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Functions and Graphs

Q (\) b> J (2) G->) (3)d>

D= X
3~\ < Cadomain = Y

Ld
2.1 Concept of Function R,Gmge = 361, b,d}

The term function was recognized by a German Mathematician Leibniz (1646-1716)
to describe the dependence of one quantity on another. The following examples
illustrate how this term 1s used:

(1) The area “A” of a square depends on one of its sides “x” by the formula
A= x", so we say that 4 is a function of x.

(1)  The volume “V” of a sphere depends on its radius “7” by the formula

- . .
V = §-7rr3 , SO we say that V 1s a function of'r. L

2—
A= %

A function 1s a rule or correspondence, relating two sets in such a way that each
element in the first set corresponds to one and only one element in the second set.

Thus 1n, (1) above, a square of a given side has only one area and in, (11) above, a
sphere of a given radius has only one volume.

Now we have a formal definition:



2.1.1 Definition (Function, Domain, Codomain, Range)

A function f from a set X to a set Y is a rule or a correspondence that assigns to each
element x in X a unique element y in Y. The set X 1s called the domain of /.

The set of corresponding elements y in Y i1s called the range of /. While the
codomain of a function is the set Y in which function’s output values (range) lie.

Unless stated to the contrary, we shall assume hereafter that the set X and Y consist of
real numbers.

MCO-domain is the set of all possible outputs but the range is the actual set of outputs
produced by the function under the given domain that is range set is always a subset of co-domain.

2.1.2 Notation and Value of a Function

T0O
4= TGO indep eﬁ;ﬂt x—| § |
vaxiable
O\.QPeﬁAeﬂt Q‘U\P Ld?> | 2
v d.:dd.b&e, e f-_-.'xj-\-'l —
(ou[t pud?) 3 — 1o
Example 1:  Given f(x) =x°> — 2x* + 4x — 1, find: (1) f(0) (11) f(1)
(i11) f(—2) (1v) f(1 + x) (V) f(l j, x#0
X
Solution: f(x) =x> —2x*> + 4x—1 . <c1+ b)3=d5+.5c1,_b -\-30.8-\-6

1 f(0)=0-0+0-1=-1
() AD=1)Y-20)y +41)-1=1-2+4-1=2
(i) f(2)=(2)]-2(2)°+4(-2)-1=-8-8-8-1=-25
(v) f(1+x)=1+xP-2(1+x)°*+4(1+x)-1
=14+3x+3x%+x -2—-4x—-2>+4 +4x -1
FAD =3 +x2+3x+2

oo AEH A ALt 2t
X X X X X X X




Example 2:  Find the domain and range of f(x) = x°.

Solution: For every real number x, f(x) = x* is a non-negative real number. So,
Domain f = set of all real numbers ; Range f= set of all non-negative real numbers.

/‘R, Q‘m)w>

There are two types of
intervals known as open
interval and closed interval.
In an open interval (a, b), the
endpoints are not included. In
a closed interval [a, b],
the endpoints are included.

Example 3:  Find the domain and range of f(x) =

X

x*—4

Domain f = set of all real numbers except

Solution: Atx=2and x=-2, f(x)=

Domain: Set of npuls
Rc&nﬂe: Set oF oubpuls

2
X —

1

1s not defined. So,

—2and 2 or R—{-2,2}

— 2 — 2., _
Let y x2_4:>y(x H=x=>xy—4y=x o
-\
S'——"X' x'y—x—4y=0 e =4
S oRE) DD 404y x=x2
-\ 2
R(S—)._-,DG) y
1+1+16)
— X = , y#0
2%
xisdefinedas V y#0
For y =0, wehave 0= 2x = x= 0
x°—4
f(0) =0

So, range f = set of all real numbers or (—o0,0)



Example 4:

Solution: ¥Vx*—-9>0 = x*-9>0
et x*—9=0= x=43

()

Critical points divide the number line into three regions:

Putx=—-4in (i), 16—=920 (True)
Putx=01n (i), 9=920 (False)
Putx=41in (i), 16=920 (True)

So, domain /= (—o0, —3] U [3, )

The smallest value of ¥ —9is 0 (when x =2£3).

— y=\/6:O

o
— :

Find the domain and range of f(x)=+/x"-9.

S -3

<[

=N
X 3

As ‘x| increases beyond 3, x* — 9 grows to +0, S0 y grows to +oo.

So, range f = [0, o0)

Y- $09

2.1.3 Vertical Line Test

The vertical line test 1s a method used to determine whether a graph represents a
function. A graph represents a function if and only 1f no vertical line intersects the
graph more than once. If any vertical line passes through the graph more than once, it

1s not a function.

Explanation is given in the figure.

y
A

/o |
|
|

(a) a function

X

_

s
A

vd

]
I r
of |

(b) a function

I\

N\

/>

/

y
A

>X

-
\J

L

(c) not a function
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(d) not a function



2.1.4 Types of Function

(i) One-to-One (Injective) Function
A function f 1s one-to-one 1f different inputs produce different outputs, 1.e., if
S (x,) =f(x,) implies x,= x,. This means that no two different elements of the domain

map to the same element of the co-domain.
For example, f (x) = 5x + 7 1s one-to-one because if 5x,+ 7 = Sx,+ 7 implies x,= x,.

‘?C‘K,) = le +7
— FO)=F0) = X =% § () =5%,3T
OR

7, F Ko —) % @C\> + 'S'C)c’) S;:l/? ==;z:-‘-7f

'7(.( :'-‘—DCJ_-

(i1) Onto (Surjective) Function

A function f: X — Y is called onto (or surjective) function if every element in the
co-domain Y has at least one pre-image in the domain X. In other words, for every y
in Y, there exists an x in X such that f(x)=y.

For example, f(x)=2x+3, where the domain and co-domain are both real numbers.

y—3 y-3

Here y=2x+3 = x= r Here for each y in R, there exists in R such that

ff (y_—3 j: y. Hence f1s an onto function.

p) CndomaiYI:anje
:j:: Q')C'\"—b
x =372
Py



(iii)  Bijective Function
A function f : X — Y is called bijective if it is both one-to-one and onto.
-»Piecewise Function

A piecewise function is a function that 1s defined ;y .
by different expressions (or '"pieces") over , 1
different intervals of 1its domain. Each piece applies / : /
to a specific part of the domain. X /. X

(2x+1 if x<O -3 -2 - ?/1\'2/ 3 4
For example, f(x)=1 , . N

x =1 1f x>0 Yoci |2
For x < 0, the function behaves like 2x+1 and for 31—
v

x >0, it behaves like x* —1

Example 5: Show that the function f(x)=x+1, where the domain and co-domain

are all real numbers, 1s bijective.
Solution: A function 1s byjective if it 1s both one-to-one and onto.

A function is one-to-one if f(x,)= f(x,) = x,=x, for f(x)=x+1
Suppose f(x,)=f(x))
x,+1=x,+1
— X =ik
So, the given function is one-to-one.

It 1s also onto because for every real number y, there 1s a real number x (specifically
x =y —1) such that f(y —1) =y — 1+1 = y. Therefore, f(x) is bijective.



Example 6: Show that the function f(x)= x"—2, where the domain and co-domain

are all real numbers, 1s neither one-to-one nor onto.
Solution: As f(x)=f(x,) = x'-2=x-2 = x'=x;

Taking square root, we get x, = x, or x, =—x,

This does not imply that x, = x, , for example
x,=2,x,==2=x#%x, and f(2)=2= f(-2).
Thus, f1s not one-to-one.

Also, the element —2 in the co-domain R 1s the smallest

value that f(x)=x"—2 can attain, and it is only

achieved when x = 0. However, any number less than -2

(in co-domain R) is not the image of any real number x in 3l
domain R. For example, fix) = -3 =>x>—2=-3has no , 24
real root.
p I
— P4 '—l
*S’(%) _K = d
22—
4+ =%

FOo) = 30 x =942
" X = x'j/z NEETSY =

K‘ =x2.
‘\I'K? =1 ‘Ix)-

X, = :"‘_xz-

NoT one-to-one
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¥ EXERCISE 2.1

1. Giventhat: (a) f(x)=x"—1 (b) f(x)=+2x+3 Find:
1 f(-3) (i) f(0) (ii)) f(x-2) (iv) f(x*+3)
34\ (a)
i) §E) =3
£(3) = (-3) -1
=9-1
- 9
i) ) =1
f0)=0 -1
_ -
i) f(e-) =7 , §
2 <Cl——b> =a "‘Q,Qbfb
fe-2) = (=) -1
— )Cz-_ L"}C +L-t —,l
_ e —Lserd

i) fOS+3) =7
HOTOMCEORY
_ 7<j1 + 6962_-\- q -1

p R
- ‘K.L'-\- §x +H

s (Cl'\'bs—z G?._ “I‘lab*'bl



:F(X') =\IT27C*'3



(a+h)—f .
2. Find fla I/) fla) and simplify where,
2

(1) f(x)=4x+7

s F(ax h) - T (a) 0
R

£ (axh) = 4 (ax h) +7
_ La+4haT
S_(ck) —Lax(
Fyom O

flarh) ~§()  LarbheT- (4ar)
h

k
L'Vé + L\h+7(/ “l"/é’“']/
h

S—(O:‘ch) —?(a) _ L.,
h




(i) f(x)=sinx
=18 f(axh) -f(a)  sin (axh) -sina
h h
+ sin? -51Q = 2 co3(22D 510 ()
o (F59) -5n (T2
h

2 Co% (quh> Sn (";_>

R

Carh) -f(@ 203 (&) sn(
F .




(iil) f(x)=x"+x*—1

& flaxh) -§(a)
h

§<G""h> = (Q'V\"Os—\- (C’L-\'\‘I)L—'\
£(ath) =d+2a h Aah sk« v2ahch -]

O

-E(d) — cf % cf'— 1
Subshilit in  &xp O,

%@‘*m -§ () Q+?>q\n.+?><1\n wh -t-C{‘\'rlCL\’l-\-\w i ( ata )
h h

_ Foadhadal of cdidahihA - g

h
_ V(?)QL +dah+h +ax h)

K

?(Gﬂh) -7 () _ da +dah +h +axrh
h




(1v) f(x)=tanx

2 o) -F(@  tonlarh) - ton®)
R h
Sin (@ h) _ Sind
_ Cos(ath) Ce5d
h
Sin (cuh) Cp3d — CDS<CM‘h> Sind
C-DSQCL-\- \"l> Cosq,
h

[

' Sin (o(-ﬁ) = SN CesP —Cesol SN P
B Sin (oech-ﬂ)
k. Gs(ath). esa

faxh) -§(a) _ sinh
h h - es(ath) - @sa




3.  Express the following:
(a) The area A of a square as a function of its perimeter P.

%
A= 2 xX
Ao — O ”
As

P= 4x
f__% Put i O
2
A- (&)

?2-



(b) The circumference C of a circle as a function of its area 4.

A
d
- AT
A _¥"

L

Y = -A— Pu.t- t“@

[AY

C=Qﬂ/ﬁ;

AR JE AR
_2 47474_

C 22 A



(c) The surface area S of a cube as a function of its volume V.




4.  Find the domain and the range of the function g defined below:

1) gx)=5-x

gi 2\(’@ _S-% a (—l): S‘(‘3~> =/
Domain: K a(@ =5-0 =9
(- @, m) Cd(&) _5-6=-]

Rcmae: (\R






(iii) (x) (6x+7,x<-2
111 x) =
g 14_3X,x>—2

S
DOM&in - (—m,‘Q]U<‘9\,w> =/|R
Sxxl L-d%
) 5 >
X | -6 -5 -4 -3 -2, -1 O L
$@ |- -3 47 M-S \\7 4 Y
Rcmae <6x+'(> = (-, -'S] 1o
A
Rcmje (Ll—?m): (-w>10> e
RQNae: <_°°)10>
—+5




(iv)  glx) = -3 x  if xzo
bi""i it %<0
5&— x-S i'Y’ 2O -K
| %-5 --i

_(xs) i <% [a]=2
3| =- (=3
Demain - <'°° °°>
Rcmcae: iO;@



SO .
Q) = X2
'R
Fox domain:
3-%=0
U= X

Deomain : R —i(?’% OR

Range - R - ﬁGﬁ

R- 4

A&\:ezmcﬂ:ive%
a _ K+ ol

o d

HG’_X) _ %t
N
Y- A= X +X]
3Y -2 —x (A +y)

35"31 =%
Y +1

D) R~ So




5. Given f(x) =x° — ax* + bx o
. ( A . - XX =T l ' ’) =x A = ) 5 o e -
a and b. \ Ly(2) 3 and f(—1) = 0. Find the values of

Seb
Since 1(2) =-3
2_a(@) sb(®r1=-3
a—4a+2b+l =-3
4 ax2b+9 =3
_4a +2b = -1
A (aa-b) = Axé
Ya-b=¢6 —Q
Now,
tD =0
(1) —a 1) 1) +1 =0
A-a-bd =0
_a-o=0
A(axb)=0
atbeo —®
Adding © * Q®, e €
a +jo=0
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¥ EXERCISE 2.1

6. A stone falls from a height of 60m on the ground, the height % after x seconds is

approximately given by /(x) =40 — 10x°.
(1) What is the height of stone when:

(a) x=1sec? (b) x=1.5sec? (c) x=1.7sec?
sS
() At =1
h (1) =40 —'\OUS_
_4o0 -lo
h() =30 m

(b) At =13 )
h(1.5) =40 _1o(1-S)

_40-10 (2:2S)
_40-22.0
R(1.5) = 179 m

(o) At =T
hW(17) =4o-o (7
_40 -10(2.8D
- 40-287
Rh(D)=111m



(1) When does the stone strike the ground?

S
when <hne stxikes the gwund , h=o

0 =4o-1o0x"



7. Consider the function f (x) = 3x —3.
(1) Determine the domain and range of f (x).

D = (-2,
JE

So(L

———



(11) Is the function f one-to-one? Justify your answer.

£(00) =106)
—bel'ﬁ -"-?)X'L-%

Z')(‘ :%'x_;,

7(_\’—'7(-2—

Yes 5 S‘@Q is one-lb—one.



(111) Is the function f onto if the co-domain is all real numbers? Explain.

S Y =%~
§ 4523 7 (hexe exists)
J+5 ~
D
fox  eadh d - = 3_’;5 such Thdl

{r@:]c(;j%s_‘) Z5<3+) -5 =4+5-5 =Y

Yes, §6O s onb.



2x -3
x+1
(1) Find the domain and range of 1 (x).

S

FO( dOmQ\.n)

8. Letf: R— R be defined by f (x) =

x+1l =0 =2 xK =-"

D -R-11  OR (oo, (-1, 09

For ¥ange,
R, =R -13]
A Qtexn at ive Qj 5
(d _ AL K->
>+




(11) Determine whether f (x) 1s onto.

k(‘f- x> ) e _ 3+

e+ -1

fov each Y A %= j;;; such Tt
Y=T0O

2+d _ S _
Fov ‘d:l ) = 5 —> o=

Not onle



(111) Prove that f (x) 1s one-to-one.

S oo b3

]

f@) =7 (b

2a-3 2 b-3

o+ b+

(20-3) (b+t) = (a+1) (26-3)
2 +2a-db-%F = Al -pa 2b-F

Y a+3a = 2b+?b

Fa -Zb
a=Db

Mence e -to -one.



9. Consider the function /i R*— R* defined by f (x) = ¢™*. Show that f (x) is a

bijective.
S8
. ngective,
F(u) = § )
_)(\ -,
T~
TQKQ Q'n P _9(‘ -—')C,_
lne = Wn e
—%, Qnﬁ’, = — K, dne
o, (D= =2, (D
K, = o

y=&”
Td.ke &Jﬂ) -
_Qx\d _dne
— -%'Dme
'Q'“\d = - (.’D f: /IR_;Q‘-
_ de %

$Q( e_qc)(l U _:_] 7 =— 9&2’ Such that



0. Let gg¢ R—>R be given by g(x) = x’-3x. Determine 1f g(x) 1s injective and/or
surjective.

S

Fox injechve
q(@ =7 (b
o — 3= b-3b
L-b =32-3b
(a-) (@+ab+) —3(-B)
Not One T one.

Fox Su'(‘d'ecjl\/e, X Y
- a

g=2>> >,
£(x) s swiedive, because 3 :\

Codomo.in =Rcmge = (_w,@ Codoma.in .—_-Rcmae
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2.2 Finding the Intersecting Point(s) Graphically

The point of intersection 1s a point where two or more graphs meet on the coordinate
plane. This point represents the solution(s) to the equations of the given functions.

2.2.1 Intersection of a Linear Function and Coordinate Axes

As we know that linear function is a function in which the highest power of the
variable 1s one. While the coordinate axes refers to x-axis and y-axis in the Cartesian
coordinate system.

Example 7: Find the points of intersection of a linear function y=2x+6and

coordinate axes.

Solution: Table values and the graph of y =2x + 6
is given below:

X y=2x+6
l4) | ! 4 2(-\) +6=4 —
(0,6)| O 6

Hence, from the above graph, the points (-3, 0) and (0,6)are the points of

intersections of y = 2x+ 6 and coordinate axes.

2.2.2 Intersection of Two Linear Functions

The point of intersection of two linear /
functions i1s the point where their graphs

cross each other. This means the two l

functions have the same x and y values at
that point.




Example 8: Find the point of intersection of
y=3x+2 and y=—x+6.

Solution: Table of different values of x and y

1s given below:

X y=3x+2 | y=—x+6
—1 —1 7 QR
0 2 6

>

1 2 3 4 5

2
K

By plotting the above points, we see that (1, 5) is the point of intersection of both the
straight lines as shown in figure. %
g g /\/@{be

/N

N

—
2.2.3 Intersection of a Linear Function and a Quadratic Function

VexTex

A line and a parabola can either intersect at two points, one point or not intersect at
all. If there are two solutions, the system has two points of intersection. A single
solution indicates that there is only one intersection point, suggesting that the line
may be tangent to the parabola. If no solution exists, it means the line and the

parabola do not intersect.

a4

|

Two Solutions

=WV

~y

O

One Solutions

/ x 0

=W

/

No Solutions



Example 9: Solve the linear function y =—-x+3 and quadratic function
y=x"—6x+3 graphically.

Solution: Clearly (3, 0) and (0, 3) are the x-intercept and y-intercept respectively of
y=—-x+3. a_____%’-_gx_,‘_'b

. :
y=x"—6x+3 ...(1) al, b=-&, <=3
Put x = 0 1n (1), so (0, 3) is the y-intercept.

Put y =0 1n (1), we have e _—b + ‘J = 4q¢C 1y
0=x"-6x+3 2.Q

(0 £(6)’ ~4D)3)
2(1)

2
_6+26

X

2
x=3iJ€

-x:3_'\/€93+\/g -7

x=0.6,5.4 24
So (0.6, 0) and (5.4, 0) are the x-intercepts.

Now we find vertex (4, k) of the parabola

=l a0 3 ke F(R) _§() = 3 -S(3)+3=
2¢ 2(1)
k=(3)—6(3)+3=—6 (h)=(3,-6)

So, the vertex 1s (3,—6)
Hence (0, 3) and (5,—2)are the solutions (points of intersection) of the given

functions.



2.3 Graph of the Square Root Function I = e

Example 10: Graph the square root function y = 2x +1

Solution: Clearly the domain of y = 2«/; + 11s x > 0, as the square root of a negative

number is not a real number. The range of y = 2\x +1is y > 0, as the square root of

a non-negative number is also non-negative.
Table values and the graph of the function are given below:

X y=2\/;+1
4y
0 1 8
1 3 7
2 3.8 6
3 4.5 S
4 5 e
5 5.5 2
2
6 59 1
7 6.3 x
o0 1 2 3 4 5 6 7 8 9 10 11
8 67
9 7
10 7.8




2.4 Graph of the Cube Root Function

\
) /4
e =2
Example 11: Graph the cube root function y =</x—1

Solution: As we know that cube root function is defined for all real numbers because
the cube root of any number (positive, negative or zero) is always real. Therefore, the
domain of the given cube root function is all real numbers. The range of the given
function 1s also the set of real numbers.

Table values and the graph of the function are given below:

3 A
¥ | y=x-1 25
-5 1.8 ol | y=x=l
i —1.7 1.5
-3 —1.6 1
—2 -1.4 0.5

!

—1 = <

: — 6 5 43 210 > 3 4 5 b
0.5

1 0

2 1 |

3 1.3 [

4 1.4 15

5 1.6 v




2.5 Real Life Applications

Growth and Decay in Finance (Predicting Long-Term Stock Prices)
When something increases in quantity or size over time, it 1s called growth. For

example, money 1n a bank account earning interest (1t grows larger), a population of
rabbits 1s increasing over months.
When something decreases in quantity or size over time, it is called decay. For

example, a radioactive substance is losing its strength over years, a cup of hot
coffee is cooling down over time.

Example 12: The value of a stock follows the exponential growth model P(7) = P e",

where P, is the initial stock price, 7 1s the growth rate per year and 7 1s the time in

years. Suppose a stock is currently valued at Rs. 5,000, and it 1s expected to grow at a
rate of 5% per year.
(1) Find the value of the stock after 10 years.
(11) After how many years will the stock double in value?
Solution: (1)  The formula for the exponential growth 1is:
P(t) = P,e"
Given P, = 5,000, »=0.05 (5% growth rate), and ¢ = 10 years.
—s P(10) = 5,000 &"*19 = 5,000 "
Using €% =1.6487
P(10) = 5,000 x 1.6487 = 8244
So, the value of the stock after 10 years 1s approximately Rs. 8244,

(11) We want to find # when the stock doubles, i.e., when P(f) = 2P,. Using the

2, =P, e &

Dividing both sides by P, we have 2 = ¢" — In A = QYI@

equation:

Taking the natural logarithm on both sides: In 2 = r¢
and t =In2/r=0.69310.05=13.86

So, the stock will double in value in approximately 13.86 years.



Example 13: The concentration of a pollutant in a lake, in parts per million (ppm),
decays over time according to the function

100

Ji+1

where ¢ 1s the time in days since the pollutant was introduced.

C(t) =

(1) What is the concentration of the pollutant after 4 days?
(11) After how many days will the concentration drop below 10 ppm?

100

JE+1

Solution: (1)  The pollutant concentration function is C(¢) = , where ¢ 1s the

time in days.
Concentration after 4 days:

100 100
Jarl 5
The concentration after 4 days 1s about 44.72 ppm.

(11) When will the concentration drop below 10 ppm? Set C(¢) = 10:
100

JE+1

After 99 days, the concentration will drop below 10 ppm.

C(4)=

~ 44.72 ppm

10 = =+ =10=r+1=100=¢r=99
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1.  Find the point of intersection of the coordinate axes and the following linear

functions graphically:

(1) y=-5x+10

ST _

x U:—Dxﬁo

ol y_-S(o)+lo=1o
Ty=-5()+lo=5
2% ‘:\:—5@\)*1on

F\’om ﬂ_\e Cd\’q?h, Tke pomE

of inlexse thms axe:

(0,%0) = (2,0

(i) y=2x-1

S

B X Y= 2
o Y=2a()-1=-1
1] g=20)-1 =1
21 Y=3-1 =3

F\’om ﬂ{e C(}Y&Ph, ﬂ'\e poinT%

of inlexse Ctovﬂs axe:

(59 % ©-)

\

6\\
N
2 \\

e \
N\ 0 1 *7){
2
4
6
¥
WV
/\y
7

P /
3 /
3 /
2
— 2 ] N
) 0 1 Z k ) 7)?
2




111 =—x-3
(1) y 5
x| Y= Lx3
O azé_\_(o) ~3_.-3
2 a.-_)%(-%i} -2,
S ‘dzfjicé> e

- Yom ﬂ_\e ﬁvqph Tke, PomE

of mt&ﬁectons axe.

&0 % (0,-3)

. 3
(1v) y=3x+—
2
LS
e Z’r—?)?(.*'%
_:_’\D\_ \d;?)(‘—‘i>+%\—:“§\+";’\:o

® ‘d:?)(O)t%z%

FYom ﬁ'\e CJYGLPh ﬂ'\e pomT%

of mtﬁ(se ctons axe:

(59 ¢ o3

/\y

7

3

»)

0 1 y ) [3 6 T
X

2 /

A4

/\y

7

)

4 /

./

y

& S >

(. : k 7
X
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¥V EXERCISE 2.2 _4

Find the point(s) of intersection of the following functions graphically:

2.
1) [f(x)=2x+5, g(x)=—x+5

=8 ’:y/

x| FOO)2x+S | QOL) —-x+S
O 3C<O>=D\@>-\-S=S ﬂ<0>:_o_\_5=5 / j

1 () =20)+s-7 ) =-1+5=4 ;

N
\'
o

NN
X\

F’(om '“(e a’(CLPh, 'Ike, PO'm-t of //
vtexeecion s (0, 5). /

Aﬁﬂekﬁdjuﬂmﬂ) N
FOO=909
AerD = — e+ D
1H K =D—D

A =0
x. =0  and a(o) __0+5 S



(1) f(x)=3x-2, g(x)=10—x

o

%(70 = 8(X> —\o-

@
2 4 @
3 7 4

X\

AQﬂeb\( Ql CQLQQZ ;

f(0) =900

?)K"Q,: 10—%

N 9e +7 = 0+ L

Subsilile  9e=3 iilo K”Q oY ﬂ@@i
a®> =lo-3=7

He.nce,, The Point o{' inlexsechion s (%,7).



(i1) f(x)=2x—-4, g(x)=3x—-1

sd Ay
LI €S A0
O -4 -
A -2 L
-2, o 1444y 1'//‘ ,
§9-90) i
o=t = 22 / /
—4 = D2 /-
-3 _ 7% 7

He.nce , TKe Point 0¥ inJCe\’%eit&on
s (—5 , - \o),




(iv) f(x)=-3x—4, g(x)=—x+3

S 2 Y
x| §E) Q00) \ f
Aot | LD+ =228 ;
)it
o | —»(0)-4 =4 ‘i(o) +d=3 !
e i"‘ }

Fyom e ﬁ\’QPh, Te po'm'\: of’

riteveeclon

is  (-x,2).

1

XNy




(v) f(x)=x-1, g(x)=x2—4x 3 ~
Sl 7
<[ Ee |\ S z
_ ) 1
’ /l \/ﬁ)(t@(’ \{ v
1 O (hK) \ /,/
ho=b | K= §(h) I T — 3
20 2
(-4) //3
NEH R | 4
O
Kzﬂ@) = lL~L1<l> 3= -1

To YrmA W— intevce\f['g i \azo
0= —L D
K~ L D=0

%L~'>c~% %, T D=0

(1) -3 () =0

(1) (2) =0
%~ =0 o *~>=0
% =1 o=
A Q%e\om{ ccmu&,
T O =<3(°C>

0 = % —haxt 23—+

W - X—Ax 4 =0
o (1) 4 (-1 =06

QX_—-/\> .(')(___ 10 -0

To Gind  y-inlecessls,  x=0

)= o ~(0)+D =3

- 1 =0 oy w=h=0
w_={ o =44
Nence
PQ‘“_\:s 0%— iY\E‘(SECjIOyS .
(1o = (4



(vi) f(x)=3x+4, g(x)=x"+2x—8

SoL ’:Y/
®. &) '/
ol 1
O 4 //{ |
ﬁ(‘)() :78"'\‘)\7(’"8 ——— \\ +— / -10 T 1 3 4 ‘ %
:EL:;:%;.:-\ ’
= aa 20 \\ AR //
Kz__ca <_’)> — (——'DL-\- )\GO -8 = >< /
// \\ :
To Yrmd HK— inte\fcﬁﬂ's 5 1=° / \/

eny

2K 4 Ax—B =0

K = "L“JD\

To §rmA Y- intevcﬁ?JFS B K =0
ca@) _0 ()-8 =-8

To ;'ncl Po‘mtg & inlexsechons 0&%6\0\(&'\6&9&\3,
£60) =909

6 — 70 4 AN ~B-DX- “

fx,z'_- ’)(;‘(\D\ =0

» =4
')(,::—'5 oY

Hence, The Points Sy itexseclions Qe (—3, ) & (Ll, 18).




(Vi) f(e) o~ -1, 9 (%) = 2w =L
S Y
% T :
—4 1 f
0 = N
’\ _—?) L I
i
Fov  vexTex: - —N TR
Cd@('>=—7€———L1'X» - ‘ / ‘ X
h — Q—LO = i = l ’
D\C-O * (2'7“)
k=9 ()= L—b()=-4

Fox  »-inkxcepls, pul 4=0

')'(3_-— L‘l w=0
X.CX"LD =0

x =0, *=Y4

AQfe\’n cﬂl\/e Q’(\’

Hence,

TKe Point 0% intQ\’%thon 1S (\) —3)_

ana ﬂ@) - /ll—Ll (1) -3




0= xx S
! s
Y/
ré Ca(x) | a
2 @
-I\ 5_ i \ 3
For vextex: NE7Z/EY SN\ EEEEEER
\'1:-_ —(."3) :——}__ | | 3t -
2D > :
_3 3\ o2 _r
K=€Y('£>=“(fi’>"3< 7‘) =7 j
Fox o in‘tQYce,Pts, put ‘d: e v
_%L_%x+l=o = ';(’: +32 -2 =0
b xB4ac
0_—
23
3 340 e -2 _ 356
10)/
K = '}:_i——’\l > X=—3'§H—7_=o-56
Altemalively,
NES :‘a@)
A oD v = KX €

and

Hence, The point of idleeclion s

50

FCa)- - C)-3(R) + 1 =4

(-2,4)
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¥ EXERCISE 2.2 4
3.  Graph the following functions:

i) y=+/3x
s\

Given J = 3%

DomOL‘\n: 3% >0

d= 3%

o 4= y3(0) =0
A \d=mzﬁ=\.75

2 my___l.és
5| ey =1 =3

4 .46

S 3.9

/\y
6 —
Al
5 O = —
4 \ﬁ/r/’/‘
7
./
& r/ —
0] 1 4 () X




(i) y=+x+5
S
SGrven Yole +

Domain: %20

x =\;— -\-S

© éfr—'\j_g +O =S L N
1 J'\—_-\'S :::6 X
2 g4 ;

2 §T173

4 7 6

S (-2 A

S 7.45




s
Grven - 32—_<\I'SZ
Domain: %20

O O

1 -V

2 ~o. 71

5 __0.67

4 -1

< 1%

& ~1.2

TY
/-
h 4T9N'\:'\_i_¢\> | | >%
T .\s.ﬁ
R
§-rL
A4



xz -
x d=—et! +2
~1 - Jt 2 =2
0 —Jo+1+ X =
1 —1+1 +2 =008
2 0.1
2 O
L ~0.24

N

TY

WV



(V) py= J2x+1
S

Guven 4= Jaxx
Domain: AW fqu num\oe)(s

TY

LS Y= A2

-4 Wyt = 7Y o
-3 7

-2 G
-1 -1
0 \
{ .44
2 1771
3 11
4 2.0%

X\




(vi) y=23x-3
S

Guven  Y=2x ->
Domq\nz AW \’GQQ n,u.mbe;( S

Y

X 4= 2 - >
—L' l«\la"L'f —'?)::-—6'\93
-7 -S.88
—2 -SDL
1 -5

0 -3

1 -

X —o-4B

3 -0 %

4 018

N

X\




o 3/..2
(vii) y=3x>+x-2 2y
5 6
Griven J= Jodwx 5
Domatin: A 9& Xe G& numbe{ S 3
/@ ‘j____ > %L'\")(:'l \\ ? )
A ?\K_LDL‘\’L_L‘)'D\ = l\S & 3 - -O/F/;/- X
N 159 /g x
-2 O ,
—'\ - (\16 3
0 ~\ A8
1 o 6
2 199 v
o 2.9
4 2.8 A




4. A building’s height over time 1s modeled by H(#) = 100 + 207 which 1s in metres

and ¢ 1s the time 1n months. The height of a growing tree nearby 1s given by
T(f) = 50 + 10z + £

(1) At what time will the building and tree have the same height?
(11) What will that height be?

Sketch the graphs of both functions and determine the time when the tree will
overtake the height of the building.

58 @)
[f fo tree * buldeg hae fe same heighl, fer

T(t) = H(Y)
So + ot *JCL= loo+20t

SO‘\‘/lO-t-\‘ACL— loo —20U =0

tL— 101:— Do =0
b “bx '\{bL—LKlC
Alel
. _<—’\o>+ 4(-’\0)2_—-@ (1)(=50)
- 2.CL)




C = 5(’\+ 4€>

o136 (Eath monks)

59,1

Sbtilin £-13E  ul HE B fnd  fe  heights

H (13.66) =oo <20(13.€5)
M Q\?)‘Cfé)= 273.. ™

Lei' s skelch H(’c)

HOC) _loo+ 20T
f_o ., H) _Noo+0(®) oo

F=D H(S) _\oo \—10(’5’) — )60

T&) _t i lot+Se

Vexlex: GRS

\"L:_—'_b_. _ :Ji. __5
Q. 2D

ko T(Gs) = QS)L—\c \o(-5)+S6
_S-50+50
K =25

(h,X) =(s, 235)

To ymr\A Ld-i“t@(Cf«Pt, su\osﬁ)&xte. t—o inlo T<t>'.

T (0) =0 +lol0)+So =50

t =5_<1 -B> <0

\\i§-

%
NP ui




5. A radioactive substance has a half-life of 2 years. If the initial quantity is

l

. . 1)
200 grams and the exponential decay function 1s Q(¢) = Q [Ej , then find the

remaining quantity after 6 years graphically?

2 1 Vh Ty
a®-a.(3)" —o L
he 2 yeoxs X

Q. =300 s N

Put n O " ’ S
Q (t_> —_ D\OO (E‘> o -9 -5 - -2 - 5 : AN

N

Q)
A00 (‘;:Y/’: 00
/\ 14/1 L_| F\/om -YEQ., [a {Q.P \7) .)'b_‘ “(QYYIG:\Y\,W\Ca
loo C\,uc\n)ﬁtd aftex & Yeaxs s 5]
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