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CHAPTER ONE

CRITICAL THINKING SKILLS

Exercise Set 1.1

1

> w

© o NG

10.

11

13.
15.

17.

19.
21.

23.

25.

al2345,..
b) Counting numbers

a) If a+b hasaremainder of zero, then a is
divisbleby b.

b) 4,8, 12

€)9, 18,27

A conjectureisabelief based on specific observations that has not been proven or disproven.
Inductive reasoning is the process of reasoning to ageneral conclusion through observation of

specific cases.

Deductive reasoning is the process of reasoning to a specific conclusion from a general statement.
A counterexampleis a specific case that satisfies the conditions of the conjecture but shows the conjectureis false.

Inductive reasoning
Deductive reasoning

Inductive reasoning, because a general conclusion was made from observation of specific cases.
Inductive reasoning, because a general conclusion was made from observation of specific cases.

1 5(1+4) 10(4+6) 10(6+4) 5(4+1) 1
5x9=45

5

15, 18, 21 (Add 3 to previous number.)
-1,1,-1 (Alternate- land 1)

1 1

—,——,—— (Multiply previous humber by =
81'243' 729 ( PyP y )
36, 49, 64 (The numbersin the sequence are

the squares of the counting numbers.)

12.

14.
16.

18.

20.
22.
24.

26.

100,000 =10°
11x14=154

2,-4,- 10 (Subtract 6 from previous number.)
-5,-7,-9 (Subtract 2 from previous number.)
162, - 486, 1458 (Multiply previous number
by -3.)

21,28,36 (15+6=21,21+7 = 28,28+ 8=36)



2 CHAPTER 1 Critical Thinking Skills

27. 34,55, 89 (Each number inthe sequenceis the 80 160 320
sum of the previous two numbers.) 81 243’729

(Multiply previous number by —%.)

29. Y: Therearethree lettersin the pattern. 30. a) Answerswill vary.
39%x3=117, 0 the 117" entry is the second R in the b) The sum of the digitsis9.
pattern. Therefore, the 118" entry is Y. ¢) The sum of the digitsin the product when a one

or two digit number is multiplied by 9is 9.
31. a) 36,49, 64
b) Square the numbers 6, 7, 8, 9 and 10.
c) 8x8=64 9%x9=81

72 is not asquare number sinceit falls
between the two square numbers 64 and 81.

32. @ 28and 36

b) To find the 7" triangular number, add 7 to the 6™ triangular number. To find the 8" triangular number, add 8 to the
7" triangular number. To find the 9" triangular number, add 9 to the 8" triangular number. To find the 10" triangular
number, add 10 to the 9" triangular number. To find the 11" triangular number, add 11 to the 10" triangular number.

c) 36+9=45 45+10=55 55+11=166 66+12=78

72 isnot atriangular number since it falls between the two triangular numbers 66 and 78.
33. Blue: 1,5,7,10,12 Purple: 2,4,6,9,11 Yellow: 3,8
34. a) 19 (Each new row has two additional triangles.)

b) 1+3+5+7+9+11+13+15+17+19=100
35. a) =58 million

b) = 45 million

¢) We are using observation of specific cases to make a prediction.
36. a) =$28,000

b) = $61,000

¢) We are using observation of specific cases to make a prediction.

37. 38.
P/ B|P|B J_[—‘
BIP|B|P -
P/ B|P|B ]
B|P|B|P j_1_4

39. a) You should obtain the original number.
b) Y ou should obtain the original number.
¢) Conjecture: The result is always the original number.

d) n,4n,4n+8,M=ﬂ+§=n+2,n+2—2=n
4 4 4

40. a) You should obtain twice the original number.
b) Y ou should obtain twice the original number.
c¢) Conjecture: The result is always twice the original number.

d) n,lOn,10n+5,10n—5+5=1%n+§= 2n+1,2n+1-1=2n



SECTION 1.2 3

41. a) You should obtain the number 5.
b) Y ou should obtain the number 5.
¢) Conjecture: No matter what number is chosen, the result is always the number 5.

2n+10 2n 10

d) n,n+Ln+(n+1)=2n+12n+1+9=2n+10, =—+—=n+5n+5-n=5

42. a) You should obtain the number 0.
b) Y ou should obtain the number O.
¢) Conjecture: No matter what number is chosen, the result is always the number O.

d) n,n+1o,&510,5£L510j —n+10,n+10-10=n,n—n=0

999x 999 = 998,001 is one example.
11+12+13= 36 isone example.

R &

45. Twoisacounting number. Thesum of 2 and 3is5. Fivedivided by twois g which is not an even number.

46. One and three are counting numbers. The product of 1 and 3is 3, which isnot divisible by 2.
47. Oneand two are counting numbers. The difference of 1 and 2 is 1-2=-1, which is not a counting number.
48. The sum of the odd numbers 1 and 5 is 6, which is not divisible by 4.
49. a) The sum of the measures of the interior angles should be 180° .
b) Y es, the sum of the measures of the interior angles should be 180° .
¢) Conjecture: The sum of the measures of the interior angles of atriangleis 180° .
50. a) The sum of the measures of the interior angles should be 360°.
b) Y es, the sum of the measures of the interior angles should be 360°.
¢) Conjecture: The sum of the measures of the interior angles of a quadrilateral is 360°.

51. 129, the numbersin positions are found as follows:
a+b+c

52. 1881, 8008, 8118 (They look the same when looked at in amirror.)
53. Counterexample
54. ¢

Exercise Set 1.2

(Note: Answersin this section will vary depending on how you round your numbers. The answers may differ from the
answers in the back of the textbook. However, your answers should be something near the answers given. All answers are
approximate.)

1. 431+327.2+73.5+20.4+315.9 = 430+ 330+ 70+ 20+ 320=1170
2. 3.89+402.8+156.9+189+0.23+416 =~ 4+ 403+157+190+0+ 416 =1170

3. 297,700x 4087 ~ 300,000 4000 = 1, 200,000,000 4. 1854x0.0096 ~1900x0.01=19
g 405 40 _ . 6. 297.521-85.964 ~300—90 =210
0049 0.5
7. 0.049x1989 ~ 0.05x 2000 = 100 8. 9% of 2164 ~10% of 2200 = 0.10x 2200 = 220
9.  51,608x 6981~ 52,000 7000 = 364,000,000 1o, 00498 005 _
0.00052 0.0005
11.  592x2070x992.62 12.  296.3+0.0096 ~ 300+ 0.01= 30,000

= 600x 2000x1000 =1, 200, 000,000
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13.

15.

17.

19.

21.

23.

25.

27.

29.

3L

35.

52x$0.37 =~ 50x $0.40 = $20

1521+1897 + 2324+ 2817
=~ 1500+ 1900+ 2300+ 2800 = 8500 mi

$2.29+$12.16+ $4.97 + $6.69+ $49.76 + $0.47
+$3.49+ $5.65 = $2+ $12 + $5+ $7 + $50 + $0.50
+$3.50+$5.70 = $85.70

$44,569  $45,000
5

=$9000

9x5.12=9x5=451b

23,663 24,000
12 12

= 2000 mi

12($29.17+$39.95)
~12($30+$40) = 12($70) = $840

15% of $38.60 = 15% of $40 = 0.15x$40 = $6

100 Mexican pesos =100x0.092 U.S. dollars

~100x0.09 U.S. dollars=9 U.S. dollars
$50-$9=$41

=~ 375 miles

a) 30.98%x%105 million = 31%x105 million
=0.31x105 million = 32.55 million = 32.6 million
b) 18.41%x 3141

~ 18%x 3100 = 0.18x 3100 = 558 counties

¢) The counties that use punch cards could be the
largest counties with the most voters.

a) 4 million

b) 98 million

¢) 98 million —34 million = 64 million

d) 19,000+ 78,000+ 82,000+ 61,000+ 35,000
=275 million

14.

16.

18.

20.

22.

24.

26.

28.

30.

32.

36.

32 hoursx $7.95 per hour
~ 32 hoursx $8 per hour = $256

6x15.87 = 6x16 =96 b

32,798-14,292 = 32,800-14,300 =18,500 Ib

8% of $14,876
~ 8% of $15,000 = 0.08x$15,000 = $1200

$1087 _$11_ $3.6 = $3.70 per pound
32 3

Team A: 189+172+191=190+170+190 = 550
Team B: 183+ 229+167 = 180+ 230+170 = 580
580-550=301b

3.8 grubs per square foot x (60 ft x80.2 ft)
~ 4 grubs per square foot x (60x80 square feet)
= 4x 4800 grubs =19, 200 grubs

$973+6($41) + 6($97) + 6($90)
~ $970+ 6($40) + 6($100) + 6($90)
= $970+ $240+ $600 + $540 = $2350

=~ 70 miles

a) 39%x$40,075 = 40%x $40, 000 = $16,000
b) 22.9%x$40,075 = 23%x $40,000 = $9200

a) 19%
b) 25%
C) 28% of 180 Ib=0.28x180=50.4 =50 Ib



37.

39.

49.

41
43.
45
47

a) 83%

b) 65%—45% = 20%

) 83% of 110,567

=~ 0.83x110,567 = 91,770.61~ 91,771 sq mi

d) No, since we are not given the area of each state.

25

=~ 90 berries
150°

10%

9 sguare units
150 feet

51.-59. Answerswill vary.

61.

63.

There are 336 dimples on aregulation golf ball.

Answerswill vary. The U.S. government
categorized the middle class as
$32,000 - $50,000 in 2001.

Exercise Set 1.3

lin. 3.75in.
50mi - X mi
1x =50(3.75)
Xx=187.5mi

38.

40.
42.

46.

50.

60.

62.

2.

SECTION 1.3

a) 2(410)+4(545)

~ 2(400) + 4(550) = 800+ 2200 = 3000 calories
b) Running: 4(920) =~ 4(925) = 3700 celories
Casual bikeriding: 4(300)=1200 caories,
3700-1200 = 2500 calories

c) 3(545)+ 3(545) ~ 3(550) + 3(550)
=1650+1650 = 3300 calories per week ,

3300 calories per week (52 weeks)

~ 3000x 50 =150, 000 calories

32
= 160 leaves

315°

25%

12 sguare units

5(62)=310in. or % =25.83= 2581t

There are 118 ridges around the edge.

a) Answerswill vary.
b) 60 seconds per minutex 60 minutes per hour

X 24 hours per day = 60x60x 24 seconds per day
= 86,400 seconds per day ,

1,000,000

=11.57407407 =11.6 days
86,400

lin. _ xin.
121t 82ft
12x=1(82)
12x 82
12 12

82 1

x=—=6—0=6E in. or 6.83 = 6.83in.
12 12 6

5
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3.

11

13.

3ft 4841t

12ft  xft
3x=1.2(48.4)
3x 58.08
3 3

LI

11.5% of $4222 = 0.115($4222) = $485.53
$4222 + $485.53 = $4707.53

20,000 miles

: =1000 gallons
20 miles per galon

Hawaii: 1000($2.02) = $2020
South Carolina: 1000($1.22) = $1220
$2020—-$1220 = $800

Denise parks her car for eight hours per day.
5[ $2.50+$1.00(7 hours per day) |

= 5[$2.50+$7.00] = 5($9.50) = $47.50
Savings: $47.50—$35.00 = $12.50

$120+$80(15) = $120+ $1200 = $1320
Savings: $1320—-$1250 = $70

20 year mortgage: $752.40(12)(20) = $180,576

30 year mortgage: $660.60(12)(30) = $237,816
Savings: $237,816 - $180,576 = $57,240

lbag xbags
6000 ft> 26,000 ft?
6000x = 1(26,000)
6000x _ 26,000
6000 6000
_ 2600 _ 3433 bags
6000

6. Cost for mileage:

10.

12.

14.

$0.30 = | =$0.30(12)(5) = $18.00

5
Cost for sitting still:
2 minutes = 2(60) =120 seconds

m:ao(%j = $0.30(4) = $1.20

Cost for ride: $2.00+$18.00+$1.20 = $21.20

a) =1980-1900 or 80 hours

b) ~ 2000 hours
52 weeks

1500 hours
- 52 weeks

= 38.46153846 ~ 38.5 hr/wk

C) = 28.84615385 ~ 28.8 hr/wk

$3.75+ (21— 3)($0.50) = $3.75-+18($0.50)
=$3.75+$9=$12.75

$20,000 down payment:

$20,000+ $699.99(12) (30)

=$20,000+ $251,996.40 = $271,996.40
$40,000 down payment:

$40,000+$559.20(12) (30)
=$40,000+$201,312 = $241,312

Savings: $271,996.40—-$241,312 = $30,684.40

Points needed for 80 average: 80(5) = 400 points

Wallace' s points so far:
77+93+90+ 76 = 336 points

Grade needed on fifth exam: 400—336 = 64



15.

17.

19.

21.

23.

a) 865 =~ 2.54;% =~ 2.54;% =~ 2.54;
34 36 38
1015 2.54;—106'5 =~254...
40 42

So, 48(2.54) =122.

b) Answerswill vary. A close approximation can be

obtained by multiplying the U.S. sizes by 2.54.

a) 460 =9.2min
50
b) 1550 =62 min
25
c) 1400 =40 min
35
d) 1550 N 2200 _ 3750 _ 150 min
25 25 5

a) 11% of 273,300,000

= 0.11(273,300,000) = 30,063,000

b) 10% of 970,000 = 0.10(970,000) = 97,000
c) 3% of 970,000 = 0.03(970,000) = 29,100

By mail: ($52.80+$5.60+ $8.56)x 4

=$66.96x 4 =$267.84

Tire store: $324 + 0.08x $324
=$324+$25.92 = $349.92

Savings: $349.92-$267.84 = $82.08

a) $620(0.12) = $74.40
b) $1200(0.22) = $264

) The storelost $1200-$1000 = $200 on
the purchase.
Store's profit: $264— $200 = $64

16.

18.

20.

22.

24.

SECTION 1.3

a) 10-10-10-10=10,000
b) 1in 10,000

38,687.0 mi —38,451.4 mi = 235.6 mi

235.6 mi

=18.6984127 =~ 18.7 mpg
12.6 ga

a) 40x$8.50x52=$17,680
b) Each week he makes 40x $8.50 = $340.
$1275

—— =3.75weeks
$340

(1yd)® =(3ft)" =9 ft?
2400x9 = 21,600 ft?
lgd  xgad
350 ft> 21,600 ft?
350x = 1(21,600)
350x 21,600
350 350

=61.71428571~= 62 gd

a) 0.1.cm®x60 secx 60 minx 24 hrx 365 days
= 3,153,600 cm®
b) 30 cmx 20 cmx 20 cm=12,000 cm?®

0.1 cm®x 60 secx 60 minx 24 hr = 8640
12,000

=1.38 =~1.4 days
8640 i
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25.

27.

29.

31

Let x= the amount above $12,000
$4950— $1200 = $3390
0.15x _ $3390
015 015
x =$22,600
$12,000+ $22.600 = $34, 600

7(2) + 5(1) +4(29)+ 3(201) + 2(1408) +1(10, 352)
=14+5+116+ 603+ 2816+10, 352
=13,906 violations

a) Yes, divide the total emissions by the emissions
per capita.

b) 6503?;8 = 267.6460905 =~ 267.65 million

4964.8

C) =1241.2 million or 1.2412 billion

Value after first year: $1000+0.10($1000)

=$1000+ $100 = $1100

Value after second year: $1100—0.10($1100)
=$1100—-$110 = $990

$990 is lessthan the intia investment of $1000.

$200

26.

28.

30.

a) 10zx60 minx 24 hrx 365 days = 525,600 0z
525,600

= 4106.25 gal

b) _4182';5 x$11.20 = 4.10625x $11.20 = $45.99

a) 20,000 20,000
20.8 216
= 35.6125356 ~ 35.61 gal

b) 35.61x$1.60 = 56.976 =~ $56.98
¢) 140,000, 000x 35.61 = 4,985, 400,000 ga

= 961.5384615—925.9259259

Cost after 1 year: $450+ 0.06($450)
= $450+$27 = $477

Cost after 2 years: $477+0.06($477)
=$477 + $28.62 = $505.62

32. After paying the $100 deductible, Y ungchen must

pay 20% of the cost of x-rays.

First x-ray:

$100+ 0.20($540) = $100+ $108 = $208
Second x-ray: 0.20($920) = $184
Total: $208+ $184 = $392

33. a oL = 4.87804878 The maximum number of 10 packsis 4.

10 packs 4 packs Number of rolls
4 2 4(10)+2(4) =48
3 46
2 6 44
1 9 46
0 11 44

$200— (4x $41) = $200— $164 = $36 , $36

Maximum number of rolls of filmis48.

7 = 2117647059 Deirdre can aso buy two 4 packs.

Cost
4($41) + 2($17) = $198
$191
$184

$194
$187

b) The cost is $198 when she purchases four 10 packs and two 4 packs.



SECTION 1.3

34. @) $$:$6 ~8.6805 The maximum number of 4 packs of 36 exposuresis 8.
$50— (8% $5.76) = $50— $46.08 = $3.92 , Erika cannot buy any 24 exposures.
4 packsof 36 exp. 4 packs of 24 exp. Number of exposures Cost
8 0 8(36)+0(24) =288 8($5.76) + 0($4.08) = $46.08
7 2 300 $48.48
6 3 288 $46.80
5 5 300 $49.20
4 6 288 $47.52
3 8 300 $49.92
2 9 288 $48.24
1 10 276 $46.56
0 12 288 $48.96

2 packs of 24 exposures and 7 packs of 36 exposures, or 5 packs of 24 exposures and 5

packs of 36 exposures, or 8 packs of 24 exposures and 3 packs of 36 exposures

b) 300 exposuresin each case

¢) The minimum cost is $48.48 when she purchases 2 packs of 24 exposures and 7 packs of 36 exposures.

35. a) water/milk: 3(1) =3 cups salt: 3(%] =§ tsp

cream: 3(3)=9 thsp = 1_96 cup (because 16 thsp = 1 cup)

b) water/milk: 2+§'75 = 5—275 = 2.875 cups = 2% cups
slt: 025+05_075_ 0.375 tsp _3 tsp cream: 05+0.75_125_ 0.625 cups _> cup

2 8 2 2 8

= 2(16 thsp) =10 thsp
c) water/milk: 3§—1:E—ﬂ :E = 2§ cups
4 4 4 4 4
Sa|t:l_£:ﬂ_£:§tsp Crm:g—izg_izg cup = 9 thbsp
2 8 8 8 8 4 16 16 16 16

d) Differences exist in water/milk because the amount for 4 servingsis not twice that for 2 servings. Differences also

exist in Cream of Wheat because % cup is not twice 3 thsp.
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36. a)rice: %(4): 2 cups b) rice: 1(2)=2 cups
1 4 16 1 1 9 18 2 1
ater: 1=(4)=2(4) == =5= ater: 2=(2)=2(2)=2=4%=4=
wate: 12(0)= 2006l e water 22(2)- 2(9)= a2 - 02 s
slt: %(4):1 tsp salt: %(2):1 tsp
butter/margarine: 1(4) =4 tsp butter/margarine; 2(2) = 4 tsp
C) rice: l+11:1+§:ﬂ:2 cups
2 2 2 2 2
water: 1£+3£=£+E=E=4E cups
3 3 3 3 3 3
3_4

1
st: = +—=—=11t
4 4 4 ¥
butter/margarine: 1 tsp+ 1 thsp=1tsp+ 3 tsp= 4 tsp
d) rice 3—1=2cups
124 9 15 .3

water: 6-2—= —=—=23-— cups
4 4 4 4 4
11

st: 1=—-==1t
2 2 P
butter/margarine: 2 thsp = 2(3tsp) =6 tsp

6tsp—2tsp=41tsp
e) Differences exist in water because the amount for 4 servingsis not twice that for 2 servings.

37. 1ft* wouldbel2in. by 12in. 38. 1ft®=12in.x12in.x12in.=1728in?
Thus, 1ft*> =12in.x12in.=144in?
39. Areaof original rectangle = lw 40. Volume of original cube = lwh
Areaof new rectangle = (21 )(2w) = 4lw Volume of new cube = (21)(2w)(2h) =8wh Thus, if
Thus, if the length and widith of arectangle are the length, width, and height of a cube are doubled,
doubled, the areais 4 times aslarge. the volume is 8 times aslarge or increases eight-
fold.
41. 1and9 4 10 pieces 1000 pieces
1x9=9 T $x $10
1+9=10 1000x =10(10)
1000x _ 100
1000 1000
x=2 _$010=10¢
1000
43. Left side: 1(-6) =—6 Right side: 1(2) =2
2(-2)=-4 1(3)=3
—6+-4=-10 1(6)=6
2+3+6=11

Placeit at —1 so the left sidewould total —10+-1=-11.



46.

50.

52.

54.

56.
58.

Birds Lizards Number of Heads
8 14 22
9 13 22

10 12 22

Therefore, there are 10 birds and 12 lizards.

10;2002,2112,2222,2332,2442,2552,
2662,2772,2882,2992

a) Place the object, 1 g, and 3 g on one side and

9 gonthe other side.

b) Place the object, 9 g, and 3 gon

onesideand 27 gand 1 g on the other side.
Eight pieces

15|11 |11

519 |13

7 117 | 3

21,12,33

Multiply the number in the center of the middle
row by 3.

35-15=20 cubes

Each shakes with four people.

SECTION 1.3

Number of Feet

8(2)+14(4) =72
9(2)+13(4) =70
10(2)+12(4) =68

47.

49.

51

53.

55.

57.
59.

a) (4x4)+(3x3)+(2x2)+(1x1)
=16+9+4+1=30

b) (7x7)+(6x6)+(5x5)+30
=49+36+25+30=140

@
S0

8 | 6|16

18110 2

4 | 1412

6+10+8+4=28,3+7+5+1=16;
10+14+12+8=44
The sum of the four corner entriesis

4 times the number in the center of the middle row.

63,36,99
Multiply the number in the center of the middle
row by 9.
3x2x1=6 ways
7
3|1 |4
5|18 |6
2

Other answers are possible, but 1 and
8 must appear in the center.

11
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60.

62.

64.

66.

~| oo

GO

With umbrella policy:

Mustang reduced premium: $1648—$90 = $1558

Focus reduced premium:

$1530-0.12($1530)

= $1530-$183.60 = $1346.40

Total for umbrella policy:

$1558+ $1346.40+ $450 = $3354.40

Without umbrella policy: $1648+$1530 = $3178

Net amount for umbrella policy:

$3354.40—-$3178 = $176.40
16+16+4+4+4=44

1 giraffe= 2 frogs
1giraffe=3lions
3lions =2 frogs

Therefore, 3 lion = 2 frog.
3 3

Therefore, 1 lion= % frog.
1lion =2 ostriches
Therefore, % frog = 2 ostriches.

E[Ej frog = 2[§j ostriches
312 2

Therefore, 1 frog = 3 ostriches.

Review Exercises

1
3.

5.

23, 28, 33 (Add 5 to previous number.)
—48, 96, —192 (Multiply previous number by —2.)

15, 9, 2 (20-5=1515-6=9,9-7=2)

61.
1 12|3|4]5
2134|151
314|512
4151123
5/1|2)|3)| 4

Other answers are possible.
63. Mary isthe skier.

65. Areas of the colored regions are:
1x1, 1x1, 2x2, 3x3, 5x5, 8x8, 13x13,

21x21; 1+1+4+9+ 25+ 64+169+ 441
= 714 sguare units

2. 25, 36, 49 (next three perfect squares)
25,32,40(19+6=25,25+7 =32,
32+8= 40)

3 3

— , — , — (Multiply previous number by —
8’16 32( PyP y )

»
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OEHOQ AT Tof To

9. c
10. a) Theorigina number and the final number are the same.
b) The original number and the final number are the same.
¢) Conjecture: The final number is the same as the original number.

2nJrlo:@+%:n+5,n+5—5:n

d) n,2n,2n+10,

2
11. This processwill always result in an answer of 3. n,n+5,6(n+5)=6n+30,6n+30-12
—en+1g ONT18_6N 18 o o393, 9 i3ni3-n=3
2 2 2 3 3 3

12. 1*+2? =5,5isan odd number.

(Note: Answersfor Ex. 13 - 25 will vary depending on how you round your numbers. The answers may
differ from the answersin the back of the textbook. However, your answers should be something near the
answers given. All answers are approximate.)

13. 210,302x1992 =~ 210,000x 2000 = 420,000,000 14. 346.2+96.402+1.04+ 897 +821
=~ 350+100+ 0+ 900+ 800 = 2150
15. 21% of 1012 = 20% of 1000 16. Answerswill vary.
=0.20x1000 = 200
17. 82x%$1.09=80x$1.10=%$88 18. 6% of $202 = 6% of 200 =0.06x200=$12
19 1imi  1mi _ 3mi _ 3 mph 20. $2.49+$0.79+$1.89+$0.10+ $2.19+ $6.75
22min - 20min 60 min =~ $2+$1+$2+ $0+ $2+ $7 = $14.00
21 5in=2in= 20(% in.=20(0.1) mi =2 mi 2 1
4 4
23. 5% 24. 13 sguare units
25. Length=175in., 1.75(12.5) =21.875= 22 ft 26. $2.00+ 7($1.50) =$2.00+$10.50 = $12.50
Height = 0.625 in., 0.625(12.5) = 7.8125 = 8 ft Change: $20.00—-$12.50 = $7.50

27.  4($2.69) = $10.76 for four six-packs

28. Akadas: 2 hr =120 min, 120 =8,8x$15=$120
Savings: $10.76-$9.60 = $1.16 15

Berkman's: 2 hr =120 min, % =4,
4x$25=$100

Berkman'sisthe better deal by
$120-$100 = $20.00.

29. To produce the 52 Oscars he found:
52x $327 = $17,004

He was awarded 50 1
$50,000— $17,004 = $32,996 more. =$1.50+ Kg - Ej (5)} $0.30

30. $1.50+H10—%j(5)}$0.30

= $1.50+[4—59(5)}$0.30

=$1.50+49x$0.30 = $1.50+ $14.70 = $16.20
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31, 10% of $530=0.10 x $530 = $53 3 15mg_ xmg
$53x 7=$371 " 10lb  471b
Savings: $371 - $60 = $311 10x = 47(1.5)
10x _ 705
10 10
x=7.05mg
33.  $3800-0.30($3800) = $3800 - $1140 34. 9A.M. Easternis 6 A.M. Pecific,

from 6 A.M. Pacific to 1:35 P.M. Pacific

= $2660 take-home is7hr35min, 7 hr 35 min — 50 min stop
28% of $2660 = 0.28x $2660 = $744.80 =6 hr 45 min
35. 3P.M. -4hr=11AM. 36. a) lin.x1lin.=254 cmx2.54cm
July 26, 11:00 A.M. =6.4516 cm’ = 6.45 cm?
b) 1in.xlin.xlin.
=254 cmx2.54 cmx 2.54 cm
=16.387064 cm® =~ 16.39 cm®
lin. xin.
c) =—
254cm 1cm
2.54x=1(1)
254x 1
254 254
x=0.393700787 = 0.39 in.
37. Each figure has an additional two dots. To get the 38.
hundredth figure, 97 more figures must be 21| 7| 8|18
drawn, 97(2) =194 dots added to the third figure.
(2) I 1016 | 15 | 13
Thus, 194+ 7 = 201.
14|12 11| 17
9119|20| 6
39. 40. 59 min59sec Sinceit doublesevery second,
23 25|15 the jar was half full 1 second earlier than 1 hour.
13121 |29
27 |17 |19

41. 6
42. Nothing. Each friend paid $9 for atotal of $27; $25 to the hotel, $2 to the clerk.
$25 for the room + $3 for each friend + $2 for the clerk = $30

43. Let x=thetota weight of the four women
X_130, x=500, 220*180_700_ . 51
4 5 5

44, Yes; 3 quartersand 4 dimes, or 1 half dollar, 1 quarter and 4 dimes, or 1 quarter and 9 dimes.
Other answers are possible.

45. 6 cmx6 cmx6cm=216 cm®



46.

47.

49.

50.

51.

52.

53.

CHAPTER TEST 15

Place six coinsin each pan with one coin off to the side. If it balances, the heavier coin isthe one on the side. If the
pan does not balance, take the six coins on the heavier side and split them into two groups of three. Select the three
heavier coins and weigh two coins. If the pan balances, it isthe third coin. If the pan does not balance, you can
identify the heavier coin.

n(n+1) 500(501) 250,500

= =125,250
2 2

16 blue: 4 green — 8 blue, 2 yellow — 5 blue, 2 white — 3 blue
90: 101, 111, 121, 131, 141, 151, 161, 171, 181, 191,...

Thefifth figure will be an octagon with sides of equal length. Inside the octagon will be a seven sided figure with each
side of equal length. The figure will have one antenna.

61: The sixth figure will have 6 rows of 6 tilesand 5 rows of 5tiles (6x 6 +5x 5= 36+ 25=61).

Some possible answers are given below. There are other possibilities.

a) 2
b) There are 3 choices for the first spot. Once that person is standing, there are 2 choices for the second spot and 1
for thethird. Thus, 3x2x1=6.

C) 4x3x2x1=24
d) 5x4x3x2x1=120

e) n(n-1)(n—-2)---1, (or n!), where n=the number of peoplein line

Chapter Test
1. 18,21,24 (Add3t [ ber.
( 0 previous number.) 2. i i —— (Multiply previous number by = )
81 243’ 729
3. a) Theresult isthe origina number plus 1.

b) The result isthe original number plus 1.
¢) Conjecture: The result will always be the original number plus 1.

d)n5n5n+105n;10 55”+1§_n+2n+2 1=n+1
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(Note: Answersfor #4 - #6 will vary depending on how you round your numbers. The answers may differ from the
answersin the back of the textbook. However, your answers should be something near the answers given. All answers
are approximate.)

4. 0.06x98,000 ~ 0.06x100,000 = 6000 5 102,000 100,000
0.00302  0.003

= 33,333,333.3 = 33,000,000

6. 7 sguare units
= 7. @ 1;()—”) = 2.063492063
in.

2.063492063
63in.
0.032753842x 703 = 23.02595093 ~ 23.03

b) Heisin the at risk range.

=0.032753842

8. $122.13-$9.63=$112.50 0. $15 _ 5791505702
$11250 _ 156.25 therms $2.59 i )
72 The maximum number of 6 packsis>5.
156.25 therms+ first 3 therms=159.25 therms $15.00— (5% $2.59) = $15.00— $12.95 = $2.05
$2.05 = 2.5625
$0.80
Thus, two individual cans can be purchased.
6 packs Indiv. cans Number of cans
5 2 32
4 5 29
3 9 27
2 12 24
1 15 21
0 18 18

The maximum number of cansis 32.

10. 1 cutyields?2 equal pieces. Cut each of these 11. 25in.by 1.875in.
2 equal piecesto get 4 equal pieces. =~ 2.5x15.8 by 1.875x15.8=39.5 in. by 29.625 in.
3cuts— 3(2.5min) = 7.5min ~39.5in. by 29.6 in.

(The actual dimensions are 100.5 cm by 76.5 cm.)

12. $12.75 x 40 =$510 13.
$12.75 x 1.5 x 10=$191.25 40 [15 [20
$510 + $191.25 = $701.25
$701.25 - $652.25 = $49.00 S |25 |45

30 |35 |10

14. Christine drove the first 15 miles at 60 mph which took % = % hr, and the second 15 miles at 30 mph which took

% = % hr for atotal time of % hr. If she drove the entire 30 miles at 45 mph, the trip would take

@ZZ hr (40 min) which isless than 3 hr (45 min).
45 3 4



15.

16.

17.

18.

GROUP PROJECTS

2x6x8x9x13=11,232; 11 does not divide 11,232.
243 jelly beans; 260—17 = 243,234 +9 = 243,274—31= 243

a) 3 x $3.99 =$11.97
b) 9($1.75>< 0.75) =11.8125~$11.81
c) $11.97 — $11.81 = $0.16 Using the coupon is least expensive by $0.16.

8 $—>on * — off
$EBE, BB+, $5*F, $* PP, * PP, *$* 3, * BB+, B+

Group Projects

1

a) % ~ $108.33
b) Let x =the amount before tax
x+0.07x =325
1.07x 325
107 107
x =303.7383178 = $303.74
$303.74

=101.246 ~ $101.25

¢) Inductive reasoning - arriving at a general conclusion from specific cases
d) Combination set: $62.00—($62.00x0.10) = $62.00—$6.20 = $55.80

Individual sets: 2x$36.00=$72.00,$72.00— ($72.00>< 0.20) =$72.00—-$14.40 = $57.60
Therefore, the combination set is cheaper.
€) Combintion with tax: $55.80 x 1.07 = $59.71

Individual set with tax: $57.60 x 1.07 = $61.63
$61.63 - $59.71 = $1.92

a) —d) Answerswill vary.
€) 400 mi +50mi/hr =8 hrs, 9 AM.+8 hrs=5 P.M.

f) —h) Answerswill vary.

Order Name Apparel
1 Ernie holster

2 Zeke vest
3 Jed chaps
4 Tex stetson

17






CHAPTER TWO

SETS

Exercise Set 2.1

1
2.
3.

© 0 No oA

10.
11

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
27.
29.
31
33.

A set isacollection of objects.
An dllipsisisthree dots in a set indicating the elements continue in the same manner.
Description: the set of counting numbers less than 7

Roster form: {1,2,3,4,5,6}
Set-builder notation: {x|xe N and x < 7}

A setisfiniteif it either contains no elements or the number of elementsin the set is a natural number.
Aninfinite set isaset that is not finite.

Set A isequal toset B, symbolized by A=B, if and only if they contain exactly the same elements.
Two sets are equivalent if they contain the same number of elements.

The cardinal number of aset A, symbolized by n(A), isthe number of elementsinset A.
A set that contains no elementsis called the empty set or null set.

{12

Set A and set B can be placed in one-to-one correspondence if every element of set A can be matched with
exactly one element of set B and every element of set B can be matched with exactly one element of set A.
A universal set, symbolized by U , isaset that contains all the elements for any specific discussion.

Not well defined, “large” isinterpreted differently by different people.

Not well defined, “best” isinterpreted differently by different people.

Well defined, the contents can be clearly determined.

Well defined, the contents can be clearly determined.

Well defined, the contents can be clearly determined.

Not well defined, “nicest” isinterpreted differently by different people.

Infinite, the number of elementsin the set is not a natural number.

Finite, the number of elementsin the set is anatural number.

Infinite, the number of elementsin the set is not a natural number.

Infinite, the number of elementsin the set is not a natural number.

Infinite, the number of elementsin the set is not a natural number.

Finite, the number of elementsin the set is anatural number.

{Atlantic, Pacific, Arctic, Indian} 26. {ldaho, Illinois, Indiana, lowa}
{11,12,1314,...,177) 28. C={4]

B={2,4,68,..] 3. {}og

{}od 32. {Hawaii, Alaska}
E={6,7,809,...,71 34, {Mark McGwire}

19
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35
36
37
38

39.
41.

45,
47.

49.

50.

51.
52.
53.
54.
55.
56.
57.
58.

59.
61.
63.
65.
67.

69.
71.
73.

75.
77.

79.
80.
81.
82.
83.

. {Sony DSC-S50, Sony DSC-S70, Sony Mavica FD-90}
. {Olympus D-360L }

. {Sony Mavica FD-73, Olympus D-360L, Sony DSC-S50, Kodak DC215, H-P Photo Smart C315}

. {Sony DSC-S50, Sony DSC-S70, Sony Mavica FD-90}
{ 2002, 2003, 2004, 2005, 2006, 2007, 2008} 40.
{2005, 2006, 2007, 2008} 42.
B={x|xe N and 3< x<11} or 44,

B={x|xe N and 4< x<10}
C ={x|xe N and x isamultiple of 3} 46.
E={x|xe N and x is odd] 48,

C ={x|x is February}

Set A isthe set of natural numbers less than or equal to 7.
Set D isthe set of natural numbers that are multiples of 4.
Set V isthe set of vowelsin the English alphabet.

Set C isthe set of companies that make calculators.

Both; A and B contain exactly the same elements.
Equivalent; both sets contain the same number of elements, 3.
Neither; the sets have a different number of elements.
Neither; not al dogs are collies.

Equivalent; both sets contain the same number of elements, 3.

Equivalent; both sets contain the same number of elements, 50.

{ 2005, 2006, 2007, 2008}
12002, 2003, 2004}
A={x|xe N and x<8} or

A={x|xe N andx<7]
D ={x|xe N and x isamultiple of 5]
A

={x|x is Labor Day}

F ={x|xe N and 14 < x<101} or F ={x|xe N and 15< x <100}

Set S isthe set of the seven dwarfs in Snow White and the Seven Dwarfs.

{Scranton}

{Spokane, Detroit}

{1998}

{}od

True; bisan element of the set.

True; Cat in the Hat is an element of the set.

False; the capital of Hawaii is Honolulu, not Maui.
False; 2 isan even natural number.

n(B)=6
n(D)=5

Set B isthe set of the five longest riversin the United States.
Set B isthe set of members of the Beatles.

Set E isthe set of natural numbers greater than 5 and less than or equal to 12.
{St. Louis} 60.
{}ora 62.
{1999, 2000, 2001, 2002} 64.
{1999, 2001, 2002} 66.
False; {b} isaset, and not an element of the set. 68.
False; hisnot an element of the set. 70.
Fase; 3 isan element of the set. 72.
True; Titanic is an element of the set. 74.
n(A)=4 76.
n(C)=0 78.



85.

86.

87.
89.

91.
92.

93.
94.

SECTION 2.2 21

a) Set A isthe set of natural numbers greater than 2. Set B isthe set of all numbers greater than 2.
b) Set A contains only natural numbers. Set B contains other types of numbers, including fractions
and decimal numbers.

) A={3456,..}

d) No; set B cannot be written in roster form since we cannot list all the elementsinset B .

a) Set A isthe set of natural numbers greater than 2 and less than or equal to 5. Set B isthe set of numbers greater
than 2 and less than or equal to 5.

b) Set A contains only natural numbers. Set B contains other types of numbers, including fractions
and decimal numbers.

c) A={34,5}
d) No, set B cannot be written in roster form since there is no smallest number that is greater than 2.

Cardinal; 12 tells how many. 88. Ordinal; 25 tellsthe relative position of the chart.
Ordinal; sixteenth tells Lincoln’s relative position. 90. Cardinal; 35 tells how many dollars she spent.

Answerswill vary.

Answerswill vary. Examples: the set of people in the class who were born on the moon, the set of automobiles that
get 400 miles on a gallon of gas, the set of fish that can talk

Answerswill vary.
Answerswill vary. Here are some examples.

a) The set of men. The set of actors. The set of people over 12 yearsold. The set of people with two legs. The set of
people who have been in amovie.

b) The set of al the peoplein the world.

95.
2 7 2
7|/H|6|6|D|1|1]|C]|6
8 4 3
8 4 3
4|F|7]7 5|5|E|4
3 2 8
3 2 8
6|A|5[(5(G|3|3|B]|7
1 6 5
Exercise Set 2.2
1. Set A isasubset of set B, symbolized by Ac B, if and only if all the elements of set A are also elements

2.

3.

of set B.

Set Aisaproper subset of set B, symbolized by Ac B, if and only if all the elements of set A are also elements
of set B and set A=setB.

If Ac B, then every element of set A isalsoanelement of set B. If Ac B, then every element of set A isalsoan
element of set B and set A= et B.

2", where n isthe number of elementsin the set.

2" -1, where n isthe number of elementsin the set.
No, if two sets are equal one cannot be a proper subset of the other.
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11
13.

15.
17.

19.
21.

23.

25.
27.
29.
31

33.
35.

37.

39.
41.

45,
47.

49.

51

52

False; gold is an element of the set, not a subset.

True; the empty set is a subset of every set.

True; 5isnot an element of {2,4,6] .
False; the set {&] contains the element & .

True; { } and & each represent the empty set.
False; the set {0} containsthe element 0.

False; {swimming} is a subset, not an element.

True; the empty set isasubset of every set,
including itself.

False; no set isa proper subset of itself.
BcABCA

AcB,AcB

BcABCA

A=B,AcBBCcA

{ } isthe only subset.

{ }.{pen},{pencil},{pen, pencil}

3 { }.{a}.{b}.{c}.{d}.{a.b}.{ac}.{ad},
{b,c},{b,d},{c,d},{ab,c} {ab,d},
{a,c,d},{b,c,d},{a,b,c,d}

b) All the setsin part @) are proper subsets of
A except {a,b,c,d}.

False; A couldbeequa to B.

True; every set is asubset of itself.

True; & isaproper subset of every set except
itself.

True; every set is asubset of the universal set.
True; & isaproper subset of every set except
itselfand U =& .

True; & isasubset of every set.

10.

12.
14.

16.
18.

20.
22.

24.

26.
28.
30.
32.

34.
36.

38.

40.
42.

46.
48.

50.

False; the empty set is a subset of
{knee, ankle, shoulder, hip} .

False; red is an element of the set, not a proper
Subset.

False; Pete and Mike are not in the second set.
True; {engineer] isa subset of

{architect, physician, attorney, engineer} .
False; Oisanumber and { } isaset.

True; {3,8,11} isasubset of {3,811} .

True; {359} ={39,5} .

True; the elements of the set are themselves sets.

True; {b,a,t} isasubset of {t,a,b}.
A=B,AcBBcA

None

BcABCA

BcABCA

1 110)

{ },{apple} ,{peach},{banana} ,{apple, peach},
{apple, banana} ,{ peach, banana},

{apple, peach, banana}

a) 27 = 2x2x2x2x2x2x 2x2x 2 =512 subsets
b) 2° -1=512—1=511 proper subsets

True; every proper subset is a subset.
False; no set isa proper subset of itself.
True; & isasubset of every set.

False; aset cannot be a proper subset of itself.
False; the only subset of & isitselfand U =& .

False; U isnot asubset of & .
(See answer for #48.)

. The number of different variations of the houseis equal to the number of subsets of
{deck, jacuzzi, security system, hardwood flooring} , whichis 2* = 2x2x2x2=16.

. The number of optionsis equal to the number of subsets of
{RAM, modem, video card, hard drive, processor, sound card} , whichis 2° = 2x2x2x2x2x 2 =64.
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56.
57.

58.
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60.
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The number of different variationsis equal to the number of subsets of
{cdll waiting, call forwarding, caller identification, three way calling, voice mail, fax line} ,

whichis 2° = 2x2x2x2x2x 2= 64.
The number of variationsis equal to the number of subsets of
{ketchup, mustard, relish, hot sauce, onions, lettuce, tomato} , which is 2 = 2x2x2x2x2x2x2=128.

E = F sincethey are both subsets of each other.

Count the number of boys then count the number of girls. If the number isthe same, then they are equivalent.
a) Yes, because a isamember of set D .

b) No, c isanelement of set D .

c) Yes, each element of {a,b} isan element of set D .

a) Each person has 2 choices, namely yesor no. 2x2x2x2=16

PD)YYYY,YYYN, YYNY, YNYY,NYYY, YYNN, YNYN, YNNY, NYNY, NNYY, NYYN, YNNN, NYNN,
NNYN, NNNY, NNNN

¢) 5out of 16

A one element set has one proper subset, namely the empty set. A one element set has two subsets, namely itself and
the empty set. Oneisone-haf of two. Thus, the set must have one element.

Yes
Yes
No

Section 2.3

1

u U
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Determine the elements that are in the universal set that arenot inset A.

Combine the elementsfrom set A and set B into one set. List any element that is contained in both sets only once.
[, 1, 11

Take the elements common to both set A and set B .

10. 11

11. a) Or isgeneraly interpreted to mean union.

b) And is generaly interpreted to mean intersection.

12. n(AuB)=n(A)+n(B)-n(ANB)
13. Region |1, the intersection of the two sets.
14. Region IV which contains any element not belonging to either set.

© 0o N

15. 16.

Camcorder
Videocassette recorder v

17.

applications

Computer support
specialists
Personal/home-care
aides
Computer systems
analysts

Desktop publishers
Database administrators
Network and computer systems administrators

Network systems/data communications analysts \




18.

19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.

31

32.

33.
34.
35.
36.
37.

38.

39.

41.
42.

45,

46.
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Chamberlain
Abdul-Jabbar | Wilkins

O'Ned
Iverson

\%
Bryant

The set of U.S. colleges and universities that are not in the state of North Dakota

The set of marblesin the box that contain no blue coloring

The set of insurance companiesin the U.S. that do not offer life insurance

The set of insurance companiesin the U.S. that do no offer car insurance

The set of insurance companiesin the U.S. that offer life insurance or car insurance

The set of insurance companiesin the U.S. that offer life insurance and car insurance

The set of insurance companiesin the U.S. that offer life insurance and do not offer car insurance

The set of insurance companiesin the U.S. that offer life insurance or do not offer car insurance

The set of U.S. corporations whose headquarters are in New Y ork State and whose chief executive officer is awoman
The set of U.S. corporations whose headquarters are in New Y ork State or that employ at least 100 people
The set of U.S. corporations whose chief executive officer is not awoman and who employ at least 100 people

The set of U.S. corporations whose headquarters are in New Y ork State and whose chief executive officer isawoman
and who employ at least 100 people

The set of U.S. corporations whose headquarters are in New Y ork State or whose chief executive officer is awoman
or that employ at least 100 people

The set of U.S. corporations whose headquarters are not in New Y ork State or that do not employ at least 100 people

A={ab,cht w}

B={af, g hr}

AnB={ab,c htw}jn{af,ghr}={ah}

U={cwbtahfgrpmz

AuB={ab,c htwju{afghr}={abcfghrtw]

(Au B)' From#37,AuB={a b,c,f, g hr,t,w}. (AU B)' ={a,b,cf, g hrt, W}' ={m, p, z}
AnB'={ab,cht, W}’m{a,f, g, h, r}' ={f,g,r,p.m, z}n{c,w,b,t,p,m z} ={p, m, z}
(AN B)' From#35, AnB={a h}. (AN B)' ={a, h}’ ={b,c,f,g.mnp,rtw,z}
A={L,A@,*,$)

B={*$ R0}

U={L,A@*3%R0,a~32

AUB={L,A@* 3 uf*$,Ro,e) ={L,A,@* $,Ro,a)

ANB={L,A,@* $n{*$,Ro,a} ={*$}

AUB ={L,A,@* 8t U{*$,Ro,a} ={L,A,@*$} U{L.A@,,%,Z} ={LA@* $.2,Z}
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47. KnB={L,A,@* 3} n{*$,Ro.a}={Ro,a%Z}n{*$Ro,a}={Roa}

48. (AUB) From#44, AUB={L,A,@*$,Ro,a}. (AUB) ={L,A,@* $,R0,0} ={=,%,2}
49. AUB={12,4,58)U{2,34,6}={1234,5,6,8}
50. ANB={12458}n{234,6}={24}

51. B'={2,34,6} ={15,7,8}
52. AUB'={12,4,58}U{234,6} ={124,58 U{157,8} ={1,2,4,5,7,8}
53. (AUB) From#49, AUB={1,2,34,5,6,8}. (AUB) ={12,3,4,5,6,8) ={7}

54. AnB'={12458) n{234,6) ={36,7}n{15,7,8/ ={7}

55. (AUB) B From#53, (AUB) ={7}. (AUB) NB={7}n{2,34,6}={ }

56. (AUB)N(AUB) From#49, AUB={1,2,3,4,5,6,8} and from#53, (AUB) ={7}.
(AUB)N(AUB) ={1,2,3,4,5,6,8} {7} ={ }

57. (BUA) n(B'UA) From#53, (AUB) =(BUA) ={7}.
(BUA) N(B'UA)={T}n {2,3,4,6}’u{12,4,5,8}’)={7}m({15,7,8}u{3,e,7})

={7}n{1,35,6,7,8} ={7}
58. A'U(ANB) From#50, AnB={2,4}. AU(ANB)={12458} U{2,4}={3,6,7}U{2,4}={2,34,6,7}
59. B'={b.cd,f,g} ={aehi,jk}
60. BuC={b,cd,f,gju{ab f,i,j}={ab,cd, f,g.i,j}
61. AnC={ac,d,f,g,i}n{ab,f,i,j}={a f,i}
62. AuUB’ From#59, B'={a,eh,i,j,k}. AuB'={ac,d, f,g,i}u{aeh,i,jk}={acdef, ghi,jk}
63. (ANC) From#61, AnC={a,f,i}. (AnC) ={a f,i} ={b.c,deg,h j,k}
64. (AnB)uC=({ac,d,f,gi}n{bcd,f,g})ufab, f,i,j}={cd f,g}u{ab,f,i j}={abcd,f, g,i,j}
65. AuU(CnB) ={acd,f,gilu({ab,f,i.j}n{bcd, f,g}) ={acd,fgi}ufb f}
={ac,d, f,g,i}ju{acd,eqg,hi,jk}j={acdef,gh,i,jk}
6. AU(C'UB)={acd, f,g,i}u({a,b, £.i, ) ulb,c.d, f,g}’)
={a,c,d,f,g,i}u({c.d,eg,hk}u{aehi,jk})={acd f,gi}u{acdegh,i,jk}
={ac,d,e f,g,hi,j,k}

7. (A’uC)u(AmB):({a,c,d,f,g,i}’u{a,b,f,i,j})u({a,c,d,f,g,i}m{b,c,d,f,g})

=({beh, j,klu{ab,f,i,j})uicd, f gl ={abe f,hi,jk}ufcd, f,g)
={ab,c,d,e f,g,h,i,j,k}, orU



68.

69.
70.

71.

72.

73.

74.

75.
76.
77.

78.

79.

80.

81.

82.

83.

84.
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(CNB)N(A'nB) From#65 CNB={b, f}.
(CnB)N(A'nB)={b f}n|{ac,d, f,g,i}'m{b,c,d, f,g}):{b, f}m({b,e,h, j,k}n{b,cd, f,g})

={b, 1} (b} ={b}

For exercises 69-82: U ={1,2,3,4,5,6,7,8,9}, A={1,3,5,7,9}, B={2,4,6,8}, C={12,3 4,5}
ANB={1357,91n{2,4,6,8] ={ }
AUB={1357,9}0U{2,4,6,8) ={1,2,3,4,5,6,7,8,9}, or U

AUB={1357,9) U{24,6,8 ={24,68 {2468 ={2,4,6,8, or B
(BUC) =({2.4,6,81U{12,34,5}) ={1234,5,6,8] ={7,9}
ANC'={135,7,9{1,2,3,4,5] ={1,35,7,9}~{6,7,8,9} ={7,9}

ANB ={1357,9}n{2,4,6,8] ={135,7,9'{1,35,7,9} ={1,35,7,9}, or A

(BAC) =({2.4,6,8/{12,3,4,5}) ={2.4) ={135,6,7,8,9}
(AUC)NB=({1357,91U{1234,5)){24,6,8 ={1,2,34,57,9){2,4,6,8) ={2,4]
(CAB)UA From#75,CAB={24}. (CAB)UA={2,41U{1,357,9)={1,2,34,57,9]
(

c'u A)mB=({J,2,3,4,5}'U{L3,5,7,9})m{2,4,6,8}=({6,7,8,9}u{13,5,7,9})m{2,4,6,8}
~{1,35,6,7,8,9){2,4,6,8) ={6,8)
(A’uc)mB:({13,5,7,9}'u{12,3,4,5})m{2,4,6,8}=({2,4,6,8}u{12,3,4,5})m{2,4,6,8}
~{1.2,3,4,56,81~{2.4,6,8)=12,46,8), or B

(ANB) UC From#69, AnB={ 1.

(AnB) uC={ } {12345} ={1,2,34,5,6,7,89} U{1,2,3,4,5! ={1,2,3,4,5,6,7,8,9}, or U
(KU B’)mc=({J,3,5,7,9}'u{2,4,6,8}')m{1,2,3,4,5}

=({2,4,6,8)U{1,35,7,9}){12,34,5/ ={1,2,34,5,6,7,8,9) n{1,2,3 4,5 ={1,2,3,4,5}, or C
(ANC)U(ANB) From#69, AnB={ }.

(KAC)U(AN B):({Ls,s,zg}'m{L2,3,4,5})u{ 1= ({24681 {12345 0 }={2.4 U] } ={2.4]

A set and its complement will always be digjoint since the complement of aset isall of the elements in the universal

set that are not in the set. Therefore, a set and its complement will have no el ements in common.
For example, if U ={1,2,3},A={12}, and A'={3}, then An A'={ }.

n(AnB)=0when Aand B aredisoint sets. For example, if U ={1,2,3,4,5,6}, A={13}, B={2,4},
then AnB={ }. n(AnB)=0

27
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85.

86.

87.

88.

89.
90.
91.
92.
93.

94.

95.

96.

97.

98.

99.

101.
103.
105.
107.
109.

Let A={visitorswho visited the Hollywood Bowl} and B ={visitors who visited Disneyland] .
n(AuB)=n(A)+n(B)-n(AnB)=27+38-16=49

Let A={students who sang in the chorus} and B ={students who played in the stage band}.
n(AuB)=n(A)+n(B)-n(AnB)

+30-4

+26

46-26=n(A)+26-26

A)+
)
)
)

=n(A
=n(A
(A
=n(A

N
O
3

)

a AuB={ab,c,djuib,d,e f,g,h}={ab,c,de f,g,h}, n(AUB)=8,
AnB={ab,c,d}n{b,d,e f,g,h}={b,d},n(AnB)=2.
n(A)+n(B)-n(AnB)=4+6-2=8

Therefore, n(AuB)=n(A)+n(B)-n(AnB).

b) Answerswill vary.

c) Elementsintheintersection of A and B are counted twicein n(A)+n(B).

AN B’ definesRegionl. AN B definesRegionll. A'nB definesRegion IlI.
AnB or (Au B), defines Region V.
AUB={1234,.}U{481216,.}={1,234,.}, or A
ANB={1234,..1n{481216,.}={4,81216,..}, or B
BNC={4,81216,.1n{24,6,8,.1={4,81216,.}, or B
BUC={4,81216,.1U{2,4,68,..)={24,68,...}, orC
ANC={1234,.1n{24,68,..1={2468..}, or C

AnC={1234,.) {2468.}={0}n{2468..}={}

B'nC={481216,.}) n{2,4,638,.}={012356,7,9,10,111314,15,.}{2,4,6,8,.. }
={2,6,10,14,18,..}

(BUC) UC From#92,BUC=C. (BUC) UC=C'UC={2,4,6,8,..} U{2,4,68,..]}
={0,1,234,...},orU

(ANC)nB" From#93, AnC=C. (AnC)nB'=CnDB".

From #95,B'nC=C B ={2,6,10,14,18,...}

U'n(AUB) From#89,AUB=A U’'n(AUB)=U'nA={ }n{1234,..}={}

AUA =U 100. AnA'={}

Avg=A 102. An@ =y

AuU =U 104. AnU=A

AuU =U 106. AuU’'=AU{ }=A

If AnB=B,then BC A. 108. If AuB=B, then Ac B.
If AnB=¢, then Aand B aredigjoint sets. 110. If AuB=A thenBc A.
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114.

116.

118.

120.

122.

124.
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If AUB=Q, thenA=Q andB=Q.
Therefore, they are equal sets.
B-A={ab,c,g,i}-{bc,e f,g,h} ={a,i}
A-B'={b,c.e f,g,h}—{a,b,c,g,i}'
={b,c.e f,g,h}-{d,e f,h,j,k}={b,c g}
B-A={12,4,56,7,89,11 -{2,4,57,9,1113]
~{168)

A-B’

={2,4,5,7,9,11,13} -{1,2,4,5,6,7,8,9,11}
={2,4,5,7,9,11,13} -{3,10,12,13,14,15}
={2,4,5,7,9,11}

An(A-B) From#117, A-B={13}.
An(A-B)={2,4,57,9,11,13) n{13] = {13}

AN B isrepresented by regions|l and V. If AnB contains 10 elements and region V contains 6 elements,

BN C isrepresented by regionsV and V1. If BN C contains 12 elements and region V contains 4 elements,

111. If AnB=A thenA cB.

113. A-B={b,ce f,g,h}-{ab,c,g,i}={e f,h}

115. A'—B={b,c,e,f,g,h}'—{a,b,c,g,i}
={a,d,i, j,k}-{ab,c,g,i} ={d, j k}

117. A-B={2,4,57,9,1113}-{1,2,4,5,6,7,8,9,11}
={13}

119. (A- B)' From #117, A— B ={13}.
(A-B) ={13)
={1,2,34,5,6,7,8,9,10,11,12,14,15}

121. (B—A)' From #118, B— A={16,8}.
(B-A) ={16,8f
={2,34,5,7,9,10,11,12,13 14,15}

123. Complement

Exercise Set 2.4
1 8
2. RegionV, theintersection of all three sets
3. Regionsll, IV, VI
4

then region |l contains 10— 6= 4 elements.
5.

then region VI contains 12— 4 =8 elements.
6. (AUB) =ANB;(ANB) =AUB’
7. d Yes

AUB={14,5}U{1,4,5} ={1,4,5}
ANB={14,5}{14,5} ={1,4,5}

b) No, one specific case cannot be used as proof.

0)

AuB ANnB
Set Regions Set Regions
A I, 11 A [, 11
B I, 1 B I, Il
AuB I, 1, 1 ANB I

Since the two statements are not represented by the sameregions, AuB = AnBforall sets A and B.
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8. Deductive reasoning — the process of reasoning to a specific conclusion from a general statement.

0.
U
A B
C

b VIl
11.

U

Swi mhi ng

Wrestling Fencing

Track Gymnastics

Cross-country VIl
13.

U

10.
U
A B
C
VA, NC VIl
12.
U
A
1l
The Lion
Aladdin
\
Toy Story
Cinderella
101 Dalmatians
Vil
C
The Little Mermaid VIl
Jurassic Park
14.
U
Coltrane
Goodman C v




15.

17.
19.
21.
23.
25.
27.

29.
31
33.
35.
37.
39.

47.
49.
51.

53.
55.

57.
59.
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&6 8

16.
u u
B : At least
20 gold n
Survivor |1
Millionaire-

Netherlands Millionaire — Thursday

Romania Millionaire - Sunday
Great Britain
Cuba C : At least NFL Monday

VIl 10 bronze nght. Football
60 Minutes, West Wing VIl

Harvard, V 18. Yade |

Boston College, VIII
Northwestern, VI
Washington D.C., IV
Denver, 1
Rochester, NY, VII

VI
I
I

I
VI

VIII
VI

A={12,3,4,5,6)
B={34,5,7,8,9,12}
AnB={34,5)

(BNC) ={1,2,3,6,9,10,11,12}
AUB={1,234,5,6,7,89,12)
(AuC) ={9,11,12}

A ={7,8,9,10,11.12}

20. University of California— Berkeley, VI
22. Duke, IV
24. Pittsburgh, 111

26. Houston, |
28. Chicago, VI
30. VI

32. IV

34, |

36. |l

38. VI

40. VI

42. VII

4. Vv

46. 111

48. U ={12,34,56,7,89,10,1112}
50. C={4,56,7,810}

52. ANC={4,56)

54, ANBNC={4,5]

56. BUC={34,56,7,8910,12)
58. AUBUC={1234,56,7,89,10,12}

60. (AUBUC) ={11}

31
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61. (AUB) ANB
Set Regions Set Regions
A Nl A Nl
B I, 1 N i, v
AUB NN B I, 1
(AUB) IV B’ MY
AnB IV

Both statements are represented by the same region, 1V,

’

of the Venn diagram. Therefore, (AUB) = AN B’
for al sets A and B.

63. AuUB ANB
Set Regions Set Regions
A 11 A 11
A ", v B I, 1l
B I, 1l ANnB I
B’ [, 1V
AUPB [ IV

Since the two statements are not represented by the same
regions, A'U B’ = AN B for al sets A and B.

65. AUB (AUB)
Set Regions Set Regions
A 1,1l A 11l
A i, v B I, 1
B I, 1 AUB NN
B’ 1,1V (AUB) IV
AUB 1L LIV

Since the two statements are not represented by the same

regions, AUB’# (AU B)' for al sets Aand B.

67. (AnB) AUB
Set Regions Set Regions
A Nl A Nl

N i, v B I, 1
B I, 1 B’ 1,1V
ANB 1l AUB’ NI
(AAB) LI,V

Both statements are represented by the same regions,
[, I1, 1V, of the Venn diagram. Therefore,

(A~B) = AUB’ forall sets Aand B.

62. (ANB) AUB
Set Regions Set Regions
A I, 11 A I, 11
B I, 1l A ", v
ANnB 1 B I, 1l
(AnB) LIV AUB I, 1, 1V

Since the two statements are not represented by the same

regions, (AN B)' # A'UBforal sets AandB.

64. (AUB) (AnBY
Set Regions Set Regions
A 1,11 A 1,11

B I, 111 B I, 111
AUB L0, ANB I
(AUB) IV (AnB) 1LV

Since the two statements are not represented by the same

regions, (AUB) # (AN B) for al sets Aand B.

66. ANB AuUB’
Set Regions Set Regions
A Il A 1l
A ", 1v B I, 1l
B I, 1l B’ [, IV
B’ I, IV AUB 1LY
AnNB v

Since the two statements are not represented by the same
regions, A'n B’ # AU B’ for all sets A and B.

68. ANB (KnBY)
Set Regions Set Regions
A Ll A Ll
N 1, 1V N 1, 1V
B I, 1 B I, 1l
B 1,1V B’ 1,1V
ANAB IV ANAB IV
(KABY) 11,00

Since the two statements are not represented by the same

regions, A' B’ = (A B for all sets Aand B.
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69. An(BuUC) (AnB)uC
Set Regions Set Regions
B I, 1, v, vl A LIV, V
C IvV,V, VIVl B i, 1, v, vl
BuC i, 1, v, v, vi, Vii ANB I,V
A LIV, V C v, V, VI, VIl
AN(BUC) i, 1v, Vv (AnB)UC i, 1v, Vv, VI, VI

Since the two statements are not represented by the same regions, An(BUC) #(ANB)uUC
for al sets A, B, and C.

70. Au(BNC) (BNC)UA
Set Regions Set Regions
B I, 1, v, Vi B I, 1, v, Vi
C IV,V, VI, VI C IV, V, VI, VI
BNC V, VI BNC V, VI
A LIV, V A LIV, V
AU(BNC) LIV, V, VI (BNC)UA LIV, V, VI
Both statements are represented by the sameregions, I, 11, IV, V, VI, of the Venn diagram.
Therefore, AU(BNC)=(BNC)UA forall sets A B, and C.

71. An(BuUC) (BUC)NA
Set Regions Set Regions
B I, 1, v, Vi B I, 1, v, Vi
C IV,V, VI, VI C IV, V, VI, VI
BuC I, 11V, V, VI VI BuC I, 11V, V, VI VI
A LIV, V A LIV, V
Am(BuC) i, 1v,Vv (BUC)(’\A ", 1v,Vv

Both statements are represented by the sameregions, 11, IV, V, of the Venn diagram.
Therefore, An(BUC)=(BUC)NA forall sets A B, and C.

72 Au(BNC) An(BuC)
Set Regions Set Regions
B I, 1, V, VI B I, 11, V, VI
C IV ,V, VI, VIl C 1V, V, VI, VI
BNC V, VI BuC I, i, v, v, Vi, Vil
(BmC)' (I AVARVAL VAL A L1V, Vv
A LIV, V A 1, Vi, VI, VI
AG(BAC) LIV, VO VIL VI XA (BUC) 11, VI, VI

Since the two statements are not represented by the same regions, Au(BN C)' #An(BuUC)
for all sets A,B, and C.

33
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73. An(BuC) (AnB)U(ANC)
Set Regions Set Regions
B i, 11, vV, VI A [, IV, V
C IV, V, VI, VI B i, 11, vV, VI
BuC I, 1,1V, V, VI VI AnB ",V
A [, IV, V C IV, V, VI, VI
An(BUC) I"n,1v,Vv ANC Vv,V
(AnB)U(ANC) 11V, v
Both statements are represented by the sameregions, 11, IV, V, of the Venn diagram.
Therefore, An(BUC)=(AnB)U(ANC) forall sets A B, and C.
74. Au(BNC) (AuB)N(AUC)
Set Regions Set Regions
B i, 11, vV, VI A [, IV, V
C IV, V, VI, VI B i, 11, vV, VI
BNC V, VI AUB [V, V, VI
A [, IV, V C IV, V, VI, VI
AU(BNC) [, 1,1V, V, VI AuC [, 1V, V, VI, VI
(AUuB)N(AUC) LIV, V, VI
Both statements are represented by the sameregions, I, 11, IV, V, VI, of the Venn diagram.
Therefore, AU(BNC)=(AUB)n(AUC) forall sets A B, and C.
75. An(BuUC) AN(B'nC)
Set Regions Set Regions
B i, 11, vV, VI B i, 11, vV, VI
C IV, V, VI, VI B [, 1V, VII, VIII
BuC i, 1, 1v, V, VI, VII C IV, V, VI, VI
(BuC)' [, VIII C [, 1, VI
A L, IV, V B'nC’ [, VII
Am(BuC)' I A I, IV, V
AN(B'nC) l

Both statements are represented by the same region, 1, of the Venn diagram.

Therefore, Am(BuC)’ = An(B'nC’) foral sets A,B, and C.
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76. (AuB)N(BUC) BU(ANC)
Set Regions Set Regions
A LIV, V A LIV, V
B i, 11, vV, VI C IV, V, VI, VI
AUB IV, V, VI ANnC Vv,V
C IV, V, VI, VI B i, 1, v, vl
BuC i, 1, 1V, V, VI, VII BU(ANC) I, 1, 1v, v, Vi
(AUB)N(BUC) I, 1,1V, V, Vi
Both statements are represented by the sameregions, 11, I11, IV, V, VI, of the Venn diagram.
Therefore, (AuB)N(BuC)=BU(ANC) forall sets A B, and C.

77 (AUB) AC (AuC)n(B'UC)
Set Regions Set Regions
A LIV, V A LIV, V
B I, 11, vV, VI A I, VI, VI, VI
AUB [V, V, VI C IV, V, VI, VI
(AuB), VIl, VIII AuC I, v, v, Vi, VI, VI
C IV, V, VI, VI B I, 11, vV, VI
(AuB)'mC Vil B [, 1V, VII, VIII

B'uUC [, 1V, V, VI, VI, VIII
(AuC)n(B'LC) IV, V, VI, VII, VI

Since the two statements are not represented by the same regions, (Au B)' NC#(AuUC)n(B'UC)

for all sets A, B, and C.

78.  (CnB) U(ANB)

O O
0w ol
v )

’

(CnB)
A

AnB
(ANBY

(CABY U(ANBY

Regions
IV, V, VI, VIl

i, 1, v, vl
V, VI

L TV, VI, VI

LIV, V
I"n,v

[, 1V, VI VI VT

Set
B
C
BNC
A

An(BNC)

[ ULV, VI VI VI

An(BNC)

Regions
I, 11, V, VI

IV, V, VI, VI
V, VI
LIV, vV

\Y,

Since the two statements are not represented by the same regions, (Cn B), U(AN B)' # An(BNC)

for al sets A, B, and C.
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8l. (AuB)nC’ 82. ANnBNC

83. @) (AUB)NC=({1,2,34}U{36,7})n{6,7,9} ={123,4,6,7}n{6,7,9} ={6,7]
(ANC)u(BNC)=({1234}n{6,7,9})U({3,6,7}n{6,7,9}) =D L{6,7} ={6,7}

Therefore, for the specific sets, (AUB)NC =(ANC)u(BNC).
b) Answerswill vary.

C) (AuB)nC (AnC)u(BNC)

Set Regions Set Regions

A I, 1V, Vv A LIV, V

B I, 1, Vv, Vl C 1V, V, VI, VI

AuB I, LIV, Vv, Vi ANC Vv,V

C 1V, V, VI, VI B I, 1, V, Vl

(AUB)NC IV, V, VI BNC V, VI
(AnC)u(BNC) IV, V, VI

Both statements are represented by the sameregions, 1V, V, VI, of the Venn diagram.
Therefore, (AuB)NC =(ANC)u(BNC) foral sets A, B, andC.

84. a) (AuC) nB=({ac deflulabcd, e})' ~{c.dl={abcdefl n{cd
={g.hi}n{c, d} =0
(AnC) nB=({ac d efln{abcde) n{cd={acde nicd={bfghiln{cd=0

Therefore, for the specific sets, (AU C)' NB=(An C)' NB.

b) Answerswill vary.

¢ (AuC) B (ANC) NB
Set Regions Set Regions
A LIV, V A LIV, V
C IV, V, VI, VII C IV, V, VI, VII
AUC L1, IV, V, VI, VI ANC WAY
(AuCy m, Vi (AnC) L1, 1, VL VL VI
B 1,11, V, VI B 1,11, V, VI
(AUC) NB I (ANC) NB I, 1, Vi

Since the two statements are not represented by the same regions, (Au C)' NB=(An C), N B
for al sets A, B, and C.



85.

86.

87.

88.

\%
AB+ VI
5% B+11%

O- 6.5% VIl

Region Set Region

I ANB'NC’
] AnBNC’

VI

I ANBnNC’ VI

v ANB'NnC \

ANnBNC
ANBnNC
ANnB'nC
AnNB'NC

SECTION 24

a) A: Office Building Construction Projects, B : Plumbing Projects, C : Budget Greater Than $300,000

U
A B

(A

C Vil

b) RegionV; AnBNC
c) RegionVI; AnBnC
d) Regionl; AnB'nC’

n(AuBUC)=n(A)+n(B)+n(C)-2n(AnNBNC)-n(ANBNC’)-n(AnB'nC)-n(ANnBNC)
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89. a)
b —. e
| [ 1
Iy W VI
' et
M W
%] &
s -~
w1 Kl
. -~
iy
ol win LAY 0
LAY . -
b)
Region Set Region
I ANnB' NC'nD’ IX
I ANBNC'nD’ X
" ANBNC'NnD’ X
v ANB' NnC'nD X1
\Y ANBNC'NnD Xl
VI ANBNC'nD X1V
VI ANB' NnCAND XV
VIl ANBNCnND XVI

90. ' 'R

PRSAKCPARNEP

FMUN R R P

Exercise Set 2.5

Set
ANB'NnCND’
ANBNCAND’
ANBNCND’
ANBNCnND
ANnB NnCnD’
ANB'NnCnD
ANB NC'nD
ANB' NnC'NnD’

1. a) 33, Region|
b) 29, Region 111
) 27, Region IV

27

Shrubs Trees




SECTION 2.5

2. a) 36, Region |
b) 22, Region 1| Yoo Sudent
) 59, Region 1V i lounge
59 \Y
3. 8 17, Region | U
b) 12, Region 111 Family room Deck
¢) 59, the sum of the numbersin Regions|, Il, I1I
24 v
4. a) 39, Region |
b) 27, Region 111 U

¢) 101, the sum of the numbersin Regionsl, |1, 111

5. a) 27, Region VIII
b) 80, Region VII
¢) 340, the sum of the numbersin Regionsl, I11, VI
d) 55, the sum of the numbersin Regionsll, 1V, VI

€) 337, the sum of the numbersin Regionsl, 11, |11, 1V, V, VI

Federal

Express
N

Airborne

27 VIl

39
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6. a) 2, Regionlll
b) 6, Region |1
) 22, the sum of the numbersin Regionsl, II, I11, IV, V, VI
d) 11, the sum of the numbersin Regionsl|, I, 11l
€) 12, the sum of the numbersin Regionsll, IV, VI

7. a) 22, Region|
b) 11, Region I
¢) 64, the sum of the numbersin Regions|, II, I, 1V, V, VI
d) 50, the sum of the numbersin Regionsl|, I, 11l
€) 23, the sum of the numbersin Regions|l, IV, VI

8. a9, Region||
b) 20, the sum of the numbersin Regionsl, 111, VI
¢) 57, the sum of the numbersin Regions|, II, I, IV, V, VI, VII
d) 30, the sum of the numbersin Regions|l, 1V, VI
€) 8, Region VIII

9. a) 17, Region |
b) 27, Region VII
) 2, Region 1|
d) 31, the sum of the numbersin Regionsl|, I, 111
€) 2, Region VIII

U
Baseball Football
AA
Basketball
7 Vi
U Science
Mysteries fiction
AA
Romances
6 VI
U
Refrigerators Laundry

Child care

U Public
Trans. Car pool

Alone
2 VI




10. &) 496, the sum of the numbersin
Regions|, I, 111, 1V, V, VI, VII, VIII
b) 132, Region IV
) 29, Region 11
d) 328, the sum of the numbersin Regions|l, IV, VI
€) 470, the sum of the numbersin Regionsl, 11, 111, 1V, V, VI, VII

11. a) 10, the sum of the numbersin Regions |11 and VI
b) 15, the sum of the numbersin Regionsl|, 11, 111, 1V, V, VI
¢) 0, Region 11
d) 6, Region V11l

12. No. The sum of the numbersin the VVenn diagram
is99. Dennis claims he surveyed 100 people.

13. The Venn diagram shows the number of cars
driven by women is 37, the sum of the numbers
in Regions I, IV, V. This exceeds the 35 women
the agent claims to have surveyed.

SECTION 2.5

Computer

26 VI

Greater
than 10%

Greater than
750,000

]
Shrimp cocktail

Mozzarella
sticks

v
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42 CHAPTER 2 Sets

14. a) 290, the sum of the numbersin

Regions|, I, 111, 1V, V, VI, VII u o
b) 95, Region V Camping Hiking
¢) 10, Region V1|

d) 125, the sum of the numbersin Regionsll, IV, VI
The number of parks that had only camping, Region |,
is15. The number of parksthat had only hiking trails,

Region 111, is20. The number of parks that had only
picnicking, Region VII, is 35. 140 parks had camping
and hiking trails, Regions | and V. 185 parks had camping. Picnicking 10 Vil

Therefore, the sum of the numbersin Regionsl|, 11, IV, V
must equal 185. 15+140+ number in Region IV =185.

Thus, the number in Region IV is 30.

15. a) 410, the sum of the numbersin Regions | through VII
. U
b) 35, Region V Wheat Com
0

¢) 90, Region VIII

d) 50, the sum of the numbersin RegionslI, 1V, VI

The number of farmers growing wheat only, Region I,

is125. The number growing corn only, Region Il1, ¢/

is110. The number growing oats only, Region VI, & A

is90. 60 farmers grew wheat and corn, Regions |l and V.

200 farmers grew wheat. Therefore, the sum of the numbers

in Regions, I1, 1V, V must equal 200. as 90 vill

125+ 60+ number in Region IV = 200.
Thus, the number in Region IV is 15.

16. From the given information, we get the following Venn diagram:

U
A B

o

C Vi

Since n(AUBUC) =10 and n(U) =12, the remaining 2 elements in the universal set must bein Region VIII.

a) 10, the sum of the numbersin RegionsllI, IV, V, VI
b) 10, the sum of the numbersin Regions1V, V, VI, VIII
¢) 6, the sum of the numbersin Regions |V, VI, VIII



SECTION 2.6

Exercise Set 2.6
1. Aninfinite set isaset that can be placed in a one-to-one correspondence with a proper subset of itself.
2. a) A setiscountableif itisfiniteor if it can be placed in a one-to-one correspondence with the set of
counting numbers.
b) Any set that can be placed in a one-to-one correspondence with the set of counting numbers has

cardindity N, -

3.{7.8,9,10,11,...,n+6, ...} 4. {12,13 14,15, 16, ..., n+ 11, ...}
il 1 d \2 1L Ll 1
{8,9,10,11,12, ...,n+7, ..} {13,14,15,16,17, ...,.n+12, ...}
5.{35 7,911, ..,2n+1, ..} 6. {20,22,24,26,28, ..., 2n+ 18, ...}
il 1l \2 Ll Ll ol 1
{57, 911,13, ..., 2n+3, ...} {22, 24,26, 28,30, ..., 2n+20, ...}
7.{4,7,10,13,16,...,3n+1, ...} 8. {4, 8 1216,20, ..., 4n, ..}
A A { Ll Lld 1
{7,10,13,16,19, ..., 3n +4, ...} {8,12,16,20,24, ..., 4n+4, ...}
9. {6, 11,16,21,26, ..., 5n+1, ...} 111 1
Ll Ll l 10. {]‘5’5’2’3""’5"“}
{11,16,21, 26,31, ..., 5n+6, ...} Lilll 4

{1 1111 1 }
2'3'4'5'6" "'n+1’ "

11. {l,l,i,l,..., i} 12 {E,l,i,i,ﬂ...,ﬂ",..}
2'4'6'8 2n 11'11'11'17°117°77 11
Lill l VAN \2
1111 1 7 8 91011 n+6
{2'8’5’5" ' 2n+2'”} {1_1'1_1’1_1’E'1_1""'T""}

13. {1, 2, 3, 4,..., n ..} 14. {1, 2, 3, 4,.., n..}

VSN l L Ll 2
{6,12,18,24, ..., 6n, ...} {50, 51,52, 53, ...,n+49, ...}
15. {1,2,3, 4, 5,..., n,..} 16. {1,2,3,4,5,..., n, ..}
VRN l LId Ll 2
{4,6,8,10,12, ...,2n+2, ...} {0,2,4,6,8,....,2n-2, ..}
17. {1,2,3, 4, 5,..., n,..} 18. {1,2,3, 4, 5.., n, ..}
Wil d { il L l
{2,5,8,11,14, ...,3n-1, ...} {4,9,14,19,24, ...,5n-1, ...}
19.{1, 2, 3,4, 5 ..., n,..} 20. {1,234 5..n..1}
Lil ! { VRN 2
{5,8,11,14,17, ..., 3n+2, ...} 11111 1
{E,Z,g,g,ﬁ,...,%,..}

21.{ 1,2, 3,4,5, ..., n, ..} 22. {1, 234,5 .. n..l}

VRN l VRN AN 2
n

{11111 1 } {12345

34’567 'n+2" " 2’3’4’5’6"”’n+1’“}
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44 CHAPTER 2 Sets

23.

25.

27.
29.
31

{1, 23 4, 5.. n ..}

Lll il )
{1,4, 9,16,25, ..., 12, ...}
{1,2, 3,4, 5.. n..

VR AN )
{3,9,27,81,243, ..., 3", ..}

Review Exercises

1

11
13.

15.
17.
19.
21.
23.
24.

25.
26.

27.

28.

29.

30.

3L

True

True

False; the elements 6, 12, 18, 24, ... are members of
both sets.

False; both sets do not contain exactly the same
elements.

True
True
True

A={7,9,11,13,15)
C={1234,...,29)
A={x|xe N and 52 < x <100}

C={x|xe N andx< 3}

24.

26.

28.
30.
32.

{1, 2,3 4, 5...n..}

L1l 4l )

{2, 4,8,16,32, ..., 2", ...}

{1,23 4, 5.. n.l}
il Ll )

11111 1
3'6'12'24'48" ' 3x 2"

a) Answerswill vary.
b) No

2. False; the word best makes the statement not
well defined.

4. False; no set isaproper subset of itself.

6. True

8. True

10. True
12. True
14. True

16. B={California, Oregon, Idaho, Utah, Arizona}
18. D={9,10,1112,...,96}
20. B={x|xe N and x> 63}

22. D={x|xe N and 23< x<41}

A isthe set of capital lettersin the English alphabet from E through M, inclusive.

B isthe set of U.S. coinswith avalue of less than one dollar.

C isthe set of the last three lowercase |etters in the English a phabet.
D isthe set of numbers greater than or equal to 3 and less than 9.

ANB={135,6)n{5,6,9,10} ={5,6}

AUB ={1,35,6}U{5,6,9,10} ={135,6}U{12,34,7,8} ={12,3,4,5,6,7,8}

A NB={1356} n{56,9,10}={2,4,7,89,10}{5,6,9,10} = {9,10}

(AUB) UC =({1,35,6}U{5,6,9,10}) U{16,10} ={13,5,6,9,10} L{16,10}

={2,4,7,8L{1,6,10} ={1,2,4,6,7,8,10}

2" =2x2x2x2=16

32, 2*-1=(2x2x2x2)-1=16-1=15



33.

35. AnB'={b,d}
37. AnBnC={f}

39. (AnB)uC={gg,f,dai]

REVIEW EXERCISES

34. AuB={b,egk,cdf, a}

36. AuBuC={b,egkcdfai}
38. (AUB)nC={d,f,a]

40. (NUBY ANB
Set Regions Set Regions
A Nl A Nl
A i, 1v B I, 1
B I, 1 ANB I
B’ 1,1V
AUB LIV
(AUBY) I

Both statements are represented by the same region, |1,

of the

Venn diagram. Therefore, (A'U B')' =ANB

for al sets A and B.

41. (AUB)U(AUC) Au(BmC)’
Set Regions Set Regions
A L, 1V, V B I, 111, V, VI
B I, 1, v, vl C IV, V, VI, VI
B’ [, 1V, VII, VIII BNC V, VI
AuUB LIV, VI VI (BmC)' I IV, VI VI
C IV, V, VI, VI A LIV, V
C [0 L VI Au(BmC)' I LV, VL, VI VT
AuC’ [TV, V, VI
(AUB)U(AULC) LIV, VI VI
Both statements are represented by the sameregions, I, 11, I11, IV, V, VII, VIII, of the Venn diagram.

Therefore, (AUB')U(AUC’) = AU(BNC) for al sets A B, and C.
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46 CHAPTER 2 Sets

42.

46.

48,

49,

50.

51.

53.

VI
v

The company paid $450 since the sum of the numbers
in Regions| through 1V is 450.

a) 315, the sum of the numbersin Regions | through VI1I1
b) 10, Region I11

¢) 30, Region |1

d) 110, the sum of the numbersin RegionslIl, VI, VII

a) 38, Region |

b) 298, the sum of the numbersin Regions|, |11, VII
) 28, Region VI

d) 236, the sum of the numbersin Regionsl, 1V, VII
€) 106, the sum of the numbersin Regionsl|I, 1V, VI

{2,4,6, 8 10,....2n, ...}
LiL 1! 2

{4,6, 8,10,12, ...,2n+2, ...}
{1,2, 3,4, 5... n.}

LLl Ll 2
{5,8, 11,14,17,...,3n+2, ...}

52.

43. V
45. IV
47. VI

50

Thin

Thick

U

Chocolate

5 Vil

Survivor

Survivor |

47 VI

{3,5,7, 9, 11, ....,2n+1, ...}
VRSN
{5,7,9,11,13,...,2n +3, ...}
{1,2,3 4, 5, ..,
Lll i

{4,9,14,19,24, ...,5n- 1, ...

l

n, ..

\)

3
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Chapter Test

1. True 2. False; the sets do not contain exactly the same
elements.

3. True 4. Fase; the second set has no subset that contains
the element 7.

5. False; the empty set isa proper subset of every set 6. False the set has 2° = 2x2x2=8 subsets.

except itself.
7. True 8. Fase foranyset A, AUA'=U, not { }.
9. True 10. A={1,2,34,5,6,7,8)
11. Set A isthe set of natural numbersless than 9. 12. AnB={357,9/n{7,91113} ={7,9}

13. AUC’={357,9}u{31115} ={35,7,9}U{57,9,13} ={3,5,7,9,13}

14, AN(BNC) ={357,9}({7,91113}~{31115}) ={3,5,7,9}~{11} ={35,7,9}~{3,5,7,9,1315}
={35,7,9}, or A

15. n(ANB)= n({3,5,7,9} AI7, 9,11,13}') =n({35,7.9}~{3515}) =n({3,5}) =2

16.
U
A i B
C
Vil
17. An(BuC) (AnB)U(ANC’)
Set Regions Set Regions
B I, 11, vV, VI A LIV, V
C IV, V, VI VI B I, 111, V, VI
c’ [, 1 VI ANnB I,V
BuC’ ULV, VI VI C IV, V, VI, VI
A [, IV, V c’ I, 1, L, VI
An(BuC) LIV ANnC’ I, 1
(AnB)U(ANC) LV
Both statements are represented by the sameregions, I, 11, V, of the Venn diagram.

Therefore, An(BUC’)=(ANB)U(ANC’) foral sets A B, and C.
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18.

Keyless
entry

Compact
disc

Sunroof

10 v

19. {7,8, 9, 10,11,...,n+6, ...}

AN
(8,9, 10,11, 12, ...,.n+7, ...}

Group Projects
1. @ A:Doesnotshed, B: Lessthan 16 in. tall, C: Good with kids

l

b) Border terrier, Region V

a) Animal
) Felidae

a) Color

b) Nationality
¢) Food

d) Drink

€) Pet

f) Ale

b) Chordate
f) Felis

First
yellow
Norwegian
apple
vodka

fox

Second
blue

Afghan.

cheese
tea
horse

¢) Mammalia
g) Catus

a) 52, the sum of the numbersin
Regions|, 11, VII

b) 10, Region V1II

¢) 93, the sum of the numbersin
RegionsllI, IV, V, VI

d) 17, Region ||

€) 38, the sum of the numbersin
Regions|, 11, I11

f) 31, Region VI

{1,2,3,4,5,..., n ..}
VRN AN l
{1,3,5,7,9,...2n-1, ..}

Third Fourth
red ivory
Senegalese Spanish
banana peach
milk whiskey
snail dog

d) Carnivore

Fifth
green
Japanese
fish

ae
zebra



CHAPTER THREE

LOGIC

Exercise Set 3.1
l.a. A smple statement is a sentence that conveys one

idea and can be identified as either true or false.

b. Statements consisting of two or more simple

3.

35.
38.
41.

47.
49,

statements are called compound statements

a) Someare b) All are
¢) Some are not d) Noneare

.a — b) v C) A
d) ~e «

2.

4,

All, none (no), some

Let p: Theinkispurple.
The symbolic formis~ p. The negation symbol,
~ , represents the word not.

. The exclusive OR means that one or the other

event can can occur, but not both. b. Yes; the
inclusive OR means that one or more events can
occur simultaneously. c¢. Theinclusive ORis
used in this chapter, unless otherwise stated.

. When a compound statement contains more than one connective a comma can be used to indicate which smple

statements are to be grouped together. When writing a statement symbolically, the s mple statements on the
same side of the comma are to be grouped together within parentheses.

. compound; conjunction, A
11
13.
15.
17.
19.
21.
23.
25.
27.
29.
31
33.

compound; biconditional «»
compound; digunction, v

simple statement

compound; negation, ~

compound; conjunction, A
compound; conditional; negation, ~
No picnic tables are portable.

Some chicken do not fly.

All turtles have claws.

Some bicycles have three wheels.

All pine trees produce pine cones.

No pedestrians are in the crosswalk.

~p 36. pAqQ

~qe-p 39. ~p—>~q

~q—~p 42. ~qe~p
. ~pAqQ 45. ~(q— ~p)

Firemen do not work hard.
Firemen wear red suspenders or firemen work hard.

10.
12.
14.
16.
18.
20.
22.
24.
26.
28.
30.
32.
34.

48.
50.

49

. 1% Biconditional <> 2" Conditional — 3™ Conjunction A Disjunctionv 4" Negation ~

compound; negation, ~

compound; conditional, —

compound; conjunction, A

compound; biconditional, <

compound; conditional, —

compound; conjunction, A

compound; conditional, —

Some stock mutual funds have guaranteed yields.
Some plants do not create (contain) chlorphyll.
Some teachers made the roster.

Some horses do not have manes.

Someone likes asparagus.

All dogs with long hair get cold.
37. ~qv ~p
40. ~gAp
43. ~pA~qQ
46. ~(p Q)

Firemen do not wear red suspenders.
Firemen work hard and wear red suspenders.
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51. Firemen do not work hard if and only if firemen do not 52. If firemen do not work hard, then firemen

wear red suspenders. wear red suspenders.

53. Itisfalsethat firemen wear red suspendersor firemen  54. Firemen do not work hard or firemen do not wear
work hard. red suspenders.

55. Firemen do not work hard and firemen do not wear red  56. Itisfalsethat firemen work hard and firemen
suspenders. wear red suspenders.

57. (pv~qQ) —r 58. r~~p)v~q

5. (pAaqQ)vr 60. rAQ) —p

6l. p—(qv.~1) 62. (~peo~a)v~r

63. r—aap 64. ~(r— ~q)

65. q— (per1) 66. rv~q)«<p

67. The water is 70° or the sun is shining, and we do not 68. The water is 70° and the sun is shining, or we go

go swimming. swimming.

69. If water isnot , and the sun is shining or we do go 70. If the sun is shining then the water is 70°, or we
swimming. go swimming.

71. If we do not go swimming, thenthe sunisshiningand 72. If the sun is shining and we go swimming, then
the water is 70°. the water is 70°.

73. If the sunis shining then we go swimming, and the 74. If the water is not 70°, then the sun is shining or
water is 70° we will go swimming.

75. Thesunisshinningif and only if the water is70°, and ~ 76. If the sun is shining, then the water is 70° if and
we go swimming. only if we go swimming.

77. Not permissible. Inthelist of choices, the connective “or” is the exclusive or, thus one can order either the
soup or the salad but not both items.

78. Permissible.

79. Not permissible. Potatoes and pasta cannot be ordered together.

80. Not permissible. Potatoes and pasta cannot be ordered together.

81.a) (~p)—q b) conditiona 82.a) (~pAar)«<(~q) b) biconditional
83.a) (~g)A(~r) b) conjunction 84.a) (~p)vqg b) digunction
85.a) (pvQg)—r b) conditional 86.8) g— (pA~r) b) conditiona
87.a) r—>(pvqg b) conditional 88.a) (q—p)«< (p—q) b) biconditional
89.a) (~p)<> (~gq—r) b) biconditional 90.a) (~q) > (rAp) b) conditiona
91.a) (rA~q)— (Qa~p) b) conditional 92.a) ~[p—(gvr)] b) negation
93.a) ~[(pArg) < (pvr)] b) negation 94.8) ~[ran~q)—>(qar)] b) negation
95. a) r: retired; c: concrete business; r A ¢ 96. @) w: water level up; c: go canoeing; r: go
b) conjunction rafting; w— (cvr) b) conditional
97.a) b: below speed limit; p: pulled over 98. a) d: dinner isready; e caneat; r: cango to
~(—~p) b) conditional, negation restaurant; (d —€) v ~r b) digunction
99. a) f: food hasfiber; v: food hasvitamins h: be 100. a) c: Corlissisteaching.; f: Fayein Math.lab.
healthy; (fvv) —h b). conditiona w: aweekend; (c—f)<~w b)
biconditional
101. @) c: may take course; f: fail previous 102. @) g: car hasgas; b: battery charged; s: car will
exam; p: passed placement test; start; (gAab)—>s b) conditiona

ce (~fvp) b) biconditional



103. @) c: classroomisempty; w:isthe
weekend s is7:00am.; (ceow)vs
b) digunction
105. [(~a) > (rvp] < [(=1) Ad],
biconditional
107. @ The conjunction and digunction have
the same dominance.
b) Answerswill vary.

Exercise Set 3.2
1.a) 2°=2X 2 =4distinct cases
b) P19
Casel T |T
Case 2 T |F
Case 3 F T
Case 4 F |[F
3.9 P [ |p v g
T |T [T TT
T |[F [T TF
F |T |F TT
F |F |F F F
1 3 2
b) Only in Case 4, in which both smple
statements are fal se.
3 p pv.~-p
T |T |T [F
F |F [T T
7P 19 [P |~ |~Q
T [T [T |F [F
T (F [T |T |T
F |T |F |F |F
F |F |F |F |T
1 |3 |2
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104. This statement/question is a paradox. Therefore
itisfalse.

106. ~{[(~) = (p A @)] ©>[(~=p) v r]], negation

107. c) If weevaluatethetruthtableforpv gar
using the order (p v Q) A r we get adifferent
solution than if we used theorder pv (q A T).
Therefore, unless we are told where the
parentheses belong, we do not know which
solution is correct.

2.a) 2°=2x2x 2 =8distinct cases

b) p_[q9 |r
case 1 T |T |T
case 2 T |T |F
case 3 T |F |T
case 4 T |F |F
case 5 F T |T
case 6 F [T |F
case 7 F [F |T
case 8 F |[F |F
4. @) P 9 P A g

T T TTT
T F TFF
F T FFT
F F FFF
1 32
b) Only in case 1, when both smple
statements are true.
& P _|PpAa~p
T |T |F |F
F [F |F |T
1 13 |2
8. [P |q q v |~Pp
T (T [T |T |F
T |([F [F |F |F
F T |T [T T
F IF |F [T T
1 |3 |2
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~pv~=q

FF
FT
TT

~(~pr~0)

TFFT

FTTT
4 13 2

q

q

F

F

(Pv-~-g9an
TTFTT

TTF FF

TTTTT

L
Lo
W

= w
= L

FFF FF

FTTTT

FTT FF

132 54

(rAq A -~p

[
LL

N
™

~pA(@vn

FFTTT
FFTTF
FFFTT
FFFFF
TTTTT
TTTTF
TTFTT
TFFFF
15 243

T|T|TFFF

T

FIT|TTFF

F

r

T

F
T

[Ny

F
T

F

r

T

F
T

F
T

F
T

F

10.

q

T
T
F

[N

T
F
F

T
T

F
T
T

F

14.

16.

~(P v -0
FT T F
FT T T
TF F F

FFTT
41 3 2

~(p A ~Q)
TTFF

FTTT
TFFF

TFFT

413 2

~gv(pan

FTTTT
FFTFF
TTTTT

L
TS
-
L
-

FFFFF
TTFFT
TT FFF
15243

rvpa=~aq
TT TFF
FFTFF

TTTTT

FTTTT
TTFFF
FFFFF

TTFFT
FFFFT
1524 3

18.

~gA(rv~p

FFTTF

FFFFF

TTTTF
TFFFF

FFTTT

FFFTT

TTTTT
TTFTT
15243

r

r

T
F

T

F
T

F
T

F

T

F
T

F
T

=
T

F

q

T
F

=

T
F

T
F

11.

13.

15.

17.




19.

kaAnvp

T T A Ad|T

MM A—-4TTA-A|
M4 —47—7-|"

FFTT
TTTT
FFTT
FT FF
FFFF
TTTF
FFFF
13254

44 mm A4

21. p: Meetings are dull.
g: Teachingisfun.
In symbolic form the statement isp A q.

23.

25,

P9 |p~ag
T[T |T
T [F |F
F [T |F
F IF |F
1

p: Bob will get a haircut.
g: Bob will shave his beard.
In symbolic form the statement isp A ~ Q.

p

q

P A

~-q

T
T
F
F

T
F
T
F

Lo B e B
W T T

N 4T

p: Jasper Adamsis the tutor.
g: Mark Russo is a secretary.

In symbolic form the statement is~ (p A Q).

~(PprQ

m T+ 4|

n 4T e

FTTT
TTFF
TFFT
T FFF
4132

20.

SECTION 3.2 53

~rv(=p Qg

T T A4 A A H|T

MM 4477+l

FF FFT
TT FFT
FF FFF
TT FFF
FT TTT
TT TTT
FF TFF
TT TFF
45 132

mATn A7 474

22. p: The stadiumis enclosed.
g: The stadium is air-conditioned.
In symbolic form the statementisp A ~ q.

24.

26.

P la [P [~ |1
T [T [T |[F|F
T [F [T |T|T
F |IT [F |[F|F
FIF [F |F|T
1 3 |2

p: The class has 15 minutes.
g: Theclassiscancelled.
In symbolic form the statement is~ (p v Q).

P 9 |~ (P |v |9
T |IT |[F |T |T|T
T |F [F |T |T|F
F |IT |[F |F |T|T
F IF |T |F |F|F

4 |1 |3 |2

p: Mike made pizza.

g: Dennis made a chef salad.

r: Gil burned the lemon squares.

In symbolic form the statementis(p A q) A T.

e)

q

r

(PArg AT

M T Tm A A A

T A AT A

MAT =477

TTTTT
TTFF
FFFT
FFFF
FTFT
FT FF
FFFT
FFFF
13254

e e e e
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27. p: Thecopier isout of toner.
g: Thelensisdirty.
r: The coronawires are broken.
The statementisp v (q v r).

P 19 [r | pv(vn
TITIT|TT T
TITIF |TT T
TIFI T |TT T
TIFIF|TTF
FITI|T |FT T
FITIF|FT T
FIFIT|FT T
FIFIF|FF F

23 1

29. p: Congress acts on the bill.
g: The President signsthe bill.

In symbolic form, the statement is

p A (qQV ~ Q).

P 19 [pAr@v~09

T |IT |[TTTT F

T |F |[TTFT T

F [T |FFTT F

F |[F |FFFT T
15 24 3

3. (& ~pv(gvr)
Fv (FAT)
Fv F
F
Therefore the statement is false.

(b) ~pv(gnar)

TVv(TAT)
Tv T
T

Therefore the statement is true.

3. 3@ (~gar~-pv~r

(TAF)VF
F v F
F

Therefore the statement is false.
(b) (~qA~p v ~r

(FAT)VEF
F v F
F

Therefore the statement is false.

28. p: | am hungry.
g: | want to eat a healthy lunch.
r: | wanttoeatinahurry.
The statementisp A (Q A T).

r _|pA(@an)

TT

o)

MM mT A+ 4o
M7 A =7
S T I I

NTTTTTT T H A A
W T T TTTT 7T
Ll W B e B o e o e o [

30. p: Gordon likes the PowerMac G4 Cube.

g: Gordon likes the iBook.

r: Gordon likes the Pentium IV.

In symbolic form, the statement is

(PrgAr~q

P |9 [Prdr=q
TTTFF
TFFF T
FFTF F
FFFF T
1325 4

nm A
n = T

32. @ (~pAnNAaq
(FAT)AF
F AF
F
Therefore the statement is false.
(b) ~pA1nAq
(TAT)AT
T AT
T
Therefore the statement is true.

4. @ (~pv~qQv-~r
Fv T VvF
T v F
T
Therefore the statement is true.
(b) (~pv~a)v~r
TvhHVF
T v F

T
Therefore the statement is true.



35. (@ (pAr~Q)vr

(TAT) VT
T v T
T

Therefore the statement is true.
() (PAr~gQ)vr

FAFR VT
F v T
T

Therefore the statement is true.

37. (@ (~rap)vq

(FAT)V F
F Vv F
F

Therefore the statement is false.

() ~rap)va

FARVT
F v T
T

Therefore the statement is true.

39. (@ (~qv~p)ar

(Tv F) AT
T AT
T

Therefore the statement is true.
(b) (~av-p)ar

(Fv T) AT
T AT
T

Therefore the statement is true.

41. (& (~pv~Q) v (~rva)
(FvT) v (FvRF
T v F
T
Therefore the statement is true.
(b) (~pv-~q) v (-rva
(TvF v (FEVT
T v T
T
Therefore the statement is true.

36.

38.

40.

42.

SECTION 3.2

@ (pv~DAr~(pr~T)
(TvT) A~(TAPF
T A ~F
T
Therefore the statement is true.

®) (pv~aA~(par~T)

FvF A (FAP
F A ~F
F

Therefore the statement is false.

@ ~qv(rap)
Tv(TAT
Tv T
T
Therefore the statement is true.

(b) ~gv (rap)

Fv(TAF
Fv F
F

Therefore the statement is false.

@ (~rv-p)v-q
FvFvT
F v T
T
Therefore the statement is true.

() (~rv~-pv~q

(FvT vF
T v F
T

Therefore the statement is true.

@ (~rA~0) A (=1 v ~p)
(FAT) AV B
F A F
F
Therefore the statement is false.
(b) (~rA~Q) A(~TV~P)
FAF) A(FVT
F A T
F
Therefore the statement is true.

55
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43.

45,

47.

49,

51.

CHAPTER 3 Logic

3+5=4+47 or 10-9=9-10
8=8 v 12-1
T v F
T
Therefore the statement is true.

E: Elviswasasinger.
C: Chickenscan swim.
E v C
T v F
T
Therefore the statement is true.

U2: U2isarock band.
DW: Denzel Washington is an actor.
JS: Jerry Seinfeld is acomedian.

(U2 A DW) A ~JS

T A T) A F

T A F
F

Therefore the statement is false.

CR: Cd Ripken played football.

GB: Bush was prime minister of England.

CP: Colon Powell wasin the Army.
(CR v GB) A CP
(Fv F) A T
F AT
F
Therefore the statement is false.

p: 30 pounds of cheese was consumed by
the average American in 1909.
g: The average American consumed 154
pounds of sweetnersin 2001.
pA~q
FA~-T
FAF
False

44, 5<4 and 4<5
F A T
F
Therefore the statement is false.

46. AL: Alaskaisthe 50" state.
HI: Hawaii isagroup of isands.

AT: Atlantaisthe capitol of Alabama.

(AL v HI) A AT

(FvT)AF

T A F
Therefore the statement is false.

48. T: Toronto isacity in Minnesota.

M: Mexico City isin Texas.
C: Cairoisin Egypt.

(TvM)aC

Fv AT

F AT
F

Therefore the statement is fal se.

50. H: Holsteinisabreed of cattle.
C: Collieisabreed of dog.
B: Beagleisabreed of cat.
HAC Vv -B
TATV T
T v T
T
Therefore the statement is true.

52. p: Per capita consumption of red meat
was less for average American in 2001

than in 1909.

g: The average American consumed 154

pounds of sweetnersin 2001.
pvq
FvT
True



53.

55.

57.

59.
61.
63.
65.

67.

69.

p: In 1909, average American ate
approximately the same amount of
fish and poultry.

g: Between 1909 and 2001, average
American consumed more poultry.

pAqQ
TAT
True

p: 30% of Americans get 6 hours of sleep.

g: 9% get 5 hours of sleep.
~(P~Q)
~(FAT)
~F
True

p: 13% of Americans get < 5 hrs. of deep.
0. 32% of Americans get > 6 hrs. of sleep.

r: 30% of Americans get > 8 hrs. of sleep.
(pva)ar
(TVvHAF

T AP
False

pA~q
pv~q
(rva)ap
qv(pa-~n

(@ Mr. Duncan qualifiesfor the loan.
Mrs. Tuttle qualifies for the loan.

(b) The Rusineks do not qualify
because their grossincome istoo low.

(8 Wing Park qualifiesfor the special

fare.

(b) The other 4 do not qualify:
GinaV. returns after 04/01;
KaraS. returns on Monday;
Christos G. does not stay
at least one Saturday; and
Alex C. returns on Monday.

54.

56.

58.

60.
62.

66.

68.

70.

SECTION 3.2

p: In 1909, average American ate
approximately

9 times as much red meat asfish.

g: By 2001, average American only ate 8
times as

much red meat as fish.
pAqQ
TAT
True

p: 25% of Americans get 6 hours of sleep.
g: 30% of Americans get 7 hours of dleep.
r: 9% of Americans get 5 hours of seep.

pA(Qv~r)

TA(Tv~T)

TA(MVE

TA T

True

p: >50% of Americans get < 7 hrs. of deep.
g: > 25% of Americans get < 6 hrs. of deep.
pAQ)
TAT
True

~pAq
~pv—q
(PArg)vr
~PA(-TAQ)

(@ The Argentos qualify for the loan.
Mrs. Tuttle quaifies for the loan.

(b) Ms. McVey does not qualify because
her grossincomeistoo low. Ms. Fox
and Mr. Siewert do not qualify
because their assets are too low.

~[=(Pr9)~(QvD]

T T T A+ 4|
MM A7 7Hd|a
e B I e 1 e e s R Y

ogmMmTmM AT AAAT
S I M M 1 e o e B & 3
PmmAd4d4d444 -
i B B B B
Wmmm4Hdm T T A

57
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16 distinct cases

72. (a) 2

74. Answerswill vary (out of order).

[(@A~DA(EPpv~Qlv~(pPVv~=0)

r

q

71.

alFHFFRFFRFPFWLLLLLLL LLWLWLW
>Ik-FFHFFFFFFRFRFWLLEFERFLLLLLLL
T

| D T TR e e T TR R TR TR TR S S TR TR TR TS

n =)

A N—r|

o R T T S S I TRy Sy S TR S TR TS

2] SlFFLLFFRFRFRFRFLLPFRFLL

nAv T

o> T T T e e e e TR TR TR TR TR TR TR TS
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n oL h+LEFLEFLEFLEFELEFELIEL

_ s FLL LWL EFRFLLEFRFLL
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Exercise Set 3.3
139 (p|lg|p |~ q
TIT|T [T T
TIF|T |F F
FIT|F |T T
FIF|F |T F
1 (3 2

b) The conditional statement isfalse only in the case
when antecedent is true and the consequent is false,
otherwiseitistrue.

3.a) Substitute the truth values for the simple
statement. Then eval uate the compound
statement for that specific case.

b [pedv(Er—0q] —-~r
(MT>T) v{ET->T]->~T

[ T v(T->T] »T
[ 7T v T ] »T
T - T

T

In this specific case the statement is true.

[ pld ~q—p
T|T FTF
T|F TFF
FIT FTT
F|F TTT
132
9 plg ~@—p)
T(T T
T|F FT
FIT T F
F|F FT
2 1
. |plg|~q|< |p
T|IT|F |F |T
TIF|T |T |T
FIT|F |T |F
FIF|T |F |F
1 |3 |2
B |plgjp [« |[(@vp
TIT[T |T T
TIF|T |T T
FIT|F |F T
FIF|F |T F
1 |3 2

SECTION 3.3

29 P|ld | peg
T[T |[TTT

T|F | TFF

F|T |FFT

F|F |FTF

132

b) The biconditional statement is true when the
statements to the left and right of the
biconditional symbol match, otherwise, false.

4. A tautology isacompound statement that is true
in every case.

5. A sdf-contradiction is a compound statement
that isfalsein every case.

6. Animplication isa conditional statement that is
atautology.

mm -
mHm e
PTTH Ao

w— ==l
N T H T

10

mTmH Ao
4 TmHe

NTH - T

mTmH Ao
4 T-He

wmH A
NTITTH HT

4T T A

14 Caarp) —~q
FFTT F
TTTT T
FFFT F
TFFT T

1325 4

nmTmHHo
n- TR

59
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P)

(PAQ)

R d

pld|Pv9

T
TF

AT
FF

16

4513 2

pPlg|g—(p—-~0
TIT|TFTFF
TIF|IFTTT T
FIT|TTFTF
FIF|FTFT T

15

S Plulw|w|w| |||~
qrurFrroorea (SEFFLERFRFLA 0 I S P (S S I (S Y
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2. plglrlp|=]|d|o|q|>|~n|26 |plajr|(p |« |~0 |—|(q|< |1
TIT | T T T F | T F TIT|T|F T F F F F |T
TITI|FE T T FIT I|T T T F|F T F T F T F
TIFIT F T T | F F T FT|F F | T T | T T | T
TI|F |F F F T|T |T T FF|F F T T T F | F
FITIT T T F|T I|F FIT|T|T F |F T | F F T
FITI|F T T FITIT FITIF|T F |F T | F T | F
FIF|T T F T | F F FIFIT|T T | T T | T T | T
FIF |F T T TITIT FIFIF|T T | T F | T F F

1 5 2 14 |3 1 3 |2 7 |4 6 |5

Exercise Set 3.4

1. Two statements are equivalent if both statements have
exactly the same truth values in the answer column of
the truth table.

3. Thetwo statements must be equivalent. A
biconditional is a tautology only when the statements
on each side of the biconditional are equivalent.

5 a qg—p b) ~p—~q 9~d—~p

7. ~pvq

9 Using DeMorgan's Laws on the statement
~pv~(q, weget thefollowing: (1) ~(~pv~Q)
2 ~@va), (3~ (pAq.
Therefore~pv~qe ~(p AQ).

11. Using DeMorgan's Laws on the statement
~ (p ~Q), we get the following: (1) (p AQ),

(2~pr~q.(3~pv~a
Therefore ~ (p AQ) ishot equivalenttop v ~@.

13. Yes, ~(pv~0 &< ~pAQ
15. Yes, (~pA~Q)—r
17. Yes, ~(p—~0) & ~(~pv Q) < paq

19

pP—q

!
=]

W o+ TH|<

L e lae
4T
e e I | )
P47
N —om—e

QL

The statements are equivalent.

2. Congtruct atruth table for each statement and then
compare the columns. If they are identical, then
the statements are equivalent. If the answer columns
are not identical, then the statements are not
equivalent.

4 ~(pArge~pv—q
~(pvg) e ~pa-q

6. converse < inverse; conditional < contrapositive
8.pT peogep—o)a@—p
T peodepoa)atq—p

10. Using DeMorgan's Laws on the statement
~(p v q), we get the following:
Dpva,(@~pv~-q, B)~par~-q.
Therefore ~(pvQ) © ~pA~q.

12. Using DeMorgan's Laws on the statement
~ (p AQ), we get the following:

Dprg(d~pr~a,(3)~pv~a
Therefore ~ (p AQ) ishot equivalent to ~ p AQ.

14. No, ~(pA~Q= ~pv ~(
16. Yes, g—~(pA~T1); gq—~pvr
18. Yes, ~(~p—0d) & ~(pv Q) © ~pa~q

2 |p |9 |[~p—q pAqQ
T I|T |[FTT T
T |F |[FTF F
F IT |TTT F
F IF |TFF F
132 1
The statements are not equivalent.
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~gq—~p

TF

FF

- o
=™

L~

pP—q

= L

L LL

The statements are equivalent.

p A (gan)
TT
TF

Lo
L

TF

FF

FF

FF
23

(PAQg) Ar

TT
FF

FT
FF
FT

FF
FT
FF
32

r

P 19

21.

The statements are equivalent.

PN TIR TR TR SR TIRTIR TR N
)
MFFFFFLLWL @
o [V TR TR T Sy Sy SR
o ww -
=)
>SHEFFRFRFLLL®
o-FFFFFLWLWLWLWN
T T ey Ty ey Th
O kLW LWHkFFLWLW
olF L www
<

N

SIFFFWL L
)
SFFFFERERFRFWL®
o—FHFRFLWLWLWLUWN
lFL L LD
S-FFFFFRFLS
o
SIFFFFRFRLLA
&

| TR S TRy S TRy ey TR
olF LWL
Q- FFLWILWLWLW

23.

The statements are equivalent.

The statements are equival ent.

(Pva A~r

T FF
TT

T FF
TT

FF
TT

FF

=

~g@—pwvr

T TT

T

FF

T TT

T

FF

TT
TF

F
F

T TT

r

q

T |T |T |F

T |T |F|F

T |F [T |F

T |F [F|F

F T [T |T

F T |F|T

FIF |T |F

26.

(pAQ) vr

TTTTT
TTTTT

TFFTT

TFFFF

FFETTT

FFT FF

FFFTT

FFFFF

13254

pA(@v )

15243

r

T [T |T [TTTTT
T |T |F |[TTTTF
T |F |T |[TTFTT
T |[F |F |[TFFFF
F T |T [FETTT
FITI|F [FFTTF
F IF |T |[FFFTT
F |F |F |[FFFFF

25 |p 9

The statements are not equivalent.

The statements are not equivalent.

T
MFRLULEFRFLL®
o+ FFFRFRFRLS
SRR LELLG
=

I LT T T T e T T o
-
M.TFTFFFFFl
MFFFL L L o
mwFFTTFFTTZ
Pl LWL
Ol LWL EFFLWLLW
olFFFFLWLWLWLW
foe)

AN
“-FLFFWLHFLFLAN
TFLhFFRFLEL®
_—

(e
LWL
=
MFLFFFLFFQ
T
<FLLWLFLEFEF®
_—

T

[N Gl T e e e e
Z

e T e TR ey Ty Tl
O/ FH—LWLWRFERFLWLW
O—F—HFHFLW LW LWL
N

AN

The statements are not equivalent.

The statements are not equivalent.



31.

33.

35.

37.

39.

P 19 [(pP—aA(@—p) p<q
T T T T T T
T |F F F T F
F T T F F F
F |F T T 7T T
1 3 2 1

The statements are equivalent.

p: The Mississippi River runs through Ohio.
g: The Ohio River runs through Mississippi.
In symbolic form, the statement is~ (p v Q).
Applying DeMorgan's Lawswe get: ~p A ~Q.

The Mississippi River does not run through Ohio

And the Ohio River does not run through Miss.

p: The snowmobile was not an Arctic Cat.

g: The snowmobile was not a Ski-Do.

In symbolic form, the statementis~p v ~q.
Applying DeMorgan's Laws we get: ~ (p A Q).
It isfalse that the snowmobile was an Arctic
Cat and was a Ski-Do.

p: The hotel does not have a weight room.
g: The conference center does not have an
auditorium.
In symbolic form, the statementis~p A ~Q.
Applying DeMorgan’s Laws we get: ~ (p v Q).
It isfalse that the hotel has aweight room and
the conference center has an auditorium.

p: We go to Cozemel.

g: Wewill go snorkeling.

r: We will go to Senior Frogs.

In symbolic form, the statement is

p— (qv ~r). Applying DeMorgan’s Laws
weget: p— ~(~qar). If wegoto Cozemel,
then it is false that we will not go snorkeling
and we will go to Senior Frogs.

p: You drink aglass of orangejuice.

g: You'll get afull day’s supply of folic acid.
In symbolic form, the statement isp — q.
Sincep — q < ~p v, an equivalent
Statement is: Y ou do not drink a glass of OJ
or you will get afull day’s supply of folic acid.

34.

36.

38.

40.

SECTION 3.4 63

A p g |[[~e—la[~(a—p)] [~(P<0
TITIF T F F T |F T
TIFI|IT F FFT |T F
FIT|IF T FTF |T F
FIFIF T FFT |F T

2 1 5 4 3 |2 1

The statements are not equivalent.

32. p: Theprinter isout of toner.
g: Thefax machineis out of paper.
In symbolic form, the statement is~ (p AQ).
Applying DeMorgan’'s Laws we get:
~p Vv ~qg. Theprinter is not out of toner
or the fax machine is not out of paper.

p: The pot roast is hot.

g: The pot roast is not well done.

In symbolic form, the statementispA ~q .
Applying DeMorgan's Lawswe get: ~(~pv Q). It
isfalse that the pot roast is not hot or it iswell done.

p: Robert Farinelli is authorized WedgCor dedler.

g: Heisnot going to work for Prism Constr. Co.

In symbolic form, the statement isp v ~ .

Applying DeMorgan's Lawswe get: ~(~pA Q). Itis
False that Robert Farinelli isn't an authorized WedgCor
Dedler and he is going to work for Prism Constr. Co.

p: Phil Murphy buys us dinner.

g: Wewill not go to the top of the CN Tower.

r: We will be able to walk to the Bistro Restaurant.
In symbolic form the statement isp — (~ g A 1).
Applying DeMorgan's Lawsweget: p— ~(qv ~1).
If Phil Murphy buy us dinner, then it is false that

we will go to the top of the CN Tower and that
we will not be able to walk to the Bistro Restaurant.

p: Nick-at-Niteis showing Family Ties.

g: Nick-at-Nite is showing The Facts of Life.

In symbolic form, the statement isp v q.

Since p — q < ~ p v, an equivalent statement
is: If Nick-at-Nite is not showing Family Ties,
then they are showing The Facts of Life.
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41. p: Bob the Tomato visited the nursing home.
g: Bob the Tomato visited the Cub Scout
meeting.
In symbolic form, the statementisp v~ q.
Sincep — q < ~p v, an equivalent
Statement is: If Bob the Tomato did not visit

the nursing home, then he did not visit the
Cub Scout meeting.

43. p: The plumbers meet in Kansas City.

g: The Rainmakerswill provide the
entertainment.

In symbolic form, the statementis~ (p — q).

~(P—a)e~(-pva)epa~q. The

plumbers meet in KC and the Rainmakers did

not provide the entertainment.

45. p: Itiscloudy.

g: Thefront is coming through.

In symbolic form, the statement is (p — q) A
@—-p. P—DA(@—p) < pea ltis
cloudy if and only if the front is coming
through.

47. p: The chemistry teacher uses mathematics.

g: Thereisashortage of math. teachers.

In symbolic form, the statement isp < q.
P—aAr(@—pepea

If the chemistry teachers uses math., then there
Is a shortage of math. teachers and if thereisa

shortage of math. teachers, then the chemistry
teacher uses math.

49. Converse: If | finish the book in 1 week, then
itisinteresting.

Inverse: If the book is not interesting, then |
do not finishitin 1 week.

Contrapositive: If | do not finish the book in

One week, then it is not interesting.

51. Converse: If you can watch TV, then you

finish your HW.

Inverse: If you do not finish your HW, then
you cannot watch TV.

Contrapositive: If you do not watch TV, then
You did not finish your HW.

42.

46.

48.

50.

52.

p: John Peden will buy a Harley Davidson.

g: John Peden will buy a Honda.

In symbolic form, the statementisp — ~q.
Since p — q < ~ p v, an equivalent statement
is: John Peden will not buy aH-D or he will
not buy a Honda.

. p: Mary Beth Headlee organized the conference.

g: John Waters works at Sinclair Community College.
In symbolic form, the statement isp v~ Q.
~p—~qepv~q. If Mary Beth Headless did
not organize the conference, then John Waters does
not work for SCC.

p: Model Road is closed.
g: Use Kirkwood Road.
In symbolic form, the statement is (p — q) A(q — p).

(p— q) A(0— p) & p < g. Model Rd. isclosed
if and only if we use Kirkwood Rd.

p: John Deere will hire new workers.

g: The City of Dubuque will retrain the workers.
In symbolic form, the statement isp < q.
P—aAr(@—pP)=peq

If John Deere hires new workers, then the City
of Dubugue will retrain the workers and if the

City of Dubuque retrains the workers, then
John Deere will hire new workers.

Converse: If you need to replace the blower fan,
then the dryer is making a loud noise.

Inverse: If the dryer is not making aloud noise,
Then you do not need to replace the blower fan.

Contrapositive: If you do not need to replace the blower
fan, then the dryer is not making aloud noise.

Converse: If Bob Dylan goes on tour, then he
releases anew CD.
Inverse: If Bob Dylan does not release anew CD,

then he does not go on tour.
Contrapositive: 1f Bob Dylan does not go on tour,
then he does not release anew CD.



53.

55.

57.

59.

61.

63.

65.

Converse: If | scream, then that annoying
paper clip (Clippie) shows up on my screen.

Inverse: If Clippie does not show up on my
screen, then | will not scream.

Contrapositive: If | do not scream, then
Clippie does not show up on my screen.

Converse: |f we go down to the marina and
take out a sailboat, then the sun is shining.

Inverse: If the sunis not shining, then we do
not go down to the marina and take out a
sailboat.

Contrapositive: If we do not go down to the
marina and do not take out a sailboat, then
the sun is not shining.

If anatural number isdivisible by 10, then it
isdivisibleby 5. True

If anatural number is not divisible by 6, then
itisnot divisibleby 3. False

If two lines are not parallel, then the two lines
intersect in at least one point. True

If the polygon is a quadrilateral, then the sum
of the interior anglesis 360 degrees. True

p: Mariahasretired.

g: Mariais till working.

In symbolic form, the statements are:
d~pvabg—~pgp—-~q

Statement (c) is the contrapositive of
statement. (b). Therefore,

statements (b) and (c) are equivalent.

P 19 |~pvg q—-~p
T |T [FTT TF F
T |F |FFF FT F
FIT |[TTT TT T
F |IF |TTF FT T

1 32 13 2

Since the truth tables for (a) and (b) are
different we conclude that only
statements (b) and (c) are equivalent.

56.

58.

60.

62.

64.
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Converse: If | watch the same channel all night, then
the remote control is not within my reach

Inverse: If the remote control iswithin my reach, then
I will not watch the dame channel all.night.

Contrapositive: If | do not watch the same channel all
night, then the remote control is within my reach.

Converse: If we eat a piece of apple and save some for
|ater, then the apple pie is baked.

Inverse: If the apple pieis not baked, then we do not eat
apiece of pie nor do we save some for later.

Contrapositive: If we do not eat a piece of pie
nor do we save some for later, then the apple pie
is not baked.

If aquadrilateral is a parallelogram, then the
opposite sides are parallel. True

If nisanatural number, then 1/nis anatural
number. False

If misacounting number, then %:E. True

If the product of aand b is an even counting
number then aand b are both even counting
numbers. False

66. p: Today isMonday.
g: Tomorrow is Wednesday.
In symbolic form, the statements are:
dp—~0d,b)~(pAr~0),9~pva.
If we use DeMorgan’s Laws on statement
(b) we get statement (9.
Therefore, statements (b) and (9 are
equivaent. If welook at thetruth
tables for all three statements we can
see that only statements (b) and (9 are

equivalent.
a b) ©
P | [P~ |~(pAr~Q |~pv(q
TI|TI|TFF |TTFF FTT
TIFITTT |FTTT F FF
FIT|FTF |TFFF TTT
FIF|IFTT |TFFT TTF
132 4132 132




66

67.

69.

71.
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p: Thecarisreliable.

g: The car isnoisy.

In symbolic form, the statements are: @) ~p A q,
b)~p—~q, 9~(pv~q. If weuseDeMorgan's
Laws on statement (@), we get statement (9.

Therefore, statements (@) and (9 are equivalent.

If we look at the truth tables for statements (a),
(b), and (9, we see that only statements (a) and (¢
are equivalent.

a) b) 0)
P |9 |~pAaq |~P— ~q|~(pVv~Q)
TIT|FFT|FT F|FTTF
TIF|FFF|FT TIFTTT
FIT|TTT|TF FI|TFFF
FIF|TFF|TT TI|FFTT

13213 214132

p: Today is Sunday.
g: Thelibrary is open.
In symbolic form, the statements are: a) ~ p vq,

b) p— ~q,9 q— ~p. Looking at the truth table for

all three statements, we can determine that only
statements (b) and (Q are equivalent.

a) b) ©)

P |9 |~pvg [pP—>~q |[g—-p
TIT|FTT |[TF F |TFF
TIF|FFF |TT T |FTF
FIT|TTT |[FT F [TTT
FIF|TTF [FT T |FTT
132 |13 2 |13 2

p: Thegrass grows.
g: Thetreesare blooming.

In symbolic form, the statements are: @) p Aq,
b)g—~p,9~qv~p. Usingthefactthat p — q
& ~pvq, on statement (b) weget ~q v~ p.

Therefore, statements (b) and (9 are equivalent.
Looking at the truth table for statements (a) and (b

we can conclude that only statements (b) and (¢ are

equivalent.

P 19 |[pAQg |9—>"~P

T |T T |[TF F

T |F F |[FT F

F T F ITT T

F |F F (FT T
1 |13 2

68.

p: The house is made of wood.
g: The shed is made of wood.
In symbolic form, the statements are:
~pv~qgbp—~qg andg~(ga~p).
Usingthefactthatp —» q< ~pvqto
rewrite statement (b), we get ~p v~q.
Therefore, statements (a) and (b are
equivalent. Looking at the truth tables for
all three,it can be determined that only
statements (a) and (b are equivalent.

a) b) C)

o)

~pv~-q ~(@A~-p

m T+ -
m 4T dfa

FF TTFF
TT TFFF
TF FTTT
TT TFFT
32 4132

P T T+ o
w4l
N4 m 4

Rl

70.

72.

p: You arefishing at 1 PM.

g: Youaredrivingacar at 1 PM.

In symbolic form, the statements are:
dp—gb)~pvg,g~(pAr~0).

Using thefactthatp - q< ~p v q,

we see that (a) and (b) are equivalent
statements. If we use DeMorgan’s Laws
on statement (b), we get statement (9.
Therefore all three statements are
equivalent.

p: Johnny Patrick is chosen as department chair.
g: Johnny Patrick isthe only candidate.
In symbolic form, the statements are:

Apeaqb)(p—oaA(@—p),andc)~pag.

P |d [P<qi(p—0A(@—p) |~pa~q

T |T |TT TTTTTTT FFF
T

T |F [TFFTFFFFTT FFT

F [T [FFT|FTTFTFF TFF

F [F [FTFFTFTFTF TTT
132[46510789 111312

Therefore, pisequivaent to q.



73. p: Johnny Patrick is chosen as department chair.
g: Johnny Patrick isthe only candidate.
In symbolic form, the statements are: @) p < q,

75.

77.

b) (p— ) A(d— p),andc) ~pArg.

P laP<qd [(p—aA(@—p) [~PA=q
TIT|[TTT [TTTTTTT|FFF
TIFITEFF |TEFFEFTT |FFT
FITIFFT |FTTETFF |TFF
FIFIFTF |FTETFTFE |TTT

132 |46510789 |111312

Therefore, p isequivalent to g.

p: The pay is good.
g: Today is Monday.
r: 1 will take the job.

Looking at the truth tables for statements (a), (b), and
(9, we can determine that none of these statements are

SECTION 34 67

74. p: Youdrink milk.

g: Your cholesterol count will be lower.
In symbolic form, the statements are:

a~(~p—a),bgepande)~(p—~0.

P |9 [~p—0|gqe<p|[~(p—>=~0
TI|TIFFTT [TTT|TTFF
TI|F|F FTE |FFT|[FTTT
FITI|F TTT |TEF |[FFTF
F IF|T TFF |FTF|FFTT
4 132 |576 (118109

Therefore, none of the statements are equivalent.

76. p: Youare 18 yearsold.
g: You are acitizen of the United States.

r: You canvotein apresidential election.
Looking at the truth tables for statements

(@, (b), and (9, we can determine that

equivalent. none of these statements are equivalent.

a) b) ) a) b) ©)
Pl [(pag)—>r |~T—>~(pva) | (PAQ)V T Plajr [(PArg@—r [r =(@Ap)|~rv(pAa=Q)
TI|IT|IT| TT T I|FTF T T TT TITI|T T TTI|TT T F FTFF
TITIF| TF F|TFF T T TF TIT|F T FFIFF T T TTFF
TIF|IT| FT T |FTF T F TT TIF|T F TTI|TF F FTTTT
TIFIF| FT F |TFF T F FF TI|F|F F TFI|FT F T TTTT
FIT|IT| FT T |FTF T F TT FIT|T F TTI|TF F F FFFF
FITIF| FT F |TFF T F FF FI|T|F F TFI|FT F T TFFF
FIFIT| FT T |FT T F F TT FIF|T F TTI|TF F FFFFT
FIFIF| FT F |TT T F F FF F |F |F F TFI|FT F T TFFT

13 2 |14 3 2 1 32 1 32 |13 2 1 524 3
p: The package was sent by Federal Express. 78. p: Wewill put the dog outside.

g: We feed the dog.

g: The package was sent by United Parcel Service.
r: The package arrived on time.
Using the fact that p — q & ~ p vq to rewrite
statement (9, we get p v (~ g Ar). Therefore,

statements (&) and (9 are equivalent. Looking at the
truth table for statements (a) and (b), we can conclude

that only statements (a) and (¢ are equivalent.

a)

pv(=gan

l

—

~

T T A4+ d[o

MTTmA-47nmd |9

TATm A7 4dm4d|-

TTFFT
TTFFF
TTTTT
TTTFF
FFFFT
FFFFF
FTTTT
FFTFF

F
T
T
15 243

P AT AT AT A=

am—a 471 mnHmn -]

NTTT T HH 44 4o
AAdAdTm T AAA4A< 2
(O e e T e 1 e s B 1 B 1 i o)

r: The dog will bark.

In symbolic form, the statements are:

a (pva) —>~rb)r—(~pa~q),

and 9 r < ~(pvQ). Statement (¢ isthe
contrapositive of statement (b) and if we
use DeMorgan’s Laws on statement (b)
we obtain statement (9. Therefore,
statements (a), (b), and (Q are
equivalent.
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79. p: Thecar needsoil.
g: The car needs gas.
r: Thecarisnew.
In symbolic form, the statementsare: @) p A(q v ),
b)pa~(~ga~r),andg p— (qv~r). If weuse
DeMorgan’s Laws on the diunction in statement (a),
we obtain p A~ (~ q A~r). Therefore, statements (a)
and (b) are equivalent. If we compare the truth tables
for (a) and (§ we see that they are not equivalent.
Therefore, only statements (a) and (b) are equivalent.

P 19 | |pa(@vr) p— (qQv~rn
TIT [T [TT T TT TTF
TITI|FI|TT T TTTTT
TIF [T I|TT T TF FFF
T |F |F |TF F TT FTT
FIT |IT IFF T FT TTF
FITIF IFF T FT TTT
FIF|IT IFF T FT FFF
F IF |[F [FF F FT FTT

13 2 15 24 3

81. Yes conditional: If itisabird, thenit canfly.
(False); converse: If it canfly, thenitisabird. (F)

83. Yes conditional: 1f2+5=7,then5+1=4.(F)
contrapositive: If 5+1 # 4,then2+5 # 7. (False)

85. If we use DeMorgan’s Laws to rewrite ~p vq, we
get~(pA~Q). Since ~pvge ~(pA~Qq) and

p— g< ~pvq, wecanconcludethat p —» q&
~(p A~ Q). Other answers are possible.

87. Research problem -- Answerswill vary.

89. (a) conditional; (b) biconditional; (c) inverse;
(d) converse; (€) contrapositive

80. p: The mortgage rate went down.

g: Tim purchased the house.

r: The down payment was 10%.
Looking at the truth tables for statements
(a), (b), and (9, we can determine that
none of these statements are equivalent.

a) b) 0)

P 19 [ [pe@an [rA(@—p) |d—(@A~T)
TI|ITI|T|TT T |[TT T |TETFF
TITI|FI|ITF F |[FF T |[TTTTT
TIFI|TI|ITF F |[TT T |FT TFF
TIFI|FI|ITE F [FF T FT TTT
FITI|ITI|FF T |TE F |TF FFF
FITI|IF|[FT F |FF F |TF FFT
FIFI|ITIFT F |TT T |FT FFF
FIFIFIFT F [FF T FT FF T

13 2 (13 2 |15 243

82. Yes conditional: 1f5+1=9,then2+5=7.(T)
converse; If2+5=7,then5+1=9.(F)

84. No. A conditional statement and its contrapositive
are equivalent statements.

86. ~[~(pVv~Q)] e pVv~q Makeuseof the fact that
~(~p) © p, then use DeMorgan’s Law twice.

~[~(Pv~a]=~[~pAd]=pv~q

88.

a ~p=1-p=1-025=0.75
b) ~q=1-gq=1-0.20=0.80

0 p Aqhasatruth value equal to the lesser of
p=0.75and q=0.20. Thusp Aq=0.20

d p v hastruth value equal to the greater of
p=0.25andq=0.20. Thuspv q=0.25

€) p — g hastruth value equal to the lesser of 1
and1-(p+q)=1-0.25+0.20=0.95. Thus
p—q=0.95

f) p<— ghasatruthvalueegqual to1—|p—q|=
1-(0.25-0.200=1-0.05=0.95. Thusp < q
=0.95



Exercise Set 3.5

1. Anargument isvalid when its conclusion
necessarily follows from the given set of
premises.

3. Yes. Itisnot necessary for the premises or the
conclusion to be true statements for the
argument to be valid.

5. Yes. If the conclusion follows from the set of
premises, then the argument isvalid, even if

the premises are false.

7.4 p—q b)Pizzaisserved ontimeor isfree.

~p The pizza was not served on time.
q The pizzaisfree.
9.9 p—q b) If theskyisclear, thenit will be
hot.
qor If it is hot, then will wear shorts.
p—r If sky is clear, then wear shorts.

11.a) p—q b) If youwash my car, then |
pay $5.

You did not wash my car.
I will not give you $5.

4
~q

13. Thisargument isthe law of detachment and
thereforeitisvalid.

L p |9 [[(Pr~9)ad—~p
T |T TFF FTTF
T |F TTT FFTF
FIT |FFF FTTT
FIF|FFT FFTT
132 547 6

The argument isvalid.
17 P |9 [[~par(Pva]—~q
T |T FF TT F
T |F FF TT T
F T TT TF F
FIF|TF FT T
13 25 4

The argument isafallacy.

SECTION 3.5

2. Anargument isinvalid or afallacy when the
conclusionisfalse.

4. Yes. If the conclusion does not follow from
the set of premises, then the argument isinvalid.

6. If thetruth table is atautology, then the
argument isvalid. If the truth tableis not a
tautology, then the argument isinvalid.

8.d) p—q b) If soil isdry, then grass needs water.

~q The grass does not need water.
~p The soil isnot dry.
10.8) p—q b) If kyisclear, thenI'll go to game.
p The sky isclear.
q I will go to the game.

12.a) p—q b) If youwash my car, then pay $5.
g | will giveyou $5.
p Y ou washed my car.

14 p |19 |[(pP—dAar~pl—g
T T T FFTT
T |F F FF TF
F T T TTTT
F |F T TTFF
1 32 54
The argument isinvalid.
16 |p |9 |[=pvaagq —p
T T FTTTTTT
T |F FFFFFTT
F T TTTTTFF
F |F TTFFFTF
13 254 76
The argument is not valid.
20 |p |9 [[(pva A~ —p
T |T T FFTT
T |F T T TTT
F I|T T FFTF
F |F F FTTF
1 3 2 514

The argument is valid.

69



70 CHAPTER 3 Logic

18. Thisargument isthe law of contraposition and 19. Thisargument isthe fallacy of the inverse.
thereforeit isvalid. Therefore, it isnot valid.
2L |p |9 [[=p—a)a~d—~p 2 |p |9 [[@r~-par~-pl—q
T |T FTTFF TF T |T TF FFFTT
T |F FTFTT FF T |F FF F FF TF
F T TTTFFTT F T TT T TTTT
F |F TFFFT TT F |F FF T FT TF
13254 76 13 2 54 76
The argument isinvalid. The argument isvalid.
23. Thisargument is the law of syllogismand 24 p |9 [[(gap) A g — ~p
thereforeit isvalid.
T |T T TTF F
T |F F FFT F
F T F FTTT
F |F F FFT T
1 325 4
Theargument isinvalid.
25 1p |4 |r [Peaga@an] — (pvn) 26. p |4 |r [[(peqa(@—=N]—(r—>~p)
T |T |T T T T 7T T T |T [T T T T T FTF
T |T |F T F F T T T |T |F T F F T TFF
T |F |T F F F T T T |[F [T F F T T FTF
T |F |F F F F T T T |F |F F F T T TFF
F |T |T F F T T T F T |T F F T TFTT
F |T |F F F F T F F |IT |F F F F TTTT
F |F |T T F F T T F |F |T T T T TFTT
F |F |F T F F T F F |F |F T T 7T TTTT
1 3 2 5 4 1 3 2 7 4 65
The argument isvalid. The argument isvalid.
27.1p |4 |r [[tepa(Epad]—(Pan 28 |p |9 | [[(pvda(rap]l—qg
T |T |T T FFFT T T T (T [T T T T TT
T |T |F F FFT T F T |T |F TF F TT
T |F T T FFFF T T T |F [T T T T FF
T |F |F F F FFF T F T |F |F T F F TF
F [T |T F FTTT T F F (T |T TF F TT
F |T |F T T TTT F F F |T |F TF F TT
F |F |T F F TFF T F F |F |T FF F TF
F |F |F T FTFF T F F |F |F FF F TF
1 5 243 7 6 1 3 2 54

The argument isinvalid. The argument isinvalid.



29. |p_ |9 |r |[(poaa@vna(rvp]l—p
T |T |T T T T T T TT
T |T |F T TT T TT
T |F |T F F TF T TT
T |F |F F F FF T TT
F |T |T T T T T T FF
F |T |F T T T F F TF
F |[F |T T T T T T FF
F |F |F T F FF F TF

1 3 25 4 76
Theargument isinvalid.

30. Thisargument isthe law of syllogism and therefore it is valid.

3L lp Ar [[(P=a@A(r—=~pA(PvN]—(9v~p)
T (T|T T FTF FF T TTTF
T [T |F T TFT FT T TTTF
T [F|T F FTF FF T T FFF
T [F|F F FFT FF T T FFF
FI|TI|T T TTT TT T TTTT
F |T|F T TFT TF F TTTT
F |F|T T TTT TT T TFTT
F |F|F T TFT TF F TFTT

1 5 24 3 7 6 119108
The argument isvalid.

32 par [[(peaaPvaa@—n]—(qvr)
TI|T|T T T T T T T T
TI|T|F T T T F F T T
TI|F|T F F T F T T T
T |F|F F F T F T T F
FITI|T F F T F T T T
FIT|F F F T F F T T
FIF|T T F F F T T T
F |F|F T F F F T T F

1 4 2 5 3 7 6
The argument isvalid.
33. p: Will Smith winsan Academy Award. 34. p:
g: Will Smith retires from acting. q:
P |4 [[(P—>dAr~pl—~q
T T T F FT F
T |F F F FT T
F T T T TF F
F |F T T TT T
1 3 2514

Theargument isinvalid.
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The president resigns.
The vice president becomes president.

P 19 [[(pP—aArg—p
T T T TTTT
T |F F FFTT
F T T TTEF
F |F T FFTF

1 325 4

The argument isinvalid.
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35. p: Thebaby isaboy.
g: The baby will be named Alexander Martin.

P 19 [[(p—a~Ad —p
T T T TTTT
T |F F FFTT
F T T TTEFEF
F |F T FFTF

1 3254

The argument isvalid.

37. p: Monkeys can fly.
g: Scarecrows can dance.

[(pP—d A~ —~p

This argument valid because of the Law of
Contraposition.

39. p: The orange was left on the tree for one year.

g: Theorangeisripe.
P |4 |[[(P—anrd—p
T |T T TTTT
T |F F FFTT
F |T T TTFF
F |F T FFTEF
1 32514

Thisisthe Fallacy of the Converse; thus
the argument is valid.

41. p: The X-Games will be in San Diego.

g: The X-Gameswill bein Corpus Christi.
P [(PvdAr~pl—q
T FTT

Tn

T
T
F
F

4T
=4 T T
N T 4T

T
9444
AT 4m

3
The argument isvalid.

43. p: Itiscold.
g: The graduation will be held indoors.
r: The fireworks will be postponed.

[(P—=dAr@—=nN]—(P—T)

Thisargument is valid because of the Chain Rule.

36. p: | get my child to preschool by 8:45 am.
g: | take the 9:00 am. class.
r: | amdone by 2:00 p.m.

[(P—=dAr(@—=D]— (-1

Thisargument is valid because of the Law of Syllogism.

38. p: Rob Calcaterawill go on sabbatical.
g: Frank Cheek will teach Logic.

42.

P 19 [[(pvaa~d —p
T T T FFTT
T |F T TTTT
F T T FFFF
F |F T TTTEF

1 3254

The argument isvalid.

p: You pass General Chemistry.
g: You take Organic Chemistry.

P 19 [[(P—aApl—0
T T T TTTT
T |F F FTTF
F T T FFTT
F |F T FFTF

1 3254

Thisisthe Law of Detachment, thus the
argument is valid.

p: Nicholas Thompson teaches this course.
g: | will get apassing grade.
P 19 [[(pP—Ar~gq—~p
T T T FFTF
T |F F FTTF
F T T FFTT
F |F T T TTT
1 3 2 5 4
Thisargument is valid - Contraposition.
p: Miles Davis played with Louis Armstrong.
g: Charlie Parker played with Dizzy Gillespie.
P |9 [[(pP—dAr~pl—~q
T T T FFTF
T |F F FFTT
F T T T T FF
F |F T T TTT
1 3 2 5 4
Thisargument isinvalid.
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45. f: The canteenisfull 46. p: Bryce Canyon National Park isin Utah.
w: We can go for awalk. g: Bryce Canyon National Park isin Arizona.
t: Wewill get thirsty. P la |[pyd)A(g—~p]l—~q
flwit [[fo>wWAaWA~1)]— (wW—~T) T |T T FTFF T F
TITI|T T FTFF TTFF T |F T TFTFTT
TI|T|F T TTTT FTFF F T T TTTTF F
TIFI|T F FFFF TFTF F IF F FFTTTT
TI|F |F F FFFT TFT F 1 52437 6
EITIT T FTFF TTTTT The argument isinvalid.
FIT |F T TTTT TTTT
FIF|T T FFFF TFTT
F|F |F T FFFT TFTT
1 5243 968 7
The argument is not valid.
47. s Itissnowing. 48. g: The garden has vegetables.
g: | amgoing skiing. f: The garden has flowers.
c¢: | will wear acoat. g |f |[@vHAa(=f—gl—({Fvo
S |9 |c |[(srhgAa(g—C)] —(s—C) T |T T T F TT T T
TIT (T T T T T T T |F T T T TT T T
TI|T |F T F F T F F T T T F TF T T
TIF [T F F T T T F |F F F T FF T F
TI|F |F F F T T F 1 5 2 43 7 6
FIT |T F F T T T The argument is valid.
FIT |F F F F T T
FIF |T F F T T T
FIF |F F F T T T
1 3 2 5 4
The argument isvalid.
49. h: The house has electric heat. 50. a: Thereisan atmosphere.
b: The Flynns will buy the house. g: Thereisgravity.
p: The priceisless than $100,000. w: An object has weight.
h b |p |[(h—b) A (-p—~b)] = (h—p) a lg W l[a=grwog] —@—w)
TI|TI|T T TFTF T T T |T |T T T 7T T T
TI|T|F T FTFF T F T |T |F T T 7T F F
TIF|T F FFTT T T T |F |T F F F T T
TI|F|F F FTTT T F T |F |F F F T T F
FIT|T T TFTF T T F [T |T T T 7T T T
FIT|F T FTFF T T F [T |F T T 7T T T
FIF|T T TFTT T T F (F |T T F F T T
F |F |F T TTTT T T F |F |F T T 7T T T
1 5243 7 6 1 3 2 5 4
The argument isvalid. The argument isinvalid.
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51. p: The prescriptioniscalled into Walgreen's.
g. You pick up the prescription at 4:00 p.m.

9 [[(pP—a) A ~d—~p
TTTFF T
TFFFT T
FTTFF T
T
7

mmn+HH|o
m <47

FTFTT
132514
The argument isvalid.

o — - T m

53. t: Thetelevisionison.
p: Theplugisplugged in.

t |p |[tv ~p) A (O] >t
T |T TF T TT
T |F TT T TT
F T FFF TF
F |F TTF TF

21 3 5 4
The argument isvalid.

55. t: Thetest was easy.
g: | received agood grade.

t 19 [[tAg A (~tv ~Q] — ~t
T |T T F F FF T F
T |F F F F TT T F
F |T F F T TF T T
F |F F F T TT T T

1 5 2 43 7 6

The argument isvalid.

57. ¢ Thebaby iscrying.
h: The baby is hungry.

c |h [[(caA~h)a(h—0)]—h
TIT|[TFFF T TT
TIF|TTT T T FF
FIT|FFF F F TT
FIF|FFT F T TF
132 5 4 7 6

The argument isinvalid.

52.

56.

58.

p: The printer has a clogged nozzle.
g- The printer has no toner.

[(pva) A ~d

p

nm o
=T

TTTFF
TTFTT
FTTFF
FFFFT
13254

N
T
T
T
T
7

T
=
T
=
6

The argument isvalid.

c: Thecat isintheroom.

m: The mice are hiding.

Thisargument isthe law of

contraposition and is valid.

cC—m
~m
~C

b: Bonnie passed the bar exam.
p: Bonnie will practice law.

Thisargument isthe law of
contraposition and is valid.

n: Thecar isnew.

a The car has air conditioning.

b—p
e O

[(h—>a) A (=nAa)]

=

T
F

T[>
= Tn |

T
1

F

S e B

F

F
-
F
4

00'I'I—|'I'I—|l

~ - 44
o447

E
F
T T
E
5
d

The argument isvalid.



59. f: Thefootball team winsthegame. f—d
d: Dave played quarterback. d—~s
s. Theteamisin second place. fos

Using the law of syllogism, thisargument is
invalid.

61. p: You eat an entire bag of M&Ms.
g: Your face will break out.

P 19 [[(P—a Apl —q
T |T T TTTT
T |F F FT T F
F T T FFTT
F |F T FFTF

1 325 4

The argument isvalid.

63. p: Atickisaninsect.
Q: Atick isan arachnid.

P |9 [[(Pva) A~ ~pl —q

T |T T FFTT

T |F T FFTF

F T T TTTT

F |F F FTTF

1 32 54

The argument isvalid.

65. d: You close the deal. d—c
¢: You get acommission. ~C
~d

Using the Law of Contraposition, you did not
close the deal.

SECTION 3.5

52. e Theengineering courses are difficult.
¢: The chemistry labs are long.
A: Theart tests are easy.

e |[c |a |[(erc)a(c—>d]—(en~d)
T |T [T T T T FTF F
T |T |F T F F TTTT
T |F [T F F T TTF F
T |F |F F F T TTTT
F |T [T F F T T FF F
F |T |F F F F TFFT
F |F [T F F T TFF F
F |F |F F F T TFFT

1 3 2 7 46 5
The argument isinvalid.

62. p: Thetemperature hits 100 degrees.
g: We go swimming.

P |9 |[[(pP=Q9 A~q —~p
T |T T FFTF
T |F F FTTF
F T T FFTT
F |F T TTTT

1 3 25 4
The argument isvalid.

64. p: Margaret Chang arranged the conference.

g: Many people attend the conference.

r: Our picture will be in the paper.
r [(P=9r(@—=nNl— (p—n
T T T

B W e I B B B

L e e B s B 1 B B e

L e 1 B M e B s B

4 4447 md

4 4T dT T
N 4T 4T
a4 4444444

F
T
F
T
T
T
T
4

1 3
Using the Chain Rule, the argument is valid.

66. r: Youread alot. ~r—~k
k: You gain knowledge. ~r
~k

Using the Law of Detachment, you will
not gain knowledge.

75
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67. ¢ You pay off your creditcard bill. ~c—p
p: Youwill haveto pay interest. p—m
m: The bank makes money. ~c—m

[Gc—pAr(p—m) —(~c—m)
Using the Law of Syllogism, the bank makes
money.

69. No. Anargument isinvalid only when the
conjunction of the premises are true and the
conclusionisfalse.

Exercise Set 3.6
1. Theargument isinvalid.

3. The conclusion necessarily follows from the set of
premises.

5. Yes. If the conjunction of the premisesisfalsein all
cases, then the argument is valid regardless of the
truth value of the conclusion.

68. p: Lynn winsthe contest.
g: Lynn gtrikesoil.
r: Lynnwill berich.
s. Lynnwill stop working.

P g |r |s [[((pv@—=nNA(r—9] (~s— ~p)
T |T [T |T T T TT T T T
T |T |T |F T TTF F T F
T |T |F |T T FFFE T T T
T |T |[F |F T FFF T T F
T |F [T |T T TTT T T T
T |F |T |F T TTF F T F
T |F |F |T T FFF T T T
T |F |F |F T FFF T T F
F T [T |T T T TT T T T
F |IT |T |F T TTF F T T
F IT |[F |T T FFF T T T
F IT |[F |F T FFF T T T
FIF |T |T F TTT T T T
F IF |T |F F TTF F T T
FIF [F |T FTFT T T T
F IF |[F |F FTFT T T T
1 325 4 7 6

The argument isvalid.

63. p: | think.
g: | am.
P |4 [[(P—9 A~p] —~q
T T T FFTF
T |F F FFTT
F T T T TFF
F |F T TTTT
1 3 2 514
By the Fallacy of the Inverse, the argument isinvalid.

2. Theargument isvalid.

4. S\/mbol ic arguments use the connectives
ar1d n Il nn r1()t’ll "but," "if-then’" ar]d
"if and onIy if", while syllogistic arguments
use the quantifiers "al," "some," and "none."

6. Yes. Anargument in which the conclusion
does not necessarily follow from the given

set of premisesisinvalid, evenif the
conclusion is atrue statement.
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7. o= Mags 8. 9.
U U U
M
valid valid valid
10. 11. 12.
U U U
v W RG
M
MCC =)
valid falacy fallacy
13. 14, 15.
U U
pOoi sonous
DO
valid fallacy fallacy
16. 17. 1
U U

politicians

policemea

8.
]
I lessons

fallacy fallacy fallacy
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19. 20. 21.

U u U

N\
soaps ’
g eople
* Allison peop

22, 23, 24,

U U U

‘ F

fallacy fallacy fallacy
25. 26. 27.

U U U

cloudy
* Fido
glasses \

fallacy fallacy valid
28. 29.

U U

200 pages

fallacy fallacy fallacy
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31. [(P— Q) A (PVv Q)] — ~ Pcan beexpressed as a set U

statement by [(P U Q) N (PU Q)] n P. If this
statement is true, then the argument is valid; otherwise,

the argument isinvalid.

Set Regions
PUQ THITRLY;
PUQ NI
(PUQ) N (PUQ) THIT

P n, v

Since (P v Q) N (Pu Q) isnot asubset of P, the

argument isinvalid.

Review Exercises
1. No rock bands play ballads.
4. Some panthers are not endangered.

7. The coffee is Maxwell House or the
coffeeishot.

10. The coffeeis Maxwell House if
and only if the coffeeis not strong.

2. All bananas areripe.
5. Some pens do not use ink.

8. The coffeeis not hot and the coffee
is strong.

12. The coffeeisnot Maxwell House,
if and only if the coffeeis strong
and the coffee is not hot.

3. Some chickens have lips.

6. Some rabbits wear glasses.

9. If the coffeeis hot, then the coffee
isstrong and it is not Maxwell
House.

11. The coffeeis Maxwell House or

the coffee is not hot, and the
coffeeis not strong.

13. raq 14. por 15. r—-qv~p
16. (e p)A~r 17. rAQ)v~p 18. ~(rAQ)
19 p 9 [pvagnsa=p 20. |p |9 |r |p Aa(=qvD)
T [T T FF TITI[TITTFTT
T |F T FF TI|T I|F |TFFFF
F T T TT TIFITITTTTT
F |F F FT TIFI|F|ITTTTF
1 32 FITI|ITI|IFFFTT
FIT |F|FFFFF
FIFI|ITIFFTTT
FIFIFI|IFFTTEF
4 51 3 2
2. p |9 |r |(pvg < (pvr) 2 |p |9 |[go(pv~-0
T [T [T T T T T[T I[TTTTF
T |T |F T T 7T TIFIFFTTT
T |F |T T T 7T F IT ITF FFF
T |F |F T T 7T FIF IFFFTT
F IT |T T T 7T 1524 3
F |IT |F T F F
F IF |T F F T
F |F |F F T F
1 3 2
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23.

25.

27.

29.

31.

33.

CHAPTER 3 Logic

@A ~n
TF
TT
FF
FF
TF
TT
FF
FF
13

MMM+ -44o
TR I T
M4 nAnAn-—

AT 44T
e e R I e I [

N7 AT AT 4T

p: 7isodd.
1liseven.

p—q
T->F

o

p: Oregon borders the Pacific Ocean. pvq
g: Californiabordersthe Atlantic Ocean. T v F

T
p: 32% of OR’selectricity-coad (p—Qq)vr
0: 54% of OR'sélectricity - hydro (T T)VvF
r: 38% of OR'séelectricity - nuclear T vF
T
(P—~nNv(prQ)
T->T)v(TAPR
T v F
T

~re[(pvag < ~p
T o[(Tvh) o

To[ T oH

T < F
F
P |9 |[-pVv —=q ~p<q
TI|T |FFF FFT
TIF |FTT FTF
FIT |TTF TTT
FIF|TTT TFF

1 32 132

The statements are not equivalent.

24.

26.

28.

30.

32.

36.

(Prq)

—

T+ +44do
AR R
B B R B R B 0 R |

P T TTTm T
wAAA4 4447
NAHT AT AT ATl

p: The St. Louisarchisin St. Louis.  pvq
g: Abraham Lincolnisburiedin TvF
in Grant’s Tomb. T
p: 15-7=22 (pvag ar
g 4+9=13 (FVvT)AT
r: 9-8=1 T AT
T
p: 3% of OR’selectricity - gaoil p—(QAar)
g: 45% of OR’s electricity - coal Fo>(FAT)
r: 3% of OR'selectricity - nuclear F— F
T
(Pva) = (~rap)

(TVFE o (T AT)
T o T
T

~[@AD = (=pv D]
~[(FAP—(F vF)
-l F - A
~T
F

Using thefact that (p — q) © (~p Vv Q),
we can concludethat ~p—>~q< pv ~q.



37.

39.

41.

43.

45,

=pvon
TT
FF
TT
FF
TT
TF
TT
TF
65

~pv(@an |(=p

T

n

IR e e e i
MTThmd47nmd 4o
I IR IR R
44 44T mmm
e e e e B B
B e e A M B B g |

P 4444 TmTm
wAHA A4 47T A<
NTTTTHA T T HAHE
N 44477 H|>
AHd A A4 Tm

N

3 1
The statements are equivalent.

p: Johnny Cashisinthe Rock and Roll (R&R) Hall of
Fame.

g: IndiaArierecorded Acoustic Soul.

In symbolic form, the statement isp A q. Using

DeMorgan'sLaws, weget pAgqs ~(~pv ~Q). Itis

false that Johnny Cash is not in the R& R Hall of Fame

or IndiaArie did not sing Acoustic Soul.

p: Altec Lansing only produces speakers.

g: Harmon Kardon only produces stereo receivers.
The symbolic formis~ (p v q).

Using DeMorgan'sLaws, weget ~(pv Q) & ~p A ~Q.

Altec Lansing does not produce only speakers and
Harmon Karson does not produce only stereo receivers.

p: Thetemperature is above 32 degrees Fahrenheit.
g: Wewill goicefishing at O'Leary’s Lake.

The symbolic formis~p — q.

Using DeMorgan's Laws, weget ~p—>q& pva.
The temperature is above 32 degrees Fahrenheit or
we will goicefishing at O'Leary’s Lake.

Converse: If the quilt has a uniform design, then
you followed the correct pattern.

Inverse: If you do not follow the correct pattern,
then the quilt will not have a uniform design.

Contrapositive: If the quilt does not have a
uniform design, then you did not follow the
correct pattern.
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B PO —>PAPp|~Cpeogvp
TIT|IF TTTTI|TFFTTT
TIF| T TTTTI|FFTFTT
FITIF TFFFI|FTTTFF
FIFIT FFFFI|TTFFTF

1 325414 1 3265
The statements are not equivalent.

40. p: Her foot fell asleep.
g: She hasinjured her ankle.
In symbolic form, the statement is
pvd. Usingthefactthatp —» q&
~p vq, we can rewrite the given
statement as~ p — g. If her foot did
not fall asleep, then she hasinjured it.

42. p: Travis Tritt won an Academy Award.

g: Randy Jackson does commercials for
Milk Bone dog biscuits.

The symbolic formis~p A ~q@.
Using DeMorgan’s Laws, we get
~pAa~ge~(pvQ). Itisfase
that Travis Tritt won an Academy
Award or Randy Jackson does
commercialsfor Milk Bone dog
biscuits.

Converse: If you enjoy life, then you
will hear abeautiful songbird today.
Inverse: If you do not hear a beautiful
songbird today, then you will not
enjoy life.

Contrapositive: If you will not enjoy
life, then you will not hear beautiful
songbird today.

46. Converse: |If Maureen Gerald is helping
at school, then sheisnot in
attendance.
Inverse: If Maureen Gerald isin attendance,
then sheis not helping at school.

Contrapositive: If Maureen Gerald is not
helping at school, then sheisin attendance.
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47.

49,

51.

CHAPTER 3 Logic

Converse: If we do not buy adesk at Miller's
Furniture, then the desk is made by Winner’'s Only
and isin the Rose catal og.

Inverse: If wedid not buy the desk at Miller’'s
Furniture, then it is not made by Winner’s Only
and is not in the Rose catal og.

Contrapositive: If the desk is not made by
Winner’s Only and is not in the Rose catalog.,
then we did not buy it at Miller’s Furniture.

p: The temperature is over 80°.

g: Theair conditioner will come on.

In symbolic form, the statements are: @) p — q,

b) ~pvqg,and 9 ~ (p A~0q). Using the fact that

p — gisequivalentto ~p v, statements (a) and (b)
are equivalent. Using DeMorgan's Laws on
statement (b) we get ~ (p A~ Q).

Therefore all 3 statements are equivalent.

p: 2+3=6.

g: 3+1=5.

In symbolic form, the statements are: @) p — q,

b)p—~g,andg~qg—~p.

Statement (g is the contrapositive of statement

(a). Therefore statements (@) and (¢ are equivalent.

@F->F (b)FoT () T—>T
T F T

48.

50.

52.

Converse: If | let you attend the prom,
then you get straight A’s on your report
card.

Inverse: If you do not get straight A’son
your report card, then | will not let you
attend the prom.

Contrapositive: If | do not let you attend
the prom, then you do not get straight
A’son your report card.

p: The screwdriver ison the workbench.

g: The screwdriver is on the counter.

In symbolic form, the statementsare: @) p < ~q,
b)~q— ~p,and 9 ~ (q A~p). Looking at the truth
tables for statements (a), (b), and (9 we can conclude
that none of the statements are equivalent.

a) b) 0
P |9 |[P<~d |-q— ~p |~(qAr~p
T I|ITI|T EF F TF |T TF F
TIF|TTT |T FF |T FFF
FITI|F TF FTT |[FTTT
FIFIFFT T TT |T FET
1 3 2 1 32 |4 132

p: Thesaeison Tuesday.

g: | have money.

r: | will gotothesae.

In symbolic form the statementsare: a) (p AQ) — T,
b)r— (pAQg),and g r v(p AQ). Thetruthtablefor
statements (a), (b), and (c) shows that none of the
statements are equivalent.

pPlajir i pagd—r |[ro>@Eag |rv(paq
TIT|T| T TT I|TT T |TT T
TITIF| T FF |[FT T |FT T
TIFIT| F TT I|TF F |TT F
TIFIF| F TF |[FT F |FF F
FITIT| F TT |ITF F |TT F
FITIF| F TF |[FT F |FF F
FIFIT| F TT |ITF F |TT F
FIFIF| F TF |[FT F |FF F

1 32 (13 2 (13 2
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S3 1P |4 [[(p—>aa~pl — g 54 1P 14 |r |[[(pAQA(@—=N]— (p—T)
T (T T FF TT T |T |T T T 7T T T
T |F F FF TF T |T |F T F F T F
F T T TT TT T |F |T F F T T T
F |F T TT FF T |F |F F F T T F
1 32 514 F T |T F F T T T
The argument isinvalid. F |IT |F F F F T T
F |F |T F F T T T
F |F |F F F T T T
1 3 2 5 4
The argument isvalid.
55. p: Nicoleisin the hot tub. pvq 56. p: The car has a sound system. p—q
g: Nicoleisinthe shower. _p p: Rick will buy the car. ~r—~q
~q r: Thepriceislessthan $18,000. p—r
P 19 |[(pva) Apl—~q p lq |r S A(~T—~q)] — (p—T
T S e [(qu)T(FTq;] T(pT)
T |F T TTTT
F T T FETEF T |T |F T F TFF T F
F |F F FFTT T |F T F F FTT T F
1 325 4 T |F |F F F TTT T F
The argument isinvalid. F IT IT T T FTE T T
F IT |F T F TFF T T
F [F |T T T FTT T T
F |F |F T T TTT T T
1 5 243 7 6
The argument isvalid.
57. 58.
u
electrician$
-
ﬂ submarines
invalid invalid
Chapter Test
1 (pan)v~q 2. (r>q)v~p 3. ~(re~0q)

4. AnnVeneman isthe Secretray of Agriculture, if and only 5. Itisfalsethat if AnnVeneman isthe Secretary of
if Dick Cheney isthe Vice President and Elaine Chao is Agriculture, then Elaine Chao is not the Secretary
the Secretary of Labor. the Secretary of Labor.
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6. P g |r |[[~-(e—Nlrg 7. P 19 |r @< ~-nvp
T I|T |T |F T FT TIT|T|TF FTT
T I|T |[F |T F TT TITF|TTTTT
T I|F |T |F T F F TIF T |FTFTT
T I|F |[F |T F F F TIFIF|FFTTT
FIT (T |F T FT FIT|IT |TF FFF
F IT [F |F T FT FIT |[F | TT TTF
F |F [T |F T F F FIFIT|FTFTF
F |F [F |F T F F FIFIF|FF TFF
2 1 4 3 1 3 2514
8. p:2+6=8 9. p: A scissors can cut paper. 10. rvg) < (pAr~0Q)
g: 7-12=5 g: A dimeequals 2 nickels. (TVvF) o (TAT)
pva r: Louisvilleisacity in Kentucky. T & T
TVvF (pvQ) er T
T TvT)eT
T &T
T
1L [~r—~p] A(q—p) 12. Applying DeMorgan's Law to 13. p: Thebirdisred.

[~T—>F)NAF-T)
[ ~(F T
T T

1A

A
T

14. p: Thetestistoday. ¢: The concert istonight.

statement (a), we get:

D ~Cpva), @~(pv~a),and
Q) ~(pA~0).
Therefore, ~pvg<s ~(pA~Q).

In symbolic form the

statementsare: @) ~(pvq), b) ~pA~g,and~p— ~q.
Applying DeMorgan's Law to statement (a) we get: ~p A ~ Q.
Therefore statements (a) and (b) are equivalent. When we compare the
Truth tables for statements (a), (b), and (§ we see that only statements

(@) and (b) are equivalent.
P |9 [~(pPvad |[~pPA~q [~P—~(
TI|ITIF T FF F |F TF
TIIFIF T FF T |F TT
FITIF T TF F |T F F
FIF |IT F TT T |[T T T
2 1 1 3 2 1 3 2

g: Itisacardina.

In symbolic form the statements
are:a) p—q,b)~pva,
andg~p—~aq.

Statement (Q isthe inverse of
statement (a) and thus they cannot
be equivalent. Using the fact that
p— g< ~pVvq, torewrite
statement (a) we get ~ p v Q.
Therefore statements (a) and (b)
are equivalent.

15. s. The soccer team won the game.

f: Sue played fullback.
p: Theteamisin second place.
This argument is the law of
syllogism and therefore it is
vaid. s—f

fop

s—p
This argument is the law of
syllogism and therefore it is valid.



16.
U
engines ‘
Fallacy

20. Yes. Anargument isvalid when its conclusion
necessarily follows from the given set of premises. It
doesn’t matter whether the conclusion is atrue or
fal se statement.

Group Projects
1.a) 4, pclosed, gqclosed p closed, q open

p open, g closed p open, g open

1 9 If aclosed switch isrepresented as T and an open
switch is represented as F, and the bulb lighting as T, and
the bulb not lighting as F, then the table would be identical
to the truth table for p AQ.

1Ly (paq vr

2. d) The tables have the same truth val ues as the not, and
and or tables respectively.

b) 0 91 9 0
& 1,=0, Ib=1 or l,=1, 1,=0

CHAPTER TEST 85

17. Some leopards are not spotted.
18. No Jacks-in-the-box are electronic.

19. Converse: If today is Saturday, then the
garbage truck comes.
Inverse: If the garbage truck does not come
today, then today is not Saturday.
Contrapositive: If today is hot Saturday, then
the garbage truck does not come.

10 |p |9 |paq
1 |1 1
1 |0 0
0 |1 0
0 |0 0
19 |p |9 |pvg
1 |1 1
1 |0 1
0 |1 1
0 |0 0
1.9
q
p
r
2 |l I, | O
1 1 1
1 |0 1
0 |1 1
0 |0 0







CHAPTER FOUR

SYSTEMS OF NUMERATION

Exercise Set 4.1

1

AN

No o &

11.

13.

15.

17.

19.

20.
21.

23.
25.
217.

A number isaquantity, and it answers the question, “How many?’ A numeral isasymbol used to represent the
number.

m, X,"—, l ( 10

. A system of numeration consists of a set of numerals and a scheme or rule for combining the numerals to represent

numbers.
9, C, ‘EJ- p, 100

The Hindu-Arabic numeration system
In an additive system, the sum of the values of the numerals equal s the number.

In amultiplicative system, there are numerals for each number less than the base and for powers of the base. Each
numeral less than the base is multiplied by a numeral for the power of the base, and these products are added to
obtain the number.

In aciphered system, the number represented by a particular set of numeralsis the sum of the values of the
numerals.

100+10+10+10+10+1+1=142 10. 100+100+10+10+1+1=222
1000+1000+100+100+100+100+10+10 12.  10,000+10,000+10,000+10,000+1000
+1+1+1=2423 +100+100+10= 41,210

100,000+ 100,000+ 100,000+10,000 14. 1,000,000+1,000,000+1,000,000+100,000
+10,000+10, 000+1000+1000+1000-+1000 +100,000+100,000+100+100+100+100
+100+100+10+1+1+1+1=334,214 +10+10+10+1= 3,300,431

QOO Y I 16. QOO Y Y Y NI

¥l 8. $90000000N||

= MNNNEES20000000N NI
R R WWNESSEE00000N]I

10+(10-1)=19 22. 10+5+1=16

500+ (50—-10)+5+1+1=547 24. 500+50+10+10+5=575

1000+ (500-100) +(100—10) +1+1=1492 26. 1000+ (1000—-100)+10+5+1+1+1=1918
1000+1000+(1000-100) +(50-10)+5+1 28. 1000+500+100+100+(50—-10)+5+1

= 2946 =1746

87
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29.

31

33.
35.
37.

39.
41.

47.
49.
51.

53.

55.

57.

10(1000) +1000+ 1000+ 500+100+50+10
+5+1=12,666

9(1000) + (500—100) + 50+ 10+ (5-1) = 9464

LIX
CXXXIV
MMV

IVDCCXCIII
IXCMXCIX
XXDCXLIV

4(1000) +8(10) +1= 4081
1000) +5(100) +5(10) = 8550
1000) +3= 4003

SSaoi

Aol g

30.

32.

34.
36.

38.
40.
42.

46.

50.
52.

54.

56.

58.

50(1000) +1000+ (1000 100) + (50— 10)
+(5-1)=51,944

5(1000) +1000+100+100+100+10+10
+10+1+1+1=6333

XCIV
CCLXIX

IVCCLXXXV
VICCLXXIV
XIVCCCXV
XCIXCMXCIX

Bt Bl ot



59.

61.
63.
65.
67.

69.

71.

73.

74.

75.

76.

78.

bty ha

300+40+1=2341
20(1000) + 2(1000) + 500+ 5 = 22,505
9(1000) + 600+ 7 = 9607

v e
Y K2

© B ws

60.

62.
64.
66.
68.

70.

72.

Advantage: Y ou can write some numbers more compactly.

Disadvantage: There are more numerals to memorize.
Advantage: Numbers are written in a more compact form.
Disadvantage: There are more symbols to remember.

Advantage: Y ou can write some numbers more compactly.

Disadvantage: There are more numerals to memorize.

SECTION 4.1 89

AN

700+30+6 =736
100(1000) +50(1000) + 800+10+ 3=150,813

4(1000) +900+ 90+ 9 = 4999
pon
B a

2 Qon

The Hindu-Arabic system has fewer symbols, more compact notation, the inclusion of zero, and the

capability of expressing decimal numbers and fractions.

1000 + 10+ 10 + 1 = 1021, MXXI,

o'ko

Bk

5(100) + 2(10) + 7 = 527,

QO pxxvin, ¢ x ¢

77.

79.

1000 + (1000 —-100) + 10+ 10+ 10 + 5+ 1 = 1936,

§ooooooooon NI,

OL"ITKZ’

e dllba S Y

400+ 20 + 2= 422, DIV, coxxar,
|2
e
T
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80.

82.
84.

CMXCIXCMXCIX 8 1m'Qe Qe

a) —c¢) Answerswill vary. 83. Turnthe book upside down.
MM 85. 1888, MDCCCLXXXVIII

Exercise Set 4.2

gk wbdhpE

o

A base 10 place-value system

Positional value system

40 — four tens, 400 — four hundreds

Base 10, because we have 10 fingers.

A true positional-value system requires a base and a set of symbols, including a symbol for zero and one for each
counting number less than the base.

a) 10

b) 0,1,23,4,56,7,8,9

Write each digit times its corresponding positional value.

8. It lacked a symbol for zero.

9. @) There may be confusion because numbers could be interpreted in different ways. For example, ‘

10.

11
12.

13.
15.
17.
19.

21.
22.
23.
24.
25.
26.
27.
28.
29.

30.

31

could be interpreted to be either 1 or 60.
b) T <17 ¢or both numbers; 133=2(60)+13(1) and 7980 = 133(60)

(10+1)(1) =11 and (10-+1)(60) = 660

1,20,18x20,18x(20)°,18x(20)’
The Mayan system has a different base and the numbers are written verticaly.

(6x10)+(3x1) 14.  (7x10)+(5x1)

(3%100) +(5%10) +(9x1) 16. (5x100)+(6x10)+(2x1)

(8%100) +(9x10) +(7x1) 18.  (3x1000)+(7x100)+(6x10)+(9x1)
(4x1000) +(3x100) + (8x10) +(7x1) 20.  (2x10,000)+(3x1000)+(4x100)+(6x10)

+(8x1)

(1x10,000) +(6x1000) + (4x100) + (0x10) +(2x1)

(1x100,000) + (2x10,000) + (5x1000) + (6x100) +( 7x10) + (8x1)

(3x100,000) + (4x10,000) + (6x1000) + (8x100) + (6x10) + (1x1)

(3x1,000,000) + ( 7x100,000) + (6x10,000) + (5x1000) + (9x100) + (3x10) + (4x1)
(10+10+10+10+1+1)(1) = 42

(10+10+10) (1)~ (1+1+1+1)(1) =30—4=26

(10+1+1+1)(60) + (1+1+1+1)(1) = 13(60) + 4(1) = 780+ 4 = 784
(10+1)(60)+((10+10) — (1+1+1))(1) = 11(60) + (20— 3) (1) = 660+17 = 677

1(60? )+ (10+10+1)(60) + (10~ (1+1))(1) = 3600+ 21(60) + (10~ 2) (1) = 3600+1260 + 8 = 4868
10(60%) +((10+10) - (1+1+1))(60) + (1+1) (L) = 10(3600) + (20 3)(60) + 2 = 36,000+ 17(60) + 2

=36,000+1020+ 2 = 37,022
>

88is1 group of 60 and 28 units remaining. Y (((‘ YY



32.

33.

34.

35.

36.

37.
38.
39.
40.

o

4.
42,

NP

45,

47.

49.

SECTION 4.2

97 is 1 group of 60 and 37 units remaining. ‘ ((((Y ‘Y‘
<L

295 is4 groups of 60 and 55 units remaining. Y Y Y Y

S
512 is 8 groups of 60 and 32 units remaining. (Y YY (((YY
3685 is 1 group of 3600, 1 group of 60, and 25 units remaining. ‘ ‘ ( ( Y ‘ ‘ Y ‘

3030 is 50 groups of 60 and 30 units remaining. ( ( ( ( ( ( ( (

4(20)+12(1) =80+12 =92

10(20) +5(1) = 200+ 5= 205

12(18x20) +0(20)+1(1) = 4320+ 0+1= 4321
7(18%20)+9(20) +7(1) = 2520+180+7 = 2707
11(18x 20) +2(20) + 0(1) = 3960+ 40+ 0 = 4000
2(18x20)+10(20) +10(1) = 720+ 200+10= 930

14 (XX 1]
20207 .
280

17 297 =14(20)+17(1)

6 °
360 | 2163 )

2160 Y

3

2163 = 6(360) +0(20) +3(1)

Advantages: In general, a place-value system is more compact; large and small numbers can be written more easily;

there are fewer symbolsto memorize.

46.

12 (X ]
20| 257  _ee
20
57
40
17 257 =12(20)+17(1)
1 2 .
360| 406 20|46 .e
360 40 .
46 6

406 =1(18x 20) +2(20) + 6(1)

5 8 —
360 1978 20| 178 e
1800 160 eee

178 18

1978=5(18x 20) +8(20) +18(1)

91

Disadvantage: If many of the symbolsin the numeral represent zero, then a place-val ue system may be less compact.
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50. Answerswill vary. 51. Hindu-Arabic: 10+10+10+1+1+1=33
Mayan: 33=1(20)+13(1) .

52. Hindu-Arabic:
5(18x 20) + 7(20) + 4(1) = 1800+ 140+ 4 = 1944 8. (AxO)+(O0x0)+(Ox1)
Babylonian: 1944 = 32(60) + 24(1)

<(LT7 <L

54, (Qx@3)+(Ax©2)+((>x©)+(D><1)
55. &) No largest number; The positional valuesare ...,(60)°,(60)",60,1.
b) 999,999 = 4(60)° +37(60)” + 46(60) +39(1)

AR CCCAAL R CCCAMMINR CCCdA

56. a) No largest number; The positional values above 18x 20 are 18x20%,18x 20°,...
b) 999,999 = 6(18x 20°) +18(18x 20 ) +17(18x 20) +13(20) +19(1)

57. 2

23
143+ 23=166

1e6=2(60)+as(t) 11 €LY

—

60)+23(1) =120+ 23=143

58. 3(60)+33(1)=180+33=213
32
213-32=181

181=3(60)+1(1) [AA R |
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59. 7(18x20)+6(20)+15(1) = 2520+120+15 = 2655

6(18x 20) +7(20) +13(1) = 2160+140+13 = 2313
2655+ 2313 = 4968
4968 =13(18x 20) +14(20) +8(1)

60.  7(18x20)+6(20)+15(1) = 2520+120+15 = 2655

6(18x 20) +7(20) +13(1) = 2160+140+13 = 2313
2655 2313 = 342
342=17(20)+2(1)

61 [\t
A A
Y.
E C
A M
Exercise Set 4.3
1. Answerswill vary. 2. Answerswill vary.
3. 5,=5(1)=5 4. 60, =6(7)+0(1)=42+0=42
5. 42, =4(5)+2(1)=20+2=22 6. 101, =1(2°)+0(2)+1(1) =4+0+1=5
7. 1011, =1(2°)+0(2°)+1(2)+1(1) =8+0+2+1=11 8. 1101, =1(2°)+1(2?)+0(2)+1(1) =8+4+0+1=13

9. 84, =8(12)+4(1)=96+4=100

10. 21021, = 2(3")+1(3*)+0(3°)+2(3)+1(1) = 2(81) + 27+ 0(9) + 6+1=162+ 27+ 0+ 6+1=196
11. 565, =5(8)+6(8)+5(1) =5(64) + 48+ 5=320+48+5=373

12. 654, =6(7°)+5(7)+4(1) = (49)+35+4=294+35+4=333
13. 20432, =2(5')+0(5°)+4(5°)+3 = 2(625)+0+4(25)+15+ 2 =1250+0+100+15+ 2 = 1367
14. 101111, =1(2°)+0(2*)+ 1(23)+1(22)+1 )+1(1):32+0+8+4+2+1:47

15. 4003, = 4(6°)+0(6)+0(6)+3(1) = 4(216)+0+0+3=864+0+0+3=867

16. 123E,, =1(12°)+2(12°)+3(12) +11(1) =1728+ 2(144) + 36+ 11= 1728+ 288+ 36+ 11= 2063
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17. 123, =1(8)+2(8)+3(1) = 64+16+3=83
18. 2043, =2(8%)+0(8°)+4(8)+3(1) = 2(512) + 0+ 32+ 3=1024+0+32+3=1059
19. 14705, =1(8")+4(8°)+7(8%)+0(8) +5(1) = 4096 + 4(512) + 7(64) + 0+ 5= 4096 + 2048+ 448+ 0+ 5= 6597
20. 67342, =6(9")+7(9°)+3(9°)+4(9)+2(1) = 6(6561)+7(729)+3(81) + 36+ 2
= 30,366+ 5103+ 243+ 36+ 2 = 44,750

21. Toconvert 8to base 2 ...16 8 4 2 1
1 0 0 0
8|8 4]0 2[0 1[0
8 0 0 0
0 0 0 0 8=1000,
22. To convert 16 to base 2 ..32 16 8421
1 0 0 0 0
16|16 8|0 4|0 2|0 1|0
16 0 0 0 0
0 0 0 0 0 16=10000,
23. To convert 23 to base 2 ..32 16 8421
1 0 1 1 1
16[ 23 8|7 a[7 2[3 1[1
16 0 4 2 1
7 7 3 1 0 23=10111,
24. To convert 243 to base 6 ...1296 216 36 6 1
1 0 4 3
216[ 243 36[ 27 6] 27 1[3
216 0 24 3
27 27 3 0 243-=1043,
25. To convert 635 to base 6 ...1296 216 36 6 1
2 5 3 5
216[ 635 36[ 203 6] 23 1[5
432 180 18 5
203 23 5 0 635 = 2535,
26. To convert 908 to base 4 ...1024 256 64 16 4 1
3 2 0 3 0
256[ 908 64[ 140 16[ 12 412 1]0
768 128 0 12 0
140 12 12 0 0 908 = 32030,
27. To convert 2061 to base 12 ... 20,736 1728 144 12 1
1 2 3 9
1728 2061 144|333 12[ 45 19
1728 288 36 9

333 45 9 0 2061=1239,



28. To convert 200 to base 4

SECTION 4.3

..256 64 16 4 1

3 0 2 0
64| 200 16| 8 4| 8 1 | 0
192 0 8 0
8 8 0 0 200=3020,
29. To convert 529 to base 8 ...4096 512 64 8 1
1 0 2 1
512| 529 64| 17 8| 17 1|1
512 0 16 1
17 17 1 0 529 =1021,
30. To convert 81 to base 3 ...243 81 27 9 3 1
1 0 0 0 0
81| 81 27|0 9|0 3|0 1(0
81 0 0 0 0
0 0 0 0 0 81=10000,
31. To convert 2867 to base 12 ... 20,736 1728 144 12 1
1 7 10 11
1728 | 2867 144| 1139 12| 131 1|11
1728 1008 120 11
1139 131 11 0 2867 =17TE,,
32. Toconvert 4312 to base 6 ... 7776 1296 216 36 6 1
3 1 5 4 4
1296 | 4312 216|424 36 | 208 6|28 14
3888 216 180 24 4
424 208 28 4 0 4312 = 31544,
33. Toconvert 1011 to base 2 ...1024 512 256 128 64 32 16 8 4 2 1
1 1 1 1 1
512| 1011 256| 499 128 243 64| 115 32| 51
512 256 128 64 32
499 243 115 51 19
1 0 0 1 1
16|19 8|3 4|3 2|3 1|1
16 0 0 2 1
3 3 3 1 0 1011=1111110011,
34. To convert 1589 to base 7 ...2401 343 49 7 1
4 4 3 0
343| 1589 49| 217 71 21 110
1372 196 21 0
217 21 0 0 1589 = 4430,

35. To convert 2307 to base 8

4 4
512 2307 64 259
2048 256

259 3

...4096 512 64 8 1
0 3
s[3 1[3
0 3
3 0

2307 = 4403,

95



96 CHAPTER 4 Systemsof Numeration

36. To convert 13,469 to base 8 ... 32,768 409 512 64 8 1
3 2 2 3 5
4096 | 13,469 512 | 1181 64| 157 8| 29 1 | 5
12,288 1024 128 24 5
1181 157 29 5 0 13,469 = 32235,

37. 735, =7(16")+3(16)+5(1) = 7(256) + 48+5=1792+ 48+5=1845

38. 581, =5(16")+8(16)+1(1) =5(256) +128+1=1280+128+1=1409

39. 6D3B7, =6(16)+13(16°)+3(16”)+11(16)+ 7(1) = 6(65,536) +13(4096) + 3(256) + 176+ 7
= 303,216+ 53,248+ 768+ 176+ 7 = 447,415

40. 24FEA, = 2(16")+4(16°)+15(167 ) +14(16)+10(1) = 2(65,536) + 4(4096) +15( 256) + 224 + 10
=131,072+16,384 + 3840+ 224+10=151,530

41. To convert 573 to base 16 ...4096 256 16 1
2 3 13=D
256 | 573 16| 61 1(13
512 48 13
61 13 0 573=23D,
42. To convert 349 to base 16 ...4096 256 16 1
1 5 13=D
256 | 349 16| 93 1(13
256 80 13
93 13 0 349=15D,
43. To convert 5478 to base 16 ... 065536 4096 256 16 1
1 5 6 6
4096 | 5478 256| 1382 16| 102 1 | 6
4096 1280 96 6
1382 102 6 0 5478 =1566,,
44. To convert 34,721 to base 16 ... 065536 4096 256 16 1
8 7 10 =A 1
4096| 34,721 256| 1953 16| 161 1(1
32,768 1792 160 1
1953 161 1 0 34,721=87A1;
45. To convert 2005 to base 2 ... 2048 1024 512 256 128 64 32 16 8 4 2 1
1 1 1 1 1
1024 | 2005 512| 981 256| 469 128| 213 64| 85
1024 512 256 128 64
981 469 213 85 21
0 1 0 1 0 1
32(21 1621 8|5 4|5 2|1 1)1
_0 16 0 4 0 1
21 5 5 1 1 0

2005=11111010101,



46.

47.

48.

49.

50.

51
53.
55.

57.
59.

61.

62.

SECTION 4.3

To convert 2005 to base 3 ...2187 729 243 81 27 9 3 1
2 2 0 2 0 2 1
729| 2005 243| 547 81| 61 27|61 9| 7 3|7 1)1
1458 486 0 54 0 6 1
547 61 61 7 7 1 0 2005 = 2202021,
To convert 2005 to base 5 ...3125 625 125 25 5 1
3 1 0 1 0
625| 2005 125| 130 25(5 5|5 1|0
1875 125 0 5 0
130 5 5 0 0 2005=31010,
To convert 2005 to base 7 ...2401 343 49 7 1
5 5 6 3
343| 2005 49| 290 7| 45 1|3
1715 245 42 3
290 45 3 0 2005 = 5563,
To convert 2005 to base 12 ... 20,736 1728 144 12 1
1 1 11=E 1
1728 | 2005 144| 277 12|133 1)1
1728 144 132 1
277 133 1 0 2005 =11F1,
To convert 2005 to base 16 ...4096 256 16 1
7 13 =D 5
256 | 2005 16| 213 1|5
1792 208 5
213 5 0 2005 = 7D5,,
Incorrect; thereisno 5 in base 5. 52. Incorrect; thereisno 3 in base 3.
Correct 54. Correct
Incorrect; thereisno 8 in base 7. 56. Correct
2(5)+3(1)=10+3=13 58. 4(5)+3(1)=20+3=23
2(5°)+4(5)+3(1) =2(25)+20+3 60. 3(5°)+0(5)+3(1)=3(25)+0+3
=50+20+3=73 =75+0+3=78
To convert ..25 51
3=0 4=0
5[ 19 1[4
15 4
4 0
19= @ @ 5
To convert ...25 51
4=0 3=0
5|23 1(3
20 3
3 0

23=00,

97
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63. Toconvert 125 25 5 1
2 =0 4 =0 4 =0
2574 5[ 24 1[4
50 20 4
24 4 0
64. Toconvert 125 25 5 1
3 :@ 2 :@ 0 :O
25[85 5[ 10 1[0
75 10 0
10 0 0
65. 1(4)+3(1)=4+3=7
67. 2(4°)+1(4)+0(1)=2(16)+4+0=32+4+0=36

66.
68.

74=00 00O,

g5= OO Oy

3(4)+ (1)=12+2=14

3(4)+2(4)+

For #69-72, blue=0=b,red=1=r,gold=2=go, green=3=gr

69. To convert

.16 4 1

4|1o @1|2 @
2 o

70. To convert

.16 4 1

4|15
3

71. To convert

‘ ©
1|3 ©
6 15=4

=
(o]
D
qw
1
®
1
o
1

72. Toconvert

48

8

1|0_®

12 0
0 0
.64 16 4 1
0_=()
1[0
8 0
0 0

@O ©® O

=O® O-.

=3(16)+8+1=48+8+1=57



73. @) Each remainder is multiplied by the proper power of 5.

b) S| 683
5[ 136 3 7
5 27 11
5 5 21
5/ 1 01
—5 11
683=10213,

0)

O 00 00 00

763

763=1373,

P W N W

e T

SECTION 4.4

74. @) 1a, 25, 105, 115, 125, 205, 215, 225, 1005, 1015, 1025, 1105, 1115, 1125, 1205, 1215, 1225, 2005, 2015, 2025

75.
76.

77.

78.

b) 1000,
Answerswill vary.

27 =2x2x2x2x2x2x2=128
1(b*)+1(b)+1=43

b’ +b+1=43

b*+b-42=0
(b+7)(b—6)=0

b+7=00r b—-6=0

b=-7 or b=6

Since the base cannot be negative,b=6.

d(52)+d(5)+d(1):124
25d +5d+d =124
3d_124
31 3
d=4

79. a) 3(4")+1(4°)+2(4°)+3(4)+0(1) = 3(256) + 64+ 2(16) +12+ 0= 768+ 64+ 32+12+0 =876

b) To convert

128
49 1

THOO 0

Exercise Set 4.4

1

oA ® N

a) b° =1b' =b,b?, b, b*
b) 6°=1,6"=6,62,6°,6"

8° =1,8"=8,8° =64 using base 8.

No; thereisno 6 in base 5.
No; thereisno 3 in base 3.
Answerswill vary.
Answerswill vary.

...256 64 16 4 1

0

64%26@24“1)0_:65 1,*1 :@
_48 0 1

99
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11.

15.

19.

23.

27.

31

35.

39.

43,
415
134,

799,,
218,
9ES,,

14631,
6040,
24001,

322,
—103,
213,

782,
ﬂﬁ

4223,
=304,
3616,

335
X 25
1215

512
X 23
2340
1424
210204

111,
x 101,
111
000
111
100011,

Lx1L=1L

4 % 1= 45
4 % 26 = 124
4¢ % 35 = 205
4 % 45 = 245
4 % 55 = 32

12.

16.

20.

24,

28.

32.

36.

40.

33,
65
1204

222,
223
1021,

1341,
341
1702

526,
=145,
351,

1221,
—202;
10125

42325
— 2341,
13415

3235
X 4
2140,

124,,
X 61,
720,

584,
x 244
2567
1278
15457,

110,

1, [110,

[N

o

Olo Ol Bk

13.

17.

21.

25,

29,

33.

37.

41.

2303,
232
3201,

11125
10115
22005

1110,
110,
10100,

23425
— 1442,
4005

1001,
— 110,
11,

21005
— 1012,
1011,

342,
x 5
2403,

4364
X 254
2403
873
12233,

316,
x 16;
2541
316
6031,

10.

14.

18.

22,

26.

30.

34.

38.

42.

35X15:35

35 x 25=115
35 X 35 = 145
35X 45 = 225

101,
11,
1000,

470,
ﬂlZ
TE7:,

43As6
4966
8D0y

1011,
—101,
110,

2T34,,
ﬂ)ﬂ
26TE,,

AE7 .4
—189:6
35E,4

101,
x 11,
101
101
1111,

673,
x 24,
2350
1186
13EEOQ,,

X 2T,
744

158

2104,



46. Tgx 1lg=Tg 375 R4, 47. 2, %X 1,=2, 123,
Tg X 25 =164 75| 335¢ 24%2,=10,4 24| 3124
Tg % 3g= 254 25 24 % 34=124 2
Tg X 4g = 34g 65 11
78 X 58 = 438 ﬂ. m
78 X 68 = 528 4 12
Tg % Tg=6lg 12
0
48. 612 % 115 = 612 861, R1,, 49. 2% 1,=24 103, R1,
612 X 230 =101, 612 | 43112 24 % 24=104 24| 213,
612 X 312 = 161, 40 2% 3,=12, 2
612 X 4o = 201, 31 01
612 X 512 = 261> 30 00
612 X 612 = 3012 1 13
612 X 712 = 3612 12
612 X 812 = 401, 1
50. 56 X 16 =54 24 RZG 51. 3 x15=35 415 R1 5
56 X 26 = 146 56 2146 35 X 25 = 115 35 2245
56 X 36 = 234 14 35 % 35 = 145 22
56x46=326 34 35X45=225 04
5 X 5 = 41¢ 32 3
2 1
52. 46 X 16 = 46 316 R26 53. 67 X 17 = 67 457 R2 -
4 x 26 =12 45| 210¢ 6;x 2, =15, 6, | 404,
46 x 36 = 206 20 67 % 3;= 24, 33
4g x 4g = 24y 10 67 x 4, =33; 44
46 % 56 = 32 4 6; X 57 =42, 42
2 67 X 67 = 517 2
54. 37 x1;= 37 5007 R1 7
37 X 27 = 67 37 21017
37 X 37 = 127 A
3;,x4,=15; 00
3, x5,=21, 00
3, x6;,=24, 01
00
1
55. 25 56. 35 57. 21g 58. 235
+_35 + 35 + 435 + 135
10s=0C 0O 11, =00, IIICICION 41,=0 064
For #59-66, blue=0=b,red=1=r,gold=2=go, green=3=gr
5. 34 60. 12, 61. 32 130,
+ 2 304 + 114 2214
63. 334 31, 65. 231, 66. 301,
134 — 103, — 120,

SECTION 4.4 101
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67. 2302, =2(5°)+3(5°)+0(5)+2(1) = 2(125) +3(25) + 0+ 2= 250+ 75+ 0+ 2 = 327

68. To convert 327 to base 9 .. 729 81 9 1
4 0 3 327 =403,
81| 327 9|3 1(3
324 0 3 P =eeeo
3 3 0 9' = none
90 = e e
69. 145 X 15 = 145 135 70. 204 X 14 = 204 114 R34
145 x 25 = 335 145 2425 204 X 24 = 1004 204 2234
145 X 35 = 1025 M’ 204 X 34 = 1204 l)
145 x 4g = 1215 102 23
102 20
0 3
71. @) 462
x 354 b) 462, = 4(82 ) +6(8)+2(1)=4(64)+48+2=256+48+2=306
2772 35, =3(8)+5(1) = 24+5=29
1626 ) 306 x 29 = 8874
21252 d) 21252, = 2(8")+1(8°) +2(8)+5(8) +2(1)

= 2(4096)+512+2(64) + 40+ 2

=8192+512+128+40+2=38874
€) Yes, in part a), the numbers were multiplied in base 8 and then converted to base 10 in part d).
In part b), the numbers were converted to base 10 first, then multiplied in part c).

72. b=5
73. Orange = 0; purple = 1; turquoise = 2; brown =3

Exercise Set 4.5
1. Duplation and mediation, the galley method and Napier rods

2. @ Answerswill vary. 3. a Answerswill vary.
b) 267- 193 b)
133- 386 3 6 2

149,408 362x29=10,498
51,531



4. a Answerswill vary.

b)

6 1 3
2 0

5 0
25x6=150

5. 23- 31 6.

11- 62
5-124

1 - 496
713

9. 35— 236 10.

17— 472

17552
8260

6 x 375 =2250

16.

o |1 /|3
o 7| /4| /5|7

8 7 5
7x125=875

35- 23
17- 46

14.

17.

1-736
805

11.

9 2
8 x 365 =2920

0 0

75 %12 =900

SECTION 4.5 103

9- 162 8. 175 - 86
4—324 87— 172
2— 648 43— 344
1-1296 21— 688
1458 10— 1376
5- 2752
2— 5504
1-11,008
15,050
93- 93 12. 49— 124
46— 186 24— 248
23- 372 12— 496
11- 744 6—992
5- 1488 3-1984
2—2976 1-— 3968
1- 5952 6076
8649
15.
5 8 3
2 3 1
2 0 2 2
3 3 2
4 x 583 =2332
18.
2 5
0 2
1 8 0 6 |4
1 3
) / 5 3,
1 7

47 x259=12,173
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19. 3 1 4 20. 6 3 4
, | 1 0 2 6 5 4 2 3 8
8 6 4 8 4 2
1 0 2 1 0 1
0 5 2 3
5 5 0 8 9 2
0 0 0 1 0 0
4 2 7 2
6 2 8 2 6 8
7 2 8 4 8 8
314 x 652 = 204,728 634 x 832 =527,488
21. 22.
6 3 6 3
8 4 2 7 4 2
S\ A4 f Y s 1
0 4 4 1
8 x 63 =504 7%x63=441
23. 24.
5 8 1 2 5
7 3 5 7 0 1 3
NIZ 6 R 4 5
0 6 8 7 5
7 % 58 = 406 7% 125 =875
25. 26.  75x 125= (70 + 5)125 = 70(125) + 5(125)
1 2 5 From # 24, 70 x 125 = 8750
From#25, 5x125= 625
5 0 1 5 9375
0 5 0 5 75 x 125 = 9375
6 2 5
5x125=625
27. 28.
6 7 4 2 3 4 5 6
9 5 6 3 1 7 2 2 3 4
6 4 3 6 8 2 1 8 5 2
0 6 7 8 4 1 9 2

9x 6742 = 60,678 7% 3456 = 24,192



SECTION 4.5 105

29. a) 253 x 46; Place the factors of 8 until the 30. a) 475 x 263; Place the factors of 8 until the
correct factors and placements are found correct factors and placements are found
so the rest of the rectangle can be compl eted. so the rest of the rectangle can be

b) compl eted.
2 5 3 b) 4 7 5
0 2 1
1 8 0 2| a4 1| ° ! ! 2
1 3 1 8 4 0
1 2 0 8 6
2 4 3
6 3 8 2 4 2 0 6
253 x 46 = 11,638
1 2 1
4 2 1 5 3
9 2 5

475 x 263 = 124,925

31. @ 4 x 382; Placethe factors of 12 until the correct 32. @ 7x685; Placethefactors of 42 until the
factors and placements are found so the rest correct factors and placements are found
can be completed. 50 the rest can be completed.

b) b)
3 8 2 6 8 5
4 1| 1 3 0 7 |4 4 5 3
2 2 8 2 6 5
5 2 8 7 9 5
4 x 382 =1528 7 x 685 = 4795

33. 13- 22 34. 26— 67
6—44 13- 134
3- 88 6—268
1-176 3- 536

286 = IV Y Y YY YNNI 1-1072

1742 = MDCCXLII

35. Answerswill vary. 36. 2 1

21,21, =1211,
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37. 2 3 4

3 3 1
24, x 234, =12331,

Review Exercises
1. 1000+ 1000+ 1000+ 100+1+1+1 =3103
3. 10+ 100+ 100+ 100+ 1 + 1000 = 1311
5. 1000 + 1000 + 100 + 100 + 100 + 10
+1+1+1+1=2314
7. bbbbbaaaaaa
9. cchbbbbbbbbaaa
11. ddddddccccccechbbbba
13. 4(10)+3=40+3=43
15. 7(100) + 4 (10) + 9 =700 + 40 + 9 =749
17. 5(1000) + 6 (100) + 4 (10) + 8
= 5000 + 600 + 40 + 8 = 5648
19. hxb
21. hyfxb
23. fd
25. 4(10)+5(1)=40+5=45
27. 5(100) + 6 (10) + 8 (1) =500 + 60 + 8 = 568

29. 6(10,000) + 4 (1000) + 4 (100) + 8 (10) + 1
= 60,000 + 4000 + 400 + 80 + 1 = 64,481

31l ge
33. vrc
35. ODvog
5. $9000N Y Y NI
39, w—
4_
=)
&
>
s
2 <IN <<I"
60 | 1462
1440
22

1462 = 24 (60) + 22

38. &) 1000+ 500+100+100+50+10+10+5+1=1776

D

10.
12.
14.
16.
18.

20.
22.
24.
26.
28.

30.
32.
34.
36.

38.
40.

b) Answerswill vary.

100+ 100+ 10+ 1000 + 1 = 1211
100+10+1000+1+1000+1+1+1=2114
100+ 100+ 10+ 1 + 1000 + 1000 + 1 + 100 = 2312

cbbaaaaa

ddaaaaa

ddcccbaaaa

2(100+7=20+7=27

4 (1000) + 6 (10) + 8 = 4000 + 60 + 8 = 4068

6 (1000) + 9 (100) + 5=6000 + 900 + 5= 6905

byixe

czixd

bza

3(100) +8(1) =300 + 8 =308

4 (10,000) + 6 (1000) + 8 (100) + 8 (10) + 3(1)
= 40,000 + 6000 + 800 + 80 + 3 = 46,883
6 (10,000) + 5 (100) + 2 (10) + 9 (1)

= 60,000 + 500 + 20 + 9 = 60,529

upb

BArg

QFvrf

MCDLXII
dvéES

42. 4 1
360 1462 20|22 .
1440 20 ..
22 2

1462 = 4 (18 x 20) + 1 (20) + 2 (1)



GRB

46.
47.

49.
50.
51.
52.
53.
54.

55.

56.

57.

58.

59.

60.

REVIEW EXERCISES

100,000 + 100,000 + 10,000 + 10,000 + 1000 + 1000 + 10+ 10+ 10 +1 + 1 + 1+ 1 + 1 = 222,035
8 (1000) + 2 (100) + 5 (10) + 4 = 8000 + 200 + 50 + 4 = 8254
600 + 80 + 5 = 685

1000+ (1000-100) +(100~10) +1=1000+900+90+1=1991

21(60) + (20— 3) =1260+17 =1277

7(18x20) +8(20) +10(1) = 7(360) +160+10 = 2520+160+10 = 2690
47,=4(8)+7(1)=32+7=39

101, =1(2°)+0(2)+1(1) = 4+0+1=5

130, =1(4%)+3(4)+0(1) =16+12+0=28

3425, =3(7°)+4(7%)+2(7)+5(1) = 3(343) + 4(49) +14+5=1029+196+ 14+ 5=1244
TOE,, =10(12”)+0(12) +11(1) =10(144) + 0+11=1440+0+11=1451

20220, = 2(3")+0(3%)+2(3*)+2(3)+0(1) = 2(81) + 0+2(9) + 6+ 0=162+0+18+6+0 =186

To convert 463 to base 4 ...1024 256 64 16 4 1
1 3 0 3 3
256| 463 64| 207 16| 15 4|15 1|3
256 192 0 12 3
207 15 15 3 0 463 = 13033,
To convert 463 to base 3 ... 729 243 81 27 9 3 1
1 2 2 0 1 1
243 | 463 81| 220 27|58 9| 4 3] 4 1| 1
243 162 54 0 3 1
220 58 4 4 1 0 463=122011;
To convert 463 to base 2 ... 512 256 12864 32 16 8 4 2 1
1 1 1 0 0 1 1 1 1
256| 463 128| 207 64| 79 32| 15 16| 15 8| 15 4|7 2|3 1)1
256 128 64 0 0 8 4 2 1
207 79 15 15 15 7 3 1 0
463 = 111001111,
To convert 463 to base 5 ... 625 125 25 5 1
3 3 2 3
125 463 25| 8 5| 13 1| 3
375 75 10 3
88 13 3 0 463 = 33235
To convert 463 to base 12 ... 1728 144 12 1
3 2 7
144 [ 463 12] 31 1[7
432 24 7
31 7 0 463 = 3274,
To convert 463 to base 8 ... 512 64 8 1
7 1 7
64| 463 8| 15 1[7
448 8 7
15 7 0 463 = 7174

107
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61.

65.

69.

73.

77.

79.

81.

83.

52,
55,
140,

30245
40235
121025

3TT
—E7p
2E3,

32
X 4
2124

1011,
x 101,
1011
0000
1011
110111,

Lx1L=1L

3 x15=35

35X25:115
35 x 35=145
35 X 45 = 225

36x16:36

36 % 26 =10¢
36 X 36 = 136
36x 46 = 206
36 X 56 = 236

62.

66.

70.

74.

78.

10110,
11001,
101111,

3407,
7014,
12423,

43215
— 442,
33245

34,

x 215
34
123

13145

4764
X 23
1672
1174
13632;

1011,
1, 1011,
1
00
00
01
1

0

Ol

235 R1,

35 [ 1305

11
20
14

411,
3s [ 2034
20

03

Rlw b

63.

67.

71.

75.

80.

82.

64.

68.

72.

76.

24X 1,=2,
24 %24 =10,
24% 34=124

4% 15= 4

4 % 26 =12
46 % 35 = 205
4e x 4e = 245
46 x 56 = 32

68x18:68

6g X 25 = 145
68x38:228
68x48:308
68x58:368
6g X 6g = 444
6g X 73 =524

234,
456,
1023,

1001,
- 101,
100,

2021,
—212;
1102,

221,
X 223
1212
1212
21102,

130,

2,320,

433

4 [ 30205

24
22
20

20
20
0

6645 R2,

6g | 50725
44

47

44
32
30
2



85.

87.

CHAPTER TEST 109

142 - 24 86 1 4 2
71 - 48 0 0 0
3 - 9 0 2 8 4 12
17 - 192 0 1 0
8- 384 3 4 6 8 14
4 - 768
2-1536 4 0 8
1- 3072 142 x 24 = 3408
3408
1 4 2 1 4 2
2 0 0 0 4 0 1 0
Sz 8 4 o 4 6 %
2 8 4 5 6 8
2x142 =284 4 x 142 = 568

2 x 142 = 284, therefore 20 x 142 = 2840
Therefore, 142 x 24 = 2840 + 568 = 3408.

Chapter Test

1

10.

12.
13.

14.

15.

A number isaquantity and answers the question "How many?' A numeral isasymbol used to represent the
number.

1000 + 1000 + 1000 + 500 + 100 + 3. 21(60) + 15(1) = 1260 + 15 = 1275
(50 - 10) + 5+ 1= 3646
8 (1000) + 0 + 9(10) = 8000 + 0 + 90 = 8090 5. 2(18x 20) +12(20) + 9 (1) = 2 (360) + 240 +9
=720 + 240 + 9 = 969
100,000 + 10,000 + 10,000 + 1000 + 1000 + 100 7. 9(1000) + 900 + 90 + 9= 9000 + 900 + 90 + 9
+10+10+10+ 10+ 1+1=122,142 = 9999
QY YYY NI 9. Pl
11,
3 7 26 <TTITIT <<LTTTITY
360| 1434 20| 354 ee 60 | 1596
1080 340 —, 1560
354 14 = 36
1434 = 3(18 x 20) + 17(20) + 14(1) 1596 = 26(60) + 36(1)
MMCCCLXX VI

In an additive system, the number represented by a particular set of numeralsis the sum of the values of

the numerals.

In amultiplicative system, there are numerals for each number less than the base and for powers of the base. Each
numeral less than the base is multiplied by a numeral for the power of the base, and these products are added to
obtain the number.

In a ciphered system, the number represented by a particular set of numeralsis the sum of the values of the
numerals. There are numerals for each number up to and including the base and multiples of the base.
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16. Inaplace-value system, each number is multiplied by a power of the base. The position of the numeral indicates the
power of the base by which it is multiplied.

17. 56;=5(7)+6(1)=35+6=41 18. 4035=4(5%) + 0(5) + 3(1) = 4(25) + 0 + 3
=100+ 0+3=103

19. 101101, =1(2°) +0(2") + 1(2*) + 1(2) + 0(2) + 1(1) =32+ 0+ 8+ 4+ 0+ 1=45
20. 368, =3(9%) +6(9) + 8(1) =3(81) + 54 + 8 =243+ 54+ 8 =305

21. To convert 36 to base 2 ...64 32 16 8 4 2 1
1 0 0 1 0 0
32| 36 16|4 8|4 4|4 2]0 1[0
32 0 0 4 0 0
4 4 4 0 0 0
36= 100100,
22. Toconvert 93 to base 5 ...125 25 5 1
3 3 3
25[93 5/ 18 1| 3
75 15 3
18 3 0 93 =1333;
23. To convert 2356 to base 12 ... 20,736 1728 144 12 1
1 4 4 4
1728 [ 2356 144 628 12[ 52 1[4
1728 576 48 4
628 52 4 0 2356= 1444,
24. To convert 2938 to base 7 ...16,807 2401 343 49 7 1
1 1 3 6 5
2401 2938 343 537 49| 194 7| 47 1] 5
2401 343 147 42 5
537 194 47 5 0 2938 = 11365;
25. 1335 26. 324,
4345 =142
11225 142,
27. 456 28. 35 X 15 = 35 2205
x 236 35 x25=115 35| 12105
223 35 % 35=145 11
134 35 % 45 =225 11
20035 11
00
00
0
29. 35- 28 30. 1 9 6
17- 56 0 3 2
-8-112 0 4 6 4 |4
224 0 2 1
2-448 8 3 7 8 |[3
1-896
980 4 2 8

43 x 196 = 8428



GROUP PROJECTS 111

Group Projects
1. a) 06470-9869-1

b) i) 51593-4837-7 ii) 14527-8924-75-6

7 ‘||H|||M||‘|‘||‘l‘IH||‘||‘||H||H|||H|l|l|Hll‘llH
i)
‘||‘|H‘|||‘|||H|‘|||‘||‘|||"H||||H||||H||‘!‘|H|I|‘

d) Answerswill vary.






CHAPTER FIVE

NUMBER THEORY AND THE REAL NUMBER SYSTEM

Exercise Set 5.1

1.
2.
3.

4,

Number theory is the study of humbers and their properties.

If aand b arefactors of c, then c + aisan integer and ¢ + bisan integer.

a) adividesb meansthat b divided by a has aremainder of zero.

b) aisdivisible by b meansthat a divided by b has aremainder of zero.

A prime number is natural number greater than 1 that has exactly two factors (or divisors),
itself and one.

A composite number is a natural number that is divisible by a number other thanitself and 1. Any natural
number that is not prime is composite.

Every composite number can be expressed as a unique product of prime numbers.

a) Theleast common multiple (LCM) of a set of natural numbersisthe smallest natural number that
isdivisible (without remainder) by each element of the set.

b) Determine the prime factorization of each number. Then find the product of the prime factors with
the largest exponent in each of the prime factorizations.

a) The greatest common divisor (GCD) of a set of natural numbersisthe largest natural number that
divides (without remainder) every number in that set.
b) Determine the prime factorization of each number. Then find the product of the prime factors with

the smallest exponent that appears in each of the prime factorizations.

c)
2 16 5 40
2 8 2 8
2 4 2 4
2 2
16=2* 40 = 2%5

The prime factors with the smallest exponents that appear in each of the factorizations are 2°.
The GCD of 16 and 40is2° = 8.

9. Mersenne Primes are prime numbers of the form 2"-1 where n is a prime number.

10. A conjectureisasupposition that has not been proved nor disproved.

11. Goldbach's conjecture states that every even number greater than or equal to 4 can be represented as

the sum of two (not necessarily distinct) prime numbers.

12. Twin primes are of the form p, p+2, where p isa prime number. Anexampleis5& 7.
113
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13. The prime numbers between 1 and 100 are: 2, 3,5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59, 61,

14.

15.
17.
19.
21.

23.

25.
27.
29.
31.
33.

35.

38.

67,71,73,79, 83, 89, 91, 97.

1 2 3 4 5 6 7 8 9 10
11 12 13 14 15 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
31 32 33 34 35 36 37 38 39 40
41 42 43 44 145 46 47 48 49 50
51 52 53 54 55 56 57 58 59 60
61 62 63 64 65 66 67 68 69 70
71 72 73 74 75 76 77 78 79 80
81 82 83 84 85 86 87 88 89 90
91 92 93 94 95 96 97 98 99 100
101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110
111 | 112 | 113 | 114 | 115 | 116 | 117 | 118 | 119 | 120
121 | 122 | 123 | 124 | 125 | 126 | 127 | 128 | 129 | 130
131 | 132 | 133 | 134 | 135 | 136 | 137 | 138 | 139 | 140
141 | 142 | 143 | 144 | 145 | 146 | 147 | 148 | 149 | 150

The prime numbers between 1 and 150 are: 2, 3,5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41, 43, 47, 53, 59,

61, 67, 71,73, 79, 83, 87, 89, 91, 97,

True; since54+9=6

False; since 21 isdivisible by 7.

False; since 56 is divisible by 8.

True; If anumber isdivisible by 10, thenitis
also divisible by 5.

False; If anumber isdivisible by 3, then the

sum of the number’s digitsisdivisible by 3.

True; since2+3=6.

Divisibleby 2,3, 4,6,8and 9.

Divisible by 3 and 5.

Divisibleby 2, 3, 4,5, 6, 8, and 10.

2¢3e4e5e6=720. (other answersare

possible)

16.
18.
20.
22.

24,

26.
28.
30.
32.

5 [45 6. 2 [52

3 19 2 |26
3 13

45=32.5 52=2%.13

2 [198 39. 3 [303

3 [99 101

3 [33 303=3.101
11

198=2¢3% 11

True; since36+4=9

False; since 35 isamultiple of 5.

True; since 45+ 15=3.

False; If anumber isdivisible by 10, then it
isalso divisible by 5.

True.

True; since3«4 =12,

Divisbleby 2,3, 4,5, 6, 8, and 10.
Divisibleby 2,3, 4,5, 6, 8, and 10.
Divisible by none of the numbers.
3e4¢5e9¢10=5400. (other answersare
possible

37. 2 [19
2 198
7 |49
7
196 = 2% 7°
40. 2 [400
2 [200
2 [100
2 |50
5 [25
5

4 2
400=2 «5



41. 3 [513
3 [171

3 |57

19
513 = 3%19

44. 13 [1313
101

1313=13.101

47. The prime factors of 15 and
18 are: 6 =3¢2, 15=3¢5
a) The common factor is 3, thus,
the GCD = 3.
b) The factors with the
greatest exponent that appear

in either are 2, 3, 5. Thus,
the LCM = 2 «3¢5 = 30.

50. The prime factors of 22 and
231 are; 22=2411,
231=3e7e11

a) The common factor is: 11;
thus, the GCD = 11.

b) The factors with the greatest
exponent that appear in either
are: 2, 3, 7, 11, thus, the
LCM =2 e3e7e11= 462

53. The prime factors of 96 and
212 are: 96=29.3,
212=22,.53

a) The common factors are: 2%
thus, the GCD = 2° = 4.

b) The factors with the greatest
exponent that appear in either
are: 2°, 3, 53; thus, the
LCM = 2%3453 = 5088

4. 3 [663
13 [221
17

663 = 3¢13¢17

45, 3 | 2001
23 | 667
29

2001= 323.29

48. The prime factors of 20 and 36
ae: 20=2°+5and 36 =
2% 3F
a) The common factor is 2%
thus, the GCD = 4.
b) The factors with the
greatest exponent that appear in
either is2* 3% the LCM =
2%+ 3%+ 5= 180.

51. The prime factors of 40 and
900 are; 40=23¢5,
900 =2%¢ 3% 5°

a) The common factors are: 2, 5;
thus, the GCD = 2%5 = 20.

b) The factors with the greatest
exponent that appear in either
are: 2°, 3, 57 thus, the
LCM = 2%3%5% = 1800

55. The prime factors of 24, 48,
and 128 are: 24 =233,
48=24.3, 128=27

a) The common factors are: 2,
thus, the GCD = 2° = 8.

b) The factors with the greatest
exponent that appear in either
are: 2',3; thus, LCM =
2s3=384

SECTION 5.1

43. 2 [1336
2 | 668
2 334
167

1336=2"+167

46. 2 | 3190
5 |1595
11 319
29

3190=2¢5¢1129

49. The prime factors of 48 and
54are: 48=2"43,
54=2.3°

a) The common factors are: 2,3;
thus, the GCD =23 =6.

b) The factors with the greatest
exponent that appear in either
are: 2, 3% thus, the LCM =
2%3°=432

52. The prime factors of 120
and 240 are: 120 =
22e3e5,240=2%e3¢5

a) The common factors are: 2°,
3, 5; thus, the GCD =
2%3¢5=120.

b) The factors with the greatest
exponent that appear in either
are: 2, 3, 5; thus, the
LCM = 2%35 = 240

56. The prime factors of 18, 78,
and 198 are: 18 =232,
78=2¢3¢13,
198=2.32.11

a) The common factors are: 2, 3;
thus, the GCD = 2113 =6.

b) The factors with the greatest
exponent that appear in either
are: 2, 3, 11, 13; thus, the
LCM = 2+3%11¢13 = 2574

57. Usethelist of primes generated in exercise 13. The next two sets of twin primesare: 17, 19, 29, 31.

58. No. Any other two consecutive natural numbers will include an even number, and even numbers

greater than two are composite.
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116 CHAPTER5 Number Theory and the Real Number System

59.
60.

61.

62.

63.
65.
67.
69.
70.

71.

72.

73.
74.

75.

78.

81.

(3 14,15 Yes (b) 21,30 No: (C) 24,25 Yes, (d) 119, 143 Yes
Fermat number = 22 +1, wherenisanatural number. 2% +1=5, 2% +1=2%+1=17,
2% 11=28 +1=257. These numbersare prime.

4=2+2,6=3+3,8=3+510=3+7,12=5+7,14=7+7,16=3+13,18=5+13,20=3+ 17

Usetheformula2"—1, wherenisaprimenumber. 22— 1=3,2°- 1=7,2°- 1=31,2"- 1=127,
28— 1=8191

The ged of 350 and 140is 70 dolls. 64. The ged of 288 and 192 is 96 cars.

The ged of 432 and 360 is 72 cards. 66 The gcd of 150 and 180 is 30 trees.

The lcm of 45 and 60 is 180 mins. 68. The lcm of 3500 and 6000 is 42000 miles.
The least common multiple of 5and 6is30. Thus, it will be 30 days before they both have the same

night off again.
The least common multiple of 15 and 18 is90. Thus, it will be 90 days before he visits both on the
same day again.
a) The possible committee sizesare: 4, 5, 10, 20, or 25. b) The number of committees possible are:
25 committees of 4, 20 committeesof 5, 10 committees of 10, 5 committees of 20, or
4 committees of 25.

a 5= 6-1 7=6+1 bh) Conjecture: Every prime number greater than11=12-1 13=12+1
3 differsby 1 from a multiple of the number 6. 17=18-1 19=18+1 23=24-1
29=30-1 c¢) The conjecture appears to be correct.

A number isdivisible by 15 if both 3 and 5 divide the number.

A number isdivisible by 22 if both 2 and 11 divide the number.
35+ 15=2withrem. =5. 76. 28+ 16 = 1 withrem. = 12. 77.108 + 36 = 3withrem. = 0.
15+ 5=3withrem.=0. 16 + 12 =1 withrem. = 4. 36+ 3=12withrem.=0.
Thus, ged of 35 and 15is5. 12+ 4=3withrem.= O. Thus, ged of 108 and 36
Thus, ged of 28 and 16 is 4. is 36.
240+ 76 =3withrem.=12. 79, 180+ 150 =1 withrem.=30.  80. 560 + 210 = 2 w/rem. = 140.
76+ 12=6withrem.= 4. 150+ 30=5withrem.= O. 210+ 140 = 1 wirem. = 70.
12+ 4=3withrem.= 0. Thus, the ged of 150 and 180 140+ 70=2w/rem.= O.
TQZS ged of 240 and 76 is 30. Thus, ged of 210 and 560
is70.
The proper factorsof 12 are: 82. The proper factors of 28 are: 83. The proper factors of 496
1,2, 3,4, and 6. 1,2,4,7 and 14. are: 1,2,4,8,16,31,62,124,
1+2+3+4+6=16 # 12 1+2+4+7+14=28 and 248. 1+2+4+8+16
Thus, 12 isnot a perfect #. Thus, 28 is a perfect number. +31+62+124+248 = 496

Thus, 496 is a perfect #

. The proper factors of 48 1+2+3+4+6+8+12+16+24 = 76

arel, 2,3,4, 6,8, 12, 16, Thus, 48 is not a perfect #.
and 24.



SECTION 5.1

85. @) 60=2%.3%5" Adding 1 to each exponent and then multiplying these numbers, we get
(2+1)(1+1)(1+1) = 30262 = 12 divisors of 60,

86. No, 2 and 4 are not unique prime factors since 4 = 2¢2. Any number that 4 divides, 2 will also divide,
but 8 does not divide all numbersthat are divisible by 4. Some examplesare: 4, 12, and 20.

87. The sum of the digits will be a number divisible by 3, thus the number is divisible by 6.

88. The sum of the groups which have the same three digits will always be divisible by three.
(i.,e.d+d+d=3dand 3|3d)

89. 36,018 = (36,000 + 18); 36,000+ 18=2,000and 18+ 18=1
Thus, since 18 | 36000 and 18|18, 18| 36018.

90. 22— 1=3,2°~ 1=7,2°~ 1=31, 2"~ 1=127 are prime numbers, but 2"~ 1 = 2,048 — 1 = 2,047;
and since 23 « 89 = 2,047, 2047 is not prime.

91. 8=2+3+3, 9= 3+3+3, 10 = 243+5, 11 = 2+2+7, 12 = 2+5+5, 13 = 3+3+7, 14 = 2+5+7, 15 = 3+5+7,
16 = 24+7+7, 17 = 5+5+7, 18 = 2+5+11, 19 = 3+5+11, 20 = 2+7+11.

92. (a) 1000 =3+ 997; (b) 2000 = 3+ 1997; (c) 3000 =29 + 2971

Exercise Set 5.2
1. Begin at zero, draw an arrow to the value of the first number. From the tip of that arrow draw another
arrow by moving a number of spaces equal to the value of the second number. Be sure to move left if
the number is negative and move right if the number is positive. The sum of the two numbersis at the
tip of the second arrow.
—n; Additive Inverse = that number when added to n yields the Additive Identity (= 0); n+ (- n) =0
To rewrite a subtraction problem as an addition problem, rewrite the subtraction sign as an addition sign
and change the second number to its additive inverse.
4. The product of two numbers with like signsis a positive number, and the product of two numbers with
unlike signsis a negative number.
5. The quotient of two numbers with like signsis a positive number, and the quotient of two numbers with
unlike signsis a negative number.
6. If weset 5+ 0=xand we cross multiply, we get the equation Ox =5. SinceOe« x=0,weget5=0,
which is afalse statement, which means that there is no such number x. Therefore, division by O is not
allowed.

wn

7. 6+9=3 8. 4+(-5)=-1 9. (-7)+9=2
10. (-3) +(-3)=-6 11, [6+(- 11)]+0=-5+0=-5 12, (245)+(—4) = 7+(-4) =3

13. [(=3)+H(=4)]+9=-T7+9=2  14. [8+(-3)]+(- 2 =[5]+(-2) =3 15. [(- 23)+(- 9)]+11 =

[-32]+11=-21
16. [5+(- 13)]+18=[-8]+18=10 17. 3-6=-3 18. -3-7=-10
19. -4-6=-10 20. 7-(-1) =8 21, -5-(-3)=-5+3=-2

22. -4-4=-4+(-4)=-8 23. 14-20=14+(- 20)=- 6 24. 8-(-3)=8+3=11
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118 CHAPTER 5 Number Theory and the Real Number System

25,

28.

31.

34.

37.

40.

43.

46.

49,

52.

55.

58.

61.

64.

67.

70.

[5+(3)] -4=24=2+(4)= 2
A(-3) = -12
[('8)(-2)]06:16.6:96

(9(-D(-2) =(9(-2 =-18

26+ (-13) = 2
—64+16=-4

210 15
14

(- 900) + (- 4) = 225

False; the difference of two
negative integers may be
positive, negative, or zero.
False; the difference of a
positive integer and a neg.
integer may be +, - or zero.
False; the sum of a positive

integer and a negative integer
could be pos., neg., or zero.

(-4) +[14+ (-7 =
(-4)+[-2] =2

(4-8)@) = (9@ =-12

(5-9)+ (-4) = (-4) + (4 = 1

-15, -10, -5, 0, 5, 10

- 108, - 76, - 47, 33, 72, 106

26.

29.

32.

35.

38.

41.

47.

50.

53.

56.

59.

62.

65.

68.

71.

6-(8+6) = 6-14 = 6+(-14) =-8
(-12)(-12) = 144
(4)(-5)(-6) = (- 20)(-6) = 120

[(-3)(-6)] « [(-5)(8)] =
(18)(-40) = -720

-56+8=-7
6_ 7
-8
186 _ -31
-6
True; every whole number is

an integer.

True.

True; the quotient of two
integers with unlike signsis
a negative number.

False; the product of two
integers with unlike signsis
aways a negative integer.

[6(-2)] - 5=-12 + (-5) = -17

[18+(-2)](-3) = (-9)(-3) = 27

[(-22)(-3)] + (2-13) =

66 + (2+ (- 13)) = 66 + (-11)
=-6

—40, -20, -10, 0, 10, 20 40

134 - (-79.8) =
134 + 79.8=213.8°F.

27. -445=-20
30. 5(-5) = -25
33. (5. 6)(-2) = (30)(-2) = - 60

36. [(-8)(AD(9)I(-2) =
[(-32)(9)](-2) = [-160](-2) = 320

39. 23+ (-23)=-1

4 “P_ 5
15
45. 144+ (—3) = —48

False; Negative numbers are
not natural numbers.

51. True; the product of two
integers with like signsisa
positive integer.

False; the quotient of any
two integers with like signs
is a positive number.

57. (5+7)+2=12+2=6

60. [(-5)(-6)] -3 = 30+(-3) = 27

63. [2+(-17)]+3=[-15]+3=-5

66. [15(-4)] + (-6) =
(-60) + (-6) = 10

69. -6,-5-4,-3,-2,-1

72. 1347-33+22-21=

1314 + 22 - 21 = 1315 pts.



SECTION 5.2

73. 0+100-40+90—-20+80=74. 14,495- (-282) = 75. 842 —(—927) =842 + 927 =
60 + 90— 20 + 80 = 210 pts. 14,495 + 282 = 14,777 feet 1,769 feet
76. 8-5+3+4=3+3+4= 77.d) +1-(-8)=+1+8=0. —a -1 a a
6+4=10. The Texansdid Thereisa9hrtimediff. & 5~ 1°5 b
make a first down. b)-5-(-7)=-5+7=2.
Thereisa?2 hr. time diff.
79. 80. @) The next 3 pentagonal 80. b) continued: and the 4th
~1+2-3+4-5+...99+100 _ numbers are 35, 51, and square number is 16. The
1-2+3-4+5...+99-100 70. The nth pentagonal. sum of 10 and 16 is 26 and
50 _ 1 b) The number is obtained by 26—-n=26-4=22,
50 adding the nth triangular # whichisthe 4th
(see section 1.1) to the nth pentagonal #. The next
sguare number (see section 5 pentagonal numbers are
1.1) and subtracting n. For 92,117, 145, 176, and

I th 210.
example, if n=4, the4 _ _ h
triangular number is 10 ¢) Since 70isthe 7
pentagonal number and
92 isthe 8th pentagonal
number, 72 cannot be a
pentagonal number.

8l 0+1-2+3+4-5+6-7-8+9=1 (other answers are possible)

=10

82. (a %:1 (b) 4[4—%}:12 4-4—%:15 4.3.4=16 4-4—%:17 (o ¥4
+

Exercise Set 5.3

1. Rational numbersisthe set of all numbers of the form p/q, where p and q are integers, and q # O.
2. @ Multiply and divide the number by the position value of the last nonzero digit to the right of the

decimal point.
b) 0397 = 1000(0.397) _ 397
1000 1000

3. @) Divide both the numerator and the denominator by their greatest common divisor.
b) 15 _5+3_5
27 9+3 9

4. Divide the numerator by the denominator. The quotient isthe integer part of the mixed number.
The fraction part of the mixed number is the remainder divided by the divisor.

5. For positive mixed numbers, multiply the denominator of the fraction by the integer preceding it.
Add this product to the numerator. This sum isthe numerator of the improper fraction; the denominator
is the same as the denominator of the mixed number. For negative mixed numbers, you can temporarily
ignore the negative sign, perform the conversion described above, and then reattach the negative sign.

6. @ The product of two fractionsis found by multiplying the numerators and multiplying the
denominators.
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10.

11.

15 24 360 360+40 9

by —e—=—=

16 25 400 400-40 10

a) The reciprocal of anumber is 1 divided by the number.

b) Thereciprocal of -2 is iz = —%

a) To divide two fractions, multiply the first fraction by the reciprocal of the second fraction.

4 16_4 55_220_ 220+20 11

h) e =T e 2 = =
) 15 55 15 16 240 240+20 12

a) To add or subtract two fractions with a common denominator, we add or subtract their numerators
and keep the common denominator.
11 13 24 24+12 2 37 13 24 24-24 1

by —+—= = ) ———=—= =
36 36 36 36+12 3 48 48 48 48+:24 2

a) First rewrite each fraction with acommon denominator. Then add or subtract the fractions.
h 5,4.3,5,44 1516 31 5 2 5522 25 4_2_7
12°'9 312 49 36 36 36 6 15 56 215 30 30 30 10
We can multiply afraction by the number one in the form of c/c (where ¢ isanonzero integer) and

the number will maintain the same value.

14. GCD of 21 and 35is7.

1o yes 20_20+5_4 13. GCD of 14 and 21is7.
S T Emes 7 14_14+7_2 21_21:7_3
21 21:7 3 35 357 5

15.
18.

21

24, 42 -
6

GCD of 26 and 91is 13.
26_26+13_2
o1 91+13 7

GCD of 13 and 221 is 13.
E _13+13 _ i
221 221+13 17

GCD of 45 and 495 is 45.
45 _ 45+45 _ 1
495 495+45 11

6 6 6

(4)(6)+5_24+5_29

16. GCD of 36 and 56 is 4.
36_36+4_ 9
56 564 14

19. GCD of 112 and 176 is 16.

112 _112+16 _ 7
176 176+16 11

22. GCD of 124 and 148 is 4.
124_124-4_ 31
148~ 148+4 37

s 15 -((D(9)+15)
16 16

16+15 31
16 16

17. GCD of 525 and 800 is 25.
525_ 525+25_ 21
800 800+25 32

20. GCD of 120 and 135is 15.
120 120+15_8
135 135:15 9

23.

311_(3)(7)+4_21+4_§

77 71 7
7)(5)+1

2. 7t- (O

5 5



27. 4= - _ 28, 11— =
16 16 16 16
_ B4+15 79 17649 185
16 16 6 16
2)(4)+3 1)(8)+7
30 23_(A4)+3 8+3 11 o 7 (H(B)+7_8+7_15
4 4 4 4 8 8 8 8
1)(8)+3 5)(4)+3
g3 1_8+3_(N(®)+3 3 5, 28_20+3_(9(4)+3_3
8 8 4 4 4 4
36. _ﬂ:_451+6 37, _@:_870+8
11 11 15 15
(41)(12)+6 _
B 1 __(58)5)+8 _ o8
6 15 1
41—
11
30, 2260 40. B 0375 41, 2232
5 16 9
43. 3+8=0.375 44, 23+7= 0285714 45.13+3= 43
47. 85+15=5.6 48. 1002+ 11 = 91.09
51.
> o.z%% 45 455 9
1 0.045=_—> - "2 _ 7
1000 1000+5 200
2 1 251
53. 02=2-== 54, 251=——
10 5 1000
56. 2345= 2P _ 469 57. 0001=
10000 2000 10000
59. Let n=03, 10n=33 60. Let n=05, 10n=55

15 _ (4)(16)+15

10n=6.6

—n=06 %:Q:E:n
9 9 3

9n=6.0

o (11)(16)+9

10n=55
9 9
9n=5.0

SECTION 5.3

29.
21_(2)(8)+1_16+1_£
8 8 8 8
o 11 W)+ _2+1 3
2 2 2 2
—(72+1
g5, 78 ~(721)
6 6
~(12B+1) 1
= =-12=
6 6

1028 1008+ 20
21 21

38.

_(48)(2)+20 _ \p20

21 21

42. 5+ 6= 083

46. 115+ 15=7.6

49. 0.6
0o5- 2 _25%25 1
100 100+25 4
52. 0.0125= 2> = L
10000 80
55, asp— 02 _113
1000 250
58, 2535- 2232 _ 507
10000 2000

61. Let n=19, 10n=199
10n =199
—n= 19
9n=18.0

on_18_
9 9
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62. Let n=051, 100n=5151
100n =5151
- n=051
99n=51.0
9o _51_17 _
99 99 33
65. Let n=1.02, 100n=102.2
100n =102.2
~10n=102
90n=92.0
9n_92_46_
9 90 45

68. Let n=5.239,1000n = 5239.39
1000n = 5239.39
—10n= 5239
990n =5187.0

990n 5187 1729
990 990 330

73 1.8.7.7.8
8

76. [2-2).22(4.5).1 5,1
757 \74)7 77

BE-D-E6

7

©

80. Thelcmof 6 and 8 is 24.
5.1 (5 ﬂHz z»j
6 8 (6 4 8 3

82. Thelcmof 12 and 36 is 36.

5,7.(5.3),
12 36 \12 3

jigleso4

0 3w
24 24 24

71572222211

36 36 36 36 36+2 18

63. Let n=136, 100n=136.36 64. Let n=135,1000n=135135

100n =136.36 1000n = 135135
—n=136 —n= 135
99n =135.0 999n =135.0
9n_135_15_ 999n 135 5
99 9 11 999 999 37
66. Let n=2.49, 100n=2499 67. Let n=3.478,
100n = 249.9 1000n = 347878
—10n=249 1000n = 3478.78
90n = 225.0 ~10n= 34.78
90n _245_5_ 990n =3444.0
0 0 2 990N 3444 574 _
990 990 165
69. 4 “3.716_48 2
43 4e3 12 124 3 ?f 1205
11 8 11-8 88 88=4 22
72.
70. 3,10 _( 3) 21_ 63
3,6_3,7_21_21-3_7 '5)° 21 \ 5)10 50
57 56 30 30+3 10
21 75.
A A AT 3,4),1.12 11233
57) 33 3 31 35

77 1[B)(=2)].3-(8).3.3,5_15_5
4 )\7)| "5 (28) 5 14 3 42 14
79. Thelcmof 3and 5is 15.
21(25)(13)10313
B T B e e
3 5 35 53) 15 15 15
81. Thelcm of 13 and 26is 26.

5,11 _(5.2) 11 _10 11_21
1326 \13 2

26 26 26 26
83. Thelcmof 9 and 54 is54.
5.7_(56).7.30_7_2
9 54 \96) 54 54 54 54

24 35 840 21



84. Thelcm of 30 and 120 is 120.
13 17 (13 4) 17 52 17 35
3&%{5 Zj_ﬁ_ﬁ_ﬁ_m
_35:5_7
T120+5 24

86. Thelcm of 5,15,and 75 is 75.

3 7 9 3 15 7 5 9
T+ = Ze = |+ +—
5 15 75 5 15 15 5 75

45 35 9 89
=+ =
75 75 75 75
88. Thelcm of 25, 100, and 40 is 200.
4.9 7_(4.8(9 2)(75
25 100 40 \25 8) (100 2) (40 5
21
200 200 200

5 7_54-7-3_20-21_

"8 2 24

-1
T 24

3, 5_3-12+8+5_36+40_ 76_ 19
93. §+

8e12 % 9% 24

12

2,9),2_18 2 18 (2.6)_
g5 \3 10 57305 30 |56
' _18,12_30_

30 30 30

97. (E+EJ+[E+
2 10 5

13\ (21)_3 . 2_1 2_3
98. [Ze2 |4 Loz |z S 22 2o
95/ \35) 45 15 15 15 15

o ()45

00, (222
5 9/\5

101. TheLCM of 2,4, 6is12.

(& 253
SRR

85.

87.

89.

90.

92.

9

96.

5 3

15 3)(1 25 1 10
2|=| St — |+| === 5| =+ — || =+ =
j [2 5 10] [5 1 5] (10 10] (5 5]

o5

18 18_9 18_162_81

205105 50 25

1 3) (1 2)
—_— + e d
4 3 6 2

e

SECTION 5.3

Thelcmof 12, 48, and 72 is 144.

1,1,1.(1.12)(1.3) (12
12 48 72 \12 12 43 3 72 2
12,3, 2 17

_t =
144 144 144 144

The lecm of 30,40,and 50 is 600.

1 3 7_ (1 20)(3 15}(7 12)
30 40 50 (30 20) (40 15) (50 12

_20 45 8 _ 109

600 600 600 60O
2,7_2:8+7-5_16+35_51
58 85 40 40
3,2_3:9+2:4_27+8_35

49 94 36 36

7 5_7-12-35_84-15_69_ 23
3 12 312 3% 36 12
2 1) 3_(2:4+3-1) 3_8+3 3
34/ 5 34 )5 12 5

_11 3_11-5-12-3_55-36_19

12 5 125 60 60
7,41 (7,31 21 (1 2)
6 3) 12 \6 4) 12 24 \12 2
2 2 -1

24 24 24

8 11 4 5 20 4

105 511 5 11

12 2).23 14_23 3 _69 _23
3 39 3 9 14 126 42

1

6+i 2 2muskth|stl$

—t+—+—
12 12 12

123
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102.
73~

—69—

105.

- 12—
— —69—

3g - 3l inches
4 2

VN
[E=Y

|_\
NI, NI N

)
2
LA

S HEEEIHE

_15 24 20 59

"60 60 60 60

Ne—

j = g cupsof snipped pardey

N

I Il
N TN
Nl

Nlw Nlw
N
TN /N

Il

j = i tsp of pepper
16

N w

](EJ _3 cupsof sliced carrots
2) 4

109.

111 5 4 10
1I-| —+=+—=[=1-| =+ —+—
4 5 2 20 20 20

1920 19 1
20 20 20 20
She must proofread .05 of the book or = 27 pages.
112,
(183.1)- (813, (1) (2.1
8 2 8 2 8 2
a)
=%=7Einches
16 16
b) 7E_i 7°16+11 1 _123-1_122 75,,
16 16 16 16 16 16 8
115. 8§ft: (§ Ejln =105in.
4 4 1
105—(3)[5) . 4{@—5}4 87,1 87 26
8 8 8 8 4 32
1_17, 37 629

116. original area= 8 «9==
4 2 4 8

78 sg. in.; new area= 8 «10=

103.
1482 | =14 2|26 _306+2 _483_ 0 75
8 8) 8 8:2 4
104.
67(2]+6=57"815.1_ %11 o110
8 8 48 48
106.
1 (l 1, ljzl valial 4 18,4
4'572)% 84T 16" 16 16
_92_108
16 16

202—10E =19— 21 10E 915
16 16 16 16 16

108,
910 9_1

1 2 5 4
1-| =+ 5|=1-| 2+ 2 |=
2 5 10 10 10 10 10 10

Student tutors represent 0.1 of the budget.

110. [ﬁj (15) = (EJ(EJ = 7> _18% cups
4 A1) a7

111.

4E+ 30£+ 24£ = 4ﬂ+ 302+ 24£ = SSZ inches
2 4 8 8 8 8 8

113. [24Zj +2=
8

199 1 199 7.
o—=—2=12—in.
8 2 16 16

114.

26 +105 +53 +106— = 290+— 291—

The length of each pieceis 263—52 in.

1_17,41_697 _

87 in.
4 2 4 8 =

areaincrease = 87——78—=86——78—=8—=8— sq. in.
8 8 8 8 8 2



117. width=8ft.3in.=96in.+3in.=99in,;

a) perimeter = 2L + 2W = 2(128) + 2(99) = 454 in

b) width = 8ft. 3in. = 8%ft. - 8Eft. - %o’ft ;

32 33 1056

Area=Lxw= —XxX—=——=88sq.ft
3 4 12

c) Volume=L-W-H= 3—32 §x§=@—806.7 cu. ft.

117.
4 6 72

118. 8 20+18°+2=2019>=293in,
8 16 16

b) 261+6§=33in.

c) 26= +(6—4] 26 +6——32 |n

—2.176+(-2.175) _ —4.351 _

121, _2.1755
2
123 3.12345+2 3123451 _ 6246901 _ e
Lo 481244873 _0745_
2 2

127. (1+Ej+2: 3,1.3_1

33 32 6 2
129. (i+ 1) 1,11

100 10 100 2 200
131, (l lj =[£+ij.1= 9.1_9

4" 5 20 20) 2 20 2 40

133,
11 1

1 1 10 1 1 1
s 2= e ===
10 100 100 100) 2 1 2

(s

Oats: (; j 2_§-E=§ cup

n
200

135. @ Water (or milk): (1+1 j

2 2

SECTION 5.3

length=10ft. 8in. =120in. + 8in. = 128 in.

A58 _ 371% — 374t. 10in,
i 12
length = 10ft. 8in. = 104 ft. = 103ft. = 3—32ft

119.

120.

122.

124.

126.

128.

130.

132.

134.

010+0.11_0.21_ 0.105
2 2

5.03+5.003 _ 10.033
2

=5.0165

1.3457+1.34571 _ 2.69141
2

= 1.345705

0.4105+0.4106 _ 0.8211
2

=0.41055

3.7896+(3.7895) _ 7.5791

= 3.78955

H
~

125
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- =2 -1
136.8 1 b) 09 ¢ ==03 ==06, =+
a) ) ) 3 3 3

1 —_—

=1 03+06=1 d) 09=1

wlN
wlw

1

1 . .
136. = b) — c) 5times d) 5times
a) 5 ) T ) )

Exercise Set 5.4

1.

2.
3.

4,

10.
12.

14.
16.

18.

21

24,

27.

30.

33.

A rational number can be written as aratio of two integers, p/q, with g not equal to zero. Numbersthat cannot be
written as the ratio of two integers are called irrational numbers.

The principal sguare root of a number n written Jn ,isthe positive number that when multiplied by itself givesn.
A perfect square number is any number that isthe square of a natural number.
The product rule for radical numbers: a<b=+asvb a>0b>0

The quotient rule for radical numbers: ://_é = \/% a=0,b>0

a) To add or subtract two or more square roots with the same radicand, add or subtract their coefficients and
then multiply by the common radical.

b) 3V6+5/6-9V6 =8/6-9/6 = -1./6 = /6

A rationalized denominator contains no radical expressions.

a) Multiply both the numerator and denominator 8. (3 [ J J [#] [Enter]
by the same number that will result in the
radicand in the denominator becoming a

perfect square. (b) /7 =2.645751311= 2.65
b Lo 1. B T3 73

V3 33 9 3 9. /36=6 rationd
V18=+219=3/2 irrationa 11. % rational
Irrational; non-terminating, non-repeating decimal  13. Irrational; non-terminating, non-repeating decimal
Irrational; Tt is non-terminating, non-repeating. 15. Rational; quotient of two integers
Rational; terminating decimal 17. Irrational; non-terminating, non-repeating decimal
Rational; ﬁzl lisaninteger. 10. V64 =8 20. Vida=12

\J5

+/100 =10 22. —144 =-12 23. —4/169 =-13
J25 =5 25. /225 =—15 26. —/36 =—6
—J100 =-10 28. /256 =16 29. 1, rational, integer, natural
=5, rational, integer 31. /25=5, rat'l, integer., nat'l 32. rational
rational 34. rational 35. rationa



36.

39.

42.

45,

48.

51.

57.

60.

63.

66.

rational

V18 =219 =32
/60 = /415 = 215

/80=+/16/5=4/5
/300=4/100+/3=10+/3

5V12 - \/75= 5/4+/3-/25./3

=5+2/3-5/3=10/3-5/3=5/3

2T+5\28=2\7+5+2\/7
=2\/7+10J7=(2+10)/7
=127

V/8-3/50+9/32
=2\2-3.5\2+9.4/2
=22 -15\2+36\2

= (2-15+36)v/2 = 192

(515 = 5,53
52

\10-+/20= /200
=100-/2= 102

V125 —
Ik

37.

40.

43.

46.

49,

52.

55.

58.

61.

67.

rational

V20 =45 =25
\/63=1/017=37
/90=1/9+10=3/10

2.6+56=(2+5)\/6=7/6

2/5+3,/20=2./5+32/5
=25+6V5=8\5

5(3+74/12-3\/75
=5\3+7+2\/3-3+5/3
=5/3+14./3-15\/3

=(5+14-15)\3=4/3

/63+13./98 - 5112
=3/7+13-7/2-5.4/7
=3/7+91/2 - 207
=177 +91/2

V64410 =/2+/3V25
=/415=215

V11-4/33= J11-V11-/3
=113

72 _ o
ﬁ—@—fB

38.

41

44

47

50.

53

SECTION 54 127

irrational

/48 =/316 = 443
J75=125./3=5\3

V162=1/81/2=912

V7T +17=(3+1)V17=4/17

4@-7@ =4J4/3-7943
=4+243-73/3=8/3-21\/3
=-13/3

56.

59.

68.

13/2+2\18-5\/32
=13J2+2-3/2-5-4/2
=13,2+6.2 - 202
=(13+6- 202 = —/2

V2.8 =242
=2J2\2=2V4

—2e2=4

NI
82 3

V8 _
_4_ 2
J136 =
B
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78. —=

79.

80.

81.

82.

83.

85.

86.
87.
90.

91.

1_1\2 W2 2 70 3_3.,3.38_5 L BT A2
J2 242 a2 3 3 3 3 NN
V3 _ 43 Ji0_ V30 30 V20 _\203 _ /60 V50 _ [0 _ [25
Jio V10 V10 V100 10 .5 3 BB 9 o V14 V14 N7
_ V415 _ 215 _N5V7 57
3 3 J7 77
Yo V2 32 76 E:ﬁ V1o 6 _ 6o
J2 V2 2 -3 N A
6 3

ﬁ is between 2 and 3 since ﬁ is between /4 = 2 and \/§=3. ﬁ is between 2.5 and 3 since 7 is closer to
9thanto 4. Using acalculator J7=26.

«/ﬁ is between 6 and 7 since ﬁ is between \/%:6 and «/@z?. «/ﬁ is between 6 and 6.5 since 37 is
closer to 36 than to 49. Using a calculator J37 =6.1.

/107 is between 10 and 11 since /107 isbetween 100 =10 and v121=11. /107 isbetween 10 and 10.5
since 107 is closer to 100 than to 121. Using a calculator /107 = 10.3.

135 is between 11 and 12 since +/135 is between +/121=11 and 144 =12 . /135 isbetween 11.5 and 12
since 135 iscloser to 144 thanto 121. Using acalculator /135 =11.6.

/170 isbetween 13 and 14 since /170 is between 169 =13 and 196 =14 . /170 isbetween 13 and 13.5
since 170 is closer to 169 than to 196. Using a calculator +/170 =13.04 .

/200 isbetween 14 and 15 since +/200 isbetween /196 =14 and /225 =15. /200 is between 14 and 14.5
since 200 is closer to 196 than to 225. Using a calculator /200 =14.1.

False. \/B isanirrational number for any prime number p.

False. Theresult may be arational number or an irrational number.
True 88. True 89. Fase. Theresult may be arational number or an irrational number.
False. The result may be a rational number or an irrational number.

J2+(~+2)=0 92. /3+5\3= 643 93. V2.4/3=6



SECTION 54 129

94, \/§\/§: \/§: 3 95. No. \/5 #1.732 since \/5 isanirrational number and 1.732 is arationa number.

96. \/EZ\/?\/E ﬁ isirrational and \/5 is

97. No. 3.14 and 2are rational numbers, 7 isan
irrational, therefore x/ﬁ isirrational. Because 7

3.742 isrational, then 14 # 3.742 . irrational number.

J9+16 #/9++/16 V416 = /416
98. 25 = 3+ 4 9. 64 = 2-4
5 # 7 8 = 8
T=27z/§=27z*/3—5 _op 5V7 101. @) s=,|—+ =+/100 =10 mph
100 980 /980 /5196 0.04
N7 227 a7 16
= 27[— = = — = |— = =
- 2.7 - b) s o \/400 = 20 mph
0 s= /-2 = /1600 = 40 mph
0.04
d) s=, 22 = /6400 = 80 mph
0.04
100 10 103. @) The number isrational if the result on the
102.8) t= 4 a4 2.5 sec calculator is aterminating or repeating decimal
number. Otherwise, the number isirrational.
V400 20 _ o
b) t= 2 "1 S5 sec b) Using acalculator, /0.04 = 0.2 aterminating
decima and thusit isrational.
Joo0o 30 _
0 t= 4 " a- 7.5 seC c) Using acalculator, /0.07 = 0.264575131...
1600 40 thusit isirrational.
d) t= = =100

104. No. The sum of two irrational numbers may not be irrational. (i.e. —/3+/3 = 0)

105.8) (44++4)+\4=(44+2)+2=22+2=11

b) (44+4)+/4=11+2=13
Q) 4+4+4+4=12+2=14
d) V4(4+4)+/4=2(8)+2=16+2=18

Exercise Set 5.5
1.
2.
3.

The set of real numbers isthe union of the rational numbers and the irrational numbers.

All real numbers=R

If the given operation is preformed on any two elements of the set and the result is an element of the set, then
the set is closed under the given operation.

The order in which two numbers are multiplied does not make adifferenceintheresult. EX. 2¢3=3¢2
The order in which two numbers are added does not make a differenceintheresult. Ex. atb =b+a
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6. The associative property of addition states that when adding three real numbers, parentheses may be placed
around any two adjacent numbers. (atb)+c = at+(b+c)

7. The associative property of multiplication states that when multiplying three real numbers, parentheses may be
placed around any two adjacent numbers. EX. (2¢3)+4=2+(3+4).

8. Thedistributive property of multiplication over addition allows you to either add first and then multiply, or
multiply first and then add. a(b+c) =ab + ac

9. Closed. The sum of two natural numbersis anatural number.

10. Not closed. (i.e. 3-5=-2 isnot anatural number).

11. Not closed. (i.e. 3+5:§:0.6 is not a natural number).

12. Closed. The product of two natural numbersisa natural number.
13. Closed. The difference of two integersis an integer.
14. Closed. The sum of two integersis an integer.

15. Not closed. (i.e. 2+5:§:0.4:0.4isnotaninteger).

16. Closed. The product of two integersis an integer.

17. Closed 18. Closed 19. Closed 20. Not closed
21. Not closed 22. Not closed 23. Not closed 24. Not closed
25. Closed 26. Closed 27. Not closed 28. Closed

29. Commutative property. The order ischanged from (x)+(3+4)=(3+4)+x.
30. 4+(5+6)=4+(6+5); Commutative because the only thing that has changed is the order of 5 and 6.
31 (-4)+(-5)=20=(-5)(-4) 32. (-2)+(-3)=-5=(-3)+(-2)

33. No. 6-3=2, but3+6=% 34. No. 5-3=2,but3-5=-2

35. [(-3)+(-5])*(-7) =(15)*(~7) =-105 36. [(-3)+(-5])+(-7)=(-8)+(-7)=-15
(=3)[(-81)+ (7)1 =(-3)+(35) = -105 (=3)+1(-8]) + (7)1 =(-3) +(-12)=-15
37. No. (8+4)+2=2+2=1but8+(4+2)=8+2=4 38. No. (8-7)-12=1-12=-11 but 8—(-5)
=8+5=13
39. No. (8+4)+2=2+2=1but8+(4+2)=8+2=4 40. No. 2+(3+4)=2+12 =14, but (2+3)+(2+4)
=5¢6=30
41. Commutative property of addition 46. 5(x+3)=5x+53 Distributive property
43. (7+4)+5=7+(45) 44, v+w=w+vV
Associative property of multiplication Commutative property of addition
45. (24+7)+3=24+(7+3) 46. 4e(11ex)=(411)+x

Associative property of addition Associative property of multiplication



47. \3+7=7+3

Commutative property of multiplication

49. 8(7+/2)=8+7+8+2
Distributive property

51. Commutative property of addition
53. Distributive property
55. Commutative property of addition

57. 2(c+7)=2c+14

59. g(x—6)=—x——=—x—4
3
61. 6[§+2j =%+E=3x+4

2x-1

63. 32 ix_i :%_g:
16 32 16 32

65. 3(5-15)=15-3/5

67. \/5(\/5+\/§)=\/Z+\/6=2+\/6

69. a) Distributive property
b) Associative property of addition
¢) Combine liketerms

71. a) Digtributive property
b) Associative property of addition;
¢) Commutative property of addition
d) Associative property of addition
€) Combine like terms

73. a) Didtributive property
b) Commutative property of addition;
¢) Associative property of addition
d) Combineliketerms
€) Commutative property of addition

75. Yes. You can either lock your door first or put on

your seat belt first.

48.

50.

52.

58.

60.

62.

66.

68.

70.

72.

74.

SECTION 5.5

3 (1 3] (3 1} 3
R I sl ) QS Bt
8 \8 2 8 8) 2

Associative property of addition

2 2
VBr3=3"5

Commutative property of multiplication

Commutative property of addition

. Commutative property of multiplication
56.

Commutative property of multiplication

-3(d-1)=-3d +3

O(k+8)=2k+ 0 _Oy_5
8 8 8 8

24(5-%:&-%:&—3
38 3 8

15 EX—ﬂ =@—@=10x—12
3 5 3 5

—7(2+11)=-14-2411

VB(VIB +/21) =25 + VB3 = VBB + V87
=3/5+3J7

a) Distributive property

b) Associative property of addition;
¢) Combine liketerms

a) Distributive property

b) Associative property of addition;
¢) Commutative property of addition
d) Associative property of addition
€) Combine liketerms

a) Distributive property

b) Commutative property of addition;
¢) Associative property of addition
d) Combineliketerms

€) Commutative property of addition

131

76. Yes. Can be done independently; no order needed
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77.
79.
81.
83.
85.

87.

89.

92.

No. The clothes must be washed first before 78.
being dryed.

Yes. Canbedonein either order; either fill the 80.
car with gas or wash the windshield

Yes. Theorder of events does not matter. 82.
Yes. Theorder does not matter. 84.
Yes. Theorder does not matter 86.
Yes. Thefinal result will be the same regardlessof  88.

the order of the events.

Baking pizzelles: mixing eggs into the batter, or 0.

mixing sugar into the batter.; Yard work: mowing

the lawn, or trimming the bushes 9l

No. The PC must be turned on first before you can
type aterm paper.

No. Thelamp must be turned on first before
reading a book.

No. The book must be read first, then write a report,
then make a presentation.

Yes. The order does not matter.

No. The egg cannot be poured beforeit is cracked.
Yes. The meatloaf will taste the same regardless
of the order the items are mixed.

Washing siding/washing windows/washing the car
Writing letters to spouse, parents or friends

No. 0+a=0 but a+0 isundefined.

a) No. (Man eating) tiger isatiger that eats men, and man (eating tiger) isaman that is eating atiger.
b) No. (Horseriding) monkey isa monkey that rides a horse, and horse (riding monkey) is a horse that rides

amonkey.
¢) Answerswill vary.

Exercise Set 5.6
1. 2isthebase and 3 isthe exponent or power. 2.

3. @ If mand nare natural numbersand aisany real 4,

number, then a™a" = a™™"

b) 2°e2'=2""=2"=128

5. &) If aisany real number except 0, thena® = 1. 6.

b) 7°=1

b"isb multiplied by itself ntimes. b" =b-b-b----b
—_—

nfactorsof b

a) If mand n are natural numbersand aisany real

number except 0, then a_n =a
a

m-n

a) If nisanatural number and a isany real number

except 0, then a™" = L

al"l

b 23-21_-1
8



SECTION 5.6

7. @ If mand nare natural numbersand aisany rea 8. Since 1 raised to any power equals 1, 1°° = 1.

number, then (am)n =am"

b) (32)4 =324 =3° - 6561

9.8) Since 1 raised to any exponent equals +1, then —1°% = (—1)(1°%) = (-1)(1) =1

b) Since-1 raised to an even exponent equals 1, then number (—1)500 = ((—1)2

N
3
N
a
=)
Il

¢) In -1 -1isnot raised to the 501* power, but +1is; so —1% = (-1)(1°*

501

d) Since-1israised to anegative exponent is -1, then (-1) -1

133

10. a) Move the decimal point in the original number to the right or left until you obtain a number greater or equal
to 1 and less than 10. Count the number of places the decimal was moved. If it was moved to the left the

count is a positive number and if it was moved to the right the count is a negative number. Multiply the
number obtained in the first step by 10 raised to the count number.
b) 0.000426 = 4.26x10™*. note: the count number is — 4

11. @) If the exponent is positive, move the decimal point in the number to the right the same number of places as

the exponent adding zeros where necessary. If the exponent is negative, move the decimal point in the
number to the left the same number of places as the exponent adding zeros where necessary.

b) 5.76x10~* =0.000576

12. &) The number is greater than or equal to 10. 13. 52 =5+5=25
b) The number is greater than or equal 1 but < 10.
¢) The number islessthan 1.

14. 3*=3+3+343=81 15. (-2)*=(=2)+(-2)+(-2)+(-2) =16
16. —2*=—(2)+(2)+(2)*(2)=-16 17. -32=—(3)+(3)=-9
18. (-3)° =(-3)+(-3)=9 2 (2)(2) 4
R . (3] -(3)3)-3
7V (=7\(-7)_49 21. (-5)° =(-5)+(-5)=25
= [3)-5)7)=
22. —(5)° =—(5)+(5)=-25 22. —(5)° =—(5)+(5)=-25

23. 2343 =(2)+(2)+(2)+(3)+(3)=72 15° _15-15 225 _ -

24, —_
¥ 33 9
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25,

27.

29.

31.

33.

35.

37.

39.

41.

43.

&

57
§=57—5=52=5-5=25
l: 71'3:72_i_i: i
7 72 T+7 49
(-13)°=1

(23)4 =234 =212 _ 4006

25
ﬁj =118 =117 =121

-3 _ _ 1
(22) :22( 3) -2 6:_6:

. 231000=2.31x 10°

. 0.000034=3.4x10"°
51.
54,
57.
60.
63.
66.
69.
72.
75.

19000=1.9 x 10*
0.0003=3.0x 107
711=7.11x 10

416000 = 4.16 x 10°
1.2x1072=0.012

2.74 x 107" = 0.000000274
9.0 x 10° = 9000000

1.04 x 1072 = 0.0104

1.0 x 10* =10000

46.
49.
52.
55.
58.
61.
64.
67.
70.
73.
76.

26.

28.

30. (-3) =(=3)(-3)(-3)(-3) =81
32. —3*=—(3)(3)(3)(3)=-81

34. 33%= é = 2—17

36. (1% )13 =2 1% g

38. 52.5=52"1=-53-125
L, 1 1
40. 4 2 = —2 =—
4% 16
2
42. (4) = 4%2 = 45 = 4006
44, 3%.3=331 =32 =i2=l
? 9
297000000 = 2.97 x 108 47. 15=15x 10"
056=5.6x 107" 50. 0.00467=4.67 x 10°3
1260000000 =1.26 x 10° 53. 0.000186=1.86x 107
0.00000423= 4.23 x 10°° 56. 54000=5.4 x 10
0.02=20x1072 59. 0.153=1.53x 107!
8.4 x 10* =84000 62. 2.71x107° =0.00271
5.19 x 10° = 519000 65. 2.13x107°=0.0000213
312x101=0.312 68. 4.6x10' =46
7.3 x 10% = 73000 71. 2.31x10%=231

3.5 x 10* = 35000
1.0x 1073 =0.001

74.

2.17 x 107 = 0.00000217



77.

79.

81.

83.

85.

87.

89.

91.

93.

95.

97.

9.

100. 1,962,000; 4.79X106; 3.14x 107; 267,000,000

101.

102.

103.

104.

105. t

106. t =

(2.0 X 103)(4.0 X 102) =8.0 x 10° = 800000

(5.1 X 101)(3.0 X 10—4) =153 x 1073 =0.0153

S
2‘3 X 133 =3.2x10%=320
U X
—6
% = 21x1073=00021
.U X
5
‘2"'2’(184 =20x10'=20
U X

(300000) (2000000) = (3.0 x 10°)(2.0 x 10°)
=6.0x 10"
(30x107%)(15x10*)=45x 107

6
i‘?) X igz ~02x10*=20x10°
UX
5
—‘;‘%Xll?)z =20x10"7
UX
S5
% =03x109=30x 108
UX

83x 1074, 32x 101, 46, 58x 10°

83x10™ 5; 0.00079; 4.1x 103 ; 40000; Note 0.00079=79x10"

2
w = 0.3550017548x10°
285.0x10

2
M = 0.0326514685x10°
127.0x10
33
76907 _ 2101002896107
36.6x10"

6.251x10° —1.283x10° = 4.968x10° people
_d_ 45x10°
r 25x10*

=1.8x10*

78.

80.

82.
84.
86.

88.

90.

92.
9.

96.

08. 85x 10, 1.3x107L, 82x 103, 6.2x 10%

a) $35,590.18

SECTION 5.6

(4.1x 10—3)(2.0 X 103) =82x10°=8.2

(1.6 X 10—2)(4.0 X 10—3) =6.4x 10" = 0.000064

—3
% = 40x 10 =0.0004
U X
3
% — 5.0 x 10° = 500000
.U X
3
% = 2.0 x 10° = 2000000
.U X

(4.1 X 10—5)(3.0 X 103) =12.3x1072
=123x107*
(2.3 X 105)(3.0 X 103) =6.9x 108

4
%:0.4“08 ~40x107
UX
-3
% =0.2x103=2.0x 102
X
4
%: 0.3x102 = 3.0 x10°
UX

4 40000=4x10%

b) 3.559018x10* GDP/person

a) $32,651.97 b) $3.2652x10* GDP/person

a) $210,109,000,000,000,000,000 b) $2.1011x10* seconds

a) 18,000 hrs. b) 1.8x 10* hrs

135
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107. (500,000)(40,000,000,000) = (5 x 10°)(4 x 1010) = 20 x 1015 = 2 x 1016
a) 20,000,000,000,000,000 drops b) 2.0 x 10 drops

108. (50)(5,800,000) = (5 x 10%)(5.8 x 10°) = 29 x 10’ =2.9 x 10°
a) 290,000,000 cells b) 2.9x 10% cells

4.5x10°

109. 22—
2.5x10

=18x 104 a) 18,000times b) 1.8 x 10*times

110. &) (100,000 cu.ft./sec) (60 sec/min) (60 min/hr) (24 hr) = 8,640,000,000 ft* b) 8.64 x 10° cu ft

2
1" $4.65x10"

257 Ox10° 0.0180933852x10° &) $32,651.97 — 18,093.00 = $3,434.78
.UX

112. 8 18 billion = 18,000,000,000 = 1.8 x 1010 diapers
b) (14) (2.38) (10° )= 33.32 x 10° =3.332 x 105 or 3,332,000 miles

113. @) (0.60) (1,200,000,000) = $720,000,000 b) (0.25) (1,200,000,000) = $300,000,000
¢) (0.10) (1,200,000,000) = $120,000,000 d) (0.05) (1,200,000,000) = $60,000,000

114. a) (0.40) (3,400,000,000) = $1,360,000,000 b) (0.40) (3,400,000,000) = $1,360,000,000
¢) (0.10) (3,400,000,000) = $340,000,000 d) (0.10) (3,400,000,000) = $340,000,000

115. 1,000 times, since 1 meter = 103 millimeters = 1,000 millimeters

116. Since 1 gram= 103 milligrams and 1 gram = 10" 3 kilograms, 10" 3 kilograms = 103 milligrams

_3 . 3 S
10 Kilograms _10 milligrams . Thus, 1 kilogram = 106 milligrams

103 103
30 pa—
117. 2><_1024 = 0.3x10° = 333,333 times
6x10

118. @) (2) (6 billion) = 12 hillion = 12,000,000,000 people
b) 6,000,000,000 _ 6,000,000,000
(35)(365) 12775

= 469,667 people per day

897,000,000,000,000,000 _ 8.97x10"

119. =
3,900, 000, 000, 000 3.9x1012

= 2.3x10° = 230,000 seconds or about 2.66 days
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120. &) 1,000,000 = 1.0 x 105 ; 1,000,000,000 = 1.0 x 10° ; 1,000,000,000,000 = 1.0 x 1012
) 1.0><102 _
1.0x10
1.0x10°
1.0x10°
1.0x10%
1.0x10°
1billion 1.0x10°
1million 1.0x10°

1.0x10° days or 1,000 days = 2.74 years

C) 1.0x10° days or 1,000,000 days = 2,739.73 years

d) =1.0x10° days or 1,000,000,000 days = 2,739,726.03 years

=1.0x10° =1,000 times greater

121.a) (1.86x 10° mi/sec) (60 sec/min) (60 min/hr) (24 hr/day) (365 days/yr) (1 yr)
= (1.86 x 109)(6 x 101)(6 x 101)(2.4 x 101)(3.65 x 102) = 586.5696 x 1010 = 5865696 x 1012 miles

122. &) E(0) = 210x 20 =210 1 = 1024 bacteria b) E(1/2) = 210 x 21/2 = 210.5 = 1448 2 bacteria

Exercise Set 5.7

1. A sequenceisalist of numbersthat are related to each other by agiven rule. One exampleis2, 4, 6, 8....
2. Theterms of the sequence.

3.8 An arithmetic sequenceis a sequence in which each term differs from the preceding term by a constant
amount. One exampleisi, 4,7, 10,....

137

b) A geometric sequence is one in which the ratio of any term to the term that directly precedesit is a constant.

Oneexampleisl, 3,9, 27,....

4.8) d=+3, b) r:%

5.a) a,=n"termof thesequence b) a = 1% term of asequence c¢) d = common difference in a sequence
d) s, = the sum of the 1¥ n terms of the arithmetic sequence

6.a) a,=n"termof thesequence b) a = 1% term of asequence ¢) r = common ratio between consecutive

terms d) s, = the sum of the 1¥ n terms of the arithmetic sequence

7.4=3d=2 357911 8. aa=1,d=3 1,47 10, 13

9. a4=-5d=-3 -5-2147 10. & =-11,d=-6  -11,-6,-1,4,9

11. 53,1, - 1,-3 12. - 3, - 7,-11,-15,—19

13. 1/2, 1, 3/2, 2, 5/2 14. 52, 1,112, -2, —7I2

15. a5 & =2 d=3, 25,8 11,17 a=17 16. & & =3, d=-2, 3,1,-1,-3,-5,-7,-9,

11,-13  ap=-13
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17. a9 & =-5 d=2, -5-3,-1,1,3,5/7,9, 18. &, =7+ (12-1) (- 3)=7+11) (- 3)
11,13 ay =13 =7-33=-26
4 4 4 95 91 -1 -1 -1 56 57
19. = —+(19)(-})==-19=——-—=-— 20 —+(14)(-2)=—-28=——-—=——
= g +(19)(-1)=3 5 5 5 2 H(2)=5 2 2 2
1 4 1) 4 14 18
21. a3 = 4+(10)| = |=4+5=9 22. a5= —+(14)| = |=—+—=—=6
H ( )(zj ©73 ( {3) 3 3 3
23. a,=n a=1+(n-1)1l=1+n-1=n 24. 3,=2n-1 a,=1+(n-1)2=1+2n-2=2n-1
25 a,=2n a,=2+(n-1)2=2+2n-2=2n 26. 3,1,-1,-3 a8,=3+(n-1)(-2)=3-2n+2
a,=5-2n
- _ 28. an=-15+(n-1)(5)=5n-20
27.an=—5+(n—1)(1):—5+}n—}—}n— al (n-1)(5) =5n
3 3 3 3 3 3
30. an=-5+(n-1)(3)=3n-8
29.an=—3+(n—1)(§]:—3+§n—§:§n—9 al (n-1)(3)=3n
2 2 2 2 2

n(a+a) _50(1+50) _50(51) 2. s = 50(2+100) _50(102) (25)(102) = 2550
3l s,= 2 2 2 2 2

=(25)(51) =1275

_ 50(1+99) _50(100) _ 9(4+(28)) _9+(-32) _

33 5= = =(25)(100) = 2500 = —
S 5 > = (25)(100) 34. s 5 5 144
35. = 811+ (-24) A GO B 18(—9+(_21j] 18'(;19) 171
2 2 36. Sy = —\2)_ 11 gp
2 2 2
8£1+29] 8.(30) 18@+4j 18-[253j so7
_ 2 2 2 815 38 = = =——=414
37. % - 2 = 2 = 2 = 60 ) 518 2 2 5 )
39. 4 =3,r=2 a=ar=32)" 40. =6, r=3, a =6(3) =6(81)=486
3, 6,12, 24, 48 6, 18, 54, 162, 486
a1 a=2r=-2 a=2(-2) =2(16)=3 42.8,4,2,1,
2,-4,8,-16,32 2
43. -3,3,-3,3,-3 44. — 6,12, — 24,48, — 96
45. 16,8, -4,2, - 1
46. 5,3, 915, 27/25, 811252, 27 8L
5’ 25" 125

47. as = 3(4)° = (3)(1024) = 3072 48. a;=2(2)" = (2)(16) = 32



49,

51.

53.

55.

57.

SSOREE
SEEREE
a, =(-2)(3)’ =-39,366

1,2,4,8 a, =1( 2)nf1 —om

1

3,-3,3,-3 a =3(-1)"

1 n-1
59. &= ar =)= |(2
a=ar-(2)@
. 1 n-1
61. a,= ar’ —(9)(—)
3
1-r%) 3(1-2%) 3(-
6. 5 207" 3017 315
1-r 1-2 -1
_a(l-r') _5(1-4) 5(-16383
65 " 1r T 14 T 3
= 27,305
_a(t-rt) -7(1-3") —7(-177146)
67. 27 1 T 13 -2
=-620,011
69. n=15, a,=-1, r=-2
(Y(1-(-2)") (-1)(2+32768)
1-(-2) 3
_ (-1)(32769) 10903
3
71
5 - (100) (;+ 100) _ (100) (101) _ 50(101) = 5050
73.
. - (100) (:21+ 199) _ (100)(200) _ (200)=10000

52.

56.

58.

60.

62.

66.

68.

70.

SECTION 5.7 139

= 3(-3)6=-3(729) = - 2187
s a=2 r=2, a,=1(2)"=16,777,216
cag &=-5 r=-2, a,=(-5)(-2)" =655360

3,6,12,24 a =3(2)"

1 n-1
=ar=-16| =
&= ar =163

&= ar=(-3)(-2)"

an=ar’ =(-4) [gj

3

ai-r’)_21-3) 212

= = = = 242
s 1-r 1-3 -2
. a(1-r°) -3(1-5°) -3(-1953124)
™ 1-r  1-5 -4
=-1,464,843
n=15 g =-1,r=2

. - a (1-r") _ —1(1—(2)15) _ (-1)(-32768)

1-r 1-2 -1
=1-32768 =-32767
n=10, =512, r=%

(512)(1—(;)1()} ) (1024) (1— 10124)

SlO_ 1

1
1 1
2 2
~1024-1=1023

72.

5, = 100 §+ 200) _ (100)(202) _ ¢ 50) _ 10100
74,

5, = O0)(3+150) _ (50)(158) 25(153) = 3825

2
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75. @) Usingtheformulaa, = a + (n— 1)d, we get
ag = 20,200 + (8 — 1) (1200) = $28,600
8(20200+ 28600) _ 8(48800)

b) >

= $195,200

77. an =72+ (10)(-6) = 72-60=12in.

79.1,2,3,.... n=31
_ 31(1+31)  31(32)
2 2

. = 31(16) = 496 PCs

81. as = 200(0.8)°= 200(0.262144)'= 52.4288 g

83. a5 = 20,000(1.06)™ = $45,218

76.8) a, =96+ (11)(—3) = 96— 33 = 63in.
;) [12(06+63)] _ (12)(159)
) > 2

= (6)(159) = 954 in.

_121+12) 12(13) 156
2 2

78. s =78 times

80. &,= ar"* a, =(8000)(1.08)’ =15992 students

82. as=ar™ = 1(2)" = 32,768 layers

84. a =30(0.8)4 = 12.288 ft.

85. Thisisageometric sequence where a; =2000 and r = 3. In ten years the stock will tripleitsvalue 5 times.

3 = a ! = 2000(3)° = $486,000

86. The sequence of bets during alosing streak is geometric.

a(1-r") =1(1—25) 31

a a=art=12°%"=132)=$32 =
b) a=ar"™ = 10(2)°* = 10(32) = $320

C) ay = ar™t = 1(2)" = 1(1024) = $1,024

d) ay=ar" =102)"" = 10(1024) = $10,240 s;0=

= g3
-2 -1
o= 27r) _10(-2) 108D _ o
1-r 1-2 -
a(l-r') 11-2°) 1-1023)
_ _ _ =$1,023
Si0 _r 1-2 -1 .
(1) 200-2) 100109
1-r 1-2 -

€) If you losetoo many timesin arow, then you will run out of money.

87.

1-(1/2) 1/2 1

821-(1/2)°] _ 82[1-(1/64)] _82 63 2_ 1614375
64 1

88. The arithmetic sequence 180°, 360°, 540°, 720°,....has a common difference of 180.

Thus, a,= 180(n—2) =180n — 360, n > 3

89. 12,18, 24, ... ,1608 is an arithmetic sequence with a, = 12 and d = 6. Using the expression for the nth term
of an arithmetic sequencean =a1 + (n—1)d or 1608 = 12 + (n— 1)6 and dividing both sides by 6 gives

268=2+n-1 or n=267

90. Sinceas=ayr*and a = ayr, aja =r’. Thusr®=648/24=27orr=3.

Then24 =a, = ayr = &(3) or a, = 24/3=8.
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91. Thetotal distanceis 30 plus twice the sum of the terms of the geometric sequence having g = (30) (0.8) =
_ 241-(0. 8)°] _ _ 241-0.32768] _ 24(0.67232)

andr=0.8. Thuss = = 80.6784.
(1-0.8) 0.2 0.2
So the total distance is 30 + 2(80.6784) = 191.3568 ft.
92. The sequence of bets during alosing streak is geometric.
1-r") 1(1-2°) -
a) as=ar =1(2)% = 1(32) = $32 &= al( ): ( ):il:$31
1-r 1-2 -1
1-r") 10(1-2° -
b) a=ar™ = 10(2)°" = 10(32) = $320 al( r) = ( ) _10=8D _ $310
1-r 1-2 -1
1-r") 1(1-2° —
) an = ar™t=1(2)"* = 1(1024) = $1,024 S = a( ) = ( ) _1=1029) $1,023
1-r 1-2 -1
1-r") 10(1-2° -
d) ay = ar™ =10(2)"" = 10(1024) = $10,240 S0 = & - ) = (1 5 ) 1 1523) =$10,230
r p— —

e) If you losetoo many timesin arow, then you will run out of money.

Exercise Set 5.8
1. Begin with the numbers 1, 1, then add 1 and 1 to get 2 and continue to add the previous two numbersin the
sequence to get the next number in the sequence.

2.a) 1,2,35,8,1321,345589 b) ; =1.61764 — 1619 0) % =1.61818 — 1.618

d) §= 1.6 —1.600 € %:1.6 —1667 f) f—; =1.61538 — 1.615

3.8 Golden number =

\/§+1
2

b) 1.618 = goldenratio When aline segment AB isdivided at a point C, such that the ratio of the whole,
AB, to the larger part, AC, is equal to theratio of the larger part, AC, to the smaller part, CB, then each

of theratios AB and AC is known as the golden ratio.
AC CB

AB _AC
¢) Thegolden proportionis; —=——
) J prop AC CB
d) The golden rectangle: L_atb_a \/§+1=golden number
W a b 2

4. All are essentially the same number when rounded. . @ Flowering head of asunflower b) Great Pyramid
6.a) Petasondaisies b) Parthenonin Athens
J5+1 =1.618033989 b) % =.6180339887

c) Differby 1

8. 89, 8—19=.0]12359551, part of Fibonacci sequence
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9. V1=1,2/1=2,3/2=15,5/3=1.6, 8/5=1.6, 13/8 = 1.625, 21/13 = 1.6154, 34/21 = 1.619, 55/34 = 1.6176
89/55 = 1.61818. The consecutive ratios alternate increasing then decreasing about the golden ratio.

10. Theratio of the second to the first and the fourth to the third estimates the golden ratio.

11. Fib.No. primefactors Fib. No. prime factors

I 34 2017
R 55 511
2 prime 89 prime
3 prime 144 24 ¢ 32
5 prime 233 prime
8 23 377 1329
13 prime 610 205061
12. If thefirst ten are selected; i+ 2+3+5+E;13+ 21+34+55 = % =13

13. If 5isselected theresultis 2(5) —8 =10—-8=2 which isthe second number preceding 5.

14. 1f 2, 3,5, and 8 are sdlected the result is 52 —32 =28 — 25-9=16 — 16=16

15. Answers will vary. 16. 6/4=15whichisalittle<1.6. 17. Answerswill vary.
18. Answers will vary. 19. Answers will vary. 20. Answerswill vary.
21. Answerswill vary. 22. Answerswill vary.

23. Fibonacci type; 11+18=29 18 +29=47

24. Not Fibonacci. Each term is not the sum of the two preceding terms.

25. Not Fibonacci. Each term is not the sum of the two preceding terms.

26. Fibonacci type: 1+2=3, 2+ 3=5 Eachtermisthe sum of the two preceding terms.

27. Fibonacci type; 40 +65=105; 65+ 105=170 ) , 1 1 1 1
28. Fibonacci type; 1Z+ 2= 32; 2+ 3Z = 52

29. Fibonacci type; -1+0=-1; 0+ (-1)=-1 30. Fibonacci type; 7+13=20; 13+20=33

31. a) If 6 and 10 are selected the sequenceis 6, 10, 16, 26, 42, 68, 110, ...
b) 10/6 = 1.666, 16/10 = 1.600, 26/16 = 1.625, 42/26 = 1.615, 68/42 = 1.619, 110/68 = 1.618, ...

32.a) If 5and 7 are selected the sequenceis 5, 7, 12, 19, 31, 50, 81, ...
b) 7/5=1.4,12/7=1.714,19/12 = 1.583, 31/19 = 1.623, 50/31 = 1.613, 81/50 = 1.62, ...

33.a) If 5,8, and 13 are selected the result is 82 — (5)(13) = 64 — 65 = — 1.

b) If 21, 34, and 55 are selected the result is342 — (21)(55) = 1156 -1155=1.
¢) The sguare of the middle term of three consecutive termsin a Fibonacci sequence differs from the

product of the 18t and 2" term by 1.
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34. The sum of the numbers along the diagonals parallel to the one shown is a Fibonacci number.

35.a) Lucassequence: 1, 3,4,7,11, 18, 29, 47, ... by 8+21=29; 13+34=47
¢) Thefirst column is a Fibonacci-type sequence.

36. 10, x, -10 + x, -10 + 2x, -20 + 3x, -30 + 5x, -50 + 8x, -80 + 13x, -130 + 21x, -210 + 34x
a -10,4,—-6,—2,—-8,—-10,—18,—28,—46,— 74
b)-10,5 - 5,0, — 5 — 5 — 10, — 15, — 25, — 40
c)-10,6,-4,2,-2,0,-2,-2,-4,-6
d)—-10,7, — 3,4,1,5,6,11, 17, 28
e)—10, 8,-2, 6, 4, 10, 14, 24, 38, 62
f) Yes, because each multiple causes the x term to be greater than the number term.

atb
37. (—)=9 Let x=2 b_1 1+—=— 1+£=x multiply by x x[1+£j=x(x)
a b b a x X X

x+1=x*> x2—-x-1=0 a=1,b=-1,c=-1

—b+b —dac _1+1-4()(-D) _1++5

2a 2(1) 2

Solve for x using the quadratic formula, x =

38. S_TX=E x(5-x)=25 5x-x"=25 x2-b5x+25=0 a=1,b=-5c=25
X

—b++/b’ —4ac _ 5+ ./25— 4(1)(25) :51\/—_75 _ 5+5(3

Solve for x using the quadratic formula, x =
2a 2() 2 2

39. Answerswill vary. {5, 12, 13] {186, 30, 34] {105, 208, 233} {272, 546, 610}

40. a) 3reflections, 5 paths b) 4 reflections, 8 paths ¢) 5reflections, 13 paths

Review Exercises

1. Usethedivisibility rulesin section 5.1. 2. Usethedivisibility rulesin section 5.1.
670,920 isdivisibleby 2, 3, 4,5, 6, and 9. 400,644 isdivisibleby 2, 3, 4, 6, and 9

3. 2252 4. 51385 5. 2 | 840

2126 7| 77 2 | 420

3| 63 11 2 |210

3| 21 385 ="5e7e]11 51105

7 3|21
252 = %0307 7

840 = 2°e3e507

143
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6. 2882 7. 2 |1452 8. 15=3¢5 60=2°¢ 3¢5
3| 441 2 | 726 ged=15 Iem=60
3| 147 3 363
7 29— 1 121 9. 63=3¢3¢5 108=23%4+9
7 11 ged=9; lem=756
882=203%7° 1452 = 2030117

10. 45=3%5, 250=2¢5% gcd=5; Icm=2* 3%« 5= 2250

11. 840=23+3. 57, 320=2%¢5 gcd=2%+5=40; Icm=2°¢3. 5+ 7=6720
12. 60=2%3°5 40=2%¢5 96=2"3; gcd=2°=4; Icm=2"*3+5=480
13. 36 =27 3% 108=2%¢ 3% 144=2%«3% god=2%+ 3°=36; Icm=2"« 3*=432

14. 15=3¢5, 9=3% |cm=3?« 5=45. In45daysthetrain will stop in both cities.

15. —2+5=3 16. 4+ (-7)=-3
17. 4-8=4+(-8) =-4 18. (-2)+(-4)=-6
19. —5-4=-5+(-4)=-9 20. —-3-(-6)=—3+6=3
21. (B3+7)—4=4+(-4)=0 22. -1+(9-4)=-1+5=4
23. (— 3)(— 11)=33 24. (-4)(9) = — 36
25. 14 (—3) =-56 26. -35/-7=5
27. 12/-6=-2 28. [8+(—4)](-3)=(-2)(-3)=6
29. [(-4)(-3)]+2=12+2=6 30. [-30+(10)] +-1)=-3+(-1) =3
31. 3/10=0.3 32. 3/5=06
33. 15/40=3/8=0.375 34. 13/4=3.25
35. 3/7= 0428571 36. 7/12 = 0.583
37. 3/8=0.375 38. 7/8=0.875
39. 5/7= 0.714285 40, 025225 _ 4% _9
1000 200 40
42. 0.6666  10n = 6.6666....
41, 45=42-2_2 _
10 10 2 10n=6.6 On_6
~—n=06 9 9
_— 2
9n=6.0 n=3
43. 2373737  100n = 237.373737.... 83
e 44. 0.083= ——
100n = 237.37 1000
— 99n 235
-n= 237 —=——=n
—nE e 99 99 45. 00042= 22 - 2L
99n = 235.00 10000 5000
46. 2.344444 100N = 234.444444, ...
~ 47 25_19
100n = 234.4 ST
—~10n= 234 On_21_ 1 25
_ 90 90 48. 4==—
90n = 211.00 6 6



49.

51

53.

55.

57.

59.

61.

63.

65.

67.

69.

71.

73.

75.

77.

79.

81

((-3)(4))-1 -13

B3y =" 7 -
% 4 4
11_2:5+1_,1

5 5 5

- -1)(7)-5
£=L=_1%

7 7

1 4 15 42 5 8 13
—_—t—=— 4t = 4 =

2 5 25 52 10 10 10

15 1253 2 15 17
_+_=_._+_._=_+_=_

6 4 6 2 43 12 12 12
5,6.5,7_%

9 7 9 6 5

2.1 4 2 7_1

—= == —||==—=

37 7 21 4 6

1)/ 2 11 2 1)/ 2 2 2
— — |+ | - = —+ | — — = — 4+ —
5/\3 5 2 15 5)\1 15 5
2 6 8

=4+ — = ——

15 15 15

VB0 =/25-2=/2512=5/2

V5+ 7:/5=85

8+ 6V2=2/2+612=8/2

75+ /27=5/3+3/3=8/3

V816 = /48=116-3=1/16/3= 43

J56_ [56 —_
f-\g-@-zﬁ

V55 5
V3(4+/6)= 4/3+18= 4/3+3.2

X + 2 =2+ x Commutative property of addition

Review Exercises

((-35)(8))-3 —283

50. -35% = =
% 8 8
q P LISH2_ 124
15 15 15 5
- -27)(5)-1
54 1536=( )é ) =27¥%

5 £.3_7.3,2_7 6_1

"8 4 8 42 8 8 8
55, 2.15_60_6_3
8 4

60.

35 4 35 4 28
62. (E.}.Ej.g: ﬂ. §: E.%:E

(4 5}5_ 28+25 5_53 5_53
"5

64. (%(17%) = (lj(llj = % =274, teaspoons

66. /200 =+/100-2 =+/100-+/2 =102

68. \3-4/3=-33

70. N3-74/27=/3-214/3=-20V/3

72. \3:4/6=118 = V/9-2=1/9-42=3/2
J18 _ [18

74. X2 = = =/9=3
J2 2

4 \3_ 43
V343 3
78. 3(2++/7)=6+3J7
80. /3(\/6+/15)= \18+/45= 3\2+3\5

82. 5—m=m-5 Commutative property of
multiplication
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83.
85.
87.
89.
91.

93.
95.

97.

100.

103.

106.
109.

112.

115.

117. @) (4,000,000)(2,000) = (4.0 x 10°)(2.0 x 10%
= (4)(2) x 10°® 10°* = 8.0 x 10°

119.

121.

123.
125.
127.
129.

131.

CHAPTER 5 Number Theory and the Real Number System

Associative property of addition
Commutative property of addition

Associative property of multiplication

Distributive property

Natural numbers — closed for addition 3+4=7

Not closed; 1+ 2isnot aninteger

Not closed; +/2++/2=2isnot irrational

3¥=3e3=9

5?e 51=53=125

(2)?=2*2=2°=64

0.0000158 = 1.58 x 107>
4.3 x 10" = 43,000,000

1 x 10° = 100,000

3
= %x% = 2.1x10"
410

8.4x10°
4x10?

b) 8.0E09

9600000 _ 9.6x10°
3000 3x10°

1.49x10"

384x10°

388 times
Arithmetic 14, 17

Arithmetic —15,-18
Arithmetic 16, 19

3,7,11,15 a=15

20, -15, -10, -5, 0, 5, 10, 15, 20

=3.2 x 10%=3,200

3880208333x10° =

84.
86.
88.
90.
92.

94.
96.

Closed

1_1_
3?2 3.3

98. 3372 =

Ol

101. 7°=1

104. (39)?=3*?=3'=81

107. 0.00275=2.75x 10"°
110. 1.39 x 10" *=0.000139

113.8) (7x10°)(2x 107°)
(14) x10?=1.4x107"

15x10°°

116.

15 1073

Distributive property

Commutative property of addition
Commutative property of multiplication
Commutative property of multiplication
Whole numbers — not closed for subtraction
3-2=2-3

1#-1

Not closed; 1 - 0isundefined

9—5—95*3—92—81
9. g > 77

102. 4—3=i3= L
43 64

105. 230,000 = 2.3 x 10°

108. 4,950,000 = 4.95 x 10°
111. 1.75x 10~ *=0.000175

114. 8) (4x 10%(2.5 x 109

(4)(2.5) x (10°10%)
10.0x 10* =1.0x 10°

0.3x10" = 3.0x10°

5x1074

= —X =
5 107

118. a) (35,000)(0.00002) = (3.5 x 10%)(2.0x 10~ °)

=(35)(2)x10*e 10" °=7.0x 10" '=07

b) 7.0 E-01

120.

0.000002 _ 2x10°°

=0.5x10'=5.0

388.02 122.

0.0000004 4x10~’

20,000,000 _ 2.0x10’

3,600

36x10°

~ 0.555556x10* =$5,555.56

124. Geometric 8, 16
126. Geometric 1/32, 1/64

128. Geometric

-2,2

130. 4, -10, -14, -18, -22, -26, -30, -34 ag=-34

ain=25

132. 3,6,12,24,48 a,=48



133. a5 = 4(1/2)! = 4(1/2)* = 4(1/16) = 14

_30(2+89)

135. s = = (15)(91) =1365

8(100+58) _ (8)(158)

137. 5=
% 2 2

=632

_5(1-%) _(50-81) _ (5)(-80)

139. 5= =200
% 1-3 -2 -2

1 o= 2C) @0+ (3@ g,
' 1-(-2) 3 3

143. Arithmetic: an=-3n+10
145. Arithmetic: an=—3/2)n + (11/2)

147. Geometric: an=2(-1)N—1

149. Yes, 13,21 150. Yes, 17,28

Chapter Test
1. 38,610isdivisibleby: 2,3,5,6,9, 10

3 [(-6)+(-9)]+8=-15+8=-7

5. [(~ 70)(~ 5)] + (8—10) = 350 = [8 + (— 10)]
=350 + (- 2) =— 175

19)(9)+5
7. %z—( )(g)+ =19%

0. pas= 22129
100 20

Review Exercises 147

134. a,= — 6(2)**= — 6(2)°= — 6(8) = — 48

136, 5= S E2A) @000 _ g

_ 20(05+525) _(20)(5.75)

138. sp = 2 =575

_21-3') _(a-8) _(2)(-80)

140.
s 1-3 -2 -2

=80

w2 oo 1) _@u-sy_@eey_
' 1-(-2 3 3

144. Arithmetic: an=3+(n-1)3=3+3n-3=3n
146. Geometric: an = 3(2)™1
148. Geometric: ap = 5(1/3)"1

151. No; 1,4,3-1,-4,-5 152. No

840
420
210
105
[35
7
840 = 2%e3e5 o7

W OoITNDNDN

4. -7-13=-20

6. 45— (8)(;1)+5: 32;5:%7

5 4 1\ (5 1) 4
[E+ JJ{E'EJ:[EE}E
10.

_5,4_050 192 242 141
48710 480 480 480 240
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" E_§_(Ej£gj_(§j{§j 2 9 13 12. \J75+/48=1/25/3+/16+/3= 5/3+ 4/3 =93
12 8 (12)\2 8)\3) 24 24 24
14. Theintegers are closed under multiplication since
13. ﬁ = ﬁ N = V4 = E the product of two integersis always an integer.
NT N7 VT Va7
15. Associative property of addition 16. Distributive property
5 18. 4%0 42=4°=4.4.4.4-4=1024
17. 4—2=45f2 =4 =64
4
41 1 7.2x10°
19. 3'=—=— 20. —=~—-=0.8x10"=8.0x10"
3 81 9.0x10°°
21. an=—-4n+2 11 -2+(-32 11(-34
2 2
23. a5=3(3)4=35=243 3(1-4°) 3(1-1024)
24. = =1023
1-4 -3
25. ap=3 e (2)n—1 26. 1,1,2,3,5,8,13, 21, 34,55

Group Projects
1. Inthisexercise, you may obtain different answers depending upon how you work the problem.

1) a) 2servings Rice: 2/3 cup, Sat: 1/4tsp., Butter: 1 tsp.
b) 1serving Rice: /3 cup, Salt: /8 tsp., Butter: 1/2 tsp.
c) 29 servings Rice: 5cup, Salt: 17/8tsp., Butter: 7 1/2 tsp.

2.d) Areaof trianglel= A =%bh=%(5)(2x/§) =5/5

Areaof triangle 2 = A=%bh=%(5)(2\/§)=5\/§
Areaof rectangle= A, =bh= (10)(2«/3) =20\5
b) Areaof trapezoid = A :%h(bl+b2):%(2\/§)(10+ 21)=31/5

c) Yes, same
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3. Co-pay for prescriptions = 50% Co=pay for officevisits=$10  Co-pay for medical tests = 20%
01/10: $10 + .50 ($44) = $32.00
02/27: $10+ .20 (348) = $47.60
04/19: $10 + .20 (348) + .50 (76) = $117.60
a) Total =$197.20
b) .50 (44) + .80 (188) + .80 (348) + ,50 (76) = $488.80
¢) $500.00 —197.20 = $302.80

4.38) 1branch b) 8branches c) 512 branches d) Yes






CHAPTER SIX

ALGEBRA, GRAPHS, AND FUNCTIONS

Exercise Set 6.1
1. Variablesare letters of the a phabet used to represent numbers.
2. A symbol that represents a specific quantity is called a constant.
3. The solution to an equation is the number or numbers that replace the variable to make the equation
atrue statement.
4. Analgebraic expression isa collection of variables, numbers, parentheses, and operation symbols.
Anexampleis 5x2y—11.
5. a) Base: 4, exponent: 5
b) Multiply 4 by itself 5 times.
6. First: Perform all operations within parentheses or other grouping symbols.
Next: Perform all exponential operations. Next: Perform all multiplication and division from left to right.
Finally: Perform all addition and subtraction from left to right.
7. 8+16+4=8+4=12 8. 9+6-3=9+18=27
9. x=7, ¥*=(7)" =49 10. x=-8, X’ =(-8)°=64
11. x=-3-x*=—(-3)"=-9 12. x=-5-x%=—(-5)?=-25
13. x=-7,—-2x3=-2(-7)3 =—2(- 343) =686 14. x=-4,-x3=—(-4>3=—(-64)=64
15. x=4,x-7=4-7=-3 5 5
16. x=—=,8x-3=8 = |-3=20-3=17
2 2
17. x=-2, -Tx+4=-7(-2)+4=14+4=18 18. x=5, x*~3x+8=(5)"-3(5)+8=25-15+8=18
19. x=-2, —x* +5x-13=—(-2)* +5(-2)-13 20. x=-15x%+7x-11=5-1)* +7(-1)-11
=-4-10-13=-27 =5-7-11=-13
2 2
21. X=E,EX2—5X+2 =i E — E +2 22. le, EXz-i-X—:I.ZE(lj +1—1
3'2 2(3 3 2 3 312
_1(4) 10, =3[1) 1,
2 1
4 10 =S4
2,612 4 1
4 80,%6__20_10 1212 127 12 3

=t —= —_
18 18 18 18 9

151
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23.

25.

27.

29.

31

33.

35.

37.

39.

41.

3 2
x:1,8x3—4x2+7: 1 - 1 +7
2 2 2
= 141 +7
8 4

=1-1+7=7

X=-2, y=1, 2x* +xy+3y?
=2(-2)* +(-2)(1)+3(1)* =8-2+3=9

X=3, y=2, 4x*-12xy+9y?
= 4(3)"-12(3)(2)+9(2)* =36-72+36=0

7x+3=23, x=3
7(3)+3=21+3=24

24 # 23, x =3 isnhot asolution.
x-3y=0, x=6, y=3
6-3(3)=6-9=-3
-3#0,x=6,y=3isnot asolution.
X% +3x—-4=5x=2
(2)°+3(2)-4=4+6-4=6
6#5,x=2isnot asolution.

2x2 +x=28x=—4

2(-4)" +(-4)=2(16)-4=32-4=28
28=28,x=-4 isasolution.
y=-x*+3x-1 x=3 y=-1
~(3)°+3(3)-1=-9+9-1=-1
-1=-1,x=3,y=-1lisasolution.

d =$175,0.07d = 0.07($175) = $12.25

X = 75,220+ 2.75x = 220+ 2.75(75)
=220+ 206.25 = $426.25

24.

26.

28.

30.

32.

34.

36.

38.

40.

42.

x=2,y=3-x%+4xy=—(2)% +4(2)3)
—_4+24=20

2 1
x=2, y=5 3 +=xy-=Yy°
y 2Ly
2 1, .2
=3(2)"+2(2)(5)-=(5
(2 +2(2)(5)-(5)
=12+4-5=11
x=4,y=-3,(x+3y)? =[4+3-3)]?

=(-5)?=25

5x-7=-27, x=-4
5(-4)-7=-20-7=-27
—27=-27,x=—-4 isasolution.
Ax+2y=-2, x=-2, y=3
4(-2)+2(3)=-8+6=-2
—-2=-2,x=-2,y=3isasolution.

2x2—x—5=0,x=3

2(3)"-3-5=2(9)-3-5=10
10 0,x =3 isnot asolution.

y= x2 +3x—5,x=1, y=-1

(1)* +3(1)-5=1+3-5=-1
-1=-1,x=1y=-1lisasolution.
y:x3—3x2 +1x=2y=-3
(2)°-3(2)° +1=8-12+1=-3
-3=-3 x=2,y=-3isasolution.

t=3,05t=05(3)=15ft

X = 60, 25X — 0.2x? = 25(60)— 0.2(60)?
=1500- 0.2(3600)
=1500- 720
= 780 baskets of oranges



45,
46.
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n = 8,000,000,000,000 44. h=0.60,2h? +80h+40=2(0.60)? +80(0.60)+ 40
0.000002n = 0.000002(8,000,000,000,000) = 2(0.36)+ 48+ 40
=16,000,000 sec =0.72+48+40
=88.72 min
R=2,T =70,0.2R? +0.003RT +0.0001T ? = 0.2(2)? +0.003(2)(70)+0.0001(70)> =0.8+0.42+0.49=1.71in.

(-1)" =1for any even number, n, since there will be an even number of factors of (—1), and when

these are multiplied, the product will always be 1.

47.

48.

X y (x+y)? x2 +y?

2 3 52 =25 4+9=13
-2 -3 (=52 =25 4+9=13
-2 3 12 =1 4+9=13

2 -3 (-1)? =1 4+9=13

The two expressions are not equal.
1" =1for al natural numbers since 1 multiplied by itself any number of times will always be 1.

Exercise Set 6.2

1.

10.
11.

12.

13.
14.

15.
17.

The parts that are added or subtracted in an algebraic expression are called terms.

In 3x-2y, the 3x and -2y areterms.

Liketerms are terms that have the same variables with the same exponents on the variables.
3x* and 4x® areliketerms.

The numerical part of atermiscalled itsnumerical coefficient.

For theterm 3x, 3 isthe numerical coefficient.

A linear equation isonein which the exponent on the variableis 1. Example: 4x+6=10

To simplify an expression means to combine like terms by using the commutative, associative, and distributive
properties. Example: 12+ x+7—-3x= x—3x+12+7 =-2x+19

If a=b,then a+c=Db+c foral rea numbers a, b, and c. Example: If x—5=2,then x-5+5=2+5.

If a=b,then a—c=b-c foral rea numbers a, b, and c. Example: If 2x+3=5, then 2x+3-3=5-3.

If a=b,then a-c=Db-c for &l real numbers a, b, and c, where c= 0. Example: If §=2,then 3[%)=3(2)
a b 4x 8

If a=b,then —=— for dl real numbers a, b, and ¢, where c#0. Example: If 4x=8 then 7=Z.
c ¢

An algorithm isageneral procedure for accomplishing atask.

A ratioisaquotient of two quantities. Example: g

A proportion is a statement of equality between two ratios. Example: g - X

Yes. They have the same variable and the same exponent on the variable.
No. They do not have the same variable.

2X+9x =11x 16. —4x—7x=-11x
Ex—-3x+12=2x+12 18. —6x+3x+21=-3x+21
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19.

21.
23.
25.

27.

29.
31.

33.

35.

37.

39.

40.

41.

42.

7X+3y—4x+8y =3x+11ly
—3X+2-5x=-8x+2
2—-3x—2x+1=-5x+3
6.2x-8.3+7.1x=13.3x-8.3

lx—lx—élzix—ix—4:—£x—4
5 3 15 15 15

5X—-4y—-3y+8x+3=13x-7y+3
2(s+3)+6(s—4)+1=25+6+65—24+1=8s-17

0.3(x+2)+1.2(x—4)=0.3x+0.6+1.2x-4.8
=15x-4.2

2 31 _8_ 3
—X+———X=— X =—X+—
377 40 120 1277 120 7
0.5(2.6x—4)+2.3(1.4x-5)=1.3x—2+3.22-11.5
=4.52x-13.5

y+8=13
y+8-8=13-8
y=5

2y-7=17
2y—-7+7=17+7

2y=24

2y 24

2 2

y=12

9=12-3x
9-12=12-12-3x
-3=-3x
-3 -3X
3 -3
1=x

14=3x+5
14-5=3x+5-5

9=23x

9 3x

20.

22.
24.

26.
28.

30.
32.

34.

36.

38.

X—4x+3=-3x+3
—3X+4X—-2+5=x+3
—-0.2x+1.7x-4=15x-4

Ex+£x—5:£x+lx—5:§x—5
6 6 6 6

Tt+55+9-3t-2s-12=4t+3s-3

3(p+2)-4(p+3)=3p+6-4p-12=-p-6
6(r —3)-2(r +5)+10=6r —18—2r —10+10
=4r-18

3,5,.1.9,,5,, 8 2 14 1
49 6 9 9 12 12 9 12
E(3x+9)—1(2x+5)=2x+6—1x—E
3 4 2" 4

4 1 24 5 3 19
=—X—= Xt ——— ==X+
4 2

2 2 4 4

Subtract 8 from both sides of the equation.

Add 7 to both sides of the equation.

Divide both sides of the equation by 2.

Subtract 12 from both sides of the equation.

Divide both sides of the equation by -3.

Subtract 5 from both sides of the equation.

=— Divide both sides of the equation by 3.

3 3
3=X
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13 3.7
x 8
3(8)=7x Cross multiplication
24=T7X
% = g Divide both sides of the equation by 7.
24
—=X
7
44, x-1_x+5
5 15
15(x—1) =5(x+5) Cross multiplication
15x—-15=5x+25 Distributive Property
15x—5x—15=5x—-5x+25 Subtract 5x from both sides of the equation.
10x-15=25
10x-15+15=25+15 Add 15 to both sides of the equation.
10x =40
10x = 40 Divide both sides of the equation by 10.
10 10
x=4
45, 1 X+ 1 = 2
2 3 3
1 1 2 . . .
6 EX+§ =6 3 Multiply both sides of the equation by the LCD.
3x+2=4 Distributive Property
3X+2-2=4-2 Subtract 2 from both sides of the equation.
3x=2
3x 2 o . .
3 = 3 Divide both sides of the equation by 3.
2
X=—
3
46. 1 y+ 1.1
2° 3 4
1 1 1 . . :
12(5 y+ gj = 12[2) Multiply both sides of the equation by the LCD.
6y+4=3 Distributive Property
6y+4-4=3-4 Subtract 4 from both sides of the equation.
6y=-1
6y -1 . . .
o = ry Divide both sides of the equation by 6.

gL
6
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47. 0.7x-0.3=1.8
0.7x-0.3+0.3=1.8+0.3 Add 0.3 to both sides of the equation.
0.7x=2.1
07x = 21 Divide both sides of the equation by 0.7.
07 07
x=3
48. 5x+0.050 =-0.732
5x+ 0.050—0.050 = —0.732-0.050 Subtract 0.050 from both sides of the equation.
5x =-0.782
5—; = _0'5782 Divide both sides of the equation by 5.
x =-0.1564
49. 6t—-8=4t-2
6t—4t-8=4t-4t-2 Subtract 4t from both sides of the equation.
2t-8=-2
2t—-8+8=-2+8 Add 8 to both sides of the equation.
2t=6
2t 6 - . .
> = > Divide both sides of the equation by 2.
t=3
0. Xyox=t
4 3
12 (2 + ZXJ =12 (%) Mulitply both sides of the equation by the LCD.
3X+24x=4 Distributive Property
27x=4
27x = i Divide both sides of the equation by 27.
27 27
_4
27
51. Xx-3_x+4
2 3
3(x—3)=2(x+4) Cross multiplication
3Xx-9=2x+8 Distributive Property
3X—2Xx—9=2Xx—-2x+8 Subtract 2x from both sides of the equation.
Xx—-9=8
Xx—9+9=8+9 Add 9 to both sides of the equation.

x=17



52.

53.

55.

56.

X-5 x-9
4 3
3(x—5)=4(x-9)
3x—-15=4x-36
3x—3x—-15=4x-3x-36
-15=x-36
-15+36=x—-36+36
21=x

6t—-7=8+9
6t—6t—7=8t—-6t+9
-7=2t+9
-7-9=2t+9-9
-16=2t
-16 2t
2 2
-8=t

12x-1.2=3x+15
12x—-3x-1.2=3x-3x+1.5
9x-12=15
I9x-12+12=15+1.2
Ix=2.7
9x 2.7
9 9
x=0.3

2(x+3)-4=2(x—-4)
2X+6-4=2x-8
2x+2=2x-8
2X—2X+2=2x-2X-8
2=-8
No solution

3(x+2)+2(x-1)=5x-7
3X+6+2x—2=5x-7
5x+4=5x-7
5X—5X+4=5x-5x-7
4=-7
No solution

SECTION 6.2

Cross multiplication
Distributive Property
Subtract 3x from both sides of the equation.

Add 36 to both sides of the equation.

Subtract 6t from both sides of the equation.

Subtract 9 from both sides of the equation.

Divide both sides of the equation by 2.

Subtract 3x from both sides of the equation.

Add 1.2 to both sides of the equation.

Divide both sides of the equation by 9.

Distributive Property

Subtract 2x from both sides of the equation.
False

Distributive Property

Subtract 5x from both sides of the equation.
False

157
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57. 4(x-4)+12=4(x-1)
4x-16+12=4x-4
AXx—4=4x-4

Distributive Property

Thisequation isan identity. Therefore, the solution isall real numbers.

58. Xi4=-_¢
3 5

15[5+ 4j - 15(3— 6)
3 5
5x+60=6x—90
5x—5x+60 =6x—5x—-90
60=x-90
60+90=x-90+90
150=x

1 2
59. =(X+4)==(x+2
S (x+4)==(x+2)
1 2
20| = |(x+4)=20| = |(x+2
(5 Jocra=20( 2|2
5(x+4)=8(x+2)
5x+20=8x+16
5x—8x+20=8x-8x+16

-3x+20=16
—3x+20-20=16-20

-3x=-4

-3x -4
3 -3

x=2

3

2 1

60. §(X+5)_Z(X+2)

2 1
12(§j(x+5) :12(Zj(x+ 2)
8(x+5)=3(x+2)
8x+40=3x+6
8x—3x+40=3x-3x+6
5x+40=6
Bx+40-40=6-40

bx=-34
5x  -34
5 5

Multiply both sides of the equation by the LCD.

Distributive Property
Subtract 5x from both sides of the equation.

Add 90 to both sides of the equation.

Multiply both sides of the equation by the LCD.

Distributive Property
Subtract 8x from both sides of the equation.

Subtract 20 from both sides of the equation.

Divide both sides of the equation by -3.

Multiply both sides of the equation by the LCD.

Distributive Property
Subtract 3x from both sides of the equation.

Subtract 40 from both sides of the equation.

Divide both sides of the equation by 5.



61. 3X+2—6Xx=—-Xx—-15+8-5x
—3X+2=-6x-7
—3X+6X+2=-6X+6X-7
3X+2=-7
X+2-2=-7-2
3x=-9
3x -9
3 3
X=-3
62. 6Xx+8—22x=28+14x-10+12x

—16x+8=26x+18
—16x—26x+8 = 26x—26x+18
—-42x+8=18
-42x+8-8=18-8
-42x=10
-42x 10
—42 42
10 5
2 2

63. 2(x-3)+2=2(2x-6)
2Xx—6+2=4x-12
2Xx—4=4x-12
2X—4X—4=4x—-4x-12

—2X—-4=-12
—2X—4+4=-12+4

—2x=-8

-2X -8

2 -2

X=4

64.  57x-31(x+5)=73
5.7x-3.1x-155=7.3
26x-155=73
26x-155+155=7.3+155
26x=228
26x 228

26 26
228 228 114

26 26 13

SECTION 6.2

Add 6x to both sides of the equation.

Subtract 2 from both sides of the equation.

Divide both sides of the equation by 3.

Subtract 26x from both sides of the equation.

Subtract 8 from both sides of the equation.

Divide both sides of the equation by -42.

Distributive Property

Subtract 4x from both sides of the equation.

Add 4 to both sides of the equation.

Divide both sides of the equation by -2.

Distributive Property

Add 15.5 to both sides of the equation.

Divide both sides of the equation by 2.6.

or X = 8.7692
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205 X

1000 35,300
2.05(35,300) =1000x
72,365 = 1000x
72,365 1000x

1000 1000
X = 72.365 ~ $72.37

65.

x 1
354 6
6x =354
6x 354
6 6
x =59 times

67.

1 203
1,022,000 x
x =1,022,000(20.3)
X = 20,746,600 households

69.

5 1
80 x
50x =80
50x 80
50 50
x=1.6 kph
b) 50 _X
80 90
80x =50(90)
80x = 4500
80x 4500
80 80
X =56.25 mph

71. Q)

68. a)

b)

70. a)

b)

72.

205 4068
1000 x
2.05x = 40.68(1000)
2.05x = 40,680
2.05x _ 40,680
205 205
x =19,843.90244 ~ 19,844 gal
6 16
9 x
6x=9(16)
6x=144
6x 144
6 6
X=240z
X 6
32 16
16x = 32(6)
16X =192
16x 192
16 16
x =12 servings
20 X
10,000 140,000
20(140,000) = 10,000x
2,800,000 = 10,000
2,800,000  10,000x
10,000 10,000
x =280 |b

280
—— =14 bags
20 X

40 250
06 x
40x = 0.6(250)
40x =150
40x 150
40 40
Xx=3.75mm
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73, 0 _12 74, 0_3%
1 x 1 x
40x =12 40x =35
40x 12 40x 35
40 40 40 40
x=0.3cc x=0.875cc
75. a) Answerswill vary.
b) 2(x+3) =4x+3-5x
2X+6=—-x+3 Distributive Property
2X+ X+6=—X+X+3 Add x to both sides of the equation.
3x+6=3
3x+6-6=3-6 Subtract 6 from both sides of the equation.
3x=-3
3—52? Divide both sides of the equation by 3.
x=-1

76. @) Anidentity isan equation that has an infinite number of solutions.
b) When solving an equation, if you have the same expressions on both sides of the equal sign, the equation isan
identity.

77.a) Aninconsistent equation is an equation that has no solution.
b) When solving an equation, if you obtain afalse statement, then the equation is inconsistent.

78. Q) P =14.70+0.43x
148 =14.70+0.43x Given P =148, find x.
148-14.70=14.70—-14.70+ 0.43x Subtract 14.70 from both sides of the equation.
133.3=0.43x
1333 = 043x Divide both sides of the equation by 0.43.
043 043
x =310 ft
b) P =14.70+0.43x
128.65 =14.70+ 0.43x Given P =128.65, find x.
128.65-14.70=14.70-14.70+ 0.43x Subtract 14.70 from both sides of the equation.
113.95 = 0.43x
11395 = 043x Divide both sides of the equation by 0.43.
043 043

X = 265 ft down
79. @) 2:5; Thereare 2 malesand atotal of 2 + 3 =5 students.

b) m:m+n

Exercise Set 6.3

1.A formulais an equation that typically has a real-life application.

2.To evaluate a formula, substitute the given values for their respective variables, then evaluate.

3.Subscripts are numbers (or |etters) placed below and to the right of variables. They are used to help clarify aformula.
4.i=prt
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5. Anexponential equation isof theform y=a*,a>0,a=1.

6. @) a>0,a=1

b) R, representsthe original amount present.

7. P:4s:4(5):20
9. P=21+2w

P =2(12)+2(16) = 24+32=156

11. E = mc?
400 = m(4)*
400 =16m
400 16m
16 16
25=m

13, A=z(R-r?)
A:3.14((6)2—(4)2)
A=3.14(36-16)
A=3.14(20)
A=628

15. zZ=

25 421-u
1 2
25(2)=421-pu
5=42.1-u
5-421=421-421-u
—371=—u
=8l _-u

17. T=

1 05

80(0.5) = 20P

40=20P

40 _20P

20 20
2=P

8. P=a+b+c=25+53+32=110

10. F=MA
40=M (5)

12. p=i’r
62,500=(5)"r
62,500 = 25r

25 25
2500=r

14. B= 703w
h2

5 708(130)
(67)°

91,390
" a8

B

16. S=B+%Ps

300= 1oo+% P(10)

300 =100+ 5P
300-100=100-100+5P
200=5P
200 5P
5 5
40=P

a+b+c
m=

3
a+60+90

3
70 a+150
13
70(3) =a+150
210=a+150
210-150=a+150-150
60=a

18.

70=

9~ 20.35865449 = 20.36



19.

21.

23.

25.

27.

A=P(1+rt)
3600 = P(1+0.04(5))
3600=P(1+0.2)

3600=1.2P

3600 1.2P
12 12
3000=P

\% =lat2
2

576 = %a(lZ)z

576 144a
1 2
576(2) =144a
1152 =144a
1152 144a
144 144

8=a

5

C= 5( F-32)

czg(77—3z)

C=2(45)=25

m= Y=Y

X=X

_8-(-4)
_8+4 12
T 3+5 2

S=R-rR
186=1R-0.07R
186 =0.93R
186 _ 0.93R

093 0093
200=R

20.

22,

24.

26.

28.

SECTION 6.3

_a+b
T2
a+77
2
70(2)=a+77
140=a+77
140-77=a+77-77
63=a

F :gC+32
5

70=

9
F=2(7)+32
=(7)

F =%+32=12.6+32=44.6

K= ﬂ+ 273.1
18

100-32

K +2731

K= §+ 2731
18

K =37.7+273.1=310.87 = 310.88

S=C+rC
115=1C+0.15C
115=1.15C

u5_115¢

115 115
100=C
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2. E=ap+ap,+ap,
E =5(0.2)+7(0.6)+10(0.2)
E=1+42+2=72

30.

31 s=-16t" +Vvt+s, 32.
s=-16(4) +30(4)+150
s=-16(16)+120+150
$=-256+120+150=14

33. P=—s?

f
1+0.08
3000 f
1 108
3000(1.08) = f
3240 = f

3000=

35, F-Sm 36.

r.2

G(100)(200)

2R
(4)

625=1250G

625 1250G

1250 1250
05=G

625=

L
—_—~~
'I—‘l—\
= X
=]
S—

37.

1l
H
|
O NIRP N
Dt
~

©

VR
T

|-

0
I
=
|

o)
7~ N\
— NP

n
1l
NH‘OO\I
|
NN
|

|
\‘
—_~
N
SN—"

1l
H
~

e —b++/b*-4ac

2a
(99 -4(2) (12
2(2)
,_5+\Z5+9%6
4
(_5tVI2l_5+11_16
4 4 4
R=0+(V-D)r
670 = O+ (100—10)(4)
670=0+360
670—-360 = O+ 360—-360
310=0

4

_NRT
v
1 (19)(60)(8)
\Y
12 4800
1 v
12V = 4800
12V 4800
12 12
V =400

nt
A= P(1+LJ
n

13)
A=100 £1+ gj

P

A=100(1+0.06)’
A=100(1.06)’
A=100(1.191016)
A=119.1016~119.10



39. 10x—-4y =13
10x-10x—4y =-10x+13
-4y =-10x+13
-4y -10x+13
-4 4

yo ~10x+13 —(-10x+13)

4

_10x-13_10x 13 5

4

40. 8x—-6y=21
8Xx—8x—-6y=-8x+21
-6y =-8x+21
-6y -8x+21
6 6

y_—8x+21_—(—8x+21) _8x-21_8x 21_4 7

4

4

13

4

-6

41. 4x+7y=14
—AX+4X+ Ty =-4x+14
7y =-4x+14
7y —4x+14
77

7

42. -2x+4y=9
—2X+2X+4y =2x+9
4y =2x+9
4y  2x+9
4 4

6

_ —4x+14 -4x 14

7

_2x+9_2x 9
4 4 4

43. 2x-3y+6=0
2x—-3y+6-6=0-6
2x—-3y=-6
—2X+2X—-3y=-2X—6
-3y=-2x-6
-3y -2x-6
-3 -3

7

1
2

6

9

==X+=

4

+2

SECTION 6.3

Subtract 10x from both sides of the equation.

Divide both sides of the equation by -4.

Subtract 8x from both sides of the equation.

Divide both sides of the equation by -6.

6 3 2

Subtract 4x from both sides of the equation.

Divide both sides of the equation by 7.

Add 2x to both sides of the equation.

Divide both sides of the equation by 4.

Subtract 6 from both sides of the equation.

Subtract 2x from both sides of the equation.

Divide both sides of the equation by -3.

y_—2x—6_ —(-2x-6) 2x+6 2x 6 2

-3

3

+—=—X+2

"3 '3
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45,

46.

47.

48.

3x+4y=0
—3X+3x+4y=-3x+0
4y =-3x
4y -3x
4 4

y=-x

—-2x+3y+z=15
—2X+2X+3y+z2=2x+15
3y+z=2x+15
3y+z-z=2x-z+15
3y=2x-z+15
3y 2x-z+15
3 3
_2x=z+15 2 1
=

5x+3y—-2z=22
5Xx—5x+3y—2z=-5x+22
3y—-2z=-5x+22
3y—2z+2z=-5x+2z+22
3y =-5x+2z+22
3y _ -5x+2z+22

—=X+=zZ4+—=

=—X—-=2z+5
3 3

3 3
_ -bx+2z+22 5 2
-3 3
Ox+4z=7+8y
OX+4z-7=7-7+8y
9x+4z-7=8y
Ox+4z-7 8y
8 8
O9x+4z-7 9 1_ 7
y=————=—X+—-Z——
8 8 2 8
2x—-3y+5z=0
2x—3y+3y+52=0+3y
2x+5z=3y
2x+5z 3y
3 3
2x+5z 2 5
y= =—X+—-2

3 3 3

22
3

Subtract 3x from boths sides of the equation.

Divide both sides of the equation by 4.

Add 2x to both sides of the equation.

Subtract z from both sides of the equation.

Divide both sides of the equation by 3.

Subtract 5x from both sides of the equation.

Add 2z to both sides of the equation.

Divide both sides of the equation by 3.

Subtract 7 from both sides of the equation.

Divide both sides of the equation by 8.

Add 3y to both sides of the equation.

Divide both sides of the equation by 3.



49.

51.

p—b=a+b-b+c
p_
p-b-

52.

p=a+b+c

b=a+c
c=a+c-c
a=p-b-c

p=a+b+s+s,
p-a=a-a+b+s+s
p-a=b+s+s,
p-a-b=b-b+s+s
p-a-b=s+s
p-a-b-s,=s+s,-5
s =p-a-b-s

SECTION 6.3

Divide both sides of the equation by .

Divide both sides of the equation by i.

Divide both sides of the equation by r.

Subtract b from both sides of the equation.

Subtract ¢ from both sides of the equation.

Subtract a from both sides of the equation.
Subtract b from both sides of the equation.

Subtract s, from both sides of the equation.

Multiply both sides of the equation by 3.

Divide both sides of the equation by h.
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55.

56.

57.

Divide both sides of the equation by .

Divide both sides of the equation by r?.

Divide both sides of the equation by 2.

Divide both sides of the equation by 7.

2

Multiply both sides of the equation by c*.

Divide both sides of the equation by 2.

Divide both sides of the equation by g.

Subtract mx from both sides of the equation.

Subtract b from both sides of the equation.

Divide both sides of the equation by x.



59. P=2+2w
P-21=21-21+2w
P-2 =2w
P-2 2w

2 2
P-2l
W=

2

d,d,
2

2A= 2(—d1d2 j
2

2A=dd,

60. A=

_a+b+c
3
a+b+cj

61. A

3A=3[

3A=a+b+c
3A-a=a—-a+b+c
3A-a=b+c
3A-a-b=b-b+c
c=3A-a-b

62. Azlbh
2
2A= z(lbhj
2
2A=bh
2A_bh
h h

b=22
h

SECTION 6.3

Subtract 21 from both sides of the equation.

Divide both sides of the equation by 2.

Multiply both sides of the equation by 2.

Divide both sides of the equation by d,.

Multiply both sides of the equation by 3.

Subtract a from both sides of the equation.

Subtract b from both sides of the equation.

Multiply both sides of the equation by 2.

Divide both sides of the equation by h.
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63. pP=—_

PV = (—)V Multiply both sides of the equation by V.

Divide both sides of the equation by K.

RV _ RV,

T
RViT, = RV,T, Cross multiplication
RviT, _ BV,T,
T, T
RviT,

64.

Divide both sides of the equation by T,.

=BV,
1

BT, = RV, Divide both sides of the equétion by F,.

LR R
V. = RVl
© TR
9
65. F==C+32
5
F-32= %C +32-32 Subtract 32 from both sides of the equation.
Foz-2c
5
§(F -32) _> gC Multiply both sides of the equation by E
9 9\5 9
5
C=—=(F-32
2(F-32)
66. ngw—ea
gC _9(5 (F-32) Multiply both sides of the equation by g
5 519 5
Sc-F-m
5
%C +32=F-32+32 Add 32 to both sides of the equation.

F=2cim
5



67.

68.

S=nr’+ars
S—ar’=nxr’—ar®+xrs
S—nr?=nrs
S—ar? _wrs

r r

A=h(b +b,)

2A=2(%Mq+@ﬂ

2A=N(b +b,)
2A_h(b+b,)
h  h

2 _b+b,

22 b —n-neb,

2A
bz_T_

69. a) i = prt
i =600(0.02)(1) = $12
b) $600+ $12 = $612

SECTION 6.3

Subtract zr? from both sides of the equation.

Divide both sides of the equation by .

Divide both sides of the equation by r.

Multiply both sides of the equation by 2.

Divide both sides of the equation by h.

Subtract b, from both sides of the equation.

70. i=prt
128=2800(r)(2)
128 =1600r
128  1600r

1600 1600
r =0.08=8%
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72. @) 6ft=6(12)=72in.
5 703w

V =zr*h TR

V = z(1.25)°(3.75) 5 703(200)

V = 7(1.5625)(3.75) (72)°

V =18.40776945 in? ~18.4 in? _ 140,600
5184

703w
b) B=—>

703w
(72)°
703w
5184
134,784 = 703w
134,784 703w
703 703
w=191.7268848 |b
He would have to lose 200—191.7268848
=8.2731152=8.27 |b

71. Radius= % =1.25in.

=27.12191358 = 27.12

26=

26=

73.  y=2000(3)" 74, B =P(Ll+r)"
y = 2000(3)° P, =8(1+0.03)"
y = 2000(243) P, =8(1.03)"
y = 486,000 bacteria P, = 8(1.343916379)
P, = $10.75133103~ $10.75
75V =24e"™ 76.  S=Se°™
V = 24> S=1000g >
V = 24e* S=1000e **
V =$300,976, 658,300,000 S=1000(0.4317105234)

S=431.7105234 g~ 431.71g

77.  V =Iwh—7zr’h 78.
2

V =12(8)(12)-z(2)° (8)
V =1152-100.5309649
V =1051.469035 in? ~1051.47 in®




Exercise Set 6.4

SECTION 6.4

1. A mathematical expression isa collection of variables, numbers, parentheses, and operation symbols.
An equation istwo algebraic expressions joined by an equal sign.

2. Expression: 2x+ 3y ; equation: 2x+3y =16

3. 4+3x
5 6r+5
7. 15-2r
9. 2m+9
11 18-s
4
13. (5y-6)+3
15. Let x = the number
X—6 = the number decreased by 6
X-6=5
X—6+6=5+6
x=11

17. Let x =the number
X — 4 = the difference between the number and 4
x—4=20
X—4+4=20+4
X=24

19. Let x = the number
12+5x =12 increased by 5 times the number
12 +5x =47
12-12+5x=47-12
5x=35
5x 35
5 5
Xx=7

21. Let x = the number
8x+16 =16 more than 8 times the number
8x+16=88
8x+16-16=88-16
8x =72
8x 72
8 8
Xx=9

4, 6x-2
6. 10s-13
8. x+6
10. 8+5x
12. 8+t
2
14. §—3x
y
16. Let x = the number
X+ 7 = the sum of the number and 7
X+7=15
X+7-7=15-7
Xx=8

18. Let x=the number
7x = the number multiplied by 7
TX=42
X 42
777
X=06

20. Let X = the number

4x—10 = 4 times the number decreased by 10

4x-10=42

4x-10+10=42+10

4x =52

4x 52

44

x=13

22. Let x = the number
5x+ 6 = 6 more than 5 times the number
7x—18 =7 times the number decreased by 18

5x+6=7x-18
BX—7x+6=7x-7x-18
—2X+6=-18
—2X+6-6=-18-6
—2x=-24
-2X 24
2 2

x=12
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23. Let x = the number
X+11= the number increased by 11
3x+1=1 morethan 3 times the number
X+11=3x+1
X—X+11=3x-x+1

11=2x+1
11-1=2x+1-1

10=2x

10 2x

2 2

5=x

25, Let x = the number
X+10 = the number increased by 10
2(x+3) = 2 times the sum of the number and 3

X+10=2(x+3)

X+10=2x+6

X—X+10=2X—-x+6
10=x+6
10-6=x+6-6
4=x

27. Let x = the number of tickets sold
to nonstudents
3x = the number of tickets sold
to students
X+ 3x =600
4x =600
4x 600
4 4
x =150 tickets to nonstudents

3x = 3(150) = 450 tickets to students

24. Let x = the number
g — the number divided by 3

X—4 = 4 less than the number

5=x—4
3

3[fj=3(x—4)
Xx=3x-12
X—3x=3x—3x-12
-2x=-12
-2x 12
2 2
X=6

w

26. Let x = the number
2x = the product of 2 and the number
2x— 3= the product of 2 and the number,
decreased by 3
X+ 4 = 4 more than the number
2Xx-3=x+4
2X—X—3=X—-X+4
x-3=4
X—3+3=4+3
x=7

28. Let x = cost of cheaper pair
X+10 = cost of more expensive pair

X+(x+10) =60
2x+10=60

2x+10-10=60-10
2x=50
2x 50
2 2

x = $25 for the cheaper pair
x+10=25+10
= $35 for the more expensive pair



29. Let x = the number filing electronically
in 1999
0.116x = the amount of the increase
Xx+0.116x = 34.20
1.116x=34.20
1.116x  34.20

1116 1.116
x = 30.64516129

~ 30.65 million taxpayers

31. Let x = the origina price before tax
0.10x = the amount saved on
spending x dollars
X—0.10x=15.72
0.9x=15.72
0.9x 15.72
09 09
x=17.46 =~ $17.47

33.  Let x=the number of compact discs
for Samantha
3x = the number of compact discs
for Josie
X+3x=12
4x =12
4x 12
4 4
x = 3 compact discs for Samantha
3x = 3(3) =9 compact discs for Josie

35. Let x = the amount charged
to each homeowner
50x = the total amount charged
to homeowners
2000 + 50x = the total cost for
therepairs
2000+ 50x = 13,350
2000- 2000+ 50x = 13,350— 2000
50x =11,350
50x 11,350
50 50
x =$227

30.

32.

34

36.

SECTION 6.4

Let x=Vinny'sdollar sales
0.06x = the amount Vinny made
on commission
400+ 0.06x = 790
400- 400+ 0.06x = 790— 400
0.06x =390
0.06x _ 390

0.06 0.06
X = $6500

Let x = the number of copies Ronnie must make
0.08x = the amount spent on x copies
0.08x = 250
0.08x 250

0.08 0.08
x = 3125 copies

Let x = the amount donated for Business
3x = the amount donated for
Libera Arts
X+ 3x=1000
4x =1000
4x 1000
4 a4
x = $250 for Business

3x =3(250) = $750 for Liberal Arts

Let w=the width
w+ 3= thelength
2w+2(w+3)=P
2w+2(w+3) =54
2w+2w+6=54
4w+6=54
4w+6-6=54-6
4w =48
4w 48
4 4
width =12 ft
length=w+3=12+3=15ft
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37. @ Let x = area of smaller ones

3x = areaof largest one

X+ X+ 3x = 45,000
5x = 45,000
5x 45,000
5 5

X = 9000 ft* for the two smaller barns
3x = 3(9000)
= 27,000 ft? for the largest barn

b) Yes

39. Let x = the number of vacation days
inthe U.S.
3x+ 3= the number of vacation days
in Italy
X+3x+3=55
4x+3=55
4x+3-3=55-3
4x =52
4x 52
44
x=13intheU.S.

3x+3=3(13)+3=39+3=42in Ity

41. Let w=width
2w = length of entire enclosed region
3w+ 2(2w) = total amount of fencing
3w+2(2w) =140
3w+ 4w =140
7w=140
7w 140
77
width = 20 ft

length = 2w = 2(20) = 40 ft

38. Let x = average per capitaincome
in Mississippi
2x—1346 = average per capitaincome
in Connecticut
X+ 2x—-1346 = 61,663
3x—1346= 61,663
3x—1346+1346 = 61,663+1346
3x =63,009
3x 63,009
3 3
x =$21,003 in Mississippi
2x—1346 = 2(21,003) - 1346 = 42,006 —1346
= $40,660 in Connecticut

40. Let x = the cost of the car before tax
0.05x = 5% of the cost of the car (tax)
x+0.05x =14,512
1.05x =14,512
1.05x _ 14,512

1.05 105
x = $13,820.95238 ~ $13,820.95

42. Let | =length of a shelf
| + 2= height of the bookcase
4l +2(1 + 2) = total amount of wood
4+2(1+2)=32
4 +21+4=32
6l +4=32
6l +4-4=32-4
6l =28
6l 28
6 6

Iength:4ﬂ:4g ft=4ft8in.
6 3

height =1+2=4ft8in.+2ft=6ft8in.



43.  Let x =the number of months
70x = cost of laundry for x months
70x =760
70x _ 760
70 70
x =10.85714286 months =~ 11 months

45, Let r =regular fare
r

2

0.07r = tax on regular fare

= hdf off regular fare

12+ 0.07r = 257

2[%+o.o7rj =2(257)

r+0.14r =514
1.14r =514
114r 514

114 114
r = $450.877193

~ $450.88

47. Let x =amount of tax reduction to be
deducted from Mr. McAdam's
income

3640— x = amount of tax reduction to be
deducted from Mrs. McAdam's
income

24,200— x = 26,400—(3640— x)
24,200 x = 26,400— 3640+ X
24,200—x = 22,760+ x
24,200— x+ x= 22,760+ X+ X
24,200 = 22,760+ 2x
24,200— 22,760 = 22,760— 22,760+ 2x

1440 = 2x

1440  2x

2 2

x = $720 deducted from

Mr. McAdam's income
3640 - x = 3640— 720 = $2920 deducted
from Mrs. McAdam's income

SECTION 6.4

44, Let x = the number of visits per month
56 = the cost of Plan A for 1 month
3x+ 20 = the cost of Plan B for 1 month
3x+20=56
3x+20-20=56-20
3x=36
3x 36
3 3
X =12 visits per month

46. Let x = the number of milesin one day
35+ 0.20x = U-Haul charge per day
25+ 0.32x = Ryder charge per day
35+0.20x = 25+ 0.32x
35+0.20x—25=25-25+0.32x
10+0.20x = 0.32x
10+0.20x—0.20x = 0.32x—0.20x
10=0.12x
10 0.12x
012 012

X =83.3 mi =83% mi

48. @ A number increased by 3is13.
b) 3 times anumber increased by 5is 8.
¢) 3 times anumber decreased by 8 is 7.
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49. Let x = thefirst integer 50. @) Let x = the number of years for the amount
X+1= the second integer saved to equal the price of the course
x+ 2= thethird integer (the largest) 0.10(600) = $60 saved per year

X+(x+1)+(x+2)=3(x+2)-3 60x = 45
3X+3=3x+6-3 60x 45
3x+3=3x+3 60 60

3 3
X =— year =—(12) =9 months
g year=-(12)
b) 25-18=7years
7(60) = $420 saved before paying for course
$420— $45 = $375 total savings

51. F:§C+32

The thermometers will read the sasme when F = C.
Substitute C for F in the above equation.

C:§C+32
5

5C = 5(9c:+32j
5
5C =9C +160
5C—9C = 9C —9C +160
—4C =160
—4C 160
4 4
C=-40°

Exercise Set 6.5

1. Inversevariation - Asone variable increases, the other decreases and vice versa.

2. Direct variation - As one variable increases, so does the other, and as one variable decreases, so does the other.
3. Joint variation - One quantity varies directly as the product of two or more other quantities.

4. Combined variation uses at least two forms of variation.

5. Direct 6. Inverse 7. Inverse 8. Direct
9. Direct 10. Direct 11. Inverse 12. Direct
13. Inverse 14. Direct 15. Inverse 16. Direct
17. Direct 18. Inverse 19. Direct 20. Inverse
21. Answerswill vary. 22. Answerswill vary.

23. @) y=kx
) y 24. @) x=E
b) y= 3(5) =15 y
15

b) x=—==125
12



25. 3 m=< 26,
n
b) m=—o -2 _025
64
K
27. @ R=— .
W
b) R=_2 -005
160
b) F =7(3)10)= 210 .
2
3l a) t=% o
k(8)*
b) 192= (8)
4
190 = 84K
4
768 = 64k
768 _ 64k
64 64
k=12
2
. 12d
f
12(10)° 12(100
. 12010 _12(100) 1200 _
6 6 6
b) 12=k(9)(4)
12 = 36k
12 _ 36k
36 36
k=1
3
3
1 300
Z =7 (50)(6) =—-=100
3( )(6) 3

SECTION 6.5

a) r=ks
b) r =13(2)" =13(4) =52

— le I:22
=12

b) A= 2(120)(8) _ (15)120)8) _ 1440

(5)° 25 25

=576

b) 12=@

12- %
2

24.= 6k
24 6k
6 6
k=4

3 y=kR®
b) 4=k(4)’
4=16k
4 _16k
16 16
k=025
y=0.25R’
y=0.25(8)° =0.25(64) =16
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35 8 H=kL % g0k
b) 15=k(50) J
50k b) 7=0_"7
52=OE_>§ k=7(07)=49
H=0.3L c-49
H=03(10)=3 439

C=—>=0.4083 =~ 0.41
12

37. a) A=kB? _ kMM,
, 38. a F ——d2
b) 245=k(7)
245 = 49k b) go:m
25 _ 49K (02)
49 49 20— 50k
k=5 0.04
0.8
A=5(12)" =5(144) = 720 k=, =006
£ _ 0016M,M,
d2
0.016(10)(20
F= ( )2( )_32 _5
(0.4) 0.16
_ 2
39, a) F= kqlgz 40. @) S=kIT
b)  8=k(20)(4)
n k2 8=320k
X k=-2-0025
g 16K 320
16 S=0.025T?
k=8 $=0.025(2)(2)° =0.025(2)(4) = 0.2
F _ 8%%
d2
8(28)(12
_8( )(2 )_2688_
(2) 4
41. a) R=kL 42. a |=kr
b) 0.24=k(30) b) 40=k(0.04)
024 _ 30k k=-29 _1000
30 30 0.04
k =0.008 I =1000r

R=0.008L | =1000(0.06) = $60

R=0.008(40) = 0.32 ohm



k
4z
b) 20=

43. a) |=

k = 20(36) = 720
720

T

| 720 _720

=80dB

b) 4800 =

600Kk =14, 400
(14400,
600
_24A
TP
_ 24(700) 16,800
350 350

R

= 4800 tapes

47. a) s=kwd?

b) 2250 = k(2)(10)°
2250 = 200k
2250 200k

200 200

k= 2250 =11.25
200

s=11.25wd?
s=11.25(4) (12)2 =11.25(4)(144)
= 6480 pounds per square inch
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44, a)t:E
n

46. Q) a=kd’
b) 100=k(25)°
100 = 625k
100 _ 625k

625 625
k==X _0.16
625
a=0.16d
a=0.16(40)" = 0.16(1600)

= 256 square feet

48. a) R:&
A

k(200)
0.05
200k = 0.01

k= 001_ 0.00005
200

b) 02=

_ 0.00005L
-

~ 0.00005(5000)  0.25
B 0.01 001

R

=25 ohms




182 CHAPTER 6 Algebra, Graphs, and Functions

50.
49. & N = %
k (60,000)( 200,000
b) 100,000 = ( I )
300
12,000,000, 000k = 30,000,000
_ 30,000,000 _ oo
12,000,000, 000
N = 0.0025p, p,
d
 — 0:0025(125,000) (175,000)
- 450
N _ 54687,500
450
=121,527.7778 ~ 121,528 calls
5l.a y= LS 52.
X
0.3
y=—"
X
xy =0.3
Xy _03
y 'y
_03
y
Inversely
b) k stays0.3
- W o KTAVF
R
1, k(78)(1000)v4
- 5.6
156,000k = 403.2
k=-2932__ op5846154
156,000
W  0.0025846154TAVF
R
W 0.0025846154( 78)(1500)/6
- 5.6
w = LA0.7256982 _ 155 0704461 ~ $132.27

5.6

a) y=kx
y=2X
y_2x
2 2

y
Xx===0.5
5 y

Directly
b)k=0.5

Il
~ o
‘b‘?\— N|x
N

7\_'5;|H 5~
B

o
‘I—‘ I\J|H

Il
Ol

—
w

X

N
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Exercise Set 6.6

1. a<b meansthat a islessthan b, a<b meansthat a islessthanor equal to b, a>b meansthat a isgreater
than b, a>b meansthat a isgreater thanor equal to b .

2. @) Aninequality consists of two (or more) expressionsjoined by an inequality sign.
b) 2<7,3>-1 5x+2>9

3. When both sides of an inequality are multiplied or divided by a negative number, the direction of the

inequality symbol must be reversed.

Y es, the inequality symbol pointsto the x in both cases.

Y es, the inequality symbol pointsto the —3 in both cases.

6. You should use an open circle if the solution does not include the number. Y ou should use a closed circle
if the solution includes the number.

S

7. X>6 8. x<£9
o—>
f!llllélllll) B e e B B mm L S e .
9. X+4>7 10. 3x>9
X+4-4>7-4 %>g
X=>3 3 3
X>3
o————> o—>
> >
3 3
11. -3x<18 12. -4x<12
-, 18 —ax 12
-3 -3 -4 -4
X=>-6 X>-3
(lllllzlllll) (llflllllll)l)
13. 14,
£<_2 §>4
2
3o {2)-w0
X< -12 X>8
< O o—>
-ttt (lllllélllll)
-12
15. _—X23 16. 52_4
3 2
—x X
—3(?)5—3(3) Z[Ejz 2-a)
x<-9 X=-8
< ® o——>
-+t (lllll%lllll)
9
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17. 2x+6>14
2Xx+6-6>14-6

2x>8

2x _ 8

252
2 2

X=>4

19. 4(x—1)<6

4x-4<6
4Xx—-4+4<6+4

4x <10

4x 10

_<_

4 4

<<
<+t

21. 3(x+4)-2<3x+10

3X+12-2<3x+10
3X+10< 3x+10

False, no solution

<t

23 3<x-7<6
3+7<X—7T+7<6+7
10<x<13

25. X222

18.

20.

22.

24.

26.

3x+12<5x+14
3x—5x+12 < 5x-5x+14
—-2x+12<14
—2X+12-12<14-12
—-2xX< 2
—-2x 2
2722
x>-1

—5(x+1)+2x>-3x+6
—5X—5+2x>-3x+6
-3Xx-5>-3x+6

—3X+3X—5>-3x+3x+6

-5>6
False, no solution

-2<x<1

1 x+4
=<
2 2

o L)oo XH4) < o)
2 2
1<x+4<8

1-4<x+4-4<8-4
-3<x<4

<4




27.

29.

31

33.

35.

-3x< 27
X, 2
-3 -3
X=>-9
[ X X ]
<1000+ >
-9 -6
X—2<4
X—2+2<4+2
X< 6
[ X X ]
1111111 >
2 5
X< 2
3
X
3= [<3(-2
3)=s-2
X< -6
[ X X ]
<1110 111>
-9 -6
X3
6
- X
-6 — [<-6(3
§ )<
x<-18
[ X X ]
<1000 0+—1—1—1>
21 -18
-11<-5x+4
-11-4<-5x+4-4
-15< -5x
-15 -bx
_>_
-5 -5
3>X
X<3
[ X X ]
<0000+ >
-1 2

28.

30.

32.

34.

36.
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3x>27
2
3 3
X=>9
[ X X ]
<1000+ >
9 12
-5x<15
-5x, 15
-5 -5
X>-3
[ X X ]
<1000+ >
-3 0
Xs3
4
X
4| — 1> 4(-3
4)z409
X=>-12
[ X X ]
<1110 —11"1"1>
-12 -9
2y
3
3(2) 3y
2\ 3 2
X<6
[ X X ]
<1000 0+—1—F—1>
3 6
2X+5< -3+ 6x
2X—6X+5< -3+ 6X—6X
—4x+5<-3
-4x+5-5<-3-5
—4x<-8
—4x -8
_>_
-4 -4
X>2

(XX ]

<t+—+—+—++0000+—+1+++>

3 6
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37.

39.

3(x+4)> 4x+13
3x+12>4x+13
3X—4x+12> 4x—4x+13
-X+12>13
-X+12-12>13-12
-x2>1

> 1
171

x<-1

5(x+4)-6<2x+8
5x+20-6<2x+8
5x+14<2x+8

EX—2X+14<2x—2X+8
3X+14<8

3x+14-14<8-14
3xX<-6

x .6
3 3
X< -2

[ X X ]

<1000+ >
-5 2

38.

40.

42.

-2(x-1)<3(x—4)+5
—2X+2<3x-12+5
—2X+2<3x-7

—2X—3X+2<3Xx—3x-7
—5x+2<-7

-5x+2-2<-7-2

-bx< -9

-5x -9
_>_

-5 -5

9

X>—

5

(XX ]

<t+—+—+—++0000+—+1+++>
2 5

-3<x<5

-3-2 -1 1 4

—2<2x+3<6
-2-3<2Xx+3-3<6-3
-5<2x<3




45,

47.

49.

51.

02<X%<04
10

10(0.2) < 1o[xl—‘04j <10(0.4)

2<x-4<4
24+4<x-4+4<4+4
6<x<8

a) 2000, 2001
b) 1997, 1998
¢) 1997, 1998, 1999, 2000
d) 1998, 1999, 2000, 2001

Let x = the number of videos
No Fee Plan cost: 2.99x
Annua Fee Plan: 30+1.49x
2.99x < 30+1.49x
2.99x—1.49x < 30+1.49x —1.49x
1.50x< 30
1.50x 30

150 1.50
x< 20

The maximum number of videos that can be rented
for the No Fee Plan to cost |ess than the
Annual Fee Planis 19.

Let x=the number of miles
110+ 0.25x = cost of renting from Fred’s
110+ 0.25x < 200
110-110+0.25x < 200—-110
0.25x < 90
0.25x 90

< R—
025 0.25
X <360 mi

Let x =the cost of the meal
0.07x = the tax on the meal
0.15x =the tip on the meal
x+0.07x+0.15x <19
1.22x<19

1.22x < 19

122 122
x <15.57377049

Mrs. Franklin can select a meal for x < $15.57 .
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—4+2<Xx-2+2<3+2
-2<X<5

<+ttt oo +1+1++1+>

-10 12 345

46. &) 1990, 2000
b) 1890, 1910, 1950, 1970
c) 2000
d) 2000

48.  Let x =thedollar amount of weekly sales
Plan A: 500+ 0.06x
Plan B: 400+ 0.08x
400+ 0.08x > 500+ 0.06x
400+ 0.08x—0.06x > 500+ 0.06x — 0.06x
400+ 0.02x > 500
400- 400+ 0.02x > 500- 400
0.02x >100
002¢ _ 100

0.02 0.02
X > 5000

The dollar amount of weekly sales that would result
in Bobby earning more by Plan B than by Plan A
is more than $5000.

50. &) Let x=thenumber of boxes of books
60x = the weight of x boxes of books
180+ 60x <1200

b) 180-180+60x <1200-180
60x <1020
60x _ 1020
60 60
x<17
The maximum number of boxesis 17.

52. 12x > 2x+ 2000
12x—2x > 2x—2x+ 2000
10x > 2000
10x 2000
10 10
x> 200

More than 200 books must be sold weekly to
make a profit.
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53. 36<84-32t < 68
36-84<84-84-32t < 68-84
—-48<-32t <-16
-48 -32t -16
> >
-32 -32 -32
15>t>05
05<t<15

The velocity will be between 36f—t and 68f—t
sec sec

when t isbetween 0.5sec and 1.5sec.

55. Let x=Devon's grade on the fifth test
78+ 64+88+ 76+ X
< <
5
306+ x
5

5(80) < 5[306; Xj <5(90)

400< 306+ x < 450
400- 306 < 306—306+ x < 450— 306
94< x<144
Devon must have ascore of 94< x<100,
assuming 100 isthe highest grade possible.

80 90

80< <90

57. Let x=the number of gallons
250x = 2750 and 400x = 2750
27150 2750

3

P X=—
250 400
x=11, X=6.875
6.875< x<11

54.

56.

Let x =the number of miles
distance = rate x time
40(4) < x < 55(4)

160< x< 220

Let x = the number of tents rented
950 < 325+125x <1200
950-325< 325-325+125x <1200 325
625 <125x < 875
625 _125x _875
125 125 125
5<x<7

Minimum: 5 Maximum: 7
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58. Let x=thefinal exam grade

The semester average = 86+74+6§+96+72 =% =79.2

Thefinal gradeisfound by taking % of the semester average and adding thisto % of thefinal exam. Thefinal

gradeis %(79.2)+% X= 52.8+% X. Inorder for Teresato receive afinal grade of B in the course, she must have an

average greater than or equal to 80 and lessthan 90.

80< 52.8+%X< 90
80-52.8< 52.8—52.8+% X< 90-52.8

27.2< %X <37.2

3(27.2)< 3{% x) <3(37.2)

81.6<x<111.6
Thus, Teresamust receive 81.6 < x <100, assuming that 100 is the highest grade possible.

59. Student’s answer: —-=Xx<4

Correct answer: —% x<4

- 3{—% x) >-3(4)

Xx=>-12
Yes, —12 isin both solution sets.

Exercise Set 6.7
1. A graphisanillustration of al the points whose coordinates satisfy an equation.

2. Tofind the x-intercept, set y=0 and solve the equation for x.

3. Tofind they-intercept, set x=0 and solve the equation for y .

4. Thedopeof alineisaratio of the vertical change to the horizontal change for any two points on the line.

5. a) Divide the difference between the y— coordinates by the difference between the x— coordinates.

S22 3 _ 1

b) m=

-3-6 -9 3
6. Plotting points, using intercepts, and using the sope and y — intercept
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7. a) First
b) Second
8. Two
9. - 16.
y
A
6__
5__
o16.G4.44
al 16.G1-47)
3+ *10.(2,3)
9.(=3,2)e 2413, (0,2)

25.
30.

35.

Ti4. (0,0) 12. (4,0)
4 $ :
4

W -+
[T

6-5-43-2-1,] 12 6
sy |

73__

—44

~54-15.(0,-5)

—64
0, 2) 26. (-2, 4) 27.
(©, -3) 3L (2-3) 32.

Substituting (1, 3) into 3x+y =7, we have
3(1)+3=7
3+3=7
6+7
Therefore, (1, 3) does not satisfy 3x+y=7.

Substituting (1, 4) into 3x+y =7, we have
3(1)+4=7
3+4=7
7=7
Therefore, (1, 4) satisfies3x+y=7.
Substituting (-1, 10) into3x+y =7, we have
3(-1)+10=7
-3+10=7
=7
Therefore, (-1, 10) satisfies3x+y=7.

17. - 24.

(-2,0)
(4.0

36.

y
A
6__
5__
44
3l *24.(453.5)
24
2.2. (=3, | 1.7.(5,1)
I I 1 211(|_3’0|) zp(ll’o)l I I I x
EESEFERREERYE
19. (=6, -1) M 23.(4,-1)
—3418. (0, -3)
41
51
6L
28. (-3,1) 20. (-5,-3)
3. (22 4. (43

Substituting (0, -4) into 4x—y =4, we have
4(0)-(-4)=4
0+4=4
4=4
Therefore, (0, -4) satisfies 4x—y=4.
Substituting (1, 0) into4x—y =4, we have
4(1)-0=4
4-0=4
4=4
Therefore, (1, 0) satisfies 4x—y=4.
Substituting (2, -3) into4x—y =4, we have
4(2)-(-3)=4
8+3=4
11+ 4
Therefore, (2, -3) does not satisfy 4x—y =4.



37.

39.

Substituting (5, 0) into 2x—3y =10, we have
2(5)-3(0)=10
10-0=10
10=10
Therefore, (5, 0) satisfies 2x—3y =10.
Substituting (0, 3) into 2x—3y =10, we have
2(0)-3(3)=10
0-9=10
9210
Therefore, (0, 3) does not satisfy 2x—3y =10.

Substituting (0, —%) into2x—3y =10, we have

2(0)-3(-9}10
3
0+10=10

10=10

Therefore, (0,—%) satisfies 2x—3y=10.

Substituting (1, -1) into 7y =3x-5, we have
7(-1)=3(1)-5
-7=3-5
—7+#-2
Therefore, (1, -1) does not satisfy 7y =3x-5.

Substituting (-3, -2) into 7y =3x-5, we have

7(-2)=3(-3)-5
~14=-9-5
~14=-14

Therefore, (-3, -2) satisfies 7y =3x-5.

Substituting (2, 5) into 7y =3x-5, we have
7(5)=3(2)-5
35=6-5
3B=z1
Therefore, (2, 5) does not satisfy 7y = 3x—5.

38.

40.

SECTION 6.7

Substituting (2, 1) into 3y = 4x+ 2, we have
31)=4(2)+2
3=8+2
310
Therefore, (2, 1) does not satisfy 3y =4x+2.

Substituting (1, 2) into 3y = 4x+ 2, we have
3(2)=4(1)+2
6=4+2
6=6
Therefore, (1, 2) satisfies 3y =4x+2.

Substituting (0, éj into 3y = 4x+ 2, we have

2

3[ £ |=4(0)+2
)0
2=0+2
2=2

Therefore, (Ogj satisfies 3y =4x+2.

Substituting (0, gj into §+ 3y=4, wehave

9.}.3(&}:4

2 3
0+4=4
4=4

Therefore, (Ogj satisfies §+3y= 4.
Substituting (8, 0) into §+3y =4 ,we have

8
2+3(0)=4
> +3(0)

4+0=4
4=4

Therefore, (8, 0) satisfies §+3y =4.

Substituting (10, -2) intog +3y=4, wehave

10
= 13(-2)=4
D +3(-2)

5-6=4
-1#4

Therefore, (10, -2) does not satisfy §+ 3y=4.

191
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41. Subgtituting (Ogj into §+3%=2 , we have

Therefore, (Ogj sﬂisﬁ&shﬂ:z.
3 2 4

Substituting (lelj into§+3%=2 , we have

1 33
—_—t—=
2 16
8 33
—t—=
16 16
4—1¢2
16

2

2

Therefore, (L%j does not satisfy §+37§/ =2.

Substituting (4, 0) into§+37?/ =2, wehave

ﬂ+9:2
2 4

2+0=2
2=2

Therefore, (4, 0) satisfies §+374y -2.

43. Sincethelineisvertical, its slopeis undefined.

42.

Substituting (2, 1) into 2x—5y =-7 , we have

2(2)-5(1)=-7
4-5=-7
—1+-7

Therefore, (2, 1) does not satisfy 2x—5y=-7.

Substituting (-1, 1) into2x—5y = -7, we have

2(-1)-5(1) =7
—2-5=-7
~7=-7

Therefore, (-1, 1) satisfies2x—-5y=-7 .

Substituting (4, 3) into2x—5y =-7, we have

2(4)-5(3)=-7
8-15=-7
—7=-7

Therefore, (4, 3) satisfies 2x—5y =-7 .

Since thelineis vertical, its slope is undefined.

A
(=2,6) 6+

x=-

(2,34 3+
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,itsslopeisO.

Since the line is horizontal

46.

45. Sincethelineis horizontal, its slopeis 0.

y=-5 64+

y=-5 64+

47.

50.

49.

=2x-1

2.3)

(1,1

61 ¥

31

14
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52.

51.
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58.

57.

—4 o
)
-+~
—+©
-

+<

(=7,0)

60.

4o

)

T~

-+ 00

+~

+©

+un

,—0)

4
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67.

69.

71.

73.

75.

77.

(3.7),(10,21)

(2.6).(-5-9)

(52).(-32)

(8-3).(8,3)

(-23),(1-1)

21-7 14
m=——="=2
10-3 7
-9-6 -15 15
m=——=—
-5-2 -7 7
2-2 0

n=———=—=
-3-5 -8
3—-(-3
m= ()=§ Undefined
8-8 0
1-3 -4 4
m= ==
1-(-2) 3 3

68.

70.

72.

76.

SECTION 6.7

(4,04 m=1-

(-56),(7,-9) m=——=—"=-=

_2-(5_3
(-3-8).(-1-2) m= "= =
(2,6),(2,-3) m=%=%9 Undefined

(-7,-5),(5-6) m=——(D) -1 1

197
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79.

82.

81.

3.1

84.

24
—§x+3
2 1+

=6ory=

3x+2y

83.

-1

=X

4x—-Tory

Ty



85.

87.

88.

89.

90.

SECTION 6.7 199

3x-2y+6=0 ory=%x+3

The y -intercept is 3; thusb = 3. The dopeis negative since the graph falls from left to right. The changein yis3,

whilethe changein x is4. Thusm, thedope, is —%.Theequationis y=—%x+3.

The y -intercept is 3; thusb = 3. The dopeis positive since the graph rises from left toright. Thechangeiny is3,

whilethe changein xis2. Thusm, the slope, isg. Theequationis y=gx+3.

The y -intercept is 2; thusb = 2. Thedlopeis positive since the graph rises from left to right. The changein yis3,

whilethe changein xis1. Thusm, the slope, is 2:3. The equationis y=3x+2.

The y -interceptis1; thusb=1. The sope is negative since the graph falls from left to right. The changein yis2,
whilethe changein xis1. Thusm, the slope, is —2. The equationis y=-2x+1.
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91. a) 92. a)
D (-4, 8) A C(7,9)
y @ ®
A
6__ -
5__
A(-1,4) g4 B(44) T
31 4+
D(-1,2)¢2 C@42)
1+ 4
T ———+——+>x
6-5-4-3-2-1,1 123456 T
1
-3+ A ('4, 2) B (71 2)
41 T
>T <t——+—+—+——++—+—++++>
64 y
b) A=lw=>5(2)=10square units b) A=lw=11(6)= 66 square units
93. A,
T A
| B (5, 5) C (9, 5) T
il % i
/ A(-2,2) T B (3,2
1l -
%
é —_ v,
D (-1, 2) A(3,2) D (7,2 -
T B
— > T
D (1, -1)

95. For theline joining points P and Q to be paralel  96. For theline joining points P and Q to be parallel to the y-axis,
to the x-axis, both ordered pairs must have the both ordered pairs must have the same x-value. Thus,b=5.
samey-value. Thus, b=3.

97. For theline joining points P and Q to be parallel  98. For theline joining points P and Q to be parallel to the x-axis,
to the x-axis, both ordered pairs must have the both ordered pairs must have the same y-value.

same y-value. 2b+3=-1
2b+1=7 2b+3-3=-1-3

2b+1-1=7-1 bh=-4

2b=6 b=_2

b=3



99, a)
P
600 + (60, 600)
288 i p=15n-300_#50 450)
& 300 1
g 200 1
6: 108 1 |(20’ 0) Il Il L L
-100+ 1020 30 40 50 60 n
=200 + Dozens of chocolates sold
-300 ¢7(0, —300)
b) $300
c) Tobreak even, profit must equal zero.
15n-300=0
15n-300+ 300 = 0+ 300
15n =300
n = 20 dozens of chocolates
101. a)
C
22
20 (24, 16.87)
18+ (36, 20.83)
~ 16 (12, 12.91)
£ 144
Z 12 C=8.95+033n
O 10 p
810, 8.95)
6 4
4 1
2 +
4 8 12 16 20 24 28 32 36 n
Number of Pictures
b)  8.95+0.33(20) = $15.55
c) 8.95+0.33n=20.83
0.33n=11.88
n = 36 pictures
103. a m= %6-53_4% _1975
4-0 4

b) y=10.75x+53
c) y=10.75(3)+53=32.25+53=85.25
d) 80=10.75x+53
27 =10.75x
x = 2.511627907 = 2.5 hours

102.

104.

SECTION 6.7

& 160+ (500, 190)

(200, 100) C=40+0.30s

T
100 200 300 400
Square feet

T
500 s

b) $130
()] 70=40+0.3s

70-40=40-40+0.3s
30=0.3s
s=100 square feet

a)

i
160+ (15, 150)
140+
SN0 SR Ea ST i = 10007
2 100+ I
g 80T I
E 0 m=—— I
= 404 | I
20“::!::'.::
2 4 6 8 1012 14 16 1
Rate (%)
b) i=1000(0.04)=$40
¢) i=1000(0.06)=$60
a) m:_lg—gzgzz
5-0 5
b) y=2x+9
©) y=2(3)+9=6+9=15defects
d 17=2x+9
17-9=2x+9-9
8=2x

X =4 workers

201
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_24-40 -16 8

—o°__° _25,000-17,000 _ 8000
30-0 30 15

9-0
b) y=2888.89x+17,000 (numbersin millions)
c) y=2888.89(4)+17,000 = 20,555.56 =~ $20,556 million

106. @ m = 888.8 ~ 888.89 million

105. @ m

8
b) y=——x+40
) Y T

y=- 8 (15)+ 40 = 8+ 40 d) 20,000 = 888.89x+17,000
©) 15 3000 = 888.89x
=32 A)s x = 3.374995781
d 30= —EXJr 40 = 3.37 years after 1994, or in 1997
30-40= —§x+40—40
15
-10= 8 X
15
_10(_Ej _EX(_EJ
8 5\ 8
_150
8

=18.75 years after 1970, or in 1988

107. a) Solvethe equations for y to put them in slope-intercept form. Then compare the slopes and
y-intercepts. |If the slopes are equal but the y-intercepts are different, then the lines are parallel.

b) 2x—-3y=6 4x=6y+6
2X—2X—-3y=-2X+6 4Xx-6=6y+6-6
-3y=-2X+6 4Xx—-6=6y
By _-2x, 6 4x_6_6y
-3 -3 -3 6 6 6
2 2

y=§x—2 §x—1=y

Since the two equations have the same slope, m= % , the graphs of the equations are paralld lines.

108. Quadrants1, 2, and 4. Thegraph of theline x+y=1 isin quadrants 1, 2, and 4; therefore, the set of
points that satisfy the equation isin these quadrants.

Exercise Set 6.8

1 (1) Mentally substitute the equal sign for the inequality sign and plot points asif you were graphing the equation.
(2) If theinequality is < or >, draw a dashed line through the points. If the inequality is < or >, draw a solid line
through the points. (3) Select atest point not on the line and substitute the x- and y- coordinates into the inequality.
If the substitution resultsin a true statement, shade in the area on the same side of the line as the test point. If the
substitution resultsin afalse statement, shade in the area on the opposite side of the line as the test point.

2. Toindicate that the line is part of the solution set, we draw a solid line. To indicate that the lineis not part of the
solution set, we draw a dashed line.



Graph x=1. Sincetheoriginal statement isless
than or equal to, asolid lineis drawn. Since the
point (0, 0) satisfies the inequality x <1, al points
on the line and in the half-plane to the left of the
line x=1 arein the solution set.

.....
|||||

Graph y=x+3. Sincetheorigina statement is
strictly greater than, a dashed lineis drawn. Since
the point (0, 0) does not satisfy the inequality
y > x+3, dl pointsin the half-plane above the line
y = X+3 arein the solution set.

Y1 ,4
7 . _
4;:, y=x+3
©,3)
,/2--
(-3.0) , T
——p—— ———+—
s 2 4 2 4 X
7’
o+
4 1
4_.

Graph y=2x-6. Sincethe original statement is
greater than or equal to, asolid lineis drawn.
Since the point (0, 0) satisfies the inequality

y > 2x-6, al pointson the line and in the half-
plane abovetheline y=2x—6 areinthesolution
Set.

4,
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Graph y=-2. Sincetheorigina statement is

greater than or equa to, asolid lineis drawn.
Since the point (0, 0) satisfies the inequality

y > -2, al points on the line and in the half-plane
abovetheline y=-2 arein the solution set.

Graph y=x-5. Sincetheorigina statement is
strictly less than, a dashed lineisdrawn. Since

the point (0, 0) does not satisfy the inequality

y < x-5, al pointsin the half-plane below the line
y=x-5 areinthe solution set.

5
s
i =x—-5 2
2+ yEET
B (5,00 £
.
2 1 2 M6 =
2+ ’
L 2
P
0,-5) 4
%_—
1
)

Graph y=-2x+2. Sincethe original statement is
strictly less than, adashed lineisdrawn. Since the
point (O, 0) satisfies theinequality y <—-2x+2, all
pointsin the half-plane below the line y = -2x+2
arein the solution set.

x ]

:: y=-2x+2
2%(0,2)

|||||
.....

Ly
vvvvvv
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11

13.

Graph 3x—4y=12. Sincetheoriginal statement

isstrictly greater than, adashed line is drawn.
Since the point (0, 0) does not satisfy the inequality
3x—4y>12, al pointsin the half-plane below the

line 3x—4y =12 arein the solution set.
5
Al
(4.0) //
1 7

-2+ 2, 4 X

e

_2__,/
ety

e
e

» 6l

Graph 3x—4y=9. Sincetheorigina statement is
lessthan or equal to, asolid lineis drawn. Since
the point (0, 0) satisfiesthe inequality 3x—4y <9,
all points on the line and in the half-plane above
theline 3x—4y =9 areinthe solution set.

o

T 30
SN i
(i _9)*2‘ 3x—4y=9

Graph 3x+2y=6. Sincethe origina statement is
strictly less than, adashed lineisdrawn. Sincethe
point (O, 0) satisfies theinequality 3x+2y <6, all
pointsin the half-plane to the left of theline
3x+2y =6 arein the solution set.

10.

12.

14.

Graph x+2y=4. Sincethe original statement is
strictly greater than, a dashed lineis drawn. Since
the paint (0, 0) does not satisfy the inequality

X+ 2y > 4, al pointsin the half-plane above the
line x+2y =4 arein the solution set.

x2y=4" 7002
4 ~
———— ::\:‘(4-’30):::
-4 2 L 2 4°Ng x
~
24 -

Graph 4y—3x=9. Sincethe original statement is

greater than or equa to, asolid lineis drawn.
Since the point (0, 0) does not satisfy the inequality
4y—-3x 29, al pointson the line and in the half-

plane above theline 4y—3x=9 arein the solution

Graph —x+2y=2. Sincethe original statement is
strictly less than, adashed lineisdrawn. Sincethe
point (O, 0) satisfies theinequality —x+2y < 2, al

pointsin the half-plane below theline —x+ 2y =2

arein the solution set.




15.

17.

19.

Graph x+y=0. Sincetheorigina statement is
strictly greater than, a dashed lineis drawn. Since
the point (1, 1) satisfiesthe inequality x+y >0,
all pointsin the half-plane abovetheline x+y=0
arein the solution set.

w y

Graph 5x—2y=10. Sincetheoriginal statement
islessthan or equal to, asolid lineisdrawn. Since
the point (0, 0) satisfies the inequality

5x—2y <10, al points on the line and in the half-
plane above theline 5x—2y =10 areinthe
solution set.

Graph 3x+2y=12. Sincetheoriginal statement
isstrictly greater than, adashed line is drawn.
Since the point (0, 0) does not satisfy the inequality
3x+2y>12, al pointsin the half-plane above the
line 3x+2y =12 arein the solution set.
\y
o
6\»\(0, 6)
TN
\
N\
\
N0

&2 4 2 48 X

27 3x+2y= 12\\

16.

18.

20.
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Graph x+2y=0. Sincethe original statement is
less than or equal to, asolid lineisdrawn. Since
the paint (1, 1) does not satisfy the inequality
X+2y <0, al pointson theline x+2y=0 andin
the half-plane below the line are in the solution

uuuuu
wwwww

Graph y=-2x+1. Sincethe original statement is

greater than or equal to, asolid lineis drawn.
Since the point (0, 0) does not satisfy the inequality
y>-2x+1, al points on the line and in the half-

plane abovetheline y=-2x+1 arein the solution

.....
|||||

Graph y=3x—4. Sincethe original statement is
less than or equal to, asolid lineisdrawn. Since
the paint (0, 0) does not satisfy the inequality

y <3x—4, dl points on the line and in the half-
plane below theline y=3x—4 arein the solution
Set.

||||||
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21.

23.

25.

Graph %x—%yzl. Since the original

statement is less than or equal to, asolid lineis
drawn. Sincethe point (0, 0) satisfies the

inequality éx—%ySL all pointson theline

and in the half-plane above the line %x—%yzl

are in the solution set.

Graph 0.2x+ 0.5y =0.3. Sincethe original

statement is less than or equal to, asolid lineis
drawn. Sincethe point (0, 0) satisfiesthe
inequality 0.2x+0.5y <0.3, dl pointsontheline

and in the half-plane below the line
0.2x+ 0.5y = 0.3 arein the solution set.

y

2
_ 0.2x+0.5y=03
( ],;])g ~

=2 2 6 X
-2 4,-1)

-4

a) x+y<300
b)

100 200 300 *

22

26.

Graph 0.1x+ 0.3y =0.4. Sincethe original

statement is less than or equal to, asolid lineis
drawn. Since the point (0, 0) satisfies the
inequality 0.1x+ 0.3y < 0.4, dl pointsontheline
and in the half-plane below the line
0.1x+ 0.3y = 0.4 arein the solution set.

=
6l
0.1x+03y =04 4

+——+—+
-4 -2 4+ 2
o)

—4+

Graph %x+%y:1. Since the original

statement is greater than or equal to, asolid lineis
drawn. Since the point (0, 0) does not satisfy the

inequality %x+£§1y21, all pointson theline

and in the half-plane above the line %x+%y:1

are in the solution set.

a) 21 +2w<40,0<1<20,0sw<20
b)
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27. a) x = the number of acres of land, y = the number of square feet in the house
b)

2000 ¢

1000

50 100 X

c) 1500x+ 75(1950) =150,000
1500x+146, 250 = 150,000
1500x = 3750
x=25acresor less

d) 1500(5)+ 75y = 150,000
7500+ 75y = 150,000
75y = 142,500
y =1900 ft* or less

28. a) No, you cannot have a negative number of shirts.
b)

200
150+
100+

50+

50 100 150 200 250 X

¢) Answers will vary.
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3x-y<6
3X-3x—y<-3x+6
-y<—-3x+6
-y_-3x 6
—_31/>—_1+—_1
y>3x-6

29. @)

-3X+y>-6

—-3X+3x+y>3x-6
y>3x-6

b)

3x-2y<12
3X—3x—2y < -3x+12
-2y < -3x+12
-3x 12

2y =X 12

-2 2 -2

0)

3
>—X—-6
y 2

dy>3x-6
a,b,andd
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Review Exercises

1 x=3 x*+12=(3)°+12=9+12=21 2. x=-1 —x*-9=—(-1)’-9=-1-9=-10
_ 2 — 2_ 2
3. x=2,4x"-2x+5=4(2)"-2(2)+5 4 x=i —x2+7x—3:—(1j +7(1j_3
=16-4+5=17 2 2 2
1 n i
4 4 4 4
5. x=-2, 4x3 - 7x? +3x+1 6. x=1y=-2, 3x*—xy+2y?
2 2
=42~ 7(-2)?+3(-2)+1 =3(1)" -1(-2)+2(-2)
=-32-28-6+1=-65 =3+2+8=13

7. 3X—4+x+5=4x+1 8. 3x+4(x—2)+6x=3x+4x—-8+6x=13x—8

1 10. 4s+10=-30
9. 4(x—1)+§(9x+3)=4x—4+3x+1=7x—3 45+10-10=—30-10
4s=-40
4s 40
4 4
s=-10
11. 3A+8=6t—13 " x+5_x-3
3t-3t+8=6t-3t-13 6 3
8=3t-13 3(x+5)=6(x-3)
8+13=3t-13+13 3x+15=6x-18
21=3 3Xx—3x+15=6x—-3x-18
21 15=3x-18
3 3 15+18=23x-18+18
7=t 33=3x
33 3x
3 3
11=x
13.  4(x-2)=3+5(x+4) 1 x,3_,
4x—8=3+5x+20 45
Ax—8=5x+23 20(§+§j=20(7)
4X—4X—8=5x—4x+23 45
8 x4 23 5x+12 =140
8. 93— %123 23 5x+12-12=140-12
. 5x =128
5x 128
5 5

5
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16. 1hr 40 min=60 min+40 min =100 min
120 300
100 x
120x =100(300)
120x = 30,000
120x _ 30,000

120 120
X =250 min, or 4 hr 10 min

I
x| w

H
a1
wik|N

Wl
N——

N
o[Rw

N
P x
Il I

o
c
©

17. A=bh 18. V=27 R??
A=12(4)=48 V = 2(3.14)3)2(L.75)?
V = 2(3.14)(9)(3.0625)

V =173.0925=173.1

19, z=XZH 20. K=%mv2

o
Jn 4500 = % m(30)?
3 4500 = 450m
16 4500  450m

5 %100 450 450
1 10=m

2[§j =1(X-100)
4
3 _x-100
2
3 -
§+100= X—100+100

X

3 200
_+_
2 2

203

2
101.5=X

x|



21. 3x-9y =18
3x—3x—-9y =-3x+18

-9y =-3x+18
-9y —-3x+18
-9 -9
y_—3x+18_—(—3x+18)
-9 9
3x-18 3x 18 1
9 9 9 3
23. 2x—-3y+52=30
2X—2X—-3y+52=-2x+30
-3y+52=-2x+30
-3y+52-52=-2x+30-52
-3y =-2x-22
-3y —2x-22
-3 -3
—2Xx—22 2x+22 2 22
y: = =— X+ —
-3 3 3 3
25.  A=lw
A_lw
I
A
— =W
I
27. L =2(wh+Ih)
L=2wh+2lh
L —2wh =2wh—-2wh + 2lh
L-2wh=2h
L-2wh _2h
2h 2h
L—2wh L 2wh L
=lorl=—-——=—-w
2h 2h  2h 2h

22.

24,

26.

28.

REVIEW EXERCISES

2x+5y=12
2X—2x+5y =-2x+12
Sy =-2x+12
5y —-2x+12 2 12
5 5 5 5
—-3Xx—-4y+5z=4
—3X+3x—-4y+5z=3x+4
—4y+5z=3x+4
—4y+5z-5z2=3x-5z+4
—4y=3x-5z+4
-4y 3x-5z+4
-4 4
_ 3x-5z+4
Y—_—4
_ —(3x-5z+4)
=
_ —3x+5z-4
—
:—§x+§z—1
4 4
P=2+2w
P-2=21-21 +2w
P-2 =2w
P-2 2w
22
P-2
= "
a,=a, +(n-1)d

a,—a, =a, —a +(n-1)d
a,—a =(n-1)d
a,-a _(n-1)d

a,—a

n-1 n-1

=d
n-1

227



228 CHAPTER 6 Algebra, Graphs, and Functions

29. 8+2x 30. 3y-7 31, 10+3r 32. 8 1
q
33. Let x = the number 34. Let x= the number
3x = 3 times the number 3x = the product of 3 and a number
4+ 3x = 4 increased by 3 times the number 3x+8=the product of 3 and a number
4+3x=22 increased by 8
A_443x=22_4 X— 6= 6less than the number
3x =18 3X+8=x-6
3x 18 3X-X+8=x-x-6
3 = 3 2x+8=-6
X=6 2x+8-8=-6-8
2x=-14
2 _-14
2 2
X=-7
35. Let x= the number 36. Let x= the number
x—4 = the difference of a number and 4 10x =10times a humber
5(x—4) = 5times the difference of a number 10x+14 =14 more than 10 times a number
and 4 X+12 =the sum of anumber and 12
5(x—4) =45 8(x+12) =8 times the sum of anumber and 12
5x—20=45 10x+14=8(x+12)
5x—-20+20=45+20 10x+14 =8x+96
5x =65 10x—8x+14 = 8x—8x+96
5x 65 2x+14 =96
5 5 2x+14—14=96-14
x=13 2x =82
2 _82
2 2
x=41
37.  Letx=theamount invested in bonds 38. Let x= number of lawn chairs
2x = the amount invested in mutual funds 9.50x = variable cost per lawn chair
X+2x=15,000 9.50x+15,000 = 95,000
3x=15,000 9.50x+15,000—15,000 = 95,000~ 15,000
% = 15,000 9.50x = 80,000
3 3
x =$5000 in bonds 9.50x _ 80,000
2x = 2(5000) = $10,000 in mutual funds 930 950

x = 8421.052632 = 8421 lawn chairs



39. Let x = the number of species at the
Philadelphia Zoo
2x+140 = the number of species at the
San Diego Zoo
X+ 2x+140=1130
3x+140=1130
3x+140-140=1130-140
3x=990
3x 990
3 3
x =330 species at the
PhiladelphiaZoo
2x+140 = 2(330) +140 = 660+140

=800 species at the San Diego Zoo

41.

pay

w=K
A
k(100)

20

100k =1600

100k 1600

100 100

k=16
w6t
A

80=

16(50) 800 _

W = ===
40 40

20

42.

REVIEW EXERCISES

40. Let x=profit at restaurant B

X+12,000 = profit at restaurant A
x+(x+12,000) = 68,000
2x+12,000 = 68,000
2x+12,000—-12,000 = 68,000—12,000
2x=56,000

2x _ 56,000
2 2

X =$28,000 for restaurant B

X +12,000 = 28,000+12,000 = $40,000 for
restaurant A

J = kA?
32=k(4)°
32=16k
32 _16k
16 16
k=2
J=2R
J=2(7)" =2(49)=98

k(20)@8)

®)°
160k = 768
160k _ 768
160 160

k=48

- 4.r82xy
- 4.8(10)(80) _ 3840
(3 9

12=

=426.6 ~ 426.7
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230 CHAPTER 6 Algebra, Graphs, and Functions

301b xlb lin. Xin.
45. ) = ~ _
2500 ft 12,500 ft 30mi 120 mi
30(12, 500) = 2500x 30x =120
375, 000 = 2500x 30x 120
375,000 2500 30 30
2500 2500 x=4in.
x=1501b
150
b) — =5bags
) 0 &g
47 1Kah _ 740 kwh 48. d=kt?
" $0162 X
16 =k(1)?
x=$119.88
k=16
d =16t?
d =16(5)* =16(25) = 400 ft
49, 5+9x<7x-7 50. 2X+82=>4x+10
5-5+9x<7x-7-5 2X—4x+82>4x—4x+10
IxX<7x-12 -2x+8>10
OX—7X<7Xx—7x-12 -2Xx+8-8>10-8
2x<-12 —2X=>2
2x_-12 X 2
2 2 -2 =2
X< -6 x<-1
<ttt —t—> B e R e e e
-6 -1
51. 3(x+9)<4x+11 52. ~-3<x+1<7
3x+27<4x+11 -3-1<x+1-1<7-1
3X—4X+ 27 < 4x—4x+11 —-4<x<6
—-x4+27<11 ('tl T
—X+27-27<11-27 -4
-X<-16
—x, -6
-1 -1
x=>16
< >




53. 2+5x>-8
2—2+5x>-8-2

5x>-10
5x _ -10
b —
5 5
X>-2
ooe
R I
1 2
55. —1<x<9
<000 00000 >
b 9
57. - 60.
y
A
6__
. st
58 (_255)4__ . 57. (1,4)
[ 3__
9.43) L
1__
I } .

24
73—— L]
L 60. (5,-3)
51
—64
62.
Ay
A3 T D@41
‘ T ‘ X
B(3-2 T C(4,-2

Area = lw= 7(3) = 21square units

REVIEW EXERCISES

54, 5x+13>-22

5x+13-13>-22-13
5x>-35

5, -3
5 5

X=>-7

<+—o 000

-7 -4

56. -8<x+2<7
-8-2<x+2-2<7-2
-10<x<5

BSA00000000000000Can

-10 5

61.

A (-3,3) B (2,3)

H-+H=
<

D (-3,-1) C(2 -1

<<

Area = lw = 5(4) = 20 square units

63.
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232 CHAPTER 6 Algebra, Graphs, and Functions

65.

64.

"
+eo
4
4+«
N
o I
o\ To
P _ oy
———+ =\
o v ot o0 — 123454
=il T
e
T
']
den |
"o
TT L
i
+u0
|
"
o
w
g
'S
"
«
«
«
< -
P 3P R 7. G S T P R g g
TYTTeETRT
4
I o
o o
A 7
% <
& T
b
°
&
7
f
o
3

(X Pad

o~ —————

67.

66.

ER IR ]

(3.3)

=

o)

(3,?) i
4

»=3)

€]

/

A

\

T

-3+

41
51
61

69.

6.0)

123456

24
a4
s
st
6

7t
gt
ol

9 8-7-6-5-4-3-2-1

68.



70. ,

il
3+
44
51
_6L
71 m=2"3_2
6-1 5
3-(-4
73 m= ( ) :ﬂ :Z
2-(-1) 2+1 3
75. ,
ey
77. y
6__
5__
2y+x=8 (0.4)
31 (2,3)
24

79. They-interceptis4, thus b= 4. Since the graph rises from left to right, the slope is positive. The changeinyis

72.

74.

76.

78.

REVIEW EXERCISES

-4-(-1) -4+1 3

111111111

53 5.3 2

m=ﬁ=_—4 Undefined
6-6 O

wwwwwwwww x
-9 -8-7-6-5-4-3 11”123456789
2-4=3x/ 1
3t

i wl il A
———+——

4 units while the changein xis2. Thus, m, the slopeis 5 or 2. Theequationisy =2x+4.

80. They-interceptisl, thus b=1. Sincethe graph falls from left to right, the slopeis negative. The changeinyis

3 unitswhilethe changein xis3. Thus, m, theslopeis §3 or-1. Theequationisy=—-x+1.
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234 CHAPTER 6 Algebra, Graphs, and Functions

8l. a)
e
Q
=
S
=
Iy
Z
%
£
200 400 600 800 1000 m
\ Earnings ($)

83.

85.

87.
89.
91.

b)  About $160
c)  About $160

Graph 4x+3y=12. Sincetheorigina inequality is
less than or equal to, asolid lineis drawn. Since the
point (O, 0) satisfies theinequality 4x+3y <12, all
points on the line and in the half-plane below the
line 4x+3y =12 arein the solution set.

y
X 0,4
1 4x+3y=12
T (3,0)
-4 2 1 2 X
o, E

Graph2x—-3y=12. Sincethe original inequality is
strictly greater than, a dashed lineisdrawn. Since
the point (0, 0) does not satisfy the inequality
2x—3y >12, al pointsin the half-plane below the
line 2x—3y =12 arein the solution set.

x% +9x+18= (x+3)(x+6)
x? —10x+ 24 = (x—6)(x—4)
6X° +7x—3=(3x—1)(2x+3)

82.

88.
90.
92.

a)

Rental cost (in $1000)
—_— = D I
wm o nSa O

| |
1 I 7

1012 A
Area (in 1000 ft?)

b

——t
246 8

N

b)  About $6400
c)  About 4120 ft?

Graph 3x+2y=12. Sincetheorigina inequality is
greater than or equal to, asolid lineis drawn. Since
the point (0, 0) does not satisfy the inequality
3x+2y>12, al pointsin the half plane above the
line 3x+2y =12 arein the solution set.

(4,0)

%
2 1 2 4\ 6%
2T 3x42y=12

. Graph -7x-2y=14. Sincethe original inequality

isdtrictly lessthan, a dashed lineisdrawn. Sincethe
point (O, 0) satisfies theinequality —7x—2y <14,

all pointsin the half-plane to the right of the line
—7x—2y =14 areinthe solution set.

\ 4
\
v\ 2
\
’?)§: |
,2\
2
[
—Tx-2y=14\
X y \

[

(,

I
T

~ 4
o4
=

—6¥f
3
-84

| N
T+

©0.-7)

-~

x% +x—20=(x+5)(x—4)
x* —9x+20=(x—5)(x—4)
2x% +13x—7=(2x—1)(x+7)



93.

95.

97.

99.

101.

103.

105.

x> +3x+2=0
(x+1)(x+2)=0
X+1=0o0r x+2=0
x=-1 X=-2

3x? -17x+10=0
(3x-2)(x-5)=0
3x—-2=0or x-5=0

3x=2 x=5
2

X=—=
3

X —4x-1=0

a=1 b=-4 c=-1

~(-4) (-4 -4()(-1

X=
2(2)
+ + +
e 44/16+4 _ 4++/20 _ 4+ 2.5 P -
2 2 2
2x? -3x+4=0

a=2,b=-3 c=4
—(-3)+y(-3)* -4(2)4)
2(2)
‘e 3+4/9-32 _ 3+4-23

4 4
No rea solution

X=

Function since each value of x is paired with
aunique value of .

D:x=-2,-1,2,3 Ry=-1,0,2
Not afunction since it is possible to draw a

vertical line that intersects the graph at more
than one point.

f(x)=5x-2, x=4
f(4)=5(4)-2=20-2=18

94.

96.

98.

100.

102.

104.

106.

REVIEW EXERCISES

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

3x% = —7x-2
3x%+7x+2=0
(x+2)(3x+1)=0
X+2=0o0r 3x+1=0

X=-2 x=-1
1
X=—=
3
x? —3x+2=0

a=1b=-3 c=2

~(-3)£4(-3)" -41)2)

X=
2(1)
(_3%9-8 3%y1_3+1
2 2 2
x=£=20rx=3=1
2
2x?> —x—-3=0

2(2)
141424 1+y25 145
4 4 4
x:Ezgorx:_—A':—l
4 2 4

Not afunction since it is possible to draw a
vertical line that intersects the graph at more
than one point.

Function since each vertical line intersects the
graph at only one point.

D: dl real numbers R: all rea numbers

f(x)=—2x+7, x=-3
f(-3)=—-2(-3)+7=6+7=13
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236 CHAPTER 6 Algebra, Graphs, and Functions

107.  f(x)=2x*-3x+4, x=5
f(5)=2(5)* ~3(5)+ 4=50-15+4=39

109. y=-x*-4x+21
a) a=-1<0, opensdownward
b) x=-2 o (-225) d (021
e (-7,0),(30)
f)

111.

D: all real numbers Ry>0

113. m=30-0.002n?, n=60

m=30-0.002(60)* = 30— 0.002(3600)
=30-7.2=22.8 mpg

115. P =100(0.92)%, x=4.5
P =100(0.92)*°
=100(0.6871399881) = 68.71399881~ 68.7%

108.

110.

112.

114.

f(x)=—4x? +7x+9, x=4

f(4)=—4(4)? +7(4)+9=—64+28+9=—27

f (x)=2x*-8x+10
a) a=2>0, opensupward
b) x=2 0 (22
€) no X-intercepts

f)

T f)=2x2-8x+10

(4,10)

2,2)

g) D: dl rea numbers

D: dl real numbers

n= 2a® —80a+5000
a)a=18
n=2(18)> —80(18)+ 5000
= 648—1440+5000 = 4208
b)a=25
n=2(25)% —80(25)+ 5000
=1250— 2000+ 5000 = 4250

d) (010)

R:y>0



Chapter Test
1. 3*+4x-1 x=-2

3(-2)* +4(-2)-1=12-8-1=3

3. —2(x—3)+6x=2x+3(x—4)
—2X+6+6x=2x+3x-12
4x+6=5x-12

4x—5x+6=5x—-5x-12

—X+6=-12

-X+6-6=-12-6

-x=-18

-x 18

I

x=18

5. Let x = the cost of the car before tax
0.07x = the amount of the sales tax
x+0.07x = 26,750
1.07x = 26,750
1.07x 26,750

1.07 107
x = $25,000

7. 3x+5y=11
3x—3x+5y=-3x+11
Sy =-3x+11
5y -3x+11
5 5

-3x+11 3 11
5 5 5

CHAPTER TEST

3x+5=2(4x~7)
3x+5=8x-14
3x-8x+5=8x-8x-14
—-5x+5=-14
-5x+5-5=-14-5
—-5x=-19
-5x -19
5 -5
19
"5

X

Let x = the number
2x = the product of the number and 2
2Xx+ 7 = the product of the number and 2,
increased by 7
2X+7=25
2xX+7-7=25-7
2x=18
2x 18
2 2
x=9

L=ah+bh+ch; a=3, b=4,¢c=5 h=7
L=3(7)+4(7)+5(7)
=21+28+35=84

237



238 CHAPTER 6 Algebra, Graphs, and Functions

9 I—k 10. —3x+11<5x+35
Y —3X—5X+11< 5Xx—5x+35
152 k -8x+11<35
9 ~8x+11-11<35-11
k =15(9)=135 —-8x< 24
| =135 /x4
w -8 -8
x=>-3
I:@:GJSH
20
e —»
<1+t >
_ — 12.
11 me 12-5 12-5_7
-(-3) 7+3 10 y
A
6__
5__
41
34
2
1_
IR I
-2
—3
—4
61
13. 14. Graph 3y=5x-12. Sincetheorigina statement is
¥ greater than or equal to, asolid lineisdrawn. Since

the point (0, O) satisfies the inequality 3y >5x-12,
all points on the line and in the half-plane above the
line 3y =5x-12 arein the solution set.

8 -6 -4 -2 4 6 x
21 /=512
0,-4)




GROUP PROJECTS

15. x2-3x=28 16. 3x°+2x=8
x?-3x—28=0 3x2+2x-8=0
(x=7)(x+4)=0 a=3 b=2c=-8
X—7=0o0r x+4=0 2
Lmherart ,_—2%(2° -4(3)-8)
23)
_ —2+4+96 _ —24+/100 _—2410
6 6 6
8 4 -12
X=—=— 0f X=——=-2
6 3 6

17. Function since each vertical line intersects the graph 18. f(x)=—4x? —11x+5, x=—2
at only one point.

f(-2)=-4(-2)? -11(- 2)+5
=-16+22+5=11

19. y=x*-2x+4
a a=1>0, opensupward
b) x=1 0 (13) d (04)
€) no x-intercepts

f)

g) D: dl rea numbers Riy>3

Group Projects
1. a)-b) Answerswill vary.

¢) h=3.14H +64.98=3.14(29.42) + 64.98 = 157.3588 cm. ~157.36cm.
Yes
d) h=253T +7257
167.64 = 2.53T +72.57
95.07 = 2.53T
T =37.5770751cm. ~ 37.58cm.
€) i) h=3.14H +64.98
168=3.14H +64.98
103.02=3.14H
H =32.8089172 ~ 32.81cm.
ii) H = 32.81-0.06(30) = 32.81-1.8 = 31.01cm.
f) Answerswill vary.
2. @) -e) Answerswill vary.
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CHAPTER SEVEN

SYSTEMSOF LINEAR EQUATIONSAND
INEQUALITIES

Exercise Set 7.1
1. Two or more linear equations form a system of linear equations.
2. A solution to asystem of linear equationsisthe ordered pair or pairs that satisfy all equationsin
the system.
3. A consistent system of equationsis a system that has a solution.
4. A dependent system of equationsis a system that has an infinite number of solutions.
5. Aninconsistent system of equationsis a system that has no solution.
6. Graph each equation on the same axes. The point(s) of intersection of the graphsis (are) the
solution(s) to the system.
7. The graphs of the system of equations are parallel and do not intersect.
8. The graphs of the system of equations intersect at one point.
9. The graphs of the system of equations are in fact the sameline.
10. No. If no solution, the graphs are parallel; if they intersect, thereis one; or they are the same
line.

y=-X+3

11. (3,0) Therefore, (3, 0) isa solution.

(-2)+2(4)=6  (-2)-(4)=-6
~2+8=6 ~6=-6
6=06

12. (-2,4) Therefore, (-2, 4) isasolution.

13. 14.

x==3

LT o y=4 3.3 st o3
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242 CHAPTER7

15.
y
Sl x=4
o 12 "6 8 x
,2,,}=_3
il (4.-3)
17.
y
4T x=2
y=—=x-3 2:
Nt e
R NG P <
(0,-3) N
4:& ,-5)
76—— \
-8 T+
19.

21

16.

18.

20.

22.

Systems of Linear Equationsand Inequalities

x=-5




SECTION 7.1 243

23. 24.
2+y=3 é’
(0,3)

2
t ‘72‘ .75 '
=74
Dependent —4

25. 2

27. s

6 3x+2y=6

29. 0

3y-2x=9

Inconsistent

Inconsistent




244 CHAPTER 7 Systemsof Linear Equationsand Inequalities

31.

33.a) Two lineswith different slopes are not

36

38.

40.

42.

44

46.

48

50

parallel, and therefore have exactly one point

of intersection giving one solution.

b) Two lines with the same slope and different
y- intercepts are distinct parallel lines and

have no solution.

¢) Two lines with the same dopes and
y-intercepts have infinitely many solutions,

each point on the line.

3x+4y=28 8y=—-6x+4
same slopes, diff. y-intercepts; no solution

X+3y=6 X+ty=4

diff. dope, different y-intercepts; 1 solution

X+4y=12 X=4y+3
diff. dopes, diff. y-intercepts; 1 solution

X—2y=6 X+2y=4
diff. dopes, diff. y-intercepts; 1 solution
y=6x+4 -2x+y=4/3

same slopes, same y-intercepts;
infinite number of solutions

AX+7y=2 4X=6+7y
diff. dopes, diff. y-intercepts; 1 solution

dy—-x=6 y=x+8
slopes are not negative reciprocals, not “\

6x +5y =3 -10x =2+ 12y
slopes are not negative reciprocals, not

32.

3x+2(y+2)=0 0, 1)
1 4 6 X
2 \(2,—2> 20— 1) +2y=0

34. @) Consistent; the system has one solution.
b) Inconsistent; the system has no solution.
¢) Dependent; the system has infinitely many
solutions.

35. 2x-y=6 y=2x-6
same slope, same y-intercept;
infinite number of solutions

37. 3x-4y=5 y=—3x+ 8
different slopes, different y-intercepts; 1
solution

39. x+y=7 y=-3x+9
same slope, diff. y-intercepts; no solution

41. 2x-3y =6 Xx—(32y=3
same slopes, same y-intercepts;
infinite number of solutions

43. 3x =6y +5 y=(1U2)x-3
same slope, diff. y-intercepts; no solution

45. 12x -5y =4 X+4y=6
diff. dopes, diff. y-intercepts; 1 solution

47. 5y —2x =15 2y—5x=2
slopes are not negative reciprocals,
not perpendicular (\)

49, 2x+y=3 2y—-x=5
slopes are negative reciprocals, "\



SECTION 7.1

51.a) Let x = rate per hour b)
y = cost ¢
Cost for Tom's y 1 = 60x + 200 L C = 601 + 200

4 Tom’s Tree
800 and Landscape

Cost for Lawn Perfect vy p=25x + 305

700 +

2 600

c) 60x + 200 = 25x + 305 % so0
-25x_-200 -25x -200 400 G389 =25+ 305

300 Lawn Perfect

200 -+
100+

3x=105 > x=3hours i

1 23 456 78910h

35x = 105

35 35 Number of hours of labor
52.d) Letc=cost, x=numberof months 52.¢) 18x + 3380 =29x + 2302
Cost for ABC: C apc = 18x + 3380 -18x -2302 -18x -2302
Cost for Safe Homes: ¢ g=29x + 2302 1078 = 11x
b)
R xooi i 11x=1078 > x =98 months
2"000 ABC 11 11
3 4000 c=18x +3380
l ) d) ABC would be less expensive for 10 years.
Number of months
53.a) LetC=cost, R=revenue 53.¢) 25x = 15x + 400
C(x) = 15x + 400 -15x_-15x
R(x) = 25x 10x = 400
b) 10x=400 -> x =40 backpacks
¢ 10 10
- e d) P=R(X) - C(x) = 25x — (15 + 400)
R P P =10x - 400
£ ol €) P=10(30) - 400 = 300 — 400 = - $100 (loss)
400 f) 1000=10x -400 - 10x = 1400
N x = 140 BPs
P Numberofuckpacks
54.a) MDA: M =.08s+ 40 54. b)
AHA: A=.18s+15 o
C) .08s+40=.18s+ 15 ol C=0.185+15
-.08x -15 -.08x -15 2 ol (250, 60)
25 - 1OX 5 N C=0.08s + 40
A0x=25 > x =250 shares .
10 .10
d) For 300 shares, MDA would be less .
expensive. M =.08(300) + 40 = 64 umber ofshares

A = .18(300) + 15 = 69

245



246 CHAPTER 7 Systemsof Linear Equationsand Inequalities

55.a8) Let C(x) =cost, R(x)=revenue 55.¢) 225x = 155x + 8400
C(x) = 155x + 8400 -155x _-155x
R(X) = 225X 70x = 8400
b) 70x=8400 - x =120 units
3:’ i C Revenue o 70 70
(oD d) P=R(x) — C(x) = 225x — (155x + 8400)
~ C = 155x+8400, _
.l P = 70x - 8400
= - €) P=70(100) - 8400 = 7000 — 8400
E ol ' = - $1400 (los9)
f) 1260=70x-8400 -> 70x = 9660
: , : X = 138 units
50 100 150 e

Number of units

56. Two systems are: consistent if they have different slopes; dependent if they have the same slopes and
same y-intercepts; and inconsistent if they have same slopes and different y-intercepts.

57.a) P, =.15x + 300 b)
P,=450 > .15x + 300 = 450 S
600+ S§=0.15x + 300
o 4oL (1000, 450)
¢) .15x + 300 =450 %300_ " 5=430
__-300 -300 > -15x =150 S 1504
15x =150 15 15 S0 1000 x
Weekly sales volume
(dollars)
x = $ 1000
58.a) Let x = number of minutes b)
ATT. yao=.07x+3.95 M
SNAP: y s=.05x + 8.95 |

(250,21.45) ) = 0.05x + 8.95

c) .07x +3.95=.05x + 8.95
-.05x -3.95 -.05x -3.95 X
.02x = 5.00 81
02x=5.00 > x=250minutes ¢

4 ' 4 + 4 ' '
.02 .02 56 160 I%O 2(;0 2%0 360 35‘0 x*

Number of minutes

Cost ($)

59.a) lpoint b) 3pts. C) 6pts. d) 10pts. 60.

61.a) 2linesn=2 1pt. b) 3lines n=3 2pts.

c) 4linesn=4 6pts. d) 5lines n=5 10
pts.




Exercise Set 7.2

SECTION 7.2 247

1. Write the equations with the variables on one side and the constants on the other side. If necessary multiply
one or both equations by a constant(s) so that when the equations are added one of the variables will be
eliminated. Solve for the remaining variable and then substitute that value into one of the original

equations to solve for the other variable.

2. Solve one of the equations for one of the variables in terms of the other variable. Then substitute that
expression into the other equation and solve for the variable. Substitute the value found into one of the

original equations and solve for the other variable.

3. The system is dependent if the result is of theforma=a.

e

The system isinconsistent if the result is afal se statement.

5. Solve one equation for the variable that is most readily manipulated, then substitute into the other equation.

X+3y=3
-3y -3y >
Xx=3-3y

3(3-3y) +4y=9

6. Manipulate the coefficient of one variable to equate it with the negative coefficient of the same variablein

the other equation, then add.

7. y=x-6
y=-x+4
Substitute (x - 6) in place of y in the second
equation.
X-6=-x+4 (solveforx)
+X + X
2x—-6=4
+6 +6
2x =10
2_10
2 2
Now substitute 5 for x in an equation
y=x-6
y=(5)-6=-1
The solutionis (5,— 1). Consistent

Xx=5

9. 2x+4y=8 > x=-2y+4
2X-y=-2
Substitute (-2y + 4) in place of x in the second
equation.
2(-2y +4)-y=-2 (solvefor x)
-4y +8 -y = -2
-5y =-10 y=2

Now substitute 2 for y in the 1% equation
2x+4(2)=8
2x=0 x=0

The solution is (0, 2). Consistent

8. y=3+7

y=-2x-3
Equate both equations.

3x+7=-2x-3 (solvefor x)
+2X -7 +2x -7
5 =-10
5x 10
5 5
Now substitute -2 for X in an egquation
y=3(-2)+7
y=-6+7=1
The solutionis (-2, 1). Consistent

X=-2

10. y+3x=7 > y=-3x+7
2x+3y =14
Substitute (-3x + 7) in place of y in the second
equation.
2x+3(-3x+7) =14 (solvefor x)
-Tx+21 =14
-Tx=-7 x=1

Now substitute 1 for x in the 1% equation
y+31)=7

y=4

The solutionis (1, 4). Consistent
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11.

13.

15.

y—-x=4

X-y=3

Solve thefirst equation for y.

y—X+X=Xx+4

y=x+4

Substitute (x + 4) for y in the second equation.
X—(X+4)=3 (combine like terms)

-4 3 False

Since — 4 does not equal 3, there is no solution
to this system. The equations are inconsi stent.

y+2x=4

y=6-X

Solve the second equation for x.
3y=6-x

3y-6=6-6-x

3y—-6=-X

-3y+6 =X

Now substitute (— 3y + 6) for x inthe 1% eq'n.
3y+2(6-3y)=4 (solvefory)
y+12-6y=4

—3y=-8 (div.by-3) y = 8/3
Substitute 8/3 for y in the 2™ eg'n.
383 n=6-x

8=6-X X=-2

The solutionis (-2, 8/3). Consistent

y—-2x=3

2y =4x+6

Solve thefirst equation for y.
y—2X+2x=2x+3

y=2x+3

Now substitute (2x + 3) for y in the 2" eq' n.

2(2x+3)=4x+6

IX+6=4x+6
IX—4X+6=4x—-4x + 6

6=6

This statement istrue for all values of x.
The system is dependent.

12. x+y=3
y+x=5
Solve the second equation for y.
y+X—X==X+5
y=—x+5
Substitute (— x + 5) for y in the first equation.
X+(=x+5)=3
5 3 False

Since 5 does not equal 3, there is no solution to
this system. The equations are inconsistent.

14, x=5y-12
x-y=0
Substitute (5y — 12) for x in the second equation.
By-12-y=0 (solvefory)
dy —12 =0
4y =12 (div. by 4) y=3
Now substitute 3 for y in the second equation.
x-3=0
Xx=3

The solutionis (3,3). Consistent

16. y=2
y+x+3=0
Substitute 2 in place of y in the second equation.
2+x+3=0
Xx+5=0
X+5-5=0-5 X=-5

The solutionis (—5,2). Consistent



17. x=y+3
Xx=-3
Substitute — 3 in place of x in the first
equation.
-3=y+3
-3-3=y+3-3
—6= Yy

The solutionis (- 3,—6). Consistent

19. y+3x-4=0
2X-y=7
Solve thefirst equation for y.
y+3x—-4=0
y=4-3x
Substitute 4 — 3x for y in the second eq.
2X—(4-3x) =7 (solvefor x)
2X—-4+3x=7
5x =11 x =11/5
Substitute 11/5 for x in the second eq' n.
2(11/5) -y =7 (solvefory)
22/5-y=7
-y=13/5 y=-13/5

The solutionis (11/5, — 13/5). Consistent

21. x=2y+3
y=3x-1

Subsgtitute (3x — 1) for y in the first equation.

Xx=2(3x-1)+3
X=6x—2+3
x=6x+1
X—6x=6x—6x+1
—5x=1
-5x 1

-5 -5

x=-1/5

Substitute — 1/5 for x in the second equation.

y=3(-15)-1=-3/5-5/5=-8/5
The solutionis (— 1/5, —8/5). Consistent

18.

20.

22.

SECTION 7.2

X+2y=6
y=2x+3
Substitute (2x + 3) for y in the first equation.
X+2(2x+3)=6
X+4x+6=6
5x+6-6=6-6
5x=0
X =9 x=0
5 5
Now substitute O for x in the second equation.
y=2(0)+3=0+3=3

The solutionis (0,3). Consistent
X+4y=7

2x+3y=5

Solve the first equation for x.
X=7-4y

Substitute (7 — 4y) for x in the second equation.
2(7—4y)+3y =5 (solvefory)
14-8y+3y=5

-by=-9 y=9/5

Now subgtitute (9/5) for y intheegq'n. x + 4y = 7.
X +4(9/5) =7

X + 36/5 = 35/5 x==1/5

The solutionis (— 1/5,9/5). Consistent

X+4y=9

2X-y—-6=0

Solve the first equation for x.
X+4y—4y=9-4y

X=9-4y

Substitute (9 — 4y) for x in the second equation.
29-4y)-y—-6=0

18-8y-y-6=0

12-9y=0

12-9y+9y=0+9y

12=9y 12/9=y

Substitute (12/9) = (4/3) for y in the equation.
X=9-4y

X=9-4(4/3) = 27/3-16/3=11/3

The solutionis (11/3,4/3). Consistent
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23.

25,

27.

29.

y=-2x+3

Ax +2y =12

Substitute -2x + 3 for y in the 2™ equation.
ax + 2(-2x +3) =12

4x —4x +6=12

6 12 False

Since 6 does not equal 12, thereis no solution.

The equations are inconsi stent.

3x+y=10

Idx—-y=4

Add the equations to eliminatey.
x=14 X=2

Substitute 2 for x in either eq'n.
3(2) +y=10 (solvefory)
6+y=10 y=4

The solutionis(2,4) Consistent

x+y=10

X—=2y=-2

Multiply the 1% eg'n. by 2, then add the eg' ns.
To eliminate y.

2x+2y=20

X—2y=-2

3x=18 X=6

Substitute 6 for x in either eq'n.
(6) +y=10 (solvefory) y=4

The solutionis(6,4) Consistent

2X—-y=-4

—-3Xx-y=6

Multiply the second equation by — 1,

2X—-y=-4

3x +y=—6 add the equationsto eliminate y

5x =-10 X=—=2

Substitute — 2 in place of x in the first
equation.

2A-2)-y=-4

—4-y=-4

-y =0 y=0

Thesolutionis (-2, 0). Consistent

24.

26.

28.

30.

2X+y=12

x=(-12y+6

Substitute (-1/2)x + 6 for x in the 1% equation.
2(-1/2y+6) +y =12

y+12+y=12

12=12

This statement is true for all values of x.

The system is dependent.

X+2y=9

X—-2y=-3

Add the equations to eliminatey.
2x=6 X=3
Substitute 3 for x in either eq'n.
(3 +2y=9

2y=6 y=3

The solutionis (3, 3) Consistent

3x+y=10

-3x +2y =-16

Add the equations to eliminate x.
3y=-6 y=-2

Substitute -2 for y in either eq'n.
3x+(-2) =10 (solvefor x)
3x=12 X=4

The solutionis (4, -2) Consistent

X+y=6

—-2X+y=-3

Multiply the second equation by — 1,
X+y=6

2x—y=3 add the equationsto eliminate y
3x=9 X=3

Substitute 3 for x in the first equation.
3+y=6 y=3

The solutionis (3, 3). Consistent



31.

33.

35.

37.

Ix+3y=-1

2x—-y=-13

Multiply the second equation by 3,

Ix+3y=-1

6x —3y=—39 add the equationsto eliminate
y

10x =—40 X=-4

Substitute — 4 for x in the 2™ equation.

2(-4)-y=-13

—-8-y=-13 y=5

The solutionis(—4,5). Consistent

2x+y=11

x+3y=18

Multiply the second equation by — 2,
2x+y=11

-2X - 6y=-36 addthe equationsto elim. x
-by=-25 y=5

Substitute 5 for y in the 2™ equation.
x+3(5) =18

Xx+15=18 x=3

The solutionis (3, 5).

X—-4y=11

3X+5y=-7

Multiply the first equation by (— 1),
—3x+4y=-11

3x +5y =—7 add the equationsto elim. x
9y=-18 y=-2

Substitute — 2 for y in the first equation.
X—-4(-2)=11

3x=3 x=1

Thesolutionis(1,—2). Consistent

IX+y=6

-8x—-2y=13

Multiply the first equation by 2,
8x+2y=12

—8x—2y =13 addtheeqguationsto elim.y
0 25 Fdse

Since this statement is not true for any values
of x and y, the equations are inconsi stent.

32.

34.

36.

38.

SECTION 7.2

2X+y=6

x+y=5

Multiply the first equation by — 1,
—-2X-y=-6

3x +y= 5_ addthe equationsto eliminate y
x=-1

Substitute — 1 in place of x in the first equation.
2(-1)+y=6

-2+y=6 y=8

The solutionis (-1, 8). Consistent

bx -2y =11

-3x+2y=1 addtheequationsto eliminatey
2x=12 X=6

Substitute 6 for x in the second equation.

-36)+2y =1
-18+2y =1
2y=19  y=19/2

The solution is (6, 19/2).

IAx -2y =6

4y =8x—120r 8x —4y =12

Multiply the first equation by (— 2),
-8x+4y=-12

8x —4y=-12 add the equationsto elim.y
0=0 True

This statement is true for al values of x.
This system is dependent.

2X+3y=6

5Xx—4y=-8

Multiply the first equation by 5, and the
second equation by (— 2),

10x + 15y = 30

-10x + 8y=16 add the equationsto elim. x
23y =46 y=2

Substitute 2 for y in the first equation.
2x+3(2)=6

2x=0 x=0

Thesolutionis(0,2). Consistent
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39.

41.

43.

45,

3x -4y =10

S5x+3y=7

Multiply the first equation by 3, and the
second equation by 4,

I9x-12y =30

20x + 12y =28 add the equationsto elim. y
29x =58 X=2

Substitute 2 for x in the second equation.

5(2)+3y=7
10+3y=7
3y=-3 y=-1

The solutionis (2, -1). Consistent

S, =.15p + 12000
S, =.05p +27000

.15p +12000 = .05p +27000
-.05p -12000 -.05p -12000
.10p = 15000

p = $150,000.00

Let x = # of medium pizzas
50 — x = # of large pizzas

10.95x + 14.95(50-x) = 663.50
10.95x + 747.50 — 14.95x = 663.50
-4,00x = -84.00 x=21
Substitute 21 for x in 2™ let statement
50—x = 50 — (21) = 29

21 medium pizzas and 29 large pizzas

Let x = # of litersat 25%
10 —x = # of liters at 50%

25x + .50(10— x) = .40(10)
25x+5-.50x=4

-.25x =-1 x=4

Substitute 4 for x in 2™ let statement
10-x=10—(4) =6

4 |iters of 25% solution and
6 liters of 50% solution

40.

42.

46.

6x+3y=7

S5x+2y=9

Multiply the first equation by 2, and the
second equation by -3,

12x + 6y =14

-15x - 6y = -27 add the equationsto elim. y
-3x =-13 x=13/3

Substitute 13/3 for x in the 1st equation.
6(13/3) +3y=7

26+3y=7

3y=-19 y =-19/3

The solutionis (13/3, -19/3). Consistent

LetC,=780n+ 1600 C,=980n
a) 980n = 780n +1600
-780n_-780n
200n = 1600 n = 8 months
b) C,=780(60) + 1600 = 48400
C , =980(60) = 58800
The new refinanced mortgage plan would
cost less.

. Let x = no. of 2-pointers y = no. of 3-pointers

X+y=45
2x+ 3y =101
Substitute —x + 45 for y in 2" eg'n.
2x + 3(-x + 45) = 101
2x—3x+135=101

-X=-34 X =34

Substitute 34 for x in 1% eg'n.
34+y=45 y=-34+45=11
34 two pointers and 11 three pointers

y=-x+45

Let b = gallons of milk with butter fat
s=gallons of skim milk

b+s=100

0.05b + 0.0s= 100(0.035)

0.05b=35

b=3.5/0.05=70

s=100—-b=100-70= 30

Thus, Gina should mix 70 gallons of milk with
5% butter fat with 30 gallons of skim milk.



47. Let c = monthly cost
X = number of copies

Eco. Sales; ¢ =18 + 0.02x

Office Sup.: c=24+0.015x seteqgns.
equal

18 + 0.02x = 24 + 0.015x

0.005x = 6 X =1200

1200 copies per month

49. Let x = no. of pounds of nuts

y = no. of pounds of pretzels

x+y=20
3x+1ly=30
Substitute (20 —x) for y in the 2nd equation.
3x+(20—x) =30

y=-x+20

3X+20-x=30
2x=10 x=5 Solvefory
y=20-5=15

Mix 5 Ibs. of nuts with 15 Ibs. of pretzels

51. Let x = no. of students

y = no. of adults

X +y =250
2x + 5y = 950

X =-y+ 250

Substitute (-y + 250) for x in the 2nd equation.

2(250—y) + 5y =950

500-2y +5y =950

3y=450 y=150

Substitute 150 for y in the 1% eq'n.
X + (150) = 250 x =100

100 students and 150 adults

48.

50.

52.

SECTION 7.2

CHP = .45x + 30
VACP =.20x + 35

a) .45x +30=.20x + 35
-.20x -30 -.20x -30
.25X = 5
.25x = 5.00 X = 20 minutesymonth
.25 25

b) CHP: .45(50) + 30 = 22.50 + 30 = 52.50
VACP: .20(50) + 35=10+ 35=45.00

Verizon America offers the cheaper plan.

Let a= number of grams of Mix A
b = number of grams of Mix B

Protein: 0.10a+ 0.20b = 20
Carbohydrates: 0.06a+ 0.02b =6
Multiply the 2™ equation by (- 10),
—0.60a—0.20b =-60

0.10a+0.20b= 20 addto eliminateb
—0.50a=-40 a=80

Substitute 80 for ain the first equation.
0.10(80) + 0.20b =20

8+0.20b=20
0.20b =12 b=60
a=80 grams of Mix A
b = 60 grams of Mix B

Let c =total cost
r = no. of rounds of golf.

Oakwood: O = 3000 + 18r
Pinecrest: P = 2500 + 20r
a) 3000 + 18r = 2500 + 20r
500 =2r 250=r
A golfer must play 250 rounds for the cost to be
the same at both clubs.

b) Oakwood: O = 3000 + 18(30) = $3540
Pinecrest: P = 2500 + 20(30) = $3100

Ms. Sestini can play 30 rounds cheaper at
Pinecrest.
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53. y,=-58x + 31
y5=.32X +7

-58x+31=.32x+7

b58x -7 .B8x -7
24 = 90X
90x =24 X = 26.666... 27 years
90 .90
1981 + 27 = 2008 During 2007

55. (Mu) + (2/v) =8
(3/u) — (V) =3
Substitute x for % andy for %
(1) x+2y=8
(2) 3x-y=3
Multiply eq'n. (2) by 2,
X+2y=8
6x—2y =6 addtoeliminatey
7x =14 x=2,thusu =%
Substitute 2 for x in eq. (1).
(2)+2y=8
2y=6 y =3, thusv =13

Answer: (12, 1/3)

58. y=2x-7
y=2x+5
The system of equations has no solution
because their slopes are equal (m = 2), which
means that they never intersect.

60. @) (0,0) b) (1,0) ¢ (0,1) d) (1,2

Exercise Set 7.3
. A matrix isarectangular array of elements.

54. y c=-1.13x + 27

56.

57.

59.

yw=0.38x+9

-1.13x+27=0.38x + 9

-.38x  -27 -.38x -27

-1.51x = -18

-1.51x = -18 X =11.92 12 years
-151 -151

1992 + 12 = 2004 During 2003

Determine the equations of two lines that pass
through (6,5) and another point.
Example: y=5

y = (5/6)x

a @Q+D+@=7 @-D+24H=9

7=7 9=9
-2Q+2()+ =4
4=4 (2,1,4) isasolution.

b) Addeg'ns.1and 2toyieldeq'n. 4
Multiply eg'n. 2 by 2, then add eq'ns. 2 and 3
toyieldeq'n. 5
Combine eg' ns. 4 and 5 to find one variable.
Substitute back into various equations to find
the other 2 variables.

y=3x+3

(U3y=x+1

If we multiply the 2" eq n. by 3, we get the eg'n.
y=3x+1,thesameaseq'n. #1.

2 linesthat line on top of on another have an
infinite number of solutions.

. Thedimensions of amatrix are determined by the number of rows and columns.
. A sguare matrix contains the same number of rows as columns.

1

2

3

4. A 4 x 3 matrix has 4 rows.

5. A 3x 2 matrix has 2 columns.
6

. They must have the same dimensions (the number of rows must be the same and the humber of columns

must be the same).
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7.d) Add numbersin the same positions to produce an entry in that position.
) {1 4 —1}{3 5 —6}:{ 1+3  4+5 —1+(—6)}:{4 9 —7}
32 5 -1 2 4 3+(-1) 2+2 5+4 2 4 9
8.a) Subtract the entry in each position in the 2nd matrix from the # in the same position in the 1¥ matrix.
b) {3 -5 6}_{8 4 2}:{3—8 -5-4 6—2}:{—5 -9 4}
-2 3 4 0 2 4 -2-0 3-(-2) 4-4|"|-2 5 O

9.a) The number of rows of the first matrix must be the same as the number of columns of the second
matrix.
b) The dimensions of the resulting matrix will have the same number of rows as the first matrix and the
same number of columns as the second matrix. The product of a2 x 2 with a2 x 3 matrix will yield

a2 x 3 matrix.

10. @) The numbersin thefirst row of the first matrix are multiplied by the numbersin the first column of
the second matrix and the results are added together to produce the first entry of the result.
Continue this procedure with each row of the first matrix and each column of the second matrix to
obtain all the entriesin the result matrix.

N 6 —1][2 -3]_[6@)+(1)1) 6(=3)+(-1)-4)] [11 -14
5 01 —4| | 5+01)  5(=3)+0-4) | |10 -15

10
11. @) Identity matrix for 2x2 {0 J b) Identity matrix for 3x3

o O
o +— O
= O O

E 110 232 103 190 212
12. |w 107 250 135 203 189
C 115 218 122 192 210

13 -5 -1 - - -4 2
13. A= B= A+B= 1+(-5) 3+(-1) -
57 7 2 5+7 7+2 12 9
(2 3 -7] [-4 -3 8 2+(-4) 3+(-3 -7+8 -2 0 1
14. A+B= + = =
14 0 -1 6 5 0 4+6 0+5 -1+0 10 5 -1
(3 1] [-3 3 3+(-3) 1+3 0 4
15. A+B=|0 4|+|4 0|=| 0+4 4+0 |=|4 4

6 0| [-1 -1] [6+(-) 0+(-D] |5 -1
(2 6 3] [-1 3 1] [2+(-) 6+3 3+1] [1 9 4
16. A+B=|-1 -6 4|+ 7 -2 1|=| -1+7 —-6+(-2) 4+1|=|6 -8 5
3 0 5/ |2 3 8 3+2 0+3 5+8| |5 3 13
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17.

18.

19.

20.

21.

23.

24,

25.

26.

27.

28.

29.

[4 -2] [-2 5]_[4-(-2 —2-(-5)|_[6 -7
A-B= - "{—3—(9) 5-1 }[—12 4}

8 1][3 3] [ 83 1-3] [5 -2
A-B=|0 2|-|-4 5|=|0-(-4 2-5 |=4 -3
3 9| |-2 6] |-3-(-2 -9-(6)| |-1 -15

(4 3] [-6 -8] [-4+6 3+8] [2 11
A-B=|6 2|-|-10 -11|=|6+10 2+11|=|16 13
1 5] |3 7| |1-3 -5+7| |2 2

5 3 -1 [4 3 6] [5-4 3-3 -1-6] [1 0 -7
A-B=|7 4 2|-|-2 -4 9|=|7+2 4+4 2-9|=|9 8 -7
6 -1 5| |0 -2 4| |6-0 -1+2 5-4| |6 1 -9

w=23 50 S0 le o

3 2 (-2 3 6 4/ |6 9 6-6 4+9]
2B+3C=2 +3 = + =
50 |4 0] [10 O] |12 O] |10+12 0O+Q]

0

w

3 2] J1 2 6 4, |3 6 6+3 4+6
2B+3A=2 + = + = =
5 0/ |0 5 |10 0] |0 15| |10+0 O+15

3 2] [-2 3] [9 6] [-4 6] [9+4 6-86]
3B-2C=3 -2 = - - -
B D S I g

Hyl
22. 3B= -3 =
5

-3(3) —3(2)}:
-3(5) -3(0)
123

{—2 3} {1 2} [—8 12} {2 4] {—8—(2) 12—(4)}
4C-2A=4 ) = - = =
4 0| “|o 5] |16 0] |0 10] |16—(0) 0-(10)

Aype |2 0][2 6]_[22+0@) 26)+0@]_[4 12
=713 1“8 4}_[3(2)+1(8) 3(6)+](4)} 14 22}

axpe |t 1[4 2]_[19+E0E) 4-9+(DER)]_[ 7
XE= 2 6“—3 —2}{ 24)+6(-3)  2-2)+6(-2 }{—10
2 3 -1) 2| T2
AxE - —} . :{ ( )+3(4)-1(1)}: [15}
0 4 6 0(2) +4(4)+6(1) | |22

0
-16

|

|

|

17 0

-10 8

16

-10

|



30.

31.

32.

33.

35.

36.

37.

38.
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AxB = 1 1)1 -1 [1)+1-D) A-D+12)] [0 1
111 2] [10+2-D) 1-D+12)| |0 1
4 7 6][1 00 4+0+0 0+7+0 0+0+6 4 7 6
AxB=|-2 3 1|0 1 0|=|-2+0+0 0+3+0 0+0+1|=|-2 3 1
|5 1 2]|]0 01 5+0+0 0+1+0 0+0+2 5 1 2
AxB = -3 1][4 0| [-34)+11) -3(0)+16)| [-11 6
12 7|1 6] [24+7Q) 20)+76) | |15 42
(1 3 2] [5 -1 3 1+5 3+(-) -2+3 6 2 1
A+B= + = =
4 0 3] |2 -2 1 4+2 0+(-2) 3+1 6 2 4
1 3 -2][5 -1 3 .
AxB= = Operation cannot be performed because # of columns # # of rows
4 0 3|2 21
6 4 -1
= 5 3 4 A+B cannot be performed because the # of columns  # of columns
1
B= {4 J AXB cannot be performed because the # of columns  # of rows
Matrices A and B cannot be added because they do not have the same dimensions.

Axg=|%® 3} j 2{4(3)+5(4)+3(—2) 4(2)+5(6)+3(0)}:[26 38}
6 21 6(3)+2(4) +1(-2) 6(2)+2(6)+10) | |24 24

-2 0

1 2] |1 2 1+1 2+2 2 4
A+B=|3 4|+|3 4|=|3+3 4+4|=6 8
5 6| |5 6| |5+5 6+6| |10 12

A and B cannot be multiplied because the # of columnsin A is not equal to the number of rowsin B.

A and B cannot be added because they do not have the same dimensions.

cco[ S RE

| } 5 il iiiﬂ b

2Hs e soiaa) o o

A+B=

AXxB=

5
6
5
|6
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1 2 4 5 1+4 2+5 5 7
39. A+B= + = =
12 -3 6 7 2+6 -3+7 8 4
(4 5] [1 2 4+1 5+2 5 7
B+A= + = = ThusA+B =B +A.
16 7] [2 -3 6+2 7+(-3 8 4
(9 4] [0 6| | 9+0 4+6| |9 10
40. A+B= +
1171 |-15 1+( 1 7+5| [0 12
[0 6] [9 4 0+9 6+4 9 10
B+A= + = = ThusA+B =B +A.
-1 5/ |17 -1+1 5+7 0 12
[0 -1]1 [8 17 [0+8 -1+1 8 0
41. A+B= + = =
|13 4] |3 4] [3+3 —4+(4) 6 -8
(8 1] [0 -1] [8+0 1+(-1) 8 0
B+A= + = = ThusA+B =B +A.
13 4] |3 4] [3+3 —4+(-4) 6 -8
1 2 5 6| [1+5 2+6 6 8
42. A+B= =
13 2 6 5| 13+6 2+5 9 7
(5 6 1 2] [5+1 6+2 6 8
B+A= + = = ThusA+B =B +A.
16 5 3 2] |[6+3 5+2 9 7

el 5
A+(B+C)=B ﬂﬂf 4+‘ J

2 8] [7 10
3 71 |6 13
Thus,( A+B)+C=A+ (B +C).

44 (A+B)+C=u;1 iHj ;}Hf _esHj SH_:%G _esH_;l Iﬂ
ool 5 A I
s woes([] 03 SIS o I o)
A+(B+C)=E _:6}@_51 _64Hj _:eSD:B QJ*B : Hi —27}

Thus, (A +B) +C=A+ (B +C).



46.

47.

48.

49,

50.

51.

52.
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3

weorves (gfla)J [
we@s 0[] maeer-cnreo

1 2} 1 —3} { -1)+2(2)  1-3)+2(4) } [3 5}

1 2 3
A={} ={} C= {}(memmamwbaMMHm

o

AXB=

S P P

A-D+(-3)(2) 4-3)+(-3@)| |-10 -24

10+ (-394 -12)+(-3)(— 3)} { 13 7

} Thus, AxB # B xA.
2(D) +4(4) 2(2) +4(-3)

180 -8

AxE - 3 1 0] [3m+10) 30)+1H] [3 1
- _6 0 1| [6(D)+6(0) 60)+6Q1)]| |6 6
BxA_‘l Hs 1} 1(3) +0(6) 0(3)+J(1)}{3 1} This AXB £ B XA
0 1]|6 6] |16)+0(6) 0O6)+16)| |6 6
AxE - (4 2 4(2)+2(-3)  4(4)+2(1) 2 18
T 3} 1(2)+(-3)(-3) U4)+(-3()] |11 1
[2 4 )+4(1)  2(2)+4(-3) -8
BxA= -3 1} L —3} {— (4)+1(1) -3(2)+1(- 3)} [11 —9} Thus, AxB # BxA.

AxB = (-3 2} {5/3 —2/3} [3(—5/3)+2(—2) —3(—2/3)+2(—1)}_{1 o}
e -5 6(-5/3)-5(-2) 6(-2/3)-5(-1) | |0 1

By A (513 -2/3) [3 2] _[(-5/3(-3-(2/3(6) ~(5/3(2)-(2/3F)]_[1 0
-2 ~2(-3)-1(6) 2(2-1-5 | |0 1

Thus, AXxB=BxA

Since B =1, (theidentity matrix), and A x I =1 x A = A, we can concludethat A x B =B x A.

0 2 2 3
1 12 3] [142+12 1u+u3) | [4 6
ZH } {0<2)+2(2) 0(3)+2(3)H4 6}

2 3] [1 1] _[20)+30) 20)+32)] [2 5
2 3} {o 2} {2(1)+3(0) 2(1)+3(2)}{2 5

11 2 3
A= { } B= { } (Y our choices may be different)

AxB:{

o

BxA={ } Thus, AXB # BxA
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1 3[4 2{)|2 13 5{|2 1 41 13
53. (AxB)xC= = =
4 0||3 1|/3 16 8|3 0| |56 16
1 3|(|4 2
Ax(BxC)=
4 0|3 1|3 0 4 0||9 3| |56 16

1
0
[2 1} =_1 3}{14 4}:{41 13} Thus, AXxB)xC=AXx(BxC).

3 4]_[1 15|[3 4] [-27 79
-2 5| |12 20||-2 5] | -4 148

_[-2 3][12 16| [-27 79
"l o a4af-1 37| | -4 148

{—2 3}{4 0
54. (AxB)xC=

Ax(BxC)= -2 3}

|

N
(G20 N
=

Thus, AXxB)xC=AXx(BxC).

s o= (43 0 S S 2R
wexo=[4 08 e 2SI 2

Thus, AXxB)xC=AXx(BxC).

56. (AXB)XxC=(AxI)xC=AxC,andAx(BXC)=Ax(IxC)=AxC,thus(AxB)xC=Ax(BxC).

s eee= 3, 3]0 45 oS S o )
R A | 0 ! S e

Thus, (AxB)xC=Ax(BxC).

58. (A xB)xC=Ax(BxC) for any choicesof A, B, and C that can be multiplied.

2 2 5 17[10 12] [210+25+.58+14 212+28+.58+16] [38 50
o 13 2 1 2[5 8| |310+25+18+24 312+28+18+26| |56 72
FAXBEI0 0 0 alls 8T 010415408434 012+18+08+36 | |17 26
51 0 0/[4 6] |.510+15+08+0#4 .512+18+08+06| |10 14

60.a) Let C=[40 30 12 20].

2 2 5 1
321 2

b) CxA =[40 30 12 20] =[180 172 50 136]
0 1 0 3| "%g 7 mk egss
5100



61.

62.

63.

64.

65.

66.

67.

68.

38 50

C(Ax B) =[40 30 12 20]

72
=[36.04 47.52] cents
26

10 14
52 50 75|/.30 .75 39.35 97.75
AxB=|48 43 60||.25 .50|=|34.15 84.50
62 57 81|/.15 45 45.00 111.45

(6 3 } {—6 —3} {6+(—6)
A+B= + =
14+(-2)

4 2] |2 4

3+(-3)7_[0
2+(=4)| |2
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small $36.04, large $47.52

"

Since A + B # |, wherel istheadditiveidentity meatrix, A and B are not additiveinverses,

4 6 3[4 -6 3] [4+(4) 6+(=6) 3+(=3)] [0 0 0
A+B={2 3 —1]|-2 -3 1 [=|2+(=2) 3+(3) -1+(1)|=|0 0 0

-1 0 6|1 0 —6] [-1+(1) 0+0 6+(-6)| [0 0 O

(-4 -6 3[4 6 3] [4+@) -6+©6) -3+3)] [0 0 0
B+A=|-2 -3 1|2 3 -1|=[=2+@2) -3+3) 1+(1)|=]0 0 0

|1 0 —6]|-1 0 6| [1+(-1) 0+(0) —6+(6)| |0 0 O
Thus, A and B are additive inverses.

5(2)-2(5)

{5 —2}{1 2} {5(1)—2(2)

AXxB= =

-2 1|2 5| [2()+12)

BxA{l 2}{5 —2}{1(5”2(—2)
2 5)|-2 1 2(5)+5(-2)

Thus, A and B are multiplicative inverses.

AxB:r 3}{1 —3}{7(1%3(—2)
2 1|2 7 2(1)+1(=2)

{1 —3}{7 3} {1(7)—3(2)
BxA= =
-2 712 1| |22D+72)

Thus, A and B are multiplicative inverses.

[t o0
22)+15)| |0 1

1=2)+2()7] _[1 0
2=2)+5(1)] |0 1

7(-3)+3(N]_[1 0
2=3)+1(7)| |0 1

13)-3(1) 1 _[1 0
23)+7()| |0 1

False. Let A=[1 3]andB=[2 1]. ThenA-B=[-1,2landB-A=[1,-2] A-B # B-A.
True. For all scalarsaand all matricesB and C, a(B + C) =aB + aC. Asan example,
Leea=2,B=[1 3],andC=1[2 1]. Then a(B+C)=2([1 3] +[2 1])=2[3 4] =[6 8],
and aB+aC=2[1 3]+2[2 1]=[2 6] +[4 2] =[6 8 =aB +C).
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69.a) 1.4(14) +0.7(10) + 0.3(7) = $28.70
b) 2.7(12) + 2.8(9) + 0.5(5) = $60.10
Ames Bay
28.7 24.6| smal
¢) Lx C=|413 357 |medium
69.3 60.1| large

This array shows the total cost of each sofa at each plant.

123|012 135
70. A+B= + =
321 |451 77 2

A x B cannot be calculated because the # of columns  # of rows.

71. A + B cannot be calculated because the # of columns  # of rows.

aypo|t 23 254 TU0)+2)+3(2) 14)+2(5)+30)] [7 17
X®Z3 21 > | o212 39+29 4174 23

72. Answerswill vary.

Exercise Set 7.4
1. @) Anaugmented matrix is a matrix formed with the coefficients of the variables and the constants. The
coefficients are separated from the constants by a vertical bar.

ot 3|7
124l

2. 1) Rows of amatrix can be interchanged.
2) All valuesin arow can be multiplied by a nonzero real number.
3) All thevaluesin arow may be added to the corresponding values in another row.

3. If you obtain an augmented matrix in which one row of numbers on the |eft side of the vertical line are
all zeroes but a zero does not appear in the same row on the other side of the vertical line, the system is
inconsistent.

4. If you obtain an augmented matrix in which a0 appears across an entire row, the system of equationsis
dependent.

5. 1) Multiply the 2™ row by -1/2; 2) multiply the 2™ row
by -3 and add to the 1% row; and 3) identify the values of x and y.

5+(3/2)}={1 0‘13/2} 3 (x,y)=(%,_—1j

5 5 1+0 3+(-3
) ) (-1/2) 0 1|-1/2

1 3
1)
0 1|(-1/2 0 1
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6. 1) Multiply the 2™ row by 2 and add to the 1% row, and 2) identify the values of x and y.
1 -2]|1 1+0 -2+2|1+6 1 0|7 13 -1
= 2) (X!y): A A
0 1|3 3] |0 1|3 2 2

0 1
7. x+3y=3 X+y=-3

1 3| 3 1 3 3 1 3|3 1+0 3+(-3)|3+0] [1 0|3
- = - = 2> (3,0
-1 1|-3 -1+1 1+3|-3+3| |0 4|0 0 1 0] |0 1]0
8. x-y=5 2X-y=6
1 -1|5 1 -1 5 1 -1| 5 1+0 -1+1|5-4] [1 0] 1
- = - = 2> (1,-4)
12 -1]|6 2-2 -1+2|6-10] |0 1]|- 0 1, 4| |0 1|-

9. x-2y=-1 2Xx+y=8

1 —2‘—1} { 1 -2
%

—1} [1 -2 ‘ —1} {1+0 -2+2 ‘ —1+4}
= - >

12 1| 8 2-2 1+4|8+2 0 5|10 0 5 10
1 0] 3 1 0|3

= 2> 3,2
|10 5|10 0 1|2

10. x+y=-1 2Xx+3y=-5
1 1] - 1 1 -1 11]- 1+0 1-1|-1+3 10| 2

N = N = 2> (2,-3
2 3|-5 2-2 3-2|-5+2 0 1|-3 0 1 -3 0 1|-

11 2 5|6 - 2 56 Dependent system
. =
-4 10| 12|(r,+2r)[0 O] O ® 4

The solution is all points ontheline2x —5y =—6.

12 L 1‘5 = |t 1‘ > - ! 1‘5 (n-r) 1 0‘2 The solutionis (2, 3)
"3 -1/3[(r,-3)|0 —4|-12|(r,+(-4)[0 1|3 0 1|3 T

7

ﬂ The solutionis (7/2, — 1).

|2 3|10 (=) [1 2
12 2| 5](r,-2r)[0 5

5}(r1+§r2){1 0

-1 0

ﬂ( 5(5)){0 b

f13|1] = [13[1] = [1 3[1](r-3)[1 0]-2
14. (1 =3r,) The solutioniis (- 2, 1).
2 1|5|(+2)l0 7|7|(,+7)]0 1|1 0 1] 1
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15 4 2|-10 (r1+2) 4 2|-10| = 1 1/2|-10/4| = 1 1/2|-10/4

-2 1| -7](r,-r)|0 2|-12|(r,+4)|0 2| -12|(r,+2)|]0 1 -6
(1 1/2|-10/4](r,+-2)[1 0]1/2

(12 +=2) The solution is (1/2, -6).
0 1| -6/(n+r)|0 1| -6

6 |4 28]+ a[1 23] = [132|3] = [1 3]3|(n-4n)[1 0|2
5 49| = [5 4|9/(r,-5)[0 2|2|(3n)[0 1]2] = [0 11
The solutionis (1, 1).

(-3 6|5|(r,+(=3)[1 —2|= = 1 2|2 . .

17. (rl ( )) 8 ! |= Inconsistent system No solution.
| 2 4|8 = |2 -4|8|(rp,-27)0 0%

[2 -5|10 1 2|5 1 215 1 0|5

18. = 2 = 2 = The solutionis (5, 0).
|13 1]15 0 210 0O 1|0 0 1|0

19. 2 1|11 (I‘1+2) 1314 = 1303 = (1 3|% (rl_%rz) 10/3
1 3|18 = |1 3|18](r,-1)|0 £|2Z|(2¢r)0 1|5] = |0 1|5
The solution is (3, 5).

o [ 4 B T4 L -5 F] = [1-3[E] = [1-%|d]0+in)[L 0¥
-2 5|14 = |2 5|14|(p+27)|]0 Z|=|(%r,)]|0 1|5/ = |0 1|5
The solutionis (11/2, 5).

21. S+L =55 4S+ 6L =290
1 1| 55|(r,*—4)|1 1|55 = 1 1|55((r,»-1)|1 0|20

(=) (r2*=1) The solution is (20, 35).
4 6/290](r,+r)[0 2|70]|(r,+2)|0 1|35](r+r,)|0 1|35

22. p=2H +2W 2H+2W =124 H-wW=8
2 2]124](r,+2)[4 0]140] = [1 0|35|(r-)[1 0] 35|(r,»-1)[1 0|35
1 -1| 8|(n+n)[1 -1| 8|(r+4)|1 -1| 8](r,+r)|0 —1|-27 0 1|27

The solution is (35, 27).

23. Let T = # of hoursfor truck driver L = # of hoursfor laborer
10T +8L =144 L=T+2 > T=L-2
10 8|144](r,+8)[18 0]128|(r,+18)[1 0]|64/9](r*-1)[1 0| 64/9
{1 —1‘ —2}(r1+r2){ 1 —1‘ —2} [1 —1‘ —2}(r2+r1){0 —1‘—82/9}
{1 0 64/9}(5-—1){1 0 64/9} (64/9, 829)
0 -1|-82/9 0 1|82/9

7 1/9 hours for the truck driver and 9 1/9 hoursfor the |aborer.
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24. Let x = cost per pound of cherries y = cost per pound of mints

2x + 3y =23 Ix+2y=14
2 3123) 11 3| 2] |1 3| 2|_[L 3| %[t o4
1 2[14] |1 2]14) [0 4| 2] |0 1[5] [0 1|5

The cherries are $4 per pound and the mints are $5 per pound.

Nl Nw

25, 15x+2y=3375 x+y=200

1 1| 200| |1 1|200| |1 1 “lo -3

{1.5 2‘337.5}_{1 133 225}_{1 1.3_3‘225} {1 133
200

225 |1 133|225] [1 0‘125
-25] [0 1| 75 [0 1|75

The solution is 125 non-refillable pencils @ $1.50 and 75 refillable pencils @ $2.00.

Exercise Set 7.5

1. The solution set of a system of linear inequalities isthe set of pointsthat satisfy all inequalitiesin the
system.

2. Graph and shade the solution set to each of the inequalities. The intersection of the shaded areas and
any solid lines common to both inequalities is the solution set.

3. 4,
y
B /(
4
it
(0, 3);/ 7 y>2

A2T401,2
3.9 70,01’

7 2 1+ 2 4 x

7 s
74 s 4+
74+

¥

\{

4 0.4) y<x-4

\ y<-2x+4
v

2] n 4

wwwwww

(0, -4) x+y <4
// \‘ -4 3x+2y 26
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7.
9.
11.
13.
y
L
27 a.ny
—

14.




15.

17.

0,-8)

3x22y+10

x<y+8

19. @) Let P = Panasonic,
600P + 900S < 18000
P>2S P

>
S>

¢) (15, 6) means 15 Panasonic models and 6

Sony models.

600 (15) + 900 (6) = 9000 + 5400 or

$ 14,400

20. x<0,y>0

S = Sony

10
5

16.

18.

b)

SECTION 7.5

Yy -
1 -
T
N (3,1
S (R
S —
,fﬁ' -2 \.\ 2 4 x
E5.-D 2\~
N
—4+4 0,-1) \\
- AN
Sy>3x+10
3y<-2c-3
y
6.
4_
2_
———+ )
-4 2 __:72 x
/6__ 3x—5y<7
1, 72)4 + x>2y+1
46__
) A
30+
25+
20 &0. 20)
15\
10+ |
(225,5)
5 >
(10, 5)
(30,0)

267
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21.a) No, if thelinesare paralel theremay notbea  22. Yes. Oneexampleisx<0,y<0,x>0,y>0.

solution to the system. 23. No. Every line dividesthe plane into two halves
b) Example: y > X y<x-2 only one of which can be part of the solution.
This system has no solution. Therefore, the points in the other half cannot
satisfy both inequalities and so do not solve
y the system.
2 Example: y > x X2

Exercise Set 7.6

1. Constraints arerestrictionsthat are represented 2. The feasible region isformed by graphing the
as linear inequalities. system of inequalities.

3. Vertices 4. Objective function: K = Ax + By

5. If alinear equation of the form K = Ax + By is evaluated at each point in a closed polygonal region, the
maximum and minimum values of the equation occur at a corner.

6. At(1,1),P=4(1) +6(1) =10 7. At(0,0), K=6(0) +4(0)= 0
At(1,4),P=4(1) +6(4) =28 At (0, 4), K=6(0) + 4(4) =16
At(5,1),P=4(5) +6(1) =26 At (2,3),K=6(2) +4(3) =24
At(7,1),P=4(7)+6(1) =34 At (5,0), K=6(5) +4(0) =30
The maximum profit is 34. Determine the The maximum value is 30 at (5, 0); the minimum
value of the profit function at each vertex; the valueisOat (0, 0).

largest profit value is the maximum.



8. At (10, 20), K = 2(10) + 3(20) = 80
At (10, 40), K = 2(10) + 3(40) = 140
At (50, 30), K = 2(50) + 3(30) = 190
At (50, 10), K = 2(50) + 3(10) = 130
At (20, 10), K =2(20) + 3(10) = 70

The maximum value is 190 at (50, 30); the
minimum valueis 70 at (20, 10).

<+
0,0) 2 4
4,0

b) P=2x +4y
At (0,0), P=2(0) +4(0) = 0 min.at (0, 0)
At (3,2), P=2(3) +4(2) =14
At (4,0), P=2(4) +4(0)= 8
At (0,4), P=2(0) + 4(4) =16 max. at (0, 4)

12. a)

SECTION 7.6 269

b) x+y<5 2x+y<8 x>0 y>0

11. q)

b)

13.d)

P=5x+4y

At (0,0), P=5(0) +4(0)= 0 min.at (0, 0)
At (0,4), P=5(0) + 4(4) =16
At(3,2,P=5(3) +4(2) =23 max. at (2, 3)
At (0,5), P=5(0) + 4(5) =20

(0,0)

P=7x+6y

At (0,0),P=7(0)+6(0)= 0 min. at (0, 0)
At (0,2), P=7(0) +6(2) = 12

At (3,1),P=7(3) +6(1) =27

At (4,0), P=7(4) + 6(0) =28 max. at (4, 0)

- \(16/3,5)
T@5)

4N
2 _\(2,4/3) (32/3,1)

NOAL N
T T T T l)
1'2\ X
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12.b) P=20x + 40y
At (0, 0), P = 20(0)+40(0) = 0
At (0,30), P = 20(0+40(30) = 120
At (30,20), P = 20(30)+40(20) = 1400
At (50, 0), P = 20(50)+40(0) = 1000

Min. (0, 0) and Max. at (20, 30)

14. a)

N 26)

-\ @712
(10,2)

. \(24/7,1) N

\\ — Sy

(10,1)

b) P=15.13x + 9.35y
Max. profitis 170 at (10,2)
Min. profit is61.22 at (24/7,1)

16. @) Let x = number of skateboards
y = number of in-line skates
X+ty<20 x>23 X<6 y=>2
b) P=25x + 20y
©)

8. 4) (20, 4)

A

——t——
2 4 6 8 10 12 14 16 18 20 22 x

d) (32 (3,17) (6,14) (6,2

13b) P=2.20x + 1.65y

At (2,4/3), P= 2.20(2)+1.65(4/3) = 6.60
At (2, 5), P= 2.20(2)+1.65(5) = 12.65

At (16/3,5), P=2.20(16/3)+1.65(5) = 19.98
At (32/3,1), P=2.20(32/3)+1.65(1) = 25.12
At (9/4,1), P=2.20(9/4)+1.65(1) = 6.60

Max. at (32/3,1) and Min. at (2,4/3), (9/4,1)

15. @) Let x = profit on Eastman Kodak film

y = profit on Fuji film
X+y <24 X =8 x<24
y=>4 y<12
b) P=.35x + .50y

<o,0>l T AON 6

d) At (8, 4), P=.35(8) +.50(4) =.35
At (16, 8), P=.35(16) + .50(8) = 9.6 max. at
(16, 8)
At (20, 4), P=.35(20) + .50(4) =9
€) 16 rolls of Kodak film and 8 rolls of Fuji film
f) Max. profit = $9.60

17. Let x = gallons of indoor paint

y = gallons of outdoor paint
Xx>60 y =100
0)

y

5

(20, 0)

PN PRI
F——+— —t—+— t
2 4 6 8 1(\12 14 16 18 2‘(\1:




16.€) At (3,2), P=25(3) + 20(2) = 115
At (3,17), P=25(3) + 20(17) = 415
At (6,14), P = 25(6) + 20(14) = 430
At (6,2), P=25(6) + 20(2) = 190
Six skateboards and 14 pairs of in-line
skates.
f) Max. profit = $430

18. Let x = pounds of all-beef hot dogs
y = pounds of regular hot dogs
X+ (1/2)y < 200
(1/2)y < 150

Ay

x20 y=20

(50,300)

(0,300)

)\ 2000)
oo ~ \

P = 0.30y + 0.40x

Maximum profit occurs at (50,300).

Thus the manufacturer should make 50 Ib.

of the all-beef hot dogs and 300 Ib. of the

regular hot dogs for a profit of $110.

x

Review Exercises
1.

<

|||||
|||||

17.

19.

REVIEW EXERCISES

a) 3x+4y>60 x>0
10x+5y>100 y>0
b) C=28x + 33y
d) At (0, 20), C = 28(0) + 33(20) = 660
At (20, 0), C = 28(20) + 33(0) = 560
At (4, 12), C = 28(4) + 33(12) = 508
€) 4 hourson Mach. 1 and 12 hours on Mach. 2
f) Max. profit =$ 660.00

Let x = # of car seats
y =# of strollers
Xx>60 y =100
Xx+3y<24 2X+y<16 x+y<10

P = 25x + 35y

8

At (0, 8), P=25(0) + 35(8) = 280
At (3,7), P=25(3) + 35(7) = 320
At (4, 6), P=25(4) + 35(6) = 310
At (8, 0), P=25(8) + 35(0) = 200
3 car seatsand 7 strollers

Max. profit = $ 320.00
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5.

7.

9.

11.

The solution is (3,2).

y=(2/3)x+5

y=(2/3)x+5

Same dlope and y-intercept. Infinite # of
solutions.

6y — 2x = 20 becomes y = (1/3)x + 10/3
4y + 2x = 10 becomes y = — (1/2)x + 5/2
Different slopes. One solution.

1 —x+y =12
(2) x+2y=-3 (add)

3y=9 y=3

Substitute 3 in place of y in the first equation.

-x+3=12
-Xx=9 XxX=-9
The solutionis (- 9,3).

2xX-y=4
3X-y=2

y=2x-4

Substitute 2x - 4 for y in the second equation.

3x - (2x - 4)=2 (solvefor x)
3X-2x+4=2

X+4=2 X=-2
Substitute -2 for x in an equation.
2(-2)-y =4

4-y=4 y=-8

The solutionis (-2, -8).

12. 3x+y=1

CHAPTER 7 Systemsof Linear Equations and Inequalities

Inconsistent

6. y=2x+6

y=2x+75
Same slope but different y-intercepts. No
solution.

8. y=(U2)x-2

y=2X+6
Different slopes. One solution.

10. x-2y=9

y=2x-3

Substitute (2x — 3) in place of y in the 1¥
equation.

X -2(2x-3)= —11 (solvefor x)

X-4x—-6=-11
Bx—-6=-1
5bx=-5 x=-1

Substitute (— 1) in place of x in the 2" equation.
y=2(-1)-3=-2-3=-5
The solutionis (- 1,- 5).

y=-3x+1

y=-9%-4

Substitute -3x + 1 for y in the second equation.
3(-3x + 1)=-9x - 4 (solvefor x)

-Ox+3=-9-4
344 Fdse Thereisno solution to this
system.

The eguations are inconsi stent.



13.

15.

17.

19.
{1 —3} {—2 —5} [1—(—2)
20. A-B= - =
2 4| |6 3 2-6

{1 —3} {2(1)
21. 2A=2 =
2 4|22

x-2y=1 x=2y+1

2xX+y=7

Substitute (2y + 1) for x in the 2nd equation.
22y +1) +y =7 (solvefory)
dy+2+y=7

S5y+2=7

S5y=5 y=1

Substitute 1 in place of y in the equation.
x=2y+1

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

The solutionis (3,1).

(1) x+y=2

(2)x+3y=-2

Multiply the first equation by —1.
-X-y=-2

X+ 3y=-—2 (add)

2y=-4 y=-2
Substitute (-2) for y in equation (2).
X+3(-2)=-2

X—6==2 x=4

The solution is (4,-2).

(1) 3x+5y=15

(2 2x+4y=0

Multiply the first equation by 2, and the 2nd
equation by (- 3).

6x + 10y = 30

—6x—12y = 0 (add)

-2y=30 =-15

Substitute (— 15) for y in the second equation.
2x+4(-15)=0

2x-60=0 x=30

The solution is (30,— 5).

{1 —3} {—2 —5} [1+ (-2
A+B= + =
2 4 6 3 2+6

2(-37 [2 -6
2(4)H4 8}

-3+ (-5)
4+3

-3-(-5)
4-3

14.

16.

18.

REVIEW EXERCISES 273

1) 2x+y=2
(2) =3x—y =5 (add)
-Xx =7 X==7
Substitute (— 7) in place of x in the 1st equation.
2-7)+y=2
—14y=2 y =16
The solutionis (-7, 16).
(1) 4x-8y =16
(2) x-2y=4 X=2y+4

Substitute 2y + 4 for x in the first equation.
42y +4) -8y =16

8y +16—-8y =16

16=16 True

There are an infinite number of solutions.
The system is dependent.

(1) 3x+4y=6

(2) 2x-3y=4

Multiply the first equation by 2, and the second
equation by — 3.

6x +8y =12

—6x + 9y =12 (add)

17y =0 y=0

Substitute O for y in the first equation.
3Xx+4(0)=6

3x=6 X=2

The solution is (2,0).

s 7]
M
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22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

-3 -2
2A-3B=2 3
HEE

1 - -2 5]
AXB= X =

2 4] |6 3]

(-2 5] [1 -3]
BxA= X
| 6 3 2 4]

1 2|4] = [1 2
_11H(r—r){ ‘
-1 1|4] [1 -1

[ [

(2 r+2[1 1
12} = 3 1

13 -1
The solution is (3,— 3).

3 2|2| [0 -11

-39 | -78| (r,+1)

Let x = amount borrowed at 8%

.08x + .10y = 53000

1 1) 600000

(r, +1)

-5

b

2 312] [1 %]1]_
4 -9|4| |0 -15|0]

1 3|3] [1 3‘ 3}_{1 3
71

1;} (r,—

"

1
0

o
= Nlw

01

4 8

3L

01

6|((r,— 2r2 10
2r,

= ES

2
3r>{
1] [1 0
0] [0 1
3}_{10
1o 1

3 6|-9|(rp-D|-3 6| 9|(r,+r)
|4 5|14 4 5|14

1

0

11 ‘ 23} (r, -11/39){1
0

111
4 5

6 15
18 -9

A-2)+(-3)6 A-5)+(-3)3

| 2(-2)+4(6) 2(-5)+4(3)

H

[(-291+(-5)2 (-2(-3+(-54
L 60 +3(2)

6(-3)+3(4)

2+6 -6+15 3
4-18 8-9 |

[
}:

-1
2

-12
12

!

~14
-6

-2
‘ 2} The solutionis (2, 2).

15:|(

= [1
£r,)[0

1
‘ 0} The solutionis (1,0)

‘_ } The solutionis (-2, 2).

‘ 1_71 The solution is (E
& 1

23|(r-H[1 11
14|(r,+r)[0 -39
01
12

ol 1], +-2)[1
—39‘—78 0

y = amount borrowed at 10%
X +y = 600000

{08 .10 ‘ 53000} (r, »—10) {—

2 0
11

X = $350,000 and y = $ 250,000

—700000
600000

|

(rl °_1)

(r,+1)

|

10
01

350000
250000

23
—78

|

|

7

i

1'11

} The solutionis (1, 2).

8 9
-14 -1
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32. Let s=liters of 80% acid solution 33. Lets=sdary r = commission rate
w = liters of 50% acid solution (1) s+ 4000r =660
s+w =100 (2) s+6000r= 740 (subtract 1 from 2)
0.80s + 0.50w = 100(0.75) 2000r = 80
0.80s+ 0.50w =75 r = 80/2000 = 0.04
s=100—-w Subgtitute 0.04 for rineg'n. 1.
0.80(100 —w) + 0.50w = 75 S = 660 — 4000(.04) s=500
80 —-0.80w + 0.50w = 75 His salary is 500 per week and his commission
—-0.30w=-5 rateis 4%.

=-5/(-0.30) = 16 2/3 liters
s=100-16 2/3 =83 1/3 liters

34. Let c=total cost X = no. of monthsto 35.a) Let C=tota cost for parking
operate x = number of additional hours
a) model 1600A: ca = 950 + 32x All-Day: C=5+ 0.50x
model 6070B: cg = 1275 + 22X Sav-A-Lot: C=4.25+ 0.75x
950 + 32x= 1275 + 22x 5+ 0.50x= 4.25 + 0.75x
10x = 325 x = 32.5 months 0.75 = 0.25x 3=x
After 32.5 months of operation the total cost Thetotal cost will be the same after 3
of the units will be equal. additional hours or 4 hourstotal.

b) After 32.5 months or 2.7 years, the most cost b) After 5 hoursor x = 4 additional hours:
effective unit is the unit with the lower per All-Day: C =5+ 0.50(4) = $7.00
month to operate cost. Thus, model 6070B is Sav-A-Lot: C=4.25+ 0.75(4) = $7.25
the better deal in the long run. All-Day would be less expensive.

36.
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38. 39.

40. P=6X + 3y
At (0,0), P=6(0) +3(0) =0
At (0,10), P=6(0) + 3(10) =30
At (9,0), P=6(9) + 3(0) =54

The maximum profit is $54 at (9,0).

Chapter Test
1. If thelines do not intersect (parallel) the system of equationsisinconsistent. The system of equationsis

consistent if the lines intersect only once. |f both equations represent the same line then the system of
equationsis dependent.

2. 3. Write each eguation in slope intercept form,
yp then

\ ‘T compare slopes and intercepts.
y="2x-3 2: 2x+y=-11

..... 1’ 4x+5y=6 —-3x+5y=13
By=-4x+6 Sy =3x+13
y=— (4/5)x + 6/5

y = (3/5)x + 13/5

The slopes are different so thereis only
The solutionis (2,—7). one solution.



4, x-y=5 X=y+5
2x + 3y = -5
Substitute (y + 5) for x in the second equation.
2(y +5) +3y= —5 (solvefory)
2y+10+3y=-5
S5y +10=-5
By=-15 y=-3
Subsgtitute (— 3) for y inthe equation x =y + 5.
Xx=—3+5=2 The solutionis (2,— 3).

6. x—-y=4
2x+y =5 (add)
3x=9 x=3
Substitute 3 for x in the 2nd equation.
2(3)+y=5
6+y=5

y=—1 Thesolutionis(3,—1).

8. 3x+4y=6
ox-3y=4
Multiply the 1¥ eq’ n. by 3 and the 2™ eq'n. by 4.
9% + 12y =18

8x—12y = 16
17x=34 X=2
|5 7|4|(-5n+1,)[0 -8|-16](r,+(-8))

The solution is (- 2,2).

{2 —5} {—1 —3} [2+(—1)
10. A+B= + =
1 3 5 2 1+5

{2 —5} {—1 —3} {3(2)—(—1)
11. 3A-B=3 - =
1 3| |5 2 31)-5

Ll ek

12. AxB=
1 3

[2(—1) +(=5)(5)
=D+

13
01

_5_

oo 15 5

CHAPTER TEST 277

5 y=5bx+7 y=2x+1
Substitute (5x + 7) for y in the second equation.
5x + 7=2x + 1 (solvefor x)
3x=-6 X=-2
Substitute -2 for x in the first equation.
y=5(-2)+7=-10+7=-3
The solution is (-2, -3).

7. 4x+3y=5
2x+4y =10
Multiply the second equation by (- 2).
Ax+3y= 5
—4x—8y =—20 (add)
—5y=-15 y=3
Substitute 3 for y in the first equation.
4x +3(3)=5
4x+9=5
4x=-4 x=-1

The solution is (-1,3).

8. Substitute 2 for x in an equation.
2(2)-3y=4 (solvefory)
-3y =0 y=0

The solution is (2, 0).
‘4}(5—35)[1 0 ‘ —2}
2

2 01

3-5-(-3] [7 -12
303 -2 }" -2 7}

2-3)+(-5)(2)]_[-27 -16
1(-3)+3(2) | {14 3}



278 CHAPTER 7 Systemsof Linear Equationsand Inequalities

13 y<-2x+2 y>3x+2

15. Let x = no. of one bedroom units
y = no. of two bedroom units

x+y=20 x=20-y
425x + 500y = 9100
Subdtitute (20—y) for x in the second equition.
425(20 —y) + 500y = 9100
75y = 600 y=8
Substitute 8 for y in the first equation.
x+8=20 x=12
The building has 12 one bedroom and 8 two
bedroom apartments.

Group Projects
1. Answerswill vary.

2. Let x =# of board feet of oak
y = # of board feet of walnut
a) 5x+2y=75 4x + 3y =125
X = 40 y = 50
b) P=75x + 125y
d) Determine the maximum profit.

At (40,173) P =75(40) + 125(173) = $24,625
At (40,50) P = 75(40) + 125(50) = $9,250
At (160,50) P = 75(160) + 125(50) = $18,250
At (86,143) P 75(86) + 125(143) = $24,325
Maximum profit occurs at 40 of model 01 and
173 of model 02.

€) Maximum profit = $24,625

14. Let x = Ib of $6.00 coffee

y = Ib of $7.50 coffee
x+y=30 y=30-X
6x + 7.5y = 7.00(30)
Substitute (30 — x) for y in the 2™ equation.
6x + 7.5(30 —x) = 210
6x + 225 - 7.5x = 210

—-15x=-15 x=10
Substitute 10 for x in the equation
y=30-x.

y=30-10=20

Mix 10 Ib of the $6.00 coffee with 20 Ib of
the $7.50 coffee.

16. a)

b) P=5x + 3y
At(0,0) P=5(0)+3(0)=0
At(0,2) P=5(0)+3(2) =6
At (3,1) P=5(3) +3(1) =18
At (3.75, 0) P=5(3.75) + 3(0) = 18.75
Max. at (3.75, 0) and Min. at (0, 0)

3. Answerswill vary.

2.0)




CHAPTER EIGHT

THE METRIC SYSTEM

Exercise Set 8.1

1. The metric system. 2. TheU.S. customary system.

3. Itisthe worldwide accepted standard of measurement. Thereisonly 1 basic unit of measurement for each
quantity. It is based on the number 10 which makes many calculations easier.

4.a) meter b) kilogram c) liter d) celsius

5. d) Move the decimal point one place for each change in unit of measure.

b) 714.6 cm= % km = 714.6 x 10 ° km = 0.007146 km

c) 30.8 hm = (30.8)(1000) dm = 30800 dm

6.d) mega b) micro 7. kilo 1000 times the base unit ~ k
hecto 100 timesthe base unit  h
deka 10timesthebase unit da

dec 1/10 timesthe baseunit d
centi 1/100 timesthe base unit ¢
milli  1/1000 times the base unit

8. d) 10,000 times greater 9. a) 100 times greater 10.a) 0°C

b) 1 h=10,000 cm b) 1 dam=100dm b) 100°C

¢) 1cm=0.0001 hm ¢) 1dm=0.01 dam c) 37°C
11. 2 pounds 12. 1yard 13. 5grams 14. 30°C
15. 22°C 16. 2m. 17. kilo d 18. milli b
19. hector ¢ 20. deka e 21. deci f 22. centi a

23.a) 10liters b) 1/100liter ¢) 1/1000 liter d) 1/10liter €) 1000 liters f) 100 liters
24.3a) 100 grams b) 0.001gram c) 1000grams d) 0.0l gram €) 10grams f) 0.1 gram

25. mg 1/1000 gm 26. cg 1/100gm 27. dg 1/10gm
28. dag 10gm 29. hg 100gm 30. kg 1000 gm

31. Max. load 320 kg = (320 x 1,000) g=320000¢g 32. Max. load 320 kg = (320 x 1,000,000) mg
= 320,000,000 mg

33. 2m=(2x 100) cm =200 cm 34. 35.7hg=(35.7x100) g=3,5709g

279
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35.

37.
39.
41.
43
45,
47.
49,
51.
53.
55.
57.

59.

61.

63.

65.

67.

69.

71.
74.
77.

80.
83.
86.
89.
92.

0.095 hi = (0.095)(100) = 9.5 |

242.6 cm = (242.6)(0.0001) hm = 0.02426 hm
4036 mg = (4036)(0.00001) hg = 0.04036 hg
1.34 hm = (1.34)(10000) cm = 13,400 cm
92.5kg=92,500¢g

895 | = 895,000 ml

240 cm = 0.0240 hm

40,302 ml = 4.0302 dal

590 cm, 5.1 dam, 0.47 km

2.42 kg, 2,400 g, 24,300 dg

203,000 mm, 2.6 km, 52.6 hm

Jim, since ameter islonger than a yard.

The pump that removes 1 dal of water per min.
1 dekaliter > 1 deciliter

a) Perimeter= 2l + 2w=2(74) + 2(99)= 346 cm
b) 346 cm = (346 x 10) mm = 3,460 mm

a) (4)(27m)=108m
¢) 108 m =108 000 mm

b) 108 m=0.108 km

8 (400) m = 3,200 m; 3,200m=3.2km

a) 6(360) ml =2,160 ml
b) 2160(1000) = 2.16 |
c) 245/ 2.16 = $1.13 per liter

a) (6.9)(1000) = 6,900 gm

b) 6,900/3=2300gm 2300 gm = 23,000 dg

36.

38.
. 14.27 kI = (14.27)(1000) | = 14 270 |
42.
. 7.3m=7300 mm
46.
48.
50.
52.
54,
56.
58.

60.

62.

66.

68.

70.

7dam=(7x10)m=70m
1.34 ml = (1.34)(0.001) | =0.00134 |
0.000062 kg = 62 mg

24 dm = 0.0024 km

6,049 Mm=6.049 m

0.034 ml = 0.00034 |

680 m, 514 hm, 62 km

420¢cl, 4.3 I, 0.045Kkl

0.032 kI, 460 dI, 48,000 cl

1 hectometer in 10 min. 1 hm>1dm

The side with the 15 Ib. weight would go down.
5kg=5(2.21bs) =11 Ibs.

a) (2)(250)(7) = 3,500 mg / week
b) 3,500 mg/week = 3.5 g/ week

.a@) 1,200 km/ 187 | = 6.417 kI

b) 1,200,00/187 | =6,417 vl

360 1= (360 ) [1000 mlj( 1min j

11 360 ml
=83.333...min. or 1 hr 23.333...min.

($1.03)(37.7 1) =$38.83

750 km = 7500 hm 750-32.5=717.5km

1 gigameter = 1000 megameters ~ 72. 1 nanogram = .001 microgram  73. 1 teraliter = 1 x 10?* picoliters
1 megagram=1x 10®nanogms  75. 0.8/.027 =29.6 30 eggs 76. 0.8/.288=2.777... 2.8cups
195mg=0.195¢g 78. 1.6 mg=0.0016 g 79. 5000 cm =5 dam

0.8/0.195 = 4.1 cups

0.8/0.016 = 500

500(49) = 24,500 g

2000mm=2m 81. 0.00006 hg = 6 mg 82. 3000 dm =3 hm
0.02kl=2dd 84. 500cm=5m 85. magr gram

migradec  decigram 87. rteli liter 88. raktileed dekaliter
terem meter 90. leritililm  milliliter 91. reketolim kilometer
timenceret centimeter 93. greeed sulesic degreecelsius  94. togmeharc  hectogram



Exercise Set 8.2
1. volume

5. volume

9. area

13.

17.
21.
25.
29,
33.
37.
41.
45,
49,
53.
57.
61.
65.
69.
73.
77.
81.
85.
89.
93.
97.

100.
102.
104.
106.

108.

110.

Answerswill vary.
(AWV)
Answerswill vary.
1 cubic centimeter
centimeters
centimeters

cmor mm

c 27m

a 2cm

mm AWV
mmorcm AWV
m

Sg. mm. or sg. cm.
sg. m. or hectares
hectares or sq. km.
a 800sg. m.

c 1200 sg. mm.
AWV

kiloliters

liters

liters

c 55Kkl

a 24cum.

2.
6.

10.
14.

18.
22,
26.
30.
34.
38.
42,
46.
50.
54,
58.
62.
66.
70.
74.
78.
82.
86.
90.

94
98

length

volume
volume
Answerswill vary.

Answerswill vary.
square kilometers
kilometers
millimeters

cmor mm

a 2cmx3cm

b 8cm

cm AWV

mm AWV

m

hectares or sg. km.
sg. m. or hectares
sg. m.

b 1/8ha

c 4900 sq. km.
AWV

liters

cubic meters
cubic meters

. b 355ml

. b 14,000 cu. cm.

a AWV b) (2)(1.5)(.25)=.75m°

a) AWV b)v=7r’h = (3.14)(0.20)%(2) = 0.25m*

A = 7 r*=(3.14)(1.2)% = 45216 cm’

a) (73)(53) = 3869 m?

b) 3869 — (70)(50) = 3869 — 3500 = 869 m?
a) (22.5)(18.3) = 411.75 m?
b) (411.75)(0.0001 ha) = 0.041175 ha
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3. area 4. length

7. volume 8. volume

11. length 12. area

15. Answerswill vary. 16. Answerswill vary.
19. 1 cubic decimeter 20. 1000 | =1 kiloliter
23. area 24. 2.5 acres

27. cmor mm 28. centimeters

31. millimeters 32. meters

35. kilometers 36. cmorm

39. ¢ 5km 40. a 160cm

43. a 93 dam 44. ¢ 375m

47. cmorm AWV 48. mmorcm AWV
51. cm, km 52. km

55. cm 56. km

59. sg. m. 60. sq. mm. or sg. cm.
63. sg. mm. or sg.cm. 64. sg.cm. or sg. m.
67. b 22 sg.m. 68. a 5sg.cm.

71. ¢ 360 sg. cm. 72. a 25sg.cm.
75. AWV 76. AWV

79. AWV 80. AWV

83. milliliters 84. cubic centimeters
87. cubic meters 88. cubic meters

91. ¢ 7780cu.cm. 92. a 0.5cu m.

95. a 550cu. m. 96. b 120ml

99. @) 144,000 cc 99. h) 152,561 cc
101.a) AWV b) v =(3.14)(0.25)* (1) =0.20 m*
103.8) AWV b) A =lw=(4)(2.2) =8.8cm’
105. (82)(62) - (50)(42) = 5084 - 2100 = 2984 cm?

107. &) (3.75)(1.4) =5.25km
b) (5.25)(100 ha) = 525 ha

109. a) (18)(10)(2.5) = 450 m°
b) 450 m® = 450 kI

Total Surface Areaof 4 walls = 2lh + 2wh = 2(20)(6) + 2(12)(6) = 384 m2

Liters for first coat = (384 m2) (

11
10m?

J =384

Total liters=38.4+ 25.6 =64 |

11
15 m?

Litersfor second coat = (384 m2)£ j =2561

Total cost = (64)($4.75) = $304
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111.

112.

115.
118.
121.
124.
127.
130.

133.

135.

137.

139.

CHAPTER 8 TheMetric System

a) V =lwh = (70)(40)(20) = 56,000 cm®

b) 56,000 cm® = 56,000 ml

c) ¢) 56000 ml = [M) | =56 I
1000

V= 7rh = (314)(4.0°(125) 113 102 = 100 timeslarger 114. 1002 = 10,000 times larger
628 cm®

103 = 1000 times larger 116. 103 = 1000 times larger 117. 1,000,000 mm”

1,000,000,000 cm? 119. 100 hm? 120. 0.0001 m?

0.000,000,000,1 hm? 122. 10,000 mm? 123. 1,000,000 cm®

1 hm® = 0.001 km® 125. 435cm®=435ml 126. 435cm®=0.435 |

76kl =76 m* 128. 4.2 | = 4,200 cm® 129. (6.0 x 10%)(10) = 600,000 dl

(600,000)(100) = 131. AWV 132. AWV

60,000,000 ml = 60,000,000 cc

6.7kl = 6.7 m3 = (6.7 x 103) dm3 = 6,700 dm3

2
a) lsgmi=(1 mi2)(5280)2% = 27,878,400 ft2
|

i02
27,878,400 f2 x (12)2% = 4,014,489,600 in?

b) Itiseasier to convert in the metric system
because it is abase 10 system.

Answerswill vary.

a) 5150.7 liters/ day
b) 493.2liters/ day

Exercise Set 8.3

1. kilogram
5. approx. 35°C AWV

2. 5gm
6. approx. —15°C AWV

134. 1.4 ha= 14,000 m2 = (14000 x 1002) cm? =
140,000,000 cm?

136.a) (1yd®) =(36in)°= 46,656 in’
(46,656 in%)(6) = 279,936 in®
b) Itiseasier to convert in the metric system
because it is abase 10 system.

138.a) 1.5m=150cm
150 -50 =100 cm.

b) 150/50=3 3timeslarger
c) No.
3. 2lb 4, metric tonne

7. Answerswill vary AWV

8. 8.a) Yes, massisameasure of the amount of matter in an object.

b) No; weight isameasure of gravitational force.

9. kilograms or grams 10. kilograms
13. grams 14. metric tonnes
17. grams 18. grams

21. b 14kg 22. ¢ 0.45kg
25. AWV 26. AWV

29 ¢ 0°C 30. ¢ 90°C

11. grams 12. kilograms or grams
15. metric tonnes 16. milligrams

19. b 226kg 20. a 9.1 mg

23. b 2800kg 24. ¢ 16t

27. AWV 28. AWV

3. b 27°C 32. b Dresswarmly

and walk.



33.
37.

39.

41.

43.

45,

47.

49,

51.

53.

55.

57.

59.

61.

63.

65.

67.

34. ¢ bathing suit
38. ¢ 40°C

b 5°C
b -7°C

= %(30)+32=54+32=86°F

:_g (92-32) = 2(60) =333°C

C= 2(180—32) = 8(148) =822°C

= 2(37) +32=66.6+32=98.6°F
C= 2(13_32) = g(—lg) =-106°C

= 2(45)+32=81+32=113°F

= g(—zo—sz) = g(—sz) =-289°C

F= %(22) +32=39.6+32=716°F

= %(35.1) +32=632+32=95.2°F

low: F= %(17.8) +32=32+32=64.04°F
high: F = %(23.5) +32=423+32=743°F
Range = 74.30 — 64.04 = 10.26° F

cost = (6.2)(.70) =$4.34

total mass=459g+29g+ 370 ml =
459+29g+370g=444¢

a V=Ilwh, I=16mw=12m,h=12m
V = (16)(12)(12) = 2304 m3

b) 2304 m3= 2304 kI

c) 2304 kl = 2304 t

1t
42kg= (42K =0.0042t
9=(“2kg) (1000 kg]
17.4t= (17.41) (1000 kgj = 17,400 kg =

17,400,000 g

SECTION 8.3

35. ¢ 177°C 36. ¢ 1260°C

40. F= %(—5)+32=—9+32=23°F

4 C= g (-10-32) = g(_42) =-233°C

44. C= 2(98—32) = 2(66): 36.7°C

46. F = g(_4)+32= _72+32=248F

48. C= 2(75—32) = 2(43): 23.9°C

50. F= %(60)+32= 108+ 32=140°F

52. C= 8(425—32) = 2(393) =2183°C

54. F= %(15.6) +32=281+32=60.1°F

56. F= %(32.3) +32=581+32=90.1°F

58. low: F= %(22) +32=39.6+32=716°F

high: F = %(34) +32=612+32=93.2°F

Range=93.2-71.6=216°F
60. cost = (1.3)(.80) = $ 1.04

62. fuel used = (4320)(17) = 73,440 kg
1t

73,440 kgL =73.441t
1000 kg

64.8) V=7r2h r=50cm=0.50m
h=150cm=1.5m
V = (3.14)(0.50)2(1.50) = 1.1775 m3

b) 1.1775m3 = 1.1775Kl = 1177.5 |
¢) 117751 =1177.5kg

66. 9.52t = (9.521) (1020 kg

j = 9520 kg

68. 1,460,000 mg = 1.46 kg = (1.46 kg)(

0.00146 t

1t ).
1000 kg

283
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69. Yes, 78°F = 2(78 —-32) =25.6°C, not20°C

71. 1.21=1200ml & 1200gm  b) 1200 cm®

73.8) V=Iwh I=1yd=3ft w=15in=125ft
h=15ft
V = (3)(1.25)(1.5) = 5.625 cubic feet

b) (5.625 ft) (62.5 'bs] =35161b

e

1gd
c) (3B1L61b)| —— | =424 ¢gd
) ( )(8.3ij 9

70. Normal body temperature is 98.6° F or 37° C.
Maria's temperature is 38.2° C which is above
normal. She should take an aspirin.

72. —40°C= %(—40)+32:—72+32:—40°F

74. 3kg X

(3)(2) = 6 = 4x
Xx=6/4=32=15 15kg
1.5kg=1500g

75.8) -62.11°C  F= g(—62.11) +32=-111.798 + 32 = -79.798° F

b) 25°C F= 2(2.5) +32=45+32=365°F

c) 918,000,000° F C= 2(918, 000,000-32) = 8(917, 999, 968) = 509,999,982.2 ~ 510,000,000° C



CHAPTER THIRTEEN

STATISTICS

Exercise Set 13.1

1.

N

o0k w

~

10.

11.

12.

13.

14.

15.
17.
19.
21,
23.

25,
26.

217.
28.

Statisticsisthe art and science of gathering, analyzing, and making inferences (predictions) from

numerical information obtained in an experiment.

Descriptive statistics is concerned with the collection, organization, and analysis of data.

Inferential statisticsis concerned with making generalizations or predictions from the data collected.

Answerswill vary.

Answerswill vary.

Insurance companies, sports, airlines, stock market, medical profession

Probability is used to compute the chance of occurrence of a particular event when all possible outcomes are known.
Statisticsis used to draw conclusions about possible outcomes through observations of only a few particular events.
a) A population consists of al items or people of interest.

b) A sampleisasubset of the population.

a) A systematic sampleisasample obtained by selecting every n" item on alist or production line.

b) Use arandom number table to select the first item, then select every n" item after that.

a) A random sampleisasample drawn in such away that each item in the population has an equal chance

of being selected.

b) Number each item in the population. Write each number on a piece of paper and put each numbered piece of paper
inahat. Select pieces of paper from the hat and use the numbered items selected as your sample.

a) A cluster sampleisarandom selection of groups of units.

b) Divide ageographic areainto sections. Randomly select sections or clusters. Either each member of the selected
cluster isincluded in the sample or a random sample of the members of each selected cluster is used.

a) A stratified sampleisone that includes items from each part (or strata) of the population.

b) First identify the stratayou are interested in. Then select a random sample from each strata.

a) A convenience sample uses datathat is easily or readily obtained.

b) For example, select the first 20 students entering a classroom.

a) Anunbiased sampleisonethat isasmall replica of the entire population with regard to income,

education, gender, race, religion, political affiliation, age, etc.

a) No, the method used to obtain the sampleisbiased. In classes where students are seated al phabetically, brothers
and sisters could be selected from different classes.

b) The mean will be greater. Families with many children are more likely to be selected.

Stratified sample 16. Systematic sample
Cluster sample 18. Random sample
Systematic sample 20. Stratified sample
Convenience sample 22. Cluster sasmple
Random sample 24, Convenience sample

a) —c¢) Answerswill vary.
Biased because the subscribers of Consumer Reports are not necessarily representative of the entire
population.
President; four out of 42 U.S. presidents have been assassinated (Lincoln, Garfield, McKinley, Kennedy).
Answerswill vary.

407
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Exercise Set 13.2

1
2.

© © N o

10.

11.

12.
13.
14.
15.
16.

17.

Answerswill vary.

Y es, the sum of its partsis 142%. The sum of the parts of a circle graph should be 100%. When the total percent of
responses is more than 100%, a circle graph is not an appropriate graph to display the data. A bar graph is more
appropriate in this situation.

There may have been more car thefts in Baltimore, Maryland than Reno, Nevada because many more peoplelivein
Baltimore than in Reno. But, Reno may have more car thefts per capita than Baltimore.

Mama Mia s may have more empty spaces and more carsin the parking lot than Shanghi’s due to alarger
parking lot or because more people may walk to Mama Mia s than to Shanghi’s.

Although the cookies are fat free, they still contain calories. Eating many of them may still cause you to
gain weight.

The fact that Morgan'sis the largest department store does not imply it isinexpensive.

More people drive on Saturday evening. Thus, one might expect more accidents.

Most driving is done close to home. Thus, one might expect more accidents close to home.

People with asthma may move to Arizona because of its climate. Therefore, more people

with asthma may live in Arizona.

We don’t know how many of each professor’s students were surveyed. Perhaps more of Professor Malone's
students than Professor Wagner’ s students were surveyed. Also, because more students prefer ateacher does

not mean that he or she is a better teacher. For example, a particular teacher may be an easier grader and that may be
why that teacher is preferred.

Although milk isless expensive at Star Food Markets than at Price Chopper Food Markets, other items may be more
expensive at Star Food Markets.

Just because they are the most expensive does not mean they will last the longest.

There may be deep sections in the pond, so it may not be safe to go wading.

Men may drive more miles than women and men may drive in worse driving conditions (like snow).

Half the students in a population are expected to be below average.

Not all studentswho apply to a college will attend that college.

a)
Percent of National Expenditures Spent
on Hospital Care
45 -
40
| ‘\‘\’_\*\‘_\—“‘
30 4
'§ 25 1
P 20
15 +
10
5
0
85 90 95 '97 98 99 00



17.

18.

18.

19.

SECTION 13.2

b)
Percent of National Expenditures Spent
on Hospital Care
40
39
= 5
B E
e %
33
2
31
85 90 95 '97 98 99 00
Year
U.S Infant Mortdity Rate per 1000 Births
801 .\‘\‘\0—0\.\.
7.0
6.0 -
‘§‘ 50 A
4.0 A
o}
o 301
20 A
104
0.0
1994 1995 1996 1997 1998 1999 2000
Year
b)
U.S Infant Mortality Rate per 1000 Births
80 -
7.9 A
7.8
i
8 75
o 744
O 73+
727
71
707
6.9 °
1994 1995 1996 1997 1998 1999 2000
Year
3 Median Age at First Marriage for Males
w -
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20 .
)
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10+
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0
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19. b)
Median Age at First Marriage for Maes
27 -
26 .
o 51
<
24
23 .
2
1970 1980 1990 2000
Year
20. Q)
Median Age at First Marriage for Females
25
20
g 15
< 10
1970 1980 1990 2000
Year
20. b)
Median Age at First Marriage for Females
25
24
g 3
<2
21
20
1970 1980 1990 2000
Year
21. a)
Percent of Survey Respondents That Purchased Clothing
Accessories Online,
Nov. 2000 - Jan. 2001
Mde |44
Femde 52
00 1.0 20 30 40 50 6.0
Percent

b) Yes. The new graph givesthe impression that the percents are closer together.



22.

SECTION 13.3 411

o) 394000,000-275000,000 _ 119,000,000 b) Redius = £ in. —0.25in.
275,000,000 275,000,000 4
=0.4327 ~ 43.3% increase A=7r? =7(0.25)? = 0.06257 = 0.196349541
~0.196 in?
c) Radius = 3in =0375in. d) 0442-0196 _ 0246 _; o55900041
8 0.196 0.196
A= 712 =7(0.375)? = 0.1406257 = 0.441786467 =~ 125.5% increase
~0.442in?

€) Yes, the percent increase in the size of the area
from the first circle to the second is greater than the
percent increase in population.

23. A decimal point

Exercise Set 13.3
1. A frequency distribution isalisting of observed values and the corresponding frequency of

occurrence of each value.

Subtract alower class limit from the next lower class limit or subtract an upper class limit from the next upper class
limit.

a7 b) 16-22 c) 16 d) 22
a9 b) 21-29 0) 21 d) 29

The modal classisthe class with the greatest frequency.

The class mark is another name for the midpoint of a class. Add the lower and upper class limits
and divide the sum by 2.

a) Number of observations = sum of frequencies= 18
b) Width=16-9=7
16+22 38
C) =—=
2 2
d) Themodal classisthe class with the greatest frequency. Thus, the modal classis 16 - 22.
€) Sincetheclasswidthsare 7, the next classwould be 51 - 57.

19

a) Number of observations = sum of frequencies= 25
b) Width=50-40=10

o 50459 _109
2 2

d) 40 - 49 and 80 - 89 both contain 7 pieces of data. Thus, they are both modal classes.
€) Since the class widths are 10, the next class would be 100 — 109.
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9. Number Number of 10. Number Number of 11. Number of
Sold Days of Visits Families 1.Q. Students
0 3 20 3 78 - 86 2
1 8 21 2 87-95 15
2 3 22 0 96 - 104 18
3 5 23 3 105- 113 7
4 2 24 4 114 - 122 6
5 7 25 2 123-131 1
6 2 26 6 132 - 140 1
7 3 27 2
8 4 28 2
9 1 29 1
10 2 30 1
31 2
32 2
33 1
34 1
12. Number of 13. Number of 14. Number of
1.Q. Students 1.Q. Students 1.Q. Students
80 - 88 4 80-90 8 80-92 11
89-97 17 91-101 22 93- 105 24
98 - 106 15 102 - 112 11 106 - 118
107 - 115 8 113-123 119-131
116 - 124 4 124 - 134 132- 144
125-133 1 135- 145
134 - 142 1
15. Placement Number 16. Placement | Number 17. Placement | Number 18. Placement | Number
test scores | of Students test scores | of Students test scores | of Students test scores | of Students
472 - 492 9 470 - 486 4 472 - 487 4 472 - 496 9
493 - 513 9 487 - 503 9 488 - 503 9 497 - 521 12
514 - 534 5 504 - 520 8 504 - 519 7 522 - 546 4
535- 555 2 521 - 537 2 520 - 535 3 547 - 571 2
556 - 576 3 538 - 554 2 536 - 551 2 572 - 596 3
577 - 597 2 555-571 2 552 - 567 2
572 - 588 2 568 - 583 2
589 - 605 1 584 - 599 1




19.

22,

25,

SECTION 13.3 413

Circulation Number of Circulation Number of 21. Circulation Number of
(thousands) | Newspapers (thousands) Newspapers (thousands) Newspapers
209 - 458 36 205- 414 35 209 - 408 34
459 - 708 8 415 - 624 8 409 - 608 9
709 - 958 3 625 - 834 3 609 - 808 3
959 - 1208 1 835 - 1044 1 809 - 1008 1
1209 - 1458 0 1045 - 1254 1 1009 - 1208 1
1459 - 1708 0 1255 - 1464 0 1209 - 1408 0
1709 - 1958 1 1465 - 1674 0 1409 - 1608 0
1959 - 2208 1 1675 - 1884 1 1609 - 1808 1
1885 - 2094 0 1809 - 2008 0
2095 - 2304 1 2009 - 2208 1
Circulation Number of Population Number of 24. Population Number of
(thousands) | Newspapers (millions) Counties (millions) Counties
209 - 358 30 14-21 15 10-27 19
359 - 508 9 22-29 6 28-45 4
509 - 658 4 3.0-37 2 46-6.3 1
659 - 808 3 38-45 0 6.4-8.1 0
809 - 958 1 46-53 0 82-99 1
959 - 1108 0 54-6.1 1
1109 - 1258 1 6.2-6.9 0
1259 - 1408 0 70-7.7 0
1409 - 1558 0 7.8-85 0
1559 - 1708 0 86-9.3 0
1709 - 1858 1 9.4-10.1 1
1859 - 2008 0
2009 - 2158 1
Population | Number of 26. Population | Number of 27. Price Number of
(millions) Counties (millions) Counties (% States
1.0-25 19 14-29 21 0.35-0.44 6
26-4.1 4 3.0-45 2 0.45-0.54 10
42-57 1 46-6.1 1 0.55-0.64 11
58-73 0 6.2-7.7 0 0.65-0.74 3
7.4-89 0 7.8-93 0 0.75-0.84 2
9.0-10.5 1 9.4-10.9 1 0.85-0.94 4
0.95-1.04 1
105-1.14 2
115-1.24 2
125-1.34 1
135-1.44 0
145-154 1
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28. Price
(6]

Number of
States

0.35-0.45
0.46 - 0.56
0.57-0.67
0.68-0.78
0.79-0.89
0.90- 1.00
101-111
112-1.22
1.23-1.33
1.34-1.44
1.45-155

=
w

P O N P N N 01 N 00

29. Price Number of 30.
©) States
0.35-0.54 16
0.55-0.74 14
0.75-0.94 6
0.95-1.14 3
1.15-1.34 3
1.35-154 1

31. February, sinceit has the fewest number of days
32. a) Did You Know?, page 762: Thereare6 F's.
b) Answerswill vary.

Exercise Set 13.4

1. Answerswill vary.

3. Answerswill vary.
5. a)Answerswill vary.

b)

Children in Selected Families

2. @) Observed values

b) Frequency

4.  Answerswill vary.

Number of Families
O P N W » U1 O N 0

0 1

6. a) Answerswill vary.

b)

Number of People
N
L

2 3 4 5 6 7

Number of Children

Number of Sck Days Taken Last Year

[

2 3 4 5
Sick Days Taken

Price Number of

) States
0.35-0.48 12
0.49 - 0.62 12
0.63-0.76 6
0.77 - 0.90 6
091-1.04 1
1.05-1.18 3
1.19-1.32 2
1.33-1.46 1




SECTION 13.4

7. @ Answerswill vary. 8.
Observed Values | Frequency

b) Observed Values Frequency 16 1
45 3 17 2
46 0 18 1
47 1 19 1
48 0 20 0
49 1 21 1
50 1 22 2
51 2 23 1
24 1
25 2

9. Occasionally: 0.59(500) = 295 10. Retail: 0.518(700) = 362.6 ~ 363

Most Times: 0.25(500) =125
Every Time: 0.07(500) =35
Never: 0.09(500) = 45

11. Travelocity: 15 =0.35=35% Priceline: 8 =017=17%
500 500
125 115

Expedias — =0.25=25% Other: — =0.23=23%
500 500

Using Online Travel Websites

12. 2 bedrooms: 182 _ 0.303 = 30.3% 4 bedrooms: 100 _ 0.16 =16.7%
600 600

3 bedrooms: % =0.383 = 38.3% 5 or more bedrooms: % =0.146 = 14.7%

Permits for New Houses, Number of Bedrooms

Sor nore
bedrooms
147

Services: 0.259(700)=181.3=181
Other: 0.223(700) =156.1=156

415
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13. aandhb)
Height of M ale High Schoal Seniors
10 -
g 3 -
s 7 P N,
‘S g /‘/
)
£ 3 AN
z 1
0+ > I
& 6 6 67 6 7 T
Height (inches)
14. a) andb)
Age of People Attending a Jazz Concert
o 10
P SN Az
5 8 = /\ \//\
3 2
- 3
zZ 1
0 ! |
7 18 19 20 22 2 23 24
Age
15. a) andb)
DVDs Owned
o B /-/
5 g /| AN
3 —
=
95 175 255 35 415 495 575
Number of DVDs
16. a) andb)
Annual Salaries of M anagement at the X-Chek Corp.
9
%g Ry N
6
5 5 A .
=
S5 2
z1
0 / \. |
P5 3B5 M5 505 565 625 685

Salaries (in $1000)
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17. @) Thetota number of people surveyed: €)  Number of Soft Drinks Purchased | Number of People
2+7+8+5+4+3+1=30 0 2

18)

19.

b) Four people purchased four soft drinks. 1 7
¢) Themodal classis 2 because more people 2 8
purchased 2 soft drinks than any other number of soft drinks. 3 5
d) Two people bought 0 soft drinks 0 4 4
Seven people bought 1 soft drink 7 5 3
Eight people bought 2 soft drinks 16 6 1
Five people bought 3 soft drinks 15
Four people bought 4 soft drinks 16
Three people bought 5 soft drinks 15
One person bought 6 soft drinks 6

a)

0)

Total number of soft drinks purchased: 75

Thetotal number of studentssurveyed: 2+4+6+8+7+3+1=31

b) Sincethere are 51 units between class midpoints, each class width must also be 51 units.
650 is the midpoint of the first class and there must be 25 units below it and 25 units aboveit.
Therefore, the first classis 625 - 675. The second classwill be 676 - 726.

Six

d) The class mark of the modal classis $803 because more students had an annual car insurance premium of
$778 - $828 than any other annual car insurance premium.

e

a)

Price

Number of Students

625 - 675
676 - 726
727 -777
778 - 828
829 - 879
880 - 930
931 -981
982 - 1032

7 cdls

2

P O W~NOWO M

b) Adding the number of callsresponded toin 6, 5, 4, or 3 minutes gives: 4+ 7+ 3+ 2 =16 calls
¢) Thetotal number of callssurveyed: 2+3+7+4+3+8+6+3=36

d) Response Time (min.)

3

© oo ~NO 01~

10

417

Number of Calls €)
2 Response Time for Selected Emergency Calls in Phoenix
3
8
7 [%) 71
T 6+
4 25
4
3 Z s
)
8 Z ]
0
6 3 4 5 6 7 8 9 10
3 Response Time (minutes)
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20. a) 8families
b) At least six times means six or more times. Adding the families that went 6, 7, 8, 9, or 10 times
gives11+9+ 3+ 0+ 1=24families
¢) Tota number of familiessurveyed: 4+2+8+8+6+11+9+ 3+ 0+ 1 =52 families

d) Number of Visits Number of Families €)
1 4
2 2 Number of Visits Selected Families Have M ade to the
San Diego Zoo
3 8
4 8 8197
5 6 i 2
6 11 1t
7 9 s |
8 3 1 2 3 4 5 6 7 8 9
9 0 Number of Visits
10 1
21.
6
5+ /\ 2
34T /
A\
g / /
v/ \
o |
12 19 26 3 40 47
Class
22.
7 . -
6,,
5+ AN
g4t
% 3+ ™~ \/
w
ot
14
0
445 545 64.5 745 845 A5
Class
23. 1|5 represents 15 24, 1|2 represents 12
10 5 7 03 8 2 5
214 4 12 8 2 5 9 3 7 6
36 0 3 25 1 7 2 3
48 5 2 5 8 33 4
53 4 41
60 2 O
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25. a) Sdaries(in $1000) | Number of Companies b) and ¢)
27 1
28 7 Starting Salaries for 25 Different Social Workers
29 4
30 3 31 \
31 2 g6
32 3 257 N
33 3 851 . . .
34 2 s 2t g~ S
ol N

2r 28 29 30 31 R 33 34
Salaries, in $1000

d) 2|3 represents 23
2|7 88888889999
3]0001122233344
26. a) Age Number of People b) and )

20-24 9
25-29 6 Age of 40 People Attending a Broadway Show
30-34 10
35-39
40- 44
45 - 49

VANV Ny

H 01O

Number of People
orNwAUTO~N0OS

-
/

d) 2|3 represents23

A~ O
g1 o
g o
(2N
~
o
©

w
O O O
o O -
o O -
N RN
PP W
g1 N W
g1 W Ww
o~ b
~N B~ DA

27. a  Advertising Spending Number of b) and )
(millions of dollars) Companies

597 - 905 19

906 - 1214 14
1215 - 1523
1524 - 1832
1833 - 2141
2142 - 2450
2451 - 2759
2760 - 3068
3069 - 3377

Advertising Spending

Number of Companies
onrooBREEES

I~

R e s SN

/T

751 1060 1369 1678 1987 2296 2605 2914 3223

Spending (millions of dollars)

P OFP WDN W
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28. a) Age Number of Ambassadors b) and ¢)
40 - 44 9
45 - 49 6 Ages of U.S. Ambassadors
50-54 10 10
55 - 59 6 22 A
60- 64 5 g 6 /\ AN I NN
65 - 69 4 5 2
3 3
E 1
z 0

Ages

29. @) - e) Answerswill vary.
30. a) - €) Answerswill vary.

Exercise Set 13. 5
1. Ranked data are data listed from the lowest value to the highest value or from the highest value
to the lowest value.
2. The mean isthe balancing point of a set of data. It isthe sum of the data divided by the number
of pieces of data.
3. Themedian isthe value in the middie of a set of ranked data. To find the median, rank the data
and select the value in the middle.
4. The midrangeisthe value half way between the lowest and highest values. To find the midrange,
add the lowest and highest values and divide the sum by 2.
5. The mode isthe most common piece of data. The piece of data that occurs most frequently is the mode.

6. The mode may be used when you are primarily interested in the most popular value, or the one that occurs most often,
for example, when buying clothing for a store.

7. The median should be used when there are some values that differ greatly from the rest of the values in the set, for
example, saaries.
8. The midrange should be used when the item being studied is constantly fluctuating, for example, daily temperature.
9. Themean is used when each piece of dataisto be considered and "weighed" equally, for example,
weights of adult males.

10. 8 X
b) u
mean median mode midrange
11. P 1 10 10 5+23_ 14
9 2
12, 50 _ g5 1+15_ 45 15 9+370 1895
10 2 2
13. 485 603 72 none 42+0 _ s
7 2
14, B g3 8 8 5+12 g5
7 2
15. g=8 ﬂ=8 none 1+15 =8
8 2 2
16. 5710 ~72.9 60 none 30 +2140 -85



17.

18.

19.

20.

21.

22,

23.

24,
25,

26.

b)
0

d)

mean median
18 131 11

9
92 _ 6.6 4+4 —a
14 2
% ~11.9 12+13 =125
8
D _10 AT
6
®_65 S5 _g
10 2
$489 _ g67 $59

7
3 40 5

7
37 53 5

>
Only the mean
B4z 5

>

The mean and the midrange

mode

land 4

13

5and 15

3and5

none

SECTION 13.5

midrange

1+ 36 _185

1421
2
6+17

11

=115

5+15
2

2+19

10

=105

$25+$140 _ $8250

1+11
2

1+ll:6
2

6

1+10
2

55

Answerswill vary. The National Center for Health uses the median for averagesin this exercise.

421

A 79 mean average on 10 quizzes gives atotal of 790 points. An 80 mean average on 10 quizzes requires atotal of

800 points. Thus, Jim missed a B by 10 points not 1 point.

a) Mean:

$361,000
10

= $36,100

b) Median

. $27,000+ $28,000

=$27,500

c) Mode: $26,000 $24,000+ $81,000

d) Midrange: > =$52,500
€) The median, sinceit islower f) The mean, sinceit is higher
. @) Mean: %z&S million b) Median: M=8.0 million
©) Mode: none d) Midrange: 46+197 =~12.2 million
.@Mmm%wm:mEMJ mmmm§g@;§@=mmo
¢) Mode: $850 d) Midrange: $850-+ $1900 _ 41375
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29.

30.

32.
33.

35.

36.

37.

38.

39.

b) Median: $2.3 billi
a)Mean:%z%.lbillion ) Median: $2.3 billion
Mode: $2.3 billion and $1.5 bill
¢) Mode: $2.3 billion and $1.5 billion d) Midrange: %=$14billion

€) Answerswill vary.

Let x =the sum of his scores 31. Let x=thesum of his scores
X_76 X_g5

5 6

x=76(5) =380 x=85(6) =510

Oneexampleis 1, 1, 2,5, 6. Mode =1, Median = 2, Mean :1—5: 3
One exampleis 72, 73, 74, 76, 77, 78.

Mean: 4%0:75,Median: 4476 _ 75 Midrange: 278~

75

One example is 80, 82, 84, 88, 94, 100.
Mean: % =
6
a) Yes
b) Cannot be found since we do not know the middle two numbersin the ranked list
¢) Cannot be found without knowing all of the numbers
d) Yes

=275

24,000 50+ 500
€) Mean: 120

= 200 ; Midrange:

A total of 80x5=400 points are needed for a grade of B. Jorge earned 73 + 69 + 85 + 80 = 307
points on hisfirst four exams. Thus, he needs 400 - 307 = 93 or higher to get aB.

a) For amean average of 60 on 7 exams, she must have atotal of 60x7 = 420 points. Sheryl presently has

49 + 72 + 80 + 60 + 57 + 69 = 387 points. Thus, to pass the course, her last exam must be 420 - 387 = 33 or greater.
b) A Caveragerequiresatotal of 70x7 =490 points. Sheryl has 387. Therefore, she would need

490 - 387 = 103 on her last exam. If the maximum score she can receive is 100, she cannot obtain a C.

¢) For amean average of 60 on 6 exams, she must have atotal of 60x6 = 360 points. If the lowest score on an exam
she has already taken is dropped, she will have atotal of 72 + 80 + 60 + 57 + 69 = 338 points. Thus, to passthe
course, her last exam must be 360 - 338 = 22 or greater.

d) For amean average of 70 on 6 exams, she must have atotal of 70x 6= 420 points. If the lowest score on an exam
she has already taken is dropped, she will have atotal of 338 points. Thus, to obtain a C, her last exam must be

420 - 338 = 82 or greater.

The mode is the only measure which must be an actual piece of data sinceit isthe most frequently occurring piece of
data.

Oneexampleisl, 2, 3, 3,4,5changed to 1, 2, 3, 4, 4, 5.
First set of data: Mean: %=3, Median: SLZS=3, Mode: 3

Second set of data: Mean: %:3.16, Median: 3L24:3.5, Mode: 4



40.

41.

42,

43.

45,
46.

47.

48.

49,
50.

51.

52.

SECTION 13.5

The mean changes from g =15to % =1.6. The mode changes from no mode to a mode of 1.

The midrange changes from g =15to g =2.

No, by changing only one piece of the six pieces of data you cannot alter both the median and the midrange.

Let x =sum of the values

X _g520

12

x = 85.20(12) = $1022.40
$1022.40— $47 + $74 = $1049.40

1049.40
12

= $87.45 is the correct mean

The data must be arranged in either ascending or descending order.

She scored above approximately 73% of all the students who took the test.
Heistaller than approximately 35% of all kindergarten children.

About 25% of the workers earn $20,750 or less.

a) Q, =Median =$430
b) $290, $300, $300, $330, $350, $350, $350, $350, $350, $400

Q, = Median of the detalisted below :m:&%o

C) $450, $450, $500, $600, $650, $650, $700, $700, $750, $800

Q, = Median of the datalisted above = m — $650

27+28

a) Q, =Median= =275¢

b) 17¢, 17¢, 20¢, 21¢, 24¢, 25¢, 27¢, 27¢, 27¢, 27¢

24+ 25

Q, = Median of the datalisted below = =245¢

C) 28¢, 28¢, 28¢, 28¢, 31¢, 33¢, 38¢, 74¢, 80¢, 81¢

31+33
2

Q, = Median of the data listed above = =32¢

Second quartile, median

a) No, the percentile only indicated relative position of the score and not the value of it.

b) Y es, ahigher percentile indicates a higher relative position in the respective population.
Thus, Kendrawas in a better relative position.

a) $490 b) $500 c) 25% d) 25% e 17% f) 100 x $510 = $51,000
g 0_g B_g5 105 D_j5 36_g
7 4 5 5 6

b 92°_185 o 28 _ 19926 d) No
5 27

423



424 CHAPTER 13 Statistics

53. @ Ruth: = 0.290, 0.359, 0.301, 0.272, 0.315

55.

56.

57.
58.

Mantle: = 0.300, 0.365, 0.304, 0.275, 0.321
b) Mantle'sisgreater in every case.
¢) Ruth: 5% = 0.316; Mantle: 160 =~ 0.311; Ruth'sis greater.
1878 2440
d) Answerswill vary.

e) Ruth: %x 0.307: Mantle: 1.565

=0.313; Mantle'sis greater.

f) and g) Answerswill vary.

707,000

a)

b) $21,000

c) $17,000

17,000+100,000
2

€) The median because there are pieces of data that are much greater and much smaller than
the rest of the data.

=$28,280

d) = $58,500

xw = 84(0.40) + 94(0.60) = 33.6+56.4 = 90

>w=0.40+0.60=1.00
. >xw - 90
weighted average=——=——=
. « w 1.00

Ixw=23.0(4)+4.0(3)+2.0(3)+4.0(3) =12+12+6+12=42
Zw=4+34+3+3=13

weighted average = Zxw = 42 =3.230769231~ 3.23
w13

a) —¢) Answerswill vary.
a) Answerswill vary. Oneexampleis2, 3,5,7,7.
b) Answerswill vary. The answers for the example given in part @) above are as follows:

Mean: %= 4.8, Median=5, Mode =7

Exercise Set 13.6

© N o g M W NP

To find the range, subtract the lowest value in the set of data from the highest value.

The standard deviation measures the spread of the data about the mean.

Answerswill vary.

Zero since the mean is the same value as all of the data values. The spread about the mean is 0.
It may be important to determine the consistency of the data.

c

Where one expects to find alarge variability such as test scores
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9. In manufacturing or anywhere else where a minimum variability is desired
10. Thefirst set of datawill have the greater standard deviation because the scores have a greater
spread about the mean.
11. They would be the same since the spread of data about each mean is the same.
12. The sum of the values in the (Data— Mean)? column will always be greater than or equal to 0.
13. @ Thegradeswill be centered about the same number since the mean, 75.2, is the same for both classes.

b) The spread of the data about the mean is greater for the evening class since the standard deviation is greater
for the evening class.

14. Answerswill vary.

15. Range=13-2=11 16. Range=16-8=8
X = § =7 X = @ =11
5 6
X x-X  (x=%)? X X—X (x—%)?
7 0 0 10 -1 1
5 -2 4 10 -1 1
2 -5 25 14 3 9
8 1 1 16 5 25
13 6 36 8 -3 9
0 66 8 -3 9
0 54
%216.5,52 v16.5 = 4.06 5—54210.8,52\/10.8 ~3.29
17. Range=126-120=6 18. Range=12-0=12
x= 0103 %=1 _7
7 10
X X—X (x—x)? X X—X (x—x)?
120 -3 9 3 -4 16
121 -2 4 7 0 0
122 -1 1 8 1 1
123 0 0 12 5 25
124 1 1 0 -7 49
125 2 4 9 2 4
126 3 9 11 4 16
0 28 12 5 25
6 -1 1
2 -5 25
0 162

% ~4.67,5=+/4.67 = 2.16 % =18, s=+/18~4.24
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19. Range=15-4=11
60

X=—=10
6
X X—X (x—%)?
4 -6 36
8 2 4
9 -1 1
11 1 1
13 3 9
15 5 25
0 76
76
r 15.2, s=+/15.2~3.90

21. Range=12-7=5

x=3_9
7
X X—X (x—x)?
7 -2 4
9 0 0
7 -2 4
9 0 0
9 0 0
10 1 1
12 3 9
0 18
18

E=3,s=\/§:1.73

23. Range=50-18=$32

% =30 _ 536
10

X x-X  (x=x)?
28 -8 64
28 -8 64
50 14 196
45 9 81
30 -6 36
45 9 81
48 12 144
18 -18 324
45 9 81
23 -13 169

0 1240
1240

. ~137.78,s=+/137.78 = $11.74

20.

Range=9-9=0

Since all pieces of dataareidentical,

the standard deviation is 0.

22. Range=64-40=24

24.

T
8

X X—X (x—x)?
52 -1 1
50 -3 9
54 1 1
59 6 36
40 -13 169
43 -10 100
64 11 121
62 9 8l
0 518

5718:74,3:\/ﬁz8.60

Range=28-1=27

X = % =12
7

X X-X  (x=%)?
10 -2 4
23 11 121
28 16 256

4 -8 64

1 -11 121

6 -6 36
12 0 0

0 602

602

e 100.33, s=+/100.33 =10.02
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25. Range =200 - 50 =$150 26. Range =300 - 35 = $265
2=2% _s110 =29 _s140
10 7
X x-X  (x=%)? X X-X (x—%)?
50 -60 3600 60 -80 6400
120 10 100 100 -40 1600
130 20 400 85 -55 3025
60 -50 2500 35 -105 11,025
55 -55 3025 250 110 12,100
75 -35 1225 150 10 100
200 20 8100 300 160 25,600
110 0 0 0 59,850
125 15 225
175 65 4225
0 23,400
23,400 59,850

= 2600, s=+/2600 = $50.99

=9975, s=+/9975 =~ $99.87

27. a) Range=68-5=$63
204

x =29 _ g3
6
X X—X (x—%)?
32 -2 4
60 26 676
14 -20 400
25 -9 81
5 -29 841
68 34 1156
0 3158

% =631.6,5=+/631.6 =~ $25.13
b) New data: 42, 70, 24, 35, 15, 78
The range and standard deviation will be the same. If each piece of dataisincreased by the same

number, the range and standard deviation will remain the same.
c) Range=78-15=%$63

x =22
6
X X—X (x—%)?
42 -2 4
70 26 676
24 -20 400
35 -9 81
15 -29 841
78 34 1156
0 3158
3158

< =631.6,5=+/631.6 =~ $25.13

The answers remain the same.
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28. a) - ¢) Answerswill vary.

29,

30.

31.

32.

d) If each piece of dataisincreased, or decreased, by n, the mean is increased, or decreased, by n.
The standard deviation remains the same.

€) The mean of thefirst set of numbersis $= 9. The mean of the second set is @ =599.

Standard deviation of first set Standard deviation of second set
x o x=% o (x=x)° X ox=x o (x=%p
6 -3 9 596 -3 9
7 -2 4 597 -2 4
8 -1 1 598 -1 1
9 0 0 599 0 0
10 1 1 600 1 1
11 2 4 601 2 4
12 3 9 602 3 9
0 28 0 28
28 28
€=4.67,s=\/4.67 =2.16 €=4.67,s=\/4.67 =216
a) - ¢) Answerswill vary.

d) If each number in adistribution is multiplied by n, both the mean and standard deviation of the new distribution
will be n times that of the original distribution.

€) The mean of the second setis 4x5= 20, and the standard deviation of the second set is 2x5=10.
a) Same b) More

a) The standard deviation increases. Thereis agreater spread from the mean as they get older.
b) =1331b

) @ =21.25=211lb

d) The mean weight is about 100 pounds and the normal range is about 60 to 140 pounds.
€) Themean height is about 62 inches and the normal range is about 53 to 68 inches.

f) 100% - 95% = 5%

a) and b) Answers will vary.

C) Baseball: %=$17.20 million

NFL: %=$12.16 million



32.  d) Basebal Mean = $17.2 million
NFL Mean = $12.2 million

Baseball
X Xx-X  (x=%)?
22 4.8 23.04
20 2.8 7.84
18.7 15 2.25
17.2 0 0
16 -1.2 144
15.7 -1.5 2.25
15.7 -1.5 2.25
15.6 -1.6 2.56
15.6 -1.6 2.56
155 -1.7 2.89
47.08
%08 ~5.23, 5=1/5.23 =~ $2.29 million
33. @ East
Number of oil changes| Number of
made days
15-20 2
21-26 2
27-32 5
33-38 4
39-44 7
45-50 1
51-56 1
57-62 2
63-68 1

b)

Number of Days
oOrNWAUON
. L

Number of Oil Changes M ade Daily at East Sore

355

415 475 535

Number Made

595

SECTION 13.6

NFL
X X=X (x—%)?
154 32 10.24
13.3 11 121
13.0 0.8 0.64
12.0 -0.2 0.04
11.7 -0.5 0.25
11.7 -0.5 0.25
114 -0.8 0.64
11.3 -0.9 0.81
11.3 -0.9 0.81
10.5 -1.7 2.89
17.78
@ ~1.98, s=+/1.98 = $1.41 million
West
Number of oil changes| Number of
made days
15-20 0
21-26 0
27-32 6
33-38 9
39-44 4
45-50 6
51-56 0
57-62 0
63-68 0
Number of Oil Changes M ade Daily at West Store
9
" 8
2 7
a6
)
3 4
£ 3
22
1
0

17.5

235

295

355 415 475

Number Made

¢) They appear to have about the same mean since they are both centered around 38.

d) Thedistribution for East is more spread out. Therefore, East has a greater standard deviation.

950

950

€) East: — =38, West: — =38
25 25

535

59.5

65.5

429
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33. 1) East West
X x-X  (x=x)? X x-X  (x=%x)
33 -5 25 38 0 0
30 -8 64 38 0 0
25 -13 169 37 1 1
27 11 121 36 2 4
40 2 4 30 -8 64
44 6 36 45 7 49
49 11 121 28 -10 100
52 14 196 47 9 81
42 4 16 30 -8 64
59 21 411 46 8 64
19 -19 361 38 0 0
22 -16 256 39 1 1
57 19 361 40 2 4
67 29 841 34 -4 16
15 -23 529 31 7 49
41 3 9 45 7 49
43 5 25 29 -9 81
27 11 121 38 0 0
42 4 16 38 0 0
43 5 25 39 1 1
37 1 1 37 -1 1
38 0 0 42 4 16
31 7 49 46 8 64
32 -6 36 31 7 49
35 -3 9 48 1 1x
0 38R 0 858
&32 ~159.67, s=+/159.67 =12.64 % =35.75, $=+/35.75=5.98

34. Answerswill vary.
35. 6,6,6,6,6

Exercise Set 13.7
1. Arectangular distribution isone where al the values have the same frequency.
2. A J-shaped distribution is one where the frequency is either constantly increasing or constantly decreasing.
3. A bimodal distribution is one where two nonadjacent values occur more frequently than any other
valuesin a set of data.
4. A digtribution skewed to theright isonethat has"atail" onitsright.
5. A distribution skewed to theleft is one that has "atail" on itsleft.
6. A normal distribution is a bell-shaped distribution.
7. B
b) C
oA
8. a) Yes, 36
b) B, since curve B is more spread out it has the higher standard deviation.
9. Thedistribution of outcomes from the roll of adie
10. Skewed left - alisting of test scores where most of the students did well and a few did poorly;
Skewed right - number of cans of soda consumed in a day where most people consumed a few
cans and afew people consumed many cans
11. Jshaped right - consumer price index; J shaped left - value of the dollar
12. Thedistribution of heights of an equal number of males and females



13.
14.
15.
16.
17.

18.
19.
20.
21.
22,
23.
24.

25.

26.
27.
29.
31.
33.
35.
37.
39.
41.
43.
45,

47.

49,

50.

51.

52.
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Normal

Rectangular

Skewed right

Bimodal
The mode is the lowest value, the median is greater than the mode, and the mean is greater than
the median. The greatest frequency appears on the left side of the curve. Since the modeis the
value with the greatest frequency, the mode would appear on the left side of the curve (where the
lowest values are). Every valuein the set of datais considered in determining the mean. The
values on the far right of the curve would increase the value of the mean. Thus, the value of the
mean would be farther to the right than the mode. The median would be between the mode

and the mean.

The mode is the highest value. The median islower than the mode. The mean isthe lowest value.
Answerswill vary.

Answerswill vary.

Inanormal distribution the mean, median, and the mode al have the same value.

A z-scor e measures how far, in terms of standard deviation, a given score is from the mean.

A z-score will be negative when the piece of datais less than the mean.

Subtract the mean from the value of the piece of data and divide the difference by the

standard deviation.

0
a) =~68% b) =95%
0.500 28. 0.500
0.477 + 0.341=0.818 30. 0.455-0.364 =0.091
0.500 —0.466 = 0.034 32. 0.500+0.383=0.883
0.500 — 0.463 = 0.037 34. 0.500 + 0.463 = 0.963
0.500 - 0.481 =0.019 36. 0.500 +0.475=0.975
0.500 — 0.447 = 0.053 38. 0.500-0.316=0.184
0.261 = 26.1% 40. 0.294-0.060 = 0.234 = 23.4%
0.410 + 0.488 = 0.898 = 89.8% 42. 0.500-0.471=0.029 = 2.9%
0.500 + 0.471=0.971=97.1% 44. 0.500 - 0.496 = 0.004 = 0.4%
0.500 + 0.475 = 0.975 = 97.5% 46. 0.484-0.264=0.22=22.0%
0.466 — 0.437 = 0.029 = 2.9% 48. 0.484 + 0.500 = 0.984 = 98.4%
a) Jake, Sarah, and Carol scored above the mean because their z-scores are positive.

b) Marie and Kevin scored at the mean because their z-scores are zero.

¢) Omar, Justin, and Kim scored below the mean because their z-scores are negative.
a) Sarah had the highest score because she had the highest z-score.

b) Omar had the lowest score because he had the lowest z-score.

0.500 = 50%
14-18 -4 23-18 5
—2T T 100 53, - —2-125
Ze==7 =7 Za="7—=7
26-18 8
Ze=—p =520 0.500 — 0.394 = 0.106 = 10.6%

0.341+0.477=0.818=81.8%

431
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56.

58.

60.

62.

66.

68.

70.

10.6% of college students work at least 23 hours
per week. (See Exercise 53.)

0.106(500) = 53 students

1750-1600 150
= 2150
Zrso 100 100

0.500 - 0.433=0.067 = 6.7%

1400-1600 —200
= = =-2.00
Zco 100 100

0.500-0.477 = 0.023 = 2.3%

_ 1480-1600 -120
Zeo 100 100
0.385 + 0.500 = 0.885 = 88.5%

=-1.20

L, _70-76_-06_ .
o 0.4 0.4 '

0.500 - 0.433 = 0.067 = 6.7%

The 8-0z cup will overflow when the machine

dispenses more than 8 oz of coffee.
2oy = 8.0-7.6 =%=1.00
' 0.4 0.4

0.500 - 0.341 = 0.159 = 15.9%

197-206 -9
== =" =-_075

Zor 12 12
_215-206_ 9 _ o

5 12 12
0.273 + 0.273 = 0.546 = 54.6%

224-206 18
=& o2 o150
%221 12 12

0.500 - 0.433 = 0.067 = 6.7%

6.7% of females have a cholesterol level greater
than 224. (See Exercise 68.)

0.067(200) =13.4 =~ 13 women

55.

57.

59.

61.

63.

65.

67.

69.

71.

1650-1600 50
=—=——=0.50
ZZI.GSO 100 100

0.500 + 0.192 = 0.692 = 69.2%
Z, =050 and z,,, =1.50
(See Exercises 55 and 56.)

0.433-0.192 =0.241 = 24.1%

_1500-1600 100

- =-1.00
Zs0o 100 100
1625-1600 25
= - 20 025
Ze2s 100 100

0.341=0.099 = 0.44 = 44.0%

_74-76_-02

z,= =——=-0.50
4 0.4 0.4
2 - 77-76_01_
0.4 0.4

0.192 + 0.099 = 0.291 = 29.1%

z,, =0.25 (See Exercise 61.)
0.500 + 0.099 = 0.599 = 59.9%

0.500 = 50.0%

191-206 -15
= TN 125
Gt 12 12

0.500 - 0.394 = 0.106 = 10.6%

10.6% of females have a cholesterol level less
than 191. (See Exercise 67.)

0.106(200) = 21.2 =~ 21 women

_30,750-35,000 —4250

_ = =-1.70
0,750 2500 2500
38,300-35,000 3300
_ 2% kel =132
%5200 2500 2500

0.455 + 0.407 = 0.862 = 86.2%



72.

74.

76.

78.

80.

82.

84.

At least 39,000 miles means 39,000 miles or more.

39,000-35,000 _ 4000
2500 2500
0.500 — 0.445= 0.055 = 5.5%

=1.60

Z39,000 =

5.5% of tires will last at least 39,000 miles.
(See Exercise 72.)

0.055(200,000) = 11,000 tires

_25-37 12
N 1.2 12

, _43-37_06_,.
*3 1.2 12

0.341 + 0.192 = 0.533 = 53.3%

=-1.00

Z,, =2.50 (See Exercise 77.)
0.500 + 0.494 = 0.994 = 99.4%

53.3% of the children are between 2.5 and 4.3
years. (See Exercise 76.)

0.533(120) = 63.96 ~ 64 children

A motor will require repair or replacement if it
breaks down in less than 8 years.

8-102 -22

28 =
18 18

0.500-0.389=0.111=11.1%

=-1.22

73.

75.

77.

79.

81.

83.

SECTION 13.7 433

Thetiresthat last less than 30,750 miles will fail to
live up to the guarantee.

Zy 750 = —1.70 (See Exercise 71.)
0.500 — 0.455 = 0.045 = 4.5%

~31-37 -06
. 12 12
0.192 + 0.500 = 0.692 = 69.2%

=-0.50

_67-37_30
4 12 1.2
0.500 — 0.494 = 0.006 = 0.6%

=250

69.2% of the children are older than 3.1 years.
(See Exercise 75.)

0.692(120) = 83.04 ~ 83 children

Customers will be able to claim arefund if they
loselessthan 5 Ib.

5-6.7 -17
25 - —
081 081
0.500-0.482=0.018 = 1.8%

=-2.10

The standard deviation istoo large.
Thereistoo much variation.

A z-score of 1.8 or higher isrequired for an A. The areafrom the meanto 1.8 is 0.464.

Thus, 0.500 — 0.464 = 0.036 = 3.6% will receive an A.

A z-score between 1.8 and 1.1 isrequired for aB. The areas from the mean to these z-scores are
0.464 and 0.364, respectively. Thus, 0.464 — 0.364 = 0.100 = 10.0% will receive a B.

A z-score between 1.1 and -1.2 isrequired for aC. The areas from the mean to these z-scores are
0.364 and 0.385, respectively. Thus, 0.364 + 0.385 = 0.749 = 74.9% will receiveaC.

A z-score between -1.2 and -1.9 isrequired for aD. The areas from the mean to these z-scores are
0.385 and 0.471, respectively. Thus, 0.471 — 0.385 = 0.086 = 8.6% will receiveaD.

A z-score of -1.9 or lower isrequired for an F. The areafrom the meanto-1.9is0.471.

Thus, 0.500 — 0.471 = 0.029 = 2.9% will receivean F.
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28,408— 23,200 5208

85. a) Katie z = = =24
) 28,408 2170 2170
Stella 2ygp0 = 29,510- 25,600 _ 3910 17
' 2300 2300
b) Katie. Her z-scoreis higher than Stella's z-score. This means her sales are further above the
mean than Stella's sales.
86. @) X= 10 _53.533
30
b) X x-X  (x-%)? X x-X  (x-%)? X X—X
1 -4.33 18.75 4 -1.33 1.77 7 1.67
1 -4.33 18.75 4 -1.33 1.77 8 2.67
1 -4.33 18.75 4 -1.33 1.77 8 2.67
1 -4.33 18.75 5 -0.33 0.11 8 2.67
2 -3.33 11.09 6 0.67 0.45 8 2.67
2 -3.33 11.09 6 0.67 0.45 9 3.67
2 -3.33 11.09 6 0.67 0.45 9 3.67
2 -3.33 11.09 7 1.67 2.79 9 3.67
3 -2.33 543 7 1.67 2.79 10 4.67
3 -2.33 543 7 1.67 2.79 10 4.67
260.70 + 29 = 8.99 s= \/8.99 =~ 3.00
¢) X+11s=533+1.1(3)=8.63 X-11s=5.33-1.1(3) =2.03
X+ 1.55=5.33+1.5(3) =9.83 X-1.15s=5.33- 1.5(3) =0.83
X+2.0s=5.33+2.03)=11.33 X-2.0s=5.33-2.0(3) =-0.67
X+255=5.33+2.5(3) =12.83 X-255=5.33-25(3) =-2.17
d) Between-1l.1sand 1.1sor between scores of 2.03 and 8.63, there are 17 scores.
1 056-56.7%
30
Between -1.5s and 1.5s, or between scores of 0.83 and 9.83, there are 28 scores.
28 0.93~933%
30
Between -2.0s and 2.0s, or between scores of -0.67 and 11.33, there are 30 scores.
@ =1=100%
30
Between -2.5s and 2.5s, or between scores of -2.17 and 12.83, there are 30 scores.
@ =1=100%
30
€)  Minimum % K=11 K=15 K=20 K=25
(For any distribution) 17.4% 55.6% 75% 84%
Normal distribution 72.8% 86.6% 95.4% 99.8%
Given distribution 56.7% 93.3% 100% 100%

f)  The percent between -1.1sand 1.1sistoo low to be considered anormal distribution.




SECTION 13.8

87. Answerswill vary.

88. Using Table 13.7, the answer is 1.96.
89. Using Table 13.7, the answer is-1.18.
90. Answerswill vary.

91 0—277 =0.385

Using the tablein Section 13.7, an area of 0.385 has a z-score of 1.20.
Z_x—i

S
144-12
S

1.20:E
S

1.20

120s 24

120 120
s=2

Exercise Set 13.8
1. Thecorrelation coefficient measures the strength of the relationship between the quantities.
2. The purpose of linear regression isto determine the linear relationship between two variables.

3.1 4. -1 5 0

6. A negative correlation indicates that as one quantity increases, the other quantity decreases.
7. A positive correlation indicates that as one quantity increases, the other quantity increases.
8. Theline of best fit represents the line such that the sum of the vertical distances between the
points and the line is a minimum.
9. Theleve of significanceisused to identify the cutoff between results attributed to chance and
results attributed to an actual relationship between the two variables.
10. A scatter diagram isaplot of data points.

11. No correlation 12. Weak negative
13. Strong positive 14. Strong negative
15. Yes, | 0.76 | >0.684 16. No, | 0.43 | <0.537
17. Yes, | - 0.73 |>0.707 18. No, |-0.49|<0.602
19. No, |-0.23|<0.254 20. No, |-0.49|<0.590

21. No, |0.82]<0.917 22. Yes, |0.96|>0.959
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Note: The answersin the remainder of this section may differ slightly from your answers, depending upon how your answers
are rounded and which calculator you used.

23. a)
y 14,
°
12 4
° L]
10
s °
6 4 .
4 4
24
0 T T T T T 1 X
0 2 4 6 8 10 12
b) x oy x y: oy
4 6 16 36 24
5 9 25 8L 45
6 11 36 121 66
7 11 49 121 77
10 13 100 169 130
32 50 226 528 342
5(342) —32(50) 110
= = ~0.903
|J5(226)-1024,/5(528) ~ 2500  \/106+/140
c) Yes, |0.903|>0.878 d) No, | 0.903| < 0.959
24, a)
14 -
y
12 4 °
°
10 A °
[ ]
8 4 °
6 4
4
2
0 X
0 2 4 6 8 10 12 14 16 18 20
b) S y: oy

6 12 36 144 72
8 11 64 121 88

11 9 121 81 99
14 10 196 100 140
17 8 289 64 136

56 50 706 510 535

5(535) - 56(50) -125

r= = ~-0.891
|/5(706)-3136,/5(510)- 2500  /394+/50

c) Yes, |-0.891|>0.878 d) No, |-0.891| < 0.959



25. a)

26. a)

b)

SECTION 13.8

X

23
35
31
43
49

181

5 10 15 20 25
y x? y> Xy
29 529 841 667
37 1225 1369 1295
26 961 676 806
20 1849 400 860
39 2401 1521 1911
151 6965 4807 5539

5(5539)-181(151)

364

- = ~0.22
\/5(6965)-32,761,/5(4807)- 22,801 /20641234

c) No, | 0.228|<0.878

d) No, | 0.228| < 0.959

90
80
60
60
40
20

350

6(1590) - 350(30)

16
36
25
25
49

160

270
320
360
300
200
140

1590

—-960

=~-0.883

c) Yes, |-0.883|>0.811

/6(23,700)-122,500,/6(160)— 900  /19,700/60

d) No, |-0.883| <0.917
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27. @)

18 -
16 +
14 4
12 °
10 0 ®

8 |

6 -

4 4

2

0 T T T T T T 1 X

0 2 4 6 8 10 12 1
b) x oy X2y Xy

53 103 2809 10609  54.59

47 96 2209 9216 4512

84 125 7056 156.25 105
127 162 16129 26244 20574

49 98 2401 9604  48.02

36 584 30604 71298 45847

_ 5(458.47)—36(58.4) 189.95

= 0.999

| /5(306.04)-1296,/5(712.98)-3410.56  +/234.2+/154.34

c) Yes, |0.999|>0.878 d) Yes, | 0.999] > 0.959

28. a)
60 - °
y
50 -
[ ]
40 -
30 [ °
20 - °
[ ]
10 ~
0 . . . . . . . . , X
0] 10 20 30 40 50 60 70 80 920 100
b) x oy Xy xy
12 15 144 225 180
16 19 256 361 304
13 45 169 2025 585
24 30 576 900 720
100 60 10,000 3600 6000
50 28 2500 784 1400
215 197 13,645 7895 9189
6(9189)- 215(197) 12,779 130

r = = = 0
\/6(13,645)— 46,225,/6(7895)- 38,809  /35,645+/8561

c) No, |0.732|<0.811

d) No, |0.732| < 0.917
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29. a)
8 - °
y 71
6 - °
5
4
3 °
2 °
1 4
0 \ ‘ : X
0 20 40 80 100
b) x oy Xy oy
100 2 10,000 4 200
80 3 6400 9 240
60 5 3600 25 300
60 6 3600 36 360
40 6 1600 36 240
20 8 400 64 160
360 30 25600 174 1500
6(1500)—360(30) ~1800  _ (o8

r= =
\/6(25,600)-129,600,/6(174)-900  ,/24,000+/144

c) Yes, |-0.968| > 0.811

d) Yes, |-0.968| > 0.917

30. @)
100 -
Y o0 °
80 -
70 °
60 | °
50 | °
40 - °
30 4
20 |
10 1 °
O T T T T T T T
0 10 20 30 40 50 70 8 9 100
b) x oy X y? Xy
90 90 8100 8100 8100
70 70 4900 4900 4900
65 65 4225 4225 4225
60 60 3600 3600 3600
50 50 2500 2500 2500
40 40 1600 1600 1600
15 15 225 225 225
390 390 25,150 25,150 25,150

r =

7(25,150)—390(390)

23950 ~1.00

¢) Yes, |1.00|>0.754

J7(25150)-152100,/7(25150)- 152100 /2395023950

d) Yes, |1.00|>0.875
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_5(342)-32(50) _110 _

31. From# 23: =—
5( 226) -1024 106

50- 11932
b =% =34, y=10x+34

_5(535)-56(50) _ 125 _

- = -03
5(706)-3136 394

32. From# 24.

50—ﬁ(56)

b=3—g4 ~136, y=-0.3x+136

_ 5(5539)-181(151) 364

- = 0.2
5(6965)-32,761 2064

33. From#25. m

151- >4 (181)

b=% ~238 y=02x+238

6(1590)-350(30)  —960

= ~-0.05
6(23,700)-122,500 19,700

34. From#26: m=

960
19,700
6

30
b=

(350)
=78, y=-0.05x+7.8

_ 5(458.47)-36(58.4) 189.95

35. From# 27: = =0.
5(306.04)-1296  234.2

58.4— 1029 3¢
b= 224-2 ~58, y=08x+58

6. From#28 me 6(9189)-215(197) _ 12,779 _ 04
6(13,645)— 46,225 35,645
12,779

35,645
6

197 - (215)

b:

= 20.0, y=0.4x+20.0

6(1500)-360(30)  —1800
6(25,600)-129,600 24,000

37. From#29: m=

o 222
b= ,6 z9.5’ y=—0.1X+9.5
7(25,150)—390(390
38, From#30; m=.(22150)-390(3%) 23,950 _,

~ 7(25150)-152,100 23,950
, 390-1(3%0)

=0, =1.0x
7 y
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39. a) X oy x2 y? Xy

8 15 64 225 120
20 28 400 784 560

9 20 8l 400 180
15 25 225 625 375
16 28 256 784 448
2 5 4 25 10
70 121 1030 2843 1693

6(1693) - 70(121) 1688
/6(1030)-4900,/6(2843) 14,641 12802417

960

b) Yes, | 0.960 |>0.811

1688
121220 (70)
6(1693)—70(121
c) m= ( ) ( )=1688z1,3, b:¢z4.8, y=13x+4.8
6(1030) —4900 1280 6
40. a) X y x2 y? Xy

321 13 103,041 169 4173
380 23 144,400 529 8740
350 16 122,500 256 5600
358 14 128,164 196 5012
378 19 142,884 361 7182
391 19 152,881 361 7429
2178 104 793,870 1872 38,136

6(38,136) - 2178(104) 2304
/6(793,870) - 4,743,684,/6(1872)-10,816  19,536/416

808

b) No, | 0.808 |<0.811

2304

104— (2178)
6(38,136) - 2178(104
o) m=S(38.136) (104) _ 2304 .\, " 19,536 ~_ 255 y=01x-255
6(793,870)— 4,743,684 19,536 6

441



442 CHAPTER 13 Statistics

41. @) X y X y Xy
20 40 400 1600 800
40 45 1600 2025 1800
50 70 2500 4900 3500
60 76 3600 5776 4560
80 92 6400 8464 7360
100 95 10,000 9025 9500
350 418 24,500 31,790 27,520

6(27,520)—350(418) B 18,820 ~
/6(24500)-122500,/6(31,790)-174,724 /2450016016

b) Yes, | 0.950| > 0.917

6(27,520)-350(418) 18,820 418~ ;Z’i(z)?) (350)
C) m= : =————=08, b= : =24.9, y=0.8x+24.9
6(24,500)-122,500 24,500 6
42. a) X y x2 y? Xy

765 119 585,225 14,161 91,035
926 127 857,476 16,129 117,602

1145 150 1,311,025 22,500 171,750
842 119 708964 14,161 100,198

1485 153 2,205,225 23,409 227,205
1702 156 2,896,804 24,336 265,512
6865 824 8,564,719 114,696 973,302

6(973,302) — 6865(824) 183052
|/6(8,564,719) - 47,128,225, [6(114,696) — 678,976 +/4,260,089/9200

925

b) Yes, | 0.925 |>0.811

183,052
o m__0(973.302)-6865(824) _ 183082 _ 4,260,089
6(8,564,719)~ 47,128,225 4,260,089 6

(6865)

=882, y=0.04x+88.2

d) y=0.04(1500)+88.2=148.2 ~ 148 mountain lions
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43. a) X oy x2 y Xy
20 8 400 64 160
12 10 144 100 120
18 12 324 144 216

15 9 225 81 135
22 6 484 36 132
10 15 100 225 150
20 7 400 49 140

12 18 144 324 216
129 8 2221 1023 1269

8(1269)-129(85) -813
r= = ~-0.782
\/8(2221)-16,641,/8(1023)- 7225  /1127+/959
b) Yes, | -0.782|>0.707
-813
85— (129)
o) mo81209)-12085) 813 .\ 112777550\ g7y.003
8(2221)-16,641 1127 8
d) y=-0.7(14)+ 22.3=12.5 muggings
44. @) x oy x2 o y? Xy
00 150 0 225 0
01 153 1 234.09 15.3
02 155 4 240.25 31
03 158 9 24964 474
04 161 16 25921 644
05 163 25 26569 815
15 94 55 147388 2396
6(239.6)-15(94) 27.6

998

r = = = 0.
|/6(55)-225,/6(1473.88)-8836  /105+/7.28

b) Yes, | 0.998 |>0.811

27.6
6(239.6)-15(94) 27,6 =105

Cc) m= =03, b=
6(55) - 225 105

=15.0, y=0.3x+15.0

d) y=0.3(8)+15.0=17.4 million students
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45. a) X y x? y? Xy
89 22 7921 484 1958
110 28 12,100 784 3080
125 30 15,625 900 3750
92 26 8464 676 2392
100 22 10,000 484 2200
95 21 9025 441 1995
108 28 11,664 784 3024
97 25 9409 625 2425

816 202 84208 5178 20,824

8(20,824)-816(202) _ 1760

r= = ~0.800
|/8(84,208) - 665,856,/8(5178)- 40,804 /7808620
b) Yes, | 0.800| > 0.707
1760
202--——(816)
o m= 8(20,824)—-816(202) _1m60 o 2 be 1808 " 53 (o123
8(84,208)- 665,856 7808 8
d) y=0.2(115)+2.3=25.3~ 25 units
46. a) X y x2 y? Xy
4 100 16 10,000 400
4 67 16 4489 268
3 80 9 6400 240
2 120 4 14400 240
1 40 1 1600 40
3 9 9 8100 270
4 60 16 3600 240
2 60 4 3600 120
4 90 16 8100 360
1 100 1 10000 100
28 807 92 70289 2278
10(2278) - 28(807) 184 0,069

r= =
10(92)—784,/10(70,289) - 651,249  +/136,/51,641

b) No, | 0.069| < 0.632

184
807--—(28)
o m=1002278)-28607) 184\, T 136 ©7 769y o14x4769
10(92)- 784 136 10




47. Q)

48.

49,

Stopping Distance (ft)

o g w NN - X

N
[y

y
80.0
76.2
68.7
50.1
30.2
20.8

326

x

© h P

16
25
36
91

y2

6400.0
5806.4
4719.7
2510.0

912.0
4326
20,780.7

6(914.7)— 21(326)

Xy
80.0
152.4
206.1
200.4
151.0
124.8
914.7

SECTION 13.8

r = = = —U.
\/6(91)-441,/6(20,780.7)-106,276  4/105,/18,408.2

b) Yes, |-0.977|>0.917

Cc) m=

_ 6(914.7)-21(326) -1357.8

d) y=-12.9(4.5)+99.6 = 41.55 ~ 41.6%

Answerswill vary.

6(91)— 441

a) and b) Answers will vary.

0)

Dry Pavement

105

~-129, b=

.
250 0
200 o *
150 1 .
100 -
N
% 5 10 15 20 25 % 3 40 45 % % 60 65 70 75
Speed (mph)
d) X oy X y? Xy
60 140 3600 19,600 8400
65 164 4225 26896 10,660
70 190 4900 36,100 13,300
75 218 5625 47,524 16,350
80 247 6400 61,009 19,760
350 959 24,750 191,129 68,470

5(68,470)— 350(959)

-1357.8 0.977
306 ~13578 )
=~09.6, y=-12.9x+99.6
Wet Pavement
= &8 .
i .
7 %8 ‘
7 %1

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 &
Speed (mph)

6700 = 0.999

J5(24,750)-122,500,/5(191,129)— 919,681 +/1250,/35964
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49. e X y x2 y? Xy

60 280 3600 78,400 16,800
65 410 4225 168,100 26,650
70 475 4900 225,625 33,250
75 545 5625 297,025 40,875
80 618 6400 381,924 49,440
350 2328 24,750 1,151,074 167,015

. 5(167,015)— 350(2328) __ 2215 _ 490
J5(24,750)-122,500,/5(1,151,074)— 5,419,584  4/1250,/335,786
f) Answerswill vary.
6700
959 ———(350)
g m= 5(68.470)-350(959) _ 6700, " 1250 T ygq, y = 5.4x—183.4
5(24,750)-122,500 1250 5
20,275
2328 —="=(350)
h) m= 5167,015)-350(2328) _ 20275 _ 0, ) _ 1250 ~_669.8, y=16.2x—669.8
5(24,750)-122,500 1250 5

i) Dry: y=54(77)-183.4= 2324 ft
Wet: y=16.2(77)-669.8=577.6 ft

50. @) The correlation coefficient will not change because z Xy = z VX, (z xxz y)= (z yxz x),

and the square roots in the denominator will be the same.
b) Answerswill vary.

51. Answerswill vary.

52. Answerswill vary.

53. a) X y x? y? Xy
1996 157 3,984,016 24,649 313,372
1997 161 3,988,009 25,921 321,517
1998 163 3,992,004 26,569 325,674
1999 167 3,996,001 27,889 333,833
2000 172 4,000,000 29,584 344,000
2001 177 4,004,001 31,329 354,177

11,991 997 23,964,031 165,941 1,992,573

6(1,992,573)—11,991(997) 411
[ = = ~ 0991
|/6(23,964,031) ~143,784,081,/6(165,941) - 994,009 /1051637

b) Should be the same.
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2 2

53. ©) X y X y Xy
0 157 0 24649 0
1 161 1 25921 161
2 163 4 26569 32
3 167 9 27839 501
4 172 16 29584 688
5 177 25 31,329 885
15 997 55 165941 2561
6(2561)—15(997) 411
r= = ~0.991
|/6(55)—225,/6(165,941) - 994,009 11051637
The values are the same.

54. &) SS(xy)= ZW—W= 2335—@:350.5
SS(x)= ZXZ —(ZTX)=1866—$: 408

2
Ss(y)= Z Ve —(ZTV) = 3055—@ =353.875

3505 o

1408+/353.875

b) Should be the same.

Review Exercises

1. a) A population consists of all items or people of interest.

b) A sampleisasubset of the population.

2. A random sample is one where every item in the population has the same chance of being selected.
3. The candy bars may have lots of calories, or fat, or sodium. Therefore, it may not be healthy to eat them.
4. Sales may not necessarily be agood indicator of profit. Expenses must also be considered.
5. a) b)
NBC
NBC |
ABC
ABC |
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 87 E;.S 5;.9 é 9‘.1 9‘.2
0 1 2 3 4 5 6 7 8 9 10 Millions of Viewers

Millions of Viewers
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6. a Class Frequency

35
36
37
38
39
40
41

[N

PP WOWRFRPRAOWNOW

42
43
44
45

7. Q) High Number of
Temperature Cities

30-39 5
40 - 49
50-59
60 - 69
70-79
80-89 10

o O 01 0

d) 3|6 represents 36

~
(o]
(ee]

0N U W
OwWuUloRrOo
PO oMW
woohsND
W~N~NO WO
ANO®O DO
o © ©

6 7 89
480
6

10. None

8. X= =80

12. 93-63=30

Number of Cities

Frequency
w
|

b) and ¢)

A\

L\ﬁ\

=

ON MO ®O

B 3B ¥ B 39 40 41 2 483 4 &5

Class

b) and )

Average Daily High Temperaturein January for
Selected Cities

e N AN\
_ \

345 445 54.5 64.5 745 84.5

Average Daily High Temperature

79+83 _81
2
63+93 _78
2
X x-X  (x-%)?
63 -17 289
76 -4 16
79 -1 1
83 3 9
86 6 36
93 13 169

0 520

5_;0 ~104, s=4/104 ~10.20



14.

_ 156
%= -

=——=13
12

16. 12and 7

18. 23-4=19

20.

22,

24,

26.

28.

47-4

N

=1.00

5
Zyg = >
5
0.341+0.341=0.682 = 68.2%

50-42 8
Zgy = —5 = g =1.60
0.500+ 0.445 = 0.945 = 94.5%
249 = 39-42 =—_3=
5 5

0.500+0.226 = 0.726 = 72.6%

-.60

18-20 -2
= =—£--040
Zg 5 5

0.500—-0.155=0.345=34.5%

Y
5 5

0.500-0.477=0.023=2.3%

21,

23.

25.

27.

REVIEW EXERCISES

12+14 _13
2
4+ 23 _135
2
X x-X  (x-%)?
4 -9 8l
5 -8 64
7 -6 36
7 -6 36
12 -1 1
12 -1 1
14 1 1
15 2 4
17 4 16
19 6 36
21 8 64
23 10 100
0 440
0 _ 4o, s= /20 ~6.32
11
Zg = 32-42_-10_ -2.00
5 5
=22 10 o0
5
0.477+0.477=0.954 = 95.4%

0.500-0.445=0.055=5.5%

0
° 5 5
2,=2"20_3_100
5
0.341=34.1%
=220 _2_o49
5
=228 160
5 5

0.445-0.155=0.29=29.0%

449
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29. a)

A~ A AN
P w N o
I . . I |

Sales ($billions)

39 e °

37 T T T T 1

Year

b) Yes; positive because generally as the year increases, the salesincrease.

c) X y X y? Xy
0 39 0 1521 0

1 39 1 1521 3.9

2 41 4 1681 8.2

3 46 9 2116 138

4 48 16 2304 192

5 49 25 24.01 245

15 262 55 11544  69.6

- 6(69.6) ~15(26.2) 246
~ /6(55)—225[6(115.44) 68644 10562

d) Yes, | 0.964 |>0.811

6(69.6)-15(26.2) 246

& m= 0.2
6(55)— 225 105
26.2— 248 15)
b=%z3.8, y=02x+38
30. a)
] b . . R
g ] °
s ]
S
i
g ]
z ]
0 2 2 3 ! 5

Year

b) Yes; negative because generally as the year increases, the number of owners decreases.



30. ¢

oD wNNE o X

(=Y

897
800
770
760
735
663

4625

2 2

X y Xy
0 804,609 0
1 640,000 800
4 592,900 1540
9 577,600 2280

16 540,225 2940
25 439,569 3315
55 3,594,903 10,875

6(10,875) —15(4625)

REVIEW EXERCISES

—4125

r= =
|/6(55) —225,/6(3,594,903) - 21,390,625  +/105,/178,793

d) Yes, | -0.952 |>0.811

6(10,875)-15(4625) 4125 _

e m= = ~-393
6(55)— 225 105
4625~ 15
b= . ~869.0, y=-39.3x+869.0
31. a
200 °
150 | °
° °
3 .
g 100
:
z
50
0 T T T T T T

=-0.952

0.00

0.25 0.50 0.75 1.00 1.25 1.50
Price (dollars)

175 2.00

b) Yes; negative because generally as the price increases, the number sold decreases.

c) X
0.75
1.00
1.25
150
1.75
2.00
8.25

y
200
160
140
120
110

95
825

2 2

X y Xy
0.5625 40,000 150
1 25,600 160
1.5625 19,600 175
2.25 14,400 180
3.0625 12,100 192.5
4 9025 190

124375 120725 10475

6(1047.5)-8.25(825)

~521.25 0973

[6(12:4375) - 68.0625,/6(120,725) 680,625  \/6.5625,/43,725

d) Yes, | -0.973 |>0.811

451
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31.

32.

36

38.
40.

42

45,

46.

_ 6(1047.5)-8.25(825) —521.25

€ m= =
6(12.4375)-68.0625  6.5625
825 o212 (8.25)
b 6.5625
6

=—-79.4

f) y=-79.4(1.60)+ 246.7 =119.66 ~ 120 sold

Mode=1751b
25%
100% - 86% =

14%

187 +2(23) = 2331b

DAADDDEAWWWWWWNN X

=246.7, y=-79.4x+246.7

33. Median=1801b
35. 25%
37. 100(187) = 18,700 Ib

39. 187-1.8(23) = 145.61b
4. 2

43.

=8.105, s=+/8.105= 285

X = 150 ~3.57
42
3+3_,
2
14-0=14
X X-X (x—%)?
0O -36 12.96
0O -36 12.96
0O -36 12.96
0O -36 12.96
0O -36 12.96
0O -36 12.96
1 -26 6.76
1 -26 6.76
2 -16 2.56
2 -16 2.56
2 -16 2.56
2 -16 2.56
2 -16 2.56
2 -16 2.56
2 -16 2.56
332.32
# of Child. # of Presidents
0-1 8
2-3 15
4-5 10
6-7 6
8-9 1
10-11 1
12-13 0
14-15 1

X X-X (x—x)?
4 0.4 0.16
5 14 1.96
5 14 1.96
5 14 1.96
6 24 5.76
6 24 5.76
6 24 5.76
6 24 5.76
6 24 5.76
7 34 11.56
8 44 19.36
10 6.4 40.96
14 104 108.16
332.32

47. and 48.
Number of Children of U.S. Presidents

g 18

T 16

iy

o

5 19 e

z 6 e

e 5L/ Ne

é 0 L T T i :4*\3 |
05 25 45 65 85 105 125 145

Number of Children



49,
50.

51.

No, it is skewed to the right.

three children, etc.

CHAPTER TEST

No, some families have no children, more have one child, the greatest percent may have two children, fewer have

No, the number of children per family has decreased over the years.

Chapter Test
2. 37
1 x=180_34
5
3. 37
4 24 o35
2
5 46-21=25 6. « X=X (x—%)?
21 -15 225
37 1 1
37 1 1
39 3 9
46 10 100
0 336
$=84, s=4+/84 ~9.17
7. Class Frequenc 8.and 9
25-30 7
31-36 5
37-42 1 7T a
43- 48 7 61
49 - 54 5 557 AW \
55 - 60 3 % 4T \ N
3 £
61- 66 2 | \/ N
14 ¥ \\
0 *—
275 335 39.5 455 515 575 63.5
Class
10. Mode = $695 11. Median = $670
12. 100% - 25% = 75% 13. 79%
14. 100(700) = $70,000 15. $700 + 1($40) = $740
16. $700 - 1.5(340) = $640 50,000 75,000  —25,000
’ 12,000 12,000
2 = 70,000-75,000 _ -5000 _ . .
’ 12,000 12,000
0.481-0.163= 0.318 = 31.8%
18, 2000 = 60,000-75000 _-15000 _ , 19, 200 = 90,000-75,000 _ 15000 _,

12000 12,000
0.500+ 0.394 = 0.894 = 89.4%

12,000 12,000
0.500—0.394 = 0.106 = 10.6%

453



454 CHAPTER 13 Statistics

20. From#17 and #18,
Zgp000 =—1.25 and z,, 4y, = —0.42
0.394-0.163=0.231=23.1%
0.231(300) = 69.3~ 69 cars

21. a)
y 14 -
12 | ° ° .
°
10¢
g
3
4
21
0 T T T
0 10 20 30
Year
b) Yes
0 X oy x? y? Xy
0 9.8 0 96.04 0

10 113 100 127.69 113
20 125 400 156.25 250
25 128 625 163.84 320
30 124 900 153.76 372
85 588 2025 69758 1055

5(1055) —85(58.8) 277

d) Yes, | 0.932 |>0.878

5(1055)-85(58.8) 277

& m= =< 01
5(2025)-7225 2900
58.8- 2" (g5)
b=#zlal y=0.1x+10.1

f)y = 0.1(40)+10.1=14.1%

Group Projects
1. a) —j) Answerswill vary.

2. a) —q) Answerswill vary.

= ~0.932
|J5(2025) - 7225,/5(697.58) —3457.44  /2900+/30.46



CHAPTER FOURTEEN

GRAPH THEORY

Exercise Set 14.1
1. A graphisafinite set of points, caled vertices, that are connected with line segments, called edges.

2. A B 3. A B
[XI>Q
C D
E D

4. The degree of avertex isthe number of edges that connect to that vertex.

5. If the number of edges connected to the vertex is even, the vertex is even. If the number of edges
connected to the vertex is odd, the vertex is odd.

6. Answerswill vary. Inthe following graph, the edge EF is a bridge because if it were removed from the graph, the
result would be a disconnected graph (i.e., there would be no path from vertices A, B, E, H, and G to vertices

C,D,J l,and F).
A B C D
E F
G H I J
7. @) A pathisasegquence of adjacent vertices and the edges connecting them.

b) A circuit isapath that begins and ends at the same vertex.
C) 4 B

The path A, B, D, Cisapath that is not acircuit.
Thepath A, B, D, C, Aisapath that is also a circuit.

455



456 CHAPTER 14 Graph Theory

8. Answerswill vary. Inthe graphs below, the graph on the right is disconnected since no path connects vertices
A, D, and E to vertices B and C.

A
B o ®C /\ C
B @ ®
F G
D E D E
Connected Graph Disconnected Graph
| | 10' | @ |
A ] 3
B C
A, B, and C aredl even. A, B, C, and D are dl odd.
11. 12. A B
A B
c E
C D
B and C areeven. A and D are odd.
F G
13. 14.
A
A B
—— o
c ) <> c
® @ [ L )
D E F G -

D F G



15. No. Thereisno edge connecting vertices B and C. Therefore, A, B, C, D, E isnot a path.

16. Edge AC (or CA) and edge CD (or DC)
17. Yes. OneexampleisA, C, E, D, B.

18. Yes. OneexampleisC, D, E, C.

19. Yes. OneexampleisC, A, B,D,E,C,D.
20. Yes. OneexampleisA, B, D, E, C, A.

KS

OK

SECTION 14.1

457

X

21. 22.
A
B C
D
23, 24,
CA NV Ut
CcO
NM
AZ
25, 26.
G B
5 b et S :
27. 28.
LR
MB

GB

LA

MB

K/D

LR
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29. 30.

B L K FB

. GR

G GB

E SB
31. 32.
A B C
PY A B C
E F G
Q © I J K
F G
33. Disconnected. Thereis no path that connects 34. Connected
AtoC.
35. Connected 36. Disconnected. Thereisno path that
connects A to B.
37. Edge AB 38. Edge EF
39. EdgeEF 40. Edge FK and edge HL
41. A 42. Answerswill vary.
D H
J T

Other answers are possible.

43. Itisimpossible to have a graph with an odd number of odd vertices.

44. @) -c) Answerswill vary.
d) Thesum of the degreesis equal to twice the number of edges. Thisistrue since each edge
must connect two vertices. Each edge then contributes two to the sum of the degrees.

45. a) and b) Answerswill vary.

I
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Exercise Set 14.2

1. & AnEuler path isapath that must include each edge of a graph exactly onetime.

b) and c)
A B

b) ThepathA B, E, D, C, A D, Bisan Euler path.
¢) Thepath A, B, E, D, Cisapath that is not an Euler path.

C D E

2. @ AnEuler circuit isacircuit that must include each edge of a graph exactly one time and return to the

© © N

10.
11
12.
13.
14.
15.
16.
17.
18.
19.
20.

original vertex.

b) and c) B
A Py ° C
b) ThecircuitA B, C,G,F,B,D,F,E D,Aisan
Euler circuit.
D c) ThepathA, B, C, G, F, E, D, Aisacircuit
but not an Euler circuit.
] @
E F G
. d Yes, according to Euler's Theorem. 4. a) Yes, according to Euler's Theorem.
b) Yes, according to Euler's Theorem. b) No, according to Euler's Theorem.
¢) No, according to Euler's Theorem. ¢) No, according to Euler's Theorem.

If al of the vertices are even, the graph has an Euler circuit.

a) If al the vertices are even, then start with any vertex. If there are two odd vertices, then start with one of the odd
vertices. Move from vertex to vertex without tracing any bridges until you have traced each edge of the graph exactly
onetime. Youwill finish at the other odd vertex.

b) If there are any odd vertices, then there isno Euler circuit. If there are all even vertices, then start

with any vertex. Move from vertex to vertex without tracing any bridges until you have traced each edge

of the graph exactly one time. Y ou will finish at the vertex you started from.

A B,C,D,E B, E, D,A, C; other answers are possible.

C,A B,E, D, C, B, E, D, A other answers are possible.

No. This graph has exactly two odd vertices. Each Euler path must begin with an odd vertex. B isan even vertex.
No. A graph with exactly two odd vertices has no Euler circuits.

A B, A C,B,E, C,D,A, D, E; other answers are possible.

E, D, A B,E, C,D,A, B, C, A; other answers are possible.

No. A graph with exactly two odd vertices has no Euler circuits.

No. Thisgraph has exactly two odd vertices. Each Euler path must begin with an odd vertex. Cisan even vertex.
A B,C, E F,D,E,B,D,A; other answers are possible.

B, D, F, E, B, C, E, D, A B; other answers are possible.

C,B,A D, F, E, D, B, E, C; other answers are possible.

D, A B, C, E, B, D, E, F, D; other answers are possible.

E,F,D, E B, D, A B, C, E; other answers are possible.

F,D, E, C, B, A D, B, E, F; other answers are possible.
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21.

23.

25.

26.

27.

28.

a) Yes. Thereare zero odd vertices. 22.a) Yes. Therearetwo or fewer odd vertices.
b) Yes. Thereare zero odd vertices. b) No. There are more than zero odd vertices.
a) No. There are more than two odd vertices. 24. a) No. There are more than two odd vertices.
b) No. There are more than zero odd vertices. b) No. There are more than zero odd vertices.
a) Yes. Eachisland would correspond to an odd vertex. According to item 2 of Euler's Theorem, a graph

with exactly two odd vertices has at |east one Euler path, but no Euler circuit.
b) They could start on either isand and finish at the other.

a) Yes. Theland at the top and the island on the left would each correspond to an odd vertex. According
toitem 2 of Euler's Theorem, a graph with exactly two odd vertices has at least one Euler path, but no
Euler circuits.

b) They could start either on the land at the top of the picture or on the island on the left. If they started
on the island, then they would end on the land at the top, and vice versa.

In Exercises 27-32, one graph is shown. Other graphs are possible.

a) T

b) Vertices A and N are both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes, A T,L,C,N,L,A N

¢) No. (See part b) above.)

a)

T (&

b) Vertices T and C are both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes T,B,L,V,C,L,T,C

¢) No. (See part b) above.)
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29. 8 N 4

~®

0 P

b) Vertices J and Q are both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes J,Q, T,N,A, P,N,Q

c) No. (Seepart b) above.)

30. a

A C

b) Vertices Sand C are both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes;SI,ASG,ACG,PC

¢) No. (See part b) above.)

T N

A S M
b) Vertices A and Sare both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes; ASM,N,T,Y,BATS
¢) No. (See part b) above.)

31. a)
Y

B

32. a) B

o Z

A4

b) Vertices A and P are both odd. According to item 2 of Euler’s Theorem, since there are exactly two odd vertices,
at least one Euler path, but no Euler circuits exist.

Yes P,B,Z,P,AB,C A U, Z A

¢) No. (See part b) above.)
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33. a) No. The graph representing the floor plan:

35.

The wood carver is seeking an Euler path or an Euler circuit. Note that verticesB, C, E, and F are

al odd. According to item 3 of Euler's Theorem, since there are more than two odd vertices, no Euler
path or Euler circuit can exist.

b) No such path exists.

a) Yes. The graph representing the floor plan:

The wood carver is seeking an Euler path or an Euler circuit. Note that there are no odd vertices.
According to item 1 of Euler's Theorem, since there are no odd vertices, at |east one Euler path
(which isalso an Euler circuit) must exist.

b) One path (whichisalso acircuit) isA, D, B, C, E, A.

a) Yes. The graph representing the floor plan:

D E

The wood carver is seeking an Euler path or an Euler circuit. Note that vertices A and C are both odd.
According to item 2 of Euler's Theorem, since there are exactly two odd vertices, at |east one Euler path,
but no Euler circuits exist.

b) OnepathisA D,B, E, C,B, A C.



36.

37.

38.

39.
40.

SECTION 14.2

a) Yes. The graph representing the floor plan:

E

The wood carver is seeking an Euler path or an Euler circuit. Note that there are no odd vertices.
According to item 1 of Euler's Theorem, since there are no odd vertices, at |east one Euler path (whichis
also an Euler circuit) must exist.

b) OnepathisA, C, D, B, E, B.

a) Yes. The graph representing the map:

F G

They are seeking an Euler path or an Euler circuit. Note that vertices A and B are both odd. According
toitem 2 of Euler's Theorem, since there are exactly two odd vertices, at |east one Euler path, but no
Euler circuits exist.

b) The residents would need to start at the intersection of Maple Cir., Walnut St., and Willow St. or at the

intersection of Walnut St. and Oak St.
A B C
N . G H
D
E
J K

They are seeking an Euler path or an Euler circuit. Note that vertices G and J are both odd. According
toitem 2 of Euler's Theorem, since there are exactly two odd vertices, at |east one Euler path, but no
Euler circuits exist.

b) The residents would need to start at the intersection of Spring Blvd. and Lake St. or at the rightmost
intersection of Stream Cir. and Ocean Blvd.

a) Yes. The graph representing the map:

F,G,E, F,D,E B,D,A B,C, E; other answers are possible.
H,1,F, C,B,A D,G,H,F, E, D, H, E, B; other answers are possible.
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41.

GRED

46.
47.

49,
50.
51.
52.
53.

55.

56.

H,I1,F,C,B,D,G,H,E,D,A, B, E, F; other answers are possible.
D,AB,EI,HD,C,G,K,L,H,MI N,O,J F, E; other answers are possible.

A B E F, J I, ED,H,G,C,D,A, other answers are possible.

A B CEH,G,FD,B,EG,D,B,E, G, D, A; other answers are possible.

A E B, F C,G,D,K,G,J F, I, E, H, A other answers are possible.

A B,CD,F,C,B,E, F,H, G, E, A, other answers are possible.

A B CEMB,D,EFIEHD,G,H,I,J F, C, A other answersare possible.

A B ,CEB,D,EF,D,A C, A, other answers are possible.

F,C,J3, M, P,H, F, M, P; other answers are possible.

B,A EHIJKD,CG,G,JF,C,B,F,I,E, B; other answers are possible.
B,E,I,F,B,C,F,JG,G,C,D,K,JI, H, E, A B; other answers are possibe.
J,GG,CFJKDCB,FIEB,A E H,I, J; other answers are possible.
J,F,C,B,F,I,E,B,A E H, 1,7 G,G,C,D,K, J; other answers are possible.

a) No.

b) California, Nevada, and Louisiana (and others) have an odd number of states bordering them.
Since a graph of the United States would have more than two odd vertices, no Euler path and no
Euler circuit exist.

It is not possible to draw a graph with an Euler circuit that hasabridge. Therefore, a graph with an
Euler circuit has no bridge.

a) b) c)

Exercise Set 14.3

1. a) A Hamilton circuit is a path that begins and ends with the same vertex and passes through all other

vertices exactly one time.

b) Both Hamilton and Euler circuits begin and end at the same vertex. A Hamilton circuit passes through
all other vertices exactly once, while an Euler circuit passes through each edge exactly once.

a) A Hamilton path is a path that passes through each vertex exactly one time.

b) A Hamilton path passes through each vertex exactly once; an Euler path passes through each edge
exactly once.

a) A weighted graph isagraph with a number, or weight, assigned to each edge.

b) A complete graph isagraph in which there is an edge between each pair of vertices.

¢) A complete, weighted graph isagraph in which there is an edge between each pair of vertices and
each edge has a number, or weight, assigned to it.

a) Thefactorial of a number is computed by multiplying the given number by each natural number less
than the given number.

b) 7!=7-6-5-4-3-2-1=5040

c) 8!=8-7-6-5-4-3-2:1=40,320

d) 10!=10-9-8-7-6-5-4-3-2-1= 3,628,800



10.
11
12.
13.
14.
15.
16.
17.
18.

19.

21.

22.

SECTION 14.3

a) The number of unique Hamilton circuits in a complete graph with n verticesis found by
computing (n—1)!

b) n=4(n-1)!=(4-1)!=31=3.2.1=6
¢) n=9(n-1)!=(9-1)!=8!=8.7-6.5.4.3-2.1= 40,320

The optimal solution to atraveling salesman problem is the least expensive or shortest way to visit each
location exactly one time and return to the starting location.

To find the optimal solution using the Brute For ce method, write down all possible Hamilton circuits
and then compute the cost or distance associated with each Hamilton circuit. The one with the lowest
cost or shortest distance is the optimal solution to the traveling salesman problem.

Starting from your current position, choose the cheapest or shortest route to get to the next location.
From there choose the cheapest or shortest route to alocation you have not already visited.

Continue this process until you have visited each location. The path found is the path found using the
Near est Neighbor method for approximating the optimal solution.

A B, C G, F,E,DandE, D, A, B, F, G, C; other answers are possible.

F,B,C,A D, E GandE,G,D,A, C, F, B; other answers are possible.

A B CD,G F E HandE H, F, G, D, C, A B; other answers are possible.

A B CDHGFEIJKLadAEIlJFB,C,G,K,L, H, D; other answers are possible.

A B CED,F,G HandF, G, H, E, D, A, B, C; other answers are possible.

A D,F,GH,EDB,C,landl, C, B, A D,E, F, H, G; other answers are possible.

A B D EG,FC AandA,C, F, G, E, D, B, A other answers are possible.
ABCDHLKGFJIEAadAEIJK,L H,D,C,G,F, B, A; other answers are possible.
A B CFI,EHGD,AandAE,B,C,F, I, H, G, D, A other answers are possible.

ABF GHIEDCAandA C D,E,I, H, G, F, B, A, other answers are possible.

C D

The number of unique Hamilton circuits within the complete graph with eight vertices representing
thissituationis (8—1)!=7!=7-6-5-4-3-2.-1=5040 ways

The number of unique Hamilton circuits within the complete graph with thirteen vertices representing
thissituation is (13—-1)!=12!=12-11-10-9-8-7-6-5-4-3-2-1= 479,001, 600 ways
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23. The number of unique Hamilton circuits within the complete graph with eleven vertices representing

24.

25.

26.

thissituation is (11-1)!=10!=10-9-8-7-6-5-4-3-2-1= 3,628,800 ways
(The vertices are the 10 different farms he has to visit and his starting point.)

The number of unique Hamilton circuits within the complete graph with twelve vertices representing

thissituation is (12—1)!=11!=11-10-9-8-7-6-5-4-3- 2-1= 39,916,800 ways

In Exercises 25-32, other graphs are possible.

a)
337
B R
393 . 113
T 803 S
b) Hamilton First Second Third
Circuit Leg/Cost Leg/Cost Leg/Cost
SRBTS 113 337 393
SRT,BS 113 841 393
ST,B,RS 803 393 337
ST,RBS 803 841 337
SB,RT,S 855 337 841
SBT,RS 855 393 841
Theleast expensiverouteisS R, B, T,SorST,B,R, S
c) $1646
3 280
O G
80 . 500
c 300 S
b) Hamilton First Second Third
Circuit Leg/Distance  Leg/Distance  Leg/Distance
C,0,GSC 80 280 500
C,0,SGC 80 245 500
C.GOSC 205 280 245
C,G SO, C 205 500 245
C,SGO,C 300 500 280
C,S0G,C 300 245 280

Fourth
Leg/Cost

803
855
113
855
803
113

Fourth
Leg/Distance

300
205
300
80
80
205

The shortest routeisC, 0, S G, CorC,G,0,S5CorC,G,S50,CorC,S50,G,C

¢) 1030 miles

Total
Cost

$1646
$2202
$1646
$2836
$2836
$2202

Total
Distance

1160 miles
1030 miles
1030 miles
1030 miles
1160 miles
1030 miles



27.

28.

Second
L eg/Distance

25
35
25
3
35
3

Second
L eg/Distance

125
450
250
450
125

a) 15
H HS
2 . 25
C A3 B
b) Hamilton First
Circuit L eg/Distance
H,HS B,C,H 15
H,HS C,B,H 15
H,B,HSCH 4
H,B,C,HS H 4
H,C,HS B,H 2
Hy Cl By HS! H 2
The shortest routeisH, HS, B, C, H or H, C, B, HS H
¢) 9 miles
Y 150
0] D
400 . 125
L 250 S
b) Hamilton First
Circuit L eg/Distance
O1 D1 S L1 O 150
O0,Db LSO 150
O1 LY S DY O 400
OLD,SO 400
0,SD, L0 100
O0,SL,D,0 100

250

The shortest routeisO, D, S L,Oor O, L,S D, O

c) 925 feet

Third
Leg/Distance

3
3
35
35
25
25

Third
L eg/Distance

250
250
125
125
450
450

SECTION 14.3

Fourth Total
Leg/Distance  Distance
2 9miles
4 12 miles
2 12 miles
15 12 miles
4 12 miles
15 9 miles

Fourth Total
Leg/Distance  Distance
400 925 feet
100 950 feet
150 925 feet
100 1075 feet
400 1075 feet
150 950 feet
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29. a)

b) B,M, P, S W,Bfor 131+ 154 + 353 + 179 + 576 = $1393
c) Answerswill vary.

30. a

b) A C,D,E, B, A for 252 + 174 + 124 + 257 + 365 = $1172
c) Answerswill vary.



31 a

b) C,D,M, G, T, Cfor 39 + 109 + 271 + 520 + 105 = $1044
c) Answerswill vary.

32. a

b) N,P,D, W, A, Nfor55+ 115+ 110 + 180 + 197 = $657
c) Answerswill vary.

33. @) —d) Answerswill vary.

SECTION 14.3
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34. a)

B C

There are two choices for moving to the second vertex. There is one choice for moving to athird vertex.
2()=2

B-)=21=2(1)=2

The number obtained is the same as the number of Hamilton circuits in a complete graph with 3 vertices.

b A B

C D

There are three choices for moving to the second vertex. There are two choices for moving to the third
vertex. Thereis one choice for moving to the fourth vertex.

321 =6

4-1)I=3=32((1)=6

The number obtained is the same as the number of Hamilton circuits in a complete graph with 4 vertices.

C) A

D E

There are four choices for moving to the second vertex. There are three choices for moving to the third
vertex. There are two choices for moving to the fourth vertex. There is one choice for moving to the
fifth vertex.

43)(9(1) =24

G-DI=4=43)(1) =24

The number obtained is the same as the number of Hamilton circuitsin a complete graph with 5 vertices.



34.

35.

SECTION 14.4

C) A

=

There are five choices for moving to the second vertex. There are four choices for moving to the third
vertex. There are three choices for moving to the fourth vertex. There are two choices for moving to the
fifth vertex. Thereisone choice for moving to the sixth vertex.

5(4)(3)(2)(1) =120

(6-1)! =5 =54)(3)(2)(1) =120

The number obtained is the same as the number of Hamilton circuits in a complete graph with 6 vertices.
d) When starting at a vertex in a complete graph with n vertices, you have n—1choices. At your second
vertex, you have one less choice, or n— 2 choices. This process continues until you only have one vertex
to choose from.

A ED,NOFGQPTML,C,B,JK,SRI,H,A; other answers are possible.

Exercise Set 14.4

1
2. Inatree, each edgeisabridge. Inagraphthat isnot atree, thereis at least one edge that is not a bridge.
3.

4. A spanning treeis obtained by removing the edges of a graph one at atime, while maintaining a path

A treeisaconnected graph in which each edge is a bridge.
Y es, because removing the edge would create a disconnected graph.
to each vertex, until the graph isreduced to atree.

A minimum-cost spanning treeis a spanning tree that has the lowest cost or shortest distance of all
spanning trees for a given graph.

To find a minimum-cost spanning tree from a weighted graph, choose the edge with the smallest weight first.

Continue to choose the edge with the smallest weight that does not lead to a circuit until a spanning tree

isfound.
Joe

Allan Rosemary

) Martin
Christopher Al Peter

Donetta Paula
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Wormer

8. Rita
Arturo
Maria
) ) a ! Tito
Josephine David Mario Rickardo
9. Rosen
Martin
Kent
Pearse
Burnette Fields Buckles Jones ) Freeman Kowal ski
DiTarantc
Kroger
10. 9
Dorfman
Hoover
Blutarsky
([
Stratton  pay Schoenstein - De Pasto Jennings
Sork Liebowitz
11.
A B c A B
D E F D E ®
® o o —0
G H T G

Other answers are possible.



SECTION 14.4

4 B c D 4 B c D
; F G H 1 /-; - e M /.

Other answers are possible.

A A
13. B B
C C
D D
E E C
F
G H G H

14. A 5 A
> > > .
D D
F ./' F
C E C E

15.

®

[ BV

Other answers are possible.

i

<

Other answers are possible.
F G A B C D E F G
L g ——o
———O
M N H 1 J K L M N

Other answers are possible.
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16.
A B C A B C
D E F _ G D E F G
H+_II ’ . et J K
L M N [y S
5 M N
Other answers are possible.
17.
Other answers are possible.
18.
Other answers are possible.
19. 1e 10 B

Choose edges in the following order:
DB, BA, DC

D ®C



20.

21.

22.

23.

21

95

65

75

- ¢

70

SECTION 14.4

Choose edges in the following order:
GB, BC, BA, AH, DE, CF, FE

Choose edges in the following order:
DG, GF, AB, CD, BD, EF

Choose edgesin the following order:
EF, FD, FC, BD, AC

Choose edgesin the following order:
AB, CF, AC, FG, BD, FH, EC
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24.

>

12 Choose edgesin the following order:

AB, HI, EG, CD, AC, DG, EF, DH

® w

41 E

O

c D

B
25. A 12 73 23
E
®
31
37 F 38 G
61
H

Choose edgesin the following order: BE, FD, AH, EF, FG, HE, CF

26. A
7
B 13 c

®
1

D ®

12
E 5

Choose edgesin the following order: AD, EF, AB, DE, BC

75
R J
32 43
45
37
M
40 35
| H

64

Other answers are possible.

27. @)




27. b)

32

40 35

c) 15(32 + 35 + 37 + 40) = 15(144) = $2160

28. @) C 27 BB

30

28

18

4y

ECK 15
BD
Other answers are possible.
c 27 BB

b) °
13
Cs

18
ECK 15

) 0.75(13 + 15+ 18 + 27) = 0.75(73) = $54.75

SECTION 14.4

Choose edgesin the following order:
RM, MH, JH, IM

Choose edgesin the following order:
BB CS ECK BD, BD CS, CBB
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29. Q)

39.1

Pa
PI

Choose edgesin the following order: Mi Pa, W Mi, Ma' W, Ma PI
b) 895(39.1 + 50.7 + 50.7 + 71.7) = 895(212.2) = $189,919

A
30. a

Y

Choose edgesin the following order: HY, YL, LR, RA, AP
b) 6800(25 + 25 + 33 + 44 + 59) = 6800(186) = $1,264,800

3l.. a 1
D H
14 ' 16
L Az 5 S
Other answers are possible.
b) D 12 H
15 13 Choose edges in the following order:
DH, HL, DS
L N

c) 3500 (12 + 13 + 15) = 3500 (40) = $140,000



A
32. a
23 45
Ca
Cl
125
75
146
Co 178 Y
Other answers are possible.
b) A
23 45
Ca
Cl
125
48
Co Y

C) 2300(23 + 45 + 48 + 125) = 2300(241) = $554,300

SECTION 14.4

Choose edgesin the following order:
ACa, AC, AY, CaCo
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33. @
B
=0 FS
LR 43 PB
Other answers are possible.
b) B
184
=0 FS
91
160
LR 43 PB

Choose edgesin the following order: LRPB, ED PB, LRFS BLR

€) 2500(43 + 91 + 160 + 184) = 2500(478) = $1,195,000
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34. 3
Chi
P
R 193 S
Other answers are possible.
b) Cha
Chi

129

Choose edgesin the following order: PS, Chi R, Cha S, RP
C) 74+ 85+ 86 + 129 = 374 miles

35. Answerswill vary.
36. Answerswill vary.
37. Answerswill vary.
38. a) EULER

b) FLEURY

¢) HAMILTON

d) KRUSKAL
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Review Exercises

A B i
1. 2. @
| | /{
A B,and Careadll even. Thereisa Edge FG isabridge.
loop at vertex C. Other answers are possible.

Other answers are possible.

3. A B,C, A D,C,E, D; other answers are possible.

4. No. To trace each edge in the graph with a path would require you to trace at least one edge twice (the graph has
more than two odd vertices).

WA A B C
5 6.
® ]
ID
OR
uT
o L
D E F
AZ
CA
7. Connected
8. Disconnected. Thereis no path that connects A to C.
9. EdgeCD

10. C,B,A F,E,D,C,G,B,A G,E,D,G,F; other answers are possible.
11. F,E,G,F, A G,D,E,D,C,B, A B, G, C; other answers are possible.
12. B,C, A D, F, E, C, D, E, B; other answers are possible.
13. E,F,D,E, C,D,A, C, B, E; other answers are possible.
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14. @ No. The graph representing the map:
NE 1A

CO MO

OK

[
X

b) Vertices CO and TX are both odd. According to item 2 of Euler’s Theorem, since there are exactly two
odd vertices, at least one Euler path, but no Euler circuits exist.

Yes, CO, NE, IA, MO, NE, KS, MO, OK, CO, KS, OK, TX; other answers are possible.
¢) No. (Seepart b) above.)

15. @ Yes. Thegraph representing the floor plan:

A B

We are seeking an Euler path or an Euler circuit. Note that there are no odd vertices. According to
item 1 of Euler's Theorem, since there are no odd vertices, at |east one Euler path (which isaso an
Euler circuit) must exist.

b) The person may start in any room and will finish in the room where he or she started.
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16. @) Yes. Thegraph representing the map:

D E F G

The officer is seeking an Euler path or an Euler circuit. Note that vertices A and C are both odd.
According to item 2 of Euler's Theorem, since there are exactly two odd vertices, at |east one Euler
path but no Euler circuits exist.

b) The officer would have to start at either the upper left-hand corner or the upper right-hand corner.
If the officer started in the upper left-hand corner, he or she would finish in the upper right-hand corner,
and vice versa.

17. A/ B,F, A E F,G,C,D,G,H, D; other answers are possible.

18. A,B,C,D,H,G,C,F,G,B,F, E, A other answers are possible.

19. A C,B,F,E,D,GandA, C, D, G, F, B, E; other answers are possible.
20. A/B,C,D,F,E,Aand A E, F, B, C, D, A; other answers are possible.

21. A

22. The number of unique Hamilton circuits within the complete graph with 5 vertices representing this
situationis (5-1)!=4!=4.3.2.1= 24 ways



Theleast expensiverouteisP, D, M, C,Por P,C, M, D, P

23. a) 428
P D
787 ' 458
c 415 M
b) Hamilton First
Circuit Leg/Cost
P,D,C,M,P 428
P,D,M,C,P 428
P,C,M,D,P 787
P,C,D,M,P 787
Pl M1 DY C! P 902
P! M1 C! D! P 902
c) $2088
24. Q)

Second
Leg/Cost

449
458
415
449
458
415

KC

Third
Leg/Cost

415
415
458
458
449
449

REVIEW EXERCISES

Fourth
Leg/Cost

902
787
428
902
787
428

b) SJ,KC, C, 9, S, SJ traveling atotal of 54 + 130 + 127 + 210 + 224 = 745 miles

c) $,C, 9, KC, S, 3 traveling atotal of 168 + 127 + 256 + 54 + 224 = 829 miles

Total
Cost

$2194
$2088
$2088
$2596
$2596
$2194
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25.
Hulka
Markowicz Jenesky
Oxburger Hector
A B C
D
26.
E
F
L
G H |
A B C
D
o L
E ®
F
o
G H |

Other answers are possible.

27. A
Choose edgesin the following order:
B c CF, EF, FG, BE, AE, AD
31
41 28 f
D E 23 F 27 G
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28. Q)

b)

FA PF

Choose edges in the following order:
OGCJ,OPF,JGCJ,FAO,GCIB

€) 2.50 (11 + 24 + 26 + 29 + 37) = 2.50 (127) = $317.50

Chapter Test
1 2. q BE
A e C
B
D E F G
L IC G T B
Edge AB isabridge. Thereisaloop at vertex G.
Other answers are possible.
3. Oneexample: 4. D,AB,C,E, B,D,E;
A B C other answers are possible.
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5.

~

Yes. The graph representing the floor plan:
A B
C D E
We are seeking an Euler path or an Euler circuit. Note that there are no odd vertices. According
toitem 1 of Euler's Theorem, since there are no odd vertices, at least one Euler path (which isalso
an Euler circuit) must exist.
The person may start in any room and will finish in the room where he or she started.
A D EAFEHFIG,F,B,G,C,B, A, other answers are possible.
A, B,C,D,H, I L K, J G,F,E, A other answers are possible.
The number of unique Hamilton circuits within the compl ete graph with 8 vertices representing
thissituationis (8—1)!=7!=7-6-5-4-3-2-1=5040 ways
a)
449
| P
201 . 677
EP 49 A
b) Hamilton First Second Third Fourth
Circuit Leg/Cost Leg/Cost Leg/Cost Leg/Cost
I,P,EP, A I 449 728 49 203
I, P, A EP,I 449 677 49 201
I,A P, EP,I 203 677 728 201
I, A EP,P,I 203 49 728 449
I,EP, A P, I 201 49 677 449
I,EP, P, A, I 201 728 677 203

Theleast expensiverouteisl, P, A, EP, | or |, EP, A, P, | for $1376.

c) I,EP, A P, I for $1376

Total
Cost

$1429
$1376
$1809
$1429
$1376
$1809



GROUP PROJECTS

11.
Choose edges in the following order:
AB, DG, FI, KG, BF, HI, EH, FC, CD, JK
V1 45 V2
12. a @ Choose edges in the following order:
V2 V4, V3 V4, V4 V5, V1V2
29
® o
v 32 V4 41 V5

b) 1.25(29+ 32 + 41 + 45) = 1.25 (147) = $183.75

Group Projects

1. Answerswill vary.

2. a) —d) Answerswill vary.
3. @) —d) Answerswill vary.
4. Answerswill vary.
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CHAPTER FIFTEEN

VOTING AND APPORTIONMENT

Exercise Set 15.1

1. When a candidate receives more than 50% of the votes.

2. Each voter votes for one candidate. The candidate receiving the most votesis declared the winner.

3. Votersrank candidates from most favorable to least favorable. Each last place vote is awarded one point, each
next to last place vote is awarded two points, each third from last place vote is awarded three points, etc.

The candidate receiving the most pointsis the winner.

4. Each voter votesfor one candidate. If a candidate receives a mgority of votes, that candidate is declared the
winner. If no candidate receives a majority, eliminate the candidate with the fewest votes. (If thereisatiefor
the fewest votes, eliminate all tied candidates.) Repeat this process until a candidate receives a majority.

5. Votersrank the candidates. A series of comparisonsin which each candidate is compared to each of the other
candidates follows. If candidate A is preferred to candidate B, then A receives one point. If candidate B is
preferred to candidate A, then B receives one point. If the candidatestie, each receives %2 point. The candidate
receiving the most pointsis declared the winner.

6. Different systems can lead to a different winner.

. A preference table summarizes the results of an election.

8. @) Pair-wise comparison method

~

2 3 4
1< 3 2 < 3 - 3+2+1 = 6 groupings

4 4

2 3

3 4 4 5 6
1& 4 2% 5 3< 5 4 < 57 5+4+3+2+1 = 15 groupings

5 6 6 6

6

9. a) Jeter isthe winner; he received the most votes using the plurality method.
265128 _ 265128

) = =~ 0.40 isnot amagjority.  Magjority is> 334,158 votes.
192827 + 210361+ 265128 668316

b) No

10. @) Feliciaisthewinner. Feliciareceived the most votes using the plurality method.
2863 _ 2863

. = =0.25 isnot amgjority.  Mgority is> 5,624 votes.
2192+ 2562+1671+2863+1959 11247

b) No
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11.

12.

13.

14.

15.

17.

19.

Number of votes 3 1 2 2 1
First B A C C A
Second A B B A C
Third C C A B B

Number of votes 2 3 2 1
First A C B C
Second B A A B
Third C B C A

9+ 5+ 3+ 2=19 employees

No. Mop had the most with 9 votes, but 9/19 =
0.47 which isnot a mgjority. Majority is> 10.

Votes—(M): 9, (V): 5+3=8, (W): 2. Mop wins
with the most votes.

A majority out of 19 votesis 10 or more votes.
First choicevotes. (M) 9, (V) 8, (B) 0
None receives a majority, thus B with the least
votesis eliminated.

Second round: (M) 9, (V) 5+3+2=10
Vacuum wins with a majority of 10 votes.

B: 4 1st place votes= (4)(3) = 12
22" place votes = (2)(2) = 4
33" place votes = (3)(1) = 3

G: 2 1% place votes= (2)(3) = 6
4 2" place votes = (4)(2) = 8
33" place votes = (3)(1) = 3

M: 3 1% place votes= (3)(3) =9
32" place votes= (3)(2) = 6
33“placevotes = (3)(1) = 3

B =19 points; G =17 points; M = 18 points

Beach wins with 19 points.

16.

18.

20.

21.

M: 9 1st place votes = (9)(3) = 27
5 2" place votes = (5)(2) = 10
53" place votes = (5)(1) = 5
V: 81% place votes = (8)(3) = 24
11 2" place votes = (11)(2) = 22
B: 2 1% place votes= (2)(3) =6
32" place votes = (3)(2) = 6
14 3" place votes = (14)(1) = 14
M =42 points; V =46 points; B = 26 points
V acuum wins with 46 points.

Mvs.V: M=9 V=5+3+2=10 V getslnpt.
Mvs.B: M=9+5=14 B=3+2=5

M gets 1 pt.
Vvs.B: V=9+5+3=17 B=2
Vacuum wins with 2 points.

V gets1pt.

Votes—(B): 3+1=4, (G): 2, (M): 2+1=3
Beach wins with the most votes.

Bvs G: M=3+2+1=6 G=2+1=3
B gets 1 pt.
Bvs M: B=3+1=4 M=@+@+!'=5
M gets 1 pt.
Gvs M: G=3+2=5 M=2+1+1=4
G gets 1 pt.

All get 1 point, which indicates no winner.



22. A magjority out of 9 votesis 5 or more votes.
First choicevotes: (B) 4, (G) 2, (M) 3
None receives a majority, thus G with the least
votesis eliminated.

Second round: (B) 4, (M) 2+2+1=5

Mount Rushmore wins with a mgjority of 5 votes.

24. S. 9 1st place votes = (13)(4) =52

52" place votes = (5)(3) = 15
4 3" place votes = (4)(2) = 8
10 4™ place votes = (10)(1) = 10

L: 9 1% place votes = (9)(4) = 36
18 2" place votes = (18)(3) = 54
4 3" place votes = (4)(2) = 8
14" place vote = (1)(1) = 1

H: 9 1% place votes = (9)(4) = 36
9 2" place votes = (9)(3) = 27
11 3" place votes = (11)(2) = 22
34" place vote = (3)(1) = 3

T: 11% placevotes= (1)(4) = 4
0 2™ place votes = 0
13 3" place votes = (13)(2) = 26
18 4™ place vote = (18)(1) = 18

S=85points; L =99 paoints;
H =88 points; T =48 points
Los Angeles wins with 99 points.

27. W: 514t place votes = (5)(3) = 15
4 2™ place votes = (4)(2) = 8
33" placevotes = (3)(1) = 3

D: 1 1% placevotes= (1)(3) =3
7 2" place votes = (7)(2) = 14
4 3% place votes = (4)(1) = 4
J. 6 1% place votes = (6)(3) = 18
12" place votes = (1)(2) = 2
53" place votes = (5)(1) = 5
W =26 points; D = 21 points; J= 25 points
Williams wins with 26 points.

23.

25.

26.

28.

29.

SECTION 15.1 493

Votes: (S) 8+3+2=13
(H) 4+3+2=9 (M) 1
San Antonio wins with the most votes.

(L) 6+39

A majority out of 32 votesis 16 or more votes.
First choicevotes. (S) 13, (L) 9, (H) 9, (T) 1
None receives a mgjority, thus T with the least
votesis eliminated.

Second round: (S) 13, (L) 9, (H) 10

No magjority, thus eliminate L.

Third round: (S) 16, (H) 16

Since Sand H tied, thereis no winner.

Svs. L: S=8+3+2+1+2=16
L=6+3+4+3=16 S/L get0.5pt.
Svs. H: S=8+3+3+2=16
H=6+4+3+1+2=16 S/H get0.5pt.
SandT: S=8+3+2+1+2=16
T=6+4+1=11 Sgetslpt.
LandH: L =8+6+3+3=20
H=4+3+2+1+2=12 L gets1pt.
LandT: L =8+6+3+4+3+3+2+2=31
T=1 Lgeslpt.
Hand T: H =8+6+3+4+3+2+2 =28
T=4 Hgetslpt.

S=2 H=15 L=25 T=0 LAwins

Votes: (W): 5,(D): 1,(J): 4+2=6
Johnson wins with the most votes.

Wvs. D: W=5+4=9 D=1+2=3
W gets 1 pt.

Wvs J W=5 J=1+4+2=7
Jgets1 pt.

Dvs.J D=5+t1=6 J=4+2=6
D and J get 0.5 pt.

W=1pt. D=1pt. J=15pts

Johnson wins with 1.5 points.
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30. A magjority out of 12 votesis 6 or more votes.

32.

35.

37.

First choicevotes: (W) 5, (D) 1, (J) 6
None receives a majority, thus D with the least
votesis eliminated.

Second round: (W) 5, (J) 1+4+2=7
Johnson wins with a majority of 7 votes.

Votes: (L): 5, (E): 2, (0): 4. Lehigh Road wins
with the most votes.

A majority out of 11 votesis 6 or more votes.
First choicevotes. (L) 5, (E) 2, (O) 4
None receives a majority, thus E with the least
votesis eliminated.

Second round: (L) 5, (O) 2+4=6

Ontario Road wins with a majority of 6 votes.

LvsE: L=5 E=2+4=6 Egeslpt.
LvsO: L=5 O=2+4=6 Ogetslpt.
Evs.O: E=5+2=6 0O=4 Egeslpt.
Erie Road wins with 2 points.

a) Votes: (TI): 10, (C): 3, (HP): 2
Texas Instruments wins with the most votes.
b) TI: 10 1st place votes = (10)(4) = 40
5 2™ place votes = (5)(3) = 15
C: 31% placevotes = (3)(4) = 12
6 2" place votes = (6)(3) = 18
6 3" place votes = (6)(2) = 12
S: 9 3rd place votes = (9)(2) = 18
6 4" place votes = (6)(1) = 6
9 4™ place votes = (9)(1) = 9
HP: 2 1% place votes = (2)(4) = 8
4 2" place votes = (4)(3) = 12
9 4" place votes = (9)(1) = 9
Tl=55 points; C =42 points; S= 24 points,
HP =29 points Tl winswith 55 points.

31

33.

36.

37.

A majority out of 12 votesis 6 or more votes.
Most last place votes: (W) 3, (D) 4, (J) 5

Thus J with the most last place votes is eliminated.
Second round using the most last place votes:

(W) 1+2=3, (D) 5+4=9

Williams wins with the least last place votes.

L: 51st place votes= (5)(3) = 15
6 3" place votes = (6)(1) = 6
E: 2 1% place votes= (2)(3) = 6
9 2" place votes = (9)(2) = 18
O: 4 1% place votes = (4)(3) = 12
2 2" place votes = (2)(2) = 4
53" place votes = (5)(1) = 5
L =21 points; E =24 points, O =21 points
Erie Road wins with 24 points.

A majority out of 11 votesis 6 or more votes.

Most last place votes: (L) 2+4=6, (E) O, (O) 5
Thus L with the most last place votesis eliminated.
Second round using the most last place votes:

(E) O, (O) 4

Erie Road wins with the least last place votes.

¢) A magjority out of 15 votesis 8 or more votes.
First choicevotes: (Tl) 10, (C) 3
(9 0 HP)=2
Because Tl aready has amgjority, Tl wins.
d) Tlvs. C: Tl=6+4+2=12 C=3
Tl gets1pt.
Tlvs. S: Tl =6+4+3+2=15 TI gets1pt.
TIvs.HP: Tl =6+4+3=14 HP=2
Tl gets 1 pt.
Cvs.S. C=6+4+3+2=15 Cgets1npt.
Cvs. HP. C=6+3=9 HP=4+3=7
C=gets1pt.
Svs. HP: S=6+3=9 HP=4+2=6
Sgets1pt.
T winswith 3 points.



38.3)

Votes: (L): 8 (M): 2, (9:3, (H): 4
| Love Lucy wins with the most votes.

b) L: 8 1st place votes=(8)(4) = 32

39.a)

40. a)

9 4™ place votes = (9)(1) = 9
M: 2 1% place votes= (2)(4) = 8
15 2" place votes = (15)(3) = 45
S: 31% place votes = (3)(4) = 12
22" place votes = (2)(3) = 6
12 3" place votes = (12)(2) = 24
H: 4 1% place votes = (4)(4) = 16
53" place votes = (5)(2) = 10
84" place votes = (8)(1) = 8
L= 41 points; M =53 points; S= 42 points,
H =34 points Mash winswith 53 points.

A: 6 1<t place votes = (6)(4) = 24
12" place vote = (1)(3) = 3
2 3% place votes = (2)(2) = 4
54" place votes = (5)(1) = 5
B: 11stplacevote=(1)(4) =4
42" place vote = (4)(3) = 12
9 3" place votes = (9)(2) = 18
C: 5 1st placevotes= (5)(4) = 20
6 2™ place vote = (6)(3) = 18
13" place vote = (1)(2) = 2
2 4" place votes = (2)(1) = 2
D: 2 1st placevotes= (2)(4) =8
32" place vote = (3)(3) =9
23" place votes = (2)(2) = 4
7 4" place votes = (7)(1) = 7
A =36 points; B =34 points; C = 42 points;
D = 28 points
C wins with 42 points.

Gvs A: G=69 A=73 Ageslpt.
Gvs C: G=43 C=99 Cageslnpt.
Gvs D: G=43 D=99 D getslpt.
Avs.C. A=73 C=69 A getslpt.
Avs.D: A=73 D=69 Agetslpt.
Cvs.D: C=72 D=70 Cgetslpt.

Apple wins with 3 points.
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38.¢) A mgjority out of 17 votesis 9 or more votes.

First choicevotes: (L) 8, (M) 2
(93 (H)=4
None receives a majority, thus M with the least
votesis eliminated.
Second round: (L) 8, (S) 5, (H) 4
No magjority, thus eliminate H.
Thirdround: (L) 8, (S 9
Seinfeld wins with 9 votes.

dLvsM: L=8 M=9 Mgetslnpt.

Lvs.S L=8 S=9 Sgetslpt.
LvsH: L=8 H=9 Hgetslnpt.
Mvs.S M=14 S=3 Mgetslpt.
MvsH: M=13 H=4 M getslpt.
SvsH: S=13 H=4 Sgetslpt.
Mash wins with 3 points.

39.b) Votes: (A): 6, (B): 1, (C): 5 (D): 2

A wins with the most votes.

¢) A majority out of 14 votesis 7 or more votes.

First choicevotes: (A) 6, (B) 1

(© 5 (D=2
None receives a majority, thus B with the least
votesis eliminated.
Second round: (A) 7, (C) 5, (D) 2
No magjority, thus eliminate D.
Thirdround: (A) 9, (C) 5
A winswith 9 votes.
Avs.B: A=6 B=8 Bgeslpt.
Avs.C: A=9 C=5 Ageslpt.
Avs.D: A=7 D=7 A/Dget051pt.
Bvs C: =34 C=11 Cgetslpt.
Bvs. D: =9 D=5 Bgetslpt.
Cvs.D: C=12 D=2 Cgetslpt.
B and C tie with 2 points.

40. b) A majority out of 142 votesis 71 or more votes.

First choice votes: G=43, A=30, C=29, D=40
None receives a majority, thus C with the least
votesis eliminated.

Second round: (G) 43, (C) 30, (D) 69

No magjority, thus eliminate C.

Third round: (G) 43, (C) 99

Compaqg wins with 99 votes.
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40.c) G: 43 1t place votes= (43)(4) = 172 40.d) Votes: (G): 43, (A): 30, (C): 29, (D): 40
12" place vote = (1)(3) = 3 Gateway wins with the most votes.
26 3" place votes = (26(2) = 52 €) You must choose the voting method prior to
73 4" place votes = (73)(1) = 73 the election.

A: 30 1st place vote = (30)(4) = 120
43 2" place vote = (43)(3) = 129

29 3" place votes = (29)(2) = 58 41. a) If there were only two columns then only two of
26 4™ place votes = (26)(1) = 26 the candidates were the first choice of the
C: 29 1st place votes = (29)(4) = 116 voters. If each of the 15 voters cast aballot,
40 2™ place vote = (40)(3) = 120 then one of the voters must have received a
73 3 place vote = (73)(2) = 146 majority of votes because 15 cannot be split
D: 40 1st place votes = (40)(4) = 160 evenly.
59 2™ place vote = (59)(3) = 177 b) An odd number cannot be divided evenly so one
43 4™ place votes = (43)(1) = 43 of the two first choice candidates must receive
G =300 points; A = 333 points; more than half of the votes.

C =382 points; D =380 points
Compaqg wins with 380 points.

42.8) A: 1+2+3+1=8 43.8) C: 4+1+1=6 R:4+4+3=11
B.3+1+4+3=11 W: 3+3+2+2+1+1= 12
C.4+4+1+1=10 T: 4+3+2+2=11
D: 2+3+2+4=11 The Warriors finished 1%, the Rams and the
B and D tie with 11 points. Tigerstied for 2™, and the Comets were 4™,

by A: 0+1+3+1=5 b) C: 5+0=5 R: 5+5+3=13
B: 3+0+5+3=11 W: 3+3+1+1+0+0=8
C. 5+5+0+0=10 T: 5+3+11=10
D: 1+3+1+5=10 Rams- 1%, Tigers- 2™, Warriors - 3, and
B wins with 11 points. Comets - 4™,

C winswith 42 points.

44. @) Each voter casts 3+2+1 = 6 votes. 45. 8) Each voter casts $+3+2+1 = 10 votes.
(20)(6) = 120 votes (15)(10) = 150 votes
b) 120 - (55+25) = 120 — 80 = 40 votes b) 150 — (35+40+25) = 150 — 100 = 50 votes
¢) No. Candidate B cannot win because the votes ¢) Yes. Candidate D has more votes than each
for Candidate A > votes for Candidate B. of the other 3 candidates.

46. A=10 B=7 C=5 D=9
Candidates A and D will win.

Exercise Set 15.2

1. If acandidate receives a mgjority of first place votes, then that candidate should be declared the winner.

2. A candidate who wins afirst election and then gains additional support without losing any of the original

support should also win a second el ection.

3. If acandidate is favored when compared individually with every other candidate, then that candidate should be
declared the winner.

4. If acandidate is declared the winner of an election, and in a second election, one or more of the other
candidates is removed, then the previous winner should still be declared the winner
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5. A candidate that is preferred to all others will win each pairwise comparison and be selected with the pairwise
comparison method.
6. A candidate that holds a majority of first place votes wins each pairwise comparison and is selected with the
pairwise comparison method.
7. If acandidate receives a majority of first place votes, then that candidate should be declared the winner.
Plurality counts only the 1% place votes.
8. If amajority is not reached on the 1% vote, then the candidate with the lowest vote total is eliminated and
successive votes are taken until one of the candidates achieves a majority vote.

11. Total votes= 3+2+1+1 =7 Candidates A isthe
candidate of choice with a plurality of 4 votes.
A: 41 place votes = (4)(4) = 16

34" place votes = (3)(1) = 3

3 1st place vote = (3)(4) = 12

4 2™ place vote = (4)(3) = 12

22" placevote= (2)(3) = 6

43" place vote = (4)(2) = 8

14" place vote = (1)(1) = 1

12" place vote = (1)(3) = 3

33" place votes= (3)(2) = 6

34" place votes = (3)(1) = 3

9. The plurality method yields Tacos are the winner
with amajority of 8 1% place votes. However, if
the Borda count method is used:

Tacos (8)(3) + () + (4)(1)=24+6+4=34
Pizza (4+3)(4) + (8)(2) =28+ 16=44 B:
Burgers (4)(2) + (8+3)(1) =8+ 11=19

The winner is Pizza using the Borda count 0%
method, thus violating the majority criterion.

10. @) Total votes= 2+4+2+3 =11 D:
Avs.B: A=4+2=6 B=2+3=5 Agetslpt.
Avs.C. A=2+4=6 C=2+3=5 A getslpt.

Bvs C. B=2+4=6 C=2+3=5 Bgeslpt.

Plan A winswith 2 points.
b) Cwinsby aplurality of 5votes. No, the
head-to-head criterion is not satisfied.

12. a) Total votes= 12+6+4+3 =25

Bvs W: B=12+6+4=22 W =3 B gets1pt.
Bvs S B=12+3=15 S=10 B gets 1 pt.
Bvs R: B=12+6=18 R=7 B gets 1 pt.
Wvs. S W=12+3=15 S=10 W getslnpt.
Wvs R: W=12+6+3=21 R=4 W gets1pt.
Svs R S=12+6=18 S=7 Sgets1pt.
Beach wins with 3 paints.

b) B winsby aplurality of 12 votes. Yes, the
head-to-head criterion is satisfied.

13.

G =300 points; A =333 points;
A =19 votes; B =24votes; C=15votes,
D =12 votes
Candidate B is chosen with 24 votes, therefore the
majority criterion is not satisfied.

P: 4 1st place votes = (4)(3) = 12

2 2" place votes = (2)(2) = 4

33" place votes = (3)(1) = 3
L: 31st placevote=(3)(3) =9

52" place vote = (5)(2) = 10

139placevote=(1)(1) = 1
S: 2 1% placevotes= (2)(3) = 6

22" placevote= (2)(3) = 6

53" place vote = (5)(1) =5
P=19 votes; L =20votes;, S=17votes
Pvs.L: P=4+1=5 L=4 P gets1 pt.
Pvs. S P=4+1=5 S=4 P gets 1 pt.
Lvs.S L=4+1+2=7 S=2 L getslpt.
Because Parking wins by head-to-head comparison
and the Lounge Areas win by Borda count method,
the head-to-head criterion is not satisfied.
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14.

16.

20.

A: 21t placevotes= (2)(3) =6
72" place votes = (7)(2) = 14
B: 2 1st place vote = (2)(3) =6
22" placevote= (2)(2) = 4
53" place vote = (5)(1) = 5
C: 51% placevotes= (5)(3) = 15
4 3" place vote = (4)(1) = 4
A =20 votes;, B =15votes;
Avs.B: A=2+2=4 B=5
Avs.C: A=2+2=4 C=5 Cgeslp
Bvs C. B=2+2=4 C=5 Cugetslpt.
Because C wins by head-to-head comparison
and the A wins by the Borda count method,
the head-to-head criterion is not satisfied.

C =19 votes
B gets 1 pt.

A majority out of 25 votesis 13 or more votes.
First choicevotes. (A) 10, (B) 2, (C) 8, (D)=5
None receives a mgjority, thus B with the least
votesis eliminated.

Second round: (A) 10, (C) 10, (D) 5
Still no majority, thus eliminate D.
Thirdround: (A) 10, (C) 15

C winswith a majority of 15 votes.
Avs.B: A=10 B=15 Bgetslpt.
Avs.C. A=10 C=15 Cgetslpt.
Avs.D: A=12 D=13 Dgetslpt.
Bvs C. B=17 C=8 Bgeslpt.
BvsD: B=20 D=5 Bgetslpt.
Cvs.D: C=10 D=15 Dgetslpt.
B winswith 3 points. Therefore, the head-to-head
criterion is not satisfied.

A receives 38 points, B receives 35 points, C
receives 35 points. Thus, A wins using the Borda
count method. If B drops out we get the following:
A receives 25 points, and C receives 29 points.
Thus, C wins the second vote.

Theirrelevant alternatives criterion is not satisfied.

15.

18.

19.

21

A majority out of 25 votesis 13 or more votes.
First choice votes: A=7, B=15, C=3

Since B has > 13 votes, B wins by plurality with
elimination.

Avs.B: A=7+3=10 B=15 Bgetslpt.
Avs.C. A=7 C=25-7=18 Cgetslnpt.
Bvs.C. B=15+7=22 C=3 Bgetslpt.

Y es, because B wins by both methods, the
head-to-head criterion is satisfied.

. Votes: A:8, B:4, C:5;thus, A wins.

If B drops out, we get the following:
Votes: A:8, C:4+5=09, thusC would win.
The irrelevant aternatives criterion is not satisfied.

Votes: A:3, B:4, C:5;thusB wins

If C drops out, we get the following:

Votes. A:3+5=8, B:6,thusA wouldwin.
Theirrelevant alternatives criterion is not satisfied.

A receives 53 points, B receives 56 points, and
C receives 53 points. Thus, B wins using the
Borda count method. If A dropsout, we get the
following: B receives 37 points, and C receives
44 points. Thus, C winsthe second vote. The
irrelevant alternatives criterion is not satisfied.

A majority out of 32 votersis 16 or more votes.
Votes: A:8+3=11, B:9,C: 12; none hasa
majority, thus eliminate B.

Votes: A:8+3=11, C: 9+12=21,thusC
wins. If the three voterswho voted for A,C,B
changeto C,A,B, the new set of votes becomes:
Votes: A:12, B:9, C:11; nonehasa
majority, thus eliminate B.

Votes: A:9+12=21, C=11,thusA wins.
Thus, the monotonicity criterion is not satisfied.



22

24,

26.

27.

A majority out of 29 votersis 15 or more votes.
Votes: A: 8, B:10, C:11; none hasamaority,
thus eliminate A.

Votes: B:8+10=18, C:7+4 =11,thusB
wins. After the four votes change their votes, the
the new set of votesis A: 8, B:14, C:7,
none has a mgjority, thus eliminate C.

Votes: A: 7+8=15, B:14; thusA wins.

Thus, the monotonicity criterion is not satisfied.

A majority out of 13 votersis 7 votes.

Votes: A: 3, B:6, C:4;nonehasamaority, thus
eliminate A. Votes: B: 6, C:4+3 =7;thusC
wins. After B drops out, the new set of votesis
Votes: A:6+3=9, C:4;thusA wins.
Theirrelevant alternatives criterion is not satisfied.

A receives 3 points, B receives 1 point, C receives
3 paints, D receives 1 point, and E receives 2 points.
A and Ctie, but when A vs. C, C wins and thus we
declare C the winner. After A, B and E drop out,
the new set of votesis tableis C: 2+ 1=3,

D: 4, thus D wins.

The irrelevant alternatives criterion is not satisfied.

Total votes=7 A winswith a mgjority of
4 votes.
A: 414 place votes= (4)(3) = 12

33" place votes = (3)(1) = 3
B: 2 1st place vote = (2)(3) =6

52" place vote = (5)(2) = 10
C: 11% placevotes= (1)(3) =3

22" place votes = (2)(2) = 4

4 3% place vote = (4)(1) = 4
A =15 points; B =16 points; C =11 points
B wins with 16 points. No. The majority
criterion is not satisfied.

23.

25.

28.

29.
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A majority out of 23 votersis 12 votes.

Votes: A: 10, B:8, C:5; nonehasamajority,
thus eliminate C.

Votes: B: 10, B:8+5 =13; thusB wins.
After A drops out, the new set of votesis

B:8, C:10+5=15; thusCwins.

Theirrelevant alternatives criterion is not satisfied.

A receives 2 points, B receives 3 point, C receives
2 points, D receives 1 point, and E receives 2 pts.
B wins by pairwise comparison.

After A, C and E drop out, the new set of votesis
B:2 D: 3,thusD wins. Theirrelevant
alternatives criterion is not satisfied.

Total votes=11
5 votes.
A: 11st placevotes= (1)(3) =3

5 2" place votes = (5)(2) = 10

53" place votes = (5)(1) = 5
B: 6 1st place vote = (6)(3) = 18

53 place votes = (5)(1) = 5
C: 4 1% placevotes = (4)(3) = 12

6 2" place votes = (6)(2) = 12

13" placevote = (1)(1) = 1
A =21 points; B =23points; C=25points
C winswith 25 points. No. The mgjority
criterion is not satisfied.

B wins with a plurality of

Total votes=31 Magjority = 16 or more
a) Museum of Natural History

b) Museum of Natural History

¢) Museum of Natural History

d) None of them
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30.a) Total votes=44 A magjority is> 22 votes.
A: 81st place votes = (8)(5) = 40
83" place votes = (8)(3) = 24
8 4™ place votes = (8)(2) = 16
20 5" place votes = (20)(1) = 20
B: 20 1st place vote = (20)(5) = 100
22" place vote = (2)(4) = 8
14 4™ place votes = (14)(2) = 28
85" place votes = (8)(1) = 8
C: 4 1% place votes = (4)(5) = 20
8 2™ place votes = (8)(4) = 32
16 3" place vote = (16)(3) = 48
8 4" place votes = (8)(2) = 16
85" place votes = (8)(1) = 8
D: 4 1% place votes = (4)(5) = 20
28 2™ place votes = (28)(4) = 112
4 3" place votes = (4)(3) = 12
85" place votes = (8)(1) = 8
E: 81% place votes = (8)(5) = 40
22" place votes = (2)(4) = 8
16 3" place votes = (16)(3) = 48
14 4™ place votes = (14)(2) = 28
A =100pts; B=136pts; C=124pts,;
D=152pts; E=124pts.
Dow Chemical is chosen with 152 points.
b) Burrows-Welcome will be chosen.
c) Yes.

38. A magjority out of 11 votersis 6 or more votes.
a) Votes. A:9, B:2;thusA wins.

b) Votes: A:4+2=6, C:5; Yes Awins.
¢) Thefive voterswho favor C should vote C, B, A

instead of C, A, B.

Exercise Set 15.3

31

32.

33.

34.

35.

39.

a) A majority out of 82 votesis 41 or more votes.
First choice votes: (A) 28, (C) 30, (D) 24
None receives a majority, thus D with the |east
votesis eliminated.

Second round: (A) 52, (C) 30
Thus, Jennifer Aniston is selected..

b) No majority on the 1% vote; C is eliminated
with the fewest votes.

Second round: (A) 38, (D) 44
Denzel Washington is chosen.
c) Yes.

a) A receives 1 point, B receives 2% points,
C receives 1% points, D receives 3 points,
E receives 2 points. Thus, (D) wins.

b) A receives 0 points, B receives 2Y2 points,
D receives 2 points, E receives 1% points.
Thus, B wins.

¢) Yes.

A candidate who holds a plurality will only gain
strength and hold and even larger lead if more
favorable votes are added.

Answers will vary (AWV).
AWV 36. AWV 37. AWV
AWV

1. If wedivide thetotal population by the number of items to be apportioned we obtain a number called the

standard divisor.

. Hamilton's method

NoUohWN

8. a) Jefferson’s method
9.a) Webster's method

b) Adam’'s method
b) Adam’s method

Jefferson’ s method, Webster’s method, Adams's method
c) Webster's method
¢) Jefferson’s method

10. Jefferson’s method, Webster's method, Adams's method

. The standard quotais found by dividing each group’s population by the standard divisor.
. The standard quota rounded down to the nearest whole humber.

. The standard quota rounded up to the nearest whole number.

. An apportionment should always be either the upper quota or the lower quota.
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11. @) 7500000 =50, 000 = standard divisor
b) and c)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Standard Quota 24.40 54.60 17.14 53.86
Lower Quota 24 54 17 53 148
Hamilton's Apportionment 24 55 17 54 150
12. @) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Modified Quota 24.65 55.15 17.31 54.40
Jefferson’s Apportionment 24 55 17 54 150
(round down)
13. 8) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Modified Quota 24.70 55.26 17.35 54.51
Jefferson’s Apportionment 24 55 17 54 150
(round down)
14. a) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Modified Quota 24.11 53.95 16.94 53.22
Adams' Apportionment 25 54 17 54 150
(round up)
15. @) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Modified Quota 24.06 53.85 16.90 53.12
Adams’ Apportionment 25 54 17 54 150
(round up)
16. @) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Standard Quota 24.40 54.60 17.14 53.86
Webster's Apportionment 24 55 17 54 150

(standard rounding)
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17. @) and b)
State A B C D Totd
Population 1,222,000 2,730,000 857,000 2,693,000 7,500,000
Modified Quota 24.38 54.55 17.12 53.81
Webster's Apportionment 24 55 17 54 150
18. 8) Standard divisor = % = LI =27
25 25
b) and ¢)
Hotel A B C Totd
Amount 306 214 155 675
Standard Quota 11.33 7.93 5.74
Hamilton's Apportionment 11 8 6 25
19. a) and b)
Hotel Al Bob Charlie Totd
Amount 350 530 470 1350
Modified Quota 8.05 12.18 10.84
Jefferson’s Apportionment 8 12 10 30
(rounded down)
20. a) and b)
Hotel Al Bob Charlie Totd
Amount 350 530 470 1350
Modified Quota 8.14 12.33 10.93
Jefferson’s Apportionment 8 12 10 30
21.a) and b)
Hotel Al Bob Charlie Totd
Amount 350 530 470 1350
Modified Quota 7.45 11.28 10.00
Adam’s Apportionment 8 12 10 30
(rounded up)
22. @) and b)
Hotel Al Bob Charlie Totd
Amount 350 530 470 1350
Modified Quota 7.29 11.04 9.79
Adam’ s Apportionment 8 12 10 30

(rounded up)
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23.a) and b)
Store Al Bob Charlie Tota
Amount 350 530 470 1350
Standard Quota 7.78 11.78 10.44
Webster’' s Apportionment 8 12 10 30
(standard rounding)
24. a) and b)
Store Al Bob Charlie Total
Amount 350 530 470 1350
Modified Quota 7.61 11.52 10.22
Webster’'s Apportionment 8 12 10 30
25.a) A standard divisor = tod = Zi(? =18
b)
Store A B C D Total
Population 75 97 140 228 540
Standard Quota 4177 539 7.78 12.67 30
26.
Store A B C D Total
Population 123 484 382 271 1260
Standard Quota 5.86 23.05 1819 12.90
Lower Quota 5 23 18 12 58
Hamilton’ s Apportionment 6 23 18 13 60
27. A divisor of 20.5 was used.
Store A B C D Total
Population 123 484 382 271 1260
Modified Quota 6.00 2361 1863 13.22
Jefferson’s Apportionment 6 23 18 13 60
(round down)
28. A divisor of 21.5 was used.
Store A B C D Total
Population 123 484 382 271 1260
Modified Quota 5.72 2751 17.77 12.60
Adams’ Apportionment 6 23 18 13 60
(round up)
29.
Store A B C D Total
Population 123 484 382 271 1260
Standard Quota 5.86 23.05 1819 12.90
Webster's Apportionment 6 23 18 13 60




504 CHAPTER 15 Voting and Apportionment

30. a) Standard divisor = tod = 13000 =52
250
b)
School LA Sci. Eng. Bus. Hum Totd
Enrollment 1746 7095 2131 937 1091 13000
Standard Quota 3358 13644 40.98 18.02 20.98
3L
School LA Sci. Eng. Bus. Hum Totd
Enrollment 1746 7095 2131 937 1091 13000
Standard Quota 3358 13644 40.98 18.02 20.98
Lower Quota 33 136 40 18 20 247
Hamilton’ s Apportionment 34 136 41 18 21 250
32. A divisor of 51.5 was used.
School LA Sci. Eng. Bus. Hum Totd
Enrollment 1746 7095 2131 937 1091 13000
Modified Quota 3390 137.77 4138 1819 2118
Jefferson’ s Apportionment 33 137 41 18 21 250
(round down)
33. A divisor of 52.5 was used.
School LA Sci. Eng. Bus. Hum Totad
Enrollment 1746 7095 2131 937 1091 13000
Modified Quota 33.26 13514 4059 17.85 20.78
Adam’s Apportionment 34 136 41 18 21 250
(round up)
34.
School LA Sci. Eng. Bus. Hum Totd
Enrollment 1746 7095 2131 937 1091 13000
Standard Quota 3358 136.44 40.98 18.02 20.98
Webster’' s Apportionment 34 136 41 18 21 250
(standard rounding)
35.a) A standard divisor = tod = 13500 =
150 150
Dealership A B C D Total
Annual Sales 4800 3608 2990 2102 13500
Standard Quota 5333 40.09 3322 2336 150.00
36.
Dealership A B C D Total
Annual Sales 4800 3608 2990 2102 13500
Standard Quota 5333 40.09 3322 23.36 150.00
Hamilton’ s Apportionment 53 40 33 24 150
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37.
Dealership A B C D Total
Annual Sales 4800 3608 2990 2102 13500
Standard Quota 5333 40.09 3322 23.36 150.00
Jefferson’s Apportionment 54 40 33 23 150
38.
Dealership A B C D Total
Annual Sales 4800 3608 2990 2102 13500
Standard Quota 53.33 40.09 3322 23.36 150.00
Adam’s Apportionment 53 40 33 24 150
39.
Dealership A B C D Total
Annual Sales 4800 3608 2990 2102 13500
Standard Quota 5333 40.09 3322 23.36 150.00
Webster’'s Apportionment 54 40 33 23 150
40. a) Standard divisor = tod = 2940 =14
210 210
b)
Precinct A B C D E F Total
Crimes 743 367 432 491 519 383 2940
Standard Quota 53.07 26.21 30.86 35.07 37.07 27.71
41.
Precinct A B C D E F Total
Crimes 743 367 432 491 519 383 2940
Standard Quota 53.07 26.21 30.86 35.07 37.07 27.71
Lower Quota 53 26 30 35 37 27 208

Hamilton’ s Apportionment 53 26 31 35 37 28 210

42. The divisor 3.8 as used.

Precinct A B C D E F Totd
Crimes 743 367 432 491 519 388 2940
Modified Quota 53.84 26.59 31.30 35.58 37.61 28.12

Jefferson’ s Apportionment 53 26 31 35 37 28 210
(round down)

43. The divisor 14.2 as used.

Precinct A B C D E F Tota

Crimes 743 367 432 491 519 388 2940
Modified Quota 5232 2285 3042 3458 36.55 27.32

Adam’s Apportionment 53 26 31 35 37 28 210

(round up)
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44,
Precinct A B C D E F Total
Crimes 743 367 432 491 519 383 2940
Standard Quota 5232 2285 30.42 3458 36.55 27.32
Webster’' s Apportionment 53 26 31 35 37 28 210
(standard rounding)

45. @) Standard divisor = tod = 2400 12

200 200
b)
Shift A B C D Total
Room calls 751 980 503 166 2400
Standard Quota 6258 81.67 4192 13.83
46.
Shift A B C D Total
Room calls 751 980 503 166 2400
Standard Quota 62.58 8167 4192 13.83
Lower Quota 62 81 41 13 197
Hamilton’ s Apportionment 62 82 42 14 200

47. The divisor 11.9 was used.

Shift A B C D Tota
Room calls 751 980 503 166 2400
Modified Quota 63.11 8235 4227 13.95
Jefferson’s Apportionment 63 82 42 13 200
(round down)

48. Thedivisor 12.1 was used.

Shift A B C D Tota
Room calls 751 980 503 166 2400
Modified Quota 62.07 80.99 4157 13.72
Adam’ s Apportionment 63 81 42 14 200
(round up)

49. The divisor 12.02 was used.

Shift A B C D Tota
Room calls 751 980 503 166 2400
Modified Quota 6248 8153 41.85 13.81
Webster's Apportionment 62 82 42 14 200
(standard rounding)



50. Standard divisor =

3615920 _ 34437.33

a) Hamilton's Apportionment: 7, 2, 2, 2, 8, 14, 4, 5, 10, 10, 13, 2, 6, 2, 18
b) Jefferson’s Apportionment: 7,1, 2, 2, 8, 14, 4,5, 10, 10, 13, 2, 6, 2, 19
c) Statesthat Benefited: Virginia States Disadvantaged: Delaware
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Exercise set 15.4

1. The Alabama paradox occurs when an increase in the total # of itemsresultsin aloss of items for a group.
2. The new-states paradox occurs when the addition of a new group changes the apportionment of another group.
3. The population paradox occurs when group A losesitems to group B, although group A’s population grew at

a higher rate than group B’s.

4. Yes, it can produce the Alabama paradox, population paradox, and new-states paradox.

o

Hamilton's, Jefferson’s
6. Adam’'s, Webster's

7. New divisor = %:17.65

School A B C D E Total
Standard Quota 1190 935 9.07 9.92 10.76
Lower Quota 11 9 9 9 10 48

Hamilton’ s Apportionment

12 9 9 10 11 51

No. No school suffers aloss so the Alabama paradox does not occur.

8. @) Standard divisor = 2592 =18
144
School A B C D Total
Population 739 277 618 958 2592
Standard Quota 41.06 1538 34.33 53.22
Hamilton’ s Apportionment 41 16 34 53 144
b) New divisor = 2592 =17.88
145
School A B C D Tota
Population 739 277 618 958 2592
Standard Quota 4133 1549 3456 5357
Hamilton’ s Apportionment 41 16 34 53 144

Yes. School B loses amonitor while schools C and D each gain a monitor.

9.a) Standard divisor = % =30
State A B C Tota
Population 161 250 489 900
Standard Quota 5.37 8.33 16.30
Hamilton’ s Apportionment 6 8 16 30
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9. b) New divisor = % =29.03

State A B C Total
Population 161 250 489 900
Standard Quota 5.56 8.61 16.84
Hamilton’ s Apportionment 5 9 17 31
Yes, state A loses 1 seat and states B and C each gain 1 seat.
10. 8) Standard divisor = 1000000 _ 5000
State A B C Totd
Population 233,000 461,000 306,000 1,000,000
Standard Quota 46.60 92.20 61.20
Lower Quota 46 92 61 199
Hamilton’ s Apportionment 47 92 61 200
10. b) New divisor = 2990900 _ 457515
State A B C Totd
Population 233,000 461,000 306,000 1,000,000
Standard Quota 46.83 92.66 61.51
Lower Quota 46 92 61 199
Hamilton’ s Apportionment 47 93 61 201
No. None of the States lost a seat.
11. a) Standard divisor = 25000 =125
200
City A B C Total
Population 8130 4030 12,840 25,000
Standard Quota 65.04 3224 102.72
Hamilton’ s Apportionment 65 32 103 200
b) New divisor = 2125 =125.625
200
City A B C Total
New Population 8150 4030 12,945 25,125
Standard Quota 64.88 32.08 103.04
Hamilton’ s Apportionment 65 32 103 200
No. None of the Cities loses a bonus.
12. a) Standard divisor = % =30
College A B C Total
Faculty 162 249 489 900
Standard Quota 5.40 8.30 16.30
Lower Quota 5 8 16 29
Hamilton’ s Apportionment 6 8 16 30




12.b) New divisor = %: 32.167

College A B C Total
Faculty 178 269 518 965
Standard Quota 5.53 8.36 16.10
Lower Quota 5 8 16 29
Hamilton’ s Apportionment 6 8 16 30
No. The opportionment isthe same.
13. a) Standard divisor = 54—520 =100
Division A B C D E Total
Population 733 1538 933 1133 1063 5400
Standard Quota 733 1538 933 1133 10.63
Lower Quota 7 15 9 11 10 52
Hamilton’ s Apportionment 7 16 9 11 11 54
13. b) New divisor = o454 =101
54
Division A B C D E Total
Population 733 1539 933 1133 1116
Standard Quota 726 15238 9.238 11.22 11.05
Lower Quota 7 15 9 11 11 53
Hamilton’ s Apportionment 8 15 9 11 11 54
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Yes. Division B loses an internship Division A even though the population of division B grew faster than

the population of division A.

14. a) Standard divisor = 30000 =120
250
State A B C Total
Population 459 10551 18990 30000
Standard Quota 3.82 87.93 158.25
Hamilton’ s Apportionment 4 88 158 250
b) Samedivisor = &Ogo =120
State A B C Total
Population 464 10551 19100 30110
Standard Quota 3.87 87.93 159.17
Hamilton’ s Apportionment 3 88 159 250

No. The opportionment isthe same.
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15. 8) Standard divisor = % =100
Tech. Data A B Total
Employees 844 3956 4800
Standard Quota 8.44 39.56
Lower Quota 8 39 47
Hamilton’ s Apportionment 8 40 48
b) New divisor = 5524 =100.44
55
Tech. Data A B C Total
Employees 844 3956 724 5524
Standard Quota 8.40 39.39 7.21
Lower Quota 8 39 7 54
Hamilton' s Apportionment 9 39 7 55
Yes. Group B loses amanager.
16. a) Standard divisor = 10000 =100
100
State A B Total
Population 1135 8865 10000
Standard Quota 11.35 88.65
Hamilton’ s Apportionment 11 89 100
16. b) New divisor = 10625 =100.24
106
State A B C Totd
Population 1135 8865 625 10625
Standard Quota 11.32 88.44 6.24
Hamilton’ s Apportionment 11 89 6 106
Yes. State C loses a seat to State B.
17. @) Standard divisor = 990000 =15,000
State A B C Tota
Population 68970 253770 667260 990000
Standard Quota 4,59 16.92 44.48
Hamilton’ s Apportionment 5 17 44 66
b) New divisor = 1075800 =15,152.11
State A B C D Tota
Population 68970 253770 667260 85800 1075800
Standard Quota 455 16.75 44,04 5.66
Hamilton’ s Apportionment 4 17 44 6 71

Yes. State C loses a seat to State B.
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18. a) Standard divisor = % =100
State A B Totad
Population 744 2556 3300
Standard Quota 7.44 25.56
Lower Quota 7 25 32
Hamilton’ s Apportionment 7 26 33
b) New divisor = 4010 =100.25
40
State A B C Totad
Population 744 2556 710 4010
Standard Quota 7.42 25.50 7.08
Lower Quota 7 25 7 39
Hamilton’ s Apportionment 7 26 7 40

No. The apportionment isthe same.

Review Exercises
1. @) Robert Riverawinswith the most votes (12).

b) A majority out of 24 votersis 13 or more votes. Robert Rivera does not have a mgjority.
2.d) Michelle MacDougal wins with the most votes (224).

b) Yes. A magjority out of 421 votersis 211 or more votes.

3. 4.
#ofvotes |3 2 1 3 1 #ofvotes |2 2 2 1
First B A D C D First C A B C
Second A C C B A Second A B C B
Third C D A A B Third B C A A
Fourth D B B D C
5. Number of votes=6+4+3+2+1+1=17 8. A majority out 17 votersis 9 or more votes.
Votes. P:6+1=7, V:4, S: 3+2=5, A:1.
6. Park City winswith aplurality of 6 votes. None has a mgjority, thus eliminate A.
Votes. P.6+1=7, V:4, S 3+2+1=6
7. P:50points, V:47 points, S: 35 points, None has a mgjority, thus eliminate V.
A: 38 points. Park City wins with 50 points. Votes: P: 6+4+1=11, S 3+2+1=6.
Park City wins.
9. P:3pts,, V:2pts, S:Opts, A:1lpt 10. Votes: P:7, V:4, S5 A:1 Nonehasa
Park City winswith 3 points. majority, thus eliminate S with most last place
votes. Votes. P: 10, V: 4, A: 3; Park City wins.
11. 38+30+25+7+10 = 110 students voted 12. Volleyball winswith a plurality of 40 votes.
13. S: 223 pts,, V:215pts., B: 222 pts. 14. A majority out of 110 votersis 56 or more votes.
Soccer wins. Votes: S: 38, V: 40, B: 32; None hasamajority,

thuseliminate B. Votes. S: 45, V: 65
Volleyball wins.
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15. S:1pt, V:1pt, B:1pt. A 3-waytie

17.a) Votes: A: 161+134=295, F:45, M: 12,
P:0 AARPwins
b) Yes. A mgjority out of 372 votersis 186 or more
votes. AARP receives a majority.
c) A:985pts., F:740pts., M: 741 pts,
P. 852 pts. AARP wins.
d) 186 or more votesis needed for amajority.
Votes: A: 295, F:45 M:12, P.0
AARP wins.
e A:3pts, F: 1lpt,
AARP wins.

M:1pt, P:1pt.

19. 8) A majority out of 16 votersis9 or more votes.
Votes: (EB): 4+3+=7, (FW):1+1=2,
(G): 0, (WB):6+1=7 Nonehasamgority,
thuseliminate G. Votes. (EB): 4+3=7,
(FW):1+1=2, (WB):6+1=7 Nonehasa
majority, thus eliminate FWV
Votes. (EB): 4+3+1=8, (WB):6+1+1=38.
Thus, EB and WB tie.

b) Usethe Borda count method to break the tie.

(EB) =46 points, (WB) =50 points;
World Book wins.

22.a) A majority out of 42 votersis 21 or more votes.
Votes. A: 12, B:10+6=16, C:14
None has the magjority, thus eliminate A.
Votes. B:10+6=16, C:14+12=26 Cwins.

b) The new preferencetableis

Number of votes ’ 10 14 6 12
First B C C A
Second A B B C
Third C A A B

Votes: A:12, B:10, C:20; Nonehasa
majority, thus eliminate B.

Votes. A:22, C:20 Awins. Whenthe
order is changed A wins. Therefore, the
monotonicity criterion is not satisfied.

16. Votes: S: 38, V:40, B:32 Nonehasa
majority, thus eliminate V with the most last place
votes. Votes. S: 68, B:42.  Soccer wins.

18. Votes: (NO): 70, (LV):55, (C):30, (SD): 45
a) A magjority out of 200 votersis 101 or more
votes. None of the cities has a mgjority.

b) New Orleanswin aplurality of 70 votes.

¢) (NO):410pts.,, (LV):580pts., (C): 505 pts.,
(SD): 495 pts. LasVegaswins.

d) LasVegaswinswith 130 pts. to 70 pts. for NO.

€e) NO:Opts,, LV:3pts, C:1pt, SD:1pt.
Las Vegas wins with paints.

19.c) (EB) vs. (WB): EB: 4+3+1 = 8 points,
(WB): 6+1+1 = 8 points.
EB and WB tie again.

20. A:33pts, B:39pts, C:28pts, D:20pts.
Using the Borda count, method B wins.
However, B only has 3 first place votes, thus the
majority criterion is not satisfied.

21. In ahead-to-head comparison, B must win over all
the others. For (B vs. A), A winswith 3 pts.
The head-to-head criterion is not satisfied.

22.¢c) If B drops out the new tableis

Number of votes | 10 14 6 12
First A C C A
Second C A A C

Votes: A: 10+12=22, C:14+6=20 A wins.
Since C won the first election and then after B
dropped out A won, theirrelevant criterion is
not satisfied.



23.a) M has0pts,, Shas 3 pts., Fhas 1 pt., and

E has 1 pt. Thus, Starbucks wins.

b) Maxwell House wins w/aplurality of 33 votes.

c) M =228 pts., S=277 pts., F =293 pts., and
E =292 pts. Thus, Folgerswins.

d) Eight O’clock wins over Maxwell House with
76 points.

€) Sameresultsasin a), thus, Starbucks wins.

f) The plurality, plurality with elimination, and
Borda count methods all violate the
head-to-head criterion.

25. The Borda count method

26. Plurality and plurality w/elimination methods
27. Pairwise comparison and Borda count methods

28. Standard divisor = % =600
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24. @) Yes. Fleetwood Mac isfavored when

compared to each of the other bands.
b) Votes. A:15, B:34, C:9+4=13,
F: 25 Boston wins.
c) A: 217 points, B: 198 points, C: 206 points,
F: 249 points  Fleetwood Mac wins.
d) A majority out of 87 votersis 44 or more votes.
Votes: A: 15, B:34, C:13, F25
None has a mgority, thus eliminate C.
Votes: A: 15+9+4=28, B:34, F. 25
None has a mgjority, thus eliminate F.
Votes: A:28+25=53, B:34 Abbawins.
e) A=2pts,B=0pts,C=1pt.,, F=3pts.
Thus, Fleetwood Mac wins.
f) Plurality and plurality w/elimination methods

Region A B C Total
Number of Houses 2592 1428 1980 6000
Standard Quota 4.32 2.38 3.30
Lower Quota 4 2 3 9
Hamilton' s Apportionment 4 3 3 10
29. Using the modified divisor 500.
Region A B C Total
Number of Houses 2592 1428 1980 6000
Modified Quota 5.18 2.86 3.96
Jefferson’s Apportionment 5 2 3 10
(rounded down)
30. Using the modified divisor 700.
Region A B C Total
Number of Houses 2592 1428 1980 6000
Modified Quota 3.70 2.04 2.83
Adam’s Apportionment 4 3 3 10
(rounded up)
31. Using the modified divisor 575.
Region A B C Total
Number of Houses 2592 1428 1980 6000
Modified Quota 451 2.48 34
Webster’ s Apportionment 5 2 3 10
(normal rounding)
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32. Yes. Hamilton's Apportionment becomes 5, 2, 4.

Region B loses one truck.

33. Standard divisor = % =30
Course A B C Total
Number of Students 311 219 160 690
Standard Quota 10.37 7.30 5.33
Lower Quota 10 7 5 22
Hamilton' s Apportionment 11 7 5 23
34. Usethe modified divisor 28
Course A B C Total
Number of Students 311 219 160 690
Modified Quota 11.12 7.82 571
Jefferson’s Apportionment 11 7 5 23
(round down)
35. Usethe modified divisor 31.5
Course A B C Total
Number of Students 311 219 160 690
Modified Quota 9.87 6.95 5.08
Adam’s Apportionment 10 7 6 23
(round up)
36. Use the modified divisor 29.5
Course A B C Total
Number of Students 311 219 160 690
Modified Quota 10.54 7.42 5.42
Webster’ s Apportionment 11 7 5 23
(standard rounding)
37. The new divisor is % =30.35
Course A B C Total
Number of Students 317 219 162 698
Standard Quota 10.44 7.22 5.34
Lower Quota 10 7 5 22
Hamilton’ s Apportionment 11 7 5 23
No. The apportionment remains the same.
38. The Standard divisor = % =1000
State A B Tota
Population 4862 50138 55,000
Standard Quota 4.86 50.14
Hamilton’ s Apportionment 5 50 55




39. The apportionment is4, 51.
41. The apportionment is 5, 50.
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40. The apportionment is 5, 50.

42. The new divisor is 40 =1015.67
State A B C Totd
Population 4862 50138 5940 60940
Standard Quota 4,79 49.36 5.85
Hamilton’ s Apportionment 5 49 6 60

Yes. State A. gains aseat while State B loses a seat.

Chapter Test
1. 6+5+5+4 = 20 members voted.

3. Chriswinswith aplurality of 9 votes.
5. Donyall winswith 11 pts.

7. @) Votes. H: 26+14=40, 1:29, L:30, S 43
Thus, the snail wins.
b) (H) 1st (40)(4) = 160
2" (59)(3) = 177
39 (0)(2) =0
4" (43)(1) =43
(1) 1% (29)(4) = 116
2" (40)(3) = 120
39 (73)(2) = 146
4" (0) 1) =0
(L) 1st (30)(4) =120
2" (43)(3) = 129
39 (43)(2) = 86
4" (26)(1) = 26

H receives 380 points.

| receives 382 points

L receives 361 points

8. Plurdity: Votes: W: 86, X:52+28 =280, Y: 60,

Z:58 W wins.

Bordacount: W gets 594 points, X gets 760 points,
Y gets 722 points, Z gets 764 points  Z wins

Plurality with elimination: A majority out of 284
votersis 143 or more votes.
Votes: W: 86, X:80, Y:60, Z:58
None has a mgjority, thus eliminate Z.
Votes: W: 86, X:80+58=138, Y:60
None has a mgority, thus eliminate Y.
Votes: W: 86, X:138+60=198 X wins.

2. No candidate has a mgjority of > 10 votes.
4. D=41pts, C=44pts, S=35pts. Chriswins.
6. D=15pts, C=1pt, S=0.5pt. Donyall wins.

7. b) (S) 1% (43)(4) =172
2" (0)(3) =0
39 (26)(2) =52
4™ (73)(1) =73  Sreceives 297 points.
Theiguana (1) wins with the most points.
¢) A majority out of 142 votersis 72 or more votes.
Votes: H: 40, 1:29, L:30, S:43; Nonehasa
majority, thuseliminatel. Votes: H: 69,
L: 30, S:43 Nonehasamagority, thus
elimnateL. Votes H:99, S: 43
The hamster wins.
d HvsI: lgetslpt. Hvs L: L getslpt.
Hvs.S. Hgetslpt. Ivs L: L getslpt.
Ivs.S: lgetslpt. Lvs S L getslpt.
Ladybug wins with 3 points.

8. Head-to-Head: When'Y iscompared to each of the
others, Y isfavored. ThusY winsthe
head-to-head comparison.
Plurality, Borda count and Plurality with elimination
each violate the head-to-head criterion. The pairwise
method never violates the head-to-head criterion.

9. A magjority out of 35 votersis 18 or more votes.
Louisiana (L) has amgjority.
However, Mississippi (M) wins using the Borda
count method. Thus the majority criterion is
violated.
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10. @) The standard divisor = % =1100
State A B C Total
Population 6933 9533 16534 33,000
Standard Quota 6.30 867 15.03
Hamilton’ s Apportionment 6 9 15 30
b)
State A B C Total
Population 6933 9533 16534 33,000
Modified Quota 6.30 867 15.03
Jefferson’s Apportionment 6 8 15 29
(round down)
¢) Thenew divisor 1064.52
State A B C Total
Population 6933 9533 16534 33,000
Standard Quota 651 896 15.53
Hamilton’ s Apportionment 6 9 16 31

The Alabama paradox does not occur, sine none of the states |oses a seat.

d) Thedivisor = % =1091.16
State A B C Total
Population 7072 9724 17030 33,826
Standard Quota 648 891 1561
Hamilton’ s Apportionment 6 9 16 31

The Alabama paradox does not occur, sine none of the states |oses a seat.

38100

10. €) The new divisor is =1058.33
State A B C D Tota
Population 6933 9533 16534 5100 38100
Standard Quota 655 901 1562 482
Hamilton’ s Apportionment 6 9 16 5 36

The new states paradox does not occur, sine none of the existing states |oses a seat.
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GRAPH THEORY

Exer cise Set

1
2.
3.

~

11

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

A vertex isadesignated point.

An edge (or an arc) isany line, either straight or curved, that begins and ends at a vertex.

To determine whether a vertex is odd or even, count the number of edges attached to the vertex.

If the number of edgesisodd, the vertex isodd. If the number of edgesis even, the vertex is even.
Answerswill vary.

5 vertices, 7 edges 6. 6 vertices, 8 edges

7 vertices, 11 edges 8. 5vertices, 6 edges

Each graph has the same number of edges from the 10. Each graph has the same number of edges from
corresponding vertices. the corresponding vertices.

Odd vertices: C, D 12. Odd vertices: A, C, E, F

Even vertices: A, B Even vertices: B, D

Yes. The figure has exactly two odd vertices, namely C and D. Therefore, the figureis traversable.
You may start at C and end at D, or start at D and end at C.

No. All four verticesare odd. There are more than two odd vertices. Therefore, the figure is not traversable.
Yes. Thefigure hasno odd vertices. Therefore, the figure istraversable. Y ou may start at any point
and end where you started.

Yes. Thefigure hasno odd vertices. Therefore, the figure istraversable. Y ou may start at any point
and end where you started.

No. Thefigure hasfour odd vertices, namely A, B, E, and F. There are more than two odd vertices.
Therefore, the figure is not traversable.

Yes. Thefigure has exactly two odd vertices, namely C and G. Therefore, the figure istraversable.
Youmay start at Candend at G, or start at G and end at C.

Yes. Thefigure has exactly two odd vertices, namely A and C. Therefore, the figureis traversable.
You may start at A and end at C, or start at C and end at A.

Yes. Thefigure hasno odd vertices. Therefore, the figure istraversable. Y ou may start at any point
and end where you started.

a) 0rooms have an odd number of doors.

5 rooms have an even number of doors.

b) Y es because the figure would have no odd vertices.

¢) Start in any room and end where you began. For example: Ato D to Bto Cto E to A.

a) 4 rooms have an odd number of doors.

1 room has an even number of doors.

b) No because the figure would have more than two odd vertices.
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23. @) 2rooms have an odd number of doors.

4 rooms have an even number of doors.

b) Y es because the figure would have exactly two odd vertices.

c) StartatBandend at F, or start at F and end at B.

For example: BtoCtoFtoEtoDto AtoBtoEto F
24. &) 2rooms have an odd number of doors.

4 rooms have an even number of doors.

b) Y es because the figure would have exactly two odd vertices.

c) StatatBandend at E, or start at E and end at B. For example BtoAtoDtoEtoFtoCtoBto E
25. @ 4rooms have an odd number of doors.

1 room has an even number of doors.

b) No because the figure would have more than two odd vertices.
26. a) 5rooms have an odd number of doors.

1 room has an even number of doors.

b) No because the figure would have more than two odd vertices.
27. & 3rooms have an odd number of doors.

2 rooms have an even number of doors.

b) No because the figure would have more than two odd vertices.
28. a) 3rooms have an odd number of doors.

4 rooms have an even number of doors.

b) No because the figure would have more than two odd vertices.

29. The door must be placed in room D. Adding a door to any other room would create two rooms with
an odd number of vertices. Y ou would then be unable to enter the building through the door marked
"enter" and exit through the new door without going through a door at least twice.

30. The door must be placed in room D. Adding a door to any other room would create two rooms with
an odd number of vertices. Y ou would then be unable to enter the building through the door marked
"enter" and exit through the new door without going through a door at least twice.

31. Yesbecause the figure would have exactly two odd vertices. Begin at either the island on the left or
on the right and end at the other island.

32. Yesbecause the figure would have exactly two odd vertices. Begin at the island on the right
and end on the land below the island, or vice versa.

33, 34.
A B B



35.

36.

37.

39.

41.

42.

APPENDIX

a) Kentucky, Virginia, North Carolina, Georgia, Alabama, Mississippi, Arkansas, Missouri

b) Illinais, Arkansas, Tennessee

a) French Guiana, Surinam, Guyana, Venezuela, Columbia, Peru, Bolivia, Paraguay, Argentina,
Uruguay

b) Peru, Chile, Argentina, Paraguay, Brazil

a 4 38. Dawn
b) 4
c) 11 Pam
Bill
Scott
Jessica
Ed
France L Spain
Belgium ® / ) @ Netherlands
Germany @ Poland
Snitzerland Czech Republic
Italy Austria
No, it is not possible, assuming that your starting and ending points are considered vertices.
a) Yes, the graph has exactly two odd vertices, namely C and G.
b) CCABEFD,G,C
Number of Edges = Number of Vertices + Number of Regions - 2
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SECTION 8.4

Exercise Set 8.4
1. Dimensional analysisisaprocedure used to convert from one unit of measurement to a different
unit of measurement.
2. A unit fraction is afraction in which the numerator and denominator contain different units and the
value of the fractionis 1.
60 seconds 1 minute

3. - or because 60 seconds =1 minute
1 minute 60 seconds

4, 3ft or 1yd because 3 ft=1yd
1yd 3ft

5. ?,éi Since we need to eliminate centimeters, cm must appear in the denominator. Since we
need to convert to feet, ft must appear in the numerator.
1llb

0.45kg
need to convert to pounds, b must appear in the numerator.
7. f—8| Since we need to eliminate gallons, gal must appear in the denominator. Since we
gal
need to convert to liters, | must appear in the numerator.
0.8m?
1yd?

need to convert to square meters, m? must appear in the numerator.

Since we need to eliminate kilograms, kg must appear in the denominator. Since we

Since we need to eliminate square yards, yd* must appear in the denominator. Since we

254cm

9. 52|n—(52|n)[ j 132.08 cm

10. 9Ib:(9lb)[

11, 42ft=(42ft) 30"”‘)[

1ft
1oz

o 4?bng 4.05 kg

j 1.26 m
100 cm

12. 427g= 4279( j 15.25 oz

13 15yd’ = (15yd2)(08m] 12

14. 160 kg=(160 kg)(o ler') bk j =355.5~35561b
45kg

15. 39 mi:(39mi)£116kmj 62.4 km
mi

16. 765 mm= (765 mm)( Lom J( Lin j ~30.11811024 = 30.12 in.
10 mm J\ 2.54 cm

17. 675 ha= (675 ha)| ~2®
0.4 ha

j =1687.5 acres

18. 192 0z =(192 oz)(?) =5376 ¢
0z

285
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19.

20.

21.

22.

23.

24.

25.
26.
27.

28.

29.

30.

3L

32.
33.

34.

35.

36.

37.

38.

39.

1561 = (156 |)[%) - 33.19148936 ~ 33.19 pints

AT=(4 T)[—Ol'?l_t):3.6t

456 ml = (45.6 ml)[;g OT
m

J =152 fl oz
i2
1.6 km? =(1.6 km?)| —2™_ | - 0615384615 = 0.62 mi?
2.6 km

120 Ib = (120 'b)iaiimkgj =54 kg

0.4 ha

6.2 acres=(6.2 acres)( 1 j =248 ha
acre

28 grams
28 grams, 0.45 kilogram
0.45 kilogram

12in.\( 2.54 cm
5ft=(5ft)( 2 ][ >

j =152.4cm

2.54 cm
lin.

2in.=(2 in.)(

152.4 cm+5.08 cm =157.48 centimeters

j =5.08cm

1m
00 cm
2.54 centimeters, 1.6 kilometers

157.48 cm = (157.48 Cm)(l ) =1.5748 = 1.57 meters

1.6 kilometers
0.9m
10yd=(10yd)| ——— | =9 meters
yd=(10y )( 1yd j
0.9 meter
505 m = (505 m)(ﬂ) =561.1~561.11yd
09m
lyd -
175 m= (175 m)| —L= | =194.4 ~194.44 yd
0.9m
344 m= (344 m)(100 Cm)(l—ftj 11466 ~1146.67 ft
Im 30 cm
303 m = (303 m)[100 ij[l—ft] ~1010ft
Im 30 cm
1mi
85 km = (85 km) = 53125~ 53.13 mph
1.6 km
105 mi = (105 mi)[l'6 k_m) =168 km
Imi
(6 yd)(9 yd) =54 yd’
0.8 m?
54y = (54 yd? =432’



40.

41.

42.

46.

47.

49.

50.

51.

52.

53.

16k

Imi

110 mi = (110 mi )( j =176 km

loz

] =14.28571429 = 14.29 oz

80 km = (80 km)(ll6 ”l:'
O KM

): 50 mph

8fl oz=(8fl oz)(f?l—mlJ =240 ml
0z

381

12,500 gal = (12,500 gd)[—]( LK

——— |=475K
10001

lga
(50 ft)(30 ft)(8 ft) =12,000 ft*

3
12,000 ft* = (12,000 ft3)(0'§)::t£n

J =360 m*

2.6 km?
1 mi?

1189 mi? = (1189 miz)[ J =3091.4 km?

1kg=(1 kg)[Oi;)bkgj =221b

% = $0.495 per pound

a 13t=(13 t)(%) =14=144T

2000 Ib

b) 14T=(14 T)[ j =2888.8 ~ 2888.9Ib

345kl =(345 kl)[looo ! j[@j =9078.947368 ~ 9078.95 gal

1kl )\ 3.8l

0.250z=(0.25 oz)(?) =79
oz

g =11.42857143 ~ $11.43 per gram

a) 8stones=(8 aones)(%
ones

1llb
0.45kg

j =5090 ~ 50.91 kg

b) 50.90 kg = (5090 kg)[ ] =11313~113.13 b

Ecara1=(0.125cara1)( 19 j:o.ozsg
8 5 carat

a) -282ft=(-282 ft)[sg ]f’tm

j =-8460 cm

b) —8460 cm = (8460 cm)(l 010 m
cm

J=—84.6 m

SECTION 8.4
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54, 57|_(57|)(019q;|j 6 qt

55. @) 1m2:(1m2)[(3f)—ﬁ2]:10.89ft2

b) 1m’=(1 m3)['—

30)° cm?
56. 8 1ft’= (1ft2)[(1)Tcm] = 900 om?
30)° om®
b) 1ft°=(11t° )[%}:27 000 cm”
57. 56Ib=(56|b Oi"rl’bkg [1”‘9] 25.2 mg

58. 170 Ib=(170 Ib) [045ng 15M8 | _ 11475 mg
1l ) 1kg

50. 76Ib=(76|b Oj?bkg [ZOOmg] 6840 mg

6840 mg = (6840 g)(looog gj 6.84¢

60. 821b=(82 Ib)( O"ll‘:’bkgj(%) ~1845mg
g

61. &) 2 teaspoons=(2 teaspoons)(m—mgj =25mg
1 teaspoon
b) 12floz=(12fl oz)[ 30 ml j(lz's mgj =900 mg
1fl oz 5ml

62. &) 2 tablespoons= (2 tablespoons) (ﬂ] =472 mg

1 tablespoon

b) 8floz=(8fl oz) 30 mi 1 (1 tablespoon 230M9 | _ 377g mg

1fl oz 15 ml 1 tablespoon

63. @) 964 ft=(964 ft)(?’oﬂj Kl—mj =289.2m
1ft /{100cm
0.9 tonne
b) 85,000 tons = (85,000 tons) [—j =76 500t
lton

c) 28mi=(28 mi)[l'e k_mj — 44.8 kph

1mi



65.

(0.5¢) 1—) =0.121 graham cracker crumbs
c

@j =336 g nuts
oz

—j =224 g chocolate pieces

1
0.241

j =0.32 1| flaked coconut

1c
.24 |

o

j =0.32 1 condensed milk

lin. lin.
350° F = 2(350— 32)=176.6~176.7° C

254 cmjx(3 in.)[2'54 cm
1lin.

(1.5 in.)[ 1

n.

a) (37 m)[%) —41.T~411yd

b) (370 140 km)[llerﬁ'
. m

j = 231,337.5 mi

o (44 km)[l.jf-snlzim

j =275mi

d) 1260° C= %(1260) +32=2300° F

e) (335 km)[116r|n(im

j = 209.375 mph

1llb
0.45k

fy (29 484 kg)[ gj:65,520Ib

1yd lyd j
45m)| —— [x(18 m)| —— |=5ydx 20 yd
9 ( )(O.Qmj ( )(O.Qm y y

h) (171 396 I)(jéi;:j = 45,104.21053 = 45,104.21 gal/min

i) (63 588 I)[;i;:j =16,733.68421 ~ 16, 733.68 gal/min

. lyd
46.89 m)| == | =52.1yd
i) ( )(O.Qmj y!

K) (8.4 m)[%j -93~933yd

) (632 772 kg)(oiébkgj:L406,160|b

254 ijx(lB in.)( 254 ij = 22.86 cmx33.02 cm baking pan

j =3.81cmx7.62 cm bars

SECTION 8.4
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65.

66.

67.

68.

69.
71.
73.
75.

77.

79.
81.
83.

1llb
0.45 k

m) (106 142 kg)(

n —-251°C= %(—251) +32=-419.8°F

(02 mg)(l gram] 11 ml
60mg ) 1 grain
300
15(130 Ib) = 1950 Ib

(1950|b)(0.18 kgj( 1lb

100 1b )| 0.45 kg
1000 ml\( 1cm?®
a) (4.0 I)(—1 I )[—1 o

]=7.8Ib

J = 4000 cc

4000

j =235,871.1~ 235,871.111b
g

=1.0cc, orb)

= 244.0949764 ~ 244.09 in.

b) (4000 cm3)[

A meter
A hectare
A tonne
wonton

1 kilohurtz

1 megaphone
2 kilomockinghbird
1 decoration

Review Exercises

1

4,

10.
13.

16.
19.
22.
25.
28.
31

i of base unit
100

100x base unit

20cg=0.20g

1000000 mg=1kg

2.67 kl =2 670 000 ml

14 630 cl = 146 300 ml
3000 ml, 14 630 cl, 2.67 ki

Grams

Square meters

Kilograms or tonnes

a) and b) Answerswill vary.
b

a

1in® |
(254 cm® | 16.387064

70. A kilogram
72. A liter

74. A decimeter
76. 1 microscope

28¢
loz

78. 1 pound cake (1 Ib=16 oz; 16 oz(—} =448 gj

80. 2 megacycles
82. 1 decacards
84. 1 microfiche

2. 1000x base unit

5. 10 times base unit

11
14.

17.
20.
23.
26.
29.
32.

3.21=320cdl

4,62kl = 46201

0.047 km=47m
47000cm=470m

0.047 km, 47 000 cm,

4700 m

Degrees Celsius

Milliliters or cubic centimeters
Kilometers

a) and b) Answers will vary.
c

b

12.
15.

18.
21.
24,
27.
30.

i of base unit
1000

i of base unit
10

0.0004 cm = 0.004 mm
192.6 dag = 19 260 dg
Centimeters

Millimeters or centimeters
Millimeters

Meters or centimeters

c

a



33.

34.

35.

37.

39.

41.

42.

47.

49.

51.

53.

REVIEW EXERCISES 291

2500kg=(2500kg)( 11b J[ 1T j[?th):z,st

0.45kg )| 2000 b
631 :(6_30( 17 )(2000 ij(0.45 kgj 10009 _ 6 300 000 g
09t)l 1T 1lb )\ 1kg
9 5
18° C=_(18)+32=64.4° F 36. 68 F=_(68-32)=20°C
—6° F=g(—6—32) =211~-211°C 38. 39° C=%(39)+32=102.2° F

I=4cm, w=1.6cm
=lw=4(16)=6.4cm’

r=15cm

A=7r? =~ 3.14(1.5)° = 7.065 ~ 7.07 cm?

a V=Iwh=(10)(4)(2)=80m*

b) (80 m3)(j:]'3)[1(1’(:3')[11k|9j=80 000 kg

a) A=Iw=30(22)=660m

2
_Lkm’ | 0000 66k
(1000)° m?

&) V =Iwh=(80)(40)(30)=96 000 cm’

b) 660 m’ = (660 mz)[

im?

b) 96 000 cm’®=(96 OOOcm3)[( o
100)" cm

] =0.096 m®

1ml
lcm

3

) 96 000cm®=(96 000 cm3)( j =96 000 ml

1kl
im?

d) 0.096 m° =(0.096 m3)( ) 0.096 kI

Since 1km=100x1dam, 1km?®=100°x1dam’=10 000 dam?’.
Thus, 1 square kilometer is 10,000 times larger than a square dekameter.

1in . 1lb 3
20cm =7.874015748 = 7.87 in. . .3 = 233.

( )[2.54ij 46. (105 kg)(045 ] 233.3=233.331b
(83yd) 09M)_247m 48. (100 m) ( 1yd j 111.1~111.11yd

lyd 9m
(45 ml)(lﬁ k_mj — 72 kph 50. (40 |)[ Lot ) 42.10526316 ~ 42.11

Imi 0.951

3.8l 1yd?
15ga)| = |=571 52. (40m? =52.63157895 ~ 52.63 yd’
(159 )(lgalj ( )(0.76 Y
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3 (1.6 km
55. (15yd®) 0.76 T =11.4m? 56. (62 mi )[ : j= 99.2 km
lyd Imi
57. (27 cm)[l—ftj ~09ft 58. (3.25 in.)( 254 Cm)(lo mm] 82,55 mm
30cm lin. lcm

59. &) 700(1.5kg)=1050 kg

1llb
0.45k

60. A=lw=(24)(15) =360 ft?

b) 1050 kg = (1050 kg)[ J = 2333.3~2333.33 b
g

0.09 m?

ft?

360 ft? = (360 ftz)[ J =324m

61. a (50,000 gal )(%} (%) =190 kI
9

b) (190 kl)[%ﬁ'j [%} —190 000 kg

62. @ 35mi=(35 mi)(lf k_mjzse kph
mi

1000 m
1km

b) 56 km=(56 km)( j =56 000 meters per hour

63. @ V =lwh=(90)(70)(40)=252 000cm®

252 000 cm?® = (252 000 cm3)(11 m )[ﬁollj = 252
cm m

b) 2521=(252 |)£¥j = 252 kg

11b
0.45 kg

64. 1kg=(1kg)[ ]=2§|b

% =$1.575 =~ $1.58 per pound

Chapter Test
1. 204 cl =0.204 dd

2. 123 km =123 000 000 mm

3. 1km=(1 km)(lofkdam
m

j =100 dam or 100 times greater

4. 400(6)= 2400 m 5 b
(2400m)( Lkm j=2.4km
1000 m
6. a 7. C
8. ¢c 9. b



10.

11

12.

13.

14.

16.

17.

18.

GROUP PROJECTS

2 2
1m? = (1 m? )(m(i—csz =10 000cm’ or 10,000 times greater
m

3 3
1m=(1 m3)(MJ ~1 000 000 000 mm® or 1,000,000,000 times greater

im

452 in. = (452 in.)[z'&_t ij —~1148.08 cm
n.

150 m = (150 m) [mj ~166.6 ~166.67 yd

09m
~10° F= g(—10—32) =-233~-2333°C 15. 20°C= %(20) +32=68°F
12t = (12 ft)[?’o Cm) =360 cm or 12 ft = (12 ft)[lz '”'j( 254 ij — 365.76 cm

1ft 1ft lin

& V =Ilwh=20(20)(8)=3200 m®

1000 Ij

b) 3200 m® =(3200m3)[ T LK
m

=3200000 1! or 3200 000 |=(3200 000 )| ———— [=3200 kK
1000 |

c) 3200000 | = (3200 000 |)(%) = 3200 000 kg

Total surface area: 2lh+2wh = 2(20)(6)+2(15)(6) = 420 m’

Liters needed for first coat: (420 m2)£101I . ) =421
m

Liters needed for second coat: (420 mz)[lg—lzj =281
m

Total liters needed: 42+28=701
$3.50

Total cost: (70 I)[TJ = $245

Group Projects

3 (19 |b)£0'ﬁbkg)[zlo_$J ~1764 mg

b) [250 CCJ[ 1 hr. j =4.16 ~ 4.17 cc/min
lhr J\ 60 min

293
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2. a (60 |b)[°“1‘?bkg

)=27kg

Child's dose: 2/ K9
67.5kg

(70 mg)=28mg

b) childsweight in kg><70 mg =70 mg
67.5kg

childsweight in kg _1
67.5kg

. . 1lb
Child'sweight: 67.5 kg=(67.5k =1501b
g 9=( g)(0.45kgj
3. @ 5ft2in.=62in.
2.54 cm

1lin.

62in.=(62in.)( j=157.480m

$1U.S.

ash'

) =$73.53488372 U.S. = $73.53 U.S.

¢) 6lb=(6 Ib)[%)(%) - 2688

2688 = (2683 g)[lo p@osj[$0.095 u.s.

100 g 1 peso

Note: If you use different conversion factors, your answer will be slightly different because the conversion
factors are rounded values.

j = 25536 = $25.54

d) Tofill thetank in New Zealand dollars:
53 I($0.929 New Zealand

1l
Tofill thetank in U.S. dollars:

j = $49.237 New Zedland =~ $49.24 New Zedland

$0.584 U.S.

ew an

j =$28.754408 U.S. =~ $28.75 U.S.

$28.754408 U.S. for 53 |
$28.754408 U.S.
531
$0.542536 U.S.\( 3.81
[ 1l )(1 ga

=$0.542536 U.S. per |

] =$2.0616368 U.S. per ga = $2.06 U.S. per ga



CHAPTER NINE

GEOMETRY

Exercise Set 9.1

1

o »

© © N

10.
11
12.

13.

17.

21.
25.

a) Undefined terms, definitions, postulates (axioms), and theorems

b) First, Euclid introduced undefined terms. Second, he introduced certain definitions. Third, he stated primitive
propositions called postulates (axioms) about the undefined terms and definitions. Fourth, he proved, using
deductive reasoning, other propositions called theorems.

An axiom (postulate) is a statement that is accepted as being true on the basis of its "obviousness' and its relation to
the physical world. A theorem is a statement that has been proven using undefined terms, definitions, and axioms.

Two lines in the same plane that do not intersect are parallel lines.
Two lines that do not lie in the same plane and do not intersect are called skewed lines.

Two angles in the same plane are adjacent angles when they have a common vertex and a common side but no
common interior points.

Two angles the sum of whose measure is 180° are called supplementary angles.

Two angles the sum of whose measure is 90° are called complementary angles.

An angle whose measure is 180° isa straight angle.

An angle whose measure is greater than 90° but less than 180° is an obtuse angle.

An angle whose measure is less than 90° is an acute angle.

An angle whose measure is 90° isaright angle.

Inthe pair of intersecting linesbelow, X land £ 3arevertica anglesasare X 2and £ 4.

Half line, AB 14. Half openline 15. Line segment, AB 16. Ray, AB
segment, AB
Line, AB 18. Half line, BA 19. Openline 20. Ray, BA
segment, AB
BD 22. EG 23. BD 24, AD
{B,F} 26. {C} 27. {C} 28. BC
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29 BC 30. aBCF 31. BC 32 J
3B, @ 34. ED 35. BC 36. DE
37. XABE 38. XFBE 39. <«EBC 40. {B}
41. Aé 42. o 43. BE 44. B}
45. Obtuse 46. Straight 47.  Straight 48. Acute
49. Right 50. None of these 51. None of these 52. Right
53. 90°-19°=71° 54, 90°-89°=1°
55. 90°-323°=571° 56. 90°-431i°=462°
57. 90°-64.7°=25.3° 58. 90°-0.01°=89.99°
59. 180°-91°=89° 60. 180°-8°=172°
61. 180°-20.5°=159.5° 62. 180°-179.99°=0.01°
63. 180°-433°=1362° 64. 180°-64%°=1152°
65. d 66. b 67. C
68. f 69. e 70. a
71. Letx =measureof £ 2 72. Let x=measureof £ 1
x+4 = measureof £ 1 90-x =measureof £ 2
X+X+4=90 x—(90-x) =62
2x+4=90 X—90+ X = 62
2x =86 2x—90= 62
86 2x=152

73.

X—?=430,mK2
X+4=43+4=47°,mx1

Let x=measureof £ 1

180— x = measure of £ 2
x—(180-x) =88
x—180+x=288
2x—-180=388

2x = 268

268

X 2 =134°, mx1

180—x=180—-134=46°, mx 2

74.

x:%:mo,m&l

90—-x=90-76=14°,mx 2

Let x=measureof £ 1
17x = measure of £ 2
X+17x=180
18x=180
X= 180 =10°,mx1
18
17x=17(10) =170°, mx 2



75.

77.

79.

81.

83.

m« 1+ 125° = 180°

mx 1=55°

mx 2= mx 1 (vertica angles)

mx 3 = 125° (vertical angles)

M« 5= mx 2 (alternate interior angles)

mx 4 = mx 3 (alternate interior angles)

mx 7 = mx 4 (vertica angles)

mx 6 = mx 5 (vertica angles)

Measures of angles 3, 4, and 7 are each 125°.
Measures of angles 1, 2, 5, and 6 are each 55°.

m« 1+ 25° = 180°

mx 1 = 155°

mx 3= mx 1 (vertica angles)

mx 2 = 25° (vertical angles)

mx 4 = mx 3 (alternate interior angles)
mx 7 = mx 4 (vertica angles)

mx 5= mx 2 (corresponding angles)

mx 6 = mx 5 (vertica angles)

Measures of angles 2, 5, and 6 are each 25°.

Measures of angles 1, 3, 4, and 7 are each 155°.

X+ 3x+ 10
4x + 10
4x

X
3x+10
X+2X-9

3x-9
3X

X
2x-9
X+ 2x-15

3x-15
3X

X

2x-15

90
90
80

@ =20°, mx 2
4

3(20) + 10 = 70°, mx 1

90

90

99

B 3z, me1

3

2(33)-9=57°, mx 2

180
180
195
5 e, me

2(65) - 15=115°, m« 1

76. m« 3+ 30° =180°

mx 3 = 150°

SECTION 9.1

mx 1 = 30° (vertical angles)

mx 2 = mx 3 (vertica angles)

mx 4 = mx 1 (corresponding angles)

mx 7 = mx 4 (vertica angles)

M« 6 = mx 3 (alternate interior angles)
mx 5= mx 6 (vertica angles)

Measures of angles 1, 4, and 7 are each 30°.

Measures of angles 2, 3, 5, and 6 are each 150°.

78. mx 3+ 120° = 180°

mx 3 = 60°

mx 4 = 120° (vertical angles)

mx 7 = mx 3 (vertica angles)

mx 6 = mx 3 (alternate interior angles)

mx 1= mx 6 (vertica angles)

mx 5= mx 4 (alternate exterior angles)

mx 2= mx 5 (vertica angles)

Measures of angles 2, 4, and 5 are each 120°.
Measures of angles 1, 3, 6, and 7 are each 60°.

80. X+ 7X+2
8x+ 2
8X

X

X+ 2

82. X+ 8x-9
9x-9
9x

X
8x-9
84. X+ 4x+ 10

5x + 10
5x

X

4x + 10

90
90
88
88 _ 11°, mx 1
8

7(11) + 2= 79°, m« 2

90
90
99

9—99:11°,M 2

8(11) - 9=79°, m« 1

180
180
170
g me2

4(34) + 10 = 146°, mx 1

297



298 CHAPTER 9 Geometry

85. X+5x+6 = 180 86. X+6x+5 = 180
6x+6 = 180 7x+5 = 180
6x = 174 7x = 175
x=%=29°,m&1 x=¥=25°,m&1
5x+6 = 5(29) + 6=151°, mx 2 6x+5 = 6(25) +5=155°, mx 2
87. @ Aninfinite number of lines can be drawn through a given point.
b) Aninfinite number of planes can be drawn through a given point.
88. If thetwo planes are not parallel, the intersection is a straight line.
89. Aninfinite number of planes can be drawn through a given line.
90. a) Yes, any three noncollinear points aways determine a plane.
b) No, the plane determined is unique.
¢) Aninfinite number of planes can be drawn through three collinear points.
For Exercises 91 - 98, the answers given are one of many possible answers.
91. Plane ABG and plane JCD 92. EF and DG
93. BG and DG 94. Plane ABG and plane BCD
95.  Plane AGB  plane ABC n plane BCD ={B} 96. Plane HGD N plane FGD N plane BGD = GD
97. BCnplane ABG ={B] 98. ABNplane ABG = AB

99. Alwaystrue. If any two lines are parallel to athird line, then they must be parallel to each other.
100. Sometimestrue. A triangle must always contain at least two acute angles. Some triangles contain three acute angles.
101. Sometimestrue. Vertical angles are only complementary when each is equal to 45°.
102. Sometimestrue. Alternate exterior angles are only supplementary when each is equal to 90°.
103. Sometimestrue. Alternate interior angles are only complementary when each is equal to 45°.
104. Never true. The sum of two obtuse anglesis greater than 180°.
105. No. Line mand line n may intersect.
106. No. Linel and line n may be parallel or skewed.

107.

A A A
vvyy

/
;
4

A
v

A

/|
N
/
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108.

M1+ M« 2 =180°

M3+ M4 =180°

180° +180° = 360°
109. a)

E B A

Other answers are possible.
b) Let mxABC = x and mxCBD =y.
X+y=90°andy = 2x
Substitute y = 2x into x+ y = 90°.
X+ 2x=90°
3x=90°
3x _ 90°
3 3
x =30°=mxABC
c) mxCBD =y
y=2x=2(30°)=60°
d) m<ABD + mxDBE =180°
mMxABD = x+ y =30°+60° = 90°.
90° + mxDBE = 180°
mxDBE = 180°—90° = 90°.

Exercise Set 9.2
1. A polygon isaclosed figurein a plane determined by three or more straight line segments.
2. Aregular polygon isonewhose sides are al the same length and whose interior angles all have
the same measure; other polygons may have sides of different length and interior angles with
different meaures.
3. Thedifferent types of triangles are acute, obtuse, right, isosceles, equilateral, and scalene. Descriptions will vary.
4. The different types of quadrilaterals are trapezoid, parallelogram, rhombus, rectangle, and square.
Descriptions will vary.
5. If the corresponding sides of two similar figures are the same length, the figures are congr uent figures.
6. Figuresthat have the same shape but may be of different sizes are similar figures.

7. @) Rectangle 8. @) Triangle 9. a) Hexagon 10. &) Octagon
b) Not regular b) Regular b) Regular b) Not regular
11. &) Rhombus 12. &) Pentagon 13. &) Octagon 14. &) Dodecagon

b) Not regular b) Regular b) Not regular b) Not regular
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15. a) Scaene 16. a) Isosceles 17. @) Isosceles 18. a) Isosceles
b) Right b) Acute b) Obtuse b) Right
19. a) Equilateral 20. Q) Scalene 21. Q) Scalene 22. Q) Scalene
b) Acute b) Acute b) Obtuse b) Right
23. Parallelogram 24. Rectangle 25. Rhombus 26. Trapezoid
27. Trapezoid 28. Square

29. The measures of the other two angles of the triangle are 138° and 25° (by vertical angles). Therefore, the measure of
angle x is 180° - 138° - 25° = 17°.

30. The measure of one angle of the triangleis 75° (by vertical angles). The measure of another angle of the triangleis
180° - 133° = 47°. The measure of the third angle of the triangle is 180° - 75° - 47° = 58°. Since angle x isa vertical
angle with the 58° angle, the measure of angle x is 58°.

31. The measure of one angle of the triangleis 27° (by vertical angles). The measure of another angle of
the triangleis 180° - 57° = 123°. The measure of the third angle of the triangle is 180° - 27° - 123° = 30°.

The measure of angle x is 180° - 30° = 150° (The 30° angle and angle x form a straight angle.).

32. The given measure of one angle of the triangle is 35°. The measure of another angle of the triangle
is 30° (by vertical angles). The measure of the third angle of the triangleis 180° - 35° - 30° = 115°. The measure of
angle x is 180° - 115° = 65° (The 115° angle and angle x form a straight angle.).

33. Angle Measure Reason
1 50° £ land £ 5arevertica angles
2 63° Vertical angle with the given 63° angle
3 67° £ 1, £x2,and £ 3formastraight angle
4 67° £ 3and £ 4 arevertica angles
5 50° £ 5and £ 12 are corresponding angles
6 113° £ 6 and the given 67° angle form a straight angle
7 50° The sum of the measures of the interior angles of atriangleis 180°
8 130° £ 8and « 12 form astraight angle
9 67° £ 4and £ 9 are corresponding angles
10 113° £ 6and £ 10 are vertica angles
11 130° £ 8and £ 11 arevertical angles
12 50° £ 7and £ 12 are vertica angles
34. Angle Measure Reason
1 90° £ land £ 7 arevertica angles
2 50° £ 2and £ 4 are corresponding angles
3 130° £ 3and £ 4formastraight angle
4 50° Vertical angle with the given 50° angle
5 50° £ 2and £ 5arevertica angles
6 40° Vertical angle with the given 40° angle
7 90° X2, £6,and £ 7 formastraight angle
8 130° £ 3and £ 8arevertica angles
9 140° £ 9and £ 10 form a straight angle
10 40° £ 10and £ 12 are vertical angles
11 140° £ 9and £ 11 arevertical angles
12 40° £ 6and £ 12 are corresponding angles
35. n=5 36. n=9

(5-2) x 180° = 3 x 180° = 540° (9-2) x 180° = 7 x 180° = 1260°



37.

39.

41.

43,

45,

47.

48.

n==6

(6-2) x 180° =4 x 180° = 720°
n=20

(20 - 2) x 180° = 18 x 180° = 3240°

a) The sum of the measures of the interior angles of a
triangleis 180°. Dividing by 3, the number of
angles, each interior angle measures 60°.

b) Each exterior angle measures 180° - 60° = 120°.

a) The sum of the measures of the interior angles of
an octagon is (8 - 2) x 180° = 6 x 180° = 1080°.
Dividing by 8, the number of angles, each interior
angle measures 135°.

b) Each exterior angle measures 180° - 135° = 45°,

a) The sum of the measures of the interior angles of a
dodecagon is (12 - 2) x 180° = 10 x 180° = 1800°.
Dividing by 12, the number of angles, each interior
angle measures 150°.

b) Each exterior angle measures 180° - 150° = 30°.

Let x = BC
BC _ AB
BC'  APB
x _ 10
24 4
4x = 24
X = 6
Let x = A'C’
AC’ AP
AC  AB
X _ 2
10 5
bx = 20
X = 4

38.

40.

42,

46.
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n=10

(10 - 2) x 180° = 8 x 180° = 1440°
n=12

(12 - 2) x 180° = 10 x 180° = 1800°

a) The sum of the measures of the interior angles of a
quadrilateral is (4 - 2) x 180° = 2 x 180° = 360°.
Dividing by 4, the number of angles, each interior
angle measures 90°.

b) Each exterior angle measures 180° - 90° = 90°.

a) The sum of the measures of the interior angles of a
nonagon is (9 - 2) x 180° = 7 x 180° = 1260°.
Dividing by 9, the number of angles, each interior
angle measures 140°.

b) Each exterior angle measures 180° - 140° = 40°,

a) The sum of the measures of the interior angles of
anicosagon is (20 - 2) x 180° = 18 x 180° = 3240°.
Dividing by 20, the number of angles, each interior
angle measures 162°.

b) Each exterior angle measures 180° - 162° = 18°.

Let y = A'C’
AC’ _ AB
AC AB
y_ 4
8 10
10y = 32
, - ®2_16
10 5
Let y = B'C’
BC' _ AB
BC AB
y .2
8 5
5y = 16
_ 16
y = R
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49. Let x = DC

DC
D'C’

ol x

10x

50. Let x = AB

51. Let x = AC
AC
AC
X
0.75
1.25x
X

52. Let x = BC
BC
BC
X
0.875
1.75x
X

53. Let x = BC
BC

EC

N | %

2X

BC
BT’

125
15
12

DC
DT’

175
0.875
05

Let y = BC’
B'C’

Let y = C'D’
CD’

CD
y

1
5y

y

Let y = AB’
AB
AB
y

1
2y

A'B’




55.

57.
59.
61.
63.
65.
67.

69.
71.

73.

AD=Ac-pC=10-2-30_10_20
3 3 3 3

AB = AB=14

AC=AC'=28

MLACB = M(A'C'B’ = 28°

AB'=AB=8

B'C’'=BC =16

mxA'D’C’ = mgADC = 70°

180°—-125° = 55°
180° —90° —55° = 35°

Let x = height of silo
X 105
6 9
9x =630
x =70 ft

Imi 1ft
=12,481,920 in.
Let x = the actud distance from Dallas to Houston
x 12,481,920
375 3
3x = 46,807,200

x =15,602, 400 in.
15,602,400 in. = (15,602, 400 in.) [1—ft) [—1 m j
12in. )\ 5280 ft
= 246.25 mi
b) Let x = the actual distance from Dallasto
San Antonio
x 12,481,920
4125 3
3x = 51,487,920

x=17,162,640 in.

17,162,640 in. = (17,162,640 in.)(&j{
12in.

Imi
5280 ft
= 270.875 mi

56.

58.
60.
62.
64.
66.
68.

70.
72.

74.

76. @) 44 mi :(Mmi)£5280 ftj(lz in.j
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BE=BC-EC=6-2=4

B'C'=BC=30

My B’A'C’ = mxBAC = 84°

mxABC = mxA'B’'C’ =180° — 84° — 28° = 68°
AD=AD'=6

mM«BCD = mxB'C'D’ = 50°

mxDAB = mxD’A'B’

= 360°-130°-70°-50° =110°

55¢

90° +35° =125°

mxBAC + mxBCA+80° =180°

M« BAC + mxBCA =100°

mMxBAC = mxBCA

M« BAC = 50°, mxBCA = 50°

mxx =50° since £x and XBAC are
alternate interior angles.

The measure of the angle adjacent to Xy
is180°—50°—80° = 50°.

mxy =180°—50° =130°

Imi 1ft
=2,787,840in.
Let x = the actual distance from St. Paul to Austin
X 2,787,840
225 0875
0.875x = 6,272,640

X = 7,168, 731429 in.
7,168,731.429 in.
=(7,168,731.429in.)[ =1t |[ LM
12in. )\ 5280 ft

=113.1428571=113.14 mi
b) Let x = the actual distance from St. Paul to
Rochester

X _ 2,787,840
15 0875
0.875x = 4,181,760

X=4,779,154.286 in.
4,779,154.286 in.

=(4,779,154.286in.)[1_ﬂ)( 1mi ]

12in. )\ 5280 ft
= 75.42857143 = 75.43 mi
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EF

77 7y 1=3 T= 7| 1=3
D'E EF DF
12 15 _ 9 _,
DIEI E/FI D/FI
3DE' =12 3EF’=15 3DF'=9
DE'=4 EF’=5 DF’=3
5 EF_1 FG' _1 GH' _1 EH 1
- EF 3 FG 3 GH 3 EH 3
EF 1 FG 1 GH' 1 EH 1
21 3 9 3 9 3 12 3
3EF'=21 3FG'=9 3G'H' =9 3EH =12
EF'=7 FG'=3 GH'=3 EH’ =

79. @ mx HMF = mx TMB, mx HFM = mx TBM, mx MHF = mx MTB
b) Let x=height of the wall
X 55
20 25
2.5x=110

x:&:Mft
5

80. 8 mxCED = mxABC; mxACB = mxDCE (vertical angles); msBAC = mxCDE (aternate interior angles)

b) Let x=DE
x CE
AB  BC

X 1404

543 356

356x = 762,372
X = 2141.494382 = 2141.49 ft

Exercise Set 9.3
Throughout this section, on exercisesinvolving 7, we used the 7z key on a scientific calculator to determine

theanswer. If you use 3.14 for 7z, your answers may vary slightly.

1. & Theperimeter of atwo-dimensional figure isthe sum of the lengths of the sides of the figure.
b) The area of atwo-dimensional figureis the region within the boundaries of the figure.
0)
6

A=Iw = 6(2) =12 square units
2 P=2+2w=2(6)+2(2)=12+4=16 units




11

13.

15.

17.

19.

SECTION 9.3

Theradius of acircleis half the diameter or the diameter of acircleistwicethe radius.

a) To determine the number of square inches, multiply the number of square feet by 12x12 =144.
b) To determine the number of square feet, divide the number of square inchesby 12x12 =144.
a) To determine the number of square feet, multiply the number of square yardsby 3x3=9.

b) To determine the number of square yards, divide the number of square feet by 3x3=29.

1.1 .
A=Zbh=>(10)(7)=35in?

A=Zbh=—(7)(5) =175 o’
A=lw=(15)(7) =105 ft?
P=2+2w=2(15)+2(7) =44 ft

3 m=3(100) = 300 cm

A=bh =300(20) = 6000 cm’

P =2b+2w=2(300)+2(27) =654 cm
2 ft=2(12) = 24 in.

A=%h(b1+b2)=%(24)(5+19)
=%(24)(24) - 2881in?

P=s+s,+b +b, =25+25+5+19=74in.
A=7r? = z(7)* = 497 = 153.93804 ~ 153.94 in

C =271 =27(7) =147 = 43.98229715 ~ 43.98 in.

r=—=45ft

N | ©

A=rr? = 7z(4.5)2 =20.257 = 63.61725124
~ 63.62 ft*
C =27r =277 (4.5) = 97 = 28.27433388
=~ 28.27 ft
a) a’+12* =15
a’+144 =225
a’=81
a=+/81=9in.

b) P=5+s,+5,=9+12+15=36in.

0 A=%bh=%(9)(12)=54in.2

6.

10.

12.

14.

16.

18.

20.

3yd =3(3)=9ft

1 1 4.5
A==bh==(1)(9)=45ft? =——=0.5yd?
~bh=2(1)(9) 5= 05y

A=%bh =%(2)(J§) =3 m?
A=bh=(7)(5)=35in?
P=2b+2w=2(7)+2(6)=26in.
2yd=2(3)=61t

2

A= =(6)" =36 ft?
P=4s=4(6)=24ft

A= % h(b, + bz):%(lz)(6+16)

- %(12)(22) ~132in?

P=s+s,+b+b, =13+13+6+16=48n.

r= % =50 cm
A=7r? = z(50)° = 25007 = 7853.981634
~ 7853.98 cm?
C=2nr= 271'(50) =100z = 314.1592654
= 314.16 cm
A=zr? = 7(13)° =1697 = 530.9291585
~530.93 mm*
C=2nr-= 271'(13) = 267 = 81.68140899
=~ 81.68 mm

a ¢’ =5 +12°
¢’ =25+144
¢’ =169
c=+/169 =13t
b) P=s+s,+5,=5+12+13=30ft

0 A=%bh=%(5)(12) 30 ft?

305
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21.

23.

25.

27.

29.

a) ¢® =10° +24°
¢® =100+576
¢’ =676
c=+/676 =26 cm
b) P=s+s,+s,=10+24+26=60cm

o) A= %bh - %(10)(24) ~120 cm?
Areaof larger circle:
7(4)° =167 =50.265 482 46 cm’
Areaof smaler circle:

7(3)" =97 =28274 333 83cm’

Shaded area:

50.26548246— 28.27433388 = 21.99114858
~21.99 cm?

Use the Pythagorean Theorem to find the length of a
side of the shaded square.

x? =22 422
x2=4+4
x?=8
x=4/8

Shaded area: J§(J§) =8in?2

Area of trapezoid:

%(8)(9+ 20) = %(8)(29) ~116in?

Areaf circle: 7(4)” =167z = 50.26548246 in.?
Shaded area:

116 50.26548246 = 65.73451754 ~ 65.73 in.?

Areaof small rectangle on the right side:

12(6) = 72 ft?

Area of semi-circle on theright side;

%7[(6)2 =187 = 56.54866776 ft?

Area of shaded region on the right side:

72-56.54866776 = 15.45133224 ft*

Area of shaded region on the left side:

15.45133224 ft*

Areaof triangle: %(14)(12) =84 ft?
Shaded area:

1545133224+ 15.45133224 + 84
=114.9026645 ~ 114.90 ft*

22.

24.

26.

28.

30.

a) b?+15° =39°
b? +225=1521
b? =1296
c=+129%6=36m
b) P=s+s,+5,=15+36+39=90m
0 A=%bh=%(36)(15)=270 .

Areaof square: (10)* =100 m?

Areaf circle: 7(5)° = 257 =78.539 816 34m’
Shaded area:
100-78.53981634 = 21.46018366 =~ 21.46 m’

Areaof rectangle: 7(4) =28 ft’

Areaof trapezoid: %(4)(3+ 7)= %(4)(10) =20 ft?

Shaded area: 28— 20 = 8 ft?

Areaf circle: 7(5)° = 257 = 78.539 816 34 m’

Areaof rectangle: 8(6) =48 m*

Shaded area:
78.53981634 — 48 = 30.53981634 ~ 30.54 m?

Radius of larger circle; % =14 cm

Areaof largecircle:
7r(14)2 =1967 = 615.7521601 cm®

Radius of each smaller circle: %= 7 cm

Area of each smaller circle:
7(7)* = 497 =153.93804 cm?

Shaded area:
615.7521601—153.93804 -153.93804

=307.8760801 ~ 307.88 cm”



31. Length of rectangle: 3(8)=24in.

33.

35.

37.

39.

41.

43.

Areaof rectangle: 24(8) =192 in.?

Radius of each circle: 2:4 in.

Areaof each circle: 7(4)° =167 = 50.26548246

Shaded area:

192 —50.26548246 — 50.26548246 — 50.26548246

— 4120355262 ~ 41.20 in?
1_9

x 107
9x =107

_107

X==-= 11.8 ~11.89 yd?

1 9

147 X
x=14.7(9) =132.3ft?
_1 _10,000
234 x
X = 23.4(10,000) = 234,000 cm’
110,000

x 1075
10,000x = 1075
1075
~ 10,000

Areaof living/dining room: 25(22) =550 ft?
a) 550(5.89) = $3239.50

b) 550(8.89) = $4889.50

Areaof kitchen: 12(14) =168 ft?

=0.1075 m*

Area of first floor bathroom: 6(10) = 60 ft*
Areaof second floor bathroom: 8(14) =112 ft?

Tota area: 168+ 60+112 = 340 ft?
Cost: 340($5) = $1700

Areaof bedroom 1: 10(14) =140 ft*
Area of bedroom 2: 10(20) = 200 ft?
Areaof bedroom 3: 10(14) =140 ft*

Total area 140+ 200+ 140 = 480 ft?
Cost: 480($6.06) = $2908.80

32.

34.

36.

38.

42.

44,

46.

SECTION 9.3

Areaof each outer rectangle: 2(4) =8 cm?

Areaof four outer rectangles: 4(8) = 32 cm?

Areaof inner square: 4(4) =16 cm?
Radius of circle: g =2cm

Areaof circle: 7r(2)2 =4z =12.56637061
Shaded area: 32+16-12.56637061
=35.43362939 ~ 35.43 cm’
1 9
x 152
9x=15.2

_152

X =1.68 ~1.69 yd?

x =14.7(10,000) = 147,000 cm?
1 _10,000
X 608
10,000x = 608
608
X=
10,000
Areaof living/dining room: 25(22) =550 ft?
a) 550(10.86) = $5973
b) 550(13.86) = $7623
Area of kitchen and both bathrooms: 340 ft*
(See Exercise 43.)
Cost: 340($8.50) = $2890

=0.0608 m*

Areaof al three bedrooms. 480 ft?
(See Exercise 45.)

Cost: 480($5.56) = $2668.80

307
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47. Areaof entirelawn if all grass:
200(100) = 20,000 ft’
Areaof patio: 40(10) = 400 ft?
Areaof shed: 10(8) =80 ft*
Areaof house: 50(25) =1250 ft?

Areaof drive: 30(10) = 300 ft

Areaof pool: 77(12)° =144 = 452.3893421 ft?

Areaof lawn:
20,000-400-80-1250—300— 452.3893421

=17,517.61066 ft* = 17,517.61066

=1946.401184 yd?

Cost:
1946.401184($0.02) = $38.92802368 =~ $38.93

49. 8 A=115(154)=177.1m?

1_10,00
x 1771
10,000x=177.1

1771
10,000

b)

=0.01771 hectare

51. Let c=length of guy wire
90> +52° =¢*
8100+ 2704 = c?
10,804 =c*

€ =+/10,804 =103.9422917 =~ 103.94 ft

53. Leta= horizontal distance from dock to boat
a’+9° =41
a’+81=1681
a’ =1600

a=+/1600 = 40 ft

48. Areaof entirelawn if all grass:
400(300) = 120,000 ft?

Areaof house: %(50) (100+150) = 6250 ft*

Area of goldfish pond:

7(20)* = 4007 =1256.637061 ft?

Areaof privacy hedge: 200(20) = 4000 ft?
Areaof garage: 70(30) = 2100 ft*

Areaof driveway: 40(25) =1000 ft?

Areaof lawn:
120,000- 6250-1256.637061— 4000— 2100—-1000

_ 105,393.3620 ft? = ~02 3933629

=11,710.37366 yd*
Cost:
11,710.37366($0.02) = $234.2074732 = $234.21
50. Wendy's hamburger: A=3(3)=9in.?
Burger King hamburger:

2
A= ;z[3—25j = 7(1.75)" = 3.0625%

=9.621127502 = 9.62 in
Burger King's hamburger islarger by
~9.62-9=0.62in?
52. Let a=height onthe wall that the ladder reaches
a’+20* =29°
a’+400=841
a? =441
a=+/441=21ft
54.

X? +21° = 43

X* +441=1849

x? =1408

X= m =37.52332608 = 37.52 in.



55. @) A=s?
b) A=(2s)” =4s?
¢) Theareaof the squarein part b) isfour

times larger than the area of the square
in part a).

57. s=%(a+b+c)=%(8+6+10)=12

A= /12(12-8)12-6)12-10)
= J12(4)(6)(2) = /576 = 24 cm?

59. Answerswill vary.

Exercise Set 9.4

56.

SECTION 94

a A=bh
b) A= 2b(2h)=4bh
¢) Theareaof the parallelogramin part b) is

four times larger than the area of the
paralelogramin part @).

58. @) A=a’

b) A=ab
c) A=ab
d) A=b?
e) (a+b)’ =a’+ab+ab+b? =a? +2ab+b?

In this section, we use the 7 key on the calculator to determine answersin calculationsinvolving 7z .

If you use 3.14 for 7z, your answers may vary dightly.

1. Volumeisameasure of the capacity of afigure.
Solid geometry is the study of three-dimensional solid figures.

N

3. A polyhedron is aclosed surface formed by the union of polygonal regions.
A regular polyhedron is one whose faces are all regular polygons of the same size and shape.
4. A prism isa polyhedron whose bases are congruent polygons and whose sides are parallel ograms.
A right prism isoneinwhich all of the lateral faces are rectangles.
5. A prism and a pyramid are both polyhedrons, but a prism has a top and a bottom base while a pyramid

only has one base.

6. For any polyhedron, the number of vertices minus the number of edges plus the number of faces

equals two.

7. V=8=(3)° =271
9. 1ft=12in.
V =7zr2h=r(2)*(12)= 487
=150.7964474 ~ 150.80 in?

1. V =:—1375r2h =%ﬂ'(3)2(14)= a2r

=131.9468915~131.95 cm®

13. Areaof the base:

B=%h(bl+b2) =%(10)(8+12) ~100in.2

V = Bh=100(24) = 2400 in?

10.

12.

14.

V =lwh=8(3)(3) =72 ft*
2 ft=2(12) = 24in,
V =7z 12h=7(6)?(24) = 8647

=2714.336053 ~ 2714.34 in.?
10

r=—=>5ft

2

1 5, 1
v=§m h=§ﬂ(5) (24) = 2007

= 628.3185307 = 628.32 ft*

Areaof the base: B = %bh = %(8)(8) =32in?

V = Bh=32(12) =384 in?

309
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15.

17.

19.

21.

23.

25.

27.

29.

31

33.

35.

37.

r=—=45cm

V=_zr’= ﬂ;r(4.5)3 =12157
3 3

= 3817035074 ~ 381.70 cm®
Areaof thebase: B= s =(11)* =121 cm’

9
2
4

V= % Bh= %(121) (13) = 524.3 = 524.33 cm®

Area of the base:

B=%h(bl+b2) =%(5)(7+9)=40 in2

V= % Bh= %(40)(8) =106.6 ~106.67 in’

V = volume of rect. solid - volume of cylinder
= 6(4)3)-7(1)*(4)=72-4x
=72-12.56637061

=59.43362939 =~ 59.43 m®
V = volume of rect. solid - volume of sphere

= 4(4)4)- g 7(2)* = 64—33.51032164
=30.48967836 ~ 30.49 ft*
V =vol. of large cylinder - vol. of small cylinder
= 7(1.5)%(5)- 7(0.5)(5) = 11.257 —1.257 =107
=31.41592654 ~ 31.42 m*

V = volume of rect. solid - volume of pyramid
=3(3)(4)-§(3)2 (4)=36-12= 24 t°
7yd® =7(27) =189 ft*

153 ft* = %3 =5.6~5.67 yd°

5.9 m* =5.9(1,000,000) = 5,900,000 cm®

3,000,000 _
2 2 3m
1,000,000

&) V =46(25)(25)=28,750in?

3,000,000 cm® =

b) (1ft)’=(12in.)(12in.)(12in.)=1728in?

28,750

28,750 in.’ 8 16.63773148 ~ 16.64 ft*

16.

18.

20.

22.

24.

26.

28.

30.

32.

34.

36.

38.

v=28 =fzz(7)~°’ =457.31
3 3

=1436.75504 = 1436.76 cm®

Areaof the base: B = %bh = %(9)(15) =67.5 ft?

V= % Bh= %(67.5) (13)= 2025 t°
Areaof thebase: B =Iw=18(15) =270 in.

v :%Bh :%(270)(10) ~900in?

V = volume of cylinder - volume of cone
= 1(2)? (9)—%;:(2)2 (9)=367-127 = 24x

= 75.39822369 ~ 75.40 cm®
V =vol. of large sphere - vol. of small sphere

= gﬁ(6)3 —%;z(3)3 = 28877 — 367 = 25210

= 791.6813487 ~ 791.68 cm®
V = volume of cylinder - volume of 3 spheres

= 7(35)%(20.8)~ {g 7[(3.45)3}

= 254.87 —164.25457 = 90.54557
= 284.4570776 = 284.46 cm®
V = volume of prism - volume of rectangular solid

1

=5(6)(8)(11)-3(4)(11)
= 264-132=132in?
3.8yd® =3.8(27)=1026 ft*

2457 ft* = 227 _ g1 yef?
27

17.6 m*> =17.6(1,000,000) = 17,600,000 cm®

7,300,000 cm® = £ 300,000 _ 7 5 s
1,000,000
Tubs: V =z r%h=7(3)?(5)= 457
=141.3716694 ~141.37 in

Boxes V =§° =(5)° =125in?



39.

41.

45,

47.

V =12(4)(3)=144in.?
144 in® =144(0.01736) = 2.49984 ~ 2.50 gt

a) Cylinder 1.
10

2
V= ﬂ(?j (12) = 3007 = 942.4777961 ~ 942.48 in?

Cylinder 2:
2
V= n(%) (10) = 3607

=1130.973355~1130.97 in?
The container with the larger diameter holds
more.

b) 1130.97 - 942.48=188.49 ~188.50in.

V= % Bh= %(720)2 (480) = 82,944,000 ft*

r= @ =1.9375in.

Volume of each cylinder:
zr*h=7(1.9375)(3)

=11.26171875x = 35.37973289

Total volume:

8(35.37973289) = 283.0378631 ~ 283.04 in’

a) 55ft=5.5(12)=66in.
r =E =1.25in.
2

V = zr*h = z(1.25)° (66) =103.1257
= 323.9767424 ~ 323.98 in?

323'28 = 0.187488425~ 0.19 ft*

b)

40.

42.

46.

SECTION 94

Wendy's Volume: 4(4) [%) =3in’
Magic Burger's Volume:

2
;z[%j (0.25)= 7(2.25)%(0.25)

=3.976078202 ~ 3.98in.°

The Magic Burger has the greater volume
by ~0.98in2

a) vV =15(9)(2)=270m*

b) 270 ki

a) V = 80(50)(30) = 120,000 cm®

b) 120,000 ml
¢) 120,000 mi = 222990 _ 159
a) 4in.=i=E ft
12 3
v :Iwh:9(18)(:—13j:54ft3
54
22y
27 <Y

b) 2($32.95) = $65.90

311

a) Volume of water needed to fill the pool to a height

of % ft: zr*h =7z (2)* (%) = 27 = 6.283185307 ft*

Radius of bucket of water: % ft

Volume of bucket of water:

2
zr?h= ;z[%j (1) = %7[ — 0.785398163 ft*
6.283185307

—————————=8.000000004 ~ 8 bucketsful
0.785398163

b) 6.283185307(62.5) =392.6990817 ~ 392.70 Ib

C) 6.283185307(7.5) = 47.1238898 =~ 47.12 gal
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49. a) Round pan: 1

51.

53.

55.

57.

59.

60.

61.

1 (3
50. V==zr?h==7x=| (6)=457
3 3712

2
A=r7r?= ﬁ[gj =20.257
2 =14.13716694 = 14.14 in®

= 63.61725124 ~ 63.62 in.?

Rectangular pan: A=Iw=7(9) =63in.?

b) Round pan:

V = 7r’h = 63.62(2) =127.24 in®
Rectangular pan: V =Iwh=7(9)(2) =126 in?

¢) Round pan

_ ig =1 _90in? 19.6
a) B=areaof trapezoid _5(9)(8+12) =90in. 52. @) C=2xr =21 - =19.6n
4 ft=4(12) = 48in. = 61.57521601 ~ 61.58 m

V = Bh=90(48) = 4320in?

b) 1ft® =(12)(12)(12) =1728in?
=18,103.11351~18,103.11 m°
4320in2 = B0 _ 55 4¢3
1728

2
b) V=rxr?h= ;z[%j (60)=5762.47

8-x+3=2 54. 12-16+x=2
11-x=2 —4+x=2
-x=-9 x=6 faces
x =9 edges
X—8+4=2 56. 7-12+x=2
X—4=2 —5+x=2
X =6 vertices x=7 faces
11-x+5=2 58. x-10+4=2
16—-x=2 X-6=2
-x=-14 X =8 vertices
x=14 edges

Let r =the radius of one of the cans of orange juice
The length of the box = 6r and the width of the box = 4r
Volume of box - volume of cans:
Iwh—6(7rr2h)= (6r (4r)h—67r?h=24r*h—6zr*h=6r*h(4—r)
Percent of the volume of the interior of the box that is not occupied by the cans:
6r2h(4—z) 6r’(4-z) 4-x

= = =0.2146018366 ~ 21.46%
lwh (6r)(4r)

a) —e) Answerswill vary.

f) If we double the length of each edge of a cube, the new volume will be eight times the original volume.
a) —e) Answerswill vary.

f) If we double the radius of a sphere, the new volume will be eight times the original volume.



62.

63.

64.

SECTION 9.5 313

a) 42(60)(24)(365) = 22,075,200 drops

22,075,200
20
1,103,760

1000
1103.76

b) =1,103,760 ml

=1103.76 |

= 291.2295515 = 291.23 gal

C) 291.23($0.11) = 32.0353 ~ $32.04
a) Find the volume of each numbered region. Since the length of each sideis a+b, the sum of the
volumes of each region will equal (a+b)*.

b) V, =a(a)a)=a* V, =a(a)b)=a’b V, =a(a)b)=a%b Vv, = a(b)(b) = ab?
Vs =a(a)b)=a’b Vg = alb)(b) = ab? V, =b(b)b)=b*

c¢) Thevolume of the piece not shown is ab?.

a) 55ft=55(12)=66in.

V = Bh=5(66)=330in

b) Radius of cylinder: 0—275 =0.375in.

Volume of cylinder: zr’h = z(0.375)" (66) = 9.281257 = 29.15790682 in
Volume of hollow noodle: 330-29.15790682=300.8420932 ~ 300.84 in.2

Exercise Set 9.5

1

© N A

10.
11.

12.

13.

14.

The act of moving a geometric figure from some starting position to some ending position without altering its shape
or sizeiscaledrigid motion. The four main rigid motions studied in this section are reflections, trandations,
rotations, and glide reflections.

Transformational geometry is atype of geometry in which we study how to use a geometric figure to obtain other
geometric figures by conducting one of several changes, called rigid motions, to the figure.

A reflection isarigid motion that moves afigure to a new position that isamirror image of the figure in the
starting position.

Answerswill vary.

A trandlation isarigid motion that moves afigure by diding it along a straight line segment in the plane.
Answerswill vary.

A rotation isarigid motion performed by rotating a figure in the plane about a specific point.

Answerswill vary.

A glide reflection isarigid motion formed by performing atrandation (or glide) followed by areflection.
Answerswill vary.

A geometric figureis said to have r eflective symmetry if the positions of a figure before and after areflection are
identical (except for vertex labels).

A geometric figureis said to have r otational symmetry if the positions of a figure before and after arotation are
identical (except for vertex labels).

A tessellation is a pattern consisting of the repeated use of the same geometric figures to entirely cover a plane,
leaving no gaps.

Answerswill vary.
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SECTION 9.5
38. 4 m
m 4 2
A A
404 le
/
B \ / A, B
\ B iy
A B Bl C B
5 G
2 C ! C
’ g ——
Vi A
Py \
Jil
i A
v
A B m : m
46 45
D C'
5 " A B’ A
44. . ANA .
D’ C
43, ! Af
~
47. a) 48. &)
A’ B’ A
\ /
e \ /
B I C
C ! D!
b) Yes b) Yes
) Yes c)Yes
49. a) b ¢ 50. a) ) (o5
\ \
I
\ \
A B I
B
b) No b) No
c) No c) No
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51. a) 7 o4 52. a) .
A C
B P
s
A DY
b) No b) Yes
c) No c) Yes
d) d)
D" C
P
»
B AY P
€) Yes €) Yes
f) Yes f) Yes
53. @ —¢) o
\ /
K L C D
P !
J 1 F E
/ \
H G

55.

56.
57.

d) No. Any 90° rotation will result in the figure being in a different position than the starting position.

G H D

E

b) No. Any reflection about any horizontal line will result in the figure being in a different position than the starting
position.

¢) No. Any 90° rotation will result in the figure being in a different position than the starting position.
d) No. Any 180° rotation will result in the figure being in a different position than the starting position.

a) —Db) i

—~
S
—~
=

¢) No

d) Theorder in which the translation and the reflection are performed isimportant. The figure obtained in
part b) isthe glide reflection.

Answerswill vary.

Answerswill vary.



58.

59.

60.

61.

62.

SECTION 9.6 317

a) Answerswill vary.

b) A regular octagon cannot be used as a tessellating shape.

a) Answerswill vary.

b) A regular pentagon cannot be used as a tessellating shape.

Although answers will vary depending on the font, the following capital |etters have reflective symmetry about a
horizontal line drawn through the center of the letter: B, C, D, E, H, I, K, O, X.

Although answers will vary depending on the font, the following capital |etters have reflective symmetry about a
vertical line drawn through the center of the letter: A, H, I, M, O, T, U, V, W, X, Y.

Although answers will vary depending on the font, the following capital letters have 180° rotational symmetry
about apoint in the center of theletter: H, I, O, S, X, Z.

Exercise Set 9.6

1

~

10.

11
13.
15.
17.

19.

21.

23.

25.

S S

Topology is sometimes referred to as “rubber sheet geometry” because it deals with bending and stretching of
geometric figures.

A Mdbiusstrip is aone-sided, one-edged surface.

Y ou can construct a Mhius strip by taking a strip of paper, giving one end a half twist, and taping the ends together.
A Klein bottle isatopological object that resembles a bottle but has only one side.

Four

a) Six

b) Seven

A Jordan curveisatopological object that can be thought of asacircle twisted out of shape.

Since you must cross the curve to get from outside to inside, two crosses puts you back where you started. Thus, if
you cross the curve twice (or any even number of times) to get outside, you must have started outside. Also, if you
cross the curve once (or any odd number of times) to get outside, you must have started inside.

The number of holes in the object determines the genus of an object.

Two figures are topologically equivalent if one figure can be elastically twisted, stretched, bent, or shrunk into the
other figure without ripping or puncturing the original figure.

1,4,6—-Red; 2,3-Yellow; 7 —Green; 5—-Blue 12. 1,3, 7-Red; 2, 6, 8—Blue; 4,5— Green
1,4,6-Red; 2,5,8-Blue 3,7, 9-Yellow 14. 1-Red; 2,5-Yellow; 3, 6 —Blue; 4, 7— Green
1-Red; 2,5-Yelow; 3, 6 —Blue; 4, 7 — Green 16. 1—-Red; 2,5-Yellow; 3, 6 —Blue; 4, 7—Green
YT, NU, AB, ON, NS—Red 18. BCS, SON, DGO, NLE — Red

NT, QC —Blue BCA, CHH, ZAC, TMP —Blue

BC, SK, NB, NF — Green SIN, COA — Green

MB, PE —Yellow NAY, SLP-Yellow

TX,KS, MS, KY, SC, FL — Red 20. CA, WA, MT, UT —Red

OK, LA, TN —Green OR, WY, AZ — Green

MO, GA, VA —Blue ID, NM —Blue

AR, AL, NC-Yédlow NV, CO-Yellow

Outside; astraight line from point A to a point 22. Inside; astraight line from point B to a point clearly
clearly outside the curve crosses the curve an even outside the curve crosses the curve an odd number of
number of times. times.

Outside; a straight line from point A to a point 24. Outside; a straight line from point B to a point
clearly outside the curve crosses the curve an even clearly outside the curve crosses the curve an even
number of times. number of times.

Outside; a straight line from point C to a point 26. Outside; a straight line from point D to a point
clearly outside the curve crosses the curve an even clearly outside the curve crosses the curve an even

number of times. number of times.
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27. Inside; astraight line from point E to a point clearly 28. Inside; astraight line from point F to a point clearly
outside the curve crosses the curve an odd number of outside the curve crosses the curve an odd number of
times. times.

29. 1 30. 1 31 1 32. 5

33. Largerthan5 34. 0 3.5 36. 1

37. 0 38. Larger than5 39. 5 40. 1

41. a) - d) Answerswill 42. One 43. One 44. One
vary.

45. Two

46. a) No, it hasan inside and an outside. 47. Thesmaller oneisaMaobius strip; the larger oneis
b) Two not.
¢) Two
d) Two strips, one inside the other

48. No, it does not. 49. Yes. “Bothsides’ of the belt experience wear.

50. Answerswill vary. 51. Ecuador, Brazil, Chile— Red

Colombia, Guyana, French Guiana, Bolivia— Green
Peru, Venezuela, Suriname, Paraguay,
Uruguay — Yellow
Argentina - Blue
52. Answerswill vary. 53. a)1

b) 1
¢) Answerswill vary.

Exercise Set 9.7

1. Girolamo Saccheri - proved many theorems of hyperbolic geometry

2. Janos Bolyai - discovered hyperbolic geometry

3. Carl Friedrich Gauss - discovered hyperbolic geometry

4. Nikolay lvanovich Lobachevsky - discovered hyperbolic geometry

5. G.F. Bernhard Riemann - discovered elliptical geometry

6. Benoi Mandelbrot —first to use the word fractal to describe shapes that had several common characteristics, including

10.
11
12.
13.
14.

some form of “self-similarity”

a) Euclidean - Given aline and a point not on the line, one and only one line can be drawn parallel to the given line
through the given point.

b) Hyperbolic - Given aline and a point not on the line, two or more lines can be drawn through the given point
parallel to the given line.

c) Elliptical - Given aline and a point not on the line, no line can be drawn through the given point parallel to the
given line.

a) Euclidean - The sum of the measures of the angles of atriangleis 180°.

b) Hyperbolic - The sum of the measures of the angles of atriangleis lessthan 180°.

¢) Elliptical - The sum of the measures of the angles of atriangleis greater than 180°.

A plane

A sphere

A pseudosphere

Each type of geometry can be used in its own frame of reference.

Spherical - elliptical geometry; flat - Euclidean geometry; saddle-shaped - hyperbolic geometry
Coastlines, trees, mountains, galaxies, polymers, rivers, weather patterns, brains, lungs, blood supply
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16.

VV@%

18.

19. a)

. »

Step 1 Step 2

b) Infinite sinceit isinfinitely subdivided.
¢) Finite since it covers afinite or closed area.
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20. a) Step Perimeter
1

b) At each stage, the perimeter is g multiplied by the previous perimeter.

¢) The areaisfinite because it encloses afinite region.
The perimeter isinfinite because it consists of an infinite number of pieces.

Review Exercises
In the Review Exercises and Chapter Test questions, the 7 key on the calculator is used to determine answersin
calculationsinvolving 7. If you use 3.14 for 7z, your answers may vary dightly.

1. {F} 2. aBFC
3. BC 4. BH
5 {F} 6. {}
7. 90°-51.2°=38.8° 8. 180°-124.7°=55.3°
9. Let x = BC 10. Let x = A'B’
BC _ AC AB _ AC
B'C AC AB  AC
x _ 12 X _ 4
34 4 5 12
4x = 408 12x = 24
X = ——=10.2in. X = ﬁ:2in.
4 12
11. mxABC =mxABC 12. mxABC =mxABC
mxA'B’'C =180° —88° = 92° mxA'B’'C =180° —88° = 92°
Thus, mxABC = 92° Thus, mgABC = 92°

mxBAC =180° —30°—-92° = 58°



13.

14. n=6 15.
(n—2)180° = (6—2)180° = 4(180°) = 720°
1. 1 L,
16. A=_bh="(14)(5)=35in 17.
18. A=bh=12(7)=84in? 19
20.  A=lw=14(16)= 224 ft? o1
Cost: 224($2.75) = $616
22.  V=Iwh=10(3)(4)=120 cm’ 23.
1.1 ,
24. B=7bh="(9)(12)=54m 25.

mx1=180°-110° = 70°
mx 6 =70° (angle 1 and angle 6 are vertica angles)

REVIEW EXERCISES 321

The measure of the top angle of the triangle is 50°, by vertical angles. The measure of the angle on the bottom right

of the triangle is 180° — 70° —50° = 60°.

mx 2 = 60° (angle 2 and the angle on the bottom right of the triangle are vertical angles)

The measure of the alternate interior angle of angle 2 is 60° . Thus, mx3=180°-60° =120°.
The measure of the alternate interior angle of angle 6 is 70° . Thus, mx5=180°-70° =110°.

mx'4=180°-110° = 70°

V = Bh="54(8) =432 m’

A=Iw=9(7)=63cm’

1 1 .,
A:Eh(Q+b2) :5(2)(4+9):13|n.

A=7xr?= 7r(13)2 =1697
=530.9291585 ~ 530.93 cm?

V = zr*h=z(5)° (15) = 3757
=1178.097245~1178.10 in?

If h representsthe height of the triangle which is
the base of the pyramid, then

h?+32 = 52
h?+9 = 25

h? = 16

h = J16=4ft

1 1
B==bh==(6)(4)=12 ft
Zbh=2(6)(4)

1 1

V ==Bh==(12)(7) =28 ft®
Bh=(12)(7)
12

r=—=6mm
2

V= %mzh = %7[(6)2 (16) =1927

= 603.1857895 ~ 603.19 mm®
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_ 2,42 _ Q2

26. V:ﬂﬂ'r3:ﬂ7r(7)3:457_3” 27. h“+1° = 3
X 3 h?+1 = 9
=1436.75504 ~ 1436.76 ft* W2 o= g

h = 8

A:%h(bl+b2) =%(\/§)(2+ 4) = 8.485281374 ft?

a) V = Bh=8.485281374(8)

= 67.88225099 ~ 67.88 ft*
b) Weight:
67.88(62.5)+375=4617.51b
Yes, it will support the trough filled with water.
) (4617.5-375)=4242.5 |b of water

4242.5

=511.1445783~ 511.14 gd

2 " 3
¢ ¢ P || M
\ | A B
\\ / D C
\ | D C
Bl et ‘B 5
AlA A B
A I 31
i B
D C
\
2 \
\
\
C
32. i
B A B
B A’
= 3
o
A C )
33, A : 3
[ ]
P DY °C i i
B A
o4,
5
=

37. Yes 38. No 39. No 40. Yes



41.
42.

CHAPTER TEST 323

1

Saarland, North Rhine-Westphalia, Bremen, Mecklenburg-Western Pomerania, Berlin, Thuringia,
Baden-Wirttemberg, Hamburg — Red

Rhineland-Palatinate, Lower Saxony, Saxony — Green

Schleswig-Holstein, Hesse, Brandenburg — Y ellow

Bavaria, Saxony-Anhalt - Blue

Outside; a straight line from point A to a point clearly outside the curve crosses the curve an even
number of times.

44. Euclidean: Given aline and a point not on the line, one and only one line can be drawn parallél to the given line

through the given point.

Elliptical: Given aline and a point not on the line, no line can be drawn through the given point parallel to the given
line.

Hyperbolic: Given aline and a point not on the line, two or more lines can be drawn through the given point parallel
to the given line.

45.
Start
Step 1 Step 2
Chapter Test
1. EF 2. ABCD
3. {D} 4. AC
5. 90°-36.9°=53.1° 6. 180°-101.5°=785°
7. The other two angles of the triangle are 48° 8. n=8
(by vertical angles) and 180° - 112° = 68°. (n—2)180° = (8—2)180° = 6(180°) = 1080°
Thus, the measure of
angle x = 180° - 48° - 68° = 64°.
BC” _ AC’ x*+25 = 169
BC AC W2 = 144
X 5 .
7 = 3 X = 144=12in.
13x = 35 b) P=5+13+12=30in.
— 1 — 1 _ o,
X = % = 2.692307692 ~ 2.69 cm ¢ A=2bh=2(5)(12)=30in.
2
11 r= 1_26 —gem 12. B=9(14)+7(45)" =126+ 20.257 =189.6172512
4 4 V =Bh= 189.6172512(6) =1137.703507 ft?
V==rr3=2r(8)?°=6826x
3 3 1137.703507 ft® = 1137';(7)3507

= 2144.660585 ~ 2144.66 cm®
= 42.13716694 ~ 42.14 yd®
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13.

15.

17.

19.

21.

B=Iw=4(7)=28ft 14.

v =%Bh=%(28)(12) —112 12

16.
A B
A B
DT X C
D o
C
18.
I
B A
A B
C D
D. C
A Mdbiusstrip is asurface with one side and 20.
one edge.

Euclidean: Given aline and a point not on the line,
one and only one line can be drawn parallél to the
given line through the given point.

Elliptical: Given aline and a point not on the line, no
line can be drawn through the given point paralel to
the given line.

Hyperbolic: Given aline and a point not on the line,
two or more lines can be drawn through the given
point parallel to the given line.

Group Projects

2
1. @ B=xr’= ﬂ[%j =367 =113.0973355

V = Bh=113.0973355(4) = 452.3893421 ~ 452 ft°
b) 452.3893421(7.5) = 3392.920066 ~ 3393 ga
c) 452.3893421(52.4) = 23,705.20153 = 23,705 |b

1
B, A A
C D:
C A
P A
a) No
b) Yes

a) and b) Answerswill vary.

d) Weight of Jacuzzi and water: 475+ 23,705.20153 = 24,180.20153 Ib

Yes

€) Weight of Jacuzzi, water, and four people: 24,180.20153+ 4(115) = 24,640.20153 |b

Yes



b)

0)

d)
)
)
9)
h)

)
k)

12 ft
4inx3ft 6in.x12ft 6in.

Vv :% ftx 3.5 ftx12.5 ft =14.583 ft°

14.583 ft® = 14.583
27

= 0.5401234568 yd*

0.5401234568(45) = 24.305 ~ $24.31
1 sheet

$18.95

Five 8ft 2x4's

5($2.14)=$10.70
_lpn2t —10
B=_bh=_(2)(12)=12ft

V =Bh=12(3)=36ft’
B =013 yd® ~1.33 yd®
27
1.3($45) = $60
$24.31+ $18.95+ $10.70+ $60 = $113.96
22 4122 = x2
4+144 = x?
x2 =148
X = /148 = 12.16552506 ~ 12.17 ft

m) 8 boards

n)

0)

p)

8($6.47) = $51.76
10($2.44) = $24.40
$24.31+ $51.76+ $24.40 = $100.47

) The materials are less expensive for the wooden ramp.

GROUP PROJECTS
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CHAPTER TEN

MATHEMATICAL SYSTEMS

Exercise Set 10.1

10.
11.
12.
13.
14.
15.

16.

17.

18.

19.
21.
22
23.
25.
27.

A binary operation is an operation that is performed on two elements, and the result is asingle element.
A set of elements and at |east one binary operation.
Each of these operations can be performed on only two elements at atime and the result is always asingle
element. a 2+3=5 b) 5-3=2 Cc) 2x 3=6 d 6+3=2
Closure, identity, each element must have a unique inverse, associative property.
Closure, identity, each element must have a unique inverse, associative property, commutative property.
Abelian group
If abinary operation is performed on any two elements of a set and the result is an element of the set, then
that set is closed under the given binary operation. For al integersa and b, a + bisan integer. Therefore,
the set of integersis closed under the operation of addition.
An identity element is an element in a set such that when a binary operation is performed on it and any
given element in the set, the result is the given element. The additive identity element is 0, and the
multiplicative identity element is 1. Examples: 5+0=5, 5x 1=5
When abinary operation is performed on two elementsin a set and the result is the identity element for the
binary operation, then each element is said to be the inverse of the other. The additiveinverse of 2is(-2)
since 2 + (—2) = 0, and the multiplicative inverse of 2is(1/2) since2 x 1/2=1.

A specific exampleillustrating that a specific property isnot trueis called a counterexample.

No. Every commutative group is also agroup.

Yes. For agroup, the Commutative property need not apply.

d The Commutative property need not apply.

Squaring, finding square roots, finding the reciprocal, finding the absolute value

The associative property of addition statesthat (a+ b) + c=a+ (b + c), for any elements a, b, and c.

Example: (3+4)+5=3+(4+5)

The associative property of multiplication statesthat (a x b) x c=ax (b x c), for any real numbers

a, b,andc. Example: (3 x 4) x 5=3x (4x 5)

The commutative property of multiplication stated that a x b=b x a, for any real numbers a, b, and c.

Examplee 3x 4=4x 3

The commutative property of addition stated that a+ b = b + a, for any elements a, b, and c.

Examplee 3+4=4+3

8+4=2butd4+8=1% 20. 7-3=4,BUT3-7=-4

6-3)-2=3-2=1,but6-(3-2)=6-1=5

(16+4)+2=4+2,=2but16+(4+2)=16+2=8

No. No inverse element 24. No. Noinverse element

Yes. Satisfies 5 properties needed 26. Yes. Satisfies 4 properties needed
No. Not closed 28. No. Not closed
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29. No. Noidentity or inverse elements 30. No. Not al elements have inverses

31. No. Not closed 32. No. Not al elements have inverses

33. Yes. Satisfies 4 properties needed 34. No. Not al elements have inverses

35. No. Not closed ie.. 1/0isundefined 36. No. Does not satisfy Associative property

37. No. Does not satisfy Associative property 38. No. Not closed

39. No; thesystemisnotclosed, 7 +(—7)=0 40. No; # [0 (I/x) = 1whichisnot anirrational
which isnot an irrational number. number.

41. Yes. Closure: The sum of any two real 42. No. Closure: The product of any two real
numbersisarea number. Theidentity element numbersisarea number. Theidentity element
iszero. Example 5+0=0+5=5 isone. Example: 5e0=0e5=5
Each element has a unique inverse. Not every element has an inverse.

Example: 6+ (—6) =0 Example: 2e?7=1
The associative property holds: The associative property holds:
Example: (2+3)+4=2+(3+4) Example: (20 3)e4=2e(304)
43. Answers will vary. 44, 999
45, 9/19/29/39/49/59/69/79/89 91} 20

90/91/92/93/94/95/96/97/98/99 11 }

Exercise Set 10.2
1. The clock addition table is formed by adding all pairs of integers between 1 and 12 using the 12 hour clock
to determine the result. Example: If the clock isat 7 and we add 8, then the clock will read 3.
Thus, 7+ 8= 3inclock arithmetic.
2. 12+ 12=12. Start at 12 move clockwise 12 hours, the result is 12.
3.a) Firstadd (6 + 9) on the clock, then add that result to 5 on the clock to obtain the final answer.
b) (4+10)+3=2 (2+3=5

4. a) Start at the first number on the face of the clock, then count counterclockwise the number being
subtracted. The number you end at isthe difference.
by 4-7=9

5.a) 5-9 5+12=17 17-9
b) 17-9=8

6. The system is commutative if the elements in the table are symmetric about the main diagonal.

7. If abinary operation is performed on any two elements of a set and the result is an element of the set, then
that set is closed under the given binary operation. For al integersaand b, a+ bisan integer. Therefore,
the set of integersis closed under the operation of addition.

8. Yes. 12

9. Yes. Oneand 11 areinverses, 2 and 10 areinverses, 3and 9 areinverses, 4 and 8 are inverses, 5 and 7 are

inverses, 6 isitsown inverse, and 12 isits own inverse.

10. 2+3)+8=2+(3+8) 11. Yes. 6+9=3and9+6=3

5+8=2+11
1=1



12.

13.

15.

17.

19.

21.
24,
27.
30.
33.
36.
39.
42.

45,

46.
49,
52.
55.
58.
61.
64.

Y es, the five properties are met.
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1) The systemisclosed. All resultsarefromtheset{1, 2, 3,4,5, 6,7, 8,9, 10, 11, 12}

2) Theidentity element is 12.

3) Each element has an inverse.

4) The associative property holds true.
5) The system is commutative.

a) Identity element =5
b) Addinverseof 2, whichis3. 2+3=5

Yes. Commutative, symmetrical around main
diagonal

Identity element = C, Row 3isidentical to top
row and column 3 isidentical to left column
Theinverse of A isB, because A operate B =C
and B operate A = C.

14. @) Identity element =8
b) Addinverseof 3, whichis5. 3+5=8

16. No. Not commutative, Non-symmetrical
around main diagonal

18. Thereisno identity. While the top row = 3 row,
the left column # any other column.

20. Theinverse of A isA, because A operate A = A.

4+7=11 22. 8+7=3 23. 9+8=5

10+4=2 25. 4+12=4 26. 12+12=12

3+(8+9)=3+5=8 28. (8+7)+6=3+6=9 29. 6+4)+8=10+8=6

(6+10)+12=4+12=4 3L. (7+8)+(9+6)=3+3=6 32 (7+11)+(9+5)=6+2=8

7-4=3 34. 11-8=3 3. 4-12=4

3-9=6 37.5-10=7 38. 3-10=5

1-12=1 40. 6-10=8 41. 5-5=12

8-8=12 43. 12-12=12 44, 5-8=9
+11 2 3 4 5 6 45, +/1 2 3 4 5 6 7
112 3 4 5 6 1 112 3 4 5 6 7 1
2|3 4 5 6 1 2 2/3 4 5 6 7 1 2
3|4 5 6 1 2 3 3|4 5 6 7 1 2 3
4|5 6 1 2 3 4 4|5 6 7 1 2 3 4
5/6 1 2 3 4 5 5/6 7 1 2 3 4 5
6|1 2 3 4 5 6 67 1 2 3 4 5 6

711 2 3 4 5 6 7

4+5=3 47. 1+6=1 48. 6+4=4

5-2=3 50. 4-5=5 51. 2—-6=2

3-4=5 53. 4-6=4 54. 2+(1-3)=2+4=6

See above. 56. 5+4=2 57. 6+5=4

4+4=1 59. 7+6=6 60. 2—-3=6

3-6=4 62. 2—4=5 63. (4-5)-6=6-6=7

3-(2-6)=3-3=7
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65. Yes. Satisfies5 required properties 66. No, not necessarily. It may not have an inverse,
identity element, or satisfy the Commutative or
Associative properties.

67.a) {0,1,2,3} 68.a) {*,5 L} b)
b) ¥& airplane b
¢) Yes. All solutions are members of the ) .
- ¢) Yes. All solutions are members of the
original set.

original set.

d) Identity elementisO. d) Identity element is L.

€ Yes, 0®&R0=0,1¥K 3=0,

2:233@&;0 e)Yes;*WSzLﬁ@*:L,LWL:L
f) (1PR2) P 3=3PK 3=2

and 1 9% Q9% 3) =1 9K 1 =2 f)(*WE’)@%:LWE’:E’

0) Yes, 3¥R2=1=2#¥K3 and*@l(5@15)=*@*=5

h) Yes, system satisfies five properties needed.
) ¥ prop 0) Y%;LW*:*and* L=*

h) Yes, system satisfies five properties needed.

69.a) {r,st,u} b <>
¢) Yes. All solutions are members of the

70.8) {3,5,8 4} b) 5(

original set. ¢) Yes. All solutions are members of the
d) Yes theidentity element ist. original set.
& Yes r<—=—r=t s<=u=t, d) Identity element is4.
t<>t=tu<—_—>s=t
fy r<<>9<—>u=u—>u=r e) Yes 3\&8=4,5\&5=4,8\&3=4,
andr<—>(s<_—>u)=r<_—t=r \&
g Yes, s<_——r=uandr<———s=u 41X 4=4
h) Yes, system satisfies five properties needed. f) (5\&8)\&4:3\&4:3
and5ﬁ(8\§/4):5\§/8:3
g) Yes. sﬁ’szszsﬁs
h) Yes, system satisfies five properties needed.
719 {f,r,o,m} b & 72.a) No, thereis no identity element.
) Thesystemisclosed. All elementsin the table b) Aw3)w4 = 1w ((3w4)
are elements of the set. 4w4 = 1w3
d) (Lo)Af=m&f=m 73.d) Isclosed; all solutions are members of the
e (f&r)d;f m) = r&m=+ original set. b) Identity =[]

¢) Inverse: of isld; of MisM; of &is&
d M®LYY®M=LAOM=M

MO ELIM=MOM =[]

Not associativesinceM  [2]
e A®M=M M®Aa=2a

Not commutative since M # £

f) ldentity element isf.
0) Inverse of rismsincem & r = 1.
h) Inverse of misr sincer & m=f.



74. Not closed: y * x = aand aishot amember of

the set {w, X, y}
No identity element, and therefore no inverses.
X "w)rx=y~x=a

SECTION 10.2

75. Noinversesfor © and *

FON®T=0T=*
*FRE®T)=*®T=0
Not associative since * # ©

331

XA(WAX)=X"y=w
Not associativesincea  w
yAx=aand x "y=w
Not commutative since a# w

77. No identity element and therefore no inverses.
(do e o d=do d=e
do (e d)=d = e=d

76. a©Qa O A=AO A=2
a@(a@ A)=a@0=<
Not associativesincea <
A@<:< <@A:a

Not commutative since < # a

Not associativesincee d
ecsd=e ds e=d
Not commutative sincee# d

78. Noinversesfor 0, 2, 3,and 4 80. a) OJE O

E|E E

79. 9 +E O OlE O
E|E O b) Theidentity isO, but since E has no inverse,

the system is not a group.

b) The system isclosed, the identity element isE,
each element isits own inverse, and the system
is commutative since the table is symmetric
about the main diagonal. Since the system has
fewer than 6 elements satisfying the above
properties, it is a commutative group.

81. Student activity - Answerswill vary.

82. Student activity - Answerswill vary.

83.a) All eementsin thetable arein the set 83. Examples of associativity

{1,2,3,4,5, 6} sothesystemisclosed.
Theidentity is6. 5and 1 areinverses of each
other, and 2, 3, 4, and 6 are their own inverses.
Thus, if the associative property is assumed,
the system isa group.

b) 4 5=2,but5 e 4=3

(20 3) o 4=50c 4=3and
200 (300 4)=200 5=3
(Lo 3)  5=4  5=2and
loo (30 5)=1oco 4=2
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84. @) Isclosed Identity:F@ 85.9) R S T UV |
R/v T U S I R
(b)) Oa=CA=F SsIlU I VRT S
_ _ TIS R I VvV U T
c@(D@_A) -_c@C-F UlT VR I S U
IsAssociativesince F=F Vi U S TR V
Inverses of: A@E: F, B@B:F, I ' R S T U V |
De=r, &=
E@A =F F@Fz F IsAssociativesinceS=S
BOc= OB=a b) Isclosed
Not Commutative since E # A c) R*S=T S*R=U
Not Commutativesince T # U
86. 43 = 64 ways R(SV)=R T=U
87. +10 1 2 3 4 88. +10 1 2 3 4 5
0|0 1 2 3 4 0|0 1 2 3 4 5
111 2 3 4 0 111 2 3 4 5 0
212 3 4 0 1 2|2 3 4 5 0 1
3/3 4 0 1 2 3/3 4 5 0 1 2
414 0 1 2 3 414 5 0 1 2 3
5|5 0 1 2 3 4
89. 89. 1) Add #inleft column to #in top row

2) Divideby 4
3) Replace remainder in table

W N P O |+
w N P OO
A WODN PP
o b~ wWw NN
P O b W |W

Exercise Set 10.3
1. A modulo m system consists of m elements, O through m — 1, and a binary operation.
2. d) aiscongruent to b modulo m, written a= b (mod m), means a and b have the same remainder when
divided by m.
b) 13 and 3 have the same remainder, 3, when divided by 5.

3. Inamodulo 5 system there will be 5 modulo classes. When a number is divided by 5 the remainder

will be a number from 0 — 4.
0O 1 2 3 4
0O 1 2 3 4
5 6 7 8 9
10 11 12 13 14
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4. In any modulo system, modulo classes are developed by placing all numbers with the same remai nder

in the same modulo class.

5. Inamodulo 12 system there will be 12 modulo classes. When a number is divided by 12 the remainder

6

~

©

1

will be a number 0 —11.

. Inamodulo n system there will be n modulo classes. When a number is divided by n the remainder

will be a number from 0 — (n-1).

. 27=?(mod5) ¢ or d 27,12, and 107 have
the same remainder, 2, when divided by 5.

. Thursday =Day4 30=2(mod7) Saturday

1. 4+ 366 =370 and 370 + 7 = 52, remainder 6
Day 6 = Saturday

13. 3years, 34 days = (3)(365 + 34) days = 1129 days

15. 728 days/ 7 = 104 remainder O

17. Answers will vary.

4 +1129=1133 and 1133 + 7 = 161, remainder 6
Day 6 = Saturday

Thursday

18. Answerswill vary.

21. Answerswill vary. 22. Answerswill vary.
25.8+6=14 14 = 4 (mod 5)

27. 1+9+12=22 22 =2 (mod 5)

29. 5-12=3 3=3(mod5)

31. 8¢9=72 72 =2 (mod 5)

33.4-8=1 1=1(mod5)

35. (150 4)-8=60-8=52 52 =2 (mod 5)
37. 15(mod 5) =0 38. 23(mod 7) =2
41. 60 (mod9) =6 42. 75(mod 8) =3
45. -5(mod 7) =2 46. -7 (mod4) =1
49. 135(mod 10) =5 50. -12(mod 4)=0
53. 2+2=4(mod 5) 54, 4+5=3(mod 6)

57. 5 5=7 (mod 9) 58.

3e{}=5(mod6)
No solution

8. 167=?(mod7) b or d 106, 71, and 22
have the same remainder, 1, when divided by 7.

10. 4+ 161 = 165 and 165 + 7 = 23, remainder 4
Day 4 = Thursday

12. Syears= (5 ¢ 365) days = 1825 days
4 + 1825 =1829 and 1829 + 7 = 261, remainder 2
Day 2 = Tuesday

14. 4 + 463 = 467 and 467 + 7 = 66, remainder 5
Day 5 = Friday

16. 3yrs. 27 days= 1122 days

1122/ 7 = 160 remainder 2 Saturday

19. Answerswill vary.
23. Answerswill vary.

20. Answerswill vary.
24, Answerswill vary.

26. 5+10=15 15= 0 (mod 5)

28. 9-3=6 6=1(mod5)

30. 704=28 28 = 3 (mod 5)

32. 10-15=0 0= 0(mod5)

34.3-7=1 1=1(mod5)

36. (4-9)7=(-57=5(7)=35 35 =0 (mod 5)

39. 84 (mod12)=0 40. 43 (mod 6) =1

43. 30 (mod 7) =2 44, 53 (mod 4) =1

47. -13(mod 11) =9 48. -11 (mod 13) = 2

51. 3+4=7=1(mod 6) 52. 6+5=3(mod 8)

55. 4-5=5(mod 6) 56. 4 5=6(mod7)

59. 3¢ {}=1(mod6) 60. 3¢{}=3(mod12)
No solution {1,5,9}
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61.

65.

68.

70.

72.

73.

4e{}=4(mod 10)
{16}

62. 2—6=4(mod 8)

3¢ 0=05(mod 10) 66. 4 {1} =5 (mod 8)
No solution

a) flying 7R4 b) flying 11R2

c) resting 30RO d) flying 7-6=1

e) flying f)y 7-20=3

a) 20/10=2R0 twiceaday

b) 49/10=4R9 twiceaday
¢) 103/10=10R 3 twiceaday
d) 78/10=7R 8 vyes, rest

a) 6=1(mod>5)
If thisisweek 3, then 3 + 1= 4 (mod 5) indicates
the 3 P.M. - 11 P.M. shift.

b) 7 =2 (mod 5)
If thisisweek 4, then 4 + 2= 1 (mod 5) indicates
the 7 A.M. - 3P.M. shift.

¢) 11=1(mod 5)
If thisisweek 1, then 1 + 1= 2 (mod 5) indicates
the 7 A.M. - 3P.M. shift.

The waiter’ s schedule in amod 14 system is given

in the following table:

Day: 012345678910 1112 13

shifttddd ddeeedd d d e e

Note: Thisis his second day shift which isday 1

in the mod 14 system.

a) 20=14=1, remainder 6. Six daysfromday 1is
day 7 which is the evening shift.

b) 52= 14 =3, remainder 10. Ten daysfrom day 1
isday 11, which isthe day shift.

c) 365= 14 =26, remainder 1. One day fromday 1
isday 2, which is the day shift.

63.

67.

69.

71.

74.

4-7=9(mod 12) 64. 6—7=8(mod 9)
a) 2016, 2020,2024,  67.c) 2552, 2556, 2560,

20,28, 2032 2564, 2568, 2572
b) 3004

a) 28/8=3R4 resting 2™ day
b) 60/8=7R4 resting 2™ day
c) 127/8=15R7 am/pm practice
d) no am practice
The manager’s schedule is repeated every seven
weeks. If thisisweek two of her schedule, then
thisis her second weekend that she works, or week
linamod 7 system. Her schedulein mod 7 on any
given weekend is shown in the following table:

Weekend (mod 7):

Work/off 0 1 2 3 4 5 6

W W WWWW O

a) If thisisweekend 1, then in 5 more weeks

(1 +5=6) shewill have the weekend off.
b) 25=7 =3, remainder 4. Thus 25 = (mod 7)

and 4 weeks from weekend 1 will be weekend 5.

She will not have off.
¢) 50=7 =7, remainder 1. One week from

weekend 1 will be weekend 2. It will be 4 more

weeks before she has off. Thus, in 54 weeks she

will have the weekend off.

Thetruck driver's schedule is repeated every 17
days asindicated by the following table:

Days Activity

0-2 N.Y. - Chicago

3 Rest in Chicago

4-6 Chicago - L.A.

7-8 RestinL.A.

9-13 L.A.-N.Y.

14-16

a) 30= 13 (mod 17) indicates that he will be
driving fromL.A. toN.Y.

b) 70=2 (mod 17) indicates that he will be
driving from N.Y . to Chicago.

¢) 2years= 730 days= 16 (mod 17)
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75.9) +lo 1 2 3 768 +/0 1 2 3 4 5 6 7
0lo 1 2 3 0/0 1 2 3 4 5 6 7

1/1 2 3 4 5 6 7 0

111230 22 3 456 7 0 1

2/2 3 01 3/3 456 7 0 1 2

3/3 0 1 2 4|4 5 6 7 0 1 2 3

b) Yes. All the numbersin the table are from the 5/5 6 7 0 1 2 3 4
{0, 1,2, 3}. 6/ 6 7 0 1 2 3 4 5

77 01 2 3 4 5 6

¢) Theidentity element isO.
d) Yes. eement + inverse = identity
0+0=0 1+3=0 2+2=0 3+1=0
e 1+3)+20+2=2 1+(3+2)=1+1=2
Associativesince 2 = 2.
f) Yes, the tableis symmetric about the main

b) Yes. All the numbersin the table are from the
*«t{0,1,234,5,6,7}.

¢) Theidentity elementisO.

d) elem. + inverse = identity
0+0=0 1+7=0 2+6=0 3+5=0
4+4=0 5+3=0 6+2=0 7+1=0

diagonal. 1+3=0=3+1 6 (1+2)+5=3+5=0
1+(2+5)=1+7=0 Yes, Associative
f) Yes. 2+4=6=4+2
0) Yes. All five properties are satisfied.
h) Same answer as problem 63 part h.
77.3) 0lo 1 2 3 78.3) J]lo 1 2 3 4 5 6
0/0 1 2 3 0/0 0O 0O OO O O
111 2 3 0 1/0 1 2 3 4 5 6
212 3 0 1 2|0 2 4 6 1 3 5
3/3 0 1 2 3/0 3 6 2 5 1 4
b) Yes. All the elementsin the table are from 4,0 4 1 5 2 6 3
theset {0, 1, 2, 3}. 5/0 5 3 1 6 4 2
¢) Yes. Theidentity elementis1. 6/ 0 6 5 4 3 2 1

d) elem. 0 inverse = identity
OOnone=1 101=1 20none=1

b) Yes. All the elementsin the table are from
theset {0, 1,2, 3, 4,5, 6}.

303=1 ElementsO and 2 do not have
inverses.

€ (L03)110=310=0
10(B00)=100=0 Yes, Associative

f) Yes. 213=2=312

0) No. Not all elements have inverses.

¢) Yes. Theidentity elementis 1.

d) No. elem. = inverse O0->none 1->1
2>4 3>5 4>2 553 626
The element O does not have an inverse.

e (102)14=2014=1
10(204)=101=1 Yes, Associative

f) Yes. 2113=6=312

g) No. 0doesnot have an inverse.

For the operation of divisonin modular systems, we definen-+d=n e i, wherei isthemultiplicative inverse of d.

79. 5+ 7=7?(mod 9)
Since7 e 4=28=1(mod9), 4istheinverse of 7.
Thus,5+7=0R2 5 7=2(mod9) ?=2

80. ?+5=5(mod 9)
Since5 5=5(mod9),1=5(mod5) ?=7



336 CHAPTER 10 Mathematical Systems

81. ?+?=1(mod 4) 0+ Oisundefined. 82. 1+2=7?(mod 5)
1+1=1)mod4) 2+2=1(mod4) 2(1/2)=3? 1=6(mod 5) 1=1
3+3=1(mod4) ?={1,2,3} ?=3

83. 5k=x (mod5) 5(1)=0(mod 5) 84. 5k +4=x(mod5) 5(1)+4=9=4(mod5)
5(2) =10=0(mod 5) x=0 5(2) + 4=14=4(mod 5) X=4

85. 4k—2=x(mod 4) 4(0)—2=-2=2(mod 4) 86. Check the numbers divisible by 5 until you find
4(1)—2=2=2(mod4) 4(2)-2=6=2(mod4) one that is also congruent to 2 in modulo 6.
X=2 20 =2 (mod 6) and 20 isalso divisible by 5.

87. (365 days)(24 hrs./day)(60 min./hr.) = 525,600 hrs.  88. 1yr. 21 days= 365 + 21 = 386 days
(525,600)/(4) = 131,400 rolls 131400 = 0 (mod 4) 386/5=77R1 Halfway up the mountain

89. If 10 issubtracted from each number on the whed!,
23 11 3 18 10 19 2 10 16 4 24  becomes
13 120 8 0 919 0 6 21 14 whichisequivaentto
M AT H I S F U N

Review Exercises

1. A set of elements and at least one binary operation.

2. A binary operation is an operation that can be performed on two and only two elements of aset. Theresult is
asingle element.

3. Yes. The sum of any two integersis aways an integer.

4. No. Examples 2—-3=-1, but — 1 isnot a natural humber.

5

8

. 9+10=19=7 (mod 12) 6. 5+12=17=5(mod 12) 7. 8—10=-2=10(mod 12)

. 4+7+9=20=8(mod 12) 9. 7-4+6=9=9(mod 12) 10. 2-8-7=-13=11 (mod 12)

11. @) Thesystemisclosed. If the binary operation is [21 then for any elementsaand b in the set, a b isamember
of the set.

b) There exists an identity element inthe set. For any element a intheset, if alli=iEa=atheni is
called the identity element.

¢) Every element in the set hasa unique inverse. For any element a in the set, there existsan element b
suchthatallb=b [ a=i. Then b istheinverseof a and a istheinverseof b.

d) The set isassociative under the operation For elementsa, b, andcintheset, (ald b) D c=ald (b & ¢).

12. An Abelian group is agroup in which the operation has the commutative property.

13. Yes. Closure: The sum of any two integersisan Yes, Associative Example: (2+3)+4=2+(3+4)
integer. Theidentity element is zero. Each element has a unique inverse.

14. The set of integers with the operation of multiplication does not form a group since not all elements have
aninverse. 4e?=1
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15. Yes. Closure: The sum of any two rational #sisa Yes, Associative Example: (2+3)+4=2+(3+4)
rational number. Each element hasauniqueinverse. Ex.; 6+ (-6) =0
Theidentity elementiszero. Ex.:5+0=0+5=5

16. The set of rational numbers with the operation of multiplication does not form a group since zero does not
haveaninverse. 0e ?2=1

17. Thereisno identity element. Therefore the system does not form a group.

18. Not Associative Example ({Op)d?2=p0O?=! 'd@Ea?2='al=A 1£ A

19. Not Associative Example: (p?p)?4=L?4=# p?(p?4)=p?L=4 ##4

20.8 { . ®,2 A} 21. 21+3=7,remainder 0  21=0(mod 3)
b)
) Yes. All the dlementsin the table are from 22. 31+8=3 remainder 7  31=7(mod 8)

theset{ =, ® 2, A},

d) Theidentity elementis)-- .

23. 31+ 6=5,remainder 1 31=1(mod 6)

6 Yes eem. ) inverse= identity 24. 59+ 8=7,remainder 3  59= 3 (mod 8)
YA @ ba-)> |
?ﬁ?z)_ A ﬁ@:)— 25. 82+ 13=6, remainder4 82=4(mod 13)

f) Yes, Associative 26. 54+4=13, remainder 2 54 =2 (mod 4)

O ) a=0ha=0©
Y Aeday=rA20=0
g) Yes. Aﬁ?=@=?ﬁ A

h) Yes, all five properties are satisfied.

27. 52 + 12 = 4, remainder 4 52 = 4 (mod 12)

28. 54+ 14 =3, remainder 12 54=12 (mod 14) 29. 97+ 11=8,remainder9 97 =9 (mod 11)

30. 42 + 11 =3, remainder 9 42 =9 (mod 11) 31. 5+8=13=4(mod 9)
Thus, replace ? with 4.

32. ?—3=0(mod 5) 33. 4 ?=3(mod 6)
0-3=2(mod5) 1-3=3(mod5) 4 0=0(mod 6) 40 1=4(mod 6)
2—-3=4(mod 5) 3—3=0(mod 5) 42=8=2(mod6) 43=12=0(mod6)
Replace ? with 3. 4e4=16=4(mod6) 45=20=2(mod6)

Thereisno solution. ?={}
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34. 6—?=5 (mod 7)

36.

38.

40.

6—0=6(mod 7) 6—1=5(mod 7)
6—2=4(mod 7) 6—-3=3(mod7)
6—4=2(mod 7) 6—5=1(mod 7)
Replace ? with 1.

10 @ 7= ? (mod 12)
10 7=70; 70

12 =5, remainder 10

Thus, 10 @ 7 = 10 (mod 12).

Replace ? with 10.

? e 7=3(mod 10)
Oe 7=0(mod 10)
2 7=14=4(mod 10)
4 e 7=28=8(mod 10)
6e7=42=2(mod 10)
8 e 7=56=6(mod 10)

10 7=70= 0 (mod 10)

Replace ? with 9.

77?1 2(mod9)
79 0=0(mod9)
72=14=5(mod 9)
74=28=1(mod?9)
7 6=42=6(mod?9)
7e8=56=2(mod9)
Replace ? with 8.

1e7=7(mod10)

3e7=21=1(mod 10)
5 7=35=5(mod 10)
7e7=49=9 (mod 10)
9e 7=63=3(mod 10)

7e1=7(mod9)

7e3=21=3(mod?9)
75=35=7(mod 9)
7e7=49=4(mod9)

35. ?#4=0(mod 8)

37.

39.

Replace ? with 7.
41. a) +/0 1 2 3 4 5
0|0 1 2 3 4 5
1112 2 3 4 5 0
212 3 4 5 0 1
3/3 4 5 0 1 2
414 5 0 1 2 3
5/5 01 2 3 4

0e4=0(mod 8)

2 4=8=0(mod 8)
404=16=0(mod 8)
6e4=24=0(mod 8)

le4=4(mod8)

3e4=12=4(mod 8)
5 4=20=4(mod 8)
7e4=28=4(mod8)

Replace ? with {0, 2, 4, 6}.

3-5=7?(mod 7)

3-5=(3+7)-5=5=5 (mod 7)

Replace ? with 5.

5e?=3(mod 8)
5 0=0(mod 8)
52=10=2(mod 8)
5 4=20=4(mod 8)
5 6=30=6(mod 8)

5e1=5(mod 8)

5 3=15=7(mod 8)
5e5=25=1(mod 8)
5e7=35=3(mod 8)
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41.b) Sinceal the numbersin the table are elementsof 42. a) [ ‘ 0 1 2 3

{0, 1, 2, 3,4, 5}, the system has the closure 0j0 1 2 3
property. 111 2 3 0

¢) The commutative property holds since the 2|12 3 0 1
elements are symmetric about the main 3/3 0 1 2
diagonal.

d) Theidentity element is 0 and the inverses of b) Theidentity elementis 1, but because 0 and 2
each elementare0-0,1-5,2-4,3-3, have no inverses, the system does not form a
4-2,5-1 group.

e) If it isassumed the associative property holds as
illustrated by the example: (2 +3) +5=4=
2 +(3 + 5), then the system is a commutative
group.

43. Day(mod10): 0 1 2 3 4 5 6 7 8 9
Work/off: w w w 0 ow w o 0 O
a) If today isthefirst day of her work pattern, day 0, then 18 = 8 (mod 10) indicates Toni will not be working
in 18 days.
b) 38 =8 (mod 10) indicates that Toni will have the evening off in 38 days.

Chapter Test
1. A mathematical system consists of a set of elements and at least one binary operation.

2. Closure, identity element, inverses, associative property, and commutative property.
3. No, the numbers greater than 0 do not have inverses.

4. +1/2 3 4 5 5. Yes. Itisclosed since the only elementsin the table
112 3 4 5 1 arefromtheset {1, 2, 3, 4, 5}. The identity element
213 4 5 1 2 is5. Theinversesare1-4,2-3,3-2,4-1, and
3/4 5 1 2 3 5-5. The systemisassociative. The systemis
4,5 1 2 3 4 commutative since the table is symmetric about the
5/1 2 3 4 5 main diagonal. Thus, all five properties are satisfied.
6. 9+3+2=14=4mod 5 7. 5-18=(15+5)-18=20-18=2=2mod 5

8.d) Thebinary operationisA .
b) Yes. All elementsinthetable arefromtheset {W, S, T, R}.
C) Theidentity elementisT,since T Ax=x=xA T, wherex isany member of theset {W, S, T, R}.
d) Theinverseof RisS,sinceRAS=T
e TARRAW=RAW=S

9. The systemisnot agroup. It does not have the closure property since ¢, ¢ = d, and d is not a member of {a, b, c}.

10. Sinceal the numbersin the table are elements of {1, 2, 3}, the system is closed. The commutative property
holds since the elements are symmetric about the main diagonal. The identity element is 2 and the inverses are
1-3,2-2,3-1. Ifitisassumed the associative property holds asillustrated by the example:
(1?2)?1=2=17?(27?3), then the system is a commutative group.
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11. Since all the numbersin the table are elements of { @, $, &, %}, the systemis closed. The commutative
property holds since the elements are symmetric about the main diagonal. The identity element is$ and the
inversesare @ —&, $—9$, & — @, % —%. It isassumed the associative property holds asillustrated by the
examplee (@0 %) O% =& =@ O ($ O %), then the system is a commutative group.

12. 64+ 9 =7, remainder 1 64=1(mod 9) 13. 58 + 11 =5, remainder 3 3=1(mod 11)
14. 7+7=6mod 8 15. 2-3=(5+2)-3=4=4mod 5
16. 3—5=7(mod 9) 17. 4e2=8and 8+ 6 =1, remainder 2
3-5=(3+9)-5=12-5=7(mod 9) 4e2=2(mod 6)
12-5=7(mod 9) Replace ? with 2.
Replace ? with 5.
18. 3 e ?e=2(mod 6) 19. 103 + 7 = 14, remainder 5
3¢ 0=0(mod 6) 3e1=3(mod6) 103 =5 (mod 7)
3¢2=0(mod6) 3 3=3(mod 6) Replace ? with 5.

3¢ 4=0(mod 6) 3e5=3(mod 6)
Thereisno solution for ? The answer is{ }.

20.3)

A WDNPFP O|>
O O O O oo
A WNPFE O
Wk hADNDOIN
N » PP WO W
PN WS OIS

b) Thesystemisclosed. Theidentity is1.
However, 0 does not have an inverse, so
the system is not a group.
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Group Projects

1.9 2.a) Yes, see Group Project exercise 3. @).

b) Product = 0 when factors 0

mod 4, mod 6, mod 8, mod 9
¢) Product = 0 when at least 1 factor =0
mod 3, mod 5, mod 7
d) The systemsin which the modulo is a composite

OO >
>00w|>
wW>00|w
O ® > 0O0n
OO w>»|0

b) The systemisclosed. Theidentity isD.

¢c) As«sB)«C=C&C=B
AsB&sC)=AxA=B
Y es, Associative

d A«C=D B&B=D CaA=D
D&«D=D All elements have inverses.

€ A«B=C=Ba&A
Y es, Commutative, symmetrical around the
main diagonal

Therefore, the system is a group.

number system have factors 0.

3.a)

mod 3 mod 4

elo 1 2 elo 1 2 3

0|0 0 O 0|0 0 0 O

1(0 1 2 1({0 1 2 3

2|0 2 1 2|0 2 0 2
3|0 3 21

3.a)

mod 5 mod 6

0 1 2 3 4 * 0 1 2 3 45

0|0 0 00O 0|0 0 0OOO0O

10 1 2 3 4 1{0 1 2 3 45

2|0 2 4 1 3 2|0 2 4 0 2 4

3|0 3 14 2 3/0 3 03 0 3

410 4 3 21 410 4 2 0 4 2
5/0 5 4 3 2 1
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mod 8

3.9
mod 7

0 1 2 3 456 7

0/j0 0 00O OOOPO
10 1 2 3 45 6 7
2|0 2 46 02 46
3/0 3 6 1 47 25
4(0 4 0 4 0 4 0 4
5|0 5 2 7 41 6 3
6|0 6 4 2 0 6 4 2
710 7 6 5 4 3 21

01 2 3 456

0j0 0 00O OO
10 1 2 3 45 6

2|0 2 46 1 35

3|0 3 6 2 5 1 4

4/0 4 15 2 6 3

5|0 5 316 4 2

6/0 6 54 3 21

3. b) mod 3, mod 5, mod 7

mod 9

01 2 3 456 7 8

¢) mod 4, mod 6, mod 8, mod 9

d) Modulo systems that have composite numbers

have multiplicative inverses for all nonzero

numbers.

0/0 0 0OOOOOODO
110 1 2 3 456 7 8

2|0 2 46 81 3 57

3|0 3 6 03 6 0 3 6

4/0 4 8 3 7 2 6 15

5/0 516 27 3 8 4

6|0 6 3 06 3 06 3

7/0 7 53 186 4 2

8/0 8 76 5 43 21



CHAPTER ELEVEN

CONSUMER MATHEMATICS

Exercise Set 11.1

1. A percentisaratio of some number to 100.

2. (i) Divide the number by 100. (ii) Remove the percent sign.

3. (i) Divide the number by the denominator.
(if) Multiply the quotient by 100 (which has the effect of moving the decimal point two places to the right).
(iii) Add apercent sign.

4. Multiply the decimal number by 100 and add a percent sign.

(Amount in latest period) —(Amount in previous period)

5. Percent change = - - -
Amount in previous period

X 100

Selling Price — Dealer's Cost

6. Percent markup on cost = x 100
Dedler's Cost
7. % = 0.500 = (0.500)(100)% = 50.0% 8. % = 0.25 = (0.25)(100)% = 25.0%
9. g = 0.400 = (0.400)(100)% = 40.0% 10, g = 0.875 = (0.875)(100)% = 87.5%
11. 0.007654 = (0.007654)(100)% = 0.8% 12. 0.5688 = (0.5688)(100)% = 56.9%
13. 3.78 = (3.78)(100)% = 378.0% 14. 13.678 = (13.678)(100)% = 1367.8%
15, 4% = 2 —0,04 16, 6.9% = 22 =0.069 17. 134% = =54 — 00134
100 100 100
20.
18. 0.0005% = 2999 _ 5000005 19, L06=025%= 222~ 00025 3 0.375
4 100 29 =0.375%=——— = 0.00375
8 100
21. Lop=0206=22-0002 22. 135.9% = =29 - 1359 23. 1% = —— =001
5 100 100 100

343
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24. 050% = 20 = 0,005
100
26. 50+50+40+40=180  (180)(.06) = $10.80
28. (693,905)(.36) = 249,805.8 miles
30. (591 M)(.06) = $35.46 M
32. (591 M)(.59) = $348.69 M

34. (32.3B)(.058) =$1.8734B

36. (32.3B)(.46) = $14.858 B

38 2O2M_ 4717 (47700 = 17.2%
8,105M
20. 218M _ o600 (2609)(100) = 27.0%
8,105M
2.9 B84M _) 1506  115.96-1000~ 16 %
248.7M
13.a) 2BM 1735 117.35-1000=17.3%
8,050 M
o) 227M 14357 143571000 =436%
9,457M
o 29M 5008 15428-1000=543%
13,577M
g 220M_ 1 sa01  153.91-1000=53.9%
20,947 M
45,8 0409 | 4es  104.88-1000=4.9%
9,920
o) B _ 67597 1000-7297=270%
10,403.94
o "B _ 47653 1000-7653=235%
9,920
o 33970, 1060 11060-100.0=106%

7,591.93

25.

27.

29.

31

33.

35.

37.

39.

41.

42.

44,

46.

32—20 =~ 0271428571 = (0.0271428571x 100)% =

2.714 %
8(4125)=33 80-33=47g¢g
(591,000)(.08) = $ 47,280,000 = $ 47.28 M
(591 M)(.27) = $ 159.57 M

(32.3B)(.176) = $5.6848 B

(32.3B)(.306) = $9.8838 B

LO53M _ 1916 (.1916)(100) = 19.2%
8,105M
LO92M _ 1964 (.1964)(100) = 19.6%
8,105M
BB _osp 100-942~58%
48,622

b) (288.4 M)(1.1596) = 334.4 M

9,457 M

g 2211735 117.35-1000=17.3%
8,050M
by S2M 4357 14357-1000=436%
9,457 M
o 2BIM ) 1735 117.35-1000=173%
8,059M
g BOTM 4357 14357-1000=436%
9,457 M
g 2200 50 200.0—100.0 = 100 %
25,000
b 19000043053 13333-1000=333%
75,000
¢ 200,000 _, 4, 200.0—100.0 = 100 %
200,000
9 3000 _ 1660 1600.0—100.0 = 1500 %
25,000



47. (.15)(45) =$6.75
50. 15/75=.20 (.20)(100) = 20.0%

53.a) tax = 6% of $43.50 = (0.06)(43.50) = $2.61
b) total bill beforetip = $43.50 + $2.61 = $46.11
c) tip = 15% of 46.11 = 0.15(46.11) = $6.92
d) total cost = 46.11 + 6.92 = $53.03

X = E =12
1.50

12 students got an A on the 2nd test.

55. 1.50(x) = 18

57. Mr. Browns' increase was 0.07(36,500) = $2,555
His new salary = $36,500 + $2,555 = $39,055

407-430

59. Percent change =
430

J(lOO) =
(_—23}(100) = -53%

430
There was a 5.3% decrease in the # of units sold.

31.1M
39.3M

61. =.7913 100.0-79.13=20.9%

63. Percent decrease from regular price =
($439—539.62j (100) = [—100.62] (100) =
539.62 539.62

-186%
The sale priceis 18.6% lower than the regular price.

65. (0.18)(sale price) = $675

sale price = 55 $3,750
0.18

48. (.065)(150) = $9.75

51. .05x =75 x=75/.05=300

SECTION 11.1 345

49. 24/96 = .25 (.25)(100) = 25.0%
52. 10x=75 x=75/.10= 750

54. 25% of what number is 10?
10
X= —— =

0.25
original number of crew is 40.

0.25x =10

56. 03000 =57  x= - =190
0.30

The original number of employees was 190.

58. (0.17)(300) =x =51 51 prefer Ranch.

60.

379

(100) === =1.184
320

Percent markup = [Mj

320
(1.184)(100) = 118.4 %

62. Percent increasein great grandchildren =

[%‘fsj (100)=050 - (0.50(100) = 50.0 %

11.95-7.95

64. Percent markup =
7.95

j(lOO) =

(0.5031)(100) = 50.3 %

66. No, 15% of $115 is (0.15)($115) = $17.25
The sale price should be 115—17.25 = $97.75
not $100.

67. $1000 increased by 10% is $1000 + 0.10($1000) = $1000 + $100 = $1,100.
$1,100 decreased by 10% is $1,100 — 0.10($1,100) = $1,100 — $110 = $990.
Therefore if he sellsthe car at the reduced price he will lose $10.

68. a) No, the 25% discount is greater. (see part b)

170.99 —0.15(170.99) = 170.99 — 25.65 = $145.34

69.

b) 189.99 —0.10(189.99) = 189.99 — 19.00 = 170.99
C) 189.99 — 0.25(189.99) = 189.99 — 47.50 = $142.49
d) Yes

Total revenue must = $5901.79 + $2360.72 = $8,262.51
Revenue from second sale = 150 x $12.50 = $1,875.00

Total profit must = 0.40($5901.79) = $2,360.72
Revenue from first sadle = 100 x $9.00 = $900



346 CHAPTER 11 Consumer Mathematics

Exercise Set 11.2

1
2.
3.

9.

11.

13.

15.

17.

19.

21.

23.

25.

Interest is the money the borrower pays for the use of the lender’s money.

The amount of money that a bank iswilling to lend to a person is called credit.

Security is anything of value pledged by the borrower that the lender may sell or keep if the borrower does not
repay the loan.

A cosigner is a person, other than the person who received the loan, who guarantees that aloan will be repaid.

i = interest, p = principa, r = interest rate, t = time

The rate and time must be expressed for the same period of time, i.e. days, months or years.

A personal note is an agreement that states the conditions of the loan.

The difference between ordinary interest and interest calculated using the Banker’s rule is the way in which
timeisused in the simpleinterest formula. Ordinary interest: a month is 30 days and year is 360 days.
Banker'srule: any fractional part of ayear isthe exact number of days, and a year is 360 days.

The United States Rule states that if a partial payment is made on aloan, interest is computed on the principal
from the first day of the loan (or previous partial payment) up to the date of the partial payment. For each
partial payment, the partial payment is used to pay the interest first, then the remainder of the payment is
applied to the principle. On the due date of the loan the interest is calculated from the date of the last partial
payment.

i = prt = (300)(.04)(5) = $60.00 10. (450)(.055)(2) = $49.50

(900)(.0375)(30/360) = $2.81

12. i = (365.45)(0.115) (%) = $28.02

i = prt = (587)(0.00045)(60) = $15.85
= prt= (387 )(60) 14. i = (6,742.75)(0.0605) [%) = $101.98
. 103 . 67
i = (2,756.78)(0.1015) (—j - $80.06 16. i = (550.31)(0.089) (—j - $9.12

360 360

. 60
. 18. i = (41864)(.000375)(360) | > | = $941.94
i = (1372.11)(.01375)(12)(.5) = $113.20 I = (41864)( ) )(%Oj $
450

(1500)(1)(3=450 r= (ﬁ

](100) =100%  20. p(.03) (2] =600 p= (ﬂJ = $80,000.00
360 .0075

3 12.00 22. 64.00 = (800)(0.06)(t) = 48t
12.00 = p(0.08)| — | = p(0.02 = —— =$%$600
M )(12j p(002) P 0.02 $ _ 64.00

t 5 =133 years, or 1 yr. 4 months

124.49 = (957.62)(0.065)(t) = 62.2453t 24. 343.20 = (1650.00)(r)(6.5) = 10725r
124.49 343.20
=t t=2years oy
62.2453 10725

r =0.032 or 3.2% per year

i = (1000)(.03)(1) =$30.00  15+1000=$1015 26.a) (4500)(.0475)(3) = $641.25
b) 4500 + 641.25 = $5,141.25



27.

29.

31

33.

35.

37.

39.

41.

43.

a) i=prt i =(3500)(0.075)(6/12) = $131.25
b) A=p+i  A=3500+131.25=$3,631.25
a) i=prt | =(3650)(0.075)(8/12) = $182.50

b) 3650.00 —182.50 = $3467.50, which isthe
amount Julie received.
c) i=prt 182.50 = (3467.50)(r)(8/12) = 2311.67r
182.50
2311.67

=r =0.0789 or 7.9%

Amt. collected = (470)(4500/2) = $1,057,500
i = prt = (1,057,500)(0.054)(5/12) = $23,793.75

[Jan 17 — July 4] = 185—-17 = 168 days

[12/08 — 03/17] = 342 — 76 = 266 days
[08/24 — 05/15] = (365—236) + 135=129 + 135 =
264 days

[04/15] for 60 days 105 + 60 = 165, whichis
June 14

[12/25] for 120 days 329 + 120 = 449;
449 - 365 =84 84 —1 leap year day = day 83,
which isMarch 24

[03/01 to 05/01] = 91— 60 or 30 days

(2000)(.05)(31/360) =8.61 400.00 - 8.61 = 391.39
2000.00 — 391.39 = $1608.61

(1608.61)(.05)(31/360) = 6.70
1608.61 + 6.70 = $1615.31

28.

30.

32.

36.

38.

42.

SECTION 11.2 347

a) i=prt 1= (2500)(0.08)(5/12) = $83.33
b) 2500.00 — 83.33 = $2416.67
) i=prt  83.33=(2416.67)(5/12) = 1006.95r
83.33
1006.95

=r=0.08275 or 8.3%

a) 0.80x =350 x = 350/0.80 = $437.50
$437.50 is needed in savings

b) 3106+ 206= 510
4 4

o i=prt i=(350)(0.0525)(0.5) = $9.19
A=p+i=350+09.19 = $359.19

i =80.25-75.00=5.25
5.25 = (75.00)(r)(14/360) = 2.92r

r=225 _ 180 or 180%

2.92

. [06/19 —02/12] = 170 — 43 = 127 days

Because of Leap Year, 127 + 1 = 128 days

[06/14 — 01/24] = (365—165) +24 =200+ 24 =
224 days

[12/21 - 04/28] = (365—355) + 118 =10+ 118 =
128 days

. [05/18] for 180 days 138 + 180 = 318, which

is November 14

July 5for 210 days 186 + 210 = 396;
396 — 365 = day 31, which is January 31

. [01/15 to 03/01] = 60 — 15 or 45 days

(4500)(.03)(45/360) = 16.875
2000.00 — 16.875 = $1983.125
4500.00 — 1983.125 = $2516.875

(2516.875)(.03)(5/360) = 9.44
2516.875 + 9.44 = $2526.32
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45. [08/01 to 11/15] = 319 — 213 or 106 days,

47.

49,

51.

to[12/15] = 30 days

(7000)(.0575)(106/360) = 118,51
3500.00 — 118.51 = $3381.49
7000.00 — 3381.49 = $3618.51

(3618.51)(.0575)(30/360) = 17.34
361851 + 17.34 = $3635.85

[07/15 to 12/27] = 361 — 196 or 165 days,
to[02/01] = 4 + 32 = 36 days

(9000)(.06)(165/360) = 247.50
4000.00 — 247.50 = $3752.50
9000.00 — 3752.50 = $5247.50

(5247.50)(.06)(36/360) = 31.485
524750 + 31.49 = $5278.99

[08/01 to 09/01] = 31 days,
to[10/01] = 30 days
to[12/01] = 31 days

(1800)(.15)(31/360) = 23.25
500.00 — 23.25 = $476.75
1800.00 — 476.75 = $1323.25

(1323.25)(.15)(30/360) = 16.54
500.00 — 16.54 = 483.46
1323.25 — 483.46 = $839.79

(839.79)(.15)(31/360) = 10.85
839.79 + 10.85 = $850.64

[03/01 to 08/01] = 153 days,
to [11/15] = 106 days
to[12/01] = 16 days

(11600)(.06)(153/360) = 295.80
2000.00 — 295.80 = $1704.20
11600.00 — 1704.20 = $9895.80

(9895.80)(.06)(106/360) = 174.83
4000.00 — 174.83 = 3825.17
9895.8 — 3825.17 = $6070.63

(6070.63)(.06)(16/360) = 16.19
6070.63 + 16.19 = $6086.82

46. [04/15 to 08/01] = 213 — 105 or 108 days,
to[10/01] = 61 days

(7500)(.12)(108/360) = 270.00
1000.00 — 270.00 = $730.00
7500.00 — 730.00 = $6770.00

(6770)(.12)(61/360) = 137.66
6770.00 + 137.66 = $6907.66

48. [01/01 to 01/15] = 14 days,
to [02/15] = 31 days

(1000)(.125)(14/360) = 4.86
300.00 — 4.86 = $295.14
1000.00 — 295.14 = $704.86

(704.86)(.125)(31/360) = 7.59
704.86 + 7.59 = $712.45

50. [10/15 to 11/15] = 31 days,
to[12/15] = 30 days
to [01/01] = 16 days

(5000)(.14)(31/360) = 60.28
800.00 — 60.28 = $739.72
5000.00 — 739.72 = $4260.28

(4260.28)(.14)(30/360) = 49.70
800.00 — 49.70 = 750.30
4260.28 — 750.30 = $3509.98

(3509.98)(.14)(16/360) = 21.84
3500.98 + 21.84 = $3531.82

52. [07/12 to 10/10] = 90 days,
to [12/08] = 59 days
to [01/30] = 53 days

(21000)(.04375)(90/360) = 229.69
8000.00 — 229.69 = $7770.31
21000.00 — 7770.31 = $13229.69

(13229.69)(.04375)(59/360) = 94.86
6000.00 — 94.86 = 5905.14
13229.69 — 5905.14 = $7324.55

(7324.55)(.04375)(53/360) = 47.18
7324.55 + 47.18 = $7371.73



55.a) May 5isday 125

53. [03/01 to 05/01] = 61 days,

to [07/01] = 61 days
to [08/28] = 58 days

(6500)(.105)(61/360) = 115.65
1750.00 — 115.65 = $1634.35
6500.00 — 1634.35 = $4865.65

(4865.65)(.105)(61/360) = 86.57
2350.00 — 86.57 = 2263.43
4865.65 — 2263.43 = $2602.22

(2602.22)(.105)(58/360) = 44.02
2602.22 + 44.02 = $2646.24

125 + 182 = 307
day 307 isNov. 3

b) i = (1000)(0.0434)(182/360) = $21.94
Amt. paid = 1000 — 21.94 = $978.06

C) interest = $21.94

8= 21.94

_ —0.0444 or 4.44%
pt 978.06(18

360)

57.a) Amt. received = 743.21 — 39.95 = $703.26

i =prt
39.95 = (703.26)(r)(5/360)
39.95 = (9.7675)(r)
r = 39.95/9.7675 = 4.09 or 409%
b) 39.95 = (703.26)(r)10/360)
39.95 = (19.535)(r)
r = 39.95/19.535 = 2.045 or 204.5%
c) 39.95 = (703.26)(r)(20/360)
39.95 = (39.07)r
r = 39.95/39.07 = 1.023 or 102.3%

93337

59.a) ———=0.93337

100000
1.00000 — 0.93337 = .06663 or 6.663 %
b) 100000 — 93337 = $6663.00
100000
c)
93337
1.071386 — 1.000000 = .071386 or 7.139 %
d) (6663)(.05)(1) = 33.15
6663.00 + 33.15 = $6696.15

=1.071386

SECTION 11.2

54. [05/15 to 06/15] = 31 days,
to [08/01] = 47 days
to [09/01] = 31 days

(3000)(.11)(31/360) = 28.42
875.00 — 28.42 = $846.58
3000.00 — 846.58 = $2153.42

(2153.42)(.11)(47/360) = 30.93
940.00 — 30.93 = 909.07
2153.42 — 909.07 = $1244.35

(1244.35)(.11)(31/360) = 11.79
1244.35 + 11.79 = $1256.14

56.a) Aug. 31isday 243 243 + 364 = 607
(607 —-1)—-365=241 day 241isAug. 29
b) i = (6000)(0.044)(364/360) = $266.93
Amt. paid = 6000 — 266.93 = $5,733.07
C) interest = $266.93
d) r= 266.93

B 5733.07(364

=0.0460 or 4.6%
360)

58.a) (600)(.0675)(30/360) = 3.38
200.00 + 3.38 = $203.38

(400)(.07)(30/360) = 2.33
200.00 + 2.33 = $202.33

(200)(.0725)(30/360) = 1.21
200.00 + 1.21 = $201.21

b) 3.38+2.33 + 1.21 = $6.92= total interest

60. a) [08/03/1492 to 12/01/1620]
1492 to 1620 = 127 years = 45720 days
08/03 to 12/31 = 365 — 215 = 150 days
01/01 to 12/01 = 335 days
45720 + 150 + 335 = 46205 days
(1)(.05)(46205/360) = 6.417361 = $6.42
b) [07/04/1776 to 08/03/1492]
284 yrs. minus 30 days = 102,210
(1)(.05)(102,210/360) = 14.1958 = $14.20
c) [08/03/1492 to 12/07/1941]
449 yrs plus 126 days = 161,766 days
(1)(.05)(161,766/360) = $22.47
d) Answerswill vary.

349
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Exercise Set 11.3

a b wWDNPEF

. Aninvestment is the use of money or capital for income or profit.

. With afixed investment the amount invested as principal is guaranteed and interest is computed at afixed rate.

. For avariable investment neither the principal nor the interest is guaranteed.

. Interest that is computed on the principal and any accumulated interest is called compound interest.

. The effective annual yield on an investment is the simple interest rate that gives the same amount of interest
as a compound rate over the same period of time.

6. The principal that would have to be invested today to have a fixed amount of money in the future.

7.8) n=1,r=20%,t=3 p=$2000
A= 2000(1+ o'—fzjlﬁ: $2122.42

b) i = $2122.42 — $2000 = $122.42

9.a) n=2,r=3.0%,t=4, p=3%$3500
A= 3500(1+ %}M = $3942.72

b) i = $3942.72 — $3500 = $442.72

11.8) n=4,r=4.75%, t = 3, p = $1500
0.0475

403
A =1500 (1+ j =$1728.28

b) i =$1728.28 — $1500 = $228.28
13.a) n=12,r=6.25%, t = 2, p = $2500
122
A = 2500 (1+ %} =$2831.95

b) i = $2831.95 — $2500 = $331.95

15.a) n=360, r = 4.59%, t =4 yr., p = $4000

A = 4000 [1+ 0.0459
360

36004
j = $4806.08

b) i = $4806.08 — $4000 = $806.08

204
17. A=7500 (1+ &22%} = $8336.15

12e25
19. A =1500 (1+ %} = $1653.36

8.4) n=2,r=2.0%,t=3, p=%$2000
A = 2000 [1+ 0'—22j2.3 = $2123.04
b) i = $2123.04 — $2000 = $123.04
10.@) n=1,r=3.0%, t =4, p=$3500
A = 30003500 (1+ ?jm = $3930.28

b) i =$3939.28 — $3500 = $439.28

12.8) n=4,r=4.75%, t = 4, p = $1500
0.0475

4e4
A =1500 (1+ j =$1811.85

b) i =$1811.85-$1500 = $311.85
14. @) n=12,r=6.25%, t = 2, p = $3000
1202
A = 3000 (1+ %} =$3398.34

b) i = $3398.34 —$3000 = $398.34

16. @) n=360, r = 4.59%, t = 8 yr., p = $4000
36008
A = 4000 (1+ wj = $5774.61
360

b) i =$5774.61 — $4000 = $1774.61

0.0412

403
18. A =9500 (1+ j = $10743.06
20. p = 250,000 — 10,000 = 240,000

1210
A = 240,000 [1+ %) — $278814.00



21. p=800 + 150 + 300 + 1000 = $2250

36002
A= 2250[1+%j — $2,341.82
360

o

.05

215
23.8) A= 2000[ j =$4,195.14

N ‘

o

.05

. \

b) A= 2000( j = $4,214.36

= $3514.98

25 A= 3000[1+ 008) 8

4

27. A= 6000(1—#?) = $7,609.45

20.3) A = 1000 (1+0—§2j $1,040.60

i = $1040.60 — $1000 = $40.60

b) A= 1000(1+%) = $1,082.43

i = $1082.43 — $1000 = $82.43

9 A= 1000[1+0—28j - $1,160.86

i = $1169.86 — $1000 = $169.86
d) No predictable outcome.

3l.a A= 1000(1+O—SGJ =$1,12551

i =$1125.51 - $1000 = $125.51

b) A= 1000(1+%) $1,266.77

i = $1266.77 —$1000 = $266.77

c) A= lOOO(l-F O—SGJ =$1,604.71
i =$1604.71 — $1000 = $604.71
(old amount)?

d) New amount =
1000
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405
22. A =5000 (1+ 0'0535j = $5907.60

0.06

24.8) A= 2000(1+Tj =$3612.22 - 1st 10 yrs.

0.06

b) A =3612.22 (1+ Tj = $5,816.85 - 18 yrs.

= $6,662.74

26. A = 6000(1+0052)25j

i = $6662.74 — $6000 = $662.74

28. Let p=1.00. Then
A=1 [1 @j = $1.0576
360
i =1.0576 —1.00 = 0.0576
The effective annual yield is5.76%

30.8) A= 100(1+%j = $126.97

i =$126.97 — $100 = $26.97

b) A= 200[1+%) = $253.95

i = $253.95 - $200 = $53.95

9 A= 400(1+%j = $507.89

i = $507.89 — $400 = $107.89
d) Theinterest doubles also.

32.8) A =1000 (1+ %) = $1,004.00

i = $1040.00 — $1000 = $40.00

b) A= 1000(1+ 0—24j = $1,040.40

i = $1040.04 — $1000 = $40.04

c) A= 1000(1+%) = $1,040.60

i = $1040.60 — $1000 = $40.60
d) No
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121
33. A= 1(1+%j =1.03536 or 3.54 %

121
35. A= 1(1+%j = 1.02426

Yes, APY =2.43%, not 2.6 %

37. The effective rate of the 4.75% account is:

12
A= 1(1+%) — 1.0485

1.0485—1.00 = 0.0485 or 4.85%
Therefore the 5% simple interest account pays

more interest.
39. a) A = 290000 5 =$129,210.47
(1+ 1) (1+ 0.082%)
b) surcharge= 12921047 _ $134.88
41. p= A = 30000 o = $23,202.23
(1 )5) (1+00515)
43. Present value= 50000 — =$12,015.94
( o.osj
1+—
4

45. p=1.35r=00251t=10,n=1
A =1.35(1 + 0.025) = $1.53

47.8) 72/3=24years b) 72/6 = 12 years

C) 72/8 =9years d) 72/12 =6 years
e 72Ir=22 72=22r r=72/22 =0.0327
r=3.27%

12e1
+%j = 1.04854 or 4.85 %

34. AZl(l

4el
36. A= 1[1+%j = 1.045765 Yes, 4.85%

38. The amount Troy owes the bank after two yearsis:
A= 1500(1+0'Tloj *2=$1,827.60

Bank’sinterest charge:

i =1827.60 - 1500 = $327.60
Grandfather’ sinterest charge:

i = prt = (1500)(0.07)(2) = $210.00

Troy will save 327.60 — 210.00 = $117.60

A 783000

40. a) = a5 = $204,010.21
i
(1+ /) (1+ 0.0912)
b) surcharge = 204010.21- 50000 =$57.42
2682
42. Present value= ﬂooao = $45,250.17
( 0.075)
14—
4
44. Present val ue:&m60 = $7,062.61
( 0.07)
1+—
4

46. p=2000, A =3586.58,n=12,t=5

60
3586.58 = 2000 [1+ ij
12

3586.58 r )
- = 1+ —
2000 12

(1.79329)1/60 = 1 + * = 100078
©

0.00978 = é r = 0.00978(12) = .117 or 11.7%



48.

A = 2000 [1 + (.08/2)]6 = 2000 (1.04)6 = $2530.64
i = $2530.64 — 2500 = $530.64
Simpleinterest: i = prt = 530.64 = 2000(r)(3)

530.64 =6000r r= 530624 =0.0884 or 8.84 %

=$24,412.91

Exercise Set 11.4

SECTION 11.4

49. R=$500,r=5.5%,n=2,t=17

34
H“ 0.055) ) }
2
S=500

0.055
2

2

500 [1.51526] | ——
0.055

J = $27,550.11

51. Usetheformulagivenin exercise 45.
a) R=150,r=0.056,n=12,t=18
ans. S = $55,726.01
b) R=900,r=0.058,n=2,t=18
ans. S= $55,821.15

353

1. Anopen-end installment loan is aloan on which you can make different payment amounts each month. A fixed
installment loan is one in which you pay a fixed amount each month for a set number of months.
2. With an installment plan, the borrower repays the principal plus the interest with weekly or monthly payments
that usually begin shortly after the loan is made. With a personal note, the borrower repays the principal plus
the interest as a single payment at the end of the specified time period.

© N O A®

10. @) Amount financed = 2900 — 0.20(2900) = $2,320.00

The APR isthe true rate of interest charged on aloan.

The finance charge is the total amount of money the borrower must pay for the use of the money borrowed.
Thetotal installment price is the sum of all the monthly payments and the down payment, if any.

The Actuarial method and the Rule of 78's.

The unpaid balance method and the average daily balance method.

A cash advance is aloan obtained through a credit card.

a) Amount financed = 43000 — 0.15(43000) = $36,550.00
From table 11.2 the finance charge per $100 at 5.5 % for 60 paymentsis 14.61.

36550

Total finance charge = (14.61) [WJ = $5340.00

b) Total amount due after down payment = 36550.00 + 5340.00 = $41889.96

Monthly payment = % =$698.17

From table 11.2, the finance charge per $100 financed at 8.5% for 24 monthsis 9.09.

2320

Total finance charge = (9.09) (—
100

j = $210.89

b) Total amount due after down payment = 2320 + 210.89 = $2,530.89

2530.89 _ $105.45

Monthly payment =
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11. @) From table 11.2, the finance charge per $100 financed at 7.5% for 60 months is $20.23.

4000

100

b) Total amount due = 4000 + 809.20 = $4,809.20
4809.20

Total finance chargeis (20.23)( j = $809.20

Monthly payment = = $80.15

12. @) Fromtable 11.2, the finance charge per $100 financed at 4.5% for 48 months is $9.46.
2500
100
b) Total amount due = 2500 + 236.50 = $2736.50
736.50

Total finance charge = (9.46)[ J =$236.50

Monthly payment = 2 =$57.01

13. 2) Down payment = 0.20(3200) = $640
Total installment price = 640 + (60 ¢ 53.14) = $3828.40
Finance charge = 3828.40 — 3200 = $628.40

b) (M) (100) = [MJ (100) = 24.55
amt. financed 2560

From Table 11.2 for 60 payments, the value of 24.55 corresponds with an APR of 9.0 %.

14. a) Totd installment price = (64)(24) = $1536.00
Finance charge = 1536.00 — 1420.25 = $115.75

) (e e 100) = (o | 100) =815

amt. financed 1420.25
From Table 11.2, for 24 payments, the value of $8.15 is closest to $8.00 which corresponds with an
APR of 7.5 %.

15. @) Totd installment price = (224)(48) = $10752.00
Finance charge = 10752.00 — 9000.00 = $1752.00

b) (flnance charge} (100) = [1752.00

j (100) = 19.47

amt. financed 000
From Table 11.2, for 48 payments, the value of $19.47 is closest to $19.45 which corresponds with an
APR of 9.0 %.

16. Down payment = (1/4)(3450) = $862.50 Amount financed = (3/4)(3450) = $2587.50
a) Installment price = (6)(437) = 2622
Finance charge = $2622.00 — $2587.50 = $34.50
b) (flnance charge} (100) = ( 3450

amt. financed 2587.50
From Table 11.2, for 6 payments, the value of $1.33 is closest to $1.32 which corresponds with an
APR of 4.5 %.

j (100) = 1.33
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17. Down payment =$0.00  Amount financed = $12000.00
a) Installment price = (60)(232) = 13920

Finance charge = $13920.00 — $12000.00 = $1920.00

finence h9e | 1) = (1920'(’0) (100) = 16.00
amt. financed 12000

From Table 11.2, for 6 payments, the value of $16.00 corresponds with an APR of 6.0 %.
36)(232)(9.52
b) u=—2_ _ (36)(282)(952) _ 7951104 _ 2 o655 _ 676,00
100+v (100+ 9.52) 109.52
c) (232)(23) =5336

5336 + 726 = 6062 13920 — 6062 = $7858.00

18. (167.67)(48) = 8048.16

8048.16 — 7500.00 = 548.16
(548.16
a)

50 j (100) = $7.31 per $100 From Table 11.2, $7.31 corresponds with an APR of 3.5 %

b u=_"PV_ _ (30)(167.67)(4.58)  23037.86
100+v (100+4.58) 104.58
c) (167.67)(17) =2850.39  2850.39 + 220.29 = 3070.68

=$220.29)

8048.16 — 3070.68 = $4977.48

19. @) Amount financed = 32000 — 10000 = $22000

From table 11.2, the finance charge per 100 financed at 8 % for 36 paymentsis 12.81.

Total finance charge = (12.81) [%) =2818.20

b) Total amt. due = 22000 + 2818.20 = $24,818.20

Monthly payment = &520 = $689.39

O u= (12)(689.89)(4.39) _ 36317.07 _ o o
100+4.39 104.39

d) (23)(689.39) = 15855.97

15855.97 — 347.90 = 16203.87 24818.20 — 16203.87 = $8614.17

94.48

—j (100) = 3.69
2558

From table 11.2, the interest rate that would generate a finance charge of $3.69 is 3.5 % for 24 payments.
b) u= (110.52)(12)(1.91) _ 2533.12

=24.86
100+1.91 101.91
0) (110.52)(11) = 1215.72

20. a) Amount financed = (110.52)(24) = $2652.48 2652.48 — 2558.00 = 94.48 (

1215.72 + 24.86 = 1240.58 2652.48 - 1240.58 = $1411.90
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21. @ Amount financed = $7345.00 with no down payment.

From table 11.2, the finance charge per 100 financed at 8.5 % for 48 paymentsis 18.31.

Total finance charge = (18.31) [%) =1344.87

b) Total amt. due = 7345.00 + 1344.87 = $8,689.87

Monthly payment = 8689.87

=$181.04

g u= (34487(E6)(6+D _ 179136684
48(48+1) 2352

d) (181.04)(48) =8689.92  (11)(181.04) = 1991.44
8689.92 — 2753.08 = $5936.84

=$761.64

1991.44 + 761.64 = 2753.08

22.a) Fromtable 11.2, at 8.5% for 36 payments the finance charge per 100 is 13.64.

Finance charge = (13.64) (%) =$491.04

b) Tota installment price = 3600 + 491.04 = $4091.04

Monthly payment = 4091.04

=$113.64
c) K=24,n=36,f =491.04
u= w =$221.19
(36)(37)

d) $2727.36 Total of remaining payments 2727.36 — 221.19 = 2506.17
2506.17 + 113.64 = $2619.81 Total amount due

23.8) Interest = 500 + (151.39 )(18) - 3000 = $225.02

4= (22502)(6)(6+1) _ 945084 _ o o
18(18+1) 342

b) $908.34 Total of remaining payments 908.34 — 27.63 = 880.71
880.71 + 151.39 = $1032.10 Tota amount due

k=6,n=18, and f = 225.02

24.3) Interest = 850 +(134.71)(12) — 2375 = $91.52

u= O152)(6)(6+1) _ 384384 _ () )
12(12+1) 156

b) $808.26 Tota of remaining payments 808.26 — 24.64 = $783.62
783.62 + 134.71 = $918.33 Tota amount due

k=6,n=12, andf =91.52

25. a) Balance due = 365 + 180 + 195 + 84 = $824 min. payment = bdl. due _ 824

=—=17.17 = $18
48 48
b) Bal. due after Dec. 1 payment = 824 — 200 = $624 interest for Dec. = (0.011)(624) = $6.86
Bal. due Jan. 1 = 624 + 6.86 = $630.86
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bal. due _ 1175 - 3064 ~$33
36 36
b) Bal. due after Sept. 1 payment = 1175 — 650 = $525 interest for Sept. = (0.012)(525) = $6.30

Bal. due Oct. 1 =525 + 6.30 = $531.30

26.d) Bal.due=425+ 175+ 450 + 125 =$1175 min. payment =

bal. due _ 1095 3042 ~ $31
36 6

b) Bal. due after Mar. 1 payment = 1095 — 548 = $547 interest for March = (0.011)(547) = $6.02
Bal. due Apr. 1 =547 + 6.02 = $553.02

27.d) Bal. due=423 + 36 + 145 + 491 = $1095 min. payment =

bal. due 1224
3% 48
b) Bal. due after July 1 payment = 1224 — 500 = $724 interest for July = (0.013)(724) = $9.41
Bal. due Aug. 1 =724 + 9.41 = $733.41

=~ 25.50 = $26

28.d) Bal.due=512 + 172 + 190 + 350 = $1224 min. payment =

29. @) Finance charge = (1097.86)(0.018)(1) = $19.76
b) Bal. due May 5= (1097.86 + 19.76 + 425.79) — 800 = $743.41

30. @) Finance charge = (567.20)(0.011)(1) = $6.24
b) old balance + finance charge — payment + airline ticket + hotel bill + clothing = new balance
567.20 + 6.24 — 275.00 + 330.00 + 190.80 + 84.75 = $903.99

31. a) Finance charge = (124.78)(0.0125)(1) = $1.56
b) old balance + finance charge — payment + art supplies + flowers + music CD = new balance
124.78 + 1.56 — 100.00 + 25.64 + 67.23 + 13.90 = $133.11

32. d) Finance charge = (57.88)(0.0135(1) = $0.78
b) old balance + finance charge — payment + paint + curtains + chair = new balance
57.88 + 0.78 — 45.00 + 64.75 + 72.85 + 135.50 = $903.99

33.a) Date Balance Number ] 15872.07
Due of Days (Baance)(Days) Average daily balance = =
May 12 $378.50 1 (37850)( 1)=$% 378.50 $512
May 13 $508.29 2 (508.29)( 2) = 1,016.58
May 15 $458.29 17 (458.29)(17) = 7,790.93 b) Finance charge = prt =
June 01 $594.14 7 (594.14)( 7) = 4,158.98 (512.00)(0.013)(1) = $6.66
31 sum = $15,872.07 $638.43
34.a) Date Balance Number ] 49146.44
Due of Days (Baance)(Days) Average daily balance = =
Mar.23 $1,57825 3 (1578.25)(3) = $4,734.75 $1585.37
Mar.26 $1,65823 4 (1658.23)(4) = 6,632.92
Mar.30 $1,71099 4 (1710.99)(4) = 6,843.96 b) Finance charge = prt =
Apr.03 $1,460.99 12 (1460.99)(12) = 17,531.88 (1585.37)(0.013)(1) = $20.61
Apr.15 $1,651.51 7 (1651.51)(7) = 11,560.57 c) Balance due = 1842.36 + 20.61 =
Apr.22 $1,842.36 1 (1842.36)(1) = 1,842.36 $1.862.97

31 sum = $49,146.44
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35.a) Date

Feb. 03
Feb. 08
Feb. 12
Feb. 14
Feb. 25

36.a) Date

Sept. 05
Sept. 08
Sept. 21

Sept. 27
Oct. 02

Balance Number

Due of Days
$124.78 5
$150.42 4
$ 50.42 2
$117.65 11
$131.55 6

28

Balance Number

Due of Days
$385.75 3
$110.75 13
$440.75 6
$631.55 5
$716.30 3

28

37. 0.05477 % per day = 0.0005477

38.a) i = (875)(0.0004273)(32) = $11.96

39. $1000.00

a) State National Bank (SNB):
b) Consumers Credit Union (CCU):

5% 6 payments

1035.60 — 1000.00 = $35.60

(Balance)(Days)
(124.78)(5) = $623.90

(150.42)(4) = 601.68
(5042)(2) = 100.84
(117.65)(11) = 1294.15
(131.55)(6) = 789.30
sum = $3,409.87

(Balance)(Days)

(385.75)(3) = $1157.25
(110.75)(13) = 1439.75
(440.75)(6) = $2644.50
(631.55)(5) = $3157.75
(716.30)(3) = $2148.90

sum = $10,548.15

Average daily balance = 34(;287 =

$121.78

b) Finance charge = prt =
(121.78)(0.0125)(1) = $1.52

¢) Balancedue=131.55+ 1.52 =
$133.07

d) Theinterest charged using the ave.
daily balance method is $0.04 less
than the interest charged using the
unpaid balance method.

Average daily balance = 10548.15 =

$351.61

b) Finance charge = prt =
(351.61)(0.014)(1) = $4.92

c) Balancedue=716.30+4.92 =
$721.22

d) Smaller finance charge on Oct. 5
using the ave. daily balance method.

a) (600)(0.0005477)(27) =$8.87  b) 600.00 + 8.87 = $608.87

(1000)(.05)(.5) = $25.00

(1000)(x)(1) = 35.60

b) A =875+ 11.96 = $886.96

(86.30)(12) = 1035.60

c) [%) (100)=250  InTable11.2, $2.49 isthe closest value to $2.50, which corresponds to an

APR of 8.5 %.

d) (—35'60J (100) =3.56 InTable 11.2, $3.56 corresponds to an APR of 6.5 %.

1000

40. Theinterest on $890 at 5.25% annually for 1 monthiis:

She will be saving $3.89 by using her credit card.

41. @) Amount financed = 3450 — 1150 = $2300

Month
1

OOk, wWDN

Finance charge

None

(1916)(0.013) = $24.91
(1532)(0.013) = $19.92
(1148)(0.013) = $14.92
(764)(0.013) =% 9.93
(380)(0.013) =% 4.94

Payment  Balance

$384.00  $1,916.00
408.91 1,532.00
403.92 1,148.00

398.92 764.00
393.93 380.00
384.94 0.00

i = (890)(0.0525)(1/12) = $3.89

Total = $74.62 It will take 6 monthsto
repay the loan.

b) Thetotal amount of interest paid is

$74.62

¢) Thefinance chargeis $13.38 less

using the credit card.
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42. Let p=amount Ken borrowed Sincei = prt we have:
p + 2500 = purchase price 13,662 —p = (p)(.06)(3) = 13,662 —p = .18p
Installment price: 2500 + (379.50)(36) = $16,162 13,662=.18p+p p =11577.97
Interest = Installment price — purchase price purchase price = 11,577.97 + 2500 =

i = 16,162 — (p + 2500) = 16,162 — p — 2500 = 13,662 — p $14,077.97

43. $35,000 15 % down payment 60 month fixed loan APR=8.5%
(35000)(.15) =5250 35000 — 5250 = 29750
a) From Table 11.2, 60 payments at an APR of 8.5 % yields a finance charge of $23.10 per $100.

297901 (5310) = $6872.25
100
b) 29750.00 + 6872.25 = 36622.25 %65'25 = $610.37

c) InTable11.2, 36 payments at an APR of 8.5 % yields a finance charge of $13.64 per $100.
(36) (610.37)(13.64) ~299716.08

- = $2637.42
100+13.64 113.64
fek(k+l 6872.25) (36)(37
n (n+1) 60(61) 3660

44, $23,000 10 % down payment 48 month fixed loan APR=6.0%

(23000)(.10) = 2300 23000 — 2300 = 20700
a) From Table 11.2, 48 payments at an APR of 6.0 % yields a finance charge of $12.73 per $100.

[@j (12.73) = $2635.11
100
b) 20700.00 + 2635.11 = 23335.11 %?11 =$486.15

c) InTable 11.2, 36 payments at an APR of 6.0 % yields a finance charge of $9.52 per $100.
(36) (486.15)(9.52) _ 166613.33

= =$1521.31
100+9.52 109.52
fek(k+1l) (2635.11)(36)(37
B u= (k+D) _ ) (36)(37) _ 3509966.52 _ $1492.33
n(n+1) 48(49) 2352

45. With her billing date on the 25th of the month she can buy the camera during the period of June 26 - June 29
and the purchase will be on the July 25th bill. Purchasing during these dates she can pay the bill on August 5"

or later without paying interest.

Exercise Set 11.5
1. A mortgage isalong term loan in which the property is pledged as security for payment of the difference

between the down payment and the sale price.
2. The down payment is the amount of cash the buyer must pay the seller before the lending institution will grant

the buyer a mortgage.
3. The mgjor difference between these two types of loansis that the interest rate for a conventional loan isfixed for

the duration of the loan, whereas the interest rate for a variable-rate |oan may change every period, as specified
in the loan agreement.
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N

.a) A point is 1% of the mortgage. b) For x points multiply the mortgage by 0.01x.
. A buyer’s adjusted monthly income is found by subtracting any fixed monthly payment with more than
10 months remaining from the gross monthly income.
. An add on rate, or margin, is the percent added to the interest rate on which the adjustable rate mortgage is based.
. An amortization scheduleis alist of the payment number, interest, principal, and balance remaining on the loan.

)]

6
-
8
9

. The FHA insures the loan and a bank provides the money for the loan.
. Equity is the difference between the appraised val ue of your home and the loan balance.

10. A home equity loan isaloan in which the equity in your home is used as collateral.

11. @) Down payment = 15% of $250,000
(0.15)(250000) = $35,700
b) amt. of mortgage = 250000 — 35700 = 212500
Table 11.4 yields $7.65 per $1000 of mortgage
212000
1000

Monthly payment = (

13. @) Down payment = 10% of $210,000
(0.10)(210000) = $21,000
b) amt. of mortgage = 210000 — 21000 = 189000
Table 11.4 yields $6.60 per $1000 of mortgage
189000
1000

Monthly payment = [

15. a) Down payment = 20% of $195,000
(0.20)(195000) = $39,000
b) amt. of mortgage = 195000 — 39000 = 156000
c) (156000)(.02) = $3120.00

17. $3,200 = monthly income
a) (25)(335) =$8,375.00
b) (2865)(.28) = $802.20
c) Table11.4 yields $7.91 per $1000 of mortgage

(Mj (7.91) = $1186.50
1000

3200 — 335 = $2865

d) No; $1411.50 > $802.20

19. a) (490.24)(30)(12) = $176,486.40
176486.40 + 11250.00 = $187,736.40
b) 187736.40 — 75000 = $112,736.40
C) i = prt = (63750)(.085)(1/12) = 451.56
490.24 — 45156 = $38.68

j (7.65) = $1625.63

) (6.60) = $1247.40

12. a) Down payment = 20% of $175,000
(0.20)(175000) = $35,000
b) amt. of mortgage = 175000 — 35000 = 140000
Table 11.4 yields $5.68 per $1000 of mortgage

140000
Monthly payment = | ——
ypy ( 1000

j (5.68) = $795.20
14. @) Down payment = 5% of $95,000
(0.05)(95000) = $4,750
b) amt. of mortgage = 95000 — 4750 = 90250
Table 11.4 yields $6.65 per $1000 of mortgage
90250

Monthl ment=| ——
y Py ( 1000

j (6.65) = $600.16

16. 8) 245000 — 45000 = $200,000.00
b) (200000)(.015) = $3000.00

18. $4,100 = monthly income

a) 4100 —505 = $3595.00
b) (3595)(.28) = $1006.60
c) Table 11.4 yields $9.00 per $1000 of mortgage
275000
( 1000
2475 + 425 = $2900.00
d) No; $2900.00 > $1006.60

J (9.00) = $2475.00

20. a) Down payment = 160,000 — 110,000 = $50,000

Total cost of house = 50000 + (1038.40)(12)(25)
= $361,520
b) interest = $361,520 — $160,000 = $201,520
C) interest on first payment i =prt
(120,000)(0.105)(1/12) = $962.50
amount applied to principal =
1038.40 — 962.50 = $75.90
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23.

a) down payment = (0.28)(113500) = $31,780
b) amount of mortgage = 113500 — 31780 = $81,720
cost of three points = (0.03)(81720) = $2,451.60
c) 4750 — 420 = $4330.00 adjusted monthly income
d) maximum monthly payment =
(0.28)(4330) = $1,212.40
€) Atarate of 10% for 20 years, Table 11.4
yields 9.66.
81720
1000
f) 789.42 + 126.67 =$916.09 total mo. Payment
g) Since $1,212.40 is greater than $916.09, the
Y akomo'’s qualify.
h) interest on first payment =i = prt =
(81720)(0.10)(1/12) = $681.00
amount applied to principal = 789.42 — 681.00 =
$108.42

mortgage payment = ( j (9.66) = $789.42

Bank A Down payment = (0.10)(105000) =
$10,500

amount of mortgage 105000 — 10500 = $94,500
At arate of 10% for 30 years, Table 11.4 yields
$8.70 .

monthly mortgage payment =

(MJ (8.70) = $822.15
1000

cost of three points = (0.03)(94500) = $2835
Total cost of the house =
10500 + 2835 + (822.15)(12)(30) = $309,309

Bank B Down payment = (0.20)(105000) =
$21,000
amount of mortgage 105000 — 21000 = $84,000
At arate of 11.5% for 25 years, Table 11.4 yields
$10.16.
monthly mortgage payment =

(@j (10.16) = $853.44

1000

cost of the house = 21000 + (853.44)(12)(25) =
$277,032

The Nagrockis should select Bank B.

22.

24.
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Cost of house = $95,000.00

a) (95000)(.20) = $19,000.00

b) 4000—135=$3865 (3865)(.28) = $1082.20
c) Table 11.4 yields $8.74 per $1000 of mortgage

(76000
1000
d) 664.24 + 125.00 + 28.00 = $817.24
6) Yes, $817.24 < $1082.20
f) i = prt = (76000)(.095)(1/12) = $601.67
0) (664.24)(25)(12) = 199272

199272 + 19000 = $218,272.00
h) 218272 — 95000 = $123,272.00

j (8.74) = $664.24

Condominium  $525,000.00

GCTCU 20% down payment, 7.5%, 15 years,
1 point at closing

SCCU 15% down payment, 8.5%, 20 years,
No points

(525000)(.80) = 420000

1 pt.: (420000)(.01) = 42000

At 7.5% for 15 yrs., Table 11.4 yields $9.27.

9.27) ( 378000

= $3504.06
1000
GCTCU:

105000.00 + 42000.00 + 630730.80 =
$777,730.80

(525000)(.85) = 446250
At 8.5% for 20 yrs., Table 11.4 yields $8.68.

(8.68) [ 446250
1000

(3873.45)(20)(12) = $929,628.00
SCCU: 929628 + 78750 = $1,008,378.00

j = $3873.45

Grant County Teacher’s Credit Union would
provide alower cost.
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25.8) Amount of mortgage = 105000 - 5000 = $100000 Initial monthly payment = (1(1)8880j (8.05) = $805.00
b) Payment # Interest Principal Balance
1 $750.00  $55.00 $99,945.00
2 749.59 55.41 99,889.59
3 749.17 55.83 99,833.76

c) effectiveinterest rate = 6.13% + 3.25% = 9.38%.

The new rate is 9.38%.

d) Payment # Interest Principal Balance
4 $780.37 $24.63 $99,809.13
5 780.17 24.83 99,784.30
6 779.98 25.02 99,759.28

e) New rate =6.21% + 3.25% = 9.46%

26. @) amount of mortgage: $95000 — $13000 = $82,000
At arate of 8.5% for 30 years, Table 11.4 yields

$7.69.
initial monthly payment =
(82000

—J (7.69) = $630.58
1000

b) effectiveinterest rate: 5.65 + 3.25 =8.9%
8.9% isless than 1% above the old rate of 8.5%.
Thus, the new rateis 8.9%.

c) effective new interest rate: 4.85 + 3.25 = 8.1%.

Review Exercises

1. 3/5=0.60  (0.60)(100) = 60%
3. 5/8=0625  (0.625)(100) = 62.5%
5. 00098  (0.0098)(100) = 0.98% =~ 1.0%
7.3% S _03
100
90.123% 2 -123
100

1. 2-083% 083 _ 4 0083

6 100
13, 10 _ 4 17618 (1.17618)(100) ~ 17.6%

60790

7.9 (amount of mortgage
1000
amount of mortgage = $113,095.24
b) (0.75)(total price) = 113,095.24
total price = $150,793.65

j (8.4) = 950

28. a) The variable rate mortgage would be the
cheapest.
b) By choosing the variable rate plan, they would
save $2,672.64

2. 2130667  (0.667)(100) = 66.7%

4. 0041  (0.041)(100) = 4.1%

6. 3141  (3.141)(100) = 314.1%

121

8. 12.1% — =0121
100

25

10. E% = 0.25% — =.0025
4 100

0.00045

12. 0.00045% = 0.0000045

5100

14. ———=0.11039 (0.11039)(100) ~ 11.0%
46200



15.

17.

19.

21,

23.

25,

27.

29.

(x%)(80) = 25 x% = 25/80 = .3125
(-3125)(100) = 31.25%
Twenty-fiveis 31.25% of 80.

(0.17)(540) = x 91.8=x
Seventeen percent of 540is91.8.

0.20(x) =8 x = 8/0.20 = 40
The original number was 40 people.

i = (2500)(.04)(60/360) = $16.67

114.75 = (p)(0.085)(3)
114.75 = (p)(0.255) $450=p

i =(5300)(.0575)(3) = 914.25

Total amount due at maturity = 5300 + 914.25 =
$6214.25

a) i =(6000)(0.115)(24/120 = $1380.00
b) amount received:  6000.00 - 1380.00 = 4,620.00
c) i =prt 1380 = (4620)(r)(24/12) = 9240r

r = (1380)(9240) = .1494 (.1494)(100) = 14.9%
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16.

18.

20.

22.

24.

26.

28.

REVIEW EXERCISES

0.16x= 44 X = 44/0.16 = 275
Forty-four is 16% of 275.

Tip = 15% of $42.79 = (0.15)(42.79) = $6.42

(95-75) 20
75 75
The increase was 26.7%.

26 (.267)(100) = 26.7

41.56 = (1575)(r)(100/360) = 41.56

363

41.56 = [157500J (n r =0.095 or 9.5%
360
316.25 = (5500)(0.115)(t)
316.25 =(632.50)(t) t=0.5yrs. or 6 mos.

a) i = (3000)(0.081)(240/360) = $162
She paid 3000 + 162 = $3,162

a) 51% +2% = 7l%
2 2
b) i =(800)(0.75)(6/12) = $30
A = $800 + $30 = $830.00
¢) X =amount of money in the account
85% of x =800 0.85x =800 x=%$941.18
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rnt 360
30. A= p(“;) 31. Letp=1.00. Then A = 1(1+ %) = 1.05759
_ 00475\ i = 1.05759 — 1.00 = 0.05759
A =2500 [:H j =$5076.35 The effective annual yield is5.76% .
80
32. p(1+ O'OSSJ 220000 p= 2090 - 1311500  Youneedtoinvest $13,415.00
(1.01375)

33. 48 mo. $176.14/mo. $7500 24 payments

a) (176.14)(48) =8454.72 845472 — 7500 = $954.72 [9;’:622

j (100) = $12.73/$100

From Table 11.2, $12.73 indicates an APR of 6.0%
= (29(176.14)(6.37) _ 26928.28
100+ 6.37 106.37
c) (176.14)(48) = 8454.72 (176.14)(23) = 4051.22 8454.72 — 4051.22 = $4403.50
4403.50 — 253.16 = $4150.34

b) n=24,p=176.14, v =6.37 = $253.16

34. a) Amount financed = $3,500 Finance charge = (163.33)(24) — 3500 = $419.92
f=41992, k=12,n=24 u= 199UAAY _ 15915
(24)(25)

b) 1959.96 - 109.18 = $1850.78 1850.78 + 163.33 = $2014.11

35. 24mo. $111.73/mo. Down payment = $860 24 payments
a) 3420860 = $2560.00 (111.73)(24) = 2681.52 2681.52 — 2560.00 = $121.52
121.52
[ 2560
From Table 11.2, $4.75 indicates an APR of 4.5%
y= 121L73)(245) _ 3284.86
100+ 2.45 102.45
c) (111.73)(11) = 1229.03 2681.52 — 1229.03 = 1452.49 1452.49 — 32.06 = $1420.43

j (100) = $4.75/$100

= $32.06

b) n=12,p=111.73,v=2.45

36. Balance = $485.75 as of June 01 i=13%
June 04: 485.75— 375.00) = $110.75 June 08: 110.75 + 370.00 = $480.75
June 21: 480.75 + 175.80 = $656.55 June 28: 656.55 + 184.75 = $841.30
a) (485.75)(.013)(1) = $6.31 b) 841.30 + 6.31 = $847.61
C) (485.75)(3) + (110.75)(4) + (480.75)(13) + (656.55)(7) + (841.30)(3) = $15269.75
15269.75/30 = $508.99
d) (508.99)(.013)(1) =$6.62  €) 841.30 + 6.62 = $847.92

37.d) Aug. 01: $185.72 c) Date Balance #of Days Baance-Days

Aug. 05: 185.72 + 2.60 = $188.32 Aug. 01 185.72 4 (185.72)(4) = 742.88

Aug. 08: 188.32 + 85.75 = $274.07 Aug. 05 188.32 3 (188.32)(3) = 564.96

Aug. 10: 274.07 — 75.00 = $199.07 Aug. 08 274.07 2 (274.07)(2) = 548.14

Aug. 15: 199.07 + 72.85 = $271.92 Aug. 10 199.07 5 (199.07)(5) = 995.35

Aug. 21: 271.92 + 275.00 = $546.92 Aug.15 27192 6 (271.92)(6) = 1631.52

b) Asof Aug. 31, 544.32 + 2.60 = $546.92 Aug. 21 546.92 11 (546.92)(11) = 6016.12

31 sum = $10,498.97



40. a) down payment = (0.25)(135700) = $33,925
b) gross monthly income = 64000/12 = $5,333.33
adjusted monthly income:
5333.33 - 528.00 = $4,805.33
€) maximum monthly payment:
(0.28)(4805.33) = $1,345.49
d) (%j (8.11) = $825.40
1000
€) total monthly payment:

825.40 + 316.67 = $1,142.07
f) Yes, $1345.49 is greater than $1142.07.

42. a) amount of mortgage: 105,000 — 26,250 = $78,750 First payment = (

b) 5.00% + 3.00% = 8.00%

Chapter Test
1. i =(2000)(0.04)(1/2) = $40.00

3. i = prt = (5000)(0.085)(18/12) = $637.50

5. Partial payment on Sept. 15 (45 days)
i = (5400)(0.125)(45/360) = $84.375
$3000.00 - 84.375 = $2,915.625
5400.00 — 2915.625 = $2484.375

i = (2484.375)(0.125)(45/360) = $38.82
2484.38 + 38.82 = $2523.20

6. 84.38 + 38.82 = $123.20

9. (2350)(.85) = $1997.50  (2350)(.15) = 352.50

181.46
1997.50

In Table 11.2, $9.08 is closest to $9.09 which
yieldsan APR of 8.5% .

j (100) = $9.08 /$100
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41. @) down payment = (0.15)(89900) = $13,485
b) amount of mortgage = 89,900 - 13,485 =
$76,415
At 11.5% for 30 years, Table 11.4 yields 9.90.
monthly mortgage payment:

(%j (9.90) = $756.51
1000

c) i = prt =(76415)(0.115)(1/12) = $732.31
amount applied to principal:
756.51 — 732.51 = $24.20

d) total cost of house: 13485 + (756.51)(12)(30) =
$285,828.60

€) total interest paid: 285,828.60 — 89900 =
$195,928.60

78750

—j (6.99) = $550.40
1000

c) 4.75% + 3.00% = 7.75%

2. 288=(1200)(0.08)(1)  288=96t  t=3years

4. Total amount paid to the bank
5000 + 637.50 = $5,637.50

7. A = 7500 (1+%j 8 - $7961.99

interest = 7961.99 — 7500.00 = $461.99

O'OGSJ % _ $3036.68

8. A =2500 (1+—
12

interest = 3036.68 — 2500.00 = $536.68

10. (90.79)(24) = 2178.96
2178.96 — 1997.50 = 181.46

12. $6750 $1550dp 12mo. 6750 - 1550 = $5200
5590.20 — 5200.00 = 390.20

fek(k+l) (390.20)(6)(7)
a) u= =
n(n+l) 12(3)
b) (465.85)(5) = $2329.25

5590.20 — 2329.25 = $3260.95
3260.95 — 105.05 = $3155.90

=$105.05
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13. $7500 36mo. $223.10/mo.  (223.10)(36)

) [181.46
1997.50
12)(223.10)(2.45
) u:( )( ) ( )=6559.14=$64'02
100+ 2.45 102.45

= 8031.60 8031.60 — 7500.00 = 531.60

j(lOO) =$9.08  InTable11.2, $9.08 yieldsan APR of 4,5% .

C) (223.10)(23) =5131.30 8031.60 —5131.30 = $2900.30 2900.30 — 64.02 = $2836.28

14. Mar. 23: $878.25 C)
Mar. 26: 878.25 + 95.89 = $974.14
Mar. 30: 974.14 + 68.76 = $1042.90
Apr. 03: 1042.90 —450.00 = $592.90
Apr. 15: 592.90 + 90.52 = $683.42

Date Balance #of Days  Baance-Days

Mar.23 878.25 3 (878.25)(3) = 2634.75
Mar.26 974.14 4 (974.14)(4) = 3896.56
Mar. 30 1042.90 4 (1042.90)(4) = 4171.60
Apr.03 592.90 12 (592.90)(12) = 7114.80

Apr. 22: 683.42 + 450.85 = $1134.27 Apr. 15 683.42 7 (683.42)(7) = 4783.94

Apr. 22 1134.27 1 (1134.27)(1) = 1134.27
a) i = (878.25)(.014)(1) = $12.30 31 sum = $23,735.92
b) 1134.27 + 12.30 = $1146.57 d) (765.67)(.014)(1) = $10.72

e

15. down payment = (0.15)(144500) = $21,675.00

17. maximum monthly payment = (0.28)(6603.33) =

$1,848.93

19. 1123.85 + 304.17 = $1428.02 total mo. payment

21.a) Total cost of the house:
21675 + (1123.85)(12)(30) = $426,261
b) interest = 426,261 — 144,500 = $281,761

Group Projects

1134.27 + 10.72 = $1144.99

16. gross monthly income = 86500 + 12 = $7208.33
7,208.33 — 605.00 = $6,603.33 adj. mo. income

18. At 10.5% interest for 30 years, Table 11.4 yields
$9.15.
amount of loan = 144500 — 21675 = $122,825

monthly payments = [122825
1000

J (9.15) = $1,123.85

20. Yes, the bank feels he can afford $1,848.93 per
month and his payments would be $1,428.02.

1.a) $340,860.00  b) $308,420.00 ) $23274.33  d) $17480 ) $121,135.34
f) Make adown payment of $20,000 and invest the difference in part (d).



CHAPTER TWELVE

PROBABILITY

Exercise Set 12.1

1. Anexperiment isa controlled operation that yields a set of results.

2. @) The possible results of an experiment are called its outcomes.
b) Anevent isa subcollection of the outcomes of an experiment.

3. Empirical probability isthe relative frequency of occurrence of an event. It is determined by actual observation
of an experiment.

number of times the event occurred
number of times the experiment was performed

. Theequally likely possible outcomes of an experiment.
. Relative frequency over the long run can accurately be predicted, not individual events or totals.
. The best way to determine the likelihood of death for a person is to observe others with similar characteristics.
. Not necessarily, but it does mean that there is a 50:50 chance that 1 flip will land on heads.
. Not necessarily, but it does mean that each outcome on a die has a chance of 1 in 6 of occurring.
. Not necessarily, but it does mean that based on expirical data, Mr. Duncan may live until 79.21 years.
10. @) Roall adie 100 times and determine the number of timesthat a5 occurs out of 100.
b) Answerswill vary (AWV). c) AWV
11. AWV 12. AWV 13. AWV 14. AWV

P(E) =

© 00 ~NO O hA

15. Of 30 birds: 14 finches 10 cardinas 6 blue jays
a) P(f) =14/30=7/15 b) P(c) =10/30=1/3 c) P(bj) =6/30=1/5

16. Of 60 music lovers: 24 like rock 16 like country 8 like classical 12 like other types
a) P(r) =24/60=2/5 b) P(c) =16/60 = 4/15 c) P(other) =12/60 = 1/59

17. Of 95 animals: 40 are dogs. 35 are cats 15 are birds 5 areiguanas
a) P(dog) =40/95 = 8/19 b) P(cat) =35/95=7/19 c) P(iguana) = 5/95 = 1/19

18. 5/50000 = 1/10000 = 0.0001

19. Of 900 people: 19% like bananas 32% like apples 22% like oranges 27% like others
a) Percents = the relative frequencies of the events occurring.

b) P(a) = %:o.sz ¢) P(o) = %:o.zz d) P(b) = %:o.lg

367
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40, 244,000,000 031
131,100,000,000
131,100 M — 40,244 M = 90,856 M people that filed non-electronically

90, 856, 000, 000 — 0,69

131,100, 000, 000

20. 40,244 M of atotal of 131,100 M P(filing electronically) =

P(filing non-electroncally) =

freq ofincreases 12 _1_, 55 5 pa)= 22 ~0.067
no. of observations 12 1 645
b) Yes, the answer in part (a) isonly an estimate 260

based on observation. b) P(C) = 645 0.403

21.a) P(increase) =

¢) P(D or highen)= 20+ 2621518“ A _osn

23. Of 80 votes: 22 for Austin 18 for Emily 20 for Kimberly 14 for Joshua 6 for others
a) P(A) =22/80=11/40 b) P(E) = 18/80 = 9/40 c) P(K)=20/80=1/4 d) P(J) =14/80 = 7/40
€) P(others) = 6/80 = 3/40

24. Of changesin housing prices across 50 states:
a) P(>60%) =2/50=1/25 b) P(45% to 59.9%) = 4/50 = 2/25 c) P(30% to 44.9%) = 15/50 = 3/10
d) P(15% to 29.9%) = 27/50 €) P(10% to 14.9%) = 2/50 = 1/25

6 3 . 13
25.a) P(bulls-eye) = —=— 26. P(sde4) = —=0.13
) Pbullseye) = - = (e ) = -
b) P(not bulls-eye) = %zé
27. a) P(affecting circular) =

150
c) P(at least 20 pts.) = %:l

0

10
b) Pafecting elliptical) = 2 = 0.2
2 1 50
d) P(doesnot score) = — = —
20 10 10

c) P(affectingirregular) = —=
) P( g irregular) 100

28. Of 4,058,805 babies born, 2,076,960 were male and 1,981,845 were female.

A L
4,058,805 4,058,805

0.49

. 224 705
29. a) P(whiteflowers) = —=0.24 b) P(purple flowers) = — =0.76
) P( ) 929 ) P(purp ) 929

787 277
30.d) P(tal plants) = —=0.74 b) P(short plants) = —— =0.26
) P(tall plants) o6 ) P( plants) 064

31. Answerswill vary (AWV). 32. Answers will vary (AWV).



Exercise Set 12.2

1. If each outcome of an experiment has the same chance of occurring as any other outcome, they are said to be

equally likely outcomes.
no. of outcomes favorable to the event

2. P(event) = -
total number of possible outcomes
4. P(event will not occur) = 1—11:2—ﬂ S
9 9 9 9

6. P(event will occur) = 1-0.25=0.75

8. a) 52 b) 13 c) 26 d 4 €) 26
f) 12 g 4 h) 4

10. Theevent must include all possible outcomes.
12. The sum of the probabilities of all outcomes = 1.
14. @) P(channd 3) = 1/10

b) P(even channel) = 5/10 = 1/2

¢) P(lessthan7) =7/10

onechoice 1
52 possible choices 52

16. P(youwin) =

4482

18. P(7or9) =
52 52 52 13

20. P(5 of diamonds) = 1
52

22. P(heart) = = =1
52 4

24. P(red and black) =0

26. P(jack of hearts) = —

28.a) P(red) = b) P(green) =%

NG

1

c) P(yelow) = 2 d) P(blue) =0

SECTION 12.2 369

3. P(A) + P(not A) =

5. P(event will not occur) = 1-0.3=0.7

51257

7. P(event will occur) = 1
12 12 12 12

9. None of the possible outcomesisthe event in
question.

11. All probabilities are between 0 and 1.
13. @) P(correct) = 1/5 b) P(correct) = 1/4

15. P(youwin) = ong ch0|ce_ = 1
48 possible choices 48

17. P(7) = 4_1
52 13
48 12
19. P —==
¢ N= 52 13
21. P(blac k)—E B_26_1
52 52 52 2
23. P(red or black) = 26 26_5_1_
52 52 52 1
25. P(>4 and <9) = P(5,6,7,8) = 16_4
52 13
2 1
27.a) P(red) = ZZE b) P(green) ==
c) P(yellow) =% d) P(blue) =0
2 1
29. a) P(red) = ?1:5 b) P(green) =0
1 1
¢) P(yellow) = 3 d) P(blue) = 5
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30. a) P(red) = %:

31.

35.

39.

N

b) Plgreen) =

c) P(yelow) = %

d) P(blue) =

1
4

Of 100 cans: 30 are cola(c) 40 are orange (0) 10 are ginger ae (ga) 20 areroot beer (rb)
P(o)—%%:é 32. P(cor0)=7—0—% 33. P(c,rb,o)z%:% P(ga) = 100 1:](')
P(600) = 1 36. P(>400) = S 37. P(lose/bankrupt) = £=l 38. P(2500/surprise) = E=l

12 12 12 6 12 6

Of 50 tennisballs: 23 are Wilson (w) 17 are Penn (p) 10 are other (0)

P(W) = 2—3 40. P(P) = % 41. P(not P) = % 42. P(Wor P) = % g

For atraffic light:

Of 11 letters:

47.

53.

57.

61.

65.

69.

73.

55 11
3 PO==

1=m

_4
PO=1
ey L
P(=60) = =

P(15) =
1
26

P(male) =
35 _ 69

715 143

P(female — other) =
7
715

P(chunky) =

&6 _2
159 53

P(red) = %+1—12+%

25 seconds on red (r)

48. P(nots) = z
11

1

NOA

4=j 4=s

54. P(>250) = &
11

58. P(orange) =
1B_1
26 2
62. P(female) =
30_74
715 143
66. P(male-GM,Ford,C-D)
_ 260 _ 52
T 715 143
70. P(smooth) =
93 _31
159 53
_4,3.6_13
36 36 36 36

5 seconds on yellow (y)

45, P(notr) = —=—
(not ) a5

2=p

4 . 6
49. P(vowel)= — 50. P(iorp)= —
( ) T (i or p) 1

55.

60 12
17

P(> 50 and < 250) = —

59.

63.

71.

74.

P(>22) =
>
26

P(GM, Ford, C-D) =
533
715

. P(Jiffy) =

S0
159

P(Peter Pan - chunky)
3
159

P(green) =— £+i

56.

55 seconds on green (g)

30 6

46. P(notg) = —=—

85 17

51. P(notv)=1 52. P(w)=0

P(< 40 and > 163) = —

60.

68.

1

P(<6andior <9) =

P(7,8,9) =—

P(not GM,Ford,C-D)
_ 533
T 715

P(Skippy) =
P _1B
159 53

P(Jiffy — smooth) =
Ed
159

_u

3 2 9
+

18 12 12 18 12 36 36 36
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75. P(yelow) = 1 1+i £+£:i:l 76. P(red or green) = 13 E _24_2
12 12 12 12 12 3 36 36 36 3
77. P(yelloworgreen)-l E 2 78. P(redoryellow):(l+£+ij l:§
3 36 36 6 18 12) 3 36
79.a P(CC)=0 b) P(CC)=1
) O ) (1) 8La PRR) = 2.2-4_1
80.8) P(SCA) = P(S,S)) = — 44 16 4
4 _22_ 4 1
b) P(SCT) =P(S,S0r $S) = -
2 22 4 1
11 3 1 ¢) PRIG) = — e =2=-
c¢) P(NSCA or NSCT)=1—(—+—j:1——:— 4 4 16 4
2 4 4 4
82. a) P(sparrow w/low attract. to PK) = 2 8. .1z 3 4> 0
9P ' "7 112 3 4 5 6 1
b) P(high attract. to CC/ low attract to PK) =0 2|3 4 5 6 1 2
high BSSS/| PK) = 2 3|14 56123
¢) P(high attract. to ow attract to )—7 45 6 1 2 3 4
5/6 1 2 3 4 5
61 2 3 4 5 6

5+42+2+5+3+4+4+3+1=29

Exercise Set 12.3

1. The odds against an event are found by dividing the probability that the event does not occur by the probability
that the event does occur. The probabilities used should be expressed in fractional form.

2. Theoddsin favor of an event are found by dividing the probability that the event does occur by the probability
that the event does not occur. The probabilities used should be expressed in fractional form.

3. Odds against are more commonly used.

4. If the odds against an event are ato b, then P(event occurs) = % and P(event does not occur) = %.

5.9:50r 9to5 6. 3:7 or 3to7
1 1 i 1 1
7.a) P(eventoccurs) = —=— 8.a) P(event fails) = 1 — P(event occurs) = 1- ===
1+1 2 2 2
b) P(event failsto occur) = 1.1 b) odds against the event = P(event failsto occur) _
1+1 2 P(event occurs)

FE)

¢) oddsinfavor of the event are 1:1.
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9.a) P(tiegoeswell) = —

b) P(tie does not go well) = 2_3
C) odds against tie going well =

Pltiedoesnot gowell) %27 19 27 19
P(tie goes well) %7 278 8

d) oddsin favor of it going well are 8:19 .

11. 5:1

13. oddsagainst rolling lessthan 3 =
P(less than 3)

4l6_46_4_2 o

2/6 62 2 1

P(failureto pick a6)
P(pick a 6)

48/52 48 52 48=E or 121

452 52 4 4 1
Therefore, oddsin favor of picking a6 are 1:12.

15. oddsagainsta6 =

17. odds against a picture card =

P(failureto pick apicture)  40/52 40 10
P(pick apicture)  12/52 12 3
or 10:3
Therefore, odds in favor of picking a picture card
are 3:10.

19. oddsagainst red =
P(notred) /2 12 2 1 .,
P(red) /2 21 2 1

P(not red) red) 5/8 § 8
P(red) 3/8 8 3

21. oddsagainst red = g

or 5:3

P(3 or greater)

10. 14 hills: 7-$1' 2-%5;, 4-%10; 1-3%20
1
pgs) = 2 -1
3 PE) 14 7

b) P(not $5 ——2=g

c)1l:6
d6:1

12. 3:3o0r 1:1

14. odds against rolling greater than 4 =
P(failure to roll greater than 4) _
P(roll greater than 4)

16. odds against a heart = P(fallurefto pick a heart) _
P(pick a heart)

39/52 39 52 §=§ or 31

13/52 52 13 13 1
Therefore, odds in favor of picking aheart are 1:3.

18. odds against card greater than 5 =
P(failure to pick acard greater than 5)
P(pick acard greater than 5)

32/52 52 32 32 8
Therefore, odds in favor of picking a card greater
than 5 are 8:5.

20. oddsagainst red =

P(not red) l 2 .
3

3
Pred) 1/3 3 1

I
wlo
N
o
=
N
'_\

P(not red) _ 5/8_5

22. oddsagainst red =
P(red) 3/8 83

or 5:3



23.a) odds against selecting female =
P(failureto select female) _ 16/30 16 8
P(sdlect female)  14/30 14 7
or8:7.
b) odds against selecting male =
P(failure to select male) _ 14/30 14 7

P(sdectmde)  16/30 16 8
or7:8.

25. odds against a stripe = P(not;_stnpe) -
P(stripe)

8/15 8 15 8
———=—-"—=— 0r87
7/15 15 7 7

27. oddsin favor of not the 8 ball are
P(notthe8 ball) 14/15 g 15 14

=—.-—=— orl4l
P(the 8 ball) 1/15 151 1
29. odds against aball with 9 or greater are
P(less than 9) _ 8/15=§'E=§ or 87
P(9orgreater) 7/15 15 7 7
5
31.4) P>$5M)= S
b) Odds against payout > $5 M 4:5
33. The odds against testing negative =
P(test posm.ve) _ 4/76 :i:i or 1-18
P(test negative) 72/76 72 18
- 7 7
35.a) P(Carriewins) = ——=—
) M ) 7+5 12
b) P(Carrieloses) = i=i
7+5 12
i 1 1
37. Oddsagainst 4:11 romoted) = ——=—
« PP ) 4+11 15

3. PG = =1
75 5

SECTION 12.3

24. 8) odds against winning = P(failureto win) _
P(win)
999999/1000000 999999
1/1000000 1
P(failure to win) _
o Pwin)

or 999,999: 1

b) oddsagainst winning =

999990/1000000 _ 99999
10/1000000 1

or 99,999:1

Pleven) _

26. oddsin favor of even are =
P(not even)

7/15 7 15 7
——=—""=— 0r78
8/15 15 8 8

28. odds against aball with yellow are
P(noyellow) 13/15 13 15 13

=—-—=— o0rl3:2
P(yellow) 2/15 15 2 2
30. The oddsin favor of two digits =
- 6
P(two digits) _45_ 6 2 or 2:3
i i —9————— -
P(not two digits) 45 9 3
1
32.a) P(2dots) = 3
b) Odds against rolling 2 dots 4:20r 2:1
Pred) 2/11 2

34. The odds against red = = ==
P(notred) 9/11 9

or 2.9

36.a) P(Clairewins) = 22 =

2 2
+7 9
. 7
b) P(Carrieloses) = ——=—
+7 9

38, Oddsagaing 5:2 &) P(wing= —2—=2
215 7

5 5
b) P(loses) = ——=—
) M ) 2+5 7

40. P(not G) = 1—

gl
ol

373
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) _ PN) 1/5 1 _ 43. Odds against 1-27 =
41. Oddsin favor of N = m_m_z or 1:4 P(not 1-27) _ 74175 _[ﬁj(ﬁj_ﬁ S
42. Oddsagainst N are 4:1 P(1-27) vyrn \75)0L1) 1
44. Oddsin favor of I-27 are 1:74
45. P(A+) = =X 034 46. P(B-) = -2 =002
100 100
47. @:§ or 33:17 48. i:i or 1:49
A 17 98 49
49. P(Oor O-) = £= 43 or 43:57 50. P(A+or O+) = £= £ or 29:71
100 43+57 100 71+29
51. If P(selling out) = 0.9 = % then 52. If P(overtime) = g then P(no overtime) =
. _ 9 1 3 5 . .
P(do not sell your car this week) = TR 1-1-2=> Theoddsin favor of being
8 8
. . 1/10 1
The odds against selling out = 910" 9 or 1.9. asked to work overtime = % ::_53 or 35
53. If P(all parts are present) = g then the oddsin 54. a) P(Mr. Frank is audited) = %
favor of all partsbeing presentare 7: 1. b) Oddsagainst Mr. Frank being audited are 41 : 1.
55.a) P(Douglasisamale) = % 56. P(evenor > 3) = %+l_3:1_ = :g

2_4

2 6 6 6

b) Odds against being afemaleare20: 1. 1/3 1
Oddsagajnstevenor>3arem:5 orl:2.

, 2 . 1 9
57. P#1wins) = — P@# 2wins) = = 58.8) P(R)= —
( ) 9 ( ) 3 ) P(R) 19
b) Oddsagainst red are 10: 9

P(# 3 wins) = 1 P(# 4 wins) = S ) X 1

16 12 ¢) POor00)= —

1 19

P(# 5 wins) = 2 d) Oddsin favor of 0 or 00 are 1:18.

59. 119648 + 6742 + 506 + 77 = 126,973 multiple births .03x = 126973 X = 4,232,433 total births
(4232433-126973) 4105460 97
126973 126973 3

Odds against a multiple birth or 97:3.
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Exercise Set 12.4

1. Expected value is used to determine the average gain or loss of an experiment over the long run.
2. An expected value of 0 indicates that the individual would break even over the long run.

3. Thefair priceisthe amount charged for the game to be fair and result in an expected value of O.
4.a) E=P1A1 +P2A2 b) E=P1A1+ P2A2 + P3A3
5
6

. Toobtain fair price, add the cost to play to the expected value.
. No, fair priceisthe price to pay to make the expected value 0. The expected value is the expected outcome
of an experiment when the experiment is performed many times
7. $0.50. Since you would lose $1.00 on average for each game you played, the fair price of the game should
be $1.00 less. Then the expected value would be 0, and the game would be fair.
8. Fair price = P1G1 + P2G2 + P3G3
9.a) A $10 bet isthe same as five $2 bets, thus Marty’ s expected value is 5(— 0.40) = —$2.00
b) On average he can expect to lose $2.00

10. @) Paul's expected value on a $5 bet is 5(0.20) = $1.00.
b) If he makes many $5 bets he can expect to win, on average, $1.00 per bet.

11. E=P1A1 + P2A2 =0.70(200) + 0.30(120) = 140 + 36 = 176 people

12. E=P1A1 + P2A2 = 0.60(80000) + 0.40(-20000) = 48000 — 8000 = $40000

13. E=P1A1 + P2A2 =0.50(78) + 0.50(62) = 39 + 31 = 70 points

14. E=P1A1 + P2A2 =0.40(20) + 0.60(12) = 8 + 7.2 = 15.2 people

15. E=P1A1 +P2A2=0.40(1.2 M) + 0.60(1.6 M) = 48 M + .96 M = 1.44 M viewers

16. ) E = P(sunny)(1/2) + P(cloudy)(1/4) E =0.75(1/2) + 0.25(1/4) = 0.375 + 0.0625 = 0.4375 inches/day
b) (0.4375 inches per day)(31 days) = 13.5625 inches of growth during July is expected

17.8) E=P1A1 + P2A2 = (.60)(10000) + (.10)(0) + (.30)(7200) = 6000 + 0 + -2160 = $3840
18.a) (.7)(5) + (.3)(10) = .35+ 3= $6.50 b) 100.00 - 6.50 = $93.50

19.a) E=P1A1 + PoAo + P3A3 = P($1 off)($1) + P($2 off)($2) + P($5 off)($5)
E = (/10)(1) + (2/10)(2) + (1/10)(5) = 7/10 + 4/10 + 5/10 = 16/10 = $1.60

20.a) (U4)(5) + (3/4)(-2) = 1.25—1.50 = -$.25 for Mike
b) (1/4)(-5) + (3/4)(2) = -1.25 + 1.50 = $.50 for Dave

21.a) (2/6)(8) + (4/6)(-5) = 8/3 — 20/6 = 16/6 — 20/6 = -4/6 = -$.67
b) (2/6)(-8) + (4/6)(5) = -8/3 + 20/6 = =16/6 + 20/6 = $.67

22. ) (2/5)(-8) + (3/5)(5) = -16/5 + 3/1 = -3.20 + 3.00 = -$.20
b) (2/5)(8) + (3/5)(-5) = 16/5 — 3/1 = 3.20 — 3.00 = $.20

23.4) (1/5)(5) + (0)(0) + (4/5)(-1) =1-4/5=1/5 24.a) (U4)(5) + (0)(0) + (3/4)(-2) =5/4—6/4=-1/4
Y es, positive expectations = 1/5 No, negative expectations = -1/4
b) (1/4)(5) + (0)(0) + (3/4)(-1) =5/4—-3/4 =12 b) (U/3)(5) + (0)(0) + (2/3)(-2) =5/3—-4/3=1/3

Y es, positive expectations = 1/2 Y es, positive expectations = 1/3
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25. a) [ij (400) .,{499)( 2) = w =
500 500 500
98 _ 29 _ 1 196~-$1.20
500 250

b) Fair price=-1.20 + 2.00 = $.80

2000 2000

2. ( 1 j(800)+( 999 j(_l) _ 800-999 _
1000 1000 1000
800 99 199 o0 .o

1000 1000 1000
b) Fair price=-0.20 + 1.00 = $.80

27.3) (floo] (1000) +(Lj (500) +(@j (-3)= 50-+.50+-2.9955 = ~$2.00

b) Fair price =-2.00 + 3.00 = $1.00

28. E=P1A1 + P2A2 + P3A3 + P4A4

1 2
$9,995 $4,995
E= [10000)( )+ (10 j( )+ ( 10000
_ 9995 4995 1990 49980 _ 33000 _
~ 10000 10000 10000 10000 10000
1, .1 1
29. Z(1)+=(10)==+5=55=$550
1 1 1
31. =(10)+=(-5)+=(-20)=5-1.25-5=—$1.25
2 4 4
1,1
33.2) S(1)+3(5)=50+250=3$300

b) Fair price = 3.00—2.00 = $1.00

1 1 1
E(l)+2(5)+2(1°) =

b) Fair price=4.25-2.00 =$2.25

35. 9 50+1.25+2.50=%$4.25

37. E=P1A1 + PoAo + P3A3 + P4A4 + PsAg =
0.17(1) + 0.10(2) + 0.02(3) + 0.08(4) + 0.63(0) =
0.75 base

39.a) E=P1A1 + P2A2 + P3A3

3 5

—(4) +—

10( ) 10
=2.9 points

b) Fair price =2.9 points

¢) 3(E) =3(2.9) = 8.7 points

2
3+-—(1) =12+15+0.2
©@+,®

9996
995 =
j($ )+ (1ooooj( %)
~$3.30
1o 1,01
30 2(8)+5(1)+(10) = 250+.25+250=$5.25
3 L L)t

5 (-10)+2(2)+7(20) =-5+.50+5=3050

1 1

34.9) %(10)+Z(1) +Z(5) =5+.25+1.25=$6.50

b) Fair price = 6.50 —2.00 = $4.50

3

36. a) s (10)+

HOR

b) Fair price =5.38 —2.00 = $3.38

:—;(1) =1.25+3.75+.38=$5.38

38. Ecompany = P(insured lives)(amount gained) +
P(insured dies)(amount lost)
E. = (0.994)(100) + (0.006)(9,900) = 99.4 —59.4
= $40, which is the amount the company gains
on thistype of policy.

40.8) E=P1A1 +PoA2 + P3A3

:%(5) (2)+ (3)—15+10 0.6
=19 pomts
b) Fair price = 1.9 points

¢) 3(E) = 3(1.9) = 5.7 points



41. (0.34)(850) + (0.66)(140) =289 + 92.4 =
381.4 employees

43. (.11)(10) + (.65)(15) + (.24)(20) = 1.1 +9.75+ 4.8=
15.65 minutes

45, E = P(1)(1) + P(2)(2) + P3)(3) + P(4)(4) + P(5)(5)

+ P(6)(6)
1,001,001, 1,11
= g(l) 3(2) 5(3)+g(4)+6(5)+g(6)
= %‘ = 3.5 points

48. Profit if Jorge sells the house = 0.06(100,000)

= $6,000
Profit if another Realtor sells the house =
0.03(100,000) = $3,00
E=P1A1 + P2A2 + P3A3

= 0.2(5000) + 0.5(2000) + 0.3(1000)

= $1,000 + $1,000 — $300 = $1,700 gain
Yes, in the long run if Jorge lists many of these
$100,000 homes, he can expect to make, on
average, $1,700 per listing.

50.a) P($1) = %+%=%+%:% =10
P($10) L P($20) =141
P($100) 3

c¢) fair price = expected value — cost to play =
$20.42-0=%$20.42

1=
6 2

1
8

51. E =P(insured lives)(cost) + P(insured dies)(cost —
$40,000)
= 0.97(cost) + 0.03(cost — 40,000)
= 0.97(cost) + 0.03(cost) — 1200
= 1.00(cost) — 1200
Thus, in order for the company to make a profit,
the cost must exceed $1,200
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42. (.62)(2.3 M) + (.38)(L.7M) =1.426 M + .646 M =
$2.072 M

44, (.40)(1000) + (.50)(500) + (.10)(0) =
400 + 250 = $650.00

46. E=P1A] + PoAo + P3A3
= 0.70(40,000) + 0.10(0) + 0.20( — 30,000)
= 28,000 + 0 — 6,000 = $22,000

47. E=P1A1 + PoAo + P3A3
= 200 190y +

365
=60.27 + 43.84 + 37.40 = 141.51 callg/day

100 65
160) + — (210
65( )+ g5 (210)

49.8) )= i+4=2+4i=2 PUO)=1=4
P($20) = 1 =2, P($100) =
b) E=P1A1+P2A2+P3A3 + P4A4

4 2

9 1
= —($1)+—($10)+—($20) +—($100
16 (81)+ 75 (810)+ - -($20) + - ($100)

_ 9 40 40 100 @=$11.81
16 16 16 16 16

c¢) fair price = expected value — cost to play =
$11.81-0=%11.81

50.b) E=P1A1 + P2A2 + P3A3 + P4A4
10 4 7 3

= —(1)+—(10)+—(20)+—(100
24( ) 24( ) 24( ) 24( )
_ 10, 40 140 300 490

= = D 2 SR Y 62042
2424 24 24 24

52. No, you don’t know how many others are
selecting the same numbers that you are selecting.

53. E = P(win)(amount won) + P(lose)(amount |ost)

(1 =P 3 __2
_(38j(35)+( j() 38 38 38

= —-$0.053

18 20 2

54. E = P(win)(amount won) + P(lose)(amount lost) = (gj 1)+ ( j( )= ———=-— = -$0.053

38 38 38
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1 1 1 1 1 1 1 1 1
55.a) E= —(100)+-—(200)+-—(300)+-—(400)+—(500)+-—(600)+-—(700)+-—(800)+—(900
) E = 2 (100) 5 (200)+ - (300)+(400) = (500) = (600) - (700)-+-(800) + (00)

i(looo) = [iooj = $458.33
12 12

1 1 3700
b) E= —(5500)+-—(—-1800) = —— =$308.33
) 12( ) 12( ) 12 %3

Exercise Set 12.5
1. If afirst experiment can be performed in M distinct way and a second experiment can be performed in
N distinct ways, then the two experiments in that specific order can be performed in M - N distinct ways.
2.a) A list of al the possible outcomes of an experiment.
b) Each individual outcome in a sample space is a sample point.
3. (2)(7) = 14 ways. Using the counting principle.
4. Answerswill vary.
5. Thefirst selection is made. Then the second selection is made before the first selection is returned to the
group of items being selected.

6. (5)(2) = 10 ways

7.a) (50)(50) = 2500 b) (50)(49) = 2450 8.a) (365)(365) =133,225 b) (365)(364) = 132,860
9.a) (6)(6)(6) =216 b) (6)(5)(4) =120 10. 8 (10)(10) = 100 b) (10)(9) =90
11. a) (2)(2) =4 points 12. @) (2)(2) =4 points
b) b)
) . B<g dmpéeg Space
H< T HT <G<g e
i TH ¢) P(two girls) = 1/4
Y d) P(at least one girl) = 3/4
¢) P(no heads) = 1/4 e) P(girl 1% and boy 2") = 1/4

d) P(exactly one head) = 2/4 = 1/2
€) P(two heads) = 1/4

13.a) (3)(3) =9 points 14. @) (3)(2) =6 points
b) b)
Sample Space Sample Space
C cC S CS
IS i
C SC C SC
=<3 3 .
C TC C TC
IS = .
¢) P(two Jacks) = 1/9 ¢) P(two Jacks) =0/6=0
d) P(Jack and then Queen) = 1/9 d) P(Jack and then Queen) = 1/6

€) P(at least oneKing) = 5/9 €) P(at least oneKing) = 4/6 = 2/3



15. 8 (4)(3) =12 points
b)

Sample Space

R
Y=—B
\G

Ré;
T——

34;
TG

Gé;
T——B

c) P(exactly onered) =6/12 =%

d) P(atleast oneisnotred) =12/12=1

€) P(nogreen) =6/12=1/2

17. 8 (2)(2)(2) = 8 points
b

Sample Space

G=——3
<G<B<S
G<g'
B<B<g

¢) P(noboys) =1/8
d) P(at least one girl) =7/8

€) P(either exactly 2 boysor 2 girls) = 6/8= %
f) P(boy 1% and boy 2" and girl 3%) = 1/8

18.a) (4)(3) =12 points
b)

Sample Space

A A

"o W= I 2o W=l Mo Nl NI
%)
=

A

HP

¢) P(Persian cat) = 6/12=1/2

d) P(Persian cat and calico cat) = 2/12 = 1/6

€) P(not Persiann) = 6/12=1/2

YR
YB
YG

RY
RB
RG

BY
BR
BG

GY
GR
GB

GGG
GGB
GBG
GBB
BGG
BGB
BBG
BBB
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16. @) (2)(2)(2) = 8 points
b)

Sample Space

H HHH
H <

T HHT

L2 H HTH
T <

T HTT

THH

H
T<H< T THT
H TTH
T< T TTT
¢) P(no heads) = 1/8
d) P(1 head) = 3/8
€) P(3 heads) =1/8

19. @) (6)(6) = 36 points
b)

Sample Space

CUNERWN— CUNAWN— OUNARN— QAUAWRWND— AUNRWN— 0L LN

CUBERWN— CAUNAWN— CUNREAWN = CAUAWR— QAUNAWRN— AU R WN—
OO N hhththath b hh bR WWWRWW NN e

¢) P(double) =6/36 = 1/6

d) P(sumof 7) =6/36 = 1/6

e) P(sumof 2) = 1/36

f) No; the P(sum of 2) < P(sum of 7)
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20.3a) (3)(3)(3) =27 points 21. 8 (3)(2)(1) =6 points
b) b)
Sample Space Sample Space
< M 00 S——O HSO
Y g gﬁ f < 0o——s HOS
YNY
Y N < Y o § H—— 0 SHO
¥ YAY 0O——H SOH
— N o T H— oHs
vy~ N o o
A NYA
N N 5 §§§ ) P(Sears—1st) = 2/6 = 1/3
v NAY d) P(Home Depot — 1% / Outback - last) = 1/6
A é A NAA €) P(Sears,Outback,Home Depot) = 1/6
=%
A AYA
Y ANY
<M
Y AAY
D
¢) P(No vote on all three motions) = 1/27
d) P(Yesvote on exactly two motions) = 6/27 = 2/9
€) P(at least one yes vote) = 19/27
22.a) (3)(3)(2) =18 23.a) (4)(3) =12 paints
b) b)
Sample Space Sample Space
P ROP
o=—_. ROC N <% b
R0 e Pk
=t < i
o<T{  roc 2w
o=l =i X
P FGP
S < (¢ FGC SB Zlf
o<T{ e =
P HBP B AB
Lo B < © HBC
o=, oo ¢) P(M.K.or EC)=6/12=%
c¢) P(Honey B’'s) = 6/18 = 1/3 d) P(MGM or Univ.) = 6/12 =%
d) P(Rice Krispiesand Ginger Ale) = 2/18 = 1/9 e) P(M.K. and (SW. or B.G.)) = 2/12 = 1/6

€) P(not black cherry) = 12/18 = 2/3



24.a) (4)(2)(2) = 16 points
b)

Sample Space
CHO

o
H— 71 CHT
C <
o CEO
E—"1r CET

THO

o)
H— 7 IHT
1 <
o IEO
E—""17 IET
AHO

o)
H=—_ 1 AHT

A<
o AEO
E-<T

AET
DHO

H<O DHT
o B
c) P(Apple) =1/4
d) P(H-P) =1/2
€) P(Appleand H-P) =2/16 = 1/8

26.3a) (2)(3)(4) = 24 points

b)

Sample Space
B CA B
A<G CA G
Ch CA Ch
P CA P
B cSs B
G CS G
e S<Ch €S Ch
P cs p
B C Ca B
CH<G CCaG
Ch  CCaCh
3 CCaP
B LA B
A<G LA G
Ch LA Ch
P LA P
B LS B
G LS G
L S<Ch LS Ch
P LS P
B L Ca B
G LCaG
Ca Ch L CacCh
P L CaP

c) P(geo.) =1/4

d) P(geo. or chem.) =2/4=1%
€) P(not calc.) =16/24=2/3

SECTION 12.5

25.8) (3)(3)(3) =27

b)

Sample Space
G G G G
G<KA G G KA
W G G W
G G F G
G F<KA G F KA
W G FE W
G G R G
R<KA G R KA
W G R W

G K G
G<KA K G KA
W K G W

G K F
K F KA K F KA
W K F W

G K R
R<KA K R KA
W KR W
G M G G
G<KA M G KA
W MG W
G M F G
M F<KA M F KA
W MF W
G M R G
R<KA M R KA
W MR W

¢) P(GE,GE,GE) = 1/27
d) P(not GE) = 8/27
e) P(at least 1 GE) = 19/27

27.3a) (2)(4)(3) = 24 sample points
b)

Sample Space

Br M R Br
R < B M R B
G MR G

Br M Br Br

Br < B M Br B
G M Br G

M Br M Bk Br
Bk< B M Bk B
G M Bk G

Br M Bl Br

Bl < B M Bl B
G M Bl G

Br F R Br

R B F R B
G F R G

Br F Br Br

Br < B F Br B
G F Br G

F Br F Bk Br
Bk < B F Bk B
G F Bk G

Br F Bl Br

Bl B F Bl B
G F Bl G

c) P(M, black, blue) = 1/24
d) P(F, blonde) = 3/24=1/8

381
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28.a) (2)(2)(2)(2) = 16 sample points 29. a) P(white) = 1/3
b) b) P(red) =2/3
) ng’”lp‘eysl’:f; ¢) No; P(white) < P(red)
y< sy d)
;JVh : : i ‘; Sample Space
s w wh
— <p Sy -l
—, ——h v nooov oo
<< Rt S
o=y Ll soon e
y<3’“ 40 B
g<3h Ewep €) {WW, Wry \WEy , W, 1Ty, F1F5, FaW, Fofy, Tors}
¢) P(round peas) = 8/16 = f) P(2r) =4/9
d) P(s,w,y, p)=1/16 g) P(w, thenr) =2/9
h) P(w and r, any order) = 4/9
i) P(atleast 1r) = 8/9
30.a) morn 30.e) No; samereason asin d)
b) 3or4 f) Yes, (V/2)(1/2)=V4
¢) {m3, m4, n3, n4}
d) No; not unless we know that the outcomes 31. 1red, 1 blue, and 1 brown
are equally likely.
Exercise Set 12.6
1.a@) “or” meansat least one event A or B must occur. b) “and” means both events, A and B, must occur.

2.a) P(A or B) =P(A) + P(B) — P(A and B)

3.a) Two events are mutualy exclusive if it isimpossible for both events to occur simultaneously.
b) P(A or B) = P(A) + P(B)

4.3a) P(A and B) = P(A)UP(B, given that A has occurred)

5. We assume that event A has already occurred.

6. Two events are independent if the occurrence of either event in no way affects the probability of occurrence of
the other event. EX. tosstwo coins; find P (tails and tails)
7. Two events are dependent if the occurrence of either event affects the probability of occurrence of the other
event. Ex. Select two cards from a deck (without replacement); find P (King and King).
8.a) No, itispossiblefor both to like classical music.
b) No, if the mother likes classical music the daughter will be more likely to like classical music.
9. a) No, both mother and father may be teachers.
b) No, studies have shown that if the husband or wife is ateacher thereis an increased probability that their
spouse is also ateacher.

10. @) No, itispossiblefor anindividual to be both happy and healthy at the same time.
b) No, if you are healthy, you are more likely to be happy.

11. If the events are mutually exclusive, the events 12. Student activity problem.
cannot happen simultaneously and thus
P(A and B) = 0.



13.

15.

17.

19.

21.

23.

25.

27

29.

P(A and B) = 0.3
P(A or B) = P(A) + P(B) — P(A and B)
=0.6+0.4—(0.6)(04) =1.0-03=0.7

P(B) = P(A or B) + P(A and B) —P(A)

=08+01-04=05

P(20r5) = 1/6 + 1/6 = 2/6 = 1/3

P(greater than 4 or lessthan 2) = P(5, 6. or 1) =
2/6 +1/6=3/6=12

Since these events are mutually exclusive,
P(ace or king) = P(ace) + P(king) =
_4 4 8 2

52 52 52 13

Sinceit is possible to obtain a card that is a picture

card and ared card, these events are not mutually

exclusive.

P(picture or red) = P(pict.) + P(red) — P(pict. & red)
_12 26 6 _32_38

52 52 52 52 13

Sinceit is possible to obtain a card less than 9 that
isaclub, these events are not mutually exclusive.

P(<7orc|ub)—ﬁ B_6_3

52 52 52 52

5 5 11 1

.d) P(frogandfrog)= — —==-—=—
) Pfrog 9 20 20 4 4 16

5 4 14 1

b) P(frogand frog)= — —==-—=—
) Plfrog 9= 2019 419 19

a) P(lionand bird) = 55 11 1
2020 4 4 16

b) P(lionand bird) = = > =12 -3
2019 419 76

14.

16.

18.

20.

22.

24.

26.

SECTION 12.6 383

P(A or B) =0.9

P(A or B) = P(A) + P(B) — P(A and B)
0.9=0.5+0.6-P(A and B)

P(A and B) = 0.2

P(A or B) = P(A) + P(B) — P(A and B)
0.6=P(A) +0.3-0.1

0.6 = P(A) + 0.2 P(A) = 0.4

P(odd or greater than 2) = 5/6

All numberson the die are either > 3 or <5.
P(>3o0r<5)=6/6=1

Since it is possible to obtain a card that is both a
jack and a diamond when only one card is
selected, these events are not mutually exclusive.
P(jack or diamond) = P(jack) + P(diamond) —

4 13 1 16 _4

P(jack and diamond) = —
52 52 52 52 13

Since it isimpossible to obtain a card that is both
aheart and a black card, these events are mutually
exclusive.

P(club or red) = P(club) + P(red) =
_13 26 39_3

52 52 52 4

Sinceit is possible to obtain a card greater than 8
that is black, these events are not mutually
exclusive.

162683417

P(>9orblack) = —+—-—
52 52 52 52 26

28,8 PEand3)= +. 4 _11_1
2020 55 25
b) PGand3) = +.3_1.3_3
2019 519 95
30,8 PRaddy= +. 4 _11_1
2020 55 25
b) p(Zand4)-ii:l.i:i
2019 519 95
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. 3 1
31.d) P(red bird and monkey) = — - —=—-=—
) M &) 20 20 20 4 80

b) P(red bird and monkey) =

2019 380 76

33.4) Ploddand odd) = ~2.22-3.3_9
2020 55 25

b) P(odd and odd) = ~2.1L_3 11 _33

2019 519 9%

8 2 1

35.

37.

39.

41.

43.

45,

47.

49,

©

51.

5
P(monkey or even) = —+——-—
( & )= 20 20 20 20

P(lionora?2) = 3+i—i=ﬁ= 2
20 20 20 20 5

P2redy = ~o1-1
22 4
11 1
P(red and green) = —e— ==
( green) 4 2 8
33 9
P(2 yellows) = P(redand red) = —¢—=—
2y ) = P( ) e 5" o4
P(2reds = o211
2 4 8
13 3
P(both not yellow) = —e—=—
( y )= 2 4 8

P(3 girls) = P13t girl)  P(2Nd girl) e P(3rd girl)
-1,1.1
222

1
8

P(G,G,B) = P(1% girl) e P2 girl) e P(3d boy)

32.a) P(even and even) = 88_22_4
2020 55 25
b) P(even and even) = 8 r_2r_14
2019 519 95
34.a) P(lionandred bird) = 3 i:li:i
20 20 4 20 80
b) P(ionand redbird) = —>.>-1.3_3
2019 419 76
4 6 _3

36.

38.

40.

42.

44,

46.

48.

50.

52.

P(yellow bird or > 4) =
20 20 20 10

P(redbwdoreven)_i 8 1 101
20 20 20 20 2

P(red and then yellow) = %

NlH
NG

11 1
P(2 reds) = Z-Z I

P(both ot yellow) = 22 = 22
88 64

P(red and yellow) = %

sl
|

P(yellow and not yellow) =

3.3
4”8

NII—‘

P(3 boys) = P(13! boy) e P(2Nd boy) e P(3d boy)
111 1

"2°22°s

P(G,B,G) = P(1% girl) e P(2"d boy) e P(3"d girl)



53.8) P(5 boys) = P(b)  P(b)  P(b)  P(b)  P(b)

55.

57.

59.

61.

63.

65.

67.

68.

69.

11111 1

b) P(next child isaboy) = %

a) P(Titleist/Pinnacle) = ﬂ.l:i
7 7 49

b) P(Titleist/Pinnacle) = 2o 24 _ 2
76 4 21

2,552 22 2
77 77 49
5221 1

b) P(at least 1 Top Flite)= —-§+_._+_._:_
676 76 21

a) P(at least 1 Top Flite) =

P(neither had trad. ins.) = 26,25 _10_5

40 39 24 12
P(trad. ins/  trad. ins.) or P(trad. ins./trad. ins.)
(14 26}{14 13) 28 7 _3B_T7
40 39 40 39) 60 60 60 12
19 18 17

P(all recommended) = —¢—e¢—=——+— 969
30 29 28 4060

P(no/no/not sure) = E S . >S_°
30 29 28 812

The probability that any individual reacts favorably
is70/100 or 0.7.
P(Mrs. Riverareacts favorably) = 0.7

Since it is assumed the sample is representative of
the entire population, it must be assumed this
experiment is done with replacement. If done
w/o replacement, the number in the population
must be known. In addition, since the population
is so large, reducing the numerator and/or
denominator by 1 has no appreciable effect on the
answer.

P(Mr. Riveraand Mrs. Riverareact favorably and
Carlosis unaffected) = P(Mr. Riverareacts
favorable) ® P(Mrs. Riverareacts favorable) e
P(Carlosis unaffected) = 0.7¢0.7¢0.2 = 0.098

P(all 3 react favorably) = 0.7¢0.7¢0.7 = 0.343

54.a) P(7girls) =

56.

58.

60.

62.

66.

70.

71.

72.
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1111111i

222222 128

b) P(next childisagirl) =

NP

Top Hite/  Top Flite) = 5.5.%

7 7 49
Top Flite/  Top FI|te)—E 4_20_10
76 42 21

a X

b) P(

1

a) P(Pinnacle/Pinnacle) = 2

©

b) P(Pinnacle/Pinnacle) =

P(both have managed care) = 2,21 17

40 39 260

P(trad. ins./managed care) = _1,z2_

40 39 390

6 19 18 171

. P(nolyeslyes) = —e—e—=_——

30 29 28 2030

P(yes/no/no) = _9.3.3 = E

30 29 28 812

One does not react favorably if the reaction is
unfavorable or if it is unaffected.
P(not favorable) = 0.1 + 0.2 = 0.3. Therefore,

P(none reacts favorably) = (0.3)3 =0.027

Since each question has four possible answers of
which only oneis correct, the probability of
guessing correctly on any given question is 1/4.
P(correct answer on any one question) = ¥4

If you have guessed correctly on only the first
guestion, then you have missed the last four. The
probability of missing any given question is 3/4.
P(only the st correct) = P(lSt corr)OP(Znd incorr)
. P(3rd incorr)e P(4th incorr)e P(5th incorr)

= (1/4)(3/4)(3/4)(3/4)(3/4) = 81/1024
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73.

75.

7.

79.

81.

83.

85.

87.

89.

95,

P(only the 3d ang 4th guestions correct) =

RGN
4)\4)\4)\ 4)\4) 1024

P(none of the 5 questions correct) =

BRLEE

1024
P(bell on 1% reel) = 3/22

1050

1331

P(no bar/no bar/no bar) = @g](%)(%} _

1\ 2 2 1
P(ydlow/ydlow) = | = || = |=—=—
i y ) [8)(12) 96 48

P(not red on outer and not red on inner) =
8 5 5

128 12

P(no hit/no hit) = (0.6)(0.6) = 0.36

P(both hit) = (0.4)(0.9) = 0.36

a) No; The probability of the 1% depends on the
outcome of the first.

b) P(one afflicted) = .001

c) P(both afflicted) = (.001)(.04) = .00004

d) P(not afflicted/afflicted) = (.999)(.001) =

e) P(not affl/not affl) = (.999)(.999) = .99801

P(2 - same color) = P(2r) + P(2b) + P(2y)

o )ls )l s)

= | — — |+ — — | 4| — —
1019 1019 10\ 9

B2
90 90 90) 90 45

.000999

74.

76.

78.

86.

88.

90.

91.
92.
93.
94.

96.

P(all 5 questions correct) =
GGG

4)\4)\4)\4)\ 4) 1024
P(at |east oneis correct) = 1 — P(none are correct)

243 781
1024 1024

P(orange on all 3 reels) =
P(Or on 1Y)P(Or on 2™)P(Or on 3%) =

g2

10648 2662

- ()33 e
' 2 )\ 22 )\ 22) 10648

82.

P(red on outer and blue on inner) =
4,211 1
12 8 34 12
P(at least oneisred) = 1 — P(neither isred) =
_5_7
12 12
P(hit/no hit) = (0.4)(0.1) = 0.04

P(1% miss/2"™ hit) = (0.6)(0.4) = 0.24

a) P(Mrs. Jones# is selected) = (1/10)(1/10(1/10)
=.001

P(audit this year) = .032
P(audited next 2 years) = (.032)(.032) =.001024
P(audit/no audit) = (.032)(.968) = .030976
P(no audit/no audit) = (.968)(.968) = .937024
P(at least 1 yen) =
[ )ls ) )
= | — — |+ —_ —
1019 0/\9

EIOIOEX
90 90 90) 90 15
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o7. Blno di o) = 39)(38) 1482 98. The other card could be the ace or the queen and
- P(nodiamonds) = | — || — |=>-— = itis equally likely that it is either one.

52 J\ 51
The game favors the dealer since the probability of Thus, the probability the card is the queen is 1/2.

no diamonds is greater than 1/2.

99.  eee 100. P(3/3) = (3/6)(3/6) = 9/36 = 1/4
[ X ]
. coe P(212) = (2/6)(2/6) = 4/36 = 1/9 101. P(even or < 3) = 2/6 + 3/6 — 2/6 = 3/6 = 1/2
[ X ]
oo 102. P(odd or > 1) = 4/6 + 5/6 -3/6 = 6/6 = 1

Exercise Set 12.7

1. The probability of E, given that E; has occurred. n(E, andE,)
2. P(E, |E,)=

n(E,)
3. P& | El):mEnl(—Qll)Ez)=%=é 4. P(E, | El)=2—52
5. P(5|orange) =1 6. P(3|ye||ow) =0
7. P(even| not orange) = 3/5 8. P(>2 | < 5)=1/4
9. P(red|orange) =0 10. P(>3 | yellow) = 1/2
11. P(circle|odd) = 3/4 12. P(circle|>5) = 2/3
13. P(red|even) =2/3 14. P(circle|even) =0
15. P(circleor square| <4)=2/3 16. P(ci rcle] even) =0
17. P(5 | red) = 1/3 18. P(even|red) = 1/3
19. P(purple|odd) = 2/6 = 1/3 20. P(>4 |red) =1
21. P> 4 | purple) = 3/5 22. P(even | red or purple) =4/8 = 1/2
23. P(gold|>5) = 1/7 24. P(gold|>10)=0
25. P(1and 1) = (1/4)(1/4) = 1/16 26. P(1and 1) = /4
27. P(5|atleast a5) = 17 28. P(>5 | 2™ bill =10) =2/4=1%
29. P(sum = 6) = 5/36 30. P(6]1)=1/6

31. P(6|3)=16 32. P(even| 2™ die=2) = 3/6=1%



388 CHAPTER 12 Probability

33.

35.

37.

39.

41.

43,

45,

47.

49,

51.

53.

55.

57.

59.

61.

63.

65.

67.

69.

71.

P>7 |2™die=5)=4/6=2/3
P(Pepsi) = 107/217

P(Coke | woman) = 50/112 = 25/56

P(man | prefers Coke) = 60/110 = 12/22 = 6/11

P(girl) = 160/360 = 4/9
P(elephant | boy) = 110/200 = 11/20
P(boy | elephant) = 110/195 = 22/39
P(only tapes) = 133/300

P(DVD | < 30) = 60/120 = 1/2

P(> 30| both VTs and DVDs) = 21/43

P(Air Force) = 8833/27630 = 0.3197

P(acquitted | Army) = 434/5458 = 0.0795

P(Army | convicted) = 5024/26056 = 0.1928

300 10
P(gOOd) = ﬁ = E

P(defective | 20 watts) = B_3
9% 19

P(good | 50 or 100 watts) = 220 _ 44
235 47

P(ABC or NBC) = 110 = i
270 27

P(ABC or NBC | man) = 0 _10
145 29
11

P(ABC,NBC,or CBS | man = >

P(large company stock) = 93/200

34.

36.

38.

40.

42,

46.

48.

50.

52.

56.

58.

60.

62.

66.

68.

70.

72.

P(7 or 11| 1% die=5) = 2/6 = 1/3
P(woman) = 112/217

P(Pepsi | male) = 45/105 = 9/21 = 3/7
P(woman | prefers Pepsi) = 62/107
P(child selected lion) = 165/360 = 33/72
P(lion| girl) = 75/160 = 15/32

P(girl | lion) = 75/165 = 13/33 = 5/11

P(> 30) = 180/300 = 3/5

P(both VVTs and DVDs| > 30) = 22/180 = 11/90

P(>30| VTsonly) = 94/133

P(acquitted) = 1574/27630 = 0.0570

P(convicted | Navy-MC = 12866/13339 = 0.9645

P(Air Force| acquitted) = 667/1574 = 0.4238

P(good |50 watts) = 100 :@
105 21
P(good | 100 watts) = 120 - 12
130 13
P(defective | not 50 watts) = 2 l
225 9
P(ABC | woman) = S0 _2
125 5
P(not CBS| woman) = 105_21
125 25
6
P(NBC or CBS | Woman) = ~2 - &
125 25

P(value stock) = 73/200



73. P(blend | medium co. stock) = 15/52

75.a) n(A) =140 b) n(B) =120
c) P(A) =140/200=7/10
d) P(B)=120/200 = 6/10 = 3/5
o P(a|p)= NBNIA) 80 _2
n(B) 120 3
nAandB) 80 4

(1313

P(A[B)  P(A)eP(B) 3%5

A and B are not independent events.

78. P(greencircle | +) =13
80. P(yellow circle | -) =13

82. P(green or orange circle | green+) =1

Exercise Set 12.8
1. Answerswill vary.
3 n=nnh-)(n-2)- - - 3.-2:1

5. The number of permutations of n items taken r at
atime.

n!
(n—r)!

9. 6! =720

7. W R =

6

6!
11. P,=—=65=30
4

13. 00 =1

SECTION 12.8 389

74. P(large co. stock | blend stock) = 23/50

n(E,and E,)
— P(Eland Ez) _ n
76. P(E,|E) = ME) = HE)
n
_ n(E;and E,) L n(E,and E,)
) n n(E) n(E)
- ey (ETIE)
77.3) P(A|B) = n(i?:;A) - %‘142=o.3
b P@E (A = NATIE)_012_,,

n(A) 03
c) Yes, P(A) = P(A | B) and P(B) = P(B | A).

79. P(+ | orange circle) = 2/3
8L P(green+ | )= 13

83. P(orange circle w/green + | +) =13

2. Answerswill vary.
4. Multiply the counting numbers from n down to 1.

n!
n!'n,!-.n !

8. Yes, because Ol =1 =1

10. 8! =40320

|
p=2_5.4=20

12 =2

|
14 BPA:EZ 605.403: 360
2!

5!
5Po'§_
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17.

19.

21

23

25

28

30

32.

34

36

3

L]

41

43

45

|
QPA:%:9-8-7-6:3024
5!

|
8P5:§=8070605'4= 6720
3!

. (10)(10)(10)(10) = 10000
.a) (26)(25)(24)(10)(9)(8) = 11,232,000
b) (26)(26)(26)(10)(10)(10) = 17,576,000

.a) 5 =3125

b) —L_ = 000032
3125

. 7965 =210
.a) 5! =120 b) 5! =120
| | -
b BB _B765
8-3! b5 5l

. 10" = 10,000,000,000 possible ISBN numbers

.a) 8! =40320
b) 3e6!e2 = 72006 = 4320
C) 5e4e6! = 14400
. (26)(10)(9)(8)(7) = 131,040
. (10)(10)(10)(26)(26) = 676,000

. (5)(4)(8)(26)(25) = 104,000

.a) (8)(10)(10)(10)(10)(10)(10) = 8,000,000
b) (8)(10)(10)(8,000,000) = 6,400,000,000

0) (BI0(10)(®) (10°) )= (64) (10%)
= 64,000,000,000,000

4
18, P= =4=24

|
20. =12 _10.9.8.7-6-5-151200
4

22. (8)(7) =56

24. a) (36)(36)(36)(36) = 1,679,616
b) (62)(62)(62)(62) = 14,776,336

26. 10° =1,000, 000,000
27. (34)(36)(36)(36)(36) = 57,106,944

29. 8109 = 720 systems

31.a) 6/ =720 b) 5! =120
) 4l=24 d) 5!e5 =600
| | 7.
33 8p3:L _ 8 _ 8765 ..
(8-3)! b5l 51

35.a) There are 12 individuals and they can be

arranged in 12! = 479,001,600 ways
b) 10! = 3,628,800 different ways
c) 5! 5! = 14,400 different ways

37. (26)(25)(10)(9)(8)(7) = 65095040 = 3,276,000

38. (26)(26)(10)(10)(10)(10) = 6,760,000
40. (4)(25)(10)(9)(8)(7) = 504,000

42. (10)(9)(8)(26)(25) = 468,000

44. (9)(9)(8)(26)(25) = 421,200

12! _ (12){12){10)(9)

46. ,P,= = = =1,320
! ]
47 p o 18! (15)(14)(13)(12)(11)(20)(9)

15 6 9| o]
= 3,603,800
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48. Sincethe order of the answers isimportant, thisisa 71 71
49. .P,=—=—=71=5040
. 10! 10! 7T o0 1
permutation problem. | P, = ————="—
(10-10)! 0!
= (L0(9E)(T)(B)E)NA)B)()(D) = 3,628,800 50. QPR =3 =729 ways
51. (5)(4)(7)(2) = 280 systems 52. (5)(2)(6) = 60
| |
53, P, = - =9l = 362,880 5, 20! _ 3628800 _ g7 5y
0! 212! 4
| |
55, 2t = 479001600 _ 4 563509 56. X _34 650
41312! (24)(6)(2) 414121
| | |
5 7 _(DEO@EQW _ s 1L _(DOGA@E) _ 00
212121 OO0 312! BY2O
(Thereare3 2's,2 3's)
59. The order of the flagsisimportant. Thus, itisa 60. The order of the flagsisimportant. Thus, itisa
permutation problem. permutation problem.
1 | =30 =
p = 8! 8! 40320 _ 6,720 Ps = 3°=59,049

&5 (8-51 31 6

61.a) Since the pitcher must bat last, there is only one possibility for the last position. 1
There are 8 possible batters | eft for the 1st position. Once the 1st batter has been selected, there are
7 batters |eft for the 2™ position, 6 for the third, etc. @@M®e0a @B =40,320

b) 9! = (9)(B)(7)(6)(5)(A(3)(2)(1) = 362,880

62. a) Since each arrangement is distinct, thisisa 62. b) Consider the possible arrangements as indicated
permutation. Many problems of this type can be by thedashes. = Thereisonly one
done with both the counting principal and the possibility for the middle position. 1
permutation formula. After the middie oneis placed there are 4
counting principal = (5)(4)(3)(2)(1) = 120 possibilities for the 1% position, 3 for the 2nd,
] 5l 5l 2 for the 4th, and only 1 for the final position.
permutation formula= P, = 651 o 120 4 (3) (D) (2 (1) = 24
63.a) 5° = 3125 different ways 71
b) 400,000 + 3,125 = 128 cars 64. P,+1= Z+1=7-6-5+1=210+1=211
128 1 | 7-6-5-4-3- I
©) 400000 3125 0.00032 65. P, = % = w = 2,520 different

|etter permutations
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!
66. % =420, Time=420 x 5 sec. = 2,100 sec.

or 35 min.

8. AOOOOOOB
17 26 35 44 53 62 7-1
7+6+5+4+3+2+1 =28
(28)(2) = 56 tickets

Exercise Set 12.9
1. The selection of a certain number of items without
regard to their order.

5. If the order of the itemsisimportant thenitisa
permutation problem. If order is not important then it
is a combination problem.

2 c=_5 _0OAHBRO _,,
7 (5-913 QMWE)(M
_ 6 _(9)(
9.a) 6C4_ M= (2)(1) =
6 6l

) Pi= (5= 1= (6)(5)(4)(3) =360

11.8) C,= %: 1
__8 _8_
D) o= o B
13.9 C.= 10 _A9QET) _ 0
"0 713 (7))
) 1P = o = QOO _75

(10-3)! 7!

67. No,Ex. P, # Py,
3 3
_i_
12

because 6 # 3

69. 25 stops  24+23+22+21+20+19+18 = 172
172-25 =147
17+16+15+14+13+12+11+10 = 108
9+8+7+6+5+4+3+2+1 =45
147+108+45 = 300 (300)(2) = 600 tickets

2. The number of combinations possible when r items
are selected from nitems.

6. There will be more permutations.

8. C = "o (7)(6)—21

T2 5120 (2)

10.8) C,= 8 _B)_

6121 (2)(1
_ 8 8 ~
b) o> = @2 6l =(8)(7)=56
_ 121 (12)(11)(10)(9)(8!) _
2L T m@een
b Jpz 1212
8T o8 4
= (12)(11)(10)(9)(8)(7)(6)(5) = 19,958,400
g - -8
05! 5l
5 5l

b) 5P5= ﬁ=T=120



5
15 5C3 = 2|3|:£ o! j[gj:lzl
P 5 (23)ls1) 3 6
21
8!
Cs_ 3151 _( 8 (621 6
1 ZP5 - 8!{3!5!]( 8! j_ﬁ_z
6!2!
ol
1o o _ 41 _ Q@66 144 _
oG, 100 1007 2
6141 (93O
1 o o 9 _ (@76 _504 _
T9T6 3181 (3(QW)(6!) 6
51
S TR
s o o 100 _(190@)7) _

27. C.=

047 6141 (HEEO

9 _ QOO _, .6

95T 4151 (4)(3)(2Q)
29 _ 120 (12000 _ 4o
CRT8 481 (93O
a1 c = 100 _1909 _,.

33. .C

0787 2181 ()

_ 8 _ O _ g tickets
827 6121 (21

84 ways

SECTION 12.9

393

6!
6Ca_ at2r_( 6! Y4 _1_1
P e _£4!2!)(6!j_2!_2
41
6!
18. ﬁ=@=}=l
o 81
810!
71
R 1
20. 700—1—1—1
710!
oo o o 200 _(2009@89A7) .0
T3 @O
oo B DO _
S8 B3l (321
% c.-100_(100O
ST (3
s c o 24 _ ()@Y _ L, e
LA 4201 (HB)QEA) '
30. C = i:—(e)(s) =15
e T 214 (2
32. C,* C=
[ ol )( 6! j: Q@@ (8)5)] _ 160
613 )L412t) { M\ (2)(1)
34. Partl: 5C3= %=—((2))((‘11)) =10
Part1l: gCq= %=—gg =15

10- 15 = 150 possible combinations
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35. ,C0 C=

() ) 9 e

_ 8 _ (876 _

35 (M)

_ 5 _ (54 _

MPTETRNCTN
(56)(10) = 560 different choices

37. Mathematics:

Computer Sci.

39. Teachers: gCp = % (6)(5)
@0
Students: Caz 50! (50)(49)(48) 19600
ST e 3

(2)(19,600) = 294,000 ways to select the comm.

41. C,* .C~
£5,3J£312J (a0 | i |
s

©®)5)(4) [ (5 (4)(3))
[<3><2><1>][<2 J[<z><1>)‘12°°

43. ¢

100 (10)(9)
45.8) 10Cg= ——= =45
)0 e @)
10! (10)(9Y) 10!
—_— = =10 C = —=
D) 1080 10 ) (o) 07 q01
10Cg+10Cq + 10C10 =45+ 10 + 1 =56

36. ,,.Cs® Co=

(om0 w@a)

=17,640

10! _ A0)9)@E)(N(6) _

515 5)(4(3(QQ)
_ 7t _(MOe6 _

413 (30
(252)(35) = 8,820 ways to select the soda

38. Regular soda: 19Cs =

Diet soda:

_ 6 _ (664 _

40. Difficult questions: Cz =
33 QW)

Average questions.  1oC4 =
10! _ Q0@ _
6!4  (HR)QQ)

121 (12)(11)(10)

9231 QW

Total number of 10-question tests = (20)(210)(220)
= 924,000

() (e 20 e

VT

(7)(6)(5) (8 ) (4) (3) B
((3)(2)(1)j((3 )J[(Z)(l)]—llmo

Easy questions: 15C3z =

42. ¢

46. a) 4Cr=6
b) 5C2 =10
) nC2



47.3) 1

b) 1 5 10 10 5 1
49.8) 4 =24 b) 4 =
50. C_ = k = k
LT T (e (nen))t(ner)t  (nener) ()
_ n_n
S o)l (nn)tn nCr

Exercise Set 12.10

no. of 4 red ball comb. _ ¢C,

1. P(4 red balls) =

no. of 4ball comb. ~  C,

no. of 3vowel comb. _ 5C;
no. of 3 letter comb. C

3. P(3vowels) =

5. P(all 7 are Palaminos) =

no. of 5 Palamino comb. _ 1,Cs

no. of 5 horse comb. 18Cs

7. P(none of the 9 are oak) =
no. of 9 non-oak comb. _ ;,Cy

no. of 9 treecomb. 20Co
9 = i = —(5)(4) =
' 2131 (2))
_ 996 _
6!3! (3)(2Q)
P(3 reds) = E = 3

84 42

SECTION 12.10

48.a) ,C, = 43?; =9,366,819
b) ,Cs= 41'76 =10,737,573
0 4,5Cs= 4;186 =12,271,512
d) ,Cs= 4:?6 =13,983,816
e) No

45. a) The order of the numbersisimportant. For

395

example: if the combinationis12 - 4 - 23, the
lock will not openif 4 - 12 - 23 isused. Since

repetition is permitted, it is not atrue
permutation problem.

b) (40)(40)(40) = 64,000

¢) (40)(39)(38) =59,280

no.of girls  14Cy,

no. of students 2Ch

2. P@l girls) =

C
4. P(3 aces) = 3 aces of 3 cards _ 3%
no. of 3 letter comb. C

6. P(4 dancers have college degrees) =

no. of 4 college degrees  ,,C,
no. of college degs. C

80 T4

8. P(noneof the9 are T-1) =

no. of non-October b-days  ;,C;

no. of 3 person groups 16Cs

3]
10. 3Co= 1. =3

_ 6l _(6)E) _
27 a2 Q@

P(2 evens) = — =

3.1
15 5
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11 o= 8 _ OO
8T 35 320

_ 14 149(13)(12AN10) _

14Cs

S5190 (5AEBEQO
P(5 men’s names) = %‘?2 = %

13. 5C3= i:%:m

723 20
_ 10t @A0)©9)E) _
102372137 (3320 =120
~10_1
P(3 greater than 4) = 20" 1
15. 6C3: izwzgo
313 WO
_ 1 (1909
U= a3~ @on
P(all from manufacturing) = 20 = 4
165 33
17. ,.Cs =%= 9,366,819 C, =1
. o 1
P(win grand prize) = —9' 366,819
19. 3Gy = 33 = 2 0By,
12! 3121 (2O

P(no cars) = 3
10

3

21. P(atleastlca)=1-P(nocars) =1—-1-—=—
P( ) P( ) 10°-10

b o 4O
2121 ()
L8Oy,
6121 (20
P(two $5 billg) = > = >
28" 14
_ 6 ()0 _
W=~ on "
_ 10" 20)9)E)(7) _
047 54~ @EE®
. 15 3 1
P(all 4 ride Huffy) = 011

16.

18.

20.

. 2Cl

Caz B _ODOE

4141 (D320
15! _ (1504)139(12) _ 4
4 (9RO

70 2

P(4 students) = ——=—
1365 39

15C4 =

_ 52! _ (52)(51)(50)(49)(48)
4715! B@AEPO
= 2,598,960

26! _ (26)(25)(24)(23)(22)

B@AEBD
65700 253

2508960 9996

52Cs

=65, 700

Ce = =
257 51151

P(5 red) = 0.253

2! _5_O@_,,

2C2= g5t T332 Q0

P(both cars) = 1
10

2 _ 3 _ 51
“nno 2 LTgTe LTt

P(exactly on car) = E:E:§
10 10 5

10
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|
2. _ 6! (6)(5)(4) _20 24, 15C3 = 15! (15)(14)(13)
S 33 90 12131 (39(Q®
|
25C3 = 251 = (25)(24(23) = 2300 P(no pitchers) = ﬁ = ﬂ
3221 (320 2300 460
P(3infielders) = 20 _ 1
2300 115
10! 6! 10! 9l (9)(8)
25. 10Co = =45 Ci=——=6 26. 10C1 = =10 Co= — ="~ —
1027 gro1 17 B 10417 5y 27 727 20
. L. 45)(6 27
P(2 pitchers and 1 infielder) = N _ 27 P(1 pitc. and 2 non-pitch/non-inf) = 106 _ 18

2300 230 ' 2300 115

|
For problems 27 — 30, use the fact that 39Cq1o = % = 3,910, 797,436

27. —£—646 646 29 C :ﬂ—J.Z 376
22C12= 5o =646, L 17C6= 175, =12
P(all women) = — 220048 _ 4 5001653 29Ce= —22- _ 74,613
3910797436 1616!
22I 12376) (74613
28, 2208 = —a-= 319,770 P(6 men/6 women) = (oo (74613) oo
418! 3910797436
C ﬂ =2,380
1A= 134~ ° 30. P(at least one man) = 1 — P(no men)
P(8 women/4 men) = (319770)(2380) _ 0.1946 D1l o)
= 3010797436 =1-0.0001653 = 0.9998
|
For problems 31 — 34, use the fact that 15C5 = 150 _ EICUICOICIC =
10!5! B)DHEB)PO
4! 6! _ (6O 5! 4
31l 4C3=——=4 Co=——= =15 32. 5C4=—=5 Cl=—=
43 31! 6-2 4121 (21 54 411! 41 31!
. . 5)(4 20
P(3inFL/2inVA) = (45 _ 60 _ 20 P(4inKY/linFL) = (OIC
3003 3003 1001 3003 3003
| | |
33 500z 2 OB 15 o2 Ay a1, oCs= 2 - O@ME) _
2131 (21 311! 5141 (4)(3)(2)()
|
co=-0 = ©O) 5 P(no VA) = 222
2141 (2@ 3003
P(>1VA) = 1- P(no VA) =
. . . _ (10)(4)(15) _ 200
P(LinFL/2inKY/2inVA) = 003~ 1001 . 126 3003 26 2877 137

3003 3003 3003 3003 143



398 CHAPTER 12 Probability

11! _ ADd9©)@E@) _

For problems 35 — 37, use the fact that 11Cs =
65! (5)(4)RW

_ 6 51 1
35. gCs = E_G 36. 5Cg = ﬁ_l P(no women first) = 00
- firg 6 1 P(at least 1 woman 1st) =
(G womenfirs) = 2> =7 1 42 1 46l

462 462 462 462

37. Any one of the 6 women can sit in any one of the 38. P(3 women and then 2 men)
f|veseats-30possblllt|§§. ] [GcaJ{SCZJ _ (EJ[E]=£
P(exactly 1 woman) = — = — C C 165/)\28) 231

( y ) = 60 77 173 )\ 82
| |
39. ,,C, =i—134 596; ,C,=1 40. 4C3= A 4 4Co = AL
18!6! 113! 2121 (@)
| =
.Gy = 211 1330 and from problem 9, 5,Cg = 2,598,960
18!3! ] ) 46 1
C,,, C, (1)(1330) P3kings 2fIve's) = coe060 ~ 108290
P(3 brothers) = 23 2 3 =0.00988
24Cs 134596
|
41. 7Cg= 7— (7)(6) =21 and from problem 9, 5,Cg = 2,598,960
2150 (2@
21 1 4 1
a) P(roya spadeflush) = = b) P(any royal flush) = =—
) Plroyal p ) 2598960 123,760 ) Plany roy ) 123760 30,940
42.
43, 3) (4C2)(402)(44C1) 1584 33
(6Ce)(22Ca) (sC2) | _ ' _C. " 2508960 54,145
25 CQ ) 33
(8)(7)(6)12LH(0)(Q)(5)(4) _ 277200 P2 aces/2 dother card. - aceor 8) = ) e
R R)(2)(2) 2042975 b) P(aces of spades and clubs/8’s of spades and
P(3 waiters/4 waitresses/2 cooks) = 0.1357 clubs/9 of diamonds) =
5o )ai &) 2
52 )\ 51\ 50\ 49/ 48) 2,598,960
“ (3E J(—J(—J(EJ(J HHEEHEEG
6 2 15){14){13)\12 ){11){ 10 )\ 9)\ 8
45. @)
) 1 1 _ 120 _ 1
WS 0 20 E 10 250450200 2,162,160

b) P(any 3 of 8 for officers) = @N©) 1
2162160 6435
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46. Given any four different numbers, there are
(@) (3)(2)(1) = 24 different ways they can be
arranged. One of theseisin ascending order.
Thus, the probability of the numbersbeing in
ascending order is 1/24.

47. Since there are more hairs than people, 2 or more
people must have the same number of hairs.

Exercise Set 12.11

1. A probability distribution shows the probability associated with each specific outcome of an experiment. Ina
probability distribution every possible outcome must be listed and the sum of all the probabilities must be 1.

2. Eachtrial hastwo possible outcomes, success and failure. There are n repeated independent trials.

3. P(x) = nCXqun_x

4. pisthe probability of success, q=1—p isthe probability of failure.

5. P(2) = 4C,(0.3)?(0.7)*? = %(.09)(.49) = 0.2646 6. P(2) = 4C,(0.6)%(0.4)* 2 = %(.36)(.4) =0.4320
7. P(2) = 5C,(0.4)%(0.6)° % = %(.16)(.216) = 0.3456 8. P(3) = 5C3(0.9)%(0.1)* 3 = %(.729)(1) =0.729

P(0) =¢Co(05)°(0.5)°°

|
= %(1)(.0156252) = 0.015625

10. P(3)=5C5(0.4)%(0.6)* % = %(.064)(.36) =0.2304

11. p=0.14, q=1-p=1-0.14=0.86
a P(x) = ,Cy(0.15)*(0.85)"*
b) n=12,x=2,p=0.14,9=0.86
P(2) = 1,C,(0.14)%(0.86)"* 2

12.8) P(x)=,Cy(0.0237)*(0.9763)"

b) P(5) = ,Cs(0.0237)°(0.9763)°°

P(1) = ¢C4(0.3)*(0.7)%*
13. 6l
= 15;(10081)(49) = 0.05954

P(2) =4C,(0.96)°(0.04)° 2
15. 3

= oy (9216)(:04) = 0.1106

P(4) = ¢C4(0.92)*(0.08)°*
6!

17. =
4121

(.7164)(.0064) = 0.06877

P(5) = ¢C5(06)°(04)>°
14. 8l

= 55 (07776)(.064) = 0.27869

P(4) = ¢Ca(08)"(02)°
16. ol

= 151(1096)(:04) = 0.24576

P(2) = 4C,(0.01)%(0.99)* 2
18, 4

|
= ——_(.0001)(.9801) = 0.000588
2121
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P(4) = C4(8)"(2" P(0) = 4Co(-25)°(.75)*"°
19. 5 20. a) a
=1 ——(.4096)(.2) = 0.4096 = Z(1)(.3164) =0.3164

b) P(at least 1) = 1 — P(0) = 1 —0.3164 = 0.6836

_ 0,n 1\5-0 3,2
g P 7 50508 R
= & (1)(01024) = 001024 5 1omy(25) = 3125
b) P(at least 1) = 1— P(0) = 0.98976 X .
b P(3) = 503(%) (%8)
- %(.015625)(.5625) - 0.08789
INLCRREE g " = AT
e) .
%(.01229)(.45517) =0.11188 3|2|( -343)(.09) = 0.3087
- o 4 b) P(at least 3) = P(3) + P(4) + P(5)
P(2) = ¢C2(8) (B) = 0.3087 + 0.3602 + 0.1681
b) . = 0.8370
= 51 (10625)(:3164) = 0.20663

25. The probability that the sun would be shining would equal 0 because 72 hours later would occur at midnight.

Review Exercises

1. Relative frequency over the long run can accurately be predicted, not individual events or totals.

2. Rall the die many times then compute the relative frequency of each outcome and compare with the expected
probability of 1/6.

o 8 1 4. Answerswill vary.
3. P(mountain bike) = —==
40 5
80 2 5 1
5. P(watchesABC) = —=— 6. P(even) = —=—=
3 ) 200 5 Pleven) = 10 2
7. P(oddor>5)—i 4_2_7 8. P(>20r<5)—1 S 2 10,
10 10 10 10 10 10 10 10
9. P(evenand > 4) = E—l 10. P(Grand Canyon) = 0_5
10 5 240 24
.40 1 12. P(Rocky Mtn. or Smoky Mtn.) =
11. P(Yosemite) = 220°% 3 45 80 1

240 240 240 3



13. P(not Grand Canyon) = 190 _19

240 24
16. P(wins Triple Crown) = 8_35

18. @) E = P(win $200)*$198 + P(win $100)*$98
+ P(lose)e(-$2)
= (.003)(198) + (.002)(98) — (.995)(2)

=.594 +.196-1.990=-1.200 > -$1.20
b) The expectation of a person who purchases three

tickets would be 3(—1.20) = -$3.60.
¢) Expected value = Fair price — Cost

—1.20 = Fair price—2.00  $.80 = Fair price
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14.9) 911 b) 1:9

15. 5:3

17. 7.3

19.8) E., .., = P(pic. card)($9) + P(  pic. card)(-$3)

= P(pic. card)(—$9) +P(  pic. card)($3)

=_—27+@ =~ $0.23
13 13 13

b) ELi ndsey

¢) Cameron can expect to lose (100) (%) =~ $23.08

20. E = P(sunny)(1000) + P(cloudy)(500) + P(rain)(100) = 0.4(1000) + 0.5(500) + 0.1(100) = 400 + 250+10

= 660 people

21.a)

A

A

A —
[0kl Nelnl-Nelol - Nelokal

b) Sample space:
{TJTG,TCJT,JG,JC,GT,GJ,GC,CT,CJ,CG}
¢) P(GinaisPres. and Jake V.P.) = 1/12

23. P(even and even) = (4/8)(4/8) = 16/64 = 1/4

25. P(outer odd and inner < 6)

= P(outer odd) P(inner < 6) = 45.1
88 2

27. P(mnerevenandnotgold)—i E_Z:E+ﬂ
2 8 8 2 8

29. P(all 3 are Hersheys) = S5 43_€6 1

121110 1320 22

22. )

b) Samplespace.
{H1,H2,H3,H4,T1,T2,T3,T4}

¢) P(headsand odd) = (1/2)(2/4) = 2/8 = Y4

d) P(headsor odd) = (1/2)(2/4) + (1/2)(2/4)

=4/8 +2/8=6/8=23/4

-Pwl\!v—#b)l\)—

24. P(outer is greater than 5 and inner is greater than 5)
= P(outer is>5)- P(inner is>5) = 33_9
88 64

26. P(outer iseven or less than 6)
= P(even) + P(< 6) — P(even and < 6)
4 5 2 7

_+_ a—
8 8 8 8
28. P(outer gold and inner not gold)
-(e)e)( 3
8/)\8 4)\4) 16

30. P(none are Nestle) = 8 7 6 33 _14

121110 1320 55
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31. P(at least oneis Nestle) = 1 — P(none are Nestle) 32. P(Hershey and Hershey and Reese)
14 55 14 4 _543_60_1
55 55 55 55 12 1110 1320 22
33. P(yellow) =1/4 34. Oddsagainst yellow 3:1  Oddsfor yellow 1:3
35. $5 for red; $10 for yellow; $20 for green 36. P(red, then green) = P(red)P(green)
P(green) = ¥5; P(yellow) = ¥4 P(red) =% =(1/4)(1/2)=1/8

EV = (U4)(5) + (1/4)(10) + (1/2)(20) = $13.75

37. P(not green) = 1/4 + 1/4 + 1/8 = 5/8 38. Oddsin favor of green 3:5
Odds against green  5:3

39. E = P(green)($10) + P(red)($5) + P(yellow)(—$20) 40. P(at least one red) = 1 — P(none are red)

= (3/8)(10) + (1/2)(5) — (1/8)(20) = 1- (U2)(1/2)(1/2) = 1-1/8 = 7/8
= (15/4) + (10/4) — (10/4) = 15/4 > $3.75

41. P(< 6 defects | American built) = 89/106 = 0.84 42. P(< 6 defects | foreign built) = 55/74 = 0.74

43. P(> 6 defects | foreign built) = 19/74 = 0.26 44. P(> 6 defects | American built) = 17/106 = 0.16
45. P(right handed) = @:é 46. P(left brained | Ieft handed) = 2 3
400 40 170 17
47. P(right handed | no predominance) = @=§ 48. P(right brained | 1eft han anded) = 120 _12
80 4 170 17
49.8) 4 =(H(3)(2(1) =24 50. # of possible arrangements = (5C2)(3C2)(1C1)
b) E= (1/4)(10K) + (1/4)(5K) + (1/4)(2K) 3l 1 (5)(4)(3)
+ (1/4)(1K) = (1/4)(18K) = $4,500.00 = (3, 2,}(1, 2,)(—j W =
10! ) _ 997" _ _ 9 (9@ _ _
o1 1003= (. ”(7!3!)‘ DEE T T A A
53, gCz= & —OO@ 54.5) 15C10= 5 _ 1909AIA2AY _
33 (3(2M stior (9MEAWEOO)

b) number of arrangements = 10! = 3,628,800



55.a) P(match 5 numbers) =

52Cs
_ 1 451 1
~ 50! 50! 2,118,760
4515]

b) P(Big game win) = P(match 5 #s and Big #)
= P(match 5 #s) LIP(match Big #)

- (;j (ij Lt
2118760 )\ 36, 76,275,360

4
4Co 2121

58. P(two aces) = e
5Cy 521

50! 2!

_( 41 j[SO!Z!j _ 1
2121) | 52! 221
61. P(15t red, 2Nd white, 3'd blue)

(@)E)E) =

10)lo)l8) 24
63. P(3N&WRs) =
51
sC3 3121 5311 (5B 5

uCs 141~ 3121141 (14)(13)(12) 182
311

8l
gCs _ 315/ _ 8!3111!
C. 14! 3i15114!
143
65. 3111
_ (M) 336 2

T (1413)(12) 2184 13

68. n=5,x=3,p=1/5q=4/5

P(3) = 5C3 (%T (gjz = 10(%)3 [%)Z =0.0512
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56. (8C2)(10C4) =

( 8! j( 10! j_ B)(NA9YAEB)(7) _
6!121)6141)  (2DAOB)(2Q)

5880 combos.

57. (8C3)(5C2)=

( 8! J( 5! j= OMOE@ _
51301 2131~ (3OO

59. P(all three are red) = (%j (gj (gj - 1_12

60. P(1st 2 are red/3'd is blue) = (%) (ﬂj (Ej -1

62. P(at least onered) = 1 — P(none are red)
(D
10/ 9/ 8

64. P2 NWs& 1 Time) =

12 12
(6C2)(3C1) (;;Jj(lilj

uCs 141
311!
_©®0O)OQ)F)@)OD) _ 45

T (2()(14)(13)(12) 364

66. 1- 2=
13 13

67.a) P(x)= ,C, (0.6)* (0.4)™

b) P(75) = 100C75(0.6)">(0.4)%

69.8) n=4,p=0.6,0=04
P(0) = 4Co(06)°(0.4)*
= 1)1)(0.4)" = 0.0256
b) P(at least 1) = 1— P(0) = 1 — 0.0256 = 0.9744
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Chapter Test
2 11
1. P(fishing for bass) = — =—
~ g ) = 30 15

3. P(odd) = gz 0.55

5. P(odd and > 4) :g = % ~0.33

7. P(both even) = 43111
98 32 6
9. P(neither > 6) = -55.15_5
98 34 12

11. 1die (6)(3)=18

12.

Sample Space

M

M A

QUNEWNR— AR W= AU —
@
S

13. P(blueand 1) = 1
18

19. E = P(club) ($8) + P(heart) ($4)
+ P(spade or diamond) (—$6)

S

8.4 12 oo
4 4 4

. 120 60
20.d) P(GW Bridge | car) = —=—
9 M g | )= 214 107

2
2. >7N==-=022
>7-= 9~
4. P(>4) = Zz .78
9
43 12 1
6 bOth>5:——:—:_
3 ) 98 72 6
8. P(1st odd, 2nd even) = Ef:El:i
98 92 18

10. P(red or picture)
= P(red) + P(picture) — P(red and picture)
_26,12 6 _32_ 8
52 52 52 52 13
3 1_8

14. P(blueorl)—E +———= _4
18 18 18 18 9

15. P(not red or odd) = — 12 9_6_15.5

18 18 18 18 6
16. Number of codes = (9)(26)(26)(10)(10) = 608,400
17.d) 54 b) 5.4

18. odds against Aimee winning are 5:2 or
5_5/7 P(not winning)
2 217 P(winning)
Therefore, P(Aimee wins) = 2/7

214 107
456 228
230 115
456 228
136 68
230 115

20. a) P(car) =
b) P(Golden Gate) =

¢) P(SUV | Golden Gate) =

6 6l
21 gPy=—-=2=654=120
(6-3) 3



22. P(neither isgood) =

24. 7C3=

431 (32

_ 5 _OM@W_4,
T 320 QW)

8 7.
20 19

(OO _ 4

2
5

714

1

10C5 = 7!5!

P(3 red and 2 green) =

Group Projects

9

95

12! _ (1219199)® _ 4,
G@#R)2O
(35)(10) 350 175

792 792

792 39

1. 0 because no measurement is exact.

2.8 0.30199
f) They should be the same.

3.a) 10° = 100,000

3125

b) 0.10737

b) 5°=3125

g) same likelihood

c) 0.89263

1
©) Zom
3125

23. P(> 1 good) = 1 — P(neither -good) = 1- ==

25. (0.1)(0.1)(0.1) = 0.001
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14 81

95 95

(0.1)(0.1)(0.1)(0.9)(0.9) = 0.00081

573 7 3121

@0

(10)(.00081) = 0.0081

d) 0.00000

d) 3125

h) More5 digit codes are available.

5 _O@W_,

e) 0.30199

e 3125





