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“ Recall the set of real nurnbers as the union set
Represent real numbers on the number line.

Demonstrate a number with termin
the number line,

& &

&
K
L
®
<
&
4
¢

define a complex number 2 represented by an expression of the form
w2 =& + i b, where #is real and b is imaginary part and here i =v"1
ecognize 4 as real part and b as imaginary part of z=a+ i orz=(a, b}
'Define conjugate of a complex number
¥ Know the condition of equality of complex numbers.

" » Carry—out basic operations (i.e. addition, subtraction, multiplication and division} on
complex nmbers,

6-13?1% w3 of exponents to simplify expressions with real exponents.
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In pervious classes we have learned various kinds of numbers such as
natural numbers {counting numbers), whole numbers, integers, rational

numbers etc,
All these numbers are contained in the set of real numbers.
classification of real numbers is given below:

1.1 Real Numbers

111 ufrenlnumh as the union set of rational
i numbers.

set of real numbers is the union of the sef of rational and irrational
\ umbers. ie, R=Q U Q'

We have already learned about rational and irrational numbers, Real
numbers have many properties as the properties of rational numbers.
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1.1.2 Represent Real Numbers on the Number Line

In the previous classes we have already studied whole numbers and
integers and their representation on a number line, Similarly we can
represent real numbers on number line.

Let us see the following examples. 2
\/

MR@MMMM—% and% on the number line /
' ¥z

Thus, in the above figure the point P, repre %r—% and the

I

Represent —1.5 and I%m\ 5

Similar in the figure, PQK%SEHE number —1.5 and P, represent

numberl%.

T 1

5
Number with Terminating and
Non ating Recurring Decimal on the Number Line

@- locate a number with terminating and non-terminating
ectiping decimal on the number line, the points associated with the

rational numbers %a:nd where @, b are positive integers, we sub—divide
% each unit length into b equal parts, Then the # point of division to the

%andthattoﬂmle&nf&mnrigma{:the

right of the origin represents

same distance represen —-E .
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Show the following terminating decimal fractions on the number [ine.
: .5
il 2
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1.1.4 Distinguish the Decimal Representation of Rational and
Irrational Numbers.

When we represent rational numbers in the decimal form then two
types of decimal fractions are possible ie. terminating afid
non-terminating recurring decimal fractions, while Irrational numbers
are represented as non- terminating non-recurring decimal frae ~Q,,:.mr
represent them in below table.

l]i:!wm,g numbers as rational and irrational numbers and

ach one in sepaxate column.
% g (i) ﬁ (iv) -:— ) % vi) V8
{'ru) N R Tk

Convert the fnllowmg into decimal fmcl:mns Also mdicate the:m as
ta-mma_tmg and non-terminating decimal fractions,

5 .4 1 . 49 207 (vi) 220
@) Y i) 1 (i) i (iv) = v) ——

15 76
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Represent the following rational numbers on number line.
8 8 1 1 2 2
i =iLs i) 1= A, pa = s
ﬁ]m i) -z dil- %) iz == ¢l -3
4,  Can you make a list of all rational numbers between 1 and 2?
5. Give reason, why pi (n) is an irrational number?

Tick () the correct statements. Q~:
(i} g is an example of irrational number. ?‘

{(ii)y wisan irrational number.

(i) 0.31591... is an example of nm—lﬂnﬂna@ non-Tepeating
decimal fraction.

123 is an example of recurrin irmal fraction.

_—
=
=

121 Kn Properties of Real Numbers
erties of Real Numbers with respect to Addition

osure Property:
e Sum of any two real numbers is again a real number.
\ ie.¥a,be R = a+beRis called closure property w.r.t addition.

eg (i) 5,7eR=35+7=12¢R
43 4 3 16+15 31
W SgR=5 "0 4°
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{ii) Commutative Property:
For any two real numbers g and b
a+b=b+a
is called commutative property w.r.t addition
eg. (i) 3+47=7+3 i) JS5+JE=J6+5 ’
(iif) Associative Property: Q‘“
For any three real numbers 2 and b and ¢ such that v

(a+b)+c=a+(b+c)
is called associative property w.r.t addiﬁun.@

eg (4+5)+6=4+(5+6) %
(iv) Additive Identity: @
There exists a number DeR s _
a+0=g=0+a, Vneé
‘B’isca]ladaddiﬁw@
eg 3+ﬂ=3=ﬂ'*3, 8 ﬂ=—;=ﬂ'+—?, efc

{(v) Additive :

For each 4 exist —acR such thata+(—a)=0={(-a)+a

so,—a and additive inverses of each other.
+(-6)=0={-6)+6=0
6 afid —6 are additive inverses of each other.
ies of Real Numbers with respect to
tiplication
losure Property:

The product of any two real numbers g and b is again a real number.

% ie, abeR—>abeR, is called closure properly w.rt
multiplication
eg. {i 5,7eR=(5)(7)=35eR

36 3y6) 18
ZeR|Z | = |==ck,
{id) 57 :‘»[5)[?) € R, etc

o
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Commutative Property:

For any two real numbers @ and b

ab = ba is called commutative property w.r.t multiplication.
eg. ) 3, 5eR=(3)(\5)=(5)(3)

(i) 3,4eR = 3xd =43 et Q_~
(iii) Associative Property:
For any three real numbers g,b and ¢ ?‘
(ab)c = a{be) is called associative property w.r. tion.
eg {i) 456<R, then (4x5)x6=4x{556),
(i) %,4,J§em,&uen(§x X(4xf3), etc.

(iv) Multiplicative Identity:
For any real number 2 ther e R
@l=1xg=a, 1 is licative identity.
epglx3=3x1=35,

(v} Multiplicati

ax %: 1thus Land a are the multiplicative inverses of each
a

\ Here 3 and % are multiplicative inverses of each other.

(c) Distributive Property of Multiplication over Addition
For any three real numbers g,b,c such that
(@) alb+c)=ab+ac, it is called Distributive Property of
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multiplication over addition. {Left Distributive Property)
(i} (a+bx=ac+bec, it is called distributive property of
multiplication over addition. (Right Distributive Property)
eg.  3(5+7)=3x5+ 3«7, (Left Distributive Property) ’
(3+7)2=3x2 + 7x2, (Right Distributive Property)

Properties of Equality of Real Numb
Following are the properties of equa]iiyof%
(i)  Reflexive Property

IfacRthena=4a,
(i) Symmetric Property

If be R thena=b @@
(iii) Transitive Pro

IfabecR

{iv) Additive

Ifak, =hé& gro=b+r.
(v) Muyftipticafive Property

§a, uch that, a=b then ac= be.
(v ion Property for Addition

IfabeeR, fa+c=h+c thena=>b
Cancellation property for multiplication

Following are the properties of inequalities of real numbers.
% (i)  Trichotomy Property
IfabecsRitena>bora<bora=d.
(ii) Transitive Property
If a,b,cc R then
(a} a<bandb<e=a<g

(b} a>bandb>c=a>c

IfabesRandc=0 ifac=bc then, a=b
@ Properties of Inequalities of Real Numbers.
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(iii) Additive Property
If a,b,ce R then
{a) a<b=>ate<big

(b) a>b=a+e>b+ec

(iv) Multiplicative Property O
Ifab,ccR and ¢ > 0, then
{a) a>b=>ac>he
(b) a<b=ac<bc :?‘

similarly, if e< 0 then,

{a) a>b=vac<be %
(b) a<b=ac>be
(v} Reciprocative Property

Ifﬂ,bERﬂid.ﬂ,bm of samesisn

{a) Fa<h=lslands

(vi)
(@) L a+FeFb+c=a>hb
) c<b+re=a<h
similarly, ac>bc=a>b, wherec >0

ac< be =>a< b, wherec>0
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1 2 21

—e e —
& 2 3 3 2

w(IENEY m R
Ol o o B

(vil) 11x(15%21) = (11x15) x21 (ii) 21 3V, x%;J

B @5?;]-[2}&)-'

o B G HEADR 3
2 Fﬂlthacmmctmaln«ml& lowing to make the real numbers

B TR L G

0 »

() —x—é( ) (2X2)-0

59

| §% Wi B

ollowing blanks to make the property correct/true,
5<8and8<10> <

\ e
% (i) 1W>BandB8>5=__ «__
iy 3<6=3+9___

{iv)y 4<6=4+8<
V) B>6=6+8>__
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4, Fill the following blanks which make the property correct/true:
(i) §<7=5%12<_ x
(ii) 725=7x12> x

(@) 6>4=6%(-7)___4x(-7) O
(v) 2<8=>2x(-4)__ 8x(-4) Q-

5. Find the additive and multiplicative inverse of the l% real
numbers.

@3 -7 @603 civ)i;j‘r-s- % (vi) 0
1.3 Radicals and Radicands. OE

131 Identify radicals and radicands Q
Yands > 1,

)

: Letne Z' (Set of Positive i

h
- ':-: also letae R, then for any number x,
e :

suchthat  x*= +¢E=&x=ﬁ (square root of a)
1
similarly, Q-a’ —=x=4a (cube root of )
x' =a=x=a" = x=1/a (4% root of )

1
¥ =a=>x=a" = x=Va (n¥ root of g)

@ d radicand and ‘n’ is called the index.
\ The symbol | is called radical sign.
38 Differentiate between Radical and Exponential forms of an
Expression

As we have studied thatx =%a is in a radical form.
1 e 3 1 m

Similarly,a®, a3, a?, #*, a* are some examples of exponential form.

©

s
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1

Here, E!Eis in radical form and a” in exponential form.
Here are some properties of square root

Forallg,be R' nmne Z
Then, ?\
) —~=va v) Jax a=%

(v) %ﬂ {vi) @:I: ma={min}a
o G Q)
Similarly, &
(® ax b =%ab (i) J_
(i) Vi =ap (iv) i = giom = g
o Var =%%a = g (vi)

g e

an Expression given in Radical Form to an Exponent Form
\hﬁ

% properties of radicals and exponential forms are very useful when
we simplify the expressions involving radicals and exponents.




of ow @i g\/[i_] v
Solutions:

® EEE]% (i) 15 = (8 ﬁﬁf@= d ]
) i}g{ﬂ () Y = atyt @

Ex: uuj iF] Transform the following forms into radical

1 2 "
s
o} @a (L)’ m(—f)
Solutions:
# 3
k @) (122 = (12" iy () =47

2]

Write the base and exponent of the following:

3
@® 3* (ii) G“) (i) (-30)
Identify radicand and index in the following:
M ¥ (i) g (iii) 3x2yz
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Transform the following into exponential forms,

6 @) J(;]S an ()
(iv) Y2 w27 (vi) Y-69°
i3] emiE ey
4.  Transform the following into radical forms. Ov
5

1 1 .
() @) (b7 i)

mn 1
bY2 11Y12)\ [
() [;J () [[“15 . {gﬂ O
14 Laws of Exponents/Indices: Q

Laws of exponents or indi mportant in many fields of
mathematics.
14.1 Recall Base, Expnn wd Value of Power

The laws of exponents are useful to simplify the expressions.
( of Product of Powers

a} IfabeRand xyeZ*
Then, o x a¥ = ¥
\ examples based on this law are given below:

% (a) #xd =a*P =g (b) 3x ¥ =3""x3* =729
(i) Law of Power of Power

Kae lliunmil;:v::,y»z."."",1:‘t‘uen(1u")¥=f.‘t"‘:sr

Some examples based on this law are given below:
(a} (52)4 = 52!4 = 5!



®) {(11)} (81 ¢ y
o 6T
Law of Power of a Product Qg

Foralla b,eRand neZ*,
Then, (ax b)* =a" x b" ?\
Following examples are based on this law: O
e ]
8|7 8Y(7
3= - || — =] — —_—
wer-2e o {5} -CED
(iv) Law of Power of a Quotient %
Foralla, b, e Rand msz*,.thm(
The following examples based

o (-5 o
(v) Law of quotient of

Euemaa&ﬂmm , then,
Qf Remember thakt
%ﬁ, if n>m,
If

~a)% =g, if # is an even exponent,
Xpo .
o o =g, if 1 is an odd exponent.

V- S
; n’“_u“‘_a“_l
N Similarly, g = g = g =

The following examples based on this law are given below:

(a) %;35-‘2 _3% _927 % Remember that:
e A If the power of a non-zero real
®) 78 253 o2 4g number is zero then its value is

& ta 1. For example: 3¢ =1,
equal P



3 2.5 (a+b)(c+d)°

O3 T T
2 Simplify using law of exponent: 5 | Q~
oG oG w

(iv) (-3x5%)° @ BT @)

o (<) 5T (=T o st \Eﬁwcwi
il
(x) 10"y%"2y @ 37 @(ﬂ)‘[‘;] (‘ﬂ(‘;f
3. Simplify using the law of
@ & (i) {{Wﬂ% (i) 1C4)°)°
() {87 (4P (v [[-%T]
' Y (i —[(-02) (-0.0)° (01)'F

1.5 Complex Numiers

¢ then define a complex number z represented by an
ofthefm(a,b}nrz-u-&-ib where a is real part and b is

$olution of the equation x*+1=0 does not exist in k. To overcome this
inadequacy of real number, mathematicians introduced a new number

V-1, imaginary unit and denoted it by the letter i {iota) having the
property that i*=-1. Obviously i is not real number. It is a new
mathematical entity that enables us to find the solution of every
algebraic equation of the type x”+a=0 wherea>0. Numbers like
1 =1,4-5 =5i,/[ 49 = 7i are called pure imaginary number.



7 Definition of Complex Number
. A number of the form g+ jbwhere 7 and & are real numbers and i
is an imaginary unit i.e. i=+-1is called a complex number and it is
N denoted by z. e.g. z=3+4i is an complex number.
:::\;_r:,. The complex number g+ ib can be written in order pair form{a, b
such as 5+8i=(5,8).
152 Recognize g as real part and b us imaginary part of z=a .+
In the complex number z=a+ib,"a” is the real part of compléx fmabe
and “5" is the imaginary part of complex number. The real part of cOnple
number is denoted by Re(z) and its imaginary part is denoted b

- parts for the Si@p ox numiber.

7=3-21
Sese, R a=band b=
153 Define conjugate of a complex
Cmﬁugﬁheufzis.demtedbyginumeu e \E
lz=a+ib thenz=a-ib or If }, then z=(2,~b)

tes@if the following complex numbers.
45
w (_5';)
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154 Know the condition of equality of complex numbers

Two complex numbers are said to be equal if and only if, they have same

real parts and same imaginary parts. Le.

YabodeR,suchthata+ib=c+id iffa=cand b=4d.
Lxample {78 If 4x + 3yi =16+ 9%, find x and .

Solution: Given that

dx+3yi=16+9i = 4x=16and Jy=9, :?‘

8 g 2o ety

Example[7] If «* +iy* = 25+;35 find xand y.
Solution; Given that
X +yi=025+36i =>x* = 25 and

x=+25 andy=+J36 = x

1. Write the follo wplex numbers in the form of a+ib for the

given ordere _
@ (1.2) (if) (2,2) (i) (3.4)
(v) -1,1) (v} (-22) (vi) (-34)
2. Identifygéal 3and imaginary parts for the following complex numbers.
(i) 9+ 4 (iii) (-5,6)

1-i ®) [—-})— [—%} (vi) 2i-1
ind the conjugate of the following complex numbers,
(i) 3+2% (i) (-1,1)



Verify that(z) = z, for the following complex numbers,
()l mio
(iv) 24 3 (v} -2- 3(~1£-} (vi) 4x+3iy O

5.  Find the values of x and y, when Q‘
() x+yi=-5+5 (i) x +zy2=1—+ ?‘

(iii} ya+§i=]2!—%i (i\r}‘r J—HI &J_%

1.6 Basic O]Jeraﬁﬂm on Complex Numbers

Multiplicaliun and Division) preCbmpflex Numbers
(i) Addition of complex numbégs
Let z,= a+ib iml:lz1 id
Va, b, c deR, then,

be any two complex numbers

=/ Remember that:

={at+cb+d). (a,B)+(c, d)={a+c,b+d)
Example: Ifz=6+9% 1+21,fmd-zl+ z,
we kn iz[-+z,={n+c)+t'{b+d}={u+c,b+d}

L bR (69+ (12
- 2=6-1,9+2)

= (5,11)
i ubtraction of complex numbers.

Let zea+ibandz=c+id Va b, ¢ deR,

\ then 2r 2= (a+ i) — {c + id)
=(a-0)+i.(o-d)= (@~ b-)

fxample:  If zi=- 7 + 2i and z 4 -9, find z:— 2o

Solutiom:  Given that z2=- 7 + 2i = (-7,2) and 2=4 -9 = {4,-9)

know thatz —z:=(a-¢, b- :
:fmzz?-;z-; gt =/ Remember that:

= z—2=(-11,11) (a,b)—(c,d)={a—c,b—d)
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(iif} Multiplication of complex mumbers.

Let z= a + ib and z= ¢ + id, be any two complex numbers,
Yab,cde

725 =(a+ib){c+ib) E/ Remember that:
- (e B)2 di(e+) ey, 4
= ac + bei + adi+ bdi* Q‘
= (ac-bd)+i{ad+bc)=(ac—bd,ad +bc) i'z:—]?\
Ifz =3+4i=(3,4)and z, =—3—4i=(—3,—4),% ductz,z,.

Given that
7 =3+4i=(3,4)}and z, =-3-4i=(-3 :I
We know that zz, =(ﬁc_wrad+0

L nm=(34)(-34)

= 7z =(9+16,-12-12)= ?,@

{iv) Division of complex
Let zi=a+ib= (a,b}
Division. of
written as €T

% .
K E/ Remember that:
+ib ¢ —id

= s (k) (ac+bd -'h:'—dd)
c+id c-id (c.d) (c’+ﬂ2:'c1+dz

\t\o (e

=(u¢+ﬁd be —ad ]
A+d e +d

(c.d), zz#0.
x number z1 by another complex number z:




={B+‘6)+i{1-2;4]

(@) - (i2y’ ?‘
1448
2 O

3

10 10 \E
=(1,i)=(l,zj Hence =i
1010 10 5 @
lef 17 Perform division of using division formula

" (<1,3)+(2,4).
Solution: Formula: L. (.a' b)

(-D@)+3)(-4) ’ 3N --D(-4
2aa) T

23-12 6-4
4+16 "4 16
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Exercise 1.6 @

1.  Perform the indicated operations of the following complex numbers.

{i) (3,2)+(9,3) (ii) G%}f (% —;1]
) (2w s?)(Jwer | @) (512109
W(ELH2e) 4 (1.2)(1-2) ?‘
(i) (4,-5)(5.4) i ';[5 I&J
() (3.-7)+(3,2) (x) (4.5

3. Z;nzhfy‘ and write your m::;wt m D ib

[ }2_51.__4_“..

3-i 3+i 2+34)(1+i)
4, Hzl—-i+6:an .ﬁ

(M*-zz (n}zl n=5-2

5 Iz =2- u.ndzi 2+3:,vent'y_f]lai
; : RIS
(@) 0!2 z (i) [ zi) =

Review Exercise 1

% 1in the blanks.
(i)  Multiplicative inverse ofv/5 is ;
i QugQ-=

{iiiy The additive de:ntltjr in R is
Eﬁ;} SH{6+7)=(5+6H




22
—idisa ___ number,
- a

(viii) The conjugate of -3 + 5iis
(ix) m2i3—i), therealpartis |
(x)  The product of two complex number (a.b) and (c.d)

ie (gb)led)=________ . O
3 Rm&ﬂufuﬂnwing:mhnmm:fnﬂylmi!mimh‘rinmenfh\%

F in case of false statement.

{i R is closed under multiplication.

() ifx<yay<zdx<z @
(@) VryzeR,x(y-z)=ay-az /F
(iv) The product of every two imaginary ers T/F
(v}  Thesum of two real numbers is a real ber. T/F

3.  Tick (v) the correct answer.

(@  The additive inverse of /5 is Q
1
e
© Q) @ -5
) (G)2)- & |

(@ —10

© —10i @ 10
({H) 3(5+7)=3.548, ¢ the property used
(@) (b)  Associative
(©) (d Closure
) V-2=
B -2
2i @ -2

e pet of real numbers is the union of set of rational and irrational
numbers, i.e, R=(uAY.
¢ There are two types of non—terminating decimal fractions ie.,
non-recurring decimal fractions and recurring decimal fractions.
< Properties of real numbers w.r.t. “+” and “x”
()  Closure property:
a+beR and abeR ,Va,beR




(i)  Associalive property:
a+(b+c)=(a+b)+c and a(be)=(abjc, Va,b,ceR
(iiiy Commutative property:

a+b=b+a and ab=ha,Va,bcR
(iv) Identities property:

a+0= g=0+aand a#1=g=14a VacsR Q§

(v} Distributive property:
a(b+c)=ab+ac or(b+c)a=ba+c,Vab,ceR : ?‘

(vi} Inverses property:

a+(-#}=0=-a+a and u%—l-;ﬂ.‘u’u,eﬂ&
< Number line: A line used for representing n r is called a

¢ Radical and Radicand: In¥, they is c@du:al sign a is called
< Laws of Exponent:

i} IfabeRand x,yeZ =g,
(i} If aeR and x,y

(i) VabeRandp (ax b)' =a"x b
(ivi Vabe «n ,then, [: I :: + provided B#0.
< Comp er: z=a+ib=(a,b) is called complex number, where ‘¢

4V is an imaginary part of zand i =V=1
on two complex numbers 2, =a+iband z,=c+id
=(a+c)+i{b+d)

\ % =(a-c)+i(b-d}
% 2,2, = (ac-bd) +i{ad + be)

ﬂ=(m+bd}i[m—aﬂ]
z, \c*+d? e




Afiter completing this unit, students will be 2

as @ power ‘tﬂWI‘lil’.‘h & must be
x, 0> 0, y= 0and 2 #1).

u tables to find the antilog of a number.
cl thedog and antilog of 2 number.

=x e y=10%

(B
- rﬂy=¢-’.
the following laws of logarithms.
él} log, (1) = logm +log n
(id) log;(%): hgﬁm - log 1,
{if) logm* =nlogm,
{ivy logm. log n=1logn.
Apply these laws of logarithms to convert lengthy processes of

multiplication, division and exponentiation into easier processes of
addition and subtraction etc.




H"‘}t:k‘_«,
w

Logarithms were introduced by the great muslim mathematician Abu
Muhammad Musa Al-Khawarizmi. Letter on in the seventeen century and
John Napier developed the concept of logarithm further and prepared tables
for it. In these table the base “¢” was used. e is an irrational number i
approximate value is 2.71828... . In 1631, Professor Henry Briggs dé '@ ped

the tables with base “10”.
By the use of logarithms the enormous labour of is

reduced and it is performed with great ease.

21 Scientific Notation

Scientific notation is special form to wﬁ@l;ge or very small

numbers conveniently.
2.1.1 Express a number in standar \@ scientific notation

and vice versa

In the world of science an ; we deal with very large and
small numbers and q ies, distance from the earth to the sun is
150,000,000 km ap ly and weight of hydrogen atom is
0.000,000,000,000 ,001,7g.The writing of such type of
numbers in or tion(Standard notation) is too difficult for

everyone it e consuming. Scientists have developed a
convenient me to write very small and very large numbers that is

called se ific notation.
we mentioned number in section 2.1.1 can be simply and

in scientific notation as: 1.5 x 10%® km and 17 x 10%g
ively.



'Expxess the following numbers in scientific notation.
(i) 400900 (i)  0.0000075

Solution: Q~:
i 400900 »
In given number, decimal is after the unit digit, so mobe de

up to five digits from right to left, and write as 400900 =
the required scientific notation.

(iij}  0.0000075
There are 7 digits after decimal poinjsifinthe, given decimal number.
Thereis'?’ﬁrstnmm&dlgltmitw;We \ malpmntupmﬁdlgtts

scientific notation of the gnren
Example[[}] Write the fall notation

@ 276x q 5.24 x 101

(1} 276
The power of
six decimal places but there are 2 digits, so, we put 4 zeros from right side

then the %rdlrmyfﬂtm is 2.76 x 10° = 2760000, is the required
ordi @
So

i

\j 5.04 x 104

There is negative 4! power of 10, so we move decimal point from right
o’left up to 4 decimal places but there is already one digit before decimal
point, so, we put three zeros before the digit 5, and then we get the required
notation.

Thus, 5.24 x 1074 = (1.000524 is the required notation.

50 we move decimal point from left to right up to




| Exercise 2.1 @
R

1.  Express each of the following numbers in scientific notation,

) 9700 (i) 4,980,000 (i) 96,000,000
(iv) 4169 (v) 84,000 (vi) 0.00643
{vil)  0.00643 (viii} 0.0074 () 00074 (x) 275000

2 Express the following numbers in ordinary notation (Standard notatior
@ 7x10¢ @) 8072x10°1 (i) 6018 1{}5
{iv) 7865x10% (v) 205x10* (vi) ?.25

{vii) 4.502x710° (vii} 2.865x10°¢ (ix)
2.2 Logarithms %
d problems of

Logarithms is a method of reducing ¢
multiplication/ division into simple form.
2.21 Define logarithm of a real numj

which a must be raised to giyed

ase a as a power to

If a* =y, then x is called th
as log y=x,where, ¢> 0, y> 0 a

s’—yﬁlog.
]tisnnbedthai an exponential form and log,y = x is a

lagarithmm fﬁrm

ples will help to understand the concept of
expﬂnenﬂalan ]ogari forms.
E s TWTite 1“.—.% inlcgarithnﬂcf{:m

US: =—4

Solution:  Letx=log2
Exponential form is



Equating exponents on both the sides, we have
2x=1
1

= Xr=—

2
Find the value of x. Hlogxﬂzg

log 8= % Q§
Exponential form is OE
i

(x)? =8 %
3
@) =2
Taking power%on both sides O
2
> G- O
=3 ¥= 22
=F

=

A



| | Exercise 2.2 .

1. Write the following in logarithmic form.

G 7*=343 @ B3*= 81—1 ’
@ity 107 =0.001 (iv) Ym?=1 Q~

2. Write the following in exponential form. ?‘
© logy81-7 i)

(i) logy,1=0 (iv)
3. Find the unknown in the following.

@) logpx =% (@} log, 32 Q’lﬂ) log 5 25=y

@) log,x=3

(vii) logl=0 .. 55=y (xi) ]oggﬂ——

2.2.2 Define a common logacithth, characteristic and mantissa of
log of a number
Common log

en as log my or simply logy.

Co og :
Iflngy—xﬁy—m

eristic and Mantissa of log of a number

Logarithms of a number consist of two parts. One part is integer
\ d the second part is decimal fraction. Integral part is called
% Characteristic and decimal part is called Mantissa,

It is noted that characteristic of logarithm may be positive or
negative, but mantissa is always positive, for this we use logarithmic
tables.

In scientific notation, the power of 10 is called characteristic and
mantissa is found by using log table which would be discussed later.



U?BS 004,0[]0!156? 2.134,2356&11:13&‘56

1 U.?65 y i 65x 10'1
2 0.04 40% 107¢
3 | 0.0045467 | 4.5467x 1073
& 2134 2.134x 10°
5 23.56 2.356% 10t
6 | 3456 3.456% 10°
We observe that
* Characteristic of logarithm of a nllmh :em?i: of

e 3,2 orlinstead of -3,~2
e Characteristic of logarithm of a or -lmPEEﬁVE[F.
than 1 is always negative. When mantissa becomes
negative, then, we must
und by | change it into +ve
e tables are number, becanse

constructed to in the logarithms up | mantissa is always
to 7-decimal at this level, for | positive.
practical , a four figure

logari table is useful for accuracy
to fin. ithm of a number.

to find the log of a number.
ollowing will help us to find the logarithm by using table.
“Examiple[7] Find the Mantissa of the following logarithmic numbers
(i) log 43.254) (i) log {0.002347).
Solution (i): log (43.254)

StepL: Ignore decimal and round off the number up to 4 digits.
Then we have number is 4325,

223



Step Z:
Step 3:

Step 4:

Step 5:

Locate the row corresponding to 43 in log table.

Proceed horizontally to third digit i.e. 2. The number at
the intersection of 43" row and 2™ calumn is 6355.

Again, proceed horizontally till mean difference colupd
till 4t digit i.e.5, we get number 5 at the intersectionof B
column and 43 row.

Add 5 in 6355; we will get 0.6360 as the méngissa of
log (43.25).
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Solution (ii):
For log(0.002347) we ignore decimal and zeros before the digit 2
and see in the log table at the intersection of row 23 and column
4 is 3692. Add mean difference column corresponding to the

digit 7 is 13 in 3692, we get 3705. The required Manti

0.3705.

So, Mantissa of log (0.002347) is 0.3705. Q\
Example[i7] Find the log of the following numbers: ?s

(@) 27827 (i) 0.07058 O
Solution: Let x=278.27

Taking log both sides,

Logx =log (278.27), %

Step 1: Round off the number up to 4 Digits i .
Step 2: 278.3=2.783 x 1(0?

So, characteristics is =2.
Step 3: For finding mantissa point, we get 2783,

By using log tabl
Step4: Add characteri

We get, logd = . &/ Remember that
Solution(ii:Let x=0 T logurisure o

mantissa of log (2783) = 0.4445,

Step 1 N{! d,to round off here. Four digits are numbers of the same
LA uence of significant
Step 2 b the given number into sclentific qui&hawﬂtfn&
atio mantissa.
e, 7058x 1072, For example, the
\ o, characteristic = -2or 2. numbers 0.004576,
Btep 3: Ignore decimal point and find mantissa of  0.04576, 0.4576, 45.76
7058. etc. have the same

By using log table, mantissa of 7058 is 0.8487, mantissa.
Step4:  Add characteristic and mantissa.
We get, Log x =log (0.07058) =2.8487.




h Exercise 2.3 &

Find the characteristics and mantissa of the following Logarithm.

M 8 (i) 5054 (i) 9992

(vi) 7653 (v) 0.00329 (vi)  0.0000300

Find the logarithms of the following numbers. Qw
G 9 (i) 5556 () 2959

(vi) 4053 (v} 0.00469 (vi) .

If log 31.09=1.4926, find the value of the following Wi t using log
table.

(i)  log3.109 iy log3109 g 0.003109

(iv) log3109.0 ) log310. i) log310926

Give concept of antilog and les to find the
antilog of a number.

If log x = v, then x is called anti ] . 1015 written as x = antilog v. If
the common logarithm of a y, Le iflog x =y, then we find
the number x by using K antilogarithms and with the help of
following two rules.

Rulel. If the is positive n, then antilog must have n+1
digits in integral

Rule2, If ristic is negative n, then antilog must have n-1
zeros immediate the decimal point.
ocedure of finding antilegarithms is explained by the

amples

Antilogarithm Table

Mean Differences

3 ]4)5}16]7]18]%9%

1009 | 1012 | 1014 | 1016 | 1013 § 1021 Jo0oo

1030 | 1633 | 1035 ] 1635 | 1040 -T.NII!MS

1054 | 1057 | 1059 | 1062 | 1064 | 1067 | 1069

11079 1081 | 1084 | 1086 | 1089 | 1091 | 1094

1096 1099 | 1102 | 1104 1107 1109 ) 111z 11111171118

112241125 | 1127 11130§1132 | 11351138 ] 11401143 § 1146

ol el D Bl =1 =2 =1 =% 1.}
el L 1 Bl LSS Bl e Bl )
i s e o s i e e |
= B e e S L e s
riflrdfiralsa ks flra fra el |~

B e Wi o b o § o bl | OO
) 0 LN BT N FRR LR A R

(=} R=3 Q=) E=B W= E=0 Eod L8

114811151 | 1153 | 1156|1159 | 11611164 | 1167 ] 1169]1172
1175)1178 | 1180 | 1183 J 1186 ) 1183] 1191 J 1194 f 1397 ] 1193
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Antilogarithm Table

Mean Differences
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Antilogarithm Table
Mean Differences
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Antilogarithm Table
Mean Differences
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Find the number whose logarithm is,

() 13247 () 2.1324

Let x = antilog (1.3247), Here log x = 1.3247

Now characteristic = 1 and mantissa = 0.3247

Step 2 Now locate the row corresponding to .32 in the antilog table

Step 3: Proceed horizontally to third digit that is 4. The nu
intersection of row 327 and column 4% is 2109.

Step 4: Again, proceed horizontally go to mean diff

where the value is 3.

Step 5: Add 3 in 2109, we get 2112 as the required di

Step 6: Since characteristic is 1, so put decimal from left
to right, thus require antilog is 21.12.

Solution (ii):Let x = antilog (2. 1324), Here Log x‘&ﬁfl
Here, Characteristic=2 and 1324

Now see .13 in anti-log ponding to column 2, we
found 1355 and mean in 4% column is 1, so it is

1365+1=1356.
Characteristics i %
thus required n is

Solution: Let x = |Og, (41230). Our first step is to
press the 'Log' key.
Now enter }» (We want to determine its

Fina e parenthesis and press the "=" key.
an see the value of the log {(41230) on the

which is, 4.615213335.

Thus, log (41230) = 4,615213335




We have to use the antilog function key.
(i)  Press 2 function key or shift key.
(ii)  Press the Log' key
(iif) Enter 4615213335 followed by the right parenthesis
symbol
(iv) Press ‘ENTER’ key
The answer of antilog 4.615213335 is 4123 This
number is rounded off to 41230,

Thus, antilog (4.615213335) = 41

2.3 Differentiate between common and naliu=al logarithm.,

The common logarithm has base l@ is represented as log(x)
instead of log:o(x), while natural logarithni\ ¢ base e (e is an irrational
number whose value is 2.718281... n* represented as Inx instead of
Joge(). | Yo |

Exe-cise24 ®

1.  Byusingtable,f niinbers whose commeon logarithms are,
G 356721 (@) T7427 (i) 035749
2. Find the Lo the following numbers by using calculator.

(i) (i) 4554 (i) 36582
(vi) % {v) 0.00851 (vi) 0.000097
3. i ue of x from the following, using calculator.
i 7505 (i) log x=0.6609  (iii) log x=2.2132
x=1,9009 (v) log x=0.0009  (vi) log x=3.8505
i1) log x=1.6132 (viii) log ¥=2.7777 (ix) log x=3.3465

(xi)log x=6.7835  (xii) log ¥=0.6875
(xiv) log x=7.0038 (xv) log x=0.687
2

24.1 Prove the following laws of logarithms.

O logmn)- g+ logs
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(i) logm==nlogm
) loga=i 8%
() For real numbers m, n, sand s> 0, a# 1, log (mn) = log n + log

Proof: Let log = x and log 7=y . Then Q
m=a"and n=a"

Now mn=4g ' ?‘
mn=a"  (Ruleof indices)

By changing exponential form into logarithmic
= lﬂgu (mnj= xty
Hence, log (tnm)=log m+log n

Proof: Let log = y. Then
Now E=§&
n
) o
By ential form into logarithmic form
= =x—y

%\ , log, % =log m-log,n

(i) For resl numbers m, 1, sanda>0, s 1,
log m* =nlog m



Letlog m = x Then m = 4°
Now m*= (@*)™

mr=g"
By changing expenential form into logarithmic form
= logm'=nx O

Hence log m*=nlog m

(iv) Change of base property
For real numbers a, b, n and a>0, a# 1,
log, 2 O E

se b, we have

. log,m" =nlog,m

log (2bc) =log 2tlog b tlog ¢,

Hence expressed as sum of the logarithms.
‘Exdimple[7] Fxpress log(52.5 x 63 x 4.567) as a sum of the logarithms.
Solution:  Using the Law of logarithm,

log{52.5x63x4.567)= log 52.5 + log 63 + log 4.567

Hence expressed as some of the logarithms.
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Note that
(D) logy(mn) Flog,m X log,n
(ii} logam +loggn#log, (m +n)

(213 i ] as a difference of logarithms

2131

== Elog213.1-log34.22,
tos[mz} §213.1-log @
Hence expressed as a difference %ﬁmﬁ

Express lagnfasapraduct. O

‘We know that lug m“u

log Y= xlognz

d—'\

5 Ex wmg]oganﬂm:m terms of log x, log y a:m:llogz.

@) Tog. iz (@)log, (3 o7 +yx |

%log.{ ;2:' ] } {V)logaﬂ

(2%




Reduce each of the following into a single term.

@)  log,20-log, 15+—2-103u§

@) log,(x—1)"+ g log, (x+1)~log,(x+1)
(i) logx-2 logx+3 log{x+1) ~log(x’-1). Q
3. Iflog2 = 03010, logd = 0.4771 and log5 = 0.6990 , then 1es
of the following without using table.
{) log1s (i) log64 (Hii) thSx @ log 48
() log/18 (vi)  log30 log iif) lag%
4. Prove the following: %
) log,mxlog,a -log; a  (d) bx log, a=log, b

(i) log,a.log. b

log, b=
lﬂs @ e 1051.

5. Verify the following:
(M) logs 7xlog;
(iif) log,343xlog

i} log,2xlog,81 =4
(iv) log,léxlog,216 =12

Application ¢f Laws of Logarithm

awg of logarithm fto convert lemgthy processes of
muliip/feation, division and exponential inte easier process af

- “@ and subtraction etc.

i, following examples will help to understand the application of
aws of logarithm.

xample[i}] Find the value of (8.573)(28.74) by using logarithm,
Selution:
Let x= {8.573)(28.74)
Taking log on both the sides, we have,



logx = log{8.573 - 28.74)
= logx=log(8.573) +log(28.74)
=  logx=0.9332+1.4585

= logx=23917

= antilog(2.3917)

Thus, x=2464 ?\

ExamplefiF] Find the value ﬂf h}r using 1oganﬂ'm1.

213.1

Solution: Let x= ﬁ
Taking log on both the sides, we@
logx = Ing[ms 4 O

=5 togx=Tog (-213.
= Iﬂgx-éﬁogﬂﬂ, [ Iog(%}lcga og b )
By i g table, we have,
=23286 — 1.5343=10.7943

x=0.7943,
antilog, we have,
\é x =antilog (0.7943), by referring antilog table we have,
x=6227, (.characteristic=0 and mantissa = 0.7943).

Thus, required value of -, is found 6.227.



3.41x37.92
234

_ 3.41% 37.92
234

X
Take log on both sides, Q__o
o ro] (3.41x3?.92 : ?\
g og 234 | O

1) (341x37.92
2 8" 234 %
= %( lOg 341+log 37.92- hg%

by using logarithmic rules.

Solution: [et

= 1(0.5325+ 15788 -
1 7424) %
= 0,8?12
x = antilo
& 7%
&mb&r of digits in 4°

log on both the sides, we have,
gn=logd’, (~logan= nloga)

e log n=>5log 4,
\ log 1= 5x0.6021, (since log = 0.6021)
=  logn=3.0105,
Since number of digits = characteristic +1,

so, number of digits in 4°= 3+1=4,



% Find the
(i)

(i)

2 Find the
(i) 44

s
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{ Exercise 2.6
b

values of the following by using logarithms,
57.86x 4.385 (i) 25?53:-:05341 Q

25.753 . {790 6x
0.5341

(2391x 30.72)

s ('") (0.785)

(L

-J6953

(4308)’ x/80.06 O g (43.68)" x J_}a

(u.sas;\ %) (3.048)"
-.% digits in the following.
@ys*® @3 ) 9*




Review Exercise 2

Read the following sentences carefully and encircle “T” in case of True
and “F” in case of False statement.

() 0025 can be written in scientific notation as

25x10°
(i)  Logarithm was invented by Al- Beruni. F
(iii) miegralpartintheloganﬂunufanumber

its characteristic.

(ivy Mantissa in the logarithm of a a.hva_vs
negative.

(v) logr=y&od=x
Fill in the blanks. O

(i)
(i)
(i)
(iv)
)

log{10x10)= ;



(1) If log x=4, thenx= .
(a) 500 (b) 100 (€)1000  {d)10000
(i)  The characteristic of log 54.58 is , ’
@0 M1 ©2 (@4 Q-.
(iii) The base of common logarithmis_ ?\
(@5 (b} 10 e (@
(iv) logxyz=
(a) lnﬁﬂﬂgylozz (b)
(©  loglxy’ (d) —Iﬂgy—losz
(v)  Scientific notation of ﬂ.{!ﬂ'? *
() 7.89x10° 7.89x10°
(© 0789x107 dy 789x10™
(vi) Iflogx=2the =§ :
(a) 200 00 () 100 (4 —
(vi)) If log;8<x X=
(a& (b) 3 € 3 (@?2°
{v'\% in the Natural logarithm is '
a) 10 (b} e © = (d)5
§  3°=243, can be written in logarithmic form as
\ (a) log,5=243 (b) log, 243=5
(© log243=12 @ log 3=243

3. Tick ( VJ} the correct answers.

]
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Ifa*=y, then x is called the logarithm of ¥ to the base ‘2’ and is written

nalag,g:x,whma?ﬂ,y}ﬂéndﬂl

¢ Common logarithms have base 10, it is also named as
logarithm and usually written as logx instead of 1
logarithms have base ¢, (an irrational number) is
2.7182818..... and written as Inx instead of log x.

> lag:c:_ymw’:x %

v =y d=x

& The integral part of logarithm of any n d characteristic and
fractional part is called mantissa.

&

@

@

&

i (mn)=log, m+log,n
\% Iggc [E]= lﬂg‘ m_]rﬂga i
(ii) log,»" =nlog s

< _logym
(iv) log,n= log, 2

this law can also be written as log a.log 1= log, n.



&
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in its lowest term, if p(x) and gix) are

) ents and having no commeon factor.
ational algebraic expression is in its lowest form or not.

B+ B2t (a~B2=2( + 12} and (a + b fa - b2 = 4ab.

Bind the values of 22+ ¥ and of ‘eb’ when the values of ‘s+b’ and

‘g = b are known.

Enow the formula

fa+b+c=a + B2+ 2+ 2ab+ 2ho + 2o
Find the values of a2 + ¥+ ¢, when the values of 2+ b + c and ab + bc+ oa are
given.
Find the value of a+ b + ¢ when the values of g2+ P+ ¢? and
ab + be + o are given.
Find the value of ab+be +cn when the values of @ +8 422 and
@+ b+ ¢ are given




& Know the forrmulas
fa+BP=a +3abfa+ )+ 1
{a-h=g-3nbla-b) - B,
L4 Find the values of #* + P, when the values of 'a £ b" and ‘eb’

are giver,
Find the values of x%4 —, when the value of x £~ is given. '

Know the formula

i I =(a £ b){a?Tab + b2}

_ 1 ‘?.
® Hndﬂveprpﬁuctnfx+;andx*+;i~ 5 O

©  Tind the productof x~ = and x2+% +1,
#  Find the continued product of

(4 9% - W)t + xy+ 42 Mt - xy + ).
Recognize the surds and their applications,
Use basic operations on surds of second ordex |
to evaluate them.

Explain rationalization (with predse real numbers of the types
1

1 '
@+ by

and their combinations i are natural numbers and # and bare

VE+ 5
integers,




3.1 Algebraic Expressions

(a)

We have already studied about Algebraic expression in previous
classes. Let's discuss its types.

Following are the three types of algebraic expressions.
(#)  Polynomial Expression or polynomial,

(#)  Rafional Expression,

(6)  Irrational Expression.
Polynomial Expression or polynomial.
A polynomial expression (simply say polynomial) in ble x can
be written as:
X"+ Gt L4 gx-24 g3 L+
Where ‘n’ is a non—negative integer and the
a,are real numbers. Usually, a polyno ted by p(x), so the
above polynomial can be expressed as:
P{x)=a0" + 6277 1+ g, )0l

degree n, and 8,15 called leading cotfficient of the polynomial.
fia 9 theudegmesamgwenbelow
i), x* —2x° +5x° +1, degreed

(i) 62> +3, d iv) Zli'_':::"‘—x?'+gx2 ~3x+1,degreed
(v) 4, degr {m) 10z +Zx6 —x° 182+ 1degree 12

Thea ic expression x” —x°y” +x°y* ~10 is a polynomial with two
d y and its degreeis 5.
j .m. the algebraic expression x’y’x* —x’y*2%+x*yz-34 is a

polynemial with three variables x,y and z and having degree
Ofhi sum of powers) and so on.

A polynomial consisting of only single term is called monomial.
3x, 7xy, b6xy?2’ efc. are some examples of monomials.
A polynomial consisting of two terms is called binomial eg.
x+4, Bxt+y, 7x- 3 efc. are some examples of binomials.
A polynomial consisting of three terms is called trinomial e.g, x2-2x+1



irzyz ~5xy +3, etc, are some examples of trinomials.

V3

" Other polynomial which consisting of four or more terms, called
multinomial.

(b)  Rational Expression. O
An algebraic expression which can be written in the fo ( ere
4(x} # 0, and p{x) and g(x} are polynomials, called a ra ession

inx
2 i
For example, x:lfx 2+1 VBx’-bx+d & examples of

-5 " x*+6x-5
rational expressions.

Irrational Expression. e

An algebraic expression w written in the form of %,
are polynomials is called irrational

x +i efc. are some examples

N
311 Kn a rational expressions behaves like a rational

@ dqbehvahtegers,ﬂmn%maybemhfegerﬂrnnt.ﬂmvefm‘e,

the number system is extended and%is defined as a rational number,
where p,ge Z provided that g #0,
Similarly, if p(x) and g(x) are two polynomials, then px) is not

(%)
necessatily a polynomial, where g{x) # 0. Therefore, it is similar to the
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idea of rational numbers; the concept of rational expressions is
developed.

3.1.2 Define a Rational expression as a quotient i—:—:—% of two
polynomials p{x) and g(x), where g(x} is not the z Q
polynomial.

Aswekmwﬂlattheexpmsaimmﬂ:efomz: ;,whemp q(x)
are two polynm:mals provided g(x) is non—zetro po.
rational exPressmn

2
For examplesﬁ ,3x% + 4 2 0are rational exf

3.1.3 Examine whether a given algebrajc®guession is a,

s called a

() Polynomial ornot (ii) :- i

The following examples will he i coiy polynomial and rational
expresmnns
Example Exanunewh&ther are the polynomials or not?

Example[’] Examine whether the following are rational expressions or not?
x-2 " 3 i

@ 32 ) &




x-2
3x+1

The numerator and denominator both are polynomials, so it is a
rational expression.

1 :
Jr+d Q~
It is not a rational expression, because the dmmm@' e second
term is not a polynomial. &

3.14 Define Z(x; as a rational expression infits lowest form, if p(x)
and g(x)} are polynomials wi al coefficients and
having no common factor

p(x)

Solution (i):

Solution (ii}:  62°-

The rational expression

q{x) are polynomials
factor.

be in its lowest form, if p(x) and

irtte coefficients and have no common

2’ -1
For example lowest form of =17
3.1.5 Examing whether a given rational algebraic expression is in

its | orm or not

ihe rational expression PE ; find common factor(s) of p(x)

\ q{x} If common factor is 1, then the rational expression is in the

For exampler—iis in its lowest form because, the common factor of
(x+1) and (x -1} is 1.
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3.1.6 Reduce a rational expression to its lowest form

Let%be the rational expression, Where g(x} # 0
Step-1: Find the factors polynomials p{x) and g{x), If possib ’
Step—2: Find the common factors of p(x) and g(x)

Step-—3: Cancel the common factors of p(x} and g{x) ?\

‘Example[lT] Reduce the following rational expressio form.

() (x* = x)x*=5x+6) - x* —4)
Zx(x* =3x+2) x+6) (x—3)

— :—
Solution (i): (x’h;)z(i hsfz«; 5)

: d
T EZEFE T (Provided 1¥0)

x—1 Y x(x28)-2(x- )}
x(x—2)—1(x—2)}

~Hx-2) Provided 2¥1 and 2.

%(,x -3) which is the required lowest form

Feo i,

(Bx+6) (x-3)

_¥-4 5
x=3 3x+6
A2 s

-3 3x+2)



_(x+2)(x-2) 5 torizati
T x=3  3(x+42) d tesy
(x2S i
x=3 3( x+2)
i? % which is the required [owest form. Q
X

3.1.7 Find the sum, difference and product of rational

The sum, difference and product of rational Exrtt.i xplamed
with the help of the following examples. %

Bt sl i Elmplliyx—“ —;—1
Solution:
- O

3
ETEE W

B 4x o )

T x+1 {x=1}x+1}
_3x=D)+4x &
{x—1)(x+1)




]
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(x Dx+1) (x—l)(x +x+1) Oi

= (J: +x+1=(x+1}
(+DE—DEE +x+1D) %

gt N S

T DD+ %
0

« _ x* {x—3)(x+3)
% T xt+dx-3x-12 2!
0 ) : LE=HED) (actorization)

T x(x+4)-3(x—4) 2

B 1 (x=3}x+3) o .
\é = (x+4}£x_3)- 5 provided x# 3
%) )

2{x+4)
Hence simplified in the lowest form.




3.1.8 Divide a rational expression by another rational expression
and express the result in its lowest form.
In order to divide one rational expression with another, we first invert

for changing division to multiplication and simplify the m:l%

prodlmt to lowest form,

3x-%  x*-3xy
Example(l] Simplity 5 30y " arr20y Q’“
Solution: Simplification ?‘
3x-9y  x*-3xy O
2x+10y  4x+20y &
39y 4x+20y e
2x+10y X' -3xy o g%

_ 3x-3y), 4(x+5y)
2{x+Sy} x(x-3v) O
b

O

Tx < b
3.1.9 Find the values of expression at some particular
real numbers.

Finding the va algebraic expressions at some particular real

in the following example.

p CTRE =4 = s
< e whenz=3,y=2and z= -1

() +(2)-1)
@ +@) -7Q2)(-1)*




%\ . sz—1+y—1+y+1 {vit) 2Jr+_tr'+2x—_].v+4):2—)12

5.

]
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' Exercise 3.1 (.
b=

Examine whether the following algebraic expressions are polynomials
or not.

O zpdispe (@ 32 \)

(i)  6x*—10x+x—/25 (iv) Svr—x+522 Q~
2 z 2 s

v) P (vi) il \/

Examine whether the following expressions are rationa

X +2x+3 %% +5x — 2% - 4
- 5 0 s (i%}x-l-ﬁ

S ] WL

=L 2

J;_I_Ji U 7 vi) byJx —x+Dx
Reduce the following into their lo

P’ =100 o (a-b)  (a" +ab)
L=y U ) 2a —20%)

(x+y)’ -2 oo AP 361480
) X+y+z N2 (4!—?](5—#)

L\ xt—2x-3 oy D —2yz+27)
{ }x"—x— (i) =
Simplify:

o ¥ =25 ¥
sy 57—

1 1 1

) 32 32 @ L.l 1
¥ +6x+9 2x-18 a-1 a-3 a+l a+3

Perform the indicated operations and simplify.

x+3 4x -9y

. x* X i
® (43;’ —x2+1}{ I“E) O et weiy




x+1 3{y+3} 12{y+1) B{y-i-l}
o )[f+2.x+1 x 1 J ) =5 4{3;1—3) 5
§-25_gq°+5q
(v)q “3g g7-9 L 42:—542' 4
6.  Find the value of t4+ X ,whm: *¥ Q@
x+y

7. Find the values of ?‘
@ W) iy g 49 2O

32 Jy+6
2.3
(i) f;;’f:l,ifa=3,b=zmdc=1 I
2
@) EW = e 5 y— dand a
Xyt 2t

Iy ke

(i.’f} z I+1 2:1% h-=4.r:=—
G @-9, 3,c=-3andd=2

{u+r:d’} (&%

i€d and used some algebraic formulas in previous
we will learn some more formulas and their

3.2.1 ormulas
i + b2+ (@ - bR =2(a’+ b?)
ation:
\ LHS =(a+b) +(a-b)’
=a* +2ab+ b +a® - 2ab+ b (a+b) ="+ 2ab+ b
=24 + 20 and{a—b)’ =#*~2ab+b?
=2(a* +b*)=RHS
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() (a+bR-(a~-b2=4ab
Verification:
LHs =(a+b)’~(a-b)"
= +2ab+ b —(a* - 2ab + b?) o (a+b)' =a* +2ab+b*

—a*+2ab+b* —a® + 2ab-b*  and(e-b)' =4’ —2ab+ 2

=4gb=RHS

The method is explained in the following examples.

ample [} FFind the values of (i) 8 + B2and (ii) ab, wh@= 6anda-b=4.

Solutlnn. Given that,
a+b=6,ab=4 %
) @+b=?
We know that, (2 + b2 + (g -b) 2% b2

By substituting the values bf a+2 Eam:lﬂ. b =4, we get,

(6)2 + (4)%= 2(a* + b7),

36 +16= 22 + ?) @
52 =2(a + b2)

26=a24 b2

(i) Q:f
&owﬂmt{w b2~ {n - b)? = dab.

%hshh:tmg&:evahmsnfa+b =6anda-b=4, weget,

IR

4y = 4ab
6 = 4ab

\ or =5
=26and ab=5.



(@a+b+c)=a+ b2+ 2+ 2ab + 2be + 2ca
Verification: (a+b+c) =(a+b+c)(a+b+c)

=u(a+b+c_}+b(u+b+c)+c(a+h‘+c)

—@Ptabvactab+ b +betac+be+ct Q.g

=a* + b+ + 2ab+ 260+ 2= RHS
This method is explained in the following example. Y~
Find the value of & + ¥ + ¢*, whena+b+c=7 +ca=15

Given that,
a+b+c=7and ab+be+ca=15 %
@+ 4t =7

We know that (a+b+c)* =4"+F i*m»bwmj

Now, substituting the values of 2+ b+c=7and ab+bc+ca=15,
in the above formula we

{7 =a2+ b2+ 2+ 2(15)
9=+ +2+30

494&@&&9&

19=a2+b* +¢2

(@+12+2)is19.

(@+b+c), when a2+ B2 + ¢2= 38 and ab+botac = 31

L4 Uy

=
o

‘Example[[7)
Solution:

+ ¢2=138 and ab + be+ ac=31,

ow that (a+b+c)’ =a" + 5 +c” +2(ab+bc+ca)

ow, substituting the values of 42+ b2 + 2= 38 and ab+bc +ac=31,
é in the above formula, we get,

\ {n+ b+ c)2= 38+ 2(31)

=  {(a+b+c=38+62

=  {e+b+cp=100

= {atb+ Lj:(t-}lﬂﬂ)

= |atb+c)=110

Hence, the value of {2 + b+ ¢) is £10.
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H"j_}%
Example[X] Find the value of (ab+be+ac), when a+b+c =8 and 22 + B2 + =20, Xﬁ
Solution: Given that,
atb+c=8and a? + b2 + 2= 20,
We know that (a+b+¢)" =&+ + ¢ + 2{ab+bc+ca)

By substituting the values of a+ b + ¢= 8 and 4>+ b? + =20
in the above formula we get, ‘

(B)2 =20+ 2(ab + bc + ac)
64=20 + 2(ab+ be + ac) ?~
64.-20 = 2(ab+ be+ ac) O

44 = 2(ab + bc + ac)
22 =qb + be+ ac %
ab+bc+ac=22

Hence, the value of (ab + bc + ac)
3.2.3 Know the cubic formulas
) (a+b)’=d"+b°+3abla+
Verification: Here, (a+b)’ =(a+b

=(ﬂ&b ﬂb+bz}
=& + 28+ ab® + a°b+ 2ab® +b°

LB 4 34%h 4 3ab®

,S & + 1 +3ab(a+b)
@) (o b)’= @ b 3abla - b)

Verification™\Heér® (2-b)° =(a-b)(a-b)*
=(a—b)(* ~2ab+ %)
é =a° —2a%b+ ab® — @’b+ 2ab* - 1°
\ =4 -b* =34’k + 3ab”
% =4 -b°—3ab(a—b)

0

Ly By




The fn]lowmg examples are helpful for understanding the application
for Cubic formulas.

Snlutlum Given that,
a+b=4and ab=5 O
We Have fo find Q..
P+

Since, (+ b’ =& + B + 3ab(a + b).

By substituting the values of a + b =4 and theabave
formula we get,

@’ =2’ + 1 +3(5)(4)
64=a"+ 5 +60

64-60=a"+0 O
4=7+9

2P O
Helmﬂlevalueof{a+

ple [ I-'mdthevaluen‘ @-b=5anda-b=5.

Lo il

lt:tmn. Given that,
ua' b=5

Si:lce,(n a” b— 3ab(a —b).

N _substltuhngﬂfle values of @ — b* = 5and 2 - b = 5, in the
ve formula, we get,

)’ =5 - 3ab(5)

125 =5-15ab
e 125 -5 =-15ab
=  120=-15ab
= -—8=ab

ah=-8
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Example[[%] Find the value of x” + %when ¥ +% =
Solution: Given that |

x+l=3
X

Taking cube on both sides, we have,

[.3|:+1j’=33-L
x

1 .1 1 ._
o Baim| x4~ =27 =

= Pt x[“x] [ (a+ by

=2 13+x%+3(3]=2? %
5> Fsi9=2 C\l:"
X
= x"+%=27_g O
= x’+%=13 &
x .
Example[T?] Find sf@&';h .3_: i
Solution: GivanRt
=W2x-—=4
X
Qégonboﬁﬁides
1 53 3
% {21—;)3—(4}
%\ @ () - 30 )ex-) = 64
x x X
Ty
S.r’ _?— 6{4) ._.64

Sxa—%—}'.‘d:ﬁd. :}Exg——;a—=33




3.24 Know the formula a3+ b3 = (a £ b)(@2F ab + b?),
() @ +b° =(a+b){a* —ab+2*)

Verification: Here, 2°+ 5 =(n+b)( ‘—ab+bz)
=&’ - a’b+ab® + a’b—ab® + b

—P1 P Q..O
(if) &>~ b® =(a—b)(a* + ab+b?)
Verification: Here, 2°—b* =(a-b){a® + ab+5*) Ov
=& + @b+ ab® —a’b— ab’
=& -1

Find the product of (:r +:—]; Jan —2—1]

Solution: (x-l——](xz 1+—]
=~ (a+b)(? - ﬂ+b*)§
" el

JCRCRARS
Fmdﬁ@)[r—i)[x’+l+:z}x’-;

Solution:

¥4l

—b)(a2+nb+b =a‘°’ r
@ x-;)[x3+1+xi]=x Hxi’
{ik] Find the continued product.
@ (x+9)(x* —2y+ 9" J(x-y)(x" +xy+97)
Solutions (i):  (x+y)(x*—xy+y*J(x-y)(x* +3y+¥*)

=2+ 18— 1)  [{e+b) (@2 Fab+ b2)=4® + ]
=x6— 1,

et e e
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{ Exercise 3.2 &

Find the value of 2 —b, whena+ b= 9 and ab = 20.
Find the value of a b, when a+b=5and ab=-6

Find the value of &* + band #b, whena + b=8 and & - b= 6.
Find the value of a* + b* and ab, whena + b=5anda-b=
Find the value of @ + ¥+ ¢, whena + b+ c=9 and 4 =13,
Fmdﬂlevahlenfa?+bz+cﬂ,whena+ﬁ+c=% +uc-%:.
Find the value of s + b+ ¢, when a2 + b2 + ¢2=29 + bet ac=10.
Find the value of 4+ b+ ¢, when @2+ 12 + ab+ be + ac=10.8.

Find the value of ab + bc + ac, when a and a2+ B2+ 2 =20,
Find the value of ° + 1, whena + b = ab=3.

Find the value of ab, when 472% =6
Find the value of & - b, sheftg#b=5 and ab = 7.

Find the value of 1 hen 5x + y =13 and xy = 10.
Find the value of ,whenéa - 70 =11 and ab=8.

Findtheval B,when:ﬁ%—?

Find th ea X ——,whmx—;=11

ued product by using the relevant formulas.
-+ By - 6%+ 9y
@ -+ NE+ A
(x - P+ WO PO 2y + - xy+ P+ P+ ).
{w) (2 + By)(2x - 3y)(ax’+ 97 (16x"+ Bly')

Find product of

9? 1, 9 \[49y 81
ofrrsTen) el e)




123V 2 144 ; ! -
— —— —+1
( ’(12 x* )(144 2 +1) ) (c c’)(c & )
Surds and their Applications
3.3.1 Recognize the surds and their applications.

Surd:  An expression is called a surd which has at least Q@

involving a radical term in its simplified form.,
For examples,ﬁ,-.}u—d;, f—a,&-}ﬁ}[ﬁfi—l ds.

All surds are irrational numbers.
If Va is an irrational number and ‘%’ is not a pe power then it is
called a surd of nth order. The result of Va isfan i nal number. It is
also calledanirraﬁunal radical with ration2

3.32 Explain the second order use basic operations
on sur nd order to rationalize the denominators
and al them.

of the second order:
é A surd which contains a single term is called a monomial surds.
\ For examples,\"ﬁ_&dﬁ—ii,g etc. are monomials and of 20 orders.
(i} A surd which coniains sum or difference of two monomial surds
or sum of a monomial surd and a rational number is called a
binomial surd.

For examples, 17 ++11,42-13,4/3-35 etc. are binomial surds
and of 2nd grder.




(iii) Conjugate of Binomial Surds
Expressions of the type
(a}(JE-l- Coﬁ)and ( u—rﬁ)_m conjugate surds of each other,

(bya++/b and a—+/b are conjugate surds of each other. ’

(b) Basic operations on surds of second order to ration G dand
denominators and to evaluate them. ?‘

(i)Addition and subtraction of Surds.

The addition and subtraction of surds can be d@using following
law,

For example, a-JE+bJE=(a+b)JE mdé%-(ub]\f;

= J16x2 + 542 + JEAx 2+ 742

\é = ,}(4)*::2+5J£+1/(s} 22+ 72

— 42452482472

= (4+5+8+TW2



(i) Mu]ﬁplml:lnn and Division of Surds.

The Multiplication and division of the surds can be simplified by
using the following laws: '

(@) Vaxb =ab (b) %’=J§,pmideda>ﬂand

J125x /48

= J5x5x(4)*x3
= -Sngixﬁ %
= (5x4)(V5xB)

Example [} Sﬂnphfj"ﬁxr Q§
Solution: Simplification ?\




{ F Exercise 3.3 @

) 81572 {25625 (i) Y128

1. Simplify

e S
oy V21428 (vi) \/{215} x (125)

o YBE 5
Jax32) Jiz1 m‘“‘f :

i )J_ axiz1 xJT
. mak N
(i) (8-443) (i) (66 +243) ++8)
3. Simplify
(i) (6v3 + 442 +7/128) %} ]
(i) (13+153 ) +(7- (iv) ¥250 + /490 +3410
(v) 245 +-.f_ (vi) mJl_ /396 -34/11
(vii) V171 (vit) ~1°l_ +1/32 -/50)

ﬁx@%ﬁ } 1) B
% 5 (xii) (234342 J

\l}«f— V8 (i) 8243 - 2427 (iﬁ)%ﬁ—%ﬁ—%ﬁ
(iv) 104289 (v) 3J2+48 (vi) (327 —5V3)+(3 +427)




34 Rationalization
3.4.1 Explain rationalization (with precise meam'ngj of real

1
numbers on surds of the lypesﬁwi J§+J_Md thei

combinations, where x,y are natutal number and a ‘Q'“

integer.
. If the product of two surds is a rational numbet, then each s%bcaﬂed

the rationalizing factor of the other.
For Example,(ss + Jﬁ)and(iii— Jﬁ)

. The process of multiplying a given surd by its rati ing factor to get
a rational number as product is called ation of the given surd.

The product of the conjugate surds is a

Example[]] Fmd&mproductﬂf( 3+
Solution:{y3++2)v3-V2)

=£—]2=Z£w1)'ni &iﬁ number,

iflator of the form (a + bvx) or (a—bvx) , we
multiply both ator and denominator by the conjugate factor
{a—b (@ + bv/x), by doing this we eliminate the radical and thus
obtai minator free of any surd.

ization of real numbers of the Types.

1 1
pr e B &G

1 1
For the ——— and ——+ also thei tionalizati
or expressions o an: v"‘.;+1/; 0 r ra on,

where xyelN and zbeZ The following examples will help to
understand the concept of rationalization.




Exsmple[[]] Rationalize:
5+243

—— tiply ivide the denominator
. ;«E (Multiply and divide the d

9

1 5-243 byE—E-Jgtlmconjugataof5+2 )

“51203 5243 Q_‘
_ 5-243
(5 -(243)’ OQ

=5—2~f§




Exercise 3.4 @

L Find the conjugate of the following,.

(i) V62 (i) 10++10 (iii)3-2+2 O
W3Z+2 )50+ () 4BV Q.
(vii) V11 +47 (viii) 9-347
Rntionalize the denominator of e following, Y‘

1 1 .
0 NZ+10 () 3+245 ; -346
; 16 92 J13+3
(iv) FAZ+1 (v) 942 \ J13-3

15 N2 .

N “""'i’—@é v
1
{x) A7 -4

3. ) Ix=8-3J7f

h (ii}tf%=2\&§—11,__ﬂnd;.

® |

@Y gy 10

Y454y 6—+/y* +36
$ () o

\ 6+ Jy’ +36 3-202 34242

o) 82
12++6 12-6




Encircle the correct answer.

)

(ii)

(iif)

(iv)
)

(vi)

(vi)

(ix)
(x)

Qﬂ ¥ OxX+y |
2o Wy g W
o Bats Gats @5

=

iif) Conjugate of 2 3 is

]
EEAT -

Review Exercise 3

Every Polynomial is:
(a) an irrational expression {b) a rational expression

(c) a sentence {d) none of these
A surd which contains sum of two monomial surds is

(a) Trinomial surd {b) Binomial surd

(c} Conjugate surd (d) Monomial

3x + 2y -3 is an algebraic O
(a) Expression (b) Eq

(¢} Sentence (d)

The degree of the 3x°y+5y*-10 is

(a) 4 (b)5 ©6 O )10
7 is an example of

(a) Monomial surd b omial surd
(c) Binomial surd /) (dy€onjugate surd

Quotient mmrf ynomials p(x) and g(x), where g(x) # 0

q
ig called
() Ram;]@irm (b) Irrational expression

(9) Pol (d) Conjugate
L is equal to

(@) 243 (b)) -2-43 (9243 (d)B3-4
@ 3ab(a — b} - Pis equal to

@@-1" ®@+d)’ (8 (@S-8
If g+=b=5and a—b=3, then the value of ab is
(b)5 {03 (d)6




(xi) {5++15)(5-V15)is equal to
(a) 10 (b) 15 (© 25 (d)30
(xii) @+b*+cP+2ab +2be + 2ca is equal to
(a) {a+b—c)2 (b) (nit+!:!+::}2

. (:;Ie)‘ (@ (a+b+c) Q‘“Q

(i)  Degree of any polynomial is
(i) Conjugate of surd 2-/3is

(iiiy Degree of polynomial 2x” +x* —4x*+?x%_ :
Jx

(iv) 3x+51’sa Expmﬂsinnxaéi_.
(v) (x—y](z+y){x’+yz)=

by px).
: which can be written in the form %whue
{x) ?r ; 4(x) are both polynomials, called mtlnml expression
nx.
aic expression which cannot be written in furm%:—g,m&tere

# 0, and p(x), g{x) are both polynomials, called urahnnal expression
X,
A polynomial expression consisting of only single term is called
monomial.
A polynomial expression consisting of two terms is called binomial.
A polynomial expression consisting of three terms is called trinomial.
Polynomial expression consisting two or more than two terms is called
multinomial.




i{x}, is said to be in its lowest form, if p(x) and
q(x) are polynomials with integral coefficients and have no common
factor.

(@+ b+ @-b =2 +1°) and (a+ b - (a- by = dab.

(@ +b+0? =a"+ ¥ + & + 2ab + 2be + 2ac, Q.§
(@+b)°=d"+b" + 3abia +b) and (a - b)’ = &* — "~ 3abla - b)

&+ B = (2 + B)(&- ab+¥).

&- 1 = (- b)(a*+ ab + V).

An expression is called a surd which has at léas@rm involving a

radical sign. For example, ﬁ,J_a—%J-.lE

@ IfV/a is an irrational number and “a’ i
called a surd of ntt order.

Qe ¢ & ¢ 9

nth power then it is

alled a monomial,
TICE u:fmrusu_rdsnrsumuf

® . J@’: ¢ provided a>0and b> 0.

¢ If the pro uftwnmrdsisamhumlnumw then each surd is called
the factor of the other.

@ of ﬂn.ﬂtip]ylﬂg a given surd by its rationalizing factor to get
E number as product is called rationalization of the given surd.

9




Sf:udent Learnmg Clutcumes {SLDS}
After completing this unit, students will be able to:

Recaﬂmumnfa@mmdﬂ\emmE
@ katkbtke {Commhcbmmaﬂﬂmhrms)
L ﬂ+uﬂ+b¢+bﬂ{£§ﬂmm!msmpaim

& g12b+b  (Perfect squares)

@ & - V(Difference of two squares)

® Wx2b+b)-J

» (Ya)'-(h)*

Factorize the expressions of

Typel a+d K +¥ +
TypeL: :ur2+p::t:+.|]I

Type IIL: ax’ + b +

Type [V-(ax’ + ax’ o b+ d) +k

i B+ +d) +&
4%[: (x + cjx + d) + ke?
Type ;0 +38% + 3ab’ + ¥ and & - 3¢b+3a -
wt b
t nwmnmdgrﬂmemmﬁexplmnﬂruughmplm
@ inder (without dividing) when a polynomial is divided by a linear
YT ﬂl.
Define zero of a polynormial.
State and prove factor theorem.
Describe the method of synthetic division.
Use synthetic division to:
# Find quotient and remainder when a given polynomial is divided by a linear

polynomial,
¥ Find the value(s) of unknown(s} if the zeros of the polynomial are given.
% Find the value(s) of unknown(s} if the factors of the polynomial are given.
Use factor theorem to factorize a cubic polynomial.




we will study about factorization which has an important role in
mathematics. It helps us to reduce the complicated expression into simple
expressions.

Let, p(x),4(x) and r{x) are three polynomials such that, p(x)x) 2
here, the resulting polynomial #{x) is the product of p(x) and g(x),and the
polynomials p(x) and g(x) are called the factors of r(x). \/

There are some examples of factors of the polynomia @ iven below.

) 6y =@x3)(xxx)lyxyxy)

(i}  ax+eby+abez = alx + by + bez)

(i)  5x+ 15ay= 5x(143y)

) x-y=(V=f () =(x- X
4.1.1 Recall Factorization of ExprgSighs

iy katkb+ke {

(i} ac+ad+be+bd

{ii}) a2t 2ab+ B2

iv) ®-1 :
{v} a't 2ab + B F\-s
o) 2
AR,

(i) Fadurs of £ e: ka+ kb + ke
Lot us seathe fo owing examples
le Actorize: 10a + 15— 20c
Oa+ 158 — 20c
2+ 3b — 4c) {5 as a common from the expression)

:- in pairs of terms)

t squares)
ifference of two squares)

4 8 16

Fmd’dwf&ctursofg 12 15::_1;

4 8 16

g9 12 15
_4 42 44

33 3.4 357

41 2 .4 .
_E(g_zx..uxy] (Talqnggaaammmm&omﬂmexpmsaim}




Factors of the type: ac+ ad + be + bd
~ See the following examples

‘Examplell]] Find the factors of 3z —ac —3c+ ¢
Solution: 3g—ac-3¢c+c2
= a3 -c)-c(3-¢)

= (-96-9 Q‘o

Bamplel[ 9’z + 3xyz - 9y 3y
Solution: 9_1‘{2-2 + 3xyz — Ixy*— 3oy ?‘
N2+ Bxyz - 9xy 3y O

o ety Q5
(3y + x}{3yz - 3xy)
By + x)x 3y(z —x)
3y (x + 3y)(z — x) are the requi ”
(iii) Factors of the type: a*+ 2ab+ b @
As we know that,
pwh W* (b =(a+ by’
and a2 *’&15 @)®) + @)= (a1’
Let 1us see the examples
Exampleli]] Factorize ?%
16a2+ @f
'+ 2 a)(50) + ©h’

[ &+ 2ab+b"=(a+b)’]

@)~ 22p)(7g) + (79)°
= (2p-79)° [ d= 2ab+ b= (a—b)]
Factors of the type: a°— b’
Let us see following examples
Factorize 4x?-1
4371
(@3- (1

(2x = 1)(2x + 1) [wd-b=(a- b)(a+b)]




]
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6(dy)’- =]
6(4y — Z){dy + 2) [a—b=(a-b
Factorize 97'- (65 — +°)°

9 —(6s - t%)°

- G- ¥
= [3—(6s— t)][3r+(6s — )], [ —b)a+ b)]
= (3" 65+ 1)) ( 3+ 65— 1Y)

(v)  Factors of the type: (a*+ 2ab + b°) — i
Let us see following examples.
Example Fachonzexz+41‘_l{2+4y

e 4x‘|,rz+ T

™

) -2z} [~ b= (a- B)a+b)]

Bp-q+3nG3p-q-37) [ a* - b =(a - b)(a+b)]
sfacmrsofrhgtype;(q’;)’—(ﬁ)’

“ (Vo) (=)
=(Vry —2)(Jy

+~E) [ a*- b= (a—b)(a+}) |



Factorize the following:
i)  4x+16y+24x

(i)  3pgr+ 6pgt + 3pgs
) Zx x°2 +-x'1z”
16 8 12
Factorize the following:

) Tx+xz+7z+Z

(i)  61-12p +4tq-8pq

v Y Fx 7t 2n
£ 4 9 9

Find the factors of:

(i) 4a° + 12ab + 9%’

(i) x’+1+_1_

(v) 625+50a2b+a4b1

Ry

(i) b~ +4c
x* - 100y*

nd the factors of:

(i) @x +2)° - (2 -Z)2
(iii) 169x" - (3¢ + 4)

(iif) 2276 1
e

Find the factors of:
M  @r2yy)-9

%mzm 0.04

(v) (at+2+: )»(bz 2+?) {vi) 9x2+

2+ 3%y + 4x"yf2
9gr(s® + £ + 18¢°°(5* + £)

a{x—y)—azb(x—y)+alQ-9

(@
()
&

(@) 94%p+1 12bc
(ivy #+
 Myz Txy
1 11

(vi) \ﬁ
144yz + 642

{ﬂ) x"' —2+

.
(vi) (a - b)2 - 18(a—b) + 81

(i) 162> 25/ (iii) lﬂﬂx!zz ¥
W EpBla o ® g
81 64 121

(ii) {42 - 9B)" - (2a + 5b)°
(v} (92" - 4391" - {4~ y‘f
— 4y ——+ 4

yl

() (4a2+ BabP+ 464 - 95



]
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i) 16d*- (-2dd+ B (iv) 4(F+20/+9) -9

(V) -y dx-2y+3 (vi) dx2-y2-2y—1
8. Factorize:
® (VaB)'- (Vo) @)~ (/%)

@ (5 -5) ()t

4.1.2 Factorize the expression of following types. ?‘

Typel: &'+ d%0*+ b or a's 46 Q-.
This type includes those algebraic expre are neither
perfect squares nor in the form of the di of two squares.
Factonization of this typié s explain h‘@h g examiplés.

Factorize: a‘+a1b2+b‘.

at+ 0+ b ( )O
(@ + o'y 8 ! the terms)

(@ + 220 [by adding and subtracting 24°’]
(@@ + 28y + (YY) - 2

[by adding and

(A + QA+ 22 - 225 subtracting 2(e)(25)]
{6 2Ay0) + V) - 4
(@ + 25y~ (2ab)*

{(@+ 2% - 2ab}{(a® + 26%) + 2ab}  [cd®— b= (a— B)(a + B)]

(¢~ 2ab + 26°)(a + 2ab + 2b7) ave the required factors.




‘Example{t:] Factorize: Lt
Solution: °+x%+1

= 6+ 1)+2 [by adding and subtracting
= {4 (% 2001 - 26+ 265(D)]

= [+ 1-at

= @+17- ¢

{*+1) - A+ 1)+ [a®=F=(a—b aw
{*+ 2+ D) -7+ 1) é
{(P+ 1 -2+ At - £ +1)
{2 +1) - )t~ + 1)
(F+x+ - x+ x' -2 + 1) are fa.ciora.
Typell: x*+ px+gq
This type of expression can by breaking the middle
term process.

By Examplel ;! Factonzeyz+ ?y +12 @
Solution: V4 7y +12 &
¥ 43y +dy+

(314-3)4—4 +3)
&{%ﬁy 304

x +15) - 2y(x + 15)

x+ 15)(x - 2)

cax +bx+cae.
To factorize the expression ax* + bx + ¢, a# 0, the following steps are
needed:

(i)  Find the product gc, where 2 is coefficient of ¥* and ¢ is

constant.
(iiy  Find two numbers x;and x, such that x,+ x,=b and x,x,=ac.
To explain this method the following example is helpful.

nonou




s
L]

SD].'IIH.D:IL

10:3-191%631’
= 10x"- 15xy - 4y + 6y
= 5x(2x - 3y) - 2y(2x - 3y)
= (2x - 3y)( 5x - 2y)
ixamplell7] Factorize 4x™+12x+5

Solutim 4 +12x+5
= 4x*+ 10x + 2x+5
= 2x{2x+ 5) + 1(2x + 5) O
= (2x+5)(2x+1)

- ries
Exercico: a2 :
4

1 Factorize the foll

() d‘+azx2+ x‘ () B
(iif) d+a'x's (iv) 2zl
2, Factorize:

® (i) 212°-4z-1
(i) f-8y (iv) 24a2-18a+27

3.

\ZQ ity ()  36xz9y*
0 (i) 4#'+625 (iv) 4’41
Resolve into factors:
%\ @ %4+3x-10 (i) 2H-3ab-10

(i)  y+7y-98 (v) Py 2ayz-24

5. Resalve into factors:
@) 121411252 (i)  42z%+50248

(i)  4x2+12%+5 (iv) 3x2-38xy-132




Resolve into factors:
()  81x*+36a22+ 164 (i) x*+2>+25
(i) -7y 8 (iv) 16a* 9740+ 815"

K“”_:»_} Type IV: (ax’ + bx + c){ax’ + bx + dyrk
() (e+b) (ec) (radk Q_@
(xe+a) () (e} (v ARy

We shall explain the procedure of factorizing of &@?

expressions with the help of following exampiE:!

Fxamp
=3 <

z efif] Factorize: (x*+5x+4)(x"+5x+6)—120

nn: (P+Bx+4)(P+5x+6) - 120

Let x’+5x = £ then we have O
(H+4)(3+6) —120 O

= #+10:+24—120

= F+10£-96 &
= 26t 41 g\.. (by factorizing)
= i{t-6 %
= {6} (+716)
(2?1 Bx — 6)(x"+5x+16) - =Xt 5y

X —x + 62— 6){x +5x+16)

= [ x{x—1)+6(x — 1](x*+5x+16)
\ = (x—1)(x +6){x*+5x+16)
‘EXampleli?] Factorize: (x+1}{x+2)(x+3)(x+4)—15
Solution:  {x+1}{x+2)(x+3)(x+4) - 15
Here 1+4= 2+3 =5
(e+1){ 2+4)(x+2)( x+3)— 15 by arranging the factors
= {x+1)(x-+4) (x+2)(x+3) - 15

&0 g



]
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= (+5x+4)(x+5x+6)— 15
= (t+4)(t+6)- 15 where £ = x*45x

= P10t +24—15

= 110149

= (t+1)(++9)

= (P45 452+9) -8 =22+ 5x
plelll] Factorize: (x+2)(x~2)(x - 3)(x+3)+(~249) ?“
(:+2)(x —2){x—3){x+3)+(—2x")

= (+2)(x-2)(x=3)@r3)H{-2x)
= (-2 (P-3Y)-24 (@ |

“wawa
=x* - Ox® - 4xt + 36 - 2x* O

= (=) -(Va )" -12v3) %]

= (xﬂﬁ@ -2v3)(x+2v3)

[ Exercise43 @
ho
1 @he following;
—dx-5)(F—4x—12)—144 (i) (F+5r+6) R +5x-+4)—3

\ (i) (¥ - 2e+3)(x"— 2x+4) - 42 (iv) (- 8x+a)(x" - Bx —4}+15
(v) (F*+9x-1)(*+9x+5) -7 (vi) (= 5x+4)(F - 5x+6) - 120

2, Factorize:
() (erL)(x+2) (x43) (1+4)- 48 (l) (r+2)(x+3) (r+4)(x--5)+24

(i) (x-1)(x—2) (x-Hx-4-93  (iv)x-3)(x-5) (x-7)x-9+15
) G-DE-2 ¢-3)x—4-224 (Vi) (x-2)(x-3) (x-4)(x-5)-255




Find the factors of:
() -2 r2)xid)- 2 (i) (e 1)(r1)(x+3) (x-3)-3¢"-23
(i) {x—1)(e1)(x—3)(x+3)+4x" (iv) (x-2)(x+2)(x-4) (x+4)- 145

(v) (r45)(x+2){x—5)(x— 2+’ (vi) (F-x-12){"-x-12)- ¥ O

TypeV:  a+3a’b+3ab’+bland #*-3a%b+3ab -1’ Q._

As we know that
+30b+3ab b = (a+b)’ ?‘

and &~ 3a°b+3ab” — b= (a—b).
The following examples mﬂ help
factorization of the types menume

Examplel] Factorize (i) 8212 Py+61+ *2 Eé
Solution (i): 8x*+12 Py+bxy’s v°

=(2x)’+3(2x)" @}+3(2=)(y [ (2*+3d°b+3ab" 1B =(a+ b))
=(2ety)".

Solution (i): 64x°—12 x’+_

$ 3{4x} 1 (@ -3 3ab b =(a-b)"]
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b® +3b%c+3bc? +.cEi (ii) 8x° + 12x%y + 6y +y°

(iif)  64x" + 1247 "'%E + 2 (iv)  8x'+36x*+54x+ ZQ
1 . ' 7

(vii) :; A2 s B (vii)

2. Find the factors of:
() &-6dc+124F -8  (ii)
@) T ®
) g 2z ¥ {w}
(Vi) 216+=

Type VL a’:&
we

% @+ =(a+b)(a’ —ab+b*),

an @ =1 ={a-b)(a* +ab+ ).

e following example will help us to understand the
factorization of above mentioned type.
mplelij] Factorize8x’ +27

= (22+3)’

= e[ - @IEHES] [ @ +5 =(a+b)a® —ab+b)]

= (2r+3){4x" - 6x49)
Therefore: 8% +27=(2x+3){4x"—6x+9)



Examplel7] factors of 108x" -
Solution: 1084 —256x2°

= 4x(27%" - 642°)

= 4x(@x)- (4" [ @~ =(a-b)a" +ab+b7)] O
= dx(3x—4z)[(Bx)"+{3x){42) +(42)"]

= dx(3x— 42)(9°412x2,162°)

Therefore:  108x" - 25637 =dx(3x—42)[(95%412x2, 162, O?‘

o, o

1. Factorize the following:

(i)x* + 8y° (i) #"+ a0’ (iv)a'h’ +512
eine g 2 0 Al
Wah +278°  (vi i3 +2 Y (i) e

2. Find the factors of:

(i) x{!__sy:i

and factor theorems are usually used to find the factors of
ial expressions of third and higher degrees of the

State and prove Remainder Theorem and Explain through
axamples

Statement:
When a polynomial p(x) of degree n > 1 is divided by (x-a) The
Remainder R is found by R = pfa).

We can write p{x} as p{x)=g(x){x—a)+R,(Which is called division
algorithm) where R is a constant (Reminder) and the degree of g(x)is
one less than that of p(x).
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Proof:
By division algorithm
plx) = gx)(x-a+R,
Let x=x then,
P@) = (@)% (@-0)R,
pla) = gla)x +R
=  p{a} = R = remainder.
4.2.2 Find remainder (without dividing} when a
divided by a linear polynomial.
The following examples help us to use of remair

Example[lj] Find the remainder when x* - 3x+4 is divi
Solution:  Let p(x)=x’-3x+4 @
Herea-Zbymmainde_rd'mmO
p2)=(2"-3(2)+4 O
=4-6+4=8-6=2

p(2)=R=2
Thus, the remind .
ef7] Find the valuelof KNf the polynomial #+kx’+3x—4 leaves a

remainder »2 w ivided byx+2.
Solution: &‘:
]’Iﬂﬁ‘ +3x-4
v = (—

+k(-2)*+3(-2) -4
= =dk-18 Reminder =-2

%3 Thus, the value of k is 4.
Zero of a polynomial.

Let p(x) =a,+ ax + a21'2+ ...... +a,_x" be a polynomial with real coefficient.
By putting x=a in the polynomial p{x), if the value of p(x) becomes zero
~ ie p(a)=0. Then ‘4’ is called the zero of pelynomial p(x).
Examplefl| p(x) =x+7 then -7 is a zero of polynomial as p(~7)=-7+7=0.




424 State and prove factor theorem.

Statement:
The linear polynomial x-g is a factor of the polynomial p(x) if, p{a) = 0.
Proof:
Let g(x) be quotient and R be the remainder when a pol
p(x) is divided by x-a
Then by division algorithm, we have
pR)=(x-alg(e}R. ?“
By the Remainder theorem, O
R =p(a),

Thus, [ p@) ~g0G-7@ %
If p{a)=0, then, p(x)=g{x){x —a).Thus, (x- a) is ofie of th€'factors of p(x).
The following examples will help us to use theorem.
ixample i : i 5 s %xz +3x—4ornot.

Solution:  Let p{x)=1° +—+
s R=p(-2)=( 2}’+ ;-2) 4

Shermine whether x + 3 factor of is x% — x2 — 8x + 12

®{1}=f—f—sx+u
Sp(-8)= (- (By-8(-3) +12

=-27-9+24+12
R=p(-3)= 36 +36=0
x+3 is factor of ¥~ ¥ —8x +12



L Exercise 4.6

1. Find the remainder by using the remainder theorem when
(i % -6x*+ 11x -8 is divided by (x-1)

() 2+ 6+ 11x+8 s divided by (x+1) 2 ’

(i) x°-x? -26+40 is divided by (x-2)

(iv) #-3P+x-14 is divided by (x+2) ?.
(V) (2y-1)+6(3+4y)-9 is divided by (2+1) O
(vi)  4y-dy+ 3 is divided by (2y-1)
(vi)  (2y+17~63-4y)-10 i divided by (24-1)
(vil) *+x%+y is divided by (x-y).
4. Find the value of m, if p{y) = my +47+ 3y
the same remainder when divided by {3
5.  If the polynomial 4x° - 7% +6x-3F is éxactly divisible by (x + 2), find

the value of k.
Find the value of 7, if w@m of the polynomial 3y~ 4ry - 41,

polynomial,
4.31 Describe d of synthetic division.
of synthetic division is described with the help of

\ n:  Herex-1=0 =x =1, {1 is a multiplier).
% Write the coefficient of the polynomial.
w, 1| 1 3 5 |7 (Rowd)

(Row 2)




In Row 1, write the coefficients and constant of the polynomial p(x)

in the descending order.

Step II.  Write the first coefficient in Row 3, below its position in Row 1.

Step IIl. Write the product of 1 (the multiplier} and the coefficient (1) i
Row 3 bengath the 27 coefficient in Row 2, and add, putt

sum below them in the Row 3 and so on. Q‘\

Thus, g{x)=~2x+3 and p(1) = R = 10. %
Note that:  Degree of g(x)=[Degree of p(x)]-1= 3-1=

and the last element of the row3, is

432  Use of Synthetic division to:

{a) Find gquotient and remainder jgft
divided by a linear polynomi
Find the value(s) of unksfwg

p{ = C d({ (I}:?
quatimt and the remainder, we will use synthetic

q on illustrate as under.
%_[ 1 —12 50 -84 | 49 (Row])
\ 5 35 75 | 45 (Row2)
1 -7 15 -9 411: Row 3)

Thus, g(x)=x’-7x*15x~9 and R=4 are the required quotient
and remainder respectively.
Note: R# 0, therefore (x — 5) is not the factor of given polynomial
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Example[i7] For what value of m, 1is a zere of the polynomial
p(x)= X*~mxt+x-1?
Solution:  Given that,
p(x)= ¥*-mr’+x-1
Here, the multiphier g= 1.
By synthetic division method we have,

] 1 -m 1

1 1-m

(Row 2)
1 1-m 2-m 1 R, (Row3)
Since 1 is the zero of p(x) -. x-11is fa \t~
Here, R=0 b

—: 1-m=0

= m=1

Thus, for zero of the polynofaialB(x) m must be equal to 1.
AN

Exeizise 4.7 &

1 division method to divide the following
find their quotient and remainder.
H pt 1 by x-1 (i) plx)=x"-2"-x-1 by x+1
(itl) Pe=b+110-6 by 342 (iv) p(x)=x"+62" <1126 by x-2
ﬂ@ )2t e el by x+2  (vi) pl)=xt 1 =1 by xel
plx)=r® 4223 by 43 (vidi) plr) =t 42734636 by x-3
ix) p(x)=2e'-20" 410051682495 by x-2
% (%) plx)=6x"-72x"+300x*-564x+270 by x-5
For what value of k, -2 is zero of the polynomial p(x)=x3+x>-14x—k

3. For whatvalue of m, (x-2) be factor of x*+mx?~7x-10

4. For what value of m, (x+2) is factor of 4x*-7x*+6x-3m
For what value of k, 1 is a zero of the polynomial, P{x)=2x34mx*+x-1




44 Factorization of Cubic Polynomial
We have already studied the method of solving linear and quadratic
polynomials. Now we will find the factors of cubic polynomials using

factor theorem.

4.4.1 Use factor theorem to factorize a cubic polynomial 0
To factorize a cubic polynomial by factor theorem, it is

one of the factor or more of the zeros of the polynomial is-f

Let us see the following examples:
Examplefl]l Find the factors of x* —6x*+11x—6
Solution: Letp(x)=x’-6x*+11x-6 %
The factors of 6 are +1,+2,+3,+6

p(1)=(1] -6(1)"+11(1)-6
p(1)=1-6+11-6

p(1)=0 O
Hence, x-1 is a factor

By synthetic divisi
1] 1& 1

-5

—6  (Rowl)
6 (Row2)

5 6 | 0 (Row3)
&( ~5x+86)
\é‘xd}{f 2% 3%+ 6)
{

Q =(x-1){x(x-2)-3x-2)}
(x}={x-1)(x-2)}{x-3)

Fimple[l’] Find the factor of «*—dv*+x+6
iffon:  The factor of 6 are +1,42,43,46

If x-1 is a factor of p(x)

Then,

p(1)=(1) -4(1)" +1+6
~1-4+146
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Hence, x-1 is not factor of p(x).
If x+1 is a factor of p(x)
Then,

pl-0)=(1) -4(-1)"+1(-1)+6
=-1-4-1+6
=0

Hence, x-1 is factor of p(x).

By synthetic division ?‘

a1 6

-1 -4 [ (Ro

1 -5 b<kmw 3)
plx)=(x+1)(s* ~5x+6) Q

& |y

={x+ 1]{:‘ -2x-3x+

=(x+ 1} x(x—

P(“F(“U‘lb&&

[ caercise 4.8 @
Find the fﬂ ing factor theorem

2, ¥ -Px-1 3. -6 +11x-6

=20 B.2+xix-1 6. -2 +9x-18
8. 484419412 9. 2%49x%+10x+3
1L 24954263424 120 +1207%+44x+48

o e

Review Exercise 4

% True and false questions
Read the following sentences carefully and encircle T in case of true
and ‘F’ in case of false statement.
(i)  xP+x-6 =(x+3)(x-2) T/F
(i) @ +27=(a+3)(a"-3a+19) T/F

(i) B~ 8=(b~2)(*+2b+4) T/F




et e
V) =A@ /F
(vi) &+b =(atb)’ T/F
Complete the following sentences

@ 16y =(xy)

)  2*- 64y°=(x-4y) Q-u:
(i)  P+5r+6 =(r+2) v
() Peleyf O

(v) @+276°=(a+3b) _
Tick {v) the correct answers @
(i)  Factors of a* +2a- 24 are:
@ ka6 (b)
(€ a43,a-8 (d) -3
(i)  Factors of a +2ab+ b* ~c* is:
(@  (a-bro)(x-b-c) {a+bsc)(a-b-c)
() mm}{m-c) {a+bic)(a-b-c)

(iii) Factors of ¥’ +3° is:
@ xﬁ)@ b)  (piexyry’)
© @ @ ety
(iv) Factors
(a) +3yz492 (b))  y-3z, y+3z492
@\%az, Payzd? (&) e P-dymsst
(v) @l lified form 1 g ¥

x+y x’—yz=
\e @ p O

&=y

-1
(c) 2 { 7 @ :I:g— 2
(vi)  Find m, so that x*+4x+m is a complete square

@ 8 ® -8




Factorization is the process in which we express the given polynomig o

(expression) as a product of two or more expressions. ’ &
¢  We will learn and resolve into factors of the following .

formulas;

(i) o'+ 2ab+b° = () + 2(0)0) +{b)" = (3 + b)’
(iv) @ -2+ = (@)"-20)F) +E) = (a-b)°

(W) &-F=(@-h@ath)
! primpartant theorems; these are (B
ynomials which cannot be U

(i) ..lcu+ki:+kc=?c{ﬂ+la+¢) ?s
(i) M+M=w{c+ﬂ_+b{¢+d)=(a+b}(® &

#  Remainder and factor theorems are
used to find the factors of such type §
solved by the given formulas:

iy &+ 34D+ Bab™+b’ = (4] b— 3a'b+ 3ab™-4 = (a-b)’
i) @+b° = (@ b)( —ab+ v) &Y = (a-b)(d"rab+b),

-“"F.

S
4
L

@ Zeros of the Po
If specific number ted for the variable "z’ in a polynomial
p(x) such that, of p(a) is zero, then ‘d’ is called a zero of the V
Polynomial pff).
4 Factor theore also be stated as:
The li ynomial {x-a) is a factor of the polynomial p(x) if, p(a)=0 ~

n of synthetic division method
Write in Row 1, the coefficients of p(x) in the descending

>
% powers of x.
%\ tep IL Write the first coefficient in Row below its position in
Row 1.
StepIIl.  Write the product of 2 {multiplier} and this coefficient in
the Row 2 beneath the 2nd coefficient in Row 1, and
added, putting the sum below them in the Row 3 and so

A



Find Highest Common Factor (H.C.F) an
(L.C.M) of algebraic expressions by factorization
Know the relationship between H.C.E

Use division method to det highes! common factor and least
commen multiple. q%

Solve real life problems re]& and LCM
Use highest common fa least common multiple to reduce
fractional expressios ing addition, subtraction, multiplication
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511

Solution (i)! orize the given expression x’+x - 20 and x*+12x+ 35

e

? Ky - 20 = ¥ +5x-4x-20
= x{x+ 5)-4(x+ 5)
N\ =(a+ 5) (x- 4

Algebraic manipulationrefers to manipulation of algebraic
expressions, often into a simpler form or form which is more easily
handled and dealt with. It is one of the most basic, necessary 4

important skills in a problem solving of algebraic expression. *
In this unit, we will discuss HCF and LCM of the algebraic # 55100
by factorization and division method and their application ' atly life.

Highest Commen Factor (HCF) / Greatesi Tommon
Divigsion and Least Common Multiple (LCM;

v
Find Highest Common Factor (HCF) and Leath@8mmon Muliple
(LCM) of Algebraic expression by Factorigafion method.
(a) Highest Common Factor (HCF -
For finding the HCF of the gi

ke'the product of their common
factors is known as HCF by

0 and ¥*+12x + 35
(@), (c*1)% 21 and F+ix +3

factors are as under:

and  #%+12x+ 35 = ¥+7x+5¢ + 35
= x(x+7) +5(x+7)
= (x+5) (x+7)

Common factor in both the expression is (x+ 5)

’ HCF=x+5



UNIT-E

GEBRAIC MANIFULATION

Solution (ii): We factorize the given expression (x +1)%, x*-1 and x*+4x +3
The factors are as under:

G+ 1= (x + 1)x +1)
¥-1 =(x+1) (x-1)

and 2+4x+3=x4+3x+x+3 O
= x(r+ 3) +1(x+ 3) Q~

= (£+3) (1)

Common factor in all the three expression is (x+ 1) ?‘

HCP=x+],

‘Example[l7] Find the H.CF of the following expressi ctorization
method.

- qb-bé : I
Solution :
S @-p= (a-b)(at+ab+b?) O

a-bo= (alp - (1P
= (@ - B){(d +a2b? +(32)2
= {a-b)a+ B){(ﬁz)” @b’}
- (o~ e+ DI(BAEINN)
= (a - b)(r + B){ ](m?+iﬂ+ab)

(LCM}oftwonrmmpal}'nonualsisthe

egme which. is divisible by the given polynomials,
To El.nd L by Factorization we use the following formula:

Commeon factors X non commen factors
the LCM of ©*-8 and 2™+x-6
ow find the factors of x'-8 and ¥*+x-6
©8 =()-(2) =) (P4 2+4)
F+x-6=x2+3x-2x-6= x(x+3) - 2(x+3)
= (243) (x-2)

Common factor = {x -2)

Non common factors = {x +3)(x*+2x+4)

LCM= Common factors X non common factors

LCM=(x-2)(x"+2x+4) (x+3)={x"-8) (x+3)

FICF = (a - By(@
(b) Lﬂast Common % CM] by Factorization method
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Exampleli7] Find the L.CM of ¥’-1, ¥'-2x'+x
Snluhun. Now find the factors of x’-1 and ¥’-2x+x
; -1 =(x)’-(1)°=(x-1) (6™ +x+1)
and -2 +x=x(-2x+1) =x(x-1)

LCM= Commuon facters X non conumon factors 2 ’

LCM=x{z-1)"(x"+x+1).

The relation between HCF and LCM of two

g{x} is expressed as under

HCF x LCM = p(x) X g(x

Find the HCF and LCM of the p ials p(x) andq(x} given
below, and verify the relatmn o

p(x) = X'~ 5x+ 6 andg(x) = 2 % @

51.2 Know the Relationship between HCF and LCM '
(x) and

Solution: F:rst faﬂtorize the po q{x) into irreducible
We have, @
plx) = f 5%+ :!&
= I{H
e X
and ="~ 8= (x-3} (x+3)
, HCF = (x-3)

d L.CM = (x-2)(x - 3)(x + 3) = (x-2)(x"-9)
, find the product of p(x} andg(x).

% PO) xq (3)= (2-5+6) » (79) -0
\ LCM x HCF =(x - 2)(¢ - 3)(x + 3) x (x -3)

% - = ASr ) x (P9 ... (i)
From results (i) and (ii), we have
LCM x HCF = p{x) x q(x), Hence, verified.



Exampleli”] Find the LCM of the following polynomials by using the

and

30,

formula.

p(x)= *+14x+48 and g(x)= 1" +8x+12

Now first we have to find the HCF of the p(x) and g{x).
p(x)=x"+14x+48

= ¥+ 8x+6x +48 Q
= x(x+8)+6(x+8)
- ) (49 g

g(x) = x* +8x+12 O

= P +6xr+2y +12 %
= x{x+6}+2{x 16}
= (x+2) (x+6) %
HCF of p(x) and q(x) is (x + 6).
M= PEX4) O

HCF Q
ey ( +E4x+48)x‘.Q




513 Use division method to determine highest common factor and least
common multiple ;
To find the HCF of two or more algebraic expressions by division
method, the following examples will help us to understand the method.

Exampleli;] Find the HCF by division method of the following pol

2 + 7% +dx—dand 240 + 97 + 11x + 2,
Solution:  Now, by actual division, we have,
%
zs~‘+:rxf+4x—4) 22+ 97 + 11 +2 Q
2% +7x*+ dx 4 O

x
2%+ 7x +Ej 22° + Tat 4 dx—

_ 2+ Tx+6 @

2+ 25+, ¥ -1 and X+ 4x+ 3.
First we find the HCF of any two expression then its HCF with

third
Now, by actual division, we have,
1
x +2x+15x’+41:+3
P42x+1
2x42

We take common factor +2 from 2x+2 and omit it.




.\:+15 x4+ 2r4+1

—2'+ z2+0
x4+1

Q
~The HCFof ¥ +2x+1andx Fdx+3isx+1
Now we ind HCF of x+1and x° -1 OQ

x—1

= 6
Now, find HCF by actual division,
1

—4x+3) -6 +11x-6

éo ~3 4x +3
\ —6x"+15x -9

-6 +152-9 =-3(2*-5x+3), we omit -3,

Now multiply x*~4x+3 by 2
x5
2x* -5x+3) 2x°-8x+6
21> +3x 51

5 -11x+6
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Multiplying by 2, i.e., 10x-22x+12,
5
2x’—5x+3) 10x2-22x+12

~10x* 25x+15 ’
3x-3

3x-3=3(x-1)omit 3 and then again '2‘011
2x-3
x-1) 2x*—5x+3 O

257 2x

= p(x)4(x)
We kno e
_ (2 -6 +11x-6)(x° —4x+3)
x—1 )

ivide x*-6x*+11x-6 by x-1, we have,
Z25x+6
x —-1) 2 -6x+11x-6

s i

-5x% +11x

% -5x* +5x
\ 6x—6
% —Hx 6
0 0

LCM =(x"-4x+3)(x’~5x+6).




other piem is 90 inches wide. She wants to cut both mesmps of equalmdth
How wide should she cuf the strips?

Solution:  This problem can be solved using HCF because she is ¢
dividing the cloth for widest possible strips.

S0,
HCF of 45 and 90 ?‘
45=3%3x5 O
90 =2x3x3x5
HCF = Product of common factors %

HCF=3x3x5 %
HCF=45

So, Rida should cut each piece wide.
] : i Qﬂ Imran every 4 days. Satfraz

andlnn&n both exercised today. many days they exercise together

again?

Solation:  This problem gan be solved using least common multiple
because we are trying t the time they will exercise, time that it will
occurs out the same 4

is

,

Theymllexerﬂsetugeﬂleragammﬂdays
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Find the HCF of the following expressions by factorization method:
0 7Y Zand 1206 @) 187, 1200 Fand 2107 fF
(i) »*-3x-18and £ +5¢+6  (iv) 47-9and 20543 Q_~

() (20" - 8bY), (4a”+4ab-24b%) and (242-12ab+168%)
(vi) xtaxPtxtl and 23543241 ?‘

Find the HCF of the following expressions by i d:
(i)  x+3x+2 and 3x"-3x-6

(i)  2x*+15x°+31x+12 and 35°+23¢

(iify 4x°-2%°~100x- 50 and x*+10x°- - 225

(iv) Xray-212, x*+3y+2y2 and X 258

Find the LCM of the following ions by factorization method:
i) 274'b°cand 81ab"° 477, 1045°¢™r" and 300p°gr°

(i) 212 14x and 3x" Br+2 \A1v) ¥ +11x428 and ¥'+2-12

(v) 6x2+11x+3,2 -1T%nd 3x2-11x4
(vi) xR aip
Find the LCM n method:

i ﬁz& Pex-20

(ii) +14x +'8 and 6 +x-2

{ii]) o ?-2yz and y?-z2-x*-2xz

i +9x2-84x and 4x%-24x3+32:?

of the x*~11x+24 and x*-6x+6 is (x-3). Find the LCM.

HCF and LCM of two expressions are (x+3) and (x3+?x2+?:—15], if
ne expression is x*+8x+15. Find the second expression.

The HCF and LCM of two polynomial of the second degree are 3x-2
and 3x3+7x2-4 respectively. Find the product of two polynomial.

Verify the relationship between HCF and LCM.

1e.(HCFXLCM = p(x) g(x)) for the polynomialp{x}=x"-8x-20and
g(x)=x*-15x+50




A carpenter got given some free woeden planks. Some are 12cm long

and some are 18cm. He wants to cut them so that he has equal size

planks to make using them easier, What size planks should he cut them
into to avoid wasting any wood?

10.  Train A and train B stops at Hyderabad as 10:30am. Train A stops

12 minutes and train B stops every 14 minutes. when do they

together?

5.2 Basic operations on Algebraic Fractions

If p(x) and q(x) are algebraic expressions and g(x) # %i is called
an Algebraic Fraction.

Simplest form of algebraic fraction is a in which there is no
common factor except 1 in Mtﬂ‘r@e . In algebraic

fraction fundamental operations (+,— carried out in the same

way as in common fractions,

In the following examples we in the use of highest common
factor and least common reduce fractional expressions in
simplest form involvi tal operations.

5.2.1 Use highest c actor and least common multiple to
reduce expressions involving addition,
subtract plication and division.

@7' ¥ -x—6 e
22*-5x-3 4x’-1

~6 ., 1 _F-3x+0-6, 1
\g —5x-3 4@ -1 22 —6x+x-3 (zx 1)(2x+1}
_ x(x- 3}+2{x—3} 1
2x(x—3}+1{x - 3} (2x-1)(2x+1)
_ (x-3)x+2) i 1 e

(x-3)(2x+1)  (2x—1)2x+1)
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- (x+2) | 1
(2x+1) (2x-1)(2x+1)

_ (x+2)(2x-1)+1
(2x—=1){(2x+1)

_2x*—x+dx-2+41 _2x"+3x-1

(2x-1)(2x+1) a1
2 x4
x+2 2% +x—6
2 x-4

X+2 2P +x-6 @
2 x—4

Q/ x+2)(2x-3)
AV s

% 22 +x—6
_"ﬁ.—af% plify: ab® +2a b _6b+9

db—6+2-3a B +2b
ab® + 2a bt —6b+9

'E;e d—6+2b—3a B +2b
% ab®+2a B —6b+9 _ At +2) B —3h— 3549

X ® =
ab—6+2b-3a b +2b  bla+2)-3(a+2)  bH +2)

__ e bE-3)-3¢-3)
T (a+2)(b-3) b
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__ 8 (=33
(a+2)(b—3) b
& (6-3-3)
(a+2)(b=3} b

a(b-3) provided p + §
= b(a-t- 2) ﬂ]"l
Eampla’l si =g’ 2p+q)
e s S v I 3(r+s)s Ov

2
Solution: Simplification Pz . 2p+9) @

P +2rs+5° 3(r+s)s

provided p+g+ 0

andr+s=0
s:impufythefnﬂm%/

- 4x 3 . 3 6x+7
{l}x‘+2 +]+ 1 {mx(lx+1}+ 3x(x+1)
4z ] : 1 2 3
% -2x-3 ) x+1 242 x+3
10 v ):r 2 4y 21 x+8
v Z_6a-7  x+l

ﬂ\ s (s s)+

:r:+1 x+2 x+3 -0/l \x+3/) x-2

i
+
+Bx+15 x +Tx+12 C Pax-12

™) =

2 +7x+12 P +x-2 ) 2*-2x-8
xr2| — e =
=16 x"+4x+4 ) 2x+8x"+4



5.3 Square Root of an Algebraic Expressions

5.3.1 Find square root of an algebraic expression by Factorization
and Division
We shall discuss two methods, in order to find the square roots of'tHe
algebraic expressions. ﬂ
(a) By factorization {b) By division

(a) Square Root by Factorization method.
BExamplelii] Find square root of the expression vV by
factorization method.

Solation:  49x"+126xy+81y’ %

= 72+ 2 (79 + (%), %
= (7x+ 9y, O

Therefore:=  /49x% +126xy +8Ly>

= Jox+oyl =7x+9y
(b) Square Root by Di\risio@
Examplellf] Find square rod} of the expression 4x" + 12¢°- 19°= 42x + 49 by

J

division
Solution:  Meth ted below,
2+ 3x-7
4% +12¢°-19x°- 42x + 49
% + 4y
Q >+ 3¢ 12¢°- 1947~ 425+49
e +3x +126%4 922
\ A +6x-7 285~ 42% +49
% ~7 28y 42x +49
4x*+6x-14 0 0 0

Therefore:  ydx* +122° —19x* — 422+ 49 = 2¢" + 3x-7.




Solution: By division method, we have,
6" + 3y+ 4

o 36+ 3657+ 5767+ 2x + a O
+6x +364* Q'“
12:¢ + 3x 36x°+577-24 x+ 8 ?‘

+3x 3687+ 9%°

125%+6x-+4 4824245 + g @
+4 14847+ 24x 416
124+62+8

Given expression will be a
a=16=0 =a=16,
Therefore, a =16, will make the given@imapmfm square,
Examplelc] What should be ad +4x%+10x%45, so that it may be a
perfect square?

Solution: By division ﬁ*ﬂe ve,
{// £+ 2243

' x4+ 102245
+yt
é\’n 4"+ 0240 x+ 5
Q +3x L4 4
2P +4x+3 6%+ 0x + 5
¥ =

+6x+ Ox+ 9
I rlx+h -12x-4 or —(12x+ 4)

fhifs, the perfect square will be obtained by adding 12x+4 to the given

expression,
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1.  Find the square root of the following algebraic expressions b

factorization method,
() 36x°-60ay 425"

3.3 2
(i) 4ty -2V 9"2y

zl

(v) (x%%)-ll(x—;) +2

(vil) (24 1) ("~62+9)

2, Find the square root of the
division method.

(i) x*+ 2x°+ 3"+ 2x +1

(i) 4x*+8x°+20x*+ IEHU&

(v) #2043 -2

(vii) (* '&u )z

3 %be&ddedtuéx+4r3+l?f+8x+9tomkeltperﬁect

4. uld be subtracted from9x®-12x™+ 4x*-18x°-124°+ 18 to make it

t square?

\ or what value of ‘m’, 9x™+ 12x+ 34x™+ mx + 25 will be the perfect
square?

6.  For what value of 7 and ‘¢, the expression x*+ 8x™+ 302" + px + g will

be the perfect square?

(i) 9x1+;i2=+6

(iv) 36(3 -hf-%—@ '
(vi) (dx’~4x+1)
(wiid) (¢ x2+T:c+1€J] (¥ +5x+6)

gebraic expressions by
%+ 40x" + 265"+ Bx+1

2
iv) L Lqy 19, 102
¥’

x* Xy

(vi) xz+—+92+ ﬂ+fr!yz+ 6xz

(viii) x +——4(x‘+ )+5 x#0
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Review Exercise 5

True and false questions
Read the following sentences carefully and encircle ‘T" in case of
and ‘F’ in case of false statement. 6

() HCFofy-4andy-2isy-2. T
(i) HCFof#-landa®-lisa+1.
(i) LCMofx*+landx+1isx+1.

(v) LCMof -y and - i+ o O%;p

(v HCFofs+4a+3anda’+5z+6isa+3.

Fill in the blanks.

(i)  There are methods to b to find the HCF of
_ polynomials. i

(i) LCM x HCF of two polynomial ;

(i) HCF of 4"~ 5yand y + 6a a ;

(iv) LCM of y+3y+2 and G5y Mo

6) HCFofy-L angdls K/ .

y
Tick (+) the cuﬂ@
() HCFofx o - by +ayP is:
@) @ B P2y
(e), =+ @ {2y
(i) %{{Zym}s and (2y+32)° is:
2y+3z (k)  (2y+3z°

9 (Qy32) @) @y-3z
\ i) HCF of 2 —ifand 2 +ay+y’ is:

(@ x+y (b) 2y 4

@ a2y @ @)
(iv) LCMof (x-y)* and(x -y)’is:

(@ -y ®  (x

© & (@
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TN 1 ¥y oo,
(v) Slmpl:ﬁgdfomlgfx+y+zz_yz_15.

c —_ :
HCF PxQ
\é @ P O "o
P . Q
o NI SR

() LCMof x*-x+1 and x*+1 is:
(a) x+1 (b} 2% - x+1 (c) 41 (d) 2 +x +1




Thareamhmmethndstnbeusedtoﬁndﬂmﬁd‘anﬂl
algebraic expression

(i) Factorization method {ii) Division method Q‘
LCM x HCF of two polynomials = product of polynomials

With help of LCM and HCF, addition, multiplicatio

division of algebraic expression can be found.

There are two methods to be used to find the

expression

{i) Square root by Factorization method

{i1) Square root Division method
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Recall linear equations in one variable.
Solve linear equations with rational coefficients
Reduce equations involving radicals,

find their solutions,

Define absolute values. @
Solve the equations, invu]vh@ “values in one variable.
Define inequalities (>, <) afd (>,

Recognize properties of*imequalities (i.e, trichotomy, transitive,

additive and *-;




6.1 Linear Equations

6.1.1 Recall Linear Equation in one Variable:
I symbol of equality #—~ is involved in an open sentence then such
sentence is called an equation. Linear equations with one variabl
ax+b =0, a #0, are equations where variable has an exp
which is typically not shown.

6.1.2 Solve linear equations with Rational Coefficie
The value of the unknown (variable) for which equation
becomes true is called a solution or root of the equati

Exampleliil Solve: 3x-1=5 %

Solutbon:  3x-I=5
= 3x=5+1 *s
: O

= x=—

3
iy O
Thus, the solution set is {2] @

. 2
ixample(t’] Solve: g(ﬂﬁ}=

2

Solution; — ) ¥+‘ 5;—x
4%(:& =9x 3+ 9x o (Multiplying both sides by 9),

9
v+3) = 27 + Bx
6 (1+3) =27 + 5x

9 6x+18=27+5x
% 6::—51 2.'?’ 18
'Ihus,thesuiuhﬂnaetls {9}
lefit] Age of father is 13 times the age of his son. It will be only five
times after four years. Find their present ages.
Solution:  Let present age of son = x years,
and present age of father = 13x years,
According to given condition,
Brx+4=5(x+4)




13x+4=5x+20

13 x-5x+ 4 =5x-5x+20 (Subtracting 5x from both sides)
8x+4=20

8x+4 -4=20-4 (Subtracting 4 from both sides)

8x=16

U 0 84888

x=2 ‘?\
Hence present age of father = 13x2 = 26 years
and present age of son = 2 years,

ixamplelT] When 16 is added tu%of number the

number. Find the number?
Solution: Letx be the number, the accordi given condition:

1 1
s
6+3x 3 O
1 7

=yx=

%3 Reduce Equations invelving radicals to Simple linear Form
and find their solutions.

Equations involving radical expression of the variable are called
radical equation.

For example,(?:ﬁ —ft+l= 2)'311&-.{_' = 8 are radical equations.




Solution of radical equation is explained with help of the following
examples

Exampleli] Solve: 2x+11=+3=7

Solution:  2x+11=+3x+7

Squaring on both the sides, we have,

(VETi) =& 7] Q~:
2x411 = 3x+7 ?“
24 3y=7-11 O

_x:—ll

guudy

SE+11= f3{@)+7
or B+11=+12+7
or V19=19

Thus, solution set is (4

> x=4
Vuiﬂmﬁon:?utx:dintl‘mgivmequaﬁnmﬂiml @

6
| 3 1
—_—— 2 —
(v} ¥ =" (vi) 2y =
3x 2x 3x 2x 4x
T L (s o A GLL R, L e,
(vm}5 3 {uc]5+? 3+5
(xl}?:—4=7x+4
: 15 10
W 3r=2 Tx-3 o123 12x+3
bl = 5 % W =

{ﬁv}%x+x=—3+%x (xv)%--q- 2m=m-§




When 25 added to a number, the result is halved; the answer is 3 times

the original number. What is the number?

3. When a number is added to 4, the result is equal to subtracting 10 from
3 times of it. What is the number?

4. Bilal is 6 year older than Ali, Five years from now the sum of their gPe
will be 40. How old are both of them. %

5. Find the Solution set of the following equations and alse

(ﬁ) 64~x =7 @) Vx9-1 (i) @‘

(iv) Vdx+5=32-7 (v)—W:S
(vil) 25y-50=fy-2  (vil]) V¥ -8=

Define absolute values
The absolute value of a rea fbe
of x from zero, either ffohy left’or from right of zero. That is why
absolute value is neve :

If x is real numb

fle |-5/=5,[+7|=7, ; =



6.2.2. Solve the Equations, involving absolute values in one variable
Examplelijl Find the solution set of [5x—3|-2=3
Enluhun. Given that

e-3-2-3

- feges QS)

By the definition of modulus, we have,
5x-3=5 or S5x-3=-b

= bhr=h3 or By =-H+3

= 5x=8 or bSx=-2

or

2
x'— ——

5
Thus, the solution set i :s

Exampleli}] Find the solution set of |5
Solution:  Given that
[px-3|+7=3
= ]5I—3| =—4
The modul nmnbe:r can never be negative
*, Solution sef = )
=3, where, xe W.

-2=3
-3/=5

y the definition of modulus, we have,
so, 5x-3=5 or bx-3=-5

\ = 5x=5:3 or 5x=-5i3

= Dbx=8 or Bhx=-2
= x=*§ ar xa—E
5 5
2 8
—gmdgﬁw

Thus, the solution set is { }
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plell7] Solve [2y-5+2=7

A el

Solution:  Given that [2y-5+2=7

= [2y-5=7-2
= [2y-5/=5
By definition of modulus we have,
50, 2y-3=5 or 2y-5=-3
= 2y=5+d or 2y=-5+5
= 2y=10 or 2y=0 O
10 0
M S TR, %
= y=5 or y=0
Thus, The solution set is (5, 0}.
)
Find the solution set of the f gequation
LPxtl=6 2 herexeW 3.2\ =12
2x+1 5x+1

4. 3 =8 . |-8=4, wherexe N 6. T—3=8
3x+6 3
. +A . 12 +1—3,Whﬂ"fIEZ 9. E—|?x+3|

Yinear inequalities

A inear algebraic expression which contain of sign of inequality is
\ alled linear inequality or inequation.

%1 Define inequalities (>, <) and (2, %).

The following relational operators are called inequilities.

‘< means less than,

‘> means greater than,

‘<" means less than or equal to,

‘> means greater than or equal to.




3 ‘that number is not included and dark
@ t number is included.

pertms of inequalities (trichotomy, transitive,
ulhphcatwe)

owing are some important properties of inequalities.
jchotomy Property:
For any two real numbers 4 and b, one and only one statement
of the following is always true.
a<ba=bkora>h
(ii) Transitive Property:
For any three real numbers 4 ,b and ¢
If g<bandb<e = a<c
and e>bandb>c = a>c
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(iii) Additive Property:
For any three real numbers
ifa>bthenat+c>b+c, VabceR

or ifa<hthenatc<b+c, VabceR

{iv) Multiplicative Property: ’

(a) Ifa>bthenac>be, VabecRandc>0 Q

of If a<bthenac<be, Vab,ceR and c >0
(b) If a>bthenac<be, vab,ceR andc<0
or If a<b then ac > be, Ya,b,ceR andc<D O

6.4 Solving linear Inequalities

6.4.1 Solving linear inequalities with ra ¢ nts.
The following examples will help us d the solution and show
on the number line.

‘ExamplelljtFine the solution set Df&x+®lz W and show on the number
line
Sclution:  Given that

3x+1<7 wx ﬁ
Jx-1<7-1
3:&@

<3

<2
solution set is {#|xe Wand x <2} ={0,1}

e Solution is represented on the number line as under:




Find the solution set of ¥—11<9—4x Vxe Z and show on the

nuwmber line

Solution:  Given that x=11<9-4x Vxe Z
x-11<9—4x
x+4x<9+11

Sx<20 Q
&
x<4 @1}

Therefore, the solution set is {x|xe Zand x< 4} ={-.

also express it on number

line.
Solution:  Given that

2x+5>7 x=
This inequality ssed as under:
2x>7 =5
or 2x>2

or

Thus,tl'le {IlrE AXE ';
The% umber line is represented as under:

o >
1 L 1 1 | ! ! | | 1 | -
1 i T L] i 1 T i | T o
5 4 & -2 4 a 1 2 35 4 5

Exaptplells] Find the solution of 6<2x+1<11, ¥xe Z. Also express it on
number line.
olution:  Given that6<2x+1<11, Vxe Z
This inequality can be expressed as under:
-6<(2x+1) and 2x+1<1l
or —6-1<2¢ and 2x+1<11-1
-7<2x and 2x<10

S g



or %ix and x<5

Thus, the solution set is (x|xe Za- %‘x*’i 5} ={-3,-2,-1,0,1,2,3,4}
The solution on number line is represented as under;

S o~k 0 & A4 0 T 2 F & 9

Exampleli’] Ayesha scored 78,72 and 86 on the first uur tests.

What score must be recorded on the four ave average

at least of 807

Sclution:  let score of the fourth test be xm%
?E+?2;-36+xasu O
78+724+86+x2320 O

236+x 2 32(

/

>6+x Vxe N (ii) 7x-6>3x+10, VxeR
+5 25-4y :
6\ Rl N (iv) [2x +3|<x+2,Vye N
(v) 2y +8/ <1, VyeR (vi) 5(2y—-3)>6(y-8),Vyc R
2 Ali scored 66 and 72 marks respectively. For his two Tests, what is the
lowest mark he must have scored for his third test If an average score
of at least 75 is required to qualify for a bonus prize
3. Seven less than three times the sum of a number and 5 is at least 11,
Find all the number that satisfy this condition

SR _




Review Exercise 6

True and false questions

Read the following sentences carefully and encircle ‘T" in case of

and ‘F’ in case of false statement. Q
{iy  ay+b=0, where g=0is linear equation.

{ii)  The solution set of 3y— Zd?hyelﬂis{«i 5, 6,...}

(iif) The solution setof JJy +1=3is { O
TfF

{iv) The solution set of |4y| =8 is {2, —2}

(v) The solutionsetof -2<x<2, xe 13{—2,@
Fill in the blanks.
{iy  The solution set of 2y =—yis
(i)  The solution set-of,}yﬂ =5}

(ifi) The solution set of |x|-4 = me

@T
(i8)

(a) x<4
¢} x<4or x=4

(a) (100}
{c} (-10}
)  Jy+4+2=8isa
{a} Linear equation
()  Cubic equation

{iv) The solution set of =4is
(v}  The solution set off < yW2Z'< Swhen yeRis '
3, Tick (¥) the correct angwer

iy  The soluki %\Em‘ equation in one variable has
{a) ;@\ (b) Two elements.
0

(d) More than one elements

(b) <20
(d) >20

) =4
(d) x>4or x=4

{iv) The solution setof fy = 10is

(b) {10}
(d) {-10,10}

(b)  Radical equation
(d) Quadratic equation




() { -4} () {1, 4)
(@) {4} (@ {12}
(wii) 'Ihesoluﬁnnsetof,fiy+5+5=1ﬂis
() {+4} ®) {5} ’
©{4} (d{~4} Q..
(viii) The solution set of %:515 ?~ _
@{3} ® .@ ﬂ
(© {3 -3} }
(ix) The solution set of |-y|=0is
(@) {1} *M{-t} .
©10} Q @1} ()
(x) Hx>0,y>0and e’
@ x<y M@ (b) x+y<0
€ x>y Q) (d) y—x<0

(vi) The solution set of 5-3y=-7 is




An equation of the form ax + b = (, where a.be R and a# 0 is called a
linear equation.
&  An equation having radical sign is called a radical equation (Irratiéns
equation), In case, the radical equation have extraneous rogh
verification of the solution is essential.

x, x>0 ?s
o TIrcRthen |z|=140, x=0 O

-x <0
»  IfxyeRthen |
@ =20 (i) |- =[x (i) | 5
x|_
(iv} M

A linenr algebrmﬂ

(Trichotomy)
(Transitive)

{Multiplication and
Division Properties)




After completing this wmit, students will be
Identify pair of real m:mbﬂ:&ummﬂmdpnm

L 24

>
&
&
%
®
%
@
L4
@
P

raw & praph from the given table of values for x and y.
% Sotve applied real life problems.
Irderpret conversion graph as a linear graph relating to two quaniities which are in
direct propertions.
Read a glven graph to kiow one quantity correspeniding to another.
Read the graph for conversion of the forms:
& Miles and kilometers,
& Acres and hectares,
@ Degrees Celsius and Fahrenheit,
& Pakistani currency and other currencies, etc.

Solve simultaneous linear equations tn two variables by graphical method.




7.1 Cartesian Plane and Linear Graphs

7.1.1 ldentify pair of real number as an ordered pair.

An ordered pair is a pair of two real numbers written in fix orde
within parenthesis. It helps to locate position of any object i

dimensional space.

7.12 Recognize an Ordered Pair Through Different plés;
for instance, an Ordered Pair (2,3) to representa ted
in an examination hall, at the intersection and 3«

column:
Let’s see the following examples in our s ding; because of
these examples we can recognize the position of an object through rows

and columns i.e. form an ordered pair d pair represents the
position of an object or place.
fohumn1 | Column i Column 3
e ﬁ . gn.a gm-

: e i S— i, .
student in examination | ™" ﬁ an ﬂu em:
hall as 2= and 34 o b, | sma
column.  LikeWise, every |®w @ @ em a3
stul located with : ,

a uriiq ered pair, =

'. &mﬂhasplamed
in a garden at m

distances, then (2,

é 6) represents the tree
\ located in 2rdrow and R
6f  column in the
garden,




-
- 'l

7.1.3 Describe Rectangular/Cartesian Plane Consisting of Two
Number Lines Intersecting at Right Angle at a Point “O’.

The Cartesian (rectangular) coordinate system consists of two

real number lines that intersect at a right angle at a point O. These $#0
number lines define a flat surface called a Cartesian plane, 2

.
. s

¥ == T
w o |
N : | 8 i il
P EnAEE I3 { B 1 S 1
Ll A} HHHHTH = |
| |
NEEE - By REEE R . G
| | | {
§ R et el (B AR S . SR |
" T I ANEN AR |
MR NN N b - /|
RN SN -, 'S S ya— {
| IRC
™=
| B
i
1

7.14 Identify Origin ‘O’ : inate Axis (Horizontal and

is respectively) in Rectangular

> g | N |
system, the horizontal ineis | [ HH

= TN W SN Y
T

RISE SEERRRATNN IF:

o
i

line X'Xis x-axes and the
tical line Y'Yis the y-axes of

% iven Cartesian plane. The point
where both line meet is originof the = |
plane that is ‘0.

BE SR ARt iSadR =22 RN

amp —metogofomf o n §ommeas




715 Locate an Ordered pair (a,b) as a Geometrical Point in the

Rectangular Plane and recognize:
‘a’ as the x~coordinate (abscissa)
‘b’ as the y-coordinate {ordinate}

In general, an}rpointintheCartesianplane can be represe
by the ordered pair (g, b), where ‘a’ is the x- cu-md.ma.te -mr isa)s

‘¥ is the y-coordinate (ordinate). @~ i

Tulnc&teapomtm&eplane,wemustknow ------ i ;EEZ:'E'?'":E;. 1B
its r-coordinate, which is its horizontal """-#" Yoo
ﬁsﬁnm&myaﬁsandthey-c&ardmm """ s
which is its vertical distance from x-axis, = T"i
The x-axis and y-axis divide the Cartesian § SREsts
plane into four quadrants named in Roma e £
numbers [, I[, [l and IV. The Cartesian plane =-:,- g (I %J'n?éf:f'
is also known as xy-plane.  _e\N_/ 8 EH

pomhvem x}ﬂmdy}ﬂ

In quadrant ], both x and y-coordina

In quadrant II, x-coordinate ig'négative and y- co-ordinate (ordinate) is
positiveie.x<0and y >

In quadrant I, both x ordinate are negative ie. x<Oand y <0.

In quadrant IV, x- is positive and y- coordinate is negative
Le.x>0andy<

At the origin the origin has coordinates (G, 0).

Procedure g a Point in the Cartesian Plane (xy-Plane)

learn, how to plot a point in the Cartesian plane ttm}ugh
the fo P]E RN e
lot the point (2, 3) in the xy-plane, |

origin and move 2 units to the
of y-axis and then move 3 units up

\ﬂ x-axis as shown in the figure. We _
ched at the point p which represents (2.3). i"# o E R




Example[J] Determine abscissa and ordinate of the following points. Mention
the quadrant in which the point lies also locate the points.
i A(l 2) ii. B{Z3)
i, C3,0) iv. D(0,-3)

Solution:
Scale: 5 small square = 1 unit
iA(1,2) 5 B EmE
Here, the abscissa is 1 unit and ordinateis2 =~ °
unit, since x>0 and y >0, au,ﬂlegivenpoim- HIEEINSY an
lies in the quadrant L. A
il B {-2,3) i
HEIE" t]'lﬂ msa‘ _2 and ordmtems In ”'::.'. i bei 1t '.i:'f:.:.::'.!
x<0and y >, so, the given point lies in — A4
qlladrantH' . L 8w i Y i
iil. C (3, 0)

Here, the abscissa is 3 unit and o

lies on the x-axis, i.e. right of Ori

iv. D(0, -3)

Here, the abscissa is 0

D lies on the y-axis, i.e.
716 DrawDiffere

% classes we have studied
about the of several geometrical

& andalso studied how to draw them .
sfding,to the given information. Now we
l draw different geometrical shapes on the | i
grapit paper by using the given points. ¢

DrawalmesegnmtABwhmeends iil: ' I
are A(L,1) and B(6,5). |

Scale: 5 small squares = 1 unit
First we locate the points of line on the graph paper then we join
them to obtain the line segment AB as shown in the figure,




Example[7] Draw a triangle ABC whose vertices are A (-2,1},

B(1,5) and C{4, 2).

Method: SHEEHIBLI B
Scale: 5 small squares = 1 unit i '1 Hi i
First, we plot the points A, B, and C = s+ A™
on the graph paper. Thmwe;tmn R R SR W T B
them to get the AABC as shown in ?5 A NN

(5,4) and D (5, 1).

Scale: 55n-|a1[squares-

Plot the points A = rr=:t=='_ s
B (-5, 4), C(5, 4) il % e il
IQiIIﬂ'I.E B, Bto i S T it e ]
C Cto Do Aonthe — =T 5
grap P i rE‘E'I.lItS %mﬁ e S aner s 'Lji‘_ﬁ
AE’CD ' e SR T i A g ety ae

7.1.7 Constfiction of table for pairs of values satisfying a linear
: *@ oh in two variables
Ehisefin be explained with the help of below example:

Exfmple[]] Let x+y=5 be a linear equation in two variables x and y
respectively. Construct the table for some values of x and y.
flution:  Given that x+y=5, which can be written as: y=5-x

Now prepare the table, put the values of x and get their
corresponding values of y.

¥ |3 |2 |1 |0 |1
i ' 5 |4

| b3
5




1. Determine x and y co-ordinate in the following points:
i A(-2,2) ii. B{5, -1) iii. C(4, 0)

iv. D{-5, -6) v. E(3,4) vi. F(-v8, VB)

-. Exercise 7.1 &
et

2. Mention the quadrant in which each of the following point lies.
i A1) ii.  B(3,3) i C(2VZ, -2v2) ?'
v. D24 v EG4 v FG, ) O

3. Plot the following points A, B, C and D in the xy—pl%

i. A(2,1),B(3,2), C(3,4), D(4,-5)

ii. A2 0), B0, 2), C(3,-3), D(-3, 3)
ifi. A(0, 0), B(3, -3), C(5, -6), D{-6, 5)

4. Draw a line segment AB by joining the poists A{d, ) and B (-6, 8).
5. Draw a triangle ABC by joining the points\A(-1,4), B(-3,-6) and C(3,-2).
6. Draw a rectangle ABCD by joining s A(0, -1), B{4, -3), C(B, 5) and

D4, 7).
7. Draw a square OABC by joini %nm 0(0, 0), A5, 0), B(5, 5) and C(0,
5).
8. Draw a parallelogram _ W vertices are O(0, 0), A(3, -4), B(1, -7}
and C(-2, -3).
9. Construct the ta some values of x and y of the following linear
equations.
Lxty-2= it. 2x—-y-2=4
1 2
.= 6=0 iv. —(x—2y)=-2
it 5 5(x-2y)

7.1.8 .E the Pairs of Points to Obtain the Graph of Given

ion

\ Suppose the linear equation y=2x consist of two variables. Here x

% is called independent variable and y is called the dependent variable.
Because the value of y depends on the value of x.

To create a graph of the given equation we construct a table of

values for x and y, and then plot these ordered pairs on the coordinate

plane. Two peints are encugh te determine a line. However, it's always a
good idea to plot more than two points to avaid possible errors.



x (0 |1 (2 |53 |4
y |0 |2 |4 |6 |8

By continue adding ordered pairs (x,) in the graph
value is the twice of the x-value. Then we draw a line throu
points to show all of the points that are on the line. The
each end of the graph indicate that the line continues y in
both directions. The resulting graph will look like as a%. the
given figure.

Eideihs *H'I Byl B iEas
& e +
i - Lpad]sic
s B E 5 o
1]

1 e e il

7.1.9 Choose an A ate Scale to Draw a Graph

Scales chosen in such a way that data are easy to plot
and easy . To determine the numerical value for each grid unit

that its the of each variable.
the graph of an equation we choose a scale e.g. 1 small

represents 1 unit or 2 small squares represent 1 unit etc.

by keeping in mind the size of the paper. Some time the

scale is used for both x and ¥ coordinates and some time we use
different scales for x and y coordinate depending on the value of
coordinates,



7.1.10 Draw the Graph of:
¢ An equation of the form y=c

¢ An equation of the form x=g
= An equation of the form y=mx
¢ An equation of the form y=mx + ¢ ’
7110 (i) To Draw the Graph of the Equation of the F 25’
Draw the graph of =4, :
Scale: 5 small squares =1unit . L9l B L |

Construct table for drawing graph. @ 3™
¥ [3[2[1]0]1]2][3]..] mEd
y |4 (4 |4 [4[4[4][4]..] 4

,.
=t

Graph of the equation y=4 is sho

é Graph of the equation is shown in
\ the figure.



7.1.10(iii) To Draw a Graph of the Equation of the Form y=mx
In the equation y=mx, the value of y (or its y-coordinate) is
the multiple of m and the value of x, where m is constant real

number.
, AV

Scale: 5 small square = lunit A v
Construct table for drawing graph. ST

Suti

x (=2 |<L [@ [T |2
y |4 |2 [0 |2 |4

7.1.10{iv) To Draw the G&m Equahon of the

—mx+c

y=mx+c, where m and ¢ are any real
Slope of the [ine and ¢ =y-intercept of a line.
cample 7] Dra of equation y = -2x+3,

iy squares =1 unit G S R
Methed: tablefur drawing graph. it R
31 H g LERH LR A IRt SaRt FER
e S1 AT iRy T opdbradressEmtbenan
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7.1.11 To Draw a Graph from the Given Table of (discrete) values.
In order to draw a graph from a given table of {discrete) values,
the values of x and y are combined in the form of the points which

are then plotted on the graph paper.

o e CONERD
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Example{7] Draw the graph of the values of the peints given in the table
below.
x |1 |2 |3 |4
y |1 |2 |5 [8 |.. -
Method:  From the given table, we have, A(L, -1), B(2,2), C(3, 5) and D( % @;“}
so, we plot the graph on the graph paper,
Scale: 5 small squares = 1 unit
e e e s L

problems, much money you make over a time, or the
distance clist will travel given steady rate of pedaling.
Gr% relationships on a coordinate plane can often help

1bout the problem and their solution.

yo

The weight (v} in kg and age (x) inyearsof a 4
\ person expressed by the equation y=2x+3, :‘:'H 223 i
% draw the age weight graph of the equation. Hig 7 I|
x(age) 1 |2 | 3[4 | 5].. i
wWweighty | 5 | 7 | 9 | 11|13 .. |




. : )
L Exercise 7.2

L Construct a table for the equation given below, satisfying the pai

values:x +y=6
2 Draw the graph from the table given below, using stﬁtable-@‘
x 0 -1 4 -4

y 2 4 5
3 Plot the graph of:

iy=3 i, x=3

iv. y=2x+y v. x=35
4.  Find the missing coordinates in the table

4

5.No | Equation -coordinates
o 1

¥= 5 X
@ - Y %

—
i E
)\N
<_||
=

R e i S

{i 2x+y=6 1

x-y=2

é o) [x-3y=6 |3 '
\ ]

The weight (y}in kg and age (x) in years of a person expressed by the
equation y=2x, Draw the Age - Weight graph.

=y

o e | O [

o e CONERD
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6.  Ayesha can drive a two-wheeler continuously at the speed of
20km/hour. Construct a distance-time graph for this situation. Through
the linear graph calculate:
a) The time taken by Ayesha to ride 100km.

b) The total distance covered by Ayesha in 3 hours. ’
7.2.1 Interpretconversion graph as a linear graph relating to

which are in direct proportions
Here we consider the conversion graph as a lh@a h of two
quantities which are related in direct proportion.
We demonstrate the ordered pairs which Iies% graph of the
equation y = x- 5, are calculated values given below table:

x 0 1 2 5

Y -5 -4 -3 -1 0
Locate the points on the gr given linear equation in which for
every unit change in x alue there is proportional change in

y-coordinate value,

o
s

N e

7.2.2 Read a Given Graph to Know One Quantity Corresponding
to Another:
Consider the linear equationy=x-5
For the given values of x we can read the corresponding value of y with
the help of: y=x -~ 5




For the given values of y we can read the corresponding value of
x, by converting the equation y=x - 5 to the equation x =y + 5 and draw
the corresponding conversion graph. In the conversion graph we
express x in term of y as given below: x =y + 5

y54a.2.1nQ_9

x 0 | 2 3 4 5
%) (5.0 [(41) (32 |(23)|(L4][(0
The conversion graph of x.r.t. y is drawn on the grap!
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7.2.3 Read the ﬁh onversion of the forms:

¢ Miles
Acres an
D us and Fahrenheit
P and other currencies, efc.
both quantities are in a relation either is increasing or

i
ing, then the graph of the relation will be the straight line
ing the levels of both quantities indicated by co-ordinate axes.

Read the Graph for Conversion of Miles and Kilometers

Let us discuss the graph of the form of miles and kilometers, both
are the units of the distance. If the distance in miles indicated along x-
axis and the distance in kilometers along y-axis. Let's see the following




-
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Read the following conversion graph between miles and
kilometer to approximately convert:

i) 2 miles to kilometers

ii) 5 miles to kilometers

iii} 3 kilometers to miles

iv) 7 kilometers to miles Q~I

By using given scales.
Conversion graph between miles and kilometer E
Scale: 5 small squares = 1 mile along x-axis

5 small squares = 1 kilometer along y-axis

JHERET R
P 0
FEEE
. -

the above graph as per given scale we can see
3.20 kilometers

to kilometers
ding the above graph as per given scale we can see
5miles = 8§ kilometers

% ) 3 kilometer to miles
By reading the above graph as per given scale we can see
3 kilometers = 1.8 miles
iv) 7 kilometer to miles

By reading the above graph as per given scale we can see
7 kilometers =4.20



Read the Conversion of Hectares into Acres:
Let us discuss the graph of the form of Hectares and Acres, both are the
units of land area. If the distance in Hectares indicated along x-axis and
the distance in Acres along y-axis. Let's see the following examples
Example: Read the following conversion graph between He@
and Acres to approximately convert:

i) 2 hectares to acres

ii) 6 hectares to acres ?\
iii) 10 acres to hectares O

iv) 8 acres to hectares
By using given scales. @
Conversion graph between hectares and acres
Scale: 5 small squares = 1 hectares along x-axis

2 small squares =1 acres along y-axis

BEE5R 5 T LR > il
x ul
o g Hms o
i i i
;-i........ l..r-
., S5 BiEE dRInH i
| g | BEEERAEERT K] ED QN
I =l M - ” J A= i
2 S T
Eimn s owaEh NRSRNE RRERANYAY BEd R WA N LS A
%"ﬁ.l d 2.1 : ;_.Jj.‘*.. .F ';J -
Q M F‘i& oo

Su@%«
ares to acres
\ y reading the above graph as per given scale we can see
2 hectares =5 acres
ii) 6 hectares to acres
By reading the above graph as per given scale we can see
6 hectares 15 acres
iii) 10 acres to hectares
By reading the above graph as per given scale we can see

10 hectares =4 acres



iv) 8 acres to hectares
By reading the above graph as per given scale we can see
8 ldlometers =3.20

(iii) Read the Conversion graph of Degrees Celsius into Degpé®s
Fahrenheit:
Let us discuss the graph of the form of Celsius and FahrenheitBofh.are
the unils of temperature. If the temperature in Celsms e
x-axis and the temperature in Fahrenheit along y-a:
following examples.

Example:  Read the following conversion grap:
Fahrenheit to approximately convert:

i) 1eCelsius to Fahrenheit
ii) 3¢ Celsius to Fahrenheit
iii) 36° Fahrenheit to Celsius O

iv) 37¢ Fahrenheit to Celsius
By using given scales.
Conversion graph between Celsi t
Scale: 5 small squares =1 Celsiu
5 small squares=1F
T T
4l mhE Gmn e
X v I r‘_: T *'
At e

B rEEiEemaiat (SadEand s eRiad
Solution:

i} 1° Celsius to Fahrenheit
By reading the above graph as per given scale we can see
1° Celsius = 33.8° Fahrenheit




ii) 3* Celsius to Fahrenheit
By reading the above graph as per given scale we can see
3¢ Celsius = 37.4° Fahrenheit

iii) 36° Fahrenheit to Celsius
By reading the above graph as per given scale we can see 0
36° Fahrenheit = 2.2° Celsius

iv) 37° Fahrenheit to Celsius Q‘“
By reading the above graph as per given scale we can see
37¢ Fahrenheit = 2.8¢ Celsius

(iv) Read the Currency Conversion Graph:
Example 1: Read the following conversion dollar ($) and
Pakistani rupees (Rs) to approximately conv
i) 2US$toRs
i) 5US$toRs
iif) 360 Rs to US §
iv) 720 Rs to US § O
By using given scales.
Conversion graph between US to Pakistani rupees (Rs)
Scale: 5 small squares=1US Xis

5 small squares = along y-axis

.I EI.: . ||:§; ....... IIEI
 Sm-C 0 G A R € S au a Naae] een
\2\ R
Q awt |
é i i i
ettty
31 5 O

Solution;

i) 2US$t0Rs
By reading the above graph as per given scale we can see
2$ =Rs.240



i) 5US$toRs \%ﬁ

By reading the above graph as per given scale we can see
5% = Rs. 600

iii) 360 Rs to US §
By reading the above graph as per given scale we can see

Rs. 360 = 3% ’
iv)720Rs to US § Q\

By reading the above graph as per given scale we can see

Rs, 720 = 6% ?'

o
&

graphical method
We have already studied the soluti
two variables algebraically. Now in
of the two linear equations in

‘Example[ij] Find the solution lly for the given equations,
x+y=3andx

Solution:  Given equati under:
an&e (1) and (2), we can re-write them in term of y as

y=3x... (3)
y=x5... {4

are separate tables for each linear equation
for the equation (3) is given below:

\ x (4]0 |1 |2 [3 |4
y |4 [3 [2 |1 [0 [1
Table for the equation (4) given bellow:

x |1 |0 |1 [2 [3 |4
S5 |4 |3




Now draw the straight lines by using the
points of both the tables.

We see that graph of the given equations

are straight lines /1 and b, which meets at
the point (4, -1), ie, & intersect 1z at the
point (4,-1).

Thus, solution Set is {(4,-1}}.

ate sets for cach linear equation,
e is given below:

-4 -2 0 2

1 2 3 4
6 8 10 12
0 is given below:
-1 0 1 2 3 4
6

the two equations.
We can see that straight lines are

LSRR L

obtained from these equations which

have no common point. It means these | tas

lines don’t intersect at any point hence f .

its solution set is empty.
Thus, solution setis { }.




-
R

apprnxhnate]y convert: g5
i) 1miles to kilometers ‘
ii) 3 miles to kilometers SR
iii) 2 kilometers to miles T
iv) 8 kilometers to miles :

By using given scales.

Conversion graph between miles and kilometer

Scale: 5 small squares = 1 mile along x-axis

5 small squares = 1 kilometer along y-axis

[LEEHdsE

2. Read the given conversion graph

approximately convert: e ¢ B A T B SRR
i) 2 hectares to acres e e T":.

ii} 5 hectares to acres ] :: ,
iif) 5 acres to hectares TR
iv) 15 acres to TE 188 0 1 A
By using given scal Eh 2 hidl SRR |

Conversion graph s and acres 2
Scale: 5 small = along x-axis “_—__3—1__—, it

2 small acres along y-axis L3 i -+ i : ';
3, Read the “gi¥ertvconversion graph between Celsius and Fahrenheit tt:!

appr convert: TR

Celsius to Fahrenheit e w}t T
1.800 Celsius to Fahrenheit 388 | ISR im0

N0\ i) 32° Fahrenheit to Celsius o e
% iv) 36.4° Fahrenheit to Celsius

By using given scales. 5 EE e
Conversion graph between Celsius and “w» fr' b
Fahrenheit gl e L
Scale: 5 small squares = 1 Celsius along x-axis 1
5 small squares =1 Fahrenheit along y-axis * 0l 12 A4 ¢ &




4. Read the given conversion graph Saudi Riyal and Pakmtam mpees (Rs} 1'0
approximately convert:

1)
i)

iif) 150 Rs to Saudi riyal
iv) 78 Rs to Saudi riyal
By using given scales.

Conversion

Pakistani rupees
Scale: 5 small squares =1Saudiriyal along x-axis *

3 Saudiriyal to Rs
5.2 Saudi riyal to Rs

graph between Saudi Riyal to — | 7 %S
(he)

'HII
=]
i
.5_'. -
i
53 Lac 2213

5 small squares = 30 Rs along y-axis

5. Solve the following simultaneous equations phical method.

i.3x - 11 = y; x-3y=9 y=4; 2x - 1=5y
iii. 2¢ =y + 5; x=2y+1 O iv. y=3x - 5; x+y=11

V.2x+y= 3:—@ vi, 2x+¥2=y; =x - 1

viii. 3x = 5-2; 3x+5y=8

x. 3x -2y = 13; 2x+3y=13



Review Exercise 7

True and false question

Read the following sentences carefully and encircle T or F whichever j8 P
(i}  The Cartesian plane is also called xy-plane. "-. &
{ii) In2" quadrant both x and y coordinates are positive. "

{iiiy The point (1, -2) lies in 1# quadrant. ‘

F
{iv) The (-3, —4) lies in the 4* quadrant. ?‘f /F :
Tick (v} the correct answer in the following: O i

)  The point (-3, ) is located in

(a) 14 quadrant (b) 20 quadrant
(c) 3 quadrant (d) 4% quad
{iiy The two coordinates axes interse of 5
(a) 45° (b} 9 )
(c) 180" @
{iii) Theline y =4is parallel to
(a) x-axis ~axis
(c) Both axes JN
{iv) The line x=-5is parallel to
(a) x-axis + (b} y-axis
(c) Both (d) None
(v} The 1?& a point on x-axis
@S (5) (0, -5)
{5, 0) (d) (5, 0)
{v e solution set of the line x=2 and x=5
2,5) ® (25
)10.5) @ )
The co-ordinate axes are mutually
(a) Perpendicular (b} Parallel
(¢) Intersecting at 30° (d) Intersecting at 45°
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An ordered pair represents the position of a point in the Cartesian plane.
The 2-dimensional Cartesian co-ordinate system is defined by
perpendicular lines i.e. x-axis and y-axis. Both the axes i
other at the specific point i.e,, called origin (0, 0).
Plane is divided into four quadrants by the axes.

2 >0

The Cartesian plane is also known as xy-plane.
In quadrant I, both x and y-coordinates are positive i.el
In quadrant II, x- co-ordinate (abscissa) is negativ@jandy’co-ordinate
(ordinate) is positiveie., x <Oand y > 0.

In quadrant III, both x and y- co-ordinate are i.e,, x<0and y<0,
In quadrant IV, x- co-ordinate is positives rdinate is negative
ie.x>0andy<0.

At the origin x = ¥ = 0, so the originting tes tes (0, 0).

In general, any point in the Cartégian plar be represented by the
ordered pair (%, b), where ‘a’48 theg- Co-ordinate (abscissa) and ¥ is the
y- co-ordinate {ordinate

Graph.of x = 2 is para

Graphofy=cis Y-axes,

Graph of y = mx through the origin.

Graph of y = gix + y-axesaty=c.




Use methoed of completing the squares
Use quadratic formula to sclve guads

pix}

1

x

Solve the equations of the type a(x’+%]+b[x+ )+c=ﬂ,
W ¢ are rational numbers.
S0 xponential equations in which the variable ecours in exponents.
Solye the equations of the type(r+a){x+b)(x+c)(x+d j=k where a + b=c+dk#0.
solve the equations of the type:
: Jlex +by=cx+d,
) ¢ JGrar G =G+
®  J@tpx+mt y& +px tn)-gq




8.1 Quadratic Equations and their Solutions

8.1.1 Elucidate, then define Quadratic Equation in it Standard

Form
A polynomial equation with degree 2 is called Quadratic Equation.
The standard form of Quadratic Equation is e’ sbxe= 0, w

and g, b, cc R, In this form a is the coefficient of ¢, b s the of
x and ¢ is the constant term.

In ax’+bx+c= 0, if @ = 0, then it reduces to linear e

Following are the examples of quadratic e
() r'sdx4l=0, (Quadratic
(i) 2*4=0, (Pure qu

8.1.2 Solve a quadratic equatiopsi ariable by

s Factorization
o Completing the sq

Here we consider ods, for the solution of the quadratic

equation.

{a) Method ic ization {b} Method of completing the square.
on

Method of E i
Example e(i) ' 4+2%-15=0 {ii) 2% —5x=12

1 '@ +2x-15=0

=  x+5x-3x-15=0

= x(x+5)-3{x+5)=0

=  (x-3)(x+5)=0

= x—~3=0 or x+5=0
= =3 or x=-5
Thus, the solution set is{-5,3} .



2x*-5x=12
2% —Sx—12=1
2" —8x+3x-12=0
2:{1—4)+3{I—4)=ﬂ
(x-4)(2x+3)=0

x-4=0  or  2%3=0 Q_~l
=3
x=4 or =g ?;

-, —%, 4}

4 ¢ 44 uu

Solution:  4m’-1=0
= {Em}z - ('1}2 =0 O

= (2m-1)(2m-1)=0

=N Z2m—1=0 .
ie = 2m=1 =-1

rite the equation in the standard form iL.e. ax?+bxtc=0
\“ Divide both the sides of the equation by leading coefficient of +* if
% in case it is mot .

(iii}  Shift the constant term to the R.H.S,
el ofx j on both sides

iv) Add [

{v) Write the LHS. of the equations as a perfect square and then
simplify the RHS.



(vi) Take the square root of both the sides of the given equation.
Solve the resulting equation to find the solution of the equation
and then write solution set.

Solution:  2x*+8x—1=0

= 2¢4+8x=1 .. .() Q..Q
- f+4x=% ...{) [Bydividing equation (i

By adding Ex 4T=4mbu&ﬂmsidesh' X

we get,
xz+4x+-i=%+4 %
oy O
2

4432 —4-32
2 ' 2

Thus, the solution set is {_



- Exercise 8.1 ©
-

1.  Solve the following quadratic equations by factorization method:
(i) ¥ +5x+6=0 (i) 62 —x-1=0 (iii) ¥ ~11x+30=0
(iv) x*-2x=0  (v) x*-2x-15=0 (vi)12x*-41x+24=0
vil) (x-5)°-9=0 (vili} (3x+4)°~16=0 Q~
2. Solve each of the following by completing the square
(i) P+6x¥1=0 (i) Br+2)(x+2)=6 -2(x+1). 8x=-1
(iv) 24x°= 10421 (v) 2(x"= 3) - 3x=2{x+3) +4x- 1=0

3.  The equation 3x"+bx- 8=0 has 2 as one of its )
(i) What is the value of i? @

{ii) What is the other root of the equaﬁto

8.2 Quadratic Formula

For equation ax’+bx+c=0,a% use the following quadratic
formula to solve it i.e& ~4  the formula is known as

Quadratic formula.
8.21 Use method campleting the square to derive the

Quadratic F
Write the i tion in the standard form
ie x+o=0. . . {i}

on both sides of equation (1), we get
bx ¢ O
d—p = —
A a a
\% 2, bx
: R
a8 a
% By shifting constant term % to RHS
2 bx_ ¢
x° 4+ S (i)
By, adding (—2%)1 on both sides of equation (i)




' EE 2a
b . b —dac
= x= -
2 2a O

i
| —b:-\l'bz 4ac O

=

smg uadratic formula

“Btb* —4ac
2a

\$ I 2 (e )
4
s E‘;_ (—24)




5+7
= X=— I=m—
4 4
12 -2
= Py Y a
. 1
= x=3 xX= >

so, the roots are 3 and—%

Thus, the solution set iﬂ(tB,— %‘} O
Solution (ii): 24 X4+1=0 @

Here, =1L b=Tlandc=1

By using quadratic fo_rmulb

— —b4 b —dac

2a

x=—1:!!§i‘—®
~1+

= X=

~1%i/3
= -I& = 5 ]
W, the solution set = {_1_{;\5;_1 _;Jé}

% [ Exercise82 ®
@/ the following equations by using the Quadratic Formula:

¥ —2x=15 (i) 10/*+192-15=0 (i) x*=-=x+1
(iv) 2x=9-322 ) 92=122-49  (vi) %xz+%x—1=ﬂ
(vi) 3% —2x+2=0  (vill) 62— x-1=0  (ix} 4x*—10x=0
(x) x2-1=0 (xi) x> - 6x+9=0




8.3 Equations Reducible to Quadratic Form

There are various types of equations which are not quadratic, but can
be reduced to the quadratic form by taking suitable substitution.
8.3.1 Solve equation reducible to quadratic form of the Q

n:r"-l-bx‘+c=ﬂ,u#ﬂte.,quzrﬂcmbi—qmdraﬁceq
Consider the equationax*+bx*+c=0, it is quant
bi-quadratic equation and can be reduced in the quadraticeq
form,ay* + by +¢=0, where y=x. The method is ¢pldined by the

following example.
Examplell]l Solve the quartic equation 4x* —25x %
4x*-25x%+36=0. . . (i)
This equation can be written as;
() -252%+36=0 . . . (i
By putting y =" in equatj

we have,
4y=-25f+36—¢x
Here, a=4, and ¢=36

D) -4 @6
\2\ 2@
¥ 25¢ 625576 25: 49 2517

e: i . ‘
254+ 7 257
\ S y: J):

8




=12 |

Thus, the solution set =={:|:2 , E}

J

b

8.3.2 Solve equation of the type up{’x)-l-m-c where 4, a@ﬁ!
ecl?nn

real numbers, a#0,where p(x) is an algebraic
ot

r+3

Solution:  8,/x+3 - 1 =2, ... i}
x+3 (‘@
Letp(x)=y= 1}x+:-!rl:n.ﬂ:ilu's'.!;r-.sltilutﬁ{i),*iw.ve have, w
1
SO

e

~1=0

=
=
= .ﬁTZy—kﬂ
= -H+12y-1)=0
- '&nmnﬂ




1
BTII"' ——m—2

By putting x = —%iﬂ above equation By putting in above equation

Verified | Non verified
Thus, the solution set= {-—-]—'4-!—}

2—-4=2 4-2=2
\ -2z2 2=2



833 Solve of reciprocal equation of the type
u(x’+%)+&[:+%)+c=ﬁ,where ab and ¢ are rational

numbers.
A polynomial equation is said to be a reciprocal equation, if it 1g Q

un-chmgedwhmxismplacedb}f%.

The method for solving reciprocal equati
(xz+—]+ (JH:};::I‘J, where a, b, ¢ are rati
below through an example.

Example[T] Solve: 2[1 +—)— +14 z%

Solution: (xz-l-—]-!? x+—

Letx+£ , then x* +& ,so,equahun('}becumesasunder,

Z(y —2)—9y+ =
zyz@gﬂl
29" 4y - =0
Eyéizi&(y—i)ﬂ
~2)(2y-5)=0

%—w

0 2y-5=0
y 5
¥= y'_z
1 , 1
% en y-*:r+; , then using y=x+;,lhen
1 5
wegetx+——2 wege-tx+;=5
= F+l=2x = ki =2
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=3 (::c:-al)2 =0 26 ~5x+2=0
= x-1=0 2x% —dx—x42=0
= x=1 2x(x-2)-1{x-2)=0

(x-2)(22-1)=0
x—2 _2@19
o
Thus, the soliitionset = {ﬁ 2 1}@

L L 1

B | =

8.34 Solve the Exponential Equati hich the Variables
occurs in Exponents
Equations in which the occlr in exponent, are called

exponential equations, such type of equation is illustrated

through an example gi
Examplell7] solve7™* +
Solution: 7% +?@ o )

i & =0 (Splitting power)
7

= 7R+_—-=50 s vl
= (if)
y=7"

3 e equation (ii) reduces as under,

7
7y+—-50=0,

\-\: By
= Ty +7-50y=0

= 7y -501+7=0

= 7y’ -49y—y+7=0 (Factorizing)
= ?y(y-—-?)—-l(y—?)=ﬂ

= (?y-l_}( y-7)=0



7y-1=0
1
= ¥=5 = y=7
then 7*=7" y=7 then 7*=7'

= x=-1 x=1
Thus, the solution set ={-1,1}.
8.35 Solve the Equations of the type (x+a){x+b) =
where, a+b = c+d and the constant k0. O

] (x+1)(x+ 2)(x+3)(x+4)=28 @

n: (x+ T){x+2)(x+3)(x+4)=48

By rearranging
(x+4)(x+3)(x+2)(x+1)=48

[x"+4x+x+4)(xz+?_~c+48
(xl+5x+4)(x1+5 %(1)
Let x2+5x_:f & '

By substil ation (i)
= Nt+6)=48
= «f Af+6t+24 =48

*+10t-24=0
P 1128-2¢-24=0

Q?\ Ht+12)-2{t+12)=0
% = (1+12)(t-2)=0
\ ither,
% =  {+12=0 t-2
= t

0
t=-12 2

Substituting in equation (ii) Substituting in equation (ii)
= x* +5x=-12 2? +5x=2
= % 4+5x+12=0 X +5x-2=0




Here: a=1, b=5 and ¢=12, Here: =1, b=5and c=-2,

I £ e -bﬂb’ dac
2a ,

T _5+./25_ 48 g —5¢J25+s O
2 2

= x=—5.¢J—23 _ -5t ++f33 Q .
2 2 ?\

S5+i23 O

o xX= 2
5+iJ23 —-s:tJE} @

Solutionse’cis{ 3 -

I i)
Exercis: d.. ¥a

Solve the following equation %
L x*-8x*-9=0 & L -3 -4=0
3, 12 -112%+2=0 gt ("” )=?
@ x+1 2x+3
2:;2 tl.6 J}& 6. 51 +5 =511
x +1 25
7. 5% - 5’*33%56 8. 2[—£]1-5[—£—)+2=-x#-1
x+1 x+1
( J+4 =0 10. 92 -6.3 "4 1=0
= vx-1
TL2% + 277~ 20=0 12 (x—1)(x+5)(x+8)(x+2) =880

x—1)(x+2)(x+3)(x+4)=120 147" +7'7 =50
15, (x—2)(x+1)(x+3)(x—4)=24




8.4 Radical Equations

Equations involving radical expression of the variables are called Radical
Equations. Solution of the radical equations must be verified as it may
have extraneous root.

8.4.1 Solution of the equations of the type:
Type (i) Jax+b =cx +d Type (ii) yx + a +Jx+b$ ﬂ

Type (iii) x* + px+m + Jx* + pr+u=g O
1}ax+b =cx+d @
Solve ,fz_l?—x =x-7
N7 -x =x=7 :
“ E (U

Squaring on both sides, we

(7= )= -’

&0

verification :x=-8

J27-x =x-7
17— (-8) =-8-7

J225 =15

15#-15

not verified

VY’




vx+a +Jx+b=+yx+c
Solve; J:H_?+m-m
JX+7 +4x+2=/6x +13
Squaring on both sides, we get,

(Jx+7 +4x+2 = (/6x + 137 Q__O

(Jo+7 22 (Jor7 Y42 )H((Vr+2 )%= ;-?~
247+ 2 \Jix+ 7)(x +2x) +x+2= 6x+13, O

20474242 \J(x + 7+ 22+ 14 = 6x+13 @
2 JeP+9x+14 = 4xr4 %
JP+9x+14 =212 O
JP+9x414 = 26e1) @

Agaquuanngcm

1};:2 +9x+14 '

x2+9x+14 =
x2+9x+14
x2+9

=
=
=
=
=
=

L U T




N2+7 +42+2=/6(2) + 13,
L L. NZY =  9+1=J5

4 i3
= — #——z43 - 3+42=5
BB
= %i 3 =
Notvedﬁs&d, Verifie O
Sirme——isanextramnus root, therefore tionis x=5

Thus, the solution set = {5).

y+@l=(ZP+4 Jy+5 +(Jy+5 )
%4-2142}%@4@)2
0 y+21=4+4_Jy-|-_5+y+5
O
NS

4fy+5=y+ 21-4-y-5

4fy+5=12
= y+5=3
again squaring on both the sides, we have,
=% g¥g=h
= 4

Put y=4 in the substitution y =x’- 3x, we have,




*--3x-4=0,
oAy + x-4=0,
x(x-4+1{x-4)=0,

(x-4){x+1)=0, O
. x-4=0 x+1=0 Q‘
= x=4, x=1; v

prU U U U

Verification :
For x=-1

NP -3+ 21 -2 -3 +5=2

A -3(-1)+ 21 - J{-1) -3(-1)+5 =2
V143+21-41+3+5=2
V25 -9=2

5-3=2

2=2
Hence both the roots satisfied the g

521 (4] -3(4)+5=2
- J16-12+5 =2

x—2=8-x

J7-5x +J1‘§—5a: =3./4-2x

4. xa2+Vx47= J6x+13

Xt 33436 —Jx? 3249 =3
2 £32 432 + 42 4334 5=9




Review Exercise 8
1 Fill in the blanks

(i} A Polynomial equation in which degree of variables is
called quadratic equation.
(i) Standard form of quadratic equation is

(v)  Solution of ax*+bx+c=0 is
;2 Tick (¥) the correct answer

(i)  Degree of quadraﬁcaquaﬂmm %
@ 1

() Standard form of Quadratic Equa%
(a) @’ +bx+c=0,a20 ® +c=0,a20

© ax*+bx=0,a20 a® +bx* +c=0,a#0
(iii) The Quad:aﬁcmeﬂa'fm@v+c-Dia

(@) 3*+3** =1is called equation. Q-
(v) Solutionof 3 =9is . ?'

- ..J I_ 2 _
@) b I; dac b) bi'ﬁ;# dac
© v (@ N ;; +4ar

@ (b)  1-6.4}

(c)% {6,4) (d} f{6,-4}
(v) y maximum roots of Quadratic Equation are
b 3 @ 1 (@ 4

n linear factors of x*~15x + 56 are
(@ (x-7)and (x+8) {b) (x+7) and (x-8)
(€) (x~7) and {x-8) (d} (x+7)and(x+8)

(vu] Polynomial equauom which remains unchanged when x is
replaced b}'; is called a/ an
(a)  EBxponential equation {b)  Reciprocal equation
(¢}  Radical equation (d} none of these

(viii) An equation of the type of 3* +3**+6=0is a/an



(a)  Exponential equation (b)  Radical equation
()  Reciprocal equation (d} none of these
(ix)  The solution set of equation 4x*—16 =0 is
(@(x4) ® {4} (@ {#2} (d)noneofth
(x}  An equation of the form 2x* —3x” + 7x* —3x+ 2 =0is call

(@)  Reciprocal equation Radical eq
{¢)  Exponential equation {d} none of
3. True and false questions
Read the following sentences carefully and en case t:ﬂ:' trie
and ‘F’ in case of false statement.
(i)  Every quadratic equation can be solved by fac

T,f F
(i) Every Quartic equation has tv T/F
(iii) Every cubic equation has T/F
(iv) @’ +bx+c=0iscalled the'g atic equation in x if
a=0 and b, c are real T/F
(viii) Extraneous root s& T/E
(i)

(x)

® iial equation in which degree of a variable is 2, called
: equation.
bx + ¢ =0, a #, a, b, ¢ are real numbers is called standard form of
a

dratic equation.
= +-."@_ '
Formula for quadratic equation ax+ bx + c=0,2#0 s x=%

% In exponential equations, variables occur in exponents.
& An equalion involving expression under the radical sign is called a



After completing this unit, students will be able
Understand the following theorems ala : w@

solve allied problems.
In any correspondence of two triang

triangle are congruent to the corre

triangles are congruent.
[Etwn;ng{esniatﬁmgle ATE
congruent.

_ vo triangles, if three sides of one iriangle are
iling three sides of the other, the two triangles are




UNIT-9

CONGRUENT TRIANGLE

Introduction

A triangle has six elements, three sides and three angles. If we are given two
triangles ABC and PQR, we can associate their vertices o establish a {1-1
correspondence between the sides and angles of these triangles in six
way given as under:

A

| /%1“

In&nemrrespundemeMBCHﬂPQR it means

(i) zAeosP (A correspondsto
(i) <£BoQ :
(i) 2Ce 4R

(iv) BBePQ

(v BCoQR

(v CAoRP

T have different colours and
their nis different in the given figures.
Bu@" ve same size and shape. These

e said to be congruent. If we keep
icture of one car on the other car then
two will overlap each other.

E/ ACTIVITY
Exploration

Can you identify any congruent figures or objects in your classroom or school?
Make a list of these congruent figures by drawing or taking photos.
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Two triangles are said to be congruent if their corresponding angles and

stdes are congruent,
Let's see the figures. -

& C EE\\F v
These two triangles ABC and DEF are congruent and as:

AABC=  ADEF
The AABC and ADFEF having their correspon
equal, in measure.
Note: Following results are useful.
(i)  Identity congruence i.e
(if) i i

d angles are

In AABC « APQR, then
£B =20, mBC = mQR,
and £A = /P,

To prove:
AABC = APQR



Suppose, AB 2 PQtake a point P’ on PQ such that AB = P'Q.
Join P to R.

)
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Exercise 9.1 ¥
=

1. In the given figure, mAB=mCBand ZA=/C
prove that AABD = ACBE

2 meapamtonﬂnehnebmecm of an angle,

3. Inthe given figure, we héve, AACE = ABDE, such
that: %

mAC =mBD =3 (3x+1)°, meE =
(3y — 2)“and
LB=(x+3 b ke the values of x and y.

4. In figure, 2
APQR, such that:
= (6x + 1)cm, mEF =Bem,
& m RQ= (5~ 7)cm
and mPQ = (10x - 19)cm.
Find the values of x and y. o

i
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Theorem 9.1.2

If two angles of a triangle are congruent, then the sides opposite to them
are also congruent. &
Given:

In AABC,

Wehave, /Bz/C
To prove:

ABz=AC

Construction: Draw AD the bisector of /A,
meeting BC at point D,
Proof:

side, then the triangle is an isosceles triangle.

3. ABCisatriangle in which mzA = 25°, m«B =45° and CD L AB. Prove that
ADBC is an isosceles A.




Theorem 9.1.3
In a correspendence of two iriangles, if three sides of one triangle are
congruent to the corresponding three sides of the other, the two triangles are

mngruent &
Proof:
B L]
Given:
[nﬁAlC «» ADFEF

AB=DE,BC =FF and CA=FDP {
To prave that: AABC > ADEF FD

Construction: Wﬁmﬁﬂ@ﬁdﬁd AABC. Construct AGEF
such that:



Q.E.
Corollary: The angles of an equilateral triang] also equal in measurement.

) is the mid-point of base BC. Prove that AD

sosceles triangles on the same side of a common
. t AD is the right bisector of BC.
i square. X,Y and Z are the mid-points of PQ, QRand
y. Prove that APXY= ASZY.




rrespondence of two right-angled triangles, the hypotenuse
me are congruent to the hypotenuse and the corresponding
then the triangles are congruent (HS=H.S).
c

A Q -




The perpendiculars from the vertices of the base to opposite sides of ag
isoceles triangle are congruent. ’
2. Prove that, if the bisector of an angle of a triangle bisects its oppo s.
then the triangle will be an isosceles triangle.
3. Prove that, in an equilateral triangle any two median are congries
4, Prove that the median bisecting the base of an isosceles idfglebise
vertical angle and is perpendicular to the base. L
5. Prove thatif three altitudes of a triangle are congrdentsthef
is equilatera O

2. Identify true and ent in the following:
i}  Thesum of all angles in an quadrilateral is 360°,
(if) The ure of all angles in a triangle is 270°.
(it}  Inan equilgteral triangle, angles are of the same measurement.
are two right angles in a traiangle.
sceles triangle, corresponding angles and correspoinding
are equal in measure.
blanks to make the sentences true sentences:
In AABC & ADEF, then AC corresponds to
In AKLM < APQR, then £MKL corresponds to
(i) Inan isosceles triangle, the base angle are
(iv) If the mesure of each of the angles of a triangle is 60°, thenﬂm
triangle is
(v} In a right-angled tnangle, side opposite to right angle is called

(vi) The sum of the measures of acute angle of a right triangle
is '
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4. Encircle the corresponding letters a,b,c or d for correct answer:
{iy  Which of the following is not a sufficent condition for congurence

of two triangles?
{a} ASA=ASA () HSH=HSH
() SAA=SAA d) AAA=AAA ’
(i) In AABC, if £A = £B, then the bisector of angle divides the
friangle into congruent triangles: Q‘“
(a) <A b) B
(L (d) anyo 3
(iii) The diagonal of ___ does not divide it i congruent
triangles:
{a}  Rectangle {(b) ,Tra
{¢)  Parallogram (d xquare
(iv) How many acute angles are there te angled triangle?
fay 1
{8 3 i a df” not more than 2.
In this unit we state the following theorem:

of one traingle; ti the corresponding side and angles of the
other, the are congruent. (AS.A. = AS.A)
@ Iftwo f a traingles Are congruent, then the side opposite to them
are :
L pondence of two traingles, if three sides of two traingles are
C to the corresponding three sides of other, then the two
es are congruent (55,5 = 5.5.5).
the correspondence of the two right-angled traingles the hypotenuse
and one side of one traingles are congruent to the hypotenuse and the
correspanding side of other, then the traingles are congruent, (H.S = H.5).
©» Two traingles are said ti be congruent, if there exists a correspondence
beteew them such that all the corresponding sides and traingles are

congruent.(5.5.5).

® martymrres% two traingles, if one side and any two angles



T
-
=,

Student Learning Qutcomes (SLOs)
After completing this unit, students will be able to:
@ Understand the following theorems along with their corellaries and apply

them te sclve allied problems.
a) Inaparallelogram:
@ The opposite sides are congruent,
@ The opposites angles are congruent,
4 The diagonals bisect each other,

b} [If two opposite sides of a quadrilateral are congruent and parallel, it
is a parallelogram.,

¢} The line segments joining the midpoints of two sides of a triangle, is
parallel to the third side and it is equal to one half of its length.

The medians of a triangle are concurrent and therr point of
concurrency is the point of trisection of each median.

If three or more parallel lines make congruent intercepts on the
transversal, they also intercept congruent segments on any other |
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After completing this unit, students will be able o

@ Understand the following theorems alune-.tr carollaries and apply

them to solve allied problems, Qmm
ke Any pumtmtherlghtﬁsamr is equidistant from its end

puﬂttequ:dl{ pointz of a line segment is on its right
'Iheﬂghtbi es of a riangle are concurrent.

-bisector of an angle is equidistant from its arms,
ide an angle, equidistant from its arms, is on its bisector.

of the angles of a triangle are concurrent.




We will discuss here the theorems and problems related to line
bisector and angle bisector.
Definitions:

i) Bisector of a line segment.
A line, ray or segment is called bisector
which cuts another line segment into
two equal parts,

For example, in the given figure, a

bisector of a line segment AB is a line L’ through the mid-

point ‘0¥ of the AB. O
if)  Right bisector of a line segment.

A right bisector of line be
defined asa [ine whi a line
segment at 90 degrees.

iid)
\ line or ray or line segment is called a
bisector of an angle or angle bisector, if it
divides the angle into two equal angles.
In the given figure, BDis an angle bisector
of £ZCBA. BD divides £CBA into two
equal angles £1 and £2ie. £12/2.




Theorem 11,1.1
Prove that:
Any point on the right bisector of a line €
segment is equidistant from its end points.
Given: 4 Q‘
CD s the right bisector of AB
intersecting it at O. PP is any point on CD,
To Prove: AP~BP, ie. P is equidistant from A
and B.
Proof:



Any point equidistant from end points of a line segment is on the right
bisector of it. (Converse of the theorem 11.1) C
A and B are two fixed points and Pis a Q.
moving point such that PA = PB
To Prove:

P lies on the right bisector of AB.

Q}l 2]
A 0 B
Bisect AB at O, Join points P and O, O D

Proof:



: Exercise 11.1 ®

1.  Prove that the point of intersection of the right bisector of any two
sides of a triangle is equidistance from all the vertices of the triang

2. Prove that the centre of the circle is on the right bisectors of e

chords. EQI“

3. Where will be the centre of a circle passing through llinear
points and why?

4,  If two circles intersect each other at points A and prove that the
line passing through their centres will be bisector of AB.

5.  Three markets A, B and C are not on . The business men
of these markets want to cons at such a place which is
equidistant from these mark: iding the place of Masjid,
prove that this place is equi om all the three markets.

Theorem 11.1.3

Prove that:

The nght s;dea of a friangle are concurrent.

Given: a
\ nght bisectors of the sides are

DrawNO, MO, the right bisectors of AB and
Emeeﬁnginﬂ.]ﬁsect BCat P. Draw OP, OA, OB, OC.

B P c



Prove that in an acute tri circumcenter falls in the interior of

the triangle.
i iséctors of the four sides of an isosceles trapezium

Prove that the altitudes of a triangle are concurrent.




Theorem 11.1.4

Prove that:
Any point on the bisector of an angle is equidistant from its arms.

Given:
ey
BD is the bisector of ZABC. Pis
anypnintenﬁ‘ﬁ and PR are
petpmdicuiaismﬁ a.nd]!_é
respectively.




Theorem 11.1.5
Prove that:

of it. {Converse of Theorem 11.4)
Given:

P is any point of BD equidistant from
the arms BA and BC of ZABC, ie.
PQ=PR and PQ_L BA and PR L BC.

To Prove:

Z1= 2£2,1.e. BDis bisector of ZABC,



Theorem 11.1.6 S
Prove that:

The bisectors of the angle of a triangle are concurrent.
Given:

In AABC, BE and CF are the
bisectors of £B and £C respectively
which infersect each other at point ‘(Y.

To Prove: B

The bisectors of 24, £B and £C are :
Construction: O

Draw OF | ABand OD 1 BC.

Proof:



[ cecrcioe 1.3 2}

Two isosceles triangles have a common base, prove that the line

joining vertices bisects the common base at right angle.

If the bisector of an angle of a triangle bisects the opposite side,
that friangle is an isosceles. A

In an isosceles AABC, mAB = mAC. Prove that the perpe
the vertices B and C to their opposite sides are equal.
Median of a triangle is a line segment joining the
the opposite vertex. Prove that medians of an eg

s

oW opp

Review Exercise 11

an isosceles.

2. Prove that, a point in the interior pfafriangle is an equidistant from all
the three sides’ lies on the bisectdr of all the three angles of the triangle.
S.Write"l"furTruemd'F front of each of the following
statements £
(i) Bisection of side divide the given side into two parts.
(ii) In a right s triangle each angle on the base is
of 45°.
(iii) Triangle t sides has congruent angles.
4. Choose thefcamect bption:

{) There

acute angles in an acute angled triangle.
(b) Two (c) Three  {d) None
equidistant from the end points of a line segment is on the
of it.
{a) Right bisector {b) Perpendicular

\m (c) Centre (d) Mid-point
i) of the sides of an acute angled triangle intersect each other
inside the triangle.
(a) Perpendicular {b) The right bisector
{c} Obtuse {d) Acute
{(v)The bisector of the angles of a triangle are ;
{a) Concurrent {b) Collinear

{c} De not interest {d) Unequal
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A bisector of a line segment divides the line segment into two equal
parts ’
Right bisector cuts the line segment into two equal parts at 90°. Q.
Any point on the right bisector of a line segment is eq :a?mits
end points.

Anypuintisequidistant&omthepomisofal%vmmmits

The right bisectors of the sides of a triangle-
Any point on the bisector of an ang
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Smaf Learning Outcomes (SLOs)

If two sides of a triangle are unequal in.en
greater measure opposite to it.

If two angles of a triangle are measute, the side opposite to the greater
angle is lmg_er than the side smaller angle,

The sum of the lengths of any sides of a triangle is greater than the length of
the third side.

From a point, outs s, the perpendicular is the shortest distance from the




UNIT-12
SIDES AND ANGLES OF A TRIANGLE

In this unit we will studies the theorems related to the sides and angles
of the triangle along with their corollaries and apply them to solve the allied
problems.

12.1 Sides and Angles of a Triangle Q§
Theorem 12.1.1

Prove that: O E
If two sides of a triangle are unequal in le'ngd@nger side has an
angle of greater measure opposite toit. C

In AABC, mBC >m AC.
To Prove:

Given

m/A>m’B
Construction:
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Fa]]awmg example will help to understand the above theorem.

Example: Prove that in a scalene tm’mgle.
the angle opposite to the largest

side is of measure greater than 0
60°,

B
Given: O
In AABC, with, mAC > mAE and mAC > mBC. %

To Prove: %
m2B > 60° O
- O
A
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Theorem 12.1.2
Prove that if two angles of a triangle are unequal in measure, the side
opposite to the greater angle is longer than the side opposite to the smaller
angle,
Givemn:
InAABC, msB>msC
To Prove:
mAC > mAB
Construction:
Make ZABM= /C. Draw BN, tk
msl=m/2

G
v The hypotenuse of a right angle is longer than each of the other two
sides.
2. In an obtuse angled triangle, the side opposite to the obtuse angle is
longer than each of the other two sides.

Q.ED
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Theorem 12.1.3

The sum of the lengths of any two sides of a triangle isgreater&mnthz
length of the third side.

Given:
= O
To Prove:

i) mAB+mAC >mBC &
iiy  mAB+mBC >mCA
iii) mAC+mBC >mAB
Constraction: C

Produce ﬁmn,mking AD=AC. Drmw¢
Proof:

i

QED

The following example will help to understand the above theorem.

B ME";#-—H- «;«,} .gﬁﬁt
T ee SN ““‘*"**-K
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‘Examplelii] Which of the following sets of lengths of the sides form a triangle: X’ﬁ

(i) 3cem, 4cmand 5cm (ii} 4 cm, 5 cm and 4.5 cm
(iii) 60 mm, 80 mm and 10 cm {iv) 3 cm, 4 cm and 10 em
Solution: ,-ﬂ-;?

(ij 3cm4cmandSem ’

Since,3+4>5,3+5>4 and 4 +5>3 Q\

« the sum of the two Eidesnfgreabarﬂmnﬂle?ﬁdaid?

Thus, the given set of lengths form a triangle.

(iif 4com,Scmand4.5cm
Erwe,4+5>4.5,5+4.5>4and4,5+3>4%

Thus, the given set of lengths form a e.
(iif) 60 mm, 80 mm and 10 cm

following sets of lengths of the sides form a triangle:
(i) 2cmdam (i) 55cm,5cmand%5am
Solution:

(i) Zcmtﬁ%cm
Since, 2 P4 <7,4+7>2and 7+ 2> 4

,55+5>95,5+95>55and95+55>5
Thus, the given set of lengths form a triangle.

If a=3cm
b=4cm
c=bcm

then AABC can be formed or not.
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Theorem 12.1.4: Prove that;
From a point, outside a line, the perpendicular is the shortest distance

from the point to the line.

Given: C
From a point C, CDis drawn O

perpendicular to AB meeting it in D Q‘

and CE is any other segment meeting ?\

AB inE.

To Prove:

mCD < mCE A | E B
Proof:
[

QED

The distance between a line and point {on a line) is zero.



0 is an interior point of the AABC,

= = L e =
Show that: mOA + mOB + mOC > = (mAB + mBC + mCA).

i V
2. InAABC, mB = 70° and m2C = 45°. Which of the sides of %ﬁe
is longest?
3. InAABC, msA = 55° and m«B = 65°, which of the S@m triangle

is smallest?

Review Exercise 12

T/F

(i) Thediﬁﬂmof&[ammglemhrgmﬂlm

third side T/F
(iii) Extermr is the coincident or that line. T /F
(iv) gle the largest angle is of 100°, T/F

(v} on a line always makes and angle of 90°.T /F

2. Fill in th nks to make the sentences true sentences.
(i) rlght angled triangle, is the longest side of the

é nghi angled (riangle, sum of the measures of the sides
containing right angles is than the measure of the

hypotenuse.
(i) In AABC, msA = 50° and msB = 30°. Side
longer than its other sides,
{iv) Length of diagonal of any quadrilateral is than the sum of the
measures of its two adjacent sides.

will be




Tick {v/) the correct answer.
(i}  Measure of one side of an equilateral triangle is 6 cm,

then the length of its medianis___ 9cm.
a)  lessthan by  greater than 0
¢)  equalto d)  none of the

(ii)  Perimeter of arectangle is 22cm, then the length uf

diagonal is 11em,
a)  equalto b}
¢)  lessthan the above
al in length, the longer side has an

@ If two sides of a triangle i
angle of greater measure oppbsite to it.

o If two angles of are unequal in measure, the side opposite to
the greater than the side opposite to the smaller angle.
' the of any two sides of a triangle is greater than the

oufside a line, the perpendicular is the shortest distance
point to the line.




After completing this unit, students will be ab

@ Construct a friangle having given:
& Two sides and the included ar
# (One side and two of the
& Two of its sides and the a
three possibilities)

Angle bizectors, «
Altitudes,

Perpendi i

Medians of a given triangle and verify their given concurrency
Construct a trian il i to a given quadrilateral.
Construct a x le mmmagivqntnmgh
Comlmcfanq'lm 1a] in area to a given rectangle.




UNIT-13.
FRACTICAL GEOMETRY - TRIANGLES

13.1 Construction of a Triangle

13.1.1 Construct a triangle having given:
* Two sides and included angles.
* One side and twa angles.
» Two of its sides and the angle apposite to one of them. With
possibilities,

When two sides and the included angle are given. ?s

Construct a triangle ABC in which
mAB=4.8cm, mAC=32cmand msB=

Construction:
i) Draw the line segmentABofmeasu
4.8 cm.
iiy At point A, draw on angle
measure 75°.
iii) Cut AC of measure 3.2 cm
iv) Draw BC ‘\‘3‘\:

Thus AABC is the d

=5.5cm, m/A=75° and m/B = 4P
_ Y
the line segment AB of C
dre 5.5 em,

1ii) At point B draw an angle YBA of
measu.re&ﬂ" such that BY cuts AX at
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‘Example[i}] Construct a triangle AXYZ in which
ms A =65, meB=40° and mBC =58cm.
Conshruction:
We know that in AABC
mZA+mB+msB=180F
Here m/A =65 and nB=4P
So, mLC=180°—(mLA +msLB)
=180°—(65° + 40°)
=180"-105"
=75

We now construct the triangle with
mBC=58cm, msB =40 and m£C=75
i} Draw BC of measure 5.8 cm, O
ii) Draw an angle XAB=40°, at pom
ili) Draw mZY CB=75°, atpam

iv) Rays BX and CY intersect IatpmntA,
Thus AABC isther
Two of its sides and pposite to one of them. With all three
possibilities.

Casel

‘Exampleli/l Construct a ABC in which
%ﬂﬂ“ mBC=3.7 cm and mAB =53cm
Cmm%
of measure 5,3 em.,

X
c
A, draw ZBAX of measure
%Mﬁhc&nter]ﬁandradms?n?mdmw -
an arc which cuts AX at point C and £ ‘%
C.r
iv) Draw BC and BC A

AABC and AABC' are the quuu'ed



‘Example[l7] Construct a triangle DEF when
mDE=>5.6cm, mDF =2.5cm and m/E =30°
Construction:
i} Draw a line segment DE of measure 5.6 cm. O
il) Draw and angle DEX of measure 40°
at point E, 2
iii) With D as a center draw an arc of
radius 25 cm, which does not cut

EX at any point. In this case no &
triangle can be  constructed
satisfying the given data. D B cm E

Example Construct a triangle POR Wh'EO i
mPR mQR = 47cm and m/P =55
Construction:
i) Draw a line segment PRAof\hegbure 4.7
cm,
ii) Draw and angle
point P.
iii) With point
radius 4.7

required triangle. P 47 em R

case I, case Il and case III are called ambiguous cases.

( Exercise 13.1 ;
b,

Construct APQR such that, mPQ = mQR = 4.6 cm and m£Q =35°
Construct AABC such that, mAB = mAC =5.1 cm and m£A = 65°
Construct ALMN such that, mLM =3.7 cm, mMN =25 ¢cm and £M = 50°
Construct AABC such that, mAB = 3.5em, mBC =27 cmand £B =110°
Construct AXYZ such that, mXY =4.1 cm, wmYZ =5cmand 27 = 80°

Ll
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6. Construct the ADEF, ALMN and AABC in the following,
()  mDE="5cm, m£D =45"and , mZE = 60°
(i) mLM = 6cm, mLL = 75° and , msM = 45°
(i)  mBC=58cm, mLA=30°and , mLB = 45°
7.  Construct a AABC, when lengths of two of its sides and measure of{a
angle opposite one of the side is given as under:
) mAC = 4.5cm, mBC = 4.1cmand 4B = 75° Q‘“
(@)  #BC=5on, WAB =55 cni #id H2C=T0° ?s
(iii)  mAB=>5cm, mBC =55cm and mLA =45°
13.1.2 Draw
¢  Angle bisectors %
o Altitudes %
*  Perpendicular bisectors
» Medians O
(i] Draw the angle bisector of a gi ngle

| arc, which cuts the pervious arc at point P.
v) Join point P to B and produce it.

vi) Repeat steps (i to (v) to draw CQ and AR the bisectors of ZC and

Diraw bisectors of an A

t amﬂmdrawanu:cufany B L ] p{ C
ing the sides BC and BA at

nwtakeputhasamnberandwﬂhﬂtesa.meradmsdrawamﬂ'ter

BP is the bisector of ZB.
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A AABC
Required:
To draw altitudes of the AABC,
Construction;
i) Draw the triangle ABC.
iij Take point A as center and draw an
arc of suitable radius, which cuts BC P
at peints D and E. EC
iii) From D as center, draw an arc of

&) . 1 —
Q(!_!) radius more than EmDE. O F) <

iv) Again from point E draw ano
)\ of same radius, cutting first

P v) Join the points A and F.

g Then AP is the altitud

E
F intersects BC at point P.
of the AABC from the vertex A.
) and draw BQ and CR, the altitudes of
B and C, respectively.
are the feet of these altitudes.

To draw perpendicular bisectors of the
sides AB, BC and CA.

Construction:

N i) Draw the triangle ABC.

igﬁ ii) To draw perpendicular bisector of the
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side AB, with B as a center and radius more than half of AB, draw

arcs on either sides of AB.
iii) Now with A as a center and with the same radius, draw arcs on either

sides of E,nutﬁng previous arcs at P and Q.
iv) Join P and Q.
PQ is the perpendicular bisector of the AB.
v) Repeat the steps (ii) to (iv) and draw ST and LM, the p
bisectors of BC and AC, respectively.
Hence PQ,ST and IMare the required perp ctor of the

sides AB, BC and AC, respectively, of the AABC.
{iv) Draw the median of a given triangls

Take any triangle ABC and draw'piedians of this triangle.

A ZE
Required:
To draw medians of
Construction:
i} Draw the trian
ii) Blsectthes: C and AC at
! and especl:wely
o /8 haFandCtaD

\ may be noted that medians of every .I:nangie are concurrent (ie.,

% et in one point) and their point of concurrency, called centroid, divides
chofthemin2: 1.

Byach:a]measurement it can be proved that

mAG mBG mCG 2

mGE mGF mGD 1
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Exercise 132 ®
.

1. Takea A and draw the medians and prove that they are concurrent.
2. Takea Aand draw the altitudes and prove that they are concurrent.
3.

Takeaﬁanddraw&eirﬁemalbisecb:mofang!esandprwe&m@

are concurrent.
4.  Construct a triangle ABC in which mﬁ:—ﬁmmm@m
and mAB = 5 cm, draw the bisectors of angle A and B

5.  Construct a triangle PQR in which mPQ= 5.7cm, Aem and
mPR = 4.4 cm, draw the altitudes from vertex R and

6.  Construct a triangle STU in which £T = 60°, £
Find the perpendicular bisectors of the sides of e and prove that
they are concurrent.

7. Construct a right triangle ABC in
mCB =5 cm. Draw the medians of

8.  Construct the following AXYZ.

= 80°, 4B = 45° and

ir three medians and show

that they are concurrent.
() mYZ=4dem, meY = '0* meZ =75°
i) mX¥=4.6cm, mmXh=4%¢m and msY =60°
9.  Construct the in “which mKL=4.8cm, mIM= 52cm and

itudes and verify their concurrency.
in which m PQ =7am, m QR = 6.5cm and

"@t}l equal Areas
a triangle equal in area to a given quadrilateral.
w an angle equal in area to given quadrilateral ABCD, We

that, Area of all triangles with same base equal of vertices are on
e line perpendicular to base,

1. ABCD is a given quadrilateral. ‘?ﬁ R

2. Join A to C. /;’ AN %

4. Through D, draw DE parallel to AT | \ N,
meeting BC produced at point E. / -1 \ \”‘\"\*:_.

S.JUmAtDE then ABE is the required f
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13.2.2 Construct a rectangle equal in area to a given triangle,
E.g. Construct a rectangle equal in A
area to given AABC ,{ P
1, Draw a triangle ABC.
2. Draw a perpendicular bisector PD o
of BC.
3. Through A, draw a line PQ |
parallel to BC. [
4. Take mPQ= nDC. ]

5. Then CDPQ is the required P
rectangle.

13.2.3 Construct a Square equal in are,
E.g. Construct a square equal in Are€adog
Following are the steps of const

1. ABCDis a given rectangle pa— Q

2. Produce side AD to E,@ a
iDE— niCD. £ .

a side comstruct a

DFQP. This shall be required square.
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Construct a Triangle of equivalent area on a base of
given length:

Following are the steps of construction

ABC s i?ﬂﬂ Eiangle.

Draw AD |[IBC.

With B as centre, and radius = x,
such that mBC=x draw an arc
cutting AD atP.

Join BP and CP.

5. Then ABCP is the required e
triangle with equal base BP =x and are i t to AABC.

w e

-

\ Exercise 13.3 i

1.  Construct a rectangle whose sides are 25 cm and 5 cm
respectively. Construct a ving area equal to the given
rectangle.

2. Construct a square area to a rectangle whose adjacent sides
are 4.5 cm and 2. ively, Measure the sides of the square and
find its area with the area of the rectangle. Also verify by
measur perimeter of the square is less than that of the
rectangle.

Construdet a triangle having base 4 em and other two sides equal to

3.6crhanid 3.8 cm each. Transform it into a rectangle with equal Area.
Eonshust a triangle having base 6cm and other sides equal to 5cm and
* h, Construct a rectangle equal in area to given A,

Review Exercise 13

Fill in the blanks,

i) The side of a triangle opposite to the greatest angle is

i)} The line segment joining a vertex of a triangle and perpendicular to
its opposite side is called an

iii) A line segment drawn from a vertex of a triangle and meeting the

mid-point of its opposite side iscalleda _______
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iv) The perpendicular bisectors of the sides of a triangle are
v} Two or more than two triangles are said to be congruent if they are
equiangular and measures of their corresponding sides are

Tick {v} the correct answer.
i) A triangle having all the three sides congruent is called ’
triangle.
(a) scalene (b} right angled
{¢) equilateral (d) isosceles
ii} A quadrilateral having each angle equal to 90° an ides are i
congruent is called
(2) parallelogram (b} rectangle %
{c) trapezium (d) square
iii) The medians of a triangle are s,
(a) collinear (b} ¢ o
{¢) concurrent ("
iv} The altitudes of an eral triangle are congruent.
(a) two

_-1"‘!-.

(c) four .
¥) The diagonals of a ¢ each other. 5

(a) bisect (b} trisect

{c) bisect atri (d) none of these V
vi} The angle cut each other in the ratio 2:1.

{a) Al (b) Angle bisectors

(c) Right bi (d) Medians
vii) gle on the base of an isosceles triangle is 45°, then the T

of the third angle is &

(b) 60°
(d) 1200
If the three medians of a triangle are congruent then the triangle

(ﬁ} Right angled (b) equilateral
{c) lsosceles (d) acute angled
ix) If two of a triangle are congruent, then the triangle will

be isosceles.
{a) Altitudes (by Medians
{c) Right bisectors (d) sides

\\ @
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In this unit we have learnt the construction of the following fi
and relevant concepts.

@ To construct a triangle, having given two sides and the includ
@ To construct a triangle, having given one side and two of the
»  To construct a triangle, having given two of its sides

opposite to one of them.

@ To draw angle bisectors of a given triangle their
concurrency,

% To draw altitudes of a given triangle and v thelyConcurrency.

»  Todraw perpmdictﬂarbiaectmaofﬂlesi%givmtﬂmgl_ e and to
verify their concarrency

@  To draw medians of a given triangle. their concurrency.

@ Toconstruct a triangle equal in 2 a given quadrilateral.

»  To construct a rectangle equal Th arearto given triangle.

® Tucunstmctasqum area to given rectangle.

#  To construct a triangl ivalent area on the base of given length.

&  Two or more ﬁ%ﬁpﬂﬂ&ﬂﬂdtﬂbecmumhﬂhese passes
ﬂf:rougha int and that point is called the point of

® The pumt internal bisectors of the angles of a triangle

ig called the in-centre of a triangle.
ifit of concurrency of the perpendicular bisectors of the sides of
ole is called its circum-centre.
8ien of a triangle means a line segment joining a vertex of a triangle
e mid-point of the opposite side.
rtho-centre of a triangle means the poinf of concurrency of three
altitudes of a triangle.



After completing this unit, students will bewgh

Understand the following theorems alo
apply them to solve allied problems.

Parallelograms on the same base.a
lines {or of the same altitude) are equs
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HEOEENS RELATED WITH ARES

Introduction
We will study the Theorem related with Area,

14.1 Theorems Related with Area
Theorem 14.1.1

Parallelograms on the same base and lying between the ¢
lines (or of the same altitude) are equal in area.

Given: F D C
Two parallelograms ABCD
and ABEF with the same
base ABand between the
same parallels segments
AB and DE.

To prove:
Parallelograms ABCD and ABE
i.e. FABCD = MABEF.

@ equal in areas,

)

Proof:

QED

Corollary

(i}  The area of parallelogram is equal to that of a rectangle on the
same base and having the same altitude.



Theorem 14.1.2
Parallelograms on equal bases and having the same altitude are equal in area.
Given: e

Parallelograms ABCD and EFGH A o

are on the equal bases BC and FG,
having equal altitudes.
To Prove: ®ABCD = #EFGH.
Construction:
Place the parallelograms ABCD and

. = 4?"\-‘
EFGH so that their equal bases BC B Q/F
and FG are on the same straight line. Iam 0 E and C to H.

Proof:
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Theorem 14.1.3
Triangles on the same base and of the same alﬁtudemaguﬁlhuea.

Given: E — A :
AABC and ADBC are on the same

base BC and between the same parallel lines

BC and AD.

To prove: \
AABC=ADBC

Construction:
DrawBE CA,meeting at ADproduced, atE

meeting at AD produced at F.

Proof :

QED

4
on equal bases and of equal altitudes are equal in area,

C and ADEF are on

\ X A D i
Hual bases BC and EF respectively \ /
gfid having equal altitudes, /
To prove; - -
B c E F

A ABC = ADEF
Construction:
Draw AD, BF containing points B, C, E, F.
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Place the AABC and ADEF so that their equal bases BC and EF are on
the straight line. DrawBX CA and FY ED.Such that point X and Y lie
on AD,
Proof :

“V  QED

Corollaries: Triangles having a common vertex and equal bases in the same
straight line ase in area.

S



HEOEENMS RELATED WITH A

{ - Exercise 14.1 @

E
L In the given figure, ABCD is a

parallelogram and EFCD is a rectangle,
also AL L DC.Prove that

()  MABCD = NEFCD D L
(i) MABCD = mDCxmAL.

2. In the given figure, if the diagonals o
quadrilateral separate it into four tria
equal area, show that it is a parallelo

3. In the given figureBC AD.
angled at vertex B wi

mAC=11 ciry, also
same base BC, Find ABCD.,

4. Showthata@ofam@edmdesitmmmmmglesafeqml

area. Giye ions and use name in questions.

line segment joining the mid-points of the opposite sides of a
ides it into two equal rectangles,

parallelograms of equal areas have the same or equal bases, their
des are equal.

. Show that an angle bisector of an equilateral triangle divides it into two
triangles of equal areas.

. Prove that a rhombus is divided by its diagonals into four triangles of equal



1. Mark “T" for True and ‘F' for False in front of each given below:
(i)  Area of a closed figure means region enclosed by bounding
lines of the figure. T/E

(i) A diagonal of rectangle divides it into two congruent tJ.'

(iii) Congruent figures have different areas. %
(iv} The area of parallelogram is equal to the :@

height,
(v} Median of a triangle means pe avertaxtuﬂ'le
opposite side (base). T/F
(vi) Perpendicular distance parallel lines can
sometimes be different. T/F
(vii) ﬂn altitude drawn && always bisecls the opposite
T/F

(wiii) T“wn triangles s, if they have the same base and
equal alhtudfq_. T/F

2. Tick (v} the
@ I di distance between two lines is the same. The

dicular to each other  (b) Parallel to each other
ting to each other (d) None of these.

two triangles have equal areas then they will be
é congruent as well.
\ (a) Not necessarily (b) Necessarily
% (¢) Definitely (d) None of these.
(iii) Perpendicular from a vertex of a triangle to its opposite side is
called .
(a) Median (b) Perpendicular bisector

(c) Altitude




(a) Congruent (b) Equal in areas
(c) Similar (d) All of these.

(v) Two parallelograms have equal bases. They will be hawr@

same area, if .
(a) Their altitudes are equal Q~
(b) Their altitude is the same

(c) They lies between the same parallel lines
(d) All of these.

(vi) AABC and ADEF bave equal bases m@l altitudes, then
triangles are
(a) Equal in area
(c) Similar one of these.

©»  In this unit we have some necessary preliminaries, stated

base and between the same parallel lines

on. the same base and of the same (i.e. equal) altitudes are
es on equal bases and of equal altitudes are equal in areas.

Area of a figure means region enclosed by the boundary lines of a
closed figure.

A triangular region means the union of triangle and its interior.

@ By area of triangle means the area of its triangular region.

Altitude or height of a triangle means perpendicular distance to base
from its opposite vertex,



@ In an obtuse-angled triangle, the square o side opposite to the obtuse
angle is equal to the sum of the squares“on the sides containing the obtuse
angle together with twice the rectang ained by one of the sides, and the
projection on it of the other.

: ,9 pposite o an acute angle is equal to
them:mof&teaqjuumon i ntaining that acute angle diminished by
twice the rectangle con of those sides and the projection on it of
the other.

squares on any two sides is equal to twice the




UNIT-15
FROJECTION OF A SIDE OF A TRIANGLE

15.1 Projection of a side of a Triangle
Understand the following theorems along with their corollaries and
their applications to solve the allied problems.
Theorem 15.1.1
In an obtuse-angled triangle, the square on the side opposit
obtuse angle is equal to the sum of the squares on the sides
the obtuse angle together with twice the rectangle contai
the sides, and the projection on it of the other. O

Given:
AABC with an obtuse angle at vertex A.
To prove:

ie. &=FP+l+2x
Construction:

Draw perpendicular CD on BA
mdeeting at point D, so that s
projection of AC on BA o B L * D

Taking, mBC =4, mCA =8, also mAD=x and mCD=h.

Proof:



Example: Ina AABC with obtuse angle is at vertex A, if CDisan
altitude on BA produced, meeting at point D, and mAC=mAB
Then, (mmzé qmm)(mﬁ) \
Given: |
In a AABC, msA is an obtuse,
mAC=mABand CD being altitude on
BA produced, meeting at point D.
To prove:
() =2k 50).

Proof:
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PROJECTION OF A SIDE OF A TRIANGLE

I Exercise15.1 ®

1.  Find the length of AB and area of the triangle ABC, when
()  mAC=3cm mBC=6cm and m£C=120°, where

mCD=mBC cos (‘[ 80°-m~s C) 0
Hint: (i'r:'ﬁv_f."l)E =(mm2+(mAB) Z(MA mAD Q~

(iy mAC=40mm mBC =80 ron and mZC=120° ;
mCD=mBC ms 180° mJC

Hint: (mBC) (mAC +[mﬁB
2. Find the length of mAC in the when mBC= 6cm,

mAB =42 cmand m/ABC = 135° le, find the area of the
AABC.

3. Find the length of mAC i ﬁAEC when mBC=6+2cm,
mAB=8cm and mZ . If possible, find the area of the
AABC .

Theorem 15.1.2 !

In any triangl on the side opposite to an acute angle is
equal to sum of on the sides containing that acute angle
dmmshedbyhvme rectangle contained by one of those sides and the

other.

an acute #CAB at vertex A. C
mBC=a, mAC=5 and mAB=¢

aw GDJ.AG so that AB is projection of

AC on AB » h a
Also mAD = xand mCD= A
To prove: [
R R o B —

iea®=h+c%— 2cx



QED
Apollonius and fife of Apollonius:

Apollonius wa eat geometer and astronomer.
Now welstate and prove one of his well-known theorem “the

anydriangle, the sum of the squares on any two sides is equal to twice
sguare on half of the third side together with twice the square on the
an ' which bisects the third side, (Apollonius’ theorem).

In AABC, the median AD bisects BC at point
D.
such that mBD = nCD .




UNIT-1%
FROJECTION OF A SIDE OF A TRIANGLE

(MH'2+(MT.}]= =2[mﬁ)z+2(mﬁ)=t
Construction:

Draw AF L BC. 0
@
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| Exercise 15.2 ®

1. In AABC,mzA =30° m, prove that
(] < (A (] i) {5 (o

1. @m.
rt. AABC,(mAB) + =(mAc)’,
, In AABC, two sides are equal to 4cm it is called
\ triangle.
(i) In AABC, with mzB=90° meB=90° then
mAB) +(mBC) =

(iv) 8em, 15cm and 17 em are the sides of
2. In AABC, mAC = %m,mBC=&m and meC=120 . Compute mAB




- UNIT-15
FPROJECTION OF A S[DE OF A TRIANGLE

& hanubfuse—ang]edmanglqth&&qummthemdeuppnmleta&m
obtuse angle is equal to the sum of the squares on the sides contai
the obtuse angle together with twice the rectangle contained by 4
the sides, and the projection on it of the other.

# Inany triangle, the square on the side opposite to an acute a

to the sum of the squares on the sides containing the

diminished by twice the reetangiemtamed by one o
the projection on it of the other.
% In any triangle, the sum of the squares on any Vo equal to twice

thesquareonha]ftheﬂairdsidatogethﬂ
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After completing this unit, students will be able tg:

Derive distance formula to calculate distance wo points given in

Cartesian plane.
Use diétaxmfwnmlatnﬁ.rddistmcebe given points.

mﬁnﬂmpﬂiﬂlﬂ. Distinguishbetwee

& Recognize the formula to find the midpoint of the line joining two given points.

& Apply distance and midpoint formulas to solve/ verify different standard results
related to geometry.




LEUMETEY/ANALYTICAL GEOMETRY

The Cartesian coordinate invented in the 17th century by Rene
Descartes (Latinized name as Cartesius) revolutionized mathematics
by providing the first systematic link between Euclidean geo

and algebra. Using the Cartesian co-ordinate system, geomgisi
shapes (such as lines and curves) can be described by equaﬁons.Q\

16.1 Distance Formula v

16.1.1 Explain and define Coordinate Geome

Co-ordinate geometry is one of the most impg exciting branch
of mathematics, In particular it is central to the mathematics students meet at
school. It provides a conmection between algebrt
graphs of lines and curves.

The algebraic study of geometry
called co-ordinate geometry/ analyti
This enables geometrical problems

d algebraically and provides geometric
insights into algebra. It is a part in which ordered pairs of numbers
are used to describe the positi point on a plane. Here, the concept of
coordinate geometry ( Cartesian geometry) and its formulas

and their derivations

16.1.2 Deri?e&tmce formula to calculate the distance
b two given points in the Cartesian plane

between any two points :r
1) and P;(x,,¥, }is denoted asfm
defined as: e

142|= xz‘*":lz"' 2~ Hh H*
Y - e

Derivation of the Distance Formula
LetPy(x,%) and Py(x,.%,) be the %
any two points in plane,




i | g
§ A ¥t
+.7_ aw
Y

From P,and P,draw perpendiculars P,A and P,Aon x-axis, Also \;::E
draw al} C parallel to x-axes,

Y= 5]~ 0B} |0A] = =25

and [P.S|-[FB- Bl Q

Consider right angled AP,CP,and Appling Pythagoras the

ch\ =[Pcf +[B,d Ov
o

have,

- PIPE [13 51) (32 yilz

= R -n ) ) \b
Note:
Thedjsmdﬁumaﬂginmm %) is:
d= Iz-l-

16.1.3 Use Distance F-rqéﬁ; the distance between two given

points.
The foﬂn%% will help to understand the use of distance
i distance between the point P(2,3) and Q(—4,5)

sing distance formula m=](11*‘~"1) +{ = }

\s (x091)=(2:3) (%29, ) =(-4,5)
L [PQl=y(-4-2) +(5-3)
= PQ=y(-6] +(2)" =f36+4

=+/40 = 2410




Examplell}] Circle with radius 5 unit is drawn with centre C(3,2} and
L(6,6),M(0,~1) and N(-2,-3} points are given. Find which of
the point is not on the dircle. (give reason).

C(3,2) is the centre of a circle with radius 5 units. O
and L (6, 6), M (0, -1) N (-2, -3) are three given points. Q‘
We know that,

We have to, find the length (distance) from and N
respectively using distance formula, then,

ﬁ‘ = J(5—3]2+(6—2)2 =~J9-I-—1.=~[7%hﬂ:ﬂ,

M= [(0-3) +(~1-2)° =33 =342 units,
- 25 =50 = 5/2 units,

m‘=3\f§m& s
?ITI|=5J'QE» units

Solution:

CON|=(-2-3)" +(-3-

1.  Usingrdi formula find the distance between the following pairs

i) (-4,5) and (6,6) (i  (2,2) and (2,3)

\ (i) (0,1) and (2,3) (ivy (0,1) and (2,3)
A(4,0) and B(0,b) be the points on the axes, find the distance
between A and B, when
(i) a==3, b=-4 () a=-9, b=6
@) a=3, b=4 ) a=2, b=—22

i Find the perimeter of the triangle formed by the point
A(0,0),B(4,0) and C(2,243).




]
EEAT -

16.2 Collinear Points

16.21 Define collinear points. Distinguish between collinear
and non- collinear points.

Collinear Paints

Points lying on the same [ine are known as collinear ?‘
In the following figure

- B
A II
A, B and C are collinear points ie.|AC] g
Non-Collinear Points
Three or more points are sai -collinear points, if they do

not lie on same line.




16.2.2 Use Distance Formula to show that three (or more) given
points are collinear.

collinear points.

Solution: Q~
A(3,-2),B(1,4) and C(-3,16) ate three given points.
Now we find the distances |AB|,|BC| and |AC|

formula.
AB|=(1-3) +(4+2)" = JE+36 = a0 z%mits,
BC| = (-3~ 1) +{16-4)’ = VI6+ = 44/10 1mits,

AC=J(—3 ~3Y +(16-2)" =36+ 324 = 360 = 610 units,
E\ 2J10+410 = -.@ ‘AC| »

'Ihere{oreﬂ'lepoml:ﬁA. leﬁcnﬂmearpmm Showed.
ing di fornmtila show that A(-2,-3),B(47) and

A(-2,-3),B(4,M, and C(9,-5) are given three points,
distances | |Iﬁ| by using distance formula.
3 = y(4+2)" +(7+3)" =B6+100 =136 = 2434 units,

\% BC|=(9-4)" +(-5-7)" = 25144 = /169 =15 unis,

= [AC={(9+2) +(-5+3)} =121+ 4 =125 =55 units,
Since,[AC|#|AB|+|AC]

Thus, the given three points A, B and C are not collinear.




1623 Use distance formula to show that the given three nen-
collinear points forms.
(i) An equilateral triangle,
(ii) An isosceles triangle,
(iii) A right angled triangle, ’
(iv) A scalene triangle, Q-
Example[l/l Show that the three points A(1,1), B(-1,-1) w'ﬁ )

form an equilateral triangle.

Solution:
A(1,1), B(-1,-1)and C(~V3,43)

are given points.
Now, find the distance A

and |A_C‘ofthesideﬂnfa
u.singdislameformula

; |E|=m=25mim,andﬂwpahrbmmn-cuﬂmear.
= ABC is an equilateral triangle.
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GEOMETRY/ANALYTICAL GEOMETR)

Show that the points A(3,2),B(9,10) and C{1,16) form an

isosceles triangle. B,
Solution: .
Let A{S,E),B(E, 1{}) and C{l,lﬁ] are
given points. O
A 2) 16)
By using distance formula

AB|=[(9-3)" +(10-2)" = 36+ 64 = /100 =10

AC|=[(1-3)" +(16-2)° =V4+196 =200 51 ts,

Lem(z,n,; d C (2, 6) be the
B
ing distance formula,

2-5) +{6-1)"=9+25=34

AR cao
(2-2) +(6-1)* =0+25=25
|m2+|E’=9+25=34

= i =

By converse of Pythagoras theorem given vertices form a right
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f,
W,
Example[7] Show that the point A(3,4),B(1,2) and C(0,4) form a scalene \1
triangle.
Sclution:
Let A(3,4),B(1,2) and C(0,4) are the

iven points. 8 ’ (E;/
Now, find the length of each side using

distance formula C0.4) L3)

AB|=y(1-3) +(2-4)" =VE+4=/5 units, Ov
J{n—i)’+(4-z)2=M=J5_mﬂts, %

and  [AC|=4(0-3) +(4-4) =V =J§m§b
5i1me,|ﬁ|ae|s‘c];e\m and the poi llinear.

i.e. length of all the three sides

Thus ABC is a scalene tri
16.24 Use distance far;km:%nw that four non-collinear
points form:
(i) A parall
(i) A b
(iii) A e

@.1)

BC

w that A(-8,-3),B(-2,6),C(8,5) and C(2,~4) are the
sonsecutive vertices of a parallelogram.

Solu
("&"3};]3‘(‘-2,6],(:(835) and C{L-ﬁ) DR-9 C@a9)
\ the any four consecutive vertices of a
% quadrilateral ABCD.
Using Distance Formula,
We have, Al 3 B( 26

[AB|=\(-2+8)" +({6+3)* =36+ 81 = V117 units,
BC|=(8+2)" +(5-6)" =100 + 1= 10T units,




DC|={2-8)" +(-4-5 )‘—W—J?Tum'ts
and  [AD|= {[(2+8)" +(-4+3)" =JI00+1 = /0L units
Now, AB|=|CD|=+117

and [BC|=|AD|=+101 Q~:

A, B, C and D are the vertices of parallelogram. ?‘
— Show that the four points A{ —1 5(4, 3 and D(‘L?

are the consecutive vertices of a rectangle:

Solution: D 4,7) C85)
Let, A(0,-1), B(4,-3), C(8,5) and D(4,7]
be any four consecutive points @
quadrilateral ABCD.
Using distance formula, %4 e

ie, d= PPy =(xz— Ixi ¥1)? unit
AB +(—34,F 6+4 = /20 units,

= J16+ 64 = /30 units,
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Examplelit] Show that the four consecutive points A(1,6), B(3,4), C(1,2}
and D{-1, 4} form a square,

Solution: D(-14)

Given  that  A(L6), B(3,4),C(1,2)

and D(-1,4) be the four consecutive points

of a quadrilateral ABCD. ?.

By using the distance formula A B4
AB|=[(3-1) +(4-6)* =JE+4=\B =2{E@
BC|=(1-3) +(2-4) =a+4 =-J§®umts,

DC|= y(1+1) +(2-4)’ =4 1 (8) 243 unis,

and AD=J(—1—1)’+{4—6£§A'5 — J8=2472 units,
|AD| =

Since, |AB| = |BC| = |DC 2v2 unit, ie. four sides are equal in

Now, find th the diagonals AC and BC respectively
« |AC|=yT- = \0¥T6 =4 units,

' | = |BD| =4 unit, i.e. lengths of the diagonals are equal,
g al ABCD is a Square,




T é
L Exercise 16.2

Show that the paints P (-3, -4), Q (2, 6) and R (0, 2) are collinear.
Show that the points A (-1, 0), B (1, 0) and N (0, ﬂ)mmmuineo

1
2.

3.  Show thatL (0, v3), M (-1, 0) and N {1, 0} form an equﬂaml%&
4. Whether or not the points A (2, 3), B (8 11) and C (0, an

isosceles triangle.

5. Do the points A (-1, 2), B (7, 5) and C (2, -6) f angled
triangle.

6. I the points A (3, 1), B (9, 1) and (6, k) d@ an equilateral
triangle, find the values of k.

7. Show that the points P (1, 2), Q (3, 4) and*ﬂ) are the vertices of a
scalene triangle,

8. Show that the points A (2, 3), (0, 17) and D (-6, 9) are
vertices of a square.

9.  Explain why the points A 0,-3), C(2,0)and D (0, 3) do

determine a square?
4, 1), C (5 4) and D (6 3) are the

11. Use distance for A
de{Z.Z]{“I he ye
16.3  Mid-Point Formula

16.3.1 Recoghize the formula to e mid-point of the line
- hiz formul find th d f lin
‘V g iwo given points.

that the points O (0, 0), A (3, 0}, B (5, 2)
tices of a parallelogram.

Y
et A (X7 ﬂﬁﬂﬂB{xz;}'z] be any two poi:ntaftha ! l
i the plane and C (x, y) be the midpoint of AE, By
4 [ X txy WtY 3 i i
C{x,y}-( 22, lzzjiscaﬂednndpamt (w9

of A and B. Aleg)




Solution:
A (2, 1) and B (3, 4) are the points of the line segment.
Mid point = ?

Using mid-point formula

43 14 A b
IREEDal A0 = (2 ’T) =(§’E)
If A2, 1), B(5, 2), and C(3, 4) are the vertices of a

the mid-points P, Q and R of the sides 6

respectively of a AABC,
Solution:
Using mid-point formula,
+ ¥ty
C{'xfy):(xlzx;! 122)“; havﬂ_; %
2+3 1+ 5

r

~ Mid-pointof AC=P = ( 3

= +5

Mid-point 0fAB=Q=(T
and, Mid-pointof BC=R =
Thus, the required midsp

VE-a, 9,
of the sides of a AABC are

16.4 Apply Distance And Midpoint Formulas To Solve/Verify
Diff~reu Standards Results Related To Geometry

Prove analytically that the length of the median to the
hypotenuse of a right triangle is half the length of the
hypotenuse,

@ Let ABC be the triangle right-angled at B, Take B as a origin and BC,
BA as the axes of x x and y respectively as shown in the figure

Let [BC = 4,[BA| = bso that B is (0,0),Cis («,0)and Ais (0,5).

Therefore M, the midpoint of AC is (“;’“ f’;—“] ie. [%%]
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Now [AM|=[cM|~~AC
= I8 «[Bc A(0,b)
ok Q

a_ b
M(3
and [BM|= %—nj+[g-aj

X
=lzm B (0,0) C@0)

&) Therefore %
9 - 4 O
Hence the length of median [EM| hﬁ?@hﬁmﬂw& |AC.

e

Prove that the

by joining in order the midpoints

of the sides quadrilateral is parallelogram.
Solution:
LatAECDbeaqu& and EEG Y
ectively be'the midpoints of T

is (0,0)again let B be (a,0),C be
atc.e)and Dbe (a—b,d +e) A@y  E(30) BkO
Now the midpoints EF,G and H are

i a _ 1f2a+ec e\ f2a-b+c d+2e a—-b d+e
'&dey(E'OJ'[T’EJ'[ 2 2 )m( 2 2 ]
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Therefore, by the distance formula

e (”“*}“J 5]
(574)
=i—((a+ f +¢') (i
@‘z =([2a2}+c a;b]l+(d;23_d;—e-j

57:6)
=%{[a+c}z+ﬁ2} (i) O$

From (i} and (ii) , we have O
- G

————

Since the opposite sides are eq :

1.  Find the mi een the following pair of points using mid-

point f a.

(i) %%ﬂnﬂﬁ{-‘hs) (i) P{3-1)andQ(52)

ﬁg,ﬁ]mdM{-ﬂl}_ (iv) C(0,0)and D (2v3,4v3).
centre of a circle whose end points of a diameter are A (-5, 6)

(3, 4).

cenire of a circle is (3, 4) and one of its end peint of a diameter is
{4,6}, find the point of other end.
A circle has a diameter between the points A (-3, 4} and B (11, 6). Find
the centre and radius of the circle.

5. Prove that a triangle is an isosceles triangle if and only if it has two equal

medians.

Prove that the diagonals of a parallelogram bisect each other.




Review Exercise 16

1. Read the following sentences carefully and encircle “T” in case of True
and “F” in case of False statement.
(i)  Risthe mid-poin of PQ, if R is lying between P and Q T/F
(i) Inscalene triangle all sides are equal
(i) Perpendicular lines meet at an angle of 135°.
({iv} Collinear peoints may form a triangle.

(v)  Non-collinear points form a triangle. /F
(vi} Inanisosceles triangle, two sides angles T/F
(vii) All the points that lie on the y-axis are co T/F

(vii) Intersection of x-axis and y~axis is (0,0) T/F
(ix}  The distance from arigin to (6,0) is T/F
2 Fill in the blanks.
@ I A(xy, y;)and Blxy y,) be theay

wo points on the line, then

i) Two perpendigular lines meet at an angle of:

-point formula  (b) Distance forrula
ivision formula (d) Ratio formula
(3, 0) and B(0, 3) are any two points in the plane then [AB|=

() 6 unit (b) 6vZ unit
{c) 32 unit (d) 3v2Z unit
(iv} The point of intersection of all the three internal bisectors of the
angles is called:
(a) Centroid (b) In-Centre

() Ortho- Centre (d) Circum-Centre



o
]

= |E‘ ="J(-I.2-“'I1 )2 + 1?:“'-!"1)2 unit.

The mid-point of line segment AB is given by (ﬂ?"u
Collinear points form a straight line. " O

For collinearity of three points A, B and C,

[Aci- 5] +[5c %ﬁ
Three non-collinear pomts A B and f.‘ _ ™ a tri ,ﬁm of the

length of any two side is greater
1f|w| S p——







i, Irrational number
iv. Rational number
vi. Irrational number
viii.Irrational number
x. Rational number
xil. Irrational number

ii. Non-
iv. Terminat
vi., Non-




32
2
5. Pi

() is an irrational number because it has non-ending decimal fracti

~o

@ i True ii. True iii. True iv. False v. True wvi.
Ans; Correct statements are (i, i, iii, v)

- Exercise 1.2 @ Oi

Commutative property of addition.
Associative property of addition.
. Left distributive property of multiplicafion over addition.
Right distributive property of multiplication over addition.
Right distributive property of mt cation over subtraction.
Commutative property of ni i

4

i

iii

v

v

¥i.

vil. Associalive property :
viii. Multiplicative inve %
ix.

X

Additive inverse.
Mulﬁp]icative

} 5] 23 (5[5
— = = —%
8318 [7
3. i 5<10 i 10>5 iil. 3+9 <649

iv. 4+8<6+8 v. 8+8>648

4 i 7x12 ii. Bx12




5. i. Additive inverse 3+(-3)=0

Multiplicative inverse 3x % =1

ii. Additive inverse —7+(7)=0
Multiplicative inverse —7x _i? E

iii. Additive inverse 0.3+(-0.3)=0 ?\
Multiplicative inverse 0.3x % =1 O

-5

iv. Additive inverse [T } ﬁ = | @

Multiplicative inverse ——x — |

v, Additive inverse %X-

% =3, Exponent =4 ii, Base =%, Exponent =3
iii. Base —30, Exponent =20

i, Radicand =5, Tndex =3  ii. Radicand =X, Index =4

iii. Radicand fyz, Index =5



_ 3
T iv.—3%x5% . 3¥x16°

. 10x%yAz2

i, ' ix. b%°
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2. i. Re(z)=1,Im(z)=2 i Re(z)=1,Im(z)=2
iii. Re(2)=-5,Im(z)=6  iv. Re(z)=-1,Im{z)=-1
v. Re(z);f_,nn(z):% vi. Re(2)=—1, Im(2)=2

3. i z=3-2i

iv. z=1+i

ﬁi.x=—5',y’=11
LI
vxernse 1.6 8|
1. i (12.5)

. [a—sJE 3+3J§) - [ﬁ —27]

RN




1. L E ii. Setofrealnumbers iii. 0

v, 7 v. B Irrational O
vii. Irrational  viii. -3-5i . 2 2i(3-1) GQ-

% (ac—bd,ab+bc)

i, True 1. True il True iv. False w.
3. i a=a i, b iiil. ¢ iv. b I

". i, 96x10 v, 4.169x10°

vii. 74x107°  viil. 2.75x10°
fii. 6018000 iv. 786500000

1—
81
L i
i ()est B [z}"‘:% i, 10°=1 iv. (10y*=0.01
Lox=4J2 iil. a=9 il y=4 iv. x=8
vi a=4d ' vl y=1



' Exercise2.3 ©
e

i. Characteristic: 0 ii. Characteristic ; 3 iii, Characteristic: 0

4 Mantissa : 0.9031 Mantissa : 0.7036 Mantissa : 0.999

iv, Characteristic: 2  v. Characteristic: -3  vi. Char x
Mantissa : 0.8839 Mantissa : 0.5172 Mantissa *

2 1. 09542 il.  1.7448 iii. 14711 i
v. —3.6712 vi. -5.8808 @

3. i =149%6 ii., 14926 il 44926 2.4926
v. 1492 vi. 44926 %

1. i 3692 , 2L

2, i 2954242509 ii. 1. {26 " 4 563267445
iv. 2917137753 . 007044 . —4.013228266

3, i 562089 A6 iii. 163.38

iv. 795976 . A2 1 7087.6
vii. 0.024367 il 0.001668 e 0.00450
x 0.00001427 3 il 0.000000000205
xiii. 3019.95

& Exercise 2.5 @
g & Q\log

y—2log, z ii. —luga x+lng,y——1crg,

@Ehg‘, (x)+log, ¥ iv. -5log,(z)

1 1 1 8, 3 2
% v. glngﬂx+glog,y—glog,z vi. Elog,x+ilug‘y—alog‘z




3 i 1176 i 1.8062 iii. 05 iv. 1.6812
v. 06276 vi. 14771 vii. 04260 viii. 0.4604

QO

1. i. x=2R53688 il. x=6700 iii. x=3147 iv.

1. 1. False jii. False iii. True false v. True

vii. log,¥=10

% log10+log10or 2
& &t d il. b

vi. ¢ i

O

1. olynomial ii. Notpolynomial iii. Polynomial

qiéd otpolynomial  v. Notpolynomial vi. Not polynomial
. Rational i, Not rational iii., Not rational
iv. Not rational v. Rational vi. Not rational

110



21 ii.
-1
2(xy) +xy+1
(xy+1)(xy-1)
2(y+1)

y=1

_4&3—2ﬂa
(a’—:)(a*—9)

By”

497 —x)( % )

4 i

iv,

vii,

wn
(=13
—
—

b
|

2(x2'+ yz)

(z+y)(x-y)

T
]

3x+7 i Syt +21y-25
(x+2)(x+3) © sy(y-1)
9z-13
2(22-1)(z-5) " G4p

Y11

%

i 4x+1 ix. x*-11x
(2x-+y)(2x-y) 2(x+3P(x

O

2x+3
b i,
y \b
q—5)(q+ 8(z-1)
2 - z2—5

1. 2
l% =50, @b=7 5.
%\a+b+c=7 8.
0, a@+b°=28 11
13. £+°=230 14.
17.

a—-b=7 3. & +b*=50, ab=7
P 4c?=55 6. @+ +ci==
a+b+c=25 9. ab+bo+ea=40
ab=-8 12. gb=-4
125 +y° =247 15, 2164° —343 5% <12419




fi. xs—ya
i, (2 - )2+ )2+ =2 -y v, 2565° + 6561 y°

275 8 g 3%y 729 Q-:
Y2 1728 gz i O

19. i

jiig, = iv. c+—

C T =

i, A¥atpte® il 2 O iv. 366

3z

xz

25 . 1443
32 VI.

7L

v. — viid. 2
2. i B+4B i 66— z& 8JI2—JB iv. 23
3. L 6J30+60v2 i 242 i 20+943 iv. 15410
v. 45425 17 vii. 136 viii. 342
ix, % 2 xi. 134-2430 il 30+12J6
L& i \Zi\ 663 i, —.¥ iv. 170

vi. 83

A\

i J6+2 i 10-10 i 31242 iv. 3J2-243
v. 510-3 vi. 4B+11  vii. JI1—-7 viil.943J7

L Exercise 3.4




i “4**3’“3\{5 iv, 15(2..:'5-11)

98 11
. Bl 11433 15{?+2J_) 13- 7 N7]

79 2 119
ix. \-"’E—ll X J‘ﬁ+4 ’

1 ;
i == i x=

i xelog -1, lz+l= ZN';@Y
“'i.(m""(_) Lfl%+yz ]

s(ﬁ-Jm) cp Ha-)

46

\L { i 4 'y I.I
@ Afx+4y+62) i P(1+3y+4y%)

% il 3pg{r+2t45) iv. 9rrr(sz+f’]{1+2#f)
z xz x2 . 2
4[3_? Y ] vi. ﬁ(x—y}(l—nb+ab )

2. L (7+z){x+2) il (9ab—6c)(a+2b)

iv. (r+9s)(r-7)



ANSWESR

. DO 7y
vi. 11{2y+z} H(?.z-:-x)

3 i (2a+30) i, (6x”+ 1)
iii. é(z;zhl)z iv. (9y+82)

v. (a’b+25) vi. (a+02) Q-O

PSS s
i 2ab°(a- B iv. B(F:@
v. (xy-005) vi. [(#4—

5. i (20+35)(2a-3b) i, (4r+5y)lax 5y)

i (10xz+y* (1022 ?) i +1ﬂy2 ][iz -10 y"]
v. [af 4 af 93 [—4 11y I__ -1 y‘J

6. i [(2x+z)+(2x-# [[(Z+2)+(2x~2)]
i, [(m: 9)+ +% 4a- %)+[2&+5?)]

1312 (3t+4)[(13x9-(3¢+4)|
4? -y‘)][(gxz-'*yjl( v
N O3

. ['3x+%)+[z‘y—%]}[[3x+é}[zy-z—ly]}
: A




ANSWESR

L (8 98 Y8r 9% o (2 <
3 [?-g- . I? 8] . [—+Hy ——lly]

11 11
(JE-JE)(JR_!: +JE) ii. 4x+

" [@—J’;IJE——"—J . ( *TI"—'—

\h Exercise 4.2 ®
4 & (a2+:cz+m:)(u2 +-x2—ax) ii. (b’ !H—l@
iii. (ﬂ"'+x"+;12:::)(.::"-I-:vc4 —'azi) iv. (zz +z@1 +1}{z%- zz+1
2. i 2(7x+1)(3x-1) i, 1){b*+b+1)
i, y(y+212*) 3)(a-3)

3. 1 (x+2y) -4y (4x‘z‘+y“
i (262 +108+25)(2¢ -1 g«% 26+ 24+1)(26 - 24 +1)
4 i (x-2)x+9) ﬂi:+2)ai:l 5)

. (y ?)(y+14 v, (xyz—4)(xyz +6)

5. i m,% i 2(2122+4)( 2 41)

i (21:4— 2%+ v, (3x+y)(x-13y)

6. 4y +6xy 93:2 +4y —ﬁxy) ii. (z +5+3r)(r +5- 3;:)
é@ iv. (a+b)(a-b)(4a+9b)(4a—-9b)

]
EEAT -

@

[ Exercise4.3 ®

. i. (- 4x+4)(x?-4x-21) i, (x=5x+3](x"+5x+?]
i, (x2-2x- 3)(x2-2x+10) v, (x?-8x+1)(x2-8x-1)
V. (x‘+9x—2](x2+5'x+6) vi. (xz—Ex—ﬁ)(x"—Ex+15)




i.

(
. (x=5x-5)(x~5x+15) iv. (x¥*-12x+30)(x 2-12x+32)
(

. (@ -5x-10)(2-5x+20) i (xz?nz:«')(x’—?xag

i (er B 2)(x-24B)

(e )(x-1)(x+ V12 (x-18) ik (2-3) ?~
o (24 42)(x—42)(x+ 42 ) x-442) O

o (x+B)(x-B)(x+25)(x-25) wi (x2-2x-12)

i, az'{a+b}(¢2 —ab+b;)(a‘ —a"b3+b)
iv. (ab+8)(a?h* ~8ab+64)

% & {x+2y)(x1-?_ty+4y2)
iii. (ﬂz+1)(a4—tiz+])



s
mRAL -

V. Ba(a+3ii)(az'—3ab+%z) vi. [§+§I£+§_1

vii. (13 +xy’2’ )[x“ A x"y“z‘]

2 4 ;
viii, x_+3 L-E.ﬁi
3 xh9 3 &

i, [10-3‘51 ‘l{l]+2xy+££}

‘l&(}, g(x)=x*+1 . R=-2,g{x)=x"-2x+1

% R =—60, g(x) = x* —8x+27 iv. R=4,g(x)=x*+8x+5
v. R=29,g(x)=x-3x%+7x-15 wi. R=1,g(x)=x+2x2+x+2
vii, R=29, g(x)=x*-3x +10x* -32x+ 96
viii, R =174, g(x)=x"+2x" + 72"+ 18x + 60
ix. R=175, g(x) =22+ 22>+ 104x+40

T Ka::\:?‘;x &
e "“""__—"‘._.-,,*E



% R=-300, g{x)=6x" —42x 2+ 90x-114
2, k=M 3. m=4 4. m=-24 5 m=-1

L L (x-1)(F+1) o (x+1)(x2+1) x-1) Q_@
iii. (x 1)(x—2){x-3) iv. (x+2)(x- 2}(x+3)
- (x+ 1) (x-1) vi, (x-2)(x+3)( 1—0?“
il (x+1)(2%-1){3x+2) viil, (x+1)(x+3
i (x+1){2x-1}{x+3) % (x+1)( +2%)
i (x+2)(x+3)(x+4) xii. {x+® x+6)
-y

Review Exercise 4

1. i True i True i/ o
v. False vi. True

2 L 41""1’2 i AE e 2 e ye3
iv. 2');!; +%2

3 i 0¥ ii, & d v,

% I'.h-_ . ‘
¢ O I

<

S

(x+3) iv. HCF={2x-3)
=2(a +28) vi. HCP=(x+3)(x+4)
N HCF=(x+1) i, HCF=(x+3)(x+4)
. HCF=1 iv.
3. 1. LOM=81%°¢ i 7800p°3%°
iil. (x=1)(3x-2) iv. {x+4}(x+7]{x—3}

v. (Br+1)(2x+3)(2¢"-5x-11)(x-4)



vi. (x’+,y3)(x+y)(x"+x’y-’+y*)
4, i {x-20)(x-5)(x+4) o (Bx+2)(x+4)(2x-1)

i (- -2 -2l - -xP - xz) v 1203 (x-4)(x +7)(x 2
5. (x-8)(x-3)(x*-6x+6) b S

7. 9x'+15x°-12x-14x7+8 8. Q-
B’I ﬁ(m L i

: 7x+3
= (x+1}2
g HC+x 94 )
{x-o-l)z(x—s) @[x+'l](x+ 2)(::4-3)

Vi Z%LE @n x+3
x+9
viii

o er3)(ar7) a7
(~x-1)*(x+2

(x-2)(x-3)
2(x*+5)

: x* =5
= (ﬁﬁ"'s} i = -

Exercise 5.3 ®

I .
1.\%— 5y o 3pe— il 2"2?1—?—1
%iv. Z.JB{Zx —3}z +2y{24+102-15) V. J(x“ +%J— 4[ et ]+ 2

x x

vi. x—l-r-l Vi f-hi wiii. x3—2+la
x 32 ¥

| O - il (x=1)(x-3)} ik (x+3)(x+5)( x+2



¥ x X

m j 5 1
vil, -4+ viii, x* -2+
X x

vii, ¢ vill,k ¥ ixb

XL x=-£0

7

ﬁ"’- IE'—i Xv. m=_:—1
Bilal =18 years old

s, Ali =12 years old
. x=10 il y=100

vi. x=
ix.

1. i True ii. False iii. False iv. False

2 i 2 i plx)ag(x) i
- AR <.
iv. {y+1)(y+9.](y+3} v. y+;

3 id ii. d iii.b iv.e Ok

iv. {—+?—E] v. :i:—1+l vi. x+a;—+az

3. -7 4 —(24x‘—9) 5. m=20 6 p=-56, g=—49

iv, x=40

viii. x=105



{ Exercise 6.2
T




1) & -8 -7 4§ 5 =4 =3 ~2 ~1 0 1 2 3 & 5 § 7

Review Exercise 6

1. i True ii. False fii, False iv. False O%ue

2 i 2 i p(x)xg(x) ii.

iv. (y+1)(y+2)(y+3) v y+§

i a4 il. a [
v. ¢ vi.c










g

i ¥ _:._!r.:.d' _;-4;_;-5.*.._1._
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) 010 (.0

-3, 0) -2, 0} (-




Y-Coordinate

0

2
Y-Coordinate




| Exercise 7.3 ®

: Q%u 48km il 12miles iv. A9milesor’miles

ii. 12acres iii. 2hectares iv. 6hectares

356°F il 3524°F il (°C iv. 244°C
131.8Rs  ii. 22847Rs iii, 341lriyal iv. 1.78riyal
{3,-2} i {31} i {31} iv {47} v {11}
{34 il (3,2} iii{L1} ix {84 x {51}
%

1. i True ii. False iii, False iv. False

3 L e i, b fliie v B wv. ¢ wvia via




1. i {-2,-3] i, {%—%} iii. {s,5) iv. {2,

v. {5-3}

}

. i , )
q_E tercise 8.2

TR o N . { :
35 2345 7 —3+441 -3-41
3 ' 3 J 4 " 4

2 {1+i~/§,1—i~f§} il {1 —1}

3 3




bt
thazy

3

:1 [1+4,1-i) x  {-2} %

xi. No solution xii.

{—?i
- 1+i55 - @
2

. [

XV. {1,
o
L =4 «@ i, x=6 iii. x2=1

v. {3,0) vi. {1,-4}

i, ax*+bx+c=0 iii. Exponential

o
E x=2 V.
2a

—b++fb? —dac

i b ii. a iii. ¢ iv. & V. @
vi. € vii, b viii. @ ix. ¢ X &
i. False ii. True iii. False iv. False

vii. True



True ii, False iii. True iv, False

3 i Dr il. £PQR iii. 65° Q-u:
iv. Equilateral v. Hypotenuse vi. 180° ?.

n ¢

Review Exercise 11

False i,



70° 457

Side AC is longest.










£S5






gle AACD =Area of triangle ABCD.,
equal,
D =Area of ADOA, Area of AAOB=Area of ABOC.

Review Exercise 14

1. 4. True ii. True ii. False iv. True v. False
vi. False  wvil True  wviii. True




]
EEAT -

| Exercise 15.

TR |

il. Lengthofside AB =4v7om, Area =ldom
2. Lengthof side AC =20m, Area =6cm
3, Lengthofside AC =4cm, Area =17cm

Exercise 16.1 &

i 1 iii. 242 iv.

L i
2. i 2 i 1171 il 5 iv.
\é""—

8%

| Exercise 16.2 ®

h

4. Points A, B and C forms isosceles triangle.

5. Point A, B and C from right angled triangle.
6. K=4,K=-2or{4,-2}

9. Because squares have equal sides and these points are equal.



1. i (-L7)

2.(-1,1) 3. B=(2,2) 4.(4,5)

Review Exercise 16 .
1. i, True ii. False iii False iv. Fa%v. True
vi, True vii. False  viii.Tree  ix. [True

2 5 Jt-u)f+(#—y)® il Line .y<ﬂ
O.




