m Chapter 1 = The Foundations of Algebra

TABLE 11 Properties of Powers a” = b and Roots a = b/ for Integer n > 0

Example Property

23=8 (-2} =-8
8”3 =2 (_8}1#3 " )
0"=0 ovr =0
42 =16 (—4)2 =16
(16)2 = 4

(-4)12 is undefined in the real number system.

Any power of a real number is a real number.
The odd root of a real number is a real number.
A positive power or root of zero is zero.

A positive number raised to an even power equals
the negative of that number raised to the same
even power.

The principal root of a positive number is a
positive number.

The even root of a negative number is not
a real number.
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EXAMPLE 1 ROOTS OF A REAL NUMBER

Evaluate.
a. 14412
c. (=252

SOLUTION
a. 14412 =12

¢. (-25)" is not a real number

b. (~8)13

1 \14
4. _(-1-6-)
b. (-8)13=-2

Rational Exponents

Now we are prepared to define b™". Where m is an integer (positive or nega-

tive), » is a positive integer, and b > 0 when # is even. We want the rules for

exponents to hold for rational exponents as well. That is, we want to have

and

4372 = 4U12)03) = (4172)3 = 23 = 8

432 — 4(30172) _ (43)1!2 - {64}1& =8

To achieve this consistency, we define b™" for an integer m, a natural number

n, and a real number b, by

bmfn = (bl.l‘rr)m 2 (bm)lfn
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where b must be positive when # is even. With this definition, all the rules of

exponents continue to hold when the exponents are rational numbers.
EXAMPLE 2 OPERATIONS WITH RATIONAL EXPONENTS
Simplify.

a. (—8)43 - c. (x34)2 d. (3x23y~53%)3
SOLUTION

a. (-8)*3 = [(-8)* = (-2)* =16

b. %12 - a3 = 124314 _ 5 5/4
. (x34)2 = 532 = x32

d. {3x?..-’3y—5f’3)3 =33. x{2f3}{3}yt-5f3:li3) = 2‘7x2y—5 i

Focus: When Is a Proof Not a Proof?

Books of mathematical puzzles love to include “proofs” that lead to false or
contradictory results. Of course, there is always an incorrect step hidden some-
where in the proof. The error may be subtle, but a good grounding in the fun-
damentals of mathematics will enable you to catch it.

27x?
5

Examine the following “proof.”

1 =132 (1)
= (-1 2)
= (12 (3)
= (-1)" (4)
= -1 ()

The result is obviously contradictory: we can’t have 1 = —1. Yet each step seems
to be legitimate. Did you spot the flaw? The rule

(bm)].fn - bmfn

used in going from Equation (2) to (3) does not apply when # is even and b is
negative.
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Radicals

The symbol Vb is an alternative way of writing b2 that is, Vb denotes the
nonnegative square root of b. The symbol V" is called a radical sign, and Vb
is called the principal square root of b. Thus,

V25=5 V0=0 V=25 is undefined

In general, the symbol Vb is an alternative way of writing b””,ﬂ the principal #th
root of b. Of course, we must apply the same restrictions to Vb that we estab-
lished for b'*. In summary:

n
Vb=b"=gq wherea"=b
with these restrictions:
. - i -
e if nis even and b < 0, Vb is not a real number;

n
o if nis even and b > 0, Vb is the nonnegative number a satisfying
a* = b.

A WARNING

¢ Many students are accustomed to writing V4 = +2. This is incorrect since the
symbol V" indicates the principal square root, which is nonnegative. Get in the
habit of writing V4 = 2. If you want to indicate all square roots of 4,
write £V4 = +2,

n
In short, Vb is the radical form of b'". We can switch back and forth from
one form to the other. For instance,

3 5
V7 =7 (11)¥ = V11
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Finally, we treat the radical form of ™" where m is an integer and 7 is a

positive integer as follows: i

brm"ﬂ - {bm)'lfn s ‘\K/EE I
and . |

prmin — (bun)m i (\H/E)m ]

Thus
823 - (82)13 = {’"/8‘5
i (81-‘3)2 = {\%/g}z

(Check that the last two expressions have the same value.) !

EXAMPLE 3 RADICALS AND RATIONAL EXPONENTS
Change from radical form to rational exponent form or vice versa. Assume all

variables are nonzero.

1
a. (2x)32, x>0 b. \:'/}F

c. (=3a)*” d. Vx?+ 92
SOLUTION |
| 1 1 1 g |
B e e e b. = = — = 7 I
a. (2x) (2x)3" 83 \/F 7 g4 I}
‘ !
c. (-3a)¥7 =V=2743 d. V& + 2 = (x2 + y?)12 i

- Since radicals are just another way of writing exponents, the properties
E of radicals can be derived from the properties of exponents. In Table 12, 7 is
a positive integer, a and b are real numbers, and all radicals are real numbers.
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TABLE 12 Properties of Radicals

Example Property
V8= (V8) =4 Vb = (V)"
V4V9=V36=6 \/aV'b = Vab
VB _yf8_2 __\CE\[_

/27 37 3 Vb b
V2P =2 Va" = aif nis odd
\/(:2—}2:]-»21=2 \"/a—;‘:iaiifniseven

Here are some examples using these properties.

EXAMPLE 4 OPERATIONS WITH RADICALS
Simplify. , .
a. V18 b. V=54 c. 2V8x3y d. Vb

SOLUTION
a. \/ﬁ:\/ﬂ:ﬁ\/ﬁ:?ﬂ/i

b. V/ =7 RV =27)(2) -V V3= -3V2
c. 2V 8x3y = 2\3/§\3/}3\3/3:= 2(2)(x)\3/“y= 4x\3/§
d. \/SC_:'\/.‘;CE\/;CE\/;E= le . le . |x| = lx|3

./\.' WARNING
e The properties of radicals state that

V= |x]

It is a common error to write /%2 = x. This can lead to the conclusion that
\/(=6)? = —6. Since the symbol V' represents the principal, or nonnegative,
square root of a number, the result cannot be negative. It is therefore essen-
tial to write V22 = | x| (and, in fact, /%" = | x| whenever # is even) unless
we know that x = 0, in which case we can write x% = x.

---------------------------------------------------------------------

Simplifying Radicals
A radical is said to be in simplified form when the following conditions are

satisfied:

1. \/n b™ has m < m;
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n
2. V' b™ has no common factors between m and »;

3. A denominator is free of radicals.

The first two conditions can always be met by using the properties of radicals
and by writing radicals in exponent form. For example, I

3 3 3 3 3
Vit = Vit - x = VerVx = xVx
and
6 . 3
A/ 3E = 56 = 523 =\ fa2

The third condition can always be satisfied by multiplying the fraction by a
properly chosen form of unity, a process called rationalizing the denominator.

For example, to rationalize _\}__ we proceed as follows:
3

1 _1 V3_V3_V3
V3 V3 V3 VFE 3
In this connection, a useful formula is

(Vm + Va)(Vm=Vn)=m-n

which we will apply in the following examples.

EXAMPLE 5 RATIONALIZING DENOMINATORS

Rationalize the denominator. Assume all variables denote positive numbers.

Yy "V5-V2 " Vx+2 " Vx+2

SOLUTION

i AFYr_ Nz Vy Vo Vi

Yy Vy Vy Vy VY
4 4 VE+ V2 4(V5+V2) 4

> SNE VNI Vs+NE | 52 ~ I * V)
s _ 5 N 5(Vx-2)

“Vi+2 Vi+2 Va2 w4

4 -3 § V%2 SVz+1

\/x+2_\/x+2 \/x+2_ x+id
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There are times in mathematics when it is necessary to rationalize the
numerator instead of the denominator. Although this is in opposition to a
simplified form, we illustrate this technique with the following example.
Note that if an expression does not display a denominator, we assume a
denominator of 1.

EXAMPLE 6 RATIONALIZING NUMERATORS

Rationalize the numerator. Assume all variables denote positive numbers.

4 x—-V3
d. g(\/:’i-+\/i) b. x+4
l c. Vx +4 d. V-2
x—4
SOLUTION
4 Vs-V2 4 (5-2) 4
. (V5 + V2) - == =
= gl VA3 VD) V5V
See Example 5 (b).
x = 3.x+ \/5_ =3

x+4 x+V3 (x+4)x+ V3)
Vit+4 Vi-4_x-16
S V-4 Vx—4

Vx-2 Vx+2 x—4 1

C

x¥F4

d. . = — 5
-4 Ve+2 E-4H(Vxt+2) Vz+2
EXAMPLE 7 SIMPLIFIED FORMS WITH RADICALS

Write in simplified form. Assume all variables denote positive numbers.

4 3 3
a. Vy’ b. ',_3_326_ T
y '
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SOLUTION

4 4 5

a V5 = V3y = ViV3 = 3V
b, 1 /'S_x{ V (4x) 2x) V4 V2x _ 2xV2x  2xV2x ‘ \/)_J _ 2xV2xy
Yy

Ty Yy VY Vy Yy

TV Yy Yy VP Y

ﬁ VE_Vi_ Vi V7 _VaVy

Operations with Radicals

We can add or subtract expressions involving exactly the same radical forms. For

example,
2V2 +3V2 =5V2
since
2V2 +3V2 =2 +3)V2 =5V2 :

and |

3 i . 3
3Vaxly — 7Vx%y = —4Vx2y

EXAMPLE 8 ADDITION AND SUBTRACTION OF RADICALS

Write in simplified form. Assume all variables denote positive numbers.

a. 7V5 +4V3 - 9V§
3
b. \/xly—% xy—3V3x2y+4ny

SOLUTION
2. VG +4V3 - 9V5 = —2V35 + 4V3

3 3 3
b. Vx?* ——} Vxy — 3Vx2y + 4Vxy = —2Vx%y + -%\/;;
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A VB + Vi€ VIS

You can perform addition only with identical radical forms. Adding unlike radi-
cals is one of the most common mistakes made by students in algebra! You can
easily verify that

VI9+V1e=3+4=7

The product of \/a and Vb can be readily simplified only when m = #.
Thus,

but

cannot be readily simplified.

EXAMPLE 9 MULTIPLICATION OF RADICALS
Multiply and simplify.

a. 2\3/;? . \3/;2_)'3 b. \5/:z-z_b\/c;f;;\s/a_bE
SOLUTION

0. VDR - VAP = 2V = 2y

b. N@BVabV/ab = Va5 b

Calculator Alert

Most calculators have a key. Scientific and graphing calculators sometimes
have a special key to evaluate other roots. This key may be | Vy L v |, or l s |

If your calculator does not have a special root key, you can use the power key to

evaluate roots.

5

Example: Show that V12 = 1.64375183.

Solution: If your calculator has a root key, evaluate 512.
Otherwise, evaluate 12(1 +5) or 12(1 + 5) on your
calculator.




Exercise Set 1.7

In Exercises 1-12, simplify, and write the answer

using only positive exponents.

1. 163 2. (—125)"13
3. {_64}—2.6 4, CRMC—LG
1/3 -2/3
5 2 6.
x 14 ylff
32\ 1/6 12543
7. (i‘——) B
23 125273
9. (xla’3y2)6 10. (xéy“}‘m
15435 1812/3
11. [fl—ﬁ] 12. ["—;)
¥ 34
In Exercises 13-18, write the expression in radi-
cal form.
1\
13. (—4') 14, x28
15. o 16. (—8x2)¥
. g -312
17. (12x3y2)?3 18. (E x‘ly“‘]
In Exercises 19-24, write the expression in expo-
nent form.
19. V383 20. V32
1 1
21 22, ==
25 Z 24. V(i)
4 5 JE

In Exercises 2533, evaluate the expression.
Verify your answer using your calculator.
25 \/E % \=2
. 5 3 2
4 9 1
81 28. \/ 77
)
29. V(5)? 30. (—3—)
542 72
31. ( : ) 32. \/( 2)

33. (14.43)%

P T R g

27,

Chapter 1 = The Foundations of Algebra

In Exercises 34-36, provide a real value for each
variable to demonstrate the result.

34, Vxl#x
36. VxVy#xy

35. Va2 + y22x +y

In Exercises 37-56, write the expression in sim-
plified form. Every variable represents a positive
number.

37. V48 38. V200
39. /54 40. Vx®
41, Vy 42. Vb1
43, V/96x1 44. Vi
45. Vxsy3 46. \/24b104
47. V16x%3 48. V20x3y'z
1 4
49. ‘\/: T . I
5 3V11
1 2
51, s 52. \/:
V3y y
42 8ath?
53 54,
V2x 2V2b
55. /2y 56. VA48xPyez?

In Exercises 57-66, simplify and combine terms.

57. 273 +5V3  58. 4V11 — 6V11
59. 3Wx +4Vx  60. 3VZ +5V2 —-2V2

61. 2V27 + V12 — V48
62. V20 — 4V45 + V380

63. V40 + Va5 — V135 + 2V80

abc
64. V2abc — 3\ 8abc + =

2
65. 25 — (3V5 + 4V5)
66. 2V18 — (3V12 — 2V75)
In Exercises 67-74, multiply and simplify.
67. V3(V3 +4) 68. V8(V2 — V73)
69. 3VxryVxy?
70. -4V Vxty
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71. (V2 - V3)?

72. (V3 — 2V2)(VZ + 2V8)

73. (V3x + V2y)(V3x — 2V2y)
74. (VZx + 3)(V2x — 3)

In Exercises 75-86, rationalize the denominator.

3 -3
75. 76.
V2 +3 V7-9
= 3
97, 78.
V3-4 V-5
-3 4
79. 80.
3Va+1 2-V2y
81. - = 82. V3
5+ V5y V3-5
- V2 +1 - Vs + V3
" V2-1 CV5-V3
g5, YE+V2 0. 2V
" V3-V2 " AV2x + Vy
In Exercises 87-90, rationalize the numerator
87. V12 — V10 88. 3;_\2;
V-4 2-Vx + 1
90.
16—x 3-x

In Exercises 91 and 92, provide real values for x
and y and a positive integer value for # to
demonstrate the result.

91. Va+VyzVxty 92. Var+yzx+y

93. Find the step in the following “proof” that is
incorrect. Explain.

5 = VA = VDT = V_ZV2 = -2

94, Prove that lab| = la| |b|. (Hint: Begin
with |ab| = Vi{ab)*)

95.

96.

97.

98.

Simplify the following.
a. VxVaVx

\/ 2
c. V1+ ¥t - ___._l__t_x.—

2
y 3+3*+3
54+54+54+54+54
5@+ 212 =520 + )7
Lt

Write the following in simplest radical form.

b. (xia'l__ x-—l.n’Z)?.

d.

€.

Al 1
C. x+—+2
X

The frequency of an electrical circuit is
given by
1 LC‘lCZ
2a¥egta
Make the denominator radical free. (Hint:

Use the techniques for rationalizing the
denominator.)

Use your calculator to find V0.4, V0.04,
4/0.004, V0.0004, and so on, until you see

a pattern. Can you state a rule about the

LB
107
where a is a perfect square and # is a posi-
tive integer? Under what circumstances does

value of

this expression have an integer value? Test
your rule for large values of 7.

1.8 Complex Numbers

One of the central proble

ms in algebra is to find solutions to a given polynomial

equation. This problem will be discussed in later chapters of this book. For now,

observe that there is no real number that satisfies a polynomial equation such as
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x?=—4

since the square of a real number is always nonnegative.

To resolve this problem, mathematicians created a new number system built
upon an imaginary unit i, defined by i = V/~1. This number i has the proper-
ty that when we square both sides of the equation we have i = —1, a result that
cannot be obtained with real numbers. By definition,

We also assume that i behaves according to all the algebraic laws we have
already developed (with the exception of the rules for inequalities for real num-
bers). This allows us to simplify higher powers of i. Thus,

B=i2i=(-1)i=—i
#=i2.2=(=1)(-1) = 1

Now we may simplify i when # is any natural number. Since i* = 1, we seek
the highest multiple of 4 that is less than or equal to #. For example,

S=pi=(1)-i=i

1'2?:524.1;3:(1'4]6.53: (1}6.3'3:3'3: —i

EXAMPLE 1 [IMAGINARY UNIT j

Simplify.

a. i’ b. —i7™

SOLUTION

q. 51 = 8.3 = {1‘4)12 243 = (1)12 i f3 =4i3=—j

b, —i™ = —j72.;2 = H(;«;)is <l = _(1)13 .42 = #(1)(__1} =1

We may also write square roots of negative numbers in terms of i. For
example,

V=25 =iV25 =5i

and, in general, we define

V—a=iVa fora>0
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Any number of the form bi, where b is a real number, is called an imaginary
number.

_____________________________________________________________________

V-4V -9=%V36
The rule Vz - Vb = Vab holds only when a2 0 and b 2 0. Instead, write
VAVT9 = 2i-3i = 62 = —6

Having created imaginary numbers, we next combine real and imaginary
numbers. We say that a + bi is a complex number where 2 and b are real num-
bers. The number  is called the real part of a + bi, and b is called the imagi-
nary part. The following are examples of complex numbers.

4 1

+ 2i 2-1i —24 -+ =i
3 i i i G 5:

Note that every real number a can be written as a complex number by choos-
ing b = 0. Thus,
=a+ 0:

We see that the real number system is a subset of the complex number system.
The desire to find solutions to every quadratic equation has led mathematicians
to create a more comprehensive number system, which incorporates all previ-
ous number systems. We will show in a later chapter that complex numbers are
all that we need to provide solutions to any polynomial equation.

EXAMPLE 2 COMPLEX NUMBERS a + bi

Write as a complex number:

& ——12~ b. V=9 & —1 =VH
SOLUTION
a. ) > + 0:

b. V=-9=iVI=3i=0+3i
. -1-V-4=-1-iVd=-1-2
Do not be concerned by the word “complex.” You already have all the

basic tools you need to tackle this number system. We will next define opera-
tions with complex numbers in such a way that the rules for the real num-

bers and the imaginary unit i continue to hold. We begin with equality and
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say that two complex numbers are equal if their real parts are equal and
their imaginary parts are equal; that is,

a+bi=c+di if a'=_r:' and b=d

EXAMPLE 3 EQUALITY OF COMPLEX NUMBERS
Solve the equation x + 3i = 6 — yi for x and y.

SOLUTION
Equating the real parts, we have x = 6; equating the imaginary parts,
3=-yory= -3.

Complex numbers are added and subtracted by adding or subtracting the
real parts and by adding or subtracting the imaginary parts.

Addition and Subtraction of Complex Numbers
(4 + i)+ (c + di) = (a + ) + (b + d)i
(a+bi)=(c+di)=(a—c)+ (b —d)i

Note that the sum or difference of two complex numbers is again a complex
number.

EXAMPLE 4 ADDITION AND SUBTRACTION OF COMPLEX NUMBERS
Perform the indicated operations.

a. (7 — 2i) + (4 — 3i) b. 14 - (3 — 8i)

SOLUTION

a. (7—-20)+(4 —3)=(7+4)+ (-2 -3)i=11-5;

b. 14 — (3 — 8i) = (14 — 3) + 8i = 11 + 8i
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We now define multiplication of complex numbers in a manner that permits
the commutative, associative, and distributive laws to hold, along with the def-
inition 2 = —1. We must have

(@ + bi)(c + di) = alc + di) + bilc + di)
= gc + adi + bci + bdi®
ac + (ad + be)i + bd(—1)
= (ac — bd) + (ad + be)i

1l

The rule for multiplication is

Multiplication of Complex Numbers
(a + bi)(c + di) = (ac — bd) + (ad + bc)i

This result demonstrates that the product of two complex numbers is a complex
number. It need not be memorized. Use the distributive law to form all the prod-
ucts and the substitution 2 = —1 to simplify.

EXAMPLE 5 MULTIPLICATION OF COMPLEX NUMBERS
Find the product of (2 — 3i) and (7 + 5i).

SOLUTION

1l

(2 = 3i)(7 + 5i)

2(7 + Si) — 3i(7 + 5i)
14 + 10i — 21i — 158
14 =11 = 15(~1)
29 - 11

The complex number a — bi is called the complex conjugate, or simply the
conjugate, of the complex number a + bi. For example, 3 — 2i is the conjugate of
3 + 2i, 4i is the conjugate of —4i, and 2 is the conjugate of 2. Forming the prod-
uct (@ + bi)(a — bi), we have

(a + bi)a—bi) = a* — abi + abi — b*?

=g*+b* Since s = -1
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Because a and b are real numbers, @ + b2 is also a real number. We can sum-
marize this result as follows:

The Complex Conjugate and Multiplication
The complex conjugate of a + biis a — bi. The product of a com-
plex number and its conjugate is a real number.

(a+ bi)a — bi) =a* + b?

Before we examine the quotient of two complex numbers, we consider the
reciprocal of 2 + bi, namely, 4 + bi+ This may be simplified by multiplying both

numerator and denominator by the conjugate of the denominator.

1 *( 1 )(a-—bz‘)_a—bi__ a b
a+bi ‘a4 bil\g— bi F+ 2 A+
In general, the quotient of two complex numbers

a+ bi
¢+ di

is simplified in a similar manner, that is, by multiplying both numerator and
denominator by the conjugate of the denominator.
atbi a+bi c-di
¢ ¥di e¥di c-d
(ac + bd) + (bc — ad)i
- &+ &
_ac+ bd  bc—ad,
2+ d P+

Division of Complex Numbers

gjﬁi:ac+bd+bc-ad,—
c+di G+ 2+a’

E+d2#£0

This result demonstrates that the quotient of two complex numbers is a com-
plex number. Instead of memorizing this formula for division, remember that

quotients of complex numbers may be simplified by multiplying the numerator
and denominator by the conjugate of the denominator.

EXAMPLE 6 DIVISION OF COMPLEX NUMBERS
-2 +3i
a. Write the quotient —5*:2—1—3 in the form g + bi.

b. Write the reciprocal of 2 — 5i in the form a + bi.
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SOLUTION
a. Multiplying numerator an
tor, 3 + 2i, we have
—2+3iﬁ-2+3i_3+2:‘f—6—4z‘+9i+6;’2#—6+5f+6(—1)
3-2i 3-2 3+2i 3%+ 22 9+ 4

d denominator by the conjugate of the denomina-

13 13 13

—1245i_ 12 5.

e A A S ST e

1
b. The reciprocal is 2 =5 Multiplying both numerator and denominator by

the conjugate 2 + i, we have
1 24Si_2+Si _2+S5i_2 3,
7 _5 2+5 2+ 29 29 29"

Verify that

N 5.
2 = =+ =—i|=
( 5:}(29 29:) 1

Calculator Alert

Some scientific and graphing calculators have the capability to do computa-
tions with complex numbers. Consult your owner’s manual for details. The

owner’s manual may be available online. Look up your calculator by model

and number.

/

Exercise Set 1.8
Simplify in Exercises 1-9. 8§, = 6. iV
1. 60 2. i¥7 7., {784 g, —i%
9, —i™H

3. i% 4, —i*




R T P e o i AR T L R

In Exercises 10-21, write the number in the form
a+ bi.

10. 2 11. -3

4
12. —0.3 13. V=25
14. —V=5 15. —V-36
16. —V—18 17. 3 -V-49

18. —% ) 19. 0.3 — /=98
20, —05 $9C38 . -9~ T8

In Exercises 22-26, solve for x and y.
23, (o4 2) + By —1)= ~1 + 5i
23. Bx—1)+(y+Si=1-3i

24. («%—x+2)+{3y—2}f=4—7£

25. 2y +1)—(2x—1)i= -8+ 3i
26, (y—2)+(Sx—3)i=3$

In Exercises 27-42, compute the answer and
write it in the form a + bi.

27. 2+ (3 — i) 28. —3i+ (2 — 5i)
29. 2+ 3 +(3 =20
30. (3 — 2i) — (z % -%4)

31. -3 -5i—(2 -1

()3

33. —2i3 + ) 34, 302 - i)

S i(4=i
35.;(2+f) 36. 2( . )
37. (2 = D2 + i) 38. (S + )2 - 3i)
39, (=2 — 2i)(—4 — 3i) 40. (2 + Si)1 — 3i)
41. (3 - 242~ 1) 42. (4 = 31)(2 + 34)

In Exercises 43—48, multiply by the conjugate and
simplify.

43. 2 - 44, 3+
45. 3+ 44 46. 2 — 34
47. —4 - 24 48. 5+ 2i
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In Exercises 49-57, perform the indicated opera-
tions and write the answer in the form a + bi.

. 28 o 122
s1. 212 P2 4+3I:
53. 52;_%1 54, %
55. 2;5" 56. 57_3?—‘
57. E%L;

In Exercises 58-64, find the reciprocal and write
the answer in the form a + bi.

58. 34+ 2 59. 4+ 3;
1. _3.,

60. 3 { 61. 1 3:

62. =71 63. —5i
3—-i

e 342

In Exercises 65-68, evaluate the polynomial x? —
2x + 5 for the given complex value of x.

65. 1+ 2i 66. 2 —i
67. 1 —1i 68. 1 —2i

69. Prove that the commutative law of addition
holds for the set of complex numbers.

70. Prove that the commutative law of multipli-
cation holds for the set of complex numbers.

71. Prove that O + 01 is the additive identity and
1 + 0i is the multiplicative identity for the
set of complex numbers.

72. Prove that —a — bi is the additive inverse of
the complex number a + bi.

73. Prove the distributive property for the set of
complex numbers.

74. For what values of x is Vx — 3 a real num-

ber?
75. For what values of y is V2y — 10 a real
number?




