Chapter - 1 Number Systems

Mathematics-11

Exercise - 1.2

Q.1 Verify the addition properties of Solution:
complex numbers Let z=a+bi=>—-z=-a-bi
(i) Closure Property: Vz,z, €[l (a+bi)+(-a—bi)=(-a—bi)+(a+bi)=0
Solution: (v)  Commutative Property: Vz,z, el
Let z =a+bi,z,=c+di Solution:
2,42, =(a+bi)+(c+di) Let z =a+bi,z,=c+di
=(a+c)+(b+d)i z,+2, =(a+bi)+(c+di)
— ~(a+c)+(b+d)
Hence, Closure property holds in complex =(c+a)+(d+b)i
numbers =(c+di)+(a+bi)
(i1) Associative Property: Vz,z, ,z, €[l oy
Solution: e

Q.2 Verify the multiplication

Let  z=a+bi,z,=c+di,z;=e+ fi properties of Complex numbers.

2, +(2,+2,) =(2,+2,) + 2, (i) Closure Property: Vz,z, €]
LHS =2z +(z,+2z,) Solution: _ _
=(a+bi)+[(c+di)+(e+ ﬁ)] Let ziz=a+bi,z,=c+di
‘ ' z,.z,=(a+bi)(c+di)
=(a+b1)+[(c+e)+(d+f)1] =ac + adi+ bci+ bd i’
=[a+(c+e)]+[b+(d+ f)]i =ac+(ad +bc)i—bd
=((a+c)+e|+|(b+d)+f|i =(ac—bd)+(ad +bc)i
f
=[(a+c)+(b+d)i]+(e+ fi) . =22, €l
=[(a+bi)+(c+di)]+(e+ fi) (Sl.l))luﬁoi:ssocmtwe Property: Vz,z,,z, €l
=(z,+2,)+z, z,= a+bi,z, =c+di,z,=e+ fi
=R.H. S z,.\2,.2;)=(2,.2,).2
(iii) Identify Element:Vz e[],30€e_ LIS _I( %) =(22) 2
Solution: HS =2.(z,2,)

Let z=a+bi =(a+bi)[(c+di).(e+ fi)]
(a+bi)+(0+i0)=(0+i0)+(a+bi)=a+bi

(iv) Inverse element: Vzell,3—zel]

:(a+bf)_[ce+cﬁ+ed;’+dﬁ2J e f? ] =a(ce—df )+a(cf +ed)i+b(ce—df )i+b(cf +ed)i’

=(a+bi).[ce+(cf+ed)i—df] =a(ce—df )+a(cf +ed)i+b(ce—df )i —b(cf +ed)

_ _ =[a(ce—df )—b(cf +ed) |+ a(cf +ed)+b(ce—df )i

=(ﬂ+bl).[(C€—df)+(Cf +ed)!:| =(ace —adf —bcf —bde) + (acf + ade + bee —bdf )i (i)

RHS =(7:7:)2
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=[(a+bi)(c+di](e+ fi)

=[ ac+adi+bci +bdi* |.(e+ fi) i’ =-1

=[ac+(ad +bc)i—bd}.(e+ fi)

=[(ac—bd)+(ad +bc)i] e+ fi)

=[(ac—bd)e—(ad +bc) f]+[(ac-bd) f +(ad +bc)eli

=(ace—bde—adf —bcf )+ (acf —bdf +ade +bce)i

=(ace—adf —bcf —bde)+(acf +ade+bce—bdf )i (ii)

From equation (i) and equation (ii)
z,.(2,:2,)=(2,.2,) 2,

(iii)  Identity Element: Vz €0 ,31+0i €0

Solution:
Let zZz=a+ bi

(a+bi)(1+0i)=(1+0i)(a+bi)=a-+bi

Hence, 1+ 0i is the multiplicative identity of
complex number.

(iv)  Inverse Element: Vz ell, EI1 el
z

_a’-b*(-))
 d+ b
_a + b
@i+ b
=1

Similarly, i z=1.
z

) Commutative Property: Vz,z, €[l
Solution:
Let z =a+bi,z,=c+di

ZI.ZZ=ZZ.ZI
LHS =z.z
=(a+bi)(c+di)
=ac+adi+bci+bdi® -i’=-1
=(ac—bd)+(ad +bc)i 0]
RHS =z,.z
=(c+di)(a+Dbi)

with(z # 0) =ca+cbi+dai+dbi* -ri*=-1
Solution: =ac+bci+adi+bd(-1)
Let  z=a+bi =(ac—bd)+(ad +bc)i (ii)
1__1 By equation (i) and equation (i) LH.S =R. H. S
z a+bi Q.3 Verify the distributive law of
1 a-bi complex numbers
= — X b N (a.b)[(c.d)+(e f)]=(a,b).(c.d) +(a.b)(e. f)
roo
a —bi ;
_(]2_7('5])2 iy 22—1 LHS _(G,b)l:(c d)+(e ):|
_a-bi =(a,b).(c+e,d+ )
T d*—b(-1) ~.(a,b)(c,d)=(ac—bd,ad +bc)
_a-bi =(a(c+e)—b(d+f),a(d+ f)+b(c+e))
a’+b? =(ac+ae+bd —bf ,ad +af +bc+be) (i)
Lt T S =(ab)(cd)+(ab)(ef)
z \a@’+b’) \a’+b’ =(ac—bd,ad +bc)+(ae—bf ,af +be)
Now, we x;nll Ii;e show that  (ac—bd +ae—bf,ad +be-+af +be) (i)
z.—==—z=1 By equation (i) and equation (ii) L.HS=R. H.S
z z Q4  Simplify the following.
- (a+bi).| —— - b, M P RWP 2021
'z Ta¥*+p* o*+b? Solution:
F . :9
_ (@)’ =(bi)* . 21 IB _
02 + b2 . =1.
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=1.i

=i Answer
G i*
Solution:

fl«i

:(1-2)?

=(-1’

=-1 Answer
(i)  (-D)"
Solution:

( I-)lg

(-1xi)*
(-1)° i
(1),
(-D()
(=
-

1)(-1)"
1)(-1)i

i Answer

) (D2
LHR2018, FSD21

Solution:
ﬂ
(-1 ?
21
=[i*] 2

_ 21

=—i Answer
Q.5  Write in terms of |.

@ J-1b
Solution:
:J__1 b
=ib
i) -5
Solution:
=
= \/—l_xS
=5
:f\/g Answer
-16

(iii) =

Solution:

4
— —1 Answer

(iv) \/T

Solution:
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I

Il

I
_ i
2D
e Answer
2
Simplify the following:
Q6 (7,9)+(3-5)
Solution:
=(7,9)+(3-5)

=(7+3,9+(-5))
=(10,4) Answer
Q7  (8-5)—(-7.4)
Solution:
8,-5)-(-7.4)

(
(3-(7)5-4)
(15,-9) Answer
Q8 (2.6)(37)
Solution:
- (26)7)
= (2+6i)(3+7i)
=6+14i+18i+42i°
= 6+32i +42(-1)
=6—42+32i
=-36+32i
=(-36,32) Answer
Q9 (5-4)(-3-2)

LHR 2022, MTN 2023, GRW 2023, SGD
2021

Solution:
=(5—4)(-3,-2)
=(5-4i)(-3-2i)
—15-10i +12i +8i*
—15+2i +8(-1)
—15+2i -8
—23+2i
(-23,2) Answer

i

Il

r

Q.10 (0,3)(0,5)
Solution:
- (0.3)(0.5)
=(0+3i)(0+5i)
- (30)(50)
=15i*
=15(-1)
=—15+0i
=(—15,0) Answer

Q11 (2,6)+(3,7)

Solution:
=2,6)+(3,7)
_ 2+46i
347
_2+6i 3-7i

Bepi 374

(2 +6i)(3-7i)
~ (347i)(3-7i)
_ 6-14i +18i —42i°
e B3 —(7)>
6440 — 42 (1)

~ 9-49 (-1)

6 +4i +42

9 + 49
48 +4i

58
48 4 .

— +—

58 58

24 2 .

— +— i

29 29

—[24 2 ] Answer
29 29

Q12 (5-4)+(-3-8)

GRW 2022, MTN 2022

LHR 2021

Solution:

=(5,-4) +(-3,-8)
5 4i
~3-8i
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5—4i X—3 +8i 47
-3-8i -3+8i 16-49(-1)
_ —15+40i+12i -32/* _—4-Ti
(-3)* — (8i)° 16+49
_ —15+52i =32 (-1 R
9-64 (-1) 65
_ =15+52i+32 =j—lf
9+64 B O
17 + 52i o _7] Answer
+ —=—,—
- 773’ z |65 65
_17 52 @ (2,-45)
- 73 73 I GRW2021-22, LHR 2019-22, FSD 2021
17 52 Solution:
= e ). < -
( 73 73) newer Let z=({2,-5)
Q.13 Prove that the sum as well as the g \/2_ _5i
product of any two conjugate 1 )
complex numbers is a real T L
number. FSD 2022, GRW 2019 z \/2_ — 5
Proof: ~ R 1 \EJ“\/gl-
Let z=f+iyandz=x~iy _\/E_\lgix‘\/i‘i‘\/s_i
z+z=x+yf+x—yf ﬁ—hfgi
:_2)( isa r.c.:al numl?er (\5)2—(\/51')2
zz =(x+iy)(x—iy) 1 2++Gi
= (0" =(iy)" “a’-b’=(a+b)(a-b) = 5(-1)
2 -2 2
=@~y 2+ G
=X =Dy 2+5
= x*+y° isareal number. J2 +5i
Q.14 Find the multiplicative inverse of :f
each of the following numbers:
- ° V2 B
M (47 = Mo Ny
LHR2018, SGD 2021-22, RWP 2023 7 7
Solution: 1 (2 ﬁ "
Let z=(—4,7) z | 7P
=—4+7i
21 ] i)  (1,0)
PR Solution:
1 g7 Let z=(1,0)
= X
—4+7i  —4-7i z=1+0i
s o L
(*4)2_(7{-)2 z 1+0i
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1: 1 Xl—Oi
z 1+ 0i 1-0i
. 1-0i
@’ -(0i)
_1

1

11

zZ

1

=(1,0) Answer
Z

Q.15 Factorize the following
(i) a’+4b’

LHR 2019, GRW 2021, SGD 2018
Solution:

=a’ +4b?

=a’ —(—4b2)

=a’—(-1)4b’

=a’—i’4b’

= a’ —(i2b)’

=(a—i2b)(a+i2b) Answer
(i)  9a’ +16b°

FSD 2018-22, LHR 2022, DGK 2022, GRW
2023

Solution:
9a” +16b’

=9a° - (-16b%)

=9a’ - (-1)16b*

=9a°-i’16b°

= (3a)* (i 4b)’

=(3a—i4b)(3a+i4b) Answer
@i) 3x* +3y’

Solution:

=3x" +3y’

=3[x* +y°]

=3[~ (-y)]

=3[x" —(-Dy’]

- [X2 _i? yz ]

=3[x —(iy)']

=3(x—iy)(x+iy) Answer

SHW 2023

Q.16 Separate into real and imaginary
parts (Write as a simple complex
number):

: 2—7i

® 4+ 5i

Solution:

_2-7i
4+ 5i
_2-7i . 4- 5i
4+ 51 4-5i

~(2-7i)(4- 50)

@ -6

_ 8-10i —28i +35i°

© 16-25(-1)

_8-—38i+35(-1)

© 16425

g 8- 38i—35

R

oF 27 —38i

N

LHR 2021, SGD 2022

Real Part=—— , Imaginary Part=——
41 41

;g
(i) (iﬂ DGK 2022
+1

Solution:

_(-2+3iy

T A

_ (=2)*+(31)* +2(-2)(3i)

; 1+i

_4-9-12i

T 1+

-5-12i

1+i

—5-12i 1-i

1+4i  1-i

(-5-12)(1— i)

A+ (1-1i)

~545i —12i +12i’
12 =2
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_ —5-7i+12(-1)
T 1-(-)
_ —5-7i-12
T
-17 =7i

2
=17 7.

—— i
2 2

Real Part= o Imaginary Part= 5

i
(iii) —_—
1+1
GRW 2019, RWP 2018-23, MTN 2022-23,
SHW 2022)

Solution:

Real Part= s Imaginary Part = é
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