UNIT

REAL AND COMPLEX

NUMBERS

iISome important Sets|
CELTETR L ENE (D.G.K 2018)  (K.B)

The numbers 1,2,3,...which we use for

counting certain objects are called natural
numbers or positive integers.
It is denoted by N.

ie. N={1,23..}

RWP2019)  (K.B)

If we include 0 in the set of natural number,
the resulting set is called set of Whole
Numbers.

It is denoted by W.

ie, W={0123,..}

The set of integers consist of positive
counting numbers, 0 and negative counting
numbers.

It is denoted by Z.

ie. Z={.,-3-2-1,0123..}
or Z={0,+1,+2,43,...}

(K/B)

All numbers of the form Plihete p, qare
q

(Rwr2019) (K.B)

integers and g.is not-zero are called rational
M [N 2 5
numsbers. For example, 3712 etc.

It is denoted by Q.

i.e. Q={§| p,quAq;tO}

(K.B)

The numbers which cannot be expressed as
B, where p and g are integers are called
q

irrational numbers. For example, 7,+/3 etc.
It is denoted by Q'.

ie., Q':{x|x¢£,p,qu/\q¢0}
q

(K-B)

The union of the set of rational numbers and
irrational numbers is known as the set of real
numbers.

It is denoted by R,

ie, R=QUQ’

Note (U.B)

Q) NcWcZcQ

R€E|||||||"

ieNcWcZcQcR
a. are disjoint sets
(i) For each prime number p, \/B is an
irrational number

(iti) ~ Square roots of all positive non-
square integers are irrational
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Types of Decimal Fraction (K.B)

There are three types of decimal fractions:

Q) Termipating decimal fractions

(i) Recurring| " and-~ non-terminating
decimal fractions

(iii)+~, Non-terminating-and non- recurring
‘decimal fraction

Types of Rational Numbersii{ . ¥:)]

There are two types of rational numbers:

Q) Terminating decimal fractions

(i) Recurring and non-terminating decimal
fractions

(K.B)
The decimal fraction in which there are
finite number of digits in its decimal part is
called a terminating decimal fraction.

For example: 5:0.4, 2:0.375etc.

Recurring and Non-terminating
Decimal Fractions (K.B)

The decimal fraction (non-terminating) in
which some digits are repeated again and
again in the same order in its decimal part is
called recurring and non-terminating
decimal fraction.

For example:
2 4
9 0.2222...,— =0.363636... etc.

11
Non-Recurring and Non-terminating
Decimal Fractions (K.B)

The decimal “fraction, (non-terminating) ‘in
which some digits are not repeated again
andjagain in the same ‘order in its decimal
‘part is ' called non-recurring and non-
terminating decimal fraction.

These numbers are also called irrational
numbers.

For example:

J2 =1.414213..., 7 =3.141592... etc.

Representation of Real Numbers on
Number Line (K-B)

The —real number are represented
geometrically by points on a number line ¢
Such that each real number ‘a’ corresponds
to one and only one point on number line ¢
and to each point p on number line ¢ there
corresponding precisely one real number.

Q.1  Identity which of the following are
rational and irrational numbers?

(U.B)

Part# | Number | Type

() NE) Irrational number
(i % Rational number
(iii) V4 Irrational number
() % Rational number
(v) 7.25 Rational number
(vi) J29 Irrational number

Q.2 Convert the following fractions
into decimal fractions.
17

0 = (U.B)

Solution: E
25

0.68

25) 170

-150
200

-160
40

= E =0.68 Ans
25
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. 19
(i) 7

Solution: Q
4

4.75
4)19.000
16

30
28
20
20

0
= % =4.75 Ans

57
(iii) r

Solution: %

7.125
8i 57
56
10
8
20
-16
40
@
0
= % =7.125 Ans
205
18

Solution: ﬁ
18

(iv)

11.388

|1 ,'18)205.000

25
18

7
54
160

(A.B)

(A.B)

(A.B)

144
160
144
16

208

18
=25 113889 Ans
18

5
V) s

Solution: §
8

0.625

8)5.000
48

20
-16
40
-40
0

= g =0.625 Ans

. 25
(vi) B

Solution: §
38

0.65789...
38) 250

—228

220
—-190

300
—266

340
—-304

360
—-342
18

= E =0.65789 Ans
38

(A.B)

(A.B)
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Q.3  Which of the following statements
are true and which are false?
(U.B)
Part | Statement T/E
(1) %isan irrational number | -False
(i), '{| zis an'irrational number | True
1 (i) %isaterminating fraction | False
(iv) %isaterminating fraction | True
(V) gisarecurring fraction False
Q.4 Represent the following numbers
on the number line.
. 2
OB~ (A.B)
3
1 2 3
3 3 3
< | l ] | ~
< T T T I 1 -
1 0 l 2
2
3 Ans.
iy -2 (A.B)
5
5
( | 1 IT"'I I 1 1 >
3 2 -1 0 1 2 3
3
(i) 1= (A.B)
4
=,
4
< t t y :::Tr: —>
3[R -1 0 1 2 3
(V) 2= (A.B)
23
8
G-IHIH-I-H } i } t +—>
3 -2 -1 0 1 2 3

Q6. ' Express ‘the  following

(V) 2 L (SWL2019) (A.B)
23
4

St :::?: >
3 2 44 0 1 2 3

vi) 5 (A.B)

=J4+1=~22+1°

(Hypoteneus)2 = (Base)2 + (Perpencicular)2

OB={5

S
&

V

|
|
Ay 3

j

1
— s _f,.f’
Q.5 Give a rational number between
3 (A.B)

— and 5
4 9
(LHR 2019, SGD 2017)

Solution:

Rational number between

3 5
— and —
4 9

4.
{2”20}2

36
47 1

36 2
AT

2

recurring

decimals as the rational number P

q
where p,q areinteger and q=0.

(i 05 (A.B)
Solution:

Suppose

x=0.5

x =0.555...

Multiplying both sides by 10

10x x =10x0.555...
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(i)

10x =5.555...
10x =5+0.555...
10x=5+x
10x—x=5

9x =5

o

Xi=

0.5=

©olo ©

013 (RWP 2019, D.G.K 2017) (A.B)

Solutions:

(iii)

Suppose
x=013
x=0.131313...
Multiplying both sides by 100
100x =100x1.131313...
100x =13.1313...
100x =13+0.1313...
100x =13+ x
100x—x =13
99x =13

13
X —

99

03=23
99

0.67 (A.B)

Solutions:

0.67 =

Suppose
X =067
x=0.676767...
Multiplying both sides by, 100
100x x =100x0.676767...
100X = 67.6767-.:
100x =67+ 0.6767...
100X =67+ X
100X ~x =67
99x =67
67
X=—
99
67
99

Properties of Real Numbers unde
Addition

(i)

(i)

(iii)

(iv)

(V)

Closure propert

vV abeR

a+beR

For example:
If-3and 5eR
Then -3+5=2€¢R

Commutative Propertyflll( ¥:)]

vV abeR
a+b=b+a

For example:

If2and 3eR

Then 2+3=3+2

or 5=5

Associative Propert

Vv a,b,ceR
a+b+c=a+(b+c)

For example:

If5,7,3eR

Then (5+7)+3=5+(7+3)

Or 12+3=5+10

15=15

Additive Identit (K.B)

The exists a unique real number O,

called additive identity such that

a+0=a=0+4+a;VaeR

For example;

If 50 R

Then'5+0=0+5=5

Additive Inverse (K.B)

For ever a<R there exists a unique
real number -a, called additive
inverse of a such that

a+(-a)=0=(-a)+a

(K.B)

(K.B)

For example:
Additive inverse of 3 is -3
Since

3+(-3)=0=(-3)+3
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(i)

(iii)

(iv)

()

If ~3and 5¢R

(K.B)

Closure propert

vV a,beR
abeR

For example:

Then (-3)(5)=-15€R

Commutative Propertyfl{ 4:))

vV abeR
ab=ba
For example:

Or

Associative Propert

v a,b,ceR
(ab)c=a(hc)

For example:

If 2,3,5eR

Then (2><3)><5=2><(3><5)

Or 6x5=2x15

Or 30=30

Multiplicative Identityfil(,€:})]

The exists a unique real number/1;
called the multiplicative | identity
such that

al=a=1 vaeR

For example:

if 51eR

(K.B)

(KB) | (i)

For every non zero real number,
there exists a unique real number a™ (iii)

1 TP
or —, called multiplicative inverse of
a

a, such that

Addition and Subtraction

Then 5x1=1x5=5 (i)

For example:

If 5,£€ R
5

Then 5x1:1:1><5
5 5

So 5 and % are multiplicative

inverse of each other.

Multiplication is Distributive ove

(K.B)
Vv a,b,ceR

a(b+c)=ab+ac (Leftdistributive law)
(a+b)c=ac+bc (Right distributive law)

For example:
If 2,3,5€R then

2(3+5)=2x3+2><5
Or 2(8)=6+10
Or 16=16
And for all a,b,ceR
a(b—c)=ab—ac (Leftdistributive law)
(a—b)c=ac—hc (Right distributive law)
For example:
12,5,3< R*then
2(5—3)=2><5—2><3
Or2x2=10-6
Or 4=4

(K.B +U.B)
The symbol ¥V means “for all”
a is the multiplicative inverse of a™

. _1\—1
i.e. a=(a 1)
If a, b are real number their sum is

written as a+b and product as ab or
axb or ab or (a)(b).
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Properties of Equality of Real

(i)

(i)

(iii)

(iv)

Symmetric Propert

Reflexive Propert

a=a vVaeR
For-example:
2=2

(K.B)

(K.B)
Va,beR
If a=b,thenb=a

For example:
If 2=X, then x=2

Transitive Propert

Y a,b,ceR
If a=band b=c thena=c

For example:
If x=2and y=2then x=y

Additive Propert

(K.B)

(K.B)

Va,b,ceR

(v)

(vi)

If a=b, then a+c=b+c

For example:
If 2=2, then 2+3=2+3

Multiplicative Propertyll(,¥:)]

Ya,b,ceR
If a=h, then ac=bc

For example:
If 2=2, then 2x3=2x3

Cancellation

Property fo
Addition (K.B)
Va,b,ceR

If a+e=h+c, then a=b

For example:
If X+2=y+2 then x=y

(O)BACancellation Property of

Multiplication

VYa,b,ceR
If ac=bc,c#0then a=b

For example:
If 2x =8, then x=4

(K.B)

(i)

(a)
(b)

(iii)
(@)
(b)
(iv)

(@)
(b)

(_a)
(b)

(V)

(@)

Properties of Inequalities of Real

Trichotomy Propert
VabeR
a<bora=bora>b

For example:
x<0or x=0o0r x>0

Any one statement is true, not all.
(KB)
v a,b,ceR

a<bandb<c=a<c
a>bandb>c=a>c

For example:

5<6and 6<8=5<8
Or8>6and 6>5—=8>5

Additive Propert

v a,b,ceR
a<b=a+c<b+c and
a<b=c+a<c+b
a>b=a+c>b+c
a>b=c+a>c+b

For example:

5<6 =5+10<6+10

Or 20>10=20+5>10+5
(K.B)
vV a,b,ceR

Case:1 ¢>0
a>b=ca>ch
a>b=ac>cb
a<b=ac<bc
a<b=ca<cb

For example:

5512 =5%4>2x4
Case: 2 | c<0

a>b= ac<bc

(K.B)

(K.B)

a>b=ca<hc
a<b=ac>bc

a<b=rca>ch
For example:
5>2—= -4x5<-4x%2
i.e —20< -8
(K.B)
Va,beRand a=0,b=0

1 1
a<be =>=
a b
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b) asbeicl
a b

For example:
1<5<::>}>1
1.5

ke 1>0.2

Q.1 Identify the property used in the

following: (A.B+K.B+U.B)
Solution:
Pa#rt Statement Property
Commutative
Q) a+b=b+a Property w.r.t
+
Associative

(i) (ab)c=a(bc)

X

Property w.r.t

B Multiplicative
(iff) Ix1=1 Identity
(iv) | X>yOorx=yor X<y | Trichotomy

Commutative

V) ab =ba W.I.t x

. Cancellation
(vi) | a+c=b+c=a=Db Property of +

. _ Additive
(vii) 5+(-5)=0 Inverse

1 iplicati
(viii) 7xE_1 Multiplicative

7 Inverse

(ix) | a>b=ac>bc(c>0) | Multiplicative

Q.2 Fill in the following blanks by stating
the properties of real numbers used!
(K.B+U.B)

Solution:
3x#3(y—=x)

. =3X +3y—3xDistributive property
=3x—3x+3y Commutative w.r.t +
=0+3y Additive Inverse
=3y Additive identity

Q.3  Give the name of property used in

the following:
Solution:

) V2A+0=24

Ans. | Additive Identity

S e 4T

(A.B)

(A.B)
Ans.  Distributive Property
(iii)  7z+(-7)=0 (A.B)
Ans.  Additive Inverse
(iv) 33 isarealnumber.  (A.B)
Ans.  Closure property w.r.t x.

5| 8

o [ @aB)

Ans.  Multiplicative Inverse

RADICAL AND RADICAND
Concept of Radicals and Radicands

(K.B)
If n is a positive integer greater than 1 and a

is a real number, then any real number x

such that x" =a is called the nth root of a,
and in symbols is written as:

x=%Ya or x:(a)””.

In the radical 2/5, the symboI\/_ is called
the radical sign, n is called the index of the
radical and the real number a under the
radical sign is called the radicand or base.

Notel (K:B)
%/Eis usually written ‘as xﬁ
Difference between Radicai form and

(U.B)

Exponential form
In radieal form radical sign is used, x=4a

is a radical form.

For example: E/Y,Q/X_zetc.

In exponential form, exponent is used in
place of radicals. x=(a)"" is exponential
form.

217
For example: x*,(z)"" etc.
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Properties of Radical (U.B)

Let a,beR and m,n be positive integer.
Then,

() Yab=ga b

(i nﬁﬁa
\CIE

(i) e ="

v) Ra"=(va)’

v Ya=a

| Exercise23

Q.1 Write each radical expression in
exponential notation and each
exponential expression in radical

notation. Do not simplify. (A.B)

i) Jes

1
=(-64)3
3
(i) 25 (A.B)
{7
1
@iy =73
37
_2
(iv) y°?
= y_2
Q.2  Tell whether the following statements
are true or false?
1
(i) 5°=+5 False
2
(i) 23=%4 True
(i) 49 =\[7 False
Gv) AT =8 False
.Q.3 “Simplify the following radical
expression.
0] §/-125
Solution: (A.B)
=3/-125

=§/-5x+5x=5

= 3-125=-5
(i) Y32 (LHR 2018) (A.B)
Solutions:
32

=42x2x2x2x2

={2*x2

=" <42 - tfab=4/ath
=242 -.-T/(aT:a

= {32=242

3
(iii) \/3:2 (A.B)

(LHR 2017, 21, GRW 2019, SWL 2018,
19, RWP 2019)

Solution:
3
5 —
32
_ 3B \a | Ya
332 b | Yo~
IRE
Y2x2x2x2x2
B
1)
=ﬁ * na”:a
2
jSi:ﬁ
32 2
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: 8
(iv) \/; (A.B)

Solution:

2 o[
3
8 2
) — = ——
27 3

LAW OF EXPONENTS / INDICE

(K.B+U.B)

In the exponential notation a" (read as a to
the nth power) we call ‘a’ as the base and ‘n’
as the exponent or the power to which the
base is raised.

Laws of Exponents (K.B+U.B)

If a,beR and m, n are positive integers,
then

(vi) a®=1where a0

-n

(vii).a =.in where-a#0
AY:!

4 xample # 2 (A.B)
4(3)

3n+1 _ 3n

(i1) Simplify:

Solution:

4(3)’
3n+1_3n
s 4(3) a‘m.an a‘m+n
3"%x3-3"
4@( a"
—_— 27 —=1
#(3-1) a
2
: n+£3)n=2
3" -3

Q.1  Use laws of exponents to simplify.

() M (A.B)
(196)"
Solution:
(243) (32)"°
(196)"

(Factorization)

_ [(14)71} (a ) =a
10
_(3)_3X241 nan _a
(14)"
7x 2 g 12,
10 _an ! a" -
(3) <2
7
B
33
7 n _ 1/n
=3310 ) Ja_( )
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7
%j3><3><3><3><3><3><3><3><3x3
T

YBxPx3Fx3

7
TG < 1B
b =4a ¥
_ 7 ..n
_3><3><3><3/§ '
7

2733
2 /5
(243)5(32)"° 7
(196)" 2733
(i) (2¢y*)(-8xy?) (A.B)
Solution:
(2x5y4)(—8x’3y2)
=2(-8)x°.x .y ty?
— _16X5—3 y—4+2
=-16x°y~?
_ —16x° .
= . .
—16x%°

:(fo’y"‘)(—Bx’3 2)= 7

=a

~a"a"=a

roo. 273

(i) Yz (A.B)

Solution:
X'Zy'12'4
i X4y—320 |

: :[X_.Z_4 y—1+3z—4—o ]‘3 L& gmen
_ ( 6 y+2274 )‘3
=(°) ()" (v*) " (ab) =’

1

18,12

Xz o i |
AW e =
Vi a
3
X2y 17 w1812
= | a0 | T o6
X'y-z y

(i) (81)".3° : (3)“;“1 (243)
(o)()
Solution:
(81)".3°-(3)"" (243)
o))
(3') .3 -3"33° o
= ( 2)2n o (factorization)
3) .
34!’1.35 _ 34n.3—1+5
= 34n.33
3.3 -3"3"
I -
3*".3"(3-1)
= 34n'33
:34n—4n.34—3. 2 ‘;i: m-n
(2) S -a

(A.B)

(taking common)

=332
=1x3x2
=6

Q.2  Show that

a a+b b b+c ee+a
A\
X v X J X
(K:B+A.B+U.B)

(LHR 2018, 19, SGD 2017, SWL 2017)
Proof:

Xa a+b Xb b+c XC c+a
L.H.S {—b} {_C} x{—a}
X X X
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a?—b? b?—c? c?-a®

=X X X X X

_ (P dn L

= x° 1 at=(
=1=RH.S
Proved
Q3 - Simplify
1 1 1
. 23 x(27)3%x(60)2
(I) E_ ) 1( ) 1 (A'B)
(180)2 x(4) s x(9)4
Solution:
1 1

2 x(27px(60):
(180):x(4)x(9)

2 (33) (2><2><3><5)

- 1
(2><2><3><3><5)E ><(22)75 ><(32)Z
(factorization)
1 1 1

2;><3><(22)2><32><52

1 1 2 1

(22 )E x(32); ><(5)5 x2 3x3?
(am )” —a™. (ab)" —ab"

1 11
23 x3x2x32x52
= 1 2 1

2x3x52x2 3x32

_257'4/“7 3%/g_%gx5szz7_2!

1 1

(i), | Simplify: M (A.B)

(0.04)2
(GRW 2019, RWP 2018, 19)
Solution:

(factorization)

v a =$ (a") =a™

(am )n _ a.mn
_ 6° x5 . a_n 1
5 a"
&
=6 Va"=a
2" N
By CLILE
(0.04)’5
i) 57 +(5?) (A.B)
(LHR 2018, 21, GRW 2017, 21, SWL 2019,
FSD 2021, SGD 2017, 21)
Solution:
523 - (52 )3
— 58 +56 (am )n _ a.mn
— 5876 = £ — am—n
an
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=52
- 25
= 57 +(5?)' =25
) () 4x¥ix 20 (A.B)
(LHR 2017, FSD 2017, SWL 2017, D.G.K 2018)
Solution:,

2 2
() +x
n
:XG_XQ (am) — g™
_ a" i
=X69 __nzamn
a
=)(_3
1 a1
N : 4N
X a
2 2 1
= (¢) +x ==

X
(K.B)
Since square of a real number is non-
negative. So the solution of the equation
x*+1=0 or x*=-1 does not exist in R. To
overcome this inadequacy of real numbers,
we need a number whose square is —1.
Thus the mathematicians were tempted
to introduce a larger set of numbers called
the set of complex numbers which contains
R and every number whose square is
negative.  They invented a new

numberv/~1, called the imaginary unit,

and denoted it by the letter i (iota) having

the property that i* =—1.

Invention of iota (Complex Number)
(K.B)

The swiss. mathematician, Leonard™ Euler

(1707.-1788). ‘was.-the first to use the

‘symbol-i for the number v/—1.

Note (U.B+K.B)

Number like +-1,+/=5 etc are called pure

imaginary numbers

(U.B)
A number-of the form~a+bi where a and b
are real number and i=+~1, is called a

complex number and is represented by z.
i.e. z=a+ib

Set of Complex Numbe (U.B)

The set of all complex number is denoted by
C.

C:{z|z:a+bi,where a,beR and i:\/—_l}

Note (U.B+K.B)

(1) The numbers a and b, called the real
and imaginary parts of Z are denoted

as a=Re(Z) and b=1Im(Z)

(i) Every aeR may be identified with
complex numbers of the form a+0i
taking b = 0. Therefore, every real
number is also a complex number.
ThusRcC.

(i) Every complex number is not a real
number.

(iv) Ifa=0,thena + bi reduces to a purely
imaginary number bi. The set of purely
imaginary numbers is also contained
in C.

(v) Ifa=b=0,then z=0+i0 is called
the complex number-0;

The set.of complex numbers-is shown in

the following diagram: (U.B+K.B)
Whole || Naural
numbers
Rational V4 Suhers
numbers [~ Integers
/ Zero
Real Negative
numbers natural
Complex \ numbers
numbers \ Irrational
Pure numbers
imaginary
numbers

Conjugate of a Complex Numbe

(U.B+K.B)
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If we change i to —i in z=a+bi we obtain
another complex number a—bicalled the

complex conjugate-of z and is.denoted by z
(read z bar)

Thus if z=-1-i, then z=—1+i
The-number a+bi and- a—bi are called
conjugates of each other.

' (U.B+K.B)

() 2=z
(ii) The conjugate of a real number
z = a+0i coincides with the number itself

since Z=a+0i=a-0i=a.

The Equality of Complex Numbe

(U.B)
Forall a,b,c,d eR,
a+bi=c+di Ifandonlyif a=cand b=d
e.g., 2x+ Y% =4+9i ifand only if
2x=4 and y* =9, ie, x=2and y=+3

Properties of Complex Numbe
(U.B)

Properties of real number R are also valid
for the set of Complex numbers
Q) 2,=12 (Reflexive Law)
(i) Ifz =z then z,=2
(Symmetric Law)
(i) Ifz,=z, and z, =2, then z, =2,
(Transitive'Law)

Q.1 Evaluate
0] i (A.B)

So]ution: '

(i), | i (A.B)
(LHR 2021, FSD..2017, 21, SWL 2018,
SGD 2018, BWP 2017, 21)

Solution:
I50
=(i*)
=(-1)" i?=-1
=1
(i) i  (LHR2017) (A.B)
Solution:
I12
=(i*)
=(-1)° i>=-1
=1
(iv) (Hi) (A.B)

(RWP 2021, MTN 2021, SWL 2021, D.G.K 2017)
Solution:

=(i?)

=(-1)" i2=—1

=1
v (4 (FsD2017)  (A.B)
Solution:

(i)

—_j°

=—i"i

=4 (i?)

==(-1)".i i2=-1

==()()

=—i
i) ¥ (A.B)
Solution:

i27

=i®i

=(i2)"

=(-1)". iZ=-1
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Q.2  Write the conjugate of the following numbers. (K.B)
Complex Conjugate
Part # Number of Number
0) 2+3i 2-3i
(i) 3+b5i 3+5i
() —i [
(iv) —3+4i -3—-4i
(v) —4—i —4+i
(vi) i—3 —i-3
Q.3 Write the real and imaginary part of the following numbers. (K.B)
Part | Complex | Real | Imaginary
# Number | Part Part
0] 1+i 1 1
(i) -1+ 2i -1 2
(iii) —2-2i -2 —2
(iv) =3i 0 -3
(v) 2+0i 2 0
Q.4 Find the value of x and y if x+iy+1=4-3i (A.B)
(GRW 2017, FSD 2016, RWP 2017, 18, MTN 2019, D.G.K 2016, BWP 2021)
Solution:
Here
X+iy+1=4-3i
X+iy=4-3i-1
X+1y=3-3i

By comparing real and imaginary part, we get
x=3 and y=-3

Basic Operations on Complex Numbers| ' - .
N A ddition (K.B)

Let z=a+ib and-z;=cC+id “be:two complex numbers and a,b,c,d e R
Then
z, +Z, = (awbi)+(c+di)
=(a+c)+(b+d)i
I.e., the sum of two complex numbers is the sum of the corresponding real and the
imaginary parts.
For example:
(3—-8i)+(5+2i)
=(3+5)+(-8+2)i
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(i)

(@)

(b)

(i)

(iv)

=8—6i

(K-B)

Let z =a+ib and-z, = C+id-be.two complex numbers and a,b,c,d eR.

Then
Multiplication of'a complex number with a scalar

If k € R, then—kz, = k (a+bi) = ka+kbi

For example:

If z=23-2i

Then 5z =5(3-2i)
=15-10i

Multiplication of two complex numbers
2,2, =(a+bi)(c+di)
=(ac—bd)+(ad +bc)i
The multiplication of any two complex numbers (a-+bi) and (c+di) is explained as
2,2, =(a+bi)(c+di)=a(c+di)+bi(c+di)
= ac +adi + bci + bdi?
=ac+adi+bci+bd(-1) - i* =-1
=(ac—bd)+(ad +bc)i (combining like terms)

For example:
(2-3i)(4+5i)
=8+10i —12i —15i°
=23-2i cif=-1

Subtraction (K.B)

Let z, =a+ib and z, =c+id be two complex numbers
z,-2, =(a+bi)—(c+di)
=(a—-c)+(b—d)i
i.e., the difference of two complex number-is the difference ofithe corresponding real and
imaginary-parts.
For example:
(—2+3i)+(2+1)
2(-2-2)¥(3-9)i
=42

Division (K.B+A.B)

Let z =a+ib and z, =c+id be two complex numbers such that z, =0
Then
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Z a+hi

a
z, cC+di

(Multiplying the pumerator and denominator by c=di, the complex conjugate of c+di)

:a+bixc—di
c+di’ c—di
' | ac+bci —adi —bdi®
e —(di)’
ac+bci—adi+bd .,
- c?+d?  wi=-
_(ac+bd)+(bc—ad)i
- ¢’ +d?
_ac+hd J{bc—ad]i
c?+d® \c?+d?
Example # 4
Solve (3—4i)(x+yi)=1+0i for real numbers xandy, where i =+~1 (A.B)
Solution:
Here

(3—4i)(x+yi)=1+0i
(3—4i)(x+yi)=1+0=1

x+yi—i
3-4i

. 1 3+4i
X+ Yyi=——x :
3—4i 3+4i
34
(3 - (4i)
34 i
C9-16(=1)"
_ 3-4i
 9+16
E o 4i
25
_3_4;
25 25
Equating the real and imaginary part, we obtain

3 4
X=— and y=—
25 25
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*.» Solution Set = i,i
25 25

Q.1 Identify the following statement as
true or false.

(i) \/_ J=3=3 False (K.B)

(i) iP=i False (K.B)
(iii) ilo =-1 True (K.B)
(iv)  Complex conjugate of (—6i+i) is

(-1+6i) True (K.B)

(V) Difference of a complex number
z=a+bi and its conjugate is a

real number. False (K.B)
(vi) If (a-1)—(b+3)i=5+8i, then a=6
and b=-11. True (K.B)

(vii)  Product of a complex number and
its conjugate is always a non-
negative real number. True (K.B)

Q.2  Express the each complex number
in the standard forma-+bi, where
a and b are real number.

Q) (2+3i)+(7—2i) (K.B)
Solution:
(2+3i)+(7-2i)
=2+43i+7-2i
=2+7+3I—2i
=9+i
=(2+3i)+(7-2i) =9+i
(i) 2(5+4i)—3(7+4i) (A.B)
Solution:
2(5+4i)—3(7+4i)
=10+8i—21-12i
=10-21+8i =12i
=111 di
| =42(5% 41)-3(7+4i) =—-11-4i
(iii) (—3+5i)—(4+9i) (A.B)
Solution:
(-3+5i)—(4+9i)
=+3-5i—4-9i
=3-4-5-9i

==1-14i
= (-3+5i)—(4+9i) =—1-14i
(V)  2i%+6i°+3i° —6i° +4i®  (A.B)
Solution:

2i2 +6i° +3i'® —6i'° +4i®

=2(-1)+6i2—i+3(i?) —6(i?) i +4(i%) i
it=-1

=-2+6(~1)i +3(~1)° —6(~1)i+4(-1)"i

=—2-6i+3—-6(—1)i+4(+1)i

=1- 6f + Bf +4i

=1+4i

= 2i° +6i° +3i" —6i"° + 4i* =1+ 4i

Q.3  Simplify and write your answer in
the form a+bi

() (-7+3i)(-3+2i) (A.B)

(GRW 2017, FSD 2019, SWL 2017, BWP
2019, D.G.K 2017)

Solution:
(—7+3i)(-3+2i)
=—7(-3+2i)+3i(-3+2i)
=21-14i —9i +6i°
=21-23i+6(-1)
=21-23i-6
=21-6-23i
=15-23i
= (-7 +3i)(-3+2i) =15-23i
(i) (2-VH4)(3-V=) " (AB)
Solution:
[e~3)(5
(2-x1)(3-Ax1)

- (247 gsﬁ)

=2
=6—4i —6i+4i°
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=6-10i +4(-1)
=6-10i—4
—2-10i

:(2—@)(3-&) <2.10j
(i) (V5-3i) (A.B)
Sollution:'
(V5-ai)

=(VB) +(3i ~2(¥5)(3i)

=5+9i —6+/5i

=5+9(~1)—6+/5i

=5-9—6./5i

= —4-65i
= (V5-3i) =-4-645i
(iv) (2—3i)(ﬁ) (A.B)
Solution:
(2-3i)(3-2i)
(2-3i)(3+2i)
=2(3+2i)-3i(3+2i)
=6+ 4i —9i —6i°
=6-5i—6(-1)
=6-51+6

=6+6-5i
=12 -5i

= (2-3i)(3-2i) =12-5i

Q.4  Simplify and write your answer in
the forma+bi.

Q) T (FSD 2019, D.G.K 2017)-(A.B)
+i
Solution:
N M2
1+i
-2 1-i
=X
1+1 1-i

- ~2(1=i)
) (@) ()
T 2+2i
T 1-i2
_=2+2i
1-(-)
_=2+2i
141
2+ 2i
)
2 2
T2 2
=—1+H

:>_—2_ =—1+
1+i

.. 2+3i
W55
Solution:

2+3i

4—i

:2+3ix4+i
4-i 4+i
(2+3i)(4+i)
(4)° (i)
_2(4+i)+3i(4+i)
T 16— (~1)
/821121 +8i
T 1641
_8+4i+3(-1)
- 17
8+14i-3
Y
 8-3+14i
17
_ 5+14i
Y,

(A.B)
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5 14.
=—+—i
17 17
2+31 5 _ 14
— = i
4—-1 1717

(iii) ? (GRW 2021, MTN 2018) (A.B)
+1

‘Solution:

9-71 3-i
= X —
3+i 3-i
(9-7i)(3-i)
(3 (i
_9(3—i)—7i(3—i)
91
_27-9i-21i+7i?
B 9+1
27-30i +7(-1)
10
_27-30i-7
10
_27-7-30i
10
_20-30i
10
20 30i
10 10
=2-3i
29—7'i
3+1
. 2—6i T 4+i
(iv) 3a 3%k (A.B)
Solutian:."
. 2-6i 4+i
341 3+i
_2-6i—(4+i)
T 3+

=2-3i

:2-6i-4-i
3+i

:2—4—6i—i
3+i

_2-Ti

3+i

—2-7i 3-i

= X —
3+i 3-i
—2-7i 3-i

= X —

3+i 3-i

~2(3-1)-7i(3-i)
(3) (i)

—6+2i—21i +7i?
9-(-1)

—6-19i + 7(—1)
9+1

—-6-19i -7

_—13 19

10 10
2-6i 4+i -13 19i
S =
3+i 3+i 10 10
1+i T ,
(V) — (A.B)
1-<i . )
* Solution:

1417
il
(1+i)
)

1)2 +(i)2 +2ab
1)" +(i)" —2ab

N

N

-

~ |l
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1) +2i
R E

,:1—1+2
1-1-2i
_A
-2
=-1
:3{%%%}2:—1+0i
1
(2+3i)(1—i)

Solution:

(vi)

1
(2+30)(1-i)
- 1
C2(1-i)+3i(1-i)
~ 1
2-2i+3i-3i
- 1
C2+i-3(-1)
!
24043
!
24340
1
54i
1 5+

_x_

'5+|5|

(A.B)

15—
| 25+1
il
T 26
5 U
" 26 26
L1 51
(2+3i)(1-i) 26 26
Q.5 Calculate
(a)z(b)z+z(c)z-z(d)zz for each
of the following.
0) z=-i (A.B)
Solution: z=-i
(a) z=i
(b) z+z=—i+i
=0

(©) z-z=(-i)-(i)
(1)

_:2
(d)z()

(i) 2=2+i (A.B)
Solution:
Z=2+i

() z=2—i

(b) z+z=(2+i)+(2=1)
=2+/.+2—/ '
=2+2
=4

(©) z—-z=(2+i)—(2-i)
=Z+i-Z +i
o

(d) zz=(2+i)(2-i)
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=4+1 42 4i)=3i(2-41)-
e T (24 (21 40)
(iii) 221_: (A.B) _ _ 8-16i —6i +12i°
Solution: (2)2 _(4i)2
g | 8-22i+12(-1)
L™ ST
_4i 1+ 8-22i-12
1-i 1+! _ =—4—16 i)
:1(1+|)+|(1+|) 8—12522)i
(1—i)(1+i) =W
:1+i+i+(—1) :_4_22i
(1) - (iy 42022
_1+2i+(-)) :;—O—Z—Oi
=1 R
_A+ai-1 "5 10
Z'1+1 @) Z=%1+%i (A.B)
|
e - (1 11 11
:ﬂzil () z+z:(—g—E|J+(—g E](A B)
(a)E:_—i _1.1 i—1+le/i
(b) z+z=i+(-) 5 0 5 10
1
=0 _1-1
() z—z=i—(-i) =
=i+ 2
=2 e Y |
(d) zz=(i)() ' \ ( 1 11] ( 1 11.)
Y (c) 1-7=|—=+=Fi —=+=i
=i’ 5 1 5 10
=—(+1) ' (A.B)
-1
v 2 =8 (A.B) /E(_E'yg 10'
'Sl tioln' Hel __ 4y i, Sn-in
! '_ 43 10 ) 10 10
2440 _ 22
4-31 2-41 10
2+4i 2—4i
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Q.6 If z=2+3i and show that. (A.B)

Q) Z+W=Z+W
Proof: LHS=z+w
Z+w=2+3i+5-4i
=2+5+3i—-4i
=7—i
=z+w=7-i
=7+I ()
RHS=z+w
2(243)#(5% )
. =2+31+544i
INY N\ =2+5-3i+4i
=7 +i ... (i)
From (i) and (ii) we get
L.H.S=R.H.S

ZYW=2+W
Hence proved

iy z-w=z-w (A.B)
Proof: L.HS=z-w
z—w=(2+3i)—(5-4i)
=2+31—-5+4i
=2-5+3i+4i
=-3+7i

—=7-W=-3+Ti
—_3-7i ()
RHS=z-w

-(z53)-(5-4)

2+3i—(5+4i)
=2-3i-5-4i
=-3-7i

From (i) and (ii) we get

L.H.S=R.H.S

Z-W=Z—-W
Hence proved

i) Zwerm N\ ) | (AB)
Proof; LL.H.S 5 7w
zw=(2+3i)(5+4i)
— 2(5-4i)+3i(5-4i)
=10-8i +15i —12i*
~10+7i-12(-1)

=10+7i+12
=22+T7i
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= 7W = 22+7i
=22-7i

RH.S=Zw

(278574

(2-3i)(5+4i)

=2(5+4i)-3i(5+4i)

=10+8i —15i —12i°
=10-7i —12(—1)
=10-7i+12
=22-Ti

From (i) and (ii) we get

L.H.S=R.H.S

w=zW

Hence proved

(iv) F} —Z \where £0 (A.B)
W Y

Proof: L.H.S.:{i}
W
2+3ix5+4i
5-4i 5+4j
_2(5+4i)+3i(5+4i)
— (5-4i)(5+4i)

z
w

_ 10+8i +15i%+12i?
(5) (4i);
' 110+238i +12(-1)
- 25-16i°
10+23i-12

~25-(6(-))

1

110%23i~12
25+16

~ 2423
41

_2-3i 5-4i
“514i 540

~ 2(5-4i)-3i(5- 4i)
~ (5+4i)(5-4i)

_10=8i—15i +12i*
(5) ~(4i)’

) 10-23i+12(-1)

~ 25-16i°

~10-23i +12(-1)
~ 25-16(-1)

~10-23i-12
25+16
_—2-23i
41
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=———1 I
41 41 —)
From (#).and, (ii) we get
L.H.S=RH.S

Hence Proved

‘1 D -
E(z+z) is the real part of z.

Proof:
g(m)
=%[(2+3i)+(mﬂ
=%[(2+3i)4{2—3i)]
=%[2+3(+2—3(]

~[2+2]

3171
=2=Re(z)
Hence,

1 -\ .
E(z+z)|s the real part of z.
Proved
1 —y : .
(v) §<Z—Z) is the_imaginary part_of

Z. (A.B)

Rroof:;"

e

1

:5[(2+3i)—(f3i)}

=%[(2+3i)—(2—3i)] '
=%[Z+3i —Z+3i]

-]

=3l
= Imaginary(z)
Hence,

%(Z—E) is the imaginary part of z.

Proved

Q.7  Solve the following equations for
real x andy.

Q) (2-3i)(x+yi)=4+i (A.B)

Solution: (2—3i)(x+yi)=4+i

X+ i:—4+i

=55
4+ix2+m
2-3i 2+3i
_4(2+3i)+i(2+3i)
~(2-3i)(2+3i)

X+ yi=

_ 8+12i+2i +3i°
) -6
~8+14i +3(-1)
4 —9j?
8+14i-3
~4-9(-1)

 8-3+14i
449
_5+14i

-~ 13
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By comparing_real and imaginary parts,
we get
_5 L

13" 7 13

#.\SolutionSet = EE
' 1313

(i) (3-2i)(x+yi)=2(x-2yi)+2i-1
(A.B)

=X

Solution:

(3—-2i)(x+yi)=2(x—2yi)+2i-1
3(x+yi)—2i(x+yi)=2x—4yi+2i—1
3x+3yi—2xi —2yi* = (2x-1)+i(2-4y)
3x+(3y—2x)i—2y(-1)=(2x-1)+i(2—-4y)
3x+(3y—2x)i+2y=(2x-1)+i(2—-4)
(3x+2y)+(3y—2x)i =(2x—-1)+(2—-4y)i

By comparing the real and imaginary parts.

X+2y=2x-1 , 3y-2x=2-4y
3X—2x+2y=-1 , 3y-2x=2-4y
X+2y=-1->(), -2x+3y+4y=2

—2X+7y=2— (i)
Multiply equation (i) with 2
2(x+2y) =.—1><2
2xl+4y=—2—>(iii)
IBy adding equation (ii) and (iii)
2K +4y =2
2% +7y=2

Ty =0

Putting y =0 in equation (i)
X+2y=-1

x+2(0)=-1

Xx+0=-1

x=-1

. Solution Set = {(0,-1)}

(i) (3+4i) —2(x—yi)=x+yi (A.B)

Solution: (3+4i)2—2(x—yi)=x+ yi
(3+4i)2—2(x—yi)=x+yi
9+ 24i +16i° —2x+2yi = X+ Vi
9+ 24i +16(—1)—2x+2yi = x+Yyi
9+24i=16+2x+ 2yi = X+yi
9+24i-16+2Xx=x+2yi—yi=0
9+24i-16-3x+Yyi=0
—3X+Yyi=-9-24i+16
—3X+Yyi=16-9-24i

—3X+Yyi=7-24i
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By comparing the real and imaginary parts, =T

we get

—3x=7- and (y=+24

.. Solution Set = {(%7 : —24}}

Review Exercise 2

Multiple choice questions. Choose the correct answer.

01
(1)
(i)
(iii)

(iv)

v)

(vi)
(vl
(viii)

(ix)

(27x7) 3
gjx_z
9
3/)(_2

8

()

(©)

Write {x in the exponential form

(@) x
(©) x7

2
Write 43 with radical sing
(a) ¥4
(c) ¥4

In 3/35 the radicand is:
(a)3
(c) 35

2
(Z?)z__
16 -
5
a i
(a) 1
5
C —_—
(c) 2
The conjugateof 5%+4i is

(@) —54%+4i
(c)5—4i

Thevalue-ofi® is;

(@)1

(c) i

Every real number is

(a) Positive integer

(c) A negative integer

Real point of 2ab(i+i*) is

\/X_a
9
e

8

(b)

(d)

(b) X’
(d) x2

(b) ¥4
(d) \/4°

1
(b) 3
(d) None

4

(b) .
4

(d) &

(b) —5—4i
(d) 5+4i

(b)-1
(d) —i

(b) A rational number
(d) A complex number

(U.B)

(U.B)

(U.B)

(K.B)

(K.B)

(K.B)

(U.B)

(K.B)

(A.B)
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(xi)

(xii)

(xiii)

(xiv)

(xv)

Q.2
()
L)
(i)
(iv)
V)
(vi)
(vii)

(a) 2ab (b) —2ab
(c) 2abi (d), —2abi
Imaginary.part of —i(3i+2) is
(a) -2 (b) 2
(c)3 (d) -3
Which of the following sets have the closure property w.r.t addition?
@-{0} (b) {0,1)
1
© (0. (d) {1, N7 5}
Name the property of real number used in [—§:|x1= —%
(a) Additive identity (b) Additive inverse
(c) Multiplicative identity (d) Multiplicative inverse
If X,y,2eR,z2<0, then x<y=...
(@) xz<yz (b) xz>vyz
(c) xz=yz (d) None of these
IF a,be € R, onlyoneof a=b or a<bor a>b hold is called
(a) Trichotomy property (b) Transitive property
(c)Additive property (d) Multiplicative property
A non-terminating, non-recurring decimal represents ...
(a) A natural number (b) A rational number
(c) An irrational number (d) A prime number

ANSWER KEY)|

O ool
[VHIiledNoL yoN o)
OO Lo

True or False? Identity

Division is not an associative operation. True
‘Everywhale number is a natural number. False
Multiplicative inverse of 0.02 is 50. True
7 is rational number. False
Every integer is a rational number. True
Subtraction is a commutative operation. False
Every real number is a rational number. False

(A.B)

(K.B)

(K.B)

(K.B)

(K.B)

(K.B)

(K.B)
(K.B)
(K.B)
(K.B)
(K.B)
(K.B)
(K.B)
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(viii) Decimal representation of a rational number is gither-terminating ‘or. recurring.

Q.3  Simplify the following

OMENECATSS

‘Solution:

(A.B)

= {81y ¥?x®

(“) 25X10n y8m
Solution:
(BWP 2019, SWL 2015, D.G.K 2014, FSD 2021)

25X10n y8m

_ (52 XlOn y8m )

1 5 i 4><i
_52><§.X;wﬁ Z y/S’rﬁ Z X

(A.B)

— 5X5n -y4m

25X10y8m _5X5n.y4m
Method 11

25X10n 8m \/52 Sn

=y(® S”V“””)

1
3 4.5 ©
y'z> |®
(iii) {T} (A.B)
Xy -z
(BWP 2017, RWP 2014, MTN 2014, SGD 2018)
Solution:

True (K.B)

True (K.B)

1 m

_ (X3+2.y4+1.25+5 )g L2 am"
an

1
3,,4 5 5
x?2ytz?®

—6,,~4
(iv) (32X y ZJ
625x"yz

Solution:

(A.B)

2
25x7*y ™tz )8 —
_[ Xy 2 (Factorization)
54 X4 yZ—4
_ 2
25 71+4 5 a" .
= 54 5416 o y1+4 ? =a

- 2
2°2° |5
54X10y5
Bx2 Exe '
AT WV ((9fa
| Lz b2y B2
5 5 xxL—5xy #

2°x7° n
= — _.,(am) —agm™

55 x X* x y?
47°

5

5,3

55 > X4y2
47°

3

1+—
5 5xx'y?
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‘04 Simplify

472 mo LS q \o+" i
5—42 —=a Q.5 (Z—qj x[%) +5(aq'ar)p
5x55x"y

2 | (A.B)
32x7y 'z jS o 47 Solution:
4040 T 3 r
625X" yz 5x55 %"y’ ) (ap—q)P q(aq_r )q a -
2 1 N +r\PT o
(216)s x(25)2 5(a”") 2
——5— (A.B) (P-a)(p+a) o, o(a-r)(a+r)
0.04) _a ko a") =a™
(0. T g B
2 1
(216)3 x(25)2 a” " xa® ™"

a‘ a
_1
B
21 2m 2n
- = a a
Q.6 Simplify: [;m j(amm j(aml j
(A.B)
Solution:
a2 a2m 3"
(ahm ](amm j[aml j
_ a2I—I—m % a2m—m—n % a2n—nfl - ﬁ — am—n
a
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— aI—m % a‘m—n x a.n—l - 1

— aI—m+m—n+n—| . a.m x an — gMm+n a2I a2m a2n
= [+m m+n n+2 = 1
=a° a a a
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| m n
. . a a a
Q7 Slmpllfy 3—mX3—nX3—I (A-B)
\/a d a \/ a
Solution:
_ - i a -
=§jalm%/amn3anl n=a.mn
(& (o (a4
I-m\3 m-n \3 n-1\3 Un
=(a™ )3 x(a 3x(a" ) sVYa=a
I-m m-n n-t
=as’ xa?’ xa?
"J+M+L"
—a3 3 3 a™xa" =gm™"
I-m+m-n+n-I
=a 3
0
=as
=3°
=1
| m n
/a fa ja
= 3 — x 3 — x 3 — =1
a a a
Method 11
| m n
3 a_ x 3 a_ x 3 a_l
\jam \!a” \}a
|
a a a
:3—m><—n><—| o %X% nab
a a
. - » a" _
g/almxamnxanl .,_=amn
a"
& 3 a.I—m+m—n+n—l a.m ><an — am+n — 3 aO
=1 -~a’=1
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CUT HERE

SELF TEST
Time: 40 min Marks: 25
Q.1  Four possible'answers (A), (B);(C) & (D) to each question are given, mark the
correct answer. (7x1=7)
1, | “JAlLnumbers of the form P are integers when p,q are integers and g is not zero are
called number
(A) Rational (B) Irrational
(C) Whole number (D) None of these
2 X>2Z Or X=2 Or X< Zi§------------ property
(A) Commutative (B) Trichotomy
(C) Trichotomy (D) None of these
3 Imaginary part —i(4i+7) is
(A) -7 (B)7
(C) +7 (D) None of these
1
4 (EJ_ 2 =
16
5 4
A) = B) —
(A) 1 (B) c
5 4
C) —— D) ——
(©€) 2 (D) c
5 The value of (i)’ is;
(A)1 (B)-1
)i (D) i
-2
6 (27x%)° =
X2 e
A) 3]== B) . [=
(A) 3 (B) \/;
N5 X3
(C). 32— D) .[=
©) 3 (D) \/g
7 Which of the following sets here the closure property w.r.t. Addition

(A) {0} (B) {0, -1}
©) {0.1} (D) {1,«5,%}
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Q.2
()

(@

(iii)

(iv)
(v)

Q.3
(@

(b)

Give Short Answers to following Questions. ' . (6x2=10)
Express the 059 recurring decimals'as the rational numberB.
q
Where'p,g'are integers and, q =0
: 3

‘Representon number line: —1E

ngfezfa 6
Use law of exponents to simplify: (m]

X'y "z

I 4(3)"
Simplify:
p fy 3n+1_3n
Separate real and imaginary parts of (—1++/—2) 2
Answer the following Questions. (4+4=8)
n_a5 (a)4nd
Simplify that &9 <3 . (3)3 (243)
(97)(3)

Solve the equation (3+ 4 )2 —2(x—yi)=x+yiforreal xandy.

NOTE: Parents or guardians can conduct this test in their supervision in order to check the skill

of students.
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