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SECTION B 

1. (a) Let :13 -23 +33 + +n n(n 1) 
[B1 

Forn k], 

LHS of ,: 1 1 [M 
RHS of P: !) M1 

Tus, P is true. [A1/21 
ASume that 



. (a) Determine whether : IR IR detined by 

(x)= V or all x R 

1S iappng. Justily y0ur answCr 

(b) Let Z be the sci of all integcrs and :2--) Z be defined by 

/(x) = 2x + 1,x e 7. 

Detcrmine whetherf is 

(i) a onc-t0-One mapping. 

(1) an onto naPping 
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SECTION B 
Answer any THREE questions from tliis section. 

1. (a) Prove by mathematical induction thal 
1323 + 33 + n3 = n2(n + 1)2 
for all nEN. 

(b) if a, b E Z, prove that (-a) + (-b) = -(a + b). 

2. (a) Show that the operation a * b = 1 + ab defined on the set of 
integers Z has no identity element. 

(b) Let B R {0}. Define the relation R on B by aRb ifand only if 
ab>0. Show that R is an equivalence relation on B. 

3. (a) Let A, B and C be sels. Prove thal 
An (B U C) = (nB) u(Anc). 

(b) Show that il x = y +z and d is a divisor of any two o 
Uie integers x, y and z, it is also diy isor of' the tihird. 



Io. Espress ged (72, 26) in the form 72n +26n 

A. 72(4) + 26(-11) 
B 72(4) + 26(6) 
C 72(8) + 26(11) 

D 72(2)+ 26(11) 

statd 
items 17 to 20 are statements followed by True and l'alse option. Read each 

tter o 
caretuliy and indicate vy hether the statement is True or False, by circling the lot 
COrreet option. 

7. The mapping f: N> N detined by f(x) =x +3 is 
A. 
B. Faise 

True 

8. ihe mapping g: N -> 7 defined by g(x) =*i - x for all 

xEN1s onio. 
A. True 

B. Faise 

9. The mapping h: [3, ca) [5, oo) defined by h(x) = (x - 3) + 5 is one-to-on 

and onto. 

A. True 
B. alse 

20. The relatiorn 

R {(1,1 ), (1,2), (2,2), (3,1),. (3,3). (2, 1), (2,3), (1,3). (3,2)) 
on the set A = 1,2,3} is an equivalence relation. 

A. Îrue 

B. ralse 



9. Which of the following relations is not rellexive? 

A. aRb if and only if a b, a, b E Z 

B. ARB if and only ifASB,A,B E P(S) 

C. aRb if and only ifa = b (m0d n), a, b e Z 

D. aRb ifand only if a +b = 0 (mod n), a,bEZ 

10. Which of the following is a mapping? 
A. ox:N N defined by * (n) = (-1)"n* for all n E N. 

B. o:R R defined by « (x) = 2 + v* for all x ER. 

C. a: fe.f)-{2,7, 12) defined by ((e, 7). (f, 2). (F, 12)}. 
D. a:Z~Z delined by a (k) = k2 +k lor all k E Z. 

1. Let a, b E Z* such that b. B a and b is a prime. Find gcd (a, b). 

A. a 

B. b 

C. 1 
D. 2 

12. Ifm = kn for m, n, k e Z*, what is gcd(m, n)? 
A. m 

B. n 

C. k 

D. 1 

13.If there exist integers m and n such that ma + nb - 7= 0, find gcd(a, b). 

A. 1 

B. m 

C 7 
D. 7 

i4. Find [s, m). [t, n] if |s, m] = [2,3] and [t, n] = [1,4]. 
A. (3,7] 

B. [14,11] 
C. 16.4 

D 12,12 

8 Given that 13] = {3,6,9, 12, 15, 18,21}. Find [18. 3, 12,it4x 
{18,21) 
(12,15, 18,21) 
3,6,9, 12, 15, 18, 21) 

3,12,18B 

A. 
3,12 

B. 



Abiary operalon A on the set olpos!tive reai numbers is given by o 

Vab ind the identity eleneni tor Aiit eNISts. 

eAb=eb aae = a 

al-
A. 1/ 

elb- b 
e e:b e a 

1). Does not exist 

a 

Use the following information to ansvwer questions 5 to 7. 

upnose ihai the set A has as exaciiy two eiemenis and B has exactly three elein 

5. How many mappings are there from B to A? 

A. 

B. 

C. 8 

D.9 

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

. 0 

B. 2 

C 

D. 9 

7. How many onto mappings are there trom B to A4? 

A.0 

B. 2 

C.6 
D.9 

8. An equivalence relation R on N is defined by aRb ifa' +b is even. Find [1 f 
A. {n E N nis evenj 
B. {n E N n is odd} 
C.(1,2,3,4) 
D. [1.3,5,7) 

Page 2 of 44 



k P'1 2 3 
MI Is true 

Then, 

14 23+34 (k1) 1[M1 MI| 

=k+1)|k 4(k D M1 

k+1)'|k + 4k + 1 MI 

=(k +1)'(k + 2) IMI| 

= Pk+1 M1 

Thus, Pk+1 is true. [M1/2] 

Iherefore,the statement Pa is true tor all 7n E N. TA1 

(b) Let a [s, m] and b [t, n]. [B1/2 B1/2] 

Then 

-a m, s][M1 

and 

-b [n, t) [M1] 

Thus, 

(-a) +(-b) [m, s+ [n, t) = |(m + n), (s + t)| 1 [M11 

Also 

a+b [s, m) + [t, n= |(s + t), (m i n)i iM1 M1) 

Then 

-(a +b) [(?n+ n), (s + t) M1 

From (1) and (2) we have that 

-a)+-b) = (ra 1A1 



Q2.(a) Suppose e is ilie ilentity element for. {M1) 

Then 

ae = a (M1 

e= a-1 M1] 

l M1 

Since e depends on a, it neans that e is not unique. [M1 A1] 
Hence, * has noidentity element. A1 

(b LetxE B. [M1/2 

Then xr* 0, thal is, M1/2 
xRr lor allr EB. [M1/2 

Thus, R is retlexive. M1/2 

SupposeX, y E B and x'Ry, tuat is xy > 0. [M1/2] 
Since xy= yx we have that yx> 0 and so yRx. [M1/2] 
Thus R is symmetric. [M1/2] 

Suppose x, y, 2 E B such that xRy and yRz, that is, [M1/2) 
xy Ind yz > 0 M1/2 M1/2] 

Ifx>0, then sinCe y ) have y>0. IM1/2 M1/2 
Since y > 0and yz0 then M1/2 Mi/2] 

Since x 0andz>0it loilows that xz > 0, tlhat is, xRz. [M1/2 ML/4] 

also if x 0, tien sinc ay 0,thea 0 [M1/2 M1/2 
lFCEy )and yz hcn (0 M1/2 M1/2 
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his paper consists of two sections, A and B. Answer all the questions in Section A and 

THREE questions in Section B. Section A will be collected after the first 30 minutes. 

SECTION A 
Answer all the questions in this section 

For items 1 to i6, each stem is foliowed by four options lettered A to D. Read each item 

carefully and circle the letter that corresponds to the correct or the best option 

. Let P and Q be sets. Which of the following is true if 

P-Q =Q - P? 
A. PnQ =o 
B. PEQ 

C. QEP 
P = Q 

2 Which of the following is not true about a set Q andits 

universal set U? 

B: QnQ' = ¢ 

C. QnU = Q 

D. QUQ = U 

Which of the following is not a binary operalion on the given set. {wlhere the sct 

noia!ion maintain their normal mieaning) 

A.defined on Z by a * b b + u 

B.defined on 2, by [al [b]== |al O || 
0delined on S = {1, -2,3,2, 4) by |b| 
1)delined on 2 by a b = t 

Page 1 '4 



ate -2(uc) a[M1/2) 

: 2(ue)= 0 

e(l --2a'e) = 0{M1/2] 

e 0 [M1/2] 

or 

1-2ae =0 e=M1/2 

heretore, * has no Identity element sincee is not unique.[A1/2] 

Q5.Suppose that piqand p|r. Then there cXISt inlegerS m and n such that 

ny . (1) [M1/2} 

m). (2) [M1/2] 

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

XnpX d:Gry = mpy[M1/2 M1/2] 

Thus, 

9x + Ty inpx + mj'y[M1] 

qr ry = p{Uxt my)[M1/2] 

pllgx + ry)sincenx t ny E 7[M1 A1/2] 

04.By !he fuclidean Algorithni we have that 

726 275(2) 176[Ma] 

275 176(1) +99[M1! 

176 990)4 77|M1/2] 

99 77(1) + 22[M1/2] 
77 2.2(3) + 11[M1/2 
2211(2)[M1/2] 

Thus, gcd(726,275) i1 (A1 



INSTITUTE OF EDUCATION 

MAT 201: Introduction to Abstract Algebra 

QUIZ 2 Marking Scheme (2019) 

Q1. Lct Pa: *=1(2k 1) = n* B1/2] for alln 2 1. 

For n = 1, 

LHS of P: 2(1) - 1 = 1 

RHS of P: 1 1 

Thus, Pis true.[ M1/2 A1/2] 
Assume that 

P(2k-1) = n2 

is true.[M1/2] 

Then, 
ER(2k-1) = =1 (2k - 1) +2(n + 1)- 1 [M1/2] 

= n+2( + 1) - 1[M1/2] 
= n2+ 2n +2-1 

= n+2n +1 

= (n +1)[M1/2] 

= Pe+[M1/2] 

Thus, Pk+ 1 is true. [M1/2] 

Therefore, the statement is true for all n1.[A1/2] 

Q2. (i) By definition 

(1)[B1/2] lb = a +b - 2(ab)' 

But addition of real numbers is commutative so a -t h = b + a. 

hus equation (1) is the same as, 

b0 = b +a - 2(ub)... (2)[M1/2] 

Also, multiplication of real numbers is commutative so ab ba. 

hus equation (2) becomes 

lb = b + a-2(ba) = b a/M1/2] 

herefore, is commutative since h = hi a.[A1/2] 

) Let e denote the identity element of. hus, 

a[M1/2] 
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Answer All ihe questions 

.Prove by mathematical 
induction that 

(2k-1) = n 

for n 1. 

Leibe a binary operation 
defined on the set of real numbers R by 

ab = a i b-2(ab)', where a, b E R. 

Prove that is commutative. 

i) Find the identity element tor , 

3. plg nd p|r, prove tial pl(qx+ ry) where x and y are iitcgerS. 

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



Thus 

EANi UC) [M1 

nB) u (Anc)SAn(BuC) (A1) 
Therefore, 

An (BUC)(AnB)u(in)[Al 

() Suppose that 

ly and d|z B1 B1 
Then there are integerS 1 and n such that 

nd M1) 

and 

[M1] 

But 

(#7t) d [M1 

d since ni t n E. A1 
94. (a) u (X) is not a mapping since |M2 

ca1) -1 A2] 

)) SuPpose thdt A such that /(X)=f (X2) [B2 
Tien 

M1 



MI/2 M1/21 

Since 
0and 

z<0we 
have 1 

/M1/2 

Therefore, 
R is 

transitive 

Hence, 
AIS an 

equivalence 

relatiOn 
|A1/2 

M1/2 

Q3. (a) Let E An (B UC 

Then (M1 
E A and r E BUC 

M1/2 
r¬A and x E Borr E C 

M1 

x¬ A and x E B or x E A and x ¬C 

When 

xEA and x E B, then x E A nB so r E (ANB) U (AnC) 

(M1/2] 

Also, when 

xEA and x E C then x E AnC sox E (A n B) U (MncC) 

M1/2 

Thus, 

An (BUC) E (A n B) U (A nC) A1 

NOW 
let x E (AnB)u (AnC) M1/2 

Then 

xEANB or x E AnC [M1] 

When 
xEANB then x E A and x E B [M1/2| 

E A and x EBUC M1/2] 

Also, when x E AnCthen x EAand rE ( M1/2 

Mi 
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This paper consists of tw sertion5, A and B. Answer all the questions in Section A and Three questions in Section B. Section A wil be eollected after the first 40 minutes. 

SECTIONA 
11er ALL !he questios in this section. 

For item:s i io 20, cach sten: is foltowed by four options lettered A to D. Read each statement carefully and circie the letier hat corresponds to the eorrect or best option. 
. Which of the foilowing is not true about the sets P, Q and R? 

A. P- = PnQ' 
B. (PU Q) P'ng' 
C. (PnQ)= P'UY 
D. P- (Q iR) = (P ) C 

2. Which of' the following is 1apiig 

A.u:{1,2,3) fu, c}ilofined by {(1,a). (3, }}. i3. cc: - icfincd b ) Vx for all x C.o: N- N detind by c. (u) *= 
D. e:[1,2, 3) {0, 3,8) dind by {(1,0), (2, 3), (3, 8)}. 

7. for ali n E N. 

The miapping o. i : eleined , o() 3x IS 
OC-10-One 

A Tru 
B. als 



2x1 +I = 212 +1 [M2 

2x1 = 2x2 [M1] 

X1 = 2 [M1] 

Thus, (x) is one-to-one. A2 

(i) Let y1 E Z (co - domain) and x E 7 (donain) [B1 B1 

Then 2x,+1 = y1 is odd for every integer X1 M2 

Since there is no such integer x, if y is even x) is not onto. [M2 A1 



4. The mapping y: N N defined by y(a) = r i 2 for all 

rENis onto. 

A. True 

B. Falsc 

5. Let a:S »7 and p:7 U be tvwo mappings. Ifa and f are mvcrtible with tnverses p and 6 

respectively, find (Ba)-1. 

A. p 

B. Sp 

C. ps 
D.S 

6. Let E = {1,2,3] and F {x, y}. Find the number of mappings frorn F into E 

A.9 

B. 8 

C.3 

D. 1 

7. Which of the following is a binary operation on the given set. 

A. defined on Z* by a * b =a - b 

B. defined on Z by a * b = a/b 

C. defined on Z by a b = a +b 

D. defined on Z bya*b =; (a + b) 

Use the following information to answer questions 8 and 9. 

A binary operation A on the set U of ordercd pairs (p,q) of real numbers is given by (a, b}A(C, d) = 

(ac bd, ad + bc). 

8. Find the identity element in U underA 

A. 0 

B. (0, 0) 

C.(1,0) 
D. (0, 1) 

9. Find the inverse of (a, b) under A. 

A. a+b 

B.E 
C.a24b2'a?+b2) 

D.aD4b 
Page 2 of 4 



se te lollon ing inforaiol to answer (question5 10 and T1 

Deline the relation R on -2, -1,0, 1,2J by 

R = {(a.5): a-a = b'-- b) 

10. Which of the following clenents does noi belong to R? 

A (2,2) 

B.(-2,1) 
C.(-2,-2) 
D. (1.-1) 

1. Find the equivalence ciass of |11) 

A.(-1,1,23 
B.-i,0,, 2) 
C.f-2,-1,0, 1,2 
D.(-1,0,1) 

12. Which of the following relations is not refiex ive? 

A. aRb if and only if'a s b.a, b E Z 
B. ARB if'and only if EB,A,B E P(S 

C. akb if and only if a-- b is divisible by 4, a,b e Z 
D. uRb if and only ilab =1, a,be {x E R |x> 0) 

13. Definc the reiation R on the set of real numbers by aRb ifand only if ab 2 0. Deternine 
all the properties of a partial ordering which R does not have. 

A. transitive 

B. anti-syInmetric. luransitive 

C. reliexive, änti-symineiric, and transitive 
D. anti-syImmetric, and rellexive 

4. Deline on the sct N the relalion "aRb if and only if b ka" for some integer k. Find the 

properties of an equivitlence re lilion whict1 R does not have. 
A. symetric 

13. :flexive and irilnsili 
.SyIclric unt Iransii 
i). rellexive and synctri: 

PaRe 3 



Use the following information to answer questions 15 and 16. 

Deine the relation R on A = NxN by (a, b)R(c, d) if and only il ab == cd 

15. Find an equivalence class with exactly two clements. 

A. [(4,5)] 
B. [(6,3)] 
C. [C9,2)] 
D. [(1,2)] 

16. Find an equivalence class with exactly three elcments. 

A. [(1,4)] 
B. [(6,3)] 

C.[(1,18) 
D. [9,2)] 

17. If [s, m], [t.n) ¬), find [s, m] + {t, n). 

A. [(s+m), (t + n)] 
B. [(s +t), (m + n)] 

C. [s + n),. (m +t)] 

D. [(Sm), (tr)} 

18. Which of the following is true about (c, d) and (s, m) if (c.d) E Is. ml? 
A. c, d) = [s, m] 

B. (c, d) = (5, m) 

C. cd = Sm 

D. [c + 5, d +m] 

19. Find (1776, 1492), that is, the greatest common divisor of 1776 and 1492. 

A. 2 

B. 3 

C. 4 
D. 6 

20. An integer a #0 is called a divisor of an intoger b if there exists an integcr c such that 

A. ab = C 

: B. b = ac 

C.a +b =c 
D. a = bc 

PaBe 4 of 4 
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SECTION 
Anser ny three questions from th is sectio. 

Let A, B and C be sets. Piove ihat 
(a) An (BuC) = (A n5)u(Anc) b) (A-B) - CCA - ( - C) 

2. Assume that oc; S T and : are two inappings. (a) If änd f are onto, prove thai the product x is also onto (b) If and f are one-to-one, prove that ß * is also one-to-one. 
(a Prove by the principie il mathennatical inductíon that 1x2+2 x 3 + 3 x 4 tnx (n + 1) = n(n +1)(7n +2) for all n E N. 

b) Let a, b E 7.. Show that (u)b-(a. b). 
a Sh0w ihat the operation a aD dleined on tUhe set of integers Z 

has no idcnlity element 6) Let B= I- {0). Define the relation R on B by a Rb if' and only il ab >0 
Show that R is.an equivalence elation on . 



INSTITUTE OF EDUCATIO 

IMAT 201S: INTRODUCTION TO ATRACI R 

END OF SEMESTER EXAMINATION MARKiNG SC iE (2018) 

SECTIONA 

Lach question is wortn 2marks. 

1. D 

2. D 

3. FALSE 

4. FALSE 

S. C 

6. B 

7. C 

8 C 

9. C 

0 8 

11. D 

12. D 

13 .B 

14 A 

15. D 

16. A 

17. B 

18. A 

19. C 

20. B 

SECTIONB 

taci question i wortii 20 marks5. 

IM1/2 1. (a) Let r E A-n (B U C) 

Then 
xEA and x E B U(¢ [MI 

M1/2 



A
 

( 



EA-(B - (.) MI 

heretore, 

(A-B) -CSA-( () IA1 

2. (a) Suppose that a and f are onto. [011 

Let E U. [M1) 

Since is onto, there is a t ET such that (t) = u. | M1/2 M1 

Now, since a is onto, there is an seSsuch that a(s) =# l. |M1/2 M1| 

Thus, given u e U we can find an s ES such that 

Be) (s)-= (P(a($)) IM1 M1 
= (t) [M1 

MI 

Hence, ßa is onto. A1) 

(b) Suppose that a and B are one-Lo-one. (B1] 

Let S1, S2 ES such that 

(c«) (s1) = (fc«)(S2). [M1 M1 

Then 

B(a(s)) = B(a(s,)) 

als,) = a(s).since f is one -- i 

S S2, 

Therefore, Be is one-to-one. [A1) 

3. (a) Let P: 1x 2 +2 x3+3 x 1itn x (n + 1) n(n + 1(n + 2) 

for ali nE N. B1) 

For n = , 

LHS of P: 1(1 + 1) 2 |M1/ 

RHS of P:; (1)(1 + 1)(14 2) IM1! 

Thus, P, is true. [Al 

Assume tiiau 



P:1 2x343 k (k 1)k(k + 1)(k +2) 
true M1 

1hen, 

1x42x3+3x4 kx {k 1 1) + (k+ 1)(k + 2) -- (M1] 
kk tj2)+(k 1)(k+ 2) M1] 

= (k +1)(k 2)(k + 3) [M1 
P+ MI 

ihus,, t true. M1 

Tnerefore, tine statement , is true for all 1. (A] 
D let as, mj atid b jt, i. {M1/2 M1/2] 

Ten 

Tus, 

-a).b 7E. S}|t n 1.s.), {in. n +S. 1)| (1) Mi M1j 
Also 

i. ni0, S.int. n), (s. n t ni. t)} IM1 M1 
C ib) [(s. n n. t), {S. l + m. n)DJ (2) [M1] 

fro!n (1) and (2) we have lhat 

u.b) A 

a Suppuse e is tiie id:itty eteet ior. MIJ 
Tnen 
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1Let , C be sets such that A C C andB C. Show that 

(bi AU = BU 

2. Let A and B be subsets of a setS. Prove thatA nB = BNA. 

3. DeterTnine whether o: N N defined by 
)= -It For all n E N 

!S a maPping. justity your answer 

4. Deterine whether the mapping o: R R defined by 
o 3-1r one-to-one. 

5. Assume that ox: S T and B:7 U are two mappings. 
a lf cc and B are onto, prove that the product B c is also onto. 
b lf c and are one-to-one, prove that B x'is also one-to-one. 

6. Let P(S) denote the set of all subsets of the non-empty set S, that 
is Pis) {A:A G S}. Define the relation R on P(s) by ARB 

aitelexive 

bymetric 
(c) T:ansilive 

. A lin oiiis defined by aRb if a' + b is even. Prove that 
A IVal:i elation. 
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