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FUNCTIONS AND GRAPHS

Recall
function as a rule of comespondence,
domain, co-domain and range of a function,
one to one and onto functions.
Know linear, quadratic and square root functions.
Define inverse functions and demonstrate their domain and range with
examples,
Sketch graphs of
linear functions {e.g. y =ax+ b,
non-linear functions (e.g. y = ).
Sketch the graph of the function y = xi' wherenis
& + ve integer,
a —ve integer (x },
a rational number for x>0,
Sketch graph of quadratic function of the form y =
are inlegers.
Sketch graph using factors.
Predict functions from their graphs (use the factor form to predict the equation
of a function of the type f (x) = ax +hr + ¢, if two points whee the graph
crosses x-axis and third point on the curve, are given). 4

Find the intersecting point graphically when intersection occurs between
a linear function and coordinate axes,
two linear functions,
a linear and a quadratic function.

Solve, Eraph];:']"}r apprupn,ﬂ.tﬂ PFDbltl‘l‘bS from daily life.

af+br+c.af#0),b,c




of peirol in the it
; r is the fun )
o4 in Kkilometers 1 \emperature of air

by y (say) is associated in &

variable , then 3 is said
To be more specific,
xin such a way that @
exactly one and only @
function of X'«

Symbolically, we write
Which readsas"yisa fun

called the dependent variable.

811 Function as a rule or correspondence
In this section, we give formal definition of a function.
A function from a set X to a set ¥ is a rule or correspondence that assigns to &t
element x in X a-unique element y in ¥, Symbolically, W it as f: XY
read as “f is a finction from X to Y”.

The elements of X are called pre-images
of Y are called the images, If ye ¥is an imag[:: of re X under the

write it as y = f(x). Equivalently, we say that y is the va

see (Figure 8.1).
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ction of nu
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L1 is @ symbol that

ly v is equal to f of x" In equation (1)
ble (or argument) whereas y i

e write

and the corresponding glemenls
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jue of the function
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plustration: The following
temperature,

Figure (8.1)
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is a functi { .
ncton, which relates the time of day to the

Time of day (P
y (P.M.) Temperature (in °C)

Figure (8.2)

Examplel: LetX={a,b,c}and
- g ¥={1,2,3}.State whethe
the following figures are functions from X i:lr"Wh SRS S S N0

Solution:

(1 The figure (a) does not d i
efine a fu
El'zu}z set ‘:; has not been assigned any aiemt:tc:: ; LA
he figure (k) does not define a functi ;
functi
J; has been assigned two elements of Y. e My
g{ ]li N bThc ﬁg?re ic) dnn_s define a function, because every element of
5 Eludt: been asmgne._d a unique element of Y. It may be noted that
;: inition of If‘uucuon does not require that each clement of Y
should be an image of some element of X.

Example 2: Evaluating a function

Let g(x)=—x"+dx+l.

Find each function value. .g(2) b.g(¢) c-8(x+ 2)
Solution:

a. Replaci S
Replacing x with 2 in g (x) =

_¢* +dx+1 yields the following.

g(2)=-(2)" +4(2)+1=—4 +§ +1=5
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b. Replacing x with ¢ yiclds the following.
ithotigh fis often useq |

8()=—(0) +4(1) 1=+ 41
: iith x +2 yields the following. convenient function name g4
o mz : 4{; 2)+1 s often used as the L
g {I+2J’—‘- _LIH' } + r':ndcpqnﬂﬂnlv&dﬂble. other |
==-{xz+4r+-1]|+4x-tﬂ+] lilﬁﬁﬂﬁifan'aimheum‘ Fot

example, f(x) =x’~Tx 413, |
F@O=2-Te+12,and |
=S 8ls) =5"=Ts +12 all define

| the same function,

==z —dx—4+4x+8+1

§.1.2 Domain and Range of a Function . :
Let f:X — Ybea function from a set X to a set Y. Then st Xis called domain gpg
the set ¥ is called codomain of the function f. The set of all those elements of y
which f is assuming is called range of the function 1.

If the domain is not specified,then it is assumed to be the set of all real numbers,
If f is a function of X into ¥, the range is a subset of ¥ but need not be all of ¥. This

has been shown in (Figure 8.4).
{ Did You Know ! : )

! Funetion Notation |

13= F(2).f is the name of the
function.

| yis the dependent vaviable

! xistheindependent VEiriuT}iL‘.Ij

tyis the valwe of the function atx

Domain Fipure (8.4) Range = codomain
8.1.3 One-to-one and onto Function

(a) A function f:X —Yis said o be one-to-one (or injective) if distinct
elemeni of X have distinct images in Y i.e. if 1; and x, are distinct elements of X,
then f(x)# f(x,)in Y. Bquivalently, if f(x)= f(x,). then x = x.

Sometimes we write 1-1 function for one -to-one function. T

‘ i) A funetion f: X - ¥ is said to be onto (or surjective) if each element
of Y is the image of some element in X j ¢, the range of f is the whole set Y.
Not For Sale
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A function F which is both one — to — one and onto is called bijccli\r‘c function.
Consider the furictions f and g as shown in [ Figure (8.5) (i) and (ii)).

= ii
Figure (8.5) (1)
Figure (i) represents a function f which is one ~to — one but not onto (why?)
Figure (ii) represents a function g which is onto but not one-to-one (why?)
Example 3: - Show that the function f: IR— IR defined by f(x)=3-5x is both
one-to-one and onto i.e. bijective.
Solution: For any two elements x, and x,of X, we have
flx)=3-5x and f(x,)=3-5x,
If fix)=f(x,).then3=5x =3-5x, = x, =x,.
Thus f is one-to-one.
Now the range of f{x) =3-5x15 the whole set [R so it i5 onto.
Hence fis both one-to-one and onto i.e bijective.
Example 4:  Show that the function g : IR— R defined by g{x)=2x"+1is
neither one-to-one nor onto,
Solution:  The function g(x) =2x" +1is not one-to-one, because
2(=2)=2(=2)* +1=9=2(2)* +1=g(2), that is — 2 and 2 both have the same
image 9, '
Now the range of £ (x) = 22" +1is the set of real numbers greater than or equal to
I, that is, Range g=[1,==) # IR, so g is not onto function. Thus g is neither
one-1o-one nor onto.
8.14 Linear, Quadratic and Squuare Root Functions
We begin with the definition of:
(a) Linear Functions

A function fis a linear function if it can be written as fix) = mx + b,

Where m and b are constants.

Mathematics-X1.~ 235
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(If m =0, the function is a constant function f(¥) = b, if m =1 and b=0, the
3 function is the identity function fix)=2

: For example,

flx)=x+lg ;

The domain of a linear function i

(b} Quadratic Functions

A quadratic function f 52

flx)=ax’ +bx+c, @ # 0, where a,

For example, f(x) =35 +4x+],an
The domain of quadratic function i< the set of all real numbers.

=3x-8 are linear functions.

(x) ==3z+4hix)
£ all real numbers.

5 the s610

function that can be written in the form

b and ¢ are real numbers.
d glx)= 55! — x—7 are quadratic functions.

{c) Syuare Roal Function

A function of the form f(z) =
The domain of square root function is
82  Inverse Function
Let f:X =¥ beaone-
to-one and onto function.
"Then for each element in
the domain of f, there s a
unique element in the
range of f and for each
element in the range of f,
there is a unique element
in the domain of £, In this case the comespondence f™':¥ — X 18 also a function,
which is called an inverse function of £ Thus the inverse function [ Pof fis

where x20, is called a square root function.
the set of all non-negative real numbers.

OO |

Figure (8.6)

defined by
x=F(y), Yye Yifand onlyif y=f{x), 7>
Damain of / Rememhe
r

_. i;@;}_-_ﬂm every function has an |
inverse - -
:m.,(ii}.-ﬁ:fun{':'l:ib_n has an inverse |
ifand only if it is 1-1 and o810

; I ;
Range of /* ®) Domain of '

! Figure (8.7)

It is evident that (f™'y"=j. Thus f
: : and [~ are inver:
The above figure illustrates the concept of inverse f::::: : of eachoter.

h-iﬁi]tmnzstiu_it’iﬂl:- ¥ 236
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pomain and Range of Inverse Functions

s.21
It is clear from the definition of inverse function

£~ that domain ™' = range f and range f' = domain f
je5: If 7:x = ¥isgivenby

Examp
. S
! . ..--"'"'-r--___-“-""“ }"
Figure (8.8)
Find 7.
Solution: Since f is both one-to-one and onto, so it's inverse exists, shown

in the (Figure §.9). We note that “'is also bijective,

Algebraic method for finding the inverse of a function

If the function [ is given by a simple t'ﬂmulm-mcn the inverse function f~' can
be found by an algebraic method which involves the following steps

Step-1 Write v = f{x) 1

ﬁTEIHl Solve the equation in step-1 for x in terms of .

Step-III In the resulting equation in step-II, replace x by f7( }}

zl?ll'-"l:lrr .Rf:plam each yin t_]u_* result of step-1IL by X to get £7(z)

Step-V Check the answer by verifying that f~'(f(x) )=x
Example 6: Let f = JR—/R be the function, i
defined by “f (x) = 2x - 1, find f£~'¢x), |

Solution: We have flx)=2x-1
Step-1

y=fix)=2c -l
y=x

: Write flx)=2x-1=Y
Step-Il  Then Ix=1=y
= 2x=y+1= x= 3'2—“
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Step-111. Replace X by #~'(y)so that

y+l
B RO il
;7 2

nd SR, replace ¥ by x we have

Step-TV. To fi

SPPL. b
==

afigu=De=g = 5

Ix-1+1 2x

EXERCISES.Io

1 f{x}=12+x-'l‘
If f(x)=5,then find the values of x

fiy Find the images -2,0,2,5 o R
. I+h)=JLx
Find = =

(iify Find f(x+1)
_2¥_ pix)=425-x7  k(x)=x"+1, then
- __4

3 I f(x)=Tx-2.8(x)= 2
1 .. flx)= 2
d!.'-lﬂl‘miﬂc f{ﬁjpg{rijrh{4}1ktﬁ] _'."__1'

% Find all real values of x such that f(x)=0.
Wl flx)y=15x=3
iy fim=2'-x

4 Find the domain and range of the function fi{x).

i f)=52+2x-1 f{.r}='~|'l_!:= _16

Find the inverse function of the following functions

Sf(x)=x"=Bx+15
fix) =3 —x=5x+5

o : =
U fla)=2x-3 f{-ﬂ=L1f'5 _."h':lﬁ'——z 5.‘{ (iv) fix)y=4+v2
Hffxl=f—2.ﬁnd .f'!{c":' Jr-t{g}

_x=4
X =5=3
S Domain and range of i

i Domain and range of f.

Linit 5 ] Frinctiom amid (raph

g3  Graphical Representation of Functions

This section is devoted i i
raphef a function is a piuturilzi T:piﬂf:::;?;.g?fﬁiﬁmﬂm i.’y grn[.:nh. The
gy e rar: on that is obtained by
Let fbe a function defined by y = f(x), The set of all points (x. y)such that
xis in the domain of f is called the graph of f and we say that the .ri L i
on the graph of £.To be more specific, if G denotes the graph of § ]::;L et
G = {i=.¥1: ¥ = f1x) where zis in the domain of 7}, |
Equivalently, the graph of f is the graph of the equation y = f(x)
The graph of a function may be obtained by constructing a table of co ondin
values xof f. Each of these points may be ploned by placing a dot almpd:nf
location in the xy—plane. Then joining them together by means of a smooth curve
gives the required graph of the function.

8.3.1(a) Graphs of Linear Functions
We skeich the graph of linear functions of the form y = er+b where o be IR anda2 0.

Exampie 7: Sketch the graph of the function ¥

L
fixym2e+l, xe{0,1,2,3.4) g-I- (49
- a 1
Solution: For graph of this function, we assign 11‘ am
vilues (o X from its domain and find the i 25)
corresponding values of y in the range of f A7 A
a8 shown in the table: ; 334567 i
y= flx)=2x+1 E
;:. QENPEN - Figure 8.11
gl 1 =S 5 W g
_F]_““iﬂs the points (x,v) in Canesian plane and { Nole
Joining them with curve, we get graph of the given
flfrl.utiurl. a5 shown in the (Figure 8,11}, It s clear from the abnl by
Example 8:  Draw the graph of the funetion figure, tht the & cifa
linear function is a straight

Y=flxjl=2x+1,xe IR, i

Soluti i function | o

aolntion:  The domain of the function is the set

of all real numbers IR. For the graph of y= f{x)=2x+1, We 255ign some )

xfrom its domain and find corresponding values y in the range of f as shown in
the table:

Mathematics-X1 239
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The graph of the function 15
‘As x can be any real numbe
both the directions representing all the
in the line. The domain and range of linear

are the set of all real numbers.

Non-li tions
(b Graph of Non-lineat func
: 1n this section, We will sketch the graph of

non-linear functions, that is functions aof the form
flay=2*Flx)= ' and 50 00 . | 4-}.40\
Example 9: Sketch the graph of the function
y=f=x e {,-'ul‘]
Solution: In the following table some of the \ 1/
corresponding values of x and y are given

y=flm=x". .,
- : B

The graph of the function fixl=

is called a squaring function. The graph of squaring

Its domain is the set of all real aumbers and its range is the set

real numbers. -

SI-H;x;'n in figure {?;I ?j.
ine is i e in il
r, the line 1% infim crpesparilis

real numbers i1

function e
§3-5

e b e
=
=

| Figure 8.13

function is called a parabola,
of non-negative

2 is shown in figure(8.13 | The function f(x)=+

Example 10: Let f(x)=x". Sketch the graph of f, ¥

galution: We construct a table of values for
f(x)= x* as follows: 2 ek
y=% H
27 [ | 27| ' “1.2:::
Plotting the corresponding  points  and Ii-;.r-il;?(" i ik =
|

jniniﬂf,! them by a smooth .corve, we
ahtain the graph of the function in figure i |
(8.14). The function f{x) = x'is called a ; !
cubing funetion. bl
The domain and range of the cubing function

are the set of al
Fxample 11: Sketch the graph of the function f {x) :j;a S
Solution: The given function fis a square root funeti , :
some values of y corresponding to :g‘tues of x. e 'Iim R
y=fl)=x t

xRl g
EEEF 0 e 2

The graph the function is shown in
figure 8.15. //
|

83.2 Graph of the function of the form v=x"
: Snmmmes we group together different
funct!o_ns and write them in a single form while
uhser_wng the definition and properties of the
::ncuf}ns. For example, consider the power
nction y = x™ where m is any constant.
Mow, if

(1)  m=n ie.a positive integer, we have another function of the form y ="

Figure 8.14

Figure 8.15

(b) m=-n i.€. a negative integer, we have another function of the form

T T |
y=x" =_ul_-r;[r
X

: L ) .
© m=— ie. arational number, we have yet another function of the form

Mot For Sale .
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We see that all these functions are represented by @ single function of the fory,
" 1

y=x : . ) -

where n is any constant. The single function in (1) representing different funeyg,,

is called a family of function.

In this section, we will sketch

power function can also have fraction

the graph of the family of functions ¥ = x"_ The
a1 and irrational exponents. However, i,
beyond the scope of this book.

discussion of such power functions 15 !
(a) Graphof y= +* where n is a posiive integer t .
o is the set of real numbers. | 7
|

Clearly the domain of y=
jp =1, we have y=x. The following 4

{1) When
tion y= flx)=x

table gives the values of the func

o s Figure 8.16

The graph is shown in figure (8.16) w"h?:h is y
a siraight line passing throu gh the origin. e y= -

A/ |O8
3/ |

{=2x2

-3-3 :|/I

(2) Whenn =2, we have y= £*. The graph of
the squaring function y = x* was sketched
in =xamp!r. 9 which 15 IEPI:‘DdLIL‘Ed in R L L "

o (@, 00}

A=Al 4 LAY

figure (8.17). The graph of ¥ =x Figure 817 - -

is a parabola. y
y=x
(3) When n=3, we have y= which is called (2.8)
cubing function. The following table gives
some values of the cubing function y=x’.
) -1 8 . Figure 8.18
The graph of the function is shown in figure (8.18) e v
(4) When n=4, we have y=x', } gt
The following table gives some values of the function "™ e

{10y 5y
T LelyEam

y=x'
- ko |

The graph is shown in figure (8.19)

Unit 8 | Functions and Gripilis

(5) When =5, we have v=y* The following table r
gives some values of the function =+ _
=
1 Ky
The graph of the function is shown in figure (8.20) 'ull'n i -
pemember that ; €
(1) When the values of nare even, the function wind ‘ Figure (8.20)

fixy=x" are even functions and the graphs of the function f(x)=x"are
symmetric about the y —axis, In this case, all the graphs have the same
general shape as the parabola y= x*

{ii) When the values of nare odd, the functions £¢x) = " are odd functions
and the graphs of the function f(x) = +" are symmetric about the origin.

[n this case, all the graphs have the same general shape as ¥ = ' for
odd n greater than 1,

{iii} Fiy increasing n the graphs in both cases become flatter over the
1nte_rvu1 _i. < x <l and steeper over the interval x> and 5<-1as shown
in figure(8.21) and figure (8.22).

(b) Graph of y = x"where n is a negative integer

Fae domain of the function 3.~=—’7 is the set of all real numbers except x #0.
X

(1) when n=~1wehave y = 1 gome of the values of the function are’
%

given in the following table.
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R

Figure 5.2

The graph of the function is shown in figure (8.23)
o following tablésome of the v
(2) ., When u:—‘;,wchﬂ'-"ﬂy—l-]—.lnlhe o g the values
of the function are given. )
: 4
2 |
7 2 N |
4
> 1

: | Frgure 8,24
Figure (8.24) represents graph of the function.
(3)  When n=-3, we have :r=—17~ The following tables gives some values
X

of the function.

Linit 2 ] Functions and Graphs

(4)  When n=-4, we have = % . The following

table gives some values of the function
] ;

Figure 8.26

The graph of the function is shown in figure (8.26)
Remember that

(i) When the values of n are even, the functions Jr(x}=_t. are even, and
. 3 x. )

their graphs are symunetric about y—axis. In this case, all the graphs

‘have the same general shape as 3«=L

(i) When the values of n are odd, the fuﬁcticn,s ftx)=— are odd, and
" :

their graphs are symmetric about the orgin. In 'Lhislcasc, all the graphs
- have the same general shape as y = L
X
(ii) By increasing n, the graphs in both cases become steeper over the

intervals ~1<x<0and 0< <1, and flatter over the intervals x>1and
x<-1as shown in figure (8.27) and figure (8.28) respectively,

» %

I- I—I:l"' = daiiym J,_
'3‘T"J" x dati- L
2= s g=r= L

':-l.'h.-"'-"l -;"|I.‘.:| 41 ht'l:'
e —-|l-'—--_1_-__-», X R — b
i I TS T I O T -'--‘I-tq'-'111|

=14 =111

1 e

al i

o]

Figure 8.27 Figure B.28

(€} Graphof y =2"(x >0) when n is 2 Rational Number

Generally the domain of the function x = is the set of all real numbers.

Mathematies-X11T 245
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I
sider y=x"with x>0.

ill con . =
However, at present we Wil which is the identity function. [y j ,

(1) When n=1we have y= flx}=#% 5 ;
special linear function. Its domain and range are the set o all r Lﬂl MUMber,

Some of the values of the function are _____ Iy =

" in general. = 2
given in the following table. S
y=¥

. Figure Egg.
The graph of the function is shown in figure (8.29) which is a straight line.

(2)  Whenn=2, we obtain y= x' =+xthat is , the square root function, The

following table gives the values of the function y = Jx

[ .

The graph of the function is shown in figure(8.30) Figuve 430

(3) When n=3, we have y::} =4x. Some of the values of the function are

ENRARNNN

given in the following table,

y=4s -

The graph of the function is shown in figure(8.3 1), - F"u_u_:u;t' 8.3]

«(4)  When x=4, we have y=,' =4{x.The values ofthe function are given
in the following table

L|:|]it H | Functions ind “F’Itpll\

The graph is given in figure(8.32),
Remember that =

” of n are even, the graphs of the function y=x" have
the same general shape as the square root function y = |z

the functions y=x" have

(1) When the values

{11} When the values of nare odd, the graphs of

the same general shapes as y=x =37,

(iii}y  The graph of y=x" extends over the entire ;_
is defined for all real values of »
has a cube root,

axis , because f(x)=x’
The reason is that every real number
i
(ivi  The graphof y=x' only extends over the Non-negative x—aris . The
reason 15 that negative numbers have imaginary roots.

Figure 8,33 2

whin g .l_:-lﬂ it

!3-3-3. The Graph of Quadratic Functions
n thig Section we want to look at the graph of a quadratic function, The most
_ﬁneml form 9[ a quadratic function is, fl)=a+bx+c

© graphs of quadratic functions are called parabolas.

Here are some examples of parabolas
Not For Sale
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is called
The lowest or highest point of 8 P2 bola 15 CI? t;e
its vertex. The vertical line pussmgur d-:;:&ﬂ o
vertex of a parabola is called the axis

-ofly axis of the parabola-
?: rililét“:eh{;zﬂjy}. the dashed line passing mmui;gz; :hii )
lowest or highest point i.e. verteX of the parabola 18 7

the axis of symmetry. ! i
General Quadratic Func .
The Graph of 2 ra h?an o trary quadratic

Let f(x)=axr +bxte.d 20
omplete
son. In order to sketch graph, we ¢
et as follows:

the square in f(x)= ax® +bx+e
f (x) = axs +hete

=(ax’ +bx)+¢

P ara

(Separating )

=a(x’ +£ x)+e {Taking & as common)
i1

v

b bz hi e
= af vt 4= +—=)+C=tl—, ing and subiracting the square
= +dx+4ﬂ'1}+c a{-ﬁa‘j {A:ldnarl'mmem-erﬁcbanml zl.

s B oo
-a(.t+-2—d~]| +(e 40}

2 3 )
f{-t]=d[1+-2%] +(c-%],mt[l (1)  Tosimplify (1), we let

-

s and k= c—b— (2)  Then (1) becomes
2a d4a

flx)=a(x-h)’+k J 3)

The graph of f is a Parabola with vertex at the point (4 k)

*he parabola opens upward if a>0 and downwards if a<0

he axis is the vertical line x = h. With the help of formula (3), we can draw @
:asonably accurate graph of the quadratic function in x by plotting the verlex
1d at least two points in each side of it.

Mathematics-%

Figure 835
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Example 12: Sketch the gra '
functions f and g defined E_-,r D o€ the guadaic
(a) fin=x" (b) pixy=—s"

Solution:(a) The graph of the quadratic function
fin=x" with a=1, b=0, ¢=0was sketched in
Example 9 and is reproduced in figure (8.36), = =X
The veriex of the graph is the lowest point (0,00, | Figure 8.36
(b)  Inthe following table some of the values of x and corre sponding Ealuts-uf
=% with a=1, b =0, ¢ =0are given:

y=glx)=-x , ¥
.
i - X
The graph of the function is shown in figure (8.37) i ': s et
The graph of f{x)=x" opens upward and the s
graph of y=g(x)=-x" opens downward. 2.4+ ] L[2-4)
In general if, £(x)=ax’,a#0, then the graph of f(g : F.igure 8.37
opens upward if o >0and opens downward ifa <0 A
Example 13: Sketch the graph of the function :
fix) =" =2x+1 ek pmn
Solution: We construet a table of values of the I' a -'I
function as follows: y=x"=2x4] vany U I fun
8 ,
FLaged = R
—I_—t—_i—_b-'?l?-'fi{-géi'-'—l_—qr— —> %
I Fopue 838

The graph of lhf: function is shown in figure (8.38) with vertex at (1,0}
Example 14:Without graphing, find the vertex and axis of the graph of the function

Jx)==2"+4x-5, Also determine whether the graph opens upward or downward.
Solution: Here a=-1, b=4, ¢=-5.

< vertex of the graph of f=(h.4) ={—i, 1-_"’_‘;
20 da
a |.-_4_._.ﬁ_i|u|_" ]
J=1) Ji=1
Axis = 3= _b_ 5
2a
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Example 15: Sketch the graph of the function [

Splution: ~ Here a= 1, b=-2, €= -2, . = 2 -
vertex of the graph of f=i-5‘;" lf'MJ':'["E{]_}"' T ) 1 =0l ~3
] -.-
Axis =x= -_‘2-.;:_=l [
Since a=1> 0,0 the graph opens upward. !
The two additional values on each side of the \ |I |
vertex are given in following table. : —_— "'*.,'*":‘;" — ,"I' -
y=x-2x-1 II".T J
Ea - B 1,
X Il__T..ti.:-i -2 =20 I-uul
The graph of the fun::tun is given in figure ( 8.39). Figure 8.39
EXERCISE8

|, Sketch the graph of the given function
(i) flx)=2x+3 (it} fx)=4x-3
Sketch the graphs of the following functions
(i f.(.t'}l=zj+1 (it) _.f'f.r]-———.r}+l

2 Without graphing, find the vertex, all intercepts if any and axis of the |
graph of the following functian. Also determine whether the graphs open

‘upward or downward.
(AR ¢} =%z‘ (i)  flx=-2x"+8

=

(1) flxy=x"+2x+1

(i)  flx)=—2+65-5 (iv) fl)=x"+2x-3
4, Match the quadratic function with its graph. [The graphs are labeled (a),

(b),(c), (d), (&), and (£).]

L f@ =G-2 i [ =Geed i f@)=X2

v, f {xl (x4l =2 V. f(x) =4—-(x=2¢ vi. f(x) =—(x=4
6T 6 y

[ o B B

:E ! 4.0 .'I. 4 :
'!' 2 "I!: . .{,'I -
%-TN—HI L M L P

3 R g o
(1,2 wi '}ﬂ:é?\zl/i 5 -+ E Iadﬂ i

{h}

Mathematies-s1y -
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8.34 Using Factors to Sketch Graphs

In the above section we sketched the graphs of quadratic functions by

plotting many points. In this section too, v :
- ] 3 W
functions but using their factors. e will sketch the graphs of quadratic

We know from our previous cl
: ass knowledge th : ;
written as a product of factors. For cxamﬂ!f w;::taici:;cll:atm b

X34 2=(x+1) (x+2)
w.]br!-rl;‘ {(x+1) and (x+2) are the factors of the quadratic expression x° +3x+2
Similarly, some quadratic functions of the form f{x)=ax’ +br+¢ E—ﬂ b mx+ he
can

factored and their graphs can be drawn by using the factors. This method of usi
: using

factors 1o sketch the graph of quadreati s .
examples. ph of quadratic function 1s explained through the following

Example 16: Sketch the graph of the function f(x)= 2" +2x-3

Solution: Wehave f(x)=2x"+2 -3={x+3]|{:l.'l--1]ln |

To find the points which lie on the graph of the functionf {I-]

we put {.x +3}(x—1)=0. The equation is satisfied if x =3 :.-llr+ x=1

Now f(=3)=0 and f(1)=0, Thus the points lying on the graph ;:f Fix) are
fl—3,!T.I and (1,0) that is, the graph cuts the x—axis at (=3,0) ;nd (Lo ‘

To find the point where the graph cuts the y— axis we o

put x=0in the function so that f((0)=-3, Therefore -
‘_L|.1¢ required points is (0,~3). All that remains to be done i 1 [
‘: 1o obtain fﬁ:‘:\f additional points on the graphs in order \ _: |
0 sketch it, Some of these are given in the table below. I'.I o e
y=(x+3) (x~1) -
x | g III 1 : L

Enie| 2 !
| GRS o
Ih‘;" graph of the function is shown in figure (3.40),
Which opens upward, since a=1>0.

/

\

Figure 3.40

— b Sl
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. )
Example 17: Sketch the graph of the function y
f{x}=-—4x2+12.: : -.4):{):_3} ; }

Solution: We have f(x)=—4x" +12%==

= gaxis, [
To find the points where the gﬂfph cuts |I:r. = [ ;;s" "\
e s e e 17
we put—4x(x Y Y
o a2 |II"+-—|-_._)
x=00or x=3. I|'.. \
« f(0)=0and f(3)=0 [14

he points (0,0) and T \

—axis att | 2z \
Thus the graph cuts x—axis t where the graph '.f' : |

(3,0). Also f(0)=0, so the poin

;'“t;y ;at.:: gfaﬁl?: need sofe additional points, Figure 8.41
o dra ; _
which are given in the table below:

}*5'—4.1' (I'—BJ

The graph of the function is given in figure (8.41) which opens Pttt e

a= =4 <.
Remember

We may draw the graph of any quadratic function f(x) which can be factorized as
y=Fix)=alx ~p)ix-a) by keeping the following points in mind.
| (i)  Note the points (p,0)and (g,0) where the graph of the function culs thr; z::;t:;m
{ii) By takingx=0 in the function f(x),note the point (0, ¥) where the grap
p=axis : .
(iii) 'The sign of the constant a tells whether the graph opens upwards or downwir
{iv) To draw the graph, obtain some additional points on the graph.
tf';r] The shape of graphs of all quadratic functions is a parabola.

8.3.5 Predicting Functions from their Graphs ;
In this section, we are concerned with the use of factor form to predict :hcequaill‘-"“
of a function of the typef(x)=ax’+bx+e, (a=0)if two points where the £rP
cuts the x —axis and third point on the curve are given.

The method employed in doing sois explained through the following exampie:

Unit 8| Eunetions and Graplis 1

Example 18: Find the equation of the
y= .-_u_'! +hx e, |:ﬂ. zﬂl‘}Whi{:h_uum U:'HL", x
passes through the point (1.-6)"

graph of the function of the type
—axis al the point {-2,0yand (200 and also

Solution:  The equation of the curve which passes through x —avis at the points

(p,0) and (4,00 has the form =alx=pi(x -5} (1) ¥

The curve which passes through the points (=2, and 1

2.0y is shown in figure (8.42),

Here p=-2 ¢=2,5% by (1), we have
y=afx+2)(x-2) 2)

The point (1-6) lies on the curve, 5o it must satisfy y B '

equation (2) and 50 —6=u{l+2) (1-2

:>-—ﬁ=—3ﬂ:.u a=32

Therefore equation (2) of the curve becomes Figure .42

y=2(x+2){(x-2ory=2"-&, which is the required equation.
Example 19: Find the equation in the form +* +6x4¢=0 of the parabola which
crosses the x-axisat the point (-5.0and 3.0y

Solution: The form of the parabola is given by

® +brec=0 (n
The general form of the parabola is given by

ax’ +hr4p=0 {2)
Comparing (1) and (2), we have

a=1>0

so the parabola opens upward. The equation of the curve which cuts the x—axis at
the points (p,o)and (4,2)has the form

y=alx—plix—q) (3
but @ =150 (3) becomes
y={x=pix—q) (4)

e

The curve which cuts the x—axis at the points 1
(=3.0)and (3,0)is shown in figure (8.43).

We have p=—5and g =3 Il"'\ Z :
Using (4), we obtain = 4— —r
Y={x+5)ix-3

ory=x'4+2x-15
Which is the required equation.

T o T e

e &




" . Example 21: Find the point of intersection of the functions f(x)=x+

U nit § | Functions ani Graph*

B4 hm:m? 'ngﬁ': s at 1o find the intersecting points graphically when
; pi ﬂ“-s et almm a linear function and coordinate axis, two linear
g:;sl_l.crmn;ﬂ g:;:rrsa?,:]“::adnﬁr function. We will also solve graphically
tions and & -
i daily life.
appropnate problems from T
(a) Point of intersection of @ linear function ynd coordinate axes
& L
If a line | intersects the x-axis at a pomnt (a U{rl ihf} = {
umber a is called the x- infercep! of the line [. I;:: ';n; NG
intersects the y-axis ata point) fﬂ.ib.l' thﬂ[F:ﬂg 0 \
it ee (0 A4).
called the yeinfercept of the line.t. 5 E .
ear function f(x)= ax+b,. 3 S

Since the graph of 3 lin _
a,be IR is a straight line, 50 it will intersect the x-axts al |
the point {a,0),and y-axis it fo,b) thus, the points where
a graph of a linear function intersects the coordinate axes
are the x- infercept and y-intercept of the graph,
Example 20; Find the points of intersection of t
coordinale axes

Solution: By giving some values
corresponding values of y in the

flsper=t - i : |
E?jg 1 5 R 1 /

=N
5 g‘ﬂ )

The graph of the function is shown in (figure 8.45).
The graph intersects x-axis at x=4 and y-axis at sl
y=—4. The answer may be easily verified by finding ff |
the x- intercept and y-intercept of the graph. #
() Point of Intersection of two linear functions

We draw the graph of two linear functions on the sume g
determine where the two graphs of these two linear functions int

at the graph.

| Figure 8.44

he linear function f(x)=x—4 with

to x, we find the L
following table. -

|

AT

Figure 8.43

raph paper and then
ersect by looking

3and

glx)==2x+9.
Solution: For f(x)=x+3, we have the following table of values: y= x+3

..| :‘-— _‘r—.-. 1 i i

functions fix)=2x"-dx+6and p(x)=2r+l

For gx} = —2x + 9, we have the followi

G EOEN R
| 11 [ SER 1 B
The graphs of both functions are s i

find ﬁiﬂl the point of intf:r.-:r.-cli:;cn‘itt{:;:;;n e EA@F e thﬂi"“i’h -
Although this seems 1o be a very simple method of ":'—-“ i
finding the coordinates of the point of intersection B
of two linear functions, it may not always be very |
ncuum!'{i" cases when the coordinates of the point :
are fractional numbers. In that cage, (o find where =
exactly the graphs cross, we must use algebraic 6
rather than graphic method. We can find a value of =
yand value of ¥ that sausty both the equations of =:

lincar functions simultaneously. For this purpose = c
seversl methods are available. For example, we - - Figu ; 34
may use the method of elimination or method ituti i o

o of substi j
already familiar, I
() Polni of interseclion of a linear functi

] Lion of s al ion and a quadratic function

! .Thz. gir.lt_mfl for _ﬁnd_mg the point of intersection of graphs of a linear function

:Im auqu-:hr-m;l: lr'um::ml‘n is the same as that for finding the point of intersection of
wo graphs of linear functions, The method wi lari i
ey will 'hn: clarified by the following

Example 22: Find the point of intersection of the :

A e E R

Solution: The following table gives the values of 5= =
the function v= f(x)=x"—4x+6 i

y=x —dx+6 ==
x [ - = s

18

% B R
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Unit 8] Eancilanssmi ¢5eaphy

| Crpaphs

I niil B ! Functions ame ity Life : =
42 rapin Sl PO 0 D0 Lo o by, ] A e oo of e, w e
‘ljl" i 2 y=
roblems from dai Lo, 2
e m Man}lr s;;. > intosWim 24m dulu.ensuunm :n nh_ru:;;h angd | 2x+ ,;v =60
: Tt takes @ SWIJIu!m Qf waler and the SI}Eﬁ! al wihe & ¢an or y=45—x { 1 }
Example 23 Find the speed of flo¥ : y = 60-2x (2.

4 min to swim back.
gwim in still water.

 swimmer in still Water and y=speed of flow of wajer I
= speed 0
Solution: Let x =5

=x+y and speed upstream = x—Y

ed downsiream =-
Lh:l::frE$ts|1P; time x speed = distance
2{x+y)=24
d(x—yp=24
or i+y=12
x—-y=b ) |
ar y=-x+12 |
y=x+b (2) |

7 the equations of linear fupctiuns and they are
it m&ﬁ;ﬁ?&?iﬁiﬁhﬁm?ﬁa find the point of intersection of their
o HER I e
graphs. ) .

The values of functions (1
following tables: y =1 412

) and (2) are given in the ' ¥

» 2

[ s iR e EC

iy N 3 _ -

The graphs of both functions are shown is T taa sEaLAR RS ir'._ _. 'I.I_. e
= UTE B

{fgureB.48). o . igi 9
We find that their point of intersection is (3,9), thatis x=3and y =9 i of
Thus the speed of swimmer in still water = x=3m/min and the speed of flow |
water = y =%m/min. Use alpebraic methods to verify the answer. { 4,
Example 24: A group of 45 school children visited a zoo and paid Rs.60.00 e
altogether as entry ticket, The entry ticket of class 1 was Rs.2.00 per child w
as that of class KG Rs.1.00 per child. Find how many children were in the group
from each class.
Solution: Let x =the number of children from class 1 3.

and y =the number of children from Class KG.

..-;I":.'-_:;I-:..
Mathematies

T TR TN

Equation (1) and (2) represent the equation of linear || - -
functions whose graph are straight line, We find
that point of intersection of their graphs. The values
of the functions (1) and (2) are given in the H
following tables.

-

Figure 8.49

R o [FEE] <0 [F

| The graphs of both functions are shown in ligurei£.49), The point of intersection {
of the graphs is (15,30), that is x=15and y =30, |

| Thus the number of children from elass | = x =15

and the number of children from  class KG. = ¥=130,

ETaTT T

XERCISE 8.3

the following functions

(1) Flxy=(x=Dix—3 (i1) fix)=-2(z+1Mx-1)

Using factors to sketch the graphs of the following functions

) fix)=x"-2¢-3 (i) fly=-(-x=2)

Find the equation of the graph of the function of the type y=x'+bx+c

Which crosses the x—axis at the point (3,0) and (4,0) .

Find the equation of the graph of the function of the type y =ax’ +hx+c
which (ijcross the x—axis at the point (=5,0) and (3,0) and also passes
through (-1,8) =

Eiir cross the x—axis at the point (7,0) and (10,0) and also passes through
4,11). '

Find the point of intersection graphically of the following linear functions
with the coordinate axes. (i) fly=x=3 (i) flx)=2x+l

Mathemntich=X




Find the point of infersection =2
'[I:_:I _ﬁ,;j:-—x+l .

plxy=—x o z ;
(i} fq:;:] =3x=1 i grﬂ.phi.caﬂy :}f'lm following functions.
int of interses i
]::i:."m thnfr{l:} = —JG: ‘i"r g\:-: i lil_l 2 .
4t ;{.ﬂ =g

: A ' ined by the
4 MR in the plﬂnﬁarﬂdﬂenmﬂ‘ y
The paths of two ﬁmiﬂ:fﬂﬁ:ﬂ E‘a respectively- Find the point where the
ight lines 2¥—¥= 3
:-::ﬁms cross each other. |
i akes a check ﬂighll: in an at
:usu::]r‘:;ndjmnm nf?.n#km:nﬁrplm_ e
the distance in 4 minutes. Find his air spee

km/min.

+ Going directly nto the wind, he
ites. Going with the wind, he covers
d velocity of the wind in

\ mtousaelhsmrrwnpliun. :
-X

: iz '__.-;

i \'ﬁmlismedumﬂmoff{x}— =

() (=22) (=2.2]

a) [..4,—2.] (b} [01 2} Il [] I
A= (~1,0,1,2),B= (0, 1,4} and £: A — B defined by fx) =

ii.

then fis
(a) Only one-one function (b) Only onto function
(c) bijective i) not a function

i Iff: R— R defined by f(x) = 3x — 5, then £ ({— 1, -2, 1.21)=

4.9 4 ' 4'?} 11_].-'.?,}
- il zE s fc) 2. —_— | o el B
L) {1. 3._3} (h) { 1.E 3} € {l, 373 {

iv.  IFf2x+3) =4 +120 + 15, then find the value of f(3x+2) is
(a) 9x*=12x 436 (b) 9x* +12x +10
(c) 9" ~12x+24 (d)9x*-12x-§
1
v If f(x) = & .1" Jivten F(x) + i ] Y
&

(a) 0 (B) =1 ()&  (d) None of these

6. If fixy=8x =7, find 1 F9) (i) *’1[?1)

ol

404 Graphs

: o |l ;
ot g :;xz} f_( 23: +13].t +4, then find the values of x satisfying the equation
fu) 53 by 23 (el () Mone of these
= :

:I,==-'-=-.f3

X =3x+1
() (o 1} (0) 42, 0) fc) (0, DU @uo0) () (00, 13T (2, 60)

(viii)  Guess the quadratic function for the curve given in the figure.

i

vii.  The domainof v =

W g =x-2x-5 : 1
Bl gl =x"+2x45

glx)==x" 2145 /\ \
L) E{-ﬂ—_-".lz-l-lr-pﬁ —_—f— e .
2. Find domain of f{x)= “,13_—‘!(!-!2—_—?
5. Find a polynomial function f{ 1 of the second degreé whenf(Q) = 5.

fA-11=10,f{1)=6.
4. Find the range of each of the following functions:

fx)=x*+2 xeR
fixy=x, xeR

7. The function ‘t' which maps temperature in Celsius into temperature in
degree Fahrenheit is defined by t(e)y= -gﬁi'-% 32

Find (5 4(0) (i) 28) (iif) 1(~10) the value of ¢, when tc) = 212

£ty

T Gi"n"l.':ll I]Iﬂl._ﬂ;l']:x;_ ﬂ-fz+£ilf+ 1, 'r;-frz] =_ ﬂﬂdﬂ"‘lF&, Gid the valiie 6F & sl .

'rif.ﬂn‘h the fu]]nwmz y= -"I;.l."i-'] y= _3:'..1 y= ltl “TEES

Sketch the graph of the follﬂrwi:lg.

y=x"+2x-3 y=3(x+1)(x-1)
[1). Find the point of intersection graphically of the following functions.
F(x)=x+4, p(x)==2+3
f {:,x} =x*-x-3 g {_t‘}: —3x-3




