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Imaginary and Comples Numbers

Negative mimbers do not have square roots in the rea| number system, However, a larger number

ersystem is designed so that negative
poots. This system is called the complex number 5y

square root of -1, We call this new number 1
Let us find the solution of:

systern that contains the real numl mumbers do have square

tem and it makes use of a number that is 2

Frate resting Iafor s stiva
ZA1=0 (i) Girolamo  Cardano  began  his
From (i), x* = ~ 1 which implies x= +y=T N carcer as a doctor and studied,
The number 7 is the solution of x? + | = 0, and is defined as: taught and wrote matheratics 2s a
: ; side line, ' :

Y ity I ine. He hcld- 1m90mm

' v . ‘ positions at The University of
Since the square of a real number is not negative, therefore Pavia and Bologna in ltaly and
i s not a real number and is called the imaginary unit,

Lo . ; wrote many works on arithmetic,
] : # »
Using 1 we can deline square root of any negative number, astronomy, physics and medicine.

To express the roots of negative numbers in terms of i »  We can use the fact that in the complex
numbers,v—x = V=1Jx =iy/x . When x is a positive real number and i is the imaginary number,
the number ix is called a pure imaginary number,

Example: Express each number in terms of i,

a. V-5 b. V-9 c. J-17
d. -J-64 €. 3ix5i f. J=5x4=20

Selution:
a. V=5=v=1x5=v=-1xV5=iV5=15i We prefer to write ia as ai,

where a is rational number.
b. V=9=v=1%x9=v=1xV9=ix3=3i

¢. =y=17==-=1x17==V=1xV17=-iV17 = -V17i

d. ~y=64 = —y=1 % 64 = —=V=1 x V64 = ~i/64 = —i8 = -8i
e. 3(%5i=15i*=15%(-1)==15 where (i’ = -1)

f. V=85 %x =20 = V=1 % 5 x V=1 % 20 = (V=1 x V/5) X (V=1 x v20)
= (V5 x ivV20 = i?V5 x 20 = =1V100 = —10

Imaginary Number
An imaginary number is a number that can be written a+ bi, where a and b are real
numbers, h#0.

Ahees i et i,
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Complex Numbers
When a and b are real 0

,xmnnberisanynumb“
A)f::‘nmnbel'swdbothaandbcﬂnbew“

ambers and b s allowed

an
7-11i, 18imimaginmyasb¢05ntbmmm,&|:'

. ’ﬂxem:mberSZ-!-Si.tm\s
are also complex numoers. - ;
. ComplcxnumberlikeSiinwbich a=0and b0 are imaginary number wit r, ,...
s
pamSuchnumbersarecalledpurelmaglﬂameﬂnbﬂs- .
As6¢anbewrittenas:6+0i.‘I'herefm'f:,eve!'yrmlnl.unbel'ls,am)mp;exmmbem;ﬁ

0 as imaginary part.

3 ThesetofoomplexnumbersisdenotedbyCandRQC.
: : T n SECEo A 07 T ey . '
a+bi g

- Imaginary number
a+bi,b#0

7430, 2, -—i
2

‘Complex numbers that &re
real numbers. a+bi, b=0

to be 0, the number a 4 bi i"ﬁdy,h ‘
oy,

mmchﬂMinthfMOfa+bf’mea&d’
a
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Addition wnd Subtraction of Comples Numbers

The complex numbers ubey |h¢ Commatative, sssociative and disteibutive law, Thas, we can add 2nd
subtract them as we do binomials. Moreover, the sum and difference of two compler nmbers is zlvo 2

complex number Wz, a v biand 2, ¢ + dj wre two compler numbers then thesr sum and dif ference is
defined as:

Add renl part in real part and Inaginary part in imaginary parn.
Bt aya v biys (e v diy=(aveys(hs dyi

% Subtract real part in real part and imaginary part in imaginary part
zyozyca v by (e vdiy>(a eyt (h dyi

Fanmple: Simphify:
a. (7450)+(443i) b, (54+6i)-(7-4i)
Selution:
a. (T+50)+(4+3i) b, (5460)~(7-4i)
=T+5i4+443i ' =546i~T44i
=7+ 4+ 5i +3i (combine real and =574 6i +4i (combining real and
=1148i imiginary parts) =-2410i imiginary parts)
Multiplication of Complex Numbers

Ifa + bi and ¢ + di are two complex numbers then their product can be found by using distributive
law. ‘

(a + bi)(c + di) = a(c + di) + bi(c + di) = ac + adi + bci + bdi
=ac +adi + bei-bd = (ac-bd)+ (ad + be)i ... (as * =-1)
Therefore, the product of two complex numbers is also a complex number.

For complex numbers, the property v/a/b =+Jab does not hold in general, but it does when a
is negative and b is a non-negative number.

To express square root of negative numbers, we first express them in terms of i. Foiexmple:
Jsxﬁ=ﬁﬁxﬂﬁ=iﬁxlﬁ=izm=—m:cmm.

But, V=2 x+/=5 = \|{2)(=5) =+/10 is wrong.

Example: Multiply and simplify:

8. V=2W=11 b. —2i.5i c. —3i(2-8i)

d. V=9/=36 e. (3-2i)(1+5i) f. 5-D0O-30)
Solution:

8. V=IV=TT = V=TVE X V=IVIT = iVZ x TT = 22 X 11 = —V22
b. =2i.5i = ""10([2) = —10(—.1) =10 (as e _1)

(&) CamScanner
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SR« M) = o004 (T = <61 % 28(=1) = =8l _M w <24 -6l

; SRR VETRIVETR I = VEIVO % V= 1VE6 = (3 % 16 = 1817 = ~1g

e (22001480 = 34 A= 20 <100 = 3413 = 10(=1) = 13 4 1Y

; ‘ 00« A0 o A% < 150 = 91 4 17 = A5 < 241 4 3(=1) = 42 ~ 241
Pawper of ¢
We mow want o smphfy cortain expressions involving higher powers of | simphifying Prrmery
of ¢ cun then be done by using the fact that i = <1 and expressing the given power of i in term,

of ¢ Conmdet

p 232 o (1V2
(* o 2w (=)=~ ‘6’:(‘2)3 - ( 1)3"1
e e ()= (=1) = *=({%) = (1)’ = 1
ot ()0 = (=) = - 9= () =(-1)*=1
Thepowers of 7 cycle themselves through the values of i, -1, < and 1.
Example: Simplify:
a & N c. ¥ d. '
Selutien: A\ W,
I BV = =1V i = (1) = —i .
8. t (‘,): ( l)”x (=Di=-i . aiihin
b. T =(") =(-)" =-1 in the field of engineering
. M=(FYi=(=1)i=M)i=i and physical sciences.
d =@ =(-1)"=1 .
Example: Write the expressions in the form of a+ib.
a 2+ b. 19+7/ c. i+ d. 4°+8
Selutioa:

8. 2+ =2+ii=2+(=1)i=2-i b. 1947 =1947(=1)=19-7 =12+0i

" ,-!2 +'-15 =(i1)6 +(i2)7j :(‘-'l)6 +(—l)1'i
=l+("l)-i=l'—i

Cenjugates of Complex Numbers

Conjugate of complex number is a complex number obtained by changing the sign of the
imaginary pan. In simple words, conjugate of a complex number is a number that has the same
real pan as the original complex number, and the imaginary part has the samcs‘masnimde but
OPPOSItE sign.

The conjugate of a complex number a + ib is a — ib,

For example, the conjugate of 5+ 6/ is 5~ 6/ and that of 3—11i is 3+11i.

Commonly, the complex number is denoted by z and its conjugate by Z.

For example, if 2=1147i thenZ =114 7] = 11 - 7;

d. 4’ +8i° =42 +8(:%) = 4(~1).i +8(-1)
=—4i+8(-1)=—4i -8 =-8-4i
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palution!

o 4400 the conjugate is § 9/ b 1V 8 the conpugate is 1385

¢ &< the conjugate s _:_?'..: L the conjugate Is 11

Dividing 382-» numbers 15 a littde more complicated than addition, subtraction, and
muliphication of comples numbers because 1t s difficult to divide o number by an imaginary

parmbet

for dividing complex mimbers, we need to find a term by which we can multiply the numerator and
e denominator that will eliminate the imaginary part of the denominator 50 that we end up with a
seal pumber in the denominator,

[z =x, ¢ v, #ndz a1 iy, are the two complex numbers, then division of z, by z, is written as:

no n_:m_ (0

1o oxpMly, T
To eliminate the imaginary part in the denominator, wo multiply the numerator and denominator
of (1) by the conjugate of x, + fy, Le by v, iy,

PR TRL Ayl
gy apblyy  xpely
After that, we simplify the expression (i),
Steps for Dividing Complex Numbers

To divide the two complex numbers, follow these steps: .
« First, calculate the conjugate of the complex number that is ot the denominator of the

fraction.
+  Multiply the conjugate with the numerator and the denominator of the complex fraction.

o Apply the algebraic identity (u + b) (- ) =a'- b inthe denominator and substitute
==,

«  Apply the distributive property in the numerator and simplify,

¢ Separate the real part and the imaginaty pait of the resultant complex number,

Exnmple: Divide and simplity to the form a4 ih,

“T+ M 1S 1-7i
B b e T :
28 10 AR
Solutlon:
ARl
’. . “

-8
T4l 248§

ok ,w,. » ” multiplying and dividing by conjugate of denominator
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sobativa:
A
1 2+
o
llu . e ,
ﬁ. L French-Swiss mathematician |
A I Robert Argand (1768-1822)
T T T " u " — was the first to represent o
-+ number geometrically g
e =¥ the plane,
-2-3 o
2 .H.l

We observe that the
e complex numbers i :
positive signs of their real and szgmﬁs ol the four quadrantsdue to the negarive and

R Y ——————————

If x=0,thenx+yi=yi is an imaginary number located on vertical axis,
If y=0, then x + yi = x is a real number located on horizontal axis.

Abselute Value or Modulus of a Complex Number y

Let z = (a,b) = a + ib be a complex number.

The absolute value or modulus of z, denoted by b proes ,w .........

|z] is defined as: @ H
2zl = 3 > | A /

iw-a_ag.maasnag.m:mn_oﬂss ol : .

the modulus cm-%uasgwﬁnamgooo_.% _

%%g%om%n. \

then |z| = /(real part)? + Q_s.m part)? = Real Number

If,z=a+ib
complex numbers:
M-Ilnm.aaaa&mo_ﬁaﬂ?wom&n mp B L 3l
a. Si s
Solution: ; =
. unm..uc+m..u_u.u§~+m~uﬁw|m

=2

b. ~u~u~+9.n_u_u<-+%nh
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(s =2)(05+2) =22

IS4 7 = 2
15 =127 = zwpsuo)y q
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The sohution » ¢ 5 and ~ v & are < vk

hoth purc imegman mumbers
Sometimes we oced factonzal
mmnﬂmmmwmk By using the

jon of the equation. but m real sumber system n g,
W‘nmm‘“h‘

can make factonzation possible.
Fsample: Factonze
& ::wq b 3:; "5
s~ datwn:
a ::09 b 3.':‘5
={z) -9 AP F -FISF
=(z)F - (3 -h.:z* -n--‘#
=‘:"-§i:‘3‘-) ={v q*—;..“‘_;'-—_g“:.
The factors of:'+9-'e ‘I"B‘".’""}’ The Sactocs nq‘s:_x‘-{“?’_‘-‘;

Evample: \h“'qsismdemia!mmd&m&mmmmxm ofSes
bulding. Tbaemdmbasxmmsmbcamdudmnchm“m“\n:[m
dm:mLthemmwﬂmﬂonLaﬂedmdmcm“

the formula E=IZ . The current of the oo

called voltage. qunumsstmlaad in
“aqnsnsdcsugmglstobe(” — 400 ) amp. Em!awweﬂ:hulnmﬁ:

imaginary unit. Find the impedance of the circuit if the voltage s w0 be (430330 voits.

Selution: Weknow that E =12 ...... )]
We know it is given that J=35-40J E=430-337

Substituting the values in (1) E=1Z

‘410-3301'35+40]
15-407 35+ 407
'w*lm 113300 - 13W R
1225-16001° e
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S s S
O N A RS TR SRR

Casesess
2828
The impedance will be |+ 20 ohing

’l‘"h;u ' Ty ‘ FoTr et waks wlate

8 " *" h, '|l‘ ¢
L

sotution:

g 5,42, =554847 74T =132412

b 2,5, = (5S4 SINTT 4 Ti)= 4235 4 38,50 + 38,51 + 354"
=7.35477

L5 SS4Si SS4Si 17-7 (5.5+50(7.7-70) -

Cn LI 1T4T13-7 (LY -y

42.35-38.5i +38.5i -35i° 77.35 :
53.0-49/ 102.9 -

Solution of System of Equations with Complex Coefficients
In this section, we shall find solution of different equations in complex variables either with g
real or complex coefficients. Consider the following equation: E
pz+gw=r....(1) ;
Where p, g and r are complex numbers (every real number is a complex number). The equation
(i) is called a linear equation in two complex variables z and w.
Pz+qw=rn
| Pz +qw=n |
These two equations together form a system of linear equations in two variables z and w. The
linear equations in two variables are also called simultaneous linear equations.

Example: Solve:
z+w=3i
2z+3w=2

Solution: Given equations are:

z+w=Nwien (1)
2z43w=2.....(11)

(&) CamScanner
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quate the coefficient of z with equation (ii) and s“btracting \

Multiply equation (i) by 2to¢
| 2z+2w=6i
42z 4 3w=1=42
—w=6i-2
w=2~6i (Substitute in (i) to find z)

z742-6i=3i
z=9i-2

lution is: z=91-2, w=2-6i

LW

Solve:
2+7=0 2. x*+9=0 3 x*+100=0
Determine whether the giveri complex number is & solution of the equation.
4 142§, x*-2x+5=0 5. 1=-2i,x*=2x+5=0
1—i, ¥ +2x+2=0 70, x*+1=0
Factorize the expressions:
v x*+16 0. a*+b’ 0. x*+25)°

Solve the following system of linear equations.

12. 3z+(2+i)w=ll-i

z—4w=3i
(2-i)z—w=—-1+i

2z+3w=11-5i

In an electrical circuit, the flow of the electric current I, the impedance Z and the voltag

E, are related by the formula E=1Z .

a. Find I, given the values:

E = (70+220J) volts, Z =(16+8J)ohms
ii., E=(85+110J)volts, Z =(3-4J)ohms

b. Find Z given the value:
i, E=(-50+100J)volts, J =(—6-2J)amp
ii. E=(100+10J)volts, / =(-8+3/)amp

1-i

¢. Ewvaluate -—l-; when z=——
2 10

S NS e ey
v
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5 .

Defining commutative 14y * A "““\N"
CARROVIAN @ L and dinteiban
numbers, Wive lawa fiw complen

y o ‘ l."‘ ‘ 1 |
TV Erse “i COM ]I‘ ‘ mber ‘ . dentit \» ‘“l‘ f '““"' ‘|h“" ve 'l\l‘ ““‘“ “1“‘ ‘“ Vel

e Finding real and imaginary parts \\f{ o ] Y ETIIRE
‘ Ay, ' o

. Fmdm‘g solution of equations having complex values
Applying the geometrie interpretation of o complex numbers

Solving daily life problems involving comples numbers.

_ . ,N,...."""‘
I Tick the correct option. ‘
R equal to

a. 1 b. =1 e d
ii. If x<0, then J is:
a. Real b. Complex ¢, lrrational d. Rational
iii.  Conjugate of Jx =i yist
a. x+iﬁ b, x-iy C. Xy Ao xdiy
iv. If z=x+iy, then zz is:
a. Imaginary b, Complex
¢. Non-negative number d. Negative number
v. =25+ is equal to:
& wiedl b, 245i ¢ =542 & 2d3 4
vii  1+(=i) =?
a. l+i b 1441 o i~ -
vii. -l-%-;=?
% !..t!. % wi c. 1=i do 1wi
2 2
viii,  (~xi)" =?
a. -x"i b, x"i ¢. =" d -x"
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A 1 2= 3adi, then [g is:

a § b. ﬁ C.
v, Thesohtionof a”+4= 0as:
a b -2 ¢
Simplify:
A (m2+4)-(8-3) b.
Find the product:
a. (x+iy)(2+3!) b.
Write in the form of a+bi.mulﬁndiuca\jW:
a 3\5-—»/:7 b
Find 2.Z:
-1 . b.
a 2=-5-+l
2= | b.
=3+
Factorize:
2 2x +18 : b.
5. Solve:
2. 3xr+15=0 b.

25 d. 16

12 d. 42

(=3 +4i)+(=Ti+4)

(=3 +6i) (~6+31)

. V=2

z=14-Ti

1+3i

w5
—x* -25y"

6)° +36=0
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Quadratic Equations

Afber stwdyimg this wais Students will be able to:

Km*edmdamm
F‘ad!ehit-httwumndweﬁ%m&nmm.
Deﬁeﬁath-ksymkﬁmﬁmufmﬁohmm
Fanam:ﬁcemmim\hhsmlsueﬁm

Igebra

|
H
i
|
g
i

A

standand . tabaviums
&N
reg ey ¥ operations 3 Qadratae
formule S - binomial

e 3

WY

¢

Algebra is your trusted tool that helps you carry out of Various activities of daily importance,
There is hardly any line of work that does not employ the concept of algebra. We will lookat
the varizbles and equation. you surely will not be wondered about why you need to leave there
m 2 nutshell. Algebra and equations prepare you for hardly all aspects of life and stays with
you right from vour infanthood to your adulthood.

x:;j
.
o



https://v3.camscanner.com/user/download

5 Mg R S . ™ > gt o
o > @ ot e gy M e el YW%‘W’W’ WY oy
- TR oy

Ouadratic | uations
ted by & sidewalk of wniform il jte

Wabeern wants b baahd o sw imming ool Srrou
wters by 20 meters The poot has e 5,
. o

e et of the ool s sidewalk 10 e 16
00 wguare eters. How wide ahaonild the wdewalk be!

Loty metens B the woadih of the sidewalk ,
Ihe demgth of a pot is 200 2e meters :
The width of the pool is 16 2e meters '
The srva of the '\mluﬂhgnmoml ws the |
peoddact of the length and width |
Area = Length « Width

e (20 20 (16 )

T

e ——

edy’ <« MNx+ 30
The area of the pool can be expressed as v’ 7254 320 square meters. Since the arca of &,
pool s 192 square meters, replacing area with 192 results in the equation 192 = 4x" =72z + 3%
Saleem would probably never use & quadratic equation like 192 = 4x" ~T2x +320 1 Cxpres,
arca of a pool. However, in this unit we will study many other formulas in science and busines,

that mvolve this type of equations.

Quadratic } quation ’

It 1s an equation that can be written in the form of ax” +bx+¢ =0, where a#0. We say Gx
equations like this have a degree of 2. Since the greatest exponent of the variable is 2. %:
observe that this quadratic equation only has one variable and all the exponents are positive.

Seandard Quadratic Fquation
ax’ ebrac=0is3 standard form of the quadratic equation in one variable x. The equation

a et 4 § = 0is in standard form.
ples of quadratic equation in one variable x but they are

(nn’-&mdx‘wx-lameum
not in standard form.
Exsmple: Write the following quadratic equations in standard form.
(i ar +be=c (i) Gy - 1) =4 (iii). (x4 1P~ (- 1=2
Serletotn!
i ar th=c i @D -@x-17=2
“J”’"}“c"’ (x’+2,r+l)—(4x’-—4x+l)‘:
y ;’;ig::d Cdeh | -ddde-1-27
93’"“*'«4“0 “‘3.1')*61"-2"0
9 - 6x~3=0 (3 - 6o+ 2)=0
3 -+2=0 s -1#

I -2 1)=0, as3I 0
]R"h"uﬂ
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Solution of Quadratic
The values of variables for which an equation bee
roots of the equation. i.e. if P(a) = ¢, then y = 4
of an equation is called the solution set, A qua
These roots of the quadratic equation can be fo

i Graphing method
ii. Factorization Method
Completing Square Method
Using Quadratic Formula

i. Graphical Method
One way to determine the roots of a quadratic

iii.

iv.

function. Write the equation in general form like:

192 =4x* - 72x+320

0 =4x* —72x+128 subtract 192 from each side.

0=x"-18x+32 dividing each side by 4.
The related function for this equation is
f(x)=y =x>-18x+32.

£ 18 I 16 |20

0 -24 0 T2

y

Equations

Omes a true sentence are called solutions or
root of the equation P(x) = ¢. The set of roots
dratic equation in one variable has two roots.
und in many ways. In this section we will study

1

equation is to graph the related quadratic

£
(2.0)

<20 o 0

-29

(o 1)

Notice that the function crosses the x-axis twice and the function has. a degree of 2. These
intercepts points are called the zero of a function. The x values, 2 and 16 are the roots of the

equation x* -18x+32=0

Example: Graph the related quadratic function

y=x"-2x-15 by finding and graphing the
ordered pairs that satisfy the function.
Solution:

x |—3 I—l Il ls

y 'o wid  S-i8 19

The graphs tells that the solutions are

NG
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P

1 and &, where the curve imtereccts
W Factoring Method ‘
Another way of solving a quadratic equation is by factoring. The factoring method depends o,
pero-product property. ‘

Zerw Product Property! .b-o.cmms-o“"""

For any real number a and b, if
To solve the quadratic equation by factorization first write it in standard form, the,
nd side of the equation.

i7¢ the polynomial on the left-
i Use zero product property: )
. ¢ and write solution set.

n.

Fr cxmvle.msolvex’=4byfactoriwion we do the following steps:
©=4
¥-4=0 (standard form)
(x) - (2) =0
(x- 2)(x+ 2) =0 (factorization)
s-2=00rx+2=0 (hnwequanons)
x=2o0rx= - 2 (roots)
s = {22 ( solutionset)

Esample: Factonize to solve the equations.
i, x*-2x-15=0.

i x-18r+32=0
Solution:

i x*-18x+32=0 ii. x2-2x-15=0
12—161'-214'32:0 12—5x+3x-—15=0
x(x-16)—2(x—16) =0 x(x—5)+3(x--5)=0
(x=2)(x-16)=0 (x-5)(x+3)=0
x=2=0or x—16=0 x=5=0o0rx+3=0
x=2 or x=16 x=5o0rx=-3
5.5 =(2,16) 5.5 =(-3.5)

:' Completing Square Method
& oIy, @ square . -~ : ,
1y, & square field has been maintained for playing. Each side of the field is 110m long.

The management ¥
QA fan et tr sl st B 6 e Sl of the field for parking spaces
pr e entire region has an area of 14000 m?. What is the width of the parking strip being

esnagil Bsead I,...-NJ&!”"’

(&) CamScanner
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R T S e
W\&Nﬂ e mernsom

Let x represents the width of ¢ach
After expanding cach side of he
110+ x meters long,

The equation expresscs the area of the new field
which is still square, '

(x + 110)2 = 14000 VIS T S gt (NS PRSI b 0%,
v l
(x + 110)2 = V14000

110m
x + 110 = +V14000

=-110 £ V14000
x =832m

a
vy :
Where the negative value is neglected.

e

Parking strip,
field would be

e a———
T

-

Quadratic equations can be solved in the same way as long as one side of the equation contains a
perfect square, When the equation 4 : i

i does not contain a perfect square, we can use process called
completing the square to create a perfect square.

For an exprezsion of the form x% + bx, we can add a constant ¢ in the expression so that the
expression x* + bx + c is a perfect square trinomial. This process is called completing square.

Procedure
Step I Write the equation in standard form.
Step II: Shift constant term to the right hand side of the equation.
Step I11: To make the left hand side a complete square, add a suitable term to both sides of
the equation. If the coefficient of x” is 1, then it is easy to complete the square.
Justadd the square of halfthe coefficient of x and geta complete square.

Step IV: Take the square root on both sides and form two linear equations.
Step V: Solve the linear equations and find roots. :

Example: | Describe the error.
Solve 3x* —11x~4=0 by completing square. x% - 14x = 11
Solution: x2-14x +49=11
3 - 11x-4=0 oy =
x—7=+V11
3x’ =11x = 4 Shift 4 right side x=7+V11

< --‘-31x=i;- dividing each side by 3.
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: < }
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{ < »
13 '8
F o zi-:ur,r—-—— g5 S
£ £ £ £
1 1 3.4
s=h o I*=~7 B S""; 4
I ranmple
\’tnteﬁz%ﬁ:’}st@ﬁtmmmmm
Trunrin
o~ - ¥=1
I~ fz=y )
F2z=3 (gviding 9y =)
Felpwi=i~] adding 7 o bof sider)
}-:Fxf
e lmak ‘ygrang SULATE TUOL

. Cmtewle §ormnis

E m';mmmumwmwmmmmmm.mqmm
nﬁbﬁjwm'MMwﬂleamwm?mmis
'wfﬂkﬁmﬁiwﬁmimhmmismﬁmmm

poema fw ' sadrats syuator for s,

S gt W Qe (pupte e §ormivia The solution of 2 quadratic
it forw of yuadieatc syuaton i @ ~br~ ¢ = U gouation of the form
o shgs ~ ¢ ar sbr+ ¢ = 0 with g=0 1
f~§1s~£ (Unadie by & Yoo sides) ,,4*\“?"‘#
s 0 (07 (97 ¢ (Y
{.""-ﬂ' e | v | ;
- 2‘/1'2‘]' 5“‘24, Dt viden )
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Phes oguainoe i Koown ag Quadiatin femata
i . , O -
Exemple: Solve 237« Py w Fuung guadiai toamuta

Sedution: 21+ Ty e d
2T Ta=d=0 General form

-~ -
J:—-C&' u'&“""

We koow that: y = 4?“1? ——

-id
=72 () =44
x= :
2(2)
I_-71J49+3z
a 4
x=-7isf8_l-=>—7:t9
4 4
galed _-1-9
T4 4
2 -16
X=—, x=—
4 4
x--l— x=-4 S.S
2’ '

! Write the following quadratic equation in standard form:

L (x+2)(x-3)=5

Progy dure

To solve a quadratic equation by using the
qQuadratic formula, we proceed as follows:
Step I: Write the equation in standard form.
Step II: Compare it with ax® + by + ¢ = 0, 1o
get the values of a, b and ¢,
Step 1IL: Write the quadratic formula for x.
Step IV: Put values of @, b and ¢, then
simplify.
Step V: Write solution set.

i, (x=5)-(2x+4)}*=7 i, x=x(x-1)

. Solve the following equations by factoring method.
i (x=1)(x-4)=0

ii. x-2x+1=0
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v, x <drsd=(2x-7) |

v 1 '-.,,_i_-,-lj
r ,.1) ‘l':fzg
% ‘»“;": - ;ﬁ
' ug’qulltmﬂhOd:
| sons by completing " .
wtmtfdh*mtfq““ CeRe=0 i, O ebr-9.4

"
vi. 4 -Br-%5.¢
=

' o odg-3120 :
L3 3:’ 48:(¢ﬁx0 V. I‘*I"’l’:
£ Solf Lwing EqUation’ quadratic formula:
: mefﬂ?? % i 20 +5x41=0
i l.—'ﬂ 24=0 iv. (14-1_)2:(2_:_”1
1 - I~= = l
13 x +2 vi. (1'2x1~6)=(21+l’x‘_!,
_ ze)_serd g
S 3
§ Sohtx:«rdtz-'?bymandfxwﬂngnﬁboi' |
¢ Grtpb?hcf.nm'my:xz+Zx+4anJVerifyiﬂgsolunonbycomp]mngquem:
7 Expiss each term- 3
i Solutios 'u. m
i Zewoof a function iv. x-intercept
} mtthantwosol;mmS"Whyorwhyw
- kfﬂwmd\mbg

e area o form & rectangle
e playground 60w
16 HawbuwwofzwsmdaommmmﬁMOme’sz.W
la';)

h“dﬁtiu&uumvd 145m. (Use: S=v,t+-2-
Equation Reducible to Quadratic Form
qudmmww,wtmm"canemMMquMlﬁcform-

not a quadratic equation itself, but cool®
quadratic partof that equation.

mummiitnmmwlvinganequﬂionmuis
abaaﬁamwnx.mwhainmcwwh'elhe
s that

The width of the base is 2 em &35 ™
js 667

Kusmplet A cuboid box has & base that is x cm long.
of the volume

length The height is 3 om greater than the measure
length of the base. The
the mucasare AU , ' :
length of the base Find the dumensions of the box.
The volume of the rectangular box is
the product
the length, width and height of box. .
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Here, Length = x, Width =

Heigh - ;

. The volume is: o) i /;
Vo= - Length X x Width x Height =lw} / ' i
;

i

v = 6 * the measure of the lengyy of the bage (1) B
e ....(i ‘

As, V=x(x=2)(x+3) (ii) |
ox = xz(r -22)(" 3 (from (i) and (i) /
=X ¢x =6 = 33 +x2 ~ 12x =0 eV 2
x(@¥+x-12)=0 = x(x=-3)(x+4)=0 "

We use the zero-product property B

x-_-o, .\"*‘4:0, .\'—3:0
x=0,x=-4_x=3
Since we are dealing with the dimensiong of a box,
we ignore 0 and — 4, the solution js:
length x=3
width =x-2=3-2=1
height =x+3=3+3=6
Hence, the dimensions of the box are 3cmx lemx 6cm.

We have many types of equations that are not quadratic, but we can write in a form that
resembles 2 quadratic equation. For example, the equation 9x* —8x%1=0can be written as:
¥y —8x1=0. Equations that can be written in this way are said to be equations reducible
to quadratic form.
Some of equations that can be reduced to quadranc equations, are given below.
Equations of the Form ax* + b’ + ¢ =0
It is an equation of degree 4. It can be reduced to quadratic form by using the substitution
© = y.Inthis way the above equation becomes ay’ +by + ¢ = 0. Solve it by any of the three
methods discussed earlier. Replace y with its substitute x?. Find values of x by taking the square
root znd write the solution set.

Example: Solve 9x° -~ 8x° - 1 = 0.

Selution:

-l = 0 B W cvsiienge ]
Put x* = y which gives x* = y* The rectangle has an area of 42 square
L 9%-8y-1=10 centimeters. What is the value of length
-9 +y-1=0 of sides?
-1 + 1(y-1) =
-1y + 1) = e
y=-1=0or99 +1 =10 13
Back substination gives:

(&) CamScanner
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A=t

-
-

o - &

1) e ..-':-sn(

baateen. oty Forw 4P, -
Multiply the equation by y ang e

T et Bhis Tyne o aguAnOn, use & substinition Py =y ;
+ camdrn: sgushon mvalving the variable v. Solve the new equation for y and replace y

Sn WTi e solahar s
- 5 { WD TR

umsale Sotve Sx=—="
. @ Soh»e_fu-ndroots,y’-z'}go
Somstion. 35" (ii) Solve:
x : i
x2+3x+7 x—__-2+3x+z

3.‘-;—-'.51«-4:[*
3 — Sx—dx+4=1D
&;x'-ljoé(x—1)=0 = x—1=0 or 3x—4=0

x=1 W 1‘=;

rT= I3 o |
Sl 3P 4 W) ———=3
T uamper SO0V " e
- 2r=li——=3
=1
Pt +1=3
S0, 2y--=3 =  2y?-2=3y
¥ =-3y-2=0 = 2y —4y+y-2=0
Zyy-2)41iy-2)= = -2)2y+1)=0
y=-2=0 ar Zy+1=0 = y=2 or y=:21
bl sevSMaLLT 'W:nnzx -;2 When y:"?‘
g i~ g
_ _‘ P+1=-2
£ ~1l=0 S i od xz:ﬁ
z=%l 2
- 3,
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7 e R T WO - e Pt
N oy e g -
L RN
RN - & AN .

. El é 3 \2 I\ y’(n
&l - & - & £t -

k 13 t_\ ! **\:%40*0 (thnph«dbyll
¢ & ¢ b .
e e e L
X 1 ™ x

a’h*m’¢bx"4¢x',0 ;

: =0 ( -

a'sb’ e 4bx + g 0 n— “(::‘;mp'wdbyl‘)
. -

Equations (1) and (ii) are same.
aOﬁN\tﬁlthMmﬁm(i).Mgeitinmefom

- bf’
& ¥ *+— +0 x+-l3e=0

In this way
e m:‘l‘iwmqumcfom Solve this equation for y and then replace
sebstitute x + ~. Finally find values of x and write solution set
!:;#c;Solwﬁnequaﬁon: Critical Thinking o
6x°- 352 + 62x° - 35x+ 6 = (. Example: Solve y~7/5-8=0, yeR
m M y-—7 y—8=0
6x' - 35r + 62x° - 35x+ 6 =0, Let y=zJ_
611 35 6 TR
-—3$x+62--;-+;2—=0 (dividing by %) Then y = z2
: : Equation will become:
6(f+;-2-)-35(x+;)+62=0 = (i) 22-7z-8=0
e ‘(57)tlz-ziz—:§1)§-li
Let x+-l-= ¥ . )
x 7 = PIEVATRE _ 73R
(I'&}-):}} +7 ’ ’
er b o
Podiay e a2
zZ= 8]‘ = ""1
x2+__l_=y2__2 i .
P Back substitution gives:
Put in equation (i) Vr=8y=-1
6()'1-2)-35}'4-62:0 y = 64, (Noreal roots for [y = =1)
6y2-12-35y +62=0 ' So, the solution is = 64

k.__,

CamScanner
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(.‘ "‘ B
1 ‘\ -~ ",‘ o‘ 4 " L
w2y~ 3) 2y-G=0o0rdy-10=0

(_‘J‘, '.” 1‘. “') =0 9
: : = Substituting t

b/ (.'« i .'A) w0 or 3 (1‘ + ;) 10 =0 (Substituting the value of )

L )

4 f~.‘ir:0 or 31'#;’«10 =0

or 3x'43-10x=0
or 3x2-10x+ 3 =10
93¢ -4x-x+2=0 0L 3x2-9x-x+3=0
2x(x-2)~1(x-2) =0 or 3x(x-3)-1(x-3) =0

(x-2)(2x-1) = 0 or(x-3)(3x- 1)=0

2X
2 42-5x=0
2x2-5x+2=0

xq=0 or 2x-1=0 or x-3=0 or 3x-1=0

x=:2 or x=-;- or x=3or x=3-‘ = S55=1{2 %, 3, —31-}
np-uﬂlqnﬂ-
he form k* is called an exponential equation where i ;

An equation involving expressions of t
2 constant. In exponential equations the exponents are variables. We will discuss only thes:

exponential equations which can be reduced to quadratic form.
Exponential equations reducible to quadratic form are of the type:

ak¥ +bk* +¢=0,a#0.

We use the substitution k* = y to reduce the above equation to quadratic form. Then we find
y and replace it with k*. In this way, roots of the exponential equations are found.

Example: Solve the following exponential equations

i 2% _2x2" +1=0 i 9°-3"'-4=0
Seletien: :
L 27-2x27+1=0 > (i) i 9%-3**1_4=0 - (i)
Put2* = y, s02%* = y? 32x_ 3x
.. Equation (?) becomes: Put 3% _ . 3-2::4 - 2
. , =y s03%=y
y-2y+1=0 . Equation (i) becomes:
(y-1)=0 A Ay
valsh y-9yty-t=9
yy-4) +1(y-4) =0
Replace y by its substitute 2" et A
3¥=4or3*=-1

(&) CamScanner
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' 0 c 2
Pml= 2 ONVerting % < A wibe b gt fem ne 4o

¥ic§ soiution o
aolution of 3 -
Al Solut b 14 1eh g aitia
{0} S 88 = flogay

“I!Ml!fﬂ‘m.ﬂ'(‘*l)(x.*l)(a#‘cm*ﬂ.‘. sobnaid
In this type, WC multiply the pairs of factors after rearranging them in such 4 way that 6
variable terms of both products are the same or one of them is multiple of the mhc: /(h ’
substitute ehoy comon terms and form a quadratic equation, Solve the new cq;i;tio:;Mr:l
then replace the substitute. Find the values of original variable involved in the given wa'
and write the solution set. equation

pramplet _ .
Solve the following equations by using suitable substitution.

(x+ )(x+ 2)(x+ 3)(x+ 4) = 24

Holutiont ,
(x+ 1)(x+ 2)(x+ 3)(x+ 4) =24

(x+ 1)(x+ 4) (x+2)(x+3) =24
(x2+ 5x+ 4)(x2+ 5x+ 6) = %4

Put x*+ 5x=y Fory + 10 = 0
(y+4)(y+6)=24 ¥+ 5x+10 =0
}’2*'10)’*'24:24 Here, a=1,b=5and ¢c = 10 : i
)’2"' 10y =0 - —b +Vb% — 4ac ‘
'y(y+]0) =0 i 2a &
y =0ory +10 =0 _ -51,/57 - 4(D)(10)
Fory = 0 e 2(1)
v+ fa= 0 5 4/25-40
x(x+5) =0 ho 2
x=0orx+5=0 __—Six/-—ls
x=0orx= -5 e 2
5+4151i
L s N

(&) CamScanner
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P

Reduce the following

squations to quadratic
ax' 4+’ 4e=0 »

SO AR P T CH LD

form using suitable substitution,

9x' -3x' +7=0

l.
3
z
iv. (x+l) 4 7 =4
i, dx4e——e ==l (x+1)
6y-2
1 i, 3x‘+7x’+5x2—7x+3=0
v 3(x’+—l-;)+8(x+-—)+ll=0 vi
A o ¥
viii,  8x4*=Tx27=1=0
vii. ak™+bk*+c=0
' 2x—1 2x=THx=3)(x-1)=8
ix. (x-l)(x—2)(x+3)(x—6)=6 x X
Solve the following equations by reducing them t0 quadratic form.
i x'-20x7+64=0 i, x*+16x*-225=0
. a 4
Z l . 2 _______,7
i, xS +5x°+6=0 v W *3
3 36
% ik i 2+ =16
V. .*'»(J|r+l)+x+1 vi. Sx 71
viii, 2x'-x-6x*-x+2=0 viii.  12x* +11x° —146x" +11x+12=0
i x2+—l-J—(x—-l-)—ll=0 Cx 2% -34x2°+64=0
i x2 x 3 A
xi. 3¥-12x3+27=0 xii. 5% -150x5"+3125=0
xiii.  (c+2)(x=3)(x+10)(x+5) =-396 xiv.  x(x=1)(x+2)(x+3)=40
xv. (x=2)(x—-6)(x+4)(x+8)+256=0

Solve the following equations by factoring without using substitution.

2x* -3x*+1=0 i &
x "’;lz' =2 iv.

~7x’ —1=0(Find only real roots) .

4x2% —4x2" +1=0

ot L

sicl Bk P

(&) CamScanner
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form

How would yvou solve the Squaton 1
en solve the aguatnon

Solve v =128,

Nature of Roots of » Ou

We have already denived the Quadnatic

witha# Q. are given by this formula:

I= :—-b-t-_._.._.____,_ M
W

To define discriminant, first we solve the followt

Example A: Solve.  x* - 3x- 28 = ¢
m:“'eh\“=l.b=_3mc=_2s

D 2(=3F -40x2%)

2Q0)
324101
-~

-

3211

x= 1,-4

-

The roots of equation are rational and unequal

Example B: Solve x* - 8x+ 16 = 0
Selution: Webhavea=1,b=-8andc=16
_H=9)=J(=8) -4(1)16)
21

4
L=

|

=

8-0

Xx=—

' 2

e
1

)
NP
L]

x=4x=4

The roots of equation are rational and equal.

ng examples by using the quadratic formula:

adratic Fguation

"

\mMMthmmm.Nuﬂhmh

A Wy dy & Write explanation and

T formula by solving the general form of quadratie
aquation for x. We know Mﬁn&\l\lﬁ«\s\\hquﬁdnﬁceqmﬁmnﬁhc form av® + bx + ¢ =)

s

L1
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Eaamphe (1 Solve -ty 4 9 =0 |
{ WI We have a L h- 3 and ¢ * ] !
T um |

sacRy | S48l |

{

1

Since radical containg a negative value, |
therefore, the roots of equation are imaginary. f I (— - -

H

i - w—t
| A————————

—————————— - DU e ——

Eaample Dy Solve 3t* =6t + 2=0 ! !g
mlwchzvca=3.b=a6mdc=2 f
i

i J(=6)' ~40)2)

2(3)
6

T

The roots are irrational and unequal.

These four examples demonstrate a pattern that is useful in determining the nature of the rocs
of a quadratic equation. In the quadratic formula, the expression under the sign ‘bP- dac’,s
called the discriminant. The discriminant tells the nature of roots of a quadratic equation.

Equation Value of the Roots Nature of Roots

discriminant _—

xi- 3x- 28 = 0 | b*- d4ac = 121 7,-4 Roots are rational and

(Exp. A) unequal. _

xi-Bx+16 = 0 | b% 4ac = 0 4,4 Roots are rational and equal

(Fxp. B) o

3y~ S5y + 9 =0 |b'-4ac =- 83 | s4 J3g3i | Roots are imaginary/complet

(Exp. ) P

-6t +2 =0 |bi- dac = 24 3113 Rooumimtionalandg

(Exp. D) Wk s unequal, |

p

(& CamScanner
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atif the value of the discrirminant 15 a perfect square or 0,

. _ discriminant wi '
discrimunant means roots will be imag‘m,"y,mmp'“ will yield irrational roots, A negative

Example: Find the value of discriminant and ¢

escribe the nature of roots,

e 2x'+x-3 =0 b. x'4 g« ¢
Solutlon: -
. 2'4x-3=0 T
, b. T4 8= —
a=2b=1c =-3 | ;:f;i’
Disc = b? — 4ac Di;c . b; il
= (1)%- 4(2)(-3) = 25 P

= (0)- 4(1)(8) = -32
The value of discriminant is negative. 9
So, the given equation has twe imaginary | !
roots. " .

The value of discriminant is positive and a
perfect square. So, the given equation has
two real roots and they are rational and
unequal.

Check Poinu: :
Veri 1

fy the nature of roots of 9x? - 12x + 4 = g by solving it.

Example: Find the value of m, when x2 - 3x 4+ m = 0 has equal roots.
Solution: x>-3x+ m = 0 |

Herea=1,b=3,c=m

It is given that equation has equal roots (same root) so the discriminant is zero.
i.e. Disc=b%—4ac=0

(3)* —4(1)(m) =0

9-4m=0 or 4m=9 or m=%

‘1. Find the discriminant of the following quadratic equations.
(i) X¥+6x-27=0 - (i) »®-x-12=0
(iii) 8% +2x+1=0  (iv) 12¢-11x-15=0
Discuss the nature of roots of the following quadratic equations.
(i) 2-2-15=0 (i) x+3x-4=0 (iii) 123 +x-20=0
(iv) ¥+2x+8=0 (v) #+3x-9=0
For what value of k, 9x2 —k x+16 =0 is a perfect square?
If roots of x* +kx+9=0 are equal, find k ?

Show that the roots of 2x* +(mx —1)> =3, are equal if 3m* +4 =0.

U G o G Kl ek o

2

s

o
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m™ when roots of the (ollowing quadratic equations are o
(ii) WA r@m)x* 1=0

«  Find the value of *
(i) H-bxtm=0 A
(iii)(m*l)x’*(m+l)x+m+.“ . )
Showthalthcroouofthcequntlongo:ab?;;;sz;‘;c bd) x + & 42’0*‘
imaginary, Moreover, it shows repeated I e ' /

K 'qnl:.osnth‘zthcroouoftheoqwm(ax +’C)z=4b""“" be equal, if b = 4,

o Show that the roots of the following equations are nb:o
(i) me-2mx+m—1=0 (i) b +ax+ta-

i Show that the roots of the following equation are real.

(a 4bhyl~ax-b=0
Roots and Coefficients of the Quadratic Equation

Let S, S betherootsofax’+bx+c=0,thcnusingthcquadratic formula:
1) =3

o _be\b-dac o b= b —dac

| za ™7 20
N b? —4ac
Sum of roots = S, +8, = 5 # -
b+ —dac -b—Ib* —4ac
- 2a
__-b
"2 a
—b++b*-4ac || -b— b? —-4ac
and product of roots = S,8, = ( T J( ” ]
_(=b) ~(Vb* -4ac)’
4q*
Jdac_c
4a° a

Sum of the roots S, +3, =.._b.= & °°°fﬂf1°nt0f12€
a coeficientof x

¢ _ _contant term

——
-

a coefficient of x*
Example: Write down the sum and product of the roots of quadratic equation:

and product of roots S5, =

(i) »¥-x+2=0 (i) X*=Tx+5=0
(i) 3% ~11x=4=0 (iv) 6s7+2s+3=0

(&) CamScanner
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Solutios:
(O K “~x%2=0 ; ) W -llr~4=p ..
Here a=1,b=~1_¢23 lamdb = ~lle= 4 |
Sumoftheroots = 5, 4 5, . Sum of roots =8, + 5,
| - s e S -2 tm u
; T 8 3
Product of roots = 5.5, . Product of soots = $.5.
j =£=£=2 i tal
| et i e 8
(i) ¥ -7x+5=0 ™ &T2s530
e=1b=-7,c=5 a=86b=2c=3
b »
a 6 3
51$2=-c-=§=5 S,S,:E—i—-l-
" haia | TR @B

Example: If 5,5, are the roots of x* —8x+20=0. Find the valaes of

0 S$°+S° (@ (5,-5)
Solution: Herea=1,b=-8,c =20

Since §,,5, arethe roots of x2 — 8x + 20 =0,

-5_—-%)

5,+5,=—="""=8 md 55,-%

1

(i) Now §°+S7=57+57+255 255,

=(8, +5,5 -255,
=(8)° -2(20)
=64-40=24
1 i 1 _§,+1+5+1
§+1 S,+1 (S5,+1)S,+1)
§+85,+2

(ii)

.en 1 1
® =tss

=—=20

T 5.5, +(5,+5,)+1
_ 8+2 __l_q
20+8+1 29

20
1

@) (5,-S5,)=5"+5-288,
=5’ +52+255,-45S,
' =(§,+8.7-458,
=(8)° -420)
=64-80=-16
Note:

Mnfsl,x,,wee-ne
aand .

By e R, TR Ty
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Formation of an Fquation whose foots are Given N

Wi have wohed several guadeatic equations and found the roots. Hete, we may know the oy
sendratic equation but we do not know the equation itself, Consider the roots of aquadran, 1

|
guadert:c egquation are 4 and - 3

, ! w f required eq
ot 1 =4 and i are roots and y - 4 =0 and .‘*5,,0":"“(01!0 el

(x -4)(3x+1)=0 or 31‘+x—12x~4”0
xi-llx~4=0
Whach 1s the required equation.
is,S mdvcrmxsofrcquimdqmdmicﬁq“'
letx=S,andx = 3$;
2x-5=0x-5=0
(x=5)(x=5)=0
X2 = (5, +S)x+55=0

tion, then

5,5, = Product of roots = P

5, +5; =Sumofr00ts=5 and
Then, x2 =Sx+P=0...cccen ) . - .
Above formula (i) is used to form a quadratic equation when its roots are given.

Let us solve some examples t0 understand the concept.

|
Selutien: The roots are 7 and -1.
wx::—;— and x=-1

x—%=o and x+1=0
4x-1=0, x+1=0
Factors of quadratic equation are (4x-1) and (x+1), we have
(4x-1x+1)=0
4y +4x-x-1=0
45 + 3x—1=0, required quadratic equation.

Eaassple: | orm & quadratic equation with roots:

@  Sedé  (H) ~% and -'-59 Gily 3+ 2i and 3-2i
‘adaliom

iy  Since 5 and 6 are roots then (iii)) 3+ 2i and 3-2i

(& CamScanner
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1]

&« gum of roets = 8§ g, . T

$oSume o Lsd-Us

P = produact of the rogts « 24, o e
’ %)~ 30 P o= Prodact =()s L5~ &)

i
i
I he required equation ia Z
v

. - -" - ‘: - r“:
' =Sk P=0, oAy The eqpuation w
P ebx13=0
qubstituting these values of § and p (i), we have ¥ ~6x+13=0
O ellx430=0
5 16
1 “=~ and ~—
() y r
Sum =8 = > + 1—6- = 1_3. ::
4 5 3
Product=P=.._x’_5§___ |

13
The equation is: o —-3—x+4= 0
or 3x’=13x +12=0

Example: If S, S, are the roots of ax’ +bx+c=0. Form the equation whose roots are
twice to the roots of the given equation.

Selutlent If S,, S, are the roots of ax’ +bx+c =0 then

b

= c
S+8==, §8==

The new roots are 25, and 28,

Sum of new roots = § = 2§, +28,
=2

=25+ 8)=20) = =

Product of new roots = P =(25,)(25,) =48,S,

A
a a

Now substituting the values of S and P in x* — Sx + P = 0, we get

x —(ﬂ)x+i€=0
a a

or ax® +2bx+4c¢=0

(&) CamScanner
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- s R A

mwﬂ

gy of 1% 5,2..«2142». f

M‘m&dﬂﬂfmrrm~ P QG Sl - T

¥ the surn and product of the
el (i}
(i) x' «S5x4i» o) (1) Ay hx =2 '{ (vi) 0,3/-7,71&1.3-.:,
(W} ‘11 ¥ ’I“{} (v) ’{’yl ‘7]~’24l) !
Form a quadratic equation with /A% '
o gt 5 w B2
by 1,
3 # (lV) 5’- ‘51
(1) 2¢-ﬁ.2~“f3
(v) 742’ 7= -2 %
z,2x+410,ﬁndﬂ‘“’”l‘”"£ N

5, are the 10918 ot
e A

: '{S,o
() s’:-’ ,57‘7 (i 5148 (i) 25
?
’ ’ (viii) (5,=3)5,-3
) {J,Z‘ vy 887 +55 (vil) 575555 il
g " ;
uaumswhoseroouare
1 i85 are the 10018 of 757 410547 =05 form the €4
| 3 _ e
AL 1, 3{‘ A i) 5’5y 512 @) 5 s 5 ?
' § . *3 £ X
S5, 2 e 2 2
(v) 25+ 28,41 (V) %, ".s’l (vii) S, +52 ?"s (viii) 8 +1, 58, +]
2 I 1 Z
(ix) 8 +55 5 +8,
o S,arethcroouOfx +6x+3=oformﬂwequatlonwhoscrootsare
(€+S,) (5~ 5:)
¥ S, S,aretheroouofz,t +6x—3=o,fonnmcequationwboserootsare
3 3
$-25 S5
1"5"“°*ﬂ'<ﬂlntlS.-—Slmtherootsof,x -3 +5=0.
: wuiﬂhsamotofx +he-21=0.
Simultaneous Equations
tem of simultancous equation®

¢ ::; :1 equations Saving a common solution is called a sys
fie srdered pairs (x, y) which satisfies the system of'eq

7 e pememr
; %y5em of two equation involving two variables.

?:T : :: f::-thao Involving two Variables
, Fquation is Linear and One Quadratic

uations is called the solutios
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e

if one of the equations is linear, we can find the value of one variable in terms of the other
variable from linear equation. Substituting this value of one variable in the quadratic equation,
we can solve it. The procedure is illustrated through the following example.

gxample: Solve the system of equations x+y=7 and x*—xy+)* =13

solution: Given Equations are

x+4y=To(l)  X-xp+y’ =13 (if)
From equation (i)

x=T=y

gubstitutingin equation (ii)
(7-y) =(1-p)y+y =13
49-14y+y* =Ty+y*+y* =13
3y* -21y+36=0
y =Ty+12=0
Yy =4y-3y+12=0
yy-4-3(y-4)=0
(y=4(y-3)=0
y—4=0 or y-3=0
y=4, y=3
Putting y =3,in (i), we get x=7-3=4
Putting y =4,in (i), we get x=7-4=3
Hence solutionsetis {(4, 3), (3, 4)}
(Case 11: When both of the Equations are Quadratic
The equations in this case are classified as:

(i)  Both the equations contain only x* and y? terms.
(i)  One of the equations, is homogeneous in x and y.

(iif)  Both the equations are non-homogeneous.
The methods of solving these types of equations are explained through the following examples.

Example: Solve the system of equations x* +y* =25 and 2x’ +3y’ =66
Solution: Gijven equations are
X+yr=25 () 280 +3y'=66 (i)
Multiplying equation (i) by 2 and subtracting from equation (ii).
2x* +3y* =66
+2x +2y* =50
¥ =16
Putting y*=16 in equation (i)

(&) CamScanner
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Now from x° =9, we have x=%3
and from y* =16, we have y=:+14
Hence, solutionsetis {(3, £4)}

Example: =0
Solve the system of equations ¥ +y* =20 and 6’ +xy-Y =

Solution:
Given equations are
x*+y' =20 0]
6lry=y=0 @
From equation (ii)
—y* +xy+6x° =0
y*—xy—-6x =0

y—3xy+20y-6x =0
y(y—3x)+2x(y-3x)=0
(y-3x)(y+2x)=0

y=3x=0 or y+2x=0

y =3x.......(iii) y==2x.....{Iv)

Putting y =3x in (i) Putting y =-2x in (i)

x*+(3x)* =20 x4 (=2x)" =20
X +9x* =20 Y +4xi =2
10x* =20 55 =20
x}=2 A
=4
x=1y2 x=11
From (iii) y=32 From (iv) y=-4
When x=—J5., When x:-—2
From (iii) y==32 " From (iv) y=4

Hence, solutionsetis {(v2, 3v2), (2, -3v2), (2, -4), (-2, 4)}
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Sahve the following Sultaneoys squation
‘ ons

ey=l eyt

b alde ’ 2 .
A=drel M egyeyt oy  Test Taking Tip:
ey 4 ) - Most standardired tewts han e 8 1o
AR yEIng; (r+1) ~drel)ohe .
’ . 3171“;,"*«1)(“.!“..4;! o rEGTS o e
(x+ 3 M(."“:Y =10; X+ymd carefully. Some guesnon: = ™
t Sl B : . mach casier than others
SR =0 ey ags - )
- ) . CAnnOt ARSWET 2 guestom wiahm 3
N e ] L +du =30 few munutes go on to the nex ame
A7+ dy =65 =2y =5 | 1f there 1s sull time left when vou

2¢t 10 the end of the test, go dack ®

bl
ST+ r=0; x+yp=2)
. the ones that you skipped.

S o Ut T T
1

-_— 3 N 5 =
0. 2x° =5y =8; X+2y'=13

Real Problems Involving Quadratic Equations

e

There are many problems which lead to quadratic equations. To form an equation, we consader
symbels forunknown quantities in the problems. '
In order to solve problems, we must have

() Suppose the unknown quantitiestobexory: :
(i) Translate the problem into symbols and form the equation setisding the conditions. %3

The method of solving the problem will be illustrated through the following examples.

Example: The length of @ room is 3 meters greater than its breadth.  19the arez o the moom s
180 square meters, find length and breadth of the room.
Solution; Let the breadth of room = x metres
and the length of room = x + 3 metres
Area of the room = x (x + 3) square metres
By the conditions of the equation
x(x+3)=180 or x*+3x-180=0
(x+15){x-12)=0 or x=-15,x=12
As breadth cannot be negative, therefore, we take x = 12
Length=x+3=12+3=13

~. Breadth of the room =12m and lengthof room =13m
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Fyxample:
The sum of the Cartesian €

coordinate of the point.
Solution:

Let(x,y) bet
(i)

Py =20 (i)
= y=06-

x+y=6

From(i) x+y=0
290 =x +(6-%

pordinat

he coordinates of rcquircd

)z=20

v of a po!

atis 0 and the sum of their squares i %
F
4,

the given condition we get

point. then by

x putting i (ii)

X +y
xz+36-—12x+x2=20 —
x* ~6x+8=0 e Plan the solution, ™
e Examine the solutig
—

i —4x-2x+8=0
x(x—4)—2(x—-4)=0
(x—4)(x—2)=0
x-4=0, x-2=0
x=4, x=2
When x=4, y=6-%=
When x=2, y=6-—

- Thecoordinates of thepointare

| Product of two consecutive p

The difference of a positive num
of two consecu

Wt

The difference of cubes

-

digits is 11, find the number.

other is 40,

it

their sum is 10.

The sum of the Cartesian €00
Find the coordinates of the point.

The sum of two numbers is 11 and the
The sum of the squares of two consecu
The sum of ages of a father and his son is
times as old as his son. Find the present age of father and son.

A two-digit number is decreased by 45 when the digits are reverse

Sum of two numbers is 20. Find the numbers if the sum o

The reci i
reciprocal of the sum of reciprocals of two numbers is E Find the numbe
5

G-4=2
x=6-2=4

4 and 2, the points may be (4, 2) and (2, 4).

rs is 120. Find the numbers.

0. Find the number.
91. Find them.

f their squares is 43

ositive even numbe

ber and its square is 38
tive positive numbers is

rdinates of a point is 9 and the sum 0

product is 30. F ind the numbers.
tive positive odd integers is 34. Find the integer:

50 years. Ten years ago, the father was 9

d. If the sum of the
f first number and square of

rs if
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11 A group of TO2S students form two square patterns during mormmng assembly (e
square patiem contains § more students than the other. Find the pumber of shudents in
each pattem

13 Sum of squares of two positive consecutive numbers is 145 The difference of their
squares 1817, Find the numbers

13 A hall is thrown upwards its height (1) (in meters) after ¢ seconds 15 modeled
@)= =3+ 20¢ + 2. Find the time when the ball hit the ground

14 The stopping distance (x) (in meters) of a car tray cling at v kmh s modeled by
@) =007 +0.4x. 1fthe stopping distance is 30 meters, find the speed of the car.

15 A valuable stamp 4om wide and Sem long. The stamp is to be mounted on a sheet of paper

gt .
that is 55 times the area of the stamp. Determine the dimensions of the paper that will

-

ensure & uniform border around the stamp.

o @’ +hv+e=0,a%0is standard form of quadratic equation in one variable v
e There are three methods for solving a quadratic equation.
i. Factorization Method i, Completing Square Method — iii.  The  Quadratic
Formula
e Some equations are not quadratic but they can be reduced in quadratic form.
o Inthe quadratic formula, the expression under the radical sign 6% 4ac”, is called the
discriminant. The discriminant tells the nature of roots of quadratic cquation,
b coeflicientof x

o Sum of the roots of a quadratic equation = § = ==~ — —
a  coelicientof a

< ; ¢ contant term
o Product of roots of a quadratic equation= P ===

a coefficientof o

* Formula used to form a quadratic equation when its roots are givenis x° ~ 8y 4+ P=0
* A system of equations having a common solution is called a system of simultancous
equations.

e The setof all the ordered pairs (v, y) which satisfies the system of equations is called
the solution of the system.

o ]

1 have Learnt o o

1. Encircle the correct option in the following,
i. Which of the following is a quadratic equation?
@ax+b=c¢ (b)ax’ + by + ¢
©a’+bx+e=0,a#0 @ya + by + ¢=0,a=0

oy
p o NEOUSEXERC —
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o i R e —
' ? e S s » . . N
i How many woots of (- 3 - 2) =0 exist?
(a) no by 0 fc) 1 (d)2
i What should be added o« + x to make it a complete square’
1 I
| (3} (hy 3 (c) 7 (d)4
v Solution setof £ - 4 =08
(a} 10,4} (b) {2, -2} (c)14,-4; (1]
v Poots of the equation (£ - 1)) = 9 are:
(2)-2,4 (hy 2,4 (c)-4,2 (d)-2,-4
vi. Solution set of 2421 + 1 = (!
(@) 10] (by 11 (c) 10,1} (d) 10,-1}
vit, Solution set of x + i" =2 is: ,
(a) 10; (vy {-1} ()i-1,1; (@)1
viit. Which of the following is a reciprocal equation?
(ajx? +2x42=0 by +F+2+x+1=0
(c)V2x +3=0 (d)f+20 +x+4x =0
ix. 22nd -7 areroots of: ’
(a) (x—2)x-3)=0 (b) (x+2)(x+3)=0 ?_
fcyix-2)x+3)=0 (d)(x+2)(x-3)=0
«. The disctiminant of ax? +bx+c =0 is
(a) b+ bac (b) ¥ —4ac
(cj 4ac b ' (dy -b -4ac

4. 1655, aretheroots of ax? +bx+c = 0,then sum of e

@ms mE  © 2+ @l
7 c 7 b
wii. Roots of the equations x* = 5% + 5 = 0 are:
(a) Imaginary ~ (b)rational  (c) equal
vt Sum and product of roots of 2 tic
equAation 19
(a) #* - 2% 1 '
(c) =2

Find ol roots
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latrices And Determinants
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tntroduction of Matrices !

In & mathematical qu” begween 3““ andd h\\)‘i. Class 8 (ﬂ“"’ seoted 98 '\"ﬂ.\. Clagy "”.-

scored 97 points, Class 9 (girls) scored 93 points, class 9 (hoys) scored Y0 points, clag, (o
;-\‘N 0% l\‘im; m{ class 10 (boys) scored 94 points, This information can be displayeq ,, ~
o) < L O A

LU L (1
oo
97 %0 W
This method is no doubt easy to write and manipulate. In 1850, Sylvester introduceq
rectangular arrangement and he named it *Matrix’. Later Hamilton and Cayle'y made fy
significant contributions to the Marrix Algebra. Today matrices are being used in almost ¢,
academic discipline in building models, organizing data and solving real world problems,

Matrix (plural Matrices)

VEATCNOCK PolRtE o
A Matrix is a rectangular arrangement of numbers. %&*@g-@“ Sl d A hswsins 8

IfA=[a] is a matrix, with only o,

1 4 ;
eg.|.], . [5 6], [0] row and only one column. Can itb,
[2] [g 6 called a row matrix or a colum
matrix?
A Model Matrix

——p TOWS

95 93 9%6]Ri.
MexNawos— Q=197 0 0] iye |
3

e 2

Square bracket .~ G- Cs (,3

‘;.
columns

®  The numbers used in a matrix are called 'elements' or 'entries' of the matrix. ,
- El!cments of a matrix are written within the square brackets in a definite order, in rows
columns.

* (Capital alphabets are used to name a matrix while elements of a i ‘g
represented by small alphabets and numbers, mamx = usuaﬂj

et TN

}Sioﬁ;ontal arrangement of elements in a matrix is called arow.

6

_ [3 1 7]

First row and second row of a matrix are represented by Ri and R, respectively,

v Vertical arran e § :
[5 e gement of elements is in a matrix called g column,
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Types of Matriees
Warm wnd Coflwmn Matrion
A SRAIK oYl Y it 19 1 SRR & 1w AEE W & AL oy g Ay i Sl
abladl b s A irts printy:

£4

Rarw mastriny: (5 3], Lo+ 8 + d), i: 4
—IY
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A e of aey oeder, havmg alll the clomrain ogual \ PR, W calied & mll matn

N sl MY 5 OPPOSCIR B Cageaa t gl aphadet O, whnle its cloments #re all peros

Ngil mamwes Ty e Ay QPR

b -
g 3 .

» e
o=t ¥ Oum [0} Ousm [0 0] are all woll matrwes.
Dusgeesl Mt
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s om e

e the most SPpoopriate ype of follorwrng matricee
s l]§ p} . ) R P -
ot ' TEE. . | E B = | g

‘ "! nl ; o & | = \

Trasspese of & Matrix

1f rows (columns) of & matnix P age changoee
g':d it columns {rowsj then the reaylt ratery oy called
transpose of the matrix P 1tis repre sented by ; he resulting matri s called

Example:
1f a matrix G represents number of gold medals and silver medals won by three fniends. as woder
Gold  Silver ’ ‘
medals medals
'5 3] Azka
G=12 ¢| Aemen  thenfind '. 5§ worrarromes
1 7} Khansa If order of 2 matrix P
Solution: Frmpa——— is m-by-a, then order
¢ |5 2 1| Gold medals bbb o
G —
3 6 7| Silver medals
Symmetric Matrices and Skew Symmetric Matrices
For a square matrix A
A is Symmetric if, A = Al A is Skew Symmetnie if, A=- A"

Example:
From the following, check for symmetric and skew symmetric matrices.

If s=[§ g] then, s'=§ g

As §=§', therefore S is a symmetric matrix. Wm

$ 2] 5 6 t
If T= then, T'=. -3 1 _[-3 4
Au e . 1?] . L A e P
:T‘,tlwrtg'orez’l;lsanotasymmemcmmx. S
If v..[
~3 O
then = 0 -2 = - 0 2 = -V
At 2 0 -2 0]

As V=~V therefore V is a skew symmetric matrix.
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e Byt
P ki
- . « \

o All the square matices of order 1 are symmetric e.g. [9].

o (A'T"A
« Al the symmetnic matrices are square but every square matrix is not necessarily ‘Ymmq,(

Write the number of rows, columns and order of the given matrices,

w 4z 445 o [0 0] ©fF @urzxieg

Check whether the following palrs of matrices are equal or not.

10 V25 - V25
Wl 1| regul 011 3 30l1e000)

1 5%5 3%0
1 1+0 040 25 7
i< (d ’
()[2] [2] )[OXO 1-0 [2—17+15 17x =
! Hyder, Hassan and Ahmed scored 7 points, 11 points and 10 points respectively in ¢

mathematical quiz. Display the data in a row matrix (R) and a column matrix (C).
Write the most appropriate type of the following matrices.

i
i

-
Py

5 0 0 0 15%3
@ o s ® [o 340 © ={
-\/"B_Z—E 17+ 15-32 6+2 0
(@) * 3 3+3 8]
18-19+1 = -3+
¢ Check for symmetric and skew symmetric matrices from the following.
5 2 3 0 -2 -
(a) 2 9 6 (b) [_9 0 (c) 2 0 -
3 6 3 T BN
0 -7 -5
@ [; %) o (% 3

(. Write a symmetric and a skew symmetric matrix of order 3.

Addition, Subtraction and Scalar Multiplication of Matrices

Addition and Subtraction of Matrices
Two matrices can be added or subtracted only if their order is same.

. 5
Consider A = [3] ,B=[5 3],C= [g] Here addition and subtraction of A and B is impos
because their order is not same. '
However, addition and subtraction of A and C is possible as their order is same.

CamScanner
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o lnthe provess of addition |
Al o siliititad 18 SUM Tt off pratricnn by comreagemdiny daments e

o Matrices of same order are conformabile fea addetum seadl wiprwtum

N
pxsmple 1 114 = [*£.%] and "’-‘szimm find AsB, A=B BeA B~A

d 2-3
soeons 4.+8 = (157 [, = (533 1= 77

o _[2-3 :
A" [65]“[97_821"'(:5:‘,’,;”28 "IWZE o yrrE T

Similarly, ”*‘=[7;8+§IZS _[77 - e
i 72' ef [72] -
B4 =[78—2+3 179 ,{; rf‘m’:,
9-2-65]"1-58 /¥ Z

Scalar Multiplication of a Matrix

Scalar ﬂﬂﬂt“l’"mm (ff . matrix means multiplication of 2 matrix wills 3 coneiant.
[ 2 matrix “C" is multiplied by 2, then each of its element &5 it

= 2 0 cas - .

MMJMM:A%
mﬂi&sofsmm,ﬁEﬁA~B=B‘.&ﬁiﬁW‘2?’.@

If A and B are two
dmll‘ -
Example:
sz{; g]qug g]’m"ﬁif)'tbecﬂf:ﬁzu‘ﬁtmﬁvmj sdimnn.
Seolution:

faddiﬁonforabM'emnieesisrvon-p_

[7 2]= =7 34_*‘ =[12 51
3 9] 12+3 g+9 s 18
g 3_[7+5 -+ =[12 51

US:Q’P"E gHz 9]' £2 9+%°
-o{umitxﬁsﬁ:aimcﬁ&

Cm:mluiwpmpeﬂ};o
Lus:p+Q=[; o

As. P-Q=0Q~
C-yuvaifylhcamnnﬁ"em'ofmm&r
A=[xland B={r »wr
WMJMW |
H&Banmmdsﬂaﬁﬂ.mn-Bi'C= A + (B =C), 1 callied
m\tpmpa‘tyofmilm
- ——— R
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. JRE l“ l r 4 .
‘ »i8 3,8 and | 36 et rorily s intiors qu g,
Pasmple 1f B L; 'J S -4 ,

matroy addition

Solution  Associabive rwnprﬂynf addition for mattices HfP-",," 2 22
9 7 1 12 | Y410 Tt 11
LHS (RS T (lﬁ NER IR ) *"; 7 {1 $1% 347 ¢
06 5 2 5 ~4 o5 Aeii
19 19 n 941 19+5 | (6 4
18 l [n 7 846 1047 |=i24 17
n 8 4l 1345 B804 13 &,
9 10 12 1 5
RHS R+ (S+T=|5 3 +( 13 71+1|6 7 )
g 6 5 2 5 ~4
’ 9 7] (1041 1245 |
=15 3+(13+6 747 )
g8 6] \[5+5 2+ (-4
9 71 11 17 9+11 7+17} 120 14
' 8 64 10 -2 8+10 ﬁ_é‘, 13 &)
As, LH.S = R.H.S, therefore associative property of matrix additien = 5 seriied

Additive Identity in Matrices

Additive identity is such a matrix which causes no change in any marms & % mie widing &
‘subtracting from’ it. Any matrix and its additive identity matrx fav = the same amier

3 0 Mg T
IfA=|7|.then O = 0]15theadd111vexdenmyofA, Taking marmces % and 3 of mme
Iti observz ed that: A(:-0=O+A= A S

is . () HA+B=ka~iS

If B = [7], then the associated additive identity
matrix will be O1 =[0].

Additive Inverse of a Matrix

(1) (A+PA=A 8%
(i (B = ul®
whers 1 mC { IS JOmSEns,

Additive inverse of a matrix ‘A’ is such a matrix which when sdded w A pres ddinwe we

matrix of the same order.
Example (a): If X = E’g
(b): Find T from § »

0 s . re
4] then find *-X.
3 2
1 0

| then ~».\=-{q

ST [
Solution (a): If x=[__

3:2
® 5x| o

-Gt il

27=|

o Mamrces A and B ez il
,l adlinve mveres onegmve
. cach cther LA~ B=00
} o Addiove mverse of & D 2
e same order 15 B of 5
A
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i Vi witiplie wrinn ¢ Wareeas
T TRETCES A W6 5w nfirnaltie e prtner 52

mumter of wamms g § = e ""ﬂ"fﬁ - }‘

T r &
- - § F B - - 4 »
FA= ?-.:, 3 me 5= ¢ rlen fnd 23 ad 35, snssiivie:

.“"

As smmiver of coloms ® £ = I = mmier of mws @3 o podier 33 s messible:
" 5 3 (8L ]5x6 =3 »¢7 (W =IO &
4B= 1y =2 laMla=s-emxs "ls- 27

——
-

Hers

% * sSemens L. T3

Tdime B sam ¢ NS ¥ SOTTSNWROMS SOmens il osmu Ik

-
T

E sSemens o 3

Fimdimg fhe sam of Jrodects 3 JOTCSNONIINg siomens F -0 can O 0
Tmifmz B A | . ‘
hiﬁcd:ﬁmefa = 1 Sk pmmiber o Towes AT o
S ot BA 3w pussdie

* I muinpincImoe. hh‘i-ﬂnw .

umrbunes 1 “td‘“i&*“ i Fanite of maris & s m-0v-a
d*dﬂlﬂiuﬂh*‘a\lm
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(t ;u\k uf;ﬂhﬂ the following pairs of matrices are conformahle for multiplication or noy?
Aention onder of product if possible

m A= (:] and B m (i
Solution:
M A= m and B = [g]

Here, number of columns nB

' ._[6
w E=[3] =16 3Jand F = 3]
Here, number of columns of E = number of rows of F. So, product EF is possible.
Order of E is 1-by-2 and order of F is Z-by-l,sootderofEF is 1-by-1.

Example: !fA=[§ gland B= : g] ihen find AB and BA. Also check whether
AB = BA or not. What is concluded from the result?

Sduthl:AB?s 3]x[i g w

2 6

g = [g’]'mu - m

4 number of rows in A, so product AB is not possible

_[BXx7)+(3x4) (5x2)+(3x9)] AT B e dianel
2x7)+(6x4) (2x2)+(6%9) csliionk e C = AB
_[35+12 1o+27]=[§7 3;] is diagonal.
14+24 4+541 138 5
7 21.[5 3

BA=ls4 o x[z 6]

7TxX5+2%X2 7x3+2xg]
4x5+9%x2 4%Xx3+9X
_[35+4 21+12]___39 33
20+ 18 12+ 54 38 6
We see that AB # BA.

From this result it is concluded that:

Commutative property does not hold in matrix multiplication, in general.

Associative Property of Matrix Multiplication
Associative property of multiplication holds in matrices. If A, B, and C are matrices and products

AB and BC are possible, then:

(AB) C=A (BC)
Example: Verify Asssocisative property of matrix multiplication for: _
x<l; o v-ls 3} z=[]

Selution: Associative property of matrix multiplication is: (XY)Z = X (YZ)

HS: =([° 3 - ¥
Lis: ORVE (; ol 47)"[2]"[2:::2;(: gig-'g:::ﬂ i

s N ey Ruu.. Pl v
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Distributive Froperty of Multiplication gy ¢ Addition / Subtraction

¢ AMBYO) AR AC
« AB-O)e AR AC

Art S = RHS, o asan WHYe propenty of ¢

et distniingtyy e Propenty of mualtiphic stion over adedston |

(elt distribgiye Propenty of multiplcation over subtraction s
Fxample (8): Venty AR+ C) - A AC
A=l5 218 |%anac - [!
| Lland( lzl
(W) Verify A(B =€) AR~ ACif A [;] B8] (71
Solution:

s ameo- s A5 als -t o]

[5%742%x6] ~[35+12] - (47
RHS: AB+AC- [5 2][2]‘ [5 2][5] “[5x6+2x 4] +[5x1+2%2
<30 48] + 5+ 4] = [38 + 9] - [47]
Comparing both the results, it is concluded that L.H.S = R.H.S
~. Left distributive property of multiplication over addition is verified.
4 4 4
(b) LHS: AB-C) = LJ(IS] - 7)) L‘][S -7]- LJI-?.]

) [g >>: Ezgl : [:186

RIS AB-AC = [2] [5]*[;] 1= [gs] - [gx7

_[20] _ 28] _[-8
" {401 [56] [-—16
From both the results, it is concluded that L.H.S = R.H.S
*. Left distributive property of multiplication over subtraction is verified.

B4 NN T R T SR R R T T L I T

(A +B)C = AC + BC (Right distributive property of multiplication over addition)
(A -B)C = AC - BC (Right distributive property of multiplication over subtraction)
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. {: :} [:] 1 1= are not multiphicative identities

. Sau—miw-nm-mcum
andyp-ﬁhwm

. CwmdemWthﬂf

A-x-nA-Aqu-mkarmhumwm)

(=) B-O-O-B-OufO-dBmeadMW)

—

I F‘-l:.y.;imﬂiemwpmﬁble.mmemipraﬁbk.
6 3 5x ‘
@fx 9=z 7] ® |, Jr]=[z g] (c)[zy] =[-10 20]

r - e 5
ooz %-18 S ob 3 ok d
BB ol 1l Dol
i X Z
ofg)-Gl-2(7] ols % Jhidbin
:F-li:dﬁu’wmofd:e 5'2

P R
-~ 5 6 -9 4

(1)

10 15 6] m
s wa=[5 2= 8, cully gl et
()2A-B-3C (i) A-3P
2 1 - 2 2 2
+ ¥ A‘E -J.B-L 311' C-[6 g]’ Dwm.5=[6 6]

Then check whether: () A+B=C (i)C+D=E (i) D+D=E (E-D=C
3. 1ning. ,GﬂSMQJ.M(ymmuﬁwMofmuixuddiﬁm-
§ Ty Aiucmo.a,mmmmwmofmwﬁm
% 1"‘"""""“‘""3ﬁl!"'Q-4.v¢lily|hm'u'~lvB':-(AHB)‘.

3 { Natinmdd Rook i M
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Adpoint of matiix A I represented by ad A,

vw; Multiplicative Inverse of o Matriy

o

. 2 i . .
- Any matrx >n_ﬁ ; L.f__ have an inverse A’ if oy orily i P 0
_ h d

| | d ~b
. o SO S " : A ]
Then A - ﬁ.&. 3 g We canalso write: A nl!...uwm> djoint of A,

5 4
Eu:}ﬂ.ﬁw mu—. find A",

5 4
Solution: A = T mu_. Compute the value of the determinant A

5
~>_u_w M‘nmxalaxuuuo! 8 =22,

Since the determinant does not equal 0, therefore A™ exists.

-__QL .__:
A umm ST use formula: A n&..?.».&o:: of A.

6 413 =2
. . & 22 22 11 11
be written as: A™' = =

This can be written 12 3|74 s

2 22 11 22

e Inverse of a square matrix, if exists, is unique and(A™)"* = A.
e A matrix A is invertible if its inverse exists.

o A~'A =], 1isidentity matrix.

Example: If B= M “ , find B™" alsoverifythat BB" =B™' B=1.
Solution: IfB= M w , then |B|=5x3-2x6=15-12=3% 0, B exists.
g. . w llN w3 w & e
jointof B = , applyformula: B ' = — Adjointof B

AT Iy

CamScanner
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ISR S PR P @
3 O S -2 .w;
_ 18 S - ‘
: =9 ) N _ _ui_N 6-6
| 3 213 3 n.u.xucic -12+415
e . |

Check: BD=31 6 516 [ ] af 1512 6-6] gl

NE NQ © o |F3l-30430 —12415) 73| O
Symifarly = BB “3le 3 -0 y

T e R

Qg by taking Aand B :oammzwc_m_.gam

tion of Simultaneous Linear Equatigy,

Solu

ces in almost every field is in the mo:.s of solution Fsim,
Statistics, Medical Sciences, mzﬁzaﬁam “
two or more variables. However, oyr wa&
linear equations only in two vari i

tri
A large-scale use of Bm. .
equations. While studying moodc_s_mm,
find the solution of linear equations 11
confined to the solution of simultaneous

Conversion of Matrix Equation into System of Linear Equations

. 5 2
A matrix equation _w m c_ X E E —ww_, can be written as wm H 4 %L - _WL

Now comparing the corresponding elements of equal matrices

5x+2y=9,3x+10y=23
Which is a system of two linear equations in two variables x and y.

Conversion of System of Linear Equations into Matrix Equations

By the converse process mentioned above, the system of linear equations can be revwr=
€quation:

i€ Sx+2y=9 3y+ 10y =23
writing in matric form, we have
_mk t2y1 9
3x .:3_ = FL

or —m N_ W‘—Mﬁa
3 10 NL orAX =B s the required matri
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(a) Matrix Inversion Methoq e e ve———

Let us find the solution of:
Sx+dqy=14 ; wh..,.w.cl 13
This Q-—Wﬂu o“._op—“-_:o:n can be rewritten in matrix equation as follows;
= lial e (i)

where A = —w 7 is a matrix of coefficients, X = —.v_ is a matrix of variables and
H 13 is a matrix of constants,
Now equation (i) can also be written as:

AX =B

A'AX=A'B (Pre multiplying with A" if it exists.)
IX=A"B (A1 A=])

X=A'B ... (ii)

: ' the variables in the matrix X are equal to the
corresponding elements in the matrix A*! B. To find A" B, we need A,

as A=l Y=

Also,adjA=[ 7 4]

35 =12 =23 % 0, 50 inverse is possible.

Now, A™! ..ﬂ.u_x»n_» = lx—lw m»_

Substituting the values in equation (ii), we get:

- _ 1 X 46
=5 % _nw (33 - 2 uom~+m.wm B wx 23
=[]

g&o elements of both matrices, we see that x = 2 and y = 1 solution set = {(2, 1)}

Solve system of linear equation 3y = 24 — 9x, 2y + 6x = 10 (if possible) by matrix inversion
method.

Selutien: Writing the given system of linear equations in arranged form. i.c.
9x+3y=24,6x+2y=10.

Which can be written in matrix equation as:

6 2 [l

‘<*€ R—’?.

of AX=B=X = AlB

Now Enm w_nox~aaxwusnauo
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A eMiven Hak e £y

IR S S A L MR v T B B S iy R Dt b

§ %,
e mverse does notexistand solution g,
A the matin A i simgular, soits muliphicative e _ Fivey,

M OT equation iy ot possibile
(M) Cramer's Rule .
This method iy named after Gabriel Cramer (1704 <1752), This rule uses determinants to m&?

solution of system of linear equations. :
Consider a system of linear equations as v 2y - 6, LU
WHting it in mateiy equation, we get,

12 Tal® o AX- B

U B 0 B "
. | . by, by
The special formulae used in ._:., method are: x = ._,w and y ==

Where, D = |A| =

_ > 8 10 #0. (non singular)
1 .,_N

ﬂ 2 _ulsamulg

D, =
~ Using x = WW and v.umm.

m \ e y =g

T T -10
! x= 2 v =2 and solution set = {(2, 2)}
1
i 1. (a) Mention singular and nonsingular matrices from the followings.
6 4 ekt ¥ 9 18
a=[; 3 Bale | c=[ ]

_[a b+1/a a b+c %
al—n b _ E= — a+n_ (wherea # Obutb = d)
(b)If 1P| = 9and P = [3 | .;_ then find k.

@1 T]=3 and agjT= 3 %] then find x
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3 (a) Find the multiplicative inverses of these matrices if possible

T e T
G:Bnﬂ.m 3] then verify that RR? =R R=1.

soaf v=[; 3 and 2= 3|, henvertytar v2)t =27

m J q
2 31
5. Write these matrix equations into system of linear equations if possible.

o 5 1G] - ) @ 45 -G

4. What s relationamong | A |, | A | and |adj A| if 4 H~

- 01, %1 = [12 . 5] _
i) [3]x [;] = [52 ™ = N[]-@
6. (a) Write the systems of linear equations in matrix form.
(1) Ety=3 (i) 2x+y=90 (111) y=3
x-y=4 Sy-x=10 x=4
. 5 1
(iv) mulwwlr mwlﬁaum

(b) If matrix of coefficients of 5x — 4y =30, 10x - ky = 60 is singular then find k.
7. (a) Use Matrix Inversion Method to solve the following systems of linear eguations

if possible.
(1) 4x+3y=-6 (i) -x+29=135
x+2y =1 Sx+4y=3
(iii)) 2y =10-16x (iv) 9-x =7
24x=15-3y 14y + 2x =18
(b) Use Cramer’s rule to solve following systems of linear equations if possible.
@ 2x+3y=5 @) x=3-2y
S5x+10y=10 4y=3-3x

el B . i
(11i) H.«.TM =20 (iv) 16x-10+2y=0

15-3y-24x=0

iy
2
>

CamScanner


https://v3.camscanner.com/user/download

Rl T

of Matrices ~ \

- a3t RPN A R

.»cc:ﬁ.zc:m
ra is almost always st__z;a

. T lem in algeb

e most eyl past of solving 3 prob - e
e Ut part Qnce an equation wm :ﬁ:ﬂmha. the . :vﬁ,
. . . . oystems of equations and how to soly, o b,
apighiorward. In this section, W study SY$ : "
,glhp—.“,”vﬂws use %Jnu' w g_ﬁ. us g—e.ﬁ ﬁaﬁu—dam Sﬂn ~=<O_<0 mvandaw Onp OA-:bzo”:’
naroes, We £ solving these systems. 1

matces ofien simplifies the process @

Txamgie: agle packs paying Rs.650. Abid bought 4 creqy,

taas hought § cream puffs and § pri ’ s (i : Puf
i . R< 400. Find how much each item costs? (Hint: Either maypy, . ¢
uﬂum..nnﬁwv?ﬁ.um?.. - . o Atriy iy,

et ) ~

5 be the cost of a cream puft and y be the cost of a pringle pack, then Anas's m_sa.g

. .MH..._..GE sod by 3x + 3y =650 and Abid’s shopping is represented by equation dx + 2y < 0
Wrcng I matrix equation
-3 5] [{] = [650 AX =B
& ) Z s00l
Now by using Cramer's rule
13 Sl_g_20=~—
p=ll=[; j|=6-20=-14

b, = [0 5= 1300~ 2000 =700, D, = 3 550]= 1200 - 2600 = 141
Now, Humuw and .v.umuu

x =22 and y =2 o x=50 and y=100
So. each cream puff costs Rs. 50 and each pringle pack costs Rs. 100.

| Naveed is a chemist who is preparing an acid solution to be used as a cleaner for machine :
The machine shops need several batches of 200 ml of solution at a 48% concentration. Hec
has 60% and 40% concentration solutions. The two solutions can be combined to make the!
solution. How much of each solution should Naveed use to make 200 ml of solution?
Selution:
Let x represent the amount of 60% solution and let y represent the amount of 40% solution.
x+y=200 The total of two amount must be 200 ml.
Now write an equation that represents the proportions of each solution needed.
60% + 40% = 48% ”
60% (x) + 40% (v) = 48% (x +))  Each part contribute to the total
0.60 (x) + 0.40 () = 0.48 (x +y) Multiply 100 to remove the decimals
12x-8y=0 Write the equation in standard form

Step 1: Write a system of equations. Then write the system as a matrix equation.

DT e——— e

:\il,? <
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I+ ye VA5. “ : / | 1 and ATA
3 — A ¥ 0 \ ’&‘\\. \:s‘l \‘R mo, ¥ ‘ I .u
‘ y IR

12 -&kllyl" ; ' 3
vl | o ' L.x *;!‘.: e M

whi e >.~

Step 2: To solve the matrix equation, first find the inverse of the mateiz A

e .e—
~20

| -8 1] 200
2200-12 1fo , where XA 'H

¥]. L [-1600] fo
y| =20]-2400| _NL

g =
_ (-4 -1

2| MR AL B 12 20nd Adyoinn of A~ o 4

) i

We have x =80 and y = 120,
This means that 80 ml of the 60% solution is added to 120 ml of the 4%, solution w ke
200 ml of the 48% solution.

- sy

From the two acute angles of a right triangle, one angle is 10 (degrees) less than the
other. m:& both the acute angles by using Cramer’s rule.

Ina .a:ﬁ.k&c_g correctly replied 15 out of 20 questions from literature znd sicnce,
getting Rs.125. If every correct literature reply is credited Rs. 5 2nd every comect
%@.«wﬂ&mga‘ 10, then find the number of correct replies of literature znd
science separately.
_mggaugﬁgngggﬁ.gigga%
and 1 book paying Rs. 550, find the cost of each notebook and book? (Use Cramer’s
rule).
msomwm&omgomwgmgmagwﬁwg.:.mE&»umu_w&o&ﬂ&!
twice the age of Zenab. Find the ages of both the sisters by using matrix inversion
method.
._.!cgv»ﬁ%a&o:ogma_Ng.ggugencggs
Enwagommnas&oooaaggmo!gg%&ngg
make?
Aoﬁwngﬁggai&sq?}gu%!!usg?o
metals with 55% and 80% aluminum content. How much of each metal should he use.
Soybean meal contains 16% protein and com meal contains 9% protein. How man)
g%ﬁ%?&?%&%?gsanugggﬁlw_ﬁa
protein?

The perimeter of a lot is 190 m. The width is one fourth of the length. Find the

o r—r————ee PRI T e
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ng information in the form of matrices of order 2.
Calculating product of scalar quantity and a matrix,
Sotving sitaations involving sum, difference and product 0
Evaluating the determinant and inverse of a matrix of order

Displays
f two matrices.

2by 2.

Solvmg the simultaneous linear equations in two variables using matrix inversion e,
4

!&m%,ua_n.
Explaming with examples, how mathematics plays @ key role in the development (¢
soventific theonies and technologies. -
Apclving concepts of matrices to real world problems

MISCELLANEOUS mxmxﬁ_ma&

Encircle the correct option in the following.

) 5 3t -1
i I —N o_ n_w m_ then x = _
(2) 6 (b) 4 c -6 @ -4
- y 0 x
i M I;=|0 z 0| then
01
Aﬂw y=x = 1 ?v NHNHO AOV H“N“m A&v Y=z "_.Huo
i, Additive inverse of unit matrix of order 2, is
0o 0 -1 0 0 1 B
@ g of @ % Gq) e [ o @ |
jv. Multiplicative inverse of a null matrix of order 2, is
0 0 0 i .
@ [y of ® M ¢ [0 0]  (d) impossible
v. A is a symmetric matrix if :
(a) A'# A byA)#-A ©@A)Y=-A @ @A) =4
) 1 0] _
h{o —.N._Lo_l
1 1
(a) —m_ (b) © | 0 (d) impossible
2 2 0

vii. Order of matrix A is 1-by-2 and order of matrix B is 2-by-3 then order of AB is
(a) 1-by-3 (b)  3-by-1 (c) 2-by-2 d) 3-by-2

viii.If AB=B, then A=.... 4 g £
® 1 (b) A ) B (d B’

ix. _wm_x_m 2] =
(a) [95) (b) _mw_ ?

(45 50 (d) nm WN

N
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Yoy

k& :~ ~.?.$~a
CURES

)
| sl Mty — _2, ady | () mly (1
_ _ VEIM S vand e Y, R RN
A
SIXT ] 144
B
o o X : " _: L0 [y (144
TRy 13 (d) ? N_ JHEl 13
Al The matnix of coefiie telents for v - yw 3 i
ﬂ ‘ .. »
@] O ) o [
vl 2)[3)= . .
A3 6 3 . ible
@) ] (b) ~L © [5] (d) impossible
v IfA w:.w B are two matrices, conformable for the product AB then (AB)"=
(@) A'B (b) (BAY - (0)B'A! (d) AB
XV, _&! L.u singular matrix, then y =
(a)4 (b) 6 ©)-6 (d)-4
xvi.Ifadj A = W M_ then |A|=
@ [adiA] @) [A © |-A] (d)alla, b, ¢

=[° e
21 P=[3 T3] then show that PP = p1p =]

3. Solve:  Sx—4=y; 2r+8=10x, by Matrix Inversion Method if possible,
4. Use Cramer’s rule for solution of 5x + 2= 19 and 10x + 4y = 38, if possible.

3. The daily sum of labour and the material costs of Haani’s and Massab’s Home Industries are
Rs.20,000 and Rs.40,000 respectively. If labour and the material rate, for both the Home
Industries is same but Haani’s Home Industry has 6 workers who make 80 items and Massab's
Home Industry has 12 workers who make 160 items, find the labour and the material cost.

i } W e b
Lledgrm s a0y .{tEi«a Q::» "»%ra..b,t..s
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Linear and Quadratic Inequaligj,

Afher studying this enit students will be able to:
* Sefve lmear megualities m one vansble.

vt guadratic meguslsties in one vanable. 4

* Selve teo lmewr megualiies with two unknowns simultas ok E,_\.. )

* lmtcrpret and wdent:fy the region in plane bounded by two lincar inequalities in two LTt g

-

I[" o

1

¥ ou are checking & bag at an airport. Bags can weigh no 33.« than 60 plund;
Yonur bag weighs 26.5 pounds. Find the possible weights ‘W (in pounds) tha o,

can 3dd 10 the bag.

Write & model:

Weight of bag + Weight you can add <€ Weight limit
265+w<hD (writing inequalities)

265+ w—265 <60 - 265 (subtracting 26.5 from both sides)
w<335  (simplifying)
You can edd less than 33.5 pounds.

CamScanner
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Inequalitg .
5 in One Varlable
Furgan and Qusim are the hockey players in the sehool hox key team

1 we compare their scoring for the seasan _
astements will be true: I SR ot i
purgan scored fewer goals than Qasim

Furqan scored same number of goals as Qasim.

Purgan scored more goals than Qasim.

Let ‘a’ represents the number of goals of Furgan richotomy Property
and ‘' represents the number of goals of Qasim. d numbers @ and b
We can compare the score using an inequality i s ‘ ;

or an equation. exactly one of the following
a<h, a>bh, and E.M«M_w.ui__”nvu‘“n e

This is an example of trichotomy property.

Graph of Inequality

On a number line, En graph of an inequality in one variable is the set of points that represents
all solutions of the inequality. To graph an inequality in one variable, we use open circle for the
symbols *<" or *>" and a closed circle for the symbols ‘<" or *>".

The graph of ¥ < 1,x = 1 and x > 1 respectively are:

N x<1
W= fenedd —t——— >
-3 -2 -1 0 | 2 3
x=1
< e et iy >
-3 -2 -1 0 1 2 3
x21
< i it ety >
3 -2 -1 0 l 2 3
Example: Solve 9x+6 <8x—2. Graph the solution set.
Solution: 9x+6<8x-2
9x + 6 + (—8x) < 8x + (—8x) —2 (Add — 8x to both sides)
x+6< -2
x+6+(-6) <-2+(-6) (Add - 6 to both sides)
x< -8
g X<-8
S p—————f————P—rt >
a3 <12 <l 10 .e\a 7

| . Circle Indicates that -8 is not included.
 Any real number less than - 8 is solution.
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Eample: Graph e i oquabity v+ 2vsQ
Stwp U Goaph the equativn x + 2y =0,
The imeguality is S, use a solid line.
Seep I Test (1L Qim x+2v <0
1«20
120 (False)
Sgep T11: Shade the half plane that
&Hm!nr.as..b:.c,.gn:.ew
a0t 2 solution of the ineguality.

Example: Graph the in equality y 2 =2
f 1 -
rﬁgﬁgkﬂlw.

The inequality is 2. use a solid line.
Step I1: Test (0,0)im y2-2

02-2 (True)

Step 111: Shade the half plane that
contains (0, 0) because (0, 0) is

2 solution of the inequality. ,
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Hi“ ﬂg the in ﬂﬂ.b_;%u. - , ),.
adation’ | .
Suep |- Graph the equation g « .|

!Euda:c.a:: X< =]
<~ (Falg,

dors ot contain (0, 0) because (g (),
is oot 2 solusion of the inequality, 4

| _

The inequality i 2, Use & s0lid [ing | |
M

!

_

Tell whether the ordered pai is a solution of the inequality, e

20);
b (=2,-3); y=22-2

(5,2); 22435214 (~1,5); 45 ~7y > 2%
(59,-7); y<8 (-4,0); x2 =3
Graph the inequality.
I-y<=3 ~3y-2r <12

3-y22 " 2rvyz8
C z-ys-11 ye<=5

z24 3

‘ m??d&&g

- Can we use (0, 0) 2s 2 test point when graphing z+ y > 07 Explain with reason,
Q.Ulncﬂ!glli.qrﬂitg

* Three less than x is greater than or equal to .

- The product of -2 and y is less than or equal 1o the sum of x and 6,

b P-ﬁhl'}\ud\wrlllau.
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Sgowwsr v g woue Bl oach e e the
» P wolane N w ed houy B L T the &
s ™ D vew oacd Tl the s Jdhame g

e with the school m g,

ol Nacing Nk howesis and iw whood o0 A it n,
Kxared at -6 t

Lae VITEOL AL YOUL W howl, bt on Ppog,
M
hosel W st can voml Say abwont your tripg I \

\

N howne w loosted w A s vow Fond

bt they o have eoinctiing m common. 1 -x« -

Jvrmmnh @ W Wt quin &fferont : ¢
I — Y L R L that you and your friend trave) _i:“.
Svsnce. M o Aifferont Airecthion, whon Ww go 1o sehool.
—— 6 units
. " a ‘ i ¢ 4 . ¢ t { 4_}.'
- s 3 4 ;ua ., o t 2 3 4 3 6

Moo s fhae —& and & have the same shsdlawe value. The absolute value of a number ig g,

name o amis 1w am D 1 the nurnbey lin
wsomt the ahsolule valwe of & number x.

B s e SUmdal X I RS
e phaniulr vmler &I 0B anv.i%é#,.%% -0, 18 _lr_ﬂ?

For any real number x

e 1fx20then =x

Anspien valee — ¢ If x>0, then i{=-x
xwhen x20
[ O-En

—x when x>0

= woris uﬁ%ggmﬁgﬁwﬁo?géﬁm&ﬁ is the number itselfa
e EDEDIEE VEINE Rngiwﬁngﬁcmﬁasgg.

Gmoe Smmee & slwEys nop-negative, we can think of a number’s absolute value as its distax
from »om v mumber ime

imﬁ%%,%%u-& -11. t

Sl - —1l=—-11)=11 . ‘
Sl Find e sieol PRt ?giﬁ%muﬁx.
Fmf e shsolme valpe of x - 5. Jlways positive or % 3

Selwlee: L= : muie & Lt of possible cases.
¥:o 5o premer, then [x-520,
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_— —————meE .
_ﬁ.u_..‘.a,,m j
If x 15 less than 5, then _.a ..u_ <0
_a;u_n ~(x~5)=5-
i—z Find the solution set, ; !
o |2x45)=11 - 2x] = -5
2x~3=|x+
s-3=ls+4 & 2r+3+2=16
Solation: |
a [2x+8)=11 B-2d=-5
2x45=11 i 1
il o 2x+5=~1] The absolute value principle reminds us
x=11= 2x=-11-5 that absolute value is always non-
2x=6 2x=-16 negative. The equation [3-2x|=~5 has
- v
x=3 =-8 no solution. The solution set is ¢.
5.5=(3, -8} .
|2x-3]=|x+6] d. 2Jx+3+2=16
2x-3=x+6 or 2x-3=—(x+6) 2|x+3+2=16
2x-x=6+3 2x-3=-x-6 2fx+3|=14-2
x=9 2x+x=-6+3 _H+u_|
x=-]
§.5={-1,9) iwl x H:n&q
X = =— ' .....w.hu.
S.8= {4, -10} . E
Student can verify the solution,

Example: A machine that fills the boxes of mzm.a is to fill the boxes with 14 kg of sugar. >=2
the boxes are filled, another machine weighs the boxes. If the box is more than 0.3 kg above or
below the desired weight, the box is rejected. What is the weight of the heaviest and the lightest

box that the machine will pass?
Selutiem: Let w = the weight of the box, then:

|w-14|=0.3 (as per condition)
w—14=03 or w-14=-03
: w=143 or w=13.7
~ The heaviest weight allowed to pass is 14.3kg. The lightest weight allowed to pass is 13.7kg.
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Rl AREAL - AR s SR S R

Inequalities With Absolute Value
The absolute value of a number is its distance from 0 on the number line. We can yq, -
to solve inequalities involving absolute value. Vig,
Example: Solve |x] < 5.

Selution: EAu means that the distance between x and 0 is _oasgm&:aa.._,oa»fr_
true, we must substitute the values of x that are less than five units from 0. Y

L 1 1
T L] ) ) L]

} 1
4 3 2 41 0 1 2

5
-5

é\m—

All the number between — 5 and 5 are less than 5 units from zero.
The absolute solution set = {|x]: =5 < x < 5}.

Example: Solve|x]>3. Graph the solution.

Solution: The solution of |x]23. are those numbers whose distance from 0 is greater thg,

equal to 3. In other words, those numbers x such that x<-3 or x23. The s_gme;&
{lx}:x < —30rx =3}.

—

6 5 4 3 2 -1 0

Example: Solve and graph the solution.

—

a. |2x-7|211 b. [3x-2|<4
Solation:
a. [2x-7211 (Apply x| 2 a:x2aorx <-a)
2x—-7211 or 2x-7=<-11
2x211+7 or 2x<-11+7
2x2>18 or 2x<-4
x29 or x£~2
Solution set = {x|x 29 or x < =2}

& .
—t—t—t 1
¥ 4 & & 4 3.0

W) ==
O\ -
o
—
(=}
el
P
—
1 S

b. [3x-2|<4 (Apply: [x]<a: -a<x<a)
~4<3x-2<4
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.b.sqabitnatx
.N%u~id~ﬁ?

4

Pt »d2cy

Solution set = 4, 2 N
}

6H .8 4

. B
R

e o
N

-
.
L o
a

gaample: Solve|-4x 543, Y. Graph the sopusicn,

iin_&u;&‘u\e % |

“b<~4x~-5<¢

..oA..;n..me&:#lmAa
LM:# and ~4x < 11

nVn and x5 =1

|~4x < 51 < ¢

4
a 2o it
We can write as; nm._.AaA._, E a impliesthat -a<s<a
4 4 o dza implicsthat x~aor 22
mo___:c:-&l*ku HANAM‘F
4 4

[V
&
&
N

Al

=
—

DN e
U wg
E O
N
0‘-

You are buying a new calculator and find 10 models in 2 shop. The prices zre Rs. 950, Rs. 570.
Rs. 470, Rs. 820, Rs. 560, Rs. 770, Rs, 580, Rs. 390, Rs. 680 and Rs. 550.
a. Find the mean of the calculator price.
b. You are willing to pay the mean price with an absolute deviation of at most Rs. 100. How
many of the calculator prices meet your condition?

Solution:
a. Find the mean first;
9804570+470+8204+560+770+580+390+690+550
Mean = o
10
6380
e b 638

U A e s Qb s = T T TR e et i |
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b Write and solve an inequality . _
. . yon by thes inesy,
An absolute deviation of at most s, 100 from the mean %1% ¥ Povts,

|x~ 638 < 100

=100 € x —~ 638 < 100
~100 < x ~ 638 and x ~ 636 = 100
538<x and x < 738

e 230 5% = 738 ¢ jces et your 2L &
The price of calculator must be at least 538 and at most 735 pive price

is Rs. 570, Rs. 560, Rs. 580, Rs. 690 and Rs. 550. Laear

Solve the absolute valued equations (1-6). o] =30
| 8lx-3=88 1 faxt e
L |x-3]=-26 o
S. _k. - N_ =cX B 6
ution.
7. Explain, why the equation _....hﬂ ..o_+ g b basketball must be inflated 1o a5 4,
.. et e it of  SESREN %ﬁﬁrﬁ_ﬁ error is the absolute deviation). i
f 8 pounds per square inch (psi in,
m...%”“—“._a_“a maximum air pressure acceptable for the paskers
Solve the inequality and graph the solution (9-14).
o [ox-1<10 1 |2x-7)<1
u_aZTu (2 3[14-x>6
ik 2
2-5x. 2
3x-2 4 _ 2=
:.“ Wb 4173

15,

essay contest requires that essay entries consists of 500 words with an
pribur the possible number of words that the essay ¢

deviation of at most 30 words, What are
have?

CamScanner
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et Liggumiili
o varialiles o

LRt

Gy

thye st varisbie A

ol s in
- ul'"'w' gy W lisqusdily |
{

o
" ey < nwguadiy It J
of lineat mequalities 15w ordered pay
of 8 ,
al? g wmmplc.ﬂ. (1) i & sdtion of the 575
i : :
M e e of linear inequalities s the graph of & sl o o

he systern of inequalitics:
g g',': 2

yp-y2-b

:‘:w bt nequalities i the same
step 110 find the solution of cach inequality.
MMM(O,O)umtpmmwdmde
i solution region-

”lllzmywofd\csyminme ‘_
WP o of the two half planes, Which is

hadedred. g
Check: Choose a point in the region such a5 (0 1) -
/ , . | y 1) This dark shadedd resuw
?‘oM?&nMMﬂftlt“lﬁﬂy i ;.mhuim r.é:.\
into each ineguality. TIEIRIHION
Inespuabity . Iequali 1
l*]/'-'z
| oy 0
Gel,2 Wy e
172 T 15 % YW

o Lo o gl T VRS
o Fud dhe pepenr i ) ‘\% TAT I
o Bhe ah ) By IR T W



https://v3.camscanner.com/user/download

N S oM > 203 o e gL SN AP S A S A o

s —

- *'M

3 Frample: Graph the system: ;
versd i
. v-y<4 é

To graph the inequality x+y<d4,  we geaph
x+y=4 using a solid line. We then consider
(0, 0) as a test point and find that it is a solution.
we shade all points in that region,

Next, we graph x -y <4, We graph v~ v =4

as a dashed line and consider (0, 0) as a test point.
Again (0, 0) is a solution, we shade that region.
Finally, the solution set of the system is the rogion
that is commonly shaded in both inequalities.

P —

Example: Graph the system of inoqualities.
x2-2
x<2
Solution:
Graph two inequalities in the same coondinate
system.

x=2 (The region is left of the line)

y==2 (The region is above the line) |

This dark shaded Numn
is a solution of these

inequalities.

+ Tell whether the ordered pair is a solution of the system of inequalites.
a. (3,1,(0,0,(=31),(4,1); x+y<lLx-y<2
b (LD, 2.00(3,2); 25-y$5,x+2y>2
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- 1 bene Learn

s §ervs 8

i~ ¥s%
= ‘ <k
r—dy s -8

X-y>%
-

X~y<]

WMWIn«mmMmhmﬁ‘Nh JRRE
”mhm&m&tm“w%

On 2 somber 52 She swpb of a7 5T maguaiin I ane vanahke i the o al poines that
muma&m

To z2rd 22 Dagualiny = an2 vaniable 3% 3n anen vk e < v > and & Slasad
axiefx<ar2.
Drodmg meiphymg each de of an inegualid By 2 pasitive number prodioes 80
STEVERST DALY
Dividmg  matphying each 5ide of an inagualiny I & negative number and
reverseag D Srecnon of the megualin sy praducss an aguivalent moguatity,
A Dmesr moguality I two vaniahles sach a8 av+hv<¢ s&rmﬁmm
e =" ugn in 2 incwreguata wih < > ar 2.
A solution of an ineguality iz two vanishies x and ¥ is an anderad pait (1, V) that
produces 3 rue statemant when the values of x and y are substituted into the
The boundary line for an ineguality in ane variable is aither vertical or han
If an inequality has only the variable x, substitute the x-coondinate of the test
into the inoquality.
If an inequality has caly the variable y, substitute the ycoordinate of the test p
A solution of a system of linear inagualities is an ondered pair that is a solution of
each inequality in the system.
The graph of a system of linear inequalities is the graph of all solutions of the §)
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Poo b the cores b ogtion

0 Uhe sehithon of the insqoality fie 77 TR LA, RTT .
A oAeh hoeo b ¢
3 a
A D sdution of the inequality « o 4 fig ¢ ¥ i (1)
A ‘"‘ 'i ‘,’ b ' ]. _I.“, ', ,' d 4
jreequadity
e I peneral, we nse n fest print wm"...phmu the .1 i
LD b (b ' ‘
wo The solution of the "- L
s Y EY A
"ETY. hoae b - e vil
e po VY
v Whieh ondered paie hnmlﬂm"“'“'w'"m“"m‘y TR 4
a (0,0 b bt '8

o solution of the systett Jo- yafhmd e vly -7

vio Which ordered pair s 2 0
o (LoD b ¢ 49 40

vii The solution for Sy 80 I | |
'} ‘lllk"" b, {-"‘ ~ 10} o “" #16) 4 iy,
)0 tion of the incquality;

vin (7, .) ll:s«:‘h: c:‘ b 204 yel0 o, trloyel ‘ 5

possible, praph the golution.

Solve the inequahities, it
B TR LR 2

s 2z
g o oH2x=1)e)-Bx
} 7(;-[)»4071{
Graph on a planc.
noysdn /] oyedx
§ ya~3 9, %456
Graph the system of incqualities:
10 Jvsdy2l2 i, y-xzl
Sy+6ys 30 y-4<4
i, BraSy<do 1y 2x+yal2

Write a system of inequalities for the shaded region described.
'+ The shaded region is o rectangle with vertices (2, 1), (2, 4), (6, 4) and (6, h
{5 The shaded region is a triangle with vertices at (3, 0), (3, 2) and (0, ~2).
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(his unit students wWill be abile 10
\Q;‘;':) ::,..l Qs
and sl vational expivasivg
;ﬁ"‘ manipulation o algebia it
performs perations o vational S e
e anonal aquations. A
Agply the concept of rativtal squatons ww wval waly) Poblei

tony

. & 5 & & 9

e of letters 10 represent an Unknown quantity was  ntodued
;:";we Descartes™, & French Mathematictan, in 1617, Today 'y

s used by most nations as the standand lettor for - iyl
Infect x-rays were so named because the selentisty who
sscovered them did not know what they were and thus labeled
them the ‘unknown rays® or xorays, Algebia s basleally an
eviension of Arithmetic.

A factory worker wants to work overtime to fulfill his
basic necessities of life. The factory owner has decided to
give him Rs. 60 per hour for working extra. But sometimes
he does not have enough time to work overtime daily. So
he cannot find s aceurate monthly income tor working
extra. If we represent overtime of the worker in hours for a
month by an unknown quantity sav ‘', then we can say
that his salary for working overtime will be *60t°,
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Algebrale Expression®

A statement in which variables or constants or both € by arithmetic %\
e+, x0) inealled an algebraic expression.

For example, PO

-8x! 4+ 4 5%

e Matb) -4, 0 ,- ppahammsd BIE Gy matician Who inge

e )4, 0,-5 ﬂ?;.:‘.,.um m.megmgn&ﬁ
A in 8 . was

e-Vit, =, 2 fpi- Mugabala in ke,

vyl Vb - dac etc e herof Algeb™” :

“M

An algebraic expression may contain’

¢ Numbers

e Signs of operations (+,~%*)

o Variables (a, b, ¢, % ) 2)

o Grouping symbols -, () ()0

Kinds of Algebraic Expressions
Algebraic expressions are of three kinds:
e Polynomial Expressions
» Rational Expressions
o Irrational Expressions
(Polynomlall)

(a) Polynomial Expressions

Polynomials ar¢ algebraic express
the variables involved are non-nega

For example:

ting of one or more terms in which exponey,

jons consis .
itive) integers.

tive (either zero oF pos

3, Jaxt-nx'- J10 etc.

4 . i 13
0, —2,-‘-x+4y'z. 5

l .
The expressions X Ay +;l—,- . \/;" , 2p? are not polynomials because their exponentsy

not non negative integers (whole numbers).
¢ lassification of Palynomialy

Polynomial with respect to

£

(&) CamScanner
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# mdmwu.. 7,,‘
o ‘M‘m*‘m““

'N'wo N
-~

.‘qum“"“‘ L PR
' 't} "'.' .* 1‘.t\.:=.
i

. ‘““Mbwhm“‘wlmw

g‘ l"h"v ;";I "n
W ober polyoveals Mving more thee
s, SV BTN, SEX ferms and g0 e on- sero terma are calbed polynomisls of four
e endng ot <. ) 0 :: n.uuumn
s pte) meus hat e varable i thepolymomia i
MM‘M‘J&M

» ‘gﬁ)"*q"‘ ] or me L.O‘a\\ }.‘((\“\‘“H“

0" 5 called @ polynomial of po degree. Also, Ot + Ox is a no degree pe
mmﬁumnahnsmnmpdymﬂ

» (Cemstant podynomial; b
A pelynomial having degree zerv is called 2 constant polynomial, e.g. 2.-5.-2- Jf
are all constant polynomials. b
» Linesr pelymemial:
A polynomial having degree one is called a linear polynomial. ¢.8., ¥, 2v =y~
» usiratic polvnomal: A polynomial having degree two is called a quadratic
pnlyum’al.e.g.,th+7,ar+ny+3,—%n'x'etc.
» Cubic polynemial:
A polynomial having degree three is called a cubic polynomial. eg. 9'-7x + 3§
Sy, 3.6'--2—1 et
Anoﬁapdynum?tkhvémspeciﬁcmmew.r.tdegteebutsimply.wecdf
polynomials of degree four, degree five and so on.

() Types of Polynomials w.r.t. Coefficients
Polynomials can also be classified according to the coefficients of the variables invol ?i
each term of them. e.g., -3r° + 4x — 1 is a polynomial with integers co-efficients because
"3,‘,"l Ez. i
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T3 F T axq.ﬁma&d-m—lw
3 -1 +4 r+x §om

Swommpie IS - 5 3030 Fadxe6 £AX B L S
: expresciy

Sdnctiun  Simpiiicaien of Rational Erpressions i:ow i
S el o : "mm«dmdelhe WI‘
o e oy st - 2ETO EXESSOn exponent of vy

< = — .

- X +x
e f—fgsm«mma v
T+ X +Xx

.M:ﬂ“'wisdoumthcmmlﬁasinmdmﬁmohnﬂow

sumie T3 mees 3 mnenal expression to its lowest form, we have to

* 7 gue g he sumermor and denominator completely.

» Lrode fie mumersor and denominator by their common factors.

# Feweie b semganing %erms 2 3 fraction, computing all products. This will be the
it v
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o e
: RS L
v R 1 o R AR o

“F T3 Wikat il e the degres of
§ = ¢~¢é~¢ N = gy » - mw;d‘ _‘
o i) LAY o
= l—-a(“ ,‘,*,,A xy
— =57 simplification”
e

o rrimaesl IDveeses
£ EnTmC CXETESSION YMCH Cannot e sxuressed n the form g({; where P(x) and 0
‘,—mx‘;*swammﬂscdum\mgmm |

-
-

“rrCAEENET --.— 3 .-13:47,,;/x‘+~y 24x1y +--—-7ac
.‘:} y

e

Lvauation »of sigehraic Fipressions

Tie meess f Eolsemy Re armbles by sumbers in an algebraic expression is ¢
ENEImON 2 TU0css Of jetting 1 wimerical answer by substituting numbers for
e -3 glied THUSNON

- 4 -i
_LaNTe mm-uim’«—-rw ® r=—
> L
o 3£'~Ef~
- >
B umnmtmg e alne of . ve have
-8 o9
., kg . g OO
& iy
B =
B S S
e T Z
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1€ 3
Felbomn T 2t
& T

ol I "‘ “d&:" fod the value of 0+ P4 2p P8
S

] . |
=3qu ':N: R _.‘,..: o
=3(-5r@Q)+-nHar- phgtine 13 2

=3@25) Q)+ (-5 T
=150-20=130
Exsmple: Find the value of the expression |
LI -025Y+ 03;-73??1111*-1 mx=1, y=-1
Selutiom 3-11“0.35)3-?0.31’72*11:;'—1
=31 (1)‘-0_2(1)3(_1)2+n.3(1)—(—1)‘+1 1@ EF-E
=3.1-02(1)(+1)+03 ED+ 1.1(
=31-02+03-11-1

=34-23=11]

Woumm

1)(D-D

Wﬂ!m
lﬁ" 2 | w!PS- -
® ET(!;" () 57&’”’ (i) 2 T 4"
E . A K x=3
¢ sa’t*c ® W’u’w‘ 3-x
x'-§1 !r+3!r+¢!
- X+ S, rt =16
- Evaluste the following expressions for the given valoe of each variehic

o Se- "’K”"’ p=-1 W %m’un-!&'ﬁn&wsr

) ﬁ!;ﬂu;-mua-mg
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|
() M *“", " ""i',rﬁl.t-‘.!

1

:b‘ t;.,»... tn-;

, nnmwnmu,u.,.(e;,l)‘...utrnw
mhet

. 'Nﬂ""h~l&u-)-ndumn-us,m‘-%;:.“,'

M OIS 00d ) g 02 (W)

Determine the radius of that hall, (take x-%’-)

Basic Operations on Algebraic Fractions

Operstions with rational numbers and rational algebraic expressions are very similar,
“*mhumduthoqwﬁmofmlmm\Amdw
Wthummofmwum&Mmﬁ |

denominator can never be 0.

o3 o e
Rational Numbers: =, T+ 754 789

3 2 v =36 eones
¥ l B T N T AT T

I P and Q are any two algebraic expressions then 5- is called an algebraic fraction,

a-b
dching I " T

r.m-wummmmvmmmnmmmmy
greatest common factor (GCD).
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|

f

~= \hA

Ao dtidast wid Y &
: ‘ )
By vl ' **ju--—th“!
‘n‘ z&ﬂl"p' L7

\‘,3 \ i' (L] * .
VA et i b il ia o el J i the felhow

i Y }"l"v

il Vol MY e ) TEE A h
) i ““ "' 7 X 2
Nebyiion
' . W P +
) : .Jh\ Vil “paa‘ﬂ-rdmﬂexpfmhn
¥ ‘ "
4 d s, br0,d#0:
- Wyt e b2’ = x4l bmdd
6 ¢ adsbe €_€ ad ~h
b _‘1......--_—._.-—--—. — e 2 bc
W Vo toy? ~Br+ 8 s N " d
) ‘-___.....——-‘.—-—
6
. IOy ’..,.'" Ky + 5
6
() dy +T7 4 !-“‘3)(1-")
x=2
- (v + THx - 2)+(x-:w3)(.r— 1)
x=2
- 4x° +7x—8.r-l4+x" +3r-x-3
x-2
= s¢’ +x-17
x-2
Subtraction of Algebraic Expressions
jons, we have to change the signs of the expression whic

In subtraction of algebraic express
ddition of algebraic expressions.

is being subtracted and all other steps arc the same as in a
p vample: Subtract L8 5 Tx+4 6om 3x-]
x -4 x+2

3r-1 3x'-Tx+d

e ——————

Selution: — :
X+ 2 §* & 4

i+ (x+2)x-2)
(3x -_ln.r-Z)-llr: -Tx+4)

Iv-1 3’ -Tx+4
<«— By using the formula 2* b= (a+bXa-b)

= e

(x+2(x-2)
3 -Tx42-3x" +Tx-4 _2 _a
(x+2)(x-2) =_\-: -4

(x+2)x-2)
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T e A ST ARt - e N
g 3

atton ol Adgebiaie Fapressions
wultiplication ol algebian uplemm cin he nphmld with the help of follow n§ ‘

prample Hndlhcpmdutlnf . ,-i, ol 2

e x&J
\ L i
Solwtlon 52y nl
(.M)(x X _x=]

md) .r ty x42

3
o edxt’

Frample: Multiply +% = v =20 by
3

x o+ dy?

solution: (x* =x=20) x
R
X (x+4)
3 k-1
Vierd)  a?

w (v =S 4dr-20) x

=(x =S}y +4)x

Division of Algebraic Expressions b
The process of dividing any two algebraic expressions is explained with the help of followir g
examples.

e 2X° =1lx=21 2% 43
le:  Divide - b ;
" w4 ) T

2 =1x=21 . 2x+3
Solution: +
x -49 x+7

J2¢% -ldx-3x-21 X +7
(x)* =7y 2x+3

'Zx(x—7)+3(x-7)x x+17
(x+Tx=7)  2x+3

SX-T)2x43)  x+7 af
(x+THx=T7) 243

Complex Algebraic Expressions
For simplifying the complex algebraic expression involving addition, subtraction,
multiplication and division, we apply the BODMAS rule similar to arithmetic expression.
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Ex.mplﬂ Slmplify.

3x+2+ X=2 2%t -4
x+2 2x+|o*,1+zx-|5
Solution: 2X¥2, ¥=2  x'+2x-15
X+2 2x+|0 2 -
3-”'2* x=2 " ?48x-3x-15
xX+2 2(x+5) 2(x*-4)
42 x-2  xx+5)-3+3)
x42 2(x+5) 2x+2)x-2)
S3x42 x-2 (x+5Xx=3)
x+2  2x+8) 2x+x-?)
Ix+2 x-3
== +
x+2 4x+2) g3 _3’_‘:’5
4G+ + (-3 ___.iff—r’ 4x+8
4x+2) dix+2
’M
Example: Simplify the following- (@+b)
e W}m
(a+bf -2 7
1 _4ab
Selution: (@+b)' - a+b)]¢_:_‘_f%,——-""
a - T p a+d) ~
ot - }*“”’:-;:
_ 1 8 ___x——=777+b)| (a+b) -
(a+b) -2 (asby -3eK (a+b)’ -4ab

P
a

(‘ _b’X‘ +b ) _] #

;T+b’+w”2‘b o’ +b
a (l -b')a’ +b)

+ 3abla+b)-a{a +b)

(a+b)’ -4ab

a’ +bz ]

a +b,

(a+b) -3ab
(a+b)' —4ab

- a (c+le-*bxlj"‘b))]
To7 @+ -ab+ )

o(a-b) (ub)’-‘d]
Pl (avb) -3ab

(a+b) -3ab

e ———

B

A

(&) CamScanner
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[ a(a-b) @by g,
'.. —-ﬂb"'br (a+h)rf";"5]

[ a(a=d) a4 2ah 4
NPT -M]

a N 2ahy g

3 r"‘("b! x“'“"b'-ah
"ot -abad’ FW"‘"]

~2ab
a(a~b) ]
Y . L
a’ =2ab+ b’
a(a=b)
“ l(a-b) :
.
= a"'b
another method for simplifying a complex rational expression involves first adding or
whtracting, as t:ew:;:l:y"m tget '(l"ll‘le rational expression f:the numerator and one rational
jon in minator. The problem is th
m G Slanions. 8 thereby simplified to one involving the
2
. . A 2
Example: Simplify —‘—‘——_3_ T
x=2 x*
3 2 3 x2
4 _I__I:._ = - i
Solution: _.L..,.-l_ m, taking LCM
x-2 x* x(x=2)

2
J3x-2, x (=) 0 divide, multiply, by the reciprocal of thedivisor.
¥ xP+x-2

3x-2 F(x-2)  _(3x-2) x}(x=2)
B g g Ty Ty TNy

= -’-‘:-% removing a common factor from numerator and denominator.
X+
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o roumr>

1-2 2410 (i) 44 1y
MoLEo 6 Ty JI./ﬂ.w
A Ur Hi+) :
._n ,.?(!s!!i AQV . 4 Nlu
(iv) RIS bx~1%
Subtract ), o)
() mu,%raaq iy = 3
x4]
(i) r.&::.s...u...
§<§?aa.33:§3?§eﬁ
() A 10849,5- 23 (i) P-3Py+diep 4
A 16 2x44 (i) 455 x'-25
o S¢S =3 " x-3
Simplify the following,
1 X 5 1 X
2eladyl i) —f4-=[-Z4-]pp-2
(i) 5*3 1*1 (ii) Jlé4=3)=3+s :
2 x x+2 X uf.nu..w.. 3
&) u+_+x.._..x.._ ) 5 5._.8
) 45a'h' ¢ W3 xy'7 at 36p'q?

. 15
T X — (Vi) —x—=24 . Sww\“
215°y’z 180 a’be 8n  8lmn 270 x'y

W21 co SX+5  6-2y
(vii) uiamuﬂw!.f.«..u (viii) §+§
() 24 _ 5 40a+2 5

2
S+x=18x" 24554247

20-3 6a+9 Yaaiog] ®

(xi) Em..a_+_+ In=1 " 12m-4

2m - 2m omT im ey

CamScanner
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Soly .
e o”_zn Rationg| Equations
A e cxamples: more rationg| Expressions is called a rational equation, Here

— 0 — : o 6 ;
S 4 x x+1 .ml...nu.l”:_.. 4~+mno
. X
m‘i%&#a‘?gmﬂ_g
i e Eractions are 1.55-.&. This Mw::. Applications, It is easiest to solve a rational equation

be done by multiplyi i
plying each side of the equation by
ghe least common denominator (LCD), Remember that when you multiply each side by the

3 8
Frample: Solve H...U.._'— = g Verify thesolution,

3 8
X -9x+14

3
B T et S A.Tum.«é
Hx-2)+(xr —-9x+14) =38 Simplify.
X —6x+8 =8 Combine the like terms.
X —6x = 0 Simplify.
x(x-6)=0
x=0, or x=6. Thesolutionsare 0 and 6.

3 8 4 4
C i = +~ = . h t—=—, .H. 5
Check:if x=0, 0-7 Y FA T we have -9 rue
: 3 8 ne

ifx=6, e +1= Thr wehave: —2 =-2, True.
$.8=10,6; . |
 Note: Remember that a rational expression is undefined when the value for variables |
& & denominator of zero. When solving rational equations, we check that for so

Gemominator should be non-zero. If denominator is zero in any value of x, these values
excluded from list of solutions,

Multiply by L

& il

I 2 q ; & .
) 4 5(x=2)~ =5(x~2). —— MultiplybyLCD 5(x-2). .
i e R ¥-3
Sx+x-2=10 Simplify.
6x~2 =10 Combinetheliketerms.

x=2
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e ) ; ptes A S ]
. -~ g e . 5 P " i . o~ . -
P s ot v e TP A T A SR TREL RN P Hraser s ane RO N N %&u%ht Ry

= _ 4_.
The solution appears to be 2, but the expression tm, 5*% P are undefined Whey, “W

We see that 2 is extraneous solution.
There is no solution,

the -oo__s.oo-_ of 2 more than thag o
| ] @J

added to 5 times the reg;,
iy

Example: If a certain number is added 5 times
result is 4,
Solutlon: Suppose a number is x. According 10 condition,
2 more than that number, the result is 4: )

L4 apor e, writen in mahemates o

x+2
(x+2)x+(x+ s.xd_mv _(x+2)4 Multiply by LCD 0% both sides.
X
2 +2x+5=4x+8 simplify

x-3=0 Collecting all like terms on One side

xl-2
(x=-3)x+1)=0 Factoring

—1, the solution can be checked.

x=3 orx=

The solution can be verified:

a...u?l_lvna (As per statement,
x+2

written in mathematical form)

(x+2)x+(x+ nv.xlwmv =(x+2)4 (Multiply by LCD on both sides.)
x+

HN +NH+M =4x+8 Ammanv_m@v
(Collecting all like terms on one side)

x?=2x-3=0
(x-3)(x+1)=0 (Factoring)
x=3 or x=-1, the solution can be checked.

Result: The required number is -1 or3.
Example: A car travels 300 km in the same time that a freight train travels 200 km. T

speed of the car is 20 km/h more than the speed of the train. Find the speed of the car aud!
speed of the train.

Solution: We know that distances both vehicles traveled. We also observe that both vei¢
g«i%ﬁs%ﬁ.onnﬁn&?ﬁ&«ﬁ&om&ogwNc_os\r faster than
the train, ;

Suppose the distance s S and speed is V, we know that S=VT, where T is time. If MM_

speed of the train, then car moves 20 km/h faster than the speed of the train. So, the
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v e Wali's bl

LR (1 1k
v Vim
00 1)
w 200
(V+20) V.o w0 = VIV v (Multiply cach side by 140}
OV = 200V 4 20) (Nlmplity )
100V = 4000
V o= a0

?1.&.5.:-_: % 40 kowh wnd the speed of the car I 60 knv/h,

IENOreise 8,3

solve and check your solutions (1-7).

6y 3 2 -4
_ u..:... x=11 y+3

3 12 r+4 5
BT R ETTY o Y 46y-1 wfer.
y 5 " Iv+s A 2

yrl yadpad  yad
m.z-_..!gaet._-i.:_.:_c:a.Zo.nasaai.__..-as_-i:_su_§=-.

How long would it take both of them, working together, to mow the lawn,
2 You have an 8-pint mixture of paint that is made up of equal amounts of yellow
paint and blue paint. To create a certain shade of green, you need a paint mixture

that is 80 % yellow. How many pints of yellow paint do you need to add to the a_ae_.& ‘.

10, Wagar takes 9 hours longer to build a wall than it takes Wasi. If they work
together, they can build the wall in 20 hours. How long would it take each,

working alone, to build the wall?

CamScanner
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vi.

rational Fypression

{a) 1&!53.5_

(c) compound Expression (@ irmational Expression

The degree of XY ~ m_mm.. 257" is

@ 5 ® 6 © 7 (d  nom
Constant polynomial is also called

(s)  linear polynomial ()  nodegree polynomial

() expression (d  zero degree poly nomial
EWNugggrw%?‘% :>«8§.ma.dmn=:mmwh
33?%%&5&“%&:8
(@ (r+T)years () (x—2)years
(¢) (x+3)years (d (x=T)years

niadil PR et

w 2 (b) 14 © -2 d 6

2 2 53
hlboull'volm +le-IN mm

uoi.a&nﬂ!ems.u%mou
X p g

"v hhwum A,v ns” émc—ﬂ Aﬁv .Nunv-uA-n. .l.n«. o Nv A&v \.—\awu
y=x+z

e mT— T —

L
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‘ |
-‘ ..‘N p
yil J , ’Sf«t.\ Vel

(i 4 L T @ gt & 7

vil Slmplitied fom g 0 taopy
il o

Ha' v ) )

:- Raly thy

\ \-\ ¥ q.\\ DQ.

B Q.\\
is uzaaqﬁx_a of thie LT w8l yy frepm thae Yrido s Ty

(®) ab-a-b by way ay sy b b £, teme
u.%\..‘,kau. 4 u.h.
X, &n. S b "
y'z
@) iy ) pepep
£.0.18 I 1
(¢) N.4\<-+Mm. (dj \-o\eo\
2 o
i, Leadi Saa..aaia.m....:..m.. z.
X1 mng 778 % - 3 "
(a) 3 (b) ~ ( . 4 A
2 4 I ; =
Xii. g&é??&ékﬁ&wtwvh&m»\ arz fie cemens of
the set of: 2 7
(a) Integers (b) Irrationz! numbers

(c) Odd numbers  (d) Rationz! mumbers
xiii.  The degree of the quotientin (z—yf = (-7 wil e

(@ 3 ®) 2 © 1 i =
.. Find the value of the circumference of z circle whose radim i 12 50w
Q,n_sanwmv

*. The surface S of a sphere of radius ‘r’ is given by e formuls $=24 = 7~ Fmu

()  The surface of a sphere whose radius is | 4 inches
1

(i)  The radius of a sphere whose surfacs is .wnm sguers fa

CamScanner
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§- o -(x-6)}
- u..n*ﬁl.uﬁwlwunuuln

7 o & -3 T
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Functions Angd Graphs

pr swdying this unit students will pe able to:

" uﬁc‘:ﬁ ?'.“W”l”»- - of cormespondence and find domam and range of & fumction

. dennly PSS 0as (18t 0010, one-to-one. mpective, sunective and bigective ) by .L
gsing Veon diagrams.

, Determine value 0f 2 function and perform operations on functions.

: m.‘w mverse of a function.

, Formulate composite functions as: figx) = Rgqx)),

, Meotify. urnf:w B..& imterpret graphs cmn.réuum function, wentity function, hewar
snd noe-linet mBr.noP absolute valued function and function of the type y = x™ where
sisasveor—ve mtegerandand x > @

3 %%ownngdggmgéi.

, Solveasystem of one linear and one quadratic equation graphically.

A mo—a.ﬂi &0% related |2 Mﬁn’tﬂ.oa:

schine needs some input to perform jts ™
BT When we go shopping. we pay ourbill E N B
‘ta‘n?%g&ngomwza. T X .
nw!%muﬁasno&o&mmbmamn%h -
ﬂ%vﬂma&mﬁongwaﬁdng i
r-&aeﬁaﬁnéggmﬁ

ize. It means every machine needs some 05
“.auﬁsaoo.éﬁ..ﬂ?.ma.ozeﬁw..
ized t0 some input.

?8_8_!9 is also a machine, we input some values in if and it gives us the
 fesult after performing some process.
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:.n.::.zw. 5cis A
) such that X

AAyeB]

Cartesian product of any two no

got containing all ordered pairs (1Y

AxBe={(xyixe

For example, if A = {a, b} and B = 149
A X B={(a 2) (b, 2)}

All the subsets of A X B are: _ ((a.2), (& 2))
Ry={), Ra= (& ), Ry= (b 2)) wod x. :”. “Q relation(or simpl K
Any subset of the cartesian product s called 8B o elati
A .r set B, Basically, 3 binary relation R_mam an &o“ﬂ) Gt B ement of F_W,
All the above four subsets are binary R_a_o:m.moB.  ntaifing Aons abemment oF %
Domain of any relation R denoted by dom(R) is 2 5¢ S2ch tgg,
in the relation. Dom(R )= {a, b} - b
-Mbnmu om-m relation R m.nno”& by ran(R) is a set containing second element of each o,
the relation. Ran(R4) = {2} . 2 |
In R,, 2 is image o?B?SSE;%vaémma of
Function

A function f from set AtosetBisa relation, rule Of mapping WE% e w elemey
to a unique element of set B such that domain of f=A and there is no repetition in the mﬁm

£ ordered pairs in f. . .

Mau&gua”____w it is written as £ A - Bandis readas fisa function from A to B,

; R
s%g%aﬁ__%énilps%muE. )
Consider Ry = {@2), (b, 2)}; : :
which is shown in arrow diagram at right.

Domain of Ry = {2, b} =A o
There is no repetition in the first element of ordered pairs 10 R,.
Therefore, Ry 18 m.?n&on.
The first element of each ordered pair in Ry is called pre-image while heeLl
its corresponding second element is called image of the first element. R rrm , and Ry
In(a, 2), ais the pre-image of 2 and 2 is the image of a. functions. Justh
Domaln of a Function
M- set nﬂwﬁaum first element of each ordered pair in the function is called its domain.
nge of a Function
function is called its rang®

A set containing second element of each ordered pair in the

R?»?ﬁmcnmdaﬁhsﬁw P ;s : q
of f is a subset of co-domain. ._.n..m.>iw,93wao»=&%om§m

CamScanner
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2 o A = Sat of first Brwe suners;
g g—?’i
-l!!.. ?!. . Fuery functuon 3 relation

ifanm!rl«guﬁngoﬂg&guili
mmespending first set and no first element is repeated in their respective mapping.
B mapping t, domy(t) # P(~ 2 has no image in set Q) and there is repetition of 0 (v & i
0wy dements 7 and 9 of Q), therefore t is not a functon.
{!I!ﬂ—.?rrl!lualﬁsmesuln a fanction. .
Bmapping ¢ 2ithough dom{g) = S but b is repeated (-1 nﬁngaﬁggul
gttal! function.
Types of Functions

Rmge of & fumction is required for identifying the type of a function.
"’illspllu,g!a.rnma types of functions:
(a3 Faacrigq

Afimction - A—B will be into if there is atleast one element in

*28 which is not an image of any element of set A 1
ke €k f w

ammow diagram, = {(a, 1), (b, 4), (¢, 3)}is an into



https://v3.camscanner.com/user/download

Onto Function

A function : A=B will be onto i t Bis an image

CamScanner

fvery clement of se

of atleast one element of set A. i.¢. range(f) = B.

I the adjoaing arrow diagram, £= {(s, 1) 0. 2) (& 2N S onto -
function. by !
An onto function is also called a surjective function.

One-to-One Function

A function f: A—=B will be one-to-on¢ if

distinct elements of set A have distinct images in set B.

In the adjoining arrow diagram, f= {(3 2), (b, 4), (¢, D}is2

one-to-one function.

Points To Ponder!
e We can write one-to-one function as one-one or simply

1-1 function.
e There should be no repetition inthes

the ordered pairsina1-1 function.
ction may not be equal to set B.

econd element of

e Rangeofaone-oné fun

Injective Function

A function which is into as well as 1-1 is called an injective function.

a, 2), (b, 4), (c, 1)}is an injective function.

In the above arrow diagram, f= {(

Bljective Function /

A function which is both onto and 1-1 is called a bijective function. & S

In the arrow diagram at right, A .
f={(a,2), (b, 1), (c, 3)} is a bijective function. 2 :

Bijective function shows one-one correspondence between the v :

elements of two sets. . 3

Example:

IfA={2,3,5)and B={a,¢,i,0,u}, which of the following relations from A to B are funcae
Also tell the type of function.
® R={2i),.20),65u),G )} (i) R=1{(3,1),(2 i
’ b ] y L] ] A b M-
@) Rs={(2w), 65,3, 0) Ao
Is it possible to have a function from A onto B?
Solution: |
M R=12,i),(20),(5u),3,e)}
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& .51 = A, bmt < ——— . ey
,‘lu.. 331 =A 9«33~§!??ﬂ§&i!‘§‘

‘ H o
2= {3, (2, 0), (5, 1)j

“lutu@?&n>l¢§:8§rfi§if§-{-t?
refort R 188 fmction. RIG=(R,) = (1, 0, B which imphies that 2, is am ints Samction.
» u?‘fur.ﬂ.o:

pesifs) = 123 51 = A and there is 16 repintion in the first clement of the sedened puirs in ¥,
guschore Ry 8 8 fanction. L
-lnnblwo.-wnuttn.{ﬂaﬁnuwlgginﬁtll‘lt
‘iim‘.’i!lh@n@hwf%ﬁg ;
‘n.uuwl.l..nn:dg
,._;_“\ilawrgrlﬂiita?g)‘
u‘-.l.lll_llm-—n.

Evaluating a F snction

>‘|r!iﬂwunnr‘léﬁn§&w«§§i A
‘Rl-u&nﬂlﬂlklirrrvlril.ur-ml&l&wl._.lluulll.

gealsation of 2 fmction is a process of finding the vaiue of dependent varabie by mbstmting awy a
1‘}\'}&;
gumple: Fnd e value of fix)= 22 + x 2=
@ 1-1) @) fit) o # o) Sz}
Selation: (1) Sebstitating r = —1 i fx) = —22* 4+ 2%, wehave
f-1)= -A-1P + (-1 =-A-1)> 1 =3
(i} Replacing x by t i fix), we have
fioy= =20 + e =-u*+ ¢
() Sebstimting x == in fiz), we have
-0 s-ny? -1 .3 _§
- -2(F) +(F) -2 +:-3
{iv) Replacing x by x + 2 m fx), we have
2= 2z+2P+(2+2P =-U -16-1U -z ~7r ~ &z ~4
==UL +B 46 + 10z~ 24254

=-2x - 112* 2012
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et its purchase is given by,

Example: The value of a photocopy machine t years aft

V(t) = 9500860t dollars., Find:
() V(5)and tell what does V(5) mean?
y : sents.
(i)  Find t when V(1) = 6920 and explain what it TEPTE

CamScanner

Solution:
() V(1) = 9500 860t

V(5) = 9500 —860x5 = 5200 dollars

. llars.
_n5§5n<w_=oowEuoE:nmmonuwga will be 5200 do |
,.

9500-860t ..
95006920 = 2580 —

(ii) When V(1) = 6920, then 6920 =
= 860t =

; machine will be 6920
Hence, t = 3, which tells us that the value of photocoPY dollars i

IfA = {2, 4,6,8} and B={1,3:5};
to B?

s mﬂu. = :N. uv. A@.. Mv. Aw. wvu A&‘ ~vw
@ R;={23G6 1), (8,3), (6, 5)}
Q.m—.v Ww = :No uv. Am- mVo Amw uvw

iv) Rs=1{2 3),(6,3), & 3), (4, D}
following diagrams. Also write their type.

f
U} D (ii) \_JO (iii)

( D

© Identify the functions from the
b

..» .
b Ifftx)=x? —;x + 3, evaluate the following

it O (i) @ (ivy fie+1

. If X = Set of prime factors of 6 and Y = Set of first three non-negative integes. &
whether the function defined by f: X- Y = :n.«:a..wucwgo&ﬁﬁz.fx%ﬁ
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( ’P‘" tathoms

fumctions wre
Opereo el " MM ‘.” of combining Ranctims 1, cramte now fomermn rmes
qemmon OPERIIONS U SRy w0 functions fx) snd gy} are

o wdm:lh.)(n»qu.”
For example. i 82) = x% and gy « 2y phon
o g x) = fix) ¢ plx)=x? 4 25
W M‘m‘(f”llll’ﬂtl~'ix}
For example, i ) = 26" 4 3x and glx) « 27 - 24 then
(=X =) = §) = (27 4 gy mf? = gg)
20 43~ x? 4 Yy yt 4y
o wdhkﬂ-n: (F% ) x)= flx) x gtx)
raaqk.lflx)'!'Mlt)*—lt.mcn(!x.xx)-ﬂnxin
=gt (~2x) »~2x"
@iv) Division of functions: (f+ g)( x) = f(x) + g(x) , where glxy 0
;amle,if(x)-x’mdg(x)-Zx,mm(hg)(x)-ﬂz}ﬂ{z)

) 2
-x’+(2x)-iz'.; ==

tv)  Composition of functions: The composition of f(xx) and g(x) is a function denoted by fog
and is defined as: /

o F unetions

(fog)( x) = f(g(x))

For example, if f{x) = x* and g(x) = 2x ~1, then:

(fogh x)=flglx)) = f(2x ~1) = (2x=1)? = 4x* ~4x 4 1
In other words, the output of inner function g(x) will become the input of the outer function
1), ;
In this example, we first applied the function g to x, which resulted in 2 x — 1, then
the function f to the result which gave us (2x - 1)%,
Furthermore, for finding (gof)( x), f(x) will be the input of the outer function glx).
So, (gof)(x) = g(f(x)) = g(x*) = 2x* ~ 1

"

v ng Tt~ sl vl T S S A g SR L
; ! b ok o ad Ly PRI CEIeR 1 ) s
: - ® i e q% 3

J B(syinnd Ar N @ FIO) D i sNE sy,

Exsmple: Ahil wants to have a new bike which costs 24000 rupees but he has only o saving of
V2900 rupees, If his parents have agreed to give him additional 1000 rupees per week for dong
 hores. However, he also spends 500 rupees per week on snacks How much will Ashil have as his
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Nmuwﬂnmm‘h 1

aving ater 1 weeke e, 500 i Do ey wewks be will e
@ sow Dke”

Sodation: AUNLY seving e SL) = 3000 ¢ 10w, WheTE N FeqeREnth Rumber o vy
M spending feceoa T\ = Sy

Toush ooy Wi Aad! afer | weeks = Su) - nw
h o 1000 ¢ TN s00x = 12000 * 300,

Afer 1O wouks, saving Wil el = 0N ¢ L i e ¢
N, :‘\\\ 1000 ¢ S0 2 NN - ‘:\\\\ o “\\““ g w8

Honow, D0 ot xave raguend amount i M weeks

, . ) which reverses the effeq
The mverse of amy 8 _ deoorad B sy “
wverse of any fuaction K1) i a et r.q:\»_.x.mmm\mofodyhm

and it undoes what (1) does. 11X = Y. thett |
ovises wieh i devtve otk soeome and otk ‘ . ‘
N It can be illustrated in the following &y

s ify =D ¥ x €X, deax = SN YEY
a0 EaS
X (Dosa of Y Rasge o)
N : Mathematically,
X (Raoge of 79 Y (Domain of 1) ﬂf"‘(x)) = £~ (fx)=2
'

hischrﬁnm&p-&donioff=m0ff—lmmpoffgi in of 7
Finding the lnverse of an Algedraic Fuaction
lff(ﬂi‘.!mw&lism 1y) & .
Write y =£(x) f77(x) involves the following steps:

j1.  Find the value of x in torms of y from the y o |
(118 W"&‘f“(ﬂih@m m{rlmm:nm&
Iv. Replace cach yby x g g
“‘""*“"‘:zxx::::ﬁ.,m, of step Il to get f~*(x).
wlff:l-‘l'lkubyﬂn.k:’g rign i rx)=x
Mh!‘l)‘y'“m‘ B ).

""Ix-&.;.

fr=y-l Bt

P | 3 = x:__‘__ 5 )
[mmx
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i

. by
TN , ““‘ - @

N g
Hemee, 1Y) = o (Mepluging “nchy by ¥)

P i .

L Lrdih e
WA= 4 = 1) wnd g () = 0% < 2y 4 1. find
I U I U B (Y M)  ((xppxy vy (4 g x)
WD = Avand g (V) = x4 1, fing, i ;
B (fogX x) o) (fof)( x (v)  (gogi (x)
Find (Fo)( X) and (gof)( (x), it .
M =320 andg ()= x4 1
@ f) =2 and g (x) = 2
@ f(x)=3x undg(x)ﬁvs-r
W O =x* = land g (x) = vx ~ |
IE7(x) = x* and g (¥) = 2x + 1, find the value of x if:
M (For) x) = (gof)( (x) ) fx) = p(x) () (gofx)=9 =
 Find the inverse of the following functions, '
M A =2x -1 M) ge=="  wherex # 3
@i AN =VX+E wherex = =5  (Iv) g(x)=(x~3)?, where x 3
Iff(x)= ;-_3_-; and g (x) = x + -:-. find the value of f~*(1) and ! (-';)
Graphs of Some Algebraie Funetions
Polynomial Functions

A function f: R =+ R defined as f(x) = ag + a,x + a;x? + agx® 4 oo +Apy X" 4 anx®,

where

non-negative integer is called a polynomial function,
Forexample, f(x)=2x" = x* + x is a polynomial function of degree 3 having leading
coeflicient 2, |

R L RO ————

U]
A
form:

A, @y, @2, Ay, ..y Ay, Ay are all real numbers and n (called the degree of polynomial) is a

:
1
1
|

AN L& s

® The highest exponent of the variable involved in a polynomial is called its degree.
* The coefficient of highest degree term in a polynomial is called the leading coefficient,

Zero Polynomial Function
ial function of no degree is called a zero polynomial function, This function is of the

B
e ety L
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’aﬁv‘s“".’ R,

b - -
| 3 i PR SR ",m
. . R e B i A @ & Ay ‘.l‘;" '”W'MV“}MQ{’N
By~ b it tone Tt e on the 140 jends infinite! .
ae ym
W sapeaae o e vaive o+ T e ——" Mh

L CESEE
" v b, o plane sie You Kaow?
.“_:.....i.mmmw A PT———
’ ,.,ummm.
one point. If it intersects ty
Mumh.m‘
MMM"“%NQ.
* ”d‘m" 1"
n- . called vertical line test
* y
i  Conssam Punction 2‘(» |
& mormomm funcuor of degree 2670 1 — -
salesc & conswaw fumcpon. P -
Ths Gmcuor = of e form
y=fz)=a=ax. — " - m—
wipsr & & SPy EOp-2erD oopstanl
?tmt—yzl.)‘::;‘-m RPN S
©
‘?’xg'_tuf)'=ic“hﬁ:gjﬂgmb)kamaighﬂinepanlldwx-axu.
(i Limesr F unchos
5. P VDD wdﬁyxmkaﬂdammmmudmfm
o iz =ex+h vheeabeRmia % 0. For example, y=2x +3,y = 2x ¢tc.
fg',_zmu-qmm.ignum.mmmmofummw
&:MM;‘MMMWMRBWMwﬁMx-MN
,.“i'ﬂmpm. A lm"
Tew;““y-()h s /
},:_n:*-dbdninym ) LR
MJ“‘&“
M”!'°«0'21+3

e %- ~15
g, the pomt wiere the graph intersects x-axs
‘1"1—510).

MP‘:-Q’-;

S
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e AT
"t_wwr-'“"“ .

e poiSt where the graph intersects y-axis is (0,9),

prom the graph, it is clear that this line doey goy '
' ' S not pass thre nates
of any point on the graph just by taking its distance from :uh:h .;'::l‘“ We can find the coordi

An identity function can be represented as:

y = f(x) = X, means it has the same value ag
the input-

For example, (@) =2, f(~3)= -3 et

1t is a linear function and its graph is a

graight line bisecting first and third qudrants

Ty & o + -
e e s

) Absolute Valued Function ’

The sbsolute value of a real number is its distance from 0 on the number line.

Ix] x|
x x<0 o x>0 x

—>

For example, the absolute value of 5 written as |5| = 5 and of —5 written as |=5| = 5.

Sl srnbianst st
-5 0 5

< o

The ebsolute value of a real number x denoted by |x| is defined as:
_J] x,x=20 |
'xl-{—x,x<0

The function defined by f(x) = x|, is called the
shsolute valued function or the modulus function.

1

Its graph is V-shaped with vertex at origin.

It bisects first quadrant for x > 0 and bisects

second quadrant for x < 0. ) 2

Its domain is set of all real numbers but range is 1 £
4 <—a < B 1 3 i‘)

set of non-negative real numbers. - |

- ) - ~4 . " v - ’
Absolute valued functions are widely used in many real life problems
displacement, magnitude and to calculate energy waveete.

The profit (in rupees) of a company is given by the function P(x) = |2x = 100, where x is the

number of units sold. If 120 units are sold, what is the profit?

“

including distas

(&) CamScanner
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Sojgriam
Profie fancion, Mx) = (2x -~ 100]
Sebstituting ¥ = 120, FUI20) = (2 x 120 ~ 100] = 140
Thus, the company makes 3 profit of | 40 rupees.
Evample:
\ wave 5 energy ‘M.Eﬁagsﬂhgh«u.a _.mu_a \k:.q
m wdians. &ulvalnlunr:wa..trlaaxt-‘o-ns«n«.
Satution:
Fimt comver phase angle %o radians a8 uadet:
- ol Iﬂig
Phase angie ~ 30 Kmﬂu% s
gguumitgg
i _3
m_mu-m‘.ﬂa@TTx& z

T
Hence e wave's energy s 7 EuG. ot
= ny. where n is an Integer.
i) QII&'-I&.I\"I« %, v

Poines Ts Poader’
| Fom fe gaph w2 sheerss that
e Al Sese imes pasaes Tuwongh orgn
. »  Forpeaitive sallse of 1, the e passes through first and third quadrant.
s For segative salne 3¢ 1 he e passes frsugh swcond and fourth
et

e

Jemelarty v can deeteh Be meww graphs or fraetonal values of £ at drawn hers

where z is the LA LLL T
'u
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g, Sketehing and ___:.___:..,:_.x (

Tl e .
gttt Faphs of Some Non-Linear Funetions

0 Quadratic Function

“.%eoaw-_ function of degree two is called 4 quadratic functi
winau:w:o ya,bceRanda # 0,

for example, Y = ¥ =2x =3, y=~4x" 4] are quadratic functions,

on. This function is of the form,

egrph of 8 quadratic function is a U-shaped curve called parabola that opens either upward (if

Opens Upward Opens Downward
£ Vertex (where y attains maximum value)
\Iv
= < >
w
Vertex v

(where y attains minimum value)

The vertical line passing through the vertex of parabola is called ‘axis of symmetry” as the graph
is symmetrical about y-axis.
Inorder to sketch the graph of such quadratic functions, follow the following steps.
Step-1: Identify the shape of the graph whether it opens upward or downward.
Step-2: Find x-intercept and y-intercept.
Step-3: Find the vertex of the parabola.
For finding vertex of the parabola, we proceed as follows:

y=ax*+bx+c |

take coefficient of
=a(x?+ mav +c (Isolate the constant term and

x? as common from first two terms)

C B Ll i GliapREEGRE
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N 'L b\ " subtract
a4 mn 4 AML Am._u» )+ «)&5&.!& hy t?!_s |
aian—icn.N -\wﬂsg? %

!

1 2
ﬂgﬁb‘ 0 e - pW._.V 06 &.
7 ‘i g
a ia ‘ ﬁ!i&.gqg
2.2 i%-‘ 4
...a?.+|-.v~....ﬁ‘a n“%‘.&a-: . uaa_lveh.’i
la 4a ¥ : L g
he zero. Similarly Y-CO0 gy,
2 | (0, b is called y-intercep by
ihﬁk.f..w..v +ﬂ.INM ....... » (1) %W%@ngi
- - |N...\|||1 ———
Comparing (1) with (i) Gn.ﬁ-:iﬂ of the curvey
y=a(x-h)*+k -7 i
We have,
2
h=22and k=c—— _apola with ventex at (b k) 1,
So %Qﬂv_u.oomzsgn wn.nh~+ux+n=u cal about the line x =, .
is t turni i Qu. g?%wﬂiﬂ%»ﬁ -intercepts and some
is the ng point of the 2 its verteX , X° y U,
To sketch the graph of parabola, we &7
get a smooth curve.
Example:
Sketch the graph of y = x> — 2% =3
Solution: g _
%“HnlNN\u --..n...—'.MH.*“Qvﬂ.ngoh“H.U“.INnumhl 3
Comparing (i) with y = % : d.
Here, a = 1 > 0, 50 the curve will 2P0 .

4 y
-4), A
: 4

i
i
'
¥
f
'

O=x*-3x+x-3 }
- +ix-2 T
0=(x~3)(x+1)
This implies, eitherx~3=0 orx+1=10
srxr=3 orx=~1
S0, the graph will intersect x-axis at (3, 0) and
(~1.0)- The parsbola is symmetrical about the
vertical lse 1 = 1 through the tuming point (1, - 4)
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o

[

c

]

O

(9p)

£

— . 8

. )

Cubic Function g

From bottom left to top right

R _qoasoa_u_ function of degree three s called a ‘ y
obic function. This function is of the form; | !

:xvnpxw+ux~+na+n a,b,c,deRand g # (. 24 .\
We will discuss here the graph of the functions y = g3, = it/
To sketch the graph of y = x *(When @ = 1), we need the o~ T < S
hapes X and y intercepts and turning point, . u\u "

Here leading coefficient is 1 which is positive which shows
(hat the graph will concave up in the first quadrant and

concave down in the third quadrant. For each point (x, y) oy s pr

on the graph, the point (=, =) is also on the graph. At x = 0, y =0, so this graph intersects both
the axis at origin and is symmetric about origin as shown in the figure. Also origin is the turning
point of this graph. The domain and range of this function is the set of all real numbers.

(i

e

From top left to bottom right

Example: . |
Sketch the graph of y = —2x3. |
Solution: y=-2x3 =------- -+ (i) A

Here, the leading coefficient is —2 (negative), which shows
that the graph will concave up in the second quadrant and
concave down in the fourth quadrant.

€5

|

1

|

o

|

1

|

|

|

|
T e ey

Atx =0,y =0, so the graph passes through origin which g
is the turning point of the graph.For each point (—x,y) on
the graph, the point (x, —) is also on the graph, so this _
graph is symmetric about origin. The domain and range of this function is the set of all 3&
numbers.
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() Square Root Function J—— ?::,..5
The function defined by /(0¥ _where x 2 01 calles \
yemain in st ¢

The graph of this function will
pease M the the

quadiant and increases with me
value of X as shown i {he piven praph
f this funciion s the

The domain and ange ¢
cet of non-neganme peal numbers.

{iv) Reciproeal Function : .
. e e (%) ®
The reciprocal function is of the form - | |
where x # 0 and k(& constan)# 0 We will discuss here a:i.._» example of reciprocy) %
al function shows how the function s output decreases ag gy

f(x) = +. The graph of reciproe
(rating inverse relationships.
Eulighten Yoursell!
¢ a very small number.

. The reciprocal ofa :
very small pumber is a very Jarge

. The reciprocal of a
. The reciprocal of zer0 is undefined. _

| tane

First we draw the graph of the original

function

y = x whose reciprocal is to be drawn,
traight line passing

;ow_.%__o..w.:aw:
through origin bisecting first and third quadrants.
urve which is undefined

._._KE%_Z::W isac
at x = 0 and is symmetrical about the liney = x.
As we increase the value of x, the value of the
function decreases and vice versa.

This graph never touches coordinate axis,

y -~ o0 as x =+ 0, but it will never touch y-axis and
x ~+ 00 as y -+ 0, but it will never touch x-axis.
The domain of this curve is all real numbers except zero.
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TS + 5D T
e S S——
e s ——

=

o thegraphof f(x)« - has twos b e

i
- EXIR N the Fiyag ayin

o AsX v, J(x) 0 from above
Avx w0 X)) 0 0 from below.
As x v O rom the tght, f(x) -+ o
As X o O from the left, f(x) » ,

B—— i L S

0

e« Thegapholy -

Eanmplet
Sketch the graph of y = ~=-
Solutlont

=1
y-intercept: y = = = =0.5

>mHlS.v~I¢O
As x —+=00,y = ()

Have Vou Notlead? ————

Fguadiants anly

Example:

Saim can jog 4 miles downhill in the same time which he takes to jog 2 miles uphill. He

|

he symbol o
wins List used by
Folin Wallis in
JOAS which

e ans

T s e s o)

W. untenided

-

downhill 3mph faster than he jogs uphill. Find his jogging rate uphill and downhill.

Solutlon:

Let his uphill rate = x

Then, his downhill rate = x + 3
Uphill time =2

x
Downhill time = —
x+3
According to the given condition,
downhill time = uphill time
4 2

ulutl

x+3 x
24x=2(x+3)
24x=2x+624x-2x=6>x=3

Thus, his uphill rate = 3mph and his downhill rate = 3 + 3 = 6mph

i it o e L R R B
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(v}  Exponential Function
The most simple exponential function is of the form |
fix)=a*, wherea > Oandag 2 1,
For example, y = 2* is an exponential function. '
For sketching its graph, we find:

y-intercept: y = | by puting x = 0. . /
Asymptote: Horizontal asymptote, y = 0 (x-axis). |

As x becomes large and negative, the graph of y = 2 . \
becomes closer to x -axis but never quite reaches it. L
We can say that as x approaches —oo, y approaches 0 Y 4 j/»
Similarly, as x becomes itive, y also

7893”._:.% - voa:_m“aom.o %:M.MMM: say that as x %Eouom.& @, y also mvﬁga ..,
simple exponential functions have smooth increasing or decreasing graphs. All €XPoner, w
are similar in shape and have a horizontal asymptote. . B

The exponential functions are used for the quantities which increase o~. decrease €Xponn,
For example, population of animals, people and bacteria usually grow in an €Xponen;;

ﬂm.. W

(vi)  The Function y = x®, where n is +ve or —ve Integer and x > 0

For the graph of the function y = x™, where n is a + ve or — ve integer and x > 0, we tak; &
integral values of n. The graphs forn=-2, -1, 0, 1, 2 are shown in the given graph.

1

Enlighten Yours?
The graph of y = x'(
n is +ve or —ve intege!
x>0):
B Is a horizontal nc¥
n=0.
@ Bisects first quad®
atn=1.
B  Will remain in fi
Quadrant. ..
W Passes through (1"

—
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R 0 T O "
. TR 2]35&2&3{& i

solution of & Lincar ang 4 Quadranie

now that the graph of a linear equation

. _ _:..2;:_
1 -i-io:i‘ssi.ﬂ.t.
.: ?uzicn_sgzioqzszgz.:-zz.s.::.gsx;ilg.

o

ﬂnﬂw.:: and g(0) = ¥* = x + 3 graphically.

S ofvaues o ) =241
A1
s -LL wu q

I “he graph of g(¥) =% = X +3,we compare it withy = ax? + bx + ¢, we have:
" p=-lmde=3.
“_as-unv?mo&ogﬁi__own_%g

o el 208
E?“NQ Nhnv 2 .

Faquation ¢ staphically

— = bt

gtnﬂ!lﬁﬂan—&%%

Heace, solution set = {(1, 3) and (2, 3)}

Jo e e ARV IS SRR e
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Determining the Gradient of Curvis lhm T angenty
The gradient of a curve at a given point is the slope of the tangent line deawn 16 the o, :

point. 1t is obtained by drawing a tangent to the curve at that
which touches the curve onle at one point extemally, The slope of tangent to the oy,
changeIny rise

point. The tangent 1 2 cup,,

‘--.
ling

4 4,

gradient. The slope of the tangent = - ey o
hange | Cotot ™
S0, the gradient of the curve = bl = 2221 Make sare that the angle of
changeinx x:-x fine with the carve below and 45,
the given point must be same. Ty,
:.“‘*’ , gradieat of the carve can alss je
ind the gradient to the curve y = x? drawn below at: found by taking any tvs paints 5 o,
h x=1 (i o (i ~I14. mh-ﬂ *
T——
Selution: The graph of the given curve is drawn here.
(2.3
‘frq,yz)
i
:
4 ;
'
i
!
i
T e A e e el
G, 1)
) -2 SO OX 5] B . o
(i) Forﬁndinggradicnt,wcﬁrstdmwammtomcmewtmmwm“
atx = l.mndrawdghtuiangicbytakingﬂnpoimawlﬁduzl-d On either side
on the tangent line as shown in the graph. 0y other poine

changeiny 3-1

The gradient of the tangent = 222 =

x,-x; changeinx 2-1

=2
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of the curve at ¥ = Tl

P py=0ua horizontal line, %o its slope is zeto. Hence, the gradient of the

A
| W Jrawing & tangent to the curve at v = - 1.4, we have 8 right triangle s
%" m i M By taking the point (=14, 2) and any other point (48 04 on the

¥t
e m"tvhl\f‘
7 edentof the OB 1, A § wrperro—
mndum

042 “16 29 o
~08414 06 » e " ;

/ o Be Noted! ‘

: M&ﬁtﬁtﬂkﬁmmmwofmlmcmlikwm

v i““u ’
!uwﬂﬁﬁ*’ﬁm‘tﬁ"ﬁﬁk the slope of tangent line will be positive
L]
gl Y
w,wmmegi\mcun"en(l 2) A
;,..'.:wcm&awaungmttothccmvmm ¢ »
sl space on either side at (1, 2).Then draw right ‘
-gku&tpoind(l.hmdnnyotherpoimon 2
ngullhtsshownind:e ‘
. gﬂmofd:mw=!‘—?-‘- 4 T
g wa
_ Changelny Vs
change in ¥ . & i -
=t .13 R
25-1
m“pdiﬂofﬂnanwn(l,nlswimtedas 1.33.
Ml&wkdﬂd w twsm(.rm.\
Geaphs and functions are essential t00lS mv-riousaspectsofdaily l_ife.T_hey have wide
aphcatons often unconsciously in solving many real life problems including distance and time,

Here ae some problems involving functions and theif Sraph
Example: A company’s cost function is C(x) = 2¥ * 300.whaexismcnumbaofuni\spmdmd

| wd cost is given in dollars. Graph the cost fm\c:ionmiﬂndtheoonofpmm 150 units.
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R N A e o i a2t

Tem he rhom ww o woencng S0 ames s W0 deilars.
Lo < .mm-mmafzmﬁﬁnh“mmat'm&mm
Fows moosiey w te Gmcnen §t = LD where ¢ 's ame 1 days. Determune the wg,,

ple
f

i

T 4
& 3B >3 &8 &

Number of lnfected people

Zrse Se pme mmSer I Jeame 0 Je miecwed
et =4
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<
s
¥
-
v

« - ‘ !
st e el o the Rilowing funcaves ang idenaty d\ugmpbawhm.h i hincar. i
!' "*‘““‘-‘ m) Yax (w \u‘

e e gropd 20 e Rlowng funons ' ?
& ¥ @ vy @i oy oeyt |
s ¥Y*uX *a (\‘ y o= -

X=X
sk wheihter the curve arsduia) drawn i the followiing faions witl open upwards ;
o dpwawards, \sQ N euineeoep, ¥ umwp(w sReieh e graph of te giver lancisons
a  fo=@-f (1) B R N CR .
W fRI-PDT W O el
i e vaues oF 0 and KOTY = It R 2 R quis vanis and yeanis at (-3, 0) and (O D)
- Seve e Rllowring oquaivins grapcaily.
B Rexe2 0=+ @ RO go=Rt e
W demend nction of & produnt s DEY = 100 -+ Saand supply function i
) = x - 0 MMNMWWWMMMWWM— -
nd e value of ¢ for which e supply will Decvine equal te demand”? o
- Dhe growi of the population of & own s given by the functien, F) = \t\mm}"
i Lis the time 1 vears, Drsw e graph of this flnvion and find the populaton
Fowd over Svews,
' h*“uﬁﬂ*ﬂ‘hh\uwmtwunul
Ml-umw.mmof wwmmmmdum
m&mm I & shipasent bavels 230 milos, what ix
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kS

3 . | Ve
 containing all ordere .
nd B is @ set o & rdereq P

p— ——
P TR e~ WO e —
e Z
o A R
PR TR =l s
a4

] ’ —-a— T RS gt { i
attesian produet of any two non-empty sets A a
. .h maps each eleme

(1, ¥) such that xe A and yeB.
A function { from set A to set B is a relation, rule or mappine - - s
A to a unique element of set B.
e A function f: A-=B will be into if range(f) © A
e A function f : A=B will be onto if range() = ot f A have unique image in
e A function f : A-B will be one-0n¢ if unique elemer™ ca one-one- |
e A function f: A—B will be injective if it is poth int® EH_ d one-one:
o A function f: A—B will be bijective fit b BOC cn.ﬂw%: its elements:
. ..Al - -a . * GG 0 i i
Every bijective function has one-0n¢ ocnn%%%:.uso by substituting 20 PR
e The process of finding the value of dependent vags tion ;
the independent variable is called evaluation of a fun®
e For any two functions f and g:
(- ) =) B

(f+ g)( x) = f(x) + &%), . g(%)
(f x g)( x) = f(x) % g(x), £+ wM %mu%wv »_.am o(x) 18 denoted by (fog)( x) = f(g(x)).

e The composition of any tWo0 fun ¥
= — -1 4 €. . -
e Ify=flx)Vx€X,then¥ [y v _ domain of f 1(x).

e The domain of f{x) = range on.\fumkv and ran
e is called a Z€r0 polynomial

e A polynomial function of no degre

A polynomial function of degree zero

e A ﬁo_uBoBmm_ function of degree one is ca

A polynomial function of degree two is called @
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