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THE REAL NUMBER SYSTEM

1.1

SOME SETS OF NUMBERS

Y ® NN D

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.

15 is a natural number, whole number, integer, ratio-
nal number, and a real number.

—2 is a rational number and a real number.
1800 10. 432,800
2460 11. 433,000
—3800 12. 430,000
54,000 13. 24.37
328,000 14. 0.1
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2 <3;2 — 3 = —1 negative

5> 3;5— 3 =2 positive

—4 <7; —4 — 7 = —11 negative

9> —7;9 — (—7) = 16 positive

—3> —8; =3 — (—8) = 5 positive
—15< =7; =15 — (—7) = —8 negative

15.
16.
17.
18.
19.

33.

34.

35.
36.

37.

38.

39.
40.
41.
42.
43.
44,
45.
46.
47.

-7 . . .
% is an irrational number and a real number.

. 0 is a whole number, integer, rational, and real

number.
13.74 —\7
—42 8’ N
23" 21. [0| =0
30 22. [4—7|=|-3|=3
[15] = 15

V7

2. ‘
8

2 1
3< >

negative

(D=t (D=
—7 < —Ybecause —5 — (—3) = —2 which is
negative

0.7 >0.5;0.7 — 0.5 = 0.2 positive

—2.1 < —2.0 because —2.1 — (—2.0) = —0.1, which
is negative

[2.3| < |—4.1| because |2.3] — |—4.1| = 2.3 —

4.1 = —1.8, which is negative

|—5.1| < |3.7| because |—5.1] — [3.7]| = 5.1 —

3.7 = 1.4, which is positive

Commutative law for addition (CA)
Associative law for multiplication (AM)
Commutative law for multiplication (CM)
Distributive law (DL)

Associative law for addition (AA)
Distributive law

Identity element for multiplication
Multiplicative inverses

Additive inverses
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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.

Commutative law for addition
Associative law for multiplication
Identity element for addition
Additive inverse of 91 is —91.

8

-V2

1

3

Multiplicative inverse of § is 2.
1

5
2 _ 2
V2 T V2
7

3

. P I |

The reciprocal of —51is =5 = —s.
— 2

- 1

.S
[
S

NN

The reciprocal of } is 1J; =2,

Sle

. 17 . 1 _
The reciprocal of 5 is 75 = 1 X

B glw

—~

|
S

The reciprocal of 2 is 5= = 1 X
16 -8+4=16—2=14

16 +-8+2=2+2=4
24+3—-10+-5X8+2=24+3-2X8+2=
24+3—-16+2=27—-16+2=11+

2=13

13X7—-26+5+5=91—-52+5=
85.8 +5=90.8
(7-2)—-3+8—7)=5—-(11—-7)=5—-4=1

7—-2—-3+8-7=5-3+8—-7=
2+8—-7=10—7=3
7X3+5X2=21+10=31
6X4—3X5=24—15=9
{-6-068-49)+0B-7)]-(4-2)}t=
—5-4+(-4)]—-2=—-[1+(-4)]-2=
—[-3]-2=3-2=1
(14+3(8—6)+4(9—5)=14+3 X2+
4X4=14+6+16=20+ 16 =36

Press (—) 39 — 72.Theresultis —111.

Press (—) 56 — (—) 344.The result is 288.

(a) Press243 + ( (=) 691 + 89 ) .'The result
is —359.

(b) Press ( 243 + (=) 691 ) =+ 89.The result
is —359.

(@) Press (—) 41 ( 63 + (=) 177 ) .There-
sult is 4674.

(b) Press (=) 41 X 63 + (=) 41 X

(=) 177. The result is 4674.

(@) Press ( (=) 342 + (=) 18) X 91.The

result is —32760.

(b) Press (—) 342 X 91 + (—) 18 X 91.
The result is —32760.

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.

CHAPTER 1 The Real Number System

(a) Press3 = 7 X 7 = 3. Theresultis 1.
(b) Press (—) 3 = 11 + 3 + 11.The
result is 0.

25.3

25.3

—15.48

467.4

386.2

301.8

=5, —l4], =3, 55 5, | -8

V7, -, -V2, V7 - V2,5, 7,2
(@) 5in, (b)3in, (c) = 0.0625in.
>h=0.75h,13h = 1.5h,25h = 2.25h
|[—19.4 — (—16.8)| = |—2.6| = 265026V
|—6.5 — 14.7] = |—21.2| = 212V

2 (Sheila), 2 (Hazel), 2 (José), == (Robert), and

% (Lamar)

23.7 — (—5.2)] = |23.7 + 52| = [28.9| = 289V
Helen began at mile marker 157. If the mile mark-
ers were increasing, then after 1 h she was at mile
marker 157 + 64 = 221. If the mile markers were
decreasing, then after 1 h she was at mile marker
157 — 64 = 93.

|14 — 19| = |-5| =50

13/ X 14/

4.85m X 536 m

(a) distributive property
(b)8(12+3)=8X12+8X3

(a) commutative property of multiplication
(b) 21 X 3.7=37X21

(a) commutative property for addition

(b) 257 + 92 = 92 + 257

(a) Both the associative and commutative property
of addition

(b) 123 + 73 + 49 = 49 + 73 + 135

(a) Machine 1: 56,782 — 17,855 = 38,927
Machine 2: 42,538 — 13,947 = 28,591

Machine 3: 34,641 — 8,132 = 26,509

Machine 4: 87,462 — 46,937 = 40,425

Machine 5: 32,561 — 773 = 31,788

(b) 38,927 + 28,591 + 26,509 + 40,425 + 31,788
= 166,240

From the original 5000 m, four lengths were re-
moved, leaving 5000 — 325 — 580 — 260 — 98 =
3737 m in stock. But, 127 m were returned to stock,



1.2 Basic Operations with Real Numbers

so at the end of the job there are 3737 + 127 =
3864 m in stock.

103. It was estimated that 25 X 6,500 = 162,500 gal

would be sold. Since 178,250 were actually sold,
this is 178,250 — 162,500 = 15,750 more gallons

than expected.

1.2

104. (a) January: 9,400 ft; February: 7,500 ft; March:
4,900 ft

(b) 9,400 + 7,500 + 4,900 = 21,800 ft
(c) 9,430 + 7,450 + 4,873 = 21,753 ft
107. Answers depend on the type of calculator used.

BASIC OPERATIONS WITH REAL NUMBERS

1. 27 + (+23). Same sign 27 + 23 = 50; both positive

so, +50.

2. 8 + (—19). Different signs | —19| — [8| =19 — 8 =
11; larger negative so, —11.

3. 27 + (—13). Different signs 27| — [—13| =27 — 13 =
14; larger positive so, 14.

4. —9 + (—8). Same sign |—9| + |—8| =9 + 8 = 17; both

negative so, —17.

5. 7—16 = 7 + (—16). Different signs | — 16| —
— 7 = 9; larger negative so, —9.

6. 29 — (—8) =29 + (+8) = 37

7. —8 — 16 = —8 + (—16). Same sign |—8| + |—16| =

8 + 16 = 24; both negative so, —24.

8. —25 — (—13) = —25 + (+13). Different signs
|—25| — |13]| = 12; larger negative so, —12.

9. —37 — (—49) =
— |37| = 49 — 37 = 12; larger positive so, +12.

10. (—2)(6); |—2| - |6] =2 - 6 = 12. Different signs
so, —12.

11. (=3)(—=5);|—3| - |=5| =3 - 5= 15. Same sign
so +15.

12. (7)(—8);|7| - |—8| =7 - 8 = 56. Different signs
50, —56.

13. —38 +~ 4;|—38/ ~ [4]| =38 +4=23=1
9

Different signs so —5

14. —45 + (—9); =%l =

s = 5. Same sign so +5.

=5.3 _ 6.6 75_6+75)_1
15'4+8’4_8’+8_ 8 8
3 -2 _ _7 4 =2 iom 2 2 _ 21
16. —1; + 5 = + Same31gn4+3—12+
8 29 5
15 = 5. Both negatlve so —5 = —23.
79 7 .
17. - + 3 common denomlnator is 155
-9 z_—27 7_—27+35_§
5 T3= T T T
-2, 5 . .
18. 5= + ¢ common denominator is 6;
Z2 4.5 _ 4,4 5 _z4+5_ 1
3 Te=% t6e= "6 ~o

17| = 16

—37 + (+49). Different signs [49|

V.i+ P =5 tn="t =5
20, 3+ =+ = A =0 = 1
R i el il S
S R R T et e
S B L Rt
2% - F= R =S
R BEEEEE
26, -j-F-spogposegln s g
27. FXE=FK5 =5 =
280X P =500 = s
29, % = TG =
30'%X%:196>;<12_%
3l =5 X3 =557 =4 = —For gy = —3;
32. PX P =55 =
R R EE TR S b R R
M3 FelsFoixg =i =4
S
B 3= Fxi=F =g =4
36 3rl=Pxi=PRE= 3=1)
7. G+ (D)= GxF = TP =g -1k
8.2+ (- =ix Pt o2 - 2
39. (2+ ) XF -+ (=3)]+5=7X
@) 1= - () 4]
=i Hi=t- g el=iel=]
+i=t=1=31
Tk R il e
R e R
=G o= hxie T g
b L e
2 _ 7 _5
8 8 8



41.

42.
43.

44.
45.

46.

47.

48.

49.

50.

51.

52.

53.

Add: 173 + 152 + 293 + 153 = 175 + 15 +
298 + 152 = 762 = 78% = 781 = ¢'6"
AddS+2=5+5=1

We add the voltages of the batteries: 30 + 15 +
(—12) + 24 = 57. So, the total voltage is 57 V.

L5 1 _ 131 _ 6 _ 8 _ 5 _ q17”
Subtract: 13 — 5 = 5 5 =40 a0 — 20 — lag

@4 +3i=F+ BB B =P
72 mi

(b) We need to add the distance between the second
and third checkpoints to the answer for (a).
sl Y o o

115 =11t mi

(c) Using the answer from (b), we subtract

that answer from the total length of the race.

14— 111 =2 -2 =18 12 -3 _ 334
We divide 4271 by 132,

427} - 13} =B - P 4 = Bl =
3155 =~ 31.07 mi/gal

We want 37 X 23 %ﬂ. There are 12" in

1 foot, so there are 2 X 12" = 24" in 2 ft.
Thus, 2'3Y" = 24" + 31" = 271" Now,
37><27%=3T7><575—%= 10171” 84’91
Each strip requires 15 + § = 1. in. of wood
for its width. To determine the total num-

ber of strips we can get from the sheet of ply-
wood, we will divide 8 ft by 1% in. Converting
8 ftto 8 X 12 = 96 in., we want the answer to
96 + 1& = 96 + £ = 96 X 12 = % =~ 66.78.

1//

You can get a total of 66 strips. (Note that the scrap is

a strip 1§” wide.)

We subtract the two smaller lengths from the total
length. 7*—3§—33—@—%—%

= ¥ — 7 = 7 The missing length is 7 .

Adding the Voltages, we get

—4 4224 (=9) + (=7) + 13+ (—
(—14)+5=0

The sum of the voltages is 0 V.

(@) —6.5 — 147 = =212V

(b) The negative sign indicates that the voltage
dropped 21.2 V.

(@) 23.7 — (—5.2) =237+ 52 =289V

(b) The positive sign indicates that the voltage in-
creased 28.9 V.

3391b + 1591b + 961b + 311b = 626

6) +

54.
55.
56.

57.

58.

59.

60.

61.
62.
63.

64.

65.

66.

67.

68.

CHAPTER 1 The Real Number System

6 X 1.628 in. = 9.75 in.

| 285 — 1675 = |—1960| = 1960 V
A loss of 76,300;
—345,000 + 268,700 = —76,300
—$1,135,900 or a loss of $1,135,900
$1,837,500 — $2,973,400 = —$1,135,900
(12 X 11.95) = (3 X 79.99) = $383.37
8125 wafers on each tool;
55,000 wafers a week

= 8 wafers

8 tools

73,125 wafers each week

8125 wafers a week X 9 tools = 73,125
8 in. = Rise, 9 in. = Run
137 6 7 19
2% "~ 26 "6 2a
59
8¢s
7 7 33 5 56 14 33 20
45+ 255+ 1+t gdes T 20 T 1laa T o

56 + 14 + 33 + 20 __
64 -

44+2+1=7
74135 =82
@) 2§

123 459

(b) 27
65 — 3: =33
3= 365

16 16 16

(a) 3032;

54 13 _ 41 _ ~ 9
25 16

7.9 =20 = 3032 yards
(b) 304 yards
2.812 — 0.437 = 2.375

6.372
(a) 8.426 — (2 X 1.027) = Yy 1.593

(b) 8.426 — 1.027 = 7.399
3.826
(c )7
(a) 5.329
(b) 1.4298
(c) 1.0695

Notice that in order to determine (a) you need to
know the length of (b). Thus we begin by determin-
ing (b) and will then find (a). We can see that 1.1625

1.913



1.3 Exponents

69.

70.

+ 1.3512 + 1.3814 + (b) + 1.3814 + 1.3512 +
1.1625 = 9.220

7.7902 + (b) = 9.220

(b) = 9.220 — 7.7902

(b) = 1.4298

Now that we know the length (b) we can determine
the length (a).

(a) = (b) + 1.3814 + 1.3512 + 1.1625

(a) = 1.4298 + 1.3814 + 1.3512 + 1.1625

(a) = 1.4298

Finally we will find the two numbers (c) and (d).

(c) = 1.7875 + 2.8225 = 4.6100

If you add (d) and the length just to its right, 0.718,
you should get 1.7875.

Thus (d) = 1.7875 — 0.718 = 1.0695.

1

14" — 7%,
81' X 2 = 972" + 1.5" = 973.5"
973.5" — (48 X 2) = ¥ = 1755

17

175.5" = 14" — 71

40 doses;
24 X 2 =48

1.3

EXPONENTS

71.
72.
73.

74.

75.

76.
77.

1 st qn YA 17
442 118 16 1332 16 1932

48” . 5%// . lzi// . 8%” _ 11%// . 321/ _ 6%”
124 ftis 150 in. Only one 76 %" piece can

be cut from each length of trim, with

150" — 76 %” - éﬂ =73 %ﬂ left over. Each of six
windows has two 76 %” sides, so the sides for these

six windows will require 12 pieces. The amount left
over from each of these 12 pieces is enough for the
bottom of each of the 11 windows. So, all that is left
are the sides of the five windows that are 641" high.
Two pieces of 64 %” trim can be cut from each 12%”
length of trim. So, these windows will require another
5 pieces of trim. Thus, 12 + 5 = 17 pieces of trim
should be ordered.

The total hours worked were

73+ 7¢+ 8+ 82+ 95+ 10; + 115 = 635 h
This is 637%; — 56 = 7145 h more than the estimate.
There will be 25 cuts and each one will use

3%” + 337// =3 %” of band iron. The 25 cuts will use
a total of 25 X 3%” = 88 %” of band iron. The stock
that is left over will be 117%” - 88%” = 295”.
sofygrisy X jgr=gagr

25 X 250 = 625 mg

10.
11.
12.

13.

.5 =5X5X5=125

3.8 = 1 by Rule 6
2\t 27t 121 3003
— = —=——=— X ==
3 3713 201 2
5

() -5-5-2
5 52 3 9

(=4 = (=49)(=4) = 16

(=5)" = (=5)(=5)(=5)(=5) = 625
7 7 ., ., 1 1

STl =TT =T
77 7A 49

-32=—-3)=-(3-3)=-9
32 . 34 = 32t4 = 36

B = B = gv

24 . 93 . 95 = g4t3ts _ Hl2
f3f4f1 :f3+4+1 :fg

25

?Z 25*3 — 22

14.

15.
16.
17.
18.

19.

2 24
.| 7 ]*= - Rule4a
3 3

51 14-3 11
(23)2 — 23><2 — 26
(57)3 — 57><3 — 521
(x4)5 — y A X5 = 420
(xy3)4 — (x1y3)4 — xl ><4y3><4 — x4)/12
6
(a2) = a3 = g% = a

b3

azb . 612><4b4 a8b4
CS CS><4 C12



24.

25.

26.

27.

28.

29.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40

1
473 = e Rule 7
1
x 7 = ;
1
;e
1y _1
5 5°
x;: =42 =2
X
73 1
%:7378:775:;
52
30. ﬁ — 52710 — 58 — ?
a’y’ 11 1
27 2-53-7 _ =3 -4 _ ~ ~ _ _~
a5y7 Y a’y a3y4 a3y4
x4yb2 3
xy3b5 — x4*1y1*3b2*5 — X3y72b73 — yTbs
2.5 3 2
261;5))}/ — 2*6p5*5y3 1 _ a 4p0y2 i y74
p3q4 3—4 4 2 1 40 !
=p g =pigh =
p'r
A==
(pr*) e
2\ _ oy
y 2x
Y\ 5
5% 4y
43\ a4y
()’2> ytT e
w(EY (XY
) 4x° 16x°
2w\ 276 Y
) Ty
w22 (Y
ys 207 8b°
2)73 = -3, .-3.—6 _ 1 _ 1
(=8pr?) P = (=8)7pr = —831)37'6 = 83p31’6

41

42.
43.
44.
45.

(=B = (=B (= BY(—b(—B(—b)(—b) = b

apX(—a*p*)? = ap*(a*p®) = a'*
5

6

12

+6 —
4p2+6 —

P

5p8

46. 11

47. 2

48. —4

49. —3

50. 3

51. 2

52. —3

53, 2

54, 72

55. 0.2

56. 0.5

57. —0.1

58. 0.5

59. 3

60. 5

61. 8.32

62. 7.91

63. V5V25=V5-25=V5 =5

64. V/—3V/81 = V-3V (-3)

65. V8Vo=Vs.9=Vn

66. \V12\48 = V1248 = V576 = V64 \V9 =
232 = 2V3
V75 75

67.@— ? V25 =

68. \222 ¥=\/ﬁ=4
Vs o 4[5 .11

70. 311=3£=3i=1
Y297 297 27 3

71. V2 + V5t =2+5=7

72.V3 - V23 =3-2=1

s 3<2>3_ 4/<1>“:2_1:1

3 3 3 3 3

\5/<3>5 \3/<5>3_3 5 8

7. J(2) +J(2) =2+2=2=

4 4) 4 4 4

75.\/@=<\/SIT>2=5”3

76. /725 = <W g

77. 3163’4=(316“‘*> = 16" = V16

CHAPTER1

The Real Number System

\S}



1.3 Exponents

78.

79.
80.
81.
82.

83.

84.

85. (
86.

87.

88.

89.

90.

91.

92.

V278 = 2718 = 3

167 = (V16)*=2* =8
(=27)=(-3)?%=9
(-8 = (-27 =4

25%2 = (V25)° = 5° = 125
g2 — (\3/§)72 =92 = iz — l
2?2 4
—3/2 _ -3 _ —3_i_i
o= (Vo) =3 3 27
)3 = (\y_i 4= (—3)" =81
( )35 = (\/7)3 — 23— _g
/ 81 V8L 9 9
(8)(0.01)  V8V0.01 2V2(0.1) 02V2
5/(27)(0.008)* V/27(V0.008)? ~3(0.2)°
0027 Yooy 03
~3(0.04)
03
\/(0 125)*\/144 \3/(0 125)°V/ /144 _
3/2 \/3/2
V(0.125)*V 12 12 _ 5122
%
V2

0.125V/8 = 0.125 X 2 = 0.25

| 64 __ 8 8 _,
(0.25)(0.16)  (0.5)(0.4) 02 0

First we simplify ((27 fC)~')* as (27 fC) 2. Next, we
compute (277 fC) . Substituting the given values of

fand Cand using the 7 key on the calculator, we
obtain (27 fC) 2 = 0030159289 % = 1099.405205.
To this, add 407, with the result of 2699.405205. Then
V/2699.405205 = 51.95580049 gives the answer of
51.96 () when rounded oft to two decimal places.

Substituting the given values, we obtain

1 1 !
R=|—+—] +076=
0.8 045
045+ 0.8 \! (0.8)(0.45)
—] 4076 =—"—""—-
(0.8)(0.45) 0.8 + 0.45

0.36
0.75 = 125 + 0.76 = 0.288 + 0.76 = 1.048

The total resistance is 1.048 (). Note: On a calcula-
tor such as a TI-8x' you could have keyed this as

(1 + 8+ 1+ 45)x"' + 76 ENTER

93. Substituting the given values, we obtain

(1 1 1>1
R=65+-+—+—| =
5 6 7.5

6+5 1\
6.5 + +—) =65+
7.5

(5)(6)
(1

1 1 4\ "

=6.5+ — 4] =
7.5 30 30

—1 -1

11 + 4 15
6.5 + =654+ |—] =65+
<> =65+2=285
2

The total resistance is 8.5 ().

Note: On a calculator such as a TI-8x, you could

have keyed this as
65+ (1 +5 +1+6+ 1+ 75)
X ' ENTER

94. Substituting the given values, we obtain

0.068 """
A=12001+—) =
12

0.068 \*
1,200( 1+ =77 | ~ 168432

The total amount of money accumulated after

5 years is $1684.32.
3 X 10°
95, A=——————=2091m
1.435 X 10

96. about 4.601 days

K 9 9
97. v, = \/;: \/2.11(;010 _ /21 1>(<)310 _
V21X10°0 3= =V21 X 10°=

1449.1377 m/sec

98. 2.473 m/sec

2.5) X (212
99. ¢ = ( )8( )=8.14cm
| 45
100. A=,/—=024A
764
101. 1.50 A
220
A=,/—
98

"The notation TI-8x refers to something that is true for any of the TI-81, TI-82, TI-83, TI-84, TI-85, TI-86, TI-89, or TI-92 calculators.



102. Wearegiven D> = T + 028 = ;4. Substituting the

103.

104.

1.4

given values for T'and S, we obtain

_ T __ 136000 __
D= ;5= 020as500) = 176623,

136000
Thus, D = y)|—————— =~ 2.6043.
0.2(38500)

(a) For —77 press (=) 7 N 2 ENTER. The result
should be —49. For (—=7)% press ( (=) 7) A

2 ENTER . The result should be 49. Note that you
could have used the X* key rather than the A 2
keystroke combination.

(b) Different.

(c) The notation —7° is a short way of writing
(—1)7* = (—1)49 = —49.

The notation (—7)* means (—7)(—7) = 49.

(a) For (2°)% press ( 2 A 3 ) A 2 ENTER, The
result should be 64. For 2%, the keystrokes you
should use will depend on the type of calculator

105.

106.
107.

CHAPTER 1 The Real Number System

you are using. On a TI-8x, press2 A (3 A 2)
ENTER ; on a Casio calculator, press 2 ¥’ ( 3 x”
2 ) ENTER;on a Sharp calculator, press 2 a3
a’ 2 ENTER . The result should be 512.

(b) Different.

(c) The notation (2°)* = (8)? = 64. The notation 2%
means 237 = 22 = 512,

(@) V81 = 9and —V81 = —9

(b) 9

() V=27 = —3and —V/27 = 03

(d) -3

No solutions found

(a) 4

(b) 4

(c) Yes

(d) Both represent the cube root of 64

SIGNIFICANT DIGITS AND ROUNDING OFF

1. Exact 18. (a) 19,020
2. Approximate (b) 19,020
3. Approximate 19. (a) 27,000
4. Exact; exact (b) 27,000
5. Approximate 20. (a) Both
6. Approximate (b) 0.003
7.3 21. (a) 86
8. 3 (b) 0.2
9.3 22. (a) 305.00
10. 3 (b) Both
11. 1 23. (a) 140.070
12. 3 (b) 140.070
13. 4 24. (a) 4
14. 6 (b) 4.4
15. (a) 6.05 (c) 4.36

(b) 6.05 25. (a) 10
16. (a) 6.324 (b) 14

(b) Both (c) 14.4
17. (a) 5.01 26. (a) 4

(b) 0.027 (b) 4.1

(c) 4.07

27.

28.

29.

30.

31.

32.

33.

(a) 7 34, (a) 4

(b) 7.0 (b) 4.1
(c) 7.04 (c) 4.06
(a) 0.006 35. (a) 7

(b) 0.0062 (b) 7.0
() 0.00616 (c) 7.04
(a) 400 36. (a) 0.006
(b) 400 (b) 0.0062
(c) 403 (c) 0.00616
(a) 0.04 37. (a) 400
(b) 0.037 (b) 400
(c) 0.0373 (c) 403
(a) 300 38. (a) 0.04
(b) 310 (b) 0.037
(c) 305 () 0.0372
(a) 4 39. (a) 300
(b) 4.4 (b) 300
(c) 4.36 (c) 305
(a) 10 40. (a) 30
(b) 14 (b) 25.3
(c) 14.4 (c) 25.335



1.5

41.

42.

48.

49.

50.
51.
52.
53.
54.
55.
56.
57.
58.

Scientific and Engineering Notation

(a) 90 43. (a) 240

(b) 89.9 (b) 237.3

(c) 89.899 (c) 237.302

(a) 130 44. (a) 100

(b) 125.4 (b) 97.0

(c) 125.376 (c) 96.999
Absolute error = 0.005 m; relative error = 0.0004;

percent error = 0.04%

Length: Absolute error is measured value minus
true value, so 23.72 — 24 = —0.28 mm. Relative

error is absolute error divided by true value, so

‘2;38 = —0.0117. Percent error is relative error X

100, so —0.0117 X 100 = —1.17%

Width: Absolute error; 8.35 — 8 = 0.35 mm. Relative
error;% = 0.0438. Percent error; 0.0438 X 100 =
4.38% Thickness: Absolute error; 2.98 — 3 = —0.02 mm.
Relative error; # = —0.0067. Percent error; —0.0067
X 100 = —0.67%.

24.68
99.37
410.8
1618
82
1020
0.0085
17

There are two front lamps, so they draw a total of 2
X 0.417 = 0.834 A. The two tail lamps draw a total
current of 2 X 0.457 = 0.914 A. Thus the total for

1.5

45.

46.

59.

60.

61.

62.

63.

(a) 440 47. (a) 80

(b) 438.0 (b) 78.7
(c) 437.998 (c) 78.671
(a) 10

(b) 12.3

(c) 12.341

the five lamps is 0.834 + 0.914 + 0.736 = 2.484.
Rounded off to three significant digits, this is 2.48 A.
To find the total length, we need to multiply 37 X
132 X 0.072. The product is 351.648, which is 351.65
when rounded to five significant digits.

(a) We want the product of 379 and

11 ft 10§ in. Convert 11 ft 10§ in. to

11 X 12 + 10gin. = 1425 in. = 142.125 in. Now
when we multiply this by 379, we obtain 53865.375
in. This is correct to three decimal places, so the an-
swer to (a) is 53,865.375 in. = 4,488 ft 9% in.

(b) Rounded off to three significant digits, the an-
swer is 53,900 in. = 4,491 ft 8 in.

The cutter removes 18 X 0.086 mm = 1.548 mm with
each revolution. The total of 597.3 revolutions will re-
move 597.3 X 1.548 = 924.6204 mm. Rounded off to
four significant digits, this is 924.6 mm.

(a) April: 12,800 ft; May: 14,000 ft; and June: 9,400 ft.
(b) 12,800 + 14,000 + 9,400 = 36,200 ft.

(c) 12,789 + 13,952 + 9,374 = 36,115 ft.

(a) 14,770 m.

(b) 14,765 m.

(c) 14,765.5 m.

SCIENTIFIC AND ENGINEERING NOTATION

¥ ®NHU W=

e
N = O

4.2 X 10* 13. 470 X 10°°
3.7 X 108 14. 7.5 X 107
3.8X10°* 15. 9.80700 X 10°
7.5 X 107¢ 16. 57.00 X 10°
9.807 00 X 10° 17. 53.10 X 10°°
8.700 X 107 18. 700 X 1073
9.70 X 107> 19. 5.6 X 10°
4.00 X 107! 20. 3.08 X 10°
4.3 %X 10° 21. 4500

. 2.07 X 10° 22. 370000

. 74 X 10° 23. 40500000

. 910 X 10° 24. 305000000

25. 0.000063
26. 0.0000000187
27. 72

28. 0.96

29. 75 000

30. 19 000 000

31. 47 500 000 000
32. 317 000 000 000
33. 0.000 0392 0

34. 0.00175

35. 83.15

36. 0.000 000 391 25
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37.

38.

39.

40.

41.

42.
43.

44.

45.
46.
47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

(7.6 X 10°) X (2.04 X 10'%) = 15.504 X 10" =
1.5504 X 10'°

(4.32 X 107) X (8.5 X 10%) = 36.72 X 10"° = 59.
3.672 X 10'° 60.
(35X 107°) X (7.6 X 1077) =26.6 X 10 2 = 61.
2.66 X 1071

(42X 107" X (75X 107°) =31.5 X 107° = 62.
3.15x 1078

(8.4 X 10%) X (3.5 X 107%) =29.4 X 10* = 63.
2.94 X 10°

(4.2 X 107%) X (2.3 X 10*) = 9.66 X 1072

(7.04 X 10%) X (3.2 X 107%) =22.528 X 10" % =
2.2528 X 107!

(3.02 X 107%) X (4.37 X 10°) = 13.1974 X 10° =
1.31974 X 10°

(2.88 X 10'%) =+ (2.4 X 10°) = 1.2 X 10°

(5.55 X 10'% = (3.7 X 10°) = 1.5 X 10°

(3.75 X 10°) = (1.5 X 10%) = 2.5 X 10°*

(7.98 X 10%) + (8.4 X 10%) = 0.95 X 107* =
9.5X107°

(32%X107%) + (1.6 X107 =2x10*

(48X 1074+ (3X1077)=1.6X10°
3.6X107)+(2Xx107%9)=18x%x10"3

(9.8 X107%) + (14X 10°) =7 %x10"*

(8.76 X 10°%) (2.46 X 10%)(6.4 X 10°) = 137.91744 X
10%78%% = 137.91744 X 10* = 1.3791744 X 10* =
1.38 X 10%

(4.36 X 10% (6.25 X 10%)(3.87 X 10'%) = 105.4575 X
10** = 1.054575 X 10%° = 1.05 X 10%

(2.5 X 10°) (6.3 X 10%) = (6.3 X 107%) = 2.5 X
10°18 9 =25 x 10%

(2.52 X 10% (8 X 10° =+ (3.97 X 10°) = 5.0780856
X 10%7%7Y = 5.0780856 X 10! =~ 5.08 X 10"

(52X 107°) (4.8 X 10%) + (6.4 X 10" }) =3.9 X
1076771 = 3.9 X 10"

58.

64.

65.

66.

67.

68.

69.

70.

CHAPTER 1 The Real Number System

(9.6 X 107) (8.1 X 10°) = (2.43 X 10') =32 X
1077 M =32x10"

675 (answers may vary)

2200 (answers may vary)

(3 X 101)(3.7 X 107%) = 11.1 X 10° =

1.11 X 10° mm

(1.5 X 10%) = (3 X 10°) = 0.5 X 10° =5 X 10* =
500 sec; 500 ~ 60 = 8.33 min

(1.6606 X 107%) (1.2 X 10") (1.4 X 107) =
2.789808 X 10™%"1*7 = 2789808 X 10~ "* kg
(1.6606 X 107%) (5.5 X 10') (2.3 X 10%) =
21.00659 X 10™* = 2.100659 X 10~ kg
One neutron; approximately (1.6750 X 10~
(9.1095 X 107%1) = 1.84 X 10° times heavier

X, =27 fL =27 (1 X10)(1.5 X 107%) = 9.425 X
10° = 942 500 Q)

X, =2 fL = 27 (18 X 10°)(2.5 X 107%) =
282.74 X 10°. The inductive reactance is about
282.74 X 10° Q).

Since the density is the mass divided by the volume,
we have

27) -~

5.975 X 10*

1.083 X 10*!
5.975  10*

1.083  10*!

_ 5975 e
1.083

5.517 X 10°

density =

The density of the earth is about 5.517 X 10’ kg/m’.

Easier to express very large and very small numbers.
Historically, to use slide rules, numbers were first
written in scientific notation.

Makes conversion from one unit to another in the
metric system more convenient.

CHAPTER 1 REVIEW
1. (a) Integers, rational numbers, real numbers 3. (a)%
(b) Rational numbers, real numbers (b) %1
(c) Irrational numbers, real numbers (c) -5
2. (a) V42 4. (a)5
(b) 16 (b) —17
OF (c) —4V2
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5. (a) Commutative law for addition 2. (—6 4)1/3 _ m — 4
(b) Distributive law 27,25 . 23 = 25+3 = o8
(c) Additive identity 28, 35 . 34 = 35t4 =39
(d) Multiplicative inverse 29. 273 . 5 =35 = 2
6. 64 30. 164160 =167 = &
7. —44 31, (43)5 = 435 = 415
3: ii —(=61) =37+ 61 =98 2. (27 =2 =2 =
33. (4°) =4'=4
10. —32 34, (5Y4)23 = 51423 = 5106
L3+ PF=+T=452=— 23 21
a‘b a a
2.5 - =% %= "% B v b
:Z :i 6. x2y3z _ y3—1 _ )j
. Fyz X x
15°_% N2 _ a4 _ L 22 _
16. 32 X —4l =L x B8yl & 37'(””;) 7 = e =
17. 5+ =3%X7=3 @)}~
b = ix Bt x = ) Gy By g
19.2; +3;=3+0=iX5=3XE=3 38 (cy ) N Myt N ctty?
20. —4;+ —3;=-5+ R=-Ux-5=13 39 (2237
21. =2 X2X2X2X2=32 (b) 2.37
22. (—=3)* = (—3)(—3)(—3)(—3) =81 40. (a) 2.02
23. (—4)) = (—4)(—4)(—4) = —64 (b) 0.002
24, 813 = \yg _ 41. (a) Both
25. 412 = \/4 = 2 (b) 0.7
42. (a) Both (c) 2.1 50. 4.91 X 1072
(b) 0.0021 (d) 2.05 51. 29.08 X 10%°
43, (a) 7.4 46. (a) 4.0 52. 753 X 10%!
(b) 7.35 (b) 4.03 53. 75 X 107
(c) 7.4 (c) 4.0 54, 193 X 10718
(d) 7.35 (d) 4.03 55. 12
44. (a) 18 47. 3.71 X 10" 56. —4
(b) 18.3 48. 2.54 X 10" 57. 5
(c) 18.3 49. 2.4 x 1071 58, &
(d) 18.29
45. (a) 2.1
(b) 2.05
59. (a) An order of 418 items is iy ~ 34.83 dozen. The the discount of $57.12, you get 5764.22 — 57.12 =
discount is given only for a full dozen; thus the 5707.10. Thus, the total cost of the order is $5,707.10.
manufacturer gets a discount on 34 dozen items. The  60. (a) Substituting the given data in the above formula,
total amount of the discount is 34 X 12 X 0.14 = we have
57.12, or $57.12. 3 3
(b) The total cost before the discount of the E= EkT - 5(8'61733 X 107°)(295)

418 items is 418 X 13.79 = 5764.22. Subtracting ~ (.0381316853
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The average kinetic energy of particles at room tem-
perature (T = 295 K) is about 0.038 eV.

(b) Substituting the given data in the above formula, ~ 0.7385913543
we have

3 3
E= EkT = 5(8.61733 X 107°)(5.714 X 10°)

The average kinetic energy of particles at the surface
of the sun (T = 5.714 X 10* K) is about 0.739 eV.

CHAPTER 1TEST

L@y =1 12. (=5)* = (=5)(=5)(—5) = —125
® ==k -3 ===} 13 47 = (V4 =2 =8
(©]-6/=6 14. 26 - 274 =20"1=22=4

2. _% 15. (51/4)8 — 5(1/4)8 =52 = 75

3. % 16. 352 = 3732 = 352-(=32) — 352+32 _ 34 _ g7

4, 111 17 A

5. —112 “a'tt 4" a

6. —70 18. 4.516

7.5+55=3+Y=%or7; 19. 0.000 51

8.i—-(-D=%+%=5% 20. 4.75 X 10"

9. —4lx2i=-Ix]=-%4 21\/T9:V@:7

L1552 _ 4 "V25 V25 5
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