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SECTION B
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KHS Of P01 g 1) ENENTYEY
Fhius, ) is true. [A]/Z). |

Asume thit



[ (a) Determine whether e I - IR detined by

o (x) = Jx torallx € IR

i o mapping. Justily youranswer.

[N

by Let 7 be the set ol all integers and [ 7 = 7, be defined by
fx) =2x+ Ly e

Determine whether fis

(i) aonc-to-one mapping.

(i) an onto nappiig.
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Answer any THREE questions from this section,

. (a) Prove by mathemalical mnduction that
13+ 2% £33 4 a3 = %nz(n +1)%
forall n € N.
(b) If @, b € Z, prove thal (—a) + (=) = —(a + b).

o

(a) Show that the operation a + b = 1 + b defined on the set of
integers Z has no identity clement,
(b) Let B = IR — {0}. Define the relation R on B by arbir

and only i
ab > 0. Show that R is an cquivalence rel

ation on /3

4

3. (a) Let A, 3 and C be scts. Prove that
ANBUC) =(ANBYU(ANnC)

_.————'-‘/_:/’-_'

(b) Show that il x —= Volzand dis adivicor of AN WO (o

the integers x, y and 7, it is also o divisor of the |

i'lil\(.
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A 720+ 26(—11)
B 7201) 4 26(6)

C. 72(8) + 26(11)
D. 72(=2) +26(11)

- 20N,

£ © -~ DY uw gy it N o . Lo 'R .
ftems 17 to 20 are statements followed by True and False option,  Reqg each
vy e v o 1 s H : 3 . H N n 1 ‘ Ac
caretully and indicate whethier the statement is True or False, by circlinoe th
cerrect option, B

Stay,
(tey G

U7 The mapping /2N = N defined by f(x) = x + 3 is one-to-one.

AL True

18 The mignmny P > ~ ’
'S, The mapping ¢ N — 7 defined by g(x) = x* — x for all

19. The mapping hA:[3,¢3) — |5, 00) defined by h(x) = (x — 3)% + 5 is one-to-r
and onto.
True

Ja g
B. lalse

Ro={(1,1),(1,2),(2,2),(31),(3.3),(2,1),(2,3).(1,2),(3.2)}
on the set A = {1,2,3} is an equivalence relation.
AL True

2. talse

g ol o



9. Which of the following relations is not retlexive?

A. aRbitandonlyifa <b,a, b €Z

B. ARB ifandonly itA € B, A, B8 € P(S)

C. aRbifandonlyifa = b (modn), a b€l

D. aRbifandonlyifa+b =0 (moﬂ n), a,beZ

10. Which of the following 1s a mapping?

A. N — Ndefinedby o« (n) = (=1)"n*forallnen. =~ -

B. o: R — R defined by « (x) = 2 + /% for all x € R. - \
C a:{e f} = {2,7,12} defined by {(e, 7), (£, 2), (f, 12)}. , o
D. a:Z —» 7 delired by a(k) = k? + k lorall k € Z. ~ . |
- Leta, b € Z* such that b.} a and b is a prime. Find ged(a, b). B

A. a -

B. b

C. 1

D. 2 i
Afm = kn form,n, k € Z™, what is ged(m, n)?

A m

B.n

C. k

D. 1

I3 11'there exist integers m and n such that ma -+ nb -7 = 0, {ind ged(a, b).
AL
LS

E‘: 5 et

D. 7

ind [s,m]. [t,n] if [s,m] = [2,3] and [t,n] = [1,4].

A, [3,7]

B. [14,11]

C. (6,4

D [2,12]

Given that [3] = {3,6,9,12,15,18,21}. I'ind [18]. ORI

A {1821} . ' Rg/ SN l’s':“‘/lx
B (12,15,18,21) B e

G (3,6,9,12.1518,21) '

[ {312 18}



40 A binary operation & on e set

vab ifind the idenuty ¢

AT/
1

[®]

(N

17

Q i | | il ! in A 3 o Aty oo oA
Suppose that the set 4 has as exacily two ¢lements and 8 has exactly taree <.

Use the following information to answer questions 5 to 7.

Aol posttive real numbers 1s given by

ement tor At exasts,

d. How many mappings are there from B to A?
A4
B. 3
C. 8
D.9

6. How many one-to-one mappings are there from B to A7

AQ

0 ~

I
u

O O
Na

7. How many onto mappings are there irom B to A?

A0
B.2

C.6
D9

6. Ancquivalence relation £ on N is defined by aRb if a* + b? is even. Find [1]

A-neN s even}
B.{neN:nis odd |
C.{1,2,3,4)
D.{1,3,5,7)

[

Page 2 0l 4



(V1)
IS lrue ‘l-,‘l

Ihen

13 4-23 4374 Pt (b ¥
':U\' )k Ak [
:%uy\vw”«us4l(MH
= %(k + D (ke +2)" [m1]
= Pyiq [M1]
Thus, Py, is true.  [M1/2]
Therefore, the statement P, is true for alln € N. [A1]

(b) Letd & [s,m)and b & [t,n]. [B1/2 B1/2]

Then
—q e [m,s] [M1]

and

—b et (M1
Thus,
(—a) + (=b) & [m,s]+ [ ] = [(m+n), (s + O]

Also,

(M ML

a+bo [ssm]-+tn] =+, 0 n)] [M1MI]

Then

—(a+b) e [Qn+n), (s +0)

From (1) and (2) we have that

(—a) + (~=b) = (a0 (A1)

My

(M1]

e



QZ. (a) Suppose ¢ s the wentity element for - (M1
Then
axe=a [M1]
=1+ ae = (V1]
= ae=qa - | [M1]
Since ¢ depends on a, 1t means that e is not unique. [M1 AlJ
Hence, = has no identity clement. [A1]
(b) Letx € 1. [m1/2]
Thenxx = x? > (), that iy, [VI1/2]
sRetorally e g (M1/2]
Thus, R is reflexive, - (M1/2]
Suppose X, v T 5 and XRy that s Xy >0, (M1/2]
Since xy = yx we have that yx > ¢ and so yRx. (M1/2]
Thus 22 is symmetric. (M1/2]
Suppose x,y, z € B such that xRy and YRz, thatis, [M1/2]
Xy Uand yy s (M1/2 M1/2]
IF2 >0, then since 4 v e have y s gy [Ml_/?.l M1/2]

sincey > 0 and vz > thenz » 0 (M1/2 M1/2]

Sinee x >Wand z >0 it lollows thatxz > 0, ghat is, xRz, (M1/2 M1/2]

Ao fx <0, then since 4y 0 then U IM1/2 M1/2)

aince y < 0and yz = G flen z < 0 (M1/2 m1/2]
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U'his paper consists of two sections, A and B. Answer all the questions in Section A and
'HREE questions in Scction B. Section A will be collected after the first 30 minutes.

SECTION A
Answer all the questions in this section

“oritems 1 to 16, each stem is followed by four eptions lettered A to D. Read each item
savefully and circle the fetter that corresponds fo the correct or the best option

| Let P and Q be sets. Which of the following is true if
F—Q=Q—P?

A PNQ =9
R. PCO
¢ QcP

0 r-0

7 Which of the following is not true about a sct Q and its
universal set U?
®ong=0
B-QnQ =¢
C.QonU=Q:
D.QUQE =U

Which of the following is not a binary operation on the given set. (where the set
netation maintain their normal mieaning) ‘

A «definedon Z by a+ b ="b-+4u

3.+ defined on Z,, by |a] » [b] = [a] O [0
) + defined on § = (1,-2,32,-4) by - b= |b]

R . , )
Do delined on Z by a + b =«



= ke - 2ae) = alMif2)
eae - 2ue)" =0
= o(1 - 2a%e) = 0[M1/2)
= . = 0[M1/2)
or |
1 -2u%e=0 =>e= '._;i;T[Ml/z]
Iherefare, * has no identity element sincee is not unique.[A1/2]
Q3.Suppose that pigand p|r. Then there exist in.lCE:’e"S m and 1 such that

g=np ... (1) [(M1/2]

and

e (2) [M1/2)

Multiplying equations (1) and (2) by x and y respectively gives

gx = npxandry = mpy[M1/2 M1/2] '

Thus,

qx +ry = apx + myy[Mi]

= gv by = plux b iny)[(M1/2] g
= pllgx+ 1 y)sincens by € 4[M1 A1/2)

04.0y the Cuclidean Algorithm we have that

7

> == 275(2) 1 176[M1)
ST5 17601 + Y9I
76 =99(1) + 7/[m1/2)
99 = 77(1) + 22[m1/2]
77 = 22(3) + 11[M1/2]
22 = 11(2)[Mm1/2)

hus, sed(726 215) 11 (A1] 4
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Ql.let P YR 2k 1) =n*  foralin = 1. [B1/2]
Forn =1,
LHS of P1:2(1) =1 =1
RHS of Py: 1% =1
Thus, Py istrue.[ M1/2 A1/2]

Assume that
n

P ) 2k =1)= s
k=1
is true.[M1/2]

Then,
SRk — 1) = YRo 2k — D) + 2(n + 1) - 1[M1/2]
=n?+2(n+1)—1[M1/2] -
=n?4+2n+2-1
=nt+2n+1
= (n + 1)*[M1/2]
= Pk+1 [M1/2]
Thus, Py is true. [M1/2]
Therefore, the statement P, is true foralln = 1.(A1/2]
Q2. (i) By definition
b =a-+b—2(ab)? _.. (1)[B1/2]
But addition of real numbers is commutative soa -+ b = b+ a.
Thus equation (1) is the same as,
by =b+a—2(ab)? .. (2)M1/2]
Also, multiplication of real numbers is commutative so ab = ba.
“hus equation (2) becomes
Lebh = b+ - 2(ba)? = bxalM1/2]
Iherefore, + is commutative since @« h = b @.[A1/2]

(i) Let ¢ denote the identity element of« Thus,

Lo [N/ 2]
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ematical induction that
n -
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[
R 1

). Prove by maihe

for = 1.

et = he @ binary O prrmorr defined on the set of real numbers R by

2.
arb=d+ b~ 2(ab)?, whered, b e K
() prove thal * is rormmmutative.
{i) Find the identity elerment for =
3 ([plg and pir, pr oy
[plg and plr, prove th Oy 4y ¥
. wal pl(gx + ry)where x and y are ntcgers.
;“1."?

4. Find ged (726, 27 ,
gcd (726, 275) using the Euclidean Algorithm
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Therefore,

A

AN (BUC) -

Then there are

and

co
o
-+

RY
= X
T

Vv

ARV VNSS! (V1]

UNBUiang can (0 Uy (A1)

(An H) U (/] M) [/5‘”

dly and d|z [B1 B1]

Integers i and n such that

= md [M1]

= el (M1]

Y+ 7z [M1]

o+ nd (Vi)

= (ttr)d (vl

= dfa osince mibon el (A1)

Q4. (a) «(xyis not a mapping since  [M2]

a(- 1) = /51 ¢ i

(D) (1) Suppose that .

7[:|i‘li

A

{

|AZ]

couchthat /(x) = f(x,) [B2]

; J‘\«"II 1

e st sy R SLRMED



red Ry s HHIve
Heonce, W i cgqun e nct relation '/\]/)
Q3. (a) Let Vo RICES v1/2]
T11l’»‘1
veAand X € B U ( (M1]
_ ycAandx€ gorx €l (Vi1/2]
:ﬂxEA'andACBm x €/ amdx €C ivi1]
When
ccAandx € B thenx € AnB soxE (AN BNUANC)
(M1/2] )
Also, when )
xeAandeCthenYE /mrgme(/m YU (Anc)
(V1/2]
Thus,
/\O(BUC)Q(AOB)U(AOC) (Al]
Now, let x € (4N Byu(An ). (Mi1/2]
[hen
vE A 1nBorx€ANC (V1]
wWhen ceAnBtheny €4 and x € b [Ml/z]

., yecAandx €S UL (M1/2]
Also, when v E AN Ctheny € Aand v e (M1/2!

s CAdand e ol iMl
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This paper consists ol tywvo sections, A and B, Answer all the questions in Section A and Th - ..
questions in Section B, Scetion Aavill be eollected after the first 40 minutes.

SECTION A
Answer ALL the questions in this section.
For items 1 1¢ 20, cach sten: i followed by four options lettered A to D. Read each statemen:
carefully and circie the fetier hat Lorresponds (o the correct or best option.

I. Which of the foilowiny is not true about the sets P, @ and R? . S
ANP-Gg=prnqg
B.o(PugQ) =pn -
C.rnQ)y=pruy
D.P—(@Qrir)y=(r e

2o Which of the fotowing i o mapping?

Sl 23 (b ) dotined by (1, a), (3, B)),
B, co 8 —, defined b GO = Ve forall v s I,
Coe i~y defined by o, Cn) = = foralinoe N

Doai1.2,3) o, S8) duiined by {(1,0), (2, 3), (3.8))

Sl he mapping g g, foed b o) = oF 0 307 (g
One-lto-one,
A e
Bl



— 2yt 1 =2x+ ] [(Mm2]

— 2x, =21, [M1]

1 X] = A7 [NI]]
Thus, f(x) is one-to-one. [A2]
(ii) Let y, € Z (co — domain) and x{ € % (domain) [B1 B1]

Then 2x, + 1 = y, isodd for everyinteger xy (V2]
f(x)isnolonto. [M2 A1]

Since there is no such integer x, if y  iseven




4. The mapping 7: N - N defined by y(x) = v ) for all

v € Nisontlo

A lrue
3. lalse

S let @S~ Tand T U be two mappings 1a and 1 are mvertihle with inverses poand
respectiy cly. find (fa) 1
\ ('
R. ‘\‘/1
C.pd
D.§

6. Lot E=1{1,2,3)and F = {x, y}. Find the number of mappings from [tk
9

)

gonw>

7. Which of the following is a binary operation on the given set.
A. = definedon Ztbyaxb=a—b
B. « definedon Z bya* b =a/b
: C. »definedonZbya=b=a+b
D.*deﬂnedoanya*b:%(aer)
Use the following informatiosn to answer qucstions 8and?b.

A binary operation A on the set U of ordered pairs (p, ¢) of real numbers is given by (a, byalc, 4]

(ac — bd,ad -+ bc).

8. Find the identily element in U under A.
A.0
B. (0, 0)
C.(1,0
D. (0, 1)

Find the inverse of (a, b) under 4.
-a b
A. ((12+b 'az-'h )

a? lbZ a?+b?

5 (o )
( W)
i

Page 2 ofd



cons 10 und 11
_ L ‘ dnewer questions L0 wnd T
Use the Tollowing fnformatio (0 ansiel I

[-2 =10, |, 2} by

Detine e relation K on V
g={(ah:a’—-a=b" -0}

2
10, Which of the following clements does noi belong to K

1. Find the equivalence class ol [1].
A (~1,1,2)

‘ LS

R {-1,0,12)
C.{-2-1,0,1,2)
D.(-1,0,1) ;

12, Which ol the following relations is not reflexive?
AcaRbilandonlyila <b,a b€l
B.ARB ifand only if A € B, 1,8 € P(S)
C.aRbiland only if @ - hisdivisibleby 4, ,b € Z
D.uRbifand only il'ah =1, a,b € {x € R|x > 0)

L2

all the properties of a partial ordering which £ does not have.
A transitive
B.anti-svimmetric. transitive
C rellexive, anti-symmictric, and transitive
D anti-symmetric, and reflexive

4. Defline on the st M the relation *aRp il and anly it h =
properties of an equivalence celadon which # does not hiave.
AL svmmetric
BoreHexive and transitiv,

Cosymimetric and transiis

Dovellexive and symmenr

=

- Define the reiation 1 on the set of real numbers by aRb ifand only if ab =

ca” for some integer k. Find the



Use the following information to answer questions 15 and 16.

Define the relation R on A = N X N by (a, b)R(c, ) iland only il'ab = cd.
15. Find an equivalence class with exactly two clements.

A. [(4,5)]
B. ((6,3)]
C.[(9,2)]
D. [(1,2))

16. Find an equivalence class with exactly three clements.
A [(1,4)]

B. ((6,3)]

C.[(1,18)]

D. [(9,2)]

17.1f [s,m], [t,n] € J, find [s,m] + [t n].

A [(s +m), (t+n)]
B.[(s +¢),(m+n)]
C.[(s+n),(m+1t)]
D. [(sm), (tn)]

3

18. Which of the following is truc about {c, d) and (s, m) if (c,d} € [5.m17
A.[c,d] = [s,m]
B. (¢,d) = (s,m)
C.cd =sm
D.[c+s,d+m]

19. Find (1776,1492), that is, the greatest cormmon divisor of 1776 and 1492,
A. 2

OO w
oA W

20. An integer a # 0 is called a divisor of an integer b if there exists an integer ¢ such that
A.ab=¢

:B.b=ac
C.at+tb=c
D.a=bc

Page 4 of 4
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SECTION R
Ansverany theee

questions from this section,

Let A, 5 ang Chesers, p
ANL G ‘)

) (4 -4 -

TOVve iy
=Anh)y ()
[ G =)

2V Assume that oc: & - g and g7 -

* e o mappings,
@) Il and f7 are OO, prove thai (he product ff o iy also onto, .
(0) Ifeang [ are ORC-L0-0ne, prove that P & is also one-to-one,
|

@i Proye by tlie principie ol matherag
s IX240 %y t3I X4y s (n+1) =
y

forall n ¢ i

cal induction that

én(n + 1+ 2) pa

) lera b € 7. Show (ha (~a) b~ ¢ bh).

W Show tha (. YPerition g g ab - defined o i
has no id:‘nli{y clemeny,
Oile o= {0}, Define relit

Iesetolintegers

M0 B by g, itand only i g ~ 0.
< . ! '
Show thag s AT QU e Lttion on f
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SECTION N
Lach questicn is worth 2marks.

0

D

FALSE
FALSE -

h W e U B0

[

T B e -

\

U R —
N
I
'}Dﬁ(ﬁﬁ@ﬁ
)
\

=
w
o N Pr @ >» 0O » ® O O

;14
15.
16.
17.
18.

20.

fach question iz worth 20 marks.

1. (a)Let x EAN(BY C). .. IM1/2]
Then
yeAandx € DU [M1]

— vEeAand x € Bora €0 (A0



% AN Ldeny ERaad s €B
yEAad eBuUC iz
- YEATCUinsEfandy €C

HeRAIAY € B and\ ¢ C



SxeA-— (B0 (1|
1 herelore,

A=B)Y=CSA (B -0) A1)

(a) Suppose that a and [ are onlo. (B1]
leti € U. (M1) ==

Since [ is onto, there isa t € 1" such that /(1) = w. [M 1/7 M1
Now, since @ is onto, thereis an s € § such that a(s) = (. [M1/2 M1]
.- T T e N e e S o =
Thus, given u € U we can find an § € S such that
(Ba)(s) = fa(s)) (M1 M
=p0 (M)
ERTEIV
Hence, fais onto.  [A1l]

(b) Suppose that a and [ are one-lo-one. [B1]

Let sy, s, € S such that

([5’('()(51)/: () (s4). [Iv\/i] 1)

Then

Bla(s)) = Bla(sy)
=¥ Vil

o ¢
i i . ; #r = e
= « (s, = a(sy). since ffisone - 1o - one V2 8T
IRUR ) .
=7 85y =Ny, SINCC IS 0ne = Lo — arie [M2 571

Therefore, [« is one-to-one. [Al]
3. (a) Let P”: 1X2+2%x3+ IXA X (TL |- 1) =z -3’-,1()1 ] 'l‘)(“ |- Z}
foralin e M. - -——\-.-_ o B1)
\

Forn =1,
LHSof P 1(1 + 1) = 2 [M1]
RHS of/),:%('_l)(] S+ Sy (f = M

Thus, P, 1s true. [A1]

Assume tihat
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BRI 24 239 34 e e R I el 1)k + 2)

IS true B
Thon, :
UXZ2 120343 0l 1o e (D) + (- 1) (fe + 2) = (M1]
<ok AU 2) - (k Dk +2) . (M1
[ LA i/ ,"‘I:,/*.lll A
\_/: b !.)‘ v 4 / i‘:.. ¥ .J ,’v’.l]
==k + Ukt Dk +3) (M1]
== /)1.'; (M1}
ihus, { v btrue. My

fnerefore, 1he statement &, i triie for all ) z 1. [A1]

(it

teta — {5, m) and b« 1 (M2 M1/2]
Trien

141, ry 'i'l‘l

=n g

ilso e
IS0,
L0 o s, il e, s VSO ), (v nit)| vl lvll\_J\/ v

VA e

n) o [(s b)), (so + m.n))
From (1) and [2)

[

Wb lwb) (A
{a) Suppuse ¢ is e Wenlily clement for + [Mi1]
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et A D Cbe sets such that 4 C andB € . Show that

J

land 5 he supsets of a setS. ProvethatAN B =B N A4.

- Deterinine whether o N — N defined by

o) = —nForalln € N
iC

S amERping. Justify vour answer,

[

4. Determmine whether the mapping o¢: R — R defined by

) =2 3l one-to-one.

5. Assume that S — T and L:T - U are two mappings.
(@) If cand § are onto, prove that the product £ o is also onto.

(b) 1T e and £ are one-to-one, prove that [ &'is also one-to-one.

o Let 7{5) denote the set of all subsets of the non-empty set S, that

)

LA S S Define the relation R on P(s) by ARB

ST ANE
|'l/<'\'),/ -

(c)iterlexive
) Svimmetric
Vil AL

(C) Transitive,

foBTRen K on L defined by aRD i a? - b2 is even. Prove that

A eativalone s relation.
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