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Pure Imaginary Numbers In your math studies so far, you have worked wigiteal
numbers. Equations like the one above led mathematicians to define imaginary

numbers. The imagina ined to be i = —1. The number i is the princip
square root of —1; thaf is, i = vV —1.

Numbers of the form 6i, —2i, and iV/3 are called pure imaginary numbers. Pure
imaginary numbers are square roots of negative real numbers. For any positive real @—

number b, V =12 = \/b_:’- vV =1 or bi.

Example 1

Simplify. T\ - 277
a. p-z: - '(T b. V=216 O\ 53(‘

V=27 =v-1.32.3 V=216 =V-1.62.6 ’

=V=T-V32.43 =vV=1- Ve*. V6
=i+.3.V30r3iV3 =i+6+V6or6iVe /%\
VA
P /\ ‘



Simplify.
a. —5i«3i g ‘
—5{ « 3§ = —1542 Multiply. S B2 ""'\
= —15(-1) 2= —1 . _(
=15 Simplify. k’z = U ° Ll — i

b. V=6 - V15 - Y-\ )

vV—=6. V=15 = iV6 . iV/15 i=v=1 l
= i24/9() Multiply. - 2- - -
=—1-v9 .10 Simplify. 0
= —-34/10 Multiply. E
Examples 1-2 Simplify. ’6 i

1. V=81 9/ \') 2. V=32 4i\2

(.-
3. (4i)(—3i) 12 .—\’Lj 4. 3\/—24 .2\/—18 =723
5. 40 1







You can solve some quadratic equations by using the Square Root Property. Similar to a

difference of squares, the sum of squares can be factored over the complex numbers.

Example 3
Solve x> + 64 = 0.
Method 1 Square Root Property Method 2 Factoring

x2+64=0 x2+64=0

x? = —64 ‘t l\_/o l"eaf\ U x2+82=0

I 2 _ (_82) =
x=+V—64 Sq\uhw\. x* = (=89 =0
x = 51 (x + 8i)(x —8i) =0
(x + 8i) =0 or (x — 8i) =0
x = —8i x = 8i
Example 3 Solve each equation.
7. 4x2+32=0 $2/V2 8 x2+1=0 %/

F7)
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% KeyConcept Complex Numbers =) %

A
tma ¢ Vo r‘x/
Words A complex number is any number that can be written in the form a + bi, where aand b ¢
are real numbers and iis the imaginary unit. a is called the real part, and b s called the Pa—
imaginary part.

Examples 5+ 2i 1-3I=1+ (-3 \rﬁ G."'t'l) L\

Find the values of x and y that make 3x — 5 + (y — 3)i = 7 + 6i true.
Set the real parts equal to each other and the imaginary parts equal to each other.

Ix—-5=7 Real parts y—3=6 Imaginary parts
3x =12 Add 5 to each side. y=9 Add 3 to each side.
x=4 Divide each side by 3.

Example 4 Find the values of a and b that make each equation true.

9, 3a + (4h + 2)i = 9 — 6i 3 =4 10. 4 — 5+ (-a—3)i=7—8i 5,3

_ 9

& = _L I 5
£t
’ b =



Example 5

Simplify.
a. (5—7i) + (2 + 4i)
(5—7i)+ 2 +4i) =5 +2) + (-7 + )i
=7-3i
b. (4 — 8i) — (3 — 6i)
4—8i)—(3—6i)=4—3)+ [-8— (—6)li
=1-—2i

Simplify.
1. (-1+5)+(—2-3) -3+ 2/

Commutative and Associative Properties

Simplify.

Commutative and Associative Properties

Simplify.

12. (7 + 4i) — (1 + 2i) 6+ 2§

Example 6 17. ELECTRICITY The current in one part of a series circuit is 5 — 3j amps. The current in

another part of the circuit is 7 + 9j amps. Add these complex numbers to find the total
current in the circuit. 12 4+ 6famps



Real-World Example 6

ELECTRICITY In an AC circuit, the voltage V, current C, and impedance I are related
by the formula V = C « I. Find the voltage in a circuit with current 2 + 4j amps and
impedance 9 — 3j ohms.

V=C-.I Electricity formula L,l I )
=(2+45)-09—3)) C=2+4jand I=9 —3j
= 2(9) + 2(—3j) + 4j(9) + 4j(—3j) FOIL Method
= 18 — 6j + 36j — 127 Multiply.
= 18 + 30j — 12(—1) j2=—1
= 30 + 30§ Add.

The voltage is 30 + 305 volts.

13. (6 —\8:’)/+2i) 70 — 60/ . 14, (3 + 2i)(—2 + 4i) —14 + 81

-
j29 720 —lev
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Example 7

Simplify.
2i
a'3+6i
21 2i 3 61
3+6i 3+6i 3 6i
=61-12l
9 — 36§
_6i—12(-1)
© 9 —136(-1)
_6i+12
45
-t 2 2,
3E e
4+i
b. 5i
4+i_4+i i
5i i i
_4i+i’
5i%
_4i—1
S
=5 5

3 4+ 6iand 3 — 6/ are complex conjugates.

Multiply.

Simplify.

a -+ biform

Multiply by —:

Multiply.
2= —1

a -+ biform

FC 3
\R~GL -4 +Lv . 15 7,
\'2. -\0u-4-2<.-1‘) 5+6i 61

-Q_CZ-}*
\;-%/

4+2i 2

]

g 5%

\0""\00

D 16-

T

10 —19¢

-’Z*q



Practice and Problem Solving Extra Practice

Examples 1-2 (0SS STRUCTURE Simplify.

Example 3

Example 4

18. v/—121 1] 19. /169 13/

20. +/—100 10/ 21. /=81 9i

22. (—3i)(—7i)(2i) —42i 23. 4i(—6i)2 —144]

24, i1 —J 25. i |

26. (10 — 7i) + (6 + 9i) 16 + 27 27. (-3 +1i)+(—4—1i) =7
28. (12+5i))—(9—2i) 3+7i 29. (11—-8i))—(2—8i) 9
30. (1+2i)(1—2i) 5 31. (3 + 5i)(5 — 3i) 30 + 16/
32. (4 — i)(6 — 6i) 18 — 30/ 38 2141
u.zfﬁ%—l 35%%—%1

Solve each equation.

36. 4x2+4=0 %/ @) 3x2+ 48 =0 x4

38. 2x2 4 50 = 0 45/ 39. 2224+ 10=0 +A/5
40. 6x2 + 108 = 0 +3i1V2 4. 8x2 + 128 =0 +4i

Find the values of x and y that make each equation true.
42. 9 +12i=3x+4yi 3,3 43 x+1+2yi=3—6i 2,3

11
4¢2r+7+(3—y)i=—4+6i_‘5‘"3 45.5+y+(B3x—7)i=9—3i %,4
46. a+3b+ (3a—b)i=6+6i 1?% 47. (2a — 4b)i + a + 5b = 15 + 58i 25, —2






