Chapter - 1

Sets, Relations and Functions

Ex1.1

Question 1.

Write the following in roster form.

(i) {x€eN:x2< 121 and x is a prime}.

(ii) the set of all positive roots of the equation (x - 1)(x + 1)(x2-1) = 0.
(iii) {Ix e N : 4x + 9 < 52}.

(iv) {x:x—4x+2 =3,x € R-{-2}}

Solution:
(i) LetA={x€eN:x2< 121 and x is a prime }
A={2,3,57}

(ii) The set of positive roots of the equations
x-HEE+1H)x2-1)=0
x-1)x+1)x+1)(x-1)=0
x+1)2x-1)2=0
x+12=00r(x-1)2=0
x+1=0o0rx-1=0

x=-lorx=1

A={1}

(iii) Let A={x€EN:4x+9<52}
Whenx=1,(4)x(1)+9=4+9=13
Whenx=2,(4) X (2)+9=8+9=17
Whenx=3,(4) X (3)+9=124+9=21
Whenx=4,(4) X (4)+9=16+9 =25
Whenx=5,(4) X (5)+9=20+9=29
Whenx =6, (4) X (6) +9=24+9 =33
Whenx=7,(4) X (7) +9=28+9=37
Whenx=8,(4) X (8) +9=324+9=41
Whenx=9,(4) X (9)+9=36+9=45
When x =10, (4) X (10) +9=404+9 =49
~A={1,2,3,456,7,81910}



x—4

(iv) {x: =3, xe R-{-2}}.
x+2
x—4 1
x+2
(x—4)x+2) —3(x 4 2){.x % -2}
x+2
(le)x-4=3x+2)
Xx-4=3x+6
-4-6=3x-Xx
2x=-10=>x=-5
A={-5}
Question 2.

Write the set {-1, 1} in set builder form.

Solution:
A={x:x2-1=0,x€R}

Question 3.
State whether the following sets are finite or infinite.

{x € N:xis an even prime number}
{x € N:xis an odd prime number}
{x € Z:xis even and less than 10}
{x € R:xis arational number}

{x € N : x is a rational number}

i wbh e

Solution:

Finite set
Infinite set
Infinite
Infinite
Infinite

s wbh e

Question 4.
By taking suitable sets A, B, C, verify the following results:
(HDAXBNC=AxB)n(AxC).



(iHAX(BUC)=(AxXxB)U(AxOQO).
(iii)) (AXB)Nn(BxA)=(AnB) x (BN A).
(ivyC-(B-A)=(CnA)u (CnB).
V) (B-A)NnC=BnNC)-A=Bn(C-A).

Solution:

To prove the following results let us take U = {1, 2,5, 7, 8, 9, 10}
A={1,2,57}

B={2,7,8,9}

C=1{1,5,8,7}

(i) LetA={1,2},B={3,4},C={4, 5}
BN C={3,4} n{4,5}

BnC={4}

AX (BNC)={1,2} x{4}
Ax(BNnC={(14),24H}— Q)
AXxXB={1,2} x{3, 4}
AXB={(1,3),(1,4), (2, 3),(2,4)}

AxC={1,2}x{4,5}

AxC={(1,4),(1,5),(2,4),(2,5)}
(AXB)N(AxC)={(1,3),(1,4),(23),(29}n{(1,4),(15),(24),(25)}
(AXB)N(AXC)={(1,4), (24} —(2)

From equations (1) and (2)

AXBNC=AxB)NAxC)

(ii) Toprove AX (BUC)=(AXB) (Ax ()
B={2,7,8,9},C={1,5,8,10)
BuC={1,2,5,7,8,9,6 10}

A={1,2,5,7}

Ax (BUC) ={(11),(12),(,5),(17),(@1H8),(19),(1,10),(2 1), (2 2),(2
5), (2,7), (2,8), (2,9), (2,10), (5,1), (5, 2), (5, 5), (5,7), (5,8), (5,9), (5, 10),
(7,1),(7,2),(7,5), (7,7),(7,8), (7,9), (7, 10)) ... (1)
AxB={(1,2),(17),(18),(19),(22),(27),28),(29),G,2), G 7), G,
8), (5,9),

(7,2),(7,7),(7,8),(7,9)}
AxC={(1,1),(1,5),(18),(1,10),(2,1),(2,5),(28),(2,10), (5 1), (5 5),



(5,8),(5,10),(7,1),(7,5),(7,8),(7,10)}

(AXB)U (AXC)=(1,1),(12),(1L5),(17),(18),(19), (1, 10), (2 1), (2,
2),(2,5),(2,7),(2,8),(2,9),(2,10), (5,1), (5,2), (5,5), (5 7),(5,8),(59),
(5,10), (7, 1), (7,2),(7,5), (7, 7), (7,8), (7,9), (7, 10)} ...... (2)
(1)=(2)=>Ax(BUC)=(AXB)U(AXC)

(iii) Let A={1, 2}, B={2, 3}

AXB={1,2}x{2, 3}

AxB={(1,2),(1,3),(22),(2,3)}

BXxA={2,3}x{1,2}

BxA={(21),(272),(3,1),(32)}

(AXB)n (B xA)={(1,2),(1,3),2,2),(23)}n{(21),(22), (3 1),3,2)}
(AXB)Nn(BxA)={(2,2)}—-(1)

AnNnB={1,2}n{2, 3}

ANnB={2}

BNnA=1{23}n{1,2}

BnA=1{2}

(ANB) X (BNA)={2} x {2}

(ANB) x(BNA)={(22)} ——(2)
From equations (1) and (2)
(AXB)Nn(BxA)=(AnB)x (BNA)

(iv) ToproveC-(B-A)=(CnA)uU (CNnB)

B-A={8, 9}

C=1{1,5,8, 10}
~LHS=C-(B-A)={1,5,10} ..... (1)
CNnA={1}

U={1,2,5,78,9,10}

B=1{278,9}B ={1,5,10)
CNnB={1,5,10}
RHS.(CNA)U(CNB)={1}uU{1,5,10}
={1,5,10} ...... (2)

(1) = (2) = LHS = RHS

(v)LetA=1{1,2,3,4},B={3,4,5,6},C={5,6,7,8)
B-A=1{3,456}-{1,2 3,4}



B-A={5,6}
(B-A)nC={5,6}Nn{5,6,7,8}
(B-A)nC={5,6} —- (1)
(BNnC)=1{3,4,56}n{5,6,7,8}
BnC={5, 6}
(BNnC)-A={5,6}-{1,2,3,4}
(BNC)-A={5,6}———-(2)
C-A={5,6,7,8}-{1,2,3,4}
C-A={5,6,7,8}
BNn(C-A)={3,45,6}n{5,6,7,8}
BNn(C-A)={56}———-(3)

From equations (1), (2) and (3)
(B-A)nC=BNnC)-A=BnNn(C-A)

(vi) Toprove (B-A)uU C={1,5,8,9, 10}
B-A={8,9}

C={1,5,8,10}
(B-A)uC={1,5,8,9,10} ....... (D
BuC={1,2,5,78,9, 10}

A-C={2,7}
(BuCO-(A-0)={1,5,8,9,10} ......... (2)
(1D =(2)
=>(B-A)UuC=BUC-(A-0)

Question 5.
Justify the trueness of the statement.
“An element of a set can never be a subset of itself.”

Solution:

“An element of a set can never be a subset of itself ”
The statement is correct
LetA={a,b,c,d}foraeA

‘a’ cannot be a subset of ‘@’

Question 6.
Ifn(P(A)) =1024,n(A U B) =15 and n(P(B)) = 32, then find n(A N B).

Solution:



n(P(A)) =1024 =210=n(A) =10
n(AUB) =15
n(P(B))=32=2=n(B)=5

We know n(A U B) =n{A) + n(B) - n(A N B)
(l.e)15=10+5-n(ANB)
=>n(ANB)=15-15=0

Question 7.
If n(ANB) =3andn(AUB) =10, then find n(P(A(A A B)).

Solution:
Givenn(ANB)=3andn(AUB) =10
AAB=(A-B)U(B-A)
n(AAB)=n[(A-B)U(B-A)]
n(AAB)=n(A-B)+n(B-A) — (1)

(Since A - B and B - A are disjoint sets)
AUB=(A-B)U(B-A)U (ANB)
n(AUB)=n[(A-B)U(B-A)U (AN B)]
n(AuB)=n(A-B)+n(B-A)+n(ANB)
(Since A - B, B - A and A N B are disjoint sets)
n(AuB)=n(AAB) +n(ANB)
10=n(AAB)+3

n(AAB)=10-3=7
~n(P(AAB))=27=128

Question 8.
For aset A, A X A contains 16 elements and two of its elements are (1, 3) and
(0, 2). Find the elements of A.

Solution:
AXA=16elements=4 x 4
= A has 4 elements
~A={0,1,2,3}

Question 9.
Let A and B be two sets such that n(A) =3 and n(B) = 2.If (x, 1), (v, 2), (z, 1)
are in A X B, find A and B, where X, y, z are distinct elements.



Solution:

Given A and B be two sets such thatn (A) = 3 and n(B) = 2.
Also given (x, 1), (y,2),(z, 1) EAXB
A={xy,z2},B={1,2}

Question 10.
If A X Ahas 16 elements,S={(a,b) EAX A:a<b}; (-1, 2)and (0, 1) are two
elements of S, then find the remaining elements of S.

Solution:
n(AxA)=16=>n(A) =4
S={(-1,0), (-1, 1), (0, 2), (1, 2)}

Ex 1.2

Question 1.
Discuss the following relations for reflexivity, symmetricity and transitivity:

(i) The relation R defined on the set of all positive integers by “mRn if m
divides n”.

Solution:

LetZ={1,2,3, ... }

R is a relation defined on the set of all positive integers by m R n if m divides n
R={(m,n): m/nforallm,n€Z}n

(a) Reflexive:

m divides m forallm € Z
s~ (m,m) ERforallmeZ
Hence R is reflexive

(b) Symmetric:
Let (m, n) € R = m divides n

= n = km for some integers k

But km need not divide m, ie. n need not divide m
~(n,m) €R

Hence R is not symmetric.



(¢) Transitive:

Let (m,n), (n,r) ER

Then m divides n = n = km and
n dividesr=r = kin

r = ki(km) = (kik) m

m divides r

~(m,r) ER

Hence R is transitive.

(ii) Let P denote the set of all straight lines in a plane. The relation R defined
by “IRm if 1 is perpendicular to m”.

Solution:
P = {set of all straight lines in a plane}
IRm = lis perpendicular to m

(@) IRl = lis not perpendicular to |
= It is not reflexive

(b) IRm = lis perpendicular to m
mRI = m is perpendicular to |
[t is symmetric

(¢) I perpendicular to m = m perpendicular to n = | is parallel to n It is not
transitive

(iii) Let A be the set consisting of all the members of a family. The relation R
defined by “aRb if a is not a sister of b”.

Solution:

Let F = Father,

M = Mother

G = Male child

H = Female child

A={F M,GH}

The relation R is defined by
aRbifais not asister of b.



R={(F, F), (F, M), (F, G), (F, H), (M, F), (M, M), (M, G), (M, H), (G, F), (G, M),
(G, G), (G, H), (H,F), (H, M), (H, H)}

(a) Reflexive:
(F,F),(M,M), (G,G),(H,H)€ER
~ Ris reflexive.

(b) Symmetric:
For (G, H) € R, we have (H, G) € R
~ Ris not symmetric.

(¢) Transitive:

Suppose in a family if we take mother M, male child-G and female child-H.
H is not a sister of M = HRM, (H, M) € R

M is not a sister of G = MRG, (M, G) € R

But H is a sister of G = HRG, (H, G) € R

Thus, for (H, M), (M, G) €R

we have (H, G) € R

~ R is transitive.

(iv) Let A be the set consisting of all the female members of a family. The
relation R defined by “aRb if a is not a sister of b”.

Solution:
A = {set of all female members of a family}

(a) aRa= aisasister ofa
It is reflexive

(b) aRb = ais asister of b
bRa = b is the sister of a
= It is symmetric

(c) aRb = ais a sister of b bRc = b is a sister of c aRc = a can be the sister of c
[t is not transitive.



(v) On the set of natural numbers the relation R defined by “xRy if x + 2y = 1".

Solution:

x+2y=1forx,y €N

Thereisno x,y € N satisfyingx + 2y = 1

=~ The relation R is an empty relation.

An empty relation is symmetric and transitive.
~ Ris symmetric and transitive.

R is not reflexive

Question 2.

LetX=1{a, b,c,d}and R ={(a, a), {b, b), (a, c)}. Write down the minimum
number

of ordered pairs to be included to R to make it

(i) reflexive

(ii) symmetric

(iii) transitive

(iv) equivalence

Solution:
X={a,b,cd}
R={(a a), (b, b), (a o)}

(i) To make R reflexive we need to include (c, ¢) and (d, d)
(ii) To make R symmetric we need to include (c, a)

(iii) R is transitive

(iv) To make R reflexive we need to include (c, c)

To make R symmetric we need to include (c, ¢) and (c, a) for transitive
= The relation now becomes

R={(a a), (b,b), (a c), (c0), (ca)}

~ Ris equivalence relation.

Question 3.

Let A={a,b,c}and R ={(a, a), (b, b), (a, ¢)}. Write down the minimum
number of ordered pairs to be included to R to make it

(i) reflexive

(ii) symmetric

(iii) transitive



(iv) equivalence

Solution:
GivenA={a, b, c}
R={(a a), (b b)(ac)}

(i) The minimum ordered pair to be included to R in order to make it reflexive
is (¢, ©).

(ii) The minimum ordered pair to be included to R in order to make it
symmetrical is (c, a).

(iii) R is transitive. We need not add any pair.

(iv) After including the ordered pairs (c, ¢),(c, a) to R the new relation
becomes

Ri={(a a), (b,b),(c,c),(ac0),(ca)}

R1 is reflexive symmetric and transitive.

~ R1 is an equivalence relation.

Question 4.
Let P be the set of all triangles in a plane and R be the relation defined on P as
aRb if a is similar to b. Prove that R is an equivalence relation.

Solution:
P = {set of all triangles in a plane}
aRb > asimilartob

(a) aRa = every triangle is similar to itself
-~ aRa is reflexive

(b) aRb = if ais similar to b = b is also similar to a.
= It is symmetric

(c) aRb = bRc = aRc
ais similar to b and b is similar to c
= a is similar to a



= It is transitive
~ Ris an equivalence relation

Question 5.

On the set of natural numbers let R be the relation defined by aRb if 2a + 3b =
30. Write down the relation by listing all the pairs. Check whether it is

(i) reflexive

(ii) symmetric

(iii) transitive

(iv) equivalence

Solution:

N = {set of natural numbers}

R={(3,8),(6,6),(9,4), (12, 2)}

(a) (3, 3) € R= Ris notreflexive

2a+ 3b =30
3b=30-2a

_ 30—2a
b = 3

(b) (3,8) ER(8,3) R
= R is not symmetric

(¢) (a, b) (b, c) € R= Ris transitive
~ Itis not an equivalence relation.

Question 6.
Prove that the relation “friendship” is not an equivalence relation on the set of
all people in Chennai.

Solution:

If ais a friend of b and b is a friend of ¢, then a need not be a friend of c.
aRbandbRcdoesnotimplyaRc.

~ Ris not transitive.

=~ The relation is not an equivalence relation.



Question 7.

On the set of natural numbers let R be the relation defined by aRb ifa + b < 6.
Write down the relation by listing all the pairs. Check whether it is

(i) reflexive

(ii) symmetric

(iii) transitive

(iv) equivalence

Solution:

Set of all natural numbersaRbifa+b <6
R={(1,1),(1,2),(1,3),(1,4),(1,5),(2,1),(2,2),(23),(2,4), (3, 1), (3, 2),
(3,3),(41),(4,2),(5 1}

(i) (5,1) e Rbut(5,5) ¢ R

[t is not reflexive

(ii) aRb = bRa = It is symmetric

(iii) (4,2),(2,3) ER=>(4,3) ¢R
~ It is not transitive

(iv) -~ Itis not an equivalence relation

Question 8.
Let A = {a, b, c}. What is the equivalence relation of smallest cardinality on A?
What is the equivalence relation of largest cardinality on A?

Solution:

A={ab,c}

LetR1 ={(a, a),(b,b),(c,c) }

Clearly, R1 is reflexive, symmetric, and transitive.

Thus R is the equivalence relation on A of smallest cardinality, n (R1) = 3

Let Rz ={ (a, a), (b, b), (c, ¢), (a, b), (b, a), (b, ¢), (c,b), (c,a), (a, c)}
(i) Reflexive:
(a,a),(b,b),(c,c) ER

~ Rz is reflexive.

(ii) Symmetric:



(a,b) € Rz we have (b, a) €R:
(b, c) € Rz we have (¢, b) ER:
(c,a) e Rzwehave (a,c) ERz
~ Rz 1s symmetric.

(iii) Transitive:

(a,b),(b,c)ER2=>(a,c) ER:

(b,c),(c,a) ER2= (b,a) ER:

(c,a),(a,b) €ER2=(c,b) ER:

~ Rz is transitive and R is an equivalence relation of largest cardinality.
n(R2)=9

Question 9.
In the set Z of integers, define mRn if m - n is divisible by 7. Prove that R is an
equivalence relation.

Solution:

mRn if m - n is divisible by 7
(@ mRm=m-m=20

0 is divisible by 7

~ Itis reflexive

(b) mRn = {m - n) is divisible by 7

nRm = (n-m) = - {m - n) is also divisible by 7
[t is symmetric

(¢) mRn= (m—n)is divisible by 7= (m—n) .

g
nRr = (n—r)is divisible by 7 = (n ; r) =

= mRr=m-r= {£+n]—[n—i]
7 7

m—r= —-i-?’l—ﬂ-l-i
7 7

.

i
7

(m—r)= %(k +1) is divisible by 7



[t is transitive
mRn if m - n is divisible by 7
~ Ris an equivalence relation.

Ex 1.3

Question 1.

Suppose that 120 students are studying in 4 sections of eleventh standard in a
school. Let A denote the set of students and B denote the set of the sections.
Define a relation from A to B as “x related toy if the student x belongs to the
section y”. Is this relation a function? What can you say about the inverse
relation? Explain your answer.

Solution:

(i) A = {set of students in 11t standard}

B = {set of sections in 11sup>th standard}

R:A—=B=xrelatedtoy

= Every students in eleventh Standard must in one section of the eleventh
standard.

= [tis a function.

Inverse relation cannot be a function since every section of eleventh standard
cannot be related to one student in eleventh standard.

Question 2.
Write the valuesof fat-4,1, -2, 7, 0 if
[—x+4 if —e<x<-3

x+4 if -3 <x<2

fx) = Sptigegp o e
' x—-x2 if 1%x<7
0 otherwise
Solution:

f(-4)=-(-4) +4=8
f(1)=1-12=0

f(-2) = (-2)2-(-2)=4+2=6
f(7)=0

f(0) =0



Question 3.

Write the values of fat -3, 5, 2, -1, 0 if

X2 +x-5 ifxe (—,0)

. x2+3x—2 {,fxE[?:,w}

J&x) = 7, .
X if xe [ﬂ, 2}

Lxl -3 otherwise

Solution:
f(-3) =(-3)2-3-5=9-8=1
f(5)=(5)2+3(5)-2=25+15-2=138

f(2)=4-3=1
f(-)=(C-1D2+(-1)-5=1-6=-5
f(0)=0-3=-3

Question 4.

State whether the following relations are functions or not. If it is a function
check for one-to-oneness and ontoness. If it is not a function, state why?

() IfA={a b,c]and/={(a, c), (b, c), (c,b)};(f: A = A).
(i) IfX={x,y,z}and/={(x,¥), (X,2), (z, x)}; (f: X = X).

Solution:
(iHf:A—A
A A

-k—f-*-a

[tis a function butitis not 1 - 1 and not onto function.

P

(i) f: X = X



s

X € X (Domain) has two images in the co-domain x. It is not a function.

Question 5.

LetA={1,2,3,4}and B ={a, b, ¢, d}. Give a function from A — B for each of
the following:

(i) neither one-to-one nor onto.

(ii) not one-to-one but onto.

(iii) one-to-one but not onto.

(iv) one-to-one and onto.

Solution:
A={1,2,3,4}
B={a, b,cd}.
(1) 1 a (i)
2 b
3 c Not possible
4

R={(1,b) (2,b) (3,c) (4,d)}is not 1-1 and not onto

(iii) Not possible



(iv)

a2 b
™

1 — 1 and onto

Question 6.

Find the domain of #
—& 81N T

Solution:

The Denominator#0 = 1 -2 sinx # 0
: L . b4

= sinx# 5 (ie,)x#—

Su&mﬂn=R-Mﬂ+FD"%LnEZ

Question 7.

4—a?
Find the largest possible domain of the real valued function f(x) = ‘/4_

\/-.132—9
Solution:
B
fx) = .
2 -9
Here J4—x2 >0 Here Jx2 -9 > 0
4-x2 >0 =930
Lx2>4 2 >9
x<2andx>-2 x>3andx<-3

=~ No largest possible domain
The domain is null set



Question 8.

Find the range of the function !

2cosr—1

Solution:
The range of cosxis-1to 1
-1 <cosx<1

(xby2)-2<2cosx<2
adding —1 throughout
-2-1 €£2cosx-1<2-1
(le,) 3<2cosx—-1<1

sols —— < __I
2cosx—1 3

The range is outside %] and 1

i.e., range is (—oo, %1] W [1, )

Question 9.
Show that the relation xy = -2 is a function for a suitable domain. Find the
domain and the range of the function.

Solution:

() Let f: R = Rdefined as f: x — —% then

f(x) = —% ory = —%

> Xxy=-2

f (x) Is not a function since f(x) is not defined for x = 0

(ii) Let f: R — {0} — R defined as f(x) = — 2
:>y = —% = xy =7

f is one — one but not onto because 0 has no preimage.



f: R—{0} = R {0} is a function which is one- one and onto
Domain = R — {0}
Range = R - {0}

Question 10.
Iff, g: R = Rare defined by f(x) = |x| + x and g(x) = |x| - %, find gof and fog.

Solution:

0 x<0 =2x x<0
T, = 1ox x>0 8W =19 450
Now (fog) (x) = 0 and gof(x) =0

Question 11.
If f, g, h are real-valued functions defined on R, then prove that
(f + g)oh = foh + goh. What can you say about fo(g + h)? Justify your answer.

Solution:
Letf+g=k
Now kOh = k(h(x))
= (f+g((h(x))
= f[h()] + g [h(x)]
= foh + goh
(i.e.,)(f+ g)(0o)h = foh + goh
fo(g + h) is also a function

Question 12.

If f: R = Ris defined by f(x) = 3x - 5, prove that f is a bijection and find its
inverse.

Solution:
P(x)=3x-5
Lety=3x-5=3x=y+5



y+5

i
Letg(y) = -};’—5
Nowgof(x) = gl(f(x)]=gBx-5)
Ix—-5+5
B _ =7
3 y+5
alsofog(y) = flg()] :f‘[“B—“}
+5
3(%J—5=y+5—swy
Thusgof = 1 andfog= Iy
fand g are bijections and inverse to each other. Hence fis a bijection and £~ (y) = J’T-PS
Replacing y by x we get /! (x) = IT.I‘S

Question 13.
The weight of the muscles of a man is a function of his bodyweight x and can
be expressed as W(x) = 0.35x. Determine the domain of this function.

Solution:
Given W(x) = 0.35x
W(0) =W(1) =0.35W(2) = 0.7 ............. W (o) =00

Since x. denotes the bodyweight of a man, it will take only positive integers.
Thatisx > 0.

W(x) : (0, ©) = (0, o)

Domain = (0, ) , Range = (0, o)

Question 14.
The distance of an object falling is a function of time t and can be expressed as
s(t) = -16t2. Graph the function and determine if it is one-to-one.

Solution:
s(t) = -16t2
Suppose S(t1) = S(t2)

g 2
—IE-I] = —Iﬁr.t‘2
=1 (or) 5=y

since time cannot be negative, we to take t1 = t2



Hence it is one-one.

S 0 -16 -64 -144

Question 15.

The total cost of airfare on a given route is comprised of the base cost C and
the fuel surcharge S in rupee. Both C and S are functions of the mileage m;
C(m) = 0.4m + 50 and S(m) = 0.03m. Determine a function for the total cost
of a ticket in terms of the mileage and find the airfare for flying 1600 miles.

Solution:

Given the cost of airfare function and fuel surcharge functions are as follows.
C(m) =04 m+ 50 ——- (1)

S(m)=0.03m ———- (2)

Total cost of a ticket = C(m) + S(m)
fx)=04m+ 50+ 0.03m

f(x) =0.43 m + 50

Given m = 1600 miles

The cost of Airfare for flying 1600 miles
f(1600) =0.43 x 1600 + 50

=688 + 50

=738

=~ Airfare for flying 1600 miles is Rs. 738.



Question 16.

A salesperson whose annual earnings can be represented by the function A(x)
= 30, 000 + 0.04x, where x is the rupee value of the merchandise he sells. His
son is also in sales and his earnings are represented by the function S(x) = 25,
000 + 0.05x. Find (A + S)(x) and determine the total family income if they
each sell Rupees 1,50,00,000 worth of merchandise.

Solution:

A(x) =30, 000 + 0.04x, where x is merchandise rupee value
S(x) = 25000 + 0.05 x

A+S) x)=AX) +S(x)

= 30000 + 0.04x + 25000 + 0.05 x

= 55000 + 0.09x

(A+S) (x) =55000+ 0.09x

They each sell x =1,50,00,000 worth of merchandise
(A+S)x=55000+ 0.09 (1,50,00,000)

= 55000 + 13,50,000

-~ Total income of family =X 14,05,000

Question 17.

The function for exchanging American dollars for Singapore Dollar on a given
day is f(x) = 1.23x, where x represents the number of American dollars. On
the same day, the function for exchanging Singapore Dollar to Indian Rupee is
g(y) = 50.50y, where y represents the number of Singapore dollars. Write a
function which will give the exchange rate of American dollars in terms of the
Indian rupee.

Solution:

f(x) = 1. 23x where x is number of American dollars.
g(y) = 50.50y where y is number of Singapore dollars.
gof(x) = g(f(x))

= g(1.23x)

= 50.50 (1.23x)

=62.115x



Question 18.

The owner of a small restaurant can prepare a particular meal at a cost of
Rupees 100. He estimates that if the menu price of the meal is x rupees, then
the number of customers who will order that meal at that price in an evening
is given by the function D(x) = 200 - x. Express his day revenue, total cost and
profit on this meal as functions of x.

Solution:

Number of customers = 200 - x

Cost of one meal = Rs. 100

Cost of (200 - x) meals = (200 - x) X 100

Menu price of the meal = Rs. x

=~ Total menu price of (200 - x) meals = (200 - x) x
Profit = Menu price - Cost

= (200 -x)x-(200-x) 100

Profit = (200 - x) (x - 100)

Question 19.

The formula for converting from Fahrenheit to Celsius temperaturesisy =
5x/9-160/9

Find the inverse of this function and determine whether the inverse is also a
function.

Solution:
_3x_160 _ 9y+160
9 9 5
5x-160 Ox+160 e Ox
= S p= or x)=—+32
¥ 5 y 5 (or) [ (x) 5
9y = 5x —- 160 Yes it is also a function.
9y + 160 = 5x
Question 20.

A simple cipher takes a number and codes it, using the function f(x) = 3x - 4.
Find the inverse of this function, determine whether the inverse is also a
function and verify the symmetrical property about the line y = x (by drawing



the lines).

Solution:
f(x) =3x-4
Lety=3x-4

= X =
3

So now f(y+4J (y+4] 4=y

Sof " '(x)

Ex 1.4

Question 1.

For the curve y = x3 given in Figure, draw
(DHr=-x3

(iDy=x3+1

(liy=x3-1

(iv) y = (x + 1)3 with the same scale.
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(iv)

Solution:

(i) It is the reflection on y axis

(ii) The graph of y = x3 + 1 is shifted upward to 1 unit.

(iii) The graph of y = x3 - 1 is shifted downward to 1 unit.
(iv) The graph of y = (x + 1)3 is shifted to the left for 1 unit.

Question 2.

| 1
() y=—x 3) (i) yzx[3J+l

Lk | =

1
(#ii) y=x( ]—-1 @) y=(x+1) =



Solution:
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(i) Let y=—x3
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L} 1
y=[(x+ 1}(3) causes the graph of x? on the same co-ordinate plane. Fine fog and graph
it on the plane as well. Explain your results.

Question 3.

Graph the functions f(x) = x3 and g(x) = vz on the same coordinate plane.
Find fog and graph it on the plane as well. Explain your results.

Solution:
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Question 4.

Write the steps to obtain the graph of the functiony = 3(x - 1)2 + 5 from the
graphy = x2.

Solution:
Draw the graph of y = x2
To gety = (x - 1)2 we have to shift the curve 1 unit to the right.

Then we have to draw the curve y = 3(x - 1)2 and finally, we have to draw y =
3(x-1)2+5

Question 5.

From the curve y = sin x, graph the functions
(1) y = sin(-x)

(ii) y = -sin(-x)

(iii) y = sin (% + X) which is cos x

(iv) y = sin (g — X) which is also cos x (refer trigonometry)

Solution:
First we have to draw the curve y = sin x

(i) y = sin (-x) = - sin x = f(x)
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(ii) y = -sin(-x) = -[-sin x] = sin x
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it is the same as y = sin x by shifting the graph to g to the left.

(iif) y=sin (% + x) is the graph which is obtained from y = sin x by shifting the graph

to %‘ to the left.
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2x the graph moves away from the x-axis, as multiplying factor is 2 which

is greater than one.

y:

=2x+1
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y = %2 x moves towards x - axis by a side factor 1/2 which is less thany = %2 x
+ 1 upwards by 1 unit.

(V)y=-2x-3

x| =2|-1]0
y |1 [-1]-3
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Question 7.

|x|, draw

From the curve y

Dy=|x-1|+1

(i) y

x+ 1| -1

= |x+ 2| -3.

(i) y

Solution

= |x|

Given,y
Ify=x




= -X

Ify

Dy=I[x-1]+1

x-1+1
y=-x+1+1=x
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(iDy=|x+1|-1
x+1-1=x

y=-x-1-1

y=-x-2

y

y=-(x+2)




(liDy=|x+2|-3
y=x+2-3=>x-1
y=-x-2+3=1-x
y=-(x-1

x| 0|1 ]2 3
y | 110 |- |2

Question 8.
From the curves = sin x, draw y = sin |x| (Hint: sin(-x) = -sin x.)

Solution:

y = sin |x]|

sy =sinX

~y=sin (-x) =-sinx
y =-sinXx

X |=2n| -m 0 T 2n
0 0 0 0 0
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Ex 1.5

Choose the correct or the most suitable answer.

Question 1.

fA={(x,y):y=ex;x€R}andB={(x,y):y=e¥* x€R}thenn(A N B)
(a) Infinity

(b) 0

o1

(d) 2

Solution:
(o1

Hint.
ANB=(0,1)
n(AnB) =1

Question 2.

IfA{(x,y):y=sinx,x € R) and 8= (x,y) : y = cos X, X € R) then ANB contains
(a) no element

(b) infinitely many elements

(c) only one element

(d) cannot be determined.



Solution:
(b) infinitely many elements

Question 3.

The relation R defined on a set A = {0, -1, 1, 2} by xRy if |x2 +y?| < 2, then
which one of the following is true?

(a) R={(0,0),(0,-1),(0,1),(-1,0), (-1,1), (1, 2), (1, 0)}

(b) R= {(01 0)1 (0, '1)1 (0' 1)' ('1' 0)' (11 0)

(c) Domain of Ris {0, -1, 1, 2}

Solution:
(a) Range of Ris {0, -1, 1}
Hint.

GivenA=1{0,-1,1,2}

the relation Ris given by x Ry = [x? + y?| < 2
~X,ymustbe 0 or1

~ Range of Ris{0,-1,1}

Question 4.
Iff(x) =|x-2| + |x+ 2|,x €ER, then

if x e (—0,-2]
if xe(-2,2]
if xe(2,x)

if x e (~0,-2]
if xe(-2,2]
if xe(2,x)

if xe (-0, —2]
if xe(-2,2]
if xe(2,x)

if xe (—oo,—2]
if xe(-2,2]
if xe(2,0)

@ f@ =

b fx = ;

© flx) =

d fx) =

PRLNALLERY =L



Solution:
2x if xe (—o0,—2]
(a) fx) = 4 if xe(-2,2]
2x if xe(2,00)
Hint.
fx)=|x-2|+ |x+ 2]

[~ (r=2)= (x+2)=—2x,x € (~0,-2]
fx)= {—@x-2D+Ex+2)=4,xe (-2,2]
| x~24+x+2=2x,x € (2, ]
[ —2x, xe (—0,—2]
s f(x) = {4, xe(-2,2]
2x, x € (2, 0]
Question 5.

Let R be the set of all real numbers. Consider the following subsets of the
planeRxR:S={(x,y):y=x+1land0<x<2}and T={(x,y) : x-yisan
integer} Then which of the following is true?

(a) T is an equivalence relation but S is not an equivalence relation.
(b) Neither S nor T is an equivalence relation

(c) Both Sand T are equivalence relations

(d) Sis an equivalence relation but T is not an equivalence relation.

Solution:

(a) T is an equivalence relation but S is not an equivalence relation.
Hint.

Given R is the set of all real numbers
S={(xy)ry=x+1land 0 <x< 2}

T ={(x,y): x-yis an integer} are subsets of R X R
s={(xy)ry=x+land 0<x<2}forx€R,

x =X + 1is not possible. .. (x,X) €S

Hence S does not satisfy the reflexive property



~ Sis not an equivalence relation
T ={(x,y): x-yis an integer}

Reflexive:

For x € R, we have x - x = 0 is an integer.
~ (x,x)€T forall Xe R

Hence T satisfies reflexive property

Symmetric:

Let (x,y) €T, thenx -y

= - (x -y) is an integer

= y - X Is an integer

= (y,x) €T

=~ T satisfies the symmetric property

Transitive:

Let (x,y¥), (y,z) € Tthenx - yand y - z are integers.
= X -y +y-zisaninteger

= X -z is an integer

= (x2z)€ET

-~ T satisfies the transitive property
we have proved T is reflexive, symmetric, and transitive.
Thus T is an equivalence relation.

Question 6.

Let A and B be subsets of the universal set N, the set of natural numbers. Then
A'U[(ANnB)UB]is .........

@A

(b) A’

(0B

(AN

Solution:
(d)N
Hint.
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The number of students who take both the subjects Mathematics and
Chemistry is 70. This represents 10% of the enrollment in Mathematics and

Question 7

14% of the enrollment in Chemistry. How many students take at least one of

these two subjects?

(a) 1120

(b) 1130
(c) 1100

(d) insufficient data

Solution:

(b) 1130
Hint.

Let M denotes Mathematics students

C denotes Chemistry students

Givenn(M N C) =70

= Number of Mathematics students n (M) = 100/10 x 70

Out of 100 enrolement 10 students take mathematics
n(M)=700

10 % of the enrolement in Mathematics

Number of Chemistry students n(C) = 100/14 X 70

n (C) = 500



~n(MUC)=n(M)+n(C)-n(MnC)
=700+ 500-70

=1200-70

=1130

The number of students take atleast one of the subject mathematics or
Chemistry = 1130

Question 8.
Ifn[(AXB)N(AXxC)]=8andn(BNC)=2,thenn(A)is
(@) 6

(b) 4

(c) 8

(d) 16

Solution:
(b) 4

Question 9.

Ifn(A)=2andn(BUC) =3,thenn[(AXB)U (AX Q)] is.......
(a) 23

(b) 32

()6

(d) 5

Solution:

()6

Hint.

Givenn (A)=2andn(BU C) =3
nf(AXB)UAXC)]=n[AXx(BUC)]
AXBUC=(AXB)UAXC(C)
=n(A).n(Bu ()

=2X3=6

Question 10.

[f two sets A and B have 17 elements in common, then the number of elements
common to the set A X Band B X A is

(a) 217

(b) 172



(c) 34
(d) insufficient data

Solution:

(b) 172

Hint.

n(AnB) =17

Son[(AxB)n (B xA)]
=n(ANB)Xxn(BNA)=17x17 =172

Question 11.

For non-empty sets A and B, if Ac Bthen (A X B) n (B X A) isequal to ..........
(@ANnB

(b)AxX A

(c)BxB

(d) None of these

Solution:

(b)Ax A

Hint.
GivenAcB,takeA={1,2}andB={1,2,3}
AxB={1,2}x{1,2,3}
AxB={(1,1),(1,2),(1,3),(2,1),(2,2),(2,3)}
BxA={1,23}x{1,2}
BxA={(1,1),(1,2),(2,1),(22),(3,1),(3,2)}
AxXB)n(BxA)={(1,1),(1,2),(1,3),(21),(22),(2,3)}n {1 1),(1,2),
2 1),

(2,2),(3,1),(3,2)}
(AXB)Nn(BxA)={(1,1),(1,2),(2,1),(2,2)}
AxXA={1,2}x{1,2}
AxXA={(1,1),(1,2),(2,1),(2,2)}
(AXB)Xx(BxA)=AXA

Question 12.

The number of relations on a set containing 3 elements is
@9

(b) 81

(c) 512

(d) 1024



Solution:

(c) 512

Hint.

Number of relations = 212 = 232 =29 =512

Question 13.

Let R be the universal relation on a set X with more than one element. Then R
is

(a) Not reflexive

(b) Not symmetric

(¢) Transitive

(d) None of the above

Solution:
(c) Transitive

Question 14.

LetX={1,2,3,4}and R={(1,1),(1,2),(1,3),(2,2),(3,3),(2,1),(3, 1),
(1,4), (4,1)}. ThenRis ........

(a) Reflexive

(b) Symmetric

(¢) Transitive

(d) Equivalence

Solution:

(b) Symmetric

Hint.

x={1,2,3,4}
R={(1,1),(1,2),(1,3),(2,2),(3,3),(21),(3,1),(1,4), (4 1)}

Question 15.

The range of the function -l—is: R

1 1-2sinx I
@ =-iiof3) o (-43)

o[ i3



Solution:

-1 < sinx< |

So-2 < 2sinx £ 2

=2 z-2smx=-2
2+12-2sinx+12-2+1
(i.e)3 21-2sinx=-1

ey . T g
3 1-2sinx

= The range is (—m,—]]u[é,m)

Question 16.
The range of the function f(x)=|lx] - x|, x € Ris croue.......

Solution:

(©1[0,1)

Hint. f(x)=|lx]-x|Ax) =lx]-x

fl0)y=0-0=0
f6.5)=6-65=-.5
fi-72) =8-72=28
. Rangeis (0, 1)

Question 17.

The rule f(x) = x? is a bijection if the domain and the co-domain are given by

(@ RR

(b) R, (0, o)

(c) (0,),R

(d) [0, ), [0, )

Solution:
(d) [0, @), [0, )



Question 18.

The number of constant functions from a set containing m elements to a set
containing n elements is

(@) mn

(b) m

(c0)n

(d)m+n

Solution: (c) n

Question 19.

The function f: [0, 2t] — [-1, 1] defined by f(x) = sin x is
(a) One to one

(b) Onto

(c) Bijection

(d) Cannot be defined

Solution:
(b) Onto

|
Forx=mn/4 ,x=3n/4, f(x)= T.
2

So it is not one-to-one
So it is an onto function

Question 20.

If the function f: [-3, 3] — S defined by f(x) = x2 is onto, then Sis .........
(a) ['9r 9]

()R

(C) ['3r 3]



(d) [0, 9]

Solution:

(d) [0, 9]

Question 21.

LetX=1{1,2,3,4},Y={a, b,c,d) and f={(1, a), (4,b), (2,0),(3,d) (2,d)}.
Thenfis .........

() An one-to-one function

(b) An onto function

(¢) A function which is not one-to-one

(d) Not a function

Solution:
(d) Not a function

Hint.
—

e ol

Since the element 2 has two images, it is not a function

Question 22.

X x<1

2
X  1€£x<4

The inverse of fix) = Wx 5 x>4 | R



E 27 x<]
@ fW=)x ; 1<x<16
2
ui ;. x>16
| 64
. [x* : x<l
(c) f']{x}=‘vr.; ; 1=£x<16
F i x>16
| 64
Solution:
x-<]
@ =[x ; 1<x<16
% 5 x>16
s 5 o e |
Hint.  r()=] ¥ 1<x<4
SJ; x>4

y=x thenx=y=f ' (x) =x

1 4

ol% T ¥ R

thny=x2, :rz\/_; . So f"(x}——-\f;
E’urhény=8 \E

2

ﬁz%(ﬂ?)xzé

=L

X

<l

)= Vx 1sx<16

xz

64

x>16

k]

x<l1

1€<x<16

x>16



Question 23.

Let f: R = R be defined by f(x) = 1 - |x|. Then the range of f is
(@) R

(b) (1, o)

(©) (-1, 00)

(d) (-0, 1]

Solution:

(d) (-o0, 1]

Hint.

f(x)=1-[x]

Whenx=0,f(0)=1-0=1
Whenx=-2,f(-2)=1-|-2|=1-2=-1
Whenx=-5,f(-5)=1-|-5|=1-5=-4
~ Range of fis (- 0, 1]

Question 24.

The function f: R = R is defined by f(x) = sin x + cos X is ......
(a) An odd function

(b) Neither an odd function nor an even function

(¢) An even function

(d) Both odd function and even function

Solution:
(b) Neither an odd function nor an even function

Question 25.
{x* +cosx)(1+x*)
(x—sinx)(2x—x*)

The function £ R — R is defined by f (x) =

(a) An odd function

(b) Neither an odd function nor an even function
(¢) An even function

(d) Both odd function arid even function

Solution:
(¢) An even function

i
—ixl .

18 i



(x? +cos x)(1+x*) o

(x—sinx)(2x-x°)

flx)=

x* +cos (—x](l + (—I)q} |
= +e
[-x —sin (—x)][-Ex - (—x)?']

F (-—JETJ

_ Prcosx)+x') |y
 (~x+sinx)(=2x+x*)
_ (x* +cosx)(1+x*)
- —(x—sinx)(-1)(2x—x*)

~|xf

+e

: (x* +cosx)(1+x*) Lo = )

(x—sinx)(2x—x")

= f(x) is an even function



