Chapter 1
NUMBER SYSTEMS

The set of real numbers can be written as R = Q U Q’ where Q 1s the set of

- " - - - .
rational numbers and Q 1s the set of 1rrational numbers.

RATIONAL NUMBER

Rational number is a number which can be put in the form E where p,

qeznanq % 0.
3 :
Thus \/16, 4 2.7 are rational numbers.

Decimal Representation of Rational Numbers
(1) Terminating Decimals

A decimal which has only a finite number of digits in its decimal part, is called a
terminating decimal. Terminating decimal represents a rational number. Thus
3.7, 0.0005, 207.9 are rational numbers.

(2) Recurring Decimals

Recurring decimal is a decimal in which one or more digits repeat indefinitely.
Every recurring decimal represents a rational number. Thus 0.333....., 1.57575757.....
are rational numbers.

Irrational Number

P

Irrational number i1s a number which can not be put into the form where

3
p.q.€zaq # 0. Thus \/E : \ﬁ \/% are irrational numbers.

Note: A non terminating, non recurring decimal represents an irrational number.



Binary Operation
A binary operation in a set A 1is a rule usually denoted by * that assigns to any
pair of elements of A, taken in a definite order, another element of A.
Properties of Real Numbers
1. Addition Laws:
(1) Closure Law of Addition
vV a,beR a+be R
(i1) Associative Law of Addition
V a,b,ceR, a+(b+c) =(a+b)+c
(111) Additive ldentity
VaeR . 30eR suchthat a+0 =0+a = a
(v) Commutative Law for Addition
V aabeR ,a+b =Db+a
2 Multiplication Laws:
(vi)  Closure Law of Multiplication
VabeR , a.beR
(vii)  Associative Law for Multiplication
V a,b,ceR , a(bc) = (ab)c
(viil)  Multiplicative Identity
VaeR , d 1R suchthat a.l =1.a = a
(ix)  Multiplicative Inverse
YyazDeR , 3 a' eRsuchthat a.a ' =a'.a =1
(x) Commutative Law of Multiplication

YV aabeR . ab = ba

3. Multiplication — Addition Law

(xi) Distributive Property
¥V a,b,ceR
a(b+c) =ab+ac (left distributive property)
(a+b)c = ac+bc (Right distributive property)

Any set possessing all the above 11 properties is called a field.
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4. Properties of Equality
(i) Reflexive property: V aeR , a=a

(ii) Symmetric property: V a,beR , a=b = b = a

(iii)  Transitive property: V a,b,ceR , a=b Aab=c¢c=a=c

(iv)  Additive property: V a,b,c,eR , a=b = a+c =b+c A c+ta = b+c
(v) Multiplicative property: V a,bc,eR , a=b = ac =bc A ca=cb
(vi) Cancellation property w.r.t. addition: V a,b,ce R , a+c=b+c > a=>b
(vit)  Cancellation property w.r.t. Multiplication: V a,b,ce R , ac=bc=a=b , ¢c#0

B Properties of Inequalities
Trichotomy Property
YV a,beR either a=bora>bora<p»o

Transitive Property

vV a,b,c e R
(i) a>»bAb>c=>4a>¢
(11) A< bhAab<c=>8<¢
Additive Property
Y a,b,ceR
(a) (1) a>b =a+¢c >b+c (11) a<b=a+c¢c <b+c¢
(b) (1)a>bac>d =a+c¢c >b+d (1) a<bac<d=a+c<b+d

Multiplicative Properties
(a) Y abceR and ¢ > 0

(i) a>b=ac > be (1] a4 < b = @c € be
(b) Y a,b,ceR and ¢ < 0

(1) a>» b= a < be (1) a < b = ac > bc
(c) V a,b,c,de R and a,b,c,d are all positive,

i) a>bAaAc>d= ac > bd (i) a<baAac<d= ac < bd



EXERCISE 1.1

Q.1  Which of the following sets have closure property w.r.t. addition and
multiplication

@ {0}

The set is closed w.r.t. addition because 0+0 = 0 € {0}

The set 1s closed w.r.t. multiplication because 0.0 = 0 € {0}

(i) {1}
The set is not closed w.r.t. addition because 1 +1 = 2 ¢ {1}
The set 1s closed w.r.t. multiplication because 1.1 = 1 € {1}
(i) {0,—1}
+ 0 —1
0 —1
-1 -1 -2
The set 1s not closed w.r.t. addition because —2 ¢ {0, — 1}
. 0 I
0 0 0
—1 0 1
The set is not closed w.r.t. multiplication because 1 ¢ {0, — 1}
(iv) {1,-1}
+ ] =]
1 2 0
—1 0 —2

The set is not closed w.

1

r.t. addition because —2,0,2 ¢ {— 1,1}
— 1

1

1

—1

—1

—1

1

The set 1s closed w.r.t. multiplication.

Q.2 Name the properties used in the following equations (letters, where used,
represents real numbers)

Solution:
(i) 4+9=9+4

= Lowrvevewe ry w.r.l.

Commutative property w.r.t. *+’



(i) (a+1)+ % = a+ ( 1 + %) Associative property w.r.t. ‘=
(i11) ( \ﬁ + \/5 )+ \f = \ﬁ + (\B + \/77 ) Associative property w.r.t. *—
(iv) 100 +0 = 100 Additive Identity
(v) 100x 1 = 100 Multiplicative Identity
(Vi) 41+(-4.1) =0 Additive Inverse
() dA—=4=0 Additive Inverse.
(viil) \ﬁ X \ﬁ = \F? X \/._? Commutative property w.r.t. =’
(1x) a(b—c) = ab—ac Left distributive property.
(x) (Xx—y)z = XZ—YyzZ Right distributive property.
(x1) 4%x(5x8) =(4x5)x8 Associative property w.r.t. ©.°
(xit) a(b+c—d) = ab+ac—ad Left distributive property
Q.3 Name the properties used in the following inequalities.
Solution:
(1) 3 £ -2 = %] Additive property.
(11) -5< -4 =20 > 16 Multiplication property.
(111) 1>-1=-3>-5 Additive property.
(iv) a<0=>-a>0 Multiplicative property.
(V) a > b =» i < % Multiplicative property.
(vi) a>b=—-a<-b Multiplicative property.
Q.4 Prove the following Rules of Addition
G 242 axb

¢ ¢ C
Solution:

L.H.S

_ab

¢ ¢
= & % +b.~ = %: a %
= (a+b). % Distributive property
a+b a

. ]
= H a.
C cC C



v a ¢ _

(ii) b+d =

Solution:
L.H.S.

7
Q.5 Prove that — 12°18 =

Solution:

L.H.S.

ad + be
bd

ad + bc

~  bd
= R.H.S.
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(ad + bc) ‘b
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Multiplicative Identity
Multiplicative Inverse

L4 1ob
d-4=d+2 5 =%

Commutative Property w.r.t. ©.

1L
= d.b

T

Distributive Property

o =)

v g e
d.b—

Multiplicative Identity

Multiplicative Inverse

=l -

¢ B Sres
d.b——



I
= [(—2] — I_('}).Tﬁ

-21-10

36
= R.H.S.

Q.6 Simplify by justifying each step:

. 4 + 16x
(1) T4
Solution:
4 + 16X
4
IR -
= 4.(- + 16x)

[l

|
:4.4.4:4
= 141 . .4dx
= | +4x
11
475
W1
475
Solution:
|
45
11
4 5
1.1
475

= —21].

I 1
1'4+1‘ [6 X

Disiributive Property

Distributive Property

Multiplicative Inverse

Multiplicative Inverse

Multipheative Identity

Multiplicative Identity



I 1
475 1 S

= [ 1 | 20. 20 Multiplicative Inverse
4 5

11
_(4+5.'20 -70L_@
‘G l) 20 =20 T 20
4 5)°°
1 20 : 20
4-%5 W
=7 l Distributive Property
71 20 + 5 20
(l 415 (l 54
2 TS 1814 S
=" | = 1s_14 Multiplicative Inverse
1 4.5+ 5 54
5+4
=521 Multiplicative Identity
g
2.5
. b'd
(iil) a ¢
b d
fa g
btd N .
=% o | ] Multiplicative Identity
\b d
fE E
b"d 1 o |
= a ¢ | bd . bd Multiplicative Inverse
\b d
a ¢
(b + dj .bd 1 bd
= [g‘ g) » b = ba
b d)-
= bd + . bd
=3 = Distributive Property
E'bd q-bd



(iv)

B Jd4 e b.d

1
S

o

=5
I

o

.b.d

1 |
zt[b.b)ci+c.(d.d)b
s b)d (G-

b “hd

) :
Tl—|T |~

al—

1 ; d+c1 b
za.l.d b
ad + c¢b
~ ad—cb
11
a b
1 1
l—ﬂa.b
1 1
a b
= 1 .
l_a'b
11
a b 1
= T i .ab. =
l_a'b

= op_ 1 Multiplicative Identity

= Meauve anve

I

[

=
T |-
(=N ¢

1]

b

Commutative Property

Multiplicative Inverse

Multiplicative Identity

Multiplicative Identity

Multiplicative Inverse

| ab
b . p=ab

Distributive Property

Commutative Property

Multiplicative Inverse

| —



EXERCISE 1.2

Q.1  Verify the addition properties of complex numbers.
Solution:
Addition properties of complex numbers are:
(i) Closure property
Y (a,b) . (¢.d) e C
(a,b)+(c.d) = a+ib+c+1d = a+c+i(b+d) = (a+c.b+d) € C
(1) Associative Property
V (a,b), (¢,d), (e.) e C
[(a. b) + (c. d)] + (e.f) = (a. b) + [(c, d) + (e, )]
L..H.S.
[(a, b) + (c. d)| + (e. 1)

la +ib +c +1d]| + (e + 1f)
= g+ib+€+id+e il
= a+c+e+i(b+d+1)
= (a+c+e ., b+d+1)
R.H.S.
(a, b) + [(c, d) + (e, )]
= (a+1b)+[c+1d+ ¢ +1f]
= g+ib+c+id+e+1
=a+cte+i(b+d+1)
=(a+c+e . b+d+1)
= L.H.S. = R.H.S.
(iii)  Additive Identity
V (a,b) eC 1 (0.0) e C
such that (a.b)+(0.0) = (0.0)+ (a. b) = (a. b)



(1v) Additive Inverse
¥ (a,b) €C d (—a,—b)eC
suchthat (a,b)+(-a,—-b) = (0,0) = (—a, —b)+ (a, b)
(v) Commutative Property
V¥ (a,b),(c,d) e C
(a,b)+(c,d) = a+ib+c+1d
= a+c+i(b+d)
= c+a+i(d+b) = (c+id)+(a+ib) = (c.d)+(a,b)
Q.2  Verify the multiplication properties of complex numbers.
Solution:
Multiplication Properties of complex numbers are:
Closure property
v (a.b),(c,d) e C
(a.b).(c.d) = (a+ib)(c+id) = ac +aid + ibc + i’bd
= ac bd+i(ad+bc) = (ac — bd, ad + bec) € C
Associative Property
¥ (a,b),(c,d) (e, f) € C
[(a,b) . (¢, D] . (e, 1) = (a,b) [(c,d). (e, )]

L.H.S.
[(a,b).(c,d)].(e.f) = [(a+ib)(c+id)]. (e+if)
= [ac +iad + ibc +i’bd] . (e + if)
= |ac —bd +1ad + 1ibc] . (e + 1f)
= ace + iacf — bde — ibdf + iade + i*adf + ibce + i’bef
= ace —adl —bel —bde +1 (acl — bdl + ade + bee)
Now R.H.S.

(a,b) [(c,d).(e, ] = (a+ib)[(c+id) (e +il)]
= (a+ib) [ce + icf + ide + i’df]
= (a+ib)[ce —df + icf + ide]
= ace — adf + iacf + iade + ibce — ibdf + i°bef + i°bde
= ace — adf — bef — bde + 1 (acf — bdf + ade + bce)
= L.H.S8. = RH..§



Multiplicative Identity

¥V (a,b)e C 3 (1,0) € C such that

(a,b).(1,0) = (a+1ib). (1 +0

i) =a+0i+ib+0 = a+1ib = (a,b)

and

(I,0)(a,b) = (1 +0i).(a+ib) = a+ib+0i+0 = a+ib = (a,.b)
= (1,0) i1s multiplicative identity in C.
Multiplicative Inverse

V(@+ib)eC 3 (a+ib) ' eC
where

(a+ib)' - a—:ib a—:lbi—:tl;

a—1b a—1b a—1b a . b
- (a)z—(ib)2 A T L+ a+b a+b

Commutative Property
¥ (a,b),(c,d) e C
(a,b).(c,d) = (¢,d).(a,b)
L H:S.
(a,b).(c,d) = (a+1b) (¢c +1d)

R.H.S.
(c,d).(a,b) = (¢c+1id) (a+ ib)

= L.HS. = RH.S

B ( a —b.)
- a’ +b**a® + b

= ac+iad +ibc+ibd
= (ac—Dbd) +1i(ad + be)

= ca+icb+ida+ izdb
bd) + 1 (bc + ad)

= (ac

Verify the distributive law of complex numbers.

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

Solution:

To show

(a,b) [(c,d) +e, )] = (a,b) (c.d) +(a,b) (e, 1)

L.H.S.
(a, b) [(c, d) + (e, D]

= (a+ib) [c+id+e+if] =

. ool o o3 2 : .
ac +1ad + ae + 1af + ibc + 1”bd + 1be + 17bf

ac + ae —bd — bt +1 (ad + af + bc + be)



R.H.S.

(a,b) (c,d)+ (a,b) (e, )

= (a+1b)(c+i1d)+ (a+1b) (e + 1)

= ac +iad + ibc + i°bd + ac + iaf + ibe + i"bf v =]
= ac+ae —bd — bf +1i (ad + bc + afl + be)

L.H. 8. = RHS.

Hence Proved.

Q.4  Simplify the following:

i i
Solution:

P=it =@ i =D i =()3G) =i it =
iy i
Solution:

iH:(iz)?:{—l)?:—l w3 = ]
i) ()" (Lahore Board 2004)
Solution:

EDP =D =—-i% i) i=-CD)i=(Dizi "2 T = -]
iv) (17" (Lahore Board 2007)
Solution:

( 1-)—2”3 S [( ])IJ'Z-l—ZI - I(.ij)lfjl_jl — i—ZI

4 1 I
— T T EY
| 1 1 1 1 ,
ST Rl e b =

Q.5 Writein terms of i
Solution:
i \-1b
Solution:

V=1b=ib -1 =i
i) -5

Solution:



= V=15 = iy5 vy

- 16
(iii) 25

Solution:

eV ei(d)=h e v
(iv) \/,%

Solution:

L (S Y R S R | Lo
4—\/_ 2= TPI=E2=1°73 tor=-

Q.6  Simplify the followmg:
(7,9)+(3,-5)
Solution:
(7,943, -5 =T7+9+3-51 = 10+4 = (10,4)
Q7 &,-5-(-7,9
Solution:
(8,—8)—(—7,4) = B-581—(—7+4) =8—-51+7—4 = 15-91 = (15,-9)
Q8 (2,6)(3,7)

Solution:
2.6)(3.7) = (2+6i)).3+7i) = 6+14i+18i +42i°
= 6+32i-42 = —-36+321 = (— 36, 32) it =1
Q9 B3,-4(-3,-2)
Solution:

(5,-4)(-3,-2) = (5-4)(-3-21)
= —15—10i+ 121+ 8i* = —15+21—8 = —23+2i

Il
.

I
[§]
L

Q.10 (0,3)(0,5)
Solution:
(0,3)(0,5) = (0+3i)(0+5i)
= 0+0+0+15i° = 04+15(-1) =-15=-15+0i = (-15,0)
Q.11 (2,6)+(3,7)
Solution:
(2+60) (3-7i)
347 * @3 -7
Q+60)(3-7) 6—14i+18i—42i -
= GB+70)GB-T) " (3)” — (7i)° 2=
6+4i+42 48 +41 48+ 4i
= 9 49" T 9+49 T 58

2,60)0+3,7) = Q2+61)+B+7) = Rationalizing




% %)= (5 B)
A8 * 984  L29* 20
Q12 5,-4)+(-3,-98)

Solution:

(5.—4)+(-3,-8) (5—4i)+(—3-81)

5 4 3+ 8i o

= 3 _g*X 3.8 Rationalizing
(5 — 4i) (— 3 + 8i) 15+ 405+ 12i — 327"

= - gessn”T (—3)” — (8i)°

~ 154521432 17+5% 1745%
a 9 64i° = 0464 T 73

17 53, i 55
= 73*73‘=(73 7%)

Q.13 Prove that the sum as well as product of any two conjugate complex numbers
is a real number.

Solution:
Let z = a+ bi is a complex number then its conjugateis z = a+1ib = a—1ib

Sum = z+7 = a+ib+a—ib = 2a (real number)

2

Product = z.z = (a+ib)(a—ib) = (a)’=(ib)> = a’-i’b’ T |
= a +b’ (real number)

Hence the sum as well as the product of any two conjugate complex numbers is a real
number.

Q.14 Find the multiplicative inverse of each of the following numbers.

(i) —-4,7) (Lahore Board 2007)
Solution:
(i) —4,7)

e & __ a —b
As multiplicative inverse of (a, b) = (ﬂ3+b’3 , a2+hj)

4
(— 4)“+(7) * (— 4) + (

(e ) - (—4 =)
16 +49" 16 +49 65° 65

So multiplicative inverse of (—4,7) = (

i  (v2,-+5)

Solution:

e " a —b
As multiplicative inverse of (a, b) = (az_'_b:- ; Elz_'_b:)

So multiplicative mverse ol (\f:—\/S) = ((\E)_-F(—\ﬁ) (\ﬁ) +( \]_))



= [2\?5- 2+55j B [

a —b
As multiplicative inverse of (a, b) = ( % )
I ( ) a+b®?a+b’

=l -2
| TR
i R

(i) (1,0

So multiplicative inverse of (1, ()

(a7 T o)
(1) +(0)" (1) + (0)

1
= (].+0 ; (J) = (1,0

Q.15 Factorize the following:

i)  a’+4b’
Solution:
a’ +4b°
= a’— (—4b") = (a") —(i4b?) P = |
= (a) —(2bi)" = (a+ 2bi) (a—2bi)
i)  9a’ + 16b° (Lahore Board 2006)
Solution:

9a” + 16b” = 9a° — ( — 16b°)
= 927 (i"16b) o e

= (3a)’ — (4bi)® = (3a + 4bi) (3a — 4bi)

2 2

(i)  3x"+ 3y (Gujranwala Board 2007)

Solution:
3 +3y = 3K -y = 3 -y
= 3[(x) —(iy)] = 3 (x+iy) (x—iy)

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

. 2 —Ti B
W 4y (Lahore Board 2011)
Solution:

-7  2-Ti 4=% o

4+51 - 4+51%4-5i Rationalizing

B—TDE=5) &= 10i-28 +35¢

(4 +5i) (4 - 51) (4)” — (51)°




. (=2+3D°
)
Solution:

=240
(1+1)

6—381—-35 —27-338
2517 T 16+25
~27-38i 27 38
41 = 41 — 41!

(= 9P (30 2035 (31

1 +i
4+9°° 121 4-9-12i —5-12i
1 +i I +1 ] #:4
<519 1
L+i *1-i

5-120 (-1 —5+5 12i+12i

(1+1)(1-1) (1)° - ()"
_ =5+5-12%-12 -5-7i-12
= | —i 1-(-1)
~17=H %,
= 72 =~ "5 3
) 7
Solution:
i
1 +1
i 1= id-h o Ji=i 0 i=(=D
= 1+i% -1 (A+D(-D - AF-7  1-(1)
_ ikl i+
= 1417 3
i 1 1 1.
= gTy = gmad

(Lahore Board 2003)

(Gujranwala Board 2007)

2
GEOMETRICAL REPRESENTATION OF COMPLEX NUMBERS

The Complex Plane:



EXERCISE 1.3

Q.1  Graph the following numbers on the complex plane:
(1) 2+3i = (2,3)
(i) 2-3i= (2,-3)
(iii)) -2-3i =(-2,-3)
(iv) —-2+3i=(-2,3)
(v) —-6=1(-6,0)
(vi) i=(0,1)
(vil) %—%i = (%,—‘g] = (0.6, —0.8)
(vili) —5-6i = (-5,-6)
Q.2  Find the multiplicative inverse of the following numbers:
(i) —3i
Solution:
3i = (0-3)
As multiplicative inverse of (a, b) = (7 . % (:_ o 3)
a+b"’a+b
So multiplicative inverse of (0, —3) = ( 7 L % 4 ¢) d 3)
O +i=3) 7 U +-3)
= (0 3) = (0,%) = 0+%1 = %l

(i) 1-2i (Lahore Board 2006)
Solution:

[-2i = (1.-2)

- b e _ a —b
As multiplicative inverse of (a, b) = (az_l_bz , .d:_'_b:)



—(=2)

So multiplicative inverse of (1, —2)

|
- ((I)3+

)

B sy

(

I 2)
144 1+4
(l 2]_1 2.
§+5,° 575!

(iii) —-3-5i (Gujranwala Board 2004)
Solution:
-3-51 = (-3,-95)
As multinlicative i ‘f'b*( a —b)
s multiplicative inverse of (a, b) = g e
So multiplicative inverse of (3 "—( - () )
SO multiplicative inverse o (—-3,—-5 = ( 3)3+( 5)2, ( 3)2+{ 5)2
- [y xi)
- 9+25°9+25
_ (;é i) =33
= \34°34) 7 34 734!
(v) (1,2)
Solution:
e . a —b
As multiplicative inverse of (a,b) = (az L +b3)
1 -2
So multiplicative inverse of (1,2) = ((])3 ¢ (2_)2 ; (1}2 O+ 2)gj
B ( 1 -2 )
S \1+4°1+4
5%
= S " S
Q.3  Simplify
(i) P (Gujranwala Board 2007)
Solution:
i[f}l = i”m.i - (il)ii_}-i = (_ 1)‘301 — 1 1-2 = —l
(i) (-ai)*,aeR
Solution:
(ai)’ = ( ])4.214 i* = afl(iz)3 = 34( l’)2 = a* =1
(i) i

Solution:



CERP TR T R T e T
iv) i
Solution:
R IR S I B
1 =0m = (iz)'“ Iy =_1°< — 1
Q.4 Provethat z = z iff z is real. (Lahore Board 2009)
Solution:

let z=a+1ib then z = a—ib
Suppose z = 7.

a+1ib = a—1b

a+ib—a+ib = 0

A =10 = b=49

Uy

1o
HH
=

z = a+10

L =d

g4yl

z 1s real.

Now conversely:
Suppose that z is real
Such that z = a

then Z = @

= L= 71
Hence proved.
Q.5 Simplify by expressing in form a + bi

(i) S5+2+/-4

Solution:

S5+244 =5+2y-1.4J4 =5+21(2) = 5+4i v a1 =1
i) (2+/-3)(3++-3)

Solution:

(2+4-3) (3++3)

:

64243 +3: 3+ "F)

6+ 24-1.43+34=1.43+%
6+2i\3+3i3-3

34543

[l

(%]

(iii) m



2 2 \J5 -8 N
\f_‘i—+\/—_8 = \/TS+\/—_8\/§ \f_ Rationalizing
_2(Y5-N-8) _ 2+5-21-8
T W -GFE) 6
2+/5-2+-1.48 _ 2+/5-2i+8
l

5+8 3
_24[5 4in2
= 13 13
. 3
™ T2
Solution:
__ 3 \/3+\/ T
\E)—\/——IQ - _\ﬁ) \FZ \/6+m ationalizing
3(\J6+4/12)

(V6) -~ (N12)
3\/6+3\f—_l2 N 3\f6+3\/—_1.\f1_2
6

—(-=12) B 6+12
_ 34/6+3i412 %\/6 3i.24/3
- 18 - 18 18
Vo 3. _ L 1.
= 6 =¥ 3 1 —\/E.+\f§]
Q.6 Showthat Vze C
.
(i) 7 +7 is real number
Solution:

Let 7Z = a+bi

Then z = a—bi
Now
2+ 7z = (a+ bi)2 +(a— bi)l
= () + (b)Y +2abi+a + (ib)z— 2abi
= a"+ib +a +ib
= a’—b'+a’ b = 22220 = 2(a*-b)
which is real number
Hence proved.



(ii)  (z—12)* is real number (Lahore Board 2009)
Solution:
Liet z = a+bi
then =z = a—ib
— (z—2)" = [(a+ib)—(a—ib)] it =1
-= [a+ib—a+ib]® = (2ib)? = 4i’b* = —4b°
which is a real number.
Hence proved.
Q.7  Simplifty the followings
3
1 3
(i) [— 5+ lzﬂ i] (Gujranwala Board 2003, 2005)
Solution:
L \3.Y .. .5 .38, 4.0 2
(—§+2 1) (a+b)y =a +b +3ab+ 3ab
(— Bk if GRS
. B - (2)°
] 3 ) : L2
= g[(— 7+ (\31) +3C 17 (\f3i) +3¢ 1) (4/3i) ]
— g —~ l+(\/§) 8 +'%(])\ﬁl—’%(?1)
= %[_ 1+3 i".i+33i-33) 1) ]
= é [F1+27D)i+34/3i+9]
1
= g 3\3i+331+9]
R S
= 3 (8) =1
i} 1 3. Y
(i) —5= 5 i
Solution:

P

['Qllr—t
|

i (5]
e .
Il

2

Il

1 3
sl +(A3i) +301

(ﬂ)‘j’ _ ((—1)(1;\/31)}3 _ G 1)3(12;\51)3

2 (3 )+ 30 (F) ]



- _$[1+(\[§)3i3+3\/§i+3(3i2)]
% _é[l+@i2.i+3@i+(}(—l)]
- _§[1+\/2_7(—1)i+3\/31—9l
1[1—3\ﬁ>i+3\f3i—9]

- 78
1
8

[-8] = 1

b9 |
|
™[5
|
-3
PR Ty
|
b9 [ =
I
“u
—
o

(iii) (—

Solution:

2 ~ 1 +4/3i .
= \/; - l+\/§ Rationalizing

2(-1+3i) -2+2+3i —2+24[3;

TR 1 T T
2+243i =2 2Bi 1 Bi
= 4 =47 4 TT27 2
(iv)  (a+ bi)’
Solution:
(a+bi)> = (a)° +2 () (bi) + (bi)’ = a’ +b” i’ + 2abi
(v)  (a+bi)’
Solution:
1 | a-bi\ o
(a+bi)” = @+bi) = (a+bi : a—bi) Rationalizing

9

i ( a— bi J__[a—bi_ ) o B
=l vt T Aat b 5 B

N ==




_ _(a—biy
a2 + bzi2 — 2abi

2 47 )
a” —b” —2abi o
(a2 + bz)2 ’
a2’ b Dabi
(a2 + B (_a2 + b

(vi)  (a + bi)’
Solution:
(a+bi) = a° +b’%i° + 3% (bi) + 3a (bi)°
= a’+b".i%. i+ 3a’bi + 3ab*i
= a° — b’i + 3a’bi — 3ab’ v ==
=a’ 3ab’+iBa’h b))
(vii) (a—bi)’
Solution:
(a—Dbi)’

@) — (bi)’ — 3 ()% (bi) + 3 (a) (bi)?

a’ — b . i’ — 3a’bi + 3ab’i* "+ (a-b)' = a’b-3a’b+3ab’

= 2°—b’i%.i—3a’bi + 3ab> (—1)
= 2’ +b’i — 3a%bi — 3ab’

2> 3ab” +i (b’ 3a’h)

wiii) (3-+=4)"
Solution:
(3-4=4)" = G—AN-T)
= B4 =820
| ! 3>+2i)3

= B_J\y (3—2i‘3+2i
e

Rationalizing

3 4 2
- (mr—wmﬁ)
(34207 (3420
9 4" T (9+4)°

—

3 (3 + 2i)°
(L

2]

[-..

“/-“\

)



b
3797 [+ 21)" + 3 (3)* 2i) + 3 (3) (20)’]

|
2197[27+81 +54i+9 .40

1
= [27 - 8i + 54i - 36]

I -
7[27+81 i +54i+36 (- D] = 3797

219

!
5797 |- 9 + 46i]

— 46

2197 Y2197



NUMBER SYSTEMS

C|I,_A_pTEl

MULTIPLE CHOICE QUESTIONS

(1)

(3)

(4)

(5)

Modulus of a + b7 is:

(a) a- + b’ (b)
(c) a’ — b’ (d)
( . .
XX = . prge Zaq=0)isscetoflall:
(a) Natural numbers (b)
(c) Irrational numbers (d)
2-3i| =

(a) Ji (b)
(c) +[13 (d)

9a? + 64b> =
(a) 3a+Rb (b)
(c) (3a + 8bi)(3a — 8bi) (d)

.\-\I|II.E_!.j l I]j
a—ib
[Lahore Board 2005]

Integers
Rational numbers
[Lahore Board 2005]

-"‘J k

=
3

-

\J17

[Lahore Board 2005]

(3a + 8b)(3a — 8b)
None of these

[Lahore Board 2005]|Lahore Board 2015]

la + ib| 15 equal to:

(a) a2 +b° (b)
(c) -a*-b (d)

r al :I
wjas—b-
None of these
[Gujranwala Board 2005]



(6)

(7)

(8)

(9)

(10)

(11)

The property of inequalityused ina=bandb>c = a=cis:

(a) Additive property

(c) Transitive property

(b)
(d)

Multiplicative property
Additive inverse
[Gujranwala Board 2005]

Which set has closure property with respect to addition:

a,be R a=b = b=aiscalled:
(a) Reflexive property

(c) Multiplicative property

(/) ' is equal to:
(a) [
(¢) -1

r

If *n” is a prime number then +/n is:

(a) An irrational number

(¢) Prime number

Vabce R.c>0
a>b = ac>bcis:
(a) Reflexive property

(c) Additive property

(b)
(d)

(b)
(d)

(b)
(d)

(b)
(d)

(b)
(d)

1.
The number of the form 7 is called a/an:

7

(a) Rational number

(c) Integer

(b)
(d)

-1}
{0}
[Gujranwala Board 2006]

Symimetric property
None of these
[Gujranwala Board 2006]

—1
None of these

[Gujranwala Board 2006]

A rational number
None of these

[Lahore Board 2006-07]

Symmetric property
Multiplicative property
[Lahore Board 2006]

[rrational number
None of these

|Lahore Board 2006]



(13)

(14)

(13)

(16)

(17)

(18)

(19)

9a° + 16b* =
(a) (3a + 4bi)(3a — 4bi) (b) (3a = 4b)(3a — 4b)
(¢) (3a + 4br)(3a + 4bi) (d) None of these
[Lahore Board 2006]

Geometrically the modulus of a complex number represents its distance from the
point:

(a)  (1.0) (by (0. 1)
(c)  (0,0) (d) (1. 1)
|Gujranwala Board 2007|
The simplified form of (i)'"" is:
(a) -1 by 1
(¢) { (d) —i

|Gujranwala Board 2007]
(<1225 cqual to:
(a)  —i (b) i
(¢) 1 (d) -1
[Lahore Board 2007]
The number 1 is a:

(a) Prime number (b) Irrational
(c) Even number (d) Odd number
[Lahore Board 2008]
\_B 18
(a) Odd number (b) Natural number
(c) Rational (d) Irrational number

[Lahore Board 2008
Multiplicative property ot order of real numbers is that ¥V a, b, c € R:
(a) a>bac>0 = ac>be (b) a>bac>0 = ac<be
(c) a>bac>0 = ac=bc (d) azbac<0 = ac>be
[Gujranwala Board 2008

—a — ibisequal to:
(a) a+ib (b) a+ib
(¢) a—ib (d) —a—ib
|Gujranwala Board 2008|



(24)

(26)

Multiplicative inverse of (a. b) is:

e \ " : "
(3} [\i ’ % () (a: d b* a l? IJ:]
i —b I b
(c) [\ﬂ,‘- iR + B ] (d) [a I P oy b,‘]
[Gujranwala Board 2009]
IfZ=x+1iy , x,ye€ Rthen |Z| equals:
(a) x>+ y (b) XDty
(c) -y (d)  Jxty
[Lahore Board 2009)
[5
"-\I,(E IS
(a) Rational number (b) Irrational number
(c) Prime number (d) Whole number
[Lahore Board 2009]
Trichotomy is property of:
(a) In-equality (b) Equality
(c) Division (d) Subtraction
[Lahore Board 2010]
The multiplicative inverse of (\fZ g = '\;{5) Is:
N . [<)
o B8 e
o [2, 8) (@) [—;Lz =)
\7 i 7 T

The property used in4 +9 =9 + 4:

(a) Commutative property w.r.t multiplication
(b) Commutative property w.r.t addition.

(c) Associative property w.r.t addition.

(d) Associative property w.r.t multiplication.

[Lahore Board 2010]

[Lahore Board 2011]



(27)

(28)

(29)

(30)

(31)

(32)

(33)

(34)

IfZ=3+4i.then z| =

(a) 25

(c) =25

V3isa number.
(a) Rational

(c) Prime

22

7 Is:

(a) Natural number
(c) Rational number

Multiplicative inverse of =31 1s:
(a) 3i

I
(c) —31

3
a=0=
(a) -a >0

L

(c) e 0

Multiplication mverse of (1, 0) 1s:

(a) (-1, 0)
(c) (0. 1)
(7, 9)+(3,-5) =
(a) (7.9)
(c) (10, 4)
Inverse of b ' is:
(a) b

|
(c) b

(b)
(d)

[Lahore Board 2012]

Irrational
Even
|Lahore Board 2012]

Whole number
Irrational number
|Lahore Board 2012]

|
31
—-3i
2a<()
—1
= O
a
[Lahore Board 2013]
(0.-1)
(1.0)
[L.ahore Board 2013]
|Lahore Board 2012]
(3,-5)
(4, 10)
b I

None of these



(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

Tracheotomy property does not exists in:

(a) R (b) Q
(c) C (d) W
'\f ] = —

l "
(a) \E (1=7) (b) i
(c) iNi (d) |+
X v i1s modulus of:
(a) x+iy & (x, =y)
(c) (x.¥y) (d) (x.y)
The number | — :‘\5 in polar form is:
(a) 2 cis% (b) 2cis§

_ . I + X

(¢) cis 3 (d) None of these
[ b -b ] , o .
Lb“‘ +6 b+ b is multiplicative inverse of;
(a) (b b) (b)y (b, b)
_ v .
© [(bg) @  (b.b)
If x = 0 then:

|
@ >0 (b)  —x=0
(c) 2x =0 (d) —x =0
IfZ = a+iband a=rcosd , b=rsind then:
(a) r=2 by fr=-Z
(¢) r=-—|Z (d) r=|Z|
Multiplicative inverse of (0, 1)(—1. 0) is:
(a) (0, 1) (b) (1,0)
(c) (0. 0) (d) (1, 1)
a(x.y) = ——wherecae R:
(a) (ax, y) (b) (x, ay)

(c) (ax, ay) (d) (X, y)



(44)  Imagmary part of a rcal number “a’ is:

(a) 0 (b) ]

(c) i (d) None of these
(45) Inthe set C — {0} , associative law does not holds w.r.t.

(a) X (b) +

(c) - (d) None of these
(46) |Z, ~ Z;| ———

(@) <Zi+2 (b)  >|Zi[>]Z,|

() =1z +]|Z2]

(d)  2|Zi| +12Zo|

(47)  Modulus of two conjugate complex numbers are —————

(a) Same (b) Difterent
(¢) Not exists (d) None of these
(48)  (cosO —/sinB) " =
(a) cos nf — 7 s no (b) cos(—n)8 + i sin(—n)0
(¢) cost) = 7 smb (d) cosnb + 7 s nb

(49)  The members of cartesian product A x B are called:
(a) Ordered pairs (b) Sets
(c) Subsets (d) Elements

(50) IfZ=3-2ithenZ =

(a) 3+2i (b) 3-2i
(¢c) -3-2i (d) -3+2i
(51) misafan:
(a) Rational number (b) Irrational number
(¢) Even number (d) Whole number

(52) Better approximate value of « is:

. 22 , 355

(a) El (b) 113

(c) 3.14159 (d) All of these
(53)) QuQ@ = ——

(a) C (b) R

(c) C = {0} (d) R — {0}



(56)

(57)

(58)

(59)

(60)

(61)

(62)

(63)

(64)

If Z =4 — 3/ then imaginary part ot Z 1s:

(—I} ]2
(1 + i)

—~

Selution of the equation 5 ta- b belongs to set of complex numbers if:

(a) 3i (b)
(c) 3 (d)
Which set does not satisfy the order axioms:
(a)  Q (b)
(c) N (d)
VZ,2Z:e C|L|-|Z)
(a) = [Lii— <3 (b)
() =< |Z)+2Z: (d)
-0 M=
(a) i (b)
(¢) 1 (d)
Which number is not an imaginary number:
(a) '\;{ 9 (b)
() T+6i (d)
|
=i, {])-"“3 =
(a) i (b)
(c) ] i (d)
(a) g =10 (b)
(c) a<hbh (d)
\;‘r—_ﬁ belongs to set of:
(a) Real numbers (b)
(c) Even numbers (d)
Multiplicative inverse of —/ is:
(a) i (b)
(c) | (d)
Types of ratios fractions are:
(a) 3 (b)
(c) Bl (d)
(-)"? =
(a) i (b)
(c) 1 (d)

a>h
a==>s

Prime numbers
Complex numbers

|Lahore Board 2014|

[Lahore Board 2015]

An improper fraction can be reduced (o proper fraction by an addition;

(a) Addition (b)
(c) Multiplication (d)

Subtraction
Division



Arawers

(1) b (2) d (3) ¢ (4) ¢ (3) a
() L (7 d (%) b {9) ¢ (1) i
(11 d (12) b (13) H (14) ¢ (13) ¢
(16) (17) d (18) d (19) 211) [y
(25 ¢ (22} b (23) h (24) | (23) ¢
(26) b (27) b (28) h (29) ¢ (31 }
(31) d (32) d (33) ¢ (34) | (33) ¢
(36) ¢ (37) b (38) ) (39) b (41 d
(1) d (+£2) a (43) ¢ (44) a (£3) C
{46) ¢ (47) g (48) d (49) i (561) b
(51) b (32) ¢ (53) b (54) d (33) b
(36) ¢ (37) Ph (38) ¢ (39) i (61)) b
f6f) ¢ (n2) a (63) ) (64) b (63) d




_ .

{  SOLUTION

— -

Q.1

Q.2

Q.3
Q.4

Q5

Q.7

Q.9
Q.10

Q.12
Q.13

Q.14

Q.15
Q.16

Modulus ofa~ib = |a+ib
= +\/(a)* +(b)’
| T—1
= \ja~+ b

As we know that:
The number which can be written in the form of 5 where p,qe Zand q = 015

called a rational number so the given set is a set of rational numbers.

2-3i= J@F+(3)? = J4+9 =13
9a’ ~ 64b% = 9a° — (—64b°) = (3a)’ — (8bi)’
= (3a+ 8bi)(3a — 8bi)

la + ib|
By definition of modulus. |a + /bl = +/a® + b” .
As0+0 =0e {0).

— Only sct {0} has closure property with respect to addition.
| | | |
. 10 o T — EIE = - oy — -
() N -

If 'n” is a prime number then /n is an irrational number. Its proof can be seen at
pg. 5 (Textbook).

1. . B I. )
As 715 1n EI formwhere 1.7 Zand 72 0 = 7isa rational number.

9a’ + 16b°

= 9a’ — (—~16b7)

= (3a)” — (4ib)°

= (3a +4/b)(3a — 4ib)

Geometrically, the modulus of a complex number represents its distance from
origin (0, 0) so correct option is (0, 0).

(;‘)]IH = “;3)5(? o= {_1]5“..'. =i

Ha

(=1)

1a|

l(_l}l'.fj Fi] [ “) 21 = Sy=



Q.17
Q.18

Q.20

Q.21

Q.22

Q.23

Q.25

1 18 an odd numbecr.
A ¥ : B =i . g g
As~/n (where *n’ is a prime number) is an irrational number.

=5 +/3 is also irrational number.

a-ib

= —a+ib (bydefinition of conjugate)

- N = : 1 ]
As multiplicative inverse of (a, b) is (@.b) a+ib
B ] a—ib
T atib a—ib
a—ib

(a)” — (ib)°
a-—ib

atb

__a b _(a _—b
4l + b2 "a:_b:i— PR A I

———
Zl= ~(x) +(y)
= /X’y (bydefof modulus)

—

g i
\f 16

[
R
16

=[50

5. .
As \EE r = 4 B not a rational number.

=
[y . :
= E“‘— 18 an irrational number.

As we know that:

Multiplicative inverse of (a. b) =

(& —b )

2>+ b’ al+b)

o _ . i ~ ~ 5 ““i'l'g \l
Multiplicative inverse of (/2. —+/5) = ?‘—+ 5 24—1 5)
il g
B [352 YER
7 4

—-b

L

#



Q.32
Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Inverse of b! = (b'Y)y!' = b.

Trichotomy property does not exists in C.

«\III_I'
= \(=1)i = =1 \fi= ifi
As.  (Vx.-1fy)

= fx-Alyi
and _\& — ]: il = "\J"(‘\f';)l +(- \-J,;’)j
= Nx+y

= /Xy is modulus of ('\f: y “\E)

Let, Z = 1+A[3
Let, | = rcosd and /3 = rsind
rcosO-rsind = 1+(\}-§)v‘
P =14+3=4
I =4
y3 = i
And 0 = tan” ? = tan"'\/3 = 60° = ?
So,
| % i o _r\
1+~/3 = r(cosO +isind) = '_’{coq;-muH
n
= "’cis;

As. Multiplicative inverse of (a,b) =

Multiplicative inverse of (b*, b)

[ 1 ﬂ_b ]
b ) +(b): * (B + (b))
Cr

)
b+ b b+ b
If X =0
(=Dx < (=1)0
- U



Q.39 As,

atib

r cost + 71 sinbd

N NN
Il

= \f( rcosf)” + (r sin®)*

= /r? cos*® + r* sin’®
= ‘\ff:{] )

e ‘\.j[rl

2=

Q.40 As,

Q.41
Q.42

Q.43

Q.44
Q.45

Q.46

(0, D(-1.0) = (0 + D=1+ 00)

= Tij-1)

= =i = (0,~1)
0 ~(-1)
(=177 (07 + (1))

- (U‘{}-]-l]

Multiplicative inverse of (0, —1) = ({0}1

= (0.1
ax. y) = alx+iy) = ax-+jay = (ax, ay)
As,

a = a+0;
= Imaginary part of a is 0.

Associative law does not holds w.r.t "',
|Zy + 23| £ |Za| 1|22

Let.
Z = a+ib and its conjugate Z = a - ib
Z|= «a*+b* and |Z|—' ya® + b’ (same)
As,

(cosh — /smO)™
= ¢os(—n)O — i sin(—n)B cos(—0) = cosH

cosnd) 7 smnb sim(—0) = —sin0d



Q.47 The members of cartesian product are called ordered pairs.

Q48 If
= 39
Z = 3+2i
Z = 3-2i

Q.49 s an irrational number.

Q.50 Better approximate value of IT 1s 3.14159.
Q51 QuQ =R

Q52 If Z = 4-3i

then imagimary part of Z 15 —3.

Q.53 Setof complex numbers “C” does not satisfy the order axioms.
Q54 |Zi| -2 £ |2+ 25
-55 :——" T Rt —ss|-1
Q55 (-1) P =11 " l=(11°
45 1
= f==]) e
55
= 1y °
1l 55
— [(_1): I— 4
e 2
|
(i)
|




((—l )2_.".1‘)i 3
|

(i)
e
- @'
- ] — ]
(‘I)llt.(\.‘f—I)]l {_l)lﬁ (_l)lh
_ ' ! l T W S A
T oaded TP T EDR T it e

Q.57 (1.0 = (- = (=12 (== (=10 = ~+ 2nis even

b = 1 then =+2 = 1.

o3
I
I

Q.58 et

e
|

X" 5 .
= 7=—I = X =-2 = x =3\=2eC

= If a > b then solution belongs to C.
Q.61 [Sie C

| /
Q.62 X

B R

Q-64 (_“'}['3‘ = _.El‘} -— —f”’_,{l; — _{[J[_f)_ i



