MATHEMATICS

NUMBER SYSTEM

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

follows
CLASSIFICATIN OF NUMBERS
NUMBERS
REAL NUMBERS IMAGINARY NUMBERS
I
¥ L
RATIONAL NUMEBERS IRRATIONAL NUMBERS
I
¥ L
FRACTIONS INTEGERS
v v v ¥
EVEN NUMBERS ODD NUMBERS NATURAL NUMBERS WHOLE NUMBERS
PRIME NUMBERS
(i) Natural numbers (N) : Set of all non-fractional numbers from 1to =« N={1,2,3.4..... }
{ii) Whole numbers(W) : Set of all non-fractional numbers from zero to «= , W= {0,1,2,34..... = }
(iii) Integers (l or Z) : Set of all non-fractional numbers from {- «=..... to ..... + >}

lorZ={- =...-3,-2,-1,0,+1, +2, +3... + =}
Positive integers : {0, 1, 2 3.}, Negative integers : {_.._. -4, -3 -2 -1}

(iv) Prime numbers : All natural numbers that have one & itself as their factor are prime numbers.
Ex:2,357

(v) Composite numbers : All natural numbers which are not prime numbers are composite numbers.
Ex:4,689

(1 is neither prime nor composite number.)
A RATIONAL NUMBERS :-

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

integersand q = 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.

%_l_!: -30, 10, 433, 7.123123123.....
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A-1. FINDING RATIONAL NUMBERS BETWEEN TWO NUMBES :-
Ex -1 Find 4 rational numbers between 4 and5.

Method (i) a=4,b=5n=4
x><{n+]}= 4x{4+]}= 4x5=2[}

n+l 4+1 5 5

bx(n+1) Sx{4+1) 35x35
n+l1  4+1 5
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Method (ii) ﬂ=%,b=%.n=3

avd= D SN2 33
520 20 20

[ 1 2a4+1 25
at+2d =—+2x—= =—
5 20 20 20

a+3d =E+i=24+3=£
5 20 20 20

24 [25 26 ETJ 28

2012020 20 ) 20

A-2. RATIINAL NUMBER IN DECIMAL REPRESENTATION :-

(i) Terminating decimal : In this a finits number of digit occours after decimal.
Ex L _0251l-0s Tio00010.28
B 4) 1.000010.25
8
20




(ii) Non terminating & Repeating (Recurring decimal) :- The remainder never become zero.
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REPRESENTATION OF RATIIONAL NUMBERS ON A NUMBER LINE:-

(i) Positive fraction : %Divide a unit into 6 equal parts.
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(ii) Negative fraction: — % divide a unit into 9 equal parts
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(iii)

(iv)

A-4.

(i)

(ii)

(iif)

(iv)

(v)

(iv)

AS.

(i)

(ii)

Terminating decimals : 2.4+ I

Non terminating & repeating decimals

426=4.262626....
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CONVERSION OF NON TERMINATING & REPEATING DECIMALS NUMBERS TO THE FORM P

q:-

2.4

a
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: Visualize 426 on the number line, up to 4 decimals places.
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[commutative law of additional]

+ %] [associative law of additional]

[% E] [commutative law of multiplication]

2 ?] [distributive law]
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—) [associative law of multiplication]
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are three rational numbers then.

- E) =0- 2 is called the additive inverse of a2
b b b

Mon-terminating repeating decimals, are basically two types.

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.

0.6.0.160.123 are pure recurring decimals.

Mixed recurring decimals :

repeated and then some digit or digits are repeated. These type of decimals are known as mixed recurring

decimals.

- A decimal in which at least one of the digits after the decimal point is not



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).
(i) Write the number in decimal from by removing bar from the top of repeating digit and listing

repeating digits at least twice.

Ex. x= 08 Has x = 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 repetition. 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).

(vi) 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,
033333, (i)
Here we have only one repeating digit after decimal so we multiply both sides by 10.
= 10x=3.33333... ... (ii)
On subtracting (i) from (i), we get
10x - x = (3.33333.....) - (0.33333....)

Ox=3
3
== ==
9
- 03="ie,033333 =2
g 9

Show that 1.272727 = 127 can be expressed in the form P where p and g are integers and q = 0.
q

Letx = 127 Then,
X =127272727.... i ()
Here we have only two repeating digit after decimal so we muitiply both sides by 100.
= 100 = = 127.272727...
On subtracting (i) from (ii), we get
99x = (127.272727 _..)- (1.272727...)
= 90x = 126
% iR
99 11

Hence, I.ﬁ = %



Ex. 3

Sol.

Ex.4
Sol.

Sol.

Convert the 23.43 number in the form 2 :

Letx = 23.43 Then1
= X =23.434343..... (i)
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....)
= 99x = 2320
o xa2B

99

Aliter method :
We have,

2343 = 23 +0.43

— 43 — 43
= 2343=23+ P [Using the above rule, we have 043 = E]
— ) g
L R Bx99+a
99
_2277+43_ 320
99 99
1 e . _ 234 5 _ 12
If = = 0142857 , write the decimal expression of =77 and — without actually doing the long division.
Thus, we have
2_2xl_ 025718
7 7
2 3Ll _omem
7 7
4 I
2 4x—=0571428
7 7
3 _sx)_o71ass
7 7

(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).

(ii) 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.

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

Show that 0.2353535... = 0.235 can be expressed in the form 2, where p and g are integers and g = 0.
q

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



A.B.

(@)

(b)

(c)

99
sy 10 _2x99+35
99
212
=1 I'I]){=]98+35::=1ﬂ =233 =._:|3
99 990

DIRECT METHOD :-

AP " (completeumberfnumbeformedyNon-repeatingigit )
3/ °™ = No.of8asno.ofrepeatingigitmiterthat writmo.of0 asno.ofnonrepeatingigits

— = 5
(i) 035= 3-0_35
99 99
o — 435-4 431
(ii) 0.435= =—
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.
p

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

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

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

are non-negative integers. Then, x has a decimal expansion which is non-terminating repeating.
189 189 2°x189 BxI89 1512
125 5 2x5 (2x5) 10°

(ii) %=2.83333....

(i)

(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
iiii —_———
{ ] 8 2.‘.- i 5“

17
(So, the denominator 8 of g is of the form 2" x 5". where m,n are non-negative integers.)

Hence % has terminating decimal expansion.

64 64

o) b 08
(V) 455 S5xT7x13

(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.

(i) 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.

{vi) 9 if and only if the sum of all the digits is divisibly by 9.

(wii) 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.

(viily 25 if and only if the number formed by the last two digits is divisibly by 25.

IRRATIONAL NUMBER :-

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

are integers and q = ©

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

Prove that JE 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
3 3 7
24 | 100
4| 9%
281 | 400
+1 | 281
2824 | 11900
+4 | 11208
28282 | 60400
+2 | 56564
282841 | 383600
+1 | 282841
2828423 | 10075900
3 | 8485269
28284265 | 159063100
+5 | 141421325
28284270 | 11641775
{2 =1.414215

Clearly, the decimal representation of \2 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- ﬂ"_ =— where a, b are integers having no commeon factor other then 1.

ol o

= (2f -

]_ {sguaring both sides)

k]

2

|

=3



Ex.2

So.

Ex.3

B-1

a*=2b*
= 2 divides a*
=5 2 divides a
Therefore let a = 2¢ for some integer c.
at=4c?
2b* = 4¢°
b* = 2¢?
2 divides b?
2divides 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.

b uiuy

So, our assumption that 2 is a rational, is wrong.
Hence, 2 is irrational.
Prove that /3 is irrational.

Let {E be rational = P where pand q = z and p. g have no common factor except 1 also g = 1.
q

~B_if
q

Cubing both side

p
E - 3
Multiply both sides by g®

B 3g® Hence L.H.5. is rational since p. g have no common factor.
q

~p’, galso have no common factor while R.H.S. is an integer.

- LH.S. =R H.S. which contradicts our assumption that i3 is Irrational.

Prove that 2 + /3 is irrational.

Let2 + /3 be a rational number equaltor

L2+ ﬁ =1

ﬁ =r—-2

Here L.H.5. is an irrational number while R.H.5.r - 2 is rational .. LH.S. # RH.5.
Hence it confradicts our assumption that 2 + -ﬁ is rational.

o '\IE is irrational.

PROPERTIES FO IRRATIIONAL NUMBERS : -

(i) Negative of an irrational number is an irrational number. E.g.:- 345 are irrational.
(ii) Sum and difference of a rational and an irrational number is an irrational number.

Two number's are 2 and uﬁ

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 i3

Sum =4 + ‘wﬁ is an irrational number.

Difference =4 - iﬁ is an irrational number.

Sum and difference of two irrational number is not necessarily an irrational number.
Two irrational numbers are +3. 243

Sum = 43 + 243 = 3J3. is an irrational.

Difference = 243 — 3 = 3 is an irational.

Two irrational number are q.lr:: \,I"S-

Sum = ﬁ - \E is an irrational number.

Difference = ﬁ—ﬁ is an irrational number.

Two irrational numbers are «Jr- = -\E

Sum= -,.E-r [— J_":]= 0, which is rational.

Difference = ﬁ - (— J_": )= Eﬁ_ which is irrational
Twao irrational numbers are 2 + .ﬁ and 2 - -ﬁ

Sum = (2 + ﬁ)— {2 - ﬁ): 4 _arational number.
Two irrational number are W.E + 3, \,I'W -3

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

Twao irrational numbers are J"_ - ﬁﬁ + ﬁ

Sum = 43 — 42 + 43 + V2 =243 anirrational.

Product of a rational number with an irrational number is not always irrational.
2 is a rational number and 43 is an irrational

2xf3=243 , an irrational.

0 a rational and ﬁ an irrational

0x+/3 =0 a rational.

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

4 4 4
Ex J— = Eu"::: —= s an irrational

3



(vi) Product of an irrational with an irrational is not always irrational.
Ex. (i) J?:x ﬁ:«.i3x3=\|'r'-}_=33 rational number.

(ii) 243 x 343 =2x 3432 =66 an irrational number.
(iii) iﬁx?f}_ln}’iwf =@=3 a rational number
(iv) {2 + JSTIE - «.I'E}= (2 - {«EJ' =4 - 3 = 1 a rational number.
(v) {2 + 1"512 + -.l"3_r}= {2 + ‘\EF -2 + ('.Ef +2(2)x («E]‘= 4+3+443 =7+ 443 anirrational number.
IMPORTANT NOTE :-
(a) V=2 # 2 itis not a imrational number.
(b) J—_xﬁw ‘\I'—Ew—5=‘\lllﬁ}
J—_E. J—_Sﬂ are called imaginary numbers.

V=2 =2 where ifiota) ¥-1
B-2. REPRESENTATION OF IRRATIONAL NUMBERS ON A NUMBER LINE :=

ME. -ﬁ,ﬁun a number line

OB =42 =0OF
OD= /4 =OH OE = 45 =0
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

+/ab 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 % =25

An irrational number between 2 and 3 is +/ab = 1'2 x3= JE
Ex.2 Find two irrational numbers lying between V2 and 43.

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 /3 is Y42 x 43 =4.|I'JE =
irrational number between 2 and 6" is {42 x 6% = 2/ x 6''*

" . . 14 14 8
Hence, required irrational numbersare6 "and 2 =6



Ex.3

C-1.

Identify J/45 as rational number or irrational number.

We have,
J‘E=1"?x =31.E

Since 3 is a rational number and «I"E is an irrational number. Therefore, the product 31"5 = -."'E is an
irrational number.

REAL NUMBER :-

Real numbers :- Rational numbers together with irrational 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

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

number. whereas 2.4/3473/11.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. Number 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)

(i) 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.

(vi) Draw a circle with centre O and radius OC.

(vii)  Draw a line perpendicular to AC passing through B and intersecting the semicircle at D. Length BD

is equal to J; |
Justification : We have. » il "“'u.d .
AB = x units and BC = 1 units. o " 4 i ™
il L 5 i .
; AC = (x+1) units ."; _,.—" LY
=5 OA=0C= ITH units. 0,.“" ..___.*h_._,.p .
YT ——— SR
x¥l . !
= oD = —— units. P
2 ;
."
Now, OB=AB-0A=1x- i;i=%[
Using Pythagoras theorem in AOBD , we have [.. OA=0C=0D]

0D = OB*+ BD?
— BDz=0D2- 0B

x+lz :".—]1
- w505

2 BD:J{x-+2x+1}—{x~—2x+n= 4 _
4 xd

This shows hat u"; 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

a"saxaxax... xa (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.

F=3x3=3=27

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

Fs i}
Thus, 4°=1,6°=1, %] =1 and s0 on.
L)

(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.

i Bt | 1

T RSB AR

(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 g" 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
guantity, if we confine ourselves to the set of real number, only.

LAWS OF RATIONAL EXPONENTS :-

The following laws hold the rational exponents.

(i) a =g =g

(i) a” +a'"=a
(i) (@")"=a™

FTii

(iv) a' = ]—n

w

[‘I":l Em.'m & {Em,'l1'h = {a1m}m = am.‘n =1 am = {ME}"

(vi) {abJ" =a™™



(vii) [E] = Z—:{n +0)

t"l"lil} ahn = ab*b—#h....nﬁmes

(x) a"=a"=a"=1

Where a, be are positive real numbers and m, n are rational numbers.
Ex.1  Simplify each of the following

-a

(i) 52  5¢ (i) (32)° (iii) GJ

Sol. (i) 5°.5=5%*=5%= 15625 na™xa" =a™!
(i) (32 = 3"° =38 - 729 LA
-3
S L R o s A
':"']{4] Y EE 2T 27 B
6 ¥ e

Ex.2 Simplify each of the following

o2)-(2-

3 n+l n

Y(_] (ii) 955 » 980 97 518 (iii) l6x2™ —4dx2

2 1

4 z 3 4 2 3 4 e |

. 2 11 3 2 11 ) 27x 11 x3 Z2x3 (1]

Sol. I:I] [ﬁ] x[—J x{—) e S 2 o = o = —

654 2I‘Ir2 _2}(2“—3

3 2 I # 2 1'x3x2 1P 121
t“:‘ WE hﬂ\l’E 255 o Eﬁﬂ _2'!".‘ i 2IH- = 2551—6“ = E‘J'J‘-rIH 2 2“5 i 2]I5 it l]

liii] 2-1 % 23—1 iz 23 x zl'l e 2!1--5 b= zl'l-rI B 2I‘I.—5 eles En-rl = 2n+5 L 2]'I+1 N 1
2-1 - zn-rl — Ty 2n.—2 znﬂ’s . zn—l EIEH—S = E_EH—.E 2{2n+5 _Enle 2

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

ylfab, aiibe, ifec
X x X ¥y,
) 1)

Sol. = (xa—h}mh_{xh—n}{xc—a}m: = xla—b])sﬂ:_x{h—nj_x[c—al.rac
'I_'I l_l I_I I_'I_'I_]_]_I
=xba_xnhxac xbacha: Kﬂ_]
n 2= 23-2 n
Ex. 4 n‘g 38 4 27) 8 prove thatm-n=1.
3Fm 2! 27

n
3 —7—2
Sol = (FP=Fx32 -3 i

3 gl a7
PP =3" 1
33ITI 5 23 = 2'}
linliin i 3;n 1
== - —
FLLEL 27
i+ _ 33n 1
PP 27

3’“!31 —1}- ER
:> —_———

33m le 7



Ex.6
Sol.

Ex. 7

Sol.

Ex. 8
Sol.

"8 27
— gon-im _ 1
33

—, gin-3m _ 43 [On equating the exponent]

=3n-3Im=-3=n-m=-1=m-n=1.
Assuming that x is a positive real number and a,b,c are rational numbers, show that :

a+b-c b-c-a c-a-b
X2 x° [ HE |
X" x® | x®

S Rl )

— xts -bla+b }-cla-b l.xlb—c fb+e-alb-c _I_xlc—a Nc+aj-bic-a) o

a*-b’ —ca+be _b*-¢*-ab+ac, o’ -a°-bo+ba

=x X X
_ xa" -b* —ca-be-b' -¢* -ab+he—at-b+ha
- ){u =1
Ifa"=b.by=candcz=a. prove that xyz = 1.
We have,
" = [a;}yz
= a™ = (b)* [-.x* =b]
=% a™ = (b")*
— Eu}-z = Cz [hh‘ = B]
= a¥=a [-cF =a]
a¥=a'=xyz=1
2
Ifa"=b'=c¢” and b? = ac. prove thaty = i
X+2Z
leta*=b'=c¢®=k.Than.a=k1* b=k™and c=k'"
MNow b = ac
= {k'!.'yf o~ k!.lx 5% k1|2 o I{ZIyF = k”m-'lﬁ
2 X+Z
:>—=l+l :}-2..= :}?’: 2X_Z
¥y x z y Xz X+2Z
If 25%" = 5" - 100. find the value of x.
We have.

— 25x-1=52x-1- 100

= [52]'“ =52 _ 100

= 5§22 = 521 = 100

= 5% _ 522 51=_ 100

= 5%2 (1-5) =- 100

=577 (-4)=-100

= 5%%=25 = 5%z 52
= 2x-2=2 = 2x=4

—x=2



D. 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 ‘.’;."_ is called the

radical sign and the index n is called order of the surd.
|
ﬁis read as nth root of ‘a’ and also be written as an.

D-1. LAWS OF A SURDS :-
(i) Wgr 3" -a

(ii) Va = Yo =Yab [Here order should be same]

(iii) Q’E+'&f5="%
(v) 2 "% - Y

(v) ¥a = n'-'-:.fa_p [Important for changing order of surds]
or @ = “'ﬂfﬁ
Ex. (i) V6" make its order 6
Then V6 = *¥6>* ="
(ii) ¥6 make its order 15
Then 36 = I1:I"'ﬁ'_q ==":J"15_5
(iii) 38 =32 =2
(iv) 451 =43" =3
) V2 xV6=2x6=312
But 3 x4 =ix6 (Because order is not same)

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

(vi) W42 =42
D-2. IDENTITY OF A SURD :-
(i) These are not a surd,

iﬁ because h@ = 3.}'2_’ which is a rational number.
(i) {7 ~44f3 isasurdas 7-4 43 isa perfect square of ( 2 —ﬁ}
Ex: y7+4y3,49— 45,49+ 445,
(iii) -.lrz-l-—-uﬁ because 2 + 3 isnota perfect square.

(iv) ~.,13 1+ -ﬁ because radicand is an irrational number.

(v) 34 is a surd as radicand is a rational number.



D-3.

Ex: 5.402.47......
(vi) ﬁisasurﬂas ﬁ={f]=3“=5ﬁ

Ex: Y3B.436....
(vii) 2+ 3 is asurd {as surd + rational number will give a surd)

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

(i) 135 it's simplest form is 315

(i) 41875 it's simplest form is 543

(iii) iz = EEE_ =2 Simplest form

(b) Quadratic surds : Surds of order 2
Ex. 243,

(c) Biguadratic surds : Surd of order 4
Ex: {I"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
irrational or surds factor.

Ex: \Elﬁ

(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: 5.43.46

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

Ex :-ﬁ.ﬁ,m,%@

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

Ex: 2.3, 5if3

(i) Simple surds : A surd consisting of a single term is called a simple surd.
(j) Compound surds : An algebraic sum of two or more surds is called as compound surd. are simple surd

Ex: ﬁ+ J_ - Eﬁf - -‘\E etc are compound surds.
(k) Monomial surds : Single surd is called monomial surds.

Ex: EE.JE.;%E _____



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+ﬁ,£+£,2+ﬁ,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: I+42+32+3-540-36+32

(n) Equiradical surds : - Surds of the same order are called equiradical surds.
Ex: y2,4/a.\5
(o) Non-equiradical surds : Surds of the different orders are known as non-eguiradical surds.

Express following as a pure surds and mixed surds.

(i %ﬁ"s‘ (ii) /96

3 3
(i) %{hzs - -;% x Y128 = ;%, 128 = 354

(i) 96 =323 = 3 =P xF-25
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

~1546 - 6 % 6 + V16 %6

=156 - 6+6 + 44/6

=(15-6+ 46

=136

(b) Multiplication and division of surds :

() 3 5422 =i 22 =2 x 11 = 24

(ii) 32 by 3

(c) Comparison of surds : It is clear that if x >y > 0 and n > 1 is a positive integers then 3x > ﬂ;

ﬂ}ﬂﬁ;ﬁ and so on.

Which is greater in each of the following:

(i) Y6 and 8 (ii) gand#g



Sol. (i) ¥6 and 3
LCM.of3and5is 15

Y7776 > {512
= ¥6=8

Sol.  (ii) \E and£

LCMof2Zand 3is 6

¢ i b
B[_I..] and b[l]
UKE HE
1 1 1
ol and 8 as8<9 .. >l
b 9 £ 9
& 9 2 3

Ex.2 Whichis greater /7 —J3or/5-12

ARl eh) Ur 3
Sl 1= S G B R

W5-15e) s-1 4
{3 =

MNow, we known that V745 and 351

add ﬁ+ﬁ}m‘r§+1
l - |
3?+33 ;5{-]

4 4
m‘:m:&ﬁ—ﬁ{ﬁ—]
So S

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.



Sol.

Ex.2
Sol.

D-6.

(i) Rationalizing factor of a is +a [ Jaxfa= a)
(ii) Rationalizing factor of %'re_l is %jla_'[{u"; ® ?..|"a_3 - :y'ra_’= a]

(iii) Rationalizing factor of -.E - Jt_: is 1"_ - JE & vice versa l {J5+ «J"E“\'E— JE}= a- b]
(iv) Rationalizing factor of a + Jb is a— b & vice versa [(a + JE}L? = JE]= a’ - b]

(v) Rationalizing factor of Ya+ibis (%u'ra_z— Aab + {{b_l][ {}U'E+ %J'E}(ild'ra_z— Yab + {{b_:]}
[ {{E}’ + (-’Jt_z}'] = a + b which is rational.
(vi) Raticnalizing factor of -.E + -J'_ ¥ Jc-: is LE+ -g"t_:» —JE) and (a+b-c —EJEE}.

Find the following rationalizing factors :

(i) V1o (ii) V62
(iif) ¥ (iv) V16
(i Vio
[~410 x410 =410 10 = 10] as 10 is rational number
(ii) 4162

Simplest form 9«5

Rationalizing factor of 42 is 2

Rationalizing factor of 162 is +/2

(iii) ¥4

= Yaxia? = =4

Rationalizing factor of Pais 54'[:1?

(iv) 16

Simplest from of s is 232

Mow rationalizing factor of s 3’12—:

. Rationalizing factor of 316 is 32°

Find rationalizing factor of 3162

Simplest form of $he2 is 332

Now rationalizing factor of 42 is %fi_’

. Rationalizing factor of 4162 is 42°

WHEN CONJUGATE SURDS AND RECIPROCALS ARE SAME :-
(a) 2+ -ﬁ it's conjugate is 2 - «E , its reciprocal is 2+ ﬁ & vice versa.

(b)5-2 J6 , it's conjugate is 5 + 246, its reciprocal is, 5 - 26 & vice versa.
Express the following surd with a rational denominator.

8
N5 +1-45 -3



8
B «.I"E+IJ'|—[J§+J§}
[ ] |JE+I+J§+J§|
| WS -0+ 5) Wi+ 1)+ (5 + 45
_ 3(ﬁ+l+£+ﬁ}
{JE+I}3—(J§+1E}:

B 3(ﬁ+l+£+-\f3_}
T 1541+ 2415 - [543+ 2415)

81541445 +43)
8

=(JE+[+J§+J§)

If3+2~u'r§
-4
Find the values of aand b
314242 (3+2v23+42) 9432464244 13 9
LHS.= = = = =442
1.2 (3_J§I3+ﬁ} 9_2 Fiy

13 9
St} = El+b~l5
7 7

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

equating the rational and irrational parts
9

We geta =E.b=—
7 7

Ex3 Ifx= : . find the value of x* - x*- 11x + 3
2+43

asx= I =8::3

2+-E
X-2=- «ﬁ
sqguaring both sides, we get
{x—2}|2=(—1.|"§): =X +4-4x=3=2x"-4x+1=0
Nowx*-x?-11x+3=x"-dx+x+3x*-12x + 3
XX -4x+ 1)+ 3 (@ -dx + 1)
xx0+ 3(0)
0+0=0

Ex4 Ifx=1++2+.3, provethatx'-4x*-4x'+16-8=0

Sol. x=1+ a.E+~E

Squaring both sides
= (x-1)- {JE""UIE}E
—x+1-2x=2+3+2.06

=¥ -2x-4=2 '.,IE
squaring both sides



= (x2-2x-4)= (246
=t +Ax?+16-4x + 16x - Bxi= 24
= %4 - 4x% - 4%+ 16x + 16 - 24 =0
= -4 -4t + 16X - 8 =0
D-7. SQUARE ROOTS OF BINOMIAL QUADRATIC SURDS:-

(a) Since (Vxyy ) =(x+y)+ 24y &(WVx —fy | =x+y-2/xy
(b) .. square rootof x+y+ zﬁ=i£+ﬁ}

(c) Square root of (x +y)-2 Jxy = +{vx - |y

(d) Square root of a2 + b + 2a4b = +{a + 4b)

(e) and square root of a2+ b - 2a+b =t{a—'.|"t_}}
Exd T+ =2 + (V3] +2x2x45
-\||(2+ﬁ)3=2+£

Js+2J6 —y5-246

V5+246 +4/5-246

Since y5+276 =3 +4285-26 =43 -2

fs+2d6 —f5-246  (3+2)-(B-2) 25 2 Bl

Js+2%6 520 WA+ 2)slA-v2) 255 A B 3
=1..I'a+2b+'.l'a—2b
Ja+2b-Ja-2b
Jﬂ+2b+Jﬂ—2bx{Ja+m+Ja—2h]
va+2b-+a-2b {Ja+2°b—~fa—2b}

- (avab«da—2b) _a+2b+a-2b+2fa+2b)a-2b)

Ex.2 Simplify

Ex.3 If x prove that b®* - abx + b* =0

as X =

(@a+2b)-(a-2b) 4b
r = 3
- EF_3+1.|'3 —4b }_a+m
4b h 2b

Z2bx=a+ va’ -4b’
Z2bx-a= a’ —4b?
squaring both sides (2bx - a)® = ( a’ —4b* ]

4b*x? + a? - 4abx = a* - 4b?
db®x? - 4abc +4b2 =0
b%xZ-abx +b*=0



OBJECTIVE TYPE QUESTIONS
1. How many prime number are there between 0 and 30:-
(A) 8 (B)10
2. Twao irrational numbers between 2 and 2.5 are :-
(A) JSandy2x5 (B) V5and2x5
3. The exponential form of -u'uE-E is -
{ﬂ] 5112 {B}Eh'.]
4. The rational form of -25.6875 is -
411 421
A) —— B) - —
i St v B =
5. The rational form of 2.7435 is :-
27161 27
A —— B) —
(A) 999 (B} %
6. The value of 0.423 is :-
423 479
A) —— B =
() 1000 ) 1000
T Which of the following is not a rational number :-
(A) V2 (B) 4
1 P
8. 1+ — equal to :-
1+
1+1/3
(A) 173 (B) 117
9. The number 3-43 is -
I+ \E
(A) Rational (B) lrrational
0. If x—L =43 then x° ——ls equal :-
X X
(A) 643 (B) 343
1. The value of 5.2 -
45 46
A) — By —
(A % B) 3

EXERCISE - 01

(C)8

(C) 5 andy2x 7

14

(C)6

431
oy
==

27161
G
9900

423
(C) =

(€) Vo

(C)3

(C) Both

(C)3

47
(C) o7

(D) 11
(D) None of these
(D)6

o) -3

27191

®) So00

419
g b
(D) 99()

(D) V16

1
(D) 13

(D) Can't say

(D) V3

(D) Mone



12.

13.

14,

15.

16.

17.

18.

18.

20.

21.

22.

{XEI-I-I:I){I:H-G ﬂxma }3

{x“b".x': }-d
(A) -1 (B)O (€)1
LI} -1
The value of (06) —(0.1 — s
(327312 +[— %}
(A) 312 (B)-3/2 (C) 2/3
If 2*=4"=8"and L+L+L=4, then the value of x is -
2x 4y 4z
T 7 7
A) — By — C)—
() 16 ( }32 ( }48
If 85 = 3 - 486 then the value of x is -
(A) 35 (B)25 (C)15
1 1
Ifa = b= then the value of a* + b? is -
; B 5 1+242
(A) 34 (B) 35 (C) 36
n+d4 n
2 -3 }+2‘5 is equal to :-
E{EH‘-]}
(A) 2™ |2+ L © 2_an
8 8

If 2*Y =32 and 2Y 16 then a* + y* -
(A) 9 (B) 10 (C) 11
512 215
The value of M— i
':16}3“'1 )‘C{E}SJH

5625 5615 5625

(A) == (B) =— (C) ==

128 256 256

a

I I las+l
The value of | (x3% }“"} =

L
(A)x (B} 1/x (C) x®
4 ;.J'x_g -
(A)x (B)x™* (C)x™*

The value of 543 — 3412 + 2475 on simplifying is :-
(A) 53 (B) 643 (C) 3

(D) Mone

(D) -1/2

(D) Mone of these

(D)0

(D) 37

(D) 1

(D) 13

(D) MNone

(D) 1/x®

ED} x'I.'E

(D) 943



6

23.  If 3 =1.732, J5 =2.236, then the value of ——— is :-
d B -3
(A) 10.905 (B) 11.904 (C) 11.905 (D) None
24. The product of 446 and 324 is -
(A) 124 (B) 134 (C) 144 (D) 154
25.  Ifa= 2+£,b= 2-43 then the value of a + b is -
2—‘\E 2 +'u'r3_
(A) 14 (B)-14 (C) 83 (D) -3
26. Ifx= ) find the value of a* - 2¥*-Tx + 5 is -
35
(A) 2 (8) 1 (C)0 (D)3
27.  Thesurd 335 — 345 in its simplest form is equal to -
(A) 295 (B) s () s (D) None of these
28 Simplify 2 + l _ e
' B+l f+2 2
(A) 1 (B)0 (C) 10 (D) 100
29. If Sﬁ d4a + v'r_‘-n_b the valueofaand bis -
T—#f3
(A)a=47, b=27 (B)a=27,b=47 (C)a=15b=35 (D)a=35b=25
30.  The value of 324 + 814192 is -
(A) i3 (B) 3 (C)3 (D) None of these
ANSWERS KEY
Que. | 1 2 3 4 5 6 7 8 9 10 [ 11 | 12 [ 13 [ 14 | 15
Ans. | B A c A c D A B B A c c B A A
Que. | 18 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 256 | 26 | 271 | 28 | 20 | 30
Ans. | A D B D A D D B c A D A B c A




EXERCISE - 02

10.

1.
12.

13.

14.

15.

SUBJECTIVE TYPE QUESTIONS

Find 5 rational number between % and i

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 -UE 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 (4 (53]

-1 -1 2
a a 2b
Prove that + =—
ateb? atl =i hiiTar
If 3+ E'E =a+ qu, where a and b are rationals. Find the values of a and b.

31-42

fa=x"y b=x"FPy c=x""y Provethata™ = b™ = "9 =1.
If x is a positive real number and the exponents are rational numbers, show that :

. | 1 |
(i) 0 4 o 5 =1
e o Y B - LxT S rxss

et i

V6 43
By et T

L

B3
NEE

Ifx= — 2 and y= ——— find the value of 3 + dxy - 3y*.

‘?mim
‘fn‘:ﬂ

x=3+2£,ﬁndthevalueofx“+ LJ'
X



16. If x = 43+ 242 find the values of :-

—_— I

(i) x+ T (i} x~ + =
17. In the following determine rational numbers a and b.

—.J5
—T+J§——? J'_ —a+75h.
'F—-‘E T+ \E
1 2

18. fx=2"+2 showthatx*-6x=6.
NUMBER SYSTEM ANSWER KEY EXERCISE - 2 (IX) - CBSE
™ Subjective type answers

19 20 21 22 23
r—— —and —

. ———— 3. 3.14285714
30 30 30 30 30

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

10. E|=Eﬂndt}=E 13.0
T 7

15. 1154 16. (i) 242 (ii) 6

4. (a) % (b) %

8.1

14. 4+%Jﬁ

17. E=[I,b=]—
11




