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Unit = t (Matrices)

Alter reading this unit, the students will be able to: lﬁ

MATRICES

Define a matrix with real entries and relate its rectangular layout {formation)
with real life.

Define rows and columns of a mainx,

Define the veder of o matris,

Define equality of twa matrices.
Define and identify row matrix, column matrix, rectangulor matrix, square

transpose of a matnx, symmetric and skewssymmetric matrices.
Know whether the given matrices e conformable for addition/subtraction.
Add and sublract matrces.
Multiply @ matrix by a real number.
Verify commutative and associative laws under addition.
Define addiive identity of a matrix.
Find additive inverse of @ matrix.
Know whether the given matrices are conformable for multiplication.
Multiply two (or three) matrices.
Verify associative law under multiplication.
Verify distributive laws,
Show with the help of an example that commutative law under multiplication
does not hold in geperal (i.c. AB # BA).
Define multiplicative identity of a matrix.
Verify the resuh (AB) =B A
Define the determinant of a square matrix.
Fraluate determinunt of a matnx.
Deline singular und non-singular matnces,
Define adjoint of a matrix.
Find multiplicative inverse of a non-singular magrix A and verify that
AA e 1= A ' A where | is the identity masaix,
Use adjoint method to calculate inverse of a non-singular matrix,
Verify the resull (/\B)" =g8'A"
Solve a system of two linsar cquutions and related real life problems in two
unknowns using ‘
. Matrix inversion method,
»  Crumer's rule.

4
I
P
L matrix, zero/null matrix, identity matax, scalur mainax, diagonal matrix,
=
&
P
P
1
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EEEEE NTRODUCTION TO MATRICES

word ‘matrix’. The term matrix was first
introduced by the mathematician Arther Cayley in 1860. The knowledge of
matrices is necessary in various areas of Mathematics. It has widely been used in
the fields of pure mathematics. statistics. engineering and physical and social
<ciences, Thus, matrix theary finds an important place in modern age and has
become an integral part of mathematics.

Matrices make presentation of numbers clearer and make calculations
casier. The following table presents the information about a series of hockey
matches played between Pakistan and India.

The word ‘matrices’ is plural of the

I | Played Waon Drawn Lost
Pakistan I 8 - - 3
India 8 3 N | 4

The information is readily available when presented in this way. For example, if
we want to know how many maiches India lost against Pakistan, we go along the
row ‘India’ and column ‘Lost’ and find that it is 4. Similarly, if we want to know
how many matches Pakistan drew with India, we go along the row ‘Pakistan' and

column ‘D’ and find that it is 1. As long as we remember what each number

represents, we could remove the row and column headings and write just the

numbers, enclosing them in square brackets or parenthesis such as .

A

Let us denote this by A,
Thus A = £ 4 ! i
8 3 I is a matrix,

Unit - 1 (Matrkces) 'l il

C Mathematles = 1X "aﬂ be i
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Matrix

A matrix is a rectangular array (armngeme:
square brackets, Each number in 3 matrix is call

1 [3 43

[2 :]lhc number 2, 3, 6, 5 are the elements of entries of

nts) of real numbers enclosed in

ed an clement or enlry of the
3 B 2
-1 1 -2

i -3 -3

matrix, For eumplc[z are all

matrices. In the matnx

3 4 2
the matrix, Similarly in the matrix | =1 1 -2},
-4 =3 =3

the numbers 3. 4, 2, =L L -2, -4, =3, —5 are the clements or entries of the
given matrix. Matrices are frequently denoted by capital letters suchas A, B, C
and so on, Thus we can write

N B OV £

m Rows and Columns of Matrix

The rows of a matrix run horizontally, and the columns of a matrix run
vertically. To make the idea more clear, let us consider the following matrix.

s 2
1 =2
-3 -3

3
Cm=|-1
ol

-2 e The rambens ALQE@M@@WWW |

4 3 o
A=[¢l’ 5 21| e e 1,5 gl Bl 5 G e )
(= jam—mm;rmmm"—’m:‘](mm =
‘BB
Again consider the same matrix, A=|1 5; 2
3 al Bl

|m nusbens 3, 3, | nm i & ‘
fo ~2,2, 1 rom vesteally.|
o they comtitute 1he socond| o : 1 :

The numbers 4, 1, 3 un verugally,
50 they comstitute the first column
|

—dl
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Order (or dimensfon) of a Matrix

A matrix with m rows and n columns has order mxa (read “m by ™).

= JOTAT YN
R

, 0\5\\% gb WE:
Mathematice= 1x UL e ST N )

0 1

e ———— q Write the number of rows and column of the following matrices und hence
1f a matrix has order mxn then nr repeesents the number of rows and #r | ! mention their orders,
repeesents the number of columns. ‘ o A= P 9 - 347 o :ro-
........ X % W= 58 120 B £

...... Salvtion: é 122 é

tew-wwnumber ol col X .
— i) Given A=[" "].m see that:
. | r ’ v
Fﬂeta;npk.:o e { A has two rows and two columns, so order of A is 2-by-2. somc.limca. we
'\=[2 N l] “and B =[2 1 will prefer to write the order of A is 2 by 2. Thus A is 2 by 2 matrix.
1 3 =5 3
A | R 3 4 7
The order of the matrix A is 2-by-3 or A is 3 2-by-3 mairix. Similarly the ) Ghen R ’[s 6 s]

order of the matrix B is 2-by- : A 2 ‘
he x B is 2-by-2 or B is a 2-by-2 matrix. B has two rows and three columns. The order of B is 2-by-3, or 2 by Jie

3 Equality of two Matrices

Matrix
Row 1 ¥ Two given A and B ure
. An element said 10 be equal it 9a o
Aow2 w—p | 5 - . Lee
’ Vo, (o Both the matrices are of ’.5. / et 2
Row3 —»| 5 2 the same onder e they L 55 . - i
respectively have (he sane F ~ [a\ {9\ (&)
I I number  of  rows  and o (= ! Y
olumins ! } ' :
Dlmcnfldum]” : S [ ;1‘1 \l nents o th o :
' on of this matrix c " ¢ clements o | ! ! ;
s comvesponding positions in L L B e B

- ' A and 18 are cqual. Cqidity doeswt it

Sometimes we will pi e | Por example, the matrices
shikiaoss o) I prefer to write the order of o mateix as in-by-u or [ ' i+ 2
! 3 i B and 4 are equal whereas ihe matrices
—— TR L6 4 1 5 . »
= . 443 = £
Order of a matrx d — | | ! 2 2
Mmxn does not 5 2
to multiply m & n, o Qrdcr ofa matrix is also called ' ’ 3 4 und [ ; A ﬂ' are not equal.
=z ! bt dimension or size. I L ; \ 6 5 4]
. s 1 :

Unit - 1 (Matrices) ‘ Unit - 1 (Matrices)
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PEEEE TYPES OF MATRICES

' \Which of the following are squarc and which are rectangular matrices? a Row-matrix

- 1 g fai :
23 i) B 6 3 - TR 9 A matrix which has just onc and only row in itis called a Row-matnx.
D A=l s b [T g Xe=ld 20 For example, the matrices [a.6].[1 3 4], [2 4 6 8larcall row-matrices.
001
iv) B=[-5) v) E=[3 4] vi)y E =[_l] b) Column-matrix 1 ¢
-. List the order of the following matrices. 7 A matrix which has just one and only one column in it is called a column-
sal 2N s oo 203 -1 matsix. ,
1342 e iii) C= 1 2 5 For example, %
2 1 1 2 3 8 a o 4
i) F=|3 2 v) E=[3 2] vi) D=|6 5 9 7 s) 4 6
4 -l o o0 o 3 > 8
3 2 - wre all column matrices. :
n If A -2 5 0 2 $
= 3 1 s | give the following elements, - <) Square-matrix
3 4 " A matrix in which number of rows and columns are equal is called &
g . o ]
n (i) “’u (i) ay, (i) a,, ) a,, ) a, i) a, square matrix. For example the matrix S ]hns two rows and two columns, s0
Which of the following matrices are equal, 1 m
A 25 25 1+1 342 2 44l it is & squarc matrix. The order of the matrix [ ]ls 2-by-2 but for brevity we
=3l B 4 3l C= ] . D= 15 n p
¥ Ty s . 4 2+1 13 write the above matrix as u square matrix of order 2 or 2-square matrix. Similasly
- i S
l Let A-[u a and B:[s ]'rMWhuVUlUCSOfM,dewm - 1 2 3 .
*, the matrix |7 8 9 |is o square matrix of order 3 or 3-square mAtnX. As n
A and B equal. Vi B
n " :3 z+4 2y-7] o 6 3y-2 special case the matnx consisting of a single element say [3] is also a square
- by ‘:;: g > '2: -3 2c+2 |, find the values of matrix of order 1 or 3 L-square matrix.
+4 - -
a.bc,x yandz &l dhai ' B e
EA.  Solve the following equati =t
b bade "q_|°"f:¢a.b.c.d. 3 3 1 4
2c4d  2a-d :[8 0 3 4] 4 a |1 3
- == Row matris Cetimn matrix Square matrix
NOT FOR SALE
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Rectangular-matrix
A matrix whase number of rows and number of columns are not equal ix
L
called rectangular matrix, Thus the matrin Je f

Is @ rectmgular matrix

because iy number of rows=2=mni and its number of columng=3=y

14
obviously2 2 3. Similarly the mateix |3 2 | is also a rectangular mateix with its
5 -3

arder 2-by-2 i.e. number of rows ind number of columns are not equal.

) Zero matrix or Null matrix

Any matrix (weather it is rectungular or square) of which all the elementy
(emtries) are equal to zero is said 1o be a Zero matrix or a Null matnix. Thus

n o 00
0
[g g] [0 < ] Of.and |0 0 Ofare some examples of zero matrices
or null matrices.

O 00
0 0 00
The following points are very important to remember,
i A zero or null matrix is not necessarily a square matrix,
i) Anull matrix is generally donated by O,
iii)  Somelimes we prefer to pat the eeder of a null matrix as a proper subscript

with the general symbol O,
Thus,
0 0] “Sab
Ozl o |18 @ nall-matrix of order 2. siEz
7
o J0 0 0 307
x=0 o 0 is a null-mavrix of eder 2-by.3. e
sl

Th o 3 ;
of Zero inea’:kmﬂ‘;‘yl:gzm i;:nx 1t manx manipulation is very similar to that
(compatibilty of ri. Provided that they are compatible for multiplication
chapter), the product  Will be discussed Tater on in (his
working with matrice 70 It is 4 zero mateix, Whes
an onder whicl is suit. ;m\';: :‘llux:.c a zeto matrix of such
and.

liplication in motrices w
ol any matrix and the
s involving zerq e

able for solving the prob}

or Sale
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n Diagonal matrix

A square matrix in which all clements
clements is known as diagonal iz, For example

A n[:) t;] i% a diagonal matrix of order 2,

are zero except the diagonal

2 00
B=|0 3 0| isadiagonal matrix of order 3
0 0 -5

& I — :
= Main diagonal

Start at the top left and goes to the bottom right in the
matrix. >

g) Sealar matrix

A squuare mateix n which all the clements lying on the man disgonal ol
the matrix are equal and the remaining clements off the main diagonal are all zero
is called scalar matnx.

Equivaiently scalar matrix can also be defined
us under:

A diagonal matris in which all the diagonal
clements are equal is said o be a scalar matrix. .

Scalar matrix is a

special case of a

diagonal matrix.

For instance
L
7 0 0 - S
r ?] QO 7 0l. 0 % 0 are scalar
0 - 1
0 0 7 0 0 5

matrices of order 2 and 3 respectively.

Unit -1 (Matrices)

Unit - 1 (Matrices)
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scalar matrix is a diagonal matrix but every dugoml matrix is not

Every

necessarily a scalar matrix, For example,

4 0 0

0 3 0 |is a diagonal matrix,
0 0 -1

because all elements of the matrix are zero except the elements of the

main diagonal but the above matrix is not a scalar matrix because elements

lying on the main diagonal are not all equal.

> ——
h Identity matrix

‘The identity matrix (sometimes called the unit matrix) is a square matrix
and is denoted by 1, It i5 characterized by the fact that all elements on its main
diagonal arc 1's whereas all other elements are zero, Sometime it is useful 1o

write the order of the identity matrix as a subscript of 1. thus

1 0
L= is the identity matrix
: [0 '] of order 2. 3

i 0 0

I=l0 1 0 is the identity matrix
0 0 1 of order 3,

Identity Marriy
When there is no danger of ambiguity the identit matrices
&l
simply denoted by 1. g e
1) Transpose of 2 matrix

Supposewebavenmaxonhny given onlet The
interchanging mutually the rows and columns in A
and is denoted by A', For example

1 2
If A= ‘o 1 3
[3 ‘] = [2 4]

matrix obtained by
is called the transpose of A

i)l Symmetric matrix
A square matrix A is said to be symmetric if the transpose of A denoted by
A'is again equal to A i.e, A=A". For example

12 -
I A=[2 4]lhen A _[2 4].
1

Wesccthat A=A" 50 A= ]issymm:mc
I 2 3 1 23
Similarlyif B=|2 4 S|then 8'=|2 4 5|=B
3 5 6 3 86
1 2
je.B=8B 50 B=|2 4 S is & symmetric matrix.
3 5 6 '
k) Shew-Symmetric matrix

A given square matrix A is said to be Skew-Symmetric if A'=—-A.

For example:
I A= [0 -3] so that A’ =[°
3 0 =3
then,
0 -3
A'-[?'! 13)]='[3 o]”‘
e Al==A




Mt 1

,'-lath_cmguc, L)y

Wrile transpose of the following matrices:
i Q= [’
"

)
v. T=/13
2

; pJ' z]
3 1
F e

iv, §={=2 |
(4 4

7 8
i 3
4 5

iii. R=[6]

Which of the following matrices are n'.\'nsposc of each other?

o= o % wa=l® &
L b, , b,
(3 4
N -3 1 - P
i C-[‘ 2 7] iv. D=| | 2
-1 7
Which of the following matrices wre symmetnice?
L 4=[ O] i 2
-1 8] S P
i, C-[a 2 iv. D= : 2 2
5 6 4 5 6
Which ofo the following matrices are skew-symmetne?
L A=[ + i 1] -5
& @ . B=| 5
X 0 7 ¢ 32
ik,
i C-[7 D v. D=|-3 0 1
-2 -1 0

L ietnemetici =1 PR

b()

[

NANY,
3 V/J‘é

w2\’ 2

- 5 w\ a———— "\,W}"'q.-‘,,.
e NS LR
’\\_,,a,- X "J',‘ Ny < ® Y .':?f’\"_-‘ ,.; 9.’_

A |

EEEIE AODITION AND SUBTRACTION OF MATRICES

Conformability for Addition/subtraction of matrices
Let we have two given matrices, These two matrices may be added or
subtracted if & only if they have the same orders.

Ry iad 2

| 3 4 7 .
" lLet Aw and K= then these malrices are
-3 = 10 13

conformable for addition und subtraction hecause hoth are 2-by-2
matrices. thal is bdth matrices are of the same order.

9 S 13

in Let (‘=[Zz [3’ :] and D =|10 -1 | | then C & Dare
R ¥ 0 3

not conformable for addition and sublraction because their orders are not

same.
Addition and subtraction of matrices

a)  Addition of two matrices
Suppose A & B are conformable for addition. Their sum A + B is obtained
by adding corresponding elements of the matrices A & B.

| 4 0
Lﬂ/‘-b h]nndB:[l _]

We see that A & B both are 2-by-2 matrices. 50 these are conformable for
addition

‘e d =9
—

RN
T R el

Unit -1 (Matrices) |

Unit - 1 (Matrices)



b)  Subtraction of two matrices
Let A & B are two matrices which are of the same order and so these are
conformable for subtraction. Their difference A-B is obtained by subtrocting each
clement of B form the corresponding element of A. For example
3
Let Aw 8] and B= 1 9
4 6 §
Both the matrices are of the same order, so these are conformable for
subtraction. /_\/‘-_j‘\-li ‘
3 8] [4 o] R @ '
« 6/ (v ol [3 s
A-B .[3 8] : [4
4 6 1
-4 £~ 0] : 1-4
4-1 6--9)) L4-1
3 [—l 8
i

Multiplication of a matrix by a real number

s—o]
6 +9)

133

Let A be 4 o1
multiplying ca:hmczc::: 7 :‘M % is any real number. The matrix obtiined by
of A by the real number k is called the scal

multiplication of A by k and it is denoted by kA &

2x4=8

=
B—

-~

6x3
then 3A =[
| -3%3

) is 4 7

i |1 B=I_—3 : b]
%S Tx4 =7 35 28 49
lhc"m"[?x(-s) Ta W ]=[-2| Ta 7h]

EEFE commutative and associative laws under addition

123

g I

2w.3] [18

a) Commutative law under addition

Let A & B are two given matrices of the same order then A+B=B+A. This
is called commutative law of matrices under addition.
Now we give some examples in support of the above law.

Again B+

-

o] |
{ 6 "

4
2 5 -2 |
Let A= 7and8= A 6.lhan&B:m:ol’lhcsamc
order and hence these matrices can be added.
2 51 [2 1 2+(-2)
A+ l= + =
3 7 -3 6 4+(-3)
0 o
e, AvB=
bl
-2 1 2.5 ~2+2 145 0 6
Am [ + = =
-3 6 7] |-3+4 6+7] [t 13
)
i 13
This proves that A+ 8 = B+ 4.

e 8+A~[

W-i{w,j

Unit - 1 (Matrices)



(b) sociative law for matrix addition

Let A, B & C are three matrices of the .
J i conformable for addition. same order, that is,

| Then A+(B+C)=(A+B)+C
This is ralled associative law for matnix addition.
Now we give an example in support of the ahove law

| e
| =1 2 4 -5
uld=[ B I3 -
Y e fuep 3
then all these matrices are of the same order,

addition.
Now

S AT P |

[+ 2]+ 443 5-21[-1 2107
L4 3] [6+1 7+0/7| 4 _3]+[7
[-1+7  2-7

= n 6 -
447 -3+7] 2 A*(B"C)‘[“ 4]

Again <A+8)+C=[[;' f;H; -7])”[:3 ;2]
T S0

o 3 7]

[3+3 -3-2 5
104 4+o] 80 ..0 ‘oooo =097 + SO0
.6 .} ] (503,,‘ A

these ap,

50 these are conformable for

~

]

0,
o

a 4
A*(B#C)g(A+B)+C

Additive Identity of matrices

In ordinary arithmetic 0 (zero) is called additive identity because when D is
added to any real number or when any real number is added to 0. the value of the
number does not change. For example

D+53=34+0=5, 134»0:()—}-;:% wned Ji+()=|)+ﬁ=ﬁ & so on,

In theory of matsices, zero matrix (or Null-matrix) denoted by O performs
(he same function as 0 in ordinary arithmetic because when O is added to any
matrix A or if A is added to the matrix O, the matrix A does not change provided
O & A are conformable for addition, In such a situation A+O = O+A = A.

Definition:
lnmemeofyo(mmrix-Zcmor(Null)mnixolsomspedﬁcotdet

serves as the additive identity for the matrices of the same specific order.
Here we give some examples to make the idea clearer.

¢ - 'J."J'\_'.'; 6
1f A=[z _;] then the sdditive identity for such a case is
0 0 :
0= o 0 because A & O are conformable for addition and

wod? e 01 -1w0]_[2 1),
0=, s|*lo o]T|2+0 s+0) 12 3

ol I3 =11 [04+3 ©0-17 [3 -t

DR ER - = =A
ol 12 5§ q+2 0+5 2 S
ie. A+0=0+A=A

3 -1 .
O= g9 is additive identity of A= . But at the same ume
0o 0 2 5

Also O+ A= »
Lo

0= [((]) ::] is additive identity for all 2-square matrices.

mE




EEXE Additive inverse of a matrix

Let Aand Bbe two matrices of the same order, I A & B are 5o relygeg
together that A+ F=0=64A where @ is the identity manix of the same order &
that of order of A or B, then B is called the additive inverse of A and likewise 4
it called the additive inverse of & In other words 5 =-A which implics i
A==8ie A& B are udditive imerses of each other.

Example B -
Prove that P-[J 2~ 0= -3 -2 | A
- 4 6! 2 < - are additive
inverse of each other,
Solution:
Since -

r..q=[1 : —2’]

Q+P-[:3 2 1 2 <)o o ¢
2 4 w2 4 g]c [o }= i
Hence P and @ are additive inverses of cach other,

~ How?

o campulers represent matrices.

(11,2,3), 14,5,

I i
[

H
OW people represent Matrices,

Mathemat/es = IX

n Lot A & B be 2-by-3 matrices and let € & D be 2-square matnces, Wineh
of the following malrix operations are tlcﬁmt‘d.
defined, give the dimension of the resulting matnx.
i) A+B ) B+D iy 3A-2C W) 7C4+2D

1
i) Multiply A=|2{by2 i) Multiply 8 ={:"
3
12 1‘1
TH  Find a matrix Xsuchthat4X =1 4 = 4.
l_-—l 9 7}
|2 -3 =2
Pl 1A=|3 4|und B=|t =5|.thenfind 3A-5.
5 6 4 3
[v 2 -3 3 -12
~. GivenA=|5 0 2 andB=|4 2 §
l‘ -1 1 230
such that A428=C.
2 -2 8 0
B owa=|4 2 lmdB=l4 2
=5 1 36
2A+3X =58,

m Find vz and w il

vyl la 61T 4 vy
1 =l |+ )
T w\ \-! I\rJ ‘ V4w 3

o) . §5: 2 3
D FindXand YN +Y = and X =¥ =
0 9 )

For those which v

b

¢

Unit - 1 (Matrices)

73 Multiply the following matrices by the real numbers as indicated,

=
by pe R
/)

. find the matrix €

. then find the matrix X such that




3 =l
‘ 't A:[ [0 4]. " ('azandl
' o = =3 hen verify that:
) 0 (c+d)A=cA+dA i) A+ By=cA+cB i) cd{A)=c(dA)
oy X i3 3 -1 2 2 -3 ¢
M Leaefs 2 0[B=[-s 3 dfamdC={ 0 4 4]
-3 2 5 -3 -4 0 -5 1 3
Caompute the following if possible.
) A+2B i) 3A-4B i) (A+B)-C iv) A+(B+C)

BN Prove thatin the following matrices commutative law of addition holds,

ool of

. -3 4 -5 -3 — 5
C= =
i) [2 3 .], D—[l 2 J]

12 ’ >
Verfy A+(B+Ci=(A+B)+ C forthe following matrices

oof o el )

3 fa r] 2
. B= .C=
- '_l 4.5 =2 1 4 [3 1 -2]
- Find the additive inverse of the following matrices,

. 3 47 a -u b
HA= ‘
[6 2J 8= 4 —h‘{

I
P Show that the ollowing matices moon

DA =|| = are additive inverses of cuch other.

3]' Bﬂl—l 2 _3]
) C-[ 8 -h] _r-n "
-t JJ'
l -2 —J\
ﬂl‘) E=a 2

EEEIE MULTIPLICATION OF MATRICES

m Conformability for multiplication of matrices

Two matrices A and B are said to be conformable for multiplication AB,

only when the number of columns of matrix A is equal to the number of l;w': s (::
matrix B, The product AB. which i not the same as the producl .
conformable for multiplication only if A is an m x p and matnx B isap x n
matrix. The product AB will then be an m x n matrix. A c'on.ven.:em way to
determine whether two matrices are conformable for multiplication, and to
determine the order of the resultant matrix, is to write the orders of the two
matrices side-by-side as shown below.

A. -B
mx | pan

This shows that A and B are conformable for multiplication as p = It
slso  indicates that the order of the product AB is mx

Thes A %XB,., =AB..,.
B. .A
px xp
Here. B and A are not conformable for multiplication since n# m. Thus
product BA is not defined.
For matrix multipheation, the operation is row by column. Thus, 10 obtain the

product AB, we multiply each element of a row of A by the corresponding
clement of a column of B and then we add these products.

Suppuse A Is 4 3-by-4 nunx B is 4 4:by-2 matrix and C is 2 4-by-3 mavix.
Then AB is defined and it is 3-by-2 matrix. AC is defined and it is 3-by-3 i.c.
3-sqquare matrix CA is also defined and it 15 2 4-by-4 matnx while BA, CB and
BA are undefined.
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o
2 3 3
1IN A '-[l 4}aml B=[5].Ihcn ﬂm'nk
i) is it possible to find both AB & BA. u'
L ]

ii) find the possible product,
Solution:

B
Given A=[. 3] and B.:[a]
| 4 s

i) First we check whether AB is possible?
Number of columns in A are 2,
Number of rows in B are 2.

= AB is possible. Therefore,
Au=[‘ 3][3}= 2x343x5]_[6+15] _
! alls] ixa+axs | 3420 |2
H
LAB =
23

Now we discuss the existence of the product BA.

Since number of columns in & = 1 and numbers of rows in A = 2.
12 2. 50 BA i3 not possible,

Te I
"
e

ii) The only possibie prodact is AB its value is AB = [21]
k]

“Product™
1 2 3 7
[4 5 GJ 19 10 =[58 l
n 12

Unit = 1 (Matrices) |
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aeral does not podd as
’

WIS commutative Law of Multiplication of
Commutitive haw of multiplication of matnces i e
shown in the following example,

RSN 10
3 2
lLetA= S 3]. Il=[ ] q]' Petermine whether A = BA.
i

Solution:

6 31[-3 2] [~15 27 s
A=, oIl s "l 297
-3 21[6 3 -4 1
=l P R 2
" [1 s][z 5] [m 23] )

From (1) and (2), we have AB # BA. o
The above example shows that matrix multiplication 15 not commutative in
general, that1s AR 2 BA.

Though it can happen that AB=8A

Now we give an example of matrices for which commutative propery of
multiplication is 1o

rsiiie: QL
2 2
‘] and B =[
4 1
Solution:

Let A= :
] = 3 |
1 20 2] Tix2+2x3
A”:[. J]\ b} 5 Ax 24 4x3

3
246 2+10]_[8 12
= = )
psl2  6+20] [1% :3}
[

. . -
_f—-‘ P et

&
:].shou- that AB = BA.
5!
3

1x2+2x5
3x2+4x5

N

B 1M A7 Fax)e2x3 Ix2+2x4]
N IH-L‘ Ik 1'-'.k.|,_\'.} Ixd+5xd]
[:w 4487 f8 12 &
-1.‘~IS (H!()J—llﬁ IOJ

Foem (11 and (29 AH = BA . Sothe given mnees commnie.
3 oo R &
wore konaRl 23 |

S — e ]

- _Ul'.‘Tl (M;(n'a':)



Associative law under multiplication

If A, B &C are three matrices ek it A is pi-hy-n midnx,

Bis n-by-p mateix and Cis p-by-q natrix.
A(BC) =(ABIC Yor i
:It:in ra:knl {he asseciative faw of matrices under multiplication,

a2
, -
i A.[:].s.ls z].cz['3 ;]. G WS e

A(BC)=(ABIC .
Solution:

BC=[3 2][‘3 i]-[sxnzxal Ix2+2x4)

=[1+6 6+8]=[9 14]
ol -l WM 5] o

Ix3 Ix27 [3 2
AB=[ (3 2]:.[2)(3 2)-!2]=[6 4]

"~ -

(ABYC = 3 21 2 _ Ix1+2x3 3x2+2x4
6 4413 4) [6xI+4x3  6x2+4x4

346 648 [0 4
6+12  12+6) (18 28 v

From (i) and (ii), we have A(BC)=( AB)C .
This verifies associative law of matrix multiplication,

Distributive laws of multiplication over addition
Let A, B& C

; are three matrices such 1
Biisan-by.p matrix ch th

and Chsalsoa neby-p my
AMHC)= Alta Aq deed |

T\::::y ar': ::::;l l-:liuribuu'w Luws of ‘mulliplimlion over addition,
following dnsly es¢ laws by chooumg matrices of suitable order in the

Unit~ ¢ (Matric es) I

it A is 2 m-by-n matrix,
arnx,

ST a3

1 2] s 3 Cc= 6 :J_ Venly the distributive of
" "'[3 4J'B'lz Y il
multiplication over addition.

We see A B and C are 2-by- 2 5. ne cy e '(ml'mmablc for
Y= malnces. Hence they are €
.
mluphﬂnm and addition.

s 3] [6 2] [s+6 3+2]_|! s]
“C‘[z 4]"[5 1*l2+s an1]7|7 5
2] s _[ixnie2x? lx542x5]
M”C)g[s 4][1 s | lax114ax7  3xS+4xS

1+14 5410 ] _[25 w]
'[334»23 15+20] [61 35
] 2('s 3] [1x3+2x2 IxStZMJ]
"B’[s 4][2 4]’ IxS+Ax2  3x3+dxd
s+4 3+8 | _[9 u]
=l1s+8 9+16] |23 25
1 216 2] [1x6+2x5 1x:#zxx’l
o AC=[1 4“5 1|71 36eaxs  ax2eaxt)
6+ 10 2+2) (1o 4 ]
=
’[tsozo 6+4J [38 10
Form (i) and (i),
9 nyne a7 [o+6
"M"C'[zz‘ 251" {38 10)7| 23438
[2s 18] 2
B 33 S
[ [ Verify thut
. Form (1) and (iv) il
MB+Cr= A+ AC |
Unit - l(-ﬂﬂﬂfl‘l) et




EEEH noltplicative identity of a matrix

Let we huve a marry Fand amitos A hese 1 manees are s rely

{0 exch other that A= Al = Ave, dhe multiphcation ol £ with A oy Wity
dossn't change the value of A then T is called the identity matrix of A. ,.'
) example:
o2 3 . ®
Let A=| LTI then we see 1l
{4 s n) UD I
I 2
“lo 5
=[lx|+0x4 Ix2+0x5  Ix3+0x6| [140 240 344
Ox1+1x3  OX241x5  Ox3+1x6/| |0+4 0+35 0*6]
M | 2
a3 }A
le. A=A

But Alis not defined because number of columns in A = 3
and number of rows in J= 2 So I=[l

A=['
1 5 61

x

i ] 15 0oL a multiplicative wentity of

x

345678 X
34567 ,(88";
,g X8+
: X8+
X8 +

8545
987652~
= 98765473

5 = 08765,
= 88765

Maothematics < IX

ST 4

' ] = [‘) _f] then find /A and AL
"wi ——* i ' ad A = = s |
Solution: , s o nse)
“'iu H = Py (=4 |u4-,1;+l/5_l
- 4L .
9 -3
= =A
1A 4 S} 4
9 =310 0l T91+(=3)+0 9x(p+«-3)x|]
'"=[—4 5][0 T l=x1+5%x0  —dx0+5x]

9 -3
— - A
A \:“4 5‘]

Hence A=Al =A

0 S 9 =3
|]is the multiplicmive identity of A= .

)
So’ajn -1 5

| a7
Ins fact [0 i &u the multiplicative identity of the system of all

2en NITEC
[| a ]
Similarly |11 1 01 is the multiphicative ideatty of the system of all
L0 0 1

3-square matrices

Transpose of a matrix

A matns which s obtained by interchanging all the rows and columns of a
given matrix s called is transpose. The transpose of matrix A is written A’

15
f
[24<7 l" :]
Ira=i_ then A ={d4 &
-t
L ; |ﬁ (»!

Unit - 1 (Matrices)
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Verification of the result (4B) =84
=~ A it is pecessany th

jon, This is possi.hlc on
of rows in B.

at AB must exists
ly, when number
Now we choose
of columns in A must be equal to the numbcfmpmmm  possible and

U

For verifying the result (AB)

ic. A & B arc conformahle for multiplicat
matrices of suitahle orderforders <o that their mu

=gA hatis
cir transposes but in the reverse order.

iy transpose of the product
then iry 10 venty the above Law, |AB) " P

of matrices is equal to the product of th
amptie R U

% = 2 _S]sh that (AB) =B'A".
LctA:[l ] 5’[6 | (AB)

Solubion:

e

_[3x20(-2)x6 3x(-5)+(-2)(-7)]

¢ Ll Sl e
e

> (2

e

Show that which of the following matrices are conformable  for
multiplication

D “=[H] iy B=[p 4l

b

ool 7]
ofl el

i) Isit possible to find AB.
i) Is it possible to find BA.
iii) Find the possible product/products.

i i Given that A P a L= C % 4 D= ¥ e
= . = L= 8 -
i’\ 6-12 —15+14] [6 =1 3l -3 4 12 -% %
L/ 224 -5-28) [26 -33 Find i) AB and i) CD.
% 2 201
(43)'-[l ) : S
- -33 - Let A=| 3 0| and Bw=| \ . iy Find AB. ii) Docs BA exist?
-1 4 -
“,=[2 63 1
-5 -Ifl2 4
1 0
=[2"3+6X(-2) 2%146x4 I A=[) 0]- B=[0 ] ,then show that AB = BA
=5%3+(~7K-2) (-5)xl+(-7)x4J
1 1
6~12 IfA= ‘
.[.)s‘u 2+24 = - 2% [U 01 then find Ax A
~5~28 -1 -33
é ] r 0
Form (i) and (i) we have (AB) = B'A' I1A=[ . x' = L llx Is AR = BA
- -1 L= 4

Unit - 1 (Matrices) 1’
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i i (ABIC and A(BCY.

1 2
| i) A-[3 _l.ﬁ'=

Ihis result shows?

b def

oafy Apefeli]

R 2 S

Find i) Al 1)

m- Prove that

81

i) As3 :/1].3-[-3 a 2|,

(A+B) =A"+8 and (A-8) =A'=B'

L L

(C+D) =C'+D and (C=-D) =C' - D'

2

12 M 114:[_23 i],s-[" ;] show that (AB)' = 8'A’

i) lrc-{"
=

iy 1 A-{' 0 -

2 0 6

3]. show that (C°) =C

5 1 7
J. B=1-8 4 show that (AB) = A'H'
0o

/

The sum of any two odd num
numbers is odd.

"]

Bers is even; the product of any two odd

3 ] ] then find (ABIC and A(BC).
2

| -

! o 8 lfA:[l].n=|| -’].(‘-[ :
i
i) Interpres which law of muluplication |

. & " e
| _ Venfy that A(E-C) ARSAC forthe followng matnee

Determine whether (AB)C=A(BC).

Unit - 1 (Matrices)
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MULTIPLICATIVE INVERSE OF A MATRIX

Determinant of a square matrix

With every squore matix A, a unique real number is ussocialc_d
which is called the determinant of A denoted by |A| or det A and i
given by a definite rule,

Thus if A=[n b].lhchl-
c d

a 5 = ad - b
¢

“d

Thus the determinant of a 2-by-2 matrix is obtained by multiplying entries
on the main diagonal and subtracting from it the product of entries lying on the
secondary diagonal,

-
17 s
Find the determinant of the matrix |A|i‘ st Sointion
7 5 for the determinant |
A= 7 12l of A, The ‘
-12 determinant is 2
number, not i
7 5 malfix,
Given A= e e
7 -12
|Al= ! » = 7%(-12)-3x7 =-~84-35 =-119
7 -12

Li-EN  Singular and ron-singular matrices
A square matnx A is called singular if |A]=0 and non-singular if
|A|=0.
18
Find whether ;\:l

4 -2
-2

A J'u a singular matrix,

4 <F 4 =2
1 A:[_: 1]""‘"Hl:|-2 |\=|4m)-(-zx-z)=4-4=o

T Hence A s a singular motrix

Unlt « 1 (taoteices) HN(;Tks-Snn"ii‘m‘-*A-."' “~4q 'u



L |Example 4

¥ lfP-[-‘ 2] check whemetrisuinguhrormsingulm matrix,
3 )

' Solution: % R

. r'=[3 _7].mm|r| $ 9

| Since | P| 0, therefore P is non-singular matrix,

a b .
The adjoint of a square matrix A-[‘_ d] is denoted by adj A ang

= (~)x(-T)=()x(2)=28-6=22 &

defined as ad;A-[dt ’:].m is, change the places of @ and & with each
other and change the signs of b and ¢.
[(Exampler ]

Find adjoint of the following matrices.

4 3 -2 4

i A [l ‘] i) a.[_s
Salution:

D asl® 2 g 4

1 sl '"”A- -1

- ‘ -~ r
IJ] 8=[_3 1 J-M wlf 8= !

Iis
154 | Mattiplicative inverse of

% Matrix
A be a non-singular squar: mars
marix B such that .

fe exists another non-singular
'N. then B is gaid 1o be the
W A" Hence B4

Unit < 4 mm;,“q

1

1 . . o 5
tng B = ‘3\“‘ w,.,'?- E

7 s 4;-\
3 o ™ .
1‘,\ & .:“';}

"

it

T 21

3
that
Show tha [4

TR

ap=l? F|[3 2] [P3+uH H-De2x3
T4 3l 3 )[4+ a=2)+3x3

2'9-8 —6+6]=[l o]g,
[12-12 -8+9] |0 1

3 2][3 2 (3x3)+(-2)4 3x2+(—2)3]
BA'[-.: 3][4 3]’[(-4x3)+(3x4) (—4)2+3x3

9-8 -646] 1 0]_,
(12412 =849 [0 |

Since AB=1[=BA, therefore A is the inverse of B.

2], o o [ 3 =2
3]lslhcmuluphcauvt.- inverse ol T
Saolatinn:

3
Let A=
[4

Use of Adjoint nrethod to calculate inverse of a non-singular
matrisx

b -
Let A:l:u ] then Adj(z\):[d b] and |A|=ad -be,
; d - a

«

To find A", we use the formula A™ =lAde.

Al
10,5122
'; I using the adjoint method,

f->
Find the inverse of A= "

-2 -]
Aaw 0 LlAl==2xas3-n=-843=-5.

Since | A{# 0. therefore A is non-singular, so we can find A

Unit = 1 (Matrices)
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1 o ol g1
B ﬁm Verification of the result (AB)" =U"A
{ | M4 '1l 1 The above eguation is not truc for all types of matrices, but it is true only
: Now:: A04% = -ZJ"'“"""F i gsanent if A& B are non-singular squarc matrices of the same order. In such o case, the
=T above equation states that the inverse of the product matrix i equal to the product
‘ . L 1[4 1|7 5 of inverses but taken in the reverse order.
A'msls-a3 2 Now we verify the above result by taking suitable matrices.
' 3 53 PSR,
EEX verification of the result AAT =1 w ATA o w3 ’ :
r -j -_'] _‘)x(.-—‘)+(_|)x(2) —ZX(-—I)+(—l)x(£) e =[| ‘] & 8=[3 2]
AA-l,i; =it s 54, 5 3 5 5 Solotion:
aff 3 2 — - - > < 1x2]
L 3 ;J 3x[?,+4x(§) PN O a2 V) [axasixs axisix2
e NG 5 5 | 13 2| [Ix2+1x3 1wl 122
J 53 s -J' OJ 1 (1 ,{:4:33 ;:ﬂ*tl ﬂ
. =] eissnnninan. ) a 2
-£¢£ ,"g § 01 2 0
:j 5‘ L7 [ - det (AB)=[5 1] =(-1)%(3)~(0)x(5) =-3=0
-— ; -4 -1 - .
2 —q] 204X (-1 (=) )
AA= s‘ 5 [ ' :H 5‘ 570 (XD %) - (AB)" exists & (AB)" Ty Y (lAB) Adj(AB) .
- Sk’ 2
G <(=2)4+{= 3 2
2 I g IO @xEDeExE) . S0 3 0]
833 44 5 | Since AB=| _ Al = ,\.1,'4,-\3):[ -
=55 F5|[1o e * =5 =
6.6 -4 08 ={0 l]al crenieivn (2) So thit (1) becomes
X5 x-'g ' | -
Thus £ T S T e =3%0 -1 0
“hus from ()) 4 AB) =-- =1 ; _‘
0nd 133, (A%) 3{—5 -IJ t'lx . 1 12 11 """ '
o AA =1=474. Fia “:‘Kl-l) |3 3
- r——— o -2 1 2
mesmmnca gain A= . Il—_."ll\‘|1l\]: =(=2)(1 -y

——l

| A[cg} g‘}f’%} ]

detA=-21-1=-320
. gy |4 -1
. Ad}[/\]-[_l : _2]

Unlt—y( ’&mfmﬂ
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I : 4 3

--ixl ';x(_l) a3 2

e &= ! (-2) &3
- o --x i 3

_3x( " 3 3 3

S g 8
Again =/ | 2].muulﬂi‘ :

B -1
=L adi(8) “=[' ]
i |8|'W(B) But Adi(B)=| . o

T T

=2(2)=1(3), s B exists ang i

-
et
£

] [axgetoting 2xgei-ned
. a-IA-lz[z -l] 33 = 3 3 ) ?
-3 281 2 -3"[-1]+2x1 ~3elaand
3 3] L L3 !
2.1 22] [=2-1
B'A' 33 3 ; = 3 ’
|+: -IXi }+—2 i‘
173 a3 3
[-3
=4 el 1
13 0 y 1 o‘
5 s 4
3 3] L3 3] -
_ -1 0 . ellllf
I.C.B'A"-[é 1 1y 'ea v] .
3 3 v

Comparing

450 and (i) we ey (AB) "= g

Bwesoniel

——

Unst < (Matrices) I

Find the detorommnant of

) 5
) A=

R 11
iii) -6
v) E’{

1

vii) G=|3

|

r

-

-2

) 5
] A’:

iy €= %

A |
-
L1 )

N

1] C“‘

Unit =1 (Matrices)

viii) H=|0
0

0 0

‘ D

0 ]
0 0
b 0
0 [




TR i e

I Fndihe multiplicative inverses of the following matfices il they exist.

4 1 3 ‘]
i A:[3 '] i 8 [' 3
. ¢ o |0 ‘3]
i) C-[_‘ 2] iv) D-[z 4

ol
i A‘[fs ?] "=[-Il _;] R

i) AB i} BA jii) AT & B
then show that  (AB)'=B"'A"" & (BA)' =A7'B"

0 -1 2 3
I A= B= .
Ira [2 l} B [] 0] then show that

(A8 =8"a" & (BA)'=aA"'5"

.'6..
189: 0= o201
10000 ¢ § = D00t
‘Ml ¥ = 530501
0T953% « 9= 9292991
10995985 x 8 » 20199201

MWix k=112
2978 x 4w 81912

210978 2 4= 37
289 Py

v -

SUDF
AL
- 1X

‘ TG SOLUTION OF SIMULTANEOUS LINEAR EQUATIONS

System of two lincar equations in variable x and y in general form is
shown below,

ax+by =m 1
cxddy=n T

or AX =8

b X m

=LY

if 4|20, we can find A~ Multiplying both sides of cquation (iii) by
A, we get

where A= ["
(3

AHAX)= A B=(A"A)X = A 'B=IX=A"B X =A"8

From equation (iv),

Gl 2T
K -b
7
[l

A"

oE dm=bn  —cm+an
awd—=be' ~ od=bv
(Al =ad = be
Hence the solution of given system ol equations ) and (i) is
= o =t _—tintan Thas methexd is known as matrix
ad = ad = e inversion method, |

It may be remembered that if Al =0, A™' does not exist, Hence in such a

Yise solution set of these equations cannot be found,

Unit - 1 (Matrices)




=X

[ Exaniplez@Y] m Cramer's Rule

| Solve the following system of equations with the help of m

We can casily solve simuly ati 4 .
: ~3y= =7 ¥ MeOus equitions by applying Cramer's rule.
Solution: SRR R The method is explained as: e .
These tions can be written in the form of matrices as Let the system of equations he
1 -3][=]_[0 ax+hy=gn
2 iyl 17 ex+dy=n
A 3 S 0 In terms of mateices, we write these equations is:
Let A=[z l] . X= y . = 7 [U ')][,\]_[:q] i \" =
= Loer A -
|4|=1x1-2(<3)-146=720. ¢ diyl In Ly
i A= UE 2 a ".‘ o
Hence A™' exists. By using formula, we get 72 1 Where A= [ /| wnd B=
’ F ! L
. x| 1! 3|0
Now AV =B= X =A"'B 5[’_]:"7‘[_2 I][? |A] = el = b
x]_1[1x0+3x7 | _1f21 N 3 We replace the coefficiems af ¥ in A (hat is o, o3 by im0 of 1B and denote
\ =2 F7l-2x0+1x7 777 |1 as A,
it =3 y=]| in 1
5 A= V| = md = nd then
[ Eximple B 0l

Is the following system of equations solvable? AL nd =

\

I=6y=9, 2x—dy=-3 (A ad =
Solution:
3 -6 Lakewise, Tor v, owe replice the coeflicents v oin A (thst s B by oo
Here A=| . ke It biv
A - ol Foand denote it by A
then 4= =3(4)-2(-6)=-12412=0 “ om) Lo
2 = = 1 :I j\shum l.-l | == then : o
" : el = In
__Hence the given equations are non-solvable e
D - The method explained above is known as Cramer's Rule.

Some odd multiplications: S m‘»f;’h" E*"Em

| N0 % 333333333233 1f you add up the numbers | - 100 conseeutively (14 253430 the 1ol 15
L 13717421 % 9 = 123456789 :

— L2 7 050,
b ooy of 5 ‘57-%-:
Unit ~ 1 {tatrices) Unit - 1 (Matrices) NUTE EC R_!gt.@;_" a1 §.~:,'
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using Ceamer’s nule. ‘

Solve the following system of cquations by

x=2y=1,  Axty=i0

Satution: e
In terms of matrices we can wrile the above sys H

A
ey e}l

[Al=1x1-3(-2) = 1+6=720
chlncingmeoodﬁcienuofx inA(thatis 1,3)by 1, 10of Bto find A

1 =2 . -
= =1x1-10(-2) =1+20 =21
""[no ,]-m*ns |4]=1x1-10(-2)

For A, replace the coefficients of y in A (thatis <2, 1) by 1, 10 of B,
1 I .
ﬂ-e-m,=[3 lo].gwlug|A,|=lxl0-3(l)=10-3-7

¥ =!ﬂ = Z =
A T
Hence the solution set = ((3, 1))
Real life problems leading to simultaneous equations

'Mmy real life problems require for theirsolution the finding of two unknown
:::ﬂuu. The zcnml method of solution is similar to 1t used when there 15 one
by m;:r“n. but wnf!: the important difference that when there are two unknowns to be
,w,“ o «fpnuom must be formed form the data, which can be solved by either

m‘\tmon method or Craiaer's rule as shown iy the following examples

Unit -1 (statrices) |

BT 27
My friend asked me this question. There are two numbers such that the
sum of the first and three times the second is 53, while the difference
between 4 times the first and twice the second is 2. Can you help me out in
finding the numbers?

Selution:

Let x =one number.
« y= the second,
Then from the first set of facts
x+3y=53 ..., ()
From the second set of facts
4x=2ym=2..... (i)
These equations can be written in the form of matrices as:

I 3« _‘35
4 - y 2
1 3 x $3
w asy G} ef} el
Now |A]=1%(~2)-3x4=~2-12=—14 2 0. Hence A exists. By using
formula we get

4 -2 -3 _ [ —3]
A a2 -
ST O O B 1 P |
- ¥l a2 A
Now AX=B=A"B= i __1_4—4 s
x | [=2x53+(-3)x2
- v 14] 4x834+1%2
.1 -106—-6 _ L -112 jis 8
T8l 21242 1a|-210) is
x=8 y=I5

Therefore, the numbers are 8 and 15.




The cost of 1 rubber and 7 shampeners are 8 rupees, while that of 3 ryh
amd 1 shampener are 3 rupees. What arc the prices of a rubber ang .
sharpener respectively?

Solution:

Let x = rubber price.
v = sharpener price.

Then from the first set of facts Ed
x+Te =15 )

From the second,
Ix+y=95 (2)

These equations can be written in the form of matrices as:

LT i
o o e

\ Now D= [ A]=1x1~3%(7) = 1-21=-20 20,
.y 15 7] =
— H«M-z[s l]'B""nk D =|A, |=15x1-5(T)y=15-35 = ~20
_(:-D-Jnci-o-z
D 20
PR L1
Ely g |Eving D =[ A, |=1x5-3018) = 5- 45 = —qp)
Xoly=2

Thus price of one rubber =

v=

S|

40
Te—=2| e :
: one shurpener = 2 - -20 mupee and price of
| 1
hd

Choose a number between 1-1000000

[# Add three.,
3

Subtract three,

A oy*
nd You've got the number you stapted with

TWOTEFOR Sace
At

Unit ~ 1 (Matrices) l

Unit -1 (M;Mw)

Solve the following system of lincar equations using inversion method,

i) 2x+3y=-1, x-y=2 i) x+2yw~13, 3x+6y=11

i) x+2y=1, 2x¢3y-% iv) x=2y=1=0, 2x+y+3=0
Solve the following system of lincar equations using Cramer's Rule.

i) x=2y=5 2x-y=6 i) 4x+3y=-2, x—=2y=5

i) Sx+7y=3, Ix+y=5

Amijad thought of two numbers whose sum is 12 and whese difference is 4.
Find the numbers.

The length of a rectangular playground is twice its width. The perimeter is
30. Find its dimensions.

3 bags and 4 pens together cost 257 rupees whereas 4 bags and 3 pens
together cost 324 rupees. Find the cost of a bag and 10 pens,

I twice the son’s age in years i¢ added to the father’s age, the sum s 0.
But if twice the father's age is added 1o the son’s age, the sum ix 95, Find

the ages of father and son,

nore FoR sALE] 45 |



ER.  Choose the comect answer in cach of the following problems.

@ |29
Y oo

(a) an identity matrix w.r.t multiplication  (b) a column matrix

(c)an identity matrix w.r.t addition (d) arow matnx

i Th tri pl (3

() c malrix 0 12
(a) ascalar matnix
lc)"ﬁiagon.\lnmrix

{-; -lZ] then adj A is equal to

o8 P I Y

(b) 2x3 matrix
(d) None of these

(i) WA=

& /) ) -
—— (c) [ ] () [' 2]
31 31
. 2 3
iv) IfA= 3 4].lhen A" equals

-

4.3
{a) [_ 2] (b) [4 _3]
A \/} 2
k. [3 —JJ = [_; ﬂ
(v) For what value of o § ;
s the 2 % 2 mytri % i
m; um[" d } NOT inverible »

4

@ -06 @) g e

© 06 (d) 3

Unlt - 1 (Matrices)

(viy Suppose A and B are 2 x 5 matrices. Which of the following arc the
cimensions of the matrix A + 87

@ 2x5  (b) 10x10 (c) Tx1 (d) Tx7

(vii) Which of the following is the multiplicative inverse of
@ 2 b[/-' .-
1o 1 ® 0 |]

) -1 2 1 -2
(c PR () [0 _l]

(viil) Evaluate the determinant of the matrix [ 4 - l]

1 2

0

-

L—
(@) 17 ) 1 (c) -1\

Find x and y.

[ 2SS

Find the product if possible.
1

-6 5 8§
g | I
3| L =

FFind the mverse of the matnix A = [: = J]

(d) =17

Solve the system,

Think

Qasim and Farzana are selling fruit for a school fundraiser. Customers can
buy small hoxes of oranges and large boxes of oranges. Qasim sold 3 small
boxes of ornges and 14 large boxes of oranges for a total of Rs.203.
Farzana sold 11 small boxes of oranges and |1 Jarge boxes of oranges for a
otal 0f Re.220. Find the cost each ol one small box of oranges and one large

Doy o oranges

Unit - 1 (Matrices)




1 numbers enclosed in brackets.

ix i Yar amay of rea ;
¢ Amatix is arectangular amay and the columns of a matrix run

& The rows of a matrix run horizontally.
vertically. Z "
A matrix with m rows and n columns has order m % n (read “m by n™),

f..- Ench number in a matrix is called an element o entry of the fn:tm_

& Two matrices of the same order are cqual if their corresponding elementy
are equal.

< A matrix is said to be a row matrix if it bas only one row.

o> A matrix is said to be a column matrix if it has only one column.

o A matrix in which the number of rows is equal to the number of columns
is called a square matnix.

o A matrix in which the number of rows is not equal to the number of

! i called 2 gular matrix.

<> A matrix is said to be a zero matrix or null matrix if all its elements are

zero.
" ) & Ifall the clements of a square matrix except the diagonal elements are

zero, then the matnix is calied a diagonal matrix.
s A diagonsl matrix, whose all the diagonal elements are equal, is called a
scalar matrix,

A scalar matrix of order n in which each diagonal element is 1 (unily) ix
called an identity matrix of order n.

A matrix obtained by interchanging rows and columns of matrix A is
called the transpase of the matrix A and is denoted by A’

& ITa square matrix A=A then A is called a symmetric matrix.

A square matrix A is said (o be skew-symmetric if A’ =—4 .
> (A+B) = A"+ B (A-py = o' B

Two matrices are said to be
are of the same order.
The null matrix is the additi
o If Ais 2 matrix then

conformable for addition/subtraction if they

ve identity for the matrix addition.
=A is 1he additive mverse off A

,,[ ‘-3 ﬁ.f',.;.'-’ﬁ:”: NOT FOR SALE
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o

Two matrices A and B are said 10 be conformable for multiplication AB,

only when the number of colurmns of matrix A is equal 1o the number of
rows of matrix B,

Anwp XB’mv

If A, B and C are three matrices then A{BC) = (AB)C . This property is
called associative law of matrices w.r.t multiplication,

Commutative law of multiplication does not hold in matrices in general,
Let A, B and C be three matrices, then

(i) AMMB+C)=AB+AC (Left Distributive Law)

(i) (A+B)C=AC+AC (Right Disiributive Law)

These are called distributive laws under multiplication over addition.

(A’ )' =A.
(ABY =B'A'

With every square matrix A, a unique real number is associated which is
called the deter of Ad /| by l f\" ordet A

Ir A -['r' ‘ﬂ then | A| =

A square matrix A is called singular if | A| =0 and non-singular if
l A \ * 0

=AB._.,

3‘-0:]-!9(.

i
The adjoint of o square matrix A » [" ‘;] is denoted by adf A and
¢

d =b
defined asad) A ={ . ] ’

- o

I A and B are square matrices such that AB = BA = | where llis the
identity matrin. Then B is called the inverse of A, denoted as B =A™
AV '=1=AT"A
Al= L awlj A
|A]

A '=8"'A",




REAL AND COMPLEX
NUMBERS
| After reading this unit, the students wil e et |—————=3

4" Recall the set of real pumbers as a union of sets of rational and
irrational numbers.

9 Depict real numbers on the number fine. .
Demonstrate a pumber with terminating and pon-terminating
recurring decimals oa the mumber line.

L 3

Give decimal representation of rational and irrational numbers,
Know the properties of real numbers.

Explain the concept of radicals and radicands.

Differentiate besween radical form and exponential form of an
expression.

®  Transform an expression given in radical form to an
exponential form and vice versa.

®  Recall base, exponent and value.

333

Apply the laws of exponents to simplify expressions with real
expanents,

D:ﬁnecompkx number : represented by an expression of the
form z=o+ib, where a and b are real numbers and i=J=i
Rcmmiuaaualpmmdbuimzinuypmof:=a+ib.
Define conjugate of o complex number,

Know the condition for equality of complex numbers

Carry out  basj i . 3
multiplication m‘ﬁommms (ie. addition, subtraction,

vision) on complex numbers.

-
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[FEIET REAL NUMBERS
m Recall

A rational number is & number that can be expressed in the form £ where
q

| iRt

~ The word Rational
| comes from the word
ratio. Thus irrational

p and qare integers and g« 0.
For example -|7.|%.1.zs are rational

numbers.
The set of Rational Numbers is denoted by Q.

Set of Irrational Numbers, denoted by @’ consists of 'me"nolmio".
all those numbers which are not rational. —J
For example V3,7 are irrational numbers,
The set of real numbers, denoted by R, is the ™ -
union of sets of rational and imvational numbers. Thus | “\ll the numbers on the
QuUO'=R. ‘number line are real |
The relationship between the various set of lnumbcm. ;
numbers is as under, N o -
| Whale |
[ 2e) | | Numbers |
| hm—‘ /; . Natural i
e _——ﬁ/‘v‘zo,z.,o) <10 ;/ \!'_‘!‘"_"‘.
Numbers N \ i
Roal s "\' Fnulom-“ Lz | .N::us |
| Numbers paa i Kottt
N irationat |_| \ || ose |
| Numbers 81T | l Numbers |
 Prime |
| Numbers
:'x_ | D=cimal representation of rational and irrationa! numbers

Every rational number can be wristen as cither a terminating decimal or a
repeating decimal. All terminating and repeiting decimals are rational numbers.
For example,

3 2 —
~=0.375, —=0.133...=0.13
8 15

where the bar over the digit 3 means that this digit is repeated forever.

Unit - 1 (Reol ond Complex Numbers)




Write } and -2; 45 it decimal fractions.
s 1

Solution:

—r=

3000
)_,, =13
G 50
=36 =%
% 50
-0 -
S | (e S ey
2 up37s 2 0133013
5 15

An imational number is a number whose decimal representation never

ferminates or repeats.
Far example:

C0100100010000)....v7 = 2.6457513..., and & =3.1415927...

The real number system is sunmarized in the figure given below.

Depicting Real Numbers on the Number line

The number Hne helps in visualizing the
set of real numbers, We assume that for any point
on a line there s a real number, ard that for every
real number there is 3 POint on the line. The
number associted with 2 point is called the
coordinste of that Point o the line, gng the point

ST —

Zevo is neither positive noe
negative,

Anumber >0 s positive.
Anmumber <05 pegative,

s called the graph of the number. Numbers to the right of 0 are called positive,

Unit - 2 (Real and c°,,;,":~m’ i

while those 1o the left are negative. The graph of the value zero is called the

origin.
: In order to deaw a real number line, we first draw a straight line and label
a convenient point on the line with 0. Then we murk off equally spaced distances
in both directions from 0. Label the points to the right of O with the numbers
"1.2,3,... The points to the left of 0 we label, in order, ~1,-2,-3,....
Here is what it looks like:

Negative direction Positive direction

N DU N [N LOSY JREY A N LN S (A NN BN SN B (N S )] NS REA
e e T P T R T T L L R . T L T 0 i, S
. =8 <7 «4 =5 ~4 =3 =2 -l O ) 2 31 4 5 6 7 B "
Negative Numbers Positive Numbers
—

Origin

The following figure shows the graph for the coordinate values

3 17

=) 73 A E %
O [ - G | Lot 1ol [ T [ |
| TR RIS L T T i T T
-5 -4 -3 -2 - 0 |+ 2 2 a

Demonstrating a number with terminating and non-terminating
recurring decimals on the number line

)
There is an end to the division process when we divide | by 8 | e,

1<8=0.125
Therefore, 0,125 is called o terminating decimal.

Some numbers such as -;5;,- (= 0,185 185 185 ... ) cannot be written as
decimal with a finite number of decimal places, but result in a number of digits

that repeat infunitely. These are called nonterminating recurmng decimals.

l.;dt -2 (l;ul ;nd Complex Numbers)
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In Questions 1-10, consider the numbers
7 2
2.5,3.%.—1.%,56.—6.Js.-9.l,ﬁ.-wfﬁ.x.4§.04333...
Which are whole numbers?
- Which are integers?
Which are imational numbers?
- Which are natural numbers?
Which are rational numbers?
Whith are real numbers?

SR = 15 o5 ]a o Tt

Which are rational numbers bt not integers?
Wh.lch e integers but pot whole numbers?
w& are integers but not natural numbers?
Which are real numbers but not integers? .

Write the decimyl re ati
ey Presentation of euch of the following numbers,

6635
Depict each BUMbLr on a yumiber ling,

—777F7 PROPERTIES OF REAL NUMBERS

At this stage, we are aware of that the set R of real numbers is the u{nion
of two disjoint sets. The sct Q of rational numbers and the set @’ of irational
pumbers ie. R=QUQ’ and @NQ'=@. Now we want to specify a set of

ries which the sct R will describe,
| Meal Humber System

T Addition Properties
Clivave Property wort addition
a+be€ R ifabeR
ie.  Thesum of two real numbers is again a real number.
wiative Property want addition
a+b+e)=(a+b)+c ila,b,ce R

= Tdentity
if e R, there exists De R such tha
u+0=0+a=a

e R, there exists an element a’, such that

atu'=a'+a=0, @' iscalled the additive inverse of @ and is denoted by

-qa
Thus a+(=a)=(-a)+a=0
e Praperts w.rt addition
a+hwb+a fabe R

Jiication Propertias
erty ot mitiplication
ahre R.iMabe R
t.c. The product of two real numbers is 4gain a real number.
opeety vt muliiplication
athey=(ahe, itab.ce R
1oty
There exists a number 1€ 8 such that
dl=lw=a, faER
The element *1° 15 called multiplicative idcgfi_ty.

Unit - 3 (Rieal and Complex Numbers) NOT FOR SALE
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iv.  Multiplicative Inverse
For cach ae R, a# 0, there exists &

AR
a-a =a ‘a= 1
. Commutative property w.e.d (0 multiplication.

ab=ba NaobeR

Distributive Property of Multiplication OVEf B

ifa.bceR,
ath+c)=ab+ac if a.be R
and (b+c)a=basca Jifabe R

Properties of Equality of Real Numbers

i Reflexive Property
a=a.ifec R
i, Symmetric Property

a=b=b=g ifabeR
] iii . ) i Transitive Property
=

VYabceRa=bandb=c =amnc,ifa,bceR

g R such that

iv.  Additive Property
amb=a+c=bsc ifabee R
¥ Multiplicative Property
a=b=ac=be if a,bec B
Vi, Cancellation Property w.r.t Addition
abceR
a+e=bic=a=p
Vil Cancellation Property w.r.t Multiplication
Hac=be=g=h Jifabce R

m Properties of Inequality of Real Numbers

Trichotomy Property

ifa,be R, exactly ane of the following is trye
a<h.a=b a3y

A

I(quw"m )

Unit - S— e

™ o~ (4
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Transitive Property

ifabce R, a>bandb>ec=a>c

Additive Property
ifa,b,ce R,

ifa<b=a+c<b+c and a>b=as+ec>b+c

iv. Multiplicative Property
ifab,c €R,

Fore>0,
ifa<b=>ac<be

[Exariiole @&

Name the property.

1
. 5==I
' 5

1. If 2x=8 then x=4

5. 2+(6+3)=(2+6)+3
11
, === 8 4 =
7 375 +=)=0
Solution:

Forc<0),
a<b=>ac>be

2. 19+6€R

4, If7=n then n=7
6. JT+0=v7

9. 2x+5r={245)x

T 1‘ ™ % are multiplicative inverses of ezch other.

2 19+ 6&R = This is closure property w.r.t addition.
3. 1l 2c=8 then x=4 = Here multiplicative property has been used.
1. If 7=n then n=7 = This is symmetric property of equality i.c. if a =b

then b=a,

5, 24(6+3)=(2+6)+3 = This is due to associative property of addition.

6 JI+0=41 = Property of additive identity.

I
5

7, == - —» Reflexive property of equality,

8 44(—4)=0 = 4 & -4 are additive inverses of each other.

9. 254 5¢=(2+5)x =This is distributive propeny of equality.

——————

Unit - 2 (Real and Complex Numbers)
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Solve the following equation using
2y-5=3x+4

Solution:

Given 2x=5=3r+4
2r=545= =3x+4+5

=
= 2r+5-5=3r+9
=

2r40=31+9
= 2xr=3x49
= r49=2x
= 3p+94(-25)=204(-2%)
= 3r49+(=2x)=0
= 3x+(-2x)+9=0
= [3+(-2)Jx+9=0
= 1.x+9=0 or x+9=0

= x+04(-9)=0+(-9)

= x40=-9

properties of real numbers.

wa=h=0%0= ht

Commutative pmp;m for addition,

v 5& -5 are additive inverses of
each other.

v () is the additive identity.
Symmetric propery.
wa=b=a+c¢ =fh+c

w2y & -2¢ are additive inverses

of each other.
Commutative propery.

Distributive property .

o+ | is the multiplicative identiry
v a=h=ate=h+e

v 9 & -9 are additive fnverses
of each other and O is the wdditivg
identity,

=+ (is the additive wdentity

—_——

Unle - 'Mﬂmnm) j’
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Name the properties used in the following equations.
i) 14+(44+3)=(1+4)+3 i) S(a+b)=5a+5b

iii} a+0=0+a=a iv) 5x|_.lx5=|
5 5

Write the missing number,

i) 24(==+4)=(2+6)+4

i) T+@+2)=13,50(T+4) 4 2=
tii) 9x(3x4)=108,50(FxI)x 4=
iv) SxBxN=(Bx-—)x9

C'hwose the correct option,
8 % (6 x 7)1s equal t0:
a 8x6-17 b. 8—(6-7) c.

Which one of the following illustrates the Associative Law of addition?
a 3+2+d)=(@+4)41 b 3+(2+)=(3+2)+4
e 3+2+4)=(5+2+2 d 3+(2+H=2+6)+1

§x12 d. (Bx6)x7

Which of the foltowing illustrates the Associative Law of multiplication?
a 4x(3x6)=(6x6)x2 b. 4x(3x6)=(3x|2)x2
c. Ax(3x6)m@x3)x6 d 4x(3x6)=(3x8x3

withowt using distributive property.
i) 81 %450+ 81 x550
iv) 827 x60-327x 60

[ASRLIT]
1) 39 x 63 +39x37
i) S0 x 161 - 50 x 81

a(bee) = aberac
b P i

NOT FOR SALE
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40 + have a calculator, She did the
Mahnoumwdlowofk-a- but she dida’t ha

i ations:
ram.‘go calcul o e _40 40 L pine2
— —
9 445 3 =18 =Line 4
=10+8 =>Line )
A : that she thought Mahnoor's answer
Mahaoor's frend Tahiea 1008 FE0 L Which line of Mahnoor's

was wrang, and the correct answer
warking was wrong?
Who was correct?

\

RADICALS AND RADICANDS

Concept of Radicals and Radicands
1F¥a is a real number and o is @ positive integer greater than | then,

1
ﬁ-n‘ swicsinn k) radical
where r is called the index of the rdical, Index —»Va
V" is called the radical symbol,
@ is called the radicand, I
§/a is the radieal form of the nth root of a, radicand
'
a" is the :xpoo.:ndnl form of the nth reot of a. V
If n = 2, then it becomes square root and in this © Va - an
case we simply write Va instead of ¥z, So if n is not
given it will be taken a5 2,
IFor =3, then it is called cube root . For example Radical exponentinl
form form ‘_l

If =4, then it i
Andsoon | coied th oot For example 45,

A mdical expression is any ex, i ini
# square toot, cube root, or higher rzot. ﬁs:r::"f::mnmg el whether s
BB+ s 35.38
+f.5da —3\’17.7:- e all radical expressions,

The following poins should be noted about Eg.(1)

V'M-%_—;-,;J'“:f:"i‘ : 28 A M-:(ﬂmmwnm,“w,)

Some frequently used radicals ar givenTh the following table.

Square Roots | Cube Roots Fourth Root
Vimi =1 i =1
Ja=2 =2 fi6=2
Jo=3 Y27 =3 YBi=3
Vi6=4 Y64 =4 4256 =4
J25=5 MN25=5 Y625 =5
V36 =6 Pi6=6 #1296 =6

The following example shows an important concept about radicals.
EETETI 5
What is the difference between x* =16and x = /16 ?

Solution:
In the first, we are asked what numbers squared are 16, so x can be 4 or

4 as 4% =16 and (~4)" =16. We write this as x ==,
In the second, x =4, because x is the principal square root of 16, which
hay always a positive value.

Another form of radicols:
It %@ represents a real number and T isa positive rational number,
n

n2. then
n: ='Ju—- of(%)‘ FRSPRRUPECCIION ¢ 1

where a* is the exponential form of the expression, and

Yu™ is the radical form of the expression,
I o = n then (2) becomes

Vo =a JUTOPIRP— . ) |
The following points should be noted about Eq.(1).
" Unit - 2 (Real and Complex Numbers) NOT FOR SALE | y l 61 ]s~j' F



¢ e
a) 1 is positive, then the nth oot of a is alsa posiliy

¥t = ey =+

by If @ s megative, then # must e odd for the ath oot of o 10 Tie 4 rgy
number,

TR 2

[ Example @ i

d-&:&(a)‘ =4, =3 % m
o | by
) 1f a is zero, then =0 e \

Properties of radicals:
Product rule of radicals: Yab = Y -3/b .

This rule is used for simplifying as well as for multiplying radicals,

Example 83

Simplity V6ryf6y’.
Salution:
Ve for

= (6)(6°) = J[365°)(x) = V363V = 65 = JEFE Ry

Y
Quotient rule of radicals: vﬂ > Vo

PRI

L Exainpie @

ﬂm&-zwf%
Solution;

:,/uu /-5,,—

=2 =
2.J50y 52'423-2'\' ez-ﬁ;,m =2 5.}’2:‘ o |li\"-2;
o — -

m 2:(!;%:327‘ between radical form and exponential form of an

(ay  Radical form of an expression

The number or quantity that is written under u radical sign(~ or ¥ ) is
called radical form of an expression,

For example V9 is the radical form of 3.
) Exponential form of an expression,

The number or quantity that is written in the form of exponent is called
exponential form of #n expression.

For example 3% is exponential form of 9,

How to transform an e
| exponential form xpression given in radical form to

Using a= a" and a* =ta" = (5/—) we can transform radical
form to exponential form,

"Write each expression in exponential form.

i. Y3 i. 16 i, (Yo—aby
\
\..'.| .
) s 3
i Yo = Yie= =2 i, (Yo—ap) =(©-ab)*

= @ How to transform an expression given in exponential form
o to radical form

Using Eq(1) and Eq(2) we can transform exponential form of an
expression to radical form of an expression.

1n

Write each expression in radical form,
] 2
A i, (2x+5)

o =4 i (2xesp=fzersy

ke

iil, (9-4b)s

i (9-4b)i=<{(9 ~4bY

NOT F e
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following exprensinng

ex and radicand for cach of the
iy Vab®

Write down the ind

|- @ [ (i) ‘,(E
| v o

Bl Trensform the following radical forms 1oto exponential forms, Do py
F simplify

@iy 1000

(500

M 36 i) U8
i g v i) I-64

Transform the following exponengial foan of an expressian 110 radicu) fomy,

! 23 [
W -7 iy x°? Gy (=8)s
3 4 |
iy w b* i) (3x)v
Simplify.
 ¥i2sx (i) % (i) (62527
- = it 251y°
™ foy-sy ) 68 i) Y53y

m’*(&dmdtﬂm&"mﬂmﬂ

N YT L

' T R Thed
. Er RN A7 C
mathematic =Lt K wtl N/ @ }?:2"

LAWS OF EXPONENTS / INDICES 3
Base, Exponent and Value

If n is a positive integer, o re
g kol oy presents the product of n factors each of |
In a°, a is called the base and n the ex
L. ponent or index. W "3
{he "nth power of a” or "a to the mth." If n = 2 we read a° as 3:: sq:n:‘c:!‘t??s“m;;
rg cubed”. o
STl 12
pAL p==i

o =xeon 20 = 22222 =32, (=3)' = (=3)(-3) (~3) = =27

m Laws of Exponents

If a,be R and m,ne N the following laws hold,

i Multiplication Low of Indices.

To multiply powers of the same base, keep the base the same and add the
exponents. a"a'=a""
E:‘:‘Z-—i'v,‘ .13
3.3 =3 a3 . |
5.5 =5""=5"
i Division Law of Indices

To divide two expressions with the same base and different exponents,
keep the base the same and subtract the exponents.

"
1 o
‘—_=n Cwhere m> s and a0

e 14 o

\'
i?u.l”:ﬂ-.‘

s’ -t ' -
5‘:7'5 =5 ’ g

i) Paner Law of Indices
Tor raise an exponential expressien to i power keep the hise the same and

multiply the exponents (u’ )' =a™.
Unit - 3 (Real and Complex Numbers) Not Fg.s‘éib, ~‘.| 85 !
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7 Mathemates
]

(P} 3=

() =4™ ="

Todi m Wite the base expone ot snd value of the following

fare Laws of lndices i

Yo mokipy e bases ith the same exponeit 22 (1€ “poney D@m= i) (ﬂ]; L iy (<) =16
nstant and multiply the expressions with the same exponent, (ab)" =a"b" 1024 b o

constant a

M{G Eﬂ ALY b the real m then simplify the following.

D

S =a'x?’ 3 -
(4x2) -4‘ x2 0 a*xa’® i) [ﬁ} [g) ) i (-a)‘x(..a)'
(3x5)' =3"x5" k he a)\a
ivi i i nent, keep t -
¥) To divide the twp cxp«fsnoﬂs with the same expol eep €Xponep " (—za‘b’ ), @ o (-Zb)z & i

2 a)"_a"
the same and divide the TWO ¢XPressions. {-5) = b0

an" $an 2,91 : a= s
[‘Example €4 vii) > viii) (-3:;’#] ix) [ )

b
(3) =i_: ’ iR Wikt Totloweag
2 i1 ' . 44 3 !
¥ 7 s BeeS fa+b)’ -(c+d)
=% D =7 i) : i (s
<) =3 7 10° (a+b)yle+d) |,
vi)  Zero and Negative Indices .
Any pon-zero number raised 1o the zero power equals one. iv) (E‘G): v
av(then 0" =] ' A iie dn coch & way that no answers should contain
| Exariple: §1 : N EAROTI
1 1
$=1 2"=1. 100°=1 Ifnis a positive integer, we define i (?-S-r W Lo
‘_=°L" where a # 0. 81 [L}‘-'
ab
1r",3-‘"' 5""-6' y " ™~ i q'v. i .y
) . ¥ iy :-WF— w5 F "
=3 =27-‘4""‘—,.(n+b)". ! ’ .

!

Unit -2 (Real and Complex Numbers)
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COMPLEX NUMBERS

Complex numbers play 3
Scienees. The use of complex aumbcs
' and Electeical Engincering expecially in the ana

Definition of Complex Number

. d b are ceal numbers is calley
| A number of the form  a+bi _wbcn:aun s
complex number, The real namber @ is called the rcal pa real

.- number b is ealled the imaginary part of a+bi.

very important role in Mathemates g,
is indispensa ics,
. 'I;‘:i.s of Elcetnie circuils,

Exampies:
248, 445, V2 + \3iete are complex numbers,

Conjugate of a Complex Numbers
The coajugate (or complex conjugnu)_of_ the complex number a+ib s
a~bii, We denole the conjugate of a+ib by a+bi =a-h,
Thus,
Conjugate of Z=a+bi is Z=a—bi
Forexample; If 2 =348/, then Z =5-8

a"'b( ﬂ-b(

X

l{! Z=atiband Z,=c+id be two complex numbers then Zy=Z, il
and only if a=c and bwd Le. the two complex numbers will be equal il their
real parts are equal and tmaginary pans are egual,

Equality of Two Complex Numbers

OPERATIONS ON COMPLEX NUMBERS
i) Addition of complex numbers

Let Z, =a+ib and Z, = -
s =e+id then the additio /
.b)'Z.-FZ_. nw*ﬁ"cda‘z“'z-‘:ﬂfib.c"dl nof Z, and Z, denoted

“(a+c)+ilb+d)

1,2 O
"'e}',immhemal{c;.u

ble in Physics. Acronauiey

Unit -2 (Real and Complex N@;—F

T RN Vg
U
tes=1X [ESLES '«"7‘.\',)

_z, isgivenas Z, = Z, = (a+ib)~(c +id)
b =atib—c~id
=tu=c)+ilb=d)
pMultiplieation of complex numbers
Let Zy=a+ib and Z,=c+id A0 Z,Z, denotes the product of Z, and Z,
then Z,Z, =la+ib)lc+id)
=(ae+iad +ibe +i*bd)
= e+ Wad + be)+(=1)bd asi =—1
= {ac—bd)+ilad + be)

i)

) Division of complex numbers

Let Z, =a+ib and Z, = ¢ 4 id then the quotient g'- is given as
3

é - :L‘l" - "1:"‘&)“.;“1 I bty g and devading by & —ul
Z chid c+id e-id

e+ ibe = iad —i*bd
& =i

_ e b ithe —ad)+hid

e’
_ue + bd . l_'(hf-ﬂd)
Tt wd? e ad?

Add the following numbers 3+ 20 3+i.

Soluny
Let Z, =542l Z,=3+1
then Z.=54243+i =54+ =8+3
——— - — -9 +
Um—:(m-ld(ewmmnben) -

PR NS 7 2 A
Nt N (2

Lot Z, = a+ib and Z, =c4id then subtraction of Z,and Z, denoted by




e €1

«)
Subtract 7+ 3 from S84
| Solution:

[Exampic €3

Let Z, = 2-i and Z, =3+, then find Z,Z;.
Solution:

2.2, »(2-iX3+i)
=64 2i=N-i"
=6+ (2-3)=(=1)
=b-i+]l=T~i

[Fosmpic g2

let Z,=3+4i and Z,=3-2i fmddnquoﬁeut%—.
2

w I ==1

Solution:

_(3+40(3+2|‘)
(3=2i)3+2)
I+ 6i+12i+8°
R T
(37 -0
_9+18i-8
R
Rl

Ssu-Qed HER-TE N ST~ =Dl

(Multiplying and dividing by 3.

Unit - 3 MGMM“"’) l
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m

o N a;tn,c.e“‘i

m‘ 1." 7 45

'Eiercisgf'."2:;5

Add the Tollowing complex numbers,
i) B4+9i,5+2i

i) 2i+3, 8-5J=1

i) 6+3i, 3-5/
) 3420, 33-242i
Subtmct,

iy —2+3i from 6-3
jii) 1-3i from 8~

i) 9+ 4i from 9-&i
iv) 6-7ifrom 6+7i.

fultiply the following comples numbers
i) 142i,3-8i W) 2i,4-7
i) 5-3i, 2-4i i) V2 +i1 =20
IDivide e first complex number by the second

0 Z,=2+i, Z,=5-i i) Z =344, Z,=1-i{

Perturm the mdicated operations and reduce to the form i + bi,
D A(4=-30+(2-3) W {5-20)—(4-70)

i) 20 =50 iv) (2-3i)+(4-50)

Une connplex conjugate of the following somplex numbers

—R—3i, 4490 7+6i, J5-i

Unit - 2 (Real and Complex Numbers)



ER_ 7ett whether the following are truc or false.

. 2 iv) v
‘ ) B=yi i 2= iy VA9 =7 ) 27 =4
Select the correct answer.
. i) 'ﬂydid\-c inverse of V3 is
I
V-3 &5
a) —Jg b) z;
i) 2(344)=2x342x4, here the property used is
2) Commatative b) Associative
o) Dtribative d) Closure
iy VSIxyel=
—
al b) i c) -1 do
iv)  Which of the following represents numbers greater thun <3 but less than 6?7
) {x:i=3>1>6) b) {x:-3<x<6)
c)"ﬁ:-3<x<6] d) {r:i=32x26) .
vl U n=Band 16x2"=4"" thenm=7
. a4 b) =2 c) 0 d) 8
vid (i) (=)=
a""’l/ b
vii L EAS s
; :)-h ;"’"‘Dplmu'v‘ identity of real pumbers js
by 1
viil)  [is 2 .
a) a positive ineger
A b) 2 negative integer

€) nei i
cither positive nor negative d) not un integer

- IFR Multiply 8/, <8i, | 3
" , 1082
[ Divide 2-5i by I1-6i. X

9
t L Eoa =
Name the property used 7x7=7x7_l. 9801

Unit ~2 (Real and Comptex Alumbers) f Unit - 2 (Real and Complex Numbers)

For i = =1, if 3(245i) = x4 6i,then x =2
a 3 b =I5 ¢ & dy ISi

x) Jﬁ >
a0 byl U d} not defined
" [~-9)" =7 (Note:i=y=1)=
a) 9 b) 9D+
Q) 9-i a o

n simplify each of the following.

i [..%] iy (-2)"-(3)° i) —3Ja8 ) %

Think
Use laws of exponents to simplify.

(81)" -3 +(3)""' (243)
o))
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Some important seis © .
«  Set of Natural Numbers N ={1.2.3...}

«  Set of Whole Numbers W=(0.1,2.3..]
«  Setof Integers Z={0. £1, +2,43...)

v Set of Rational Numbers Q={§| p.ae Z.g# 0}

Set of Irrational Numbers, denoted byQ'. consists of all those rey
numbers which are not rational,

QuQ'=R

Laws of Exponents / Indices:

c. .al =a.'-

(ab)" =a"d"

(n"r =a™

:_'=""v“hmm>nmd az0

N
a=0then g% wi

A number of the form 2 + bi where @ and b are real numbers is called a

complex mmber.j‘bc real number @ is called the real part of @ + bi and

t!:cna!numbetbuulkdlheimagimrypmo(aoln’.

i’ ma]

Conjugate of Zwa+bijs Z=qa-bi

.Opentions on Complex Numbers

) Ziv Z,=(a+c)+iib+d) W) Z,-Z,=(a-c)+itb—-a)

iv) 5'm+w+i(k—ad;
S dt T Frg

iii) 2,7, = (ac-bd) +i(ad +be)

LOGARITHM

>

‘ After reading

23

\

4 Prove the following laws of logarithm.

o Apply faws of logarithm 1o convert lengthy

thio unit, tha students will be abls to, }—

Express @ number in standard form of scientific notation and vice versa,

Defies logarithm of & number 10 the base a as the power 1o which a must be

caised to give the number (ie. a* = y &3 log, y= x.a>0.y>0 anda 1.

Define o common logarithm, characieristic and mantissa of log of a number.
Use tables to find the log of a number,
Give concept of antitog and use tables to find the antlog of a number.

Differentiate between common and natural logarithm.

log,, {#ur) ~log,, m+log, n.
v, | ':'—I}- log,, m = lag, n,

lag, m" = nlog, m,

tog,, mog,, nm= log, »

processes of multiplication,
§ addition and subtraction

i 3 0
division and exponcntiation into easier processes

ele.
-

.
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Introduction
The word Logarithm i< a combi

nation of two Greek words “Logos™ yy

means to calculate and “Arithmos™ which stands for wonl‘ number,
los.ﬁthm means a sort of calculation invalving mumbers. l‘,ogamh:.m were f;
invented by Scotsman John-Napier (or John Neper). He dmg'ne?! "l‘ls system g,
(2 one purpose. The simplification in the computation of multiplication, divig;
extraction of square roots of very large numbers and very small numbers,

When John Napier published his work composed of 147 pages in 1614,
3 was greatly admired by Henry Briggs, & professor at Gresham College, L""don

Later on Briggs computed Logarithms to base 10, Now-a-days the tableg &
common logarithms is the logarithms 1o the base 10 were invented by He,
Briggs. Logarithms to the base ¢ (where ¢ =2.71828...) are today know 5 Naturg)
Loganithms.

During the last fifty years, the invention of different types scientif,
calculators the idea of logarithm is still very important and is being used in Many
areas of science and mathematics,

SCIENTIFIC NOTATION

3 While studying science, it is not uncommon to find ourselves workin
with very large numbers and very simall numbers having a lot of zeros. Writing o:
n.u:h nu‘mbm is di!’ﬁcuk. tedious and time consuming. To overcome such
difficalties mathemsticians have developed a technique using which we can write
very large and very small numbers precisely & concisely,

W i L. o
A ”c ;:yp::: u:' ?Tmﬂx 15 wnlten in scientific notation +f it ig

a” whe i
equal 10 1 but bes than 10 and eger power n of 10, ir:“ R

x=axl0" g
[ Exmpie: @ a
- L2
rite 7800 in scientific notation. |
Solution:

In scientific notation 7B is written as:
7800 =78x10"

Vrite 0.00729 in scientific notation,

solution

In scientific notation 0.00729 is written as:
0.00729 =7.29x10"

HOW TO WRITE A HUMBER
m HOWTON x FROM STANDARD TO SCIENTIFIC

Here we will discu:qx the steps necessary for converting a number from its
standard notation to scientific notation. In this connection, we must remember that
any number say 5149 can be written as 5149.0

Suppose X is a number in standard form and we are 1o convert it into
scientific notation.

a)  How towrite b number x in Scientific Notation when x > 10,

Siep | We move the decimal point to the left, so that it occupies a position with
only one non-zero digit lying to the left of it. The number obtained after
this step is always greater than or equal to 1 but Jess than 10 and it gives
the value of “a” in the definition.
1o - We count the number of places the decimal point had been moved, This [
number determines “n” of definition.
Stepr . Since the decimal point has been moved to the left, i will be positive,

Write 6740000040 in scientific notation.
Solm
Let us write & = 674000000.0

Sty We move the decimal to the 1eft, so that it occupies a position with only
one non-zeco digit lying to the left as such we get
£.74000000 = o which can be written as

w= 674
Sier o The number of places the decimal had been moved =8,
bl Since the decimal has been moved to the left so n= +8,
v=ax|0t

Lo, 674000000 =6.74%10" which is the required scientific notation,

Unit - 3 (Logarithm) ‘

Unit - 3 (togarithm) Not ForSale



b)  How to write o number x in Scientific Notation whien §<x<dl,

%
o Mathematle. I

Step 1. W move the decimal point (0 the right, 5o that it 0cCUpics 3 POSItion y

only one non-zero digit Jying to the Teft

of it, The number obtained

this step is always greater than or equal 10 | but less than 10 and it i

the value of “a” in the definition.

Mgy
Vey

Step 2.We count the number of places the decimal point had been moved, Thig

number determines “n" of definition.

Step 3. Since the decimal point has been moved to the right, n will be negative,

[ Examples &

Write 0.00000327 in scientific nolation,
Solution:

Let x=(.00000327

Step-1: We move the decimal to the right, so that it occupics a position with only
one non-zero digit lying to the left and as such we gel

00000327 fe.  a=327

Step-2: The number of places the decimal had been moved =6,
Step-3: Since the decimal has been moved to the right so n=-6,

N x=ax10"

ie 000000327 =3.?7x 10™ which is the required scientific notation.

Esmpic @2

Write the following numbers in scientific notation.

i) 0.25x107° i) 42.5%10°
Solutlon:
i) 0.25x107°
Givea 0.25x10°,
bl & To convert it in scientific notation,
«-1-Moving the decimal poi i
0 point 1o
ofltandassuchwcgu ¢=2.t_);.= right 50 that

Siep-2,The decimal has been maved to one place

only one digit lies 10 the left

) -

Mnthcmnh'cs—- IX

Srep- since the decimal is moved 1o the right. so n=—1
Lo, 025=25x10" e
Now we take the original number i e.
0,25%10°7 und using (*) we can write
02510 =2.5x10 ' %10
0.35% 107 =2 8x " o
025 T w25t
02510 " =25x%10"

{using Liw of expoacnts)

i) 42.a%1°

Given 42.3x10°. To convert it into scientific notation, we take ¥ =42.5.
Srap-1 Moving the decimal point to the left so that we have o = 4.25 .
Step-— The decimal has been moved to ore place.
Step-: Sinee the dectmal s moved to the 12t so n= 41 =]
o yed425=ax )" =4.25x1)
i 425=4.25x10" ... A*)
Therelore the onginal number becomes
4.25% 107 =4.25x10' x10°
425x10° = 42810
1235%10° =4,25x10
HOW TO WRITE A NUMBER x FROM ITS SCIENTIFIC NOTATION
i TO STANDARD FORM

Suppose we are given a number in scientific notation. To change it into its

standard form, we move the decimal point to the same number of places as the
exponent of 10

3] If the exponent of 10 is positive, we move the decimal to the right and
i) I the exponent on 10 is negative, we move the decimal point to the lefi.

A 6

Hiving )

fusang baw of esponents)

Write the following in standard notation.
0456 i) 8.92x10"

Salution
1 450% 10
Given 4.56% 1), The exponent is positive and is equal ta 7, s0 we move
the decimal point 7 places to the right It is important (0 note that while
moving the decimal point extra zens can be placed if necessary.

0 o' sa ey

3

[ YW e PSR U, |
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2 Mathematies .
X

Therefore,

2.56%107 =45600000.0 (the
Thus  4.56%10" = 45600000
ii) 8.92x10™ : _
Given 8.92x10°. We sce that exponent is nEgal
decimal point 5-places to lef.

Therefore,
§.92x10°° =0.0000892 (the decimal has been moved to 5 places left)

Thus  8.92x107 =0.0000892 ) o _
In the following example we give an application of scientific notation,

7
mgm, miles does light travel in 1 day? The speed of light j
186,000 mifsec . Write the answer in scientific notation.
Solution:
Here, v=186000 =1.86%107 mi/sec and
1= 24%60x60=B6400 = 8,64x10" sec
3 S=wt
- 186310° xB.64x10° = 186x8.64x10™° =16.0704x10°
$=160704x10"
Light travels 1.60704x10" miles in 1 day.

decimal has been moved to 7 places righy

ve, 50 we will move gy,

——aiad

B Woite cach number in scientific notation.

i) 405,000 i) 1,670,000 iii) 0.00000039
iv) 0.00002 v) 234,600,000,000 vi) 8904.000,000
vii) 0.00104 viil) 0,00000000514  ix) 0.05x10°
a Write each nuenber in standard notation:
i 83x10° iy 4.1 x 10° i i
i . i) 207 x 10
iv) 3.15 x 10 v)6.27 x 10717 vi) S41x10*
Vi) T632x 107 viii) 9.4 x 10° ix) -2.6x10"

EH. How long does it take light to wravel to Earth from the sun® The sun is

93 ¥ -
x10" mi from Earth, and light travels 1, §6%10° mifs.

T VR Sy AT~

ﬂsu we are asked to find such 1 valye of x which makes 3'

atfes =18
wathema

LOGARITHM

. We can answer at once that x=2_ But if we have problem 3.=_9|; m

gatemer nd x then it is not casy to find
1o fi ¥ 10 find x. there are infinite number of such
:’;e of problems we encounter, when we study mathematics, If we do t::c us:

Jators, Jogarithms is the 100l which ¢an solve such a type of problems for os

pefinltion:
ufo.-aponuvercnlnumbern(bm a%1) a" =y then the index x s called
.thm of ¥ to the base a. We write this as fog, y=x.

“og” is the abbreviation of the word logarithm, Since Jog, y=x and
_g* are two different ways of expressing the same relation among the numbers
oy & x, 5O we can wnie
log, y=x ifand onlyif a* =y,
ot |og‘y=xaa'=y 43" is a symbol for “if and only if"
o' =y is called the exponential form and log, ¥ is the logarithmic form.

In both the above expressions a is the base.
24 =16 can be written as log, 16 =4,

8 Gx = Y
Write the following in logarithmic form.
j 2 =16 Y ol
Solution: |°9 Q(Y) =X
We know that @' =y & log, y=X...(1)
i) 2 =16

x=4, y=16.wusingmeubovemuhm

L am,
24 =16 is equivalent to log, 16=4.

1
i) 47 =—
i) 7}
—'—. so using the result (1)
64

Here a=4, x==3 ¥=

1
4= é is equivalent to 1og, (a-)= -3,

t - 3 (Logarithm)
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Write the following in cxponcmilnl form.
o Noo
0 log (64)=2 !os,(9]
Solution: . ”
We know that a* =y & log, ¥=Foon

i) log, (64)=2 .
;lm;i& y=64 and =2, so using the result (7)

- log, (64)=2 isequal 10 § =64,

i) log,[:;-)-—2

Here a=3, v=l and x==2, 50 using the resull { )
9

1 . Y
u,(;):-z is equal 10 3 -

[‘Examnple §
Find x.
i) log,100=2, i) log,, (12')=x i) log, % =2
Solutlon:
1) Given log, 100=2. This can be written in exponential form as
=100
rul0” = x=10
ii) Given Jog,, 12" = x. This can be written in exponential form as
12" =12
x=3

g, y=x e d'=y

loz,,v:: Sa'=y
aes, " 4
fii) Given hz.;: 2

Compnring we Bﬂ A= g

Math

i) 4 =256 W) =1L
64
3
iii) ]0" =1 iv) .!i =y
i -
W =g vi) 64° =16
Write the following in cxponential form,
: ! o b i
i - |=—4 log, ==
i log, a_) i) og,lu 7
i) log, 3= 64 iv) log,a=
. 1 -3
I1=0 v g, —=—
v) log, i) 848 3
p‘ﬁ Solve
T i) logz125=x i) log, x=-3
iii) log, 9=x iv) log,(Sx+1)=2
vy log,x=7 vi) log,0.25=2
< 1
vil) log, (0L001) = =3 viil) 108.6’-2

ix) log ;4= 16

(RG] \ AL AU
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Defining Common Logarithm, Characteristic And Mantissa

a) Common Logarithm
Logarithms having base 10 are call

logarithms. This loganthm was invented by a Bﬁlis L
Briggs (1560 — 1631). Tables of common loga_ndm r_mkc cak:ula:l:ns very eagy,
The base of Togarithm is not written because it is considered to be 10.

For example: = e

log,, x is written a5 fogx.
log,, 100=2 is written as Jog100=2
log ,150=

b) Characteristic and Mantissa

Consider the following 1able,
Nember N | 0.0001 0.001 001 01 1 10 100 1000 10000
o 10t 10% 107 10 10 10t 10t 1o

form of N
log N 4 -4 2 - 0 1

2 3 Kl

1t is obvious that 10'*""” will give some numbee greater than 10' but
smaller than 10°, Actually, 10'7 = 34.49; hence log 34.49 = 1.5377.
L] Logasithm of a l:lumber coasists of two parts. The digit before the decimal
:::l ;s the characteristic of the log, and the decimal fraction part is the mantissa
of the Jog. In the above example, the characteristic is 1 and the mantissa is .5377
The mantissa of the log of a number i ,
L is found in tables, ignoring th
decimal point of the number, Each mantissa in the tables is undcrswo‘d 10 htvc :
positive,

fﬂ. If x < 1, characreristi
K . feristic » — P
{ paint) + 1. [(No. of zer0s immediately following the decimal '

~l!lhe c?mmrleﬂqh: IS neganve, it is writlen a5 —¢ o if

o

ed common Jogarithms or Brigps
1 Mathematician Prof. Henry

L 57 Y

| v‘ r"@ >

\he characteristics of the following logarithms:

Wwrite 7
@ 1oB4350 (i) log 435 (iit) log43.5
(i) log 4.35 (v) log0.435 (vi) log 0.0435
il) log 0.00435 (viii) log 0.000435

5“‘“’2; Characteristic of log4350=3 (vd4-1=3)
) a,uncterisﬁc of log435=2 (v3-1=2)
i) Characteristic of logd3.5=1 (v2=-1=1)
i) Chmclen'stic of log4.35=0 (v 1=-1=0)
(¥) Characteristic of log 0435 =-1 (v =0+ 1)==1)
(i) cmncteﬂslic of log00435=-2 (v =(+1)=-2)
(vit) Characteristic of  log 0,00435=-3 (= =(2+1)=-3)

(i) Characteristic of log 0.000435 = -4 (= =3+ =)

ﬂ The use of Logarithmic Table to find the log of a number

of a number we have to find the characteristic and

To find the Jogarithm
stic is found by using the above two rules. The

{he mantissa. The characteri
<a is found from the logarithmic table.

mantis
To show how the logarithm of & number can be obtained, consider the

following example.
RO 12

Find the logarithm of 763.5
Solutlon:

As the number under consideration is greate
its integral part. Hence by the first rule the ¢
52

To find the mantissa of the logarithm of the number, We :‘c‘:‘c:c:; i::
logarithmic tables given at the end of the baok. Following is

extract of the table for ready reference.

rlhmoncandlusf&dig.ils in
haracteristic of 10g (763.5)

Unit-13 lmnmﬁ‘?l(hudum)




e TN TN

AT ST

) Anti-logarithm
' [o]+]2]3]
ol1]2]3]|4 . : .
! [n many Cases wWe are required to find :
', e Y R o pev A e s known- the number, the logarithm of which
— 192 |20 |4 "
76] ssos] nsta] mazo [pas sssyeast 1842 55 If y = l0gi0 %, then x is called the .
71| omes|eem|eare njeplomofent] 2 TP o ig shortly written a5 £ = antilog y, antilogarithm of y 10 the base 10; snd this
— e have an equation, i
s o IR —— Mo ‘:;:l: o‘?Ami-I:uﬁ:::\ ‘:"‘Crcj 15 0 be known. To find the valus of y. we
Choose a row from the first column containing the first (wo digits of use the L R die.y = Antilog x .
sumber, namely 76. Proceed along this row until we come 1o the ¢ To explain this concept, consider the following example.
eaded by the third digit 3 of the number. We get the figure 8825, We "& s
add to this figure the pumber 3 1o be found in the same rOW in the me,, F‘a\r@v‘sﬂlﬂ'in‘- 13
differences column headed by the fourth digit 5 of the number. Th be : . =
et (82543 = $628). This number idheaghu d"dmﬂu;ni Find the numbers whose logarithms are (i) 23456 (i) 2.1576
prefixed gives the mantissa of log (763.5 ) as 8828, % b
Hence log (763.5) = 2.8828. (i) 2.3456
Similardy § i 3
3'; ér:iy it can be verified that log (7.529) = 0.8767; log (0.0077) = To rm'd the .scqucmfe of digits in the required number, we look up the table
3 of antilogarithms given at the end of the book.

Jog (0.7605) = 18811 and J =
og (75 )= 18751 Since the mantissa is 3456, we look out for the row in the first column

containing the first two digits of the mantissa .34, and in this row we select
\he number 2213 in the column headed by the third digit 5 of the mantissa.
Then, add to this the figure 3 which is the fourth digit value from 6th

BB Find e < column of mean differences in the same fOw -
charusteristic omm
numbers. of the common logatithm of exch of the (ollowing The required segrence of digits in the number is (221343 = 2216). As the
i) 57 ) 7.4 iii) 5,63 g characteristic of "he given logarithm is 2, there musl be 2+ | i 3 digis
s vi) 7824 vii) I. iv) 3.63 in the integral pint of the number.
1) 186000 viii) o=
?;lﬂ(: the r)fo"gwjnh._ JoT Hence the numbe whose fogarithm is 2.3456 must be 221.6.
i} log87.2 e —
ii) log37300 (i) 2,1576
iii) dog? :
¥) log0.00159 vi) log 0.0256 vii)) ] e iv) log9.21 As in ubove, from the table of anti-logarithms. the sequence of digis in
Find logarithms of 11 e the number, corresponding 1© \he mantissa (1376, is found to be 1437,
) oue ’ rltlf)“('l“in“mm"" Now fhe characterisie is —2. Therefore, there must be onc 28 between
i . ; % ieni it in the number,
v) 0,783 o s ) 925 iv) 4827 the decimal point and the first significant digit in the nu

Vi) 0.006735  viii) 700 Hence the number whose logarithmt {£73.1576 must be 01437,

——

Unit - 3 (Logarithm) ‘,‘\ Unit - 3 (Logerithm)
X




Mathematics . Ix

[ 1. B ET anti-logarithm of the following numbers:
i) 1.2508 iiy 0.8401 iy 2.540
iv) 2.2508 v) 1.5463 vi) 3.5526
cquations:

B Find the valoes of ¥ from the following

i) logx=21931 iii) logx =4.591 1

i) logx=1.8401 =
vi) logx=2.8370

iv) log x 30253 ) logx= 1.8716

COMMON AND NATURAL LOGARITHM

We hsve seen in the definition of Jogarithm that the base “a™ of
logarithms may be aay pasitive real number other than 1. As the value of the base
changes, the Jogarithimi ; value of a pumber also changes. For example

log, (64)=3 .. {f we let Jog, 64 = x, then 27=64=2" = x=6

log, (64)=3 o log,(64)=2.

If fact every bac define a logarithm system. Here we will discuss aboy
two ic used ir mathematics and as such have their special names. The::

systems are the following.
i) System of comnswon logarithms
i) System of patur .y Jogarithms

3.
Difference between common and natural logarithms
i) System of Common Logarithms

This system is constructed
for the <X
System on the name of its inventor Henry Bfli’:; a=10is also called the Briggs

"Hereafter in this book, when
SoecHITE ot i R o b T apaalc o Yot ,
This b o b‘ i|. must be understood that the base of‘:{‘: number without
arithm system log,, xis also written us 1 opeaiho 3. 10,
a5 log x,

Therefore if it is gi
s given log(204), it means
g log,,(204) and vi
» Vice-versiL.

in

was ntr

written 85 198,

System of Logarithms Common natural

Natural logarithm system is the logarithm which uses “¢” as a baxe < o
oduced by Euler, it is an irrational number, Here we will lak; its
<imate value as ¢=2.71828. The natural logarithm of a number x is
x but it is shonly abbreviated as Inx, Thus log, x=Inx and

x=y < e =X
The relation between common logarithm and natural logarithm s given by
,x _Inx
1020 ¥ = 10 10 w10 But In10=2.30258
1
i —n
080X =T 30258

EEEI LAws OF LOGARITHM
thms. We shall prove them one by one as:

1.

There are four laws of logan

log, mn=1log,m +log n

Vo’
Let log, m= x=a'=m = | {By definition)
and log, n= y=a'=n__ — (i ( By definition)
Now, mn=a‘xa' =g = aV'=m = log, mn=x+Y
Using (1) and (ii), we get Iog‘mn=log‘m+log‘n L0GRRE "
Ll 9 g
2. log, — = log, nt ~log,n
"
Pront nﬁmuw
g m m
Here, m_8 o = al=— = Iog‘:=x—_\'
noa'

log, m=10g, "

Using (i) and (ii).we get log, 2 =

2RI “M-s(unmnw

Unit - 3 (Logerithm)
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By (i), we have @' =m
Taking power  both sides.

(a‘)' w(m) = a"=m

nlog m = log‘m‘

= log,m" =nx
Using (i), we get fog m" = nlog m
4. log, m log, n=log, n

Prool:

Let log, m=x=a"=m i (By definition)

and log a=y=m'=n - (By deniminon)
Now,a" =(a’) =m'=n = a"wn = log,n=xy
using (i) and (ii), we get

‘ log, mlog_n=log n

This lsw can also be written as:

R ol U

Express each of the following as o i
This Is called Chan,
single logarithm. Law, s

(i) log2+logl (i) logb-log2

(iii) =1+ logy (iv) log,3-log, 5

W) losl 8+b8) 32

(vi) log3+ -
| Solution: £3+logS+log6-log 25

i) log2+lop3=log(2%3) = og6

(i) '036'|0g2=lon =log2

Joury = leagl0) " +lagy il &
= ‘l"g",+ 8] Ry = log m" legy = Jogl), 1)+ lugy =logh )0y

Jog. 3-108, S=log,5

(iv)
™) log, 8108, 32 = log. (82 32) = log, 256
x5
(i) log 3+ log § 4 log 6= 1og 25 = log ’.;:_l. ol l:c;l ol I..ﬁ

g vse Joparithm properties to simplify the expressicas.
= |
b tog N7 i) log, 5

iii) Tog,, V1000

iv) log,3 + log 27
| ,
e vi) log45
¥) 1085 0035)
ﬂ Express < % of the following 2s a single logarithm,
i) 3 log2—4logd i) 2logd +4 log2-3

i) ) .
i) logsS—1 iv) ;bp—llug!nllog.

E Find the value

i) log, b+ log, 7= log,«a
(—.h—-"/

of “a° from the following equations.
i) bog 0= log ;3 +log 8-log 5 2

i) _'1!%1!‘ =log. r W) ]04.;. 25- l()g“.‘ = Iog. "

log, ¢

ﬂ Find log, 3 Jog, 4 103‘5,“,5‘640&7-'03,8

o i

IOy ey G SR S Y
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APPLICATION OF LOGARITHM )

In the following examples we shall explain how lengthy processe
multiplication and division are converted into casicr processes of addition g,
subtraction by applying the laws of Jogarithm.
BT 15

Simplify (238.2)(9.506) with the help of logarithm.
Solution:

Let x =(238.2)(9.506)

Taking log on both sides,

log x = log(238.2)9.506)
= log x =10g(238.2) + log(9.506)

=  logx=23770+09786 =3.3550

(... '"s n = l()t.' " lﬂg n)

Taking Antilog on both sides.
Antilog (log x) = Antilog (3.3550)
x=2265

[amnie 40

sty <25z :
@52y° " thebelp of logarith,

Salution:

2.83
(6.52)

Lﬂx:

Taking log on both sides

.ng =lo _2'83
g(6.52)z

=10g 2.83~loge6.52)"

xR M
( bg;=]osm_'°‘")
=’°‘82-83—210uuz

[ logm' ="|0gm)

I"H”'c"m

=04518-2(0.8142)
=0.4518~16284
=—1.766

Add and subtract 2 to make the number positive.
logx=—1.1766+2~2
=0.8234-2
=2.8234
Taking antilog on both sides
Antilog (log x) = Antilog 2.8234
x=0.06659

v

m Simplity with ihe help of fogurithm.

B 381x434 i) 73420, 00462x0.5143
L 784.6x0.0431 ) 049326837
A TE T 0.07213%8456

3 (78.41) V1423
b d

V0.1562
Pl Find the following il log 2=0.3010, log3=04771, log$=0.6990,
Top T« 01451
i) loglos ii) log 108 iii) log 472
iv) log2.4 v) log0.0081




BN Sclect the correct answer.

o™ I

oy Does i exast

N
d) 2

i

) 10

dywi'=b
L
a |

)4

dy2

| -2 ¢l -
o I op. 8= 2 thenv=
i bl b erd
() Fase of common log i<
1l My [y g
vy o i
|
| b == V) —l-
2 2
iy any non-2cro value of 1. 4" =
2 bi 1 cp 0
(Vi) Rewtite £=log, mi as an exponential eguation
» ‘/
wt=m b h" =1 cym=4
iy logpld=
m2 b3 ch0
i) Characterisie of log 0.000059 iy
=3 by 3 c) -4
Gz Evaluste log, !
N
I | by _1 = &
2 73
X Base of natural log is
a0 ol
ble el

log m+logn=

a) logm logn " e
-
c)\'logmn d). 'og%
;) 0.069 can be writien in scientific notation a
¢ a) 6.9x10' e~
¢) 0.69%10" i
(xill) lnx=2Iny
a) lnf‘f_ -
2
5 d) In—=
c)In 3 v .

n Write 9473.2 in scientific notation,

E Write 5.4x10%in standard notation.

7|
. Wit in logarithmic form: 3 ‘-37- .

Bl Wrtein exponential form: log,1=0

Solve forx: log,l16=x

(6
Ell. Find the characteristic of the common logarithm 00083 .
B-

Find log 12.4
« Bl Findthe value of ‘a’,

log530=logﬁ9+log52-logf,3

é ;hink 2
(63.28)’ (0.00843)" (04623)
(412.3)(2.184)

Unit = 3 (toarithm)

Unit ~ 3 (Logarithm)
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2 4 | ALGEBRAIC EXPRESSIONS
{0/ AND ALGEBRAIC FORMULAS

o Scientific notation is used to write conveniently very large and very ~
| ' ienti

tations. \
| pan v lro pelfdﬂ;:::‘rl’" is an expression of g ,{ After reading this unit, the students will be able to: } :
g notation for a ® ! ) y ) ] A
{ - @ Sucn(l:{w e 1< <10, Nisin decimal notation and #t is an ingep,. Ly Know {hat a rational expression behaves like a rational number.
| o fn:;rilht: was discovered by the famous Muslim mathematician h' tional expression as the rlx)
| H ne ara QNG 58 q“o(i‘m 2 of -~
| Al-Khwarizmi, Afterwards  John Napier de\"clw.ed‘ l.hc concep & pefi ' o two polynomials pix)
Jogarithms and prepared  differcnl tables which are very helpgy, & and q(x) where ¢{x) is not the zero polynomial,
caleulations. ) ) . o
&  The basic use of logarithm is 10 convert lengthy  operation, u Ly Examine whether a given algebraic expression is a
multiplication and division into simple Operations of addition 4 W + polynomal or not
sabtraction, . rational expression or not. ‘
< If ¥ is any positive real number and y=a’, (where @ >0,2 1) they T j
S called the logarithm of the number y to the base ¢, and we briefly yr, s Definc LAl :'} as 4 rational expression in its lowest terms if p(x) and glx) ‘
; qls ;
oA ? are ‘mlynominls with integral coefficients and having no commaa factor,
<@ mloguiumofnmmbuyponoanybasca(>0.ul)is|hcindgw
. the power 1o which 4 must be rised to make that power equal to y. 4o Examine whether 4 given rational algebraic expression is in Jowest form N
i & ."=ﬂ'ﬂﬂd1"'°8.l‘. ) or nol. \
X - Logarithms having base 10 are called Common logarithms or Brigy s Reduce a given rtional expression 10 its lowest terms.
logarithms, 3 . \
F . difference and product of rational expressions,
L Lolgaﬂlhm of a number consists of two parts, The digit before the decimil e P e e S 7 4 q the resull In s
/ point is the characteristic of the log, and the decimal fraction part is the s Divide o mtional expression with another and express
I"“""m of the log. Jowest terms.
: Nat ,;;hm h.nving‘ h‘e e are called Natural logarithms, & Find value of algebraic expression at some particular real number. 5
. ural logaithm is invented by John Napier (1550 — 1617). Know the formulas 1
Approximate value of e is 2,71828. R T LA B ,
° Laws of logarithms. «  daeb) wta=b)y =2
2 lng_um:hz m+log n . (.,..hr'-(u-h):--!nh l
) - 2093 { @+l and a~b are 4
* log,==log m—log, n e Find the value of @ + b and of ab when the values of a+i
. > o known, ‘
25 +20b = 2be+ 2ee

¢ log m® =alog, m.

1LKn0w the formuli (a+b e =+

Formula) (=

Unit - 4 (Algebrok Expressions and Algedraic
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¢ Find the valoe of abed

given.

up 2

 Find the value of a+bscwhen the values ofa’ +4" +"and ab‘b”""lre

given.
# Find the value of ab+be+ad
given.
|L Know the formulss .
w  (asb) =a’+3abla+b)eb
o (a-b) =0~ obla-b)-b".

when the values of o® +4* +¢* and a+bscan

™ Find the value of o 44° when the valves of a2 b and ab are given.

- ﬁadlhenlneofx’z?'—wbenﬂrvaheoht-} is given.
»  Koow the formuls o’ +5" = (a28)a’ Fab+57) .

- F‘ndlhwndmlofu?:-mdf.pﬂl_l_
o ﬁmmmdx-.x'.u,:,,"iﬂ.
- Hndlllecomhuadpmhctof(xoy)(x-,x,3+‘,+),2x‘:_{v.":)_

Recognize the surds sod their spplication.

Explain the surds of second order,
Hask . Use hasi ;
order 10 rationslize the i and 65 ”c opt;:a tions on surds of second

pothermatics.s

1 .,uodl"“‘“‘
fn 820 AD., the Muslim mathematician, Al-Khwasizmi, wrote the algebraic
ext entitied Al-jabr Wa-Al Mugabala (the science of cancellation and reduction).
A Latin translation of this text became known in Europe under the title Al-Jabr,
pecame the word algebra. Al-Khwarizmi is known as the “Father of Algebra”
Algebm uses special types of mathematical processes called algebraic
jons. These operations include addition, subtraction, multiplication,
division, extraction of roots and raising to integral or fractional powers.

[EZETH ALGEBRAIC EXPRESSIONS

When variables and constants are connected by the aigebeaic operations of
“ddition, subtraction, multiplication, division, root extraction & rising integral or
factional powers, the resulling expression so obtained is called an algebraic
expression. For example
where x>0,

1
P N
a ¥,
dx+3y +-s- where 2=0, x*—4xy+6 areall algebniceipussioos.
z
Different paris of an algebraic expression which are combined together by

the operations of addition and subtraction are called terms of the algebraic
expression, For example in the algebraic expression 3x’ +5Jx—7, the terms arc

id, 5Jx .- 7.

Rational Expressions )
P

An algebeaic expeession of the form ;(—:)- where p{x) & q(x) are

polynomials and g(x)=0 is called o rational expression, For example:
&1 -6x+1 Lo cational expression if x+920.

b4 xX+9

X +3
en as —.
x

ii) 42 is a rational expression if x#0 because it can be writt
X

A 1
i) Sk is a rational expression.

Unit -  (Algebraic Expressions and Algebraik Formula)
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Rational Expressions behave like a rational number

jedasarn jonal expression, since | i
- a rationa  Singe Let @ and I be two integers, 1 &
gers, then 5 may or may not be an integer (for

Every polynomial p(*)
_j__ Thus every polynomial is 3 rational expressioy
polynomial.

Y ad 5§ are integers 3 . g
mple 20 ¢ integers but 5 is not an integer), Therefore, o setiof

can write p{x)as

htneverymmalcxpm:donmdmlbcn s d a
i 1 and — whe
gers 18 EXE reh#0 and abe Z is defined as u rtional

inte
thus we havc a
% How to examine whether 3 given algebralc expr ession s 5 pumber and thus new set, the set of rational numbers.
a) Polynomial or not b) Rational expression or not simitarly it p(x)& g(x) whereq{x) 20 are polynomials then rlx),
q(x)
arily a polynomial (for example x41 and x* are polynomials but —— l

a)  Polynomial or not pot MECESS

Every algebraic expression may pot be a polynomial. For exampj, s pot @ poIyn

. 6
2 kT2
e Tae with x=0 is obviously an algebraic expression but it iy nog 4 cancep! of rational expressions is developed). Rational numbers and rational
ions behave similarly. Thus they bave similar properties.

omial). Therefore, similar to the concept of rational uumbm thc

( polynmn:: Similarly = with x#=3 is an algebraic expression but it is noe 5 express
; potynomial, ? n Lowest terms of a Rational expression ﬂ:—%
g{x
e o
is said to be in its lowest temms if

b
) Rational expression or not A rational expression )
qlx

We know that a rational expression i -
pression is always in the form % ihes | 32 plx)& glx) are polynomials with integral coefficients and having no common
. For example, :
plx) & q(x) are polynomials and A 52 factor,
—_— Fornsition 10-x = is an algebraic —,-8—4—is in its lowest terms whnk.( 5:(”:0( =t
with o ag LS A +Sx+Dlx—
l'm, x=10. But @t is not o rational expression  beewu:
3r-51-2 3@ o523 o | How to examine whether a given algebraic expression is in
its lowest terms or not
factorize both the polynomials in the

2L

Given the rational CXpression T
g\

10~ T Here 3¢ -
: 10-x =5x=2 and JIO-rx are not

polynomials. Thus evi 3
ery algebraic expression is not a rational expressio
SS101.
i factor between them then it is

numerator and denominator. 1€ thsere 1S any COMMO|
not in its lowest lerms otherwise it is-

._.__'" +1 is in its lowest terms as there is no common foctor in

{ )
Iy
Zero (0 i5 the on hum “hnl‘ can not be represente Y
k Il Roman or e

nune s .uul \lummm.nlur
Unlt - 4 (Alg-ﬁmk £xpressions und Algebeaic Formula)

Uit -
4 (Aigebraic Expressions and Algebralc nuddj ,
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pathen

S ! . g
| ine whether the following rational expressions are in thejr h%. Reduce the following rational expressions 1o their fowest terms:
| ) terms or not: i x+3 o B=pt e
, 9 =T i) =1 ) —av=m i) —
| D o— W T S (x+3N=2) (x+b)
' x=3 £+ goll‘ﬁ"“: x+3
Solution: i) TINA-2)
i) _9_-uiniulamtmbécauseillusnofactorinm,nmm; (x :
x=
the numerator and denominator. = ; = (Cancelling common fuctors)
2 .
i) X =T i its lowest terms, because it has no factor in com, =i
i B W Grbe
in the numerator and denom % X
-1 ! (x+b)x—b) =.\'—b
i) -;Thmhiu Jowest terms as (x—1) is 4 common factor i, ‘—-_—_—-(x+b)x’ E-h
Ih,e numerator and denominator, because We can write jt o Which ia 1n loweh S,
=1 !.r—l)(nl)‘ : m Finding Sum and Difference of Rational Expressions
x-1 x=]
3
Waorking Rule to express a rational expression in its lowest terms m 2
a+2 Xx+5
% Let the given mtional expression be % Add x+3 x+3
: alx
Step 1: Factorize bath the polynomials in the numerator and denomi Selutlon: o . i o
Step 2: Cancel common factors between them. e g He;c:t;c denominator i both the rtions] ex§ N =
: is »
x42 x+5_x+2+ x+5 2x47
Algchilene Lapresnsian “3+ “+3  a+3 =x+3

B
—_— [T 4
\'{ﬂ'ﬂles Add —"-3- ond 765'
3 X=-
5 + Solution:

'\ v
4 7
- (x-3)
= 4 6 _4 x+3)+6{x-3 [-_~u~_\|....-imﬂ!--l‘-l\(*"\)
s EINRETCE S
mm
4.t+|2+6.t-|8_l0x—6
B e e T2
=92 -9

\ "wt-c(mmuzammmmmw)
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the

Me

ﬂ product of Rational Expressions
7
X x+3

simplify

| Example &8

|
: Subtract {—;_-‘2;—(;:‘33 from m

' . x+2 x=3
Solution:
i SR L 3 galation:
{(x+3)(x-2) (x=2)(x- v 43 xfx43) P s

T2 -3 (DE-3) M(x-3)+2(x-3) vox-6

x(x-3)-2 £43) .. LM of denominitors is (= 2)(_\-+3)(_“3))
) pomi Tid-Bit
m—2 2m+6

") (x+3)(x-3

I _3r-2x- ) N —
=(,‘:1)(3:+3-)?:3) (Simplifying) Multiply In+9  2m—4’ A polynomial
2 5 having three terms
ution: ng
e X326 (Simplifying) S 2 amas | p<d Al 1| iscalleduinomiat
“l2)(x+3)x-3) 2 a9 2m-4 3(wed) Z(p<d) 3
2 '51-6 s ding a Rational Expression with another and in
{ X SMED e f den At P Dividing xpr another and expressing
f =27 -9) (+r LCM of denominators is (x+3)(v=3)={x ~9)) L] the result in the lowest term
. . o find the quotient of two fractions, multiply the first fraction by the
6 mipmcal of the second fraction.

x4y x-y (x+y)x-y)

Solution:
. 300 +0x+6
;o;_ ! Solution:
XY Xy (2% 3)—y) Faa=2 X +x-2 ; x|
: Mx=y) __;__+(,\--|),_T.-——xneclpmcalof(x ).
_lx=y)+(xe y)-1 3 49546 3 +9x+6
N Mrx—y (% LCM of : 3 -2 1 X a2y-x-2 1
=) of denominators i ()~ ) g P
= A —1(x42) A (x+2)(x-1) VL
(Simplify} slae2)-t(x+2) 1 x
Xy mplifying) = 3(‘:+,,””2) x== =3 x(“z)”(“n =1
_ -1 L RS
- (Simplifying) B M(J“l) x—‘— =3( l”)
x

T3] (xr)) X7

- Unit - 4 (Algebraic ~
A Wnaug“m‘@_ T2 4 (Algebrde & rors and Algebroic Formula)




Which of the following cxpressions arc polynomials:

" 5 3 V’;
i) l-5y+8y’+6)" if) ;7+ e, iii) G
Which the following rational cig'wiom are in their lowest terms;
§y8-5 . -9 i x+y
b} E W T3 o=
Reduce the following rational expressions to their lowest terms;
I
‘
Sfe_ b 4 2
i) x-5 |(’ 3) iii) ;‘ i\!) __a+6
Fo5r {-3)(1+5) P a-9
xl
- 4.} Add the following rational expressions: Z
o ) ar-sx-10,20e5x410 @) 22 W47 '
e S Y+3" a3
B 5e354 W oL, 3
& . =25 1+5
s"b"*‘m‘r"’“ﬁmimﬁmlhcsmmdinthcl‘ollowin-,::
D Fadyo15, 8742 iy -7 847
w1 2 a1 xta
W) a3 d-e i) Y ox+2
(6] Simplify the following. Weg -2
= 2x 4x-6
) ——X0 . x44 X9
n 6x-9 oy ) Em iif) 3x-15 -9
Simplify the follawing. T D
o 2v-10
D =T—s(y-5) ijy Lel.2
e !B T T oW —=9 a-3

Ma‘;,gmatlcs -

Value of an Algebraic Expressi
Number pression at Some Particular Real

Supposc we arc given an algebraic expression which is a polynomial in

of any order. The valuf of the polynomial pix) for any real number can be

obtained. just by replacing x of p(x) by that real number. For example, let

P(x)= 3x +4x—9 and we are to find the value of the polynomial at x=3 then
p(3)=3(3) +4x3-9

=27+12-9=39-9=30

10 is the value of the polynomial p(x)=3x" +4x-9 at x=3,

If the algebraic expression is a rational expression p:x; then the value of
q(x

cuch an algebraic expression can be determined for any real number x provided

q(x)’o- i q(x)atO for some real number x then -p(—x)- is undefined for that

q(x)
value of x.
N
[ 10 | M
When x==3, find the value of: &7y A
i) 2a' =3x i) (3% -+ “

Sulmh;u:
i) 20 =3x = 23 =33
=29 +9=18+9=27

i @) = =(3-N) (-3 =9 -9

ﬂ:‘.\_“ =81-9=T2

A Tw
—,/

(By putting ¥ =—=13)

(By putting x = =3}

Every time you do this:
»2a0l
'

| d . 7

A kitten dies.

um-uuwwm-mummw)
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== ‘ "'a”‘c"’f!u(,

v 2 m 1 . ﬂ ALGEBRAIC FORMULAS |
| : 3, evaluate the following:

=16-81=-65

! =2, stablish the Formulas
( : wul: 9 : & “) (2.!) "(3.)’) E X
{4 i x=¥ a) (a+b) +(a=b) =2(a +6*) by (a+b) —(a=b) =dab
| Sﬂnlh?, Foyad-(-d=4- e ¢) Finding the values of o +5b° & ab when the values of a+b & a-b
| 1

s are given.

| o t-gnte@@-(xEA) deeinsis 2.
r ) (= > 4~ (-9)} 10 the previous class we learned about basic algebraic formulas

| (a+b)' =a® +2ab4 b
| (a=b) ma® =2ab+ b ccssnsscaneee (2)
@' =b mla+bla—b) weeeee—m—es(3)

‘l —
| EH Adding cquation (1) and (2) we get
.. . (a+b) +(a=by =(a’ +2ab+b*)+(a’ =2ab+b")

=2a° + 2 =2a* +b")

n. Evaluate the following when a= 3, b=~1,c=2, : (a+b)’+(a-b)""(° S W
i) Sa-10 i} M+5 i) 2a-3b+2c
p)  Subtracting equation (2) from (1) _
Evaluate the following for x=-5 and y=2 —(a=b) =(a* +2ab+b)=(a ~2ab+b")
f (a+b) =(a=b)
i T-3xy i e+’ i) (3x)° —(4y) =2ab+2ab=4ab
Evaluate the following, when k= -2, (=3, m=4. (asb) =(a—bi =dab  <e<semo )

‘ usefu) for simplification purposes.
VRECE Bl g, _ The ronnulas(-c).mmma:so

)

B+ et

B evalae 4] o :
da? 4 1“’““ lﬂda---

QEE T ogp + 08 4+ 8 + 8 + 8.=1000

— §8) —8 = 1000
I a.g.b=u,ca15ands=££’£ S8 @ yns=9

S(S—a)(s_;,)(s_‘).

- Find the value of

assa 888 _ 1000
. 8 — 8 = 1000
s(axs+sx8)—8—

B 2
] and Atgebraic ol Unit - 4 (Algebralc Expressions and Algebrd




values of a+ b & a<p

Derivation of the formulaa+b+ ey =o' 44 + ' + 2ab s 2bc + 26
Let  b+e=x,then —
mlz (a+b+r),=(0+x)2=a‘+zax+x1 " I
| a+b=5.a-b=2. Putting back the values of x in equation (1), we get

¢ Finding the values of a*+b' & ab when the

: are given.

when
<nd the values of a’ +b*and ab,
Sdmk:' (a+b+c) =a*+2alb+c)+(b+c)
ashsS=(a+h’ =5 = g +2ab+b* =25——( 1 =a’ +2ab+2ac +b* + e+ ¢!
P _2gh4 b’ =d-i2) s (avbro) =0’ 4B+ 4 2ab+ e 4 2ea [ “ae=cal

a-bs2s@-n =23=2a
Finding value of o+ +¢' when the valoes of a+b+c
& ah+be+ca are given

13

Adding equations (1) and (2), we get :
; a
(a} +20b+b%) +(a® ~2ab+b7)=25+4

; 2¢’+Zb‘=29ua’4b’=2
2 29 Find the value of @® +5% +¢*, when a+b+c=9, ab+be+ca=20.
From equation (1) Mslﬁ-(a’+b’)=25--i- (Putting a’ +&° =§)
2eb=160r ab=8 2 Given that a+b+¢=9 squaring both side we get
. (atb+e)y =9 =a +b' +c' +2ab+ e+ a=81
) putting the values of ab+be+ca =20in equation (1), we get

A (.l
m @ +b +c+2(20)=81
or a* +b* +& =81-2(20) =81-40=41

Finding voloe of a+b+c when the valoes of o’ +P 4t &

BB Find e valocs of x° 4+ 3% and xy, when by b+ Do+ ca sre given
ok are
“) xty=%, x-y=3, i) x+y=|0 X=ye=T7, G S
) x4y=11, x-y=s, VY x#ye?, r=y=4, 2 P |
{ Find the value of -a+b+c. when a'+b'4c’=29, and

1) Find the valoes of o 4+ 5° i
of a” +b"and ab, when a+b=7, a-h =3, i b o e 165

ii) Find the BT
valoes of a? « &y andnb.whm+b-9.a~b=l, 2 1o b4t + 2ab+be )
(a+b+c) =a’ +b" 4c” +2ab+ +ea

D Ha+b=10, a-p

=0, a-b=6
i) Wa+b=5, a_b=J%]Th'l°:mcmucofa=+b2, Given that a* +b* +¢* =29, and ab ¥ be+ea =26
"nd the value of ab. Putting these values in equation (1), we get

(a4 b+c)? =2942(26) =29+ 52=8l
a+b+c=+81=9
value of ab+be+cu when the values of awh+ct &

Fim!lhenlucnfdxy whea x+y =17 and X—y=§

I
ty=llond x~y=3, find ﬂxy(x’tv')-
¢) Finding

a+b+c ure gliven

|
N Unit- 4 (mwmwfmﬂh}“

Wutv=7 gny w12, find y—y




Mathematies - |y

perivation of the formulas
i (a+ D) =a’ 43abla +b)+p"
ji) (a—b)' =a’~3abla—b)-p'

| Example @8

3 2 2
Find the value of ab+ be+ca, where a+bc=14and a” +b7 4t =9y,

’| —a' 4 Jabfa +h)+ b

Solition: +b
| (a+b+e) =12 =a’*"'“z‘2(“b+'x+“n)’l“ ..... i :\.Iehavc (a+b)' =(a+b)a+h)
mn‘mﬂl*da’;b’+r’ =78ineqll=mon(l).“8¢‘ - -(d+bxa‘+20b+b')
78+ 2ab+be+ca)=1 gt ¥as B
Mab-+be + ca) =144 T8 =66 i 2b4aK +ha' +b-20b 44 b
& =a’ +2a'b+ab’ +ba' +2ab' + b
. ab+br+m=-2'=33 =a’ +3a°b+3ab* +0°

(a+b)y =a’ +3abla+b)+b’
M o (a-b) =a’ —3abla—b)-b'
We have (a—b)’ =(@a-b)}a—b)'
={a—b)a* —2ab+b")
—a-a*—a-2ab+ab’ ~ba’ +2a-b-b-b-b’
=a’ —2a’b+ab’ -ba’ +2ab* - b’
=a’ =3a’b+3ab* -
(a—bY =a’ ~3abla=b)-V’

* EM Findthe values of a® 45 + ¢, when
L i) a+b+c=5and ab+be+ea=—
i) a+b+c=5and ab+be+ca=-2
Find the valoe of a+b+¢, when
i) @ +b'+c’ =38 and ab+be+ca=—1
. i) @b 4’ =10 and abibotca=11
Find the value of ab+be+ca, when
i) @ +b'+c =56 and a+b+c=12
i) o'+’ +c =12 and gebsc=5 3)  Find the values of o' 20" whenthe

ﬂ Prove tha x’+)"+::-A)!‘R‘u=(.x7:2]z+[y-:): +(:—x)! ‘6

» ,; . »
B wie 2["’*"*2’-0—):-;:] um' 2 J2 Find the value of a’ +b’, when a+b=35 and ab=10.
B sum of three squares. Solation:

values of g+b =nd cb aregiven.

Find the value LI * e | )
a-b=blcas coansy T TObTbemcn when (a+b)' =a’ +3abla+b)+b

5 =o' +5 +3x10(5) (Putting the values of a+band ab)

125=a’ + b +50
a’ +b* =125-50=15.

(Neobeor Exnrescions and Algebraic Formulo)




| Evample (B8

Find the salue of a' =", when a-b

:zﬂﬂl’ ﬂ"‘:lﬁ-

fa=h'=a'-t' ~3abta— by se=ee 1)
Putting a - b= 2 amd ah =15 in equation (1
2 =g’ - - HISKD)
S=a'-b'-9%0 g’ =h'=90+8
o @ -p' =98
D) mnu—.c,-g;',mnnlndu% b given,

), we get

»
i Derlnﬁauofthchmnh(xol] =x’+-l—,'+3 (xoi).
x x x

We have
(a+b) =a' +3abla+b)+ b

=a’+b'+3abla+h)

1
1 ! |
{Jv- =1’ +—43 = lae-
P I 1 X

3 [;»;') =r‘¢1-l‘+3 [uﬂ ----- R

Hence it is clear that for given value of b . the value of x* + -
e 4 = A + can be
out using formula (1), %

l)  Derivation of the formala [x-l]’=x’-l-3(x 'J
x ? )
Wehave (a-b)' =o' 3aiva-b)-b' . %
‘= - -2at, 1-b)

golatio™

8

g
Find the value of x' + o whenx+ ) o s
x

(++3)

|
=x' +— +3 I‘J_J.“ ~(hh
* x

Lo
putting the value of x+ e S i equation (1), we get

1 1
(5)‘=x‘+;{+3' 5 or r‘+-;‘-= 125 - 1S = 110

Find the value of a’+b", when
iy a+b=4 and ab=35,

iy a+b=4 and ab=2.
Find the value of a' -b*, when
) a—b=5and ab=7.
jii) a—b=7 and ab=6.

Find the value of x’+-;'7.whcn
L. ) x+rm2

X 2 1 x
Find the value of x’ =— , when

x

% 1 3 & 1.7

—— — ' —— —
¥z 1.2 i) X .t=3
if 30+ L =4, find 270+

a a

lfx—L=6.ﬁnd .t"-——l—;.
2x 8x

If a+b=6, show that a’ +b' +18ab=216.
If u=v=3 then prove that u’ =" ~9uv ‘
1 |

— a‘+;—;. a’+;;.

If ai‘la 2, find the values of a'+

.li) a+b=3 and ab=20,

i) a=b=2 and ab=15.
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i Mathemay,, > x

To find the product [“i)[l“h%).

IEEEH verivation of the formula 1B =(atb)a’ tab 1B )

b
T4p = B
RHS = (a+b)(a® —ab+b*) \ We know that a” + ' (a+b)a® ~ab 4 b?)
-a.a’—a-ab+ab’+ba’-b;ab+b-b s a= s b=
=a’-a’b+ab’+a’b-ab’+b | 11 ’ -
— — -t —
=a'+b’ =LHS x’+‘, s(xi-x X -x— ‘z)
s)  Derivation of the formula o’ - =(a-b){a’ +tab+b ). =[“11x1_“l1]
RH.S = (a—b)(a* +ab+b’) x ,
—a-a' +a-ab+ab’ —ba® —b-ab-bb* Hence, the required product = r’+7
=a’+a’b¢ab’-a'b-nb'-b’ ‘ ‘
=a’-p' =L.H.S a Toﬂﬂd‘he w“d (X‘;](l’ ";,‘“)
[ ESample D . : T i _
Findlbcvalncol’g'-pb’, when a+b=4, ab=3, a, —b’ s(a-b)(a’ :“ﬂb"‘b’)
e 3 o, sl b i
We know that Here a = x, an -x | l’
o’ +b' = (a+b)a* —ab+b’) . , ' x,_L=(x—lI-"“'l+'l?] %
> =(a+bffasby-2ap}  ——-a1 v X x x x ‘ .
: Puting a+5=4, ab=3in equation (1), we get =[x-lIx= +|+Lx] f--
g a'+b' = (4)(47 =3-3) = 4(16-9) = 4% T =28 x X \ |
’ 2. Hence, the required product = X’ )
Find the value of a’ _b)

Sebiiions «when a=b=2, ab=10. ) To find the continued product of

WK A (x+y)(x-y)(x’+xy+y’)(x’-xy+y‘)
a' - .(a_bxal +ﬂb+b’)

ty
-y x'+;y+y‘)(x’-0*y)
=(a=b)a' + 5" ~20p ¢ o We have (x+ y)(x—yX

2 ')
- = X —xyty - NE ATy
Puti =(a-b)ffa-by +aab} -y _(x:.yxl)'(r’ -y Usiag the formulich
ning a-he=2 ndnb-l()inaqnﬂion(l).wepel ey

al-b!=(2)(2’+3x10)a2(4+30)'2x34=68 a(x’)’ _(,s)’




- 0 ,'#.‘ >
W / ‘Mo(hemquu B

0 (a=1Ma’ +a+h) it (3-bO+3b+bY)
i) (84 bH63=8b+H) iv) (a+2)a’-2a+4)

. | g4 - % 2 _i 2 ? 4

i) [:NEF][-W +4n’ l) i) [z” 3p)[4p +97,+|]

1 W | k 1 3 1

i) | 3p-——| 9p" + == +1 iv) (5 +—J(25 P ——
[" 3!’]( TS ) PSP T

) (=N YN )

i) ()= y)a + ) + )

1) (2r=yN2x4 y)(dx" = 2xy 4 y*)(dx = 2y 4 y°)
W) (x=2)(x+2)(x" - 2x+4)(F + 2 +4)

iht

1L
X
11111111

12.345/678,987,654 321

Unit - 4 (Algebr B 51 are ot compound surd,
e Rxpressions wnd Algetric Formuls) - ML

SURDS AND THEIR APPLICATION

ﬂ surds
\per of the form Ya,

A nuiv

where @ is 4 positive rational number is called
Hur
. grootand S
jtis®

o sl J3 and S+ /3 are botk imational numbers, but they are of

iesent 1YPES- First number is & root of a rational number 3, whereas the second
di ‘-nw is a oot of an irrational number54+y , The number of the first type is a

o THE pumber I3 is not a surd, 1t has o forn of a surd number; but its value 2
. ional- /=2, -3 are not surds because -2 and ~3are negative
is g

m Order of a Surd

n a surd a, n is called the order of the surd or the surd index and a is

amber, thercfore, will be a surd if, and only if, (i) it is irrati »
¥ (iif) o oot of a rational number, ¥ 0 W isirrational and (i)

¥ lled the radicand.

Thus if n =2 then it is called a surd of oder 2. Va is a surd of order 2.

1f n = 3 then it is called surd of order 3 and if 0 = 4 then it is called surd
o ander 4 and s0 OnL

Surds of second. third and fourth orders are called quadratic, cubic and
higuadratic surds respectively. For example V5.7 Aare quadsatic, cubic and
hiquadratic surds respectively.

Surds of the same order are called equiradical surds. For example 45,42
e cquiradical surds.

Types of & Surd

Surds are also named w.rt 1o the number of terms. Surd expressions
involving one, two, and three terms are called monomial, binomial and trinomial
wirdsrespectively. ‘

For example J3. L5t 2= J74 J1 are monomial, binomial and
tnoenial surds respectively  In general expressions containing two or more surds

are called componnd surds.  Thus 1.7 +411is a compound surd  while

4 (Algebraic Expressions and Algebraic Formula)




lflhecoemtiuuo(dnmdis:l.lhcsmﬂisc
it is known as a mixed surd. 3
\ For example J5.43,47 arc entire surds and —‘VS'Z{E are iy

surds, .
Surds which can be cxpressed a% rational multiples of the same

called like or similar surds; and those which ‘m"""°"l"‘mamm:
. unlike or dissimilar, Thus V8 . Jﬁmsimila‘rsurdsanh.eyc.nbc“mw~
8 =23 snd 18 =33 a0d wheress VB , V81, are unlike surds,

Conjugate Surds

Two binomial quadratic surds which differ only in the sign M
their terms are called conjugate surds.

Thus nﬁ-rb,/} and o\/;—b\/;m conjugate surds, These are alwg
ratioaalizing factors of each otber. %

ie. (a\l;+b‘l)—')( a&-b&):a’x-b’y

Thas 5+3and 5~43, 2-V5 and 2+ /5 are called conjugate surds o
each other,

M RATIONALIZATION

The procedure of removing the surd quantity from the denominat
-pon g soweszbodes
mommmw« vety conveni is known a8 the process of rationalizing the
For purposes of calcul, ximate values of expressi tainsng
ating appro; ons
surds, much tedious work can be saved by first rationalizing the surd ex;’e:sim.

For example,

alled an entire surd; gy,
Wiy

if it is required to find the numerical value of \V/-g-.weluw

© find the value of V5 (i.e. 2236 ), and the value of 3 (i.c. 1.732 )and thes

obtain the quotient 2238 4 )
a2 1.732 * Which it too tedious, Much of this Jabour can be saved

by multiplying the numerator and denominator of

J5
Thas 73'")'\/5.

Wzl
_2.4+/3, find the values of x:%.,,d el

I«

z
fon: : ¢
since x=2433. 2=
* a=iB f
l= 2”({— 5 \htlllpl-)m'_‘ the denomesytve g nusRtabar by
~=ar 2-N3 e by e compugae ot 24 3,

il e VD +(2-B) =4
X

D
W

l‘- P DOt LY WAl i
Now, (‘H’x) 16 P 16 | "5_3:‘!__1.’5.33'
\ m-}’oroo'
& Bagemit AR S
( 07407

[ 22
ux=ﬁ-ﬁ.ﬁndthe values of x—%u\dxu;’?.

Sulution:

1 1
Since x=«ﬁ—J'_-'. ;=m

i ﬁ+ﬁ =J§+&_ 5
2 WBr-2) 32 e
- x—{ « (=3~ (S3443) =22

Now, (,_l)‘ = (=22 = ¢ +}1-,-~2-Ax2=8
X




o Matheq,

l! State which of the following are surd quantities.

i 1 i) Ji+ds i) 5 e / )

ay —mr b) =mr ¢ mr O
v ¥ v x vi) Vi+x i
. ‘ ﬁ] | |
FZ Express the following as the simplest possible surds: X ‘/h’ L Smh v o
3 D:u?ymcfowui?miﬁ i 5 o=
3 ;

—
a) Mx’y' b) Mx’yn <) Wyu & 61:"-’

oo s dh i A-902+y g (x+dy)-Gx=6n= -
A
B W s ) i (3—2\/5)(34‘2\/3) o b) 2x+10y ¢) dx+y d) d4x+10y
" Rationalize the denominstor and simplify: V) (@+b) —(a=b)' =
\ K 1 2
i 7” i 73- i) — L o
7 45 2-1 1 =¥
s — ¢) a'-dab+2b 5 o
iv) = o 1 =
X 5 A 70 W (rbror =
1aptact
ne 3 l!an5-+2.ﬁndlb:vah:so!x+landx’+-—'—. ol *b'+c‘
= > b) al+bi+c F2Aarbie)
£ lfx=\/2-+‘5.fmdlh¢vahmolx-lmd x’+—l~ c)‘ﬁ*b:+c=*u“b+b¢+m)
x A
b+c+ 2ah+be+ca)
lfx=5—2\f5.ﬁndlbenlmolx+lmdx‘+-l— d)! a’+ )
viiy a’+b = 3
""=75L"ﬁ°4‘b!"ﬂ0¢iofx—lam];’+l a) (a+b) =2ablatb) b (a+b)a® +ab+b?)
- ~ e :
L A = " (@a—b)@a® —ab+b)) &) (a+bXa® —ab+b")
*=V10+43, find the P2l i
vnlmorx-;and X)+xi" vill)  Conjugate of 3-45is
"322—\/5.ﬁndvalueo! x‘+i RS N o
-2

T & BB




i  expressions is equivalent 10 the oy
I i) Which of the following Pressiey
I

(' +‘).i v

4 jgebraic expression is a statment that connects variables and
J 1) (L ¢ ‘: :m::':: by the help algebraic operatons +, - x 4,
2 S 2
1 » S p x -
: 9 D w2 pn expressions of the [0 oy ahete p(x)& q(x)ase polynomials
144 ¢ . s
Rnwh"::ﬂhﬂ following expressions @ + b is not a factor? and q(x)#0. is called a rational expession,
l) I 2 2
by a +b . .plx). e ,
a) a —b” - 2 A rational expression —q(x) is said 1obe in Jowest term if p(x)& g(x)are
3
) a+#b r ¢ ials with integral coefficient and having no factor common.,
125y 150t polyn
B Simplify: o2 A number of the form 3fa , where as a positive rational number is called
¢
2x-3 a surd- . . -
T S i | e sund 3a, s caled the ordersf thesud o the o ndex nd a i
P! PR Find the values of x* +° and xy, when x+y=7, x=y=3, y aalled the rudicanih ul
Find the values of a + b4 ¢, when a® + b + ¢2 = 43 and Some important formulas
5 B o
eb+bedca=3.

(@+b)’ =a’ +2ab+b*

B ¥a+btc=6and o +5° +* =24, then find the value of ab+be+cq.

BB 1 20— 3y = 8.and xy = 2 then find fhe value of &7 — 27y
m lfni:&.lhmﬁndd:bulueo{x%%.

o 8 mwmu(ﬂ -i}{ﬁ 1,25
, AR FTRRTE A

 Think
% 0. Simpufy‘i__x__* o1

x-16 x’--‘ x+2

(a—bY =qg* =2ab+b*
at =b =(a+b)Xa—b)
(a+b)* +la=b) =2(a’ +b)

(a+b) —(a—b)' =4ab
(a+b+e) =a + b 4+ +2ab+2bct-2ca
(a+b) = a’ +3abla +hy+b’
(a=b)* = a’ =3abla—b)=b"

X 1
{_”l] = x’«r—", +3 [x+-;]
b : S d
o' +b =(a + b)a’ =ab+b’) U|

@' —b = (a—b)a® +ab+b')

7
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aetion
! ; were given factors and
EACT n Unit 4 W€ 1 asked 1o find 3
AC oreverse the process. We will be given a Mymml”.:“:kxe are now
§% s is called ¢ torization, 10 find its

peor® 4, we have studied about algebrai z
In UM EChrmic expressions, polynomials and

o ) ; : - jtiplication 10 et 8 product. Before we start the n 3
o Recall factorization of expeessiont of the following types. g;vﬂl:i definitions. e:dmeh type _ol' f:l:winn for our l::‘:i‘;,ll,I :u:m‘?::
i athematics, i 3
lat b+ ke, | Mlhgunso‘"'h'”n extended idea buikds a new storey to old
ace s bet b, et

ot = Zahs B, ' Muitiplying
——b

@ W ] _ Hx45)=3x 415
@+ by B ‘ R PSS
; Factors Factorizing Product

. Faxtorize the expressivas of the following types:
Typek a*+a’’ +4* or a' v 4b" M P
- FACTORIZATION
Writing an algebraic expression as the product of two or more dediki
expressions is called factorization of the algebraic expression. For example,
§x+10x° = 5x(1+2x) (As Sx is a common factor to each term.)

This shows that Sx(1+2x)is the factorization of algebraic expression

Typell: 4+ prdg.

Type Nl ax’ +brte

TypeIV:  (ax’ +hatc){ac’ +bhovd) bk
(xda)a+b)(x+er(x+d)+k
(x+a)(x+B)(x+)(x+d)+ i’

T TypesV: o’ 43d 5141057,
N b+3ab" + 1y L whereas Sx and (14 2:x) are called factors of the given expression.
@' =30+ 3ab’ -1’ 2'%3 Recall the factorization of the following types.
Type VI: o’ 45’
BEE Factorization of expressions of the type ka+kb+ke
p

« Sweand i
peove Remainder theorern and explain through examples.

[P rampic @1

+ Find remainder (without divi
polynomial, dividing) when a polynomial is divided by a locar .
+ Define 2¢ros of a polynomi Factorize each of the following.
ynomial,
+ State and prave factor theorem : a) 15+10x=5x" b) 125y’ 20"y
Salntion:

_5. =534 2x=x")

Use lacttu u'lcoltﬂ\ 1o ‘ll“ﬂ"z". a Culm: I Ollylm“mL
.5.! -

3 15+10x=5x"=5:345-2x
b)  12xy 20"y = ax'y-3y-ax’y

Unit = 5 (Foctorfration)

= op

=



EEEN roctorization of
(i | Eamnple G

Factorize o* -ab-3a+3b.

olisthion
at—ab-3a+3b
=(a* _ab)+(=3a+3b)  (Cope TR 18Tms
=ata=b)-3a—b) :
:(a-b)(a—]) v e e Lidior s

[EEEH ractorization of the Type a’ +2ab+b’
gl

Factarize each of the following,

3) £ +8x+16 b) 25y° -30y+9

2) ¥ 48x416 =2 +2:x- 444 =(x+4)

b) 255" =30y+9 =(25y)° +2-5y-3+3 =(5y-—3)2
Factorization of the Type a’ -6°
FaT™="T 4

Factorize each of the following.
a) X' -16 b} 94" - 25 €) 6x* - 6y*

W) £ -16= ¥ & = (1+4)(x-4)
b) S’ - 25= (3a)° - 52.= (30 + 5) (3 - 5)
€) 6x'~6y" =6(x* - 5*)

= 6(:’4»”)(,2_},:)

Expression of the Tvpe ac+ad +be 4,

Vol TS AU TR UL BV I CTRTPR

- 6(1’+y’)(x+ .V)(«l’-y)

Q-'.

)

: ol \/'\7 T I AN e
$ i~ A 78 @
X‘iY [ é{’;\“’ ’26

A S
8-

Faclorize a® +dab+4h’ - ¢

2 +dab+Ab* —c' =a’ + 2a)(2b) +(2)* - *
=(a+2b)* ~(c)*
=(a+2b+cia+2b-c)

6
Factorize a® =b* +2b~1

ol —b*+2b-1
=a*—(b*=2b+1)
= a* = (b —26)D+()'}
=a’ = (b=1)
={a +(b=1}{a-(b-1}
=(a+b=1Na=b+1)

' 232 A _ 1520002 ST PR
05’ +155°" =35 10a’b’c! —15a’b’c +30a'b'c
-2y =207 +xy

4t v —20(x+ y)z +252°

ax-a—x+1

ax' 44+ —l—
X

. .3
14 2uy =u” —v°

~ Unit- 5 (Factarization)




Factorization of the Expfession__of .the Type-l
Aby ot +a’dt +b’ ora’+4b’

those algebraic expressions which are nejthe,
squares nor in the form of the differeace of 1o SRaarss. EK: e “""‘li:'h
subtraction of some suitable terms make it to convert in the form of 42 -
became factorizable. For further explanation consider the following example,
[ Example @
Factorize a* +4b°
Solation:
Since a' +4p' is not @ pctf&l square, therefore we %
Aa*¥2b') =4a’d’ then expression becomes perfect square, but we oy
suberact 4a°h*, so that the value of the expression is not changed,
o' +4b" =a* +4b* +4a°b" — 4"V’
'] + () +2a*)(20") - (205)°
=la* +2°f - (aby*
=(a® +2b° + 2ab)(a* + 2b° — 2ab)
[+ 6" =b' =(a+b)a-b)]

This type inclodes

Example 3
Factocize o' +a’h® +b°,
Solution:

If we add a’s*, the given expressi
we add and subtract 2. pression becomes

@' 40’0 4+ b* = gt +a'h 55 +a'bt— gt
a' va’h bt = {(o’)' +2‘a’xb')+(b’;}b_dzb;
%'*b’f—aw
gc'x +b,r-(¢b)'
= (nl +b* +abx¢x 5 —ab)

a perfect square, Thered

1 2
ozt ¥ —Tx 4+l

ww:b_u’a—lsx‘ﬂ—-h’ .
:ddgnds\lmcl 2x°
‘—1x’+l=x‘+|—7x’+2x’_2,1
St 12 =T =2
= {(x’ )' +()F +20)( }-9:‘
= +1) = @0?
30123
= (¢ +3x +1) [ =3x+1)

Factorize the folloy ing
X464

& +aht +b'

4x' +81

ax’ el

f+x‘+| ;
>

at -ty o6ty 1]

v,

81 x‘+§Tl—‘--14 &}‘
x
sty + ey +9x° .A_J

(= I~ I -~

16m* +4ncn® «n’ 5 ¥
({m N




- -a"l)*e""
,,;‘\ X3

Factorization of Trinomials of the Type-ll: " +bu -+
This type of trinomials can be factored into the product of twa bin omiat

factor a trinomial of the form * +hr+c. We look for binomial factors of i,
(x+p)(x+q), where pg=e and p+q=b. Thatis, we look for two Dy ;
and g whose sum is the coefficient of the middle term of the polynomiy), By

whose product is the constant ferm, €

Exsmpic £
Factorize: v =Ty +12
Soelution:

2 .
y¥=Ty+12 .
We look for two numbers whose product is 12 and whose sum is -7 B
the constant term, 12, is positive and the coefficient of the middje 4
~7.is negative, we look for a factorization of 12 in which both factorg o

pegative.
Pairs of Factors | Sum of Factors
-1, -2 -13
2 6 -8
3 4 -7 The bers we need
are -3 and -4
Thus we have,

¥ =Tys12=(y=3)(y-4)

[ Exsmpie §1] |

Factonize x* +10x+2],
Soduthing:

Here 3 and 7 are two numbers whose sum is
10 and product is 2.

Therefore
1—'*10-!*2‘=(x+3;(,*7)

=90 with cppasite the signs
| whose sum is 13,

[W:mfmﬂlfg(m';‘

f

A M S AT

expression for the perimeter of 3

o hose arca is  given by

d
Mg
x;*|3‘|’—90.

gt 14 13x-90
o Alf:l: “';I_ (he problem, we factorize the trinomial.
To

\-’+I3.t—90=(x+|8)(x—5)

Taking 5
X418

meter p of the rectangle is

p=2(x+18)+2(x-5)

p=2.r+36+2x-l0=4x+26

Factorization of the Type - lll: ax® +bx+c

jon ax’ 4 bx+c, remember the following steps.

The perd

To factorize the express
Find out the product ac where a is the co-efficient ot &* and ¢ is constant.

Thea find two sumbers b, and b, such that b, =ac and b+, =b.

Hence ac +bx+c=ax +hxthxtc.

oo G2
Factorize 2x° —=Tx—4.
Solntinin:

Comparing
a=2.h==7, c=—4

Therefore,  ac=2(—4)=-8
Now find two numbers whose sum s
are 1 and -8,
Thus,

2

2y? =7x -4 with ax’ 4 bx+¢, we have

-7andprmluclis-8.'l'henumb¢ﬂ

2 —Tx—4=20 +x—8x—4
= (26 +x)-(8x+d)
= -‘(2_|-+])—--|(1\’+|)
=(2x+ 1N - 4)




0 — TN 7S TN 2 ' -, i '. sC W o ;‘\‘L;\, J' \.{:
o o ) > s X s e v »
D2 - " — o ~ X ol i r— - — 4‘:‘\4\4
it P e
i
" 3 o
Factorize the following. _qlﬂ"" s #1Le+ 2)3x +1x+3)-12
B ¢-n2 B #+x-12 B 20, put 36 #1152 Y.
n 2y =Ty 43 B 45 +8x+3 B 10y? ~3y 0‘! +||I+2X3I +|lx+3)-|2=(y+2)(y*3)_lz
6x’ ~ 155" ~9x B 2o +80-24x =y +3y+2y46-12
R 2
BN 24s0-128 M -16x’y-20xy" -6y’ =y 45y-6
Jracsy. |
11 (x+l)’+3(x+l)+2 Ax'y" - 402"y’ +84x°y =y +6y-y-6 /‘_ //
B! Find an expression for the pesimeter of a rectangle with arca given =Yy +6)=1(y+6)
x*+24x-81. by =(y+6)(y-1)
5. 1.9 - : putting the value of .
' Factorization of the Type - IV (ax’ +bx +c)(ax’ +hx +d)4 : cx’+l|x+2)(3x= F1x+3)-12= 05" +11x4 63 +11x-1)
i ! 4
4 orization of the Type-IV (x-+aj(x +b)(x +c)x +d} +k
Factorize (x* +7x410)(x* +Tx+12)+1 m Fact —
Solutlon; Mls —
= —
. (x’+7x+loxx’+7x+lz)+1 Factorize (x+ D(x+2)(x+(x+4)+1 7
Let x=+7x=)‘.lhmweluve : Selution: ) ¢ ﬁ'
(y+10Xy+12)+1 (x4 I(x+20x+ Mr+4)+1
=¥ #1225 +10y +120 41 = (x4 Dix+Adx+2)(x+3)+1
=y + Ry4121 =(x + 504" +5x+6)+1 2 | {f
=¥ +1ly 411y 412 Put x* +5v=y, Y | i
=YD+ (y 41y (x4 D4 2)(x+(x+ )+ 1= (y+ Ny +6)+1 Y al
=y+1y+i1) ) =y 410y + 2441 | |
. " =(y+11)? P""‘"Slhevalueor, =y'+|0)'+25 ! 'a
S (x +7x*lox:’+7x+]2)+|=(xx +Teet | =(_v+5)2 ‘
=(1’*7:ﬂm,x+7'+”) : Putting back the value of y. |

(x4 1)(x + 2)(x + I +4) +1=(F +5x+5)

Unit. 5 (Factorization)




[ Example B4
Factorize (* ~5x+6){x" +5x +6)-2x".
Solution:

(x’-Sx+6)(x’+5x+6)-1x’
-[x’-Jx-leG][x’+3x+2x+6]-2x’
=[(x=3)(x-2)[(x+3)(x+ 2)]-2¢
=[(x-2)(:+2))[(x—3)(:+3)]-2x’
u( -4)(=9)-2¢

=130 436-20°

wx'=150 436

=x'-12¢ -3 +36

=5 (' -12)-3(+-12)

Factorization of the Type-IV (xralx +b)x He)x td) s gy

'_rq«g(rrS' L e -
Mt
i 18
/ Factorize 8a' +36a’b+54ab’ + 275

,nlmiﬂ&' +36a° 2p & 54ab’ + 275"

= (2(1) 4 3(2“) (%)"3(20)(35)’ "(35)’
=(2a+ 3b)

| g
7 factorize 27x° =27y +9xy* -y,
| \nllll"’“ A

710 -275y +9%" =y
= (3x)" =30x)" () +3(3x0n* - ()’

=(-12)(x*-3) i
’["’%(2&)’][(:)’-(6)’]

2204
Facwdzation of the Type-y
a +J¢'b+3¢b‘+b’m¢a ~3a
We know tha
@+8)' =a’ + 307 4 3057 +b
(@~b)' =a’ ~3a% 4 3057 _

YOU HAVE
T0 BE 00D
T0 BE NUMBER

=(3x-y)°

(4x* =163+ TH4x" —16x+15)+16

- -
=

ONE

’b'l"db, _bj

Bl ! +9x—4)9x" +9x-10)-72
B (x+2x+d)iat 6y +8)~9
M xx+Dx+2Hx+3)+1
T (x4 Dx+2(x+ 30 +6) =35
[ 64x’ - 144y’ y 108" -27y*
- ] )

Y a—---‘-a"b+lub’—b—

8 27
i X 8% 3 0
[ %e —, _ s

a a X X

B 270" +1890%6 + 44 lab” +3436°

2 1
813—4_‘4.__

4% v 27x'

‘ Unit - 5 (Factorization)




- ib cal! B A N OV N et M Y\ Cthemay, otbrc iy 2 o )
of 'f _Zia SSEEES — S8 A \111' rmﬂf""‘ =IX O-‘. - c g Y 1"' == 8 /) 7’,{5'\
" ERRER ractorization of an expression of the Type-VI REMAINDER THEOREM AND FACTOR 711
a’+b' and a’ -b’ THEOREM
inder Theor
We know that ﬂ e -
o +b* =(a+b)a* —ab+b’) . _—
4 Y _ 1w (a-b)a® +ab+b’) omial P(x)of o s
:w a m:m”mfmummmmm ’ When # polyn Jof degree n21 s givideq by x=r. gives a
b 5 constant R as remainder then R = p(y).
[ Examplé. €1
Factorize 2¢° +16 proof: ;
: be a polynomial of n
Solution; : Let f’(x) polynomial of degree n 21, divided by x - r, remainder R is
2 +16=2(x" +8) obtained. ie. »
= E] ) 4 Quotie
=2[(x)" +(2)°] e 5 T
=2x+2)(x* -2x+4) B’ YT
SN ¥l G U
L Factorize a' - 640", L ———
Solution: . b -
& - 645 [ Dividend = El?':or % Quotient + Remainder |
=(a)' = (45)' A -
=(a-4b){a)’ +(a)(4b) + (4b)° ) P(x) = (x—r)-Q(x}+ R, where Q(x)is quotient.
=(a~db)a* +4ab + 16p*) Whenx=r. P(r)=(r-nQ{(rn+R
! P(r)=0+R
| or R=P(r)

which proves the result using remainder theorem, We can easily find the
remainder only by replacing x of the polynomial by the number r.

Factorize 1y Tollowing
o,

[ 1; RN
2- o
B ot 3] 243

R
B2 256t py & 12 ® :
B < 7. ]8("'1')"144(0-5)' ) gmaincer
E ﬂ’f(c+d,l q’@ "f‘

10 EPYER

' NOTEEC 139




T

! Divide
: Remainder theoren.

3t -xed
g ze’
P ebx-3
3\’:2:
x-3
:4\;8

5 e——p

Soluthon:

) We see that remainder = §
A Simce P(r)=3¢" =75 $65-3. Divisor= x—2
Therefore r=2
oar  Pr)=P2)=3(2)" =72 +6(2)-3
=24-28+12-3=36-31=5
= PQ=5 or R=P2)=5
Which is same as we obtained by actual division,

[ Esamcpia &<}

Wilboul Ormin s < ’
is divlt‘ledp:'yf x-ss division, find the remainder when

5 2 =37 4 x-2

Here Pxy=22' -3¢ 4 ;5

and F=re=r-3

= r=3

RzP‘f):P(})
=23 -33

) 432 = ;
Hence remainder = 25 322200309y 4

=54-27+1=28

] (=2, and verif
Py ac~76+60=3 by x=2. ARGYCTLY your My,

luc of k, 3x? T _ e .
fFor what value +9x" — 3k = 4)x 4 2 will be exaclly divisible by

w1

gince P(x)=3x" +9x7 = (3~
cenminder s 0.
ie. R=PO=0
or 3D+ —Gk =4 +2=0
34+9-3k+442=0
18-3k=0
18 =3k

N.'
Ax+2 s exactly divisible by x—| then

k=6

or
m Zero of a Polynomial

Let P(x)be a polynomial. A value of x for which P(x)=0 is called zero
of the polynomial.

To. 25

Find the zero of the polynomial P(x)=x* —4x+3.

Letx= |, then
Py=1"=4(1)+3
=1=4+3
=4-4=0
Hence 1 is a zero of the polynomial x* —4x+3.
Similarly when x =3, then
P3)=(3)7 -4(3)+3
=9-1243
=12-12=0
Therefore 3 is another zero of the polynomial.

f"',ﬂjs (Factorlzation) ¢ ‘NOTEFE m




[FACTORIZATION OF A CUBIC POLYNGHAL

; Theorem
: DS : hall use the factor theor ’ E—
. Let P(x)be a polynomial. A lincar polynomial x—r is a factoy of P(.q-' Now W'C §! €m 1o factorize cubic polynomial,
' and only if ris a zero of the polynomial P(x)iie. P()=0. 16
ysing factor theorem, prove that x-3 js g faeyq, of ' = z?
Proof: find the other factor. —_— T =5x-3 and
Since P(x)is a polynomial and let x=r bea factor of P(x), Mean, thg golution: o
when P(x)is di ‘ded by x=r, then remainder will be zero. p(x)= “‘3 =X =333
x=
We can write p=3 - (3)* -5(3)-3
Px)=(x-r)Q(x) +0 =27-9-15-3
o ro=e-now)  IfY+3 s a factor of +/ A
Putx=r f“: a2 | P(3) =
P)=(r =) Q) 43.)' +ky+g | | Therefore by factor theorem x=3 is a factor of P(x). To find the
= =0-0(r)=0 | ﬂleyalueofk »' m‘u’ming factors divide the P(x) by x—3as under.
=:  HMN=0 - ] ' X +2x+1
-._ It means that x:,i‘nmoflhcw'ynomial P(X). ’ x=3 &—x’—sX‘z
G = +x{ 33
o4 ,mﬁ'.'.my' tet x=r be a zem0 of the polynomial P(x). Then by e -
of o of a palynomial P(r) =0. Buy by remainder theorem g N e
Pir)=R + 25" F6x
i R=0 < pin=0 tk&
The o
refore, 0

PR =(-n 0+ &
= PO=z=ngm)+0
= Plx)= ("")Q(x)

=

Here Q(x) = x" +2x+1 and R=0.
Since P(x)=(x—-r)Q(x)+R

X~r iiafxwro‘ P(I)
X' = x =5x—3=(x~3)(x* + 2+ 1)+0

This completes the Proof of facyor theore
m.

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

E Unt~§ (Factorization) ; NOTE !

Unit -5 (Factorization)




it aVb=EC
= quh»ema"q ',m,;u‘:x
=y Wt

Prove tht (x+2) s & foctor of ' =7x=6 and hence find e |

— . psing remannder theorem find (he emainders of the fllowin
Salution: n ,h‘nl"".‘““ when I
Pix)=x'~7x=6 P s 6xt +8x=11 is divided by x-1.
A g 2" +4x* +7x=5 is divided by x437
P(-2)=(-2)" - -2)-6 i 4 i
~200 is divided by x—4,
=-8+14-6 i, 3 4% -200 1 Y
=]4-14 without I,L-f|||["llln§ division find the value of o, whef
= B gy’ = 2ux +3v+ 2 s exactly divisible by 541,
Since P(=2)=0, therefore by factor theorem x+ 2 is factor of P(x). 7 v -« ¢
find other factors, divide P(x) by x4+ 2 as under -To @ without performing division (ind the value of 0" when ' =4¢° + hx—2
jf-h_j s exactly divi ihle by v =1
x+2 X-71-3 & u Using Factor sheerem. factorize the lollowing polynomials,
M o I
2 2 ”. Remember ! . -2 -5x+6 i, 4x'-4x-4
5 - - M
; 2 u-¢ To factorize a cubic iit. £=-Tx+6 iv. . X =9x' +23x-15
& FIr T4x polynomial by Factor 3 x’—4x’ ~3x+18 vii T +28 =19x-20
X v theorem, itixneccuuymlv . . 5 -
7ol ‘:S‘x; ane of the factor or ane of the il O —xT—14x+24 vili. x'—-6x"+32
zet0 of the polynomial is . ;
Hette  £-74-6= (x4 2)e1 —22-3) know, D ED E N OEE SO .
| |52 )
=420 x4 x-3) | e40 l &d0
-(x+2)[1(1-3)+l(x-3)] ' P )
={x42)(x~3Kx+1 10 &
) T I
multiple
}1 iple of 4 i 4/ .
£ e A
XN 2]
factar multiple of 5
of 20 of R
Fiom D Ers o e
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of 8y’ =z are

Factor™ 2 :
2y—-2.4}"+2)':+2‘ b) 2y-2,2y-2 2y-z
o gy-z. 4y —2)2+2 &) 2y-z,4y 5 3
) EL  True and false questions. i ¢ X+z
Read the following sentences carefully and encircle “T" in cagq " In simplified form S +a—’-Tv‘ -
'F" in case of false statement. W'N
> by 3 b+l a
()  =11x4+30=(x=6)(x=5) o oy b
() & +27=(x+3)x' =3x+9) T 5 "b'b’
(i) 8= (x-2)" +2x+4) T~ 9 o & =%
%) &' =" =(x=y)x+ x4 y)’ b . 1 3 B
W) feytsd+y)N0-y") Top! Factorization of a”=b" +10b-25 is
(i) 2+ =(x+y)° T~p a) (a=b+5Na=b+3) ) (a+b-5)a~-b+5)
T—p ) (a+b=5)a+b-3) d) (a+b-SMa-b-
BL  Complete the followi e
G 9 -16y" :g:g:;':t)mm' i) Completely factorize 16x" ~81.
- 2
@) -2y =3y 2 (2x=-3)2x+3N4x"+9) b) (4 -9)(4r +9)
{ (i} x*=Sx46=(x~2) 3 o (2x=3)(2x+3K2x-3) d) (45 -9%2x-3U2x+3)
(iv) o' +b’=(a-p) e i A
] —
v) B’ +¢'= Factorize the following.
c=iiee) ) 30-3x"—18x ii) 64y’ +27
s iii) x* =" iv) 343a’ -125b" + 56~
B. Choose the correct answer. m)x. 4 V) .
IR S — B Factorize (x+1)(x+2)x+3Kx+4)~120.
3) x44,x-6 ﬂ, Using Factor theorem, factorize the following polynomials.
b 2
€ x43,x-8 ) *-4,x46 i) ' =17x4+26 ii) ' —30x ~124x-84
d) X+s_1-3

B Fuctorize a* +a*h* +b*.

il 2o
i) F““’""""“"'"ﬂx,‘,v_zxis
B By using long division method, find the quoticnt and the remaindes when

a) (x-,... :xx_’_z)

¢ b 3

) B4yt (eey-y d: f::’-sz—y-z) (22 + 42 — 6) is divided by (x +3).

1) gl + - 22
Factorizstion of 4?4 51 Y¥Nx-y-z) Bl  Find the remainder when the polynomial * + 2~ 3x + 1 is divided by
a) (@-bXa* 4 ap 4 2, /I_T‘N;lic a x-1, b) x+2.

b) (a*bx"z+ab+b’) N
o, By using remainder theorem find the remainder of the following polynomials

when:  x7 =7x" +1is divided by x+1.

€ (a+bia’ +ah-pt)

d) ..(a+b)(az ~ab+b?)

Usit— g (Factorization) NOTE FOR 147
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Writing an algebraic expression os the product of two or =R
expressions i called factorization of the expression, Eebgy
When a polyromial P{x)ol degree 7 21 s divided by Xy
remainder R = P(r). ‘ .
Let P(x)be a polynomial. A value of x for which P(x)=0 js caliag g
the polynomial,

Let P{x)be a.polynomial. A lingar polynomial x - r is a factor " i
and only if 7 is a zero of the polynomial P(x)ie. P(r)=0).

Dividend = Divisor x Quotient + Remainder

} Remainder Theoren, |

Factor Theorem

Unit ~ 5 (Factorization) i Unit - 6 (Algebralc Manipulation)
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ALGEBRAIC MANIPULATION

4 fer ceading this unit, Ehe Gtudants will ba able to l_\

A ’ 4 -
i ichest common factor and :

Find m_gh: least common muliiple of algebraic

c,pmsslon. .

factor or division method 1o determine hi
* }::; common multiple. ghest common factor and

Know the relationship between HCF and LCM,
Solve real life problems related to HCF and LCM.

*

o Use highest COTIROT factor and least common multiple to reduce
fractional expressions involving + —x +,

r Find square root of algebraic expression by factorization and division.

—

Introduction

In the previous classes we have studied the concepts of HCF,
LCM and square root of numbers. In this unit we shall study these terms for
algebraic expressions, different methods for finding them, and their use in
simplification of algebraic fractions.

HIGHEST COMMON FACTOR AND LEAST COMMON MULTIPLE

m Highest Common Factor (H.C.F)

The highest number of factors common o all given expressions of
polynomials is called Highest Common Factor (H.CF).

In other words H.C.F of two or more polynomials is a polynomial of the
highest degree, which divides exactly the given polynomials.

NOTE FE




' a)  HCFby Facforization.
b H.C.F by Division.
We shall explain these methods one by one through examples.

@) H.C.F by Factorization
e @1

Fnd HCFof © =y, ©=xv
Solution:

=yl m (x4 y)Nx-y)

2 -xy=x(x-y)
We see that x— y is a common factor.
H.C.F:_t_y

O

Solution:
v ax' +5ax+ 6a = a(x* +5x+6)

'S =a(x* +3x+2x46)
=alx(x+3)+2(x+3)]
=a{x4+3)x+2)

ar' +9ax’ + ldar = qy(x* +9r+14)

4 =¢u(x'+7x+2x+14)
=alsx+7)+2(x47)]
=ax(x+7)x+2)

15a(x - 4) -15,(,-2)(,4,2)
In the above factorization
. - We see thy
clpl.e.ssions. italso divides exactly n,: ;,(,: s C?mmon Vi
% HCFe ars 2 expressions,

Find HC.F of ax’ + Sax+6a, ax’ +9ax' +14ax and 15a(x’ - 4)

Unlt ~ 6 (Algebrate Manipulation)

R W R AT ] T T TR N e
,mcﬂf”'x atbeC m\ Ok e \Vi/x' /.’,%, >
path _ (g

1 C.F hy Division 3

Fouow“‘s steps are u.scd in finding H.C.F by division method.
" wite the cxpression or polynomial in descend;
variable.

pivide higher degree polynomial by the polynomial of lower de,

{f degrees are same then unyonecznbuﬁvidedbytho«b« o
First divisor is divided by the remainder, .
Repeat the process till the remainder is zero,

Last divisor is the required H.C.F of the given polynomials,

ng order with respect to

find the H.C.F of three polynomials, first find H.C.F
.ll;:ﬂn.ﬂlcn find H.C.F of this H.C.F and the third po} " of any two of

rs"
Find H.C.F of 22’ +7x" 44x—4 and 20 495 +11x42.

; tion:
\ e Let P{x) = 2x’+7.r’+4x-4 and Q{x) = 20 495 #11x42
1

2+ 7 +4:r—4;2’+9x2 +11x+2

+2k £ 707 £4x54
A +Tx+6 20 +7,

+dx-4 (x

Dividing by -2
T+Tx46 | 2x43

? +4x

Hence H.C.F of P(x) and Q(x) =x+2

; -'f“.,f—:\ LE |
Unit - 6 (Algebralc Manipulation) NOTE FOR SALE ‘m




RIS AR T e M S e S MR 2
\.0 atb C M\ e [ 7."‘"1 .?A;"s, ; \
=) g
m‘ x—li Y bx’ +11-6
_6, 3’ =5¢" +6x—-4 and \, 3
' Find HCFof ¥ =68 +115=6: AU
: 3¢t 450 —6x-2. . —X’*le
: Solution: B W
Let P(x) = o =65+ 116 -
Q)= 30" —5x* +6x-4 P
and R(x) = 35 +5x° =6x=2 0

First we shall find the H.CFof Q(x) and R(x).

3P - 5¢ +6r—4)3F + 557 —6x-2(]
+ ¥ texTd

210" —12x4 2

Hence the required H.CF of x =65 +11x~6, 3¢’ ~55" +6x-4 and
3X’ +5;’ —bx—2isx-1.

ﬂ Least Common Multiple (L.C.M)
‘The Least Common Multiple (L.C.M) of two or more polynomials is the

Dividing by 2 jynomial of least degree which is divisible by the given polynomials.

P —6x+1 P’ - 56 +6x—4 (35-7

There are (Wo methods of finding L.CM,
¥ (a) L.C.M by factorization (b) L.C.M by formula

(o) L.CM by factorization
To find L.C.M by factorization we use the following formula.

~HCFof Q(x) and Rix)mx-y

152 Juore Foulsacc

N‘wwsha!lﬁndtheH.C.Fo‘x-llMP(x)

R L.C.M = Common factors ® Non common fnmr;l
Multiplying by 5
-;Zx’uss;-loo I 5
T . Find L.C.M of o #dx+4 and XF#35x46.
B19x-9 _piviging by o Sulution:
¥=1 J5F —6x1f5x- Hadrtds (x+2) .
=(x+2)(x+2)
= P 45x46=x +3x+2x+6
B o = x(x+3)+2Ax+3)
* =(x+Nx+2) s
* LCM = Common factors % Non-common ;

LOM =(x+2)x(x+2x+3)
LCM =(x+2) (x+3)

(Algetraic Manipulation) i Unit - 6 (Algebroic Manipalation) v = NOTEFOR m




(e (OF

Find LCMof x* =4x+3, ¥ =3x42 and

Solution:
Fedyad=y =dr-x+3

=a(x=3)-Hx=3)
= (x=3)x =) i

X =5x+6.

¥ =3x+2=0 =2-142 |
= x{x=2)=1(x-2)
= (x=2)(x=1) weereres (2)
P aSxebmy’ ~3x=-2+6
=x(x~3)~2(x~3)

=(x =3 x=2)-rmemee (3)
In expressions (1) and (2) x—1 is a common factor.
In expressions (2) and (3) x-2 is a common factor. [
|

o In expressions (1) and (3) x~=3 is a common factor.
Therefore, X
LCM = Common factors x Non<ommon factors.
=(x—IMx-2x-3)x1
=(x=1)xr-2)(x-3

| 6.1.3 | Relationship between H.C.F ang LCM

Relationship between H.C.F ang 1 ¢3¢
hich we have discussed in section 6,12

is shown by the following formula

ﬂl,ol'l‘“ i L
if A and B are given polynomials ang their
H and L respectively then

“.C.F and LC.M
qesented Y e S H X L -

proof: ; ;
since H (H.C.F) is common factor of polyriomials 4 ang g, gen i divides
yA and B.

Let

exact]

=

=@ s (1),

o x|

and

Clearly @ and b have no common factors,
W()n (l)nnd (2) can be written as
A= Ha-——(3)
B = Hb ~=ees==-{4)

L.C.M = common factor x non-common factor

LI R—
= )

o

L=Hxaxb
Multiply both sides by H.
HxL=H(Hxaxb)
HxL=HxaxHxb
HxL=(Ha)x(Hb)
HxL=AxB

using cquation (3) and (4)

eR e

AxB=HxL

B L.CM by formula } ‘
LCM of two polynomials can be found out by using the following

formula,

LEAxB

.. Product of two polynomizls

LC,
o HCF

- Unit -6 (Algebrote manipalation)



7
Find LCM of x’ —6x* +11x=6 and &’ —dx+3.

Solution:

First we shall find H.C.F of given polynomials.

E-"‘-Jif -61“*"1-6“
+ Fdxi3
—3l-6x' 415x=9  Dividing by -3
2 —5x+3) X ~dx+3({x+5

x2 Multiplying by 2
E-sxm
+3r F5X

x2 Multiplying by 2
lf—mMZ
105’ $25x 215

Hence H, A
HCFof x =6x* +11x—6 and ' —dx+3 s x )

& LC = L1oduct of two Polynomials
HCF
= ""““3)(1’4:’“1:—6)
Dividex’ ~6x? 4 lx—ﬁb;:‘-l

TR RS :
] ot NN
,_lj.g-axunx-o( Ritene .

7y

—5F +11x
:FSxS +5x
ﬁx.x
163
0
herefore LCM= (x' —4x43)x -5x+6)
8
Find H.C.F and LC.M of 3" =22 ~3x42 and 620 -7, ~x42,
wiml:

Let A= 3x’-2x’—3.r+2
and B=6x-Tx -x42

3= 2% =3x 42 t’—?x’ -x+2{ 2
6,

+6) T4 T6xxd

-

-1 |-3x"+5x-2 (Dividi =]
3x=-sx+1]\ -h’%
P Fss2r
S T
434 35t
0
~HCFof Aand B =3x"-5x+2.
To find L.C.M we have the formula
Ax B
L=
i
x4+l
(3" —22* S3a 2)(6x° 70 -2 +2)
(3 —Br42)

LEM = (x4 1)(6x° = 7x° —x+2)




@ cM of o polynomials  are %3

i HCF and LCM _
2 -9¢ + 26x - 24 respectively. Find the second polynomial yy, ::

polynomial is 5! -5x46.

somﬂ,:l:.CP =x-3., LCM = —9x" +26x—-24

A=f-5x+6,3=?
We know that, AxB=HxL
HxL

= SR
_ (x=3)s" ~9x* 4 26x=24)
x'=5x+6

X -5x46

& 75" 4 6x
-}xhinx-ﬁl
FAY £20x 32
0
Thus B =(x-3)(x~4)

= -7x+412
Hence second polynomial is x” = 7x+12.

polynomials F )
respectively. Find the polynoenial xoldegmca;x and x*+4x% +x-6

-9x° +26x 24 x-4

Salution:
H=x-l, Lo rad sx
-6, A=28="
L=x’"‘)¢‘-6

L=(x=1)x+2)(x+3)

Clearly x-1 ::mc:‘m factors x Non.-common factors,
non-common factors, ,:;:‘;"‘ of A and B, and (x+2) and (x+3)are
B= M A=(x~1)(x+2)=x" 4 x—2

X ;’(!x‘;el)(xf':)gxuh_.:‘
Tequired polynomials of degree 2.

OTE FOR SALE |
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Unit ~ 6 (Algebraic Manipulstios)

”puchtion of H.C.Fand L.C.\

o™ 5ol 15
ST et the punibec b (240 12y, whete x. y ure numbers prime 10 each

il
ii)

)
i)

v

1

am ol 1w

o nmbers is 120 and their HCFic 12

e . Find the numbers,

12x+12y = 120
s, *¥IT 10

we have to find two numbers whose sum is 10. The possi
11{‘: of numbers are (1.9). (2.8). 3.7), (4.6). (55). | possible such
The pairs of numbers which are prime to each other are (1,9) and (3,7).
Thus the required numbers are:

1x12, 9x12; 3x12, 7x12

e I 108 and 36, 84.

presstons by Pt ration method,

NS NN

Find 1101 thae Ludle
(x+6)° and x —36.
=y and x* N T o A
x=3,x° =9, (x=3)

2 1
23 (=) (ra2v) 2% (e (1429) ¥

(x- ¥ (x+2)

-2yt x4 12y + 6y, 9x% + 9y’




BR. Find 1LCF by diviion method.
) X -x=6andy’-20=3.
i) -3ye2andy’-5yT+7y=3
4 Sapt -3 -3
? i) 2¢=dx'—6xandx’ +x -
| i) 20 4105 + 51425 and ' +55° —x=5.
B Fiod LOM by Tactorieatlon.
i) x+y, 2=y
iy L=ya-y
i) X-x 2-x and X' -5
i) 2F(x-y) (x+2y), 25 (x=y) (x+2y) and 3 ("‘)')z(nz,,
BB i 1LCY and 1.CM of the fallowing expressions.
) x2'-20'-13r-10 and " - x* ~10x-8,
) 2x'-204x% 4306 and 4x' - 20" 4350,
i) a‘-g'-a+land o' +a’+1. !
v} ""“'hr’nndl+2:+x’—.v:‘-x’.
B HCF md LCM of o polynomials ae T
= o 43¢ - 6x~Srespectively. If one polynomial is x? +2x-8, find (he
i secand polynomial. o
62} _"‘"""“ of two polynomials is. x* +5x" - 6¢* =2x-28 and their HCF
15x=2, Find their LCM.

8 HC. i
CF'Ind LCM of two palynomials are x+5and 2:’+llx’$2:-15
fespectively. Find polynomials of degree 2,
8] l!pmdnuofmpolynomlalsls X460 3,2
x’+2:’—llx-l2.Findlh:irH‘C.P.
R Wagar wishes 10 distrityyte 128 bananas

cenain number of children, Fing the hj
the fruit in this way,

=56x~48 and their L.C.M is

und also 176 apples equally among a
ghest number of children who can get

teda W

the quotient of g algebraic expressions,

BASIC OPERATIONS ON ALGEBRAIC FRacrions -
algebraic fraction is

of these are;

3 o iy 243048
e 49
1
—5+y3x
. xs,|+4x iv) X
iti) x+7 —
x+5

We shall now carry out the operations of addition, subtraction, product
jsion 08 algebric fractions in order to reduce them by giving some

ol We assume all fractions are defined.

alﬂl’l‘s .

12
w"-- x+y

simplify 20y

X=y
3x+2)"

) satution:
oy, =3
FTETE T

’_(ﬂ-‘y)_-!-gf_-_)') CLOCM =3x+2y
(3x+2y)
x+’+x;t e 2x
3 Ax4+2y 3x4+2y

(RERTIS 13

X=Y ;|,-:—2\‘z
smplifs Self Ba . A
Shmplity X4y

X -y ;
Selution:
x=y x*=2y' x=y £ -2y’
xty -y xey (xenx-y)

3 -29

x-y

- 2_ 242
:fx-,v)(.'-)')“~":-2-\") E,r'—zx,\'*) xx* r‘) 5

(x+ y)Mx=y)

(x+ yHx=Y)




)

£y ("
Fgﬁ?5§%3<rwﬂf“wv) “*”“-ﬂ

5 | 1 _(x=p+{x+y)-1

Ty a-y Gex-y) (4 yXx-Y)

x—f+x+)( -1 _ 2x-1

7oy By
[ Example §5

: it D 1 2
’i TY-y-1 ¥ +5y-14 y#8y+7
e Solution: ..
s P O 1 2

Y=y=2 y+5y-14 y48y+7

= y 1 2
(r+1y~2) (y=DAy+7) (y+1Xy+7)

LT - (y+1)-2(y-2)
(+D(y-2)(y+7)

Y ATy—ye-l- ~2y44 _

Y 4dye3

(r+1Ky=2Ky+7) (y*le-Z)(y+7)

= Dyed) 443
S+ =2Ax+7) " (3=2)y47)

16

; ]
%
W;ﬁllw",3 B-x=2"

9"“”,‘&4 -—‘-1':_9'-

Ra e v
"‘3 x( +3)
)

S )

Ly

MultiplY T 55543 £
form.

el work may be indicated as follows:

x+4 (x+3) x=3
oo 3 ﬁ%}?& (Factorizution)

(ERsn i e common faciur)

i 25 -3x-9 <
x -2x =g " write the answer in simplified

x(x=2)(x-3)(2x+3)

x’ 2x 25 -3x-9
2045543 * 9

mls

T (AN (x+3) T +axe3

(x+l)(21+3)(x+3)(x-3)
x(x-2) x'-2x

Y

3 1 ) X“.'4
ey e e | .
-2 x+l

Selution:

3 | ) x+4
.t | . —
{x 2 x+l) x=2

Ml -(x-2) x=2
(x-zxnn Tea

') ) x’+-")’"‘)’ (x= N+ ¥y, X
[.l -y x.,y_. -

Yamn @A)

e I s
(x—2)(x+l)(x+4) (Ml)(x+4)




m s":l’m";, ) XY, Xy

D xTy'x_:)— x+2y 3x+2y

; 3 2y y 222 X2

i) y—_z--;—z o 5 xty r-y
x -y y

v)

2043+ Y4 2.:’+xy-

a a bax ¥ 2xy 4xy

i vii) e
vi) -y Ix+y 9 -y z—y 1+v Xyt m
2
I O W L1, 2 4
a*+7a+10 a*+10a+16 a-b a+b a+p a*+p7
Foayvdy Frapeyt 1
x) B3y > R )
¥y =y Xi=y
ﬂ. Slenplify:
=25 ; 2
i) = i) x’+s§+4ng,
4y ¥ 43x42
. £ ~51+4 el 453 2
% P o — -——“‘“b’? ___" +ab+ b’
aX—- a 5 b'
7
v) RN | L @t 3 4
X4 x+2 vi) n"a ;;l:b;;b
viip 2 ©-2u
Ix-12 gy
vii) 28 . 2.1 iy
a0 +5a-3 9:’Za“$4‘ o
ix) 9-c X"-Z.r’-J, :
POy C+7r46 x) %x © ~2ax+a’
Bk * +(b+a)x+ab

S:l" are root by factorization

Pl method make the expression a perfect Square then find
I-:-lol:I plain this method, consider the following examples. SR

u.
Find the square root of x* +ax+za by factorization.

gelution: r 1.4
2 -
we are to find X +ax+4a

. 1 1 5
x’+m+-}a' =(x) +2'Ea'1+(‘50)

=(.\’+%a):

N [_ Vo : |
.\"+‘~"+‘4'a -I+-iﬂ
Highest Common Factor (HCF)

20 1,2[4)5, 10,20
28 1,2\4)7, 4,28

Least Common Multiple (LCM)
9 19,1827 45,...

1212, 24.6/438, -

SQUARE ROOT OF ALGEBRAIC § EXPRESSIONS el B6
yose root of an algebraic expression can be found g by the following
¥ neihods: By Factorization b) By Division




T ‘. "‘1'—:
v Al "'1“"“‘"7:1:'».

T o
Find square root of 17 rr;-l({.nJ 2
Solution: : : | )4‘25."2
: — r —
. _“4,;':...[0(;4.;]427:: 01, IO[I"O-J_
2
1 1
1 LY s X 5
=x’¢%¢2-10[x+;)+25 =(x+x) 2 5(.\'+x)+(5)

- (nl)z-z(x +—'-]~50(5)’
X x

did P
X

1

Square root by division

To find square root by division method, study the following examples,
IETETIE 22 Find the square rootof 163" =24x' + 250" 12y 4.4,
Sulution:

b)

4 -3re2
16 =245 42507 <1204 4
:!M{
=24 4250 < 125+ 4
' 495

vi6x! =45°
2™ element of square rox

165" =125+ 4 _ =24y 3
¢ = — =3y
£16x'712c2 4 " 8y’
el ot 2
o 3" element of square red
. 16x7 L

Double of the firs elements of u;g;rc root
Double of the firs WO elements of square ruot

/

Wt ing square root by division methog
“,W vious example we have follow
n P"c‘_q‘“_.“g.... i descending ordey
l Wiite l':m root of first element which is4x*
) ::mq the qu’r; or44.r’ from the given expression an
: _|2¢+4d.
3 +25% ;

,g.tf‘ sccond element of square root by dividing the first ferm of femaing
- of the first term of square root which is ~ 3y, .
'y the second element with the sum of twice the firgy
1 W'";d cecond element ie. =3x(8x° -3 =

inder.
#lemﬂ""“ <d element of square root which is 2,
s iply third clement wit}a sum of twice the first two terms and 1hird term.
1, Mo ot —6x+2)=16x" =12x+4, theén subtract from remainder, we get

e 285~
gero 33 remainder.

et the fullnwing Sepy:

d get remainder

term of square
~24x" +9x7 and subtract from

The above rules are quite ge::;nl and will be used in every problem for
root by division method.
ﬁ,y;squut

mz‘s 5t 3

- - -
= Y .o y_day
are 1001 of ——+Ax" $—— b=y’ ——,
Find the sy 2 e 5
Saltion: . .
i ss1on 1n des I r.
Write the expression in dcscqz:nd ng orde
‘T_:"z
3 4 N 2 dax '
l: :-h'»-‘r.‘—u-‘-—-;«%
o2
=2y RTINS
' s’
" a Am .9?
) s 5 .‘ - 4‘, e
o et
= i i ¥ )
_—_—_,_-——-‘——F-
(£ 2044
1 = | -
& Required syuare roof = £f —-—2t 3
oo R 7
) Not For:




B o )
(i) What should be added to
" (ii) What should be subtracted from
iii) For what value of x
1 b,
The expression 9x* 125" 105 =3x =3 1o make the perfecy SQuare

Salution:
3 =2x+1
38| gpdap2x’ +10x° - 3x=3
95

6x* = 2x -122 41087

tl!.r'tdx’
6’ -dx+1 +617 -32-13
26x°+3x%)
x-4

To make the given expressi i
gi pression a perfect square, remainder should be zero,

(i)  —x+4 should be added.
(iiy  x—4 should be subtracted,
(iii) I~4el=x=4

Weﬂ‘ still us.z the base-60 number system developed
by the ancient Babylonians in order to tell time.

This is why we have 60
seconds | i
a1 8 Ho s in 1 minute and 60

o S S R\ Al
AH’:;I!": = — - —pe _.i\‘ R N
\ S Sk df‘

ﬂ Find the syuare roul by fuctorization methog

i Cadxed i) ("”)’-*6(“”,9
s - 8 16 » : 1 5
v R B "3 x+i) +18
1 3
v) A+ Hx A DX+ 41 bl (" ;] -s(,_l) e
x

vﬁ)(x’i‘—l; -4 x+-l-) +12 Vi) m

s : 95"+ 242y 416y

Find the suare rool of the following by division method.

i) x'+x -%x’ ~4x416

3
:+ 1
‘V) [r-F] _12(‘1“% +36

ol b the expression 4.t'+31-’+%+g+-!‘7wlll
SR

ﬁi)f—2x+l+2xy-—2y¢y’

For what vabo
hecome a pretlect e

(i) What should be added 10

(ii) What should be subtracted from

(iif) For what value of x the expression 4x* ~12%" #17x" ~13x+6 so
that it becomes a perfect square.

ﬂ, Whiat sdmed 102 sabiteaced sl

st i ol e

B Finid thie vl

petiogt wyu

Jlled to the expression x* = a4 10x 4 7.
fegt mijuare

fod whiedy e Following eXpressions will hecome

405 =70x'+1092° +1x-m,

100

() x' 441" 416x° +leem (i)

Unk~ (gebrac Maripalotion) NotForS




REVIEW EXERCISE 6

el Malhc,h”“
1.

u Sclect the correct answer.
i HCFof a' -8b'and a* —dah+4b" is

a) a=2 b)a’+2¢b+b’ ¢) a+2bh
i)  LCMof 2x+3y)’ and (2x+3y) ' is
a) 2r43y b) (2x+3y)’ ¢ (2x+3y)°

i) HCFofa'-b'and o +ab+b’ is

a) a+b b) o' +ab+b’ ©) a-b
iv)  LCMof (a-b)'and (a-b)' is
a) (a=b) b) (a-b) ¢) (a-b)*

10{x+3)(x-2)

v) Reduce to lowest terms:

| i5(x-2)
= ,)i(’;;” b) 2x _o(_ﬂ
4 15
vi)  Simplified formof & ____1
250 -b*  Sa-b
Sa +5a
) ——— e ~Sa
Ba-p Y s ey
vii) ’-5_4‘;:
T=x-2 44143
8x+21 Br-3
ﬁ%
\
(| “I(x+2)(x+3) (x+|)(r—7){‘+1)
St
hL 8r+9
(:-l)(:+2)(x#3j

d) (a+ Zb)l
dj (2X+3ni
d, (u—b)l

d) (a ~b)

d) 2(x+.|)

25a% -p’

IV - Ix- 2
—21—2 ‘_3
e crl Ll 1iy2
LCM=
™ F
a) H.C b) AxB
AxB HCF
A B
—_ d) ——
9 HCF HCF
g LCMof a*—a+1and @’ +1is
a) a+l b) o -as|
¢) a -+l d) a’+a+l

u' Simplify the following.
5 3 5
1 o R + VR
25+4 £ 435+2 $-35-2

iii) x‘_4 Lxy

= e i

. b ¢ 3_g4) 3 :

it) g v + ivpa —b o’ vab+d’
(c-a){a-b) (a=-b)(b-¢c) (b-c)(c-a) P FETT TR daen Ty T

B FndLCMof x* —6x' +11x=6 and x’ ~4x+3.

E Find the square root of:
i) ax’ —12x+9,

Ci) A 460 vax ]
(T -
Think

N s
B simpity Z oY (DRI R ——-’—

I+XV+V X"\'

O+t




¢ The highest aumber of factors commaon 10 all given eXpression,
polynominls is called Highest Commen Factor (H.C.F),

ar

-

< The smallest number of factors which contain all the factors of two
more given algebraic expressions is called Least Common M“]ﬁpol:
(LCM).

< LC.M = Common factors x Non common factors
Dividend = Divisor x Quotient + Remainder

= Product of two polynomials
H.C.F of me ploynomials

¢ LCM

@ | Product of wo polynomials = H.C.FxL.C.M ,

1divided by 998001

pives o complete sequence from 000 1o 999 |,y urder.
/950001 = 0.80020)

01101201301401551¢01 7013015020
160470 0540 0043062042044 04%0
lmn”'..’”""’ﬂlu M £5040200¥
oy 102100104104, 303
ORL0833211123311 )
manaa II4LISII61IT100 01200218
S = mulu'l’lI”gn!‘l”l“l"ulll!lIOIQIICZliﬁl“l‘3!1‘1'

0161
INTQINTOTIINI T R081 AE2I616H16316616T2605601 90271272

SHIINI32402401 24334 320424524 C2 40240
5223 ....muuuuunuusuntuuauz”xu"ﬂ"“

g yNit

I this umt, ha st . i '
|"‘“de a L \ :
- . 2 to
| haedr cuuabion T
2 Rccﬂll

 Unit ~ 6 (aigebraic Manipulation)

LINEAR EQUATIQN
S AND
INEQUALITIES

solve linear equation with Fetiutil Cuet s,
Reduce ¢qoutions. involving radicals, 1o simple lineas form and find thei

’ colutions- 3
pefine absolute value.

J salve the ogualion. involving absolute value, in one il

: Define inequulities (>, <) anl (Z.2),

jzc properties of incqualities (i.. vrichotomy, transitive, additive
' mdmulliplicnlivcp.

t’ solve linear inequalities with rational coefficients,

—

“ LINEAR EQUATIONS

m Introduction

You have already studied in previous classes that an equation of the form
ax+b =0 where a#0and ae Q
is general form of linear equation in one variable with rational coefficient.

IR 3
M 2x+3=0
i) Sy-4=0
(i) Sx-15=2x+3

RPN P
(IV) 3,1—3..

are lincar equations in one variable with rational coefficient.

u-m'h"' Equations and Ingqualities)

~ e KL




,'.1athcmc“
.

Solution of Linear Equations with rational coeffecian,
N [ To satve a linear cquation we will follow the following rules:

1 Transfer all terms containing variable on one side and constap, g
’ o

the (ther side of the equption

2, Simplify boih sudes of tie Cyuatioi, '
i i the eitional ¢ o
3 Divide hath <ides of the equation by the ritional coofficion -
L IRV
4 Value of vanabie which is single pumencal value o obtned.
S.  Verify this value by putting it in the original equation.

6 IfLHS=RH.S of the equation, then this value of variable is the el
solution of the equation. ey

Example @

Solve: 2v+ 3= I-6x= 1),

Solution:
We begin by using the distributive property 1o remove the parentheses.
+3=1-6{x-1)

2e+d =1 646 Using the disstibutive peoperty

e+ 3=T-hr Cambinieg like terms

Lo+ 65+ 3=T-6x +6x Using the adition peinciphe 10 b o v il sides

B 43 =3=T7~13 Using the sddition principle 10 mhd=3. o il 1, o el sk
awdfB

Using the muleipbication principle 1o sttty by 1%, or divide by
B, on both sides

x=1R Semplifying
We check the result in the original equation,

| Note IS S

An equation remains balanced when
* " Equal numbers are added te each
side,

C'l“‘u Zx+=|_.6(x_l)

1
223437 1-6(+-1)

Substitute (he answer back imto

cquation to ¢
CYUation remaing hu:::; e

H x—‘s_‘,q,_‘oj LHS:RHS
3:*'5' -
3:"‘%—5‘—-*5 (‘mm“vm‘omﬁ‘&mmm)
box x—10x _1+25 -9x 2
%'Zx:;t 8 5 5 s
L 26
AT T o s
25 (dividing by 9)

219

4

of mother is 13 times the age of her daughter, It will be only five

simes after Tour years. Find their present ages.

Safation:

Let present age of daughter = x years,

and present age of mother = 13x years,
After four years,
Age of danghter = (x4 4) years
and age of mother =( 12x + 4) years
According to given condition

Age of mother = 5 (Age of daughter)

I+3 | 1-6 (-% ) *  Equal numbers are subtructed from
4 143 each side,
4| 4 Tre - fa':h side b maltiplicd by equal

The solution is L.

Each sile is divide hy equal aumbers
excepe 0,

or 13y +4=5{x+4)

= 13044 =5x+20 )

= 13x =5y + 4= 5c—-5y+20 (Subtracting 5x from both sides)

= Syv4+d4=20

= Br+4-4=20-4 (Subtracting 4 from bath sides)
By =16

. o 16

— — —
8 8

= v=2

= 2 3
Hence present age ol mother = 13% 2 = 26 years
andd present aee of danphier =2 years,

?(lhmr Equatlons and Incgualities)




i igi f digits §
A umbcrcomﬂoflwndlplx'mcsmno gits is 8, 1 g .
. inl:mhnnpcd. then new number becomes 36 less than the oﬁ‘in;'ﬂu -

Find the number.
Sulotion:
Let the digit in Ones place =X
and the digit in Tens place =8 - x U0 AU 0l thigtin = 5)
then original number = 10(R~x)+ 1
=80-10x+x
=80-9x
When d.igils are interchanged,
then pew pumber = 10x+(8—x)
=10x+8~-x
=9x+8
According to the given condition
f New number = (Qriginal number) — 36
or 9x+8=(80-9x)-36
= Ix+8=80~9x~36
9x+8wa4-9y

Y t-

!

=

=05+ 9x+ 8= 44-0r 49y

= 18x+8=44
- |&,+8—8=44—8 e 1t akey)
= 18x =36 :
18x 36
= ﬁa_ v adige | |
1% :
= =2
Hence digit in Ones plce =2
nnddigilin'l'cnsplaoc =8-2=6

< The required number = 62,

Find the sotution scts of the following equations and verify the snswers:

; e ,
) sx+8=23 n) 353" i) 6x=3 52549
= b o2 :
) By x+13 9 Vi) 10(x~4) = 4(2x- 1)+ 5

is thought of a number, added 3 with it. Then he

$ doubl 4
ﬂ got 40- What was the original number? led the sum, he 4
{
u The sum of two numbers is —4 and their difference is 6. What are the t
2 i |
qumbers? |
' ﬂ The sum of three consccutive odd integers is 81, Find the numbers. a1

Aman is 41 years old and his son is 9 years old, In how many years will the i
fother be three times as old as the son? - {

g

The tens digit of a certain two-digit number exceeds the units digit by 4 and
is 1 less than twice the ones digit, Find the two-digit number.

The sum of two digits is 10. If the places of the digits are changed then the.
sew number is decreased by 18, Find the number.

[§  ibreadth of o room is one fourth of its length and the pedmeter of the room g5
is 20m. Find length and breadth of the roon.




EEEN solution of Equ
Radical equations arc
radicand.

Thus. Yy +5=9isa sadical equation”
bt 2+ 45 =9 is not a radical equation.

It should be remembered that in this unit radical equati
4 these numbers will have only positiye”

considered as positive numbers 20

Thercfore equation like Vit

equation is not true for any value of x. On the other hand Jx+6=1 has el
4 'ﬂing

set consisting of a real pumber.

Solution of Radical Equations:
6
Solve Y2x +5=9.
Solution:
»
T J2r=9-5
' "" e J2_194
- 2c=16
| 1=8
Check forx=8:

9=9

ST -

Solve V3x-2=5x34
Solution: ¢
VJZ-Z =\}SI¢4
Squaring both sides

(3r=3) = (fEeeaf
Sub : 3x-2m5x+4
racting Sx from both sides
Ir=5x-2=5r-5x44
| P--2=4
Adding 2 1o both sides

oy

Sx=8

atlons Involving Radicals
equations in which the unknown ix jne
'“dﬂd in ¥

Reasoning
1solase the lerm.conhining the radical; ’

Square both sides
Divide both sides by 2

J(8)+5%9 = i6+5=9 = 44529
verified.

il be
Suare

=~11has no solution becagse

f
it
v i, .

I MISARREARS

Unit -7 (Linear Equations and Inequalltics)

w:

_ %it- (tinear Equations and Inequalities)

oth sides by -2
6

e b
Di"dmg When solving

=2X 2
—2 -2 I"kams that
c==3 :T:‘tv-:o radical sign,
: y=-3 in given equation ¢ both sides of
iiypox="3 Ingiven ey
% J3(~3) —9 =5(-3)+4 the value of 0 ablain

unknown,

o J’_’@"Z;J-IS+4
L Fii=di
LHS=RHS

satisfies the given cquation,
= -3}

g=-3
%""m solution set

8
fFind the solution
sapation

set of the cqualion-.‘lx+2 +hH=2,

Sx+2+6=2

o~  Ix#246-6=2-6 (Subtracting 6 from both sides)
= J;;WZ =4
(\)3.\ + 2)' = (—4) (Squaring both sides)
-  3x42=16
= 3x+2-2=16-2
= Ix=14 ‘thn we take square
4 of both sides of a
= o] radical cquation,

sometimes, we get
rools, which do not
satisfy the given
equation, Such roots
are called extrancous
roots, Thercfore it is
pecessary o cheek the
correciness of the
roots by verfication.

4 ¢
To verify it, put v = !—‘- in given equation.

3[1"-‘-\-&21-(1:2 — J14+246=2
yus3
c= fl6+6=2 = 4+6=2
= 10=2 Which is not possible.
Thus the given cquation has no solution.
i.e. Selution set = [ ]




i T ing ranfical et
i8 2fa-3=7 B se3db=20
flgfr-sadriss B 20-3r =i -4
B2 Ja-T48=11 [0 2=17+Ji0-3y

EQUATIONS INVOLVING ABSOLUTE VALUE

Absolute Value

On the real number line, the distance of a number x and is denoted by
Far example [§|=5 s0d |-§=3because both 5 and

I¥.

=5 are 5 units from () i

b obvious form the figure
' 5 unis AN
..y ¢l ) | (S
¢ i A -5 0 5 B
B Fsl=is|=ls|
S Similarly [0 =0. Notice that [x|can never be negative, that is |{z0

- If:xis positive ar zero that x| is simply  itself, so we can omit the vertical
and write |x]=x. On the other hand, consider the absolute valve of 3
negative pumber like x=~5, |s|=|-5|=5 =
Thes if x is negative,
indicates that we have chan
interpretation, absalgte val
Definition;

then [4] is the positive number —x, The minus sign

Mlhesignof x. Thus asid f Bk
ve can be ‘kﬁ“ﬂiasl‘olluw; c from its geometrical

The absolute of a real number x, written |x]

|,1={* if x20

+ s defined as

=X if x<0

- Unlt-7 (Unear Equations and Inequalities)

{A

:'(S""

solu ¢ ;
ve equations involving absolute value in gae yar;
b:;"‘m possible values of the variable, for exampk‘i':nnble we have to

P o

A !
ke C gt

e e

tion of Equations Involving Absolute Valye §

use]2|"—2]=2. [*]=2 theax=2

T ,;o cxploin (his concept we consider the follawing examples.

a4 :
sal“l"‘”’?
rf‘"ﬁ"givwﬂ“mm is| x-[[:'l.lhemhzmamtwopossibihﬁﬁ:
5 R - x=141=741=5 x=8 und
4 pimi - x=l4l==T+1= xu-6

herefore solution sct = (8, -6},
Find the solution setof |3x=5|+7=11

galution:

\3;-5\-&7 =11

\31—5l+7-7 =11-T7  Subiracting 7 from both sides
\3x-—5]=4

The two possibilities of equations are

Fx-5=4 and 3x-5=-—4
—=3x-5+5=4+5 and Ax-5+5=—4+5

= 3x=9 and 3x=1

= %:% and %!-813 Dividing poth subes by 3
1

= x =3 and x=-3-

={a

Therefore (he solution set

n one variable |




Solve for x.

u ||+J|=5
l |;—4'=3
n I.h-:':, B 4)5c-2[+3=11

B |-seei-6
B—Ih"le 2

38 j_%»"‘BJ'_fl
[ [2-9]<¢

2
(o8 sl4r=3-0=

5

LINEAR INEQUALITIES

Inequality is a statement that one quantity is less than, gr.\.'ntcr than, Jae,
than or equal to and greater than or equal 10 another ma.xhemnn'cal Guantiy j
called linear inequality and the refations are shown by inequality symbols g,
under;

<" means less than

>'  means greater than

‘S’ means less than or equal o

‘2" means greater than or equal to
Thus if @ and b are twa real aumbers we can
line by using inequality symbols. For example;

@ <hmeans ais less than b, and on number line a lies 10 the

a>bmt.msnisgrcalcr|hanb.nnduIics(oll i
AEh means a is Jess

compare their positions o the real
left of b,

than or equal 10 4 and a coincides wi

th H or lies 10 the
left of b an number line,

3 z? TIEHNS a i greater than o equal to b and o coincides with & or lies 1o
the right of p.

Linear Inequality in gpe variable

oo IX atbT G g Q—r’

ar+b>*
sbzc|  wherea, b, € are any real numbrs with a 20, ¢ is
a pec also a real variable,
et
u_|'+
n.("‘bsc

+5>4 isa linear inequality in ope variable, 2,,..15 2 isalsoa
qhus 3% 6

jity in one variable. By the solution of an incquality in one variable,

a0 Slue of the variable that makes the inequality 1 trye statement, The

f et the cible values of the variable which makes 1he inequality a trye

o all P""“ctl the solution set of the inequality,

st s :ways convenient (0 represent the solution of .
lambertine: le inequality and it m. ans al real numbers

¥ suppose x<4 us'a simple inequality 1t m. ans all real nu

ot aﬂ“l’:;'s than 4. Geometrically we can say that all those real numbers which

incquality with the

ghich & 10 the left of 4, Hcm we nrcloexclu;le 4. This is & ne by using a hollow

g¢ 08 nd 4 as shown in the figure.

gacle arod The set of all real sumbers less than &
;;.;-240;2;15

i ave <4 then 435 included in our discuision, so in this case
B ﬁh?:khdhilsd or “solid" circle as shown below in the figure,
e will use ’ ‘

The set of all real numbesrs less than ec equal 0 4,

K 49 2+ 00 33

S 1
Show =2 <& < S on o number line.
': i reates than ~2
~2< y <5 means the set of those real pumbers wl'hch are g
but less than 3, 5 _—
# <2< y<§ means the setof all lhos; real n:mbcrs which are
and 5, obviously =2 and 5 are nor mchnd: l.l ¥ N——
cally - 5 means the set of al L
& geometrically ~2< v <1

ALVOSAD A7 &
=

4 5
1 v Y] A | =203

7 {Linear Equations and Inequalities)

e e e oy s e

H it below.
jaorammatically it is shown
1o the tight of =2 but to the left of 5. Diagra iy
o

ST

-

s g gy >

—r




The following are some Pmpa‘ﬂes of inequnlilies.
@)  Trichotomy Property: '
u.”m,_).m,,,ym,,;,.e;;lm:mtseﬂ:menom:xmdoﬂlyone‘,r,her
statements is e . , °"°Vli.;G
a) x>y b) x<y c) x=y
(ii) Transitive Property:
U,‘,-Mzmmydmcmlnumbmlhen
a) |(x<;uuiy<:=x<:
¢.sif,\'=l, y-S.z:ﬁ.tben 1<5, 5<6 and 1<6 is obvi
p)  Ix>yady>I=>x>I ' 10usly trye °
i{x-l,y-o,z=-4.lbcnl>0.0>-41ndl>.4
(ki) Additive Property: ’
If x, y and 2 are any three real numbers then -
4)  x<y=x+I<y+: '
A egifx=3,y=52=2then obviously 3<5 , 3+2 < 542
\ _x<y=x-1<y-t
B e.gifx:J.y;.S.stthan-!(S-z
‘ b))  x>y=xér>ytz
.w egifx=5,y=3,z=2then5+2>3+2
& X>Y=2X-1>y=-31
i cgifx=5, y=3,z=2then5-253-2
Multiplicative Property:

(iv)

[ 7.3.1 2

erties of Inequalities

If x, y and z are any three real numbers then

a) (i) r<y>am<yz
@ x>y m>p)’ when z is positive number.
:il;i:-';y%z-hlmqbviously 5<6.5'4<6-.4 or 20<24
, ¥ =3, z=2then obviously 5>3,5:2>3-2 or 10>6.
b () x<ys sy .

(ii). ysecy ‘when z is negative number. .
f—ijx-B.)-=5.z--2 then 3x -2> 5y -2
e.gifx=5 y=3,z=-2 then 5x -2 < 3x _;

Unit - 7 (Unear Equations and inequalities)

P f properti :
write (he names Of properties used in g X
Y A hchuwlmgm'me“

21<31 = 3l<41 )
2>15

(1]
), 10 =<K 00 <1251 g
g [e>dmdizcen: o
s‘“ﬁﬁn:
. 31 = 21+10<31
w U< +10 (A :
Hence 21<31 = 31<41 ey
g§ = 15+7>8 .
(i) 15> f7 [ Additive Property)
Hence 15>8 = 22>15.
(i) 10<20 = 10x3<20x3 (Muluplec wive Properiy)
Hence 10<20 = 30 <60
I 12>-15 = - 12%-2<-15%-2 (Multiplicarive Praperty)
Hence —12>—15 = 24<30 '
v x>4 and 4> = Xx>2 (Transitive Pmpcn:,)
SOLUTION OF LINEAR INEQUALITIES WITH RATIONAL
COEFFICIENT .
Linear inequalitics are solved in almost the same way 25 [inear equations
PRINCIPLES OF INEQUALITIES:
il ifa>b, then
a+c<hte, and a-c<b—c and a=b>0.
il it asband k>o. then




Application of inequality in Real Life

Velghts: i
|,u:m; . checking @ bag at an airport. Bags cm; weigh no nygye thay
ou are e : sihle weight w (in 5
Kes. Your bag weighs 168 kg. Find the pos S Kgithye you Q:l
add 1o the bag.
(e €8
Solution: . .
Weight of bag + weight you can add < weight limit
1684W S50
Q168+W ~168<50-168
W<332
You can add no more than 33.2 kgs
14
: 5 x 3 a <oy
Solve the ineguality 2(;+I)<;2- where (i) x is @ nitural number, (ii) y isa
read number,
Solution:
2(5“)(2 Original inequality
4 2 Multiply both sides by 4
2x+4)<h
F+d<3 Divide both sides by 3
x<= Subtract 4 from both sies,
e 0

=4 +—+
~10-9-8-7.6-5.5.3 ‘.|0

[ atbC Wy
l{"‘“".(’ 2
"

L R O

15

w he incquality x-St H where (i) x is patural i) xi
solve ! 7 7 : al number, (ii) x is

arcal pumber.

s s,_._’_; Original inequality
7
1x~5% 15+ 2x Multiply by 7
sx-5% 15 Subtract 2x from both sides,
5x<20 Add 5 on both sides.
<4 Divide both sides by 5.
——— ;

—

109-8-7-6-54-3-2-1012345678910

If x is a natural number then the solution set is (1,2,3,4}. But if x is real
pumber then the solution set is show in the above diagram.

FEEEEE 16

. X+3 _x-5
Solve the in-equality 2 < T where xe R,
Solutbon:
x+3 _x-§ - x+3 X—SSO 3(x+3)-2(x—5)so
2 3 2 3 6

3x+9—-2.\'+|050 & x,;w <0 =o6-"2lgs6-o

= x<—-19. The solution is shown in the diagmm.




n Show the fallowing incqunlities on number fine,

) >0 iy x<0 i =2s
) 358 v x2-3 vi 317255
6 2
vi)-5<x<6 i) 32x2-2 i) 0<. 1
x+3 3

A0S

2

Find the sofution sets of the following inceualitics:

A 3
‘|':- ) 7-2x21.xeN ii) Sx+d4<3q, xe N
& ) 32t o, i
VL 3 <u-lS, xeR W) (dx+3)=23 Te€ ({1,234 5.6)
Ve ¥) Sr+1213-x .xe{—Z-LO.I.2.3.4.5’
J VD zl+6s.l—" T
—5—S—.1eR vii) 21 1-x
3 [t S
7 xXeZ
BY Soive the foliowing inenar
sl g inequalities qnd PIoE the solutiag ) b mmhier
i) isl &
]
l,, 3 ) x+722 i) 3x~2)5 5
iv) 5)5)-2

"HS§+|sa.s

Vi) =2< v e

-

" M /“Mi =7 (Unear Equations and taequalities)

i)

i)

¥i)

s dect the correct answer,

solve for x=’|2'|*‘6|""""..

a)l’lz b)x=8mdx=4
Jx=12 and x=0 d) there is no solution
Solvefor x:[3x=1=2.

L— 1
ﬂ) I=| b)x=lmdx--3
o 5=l ind x=-1 &) x=land x=-§

The solution set of VS5x+342=4is

1 1 ;
"/{3} ® {5} 9 2 @ m
|

Solve for x, Vx =—10
a) (=10} b (}

V2x+1-5=4 isa

#) Linear equation
¢) Cubic equation

c) {100} &) (10}

b) Radical equation
d) Quadratic equation
What is the solution for |x—7|=1?

"/
) x=8 b)x=6andx=8 c)x=Band x=-8 d)x=6




The solution set of Sa+d

.,VE} b {-%} g A

’ 2+ 4 is
Vi) +2-4d0s

Sx

3 =5is 43‘-,]

a) (3} B (5-50 o [+ d(-4)

yiii)  The solution set of ’

i) Which one is the solution set of |=x|=0
a (-1 by (1] o () d (o)

x) Solve for x: "—‘—2 >0.
x=2

a) (=) by (-2.2)
c) (’2.“]U(lw] d) ("’.-Z)U(ln)

EL  Solve the following equations forx
i) 3(3r+1)=2(x~4) ii) x-8+.t-3_0
R

iii) J2(Sx=1) = J2r + 14

EL  Solve the following inequalit :
ollowing inequalities and graph the solution on the number fine.

iv) ' 2x+7 ’:: 0

,')_1<x-3 .. x-4
— <0 i) =17 —— i
| 3 ) -l 3 <0 i) 7<-3r+1213

Think
¢ ™

u A father is 4 times old

i er than hi
& g b :::on. In 20 years he will be twice as old

"'IIIIIIIEI!IIIIIII!I:I’III'III‘I

- ation is & statement that two expressions
are equal,

To solve an equation in one varable js
ariable that make the equation true, Each

v 3
of the equation.
The <&t of all solutions of an equation is its sk
Equations that have the same solution set are calley ::. a
Ivalent

Radical equations are equations in which :
s} ich the nn-kmwn is incloded in a

Apsolute value of any number x is denoted by | and defined as
|q=x if x>0

=0 if x=0
=-x if x<0

to find all the va
fues of
of these numbers is 2 soluuz:

The absolute value of a number is always non-negative.
Incqu.alhy is o statement that one quantity is less or greater than another
quantity.
An inequality has as inﬁpitc number of real solutions whereas equation
has finite number of solutions.
If x and y are any two real numbers then one and only one statement is true
a) x>y b) x<y ¢) x=y
If x, y and = arc any three real numbers then
a) Ify<yandy<z=> X<z
1f x, y and 7 are any three real numbers then
a) X<y=>x+1<yHz b) x>y atIzyEs
If x, y and z are any three real numbers thea
@ () x<y=>xa<y } when 2 is positive number.

(i) x=>y=>2x22>)H

b I
) (i) x<y :,l..>.\.}. whcn:isnctnlh'cﬁ“mb“v
(i) x>y=x<)

LT -
B e s T-awr v e -~ m
v g P : —

-~
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LINEAR GRAPHS AND THE),
APPLICATIONS

Alter reading this unlt, the students will be able to: '_x

\destify pair of real numbers as an ordered pair.
Recognize an ordered pair through different examples;
Describe rectanglar or Cantesian plane consisting of two numbe, Finey
infersecting at right angles at the point O. )
Identify onigin (O) and coordinate axes (horizontal and vertical axes of
and y-axis) in the rectangular plane. )
Locate an oedered pair (2, b) as 3 point in the rectangular plane and eConize:
. a2sthe x-coardinate (or abscissa),
|, basthe y-coordinate (or ordinate), ) .
ws Draw different geometrical aha?a (e.8., line segment, triangle and rectangle
elc) by joining & set of given paints.
Canstruct 2 table for pairs of values satisfying a linear equation jn two
varishles.
Flot the pairs of points to abtain the graph of a given expression,
Choose an appropriate scale 1o draw a graph,
Draw the graph of
« 3 eguation of the form y = ¢.
« a0 equation of the form x w g,
« anequation of the form y = my.
« @nequation of the form Y =ma+c
Draw a graph from a given table of (discrete) values.,
;501" appeogmiase real life problems.
Lare in ﬁl':f?mm P2 3 lincar 3""'3 relating to two quantities which
Read @ given graph to know ane guans .
: quantity comrespondi
) ““".‘”‘ £raph for conversions of the farm: sponding to another,
« mikes and kilometery,
» dcres and heclares;
Celsius and degr
s lhkfll-mi cumrency and anol
0lve simultaneays linear &

X-axig

30 Fahrenheit,
her currency, exc.
ations in two varighles using graphical method.

\

e gitsga=] :
Vv *‘y%, Ay
\ ':_x'-lf, 3‘“@{?))

vious class we leamed a technique . .
I the F* g a single variable, which are ": kno:ns:‘;l;::.

nin first-degree
Cod:‘olul‘wn set for a linear equation is 3 real numbes,

r equations,

consts ber line, and ordered pair js a$50ciated wi :
» ';w called the Cartesian Coordinage Syn::h o: aoim in 2

. ectangular
em. Also we will leam the conversion g
W:j’s‘m solution set of two linear equations m x u:‘::::r::;

=

’ IDENTIFYING PAIR OF REAL NUMBERS AS AN ORDERED PAIR
Cartesian Plane aqd Linear Graphs

[dentification of pair of real numbers

f Lt A=(1,2] and B = (3, 4] are any two sets. The cantesian product of
dBdw“‘d byAxBis given as;
I B = ((1. 3), (1.4). (2.3).(2.4))

which shows that each element of A x B is an ordered pair. If we take the
gwian product of & real number set to itself then it is defined as

RxR =|(a, b)|a. be R}

Each clement of RxR is an ordered pair (a, b) where both @ and b are real
pbers. (V2,43).(5. = 7). (2.3) and (-1, 4) etc. are the examples of ordered
¥n.

b Recognizing ordered pairs of real numbers through examples
;. @

Let a rectangular hox is filled with balls of equal size
& shown in the figure.
Then the pair (3, 4) represents the position of the ball

which is in the third row and fousth column in the box.




o B

{ =

2
If a farmer has planted trees in a garden at equal diggy,
gq;e.mlu the tree Jocated in 3rd row and 5th column in (h:":.;e}:n a,
)

ﬁr\l

oc-ui-n-e

A rectangular coordinate  system  is R
formed by two perpendicular number lines, one (hey
horizontal and one vertical, that intersect at the . oty
zero paint of each line. The point of intersection 2
0(0.0) is called the origin. The two lines are (0, 0y \;.'x‘

1

called coardinate axes, or simply axes, The axes

determine 3 plane, called rectangular or i Iv

Cantesian plane- (-@ ()
The two axes divide the plane into four regions called wadt

quadrants are numbered counterclockwise from It IV, : T

Each point in the plane can be identified by a pair of 1

= pl ified by a pair of numberg called g

- The first number of the pair measures a horizontal distanc

The secand i

berediy nimber of the pair measures avertical distance
The coordinates of & poi i

. i point are the numbers in the k
with the 258 ordered S$0ci
point. The abscissa is also called the first coordinate of ll:. :f:emd :

or x-coordinate, and the ordinafe
oedered pair or y-coordinate, s also called the second coordinate of te

¢ and is caliyg

and is called g

In Quadrant! x>0, ¥>0 ',.\-
In Quadrantll x <0, y50 " o
In Quadrantill x <0, y<q I R
anuadmuvpo_ y<0 B ™ —
Tit-Bit ‘; NE
i

.

polnl
(ing or gruphlrlg. or p]m‘iHSo an
'in the plane means placing a dot at the

by the ordered pair. The graph of an

yen

’4 P" ine plane- The point whose coordinates
¥ ”: gﬂ)’"‘d in the figure at the right.
0

Dete

p e

M; e point =3+ 1), the x-coordinate is 3 and
inate is 1. The point (=3, 1) lies in
drant IL

j lthe point (~2,~4).the x-coordinate is - 2

fies in quadrant 1L

i Inthe point (4, 0), the x-coordinate is & and
rcoocdin:tc is 0. The point (4, 0) lies on
paxis.

i1} In the point (1, =3), the x-coordinate is 1
0d y-coordinate is =3. The point (1, -3).
lies in the quadrant TV.

Fample (&
Graph and label the points (-3,5), (4.3).
B4). (-4.-2). (3-4), (0,4), (-3,0), and (0.0)-
Schution: ’
Scale: | wmall square = | it along x-axis
and y-axis.
To graph or plot (-3,5), we note that the
x-coordinate, -3, tells us to move from the
onigin 3 units to the left of the y-axis. Then

3
mine the x-coordinate and y-coordinate ‘of

Y

‘#ﬂ“ is the dot drawn at the coordinates of Iﬁh iy L93

Y
Veation the quadrant in which each point Jies. Also pu; f;eum“l points.
i) (~2,-4) i) (4,0) iv) (1,-3)

points.

JH-TTT
p+-t 1 b

e =

< wa T
: ‘

and y-coordinate is —4. The point  (-2,~4), ,

2013,
Sk

Scale: | small square = 1 unit along x-axis.
. Scale: 1 small square = | unit along y-axis.




A L AN T
ﬁa)‘&'o\}\;’- q”,.u' Dk

latbeC

Rl the osigin 3 units 10
! the x-axis. To

RSO § :
ints A. B,C and D arc shown in the
::pl;’.o:’:lt the cooedinates of the points.

fon:
Salut "1"'}.: points are A(S, 4), B(-6. -5), C(3, -6),

Di6,0).

¢) To draw line segmenl, Trinng_le. Rectangle,
by joining the set of given points:

[Essipic @ -

Draw a line segment joining (5,1) an
2 (-3.4)
LA 2 Solution: -
o In oeder 1o draw the line segment, first plot
N the given paints (5, 1) and (-3, —4) on the | 7
1 graph by using some suitable scale, Then |-
; join the paints to get the required line
btd segment. =

the left of the y-axis. Then we Move

5 tnjy,

graph the other poinls: we proceed in 5 simijj L)
the graph). Note that the point (4.3) is different from ( e

Poin
T

HRfEs R

32 [sampic @

DmuniangkABbe'oinin th i
ACL3),BE, 200,03y PO

Solution:

Steps of construction:

(a) Plot the points  A(~ -
C(,'_nmmn_m; 3 B@, 2) and ||

(b) :zvguxsunsgm line through the poings A
~ .BandC.AnndCtommcsidc
\BC and AC of ¢ Thus

|

ABC s the triangle he triangle ABC, Thys

9,‘,;!0:;0' the points O(0, 0), A(1, 4),
@

(1)

soluti

w a parallelogram by joining the po;
e, 03, ACL 4). B, 2) and C(3, -3 "

B,
b 14 C(3,-2) on the xy-plane. 2

Draw the straight line through O apg A A

B. B and C and O and C to pey phe
cides OA, AB, BC, and ocC respectively of
the parallelogram or joined all the pojnys
by drawing straight line. OABC a

parallelogram.
9

praw a rectangle by joining the points py2 3), y
0(2.0), $(-2.0) and R(-2 3). A3 o
N -

plot the points P(23). Q(2.0), ${-2,0) and

R(-2,3). Joining the points P, Q, S and R, we ) 3
get @ rectangle PQRS.

Along y-Xis, w | -

2(length of square) = | uni S0 o] oem  x°
Exercise 8.1

Determuing the 1 and v unulin.nc.s ol the following pauns,

0 AL it) B(0.7) i) C(-3,8)
“iv) D(-3.-3) v) E(10,12)

Mention (i quadrant in which each of the following point lies.

) A(=1,¥2) i) B(-3,-2) iii) €5, 5)

W) D(3,-%5. v E=ED)

Plot ihe pomts AL HLC and D on the o-plane: 1'-.

i) A3, 1), B(2,4), C(-5,6), D(3,-3) K

i) A(=1,0).B(0,~ 1, C2,-2),D(3.3) 5ol B

i) A(4,4).B(0,0), C(8,-6), D(-7. 5 A y o <
Plob the ooty assidiisted withy tlwe ondessd * S5 === = FX '."
pairs ACL S Bed, 3, OG5, =5, D=4, -5), -

Ef= s amd 1ilh 5 =

Write the conndinates of the poiats A, 0L, © L-

i Eran the s e wpaph

-

hs and their Appik

Lobe o




Ay

a

u BC by joining the points O(0, ()) A3
" . Draw a panaliclogram OABC by jo L A3

0.}

o

Jine segment by joining the points (5, 7) and (-7, 9),
' .
Draw iangle ABC by joining the points A(5,7), B(8, -3y and Cyg ¢
Draw 2 ),

N -4).
B(1,-7) and C(-2.- 3).
the pomis 0 (0,0, A (5.0), B (5.8) and C (0.5) to draw a squace.
Jow A

By drawing the graph. show that the points A(D, i), 1311, 2), €2,
D{l.(l).mlh:vmictsol'u'munglc. _ _ :

fl A Linecar Equation in Two Variables:
Let's begin to examine the coancctions among equations, f"ncﬁom, A
graphs that are straight lines.

An equation of the form ax+by =c(where a, b, and ¢ are conggans and
y are variables) is called a lincar equation in two _\'anablﬁ.. The solution of 3
linear equation in two variables is a set of ordered pairs satisfying (he £iven liney.
uation. e
g How to graph a linear function, we explain it by the help of an example,

Csampic €0

Graph: 3x~Sy=-10 : )
Selution: ’ To see whether an ordered
;‘:‘_ﬁsf:‘_“:'l"; fory: Pair is a solution 10 a linegr
Syur-10- equation in two variables of
4 not, just substitute the values
J"‘g"z of x and y in the equation, If
Put x=-5, we et the resulting statement s
3 3 true, then the ordered pair is
IR oxt2=o (54203422
lfm 5( J+2=-34 1 the solution to the linear
Similarly i o
g equation otherwise not,
Put =0, we get y=2, — )
Put x5, we get ¥=5.

5o the ordered pairs (=5, ~| )
cquation.
No«-: that there are infinite number of o

rdered pairs that are solutions to
cquation e,p, (10,8), (.10 ) ete. (continued)

(0, 2), (5, 5) satisfy the given linear

Yo

Lo

o

o
x y ()
5 1 (5,1
0 2 (0,2)
S 5 (5,5)

prawing the graph of a linear equation:
]

linear equation is a straight line, which conlaig the set of

e Snf;,‘,: t;:e ‘ordcred pairs of the solution set. Since a straight line is

peits 167 bntwo points, so we need to ﬁndnkuttwomdem!pm.sthnm

et ue:: d):g lincar equation in order to draw the graph. We summarize this as
falons

fellows:

To draw graph of a linear equ't\tion: . T
j  Find at least two ondered pairs (points) LTW

that are solutions to the linear equation.

R i T

fj  Plot the points that correspond to these e *.’:?f.f.. 11 _? 4_
il ordered pairs in the xy-plane. ‘_’_‘I,,i_“ L’ H ;':;- I_,
# Draw a straight line through those 2 —t—:‘_ii_. ]L B
points. e '.’l'I’f—I_

c:
i Drawing the gruph of the equation ?,:.:fom.i'(.e the line which is
of the equation y = c_ls a int on x-axis. '’ is the
mnel"lziil:i‘g and at a distance of ¢’ units from ;.c:\m:im ooy
onstant value of v which can be any real number, ¥

Unit ~ 8 (Linear graphs and their Applications)

N al number.
fie y-coordinate be ‘¢’ and the x-coordinate can be any re

Wit~ 8 (Unear graphs and their Applications)




tion: ’
Salu To draw the graph of ¥ = -2, we first construct a rahje shWing i
valoes of rand ¥ y
b
x (Y 4
-4|-2 " :
212 |
0|2 I e
- 2 ach
et Pt TR -0
3 |2 <l ye
ints (4, 2), (-2, <2), (0, -2), (2, ~2), (3, =2)in the Xy
Plot the poi V-plane,

By joining the points we get the graph of y = -2,
In the graph of y = -2 the distance of the line is 2 units below the Taxi

N Drawing the graph of the equation of the form + = a:

The grapa of the equation x = a is a vertical line and ar a di
units from each point on y-axis. The y-coordinate of every
must be ‘o", where ‘e’ is a fixed constant real number whi
be any real number,

| Exsimple ¢H]

3 Stince of ‘o
point on the |inex=¢
le the Y-coordinate cyy

Graph the equation x = 4.
Salution:

We is construet g tsble for some values of xand y,

ve plot the points {4, <3), (4, 0) anyg (4, 3
T line passing through the poinis (4,

of x=4% . is3 :
The distance of line from y-axis js 4 units,

) om the xy-plane.,
~3).(4,0)and (4, -3) is the graph

prawing the graph of the equation of the formy=mx

- In the cquation y = mx, y-coordinate of Very point is m times the x-
1 where “m' is a constant real number called the slope of the line, We
coondin? ome values ofx and calculate for y, keeping m as constant number.
s
I
Graph the equation y =x.
sall!'i“;;m m=1,letx=-3then y=-3,
x=0then y=0. %
x=1then y= 1. :
x=2then y=2. ‘ ¢
x=4then y=4. ) 3 “a
: 1
x y x By R e Rl
-3 | -3 ?
o | o -3
e - -
1 . 5
el : Y
4 | 4_J Graph of line y =x

i graph. Thus
NO\.N we plot the points (-3, =3), (1, 1).(4, l)fas ih:um in the
the line joining the given points is the graphof y=x.

i g mx+C
) Drawing (he graph of the equation of the form y e
‘m ¢ are fixed co
s et :nd calculated for y by
nismbers. To draw the graph, some values of x are chos:\ R G
S : fx are :
using the given equation. The solutions are Jisted in o tal

roph. ot Fo
Unit - 8 (Linear graphs and their Applications) N .
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@ @AE A

Determine whether or nat cach of the following orderced pairy g, *Olutiog
termine :
2 jons given
;;; :2 llln)w t?:"s(;'-‘;ﬁ ) (5,-10), 2x+y=6
(c) (0:4) . x-y=2 (d) ¢3,4) . X+3y=2

i contheline 3y +2v <=
Which of the following points are oa 1

(1, 1 (4:-3), 3,0). (2,03, (0. ), (0.3), (-2, 6)2

g [ o5 satisfying the equus aAPas
Consteuct 2 table for four pair of values satisfying the ¢ Mation x <y - 4

Draw the graphs of the equations

3) y-2=6  by=l-=x Ay=2 Dy=x

mplete cach ordered pair so that it \'..nidic\ the given U i
. 3em Ty 221 (21914 (-2.) 1 S5+ 6 = 30 =5, )

i (. =6),(,4)
i) 2y + 9x=36: (6.). 0.).(.0) W) dx+Ty=56;(,2),(,0), (0, )

The weight in kilogram and age in years of a person s exnn
equation y = 2x, where y(in kg) and x(in yearsy, Draw 1)
graph from the values of the following 1able

x| Si1wof15/2/(257 30
1012030 4015 |60

ved by the
\ue ‘-'v'u'by)ll

The graph shows the relation between
the units of electricity consumed and (he
total cost of an electricity bill, Find )
The cost (C) of the bilf if 300 units (n)

are consumed.

The aumber of wnjts used when the bill
is Rs, 1500,

Draw the grapl
tahle hy using a s

1]
1

LI T TR TR 4001301 T

t froon (b following
uHable woale

I—

Unit - 8 (Linear graphs and thelr Apptications)

CONVERSION OF GRAPHS

ﬂ uantities in a relation are either by increas;
i l\‘;‘f’ ?he relation will be the straight line shows

o s;:x: indicated by different coordinate axes,
s

@i genotes the distance in kilometers alon

Ng or decreasing, then
ng the levels of both

conversion graph of Miles into Kilometers

we discuss the graph of Miles-
Lﬂ the variable "M denotes the distance in

H ation M = f(K).
j by the linear equ
resente

Kilometers, boty are the units of

miles indicated slong y-axis
B x-axis. The relation is

rst we construct a table in which some values of Miles are convened in
::owﬂ below in the table,
Kmas

Km

T

Miles
—s—3,

“

1
J

Scale: 1 mile = 1 unit along y-gis.
| Km = | unit along x-axis.

|xusunu.|"
Kiloseters
Mbiles - Kilometers Graph

\
A,

. Unlt - & (Unear graphs and thelr Applications)
Un




et w\&L QV ’A(@b

""—” a= A\f‘ }7-t

9

et

"‘"l.

WA Conversion of Hectares into Acres

Acres-Hectares Graph:
Let ‘H' denous Hem:e and *A” denotes Acre,

il H_=_2.5_A

First we construct a table showing the .
converted values of Hectare into Acre.
H| A et
25 ¢ e
5 ;
7.5
10 R
12.5

Hectares

| —

|

———
15 ]
175 v -

Scale : Let 2 small squares = | unit.

el E=ad R0 IR L) V)

Plotted the points (2.5, 1), (5, 2), (7.5, 3), (10, 4), (125, 5), (15, 6),
(17.5,7) on the graph as shown. The line joined all the points is the graph
conversion of Heclares into Acres, ”

LA L R R

BEaszzsaa=

e

Unit -
8 (Unear grophs gng their Appiications)

Fe= ;C"‘ +32
The values of F° have been rounded off.

scale: 1C° = lunit along y-axis,

10F° = {unit along x-axis.

ploited the points in the graph and
jointd then by the straight line which

is the required graph.
conversion Graph of Pakistani Currency
& another Currency

e
ahies piven in the table.

In the graph the US $ is shown along ) y-axis
ol PKR (Pakistani Rupees) along x-uxis.

Scale: Let US l“ 2 unit along y-axis

and  Rs.60 = 2 unit along x-axis.

Plotted the pmnh((\() 13, (120, 2). (180, 3). €

con‘m"“‘ graph of Degrees Celsius into Degrees Fahrenheit
e

ol sents Celsius  and. g P
Let fab nheu temperature, To draw the 'j‘ i
15 e is constructed showing the converteg |- TNY
# F° temperatures, »
10 &
ﬂ* otc'll\ 5
Fat oonvcrsmn the formula used a;, e i

: \i"‘“" (Unear graphs and their Applications)

KOS
I |338=24 |
2 [356=3
3 [374=37
4 |392=29
T

Let us draw the conversion graph of Pakistani currency and US Dollars. If
echange Tate is US $1 = Rs.60. then draw the graph by using the converted

240, 4). (300, 5) and draw a
lite passing through the points, which is the required graph.




EEEI GraPHIC SOLUTION OF EQUATION IN TWO VaARiAg ¢
Recall that the graph of a linear equation is a line thay CONtaing
ordered pairs in the solution set of the equation, When we graph o $ystem

al|
of )j

gl poinl"‘ which the graphs intersect is a solution of both < My
atj,

20d therefore a solution of the system of equations.

e €

Solve the following system of equations graphically,

x=y=35, r+y=1
Solution:
Tables are coustructed showing the values of x and
V satisfyj
equations. Aisfying bog
»
~ N 3 {~=eil
x |y x |y % T T
2 |3 % - T
114 E Zxty=1-%
0 |-5 i
LAlE. REEEET N
- e
— 4 {3 = .
': = ERE L 2
= 1% -3 |7 X-y=5 \—a
xf_w q‘;d“ Table for equation /{i
e 2x+y-]
We plot the points
b from both tables on the graph and then draw straight
wo lines § points comesponding 1o the given equati
wmmﬂm:m(z‘ -3) 100s. In the graph the

which j §
So the solution ser = {2.-3)), hich is the solution of the two equations,

sing the converston formula ) mile = 1.6 k. Dew
ﬂr of Milt"'K'l""":“"‘ 0 distonce i miley Are piven ay

the conversinn graph

M, 3M, 4M, 5M (M is used for mile),

g onv the Miles-Kilometres eraph if distance in Kijomety

1km. 2Km. Jhon, Ak and Skm. €% W piven as

Given that | Hevtase - 235 Actes lapproximately), oy o coaversion
B""l’" of Hevtare-Acre from the given values of Hectares 241, 41 $H

Convert the following  lemperatures given in Celsius Degrees into
Fahrenheit and then draw its graph, ’

Degree Celsins = 0C®, 2C°, 3C°, Conversion formulais F°= %C' +32.

a, praw the following conversion graphs
i) PKR (Pakistani Rupees) —US §
ii) PKR (Pakistani Rupees) — GBE

(15,38, 5%)
(1E, 2€, 35)

$ is used for US Dollar and £ is for Pound sterling,
_ Where 15 = Rs.60 (approx) . IGBE£ = Rs.100 (approx)

ﬂ- Solve the following simultanedus equations by usmg graphical method,

M 2x+y=3, (i) y=2x+2, y=x-1

x—y=0

(i) x+dy=5, 2x+3y=0  (iv) Ix45y=2, Ix+35y=8

(v} 3x—2y =13, 2x+3y=13
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REVIEW EXERCISE 8

Il- Select the correct answer.
i) The point (3, =2) i located in

a) Quadrnt | b) Quadrant II
¢) Quadmat Il d) Quadrant IV
. i) The two coardinate axes intzrsect at an angle of
a) 30° b) 60° c) 9%0° d) 45°
iii)  The point (-3,8)is located in
a) Quadrant1 b) Quadrant IT
¢) Quadrant ITI d) Quadrant IV
iv) The limes represented by the equations x+ y=1 and x4 y=4 Py
) Panallel  b)Inclined  c) Intersectin A
¥)  Toepoint (6, 6) is located in v & Perpendiculay
2) Quadrant 1 b) Quadrant 11
c) Quadrant N d) Quadrant IV
vi)  Theline x=a where ais a real number is parallel to
8) y-axis b) x-axis

¢) Both x-axis and y-axis

) d) Neither x-axis nor i
vii)  The point (2, 11)is located in T

2) Quadrant | b) Quadrant II

¢) Q\ndn_-anlln d) Quadrant IV

viii) Thcmlmmoﬂhcuuesy=2uidy=3is

, I)f(§.3)) b (4.0} ) [(0,0)) da ()

ix)  Theline y= 5 is paralle] to
:; m . ' b) x-axis

P sollllionofll;::::u{::: d) Neither x-axis nor y-axis

us equations y=x41, y =2
R W y=2x—2
c) Ted y=3 bd)) :'35.)’:46
= 'y=

E Determi coond;
mdon::,;,:d,m in :’;ch"‘d Y¢oordinate of

i each point li

1)(2,3) i) (-4, 5) point lies,

the following points. Alse
iii) (4,0)

praw a (riangle ABC by joining the polnts A t29 - C ' 0%
joini +B(3,2). ¢(1,-3),
A e 8 paralleloBaIm bY Joiniog the points 0(0,0), Ay 4 gy :
" A9 Bi42) and
3,-2): )
: joining the points O (0, 0), A(S, 0). B (5,5) and crp, 5

g, praw rectangle by joining the poims, A(-6,5), B(S
-6,~%) T

gﬁw the gmph of the equation x4 y= 4,

D the graph of y=3,

& praw a graph from the following table by using 2 suitable scale

’ x_34 3—430_3“0_‘

513 [412[4 14100

), draw a square,
=5), C(5,8) and

ik

-
- u' solve the following system of equations graphically,

rry=2, X=y=4.

1
\
\

s  Cartesian plane can be defined as
RxR=|(a.b)|a.beR)
¢  The Cartesion plane is also called xy-plane,

xaxis and y-axis divides the Cartesian plane, into four quadrants named 1,
1, 111 and IV

The set of all solutions of an equation is its solution set.

-

In quadrant 1, both x-coordinate and y-coordinate are positive.

In quadrant I1, x-coordinate is negative and y-coordinate is positive.

In quadrant 111, x-coordinate is negative and y-coordinate is also negative.
In quadrant 1V, x-coordinate is positive and y-coordinate is negative.

To locate a point in the Cartesian plane, we must know its x-coordinate,

R g

which is the vertical distance from the X-axis.

Bk=8 (Uncar grophs end theic Applcations)

which is the horizontal distance from the y-axis and the y-coordinate




INTRODUCTION To
COORDINATE GEOMETR,,

Alter reading this unit, the studento will b alle to; }-——-x
ﬂ Define coordinate geonietry.

Derive distance formula to calculate distance between two Points o;
| Canesian plane. Blven
L Use distance formula to find distance between two given points.

¢ Define collincar points. Distinguish between collinear and non-colti,

| points, car
|

¢ Use distance formula to show that given three (or mo
|

collineas. ) point are

- z:nd:mec formuola 1o show that the given three non-collinear pojns
+ anequilateral triangle,
‘ an isasceles tdangle,
aright angled triangle,
g ascalene triangle,
|+ Use distance formula
l

ok to show that given four non-collinear points

¢ Asqusre,
. atxugsk_

’. ¢ 3panlielogram,

# Recognize the form

points, 10 find the midpoint of he line joining two given

- 4% Apply distance and migoc:
' results related 1o gcor'::l’:m t formulae 1o solve/verify different standard

ot

1637 the French ilosophe
1n yc;‘;so) established a Iamm:,,k in th:: l::;’d mathematicion Rene
W' (15 cometric Was published. In this book sh‘;;':dﬂhemaxicx when

La and geometry. By establishing thig Tel ationship, lt:e mm‘:ﬂ
" o

el
A S .
:”,#" u,,gsﬂbtrri; figures by examining various equatigns Which represent the

e g COORDINATE GEOMETRY

study of geometric properties of figures bY the study of their
is called coordinate or analytic geometry,
tpat a plane is divided into r;’v“’ quadrants by two perpendicular fines
[ e XS jntersecting at on.gm. e have also seen that there is 2 ane 10 one
P petween the points of the plane and the ordered pairs in

pistance formula between two points in a Cartesian plane

To find the distance between two
ia a plane, we first see how to X

o " istance between two points on the The students must remembe- that
liee. i esch ardered pair corresponds 1o
- Suppose we are given two distinct exacily one point in the plane and
g & bon Uz real line then Mmh-mw
e to exactly one ordered pair,
i the dir:c!cd distance from "ll:“'-'l::‘l |h'-l:.‘:¢¢
atobisb-a
a b
i the directed distance from “”;:"-i:’ltl.:’;‘,:“
boaisa=b. . .

Direcied dance
betwpen o ant b

S

l—pl

Inthe given figure, we note that b is to the right of 4, the directed distance
fmato b (moving) 10 the right is positive. hiom:mf. ais o the left nf_b. the
frced distance from b to @ (moving to the left) is negative. The #stance

& the distance between a
wd bis ja—b| or ]h-—al :

two points on the real line can never be negative.
*3 (treduction to Coordinate Geometry) Not ForSal




N
o

ad - ;

e distance d between points & &x, on the req) line g e
the .
|= ‘(x,-_t' )l . It is important to note that the order of Wblracg Y
d=lx, .\6“: aot matter in finding the distance  between then” Wi
LEx 2

i
2 ‘-"l="a“:|‘°°d {x -x) = ‘~‘.')’ Nice

[EEEIM 1 Finding distance on the real line.
Determine the distance between ~3 and 4 on the real J

d from 4 t0-3 7 "¢ What jy o
directed distance from -3 to 4 and from 4 to—3 ?
Salution: .
+ —
1 1 L i LS L : : : : 5
fjs 4 .'3 _') -1 (') 1 2 3 4 T

The distance between ~3and 4 is given by |4-(—3)| =j4+3] [ =3
or [-3-4 =|-7| =7

The directed distance from -3 to 4 is 4-(-3) =443 =7.

The directed distance from 4 1o -3 is —3=4==7.

Now, we establish the distance formula

between two paists in s Cartesian |
Co-ordinate plane.

R

[LEMN]

mﬂmbﬁwmhﬁmuinam

e o
Thas the distance

tance 8 P(xy) and -
: Q04 3) s |x,~x| and the
distance between P(xy,) and R(xy, 2N) By x| an

) is |y’ -_‘.'l_

—

f(4,6) and S (4,-9) e on the same =

;'1’;)9“.-_-[6+9\=|15]=15.

ﬂ perivation of Distance Formula

coordiante plane, the distance, d between
Ina

i given by the following formula:
(1)

d=4(x _xu): +(y:— )’l)’
perivation of Distance Formula
The distance | AP, | between two
points Pix, ) and Py(x,.y,) i
given by
| PPy |=

(x.—x,) +(y. =)

-

o :
FIM e d"smncc between (2.3) & (7'3) ‘ -

gistance between (4,6) & (4,~9). (11 1c ) 2| dean il

MM ,.'i:s‘x!';' P2M) gy r “
o figure, we see that SRR 1 ‘ .“
J;l‘pl ‘”& 0(7‘3) lic on the same L i o = : : i
7(2'3) line so that distance between |11} ‘ h

.zo‘M‘l is [7T-2=I58 =5, !::??‘r{-él o i’.
':rzs)&e("ﬂ) [7-2=1s} s 14‘1 ‘

. fine® L, so the distance between (hese points  is I

—y v IR

A REnm

| o i
= ‘ !

two points (x.y, and Q

-
N
P —




iy g Mothe
Moy,

In the given figure the WO points

JAEA and Alx,y) e

shown, ?

majil-"'

0—Az=x,.lbm

l—lﬁ:=aﬁ:"a‘_’:=‘:‘ﬁ

but msﬁﬁmﬁispupendcummy-uis)

So F,ﬁ:x,-x,

Let ﬁ=_,.' and m-h where both H and
pependicalar oa X axk 0
then NP, =M,P,~MN
=ME-MF, s (MN=MF)
=Y~
Since PNP,is aright angled triangle, so by Pythagoras theorem
(2R [ = BN ] +|wE] '
w(n=x)+(n-y)
o |RE[= -5 +(n-n)

o ()

Find the distance i
— between points A (=5,1)and 8(3,1) .

Using distance formula, we have

=B
- T 45
e ) R

—— WP
-
—
=

o
—

2,

’ plot the points (=3.7) & (5.9) ang faltea
dlﬂannb“m
n them.

ytlon?
” Let A:(—3.7)&BB(5.9) MsuMdi“m‘ 5
ssing the formula. then distance betweca them

g=yfa=a) 00" . wehave T T T s

.- ’ -t »
- _/‘ -

Gear+o-1 ==
d=J(-5+3) +(9-T) KT — 51‘1

_JGi+d =68
=J2%2x17
=2J|"i | i

y real-world situations can be modeled, ) :
using equations in which two variables °" described mathematically,

A helicopter pilot Jocated | mile west and 3 miles noeth of the command
centre must respond to an emergency located 7 miles west and 11 miles
north of the centre. How far must the helicopter travel to get to the

emergency site?
Solutlon: -
Let (0. 0) be the coordinates of the (7,11
command centre and taking positive 10T s
of y-axis representing north. Then al

the helicopter's current coordinates are 8 N
(1,3) 6: < ‘ %
The coordinates - the emergency, site ¥ '
are(7,11),  Using the  distance 0
formula o = (% -x) (=) =1 Helicopter

- X
we have 2 4 6 8

ommand centre

d=J(7-u=+(n—§)"

d=6" +8 =J36+64=\ﬁ66=|°

to the emergency site.

The helicopter must wravel 10 miles to get

- e ———

e e
-

e ——
e ———_
—

B ar——

e )
e Rures=Ty
g




Find the length of AD in the following ligures,
: & :

b ———i—y
' 5 -3 -2-10 1 2 T e
||A-A -l..:.‘ 2
vy 1 ¥ T
WS 28 ¢35
8
W) et ——————i
Ny 3-l 01 2 34§
A B
W et —t——t—
-7'6-5-4—3-2..'012"
V) llfn..,!.‘.
Tt Tt
S 4=3-2-101 2 3 45
A
) e
S g 0 P 2§ 4B

Flnd the distance betw een sach pakr of polnts,

0 (L1).(33) i) (I.Z).(G.S)

iii) (2.—2).(2,-3) iv) (J.-S) % {5.-7)

Given points O(0,0), A(3,4), He—% P20.CU5 <K 0], -1y

Dtlermi_nilhr Tengths of the
i) OA

! o
el

following sepments:

sy iy 0B
i) gc ki35
e vi) AC ”

e COLLINEAR POINTS
ﬂ Collinear and Non-collinear Pojints

— - —

or more points PrPyPy . are saig g

0 be colli 3
ints are not collinear then they near if they fie on the

are call ;

v fine: '::;:i‘::s do not lic on a line. ed non-collincar. That is
#‘ol:wcu‘ figure, points A.B.C are collinear whije DEF are non-collinear.

n ~

E
‘\ n
3} c . r
Collinear Paints Non-collinear Points
6

prove that the poinis A(5,-2), B(1,2)and C(-2, 5)are collinear.

Snllllk";vcn A=(5-2), B=(, 2) & C=(-25)
Using distance formula, we can write
‘,w|,,}(|-5)’+(z-(-z))’

:J —4)1 +(2+2 2 -J|6+[6=Jﬁ,m=‘ﬁ
|8C] = yflm =) +r=3:) =J(2-1 +(5-2)
) = BTSN

|ac|= J(-2-5¥ +(5-(-2) = =7y +( =Ji37 99 =Jx2 =2

Since W2+ W= 7J2 is obviously true

Bl +|aci=lacl

), B=(L2) & C=(-23)ae

ints A=(5,-2
So, the three given points A=(5 e

collinear. . i)
1 these
Geometrically, we can armange G

points on a line as shown. ~ .-5‘:{}‘«’}

(mtroduction to Coordinate Geametry)
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a)  Equilateral Triangle

A triangle in which all the three sides and all the
three angles are equal is called an equilateral triangle. In
cquilateral triangle measure of each angle is 60°.

A
@

Prove that the points A(-2,0). 5(2,0) and

» B(20)
€(0, 12) are the vertices of an equilateral &
triangle. \

Solution: g )
By distance formula, first we find _.s\

the lengths of all the sides. A(20) -

| 48| =2+ 2F +{0-0F ={af =Vi6 =4
|BC|=(0-2) +(iZ-0f = 3712 = 4iG =4
|AC[=JO+2)’+(JE-O]::~/4+_IZ8JI?=4

SincelAB[-lBCI-|AC]-4. thus the points A, B and C are the
vertices of an equilateral tnangle. .

b) . Isosceles Triangle

A

An isosceles triangle has two cqual sides and two
equal angles, opposite 1o the equal sides. Thue ABC an
isosceles triangle if JAB|=|Ac] & mLB=msC .

B ‘ c

(hat the points  A(3,2), B(9,10) 34
o 16)are the vertices of ap is0sceles

gianglé: " A

(AT
4
!"l"‘“:‘l |AB|- | BC and | AC | denote the lengths of the yige )

“umine|AB|.|BC|md|AC|.diumufmhw'
|AB|‘\‘ 9-3) +(10-2) = V3664 =it =19
(gc|=(1-9) +(16-10F = 68336 =i - 19

|ACI=le-3)2 +(16-2) =Va3196 =y <1043 |

gince iA8|5|BC|=lD. thus the two sides AB and AC bave equal
so A, Band C are the vertices of an isosceles triangle, length

A
ene Triangle
o lsfu:u the three sides of a triangle are
‘o lengths, it is called scalene triangle.
iferent in length ] Y

m@; AL
Show that the points A(1,2), B(0,4) and
c(3, 5yare the vertices of an scalene trhiangle.

B0A) 35)
font
" ;y distance formula, we first find the
length of each side.

|aB]=f0-1) +(-2) = Oy e =Vird=\8
|8c|=J3-0) +{5-4) =@+’ =J5+1=410
|aci= 3—!)’+(5-2)’=J(2)’+(3)’=ﬁ5=«ff5

three sides are
Since ]AB|:|BC|:]AC[ ic. the lmgl‘hs of‘ nl:c::nc A
different, Therefore A, B and Care the vertices 013 ¢

. e — )

P E A T

T T

I e { 219
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4)  Right Angled Trinngle

A right angled triangle has onc angle equal 10
60" i.c. right angle.

By Pythagoras theorem. \

A triangle ABC is a right-angled triangle if .
(Base)* +(Perp)’ = (Hyp)® 2

G 1 the triangle ABC with the help of the poin

. ; s AQ,-

B{5.1)and C(2, 5), and peove that the triangle is a night-angleq lrin{ngy:)'
Salution; . cR.5) =

Let |AB|,|BC|and | AC|denote the N\

lengths of the sides AB, BCand AC N

respectively. To determine |AB,|BC| R

and [AC|, distance formula is used. == l\

A(lL-2) _st.ll

IABI-J(S-I)’+(u2)"=J(4>’ +3) = V1649 =35 = 5
laci=J(zss)’+(s~|)’ =J= @) =416 =25 =5
[Ac|=y2-1F 3 (552 =00y = Jiv =50 =52

since (5v2)" =(5)° + (52
hm‘nc 50:25#25:50'

s |4BF +|act =|acp,

That is, we have
theorem,

Heace the triangle Anc |

(Base)?
)" 4+ (Perp)? =(Hyp)* which is the Pythagorean

aright-angled triangle,

of Distance Formula To Sh
ﬂ:en-Colllnear Points Form " 1t The Given Four
§quare
] 1"
W A B2
gy means of distance formula, show that e
Po'mlS'.
p AL 4),B(1, 2),C(3, 4) and D(1, 6) form a
square. ‘
i) Venfy that the diagonals have equal |:ngth;_°"” N
J
_u.lllli"":
j Let | AB|.| BC|, | CDand | AD| denote the lengths of the sides of
the square, then

48| =01+ +(2-4) =J@' +(2 = fErE =5 =22
(8C|=AB-1F + (-2 =@ +@ =Vivin\E=242
|cD|=Ji-37 +(6-2F =2 +@ =ari=B=2{3
|AD| = I+1) +(6-4)' =2 +2F =333 =\ =242
Thus | AB| =| BC|=|CD|=| AD|.

{iy Now AC and BD are two diagonals of the square ABCD,
|AC|=\B+1) +(@-4F =& +0=+16=4
18| = JI-1) +(6-2) =\0+&’ =J16=4

diagonal | AC | = diagonal | BD}=4.

Thus the diagonals have equal lengths.
The given points A, B, C & D form the vertices of a square.

—

————— Y T gy [T (T U

5 e




Solutlont

Rectangle

Show that the points A(2. 4). B(4. 2) .C(8, 6) and D(6, §; are the
rectangle. Also plot the points. -

By using the distance formula, first we find
e fengsof thesidesofthe AB, BC, €D (=1
4 AD. E

= Wi 1
Thus, |AB|=y(4-2) +(2-4)°

[
=J2) +(-2)! =Va+4=y8=2/2 .41_

L
|8C|=J(8-4] +(6-2) ‘ I;‘_” 3

-
=

= ,/(4)’ +4) =16+16 =32 =442 S

-

L

ICDI=J(6—8)’+(8—6)’ =‘g -2)?4.(2)! =\/4+4 =\/§,= Zf

2
,.w|=,ﬁ6-2)’+(s-4)’ =47 + (@) = i6+1 =V32=4/3

Since | 48 |=] CD| and | BC|=| AD).

pfoofwtwillbnvlodmvtb.

MCI=J(8-2)'+(6-4)’ =67+ = BeTa - V40 =210
;8017/(6-4)'+(a-z)' = =V + 6 = V736 = Va0 = 2415
nce |AC|=| 8|y,
s | Thes the poings 4.

“'“ﬂnl\:

: not a rectangle, To compiele the
) tthe diagonals | AC |and | 8D |are equal in

B.CandDarcmevenicesoll

show that the points F(—1, 5), G(3, 3)H(6.4) and J(2.2) are the vertices of a

parallclogram. Also plot the points.

By using distance formula, first we find the lengths of the sides of FG. GH.
JH and FJ.

(rel=Eelf+0-5F g
~J20=2/5 L:'T?:thi N I
|t |=Jl6="+=4-3 I
=m-m=5§ HE fi&
=62 +=+2f  EE

-Jm-m-ﬂi .___'._-I_L'.l‘_'
|F7| =2+ +(2-5)"

Thus | FG|=|JH | and |GH |=|F1|.
Now we find the diagonals | FH |and | GH |.

|t = fi6r ) +(4-57

= J?: +(—9), =J49+8 = Jrﬁ

|G1|=J(3-2F +(3+2)'

=J1+25=426

Since diagonals | FH jond| G/ |are not &
the vertices of a parallelogram.

L

Filaviht
|

qual $0 the paints F, G, H and J are

: = 9 (Introduction to Coordinate Geometry)
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u Prove that A{~4,~3), B{1.4). and C(6,11) are collines;.
. Prove thsA(-1.3), B(-4.7). C(0.4) is an isosceles triang,

Shaw that the paints A(2,3).BE.1Dand C(0,17)are 4,
venj

isosceles triangle. ey of
y

EB.  Show that the points A(L2). B(3.4) and C (o,

~1)are
scaleps triangle. te Vertice oy

Prove that points A(=2,~2), B(4,~2), and C(4,6
triangle. (4.6) are vertices of a gy,

Prove that A(-2,0), 3(6.0).(:(6,6). D(-2, 6) are Vertices ofa
fectangle,

[~ B >

The vertices of the rectangle ABCD are A(2,0),

D{(2,3). How long is the diagonal AC? B(s-o)-C(S.c)‘ e

Prove tha -
mlos;;(—d. 1), B(10), C(7.-3) and D(2.-4) ire vertices of 5

- Find b i
such that the poineg A(2,6),8(5,5)and C(-

. : 6,0
“eht angled tiangle with £pAC g ) are the vericest

m Given
A(~4,-2), 5(1, -
(L-3) ang C(3.1). find the coordinate of D tho i

eral ABCD s 5 Parallelogram,

Uadant such that quage

MID-POINT FORMULA
¢ now look at a formula for finding the mid-point of the line segment
by jOININg two points A(x,,y,) and B(x,, y,).
v
if C(x, ) denotes the mid-point of the linc '
AB then .

= 545

==

=Yl*y'
ST

. al s
The above fommh.(i) is called the mid-point formula. From this formula it is
the x and y coordinates of the mid-point of a line segment arc respectively,

:’;:::;e of the x coordinates and the average y coordinates of the end points of the
faesegment. 8.1
@1&‘:‘ l‘ 0“1\

Find the coordinates of the mid-point of the ad

segment joining the points A(4,6) and B(2,1).
Salugions e

Let Clxy)is the mid-point of AB then by the mid-point formula

ceo)=(352.232) 52229 (£ 1)
AN | b

Ll SN

The coordinates of midpoint of a line
segment AB are (2,5) and that of A are
(—4,-6). Find the coordinates of point B.

(\.”‘

Let the coordinates of B are (x, y)then R B
by the mid-point formula, we can write
_—A4+x - =6+y
2 and 5 = 3

4= —d+xand 10 = =6 +y

x=8andy = 16,




“
>

Dtk

fore

lication of distance and mid-point formula t
different standard results related to geometr,,
Here we will use co-ordinate geometry to prove ;

Result 1: L
Prove that the line segment joining the mid-pints of o

triangle is equal to half of the length of the third side, Sidey ‘

'

Proof: ;
We choose the axes of coordinates as ¥

show and coastruct a triangle ABC  with  one
vertex at the origin and ane side along x-axis, so

A=(0.0), B=(a,0)and C=(b,c). Let
D and E are the mid-points of AC and BC. By

mid-point formula D has co-ordinate’s
-(M f_+°)
g i
ie D=(£.£) Similarly £ (a*b <40
2"2 2
By distance formula

oo IDEI'E m

Agsin. [48)=\fla~0]"+(0+0) = V¥ = 4
le. |AYes . ... di)
Form ) and (i)

IDE"; =5'n ‘%IAB[

Dej=1
|og] 2'481 This proves the required result,

v ':hc id-point of the hypotenuse of a
i is equidistant from the vertices,

related to plane geometry. ""d!ru,\ oo

I . :
" The wiangle ABC is a right triangle,
fis!beb“”w“m and D is its mid-point.

coﬂ“ﬁ""“ of the vertices are
e

A= 0.0)- b =(“7°)-

»;mm Ma ) %
Cw=(0,b)

+0 0+
Coordinates of of D =[GTTb) by mid-point formula.

' b
Coordinates of of D= (%-2-)

We are to prove that |4 D =|8D|=|CD].
Using distance formula, we have i

e ) ) P _s
e o5 (- - 0
N BEE R é’,

o ) D) ;'*

Comparing (i), (i) and (iif) we have |4 D] -|BD| =|cD} proved.




Result 3:

Verify that the diagonals of any rectangle :
are equal in length. I
onml
PMoal; ",
In the figure we have shown a
rectangle ABCD with coordinates of its NS

vertices. AC & BD are the diagonals, We
are to prove that |AC}=|BD|. Using distance
formela,

Juct=(a-0F +(o~0)" =Va'+3?

IBD]-,[ a-0) +(0-8) =vai+b®

Form (i) and (i)
|AC] =|BD). This proves the required result.

Result 4:

Show that diagonals of
s s

Let ABCD is a parallelogram whose

vertices are shown i.c.
A=(00). B=(a,0),
C=(be), D=(b~a,c)

Let i i

the mid-point of the diagonal AC is £ then

Couammoah["i’ ﬂ’) 8 .E
20 (s

Let the mid.po; - . 2)

e point of the diagonal BD is F then

ordinstes of £ (@+b-a 00:) (b cJ

Tt means thyt E & F""lz"': 2

15 = A
geW!' 5rove that in a right angled triangle the square of the length of the
pypotenuse is equal to the sum of the squares of the lengths of lv?o le;s.

r;oﬂ'? - dia we ha . T
In the gram, ve shown a right trian h
ve taken the coordinates of the vertices as el e
A=(0,0), B=(a,0)and C=(0,b),
Now by distance formula y

|AB1=J(a-o)’+(o-0)’ wal.. . )

|Aq=,/ 0-0) +(b-0) =B ... i

|Bci= J(T—o)’ +(0-b) =a'+b
|5Cl’ =a' +b 50 <
ol =|Asf +1Acf s

(Hypotenuse)’ = (one leg)’ + (other leg)”
This proves the required result.

com

P Find the coordinates of the midpoint of the segment with the given

endpoints.
i) (8,-5)and(-2.9) i) (7,6)and (3,2).

i) (-2,3) and (-9,-6) iv) (at+b,a-b) and (-a,b)
The mid-point and one end of a line segment are (3.7) and (4.2)

respectively. Find the other end point,
Ell. ‘Te midpoints of the sides of a tdangle are (2.5), (4.2), (1.1). Find the

coordinates of the thres vertices.
The distance between two points with coordinates (1,1) and {(4,y) is 5.

i
Find all possible values for y.

Assign coordinates to the vertices A, B, C & D of
the trapezoid shown in the figure and then find

—

mid-points of the segments AB, BC, ©D & DA.
Show these mid-points in the diagram.

fon ta € 14




il

i)

i)

iv)

vi)

3 i)

vili)

ix)

x)

Select the cofrect answer.
The point having its cootdinmc‘s(ﬂz is called

a Abscissa b, Owdinate  © Origin d, Critical Point
The point (<3, 4) Jies in which quadrant?

a 1 [l || ¢ I d IV

A triangle having all the three sides equal is

aScalene b, lsosceles  c Equilateral d. None of thege
The only point lying on both the axes is
200 b)) 10 &0

Find the midpoint of a segment with endpoints at (5, 1) ang (1,-3)

0.3 B33 (=22 4 (3,-n

What are the coordinates of point (2, -3) after it i

e point ( ) after it is reflected Over the ;.

a2, 3) b)(-2,3) (2,3} d) (2, -3) '

Far vi-ix, use the given figure, ] AL
\iv'): 1

Which of the following are the coordinates . H

of point A? pEF e
D

2.(4,5) b. (54) r,,k.’s\

c.(5-4) d. (4,-5) B 1 N

What is the distance between points B and D? ¢ v

c I i
o oordn:am of the midpoint of the line joining A and C.
(=1.4) c.(5,-2) d. (=2, 5)

IFA(3,00and B(0,3) B|=
g are 4 ints i

% o any two points in » Plane, then| A |

& 8 h] 418 C) 9\/:’

d) zero

— it : -
45 -4-=3-2-1 01 2 3 4 5 &
what is the distance between two points with coordinates of

(1,-5) and (-5,7)?

@ Using distance formula, show that the points (4,-3),(2, 0),(-2. 6)are
collinear,

B' Find the point on the x-axis which is equidistant from (0, 1) and (3, 3).

n' A segment has one endpoint at (15, 22) and a midpoint at (5.18), what are
the coordinates of the other eadpoint?

n, Prove that (2, 1), (0, 0), (=1, 2), and (1, 3) are the vertices of a rectangle.

[ Prove that A(=1,0), B(3.3), C(6,-1), and D(2,~4)is a square.

(T
thk P
% ﬁ\()w

i an isosceles triangle.

You have a quadrilateral wi :
Find the mid-points of their diagonals. Does diagonals cut

point. Show it on graph paper

that the triangle with the vertices: (6, 5), (2. —4), and (5, ~1) is

ith vertices A(0,0), B(9,0), c(2.4), D(6.4).
at the mid-

|
% s 17 el
"D % < I‘XILJJ’ [ X ! =

S =,

Unit — 3 (Introduction t Coordinate Geometry)




P = e

Definition: )
Two triangles AABC and ADEF are said to be congruent if the
ro"nwi

;ixm&ﬁonsallbold:
i) £AzLD
i) LBalE
jii) £Cu £LF
iv) AB= DE
v) -B-EEE’

g
»
zﬁ}a |
g A ¢ °Q
vi) AC= DF i

In this case, we write AABC = ADEF

rtbes of .

AABCE AABC (1deatity congruence) i.c. every riangle is i
MAABC ADEF s ADEF AABCSyumcticpoperty o omgpuunae -
If AABC = ADEF sed ADEFEAXYZ, thea AABC = AXYZ s
congraence)

. .o~

(Tr e propany of

SAS (Side-Angle-Side)

If two sides and their included angle i g
sides and their included i gle in one triangle are con,
congueat, sngle in m‘ triangle, then the wo lxl‘ll’::;jl:s two

are

traingle are congruent 1o the

angles  asd pon; '
onincluded side of another Inangle, then the

inangles are congrueat.
A

(;hrn: :
AABC < ADEF
BC=EF, ZB= B ad ZCu oF
To et :
('unﬂrm'li:.n:

Wse_i\c is not congruent to DF, Take a point D’on DF, such that
AC = DF join D’ to E. i

prool: ]
Statements Ressons i
In AABC &2 & D'EF : !
BC=EF (Given) '
LC=LF (Given) |
ACz=DF (Supposition)
.  AABC=AD'EF (S.AS=SAS)
Hence £B=£D'EF (Corresponding angles of congruent As) If
put £B= ZDEF (Given) i
£D'EF = ZDEF (Transitive Property) il
This implies ED D5 ED’ i
And thus AC=DF, |
1n AABC » ADEF ‘
BC=EF (Given)
AC=DF (Proved) :
LC=LF (Given)
AABC = ADEF (S.AS=SAS) |

COTolAEVINS
ASA (Angle-Side-Angle)
1f two angles and their |

and their included side in another triangle,

juded side Inomvrlmelouomom(mtonomglu
'henmommanglummmm,




Cﬂl‘" ruc“ol“

Converse of the Isosceles triangle theorem k suppose the side BC is not shorter than any of the other two sides of the
If two angles of a triangle are congruent, then the sides opposite t those rriangle ABC. Construct AGEF with G and D on opposite sides of £F
are congreent. a such that GE = AB.
WA 2 Join G and D let the angles be named by the numihor e shiswn o0 Dgure,
Lan "foo‘:
In AABC, ZB = ZC. — Statements e
To Pmt_:_ . mn—espondencc
AB=AC B AABC 2 AGEF
Construclion: . D BC sEF (Given)
Draw bisector of ZA cutting BC at the point D, < /B = £GEF (Construction)
Proof: AB =GE (Construction) '
Stateusenls Reavim ———— - AABC= AGEF (S.AS=S.AS)
In AABD & AACD — so GF=AC g‘?;’n';?:;ﬂdiﬂs sides of congruent
AD=AD (Common) gt DF=AC (Given) . |
Zlal2 (Construction) . GF=DF —{i) (Transitive Propenty)
LB iC (Given) In AFDG, g
& AABD=AACD (AAS=AAS) lzn3 : Eé;--— (i) (ADFG is isosceles) ‘;
_a._. 2 % — __' — .
Hence ABz=AC (Corresponding sides of congruent As) DE = EG each is congruent to AB ]
g 3, e L1 L2 e (ii])
: THEOREM 10:3) L D Lm L4 L2 By (ii) and (ifi) f
I:SS (Side-Side-Side) H mLDEmEG Addition of angles postulate
2 comespondemce of two triangles. if de
. gles, if 3 In the correspondence
to the carresponding three sides of the ;m ‘:k s of ane triangle are congruent ADEF «» AGEF
Given: + the two triangles are conpruent, DE=GE Proved
la AABC ¢+ ADEF D ' £D% LG Proved ;
AB 2 DE A /T’\ DE=FG By (i) |
—_— iF = SAS
BCzEF —— s ADEF = AGEF
i o O CARED A r : But AABC = AGEF Proved
AABC 2 ADEF B % . _AABC = AGEF — EaeEm——
& NOté‘?TF?‘ _ This theorem will be referred 10 as $.5.5 5558 __'
Not For S 237

236 3 - G
{: b N -
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1L (lgpotenssed

) Congruence Theorem "
ence of two right angled triangles, the h

If in the - ely congruent to the hypotenuse €Mose
side of ane re MESpeC vely 00 nt. and the Cor, ind
::kofmm_mmugitsmwﬂw txmnd::
e s HADH: F ! C
£ABC= ZE
(coch i sight angle) __ 4
AC=DF and BCZEF B -
To Prove: A . .B
AABC= ADEF
Comtruction: il
Produce AB to the point G such that BG & DE join C and G
Proet: )
Stuterents Reanmimpy o ——
(Supplemen
m£CBG =90 ZABG) Y "ele ofthe g
A o (Given)
S 8GBC» ADEF
g--, fg;cot e Construction
47 £GBC= £ Each is right
Bis _ BC=EF G P sngle
if 3 ;_t(;:nc%w SAS=SAS
4 - ﬁ: o c?mspmdmg sides of congruent A
DF=AC given :
: GCz=AC
follows that ZA = 26 3
il == PR o e o s
AABC+ AGBC
ACz=GC
LAB LG :::::
LABC= £GBC
= AABC&AG Each is right
?u AGBC= ADI;'C SAS= s.g/l\l‘sangle
SLdABCespzr | Proved

This ‘H.L=H,
Setmvillberemedtoss HL=HL

prove that the perpendiculars drawn from the endpoints of the base of
an isosceles triangle to their opposite sides are congruent.

D E
In the given figure AC= CE and £B = £D.
prove that BC =CD

A B
Given: C is the midpoint of BE, ¢

ZBEZLE A P
prove: AABC=ADEC
E

Prove that the median bisecting the vertex angle and is perpendicular o
the base.

Prove that the bisector of the vertex angle of an isosceles triangle is the
pependicular bisector of the base.

PQRS is o square. X, Y and Z are the mid-points of PQ, QR and RS
respectively, Prove that APXY = ASZY.

A
Given: Al L BC, AD L DC B b
AR =AD
Prove that; AABC = AADC. c
" Q u
QUAID is a rectangle. Find x. r

QC - x
DC=3x -8

e




et

b

-

i

i)

iv)

u Select the carrect answer.

Which of the following is not a sufficient conditioy, for g
L

two triangles? Bry

2 ASAZASA b) HSzHs 1
¢} SAA =SAA d) AAA= AAA

The diagonalof does not divide it into 1w c0;|

3) rectangle b) square i (ﬁaw“
¢) panllclogram d) trapezium

In & given correspondence of two triangles, if AABC

of the following is not correct? BC = apgr, thea uy
2 BslE b CA=FD ’

¢) ZCBA=ZFED d) ZABCz

ZEF

In AABC, if ZA = ZB then bisector of =difm

two congruent triangles. = (ivides the BABCj,,
a) LA b) ZB
:\)v’hif: Ftbe foll ) any one of its ang)

o owing is a legiti . ARG A
it wing is a legitimate reason for dcclaring two triangles
a) SSA=SSA b) SAS = 3
t) MA.AM » = SAS

d)  all of the these

In 2 APQR, the bisectors of £Q and ZR meet at

equidistant from the sides of the triangle. O. Prove that 0 j,
i e given e B2 ang "
ZA 3 £C, pro AR 2
~Frove that AE=CD,
ABCisat .
e “
m<B = 100°, BD 4 AC :
is 31 isnsceles ll'iangl:_(:‘ Prove that ABDC € £
ABC is ap is0sce
— les tri :
AD bisects 25 ﬂyslib 15 the mid-point of base BC. Prove thit

and AD | BC

When two geometric figures are identical (they can be placed exactly on
1op of each other), the figures are called congrient. Congruent figures are
exact duplicates of cach other, They have exactly the same size and shape.

A wrinngle has six elements, three sides and theee angles,

CPCTC means Corresponding paris of congruent trianghes are congruent.

If two sides and their included angle in one triangle are conguent to two
sides and their included angle in another triangle, then the two trangles
are conguent,

1f two angles and a non-included side of one traingle are congruent to the
corresponding ungles and non-included side of unother triangle, then the
triangles are congruent.

A trangle in which all the three sides and all the three angles are equal is
called an equilateral triangle,

If two angles and their included side in one 1riangle are congruent to two
angles and their included side in another triangle, then the two triangles

are congruent.

If two angles of a trianlge are congruent, then the sides oppasite to those
angles are congruent,

I the sides of one trianlge are congruent to the sides of another triangle,

then the two triangles are congruent.

If the hypotenuse and leg of a right triongle are congruent 1o the
hypotenose and corresponding leg of another right triangle, then the twa

tiangles are congmient.
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Abeer resdng ¢his unit, the stud

the following theorems along
o orslaries and apply them to
mmwwmwpoblems.
v hlpllmbm:
. the opposite sides are congruent,
v e apposite angls are congruent
i ummbimamhuhu.
o I two opposite sides of a

ilateral are congruent and

parallel, it is a parallelogram.
4 The line segment, joining the
midpoints of two sides of a triangle, is
parallel to the third side and is equal
to one half of its Jength.
i The medians of a triangle are
coecurrent and their point of

PARALLELOGRAMS
TRIANGLES

ents will be able to;

ANp

—

[ Persiaga
L7

Rectangle

squ..

Rhombuses

—

-2

|

oocurrency is the point of trisection of each median.

If three or more paralle! lines mak i
" © congruent intercepts
they also intercept congruent segments on any other Iil: Ih:tn c:n:aﬂn:mm

In -
Beometry, & figure that lies in a plane is called a plane figure. A plane figire

with three o¢ more straight i
edges as its sides |
namedafler the number of sides hml.mstdes is called a polygon. Each polygons

qaadrifateral
whichdl;a.,mmMA
mtAs‘lﬂﬂthlqmﬁ
e congruca,

242

A : .
Niy::" :!ho::: :dcs is called a quadrilateral. A parallclogram is 1
sides are ;'mrallel. A rhombus is a quadrilateral o

h::i:g:h'-s a qu@ﬁlntml in which all angles ar¢
ich all sides are congruent and all angls

(2 T ——
e
e N

Unit ~ 11 (Paralielograms and Trng*!)
.

From the definition it follows that in fact rectangle, thombus and Square

l‘rnﬂ‘lklog“ms'

F A » A B g
~

Il K -°$" Dc

l c e <

A paralielogram is o quadnlateral with both pairs

ite sides parallel. The term “parallelogram The sum of four
s"cmbewducnas PQRS. angles of a
In  PQRS,PQIIRS _gmua:lnfllwll is

QR Il PS by definition.
The theorem below describes the properties of pacallelogram.

Io & parallclogram,
The opposite sides are congruent.

The opposite angles are congruent.
The diagonals bisect each other,

Given:
ABCD is a parallelogram D C
ic AB | DC
and AD || BC
ACand BDare its diagonals. N
To Prove:
ABz DC and AD® BC
ZA=ZCand £B= £D
EEE‘E:MEE —B—é

243
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Proof:

__-‘-—"'-
Statements

—.:‘r;.ll—ﬁcf;i AC intersects them

=2 )
Sinslaly £3 8 24 --=—=(il)
10 ABC & ACDA
AC=AC

L3

21542

5 AABC = ACDA

Yenze AB=CD
awd BCaDA
alw  ZB=ZD

and - mZl+mdd mms2 + ms3
o ZAm/LC

In AABE & ACDE

AB= CD

Llz22

£AEB = ZCED

< AABE = ACDE

i{cﬂt! .A_Egﬁ

i,

(Altere ngely)

(Alternate angie)

(Comman)

(Proved)
(Proved)
(A-S A= A~S-A)
fc.ofmspondin
trungles)
(comrespond; i
triangles) Podee.i COnghygy,
(correspondin

5
congruent trizngles) P A
(Trom (i) unyd (i) )

B Sides of
mnyuw

(Proved)

(Proved)

(vertical anples)
(SAAus.A.A)

(ulf{cs,mmling

- sides
nnngics) s of Congnical

teomresponding i
R ing sides of co
Wiamgles) Ngrueat

W R SIS
m\-b 3 '4". vg-'%- D

ya
m !
Q adritmteral WXYZ ks u parallelogrum. X re0 v

u
Find the value of xand y. g
soluﬂﬂll: ¥
XY =WZ {*+ opposite sides of a o
parallelogram ure equal ) )
x=9=I15 15 z
=24 .
y= 60 ( ~-opposite angles of a purallelogram are equal)

THEOREM 11.2

{f1wo opposite sides of a quadrilateral arc congruent, then the quadrilateral 18

aparsliclogram.

Given:

ABCD is a qudrilateral in which

AB=DCand AB |1 DC.

To Prove:
ABCD is a parallelogram.
Construction:
Join Ao C.
I'rool:
- Stalvments Reasons
In AABC ¢ ACDA
AB=DC (Given)
AC 2 AC 7 (Common)
PiEY=N o g (Allermate angles)
- AABC = ACDA (SAS=S.AS)

Henee £3= 24

(Corresponding  ngles  of congruent
triangles)

Bt |hc_§|_;; .lll;f_i!llﬂlllllll;‘ angles

AD | BE

ANCD  bas  both  pairs

of

opposite sides paraliel.
ABCD s o paraliclogram.

and Triangles)

Unit « 11 (P




‘5" 7_“‘ :1? \/ TS

‘@dogmn. then its
Sonees
s cangruent. (Corresponding  sides  of congruent
trinngles)
(Given)
(Transitive Property)
The triangle Mid-Segment Theorem Also an || CF (Altematg angles are congruent)
A mid segment of a triangle is a scgment that B di—D“a“
coaects the midpoints of two sides of the ¢
wisngle. Every triangle has three mid segments, M j.e. BCFD is a parallelogram (Opposite sides parallel)
The mid segments of AABC at the right are P which follows that
MP, MN, and NP. A pEll BC
THEOREM ’I =T admDF=m BC (Opposite sides of a parallelogram)
~ But mDE= 1 mDF (Construction)
The triangle Midsegment Theorem 2
=] 1 B e TR e
. Theline S e i % mDE = = mBC " mDF =mBC)
A tothe third side aad i Joining the midpoints of two sides of g rig :
N¢ isequalto one halfofits length, gle, is paryyy
8 Given:
& Y S— ol =
. riex to the my nt of { ite side. |
ABand ACrespectively. DE joins the, a verie poi opposite $ |
R To Prove: {
i DE || BCand mDE = mBC. : %
cow'“”' B The medians of a triangle are concurrent and their point of concurrency isthe point of !
el ! On DE i trisection of each median.
h « lakes F, ] L B
Proof; such that DE» EF Sdoin Fio 0. Given:
= Statements In AABC, E and F are the mid points of BCand L
m“m Rensuny CA respectively. AE and BF intersect cach
DE: EF L 7 ABatD ; 8
AE=CE r (Construction) - otler at G. CG is drawn to meet ABat D. ‘ ‘
Lz (Given) To Prove: A Tl i
= 4A i) Medians are concurrent i.e. CGD s also a Selee” |
DE = AcFg (Vertical angiey) m:dnun " |
ii ) G is the point of trsection of each median.

Unn-n("ﬂrdlefogrmcnd' ’[ lhll-n(mlldopmandfrkndo)

e



uHunEa.mchﬂm(_36=ﬁ.loinnmAundn

Tuke a poi
Prool:
S e ——_
Tn AACH \
S AR (FGIs the : segment J(j"-"ng g .
of CA and CH ) Nainy,
ie. BI AH
s_i_mihn_y_inm (G and E are the mid points of &5
GE || B CB) H 2y
or AE||HE
» AHBG is a pmnclomm. (Opposite sides are paralle))
u. AD= BD (Diagonals of a parallclogram p;
? ather) # biscet eacy
or D is the mid point of AB.
‘~' or OGDis a madian,
b Hence all the three medians are
des concurrent,
| Also GDs DH (Di
e agonals of o paral s
: 1 other) Parallelogram bisect eacy
— ormGD= -:;mG
LTl i =
= 1nGC (" CG=GH / construction)
| e a_)G is the point of Iisection of medisn
millarly i can be proved that

— Y
mGE =§mAG

and m G = %mﬁ

ie Gisthe
mediun

pﬁml‘lrisoq‘mnolmh

| und perpendicular lines ! ‘

paralle

wo lines thist do not interseet and are coplanar are paralle! lines,

1f two lines intersect 10 form a right angle then they are perpendicular lines,

{f three or more parallel lines make congruent intercepts on & transversal, they also
{ntercept congrucnt segments onany other line that cuts them,

Given:
Lines ﬁ” EB“ ._‘. L
= . e 4 f of g
wansverssl LX  intercepts AB, CD /*“ j\
il
and EFat the points MN and P e As P
respectively such that MNu NP while = / v ;a
: F
P i
another transversal QY intercepts them +— r > L .
at the points R.S and T respectively. R ]
To Prove:
RS= ST
Construction:
From R, draw RU |ILX which meets CDat U and from S. draw
RV ||LX which mieets EF at V. As shown in the figure, label the angles
as £1, £2, Z3 and £4,
Prool:
Stutements Reasons
s’ ) i Construction
RU ||LX
Nppon Given
AB |l CD
SMNUR is a parnlielogram By definition

Unit - 11 (Paraliclograms and Triangles)




Mayy, emay,
G,
— Opposi(c sides ofa lek' X
. - —T og
, [ NP ESV...G)
' ButN = NP ....ii) Given
i RUssV From (i),(ii) and (ji)
RU ISV
Now i ARUS ,| Both are congruent 1o [ |
[Nowia ARUS ¢ ASVT
RU 2 SV (Proved)
LA X
{ll EL Corresponding angjes
9—? ["._ Comwng Mglcg
ARUiE SAA=SAA
Heace RS& ST CPCTC
i
4%
T
& des, ity dpoint of
e uraliel sides, it willbisectthe oher o s P11 Sde o
et the othernon-parallci side., ofa Trapezoid o

NN e R B e Syee

o.‘B*(‘. . ;" 7‘ -~

N
i g

MChI ,",f one of the angles of parallelogram is 707, Find the measure of
the remaining angles,

E Measure of one of the exterior angles of a parallclogram is 125°. Find the
measure of all of its interior angles,

R f
ﬂ. RSTU is a paraliclogram. Find ST, 3”'@’ 1”2 I,'
’ u T

u, Find the value of cach variable in the parallclogram using the propertics.
1 i)
y me+ 1
(5 o l
i) iv) ‘
!
2 -8 )

B. DE 15 o midsegment of A ABC . Find the value of x.

) i) iit)

Prove thal dizgonals of & hombus bisect its ongles.

~ Unit-n (Perallelogrems and Triangfes)




u 1 thombus MNOP, mZN = 60" What is mz0?

B Frovetha diagonals of a rectangle are congruent,

BL Ina2AABC, D and E are two poinls on AB andAC., Such 4
, hat

I REVIEW EXERCISE 11

Select the correct answer,

] = = e i, | BB :
mABand mAE= :mAC. Provethat mDE =" p, BC. 1 0 Which quadrilateral must have diagonals that are congruent and
4 perpendicular?
Rhomb
M1 Gisthe centroid of SABC. BG = 6, AF =12 ang Ap: i %) Rbombus b) Square
Jength of the segment, = 15. Fing g, ¢) Trapezoid d) Parallelogram
0 T iy BF i) How many equilateral triangles can be made by joining the midpoints of
X i the sides of an equilateral trhangle.
i) AG iv) GE a) 2 by 3
m A c) 4 d) cannot be determined
Prove that the four triangles formed by joini 1 i
sides of a triangle are congruent to 0:": i no(":‘fr ."“-‘ mid points Of the thr, jii)  Which statement must be true?
E- ) A a) If o parallelogram is not a rectangle, then it is not a square.
::tlhc d;m.n MBC.'_D and_E e b) If a paraliclogram is not a square, then it is not a rectangle.
ml_-_pm’nu o_f ABand AC, ¢} All rectangles are squares,
- MCF-E mBC, d) If a parallelogram is a rectangle. then it is a square.
Prove that mcG = ! mAG
i 3 gL iv) Which quadrilateral’s diagonals are perpendicular to cach other and bisect
the figure's opposite angles?
n) Trapezoid b) Rectangle
S 1l
111-348271: *9% = ¢) Rhombus d) Parallelogram
12345679 : : = kanon v) If opposite angles of o quadrilateral are equal in measure and none of them
2345679, 3 333333333 is a right angle. then the quadrilateral is o
:2-3‘3.67! *45 . ss5sg i"“s a)  Square b) Parallelogram
1 ':;: = g = 666,666,666 c) Trapezoid d) Rectangle
* .
! =72 e TTD vi) Medians of a triangle are divided by the point of concurrency in the ratio
12345679 = 888,889 858 .3
.8 = .mw a 2:1 b) 2:3
¢) 1:3 d) None of these

Unit 11 (Parafielograms and Trienglel)
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viii)

ix)

idis the point of concurrency of

(;m:'mm ofawiangle  b) Angle biscctory of
a

e of atdangle  d) Perpendicular bisee
¢) Alitudes

a lri:mg]

tors of I
1f sum of the measures of ZA and £C of a Parallelogry ABcp
then mZB = is 'b_
a 25° b) 50°
o) 65° d) None of these
Diagonals of a square are 10 each other,
a) Perpendicular b) Not congruent
¢) Coagruent d)  Parallel

Sum of the measures of interior angles of a quadrilatery) jy
3) 2night angles b) 4right angles
¢) 3 rght angles d) None of these

Messure of ooe of the angles of parallelogram is 6. Find the meas,

the remaining angles. -
Measure of ane of the exterior angles of a parallelogram i
measure of all of itg interior angles, W Bt
Prove that the line segments joining the mid

; i -Points of the sides
quadsilateral taken in order, form a parallelogra G

m.

In thambrs MNOP, m./n = 70°. What is m207

Measure of ozl
the mm‘:’;‘:ﬂc angles of parallclogram is 5¢° Find the measure of

Unit - 11 (Paralielograms and Trk

yathem
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A polygon with four sides is called o quadrilateral.
A parallelogram is a quadrilateral in wh
A rhombus is a quadrilateral in which a
A rectangle is a quadrilateeal in which
A Square is a quadrilateral jn which al
are congruent,

In fact rectangle, rhombus and Square are parallelograms.
A polygon with three sides is called 3 triangle.

The opposite sides of a paraliclogram are congruent,

The opposite angles of 5 parallelogram are congruent.
The diagonals of a parallelogram bisect each other,

A diagonal of a parallelogram divides the parallelogram into two
coagruent trinngles,

If two pairs of opposite sides of 2 quadrilateral are congruent, then the
quadrilateral is a parallelogram,

The line segment, joining the midpoints of two sides of a triangle, is
parallel 1o the third side and is cqual to one half of its length.

If three or more parallel lines make congruent intercepts on a transversal,
they also intercept congruent segments on any other line that cuts them,

I a line is drawn from the midpoint of one side of a triangle and paraliel to
other side, it will bisect the third side,

If a line is drawn pasallel from the midpoint of a non-parallel side of a
Trapezoid to the parallel sides, it will bisect the other non-parallel side.

If one side of a 1rdangle is divided into congruent segmepts, the line drawn
from the points of division parallel to the other side will make congruent
segments on third side.

The point through which all the medians of the sides of a triangle pass is
called centroid of the trangle,

ich opposite sides are parallel,

Il sides are congroent.

all angles are congruent,

I sides are congruent and all angles

Parallefograms and Triangles)
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LINE BISECTORS ap

b GLE BISECT )
\ A N OR s AnY poinl <:n the right bisector of a line segment is equidistant from end points of
- ts will be able to; {he scgment. 1
Aftarreading this unit, the Studer ] . |
2 i an fven: {
e Prove the following theorems along With corollaries ang D0y e ‘;me MN intersects the Tine segment AB at .
solve appropriate problems. b | e point R such that M is the right bisector
+ Any point on the right biscctor of a fine Segment is equidisggy | | of AB which cuts AB at R. Let P be a point
end points. " | | <ga MN.
«  Any point equidistant from the points of a line segmeny i 00 the 1 Construction:
blspetar of . ™ Join P to the points A and B.
*  The right biscctors of the sides of a triangle are concurren.
. . Py To Prove:
. i $eCiO! i : s —
A *  Any point on the bi rofnn.m.lgcxs equidistant from 1S armg. p Is cquidistant from A and B i.e. m PA= mPB
’ *  Any point inside an angle, equidistant from its arms, is on (he j;
y 1 . of it, biseey Proof: . !Z
iy * 'The hisectars of the angles of a triangle are concurrent, = R:"':“'x"{":‘l"‘ Reasuns l
M \
By h PR= PR (Common) '
b Defini AR= BR (Given)
1 N o : g Lre Li=22 (Right angles)
) A segment bisector is a line that divides a scgment into two cagg | -, APRA = APRB (SAS=S.AS) |
pasts. The ml' here a bisector intersects a segment is the midpoint of & Hence PA® PB (Corresponding sides of congruent trianghes) 4
:m AA, foxret. pendicular segment is called a perpeadnds | o, P is cquidtistant from A and B, Sinee P is arbitrary so any point takea on MN t !
; s + An angle bisector is a line or ray that divides an angle into two cosges will be equidistant from A and B. ! {
! ; t
! ol B !§
A BD is the perpendicular bisector of AC . Find AD, . i
= Solutinn: h
5 AD=CD perpendicalar bisector theoreny }
" Sr=2xs 4 sibstitule. G e 0
X =7 uplve for . l\ 5
; B . AD = 5 ) ) "
=57 he
A :

lis i
perpendicular 10 DB is the angle biscctor of AKX =135
~Unit - 13 (Line Bisectors bddmre'qliig'm); 3

Unit - 12 (Line Bisectors and Angi¢



Any point equidistant

bisector of it
‘ P
Given pis equidistant from the end points of
AB ic. PA= PB
To Prove: —
P lies on the right bisector of AB. 12
R
Construction: _ S—
Draw a perpendicular on AB, meeting AB atR.
- 5“‘ Statements Reasony
:_; ln_APR__AH APRB B
N PA= PB i
-~ PRuPR (Common)
1% lf.tl =ms2=90° (Construction)
4 ..APR_A_EAPRB (SS.SusSs.5)
~PR=FPR (Corresponding angles of congruen
== g . = triangles)
55 P{l is the right bisector of AB . (By def., and Construction)
or P lies oo the right bisector of PR,

from the end points of a fine segment i -
fighy

The right bise. . ,
o oo:c':: m.ctors of the sides of a trisngle

S SO R VAR IR VA S
“*L"co MVO x'zf\%&” ’

S = 0l E?_mpectlvcly. and intersect each other at O. O is joined to F, the

p d-p‘w of AC.

foPro™® . _

e night piscctors of the sides AB, BC, AC of a triangle are concurreat at O.

a.slr“‘“‘”‘: L =i

the right pisectors of ABand BC which intersect each other at O. Join O to

A'B lﬂd C.
proof:
= Statements Reasons

In AAOB’ - )

s o the right bisetor of AB. (Given) '

' A0= BO ——— (Point oa the right bisector of a line segment is

2 aouTR2 2 equidistant from its end peits,)

similarly in ABOC

§0= CO —— (i) (O is on the right bisector of BC)

Heace AO= CO (From (i) and (i)

.,..Oisomui;mbuecwrof'AT: (O is equidistant from A acd C)

ie. O lies on all the nght bisectors AB i
BCandCA . i
H:neethcdgblblsectoﬂod’lhzthrusidaofanimgkmmcmluo. ”

I

Asy point on the bisector of an angle is equidistant
from its arms

Given: B
0-M‘ is the bisector of ZAOB. Pis any point on OM.
To Prove: e
P is equidistant from the armms of ZAOBie PR= PQ
Construction: ¥ ¥
Deaw PR L OA and PQ L OB




[JotbrC eyl L—pon e

2
'm W&;wm values of x does P lies on the bisector of ZA?
Tn APRO « APOQ ; x : . s
LPOR=ZPOQ (g;w:':“ eles) sol"""" {he converse of the angle biscctor theorem P lies on the bisector of
' Z9Q0 = ZPRO ‘c e ) . A if P is equidistant from the sides of ZA, so when BP = CP.
Fo=r0 | Koon e gp=CP set segment lengths equal
+ APRO= (A'A'S =ZAA 'S) x+3= 2x-1 substitule expressions for segments l!.'l‘l'(.'fh‘
PR PQ CPCTC 4=x wolve for

— LT 4 i i =4.

i Pis cquidistnt from BAand BC, the armns of ZAOB. Ths the paint P Hies on the bisector of LA when *

T |~ An angle biscctor of a \riangle is the bisector of the interior angle of the
THEGREM 125 e | B =

Any point inside an angle, equidistant from its arms, is on its bisecqor,

Given: o , The bisectors of the angles of a triangle are concurrent.
P P is a poant lies inside ZAOB, such that PR = PQ, /( it
i PR L OA and FO.L OB = & i B and £C
o where PR L 0A and PQ L OB 7D andCDare the biscctors of £
S R i T b, ich et s e D
Y is joi A
R OP is an the bisector of ZAOB. D is joined to
T Constru . To Prove:
- R ¢ e 3 DA is the bisector of ZA. !
: JoinPto 0. Draw pespendicular PR and PQ on OA and OB c
¥ Coustruction: > B |
: From D. draw DK L BC, 1
, Statement P — B-l_.L(_.‘.;\und oM LAB. !
L |
--OLR © A0PQ —_— — ]
LO:’B [Commnm Statvincals - 3 |
PR=PQ (Given) + D lies on the hisector of £B (Giveo) y ; ,
£PRO = o i mofoﬂlﬂlﬂ&mofl ) t
3 i (Right angles) v, DK & DM ssormeeen (n (D ,
gy S i
Hence ZPOR = £POQ SARSS.A) Similarly D lics on the bisector of £C "
ey cPeTC B |
or, Op . —_— — . (Distance ;
| il « DTIs the bisector of ZAOR: % DK = DL, oo (1) !

m Rt | Unt—ra (Line Bisectors and Angle Bisectors)



e

“le. Dlies on the bisector of ZA

et

or, hebisetors ofthe asgesof th tiangle ABC are concurreny

S
The point of concurreacy of the three mgh\

bisectors of 2 tiangle is called the incenter of the
triangle. The incenter always lics inside the tiangle.
The incenter is equidistant from the three
sides of the triangle, a circle drawn using incenter
and the distance 10 ane side as radius s said 10 be inscribed Within the i,
le.

(D is equidistang from |, nnd M‘
)

e/

BN ¥ the disgonsls of a quadrilateral are the

Peove that althe sids o the quadiilatera] o - c O O €2¢h oiber, gy

teral are congruent,

B PRt TS a1 5 iy

bsn =MT,

Prove that A PRM = 4 MTs P
BL i 82 24 ona iy o,

3 _OM bisects 2pop, ;
the midpoiat of P R, prove that M js

—

) Vt‘?’* TING LS 4
b%‘.& L ‘x'lf"\'\\/'”“

ﬂ' In the diugmﬂ\_. BD is the perpendicular

pisector of AC. n
i) What segment lengths are equal? % i

i) What is the value of x?

jii) Find AB.
F

:i: :

G

) i) iii)

x+11 %
é j m-:»’é 5 |
Jr+l
s o 161"

n. Prove that the diagonals of a square are the right bisectors of each other.

. we conclude that EF bisects ZFEG ?

iii)

i ii)
i) g >
G G

n, Find the value of x.

bisector
a s

"‘# x X
Blue Line Is Bisected

Bhse Angle o Bisected

Unit -1 (Line Bisectors and Angte Bisectors)

Ji
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ER Sclect the

he box.
\Which of the following are coacurrent?

1)

i)

iv)

v)

correct answer and write the comesponding letter a_ b o org
n

2) Angles bisectors of a triangle
b) Perpendicular bisectors of the sides of o triangle.

¢) Medians of a tiangle d) all of these

Which of the following sometimes is inside 2 triangle, somey;
coincides with a side of a triangle, and sometimes falls outsig times
triangle? e of
b) the altitude

a) the hase

¢) the median d) the angle bisector ‘
Perpendicular bisectors of a irangle are

a) Coogruent b) Concurrent

¢) Paralled 1o each other d) perpendicular to cach other

In which triangle the di §
vertes sagh. = perpendicular bisector of the base passes through its

) Ri
%) Right angled b) Secalene

o I
e d) Acute-angled

In AABC, medians AD
length of FG? . BE, and CF intersect at G. If CF = 24, what is the

a) 8
b) 12

€ 10

The angle bisectors of a triangle meet at a point which is equidistant from
of the triangle.

a) the vertices 3 b) the sides

midpoints of the sides d)  all of these

c)
In an equilateral triangle, all the perpendicular bisector are

b) concurrent

i)

a) congurent

d) parallel

¢) the angle biscctor as well

of intersection of the angle bisectors of a triangle is equidistant from

iy Point
i of the triangle.
a) the vertices b) the sides
¢) mid points of the sides d) all of these
A

B- B D
In the given figure A8 = AD aad BC = DC. Prove that AC - BD and

BE= DE

Prove that the diagonals of a rthombus are the right C
bisectors of each other.

n- Prove that bisectors of the base angles of an isosceles triangle intersect

each other at the fight bisector of the base.

You now what
seems 003 10 me?
Nunbecs tnal sen’
digisle 1o tho

[
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SIDES AND ANGLES OF A
TRIANGLE

Afuer reading this unit, the studento willbe able to: |
prove the following theorems along with corollaries and apply them to solve

& A segment bisector is a line that divides a segment into twq con,
Eruey

-4

o 2 < ) Waupmblcm

& The point where a bisector intersects a segment is the Midpoing of the o If two sides of 3 triangle are unequal in length, the longer side has an angle of
SR Mmmopposi!eloi!.

& A bisector that is perpendicular to a segment is called 5 Perpendicq) . mwumgludauimdemnuqdmmm-mwmmmmw
bisector: 2 angle is longer than the side opposite to the smaller angle.

& Anangle bisector is 2 line or ray that dividmanmglcinto:woconl - mwmofmclennhsofuylwsidao(animhyummmlengmof

e the third side.

° anwW.M~sidealhe.lhepapendiuhrb|beshmendimmme

'A‘ & Any point on the right bisector of a line segment is cquidistant frop &
i 3\. end points of the segment. f point to the line.
e \ .
‘[\ * lfny point equidistant from the end points of a line segrment is on the right !
bisector of it, THEORE/W 13.1 l
Bl e isocion ; :
\ The b of the angles of a triangle are concurrent. If two sides of o triangle are unequal in length, the Jonger side has an angle of
W S
@ Theright bisectors of the sides of a triangle are concurrent grealer measure oppasite 10 it, r
¢ Anypoi Given: == i
¥ point on the bisector of an angle is equidistant from its arms. AABC with mBC >mAC
¢ Ioneside of te §
from the poi 3 :.‘:fk # divided into congruent segments, the line drawn To Prove: ;
1ats of division paralel 1o the othe: m<£B {
r side will mZCAB > {
segments an third side. ki oot o i}
Construction: Eﬁ cuch that h B

Take a point D on a point '

; CD=CA . Join Dt A,

B
Unlt - 13 (Line Bisectors and Angle Bisectors) | um_,,(m,.,waonmh)




Proof:
Statements Reasons

¢l AAE.C \

CA=CD (Construction)

o L1242 (Angles opposite 1o co

AADC) MBI sides o

ButmZ2>m<B (Exterior angle of AABD)

- mZl>méB— (i) (v L12£2)

Alsp mZCAB > m| - (i) | {(-mLCAB=mZl + mZDAB

)
- mZCAB > m<B (From (i) and (ii) )

i

If two angles of a triangle are une:
qual in measure, th
angle is longer than the side opposite 10 the smaller angfes'de OPposits the

Given:
AABC in which m£B > mZA

To Prove:
mCA >mCB
Proof:

i

l

fb.com/Employee Services

Statements
There are three possibilitics
i) mC_A <mCB
ar ﬁ|L ma >ma
g mCA <mc‘~8
es  mZB <mlA
:Nd’llmmtouumm
mCA =mCB
msB = mZA

Which is
is given, 3gam coatrary to what

Hence the on]
YPOSSIblh
MIS mCA >mCB ¥ thae

Reasons

‘Tmnmy Pmn y )

( -
Angle opposite to smaller side)

(Base i
‘ angles of an isosceles triangle)

7

Unit =13 (Sides and Angles of o Triangte)

.‘ll n

List the sides of the given triangle in
increasing order.

solt'“‘""
As 30 <50 <100,

then RS <QR<QS.

2

List the
increasing

Solution:
As 6<8<I1l

then m£N< mZM <msP

Triangle Inequality Theorem

The sum of the lengt:
the third side.

Given:
A triangle ABC.

To Proves
mAB+ mAC >mBC
mAB+ mBC >m'\C
mAC+ mBC >mAB

Construction:
Bisect ZA. Let {he bisector meets B

Prool:

Slalements

mZl =mL2 ——""" ®

but mZ3 > m&l = (in
o mZ3>mLl

unu--;(mwm

THEOREM 13.3

hs of any two sides of & trian

angles of the given triangle in

M 1

ghe is greater (han the length of

BCmD.

Reasnns

(AD s the biseetor of £ZA)
(Exterior angle of AABD)
(From (1) and (i) -




e,

Thisimplies. vy e =
'mAC >mDC —— (i) - (Side opposite (o bigger angle) x e
Similarly s o _ i BIP= AR
%-uﬂ-—'——' ) (ADijs the bisector of £A) ! a po'ml.ouls'ldc a line, the perpendicular is the shortest distance from the
but mZd >mé2 (V) (Exterior angle of AACD) point 0 the tine. o
f.ztiZ’i;le' 3 (From (iv) and (v) ) b <
T o J 3
_nAB_: IIIBD— _'_ﬁ) — ® g2 Logai 19 10 Mager anglo) = KLL ;&. , where K is a point outside
-~ mAB+mAC > mBD+mDC | (Adding Giii) and (vi) ) o I—L-.
P R e ot e s 3 i 2
ie.mAB +mAC >mBC mBC=mBD+mDC X L MY
‘Similarly, we can peove that 1o Prove:
‘mAB+mBC >mAC and m KL is the shortest of all the distances from K to Xy
L — — .
EAC+ MO NAY Construction:
Triangle inequality Theorem 4 Take a point M on X other than L. Join M to K. AKLM is formed.
‘The sum of the leagths of any two sides of  trian f ¢
hm‘ ‘ than = glc Prooi:
kn + BC Aclhe et af the taind side, Stalements l Reasons
hd) >AC, AC+BC>AB, AB (s
. +AC>BC. B In AKLM
e m£l=90° (Given)
A triangle has one side of len 22 | (Only one angle can be a right angle in a triangle)
possible length ofthelhi!dsidi.m 12 and another of length 8. Describe the mf_lj e e e
Solution: of + -mKM >mKL | (Sideopposite 1o greater angle)
; X represent length of the third side. or mKL <mKM (Reflexive Property) =
ng:::f:m © help visualize the smal} and large values of x. Similarly it can be proved that the distance of K from, any point taken on XY
trinngle & i z i ter than KL.
Small v&u of ¥ Thequality m‘&‘o write and solve inequalities. o ek st e ﬁ
g¢ values of i T is the shortest distance of point .
x+8>12 = X Hence perpendicular KL.is the &
x>4 +125x : - - e
= o 2,520 is the smallest number that can be exactly divided by 3L 26
T pambers 10 10. e
greater than 4 and less than 20

-3 ..;.‘l"?.,,:-.f‘. ey
~ Unit= 13 (Sides and Angles of a Triangle)

- 13 (Sides and npu‘of-wn#)
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1.8 |...mamﬁmwmwdmofxwmmm REVIEW EXERCISE 13
riangle passible? i,
Could a triangle b¢ formed by f:_siening three Rp—— .
B sﬁcksmalmﬁiti..win..mdhn-hﬂs? ﬂ' Sefect t i _
G ) . 0 An exterior angle of a triangle measures 120°. If measure of one of its
El. Basc QRofan isosceles triangle PQR is extended 10 S. Prove thyy I} emote interior angles is 40°, the measure of the second angle is
wPs >mPQ. a) 40° b) 80°
[ Toc engeh oftwo sides of a riangle are 11 and 23, If the thirg g o 0° 4 120° |
find the range of possible yalues for x. sidejg, | In AABG mZA=90°, meB=53°, and m£C=37°Which expression
P correctly relates the lengths of the sides of this triangle? s
B 115is any point on the side PQ of APQR, s a) AB <BC <CA b) AC <BC <AB
ndSisjoinednoR,pm\v:dul : c) AB <AC <BC d) BC<AC <AB.
R PQ +QR > PS+SR. L
i Q > By In the figure P lies outside AB. mPR will be the shortest distance if
£ . B IF two angles of a triangle are 45° and 70° respectively, ) which ; f MLFRA R
Y, greater of the two opposite sides? ii)which is the shortest hich is the a) 180° b) 45°
Taa a triangle? i) which is the longest? side of the & 100° & %0°
e JA- If in ARST, RS>ST.and m£S= 60", ich i i : i ; ide XY . Whi 4
: 2 D20 =60, i) which . In the given figure the point K lies outside XY . Which of the following
ks o triangle? ii) which is the longest? 18 the smallcst side of ihe " n:pn:scats the shortest d‘i,stance?
- Which i == .,
bprs g‘l’ef: the following sets of lengths could be the lengths of the sides of ) a) mK_D_ b) ME(E
(2) 2 cm, 2 cm, 2 cm ®)3m4m Sm c) mKA d) mKB : TS
© 5 em, Bem, 2 cm @3 ©) Measures of two sides of a riangle are 10 400 {4, Which of the following
1 N ) 3m, 3IIL 2m . B .
(e) 1=m,5m, 3 1 " 1 1 can be its third side?
= 2 2 0 25em, 35""'4%“" a) .2 by 4
3- ABICD.If PLand aﬁmw P Q c) 22 d 24 .
between AB and CD shortest distances A 1 vi) In AABC, mZA = 50° and m<B = 30°, Which of the following is
0.8 then prove that PL || QM . correct?
rove that the perimeter - D == oRB = A
of & (riangle i L MD a) mBC >mAB b) mAB > m
measeres of its altinades gle is greater than i — — s
' the: sum_of the ¢ mBC<mCA d) mAB < mCA

——e

i Uk = =
EE 13 (Sides and Angles of a Triangle) m TUnit - 13 (sides and Angles of @ Trisngle)



ng represents the sides of a triangle?

.. \Whichofthe followi

vil) gt b) 34and 7

o 3d4and8 d) 34and 1
1 AKLM, 2K = 45°, méL =555 and mZM = 80°, yy,

V) lowing is the loagest side? Which ope o
a) KL b) LM &
¢) KM d) None of these

[ 2. BT sides of 2 triangle are 8 in.and 12 in., what are the [
the third side? U Vajyy,

o

B Can 2 trianghe have its sides equal (0 7 in.,5 in., and 12 in, 9
n,ho\uhnalincdmwﬁomlhevcuexofnnim| R
point in the base is sborter than either of the equal side:s triangje wy
B Disapoint inside s AABC. Prove that
mﬁ¢nﬁ+mﬁ>%{ml—n+mB—C+ma)

® I twosides i ‘
y of 4 triangle are unequal in length, the longer side b
£reater messure opposite to it .

& 1f two angles
of a tni
tangle are unequal in measure, the side opposite he

Ereater angle is Jon,
ger than the side opposite to the smaller angle.

®
Tbcmmofunkmhofan

y two & .
Temgthofthe thin s, © sides of a triangle is greater than te

o

Fm.mlomeiﬁned

he D
the point 1o the Jine. perpendicular is the shortest distance from

|

'{ After reading

o appropriate problems.

RATIO AND PROPORTION

this unit, the students will be able te: }——

prove the following theorems along with corollaries and apply them to solve

. Alinc parallel to onc side of a triangle, intersecting the other 1Wo sides.,
divides them proportionally.

o If o line segment intersects the two sides of a triangle in the same ratio
{hen it is parallel to the third side.

bisector of an angle of a triangle divides the side opposite to it

o The internal
the lengths of the sides containing the angle.

in the ratio of
If two tdangles are similar, the measures of their corresponding sides are
proportional.

L Students

are already familinr with the use of ratio in Algebra and
Arithmetic. They know that if (for example);
Arcaof AABC= 18em’,and

Area of ADEF =24¢m?, then

Thcntiobﬁwecntheumxsislazuoﬂ:‘t.

4 such that the ratio between a and b is

If we take four quantitics a, b, c,
the same as the ratio between ¢ and d. then the quantities are said 10 be in
proportios.

ie a:b::c:disnptoponion or %2%.

e —=




1 rin 8ABC
mAD _ mAE ipen
mDB  mEC
."_',ﬁ; _mAC  (Componendo property ) D b
mDB  mEC B
mAD _ mAE d Inverte C
and _mﬁe;ﬁ (Componendo and Invertentdo property

L iins comspondence AABC ¢ ADEF, the corresponding angie,
congrueant then the triangles arc similar i.e. AABC~ADEF, re

Correspondence in this case is called ‘Similanity’,

Aline 10 one side of a triangle, intersecting the othe ' .
them pupmuoaﬂlywmd : ¢ T tWo sides, divides
Given:
Atriangle ABC in which
CA and CBat distinct points
Kand L respectively.

To Prove:
mCK _mCL
= = —"
mKA mLB

Construction:
Su : .
-ppose the unit of length is taken such that mCK = p and m KA =
uum(whe:pmdqarcwholennmbem q#0) B
Le —nﬂ =£

=X - o M 'L DI

’.lﬂ(ht
pivide CK into p congruent segments and KA into g congruent segments.

From cach dividing poém, draw lines parallel !oT(T-.
Statements

/'—' —wr o
parallel lines divide CA ( Construction )
p+q) CcOngruent scgments.

Reasons

ialo(
——._ another transversal which cuts
(hese parallel lincs,

" these parallel lincs divide CB

JJso into (p+ q) congruent segments,

(Same number of congruent
segments  are intercepted on any
other transversal)

S T ts 3
je. CL i divided into p congruent
segments and LBis divided into ¢

congruent segments.

Suppose the length of each congruent

segments i% ‘a" unit.
—
mCL _axp
—
mLB axq

mCL _ P (i)
mlB ¢

mCK _2 .G

But —=—w=—"*

q
mCK _ mCL
v ——

mKA mCB

scerplary

— S
In AABC. if KL || AB, then

or

{ Construction )

( from (i) and (i) )

b mCA ,m(_:§ ol i mCK _mCL

Unlt - 14 (Ratio and Proportioa) ~

Unit - 14 (Ratio and Proportion) -




ot intersects the two sides of a triangle in the same B
0 th

If a line segme
parallel to the third side. " i,
Given:

-

KL intersects wo sides

AB and AC of the AABC at K K

LT B == ;

mKB mLC s C‘

ToProve: =T

KL||BC
Proof: M

l Regsons

Statements

Suppooelu.uupmndm BC, then let BM be drawn through B, paraic =
ﬂﬂtho

KL, AC atM.
E.A_K-ﬂ . ( Proportional segments are oo —
mKB  mIM Y line # 10 one de“ e mﬂlb,
o T side of the triangle)
‘L.,=2_L.___(ﬁ) ( Given )
mKB mLC
mAL _mAL From G —
o il ( From (i) and (ii) )
or mILM=mLC
This is possible ( Denominators of equal 1
and K].m only when C and M coincide. Hence ou = r.u“.ou )
|| BC T SUPpOSition is wrong

mAB

lﬂ AABC,,{__rzm

lhenlﬂ.“nc

(.h

inlﬂ““
o of the lengths of the sides containing the angles.

the opposite side AB atL.

o Prove: o
mAL _mAC
—— T ———
mBL mBC

Conslrucﬁum

Through B, draw BD | | LE.
which intersects AC mtD.

ln AABC, CL is the bisector of ZC, which meets

| biscetor of an angle of a triangle divides the side opposite to it in the

~

PR W

! Prool:
_— Statements Reasons
ic || BD ( Construction )
£2= £3 =) ( Alternate angles )
and  Z) = L4 (i) ( Corresponding angles )
But £l=£2 ( Given )
L3w £4 ( Transitive property )
Hence BC = De ( Opposite sides of congruent angles )
Now in AABD
CL || DB ( Construction )
m,u, m,\c { Propartional segments are cut by line
= BL =52 DC I to one side of the triangle) ’
or mAL mAC (< BC=DC)
mBL mBC

VV'IJ!‘-'QMM‘MW)




(+» AC= DG and AB=DH)
i DE
If two riangles are similar, then the meEAsuTes of their correspong; Cof mDF _m
np s -
§ Fmpgniml. 2 Sidey "t Jarly it f::—n be proved that
Given: nAC _ e e (i)
AABC - ADEF : R CSF mEF
ie. -ZA=4D,LB=LE G /ﬁmeCEmAC ( from (i) and (i}) )
and £C=ZF. Henc® SE - mEF .mDF
/—
To Prove: — — A B
mAB_mBC _mAC . i
— T — — !
Construction: ' y
Kgﬁnﬁcmdﬂw DFand DE such that AC= Eand,\\g = n mlhmcnnglesol'auinnglemmthcuﬁo1:2:6.Whuistbcmcasure
4 ) =DH, of the smallest angle?
s Proof:
[
), Statements Rewiorg — - ! . The measures of the three angles of a tiiangle are in the ratio 2:3:4.
q 'In AABC ¢ ADHG —_— Find the measure of the largest angle of the Q %
R T le.
T AB=DH ( Construction ) o=t triangle /
2 AC=DG { Construction ) — In the given figure, show that AQRS and ATUS
\ £As <D ( Given ) are similar.
- AABC=
ol (SAS=SAS) 7 -
ey 0 e 1 ( Correspondi
Bet/C 2 : sponding angles of congruent As ) N 0
e ( Given )
But lb:e =5 ’ ( Transitive property ) n 1o the given figure show that
angles, ospoadng AMNO - APQR.
; Sl = R
. GH l I FE S
Hence MDG mDH (R = M
i mDF =l—nﬁ. emaining sides proportional ) ﬂ In AABC, DE is parallel to BC.
: If mAD =1,5¢m, mBD = 3cm. wAE = 1.3cm, then find mCE-

b, (e -
Unit 14 (Ratio and Proportion) ' Unit = 14 (Ratio and Proportion)



B- In the given figure, find the value of x.

FA 1n 8ABC, AD is the bisector of ZA. If mAB= 9 e, v
mBC = 12 em, find the measures of DC and BD.

=10Q1|

B 75 is the biscctor of <P in 8PQR. If m@S=3em, ;3R
mPQ+mPR =20cm, find the measure of PQ and PR *?

Bl ABC s  wisngle in which mBC =mCA = 2m AB. j
£A mects BCat D and DE is drawn parallel to CA o
Find mDE : mAB. G
m Measures of the sides of a triangle are 6.5 cm, 7.8 cm

lengths of the segments into which the small i
internal bisector of the ppposite angle. -

e
M8 AByp

and 9.1 e
de is dividedﬁ::t

BB The given wiangles are similar, find .

n 385

128 If AABC - ADEF 10d mAC = 12 ¢,
mAB=4 cm, mBC= 10 cm =
DB s B and mDF= 9 cm, then find the measures of
m' Dia,
gonals of 3 trapezo ;
!!MOB-A::oo 4 ABCD intersect each other at O,
'Mm"“’"rﬂllc_l).

m In the sccompanyi
= ving figure, the i
AL, e, the line
= "‘h““mﬂeuosr.inlcm;n?m‘

RS at K and I
atlL
KS:]QMRT’ lﬂ.m:::i} l!RK = S.

% REVIEW EXERCISE 14

Gelect the correct answer,

y  Inthegiven figure compute x? £

a 7 b) 9 c) 2 d) 3 . 4
i Which of the following is not valid for proving triangles

similarity? z 2

a) SSS b) AA ¢) SSA d) SAS A B
ji)  In o mathematics class with 32 students, the ratio of girls to boys is 5 to 3.

How many more girls are there than boys?
02 b 12 c 8 ¢ 20

i)  The measure of a line segment joining the midpoints of AB and AC of
AABC iz 3.5 cm. Find mBC =

a)4.5cm b) SS5cm ¢) 6cm d) Tem

y) Inthefigure AB | | CD. 1f AD and BCintersects at o
0. Then AAOB and ADOC are B
a) Congruent b) similar

¢) Not similar d) nonc of these

B

Prove that a line passing through the midpoint of one
side of a triangle and parallel 10 a second side bisects
the third side of the triangle.

B 0 e figure TB“@; If mBE= 4.lem,
mEC =12.3cm and mDC=16.5cm, find the A
measure of AC.

i at 0 and —===——-

B— Let PQ and RS intersect w0 mOS
Prove that AOPR ~ A0QS,




quantities. The ratio of a4 g
Cin be

&  Ratio is a compasison of two
L] i , This ratio ¢ i
av‘“”‘,,"""""'""m s ratio caa also be writien ag up,

& A Proportion is an cquation statisfing that two ratios are equal

& Two triangles arc similar if
»  Two angles of one triangie are equal to two angles of other triangle
« Al the corresponding sides of two triangles are proportional; '

w : *  An angles of onc triangle is equal (0 an angle of i
. sides which include the equal angle of bodlgllna:g;’c': :::::m“ -
onal

& A straight line drawn panallel to one side of a triangle, divides the ogpe
r

L
Yoo, two sides propartionally.
TN <« Conversely, if a line divides
\ # v two si triang
is parallel to the third side. ot le proportionally, then i
Y

The ratio of the arcas of any imi
the ratio of any two corre 'wol.s’m"‘“ figures is equal to th
corresponding {:n::;s of two zii’,ﬁ,"g‘}‘s of the figures. ff s:'::f‘.‘:
corres| 1gures g i

poading areas are Ajand Ay, then A, /A; = (1, ';,’:)z li and 1. while

®  Theinternal bi
_ mal bisector of an angle ; 4 ]
inthe gle of a trian, : i
£330 of the lengths of the sides mx:iknm'dlgv:ltsan";: e s
5.

3

> R A o

LN D

..._.—rv"

PYTHAGORAS' THEOREM

AfteT reading this unit, the students will be ablg to: }—
+c the following theorems along with corollaries and apply them to solve
appropriate problems.

« Ina right-angled triangle, the square of the length of hypotenuse is equal to the
gum of the squares of the Jengths of the other two sides. {Pythagoras’ theorem).

«  [f the square of onc side of a triangle isequalwmcsumomnsqmsomw
otber two sides. then the triangle is a right angled triangle (converse (o

Pythagoras’ theorem).

One of the most famous theorems in

mathematics is the Pythagorean Theorem, named | We always denote the side

for the ancient Greck mathematician Pythagoras | OpPosite wangle Aas a, the

(around 500 B.C.). This theorem can be used to find :"’ M"’;:‘”: angle B tz

i formation about the lengths of the sides of a right “kcw’; A |

angle trangle. |
B

The following figure shows a right-angle
trangle with BAC = 90". The side opposite the
rght-angle A is called the hypotenuse, It is the
Jongest side of 2 right-angled triangle. A -

E THEGOREM 15:1
1o o right-angled triangle, the square of the
length of hypotenuse is equul to the sum of
the squares of the lengths of the other two
sides,

ABC is a right-angled triangle, having

right angle at B. a, b and ¢ are the measures
des BC, TA and AB respectively.

Given:

of si

3 Unit - 14 (Ratlo and Proportion) .i‘ Unit — 15 (Pythegoras’ Thearem)




To Ihove:
Me 4 a’

~IX é‘k’gj& A s Ay s a3

2
‘The top of the fadder rests against wall 23 fect above the ground. The base
of the ladder is 6 feet away from the wall, What is length of the ladder?

Construction: —
Draw BD L AC. Let mBD =h and
mc—f)z x. Therefore mAD = b= X §n|u“““:
e a4+ b2 < a (tength of ladder y =123 feet)’ + (6fcet)’ Jadder
r 31N 2 b o
ZABACB::;I‘;:DC ( Right angles ) \ "‘ =529 f"'l + 36 feet® Hfoct
£C=£LC ( Commeon / Self-congrueny X = 565 lect
d  ZCAB= ZCBD { Complement of ZC ) x = 2376 feet
. AABC- ABDC { By definution )
Hence b a ( Comrgsponding sides of similyy 1 {
a_x L I.lﬂ;lc\ ) [
ie. lne gtk (i) : )
Again in AABC & AADB If the square of one side of a inangie is equal to the sum of the squares of
\ ZABC = ZADB { Right angles ) (he other two sides, then the triangle isa right-anpled triangle.
; LA ZA { Common / Sell-congruent ) -
4, wd ZBCA=ZDBA  (Complementof £A) 1 et = ¢
H a AABC -AADB ( By definition ) In AABC, measures of BC, CA and AB ?
4 b ¢ sa oo are a, b and ¢ tively.
"~ S ( Corresponding sides of similar iriangles ) Also’ a'= b’:’:’:"" : : X
- ie. bp-x)=c or b —bx=¢* i To Frose: D A e B
S Af-dinx equation (1) and (ii), we get AABC is a right triangle. i.e. m ZCAB = 90*
b —brebx=c'+a’ or =ctsa? ‘ Construction:

Find the length of the hypatenuse of the right-angle triangle whose one

length is Bem and oth :
Salution; Gty o

(Hypotenuse)* = (pespendicular)’ + (base)®

(8 em)’ + (6cm)’

6dem® + 36 em?
100 ¢m*

O P T

Draw DA LCA such that DA & BA. Join D10 C.

Proot:
| meCAD =9 )

ACD is a right-angled triangle,
( By Pathagoras theoesm )

(mCDY’ =(mAD) +(mAC)*
ombDA=mBA =)

(mCD) =c” +b°

or
But n:=b’+(‘1 i (Caven )

(mCDY =a’ | From iy and (i)
or mFD:a:méi

Now in ADAC & ABAC

1Pooved)




(Commaon)

CA=CA

DA = BA (Construction)
l; + ADAC=ABAC (§582888)

{ i Hénce ZCAD & ZCAB ( Cﬂmnﬂ"diﬂg angles of
| congruent trinngles )
‘ But  mZCAD=9%0° ( Construction / DA L CA )
' mZCAB =90°
| ar AABC is a right-triangle.
¢ Classifying Trizngles
. T:e.c::h\;c:::‘f]:lu Pythagoras theorem is used to verify that a given

: "‘:"f“’f' then m<C = 90" and AABC is a right triangle.
', uc:<,;.b;‘mgn<c<90'md AABC is an acute triangle
Ife* > 3% + b, then m<C > 90" and AABC is an obtuse Idnngl.c
Faxamphe 3
Is the triangle whose sides are 3cm, dem and i
. : Sem is a right-angle trangle?
A triangle is a right angled if the square of the longest side is equal to the

~ sum of the squares of the othy i
I Nodieat) er two sides. (Converse of Pythagoras

(Sem)’ = (3em)’ + (4em)’
25cm’ = 9%cm’ + 16 em®
25¢m’ = 25em®
Themf:te. the given triangle is a right-angled triangle.
Caleulate the value of x
Solution:
12%4 2 =20
it Fe20ta 12
' =400~ 144
‘ =256
x=\256
x=16

x

4
Y
-

r‘:.

"SExercise 15.1

Find the hypotenusc of a right-angled triangle when the sides containing
the night angle are:

12¢m and  Scm
Gem

i)
i) and  2.5¢cm

iy 15em and Scm
-3

Find the diagonal of 2 rectangular field whose sides are:
iy T2m and  3m
iy 15.6m and 6.5m
i) 6.72m and  5.04m
A ladder whose foot is25mrmmmefmmohhmmd:euwindow
6m above the ground. Calculate the length of the ladder.
A ladder 2.9m lougjuslmnbesu!wpohwﬂll.lmhigh. How far from
the foot of the wall is the foot of the ladder.
Find the length of the unknowa side.
§) asdemb=Tcm
i) a=Tcm,c=25cm
jii) b=Gcm,c=9%cm
Verify whether a 1rangle with the given side lengths is 3 right-angled

A

The sides of a restangular swimming pool
OppoSite COMETs.

triangle? Pylhmmanndmwﬂn imegers 3, !
? and 15 uu:mmmmc’-h i
B 942, 1 e Py Triples are ]
iy 9.10,and 15 345 \
b
iii) 10.12and 20 i“;:; ;
iv) 3648, and 60 72425 ;
are S0m and 30m What is the
|

Jenzth between the

Unit - 15 (Pythagoras' Thearem)

w. Unit —15 (Pythagoras’ Thearem)



| ER Circle the correct option.

! . s 6.5cm. IFits width is 2 5.
| i Momlofnmclnnglc measures 6.5 his 2.5¢m,
‘: D dm b %m O 6m  d) 3em " lengyy .
i)  Which of the following are the sides of a right-angled triungjen
@ 234 b 345 o 456 d) 56,7 ’

v U

Measure of each of the sides of an equilateral triangle is 8cm. Fing
Jength of the altitude. 1 the

Méasure of the base of an isosceles triangle is 10cn. If the
drawn from the vertex to the base is12¢m long, find the
coagruent sides of the triangle.

Perpendicyy,,
measures of the

Dizgoaals of 3 quadrilateral ABCD are perpendicular 1o each other
that (AB)’ +(mCD)* =(mAD)’ +(mBC)*, . o

P @A

The sides of a triangle have lengths x, x+4, and 20. If
longest side is 20, what values of x make the right tria

{ R SUMMARY
| " .

the length of the
ngle?

Ina right-angled triangle, the Square of the len

1o the sum of the squares of the lengihs of the e et

other two sides,
2
(Hypotennse)* = (Perpendicular)® + (hase)?

If the square of ope <3 -
- == ' eside of 3 tri. .
the other two sides, the the ln:::ll:ll:: qual to the sum of the squares of

night-angled triangle,

’& After reading this unit, the students will be able ta- }_____ =

j { « Triangles on equal bases and of the same altitude are equal in area.

SSHETTGRREIRL S WIS RS SR

- THEOREMS RELATED WITH
AREA

prove the following theorems along with corollaries and apply them to '
colve appropriate problems.

» Parnallelograms on the same base and lying between the same
parallel lines (or of the same altitude) are equal in area.

« Parallelograms on equal bases and having the same altitude are
cqual in area.

« Triangles on the same base and of the same altitude are equal in

area.

1f any side of a triangle is taken os its base, the perpendicular to

that side from the opposite vertex is called the altitude of the

triangle.

. Perpendicular distance between two parallel lines remains the
same and does not change. i

. If two figures ure of equal area, it is not necessary that the two

will be congruent as well.

_Rectangtes

Unit - 15 (Pythagoras' Theorem)

{’s.“: \
res -




S N I e s, o i S

i ¢ base and lying between th bases and havi ltitude are cqual in arex.
g liclograms on the same HIX ¢ Same parallelograms on equal having the same altitude
| ::t':rmcgmulluuk)mcqunl inarca. Parajjg) oy
) D C — H G . D C >
x - 5!
| x \Xﬁ P )
| s¥i) i i
~ B A B Q"‘ r T A B S
Given:
| ABCD and ABGH are two panallelograms having the e Given: ) )
= parallel lines XY and PO . skl AR fad ABCD and EFGH are two parallelograms having the same altitude ( Le.
Iyi ween Iwo an ( ie. 3 y e
A uaﬁ:m) Q! (12 both have e Sime ! lying between the same paralle! lines ) and AB = EF.
A To Prove:
: To Prove: !
\ al in arca,
. Proo: onstruction:
Ay Statement = Join A to Hand B to G.
: ] = Reason Proof:
! 'I\ -i" .Af"lm === . —_— _; Stutements l Reasony
::l =86 (Opposite sides of paralielogram) e | ( Opposite sides of [1) |
sa L — Given ) {
( Correspond R ¢
L3n 4 (C F _v{'lg_gnvg_lc_s_)' . and EF=AB |"( Transitive Property ) Iy
W%—»_‘_’F?}Pﬂ“ﬁlﬂa angles) . o _ ABRHG [ ( Lying on two paralle Ties ) \
E (AAS=AAS) But AB || HG {Opposite _ sides paraliel and
-0¢. AADH nd ABCG are equal i area, - Bl AR Explieomr " SHOChE
- Subtracting each 1r; T e — | N~ S s Y
angle from the wisole fi x o :
:::"MD“EQ‘“MW ABCH ~ Anf:m ARCH, we gec Quadiitetent } };::f'f,r | |7 ABCD = Areaof || "ABGH |
el X, —— o 2 AL 08 ) ;
257 ABCD= Purliclogram ABGH Also Area of | '™ ABGH=Area of || EFGH :
of, bo TR — e e———rs T el ath
o g 1 Polopms are cqua i CE—— - Area of |1 ABCD = Area of 1™ EFGH | (Transitve PO




Triangles o0 cqual bases and of the same altitudes are equal in arca,

; (iven:
AABD and AKLM are between the same parallel ines PQ and XY .

i Glven:
| AABC and AABH have the same base AB and are of the same altitude Also AB = KL
t (1. lying between two parallel Tines PQ and XY) | go Prove:
N To Prove: Aren of AABD = Arca of AKLM
Area of AABC = Arez of AABH | Construction:
:'\ : | Draw BC|] AD and KN || LM and N.
i ST et ey g — raw an 1o intersect PQ at C
X raw AD| | BC and 5G] | AH to ot 76 at D and G =
W Proos
N Proaf: l
WA Statemwents Rensons
N Statement —_— e
» ABCD 08 ABG - Reason ABCD and KLMN are parallelograms. (Opposite sides parallel)
Hare || ™ e i s e AR SR
AP (Opposite sides are parallel) AB KL ( Given )
1 “ Araof || ™ ABCD = Area of || ™ ABGH A S . T
. . , o aml bmh the | l ¥ are hxmng lhc same aluludc ( Given)
ut Area of AABC = — = o ——— : e
=5 (Areaof || ™ ABCD) | (Dingonal AC bisccts || ™) : Am of || ™" ;\BCD Aseaof ]| ™ 1™ KLMN
Similarly, e N (=5 | (Diagonal bisects the || ™
- i But Arca of AABD = 5 Areaof || ABcD | (Piaaooalbuse 173
Area of AABH = — R R
‘ 5 (Areaof A — e i .
2 ABGH (Diagonal : 2 wonal bisects the 1157
' H“\ ) el B btz 1) and Area of AKLM = = Are.u of || ™" KLMN R l
| ence Areaof AABC = ~—— -
———> “BC Araof anpn SRR, [ e s
j Hcmc A(LJ uf -\ABD Are.l of AKLM _

Unit - = E
> 16 (Theorerns Refated mm- 16 (Theorems Related With Area)



‘
_ 1.8

d '
b 1.8
o
'\.‘"t i
>
-
% i)
i)
iv)
v)

In AABC. PQ is drawn parallel to BC. cutting AB up d AC
a

and Q respectively. BQ and CP are drawn 10 meet at R, >
Prove that the following are equal in arcas.

iy APBCand AQBC ii) ABRP and ACRQ

iii) APQB and APQC iv) AABQ and AACP

PQRS is 2 paraliclogram. A and B are the mid points of g
respectively, What fraction of the area of the parallelogram ; PQ ~
i) APAB i) AQBR ';‘

ABCD is 4 quadrilateral. The diagonals AC and BD meey ) aBap
and ACDE are equal in area then prove that AD IIB_'C LatE, HAABE
How many tiles, each 8 inches square, will be required

rectangular space 18 %30 feel? © paye

REVIEW EXERCISE 16

Select the comect answer and write th i
Soea d r and write the corresponding letter a, b, ¢ of ™
Perpendicular distance between two Jines is th

| e same. The li
5) Perpendicular to each other b) Parallel to each o‘:ht:cs -

¢) Intersesting d
t ) None of th
If two trangles have equal area then they ;illllbove
congruent as well %
:; g::_ ::lc.;;sanly b) Necessarily
i d) None of the above
Bapeud»culu. from a vertex of a triangle to its opposite side is called
2) Median .
prreserd ) :; l;crpcndicular bisector
i ) ngle bi
s cklozrarm having same base and same gllimldscccx::c'
i Simm'gllurw“ :) Equal in arca
s mnllthgrlﬂnu . ) All of the above,
o ve equal bases. They will be having the same arez

—TT—————
a) Their altitudes are
¢) They e between 'b?:ml b) Their altitude is the same
same parallel lines  d) All of the ahove

e T e TS

A R <

\l.:lhcma(!u -

vit)

viil)

ix)

ZESPIING LR

Jf two triangles have equal bases and equal altitudes. what clse will they
have equal’?

a) area b) perimeter  c) size ) angles

Suppose @ iriangle has a base length of 4 feet and a height of 4 feet. Its
interior area is
a) 4 squire feet
¢) 16 square feet

b) 8 square feet

d) Impossible to determine without
more information.

Suppose a square has a diagonal measure of 10 units, The area of the

square 1S

a) 25 square fect

¢) 100 square feet

b) 50 square feet
d) Impossible to determine without
more infurmation.

Find the area of a triangle with base lT:—‘mcbes and altitude . inches.
5

2)2sq.in  b)6sq.in ¢)3sq. in d)4.355q. in

n' Prove that 2 median of a trinngle divides it into two pass of equal area,

In AABC, D and E are the mid points of AB and AC respectively. Prove
{hat AADE, ABDE and ACDE are cqual in area,

Pl P is any point on the median AD of AABC. Prove that AABP and AACP

are equal in area.
Find the area of 4 triang
sq, inches.

le with base 20 inches and altitade 12 inches. 120

If any side of trinngle is taken as its base, the perpendicular 1o that side

from the opposite veriex is called the altitude of the u'i:mg.lc. |
Perpendicular distance between two paraliel lines cemains the same and |

does not change.
If two figures are ©

congrent as well. )
Parallctograms o0 {he same base and lying hetween the same
equal in arei

{or of the same altitude) are :

Paralielograms o1 equal bases and having

{ equal area, it is not necessary that the two will be

paralicl lines

ulesnnwalﬁmdemcwaliﬂ




PRACTICAL GEOMETRY
TRIANGLES

Afser reading this unit, the students will be able to: }_\
Construct a triangle having given:

o two sides and the included angle,
» one side and two of the angles,

o two of its sides and the angle opposite Lo one of them (y,
three possibilitics).

Draw:
r « angle bisectars,
e altitades,
] ¢ perpendicular bisectors,
medians, —
of a given wiangle and verify their concurrency,
W Construct:
¢ atriangle equal in area to a piven quadrilateral,
* drectangle equal in area to & given trinngle,
*  asquare equal in area to a given fectangle,

A triangle of equivalent area on 2 base of given length.

ey

ith all ghe

A

T

— et W

e

e

Practical geometry
Engincers, architects ang
y build buildings, brigges

i.s the relationship between theory
builders make yse of practica)
and other structyres, Geometric

ﬁ .
knowledpe of bagie e FUres, is necessary 1o design

and  practice,
Eeomelry before they
iwareness, such os the

In practical
geomelry, —_—
| adge and compags. s ;io‘:’f"lmmcuon % 0 drawing mode with the straight
. re 5 )
OFCC ¥0u 1 think ahogy the powerful leaming technique, hecause they

Ii " propertj . 5
ke challenging intellecrss) lecre 1es of ‘eometric objects. Canstructions are

O T = - 7 (o cocmy e S 299

Elements of a Triangle

A triungle has six elements, three sides and three angles. For example the

s clements of triangle the ABC are AB.BC AC.ZABC or 2B, ZACB or ZC.
sndZBAC o LA,

The six elements of a triangle are:

I. Side AB. t A

Side BC.

Side AC.

Angle ABC.

Angle ACB.

Angle BAC. n C

S A N

m Construction of a Triangle in the following three cases

a) When two sides and the included angle are given.
) When one side and two of the angles are given,
) When two of its sides and the angle opposite 1o one of them ure given,

A7 INE Case -1 ¥

To construct a triangle, when the lengths of two sides and measure of the
included angle are given,

ExamiplEa e
Construct a tangle POR given that FQ= 4 cm, PR= 5 cm and mZP = 120",

Steps of Construction:

I, Drw #Q of measure 4 em., I
2 AL P, construct an angle of 120" with the help of a compass. & |
3. With P as centre, draw on are PR of radius 5 e,

ic, PR= 5 cm,

4, JoinR 10 Q.
POR is the required triangle.




R
Mathemay,.,

s
! To construct a trix: gl when lengi
angles are given.
| SN -
Construct SPQR such that, mPQ=54cm.
mZ PQR = 45" and m< RPQ = 601

th of one side and measure

Steps of Construction:
I.°  Draw PQ measuring S4cm.
2 AP draw an angle of 607 and
at Q. draw an angle of 45°,
Let the two arms meet at R :
PQR is the required trangle. P 53 E
' o om .
Iy N Case -3 t
To construct a triangle when len i
i gths of two of its side
measure of an angle epposite 1o one of these sides is given. ke
In this case, three possibilities can emerge.
:: ::lhcn only one taangle can be constructed with the hielp of given data.
2 w’:: two lnan?lcscan be constructed with the help of sanse dara,
ks oot:t::tfou of a triangle is not possible with the help of given daia
. possibilities are illustrated with the help of following example; :
. 5
Construct AABC such that mBC AB
M mBC=3 -
S G : em, mAB = 6cm
1 AB :
) Draw AB measuring 6om, D,

2) AtA, construct ZB
i AD s
measure is 30°. such that ts

3) wihB
byt as cenfer, draw an are of radiug

L

and mZA = 30°,

4) The arc intersee
5) JoinCiop

6) ABC is the required triangle,

ts ADgg only one-paint C,

A frem [

Ix
N0l wwg of iy
5

| =

et AKLM. such that, mKL=6.5cm.

onst
P 5.5cmand mZL = as¢, .

teps of Construction:

1 b
7 M L construct un ZRLX =45°

R}

W k_l such thist mKL=65cm
S55cm

with K as centre, draw an are of radns

5.5¢m 10 intersect L at Moand M

4) JoinKtaM and M.
5) KLM and KL M’ are the required triangles.

Unit - 17 tPractical Geometry Triangles) LY =
x % M L3

B $
Construct AXYZ when m ZX =+4cm, mYZ = 6.S5cmand mLY =607,
Steps of Constﬁdlon:

“ 1) Draw YZ measuring 6.5cm.

2) ALY, construct ZZYA such that mZZYA =60,

3) With Z as center, deaw an arc of radius dem

(:mii' )

4) The are does not intersect the arm A of ZY.
nstructed 10 Y

In this cise, no triangle can be €0 6.5 cm Z

satisfy the given data.
xamples it can be concluded that if lengths of two sides and

From these ¢
are given, then there can be:

an angle (which is not included unghe)

| i) One triangle, or
Wy Two triangles. of

|
v i nomangle atall.

Unit - 17 (Practical Geometry Trianghes) \
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Construct a A XYZ, for the following assumptions:
i mZX=30" mXY =3Scmand m XZ=4cm

i mZY=45. mXY =4.2cm, and m YZ=4.5cm
i m£Z=60", mXZ=38cm, und m ?Z_=4.4cm
iv. MZY =90° mXY =4.6cmand mYZ = 29cm
Construct a A ABC, for the following assumptions:
i, mABw=4.5cm, mZA=45" and m ZB = f(y

it. mBC=5cm. mB=30", and mZC =75

iil. m AC=4.8cm, mZA=120", and m£C = 30°

iv, m AB=36cm, mZA =75, and m ZB = 45"
Construct a A KLM, for the following assumptions: ‘
L mKL=48cm, msZK =45, and m 2ZM = 60"

fi. mLIM=38cm, msK =30, and m2M = 75

ii. m KM=5cm, m ZK=105", and m ZL = 45"

. m KM =54cm, m ZK=75, and m ZM =45
f.'onﬂnm a A.ABC_(!henurr possible), for the followin
i m:{_!_l--lo . mAi:Scm. and mAC = dem
mﬁ*"m. MAC=55cm, and m 2B = 45"
mAB=6em, mAC=5.6cm, and m ZB =60

mAB=6cm, mAC = 2.5cm, and mZA = 6l
MAC=5¢em, mzA = 75"

£ assumptions:
ii.
iit,
v,
V.

«and mZC = 6l
Construct ALMNsuch that, mi

Construct. APQR such thay, mQR
Construct AKLM such that, mKL = 4.8cm, m
Constrycy APQR such thar, mﬁ)i =6.5cm,m

=54em, mZL =75 ung mZM =45%
=8em, mRS=12em and m£R =90°,
LM =39cm and mZL=307.
ZP=30° and mZQ = 6F.

S N N4
b m\“é

m Concurrent lines and polnt of Concurrency =
i Two coplanar lines are either p-.u:llc.l or intersecting,

i) Two lines intersect each other ut one and only one point, which is called
their point of intersection.

Now, if a third line also passes through the samc‘ Theee or more lines are sald
point of intersection, then the three lines are said to be [tobe concument, ifthey pass
concurrent. Point through which these three lines pass is !.hm@u.cmwm_
called the point of concurrency.

To draw angle bisector of a triangle and to verify their
WEZEEN Concurrency
L ¢
Construct AABC whose m AB =4.6¢m ., mBC=Scm and mCA =5.1cm.
Draw angle bisectors of the triungle, and verify that these are concurrent.

' A line, which divides a given
- S5.1em
o | angle into two angles of equal
measure, is called ‘angle 1
bisector’.
= C |
Steps of Construction:
| Draw BC measuring Sem.

[

With B and € as centers and radii renpectively equal to 4.6 and 5.1, draw
ares interseeting W A

3 Draw ABand AC.

! anphes S d CL
B Diriw Bisector of angles AL B an _ - )
Vhese bisectors pass thpugh the samue point L. Thus, angle bisectors of &
trangle we coneurnient.

.

W-v (Practical Geometry m.m

Unit = 17 (Practical & ety '
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| Eusmplc (8

Construct  AABC such that

P

| L G i
WS Mthen,...

M

mAB=56cm, wBC =6¢
T Olm

mCA = Scm . Draw its altitudes and verify that these are congy, g

Steps of Construction:

ey,

RemMembe,

A perpendiculay drawn po
8 vertex of a triangle 44 i
opposite side is Clﬂd(
‘a_llimdc'oflhemmm’q

i Construer AABC with the kelp of given data,
2 Draw perpsndiculars from A 0 BC, Bto CA and Cto AB.
3 AD, BE and CF are the required altitudes.

We ses that the three aliiudes
of w triangke are concurrent.

pass through the same point O, je. altitdey

- To draw perpendicular bisectors of a triangte and to verify their

concurTency

8
Construct AR
Draw irs perpe

4\?~snch ll.m mKL = 58cm, mIM = Gem and mZL = 60°.
ndk’ulnr bisectors and verify their cor

newrrency

wanEidbit
Aline, which is perpendiculacto
niiac eegment ond divides itisto
wo equal parts, is called its

‘Perpendicular Bisector or
Right Biscctar.

Munwmmk; -

steps of Construction:

. Construct AKLM according to the given dato.

2. Draw the right bisectors of KL, LM wsd M¥ .

3 E_-‘ﬁ_., ©Q and CR are the three perpendicular bisectors of KL, LM and
MK respectively,

All the three perpendicular bisectors pass through C. ie. they arc
concurrent.

To draw altitudes of a triangle and to verify their Concurrency
el
Construct AABC such that mAB =6em . mZA = 70° and m£C = 507,
Draw its medians and verify their concurrency.
v mZA =70° and mZC = 50°

o m<B = 180° - (70° = 507)

= 180°-120°
e

] Line segment joining the midpoint of ose side”
of o triangle 1o its opposite vertex i called
‘median'.

= 60°

Steps of Construction:
I Construct AABC with the help of given data. :

2 Find the mid points D, E and F of BC, AC and AB respectively.
Draw the medians AD, BE and CF. -

3.
4. All the three medians pass through G.
Therefore the medians of 3 triangle are concurrent.

Unit - 17 (Practical Geometry Triar rgles) .'il,.-.
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- A M””""nq”t

n Consintet AABC, drnw their angle bisectors and verify thetr gy

i) mAB=45cm, mBC=3.lem and mCA=52¢q, m-""m"’:
i) mAB=mBC=mCA=12.
| jii) mCA =5.8cm. mZA=45° and mZC =750,
f E Consteuict APQR, dreaw their adtitides il venify their CONCHITY
et wil ven CHey-
,j iy mPQ=6em. mQR=45cm anl mPR =55¢y. !
"} i) mﬁ=4.5m A mQ_R =39¢m snd mLR =450,
‘b i) mPQ=6cm, mZP=70° and mZQ = 65°.
i; n Construct AUVW, draw their pempendicular bisectors and ven .
) COBCUTEnCy: it
i} mUV=Tcm, mVW=65cm and mWU = 58¢m
f i) mV_W:lOﬂ. mWU=42cm and mswW = 1100-
'}' i) mUV=mVW=mWU =08 m. =
| ﬂ Conslru_tl AXYZ. draw their medians and verify their coneymey
X = 2 COnge ey,
3 D mYZ=dlem, m<Y=60° and meX =75e. '

u) m§=4.3cm. mLX =75° und moY = 45°
) mXY=45¢em, mYZ. T4em and mZ—X=5(\cm

‘.-

e Inp—— .

0x9+1 =1
1942 =11
12x9+3 =111
i 23::*; =1111

+5 =1
4: 345916 11111y
) =1111111
=11111111
=111111111
0=1111111111

-3
-

Unit ~ 17 (Practical G

ﬂ FIGURES WITH EQUAL AREAS

ﬂ Construct a triangle equal In area to a given quadrilateral
(;|\~('l|:
A quiddrilateral ABCD,
Rmnirml:
To construct a tnangle equal in area to the quadrilmeral ABCD.
Steps of Constrachion:
1. Join Cto A,
2. Through D draw DP| | ﬁ.mmng
BA produced a1 P.
3. JoinCuo P,
4, < AAPC and AADC stand on the

™ C

A n

same base AC and hetween the same parallel lines AC and 7D,
-~ Area of AAPC = Arest of AADC
s, Arca of AAPC + Arca of AABC = Area of AADC + Arca of AABC

‘ 6. Area of APBC = Area of quadritaweral ABCD

APBC is the required trangle,

[REWT Construct a rectangle equal in area to a given triangle ™

Ghven:
AABC.
Required:
To construct i rectangle equal in ares to AABC,

Steps of Construction: ‘_f___
1} Let ABC be the given triangle.

2) Bisect AB w D.

3) At D, construet ZADE such that

4) mZADE =90°,

) Through C, draw CF | | BA , meeting DE at G.

6) Through A. draw All | | DG . meeting cFatH
ADGH is the required rectangle.

!._.d.
v A |
Y Triangles) 0 o -
:& Unit - 17 (Practical Geometry Triangles)
» ' Ad<g




Given:
Rectangle ABCD.
Required:
To construct a square equal in arca to
rectangle ABCD. J
Steps of Construction: A i
I Produce to AD 1o E such that mAD
mCD. . X B
Bisect AEat O,

-
@]

With centre as O and radius OA draw semicircle.
Produce CD to meet the semicircle at M.

On DM 25 a side complete a square DFLM.
This is the required square,

@oaw

Given:

M.“C W'lﬂ] B“C a3 its h&w.
Required:

;r:dc;ms’tmct 2 triangle with base x
F; ABE‘\ g area equivalent 1o arca of

Steps of Conetp tion: B
:. Let be the piven trangle, ABCH ©
2, Draw AD 11 BC
3 Take B ay
centre, draw i AD
. PRyl an arc of ndm-.xcuuing ADat M.

Thm BC 1is tl g
L
1 I ith basc B
hS required Irian 4 Wi i N‘ =X and daren Loy

By

-ﬁcanmm. square equal in area to a given rectangle

Pl To construct a tri
7.3 a
given length ngle of equivalent area on a base of

alent

| hermotics 12 Lr

| n Draw

2 @ =
=l

a quadrilateral ABCD, such that mAB=3cm. msB=60.
mzA=110°, mBC=35cm and mAD=4¢m. Construct o isiangle
equal in arca o the quadrilateral ABCD.

Draw a rectangle PQRS such that mPQ=S5cm and mQR =25 em

Construct a square equal in area to rectangle PORS.

Draw a triangle ABC such that mAB=Scm. mBC=4cm and
mCA = 4.5 cm . Construct a rectangle equal in area to the given triangle
Construct a square having area equal to the given rectanghe.

Construct a square equal in area to a rectangle whose adjacent sides are

4.5 cm and 2.2 em respectively. Measure the sides of the square and Gind
its area and compare with the area of the rectangle.

Construct a square equal in area to the sum of two squares having sides 3
cm and 4 em respectively,

Construct a triangle having base 3.5 cm and other two sides equal to 3.4
cm and 3.8 cm respectively. Transfornm it into an equal square.

Construct a trisngle having base 5 cm and other sides equal to 5 cm and 6
cm. Also construct a square equal in area to the given triangle,
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l Select the commect answer,

[l What ix the first step in consteling an angle hisector?
By Label the points of intersection

d} Place the compass point on the verfey.

i) What geometric construction is shown in the diagram

al  Draw uny
¢} Measure the line

below,
a) A line parallel 10 a given line

b) Anangle hisector A B
c) An angle congruent to a given angle 3
J) A perpendicular N\

il A line scgment joining the midpoint of one side of a lﬁ:;nglc 10 s
opposite vertex.is called
ub  Perpendicular bisector b Median
1 Albtode dy  Angle bisector

W} You ane looking at a trangle whose onthocenter. centrid il
Crcumcenter are  all the ame point, What type of
feoking ar?

a) Scalene  b) Isosceles

iﬂllgk‘ M Vi

‘ ¢) Eguilmeral di Right
v} The centroid of a triangle divides the medians into the ratio of

a)2:1 b) 3:1 il d)5: |
vid A line which i i i its mi B
’Mmc which is perpendicular 1o 4 line segment at its mid-point is callked o
u) Perpendicular bisector b) Median
c)  Altituge 4} Angle bisector

Vi) The point of intersection
equidistant from the

- a)

of the bi\@llm of the angles of a trignsle is
of the trangle. 2

vertices  b)  sides

<) altitudes di - medimns

matkes =1

! he

Altitudes of nifangle are

: by equidistant from the vertiees

gy equalin fength

erpendi Je Q1)
concurrent ) perpendicular hisectons

<}
< of three angles ol @ trangle are known, how many tringles

[ measure
can be constructed?

ay  Only one trionele Bl Twotiinnidles
¢y Notnangle

The pomnt of intersee

rrangle s eguidisnt lom e

ay  ahitudes ™
AABC such that, mAR=37¢m. mBC = ASemund mEB =

di Indinne toangles

o 0! the sples ol o

tion of the perpendicalar bisect
—ofthe izl

edinn ¢ osacles dy  overtess

Construg!
50° -
Consteuct a AABC aich that, mBC =38¢m, mLA = 3 amd mLll =43
s 5S¢ 3 lem ad mER =
Cotsinet AARC, such that, mAC = 4.5¢m, i BC = 4o il i
75
huis concrmens

AABC, drasy thets angle bisectoss umd vents

and mLB =35

Consret
I Ak =3.3em, mLA =45
u' Comstret APOR. draw fhvetr altitodes ard senty th

CIT SOt ey

4 and 2= 108

meE =3 8om, me? c
wtests il veriiy e
Constriiel AVW o il parpendcnlan e v anl e |
DS nm

L AaLuTreney
RIS 1= 45 2V = (S
| MW =58em.mZll =45 amd mZV=1
| i g S CONCTTENCY
Conatiet AXYZ. ddraw their medians ard verify thaire
d 3
anl mZE=TN

" /i aem, mZy =M . ! ”
1 v 36 cn OR =48 <in Ak
Pray o tiangle PQR such thilt mPQ =3 6 cm. MOk : &
- I\ wne v 1oy e AR
= " L QP eyt alem e
3 watenet o triimgle S
MR =34 e Lo
) N e 3 iy i T o
st

adaeen

GSLH U A lyeese

:m, Corspiogt @

Unit = 17 (Practical Geometry Triangles)

tespeetively

%' Unit - 17 (Practical Geometry Triangles)

Matbre” w7 2 WV @Y LT



Practical geometry is the relationship between theory and practice,

Engincers, architects and builders make use of practical BeOmetry bhefor,
they build buildings, bridges and other structures,

In practical geometry, a construction is a drawing made with the Straighy
edge and compass. Parallelograms on the same base and lying between the
same parallel lines{ or of the same altitude ) are equal in area,

A triangle has six elements, three sides and three angles.

Two coplanar lines are either parallel or intersecting,

Two lines intersect each other at one and only one point, which is-called
their point of intersection,

Angle bisectors of a triangle are concurrent,

Altitudes of a triangle are concurrent.

A line, which is perpendicular o a line segment and divides it into two
equal parts, is called its ‘Perpendicular Bisector’ or Right Bisector,

Line segment joining the mid-point of ane side of a triangle to il; opposite
vertex is called ‘median’.

Three or more lhan three lines are said to be concurrent if these pass
through the same point and that point is called the point of concurrency.

The point where the intemal bisectars of the
called incentre of a triangle.

angles of & tnangle meet is

!
pemat

ics = IR wtnvu\\"al\‘ V,L-‘l'y‘ N =T €%3W¢

| Answers

Exercise 1.1

) square (i) rectangular (iii) square  (iv)square (V) rectangular

i) rectangular )

?) 253 (i) 1=l (iii) 2%3 (iv) 3x2 (v) 1%2 (v.|) 3%3
i) 2 {ii) 0 (i) ) (iv) 6 vy (i) 0
A= D B = C.

w=5v=2,w=0 6. a==2h=-T.cm-lx==3,y=-52=2

Exercise 1.2

a:l,b:-l,c=3.d=2.
L3 e
P =[2 l] (i) @ [m P]
6 1B 2
4

- -p .
(iv) ' =i 3 :] WMT=l7 1
't 2 8328
1. iy and ii), iii) and iv) are transpose of each other.
3. Symmetric matrices: if). ot
L Skew-symmetric matrices: iLELIvh

(i) & =[6]

1
2
1
2
1
2

P

FExercise 1.3
(] 2hy-3 1) 2.by-2

> _[pa rb pe 3|
Lmla (i) pd pe o
| 6 1




15 10 1 0 4 -1

n o7
0.0 |6 & &) |32 -6 16/ i) (-1 1 5] 4, = podh.
0 -6 5 32 15 -1 -3 2 ,,93
~I
| -t a  =h 3
13,14 [_; -z_l e - b
- -m -n
Exercise 1.4
I AD.BA,CA.BC. 2. (i) Yes (i) No iy [‘JJ
| __'_39 1 2 2
Lom (i 4 M3 5| (i) No 6
0 2 0 2 -
7. No. :
(i) Yes

S ) AR ={~“
3 (3ii) Associative law

101 A tin B,

Exercise 1.5
Lo 29 Gir - 62 iy 97 (i
¥ (iv)3 (v) -2 y
i =20 i) abe ) =2ps43gr (vi) |

i } . o
= Singular matrices: (i), i), fiv) Non-singular matrices: (iii)

3 i ama [t 2 )
() adiA _[_3 I] (i) ml;'ﬂ:[ 3 IJ
-2 -3
e =4S b2 )
" "‘"('{_2', <| (iv)adjb:["‘ o ]
I E
1) A'n gty R s
[-3 4] i)y B =:[-| 1} i e g B
- i . 501 4
iy p ,_‘_{" 3 ¢ 1 ol -
—n -2 0 ) 1= [0 IJ 5. () Al;:[‘ ‘2]

= R -4 6
(i) BA=| - v
' i-u ;} (Tt L N | E N
J 2 i =;' '}

Mathematics = IX JCRL LV ‘m\"' L3l I,,azr~\/,rﬁm

Exercise 1.6
(ii) x=3,y=6.

19| —

LGy x=1,y=-1 (i x=2,y= -

B AN |
(iV)-“sn"'s (ix=3y=1
(ivix=0,y=1| 38,4
4, Length = 10, Width =5 5, Notebook = Rs, 25, Pen = Rs. 50
6. Father's age= 40 ycars, Son’s age = 15 years

- 4
2. X=— .
Hx 3 ,ya}

(i) y=2,y=—|

Review Exercise 1
L. (iye (i) a (i) a (ivic (Vb (vija  (vibd  (viiDd

113
Wde F = . . (=2,
2L x=1ly=-5 5 i 5. (=2,5)

6. Cost of small box = Rs. 7, Cost of large box = Rs. 13,

3. Not possible. “

Exercise 2.1

1) 3.0.J36.1 7 3.0.436.-9.1 B AN-VAx @ 3456 |

2
5) 2.5.3.5;-.—!.96.0. J36,- %. ~9,1,43.,03%3... 6) Al of them
5 7 .2
7 2.5.2,-1.96-~,4=,0.333... 8 -0 9 0.9 {
] 63

)
10) 2.5.%.-!.96.-%.\5. V113 p.45.0303.. ,

| 5 3 I
- e —=0.8333..,, ==0222_. —=0,|25
1y 6:0.!666 r 5 3

1
¢ ]
12) | =3 s
* i oLt_ \ 1 : 3
(]
3

Exercise 2.2

1y (i) Associative property w.r.t addition _

: ([ii)) Distributive property of multiplication over addition I
(i) Additive identity

{iv) Multiplicative inverse '

2 6 () $3 (iiiy 108 (v} ®

| —
- — " Answers ! e of
Answery . L G
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Mathermatics = IX§

- V»

i ¢

T

D LR o\ B . \v

N kW N

N d )b () e 4) (i) 3900 (i) 81000 (i) - s 3 W
) —+—i i) —+—
(v) 30,000 Excreise 2.3 4 B 2% 26 (i1) 2 2!
> i oy
1) (i) Index =2, Radicand = ';l- (i) Index =3, Radicang = 13 5) (i) 6-6 (ii) 1+5¢ {iii) 10480 (iv) = 4l‘
(i) Index =5, Radicand = ab’ 3x 6) () —8+43i (ii) —4—9i (i) 7-6i (iv) J5+i
1
D6 () G (1000} Gy (8)) (i) ()t Review Exercise 2
) (S_Mx)é (vi) (-64)5 LG F  G)T (i) F (iv) F
2 o T 2. () a (i) ¢ (i) c (iv) ¢ (v) a :
nao 7 (i) o i) Y=8 (iv) \‘/; (vi) o (vii) b (viii) © (ix) b (x) a (xi) d
CR wi) $ix L s
. 2 3, () -—— (i) =72 (i) ~12¥3 (i) —
4@ st i 3 (iii) Sxy - 7, 3
v) 1842 o) 3nd2 4. 64 Styi 6 Muliplicativeioverse 7. 6
DR Exercise 3.1
“msel"“ 1. (i) 4.05 x 10° (i) 1.67 x 10° (i) 39 x 107
1O} Base=2. Exponent ==, value = ——(ii) Base = & | Exponcnt | (iv) 92 x 107 (v) 2.346 x 10" (vi) 8904 x 10’
value= & aee b =5 (vii) 1.04 x 10” (viii) 5.14 x 107 (ix) 5x107
< (ifi) Bsse=—4, Exponent =21, value = |6 :
. b 2. (i) 0.000083 (i) 4,100,000 (i) 20,700,000
20 4 (i) [-J (iii) —a’ . (iv) 0.00000315 {v) 0000000000627 (vi) 0.0000000541 _
e (iv) -8a%* {vi) 0.0007632 (viil) 940,000 (ix) ~2600000000 |
(v) 4a’p’ vi) a'h’ ey | 3 {
a0 I (vi) a'p (vu); (viii) 9a%pt 3. 8 min and 20 sec.
3) (-; ;b Exercise 3.2
1 (U) 20 “ll 1 3 \ . 3
(v) a'! e ) (a+b)' (e +d) L (i) log,256=4 (i) 10325.-6 (iii) log,y=7
5 b, 1 & =.2.
Ya 3 ) a® 48 g 1 _ @) log,1=0 W) logygy=— (i) log16=3
so (IV) i \ .
. 1 > s s (i) M wl
; _ Exercise 2.5 2 @) at=m W 2"=33 P ]
2) (‘l—) ]3"‘”! (ii) 9—2[ (iii X . s ) a¢=‘ (i) 42 =E {
) () B=~6i i i) 11-3; (iv) -8 (iv) a'= i ,
(i) -12; W e ; e ;g e o
3) () 19-2; i) 1448; 'ff) 742 (iv) 14i @4 ) Gy z W3 3
(iii) ~2-267 (iv) 2J2-i i 10 (i) 8 (ix) 6560
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vi) 24083
i) 03802
viil) 29808

Exercise 3.3
i) 0
Vi) - |

) 2877
Vi) (L8295
1)
ix)

1.9661
18283

Exercise 3.4

i) 6,920 (i) 346.7
(VO3S (viy 35700
6920 (i 1560 (il 390000
() 7440 i) 006871
Exercise 3.5

e ) =13 tiii) 32
0y -l Vi) 05

5 .
(i lnp;l g |2y i log 3
y 32 i 30 iy
3
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iv)

") 09649

Vi) 26834

X) 2.845)
(v) 0.017g,

{iv) U.U()m“,

Gy 6150
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Mathematics ~ X

1. (i) is a polynomial.

2. (D) nnd (i) nrc in lowest terms and (ii) is not in lowest term.

(i), (i) ;m: nd polynomials.

3. (i) — (i) e (iii) 1t cannot be reduced further. (iv)—

T e
-6y +16 3y +4y 3
4. ) 6x* (i) 'JT Gy L ) S
| , . 2(x+3)
5. () 7”-4)’4’17 (i) xl—+i (iii) a—+3. (iv) 3(‘-2)
3(x-3)
! -ﬁ (iii)
6. (i) m (if) = 2(3;5)
a+
70 % (i) ‘:,' i) <2
Lo(s (i) 7 (iii) 13
2, (('3 3 (i) 19 (iii) I651
3. () -24 (i) 20413 (i) 5
Ay 5. 54
& 4'4
: .63 35
1. G) T32,55/4  Gi) 14972, 50 (i) 73,24 @ F.5
2. () 29,10 (ii) 41.20
3. (i) 68 Gy 2
4. 264 5. 14,560 6. %l
13
L33 ()29 206 a2 3 (i)29 a4 i
3 6. =
5. (x=y) #(y-2) +(z=x) .
i i) 40
: 4 (i) -153 (i
; ig 230 (i) 98 (i) 469
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Exercise 4.7
(NN LM N3 s 43

(i) 4435
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G V0424 VI5 446 (iv) -3

- Iz
4. }l'z (1h) AL i) 341 5
3 () v2+1 (jy) -3512-4/5, v 245
5.2/508 2
78 6. 2310 7. 10, 93 8. 26 96,38 10, 104
o ; Review Exercise 4
) a Hooa i) ¢ vl d V) u vi) ¢
vii) d Vi) ¢ ix
. Sty : ) ¢ X) b
04 3 5 . 4, 2910 5. %7 66 T. 1360
8. 488 o, (84 125 8
VT 6ay ) g <
‘ Exercise 5,1
oas U 3s = 517 = -
D 2+ gp l;‘c‘(!bt‘—!u toalty g (3= 1M —1)
R

3 3 .
i (*_,u_.][ 2,3
AN i | (O

10, (Sab —2¢+ 4d )(Sob - 2

LoGC #4x 4 8) ) =4y +8)
3. (0’ +0° +ab)(a® +b* —ab)

SO -+ N+ =1

» L (x=3)(x-4)
\ 4 Qy=1y-3)
7. 3xlx=3N2x4 1)

10, = 2ep(du +35)( 25 + 1)
13, Ay ~ 48

1. (4% = Lav+ Ny
3+ 57+ 10x 4 15)

-3 \"[.H--‘-‘-+s}{|+-6-~4}
X ¥
()
o N

1. (a=3a’ +3a+9)
A M2+ DA -2
5. NI
7. 18- y =204 2 {(s =3

+1)

e L]

\2-4)

2095+ —— s+ 40y 1L 4
Ox* Ox*

9. (Ant™ 4+ 2mn+ 0’ Nam* = 2mn+n?)

6. (3x+ ya+b+1)

8 2(x+12)(x=12) 9, (lbu=v)l=u+v)

—4d)

Favyeise 8,3

2,(2¢ + 6x 4 9)(2¢ - 6.:+9)
R WP Sy 1)

6 (x’ +L,+3][x'+L.-3)
X" X"
8. 4¢€+3xy+4y’)'(x’-3xy+'4y’)_
10. xy (2¢ 42y + 3y)) (2 - xy + 3y)

-x4+1)

i N
2. (x+4)x-3) 3. (5+x)d=x)
S Q2x+DiZx+3) 6. (Sy+1(2y~1)

8. 2x(y+6Ky-2)

9 = (U=2)dr+1)
I (x43)(x+2)

12, 47y 0y =Ty - 3)
Hnervis
2. (95 + 9% + 2) (957 + 9x - 16)

407+ 351y
7. a_bY
23

l 3
10,1 2x——
(‘ 3x)
Exercise 5.5

2. (o' #b*Ka' —a'b' +b")
4 (=301 +3r+97%)
' -4':|‘_4n\': +4x+16)

6. (4x-3y)

9, (3a+76)

oY+ 2%~ yKu = b)+"(a-b)}
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(i) (r+Dx+2)(x=2)

(iv) (x=I)x=3)(x~5)

(vi) (x+1)(x-4)(x+5)

(viii) (x+2)(x—4)*

8. (+x’ —x# )t -+
10, (3x-y) (9 +3xy+y7)

LG 4 (). - 44
4.0 (x=IXx+2)x=3)
(i) (x=1)(x=2)(x+3)
) (x+2)¥x-3)°
(vil) (x=2)(x=3)x+4) -

Review Exercise 5
LOT G T (i) T (WF (F
2. (3x-4y")(3x+4y") G} (x-3y)(x*+30y+9y%)
(i) (x=2)(x-3) (V) (a-b)'+2ab  (v) (Zb+c)(4b¥-2b‘.,"z)

3,( v(i,i)) : (i) ¢ (iii) d (ivya b (vi) b

40 (x-3)x+2) @) @y+3)16y ~12y+9)
i) (x+ yXx= )= + 2+ Y'Y — 2y 4 y%)

(iv) (Ta—5b)(49a° +35ab+25b* +1)
5. (F+55416)(x+6)(x-1)

6 () (x-2)(x" +2x-13)

7. (a’+b’+ab)(a‘+b’-ab)

b 2-246,-4 9 4 by

(vi) F

(i) (x+1)x+ 2)x—42)

10, -5
\errie b
L (i) x+6 (i) x*4y% .
y Gil) x-3
V) Yx-y'txe2y) (v (x+y) )
2. () =x-3 (ii) y'-2y+l it i
S x‘—y, (u)x‘-” (i) x(x+1) (iv) x+5

-
) 2"-3(x=y)(xe2yp B 2Crat Xm0t 41 )2 4 xe1)

4.4 HCF =(x'+3x+2), LCM = (x~d)(x 2 _ 3

i 10)
) HCF=(22-3), LeM = = x4 2) 45! — 2

+3x-9)

@iy HCF=(da*+a+l), LCM =(a*~a’-a+1)a* -a+l)
() HCF=(x'=x=1), LCM = (x=1){142x+ ' =x' =)

5. x'-x-2 6. %' +7x* +8x+14
7, 20 +13x+15 and x* +4x-5 8. x+4 9. 16 Children
Foyvg L
. X+2y o 1 10 3),;_2-0
1. (I)——-—x ¥y (if) %2y (iif) 73 (iv) x'-yf ‘
3x3+xy . e’y |
®) G @ o0 i e e ;
2a+13 (i) 8a” @ 2x=1 :
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Mn M oea Wan, Ma
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(viii). 1 ©(ix) 3—:.—:' (x) -(_X*-;)T-
{
L) x+2 (i) x+y+3  Gil) xy-4 @) x+=-5 _
7 1
V). x+3x+1 (vi) !’( -.1...% ) (vid) t(g,?_-z) ‘
+ 21"—3y"} 1
(vit). (3x’+4y1
2. (i) 2x" =x+3 (ii) x’+£2-4 () x+y-1
: 1
(iv) x* ——=6 .
3. () x=2 " (i) —x+2 (iif) x=2
4 () —2x-3 (i) 2+

|
s, (i) 1=24,m=36 (i) 1=-60,m=-36 _ , ‘
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Exervise 7. 4
1. i) O as ——
SRR R T DR SR
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mathematics =14

vii)

3482401234547 v
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ix) A32-1 01 28 A 563 )

2. u {12.3) i) {1,2.3,4.5)
iv) {5, 6) v) {3.4.5)
vii) 11, 0.-1,-2,-3,..)

3, (i) {xlxeR,x<3)

(vi) {xtxe R -25x<2]
The graphs of i—vi are given below.

(i) {xlxeR. x2-5}

) {alae R, -Bax<2} (vi[xlve R 3<x<T)

T -A-32-1 D) 234567

im {rlre R, ve-=1}
vi) "('JE R..rZ-U}

(i) {xlre R, x>7)

3 () {xlxeR. 2<x<3)
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R IS, o s o, oo e T S 0 TG -
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l —IO-D-R-TD O Sd =3 T D T 2N A5 6HT-R WO
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Review Exercise 7
L) ¢ (i) a (i) @ w1 h i h
(vi) b (vii) @ (viic uxl d tx) ¢
2.1 G {s) ain 12} (v (-8

(i) [x1ve R-l<x <A}

S24 012345
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The graphs of i~ iii are given below.

5) A(].z). 8(40'2)t C(oc’l)o D( -3- 4)

i) At —
@ B = L 2485067 oo
: O—0 ‘ P
(i) ettt * " e K B a7
~NOO-M-T-6-3—4-3-2-10 1 2 3 4367 x9,5 > & 3 i
(“i) R . T T e S P s x 4 a 1
-, 5 : ; :
4. Father’s age = 40 years, son’s age = 10 years, % QV 3 2 -
1
%lf Bl BL. - Ii-}
N 0 x==7, y=5 (i) x=0, y=
. A L y=7 (iii R .
2 e w3 SO Y ) x=-3 y-3g 1 v
) () Quadrant1l " (i) Quadrant 111 iii) Quadran
(i) Quadrant IV O Ot Y et 9 » v
. < +h 1
SRS (i) S
B + i Tt
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R R o0 5 w 15 A -
“"5 8 x . . T | » ]| - -1(5
H . W T t 1 ;"x}u"l E
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¥ Fias Y
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(iii) ¥
1) (a) Yes (b) No (c) No d)Yes

2)(4,-3), (2, 0),(0, 3),(-2.6)
3) The following is the required table of four values.
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Review Exercise 8

9. 10. Y
. e @ c (i) a (v) & v) d
(vi) b (vil) a (vill) d (ix) b x) b
2. (i) X‘lz, y=3. Quadrant | (") x=—4. .V'=5. Quadmm " "{"i—‘q-:_
(i) x=4,y=0Itlies on X-axis g ‘ wa Aunm
’ X'¢ 8 X
3 4 HF Eaass
N_M‘frn \ ~ 1" & v Ea—‘a - B,
¥ — x “ 30 x
TN & g 3, - Y
i - Exarcise 91
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L nd, | iy d fi) d iv) ¢ vlb
F5sd Exercise 11,1
1. 70% 110%110° ; 2! §5¢, §5°.125° 125" 3. 28
4 EES =15 i ewld m=S
fv) =28, =126 i
S . D.xwl3, i) xel0 i) x=3 7. 1200
i gL = s
Review Exercise 11
I. ib e i) a 1
5 - IV)
, ;2“.1:20. vii) a viii) d ix) ::l :; :
’ 120 120" 3. s0°, 50%, 130°, 130° 5 .uo°
6. 130, 50°, 130" . .
Exerese 12,1
: 'AB=IS 5. i) AB=BC i) r=5 i) AR=25
e f) No ii) Yes i1} No N
7. i) 5 4 i) 8 ‘
L Review Exercise 12
A vi)) : ii.). b iii) b iv) ¢’
vii) d viii) b v
ook . l_in-rr.-'
. greater 5 and less than 19 2. not possible
;. Xis greater than 12 and less than 34 “
. i) side opposite to 70" i1 si
1) side opposite 0 45" i) si
5 045 1i) side d
e i 8l) side opposite to 70
. .oa) by d) .
e i Review Exercise 13
2. greater than 2 § s ey (
r than 2 inches and less than 20 inches 3
. No

1 200 2, 8 2600
—. 10 N
6 x=I104 T.. D= ' 1ni l;-cln
g, PQ=6em, PR=14cm gy 23 10. 3 cm & 3.5 cm (approx)
1, x=24 i2, Eb= 1T <280 14, NL=6
Review Exercise 14
1. id i) o e iv) d v} b
1, . AC=22¢m '
Exercise 15.1
1. »13cm i) 6.5 em i 17 om
2. )78em w169 em - Hiy34em
3. 65m 4.2m
5. 1) J6sem ii) 24 cm iii) 3d5em

6. i) This anight-angled wiangle,

jii) Thisisnota right-angled triangle.

ii) Thisisnota rght-angled triangle.
iv) This a right-angled triangle.

1. 10438 m
Review Exercise 15
e Wb 2. 4f3em 3. 13¢cm 5) x=12
(Exervise 16.1
. ;
P %m mlz i b 4. 6720
Review Exercise 16 -
1. ub iya i) ¢ ‘\\_'). d )
v d vija vii) b viii} b ix) ¢
‘ 5. 120sq, inches
Review Exercise 17
| | id md i) b l.v) < V) a
| vija vit) b vii) ¢ w) d x)d <
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