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BACHELOR'S DEGREE PROGRAMME 
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December, 2018 

ELECTIVE COURSE : MATHEMATICS 

MTE-06 : ABSTRACT ALGEBRA 

Time : 2 hours 	 Maximum Marks : 50 

(Weightage : 70%) 

Note : Question no. 7 is compulsory. Answer any 
four questions from questions no. 1 to 6. Use of 
calculators is not allowed. 

1. (a) Let 

G=fg:R--li:g(x)=ax+b,a,b EQ,a# 01. 
Check whether or not G is a group with 
respect to the composition of mappings. For 
f(x) = 2x + 3, find all g E G such that 
fog = gof. 5 

(b) Let I = < 24, 36, 42 > be an ideal of Z. Find a 
such that I = < a >. 

(c) What is the maximum order an element of 
S5  can have and why ? 	 2 
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2. (a) Show that if a group is non-abelian, it must 

have at least six elements. 	 4 

(b) Let I and J be ideals of a ring R. Define 

f : R —> 	x R/J by f(r) = (r + I, r + J). Prove 

that f is a ring homomorphism. 

(c) If I is a non-trivial ideal in R, prove that 

I = R. 	 2 

3. (a) Show that GL 2(Q) is isomorphic to a 

subgroup of GL3(Q). 	 5 

(b) Give an example, with justification, of a ring 

homomorphism f : R S that does not map 

the identity element of R to the identity 

element of S. 5 

4. (a) Check whether or not R = Q[x]/I is a field, 

where I = < x3  + 2x + 2 >. If R is a field, find 

(x + 1)-1 in R. If R is not a field, obtain the 

quotient field of R. 	 5 

(b) Show that every abelian group of order 21 is 

cyclic. 	 5 
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5. (a) Let R be a ring with identity and let 

f : R --> R, given by f(r) = r 2, be a ring 

homomorphism. Then show that R is a ring 

of characteristic 2, and it is commutative. 

Also find the kernel of this homomorphism. 	6 

(b) Check whether or not —, defined on Z {0} 

by n m iff nm > 0, is an equivalence 

relation. If — is an equivalence relation, find 

5l. If — isn't an equivalence relation, 

define an equivalence relation on Z. 	 4 

6. (a) Show that if G is a group and H C G such 

that IG : HI = 2, then for any x E G either 

x E H or x2  E H. 	 5 

(b) Give an example, with justification, of each 

of the following : 	 5 

(i) A prime ideal of a ring, which is not a 

maximal ideal 

(ii) A commutative subring 

non-commutative ring 

(iii) Two distinct elements of R[x]/< x 2  > 
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7. State whether the following statements are true 

or false. Give reasons to support your answers. 	10 

(i) Any two non-zero subgroups of Z are 

isomorphic. 

(ii) If R is an integral domain, then so is R x R. 

(iii) {al, a2, ..., an} is a set only if all the a is 

satisfy a rule. 

(iv) If G is a group and H < G such that 

IG:HI =3,thenH 1 G. 

(v) Every ring has a multiplicative identity. 
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