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Rational Number:

A number xvhich can bewritten'in tive forry of A fwnere 1p,q el] anu'.q #0) and P isin
. ¥k \ i q

its lowest wormi. |\ [ = J.(i’v,f:ﬂ, p;q ell AQ ;tO}.
. B q

T Y ) ' 311 21 .
J [ %% Forexample. —,—,— are rational numbers.
| ' 519 2

Irrational Number:

A number which cannot be written in the form of B,Where p,gelland q=0.
q

SHORT QUESTION

What are terminating and recurring decimal
called?

D':{x|x¢£,p,qem /\q;to}.
q

For example. ﬁﬁ% /% are irrational

numbers.

Terminating Decimals:
A decimal in which there are finite number of digits in its decimal part is called a
terminating decimal.
For example. 1.23,0.2,7.95are terminating decimals.

Recurring Decimals:
A decimal in which one or more digits repeat indefinitely.
For example:

% =0.333...,7.2323...,1.325325... are recurring decimals

Non-Terminating, Non-Recurring Decimal:
A decimal which neither terminates nor it is recurring. o
For example: 0.1257...,3.391... — P N

3.141628732...is an important |rrut|q.1al n: nt(-.r NNC1 is) fh= \,alun (f ﬁ\F’I) -1t denotes

the constant ratio of the cir: umfer aricel nf nnv cl r“le **\ the "ng[h otits diameter.
C rcumft,rpnre of anyc rcie =, |

Ielmthcfl s 1|orr.-°ter

- MHE

' "1n || LEvery recurring decimal represents a rational number.

(i) Anapproximate value of «t is 27—2 and a better approximation is %

(ili)  Every non-terminating, Non-recurring decimal represents an irrational number.
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Real Number:
The union of rational and irrational numbers form real numbers. [ =1 U’

PROPERTIES OF REAL NUMBERS —mﬁ

Binary Operation:
A binary operation in a set A is a-rule usuallv-deiiorzi l:y * thet as,luns [2-ary palr of
elements of A, taken in a (ilinite o#ziar, form &riotael elemaeni OL A

Now we. giediscussing-tan important nirary cperaticiis addition (+)and multiplication

defr‘d in'tihe 5et of i'2al nuimbers.—

-'Iﬁﬂ'.ﬁ.‘% s~

Multiplication Laws:

| alosure bGw: (1 Closure Law:
Vva,b el] such that Va,b e[l such that
a+bell abell
(i)  Associative Law: (i)  Associative Law:
Va,b,c el] such that Va,b,cel] such that
a+(b+c)=(a+b)+c a(bc)=(ab)c
(iii)  Additive identity: (iii)  Multiplicative identity:
Vaell 3 0el] such that Vaell 31el] such that
a+0=0+a=a al=la=a
Note: Zero is called additive identity of real | Note: “1” is called the multiplicative identity
numbers. of real numbers.
(iv)  Additive inverse: (iv)  Multiplicative inverse:
vael 3 —acl suchthat va(x0)el 3 Ler suchthat
a+(-a)=(-a)+a=0el a
Note: For additive inverse just change sign. a 1.1 a=lell
a a
Note: For multiplicative inverse just take
reciprocal.
(V) Commutative Law: (v) Commutative Law:
Va,bell Va,bell
a+b=b+a ab=ba
Distributive property of multiplication over addition:
Va,b,cel]

(i) a(b+c)=ab+ac  Leftdistributive lan'

i

I | - L |
.
i | 1 1
L | 1 1
I
" 5 Y .

| [ | F

(i) (a+b)c=ac+bc R gr"tdlcfr" utive few |

Note: If any,s t'h)sseswq ine ahole All| prcoeﬂ.es tiven fhat set is called field. In sets [J

(Rationz-‘Nurnhers), [\ \Rea! N wn rsy and [ (Complex Numbers) are known as fields.
PROPERTIES OF INEQUALITIES:

(order properties)

(1) Trichotomy Property:
Va,bell
either a=b or a>b or a<b

possesses the following properties.
(i) Reflexive property:
Vael
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a=a

(i)  Symmetric property:

(i)  Transitive Property:

Va,bell Va,b,cell I
a=b=b=a ashhbscisas
Ry ______Qx_b_/c:>a<
(i) Transitg property: if) | ~Adgitive Property:
va, .ol _ " Va,b,c,d €[]
a=bAb=¢'=a=6 | (@) () a>b=>a+c>b+c
(i _AQMV_‘;LWCLZ_’_\L__ (i) a<b=>a+c<b+c
", Bicel (b) () a>barc>d =a+c>b+d
" ~ ga=p=a+c=b+c (ii) a<bac<d =a+c<b+d
(V) Multiplicative Property: (iv)  Multiplicative Property:
Va,b,c el (@) Vva,b,cell and c>0
a=b=ac=bcaAca=cb (i) a>b=>ac>hc
(vi)  Cancellation Property w.r.t (i) a<b=ac<bc
Addition: (b) Va,b,cell and c<0
Vva,b,c el (i) a>b=ac<bc
a+c=b+c=a=>b (i) a<b=ac>hc
(vii) Cancellation Property w.r.t (c) Va,b,c,d el] and a,b,c,d are all
Multiplication: positive
Va,b,cell (i) a>bac>d=ac>bd
ac=bc=a=b,c#0 (i) a<bac<d =ac<hd
EXERCISE 1.1
Q.1  Which of the following sets have Hence, G possess closure property w.r.t
closure property w.r.t addition and multiplication.
multiplications? (i) {0, _1}
(i) {0} Solution:
Solution: Let G ={0 -1}
Let G = {0} 0+0=0

As 0+0=0eG
Hence, G possess closure property w.r.t addltlon
As 0x0=0eG )

Hence, G possess closure proren*y W

", .Fsa Ml . .'_ !

multiplications...

e i

@ {3 L\
Solution: oL
L_et - (J:Il} 1

NS
beldl2le G

“4ence, G does not possess closure property

w.r.t addition
As 1x1=1G

0+(-1)= (.—1)4-0%'"-3_.' - (C\L
“LF(52) 20 2 (O, A’
— hence, | G does noy |
~ ‘property wird-additior-decause all the sums
~go‘not belong to the set G
0x0=0
Ox(—l)z(—l)szO
(-1)x(-1)=1£G
Hence,

multiplications do not belong to the set G

possess a closure

G does not possess a closure
property w.r.t multiplication because all the
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vy {-5
LHR 2022, GRW 2021-23, DGK 2022,
RWP 2022, FSD 2021

Solution:
Let Gz{l,—l}
1+1=2§£G
(—1\:’—'1)+1:0¢5
—l+( }- —Jl¢ C -

Hence, G ~does ' nof’ pvs;e*s d closure
Fropirey pwrit agditien, vecause all the sums
15 a0t helGags to the set G.

Aslx1=1eG

1x (—1) = (—1) x1l=-1eG

(—1)><(—1) =1eG
Hence, G possess a closure property w.r.t
multiplications because all the products
belong to the set G.

Q.2 Name the properties used in the
following equations.

(Letters, where used, represent
real numbers).
Q) 4+9=9+4 FSD2019

Solution:
[Commutative Property w.r.t addition]

.. 3 3
(i) (a+1)+Z=a+(1+Z)

Solution:
[Associative Property w.r.t addition.]

(i) (VB+B)+47 =B+(+B+V7)

Solution:
[Associative Property w.r.t addition.]
(iv)  100+0=100

Solution: -
[Additive Identity ] \ )

v) 1000x1=1000 Fspzol),qwrj,m '

Solution:
[Multlpﬁ“aﬂ\,ﬂ Id nIlt/ 1% \ i

W) 4lx(Gabi=o |
Sal J'."iu.tll N -

SO DAdaitive Inverse]
wi) a—-a=0

Solution:
[Additive Inverse ]

(vii) 2 xB=\B x4/2

Solution:

[Commutative propery; W.r.t rultipiieatini.]

—iviii) _a(k~C)=ab*ad
~— Splution:

| e |l

IDisurit ut.vuty of' multiplication over
subtraction

"(.ix) (x—y)z=xz-yz

Solution:
[Distributivity of multiplication over
subtraction]
x) 4x(5x8)=(4%x5)x8
Solution:
[Associative
multiplication.]
(xiy a(b+c—d)=ab+ac—ad
Solution:
[Distributivity of multiplication over
addition and subtraction.]
Q.3 Name the properties used in the
following Inequalities:
Q) 3<-2=0<1
Solution:
—-3< -2
By adding 3 on both sides
-3+(3)<-2+3
0<1
Additive property of inequalities
(i) -5<-4=20>16
Solution:
-S5<-4 .
By multlplylnq —A4en, b5t ides ||
L CAEE () DN

120> 16 {

property W.r.t

__Mutipiizetive property of inequalities
§i) 1>-1=-3>-5

Solution:
1>-1
By adding (— 4 ) on both sides
1+(—4)>-1+(-4)
-3>-5
Additive property of inequalities
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(v a<0=-a>0
Solution:
a<0
By multiplying -1 on both sides
(-1)a>(-1)0
-a>0
Multiplicative progerty of inequaliies

__|-"'l'?'h

1 1
p @ >0
a
By multiplicative Inverse Law
1 1
p— > J—
b a
1 1
=>=<=
a b

Multiplicative property of inequalities

(vij a>b=-a<-b
Solution:
a>b
By multiplying both sides by -1
(-1)a<(-1)b
—a<-b
Q.4  Prove the following rules of addition.
. a b a+b
i) o=t
cC cC ¢
LHR?2019, GRW2021, RWP2521
Proof: . '
— - h
LH.S(=5+%

4 L -' .' | ‘x\
=1 ( |

(AR
_o=arhA T R"h for f‘mduct of fractlons]
= M5 ey ¢ C
N | | k| |'.I 1
[Distributive Law]

a+b
=—— [Rule for product of fractions]
C

|

_ad+bc
bd

’.C?
-+ L"
Q_|C> 1

L, E [By Golden rule of fraction]
bd bd

= ad.i+bc.i
bd bd

[Rule for product of fractions]

= (ad +bc).% [Distributive Law]

_ad+hc

bd
=R.H.S

[Rule for product of fractions)]

Prove that —1 —E = M
12

5
Q 18 36

SGD 2021
Proof:

7x3 5x2

12x3 18x2
[Golden rule of fraction]

2110

36 36

= —21><i—10><i
36 36

[Rule for product of fraction]
=(-21-10)x 3_16 [Distributive Law]

_—21-10
36

= RAAS™, /

Shnpl Tyl b /jJStlryl
woex |

=7

[Rule .fnr p‘i'_o(m:_‘,t of Fu actioap, ) |

edch step

~Solution:

4 + 16x
4

1
== (4+16
4( +16x)

[Rule for product of Fraction]
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1
- [@Q+(4)(x)]
= %.4[1+ 4x] [Distributive Law]
=1[1+4x]  [Multiplicative inveise)
:1+4x . [Multiplicativi Ide¢ntity] |
(i) f S (GRW ;-;01;4,1_'.“1)'101'9; sﬁw:zozz)
= | L
. AN
| A J | .ED:.l.ltIOII.
1 1
7+ —
4 5
1.1
4 5
1x5 N 1x4
- 4x5  5x4 ;
= 1x5 - 14 [Golden rule of fraction]
4x5  5x4
5.4
- 20 20
5 4 [Closure Law]
20 20
5><i+4><i
_ 20 20
5 i—4><i
20 20
[Rule for product of fractions]
(5+4) —
= —210 [Distributive law]
(5—4) —
(5+4)720 T\ =R
—21 [Golden ruleof Y aciio 1] 1
(5-2))- 2“*"" . x\
B i
-:.Q,’;_ ﬁ)—]‘ ['\ﬂm*lpucatlve Inverse]
| B II'.§'3_4\]
o
= 1 =9 [Closure Law]

a ¢
7+7
(iii) g FSD2018, DGK 2022, SGD 2525
b 4 yoa
Soluticn. -~
\alle
b
a_c
b d
ad , be
- gg Eg [Golden rule of fraction]
bd bd
ad.i + bc.i
__ bd bd
ad. i—bc
bd bd
[Rule for product of fractions]
(ad + bc) i
=———— >+ [Distributive Law]
(ad —bc) .—
bd
(ad + bc) = -bd
_ bd
1
ad —bc) -—-bd
( ) b
[Golden rule of fraction]
:M [Multiplicative Inverse]
(ad —bc) -1
ad +bc . .
= [Multiplicative Identity]
ad —bc
1.1 - N
(iv) 2B v b
o WL % | I 7 M
N o (O O~
= Sowtion: |4
o a b
_11
ab
Ixb axl

= axb_axb (Golden rule of fraction]

1xab _i
1xab ab
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b _a
ab ab
ib 1 [Closure Law]
ab ab
b><i—a><i
_ ab ab
abxilr —J )(i
abh b,
~ L IRuk _fo = profduct ot frections| ™
\bl-a) T
IININA=i) [By Distributive law]
. 1
(ab-1) —
ab
EXERC
Q.1  Verify the addition properties of
complex numbers
Q) Closure Property: Vvz,z, el
Solution:
Let z =a+bi,z,=c+di
z,+2,=(a+bi)+(c+di)
=(a+c)+(b+d)i
=7,+2,€l]
Hence, Closure property holds in complex
numbers
(if)  Associative Property: Vz,z,,z, €[l
Solution:
Let z =a+bi,z,=c+di,z;=e+fi
2,+(2,+2,)=(2,+2,)+1,
LHS =2z+(z,+2,)
=(a+hbi)+[(c+di)+(e+ fi)]
=(a+bi)+[(c+e)+(d+ f)i]
=[a+(c+e)[+[b+(d+f)]i
=[(a+c)+e]+[(b+d)+H|i :..::
=[(a+c) (b+d)1+/°+fl\ AR
[a+,.)+(c+m3] (91 F|)
= ()| :
MR HoY

Leritify Element: Vz ell,30el
Solution:
Let z=a+bhi

L.H.S

(a+bi)+(0+i0)=(0+i0)+(a+bi)=a-+bi

(b—a). i-ab .
__ " ab [Golden rule of fracticii. |
(ab—l)'i-'ah' 1<, [

8 lti__a)—l " [Multiplicative inverse]
~ab-1)-
b-a e .
= [Multiplicative identity]
ab-1

ISE 1.2
(iv)  Inverseelement: Vzell,3-z€ell
Solution:
Let z=a+bi=>-z=-a-hi
(a+bi)+(—a—bi)=(-a—bi)+(a+bi)=0
(V) Commutative Property: Vz,,z, €[]
Solution:
Let z =a+bi, z,=c+di
2,+2,=(a+bi)+(c+di)
=(a+c)+(b+d)i
=(c+a)+(d+h)i
=(c+di)+(a+bi)
=2,+2
Q.2  Verify the multiplication
properties of Complex numbers.
(1 Closure Property: Vz,z, ell
Solution:
Let z,=a+bi,z,=c+di
2.2 _(a+b|)(r L),
clL + 'a( Irb\ - b:ii
BRI +{ac +cc)|—bd
- ' _\ac ,hd) (ad +bc)i
ot T=>z.2,el)
(i)  Associative Property: Vz,,2,,2, €l

Solution:

z, = a+bi,z,=c+di,z;=e+ fi
2,.(2,,) =(2.2,) .7,
=2,.(2,.2,)
=(a+bi).[(c+di).(e+ fi)]
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-1

(a+bi).[ ce+cfi+edi+dfi* | -i®
(a-+bi).[ce+(cf +ed)i—df |

(a-+bi).[(ce—df )+(cf +ed)i]
a(ce—df )+a(cf +ed)i+b(ce—df )i+h(cf +ed)1
a(ce—df )+a(cf +ed)i+b(ce—df )i-

[a(ce—df )—ti(ci -ed ) uf

= (ace —adf —bcf-b.it)+(‘_10f 1 hde+ hee thh )iy
RH.S, =(i]z,).2,) |\

2 )8

b\cf +rc)

La\ cf ec) +blce‘~ di )Jw

e
._\‘1

DBl b di(e+ i)
':[ac+ad|+b0|+bd| ] (e+ fi)

cif=-1
=[ac+(ad +bc)i—bd |.(e+ fi)
=[(ac—bd)+(ad +hbc)i | .(e+ fi)
=[(ac—bd)e—(ad +bc) f | +[(ac—bd) f +(ad +bc)e]i
= (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)

2,.(2,.2,) =(2,.2,) .z,

(iii)  Identity Element: Vz [1,31+0i €[]
Solution:
Let z=a+bhi

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

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

Inverse Element: Vz €[] ,EI1 el]

(iv)
z
with (Z # 0)
Solution:
1_1 _
z a+hi .
:—-E-X\ g’ ..u .-'. i 1 A -..
alkhi| a-bi - N\ \ \
O R
NN VS a’—b? (1)
a®+b?

et )
z \a?+b? a?+b?

Now, we will be show thet

I
"-}.':"i AR (RN
z

Al

z a+b| a___b ij
"7 ka +b®  a’+b?
_ (a)* —(bi)y’ -
a’+ b’

a’ — b* (-1
a’+ b’

_a’ + b

S ai+ b?

=1

Similarly,l.z =1
z

(V) Commutative Property: Vz,,z, €[]
Solution:
Let z =a+bi, z,=c+di
2,.2,=2,.2,
LHS =2z.z,
=(a+bi)(c+di)
=ac+adi+bci+bdi® --i®=-1
=(ac—bd)+(ad +bc)i (i)
RHS =2z,27
=(c+di)(a+bhi)
=ca+cbi+dai+dbi’
=ac+bci+adi+bd (-1)

=(ac—bd) +(ad-tbe)i,

it=-1

-By equation-{)-arnc: equahon(;—.)' HIS = I-'% o

_QJ - \Vurify \the ™ gisert hiitive law  of
PSR (omolmxnumhel
oL H)[d)+(e, UJ (a,b).(c,d)+(ab)(e, f)
.-F"i'()of.
LHS =(ab)[(c,d)+(e, f)]

+€,
)( d)=(ac—bd,ad +bc)
—b(d+f),a(d+f)+b(c+e))
=(ac+ae+bd —bf ,ad +af +bc+be) (i)

8
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R.H.S =(ab)(c,d)+(ab)(e f)
=(ac—bd,ad +bc)+(ae—bf ,af +be)
=(ac—bd +ae—bf,ad +bc+af +be) (i)

By equation (i) and equation (i) LH.S=R.H S

(Qi)-4 ngimpIify the following.

i) i

Solution:

i14
|

- (i2)7
=(-1)’
=-1 Answer

(i) (i)

Solution:

i)19

1><|)

A

)19 -19

(-

(-

(-)i*

(- 1)(|2)9 i
(-

(-

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

i Answer

(iv) (-1 ? 1 _}l

LHR2018, FSD21

SOlUtIOn: "'H.: | _— § '-\\,-' N . -_I -_..I- . -,I.-...

(1)2'-

=i®
1

T2
|

. RV |
Solution: il ) VL |

=—1 Answer
Q.5 Writeintermsof i.

G J-1b

Solution:

=\/—_1b

=ib

(i) -5

Solution:

JE
= [1=5
N

= i\/§ Answer

-16
(iii) e

Solution:

x
'....- - ..h-
()

= ii Answer

(iv) )

Solution:
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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)
(8—(-7),-5-4)
=(15,-9) Answer

Q8 (26)(37)

Solution:

=(2,6)(3,7) — )

O e -2 (4

~(2+E)@eT)

—6+144.181 412 AR f‘?“ﬁ...

=6+ 321 4: '-'2(-"-.1)'"- B
- |-"-__-.|—t. 47 -

NN —oO+32I

=(—36,32) Answer
Q9 (5-4)(-3-2)

LHR 2022, MTN 2023, GRW 2023, SGD

2021

Solution:
=(5-4)(=3 2)
—fw 4\)(— —21)

= - 15_ |10 +1.~__| +8i2

=-15+2i+8(-1)

=-15+2i—-8

=-23+2i

=(—23,2) Answer
Q.10 (0,3)(0,5)

Solution:
(0.5)

(0.3
(0+3i)(0+5i)
(3
1

1)(5)

5i?

—~15(-1)
=-15+0i
=(—15,0) Answer

Q.11 (2,6)+(37)

Solution:
+2,6)+(3,7)
_ 2+6i

347i
_ 2461 3-7i

347 3 3-7i

(2 +6i)(3-7i)
_(3+7i)(3 7.) (@\®)l\
- ;14|+18’ 4_5| ::_ E o

GRW 2022, MTN 2022

9-49 (-1

6 +4i +42
9+49

48 +4i

58
48 4 .

58 58

10



Chapter -

Number Systems

24 2 .

— +—i

29 29

= 24 2 Answer
29 29

Q.12 (5-4)+(-3,-8)
Solution: , BYFA
=(5,-@) (4381~ | LS
5-4i {1 \ VA
g\
J _ h.—+|'—3+8|
o T T3 3
~ —15+40i+12i —32j?
(-
_ —15+52i 32 (-1)
 9-64(-))
—15+52i +32
9+64

17 + 52i

73

17 52 .
73 73!
(17 52) Answer
73 73

Q.13 Prove that the sum as well as the
product of any two conjugate
complex numbers is a real
number. FSD 2022, GRW 2019
Proof:

Let z=x+iyandz=x-iy

Z+7 = x+i/y/+x—W

LHR 2021

=2x isareal number

zz =(x+iy)(x-iy) T =
= (x)? = (i W4’ =k »La+b
= ﬁ—JZyT{ﬂ:f; '
= =) | AL AL

TN W |:. i LI W2 ' qreal number

Y '-:._J' W 14 Find the multiplicative inverse of
' each of the following numbers:

(1) (-4,7)

.

LHR?2018, SGD 2021-22, RWP 2023
Solution:

Let z=(-4,7)
Z =475 N | |
. 1' l | A Y L % '.-_‘

7\ Az [
1 ey |
X
A4+7i  —4-7
_4-T7i
(-4) - (7i)’
_ AT
16-49(-1)
_ —4-Ti
16+49
_—4-Ti
65
AT,

65 65
1 :(_4 7) Answer

z \ 6565

(i) (V2.~5)

GRW?2021-22, LHR 2019-22, FSD 2021
Solution:

Let Z= (\/2_—«/5)
Z= \/2_—\/§i
1

:—f—ﬁi
1 8 J2 +\/5_i
-
_KTJj(T/BL 2 e
| N2+ 5
2 -5(-1)
B \/5+ \/gi

2+5

:ﬁ+J§i

7

N |

I_- :___ 2

]

’1
z

11
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(iii)

Solution: ~T N

Let z= (1790}
2=S400 00 L

1-0i

(2)*-(0i)’

=(1,0) Answer
z

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

LHR?2019, GRW2021, SGD 2018
Solution:

=a’ +4b?

=a’ —(-4b’)

=a’—(-1)4b?

=a’ —i’4b?

= a*—(i2b)?

=(a—i2b)(a+i2b) Answer
(i) 9a*+16b”> _ LA

FSD 201872, 1 HR 2022, DG, 202

2023 =<\
Solution: IRIRY
. [9a] +16L7
W Hea S kieb?)

= 92’ — (—1)16b?
=92’ - i216b?
= (32)2 —(i 4b)?

NN

T

=(3a—idb)(3a+idb) Answer
3x* +3y° _
—'Ei(:'..-.!-é';.'p-_ A f
=30 y7 ] |
=2 - (-y* )T
=3[x*~ (-D)y’]
=3[ -i’y’]
=3[x"~(iy)]
=3(x—iy)(x+iy) Answer
Separate into real and imaginary
parts (Write as a simple complex
number):
. 2-Ti
® 4+ 5i
Solution:

_2-Ti

44 5i

2-7i 4-5i
- x—
4+ 51 4-5i

_ (2-Ti)(4-5i)

- @ -G

_ 8-10i — 28i + 35i°

~ 16-25(-1)

~ 8 -38i+35(-1)

16425

~8-38i—-35

T
—27 —38i

(i)

SHW 2025~ 1

Q.16

LHR 2021, SGD 2022

I_- :___ A

» —4 ™
R

“'E?.e.'al''r'?ar"[;'_—Z7 . Imaginary Part= —>0
41 41
. 2
(i) G223 2+.3I) DGK 2022
1+1
Solution:
_(-2+3i)?
1+i

12
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_ (=2)* +(3i)* +2(=2)(3i)

1+i

4-9-12i

j .,':'.:_:-l

- 545

1+i
-5-12i
1+i

(GRS IRSE
N

~12i +12i?

17 —i?

| 5-7i+12(-1)

1-(-1)

_5-7i-12

1+1

17T

Real Part=—%" | Imaginary Part= _—27

2
—17 7.

2 2

Py .
& - Y
- {
N 14
~ ==y L
~ RN e |
WY
1 w-.'-]l Y J Y
|,
g

i
@) —
1+i ™
GRW 2019, RWP 201823, |\/‘TN 262247 i WY
SHW 2022) - [ [~ LN
| i F

»olutlo*‘ AN 'a [ [ &

1+l

1 1.
==+=i
2 2

Real Part= % , Imaginary Part= %

_. F il
. - ! ! Wb
- Sl | L
= o W | M
L i’ ‘T RN 'k.-:-__ i} -
1 %, T
LY 1 L T T | —
|
P ] ll lI |
A [ -
o4 A
P |

13
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EXERCISE 1.3
Q.1  Graph the following numbers in (iv) —2+3i
i) tzhi §,°mp'ex plane. Solution: @
golutlon s _2+3i\;‘k_ﬁ§:\\q o \o
As 2+3i=(23) O ALY AN
¥ T\ [ A A Ly
I i) (O \ P
jﬁ eﬂr’:h,; AL - 'F(—-2+.z)':'
vA TR TN f ] 3
L lql'ﬁlllﬁli '-.‘nL"LLJ‘*j "
Ch LA ) P v
\ i _ B ERER R T
Q%‘\" R R W E N i ’
‘ v
. ] ¥
. . Y (v) -6
(Slglutior?'_:gl Solution:
As 2-3 2—3i-=(2,—3) —6=—6+Oi:('—6,0)
¥y ‘i
% (6l+00) 11
N R R R T T EEEELNEEEEN )
1:_ { : j
P23 &
(II? —2-3i ' (vi) i
Solution: Solution:
As 2-3i=(2,-3) '—0+'—(<.Q\|r'lll @@@
¢ l A SN
x = O \-— 5
; i O\ \PBH R 8
3 =4 [l 3
[N g [ \ 2 :
AR
qr: :413.“3, ATy 3 e LT EEEE U R
(jh ~03 =] 2
A b 3
(+2+%) 7 4

17



3 4.
vi) = — =i
(vii) c T
Solution:
3_4_(3 —_4j
5 5 (55 -
¥ = )
}1‘ { ‘ I'.—-Il— -"_.-'hr--"| [
I I-:-‘:I;{} -"‘-\1.-'1:‘- '- '\lll'. Ill.p- ".I I'l. II'. |"
.I-]:hl;lill'i)N:;:‘f::1 :;- \ :::'—\‘lll| .II :K\-II--:I
J ] HH_!‘L*. I T of b s o rwh’"
1-\'1. | I ] & -f 2l 4
|\\ pid MDA
Sy B3
dal LT
', 1 |
.V
gvm) —5-6i
olution:
-5 —-6i=(-5,-6)
v
o |
5 1
. |
3 |
} 11— -
% "‘ﬁ -4 -3 -2 - 0'_1 z .i ‘i s 6>‘
14 I i 1
R
urEEN
=D —hi ;' [
\ A | 1]
.v
Q.2 Find the multiplicative inverse of
each of the following numbers:
(i =3i
Solution:
Let z=-3i
1_1 - (
z -3 \ \ 77\
VAR
-3 T ATY
= _:]_.-\-\‘.Krllli‘iillI i --"r-l:"hl I|| II I'| II|
;.“,'l?lﬁlll 1;-"' [ 1 IIIII ?\“‘L !
ALV
~ _|I,_II| | Illll I -
NN ERIRIS
AN
NN R A ~9(-1)
- _ 3
9

Chapter -1

Number Systems

E = 1| Answer -
z 3 _ —- i.“f’f'."'-.ﬂ'-.
PNy AN GO
- pOIUUQ.n-n. | .___.,\.::\"\-.,__ m"-\.l II lf"':_.-' I'_..I:-l'"‘m__-.} t
I_B'} I| |IZ _!.1—|| 2' I|II H\i I| S’
fH" " \ W\ 1 = L
I"h,_.-:l I', t“\-._-:.i-f‘E -
S 1-2i
1 1+2i
1-21 1+2i
o 1+2
(1)* - (2i)*
-a’ —b? =(a+b)(a-b)
o 1+2
1-4(-1)
1_ 1+2i
Z 1+4
1:1 Z Answer
zZ 5 5
(i)  —3-5i
Solution:
Let z=-3-5i
11
z -3-5i
11 X—3+5i
z -3-51 -3+5i
_ =3+5i )
(Y- A
— = T
al-b = (&+b#\<@a \ (’::'" '_‘;D'ﬂ, 3w
A\ et | (o0 oS
| T\ '|.=-"'. "-.j‘.:‘._—.;q |
T AR 281 Yy
I.- '|I |IIII I'\_-'!I |||ILII __.. I'_
)\ =3 +5i
— 9 — 25(-1)
-3 +5i
9+25
-3 +5i
34

15
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1 -3 5
Z = — + —1i Answer
z 34 34

(iv)  (1,2)

Solution:

Let z=(1,2)

z=1+ 2i
1_ &
z  1§Fdi )
3o LR
:——.s<___.
| o 1-2i

(1)? —(2i)?
-2’ —b® =(a+b)(a-h)
_1-2i
1-4(-1)
12
T 1+ 4
1-2i

5
1 2.

5 5
1_ (1 _SZJ Answer

z \5
Q.3  Simplify
(i) i101

Solution:

=1 Answer
(i) (-ai)* ,ael
Solution: | |
= (—ai)" - \ '_
) :\_(--'lx.f-)“ .'.. II'. 1

=~ TS m L
| | s J | ."\-. I:F"!,._‘_a,' } F4

.: a4( i2)2
=a*(-1y’
=a’xl

GRW 2019

=a* Answer
(iii) i -
Solution: e
-3 e | |
:1| —
1 I
iy 1 'i-E .
!
i%
_1
—i
1 1
—i i
i
=_—i2
i
(-1
=1 Answer
(iV) j10
Solution:
_:-10
=]
1
ilO
1
(i*)°
1
(-1°
1
-1
=-1 Answer
Q.4 Provethatz =z if 7isTaal . S
FSD 201“ CR\I’LDQO |\/' ”\' 402L I'Q_\/\“*’ LI R P
- -2t2’[’-9H/\, 90 3] .:_ [ A
Pmo _' LR
Ltt w4 = K3 |y | J (I)

!.

W\
Ve dppose that 7=1

Now we have to prove zis real
As 7=z
X+iy = X—ly
X+iy—X +1iy =0
2iy =0
As 2i#0,y =0

16
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Put in a equation (i)
z = x+i(0)
Z=X
Hence z is a real number.
Conversely,
Suppose z is a real number

Nowwehavetoprovethatz:E . A (

Let Z=X HL_x AR

7=x" L|—<
Hence |

[7/5:%

.S'im[')lify by expressing in the form
a+bi

5+ 24

Solution:
—5+2J-4
=5+2J-1x4
—5+2,/-14
=5+2(i)2
=5+4i Answer

(ii) (2+\/3)(3+J3)

Solution:
:<2+\/—_3)(3+\/—_3)
= (2+471x3)(3+-1x3 )
= (2+\/—_1\/3_)(3+\/—_1\/3_)
= (2+iV3) (3+i{3)
= 6 +i 24/3 + 133 +i%(\/3)?
= 6 +i 53 +(-1)(3)
— 6+i5J3-3

=3+ i5\/_ Answer -

(iii) \f_h/j
Solution: -__x_

GRW 2021

-

___'_nt":T:?_'
J AN AR

2
RENENG

.I i 1 .

(iv)

Solution:

Y

]

2
J5+iv8 B

2 o 5eR
ERE N TN

a
2

o616

=(a+b)(a—h)

1]

5-(-1)8

13

_2V5_2\8.

13 13

_%_szﬁi

13 13

NNy,

Ja;,i-' ;
j"*

I_- :___ 2

\/b+l /1_2]

(

B

—b? =(a+b)(a-b)

6—(-1)12

_3[eriviz]

17
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3[\/5+i«/1_2]
-

_B+ivi2

6

=ﬁ+i_@ﬂ
6

. /)..

[ — |———
.‘\/')

N

NN ©-

:T“W

+i—= Answer

\/_ f

Show that V z €[

Q.6

- 2 —2 .
Q) z°+1z isareal number.
GRW 2019-21, FSD 2022, BWP 2023,
LHR 2023

Solution:
Let z=x+1y
z= x—iy

2247 = (x+iy)+(x—iy)?

= X2+ (iy)? + 2x4y) + % +(iy)* — 2xiy)
=X+ (=D y* +x* +(-1)y?
= 2x* -2y is a real number

(z-2)°

GRW 2018, RWP 2017, LHR 2022, MTN

2022

Solution:

Let Z= X +1y
zZ= X —1y
(z-2)= (x+iy)—(x—iy) _

=X+ fy—x+iy |

(i)

-7 =2 ny o~
By taking squa = oly Lcth sde
} (7._ 1) | (.?-]y/
24Dy
=-4y? is a real number

Q.7  Simplify the following:

LT \

O 0|k Ok |~ X©
I

8
-0+ (2230 + 3B+ (B

- :—1+3\/§i—3x3(—1)+(\/§)3i3]

:—1 +3+/3i +9+(\/§)2\/§(—i)]
[ —1+343i +9—3«/§i]

—
oo
[ —

=1 Answer

(i) ( 5

RWP 2018, FSD 2022

2

] @JS

Solution:

=1[ \/_I 3i)+3(-

1)) - (Bi)’

:%[_1—3J§i ~3x3(-1)- (3)'" |
:%[_1_3\/@ +9-(V3)’B(-i) |

18
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=%[—1_3\/§i +9+3\3

-5le]

=1 Answer

(iii) [_?1 -ﬁi\.z(_l—:ﬁij

Solution:

2 2
(2 B
- -
-1
| -1- 3i
2
2

~1-+3i
_ 2 x—l+J§i
C-1-4B -1+48i
[ —1++/3i
") - (B
—1+«/§|
1-3(-1)

2 _—l+\Ei_
4
_ oL \Bi
2

(iv)  (a+hi)
Solution:
_—(a+ )
=a’ +(@i)’ +2fay(ti) |
=a’+bl (+ ‘) -Pani
- .' I-- WAl F e J'LdDI Answer
) J A\ (N2 \c’:H-bI)_2
' Solution:
=(a+bi)™

Answer

E '
'H."- g -

- (h'+'F‘i')""'i< (&-0iY m'
a- 3|) !
(j i) (at ul)
_a’ +(bi)*—2(a)(bi)
[a* (i)'
_ a%+b?(-1) - 2abi
[a?-b*(-1)]
a’—b’ — 2abi
_at-b? 2ab
- (a2 +b2)2 - (az +b2)2
(vi)  (a+biy’ BWP 2022
Solution:
=(a+bi)®
=a° + 3 (a)%(bi) +3a(bi)? + (bi)®
=a’ +3a’hi +3ab’(-1)+b%i®
=a’ + 3a’hi —3ab?+b%i’.i
=a® +3a’hi —3ab’+b° (-1).i
=a® —3ab? +3a%hi—b%i

i Answer

=(a® —3ab’) +(3a’hb—b*) i Answer
(vii)  (a—hi)®
Solution:
:(a_bl)3 e T
=a’ —3(a)* (bi) »Ra(bi) - (b~ i
- ,.?-._3.3 "‘:.3315 ', '36'Ib !(#) .'cq 2‘: e
BN Q) —'-._3«32t;| 3T =012
)\ aP3a%hi -Lgab? —b? (<).i
P | ':a3 _3a%i —3ab?+b’i

=(a® —3ab®) +(-3a’h+b’) i Answer
(vi)  (3-v4)"
Solution:

:(3_J__4>’3
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(o)
=(3-i2)” P~ ” \! "
_ 1 ',-- "._ - ':--‘-_:.:--\-,..:'::H"' "'\-\.MJ III I_-"-.:_:.:_ .I. .\_:"-.:"'_:m =
(3_2|)3 - -"_{ A ._Il'-'._l I.'. \ .'.I I'-I '_Il .'. x\\- I_ b -
1 @+ 2,) R f’ 1'. I."I."x v W - U
(3 ZL, (J m) _'-. H\ =
_ ._(314') ARRR L
] ﬁl Hic 2)(3”'/1 '
SNINANVAS 54 332 2i) + 3(3)(2iy? + (2l
N 3@y T
_ 27+54i +9><4(—1)+8i3
[9-4(-)
_ 27+54i—36+8i%
(13)°
 27+54i -36+8(-1)i
13
94548
2197
_ —-9+46i
2197
=9 95 i Answer
2197 2197
- F'Ilaf__:-_:-.‘
—, '|-- I'I — '--"I I:I-w-.-. L :':-\'\x |I ': C
'.'I- "ll r--jFP:II'I I.I"I-F ____L_I II'|IIII III IIlI I'|I I|I Il|II Illul-_lj. \:l I|I
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SELF IMPROVEMENT TEST (SIT

Q.No.1 Multiple Choice Questions.

1. 3.141592 is a/an number: A
@ Natural Whole _© Raifiohal @ iraticnal
2. If X=yAy=2=>Xx=2,VK ¥ zeFrihigpraneny (s called:

® Symirretri; _(B-Tiansitive” - (C)Adgitive — O Trichotomy

3. Theimdgintry piart ¢f 7 = A4y —diis: (CONCEPTUAL)
B A B2 © V-4 D 4
4, "~ The multiplicative inverse of z=-3—i" is: (CONCEPTUAL)

3 1 3 1 3 1 3 1
o555 ®lswm luw  oswm

5. The modulus of F is equal to: (CONCEPTUAL)
—i
®1 2 ©-1 ©o
6. If z=1+i+/3 then argument of zis:
@ 30° ® 45° ©60° O 90°
7. The complex number z = 3-4 lies in quadrant:
@ 1st 2nd @ 3rd @ 4th

Q.No.2 Short Questions.

(i) Prove by rules of addition %Jrg _ad+hbc

bd
(i)  Express 421; ' in the form of a+bi.
(iii)  Factorize: 3x* +5y? — o~ .I.- \ E\/
(iv) If z=Cos+isingthen fincithe uof -; ((.ZIIO-I\.ICEPTU AL)
Q.No.3 Longf‘:uestonc \ x \ o

(@  Proyethat'\3lgar itratiérial number.

i#ﬁ]i(iﬁ ’

> —J (CONCEPTUAL)

"

2
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