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Note : (i) There are eight questions in this 

paper. 

 (ii) Question No. 8 is compulsory. 

 (iii) Do any six questions from Q. No. 1 

to Q. No. 7. 

 (iv) Show your rough work at the bottom 

or on the right side of the page. 

 (v) Use of calculators is not allowed. 
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1. (a) Define a cyclic group. Give an example 

of a finite, non-cyclic group. (You don’t 

need to prove that your example is a 

group. You have to only prove that it is 

non-cyclic.) 3 

(b) State a criterion for checking whether a 

non-empty subset H of a group G is a 

subgroup of G. Use the criterion to 

check whether : 

             

   
   

   

0
H , , ,

0

a b
a b c d

c d
 

is subgroup of the group of 2 × 3 

matrices over   under addition. 2 

(c) Write the permutation 

10(1 3 4 2) o (2 6 9) S  in the two-line 

format.  2 
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(d) State Lagrange’s theorem. What are the 

possible orders of subgroups of a group 

of order 18 ? 2 

(e) We define : [ ]x R R  by 



 
  
 
 0

0

n
i

i
i

a x a . Check whether  is a 

sujective ring homomorphism or not. If 

it is, find the kernel of the 

homomorphism and a minimum set of 

generators of this ideal. If  is not a 

homomorphism, define a 

homomorphism from R[x] onto R. 6 
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2. (a) Let 
 

  
 

2

0
A GL ( )

1 0

r
. Apply the 

principle of mathematical induction to 

show that 2 0
A

0

n
n

n

r

r

 
  
  

, and deduce 

that 
1

2 1 0
A

0

n
n

n

r

r




 
  
  

 for all nN . 

Further, show that, if o(A) is finite, then 

o(A) is even. 6 

(b) Show that 2x   and 4x   are coprime 

in [ ]xQ . 2 

(c) State the Mod p irreducibility test for a 

polynomial in [ ]xZ . Use the test to 

show that the polynomial 
3 18 27x x   

is irreducible in [ ]xQ . 7 
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3. (a) Define a reflexive relation, a symmetric 

relation and a transitive relation on a 

non-empty set S. 

Consider the set N and the relation ~, 

defined by ~a b  for ,a bN if 
ka b for 

some kN . 

Check whether ~ is reflexive, symmetric 

and transitive. Is it an equivalence 

relation ? Justify your answer. 5 

(b) (i) Let G be a group and H be its 

subgroup. Define a left coset of H in 

G corresponding to an element 

G . 1
 

 
 

(ii) Let 4G = S  and H = {1, (1 2 3 4),  

(1 3) (2 4), (1 4 3 2)}. Compute the 

left coset H , where (12)  . 1
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(c) Find all the proper ideals of /70Z Z . 

Further, which of these are maximal 

ideals and why ? 5 

(d) Give an example, with justification, of a 

subgroup of 3S  which is not normal  

in 3S .  2 

4. (a) (i) Show, by a rough sketch, a 

rotational symmetry of the 

character ‘N’ of the English 

alphabet, specifying the point 

about which it is rotated and the 

angle of rotation. 1
 

 
 

(ii) Show, by a rough sketch, a 

reflection symmetry of the 

character ‘T’ of the English 

alphabet, specifying the line about 

which it is reflected. 1
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(b) How many elements does the group An  

have, for ,  > 2n nN  ? List all the 

elements of 4A . 4 

(c) Check whether or not :  

   
   

   

R
a a

a
a a

Q  

is a commutative ring with unity under 

matrix addition and matrix 

multiplication. If R is a ring, find  

char R. If R is not a ring, find the 

characteristic of any ring containing R. 

8 

5. (a) Prove that the 3 cycles in An  generate 

An  for 3n . 6 

(b) Find the quotient field of [ 5]Z . 3 
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(c) Let S = {1, 2, 3, 4} , and * be the binary 

operation on S defined by *a b b . 

Compute the Cayley table for (S, *) . Is * 

commutative ? Is * associative ? Justify 

your answers. 6 

6. (a) State the Unique Factorisation 

Theorem for polynomials over a field. 

Further, show that 
26 3 5x x   factors 

as (6 2)( 6)x x   and as (3 1) (2 5)x x   

in 7Z . Explain why this doesn’t 

contradict the said theorem.  4 

(b) For ,a b Ζ , show that : 

(i) = a bZ Z Z , where [ , ]a b , the 

l.c.m. of a and b. 
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(ii) = a b hZ Z Z , where h = (m, n) is 

the g.c.d. of a and b. 

Further, find 3 4Z Z  and 6 15Z Z . 7 

(c) Show that G/H is an infinite group, 

where 2G = GL ( )R  and 2H = SL ( )R . 4 

7. (a) (i) Give an example, with justification, 

of a ring R and an element Ra  

such that a is neither a unit nor a 

zero divisor of R. 2 

(ii) Give an example, with justification, 

of a ring R and an element Ra  

such that a is a zero divisor of R 

which is not nilpotent. 2 
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(b) If I is an ideal of a ring R, show that : 

            


  
    
  


0

I[ ] | I, {0}
n

i
i i

i

x a x a n N  

is an ideal of R[x]. Further, will I[x] be a  

principal ideal if R is a PID ? Justify 

your answer. 4 

(c) Show that : 

   
   

   

1
G

0 1

m
m Ζ   

is a subgroup of 2GL ( )R . Further, check 

whether or not : G, Z  defined by 

1
( )

0 1

n
n

 
   

 
, is a group 

isomomorphism, where Z is the group of 

integers under addition. 5 
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(d) Show that for nN , and   

for every 2| ,D nd n  has a subgroup of 

order d. 2 

8. Which of the following statements are true, 

and which are false ? Justify your answers 

with a short proof or a counter example, 

whichever is appropriate. Marks will only be 

given for proper justification : 10 

(i) Every non-abelian group has at least 

one proper subgroup which is not 

normal. 

(ii) If a group has elements of order three 

and two, it has an element of order six. 

(iii) Every subring of a non-commutative 

ring is non-commutative. 
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(iv) If S is a ring and R is a subring of S and 

S has zero divisors, then R also has zero 

divisors. 

(v) If every element of a group has infinite 

order, the group has no proper 

subgroups of finite index. 
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 BMTC–134 

dyk Lukrd (lkekU;) foKku Lukrd (lkekU;) 

(ch- ,- th-@ch- ,l-&lh- th-) 

l=kar ijh{kk  

twu] 2025 

ch-,e-Vh-lh-&134 % chtxf.kr 

le; % 3 ?k.Vs   vf/kdre vad % 100  

uksV % (i) bl iz'u&i= esa 8 iz'u gSaA 

 (ii) iz'u la[;k 8 gy djuk vfuok;Z gSA 

 (iii) iz'u la[;k 1 ls 7 rd ls dksbZ Hkh N% iz'u dhft,A 

(iv) viuk jQ dk;Z i`"B ds uhps ;k nk;ha vksj fn[kkb,A 

 (v) dSYdqysVj iz;ksx djus dh vuqefr ugha gSA 
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1- (d) ,d pØh; lewg dks ifjHkkf"kr dhft,A ,d 

ifjfer vpØh; lewg dk mnkgj.k nhft,A 

(vkidks vkidk mnkgj.k lewg LFkkfir djuk t:jh 

ugha gSA vpØh; LFkkfir djuk i;kZIr gSA) 3 

([k) ;g tk¡pus ds fy, ,d ekun.M crkb, fd D;k 

lewg G dk ,d vfjDr milewg H, G dk milewg 

gSA ;g tk¡pus ds fy, ekun.M dk mi;ksx dhft, 

fd D;k %  

                  
   

   
   

0
H , , ,

0

a b
a b c d

c d
  

 ;ksx ds lkis{k  ij 2 × 3 vkO;wgksa ds lewg dk 

milewg gSA 2 

(x) Øep; 10(1 3 4 2) o (2 6 9) S  dks nks&iafDr 

:i esa fyf[k,A 2 

(?k) ySxzkUt izes; crkb,A ,d dksfV 18 okys lewg ds 

milewgksa dh dksfV;k¡ D;k gks ldrh gSa \ 2 
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(³) ge : [ ]x R R  dks 



 
  
 
 0

0

n
i

i
i

a x a }kjk 

ifjHkkf"kr djrs gSaA tk¡p dhft, fd  ,d 

vkPNknd oy; lekdkfjrk gS ;k ughaA ;fn gk¡] rks 

lekdkfjrk dk vf"V vkSj ml xq.ktkoyh dks tfur 

djus okyk U;wure leqPp; Hkh Kkr dhft,A ;fn  

lekdkfjrk ugha gS] rks [ ]xR  ls R ij ,d 

vkPNknd lekdkfjr ifjHkkf"kr dhft,A 6 

2- (d) eku yhft, 
 

  
 

2

0
A GL ( )

1 0

r
A xf.krh; 

vkxeu fof/k dk iz;ksx djds fn[kkb, fd 

2 0
A

0

n
n

n

r

r

 
  
  

vkSj vkxs ;g Hkh fn[kkb, fd 




 
  
  

1
2 1 0

A
0

n
n

n

r

r
 lHkh Nn  ds fy,A 

;g Hkh fn[kkb, fd] ;fn o(A) ifjfer gS] rks o(A) 

le gksxkA 6 
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([k) fn[kkb, fd 2x   vkSj 4x   Q[x] esa vlgHkkT; 

gSaA   2 

(x) [ ]xZ  esa cgqin ds fy, Mod p v[k.Muh;rk 

ijh{k.k crkb,A bl ijh{k.k dk iz;ksx djds 

fn[kkb, fd 
3 18 27x x   [ ]xQ  esa v[k.Muh; 

gSA   7 

3- (d) ,d vfjDr leqPp; S ij LorqY;] lefer vkSj 

laØked lEcU/kksa dks ifjHkkf"kr dhft,A  

leqPp; N ij ~a b ] ,a bN  ;fn 
ka b  

}kjk ifjHkkf"kr lEcU/k yhft,A  

  tk¡p dhft, fd ~ LorqY;] lefer vkSj laØked 

gSA D;k ;g ,d rqY;rk lEcU/k gS \ vius mÙkj dh 

iqf"V dhft,A 5 
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([k) (i) eku yhft, G ,d lewg gS vkSj H mldk 

milewg gSA G esa ,d vo;o Ga  ds laxr 

H dk fo"ke lgleqPp; ifjHkkf"kr  

dhft,A 1
 

 
 

 (ii) eku yhft, 4G = S  vkSj H = {1, (1 2 3 4), 

(1 3) (2 4), (1 4 3 2)}A fo"ke mileqPp; 

H ifjdfyr dhft,] tgk¡ (1 2)  A 1
 

 
 

(x) /70Z Z  dh lHkh mfpr xq.ktkofy;k¡ fudkfy,A 

vkxs buesa ls dkSu&lh mfPp"B xq.ktkofy;k¡ gSa vkSj 

D;ksa \  5 

(?k) iqf"V ds lkFk 3S  ds ,d milewg dk mnkgj.k 

nhft, tks 3S  esa izlkekU; u gksA 2 
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4- (d) (i) ,d ljy fp= }kjk vaxzsth o.kZekyk ds o.kZ 

‘N’ dh ,d ?kw.kZu lefefr crkb,A ?kw.kZu dk 

dks.k vkSj fcUnq] ftlds izfr ?kw£.kr fd;k x;k 

gS] ;g Hkh crkb,A 1
 

 
 

  (ii) ,d ljy fp= }kjk vaxzsth o.kZekyk ds o.kZ 

‘T’ dh ,d ijkorZu lefefr fn[kkb,A 

lefer&js[kk Hkh crkb,A 1
 

 
 

([k)  , 2n nN  ds fy, lewg An  esa fdrus vo;o 

gSa \ 4A  ds lHkh vo;oksa dh lwph cukb,A 4 

(x) tk¡p dhft, fd% 

   
   

   

R
a a

a
a a

Q  

vkO;wg tksM+ vkSj xq.kk ds lkis{k ,d Øefofues; 

oy; gS ;k ughaA ;fn R ,d oy; gS] rks char R 

fudkfy,A ;fn R oy; ugha gS] rks R dks vkfo"V 

djus okyh fdlh Hkh oy; dk vfHky{kkf.kd 

fudkfy,A 8 
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5- (d) fn[kkb, fd An esa vkfo"V 3&pØ] 3n  ds fy,] 

An dks tfur djrs gSaA 6 

([k) [ 5]Z  dk HkkxQy {ks= fudkfy,A 3 

(x) eku yhft, S = {1, 2, 3, 4}  vkSj *, *a b b  

}kjk ifjHkkf"kr S ij ,d f}vk/kkjh lafØ;k gSA 

(S, *)ds fy, ,d dSyh rkfydk ifjdfyr 

dhft,A D;k * Øefofues; gS \ D;k * lkgp;Z  

gS \ vius mÙkj dh iqf"V dhft,A 6 

6- (d) ,d  {ks=  ij  cgqinksa  ds  fy, vf}rh;  

xq.ku[kaMu izes; crkb,A vkxs fn[kkb, fd  

7Z
 

esa 
26 3 5x x   (6 2)( 6)x x 

 
vkSj 

(3 1) (2 5)x x   nks xq.ku[kaMu gSaA D;k ;g 

mi;qZDr izes; dk var£ojks/k djrk gS] le>kb,A 

vius mÙkj dh iqf"V dhft,A 4 
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([k) ,a b
 
ds fy, n'kkZb, fd % 

 (i) = a bZ Z Z  gS] tgk¡ [ , ]a b  gS] tks a 

vkSj b dk l.c.m. gSA 

 (ii) = a b hZ Z Z  gS] tgk¡ ( , )h m n  gS] tks 

a vkSj b dk g.c.d. gSA 

  vkxs 3 4Z Z  vkSj 6 15Z Z  fudkfy,A 7 

(x) fn[kkb, fd G/H ,d vuar lewg gS] tgk¡  

2G = GL ( )R  vkSj 2H = SL ( )R A 4 

7- (d) (i) iqf"V ds lkFk ,d  oy; R vkSj ,d vo;o 

Ra  dk mnkgj.k nhft, ftlds fy, a u 

rks 'kwU; foHkktd gS u ek=d gSA 2 

  (ii) iqf"V ds lkFk ,d oy; R vkSj ,d vo;o 

Ra  dk mnkgj.k nhft, ftlds fy, a 

'kwU; Hkktd vkSj a 'kwU; Hkkoh ugha gSA 2 
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([k) ;fn I ,d oy; R dh xq.ktkoyh gS] rks fn[kkb,  

fd % 

              


  
    
  


0

I[ ] | I, {0}
n

i
j i

i

x a x a n N  

R[x] dh xq.ktkoyh gSA vkxs] D;k tc R[x] PID 

gS rks I[x] eq[; xq.ktkoyh gksxh \ vius mÙkj dh 

iqf"V dhft,A 4 

(x) fn[kkb, fd % 

         

   
   

   

1
G

0 1

m
m Ζ  

2GL ( )R
 
dk milewg gSA vkxs tk¡p dhft, fd 

: G, Z  tks 
1

( )
0 1

n
n

 
   

 
 

}kjk ifjHkkf"kr 

gS] tgk¡ Z tksM+ ds lkis{k lewg gS] ,d lewg 

rqY;dkfjrk gS ;k ughaA 5 
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(?k) fn[kkb, fd izR;sd nN  ds fy, vkSj izR;sd 

d N ] 2| ,D nd n esa dksfV d dk ,d milewg  

gSA   2 

8- fuEufyf[kr dFkuksa esa ls dkSu&ls dFku lR; vkSj  

dkSu&ls dFku vlR; gSa \ vius mÙkj dks ,d y?kq  

miifÙk ;k izfr&mnkgj.k] tks Hkh mi;qDr gks] ds :i essa 

nhft,A   10 

mfpr iqf"Vdj.k ds lkFk gh vad fn;s tk,¡xs % 

(i) izR;sd vukcsyh lewg dk de&ls&de ,d mfpr 

milewg gS tks izlkekU; ugha gSA 

(ii) ;fn ,d lewg esa dksfV rhu vkSj nks okys vo;o gSa] 

rks dksfV N% okyk vo;o Hkh gSA 

(iii) vØefofues; oy; dh izR;sd mioy; 

vØefofues; gSA 
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(iv) ;fn oy; R oy; S dh mioy; gS vkSj S esa 'kwU; 

dk Hkktd gS] rks R esa Hkh 'kwU; dk Hkktd gSA 

(v) ;fn ,d lewg ds izR;sd vo;o dh dksfV vuUr gS] 

rks ml lewg esa ifjfer lwpdkad okyk dksbZ Hkh 

mfpr milewg ugha gSA 

× × × × × 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


