MATHEMATICS

NUMBER SYSTEM

INTRODUCTION: - In our day to life we deal wit different types of numbers which can be broady classified as

follows

(i)
(i)
(i)

(v)

CLASSIFICATIN OF NUMBERS
NUMBERS
REAL NUMBERS IMAGINARY NUMBERS
I

¥ v
RATIONAL NUMBERS IRRATIONAL NUMBERS

|

\ v
FRACTIONS INTEGERS
v v v ¥
EVEN NUMBERS ODD NUMBERS NATURAL NUMBERS WHOLE NUMBERS

PRIME NUMBERS

Natural numbers (N) : Set of all non-fractional numbers from 1to = N={1,2,34.....= }
Whole numbers(W) : Set of all non-fractional numbers from zeroto =, W ={0,1,2,3,4..... = }
Integers (| or Z) : Set of all non-fractional numbers from {- =..... to ..... + o}

lorZ={- «...-3,-2,-1,0,+1, 42, +3.... + =}
Positive integers : {0, 1, 2 3....}, Negative integers : {..... -4, -3, -2 -1}
Prime numbers : All natural numbers that have one & itself as their factor are prime numbers.
Ex:2 35,7
Composite numbers : All natural numbers which are not prime numbers are composite numbers.
Ex:4,6, 8,9
(1 is neither prime nor composite number.)
RATIOMNAL NUMBERS :-

Rational numbers : - These are real numbers which can be expressed in the form of 2. Where p and g are
q

integersand g = 0.

Note:

(i) whole numbers and integers are rational numbers.

(ii) Types of rational :- (a) Terminating decimal numbers and (b) Mon-terminating repeating (recurring)

decimal numbers are rational numbers.

% ‘11:1 -30, 10, 4.33, 7.123123123.....

| b2



A-1. FINDING RATIOMNAL NUMBERS BETWEEN TWO NUMBES :-

Ex -1 Find 4 rational numbers between 4 ands.

Method (i) a=4,b=5n=4
Xx(n+1) 4=(4+1) 4=5 20
n+l 4+1 5 5

bx(n+1) S5x(4+1) 5x35 25
n+l 4+1 5 5
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Method (i} a=%,b=%,n=3

2442 25
20 20 20

24+1 25
20 20

a+2d =£4.-2:-:L
5 20

6 3 M+3 27

a+3d=—-+—= =
5 20 20 20

24 [25 26 ZTJE

20°120'20° 20/ 20

RATIINAL NUMBER IN DECIMAL REPRESENTATION :-

A-2,
(i) Terminating decimal : In this a finits number of digit occours after decimal.
Ex L_p2si-0s T1000010.28
St 1) 1.000010.25
B
20

20
0




(ii) Non terminating & Repeating (Recurring decimal) :- The remainder never become zero.
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A-3 REPRESENTATION OF RATHONAL NUMBERS ON A NUMBER LINE:-
(i) Positive fraction : % Divide a unit into 6 equal parts.
2
&
“ BN RRRREE »
0 3
(ii) MNegative fraction: — % divide a unit into 9 equal parts
4
2'5'
M 03 6 o i
4 g - 2



(iii) Terminating decimals : 2.4+ I

I[I.IIEilII]EIIII'I[H'IIIﬂIIHI
a 1 2 3

(iv) Non terminating & repeating decimals : Visualize 426 on the number line, up to 4 decimals places.
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426=4.262626.... &. | 1] '
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A-4. PROPERTIES OF RATIONAL NUMBERS :- If % and %% are three rational numbers then.

[commutative law of additional]

oW

(ii) LNCL A T b [associative law of additional]
b d f b f

(iii)

g-+ _E’J=[_El + a]=ﬂ,—§iscalied the additive inverse of %

= [% E] [commutative law of multiplication]

¥ ? - E [% ® %) [associative law of multiplication]

a ( (a © a e
(iv) =¥ -+—)=£EKE]+[h ] [distributive law]

A.5. CONVERSION OF NON TERMINATING & REPEATING DECIMALS NUMBERS TO THE FORM P
q:-
Mon-terminating repeating decimals, are basically two types.
(i) Pure recurring decimals :- A decimal in which all the digits after the decimal point are repeated these

types of decimals are known as pure recurring decimals.
Ex. 0.6.0.160.123 are pure recurring decimals.

(ii) Mixed recurring decimals : - A decimal in which at least one of the digits after the decimal point is not
repeated and then some digit or digits are repeated. These type of decimals are known as mixed recurring

decimals.



Step

Ex. 1

Sol.

Ex.2

2.16.0.35.0.785 are mixed recurring decimals.

{(a) In order to convert a pure recurring decimal to the form %, we follow the following steps :-

(i) Obtain the repeating decimal and put it equal to x (say).
(ii) Write the number in decimal from by removing bar from the top of repeating digit and listing
repeating digits at least fwice.

Ex. x= 08 Hasx=0.888

(iii) Determine the number of digits having bar on their heads.

(iv) If the repeating decimal has 1 place repetition, multiply by 10; a two place repefition. multiply by
100; a three place repetition, multiply by 1000 and so on.

(v) Subtract the number in step (ii) from the number obtained in step (iv).

(i) Divide both sides of the equation by the coefficient of x.

(vii)  Write the rational number in its simplest form.

Express of the 0.3 in the form E.

Letx = 03 Then,

x 0.33333.. 000 L (i)
Here we have only one repeating digit after decimal so we multiply both sides by 10.
= 10x=3.33333... @ . (i)

On subtracting (i) from (ii), we get
10x - X = (3.33333.....) - (0.33333....)

9x =3
3
= A==
9
- 03 =Eta,n_33353 _____ 3
9 9

Show that 1.272727 = 1.27 can be expressed in the form P where p and q are integers and g = 0.
q

Letx = 1.27 Then,

x=1.27272727.... e ()
Here we have only two repeating digit after decimal so we multiply both sides by 100.
= 100 = = 127 272727 ....

On subtracting (i) from (ii), we get
99x = (127.2T72727...)- (1.2T2727....)

=% 99x = 126

126 14
K= — = —
Q9 1l



Ex.3 Convertthe 2343 number in the form =

Sol.

Ex.4
Sol.

Sol.

P
q

Letx = 23.43 Then1

= X =23.434343.... ()
Here we have only two repeating digit after decimal so we multiply both sides by100.
Multiplying both sides of (i) by 100, we get
100 x = 2343.4343.... .--.(it}
Subtracting (i) from (i), we get
100x - x = (2343.4343..) - (23.4343....)
=% 949x = 2320
320
99
Aliter method :
We have,

2343=23 +043

X

_ 43 - 43
= 2343=23+ a5 [Using the above rule, we have 043 = ﬁ]

23 % 99 + 43
99
_2277+43 2320
T 9 9

= 2343 =

|
7
Thus, we

If

1| 4=

5
and 3 without actually doing the long division.

=1 | laa

re—— 2
= 0.142857 , write the decimal expression of ?.

3

=0.285714

]

=

3= —==0428571

4= —==10.571428

S5x—=0.714285

A s W =]k

(b) In order to convert a mixed recurring decimal to the form E , we follow the following steps:

(i) Obtain the mixed recurring decimal and write it equal to x (say).
(i) Determine the number of digits after the decimal point which do not have bar on them. Let there be n
digits without bar just after the decimal point.
(iii) Multiply both sides of x by 10" so that only the repeating decimal is on the right side of the decimal
point.

p

(vi) Use the method of converting pure recurring decimal to the form — and obtain the value of x.
q

Show that 0.2353535... = 0.235 can be expressed in the fnrmE, where pand g are integersand g = 0.
q

Let x = 0.235. Then.
10x = 0.235
— 10x=2 + 035



A.B.

(@)

(b)

(c)

9
-~ Loy = 2X 99 +35
o9
£
— Iﬂx=—]gg+35:1ﬂx=ﬁzx=“ﬂ
990
DIRECT METHOD :-
Plg " (completaumberjnumbeformedyNon-repeatingigit)
a)°™ " No.of9asno.ofrepeatingigitafterthat writeo.of 0 asno.ofnonrepeatingigits
(i) u_?._5=ﬂ=£
99 99
041N 481
990 990

DETERMINING THE NATURE OF THE DECIMAL EXPANSIONS OF RATIONAL NUMBERS:-

Let x be a rational number whose decimal expansion terminates. Then we can expressed x in the furmE,
q

where p and g are co-primes, and the prime factorization of q is of the form 2" = 5". where m, n are non-
negative integers.

Let x = £ be a rational number, such that the prime factorisation of g is of the form 2™ = 5" where m, n are
q

non-negative integers. Then, a has a decimal expansion which terminates.

Let x=2 be rational number, such that the prime factorisation of q is not of the form 2™ = 5" where m, n
q

are non-negative integers. Then, x has a decimal expansion which is non-terminating repeating.

. 189 189 2*x189 82xI1890 1512

(i) PR Tl - - Rl
125~ 5 2)x5  (2x5F 10

o 17

()  —=283333..

{we observe that the prime factorisation of the dominators of these rational numbers are not of the
form 2™ = 5°. where m,n are non-negative integers.)
17 17

iii =
l ] S 2.‘.‘ 2 S:I

L7
(So, the denominator 8 of o is of the form 2" x 5". where m,n are non-negative integers.)

Hence % has terminating decimal expansion.

6 4

V) =
455 5xT=13

(Clearly, 455 is not the 2™ x 5". So, the decimal expansion ;515 is non-terminating repeating.)



(i)
Ex.1
Sol.

(a)

TEST OF DIVISIVILITY : A positive integer N is divisible by
(i) 2 if and only if the last digit (nit's digit) is even.
(ii) 3 if and only if the sum of all the digits is divisibly by 3.
(iii) 4 if and only if the number formed by last two digits is divisibly by 4.
(iv) 5 if and only if the last digit is either 0 or 5.
(v) 8 if and only if the number formed by last three digits is divisibly by 8.
(i) 9 if and only if the sum of all the digits is divisibly by 9.
{vii) 11 if and only if the difference between the sum of digits in the odd places (starting from right) and
sum of the digits in the even places (starting from right) is a multiple of 11.
(viii) 25 if and only if the number formed by the last two digits is divisibly by 25.
IRRATIONAL NUMBER :-
p

Irrational numbers:- A number is called irrational number. If it can not be written in the form =, where & q
aq

are integersandq = ©

Mon-terminating & non-repeating decimal numbers are Irrational numbers.

Prove that ﬂ is not a rational number.
Let us find the square root of 2 by long division methods as shown below.

1.414215
1 2.000000000000
~X3 1 3
24 100
4 96
281 400
+1 281
2824 11800
+d4 11296
28282 60400
+2 56564
282841 383600
+1 282841
2828423 10075900
3 8485269
28284265 159063100
+5 141421325
28284270 11641775

Clearly, the decimal representation of A2 is neither terminating nor repeating.
We shall prove this by the method of contradiction If possible, let us assume that 2 is a rational number.

a
Then- ‘\E = — where a, b are integers having no common factor other then 1.

ol o

= (V2] -

]_ {squaring both sides)

[§=]
]
7|

=

J2 =1.414215



Ex.2

So.

Ex.3

B-1

a* = 2b*
= 2 divides a*
=% 2 divides a
Therefore let a = Zc for some integer c.
a?=4c?
2b? = 4¢?
b? = 2¢?
2 divides b*
2 divides b

Thus, 2 is common factor of a and b.
But, it contradicts out assumption that a and be have no common factor other than 1.

by ul

So, our assumption that J2 is a rational, is wrong.
Hence, 42 is irrational.
Prove that 33 is irational.

Let E.I'E be rational = P where p and q € zand p. g have no common factor except 1 alsog > 1.
q

~R_5
q

Cubing both side

p
o
Multiply both sides by g*

B 3g° Hence L.H.S. is rational since p. g have no common factor.

~p', qalso have no common factor while R.H.S. is an integer.

~LH.5. # RH.5. which contradicts our assumption that lﬁ is Irrational.
Prove that 2 + 43 is irrational.

Let2 + 3 be a rational number equaltor

S22+ -ﬁ =r

ﬁ =r-—2

Here L.H.S. is an irrational number while R.H.S.r- 2 is rational -. LH.S. # RH.S.
Hence it contradicts our assumption that 2 + ﬁ is rational.

S+ \IE Is irrational.

PROPERTIES FO IRRATIIONAL NUMBERS : -

(i) Negative of an irrational number is an irrational number. E.g.:- 3,-45 are irrational.
(ii) Sum and difference of a rational and an irrational number is an irrational number.

Two number's are 2 and «.I'E

Sum =2+ ﬁ is a irrational number.



(iii)

(iv)

(v)

Difference =2- 3 , is an irrational number.
Also +/3 -2 is an irrational number.

Two number's are 4 and 33

Sum=4 + =‘~E Is an irrational number.

Difference =4 - gﬁ, is an irrational number.

Sum and difference of two irrational number is not necessarily an irrational number.

Two irrational numbers are 3. 243

Sum = 3 + 243 = 343. is an irrational.
Difference = 24/3 =43 =43 is an irational.

Twao irrational number are ~.|": '.E

Sum = '.,E + q.E is an irrational number.
Difference = ﬁ —ﬁ is an irrational number.
Two irrational numbers are J- = -.,E

Sum = -ﬁ-r {— ﬁ)= 0, which is rational.
Difference = -\E - (— -\E)= E-ﬁ. which is irrational
Two irrational numbers are 2 + .ﬁ and 2 - -ﬁ
Sum = {2 + ﬁ)— {2 - 1"3_.)= 4 _a rational number.
Two irrational number are 43 + 3,43 -3

Difference =+/3 +3—+/3 + 3= 6. a rational number.

Two irrational numbers are 3 — 2.3 +42

Sum = 43 — 2 + 43 + V2 =243 anirrational.

Product of a rational number with an irrational number is not always irrational.
2 is a rational number and /3 is an irrational

x5 =S5 , an irrational.

0 a rational and -.E an irrational

0x 43 =0 a rational.

Product of a non-zero rational number with an irrational number is always irrational.

4 4 4
E % J_= EJET: — is an irrational

J3



(i) Product of an irrational with an irrational is not always irrational.
Ex. (i) J—x ﬁ=«.ﬂ3x3=ﬁ=3a rational number.

(ii) 243 %343 =2x 332 =646 an irrational number.
(i) %j'iac;i"l—l=1}!3w3: =@=3 a rational number

(iv) [2 + Jﬂz - «.E}= {2y - [«E} =4 - 3 = 1 a rational number.
(v) {2 + u'ElE +1.|"3_r]=(2 +1.I"§T —(2) + (ﬁf +2(2) % [«.l"_?_n}= 4+3+4/3 =7+ 443 anirrational number.

IMPORTANT NOTE :-

(a) J=2 #-4J2 itis not a irrational number.

b))  J-2xy=5<[-2x-5=4I0)
u‘r—_Eu'r—_ﬁﬂ are called imaginary numbers,
V=2 =2 where ifiota) v-1

B-2. REPRESENTATION OF IRRATIONAL NUMBERS ON A NUMBER LINE :=

ﬁ. ﬁ,ﬁun a number line

OB=+2 =0OF 0c=+3 =06
OD= /2 =0OH OE = /5 =0l

Ex.1 Insert a rational and an irrational number between 2 and 3.

Sol. If a and b are two positive rational numbers such that ab is not perfect square of a rational number, then
~Jab is an irrational number lying between a and b.

. . a+b . .
Also, if a, b are rational numbers, then is a rational number between them.

A rational number between 2 and 3 is % = X8

An irrational number between 2 and 3 is +ab = 42 x3 = JE
Ex.2 Find two irrational numbers lying between V2 and 3.

Sol. We known that, if a and b are two distinct positive irrational number, than +/ab is an irrational number lying
between a and b.

-, irrational number between 42 and 43 is {42 <43 =<.|I|£ Y

irational number between +/2 and 6" is 42 x 6% = 217 !5

Hence, required irrational numbers are 6'"“and 2" ="



Ex.3

Identify V45 as rational number or irational number.

We have,
ﬂu'r:=1“}x =3-'\||'§

Since 3 is a rational number and 5 is an irational number. Therefore, the product 35=445 is an
irrational number.

REAL NUMBER :-

Real numbers :- Rational numbers together with irational numbers are known as real numbers.

Thus a real number is either rational or irrational but can not be simultaneously both. If a real number is not

. 7 .
rational, it has be to be irrational and vice versa. 3; -1.5, 2.3, 5.76245 etc. are some of the rational

number. whereas +2.43473/11.x are some examples of irational numbers.

(i) These are the numbers which can represent actual physical quantities in a meaningful way. These
can be represented on the number line. Mumber line is geometrically straight line with arbitrarily
defined zero(origin).

GEOMETRICAL REPRESENTATION OF REAL NUMBERS :-

To represent only real numbers on numbers line we follow the following algorithm.

ALGORITHM

(i) Obtain the positive real number x (say)

(ii) Draw a line and mark a point A on it.

(iii) Mark point B on the line such that AB = X units.

(iv) From point B mark a distance of 1 unit and mark the new point as C.

(v) Find the mid-point of AC and mark the points as O.

(i) Draw a circle with centre O and radius OC.
(viij Draw a line perpendicular to AC passing through B and intersecting the semicircle at D. Length BD
is egual to Jx ..
Justification : We have. » il ""HHE__“
AB = x units and BC = 1 units. A e ™
% ,"‘ i "'u‘ "-u‘t
; AC = (x+1) units ;r, I i \ ."-‘L
= 0OA=0C = ITH units. i 0. —d—s .
A+——x ——s B T*C 1 E
X +1 7 i
= OD = —— units. I
2 ;,r
Now, OB = AB - OA = x - -’5;1=.“T"-
Using Pythagoras theorem in AOBD , we have [.. OA=0C=0D]

OD* = OB? + BD?*
=4 BD=0D2 - 0OB?

2 2
X+l X—1
= ED2=[ 3 ] —{T)

2 Ty L .. A
2 BD:J{: txel) (-l [4_ o
4 x4

This shows hat +/x exists for all real numbers x > 0.



C-2.

C-3.

C-4.

EXPONENTS OF REAL NUMBERS :-

(i) Positive exponent :-

For any real number a and a positive integer 'n’ we define a" as

al=axaxax... ®a (n times)

a" is called the n" power of a. The real number 'a' is called the base and 'n’ is called the exponent of the n"
power of a.

3P=3x3x3=27

For any non - zero real number 'a’ we define a = 1.

Fi L}
TthS.4°='I,E“=1,[% =1 and so on.
LY

(ii) Negative exponent :-

For any non - zero real number 'a’ and a positive integer 'n’ we define a™ = =
a

Thus we have defined a" for all integral values of n. positive. zero or negative. a" is called that n" power of
a.

| 1

gl o b
"5 5x5x5 125

(iii) Rational power [Exponents] :-
For any positive real number a and a rational number B ., where g > 0, we define a® = (a")"®

i.e. 3" is the principal q” root of a° .

RATIONAL EXPONENTS OF A REAL NUMBER :-

(i) n" root of a positive real number

If a is a positive real number and 'n’ is a positive integer, then the principal n" root of a is the unigue positive
real number x such that x" = a.

The principal n™ root of a positive real number a is denoted by a™" or %a

(ii) Principal n" root of a negative Real Number

If a is a negative real number and n is an odd positive integer, then the principal n” root of a is defined as - |
a| " i.e. the principal n" root of is minus of the principal n" root if | a |.

Remark : If a is negative real number and n is an even positive integer, then the principal n™ root if a is not
defined, because an even power of a real number is always positive. Therefore (-9)"° is a meaning less
quantity, if we confine ourselves to the set of real number, only.

LAWS OF RATIONAL EXPONENTS :-

The following laws hold the rational exponents.

{i] aI'I'I " aI"I - aI'I'I'-I"I

(i) ara=a
(i) (@™ =a™

Liihgi]

(v) a"=—
d

[‘Il"_l am.'n i {Em:lm = {a1-'n}m = ar'n.'m =l am = {MEF

(vi) (abf" =a™™



aYy A
t'ﬂij [E] = b—m{h £ ﬂ:l
(viii) a""=a
(ix) a"=a"=a"=1
Where a, be are positive real numbers and m, n are rational numbers.
Ex.1  Simplify each of the following

bebeh_ . mtimes

=3

(i) 52  5¢ (ii) (32)° (iii) EJ

Sol. (i) 52.5=5%*=5°= 15625 A x gt =g
(i) (33 = 3" =3%- 729 = (P
-3
i (2] =L 1 _1_® sgen
(i) [4] T Ye 2T AT
5 o e

Ex.2 Simplify each of the following

(i) { 2 ] % [HT KGT (i) 2°° x 2% 2% x 2" i) Iht’: x 2™ _ 452"

11 3 6x 2TF . 5 o g2

2 oy 3y 2* 1R P 2«1« 2x3 6
EGI. tl] B | o—— x]|—- =—4}l: = x—]-—: 1 3 3= — = ——
T 3 2) 1R 2 1 k3ix2? 1R 12l

tii} WE ha“E 255 w EW = 2':” 2 2'“- ok 2551—&] 2 2“?1"“ i 2]'5 a2t 2”5 oy I]

24 % 22—1 o= 23 x N 2“--5 4= zl'l-rl zl'l.—i Pl El'l-rl 2“*.5 = 2n+1 |
(i) -

2

s ZI'I-rI — T zl'l.—_ o zl'ld-ﬁn n 2|1_3 o I.EH_S = z_zr‘l—_g = 2{2r1+5 _Jn‘.-]} = E

Ex.3 Assuming that x is a positive real number and a, b, ¢ are rational numbers, show that :

o™

Sol. = {xa—h}"ﬂh_{xh—n J{xc—a}m“ _ xla-bliab L (b—c) yle-aliac
RIS T ey
=xha_xnh_xan xbacban xﬂ_]
n 2pa—NI2y-2 il
Ex. 4 ifq x30 §F -Gl B prove thatm-n = 1.
3FPm 2 27

3 —7—2
Sol. 25 (FP=3¥=x32 (3P i

30 g3 27

- R Tl e R L Rl |
33m>'523 2?

Jinllin _ ]_iln . 1




[On equating the exponent]
=3n-Im=-3=n-m=-1=m-n=1.
Ex.5 Assuming that x is a positive real number and a,b,c are rational numbers, show that :

EEIGIR
Sol. {xa-n}’*"*_(xn-cTm—a_[xc_a}m_h

_ xta -b a+b -cla-b l.xlh—c fb+c}-alb-c _I_xlc—a Ic+aj-bic-al o

a’-b’—ca+be _b*—¢*-absac_c’-a°-bo+ba

=X X ®
_ xa" -b* —ca-be-b* -c* -ab+be-a*-b+ba
=x'=1
Ex6 Ifa"=b.by=candc’ =a.prove thatxyz = 1.
Sol. We have,
2% = [Hx}yz
=5 a" = (b)* [2x" =b]
= a™ = (b")"
=5 7 = [-b¥ =c)
=5 a%=a [-.c% =a]
a¥=a' > uyz=1
x ¥ z 2xy
Ex.7 Ifa"=b'=c andb’=ac. provethaty=
X+Z
Sol. Lleta*=b'=c’=k Than.a=k1* b=k™andc=k'"
Now b = ac

Tl 1z

. {ki.'g,lf s ki.‘x * k:”z siny |{2|"yf =k
X

r.d 2xz

+
Xz

= | b

Ex. 8 If25*" =5%"_100. find the value of x.
Sol. We have.

= 25x-1=52x-1- 100

- [52]-“ =521_400

=5 =5"1=100

= 522_522 5'=_100

= 5§72 (1-5)=- 100

= 577 (4)=- 100

— 5%%=25 — 5= g2
= 2x-2=2 = 2x=4
= x=2



D-1.

D-2.

SURDS :

Surd : - Any irrational number of the form Va is given a special name surd.

Where ‘a' is called radicand, it should always be a rational number. Also the symbol '.}‘I|"_ is called the

radical sign and the index n is called order of the surd.
1
ﬁ is read as nth root of ‘a’ and also be written as a".

LAWS OF A SURDS :-

(W) [a] =3a" -a

(ii) Va x%Yb =Yab [Here order should be same]

(iii) Y3 = ¥b =n E

) ¥ - R

(v) ¥a = "'El"a_p [Important for changing order of surds]

or Ql"aF = ”'EI"E&E
(i) #;‘ make its order &
Then Vo? = ¥ = 6"
(i) ¥6 make its order 15
Then /6 = ;'Q'F;i"ﬁ_s
(i) Y8 =2 =2
(iv) ¥51=43* =3
) V2= V6 =256 =412
But i.l'ri X ﬁ:& m {Because order is not same)

1* make their order same & then you can multiple.

(i) Y2 =42
IDENTITY OF A SURD :-
(i) These are not a surd,

5}@ because «UE = {fz_’ which is a rational number.
(i) 7 ~443 isasurdas7-4 43 isa perfect square of ( 2 -ﬁ}
Ex: 7 +443,49 445 0+ 45
(iii) m because 2 + 43 is not a perfect square.

(iv) 1+ -ﬁ because radicand is an irrational number.

(v) /4 is a surd as radicand is a rational number.



D-3.

Ex: 5,41247....

(vi) ﬁ is a surd as #E:{E:]:J“E:ﬁ

Ex: VAB3.446.,....
(wvii) 2 + V3 isasurd {as surd + rational number will give a surd)

Ex: ﬁ—ﬁ.ﬁi—l,ﬁfl .....
TYPES OF SURDS :-
(a) Simplest form of a surds :-

(i) 35 its simplest form is #Ws

(i) 41875 it's simplest form is 543

(iii) 48 = E'JE? =2 Simplest form

(b) Quadratic surds : Surds of order 2
Ex. +24f3....

(c) Biguadratic surds : Surd of order 4
Ex: tI"E

(d) Cubic surds : Surd of order 3

(e) Like surds : Two or more surds are called like if they have or can be reduced to have the same
irational or surds factor.

Ex: ﬁ}ﬁ

(f) Unlike surds : Two or more surds are called unlike, if they are not similar, (i.e. radicand s well as index
are different).

Ex: y5.43./6

(g) Pure surds : A Surds which has unity only as its rational factor, the other being irrational, is called pure
surd

Ex:-ﬁ.ﬁrm,%@

(h) Mixed surds : A surd which as a rational factor other than unity, the other factor being irrational, is
called a mixed surd.

Ex: 243, 5{3

(i) Simple surds : A surd consisting of a single term is called a simple surd.

Ex: 4f3, sa‘ﬁ.gifﬁ

(j) Compound surds : An algebraic sum of two or more surds is called as compound surd. are simple surd

Ex: ﬁ+-4"_—3.fd_1,-.l":—=h"§ etc are compound surds.

(k) Monomial surds : Single surd is called monomial surds.

Ex: zﬁ.ﬁ.;m‘ _____



Sol.

D-4.

Ex.(i)

@

(1) Binomial surds : An algebraic sum of two simple surds or a rational number and a simple surds is

known as a binomial surd.

Ex. : 2+£,£+J§,2+£,ﬁ+ﬁ
(m) Trinomial surds: An algebraic sum of three simple surds or the sum of a rational number and two

simple surds is known as a trinomial surd.

Ex: |+ﬁ+ﬁ.2+f—q’§,ﬁ-ﬁ+eﬁ

(n) Equiradical surds : - Surds of the same order are called equiradical surds.

Ex: {3.43,45

(o) Non-equiradical surds : Surds of the different orders are known as non-equiradical surds.

Express following as a pure surds and mixed surds.

(i) %3 128 (ii) Y96

o 3 I s 27
(i) E3J122=-J4:_,_w‘q"123 =Yg <128 =351
(i) Y96 =332x3 _ Y B2

OPERATION OF SURDS :-
(a) Addition and subtraction of surds :- Addition & subtraction of surds are possible only when order and

radicand are same i.e. only for like surds.

Simplify the 15416 — 4216 + 496
=15v6 - V67 x 6 + V166
=156 — 646 + 44f6

=(15-6+ 416

=136

(b) Multiplication and division of surds :

() ¥a x¥22 =¥ax22 <P x 11 =241

(ii) 32 by {3

7 4B =30 S e g7 =Y

(c) Comparison of surds : It is clear that if x > y > 0 and n > 1 is a positive integers then Q,Ir;;, qlll';

ﬂ} ﬂﬁ} U’E and so on.

Which is greater in each of the following:

(i) Y6 and Vs (ii) \ganu;jl;



Sol. (i) V6 and 8
LCM of3and5Sis 15

= >4k

Sol. (i) ‘E and£

LCM of2and3is6

ERL -

“1'[ _[] and b'[lJ

2 3

1 1 1 1

s and ¢ as8=<9 . =—

b 9 g 9
b 9 2 3

Ex.2 Which is greater JT-Borfs-17

. _T-BWT+B)__1-3___ 4
S asTErE) W -8

W5s-15+1) s5-1 4

and JE—1= =

N I S
Now, we known that ﬁ:w"f and J??:rl

add ﬁ+~.|'r3_n:w'r5_+1
l - 1
E?+33 ;5*.-]

4 ___4
J7+43 5 +1
So -,E_]:.,J_—«.E

=7 =48 <5 -1

D-5. RATIONALIZATION OF SURDS :-
(a) Rationalizing Factor : - If the product of two surds is a rational number then each of them is called the
rationalizing factor (R.F.) of the other.
(b) Rationalization : - The process of converting a surds to a rational number by using an appropriate
multiplier is known as rationalization.



Ex. 1

Sal.

Ex.2
Sol.

D-6.

(i) Rationalizing factor of Jais +a [.'.-J’Ev-f-a'r_=a)
(ii) Rationalizing factor of %'E is '{ﬁla_'[{E ® EJ'; - @: a]

(iii) Rationalizing factor of -..l"i; - w;'rt_:l is 1"_ - JE & vice versa 1 {-J'E+ -J’E"'-'E— -\J'E}= a- b]
(iv) Rationalizing factor of a + +/b is a—+/b & vice versa [-.(a + JE}LE = JE]= a - b]

(v) Rationalizing factor of Va+ibis [%u'ra_z— Vab + {/b_l][ {%‘E+ %}{#a_z—aﬂ"a_bf\{b_:]]
[{Eﬁ]’ +[:-’~,.I"E}J] = a + b which is rational.
(vi) Rationalizing factor of -JE+-..|'—+ JE is [£+£—£) and (a+b—c—2@}.

Find the following rationalizing factors :

(i 1o (ii) V162
(iii) Y2 (iv) Vs
(i) V10
[~v10 x410 =10 10 = 10] as 10 is rational number
(i) 162

Simplest form ‘;-u":?-

Rationalizing factor of J2 is 2

Rationalizing factor of J162 is 2

(iii) ¥4

= Yo =P =4

Rationalizing factor of Y4 is "J:F

(iv) Y16

Simplest from of Mieis 32

Mow rationalizing factor of 2 is %J'E_:

. Rationalizing factor of 316 is ¥2°

Find rationalizing factor of ez

Simplest form of ihe2 is 3802

Mow rationalizing factor of 2 is ﬂrﬂ_’

. Rationalizing factor of 4162 is {f2°

WHEN CONJUGATE SURDS AND RECIPROCALS ARE SAME :-

(a) 2 + -ﬁ it's conjugate is 2 - «ﬁ , its reciprocal is 2+ ﬁ & vice versa.
(b)5-2 J6 , it's conjugate is 5+ 246, its reciprocal is, 5 - 2+/6 & vice versa.
Express the following surd with a rational denominator.

g
M5 +1-45-43



Ex.4
Sol.

8
W5 1)-(5+45)

[ i Wi5 41445 + 4]
VS B) W) (BB
B S(JE+[+J§+J§}

. {«.I'rl?f-l}z —(J§+£}:

B E(ﬁ+l+£+ﬁ]
S 155142415 [543+ 2415

=SJE+1+-E+J§}
8
=(JE+[+J§+-E)

If3+2~u'r§
)

Find the values of aand b

=a+b+2 . where a and b are rational.

34242 (3+2JE1[3+JE)_9+3J5+5J5+¢ _

LHS. ==

-2 B-~2be2] 9-2
.'.E+Er=a+bﬁ

T 7
equating the rational and irrational parts

2

We get a =E_b=
T 7

1 :
If x = . find the value of x® - x2- 11x + 3
2+1.I"3_

asx= ! =2—J3_n

2+1I"3_
X-2=- -.E

squaring both sides, we get

(x-2P= [ 3f =x+4-ax=3=x-ax+1=0
Nowx® -x* - 11x+ 3=x"-4x* + x + 3’ - 12x + 3
X(x*-4x + 1)+ 3 (x* - 4x + 1)

x %0+ 3 (0)

0+0=0

lix=1+ 42+43, provethat x*- 4x* - 4x* + 16 -8 =0

x=1+ 2+43

Squaring both sides
= (x-1P- (ﬁa—ﬁf
= +1-2x=2+3+2./6

== ¥i-2x-4=2 JE
squaring both sides

13 9
oot P
AT



= (x2-2x-4p = [24f6f
= X'+ 4x®+ 16 - 4% + 16x - Bx* = 24
= x*-4x" - dx® + 16x + 16 - 24 =0
= x'-4x’-4x+16x-8=0
D-7. SQUARE ROOTS OF BINOMIAL QUADRATIC SURDS:-

(@) Since (xfy[ =(x+y)+ 2y &l -y | =x+y-24xy
(b) .. square rootof x+y+ zﬁ=iﬁ+.ﬁ]

(c) Square root of (x + y}-2 Jxy = +x -y

(d) Square root of a? + b + 2a b = +(a + b

(e) and square root of a2+ b - 2ayb = +(a— 4b)

Ex1 74433 =20 + (V3] + 22245
-1|||(2+-.ﬁ)3 =2+43

Vs +246 -5 -2J6
¥5+246 +4/5-246

Since 5+2V6 =3 +428y5-246 =43 -2
W5+2d6 —5-2v6  [B+1)-(B-v2) 25 251

Ex.2 Simplify

- - = e M = =]}
.fsJ,z._."EJ,.Js_z,ﬁ {£+£}+{ﬁ—ﬁ} 21 o8 33
Ex3lix < Yot +va-b prove that b®x? - abx + b2 =0

Ja+2b-4a-2b

Ja+2b +Jﬂ—2bx (wfa+ﬂl+~."ﬂ—2h]
Ja+2b-+a-2b (Ja +2h—~fﬂ—2h}

- (Vas2b+Ja—2b] a+2b+a-2b+2a+2b)a-2b)

as x=

(@a+2b)-(a-2b) 4b
r S =
- 2£a+«.|'a —4b }_aﬂlrm
4b - 2b

2

2bx=a+ va’ —4b’
2bx-a= +a’ - 4b?
squaring both sides (2bx - a) = ( a’ —4p” ]

4b*? + a? - 4abx = a* - 4b*
4b%? - dabc + 4b2 =0
b -abx+b*=0



EXERCISE - 01
OBJECTIVE TYPE QUESTIONS
1. How many prime number are there between 0 and 30:-
(A)9 (B) 10 (C)8 (D) 11
2. Two irrational numbers between 2 and 2.5 are -
(A) ﬁandﬁl'zx J5 (B) Jiand42x5 (C}) J5andy2x 7 (D) None of these
3. The exponential form of -J-.E-JE is -
(A) 6" (B)6'"” (cy6"™ (D) 6
4. The rational form of -25.6875 is -
411 421 431 441
A) —— B) - — C)-—— D) -—
o B === )= [}m
5. The rational form of 2.7435 is -
27161 27 27161 27191
A) —— B) — c D) ——
{]9‘}9 {}99 E}G'SHI]U {}Gl]]l]
6. The value of 0.423 is -
423 479 423 419
A) —— B) — C) — By
I[1'|II.']{IIEI' {}]l]{ll] E}GW rL:"Eil‘il[l-
T. Which of the following is not a rational number :-
(A) V2 (B) ¥4 (C) Vo (D) V16
1 ;
8. |+ —k equal to :-
|_ -
1+1/3
(A) 1/3 (B) 1117 (C)3 (D) 1%
9. The number 3-43 is -
3+1E
{A) Rational (B) Irrational (C) Both (D) Can't say
0. 1 x-+=43 then x* - L equal -
X xj'
(A) 643 (B) 343 (C)3 D) 5
11. The value of 5.2 :-
45 46 47
(A) = (8) 3 (©) & (D) None



12.

13.

14,

15.

16.

17.

19.

20.

21.

22,

{xa“"lxh*“ﬂx““}:

{KE b“.x“ }-ﬂ
(A)-1 (B)O (C)1
L] -1
The value of (0.6) —(0.) — is -
(3r2)7' 32y +[— 31}
(A) 3/2 (B) -3/2 (C)2/3
If2*=4"=8"and i+$+$=¢, then the value of x is :-
7 7 7
A) — By — C) —
(A) 16 ( }32 ( }43
If 91 = 32" - 486 then the value of x is :-
(A) 3.5 (B)2.5 (C)15
1 1
Ifa = b= then the value of a® + b® is -
32y 3+242
(A) 34 (B) 35 (C) 36
N+ n
2732 }+2'-" is equal to -
2(2")
(A) 2™ ®)-2""+ 1 ©) 2-an
8 8
If 2*Y = 32 and 2™*¥ 16 then a® + y? :-
(A)9 (B) 10 (C) 11
The value of 135]5“1);{343]1” is -
3625 5615 5625
Ay —— By — C) —
{:IIER "'IESﬁ E}Eﬁﬁ
a
I y I las+t
The value of | (x*® }“"} =
L
() x (B) 1/x (C) x*
-I{Ifx_z -
(A)x (B)x™* (C)x'®

The value of 51.5 —31@ + Eﬁ on simplifying is .-
(A) 543 (B) 643 (C) 3

(D) None

(D) -1/2

(D) None of these

(D)0

(D) 37

(D) 1

(D) 13

(D) None

(D) 1

ED} ){“E

(D) 943



6
If 3 =1.732, 45 =2.236, then the value of ——

23. — i
B-f
(A) 10.905 (B) 11.904 (C) 11.905 (D) None
24, The product of 46 and 3424 is -
(A) 124 (B) 134 (C) 144 (D) 154
25. Ifa= 1+£,n= 2-43 then the value of a + b is -
2— ‘\E 2+ 'UE
(A) 14 (B)-14 (C) 83 (D) -3
26. Ifx= ) find the value of 2 - 2¥2-Tx + His :-
23
(A) 2 (B)1 (C) 0 (D)3
27.  Thesurd 335 - 45 in its simplest form is equal to -
(A) 2495 (8) %5 (c) s (D) None of these
28 Simplify 2 - l _ 3
' V+fi S+ 542
(A) 1 (B)0 (C) 10 (D) 100
29. If SE 4a + v'r_‘-n_b the value of a and b is -
743
(A)a =47, b=27 (B)a=27,b=47 (C)a=15b=35 (D)a=35b=25
30.  The value of 324 + 81 -4192 is -
(A) i3 (B) 43 (C) 3 (D) None of these
ANSWERS KEY
Que. | 1 2 3 4 5 6 7 8 9 10 [ 11 [ 12 ] 3] 14 [ 15
Ans. | B A c A c D A B B A c B A A
Cue. | 16 | 17 | 18 | 19 | 20 | 21 | 22 [ 23 | 24 | 25 | 26 | 27 | 28 | 20 | a0
Ans. | A D B D A D D B c A D A B c A




10.

11.
12.

13.

14,

15.

EXERCISE - 02
SUBJECTIVE TYPE QUESTIONS

3 4
Find 5 rational number between = and 3

Represent 3.765 on the number line.

Find the decimal representation of 22/7.

Express the following decimal in the form L

(a) 0.32 (b) 0.123

Prove that -ﬁ is irrational.

Find two rational and two irrational numbers between 0.15 and 0.16.

Virsualize 4.26 on the number line, upto 4 decimal places.

onon () 3" ]

| e | 2
a a b
Prove that — Tt T ———
a +b™ a -b" b= —-a’
If 3+ NE =a+ bﬁ, where a and b are rationals. Find the values of a and b.

3-42

fa=x"™y b=x""y" c=x"""y Provethata™ x b"™ = "= 1.

If x is a positive real number and the exponents are rational numbers, show that :

: | | l
(i) + + =1
1452 6% 1499 1+ XDt

o (e G ) -
6 6 4
V6 342 -2

Simpli
plify 5

ll

b

N5
N

ifx= ——=andy=

—h

, find the value of 3x* + d4xy - 3y

3 —
+42

b

l
x=3 +2-.E,findthe value of x* + —

X



16. Ifx= 43+ E\E find the values of :-

|

=

x?

(i) x:—% (iiy x* +

17. In the following determine rational numbers a and b.

—?+J§——?_£ —a+75h.
T-J5 T+45
1
18. fx=2*+2

o e

show that x* - 6x = 6.

NUMBER SYSTEM ANSWER KEY

™ Subjective type answers

19 20 21 2 .23
" 30303030 30

6. 0.155 and 0.1525 irrational number 0.1549 and d0.1524

1I:I.E|=£arudb=E 13.0
7 7

15. 1154 16. (i) 2V2 (i) 6

3. 3.14285714

EXERCISE - 2 (IX) - CBSE

1221

29
4, ta} ﬁ, th‘} m
B.1

56
14. 4+T-fﬁ

17. a=ﬂ.b=i
11




