Chapter 1

Basic Algebraic Operations

1.1 Numbers
1.

. . . . -3
The numbers —3 and 14 are integers. They are also rational numbers since they can be written as — and

2.
The absolute value of —6 is 6 because —6 is six units to the left of the origin at zero.

3.
—6 < —4 should be read “—6 is less than —4” (6 is to the left of 4 on the number line).

-7 6-5-+4-3 -2-10 1

4.
The reciprocal of 3 is 1 =1x 2 = 2
2 3 3 3
2
5.
. . . 3
3 is an integer, rational 1) and real.

~v—4 is imaginary.
6.

7. .. . L
5 is irrational (because V7 is an irrational number) and real.

. . . —6
—6 is an integer, rational [—] , and real
1

7.

. . . . . .
s is irrational (because 7 is an irrational number) and real.

1
— is rational and real
8

8.
—/—6 is imaginary.

-2.33= —233 is rational and real
100
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10.
|-0.857| = 0.857

3=y
19| 19
‘_T T4

11.
6 < 8; 6 is to the left of 8.

13.
>-3.2; 7 (3.14159..) is to the right of -3.2.

(-3.2) (7)
\ v
| | | | | | | | |
I | 1 | 1 | | | 1
4 -3 2-10 123 4
14.
—4 < 0;—4 is to the left of 0.
| | | | | | | | |
1 1 1 1 1 1 I | I
-6 -5 4-3-2-1012
15.
—4<—|—3 ; —4 is to the left of —|—3| , (—|—3|=—(3)=—3).
| | | | | | | | |
I I 1 | 1 I I | 1
-6-5 4-3-2-1012
16.
—J/2 >-1.42; (—I:—(1.414....)=—1.414...),—\/§ is to the right of —1.42.

vV

-144 -143 -142 -141 -140
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Chapter 1: Basic Algebraic Operations
17.
1 . . 1
——>-——;——=-0.33... is to the right of ——=-0.5
3 23
| | | ] |
I I I I I
-06 -05 -04 -03

18.

—0.6 < 0.2; -0.6 is to the left of 0.2.

\% \Z

(—
-0.6-0.5-04-03-02-0.1 0 0.1 0.2

19.

The reciprocal of 3 is 1 .

The reciprocal of — 4

= is—
NG)

. y . 1
The reciprocal of = is ;
b
20.

The reciprocal of L is 1 =—§ =-3

1 1
3
The reciprocal of —0.25 :—l is —l: —?: —4
4
. .1
The reciprocal of x is —
X
21.
. 12
Find 2.5, —— =-2.4; 3 =1.732...
L2 V325
5
| | || | | | |I | | |
I I I I I I I ! !
4 3 2 -1 0 1 2 3 4
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22.
Find _£:_1'414“' =-0.707; 2r =2%3.14...=6.28; E:6.47.
2 2 19
2 123
—_ 27[ p——
2 N o 1
|| ] l l l | | I|| |
I I I I I I I 1 1
-1 01 2 3 4 5 6 7
23.

An absolute value is not always positive, |0| =0 which is not positive.

24.

Since 2.17 :£’ it is rational.
100

25.
The reciprocal of the reciprocal of any positive or negative number is the number itself.
. 1 . 1. 1
The reciprocal of n is — ; the reciprocal of — is 1= 1 % =n.
n n
n

26.
A rational number can be expressed as a fraction of integers. So if the denominator in the fraction must be 11, then

find the integer x so that —1.0 < % <-0.9.1If x=-11, it would equal the lower limit _1—111 =-1.0. So it must be an

integer larger than —11. If x =-10, then _1—110 =-0.90909..., which is rational.

27.
A rational number can be expressed as a fraction of integers. So, if the numerator in the fraction must be 3, then find

the integer x, so that 0.13 < 3 <0.14.S0 0.13= % , and we can find the equivalent fraction of % that has 3 as
x

a numerator by rearranging and solving the following equation:

13 3
100 x
13(x) =100x3
300
SRNTY
x=23.077
3
23.077

However, since x must be an integer and less than the answer above to make our fraction with the numerator of 3

greater than 0.13, we assign 23 to x, making % =0.1304, which is rational. 0.13<0.1304<0.14.

Copyright © 2020 Pearson Canada Inc.
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Chapter 1: Basic Algebraic Operations

28.
No, |b - a| :|b| —|a| , as shown below.

If a >0, then |a|=a.

If b>a and a>0, then |b|=b.

If b>a then b—a >0, then |b—a|=b—a.
Therefore, |b—a| =b—-a= |b|—|a| .

The two sides of the expression are equivalent, one side is not less than the other.

29.
List these numbers from smallest to largest: —1, 9, 7 =3.14, \/g =2.236, |—8| =8, —|—3| =-3, -3.5.

35 -3 -1 NE -8 9

4 3 2 -1 0 I 2 3 45 6 7 8 9

So, from smallest to largest, they are —3.5, —|—3|, -1, «/g, T, |—8|, 9.

30.
. 1
List these numbers from smallest to largest: ——=~0.20, —J10 =-3.16, —|-6|=—6, —4, 0.25, |-7|=3.14.

-6 —4 =10 —% 025 |-
. N\ ¥
I ] I || ] ] | | | | | || ] 1 1 1
T T I I T I T T T I I | | |

-6 5 4 3 2 -1 01 2 3 45 67

1

So, from smallest to largest, they are —|—6|, —4, —\/E, —g, 0.25, |—7r| .

31.
If a and b are positive integers and b > a, then

(a) b—a is apositive integer.
(b) a-b is anegative integer.
b—a . .. . .
(©) bia’ the numerator and denominator are both positive, but the numerator is less than the denominator, so the
+a

answer is a positive rational number than is less than 1.

32.
If @ and b are positive integers, then

(a) a + b is a positive integer
(b) a/b is apositive rational number
(¢) axb is apositive integer

Copyright © 2020 Pearson Canada Inc.
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33.

(a) Is the absolute value of a positive or a negative integer always an integer? Yes:
|x| = x, so the absolute value of a positive integer is an integer.

|—x| = x, so the absolute value of a negative integer is an integer.

(b) Is the reciprocal of a positive or negative integer always a rational number? Yes:

If x is a positive or negative integer, then the reciprocal of x is — . Since both 1 and x are integers, the reciprocal is a
X

rational number.

34.

(a) Is the absolute value of a positive or negative rational number rational?
|x| = x, so if x is a positive or negative rational number, the absolute value of it is also a rational number.

(b) Is the reciprocal of a positive or negative rational number a rational number?

A rational number is a number that can be expressed as a fraction where both the numerator and denominator are

. . . . integer a . 1 integer b
integers and the denominator is not zero. So a rational number L has a reciprocal of - =- 2 s
integer b Integera  integer a
integer b

which is also a rational number if integer a is not zero.
35.

(a) If x>0, then x is a positive number located to the right of zero on the number line.

36.

-4 3 2 -1 0 1 2 3 4

(b) |x|>2,then x<-=2orx>2.

X X
| L ) ] ] ] )
1 1 7 I I N0 |

-4 3 2 -1 0 1 2 3 4
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Chapter 1: Basic Algebraic Operations

37.
1. iy 1
If x> 1, then — is a positive number less than 1. Or 0 < —<1.
X X
1
x
——F—"1—0—O—F——

-4 3 2 -1 0 1 2 3 4

38.
If x<0, then |x| is a positive number greater than zero.
[
| | | | ) L "
T Ot

4 3 -2 -1 0 1 2 3 4

39.

a+bj=a+ b1 is a real number when /—1 is eliminated, which is when b = 0. So a + bj is a real number for all
real values of @ and b = 0.

40.
The variables are w and ¢.
The constants are ¢, 0.1, and 1.

41

L:L+i. Find C,, where C, =0.0040F and C, =0.0010F .
CT Cl 2

1 1
+

1
C,. 0.0040 0.0010

1 1(0.0040)+1(0.0010)

C, 0.0040x0.0010

= 0:0040%0.0010
" 0.0040+0.0010

C, =0.00080 F

42.
[tooy’| =100~

|-2007| =200/
|-2007| > [1007|

43.
_a bits « 1000 bytes
bytes 1 kilobyte

xn kilobytes =1000an bits

Copyright © 2020 Pearson Canada Inc.
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44.

/

I

x = length of base in m

y = the shortened length in cm.
100x = length of base in cm
y+L =100x, all dimensions in cm
L=100x—-y

45.
Yes, —20°C > —30°C because —30°C is found to the left of —20°C on the number line.

VR

-30C -20C -10C oC 10°c

46.
For I<4 A, V>12V.

47. In words, we would state: “The mass of the Tesla car is less than the mass of the perogy statue.” It would be
equally correct to state: “The mass of the perogy statue is greater than the mass of the Tesla car.” In symbols, if 7,

denotes the mass of the Tesla car and 771, denotes the mass of the perogy statue, both of the following statements are

equally appropriate: m, > m, or m, <m,.

Copyright © 2020 Pearson Canada Inc.
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1.2 Fundamental Operations of Algebra

1.
16-2x(-3)=16—(~6) =16+6 = 22

2.
s (2)(3)=3+5-(-6)=8+6=14
3.
_—12+5—_1=_—12+i=—2+(—2) =—4
8-2 2(-1) 6 -2
4.
1500(40) + 1400( —20) _ 60 000+ (~28 000)
1500+1400 2900
_ 60 000 — 28 000
- 2900
32000
2900
=11.034 482 76 km/h
=11 km/h if rounded to two significant digits
5.

8+(—4)=8-4=4

6.
—4+(-7)=-4-7=-11

7.
—-3+9 =06 or alternatively

-3+9=+(9-3)=+(6)=6

8.
18—21=-3 or alternatively

18-21=—(21-18)=—(3)=-3

9.
~19-(~16)=-19+16 =3

10.
8—(—4)=8+4=12

11.
8(-3) = —(8x3) = —24

Copyright © 2020 Pearson Canada Inc.
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13.
~7(=5) = +(7x5) =35

~6(20-10) _ —6(10) _ —60
-3 3 3

=20

16.
28 28 28
—7(6-5 -1() -7

17.
—2(4)(~5)=—8(~5) =40

18.
3(-4)(6) =—12(6) =72

19.
2(2-7)+10=2(=5)+10=-10+10=~1

20.
—64 64  —64 —64

2la-8 2[4 2¢4) -8

21.
16+2(—4) = 8(~4) = -32

22.
~20+5(—4) = —4(-4) =16

23.
—9—-[2-10|=-9—|-§ =—9-8=-17

I
Il
w
[=
5
o
o
h
=
@
=%

7

7 -

3

=1s indeterminate

2
oo

27.
8—3(—4)=8+12=20

Copyright © 2020 Pearson Canada Inc.
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28.
—20+8+4=-20+2=-18

29.
-2(-6)+

%‘:12+|—4|=12+4=16

30.
~10—(~6)(-8) =—10—(48) =58

31.

10(~8)(=3)+(10-50) =10(-8)(-3) + (—40)
= —80(—3) +(—40)
=240 = (—40)
=-6

32.

7—|—5|_7—5_g_1

-1(=2) 2 2

33.

24 —4(—9)=ﬁ+(4x9)=—12+36=z4

3+(=5) -2

34.

Z18_A-[-6]_-18 4-6_ o 2 o ,__g

3 -1 30 -1 -1

35.

-14
P —3|6—8|=—7—i—3|—2|
2(2-3) 2(-1)
14
=—7-—-32
) (2)

=—7-(-7)-6
=-T+7-6
=-6

36.

—7(—3)+%—(—9)=+(7><3)+(—2)+9

=21-2+49
=28

Copyright © 2020 Pearson Canada Inc.
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37.
3(-9)-2(-3) _ —(3%9)+(2x3)
3-10 -7
_27+6
-7
2
-7
=3
38.
20(-12)-40(-15) -
( ) ( )= 240+600=@=is undefined
98—|-98| 98-98 0
39.

6(7)=(7)6 demonstrates the commutative law of multiplication.

40.
6+8=8+6 demonstrates the commutative law of addition.

41.
6(3+1)=6(3)+6(1) demonstrates the distributive law.

42,
4(5 Xﬂ') =(4x5)r demonstrates the associative law of multiplication.

43.
3+(5+9)=(3+5)+9 demonstrates the associative law of addition.

44.
8(3-2)=8(3)—8(2) demonstrates the distributive law.

45.
(\/g ><3)>< 9=4/5x (3%9) demonstrates the associative law of multiplication.

46.
(3x6 ) X7 =7x(3x6) demonstrates the commutative law of multiplication.

47.
—a+(—b)=—-a—b, which is expression (d).

48.
b—(-a)=b+a=a+b, which is expression (a).

49.
—b—(-a)=—-b+a=a—b, which is expression (b).

50.
—a—(—b)=—-a+b=>b—a, which is expression (c).

Copyright © 2020 Pearson Canada Inc.
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51.

Since |5—(=2)|=|5+2|=|7|=7 and |-5—|-2||=|-5-2|=|-7|=7,
[5-(=2)| = [-5-]-2].

52.

Since [=3-|~7|| = |-3=7| = [=10[=10 and [|-3|~7|=[3~7|=|-4|=4,
| =3 =1=71 > I=31=71.

53.
(a) The sign of a product of an even number of negative numbers is positive. Example: —3(—6) =18

(b) The sign of a product of an odd number of negative numbers is negative. Example: —5(—4)(-2) =—-40

54.
Subtraction is not commutative because x—y # y—x . Example: 7—5 =2 does not equal 5—7 =-2

55.
Correct. From the definition in Section 1.1, the absolute value of a positive number is the number itself, and the
absolute value of a negative number is the corresponding positive number. So for values of x where x >0 (positive)

or x=0 (neutral) then |x|=x.Example: [4/=4.
The claim that absolute values of negative numbers |x| =—x is also true.
Example: if x is—6, then|-6] =—(-6) = 6.

56.

The incorrect answer was achieved by subtracting before multiplying or dividing which violates the order of
operations.

24-6+2x3#18+2%x3=9%x3=27

The correct value is:

24-6+2x3=24-3x3=24-9=15

57.

. . . 1 .
(a) —xy =1 is true for values of x and y that are negative reciprocals of each other or y =——, provided that the
X

number x in the denominator is not zero. So if x =12, then y = —iz and —xy = —(12)(—%) =1.

(b)

7Y 1 is true for all values of x and y, provided that x # y to prevent division by zero.

xX=y

58.
()

|x + y| = |x| + | y| is true for values where both x and y are positive or either are zero:

|x+y|=|x|+|y|,when x20andy=0.

Example:
|6+3/=6+3=9and
6] +[3]=6+3=9

Copyright © 2020 Pearson Canada Inc.
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|x + y| = |x| +| y| is also true for values where both x and y are negative
|x+y| :|x|+|y|, when x<0 andy<0.

Example:
|-11+(=7)| =|-18| =18

|-11]+]-7|=11+7=18

|x + y| = |x| + | y| is not true however, when x and y have opposite signs
|x+y|;t|x|+|y|, when x>0 andy <0; orx<0 and y>0.

Example:
|-21+6| =|-15| =15,

|-21]+|6| =21+6=27 %15

|4+ (=5)|=|-1 =1,
|4 +[-5|=4+5=9=1

(b)

The same argument as above holds true for |x - y| = |x| —| y|
|x - y| = |x| - | y| is true for values where both x and y are positive or either are zero:

|x—y|=|x|—|y|, when x>0 and y > 0.

Example:
|6-3|=6=3=3and
6| -]3|=6-3=3

|x - y| = |x| - | y| is also true for values where both x and y are negative:
|x—y| =|x|—|y|, when x<0 andy<0.

Example:
|-11-(=7)|=|-11+7| =|-4|= 4

|-11|-|-7|=11-7=4

|x - y| = |x| - | y| is not true however, when x and y have opposite signs
|x—y|;t|x|—|y|, when x>0andy<0; orx<0andy>0.

Example:
[21-(-6)| =|21+6|=|27| =27,

|21|-|-6| =21-6 =15 %27

59.
The total change in the price of the stock is —0.68+0.42+0.06+ (—0.11)+0.02 = —0.29 dollars.

60.
The difference in altitude is =86 —(—=1396) = —-86+1396 =1310 m.

Copyright © 2020 Pearson Canada Inc.
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61. The change in the meter energy reading £ would be:

change = E used E generated
E e =2.1kW-h—=1.5 kW (3.0 h)
E e =21 kW-h—45kW-h
E e = —24kW-h
62.
Assuming that this batting average is for the current season only which is just starting, the number of hits is zero and
. . . f hit S .
the total number of at-bats is also zero giving us a batting average = % = 0 which is indeterminate, not
at —bats
0.000.
63.

The average temperature for the week is:
_ =T+ (3)+2+3+1+(-4)+(-6) °C

T;lvg_ 7
T =—7—3+2+3+1—4—6 °C
avg 7

T =_Tl4 °C=-2.0°C

avg

64.
The vertical distance from the flare gun is

d =(20)(5)+(-5)(25)
d =100+ (~125)
d =100-125

d=-25m
The flare is 25 m below the flare gun.

65.

The sum of the voltages is
Viw =6V +(-2V)+8V +(-5V)+3V

sum

Viw =6V—=2V+8V-5V+3V

VSMITI = IOV
66.
(@)

The change in the current for the first interval is the second reading — the first reading
Change, =—-0.2 mA —0.7 mA =-0.9 mA.

(b)

The change in the current for the middle intervals is the third reading — the second reading
Change, = —-0.9 mA —(-0.2 mA) = -0.9 mA +0.2 mA = —0.7 mA.

()

The change in the current for the last interval is the last reading — the third reading
Change, =—0.6 mA —(—0.9 mA) = —0.6 mA +0.9 mA = 0.3 mA.

67.

The oil drilled by the first well is 100 m+200 m =300 m which equals the depth drilled by the second well:
200 m+100 m =300 m.

100 m+200 m =200 m+100 m demonstrates the commutative law of addition.

Copyright © 2020 Pearson Canada Inc.
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68.
L L
The first tank leaks IZEU h) =84 L .The second tank leaks 7;(12 h)=84L.

12x7 =7x%12 demonstrates the commutative law of multiplication.

69.

The total time spent browsing these websites is the total time spent browsing the first site on each day + the total
time spent browsing the second site on each day, for all 7 days.

t=17 days><25m—m+7 days.><15m—ln
day day
t =175 min+105 min
¢t =280 min
OR
t=7 daysx(25+15) 20
day

t =7 days x40 i
day
t =280 min

This illustrates the distributive law.

70.
Distance = rate X time

d= (600k—m+509J3 h
h h

d= 6001%11(3 h) + 50%‘“(3 h)

d =1800 km+150 km =1950 km
OR '

d= (600k—m+50k—mj3 h
h h

d= [6501‘—‘“)3 h
h

d =1950 km
This illustrates the distributive law.

Copyright © 2020 Pearson Canada Inc.
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1.3 Measurement, Calculation, and Approximate Numbers

1.
0.3900 has four significant digits since the trailing zeros are after the decimal. Trailing zeros after the decimal are
not necessary as placeholders and should not be written unless they are significant.

2.
35.303 rounded off to four significant digits is 35.30.

3.
In finding the product of the approximate numbers, 2.483 X 30.5 = 75.7315, but since 30.5 has three significant

digits, the answer is 75.7.

4.
38.3—21.9(-3.58) =116.702 using exact numbers; if we estimate the result, 40 —20(—4) =120 .

5.
1 megahertz =1 MHz =1 000 000 Hz

6.
1 kilowatt =1 kW = 1000 W

7.
1 millimetre = 1 mm = 0.001 m

8.

1 picosecond=1ps=1x 10"%s

9.

1 kV =1 kilovolt = 1000 volts

10.

1 GQ =1 gigaohm = 1 x 10° ohms

11.

1 mA = 1 milliampere = 0.001 amperes

12.

1 pF = 1 picofarad = 1 x 10'* farads

13.

| km 1000 m ) (100 cm ~100 000 em
1 km Im

14.

1 kg| 10008 | [1000me |, 36 600 mg
1 kg lg

Copyright © 2020 Pearson Canada Inc.
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15.
20s & =0.000 02 Ms
1 000 000 s
16.
800 Pa| P2} _ ¢ g kpa
1000 Pa
17.
1m :
250 mm’| ——— | =0.000 25 m?
1000 mm
18.
2
1.75 m (Mj =17 500 cm?
m
19.
80.0 m’ (1OOO3LJ =80 000 L (with three significant digits)
m
20.

0.125 L(%j =125 mL

21.
100 cm . . . .
45.0 m/s 0 = 4500 cm/s (with three significant digits)
m
22.
130 km1000m) F Th 36360
h \ 1km ) (3600
23.
2
9.80 92(100 ij.(&?j =3 530 000 cm/min’
S Im 1 min
24,
3
5.0 £ 1ke | 100em ) _ 5106 1oim? (with three significant digits)
cm’ \ 1000 g I m
25.
25 h(3 610}? SJ-(I()OlO msj =90 000 000 ms (with two significant digits)
S
26.
525 mv[—— |[LVAY_ 6005 25 wia
1000mv )\ 1V

Copyright © 2020 Pearson Canada Inc.
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27.
1F 1 1
15.0 uF [LENV (1000 mC) _ ) 150 merv
1000 000 uF 1F 1C
. . L o ., 1llb 04536 kg )
28. The metric equivalence is given as:1 1b = 0.4536 kg. Dividing each side: — = ——————— which reduces to
11b 11b
04536 kg . . 4208 04536 kg
1 = — . Using this value as a multiple: . =19.05 kg.
1b 1 L5

lkm 0.6214 mi

29. The statement of equivalence is given as: 1 km =0.6214 mi. Dividing each side: , which
1 km 1 km
0.6214mi . 27k 0.6214 mi ,
reduces to | = ———— . Using this value as a multiple: . =16.78 mi.
1 km 1 1 ks
30. The statement of equivalence between feet and metres is: 1 ft = 0.304 80 m. Squaring each side:
, . 0.09290 m’ o ,
1 ft =0.09290 m’. Dividing we get: 1 =——————_ Using this value as a multiple:
1ft
10 f/ 0.092 90 m" ,
. =0.929 0 m".
1 15
. . . oy 2204 1b
31. In this case, we need two statements of equivalence. First, 1 kg = 2.204 Ib. . Dividing: 1= . The
lkg

second statement of equivalence relates metres to feet: 1 m = 3.281 ft. Squaring each side: 1 m* =10.76 ft’.
2

Dividing: ———— =1. Now, using dimensional analysis multiply by each fraction equal to 1 to cancel units we
10.76 ft

200)€ 22041 1
™ Ud 1076 £

32. To travel 1 m, light takes 1/299 792 458 s.

I year 365.25 days | ( 24 h '(3600 Sj=315576005
1 year 1 day l1h

=40.97 b/ ft’.

wish to eliminate:

1/299 792 458 s

Im 31557600 s
1 year

J =9 460 730 472 580 800 m =9.461x10" m/year

33.
The distance around the orbit should be d =277 =27(150 000 000 km) =942 477 796.1 km .

. year[%s.zs daysM 24 h J g6 1

1 year 1 day
Orbital speed is the ratio of distance travelled to time elapsed:
_d _942477796.1 km
YT T 8766n

=107 515 km/h =110 000 km/h

Copyright © 2020 Pearson Canada Inc.
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34.

101 300 Pa| 1 KP2
100

)=101.3 kPa
0 Pa

Im® (100 cm Y
35. 56L[ = j( cmj =56 000 cm’

1000 L Im
36.
0.160 ke 12008 | [ 1000me ) _ ;55 600 mg
1kg lg

37.
6800 2 Lkm ) (360051 4 480 knvh =24 000 kivh

s (1000m )\ 1n
38.

Convert 1.5 TB to kB:
1 000 000 000 000 B . 1kB
1TB 1000 B

Compare the memories:
[1 500 000 000 kB

1.5 TB( jzl 500 000 000 kB

j =23 437 500 times greater

64 kB
39.
2

2 Im 2

112 cm ( j =0.0112m
100 cm
40.
0.024 MW~h[3600 SMI 000 000 WMI J/Sj —86 400 000 J = 86 000 000 J
1h 1 MW 1w
41.
3

1000 XE[1000g) f 1M 1_ 500 6

m’ | 1kg 1000 L
42.

3 .

8500 E( 1L j I m -[1 mmj:o.ooo 14 m*/s

min \ 1000 mL 1000 L 60 s
43.
33p M _Lkm 1 (36001 11955 kmyh = 1200 km/h (with three significant digits)

s 1000m ) 1h
44.

15.0 g (1000 mg ( 1L jzzs 000 me/dL

0060L 1g 10 dL
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45.
2
1.35 kvy(looowj(wsj_( i j =0.135 J/(s-cm?)
m 1 kW 1W 100 cm
46.

Orbital speed is the ratio of distance travelled to time elapsed:
L, d _ 2400000 km(lOOO mj'(l day)( 1h )=992_06 /s = 990 m/s

t 28days \ 1km ) (24h ) (36005
47.
1.2x10° iztlooom)( Lm j =120 000 mA/em’
m LA 100 cm
48.
201 (100 km
( j =83 L/(100 km)
24 km \ 100 km

49. 8 cylinders is exact because they can be counted. 55 km/h is approximate since it is measured.

50. 0.002 mm thick is a measurement and is therefore an approximation. $7.50 is an exact price.

51. 24 h and 1440 min (60 min/h x 24 h =1140 min) are both exact numbers.

52. 50 keys is exact because you can count them; 50 h of use is approximate since it is a measurement of time.
53. 107 has three significant digits; 3004 has four significant digits; 1040 has three significant digits.

54. 3600 has two significant digits; 730 has two significant digits; 2055 has four significant digits.

55. 6.80 has three significant digits since the zero indicates precision; 6.08 has three significant digits; 0.068 has two
significant digits.

56. 0.8735 has four significant digits; 0.0075 has two significant digits; 0.0305 has three significant digits.
57. 3000 has one significant digit; 3000.1 has five significant digits; 3000.10 has six significant digits.

58. 1.00 has three significant digits since the zeros indicate precision; 0.01 has one significant digit since leading
zeros are not significant; 0.0100 has three significant digits.

59.
(a) 0.01 has more decimal places (2) and is more precise.
(b) 30.8 has more significant digits (3) and is more accurate.

60.
(a) Both 0.041 and 7.673 have the same precision as they have the same number of decimal places (3).
(b) 7.673 is more accurate because it has more significant digits (4) than 0.041, which has two significant digits.

61.
(a) Both 0.1 and 78.0 have the same precision as they have the same number of decimal places.
(b) 78.0 is more accurate because it has more significant digits (3) than 0.1, which has one significant digit.
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62.
(a) 0.004 is more precise because it has more decimal places (3).
(b) 7040 is more accurate because it has more significant digits (3) than 0.004, which has only one significant digit.

63.
(a) 0.004 is more precise because it has more decimal places (3).
(b) Both have the same accuracy as they both have one significant digit.

64.
(a) Both 50.060 and 8.914 have the same precision as they have the same number of decimal places (3).
(b) 50.060 is more accurate because it has more significant digits (5) than 8.914, which has four significant digits.

65.
(a) 4.936 rounded to three significant digits is 4.94.
(b) 4.936 rounded to two significant digits is 4.9.

66.
(a) 80.53 rounded to three significant digits is 80.5.
(b) 80.53 rounded to two significant digits is 81.

67.
(a) —50.893 rounded to three significant digits is —50.9.
(b) —50.893 rounded to two significant digits is —51.

68.
(a) 7.005 rounded to three significant digits is 7.01.
(b) 7.005 rounded to two significant digits is 7.0.

69.
(a) 9549 rounded to three significant digits is 9550.
(b) 9549 rounded to two significant digits is 9500.

70.
(a) 30.96 rounded to three significant digits is 31.0.
(b) 30.96 rounded to two significant digits is 31.

71.
(a) 0.9449 rounded to three significant digits is 0.945.
(b) 0.9449 rounded to two significant digits is 0.94.

72.
(a) 0.9999 rounded to three significant digits is 1.00.
(b) 0.9999 rounded to two significant digits is 1.0.

73.
(a) Estimate: 13+1-2=12
(b) Calculator: 12.78 +1.0495—1.633 =12.1965, which is 12.20 to 0.01 precision

74.
(a) Estimate: 4x17 = 68
(b) Calculator: 3.64(17.06) = 62.0984, which is 62.1 to three significant digits

75.
(a) Estimate 9+(1)(4)=9+4=13
(b) Calculator: 8.75+(1.2)(3.84) =13.358, which is 13 to two significant digits
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76.
. 20
(a) Estimate 30—7 =30-10=20

20.955

(b) Calculator: 28— =18.475, which is 18 to two significant digits

77.

o(15) = 135 =6, to one significant digit
9+15 24
8.75(15.32)

8.75+15.32

(a) Estimate

(b) Calculator: =5.569173, which is 5.57 to three significant digits

78.

(a) Estimate: 2903 _ 0 0083...
3003

0.69378 +0.04997

(b) Calculator: ———————— =0.000 898 467 549 6, which is 0.000 898 5 to four significant digits
257.4x3.216

79.

(a) Estimate 4.5— 2(300)

=3.0, to two significant digits

(b) Calculator: 4.52 —% =2.9093279, which is 2.91 to three significant digits
80.
. 1 4
(a) Estimate: —+——=13.66....
06 3-1
(b) Calculator: 100 + 36957 _ 3.652 231 698, which is 3.65 to three significant digits

0.5926 2.935-1.054
81. 0.9788+14.9 =15.8788 since the least precise number in the question has four decimal places.
82. 17.311-22.98 =-5.669 since the least precise number in the question has three decimal places.
83. —3.142x 65 =-204.23, which is —204.2 because the least accurate number has four significant digits.
84. 8.62+1728 =0.004988 , which is 0.00499 because the least accurate number has three significant digits.

85. With a frequency listed as 2.75 MHz, the least possible frequency is 2.745 MHz, and the greatest possible
frequency is 2.755 MHz. Any measurements between those limits would round to 2.75 MHz.

86. For an engine displacement stated at 2400 cm’, the least possible displacement is 2350 cm®, and the greatest
possible displacement is 2450 cm®. Any measurements between those limits would round to 2400 cm’.

87. The speed of sound is 5.23 km+15 s =0.3486... km/s = 348.6... m/s . However, the least accurate measurement
was time since it has only two significant digits. The correct answer is 350 m/s.

88.445-2725=1.68s but the answer must be given according to precision of the least precise measurement in
the question, so the correct answer is 1.7 s.
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89.
(a) 2.2+3.8x4.5=2.2+(3.8x4.5)=19.3

(b) (22+3.8)x4.5=6.0x4.5=27

90.
(a) 6.03+2.25+1.77 = (6.03+2.25)+1.77 = 4.45

(b) 6.03+(2.25+1.77)=6.03+4.02=1.5

91.

(a) 2+0=2

(b) 2-0=2

(c) 0-2=-2

(d) 2x0=0

(e) 2+0 =error; from Section 1.2, an equation that has 0 in the denominator is undefined when the numerator is not
also 0.

92.

(a) 2+0.0001=20 000 ;2+0 =error

(b) 0.0001+0.0001=1;0+0=error

(¢) Any number divided by zero is undefined. Zero divided by zero is indeterminate.

93.
Pick any six digit integer for x = 231 465 and rearrange those digits for y = 164 352.
(x—y)+9=(231465-164 352)+9 =7457. A smaller integer number results.

94. 9x8+7+6+5+4+3+2+1+0=100

95. 7 =3.14159265...

(a) w <3.1416

(b) 22+7=3.1428
r<(22+7)

96.
(a) 8+33=0.2424..=0.24
(b) 7=3.14159265...

97.

(a) 1+3=0.333... Itis a rational number since it is a repeating decimal.

(b) 5+11=0.454545... Tt is a rational number since it is a repeating decimal.

(¢) 2+5=0.400... It is a rational number since it is a repeating decimal (0 is the repeating part).

98. 124 +990 = 0.12525.... the calculator may show the answer as 0.1252525253 because it has rounded up the next
2 because of the next 5 that doesn’t fit on the screen.

99. 32.4 MJ+26.704 MJ +36.23 MJ =95.334 MJ . The answer must be to the same precision as the least precise
measurement. The answer is 95.3 MJ.

100. The difference in speed of the two jets is the speed of the second jet (1450 km/h) minus the speed of the first jet
(938 km/h): 1450 km/h —938 km/h = 512 km/h . But since 1450 is rounded to the tens precision, the answer must be
as well. The answer is 510 km/h.
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101.

1 K =1024 bytes

256 K - (M) — 262 144 bytes
102.

V=(152Q+5.64 Q+101.23 Q)x3.55 A
V' =122.07 Qx3.55 A

V =433.3485V

V' =433V to three significant digits

103.
100(40.63+52.96) _ 59.1386 % =59.14 % to four signficiant digits
105.30+52.96
104.
T= 30450.80) =91.779 N =92 N to two significant digits
14+100.9+23

Copyright © 2020 Pearson Canada Inc.
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1.4 Exponents

1.
(k) =3 k> = 9k

2.
2x° =2(1)=2

3.
p?_ () (@) (@ () _ate
[cfx] (

) )

4.
8—(=1)’ =2(-3)> =8—(-1)—=2(9) =8+1-18 =9

5.
Wt = x5 = 7
6.
P2pT = 2T =y
7

2b'b? = 2b* = 2b°

8.
3k =3k =3k°
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13.
(Pz )4 — p24 _ p8

14.

(xs )3 — 80 2

15.
(27) = (2 (#*) =87

17.

30
(aTz) = G000 _ o760

18.
(32) =3y =27/°

19.
2Y @ 8
b) B b

20.

F 20 on

-5

21.

2) @' 16

22.

(3)-%-%

3 - 33
n n® n

23.
(8(1)0 =1

24,
- = (D)D) =1

25.
3x’ =-3(1)=-3

26.
~(=2) ==1I(1) =1
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(_t2)7 = [(—1)([2 ):|7 = (_1)7 £ = (_1)t14 S

32.
(') = [(—l)(y")}5 = (=1 p*® = (=1)y's ="

33.
_2 =
s

34.

2
.40 .~70 __ ~40+(=70) _ ~:-30 __
2i71 " =20 =2;70 = 5

35.
P _1
@) @'Y 16" 8
36.
x0T X1
) VX x
37.
()" 'Y A
oy A
38.
Gy' @t 1
3 3t 3(3) 9
39.

-4
-2
X

(77:0)(?26171 )71 = 70D 2D D g0, 22
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1-28



Chapter 1: Basic Algebraic Operations

40.
Gornt)? = Bt =
9n
41.
6
(87" = (-8 g 5 = X
42.
6 3
ax(—=a’x)’ = ax (-1)’(@®?)x’ = _a@)x 2)x =—a"x’? =-d'x
X

43.

4y -3 ~ (4)73){1(73) ~ 3

a Y 64l
44.

2b2 -2 (2)_2b2(-2) b-4 ylo

7 = ys(fz) = 4y710 =m
45.
15n°T° _ S5p* Y _ 5n’

3n7'T° T
46.

—2\32 32 p32—(-2)-2(32) 32 p34p—64 32 p34 32 p34

(nRT™)" n"R T _nRT™  w'R™  n'R

R2TR 73 - 7% T T 96
47.

Using the quotient rule, we can simplify the values inside of the bracket:

(16)6 :)]/_ j _ {Ex_y__zj _ (16.x2—1 .yfz,(,]})4 _ (l6xy71 ),4

Xy
Next, we apply the power outside of the bracket to the coefficient multiple, and each algebraic multiple:

—4
(16xy’1) =167 - X"y =2 .x7 - y' =27°x™"y" . Finally, we use the negative exponents rule to
v v v
eliminate negative powers: 2" x"'y" = — or if the coefficient is written numerically instead: ———=—"——.
2 x 2°x  65536x

48.
7x73y5 N 32 5-(-2) \ 2 = _x_lo
—(7x7 y —(-2) _ 7x75y7 _ 772 x(fS)(fZ)yU)(*Z) —
(22 <y = e) o
49.

7(-4)—-(-5)° =-28-25=-53
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50.
6+(=2)° —(=2)(8) = 6+ (=32)— (~16) = 6-32+16 = —10

51.
—(~26.5)" —(~9.85)" = —(702.25) — (~955.671625) = 253.421625

which gets rounded to 253 because 702.25 and —955.671625 are both accurate to only three significant digits due to
the original numbers having only three significant digits.

52.
—0.711% = (=0.809)° = (=1)(0.711)* = (=0.809)° = (=1)(0.505521) — (0.2803439122) = —0.7858649122
which gets rounded to three significant digits: —0.786.

53.
3.07(-1.86) -5.7102 ~5.7102

(-1.86)* +1.596  11.96883216+1.596 " 13.56483216
which gets rounded to three significant digits: —0.421.

=-0.420956185

54.

15.66" — (—4.017)" _ 245.2356—260.379822692  —15.144222692
1.044(-3.68) —3.84192 —3.84192

which gets rounded to three significant digits: 3.94.

=3.941837074

5S.

2.38(=10.7)* - 2543 = 238(11449)—— 2%
1.17 1.601613

=272.4862-158.5901213

=113.8960787
which gets rounded to three significant digits: 114

56.

0.889"
1.89-1.09°
0.624607283
1.89-1.1881

0.513(=2.778)— (-3.67)’ +

=—1.425114—(—49.430863) +

0.624607283
0.7019
=48.005749 +0.889880728

=48.895629728

=48.005749 +

which gets rounded to three significant digits: 48.9.

-1 Y
57. Yes: (L_]] = % = 1 , which is the reciprocal of x.
x X X
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58.
1 0
_ gl 0 0.2—* 0
(O'?O_f J =l S :(O%IJ =0" #1, sincea” = 1requires that a 20 .
100

59.
If @® =5, then

2 _ 5@
g2 = (as )4
a’ = (5)4
a” =625
60.
i L

> <—, then for any negative value of a, a will be negative, and a’ will be positive, making all values of
a a

1 1
— greater than —.
a a

61.
(x*x)Y =(x) =(x°) =x"® =x" =1, provided that x # 0.

62.
(ya—b .ya+b)2 — (yfz—b+u+b))2 — (yZu)Z :yZa(Z) :y4a .

63.

3 33
(I;Z—T] (GkThc) ¢ = KT o (G*K*T*h’c*)c
c

we

33
— ];l}T; '(G2k2T2h2C3)
C
(G2k2+3T2+3c3—3)
T
G2k5T5
ok
64.
0, GmM GM
GmM (mr)™' (r 2)2?2 >
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66.
gM _ gM
TFCQRE MY 27 fCAn° f2M?)
_ &M
8T fiCM?
- &
87 [ CM
67.
24
2500(1+ 0'042) =$2500(1.0105)"
=$2500(1.28490602753)
=$3212.26700688
=$3212.27
68.
6.85(1000 — 20(6.85)* +(6.85)° _ 6.85(1000 —20(46.9225) +(321.419125)
1850 B 1850
_ 6.85(1321.419125-938.45)
B 1850
_ 6.85(382.969125)
B 1850
_2623.33850625
B 1850
=1.418020814
=1.42 cm
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1.5 Scientific Notation

1.
8.06x10° =8060

2.

750 000 000 000" = (7.5x10'")™
=75"x10™"
=0.1333...x10™"
=1.33x107"

rounded to three significant digits.

3.
4.5x10* =45 000

4.
6.8x10" =68 000 000

5.
2.01x107 =0.002 01

6.
9.61x10™> = 0.000 096 1

7.
3.23x10° =3.23x1=3.23

8.
8x10” =8x1=38

9.
1.86x10=18.6

10.
1x10™" =0.1

11.
4000 = 4x10°

12.
56 000 = 5.6x10*

13.
0.0087 =8.7x10~

14.
0.7=7x10"

15.
609 000 000 = 6.09x10°

Copyright © 2020 Pearson Canada Inc.
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16.
100 =1x10°

17.
0.063=6.3x10""

18.
0.000 090 8 =9.08x107°

19.
1=1x10°

20.
10=1x10'

21.
28 000(2 000 000 000) = 2.8x10*(2x10°) = 5.6x10"

22.
50 000(0.006) = 5x10*(6x107*) =300 = 3x10°

23.

4
00008 ~ a1 =221
24.

0.00003 _3x10° _ . o

6000 000 6x10°

25.
2x1077 +3x107* =0.2x107* +3x107* =3.2x107*

26.
5.3x10"% —3.7x10" =530x10" —3.7x10" =526.3x10"" =5.263x10"

27.
(1.2x10%)’ =1.2°x10® =1.728%10"

28
(2x107'%)7° =27 107" =0.031 25x10* =3.125x10™

29.
1280(865 000)(43.8) = 4.849 536x10"

which gets rounded to 4.85x10" .

30.
0.0000569(3 190 000) =181.511

which in scientific notation and rounded is 1.82x107.
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31.
0.0732(6710) _  491.172
0.00134(0.0231)  0.000 030 954

which gets rounded to 1.59x10’.

=1.586 780 3x10’

32.
0.00452  0.00452

2430(97100) 235 953 000
which gets rounded to 1.92x107"".

=1.915 635 741x10™"

33.
(3.642x107)(2.736x10°) = 9.964 512x10

which gets rounded to 9.965x107° .

34.
(7.309x107)°  0.53421481
5.9843(2.5036x102)  1.497 870 29x10™"°

which gets rounded to 3.567x10".

=3.566 567 233 94x10"

35.

(3.69x107)(4.61x10) _ 1.701 09x10"
0.0504 0.0504

which gets rounded to 3.38x10'°.

=3.375178 571 42x10"°

36.
(9.907x107)(1.08x10%)> _ (9.907x107)(1.1664x10%*) _ 1.015 552 48x10%

(3.603x10°°)(2054) 0.074 005 62 0.074 005 62
rounded to1.56x10% .

37.
2 000 000 kW =2x10° kW

38.
17 200 000 000 bytes =1.72x10" bytes

39.
0.000 003 W =3x10"°W

40.
0.0075 mm = 7.5%10~ mm

41.
1200 000 000 Hz = 1.2 x10° Hz

42. 1.84x10" =1 840 000 000 000

43. 12 000 000 000 m* =1.2x10" m’

Copyright © 2020 Pearson Canada Inc.
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44.
3.086x10"°m = 30 860 000 000 000 000 m

45.
1.6x107*W = 0.000 000 000 001 6 W

46.
2.4x107* =0.000 000 000 000 000 000 000 000 000 000 000 000 000 000 24

47.
2000 000 kW =2x10° kW

=2x10°x10° W
=2 x10° W
=2GW

48.
17 200 000 000 bytes =17.2x10° bytes
= 17.2 gigabytes

49.
0.000 003 W =3x10"°W
=3 uW

50.
0.0075 mm = 7.5%10~° mm

=7.5x10"x10" m

=7.5%x10"° m
=75 um
51.
1200 000 000 Hz = 1.2 x10° Hz
=1.2 GHz
52.

(a) 2300=2.3x10’
(b) 0.23=230x10""
(¢) 23=23x10°

53.

(a) 8 090 000 =8.09x10°
(b) 809 000 = 809x10’
(¢) 0.0809 =80.9x107
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54.
(a) googol =1x10'* =10""

(b) googolplex = 102" = 10"

SS.
100

googol =10'", so to find the ratio =10'"" =10

1079

A googol is 10°" times larger than the number of electrons in the universe.

56.
sun's diameter _ 1.4x10° m
110 110

earth's diameter =

57.
2% =1073 741 824 =1.073 741 824x10° = 1x10’

58.
7.5%x107%s

——x5.6x10°additions = 4.2x10s
addition

59.

We have a ratio of

+0.6°C  +0.6°C 1/
50 years 50}2&6 365 days

In scientific notation, we would express the final result as: 0.000 0329 °C/day

j =0.000 0329 °C/day.

60.
d =2.998x10" % 0.078 s = 2.3x107
S

61.
(@)
| dayx 241, 60min, 605 _ ¢6400 s = 8.64x10* s
day h min
(b)
100 year x202:23 day 240 60min 60 _ 1557600005 =3.155 760 0
year day h min
62.
=27 1
16610~ kg 1.6x10° amu x1.25%10° oxygen atoms = 3.32x10™"* kg
amu oxygen atoms
63.
W =krT*

W =5.7x10" W/K*x(3.03x10* K)*

W =5.7x10" W/K* x 8.428 892 481x10° K*
W=4.804 468 714 17x10° W

W=4.8x10" W
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64.

78 2 —8 2
p=t 219610 @ 219610 Q-m’_ 4 435 g66 568 57 0 - 3.433 @
d* (7.998x10°m)" 6396800 4x10”m

65.

1.496x10° ka AU
AU 4.99x10%s

This is the same speed mentioned in Question 60 (2.998x10° km/s = 2.998x10° m/s).

=2.997 995 991 98x10° km/s = 2.998x10° km/s
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1.6 Roots and Radicals

1
64 =34y =4
2.

Va5)G)

Neither 15 nor 5 is a perfect square, so this expression is not as useful. However, if we further factor the 15

t0+/(3)(5)(5) =+/3(5)> =53, the result can still be obtained.

3.
V16x9 =144 =~/12° =12

4.

—J/—64 is still imaginary because an even root (in this case n = 2) of a negative number is imaginary, regardless of
the numerical factor placed in front of the root.

5.
Va9 =+7.7=7

6.

Bz =Ja-717=17
7.

45 =-J33) 5=-3/5
8

- TS = (2:6) — 276 62

9,
—J64 =—[(8)(8) =8

10.
Jomso Lo 15

4 V5 2
1.

9 o 3
J0.09 = QZ%ZE:M
12.

—J900 =—/(9)(100) =—/9 x~/100 = —3x10 =—30

Copyright © 2020 Pearson Canada Inc.
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13

125 =35 =5

14.
i31=33* =3

15

Y2216 =J(-6)* =—6

16.
I32=y2y ==

17.

(V5 =55 =

18.

(31) = BIxBIxBI=31

19.

(47) = (-1) (¥47) = (~1)(47) =47

20.
(3 —23)5 =-23

21.
(-453)" = (-1)" (¥53)" = (53 = 53

22.
—32 =—/16)(2) =162 =42
23.

VI8 = J9)2) =92 =342

24.
V1200 = [(100)(4)(3) =100 x+/4 x~/3 =10x2x+/3 = 204/3

25.

24/84 = 2,/(4)(21) = 2x/4x~21 = 2x2x~/21 = 44/21

26.
V108 _JB6)B) _36x4/3 _ 6x43 33

2 2 2 2
27.

\/E=\/@=M=M=ﬁxﬁ=zxﬁ=zﬁ
7-3 \4

Copyright © 2020 Pearson Canada Inc.
1-40



28.
J81x10? =+/81x~/10> =9x10=90

29.
Y2 =Yea =4 =4
30.
Yor 451 =4 =3
31.
53\/§ 53(23)]'2 5323/2 5223/2 522121/2 50\/5
33125 3 (5)" T3 3 3 g
32.
244 512 ~ 24(29)]/4 ~ 2429/4 ~ 242221/4 ~ 26 4 2 B 64{/5
74121 7.(112)” 7-11 77 77 77
33.
36+ 64 =100 =+/10> =10
34,
J25+144 =169 =+/13> =13
35,
V32 +9% =4/9+81 =+/90 = /(9)(10) =9 x~/10 =310
36.
V8> —4*> =/64-16 =48 = \/(16)(3) =16 X3 =43
37.

\85.4 =9.24121204171, which is rounded to 9.24

38.
V3762 =61.3351449007 , which is rounded to 61.34

39.
7/0.8152 =0.9028842672 , which is rounded to 0.9029

40.
v0.0627 =0.25039968051 , which is rounded to 0.250

Chapter 1: Basic Algebraic Operations

Copyright © 2020 Pearson Canada Inc.

1-41



ISM for Washington, Basic Technical Mathematics with Calculus, SI Version, Eleventh Edition

41.

(a)

V1296 +2304 =+/3600 = 60 , which is expressed as 60.00
(b)

\1296 ++/2304 =36+ 48 =84 , which is expressed as 84.00

42.

(a)

J10.6276 +2.1609 =+/12.7885 = 3.57610122899 ,which is rounded to 3.57610
(b)

J10.6276 ++/2.1609 = 3.26+1.47 = 4.73 ,which is expressed as 4.7300

43.

(a)

0.04297 —0.0183% =+/0.00184041—0.00033489
=4/0.00150552
=0.03880103091
=0.0388

(b)

J0.0429> —/0.0183% = 0.0429—0.0183

=0.0246

44.

(@)

V3.625> +0.614> =+/13.140625+0.376996
=4/13.517621
=3.67663174658
=3.677

(b)

V3.625% +4/0.614% =3.625+0.614
=4.239

45.

V2075 = /(207)(46) = /9522 =97.5807358037 = 98 km/h

46.
Z2 - X7 = /(5362 Q) - (2.875 Q)

=+/28.751044 Q* —8.265625 Q?

=+/20.485419 Q°
=4.52608208056 Q
=4.526 Q
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47.
\/E_ 2.18x10° Pa
d \1.03x10° kg/m’

= \/21 16504.85436

N/m?

3

kg/m

(kg -m/s’ )/m2

3

=,/2116504.85436
kg/m

=/2116504.85436 m?/s?
—1454.82124481 m/s
= 1450 m/s

48.

i = @07
=+/3000
=54.7722557505
=55m/s

49.
W+ 1 =4/(93.0 cm)? +(52.1 cm)?

— /8649 cm? +2714.41 cm?

=4/11363.41 cm®
=106.599296432 cm
=107 cm

50.

100 1_ﬁ _100[1_ [13000
c 22000
=100(1—x/0.68181818181)

=100(1-0.82572282684)
=100(0.17427717615)
=17.427717615 %

=17 %

51.

Jed =J(9.8)(3500)
=/34300
=185.20259
=190 m/s

Copyright © 2020 Pearson Canada Inc.
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52.
JL27x104h+h2::JL27x10%9500)+(9500Y

=\/1.2065><108 +9.025%x10’

=42.109%10°

=14522.3965
which is rounded to 15000 km

53.

\a® =a is not necessarily true for negative values of a because a* will be a positive number, regardless whether a
is negative or positive. The principal root calculated is assumed to be positive, but there are always two solutions to

a square root, va’ =+a since (+a)’ =a’ and (-a)’ =a’ (see the introduction to this chapter section), so it is
sometimes true and sometimes false for negative values of a, depending on which root solution is desired. If only

principal roots are considered, then it will not be true for negative values of a. For example, \/(-4)> = Ji6=4%-4.

54.

(a) x> Jx when x>1. Any number greater than 1 will have a square root that is smaller than itself. For
example, 2 > V2 =141

(b) x= Jx whenx=1or x=0 because the only numbers that are their own squares are 0 and 1 (i.e.,0* =0 and
I’ =1).

(€) x< Jx when 0<x<1. Any number between 0 and 1 will have a square root larger than itself. For
example, 0.25 < J025=05

SS. TTZ14Es
(a) s fe _51%.1%8658?43
/2140 =12.8865874254 ,which is rounded to 12.9 ~E921474R3
(b)
3—0.214 = —0.59814240297 ,which is rounded to —0.598
56.
(@) 18228 emaamac
{/0.382 =0.87155493458 ,which is rounded to 0.872 7Er-382
(b) -2.332116758
| ]
{/-382 =—-2.33811675837 ,which is rounded to —2.34
57.
(a) Y/-81 is imaginary since it is an even root of a negative number.
(b) /-128 is real since it is an odd root of a negative number.
58, 5 xJ' :32 -
(a) /=32 = -2 is real since it is an odd root of a negative number. 4554 D,

(b) V-64 is imaginary since it is an even root of a negative number. n
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59.
1

s = 27r\/ﬁ

1

2(3.1416),/0.250(40.52x10°°)
~ |
"~ 6.2832410.0625x10°
~ 1
~ 6.2832(0.003172144385)
1

- 0.0199312175998
=50.172549

which is rounded to 50.2 Hz

60.
standard deviation = +/variance
=/80.5 kg’
=8.972179222 kg
which is rounded to 8.97 kg

Copyright © 2020 Pearson Canada Inc.
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1.7 Addition and Subtraction of Algebraic Expressions

1.
3x+2y—-5y=3x—-3y

2.
3c-(2b—-c)=3c—-2b+c=-2b+4c

3.

3ax —[(ax—5s)—2ax] =3ax—[ax—5s —2ax]
=3ax—[—ax—>5s]
=3ax+ax+5s
=4ax+5s

4.

3a’h—{a—[2a’h—(a+2b)|} =3a’h—{a—[2a’h—a—2b]}
=3a’h—{a—2a’b+a+2b}
=3a’h—{2a-2a’bh+2b}
=3a’b—2a+2a’b-2b

=5a’h-2a-2b
5.
S5x+7x—4x=8x
6.
6t—3t—4t=—t
7

2y—y+4x=y+4x

8.
4C+L-6C=-2C+L

9.
2F =2T -2+3F -T=5F-3T-2

10.
x=2y+3x—y+z=4x-3y+z

11.

a’b—a’bh* -2a’b=—-a’b-a’h’
12.

xp? =3x7y* +2xy* =3xy* =3x%)’

13.
s+(Bs—4-s5s)=s+(25s—4)=s5+25s—4=35—4
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14.
5+(B-4n+p)=5+3—-4n+p=—4n+p+8

15.
v—(4-5x+2v)=v—4+5x-2v=—v+5x—4

16.
2a—(b—a)=2a-b+a=3a-b

17.
2-3—(4-5a)=—1-4+5a=5a-5

18.

JA+h-2d4)-3VA=A+h-2J4-3J4 =44+

19.
(a-3)+(5-6a)=a—-3+5-6a=-5a+2

20.
(4x—y)—(2x—-4y)=4x—y+2x+4y =6x+3y

21.
—(t-2u)+QBu—t)=—t+2u+3u—t=-2t+5u

22.
2(x=2y)+(5x—y)=2x—-4y+5x—-y=Tx-5y

23.
32r+s)—(-5s—r)=6r+3s+5s+r=Tr+8s

24,
3(a-b)-2(a—-2b)=3a-3b-2a+4b=a+b

25.
~7(6-3/)—2(j+4)=—42+21j-2j-8=197-50

26.
—(5t+a’)—23a’ —2st)=-5t—a’ —6a’ +4st =-Ta’ +4st—5t

27.

—[(4-6n)—(n—3)]=-[4—-6n—n+3]
=—]-Tn+17]
=Tn-7

28.

—[(h=k)=(k=h)]=-[h—k—-k+h]
=—[2h-2k]
=-2h+2k

Copyright © 2020 Pearson Canada Inc.
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29.
A4—(> =5)]=2[4—1>+5]
=2[-t* +9]
=-2t"+18
30.
I-3-(a—-4)]=3[-3-a+4]
=3[—a+1]
=-3a+3
31.
—2[-x-2a—-(a—x)]=-2[-x—-2a—a+x]
=-2[-3a]
=6a
32.
—2[-3(x-2y)+4y]=-2[-3x+6y+4y]
=-2[-3x+10y]
=6x—-20y
33.
aZ —[3—(aZ+4)]=aZ —[3—aZ —4]
=aZ —[-aZ —1]
=aZ+aZ+1
=2aZ+1
34.
W—[6—-(v-4)+4v]=9v—[6—v+4+4v]
=9 —[3v+10]
=9 -3v-10
=6v-10
3S.

8c—{5-[2-(3+4c)]} =8c—{5—-[2-3—4c]}
=8c—{5-2+3+4c}
=8c—{6+4c}
=8c—-6—4c
=4c-6

36.
Ty={y-Ry-(Gx-»l=Ty-{y-[2y—-x+y}}
=Ty—{y—[By—-x]}
=T7y—{y-3y+x}
=T7y—{2y+x}
=7y+2y—x
=-x+9y

Copyright © 2020 Pearson Canada Inc.
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37.

5p—(q-2p)-[B3¢-(p—q9)=5p—q+2p—[3q—p+q]
=5p—q+2p—[49-p]
=Tp—q-4q9+p
=8p—-5¢q

38.
~(4=~JLC)=[(5LC =7) = (6JLC +2)] = =4 +~/LC —[5\JLC = 7-6JLC -2]
= —4+LC —[-JLC -9]

=—4+~LC+~LC+9
=2JLC+5

39.

2{~(4-x")-[3+(@—x)]} = 2{-4+x" —[3+4-x"]}
=2{-4+x*-3-4+x"}
=-202x"-11}
=—4x* +22

40.

—{{-(x-2a)-b]-(a—x)} =—{-[-x+2a—-b]-a+x}
=—{x—2a+b—a+x}
=—{-3a+b+2x}
=3a-b—-2x

41.
SV —(6-(2V* +3) =5V —(6-2V*=3)
=5V% —(=2V* +3)

=512 +21% =3
=7V*-3

42.

2F +2(2F =1)=5)==2F +2(2F —1-5)
=2F+2(2F -6)
= 2F+4F -12
=2F-12

43.

~GBt—(T+2t - (5t—6))) =—(3t — (7 + 2t - 5t +6))
=—(3t—(-3t+13))
=—(3t+3t-13)
=—(6t—13)
=—6t+13

Copyright © 2020 Pearson Canada Inc.
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44.

a* =2(x=5-(7-2(a* =2x)=3x)) =a’ —=2(x=5—(7-2a" + 4x —3x))
=a’=2(x-5-(7-2a> +x))
=a’-2(x-5-7+2a" —x)
=a’-2(2a’ -12)

=a’—4a’ +24
=-3a’+24
45.
~4[4R-2.5(Z —2R)~1.5(2R—Z)] = —4[4R —2.5Z +5R—3R +1.5Z]
=—4[6R-Z]
=—24R+4Z
46.

32.1e— 1.3 f = 2e=5/)]} =3{2.1e—=1.3[f —2e+10f]}
=3{2.le—1.3[-2e+11f]}
=3{2.le+2.6e—14.3f}
=3{4.7e—143f}
=14.1e-429f

47.
3D—(D—-d)=3D-D+d =2D+d

48.
i —(2-3i,)+i, =i =243, +i, =i +4i, -2

ﬁ;+gaj+2(3_50{)}{(“;@)_(3_;&)}:[B%Mzg_ga}[mga_mga}
-ls81-{$e
=3B-2«x

50.

Distance = 30 km/hx (¢ — 1)h + 40 km/h x (¢ +2) h
=30(¢ 1) km+40(t + 2) km
= (30¢ =30+ 40¢ +80) km

= (70¢+50) km

51.

Memory = x(4 terabytes) + (x + 25)(8 terabytes)
= (4x+8x+200) terabytes
= (12x+200) terabytes
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52.

We find the value of all shingles at $30 for one supplier, and subtract from it the value of all shingles at $20 for one
supplier. Since we need to include the difference in value for both suppliers, we multiply this difference by 2.
Difference = 2[(2n+1)($30) — (n —2)($20)]

=$ 2[60n+30—20n + 40]
=$ 2[40n+70]
=$ (801 +140)

53.

(@)

Qx> —y+2a)+By—x"—=b)=2x"—y+2a+3y—x"—b
=x"+2y+2a-b

(b)

Qx*—y+2a)-By—-x>—b)=2x"—y+2a-3y+x’ +b
=3x"—4y+2a+b

54,
Bd’ +b—c)+ (2’ —2b—a’)—(4c’ —4b+3)=3a’ +b—c’ +2¢° —2b—a’ —4c’ +4b -3
=24’ +3b-3c’ -3

55.

|a —b| = |—(—a +b)|
=|-(b-a)|
=|-1x(b-a)|
=|-x|-a)
=1x|(b-a)|
~[6-a)

56.

(a—b)—c=a-b-c

However,

a—(b—c)=a-b+c
Since they are not equivalent, subtraction is not associative.
For example, (10—5)—2=5-2=3 is not the same as 10—(5-2)=10-3=7.

Copyright © 2020 Pearson Canada Inc.
1-51



ISM for Washington, Basic Technical Mathematics with Calculus, SI Version, Eleventh Edition

1.8  Multiplication of Algebraic Expressions

1.

25 (=st*)’ (45°1) = 257 (1)’ 5’12 (45°1)
=-25%"(4s°t)
_ 8S8tH

2.

—2ax(3ax® —4yz) = (—2ax)(3ax’) — (—2ax)(4yz)
= (=6a’x’)—(=8axyz)

=—6a’x’ +8axyz

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

=x"-3x-2x+6
=x-5x+6

4.
(2a-b)* =(2a—b)(2a-b)
=(2a)(2a) +(2a)(=b) + (2a)(=b) + (=b)(=b)
=44’ —2ab—2ab+b’
=4a’ —4dab+b’

5.
(a*)(ax)=a’x

6.
Quy)(x’y’)=2x"y*

7.

—a’c?(d*ex’)=—a'c’x’

8.

(=2¢s”)(—4es)’ = (—2cs”)(—4es)(—4es)
=(2cs*)(16¢%s%)
=-32¢"s*

9.

(2ax*)* (=2ax) = 2ax*)(2ax” )(—2ax)

= (4a*x")(—2ax)

3.5
=—8a’x
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10.

(6p4°)3pq*) =(6p4’)3pa*)3pq’)
=(6pq’)9p%q")
= 54p3q7

11.

2(R+2r) =) R)+*)2r)

=i?R+2i*r

12.

2x(=p—q)=(2x)(-=p)—(2x)(q)

=-2px—2¢qx

13.

—55(3s" = 21) = (=55)(3s’) + (=55)(—2¢) = —155" +10st

14.
-3b(2b* —b) = (-3b)(2b* )+ (-3b)(=b)
=—6b" +3b°
15.
Sm(m*n+3mn) = (Sm)(m*n) + (5Sm)(3mn)
=5m’n+15m’n
16.

a’bc(2ac —3b*c) = (a’be)(2ac) + (a’be)(—3b%c)
=2a’bc* -3a’b’c?

17.

BM(—M = N+2)=3M)(-M)+(BM)—-N)+(B3M)(?2)
=-3M?-3MN +6M

18.
—4c*(-9gc—2c+g%) = (=4 )(-9¢g) + (—4c” )(—2c) + (—4c*)(g?)
=36c’g +8c’ —4c’g’

19.

ax(ex®)(x+y*) = acx’ (x+ )
= (acx’)(x) +(acx’)(y*)
=acx* +acx’y’

20.

—2(=3st’)(3s — 4t) = 651> (35 — 41)
= (6517)(35) + (651 )(—4t)
=18s% —24st*
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21.

(x=3)(x+5) = (0)(x) +(x)(5) + (=3)(x) + (=3)(5)
=x?+5x-3x-15
=x"+2x-15

22.
(a+7)a+1) = (a)a)+(a)D)+(7)(a)+ (7))
=a’+a+T7a+7

=a’+8a+7

23.

(x+35)(2x—1) = (x)(2x) + (x)(=D + (5)(2x) + (5)(-1)
=2x*—x+10x-5
=2x"+9x-5

24,
(4t1 + tz )(2t1 - 3t2) = (4t1 )(Ztl ) + (4t1 )(_3t2) + (tz )(2t1) + (tz )(_3t2)
=8t —12tt, +2t,t, — 3t

=8¢’ —10tt, —3t,’
25.

(Y +8)(y=8)= () +(M(=8) +(&)(y) +(8)(=8)
=y’ -8y+8y—64
=y’ —64

26.

(z=4)(z+4)=(2)(2) + () + (- (2) + (-4
=2 +4z-42z-16
=z"-16
27.
(2a—b)(Ba-2b) =(2a)(3a)+(2a)(-2b)+(=b)(3a) + (=b)(-2b)
=64’ —4ab—3ab+2b’
=6a’>—Tab+2b’

28.
(=3+4wH)BW* =1) = (=3)3W*) +(=3)(=1) + (4w (3w’ ) + (4w)(=1)
=-9w? +3+12w* —4w?
=12w' 13w’ +3
29.
(25 +7)(35 = 5¢) = (25)(35) + (25)(=5¢) + (7£)(35) + (7£)(=5¢)
= 6s* —10st +21st —35¢*
= 65" +11st —35¢°
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30.
Sp-29)p+39)=(5p)p)+(Ep)8qg)+(—29)p)+(—2¢)(8q)
= Sp2 —i—40pq—2pq—16q2

=5p* +38pg—164"

31.
(" =D(2x +5) = (x")(2x) + (x")(5) + (= D(2x) + (= 1)(5)

=2x*+5x* -2x-5

32.
Gy’ +2)(2y-9) =3y )N+ Gy’ )= +(2)(2») +(-9)(2)
=6y’ —27y* +4y—18

33.
(x=2y—4)(x—-2y+4)

Chapter 1: Basic Algebraic Operations

= ()(x) +(0)(=2y) + (D) + (=2)(x) + (=20)(=2) + (=2y)(4) + (=H(x) + (=4)(=2y) + (=H)(4)

=x"—2xy+4x—2xy+4y’ -8y —4x+8y-16
=x"+4y* —4xy—16

34.
(2a+3b+1)(2a+3b-1)

=(2a)(2a)+(2a)(3b) + (2a)(=1) + (3b)(2a) + (3b)(3b) + Bb)(—1) + (D(2a) + ()(3b) + (1)(-1)

=44’ +6ab—2a+6ab+9b*> —3b+2a+3b—1
=4a* +9b* +12ab -1

3s.

2(a+1)(a=9) = 2[(a)(a) +(a)(=9) + (D(a) + (=N(1)]
=2[a*-9a+a-9]
=2[a* —8a-9]
=24’ -16a-18

36.
=S(y-3)(y+6)

=SINW) +(7)(6) +(=3)(¥) +(=3)(6)]
—-5[y* +6y—3y—18]

=-5[y> +3y-18]

—-5y* —15y+90

37.
=33-2T)(3T+2)=-3[3BT)+B)2)+(2T)3BT) +(-2T)(2)]

—3[—6T% +9T —4T + 6]
—3[—6T7 +5T +6]
=187*-15T-18
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38.
2n(5=n)(6n+5) = 2n[(5)(6n) + (5)(5) + (=n)(6n) + (=n)(5)]

=2n[—-6n" +30n—5n+25]
=2n[—6n" +25n+25]
=-12n° +50n° +50n

39.
2L(LA+1)(4=L) = 2L(L)(4) + (L)(=L) + (1)(4) + (D(=L)]

=2L[-[* +4L—L+4]
=2I[-I’ +3L+4]
=20 +6L +8L

40.
ax(x+4)(7=x*) = ax[(x)(7) + ()(=x") + (4)(7) + (H)(=x")]
= ax[-x* —4x* +7x+28]

=—ax* —4ax® + Tax* + 28ax

41.

(2x=5)* =(2x=5)(2x=5)
= (2x)(2x) + (2x)(=5) + (=5)(2x) + (=5)(-5)
=4x* —10x—10x+25
=4x* —20x+25

42.

(x=3y)" =(x=3y)(x=3y)
= (0)(x) + (x)(=3y) + (=3y)(x) + (=3y)(=3y)
=x>=3xy—3xy+9)°
=x’— 6xy+ 9y2

43.

(x, + 3x2)2 =(x, +3x,)(x, +3x,)
= (x)(x,) +(x,)(3x,) + (3x,)(x;) + (3x,)(3x,)
=x +3xx, +3x,x, +9x,’

2 2
=x,~ +6x,x, +9x,

44.

(Tm+1)* = (Tm+1)(Tm+1)
= (Tm)(Tm) + (Tm)(1) + 1)(7m) + (1)(1)
=49m” +Tm+Tm+1
=49m> +14m+1
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45.

(xpz=2)" = (xyz=2)(xyz—2)
= (z)(xyz) + (xy2)(=2) + (=2)(0z) + (=2)(-2)
=x*y*z" = 2xyz —2xyz + 4

=x'y*z" —dxyz +4

46.

(b—6x*)" =(b—6x>)(b—6x")
= (b)(b) + (b)(=6x") + (—6x7 )(b) + (=6x )(=6x7)
=b* —6bx* — 6bx* +36x*
=p> —12bx* +36x"

47.
2(x+8)* = 2[(x +8)(x +8)]
= 2[(x)(x) + (x)(8) + (8)(x) + (8)(8)]
=2[x” +8x+8x+64]
=2[x” +16x +64]
=2x" +32x+128

48.

33R+4) =3[3R+4)(3R+4)]
=3[BR)BR)+(BR)(H) +(4)(3R) +(4)(4)]
=3[9R> +12R+12R+16]
=3[9R* +24R +16]
=27R* +72R +48

49.

Q2+x)3-x)(x=1)=[(6-2x+3x—x")](x—1)
=(x—D[-x" +x+6]
= (0)(=x") + (1)(x) + (6)(x) + (=D)(=x") + (= 1)(x) + (=1)(6)
=—x +x +6x+x" —x—6

=—x +2x* +5x—6

50.

Bx=c?) =Bx=c?)Bx-c*)Bx—c?)
=[(3x)(3x)=3c’x=3c*x +c*)](3x—c?)
=(Bx—c*)[9x” —6¢’x+c*]

Chapter 1: Basic Algebraic Operations

= (3)6)(9)c2 )+ (3x)(—6czx) + (3x)(+c4) + (—c2 )(9x2 )+ (—c2 )(—6czx) + (—c2 )(+c4)

=27x" —18¢*x* +3¢*x = 9¢*x* + 6¢* x — ¢°

=—®+9¢*'x =272 %% +27x°
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51.
3T(T+2)QRT -D) =3T[(T)2T)+(T)(-D)+2)2T)+(2)(-1)]

=3T[2T* -T +4T -2]
=3T[2T* -T +4T -2]
=3T[2T* +3T -2]
=67 +9T* - 6T

52.
[(x=2)*(x+2)]
=[(x=2)(x =2)(x + 2)][(x = 2)(x = 2)(x +2)]
= [(x =2)[(x)(x) + (=2)(x) + (2)(x) + (=2)D)]I[(x = 2)[(x)(x) + (=2)(x) + (2)(x) + (=2)(2)]]
=[(x=2)[x* =2x+2x —4]][(x —2)[x* —2x +2x —4]]
=[(x=2)[x" = 4]l[(x - 2)[x* — 4]]
= [ + (A +(2)(x) + (2N + (=) + (=2)(x7) +(=2)(-4)]
=[x’ —2x" —4x+8][x’ —2x* —4x+8]
= (7)) + (7 )(=227) + () (=) + (67)(8) + (=217 )(x7) (=227 )(=2x7 ) + (=257 )(—4x) + (=2x7 )(8)
+H(=4x)(x7) + (=4x)(=2x7) + (—4x)(—4x) + (—4x)(8) + (8)(x” ) + (8)(=2x7) + (8)(—4x) + (8)(8)
=x°=2x" —4x" +8x’ —2x° +4x* +8x’ —16x” —4x* +8x” +16x” —32x+8x’ —16x” —32x + 64
=x%—4x" —4x* +32x° —16x” — 64x+ 64

53.

(@)

(x+y) =(+4)’ =7> =49
X4y =3 +4"=9+16=25
(x+y) #x"+)°

49 £ 25

(b)
(x-y)’=(@-47=(-1)’=1
¥ -y =3-4=9-16=-7
(x=y) #x* =)’
1#-7

54.
(98)(102) = (100—2)(100 +2)

=(100)(100) + (100)(2) + (=2)(100) + (2)(-2)
=10000+200-200—4
=9996

5S.
4y —1=16-1=15=(3)(5)
If we let x equal an integer between 1 and 9, 1< x <9, then x* —1 can be factored to (x —1)(x+1):
(x=D(x +1) = (x)(x) + D(x) + (=D(x) + (1)(=1)
=x"—x+x-1
=x"-1

(x — 1) is the number before x, and (x + 1) is the number after x.
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56.
(x=2)(x+2)(x+3)(x=3) =[x" +2x —2x—4][x*> +3x—3x-9]
= (¥ =4 -9)

= (1)) + ()9 + () (4) + (-4)(-9)

=x"—9x? —4x* +36

=x*-13x" +36

Chapter 1: Basic Algebraic Operations

If we group the (x + 2) with the (x—2), then the 2x and —2x will cancel each other out when we multiply the terms

out. Likewise with the (x + 3) and the (x — 3).

57.
¥+ #E(x+y)
#(x+y)(x+y)(x+y)
# (x+ Y)(x)(x) + (x)(¥) + (V)(x) + ()]
#(x+ ) [x* +xy+xy+1°]
# (x+y)[x” +2xy+°]

# (0)(x*) +(0)(20) + (D)) + () +()(2x0) + (1))

X 42Xy + Y x+x7y+2y x+y’
#x +3x°y+3y°x+y’

58.
(x+ ) —xy+y?)
= (X)) + (D)) + (X)) + ) +()(=x) + (M)
=x -xX’y+yx+x’y—-yx+y’
— x3 +y3

59.
P(1+0.017)> = P(1+0.01)(1+0.017)

= P[(1)(1) + (1)(0.017) + (0.017)(1) + (0.01r)(0.017)]
= P[140.017+0.017+0.0001+*]
=0.00017>P+0.02rP+ P

60.
w(l=x)(4=x") = w{(D(@) + (D(=x") + (=2)(4) + (x)(=x")]
=wd-x" —4x+x’]

3 2
=xw—x"w—4wx+4w

61.
QR-X)—(R*+X*)=(2R-X)2R-X)—(R*+X?)

=[2R)2R)+2R)(~X)+ 2R)(=X) +(-X)(=X)] - (R* + X*)

=4R*-2RX -2RX + X’ -R’ - X*
=3R*—4RX

62.

QT +3)T° =T =3) = 2T’ )(T*)+ T )(-T) + (2T )(=3) + B)T*) + 3)(-T) + (3)(-3)

=27° -2T*—67° +37* =37 -9
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63.

Number of switches = n
— (n+100)*
— (n+100)(n+100)
= (n)(n) + ()(100) + (100)() + (100)(100)
=n” +100n+100n+10 000
=n’>+200n+10 000

64.

(T =100)(T =10)(T +10) = (T* =100)[ T* +10T =107 —100 |
=(I*-100)[ T* ~100]
=T*-100T* —100T7 +10 000
=T*-2007> +10 000

65.

(R +R,)*—2R,(R +R,) =[(R +R,)(R, +R,)]-2R,(R, +R,)

[(R)(R)+(R)(R,)+(R,)(R)+(R,)(R,)]-2R R, - 2R,
R’+RR,+RR, +R,’|-2RR,~2R,’

_R? _R22

1

66.
27x% —24(x—6)* —(x—12)
=27x* = 24(x - 6)(x —6) — (x —12)(x —12)(x —12)
=27x" =24 " —6x—6x+36 |~ (x—12)[ x* —12x—12x+144]
=27x" = 24[ ¥ —12x+36 |- (x—=12)[ ¥ —24x +144]
=27x" = 24x +288x =864 —[ (x)(x*) + (x)(~24x) + (x)(144) + (—12)(x*) + (—12)(24x) + (~12)(144) |
=3x" +288x—864 —x’ +24x" —144x+12x> —288x+1728
=—x’ +39x —144x + 864
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1.9 Division of Algebraic Expressions

1.
—6a’xy" -6 P
-2a’xy’ =2

2

4x’y—8x’y* +2x7y _ 4x3y_8)c3y2 +2x2y

2xy° 2xy*

3_
2x*!
2-1

2x?

y

3.
3x-2
2x—1)6x" —Tx+2
6x> —3x
—4x+2
—4x+2

0
4.

2x—1
4x? —l>8x3 —4x* +0x+3

8x’ -2x
—4x +2x+3
—4x° 1
2x+2

8x® —4x* +3 2x+2
— 5 =2x—1+—;
4x° -1 4x° -1

_1Qp7 3
18b ¢ g = —18pe

bc

2xy

12— X
— 4y 1yz 2y

2 2

2xy

2-1

2-1

x
= —4x*+=

y
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7.

—l6r'c 4 4t

477t P

8.

51mn’ _ 3n"? _ﬁ

17m*n*  m*! m

9.

10x°y’ 10 2 2x°

10.

=20b°c” (=20 s s R

F = (—)b C =-5bc = ]
c 4 c

11.

=200m’n" (=200 0 <o) Lo 20n"
—= m n =20m 'n =—

—10m n -10 m

12.

_817172ki:pi _ (__Slj r7,(72)k737(73)p107(—5) :__3r9k0p15 _ —3r9p‘5

135"k p 135 5

13.

(1 sz)(4bx)(2y) _ 120x3by _ 4x371b171y171 — 457
30bxy 30bxy

14.

(5sT)(8s°T°) _ 40s°T*

= =4s'7T*? =417
10s°T? 10s°T?

15.

6(axz2 _ 6a2x; - 64 = —6g
—ax —ax

16.

124%b _ 124°b _ 44%* 4

Gab®?  9a’b* 36 3

17.
3a’x+6xy _ 3a’x +6_xy _ 3a’x + 6x'y
3x 3x 3x 3 3

1-1

=a’+2y

Copyright © 2020 Pearson Canada Inc.
1-62



18.
2m*n—6mn _ 2m*n _6mn = 0= 3m 0 = mn—3n
2m 2m 2m
19.
3rst ; 6r’st? _ 33rst 3 6};2st2 I DD W R IR S WS
rs rs rs
20.
—Sazr;— 10an’ _ —:azn 3 I(S)an2 T g = —g— 2
an an an
21.
4pq’ +8p°q’ —16pg° _4pg’  8p’¢’ 16pq°
4pq’ 4pg’  4pg’  4pq’
— p]—]q3—2 +2p2—]q2—2 _4pl—]q5—2
=—4¢’+2p+q
22.
a’xx; +ax; —ax, _ a’xx; +ﬁ_ﬁ
ax, ax, ax, ax
— a2—1x11—1x22 +a1—1x13—1 _al—lxll—l
=ax; +x —1

23.
rfL-nfR* _2zflL nfR’

7 fR 7fR 7xfR
_MTL

R f171R271
_2L g
R
24,
9(aB)* - 6aB* _ 9(aB)* 6aB*
3¢  3aB’ 3aB’
_ 94*B*  6aB*
" 3aB’  3aB’
—34*'B*3 24" 'B*?
=3a’B-2B
25.
—7a*b+14ab* -21d° _ 7a*b N 14ab’ 3 214°
14a’b* 14a°b>  14a°b*  14a°b’
I
267 2
1 1 3a
T2 a 20
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26.
2" +4ax" 2x"? N 4ax"
2x" 2x" 2x"
= xn—n+2 + 261)("7"
=x’+2a
27.
6y2n _4ayn+l ~ 6y2n 4ayn+l
2y" - 2y" - 2y"
- 3y2n7n _ 2ayn—n+l
=3y" -2ay
28.
3a(F+T)b* —(F+T) 3a(F+T)b> (F+T)
a(F+T) T a(F+T)  a(F+T)
3aT P RO
D) a(F+D)
_apr ol
a
29.

x+5
x+4)x* +9x+20

x> +4x
5x+20
Sx+20
0
x” +9x+20 _
x+4 B

x+5

30.
x+9

x=2)x*+7x-18
x> =2x
9x—18
9x—18
0
2 —
X +7x 18=x+9

x=2
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31.
2x+1
x+3)2x* +7x+3
2x° +6x
x+3
x+3
0
2
2x +7x+3:2x+1
x+3
32.
3t—4
t—1&3t2—7t+4
3t =3¢
—4t+4
—4t+4
0
2_
3t 7t+4=3t_4
t—1
33.
x—1

34.
2x—=17
x+1)2x> =5x -7
2x% +2x
—Tx=17
~Tx-1
0

2x* —5x-7 _
x+1

2x=17

Copyright © 2020 Pearson Canada Inc.
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35.
4x* —x—1
2x—3>8x3—14x2+xr%0

8x’ —12x°
—2x7+x
—2x* +3x
—-2x+0
—2x+3

— =4x
2x-3 2x-3

36.
3y+2
2y+1ﬁ§7:7513
6y +3y

4y+6
_Ay+2
4

6y2+7y+6_ 4

3y+2+
2y+1 2y+1

37.
zZ-2
47+3)42> =521
47°+37

-82-7

—87-6

-1

2_ p—

42 =52-7_, , 1

47 +3 4Z+3
38.
2x+1
3x—4)6x* —5x-9
6x> —8x
3x-9
3x—4
-5
2_ —
6x" —5x 9=2x+1— 5
3x—4 3x—4
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39.

X +x—6
x+2)x3+3x2—4x—12

X +2x°
X’ —4x
X’ +2x
—-6x—-12
—6x—12
0

X +3xr—4x-12

=x"+x-6
x+2
40.

x> +7x+9
3x—2>3x3+19x2+13x—20

3x’ —2x°
21x% +13x
21x* —14x
27x—20
27x—18
-2
3x° +19x* +13x-20 _
3x-2 -

X2 +Tx+9-
3x-2

41.

2a> +8
& —2>2a4 +0a° +4a> +0a—16

24" —4a*

8a’ —-16
8a’ —16
0
4 2
2a” +4a” -16 — 4% 48

at -2
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42.

2T +1
3T2—T+2yﬂ“+T2+0T+z

67° —27*+4T

37 —4T +2
37 —T+2
=-3T
T’ +T%+2 T
62+—+=2T+1_23—
37--T+2 37" -T+2
43.
x*=2x+4
x+2)x* +0x? +0x+8
X +2x°
—2x* +0x
—2x?—4x
dx+8
4x+8
0
2 +8
=x"-2x+4
x+2
44.
D*+D+1
D—QDM@DH@D—l
D’ —1D?
D*+0D
D?*—1D
D-1
D-1
0
3
D=l pripi
D-1
45.
xX—y
xX=y xz—2xy+y2
xz—xy
—xy+y°
—xy+y°
0

)cz—2xy+y2 _
xX=y
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46.
3r+4R
r—3R }3r2 —5rR+2R?
3r2 —9rR
4rR+2R’
4rR —12R?
14R?
2 _ 2 2
3r°=5rR+2R 3+ 4R+ 14R
r—3R r—3R
47.
t—2
t2+2t+45t3+0t2+0t—8
£ 422 +4¢
—2t*—4¢-8
—2t* —4t-8
0
-8
2 +2+4
48.

a’ +2ab+2b*

a’ —2ab+ 2b2>a4 +0a’b+0a’b* +0ab® +b*
a' —2a’b+2a’h’
2a’°b—2a’b* +0ab’
2a’°b—4a’b’ +4ab’
2a’h* —4ab’ +b*
24°b* —4ab’ +4b*

-3p*

4 pt 4
za—bzza2+2ab+2bz—%
a”—2ab+2b a”—2ab+2b
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49.

We know that 2x + 1 multiplied by x+c will give us 2x* —9x—5, s0 2x* —9x -5 divided by 2x+1will give us
x+c:

x=5
2x+1)2x* =9x -5
2x" +x
—10x-5
—-10x-5
0
x+c=x-5
c=-5

50.
2x-3
3x+4)6x" —x+k
6x° +8x
-Ox+k
—Ix—12
0
k—(-12)=0
k+12=0
=-12

51.
X =x*+x-1
x+l>x4+0x3+0x2+0x+1

xt X
—x* +0x?
—x=x2
2
x“+0x
X 4x
—x+1
—x-1

2

4
x+1 2

=x —x +x—l+——=#x
x+1 x+1
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52.
X —xy+y°
3 2 2 3
x+y>x +0x"y+0y"x+0x+y

X +x’y
-x'y+0y’x
-X’y—y'x

Yty
yxty
0
x4y

=x’—xy+y=x’+)°
x+y

53.

84’ +44YPE —AU'E" 84" AALWE’  Au'E
84" 84* 84* 84"
lquz ,LI4E4
2 4+3 - 84!
_A+ﬂ2E2 _,LI4E4
24 84°

=4+

54.
6R +G6R,+RR, _ G6R_  G6R, RR,
6RR, 6RR, 6RR, 6RR,

R m e
[N Y

55.
GMm[(R+7r)—(R-r)] GMm[R+r—R+7r]

2rR 2rR
_ GMm[2r]
2R
_ GMm[%]
= —}KR
_ GMm
R
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56.
37227 —-4
T—zpfﬁ—8T2+0T+8

37° —61"
—2T*+0T
—2T% +4T

—4T +8
—4T+8
0

57.
st =252 71_ st +4
st +4 st=2s=2

S +25+6
s’ —25—2>S4+OS3 +0s” +0s+4

st—257 257
25’ +25° +0s
25’ —4s* —4s
6s° +4s+4
65> —125—12
16s+16

4
2s +4 C 125464 16s+16
s*—25-2 s°—=2s5-2

58.
£ =3t+5

2t+100>2ﬁ-+94ﬁ-290t+500

2 +100¢°
— 61> —290¢
—6t> —300¢
10¢+ 500

107 +500
0
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1.10 Solving Equations

1.
(a)
x=3=-12
x—3+3=-12+3

x=-9

(b)
x+3=-12

x+3-3=-12-3
x=-15
(©
o2
3

X
3(5] =3(-12)
36

X
(@)
Ix=-12
3x  —12
33
x=-4

7-2t=9
7-7-2t=9-17
—2t=2
-2t 2
2 2
t=-1
Check:
7-2t=9
7-2(-1)=9
7-(-2)=9
9=9
3.
x—7=3x—(8—06x)
x—7=3x-8+6x
x—=7=9x-8
—8x=-1

X =

1
8
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4.
L7
3.80 4
3 SO[LJ=3.80(ZJ
3.80
L=6.65m
5.
x=2=17
x=T7+2
x=9
6.
x—4=-1
x=-1+4
x=3
7.
x+5=4
x=4-5
x=-1
8.
—-s—-6=14
-s=14+6
s=-20
9.
_L_s
2
1=(=2)(5)
t=-10
10.
X o»
—4
x=-4(2)
x=-8
11.
r=8_,4
3
y=8=4(3)
y=12+8
y=20
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16.
5D-2=13
5D=13+2

p=2

D=3
17.

5-2y=-3
—2y=-3-5
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20.
6+4L=5-3L
4L+3L=5-6
TL=-1
L=-1
7

21.
2(3g+4)=5¢q
6q+8=>5¢q
6g—5q =-8
q=-8
22.
3(4—-n)=—-n
-n=12-3n
-n+3n=12
2n=12
12
n=—
2
6

n=

23.
—(r—4)=6+2r
-r+4=6+2r
—r—=2r=2
=3r=2

r=——

3
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24,
5-(x+2)=>5x
S5x=5-x-2
Sx+x=3
6x=3

26.
6(8—3F)=-10

48—18F =-10
—18F =—10—-48
Fo8_2
18 9
27.
0.1x—0.5(x—2) =2
x—5(x—2)=2(10)

x=5x+10=20
—4x=20-10
10 5
x:—:——
-4 2

28.

1.5x—03(x—4)=6
15x—-3(x—4)=6(10)
15x—3x+12=60

12x=60-12

_ 48

12

x=4

X
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29.
7-3(1-2p)=4+2p
7-3+6p=4+2p

4+6p-2p=4
4p=4-4
0
7=y
p=0
30.

3-6(2-3t)=t-5
3-12+18t=t-5
“9+18t—t=-5
17t =4
4

17

31.
4x-2(x-4) _
3
4x—-2x+8=3(8)
2x=24-8
16
xX=—
2
x=8

8

32.

_ =5(7-3x)+2

=

4(2x)=-35+15x+2

8x—15x=-33
—Tx=-33

_-33 33

=

2x

33.
|x|—9:2
|x|=2+9=11

x=1lorx=-11
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There is no real solution for x

35.
5.8—0.3(x—-6.0) =0.5x
0.5x=5.8-03x+1.8
0.5x+03x=7.6
0.8x=17.6
7.6
x=—
0.8
x=9.5

36.
1.9¢=0.5(4.0—-1)— 0.8
1.9¢=2.0-0.5.-0.8
1.9/ +0.5t =12
24t=12
12
T 24
t=0.50

t

37.
—0.24(C—-0.50)=0.63

-0.24C+0.12=0.63
-0.24C =0.63-0.12

~0.24C =0.51
051
T 024
C=-2.125
C=-2.1
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38.
27.5(5.17—1.44x)="73.4

142.175-39.6x=73.4
-39.6x=73.4-142.175

~39.6x =—68.775
_ —68.775
396
x =1.736742424
x=1.74
39,
x 7
20 6.0
x= 2.0(£J
6.0
X = 5.6666666...
x=57
40.
30 R
70 42
R= 42(ﬂj
7.0
R=18
41.
165 13V
23 15
15(165) 15(13V
505008
2475
2899
V =0.85374267
V=085
42.
276x 1360
170 464

276x = 17[@j
46.4
. _ 4982758621
276
x =1.805347326

x=1.81
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43.
74 191
x 427
19.1
7.4 = x|:—j|
42.7
42.7
—[7.4] =x
19.1
x=16.5
44.
10 -25
12.5 R
10
R — |=-25
12.5
12.5
R=—=[-25]
10
R=-3.125~-3.1
45.
(CY)
2x+3=3+2x
2x+3=2x+3
It is an identity, since it is true for all values of x.
(b)
2x-3=3-2x
4x=6
6 3
X=—=—
4 2

It is conditional as x has one answer only.

46.
2x+a=2x

2x—2x+a=2x-2x
a=0
Since a only has one value, this equation is conditional on a being 0.

Check:
2x+a=2x

2x+0=2x
2x =2x
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47.

x—7=3x—(6x-38)
0=3x—-6x+8—x+7
0=—-4x+15
x=3.75

CIJATIOM_SOLVER QZ-3H+(6H—E)=E L TarFrac

By B=E-7=3x+ (6K =3. 154
= bound=<-199,1..

48.
0.0595-0.525i -8.85(i+0.0316) =0

0.595-0.525i—8.85i-0.27966 =0
-9.375i+0.31534=0
i=0.033636266

i=0.0336
LUATION SOLVER . —H. s
skt =0, B595-8. 5 A= B30 26650
%E:;.’—EI « BECHAE, B33 bound=7-1e99.1..

49.
2.0v+40 =2.5(v+5.0)

2.0v+40=2.5v+12.5
40-12.5=2.5v-2.0v
27.5=0.5v
27.5
y=—-
0.5
v =155 km/h

50.
15(5.5+v) =24(5.5—-v)
82.5+15v =132 24y
15v+24v=132-82.5
39y =495
)
39
v =1.269230769 km/h

v=1.3 km/h
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51.

11=I=79

40
40(1.1)=T-76
44=T-76
T=44+76
T =120 °C

52.
1.12V = 0.67(10.5-V) =0
1.12V =7.035+0.67V =0
179V —7.035=0

1.79V =7.035

_7.035

©1.79
¥ =3.930167598 V

V=39V

53.
0.14n+0.06(2000 — 1) = 0.09(2000)

0.14n+120-0.06n =180
0.14n—-0.06n=180-120
0.08n =60
60
n=—-
0.08
n=750L

54.
215(3x) = 55.3x +38.5(8.25—3x)

645x =553x+317.625-115.5x
645x—553x+115.5x = 317.625
705.2x =317.625
_317.625

705.2
x=0.45040414 m

x=0.450m

55.
2050 km

55L

X

oL
) L(zoso kmj
551

x =820 km
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56.
1.8m X

20 mm:16 mm

x=16 mm 1.8mj
20 mm

x=1.44 mm
x=1.4 mm
57.
20 min _ x

250 cal 400 cal

x =400 cal(zo m‘nj

250 cal

x=32 min
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1.11 Formulas and Literal Equations

1.
v=y,+at

v—y, =at

L(wL+2P)
8
8W = L(wL +2P)
8W = wl> +2LP
wl? =8W —2LP
8W —2LP
s

W:

V =V,[1+b(T ~T,)]
V =V,[1+bT —bT,]
V =V, +bTV,-bT,V,
bTV, =V, +bTV, -V
Al
bV,

R=R,+R,aT
R-R,=R,aT
R-R,
R,T

Chapter 1: Basic Algebraic Operations
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wW=8T-0
O+w=S8,T
o=8,T-w

B= nTWL
12

12B=nTWL
12B
n=——
TWL

10.
P=2xTf
P

:27rf

11.
p=p,+dgh
p—p,=dgh
_P-p,
dg

12.
20=21+4+S

21=20-4-8
_20-4-8
2

1

14.
4F

zD?
PrD* =4F
PrD?

F =

Copyright © 2020 Pearson Canada Inc.
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15.
s, =2 10054
5T
S, ~0.05d = -
5T
A=5T(S, —0.05d)
16.

1 yin
A=LH +—BH +—
2 8

zl 1
A-—=LH+—BH
8 2

2

L
A-——=H(L+0.5B)
8

84—nL
H=—0f
L+0.5B
~ 84—l
8(L+0.5B)
8A—rnl’
H=——
8L +4B

17.
ct’ =0.3t—ac
ac+ct* =0.3¢
ac=0.3¢—ct’
—ct’ +0.3¢
a=—
c

18.

2p+dv: =2d(C-W)

2p+dv' =2Cd —2dW
2Cd = dv* +2p+2dW

C= dv’ +2dW +2p
2d
19.
T:c+d
y
c+d=Tv
d=Tv—-c
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20.
= 'uol
2R
BR :#—01
2r
_ ol
2B
21.
K, m+m,
?2_ m

K, (my +my) = Km,
K,m +K,m, =K m,
K,m, =Km —K,m,

_Kim —-K,m,
2 Kz
22.
F
S=aF
fd-F)=F
fd—fF=F
fd=F+fF
g=r+tr
S
23.
_ 2mg
M+2m

a(M +2m)=2gm
aM +2am=2gm

aM =2gm—2am
_2gm—2am

M
a

24,
- V(im+M)
m
mv=mV+MV
MV =mv—mV
_myv—mV
_T
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25.
C; =Cl(1+2V)
C, =Cl+2CV
2CHV =C; -C}
VZ@—&
2C}

26.
A =AM +1)
A =AM + 4
AM = 4,— A
4 -4
4

M =

27.
N=r(4-s)
N=Ar—-rs
rs+ N = Ar
rs=Ar—N
Ar—N
5=

r

28.
T=3T,-T))
T =3T,-3T,
3T +T =37,
3T, =37, -T
73T
3

29.

h
T,=T ———
> 71100

1007, = 1007,
h+100T, =1007,
h=100T, —1007,

30.
p,=p +rp(1-p))
p,—p=mp,(1-p)
__ PP
p(l-p)

Chapter 1: Basic Algebraic Operations
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31.
Q] =P(Q2_Q1)
Q1 :PQz _PQI
PO, =0, +PQ,
0 + PO
0, = 1 P 1
32.
p-p,=dg(y,~»)
y,—y _P—Pp,
2~ N dg
pP—D,
= +
be) dg N
33.

N=NT-N,(1-T)
NT=N+N,(1-T)
N+N,-N,T

N, =
T

34,
1, =t +(1=hy,
t,=t +t, —ht,
t,+ht =t +t,
ht, =t .+t —t,
ottt -t
=

m

h

35.
L=r(r,+r)+2x +2x,
L=rr+7r,+2x +2x,
v, = L—rr, —2x, —2x,

L—r7r,—2x —2x,
r =
1

T

36.
I VR, +VR, (1+ 1)
R] RZ
IRR, =VR, +VR +VR U
VR u=IRR,—VR, +VR,
_IRR,—VR, +VR,
#= VR,
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37.
NASD
gJ
gIP=VV, -V}
W, =W} +glP
v +gJP
V.

1

P

1/2:

38.

W:T(Sl_Sz)_Q
W+Q=TS —TS,

TS, =TS,-W -0

TS, -W -0
Sy=———

39.
_ 2edkk,
d(k, +k,)
Cd(k, +k,) =2eAkk,

o Gl +k,)

24k,k,

40.
3LPx* —Px’
6EI
6dEI =3LPx* — Px*®
3LPx* = 6dEI + Px’

_ 6dEl+Px’
3Px’

(-

y-c-
N

d=

L

41.

V+—=C

ey
N

Cn=CN-NV
CN-NV
n=———
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42.
p_ Al
P B+Al
p(B+Al) = AIP
pB+ Alp = AIP
pB = AIP— Alp
_AIP-Alp
p

B

43.
T,
T+,
nnL+1)=T,
nt, +nT, =T,
nt, =T, -nT,
_L-nT,
n
875 K —0.450(875 K)
B 0.450
- 875K —-393.75 K
0.450
_ 48125K
' 0450
T =1069.444444 K

T,=1070 K

77:

T,

1

1

44.
P = P.(1+0.500m>)
p-__ &
¢ 14+0.500m*
. 685W
¢ 140.500(0.925)
~ 685 W
© " 140.500(0.855625)
. 685W
<7 1+0.4278125
685 W
< 1.4278125
P =479.7548698 W

P =4.80x10° W
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45.

F=2c+3
5
9
90.2==C+32
5
5
S(02-32)=C

C=2x582
9
C=323C
46.
V:%L(B+b)

2V =BL+bL
bL =2V -BL
2V -BL
L
= 20,09 m*)—(0.244 m*)(4.91 m)
(491 m)
,_ 218 m® —1.19804 m’
491m
~ 0.98186 m*
© 491m
b=0.199991853 m?
b =0.200 m>

b

47.
VR,
R +R,
V(R +R,)=VR,
VR,
R +R, =—"
V

1

1

R = (120V)B56Q) _ 3500
6.30 V

R, =6.780952381 Q—-3.56 Q
R, =3.220952381 Q
R,=322Q
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48.
~ 1
7 qg+p(-q)
nlg+pd-g)=1
ng+np(l-q)=1
np(l-q)=1-nq
1-ng
n(l-q)
_1-(0.66)(0.83)
0.66(1—0.83)
_1-0.5478
P 0.66(0.17)
04522

P01
p =4.03030303

p =4 processors

49.
d=v,t, +vt,
d=v,(4h)+v,(t+2h)
v, +v,2h)y=d-v,(4 h)
tvy=d—-v,(4h)—v,(2 h)
. d-v,(4h)-v,(2h)

Vi

50.
C=x+15y
15y=C—-x
C—-x
15

y:

Copyright © 2020 Pearson Canada Inc.
1-94



1.12 Applied Word Problems

1.
Let x = number of 25-W lights.
Let 31 — x = number of 40-Wlights.
25x+40(31-x)=1000

25x+1240—40x =1000

—15x=1000-1240

—15x=-240

x=16

There are 16 of the 25-W lights and (31 — 16) = 15 of the 40-W lights.
Check:
25-16+40(31-16) =1000

400 +40(15) = 1000
400 + 600 = 1000
1000 =1000

2.
Let x = the number of slides with 5 mg.
Let x—3 = the number of slides with 6 mg.

(5 mg)x = (6 mg)(x—3)
(5 mg)x = (6 mg)x—18 mg
—x=-18
x =18 slides
There are 18 slides with 5 mg and (18—3) =15 slides with 6 mg.

Check:
5 mg(18) = 6 mg(15)

90 mg =90 mg

3.
Let ¢ = the time for the shuttle to reach the satellite.
(29 500 km/h)t = 6000 km + (27 500 km/h)z

(2000 km/h)t = 6000 km
. 6000 km
2000 km/h
t=3.000 h
It will take the shuttle 3.000 h to reach the satellite.
Check:
(29 500 km/h)(3 h) = 6000 km + (27 500 km/h)(3 h)

88 500 km = 6000 km + 82 500 km
88 500 km =88 500 km

Copyright © 2020 Pearson Canada Inc.

1-95

Chapter 1: Basic Algebraic Operations



ISM for Washington, Basic Technical Mathematics with Calculus, SI Version, Eleventh Edition

4.
Let x = the number of litres of 50% methanol blend that must be added.
0.0600(7250 L)+0.500(x) = 0.100(7250 L +x)
435 L+0.500(x) =725 L+0.100x
0.400(x) =290 L
290 L
xX=—
0.400
x=725L
725 L of the 50% methanol blend must be added.
Check:
0.0600(7250 L)+0.500(725 L) =0.100(7250 L+ 725 L)
435L+362.5L=0.1(7975 L)

797.5L=17975L

5.

Cost
Old model X
New model x + 5000
Total cost of both 70 000

x + (x +5000) = 70 000
2x 45000 = 70 000
2x =65 000

x =32 500
The old car model was $32 500 and the new car model is $37 500.

6.
Let x = the flow from the first stream in m’/s.
Let x — 45 m*/s = the flow from the second stream in m*/s.

414 000
3600 s
2x—45m’/s =160 m’ /s
2x =160 m®/s
160 m*/s
x=—
2
x=80m’/s

The first stream flows 80 m*/s and the second stream flows (80 m*/s — 45 m*/s) = 35 m’/s.
Check:

x+(x—45m’/s)

414 000 m*
3600 s
80 m*/s+35m’/s=115m’/s

115 m*/s=115m?/s

80 m’/s+(80 m’/s—45 m’/s) =

Copyright © 2020 Pearson Canada Inc.
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7.
Let x = the number of cars recycled the first year.
Let x + 700 000 = the number of cars recycled the second year.
x4+ (x+700 000 cars) =4 500 000 cars
2x+700 000 cars =4 500 000 cars
2x =3 800 000 cars
‘= 3 800 000 cars
2
x =1900 000 cars
The first year, 1.9 x 10’ cars were recycled, and the second year (1 900 000 + 700 000) = 2.6 x 10> cars were
recycled.
Check:
1900 000 cars + (1 900 000 cars + 700 000 cars) =4 500 000 cars
1900 000 cars + 2 600 000 cars =4 500 000 cars

4 500 000 cars =4 500 000 cars

8.
Let x = number of hits to the website on the first day.
Let 1/4x + 4000 = number of hits on the second day.
Let 1/4x = number of hits on the third day.
1/4x+4000 hits+1/4x=x
1/2x+4000 hits = x
1/2x =4000 hits
4000 hits
x=—
1/2
x =8000 hits
The first day there were 8000 hits, the second day there were (1/4(8000 hits) + 4000 hits) = 6000 hits, and the third
day there were (1/4(8000 hits)) = 2000 hits.
Check:
1/4(8000 hits)+ 4000 hits +1/4(8000 hits) = 8000 hits

2000 hits+4000 hits + 2000 hits = 8000 hits
8000 hits = 8000 hits

9.
Let x = the number hectares of land leased for $200 per hectare.
Let 140 — x = the number of hectares of land leased for $300 per hectare.
$200 / hectare x + $300 / hectare(140 hectares — x) = $37 000
—$100 / hectare x = —3$5 000
‘o —$5000
—$100 / hectare
x =50 hectares
There are 50 hectares leased at $200 per hectare and (140 hectares — 50 hectares) = 90 hectares leased for $300 per
hectare.
Check:
$200 / hectare (50 hectares) +$300 / hectare(140 hectares — (50 hectares)) = $37 000
$10 000 + $27 000 = $37 000

$37 000 =$37 000
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10.
Let x = the first dose in mg.
Let x + 660 mg = the second dose in mg.
x+x+660 mg =2000 mg
2x =1340 mg
‘= 1340 mg
2
x =670 mg
The first dose is 670 mg, and the second dose is (670 mg + 660 mg) = 1130 mg.
Check:
670 mg+ 670 mg+ 660 mg = 2000 mg
670 mg + 1330 mg = 2000 mg

2000 mg =2000 mg

11.
Let x = the amount of pollutant after modification in ppm/h.
(5 h)x =(3 h)150 ppm/h

. 450 ppm

5h

x =90 ppm/h
The amount of pollutant after modification is 90 ppm/h. The device reduced emissions by (150 ppm/h — 90 ppm/h) =
60 ppm/h.
Check:
(5 h)90 ppm/h = (3 h)150 ppm/h

450 ppm =450 ppm

12.
Let x — 13 = the number of teeth that the first meshed spur has.
Let x = the number of teeth that the second meshed spur has.
Let x + 15 = the number of teeth that the third meshed spur has.
x—13 teeth + x + x +15 teeth =107 teeth
3x+2=107 teeth
3x =105 teeth
105 teeth
X=——
3
x =35 teeth
The first spur has (35 — 13)= 22 teeth, the second spur has 35 teeth, and the third spur has (35 + 15) = 50 teeth.
Check:
35 teeth —13 teeth +35 teeth + 35 teeth +15 teeth =107 teeth

107 teeth =107 teeth
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13.
Let x = the number of 18-m girders needed.
Let x + 4 = the number of 15-m girders needed.
(18 m)x = (15 m)(x+4)
(18 m)x =(15 m)x+60 m
B mx=60m
60 m
X=—"
3m

x =20 girders
There would be 20 18-m girders needed or (20 girders + 4 girders) = 24 15-m girders needed.
Check:
(18 m)20 = (15 m)( 20+ 4)

360 m =360 m

14.
Let x = the amount of oil used in a normal 8-week period in kL.
Let x + 20 kL / week = the amount oil used in the cold 6-week period in kL.
(8 weeks)x = (6 weeks)(x + 20 kL/week)
(8 weeks)x = (6 weeks)x + (6 weeks)20 kL/week
(2 weeks)x =120 kL
120 kL
x —
2 weeks
x =60 kL/week

Normally the amount of oil used would be 60 kL/week, which means that the fuel storage depot originally had
(60 kL/week x 8 weeks) = 480 kL, which is 4.80 x 10° L.

Check:
(8 weeks) 60 kL/week = (6 weeks)( 60 kL/week + 20 kL/week)

480 kL =480 kL

15.
Let x = the first current in A .

Let 2x = the second current in A .
Let x + 9.2 A = the third current in yA
X+2x+x+92 uA =0 uA

4x=-92 uA

‘= 9.2 uA
4

x=-23uA

The first current is —2.3 1A ,the second current is 2(—2.3 #A ) =—4.6 4A , and the third current is
(23 uA+92 uA)=6.9 uA .
Check:
=23 uA+2(-23 uA)+ (2.3) uA+9.2 uA =0 uA
23 uA—-4.6 uUA-23uA+9.2 uA =0 uA
0 uA =0 uA
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16.
Let x = the number of trucks in the first fleet.
Let x + 5 = the number of trucks in the second fleet.
(8 h)x+(6 h)(x+5)=198 h
(8h)x+(6 h)x+30h=198 h
(14 h)x =168 h
168 h
xX=—
14 h
x =12 trucks
There are 12 trucks in the first fleet and (12 trucks + 5 trucks) = 17 trucks in the second fleet.
Check:
(8 h)(12)+(6 h)(12+5)=198 h
96 h+(6 h)(17)=198 h
96 h+102 h=198 h

198 h=198 h

17.
Let x = the length of the first pipeline in km.
Let x + 2.6 km = the length of the 3 other pipelines.
x+3(x+2.6 km) =354 km
x+3x+7.8 km =354 km
4x =27.6 km
27.6 km
X =
4
x=6.9 km
The first pipeline is 6.9 km long, and the other three pipelines are each (6.9 km + 2.6 km) = 9.5 km long.
Check:
6.9 km+3(6.9 km+2.6 km) =35.4 km
6.9 km+3(9.5 km) =35.4 km
6.9 km+28.5 km =35.4 km

354 km=35.4km

18.

1(x)+1(y) =750

0.65(x)+0.75(y) =530

Using the first equation: x = 750 — y.

Putting this in the second equation and solving:
0.65(750 — y) + 0.75y = 530

487.5-0.65y +0.75y = 530

0.10y = 42.5

y = 425

The second generator produces 425 MW and the first produces 750 MW-425 MW = 325 MW at 100% efficiency.

Check:
0.65(325 MW) +0.75(425 MW) =530 MW

211.25 MW +318.75 MW =530 MW
530 MW =530 MW
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19.
x(150) + (54 — x)(180) = 8760

150x +9720 —180x = 8760
-30x =-960

x=32
They installed 32 flat panels and 54 — x = 54 —32 = 22 custom panels.
Check:
$150(32) +$180(54 —32) = $8760
$4800+$180(22) = $8760
$4800+ $3960 = $8760

$8760 = $8760

20.
The amount of lottery winnings after taxes is $20 000 x (1 —0.25) = $15 000.
Let x = the amount of money invested at a 40% gain.
Let $15 000 — x = the amount of money invested at a 10% loss.
0.40x—0.10($15 000 — x) = $2000
0.40x—$1500+0.10x = $2000
0.50x = $3500
_ $3500
T 050
x=2$7000
The 40% gain investment had $7000 invested, and the 10% loss investment had ($15 000 — $7000) = $8000 invested.
Check:
0.40($7000)—0.10($15 000 —$7000) = $2000
$2800—-$1500+0.10($7000) = $2000
$2800-$1500+$700 = $2000

$2000 = $2000

21.
Let x = the amount of time the skier spends on the ski lift in minutes.
Let 24 minutes —x = the amount of time the skier spends skiing down the hill in minutes.
(50 m/min)x = (150 m/min)(24 min — x)
(50 m/min)x = 3600 m — (150 m/min)x
(200 m/min)x = 3600 m
= 3600 m
200 m/min
x =18 min
The length of the slope is 18 minutes X 50 m/minute = 900 m.
Check:
(50 m/min)18 min = (150 m/min)(24 min —18 min)
900 m =3600 m — (150 m/min)(18 min)
900 m =3600 m—2700 m

900 m =900 m
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22.
Let x = the speed of sound.
Let x — 100 km/h = speed travelled for 1 h.
Let x + 400 km/h = the speed travelled for 3 h.
1 h(x—100 km/h) + 3 h(x + 400 km/h) = 5740 km

(1 h)x—(1 h)(100 km/h) + (3 h)x + (3 h)(400 km/h) = 5740 km
(1 h)x =100 km + (3 h)x +12000 km = 5740 km
(4 h)x = 4640 km
4640 km
X=——
4h
x=1160 km/h
The speed of sound is 1160 km/h.

Check:
1 h(1160 km/h —100 km/h) +3 h(1160 km/h + 400 km/h) = 5740 km

1 h(1060 km/h)+3 h(1560 km/h) = 5740 km
1060 km + 4680 km = 5740 km
5740 km = 5740 km

23.

Let x = the speed the train leaving England in km/h.

Let x + 8 km/h = speed of the train leaving France in km/h.
The distance travelled by each train is speed x time.

x(—”“,“n ]+(x+8 km/h)(—”n?m j — 50 km
60min/ h 60min/ h
(0.28333 h)x + (x +8 km/h)(0.28333 h) = 50 km
(0.28333 h)x +(0.28333 h)x +2.26667 km = 50 km
(0.56666 h)x = 47.73333 km
_ 47.73333 km
~0.56666 h
x =84.23529421 km/h

x=84.2 km/h
The train leaving England was travelling at 84.2 km/h, and the train leaving France was travelling at (84.2 km/h + 8
km/h) =92.2 km/h.
Check:

17 min

8423529421 km/h[6 - j +(84.23529421 ki/h +8 km/h) (”ﬂ

60min/ h
17 min
60min/ h
23.86666 km +26.13333 km = 50 km
50 km =50 km

- j=50 km
0 min

23.86666 km +(92.23529421 km/h)( ) =50 km
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24,

Let x = time left until the appointment.

Let x — 10.0 min = time taken to get to the appointment travelling at 60.0 km/h.

Let x — 5.0 min = time taken to get to the appointment travelling at 45.0 km/h.

The distance travelled by the executive in each scenario is the same. Distance = speed x time

60.0 kivh | x— 21000 _ oy om0 min
60 min/h 60 min/h

10.0 min 5.0 min
60 min/h 60 min/hj
(60.0 km/h)x —10 km = (45.0 km/h)x —3.75 km

(15.0 km/h)x = 6.25 km
6.25 km

¥~ 15.0 km/h
x=0.416666667 h

x=0.416666667 hx60 min/h

(60.0 km/h)x — 60 km/h[ j = (45 km/h)x — 45 km/h(

x= 25 min
There is 25 minutes left until the executive’s appointment.
Check:
60.0 km/h| 041667 h—129 ™1 ) _ s krvm( 0.41667 h— 0™
60 min/h 60 min/h
60.0 km/h(0.25 h) = 45 km/h(0.33333 h)
15 km =15 km

25.

Let x — 30.0 s = time since the first car started moving in the race in seconds.
Let x= time since the second car started the race in seconds.
The distance travelled by each car will be the same at the point where the first car overtakes the second car. Distance
= speed x time.
79.0 m/s(x—30.0 s) = 73.0 m/s(x)
(79.0 m/s)x —(79.0 m/s)(30.0 s) = (73.0 m/s)
(79.0 m/s)x —2370 m = (73.0 m/s)x
(6.0 m/s)x =2370 m
2370 m
x=
6.0 m/s
x=395s
The first car will overtake the second car after 395 s. The first car travels 79 m/s % (395 s — 30 s) = 28 835 m by this
point. 8§ laps around the track is 4.36 km/lap. 8 laps x 1000 m/km = 34 880 m, so the first car will already be in the

lead at the end of the 8th lap.
Check:

79.0 m/s(395 s—30.0 s) = 73.0 m/s(395 s)
79.0 m/s(365 s) = 73.0 m/s(395 s)
28 835m =28 835m
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26.

Let x = the number of the first chips that is defective 0.50%.

Let 6100 — x = the number of the second chips that is defective 0.80%.
0.0050(x)+0.0080(6100 chips —x) =38 chips

(0.0050)x +48.8 chips —(0.0080)x =38 chips
—(0.0030)x =—10.8 chips
= —10.8 chips
—-0.0030
x =3600 chips

There are 3600 chips that are 0.50% defective and (6100 chips — 3600 chips) = 2500 chips that are defective 0.80%.
Check:

0.0050(3600 chips)+0.0080(6100 chips —3600 chips) = 38 chips
18 chips +0.0080(2500 chips) = 38 chips

18 chips +20 chips = 38 chips

38 chips = 38 chips

27. x km (367 —x) km

$1.80/L 367 km $1.68/L

Assuming that the customer is located between the two gasoline distributors:
Let x = the distance in km to the first gasoline distributor that costs $1.80/L.
Let 367 km — x = the distance in km to the second gasoline distributor that costs $1.68.
$1.80+3%0.0016(x) =$1.68+$0.0016(367 — x)
$1.80+3%0.0016(x) =$1.68 +$0.5872 —$0.0016(x)
$0.0032(x) = $0.4672
c= $0.4672
$0.0032
x =146 km
The customer is 146 km away from the first gas distributor ($1.80/L) and (367 km — 146 km) = 221 km away from

the second gas distributor ($1.68).
Check:

$1.80+$0.0016(146 km) = $1.68 +$0.0016(367 km —146 km)
$1.80+$0.2336 = $1.68+$0.0016(221 km)
$1.80+$0.2336 = $1.68+$0.3536
$2.0336 = $2.0336
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28. %_\
I
7L 75% Gas
(100 % Gas) 8.0 L gas can (needs to be full of 93.75% gas/oil mixture)

A 15:1 gas/oil mixture is 15/16 gasoline = 93.75%.

Let x = the amount of 100% gasoline added in L.

Let 8.0 L —x = the amount of 75% gasoline mixture in L.
1.00(x)+0.75(8.0 L—x) =0.9375(8.0 L)

1.00(x)+6.0 L-0.75(x)=7.5L
0.25(x)=1.5L
15L
X=—
0.25
x=60L
6.0 L of 100% gasoline must be added to the 75% gas/oil mixture to make 8 L of 15:1 gasoline/ oil.

Check:
1.00(6.0 L)+0.75(8.0 L—-6.0 L) =0.9375(8.0 L)

6L+0.75(2.0L)=7.5L
6L+1.5L=75L
75L=75L

29. ,_- /b

(x) L of 25% antifreeze

100% Antifreeze 12.0 L radiator (needs to be filled with 50% mixture)

Let x = the amount in L of 25% antifreeze left in radiator
Let 12.0 L — x = the amount of 100% antifreeze added in L.
0.25(x)+1.00(12.0 L—x)=0.512.0 L)

0.25(x)+12.0 L—1.00(x)= 6.0 L

~0.75(x)=—6.0 L
—6.0L
X =
~0.75
x=80L

There needs to be 8 L of 25% antifreeze left in radiator, so (12.0 L — 8.0 L) = 4.0 L must be drained.
Check:
0.25(8.0 L)+1.00(12.0 L—8.0 L) =0.5(12.0 L)

2 .0L+1.004.0 L)=6.0 L
20L+40L=60L
60L=60L
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250 kg Cement

(22% Sand Mixture)

Let x = the amount of sand added.
Let 250 kg + x = the amount in kg of the final 25% sand mixture.
1.00(x) +0.22(250 kg) = 0.25(250 kg + x)

1.00(x) +55 kg = 62.5 kg +0.25(x)
0.75(x)=7.5kg
_7.5kg
T 075
x=10 kg

31. (x) km/h m
70 km/h
H

5.0 m 20.0 m
Let x = the speed the car needs to travel in km/h to pass the semi in 10 s.
Speed = distance/time. 10 s is 10s/3600 s/h = 0.002777777 h.
distance needed to pass truck + distance travelled by truck in 10s
10s
0.025 km + 70 km/h (0.0027777 h)

0.0027777 h
0,025 km+0.19444 km
B 0.0027777 h
| 2.19444 km

¥ 700027777 b

x =79 km/h

The car needs to travel at a speed of 79 km/h to pass the semitrailer in 10 s.
Check:

X

0.025 km+ 70 km/h (0.0027777 h)

79 km/h =
0.0027777 h
79 km/h = 0.025 km+0.19444 km
0.0027777 h

79 km/h =79 km/h
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32.

&) ™
Seismic

Station
(?) km

Let x = the time the first wave takes to travel to the seismic station in s.
Let x + 120 s = the time the first wave takes to travel to the seismic station in s.

Distance =speed x time. The distances travelled by both waves to the seismic station are the same. 2.0 min is
(2.0 min x 60 s/min) = 120 s.

8.0 km/s(x) = 5.0 km/s(x +120 s)
8.0 km/s(x) = 5.0 km/s(x) + (5 km/s)(120 s)
3.0 km/s(x) = 600 km
= 600 km
3.0 km/s
x=200s

The distance to the seismic station is (200 s x 8.0 km/s) = 1600 km.
Check:

8.0 km/s(200 s) = 5.0 km/s(200 s +120 s)
1600 km = 5.0 km/s(320 s)
1600 km = 1600 km

33.

0.1(0.5) +4.0(0.1) = 4.1(x)
0.05+0.4 = 4.1x
0.45=4.1x

x=0.1097 ~11%
The resulting solution will have a concentration of 11%.
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Review Exercises

1.
(-2)+(-5)-3=-2-5-3=-10

2.
6-8—(—4)=6-8+4=2

3.
5O _ WS
=2)3) - (6]
4.
(-9)(=12)(-4) _108(-4) _ 432 _
24 24 24
5.
-15
=5—[2(-6)| = =5—|-12|+(=5) =-5-12-5=-22
6.

3—5|—3—2|—%:3—5|—5|—(—3):3—5(5)+3:6—25:—19

7.
18 D18 o
S (9 = (A4 =9-16=-25
8.

2o 8 a8 g 827 4_ 31
-3 (-2)—|4 =3HE3) (=2)—4 T T3 3T

9.
V1664 = [(4)(4) ~®)®) =4-8=—4

10.
—JB1+144 =225 = [5)(5)3)3) =—(3)(5) =—15
11.

W7 -B=TN)-J@2)@) =7-2=5

12.
—416 + (J6)> = -4[2)2)(2)(2) + W6)(N6) =2+ 6= 4
13.

(=2rt>)? = (<2 P12 = 4"

14.

(Ba’b?) =3 ()b =27(1)b"° =%
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15.
24¢

2
mn

SBmnt8m7n*) = -B)®)m' nt=24mn't = -

16.
15p*q"r _ 3p4’1/ _ﬁ
Spa’r ¢ F ¢

17.
—16N(NT?) _ SN _ SN'T? _ 87
—2N°T™! ) M N
18.
“35x 7 p(x?y) ~ —7 M2 _ —7)/3)/ Ly
-1 - 1+1 - ==y
Sxy X /

19.
V45 = J(5)3)(3) =35

20.
J9+36 =45 = J(5)3)(3) =35
21.

(a) 8840 has three significant digits. (b) Rounded to two significant digits, it is 8800.

22.
(a) 21 450 has four significant digits. (b) Rounded to two significant digits, it is 21 000.

23.
(a) 9.040 has four significant digits. (b) Rounded to two significant digits, it is 9.0.

24,
(a) 0.700 has three significant digits. (b) Rounded to two significant digits, it is 0.70.

25.
37.3-16.92(1.067)° =37.3-16.92(1.138489)
=37.3-19.26323388

=18.03676612
which rounds to 18.0.

26.
8.896x107>  8.896x10™"
3.5954+6.0449  9.6403

=9.227928591x107"
which rounds to 9.228 x 107",
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27.

J0.1958+2.844  /3.0398
3.142(65°  3.142(4225)
1743502223

13274.95
=0.000131337
which rounds to 1.3 x 10,
28.
L 37 4626 —28.02690583 + 206

0.03568  29.63 877.9369
=28.02690583 + 42.67504874
=70.70195457

which rounds to 70.70, assuming that the 1 is exact.

29.
a—3ab—-2a+ab=-2ab-a

30.
xy—y—=5y—4xy=-3xy—6y

31.
6LC-(B3-LC)=6LC-3+LC=TLC-3

32.
~(2x=b)=3(~x—5b) = —2x+b+3x+15b =16b+x

33.
(2x=D(x+5) = (2x)(x) + (2x)(5) + (=D(x) + (=1)(5)
=2x*+10x—x-5
=2x"+9x-5
34.
(C—=4D)(2C - D) = (C)(2C) +(C)(—=D) + (—4D)(2C) + (-4D)(—-D)
=2C*-CD-8CD+4D?
=2C*-9CD+4D’

35.

(x+8)” =(x+8)(x+8)
= (X)(x) +(x)(8) +(8)(x) + (8)(8)
=x" +8x+8x+64
=x"+16x+64

36.

(2r=9s)* = (2r —9s)(2r —9s)
=2r)2r)+2r)(-9s)+(-9s)(2r)+ (-9s)(-9s)
=4r* —18rs —18rs +81s”
=4r* —36rs +81s”
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37.
W —6h'K 2K 6h'K
21’k 2k 2hk
— h372k27l _ 3h472k57l
= “30°k* + hk
38.

2.3 4 2.3 4
4a’x’ —8ax” 4da’x 8ax

2

—2ax C2ax® —2ax
=-2a""'x" +4’6{i
A
=4x" —2ax
39.
4R—[2r-(3R—4r)|=4R—[2r-3R+4r|
=4R—[6r-3R]
=4R—-6r+3R
=7R—-6r
40.

3b—[3a—(a—3b)]+4a =4a+3b—[3a—a+3b]
=4a+3b—[2a+3b]
=4a+3b—-2a-3b
=2a
41.
2xy—{3z —[Sxy —(7z- 6xy)]} =2xy—{3z —[Sxy —-7z+ 6xy)]}
=2xy—{3z—[1lxy-7z]}
=2xy—{3z-1lxy+7z}
=2xy—{10z—11xy}
=2xy—10z+11xy
=13xy-10z

42.

X +3b+[(b—y)-3(2b—y+z)|=x>+3b+[b— y—6b+3y—3z)]
=x"+3b+[-5b+2y-3z]
=x"+3bh-5b+2y -3z
=x"-2b+2y-3z

43,
2x+1)(x* —x—3) = (20)(x?) + (2x)(—=x) + (2x)(=3) + (D(x*) + ()(=x) + (1)(-3)
=2x" —2x*—6x+x*—x-3

=2x'—x*-7x-3

Copyright © 2020 Pearson Canada Inc.
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44,

(x=3)(2x> =3x+1) = (x)(2x7) + (x)(=3x) + (x)(1) + (=3)(2x*) + (=3)(=3x) + (=3)(1)
=2x" -3x* +x—6x* +9x -3
=2x"—9x* +10x -3

45.
—3y(x—4y)’ =-3p(x—4y)(x-4y)
==3)[(x)(x) + (X)(=4y) + (=4y)(x) + (=4)(=4)]
=-3y[x’ —4xy—4xy+16)°]
=-3)[x* —=8xy +16y°]
=-3x"y +24xy”* — 48y’

46.
—s(4s —3¢)* =—s(4s —31)(4s —3¢)
=—5[(4s)(4s) + (4s5)(=3t) + (=3t)(4s) + (=3¢)(-31)]
=—s[16s” =125t =125t +9¢°]
=—s[16s” —24st+9¢7]
=—16s’ +24s5°t —9st’

47.

3pl(g—p)-2p(-39)1=3plg—p-2p+6pq]
=3plg—-3p+6pq]
=18p’q—-9p’ +3pq

48.

3x[2y —r—4(s—2r)]=3x[2y —r —4s+8r]
=3x[2y+Tr—4s]
=21rx—12sx + 6xy

49.
12p’¢’ —4p'q+6pq” _12p’q" _4p'q , 6pq’
2p'q 2p'q  2p'q 2p'q
_6q271_2%+3q571
p473 M pH

4
_34 64
p p

-3

50.
2752 —18s*t+9s%  275°t* 18s*t 95t
2 = T T ot

9s°t 9s°t 95t 957t

2S472/

=25 +3st+1

=332

i
9577
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51.
2x—5
X+6)2x* +7x-30
2x% +12x
—-5x-30
=5x-30
0
52.
2x—7
2x+7)4x* +0x—41
4x* +14x
—14x-41
—14x-49
8
2_
4x 41=2x—7+ 8
2x+7 2x+7
53.
x2=2x+3

3x—1>3x3—7x2+11x—3

3 —x°
—6x° +11x
—6x” +2x
9x -3
953
0

54,
w —w+4
w—3>w3—4w2+7w—12

w —3uw’
—w +Tw
—w +3w
4w—12
4w=12
0

Chapter 1: Basic Algebraic Operations
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55.
4x° —2x% + 6x
x+3>4x4 +10x° +0x2 +18x—1

4x +12x°
—2x° +0x7
-2x’ —6x’
6x° +18x
6x* +18x
Ox—1
4x* +1(ixi;—18x—l PRSP +6x_x+3

56.

4x* —6x+2
2x+3)8x3+0x2—14x+3

8x° +12x°
—12x* —14x
—12x* —18x
4x+3
dx+6
-3
> _14
B 143 _ 4 gxra-
2x+3 2x+3

57.

=3{(r+s—t)-2[Br-2s5)—(t—-2s)]} =-3{r+s—t—-2[3r—2s—t+2s)]}
=-3{r+s—t-2[3r—t]}
=-3{r+s—t—-6r+2t]}
=-3{-5r+s+t}
=15r—-3s-3¢t

58.

(1-2x)(x—3)—(x+4)(4-3x)

= [(M(x) +(D(=3) +(=2x)(x) + (=2x)(=3)] = [(x)(4) + (x)(=3x) + (4)(4) + (4)(-3x)

=[x—-3-2x" +6x]-[4x+-3x> +16+—-12x]

=[-2x> +7x-3]-[-3x> —8x+16]

=2x"+7x-3+3x" +8x-16

=x"+15x-19
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59.

Y +5y-1
2y—1>2y3+9y2—7y+5
2y’ —1y°

10y* -7y
10y* -5y
-2y+5
—2y+1
4
2 3 2 _
y +9y 7y+5=y2+5y—1+
2y—1 2y—-1
60.
3x+4y
2x—y)6x” +5xy—4y°
6x> —3xy
8xy —4y’
8xy—4y’
0
61.
3x+1=x-8
2x=-9
9
xX=—=
2
62.
4y—-3=5y+7
-y=10
y=-10
63.
sx_3
7 2
2(5x)=3(7)
10x =21
21
xX=—
10
64.
2N-4) _5
3 4
2N-8 5
3 4
4(2N -8)=3(5)
8N -32=15
8N =47
v=2
8
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65.

6x—-5=3(x—4)

6x—5=3x—-12
3x=-7

Xx=——

8+2y=3y
y=8

67.
25+4(3-5)=06
25+12—-45=6
25 =—6
_ =6
T2
s=3

N

68.
2|x|-1=3

2|x| =4
4

-2

|x|:2
x=-2and 2

69.
3t-2(7-1) =52t +1)
3—14+2t =10t +5
5t—14=10t+5
—5t=19
19
5

=

70.
-8-x)=x-22-x)
—8+x=x—-4+2x
—8+x=3x—-4

-2x=4
4

X=—=

2
x=-2

Copyright © 2020 Pearson Canada Inc.
1-116



71.
2.7+2.0(2.1x-3.4)=0.1
27+42x-68=0.1
42x-4.1=0.1
42x=42

42

42
x=1.0

X

72.
0.250(6.721-2.44x) = 2.08
1.68025-0.610x = 2.08
~0.610x =0.39975
039975

0.610
x=0.655327868

x=0.655

73.

(a) 60 000 000 000 bytes = 6 x 10'° bytes

(b) 60 000 000 000 bytes = 60 x 10° bytes
= 60 gigabytes

74.

(a) 40 000 km/h = 4 x 10* km/h

(b) 40 000 km/h = 40 x 10° km/h
=40 x 10° m/h
=40 Mm/h

75.

(a) 15 400 000 000 km = 1.54 x 10" km

(b) 15 400 000 000 km = 15.4 x 10° km
=15.4x 10" m
=154 Tm

76.
(a) 1.02 x 10° Hz =1 020 000 000 Hz
(b) 1.02 x 10° Hz = 1.02 GHz

77.

(a) 4.05 x 10" km = 40 500 000 000 000 km

(b) 4.05 x 10" km =40.5 x 10" km
=40.5x 10" m
=40.5 Pm

Chapter 1: Basic Algebraic Operations

(Note that the symbol P stands for peta, which is the SI prefix associated with the multiple 10".)

78.
(a) 10° m? =1 000 000 m*
(b) 10° m* = 1 km?

(Note that these are squared units, so 10° is substituted by k.)

79.
(a) 10> W/m? = 0.000 000 000 001 W/m*
(b) 10> W/m® = 1 pW/m’
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80.

(2) 0.000 000 15m=1.5%x10"m

(b) 0.000 000 15 m = 150 x 10°m
=150 nm

8l1.
(a) 1.5 x 107" Bq/L = 0.15 Bg/L
(b) 1.5x 10" Bg/L = 150 x 10~ mBg/L

82.
(2) 0.000 000 18 m=1.8 x 10" m
(b) 0.000 000 18 m =180 x 10° m

=180 nm
83.
V=nr’L
vV
L=—+
7’
84.
_2GM
c2
¢*R=2GM
2M
85.
2
p= ﬂLIZEI
I’P=rn"El
_rp
1
86

S=plc=D—c(p-1)

f=cecp—p—cp+c
f—e=-p

p=c—f
87.
Pp+Qq=Rr
Oq=Rr—FPp
Rr—P,
q:_p
0

88.
V=IR+1Ir

IR=V-1Ir
V-1Ir
I

R:
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89.
d=n-14
d=A4An—-A
d+A=An
_d+ A4
4

n

90.
mu=(m+M)v
mu =mv+ My
mu—mv = Mv
_ mu—my

M
v

o1.
N, =T(N, - N,)+N,

N,—-N,=N,T-N,T
N,T=N,-N, +N,T

N, = MmN T
T
92.
_ KA(B-C)
1 L

Lq=ABK — ACK
ABK = Lg+ ACK
_ Lg+ ACK
4K

B

93,

AT, -T)
H
HR = AT, — AT,
AT, = HR+ AT,
_ HR+ AT,
=

R =

L

94.

Z? (l—i]zk
2a

2a
2a(Z°-k)=2Z°2
2= 2a7Z* —2ak
==
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95.

d = kx*[3(a+b)—x]

d = kx*[3a+3b—x]

d =3akx® + 3bkx® — kx’
3akx® = d —3bkx” + kx’

d —3bkx* + kx’
a=—"
3k’

96.
V=V,[1+3a(T, - T)]
V =V,[1+3aT, —3al}]
V=V, +3al,V, —-3aTV,
3al,V, =V =V, +3al}V,
T, - V=V, +3alV,
3aV,
97.
5.25x10" bytes
6.4x10* bytes
which rounds to 8.2 x 10°. The newer computer’s memory is 8.2 x 10° larger.

=82 03125

98.

1=0.45v22 =2.110687092 s
which rounds to 2.1 s. It would take the person 2.1 s to fall 22 m.

99.
0.553 km

0.442 km
which rounds to 1.25. The CN Tower is 1.25 times taller than the Willis Tower.

=1.251131222

100.
o (48 cells

1 2650
which rounds to 3.28 x 10 s. It would take the computer 3.28 x 10* s to check 48 memory cells.

2
j =(0.018113207)* = 0.000328088 s

101.
RR, _ (0.0275 ©)(0.0590 Q)

R +R,  0.0275Q+0.0590 Q

00016225 Q?

0.0865 Q
=0.018757225 Q
which rounds to 0.0188 Q2 . The combined electric resistance is 0.0188 Q
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102.
24
1.5><1011\/Z =1.5%10" w
M 1.99x10% kg

=1.5x10"4/0.000003005
=1.5x10"(0.0017335)
=260 025 1244 m

Chapter 1: Basic Algebraic Operations

which rounds to 2.6 x 10® m. The distance the space craft will be from the earth is 2.6 x 10° m.

103.

(x—2a)+100 cm/m(x+2a) = x—2a +100(x)+100(2a)
=x—-2a+100x+200a
=101x+198a

The sum of their length is 101x + 198a cm.
104.
(Ai = R)(A+i)’ = (Ai— R)(1+i)(1+1)
= (4i = R)[H1) + D@ + (D) + () (D]
=(Ai—R)[i* +2i+1]
= (AD)(*) + (AD)(20) + (Ai) (D) + (=R)(*) + (=R)(2i) + (=R)(1)
= Ai’ +24i* + Ai—i’R-2iR—R

105.
At +h)=2(t+h) =4t +4h=2(t+h)(t+h)
=41+ 4h=2[(t)(0) + @)(h) + (h)(@) + (h)(h)]
=4+ 4h -2 +2ht +h]
=4t +4h =2t —4ht - 21’
=-2t>—2h" —4ht + 4t +4h

106.
k*r =20k +h*r’ _ k_zr_ 2h*k N W
Kr Kr o kr Kr
_RE 20 A
% K kz/
20
=l-—t+—
kr k
107.

3x18+(9-6)=54+(3)=18
3x18+9-6=54+9-6=6-6=0
Yes, the removal of the parentheses does affect the answer.

108.

Bx18)+9-6=54+9-6=6-6=0
3x18+9-6=54+9-6=6-6=0

No, the removal of the parentheses does not affect the answer.
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109.
x—(B-x)=2x-3
x=3+x=2x-3
2x-3=2x-3
The equation is valid for all values of the unknown, so the equation is an identity.

110.
7-Q2-x)=x+2
7-24+x=x4+2
xX+5=x+2
5=2
The equation has no values of the unknown for which it is valid, so the equation is a contradiction.

111.

(x=) =(x=y)(x=y)(x-y)
=(~(r=2)(=(y=x))(~(y-x))
==(y=x)(y-x)(y-x)
=—(y—x)

112.

(a+b)+c#a+(b+c)
8+4)+2=2+2=1
8+(4+2)=8+2=4
Division is not associative.

113.
8x10~

T 4x107
X

114.
Ja+36 )10 2410
& 2 2 =10

115.
Let x = the cost of the first computer program.
Let x + $72 = the cost of the second computer program.
x+(x+$72)=$190
2x+$72=5190
2x=$118
$118
xX=—
2
x =359
The cost of the first computer program is $59, and the other program costs ($59 + $72) = $131.
Check: $59 + $131 =190
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116.

Let x = the cost to run the commercial on the first station.

Let x + $1100 = the cost to run the commercial on the second station.
x+(x+$1100) =$9500

2x+$1100 = $9500
2x =$8400
$8400

xX=

2
x =$4200
The cost of the run the commercial on the first station is $4200, and the cost for the other station is ($4200 + $1100)
= $5300.
Check: $4200 + $5300 = $9500

117.

Let 2x = the amount of oxygen produced in cm’ by the first reaction.
Let x = the amount of oxygen produced in cm’ by the second reaction.
Let 4x = the amount of oxygen produced in cm® by the third reaction.

2x+x+4x =560 cm’
7x =560 cm’
560 cm’
X=———
7
x =80 cm’
The first reaction produces (2 x 80 cm®) = 160 cm’ of oxygen, the second reaction produces 80 cm® of oxygen, and

the third reaction produces (4 x 80 cm®) = 320 cm’ of oxygen.
Check: 160 cm’ + 80 cm® + 320 cm® = 560 cm™

118.
Let x = the speed that the river is flowing in km/h.
Let x + 5.5 km/h = the speed that the boat travels downstream.
Let —x + 5.5 km/h = the speed that the boat travels upstream.
The distance that the boat travelled is the same in both experiments. Distance = speed X time.
(x+5.5 km/h)(5.0 h) = (—x+5.5 km/h)(8.0 h)
(5.0 h)(x)+ (5.5 km/h)(5.0 h) = (8.0 h)(—x) + (5.5 km/h)(8.0 h)
(5.0 h)(x)+(27.5 km) = (—8.0 h)(x) + (44 km)
(13.0 h)x =16.5 km
_16.5 km
13h
x=1.269230769 km/h
which rounds to 1.3 km/h. The polluted stream is flowing at 1.3 km/h.

Check:
(1.269230769 km/h + 5.5 km/h)(5.0 h) = (-1.269230769 km/h + 5.5 km/h)(8.0 h)
(6.769230769 km/h)(5.0 h) = (4.2 km/h)(8.0 h)
(33.8 km) = (33.8 km)
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119.
Let x = the resistance in the first resistor in Q .

Letx + 1200 Q = the resistance in the second resistor in €2 .
Voltage = current x resistance. 2.4 #A=2.3 x10°A. 12mV =0.0120 V
(2.4x107°A)(x) +(2.4x10°A)(x +1200 ) = 0.0120 V
(2.4X107°A)(x) +(2.4x10°A)(x) +(2.4x10°A)(1200 ) = 0.0120 V
(4.8 X10°A)(x) +(0.00288V) =0.0120 V

(4.0x107°A)(x) = 0.00912 V
= 0.00912 V
4.8x10°A
x=1900 Q
The first resistor’s resistance is 1900 Q and the second resistor’s is (1900 Q + 1200 Q )=3100 Q.
Check:
(2.4x107°A)(1900 Q) +(2.4x107°A)(1900 Q+1200 Q) =0.0120 V
0.00456 V+0.00744 V=0.0120 V

0.0120 v=0.0120 V

120.
Let x = the concentration of the first pollutant in ppm.
Let 4x = the concentration of the second pollutant in ppm.
x+4x=4.0 ppm
5x=4.0 ppm
. 4.0 ppm
5
x=0.8 ppm
The concentration of the first pollutant is 0.8 ppm, and the concentration of the second is (4 x 0.8 ppm) = 3.2 ppm.
Check:
0.8 ppm +4(0.8 ppm) = 4.0 ppm
0.8 ppm+3.2 ppm =4.0 ppm
4.0 ppm = 4.0 ppm

121.
Let x = the time taken in hours for the crew to build 250 m of road.
The crew works at a rate of 450 m/12 h, which is 37.5 m/h. Time = distance / speed.
250 m
X=—
37.5 m/h
X =6.666666667 h

which rounds to 6.7 h.

122.

Let x = the amount of oil in L in the mixture.
Let 15x = the amount of gas in L in the mixture.
x+15x=6.6 L

16x=6.6L

6.6 L

X=—
16

x=04125L
which rounds to 0.41 L. There is 0.41 L of oil in the mixture and (15 x 0.41 L) =6.2 L of gas.
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Check:
0.4125L+15(0.4125L)=6.6 L

0.4125L+6.1875L=6.6 L
66L=66L

17.4 km/h 21.8 km/h
S %b
634 km

Let x = the time taken by the second ship in hours.

123.

Let x + 2 h = the amount time taken by the first ship in hours.

The distance travelled adds up to 634 km. Distance = speed X time.
21.8 km/h(x)+17.4 km/h(x +2 h) = 634 km

21.8 km/h(x)+17.4 km/h(x) +17.4 km/h(2 h) = 634 km
39.2 km/h(x) +34.8 km = 634 km
39.2 km/h(x) = 599.2 km
~599.2 km
7392 km/h
x=152857h
which rounds to 15.3 h. The ships will pass 15.3 h after the second ship leaves Duluth.

Check:
21.8 km/h(15.2857 h)+17.4 km/h(15.2857 h+2 h) = 634 km

333.23 km+300.77 km = 634 km
634 km = 634 km

124.
Let x = the time take in h for the helicopter to travel from the pond to the fire.

Let 0.5 h —x = the time take in h for the helicopter to travel from the fire to the pond.
30 min / 60 min/h = 0.5 h. The distance travelled by the helicopter is the same for both trips. Distance = speed x time.
175.0 km/h(0.5 h —x)=115.0 km/h(x)

87.5 km —175.0 km/h(x) = 115.0 km/h(x)
87.5 km =290 km/h(x)
_ 87.5km
7290 km/h
x=0.301724137 h
which rounds to 0.30 h. It will take the helicopter 0.30 h to fly from the pond to the fire.

Check:
175.0 km/h(0.5 h—0.301724137 h) =115.0 km/h(0.301724137 h)

34.69827 km = 34.69827 km
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125.

Let x = the number of litres of 0.50% grade oil used.

Let 1000 L — x the number of litres of 0.75% grade oil used.

0.005(x)+0.0075(1000 L — x) = 0.0065(1000 L)
0.005(x)+7.5L-0.0075(x)=6.5L

~0.0025(x)=—-1.0L

-1.0L
x —
—0.0025
x=400L
It will take 400 L of the 0.50% grade oil and (1000 L — 400 L) = 600 L of the 0.75% grade oil to make 1000 L of
0.65% grade oil.
Check:

0.005(400 L) +0.0075(1000 L —400 L) = 0.0065(1000 L)
2L+45L=65L
6.5L=65L

126.
Let x = the number of mL of water added.
Let x + 20 mL = the resulting number of mL in the 45% saline solution.
0.60(20 mL) = 0.45(x+20 mL)
12 mL =0.45(x)+9 mL
3 mL = 0.45(x)
_3mL

7045
x =6.666666667 mL
which rounds to 6.67 mL. It will take 6.67 mL of water to make the 45% saline solution.
Check:
0.60(20 mL) = 0.45(6.666666667 mL +20 mL)
12 mL = 0.45(26.666666667 mL)

12mL =12 mL

127.
Let x = the area of space in m” in the kitchen and bath.
m” of tile in the house

2 .
m~ in the house

x+0.15(205 m*) _
(x+205m?)
x+30.75 m* = 0.25(x) +(0.25)(205 m?)
x+30.75 m* = 0.25(x)+51.25 m’
0.75x =20.5 m*
~20.5m’
075

x=27.33333333 m’
which rounds to 27 m%. The kitchen and bath area is 27 m’.
Check:

27.33333333 m> +0.15(205 m?) _
(27.33333333 m” +205 m>)
58.08333333 m’

232.3333333 m’
0.25=0.25

=0.25

0.25

0.25

=0.25
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128.

Let x = the number of grams of 9-karat gold.

Let 200 g — x = the number of grams of 18-karat gold. 9-karat gold is 9/24 gold = 0.375, 18-karat gold is 18/24
gold=0.75, and 14-karat gold is 14/24 gold = 0.583333333.

0.375(x)+0.75(200 g —x) = 0.583333333(200 g)

0.375(x) +150 g—0.75(x) = 116.6666666 g
~0.375(x) =-33.3333334 g
333333334 ¢

-0.375
x =88.88888907 g

which rounds to 89 g. There is 89 g of 9-karat gold and (200 g — 89 g) = 111 g of 18-karat gold needed to make 200
g of 14-karat gold.
Check:

0.375(88.88888907 g)+0.75(200 g —88.88888907 g) = 0.583333333(200 g)
33.3333334 g+83.3333332 g =116.6666666 g
116.6666666 g =116.6666666 g

129.
P=P +Pt
P-P =Pt
_P-p,
C Rt
e $7625-$6250
$6250(4.000 years)
o $1375
25 000
r=10.055

The rate is equal to 5.500%.

7

On the calculator type:
(7625—-6250)/ (6250x4.000)
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