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UNIT < OeESsE |

ALGEBRAIC FORMULAS |
AND APPLICATIONS ' :

p Algebraic Expressions _

P Algebraic Formulas
» Surds and their Applications .
D Rationalization

After completion of this unit, the students will be able to:

» kriow that a rational expression behaves like a rational number.

tpt’)

» define a rational expression as the quotlen P of two polyrmmlals p(®) and q(x) where q(x)

is not the zero polynomial.

» examine whether a given algebraic expression is a
. Polynomia! or not. « Rational expression or not.

» define oG j as a rational expression in its lowest tenns if p(ir) and q(x) are polyuormals vmh

integral coefficients and having no common factor

» examine whether a given rational algebraic expression is in lowest form or not.

» reduce a given rational expression to its lowest terms.

» find the sum, difference and product of rational expressions. -

» divide a rational expression with another and express the result in its lowest terms.
» find value of alglebralc expression at some pa:tlcular raal number.

» know lhe formu

@+b)’ +@-b’ -z(a’+b) (@ = b) et
o Find the value of a° + b andofabwhenﬂlevaluesofa-l-bauda bm‘elcmwn.
» know the formula s :
(a+b+c) -a +b +c +2ab+2bc+2ca
.Fmdlhcwlueofa +b +c wh:nlhcvaluaufa+b+candab+bc+mmgiven.
.Fmdlhevalueofa+b+cwhmthevaluesofa2 +b +cmdab+bc+muegwm.

: .Fmdthevalueofab+bc+mwhenthevaluesofa +b +cmda+b+cmgwen.
Pknowthefonnulas : LD RBETIE SSSeN S
(ath) =a’¢3ab(aib)ib a tb’ =(a:|:b)(a :Fab+b) o A D
« Find the value of a’ £’ whenthevaluesofad:bandabmgwm. h oy i
o Find the continued product of (x + y)(x — y)(x +.xy+y }(): xy+y)
» recognize the surds and their applications.

» explain the surds of second order. Use basic operations on surds ofsecond otdu"mnhmliu f Vo
the denominators and evaluate it. Loldl )
}f p‘:l. il AR

» explain rationalization (with precise meaning) of real numbers of the types ———= R
= RN
their combmanons where x and y are natural numbers and a, b are mtegus. et isnoie)

R V)
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1.1 ALGEBRAIC EXPRESSIONS

Algebra is an extension of arithmetic. In algebra, we use alphabets

such as a, b, ¢ to stand for constants and x, y, z to stand for any
numerlcal value we choose.

An algebraic expression involves numbers and letters together with
operational signs such as +,—, %, +

. The signs + and — separate an
- algebraic expression into terms. .

Example:
ax + by i consists .of 2 terms
3x— 2y . | consists of 2 terms
9%’ —7xy+7y°>.  consists of 3 terms

Sxy consists of / term

The numbers a, b, 3, 2, 9, 7, 5 in these expressions are called
coefﬁcients,_ while the letters x, y are known as variables.

An algebraic expression is of three types.

" (i) Polynomial (i) Rational (iii) Irrational
A polynomial of degree » in variable %’ is defined as:

P() =ax"+a, X" +a, , X" +.+a; X +a, 37 +a, x+a,,
where n’ is a non-negative integer and q, ,a,_;,a, ,, ..., a;,4,,4;,4,
are real numbers, where as a, #0. |

E As the highest power of the variable |n this polynomial is ’,
therefore this polynomial is of degree

L.L.1_ Rational Expression

e We hlow that a number. of the. form

; =g %0, p, qu is called a
rational number '



An expression which can be written in the form Q?) Ox)+#0,
where P(x) and Q(x) are polynomials in %’ is called a ratlonal
expression. b
For example:

0 SFs wie W e
are all rational expressiene. The rational expressions can also be

added, subtracted, multiplied and divided like rational numbers.

Rational expressions are of two types.

e ———

(i) Proper Rational Expression

(ii) Improper Rational Expression

Proper Rational Expressiow

A rational expressu:)n Q( Q(x):tO in which the degree of Px) is
less than the degree of O(x) is called a proper rational expression.

For example: E 520
P x+1 3 +4x7 +5

a7 T

Improper Rational Expression

P

' A rational expression () Ox)+0, in which the degree of P(x) is

either equal or. greater than the- degree of Q(x) is. called an lmpreper
rational expression. For example:

=) i Mt
sharBaga 0005 TN
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. 1.1.3 Examine a Given Algebraic Express:on

Let us wnsudar the followmg
) ey e R R P S R .
o | e =
) and (ii) are Polynomials , but (iii) and (iv) are not polynomials,
because in (iii) and. (iv) the powers of the variables are negative and
ratuonal nurnbers

Consider the following as well:

s i el
.i.._ | ﬁ)x’+x’+3 - @) == fi::) x+-—-!,_x+1
Bes

| o i;f

-. _L‘ H?g“i‘rﬂ e -

! ﬂh%?f"-rr LN l; e ;1 TV Y

_-_.; ()md (ii) are ratlonal expresswns but (‘u) (rv) and (v) are not rational
e)tpresslons, because the powers of the variables are not integers.

' 're polynomialswhereBC:ao ﬂmngg ;

(whl'di is. the ﬁmdmema! princ{p!e ofﬁncuom)




EXAMPLE Find the lowest tenn of &’ J’

2%y’ (2
SOLUTION: ‘meles 21)’ Aidenlion 3y mled @
&ﬁf__hﬂﬂqz‘f' iy 4 j ) i
0 ]21),5 3y3 -41:},2 : :
_ =
3y

Thus to examine a rational expression in lowest terms, we first
write the numerator and denominator in factored form and then
use the fundamental principle. of fractions to-obtain,

v'-a’ _ (b-a)(b+a)
b -a> - a)(b2+ab+a)

b+a
b’ +ab+az

N

1.1.5 Reduce Rutmnnl Expression to ifs I.owesi Terms

E)(AMPLE Reduce to Iowest tenns

L 32005 T 2-x ' AL ;A

@ -4’y (l) 3x2—5x—2 S

. L7 ) L
SOLUTION: ;) 32X b e b 2-x L N
0 —4x?y’ it -f(uf)-' L 8xd—5x =2 PR

! B[ e o Gt i s - 3

3 8x:.4x = 3x2‘—'6x+'x.—:2" P ,:

&t, 3x(x 2)+I(x 2
- -—-2—- . -
A
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f‘;‘!ﬁl-"'\xr' SESEORTANGT T (olsnasmEy s
\.25_ R TAT A Ny pbovkes s - NI E
e asios Yo sigaing s
. 4 . 5
5 B fit
xtdrE; ;I,I+2

: A :
L 3x+2 x —4x+3

‘.L,f. x+1 ‘_J ;x+2 h
X —2x-x+2 x’ %3

'--x+I O x+2

D fference und Produd of Ruhonul Expressaons
S| m dlfference and product of rational expression with'

2)—1 (a!h-r});»r..x(x =3)-1x=3)

e 1)

N x+2 ._;_j'_._A
+}_,_,_\o "

PR LT TRy T m—_—

T
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#, N . : I‘
W X+2 o P LOC M g Y R0 »
(i’) 3 + 3 r - RNow L ’.-_l‘—\ﬂ_:“.—_-‘k: e * e L ¢ ‘;‘ . =
X +] X -I I'l' G (] ¥ £ f'_ll ' “‘_" )
' : 5 =0 k
. . _"|' -
N\ !

x+2 N

f TG+l @ -x+]) +¢_1)(x+;) T e
l _ErYE-Daxdoxiy C
‘ , c+D) =1 (@ -x+1) L
L ﬁg_i)ﬁz"lfl) ok e Gy =

x3+2.x—'2\ ;.4'.'.

7 —
X —X +x2_x2+x‘—"I ¥ 5

o A 20 e R 95
X TRl R B

|
i

EXAMPLE-2
Solve:

x+3_x—-}- _ A
x2—4_ x+2 : ,.'.'illvl

@

g
(5 ——
y ® x?—6x x=6.

souurion: (i) #

.




PR sl 20 '
USSR S i 1 Yty .
- _x43-(°-2x-x+2)

1«.,_:_:5,|-',-. . I 12—4

N (:;3_ L I = 'y .'! i My .
iz BN tS=x+3x—2
S e

L #x-x'+

3 x2_4‘ =y & ()

e
Tolas v X =4 '

).. ; x+5 " -I};I. "l

“ag

_—

e ¢ o




26 +1) )
xG=1) G+1) 6 -x+1) |

10752 5 =

Xl ; \ S

w 22 m-1
Zx—1 Grd e A e Z'."‘f.is??.'

L 20 Cx 1)L N RS *“-:"
(=) (6xFT); =} o ODRTISRE . -

6x+1 :

1.1.7 Division of a Rational Expression®

The rule of dwusnon of ratlona! expression ls ﬂrst factorizestl'le e
expression and then cancal the same expmssjo‘? ‘#
and denominator s i

TOr B i) 24

EXAMPLE




x+2. : ; A J‘

G ! .'.-5, e 1-3x | |
HIS A e x° +2x+1
Te N 2 _' sEsmll 1-3x :
o ‘1' O - e I+x (x-l'-I)z ; \ _ +
T : -l D) G+D) _' e : !-
: o JlEhsY 2 e 3x -4 " “

_ (Bx=1) G+1) |

(1= 3x) ; ,I : . il

: _(3x-—1)(x+1) i, B
| ___". R ; : |

—-( D

GERXe BAokey o nod 3 sk o ’

$oY. SHEIRED s

' fan ﬂigeﬂmlc Expressnon

i ,IL X
IT hllll ﬂll Ll




EXAMPLE..l - g i i .,;P - sbidon e B T U sy 2

4 2054 f FLETRT AT o SR E e A L S ':f?.f‘:.""w
If P(x)=4x" +3x° —5x+ 1, then find P(-1) AJEES A
SOLUTION: ~ Given: P(x)=dx* + 3" ~Sx+1 e
P(-1)=4(-1)* + 3(-1)*- 5(—1)+1

~4+3+5+1

= S g C
EXAMPLE-2 ' ' ; ' e E

If P()——% thenfind P(1) - . ; o

SOLUTION: p()_._.M e
. X +8, St

P(l)= 5(I)+6 1=5+6

SRR T

solv‘e.




e ¢ s e el e

A s s

oL
S 1287+ 20a%"

5c' 5d

ik 2

-y X4y

XE2 Aivx=S

1. 2 Tt
- x —
[l

P e

18-

25a3b2

~ 14a%b?

12 S5 8m3x3
© 27m’x® — 36m°®x®

7,

eIy =3x

7 +
X +x-2 x+1

8’ +18° 2x+3y

wi-97 2x -3y

) X+ :
20- PRS0 X

xy+ y? ‘X2 —xy

+" yaeas -2x+1

6x

R~ 9 x —12x+z7 % 3




1.2. FORMULAE:

Aformula expresses a rule in algebraic teﬁns, its plural is formulae.

‘1.2.1 Formula |
(@+b)’ +(a-b)° = 2@ +b%)
Proof: LHS = (a+b)’+(a-b)

= a’+2ab+b’ +a’ - 2ab+ b’ ' U T |
= 202-42b7 i ! . | I
= 2(a’ +b%) S !
= RHS

Formula 2
(@+b) —(a—b)? = a7
Proof: LHS = (a+by (a CBR T e ik
= (@’ +zab+b2) (a’ 2ab+b2)

=a +2ab+b2-—a +2ab b?
= dab :
—_ R_HS 4 \ Tt
CEXAMPLE-D. .
" Find the value of a* + b’ when a+b = 8 and ab = 12

SOLUTION: Given a+b=8 . £ ~ 27
a +2¢zb+b"' = 64 : _ .

. &+ b = 64=2ab 0

= 64— 2(12) cab=12
-64 -24 '




P et S EXAMPLE-2

3 ‘,gﬁd the value of abwhen a+b = 9 anda - fts
= . SOLUTION: We e

PR < (a+b)2—(a—b)2= 4ab
e R R (9= =4ab
BRI  81-9 = 4ab
el 4ab =72
: ‘ 72

o Y L ab =
Triosys / : 4
ab =18




EXAMPLE-4
Find the value of a+b+c when a’ +b* +c = 100 and ; : §
ab+bc+ca = 22 \
SOLUTION: We have ;
(a+b+c) = a’ +b% +¢? +2ab+2bc+)p 8 Il
= (a’ +b° +¢? )+2(ab+bc+ca)
— 100+2(22) . _ 5
. ) RESULTS
-=_1'00.+ 44 . 9 : (i) : x: =(12 4
@+b+c) =144 .=
(@+b+cf = (12 L o) i
b PN . . .‘ .'_.. . !
a+b+c=+12 x =%Va ' |
EXAMPLE-5
Find the value of ab+be +ca when a +bz +c = 36 and
a+btc =8 % ok ' .' = A Y
SOLUTION: We have g S A0
(@a+b+c)f =a +b2+c +2ab+2bc+20a
5 _‘
W 8= 36'.+_2_(ab +bc+ca)

. 64=36 = 2(ab+bc+ca)

U 2(ab+betca)=28 1 o

ab+bc+ca =32§ G (Dmdi}:g by 2 on both s!des) i

.(!.1 T J;.. =,

ab+be+ca = 14




(a+b)’ (a+b)

(a +2ab+b’) @+b)
s,= a:’ +a’b+2a’h '-'i- 2ab’ + b’a+ b’ . :

i‘?l ; =£ 3'3':;.3425.}.30_{,? +b’ A ; - : I
ek =, & 3abacbje b - i




Formulu 6 e | = AR

Uy Eaanite il on s i w V5 WA
@’ +b’ = (@+b) (@ —ab+b?) . o *”:‘1‘ ;
Ve

Proof: RHS= (a+b) (@ —ab+b?) | M\\m"

=a’ —a’b+ab’ +a’b- qbz'ihbj

= a3+b3 v e : - = ) iy

LHS . % _ b
Formula 7 | Zal e

@ =b = (a-b) @ +ab+b?) i
Proof: RH.S= (a-b) (> +ab+b°) | ; ! X

= a3 +a2b+abz —azb_ab‘z _..b:q F AT ’?'-‘"'r'-..";'ﬁ

=a’ -b’ 1 T

= LHS s .
EXAMPLE-6 . i
Find the value of x*+ )’ when xy = 8 and x

N I.. == '.I:. Yl

SOLUTION: x + y. =35 (Given)




Find the value of a’ —b’ when the values of a—b = 6 and
ab =7

SOLUTION: c —b = 6 (Given)
(a-b)’ = (6) (Taking cube of both the sides)
&~ —3ab(a-b) = 216
a b -3(7)(6) = 216
a’-b’-126 = 216
a’-b’ =216 +126
r a-b =342
; :'-'_-' i Resolve into factors x’ p? —8y° p? —4x’q* + 32y°4’
- SOLUTION: x° p’ —8y’p? —4x°¢> +32)°¢?  (Rearranging the terms )
g 3 -5 e . =p2(x3-8y3)-—4q2(x3~8y3)
- = (D' 44 )(* ~8))
=[(p-Car] [(x) -(29)]
=(p-29) (p+2q) (x—2y)(x" +2xy+4y°)




ALGEBRAIC FORMULAS AND APPLICATIONS

The symbol “..” stands for “therefore”

=\ R0 s
A RA L -

Resolve into factors. (x+ y) +64
SOLUTION:  (x+y)’ +64
= (x+y) +@’
= (x+y+4)(x+y) —(x+y)4+ (4]

= (x+y+4)[x"+y2+2xy-4x—-4y+}6]

Find the continued product for x5 — 9.

SOLUTION:  x° — 5
=6 ) -0')
=@’ +y’) 6’ -y’)
= @+YE -xp+y’) G-y +xy+y°)
=(x+y) (x-y) & —xyp+y’) & +xy+y°)

[EXEROISE - 1.2
Solve the Following Questions Using Formulas.
I (x+2y) +(x-2y)
2. (5x+3y) +(5x-3y)?
3. (Bl+2m)’ —(B1-2m)’

4 (I+m)(l-m) (P +m’)(l* +m?)

19



e

1. 2p+q)
9. (2x+3y)
. (x-y) +64

13. x° —729)°

16. Show that

|5 Saghine. -

| -

6. 2x+3y+2)°

8. Bp+q+r)
10. (x+y)’ -1
12. 8x° +27y°

14. 644a° - b°

- 15 Find the value of o’ —&’ whena-b = 4 andab = 5.

R

e"jvaIUe of a’ +b% andabwhen a +b = Sanda-b = 3.

SV o S PR S PR St - -




ALGEBRAIC FORMULAS AND APPLICATIONS

1.3 SURDS AND THEIR APPLICATIONS

3 59
aade

o ]
SUEFEIS

Rational Numbers:

A number which can be expressed in the form f] , Where p’and g’

are integers and ¢ #0 is called a rational number.

e.g. i E Lo _? are all rational numbers.

lrrational Numbers:

A real number which is not a rational number, is called an irrational

number. For example:

J2, V3, V5, \J7 etc. are irrational numbers.

Clearly, an irrational number cannot be expressed in the form [3)

where p and g are integers and g # 0.

Rea! Numbers:

q

The set R of all real numbers is the union of two disjoint subsets,

namely the set Q of all rational numbers and the set @’ of all irrational

numbers.

Surds of Radicals:

A surd is an irrational number that contains a radical signs.

e.q. V2, 243, 4+ 35, 10- 46, g% are all surds.

EXAMPLE

1
(i) V3 = 32 is a surd of order 2, i.e. it is a quadratic surd.

]
(i) 4 = 43 is a surd of order 3, i.e. it is a cubic surd.

1 :
Giii) %a = a"is called a surd of radical of order ‘n
called the radicand.

21

The symbol “i.e ” stands for “That is ”

"and ‘a’is




_ | 1 AHELY TR e e e R e

Laws of Radicals:

As the surd can be expreséed with rational exponents, the laws of
indices, are therefore, applicable in surds also.

Thus for any positive integer »’ and positive rational numbers

‘e and b’, we have the following laws:

it :
4 Laws of Radicals Laws of Indices
i | 1Y
| 0 @z =a 0 U —
|
h () ab = %a b (ii) (ab)'_i = ai bﬁ
i , : 0z e
5 L.‘. A g =H_a_- i fl_ n (o a_”
| ) e - 32 @ (2) .
: 1\7 / m
®) ()" =a" () [aFJ =@ ) =a"

ire pure surds.

actor other than unity, the other factor being
rd. : .

i o1 3
wmp 4
| DA L



-

Ja = a? is a surd of order 2, i.e. a quadratic surd.

Remark:
The symbol ./ is called the radical sign of index 2.

Similar Surds: _

Surds having the same irrational factor are called similar or like surds.
For example, V3, 53, ;ﬁ are similar surds.

Surds having no common irrational factor are known as unlike surds.

Example: /2, 3J5, 2+/3 are unlike surds.

Addition And Subtraction of Surds:
Similar surds can be added and subtracted
Example: (i) 63+5v3 = (6+5)5 = 113
(i) 125 +45-645 = (12+4-6)5 = 105

Multiplication and division of two surds:

Surds of the same order can be multiplied ehd divided according to
following laws:

For any natural numbers m’and n

e ‘“’T (

EXAMPLE-1

Simplify: /8 x\2
SOLUTION: W use the rule ~Jm x~n = J_

Jg)(\/_:\/(_?)(_:__‘/—_-‘e‘n“

23
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RN ] ‘101
I} l
18 LLIRE ,,_-“, Iy

Multiply: (2++3) (5-+3) | i .
Al () SR m.a ol
SOLUTION: (2++/3) (5-+/3) "::

= zx5+2x(4_)+5xf+f(—f)
=10~ 2J§+5J" SRR I.-,,-‘_"i-_‘

l " y palrnt "dfh]w N
= 7+3-\/§ b r

‘A0 SRS A

Multiply: (335 - 532 ) (45 + 32 ) 3

SOLUTION: (335 - 542) (43 +3;__-'.2 i



EXAMPLE-4

= arlt o
3

Express in the simplest form

@ VI® @) T Gi) e

e i S
= 9

e S

SOLUTION: (i) J288

5

“,F: -_-.5.‘__ 'Y .y 4
L

o
Co
Co

£

wilol~|w|~al~

Al |
. i} = V2x2x2x2x2x3%3 %
J & = V2% 2x\[2x2x[3x3x2 %
"l 5]
' =2x2x3x\5 3
&
= 122 =

i) 147
7
= /7% T%3 7]
> ¥ IT|"_ a ?

h_l

~ oo I~
~a

= 7x7 %3




1.4 RATIONALIZATION:

Binomial Surd:

An expression is called a binomial surd if it consists of two terms in
which at least one term is a surd. For example:

a+bVx, Jx +.[y arebinomial surds.

Cbniuguie of Binomial Surds:
(i) a+bJx and a-bx
(i) Vx+y and Jx-.y
are surds whose product is a rational number. The pair of such surds

is called conjugate binomial surds. Each of these two surds is a
conjugate of the other. For example:

(i) 2+3/5 isconjugate binomial surd of 2—3+/5.
(ii) ~/3++/7 isconjugate binomial surdof /3 —+/7.

Remember that:
Conjugate binomial surds are rationalizing factors of each other.

Rationalizing Factor:

When the product of two surds is rational, then each one of them is
called the rationalizing factor of the other.

EXAMPLE
() 2v/3x~/3 = 6, whichis rational.
So /3 is rationalizing factor of 2/3.
(i) (JV3++2) (J3-+2) = 3-2 = I whichisrational. =
So (/3 ++/2) is rationalizing factor of (v/3 —~/2). . y

27



v  Rationalization of Surds:

al The process of converting a surd to a rational number by multiplying it
~ witha suutab!e rationalizing factor, is called the rationalization of the

surdsw»: 3
EXAMPLE-1
b Express ———~ with rational denominator.
b =Xpre _5+2J§ I min ’or
' 8§ v
3 . sownon: ———
I“j 4 ."‘ VAWV, 5+2J§ -
L3 B 5= 3
*i W y — X
3 ’%-ﬂma Yo ot -5'-"-2-_‘/3 5-23
B i oo | o
= __5-2\3 1
e B 52 0./3)

B

tional denominator.



e )l
X X
i
(v) (x——) Vi) x
X

SOLUTION: » _ 3, /3

1
3+J8
__ b 3-8 A
T3%VE 3-4E WL

A=

3 - 'y AT )
(3).2 —(JE JF 9-8 5 '




. & +é)2 =6, . (rom )

L
)
X

(x—ff - V8 ) * (from (i)

RS | A S e

(from (i), (iii))




1.

a

e O | el 43 o x=4ly
(@) G (1) =0 (aii) Tl (@) ey
o) [Nz e e 2 ‘
2+37 342 11+345
17

EXERCISE - 1.3

Remeove the radical sign from the denominator:

R D7 W5

(i) ﬁ (i) ﬁ_ﬁ- (iit) ?

Simplify the following expressions:

() V2+48 (i) 450 +~200++/50

i) (N12-+2) (N20-32) Gv) (6+2) (5-5)
V) (V3-2-V5) ) (7+3) (5++2)

Rationalize the denominators of the following :

(viii) —3ﬁ+2\/§

1 T

Iifx = J’5-+2, then find the values of (7) x+; and (i) x’ +;2-
' : I el )
If x = 2+J§, then find the values of (i) x—; and (i) x +.x—2
| ; 1 e
If x = \3-+/2, then find the values of () 2 and (@) x T
i Q _ 1 A 1
Iif — = 3—~/3, then evaluate (i) x+— @) x——
X X X

i 1 ) 1
Ifi = /10 + 3, then evaluate () ( P+;)2 @) ( P'-;)z
P !

b+b’-a .~ Na+3-vJa-3 : 13
Rationalize (i) (@) — :
0 S O e

31




¥ H'fz‘“ Encircle the Correct Answer
‘G-:I' g

"réjf rational number
surd

(c) _;,m

;a..$-5;-?-+(a-—b)“'=

Review Exercise-1

-] i ‘An algebraic expressmn of the form
|  are polynomials, is called a:

(b)

(d).

(b)
(9

(b)
(d)

(b)
(d)

(b)
(4

i ; Q(x);eo P(x) and QO(x)

rational expression

mixed surd

4ab

a’+b’

a’ +b°
2(a’ +b?%)

(a+b)’
a’ +b’

(a+b)’
a3+b'3_

(a- b)’

—

TR TSI



9. Ja=a'"is a surd of order:"
(a) zero (b) -1
(€ 2 _ @ %

10. Surds can be multiplied, if they are of the

(a) same order (b) order 2
(c) different order (d ordern

II- Fill in the blanks.

1. A number of the formZ ; q=/=0 .p, quls called a
q

2. An expression of the form~*2 g Ex)

is called

3. (a+b) —(a-b) =

4 (a+b) +(a-b) =

5. @’ +3ab(a+b)+b’ =

6. &’ -3ab(a-b)-b’ =

7. (@=b)(ab+ab+be ) =100l GO 6 i sttt 8

8. (a+b)(a%—ab+b2)=

! :9'. An irrational number that oon‘launs radlcal slgns is
called a _

10. Va=a"%is a surd of order

) ,0(x) # 0, P(x),0(x)are polynomlals !

. a ' ] ja o .
‘ 1§ 0Lt ey Sl o
b r AR I b i s




SUMMARY
Formulae: T
(a:l:l!v)2 =a’ +2ab+b°
"(a+b)2+(a b)z—Z(a +b2
(a+b)’ ~(a—b)? =4ab
_(a_+b+c)2 =a’ +b +c’ +2ab+ 2bc + 2ac
! -(¢rz:|:l;;)3.=a"':i:.?ab(aib):!:b"l
b = (a+b)(a’ —ab+b?)
el -—b’ (a -b)(a +ab+b")

o SRIOINIR; § 5

'- Sllrd ",A'..s'_urd is an irrational number that contains radical signs.

Pure Surd: A surd which has unlty only as rational factor, the other .
i factor being irrational is called a pure surd.

'Hhted surd: A surd which has rational factor other than unlty the other
e factor being irratmnal is called mixed surd.

havmg no common irrational factor are known as

unlllgp'surds.

i l‘i:.

T
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UNIT

FACTORIZATION

» Factorization

» Remainder Theorem and Factor Theorem
» Factorization of Cubic Polynomial

After completion of this unit, the students will be able to:

» factorize the expressions of following types.
e Typel: lkx+hky+k,
e Typell: ax+ay+bx+by,

o« Typelll: a +2ab+b’,

e TypelV: a -b,

o TypeV: (azi-Zab-Lbz)-c:.

« Type VI: a' +a’b’ +b'ora’ +4°,
« Type VI x" +px+4q,

« Type VIII: ax” +bx +c,
a’+3a’b+3ab’+b’,

a’-3a’b+3ab’-b’,

o TypeIX:

o Type X: a’ + bj b
» state and apply remainder theorem.
» find remainder (without dividing) when a polynomial is divided by a linear polynonnal
» define zeros of a polynomial.
» state factor theorem and explain through examples. JOINW 10 E383019°
» use factor theorem to factorize a cubic polynomial. ~ = == . : BTORET




: 2.] FACTORIZATlON OF EXPRESSIONS
I.imr Polynomial =t -

A polynomial of degree ‘I’ is called a linear polynomial.
For example: x + 3, 2x — 5 etc. The general form of linear polynemlals

!
i ARt -~
E e ~ iSax + bwhere a, b are real numbers and g #0.

Quudrcmc Polynomial :-. .

A polynomlal of degree ‘2’ is cal[ed quadratlc polynomial e.g.
St 52 oy’ —3x+I etc. The general form of a quadratic

‘polynomial is ax’ +bx+c, where a, b, c are real numbers and a # 0.
"'Cilblc Polynomial :- - =

. Apolynomial of degree ‘3’ is called a cub:c polynomial. e.g.
R 3l Sx 42, 4x +5x° —2 etc..The general form of cubic
- polynomial is ax’ +bx? +cx+d where a, b, ¢, d are real numbers
- anda=#0.

| o A ———
1 N il B =W N ¥
o qPSTE =
L e
DU e L ey

i ~ Let P(x) be any polynomial and let a, b, ¢ be any real numbers such
~ that P(x) = (x-a) (x-b) (x—c). Then, clearly each-one of (x-a), (x-b),
(x—c)isa hnear factor of P(x).

(2

To express a given polynomial as the prodect of linear factors or
~factors of degree less than that of the given polynomlal is known as
e _factonzatlon : .

' :We see that in 15 3x5 3 and 5 are factors of 5. Slmllarly. in




Following examples will explain, the. factorization of. the expression.

EXAMPLE-1
- Factorize the foﬂowmg

(i) 3x+ 12y () ¥y (iii) ad'+ de + df 5
() 2pq+6p’q—4p’q e
SOLUTION:

(i) 3x+12y = 3(x+4y)

(i) x’ +xy = x(x+y)

(iii) ad+dc+df = d(@+c+f)

(iv) 2pq+6p’q—4p’ q - 2pq(1+3p 2p?)

Factorization of the expression of the form:
ax + ay + bx + by

Following examples will-explain the factorization of. the expression.

EXAMPLE-2
Factorize the following expressrons ¢ K

(i) 2ax + bx + 6ay + 3by (i) 2yx+. 18y - 3zx +, 27zy g

(iii) Sym + 15yn + 2zm + 6zn

SOLUTION:
(1) 2ax + bx + 6ay + 3by

= x(2a+b) + 3y(2a + b)
= (2a+b) (x+3y)

Now check (2a+b)(x+3y) = 2ax+bx+ 63y+ '315y
\Qj
(ii)) Sym + 15yn + 2zm +.6_z;: '
— Sy (m+3n)+ 2z(m+ 3n)
= (Sy+2z) (m+3n) -

(ii) 2yx+18y* + 3zx+ 272y
= 2y (x+9) + 3z(x + )

= (2y+32) (x+9%)
-



t riz "tion of the expressuon of the form:

AT < L aBe2ab

! iI-;. '??:5 o8 e pidhs :

Ny "-f*twe Know that: () & +2ab% 5 =(a + )

R (ii) a® —2ab+b’ =(a—b)?

. Expressions which have the pattern of the left hand side of (i) and
b ) are called perfect squares. These identities are useful-in helping
s e - us to factorize certain expressions. Followmg examples will explain -
B the factorization of the expressuons

 EXAMPLE-3
~ Factorize the following.
. O X+6x+9 (i) £ -121+36

. sowmoN: () X+6x+9 = XF423))+3
Bk s % = (x+3) .
@) P-12t436 = £ =2(00)+6
o @ s (t;-6)2

RS o ¢



EXAMPLE-5  Factorize 3647 —]

SOLUTION: ~ 36d° -1 ‘= (6d)* —(1)?
= (6d+ 1) (6d-1)

E XERCISE — 2.1

Factorize: |

- 3a(x+y)-7b(x+y) 2- _ax+ay-x?—xy

3. alra—332%=3 | 4 X +y-—xy—x

5- 3ax+6ay —8by — 4bx 6 24 *bc-.2¢;l!;+lac_.

7- a(@a-b+c)-bc o 8- 8—4a-2d° +a’

9- 16x" -24xa+9a® . N0- I-Idx+49%°

1 2087 +5—20x 12 2d°b+ 2ab° — 4B

13 g S .'l«_l- x2+i2—2

15- 5% — 307 +45x - 16 a? +b% +2ab+Jbe+ 2ac.

Factorization of the expression of the form:
| () (@ +2ab+b?)—c?
(i) (@® —2ab+b’)-c?
Following exampiés will explain the factorization of the expressiohs.
EXAMPLE-1

Resolve into factors:
x4+ 2xp+y: — 422

SOLUTION: . (x* + 2xy + % ) — 423

= Gt - 22
= G4y-2) (29




o
(]

(02+6bc+9b’) 15;2
| L e -
= (c+3b+dx) (C+3b-40)

'?\4,02—2ab+b’7903
S S
' °-'-‘=- (‘7‘-‘5--3.c)(a—-—b+3¢)

xz_ 2(3)"1""9?2 47’

= (x- 3y Zz)(x—3y+22)
¥ u(ﬂﬂ Gy Ur:,;: LV g



SOLUTION: - x* +64

EXAMPLE-6
Resolve into factors:
J.' +x y +y

SOLUTION: x* +x7y” +y*

&) 48 428 —2(3)x’ tad
(x +8 - Idx2 Alaan
(x +6)’ (4x)’

(x +8+4x)(5c +8 4;:)

o~ 4 ey L
(W ECHEY UM S B S88 2 78 T 0 |
'_\' -
§ 2 Vi RV
- A ]

= (o +2x’y2+y) x‘y
(xz +J’ )2—(30")

= 624y +ay)(x’+

' o

N
Fom)

‘\v‘ nl Iuirj‘li 1 3




of the expression of the form: -
X’ +px+q

: (u) }2-+ax_21 (i) x* - 5x— 14
o

_ factonze x" +7x+12, we must find two

i -4\-s;<_3_= 12

Tx+12 = X dxt3xei2 ¢

g\ ‘:_ = xtf'f+4) +3(x+4)
= G+



Clearly

-7+

2=—5 and

x2—5x-14

I

Il

—7x2=-14

xX(x=7) +2(x
(x-7) (x+2)

Factorization of the expression of the form:
ax’ +bx+c, a # 0

X —Tx+2x—14
=7)

To factorize the expression .of the form ax? + bx + ¢, we find numbers
pandgsuchthatp +g=5b and pg = ac in the given expression,

where a,b,c are constants and ; = ¢.

Following examples will explain the factorization of the expression.

EXAMPLE

Factorize: (i) 6x* +7x=3

SOLUTION:

(i) 3x* +11x+6+/3

(i) The given expression 6x* +7x 3,

is of the form ax’ +bx+c, ac=6 x(-3)=—18
6x’ +9x—2x—3
= 3x(2x+3) —1(2x+3)

6x’+7x-3 =

= (2%+3).Gx=1)

(i) V3x? +11x+6+/3; ac =3x63 = 18
Clearly 9+2=11

J3x? +11x+6J§ =

Lol
J—x +9x+2x+6~/_ ;
\ J‘x[x+3f] +z[x+3~f lis
= (J3x+2) (x+3\/_)

- 43

6x(-39)=-18

Possible Pairs

- 18x(=D)=—18

(-18)x(1)=—18
C 6% f‘3}.{‘l“~]’8
—6x3=-18
- —9x2=-18
9x(-2)==18




E XERCISE —2.3

Faclorize: _ |

1. x?+9x+20 i ox 14

b x2+5x.—6 ‘ 4, .;2—7x+]2

5. x’ —x-156 B 6 x —x—2

7. X -9x=90 3 8. a’—12a-85

9. 98-7x—x’ S o a0 2= dly 152
e =255 5+ 2

TS B e 14. 6x" +7x~
‘15.':2;3x+zx*‘-' i | 16. 8+ 6x—5x°
AT 3w =10u8 . 18, 10 -7x—12
19: 5% =32x+12 U0, 43 4 5x =243

* Factorization of the expression. of the form: -
- |a® %326 + 3ab® +b°
‘{as —3a’b+ 3ab? - b’ }
We-know that:
() '_(a.-.!'-b)'; =a’ +3a’b+ 3ab” + b’
(1) (@—b) =a’ -3a’b+3ab’ -b°

' Following examples will exb.'ain the factorization of the expression.

EXAMPLE Factorize: (i) x° +6x* +12x+8 (i) x° —6x> +12x—8

SOWHOH

() x’+ar’ +12x+8 | (x)3+3(2)_(x)2+3(2)2x+(2)3

(x+2)’

(i) r’—axz H25-8 = (f ~3O6F +30 -
] J {3 it : ;4 ) (x—2)3
e




e

P YT =y N
¥ »

We know that

(i) a +b3 = (@a+b) (@ qab+bz) ST
= (@a-b) (@ +ab+b?)

(i) a

@ +b’

Following examples will explain 'the'. factorization b-f the. éx;ii'fe_ssidﬂ;_;

EXAMPLE-1

Factorize

) +27 (;i) 8a’

SOLUTION:

(i) x°+27

(i) 8a°

—125°

—1256" (i) x°=)°

v '.--"_Tul.. ¥ _‘...'_

\

AT CT i

('V) a —b -—av+b'

i
¥
.-‘
oy
1
f
i

L
———

B
S ALt i i

x 43 e
v (x + 3) (xz _3x+ 9) | .' s - 5 3 ‘i :
' (2a)’ —(5b)* F A

' (2a 5b) [(Za)’ +(?a)x(5b)+(jb)2 ] ,




LR

_ e 7 a2+2ab+b_3 = (a+b)

7{'—15 (il? a'2 b b= (a—b)

ke (iiz)- a +3a’b+3ab’+b’ = (a+b)’
() a —3a’b+3ab’ -b = (@~ b)’

(v} GHYE —+y) = x4y
 0) NEey) = -y

TlE)(EIl('.'I!"}E-—zﬂ
2 27 +1
: 1 L 4. a +512

; 6. 27 —64y
i 8 216P° - 343

' 10. a -i_-‘b’-+a+b




1 2

— n n— = -
P(x) = a,x"+a, ,x""ta, ;x84 0050 +a;x+a, , a,#0

where ‘n’ is a non-negative integer and the coefficients are constants,
is called a polynomial function of degree ‘n’.

18

o SR EARRINIRI . X0

For example:

() P(x)=a, x+a, (is a polynomial function of degree one), a, = 0
(ii) P (x)=3x’ + 5x + 11 (is a polynomial function of degree two)

(iii) P(x)=7x" +2x* +4x> + 7%’ + 5x+6 (is a polynomial function
: of degree 5)

(iv) P(x)=5x" + A +6 =5x" +7x! +6 (is not a polynomial function)
X -

EXAMPLE
Divide P(x) = 2x* + 3¢ — x — 5 by x + 2

SOLUTION: 20 —x*+2x=5
x+2 126 +33 —x-5
>y +2x? + 4x°
—x—x-5 . -
Tx F2° e
2x2,—x-—§
+2x’ +dx
o =5x-s
: ol A © O gsxxlo w

i




i

4 s 2.1 The RemumderTheorem

Jt o ff Ris tha remainder after demg the polynomial P(x) by x — a, then
i T P@ = R

sl 3

Al A E)(AMPI.E 1 | _

lru AL, _jlfP(x) 4x +10x’+19x+5 is divided byx+3 then
' T find the ramafnder i

L P ;ownon P(x) 4 +zox’+19x+5

B g 3 x-a=x+3 " = a=-3
i .

memfore P(-3) = 4(-3)* +10(-3)° +19(-3)+5
= 4x81—10x27-57+5
=324~-270-57+5
=—-3+5

P(~3) 2

|

= a-l

] +14(I)’ +3(I)’ -5(1)-3




2.2.2 Finding Remainder Without Dividing

In the following examples, we learn to find the remainder without _
division, when a polynomial is divided by a linear polynomial.

EXAMPLE-1

Use the remainder theorem to find the remainder when the first
polynomial is divided by the second polynomial.

() X +3x+7 x+l (i) x° = 2x*+3x+3, x-3

SOLUTION: (i) Let P(x) = x* +3x+7
Since the divisor=x + 1
Thereforex—a=x+1 = a=-1I.
By the remainder theorem

R = P(-1)
P(=D = (1% 3(=Dt7
Now =1-3+7
R=5

(i) Let P(x) =x’ —2x* + 3x + 3

x—a=x-3 = a=3

R = P(3)
Now P(3) = (3 —=2(3)* +3(3)+3
=27-18+9+3
R = 2]

EXAMPLE-2
| When x* + 2x° + kx? + 3 is divided by x — 2 the remainder is 1.
| Find the value of ’.
SOLUTION: Let P(x) = x* + 2x’ +kx® +3
Since the divisor = x — 2, therefore x — -a=Xx- 2 == 2




PR)= (2 +202 +k2)' +3
= 16+16+4k+3 = 35+4k

P(2) = I (given)
I = h=-34 > k=:—;-7.

omial
ﬂ‘d Q(x) = x —a, are any first degree polynomials such

) a and O(@,) = 0 for polynomials P(x)and O(x).
' zmrcalled zeros of P(x)and Q(x).

?L';t.P(x) x’ +4x -5

pt

i 1)
)\ | -
4

L



EXAMPLE-2
Use the factor theorem to show that x + 1 is a
factor of P(x) = x*° +1

SOLUTION: By direct substitution we see that —1 is a zero of P(x)

P(x) = x* +1
P(-1)=(-D¥ +1 . (-14==7]
=—1+1 :
=10

Since -1 is a zero of P(x) = x** +1,
The linear polynomial x — (- 1) = x + 1 is,
by the factor theorem, a factor of x* + 1.

EXAMPLE-3
Use the factor theorem to show that x — 1 is not a
factor of 4x” —2x® +x* +2x+52?
SOLUTION:  Let P(x) = 4x" —2x° +x* +2x+5
x—a=x-1 .= a=1l
P) = 41) -2(1)° + 2 +2(1)+5
=4-Z+1+Z+5
=10#0 _ IO,
Then by factor theorem x — 1 is not a factor of 4x” —2x° +x* +2x+5

EXAMPLE-4
Use the factor theorem to show that x+1 is not a Q.
factor of 2x° —5x° —x+4 - B
SOLUTION: [et P(x) = 2x° —5x° —x+4

x—a=x.+1 = —a=—1 :
P(-1) = 2(=1) =5(-1} ~(=)+4
=-2-5+1+4 '
P(-1) = =2#0
x + 1 is not a factor of 2x’ =3
i 51 |

e e




~ FACTORIZAY

-actorize the following
o —x’—10x+10; x-1
UTION: P(x) = ¥ —x* —10()+10; x~1 .
oL : x—a=x—1=>a=1
el ' P(l) = - -10+10
e ' = 0, thereforex—1lis a factor of P(x)
x*-10
Now x—1 |x’—x*—10x—10
& ; s _x3 :sz
: ~10x+10
F10x+ 10
0

-_ w\? Px) = gmﬁen_t.k divisor

ollowing x* —8; x-2
=x’-8 ,x-a=x-2 = a=2
P(2)=2-8=8-8

' = Othereforex-2isa factor of P(x) -
RIS e Nt el D2y o

N




I- Evaluate each of the polynomials for the value indicated.
. Px)=2x’-5x’+7x=7; PQ2)

2. P(x)=x"—-10x" +25x-2; P(-4)
3. Pi)=x"+5c-13x-30; P(-1)
4. P(x)=x"—10x’ +7x+6; P(3)

5. P(x)=x4 +4x° = 9% + 19x +6; P(-2)

II- Determine whether the second polynomial is a factor of the first polynomial
without dividing (Hint: evaluate directly and use the factor theorem).

6. x°-1; x+1 T x&—1- ]

B 2tk b 9. x*+2% x-2

10. 3x -2’ +5x—6; x-1 . 5x° —7x° —6x+x; o]

12. 3x° - 7x* - 8x+2; x+1 _ 13 5x° —2x" +3%° +6x+2;. x+1
4. 6x° +2x° —x+9; x-1 15, 4%’ —3x% —8x+4; g-z .
16 5 3 S x vl e LI -17; 25 -8’ +y-4; y—4

18. 22 -5z ~4z—-4; z+2

III- Solve.

19. If P(x) = x° —Joc® +3x+5 Is d:wded byx I ﬂndk
_.«if remainder is 8.

20. If P(x) 3%’ +kx 26 is dmded byx 2 ﬂnd k, :f




'. \ear polynomial is of degree =
! s : () 1
; 2 @ 3

ok ; ) 1

(@ 3

‘cubic polynomial is of degree =
- b
- é?;{pjﬂ;r;zﬁs,.ﬁ{,f : : g (d 3

torization q’f(ﬁc-+3)"—4 is
(D) E+3) () &-1)(x+5)
G+l x-3) @ (-1) (x-3)

ion of x’ —16 is

B x-9)x+9)
@ x-2)kx+4)

b G-y & +y+y’)
@ x+y) ¢ +xp+y’)

B @-1) @+l
O @+D) @+

1 is divided by polynomial v-a’,



9. If x - ais a factor of P(x), then P(a) =
@ o0 () I
(cf =-a (d a

10. If P(x)=x° = 2x + 5x+1, then P(l) =

@ 5 b) -5
g -7 s () )

II- Fill in the blanks.

1. Alinear polynomial is of degree

2. A quadratic polynomial is of degree

3. A cubic polynomial is of degree

4. Factorization of x> —9is._

5. Factorization of(x+2)* =1 is i e r* -
6. Factorization of x’ +8 is - At > I

7. Factorization of x> -8 is

8. If P(x)=x' +3x’ - 2x+1is divided by x — I , then P(l)= .

9. If P()=x"+3x’~3x+1is divided by x + 2 then P(~ 2) =

10. If P()=x"—a’ is divided by x — a ,then P(a) =

e e e T e T T
AR A




SUMMARY

Linear Polynomial: A polynomial of degree “/” is called linear
polynomial.

Quadratic Polynomial: A polynomial of degree “2” is called quadratic
polynomial.

Cubic Polynomial: A polynomial of degree “3” is called cubic
polynomial.

| Factorization of following types of polynomials:
kx+k)'!+kz, ax+ay+bx+by, a’+2ab+b’
@ —b?, (@ +2ab+b? )—c%, a' +a’b? +b* or o' +4b°,
x’ + px+q, ax’ +bx+c,
@’ +3a’bx+ 3ab’ +b°, @’ - 3a’b+3ab’ - b°,
a’+b’.
| ~ | Remainder Theorem: If a polynomial P(x) of degree n > /is divided by a

i | polynomial ‘x-a’where ‘2’ is any constant, then
s AR remainder is P(a).

e  Factor Theorem: If a polynomial P(x) is divided by ‘x—a’ such that
2 P(a) = 0, then ‘x—a’ is a factor of P(x).




ALGEBRAIC MANIPULATION

p H.CFand L.CM

P Basic Operations on Algebraic Fractions |
D Square Roots of Algebraic Fractions |

After completion of this unit, the students will be able to:

» find highest common factor (HCF) and least common multiple (LCM) of algebraic expressions.

» use factor or division method to determine HCF and LCM."
» know the relationship between HCF and LCM. =

» use HCF and LCM to reduce fractional expressions involving +,— x, +.

» find square root of an algebraic expression by factorization and division.




3.1 HIGHEST COMMON FACTOR (H.C.F) AND LEAST COMMON
MULTIPLE (L.C.M)

3.1.1 Highest Common Facior {H.C.F}

The highest common factor of two or more algébraic expressions is the

| expression of highest degree which divides each of them without

L B _remainder.

J' 3 The abbreviati_on of the wofds highest common factor is H.C.F.

.' We can find the H.C.F of two or more than two algebraic expressions

by the following two methods:
(i) Factorization
Reon " n (i) Division
. [ H.CF BY FACTORIZATION METHOD:

Method of finding highest common factor by factorization is explained
by the following examples:

" EXAMPLE-1

Find the H.C.F of 12p°q?, 8p’qr’-and 4p*q’r

f g = olx

wier=llxbx
2; 2x2X pXpxq

el [k




EXAMPLE-2
Find H.C.Fof 2x’ +3x+1, 2x* +5x+2 and 2x*> —x—1

SOLUTION:
Factorization of ~ 2x* +3x+1 = 2x* + 2x+x+1
= 2x(x+1D)+1(x+1)
=(02x+1) (x+1)
Factorization of 2x’ +5x+2 = 2x* +4x+x+2
= 2x(x+2)+1(x+2)

=(2x+1) (x+2)
Factorization of - 2x* —x—1 = 2x° —2x+x-1
= 2x(x—-1D+1(x-1)
=(2x+1) (x-1)
Common factor = 2x+1

Thus H.C.F = 2x+1

EXAMPLE-3 -
Find H.C.Fof  24(6x' —x’ —2x* ) and 20(2x° +3x’ +x*)

SOLUTION: Let P(x) = 24(6x* —x’ —2x°)
= 24x*(6x* —x~-2)
= 245 [6x" —4x+3x -2
= 243 [2x(3x - 2)+ 1(3x~2)]
Plx) = 24X°(2x+ 1) (3x—2) = 2* x2x3xx°2x+1)(3x—2)
Also let O(x) = 20(2x° +3x’ +x*) '
= 20x*[ 26 +3x+1]
= 20x*(2x* + 2x+x+ 1)
= 20¢ [ 22+ D+ 1+ D) |
=20 (x+ 1) (2x+ 1) , o
= 22>.<5xx2x_x2(x+1)(2x-+}) '
Common factors = 2% xx* x(2x+1)
Thus H.C.F = 4x° (2x+1)
59




EXAMPLE=4
Find H.C.Fof x> -4, x*>—7x+10 and x*+x—6

SOLUTION: Factorization of x* -4 = (x-2) (x+2)
Factorization of x> —7x+10
= x> —5x—2x+10
=x(x-3)-2(x-135)
=(x-35) (x—-2)
Factorization of x?+x—6
l: : X+ 3x—2x—0
' x(x+3)-2(x+3)
: - =@x+3) (x-2)
Common factor = x-2 '
ThuSSH.CE =x'= 2

"‘".1-,'
2 6pgr, I5grs
“.- ! S i -
B 2 i
A 14dbe, 21ay’

6 dabc’, 8a’bc, Gab’c




H.C.F BY DIVISION METHOD

In order to find the H.C.F by division method, arrange the given
expressions in descending powers of the common variable.

Divide the larger degree polynomial by another one. Get the remainder.
Take the previous divisor as the dividend and this remainder as the
divisor. Divide and get the remainder.

Go on repeating the process till we get zero as the remainder. The last
divisor is the required H.C.F.

EXAMPLE-1

-Find the H.C.F of (x =x* +x—1) and (> - x* = 3x+3)
by division method.

1
o = ey |x3—x2'—3x+3
3$x2+x¢1

—dx+4 =—4(x-1)

SOLUTION:

Now dividing —4x+4 by —4, weget x-1

2 +1

| FTE)
P A
X1l
—-xF1
0
ThusHCF = x-I

Remember that:

H.C.F is not affected by multiplying or dividing the polynomials
with any number during the process of finding H.C.F.
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'EXAMPLE-2

Find H.C.F of 2x’ +6x2+5x+2 5x° +mx2 3x—6 and
3x +6x‘+2x+4
]"l\' NEar) I8 L
| T wsoumou; ST s B 5
BT oo & +6x* +5x+2 |56 +10x* - 3x -6
x2
10x° + 20 —6x— 12
i i 100307425510
Atk = - —10x% = 31x 22

" Now diiriding_ —10x? —3Ix—-22 by -1’, we get 10x? +31x+ 22

x—1
105 +30x+22 207 + 637 + 5x+ 2

g 10x° +30x* +25x + 10

+10x° +31x* + 22x

i —x2+3x+10
L x10
: — 10x* + 30x+ 100

S F10x T 31x5 22

0 61x+122

1= )y \

TN




\
!

" Now 3x’+2

x+2 1307 +6x% + 2x + 4
+3x’ +6x?
2x+4
+2xt4
0

Thus HC.F = x+2

EXAMPLE-3

If x—a js the H.C.F. of x> —x—6 and x’+ 3x—18 then find the
value of a.

SOLUTION: Clearly, (x — a) divides both x*—x—6 and x°*+3x~18,
S0 x = a makes both polynomials zero.

i.e. a>—a-6 =0 and o’ +3a-18 = 0
a’*-a—6 =a’+3a-18
4a = 12
a =53

Divisor
A polynomial D(x) is called a divisor of a polynomial P(x),if

P(x) = D(x). O(x)for some polynomial 0().

: o RETZ TS ) 20 T
For example: TR

Let P(x) = (x—2) (x+3) and D(x) = x—2, = e d’r

then clearly D(x) is a divisor ofP(x) . iz gt e %
Since P@) = (x-2) (x+3) i1, N ﬁs::&ﬁ

= DR).QK), where Q%) =x+3 .
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[ XERCISE 3.2

Find the H.C.F by Division Method.

L x*+x%+1, x*+x+x+1

2. 6 +7x° —9x+2, 8x4.+6x3—15x2+9x—2

3 47 +2x% —6x , 4°—-8x+4

4 ZP+7%+12x , X —2x° - 15x

_ 5. X —xX*—x+1,x*-2°+2x-1

6. X’ —x’—x-2, X +3x"—6x-8

T2l 5 g X =2 —2x+3

8. 3%’ —14x? +9x+10 , 15x° —34x? +21x =10

9. xf 4+ 4x+2, 65 +55% +x , 2T +3° + X2+ 2x+ 1

10 P +x°—5x+3, X -7x+6 , X’ +2x* —2x+3

3.1.2 Least Common Multiple (L.C.H)

The least common multiple of two or more algebraic expressions is the
expression of lowest degree which is divisible by each of them without
remainder.

The abbreviation of the words least common multiple is L.C.M.
We can find the L.C.M by factorization methodé
LCM BY FACTORIZATION:

e

i .Tﬁ;fir}dfl‘..dM”by-'factorization, consider the following examples:




EXAMPLE-1 :
Find L.C.M of 12p°¢’, 8p2qr3' and 4p2 2
SOLUTION:
x roxir

Factorization of 12p’q? =(2|x{2)x 3 x [p]x
Factorization of  8p’qr’ = 2 x{2|x 2 x )|
Factorization of 4p’q x 2)x/p q x\b

L.C.M = Product of common fectors X product of uncommon factors

= (22 xp’xg’xr) x (2x3xpqur)
= 4p°q’r x6pgr’
= 4x6xp2xpxq'?xq-xr>-<;‘*2
LCM = 24p°¢*F

Remember that:

Common factors are not repeated whlle taklng product of
common factors.

EXAMPLE-2
Find L.C.M of 18ab’c’, 6ab’c’ and 24ab’c’.
" SOLUTION: '

Factorization of  ]8ab’c® =
Factorization of  6a’bc’ =

Factorization of  24ab’c? = |
Thus L.C.M = Product of common factors x product of uncommen.faetors, e

= (2_x3><axb2 xc’ )x(2x2x3xa)
= (6ab’c’)x(12a) s i
L.CM. = 72a°b’c’ - : o




EXAMPLE-3 | -
Find L.C.M of x*-49 and x* —4x-21
SOLUTION: x’—49 =X -7%

g ' o =(x-7) (x+7)
' - and x*—4x-21=x*-7x+3x-21]

3 = x(x=7)+3(x-7)
' = (x-7) (x+3)
 Common factor = x-7 '
; = Product of uncommon factors =~ = (x+7) (x+3)
* L.C.M = Product of common factors x product of uncommon factors

(c=7)x(x+7) (x+3)
= (*=7%) (x+3)
> —49) (x+3)
LICM = %>+ 3" — 495~ 147 .

Il

EXERCISE - 3.3

2, 3a°v°C° , s5a°bc°
4. x’yz , xy’z , xp2’
3 Eky e

3 ar’ln‘p.?xz J'»‘b. !"‘"wg"-'-_- y‘ f :

‘; 1}‘ e g e, -
dryj.i oot E‘ +°

a“ 4“31;"3!'“?":’.“:! - ?r; 0 1 .J-ﬁ
— '%x'q.xi g,:u s Y .Ii i
.;‘\a‘ﬂn?q sl ; ’




3.1.3 Relationship between HCF and LCM

If 4 and B are two algebratc‘ expressions and H.C.F. and L c M of

these is represented by H and L respectively, then the relatlon among
them can be expressed as:

- 1A>(B = Hx Ll
It is called a formula between L.C.M. and H.C.F.

PROOF: Suppose that

A

— = and — =
B 5
A =Hx | oS, (i)
B = Hy = 3Woiss (ii)

Since there is no common factor between x and Y

. Therefore L= H.i.y

HL = H(Hx.y)  (Multiplying both the sides by H)

= (Hx).(Hy)
HL = A.B.
Important resulfs:
s @) oy
AxB _
H = S
(u) ; L
HxL
i) A=
(m) T

Note: If 4 and B are two algebraic expressions, then we find H. C,F

first, before finding the L.C. M. skt o)
If H.C.F of two algebra:q express:ons t‘s glﬂen ‘then w 3 "
find L.C.M. I e LARORERE %% 1




EXAMPLE-1

L.C. M and H.C.F of two algebraic express:ons is (2x+1) (> -1)
and (2x + 1) respectively. If one expression is (x—1) (2x+1), then
find the other. .

SOLUTION: L = (2x+1) (¢~ 1)
H=2x+1 '
A=(E-1) (2x+1)

Bi= ol
We havethat AxB = HxL

HxL
A

=

_(2x+1) (°-1) 2x+1)
(x—1) (2x+1)

_ @+ )(E+1) c—1)(2x+1)
C(x-1) (2x+1)

B =(x+1)(x+1])

| EXM&PLE-Z '
The H.C.F of two polynomials ;s(x+3) and their L.C.M is
I r’ 7x+6 Ifone oftho poiynommls is (< +2x - 3), then find

x-2
P+2x-3F-7+6
e
s ..2;’-41:-!-6 3
WL 0 L

_‘ﬂu"\ o



EXAMPLE-3

Product of two expressions is x* + 3x® — 12x* - 20x + 48 and their
L.C.M is x* +5x* —2x—24. Find their H.C.F

SOLUTION: Given that AxB = x* + 3% - 12x —20x +48 :

L=x'+5"-2x-24

H=2
LxH= AxB
.AxB
H = AL
o g‘+3x’ —12x* - 20x + 48 _
x’ +5¢ ~2x-24 e
x=2 | | :

_x +5x7 = 2x-24 |x* + 37— 12x7 - 20x+48
+x? :t.Sx T 2x° F 24x

—2x} —10x’ &4x-|74§_.

F2C 510 H4x 48




E XERCISE 3.4
Find the H.C.F and L.C.M of the Following.
1L P4 +x+]l, ¥=x+x=1:
2 X’ -3 —4x+12 , x’—x{—4x+4
N, e R e |
4, 65’ +7x° —9x+2 , 8&* +6x° —15_3_:2?+9x—
5. 3x! 41750 + 2757 +7x—6 , 65F +7x° — 272 + 1Tx -
6. 2x% +3%° —13x2 —7x+15 , 2x* +x* — 2007 —Tx+ 24
1. x"—-;_r” ] - x‘+x3¥x—_1 :

8t o xS —x—1

Find the Required Polynomial.
9. 4 ='x2—5x'—-}'4 H X = x3—10x2+11.t+70 B =2

10. B = 3x2+14x+8 H = 3x+2 L = 6x° +25x2 +2x 8,4=7
1L The productoftwo polynomlals and their L.C.M. are '

X o =3 de 48 and x’ +2x — 11x — 12 respectively.
‘Findtheir H.C.F.

12, The product of two polynomials and their L.C.M. are

h""+5x’ X2 I7x+12 and x’ +6x° +5x—12 respectwely
ﬁ"dtheirHCF
e r

S - -



3.2 BASIC OPERATIONS ON THE ALGEBRAIC FRACTIONS
3.2.1 Addition and Subtraction of the Algebraic Fractions

Addition and subtraction of the algebralc fractions are explained in the
following examples.

EXAMPLE-1

2 o f L o
Simplify x2+3x+2_+ xz Sx+6 3 xz +x—6
x=2x—8 x*-7x+12 x‘-6x+8

x?+3x+2 A =6 X Y=6

SOLUTION: -
X =2-8 x'-7x+12 x’—6x+8
. X+ 22 txt2 x2¥3x—2x+6 " x? +3x—2x—6
x? — 4+ 2x— 8 x?—dx—3x+124 x* —dx—2x+8
o (x+2)(x+]) (x IEa=2) (E+3)(x~=
4)(x+2) x-49)(x-3) (x-49)Ex-2)
giext ] i x—2aiix+3
=4 324 - x=49 =l oweile s
v x+lvx=2—%=3
i x—4
x—4
 x-4 __I
TR T TSI T i\‘ '?"{ (Z9 %
Remember that: e % %
(i) Inthe algebraic fractions, the numa;ﬂtgts and“ 0"““3@'&* ;
are polynomials. A _ _ R 2T
(i) When we add or subtranttﬁese fract " B IS IORE

lowest terms. "




ey ab
asb " a—b

I_ ab
a-b a-b

'_ (a-b)(a+b)+1(a’ +ab+b’)-ab
= ST

¢y

. _d-bV+d+ab+b-ab
1 Blg-e ' i . : a3-b:’_

2a* 1

a’ -b’

{| I

s, where 0#0, S#0.

gebraic fractions:

e M = . :
J»'}?".' _“' = : ’ :
. Q;#o ’ ."sé-',ﬂ.,,_

EleTistamgmnes. |t
SR el T

s



EXAMPLE-1

2 _ ol 28,1 2F IS SR
Simplify bz, . az+2ac 3 b2+c2 o 2bc
c"+a" -b"+2ac a‘-b"+c-2ac

sownon.  Yoc —ai+2a b+ —al—2be
+a’-b*+2ac @’ -b° +c -2ac

3 b’ —(c +a* - 2ac) ¥ ®? +c? = 2bc)-a®
(c? +a’ +2ac)-b* * (@’ +c® - 2ac)- b’

Y@ -9 -d
@+cff-b%  (a-cf -b’

" [bz—(a—C)z]  (b-c-a(b-c+a)

(a+c-b)a+e+b)  (-)[b?~(@—c]]

- —(b—c—-.a)(b—c+a) -
(@a+c-b)(a+b+c)

_(a+c-b)(atb-c) a+b-c
(a+c—b)(a+b+c) a+b+c

EXAMPLE-2

3 3 P 2
Simpli a -b o a‘+ab+b
o, ~a’ b a’+b’

? -6  a’+ab+b’
soLution: 2 + _
a’ - b’ a’ +b?

= a -b’ 5 a’ +b’
a’-b* @’ +ab+b?

;1 (a—-b)(az'+'ab+b2)'x P,
@ +b’)(@a+b)(a—b) d +ab+b’

el
' at+b




[E XERCISE - 3.5

: : : 2a -.-j:-—a . 2_
{ L 2- = T 3 +
i p _(:""2'9) x° —Jax+6a‘ x-3a =
e I'"'“. “. {' Ao e
i fhepte o B el ]
r M-
I s 1 e, 2x+1
i Htxtl x*—x+l 3 +x7+]
e 6o B () ! c*(a—b)
L @+@@+d G+c)(b+a) (c+a)(c+b)
. I + I. x+2 x=2

_'-;x-+1___x‘?+x-1-_11_x2_x+1_




3.3 SQUARE ROOT OF AN ALGEBRAIC EXPRESSION

We can find the square root of an algebraic expression by
(i) FACTORIZATION
(i) DIVISION

3.3.1 Square Root by Factorization Method

By this method we find the square root of the expressions which can
be expressed as a complete square.

For example:
2 2 2
X :1:2.1y+y_ =(xty)
or x’+2xp+y’ = [i(xiyzlz

or [ tay+y? =t@ty) -

Therefore, the square root of an algebraic expression consists of two
expressions which are additive.inverses to each other.

EXAMPLE-1
Find the squlare root of 49x’ +112xy +64y* by factorization.
SOLUTION: 49x + 112xy + 64y’ '
= (79 +20) 89+ B
= (P8 TS
995 + 112xy+64y° = [+ (7 +8y)° |

Taking square root of both the sides, we have

49 + 1123y +64y% = +(Tx+8y)

75




EXAMPLE:2

" Find square'root o (x*+-L)+ 106 +L )+ 27.
TR x
)  SOLUTION: Let xﬁf -z, |
'.’.'.- i I. I8 2 ! H 4 -
._ (x+— )’ =z ((Squaring both sides)

: S B R TP

_- . i +—{‘-+2 =
3 i s I | xz

, S0 x2+.—1——='22-—2

: -i.l 2 § xz vy

S j& e % i (-"*';I; 2

.

; fa st - = 22+1bé-+25
IR RS v een gl Sigadoni e 10 o
S e

b 2 x

i f-r‘)l’- el = (?"‘5)5 > ’ [Futﬁng z_'= x+_{:,




EXAMPLE-3
Fihd square root of xx—D(x-2)(x-3)+1

SOLUTION: x(x~1)(:—2(x~3)+1
) [(x—f)(x—2)1+}-
3 [ =3x] [ - 3x+2]+1
Put x?-3x = z
=l =2 o 2(;+z)+1
=22 +2z+1
‘=(z+1)2
Now put z = x? -3x
x(x—-I)(xi-Z)(x_—3)+I = (P =3x+1)?
'=.[i'(x2fsx;1)]’ | |

Taking square root of both the sides, we get

Jx(JF—I)'(ITZ)(x—3)+I =@ Smxrl)




Find square root of ( Z42)p ) 4( :_). (x#0,y#0)

';mm:-l.'et f--,l s
e VA %

-I'_ 3 = By b (= —-ﬁ")? =z * (Squaring both the sfdes}',

=z4+2

2 e 2"- 1 X .
Y - .
= (G+L+2-42-2)

¥ ox y x

e =

& - ; =17’ -.l_-;‘?-i-Z'—' 4z

' = z —4z+4

i 2)‘




3.3.2 Square Root by Division Method

We explain the method of finding the square root by division method in

the following examples.

EXAMPLE-1

Find the square root of x*+ y* +z° + 2xy + 2yz + 2xz

SOLUTION:

2x+y

2x+2y+z

X+t y+z

x2+2ng+2xz+2yz+y2+z2
+ x? K

xy+2xz+ 22+ y° + 2%
+ 2xy + y?

2xz+2yz+72°
+2xz+ 2yz+ 27

0

Required square roots are £(x+y+2z) .

zi.e 2x+2y+z.

(i) Write the given expression in descending order.
Take square root x of the Ist term ;2‘.-_ :
On subtraction, remainder is 2xy + 2xz + 2yz + y* + z°

(i) Multiply 2 times the quotient x by y, which is equal to the
Ist term of .the remainder. Therefore by dividing the
~remainder with 2x + y, we get the new remainder
- 2xz+2yz+2° and x+y as quotlent whlch are the Ist two _
‘terms of the square root.” - '

(m) Divide this remainder by sum of 2 times the quotient and |

e ] e

We get the quotient X+ y+z and remalnder zero
Thus *(x+ y+z) are the raqunred square oots.




 EXAMPLE-2
' ols

:| " --‘_'r-,..;.-‘,ﬂ. ..;.-...-. e X . v | 3 I
' Find'square root of  (* —%f —12(:* - 7)+36

sownon: M;éf_—IZ(f—§)+36
1 12

=x'+—-2-127 +=5+36"
SRR Y X

w127 +34+22 4 L (Whiting in descending order)
! X X

; - ]
; e

| ‘x‘_'.~412x2+34+1—f-+—]4—
_ it 5

1+ x*




EXAMPLE-3

For making x* - 12x’ +217x+320 a complete square,
(i) What should be added ?  (i}) What should be subtracted ?
(iii) What should be the value of x ?

SOLUTION: il
x| x—12¢ + 0 +217x+320 .
+x!
2x° —6x —12x +0x% + 217x+ 320
+12x +36x°
2x% —12x-18 — 36x% +217x+ 320
T 36x° +216x+324
. . x—4

- (i) By adding —x+4, the expression will be a complete square.
(i) By subtracting x — 4, the expression will be a complete squa;re.

(iii) If x—4 = 0 i.e x = 4 then the expression will be a complete
square. 1

EXAMPLE-4
For what value of ¢ and m the expression
4x* — 12 + 25x* —~tx+m is a complete square, where x#0

SOLUTION: 2% —3x+4
27 | 4 —12 +258 —bx+m
+ 4x*
4% —3x —12¢ +25¢
|5 88 l2eiitiong '
4x’ —6x+4 165 —tx+m s

| — 16 F24x+16 - N pad
(-t +24)x+(m 16) Remaindsr :

81



The given expression will be a complete square, iffor each value
of tandm, the given, express:on (—t +24)x+(m—16) is zero.

It will be possible only if:
—t+24=0 and m-16 =0

t =24 and m =16
Thusfort = 24 and m = 16, the expression will be a
complete square.-

E XERCISE — 3 6

Find the Squure Root of the Following.

25

_:=3‘-.‘
4.
_ (2;\:-!-1)&.1: +3)(@2x+5)(2x+7)+16

: .ﬁx}:+-}—)~10(x+£)+.27,x¢0
oo x

,“*u@e%¥L4ﬂ+§)#&ﬂ¢w

16x% + 24xy + 9y
(2 —7x+12) (x> — 9%+ 20) (x” — 8x + 15)
6P+ 8+ 7) (6% —x—3) (25 +11x21)
X+ 2) (5 +4) (c+6)+ 16




Review Exercise-3 Mahiarteses
I- Encircle the Correct Answer.
\. Product of two expressions _,
LCM et
@ HCF () LcMm
) LCMx HCF (d LCM+HCF
2. The number of methods to find L.C.M are:
(@ 0 (b) 1 (6) r20, =g e n(d)iss
3. The number of methods to find the H.C.F are!
@ 4 (b) 1 (o) 2 (@ 3
4. H.CF of 12pq, 8p’q is: _
(a) 4pq (b) 4p°q° © 4pq’ @ 4p’q R
5. H.CF of 22 +3x+1, 2x’—x—1is: 22 it
@ 2¢-1 () 2x S @ x-1I BN
6. H.C.F of 6pgr, 15grs is: , ' : : ‘
(8 3qr (b) 3pgr () 3pgrs (d) 15pgrs AT
7. L.C.M of 12p°¢%, 8p’is: | . "'._.- |
(& 24pq° () 24p’g © 24°¢" (@ I12p°q ' ¢
. i
8. Product of two expressions = . . - 5
(8) HCF () LCM |
(c) HCFxLCM _ () HCF+LCM "
9. Product of two expressions _ " ;
HCF o ) ¢ dsiY j
() LCM | ) HCF Tk \
© 0 ( LCMx HCF | |

* First Expression ' by h M) DI 3 olf il v

p ) TS LT R AR U'Ecﬁ ﬁim
(@) second expression (b 1 () HCF wb’l@! it

\- 10. LCMXHCF o alN : ﬂ"”""’l L|




c expressions is the expression
ach:of them without remainder.

|
:

Igebraic expressions is |
ivisible by each of them |

e e 2




LINEAR EQUATIONS
AND INEQUALITIES

b Linear Equations

P Equation Involving Absolute Value
p Linear Inequalities

P Solving Linear Inequalities

After completion of this unit, the students will be able to:

» recall linear equation in one variable.

» solve linear equation with rational coefficients.

» reduce equations, involving radicals, to simple linear form and find their solutions.

» define absolute value.

» solve the equation, involving absolute value in one variable.

» define inequalities (>,<) and (2,<). ,

» recognize properties of inequalities (i.e. trichotomy, transitive, additive and multiplicative).
» solve linear inequalities with rational coefficients.



4.1 LINEAR EQUATIONS

e -Astatément in which sign of equality “ =" is used to link two algebraic
o expressions is called an equation. An equation involving only a linear
< polynomial is called a linear equation. Equation ax + b=0,a#0is a
linear equation in one variable in standard form.

~ For example:
8 I TS i I
v 8 7 s 5=t i) %x+4 =1
o i AN y-2
NN )0 s () Sy+d =2

4.1.1 Linear Equation in One Variahle

Any equation that can be written in the form:
L ax+b =0 a0 (1)

‘where ¢ and b are constants and x is a variable, is called a linear
-equation (or first degree equation) in one variable.

- Equation (Z) always has a solution:

a#0

is the solution of the equation (1)

f the equation Sx—12 = — 2




RULES FOR SOLVING AN EQUATION:

(i) Same quantity can be added or subtracted to both sides of an
equation without changing the equality.

(i) Both sides of an equation may be multiplied by a same
non-zero number without changing the equality. -

(iii) Both sides of an equation may be divided by a same non-zero
number without changing the equality.

(iv) TRANSPOSITION:

. Any term of an equation may be taken to the other side with
its sign changed , without effecting the equality, is called
transposition.

| . 4 4

Solve: 5x—6 = 4x-2

SOLUTION: We have 5x—6 = 4x—2
Oor 5x—4x = —2+6 [ Transposing 4x to L.H.S and —6 to R.H.S ]
Thus x = 4 is a solution of the given equation.

CHECK: Substituting x = 4 in the given equation, we get
LHS = 5x(4)-6 = 20-6 = 14
RHS =4x(4)-2=16-2 = 14
s LH.S = RHS
Hence x = 4 is solution of the given equation.

4.1.2 Solufion of o Linear Eguation

Any value of the variable which makes the equation a true
statement, is called the solution (or root of the equation).
Solving an equation means to find a value of the variable which
satisfies the equation. -

87



ﬁ“ We have 3x +§- = s

or 3x+x=2 = -j:  (Transposing x to L.H.S and L RH.S)
: 5

or 4x =
9 : :

X 3 (dividing both sides by 4)

.—_395 is solution of the given equation.

. Substituting x = 3% in the given equation, we get

S e =2l -

RS- RIS

LN

(Transposing 2y to LHS and L to RHS)

% -
A

FRlgetiay artt



Thus, y = % is solution of the given equation.

T Ll

Substituting y = % in the given equation, we get

-9 H -9 H 37
LHS L v=2! — |+
. [20,] :

Hence y = -;% is solution of the given equation.

EXAMPLE-3

I
Solve: ;x+ix = ix+i

6 27 Vg
SOLUTION: L.C.M of the denominators 4,6,2,4 is 12.
Multiplying both sides by 12, we get
3x+2x = 6x+9
or 5x = 6x+9
or 6x—5x =-9 [ Transposing 5x and 9 ]
or x=-9 '

Thus x = —9 is solution of the given equation.

CHECK: Substituting x = —9iri the given equation, we get




EXAMPLE-4
; IX=d N X=3 = x+0
SISl 5 4

x—4° x—=3  x+6

SOLUTION: We have 3 5B F 7

Muitiplying both sides by 40, the L.C.M of 8,5,4, we get
5(5x—4) — 8(x—3) = 10(x+6)
or 25x—20-8x+24 = 10x+60

or I7x+4 = 10x+60
or ]7x—10x= 60—4 [ Transposing 10x to L.H.S and 4 to RH.S ]

or = "WNSV7i =56
: DO i ; /
or x= _7_ =8 [ Multiplying both sides by-;}

Thus x = & is solution of the given equation.

CHECK: Substituting x = 8 in the given equation, we get

s o o e FA
. S mid 5 3 St 2
e e e 14
, AN SN )
B Vs RS
.~ Hence x = 8 is solution of the given equation.

SRS S e ¢

L




EXAMPLE-5

| 3x—47 . 4x-27
:  x—|2x — & ol
Solve. [ - ] - 3
SOLUTION: We have, x—l:zx o 3x7‘4] = 4x;27 =
By removing the brackets, we get,
o= 2x+3x—4 = 9x=-27 =3
7 3
of Vg iady Nl NN ;
7 3

Multiplying both sides by 21, the L.C.M of 7,3, we get
~2Ix+3(3x—4) = 7(4x—27)—63
or 2Ix+9x—12 = 28x—189—-63

or —12x—12 = 28x—252

or —12x—28x = —252+12 [ by Transposition ]

or . —d0x = -240

or x =06 [ dividing both sides by —40 ]

Thus x = 6 is solution of the given equation.
CHECK: Substituting x = 6 in the given equation, we get

LHS =6—[2><6-3x§_4]=6 [12—%{)=6—(12—2)_

=6-10=-4
= ENRRC R,
SULHS = RIS < ' . T

Hence x = 6 is solution of the given equation.

Whaf we need fo lmow ?

e How to operate with neg

it .._,‘-L

~ bracket. mm&ubﬁ o



'EXAMPLE-6
0.3x+0.4 = 0.28x+1.16

j_sotunon. We have 0.3x+0.4 = 0.28x+1.16 ;
or 0.3v—0.28x = 1.16-0.4  [by Transposition ]

or " 0.02x 20,76

P Thus x.= 38 is s;J!ution of the given equation.

. -'_  CHECK: @y;supsﬁtu_ting x = 38.in the given equation, we get
. LHS =03x38+04 =114+04 = 1.8

e DR R.‘H-s = 0.28x38+1.16 = 10.64+1.16 = 11.8

. - LHS=RHS

_'-2(2:; 5) 2(x+3)-8
----4x+10 2x+6 8




4.1.3 Equoiions Involving Rudicals

In solving an equation such as
=] = 5 ()

Squaring both sides x—1 = 25
x =26 -
which is solution of (1)

However, if we do the same thing to

x—] =25 - (Squaring both sides)

x =26
which is not a solution of (2)

Since 5 # -3

Similarly , we note that

{x|x=5}- {5}
{x|x2=25}=.{.—5,5}

Where as we see that the solution set ofx=5 ls
solution set of the equation. !
We get by squaring each mamber-sofix»:a-f.fi;._ e

. et

ah‘U Pt




EXAMPLE-1

S 4

i - .

GO e Sl .

- SOLUTION: =1 =4

™ 4 J x—4 =4-x
P ;' 1,[.IKI-.;
¥ 13 = - x—4 = 16—-8x+x’
g -, X -x+20=0

i (—3)6c—4) = 0
e ' x =54
:‘{_ Ny
g Bk -

(Isolating the radical on one side)
(Squaring both sides)

(Solving quadratic equation)

Check to eliminate extraneous roots (if any)

X = I - x=4
5+\5-4=4 , 4+J4-4=14
5+1+4 4=4 ‘
 Therefore, x =5 =
is not a solution is a solution
. Solution set = {4 }
| —
g o .
0. Ve Er e




EXAMPLE-2
Solve: /3x-2 - \E =2
SOLUTION: 3x—2 = 2++/x

3x—2 = 4+4\x+x  (Squaring both sides)
3x—x—2-4 = 4x

2x—6 = 4/
x=3 = 2\x (Dividing both sides by 2)
x’ = 6x+9 = 4x (Again squaring both sides)

x’—10x+9 =0
x-9)x-1) =0
x =19

Check to eliminate extraneous solutions (if any)

X =1 . x=9
V3x1=2 — 1 = 2" R B R
Ji-d1=2 253 =2 _
" | ' .
0#2 5 . RS ) ! !
Therefore, x = 1 x=9 By
is not a solution is the solution i 3
N % o e A A

.. Solution set = {9} ’_

 Remember that:




. 4 083%
. o =4
L 57

) (90-9%)+27 = 90+9

3. 32x+5)=25+«x
5. 3(2x—1)=5&-1)

10x-1 _
2x+5

*“'_ = 9. Sx+3 — 7
o Bine: x+6
G

= I x=15-2x

|3. V5n+9 = n-1
4 5. Vx+5+7 =0




4.2 EQUATIONS INVOLVING ABSOLUTE VALUE

In this section, we learn.to solve the linear equatlons involving absolute -
value. -

4.2.1 Absoluie Volue

For each real number x, the absolute value ofx denoted by | x|, is
defined by the formula:

x 1fx>0
|x| =50 if x=0 _
—Xufiix <0 | _ z:
For example:
|8] =8

|-8l=~(-8)=8
4.2.2 Equations Involving Absolute Value:
Using the above definition , we will not ﬁnd It dlfﬁcult to show

that for p'> 0.

x| = p.c#_x: tp

A
i
-

v

L]

EXAMPLE _ s
Sobo () |x|=5 (@) |x=3|=5 () |xx2]=3

(&

' SOLUTION: | . e s SIS

@ x| = 5 S e U Nl SRR * -f '

PNl
BRI S s s

ﬂ-




*

3 vy

=

J P e

(i) |x-3|=5=>x-3=2%5
2=di= 5 Of . x-J=-5

x=8 o x=-5+3

x==-2
x=-2 Or‘8
Sttt
O Mool sy 5 67 8 :
(i) |x+2| =3 x+2 =43
. x+2=3 orx+2=-3
x=3-20r x=-3-2
x=tlor x=-5§
x=1  or =5
e ey > x

BRI I S )

4.3 I.INEAR INEQUAI.ITIES

- We know about ordenng of numbers on the number line. A number on
~ the number line is greater than any number on its left and less than
-any number on lts right.

4.31 Inequalihes (> <) und (> <)

By



- 1 1 ] | E L

1 I T >

I Illl
=5 —4.=3 -2 =] 0.
4 g

—4 lies on the left of -1, hence -4 s less than -1
and we write —4 < —].

We write a < b, read “a is less than b” if and only if there exists a
positive real number p such that

a+p =ib;

We write a > b, and read “a is greater than b”, We write a < b if and only
ifa<bora=band we writea2bifandonlyifa>bora=5

The syhbols "em msm v<rand ">" are called order relations or
inequality symbols.

Two algebraic expressions joined by an inequality symbol, such as
7(3x-2) +§ <2 —123- is called an inequaiity statement or simply

an inequality.

x>3 means x can take any value greater than 3.
It cannot be 3. It is shown on the number line.

1 1 ] 1 (P i 1 1 1 O
1 T 1 1 T 1 T 3 vl

] i3]
=3 -2 -1 0. J s 208 3y

x<] means x can take any value less than or equal to 1. |
This includes 1. It is shown on the number line."

&
<

-3 =2 -1 0

2

1

I - 3
S4B D | i PR

it - » .-_'_..‘:;Q\.‘Eﬁ_t

g =@
. Ll

4.3.2 Properties of'lnequuliii_e§

- TRICHOTOMY: ‘Consider any two numbers, x and y, on the number line.
One and only one of the following statements must be true. [
@) x>y (i) x=y - (iii) x<y
This is known as the Law of Trichotomy.

T ) : : I -IESKII_.-:'.




rmlsmvs For any. three numbers x , y and z, if
. x>y and y>z then x>z

s is known as the Transitive Property of Inequality.

' Forexample: If x=/0, y=5 and z=2, A §
~ then 10 >5 5 >2and 10 >2

. ADDITIVE: We can add or subtract a positive number from both sides of
~ an inequality without any change in the inequality sign. For any two
~ numbers x and y and a positive number ‘a’,

If x>y  (e.g.5 >3 and 2> 0),
then x+a>y+a 9.5 +2 > 3+2)
s . X—a>y—a (eg.5 - 2>3 2)

s ' This is also true fora negatlve number b;

&F

istett If x>y (eg 5 >3 and — 2<O)
then x+b>y+b (e.g. 5+(—2)>3+(——2)
_x b>y b (9.5 =(-2)>3-(-2)

i Lo et 500

: IUIIIPI.ICATM We can mumply and divide both sides of an inequality
* by a positive’ number without having to change the inequality sign.
T For anytwo numbers xand ¥, and a third number a>0, :

*\ m mmy, if x>y ‘(a.g 5 >3 and 2>0),

S is not tryg for a negative number b The ordenng relation is.
d whe n,.mu]ﬂpuad or dlvided bya negatwe number

oLz,



4.4 SOLVING LINEAR INEQUALITIES:

Inequalities are solved in almost the same way=a‘s-aqUationé;- A

EXAMPLE-1
Solve the following inequalities
® x+3<7 () 2x-1>5 (i) 6-x>4

SOLUTION:

1 x+3<7 .
x+3-3<7-3 (Subtracting 3 from both sides)
x<4

(i) 2x-1>5 |
2x-141>5+1  (Adding ! to both sides

2x>6 . .
S parg S " (Dividing bamrdes byo ok
e (i) 6-x>4 - | e
| | 6—x—6>4—6  (Subtracting 6 from both sides) '
—x>=2 ' _ Mslpany 28 s
5 : ' 522 ’ '(Mump}ying both sides by-1; als? change > into <))

-'_ How to include tgé--bofnts' e

-
-




A EXAMPLE-2.
~ Solvetheinequality: .;lx?%@;.v

sou‘"o": -_‘;;x > ‘—';-(x = ])

o] » i ‘I 1 p
o 2x=x>12x=(x—1
: : .Iﬁjx)-‘ .x4(x ) .

S 4x>3x-3

7 el
x>-3 .

: : : :

L «—t—t+—+—+—+—+—x
- SqE3 o1 0 |

mesoluﬂon Is shown by the number line in fig (ii).

P
.
L)
o A 1
1
i
.
. ]
x .
e |3 NI o e [ .z
i e 3 £ : 1=
4r»ﬁ-l =PI 4 1 1
._l - i



EXAMPLE-4 | |

Solve and graph 4"3‘3 g,>6+i;_. 2l vl

SOLUTION: 4x?3+8>_6+% =% GO R
-6><4x_3 3x

+6x8>6x6+6x7

8x—6+48>36+9x
Ex+42>36+9%
8x—9x+42> 36

—x>36-42
-x>—6
x<6
:'—-——O . 3
< 1 == i
0 (1 7

Fig (iv)

The solution is shown by the number line infig ()~ =~ pis




E XERCISE — 4.2

Sl x]=9 2 |x-3=4

3 |x+I]|= 4, |2x-3|=35

5, [3x+4|=9 6. 3(x-2<2x+l -

1. 3(c+5)>2(+2)+8 8 é(z_xp{;a_x)d
L o x=2 2 x—4 -3x+4 - x+1 x+5
3 e , = _—— — = —
¥ 4 i 6 "? 5 3 3
__“-.x+1, i -*+3>x"‘1_+} 1. xt3 x+2<1+x+l5
R Ty | TR 6
13. %x21+ x ' W Sx+3)<(7-4x)
4 el ’ e

2 x+3)210- 2 iy e S R
L 3( ) 3. 4 AN

T} © soluton (g

Review Exercise~4 .

l An equatlon that can be written in the form ax + b 0,a#0,
~ where q a and b are constants and x is variable is called:
{8 linear equan’on (b) inequality

-constant

'2. Any value of the vanab!e which makes the equatlon a true
mtﬂment is called the:

' (b !ne_quaﬁg!

(@) variable




3. For each number *x’ the absolute valve of x is denoted by:

(@ x ()
© Ixl (d)

. 4, The symbol 2 stands for:

(a) greater than ' (b)
(c) less than or equal to (d)

5. The symbol < stands for:

(@) less than : (b)

(c) less than or equal to (d)
6. Solutionof x-3|=5is:"

(@) {8 -2 : (b)

(€ {8 2} (@)
7. Solution of |x| = 3 is:

(@ 3 ' (b)

() =3 (d)
8. Solution of [x - 1| =4 is:

(@ {5 -3 , (b)

(¢ {3 3} (d)

I-  Fill in the blanks with ‘>’ ‘=" or ‘<’ to make each of the stclllemeni correct.

o,

0

greater than and equal to
equal to

greater than and equal to
equal to

{-8, -2}
{8 2}

]
0

{=S:i-3p
{5, 3}

1. If15>10and10> p,thenl5 p-
2. If-3>xandx>y,then-3 y-
3. Ifa<60and60<b,thena b.
. 4. Ifx+I =y, thenx_. y-.
5. fm-2= n;thenm n.
6. If x>y then4x 4y. ;
7. ffx>ythene —— =, -
S 10 e 0L
8. Ifx>ythen(-2)x___ (-2)y.
105




2o

-3 =31
<0,then p 0.
-3)u ke i),
0.
) ‘.-'.f.. _3-_ - . summ

Linear Equation: An equation that can be written in the form ax + b =0,
a # 0 where a and b are constants and x is a variable, is called a linear
equation in one variable.

: Solution of a Linear equation : Any value of the variable, which makes
- the equation a true statement is called the solution of a linear
equation.

* Absolute Valve: For each real number ‘x’ the absolute value of x,
denoted by |x|, is defined by: 0

|x|l.=4 ‘0sif x=0
=x, if x<0

I.lnear Inequalities: Two algebralc expressions joined by an mequallty
Lssyrnbol such as >,<,<,2 is called an inequality.

| iTMOtomyProperty If x,yeRhen eitherx>yorx=yorx<y.
r*‘”TranslﬂveProperty If;r,y,zeR,thenx>yandy>z = x>z

ve Property: }da_.,-b,ceR.lfa>b,th.eria+c_>b+c’
B anda-—c>b-c

Property: Va,b,ceR.leta>bh. Then ac>beifc> 0
' ‘ andac<bc|fc<0




UNIT

QUADRATIC EQUATIONS

» Quadratic Equation

b Solution of Quadratic Equation
P Quadratic Formula

After completion of this unit, the students will be able to:

» define quadratic equation.

» solve a quadratic equation in one variable by
o Factorization.

« Completing Square,
» use method of completing square to derive quadratic formula.
» use quadratic formula to solve quadratic equations.
» solve simple real life problems.



5.1 QUADRATIC EQUATIONS

A quadratic equatlon in one vanabie isan equatlon that can be written
in the form: - : ba s

ax’ +bx+c = 0,

a# 0,

“where x is a variable and a,b and c are real numbers. We refer to this
form as the standard form of the quadratic equation.

A quadratic equation is.also a_poiynomiai equation in which the highest
power of the unknown variable is two.

5.2 SOLUTION OF A QUADRATIC EQUATION

We can solve a quadratic equation by the following two methods:

(i) Factorization ™ (ii) Completing the Square

(iii) The Quadratic Formula

5 2.1 Solution of @ Quadratic Equation by Factorizatio:

The general form of a quadratic equation is ax® + bx + ¢ =0, a#0. We
~ can solve this equation algebraically to find x by using Null Factor

Law.

If axb=0 then a=0 or b=0 (or both a and b equal zero).
The Null Factor Law works only for expressions in factor form.

EXAMPLE-1 Solve x*+4x—77 =0

SOLUTION: - x> +4x-77 =0
| (x=7) (x+11)=0

x=7=0 or x+11=0

——

* Write the equation and check that

the right hand side equals Zzero.
The left hand side is factorized, so
use the Null Factor Law to find two

liner equations.

Equations that are not in factor form will need to factorized first before
‘the Null Factor Law can be applied.
Remember that the right hand side of the equation must be zero.

s "



EXAMPLE-2

_Solve  6x* —19x—7 = 0 using factorization,

SOLUTION:

Compare with standard form
ax’+bx+c=0,a=6,b=-19, c=-7

ac =6(-7) = -42

—42=(-21)2 and -21+2 =-]9 =p

Thus 6x* —19x—7 =0

6x° =2Ix+2x—7. =0

3x(2x-7) + 1(2x-7) =0

2x=7) (3x+D =0 = s
“either 2x-7 =0 .or 3x+I=

Solution set = {_I Z—} Ak

EXAMPLE-3
Solve 2x’ = 3x

SOLUTION:

27 = 3x

2x=3% =0

i

R i

either x=0 or  2x-3=0

i 3 + = A
Solution set . ~=:{:0, s -—} Ve ae Ty Ao

2

il-'. H _,‘_: LAE T it

3wkt gl

+ Note: x = 0., 5 are also called roots of the.quad el

% equation of 25 =3k,

Ay




EXAMPLE-4 -

If x = 3 is a solution of the equation x’+kx+15 = 0.
Find the value of %’. Also find the other solution of the

equation.
SOLUTION: Substitute x = 3 in x° +ke+15 =0
32 4+3k+15 =0 '
%k+24=0 = k=-8

s .

Now consider x*—-8x+15 =0
15 = (=5)x(-3) and (=5+(-3) =-8 =b

xl—5x-3x+15=0
x(x—5)—3(-5) =0
-3)(x-5) =0

x—3=0 0r x-5=0

. ) . x=3 or x=95

i@ Solution set = {3,5}

'5.2.2 Solution of a Quadrutlc Equation by Compleimg
the Square Method

The rnethod of completing the square is based on the process
of transforming the standard quadratic equation into the form

@l +bs+c =0 W
(3:+ a) —h _ (2) , where a and b are .cohstants.
~ Equation(2) caneasily be solved by completing the square method.

But how do we transform equatlon (1) into the form of equation (2)?

e _rnp]ete the square of a quadratic equation of the form b\
) :aﬂd"ﬂ'le square of.one-half of the coefficient of x that 18(2]

L

e



It is important to note that the rule stated  above applies only to

quadratic forms where the coeff cients of the second degree
term is_/. ;

Important formulas used in completing the square are: !
(i) (x+m) = x° +2mx+m’

@) c-mi=x -—_2mx+m-.

EXAMPLE-1
Solve x° +6x~2 = 0 by completing the square method.

SOLUTION:  x’ +6x-2 =0

o e Ko . ) <——— Adding 2 to both sides |
o X +6x =12 ;l'o complete the square of the
5 eft side, add the of
X +6x+03)7 =2 32 <——| half of the coeﬂictse?:t‘aor?x tome
G | each side-of the equation. .
x+3) =
x+3 = i\/j_f-
x=-3+411
Solution set { 3+J_ —3- J_}
EXAMPLE-2

Solve (x-3) =
SOLUTION: -3 =

x’—6x+9 =4
‘ x_2—6x._=.—5 _
X —6x+(3) = -5+9
e=8)4 = 4
© x=3%2
: either x =5
or x =

Sglutioh set = = {1, 5} Sy

mo

L4




EXAMPLE-3| i - n
DE ‘i} 31

S’ofve 3(x— 2)7 = x(x 2) by completmg the square method

»c;l-vf o

fimumu ‘I'3(xz 4x+4) x’ 2x

i

1 3x?'-'-12x+'12 =x'-2x
; [ “izi2x= 12
; AT Sl 2x o '—12
G i X -s=—6
e
! v I
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2 . 2 3 2
S 25 7 5 50 5) " 50

x-3 =22 o i:éi@
5 50 5 5&
O RO N/ R X I N
Solution set = 32 + 93 3~/_—J53_3
5\2 52 o
. EXAMPLE-S Solve L+—L=L by isingifactorisation
St A y. using factorisation.
1 1 N
H -t = —
SOLUTION e
x+8+x_i
x(x+8) 3
2x+8 _i
*+8 3
x’+8x = 6x+24
x> +2x-24 =0

(x+6) (x—4) = 0
either x+6 =0 oOr x—4 =0 o
X .=~0 OF /" iy —id
" Solution set = {4,-6}

\

EXAMPLE-6 Solve 2x+4 = —17;— 1

; T
SOLUTION: h+4=;—1

wxd) = 5(2-1) [k

e : . "‘13‘ 4 -




: ' 2 +4x =7-x
' 222 4+ 5x=7 =0

s axc =2x(=7)=-14

2eas 7x
s D —2x

(Cx+7)(x-1) = 0. <
- either 2x+7 ='-0 =
or x'—-l =0 =

Solution set. = {_77,1}

—i7 I in_—;’ , Sx
2 L x+D)E-1)

X

]
~

X

EXERCISE - 5.1

.___.=.a z x—6x+5=0 3. x* =8-7x

5 3’ — 10x+8 =0 6. 2x° +15x—8 = 0.
I ofr . - 2 ._ - '2
) =3 8 3x*-8&-3=0 9. 2x = —+3
0y 7 T X

u.-':'(Zx'+_ ) =9 =0
8. 4G5 =0)=2 = (2x-1) (Sx+1)

X 15. _xz_-—dr-,3_= 0

WL X 4ex-3=0

: 19 2 -6x+3=0

2] x2+mx+n 0




5.3 THE QUADRATIC FORMULA

Quadratic formula is one of the techniques to solve a duadratic .

equation. Usually this formula is used when the factorization i
possible or seems to be too difficult. Oniis not

5.3.1 Derivation of Quadratic Formula

et

The general form of a quadratic equation is

ax’ +bx+c = 0, a+0

where a,b,c are real nufnbers.
Now, we use the method of completing the square to derive a formula
for the solution of all quadratic equations, :

al+bi+c =0, a#0
To make the leading coefficient that is of x’as 1, divide by a.
x2+£x+f—=0 or x2+2;$—£
a a a . a

: o 4 2
Add the square of one-half of the coefficient of x, which'is [i) , to
each side to complete the square of the left side. 2a

2 2 _ 2, S i
xz+gx+(i) RUAXT [Hzi] _ b —4ac
- A/ |

4a’

I
I

|
H

—b b =
2a. :

The last equation is called the qﬁadratic formula, -

ns




EXAMPLE-1

Solve 2x+% = x* by using the quadratic formula.

i 5ot ={§ + 10 2——J1_0}

" SOLUTION: 3
AL 2x+==x’
2
- .Dissolve the fractions by multiplying 2 |
4x+3 = 2x> <—{on both sides and write the oq‘:?:ggn
in standard form . '

2’ —4x-3 =0

Here a =2
=—4

5 c=-3
We have , _ zbVb —dac
Z : 2a

~ (Y[ =42)(=)

2(2)
4£\16+24 _ 4+440
4 4

44210

4
2410
2

2 2



EXAMPLE-2

Solve 4x° +3x-

SOLUTION:
Here

We have

Solution set

EXAMPLE-3 -

. x =

2 = 0 by using the quadratic formula.

' 4x’+3x-2=0

a=4,b=3,c—_—_2

_ —bb’ ~4ac

2a
o —3+\37 —4(4)(-2)
- 2(9)
-3+49+32
8

~3++/41
={-—3+m —3-'-JE}

8 8

Solve 9x* —42x+49 = 0 . by using the quadratic formula.

SOLUTION: . 9x* —42Xx+49 = 0

Here

We have

Solution set

a=9,b=—42,c=4\9

B —b+ b —4ac

2a

_ —(42)£(—42) ~49)@)
= e

i 42+ 17641764
5 18

=i Xt

1l
~ | A
Oallu

Il
w |

117
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EXAMPLE-4

Solve (x+5) +(2x=1)* ~67 = (x+3) (2x~1)
by using quadratic formula.

SOWTION:  (x+5)° + (25— 1)} =67 = (x+5) (2x~1)

X2+ 10x+25+4x> —4x+1-67 = 2> +10x—x—5

X2 +6x—41 = 22+ 9x—5

B -0

xz—xfIZ = 0

Divide by ‘3’

x=-—bidbzhﬂm
2a

Wé."h'av_e ,

_ =(=D(-1) - 4(1)(-12)

Therefore x

1++1+48




EXAMPLE-5

— Sh iy '
Solve x2x = i3— by using quadratic formula.
x-5 x—4
SOLUTION: 2. & 5
3(c—5) = 2x(x—4)
3x—15 = 2x* -8
%% —1Ix+15 =0
Here a=2,b=-11,c=15
We have e —~bt~\b® —4ac
2a v '
_ =(=1)x(=11} - 42)(15)
- 2(2) 3
L 11++121-120
4 2
1 IETRIEY
4 .4
=II+] o xv=H—I
4 4
12 10
X = — or X =—
4 4= =
5
= or = —
x=3 X 3

Solution sot = {3%} <
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5.3.3 Problems Involving Quadratic Equations

EXAMPLE-1

Find two consecutive positive odd numbers such that
. the sum of their squares is equal to 130.

SOLUTION: Let one odd number be x and the other number be
(x+2)

X +(x+27° =130
X2+ x? +4x+4 =130

237 4 de 126 =0

¥’ +2x-63 =0 <—— Dividing by 2"

X +9x-7x—63 =0
x(x+9) -7(x+9) =0
x+9) x-7) =0
x+9 =0 or x-7=40
x=-9 or XE—7
x = —9 is not a solution, because it is a negative number.

When x =7
x+2=7+2=9.

.. The two consecutive positive odd numbers are 7 and 9.

The area of the square is 10m*
The side of the square is x m.

‘Write down an equation that tells us that the.
area is 10m’ -

* Solve this equation for x.

121



EXAMPLE-2

' The perimeter of a rectangle is 22cm and its area is
24cm. Calculate the length and breadth of the rectangle.

e _I |_

5] xcm

SOLUTION: Let the length of the rectangle = x cm.
i 2(length + breadth)

2(x + breadth)

Perimeter of rectangle
22

The breadth of the rectangle = i

_ = (11-x)cm
Area of i‘}we réctangle = x(11-x)
L e
i X —1lx+24 = 0
SRR ) -9 =0
i fh@f;fom x-—J"or x=8
- x =3, breadth = 11-3
Rhrie 5 o0 - X 3

I b'_ ; . '. =3cm_-

the longer side to length, oA

- ol



EXAMPLE-3

A man is now 5 times as old as his son.

Four years ago, the product of the.'r ages was 52.

Find their present ages

SOLUTION: Let the boy be x years old now.
Then his father is 5x years old.

4 years ago, their-ages were (x — 4) and (5x 4).

respectively.
By the given condition (x—4) (51—4) =52

5x? —24x+16 = 52

5x’—24x-36 =0

5x* —30x+6x—36 =0
Sx(x—6)+6(x-6) =0

(5x+6) (x—6) = 0

either 5x+6 =0 or x—6 =0

=5 X =—— ST
5

Since the boy cannot be —% years old. Thus x = 6

Son’s present age = 6. yéars
Father’s present age = 30 years

EXAMPLE-4

Find two consecutive positive numbers such that the

sum of their squares is equal to 113.

SOLUTION: Let x, x + I be two consecutive positive numbers.

By given condition ~ x’ +(x+1)’ = 113
W rxt+2x+1 = 113’_

2%’ +2x-112 = 0

xXX+x-56 =0

(x+8) (x=7) =0

x+8 =0 or x-7=20

x=-80r  x=7

x+l1=7+1=8&

.. Required numbers are 7 and 8

123




| 3 | ':The base and height of a triangle are (x + 3)cm and (2x — 5)cm
~ respectively. If the area of the triangle is 20cm’, find x.




Review Exercise-5 “"* )
I- Encircle the Correct Answer

1. A quadratic equation has a degree:

(a) 2 ) 1 (6) zero @ 3
2. Alinear equation in one variable is of degree:
(@ 2 (b) 1 " () zeo (d 3

3. Factorization of 2x? = 3x is:
(@ o0 ‘ (b) x(2x-3)
© 2x° - 3x @) 3x - 27

4. Solution set of (x—2)* =4 is: %
(@ {04 . b) (-6 2

© (-6-2 - @ 2 ' -
; 5. The number of techniques to solve a quadratlc equatlon ls,

(@ I b) 2 © 3 @ 4

6. Solution of x’ —5x+6 =0 is: _ Bt -
(@ {3} (b) {2 © {23} @ (-2 —'-'3}'-_

7.- Solution of x2-9=0is: il
@ 9 W (9 O (£33 @ &

8. Factorization of x* -6 is: e T

@ (-2 (+2) ) G- z)'(x+z)(x = e
(] (x—2)(x+2)(x2+4). (d) (x_2)2 _.m@ﬂﬁw'
' iy :Me.:imiw

| 9. Solution ofx":l is: i s DG d umh‘w alw

@ (1 ol il}' © { -!:r) sitsypd ui@m{aﬂb
o . ‘ TR ] 1= M L.C#iﬁ."?m":ﬂ #‘("—L T :;: |
IO. x2+2x+1 Ohas the solutian PR |

BN - 0 U




I- Fﬂllnﬂleblunh.

1 equation of degree 2 in one vanable is called a
‘equation.

i\f b’ —.4ac
R 2a

of 2x° - 3x is:

f(x=1)' =4 is:

""-.-ghniques to solve a quadratic equation

is called a

"f@pmpleting the square method cannot be

- _is used to solve a quadratic equation.

il )




(A3l MATRICES AND DETERMINANTS

Introduction to Matrices
Types of Matrices

Addition and Subtraction of Matrices 414
Multiplication of Matrices -

Multiplicative Inverse of a Matrix _
Solution of Simultaneous Linear Equations

VvV vVVvVVew

After completion of this unit, the students ;vill be able to:

» define
« A matrix with real entries and relate its rectangular layout (formation) with real life.

« Rows and columns of a matrix. « The order of matrix. « Equality of two matrices.

» define and identify row matrix, column matrix, rectangular matrix, square matrix,
zero/null matrix, identity matrix, scalar matrix, diagonal matrix, transpose of a matrix,
symmetric and skew-symmetric matrices.

» know whether the given matrices are conformable for addition/subtraction.

» add and subtract matrices.
» multiply a matrix by a real number.

» verify commutative and associative laws under addition.
» define additive identity of a matrix.

» find additive inversg of a matrix.
» know whether the given matrices are conformable for multlphcatmn

» multiplication of two (or three) matrices.

» verify associative law under multiplication.

» verify distributive laws.

» show with an example that commutative law under multlpllcatmn

does not hold in general(i.e., 48 # BA).
» define multiplicative identity of a matrix.

» verify the result (48) = B'A.

» define the determinant of a square matrix.

» evaluate determinant of a matrix.
» define singular and non-singular matrices.

» define adjoint of a matrix,

» find multiplicative inverse of a non-singular matrix A and verify that 44™" = I A4,
where ] is the identity matrix.

» use adjoint method to calculatc inverse of a non-singular matrix.

» verify the result (Aa) = BEA

> solve a system of two linear equatmns and related real life prublems in two unknown using.

inversion method, e« Cramer’s rule.

S
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6.1 INTRODUCTION

In this chapter we will introduce a new mathematical form, called a
matrix, that will enable us to represent a number of dn‘ferent quantmes
asa smgle unit. .

. The idea of matrices was introduced by a famous mathematician

Arther Cayley in 1857. Matrices are widely used in both the physical

and the sogcial sciences.

A matrix is a square or a rectangular array of numbers written within
square brackets or parentheses in a definite order, in rows and
columns.

Generally, the matrices (plural of the matrix) are denoted by capital letters
ARBAC etc. while the elements of a matrix are denoted by

.small letters g, b, c.............. and numbers J, 2, 3............... For example:

R e o

Look at another example:

A company that manufactures shirts makes a standard model
and a competition model. The labour (in hours) required for
each model is conveniently represented by the 2x 3 matrix.

Fabricating  Finishing 'Paf:f;;gn;nd
Y, 5) 1 02 < :
= ' t i
7 2 0.. 5 'andard Shirls

The weekly production can be represented by the row matrix
. Standard Compelition ¥

Shirts : Shirts
(100 - 10]

128
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Each matrix consists of horizontally and vertically arranged elements.

y 4 Horizontally
: = = amranged
3 J elements
Vertically arranged elements. .

B

Rows: Horizontally arranged elements are said to form rows.

Columns: Vertically arranged elements are said to form columns.

|

The number of rows and columns in matrices may be equal or

different. However, the number of elements in different rows are
same and similar is the case in the columns of a matrix that remains
the same. ‘ |

Generally, rows and columns are denoted by R and C respectively.
For example:

Column 1 Column 2

or or

C G
pa ' b|«<—Rowl or R,
7 e d|«—Row2 or R,

* Matrix 4 has two, rows and two columns whereas q, b, ¢, d are its .
elements. The number of rows and the number of columns are
denoted by m and n respectively.

In the above example m =2 and n =2

129
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Order of a Matrix:-

If a matrix 4 has ‘m’ number of rows and »’ number of columns,
then order of the matrix 4 is mxn (read as “m-by-n matrix”)

EXAMPLE-1 Find the order of P=1[ 3 ]

SOLUTION: Matrix P has only one row and one column.
: So order of P is I1x 1 matrix.

EXAMPLE-2 Find the orderof Q=[4 7]

SOLUTION: Matrix Q has one row and two columns.
So order of Q is 1x2 matrix.

7

SOLUTION: In matrix R, the number of rows is two i.e m = 2

and the number of columns istwoien=2.
The order of R is 2x 2 matrix.

EXAMPLE-3 Find the order of R = [; 4}

| 3 4 9
EXAMPLE-4 Find the orderof A =[5 7 2
' Jo2 5

SOLUTION: In matrix A, the number of rows is three i.e m = 3

and the number of columns is three, i.e n = 3.
The order of A is 3x3matrix.

to remember that in the order of a matrix,
rows are mentioned first.
JERYIS Wi | .}




Equal Matrices:-

Two matrices 4 and B are said to be equal if and only if they have the

same order and their corresponding elements are equal.

Their equality is denoted by 4 = B.

w=a

For example: [w x} - [a b] XXl
y z c d y=c

: 0y

EXAMPLE

Which of the following matrices are equal and which of them

are not equal ?

- - 4
1 2 L =
“30 4’B=32 2 |,
- - 3 2x2 [ 6
|/ >
W 1 387 -
C = oo D =1 20 13U E =t ]
4 3
- = 4 2205
< L2X20 2
I 3. 7 L
F =
20 3

SOLUTION: Matrix B, can be written as

[ 4
3-2 - 12
B = 2 =|:3 4i|=A
S22 :

' (i) Order of 4 and B is same 2 by2, and corresponding elements

are equal, so 4 = B.

(i) Order of 4, B and C is same 2 by2, but corresponding

elements are not equal, so 4=B#C.

(iii) Matrix E can be written as: o]
Order of D and E is same, i.e -2
3by3 and corresponding T A
elements are equal, 3
soD=E. 2x2 2 529

w ™~

)t S

L

3
1
2

|

oA

~ (iv) Order of the matrix Fis 2by3 , soF#DandE#F.

131




3-

[ B=p)
-5 0
[=510 )
]
=)

Witllflle help of the given matrices answer the questions from 1 to 3,

: 3

-3 -2
- =|-] N
o[ ) o
A 0
0 5 -3 4
aeeE s 0., F=| 0 5
2 3 -1

~ What are the orders of matrices A,Cand F?
2- What are the orders of matrices B,D and E?
‘What element is in the second row and third column of matrix D?

4- Which of the following matrices are equal aﬁd which ofthem are not?

6

_"4:[4]_,'“[, 2],c=[9],0= [2+2]

3+3‘F=_[§ i}(h 71
|18+1 O 6 8

=25

0341, 1 [I 3] [1 ; :l
by = J =
d=s 5l 16/ |
86187 6 A

263
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6.2 TYPES OF MATRICES !

(1) Row Matrix:-
A matrix with only one row is called a row matrix.

For example: 4 = [/ 2] is of order Ix2.

B

[2 3 4] is of order Ix3.

(1) Column Matrix:~
A matrix with only one column is called a column matrix.

For example: C

;] is of order2x/.

3
D =|2|is of order3x1.
7

(Il1) Rectangular Matrix:-

If in a matrix, the number of rows and the number of columns are
not equal, then the matrix is called a rectangular matrix.

For example: 4 =[2 5], B= [3] ;

4
1 27
C =
She 6 5
are rectangular matrices of order/x 2, 2x I and 2x 3 respectively.

(IV) Square Matrix:-

If a matrix has equal number of rows and columns, it is called a
square matrix.

For example: [

2 10] I R
_.31]’9_

L b I~
th A W

3

186

7 i

are square matrices of order 2x 2and 3x 3 respectively.
133



(V) Zero or Null Matrix:-

If all the elements in a matrix are zeros, it is called a zero matrix or
null matrix. A null matrix is denoted by the letter O.

For example: O = [¢] is of order /x/.

=[0 0] isoforder/x2.

0 = g] is of order 2x 2.

(0 0 0
O=|(0 0 0]Iisoforder3x3.
q) ) )

M) Diagonal Matrix:-

A square matrix in which all the elements except at least the one

element in the diagonal are zeros is called a diagonal matrix.
Some elements of the diagonal in a matrix may be zero but not all.

o o =
SR c-

- Forexample: 4 = [3 0] ,
- 0 4

S R T e
S N O
w o ©

~ are all diagonal matrices.
|7

(V1) Scalar Matrix:-
A diagonal matrix having equal elements is called a scalar matrix.

134




For example:

1210

I=[1 1=[O ;

[0S0
| oo

OB ONT
are identity matrices of different orders.

(IX) Transpose of a Matrix:-

If 4 is a matrix of order (mxn) , then a matrix (nxm ) obtained by
interchanging the rows and columns of 4 is called the transpose of 4.
It is denoted by 4'.

: [a b
For example: _[a :| henaa [a c]

lc d b d
L2083 1047
B =|4 576, then. B —II2NESEER
7. <8889 3 6 9
If 4'and B'are transposes of 4 and B respectively, and if k is
scalar. Then: -
‘ (@ (4'). = 4 ) (k4)" = k4
) (A+B) = A'+B' (d) (AB) = B'A'

(X) Symmetric Matrix:- A square matrix 4 is called symmetric if 4° = 4

For example: 4 =[p q] and A’ =[p q]

q: T qusr
Since 4' = 4
A is symmetric matrix.
‘ I =283 1 -2 3
B=|-2 0 4 B=|-2 0 4
3 a2 3 4.2

Since B’ = B
Matrix B is symmetric.’
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MATRICES AND
s TR

(X1) Skew-Symmetric Matrix:-

Asquare matrix 4 is called skew symmetric (or anti-symmetric) if 4’ = -4,

05 =293
For example: 4 =| 2 0 4
-3 -4 0
02 -3 0 -2 3
A=1-2 0 -4 =-|2 0 4|=-4
3 4 0 -3 -4 0

A'=—4 Hence 4 is skew symmetric.

[ XERCISE — 6.2

1- Identify row matrices, column matrices, square matrices, and
fries rectangular matrices in the following matrices.

B L 52
SR T Ly 2 6 bty 1)
;

5 _ ;
Ie=2 54
5‘}0‘:[ wH =[0]
0 DI &




T morme T o

3- Find transpose of the following matrices.

3 4 =32 a -b
= 'B= ’C= iy
| e e

4- |dentify all row matrices, if:

—73
=[3 4 5 = -
A4=[3 B 4 6],6 [e Ve
7 5 g
1 4 6
D=462,F=373]
1 9 8 :

5- Identify all column matrices, if:

E 2282 a ]
A=|6 |, B=|6 5|, c=|p| ,D=|4 !6
10 4.5 c —2 3
5
E=|7 |, Fi=[9 788l
-4
6- Identify all column matrices, if:
S ] 1
1 3
A=[ ],B=I 6 S|, C=i2|, D=
2, i 7493684 9

E=[3 7 F=[‘:

i

7- ldentify all 3x3 square matrices, if:

2l sgnil g 2
A=11 . 5 4| 0B =l
Fimohburs 3il) 7




6.3 ADDITION AND SUBTRACTION OF MATRICES

Two matrices 4 and B are said to be conformable for addition 4+B, if
they are of the same order and their sum is obtained by adding their
corresponding elements.

. Order of matrix 4+B will be the same as the order of matrices 4 and B.

6.3.1 Add and Subiract Mairices
Addition of Matrices:

When two matrices are conformable for addition, we find addition by
adding their corresponding elements.

For example:
7 [w x}_l_l:a b]=[w+a x+b]
_ y z c d y+c z+d
@ [—3 0 1]+[5 3—2]=[2 3—1}
S 2 -4 -2 0 5 3} AN

2. 4 3 -2 -5
2 -3 5|+|-5 2 1
3 47] |1 -3-2

[1+3 2+(-2) 4+(-5) 4 0 -1
2+(-5) —-3+2 541 =|-3 -1 6
B 44G3) 7+(-2) 2805

1l




EXAMPLE-1

SOLUTION:

EXAMPLE-2
If A=

SOLUTION:

B

;

2
b

e JE 5 e 2
ly 4] |3 b
i l-a x-2
ly-3 4-b
AT 5 1 3
-1 3 4 and B=| 2 1
0 4 -2 -1 8
[ 2057 1 3
A-B =|-1 3 4= SN2
L 0 4 -2| |-I 8
[ 2=/ 7-3 3
=|=-1-2 3-1 4
0-(-1) 4-8 -2
1 4 -2
A-B =|-3 2 =2
_1 —4 -5

EXAMPLE-3 Add the matrices A,B and C where

Az[j ;]._ B:U

SOLUTION:

3 2 -6
, C=
5) |4 1

Since A , B and C matrices have the same order,

|

so they are conformable for addition

Iews3

A+B+C =[

210
30 4| =255

Jl-

(24 1+2
|3-2-4

=3
139

1+3-6
44 5+1

5 =7
10

2
4

then find A—B

-6
1

] then find A-B

] ,




1atrix B from matrix A.

DRI N ] —5 2
A=|1 3 -2|, B=|2 4 -6
2 8 Gl

UTION: SmceA and B have the same order, so
' they are conformable for subtraction.
T 524 7 1 -5 2
WG@“B =|d0 S A
4 5 (/] 3 6 -1

-

e 7=2
- =[1-2  3-4 - -2+6
B30 56 6+1

imbers is also called a scalar.
nd 1 scalar k, denoted by &4,
‘each element of Axk .




6.3.2 laws of Addition of Matrices

Commutative Law:
For any two matrices 4 and B of the same order

A+B = B+ A

This law is called commutative law of matrices with respect to addition.

EXAMPLE-1

I 3
M{ } i B=[“]
4 5 -6 1
then show that A+ B = B + A.

SOLUTION: Matrices A,B have same order, so they are
conformable for addition.

153 4 2 1+4 . 3+2
A+ B = - =
4 5 -6 1 4-6 5+1
ey
A+ B {2 6]
and i
O n 4+1 2+3
NAE |t G
=2 6]
Thus A+B = B+ 4

Associative Law:

For three matrices 4, B and C of same order,

_m+w+C=A+m+Q  

This law is called associative law of matrices with respect to addition.

Y 1‘1 ‘




: i %) (4 0] 203
EXAMPLE lf'A=[ J, B = , C=[ ]

0 5 0 2] -5 —4
then verify the associative law of matrices with respect
to addition. o
A+B+C—(I C + b + s
SOLUTION: (A+B) _ko SilEelion 2 Wre
1502 7
= -
0 7| |-5 -4
Rz Gl .
(A+B)+C = -4 3](&)
_ [l e2]] 4 0 2= i3
A+(B+C)—_0 5 +([0 2}+[_5 __4:D
izl e, 3 7 5} .
= + | |1 B e (H)
0 5 '[—5 —2} [—5 3

From (i) and (ii), we have (4 +B) + C = A + (B + C)
6.3.3 Additive Identity of Mairices

In real numbers, zero is the additive identity i.e. the sum of a real
number and zero is equal to the real numbere.g, 5+0 = 0+ 5 = 5.
Slmllarly. a zero matrix O of order m - by - n is called the additive

b "'ntlty matnx such that

B RO N0 A = 4

' o
- Forexample: A‘_ [2 4}

A PR [ iS 080
- Consider, A+0—[2 4:'+[0 '0]

e o (150 7]
A+0 [ =

PRI N Ton o7 rshis. [3 5
) 0] |2 4] |2 ¢

A 50 'O’I.s adHMve identity of matrix A.




Remember that: The order of ‘4’ and ‘0’is same. -

6.3.4 Additive Inverse of a Matrix

Therefore 4 and B are inverse of each other.

If two matrices 4 and B are such that their sum (4 + B) is a zero
matrix, then 4 and B are called additive inverse of each other.

For example:

T S e e L BT e et T

EXAMPLE i
i
¥

B ) \
If A=| 2 -4 5|, and B=|-2. 4. -5

—0 = 2 MIING=7 |
then _ :

T ey [y =2LkEs
A+B=| 2 -4 5| + |-2 4 -5

) =i 7 2 I -7

el ) 2-2 -3+3 0 0 0

=| 2-=-2 —4+4 5-5|1=|0 0 O 1

=242 =Tt =7 0 0 0
i nl = 0h ity pa
A and B are inverse of each other. 4 : LA =



| XERCISE — 6.3

2 3 4 QTS S
IERRIGERREA =" /5 5 B=|2 3 6
) 45408 3 1 4

o

Find () A+B (i) A-B (i) B—A
.(iv) 24+ 3B (v) 34-4B (vi) A-2B

2- Find the additive inverses of the following matrices.

‘ l
A'=[4 3}3 {J‘ 3] v
2 6 4 3
4
77 )
D=0 3 4,E=[2 5 -3]
2

=73

D3 17
_ _ [1 5]and‘B [4 6]therl15hqwthat
() 44-34=A (i) 3B-34 = 3(B-A)

4- Findxandyif [ x+3 1 28 ]
=sasy =g =3 2

5- i o ,
| [4 5] [6 5} C [ £ 2:, then prove that

() A+B = B+4 () A+B+C) = (A4+B)+C




7- Find a,b,c,d e and f'such that

a b c] [3 =28 I¢ [=nl=2 83
d e f| |5 Uos=q|u0E=2 5]

8- Find w,x,,z such that 5
[w x] [ 3 o] [z 1]
+ =
y z -1 5 6 —3
S a b ) ks
9- If4 = [c dj| then what is the additive inverse of 42

HRE - : 0 .
10- Giventhat 4 = [2 3]verify that A2 ~44+35I = 0,

2 4 30 =7 ok
11- IfA=[1 5].3 =_[4. 6].thenverifythat(A+_B)'=A'+B_.’.

[ 2 2. —7 e T
- = ,B = 1 ,C‘ = P . : .- .
12- If 4 |: S 4] [ s, 8] . [0 2] then sho.w_tjhafc:_

gl s
8 2

6.4.1 MULTIPLICATION OF MATRICES

Two matrices 4 and B are said to be conformable for the'product 4B,
if the number of columns in 4 is equal to the number of rows in B.

. 4] 04 e R
For example: [2“_’3] [l 2] T
' =[I4] e ok { it S
148 : .

4 k.3
s 53
-1t 1




EXAMPLE-1

A=_[an arz] B =|:bu b, brs}
a; 4 b, _bzz b,;

order of A - order of B

.
L
23

order of product AB

—>» X X

The product of 4B shall contain the elements like

¢ Sz Cp3
- AB= [ where
: . LG € C

IS by +ay; by elements of Ist column of B)

(Multiplication of the elements of Ist row of A with

¢y = @y by +a;; by - elements of 2nd column of B)

_(Multiplication of the elements of Ist row of A with

C;3 = ay bl:? +a{2 b23 ‘elements of 3rd column of B)

(Multiplication of the elements of Ist row of A mth

¢y = ay by +ay by

Cyp = Gy byy+az by

e B I'a" g a b" ",b' b
AB= +1] 12] [bu J?_ 13:| 3 -

L9 922] |“u by, | b23_

148

a, by + apby  ayb, +apby,  a b +oa by
by + apby  ayb, +ayb, ayb; +ayby

|



If A = [ } and B = [2] then find AB.

SOLUTION: order of A =2x2
orderof B = 2x1
order of AB = 2x1
Because number of columns in 4 = number of rows in B = 2

AB_sz 2] [s5x2+2x3] [10+6 16
|3 43| |3x2+4x3| |6+ 12 18

Result:

If 4 is a square matrix then 4% = 4.4
A = AAA = AL = 4’4
Finally A" = AAA....... ntimes.

" Remember that:

For multiplication 4B of two matrices A4 and B the following points
should be kept in mind. - y

(@) The number of columns in 4 = number of rows in B.
(ii) The product of matrices 4 and B is denoted byAxB or AB.

(iii) If A is a mx p matrix and B is a p*n matrix then
AB iS mx n matrix.

6.4.3 Assouame Low of Maivlces with respect
to Muliiplication

If three matrices 4, B and C are conformable for multiblicatioh, then

A(BC) = (AB)C

L]

is called assomatwe law with respect to multlplicatlon g
, 147 g 53

L & sad e = L - ' —— i



B pompLe

: If 4= : and:ic =
e {3 1] B, [2 3J [3 1 ]

L 1 2
| . - then verify associative law under multiplication.
o 1 SOLUTION: _
: B [2 ([ T]Te 2
[0 )
| 2. 1|[1x4 +1x3 "~ Ix2 +-1x1]

3 I||2x4 + 3x3 2x2 + 3x1]

e I [+ 3t wgipy
3 1]|8+9 4+3

273
BT 77

[2x7 + Ix17  2x3 + Ix7 14+17 6+7
|3x7 + Ix17 3x3+1x7 21417 9+7

Il

=138 16] ()

e ()] [;;]J [:f]-

L <ot S TR, A1 s IETEE

K o
- ®
Qi
|

7 le + Ix3||4 2
-/ 3x1 + 1x3 31 ‘
Rt mv;-f* o int widin o



2+ :
ABC = 2 2434 2
342 3+3||3 1

4x4 + 5x3 4x2+5x1 16+ 15
5x4+6x3 Sx2 + 6x1

31 13
(AB)C = {38 16] ........... (i) .

From equation (i) and (ii) , A(BC) = (4B)C
Associative law ho.'ds in multiplication of matrices.
6.4.4 Distributive Laws

If the matrices A B and C are conformable for add:tlon and
multiplication, then

() AB+C) = AB+AC (left distriburi\;e law for matﬁqes).

(ii)) A+ B) C = AC + BC (right distributive law for matrices)

(i) and (ii) are called distributive laws.

EXAMPLE

then verify left and right distributive laws.
SOLUTION: (:) Left d:stnbutrve law AB + C) = AB + AC

e 3+—1 S i R
T e 2] TG

20+18 10+6

453 2 3] ey
If 4 [2 2],3 [_1 _z]an. [3‘ 6]

]_.




7 +- ¥ =
Lzﬂz by g™ Sl

Mﬁ\ \50‘ ‘J\'» Y 23740 TR

8-3 I2- '6‘]+[-.4+9 —I6+18]

ﬁ.i :@4.*;12&1 6 —4 | |-246 - 8+I2




s
(i) Right distributive law (4 + B) C = ACiH5GI NI w_

. ;;E' b
A+B = [4 2 +| it gr‘-ﬂ%mﬂwﬂrmm S ﬁ' ;
| 2 2|7 |=1"—2i|Sel0) ) if"-'?‘tf?'l'-',»‘;. o

165 oo | e
nsider (A+B)C = = W 4 *9 ) 1 hang A
Co (A+B) b 0][3 6] gl #

B
=108 —4+0 : - :

| Py = "RV v i
) - . O A = L

{ : = _ E oy ¥
12 12] ) R AT L

[S=4 |

Consider AC+BC = [4 3] [ B -4]+|: o 3][_1 AN i)
(22| ll3 el BT @l

-—4+9 '—16+18
—2+6' -8-1-12




, e - 645 (ommutntive-l-.uw :

L ' Commutatlve law does not hold in multlpllcatlon of matrices in general
4 © le.dB#BA ' :

e 2B_-.'—,1 A
EXAMPLE-1 5 | B=|, |verily4B=B4.

SOIUTJON.- G‘iven matrices A and B are conformable for

il .. multiplication AB and BA.
e e [1_ 2] [_1 3]
. Consider =
gl o= : 13 -2 4 2
i :
|- i . [-1+8  3+4
il - i 3-8 9-4
S e

EARI= Sl

| T e 0

mwtlplfcaﬁon

ved V‘ (54 —




EXAMPLE-2
_'_. a b . | '
_I-f A= S .thenvanfyjz‘;=,._-

SOLUTION:
Cons:der 1,4 = ! ][

[ |
[Ixa + Oxc
[ |

Oxa + Ixc

b -1

dilne

LA=4 ......(Q0)
Consider 4, =%, 2|4 FC e
. n _C_ d ; I P Y=o -.-. |

. % - '}

axI + b>50

cxI + de




6.4.7 Theorem
(4B)' = B'4' where 4and Bare two matrices.

EXAMPLE
or g =1 3 |
lfA-[} _2] and B—[z 1], then
show that (4B) =B'A'
sowrion: o 3l 3]
- . i —I 3
AB =
_Gf'nsidef 4 #k [1 —ZH 2 1]
_[~246 6+3
T l-1-4 3-2
a7 ||
B
| W18 9] . [4 -5
LHS =@Bf =| _ " |=
(- ): -5 1 [9
. ! —2 I —
i ‘, = . B' =
Now .A i ;2}’ 4 !

 Consider RHS =B'A' = [“’ 2]




1. (AB)C = A(BC)
3. AB+C)=AB+AC
5. (B+C)(B-C)= B> -C?

1. BI=B

]

Find the Mnifix Products.

9. [2 5][; _;]

_EXERCISE - 6.4

In Problems 1 fo 8 Verify Each Statement, Using el §

had il g Sy el skitnl
_2'-_4" €= [4 2] SN "I‘.'h..

!

. 8. BC#CB

T NSNS

2. AB;EBA

s s sl bl

2 G eoivel) O RSae

4 B+C)A=BA+CA -
(ioen s lo AiEneleioE

6. (BC) =C'B'

J.._--]'.-'.‘-.:: LN

-
e ur

A e A,



6.5 MULTIPLICATIVE INVERSE OF A MATRIX

6.5.1 - Determinant Function |

Inthis section, we are going to define a new function, called a determinant
of a square matrix. Its domain is the set of all square matrices with real

elements, and its range is the set of all real numbers.

If 4 is a square matrix, then der 4 or |4| read “The determinant of 4
_ Is used to denote the unique real number.

The determinant of a matrix of order 2 is defined as follows.
-de;[a b] _la b‘

chd cad
= ad —bc

6.5.2 Evaluate Determinant of a Matrix

EXAMPLE-1

=1 2|
If A = [_ coanle then evaluate det A.

SOLUTION: l,'4|=‘_3 _j\_=(—l)x(—4)—(—3)x2

- =446 =10
EXAMPLE-2 o s
| If A= 2], then evaluate det A.
T e A |
| SOWTION; detd = ‘4 J=12-8=4
- EXAWPLE-3 | _
YT If A= g = , then evaluate det A.
", 10 4 : :
: r*‘l i 5 2'= 0._._20‘=0
10 4| . i



6.5.3 Singular and Non-Singular Matrices

Singular Matrix:
A square matrix A is called a singular matrix. If det 4 = .0
EXAMPLE

(12 6 -

If A=
6 3

det A pC 36-36

e = - —

6 3

det A = 0. Hence matrix A is singular.

Non-Singular Matrix:

A square matrix 4 is called non-singular matrix, if det 4+ 0.

EXAMPLE
If 4= & 4
6 8
: 2005
det A =| =16-30
: 6 8
det A = —14+0. Hence matrix A'i's‘non-singulan _ .

6.5.4 Adlomi of o Mah ar

Let 4 = [a d] be a square matrix of order2x2 Then the matnx
C "

'obtamed by interchanging the elements of the diagonal (i.e aand d)

and by changing the signs of the other elements 5 and c is called the

adjoint of the matrix 4.

2 157

. "-...




- The adjoint of the matrix 4 is denoted by adj A. For example:

_ i
it b] ,then adj A = b}
camd : -C al-

. Look at another example:

: [ =21 (g8 192
If P=-6 ,then adj P =
SR =5 e

6.5.5 Multiplicative Inverse’

" In the set of real numbers, we know that for each real number a

(except zero) there exists a real number a™ such that aa™ = 1.
The number o’ is called the multiplicative inverse of a.

Slmllarly, each square matrix 4 has a multiplicative inverse 4~/ such ;

that 44" = A'4 = I, provided det A#0.

Multibliéative inverse A4~ of any non-singular matrix 4 is given by

= adj A
AI=—IJ;,— |4 # 0

If 4 is a singular matrix then the multiplicative
- inverse of 4 does not exist.

',;ft"q;ﬂi flr.‘

qL “'mafnxﬁ is a ays unique.
atrices cannot possess inverses.
Lo ﬂrﬁf ﬁ’i} 'f} Fﬁr_» 2 S oi -I'}."".'"

L .v _‘ﬂ 1, QB 2
! o ) g‘f-.

f!?-;",.




EXAMPLE

; - TR
e, SRR

3
o

L. 4 2 ,(,,..-'-" wlo P U -
If A '='[5 4] then verify AA“’ AT | wisggen Bl - !

where I is the identity matrix.

SOLUTION: = [4 2 e 2 Lo VRS ) : }t
A : e %] a3t - o ‘. 1
15 4} b= [ ] - !
' 4 2

| 4] = ‘

5 4

= 16-10 o L S
|4| =6#0 PP VR

We have 4 = L adj A
13[4 8= . P Sa
: S .

4 2] 4
5 4]|-5 4

i
6
1[16-100  -8+8 o
620-20  -10+16]

Now _
Consider A™ 4




656 Inverse of a Non-Singular Matrix

e i det=pliz,
" The matrix [a d} has the inverse 1 [ : ] provided, ad —bc 0,
R e kg a .

—bc|—c

EXAMPLE-1

3 3 '
BRI A — [:4 9] then find inv_e:se of matrix A.
SOLUTION: A , then adj A = B
0 i liae 9 -14 7

i 7 3
: |4] =

| 149

1 A 4] =63-42 = 21%0

We know that 4™ = I_jl"l adj 4

4
—_—

:ﬂ, .‘ I:_ y -J. e
__2] _enﬁ_d_IB_ .

v

SN S A P
el 1 P ' adiB = :
AVE B '.—73 -2 4 3 3]

L R :
.:. ’ I'_T-.‘)E L-’s‘ _L-' k ‘_:.' oy o - )¢ 1




|B|=-6-12=-18%0

We know that B-J‘ = i%i aij < O Sl e 3"”‘ 5

g ol

. . W3 5 - A

--2 4 ) A . "'T_ \-L‘-;"I.
-8 <15 b -
=5 i
-18 -18 ' 0

e

B—f = E —9_ .I"
=1 =1

60
EXAMPLE-3 ¢ iy
If P= [6 4] , then find P~ if possible.

SOLUTION:

Emaly
3 B
& 4] 95




A e e e !
MATRICES AND DETERMINANT

i 6.5.7 Verify ()" =8"a"
'We verify this with the help of following example.
EXAMPLE

d 3 6] 7
IfA=|" |, B= . then verify (AB)™" = B'4”"
4 [2' I] [5 4] v ( )

, - SOLUTION: (3 GlEE
' : 2 1|5 4

5 AB_'12+30 6+24| [42 30
L 18 +5 4+4 | (13 8

SOI = 42x8-13x30

= 336 -390

= —54%0

 Consider LHS = (4B)" = !—IB—IadJ(AB)



[ERMINANTS

4
|B|=5

Now B =
Bl
6

Consider B'A” =




. : [ XERCISE — 6.5
‘L; .' 1~ Find the determinants of the following matrices.
/
-2 5 -8 -4 7
0 [j‘c ;] (w[f_ 4] (ffv.[ § _2} ay
8
2. Identify the singular and non-singular matrices.
L -1 3 - 3 &8 -a b
) [1. _3] (i) [4 9} (iii) {a b]
3. Find the inverse of each matrix 4 and show that A" A=1.
If the inverse does not exist, give reason.
. A 2N (=2 0
5 @) [ } i (iii
1 | 1053 i ORd| ! ! -1 3
| __ W) SO @) 1833 (vi) -1 0
| '- =2 2= 8 L0 =1
[
Sleps e 5T
Ee s
53, 9L

) Verify that M~'M = MM~

k5

=t =Pl == ad

A~ Solw




6.6 SOLUTION OF SIMULTANEQUS LINEAR EQUATIONS

To determine the val_ue o( two variables, we need a pair of equations.
Such a pair of equations is called a system of simultaneous linear
equations.

1- The technique of solving a pair of simultaneous equations by
(a) Matrix Inversion Method
(b) Cramer’s Rule

2- To apply the technique to solve some practical problems.

6.6.1 Matrix inversion Method
Let ax+a,y=b, ... (i)
and a;x+a,y=>b, ... (ii)

= e T

be the two simultaneous linear equations. These equations can
be written in matrix form as:

ax +ay| b
a;x + a;y 5 b,
i.e =
a; a,; ||y b,

or AEX =B e (iii)

b
a; a, y b,

To find values of the variable x and y, the ecjuation (iii) is solved by
the following method.

AX =B
If 4 has an inverse 47",

- then 474X = 47'B (A4 = T)%

IX = A'B (o1X =X)
X = “l“ifa provided| 4]0
In case 4 is singular (]4| = 0), then it is not possible to find the
solution of the given equations. e el i o

165




EXAPLE

Solve the following set of equations using the matrix inversion
method. 3x —4y=7Sx—-7y=12

SOLUTION:

‘The given simultaneous equations may be written in matrix
form as:

L e

: (3. -4 x 7
= , X = . B =
e =[5 ] x-[}] o< [l
3 -4
5 -7

|4] = —1%0

" As A is non-singular matrix, so the equations can
be solved.
4
;

|| = =-21+20 = -1




Cramer’s Rule:

Simultaneous linear equations can be solved by Cramer's rule. The
method to solve linear equations by Cramer's rule is explained below.
Consider the linear equations.

ax + ay = b,
a;x + a;y = b,
In matrix form

= o G-l
a a y 1 b,
AX = B
e a, 02:]’ X=[x]’ B = bjr
a; ay y b,
a a :
| 4| = , provided| 4|#0
a; a, .
|D‘r = bf a.?
b, a,
b
1)1 = a 9
a; b,
Now x=|D—’| and y=l£€—|
A| | 4]
EXAMPLE-1

~ Use Cramer’s rule to solve the following linear equations.
x+3y=6 , 2x+ty=4

SOLUTION: x + 3y =6 , 2x + y =4 .in matrix form:

G-

| AX = B _
1253
b=
1 [2 1] -
' 87 =




: We-;denote apple by x’ and pear by ‘y’
then 7x+4y=1I
Xt 2y.= 7.
In matrix form

7 4 [=] [0

BRI A =B

| =14-20 = —69&0




EXAMPLE-3 3
Find two numbers whose sum is 67 and

SOLUTION: SO
Let x and y be two numbers and also x> y
x+y=67___ (i) !
x=y=3 (u) ..,-.‘-,,,.:.__
In matrix form: 1 11 [x] Ay o
1 -1] |y~
: AX = B
Iyel
|A|=L -
=1
670!
D;l=
2=l
1 67
Dl =
1D, |1 3
x:l_'[..)i..l.
| 4]
1D, |
Py
x=35

-, the required numbe

 EXAMPLE-4
rad A belt and a wallet costRs 42,
g Rs 213. Calculate the cost of each




Byhid
'74

mi;'}«t:[

AX = B

4
-7

=4-7 =-320

i

=A4"'B

aqlfA]
5 = B
[[AI

(4 —11][42
-7 1]|213

768 — 213
|—294 + 213




EXERCISE 6.6

| j 25571 X o 2 ) y ~-:-.
RRe (1) I:_4

: i# ]-.:' 5 4

15

c Tl et

|

N ITeIed BPT-SLIONE. e
1- Write the equation 2x+ky=7and 4x— 9y 4inmatrix form.Also
find the value of k if the matrix of the coeffi cients is singular.
2. Solve the simultaneous equations by the matrix inversion method
where possible. Where there is no solution, explain why thisisso.
(i) 2x—5y=1 (i) 3x+2y=10 (if)) 4x+5y=0
3x-Ty=2 2y=3x=—4 2x+5y=1
(iv) 5x+6y=25 v) x+y=2 (vi) -2-+§.= -
Ix+4y=17  y=2+x  —dx+y=I4
3. Solve, using matrix inversion method - i e
Ix-y=10 '
2x+3y=3
%L 5
4. Use Cramer’s rule to solve the sumultaneous equatlons lee the ¥
reason where solution is not possible. : i ‘rjm, R
(i) x+2y=3 (i) 2x+y=1 e
x+3y=35 Sx+3y=2
() —2x+6p=5 () x=P=5 - @) S




Review Exercise-6

circle the Correct Answer.

hie number of rows and columns in a matrix determine its:
order (b) rows
columns ' (d) determinant

matrix consisting of one row is called a:
row matrix (b) column matrix

identity matrix (d) scalar matrix

o el

o matrices are conformable for addition, if they are of
! the same order . (b)) the dgﬂere;u order
| the order 2x2 (d) order3x3

| are matrix the number of rows and columns is:

' ) 3x2
| @ 2x1

| "'We same order and equal corresponding

(b) diagonal matrices

(d) unequal matrices

S are.

3




ke In matrices (AB) =?
& 1 A
X . (a) 4 {b) B : POty 4 swial !
=4 o B A @ 4B T e |
t ()
* Y § s et
=t 10. In matrices(4 B)™ =
-,-_. 7 ‘ !.“\
y @ 4 &) B .
> B4’ () A7l plen £UNH i T
I7- Fill in the blanks. < of i
o 1. The number of rows and columns in a matrix determine
I its - '
2. A matrix consisting of one row only is called a_ ST =
- 3. Two matrices are conformable for addltlon if they LT |
_ of the s T
" 4. In a square matrix the number of rows and columns is__
] il i
5. Two matrices of the same order are 27
corresponding elements are same. e 8
: L i e |
6. In a unit matrix the diagonal elements are k|
| P la ar;wm&& |
1. (AB)C = A(BC), where 4,B and C are matrices is called - |

.' s L’-

i
by
h\m

under multiplication. et aeRdil eRE

" ..-]:‘.J'\"l-'

If 4" = =—4, then the matrix 4 is said to be — ,

J wn ._~-*-mu;,;i.,‘” “i
In matnces(AB)‘ wo ot

In matrices (AB) Bs




SUMMARY

Matrix: A rectangular array of numbers, enclosed by a pair of brackets
and subject to certain rules is called a matrix.

Order of a matrix: The humber of rows and columns in a matrix determine
its order.

Row matrix: A matrix consisting of one row only is called a row matrix.
Column matrix: A matrix consisting of one column only is called a column
matrix.

Square matrix: In a square matrix, the number of rows and columns are
equal.

Rectangular matrix: In a rectangular matrix, number of rows and columns
are not same.

Zero or null matrix: If all elements in a matrix are zero, the matrix is
called a zero or null matrix.

Unit or Identity matrix: In an identity matrix, the diagonal elements are
unity and off diagonal elements are all zero.

Transpose of a matrix: A matrix obtained by interchanging rows into
columns is called transpose of a matrix.

Symmetric matrix: A matrix 4 is said to be symmetric, if 4’ = 4.

Skew-Symmetric matrix : Amatrix 4 is said to be skew-symmetric, if 4' =—A4.

Determinant: A real number associated with a square matrix is called
determinant of a square matrix.

Singular matrix: If the determinant of a square matrix is zero, it is
called a singular matrix, otherwise non-singular matrix.

Adjoint of a square matrix of order 2x 2

In the adjoint of a square matrix of order2x 2 the diagonal
elements are interchanged, whereas the sign of other diagonal
elements are changed.

Multiplicative inverse of a square matrix,

4 matrix B is said to be multiplicative inverse of ‘4’, if AB = I.




FUNDAMENTALS OF GEOMETRY

Properties of Angles
Congruent and Similar Figures

Quadrilaterals
Parallel Lines
Congruent Triangles
Circle

VVVvVVYvVYyYwY

After completion of this unit, the students will be able to:

» define adjacent, complementary and supplementary angles.
» define vertically-opposite angles. ; _
» calculate unknown angles involving adjacent angles, complementary angles, supplementary

angles and vertically opposite angles.
» calculate unknown angle of a triangle.
» define parallel lines.
» demonstrate through figures the following properties of parallel lines.

« Two lines which are parallel to the same given line are parallel to each other.
« If three parallel lines are intersected by two transverals in such a way that the two intercepts on one transversal are
equal to each other, the two intercepts on the second transversal are also equal.
« A line through the midpoint of a side of a triangle parallel to another side bisects the third side (an application of above property).
» draw a transversal to intersect two parallel lines and demonstrate corresponding angles,
alternate-interior angles, vertically-opposite angles and interior angles on the same side of transversal.
» describe the following relations between the pairs of angles when a transversal intersects two parallel lines:
« Pairs of corresponding angles are equal.  « Pairs of alternate interior angles are equal.
« Pair of interior angles on the same side of transversal is supplementary, and demonstrate them through figures.
» identify congruent and similar figures.
» recognize the symbol of con%ruency. ks
» apply the properties for two figures to be congruent or similar.
» apply following properties for congruency between two triangles.

L] SSS = SSS, o SAS = SAS, « ASA= ASA, » RHS = RHS.
» demonstrate the following properties of a square. :
« The four sides of a square are equal. « The four angles of a square are right angles.

« Diagonals of a square bisect each other and are equal.
» demonstrate the following properties of a reclanFle. :
» Opposite sides of a rectangle are equal.  « The four angles of a rectangle are right angles.
» Diagonals of a rectangle bisect cach other.
» demonstrate the foflowing properties of a parallelogram.
+ Opposite side of a parallelogram are equal. « Opposite angles of a parallelogram are equal.
» Diagonals of a parallclogram bisect each other. ; -
» describe a circle and its centre, radius, diameter, chord, arc, major and minor arcs,

semicircle and segment of the circle. - , o
» describe the terms; sector and secant of circle, concyclic points, tangent to a circle and concentric circles.
» demonstrate the following properties: :

« The angle in a semicircle is a right angle. « The anglesin the same segment of a circle are equal.

« The central angle of a minor arc of a circle, is double that of the angle subtended by the corresponding major arc.
» apply the above properties in different geometrical figures.




S ertex and another point on each arm. In this case,
vertex is plaoed between the other two letters, thus
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Right Angle:-

The given figure is of a
right angle. _
A right angle contains 90°.

mZ AOB = 90°

Acute Angle:-

An acute angle contains more
than 0°and less than 90°.
Angle ‘O’ is an acute angle.

Obtuse Angle:-

" An obtuse angle contains :
more than 90° and less than
180°. Angle Q is an obtuse

~ angle. : 0 P

v

Reflex Angle:-

A reflex angle contains more

than 180°and less than 360°.
Angle M is a reflex angle.

m.



Equal Angles :-

Equal angles are angles with

_ /3 N
- equal measures. Angle ‘O’ i
and angle ‘L’ are equal 0 L
. A M

angles.

—— i o

7.1.1 Adjacent, Complementary And Supplementary Angles

A

Adjacent Angles :-

Adjacent angles are two angles
with the common vertex and a
common arm between them. In
the given figure, £ 1 and Z 2 are
called adjacent angles with
common vertex B and common
| arm BD.

- EXANIPLE
Whether angles o and B in the following figures are adjacent?
If not, explain why?

D A
o= ]

 fig(i) B  fig(ii) B

SOLUTION:
In fig 1), £ aand £ B are adjacent angles.
In fig (i), £ a and £ B are not adjacent angles because no
5 ' arm between them is common.
. ﬂg (i), £ o.and £ B are not adjacent angles because
- theydo not have a common vertex.

g oy W
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Complementary Angles :-

Complementary angles are two angles whose sum is 90°. If the sum

of two angles is a right angle i.e. 90° (they need not to be adjacent),
each angle is called the complement of the other

Zaand Z B are
complementary and
adjacent angles.

ZAand ZDare | _Ap
complementary
angles.

Note:

If two angles are c:dp::cenf and complementary, ’rhen their
exterior sides are perpendicular to each other and vice-versa.
In flgure (i), £ o.and £ B are adjacent and complementary
hence OC L OA.

Supplementary Angles :-

Supplementary angles are two angles whose sum is 180° If the sum

of two angles is 180°, then each angle is called the supplement of
the other.

Zaand £ p are
— supplementary and
adjacent angles.

Zxand £y are
supplementary

.fig(i) angles.

179
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te rior arms is a straight line and vice-versa. In figure (i) on
B vious page Z o and Z B are adjacent and supplementary
| . angles, thus POS is a straight line.

EXAMPLE-1

ABC is a straight line. Amjad said, “Angles 1,2 and 3 are .

supplementary”. Whether his statement is correct? If not, what is
wrong? -

v

SOLUTION:

'No,' because, supplementary angles are two angles, not three.

EXAMPLE-2

If two angles are complementary and the larger angle is four time

bigger than smaller angle, how many degrees are there in each
angle?

 SOLUTION: | :
Let x represents the number of degrees in the smaller angle.
Then 4x represents the number of degrees in the larger angle.

~ Sincexand 4x are complementary,.
~ therefore ' '

T FEE A x+4x = 90°

A o b Y . 5x=90°
i x = I6°

L A= T28
ce the :ar'r_g_fes- are 18°and 72°, respectively.
EICNIES T e A ,,» .



7.1.2 Vertical ﬂngles

Vertlcal angles are two non-adjacent angles, each less than a straught
angle, formed by two intersecting lines.

Draw two lines intersecting at a
point. How many angles less
than a straight angle are formed?
The non-adjacent angles, each
less than a straight angle, are
called vertical angles. In the
figure Za , £b; and Zc , £d are
pairs of vertical angles and
Za=4tb , Ze=4d

EXAMPLE

In the figure, two straight lines AB and CD,
are intersecting at a point O forming

.méBOD = 40°. . C 75 B -

' A
What is the measure ofZ AOD and £ AOC ?
What can you say about £ BOD and £ COA?

SOLUTION :

Since ZAOB is a straight line and
equal to 180°, therefore,

mZ AOD + m/ BOD = 180°
m<£ BOD = 40° (Given)

mZ AOC = 40°
(£ BOD and £ COA are vertical angles )
mZ£ AOD = 140°

o (140° +40° = 180°):
mZ.BOD = m/ COA

. -’




~ 7.1.3 Calculate Unknown Angles

s ._l.___e‘t_.__.us consider the following example to calculate the unknown
“angles involving adjacent, complementary, supplementary and
vertically-opposite angles.

EXAMPLE-1
' Find the values of a, b, ¢ and d in the given figure.

SOLUTION: Fror:f) the figure.

e  c+40°+80° = 180° ' 0 A8

| c+120° = 180° b AN L
0y ; c = 180°—120° £ et aoNEe D
Srers 5 c=160° ’ 4

Therefore ¢ = a = 60° (vertically-opposite angles)
Now a+d+b = 1_80°

. 60°£40°+b = 180°
| 100°+b = 180°
i b= 80°
- EXAMPLE-2

Find the values of x , y and z in the given figure.

SOLUTION: From the figure.
 x+50°+60° = 180°
x+110° = 180°
x = 180° - 110°
= o= 70°
SN Bty (vertrcally—opposrte angles)
' =702 o ;
 Now y+z = 180"
L HRTG 180°
‘ iz = 110%

N
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THEOREM

If two straight lines intersect each other, then the vertical angles are equal.

The straight lines a and b are intersecting at the point P and forming
the pairs of vertical angles / and 2, 3 and 4. :

L1=242and £3=/4 52

3

If £ 1 and ~ 2 are supplements of the same angle, then they will be
equal. '




Find the value of x in the given triangle.
b SOLUTION: From the figure.

e x—20°+x+25° +x+40° = 180°
365 20° = 180°
B e e

: = 135° = x=45°

x+25° = 45°+425° = 70°

<l ":‘s_«_ “in | I+40° = 45°+40° =







"r.t_nles‘marked it letiors!

(i)

145

35

(tv)

(i)

<
k()18
ELp
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7.2 PARALLEL LINES

Parallel lines are two straight lines in the same plane which never
meet.

The lines a and b are parallel, we write a || 5.

A
W
2

S

v
o
ey ¢ SO R

=

Remember that: _
Through a given point P in a
plane, one and only one line can

be drawn parallel to a given line L.
(Parallel postulate)

S inie - TITT

[ Ba.l

P —

[

7.2.1 Properties Of Parallel Lines

a) Two lines parallel to a third line are parallel to eat:h other.

A
z

.....
......
-----

A
(~ o]

A
v
o

Line a is parallel to line ¢, line & is parallel to line c. Then a is
parallel to b. ' '

If a||c, b||c, then a]|b.
: 187



 lines are intercepted by two transversals in such a
two intercepts on one transversal are equal to each
) intercepts on the second transversal are also equal.

i.e.if 4D||BE||CF

~ ACand DF are transversals,
then AB=BC
DE =EF

2 IsHEIS |

:Jli, | o




7.2.2 Transversal

A transversal is a line that intersects two lines in different points.

o
) ; 3
A it
/g ! o

Nofe: ‘
1- In the Fig I and II a transversal “¢* intersects (or cuts) two
lines @ and b.

2- The transversal can intersect three or more lines at one
point of each line.

If a transversal “¢" intersects two parallel lines a and b, the angles
formed are identified as follows:

N

N
A -
oy

—k
]

bW N
i [ i

(o))
i

Four interior angles: £1,£2,43,44.
Four exterior angles: £5,£6,47,Z38. =

Two pairs of alternate interior angles: £ 1 and £ 3; £ 2-and £ 4.
Two pairs of alternate exterior angles: £ 5 and £ 7; £ 6 and £ 8.

Two pairs of interior angles on the same side of the

transversal: Z2and £ 3; Z1 and £ 4. .

Four pairs of corresponding angles: £ 3 and £ 7; Z 4 and Z §;

Z2and Z6; Z1and Z5. | e
189
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{;’f) the conespondfng ang!es
.,_(;;)-:wthe_;qqmplementary angles.
(d) the vertical angles.

-‘_(’e)- the supplementary angles.




7.

9.3 Relation Between The Pairs of Angles

If two parallel lines are cut by a
transversal, the corresponding
angles are equal.
[Z1=22 £2=13,

o Z1=123]

d) If two parallel lines are cut by a transversal, the alternate interior
angles are equal.

M

M

a||b, lines a and b are cut by the transversal ¢ at points M
and N to form the pairs of alternate interior angles
(Z1, £2) and (43, £4)

L1=L2,£3=214

e) |f two parallel lines are intercepted by a transversal, then pairs of
interior angles on the same side of transversal are supplementary.

,H
-
v

M

AB||CD, lines are cut by the transversal ¢, angles a, b, ¢
and d are formed.
msLb+mZzd = 180°

mZa+mZc = 180°
; 191
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[ XERCISE — 7.2

| 7
(e) The pair of vertical angles /

~ 2- Lookatthe given figure and answer the following questions.

1- Lookatthe given figure and answer the following questions.

(@) ]'ﬁe pair of alternative interior angles /
(b) The pair of corresponding angles v 5/6 -
< 75 >

(¢) The pair of complementary angles .
: 1
(d) The pair of supplementary angles

N

(@) The pair of alternative interior angles

;_" - (B) The pair of corresponding angles 4 p /n o K ‘
p T4

(c) The pair of complementary angles q

(d) The pair of supplementary angles
(e) The pair of vertical angles

--3- —Ia’ke-a-poinf ‘X’ outside a line DE. Draw a line through X” which

cuts DE atsome point. Making corresponding angles congruent

K& drawa line parallel to DE.
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7.3 CONGRUENT AND SIMILAR FIGURES

7.3.1 Congruent Figures

The word congruent comes from Latin meaning “together agree”.
Two geometrical figures which have the same size and shape are

congruent.

One figure is congruent to the other. The symbol for congruent is = .
Thus two segments are congruent when they have the same size.

A B
Sem A
Fig (1)
Sem 12)
AB=CD

All segments, being straight, have the same shape.

. They have the same size if they have the same length.

In the above Fig (1) mAB=mCD = Scm. Therefore 4B and CD are of
same size. .

» Two segments which have the same length are congruent segments.
In the Fig (1) AB=CD

» Two angles which have the same measure are congruent angles.
 /ABC= /DEF '

A

50°




» Triangles, all of whose corresponding parts congment are congruent

i [/\\ /\\

AB_‘:‘DE , BC=EF , AC=DF
and ZA=4D , /B=ZE , LC=/LF
A ABC = A DEF

Two polygons whose vertices can be paired so that corresponding
angles and sides are congruent, are congruent polygons.
t ft

Il

U]
i
1L
L

The drawing is by the artist
M.C. Escher. Notice that if you
cut out two salamanders and
place one on top of the other,
one would fit over the other
exactly. The salamanders are
congruent. )

Congruent figures have the
same size and shape.




-Similar Figures

In the polygons below, the
members of each pair are
similar to each other.

/\

Similar polygons are polygons which have their corresponding angles

equal and their corresponding sides in a proportion. Remember that
both conditions must exist.

Since a definition is reversible, it follows that,
if two polygons are similar, their corresponding angles are equal
and their corresponding sides are in proportion.

Similarity like congruence represents a special kind of
correspondence. <

If polygon P, is similar to polygon P, (written P, ~ B,)

Cf

e

1- LA=/ 4", /B=2B
£ZC=/£C', zD=«D'

AB  BC CD D4

: ) 195
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FUNDAMENTALS OF GEOMETRY

g . Look at the Escher drawing. Notice

| that the figures are the same shape
i but not necessarily the same size.

E. Similar figures have the same shape
f but not necessarily the same size.

7.3.2 Symhbol (=)
| Two geometrical figures which have the same size and shape are
| called congruent figures. The symbol for congruency is = .

7.3.3 " Properiies of Congruency

I. Congruent figures are identical in all respects i.e. they
have the same shape and the same size.

2. Triangles are congruent, if any one of the following
applies:
(a) Corresponding sides are the same (SSS).

(6) Two corresponding sides and the included angle
are the same (S45S).

(c) Two an_gles and a corresponding side included
angles are the same (454).

(if) The hypotenuse and one pair of the other
corresponding sides are the same in a right angle

triangle (RHS).
J. Circles which have congruent radii are congruent.
SV . 4, Two angles which have the same measure are congruent.

= - ]




E XERCISE - 7.3

ey

28

Tell Whether or not the Figures in Question 1-3 are Similar:

2.

3-

L

6-

D U i

All squares; all rectangles; all reqular hexagons.

T\.;vo rectangles with sides 8, 12, 10 and 5.

Two rhombuses with angles of 55° and 125°.

The sides of a polygon are Scm, 6¢cm, 7cm, 8cm,\$nd 9cm. In a similar
polygon the sides corresponding to 6¢m is 12cm. Find the other sides
of the second polygon.

The sides of a quadrilateral are 2cm, 4cm, 6¢cm, and 7cm. The longest
side of a similar quadrilateral is 2/em. Find the other sides.

The sides of a polygon are 5cm, 2cm, 7cm, 3cm, 4cm. Find the sides

of a similar polygon whose side corresponding to 2cm is 6cm.
What is the ratio of the perimeters of these two polygons?

What are the congruent pairs of corresponding sides and
corresponding angles ? :

E B

8 Are all similar figures congruent ? Explain why 2

9. 7 s 9 . ? I__. st ) 7
9 Are all congruent figures similar ? Explain why (BB Rt SO

R

WS =ully 1) S

i i "
P el e | g
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7.4 CONGRUENT TRIANGLES
Congruent triangles are two triangles whose vertices can be paired

. so that corresponding parts (angles and sides) are equal in
correspondence.

In the figure given below, symbolically, A POR = A KLM means
triangles POR is congruent to triangle KLM.

e s LY

~ Properties of Congruency Befween Two Triangles:-

b Two triangles ére.c'ongnlent if the corresponding sides of the
first are equal respectively, to the sides of the second triangle

(5SS = S55)

d A DEF are congruent.

DR o i o G




=1 = M it )
Ak RIS ] e Al
o —— AW =
L}

) Two triangles are congruent if two sides and the included

angle of one triangle are equal to corresponding two sides and
the included angle of the second triangle respectively
(SAS = SAS).

I —

P Two triangles are congruent if the two angles and included
side of one triangle are congruent to corresponding two angles
and included side of the other triangle (454 = 4S4).

A : D

| 3 ',The two right angled triangies are congrﬂent if the hypotenuse
and a side of one triangle are congruent to the hypotenuse
and a corresponding side of the other friangle angle.




FUNDAMENTALS OF MM

EXERCISE - 7.4

| 1 Fillin the blanks:
(@) - If AABC = AFDE, then. _

() 4B=_____ " (i) BC=
(iij) AC= ' () med =
(V) mZB=__ (vi) mZC=

() In APQR, the angle included between side PR and OR
is

(c) In ADEF, the side included between ZE and ZFis___.

(@ |fAB=QP, m/B=m/P, BC=PR, thenby
condition. A ABC = AQPR.

(e If m{A=msR, m{B=m/LP, AB=RP thenby
congruence condition. AABC = ARPQ.

2- In Figure, the pairs of correéponding equal parts in a pair of triangles

- are shown with similar markings. Specify the two triangles which
[become congruent. Also, write the congruence of two triangles in
symbolic form.

& 4 t B x




3- InFigure, ABC and DBC are
two triangles on a common base
BC such that 4B = DC and
DB = AC, where 4 and D lie on
the same side of BC. In A ADB
and A DAC, state the
corresponding parts so that

A ADB = A DAC.
Which condition do you use to
establish the congruence?

if mZDCA =40%and mZBAD = 100° .
~ Find £ZADB.

4- Identify the following figure as congruent, similar or'neither.

f

f

VAY=

5- ldentify the corresponding partsin A MNO and A POR.

(i) MN
(ii) NO

—
—
" (iii) PR ©
«r

Rl I 15[ |

_(Iv) ]

N

ks /- i l__

0




7.5 QUADRILATERALS

Ouﬁdrllmeruls'-

A quadnlateral is a poiygon with
four sides.

. ﬁwllelbgrum:- |

A parallelogram is a quadrilateral -

‘with two pairs of parallel sides.

Rectangle:-

A rectangle is a parallelogram
containing a right angle.

'Sq_;ldre:-

*  Asquare is an ‘equ'ilatera‘l
rectangle.

7.5.1 Properties of Congruency
Fo I“SltlesofaSquure are Equul '

FUNDAMENTALS OF GEOME
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Four Angles of a Square are Right Angles
ABCD is a square.

Measure angle 4, B, C, D with
protractor. We find that

m.(_A-——méB——*mAC:ng:goo ;

Diagonals of a Square Bisect Each Other

Consider a square ABCD, the

! — —. - D (@
diagonals AC and BD intersect at
‘0’. We find that

mOA =mOC =1.9cm and
mOB = mOD =1.9cm

e |

7.5.2 Opposite Sides of a Rectangle are Equal
Consider Rectangle
Let us consider a rectangle ABCD.

AB, CD and 4D, BC are opposite pairs of rectangle 4BCD.
We find that mAB =mCD =4.5cm and mAD =mBC =2.8cm

DJ :I \C




of a Rectangle are Right Angles
D ssfa redangle 'Measure angle 4, B, C and D with protractor.

find : ‘
) Tth : mLA=mZB=m/C=m<D=90°

_4';-"
W
T q :
R : D } C
W, ] -
g
——

t {at T :f-m.@A.:.-m;OC =2.5¢cm

o  mOB 0B= mOD =2.5cm

o
N

- -!-'n..h




! " FUNDAMENTALS OF GEOMETRY

' Tt |1

7.5.3 Properties of a Parallelogram

p The opposite sides of a parallelogram are equal.

ABCD is a paralielogrém.

AB, CD and 4D, BC are pairs of

opposite sides.

We find that _
mAB =mCD =3.9cm and 4
mAD =mBC =2.0cm

Y
-]

P The opposite angles of a parallelogram are equal.

ABCD is a parallelogram.
LA, ZC and £B, £D are

pairs of opposite angles.

We find that
mZA=mZC=70° and
mZB=m/D=110°

>

) The diagonals of a parallelogram bisect each other.

A parallelogram 4BCD , the

diagonals AC and BD intersect
. at 0.

We find that

mOA = m(?? =2.5¢cm
and mOD = mOB =2.5cm




1 "*-‘j "(W)A polygon with four sides is a
3 l@) The diagonals of a parallelogram
e 6, @ The opposite angles of a parallelogram are

each other.

7.6 CIRCLE
7.6.1" Circle

A circle is the set of points in a
- plane which are at a constant

distance from a fixed pomt in
the plane.

Center
. The fixed point C is called the

center of the circle.

Rudlul Segmenl

Pis any point on the
circumference of the circle with

~ centre O. OP is called the radial
-_seg_ment of the circle.

Lu

Rudius

] A radius ofa circle is the length.
of 'al" € npnt jommg the center

N




Chord

A chord of a circle is a segment
connecting any two points on _
the circle. In the given figure 4B
is a chord.

Segment of a Circle

A chord 4B of a circle divides the circle in two parts. These are
called segment of the circle.

Minor Segment: The included area between minor arc and the chord
is minor segment. . '

Major Segment: The included area between major arc and chord is
called major segment.

Minor Segment

Major Segment

Diameter

A diameter of a circle is a chord
that passes through the center.
The length of a diameter of a
circle is twice the length of the
radius of the same circle.

Diameter = 2xradius




......... i,

2 is an arc which is
a circle. 5




e |

7.6.2 Sector

“1 A circular region bounded by an
arc of a circle and its two
corresponding radial segments
is called a sector of the circle. In
the figure, region

™ 40B is the sector of the mrcle with center at 0.

Secant Line 0t —
A secant is a line which y /—\Smy
intersects a circle in two points. foal\

o

Tangent |
A tangent to a circle is the line Tangent

perpendicular to radius of the U e

circle at its outer extremity.

The point on the circle at which the radius and tangent meet is
known as the Point of Contact or Point of Tangency. ;

Concyclic Points

Points lying on the
circumference of the same circle
are called concyclic points. In
the given figure 4, B, C, D, E, F °
and G are all concyclic points.

Concentric Cirtlles

Concentric circles are circles in
the same plane with the same
‘center and different radii. A set
of three concentric circles is
shown in the given figure.




7.6.3 Properties of Angles
e . In order to discuss the properties of angles relating to circles, first we
consider an angle in a segment.

Angle in a Segment

> Consider a chord of a circle with center at ‘O’ as shown in the figure.
4 We take the segment PSQ of the circle with center at ‘O’, the point ‘R’
on PSQ is distend from ‘P" and ‘Q’. Join R with P and R with Q to
~ obtain ZPRQ. We say that ZPRQ is an angle in the segment PSQ.
We can draw more angles in the segment to meet by PSQ.

"Ah_gle in a Semi-Circle i§ a Right Angle

~ 1- Draw a line-segment 4B of
- anylength. Mark the mid
.. point.of 4B as O.

2- Draw a sernl-cwcle on AB
with radius OA.

210




4- Now take a protractor and place it along AC so that the center of
the protractor falls on C.

We note that the measure of the Z ACB by Iookmg at the marking on

the protractor corresponding to arm CB of ZACB is of 90° i.e
mZACB = 90°or a right angle.

Thus, angle in a semi-circle is a right angle.

Angles in the Same Segment are Equal

Draw a circle with center ‘O’. Take two points B and C on the circle
and join them. BC divides the circle into two parts. _
Draw angles, ZBAC and £ZBDC in the same segment as shown in the
figure. Take a sheet of tracing paper and make a trace copy of

/BAC. Place the trace copy of ZBAC on .431)0
A falls on D and 4B falls on DC. . o S

So that we observe that BD falls on AC. Thus ZBAC = £ZBDC, thls
shows that angles in the same segment are equal.

211




l angle of a minor arc of a circle is double that the angle
d by corresponding major arc.

Fig ()
S L Tt

ig (i) £ AOBIs the central angle of minor arc 4B while £ ACB
the major angle subtended by the corresponding major arc ACB
ne clrcle

mZ AOB = m2 £/ ACB

-

h 0 and extended it to meet circle in D. !

' (angles madé by = sidesof A 40C at bése AC)

ms 3(0pposute exterior angleof a Ais eq ual to
- itsbase angles )

2mll=mL3 (i)



7.6.4 Applications

All angles inscribed in the same arc are equal in measure.
mLK =m/ZL=40°

Z ACBis central angle of the circle in Fig (ii) and angle £ AKB and
Z ALB are the two corresponding subtended angles at the major arc.

~mZACB = 2m / AKB oo (i)
and m Z ACB = 2m £ ALB ........ (ii)

-. From -(z) and (i)
2m £ AKB = 2m £ ALB

mZ AKB = m £ ALB

Hence all angles inscribed in the same arc are equal.
3 e

cerin
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Remember ﬂm-

In congruent circle or in the same circle, if two minor arcs are
oongruent then the angles inscribed by their correspondmg

"major arcs are also congruent.

X3

[ XERCISE — 7.6

- Fill In the blanks:
(z) : Intp plane the set of points whose distance from a fixed point is
same is called

' .. & The dlstance ofa point of a circle from its centre is
s called :

o A_.Ilne segment whose end pomts he on the circle is




9. An arc greater than a semi-circle is called:
(a) Minor arc (b) Chord
(c) Major arc (d) Diameter

10. Circles with equal radii and equal diameters are called:

(g) Concentric circles (b) Semi-circles
(c) Equal circles - \(d) Concyclic points «

11~ Fill in the blanks.

1. Two angles with a common vertex and a common side are called
' angles.

2. If sum of the two angles is a straight angle, then the angles are |
called : angles.

3. An angle more than 90°and less than 180° is called
angle.

4. Two non-adjacent angles, each less than a straight angle, formed
by two intersecting lifies are called angles.

5. The sum of the angles of a triangle is

6. Two lines parallel to a third line are parallel to

7. Two geometrical figures, which have the same size and shape
are : :

I A triangle with no equal sides is called a triangle.
a9

that passes through the center of a circle is




Vertically Oppasite Angles

Given Za = Zb and Zc = Zd
then AOB and DOC are straight lines,

Adjacent Angles on a Straight Line

Given Za+ /b = 180°

_ then AOB is a straight
line, :

m

¥
)
|
¥
=]
y
=

Angles in Relation to Parallél Lines

Alternate Angles

Given AB||CD then Za=/b

Given AB||CD then Za=/b

Interior Angles

Given Za+ /b = 180°
then AB||CD




we

5 _Angla An angle is the union of two rays with common end point.

,{ Right Angle: A right angle contains 90°
[ StralghtAngIe A straight angle contalns 180°

Acute Angle: An acute angle contains more than ¢°and less than 9¢°.

i |
4 Obtuse Angle: An obtuse angle contains more than 90°and less
| - than 780°. - _

Reﬂex Angle' A reﬂex angle contains more than 780° and less than
360°.
Equal AnngS' Equal angles are angles with equal measures.

Adjacent Angles: Two angles with the common vertex and a common
side between them.

. Complementaly Angles: Two angles whose sum is a 90°.
‘-___.__;suppiemanta,ry Angles: Two angles whose sum is a /180°.

 Vertical Angles: Two non adjacent angles, each less than a straight
angle, formed by two intersecting lines.

| 'f'_"_'_ult1 The sum of the angles of a triangle is 180°.

- :_‘ 2 lftwo angles are complements of equal angles, they are
twe'_;_angles are supplements of.the same angle, they are
parallel lines intercept congruent segments of one
rsal, they intercept congruent segment of every -

ne side of a tnangle and parallel to a
it sects the thlrd side.




Transversal: A transversal is a line that intersects two or more lines. in 1
different points.

Congruent Figures: Two geometrical figures which have the same size |
and shape are congruent.

pBlygon: A polygon is a plane figure with three or more straight'-;eides-. Q
Isosceles Triangle: A triangle with two equal sides. al |
Scalene Triangle: A triangle with no equal side.

Right Triangle: A triangle containing one right angle.

Obtuse Triangle: A triangle containing one obtuse angles. -

Acute Triangle: A triangle containing three acute angles.-

Equiangular Triangle: A triangle containing three equal angles

Properties for congruency between two Trlangles e
(i) SSS=SSS (i) SAS=SAS (iii) ASA=ASA (iv) RHS=RHS

Quadrilateral: I A polygon with four sides.

Parallelogram: A quadrilateral with two pai?s of parallel _sideé._'
Rectangle: A parallelogram containing a right angle.

Square: A equilateral rectangle. | .

Circle: A set of points in a plane which are at: a constant distance
from a fixed point. i

Radius: Length of a line segment joining the center to _any'poi'n;f‘i.or_i
' the circle.

Segment of a Circle: A chord AB of a circle dwides the circle in two
parts. These are called segment of the th'cle

{ Diameter; Length of a chord that passes .th_l‘gugh'fttle.«ep_ntg_l;;-_




Arc: Ap rtlon of a circle consisting of two end points and the set of
pomts on the circle between them.

’:Sémi.-_Circie: An arc which is half of a circle.
Minor Arc: An arc less 'thén a semi-circle.

| ._H_h]_or-Arc: ‘An arc greater than a semi-circle.

e ———

Equal Circles: Circles having equal radii or equal diameters.

Secant Line: A line which intersects a circle in two points.

T

‘Tangent: A line perpendicular to the radius of a circle at its outer
extremity.

‘Sector: A circular region bounded by an arc of a circle and its two
corresponding radial segments.

.Concyclic Points: Poinfs lying on the circumference of the same circle.

. —

Concentric Circles: Circ!es in the same plane with same center and
different radii.

T A ——

CentlalAngle Angle subtended by an arc at the centre of a circle is
~ called central angle.

: Result. (1) Angle in a semi-circle is a right angle.
 (2) Angles in the segment of a circle are equal.

~ . (3 Allangles inscribed in the same arc are equal in
. - Mmeasure.




UNIT

PRACTICAL GEOMETRY

» Construction of a Triangle

P Construction of a Quadrilateral
D Tangent to a Circle

After completion of this unit, the students will be able to:

» construct a triangle having:
« Two sides and the included angle.
« One side and two of the angles,

« Two of its sides and the angle opposite to one of them (with all the three possibilities). .

» draw:
« Angle bisectors.

« Altitudes.

« Medians, of a given triangle and verify their concurrency.
» construct a rectangle when.

« Two sides are given.

« Diagonal and one side are given.

» construct a square when its diagonal is given.

» construct a parallelogram when two adjacent sides and the angle included between them is given.
» locate the centre of given circle.
» draw a circle passing through three given non-collinear points.
» draw a tangent to a given circle from a point P when P lies.

« On the circumference,

o Outside the circle.
» draw:

« Direct common tangent or external tangent.

» Transverse common tangent or internal tangent to two equal circles.
» draw a tangent to.

» Two unequal touching circles.

o Two unequal intersecting circles. |



NSTRUCTION OF A TRIANGLE

('.:onstruct a triangle, when two sides and the included angle, are
glven

Let the given two sides are of measure 7cm and Scm and the included
angie between them is of measure 45°.

Steps of Construction:-
. Draw a line segment mBC = 7cm
o At poiht B, drsw }nADBCi45° using compasses.

. W'th B as centre draw an arc of radius Scm to cut BD at A.
- e Join A to C

'+ A4BCIs the required triangle,
gt i




p Construct a triangle, when two angles and their included side ! E'f
i
s

are given.

Let the given two angles are mZA=6(° and m£B=30° and the
included Slde mAB=6cm

Steps of Construction:-

e Draw a line segment 4B = 6cm.

L ]

At point-4 draw mZBAD=60°
with the help of compasses.

At point B draw mZEBA=30°
with the help of compasses.

« AD and BE intersect at C. 3

AABC is the required triangle.

) Construct a triangle when two sides and the angle opposite to
one of them are given.

Let mZA=60°, mAC=7cm, mBC=6.5cm

Steps of Construction:-

e On any line 4G construct
ZGAF = 60 with the help
of compasses. '

o Draw AC = 7em

e \With C as center draw an
arc of radius 6.5cm cutting
" line AG in B and B'.

» Draw CB and CB'.

A CAB and A CAB'are the T g wo— e
two required triangles. e '

e

o ek M



i f; Sleps of Construction:-

8.1.2 Angle Bisectors of a Triangle

I . An angle-bisector of a triangle is a line segment that bisects an angle
- of the triangle and has its other end on the side opposite to that angle.
Clearly, every triangle has three angle bisectors, one for each angle.

To Draw Angle-Bisectors of o Triangle

e T e

- .« Draw any triangle 4BC.

e With 4 as center and any
convenient radius draw an
arc, cutting 4B and AC at X
and Y respectively.

* With X as center and a

- convenient radius draw an
arc. Now, with Y as center
- and with the same radius

= . Join 4 with 7 and produce it to

. This shows that 4P is the third

draw another arc, cutting the
previously drawn arc at Z.

» Join 4Z and produce it to meet BC at P. Then AP is the required
angle bisector of £ 4.
Similarly the other angle blsectors may be drawn.

If we draw all the angle bisectors of a triangle, we find that they meet at
l point. For example:

Draw any A4BC.

Draw the angle bisector B0 and
CR of £R and ZC respectively,
interzociing each otherata .
pointZ

meet BC at P.
: Measure ZBAP and ZCAP.
R We find that ZBAP = ZCAP.

angle bisector of A4BC.

" " We observe that the point of intersection of two angle bisectors lies an
y ‘ third angle bisectoras well. L3yt
24



The angle bisectors of a friangle are concurrent,
that is they meet at a point.

What we need to know ?

The point at which the three angle-bisectors of a triangle meet,
: is called the incenter of the triangle.

i gt A
o

Altitudes of a Triangle:-

An altitude of a triangle is the ;|
line segment from a vertex of : _. [
the triangle, perpendicular to the il
opposite side. Clearly, every

triangle has three altitudes, one
from each vertex. g L c

Draw the altitudes of a triangle:-
Steps of Construction:-

o Draw any triangle 4BC.

e With 4 as center and suitable
radius, draw an arc cutting
BC(or BC produced) at two
points P and Q.

* With P as center and radius 3 76 ._,_
greater than half of PQ draw K_/ :

an arc. Now, with Q as center

VR
and the same radius, draw WA
another arc, cutting the ,L

previously drawn arc at R.

« Join 4 with R, cutting BC at L.
Then, 4L is the required altitude.

T -
b T A

« Similarly, the other altitudes may be drawn.

All the three altitudes of a triangle, (produced if necessary) mtersect
ata point.
Forexample:



» Draw any triangle ABC.
From B and C, draw the altitudes BM and CN respectively.
Let BM and CN meet in H (produced, if necessary).
Join A with H and produce it, if necessary, to meet BC in L.

Measure ZALC.
We find that m£ALC = 90° and, therefore, AL is also an altitude of A ABC.

The altitudes of a triangle are concurrent i.e. they meet in one point.

What we need to know ?

The point at which the altitudes of a triangle meet, is called the
orthocenter of the triangle. :

Note :- |'
» Thealtitudes drawn on equal sides of an isosceles triangle
areequal. |
b The alfitude bisects the base of an isosceles triangle.

r » The dlfitudes of an equilateral triangle are equal.

1




erpendicular Bisectors of the Sides of a Tridngle:-

A line segment which bisects any side of a triangle and makes a right
angle with the side at its midpoint is called the perpendicular bisector or
the right bisector of the side of the triangle. There are three perpendicular
bisectorsof a triangle, one of each side. ,

. Construct the perpendicular bisectors of the sides of a triangle

teps of Construction:-

o Draw any triangle ABC.

« With B as center and any radius more than half of BC draw arcs
one on each side of BC. Now, with C as center and the same radius
draw arcs to cut the previously drawn arcs at points P-and 0
respectively. Join £ with O then, PQ is the right bisector of the

side BC.
\ ¥ 1 - _ : y ;'I,
/Q< e
* Also draw the perpendicular bisectors RS and UV of AC'and 4B
respectively. : '

« Produce these right bisectors, if necessary, to meet at a point O. |

227
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We find that they meet at a ponnt
 For example:

e Draw any triangle 4ABC.

« Draw the right bisectors PL and
RM of BC and AC respectively.
Let PZ and RM intersect at O.
From O, draw ON.L 4B,
meeting 4B at N.

Measure AN and NB. {
We find that AN = NB. @
Thus, ON is the perpendicular
bisector of AB. Thus, the point O

is common to the three perpendlcular bisectors of the sides of A4BC.

The perpendicular bisectors of the sides of a triangle are
concurrent, that is, they meet at a point.

What we need to know ?

The point of intersection of the perpendicular bisectors of the sides
of a triangle is called the circum-center of the triangle.

Medians Of A Triangle:-

A median of a triangle is a line-segment joining a vertex to the midpoint
of the side opposite to the vertex. Clearly, every triangle has three
medians, one from each vertex.

P Construct medians of a triangle
', ps of Construction:-
At . Draw any triangle 4BC.
' <) Wﬁ!‘lB as center and any radlus more than half of BC draw arcs




o am #s

:D c b
' b Eor s E i
e Join P with Q, meeting BC at D. Then, D is the mldpomt of BC. : bR

« Join 4 with D, then, 4D is the required median. _ SRR
Similarly, draw the other medians from B and C. : Ao 3 _.
We find that they meet at a point 7. i B
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8.2 CONSTRUCTION OF QUADRILATERALS

In this section, we will learn to construct the following types of
quadrilaterals.

() Rectangle (i) Square (i) Paralielogram

8.2.1 Rectangle

p Construct a rectangle when its two sides are given.

Steps of Construction:- e X

Draw a line-segment 4B =¢.
- Construct mZ 4 = 90° and
m£B =90°Taking “4” as center

cut AD =m from 4E. - D C
Taking “B” as center cut BC=m I
ﬁ'Om E?;: . ) m> m
Join C with D. 7('\\ /(‘\(
Thus 4BCD is the required y '8
rectangle. - l

) Construct a rectangle when diagonal and one side are given.

Steps of Construction:-

A ' F'y

Draw a line-segment AB =¢. ok Tr
Construct mZ A = 90°. Taking “B”
as center and radius ‘@’ draw an
arc cutting 4E at D.

With B as center and radius Df— cC
AD, draw an arc. With D as T
center and radius 4B =¢. Draw T > la
another arc BF cutting at C. Join . e
2 C with D. 1SS
‘ o el

ABCD is the required rectangle. A
] 230
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.’:.2.2 Square

12 4180

» Construct a square when its diagonal is given,

teps of Construction:-

h
Draw a line-segment AC =¢ Pq-D

Draw the perpendicular b_i_s_ector )

F@ of “A4C” intersecting AC at O. A
== — ¢

From “O" cut OD=— and OB =—

] ] e 2 .9 A b
along OP and OQ respectively. '
Join 4 with B; B with C; C with D =
and D with 4. 4

oy

ABCD is a square.

8.2.3 Paralielogram

P Construct a parallelogram when two adjacent sides and the
angle between them is given.

Draw a line-segment 4B = (.
Construct £LBAD = ZA.

Cut 4D = m along AE. £
With B as center and radius “m” '
draw an arc cutting BF at C.

With D as center and radius “¢” D
draw another arc cutting the '"
previous arc at “C”. Join C with

B and C with D. ABCD is the

required parallelogram.

ISR
1 EEETT
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8.3 TANGENT TO THE CIRCLE

A line coplanar with a circle
intersecting the circle at one
point only, is called the tangent
line to the circle. The point is
called the point of contact or
point of tangency.

83.1 Locate the Cenire of the Circle
+ The given figure is of circle.
 The centre of the circle is at point “O”.
» Thereis only.one center of the circle.
» Center of the circle is not a point on the curve.
e Center of the circle is fhe mid point of the diameter.

e All the points on the curved path are at a constant distance from
the center and their distances are called radii.




L USRI U

8.3.2 Draw a Circle Passing Through Three Non-Collinear Points .,

A,B and C are three non-collinear
points. We are going to draw a
- circle through points 4,8 and C.

. Steps of Construction:-

Take any three non-collinear
points 4,8 and C.

A B
0
1- Join 4 with B; B with C and
C with 4, to make a triangle

ABC as shown in the figure.

2- Draw the right bisectors of _
the sides 4Cand BC at |_
points F and E respectively '

of A ABC.

3- These bisectors meet at point “0O”.

4- Taking “O” as the center and radius equal to the {ength
mOA=m OB=mOC , draw a circle passing through 4, B and C.

o r ¥ r:

wgent to a Circle

(N ]

é
D Draw a tangent to a circle from
a point on the circumference.

Steps of Construction:- _\

1- Draw a circle of radius 2cm
with center at “O". A

%
"

N
2<
a

Take a point “4” on the
circumference of a circle with

ma=2cm.

With the help of the compasses construct an angle OAC of
measure 90° at point 4.

N
(]

w
1

AC is the required tangent line to the circle.
233
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P Draw a tangent to a circle from a point outside the circle.

Steps of Construction:-

! 1- Draw a circle of radius 2¢m with center at “O”.
' 2- Take a point P outside the circle.
3- Join 0 and P and bisect OP at 4.

4- Draw a circle of radius m O4 = m AP with center at “4 ” intersecting
the given circle at points B and C.

5- Join P with B and produce it.
6- PB and PC are the tangents from point P to the given circle.



SRR
8..3.4 Drawing Tangent o Two Equal Circles

Direct Common Tangent or External Tangent | |

If the points of contact of a common tangent to the two circles are on : |
the same side of the line joining their centers, then this common
tangent is called direct common tangent or external tangent.

P Draw direct common tangent to the two circles having same !
radii 2cm having their centers Scm apart. {

Steps of Construction:-

1- Draw a line-segment 4B of length 5cm. 3
2- With 4 and B as two centers draw circles of radius 2¢m. |
3- Draw m/Z BAE =90° and mZ ABD =90°.

>

"

NE v
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4- Draw line segments AE and BD through P and Q respectively.

5- Draw a line intersecting the two circles through P and O
respectively.

6- FG is the required common tangent to the given two equal circles.

Transverse Common Tangent or Internal Tangent

If the centers of the two circles lie on either side of the common
tangent then it is called transverse common tangent.

P Toconstructtransverse common tangent to two circles.

Two circles of radii 3cm and 2cm have their centers /0cm apart.
Draw transverse common tangents.

Sleps of Construction:-

Distance between the centers = d = 10cm, radius = R = 3cm and
radius =r = 2cm.




R

1- Draw AB = 10cm

itk

2- Draw circle C, of radius 3cm with “4™ as center.
3- Draw circle C, of radius 2cm with “B” as center.
4- Draw circle C, of radius 5cm with “4” as center.
5- Taking M as a mid point of ' 4B draw a semicircle.
6- Draw tangent BX to the circle C, from point B.

7- Join 4 to X (AX intersects circle C, at point P).

8- From point B, draw BS|4P (by using set square).
9- BS intersects circle C, at S.

- 10- .. PS is a transverse common tangent to the circles C;, and C,.
8.3 ngenis to Two Un-Equal Circles
Direct Common Tangent or External Tangent

) Draw direct common tangent or external tangent to two un-equal
circles.

Steps of Construction:-

1- Draw a line.segment C,C, =6cm.

<1
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2- With centers at C,and C, draw circle of radius 2cm and Icm

respectively.
3- Extend the segment C,C, to the right side.

4- From points C, and C, draw two parallel lines C,4 and C,B such
that ZC,C, A is an acute angle.

5- Join the points 4 and B extend it to D.
6- Draw a bisector of C,D through C,.

7- Taking C,as center and CC, =CD radius, draw a circle intersecting
the circle with center C, at 7.

8- Draw a line joining the points D and 7, and touching the circle
with center C,at T,.

9- The line 7,7, is the direct common tangent to the given circles.

Transverse Common Tangent or Infernal Tangent

p Draw common tangent or internal tangent to two unequal circles.

Steps of Construction:-

1- Draw a line-segment 6cm long with C, and C, as its end points
(mC,C, =6cm).




2- Taking C, as center draw a circle of radius 2¢m.

w
i

Taking C, as center draw a circle of radius .4cm.

Divide C,C, in the ratio 1.4:2 (ratio of radius of the given circles)at point B.

(4} I
[ L}

Bisect the line-segment BC, at point D.

Taking D as center and mBD = m DC, = radius, draw a circle
intersecting the circle with center at C, at point C.

(o))
1

7- Draw a line through C and B and touching the second circle at 4.

8- AC is the transverse tangent to the given circles.
8.3.6 Drawing Tungents
Tangent to Two Unequal Touching Circles : |

p Draw a tangent to two unequal touching circles. : :

Steps of Construction:- _ !

1- Draw two circles of radius 3cm and 2 cm touching each other at
point C.

-

O i =




2- Drawm £ ACD=90° at point C.
3- Draw DE through C, which is perpendicular to 4B.

4- DF is the required common tangent to the given two unequal
touching circles.

Tangent to Two Unequal Intersecting Circles

p Draw a tangent to two unequal intersecting circles.

Construction:-
1- Draw a line-sgment C,C, of length 4cm.

2- Taking C, and C, as centers, draw two circles of radius 3cm and
2cm intersecting at points 4 and B respectively.

3- Taking C, as center draw a circle of radius 3cm —2cm = Icm.




Bisect the line-segment C,C, at 0.

Taking O as center and m C‘,O m C O= radius , draw a clrcle
intersecting the inner circle at point E.

Join the point C, to £ and extend it to intersect the concentnc
circle at F.

Draw a line from C,, parallel to C F tntersecting the circle wrth
center C, at point G.

Draw a line joining the points F and G. T ye g

The line FG is the direct common tangent to two unequal
intersecting circles.

Exenmse -81

- Draw a triangle ABC in which mBC = 5. 4cm, i
mAC = 3.9cm. Find the in center. ARCE

- Draw.an equilateral A ABC in which mAB =
Draw its altitudes and measure their len

':'(-‘_Zonstruct a A ABC in which mBC- = 54cm
;=-'5§°'. Find the centroid of the-tria_ngl_e'. :




9- Construct a rectangle whose adjacent sides are 4cm and 3cm.

==

e — e
I

: 10- Construct a rectangle whose one side is 6cm and an adjacent
_ diagonal of 9cm.

11- Construct a square whose one side is 5cm.

" ]2- Construct a square whose one side is 3.5¢cm.

13- Constructa rectanglé whose two adjacent sides measure Scm and
4cm and their included angle is 90°.

14- Draw a rectangle whose one side is 8cm and the Iéngth of each
diagonal is /0cm.

15- Draw a rectangle ABCD in which m AB = 6.5cm and m AD = 4.8cm
and m ZBAD = 90°. Measure its diagonals.

16- Name the following quadrilaterals when:
(i) The diagonals are equal and the adjacent sides are unequal.

(i) The diagonals are equal and the adjacent sides are equal.
(iii) All the sides are equal and one angle is 90°.

 (iv)Allthe angles are equal and the adjacent sides are unequal.

th two sides equal in length. |
thhe sides is equal to the other.

i
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20- Draw a circle with center O and radius Scm. Explain the steps
necessary to draw a segment of the circle.

21- Draw a circle with center O'and any radius. Draw the dlameterAB
and shade one semicircular region. :

22- Show four angles in a semi-circular region of question 21.

23- Draw a circle of radius 2cm with center O. Draw a chord and shade
' the portion showing major arc. :

24- Draw a circle of radius 2. 5cm with center at O. Draw a chord and
shade the portion showing the minor arc of the circle. -

25- Draw a semi-circle with diameter 4cm and center at O.

~ 26- Draw a circle passing through the vertices of a square of side 3cm

27- In a right triangle 4BC , mAB = 3cm and mBC 4cm WIth nght

angle at B. Draw a circle through 4, B and C

28- Draw a circle passing through the three vertices of ani equilateral

triangle with length of each side 4cm. B e R b i
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* Encircle the Corredt Answex |

1. The number of medians in a triangle is:

(@) s () 2
) 3 (@ 4
2. The number of altitudes in a triangle is:
@ 1 : b 2
() 3 (@ 4

3. The number of angle bisectors in a tfiangle is:
o () 2
© 3 (@ 4

4. The number of perpendicular bisectors of the side of a triangle is:

@ 1 o 2
() 3 : @ 4

.' 5. The angle bisectors of a triangle are:

I (@ concurrent (b) collinear
(c) perpendicular () non-concurrent

| 6. The medians of a triangle are:

| @ concuren () collinear

The altitudes of a triangle are:
: rent : ‘(b) collinear :
uﬁw > @5

ing one vertex of a triangle to the mid point of its




. 1. The altitudes of a triangle are

9. Aline joining one vertex of a triangle and perpendicular to its
opposite side is called:

(@) angle bisector (b) median
(c) altitude (d) side bisector

10. A line coplanar with a clrcle and intersecting the cnrcle at one
point only is called:

(@) tangent line (b) median

(c) altitude (d) normal line

II- Fill in the binnks.

2. The medians of a triangle are

3. The angle bisector of a triangle are

4. The perpendicular bisebtor of the three sides of a triangle
are :

5. The line jomlng one vertex of a triangle and perpendlcular to 1ts
opposite side is called o of a tnangle

6. Aline joining one vertex of a triangle to the mid_pdint’ of its
‘opposite side is called of a triangle..

7. Aline bisécting the angle of a triangle is called the

£ ey o Ty
AR | i .

Every triangle has ' altitudé_,s;

Every triangle has —— median

10. Every triangle has. \ nght b pOIS



SUMMARY

1- An angle bisector of a triangle is a line segment that bisects an
angle of the triangle and has its other end on the side opposite to
that angle.

2- Every triangle has three angle bisectors, one for each angle.

3- An altitude of a triangle is the line segment from one vertex,
_ perpendicular to the opposite side.

4- Every triangle has three altitudes, one from each vertex.

5- A line-segment which bisects any side of a triangle and makes a
right angle with the sides at its mid point is called the perpendicular
bisector of the side of a triangle.

v . 6- Every triangle has three perpendicular sides bisectors, one for each
St side..

7- The point at which the three angle bisectors of a triangle meet is
called the incenter of the triangle.

8- The point at which the three altitudes of a triangle meet is called the
orthocenter of the triangle.

j ‘ 9- The point of intersection of the three perpendicular bisectors of the .

& B -s’idgs of a triangle is called the circum-center of the triangle
J

10— The point at which the three medians of a tnangle meet is.called
- the centroid of the triangle.

-.eoplanar with a circle intersecting the circle at one point only
IS called the tangent line to the circle.




UNIT

Areas and Volumes

» Pythagoras Theorem
P Area
P Volume

After completion of this unit, the students will be able to:

» state Pythagoras theorem.

» solve right angled triangle using Pythagoras theorem.

» find the area of

« A triangle when three sides are given (apply Hero’s formula),

» A triangle whose base and altitude are given.

« An equilateral triangle when its side is given.

» A rectangle when its two sides are given.

« A parallelogram when base and altitude are given.

« A square when its side is given.

« Four walls of a room when its length, width and height are given. f

» find the cost of turfing a square/rectangular field.
» find the number of tiles, of given dimensions, required to pave the footpath of given
width carried around the outside of a rectangular plot.
» find the area of circle and a semi circle when radius is given.
» find the area enclosed by two concentric circles whose radii are given.
» solve real life problems related with areas of triangle, rectangle, square, parallelogram and circle. -

» find the volume of:

« A cube when its edge is given.

» A cuboid when its breadth and height are given.

 Aright circular cylinder whose base radius and height are gwen.
« Aright circular cone whose radius and height are known.

« A sphere and & hemisphere when radius is given.

» solve real life problems related to volume of cube, cuboid, cylinder, cone and sphere.
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EXAMPLE-2

A 25m ladder leans against a house with its foot 15m from the
house. How far is the top of the ladder from the ground?

C
SOLUTION: Given: a = 15m, ¢ =25m

Let b represents the desired distance.

Then &% +p? =¢?

' hous
b =c? —a? b=?e
=(25° - (15
=l
=625-225 4 G L B
=400
b =20m
EXAMPLE-3
If 30,72,78 represent the lengths of the sides of a triangle.
Is triangle a right triangle? _
SOLUTION: Given: a=30, b=72, c=178
We have pythagoras theorem, it states: c? =a” +b?
RHS= a® +b% =(30)% +(72)
= 900+ 5184
= 6084
LHS=c*=(78° A
YRS = LHS T ST
> gl ogiig: . ; “.. - ﬁ
Thus triangle is a right triangle. RIESS=a 3

T 249




|| EXAMPLE-4 -
b= - The sides of a triangle are of lengths 6¢cm, 4.5cm and 7.5¢m. L
Is this triangle a right triangle? If so, which side is the hypotenuse? _

% ' SOLUTION:
i _ The three sides of the triangle are given to be 6cm, 4.5cm
B " and 7.5cm. The triangle will be a right triangle if it satisfies
the condition of Pythagoras theorem

L 62 +4.52=7.5
Now (6)% +(4.5) =36+20.25
=56.25 =(7.5)°

Since the relation 6 +4.5% =7.5° is satisfied, therefore, the
triangle whose sides are 6cm, 4.5cm, 7.5cm is a right
triangl'e.

x

- . Also 7.5%=6°+45°
. The side of Iength 7.5cm is the hypotenuse of the triangle.
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10- The S|des of a triangle are IScm 36cm and 39cm. Show that itisa :

Find the hypotenuse of a right isosceles triangle whose legs are 8em.

If the numbers represent the lengths of the sides of a tnangle, which

triangles are right triangles?
(D534

(ii) 9,17, 25

(iii) 11, 61, 60

AABC is right angled at C. If mAC = 9cm and mBC = 12cm, find the
length 4B, using Pythagoras theorem. '

The hypotenuse of a right triangle is 25¢cm. If one of the sides is of
length 24cm, find the length of the other side.

A ladder 17m long when set against the wall of a house just
reaches a window at a height of 15m from the ground. How faris -
the lower end of the ladder from the base of the wall?

The two legs of a right triangle are equal and the square of the
hypotenuse is 50. Find the Iength of each leg. ‘

right angled tnangle

9.2 AREAS

The surface inside the boundary of a shapé is called area.

251
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9.1 TheAreaofaTranglo
(L : Area d-;u Triangle wllé_n all the three sides are given

A triangle ABC with sides a,b,c and

ol - 28 =a+b+c = S—a—tgi,
~ where S’ is half the perimeter of a“‘ triangle.
5 -i,’-P

- 'g ; ;-élm-g’.f;!;lf:.-_x_ﬂfﬁ?é P

‘Tban area of any triangle SIS JS(S-a) (S-b) (S—c)

r-,(;“( 0.—-

This Is eaIled Hero’s Formula for finding the area of a tnangle




Note:- In this case, the triangle is a right triangle with base 5.
altitude /2 and hypotenuse 3.

Hence area (4) = % x (base) x (altitude)

=% () (12) = % A =30 square unit.

Note: Area of a triangle is denoted by A.

Area of a Triangle when base and Altitude are given

Draw any triangle 4BC as shown
in the figure. Let BC be its base
and let AL 1 BC. Then AL is the
corresponding altitude. Through
A and C draw line parallel to BC
and B4 respectively, intersecting
each other at a point D. Then,

clearly ABCD is a parallelogram B
with base BC and corresponding T base-------->
altitude AL. -

~ Area of AABC =% (Area of Parallelogram ABCD) = %(ﬁxﬁ )

& %(bx h) (where b is the base and A s the altitude.) °

a

Thus, we have "drea of A = % x Base x Altitude -

S Baie 2 X Area
o AIp‘tude

Ar

ase

B 5t BT
. Ll




EXAMPLE-1 Find the altitude of a triangle whose base is 16 cm
and area is 34 cm® '

J
! :
i : 2x Area

SOLUTION: Alitude of the triangle = =  IMPORTANT
3 ase ;
: The side opposite to
Here area = 34cm’ and base = 16 cm a right arfg'z in a
: 2xArea  (2x34 right angled triangle
Altitude = e ( 16 J =425em | o hypotenuse.

EXAMPLE-2 Find the area of triangles whose
(i) base= 18 cm, altitude = 3.5 cm
(i) base=8cm, altitude=15cm
SOLUTION:
(i) We know that area of a triangle = é x base x altitude

:-g-x18x3.5 31 5em?

-(ii) Area of a triangle = é x base x altitude

=§x8x15 e 0 om>

Area of an Equilateral Triangle when its side is given :-

In an equilateral AABC,a = b = c.

:‘_ - Therefore, § — a+;+a = 32_a




Area of a Rectangle when its two'sides are given

Consider a rectangle as shown in the figure.

b A=0xb

Length of the rectangle = L
Width of the rectangle = b.

The Area of a rectangie is equal to the product of its length and width. .

Thus | b=— |[and| ¢t=

4 4
b

Area of a Parallelogram when base and Altitude are given:-

The area of a parallelogram is-equal to the product of base and the
altitude drawn to the base.




Area of a Square when its side is given:-

- The area of a square 4BCD is

equal to the square of one of its D &
sides. .
A = Side x Side o2 s
—SxS=152 . -
[4=257] 4 5 B
Side = S = A

UmfofAreuls square unit of length like: cm?, m?, km?.

Ateu of four Wnlls of a Room:

We can ﬁnd the area of four walls of a room when its length, breadth
‘and height are given.

~ Let length of the room = ¢

=
-
FARMA NO. 16

Width of the room =5 i
~ Height of the room =4 o
~ Area,of four walls = hxt+bxh+hxt+bxh
S = 2(hxt)+2(bxh) = 2(hxt+bxh)
= 2h(&+b) %

. EXAMPLE The length, width, and height of a room are 5m, 4m, 3m
aesd respectively. Find the cost of white-washing on all the
wal!s of the room at the rate Rs 7.50 per m’.

L —— S —

Sﬂwﬂml_;G)‘ven. = Sm b= 4m h= 3m
- | 'fourwalls—2(£+b)xh 2(5+4)><3
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* Things to Remember:
1- Area of rectangle = (Length x Width)
2- Diagonal of a rectangle = /(Length)’ + (Width)’
3- Perimeter of a rectangle = 2(Length + Width)
4- Area of a square = d’ ]
- o‘l‘\a
where a = side of the square DI
5- Diagonal of a square = J2a
6- Area of a square = é(piagonayi’ ' 0\94"3 a
7- Perimeter of a square = 4 x Side a

Areas of Reciangular und Square Fields

Rectangular paths are generally around (outside or inside) a rectangular
field or in the form of central paths. We shall explain the method to
calculate their areas through some examples. '

EXAMPLE-1
‘A rectangular field is of length 40m and width 25m.
Find the total cost of turﬁng the field, if the cost of turfing the field is

Rs.16per m’. n

SOLUTION: Let us represent the field by
rectangle ABCD as shown in
the figure.

Length of the rectangular field =40m 4
Width of the rectangular field = 25m

Area of the rectangular field = A=t xb=40x25=1000 m?

Rate of turfing = Rs. 1 6per m’

Total cost = 16 x 1000 = Rs. 16000 B '

R



EXAMPLE-2 _
The boundary of a square field with side of 60m.

Fmd the area of the field.
* Also find the cost of turﬂng the square fi eld at

' the rate of Rs 5.00 per m*




9.2.3
EXAMPLE-3

Two cross roads, each 2m wide, run at right angles through the
center of a rectangular park of length 72m and width 48m such .

that each is parallel to one of the sides of the rectangular field. -

Find the area of the roads. Also find the number of tiles required
to beautify this road where each tile having area of 4 m’.

D 20D C
_ A
S | ;E
H KHN G .18
I O O (P
E LHM B SN
g i
a2 s
v " =
A 0 R B ol
CPommges 72m >

SOLUTION:
In figure, rectangular ﬁe!d ABCD rapresents th‘ei




AREAS AND YOLUMES

024 Areg of a Circle

The circumference of circle = 2nr
where the radius of the

circle is 7"

Area of a circle =n r?

Note: In examples and exercises, where 7 is not specified,
use the value stored in the calculator.

EXAMPLE

. Find the area of a circle whose circumference is 52ncm.
Give your answer in terms of «.

SOLUTION:
Circumference = 2nr = 52=n
= 2r =252
= r = 26cm
Area = r?
= m (26)°
= 6761 cm’
Area of a Semicircle:= Al
A semicircle is half of a circle,
bounded by a diameter and half %
of the circumference. JEIF S A
Also a sector with an angle : 5 i

of 180°at the center of the circle
is a semicircle. R

.
.......

In the figure, _
e i Length ofarc PQ

Area of sector PRQ = é. of the area of the circle.

-{ of the circumference of the circle.

Il

rea .qf"sbmicircle = :2’. (nr?).




9.2.5 Area of Conceniric Circles

Circles with same center but
different radii are called
concentric circles. In the figure,
¢, ¢c,are two concentric circles
with same center ‘O’ but different
radii , and r,.

EXAMPLE _
Find the area of the washer shown below, whose outer
diameter is 6.4cm and the diameter of hole is 3.6cm.

(Take T to be g)

SOLUTION:
External diameter of washer is
2r, =6.49cm :
External radius of washer, n= 674

.
ISy
ol = L



——
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__[EXERCISE - 9.2

2.

5.

A verandah 40m long, 15m wide is to be paved with stones each
measuring 6m by 5m. Find the number of stones.

How many tiles of 40cm’ will be required to pave the footpath /m

wide carried round the outside of a grassy plot 28m by 18m ?

Find the area of a room 5.49m long and 3.87m wide. What is the cost
of carpeting the room if the rate of carpet is Rs /0.50 per m’?

The area of a rectangular rice field is 2.5 hectares and its sides are in
the ratio 3:2. Find the perimeter of the field.

The area of a square playground is 4500 m . How long will a man
take to cross it diagonally at the speed of 3km per hour ?

The diagonal of a Qquare is /4cm. Find its area.

Find the area of a triangle whose sides are.
(i) 120cm, 150cm and 200cm
(i) 50dm, 78dm and szm =

--The perimeter of a triangular field is 540m and its sides are in the

5‘17*12 Find the ar 'a ofthe triangle.

Tedil oy = m e = 540 x =10
>20m, 17017!, 120m




15- The base of a rectangle is three times its altitude. The.
147cm’. Find the dimensions of the rectangle.

10- Find the area of the following washers whose external and lntemal
diameters are: o
(1) 15cmand 13em (i) 1.2m and 0.9m iiﬁ
(iii) 40mm and 33mm. e
11- F—lnd the area of the shaded region.
I“J d
13- The side of an equilateral triangle is 6cm. Find its area. g~ :
» \«w‘!;,f".': .
14- Find the area of the right triangle with legs /2cm.and 35cm. o

16- Find the base ofthe parallelog am whose
whose area is 3m? :

17- The are'_a'-of""a_' pﬁrallg.l'tngam’f'




9.3 VOLUMES

In this topic we study some figures which are not plane. The simplest of
i these figures are cubes and cuboids. These figures do not lie completely
I ina plane, such figures are called solids, (three dimensional figures).

Cube and Cuboid

Cube :-
A six faces figure, with same , :
length, breadth and height is ‘ h
called a cube. ' : _

The _givén figure is a cube,

Length of the cube = ¢
Breadth of the cube = b
Height of the cube = /-
where L=b = h,
, therefore,
4 Volume of a cube =¥ = ¢x£x?
B : or V = £3 cubic unit

Fig (1)

.  EXAMPLE




AREAS-AND VOLUMES

Cuboid :-

A six faces figure which has
length, breadth and height is
called cuboid,

(or rectangular parallelopiped).
Figure (i) represents a cuboid.

The length, breadth and height H G
of a cuboid are usually denoted
by the letter symbols ¢ ,b.and & E F
respectively. Length, breadth Fig (i)

and height of a cuboid are also -

called the three dimensions of
the cuboid.

e
-]

Volume of a cuboid of length ¢, breadth 5 and height % is
V=0xbxh

EXAMPLE

Find the volume of a block of wood whose
length, breadth and height are respectively
10cm, 5cm and 3cm. _ A
SOLUTION: _ . g
Given: e - A
Length of the block of wood = 10cm LRl &
Breadth of the block of wood = 5em W, ,%
Height of the block of wood = 3cm Ak
V=U0xbxh
=10x5x3
=150 cm’

Volume of a Cuboid and a Cube :-

1- Length, breadth and height must be expressed
~in the same units. : |
2- From above formula, we also observe that:

T PR 3 -~ Y _||Heighth =
Lengtht = T Breadth b Tk g ~ b |

Il




Volume of Right Circular Cylinder :- | e o

The volume of a cylinder of base e
Ladius ‘r' and height %’ is given h
Y.
/‘"\ »
-
Volume of a cylinder = Area of base x height = i xh
Volume =mnr’h -
EXAMPLE-1 .
Find the radius of the cylinder wn‘h volume 12320 cm’
and height 20 cm.
-SOLUTION:  Given v=12320cm’, h=20cm, r=?
b 2 2 Lo,
V=R Xr‘xh = r° = —
_ nh
-. ‘ ; 70 ;;320 _ 12320x7 _ 616x7 _ o
_ 2 5 22x20 22
7
A _ r=14cm
fl!i‘glnf--=-£imulqr- Cone:-
B
A Gone is a solid defined by a

closed plane curve {fonning the
! d i

— Slant Height




EXAMPLE ol

A cone has a circular base of radius 14cm, a height of 48cm,
calculate the volume of the cone.

2
T —
SOLUTION: - [ atemiobess )

Given radius of the base = r = 14 cm
Height of the cone = h = 48cm

Volume of the cone = %n'r'?h

1,22
L 2 4745
3x7x()

= ixi',-z—:KJS?t‘i 48
3 N7

=9856cm’
Sphere :-

A sphere is a body or space bounded by surface where every pemt
on the surface is equidistant from a fixed point with in it. The fixed

point is called the center of the sphere. The distance of every point on

the surface to the fixed point lS called the radius of the sphere. This

radius is usually denoted by ‘7 i el




 AREAS AND VOLUMES
B iy S YL

lf a sphere is cut into half, the two portions are called hemispheres.

 EXAMPLE-1 |
e . Calculate the radius of a sphere of volume 850 m*take  to be %2—
. SOLUTION:

Volume of the a sphere = 850 m®
e e : Radius =?
- 4
4 ."_4-4_-.. NOW V= 31‘0‘3
S o _
D 3 5 3x850x7
. o = A R e T e
Ners & e A 1 ] 4x22
L SR = 7} = 202.8409
- i !

= r = (202.8409)° = 5.88m




Reul Life Problems Related to Volume

A solid region has a magnitude or size or measure. The measure or
magnitude of a solid region is called its volume.

In other words, the measure of the space occupied by a solid is called
its volume.

For example, consider the real life problems.

1. Arectangular overhead tank is built for storage of water. The
greater the volume the more water can be stored.

2. Arectangular tin box is to be made to store oil. The greater the
volume of the cuboidal region, the more is the quantity of oil it
can store.

Remember that:

1- As Icm = 10mm,
Therefore, Iem’ —10x10x10mm

Icr_n =1000m m’
2- Im® =100x100x 100cm® : | A
- O ’,--;' ..':4-!;
= 1000000 cm’ _ f N Rl
eI o] o
: *‘1\‘r'3*\'rh-L

Aiso i _1000x1000x1000mm" e
78,601 o tojels e

ot g
~F | e B "_T'.

Im? =10° mm’

e

Fo:" measurement of




Find in liters, the volume (capacity) of a storage tank whose length,
ith and depth are respectively 6.3m, 4.5m and 3.6m.

- Length of the tank =63m
- Breadthofthetank  =45m
~ Height of the tank =3.6m

<y =102.06 m’
 Volume of the tank (n*) = 102.06 x 100x 100 100

R = 102060000 cn’

e : = 102060 litres (1000 cn’ = 1litre)

5 .
......

'Iffffh_e_' length, breadth of the tank are
m, find its depth. '

| = 60kt = 60000 liter = 60m’




1-
2.
3-

&
[+,
6-
7-

Find the Volume of the Solids

A cube of a side 4cm.
A cube whose total area is 96¢cm?

A rectangular box with length 4m breadth 3m and height 2m.
Right cylinder, with radius of base 4cm, altitude 10cm, use -rr.=£;-

Circular cone, with radius of base 3cm, altitude 10cm.

Sphere, with radius 3cm.

Right circular cylinder, with circumferences of base 4cm, altiféude Im

Cone with altitude 9¢m, radius of base 6¢cm.

-

- If the square of the hypotenuse of a nght triangle is equal to

- Review Exercise-9 = . e

Encircle the Correct Answer. : “ far a) i, =%

the sum of the squares of the other sides, it is ca!led
(a) Pythagoras theorem (b) Scalene triangle .II'.-' _-:.& ;
(c) Equilateral triangle (d) Isosceles tnangfe

Area of a triangle when all the three sides are given is: 9"" '.t 2

(@ —bh (b) bk = s i S nm
© sc- a)(s .b)(s—C) v @.-‘-;:- ﬁi:-‘-—-%v i :,_T:“i_t‘-l‘;'*-%?'-i ;




Review Exercise-9

.~ 4. Areaofa feciangle is:

| @ e 0 Lass
© Iass @ P
5. Area of a square with side ‘S"is:
() s () 45 ) 28 @ s

| 6. Area of a circle with radius * is:

(a) 2 (b) 2xnr _ (c) nr’ @ n°r
7. Area of a semi-circle is: '
=
) 1:;_' ) =r’ © =°r (@ 2mr
& ’b .38; Volume of a cube with edge Tis:
@ 2 () 3 o) : @ I

L4

. 3- Volume of a right circular cylinder is:

SpR iy e nrh .
o) s
wrh @ I

rtenuse of a right triangle is equal to
e sides, then it is called__-____theorem. |




{ '&?‘-.T‘_-
NS "

7. Area of a circle =

8. Volume of a cube with edge ‘I’ is

- - [P 1 b 1 l,.,.."za

9. Volume of a cuboid =

10. Volume of a right circular cone = swrinaw & 1 gork
oA ':‘:};'-“;::"" :::hr?f?

SUMMARY ShieddGr a s .;.w;'. Ry

Pythagoras Theorem: The: 'square of the hypotenuse of a right triangle
is equal to the sum of the squares of the Iegs

Area of a Triangle:

A= 3 x base x altitude

§ oy
L )

Area: The space inside the boundary ofa é'hape.

Areaof a Triangle:
| a+b+c

T R A b 3

Area of an equilateral triangle: A =

Area of a rectangle: 4= length xbreadth

Area of a square: i =-'.§!ide'.'x;s___’ide"...

A= .JSI(S — a)(s— b) (s i cjf;;f i

.4, b c are the sidesof a tnangle. 3

fani

uotis g e g m«w

% | |L’\ T 'r'. iy _iﬁg-



Ciﬂ:lIMfemnoe ofacircle: C=2 nr '

Area of a semi-circle: 4 = é(“ g

Area of awasher: A= [r7 —r7 ]
r, is the radius of outer circle.

—tia

r; is the radius of inner circle.

Bl o A BT b
.

Volume The space inside the boundary of a three dimensional shape;
Volume of acube: ¥ = I°,1 is the length of edge.

ﬁﬂiﬂm.izoffa;cuhold:* V =Ixbxh

- Siosed gl B 1o length. 5 b':= breadth | h = height
= 8 2334 ,‘!.. Az 15 'I-' ". 348 Gy
,.“ Molume ofa right clrcula; cylln_der. I{ =nr’h -
" h = height of the cylinder

r = radius of the base
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» use distance formula to show that given three (or thore) pp‘iuts are oo 03 i ;
axe —,;:i? a0 A

!‘ “1: 3
» use distance formula to show that the given three non-collmearpg ..... -
: *3-‘«3_; i T vibns W -
« An equilateral triangle. ? ; ) _ S
« An isosceles triangle. : % 3 o ‘;iiL'J 3‘){&1'1 &fﬂ Cw' -
» Aright angled triangle. * ey "
« A scalene triangle.

T

X { Al g
L] * PR BT PR IET e L




INTRODUCTION TO COORDINATE GEOMETRY *

10.1 DISTANCE FORMULA

In 17th Century, Descartes, a French Mathematician introduced a
plane. A set of infinite number of points, called Cartesian Plane.
Every point in a plane can be located in terms of a pair of numbers
related to two number axes in the plane, which are perpendicular to

each other and intersect at the origin.

The plane is called a cartesian ‘ .
plane, and the axes are Y
designated the horizontal (OX)

and vertical (0OY) axes, or
the y-axis and the y-axis.

"axes divide the
into four quadrants T 117

hown in the figure.

r.‘
X D

in the planeand ¥

n through P
! rs the lines will
two points,
Loordinate of M(m)

1 W& Ldkis is called the
-x-coordinate or abscissa of P,
and the coordinate of N(r) on the
y-axis is called the.y-coordinate
or ordinate of P.

~
>

~ The two numbers (m,n) are TR
called the coordinates of 2 with N E(mn)
- respect to the coordinate axes. _ ,
~_The letters m and n stand for 5 o > ¥
~ numbers, and since the
x-coordinate is always written
- first, such a pair is called an .

~ ordered pair of numbers. That is,
the pair (3,2) is not the same as the pair (2,3).

ol
g




e |

Remember that: _ :
() A pointin a number plane determines a unique ordered
pair of numbers.

(ii) With every ordered pair of numbers a unique point is
associated' in the plane.

Since numbers to the right of the origin on the horizontal axis and

numuvers above the origin on the vertical axis are taken as posntwe
therefore: ity :

(i) A point in the Ist quadrant is characterized by the fact that both
its coordinates are positive.

(i) A point in the IInd quadrant has its abscissa negative and its
ordinate positive. :

(ii)y A point in the /1rd quédfaht has both coOrdinates negative.

(iv) A point in the IVth quadrant has lts absmssa posmve and Its
ordinate negative. =~ - :

~(v) Points on the a‘xes do not lie in any quadrant.

(vi) Paints on the posmve x-axis have a positive abscissa,
and thelr ordtnate is “0".

(vii) Points on the negatlve x-axis have a negatlve absclssa. and
their ordinate |s "0"

(viii) Points on the posntwe y-a)us have a positive ordlnate and
abscissa is “0".

(ix) Points on the negatwe y-axis have a negative ordmatg,__a__ng“
their abscissa is "0

S ey sl AEERIETNGS \",_Li G
(x) The origm has the coordlnates ©,.9)-. e oA

LR !, i I _.:'T.";E"u
= oy o
5 i b 1;

PR iey 1 o i




A
: ,_._:,F;\ y

 EXAMPLE-1

v - Locate (2,—4) in. the co-ordinate plane. y-axis
SOLUTION: :
I ~In this problem abscissa is positive,
. thersfore itwould be towards
i :f."'w .’f.; ~_ the right of the origin, and the
R - ordinate is negative, so it would be
'-‘ ,,s:-:«f,j ~ below the origin, therefore the given Bley = = x-axis
i G pointP is as shown in the figure. et
|‘ I,slﬁl‘.“.l;: ol _fuf.‘ J" fn i .'. el S s : o _ I :
o '.;';_E'i T‘m" : 23o2 o ---4 P(2, -4)
ey |
S 10 L@ ulgis‘!unce Between Two Points

(6 R Cons[der the pomtsP(x,, y;) and Q(x,,y,) in the cartesian p!ane as
s 8 PSS e figure. To find the length of the segment PQ, we form a
drawing through P a line parallel to x-axis and through
to y-axis and let these lines meet at R (x,, y, ).




THaT / £ ‘.! o J"u ‘. .'
1PQT" = 6 — %)+ 105 = o R
i X Wy Toeh anll oo e L e 3__ _h,,._,*_:‘ ,,'_| 1 !
= (o S 3R Y S w2 b
| - CF T e
Hence |PQ| =-_i(\/(x2':—..-'x,)2-' .-|_-..-0;5 - y,)“e- i :-.;a. nav'{i:; Milancien . R
A AR LY '.':‘. Y -wo":\
As we are only mterested in the length of the segment ancl not ln the
direction, therefore we only consnder the posmve sign.
Hence distance between two points_. E(Zx,-.yp)‘and Q_,-,(xa,,yzar.i_eggwen by:
PO = \/(xz' = xi‘)z' +Cyz = J’f)z ? "

Iy - k3. — 4

10.1.3 Use of Distance Formule- . . . =

EXAMPLE-1 . e XB | SIS L .'__'_;_‘_1» o
What kind of a triangle has vertices : IR T ER L
A(6,-2). B(1, —2) and C(—2 2)9 D s -l

B PR T
o, U A LS 2

oy 2,:-_‘:;._‘_..{»‘5.';.’-‘_’,-‘\»“

SOLUTION: SRS LRI S

Given A(6 2) B(I -2) and C(—z 2) Usmg d:stan
S et "\“1 il \.\" Sy Ll’ M.R_L u ,‘?’f

em e -1

: .:_f_.!'r;‘ ﬁvt-t_"{‘-,\-“‘-

[




T S L T L
‘“ L

“;fo-A(Z,j') is twice the d:stance from P(x,y) to B(3, 4)

iy

 SOLUTION;

.~ Given4(23), B(3,4) and P(x, ), where P(xy) be any point,
A ccardmg to the condmon of the question.

Pﬂ! m -“-‘IA'P[" 2 |BP| usmg distance forrnufa

| Jar D63 =23 +6- 4)3
T"""’Takmg 'square on both sides

;=2 +6-3 =4[x-3’ +@ 4)’]
-'é4x+4+y —6y+9 4[x —-6x+9+y 3)""16] |




10.2 COLLINEAR POINTS

10.2.1 Collinear Points

Collinear points are points which

are the elements of the setof. - .4 B C.D | 5
points forming a straight line. : —_—
In the given figure (i) the points : g U

A,B,C,D,..... are collinear. If three
points are collinear, then one of
- the points must be lying in : 4: e B C
between the other two points. '

.
]

W

Fig (i) i

In the figure (ii) ‘B’ is the point in between the point 4 and C.
In this case, |4B| + | BC| = | AC|.

10.2.2 Collinear and Non-Collinear Points' -+ - v

A line-segment is a subset of a
line, consisting of two end points . PR
~and the set of infinite number of ATEE S CID SRR
points between them on the line.

‘v

7 _n’

In the given figure, CDis the. lme—segment WhICh is.a sub-set.of

a line 4B (or AB). The pomt C and D are on the line AB and are '

collinear. g
K 3 AREAt) .,-'.I: ..J‘n.‘l
The three or more than three poants which are not p esel ep,yla

same straight hne are called non-eolhnear pomts.

In the given ﬂgure PQ and R are
non-collirear points.




""'"""'F*nd AB BC and AC, and show that AB+ BC= AC

"---sésownon , G e S o
; R s (T Lo - ————
: oy { ‘ 012345678 .




.
! '-*:r‘_\ g ‘.

EXAMPLE-3 00 36 YA HoRP

Show that the pomts A4, 3) B(=2 3) and B(—6—3) are. oo]lmegn
SOLUTION: _ : A
Given A(4,3) , B(-2,3) and B(-6,3). ‘
Using distance formula, we have. " ' = = .

[MB=\(2-97+G-F =ixo-6-
BCl=\(-6-27+3-37 =I6+0=4 . dec g
[AC=(-6-9'+G-3 =N =10 =

Now -|AB| ]BC| 6+4 ER s
AT S U ‘;
" Thus, the points AB _aﬁd’c am.éoﬂinean '

10. 2 4 Use of Dlstance Formula ( (lor The uon-:on.;af ﬁémts)_

pomts form - : :
» aright angle mangle TSRS ol

» anisosceles triangle . .
» an eqmlateral tmmgle -




Thus, ACAB isa nght tnangle w:th right angle at A.

- EXAMPLE-1 | c
-Show that the po:nts A(~12), B(7, 5) a
‘and C(2—6) are vertices of a right triangle. b
SOLUTION: G:_ven A(-12), B(7,5), C(2,~6). B _ 9’| 4

' Let a,b,c denote the lengths of the sides BC, C4, and AB

respectively of A ABC, using distance formula

’PQ’ \[(xz %) 40— J’z
we have
a=[BCl=@-7/ +(-6-5  =5"+1F =146

.b=[cA|=(2- (—1)? +(~6- 2)’ V18 = 73

c_]AB| J(? (—1))’+(+5 ~2) =& +3)} =64+9 = 73
~ clearly [4B] +[cd] = c?+b? |
=73+73 =146 = a’
~[Bc|




. - " ’ AT o Lol
| g egpdated Mk .'-i-r“,;;’.'--' I o L-- i I
- INTRODUCTION TO COORDINAT

EXAMPLE-3 T
Show that the points 4(-3,0) , 3(30) and C(g 3J‘ ) ara the' R

,';-J’;_.'

vertices of an equilateral triangle. S Lo S A 4
‘.t' L \"‘ § : -.’1!
SOLUTION: Given 4(=3,0) , B(3,0) and C(03J— ) Rl
Using distance formula, we have, =~ = ' ! ST el ] s
|AB|_J(-3 3)2+(o -0 J(—6)2 —J'—='is’?_-7 St gl
Foh IS AR EEe {'__. e _; _ ‘ <
lBC| J(s ~0 +(0- 3J" )"‘ W _«F" e i e
AL e Ll 2 B
u\.- --'-_!-'-s.:- Sy ;1
|.4C| J(-s —0p? +(o 3J_ )’ J9+2 -J_ =6 g
Here |AB| | | = |AC| = e e b
.-‘3..‘,‘.-'.'- gt L) ¢

That i is, three sides of A ABC are equal in Iength’ e T

‘ f- " A% g ”f‘ t S
| : Thus, A ABC is an equilateral triangle. ” S ,ﬁ ' ‘5 i
' = z ™ ! \ D"

EXAMPLE-4 -

Lot BC=a, CA= bAB =c _bo “é‘re
of aAABC o o d

Using distance formula, we have




INTRODUCTION TO COORDINATE GEOMETRY

[ XERCISE — 10.1

I- Descnbe the location of these points on the number plane.

1Ak _ W @0 @) 09 (i) (24 ) (9
| W40 )88 i) (75 (i) (-810)
| ---(wm-v ) 6-9 S

= 2- Fmd the distance between the following pairs of points.
) @1D,+3 @) (-13), (-2-1)
) (7, =2)/(=%3) (tv) (a-b), (b-a)
3- Express by an equation, the fact, that the point P(x, y) is eqwdlstant
from A(2,4) and B(6,8).

4- Show that the pomts A, 4) 3(4 -3), C(-2,5) are equidistant
from Dy, 1) 3

v5- Fmd the point on the x-axis which is equidistant from (2,4) and

(6 8).
(Hmt call the pomt @,0) Fmd x )

-

A{ =Ll), B(3 2); C(7 3) are colimear

'\ ‘i‘:

S 3
the point _A(6 I) B(Z 7) and C( 6—7) are vertices of a




Review Exercise-10

I

10. A point in the first quadrant is characterized by

-';(c)" "}Iggaﬁ;‘e 1“11 :}’lf I'\. l“’ in,‘mb f‘

e =

Encircle the Correct Answer. RS _ it Ry s b
(a) distance formula (b) collinear J_points‘ ‘
(¢) non-collinear points (d equal pamts VE \)
A point in a cartesian plane determines a unique ordered pair of:
(a) set (b) abscissa - (o) '.numbm-. (d) - ordinate .
In the plane with every ordered pair is assocnated = i 4
(@)  a unique point (b) zero _ (c) two points (d} faur poiu!:s- VAl
Points lying on the same line are'called: © * = = ¢ _
(a) - non-collinear (b) collinear () equal - (d) overlapping 1%
Points which do not lie on the same straight line are called:
(a) ‘non-éo‘flinear " (b) collinear  (c) " equal’ "”-"'(&)" zero
Point on the axis do not lie in any: :
(a) aplane (b) line (c) quadrant (d) circle 3
The co-ordinates of the origin are: .'ﬁ
@ o0 moao @ 0o @0y |
Points on the negative x-axis have negative: |
(a) abscissa . (b)  ordinate o (0, value
A point in’ 4th quadrant has its- ordinate"dz'fiu. & 310G

e pdinine

) positiec oo ) 0BaitE o ek

Hal"} .|n.’ s

neia ool m Bz

its co-ordinates are: . it ateno® S m
| aing mm
(@) aem = () positive

a87
i |



- II- Fill in the blanks.

I °d = (&, -x, ) +(,-»,)° s called

2. Apoint in a cartesian plane determines a ' - ordered
& pair of numbers.
‘:. 1 vy 3. With every ordered pair is associated a point in
the plane .
% ' points.

gy ‘4. Points lying on the same line are called
e T 5. Points which do not lie.on the same straight line are called
+E _ _ : points.

.- | 6. Points on the axes do not lie in any
The origin has the co-ordinates
Points on the negative x-axis have negative abscnssa and their

R & ordmate IS
S I A pomt in the 4th quadrant has its absc:ssa positive and

its ordinate _ : :
10. A point in the ﬁrst quadrant iS characterlzed by the fact, that both

its co-ordinates are

N




Exercise 1.1

9 41171 5 1,0 6 1886 7- 80457 8 251

25 3,3
lo.__i .I 4ﬂb

145 5a° +3b

5. 2.!:3'—J|:2y+xy2

) e —F

x—2
19— ==
X~y

Xt —4x+4

x2+?.x

A
' xj—sz+2J:—l

32- x-1

Exercise 1.2

5 : -
'2.vcz+8y2 2- .":0.1r2+18y2 3- 24tm 4. &s-n_:s 5- a’b’ —53 —3ab+

4" 49y +4+12xp+12y+8x 7- 8p’ +12p°q+6pg’ +q°

-9p2 +q* +r’ +6pg+2qr+6pr 9- 8x +36x"y+S4xy* +27y°

(x+y—-1)(x* +y* +2y+x+y+1) 11- (x-_y+¢!)(x-2+y2-—-2xjr—'4:t-f+4y-!-:?1_:6_ ;

12- 2x+3y) (4x" —6xp+9y?) 13- (x+3y) (" =37+ 9p%) (x=3)) (=" +3xp+95")

- (2a+b)(2a-b)(4a® ~2ab+5°) (4a” +2ab+8°) * 15- 4 I-IT4 18 14

19-. 133 ° 7 . 20- 118 BT 20 22146 _'1.'_.-1. Kl ._‘-ﬂ‘li_l i |

-

e P S e e S

T e Bt T o oy T

a’b ab

1




Exercise 1.3
1- (uﬁ, (“‘)E’ (")£ 2- (i) 3\6, (i) 35\{5, (i) 4\:‘13—6\[6-2-\/]_61.6

() 30-6V5+5y2-V10  (v) 53-V15-1042V5  (vi) 35+7V2+53+5

3 () 2-V3 (if) 4+1‘/_ @iii) 23(T-5) () 2= Ity N

.\-y
—~10J7 e =
» 105-10V7 ol o 29(11-3V5) (vit) WN7-243
59 K76 3
4 (i) 25 (i)18 5. () 23 (i) 14 6- (i) =2v2 (i) 10

7-. (i) 2 6‘/_ ()[ '8+8"/_J 8- (i) 40 (ii)36

2_ b2—g? g2t
9. % ) a +22b a (i) a ;: 9
a

Review Exercise 1
I- Encircle the Correct Answer. A
b 25 3d #4c 5d ba 7-d &b 9%c Wa | -

I1- Fill in the blanks.
1= rational number 2- rational expression 3- 4ab 4 2(a’ +b%)

1 s (a+b)’

6 (@a-b’ 10 & P+B % sud 102

Exercise 2.1 .

1= (x+y) Ba-7b) 2. (a-x) (x+y) 3- (a=3) (a* + 1)

 + G0exp :

(x+2y) (3a—4b) 6- (a-b) (2a+ec)

1 (a-bd) (@+c) . 8 (4-2) 2-a) 9- (4x-3a)’

5(2x-1)° 12 2ab(a-b)

15. 5:u:_(x-—3)ﬂ2 16 (q+'b) (a+b+_;20)‘.

k|
L. O " -



(x+y+a) (x+y-a)
(x+3a+4b) (x+3a-4b)
(x+y+2xy) (x+y-2xy)

(x=y-a+b) (x—y+a-b)

_(.z:2 +8y1 —4yz) (z2 -i-Sy2 +4yz)

(z" =3z+4) (2 +3z+4)

(x+4) (x+5)
(x=3) (x-4)
(x-15) (x+6)
y-19) (y+8)
- (x=1) 2x+1)
(2-x) (4+5x)

(x—6) (5x-2)

(2x-y) (4x* +2xp+ ")
(1-7x) (l-.l-'?x+49x2)
(3-10y) (9+30y +100y%)
(p+2) ('y' -z +2’)

1 SN2 ]
@Cx—=) 4x" +—x+—
5 B

(a-b) [1-(a’+ab+b’)]

Exercise 2.2

2- (2a+b+3c) (2a+b-3c)
§- (y+x-c) (y—x+c)
6- (a-2b-3ac) (a—-2b+3ac)

8 (' +2y+2) (' -2y +2)
10- (2’ —6x+18) (x’ +6x+18)

122 2x-y)(x=y)2x+y)(x+y)

Exercise 2.3

2-
5-
8-
11-
17-

20-

(x=2) x+7) 3 (x=1) (x+6)
(x-13) (x+12) 6 (x—2) (x+1)
(a—17) (a+5) 9- (7% (x+14)
(x+1) (2x+1) 12- (x+1) (3x+2)
@x+3) B3x-1) 15- (x+2) (1-2x)
(u-2) Gu-4) 18- (2x-3) (5x+4)
(4x—B) (Br+2)

Exercise 2.4

- (Bx+1) (O —3x 1)

4 (ab+38) (a’b —8ab+64)

6 (3x—4y) (9% +l2xy+16y)

8- (6p-7) (36p° +42p+49)

10 (@+b) | —_ab_+b"--'+_.1]

12- x(1- Zy) (l+2y+4y)

(x-2) x+) " + ) +Jer+y )(x xy+y )( y)




: mswms

16p° 2 TS
—T-) 15- (1+4u) (1-4u+16u") Haad

16- (2x+3y) (4x° +9° —6x7-3) 17- (2+5) (z* -52+25) b

18 (x+y) & -xp+y)) F-x"p'+)°)

19- (m+n)(m—n) (m’ +mn+n°)(m* —mn+ n’) a3 ,»,
20- x(2x—a)(2x+a) (4x° +2ax+a’) (4x" —2ax+a’) '.;J__.'_-_-\
21- (x—3a) (¥* +3ax+9a’) 22- (x+3a) (x* —3ax+9a’) VB

Exercise 2.5

1- 3 2- -6 3-47 40 5 -84 b-yes T-yes 8-no 9- no

10- yes 1l-no 12-yes 13-yes 14-no 15-no  16- yes 17- yes

18 n0o 19-k=1 20-k=1

,, Review Exercise 2
I- Encircle the Correct Answer.
-5 2¢ 3d 4&a 5-¢c 6b 7J-a 8 a 9 a 10-aq

II- Fill in the blanks.
1- one 2- two 3. three 4- x-3) (x+ 3) 5 (x+1)(x+3)

b (x+2)(x —2x+4) T-(x-2)(x’+2x+4) 83 911 10-0

Exercise 3.1

: 1- ab 2- 3gr 3- 4p?7” 4 Tab 5- 3x%)°

6 2abc C7-x+4 8- ch—y’e 9-t+3 10- x -2
H-1+x 122 x-2 13- x+1 14 x(x+3) 15 Sabc

e
'y r
- = o, g = ‘-.—.--—-_....L P
e



Exercise 3.2
lox x4+l 22 2% 43x-2 3 2(x-1) 4 9x(x+3) 5- (- (x+1) & (x-2)

7- (x—1) 8 (3x-5) 9- 2x+1 10- (x+3)

Exercise 3.3

1- 420&414}»4 2- 15a°b°¢’ 3-- 12abc 4- ch_vzz2

5. P°¢(p—-9) (p+9) (B + pg+4°) 6 (x+4) (x—4) (x* —4x+16)

7- (x=2)(x+3) (x+D) (x-=1) 8- (y+3)(y-2) (y+3)(»-3)

9- (1+»)(1-») 1-2y)(y* -y +1) 10- (x-) (x+) 4+ 5292 +yY) |

N- (x+1) (F —x+1) (& +x+1)
12- (x+) (¢ +3%) (k=) P =+ ) =227 +3Y) 13- @2x+3) (x+1)? (x+3)

- 22 (x+3) (x=2) (x=3) 15 (x+9) (x429)

Exercise 3.4 :
- P4l x*=1 2 (2-4),(x=3)(—x" -ax+4) 3= 2x*+1:2x -1
4- 2x" +3x=2 ; Bx=1)(8x" +6x° —15x> +9x—2)
5. (3x” +8x-3);(2x" —3x +1) 3x* +17x° +27x" +7x~6)
6- (x*+2x-3);(2x* —x—=5)(2x" + ¥ —20x> —Tx+24)

7- =1 (x=1) &+ —x=1)

] 9 P -12x435 10- (6P 4x-2) - x4 122 D) DG —x-0)

Vot

14 5 =T +16x=12 15- x*+8x° +11x> —32x-60 16 x’ —x' —4x+4
4 | f{ !

Exercise 3.5

2(2a+1) _ -2ax+£—3a—6§2'
a(a+1)(a+2) (x—2a) (x—3a)

F24dt A



(a+b)(b+c)

a+l
(s 1 e
a—-b a+2

' Exercise 3.6

I- +(@x+3y) 2- +(x-3)(x-4)(x=5) 3-£(x+)(x+7)(2x-3) 4 *(x’ +6x+4)

1 ' ) 1
5. +(4x” +16x+11) 6- +(x+—-5) 7- +(1+--2) 8- i(x2+—?~2)
x t X

+(252 +3x+4) 10- ¢[;—;-%-%ﬂ IEE=S 1= =4 . m=10

Review Exercise 3
I~ Encircle the Correct Answer. :

a3 42 55 6a T-c 8c 9a 104

1

II- Fill in the blanks.
l-two 2- two 3- HCF 4 LCM 5 HCF  6-.second expression

| 7 2+1 8- x+2 9- 2x%)° 10- 6x%y°z

Exercise 4.1

LOB@R@UL®2 22 %2 T 5o

063 7- 4. 8 4 9- 3 10- {44 1-{9 12- {184 13- {8}
M- { s {) 16- {13, 5} 72 &}  18-{13}  19-{io1} 20- {15}

i i Exercise 4.2
- 19 5 2"117 3 6,4 4- —1;4 5. g,:—:-:-g—‘ 6 x<7

= b o | . A
T e
gl N e

T Tna——



7- x>-3 . 8 x<—1 9- x<-10 10—x>—% - x<=-21

5
12- .\'}—12; 13-x26 14- .1:511 15- lel 16- x=0
' 18 2

Review Exercise 4

I-  Encircle the Correct Answer.

1- a 2- ¢ 3 ¢ 4. ¢ 5. ¢ 6- a 7- ¢ 8 a

II- Fill in the Blanks.
I- > 25> < 4. < g 6 > 7- > 8. <

9- < 10- < 1. < 12- >

Exercise 5.1
I- =26 2- 1,5 3- 8,1 4 2-3. 5« 2,

w | &

6-—3,-1~ 7-3,-4
2

; i (P ey 21

g 3=t rgezie i ez EY skl 8 N ea o i e
3 2 5 2 25 2
—1+5 2+2

14- 54247 15- 3423 . 16- 17- —3+283 18-

19 —=———Eia0: 21- 22- 3. —2+17

2 6 2

3+43 -5+£73 L o 3+415
1

25- {13,-2}

Exercise 5.2 |

1- 2,3 2- E‘ l 3-,-1,2'- 4 -1,— 5- -5,3 | &3,—
AN 4 2 31 N0 2 ' t -

8- £276 9- 8 1‘(;-% F R0, =5 __lz-rs



_ ANSWERS
Exercise 5.3

eas.7 2- 8,10 3. 9,18 4 5 5- 5,6 6- 12,13 7- 7,9
8 4.8 or 8,4

Review Exercise 5

I- Encircle the Correct Answer.
| o s 4

5-¢ 6-¢c T-c¢c 8 c 9-0b 10- b

I- a

II- Fill in the blanks.
1- quadratic 2- quadratic formula 3. x(2x - 3) 4- {-1,3} 5 three

6- quadratic formula  7- (2,3} 8- {£3} 9- (x-2)(x+2)(x"+4)  10- {1}

Exercise 6.1
1- 2—-by—2,3-by—1,3-by—2 2- 2-by—2,3-by—3,1-by—3
35 4 B=F,G=J,H=K,C=E, A=D

Exercise 6.2

_I-Row matrix = 4, Column matrix = C, Square matrices = B,0,E.F Rectangular matrices = 4, C, G
2-Diagonal matrix are 4,B8,C,D,E,F,G Scalar matrix are B, D, E, G, Identity is D

' [l p a
3 PallE e © b| 4&4C 5 C
’ Ll P 3 m 3 = A,C, - -
4 £ Al Zy q A,C.E 6 7- 4
. R
Exercise 6.3

| foeiia " 2 2 -1 2 -2 |1 4 9 23
1-¢i)|3 8 1| (i){-1 2 -1| (i)l 1 -2 1 (iv)|8 19 28
o s3] 3 SIS -3 -5 -5 11 30 0

s it
' ‘8 11; 174 i 7 2. -2.. /3 i




Pl
4
5 2

0 -3 -4|,-E=[2-53] & -1,2 s.x=[
Sl o

7- G=2,b=—4,(.‘=4,d=3,e=4,f=2 8- w= -l,x=1,y=7,z= -8

2 fioe]

Exercise 6.4

i e

10
15- a=—,b =0
7

Exercise 6.5
- (i)up—vx (i) =13 (iii) 0 (rv)%

2- (i) singular (ii) non-singular (i) non - singular
3 3 1 ' y
i & i > iv) Inverse does
(’)[-1 (0 [—5 2] 13 ML
3
v 2 LR
("i)[o 1] . ErMEs B R
s 3 29

Exercise 6.6
52 @ an @) (52 @ (FE @) -1s) e ©2) m) (-z.e)

3-(3,-1) 4 (i)(-1,2) (ii)(1,~1) (iii)(4,~1) (iv)NoSolution (v)(2,~1)

o

. - q . b I' ., w0 ( §alr
5« (i) 2x—y=2,5x+2y=4 (i) =5x+ 2£=2-23" 3y=-1
< (iii) ~4x+y=15x+4y=-1  (iv)08x=-06y=l, _-?' 6x +0,

' -
i r‘li: 3

b iy =




~ ANSWERS

Review Exerclse 6
I~ Encircle the Correct Answer.
1= a 2- a 3 a 4- ¢

- II- Fill in the blanks.

1- order 2- row matrix
8- skew symmatric

Exercise 7.1
(iv)30° 108" (vi)20°  2-105°,75° 3. 70°

5. a 6~ ¢ 7- b 8- ¢ 9- ¢ 10- ¢

3- same order 4- same 5- equal 6- 1
1=

7= associative 9. B'A' 10- B A

I- ()130° (i)115° (i) 42°

4- —0°,100° 5- 70°, 30°
(i) c=35%d =145°  (iii)e=29°, /=
Wg=77°,P=103°r=103° (vi)j=30%k=150°17=30

6- x+90°+30° =180° = x=60° 7. (i)a=40°
151°  (iv)b=135"

(vii)g = 140° 1 = 40°, i =140° (viii)k =145°

(ix)P = 53 M =122°, N =122° (x)a=158,6=112°
Exercise 7.2
(b) (£1,£06),(£3,£8),(£2,27),(£5,£4)

(c) none

1- (a) (£1,22).(£3,24)
{d) (£1,28),(£1,44),(2£4,£7),(£7,£8).(£5,£6),(£5,42),(£2,23),(£3, Z£6),

(e) (£1,47).(£4,48),(£5,43),(£2,26)
2- (a) (£l,4n),(£m, Lr) (b) (£p,£n).(Lm, Ls),(Lq, Lr) (£, LY (c) none
(d) (£p,Zm).(£n,Ls),(Lq, L1),(Lr, L), (£q, £p).(Ll, Em).(Lr, Zn). (£t , £s)

(e) (4p,ZD),(Zm,Zg),(Ln;LY),(Ls, Lr)

| _ Exercise 7.3
r . 1- yes, no, yes 2- yes 3- yes 4- 10cm, 12¢m, 14cm, 16¢cm, 18cm
. '5-'6cm 12¢m, 18cm, 21cm 6- 15cm, 21cm, 9cm, 12¢m, 1:3

—_—— —_—

7-A.B DE,AC = DFBCzEF LA = ADAB LE LC = £F
9- yes: size and shape are same

Exercise 7.4
I- (a)()AB = FD (i) BC = DE (iii) AC = FE (iv) ZA= LF (v) /B = /D (vi) £C = £E
(b)ﬂf (cJ EF (d)s,.m=s.43 (e) ASA= AS4

g ‘I l- No: size may. bé different

(ii)Axrz ADFEbyS.SA S.S.A
CI?)APQI' ASRTbyS.A.S S.AS




3- AD=DA, DB=AC, AB=DC, /BAD = ZCDA, ZADB = ADAC,ABDEADCA,
Condition used S.5.S =5.5.S, mZADB = 40°
4- (i) Similar Triangles  (ii) Similar Parrallogram  (iii) Similar Triangles

5- MN PO, NO<OR, PR MO, /1 < 24

Exercise 7.5

(i) rectangle (ii) square (iii) quadrilateral (iv) bisect (v) congruent

Exercise 7.6
(i) circle . (ii) radius (iii) chord (iv) diameter . (v) samicircle
(vi) major arc (vii) radius (viii) sector  (ix) secant line (x) right angle
Review Exercise 7
I-  Encircle the Correct Answer. SRS

e b, 20l Sbn M b Sea. 6ok [T-a i e R O

II- Fill in the blanks.
1- adjacent  2- supplementary 3- obtuse A4- vertical 5- 180° &= each other -

7- congruent 8- scalene  9- diameter  10- right

Review Exercise 8
I-  Encircle the Correct Answer.

¢ 2¢ 3%c¢c 4& ¢ 5a &a T-a &c 9%c 10a
II- Fill in the blanks. A
1= concurrent 2- concurrent 3= concurrent 4~ concurrent  5- altitude : :'
6- mediam 7- angle bisector 8- three 9- three 10- three
: s oo &5 Stikind

Exercise 9.1
12O L G2 @D AEL S a
(iii) right A 6~ 15cm

5 e P A

5- (i) right triangle (ii) not right A

e




b o
a i

Exercise 9.2 3

I- 20 stones 2- 24000 siones 3-Rs. 223 4. 645.50m 5- Imm 54sec _

6 98cm’ 7- (i) 8967cm’ (i) 16.8m’ 8- 9000m° 9- 16VTT0 m’ :

10- (i) 4dem’ (i) 0.5 (iii) 40114 mm°  N- 154m”  12- 16\3m’ 13- 93cm’

X

M- 210cm’ 15 7em,2lcm 6= 1666.67cm 7= 72cm - 18-3600cm” 19~ 4cm

Exercise 9.3 kR

I- 64em’  2- 64cm’ 3 24m’ 4 502.86cm’ 5 943cm’ 6 1i3dem’ | Loi o
7- 127.3cm’ 8- 339.4cm’

Review Exercise 9

™

Encircle the Correct Answet.
1- a 2. ¢ 3 c 4- a 5-d 6- ¢ 7- a 8 ¢ 9- ¢
II- Fill in the blanks.

1= Pythagoras 2- Area 3- -; x base x altitude 4- JS(S —a)(s—=b)(s—c)

2
5. Jiﬂ b txb  Tg2 8L % Dxbxh 10 e

i | Exercise 10.1

1- (i) lies on OX (i) lies on OY (iii) lies in QII . () QI
- (v) on 4 . (Vi) in QI (vit) in QIV (viii) In QII
(ix) on OY @) in QIV -

2@ 2210 @17 i) JIo6 W) @-bN2Z  3x+y-10=0
5 (100) -

& i Review Exercise 10
1 2-¢ 3%a 4 b"ls-a (i 7. ¢ i 9% b T

E4
S

- P

I Fill in the blanks.

| I Distance , formula 2- unique  3- unique 4= collinear .5- non-collinear

s mm———
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Unit-1 ALGEBRAIC FORMULAS AND APPLICATIONS

Formula: Where we have a rule to calculate some quality, we write the rule asa formula,
(@@+b)* =a’ + 2ab + b’

@@+b)’ +(a-b)? =2(a* +b*)

(@+b)’ —(a—b)’ =4ab

@+b+c) =@ +b* +c* +2ab+ 2bc + 2ac
(a+b)’ =a’ +3abatb)+b’

(4 Y=Y~y + Y )&’ —xp+y")
Surd: A surd is an irrational number that contains an irrational square root.

Pure Surd: A surd which has unity only as rational factor, the other factor being irrational
is called a pure surd,

Mixed surd: A surd which has rational factor other than unity, the other factor being
irrational is called mixed surd.

Similar surd: Surds having the same irrational factor are called similar or like surd.
Unlike surd: Surd having no common irrational factor are know as unlike surd.

Rationalizing Factor: When the product of two surd is rational, then each one of them
is called the rationalizing factor of the other.

Unit-2 FACTORIZATION

Linear Polynomial: A polynomial of degree “I” is called a linear polynomial.
Quadratic Polynomial: A polynomial of degree “2" is called a quadratic polynomml
Cubic Polynomial: A polynomial of degree “3” is called a cubic polynomial. =~

Types of Factorization: kx + ky + kz, ax+ay + bx + by, a’ + 2ab+ b’
a’ b} (@ +2ab+b°)~c’, a’ +a’b” +b° or a' +bf, wmma
: g A

x? +px+gq, ¥’ +bx+c,
‘@ +3a’bx+3ab® +b’, a® —3a°b+3ab® -1,
a3ib3.

.

Remainder Theorem: If a polynomial P(x) is_;diw_ _
£ x-a’ is a factor of P(x).

Unit-3 ALGEBRAIC M



Unit-4 LINEAR EQUATIONS AND INEQUALITIES

Linear Equation: Anequation thatcan be written in the formax+b=0, a # (0 wherea
and bare constants and x is a variable is called a linear equation in one variable.

Solution of a Linear equation :  Any value of the variable, which makes the equation
a true statement is called the solution of a linear equation.

Absolute Valve: For each real number x’ the absolute value of x, denoted by |x|, is
defined by:
x if x>0

|xl=4q 0 i x=0
-x, if x<0

Linear Inequalities: Two algebraic expressions joined by an inequality symbol such as
>, <, <, 2 is called an inequality.

Tricheotomy Property: If x, y € R then eitherx>yorx=yorx<y.
_ Transitive Property: If x, y,ze R thenx>yandy>z = x>z

Additive Property: If Va,b,c,d € R thena>bandc>d =a+b>b+dandc<d
andc<d = a+tc<b+d.

Multiplicative Property: Va,b,c,d e R, a>bandc>d = ac>bd anda<dandc>d
= ac >bd.. o

Unit-5 QUADRATIC EQUATIONS

Qludnﬂc Equation: A quadratic equation in one variable is an equatmn that can be
written in the form ax’ +bx+c= 0,where g # (0.Here x’is a variable, where
as a,b and c are real numbers.

- So_luﬂon._.qf quadratic Equation: We can solve a quadratic equation by
(i) factorization (ii) completing the square method.

—b++b’ —4ac

Quadratic Formula: x =

Se. e e
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- Right Angle: A right angle contains 90°.

Acute Angle: An acute angle contains more than 0°and less than 90°.

Equal Angle: Equal angle are angle with equal measures.

* Result 1: The sum of the angles of a trian;

Zero or nuli matrix: If all elements in a matrix are zero, the matrix is called a zero or
null matrix.

Unit or Identity matrix: In an identity matrix, the d:agonal clements are unity and off
diagonal elements are all zero.

Transpose of a matrix: A matrix obtained by interchanging rows into columns is called
transpose of a matrix.

Symmetric matrix: A matrix 4 is said to be symmetric, if 4’ = 4.

Skew-Symmetric matrix : Arﬁal:ixAis said to be skew-symmetric, if A =4

Determinant: A real number associated with a square matrix is called determinant of a
. square matrix.

Singular matrix: If the determinant of a square matrix is zero, it is called a smguiar
matrix, other wise non-singular matrix.Adjoint of a square matrix of order2x2
In the adjoint of a square matrix of order2x2, the diagonal elements are
interchanged, where as the sign of foo dlagonal clements are changed.

Multiplicative inverse of a square matrix, 4 matrix B is said to be multiplications
inverseof ‘4’ ,isAB=1I,

Unit-7 FUNDAMENTALS OF GEOMETRY

Angle: An angle is the union of two rays with common end point.

Straight Angle: A straight angle contains / 80°

Obtuse Angle: An obtuse angle contains more than 90%and less than/ 80*'.‘-_ abgpalaim 1) '. :

Reflex Angle: An rcﬂe‘x angle contains more than / 80°an:i'lcss than360°>

Adjacent Angle: Two angles with the common vertex andacommonsidebetweenthem. |

Complementary Angle: Two angles whose sum is a rlghtanglef it} bl

Vertical Angle: Twonon adjaceut anglm each less than
intersecting lines.

2:1f two angles are complement
3 If two angles are supplemen of th

5. If three parallel lines |
intersect congruent segme

6:1fa line bisect one side (
third side, -
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Transversal: A transversal is a line that intersects two lines in different points.
Congruent Figures: Two geometrical figures which have the same size and shape are

congruent,
Polygon: A polygon is a closed broken line in a plane.

Equilateral Triangle: A triangle with three equal sides.
Isosceles Triangle: A triangle with two equal sides.

Scalene Triangle: A triangle with no equal side.

Right Triangle: A triangle containing one right angle.

Obtuse Triangle: A triangle containing one obtuse angle.
Acute Triangle: A triangle containing thrée acute angle.
Equiangular Triangle: A triangle containing three equal angle.

: Propertles for congruency between two 'n-iangle (i) SSS =85S (i) SAS = SAS

Quadrilateral. A polygon with four sides.

- Parallelogram: A quadrilateral with two pairs of parallel sides.

Rectangle: A parallelogram containing a right angle.

Square: A equilateral rectangle.
Circle: A set of points in a plane which are at a constant distance from a fired point.

Radius: A segment joining the center to any point on the circle.
Ii]lmeter:A chord that passer through the center.

Arc: Aporhon of a circle consisting of two end points and the set of points on the circle

betwccnthem.

‘Semi Circle: An arc which is half of a circle.
A "M!norArc.An arc less than a semi-circle.

'MajorAre.Anarcgruttrﬂmnasemt—mcle

qullleimlﬂ Circles having equal radii and equal diameters.
Ahnewhxch mtersectuc:rclemtwo pomts

c ,_tLine'

ce of the same circle.
th same center and different radii.
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Unit-8 PRACTICAL GEOMETRY

/- Ananglebisects ofa triangle is a line-segment that bisects and angleofthemanslé
and has its other and on the sides opposite to thatangle. .

2-  Every triangle has tree angle bisectors, one for each angle.

3-  Analtitude of a triangle is the line-segment from one vertex, perpendicular to line
containing the opposite side.

4- Everytriangle has three altitudes, one from each vertex."

5-  Aline-segment which bisect any side of a triangle and make a right angle with the
sides as its mid point is called the perpendicular bisectors of the side of atriangle.

6- Every triangle has three perpendicular sides bisectors, one for each side.

7-  The point at which the three angle bisectors of a triangle meet is called the incenter

Gl

of the triangle. -
'8~ The pointat which the three alutudes ofatriangle meet is called the other cenm of
the triangle.
9-  The point of intersection of the three perpendicular bisects of the s:dcs ofatriangle
is called the circum-center of the triangle. Yo eid
10- The point at which the three medians of a triangle meet is called the cenu'md c;rcle-
in of a triangle. ,

/1-  Aline coplanar with a circle intersecting the circle at one point only is called th&
tangent line to the circle.

Unit9 AREAS AND VOLUMES

Pythagnras Theorem: The squares of the hypotcnuse ofa nght tnangleisequal to the sum
of the squares of the legs. resnifing)

Area: The space inside the boundary of a shape. =~ tidd Funrdllo Nakes

:';.-j'-.'.. i“-“

: 1 3
Area of a Triangle: 4 = 5 x basex a!titude.

+ b+
JS(s a)(s—b)(s— c)S—_“__ ¢ ab

: - 2
Arca of an Equilateral Triangle: 4 = e .,where ‘@’

Area of a Triangle: 4

Area of a Rectangle: A = length x breadth.
Arca of a Square: A = side x side. ' :
Area of a Parallelogram: 4 = base x m'mude.--_ :

AreaofaCircle:A= m o :

Circumference of a Circle:C=2m7. ¥ '

Area ofaSeml-Circle:A—;?-(ur ) e 3
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Volume:The/space/inside/the/boundary/of/a/three/dimensional/shape.
VolumeofaCube: V = !3,1 is the length of edge.
* VolumeofaCuboid: V =/ xbxh I = length
VolumeofaRightCircular Cylinder: V = nr’ h
h = height of the cylinder
r = radius of the base

b breadth h = height

VolumeofaRightCircular Cone: V¥ = 4 ik
h = height of the cone 3
r = radius of the base
e 3 4
VolumeofSphere: V = —nr
3
e 2
VolumeofaHemisphere: V = ;xr’

Unit-10 INTRODUCTIONOFCOORDINATEGEOMETRY

DistanceFormula: d — IP_QI Jﬁv xﬁ ;= y!)
I- A pomt!m!afnumbcrlplanea’detennmm!a!unlquaforderedfpaxr!oﬁ'numbers

2- With!everylordered!paxrfoffnmnbershsfassocmted/afumquefpomthn/the/plau.,

' Collinear Points: Points/lying/on/the/same/straight/line/are/called/collinear/points.

" _Non-Cul]inear Points: Points/which/do/not/lie/on/a/same/straight/line/are/called/non-

. collinear/points.
\
SYMBOLS
~|__Symbol ‘Standsfor Symbol Standsfor
'éﬂg_rll :—.__‘ T <.‘ : M = — bwausefb\'as
| > | is/greater/than therefore///so
e < MBW ﬂmn!orfeq’ "3]1' : ‘b:) : ratio
' ¢ 4 is/proportional/to
- J, @ varies
T =k | tally/mark
T 2, summation
= AB line/segmentAB

. N




A
Area Of Concentric Circles
Absolute Value

Acute Angle

Add And Subtract Matrices

Addition And Subtraction Of Matrices
Addition And Subtraction Of Surds

Addition Of Matrices
Additive Identity Of Matrices
Additive Inverse Of A Matrix
Adjacent Angles

Ad]acent complementary and
supplementary angles
Adjoint Of A Matrix -
Algebraic Expressions
Algebraic Manipulation
Altitudes Of A Triangle

Angle

Angle Bisectors Of A Triangle

Angle In A Semi-circle Is A Right Angle
Angle In The Same Segment Are Equal

Applications
ARC
Area Of A Circle

Area Of A Parallelogram When Base And

Altitude Are Given

Area Of A Semicircle

Area Of A Triangle When All The
Three Sides Are Given

Area Of An Equilateral Triangle
When Its Side Is Given

Area Of Four Walls Of A Room
Areas ;
Areas And Volumes

Areas Of Rectangular And Square Fields

Associative Law

Associative Law Of Matrices With R_aspeot

To Multiplication

B

Basic Operations On The Algebraic

.

Fractions

o
z 'Calqulate Unknown Anglas
:Calculale Unknawn Anglas

261
97

177
138
138

138
142
143
178

178
157

57

225
176
224
210
211
213
208
260

255
260

252

254

. 256

251

247

257
141

147

AN

Center ) i m“

Central Angle ] ggzq N J

Chord _ 207 - 8

Circle i 3 areOOG X

Colinear And Non-colinear Points 281

Collinear Points 281

Collinearity Of Three Points 282

Column Matrix 133

Commutative Law 141

Complementary Angles : 179

Concentric Circles * 209

Congruent And Similar Figures 193 .

Congruent Figures 193 )

Congruent Triangles 198 _

Conjugate Binomial Surds ‘ 27 j

Construction 222

Construction Of Quadrilaterals 230 -

Construction Of Triangle -222 b

Cramer's Rule 167 = .

Cube - 264 . :

Cube And Cuboid \ © 264 ol o

Cubic Polynomials " il 36 _ r : ._,.':'_

Cuboid = '2_3&)? 5 = .';":
) e e

Derivation Of Quadratic Formula
Determinant Function '
Diagonal Matrix Y
Diagonals Of A Rectangle Bisect Ead'i'

Diagonals Of A Square Bisect Each ggr '
Diameter -

. Direct Common Tangen
Distance Between Two
Distance Formula

. Distributive L *"n!..u



F
Factorization 35
Factérizing A Cublc Polynomial 52
Finding Remainder Without Dividing 49
- Formulae . 13
Four Angles Of A Rectangle Are Right Angles204
Four Angles Of A Square Are Right Angles 203
L Four Sides Of A Square Are Equal T 202
'Fundamentals Of Geometry 175
H :
H.C.F By Division 61
55 - H.CIF. By Factorization Method 58
. Hemispheres 268
by Y Highest Common Factor (HCF) And Least
T Oommon Muitiple (LCM) 58
R I

=N Im’@fbper Rational Expression 3
. | ..-:'m,(b <)Al1d(> ‘) 98
To Coordinate Geometry 275
-.Nqn_-alngular Matrix . 160
imbers 21

Pure Surds

Minor Ap:
Mixed Surds

Multiplication And Division Of

The Algebraic Fractions

Multiplication And Division Of Two Surds
Multiplication Of Matrices

Multiplicative Inverse )

Multiplicative Inverse Of A Matrix

N

Non-singular Matrix

o
Obtuse Angle

Opposite Sides Of A Rectangle Are Equal
Order Of A Matrix

P
Parallel Lines
Parallelogram
Perpendicular Bisectors Of The Sldes Of
ATriangle

Problems Involving Quadratic Equations
Proper Rational Expression

Properties Of A Parallelogram
Properties Of Angles

Properties Of Congruency

Properties Of Congruency Between

Two Triangles

Properties Of Inequalities
Properties Of Parallel Lines :

157

177
203
130

187
231

227
121

205
210
202
198

187




1N

—4

Rational Expression In Its Lowest Terms
Rational Numbers

Rationalization

Rationalizing Factor

Rationalizing Of Surds

Rationalizing The Denominator

Real Numbers

Rectangle

Rectangular Matrix

Reduce A Rational Expression To

Its Lowest Terms

Reflex Angle

Relation Between The Pairs of angles
Remainder Theorem And Factor Theorem
Right Angle

Right Circular Cone

Row Matrix

Scalar Matrix

Secant Line

Sector

Semi Circle

Similar Figures

Similar Surds

Singular And Non-singular Matrices
Singular Matrix

Skew-symmetric Matrix

Solution Of A Linear Equation
Solution Of A Quadratic Equation
Solution Of A Quadratic Equation By
Completing The Square Method
Solution Of A Quadratic Equation By
Factorization

Solution Of Simultaneous Linear Equ,a'tioné

Solving Linear Inequalities
Square

Square Matrix

Square Root By Division Method
Square Root By Factorization Method
Square Root Of Algebraic Expression
Straight Angle’
Subtraction Of Matrices

Sum, Difierence And Product of| al

21
27
27
28
24
210
230
133

177
191
47

177
266
133

134
208
209
208
195
23

157
157
136
87

108

110

108

165
101

Surds 21
Surds of Radicals 21
Surds Of Second Order 23
Symbol . 196
Symmetric Matrix 135
T
Tangent . 209
Tangent To A Circle N 233
Tangent To Two Un-equal !ntarsaetlng :
Circles 240 =
Tangent To Two Un-equal Touching Circles 239 2
ThaAreaOfARed.angleWhenltsM E
Sides Are Given 255 ~
The Area Of ATriangle 252 g
The Area Of A Triangle When Base And : Tz
Altitude Is Given 253 |
The Factor Theorem ) suitd 11500 3 i
The Quadratic Formula 1279158 A
The Remainder Theorem. R ! J
The Sphere £ F

To DrawAngla-blsectorsOfATrlangh" e SN
Transitive

Transpose Of A Matrlx -
Transverse Common Tangant
Tangent aat SN LI .
Trichotomy _
‘Types Of Matrices:

Unit Matrix Or Identity:
Use Of Distance
Transverse
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