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Explain operations on functions and compositions of functions.

Define inverse functions and demonstrate their domain and range with examples.

Formulate composite functions as defined by (f og)(x) = f(g(x)).

Apply concepts from functions to real-world problems (such as finance, transportatlon and
sales).

Plot graphs of absolute valued functions. @ @
Solve absolute value linear equatlons angine @@@b and express the solution

real-world problems (such as to calculate
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This unit explores the foundatmnal and appl' ”_d ‘concep' of functlcns begmmng wzth-
operations on functions and composmons of functions, enabling students to combine
multiple functions and understand their interactions. Students will define inverse
.functmns, determme their domains and ranges and illustrate these with clear examples.
‘The unit also emphamzes the formulatmn and interpretation of composite functions.
Students will apply function concepts to real-life contexts such as finance,
transportation and sales, makmg mathematics practical and relevant. Additionally, the
unit covers absolute value functions graphing them, solving linear equat' ns and

1] @@
If X and Y are two non-e ﬁ%\@% function
from a set X t ¢ that assigns each
element of set xactly one element in set Y. It is
written as f': X — Y, where the set X is called the
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subset of the co-domain that)
function f. “
If fla=1, t called image of @ under f and a is
called a pre-image of 1. :
For example, f(a)=1,/(6)=2,/(c)=3,f(d) =4 -
We can see that all elements in X have only one image in Y.
Therefore, f'is a function.

Domain X= {a, b, c,d}

Co-domain Y= {1, 2, 3, 4, 5}

Range of f= {1, 2, 3, 4} 7

The symbol £ (x) is often used to briefly denote a function

of x. If y = f(x), then by substituting a succession
numerical value for ‘x’, we can obtain acgorte '

succession values for y which stand % ps OF
function. Hence in this coﬁe ometimes conventional to call ‘x’ the

(™) | Rememuher! g

independent vari "¢hedependent variable.
xample & S(x)=x+3x + 1, then evaluate :
&) i)  f(-2) (i) f(a) G 1)
MO ® Given that f(x)=x+3x + 1
i  f(0O)=(01+30)+1=1 ' B\ | Skilled Practice!
@) f(2)=(22+3(-D+1
=4-6+1=-1 ;

(i) fl@)=a*+3a+1

(v) fx+D)=@x+12+3x+1)+1
=x’+2x+1+3x+3+1
=x2+5x+5

=25; f(-10) = (=10 +1)* = 81;

ESTTERD A: /)= 0 R ~
f(%): (%HW =(\f3+1)2 =7.46; f(-1)=0;soon

For every real number x, f{(x) = (x +1)” is a non-negative real number. So,
Domain /= set of all real numbers ; Range f= set of all non-negative real numbers.
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Functions and Graphs

Operations on i dnvolves performing algebraic operations (addition,

subtraction, multiplicafion and division)

If f(x) and g(x) are two fﬁncﬁons, then their sum is written as:
(f+ g)x) =f(x) + g(x)
Let f(x) =2x+ 3 and g(x)=x*+x+ 1. Add f(x) and g(x).

fx)=2x+3
gx)=x2+x+1 :
(f+g)(5f)=f(x)+g(X)xé
=x+3)+(x*+x+1)=x>+3x+4 m

g(x) x2 3
(f-8)x) =f(x)—gx)
=(5x+2)-(*-3)
=5x+2-x2+3==x>+5x+5

If f(x) and g(x) are two functions, then their product is written as:

(Fg)x) =f(x)gx)

If f(x) and g(x) are two functions, then their quotie,nt'is written as:
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Let f(x)=x—4,g(x)=x+2. Find (—f— ](x) , where x #-2
& ‘

f&)=2-4
glx)y=x+2

(i](x) = :@ 3

g(x)

2

Composition of fung
combining two

produce a new single function.
The composition operator “o” takes two

functions f: and gandresults anew function.
Letus have alook at its definition.

s

Letf: X—Yand g: Y —Zbe two functions. Then the composition of f and g denoted by
gof is defined as the function gof : X — Z given by gof (x)=g(f(x))

NOT FOR SALE.PESRP
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If £(x) = 2x

M (fog)(x) (X) (i)  (fof )x) (iv) (gog)x)

f () =2x+3,g(x) =x*
)  (fog)x) = f(glx)
= £
=2x*+3
(ii) (gof )x) = g(f(x))
_ = g(2x+3)
(gof )(x) = (2x +3) |
=42 +12x+9
(i) (fof)(x) =f(f¥)
' =f(2x+3)

=20x+3) o“

= o

V) (gog)x) = g(gl)
=g ()
(gog)(x) =) =x*

A function f takes an input x from a set Xand mapsitto anoutputyinasetY.i.e.,
_ ' : fi:X oY, f(x)=y
Then the inverse function of fdenoted by f ', reverses this process. It takes y as input and

2\ O

givesx as output: FLraX A fiw=x

2

Domain of f =Rangeof /™
Range of f= Domam of f

vvvvvv
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Letus understand it with th
Consider X={1,2

and (L

T

o, thenf {(a,1),(b,2),(c,3)}
b &

fh=a f“(a) 1 m

F)=b 7% C
f@)=c ) 3
It is important to note that a erse 1f and only if it is one-to-one and onto

(bij ective ‘ \l\l\\N , O

A curve/lrne drawn ina graph represents a function, if every vertical line intersects the ;
curve/line at most one point.

Vertical line intersects

Vertical line intersects

at one point O“ at two points
N
Graphs of Fi and Figure 4.9 represent graphs of functlons and graph of

Figure 4.10 does not represent the graph of a function.
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4.1.5

S
ects the curve at
hen the graph is a one-to-one

If every horiz
most one point,
function. :
The vertical line intersects the graph of £ (x) = x*
at only one point, so it is the graph of a
function. It fails in horizontal test, so 1t is not a
one to one function.

: Vertical line
Find the inverse of f(x) = 2x + 3 . Also find domain and range

of 1! (21
f(x) = 2x+3
y =2x+3

WW 22 y=f@ = S0)=A

I e

£ =22 [Replacingy byl
Domain f(x): All 1l'eal numbers
Range f(x): All real numbers
" [Domain f'(x): All real numbers)
Range /' (x): All real numbers
If f(x)=x", findf~'(x). Also verify that f(/'(x)) = /' (f(x)) =x.

X
y x [Replace f x)

e

p ly=tfea =l ‘)= x]
= 5 [Replacing y by x] _
BN ot s i ORI Yo, oot e
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Hence W
| EXERCISE

1.  Iff(x)=2x+5, g (x)=3x—2, then find
i) ft+tg® i) f(x)-g®)
B Iff(x)=x+2, g(x) = 2x + 4, then find :
0 [ G g f® G D Gy &Y
3 For the functions fand g, find g(x) o
@ (foo® (b) (gof )(x) (©) (fof )(x) (d  (gog)x)
Where, @@@

{1} f@i=x+t3; g(x)—§ zm‘@@ﬁ x#0; g(x) = 2x* -1

(1)) fx)=2x-1
4. Find t uch that ( fog) (x) = (gof ) (x), where f(x) = 3x + 2,
glx)=6x-k

xS Given that f(x) = 3x + 2 and g(x) = 2x + 3. Find

(. 214 (i) f(f3) (i) f(g(-2)
6. Find f~'(x) in each of the following: '

()  fx)=2x-3 () flx)=4x -1

Gy S)=aml R b S
3x-2 g
¥ The functions f and g are defined such that f(x) = 4x+ 2 and g(x) = 6x — 18.
: (i) Find f'(x) and g'(x). (i) Findxif f'(x)= %\fgﬁ
8. Verify that/(f () =/~ 1(f(x)) =% ﬂ@ €O
W f@=x-6 @

(i) fx)=—— (iv) (x) =—/,x#-2

x+ 2
g " wuhouw '(x), find domain and range of £~ (x):

() fOo)=12x-3 (i) f&)= %x +8




H=8x-2, 122

An absolute valued function is a type of
function that includes an algebraic expression
enclosed within absolute value bars. Its general
form is £ (x) = | x |. The absolute value of a
number represents its distance from zero on the
number line and is always non-negative.

The graph of f (x) = | x | has V-shape and 1s
symmetric with respected to the y

point where the graph

called the vertex (O 0).

The vertex fo S l%te value function is

gx)=alx-hl+k, where a # 0 and (A, k) is the
vertex. Its graph is symmetric about the line
X2k

) 111 ) Join the ordered pairs and
draw the V—shaped graph.

(T) Remember!

Plot the graph of the followingAfunctions:
o f@=lx[+2 (i) g()=lx-3]
Q) f@=lxl+2 (i) g(x)=Ix-3|

" S(Me;k\e ﬂa Able é.
' 3

5=
g

ST
3

111) Join the ordered pairs and
draw the V—shaped graph.
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Plot the graph off(x) =2|x+1]|-3.
f@=2lx+1[-3

Make a table of values.

WD o bindl

Join the ordered pairs and
draw the V-shaped graph
of the function. Notice
that the vertex of the
graph of fis(-1,-3)and
the graph is symmetric
about x =—1.

An absolute value linear
applied to a linear expressi

k-3[=8
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An absolute value lmear inequality in one variable is an mequahty that mvolves the
absolute value of a linear expression with only one variable. It has forms such as:

ax+b|>0 , |ax+b|20, |ax+b| <0

|ax+b|<0,

& &) Solve the inequality | x —1 | > 5 and express the solution on number line.

@ Solution § pe—1]>5
t(x=1)25
—(x=1)25 or x-125
F Ak B o  x=1=>9
x<-4 or x>6

The solution is (—oo0, 4] U [6, ) G A Y

ample §¥) Express the solution of 40| 2x — 5 |+ 1>201 on cﬁ
— First isolate the absolute v axXpress %}1 the inequality.

40 [2x 5| £ > 2 %
40

> 200 (Divide each side by ;10)

A

k4
o®
v

|2.x—5| > 5
+(2x—5)>5




—2x—5)> 5 or 2x9Q

2x-5<-50
2x Ix >10
X ey ot X 39
e —t—t——F >+
The solution 1s (—e0,0) U (5, 0)  EER EeR R e
| EXERCISE 4,
1. Plot graph for the following absolute valued functions:
H f=lx-2 (i) f(x)=3p+3|-
(i) f(x)=5lx| (iv) f)=|+2[+3
V) SfO) =2+~ (vi) fG)=2x+1|-
Z Solve and express the solution on number line: m
0 oo [ T W‘&@ 2| =1
3 Solve and express the solutlon 0
(i)  |5x+8/<3 O“ Ax—12/<0 .
(iii) |@WO iv)  1-2 %x—S’ >-3

v) [3x-2|<12 (vi) |1-2x|>5

Functions are widely used to model and solve real-life problems in areas such as
finance, transportation and sales. In finance, functions can represent income,
expenses, interest or profit over time. In transportation, functions can describe the
relationship between distance, speed and time, helping to calculate travel times or
fuel consumption. In sales, functions are used to model revenue, cost and profit based
on the number of items sold. Solving these problems involves identifying the gYgx}glevant

variables, expressing their relationship as a function or i u 3%
methods to find unknown values, makede @0 omes

ebraic

§) et E(n)=1, arning (in Rs.) function, where n is the

number of day works 10 days, find his earning.
: D Giventhat: E(n) = 1,500n

If the labourer works for 10 days his earning will be E (10) = 1,500 x 10
=Rs. 15,000
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) f(x) =200+ 15x
Required fare = /(50) = 200 + 15 x 50
=200+ 750 = Rs. 950

Absolute value functions are essential for solving real-life problems where distance,
magnitude or fluctuations are involved, regardless of direction. In energy wave
analysis, such as sound or seismic waves, absolute value functions model the
amplitude or strength of a wave. In physics and engineering, magnitude is often
expressed using absolute values to describe the size of a force, charge or vector,
independent of direction. In distance-related problems suc of an

r one quantlty
These functions help

~of up to 5V. The condition is modeled as: |V — 220| < 5 . What is the range of
acceptable voltages?

W -22001=. 5
OF ' e s E—20 59
or =S5+220<V S 220 o 215 <225

So, acceptable voltage is between 215V and 225V.

. 8) An earthquake sensor issues a warning if the recorded magnitude
differs from a safe level of 4.5 by more than 1.2 units. The condition is modeled by
IM—4.5]>1.2.
For which values of magnitude M will the sensalssue :

or M 45>12

—45<-12 o0or M-45>1.2
M <33 or M>5.7

Hence, the sensor issues a warning when M < 3.3 or M > 5.7.




| LWL

after + months. What will be the balance after 6 months?

2. A function f(k) = 150 + 20k represents the total fare (in rupees) for
k kilometres. How much will the fare be for a 12 kilometres ride?

3 The cost of manufacturing fancy sofa set would be fixed charges Rs. 5500
-which is modeled as f(n) = 5500 n, where n is the number of sofa sets. Find
the cost of 50 sofa sets.

4. A function T(d) = :_O represents the time 7' in hours to travel a distance d

kilometres. How long will it take to travel 180 km?

5. A company charges Rs. 100 for an encoding work. In addiron, the
company charges Rs. 5 per page of printed oup e N ction
f(x) = 100 + 5x, where x repr t@ !‘

[
e
much will company

ges rinted out. How
ing and printing work?
6. A chemwo% le at 37°C. The process must be stopped if the
- tempera’ ates by more than 2.5°C. The condition is modeled as:
| T—37°1>2.55T be the temperature. For what temperature values must the
process be stopped?

£ A factory produces metal rods that must be 2.5 metres long, with a tolerance
of £0.04 metres. An absolute value inequality models this: | x — 2.5 | < 0.04.
What is the range of acceptable lengths?

8. A machine part must be aligned so that its centre is exactly at 0. If it shifts
more than 0.1 mm, the part is rejected. The model is given by |x| > 0.1. What
positions of the centre cause rejection?

] REVIEW EXERCISE »

estigns. Choose the correct

1. Four possible answers are given for\t S @@
answer. O%m
G 0 f@ﬁ&%@, ?llken what is the value of f(3)?

(a) -1 (b) 3 ©) 9 @) 15




(a) fw&: )
i) (fog)n)=

(vi)

©f: X-Y (d)f:%

@ (f+® O®) (f-9r)  (© f(Ex) - (@) f(x)+g(x)
If f(x) = 2x + 3, g(x) = x + 1, then fix) + g(x) =

(a) 3x (b) 3x+4 NOER C@) 2 H3

If £ (x) = 5x + 2, h(x) = 2x — 2, then f(x) — h(x) = i
(a) 3x (b) 5> 4 - (c) 3x+ 4 o (d) =3x~4

If f(x) = 3x + 1, g(x) = 2x, then g(x) x f(x) =

@ 6x+2x (b)52+1 . (@) x+1 (d) 62 +2x

vii) Iff(x)=x—4,gx)=x+2,x# 6 ﬁﬁﬂ@ @@
O r @@ (c)x+2 C@x-2
(viii) he shape of the graph of an absolute value function?

(ix)

x)

(a) U—shaped (b) V-shaped -
~ (c) L-shaped ' (d) M-shaped ‘
If a graph represents a function, then eVery vertical line must inter‘s‘éct it at:
(a) 4 points (b) 3 points (¢) 2 points (d) 1 point.
If f(x) = ¥, then /(-2) = arbplusiEl. . ot
(a) -8 e ©4 | (d) e

Iff(x)=25-x2and g(x) =5 +x, then find =

RO E T O (0] @ @ W@gg@@m

(iv) ﬁi—; g(-8)

Iff(x) =W@ + 2x then find
i) (fog)) (i)  (gof)(x)

(i)  (fof )(x) (iv)  (gog)()
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11.

Find f-'(x), if
@ ii@

(1), - ICO=Ix—1 @ x#l
(i) f W x (iv) f(x)= T

Plot graph for the following absolute valued functions:

@® S =Tlx| (i) = f(x)=|x+6| -

Solve and express the solution on number line:

i [3x-2/=1 (i) |6x+ 1=

Solve and express the solution on number line:

i) [7-2x|<1 (i) |[6x+18|<24

Given that f(x) =3x+ 7, find

@ '@ ‘ C%f(x) =f"®)
A company earns a p ach item sold after a fixed monthly
expense of Rs ion P(x) = 100x — 10,000 represents the profit
after sel S. How many items must be sold to break even (profit = 0)?

A store offers a 15% discount on a product. A function D(p) = 0.85p gives
the selling price after the discount on an original price p. What is the selling
price of an item that originally costs Rs. 2,000?

A GPS system is considered accurate if the actual position differs from the
reported position by no more than 6 metres. If the actual location is at point
x =100, the allowed range is defined as: |x — r| < 6, where r is the
reported location. What is the range of acceptable reported locations?




