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Exercise 1.2

Q1. Verify the addition properties of complex numbers.
Solution:

Let
21, 22 and zz be three complex number.
2)= a1+bi
Z; = Qb
Z3 = Qa+bal
Property 1. closure property w.r.t addition
Z)+ 2= (Q)+b)i) + (Q2+D3i)
= (a1+aQz) * (D1+D2)1 €2

So, complex numbers has closure property w.r.t addition.

Property 2: Associative properties w.r.l. adaition.
21+ (22+ 73) = ai+bii + {{02+b2i) + (03+Dai)}
= Q14bii + {(O2+Q3) + (D2+D3)i)

= | (O1+Qz+Q3) + (D)+b2+b3)) ] (i)
(2:+ Z2) *+ 23 =[ (O)*D1 + (Gz+D2l)) + (G3+D3i)

=| (a+az) + (D)y+b2)i] + (G3+bai)

= [ (a1+02+qas) + (D1+b2+ba)i ] (n)
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By eq (i) & (i)
Proved 2)+ (2+Zz) = (2)+ 22) + 5

So. complex number has associctive properties w.r.t addition

Property 3 Identity law of addition
2 +0=0+2z =2z
LHS 2z +0= (a+bi) + (0+O)
= (0140} + (b1+0)i
= +b)1 =12
RHS 0+4z) = (0+0i)+(a)1+bii)
= (0+ay) + (O+b) )i
= Q,+bi = 2,
So, complex numbers has identity law w.r.t addition

zZi+(-2)=()+2 =0

Property 4: Inverse low of addition
Let z=qa+tbi & -z21=-0-bi
Z)+ (-z)) = (a+bi) + (-a-bi)
= (g-a) + (b-b)i

=0+01 =0

(-z1) + 2) = (-0-b1) + (a+bi)

= (-a+Q) + (-b+D)i
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=0+0) =0

So, inverse low of addition holds on complex numbers.

Property 5: Commutative law of addition.
i+ 22= 2t 2
L.H.S = 2, + 2, = (a,+b;i) + (az+bi)
= [ai1+az) + (D1+D2)
RH.S =22+ 21 = (Q2¢b2i) + (C1+bni)
= [Qz2+Q)) + (b2+Dy)
Thus zZi1+22= 22+ 2)

So, commutative law of addition holds on complex numbers.

Q2. Verify the multiplication properties of complex numbers.

Solution:
Properties 1 Closure properties w.r.t multiplication
Z)22= (Qytbii) (Gztba) = a1az + a1bal + biazi + biba?
=(ag-bibz) +(arb2+a2bi)i€eC
S0, closure property w.r.t multiphication holds on complex numbers.
Property 2 Associative law w.r.t multiplication.
(Z1z2) 3= 21 (22 Z3)
L.H.S = (21 22) z3
= [(a) az - b by) + (a) b; + a; b))i) (a3+b3i)

= [(a) az2-by b2) az + a3 (a) bz + az by)i] + [(0r az- b b2) bai - (a) bz + a2 bi)ba)
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= [ah@203 - bi1b2b3s — abiba — G2b1bs +(01a3b2 + 020:01)1 + (0ra203 — bi1b2bs)
= [@10203 - D1D2D3 — 0y D203 — G201 D3 +(01Q3b2 + 203D + Q10203 - D1D2Ds)

= [(010203 - O1Q2D3) = (Q3D1b2 + Q201D3)] + [(C2a3D) = D1b2D3) + (O1Qab2 +
a1az2bas) )i

R.H.S = (z) 22) z3 = (a;+bi) [(az+bzi) (a3+bsi)]
= (a1+bv1) [[a2 a2 —-Db; b3) + (az b + 02 ba)il

= o1 (0203-b2b3)-b1 (Cab2+02D3)] + [D1 (02 03-D2b3) + ) (C3 b2+ Q2
D3)]i

= [(@)0203 = 01Q2D3) = (Q3D,b; + a;0)\b3)] + [(Q203D) = D\D2D3) + (010302 +
a1azbas) )i

Thus (Zl 2’2) In= 2) (Z? 23)

S0, Associative properties w.r.t multiplication holds on complex numbers.

Property 3 identity law of multiplication
z.1=1z2=2
LHS =2.1 = (a+bi) (1+01) = (a+bi) = 2
RHS=1.z=(1+01) (c+bi) = (a+bl) =2

So, identities law of multiplication holds on complex numbaers.

Property 4 Inverse low of multiplication z.z' = 1

1 _asbl _
a+bl a»bi

LHS =2.2' = g+b) x
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RHS=2'2= —xg+bi=2"=)

a+bi a+bi

S0, Inverse low of multiplication holds on complex numbers.

Property 5 commutative law of multiplication.
22z =22
LHS =2 22= (a1+b)1) (az+b2i)
=[(az201-b) b2) + (Db +0) b2
= (@) 02-b) b7) + (a2 D) + 0 by)i
=21 22
Thus 2122 =222,

So, commutative law multiplication holds on complex numbers.

Q3. Verify the distributive law of complex numbers.
(a.b)l(c.d) + (e.f)] = (a,b) (c.d) + (a,b) (ef)
Solution:
(a.b)[(c.d) + (e.f)] = ([a,b) (c.d) + (a.b) (e.f)
LHS = (o.b)l{c.d) + (e.1]]

= [(a,b)(c+d)(e+f)

[a(c+e) - b(d+f),a(d+f) + (c+e)]

[ac+ ge - bd - bf.ad + af + bc + be]

[ac - bd. ad + bc] + [ae - bf, af + be]

(a.b) (c.d) + (a.b)(e.f)

= R.HS
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Hence proved

(a.b) [(c.d) + (e.f)] = (a,b) (c.d) + (a,b]) (e.f)

Q4. Simply the following.

i i ii. e i) (-i)"? iv. (-1)2172
Solution:
i i? = 8}
=18
= (i2)4
= (-1)4 [~ 12 =-]]
= 1.
=
Hence ’ =)

i e = (2
= (-1)7 [~ 12=-1]

Hence 14 = -}

i (i) = - (i)
= (i)'8 .|

= -(i2)?]
= -(-1)%.i
=-(-1)i=1]

Hence (-1)'7=
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iv. (-1)272= [(-1)V2)-2
= (i]-')f [_._[_]]:f')= i]

'

-3

L

I
Lo
l'-v""

Hence (-1)%7% = .

Q5. Write in terms of i.

i)  V=1b if) V=5 i) 22 i)

Z5

al=

Solution:

i) V—=1b =bi [~ i= V1)

Hence v=1b = ib

i) Vv-5=+yV-1x5
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=y-1 . V5

=j.V5
Hence V-5 =+5i

i) E = J—l.-;—:

16
= J=1. |=
25
3
-iI;
5
-16 s
Hence — = -
25 S

1 1
v —_— = ‘
' ) s (-1)4

Hence — =

Qé. Simplify the following

6. (7,9)+(3,-5) 7. (8,-5)-(-74) 8. (2,6)(3.7)
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10. (0,3)(0,5) 11. (2,6)+(3,7)

Solution:

6. (7.9) +(3.-5)
= (743, (9+(-)]
= (10,9-5)
= (10.4)

Hence (7.9) + (3.-5) = (10,4)

7. (8.-5)-(-7.4)
= [8-(-7) . -5-4)]
= (847, - 5-4)
= (15,-9)

Hence (8.-5) - (-7.4) = (15.,-9)

8. (26).(3.7)
= (2.3-6.7,2.7 +6.3)
= (6-42, 14+18])
= (-36, 32)

Hence (2.6).(3.7) = (-36.32)

9. (5,-4)(-3,-2)

12. (5,-4) + (-3,-8)

= [(3)(-3) = (-4)(-2). (35)(-2) + (-4)(-3)]

www.topstudyworld.com

Mathematics



www.topstudyworld.com Mathematics

= [-1585-8, -10+12]
= [-23.2]
Hence (5.-4) (-3.-2) = (-23.2)

10. (0.3).(0,5)
= [0.0-3.5, 0.5 + 3.0
= (0-15, 0+0)
= (-15,0)

Hence (0.3) (0.5) = (-15,0)

11, (2,6)+(3.7)

= (2,6) + (3.7) = (2.6) . —

3.7
_ 26y (3.~7
a (3.7" (3,-7)
_ () (3)=(6)(=7).2)(=7)+(6)(3)
3x3-7=7)(3){-7)+(7).(3)

_ 6~(~42).~14+18
9~(~49),-21421

_ (6+42,-14418)
(9449,0)

_ (484)
(58,0)

= (2)()
= (D)

Hence (2.6)+(3.7) = (:_:)(z%)
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12. (5,-4) = (-3,-8)

1
==

= (S5,-4) = (-3,-8) = (5,-4) .

= (=), (=)

~ __(5)(=3)=(~4)(8).(5)(B)+(~4)(~3)
[=3x(=3)~(-8).(8).(-3)(8)+(~8).(-3)

_(—15+3240+12)

(9¢64,-24424)

_(1752)
(73.0)

= ()& [~ (73,0) = 73)

Hence (5.4)+(-3.-8) = (D)

Q13. Prove that the sum as well as the product of any two conjugate complex
numbers is real number.

Solution:
Let,
Z = Q+bi (complex number)

z=q -bi (conjugate of complex number)

a) Sum of complex number & conjugate of complex number.

Z+ 7 =0+bi+qg-b
=20€ER

S0, sum of complex number & conjugate of complex number is real number.

b) Product of complex number & conjugate of complex number.
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Z .z =(a+Db)(a-Dbi
= a(a-bi) + bi(a-bi)
= g? - abi + abi - bi?

=a¢-b? eR

S0, Product of complex and conjugate of complex number is a real number.

Q14. Find the mulliplicative inverse of each of the following numbers:
i, (-4,7) i (VZ,V-5) i, (1,0)
Solution:
i, (-4,7)

The multiplicative inverse of (-4,7) IS

1
(—4.7)

! =4, =7
. (=73
(=4.7) (~4.-7)

R
l("43(""’)"'[7."'7),(—4)[-'}').{_‘){7):

B (=4,7)
(16+49.28-28)

(65,0) 65" 65

The multiplicative inverse of (-4,7) is (g.é)

. (V2,V-5)
The multiplicative inverse of (V2 ,v=5) is
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- (VZ,~V~5)
| VZ V5- (- x’?] ,‘E VZV54(V-5)(V2Z )]

(vri . s'TS-J

- (2+5\V10- V10)

iii. (1.0)

The multiplicative inverse of (1,0) is

1

(10)

! (31.0)

(1.0] (1,0)

- __(1.0)
(140,0~0)

)

(1,0
(1,0)

—
—

= (1.0

The multiplicative inverse of (1,0)is  (1,0)

Q15. Factorize the following.

i. a’ + 4b* i. 9a‘ + 16b° ii. 3x° + 3y¢
Solution:
I. a‘’ + 4b* = a®* - (—1)4b°
= a? — 4b*i?

= (a)*—(2bi)*
= (a + 2bi)(a - 2bi)

Hence, a‘+4b* = (0+2bi)(a-2bi)
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i, 9a‘ + 16b* = %a* - (-1)16b°
= 9q¢ — 16i*
= (3a)?—(4bi)?
= (3a + 4bi)(3a - 4bi)

Hence, 9a‘+16b* = (3a+4bi)(3a-4bi)

iil. 3x% + 3yt = 3(x% + y?)
= Jx? = (=1)y‘]
m 3jx¢ = yete]
= 3[(x)*=(yi)?)
= 3(x + yi)(x - y1)

Hence, 3x° + 3yc = 3(x+yi)(x-yi)

Q16. Separate into real and imaginary parts (write as a simple complex

number.)
2-71 . (=243()°
! — I, I,
$45) (1«!)
Solution:
i 2-7i
: $45i
= 2-71 > 4-51
4+ 5} 451

_ (2=7()(4=51)
(4451)(4~51)

_ 2(4-51)-7t(4-51)
T 43-(50)?

_ 8-10(-28(+251°
16=25(%

_ 8-38(~35
B 16425
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Thus real part =

Thus real part =

_ 8-35-38I
41

_ —27-38i
41

_ =27 138,

41 41

-27

41

-38

41

(=2+30)°%
(1+10)

_ (=2430)°
(1+10)

_ 449i%42(2)(30)
(1+1)

4-9+12¢
(1+1)

= —
(1+() 1-4

-5+121 14

1442

-5+12+12i+51
1-(-1)

- 1*71
1+1

- 7+171
2

1714

7
R e
Z Z

Thus real part = g

Imaginary part = —

17
F4

—
+
-~
—
!
-

1(=5+120)~I(~5+12()
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Thus real part =
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