Chapter 4 Matrices and Determinants

Ex 4.6

Answer le.

For any two complex conjugates, the real parts have same magmtude and sign whereas
the complex parts have same magnitude but different signs. Thus, the complex conjugate
of @ —bisa + b

Answer 1gp.
Take the square root on each side.

= x4/-13

Write 1n terms of i We know that § = \."—_1 Thus,

+-13 = +.0-1.13
= +i.f13.

Therefore, we get x = iiw.j'l_E.

The solutions are 1‘\;{1_3 ard —i\.'lﬁ.

Answer 2e.

A complex number contains both real and imaginary numbers.
No, not every complex number 1s an imaginary number.
For example:

Consider
A complex numberl+:
In the complex number there exists not only imaginary number but also real. The
complex number 1+ 15 not an imaginary number.
The imaginary number 1s { where the square of 1t 15 -1. But,

(1+i) =1 +2i+* =2 = -1

Answer 2gp.

Consider the equation
x' =-38
Solve the following quadratic equation
x' =-38 Write the original equation
x:im Apply Square root property
By the property of square root of a negative number
If r 15 a positive number, thcn\.'"—_r =i s,u'rr_' .

x =138

x==1i/38 Apply the property Square root of a negative number

Therefore, the roots of the quadratic equation are iw"ﬁ ]



Answer 3e.
First, talee the square root on each side.

x = t+/-28

Write 1in terms of i We lenow that ¢ = +/—1. Thus,

+J-28 = +./-1. 28
= +if28 .

Eewrite the radicand as a product of two factors such that one of them 15 a perfect square.

+i4/28 = +;F

Lpply the product property. For any numbers @, & = 0, \fl:E = \,'E- JB

ti 4T = diN4 AT

MNow, simplify.

+i 4 7 = 227

Therefore, we get x = iﬁﬁ.
The solutions are Eiﬁ aricd —Eiﬁ.

Answer 3gp.

subtract 11 from each side to bring the constants on one side.

#+11-11=3-11
2 = -8

Take the square root on each side.

- +. /-8

Write 1n terms of i We know that § = 1,.'{—_1 Thus,

+/8 =+/1.38
= +i/8 .

Eewrite the radicand as a product of two factors such that one of thetn 15 a perfect square.

+i./8 = +i 4. 2

Lpply the product property. For any numbersa, & = 0, \.'E = q{.:;- JE

ti 4.2 = 442



MNow, simplify.

+i 4 2 = £2.2
Therefore, we get x = iﬁﬁ.

The solutions are 2:'\."5 and —23’«,.'"5.

Answer 4e.

Consider the equation
rt=—624
Solve the quadratic equation.
By the property of square root of a negative number

If » 1s a positive number, then/—r = i-.n'r;

rl=—624 Write the original equation
= im Apply Square root on each side
= ii\@ Write 1n terms of ;
= iisjﬁ Write 1n factor form under the Square root
r=it(4~,§r3'_9) Simplify

Therefore, the roots of the quadratic equation are i4isf?§ .

Answer 4gp.
Consider the equation
x' —8=-36
Solve the quadratic equation.
By the property of square root of a negative number

If » 1s a positive number, then/—r = i-.fr}_'

x —8=-36 Write the original equation
x*=8-36 Add 8 on each side
x' =-28 Add like terms
x=1J-28 Apply Square root on each side
= ii\-'fE_E Write in terms of i
x=+i(27) J28 =47 =27

Therefore, the roots of the quadratic equation are ﬂi\ﬁ :

Answer 5e.

subtract 8 from each side to bring the constants on one side.
z*+8-8=4-38

2 = -4

Talke the square root on each side.

z = x4



Write in terms of 1. We know that § = \."—_1 Thus,

t-4 = £,-1-4
= +i 4

MNow, evaluate the radical.

ti 4 = +2i
Therefore, we get x = 2§

The solutions are 27 and =21,

Answer 5gp.

First, add 7 to each side to bring the constants on one side.
3 - T7+7 = =31+7

3 = - 24

Divide each side by 2

35 24
3 3
x* = -8

Mowr, take the square root on each side.

x=iﬁ

Write 1n terms of i We know that § = \."—_1 Thus,
+J-8 = +,.1.8
= +i%8

Eewrite the radicand az a product of two factors such that one of thetn is a perfect square.

+if8 = +i 4. 2

LApply the product property. For any numbers @, & = 0, \.'".:E = JE- JB

ti4-2 = 442

MNow, simplify.

+i 4 2 = £25.2
Therefore, we get x = iﬁﬁ.

The solutions are Eiﬁ and —21‘«,-"5.



Answer 6e.

Consider the equations” —22=-112_

Solving:
57 —22=-112
s° =-90 Add 22 on both sides
s =1./-90 Apply Square root

By square root of a negative number property:
If » 1s a positive number, then

V= =i
This implies that
g=213 @

sziiﬂ
s=if[3ﬁ}

Therefore |s =13i \{rﬁ | are the roots of the given quadratic equation.

Answer 6gp.

Consider the equation
5x*+33=3
Solve the quadratic equation.
By the property of square root of a negative number

If r 15 a positive number, ﬂlﬂﬂ\llr—_r = :'\l'rr_'

5% +33=3 Write the original equation
Sx* =3-33 Subtract 33 on each side
5x* =-30 Add like terms
x=—6 Divide by 5 on each side
2 e ) -
x =16 Apply Square root on each side
x= iw’E Write in terms of

Therefore, the roots of the quadratic equation are iiu@ ;

Answer 7e.
First, subtract 31 from each side to bring the constants on one side.
2x°+31-31=9-31
2x' = —22

Divide each side by 2.
2xt -22
2 2

= -11



Iow, take the square root on each side.

=111

Write 1n terms of i We know that § = \.'{—_1 Thus,

=11 = +.4-1-11
= +i 11,

Therefore, we get x = i:'\./l_l.

The solutions are im and —im.

Answer 7gp.

For adding two complex numbers, add their real parts and their imaginary parts
separately.

(3-D+—6+M=[2+-6)]+ -1+

simplify.
[F+ (&) + -1+ TNi=3+6

Thus, the given expression simplifies to 3+ 61

Answer 8e.

Consider the equation9—4y* =57 .

Solving:
9—-4y* =57 Given equation
4y =9-57 Rewrite the given equation
4y* =48 Do subtraction
y=-12 Divide by 4
y= +J-12 Apply Square root

By square root of a negative number property:
If r 1s a positive number, then+/—r = ir

This implies that
y=1iy12 Write /12 as \/4-3
y=1iJ4.3 Since /4 =2

y==% (E\E} Simplify

Therefore |y = +2i/3| are the roots of the given quadratic equation.



Answer 8gp.

Consider the expression

(3+7i)—(8-2i)
Simplify the expression and write in standard form.
The difference of the complex numbers 1s

{a+bi)—(c+di}= [a—;:}+(£:-—d}i
Here,a=3.b=T7,c=8d=-2

Therefore,
(3+71)—(8-2i)=(3-8)+ [ T —(—2))}: Use difference of complex numbers
=(3-8)+(7+2)i Distribute the negative sign
=—51+9% Standard form

Therefore, the simplified expression in the standard form 15 —5+91|.

Answer 9e.

First, subtract 2¢% and 5 from each side to bring the constants on one side.
6 —20+5-5=20 -2 +1-3
462 = -4

Divide each side by 4.

46 -4
4 4
# =1

Iow, talce the square root on each side.

t= 1

We lnow that 7 = \fq Thus,
-1 = *i.

Therefore, we get x = i
The solutions are 7 and —.

Answer 9gp.

Bw the definition of complex subtraction, group the real parts and the imaginary parts
separately.

A1+ (5+ W) =(-4—1-5+(-1— 9%



simplify.
A-1-91+(-1-=-10+{-10%

Write 1n standard form.
=10+ (=10% =-10 - 104

Thus, the given expression simplifies to =10 — 105,

Answer 10e.

Consider the equation3p’ +7=-9p" +4_

Solving:
3pt+7=-9p" +4 Given equation
9p? +3p" =4-7 Adding 9p" —7 on both sides
12p* =3 Simplify
p'= —i Divide by 12

1
p=t = Apply Square root

By square root of a negative number property:
If r 1s a positive number, then+/—» = Nr;

This implies that
N 11
=1i, [— S —==
i \/; S’ Nt
p==i [%J Sumplify

Therefore |p=1i [%J are the roots of the given quadratic equation.

Answer 10gp.

We consider that the resistor has a resistance of 5 ohms, the inductor has a reactance of 3
ohms and the capacitor has a reactance of 7 ohms.

The resistor has a resistance of 5 ohms, so 1ts impedance 1s 5 ohms_

The inductor has a reactance of 3 ohms, so its impedance 15 3; ohms.

The capacitor has a reactance of 7 ohms, so its impedance 1s —7; ohms.



Again_ we know that the impedance for a senes circuit 15 the sum of the impedances for
the mdividual components.

Hence, the impedance of the circuit 1s
5+3i+(-Ti)=5+3-Ti
=5-4
S0, the impedance of the circuit 1s ;

Answer 11le.

First, divide each side by =5,

5(z-3" 10
-5 -5
(n=37 = -2

Mow, take the square root on each side.

n-3=xJ2

Write in terms of i We know that § = 1,.'{—_1 Thus,
n—3==%2.-12
-3 = i 2

Add 3 to each side.
n—343 = +i2 +3

no= 31542
The solutions are 3+ :w'E and 3 -— i«,ﬁ.

Answer 11gp.

Lpply the distributive property.
i(9-1) = i(9)—i(q)

= % — i

We know that i =—1. Thus,

% -2 =% - (1)
simplify.
% —(-11=9i+1

Write 1n standard form.
i +1=1+%

Thus, the given expression sumplifies to 1+ 24



Answer 12e.

Consider the expression
(6—-3i)+(5+4)
Write the above expression as a complex number in standard form.

From the definition of complex addition,
To add two complex numbers, add their real parts and their imaginary parts separately.

Sum of complex numbers: (a+bi)+(c+di)=(a+c)+(b+d)i
simplifying:

(6—3i)+(5+4i)=(6+5)+(-3+4)i Definition of complex addition
(a+bi)+(c+di)=(a+c)+(b+d)i

=11+1 Write 1n standard form

Therefore |(6—3i)+(5+4i)=11+i|

Answer 12gp.
Consider the expression

(3+i)(5-1)
sumplify the expression and write 1n standard form.
(3+i)(5—i)=3-5+(3)-(—)+i-5+(i)(—) Multiply by the use of FOIL method

=15-3i+5i—i" Multiply the terms
=15-3i+5i—(-1) Use i* = -1
=15—-3i+5i+1 Add the like terms
=16+2i

Therefore, the simplified expression in the standard form 15|16+ 2i .

Answer 13e.

For adding two complex numbers, add their real parts and their imaginary parts

separately.
O+ +(E-90=00++[8+ (-]

sirplity.
B+ +[E+EDE=17+(=)

TWrite in standard form

17+ (=17

Thus, the given expression simplifies to 17 — &



Answer 13gp.

Iultiply the numerator and the denominator by 1 — i, the complex conjugate of 1414
5 5 1-i
1+: 1+:& 1-:
5 [1 - i)

(14+:)(1-1)

Lpply the distributive property in the numerator and the FOIL method in the
denominator.

5(1-i)  5-5
(T+a8(1-3)  1-i+:-3

We know that i =—1. Thus,
5— 5 5— 5

l—i+i-i" 1-i+i-{-1)

Simplify.
95— 5 B 95— 5
l—i+i-(-1) 2+
3 5-—- 5%
2
Write in standard form
5 -5 B 5 B 53_
2 2 2

: : . 5
Thus, the given expression simplifies to 5 - E:’ .

Answer 14e.

Consider the expression
(—2—6i)—(4-6i)
Write the above expression as a complex number in standard form.
From the definition of complex subtraction,
To subtract two complex numbers, subtract their real parts and their imaginary parts
separately.

Difference of complex numbers: (a+bi)—(c—di)=(a—c)+(b-d)i



sumplifying:

(2-6i)—(4—6i)=(-2-4)+(—6—(—6))i  Definition of complex subtraction
(a+bi)—(c—di)=(a—c)+(b—d)i

=—6+0 Write 1n standard form
=—6 Simplify

Therefore |(—2-6i)—(4—6i)=-6|

Answer 14gp.

Consider the expression
5+2i

3-2i
Simplify the expression and write in standard form.
542 (5+2i)(3+2)
3-2i (3-2i)(3+2i)
_ 5.345.2i42i-342i-2i
3-343-2i+(-21)-(3)+(-20)-2
_15+10i +6i + 47

Multiply the numerator and denominator by 3421

Use FOIL method

Simplify
9+ 6i—6i—4i° S
15+10i+6i+4(-1) Tia. Pl
_ g8 ==
9+6i—6i—4(—1)
_15+16i—4 Add the terms in the denominator
9+4
_ 11'1"31& Subtract the terms in the numerator
=H+Ef Simplify
13 13

11 16.

Therefore, the simplified expression in the standard form 1s = + 13: .

Answer 15e.

For subtracting two complex numbers, subtract their real parts and their imaginary parts
separately.

(=1 +H -7 =-5)=0-1-"7+[1-(=5)]

sraplify.
—1-"N+[1-(-50)i=—8+#&

Thus, the given expression simplifies to —8 + 61



Answer 15gp.

First, draw a complex plane. In order to plot 4 —i, start at the origin and mowe 4 units to
the right.

:‘ imaginary
3
2
1
real
—at -
4 3 2 1 1 2 3 4
1
-2
3

A

Mow, mowe 1 unit down and mark the point where we end up.

#i fnm,l_j."n wry
3
2
1
real
—nil}
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1 4 - f
-2
-3

For any complex number z of the form @ + &4, its abzolute value 15 defined as
|z| = -.In'.:zz + &? . Thus,
|4-i|= 4 +(-1)".

Evaluate the powers and then add.

G (-1 = f16+1
= 17

Therefore, the absolute value of the given complex number 13 \,‘{ﬁ



Answer 16e.
Consider the expression
(8+20i)—(—-8+12i)
Write the above expression as a complex number in standard form.

From the definition of complex subtraction,
To subtract two complex numbers, subtract their real parts and their imaginary parts

separately.
Difference of complex numbers: (a+bi)—(c—di)=(a—c)+(b—d)i
Simplifying:
(8+ Zﬂi)—(—8+1&}:{8—(—3)}+(2ﬂ—12};‘ Definition of complex subtraction
(a+bi)—(c—di)=(a—c)+(b—d)i
=(8+8)+(8): Simplify
=16+8: Write 1n standard form

Therefore |(8+20i)—(—-8+12i)=16+8i|

Answer 16gp.

Consider the complex number
—3—-4i
Plot the point in the complex plane and find its absolute value.
To plot the point start at the origin and then move 3 units to the left and then move 4 units

down.
sketch the complex plane by plotting the complex number.
The diagram contains the complex number in the complex plane.

fimaginary
dit
3it

24+

-5 4 85 =2 -1 9 1 2 3 4 5

-

.,__'; = 4}- -4l




The absolute value of a complex number z =g+ bi is denoted by |z| and is non-negative

number given h},r|z| =~a +b .
Compare —3—4i with a+&
Here, a=-3,b=—+4
Therefore, the absolute value of the given complex number 1s
|—3 —4:'| = J{—E]l + (—4}1 Use the definition of absolute value
=+/2+16
= /25
= Simplify

Answer 17e.

For subtracting two complex numbers, subtract their real parts and their imaginary patts
separately.

(8- 58) — (—11 +4i) = [8 — (—11)] + (=5 — 4

simp ity
[B-—11]+{-5—-4u=19+ -9

WWrite 1n standard form.
19+ (=19 -%

Thus, the given expression simplifies to 19 — 93

Answer 17gp.

First, draw a complex plane. In order to plot 2 + 54, start at the origin and mowve 2 units to
the right

E* imaginary

A
| J
|




MNow, mowe 5 units up and mark the point where we end up.
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For any complex number z of the form « + &, its absolute value 15 defined as
|z| = -ﬂcxg + & . Thus,
245 = J2+ (57"

Evaluate the powers and then add

J2 (5 = a2
= 429

Therefore, the absolute value ofthe given complex number 13 @

Answer 18e.

Consider the expression
{I'D—Ei)+l:—11— ?i)
Write the above expression as a complex number 1n standard form.

From the definition of complex addition,
To add two complex numbers, add their real parts and their imaginary parts separately.

Sum of complex numbers: (a+bi)+(c+di)=(a+c)+(b+d)i



Simplifying:

(10-2i)+(-11-7i)=(10-11)+(-2+(-7))i  Definition of complex addition
(a+bi)+(c+di)=(a+c)+(b+d)i
=—1+(—9%) Simplify

=—1-0; Write in standard form

Therefore [(10—2i)+(-11-7i)=-1-9i|

Answer 18gp.

Consider the complex number

-4
Plot the point in the complex plane and find its absolute value.
To plot the point starts at the origin and then move 4 units down.
sketch the complex plane by plotting the complex number.
The diagram contains the complex number in the complex plane.

Limaginary

i+

it

J‘e‘:‘!']'."

*=3—di




The absolute value of a complex number z=a+bi 1s denoted by z| and 1s non-negative

number given b}f|z| =va +b" .

Compare —4i with a+bi

Here, a=0,b=—4

Therefore, the absolute value of the given complex number 1s

|—41'| = .f(ﬂ]j +(—4]j Use the defimition of absolute value
=+/0+16
=4
= Simplify

Answer 19e.

For adding two complex numbers, add their real parts and their imaginary patts

separately.
(14 +30+ 7 +HaD =014+ + (3 + 6%

simplify.
(I4+T+(3+ 6)i =21 + 9

Thus, the given expression simplifies to 21 + 94

Answer 20e.
Consider the expression
(—1+41)+(-9-21)
Write the above expression as a complex number in standard form.

From the definition of complex addition,
To add two complex numbers, add their real parts and their imaginary parts separately.

Sum of complex numbers: (a+bi)+(c+di)=(a+c)+(b+d)i

simplifying:

(—1+43)+(-9-2{)=(-1+(-9))+(4+(-2))i  Definition of complex addition
(a+bi)+(c+di)=(a+c)+(b+d)i
=(-1-9)+((4-2)i) Simplify

=—10+2; Write 1n standard form

Therefore |(—1+4i)+(-9-2i)=-10+2i|




Answer 21e.

For subtracting two complex numbers, subtract their real parts and their imaginary parts

separately.
2+3 -7 +4) =02 -+ (3-4%

simp ity
2-N+3-i=-5+{-1%

Write 1n standard form.
S5+ i{-1=-5-1

Thus, the given expression simplifies to =5 — i The correct answer 15 choice C

Answer 22e.

Consider the expression
61 (3 +2i }
Write the above expression as a complex number 1n standard form.

In order to multiplying two complex numbers, use the distributive property or the FOIL
method.

simplifying:

6i(3+2i)=61(3)+6i(2i) Using distributive property
=18i+12¢" Simplify
=18i+12(-1) Use i* =-1
=—12+18; Write in standard form

Therefore [6i(3+21)=-12+181]

Answer 23e.

Lpply the distributive property.
—i(4 -8 = —i(4) - (=) (&)

= — 4 + &°

We know that 7 =—1. Thus,
i + 8 = 4 + 8(-1).

simplify.
i+ B-1=—4i-&

Write 1n standard form.
—4i —8=-8—-4

Thus, the given expression sunplifies to —5 — 44



Answer 24e.

Consider the expression
(5—7i)(—4-3i)
Write the above expression as a complex number in standard form.

In order to multiplying two complex numbers, use the distributive property or the FOIL
method.

Simplifying:
{5 —?f}(—4—3£}= —20-15i+28i + 21 Multiply using FOIL
=—20-15i+28i+21(-1) Simplify and Use i* =—1

——20—-15+28 —21 Simplify

=—41+13: Write i standard form

Therefore {5—7":’}{—4—35] =-41+13i|.

Answer 25e.
Lpply the FOIL method and multiply.
(=245 (=1 +4i) = (~2)(=1) + [=2)(d) + (5)(=1) + (5:)(4)
= 2- & - 5 + 204

We know that i =—1. Thus,
2 — 8 — 5+ 207 = 2 — 8 — 5i + 20(-1),

simplify.
a—8i—01+20(-1)=-18-13%

Thus, the given expression simplifies to —18 — 134
Answer 27e.

Lpply the FOIL method and multiply.
(8-3)(8+3) = (8)(8) + (B)(Z) + (=3)(8) + (-3 (4)

= 64 + 24 — 24 — 1%°

We know that 2 =—1. Thus,
6 + 24i — 24i — 124° = 64 + 24i — 244 — 1211

s ity
64 + 24i — 248 — 12(=1) =76 + (i

Write 1n standard form.
Te+ =76

Thus, the given expression simplifies to 76



Answer 28e.

Consider the expression,

T
8+i
Write 1n standard form:
Now
7 7i(8-i)
8+i (8+i)(8—i)
~ 7i-8-7Ti-i
 8-8+8-(—i)+i-8+i-(—i)
_ 56i-Ti
64 —8i+8i—i
_ 56i—7(-1)
- 64—(-1)
_ T+36i
65
7 56
=—+—1
65 65
Therefore,
Ti |7 56,
— =—+—1i|.
8+i |65 65

Answer 29e.

Multiplying both numerator and

denomunator by §—i

Multiplying using FOIL
Simplify
Simplify and use i* = -1
Simplify

Divide by 65

Multiply the numerator and the denominator by 3+, the complex conjugate of 5 -4

6 6 34i

T 3-i 341
615[3+i)

EEDIErD

Lpply the distributive property in the numerator and the FOIL method in the

denotminator.
G(3+i) 1%+ 67
(3-a1(3+:)  9+3-3i-¢




We know that i =—1. Thus,
18 +6° 1B +6(-1)
S+ %-% - S+x-%-(-1)

simplify.
18i + 6(-1) 1% — 6
9+ 3%—d—(-1) 10+0i
1% — 6
-0

Write 1n standard form.
1% -6 ) 18 .

= — i g

10 1010

= -2+
5 3

. : e 39
Thus, the given expression simplifies to — s + gi .

Answer 30e.

Consider the expression,

—2—5i
3
Write 1n standard form:
Now,
-2-5 (2-5%)—
e = ( I}( i) Multiplying both numerator and
3i 3i(—i)
denominator by —i
2) =)+ (-S|
= (=2)(=9) 3_(1 i)(=) Multiplying using FOIL
—3i
. | £
2t Sinplity
—3i
2i+5(-1 .
= I—U Usei" =-1
3(-1)
= 2i-3 Simplify
3
= —g - Ef Write 1n standard form
Therefore,
—2-5i N 2
=|—=+=1|.
3 3 3




Answer 31e.

Lultiply the numerator and the denominator by —127, the complex conjugate of 124
4+%  4+8% -1
126 1% 1%
-l (4 +%)
C12i(-12)

Lpply the distributive property in the numerator and multiply.
~12i(4 + %) 48 - 10&*
12(-12¢)  —144°

We know that % =—1. Thus,
48 — 108:° 3 —4& — 108[—1)

—144*  -144(-1)
implify.

48 - 108(-1) 4% + 108
-144(-1) 144

Write i standard form.
—48 +108 108 43

144 144 144

: : o 2
Thus, the given expression simplifies to pr — gz' .



Answer 32e.

Consider the expression,
T+4
2-3i
Write in standard form:
Now,
T+4i (7+4)(2430)
2-3i  (2-3i)(2+3i)

7-2+7-3i+4i-2+4i-3i
T 2-2423i4(=31)-2+(-3%)(3i)
14421 +8i +124°
 44+6i—6i—9;

14+29i +12(-1)
T 4-9(-1)
2420

13
2 29

13 13

Therefore,
T+4 |2 29

2-3i |13 13

Answer 33e.

Multiplying numerator and

denominator by 2+ 3i, using the
complex conjugate of 2—-3i

Multiplying using FOIL
simplify
Simplify using i* =—1

Simplify

Divide by 13, to get standard form

Lultiply the numerator and the denomminator by 5 — 9, the complex conjugate of 5+ 93

& -1-6i 5-15

54 % S+ % 5- 9
(-1-6)(5 - %)
(5+9)(5- %)

Lpply the FOIL method.
(1= 6)(5- %) -5+ % - 30i + 54°
(5+9%)(5- %)  25-4% +45% - 8%°

We know that i =—1. Thus,
—5 4+ 9 — 20; + 54° =5 + 9 — 30i + 54(-1)

25— 45i +45i — 8% 25— 45 + 45 - 81(=1)



sinplity.
5+ % - 30 +54(-1) -59- 2%

25— 45 + 45; —81[—1) 106
Write 1n standard form
=59 - 2% B 53 B 211;
106 106 106
. . , . 59 21
Thus, the given expression simplifies to —— — —3.
= e 2 106 106

Answer 34e.

Consider the complex number,
1+2i
Plot the complex number:
The following diagram contains the above complex number in the complex plane.

3 $imaginary
g | . &S
1 3
Feel
3 2 1 0 1 2 3
-1+
24
-3t

From the graph the point 1s located at 1 unit right and 2 units up in the complex plane.



Answer 35e.

First, draw a complex plane. In order to plot =2 + 3i, start at the origin and mowve 5 units
to the left.

A imaginary

EUNN L% T T N o B = T I« o

- & -
8 7 6 -5 -4 -3 -2 - 1 2 3 4
- real

b

b & o

Y

How, mowe 2 units up and mark the point where we end up.

|-

Linmginmy

=1

A4+ 3

=k M3 L B N N =3

e
8 -7 6 5 4 -3 -2 - 1 2 3 4
-1 real




Answer 36e.

Consider the complex number,
—6i

Rewrite the complex number as,
0—-6i

Plot the number in complex plane:

The following diagram contains the above complex number in the complex plane.

p complex

=
-1
=
L=
=

109876543219 12345

6% 0.-6

From the figure, we notice that the complex number —6i situated at 6 units below from the
complex plane. Here real part 1s equal to zero. So the point lies on complex line.



Answer 37e.

First, draw a complex plane. In order to plot 44, start at the origin and mowe 4 units up.
Mark the point where we end up.

A imaginary
5
414:'
3
2
1

i
5 -4 -3 2 - 1 2 3 4 5§

bW R

| ]
L]

Answer 38e.

Consider the complex number,
—7—i
Rewrite the number as,
(=7)+(-1)i=(-7.-1)
Plot the point in complex plane:
The point 15 situated at 7units left and 1 unit below the complex plane.



The following diagram contains the above complex number in the complex plane.

o comples

[EE]
1098 F 6543219 1234546785910

Answer 39e.

First, draw a complex plane. In order to plot 5 — 36, start at the origin and mowe 5 units to

the right.

A

o] imaginary

1




MNow, move 2 units down and mark the point where we end up.

E‘kimngiumj'

1

-1 EJ'"H(H

Answer 40e.

Consider the number,

7
Rewrite the number as,
T+0-i= {?,D]

Plot the point 1n the complex plane.
The number 1s situated at 7 unit’s right on the real line.

The diagram contains the above complex number in the complex plane.

& comples

104

-

th &

=t b da

—10—9—3—?—6—5—4—3—2—1_0__ 1 2 3 4 5 & 7 8 9 10




Answer 41e.

First, draw a complex plane. In order to plot =2, start at the origin and move 2 units to the
left. Mark the point where we end up.

Elimﬂgmm‘,;’

7

6

5

i

3

2

4
_— -2.-.- o
8 -T 6 -5 4-3-5'-171 1 2 31‘;;!

-2

-3

4

Answer 42e.

Consider the complex number,
4430
To find the absolute value of the complex number

since the absolute value of z = x+1iy1s denoted by |z| and defined as
=7+
On comparing the complex number 4 4 31 with z = x+iy_ we obtain
x=4,y=3
Plug the values x=4.y =3 in|z|= \[x" + 3" . we get
4431 =42 +3
=16+9
=425
=3

Hence,

4+3i|=[5].



Answer 43e.

For any complex number z of the form a + &, its absolute value 15 defined as

|z| = -IJ.:I2 + & . Thus,
|-3+10 | = (-3)" +10%

Ewvaluate the powers and then add.

J=3T 100 = o100
= /109

Therefore, the absolute value of the given complex number 15 /109

Answer 44e.

Consider the complex number,
10-7i
To find the absolute value of the complex number 10-7i
Since the absolute value of z = x+iyis denoted by |z| and defined as

7| =% +5*

On comparing the complex number 4 + 37 withz = x+iy. we obtain
x=4 y=3

Plug the valuesx=4,y=3 iﬂ|z| = x’ + 71" . we get
10—7i = 10" +(=7)°
=+/100 +49

=149

Hence,

10-7i|=|4/149].

Answer 45e.

For any complex number z of the form « + &3, its absolute value 15 defined as

|z| = -||'ch + & . Thus,
|-1- 6] = J(-1)* + (-6)"




Ewvaluate the powers and then add.
JEO 4 (-6 = i+
_ 5

Therefore, the absolute value of the given complex number 13 «.,r"ﬁ

Answer 46e.

Consider the complex number —8i .

Need to find the absolute value.
The absolute value of the complex number —8i 15

|—8i| =|0+(—81)

07 +(-8)

Answer 47e.

For any complex number z of the form @ + &4, itz absolute value 15 defined as
|z| = -.In'.::lt2 + &3 . Thus,
4] = [0+4i|= Jo? + 4%

Ewvaluate the powers and then add.

JoF p 4t = 0y 16
= 4

Therefore, the absolute value of the given complex number 15 4.

Answer 48e.

Consider the complex number —4 +1.
Need to find the absolute value.
The absolute value of the complex number —4 +i1s

444 = J(—4) +1



Answer 49e.
For any complex number z of the form « + &4, 1ts absolute value 15 defined as
|z| = -.f'czg + & . Thus,
7 +7 = J77 + 77

mimp ity

JTE+T7 =72

Therefore, the absolute value ofthe given complex number 13 T"u’E.

Answer 50e.

Consider the complex number9+12; .
Need to find the absolute value.
The absolute value of the complex number 9+12i1s

19+12i] = 97 +12°
=J81+144

=+/225
=15

Therefore, the answer 15

(B)

Answer 51e.

LApply the distributive property to removwe the parentheses.
—B-GB+2 -9 -dN=-8-3-2i-9+4

Combine the like terms.
—B-3-2-9+4i = (—8—3—9)+|:—2+4)1‘
= 204+

Thus, the given expression in simplified form 15 20 + 25,

Answer 52e.
Consider the expression(3+2i)+(5—1)+6i.

Need to write the following expression as a complex number in standard form.

(3+2i)+(5-i)+6

=((3+5)+(2+(-1))i)+6i (Since(a+bi)+(c+di)=(a+c)+(b+d)i)
=(8+i)+6i
=8+(6+1)i (Since (a+bi)+(c+di)=(a+c)+(b+d)i)

=[8+7i].



Answer 53e.

Apply the FOIL method to multiply 3+ 2f and 8 + 35
Si(3 + 200(8 + 38) = 5(24 + 9 + 16 + 6

We know that i =—1. Thus,
(24 + %+ 168 + 6:’2] =5i[24 + % + 161 + 6(-1)].

simplify within the brackets.
ai[24 + 9+ 16+ 6(-1)] = 5i(18 + 255)

Apply the distributive property.
5i(18 + 258) = 90§ + 1254

Substitute —1 for # and simplify.
90f +125i* = 90i + 125{-1)

= 90i — 125

Write 10 standard form.
Q0 — 125 =-125+ 904

Thus, the given expression simplifies to =125 + 904

Answer 54e.

Consider the expression(1—-97)(1—-4i)(4-3i).

Need to write the expression as a complex number 1n standard form.
(1-97)(1-4i)(4-3)
= (1-4i—9i+36i*)(4-3{)  Using (a+ib)(c+id)=ac+adi+bci+bd (i)
=(1-13i+36(-1))(4-3i) Using(a+bi)+(c+di)=(a+c)+(b+d)i

And i* =-1)
=(-35-13i)(4-3i)
=—140+105; —52i+39{
=—140+53i +39(-1) (Sincei’ =—1)

=[-179+53i]

Answer 55e.

For adding (or subtracting) two complex numbers, add (or subtract) thew real parts and
thew inaginary parts separately.
(5-2)+(5+3%)  (5+5)+(—2+3)i
(1+8)-(2-4)  (1-2)+[1-(-4)]:
10+
-1+ 33




Multiply the numerator and the denominator by —1 — 2, the complex conjugate of -1 +
3.

10 +3 w+i -1-%

1+5% -1+5% -1-5
(10 +4)(-1- 5)
(—1+ 589 (~1— 5)

Lpply the FOIL method.
(10+i)(-1-5%)  -10-50i - - 5°

(-1+35)(-1-3) 1+3%-5- 25

We know that i = —1. Thus,
—10 - 50f —§ — 5% —10- 50 —i - 5(-1)
145 -5 - 25%° 1435 -5 -25(-1)

simplify.
-10-50 i - 5(-1)  -5-51
145 -5 -25(-1) 26

TWrite in standard form
-5 - 5% 3 5 3 a1,

-— - —i
26 26 26

: : L 5 51
Thus, the given expression simplifies to — — — '



Answer 56e.

Consider the expression

(10+4i)—-(3-2i)

(6—7i)(1-2i)

Need to write the expression as a complex number 1n standard form.

(10+4i)—(3-2i)
(6-7i)(1-2i)
(10-3)+(4—(-2))i

T (6-7i)(1-2i)

_ T+6i

6-12i—Ti+144

_ T+6i

 6-19i+14(-1)

_ T+6i

- —8-19i

716

8+19i
(~7-61)(8-191)

" (8+197)(8-19%)

—56+133i —48i +1144°

8 - (19i)"
~36+835i+114(-1)
T 64-361(-1)
_ —170+85i
425
_-2+i
5

2.1
A

Answer 57e.

Using (a+bi)—(c—di)=(a—c)+(b—d)i

Using (a+ib)(c+id) = ac+adi +bei+bd (i)’

and i =—1)

Multiplying numerator and denominator with
(8-19:)

Using (a+ib)(c+id)=ac+adi +bci+bd (i)

(Since i’ =-1)

The standard form of a complex number 12 @ + &1, where @ and & are real numbers. The
cotnplex number —2i% +7i +4 iz not in standard form. For writing it in standard form, we
have to use i* =—1. The error is that i is considered as a variable and not as an itnaginary

unit.



In order to cotrect the error, substitute —1 for #in -2 + 7i + 4.
2P+ T+ 4 =-2(-1)+7i +4

simplify
=211+ +4=6+7T

Therefore, the simplified form of the given expression 15 6 + 7§

Answer 58e.

Consider [2—3i] =22 - 3?

It 15 given that |f-] —3il=+/2* —3* which is wrong.

And the correct answer 15
2-3i= 2" +(-3)’

=J4+9

Answer 59e.

Itis giventhatz+z,=0and z - z, = 1, where z, 15 the additive inverse and z, 15 the
multiplicative inverse of z. Thus,

a) For finding the additive inverse of 2 + i, substitute 2 + i for z in {eg.1) and

simplify.
z,= —(2+1i)
= =il — §

The additive inverse of 2+ 715 -2 — 1.

For finding the multiplicative inverse of 2 +3, first substitute 2 + i for z in (2g.2).

Multiply the numerator and the denotminator by 2 — i, the complex conjugate of
2+

1 2 —1i
241 241 2-1




Apply the distributive property in the numerator and the FOIL method in the
denotninator.
1 d=1 2 =]

D4 2—§ A-F4%—i

We know that i =—1. Thus,
2 —i 2—1i

4-2+2-i 4-2+2-(-1)

simplify.
2—1 2= i
4—E+E—[—1) 5

Write 1n standard form.

2~3 & 11‘
5 5003
The multiplicative inverse of 2158 — — li :

h) For finding the additive inverse of 5 — i, substitute 5 —i for z 1n (eg. 1) and

sitnplify.
z,= —(5-1)
=:—3 i3

The additive inverse of 5 —115 -5+ 1

For finding the multiplicative inverse of 5 — i, first substitute 5 — i forz in (ag.2).

1
5-1

Zmz

Ifultiply the numerator and the denominater by 5 413, the complex conjugate of
5 —1.

1 l 544
D—i S—-i 54

Lpply the FOIL method and use =,
1 5044 S+

5_; 5471 25-4
5 +i

26

Write 1n standard form.

541 5 1
+

= — +—i
26 26 26

1

The multiplicative inverse of 218 — + —i .

26



c) For finding the additive inverse of —1 + 31, substitute —1 + 3i for z in {eg. 1) and
sitnp lify.
z,= —(—1+3)
=1-3

The additive inverse of =1 + 3712 1 — 31

For finding the multiplicative inverse of =1 + 37, first substitute =1 + 3i for z in
(8g.2).

Mlultiply the numerator and the denominater by —1 — 33, the complex conjugate of
-1+ 3

1 3 1 -1-3
-1+ 3% -1+% -1-3

Apply the FOIL method and usze #=-1

1 -1:=3f —=1-:3

-1+3% -1-3% 1-%°
I Rl
10

Write 1n standard form.
- __1_3,

10 1010
The multiplicative inverse of 713 —— — iz’.

10 10

Answer 60e.

Consider the complex numbers 1417 and 2—i
Need to give an example for two imaginary numbers whose sum 1s real.
Therefore consider the sum of the complex numbers 1+i and 2—i
That 15
(1+i)+(2—i)=(1+2)+(1+(-1))i Using the formula
(a+bi)+(c+di)=(a+ec)+(b+d)i
=3+0:
=3
And the complex numbers have imaginary parts with equal magnitude but opposite signs.



Answer 61e.

Llultiply the numerator and the denormuinator by ¢ — &, the complex conjugate of ¢ + 4.
a + i a+ b o= di

e+ o c+di ¢ - di
[cx +E:'i:]|:c — c;t':ai)
(o +di)(c — di)

Lpply the FOIL method.
[a + Ei'ijl[f: = ffi) _ac —adi + bei — bedi®
[c + .:;t’z') |:r: - .:;t'z') 2t — cdi 4 doi — 351

We know thati®=—1. Thus,
ac — adi + bei — bdi® _ac - adi + bei — bd |:—1:|
¢ —edi +dei —d% F-odi +dei —dP (1)

mimplify.
ac — adi + bei —bd (—1)  ac +bd + (b — ad)i
o — edi +dei —d* (-1) e +d’

Write 1n standard form.

ac + bd + (be — ad)i ac + bd e —ad
7 7 = 3 T T = 7?
ct +d ct +d ct +d

ac + bd N E:-r:—cz.:ii
o4t e L

Thus, the given expression simplifies to

Answer 62e.

Consider the expression
a—bi
c—di
To write the expression as a complex number:
a—bi
c—di
(a—bi)(c+di)
- [r: —cfz'}{-:: + cﬁ}

_ac+ adi— bci — bdi*

Multiplying numerator and denominator with {c +di)

cl—(a’i}l
+(ad —bc)i—bd (-1
_ac '[“2 ‘;)3 (=) Usinig i%=—1
¢ —d (—l:l
_{ﬂc+bd)+(ad—bc]i
- e +d*

ac+bd ) ad —bc | .
7 1J+ 7 7 |F
c+d c +d




Answer 63e.

Multiply the numerator and the denominator by o + &5, the complex conjugate of & —dfi.
@ + b @+ b o +di

e — c—di ¢ +di
[.:1 +E:':':]|:r: +.:1':'j
[r: - cii)(c +c:|.":aij

Lpply the FOIL method.
licl + f?i)[C + ffl‘) _ac +oadi + Aol + b
[c - .:fi)[c: +.:;t’i) ot todi —dei — d%°

We know that 2 =—1. Thus,
ac + adi + bei + bdi® ac + adi + bei + E:n.:;t'[i—lj]

o todi —doi —d%° O tedi —doi —dP(-1)

simplify.
ac + adi +bei +5d(-1)  ac — bd + (ad + Bl
e vedi —dei—d*(-1) e +d?

Write 1n standard form.
ac — bd + {ad + bei  ac — bd 2 ad + be

i
e+ gt 4 gt et

ac — b 2 acd +E:'-::i
ot gt

Thus, the given expression simplifies to

Answer 64e.

Consider the expression
a—bi
c—di
To write the expression as a complex number:
a—bi
c+di
—bi)(c—di
= la :](c 13] Multiplying numerator and denominator with
(c+di)(c—di)

(c—di)
B ac —adi —bei + bdi®
B ct —(a’z’}l
R
_(ac—bd)—(ad +bc)i
e +d’

B (ac—bd]_(ad+bc}
et +d* ct+d?




Answer 65e.

The resistor has a resistance of 4 ohms, so tts impedance 15 4 ohins. The inductor has a
reactance of & ohms. Thus, tts inpedance 15 6 ohms. Since the capacitor has a reactance
of @ ohms, its inpedance 1z %3 ohms.

For a series circuit, the impedance 15 the sum of the impedances for the individual
Componeits.

Impedence of circuit = 4 + 6 + (%)
=4-3

Therefore, the impedance of the given circuit 1z 4 — 3 ochms.
Answer 66e.

We consider that the resistor has a resistance of 14 ohms, the inductor has a reactance of
7 ohms and the capacitor has a reactance of § ochms.

The resistor has a resistance of 14 ohms, so its impedance 1s 14 ohms.
The inductor has a reactance of 7 ohms, so its impedance 15 7; ohms.
The capacitor has a reactance of 8 ohms, so its impedance 15 —8§; ohms.

Again, we know that the impedance for a senies circuit 15 the sum of the impedances for
the individual components.

Hence, the impedance of the circuit is
14+ 7i+(-8i)=14+7i -8
=14—i
S0, the impedance of the circuit 1s m .

Answer 67e.

The resistor has a resistance of 12 ohms, so its impedance 15 12 chms. The inductoer has a
reactance of B ohms Thus, itz itnpedance 1z 8 ohms. Since the capacitors have reactance
of & ohms and 10 ohms, their impedances are —67 ohms and =10 ohms.

For a series circuit, the impedance 15 the sum of the impedances for the individual
Components.

Impedence of circuit = 12 + 8i + (—6i) + (- 10z)
=12 — &

Therefore, the impedance of the given cicuit 15 12 — 8 ohms.



Answer 68e.

(a)
We consider the two complex numbers 5+; and 1+47 .
S0, the sum of the two complex numbers 5+; and 1+ 47 1s as given below.

(5+i)+(1+4i)=(5+1)+(1+4): [Definition of complex addition |
=6+5i [Write in standard form|
The graph given below shows how we can geometnically add two complex numbers 541
and 1+4i to find their sum 6+3i.

b=

e}

-1

L= ]

LA
(=}
+
=
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T —




(b)

We consider the two complex numbers —7 437 and 2—2i
S0, the sum of the two complex numbers —7+3i and 2—2i 15 as given below.

(-7+3i)+(2-2i)=(-T+2)+(3-2)i [Definition of complex addition ]
=—5+i [ Write in standard form |

The graph given below shows how we can geometrically add two complex numbers
—7+3i{ and 2—2i to find their sum —5+i._

Imagmary

-2i
3i

p—
T

] | ]
b B F 5 k5 h 3 2 14
i

(c)
We consider the two complex numbers 3—2i and —1—1 .
50, the sum of the two complex numbers 3—27 and —1—1 15 as given below.

(3-2i)+(-1-i)=(3-1)+(-2-1)i [Definition of complex addition |
=2-3i [Write in standard form |

The graph given below shows how we can geometrically add two complex numbers
3—2i and —1—i to find their sum 2—-3i.



Real
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(d)
We consider the two complex numbers 4+2; and —5-3; .
So, the sum of the two complex numbers 4+2; and —5—3; 1s as given below.

(4+2i)+(-5-3i)=(4-5)+(2-3)i [Definition of complex addition]
=—1-i [Write in standard form |
The graph given below shows how we can geometrically add two complex numbers
442 and —5-3i to find their sum —1—1.

r 9

6.. L
Imagmary

N

-3i

-

) 1 i 2 3 1 5 6

=2

Answer 69e.

The first power of any number equals that number. Thus, i =i Since i = \.'{—_1 =,
The third power  can be written as a product of # and 7.
=i

= -1

= —i



similarly, evaluate the powers of i from 0%

= (#) = (-7 =1

Organize the results 1n atable as shown.

; T 2 | o5 [ % 2516 .7 |8
Powers of i il Tl I A i i i

simplitied form [ | =1 (=2 |1 |7 |[=-1[=7 |1

From the table, we can see that the pattern repeats every four powers of &

2

Ewvaluate the next four powers of i, from 7 to it

=i =14i=i

Thus, 1t 15 verified that the pattern continues for the next four powers of i,

Answer 70e.

Consider c=1.
Determine, whether ¢ =i belongs to the Mandelbrot set or not.
Let f(_E)Z.a: +i

z, =0 then |zu'=ﬂ

7 =r(z)
£ Ly lal=i
=0%+i =1
=i

z,=f(z)
=) g z,|=|-1+i
=i’ +i =2



Continue the above steps, we have

=f(z)
=f(-1+i) and 23] =]

=(-1+i) +i =1
=—f

z,=f(z)
=f (=) [zl =1+
= (~i) +i =2
=—1+i

According to the above results, we conclude that

| | " | | 1 if 77 15 odd
T el w.."E if # 15 even

|zn| <2, Vne
Therefore ¢=1 belongs to the Mandelbrot set.

Answer 71e.

For the function fz) = + ¢, if'the absolute values of zp, z1, zo, ... are all less than some
tized number &, then « belongs to the Mandelbrot set.

Let fiz) =2° + (=1 +1). Sincezg =0, |z0 | = 0.
Evaluate =1.
o= f[':’)

= 0+ (-1+1i)

= —1+i

Find the absolute value of z1.

|z | = [‘1)2"'12



Evaluate z2.
Ty = fli—l + z')
= (148 +(-1+1)

= —1-i

Find the absolute walue of 29
2 2
2| = )"+ (1)
-7

o141
Evaluate zs.
2= = f(—l—ij
= (1= + (-1 +1)
= -14+73

Find the absolute walue of 25
|z | = ':_1)2 + 3

= 1o

= 316
Evaluate z4.
= f[—l + 31‘)
= (14 %) +(-1+1)
= —-9-5

Find the absolute walue of z5.
2 2
|20 | = J(-9)" + (-5)
= f106

= 10,30

On comparing the five absolute values, we find that the absolute values are becoming
infinitely large. Therefore, the given complex number does not belong to the Mandelbrot
set.



Answer 72e.

Consider - ¢=—1
Determine, whether ¢ =—1 belongs to the Mandelbrot set or not.
Let

Continue the above steps, we have

2 = f{zl}
=f(-1)

Continue the above steps, we have

—

o Il I
r|_. S,
rl__ =T
R

then
7| =|-1]
=1

Similarly we can find the other values |z4| =0, |25 =1, and so on.
simply we can write

2| 0 1fniseven

71 if nisodd

Therefore, |z,| <2, Vne_ .
Hence ¢ =—1 belongs to the Mandelbrot set.



Answer 73e.

For the function fz) =7 + ¢, if the absolute values of zg, z1, z2, ... are all less than some
fized number &, then ¢ belongs to the Mandelbrot set.

Let iz =7+ (—0.58). Sincezg =0, |z | =0
Evaluate z1.
4= f[[:':'

= 0%+ (-0.5)

= -0

Find the absolute value of 21
2| = 40"+ (0.5)°

= 4J0.25

=03

Evaluate z2.

Z, = f[—lil.ﬁi:l
= (-0.5)" + (=0.51)
= —-025-0%5

Find the absolute walue of 22,
|2 |= J(-0.257 + (0.5
= 0.3125

m [.56

Evaluate zs.

z, = f£(-0.25 - 0.5)
= (-0.25- 0.5%) +(-0.%)
= —0.1875 - 0.25

Find the absolute walue of z5.
|23 | = {f(=0.1875)* + (~0.25
= 03125




Evaluate =4.

F{~0.1875 - 0.25)
(—0.1875 — 0.25:)" + (=0.51)
—0.02734375 — 040625

Zy

Find the absolute walue of 25
|2, | = \/(—0.02?343?5)2 + (~0.40625)°
~ 041

On comparing the five absolute values, we find that the absolute values are less than 1.
Therefore, the given complex number belongs to the Mandelbrot zet.

Answer 74e.

Consider the expressions - J—4-=25 and 100
We need to evaluate +—4-+—25 and +/100 .

w'{—_ﬂl =25 = \/4{:—1} - \jlﬂ[—l'} wrting as a product of numbers

N O

= 24-5i Sincei=+—1,J4=2 and /25 =5
=107

=10(-1) Since i =—1

=-10

Now the second expression is
J100 =10°
=10
Therefore from the above two results, J__q - -J"—_Eﬂ ;éJ m )

Hence the product property of square roots, «ab = Ja-Jb isnot true, when a and b are
both negative.

Answer 75e.

a) First, we have to find 2. Consider the pathway. The resistor has a resistance of 4
ohinz, so its impedance 15 4 ochms. The inducter has a reactance of 5 ohms. Thus,
its impedance 15 5i ohtns.

For a series circuit, the impedance 15 the sum of the impedances for the individual
Cotnponents.

Z1=4+ 5



Mow, consider the pathway Z2 and find its impedance.
The impedance of the resistor 12 7 ohms. Since the capacitor has a reactance of 3
ohins, 1ts impedance 15 =57 ohns.

Add the impedances.
Zo=T1-73i

substitute for £ and Z2 1nthe given formula to find 2.
[4 + 53’)(7" - 31)
(445 + (7 - 3)

Lpply the FOIL method in the numerator and the defimtion of complex addition
i1 the denominator.

(4+5)(7-3) 2812 +35% —15°
(4+5%)+(7-3%) 11+ 2
D8 + 2% - 1%°
11+ 2

Usei* =-1 and simplify.
2R+ 2% — 157 28423 - 15(-1)
11+ 24 11+ 2
43+ 25
11+ 24

MMultiply the numerator and the denominator by 11 — 27, the complex conjugate of
11+ 24

43+ 23  43+2% 11-Z

11+ 2% 11+2% 11— 2

Lpply the FOIL method and simplify.
434+ 2% 11— 2 473 — B6i 4+ 25% — 46

M+2 11-2 121— 4i°
473 - 86i + 25% — 46(-1)
) 121- 4(-1)
519 + 1675

125



simplify and write in standard form.

473 — 86 + 253 — 46:° 473 - 86 + 253 — 46(-1)

121 - 4 - 121-4(-1)
_ 518+ 167
125
515 167 .
= S iy
125 145
Theretfore, the impedance of the parallel circuit 15 E + E:’ .

125

b)  FindZ) and Zz.
Z = 6+8
Z,=10- 1%

substitute for 21 and Z2 1nthe siven formula to find 2
[6 + 81‘)[1[] - 11:5)
[6 + 8.?1) +|:1El - 113')

Write the numerator and the denominator 1n sumplified form.
(6+8)(10 -1k} 60— 66; + B0 — 887
(6+8) + (10— 15) 16— %
60 + 14i — 88(-1)
16 — 3
148 + 145
163

Wultiply the numerator and the denominator by 16 + 33, the complex conjugate of
16 =35
148 + 143 1458+ 14 16 + =

16 — % 16-% 16+73%

simplify and write in standard form.

148 + 14 16 + 5 2368 + 444 + 224i - 42

16-3% 16+ 73 256 + O
D326 + 665

265
2326 66E
+

—+ —
265 265

H68
+ —1I.
265 265

The impedance of the parallel circuit 1s




c) Find 21 and 75
L= 3+
Zy= 4 — &

substitute for £ and Z2 10 the given formula to find 2.
(3 + z') [4 - 63’)
(3+i)+(4- &)

Write the numerator and the denominator in simplified form.

(3+i)(4-6)  12-18 + 4 - &°

(3+:1) + (4 - 6i) 7-5
12 - 14i — 6(1)
R
18— 14
NEEE:

MMultiply the numerator and the denominator by 7 + 56, the complex conjugate of
T -5
18-14i la-14 T+ 5

T-5%  T-% T+5%

simplify and write 1n standard form.

s -1 7+ 5% 126 4+ 30 — 35 + 70

7-5% T+5 49 + 25
196 - &
74
¥ 4
"7 5
The impedance of the parallel circuit 15 % = ;—?z’.

Answer 76e.

Let f(z)=2"+(1+i).

(a)

We consider the infinite list of complex numbers as given below.

Now, we find the absolute value of z,.



The absolute value of a complex number z=a+ib . denoted |z| 1s a nonnegative real
number defined as |z| =a' +b" .

Hence, the absolute value of z, is as given below.

EAE [Substitute i for z, |
= Jor 1 [Suhstitutf: Oand 1 Faa i B sespectinely in o 15 ]
=1 [Simplify]
We have
5=rf {fn )
= f[:'} [Substimte i for _EE,]
=it +(141) | Substitute i for z in f (z) = 2" +(1+)]
=—1+1+i | =-1]

=1
We find the absolute value of z,.

Hence, the absolute value of z; 1s as given below.

|:r.1| =|f' [Substitute i for 21]
=Joi 11 [Substimte 6 and 1 for a:andb respectivelyin o +b1]
=1 [Simplify]
We have
£ =f(51)
= f(i) [Substitute i for z |
=z'2+[:l+1'} [Subst:inrteifﬂtfiﬂf{f}=21+{l+i}]
=—1+1+i (i =-1]

=1
We find the absolute value of z,.

Hence, the absolute value of z, 1s as given below.

|z,| = [Substitute i for z, |
=Joi+1 [Substitute O-and 1 Bz and #respediivclyin +.z-.-2}
=1 [Simplify]



We have

3= f(zi}
= £(#) [Substitute i for z, |
=i* +(141) | Substitute i for z in f (z) = 2" +(1+7)]
=—141+i | =-1]

=1
We find the absolute value of z,.

Hence, the absolute value of z; 1s as given below.
|z5| = i [Substitute i for z, |
=\0'+1° [Substitute 0 and 1 for a and b respectively in \a’ +b1]
=1 [Simplify |
And so on.

Because the absolute values are remain same the given number z, =i belﬂng_sl to the Julia
set associated with the function f{z:] =z +l:] +:') :

(b)

We consider the infinite list of complex numbers as given below.
=Lz =f(%).5=7,(7).z=Ff(z).-

S0, we have
T, =1

Now, we find the absolute value of z;.

Hence, the absolute value of z, is as given below.

AR [Substitute 1 for z, |
=1 +0 [Substitute 1 and 0 for a and b respectively in Va’ +.ﬂ

=1 [Simplify]



We have

g =f{fn'}
=7(1) [Substitute 1 for z, |
=1 +(1+i) [ Substitute i for z inf (z) = 2" +(1+1) ]
=1+1+i (17 =1]
=2+i

We find the absolute value of z.

Hence. the absolute value of =z, 1s as given below.

|zl|=|2+i| [Substimte 2+1 for 31]
=22 41 [Suhstitute 2 and 1 for a and b respectively in v/a’ +E:-2:|
=5 [Simplify]
1224

We have

5=5(z)
= f(2+i) [Substitute 2+ for z |
=(2+i) +(1+) [ Substitute 2+1 for z inf (z) = z* +(1+1) |
=4+ 4i+i +1+i
=4+4i-1+1+i [ =-1]
=4+5 [Cumbme like tE.ITﬂS-]

We find the absolute value of =z,.

Hence, the absolute value of =z, 1s as given below.

;| =4+ 5] [Substitute 4+5i for z, |
=4 +5? [Substimte 4 and 5 for a and b respectively in Ja® +b% ]
= J41 [Simplify]

_ 640



We have

z;=f(z)
= f(4+5i) [Substitute 4 +5i for z, |
=(4+5i) +(144) [ Substitute 4+5i for z in f (z) = 2* +(1+1) ]
=16+40i +25° +1+i
=16+40i—25+1+i [ =-1]
=—8+41i [Combine like terms|

We find the absolute value of z;.
Hence, the absolute value of =z, 1s as given below.

|23|=|—E +4lf| [Substituta —8+41: forz3]
Substitute —8§ and 41 for a and b respectively :|

= J(-8) +(41)’ [

in \/a® +b*
=+/1745 [Simplify]
M41.77
We have
Z4 =f{:53}
= f(-8+41i) [Substitute —8 +41i for z, |
=(-8+41i) +(1+i) [ Substitute —8+41i for z in f(z) = 2* +(1+1) ]

= 64— 656i +1681i° +1+i

=64-656i-1681+1+i  [i'=-1]

=—1616—655i [Combine like terms]
We find the absolute value of z,.

Hence, the absolute value of z, 1s as given below.

|E4 =.—]ﬁ]ﬁ—655i| [Suhstimte —1616—-655i forz3]

5 7 | Substitute —1616 and —655 for a and & respectively
= (1616’ +(-655)

in Va' +5°
= /3040481 [Simplify]
~ 1744 .45

And so on.

Because the absolute values are becoming infinitely large the given number z, =1
laot belongs to the Julia set associated with the function f(z)=z"+(1+i) .



(c)

We consider the infinite list of complex numbers as given below.
Zg =215 = f(zu}=51 - f(f1 )=33 :f(zz}r--

S0, we have
2, =2i

Now, we find the absolute value of z,.

Hence, the absolute value of z, 1s as given below.

|zﬂ| = |2i| [Suhstitute 21 fnrzﬂ]
=Jo? +22 |:Suhstimte 0 il 7 B i b respesctivediy in &7 +b1]
=2 [Simplify]
We have
2 =f[fn )
= f(1) [Substitute 1 for z,]]
=1 +(1+i) | Substitute i for z inf (z) = 2" +(1+i)]
=1+1+i 17 =1]
=2+i

We find the absolute value of z,.

Hence, the absolute value of 2z, is as given below.

FA =|2+:’| [Substitute 2+i for z, |

=27 +1 [Substitute 2 and 1 for a and b respectively in a’ +51]

=5 [Simplify]

1224

We have

2 = f{z])
= f(2+i) [Substitute 2+ for z |
—(24i) +(1+4) | Substitute 2+ for z in f (z) =2* +(1+1) ]
=4+ 4i+it +1+i
=4+4i-1+1+i [ =-1]
=4+5 [Ccmbine like tmns]

We find the absolute value of =z,.

Hence, the absolute value of z, 1s as given below.

|z,| =|4+5i] [Substitute 4+ 5i for z, |
= J4 15 [Substitute 4 and 5 for a and b respectively in \Ja’ 1 b’ }
=11 [Simplify]

_- 640



We have

Z3 = f(fz}
= f(4+5i) [Substitute 4+ 57 for z, |
=(4+51) +(1+1) | Substitute 4+ 5 for z inf(z) =" +(1+1) |
=16+ 40i + 25i° +1+i
—16+40i—25+1+i [f:—l]
=—8+41; [Combi_ﬂe like terms]

We find the absolute value of =z,.
Hence, the absolute value of z; 1s as given below.
|z;| =|-8+ 41 [Substitute —8+41i for z; |

= 5 | Substitute —8 and 41 for a and b respectively
= J(~8) +(41)

in Va® +5°
= /1745 [Simplify |
41.77
We have

Zy =f{53)
= f(-8+41i) [Substitute —8 +41i for z; |
=(-8+41) +(1+i) | Substitute —8+41i for z inf (z) = 2" +(1+1) |
=64 +656i +1681i% +1+i
= 64+656i —1681+1+i [51=—1]
=—1616+657i [Combine like terms]

We find the absolute value of =z,
Hence, the absolute value of z, 1s as given below.
|z, =|-1616+65Ti| [Substitute —1616 +657i for z |

Substitute —1616 and 657 for a and b respectively :l

= J(-1616)" +(657)

in \Ja' +b
= /3043105 [Simplify|
" 1744 45

And s0 on.

Because the absolute values are becoming infinitely large the given number z, =1
Ir_m't belongs to the Julia set associated with the function f(z) =z +(1+:) -



(d)

We consider the infinite list of complex numbers as given below.

Zg =15 =f{2n}=fz =f(21]'=53 =f[fz}=---

=1

Now, we find the absolute value of z,.

The absolute value of a complex number z=a+ib . denoted |z| 15 a nonnegative real
number defined as |z| =a'+b" .

Hence, the absolute value of z, 1s as given below.

2| =il [Substitute i for z, |
=0 +1
=1 [ Simplify]
We have

5=r(z)

= £(#) [Substitute i for z, |

=i +(144) [ Substitute 7 forz inf(z)=2" +(1+1) ]
=—1+1+i [#=-1]

=1
We find the absolute value of =z, .

Hence, the absolute value of z; 1z as given below.

|;5-1| . |;‘ [Substitute i for zﬂ]
=+0* +1
=1 [Simplify]

We have

7 =f(z)
= 1(i) [Substitute 7 for z |
=f:"+[:l+z'} [Substituteifﬂrz inf(z}=zl+{l+i}]
=—1+1+i [ =-1]

=1
We find the absolute value of z,.

Hence, the absolute value of z, 1s as given below.

[Substimte i forz, ]

| = '1'|
=JO +1
=1 [ Simplify]



Z3 zf(zj)
= f{z) [Subﬁtimte i for 21]
= +(144) [ Substitute i for z inf(z) = 2* +(1+1) |
=—1+1+1 [fj=—1]

=1
We find the absolute value of z,.

Hence, the absolute value of z; 1s as given below.
A | =i [Suhstitute i forz, ]
=07 +1
=1 [Simplify]
And so on.

Because the absolute values are remain same the given number z, Igel::-nggl to the Julia
set associated with the function f(z) =z +{]+ :') .

Answer 77e.

We know that a relation 15 a mapping of input values with the corresponding output
values. A function 12 said to be a relation when each input has exactly one output.

The input values are 5, 0, =2, 2, and =5 List the points in a rounded rectangle.

similarly, the output values are =3, 3, 0, 0, and —3. List the points 1n a rounded rectangle.
The repeated values will be listed only once.

=3




MNow, map the input and cutput values.

We can see that each input 15 mapped to exactly one output. Therefore, the relation 15 a
function.

Answer 78e.

Consider the relation - {(-3,1).(2,-2).(3,-1).(L—1).(3.0)}
We can sketch the mapping diagram as show below :

A

—
h
%
)

|
L

b
[ i‘( \‘I ‘hlj
— o —  bJ

>

o

/

Lid

In this diagram, the number 3 mapped with both 0 and —1..
That 1s, the element 3 has more than one image.

Hence the relation {(—3.1).(2,-2).(3.-1).(L ~1).(3.0)} is not a function.

Answer 79e.

We know that a relation 18 a mapping of input values with the corresponding cutput
values. A function 15 said to be arelation when each input has exactly one output.

The input values are 0, 1, =1, 2, and 1. List the points in a rounded rectangle.
The repeated values will be listed only once.

' 0 '




similarly, the output values are —4, 2, =4, 3, and —5. List the points 10 a rounded
rectangle.

oxs

MNow, map the input and output values

g =

]

L - 4
,.-f.

=1 -1 .-rj

e N

:
£

We can see that input 1 18 mapped to both 2 and —5. Therefore, the relation 12 not a
function,

Answer 80e.

Consider the relation {(2,6).(5.6).(~14).(-3.5).(-2.3)}.
We can sketch the mapping diagram as show below :

. ) )

g e

Lad

|4

By ’

-6
__/ S

In this diagram, every element has a unique image.
Hence the relation {(2,6).(5.6).(—14).(—3.5).(-2.3)} is a function.



Answer 81le.

We can add two matrices by adding the elements 1n the corresponding positions. The two
matrices should have the same dimensions.

5—4+D9_5+D —4 + 3
-2 6 1 -8| |-2+4+1 6-8
simplify.

54+0 445 5 05
-2+1 6-8] |[-1 =2
. R (e R
Theretore, the resulting matrix 15 i -l
Answer 82e.

_ 6 3 9 -3
Consider - .
5 2He 2

We need to compute the following.

6 3] [9 3] [6-9 3-(3) ,
- = = Subtract corresponding elements
-5 -1 [4 -1 [-5-4 -1-(-1)
2 6 Simplify
19 0 g

13 6
Hence the result 1s )
-9 0

Answer 83e.

Two matrices can be multiplied when the number of columns of first matrix 15 equal to
the number of rows of the second matriz. The dimensions of the two matrices are 2 % 2.

Thiz means that the product of the resulting matriz 15 2 % 2.



STEFP 1

STEP 2

STEFP 3

STEP 4

STEP 5

Multiply the elements in the first row of the first matriz by the elements in
the first column of the second matriz. Add the products and put the result
in the first row, first column of the product.

R

Multiply the elements in the first row of the first matriz by the elements in
the second column of the second matriz Add the products and put the
result in the first row, second column of the product.

[2 —1”0 4}{2(0%(—1)(3) 2(4)+(—1)(—5)}

o 4113 -5

Multiply the elements in the second row of the first matriz by the elements
in the first column of the second matriz Add the products and put the
result in the second row, first column of the product

[2 —1“0 4}=[2[D)+[—1)(2) 2(4)+[—1)[—5)}

0 43 -5 0{0) +4(3)

Multiply the elements in the second row of the first matrix by the elements
in the second column of the second matriz. Add the products and put the
result in the second row, second column of the product.

[2 —1“0 4}_[2[0)“—1)(3) 2[4)+(—1)(—5)}

0 413 -5] | 0(0)+4(3)  0(4) +4(-5)

simplify the elements in the matrix

[2(0)+[—1)[3) 2[4)+[—1)(—5)} _ [—3 13}

0(0)+4(3)  O(4)+ 4(=5) 12 -20

-3 1=
Therefore, the resulting matrix 15 .
12 =20



Answer 84e.

_ 1 0| -3
Consider .

We need to compute the following.

1 07[-3] [ 1x(-3)+0x(2) _ |
= Using the rule of product of two matrices
4 1§ 2 _4><{—3j+{—1]x2

[ —3+0

= Simplify

_—12—2i| phiy

-3

—3
Hence the result 15 [ i| ]

Answer 85e.

The left side of the expression has a common factor 2. Factor out 3 from the left side.

Izt —x—12)=0

Divide both the sides by 2 and simplify.

%(f‘—x—lE) %
0

2 -x-12 =

The expression on the left side of the equation 15 of the form x% +bx +c. We have to find
two numbers such that thewr sum 15 =1 and product 13 =12, Two such numbers as -4 and 3.
Thus,

Fox-12=G-Dx+3

Eewrite the equation.

x—Ax+3 =0

Lpply Zero product property. According to this property, if the product of two
EXpressions 15 Zero, then one or both the expression 15 equal to zetro.

Thus,

etther x =4 =0 o x4+3=10.

Ldd 4 to both the sides of the first equation, and subtract 3 from both the sides of the
second equation.
x—44+4=0+4 o x+3-3

Q=3

xr =4 ar = -3

Therefore, the solutions for the equation are =3, and 4.



Answer 86e.

Consider the equation : 2x* —9x+4=0.
We need to solve the quadratic equation 2x’ —9x+4=0.

2x7 —9x+4=0 Write original equation
2x' —8x-x+4=0 Splitting the equation to write as factors
(x—4)(2x-1)=0 Factorise
(x—4)=0 or (2x—1)=0  Zero product propert
x=4 or x=— Solve for x
Hence the solution of the equation 2x° —9x+4=0 is % and 4|.

Answer 87e.

Divide both sides of the equation by 6.

b2 _ 3
6 6
* =16

Take square root of both the sides.

xr =

J16

= +4

Therefore, the solutions for the equation are 4 and —4.

Answer 88e.

Consider the equation : 14x" =91
solve the quadratic equation 14x" =91.

14x* =91 Write original equation
X' = % Divide both sides with 14
91 _ _
A= i Squaring on both sides
=1 X1 Write as factors




Continue the above steps,

lj Sy

J3

13
)
/3

I
[+

Il
-+

Therefore, x=1% are the roots of the given quadratic equation.

Hence the solution is |x =%

SiE

Answer 89e.

Add 8 to both sides of the equation.
Dxf - B+8 = 42+8

2x° = 50

Divide both the sides by 2.

22 _90
9 D
x? = 25

Take square root of both the sides.
x = 425

=: ok

Therefore, the solutions for the expression are 5 and -5

Answer 90e.

Consider the equation : 3x° +13=121.
To find the value of x, Solve the equation 3x' +13=121.

3x+13=121 Write original equation
3x* +13-13=121-13 Add -13 on both sides
3x* =108 Simplify
x* = % Divide with 3 on both sides
x =36
x=16

Taking square root on both sides

Therefore, x=16 are the roots of the given quadratic equation.

Hence the solution of the equation 3x* +13=121 is :

Quotient property of square roots - a > 0.5 = 0 then

[}

S8

Sy



