = =2, which is true. Thus
(=1, =2) lies on the line.

Let x = the time (in years) and
y = the price per share. Then,
In 1996: x =1996 and y; =37
In 2006: X, =2006 and Yy, =8
The slope is

8-37 -29

=2 =T o 99
20061996 10

The stock price dropped an average of $2.90 per

year.

2 Yy (price)

k=

< 401

=

2 301

<

=

5 20T

(=0

S 104

St

- . | x(time)
0" 1996 2001 2006

Year

The number of goals scored increased as a

function of time (in months). The given points

are (X, y1)=3,14) and (X, y5)=(5, 20).

Y-y 20-14 6
- Xo =% T 5.3 2

Using the point-slope form with m = 3 and

(. y1)=(3,14) gives

m

Y-y =m(x-x)

y—14=3(x-3)

y—-14=3x-9
y=3X+5

The owner’s profits increased as a function of
time. Let x = the time (in years) and let
y = the profit (in dollars). The given points are

(%, 1) = (0, =100,000) and
(%, ¥ ) = (5, 40,000) .

_ Y2 =¥ _ 40,000-(~100,000) _ 140,000

X =X 5-0 5
= 28,000

Using the point-slope form with m = 28,000 and

66.

67.

68.

69.

Section 2.6

(%, y1) = (0, =100,000) gives

Y=y =m(x-x)
y—(~100,000) = 28,000(X — 0)
y+100,000 = 28,000x
y =28,000x—-100,000

Solve the equation for z.
L=153t-6.7
L+6.7=1.53¢
(L+6.7)
1.53

0.65L+4.38 =t

The slope is approximately 0.65 and the

y-intercept is approximately 4.38.

t

A general linear form of d = 184 + ¢ is
—t+d-184=0.

a. Using the points (3.5, —1.5) and (0.5, 0.5)
. -1.5-0.5 2
gives aslope of M=——=——.
3.5-05 3

An equation is y—0.5= —%(X—O.S) or

376
b. Using the points (0.5, 0.5) and (-1, -2.5)
. -25-0.5 -3
gives aslope of M= ——=——=2.
-1-0.5 -1.5

An equation is y — 0.5 =2(x — 0.5) or
1
=2X——.
y 2
These two paths are not perpendicular to each

other because the slopes are not negative
reciprocals of each other.

The slopes of the sides of the figure are:

AB!{m= ﬂ = i = undefined (vertical)
0-0 0

cDim=""3 22 _ indefined (vertical)
2-2 0

ACim=>-9_3
2-0 2

BDIm=_1"%_3
2-0 2

Since AB is parallel to CD and AC is parallel
to %, ABCD is a parallelogram.
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70. Let x = the distance traveled and let y = the
altitude. The path of descent is a straight line
with a slope of —1 and y-intercept of 3600.
Therefore, using the slope-intercept form with
m=-1 and b = 3600 gives
y=mx+b
y=(-Dx+ 3600
y=-x+ 3600

4000
==

=500 4000

—-1000
If the airport is located 3800 meters from where
the plane begins its landing approach, the plane
will crash 200 meters short of the airport.

71. The line has slope 59.82 and passes through
(6, 1128.50). Thus C — 1128.50 = 59.82(T - 6)
or
C =59.82T + 769.58.

72. The line has slope 50,000 and passes through
(5, 330,000). Thus R — 330,000 = 50,000(T - 5)
or R =50,0007 + 80,000.

73. 10

= N

-10 10

n=n Y=

-10
The graph of the equation y = —0.9x — 7.3 shows
that when x = 0, y = 7.3. Thus, the y-intercept is
7.3.

10

_10 / 10

-10
The lines are parallel, which is expected because
they have the same slope, 1.5.

74.

75. The slope is 7.1.

ISM: Introductory Mathematical Analysis

76. The line passes through (a, 0) and (0, b), so

0-a a
y—bz—E(x—m
a
y—bz—Ex
a
Ex+y=b
a
a b
Apply It 2.7

22. Let x = the number of bottles of Strawberry Milk
that are produced and let y = the number of pots
of Fruit Yogurt that are produced. Then, the
equation 8x + 14y = 1000 describes all possible
production levels of the two products.

23. If the price p and quantity ¢ are linearly related,
then the points (2, 23) and (1.5, 18.75) must lie
on the line. The slope of the line is

18.75-23
m=——=85
1.5-2

Hence the equation of the line (using the point-
slope form) is

p-23=8.5(9-2)
p=8.50+6
This is the supply equation.

24,

70

604 Mo 7
// F(t)

50+

40

T T T T 1
1960 1,970 1,980 1,990 2,000
Year

The life expectancy of a man born in 1966 is

M (1966) = 0.779 X .1966 —1473.9272 = 55.42

Solving F(t) =0.793t —1505.1991 = 55.42
gives
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0.7934 = 55.42 +1505.1991
| _ 15606191

0.7934

1967

So 1967 is the birth year of a woman who would
be expected to die at the same age as a man born
in 1966.

25. If t = 0 corresponds to 2005, then 2007 is t =2.

The line describing the amount of crude oil
production passes through the points (0, 83.1)
and (2, 86.21). Its slope is

86.21-83.1

m=—""
2-0

form, we get the equation

=1.555 . Using the point-slope

y—83.1=1.555(x-0)
y=1.555x+83.1

Similarly, the line describing the amount of
imported crude oil passes through (0, 89.13) and
(2, 87.3). Its slope is

_ 87.3-89.13
2-0
the equation

m =—0.915 . Therefore we have

y—89.13 =-0.915(x —0)
y=-0.915x+89.13

Thus, the amounts of oil produced and imported
are given, respectively, by

y=1555x+83.1 and y=-0.915x+89.13

26. a. Letx be the number of years after 1995.
Then the line describing the number of
shops in terms of x passes through the points
(0, 1500) and (9, 5000). Its slope is

m= M = 389 . Using the point-
slope form, we get the equation

y—1500 = 389(x—0)

y =389x+1500

b. The year 2018 corresponds to x = 23, so the
number of shops in this year is predicted to
be

y =389%x23+1500 =10, 447

Section 2.7

c¢. To find the year in which the number of
shops in Dubai will be 20,000, replace y by
20000 in the equation y = 389x + 1500 and
solve for x:

20000 =389x+1500
389x =18500
X=47.55

Hence, there are expected to be 20,000
shops in Dubai around the middle of the
year 2042.

Problems 2.7
1. y=f(x) = —4x =—-4x + 0 has the form

f(x) = ax + b where a = —4 (the slope) and b =0
(the vertical-axis intercept).

2. y=fi(x) =x+ 1 has the form f{(x) = ax + b where
a =1 (the slope) and b = 1 (the vertical-axis
intercept).

3. h(t) = 5t—7 has the form h(f) = at + b witha =5
(the slope) and b = -7 (the vertical-axis intercept).
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4. f(s) =3(5—2s) =15 — 65 has the form 9. Lety =f(x). The points (1, 2) and (-2, 8) lie on
f(s) = as + b where a = -6 (slope) and b = 15 (the 8-2
vertical-axis intercept). the graph of . m= 5.1 —2 . Thus
\—— fs) y—2=-2(x—1), 50
F16

y=-2x+4= f(X) =-2x+4.

10. fix)=ax+b=-5x+Db.
Since f (%) =9, we have

9=—5(1J+b
4

_ 5 41
5. p(q):Squg—%q has the form b:9+Z:I

1 s0 f(x)——5x+ﬂ
p(q) = aq + b where a= -3 (the slope) and = 4

b :g (the vertical-axis intercept). 1. f(x)=ax+b= 2 «+b . Since f (_gj _ 2
. 3 . 3 =

r(q) we have

5

4 _E = _E(_gj+b

T 2 4 10
A—H—iﬂ—ﬁgi b=—2—-—=——,

so f(X) =—%X—%.

12. Lety = f(x). The points (1, 1) and (2, 2) li
6. h(g) =0.5¢g + 0.25 has the form h(q) =aq + b ety =/t). The points (1, 1) and (2. 2) lie on

with a = 0.5 (the slope) and b = 0.25 (the the graph of f. m= 2-1 =1.
vertical-axis intercept). 2-1
| 1@ Thusy—-1=1(x-1) = y=x, so fix) =x.
/ 13. Let y = f(x). The points (=2, —1) and (—4, 3) lie
%’ q on the graph of /. m= _j+; =1. Thus
+—t + +—+—+—+ —4 +
0.5 1
e y+1l=1(x+2),s0y=x+1=fix)=x+1.
14. fix)=ax+ b=0.01x + b. Since f(0.1) = 0.01, we

have 0.01 = (0.01)(0.1) + b = b = 0.009
7. fix)=ax+b=4x+b. Since (2) =8, 8 =4(2) + b, = ftx) = 0.01x + 0.009.

8=8+b,b=0=fx)=4x 15. The points (60, 15.30) and (35, 19.30) lie on the

8. Let y = f(x). The points (0, 3) and (4, —5) lic on graph of the equation, which is a line.
-5-3 m= 1930=15.30 __ 4 Hence an equation of
the graph of f. m:4—_0:—2.Thus T 35-60 25 d

y-3=-2(x-0),so

the lineis p—15.30= —i(q—60) , which can
y=-2x+3= f(X) =2x+3. 25

86
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16.

17.

18.

19.

20.

21.

4
be written p= —Eq +24.9. When g = 40, then

D= _%(40) +24.9=$18.50,

The line passes through (26,000, 12) and
(10,000, 18), so

B 18—12

~ 10,000 —26,000
p — 18 =-0.000375(g — 10,000) or
p =-0.000375¢ + 21.75.

=-0.000375. Then

The line passes through (3000, 940) and
740-940
2200-3000
p— 740 =0.25(qg — 2200) or p = 0.25¢g + 190.

(2200, 740), so m= =0.25. Then

The points (50, 35) and (35, 30) lie on the graph
of the equation, which is a line.

30-35 -5 1 .

= ———=——=—. Hence an equation of
35-50 -15 3

the line is

p-35=1(a-50)

303

The line passing through (10, 40) and (20, 70)

has slope =3, so an equation for the

line is
c—40=3(g-10)
c=3g+10

If g = 35, then ¢ = 3(35) + 10 =105 + 10 = $115.

The line passing through (100, 89) and (200, 93)
93-89

has slope ————
200-100

=0.04 so an equation for

the line is
Cc—89=10.04(x-100)
c=0.04x+85

If x = the number of kilowatt hours used in a
month, then f(X) = the total monthly charges

for x kilowatt hours of electricity. If f(X) is a

linear function it has the form f(X) =ax + b.

The problem states that f{380) = 51.65. Since
12.5 cents are charged per kilowatt hour used,

Section 2.7

a=0.125.

fxX)=ax+Db

51.65=0.125(380) + b

51.65=475+D

4.15=b

Hence, f(X) =0.125x + 4.15 is a linear function

that describes the total monthly charges for any
number of kilowatt hours x.

. The number of curative units from d cubic

centimeters of the drug is 210d, and the number
of curative units from r minutes of radiation is
305r. Thus

210d + 305r = 2410

42d + 61r =482

r

201

0 20

. Each year the value decreases by 0.10(1800).

After ¢ years the total decrease is 0.10(1800)z.
Thus

v =1800 - 0.10(1800)¢

v =-180r + 1800

The slope is —180.

1%

1800 A

0 10

. The line has slope —120 and passes through

(4, 340). Thus y — 340 = —120(x — 4) or
y = f(x) = —120x + 820.

. The line has slope 53,000 and passes through

(6, 1,183,000). Thus

y— 1,183,000 = 53,000(x — 6) or
y = fix) = 53,000x + 865,000.

In thousands of dollars, we have
y =flx) =53x + 865.

© Pearson Education Limited 2012



Chapter 2: Functions, Graphs, and Lines ISM: Introductory Mathematical Analysis

26.

27.

28.

29.

30.

. 245,000 49,000 c. 860 =7x + 8y. Since the equation can be
The line has slope = and 7
5 3 written Y =—-—X+107.5,
y-intercept 245,000. So 8
y=f(X)= 49’3000 X+ 245,000. slope = —%.

d. Solving P =7x + 8y for y gives

If x = the number of hours of service, then
f(x) = the price of x hours of service. Let y = f(x).
f(1)=159 and f(3) = 287, so (1, 159) and

P
y= —% X+§. Thus any isoprofit line has

7 . .
(3, 287) lie on the graph of f which has slope slope R and lines with the same slope are
a= 287=159 =64. Using (1, 159), we get parallel. Hence isoprofit lines are always
- parallel.
y—159=64(x— 1) or y =64x + 95, so
fix) = 64x +95. 100-65 35
31. a. m= =—
100-56 44
a. Suppose r = respiratory rate, 35
I = wool length, and ([, r) lies on the graph, y—100= H(X— 100)
which is a line. The points (2, 160) and
(4, 125) are on the line, so its slope is 3 X__3500 +100
125-160 35 4 44
4-2 2 -
y=—X+——-
35 44 11
r—160 = —?(I -2)
35 b. 62 = 33 X+ 22
r= —?I +195 44 11
B0
35 44 11
b. Ifl=1,then r=——(1)+195=177.5 1828
2 X=——=522
35
52.2 is the lowest passing score on original
At $200/ton, x tons cost 200x, and at $2000/acre, scale.
y acres cost 2000y. Hence the required equation
is 200x + 2000y = 20,000, which can be written 32. R=38N + 397 is a linear equation. Slope = 38.
as x + 10y = 100. R
587 1
P ="7x + 8y where x, y > 0. siol
a. 260=7x+ 8y
511+
100 1 473 +
435 1
’, —t—t—N
0 5

: 33. p=f)=at+b, 5) = 0.32, a = slope = 0.059.
5 = a. p=£1) =0.059 +b. Since f(5) = 0.32,
0.32 = 0.059(5) + b, 0.32 = 0.295 + b, 0

b. Since the equation can be written b=0.025. Thus p = 0.055¢ + 0.025.

y = _l X+ 32'5’ Slope — _Z. b. When = 9, then
8 8 p =0.05909) + 0.025 = 0.556.
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34. w=f(d)=ad+ b, f0)=21, o
a =slope = ?—5 =0.63. Thus 04

w =f(d) = 0.63d + b. Since f{0) = 21, we have
20 =0.63(0) + b, so b =21. Hence

w=0.63d + 21. 0‘1/
When d = 55, then ST T T2 T3 T 6
w=0.63(55) + 21 =34.65 + 21 = 55.65 kg. % I\'”‘“b”"“’“"‘"’“"”"m%\

bt _ 80-68 12 1

35. a. = ==-_,
c-¢ 172-124 48 4

28. In the quadratic function
. . h(t) = —16t> +32t +28,a=-16, b =32, and ¢ =
t—-68= 2(0—124) , 1-68= ZC—31 , or 8. Since a < 0, the parabola opens downward.
| The x -coordinate of the vertex is
t=ZC+37' b 32 =1.The

“2a 2(-16)
y-coordinate of the vertex is
h(l) = —16(12 ) +32(1)+8 = 24 . Thus, the vertex

is (1, 24). Since ¢ = 8, the y-intercept is (0, 8).

b. Since c is the number of chirps per minute,
then %C is the number of chirps in %

minute or 15 seconds. Thus from part (a), to To find the x-intercepts we set y = h(t) = 0.
estimate temperature add 37 to the number )
of chirps in 15 seconds. 0=-16t" +32t+8

—b+b% - —324+./32% —4(—
Apply It 2.8 t= b+ ;) 4ac _ 3214/32° -4(-16)(8)
a

2(-16)

27. P(X)is a quadratic function with a = —0.083, 32441536 32 116\/6 . \/g

b =0.39 and ¢ = 0.09. Since a < 0, the graph is a - 32 - 32 - 1—7

parabola that opens downward.

The vertex is at X = b _ 039 _ 2.35, Thus, the x-intercepts are (1+£, OJ and

2a  2(-0.083) 2
and the y-value is J6
P(2.35) =—0.083(2.35)% +0.39(2.35) +0.09 1‘7’ 0.
=(0.55.
30

The y-intercept is (0, 0.09).

The x-intercepts are where P(X)=0. Using the /\

quadratic formula, we find -5 l{ \! 5

-0.39+ \/ © 39)2 —4(-0.083)(0.09)
x= 2N : : -20

2(—0.083)
~-0.22,4.92

So the x-intercepts are (—0.22, 0) and (4.92, 0).
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Problems 2.8
1. f(X)=5x has the form f(X)=ax> +bx+c
where a =5, b =0, and ¢ = 0 = quadratic.

2. g(xX)= 21 cannot be put in the form
2x° -4

ag(x) = ax’ +bx+C where

a # 0 = not quadratic.

3. g(x) =7 — 6x cannot be put in the form
ag(x) = ax’ +bx+C where

a # 0 = not quadratic.

4. k(v)= 22 (V2 +2)= 2v* +4v? cannot be put in
the form Kk(v) = av’? +bv+c where

a # 0 = not quadratic.

5. h(@)=(3-9)* =9-6q+q* has form
h(q) = ag® +bg+c where a =1, b =—6, and
¢ =9 = quadratic.

6. f(t)=2t(3-t)+4t=-2t> +10t has the form

f(t)=at? +bt+c where a =2, b =10, and
¢ =0 = quadratic.

s?-9
2

7. f(s)= :152—2 has the form
2 2
f(S)=a52+bs+C where a=%,b=0,and

9 .
c= -5 = quadratic.

2
8. g(t)= (t2 —1) =t*—2t? +1 cannot be put in

the form g(t) = at? +bt+c where

a # 0 = not quadratic.

9. y=f(x)=3x> +5x+1
a=3,b=5,c=1

ISM: Introductory Mathematical Analysis

b 5 5

a2 6

(A8

b. a=3>0, so the vertex corresponds to the
lowest point.

10. y= f(x):8x2+4x—1
a=8,b=4,c=-1

b4 1
2a 2-8 4
| 1) 3
(]
4 4 2
Vertex: (——, —éj
2

b. a=8>0, so the vertex corresponds to the
lowest point.

11. y= x> +x-6
a=1,b=1,c=-6
a. ¢ =-6. Thus the y-intercept is —6.

b. X +x—6=(x—2)(Xx+3)=0, sox=2,-3.
x-intercepts: 2, =3

12. y= f(x)=5—x—3x2
a=-3,b=-1,c=5
a. c¢=35. Thus the y-intercept is 5.
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[ 2 Vertex = (0, 0)
b. x= —b+vb” —4ac y-intercept: ¢ =0
2a 5 x-intercepts: 9x? = 0,sox=0.
_—EDENEDT-43G) Range: all y > 0
2(=3) Y
_1+4/61
-6
_—1x4/61 N
6 Y
. —1++/61 —-1-+/61
X-1ntercepts: ,
6 6
_L 1t _1 2
a 253) 6 15. y=9g(X)=-2X"-6X
5 a=-2,b=-6,c=0
f(—lj=5—(—lj—3(—lj _o Vertex: b 6 _6_3
6 6 6 12 2a 2(-2) 4 2
61 2
Vertex: (__’Ej f _3j:_2(_3 -6 _3J :_9.,.9:2
2 2 2
39
13. y=f(x)= X2 —6X+5 Vertex: (_En Ej
a=1,b=-6,c=5 .
b -6 y-intercept: ¢ = 0
Vertex: 52 21 x-intercepts: —2X> —6X=—-2X(X+3)=0, s0
x=0,-3.

f(3)=32-6(3)+5=—4 0
Vertex = (3, —4) Range: all y< 3
y-intercept: ¢ =5
x-intercepts: X2 —6X+5 = (x=Dx-5=0,s0
x=1,5. -2

Range: all y > 4
-3

[N

y _
5
e 16. y=f(x)=x2—4
! 3 a=1,b=0,c=-4
Vertex: —i = —l =0
G4 2a  2-1
5 f(0)=0%—4=—4
14.y=109=9x Vertex = (0, -4)
a=9,b=0,c=0 y-intercept: ¢ =4
Vertex: —L = —L =0 x-intercepts: X2 —4= (X+2)(x=2)=0, so
2a 2(9) x=2.2.
f(0)=9(0)* =0 Range: all y > 4
91
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a

17. s=h(t)=t>+6t+9

19. y= f(x):—5+3x—3x2
a=-3,b=3 c=-5

a=1,b=6,c=9 Vertex: b3 1
6 2a 2(-3) 2

Ve T T 1 1 1Y 17

z (A -2
h(-3)=(-3)"+6(-3)+9=0 2 2 2 4
V§rtex = (73, 0) Vertex = l’ 17
s-intercept: ¢ =9 2 4
t-intercepts: t2+6t+9= (t +3)2 =0,s0t=-3. y-intercept: ¢ = -5
Range: all 5 =0 x-intercepts: Because the parabola opens

s downward (a < 0) and the vertex is below the
10 x-axis, there is no x-intercept.
!
-3 3

18. s=h(t)=2t>+3t-2
a=2,b=3,c=-2

3 3
Vertex;: ——=———=——
22 32 4 20. y=H(x) =1-x-x?
() S
Vertex; —— = ———— = ——
_2_2_2__£ 2a 2(-1) 2
59 8 1 1 I
3 25 f_EZI__E__E :Z
Vertex =| ——, ——
8
1 5
s-intercept: ¢ = -2 Vertex = 32
t-intercepts: 22 +3t—2= t-1)(t+2)=0,so y-intercept: ¢ = 1
t=l, 2. x-intercepts: Solving 1-x—x>=0 by the

quadratic formula gives

Range: all s> —%
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oo ZEDENED? 4D 1245

2(=1) )

—1£+/5

2

Range: all y S%

21. t=f(s)=s’—8s+14

a=1,b=-8,c=14
_8 =4

2a 2-1
f(4)=4%2 -8(4)+14=-2

Vertex = (4, -2)
t-intercept: ¢ = 14
s-intercepts: Solving s’ —8s+14=0 by the
quadratic formula:

_ (R £(8)’ —4((14)

<
@
=
o
bal
|
Il

S

2(1)
:8i2\/§:8i§\/§:4i\/5

Range: all t > -2

t

A

4-\2 |\ /4+S\/5

4.-2)

22, t="f(s)=5>+65+11
a=1,b=6,c=11
6

Vertex: —£ =
2a 2-1

f(=3)=(=3)> +6(=3)+11=2
Vertex: (-3, 2)

93

23.

24.

25.

26.

Section 2.8

t-intercept: ¢ = 11

s-intercepts: Because the parabola opens upward
(a > 0) and the vertex is above the s-axis, there is
no s-intercept.

Range: all t > 2

f(X)=49x> —10x+17
Since a =49 > 0, the parabola opens upward and
f(x) has a minimum value that occurs when

b -10 5 .. .
X=——=———=—/_ The minimum value is
2a 2-49 49

2
f S =49 S -10 > +17=%.
49 49 49 49

f(xX)= —7x* —2x+6
Since a = -7 < 0, the parabola opens downward
and f{x) has a maximum value that occurs when
b -2 1

2a 2(-7) 7
The maximum value is

et

f(X) = 4x—50—0.1%>
Since a = -0.1 < 0, the parabola opens
downward and f{(x) has a maximum value that

occurs when X = —1 =— 4 =20.The

2a 2(=0.1)
maximum value is
f (20) = 4(20)—50—0.1(20)> =-10.

f(X)=X(x+3)—12=x> +3x—12
Because a = 1 > 0, the parabola opens upward
and f{x) has a minimum value that occurs when

b 3

2a 211

R A

= —% . The minimum value is
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27.

28.

29.

f(x)= x> —2x+4
a=1,b=-2,c=4
b 2 -1
2a 2
The restricted function is g(X) = x> —2x+ 4,
x 2 1. From the quadratic formula applied to

X2—2X+4—y=0, we get

. 2+J4-4D)4-Y) 1t ,—)

2(1) -ty

So the inverse of g(x) is g~ (X) =1+/x—3,
x23.

f(x)= —X* +4x-3
a=-1,b=4,c=-3
b 4
2a 2(-1)
The restricted function is g(X) = x>+ 4x-3,
x = 2. From the quadratic formula applied to
X% +4x-3— y=0, we get
(o At J16—4(=1)(=3~-y)
2(-1)
=2+(-1)4+(-3-Yy)
So the inverse of g(x) is g_1 xX)=2 +\/ﬁ,
x<1

5,,

If we express the revenue r as a function of the
quantity produced g, we obtain

r=pq

r= (100 - 10q)q

30.

31.

32,

ISM: Introductory Mathematical Analysis

r =100q—10q>
This is a quadratic function with a = -10,
b =100, and ¢ = 0. Since a < 0, the graph of the
function is a parabola that opens downward, and
r is maximum at the vertex (g, r).
q= _L _ 100

2a 2(-10)
r =100(5)—10(5)* = 250
Thus, the maximum revenue that the
manufacturer can receive is $250, which occurs
at a production level of 5 units.

If we express the revenue r as a function of the
quantity produced g, we obtain

r=pq

r=(0.85-0.00045¢9)q

r =0.859-0.000459°

This is a quadratic function with a = —0.00045,
b =0.85, and ¢ = 0. Since a < 0, the graph of the
function is a parabola that opens downward, and
r is a maximum at the vertex (g, r).

q__g__ 085 8500
2a 2(-0.00045) 9

r = 0.85(944) —0.00045(944)> = 401.39

Thus, the maximum revenue that the
manufacturer can receive is $401.39, which
occurs at a production level of 944 units.

~944

If we express the revenue r as a function of the
quantity produced g, we obtain

r=pq
r= (2400 - 6g)q
r =2400q—69°

This is a quadratic function with a = -6,

b =2400, and ¢ = 0. Since a < 0, the graph of the
function is a parabola that opens downward, and
r is maximum at the vertex (g, r).

o b 2400 oo
2a 2(-6)

r =2400(200) — 6(200)> = 240,000

Thus, the maximum revenue that the
manufacturer can receive is $240,000, which
occurs at a production level of 200 units.

f(n):mn(lz_n):ﬂn—gnz , where
9 3 9

0<n<12. Since a=—%<0,f(n)hasa

maximum value that occurs at the vertex.
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33.

34.

40
b 3

" 2a o(_10)
22 2(-1)
The maximum value of f(n) is
40 10, _» .
f(6) = ?(6) —3(6) =80-40=40, which
corresponds to 40,000 households.

In the quadratic function
P(X) = —X* +18x+144,

a=-1,b=18, and ¢ = 144. Since a < 0, the
graph of the function is a parabola that opens
downward. The x-coordinate of the vertex

is —L = __18 =9. The y-coordinate of the
2a 2(-1)

vertex is P(9) = —(92 )+ 18(9) +144 =225 .

Thus, the vertex is (9, 225). Since ¢ = 144, the
y-intercept is (0, 144). To find the x-intercepts,
lety=P(x)=0.

0=—x>+18x+144
oz—(x2 —18x—144)

0=-(x-24)(x+6)
Thus, the x-intercepts are (24, 0) and (-6, 0).

P(x)
400+

If k = 3, then

y=lhd

y= 3x2

This is a quadratic equation with a = 3, b = 0 and

¢ =0. Since a > 0, the graph of the function is a
parabola that opens upward. The x-coordinate of

. b 0
the vertex is ——=———=
2a 2(3)
The y-coordinate is
y=3(0)>=0

Section 2.8

Thus, the vertex is (0, 0).
1y

10

35. f(P) =—5—10 P?2+2P+20, where 0 < P < 100.

36.

37.

38.

1 .
Because a= —% <0, f(P) has a maximum

value that occurs at the vertex.

—£ =— 2 =50. The maximum value of
22" 2(-)
50
f(P)is

f(50) = ;—5(50)2 +2(50)+20 =70 grams.

s=—49t2 +62.3t+1.8
Since a = —4.9 < 0, s has a maximum value that
occurs at the vertex where

b _ﬂ:62~3:§:6,36 sec.
2a 2(-49) 98 14

When tzg, then
14

2
S= —4.9(§j + 62.3(§j+1.8
14 14

=199.825 meters.

h(t)=—5-t>+25t +9

Since a = -5 < 0, h(f) has a maximum that

-b
occurs at the vertex where t =—,
2a
25

t=——=2.5 and h(2.5) = 40.25 meters.
2(-5)

h(t)y=-5t* +5t+1.75

Since a = -5 < 0, h(¢) has a maximum that

-b
occurs at the vertex where t = 23
a

t= > =0.5 and h(0.5) = 3 meters.
2(-5)

© Pearson Education Limited 2012



Chapter 2: Functions, Graphs, and Lines

39. h(t)=-5t>+27t+6

Since a = -5 < 0, h(¢) has a maximum that

-b
occurs at the vertex where t = 2’
a

t=——2" _3 and h(3) = 42 meters,

2(=5)
The vertex is (3, 42), y-intercept is (0, 6) and
t-intercepts are given by —5 2 +27t+6=0.

So t-intercepts are
27+/849 27—/849
——,0|and | ———, 0 [.
10 10

h(t)
50
40 -
30

20 H

40. A=x(11-x) =11x-x*,s0Aisa quadratic

41.

42,

function of x where a = -1 < 0. A has maximum

value at the vertex where
b 1111

2a 2(-1) 2°

The area is given by
A= X(150-2x) =150x—2x*
Since a = -2 < 0, A has a maximum when
b 150 . .
X=—-—=———-—=237.5, and the side opposite
2a 2(=2)
to the highway 150 — 2(37.5) = 75. Thus the
dimensions are 37.5 meters and 75 meters.

Let x, y be two numbers whose sum is 78. Thus
x +y =78 and y = 78 — x. Their product is then
p(X) = X(78 — X) = 78X— x>. Since a=—-1 <0,
p(x) has a maximum value that occurs at the

vertex where X= —£ = —7—8 =39 and
2a 2(-1)

y =78 —x =78 —39 =39. Thus, two numbers
whose sum is 78 and whose product is a
maximum are 39 and 39.

ISM: Introductory Mathematical Analysis

Chapter 2 Review Problems

1. Denominator is 0 when

X2 —6X+5=0
(X=D)(x=5)=0
Xx=175

Domain: all real numbers except 1 and 5.

. all real numbers
. all real numbers
. all real numbers

.5=520

s25
Domain: all real numbers s such that s > 5.

f(x):2x2 —3x+5

f(0)=2(0)> -3(0)+5=5
f(=2)=2(-2)> =3(-2)+5=8+6+5=19
f(5)=2(5)%-3(5)+5=50-15+5=40
f(n)=2n2 -3n+5

. h(x) =7, all function values are 7.

Answer: 7,7,7,7

G(x)=x-3
G3)=-3=Y0=0
G(19)=419-3=%16=2
G+ =4t+n-3=%%-2
6= -3

3

X_
F(X)=——
*) X+4
-1-3 4
F-)=——=——
D -1+4 3
F(o):ﬂz_i
0+4 4
5-3 2
FO)=—-==
©) 544 9
l:(XJr:S):(XJr3)—3_ X

(x+3)+4_x+7
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3
10. H(t):M
5
o C1=2° 27
AED="5"="5
_(0-2° _ 8
HO)= 5 5

1. f(—l (21,03
2 2 2 2
f(0)=0%+1=1
2
f (L +1:l+1:§
2) 2 4 4
f(5)=5>-99=125-99 =26
f(6)=6>-99=216-99=117

12. a. fix+h)=3-T(x+h)=3-Tx—Th

b.

f(x+h)—f(x) _ B-7x=7Th)—-(3-7x)

13. a. f(x+h)=11(x+h)’ +4
=11x% +22xh+11h? +4

f(x+h) - f(x)
h
(11 +22xh+11h% +4)— (11X + 4)

&

h
_ 22xh+11h?

=22x+11h
h

7 7

14. a. f(x+h)= =
(x+h)y+1 Xx+h+1

Chapter 2 Review

7 7
b. f(x+h)-f(x) _ xthtl  x+l

h h
7(X+1)—=7(x+h+1)
(X+h+1)(x+1)

h
-7h

(X+h+1)(x+1)h
-7
~(X+h+1)(x+1)

15. fix)=3x-1,g(x)=2x+3

16.

a (f+90)=f)+gx)=Cx-1)+(2x+3)
=5x+2

b. (f+g)4)=54)+2=22

c. (f- g)ix) =flx) - g(x)=Bx—-1)-(2x+3)
=X—

d. (fg)(x) = f(x)g(x)=(Bx-1)(2x+3)
=6x% +7x-3

e. (fg))=6(1)>+7(1)-3=10

g (feo0)x)=f(g(x)=f(2x+3)
=3(2x+3)-1=6x+8

h. (fog)5)=6(5+8=38

i (9o H)(¥)=9g(f(x)=9@Bx-1)
=2(3x-1)+3=6x+1

f(0=—, g0 =x+1
X

(fe@)(x¥)=1f(g(x)=f(x+1)=

(x+1)2
(go f)(x)=g(f(x)>=g(l2]=%+1=
X X
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17.

ﬂx) = m, g(X): X3
(fe9)X)= f(g09)= 1) =X +2
(9o )0 =g(f(x)= g(ﬁ):(\/mf

=(x+2)*'?

18. fix)=2,g(x)=3

19.

20.

(feg()=f(g(x)=1(3)=2
(9° H)(¥)=9g(f(x)=9(2)=3

y:4+x2

Intercepts: If y =0, then 0 =4+ x? , which is

never true.
If x=0, theny = 4.
Testing for symmetry gives:

X-axis: -y=4+ X2
y=-4- X2 , which is not the original
equation.

y-axis: y=4+ (—X)2
y=4+ x?, which is the original
equation.

origin: -y=4+ (—X)2

y=—4- x? , which is not the

original equation.

line y = x: (a, b) on graph, then b=4+ a’ and

a=+Jb—4 #4+b? forall b, so
(b, a) is not on the graph.
Answer: (0, 4); symmetry about y-axis.

y=3x-7
Intercepts: If y=0,then 0 =3x—7,0or x = %

Ifx=0,theny=-7.

Testing for symmetry gives:

X-axis: -y=3x-7
y =-3x + 7, which is not the original
equation.

ISM: Introductory Mathematical Analysis

y-axis: y=3(x)-7
y =-3x -7, which is not the original
equation.

origin: -y =3(-x)-7
y =3x + 7, which is not the original
equation.

line y = x: (a, b) on graph, then b = 3a — 7 and

a= %(b+ 7)#3b—7 for all b, so
(b, a) is not on the graph.

Answer: (0, -7), (%, 0) ; no symmetry of the

given types

10 f
1
G(u)=+u+4
If G(u) =0, then 0=~u+4.
O=u+4,

u=-4

If u=0, then G(u) = 4 =2.

Intercepts: (0, 2), (4, 0)

Domain: all real numbers u such that u > —4
Range: all real numbers = 0

10__G(u)
""" 77 1o
f()=|x+1

If fix) = 0, then 0 =|x+1.

|X| = —1, which has no solution.
If x=0, then fix)=1.
Intercept: (0, 1)

Domain: all real numbers
Range: all real numbers > 1
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23.

24.

25.

26.

27.

f(x)

10
v=g(u)=+-u
If 4(u) =0, then 0=~/-u,
u=0.
Ifu=0, gu)=0.

Intercept: (0, 0)
Domain: all reals <0
Range: all reals >0

o(u)
16

u

62

Domain: all real numbers.
Range: all real numbers < 2

For 2006, t = 5. Hence
S = 150,000 + 3000(5) = $165,000.
S is a function of .

From the vertical-line test, the graphs that

represent functions of x are (a) and (c).
a. 729

b. 359.43

28.

29.

30.

31.

32,

<

3
-0.67;,0.34,1.73

9

TN

=30
-1.38, 4.68

I

[

-5

Chapter 2 Review

-1.50,-0.88, -0.11, 1.09, 1.40

20

N

a. (—o0,00)
b. (1.92,0),(0,7)

20

o
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a. —-9.03
b. all real numbers >-9.03
c. —5,%2.

k-5

33. Solving
3-2

=4 givesk-5=4,k=9.

4-4
5-k

34. The equation =0 is true for any real

number k # 5.

35. (-2, 3) and (0, —1) lie on the line, so
_ —-1-3
C0-(-2)

y=mx+b=y=-2x—1. A general form:
2x+y+1=0.

=-2. Slope-intercept form:

36. y—3=3(x-8)

y—-3=3x-24

y =3x-21,
which is slope-intercept form.
y=3x-21
-y =-3x+21

3x—y-21=0,

which is a general form.
37. Slope of a vertical line is undefined, so slope-

intercept form does not exist. An equation of the
vertical line is x = 3. General form: x — 3 = 0.

38. Slope of a horizontal line is 0. Thus
y—=4=0[x-(-2)]
y-4=0,
so slope-intercept form is y = 4. A general form
isy-4=0.

39. The line 2y + 5x =2 [or y= _§X+1j has slope

—%, so the line perpendicular to it has slope %

Since the y-intercept is —3, the equation is

y =§X—3. A general form is 2x — 5y — 15 =0.
13-7

40. The line has slope 12 = g =3, so an equation

of the lineis y — 7 = 3(x — 2). If x = 3, then

ISM: Introductory Mathematical Analysis

y-7=33-2)
y-7=3
y=10

Thus (3, 11) does not lie on the line.

In Problems 41-45, m = slope of first line, and

m, = slope of second line.

41. x+4y+2=0 (ory=—%x—%] has slope
m =—% and 8x —2y—-2=0(ory=4x—1) has

slope my =4. Since m = —é , the lines are
perpendicular to each other.
42, y—-2=2(x-1) (or y =2x) has slope m =2, and
2x+4y-3=0 (ory: —%X—F%j has slope
m, = —l. Since my = L , the lines are
2 m

perpendicular.

43. x-3=2(y+4) [ory=%x—%) has slope

m =%, and y = 4x + 2 has slope m, =4. Since
m #M, and m # —L, the lines are neither
m
parallel nor perpendicular to each other.
2 4
44. 2x+7y—-4=0|ory= —7X+7 has slope
2

m = 7 and 6x + 21y =90

2 30 2

ory=——X+— | has slope =——. Since

( Y 7 7 j pe M 7
M, = my, the lines are parallel.

45. y =7xhas slope m =7, and y =7 has slope
m, =0. Since M # M, and M ;t—L,the
m

lines are neither parallel nor perpendicular.
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46. 3x-2y=4 49. 3x-5y=0
2y=-3x+4 =5y=-3x
3 3
y ) y 5x
m=2
2 m=3

=

i )3C =_—3y N j 50. y=f(x) =17 — 5x has the linear form
y__);-l- 4 fx)=ax+ b, wherea=-5and b =17.
y=-7X+7 Slope = —5; y-intercept (0, 17).
; ’ . 25
1

m=——
3

51. s=g(t)=5-3t +12 has the quadratic form
gt)y=at’> +bt+c, wherea=1,b=-3,c=5.

Vertex: —£ 3.3
48. 4-3y=0 " 2a 2() 2
-3y=-4 2
yzi g(éj:5_3(§j+[§j :E
3 2 2 2 4
=0
" = Vertex = é, 1—1
2 4
y .
| s-intercept: ¢ = 5
4t t-intercepts: Because the parabola opens upward
3 (a > 0) and the vertex is above the t-axis, there is
,,,,,,,,,, x no t-intercept.

N

101
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52, y=f(x)=9- x? has the quadratic form

f(X):aX2+bx+c,wherea=—1,b=0and
c=9.

Vertex: —£ = —L =0
2a 2(-1)
f(0)=9-0>=9

= Vertex = (0, 9)

y-intercept: ¢ =9

x-intercepts: 9— x> = (B3-x3+x)=0,so
x=3,-3.

53. y =f(x) =3x—7 has the linear form f{x) = ax + b,

where a =3, b =-7.
Slope = 3; y-intercept (0, —7)

54, y=h(t)=3+2t +t2 has the quadratic form

h(t) = at?> +bt+c, wherea=1, b =2, and
c=3.
Vertex: _b 2 __

2a 2(1)
h(=1)=3+2(-1)+(-1)*> =2
= Vertex = (-1, 2)
y-intercept: ¢ =3
Since 3+2t+t> >0 for all t, there are no
t-intercepts.

ISM: Introductory Mathematical Analysis

55. y = k(¢) = -3 — 3¢ has the linear form

k(t) = at + b, where a = -3, b = 3.
Slope = -3, y-intercept (0, —3)
y

56. p = g(t) =7t has the linear form g(¢) = at + b,

where a =—7 and b = 0.
Slope = —7; p-intercept (0, 0)

57. y= F(x):-(x2 +2x+3) =—x*-2x-3 has

the quadratic form F(X) = ax’ +bx+ C, where
a=-1,b=-2,and c =-3

Vertex: —£ = 2 =
2a 2(-1)

F(-1)= —[(—1)2 +2(—1)+3J -2

= Vertex = (-1, -2)

y-intercept: ¢ = -3

x-intercepts: Because the parabola opens
downward (a < 0) and the vertex is below the
x-axis, there is no x-intercept.
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58.

59.

60.

61.

y = f(X) =5X+2 has the linear form
fix) =ax+ b, where a=5, b=2.
Slope = 5; y-intercept (0, 2)

10

Slope is %4: f(x) :aX+b:—§X+b. Since

Al) =5,

4
5=——(D+Db
3’()
=L
3
Thus f(x)=—£x+£.
3 3
The slope of f'is >-8 :_—3:—1.Thus
2-(-1) 3

fix)y=ax+b=-x+b. Since f(2) =5,
5=-2+b

b=1

Thus fix) =—x+7.

Let p, and p, be the prices (in dollars) of the two
items before the discount. The sum of the prices
is p, + p,, which is equal to 7. After the 7%

discount, the prices become 0.93p, and 0.93p,, so

their sum is 0.93p, + 0.93p,, which is supposed
to equal 5.25.

Therefore, we have the system

p+p,=7 @)
0.93p,+0.93p,=5.25 (2)

62.

63.

64.

Chapter 2 Review

Multiplying equation (1) by 0.93 gives

0.93p, +0.93p, =6.51
0.93p, +0.93p, =5.25

and subtracting the equations results in 0 = 1.26,
which is clearly false. This indicates that the
system does not have a solution, i.e. the scenario
is not possible.

a. R=aL+b.If L=0,then R=1310. Thus we
have 1310=0-L + b, or b =1310. So
R =aL + 1310. Since R = 1460 when L =2,
1460 = a(2) + 1310
150 = 2a
a=175
Thus R =75L + 1310.

b. If L=1, then
R =75(1) + 1310 = 1385 milliseconds.

¢. Since R =75L + 1310, the slope is 75. The
slope gives the change in R for each 1-unit
increase in L. Thus the time necessary to
travel from one level to the next level is 75
milliseconds.

ytr =160; Yrc =80+10,000. Letting

YIR = Y1C gives

16g = 8¢ + 10,000

8¢ = 10,000

q =1250

If g = 1250, then ytr =16(1250) =20,000.
Thus the break-even point is (1250, 20,000) or
1250 units, $20,000.

C =aF + b. The points (32, 0) and (212, 100) lie
on the graph of the function. Thus its slope is

100—_0=1ﬂ=§,so C=§F+b. Since
212-32 180 9 9

C=0when F =32, 0=§(32)+b, SO

b:—@.Thus CZEF—@ or
9 9 9
C=§(F—32).When

F =50, then C =§(50—32)=%(18)=10 .
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65. Equating L-values gives

0.0183— 00042 _ 0.0005 +M
0.0178 =&p42

0.0178 p=0.042
p=2.36

The equilibrium pollution level is about 2.36
tons per square kilometer.

Chapter Test

1. For +v4Xx+3 to be real,
dx+3>0
4dx>-3

x>

Answer: all real numbers > —%

2. We exclude all values of x for which
32 —5%x—2=0
Bx+DH(x-2)=0

x=—l,2
3

Answer: all real numbers except 2 and —%

3. G(x =2-x°
G(-8)=2—(-8)* =2-64=—-62
Gu)=2-u?
Gu*)=2-w?)?=2-u*

4. Weekly excess of income over expenses is
7200 — 4900 = 2300.

After r weeks the excess accumulates to 2300z.
Thus the value of V of the business at the end of
t weeks is given by V =f{(r) = 50,000 + 2300¢.

5.a. 3
b. 7

6. F(3)=3*-33)+1=1

F(-3)=2(-3)-5=-11
F(2) is not defined.

10.

11.

12.

13.

ISM: Introductory Mathematical Analysis

The cost for buying # tickets is
9.5n 0<n<12
c(n) =
8.75n 12<n
a. fl0)=0,/(2)=1,/3)=3,/4)=2
b. Domain: all x such that 0 <x <4
c. Range:all ysuchthat0<y<3
d. fix)=0forx=0. So areal zero is 0.
Domain: all real numbers

Range: all real numbers > 0
18@)

For \/; to be real, x must be nonnegative. For
the denominator x — 1 to be different from 0, x
cannot be 1. Both conditions are satisfied by all
nonnegative numbers except 1.

Domain: all nonnegative real numbers except 1.

h(u):\/uu+4

h(s)= Y3 +4 93
5 5 5

ha= YA+ 0 g

4
h(x)=\/X;4
h(u—4):’/(u_4)+4 _ Ju
u—4 u—4

fd)=4+16=20

f=2)=-3

£0)=-3

(1) is not defined.

a. f(x+h)y=3(x+ h)2 +(x+h)-2
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1

Foxh-f 15. f(x):%z, 909 =—=

b.

h X
3(x+h)2 +(x+h)—2—(3x2+x—2) 1 _9
= 1-2x
h (F29)00 = 1(g00) = —= =
_3x2+6xh+3h2+x+h—2—3x2—x+2 X
- h ( _ 1 3
go F)x)=9(f(x) = =\
_ 6xh+3h* +h /x%z X=2
- h
=6x+3h+1
16. y=9(t) =Tal
14. f(x)=—x>, g(x)=3x-2 =
) If y=0, then 0= L , which has no solution.
a. (f+9)(X)=f(X)+9g(X)=-Xx"+3x-2 |t*4|
2 1
b (f-g)00=Tf()-g(® Ifr=0,theny= 7=~
=—x* -(3x-2) !
— 32 _3x42 Intercept: [O, EJ
) Domain: all real numbers 7 such that t # 4
. (f-9)(-3)=—(3)"-3(-3)+2=2 Range: all real numbers > 0
d. (fg)(x)= f(x)g(x) 10 18®
= (-x")(3x-2) I
=-3x> +2x°

2
i(x):M: X

g 9(x)  3x-2

(M2
b L@
g 3(2)-2 17. 20
g (fo9)(x=1f(gX)
= f(3x-2) -8 /_\"‘ 8
=-(3x-2)* \
=-9x% +12x—4
=20
h. (go 1)) =g(f () o)
=9(-x%)
=3(-x*)-2 18. Slope of y =3x — 4 is m = 3, so slope of parallel
_ 2_, line is also m = 3. Thus
= y= (1) =3[~ (-D)]
y+1=3x+3,
i (go f)(—4)=-3(-4)* —2=-48-2=-50 Slope-intercept form: y = 3x + 2. General form:
3x-y+2=0.

105
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5.7 5
19. -3y +5x=7|ory=—=x——| has slope —.
5= [ory =257 has stope
. . . 3
Thus the line perpendicular to it has slope 3

and its equation is y—2 = —%(X—l) , or

y=—§x+%. A general form is 3x + 5y — 13 =

0.

24,

20. y=5x+2hasslope5, and 10x —2y =3
[or y= 5X—%j has slope 5. Since the two

slopes are equal the lines are parallel.

21. y=F(X)=2x—-1)? =4x%> —4x+1 has the

quadratic form F(X) = ax’ +bx+c, where
a=4,b=-4,c=1.

Vertex: —£ = = = 1
2a 2-4 2

2
F 1 =|2 1 -1 =0
2 2
1
= Vertex = (—, OJ
2
y-intercept: ¢ = 1

x-intercepts: (2X—l)2 =0,so X:%

I

R
N[ —

r = pg = (200 -2q)q = 200q - 2q> , which is a
quadratic function with a = -2, b =200, ¢ = 0.
Since a < 0, r has a maximum value when

q= —£ = _200 =50 units. If g = 50, then
2a -4

r = [200 — 2(50)](50) = $5000.

22,

106

23.

25.

ISM: Introductory Mathematical Analysis

Let ¢ be the number of years since Mehdi bought
his car. Assuming linear depreciation, the slope

~ 32000 - 53000
is ———— =-7000. We also know that

3
at t = 0, the function value is 53000, which is the
y-intercept of the line. So a linear function for
the value of the car is

f (t) =—7000t + 53000

a. At the break-even point, Total Revenue =
Total Cost:

RO =C(¥)
700x = 250X+ 2000
450x = 2000

x=20 _ 4 444
9

So the break-even point occurs at around
4444 policies.

40,000 4

30,000 4
R(x)

20,000 - €t

10.000 4

#of Policies

¢. R(6)=4200 and C(6) = 3500.

a. Let x be the dollar amount of sales made
each month.

Total salary = base salary + commission.

For Option 1, 5% commission is earned
only on sales over $3000, and there will be
no commission if the amount of sales made
in a month is $3000 or less. The total
amount of commission earned is therefore
given by the piecewise-defined function

0 if x <3000
0.05(x —3000) if x > 3000
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So the salary function is

S, (x) = .
500 if x <3000

500+ 0.05(x —3000) if x > 3000

500 if x <3000
350+ 0.05x ifx > 3000

For Option 2, 3% commission is earned on
all sales, so the total amount of commission
earned is 0.03x, and we have the salary
function

S,(x) = 400 +0.03x

b. Option 1: To make $4000,

350+0.05x= 4000
0.05x=3650
X=73000

So Ahmad must make $73,000 worth of
sales.

Option 2: To make $4000,

400+0.03x= 4000
0.03x=3600
x=120000

So Ahmad must make $120,000 worth of
sales.

c. For x <3000, the value of S,(x) is at most
300 + 0.03 x 3000 = 490, which is less than
S,(x) = 500. For x > 3000, the graph of S (x)
rises faster (i.e. has a greater slope) than the
graph of S,(x). Hence the graph of S,(x)
always lies above the graph of S,(x), so
Ahmad will be better off with Option 1.

p=065q (supply)

26. Rewrite R
p=—q +2850 (demand)

p-659=0 )
as
p+g>=2850 (2)

Explore & Extend—Chapter 2

Subtract (1) from (2) to get

g’ +65q=2850

g +650-2850=0

(9-30)(g+95)=0

q=30or —95

Since ¢ is a quantity of goods, it must be
nonnegative. So ¢ = 30 is the equilibrium
quantity, and the corresponding value of p is p =

65 x 30 = 1950, which means that the
equilibrium price is $1950.

27. If x is the number of unsold seats, then there are
100 — x passengers booked on the flight. Each
passenger paid a fare of $(1200 + 100x), so the
total revenue is

R(x) = (100 — x)(1200 +100x)
=-100x* +8800x+ 120000
28. Total Profit = Total Revenue — Total Cost
P(X) = R(X) - C(x)
= (110x—x*)— (300 + 6X)
=—x* +104x-300

This is a quadratic function whose graph is a
parabola that opens downward. The maximum
occurs at its vertex, for which

b __104_

=52
2a -2
The maximum value is P(52) = 2404.
Explore & Extend—Chapter 2

1. P(1351)=40+0.43x(1351-25)=610.18
P(1351) =250

so the person would lose 610.18 — 250 = 360.18
riyals by using plan P,.

2. From the graph, P, and P, intersect at the point
where P, =65+ 0.41(¢ — 100) and P, = 110. This
occurs when
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65+0.41(t—100) =110
0.41t=110+41-65=86

t= 86 =209.76
0.41

Thus, plan P, is better for ¢ between 83.14 and
209.76 minutes.

. P, and P, intersect at the point where P, = 110 +
0.37(t — 250) and P, = 190. This occurs when

108
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110+ 0.37(¢ —250) =190

0.37t =190+92.5-110=172.5
172.5

=

0.37

= 466.22

Thus, plan P, is better for # between 209.76 and
466.22 minutes.
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Chapter 3

Apply It 3.1 V—rV=V(1 -r). Since r = (.15, the factor by
which V decreases for the first year is

1. The shapes of the graphs are the same. The value 1-r=1-0.15=0.85. Similarly, after the

of A scales the value of any point by A.

. Let P be the amount of money invested and r the
rate at which the investment grows. Then after
one year, the investment has increased by Pr and
the total amount of money invested becomes
P+Pr =P(+r). Here r = 8.6% = 0.086, so the

factor by which P increases in the first year is

1 + r=0.086. During the second year, the
investment increases from P(1 + r) to
P(L+7r)+rPA+r) =P +r)(1+r) =P +r),
and the multiplicative factor is (1 + r)* = (1 +
0.086)° = (1.086)’ = 1.1794. Continuing in this
way, we find that the factor of increase in the
third year is (1.086)’ = 1.2808, and the factor of
increase in the fourth year is (1.086)" = 1.3910.
This pattern is shown in the table below:

Year Multiplicative | Expression as a
Increase Power
0 1 1.086"
1 1.086 1.086'
2 1.1794 1.086°
3 1.2808 1.086’
4 1.3910 1.086"

The growth of the investment is exponential with
base 1 + r =1+ 0.086 = 1.086. The graph of the
multiplicative increase as a function of the

number of years is as follows:
y

2.0

1.0

0.5 x
0 1 2 3 4 5 6 7 8 9
years

From the graph, the investment will double
(i.e. the multiplicative increase reaches 2) in
approximately 8.5 years.

. If V = the value of the car and

r = the annual rate at which V depreciates, then
after 1 year the value of the car is

second year the value of the car is
V(@-1)-r[V(1-r)]=V(-r)?. Again, since

r =0.15, the multiplicative decrease for the
second year is (1-r)? = (1-0.15)%> =0.72. This
pattern will continue as shown in the table.

Year Multiplicative | Expression
Decrease
0 1 0.85
1 0.85 0.85"
2 0.72 0.85°
3 0.61 0.85°

Thus, the depreciation is exponential with a
base of 1 —r=1-0.15=0.85. If we graph the
multiplicative decrease as a function of years, we
obtain the following.

y

2+

1\ x

| N I |
1 2 3 4 5  years

. Let ¢ = the time for which Jihan's sister has been

saving; then since Jihan is 3 years behind,
t — 3 = the time for which Jihan has been saving.

Therefore, if y= 1.08" represents the
multiplicative increase in Jihan’s sister’s account
y= 1.08 73 represents the multiplicative

increase in Jihan’s account. A graph showing the
projected increase in Jihan’s money will have the
same shape as the graph of the projected increase
in his sister’s account, but will be shifted 3 units
to the right.

S=P@+r)"

S=2000(1+0.13)° = 2000(1.13)° =~ 3684.87

The value of the investment after 5 years will be
$3684.87. The interest earned over the first 5
years is 3684.87 — 2000 = $1684.87.
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