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Introduction to Relations and
Types of Relations




< &L ) Key Takeaways
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Cartesian product of Sets:

Let A and B are two non-empty sets. The set of all ordered pairs (a, b)
[ where a € Aand b € B] is called Cartesian product of sets A and B.

e |tisdenoted by A X B.

e Ifn(4) =p, n(B) = q, then the number of elements in cartesian
product of setsisn(4 X B) = p X q.

Example: A ={a,b,c}, B ={1,2}
= AXB ={(a,1),(a,2),(b,1),(b,2),(1),(c2)}

= n(A X B) = 6 = n(4) X n(B)



< &L ) Key Takeaways

_—

Return To Top

\

Relation:

Let 4 and B be two sets, then a relation R from A to B is a subset of A X B.

e RC AXB
e Number of relations = Number of subsets of A X B

e Ifn(4A) =p,n(B) =q,and R: A - B, then number of relations = 2P4
Example:n(4) =6, n(B) = 4
=>n(AXB)=n(A) Xn(B) =6x4=24

Number of relations = Number of subsets of A x B

— 224

A Y /
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< @ ) Domain and range of relation: %

-4

Let R be a relation defined from set A to set B.

e e e = = =

Let R = {(ay, by), (ay, by), (az bs)} A B

e The set of all the first components of ordered pairs belonging
to R is called domain of R.

e, domain € 4

e The set of all the second components of ordered pairs
belonging to R is called range of R. \

//

____________________

l.e, Range € B

e Set B is called the co-domain of R.

Return To Top
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Inverse of a relation:

Let A and B are two sets and R be a relation from A to B, then the inverse of
R is denoted by R 1 is a relation from B to A and is defined as:
R™' ={(b,a),(a,b) € R}

________________

e Domain (R™1) = Range of R

e Range (R™!) = Domain of R

—_——— e — — ——— — —

N e =



4

@ If R = {(x,v):x,y € Z,x* + 3y%? < 8} is a relation on set of integers Z,

then domain of R~1.

N

0=—2,-1,1,2}

{—1,0,1}

{—2,-1,0,1,2}

{0,1} }

Return To Top




@ If R = {(x,y):x,y € Z,x* + 3y% < 8} is a relation on set of integers Z,

then domain of R~1.
-

Solution: R ={(x,y):x,y € Z,x? + y* < 8} (\
y {_21_1; 1) 2}
Domain of R~ = Range of R ( values of y)
x=0,y?2 < 8/3 => € {—1,0,1 )
¥ < 8/ y € } .
< 7/3 =y € {-1,0,1} -

x=1y* <
x=2,y2 < 4/3 =y € {-10,1} <9 {(-2,-1,0,1,2}
x=3,y2 <-1/3 =y €
[ Domain of R™1 = {-1,0, 1}] (0,1} i
D ,
(o) ,

Return To Top




@ Void relation

A relation R on a set A is called a void or empty relation, if no element
of set A is related to any element of A.

e R = qﬁ
emm el .
/7 \
;o4 A
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
\ 1
\ /

______________________

Example: A = {students in boys' school}

Relation R = {(a,b) : b issister of a & a, b € A}

Return To Top




QD
@) Universal relation
-/

It is a relation in which each element of set A is related to every element
of set A.

e R=AXA

Example: A = {set of all the students of a school}
Relation R = {(a, b) : difference between the heightsof a & b
is less than 10 meters, where a, b € A}

Explanation: It is obvious that the difference between the heights of
any two students of the school has to be less than 10 m.

Therefore (a,b) € R for all a, b € A.

>R=AXA
~ R is the universal-relation on set A.

Return To Top




@ If A = {set of real numbers}, then check whether the relation

R ={(a,b) :|la—b| =0,a,b € A} is a universal relation or not?

}%

Solution:

Return To Top

Given:a € R&b ER
Since, the difference of two real number is a real number.
a— b - Real number

Absolute value of all real numbers > 0

e -

1-3|=0
5—2|=0

-

N e ===



( 4P ) Key Takeaways

ldentity relation:

Relation on set A is identity relation, if each and every element of A is
related to itself only.

Example: A = {set of integers}

Relation R = {(a,b):a = b,a,b € A} = I,

=

»
L

A
v
<

o e ===

N -

Return To Top




< &L ) Key Takeaways

_—

Reflexive relation:

A relation R defined on a set A is said to be reflexive if every element
of A is related to itself.

e Relation R is reflexive if (a,a) ERVa € Aorl € R, wherelis
identity relation on A.

Return To Top




@ A relation R defined on set of natural numbers,

R ={(a,b) : adivides b},then R is a

Solution: (a,b) » a divides b

For being reflexive following
condition must satisfy:

(a,a) = a divides a, which is always true.

~ R is a reflexive relation.

Return To Top




o
@ R=1{(1,1),(1,2),(2,2),(3,3)}is:

(&
(=)
(9
O,

Return To Top

Only identity

Only reflexive

Both a and b

None




Q ={(1,1),(1,2),(2,2),3,3)} is:

___________________

Solution: ,' \ N

< y Only identity
i R
Only reflexive

~

___________________ < E) Both a and b
. ol )

———— e —

N
.. R is a reflexive relation ( D ) None
w sy



< 4p ) Key Takeaways
—

Symmetric relation:

A relation R on a set A is said to be a symmetric relation,
iff (a,b) € R = (b,a) €R.

[aRb:bRa,V(a,b)ER]

Example: Consider aset A = {1,2,3}, which one is symmetric relation

R, = {(1,1), (1, i):',(EZ, 1), (:J ?3\', l(é i)} Symmetric

R, = {<1, f)'(l 2)',((2, ’:}(1, 3)} Not symmetric
B X

Ry = {(\})‘% %) 3, 3\,} =1y Symmetric

Return To Top




< @ ) Important Note
n-/

e Number of Reflexive relation = 271

] . n(n+1)
e Number of symmetric relation =2 2

Return To Top




< 4p ) Key Takeaways
—

- = e e = —

Return To Top

Transitive relation

A relation R on set 4 is said to be a transitive relation,
iff (a,b) € R and (b,c) € R = (a,c) € R,V (a,b,c € A).

[aRbandbRc:aRc,a,b,cEA]

Example: Consider aset 4 = {1, 2,3}

S R

___________________

R, = {(1,2),(2,3),(1,3)}
N N

1R2 2R3 1R3

R, = {(1,1),(1,3),(3,2)}

R3 = {(11 1)1 (21 2)1 (31 3)} = IA

Transitive

Not transitive

Transitive



@ Show that the relation R defined on the set of real

number such that R = {(a,b) : a > b} is transitive.
N

Solution:
™! Let (a,b) € Rand (b,c) ER

Soa>bandb>c=>a>c

Thus (a,c) € R

~ R is atransitive relation.

Return To Top




‘ @ ) Equivalence Relation
n-/

Return To Top

® Arelation R on a set A is said to be equivalence relation on A iff,

o Ifitisreflexive,ie, (a,a) ER,Va€EA
e Ifitissymmetric,ie., (a,b) €ER= (b,a) ER,VabeA

e Ifitistransitive,i.e, (a,b) €R,(b,c) ER = (a,c) ER,Va,bc€EA

® |dentity Relation is an Equivalence Relation.



< 4p ) Key Takeaways

S

Note:

If a relation is reflexive, symmmetric and transitive, then it is
equivalence relation.

Return To Top




4

@ Let T be the set of all triangles in a plane with R a relation given by

R = {(T,,T,) : T, is congruent to T,}. Show that R is an equivalence relation.

Solution:

Since every triangle is congruent to itself, = R is reflexive
(T, T,) € R = T, iscongruentto T,

= T, iscongruenttoT; = R is symmetric

Let (T;,T,) € R and (T,,T;) €ER

= T, iscongruentto T, and T, is congruent to T

= T, is congruent to Ty

= R is transitive

Hence, R is an Equivalence Relation.

Return To Top




@ Let R be the set of real numbers. A

Statement1: 4 ={(x,y) e RxR:y—xisaninteger}is an equivalence relation on R.

equivalence relation.

L Statement2: B ={(x,y) € RxX R: x = ay for some rational number a} is an

JEE Main 2011V

Statement 1 is true, statement 2 is true and statement 2 is
correct explanation of statement 1.

Statement 1 is true, statement 2 is true and statement 2 is
not correct explanation of statement 1.

Statement 1 is true, statement 2 is false

Statement 1 is false, statement 2 is true

ONONONO
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@ Let R be the set of real numbers. A

Statement1: 4 ={(x,y) e RxR:y—xisaninteger}is an equivalence relation on R.

equivalence relation.

L Statement2: B ={(x,y) € RxX R: x = ay for some rational number a} is an

JEE Main 2011V

Solution: A={(x,y) e RXR:y—xisan integer}
(x,y) EA > y—xisaninteger = x —xisaninteger = (x,x) €A
= A is reflexive
(x,y) €A = y—xisaninteger = x —yisaninteger = (x,x) € 4
= A is symmetric
(x,y) eAand (y,z) €A
=y —xisanintegerand y — zis an integer
= x —zisaninteger = (x,z) € A = A is transitive

Return To Top ~ A 1s an equivalence relation.




@ Let R be the set of real numbers. A

Statement1: 4 ={(x,y) e RxR:y—xisaninteger}is an equivalence relation on R.

L Statement2: B ={(x,y) € RxX R: x = ay for some rational number a} is an

equivalence relation.
JEE Main 2011V

Solution:
B ={(x,y) e RXR: x = ay for some rational number a}

x,y)EB =2x=ay >x=axfora=1= (x,x) €B = B is reflexive

(x,y) €EB > x=ay (x,y) € Band (y,z) €B

Letx=0,y=1 Thusa=0 =x=ayandy = fz

But y # Bx for any rational g =

> (%) ¢ B = (x,z) €B

= B is transitive

= B iIs asymmetric

~ B is not an equivalence relation.

Return To Top




v ~ P
J Let R be the set of real numbers.

Statement1: 4 ={(x,y) e RxR:y—xisaninteger}is an equivalence relation on R.

Statement2: B ={(x,y) € RxX R: x = ay for some rational number a} is an
equivalence relation.

JEE Main 2011V

Statement 1 is true, statement 2 is true and statement 2 is
correct explanation of statement 1.

Statement 1 is true, statement 2 is true and statement 2 is
not correct explanation of statement 1.

Statement 1 is true, statement 2 is false

Statement 1 is false, statement 2 is true

Return To Top
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Composition of a Relation

The composition of two relations R & S (SoR) is a binary relation from A to C, if and
only ifthereis b € B such that aRb & bSc wherea € A&c e C
Mathematically,

SoR ={(a,c)|3 b EB:aRbAbSc}

__________________________________________________

~
95

e e e e e

)
)
~x

__________________________________________________
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Introduction to Function and
Types of Functions
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< &L ) Key Takeaways

_—

Function

A function is a relation defined from set 4 to set B such that each and
every element of set 4 is uniquely related to an element of set B.

e Itisdenoted by f:A—> B

- e = e = e e = = e e e e e e e e e e e e R e e e e e e e e e e e e e e

7~
X /]
/ K

_________________________________________________

Return To Top




The following relation is a function. Yes or No?

- e e e e e e e

N

e

NO

Return To Top




@ The following relation is a function. Yes or No?

- e e e e e e e

Solution: 1 \

L/

N

e

Answer is No.

For being function, every input should have unique
output, here input ¢ doesn’t have any output.

G~ z

Return To Top




‘ @ ) Domain, Range and Co-domain of function:
-

Return To Top

Domain : Values of set 4 for which function is defined.

(Set of permissible inputs)

Range : All values that f takes (Range € Co - domain).
(Set of output generated domain)

Co-domain : Set of all elements in set B.

Domain = {1, 2,3,4}
Range = {1,4,9,16}
Co-domain ={1,4,9, 16,25}




( 4P ) Key Takeaways
—

Return To Top

Vertical line test:

If any vertical line parallel to Y —axis intersect the curve on only one
point, then it is a function. If it is intersecting more than one points,
then it is not a function.

N e e e e -

\4

\ 4

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e = e



Vertical line test:

e e e

A function

|||||||||||||||||||||||||||

-~ - e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e =

Return To Top




< &L ) Key Takeaways
—

Real valued function:

A function which has either R or one of its subsets as its range, is
called a real valued function. Further, if its domain is also either R or a

subset of R, is called a real function.

R € R = f is real valued function.

Return To Top




@ Check whether y2 = ¢**** is function or not.

Solution: S
y2 = gltl = g2
y =zte

We get two values of y for single value of x.

Hence, this is not a function.

Return To Top




( 4P ) Key Takeaways %

S

Polynomial function:
P(x) = apx™ + ap_x™1 +- + a

e Domain:x € R ap, Ay, , 0, ERNEW

e |[fn=0,we get P(x) = a, (Constant Polynomial)

________________________________________

(0,a,) Domain: R

A
v
o

Range : {ay}

L 4
<
Il
Q
o

________________________________________

Return To Top




( 4P ) Key Takeaways
—

Polynomial function:

e Domain:x€R
o [fn=1,wegetP(x)=a,x+ ay

(Linear Polynomial)

o e e e

y =a1x+a0

A

= = = e = e e e = e = =
—————— e e e — — e

e e e e e e e e e e e e e e e e e e e

Return To Top

P(x)

= ap x" + ap_x"1 +- + a
ag, Ay, -, 0, ERNEW

Domain: R

Range: R



( 4P ) Key Takeaways
—

Identity function:
e a;,=1,a,=0

p(x) =x

____________________________________

A
v
S

——— o — — ——————

N e e e e e e e e e e e e e e e e e e e e

Return To Top

—————— e e e e e —

P(x) = apx™ + ap_x™ 1+ + a
ag, Ay, -, 0, ERNEW

Domain: R

Range R



( 4P ) Key Takeaways
—

e Domain:xeR

Polynomial function:

P(x) = apx™ + ap_x™t + - + a,

® Ifn=2 weget Ay, aq, ..., 0, €E R,n €W

P(x) = ayx?+ a;x + a,

(Quadratic Polynomial)

= = e = = = = = e e Em Em Em e M e e E M Em e M e e M e e e e e e e e e e e e e

- e = e = e = e = ——

\

Return To Top y

A

N
A

~
\
/

~

e e

_______________________________________________________________



( 4P ) Key Takeaways
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Polynomial function:

e Domain:x €R
P(x) = apx™ + ap_x™t + - + a,

R : :
If nis even, P(x) is called an (g Qs )0y E R,LEW

even degree polynomial whose
range is always a subset of R.

- = = = = e = e e e e e e e e e e e e e e

X — 400
y — +00

X —> —00

y =+

A

e — — — — — — — —

N e e e e e e e e e e e e e e e e e e e e e e e =

Return To Top
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—
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Polynomial function:

e Domain:x €R
P(x) = apx™ + ap_x™t + - + a,

. : ,
If nis odd, P(x) is called an odd ag, Ay, ..,y € RN EW
degree polynomial whose range
is R.

Il Y ¢ \\‘
] 1
o y= x3 E . . X — +oo ]
! : : y o+ :
! ] : :
! I ] X — —00 :
1
: d : ! - y % _w E
2 I I i I
1 ! 1
1 ! 1
1 1 1
; 1 | 1
1 | f 1
; 1 1 1
] : 1 ]
\\ v ! ,ll

e e e e e e e e e e e e e e e e e e e e e e



- g
@ Find domain and range of function. f(x) = sin® x + cos? x }

Solution: D N
EI f(x) i

f(x) =sin?x+cos?x =1 ] A |

Df:x €R i < (0,1) R i

Ry € {1} i < ~ i i

i ,, |

e e e e e e = e e =

Return To Top




=1
<.‘.&8 ) : >
Find range of the function f(x) = x* + 4x + 3

(&
(=)
(9
O,

Return To Top

[_1r OO)

1




@ Find range of the function f(x) = x* + 4x + 3

Solution:

Given function:
f(x)=x%?+4x+3

4Df:x ER

4a 4X1

D _ GG .

_____________________________

N e e = =

[ Hence, range of the function would be [-1, oo)}

Return To Top

@
@™
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Rational Function:

® Forh(x) = 15 ,Where f(x) and g(x) are functions of x
g(x)

e Domain: Check domain of f(x) and g(x), & g(x) # 0

® |f f(x) & g(x) is both are polynomials, then h(x) is rational
polynomial function.



Q Find domain and range of f(x) = s

3x—5

x+1

Solution: Given: f(x) = —

Domain: 3x—5¢0$x¢5=>xER—{E}

3 3
Range: Let f(x) =y = 3xx_+_15 — Convert and make 'x’ as a subject
=>3xy—5y=x+1

=>x(3y—1)=5y+1

5y+1
3y—1

=>x =

Since, x must be real.

=>3y—1 ¢0=>y¢%

Range:y € R—{%}

Return To Top




@ Let f: R -» R be a function defined by f(x) = ——, x € R.Then

the range of f is:

x241'
N

JEE MAIN JAN 2019

(») R-[-11 }
@ R—-[-1,1] )
@ (-1,1) - {0} )

(v) -4 \

Return To Top




@ Let f:R - R be a function defined by f(x) = X x€eR.Then

x24+1"'

L the range of f is:

JEE MAIN JAN 2019

Solution:

e e e e e e e e e T

Domain of f(x) is R ’ k @ R - [—%%] 4

lety = o= = yx®*+y=x 1 ¢ s > !
1 ! - B B
: 1 1 | <
>yx? —x+y=0(vx€ER) —— — . B’ -1, 1]
< y J : 2 : —
D>0 N /I
- )
=>1-4y2>0 =24y*—-1<0 (c &1 1) - {03
J _
sye|-1,]]
y 2’2

~ Range of f is [—%%] @ [_ % %] :

Return To Top
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Exponential function:

y=a* a>0&a+1

e Domain:x € R ® Range:y € (0,x)

[Increasing function (a > 1)] [Decreasing function(0<a < 1) ]
II/ Y 4 Yt \\‘l
i (0,1) (0,1) i

A
4—

v

S

A
4—

v

S

______________________________________________________________________

Example: Find domain and range of f(x), where f(x) = e?*
We know e > 1

Domain:x € R Range: (0, )



o~

@ (1, )

Return To Top




@ The range of f(x) =e*+11is

Solution: Range of e*: (0, »)

So, range of e* + 1: (1, o)

Return To Top
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Some more types of Functions
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( 4P ) Key Takeaways
—

Logarithmic function:
y=log,x,a>0&a#1

e Domain:x € (0,)orR* © Range:y € (—o,)orR

________________________________________________________________

Return To Top

Y 4 Y 4 k

< > < > X :
(1,0) £ (1,0) :

v v E
Increasing function (a > 1) Decreasing function (0 <a < 1) ,"

________________________________________________________________



( 4P ) Key Takeaways

J . . .
Logarithmic function:
y=log,x,a>0&a#1
e Domain:x € (0,)orR* © Range:y € (—o,)orR
[Increasing function (a > 1)] [Decreasing function (0 <a <1) ]

Return To Top

Example: Find domain and range of f(x) = log(x — 2).

Solution: f(x) =log;o(x — 2);
Domainix—2>0=>x> 2

Df = (2,0) Range:y €R

- e e e = —

(1,0) [(3,0)

_____________________________

e e



(i,\ The domain of the definition of the function

1 3 (P
e + log1o(x°> —x) is:

JEE MAIN APR 2019

(1,2) U (2,0)

(-2,-1)U(-1,0) U (2,)

(-1,0) U (1,2) U (2,0)

Return To Top

(-1,0) U (1,2) U (3,)




@ The domain of the definition of the function

L flx) = 4—_1x2 + log o (x3 — x) is:

JEE MAIN APR 2019

Solution: . '
| < Aq N a A .
1 | = ™ ™~ G O » !
f(x) = a2 ' logyo(x3 —x) i -1 0 1 2 ,:

4—x2#0 =>x #+2-(i) A

‘ f\) (1,2) U (2,0)
andx3—x >0=>x(x2-1)>0 ’
~ )
= x € (=1,0) U (1, 0) -+ (if) ( .B) (-2,-1) U (-1,0) U (2,0)

From equation (i) and (ii) \
@ (-1,0) U (1,2) U (2,00)

[ x € (-1,0) U (1,2) U (2, ) ] ]
@ (-1,0) U (1,2) U (3,0)

J

Return To Top
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® Forh(x) = f(x)9™, to be defined for f(x) > 0, and normal condition for g(x).



Q Find domain of function f(x) = (1 n %)E

_______________________________________

Solution: y

1

fe) = (1+2)°

(1+§) >0andx —2 #0

=>x € (—,—3)U (0,0)and x # 2

e e e e e = e e e e e e e e e e e e e e e e = e

= x € (—o0,—3)U (0,2) U (2,») .

Return To Top




@ Find domain and range of f(x), where f(x)= x* + x2 + 4.

Solution:

Return To Top

fxX)=x*+x2+4=y

Since f(x) is a polynomial, it's domain is R.

Forraﬂge,y=x4+x2+4=(x2)2+2x%><x2+i_i+4

Since, x> > 0= x? +

()

y € [4, )

N |-

=

N |-

Alternate Method:
We know that, x2,x* > 0
>y=4

2
=(x2+3) +2
2 4

JEE MAIN JAN 2019

}%




( 4P ) Key Takeaways
—

Return To Top

Modulus function

x,x =0
o y=|x| =
—x,x <0
Domain:x € R

Range:y € [0,)

____________________________________

A

____________________________________

R e e e



@ Find the domain and the range of f(x) = Va2

x2
x| °

Solution: fx) = VR 1 Wherex #0

TP
Domain:x € R — {0}

Range: f(x) € {1}

Return To Top

\/(f(x))z = |f()]



@ Find the range of the function f(x) =1 — |x — 2|.

(~) o
(5) (<22
(< .
DT

Return To Top




@ Find the range of the function f(x) =1 — |x — 2|.

N
Solution: .--7"7777TTToToTTmTooToToomoooomoooomoomomoomoooomoomoo e
,/ Y A
1 y = |x|
:
; —
E < > X <
: 0
E Y
E Y A
: —_—
: (2,0)
] / y =—|x—2]
| Ry = (=o0,1]

Return To Top

________________________________________________________




( 4P ) Key Takeaways
—

Greatest integer function(Step function)

e Vv = [x] = Greatest Integer less than or equal to x

Domain:x € R Range:y € Z
; - -
2__ ._ O
1+ ° O
< I : ® Q I ]
-2 -1 0 1 2 3
o———0 —1
e—O + -2
A\ 4

S e e e e e e e e e e e e e e e e e e e e e e e = -




If

[x] < —2,thenx €

Return To Top

(—OO, _2]

(_OO! 1]

[_21 _1)

£, —1)




@ If [x] < —2,thenx €
N

Solution:
[x] < -2

= x € (—oo,—1)

Return To Top

__________________________________________

A Y
2T e—O
14 ® o
< I I ® Q I —
) -1 0 1 2 3
o—O —1
e—O T —2
A\ 4

__________________________________________




( 4P ) Key Takeaways
—

Return To Top

GCreatest integer function

Domain:x € R

Range:y €Z

Properties:

e x—1<[x]<«x

o [x+m]=[x]+m;formel.

0,x el
o [x]+[-x]=
—1,x ¢l

4
4
/
1

-

P e e e e e e e e e e e e e e e e e e e e e e .

e e e e e



Q Find the domain and range of the function:

f(x)=[x+1]+1, (where[.] denotes G.I.F)

Solution:  f(x)=[x+1]+1 = f(x) = [x] + 2 [[x +m] =[x]+m;forme ]I.]
y = [l
Y
: A !
: 27 M i
1+ —o I
E < | l ® Q ] —> X :
; 2 -1 [0 1 2 3 ;
: O—0 —1 E
—o -2

Return To Top B




@ Find the domain and range of the function:
f(x) =[x+ 1]+ 1, (where[.] denotes G.I.F)

Solution: f)=[x+1]1+1>=f(x) =[x]+2 y=[x]+2
2 v . Domain:x e R
" 4T = |
! . Range:Z
E 3+ ) :
e e ;
§ — i
e O i % F—>X
. —2 -1 |0 1 2 3 |
s T-1 )

\\ v //

Return To Top S~ Y - -




@ Find the domain of f(x) =1 — [x]?,where [.] denotes C.I.F.

(5) -1,2)
€ 1,2)
(o) (-1,0

}%

Return To Top




= £
@ Find the domain of f(x) =1 — [x]?,where [.] denotes C.I.F. }

- e e e e e e e e e e e e e e e e

Solution: , ] \

, Y \ =N
f@)=VI-1F | ' :

: t e— 1 (@ e

1 . e
1-[x]>?=0 : :

E 1T &—O E )
= [x]?-1<0 | i 27

] L ! 00— > X ——

>-1<[x]<1 —0 1 i (E) [1,2]
Sxel-1,2) | i

: &———-oO T— =2 :

Q

(_11 0)

e e e e e e e e e e e e e e e e e e e = e -

Return To Top




Q Find the range of the function:

f(x)=x¥x €[1,3] (where [x] denotes G.I.F.).

Solution:

Return To Top

f(x) =x",x €[1,3] (where [x] denotes G.I.F.).

flx) = x*l x € [1,3]

Casel: x € [1,2) Case 2: x€[2,3)

FO=xGM=1 | f@=x([=2)
fx) € [1.2) (D) | fO0 €[49) (i)

(i) v (i) v (iii)

f(x) €[1,2)U[4,9) U {27}

Case 3. x =3
fx) =x3([x] =3)
f(x) € {27} - (iii)



Session 4

Fractional part function, Signum
function and One - one and Many-one
function

Return

ToTop




( 4P ) Key Takeaways
—

Fractional Part Function

o Vv=1{x} =x—[x]

Domain:x e R Range:y €[0,1)

______________________________________________________

A

______________________________________________________

Return To Top




What is the fractional part of 1.53?

Return To Top

0.53

0.47

53




@ What is the fractional part of 1.53?

Solution:

y={x} = x—[x]

=153-1=0.53

Return To Top

-

¥io3

) oo
([; »

@ &
|

=
&1
w



< 4p ) Key Takeaways
—

Fractional Part Function
o V=1{x} =x—[x]
Domain:x e R Range:y €[0,1)

Properties:

o {x+n}={x}nel

0,x el
o {x}+{—x}=
1,x &l
Examples:
{1.25} = 1.25 — [1.25] {—1.25} = —1.25 — [—1.25]
=-1.25-1 =—-1.25-(-2)
= 0.25 =—-1.25+2=0.75

{125} +{-1.25} = 1

Return To Top




Q Find the domain and range of the function :

f(x) = 2{x + 1} + 3, (where {.} denotes fractional part function).

Solution:  f(x)=2{x+1}+3 = f(x) =2{x} +3 [{x +n}={x}nel ]

0<{x}<1
0<2{x}<2
0+3<2{x}+3<2+3
3<f(x)<5
Domain:x € R

Range: f(x) € [3,5)

Return To Top




Q Find the range of the function: f(x) =

fractional part function).

(Where {.} denotes

Solution: Let | yab : _{:ng}

On cross multiplying,

yA+{x) ={x} =y +y{x} ={x}

=>{x}=1f—y (~ {x} e[0,1)) = ) = ]

1-y

Return To Top




Q Find the range of the function: f(x) =

fractional part function).

Solution:

Return To Top

Y
0<——<1
-1

-y
y y
5> —<1] >5—-1<0
1-y 1-y

2y —1 2y —1
Y <0:>y

>0
1—-y y—1

=

yE(— )U(l oo)—»(”)

By (I) n (II) we get:

velo)

(Where {.} denotes

e e e e e e e e e e ==

-

T e e — — = o



( 4P ) Key Takeaways
—

________________________________

Signum Function y Y
| N
" (1,x >0 E
X 1
= x#0 ] 15
° y:sgn(x) =< X =<—-1,x<0 !
0,x=0 !
\ O,x =0 : 5 ® R
s‘ o ;
e Domain:x eR Range:y €{-1,0,1} i
1 O—_l
°® Sgn(sgn(sgn ......... (Sgn x) — Sgn(x) :\

N e e e e e e e e e e e -

Return To Top




@ Find the domain and range of the function : f(x) = sgn (x3+x2)

x+1
3 2
) — sgn(x ke )

}%

Solution:

x+1

x?(x +1)
x+1

= f(x) zsgn< ) [Domain:xeR—{—l}]

= f(x) = sgn(x?)

Thus, f(x) € {0,1} (~ x? = 0)
Ifx2>0= f(x) =sgn(x?) =1
If x2=0= f(x) =sgn(x?) =0

[ Range: f(x) € {0,1} ]

Return To Top




£
@ One input - one output

Name Kishor;‘; Name | Arya 2‘ Name | Roohi % Name | Ayan 2 Name | Alia %

Roll no| BYJUSOI1 Roll no.| BYJUSO2 Roll no.| BYJUSO3 Roll no] BYJUSO4 Roll no| BYJUSO5

Score | 92% Score | 93% Score | 95% Score | 92% Score | 93%
/" student  RoliNo. N

/= BYJUSO2

BYJUSOS5

—_——,———————————— — — — — —— — — =

~

Return To Top




@ Many inputs - one output

£

. a5 o5 s
Name Klshor;' Name | Arya ‘9‘ Name | Roohi f‘-. Name | Ayan ‘9‘ Name | Alia %
Roll no| BYJUSOT Roll no.| BYJUSO2 Roll no.| BYJUSO3 Roll no{ BYJUSO4 Roll no| BYJUSO5
Score | 92% Score | 93% Score | 95% Score | 92% Score | 93%

Return To Top

@
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a
@
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~




( 4P ) Key Takeaways
—

One - one function (Injective function/ Injective mapping) :

A function f: A — B is said to be a one-one function if different
elements of set 4 have different f images in set B.

- e e = = = e e e e e e e = = = = = e e e e e e e e e e e e e = e e e e e e e e e e e e e e = = e e = o

- —

-

Return To Top

e e



< &L ) Key Takeaways

_—

Methods to determine whether a function is ONE-ONE or NOT:

For x;,x, € Aandf(x;),f(x,) €EB
f) = fxz) © x1 =x; 0r % # x5 & f(x1) # f(x2)
Example:

A function f: R - R such that

f(x) =3x+5 f(x) = x?
Suppose for some x4,x, E R | Suppose for some x4,x, € R
f(x1) = f(x2) f(x1) = f(x2)
=3x,+5=3x,+5 = x{ = x3
= X = Xy >xi—x2=0
~ f(x) is one-one. = (X —x2) (%1 +x2) =0

= X1 = Xy OF X1 = —X,

~ f(x) is not one-one.
Return To Top




@ Check whether the given function f(x) is one-one or

many one: f(x) = x> + x + 2

Solution;

Return To Top

Suppose for some x,,x, € R

fx) = f(x2)

SxZ+x, +2=x2+x, +2

Sxi—xf+x,—x,=0

= (g +x)(xg —x3)+x1 —x,=0

= —x)(x; +x,+1) =0

DX, =Xy OFxg +x, =—1

We get two conclusions here

Which indicates that many such x; & x, are possible

~ f(x) is many-one function



( 4P ) Key Takeaways
—

Many one function :

A function f: A - B is said to be a many-one function if there exist at
least two or more elements of set A that have same f image in B.

- —

-

Return To Top




( 4P ) Key Takeaways
—

Methods to determine whether a function is ONE-ONE or MANY ONE :

A function f: A - B is many one iff there exists atleast two elements

(f (x1), f(x2) € B but x; # x3,)

- = e = e = e = = e e e e e e e e e

e ————————— — ——— — — — — — — — =

Return To Top




Return

ToTop

Session 5

Methods to Find Whether a Function is One-One
or not, Number of Functions and Number of
One-One mappings




( 4P ) Key Takeaways
—

Methods to determine whether a function is ONE-ONE or MANY ONE :

Horizontal line test : If we draw straight lines parallel to x —axis, and
they cut the graph of the function at exactly one point, then the
function is ONE-ONE.

_________________________________________________________

A
\ 4

A
\ 4

_________________________________________________________

Return To Top




( 4P ) Key Takeaways
—

Return To Top

Methods to determine whether a function is ONE-ONE or MANY ONE :

Horizontal line test : If there exists a straight lines parallel to x —axis,
which cuts the graph of the function at atleast two points, then the
function is MANY-ONE.

_______________________________________________________________

/
>‘<7
A

_______________________________________________________________



Q Choose the correct option:

A
A
\

_______________________________________________________________________________________________

T ) R

( y (a), (b) & (e) are one-one mapping < E) (@) & (e) are many-one mapping

J

e

(E) (@) & (c) are one-one mMapping <.D) None

Return To Top




z t option:
9 Choose the correc

Solution:

//
- \
4 \ﬁ _
\ 1
_ 1
_ 1
_ 1
_ 1
_ 1
_ 1
_ 1
_ K
_ QD
_ 1
_ Il
1 . _
1 5 L
) -1
_ h Q1
_ 1
_ 1
_ 1
_ 1
_ 1
_ v j
— e
4 IIIIII
M .
PRt ~
||||||| AN
N \
4 A !
) 1
_ 1
_ 1
_ 1
_ 1
_ 1
_ 1
_ 1
1 o |
“ A m “
_ 1
“ v ! |
" =
1 >
1 < |
1 , |
1L |
| = |
! 2 L
1 .
R L 2
I'III
IIIII ~
|||||| AN
N \
\\ \7 _
) 1
_ 1
_ 1
_ 1
1 x_
_ 1
1 A < |
1 o
“ / B
_ 5 >l
1 R |
|l & |
1 y_
1 |
_ v g S
1 ’ |
1
1

-
~

-

-

A Y
, A ,_
\ A i
“ . “
B S 1
_ 1
_ kS _
" [ =
_ B —
1 s .w.
“ =
| I
) %
“ 5|
_ 1
] 7 |
_ 1
] v \\
/ IIIIII
// |||||||||
IIIIIIIIIIII //
o \
‘ 1
1 A “
_ 1
| q "
1 ﬁ (WAL i
_ 1
a AN Al
1
1 d "
1 0/ |
“ “
“ v Y \_
: 7/
\
\

-

Return To Top




@ Choose the correct option:

Solution: Exponents and logarithmic functions are one-one.

_____________________________________________________

______________

; k 4 A L 4
' / P !
1
E < > o .| | «—
1
= / 7\: < \ > L ‘A—/ —>
: L |
y 1 1 : 1
1 ] ! [ i
| oY | '
: ' | . !
\ Zy=log.x g 0V & =
OQ?:QQ? _______________ Many-One One-One
/, y \\ // ----------------------- <
f | i : . T X
' : : R !
R [ LS > Vo X, Xy X3 |
: : : 1 2 3 |
: I 1 :
| v : | i
1 ! 1 N s
\ d.y = {x} 4 ! e. y = sigix} J

_________________

Return To Top Many-One™""""~" 7770 NERy-One """~




Q Choose the correct option:
A\
/ > < R

A

a. ;z log, x b. y =sinx c.y=e* d.y={x} e. y = sig{x}
N ™\
( f\) (a), (b) & (e) are one-one mapping < 13) (a) & (e) are many-one mapping
J J

) N

@ (@) & (c) are one-one Mapping < .D) None

Return To Top




@

Solution:

Return To Top

Suppose for some x;,x, ER

f(x1) = fxz)

:>\/1—ex1 \/1—8(%_1)

On squaring both sides:

:>x1=x2

Hence, One-one

o e e e - - -

A 4

_______________________________________

e e



( 4P ) Key Takeaways
—

Methods to determine whether a function is ONE-ONE or MANY ONE :

Any function which is either increasing or decreasing in given
domain is one-one, otherwise many Many-one.

P el e e e e e e e e e e e T e e e e e e e e e e e e e e e e e e S

F1(x) >0

A

A
A 4
A
A 4

_________________________________________________________________________________

Return To Top




Q Determine whether a function f(x) = sinx + 5x

iIs ONE-ONE or MANY-ONE

Solution:

f(x) =sinx + 5x

f'(x) =cosx—5 <0

= Always decreasing — one-one

Return To Top




&

Determine whether a function f(x) = x3+x2 +x + 1
Is ONE-ONE or MANY-ONE

Solution:

Return To Top

f)=x3+x2+x+1
flx)=3x2+2x+1
D=22-4(3x1)=-8<0
Hence f'(x) > 0 always

= f(x) is always increasing — one-one



( 4P ) Key Takeaways

Number of functions:

Let a function f:A - B
n(A) =4, n(B) =5

Thus, total number of function from A to B
= 5-5.-5 (4 times)= 5%

Ifn(A) =m,n(B) =n(m<n)
Thus, total number of functions from A to B

=n-n-n--n(mtimes)=n™m

Return To Top

__________________________

___________________________



( 4P ) Key Takeaways

_—

Return To Top

Number of ONE-ONE Mappings:

Let a function f:A - B
n(A) =4, n(B) =5

Thus total number of function from A to B
=>56-1)(5-2)(5-4+1)=5pP,

\
Thus, number of mappings
>nn—-1)n-2)--n—m+1)=n"
( A \
"Ppifn=m 0, ifn<m

)

- e e = = = -

________________________

N e e e e e e e -

e e



Return To Top

Number of MANY-ONE mappings:

Number of Many-ONE Function

= (Total Number of Functions) — (Number of One-One Functions)



2

If A ={1,2,3,4}, then the number of functions
on set 4, which are not ONE-ONE is:

G~ ] ©
= ] ©

Return To Top

248

256




@ If A ={1,2,3,4}, then the number of functions

on set A4, which are not ONE-ONE is:

Solution:
Number of many one func