CLASS 9

NUMBER SYSTEMS

SURDS AND RADICALS

SURDS :

Any irrational number of the form ¥a 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.

1
Ya is read as ‘nth root a’ and can also be written as an.

(@) Some Identical Surds:
() J4is a surd as radicand is a rational number.
Similar examples 95,4127 V12,
2/3 is a surd (as surd + rational number will give a surd)

Similar examples v3+1,33+1,...

JV7—4/3 is asurd as 7 - 4/3 is a perfect square of (2—\/3)

Similar examples {7+4/3,/9—4/5,1/9+4/5,

1 1
() ¥V3 isasurd as ¥V3 2[32j =36 =93

Similar examples %/%/_5,%@—6,
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(b) Some Expression are not Surds :

() ¥ 8 because I8 =32% =2, which is a rational number.

(i)  2+J/3 because 2+/3 is not a perfect square.
(i)  ¥1+J3 because radicand is an irrational number.
LAW OF SURDS:
0 la)=¥a=a
e (A) ¥8=YB =2 (B) 481=43%=3
Yax¥b=Yab [Here order should be same]
e (A) Y2536 =356 =IT2
but, I3x¥6~/3%6 [Because order is not same]

1st make their order same and then you can multiply.

Ya-+0b=y2

f0a="ga=10a eg = Jv2 =48

Ya="¥aP [Important for changing order of surds]
or, Yam ="Yam

e.g. Y& make its order 6, then V6% =362 ={6*.

e.g. 36 make its order 15, then J6 =3J6 :1\?@.




CLASS 9

OPERATION OF SURDS:

(a) Addition and Subtraction of Surds :

Addition and subtraction of surds are possible only when order and radicand are same i.e.

only for surds.
Ex.1 Simplify
()  V6—ZI6+V96=15/6 —/6 x6+/16x6
(i) 5¥250+7AT16-14/54
Sol.(i) v6—v2T6+/96=15/6—/6 x6-+/166 [Bring surd in simples form]
= 15/6-6/6+4/6
=(15-6+4)J6
= 13/6
(i) 5V250+7AT16-1454 =51252+738x2-1427<2
=5x52+7x2%2~14x3x32
=(25+14-42%2

— 3D

51 _ 5 [Ix
(i) 43+3/88-3 |7 =4/3+3/163 -3 [T

=4J3+3><4J3—%><%J3

=43 +12‘/3_%‘/3

_ e 91
_(4+12 6}f3 —3\/3
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(b) Multiplication and Division of Surds :
Ex2 (i) V4x322 () V2 x V3
Sol. (i) ¥Ax¥R=YAxN=YBx11=%T11
(i) 2x43 =192 <3 =124 x3 =1916<27=19432

Simplify V8&a’bx34a?b?

U8l x§42a%* =§2131Y =§2ab.

V24 = 3200

.3 J24 ¢ (2493 _[21€
V24:9200= Y200 €200 V625

(c) Comparison of Surds :
Itis clear thatif x >y > 0 and n > 1 is a positive integer then ¥x >1y.
Ex.6 Arrange v2,93 and ¥5 is ascending order.
Sol. L.CM.of2, 3,4is12.
. 2= =134
13 =43 =181
45 =495 3128
As, 64 <81 < 125.
L 1964<J81<112E
= J2<¥3<45
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Ex.7 Which is greater v7—J3 or v5-1?

7B TR +B)_ 73 _ 4

sol. W7B) 7B T

4_(B-DEB+) _5-1 _ 4
And,  J5-1 5+ J5+1 J5+1

Now, we know that v7 >v/5 and V3 >1, add

So, V7 +J/3>J5+1

1 < 1
J7+/3 J5+1

=

4 < 4
J7+J3 J5+1

=

= J7-J/3<J/5-1
So, V5b—1>J7—/3
RATIONALIZATION OF SURDS:

Rationalizing factor product of two surds is a rational number then each of them is called
the rationalizing factor (R.F.) of the other. The process of converting a surd to a rational

number by using an appropriate multiplier is known as rationalization.
Some examples:

() RF.of Vais va |.JaxJa=a)

(ii) RF. of Yaisle? [.-.%XW =F :a).

(iii) R.F.of Ya+Jbis/a—/b & vice versa |_.'.(\/5+\/5k/£_1—\/’5)=a—bj.

(iv) RF.ofa +Vb is a—/b & vice versa I_.‘.(ah/Bla—\/B):az—bJ

(V) RE.of ¥a+3b is (12 ¥abrF? | - {2+ YB3 ~¥abiE?

5
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|:(§/5)3 +(§’/'|:_))3 :a+b} which is rational.

(vi) RF. of [Ja+/b+/c)id/a+/b—Jcjda+b—c+2/ab)

Ex.8 Find the R.G. (rationalizing factor) of the following :
(1) V10 (ii) V12 (iii) V16Z
(iv) ¥4 (v) J16 (vi) Y162
(vii) 2+J3 (viii) 7-4J/3 (ix) 3/3+2/2
x) 3+92 (xi) 1+/2+3

Sol. (i) 10
[ VTOxJ/T0=yI0x10=1(Q as 10 is rational number.
. RF.of yTI0is v10

) V12
First write it’s simplest from i.e. 2/3.
Now find R.F. (i.e. RF. of V3 is v3)
o RF.of y12is J/3
V162
Simplest from of VI16Zis /2.
RF.of V2 is V2.
. RF.of V162is 42
¥4
VA2 =YP =4

. RF.of ¥4 is W
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v) Y16
Simplest from of Y16 is X2
Now RF. of 32 is 322
-, RF.of ¥T6is ¥22
¥162
Simplest form of ¥T6Zis 342
Now RF. of 42 is¥2®
RF. of (#163is 428
2+/3
As R+v3J2—v3)=(22-(/3f =4-3=1, , which is rational.
. RF.of 2+/3) is 2—V3)
7-4J3
As (7-4v3)7+4v3)=(72 -{4—3f = 49 - 48 = 1, which is rational
. RF.of 7-4/3) is (7+4/3)
3/3+2/2
As 3/3+202J3v3-2v2)=(3/3F ~(2v2f =27-8=19, which is rational.
. RF.of 3/3+2/2) is (3/3-2/2)

P32

As (3’/3+%/ZI%/? —3’/3><§/2+%/?)=G’/§ +%/?) = 3 4+ 2 =5, which is rational.
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. RF.of §3+2) is (%/? —%xz’/va%/?)

(xi) 1+/2+V3
(L+v2+43)1+2-v3)=(1+72f (3]
—12+(2f+20)0v2)-3
=142+2/2-3
=3+2/2-3
=22

22xJ2=2x2=4

" RF.of 14+v2+/3is (14—\/2—«/3) and 2.
NOTE: RF.of Ja+/b or Ja—/btype surds are also called conjugate surds & vice versa.

Ex9 Express the following surd with a rational denominator.

Sol. \/T5+1§ B3 :Wmﬂx[%ﬂikﬁigﬂ

_ JVT5t1+/5+43)
W15+1f -{/5+v3f

_ §U15+1+/5+3)
15+1+2\/T5—(5+3+2\/T45)

_§VT5+1+/5+3)
8

—(JT5+14J5+43)
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&

Ex.10 Rationalize the denominator of —————

Ja+b+b
2

a ___a@ e+ -b
J2+P+b Ja@+bP+b a+b-b

az(\/m —b)
(Va2 | -7

Sol.

2 V& +17 —b
A

EXPONENTS OF REAL NUMBER

(@) Positive Integral Power :

For any real number a and a positive integer ‘n’ we define am as :
an=axaxax x a (n times)

ar is called then nth power of a. The real number ‘a’ is called the base and ‘n’ is called the

exponent of the nth power of a.
eg.23=2x2x2=8

NOTE : For any non-zero real number ‘a’ we define al=1.

0
e.g. thus, 30 = 1, 50, G’J =1 and so on.

(b) Negative Integral Power :
1

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

Thus we have defined a" find all integral values of n, positive, zero or negative. a" is called

the nth power of a.
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RATIONAL EXPNENTS OR A REAL NUMBER

(@) Principal of nt Root of a Positive Real Numbers :

If ‘a’ is a positive real number and 'n’ is a positive integer, then the principal nth root of a is

the unique positive real number x such that x» = a.

The principal nth root of a positive real number a is denoted by al/n or ¥a.

(b) Principal of nt Root of a Negative Real Numbers :

If ‘a’ is a negative real number and ‘n’ is an odd positive integer, then the principle nt root
of a is define as -|a]1/" i.e. the principal nth root of -a is negative of the principal nt" root of

|al.
REMAEK:

It ‘@’ is negative real number and ‘n’ is an even positive integer, then the principle nth root of
a is not defined, because an even power of real number is always positive. Therefore (-9)1/2

is a meaningless quantity, if we confine ourselves to the set of real number, only.

(c) Rational Power (Exponents) :

For any positive real number ‘a’ and a rational number g # where q#0, we define

aP/4=(aP)l/4 i.e. ar/ais the principle gt root of a.

LAWS OF RATIONAL EXPONETNS

The following laws hold the rational exponents
(i) am X an = gm+1 (ii) am + an = gm=n

(iii) (am)n = amn (iv) a™ =%

(v) aw/n = (am)l/n = (al/m)mje, am/n = Yam :({72_1)“ (vi) (ab)m = ambm
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(Vll) (%) :% (Vlll) gbn = gb+b+b...ntmes

Where a,b are positive real number and m,n are relational numbers.
ILLUSTRATIONS :

Ex.11 Evaluate each of the following:
(i) 52 x 54 (ii) 58 + 53 (iii) (f
(11 3)—3
(1) @3
Sol.  Using the laws of indices, we have

(i) 52.5% = 52+4 = 56 = 15625

an§+§=g=§%=§=mz

(i) (3] =32 =3 =72¢

. (11 _1P 133"
WOGQ‘TifWZ

wﬂ§f=cig

Ex.12 Evaluate each of the following :

o FHENG)

(iii) 229x200-297x218
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Sol. We have.

o FENE-EES

_ 2x3
1F

We have,

BAEAE) G HE)
_P (2.5
33

_ 1165
- 32x81x3

> =9

T3 48¢

We have,

255260 _297 (718 _55:60 _97+18
oI5 _ollE

We have,

HEEREE I

B.o1 ZF
PR

_ BxFPxF
- BB




