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NAME OF THE CHAPTER: RELATIONS AND FUNCTIONS

Cartesian Products of Sets:

Let A and B be any two non-empty sets. The set of all ordered pairs (a, b) such that acA and beB is called the

cartesian product of the sets A and B and is denoted by AxB.
Thus, Ax B =[(a, b): acA and beB]

If A= ¢gorB = ¢ then we define A x B = ¢.

Example: Let A={a, b, c} and B = {p, q}.

Then Ax B ={(a, p), (a, a), (b, p), (b, a), (c, p), (¢, q)}

AlsoB x A={(p, a), (p, b), (p. ©), (4, @), (a. b), (g, ¢)}
v For any three sets A, B, C

e Ax(BUC)=(AxB)uU(AxC)
e AXx(BNC)=(AxB)n(AxC)
e AXx(B-C)=(AxB)-(AxC)
v'If Aand B are any two non-empty sets, then
e AXxB=BxAcA=B
If AcB, then A x Ac (A x B) n (B x A)
If AcB, then A x CcB x C for any set C.
If AcB and CcD, then Ax CcB x D
Foranysets A, B,C,D
e (AxB)n (CxD)=(ANC) x (BND)
v For any three sets A, B, C
e Ax(B'UC)Y=(AxB)n(AxC)
e Ax(B'NC)=(AxB)U(AxC)
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Relations
&« Arelation R from a non-empty set A to a non-empty set B is a subset of the cartesian product A x B. The
subset is derived by describing a relationship between the first element and the second element of the
ordered pairs in A x B. The second element is called the image of the first element
« Let Rc AxB and (a, b)eR. Then we say that a is related to b by the relation R and write itasaR b .
If (a,b) € R, wewriteitas aRb.
Remarks:

(1) Arelation may be represented algebraically either by the Roster method or by the Set-builder method.
(if) An arrow diagram is a visual representation of a relation.

Note:

The total number of relations that can be defined from a set A to a set B is the number of possible subsets of

Ax B. Ifn(A) = pand n(B) =q, then n (A x B) = pq and the total number of relations is 2M
Domain and range of a relation

« The set of all first elements of the ordered pairs in a relation R from a set A to a set B is called the domain
of the relation R

& The set of all second elements in a relation R from a set A to a set B is called the range of the relation R.
The whole set B is called the codomain of the relation R. Note that range c codomain

« Dom (R) ={a: (a, b) eR} and Range (R) = {b: (a, b) eR}.

Inverse relation

Let A, B be two sets and let R be a relation from a set A to a set B. Then the inverse of R, denoted by R, is a

relation from B to A and is defined by R™ ={(b,a):(a,b) e R}
Clearly (a, b) eR< (b, a) eR™. Also, Dom (R) = Range (R™) and Range (R) = Dom(R™)

Example: LetA={a, b,c},B={1,2,3}and R ={(a, 1), (a, 3), (b, 3), (c, 3)}.
Then, () RT={(1, a), (3,a), (3,b), (3, c)}
(i) Dom (R) = {a, b, c} =Range(R™)
(iii) Range (R) = {1, 3} =Dom(R™)
Functions
+ Arelation f from a set A to a set B is said to be a function if every element of set A has one and only one
image in set B.
+ In other words, a function f is a relation from a non-empty set A to a non-empty set B such that the domain
of fis A and no two distinct ordered pairs in f have the same first element.

+ If fis a function from Ato B and (a, b) € f, then f (a) = b, where b is called the image of a under f and a is

called the preimage of b under f.
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Two things should always be kept in mind:

+ The function f from Ato B is denoted by f: A — B.

(1) Amapping f: X —Y issaid to be a function if each element in the set X hasits image in set Y. It is also
possible that there are few elements in set Y which are not the images of any element in set X.

(ii) Every element in set X should have one and only one image. That means it is impossible to have more
than one image for a specific element in set X. Functions can not be multi-valued

(A mapping that is multi-valued is called a relation from X and Y) e.g.

| FUNCTION vs NOT FUNCTION | | © secx oonsi- s

of X has exactly one image in Y.

{ A relation from set X to set Y is a FUNCTION if every element

O Set Y (Codomain) - Possible outputs

. Range = Actual outputs (subset of codomain)

1. FUNCTION - One input has exactly one output

2. FUNCTION - Many inputs can have the same output

Set X (Domain) Set Y (Codomain) Range Set X (Domain) Set Y (Codomain) Range
Set X = {a,b, ¢} Set X = {a, b, }
SetY={1,23] SetY=1{L23]
Range = {1, 2, 3} Range = {1, 2}
— e
This is a This is a
Each element of X has exactly one image in Y. ‘ Q FUNCTION Each element of X has exactly one image in Y. | o FUNCTION
= = e J e e e
3. NOT FUNCTION - One input has no output ‘ 4. NOT FUNCTION - One input has more than one output
Set X (Domain) Set Y (Codomain) Range Set X (Domain) Set Y (Codomain) Range
RN
Set X = {a,b, ¢} =
/54 g . Set X = {a, b, ¢}
SetY={1,23} SetY=1{123]
2 0---4‘ -------------- 92
“ | Range = {1, 2} Range = {1, 2, 3}
“‘ 3 . "/‘ 3 -
o Thisis NOTa | ( This is NOT a \
Element ‘c’ in X does not have any image in Y. 0 FUNCTION J ‘ 1 Element ‘a’ in X has more than one image in Y. G FUNCTION

MORE EXAMPLES

One-to-One Function Many-to-One Function

/p}—,—'l \ | SetX= {pq,r] pﬁ SetX = pqr} ‘ /\ L SetX=(pg ﬂ%l \ | SetX=fpgn |
\ Qﬁ—‘z SetY={1,23 SetY={1,23 2 SetY=1{1,23) \‘ q%ﬂ SetY={123
r >3 | | Range={12, 3] r Range 1,2 b \ "/ | Range={1,2} \fj—“‘ 3 Range = {1,2,3} |
b / NGO | \ / /
Each input has a unique output and Different inputs can have One input does not have One input has more than
no two inputs have the same output. the same output. J any output. k one output.
%

N\ 1\
Not a Function (No Output) ( Not a Function (Multiple Outputs)
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Testing for a function by vertical line test:

Arelation f: A— B isa function or not it can be checked by a graph of the relation.

If it is possible to draw a vertical line which cuts the given curve at more than one point then the given relation

is not a function and when this vertical line means line parallel to Y-axis cuts the curve at only one point then it

is a function.

(Pass the Vertical Line Test)

il 1. PARABOLA "o
Y= 2 |
U Every vertical !
line intersects i
the graph at ]' >
exactly one point. 0 i %
@ runcrion
\ J
\
| l
‘ y=2+1 ;
|
- Every vertical {
line intersects Vi : &
the graph at 0 ! ¥
exactly one point. / ;
@ ruxcrion
s
f 3. cusic CuRvE "woo
|
y=4' :
Every vertical : >
line intersects 00 ; x
the graph at / E
exactly one point.
@ runcrion
( COMMON EXAMPLES - FUNCTIONS
y=1

A graph represents a
FUNCTION if

every vertical line intersects
the graph at most one point.

If every vertical line
cuts the graph

If any vertical line

cuts the graph
only once more than once
- FUNCTION - NOT A FUNCTION

1. Draw any vertical line on the graph.

2. Check how many points it intersects,
¢+ Oor1point = Function

+ 2 or more points - Not a Function

NOTE

* It does not matter how many times a horizontal
line intersects the graph. Only vertical lines
are used in this test.

/ QUICK MEMORY TRICK

y=2* ‘/\ Vertical Line ]

\_/ Touches Once

y=sinx y=¢
0|

0 x X

v

Touches More Than On
- Not a Function

y=Vx
¥ 4 - Function :
0 / ) | ® Vertical Line I
2|0 1 z ce

& .

/

CEE3 ¢ TESTING FORAFUNCTION i o

+—= BY VERTICAL LINE TEST &—

—

(Fail the Vertical Line Test)

'

. y2 - n
A vertical line
through the center X
intersects the graph
at two points.

() NoTAFUNCTION | |
J

Il 2. SIDEWAYS PARABOLA [

|
‘ I
Y
s |
|
Any vertical line | <
(except x < 0) 0 I ;
intersects the graph '

‘ at two points.
) Nor A FUNCTION

\

3. VERTICAL LINE yi

Ti="2

The vertical line
intersects the graph 0 l
at infinitely many 9
points.

A

€) NoT A FUNCTION

EXAM TIP (KCET / JEE) ' )

Q Common graphs that are FUNCTIONS

y=2 y=2' y=|r|, y=sinz, y=e* y=Iz (x>0

0 Common graphs that are NOT FUNCTIONS

Circle (x* + y* = 1%), Sideways Parabola (z = y%),
Ellipse, Vertical Line (2 = a)

REMEMBER:  The vertical line test is a quick way to decide whether a graph represents a function or not.
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Domain, co-domain and range of function

If a function f is defined from a set A to set B then for f : A— B set A is called the domain of function f and set B

is called the co-domain of function f.
The set of all f-images of the elements of A is called the range of function f.
In other words, we can say: Domain = All possible values of x for which f(x) exists.

Range = For all values of x, all possible values of f(x).

Domain : Set of all inputs
( Co-domain : Set of possible outputs
Range : Set of actual outputs

Domain Co-domain (subset of co-domain)
Example 1 Example 2
A F B X F Y
N oo - =
a P\ il ¢ 10 \
/ \ | Domain ={a,b,c d}=A \ [ o 20 \| | Domain ={1,2 3, 4}=x
b 1 q \ 2 I \
\ J Go-damain=s (P g arsi=>B | .0 20 | | Co-demain = {10, 20, 30, 40, 50} = Y
c t r 3 | |
\ / Range ={p, q, r, s} \ \ e 40 / Range = {10, 20, 50}
 d >0 s 4 \ ;
- 4 ® 50/
Example 3 Example 4
M P N P Q
=i — Y f -
/red ‘e circle \ 2 A’_———,&»’ i \
/ \ | Domain = {red, blue, green} = M / 2 \ Domain ={2,4,6}=P
\ \
blue .—L’,&_—> Sgquare /‘ Co-domain = {circle, square, triangle} = N 4 ( 3 “ Co-domain = {1, 2, 3, 4,5} = Q
green 8O triangle Range = {circle, square} 6 \ard / Range = {1, 2, 3}
/ \\ / “\ /
— — \o 5 /

Range is always a subset of Co-domain. It contains only the elements that are actually mapped to by the function.

Methods for finding domain and range of function

(i) Domain

(a) Expression under even root (i.e., square root, fourth root etc.) > 0. Denominator = 0.

If domain of y=f(x) and y=g(x) are D,and D,respectively then the domain of f(x)+g(x) or
f(x)-9(x)

is D,ND,

Domain of % is D, "D, -{g(x)=0} Domain of 4/ f (x) =D, n{x: f(x)0}

g(x

(ii) Range: Range of y = f (x) is collection of all outputs f (x) corresponding to each real number in the

domain.

(@) If domain e finite number of points = range e set of corresponding f (x) values.

(b) If domain R or R — [some finite points]. Then express x in terms of y.
From this find y for x to be defined (i.e., find the values of y for which x exists).

(c) If domain € a finite interval, find the least and greatest value for range using monotonicity.
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Domain and Range of Some Standard Functions

Function
Polynomial function
Identity function x

Constant function K

z P 1
Reciprocal function —
x

x=.,. =]

23, x|=|

Signum function

x+ ||

a2 | 2|

[x] (Greatest Integer Function)
x — [x] (Fractional Part)
x

x” (ne N)

Vx (ne N)

ak (a>0, a+#*1)

log, x (a>0, a#1)
e~
In x
sin x
cos x
tan x
cot x
sec x
cosec x
sin ! x
B
cos ax
-1
tan x
cot ! x
1
sec x
cosec ' x
| x|
| x a |
x2 4+ a (a e R)
ax b
x I}
a 2 ( ad bec #+ 0)
cx +d
1
1 4+ x?
e
e + 1
e™
3 1
x
[x] (Least Integer Function)
{x} = x — [x] (Fractional Part)
x! (xel, x=0)
nCr (n=7>0; n;rel)

Domain

AETE TR AR A AR A A

[0, <o)

n - -
R—{§+k7r|kez}
R —{kn | ke Z}
R—{%+kﬂ|kez}
R— {kn |k e Z}

[—1, 1]
[—1, 1]
R
R

R— {=1, 1)
R =105 )

AR R

—

Range
R
R
{K}
Ro
R* U {0}
R
{—1,0, 1}
R* u {0}
R~ v {0}
I (Integers)
[0, 1)
[0, =)
R (nodd), [0, o©) (72 even)
R (nodd) ; [0, o0) (neven)
R+
R
(0, o)
R
[=1iu]
[=T. 1]
R
R
R—{—=1 1)
R {—3. 1)

o]

[0, =1
(-%- %)
(0. 7)

[0, %) () (% 7T
[=5.9)C e F]
[0, o)

[0, =)

[a, o)

R (a+#0), {b}
R-1%}
(0, 1]
(_1’ 1)
(0, oo)
Ro

I (Integers)

[0, 1)
T =1
I, >0
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Even and Odd function

(1) Even function: If we put (—x) in place of x in the given function and if f(—x)=f (x) , VX e domain then
function f(x) is called even function. e.g.
f(x)=e"+e™, f(x)=x* f(x)=xsinx, f (x)=cosx, f (x)=x*cosx all are even functions.
(2) Odd function: If we put (—x) in place of x in the given function and if
f (-x)=—f (x), vx edomain then f(x) is called odd function. e.g.,
f(x)=e"—e™ f(x)=x% f(x)=sinx, f (x)=xcosx, f (x)=x*sinx all are odd functions.
Properties of even and odd function
e The graph of even function is always symmetric with respect to y-axis. The graph of odd function is always
symmetric with respect to origin.
e The product of two even/odd functions is an even function.
e The sum and difference of two even functions is an even function.
e The sum and difference of two odd functions is an odd function.
e The product of an even and an odd function is an odd function.
It is not essential that every function is even or odd. It is possible to have some functions which are neither
even nor odd function. e.g.f(x) = x?+ x3, f(x) = loge x, f(x) = €*.
e The sum of even and odd function is neither even nor odd function.
e Zero function f(x) = 0 is the only function which is even and odd both.

Algebra of real functions

(1) Scalar multiplication of a function:
(cf )(x)=c.f(x) where cis ascalar. The new function c.f (x) has the domain X,
(2) Addition/subtraction of functions:

(f+9)(x)=f(x)£g(x)The new function has the domain X.

(3) Multiplication of functions:
(fg)(x)=(g.f)(x)= f(x).g(x) The product function has the domain X.

(4) Division of functions:

(i) (il(x) = % The new function has the domain X, except for the values of x for which g(x)=0
g g(Xx

(i) [%J(x) = % The new function has the domain X, except for the values of x for which f (x) =0
X
(5) Equal functions: Two function f and g are said to be equal functions, if and only if
(i) Domain of f = Domain of g (ii) Co-domain of f = Co-domain of g
(i) f(x)=g(x)Vxe their common domain
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Relations:

1. Let G—l, g+1j =(2,1), then the values of x and y respectively re

(1)3,5 (2)6,0 (3)5,3 (4)0,6
2. If G={7,8}and H ={5,4,2} then GxH is
(1) {(7.5).(7.4).(7.2).(8.4).(8.2)] (@) {(7.5).(7.2).(85).(8.4).(8.2)}

) {(7.5).(7.4).(7.2),(8.5).(84).(82)f (4 {(57),(47).(27).(58).(48).(28)}
3. If AxB={(a,x),(a,y)(b.x), (b,y)} then Aand B are
(@) fabjend {x} () {abjand {xy} (@) {(ab)}end {xy} (4 {a)and {x,y}
4. Which of the following is true
(1) If P=(m,n)and Q =(n,m) then PxQ={(m,n)(n,m)}
(2) If A and B are nonempty sets, then Ax B is a nonempty set of ordered pairs (x y) such that x<B
andyeA
(3) If A={1,2} B={3,4} then Ax(Bn¢)=¢
(4) If A and B are two sets then AxB=BxA
5. Let A={1,2},B={{1},{2}},C ={{1},{1,2}}. Then which of the following relation is true?

(1)A=B (2) BcC (3) AeC (4) AcC
6. If Aisthe null set and B is an infinite set, then AxB
(1) infinite set 2 ¢ (3) undefined (4) singleton set

7. If A and B are two sets, then AxB=Bx Aiff
(1) AcB (2) BcA (3) A=B (4) AnB=¢
8. Suppose that the number of elements in set A is p, the number of elements of in set B is q and the
number of elements in Ax B is 7 then p®>+q° =
(1) 50 (2) 42 (3) 51 (4) 49
9. If two sets Aand B have 99 elements in common, then the number of elements common
to the setsAx B and B x Ais

(1) 2% (2) 99° (3) 100 (4) 18
10. If n(A) =4, n(B) =3, n(A x B x C) = 24, then n(C) is equal to
(1) 288 (2) 12 (3)2 4) 17

11. Let A={1,2,3},B={3,4} and C={4,5,6}, then (AxB)n(AxC)=

() {(4).(24).34)} @) {(42).(34). (42} B3) {(24).L4)} () {(14).(24)}
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12. If A={1,2,3} and B={3,8} then (AUB)x(ANB) is
(1) {(31).(33).(38)} @ {(13).(2.3).(33).(8.3)
(3) (12).(2.2).(3.3).(88)} (4) {(8.3). (8.2). (81), (88)}
13. If A={x:xeW,x<2} B={x:xeN,1<x<5|C={3, } then Ax(BNC) is
M (03,03} @ {(03)} (3 {(L3)) (4) (30),(30)

14. The Cartesian product of AxA has 9 elements, two of which are (-1, 0) and (0, 1), the remaining

elements of Ax A is given by

@ (-1, (0.0). (-1-1), (1-1), (0-1)} @) {(-11).(0,0). (L-1), (10), (11). (0.1}
(3) {(10).(0.-1),(0,0).(-1-1).(L-1),)} (@) {(£0). (0,1}

15. Let A={1,2} and B={3,4} then number of subsets of AxB will have

(1) 8 (2) 16 (3) 32 (4) 64

16. If number of elements in sets A and B are p and q respectively, then the number of relations from A to
Bis
(1) 2™ (2) 2™ (3) m+n (4) mn

17. Let n(A)=m and n(B)=n, then the total number of nonempty relations that can be defined from A to

Bis
1) m" (2) n"-1 (3) mn-1 (4) 2™ -1
18. If n(A)=2 and total number of possible relations from set A to set B is 1024, then n(B) is
(1) 20 (2) 10 3)5 (4)512
19. The sets A and B are not singletons and n(AxB)=21. If AcB,[n(A),n(B)]=
(1) (10,12) (2) (11,10) (3) (37) () (7,5)

20. Let A={1,2,3,4,5,6,} define a relation R from A to A by R={(x,
(@) R={(12).(23).(34).(45).67)) (@ R={(12),(23).(3.4).(4.5)}
(4) R={(12).(23).34)(45)(56)) @ R={(12)(2:3).(34)}

21. Let A={1,2,3,4,6}.LetR be the relation on A defined by {(a,b):a,be A, bis exactly divisible by a} then

); y=x+1} then R is

which of the following is false

(1) R={(1),(1.2),(13),(1.4).(1.6),(2.2).(2.4).(2.6).(3,3).(3,6).(4.4).(6.6)}
(2) Domain of R is {1,2,3,4,6}

(3) Range of R is {1,2,3,4}

(4) Range of R is {1,2,3,4,6}
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22. The relation R defined on the set of natural numbers as {(a, b): a differs from b by 3} is given

@ {(@,4),(2,5),(@3,6),..} 2 {G5,1),(6,2),(7,3),..}

?){(L 3), (2,6), (3, 9), ...} ?){3. 1), (6, 2), 9, 3), ...}
23. The ordered pair (5,2) belongs to the relation

@ {(xy):y=x-5xyeZ} @ {(xy):y=x+5xyeZ}

3 {(xy):y=x-3xyeZ| @ {(xy):x=y-3x,yeZ|

24. Let R be a relations in N defined by R = {(l+ X, 1+ xz): X<5Xe N} . Which of the following is false?

(1) R ={(2,2), (3,5), (4,10), (5,17), (6,25)} (2) Domain of R = {2,3,4,5,6}
(3) Range of R = {2,5,10,17,26} (4) R ={(2,2), (3,5), (4,10), (5,17), (6,26)}

25. If R ={(x, y)ly=2x+7, where xe Rand -5<x<5} is a relation, then which of the following is false?
(1) Domain of R is (-5,5) (2) Domain of R is [-5,5]
(3) Range of R is [-3,17] 4 R ={(x, y)ly=2x+7,xeRand -5< XSS}
26. Let N be the set of all natural numbers and let R={(a,b):a,be N and 2a+2b =10} then Range of R is
(1) {12,3,4) (2) {2,4,6,8) (3) {2,3,4} (4) {2,6,8)
27. Let the relation R is defined in N by aRb, if 3a+2b=27 the R is
(1) {(112),(39).(5.6),(7.3)} ) {(112),(39),(5.6),(7.3),(9.0)}
27

3) {(O,?j,(l,lz),(S,Q),(S,6),(7,3)} @) {(21).(9.3).(6,5),(3.7)!
28. Which of the following is true

(1) The ordered pair (5,2) belongs to the relation R={(x,y):y=x-5,x, y ez}

@) If (x-2 y+5)=(—2, %)

(3) If P={1,2} then PxPxP={(111),(2,2,2),(12.2),(2.11)}

(4) AxB={(ax),(a y).(b.x),(b,y)} then A={a,b},B={x,y}

29. If the sets A and B are defined as

A={(X,y)|y=%,X¢O,XeR} and B={(x,y)|y=-x,xeR} then number of elementsin AnB is

14 (2)0 31 (4)2

30.If R= {(x y)| xand yareintegersand x* + y* = 64} is a relation, then find the value of R
()R={(08),(8.0)) () R={(0.8).(-8.0).(8.0).(0.-8)}
(3 R={(8.0)} () R={(-8,0),(8.0).,(0.-8)}
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RELATIONS

1 2 3 4 5 6 7 9 10
2 3 2 3 3 2 3 2 3
11 12 13 14 15 16 17 18 19 20
1 2 1 3 2 2 4 3 3 3
21 22 23 24 25 26 27 28 29 30
3 1 3 1 1 1 1 4 2 2
Functions:
1. Which of the following relation is a function?

1) {(21).(5.1).(8,1).(111),(14,1),(17.2)} (2) {(1.3),(1,5).(2.5)}
(3) {(2.2),(24).(33).(4.4)} (4) {(4.6),(3.9).(-116),(311)}
Which of the following relation is not a function

(1) {(2’1),(41

2),(6,3),(8,4),(10,5),(12,6),(14,7)}

(2) {(21) 4,2)}
®3) {(1,2 3.4),(4.5),(56).(6.7)}
(4) {(L5), )}

If f:A— B isa function then which of the following is not true to define a function

(1) No two elements of A have the same image is B
(2) A and B are finite non empty sets
(3) Elements in A has an image in B

(4) f:A—B isarelation from Ato B
Let A=[-1,1], B=[-1,1], C =[0,). Let R ={(x,y) e AxB:x*+y* =1} and
R, ={(x, y)e AxC:x* +y? :1}

(1) Rz defines a function from Ato B
(3) Rz and R2 are both functions

Is g ={(11).(2.3).(3,5).(4,7)} afunction? If this is described by the relation g(x)=ax+b the what

(2) R2 defines a function from Ato C

(4) Both are not functions

value should be assigned to a and b?

(1) Yes, a=2, b=-1 (2) No, a=1,b=-1 (3) No, a=2, b=-1 (4) Yes, a=1, b=-1

If f(x)=ax+b, whereaandb areintegers f(-1)=-5and f(3)=3 then a and b are respectively

(1) 0,2 (2) -3,-1 (3) 2,3 (4) 2,-3
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7. If f(x)=x* then Mz
1-1-1

(1) 2 ) 2.1 (3) 2.5 (4) 0.21

8. If f(x)=2x* then w:
3.8-4

(1) 156 (2) 0.156 (3) 1.56 (4) 15.6

9. If f(x):x3—%, then f(x)+f(§j is equal to

(1) 2x° ?) 2% 3)0 41

10. If f and g are real functions defined by f(x)=x*+7 and g(x)=3x+5 then f(3)+g(-5) and
f(-2)+g(-1) respectively be
(1) 6,13 (2)6,12 (3)12,6 (4)5,12
11. The graph of the following function represents the function
(1) f:R—>R defined by f(x)=x*xeR ZI
(2) f:R—R defined by f(x)=x° >

(3) f:R—{0} >R defined by f(X)z%,XeR—{O} ) -
(4) f:R—R defined by f(x)=+/x
12. Which of the following is a identity function?

(1) f:R—R defined by f(x)=c,xeR, the set of real numbers and C is constant
(2) f:R—>R defined by f(x)=x? xeR, the set of real numbers

(3) f:R—R defined by f(x)=x foreach xeR, the set of real numbers.

(4) f:R—R defined by f(x)=Ixl for each xeR, the set of real numbers

13. Which of the following is not a constant function
(1) f:R—>R defined by f(x)=5,xeR (2) f:R—R defined by f(x)=k, xeR and k is constant
(3) f:R—R definedby f(x)=2 xeR (4) f:R—>R definedby f(x)=x, xeR

14. Which of the following is not a polynomial function
(1) f:R—>R defined by f(x)=x’-x*+2 xeR

2

(2) f:R—R defined by f(x)=x3+2x xeR
(3) f:R—R defined by f(x)=x*+v2x xeR

(4) f:R—R defined by f(x)=x*xeR
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15. Which of the following is false for the function f:R—R defined by f[x]=[x] where [x] is the
greatest integer less than or equal to x
(1) [x]=x is an integer
(2) [x]= an inter immediately to the left of x if x is not an integer.
(3) [3-0.9]=2
(4) [-3.29]=-3
16. For f(x) =[x] , Where [x] is the greatest integer function, which of the following is true, for every

xeR

(1) [x]+1=x (2) [x]+1>x (3) [x]+1<x (4) [x]+1<x

17. Which one of the following is correct in respect of graph of y = Ll
X_

(1) The domain is {x € R|x =1} and the range is the set of reals
(2) The domainis {x e R|x =1}, therange is {y € R|y 0} and the graph intersect y-axis at (0,-1)
(3) The domain is the set of reals and the range is the singleton set {0}
(4) The domain is {x eR|x ;tl} and the range is the set of points on the y-axis
18. Consider the following statements in respect of relations and functions:
1. All relations are functions but all functions are not relations
2. Arelation from A to B is a subset of Cartesian product Ax B
3. Arelation in Alis a subset of Cartesian product Ax A

Which of the above statement are correct?
(1) 1 and 2 only (2) 2and 3 only (3) Land 3 only (4)1,2and 3

19.If f(x)=e™, then M is equal to

f(b)
(1) f(a+b) 2) f(a=b) (3) f(-a+b) @) f(-a—b)

20. If f(x)=x*-3x+1land f(2a)=2f(«),then «isequal to

1 1 1 1 1 1
) E (2) _ﬁ 3 ﬁ or—ﬁ 4) ﬁ or—ﬁ
2X 1 X>3
21 If f:R—> R bedefined by f(x)=1x* :1<x<3 then f(-1)+f(2)+f(4)is
3x : x<1
(1)5 2)9 (3) 10 (4) 14
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22. Express the following as set of ordered pairs and determine their range.

f:x—>R, f(x)=x>+1 where x={-10,39,7}

(1) {128,344} (2) {0,2,28) (3) {0,1,28,344,780} (4) {344,730}

23.1f f(x)=sin| z* |x—sin| —z* |x, where [x] = greatest integer, then which of the following is not

true?
1
1) f| 2 |=1 2) f| 2 |=1+—= () f(r)=—1 4) £(0)=0
W (%) @ (51 @@ @ 1(0
24. The function f(x)=[x-2/+[2+x|,-3<x <3 is redefined as

—2X —-3<x<-2 2x  —-3<x<-2
(1) f(x)=< 4 -2<x<2 (2) f(x)=2 4 -2<x<2

2x  2<x<3 —2X  2<x<3

4 -3<x<-2 9% —3<x<d

p— —9< <_

(B) f(x)=95 -2<x<2 (4) f(x) {ZX PPN

2X  2<x<3

25. Identify which of the following given relations are not function

1. h={(4,6),(3,9),(-11,6),(311)} 2. f ={(x,x)|xisareal number}
3.9= {(le| xisa postiveint eger} 4. s= {(x x2)|xisa postiveint eger}
X

5. t={(x,3)|xisa postiveint eger |

(1) only1 (2)1and 3 (3)2and 5 (4)1,2,3,4and 5
FUNCTIONS
2 3 4 5 6 7 8 9 10
4 1 2 1 4 2 4 3 1
11 12 13 14 15 16 17 18 19 20
3 3 4 2 4 2 2 2 4 3
21 22 23 24 25
2 3 3 1 1
Domain & Range:
1. The domain of the function of defined by f(x)= ! ™ is
X—1X
(M) R @ R @) R @ ¢
. 1 .
2. Thedomain of f(x)=————-v1-Xx* is
( ) N2x -1
1
m&@ 2) [1) (3) L) (4) (-0, )
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3. The domain of the function f (x)=log, (x—[x]) where [x] is greatest integer, is

MR (2 R-Z 3) (0,) 4) z
. . X2 +2x+1
4. The domain of the function f(x)=—5———
X°—8x+12
(1) R—(2.6) (2) R—{-2,-6) (3) R—[2,6] (4) R-{2,6}
5. The domain of the function f (x)= IO?3(X+7) is
X°—5X+6

(1) (-7,0)-{2,3} (2) (-3.0)—-{3,2}  (3) (-7,0)—{3} (4) (-3,)—{3}
6. The domain of the function f (x)=log, (log, (log, x)) is

(1) (—,4) (2) (4,0) (3) (0,4) 4) (1)

7. The domain of the function f (x)=+7-3x+log, x is

(1) O<x<m (2)0<XS£ (3) —0<x<0 4 —oo<X££
8. The domain of the function f (x)= L +X+2 is

log,, (1-x)

(1) [—2,0)m(0,1) (2 [—2,1) (3) [—2,0) 4 [—2,0)u(0,1)
9. The domain of the function f(x):loge[x—[x]] , Where [x] is greatest integer is

DR (2) R-Z () (0,) 4z
10. The domain of the function /;(—_)7( is

1) (7,9) 2 [7,9) 3) [7,9] (4) (7,9]

. . 1 .
11. The domain of the real valued function f (X)=+x* -4 +——— is
() " VX2 =T7x+6
(1) R—[—6,—2) (2) R—[—2,6) (3) R—(—2,6] 4) R—(—2,6)

1

12. The domain of the function f(x)=
[x] -7[x]+6

where [x] denotes greatest integer is

Q) (—oo,l)u[7,oo) 2 (—oo,l]U(?,oo) 3 (1,7) 4) (—oo,l)u(?,oo)
13. The domain of the function f (x)= ! is
J(x=2)(x-5)

(1) (—0,2)U(5,%) (2) (-=,3)U[5,%) (3) (—»,3]u(5,2) (4) (—x,2]U[5,2)
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14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

f (X) _ (X"')l()_();_?’)

) (eo-UB®)  (2) (—o-Ju23] @) [LYuEx) (4 [-12

is real valued function in the domain

If [x] denotes the greatest integer function <x then
[1 1}[1 2} {1 999}
e —— || ot —— [+t o —|=
2 1000 2 1000 2 1000
(1) 498 (2) 499 (3) 500 (4) 501
The range of the function f (x) =sin[x] —g< X <% where [x] denotes the greatest integer is
(1) {0} (2) {0,—sin1} (3) {0+sin1} (4) {0,sin1}
: 1+ X2 :
The range of the function f(x)= ZXeR —{0} is
(1) [2,=) (2) L) (3) [L,) (4) (—1]
Let f:R— R bea function defined by f (x)=x*+9. The range of fis
(1) (-0, 9] U[9,0) (2) [9,) 3) [3,) (4) (—o0,)
The range of the function f:R—R defined by f(x)=2,xeR
(1) {0.2} (2) R ) {2} (4) {cj
2
The range of the function f (x)=>— X eRis
X“+x+1
1
(1) (03] (2) (—o0,0) (3) [3,) (4) [5 3}
The range of the function f (x) = _r IS
2—C0s 3X
1 1
) (-2.) @3] ® (34 @ [-23
2
Let f ={(x,1 sz J X e R} be a function from R to R. The range of fis
+
(1) [0, 1] ([0, 1) (3) (0. 1) (4) (1, )
Let A={1,2,3}and B={2,4,6,8}. Consider the function f:A— B, f (x)=2xVxeA.

The domain, co-domain and range of f respectively are

(1) {1,2,3}, {2,4,6}, {2,4,6,8} (2) {1,2,3}, {2,4,6,8}, {2,4,6}
(3) {2,4,6,8}, {2,4,6,8}, {1,2,3} (4) {2,4,6}, {2,4,6,8}, {1,2,3}
Domain and range of the function f:R—R defined by f(x)=x* is

(1) R, [0,0) (2) R,(~x,0) 3) R,R (4) (-, 0), R
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1 if x>0
25. The domain and range of the function f:R—R definedby f(x)=<0 if x=01is
-1 if x<0

(1)R,R 2) R{-11 (3) R{-10,1} (4) R,[0,)

26. Find the domain and range of the function whose graph is shown below

(1) Domain = R—[-1,1], Range = [-1,1]
(2)Domain = R—{x:x=nz,neZ}, Range =R—(-11)
(3)Domain = R—{x:x=(2n+1)7,neZ}, Range = R—[-11]
(4) Domain = R—{x:x=nz,neZ}, Range = R

27. The domain and range of the function f(x)=+9-x* is
(1) [-3,3] and (0,3)

(2) [-3.3] and [0,3) (3) [-3.3]and [0,3]  (4) [-3,3)and (0,3)

28. The domain and range of real function f defined by f (x) =% is given by

(1) Domain = R, Range = {-1,1} (2) Domain =R—{1}, Range =R

(3) Domain = R—{4} , Range ={-1} (4) Domain =R—{-4}, Range ={-11}

1
X—2

is

29. The domain and range of the function f(x)=

(1) Domain =[2,0) Range =R"* (2) Domain =(2,0) Range =(0,)

(3) Domain = [2,0) Range =(0,x) (4) Domain = (—=,2) Range =(0,)

30. The domain and range of the function f (x) :T
X—=1X

where [x] is the greatest integer

(1) R-Z,(1,») (2) R,(L) (3) R-Z [L) (4) R, [L,0)
DOMAIN AND RANGE
1 3 4 5 6 7 8 9 10
4 1 2 4 1 2 2 4 2 2
11 12 13 14 15 16 17 18 19 20
3 1 1 3 3 2 2 2 3 4
21 22 23 24 25 26 27 28 29 30
2 2 2 1 3 2 3 3 2 1
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Algebra of real functions
1. Let f(x)=v1+x* then
1) f(xy)=1(x)f(y)

(3) f(xy)<f(x)f(y)

(2) f(xy)zf(x)f(y)

(4) f(xy)= f(x)

f(y)

2. Letfand g be real functions defined by f(x)=2x+1and g(x)=4x-7 The value of x for which

f(x)<g(x) is

(1) x>2 (2) x<2

(3) x>4

(4) x<4

3. Iffand g are two real valued functions defined as f (x)=2x+1 and g(x)=x*+1 then consider the

following algebra of functions given in column A and respective answers were given in column B

Column A Column B
(@ | f+g (i) | —x*+2x
.. 2x+1

f—
(b) g () | Sz
(c) | fg @iil) | 2 +x*+2x+1

f
(d) 9 (iv) | x*+2x+2

Which of the following is the correct match?
(1) (8) — (iii); (b) — (iv); (c) — (ii); (d) — (i)
3) (a) = (iv); (b) — (i); (c) — (iii); (d) — (ii)
. Let fand g be two real functions given by
f={(2.4).(56),(8-1),(10,-3)} and g={(2,

Then consider the following columns

(2) (@) — (iv); (b) — (iii); (c) — (i); (d) — (i)
(4) (a) — (i); (b) — (ii); (c) — (iv); (d) — (iii)

5).(7.1),(8,4),(10,13),(11,5)}

Column A Column B
@ | f-g (i) 4 3
{(2 HICHICE)
(b) | T+g (i) | {(2.20), ,(10,-39)}
© |9 (ii)) | {(2.-), (10,-16)}
@ | f (iv) | {(2,9).(8.3).(10 10)}
g

Which of the following is the correct match?
(1) (a) — (iii); (b) — (iv); (c) — (ii); (d) — (i)
3) (@) = (i); (b) — (ii); (c) — (iv); (d) — (iii)

(2) (8) — (iv); (b) — (iii); () — (i); (d) — (ii)
(4) (8) — (ii); (b) — (i); (c) — (iii); (d) —> (iv)
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5. If f(x)= Jxand g (x) = x be two functions defined in the domain R* {0}, then consider the following

algebra of functions given in column A and respective answers were given in column B

Column A Column B
(@ | f+9 (i) | —x+x
) | -9 (i) |
(c) | fg (iii) | x++/x
N N
@ | W) | =

Which of the following is the correct match?

(1) @) — (iii); (b) — (i); (c) — (ii); (d) — (iv)(2) (a) — (iv); (b) — (iii); (c) — (i); (d) — (ii)

(3) () — (iv); (b) — (i); (c) — (iii); (d) — (ii)(4) () — (i); (b) — (ii); (c) — (iv); (d) — (iii)
6. The domain of which the function defined by f (x)=3x*-1and g(x)=3+x are equal to

ol 60y el ocea(i

7. Letfand g be two real functions given by f = {(0,1),(2,0),(3,—4),(4, 2),(5,1)} and
9={(10),(2,2),(3,-1),(4.4),(5,3)} then the domain of f.g is given by
(1) {1.2,3,4,5) (2) {-10.234) (3 {2345} (4) {-4,0,1,2)

8. f(1)=1, nx1= f(n+1)=2f(n)+1lthen f(n)=

(1) 2™ (2) 2" 3) 2" -1 @) 2" -1
9. If f(x) :%—tan(%xj,—k x<land g(x)=+v3+4x-4x* find the domain of (f +g)

o) [—%1) @ (—%,1} (3)[—%%} @ (-11)
10. If f(x)=4x°+3x*+3x+4, then x*f (%) =

@) f(~x) @) —1_ 3) [f (EJT @) £ (x)

f(x) X
Algebra of real functions

1 2 3 4 5 6 7 8 9 10
3 4 3 1 1 1 3 3 1 4
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RELATION

A relation from a set A to a
set B is a subset of A x B.

-

If R is a relation from A to B,
thenRC AxB

\ )
DOMAIN & RANGE

Let f: A — B be a function.

RELATIONS & FUNCTIONS
= <

Build Strong Concepts. Solve with Confidence!

|

A relation f from Ato B is
a function if every element
of A is related to exactly
one element of B.

‘

J

VISUAL REPRESENTATION TYPES OF MAPPINGS (BY DIAGRAM)
A B A B A B A B

® Domain (A) : Set of all inputs a :l 4 by - by & by
(first elements). a2 F s 2 > b, ‘= b, a2 > b,
az > b3 as > b3 b3 az > b3
| o Range (f) : Set of all outputs :
. b, ba b,
actually obtained. an b,

Valid Function
(Every element of A has
exactly one image)

Range(f) = {f(a):a€ A} CB

Arrows show mapping
from A to B

Not a Function Not a Function
(One element of A has (At least one element of A
more than one image) has no image)

ALGEBRA OF FUNCTIONS

a a
[ orcurions oviucrons I eoruant FormuLas
Let f, g: A — R be two functions. Let f: A—> Band g: B— C. e (f+@)(x)=f(x)+g(x)
1. Sum :he io:m;;ositionfof iandcf,' o (f - @) = f(x) — g(x)
= enote of :A—>C,is
ik s « (O = f) g(x)
2. Difference 5
(f - 9)x) = f(x) - g(x) ugof)(x) = g(f(x))J . (i)(x) = fii; , g(x) #0
3. Product £ &
(f - 9)(x) = f(x) g(x) (gof) isread as o (kf)(x) = kf(x)
4. Quotient il * (g0 N0 = g ()
(£ ) - f(x) (8 £ 0 A f B 3 ¢ ® |dentity Functionon A : I ,(x) = x
£y &4 @;-»@——. © (folp)®) = f(x) = (Igof)x)
5. Scalar Multiple
kf)(x)=kf(x), keR . TR N ® Domain(go f) = {x € A: f(x) € Domain(g) }
. ¢ e A 4
|

Let f(x) =2x + 1 and g(x) = x> -3
c(f+gx)=Cx+1)+(x2-3)=x>+2x-2
e (f-gx)=QRx+1)=(x*=3)=—x2+2x+4
e (f-@x)=Cx+1)x2-3)=2x>+x>—6x—-3
.(i 2x + 1

8 x*-3

* (gof)(x) = g(f(x)) = g(2x +1) = (2x +1)*-3

v/ Relation is any subset of A x B.

v/ Function is a special relation where

each input has exactly one output.

v/ Domain = set of all inputs.

x # V3 v/ Range = set of actual outputs.

)(x) =

v Understand and use algebra of

functions to solve problems easily.

Practice!
nders an' / MAPP’NG TODAY,
e MASTERY TOMORROW/!

Q1. IsR = {(1,2), (1,3), (2,4)} a function
from {1,2} to {2,3,4}?

No (1 has two images)

. Find (feg)(x) if f(x) =3x -1,
g(x) = x*+2.
. (fe@)(x) = f(gx)) =3(x*+2) -1
=3x2+6-1=3x>+5

f(x) A—B
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