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Scope:On successful completion of course the learners gain about the groups,Fundamental 

Theorem and its properties.   

 

Objectives: To enable the students to learn and gain knowledge about group homomorphism, 

isomorphism, automorphismand its related properties. 

 

UNIT I   

Group homomorphisms, properties of homomorphisms, Cayley’s theorem, properties of 

isomorphisms, First, Second and Third isomorphism theorems. 

 

UNIT II 

Automorphism, inner automorphism, automorphism groups, automorphism groups of finite and 

infinite cyclic groups, applications of factor groups to automorphism groups, Characteristic 

subgroups, Commutator subgroup and its properties. 

 

UNIT III 

Properties of external direct products, the group of units modulo n as an external direct product, 

internal direct products, Fundamental Theorem of finite abelian groups. 

 

UNIT IV 

Group actions, stabilizers and kernels, permutation representation associated with a given 

groupaction, Applications of group actions: Generalized Cayley’s theorem, Index theorem.  
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UNIT V 

Groups acting on themselves by conjugation, class equation and consequences, conjugacy in Sn, 

p-groups, Sylow’s theorems and consequences, Cauchy’s theorem, Simplicity of An for n ≥ 5, 

non-simplicity tests. 

 

SUGGESTED READINGS 

 

TEXT BOOK 

1. Fraleigh.J.B., (2004). A First Course in Abstract Algebra , Seventh  edition , Pearson 

Education Ltd, Singapore. 

 

REFERENCES 

1. David S. Dummit and Richard M. Foote,(2004).,Abstract Algebra,. ThirdEdition., John 

Wiley and Sons(Asia) Pvt. Ltd., Singapore. 

 

2. Herstein.I.N.,(2010). Topics in Algebra ,Second Edition, Willey and sons Pvt Ltd, Singapore. 

 

3. Joseph A. Gallian., (2001).Contemporary Abstract Algebra, FourthEdition.,Narosa 

 Publishing House,  New Delhi. 

 

 4. Artin.M., (2008).Algebra, Prentice-Hall of India, New Delhi. 
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S. No Lecture 

Duration 
Period 

Topics to be Covered Support 

Material/Page Nos 

  UNIT-I  

1 1 Introduction to group homomorphism/ Tutorial – I T1:  Ch 3, 125-126 

2 1 Restriction of homomorphism to a subgroups T1:  Ch  3, 126-127 

3 1 Tutorial – II  

4 1 Properties of homomorphism T1:  Ch  3, 128-130 

5 1 Continuation of properties of homomorphism T1:  Ch  3, 131-135 

6 1 Cayley’s theorem R2: Ch 2, 60-61 

7 1 Properties of isomorphism   R3: Ch  6, 133-134 

8 1 First isomorphism theorem R3: Ch 10, 214 

9 1 Tutorial – III  

10 1 Examples for First isomorphism theorem R3: Ch 10, 215-216 

11 1 Tutorial-III  

12 1 Second isomorphism theorem R3:  Ch 10,  222 

13 1 Third isomorphism theorem R3:  Ch 10, 222 

14 1 Recapitulation and discussion of possible questions  

Total No of Hours Planned For Unit 1=14 

  UNIT-II  

1 1 Introduction to automorphism R3: Ch 6,  134-135 
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2 1 Theorems on automorphism R3: Ch 6,  135 

3 1 Tutorial-I  

4 1 Inner automorphism R3: Ch 6,  136 

5 1 Tutorial-II  

6 1 Theorem on inner automorphism R3: Ch 6,  137 

7 1 Continuation of theorem on inner automorphism  R3: Ch 6,  138 

8 1 Theorems on automorphism groups of finite 

and infinite cyclic groups 

 R3: Ch 11, 226-229 

9 1 Continuation of theorems on automorphism groups 

of finite and infinite cyclic groups 

R3: Ch 6, 229-233 

10 1 Applications of factor groups T1:  Ch 3, 135-136 

11 1 Tutorial – III  

12 1 Characteristics subgroup T1:  Ch 3, 137-140 

13  Tutorial – IV  

14 1 Commutator subgroup T1:  Ch 3, 150 
15 1 Properties of commutator subgroup T1: Ch 3, 151-152 

16 1 Recapitulation and discussion of possible questions  

Total No of Hours Planned For Unit II=16 

  UNIT-III  

1 1 Introduction to direct product R3: Ch 8, 162 

2 1 Theorems on direct problem R3: Ch 8, 162-163 

3 1 Tutorial-I  
4 1 Continuation of theorem on direct product R3: Ch 8, 163 

5 1 Tutorial-II  
6 1 Continuation of theorem on direct product R3: Ch 8, 163 

7 1 Properties of external direct product R3: Ch 8, 163-164 

8 1 Continuation of  properties  of external direct 
product 

R3: Ch 8, 164-166 

9 1 The group of units modulo n as an external direct 
product 

R3: Ch 8, 166 
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1 Continuation of the group of units modulo n as an 

external direct product 

R3: Ch 8, 167-168 

11 1 Tutorial III  

12 1 Internal direct product R3: Ch 9, 195 

13 1 Tutorial IV  

14 1 Examples of internal directproduct R3: Ch 9, 197 
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15 1 Fundamental theorem of finite abelian group R3: Ch 11,226 

16 1 Recapitulation and discussion of possible questions  

Total No of Hours Planned For Unit III – 16  

  UNIT-IV  

1 1 Introduction to Group action T1: Ch 3, 168-170 

2 1 Theorems on group action T1: Ch 3, 168-170 

3 1 Tutorial – I  

4 1 Theorems on stabilizer R1: Ch 4,  112-114 

5 1 Tutorial II  

6 1 Continuation of theorems on stabilizer R1: Ch 4,  115 

7 1 Theorems on kernels R1: Ch 4,  116-117 

8 1 Theorems on permutation representations R1: Ch 4,  117 

9 1 Continuation of permutation representations  R1: Ch 4,  117 

10 1 Generalized Cayley’s theorem  R1: Ch 4,  118 

11 1 Tutorial-III  

12  Index theorem R1: Ch 4,  119-120 

13 1 Tutorial IV  

14 1 Problems on index theorem R1: Ch 4,  121 

15 1 Recapitulation and discussion of possible questions  

Total No of Hours Planned For Unit IV=15 

  UNIT-V  

1 1 Groups acting on themselves by conjugacy R1: Ch 4,  122 

2 1 Class equation R4: Ch 6,  198 

3 1 Conjugacy in     R1: Ch 4,  142 

4 1 Tutorial I  

5 1 p-groups  R1: Ch 4,  143-144 

6 1 Tutorial – II  

7 1 Probability that two elements commute R1: Ch 4,  144 

8 1 Sylow’s first theorem R1: Ch 4,  145-146 

9 1 Cauchy’s Theorem  

10 1 Sylow’s second theorem R1: Ch 4,  146 

11 1 Sylow’s third theorem  R1: Ch 4,  147-148 
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12 1 Tutorial-III  

13 1 Applications of Sylow theorem  R1: Ch 4,  148 

14 1 Tutorial  IV  

15 1 Simplicity of     R1: Ch 4,  149-152 

16 1 Recapitulation and discussion of possible questions  

17 1 Discussion of previous ESE question papers.  

18 1 Discussion of previous ESE question papers.  

19 1 Discussion of previous ESE question papers.  

    Total No of Hours Planned for unit V -19 

Total planned hours – 80 

 
 

TEXT BOOK 

1. Fraleigh.J.B., (2004). A First Course in Abstract Algebra , Seventh edition , 

Pearson  Education Ltd, Singapore. 

 

REFERENCES 

 

1. David S. Dummit and Richard M. Foote, (2004)., Abstract Algebra,. Third 

Edition., John Wiley and Sons (Asia) Pvt. Ltd., Singapore. 

2. Herstein.I.N.,(2010). Topics in Algebra ,Second Edition, Willey and sons 

Pvt Ltd, Singapore. 

3. Joseph A. Gallian., (2001). Contemporary Abstract Algebra, Fourth Edition., 

Narosa Publishing House, New Delhi. 

4. Artin.M., (2008). Algebra, Prentice - Hall of India, New Delhi. 
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Reg. No...................

17MMU403

Karpagam Academy of Higher Education
Coimbatore-21

Department of Mathematics
IV Semester- II Internal test

Group theory II

Date: 05.02.2019(FN) Time: 2 hours
Class: II B.Sc Mathematics Max Marks: 50

Answer ALL questions
PART - A (20 × 1 = 20 marks)

1. Inner Automorphism Induced by a, φa(x) = − − −
a. xax−1 b. axa−1

c. both a and b d. neither a nor b

2. |Aut(Z10)| = − − −
a. 1 b. 2
c. 3 d. 4

3. Aut(Z100) is isomorphic to
a. U(10) b. U(5)
c. U(100) d. U(2)

4. Suppose φ : GtoG is an isomorphism with G and
G are group under + and ·, respectively. Then
a. φ(a + b) = φ(a) + φ(b) b. φ(a · b) = φ(a) + φ(b)
c. φ(a + b) = φ(a) · φ(b) d. φ(a · b) = φ(a) · φ(b)

5. Any infinite cyclic group is isomorphic to − − −
a. R b. C
c. Z d. Q

6. Number of isomorphism from Q, the group of ra-
tional numbers under addition, toQ∗, the group of
nonzero rational numbers under multiplication is
− − −

a. one to one b. 2 to one
c. 3 to one d. 4 to one

7. Suppose that φ is an isomorphism from a group G
onto a group G. Then |a| − − − φ(a)
a. < b. >
c. = d. ,

8. The equation x4 = 1 has − − − solutions in C∗
a. 0 b. 1
c. 4 d. 6

9. An − − − from a group G onto itself is called an
automorphism of G.
a. homomorphism b. isomorphism
c. one to one homomorphism d. all the above

10. The functionφ fromC toC given byφ(a+bi) = a−bi
is ——- of the group of complex numbers under
addition.
a. an automorphism b. a homomorphism
c. an isomorphism d. all the above

11. U(8) is − − − to U(10).
a. not isomorphic b. isomorphic
c. both a and b d. neither a nor b

12. Let G be a group. Prove that the mapping φ(g) =
−−− for all g in G is an automorphism if and only
if G is Abelian
a. g b. g−1

c. both a and b d. neither a nor b

1



13. |Aut(Z)| = − − −
a. 0 b. 1
c. 2 d. 3

14. Which of the following is an element of Aut(Z6)?
a. φ(x) = x b. φ(x) = −x
c. both a and b d. neither a nor b

15. The identity inner automorphism is a − − − of a
group G.
a. normal subgroup b. subgroup
c. both a and b d. neither a nor b

16. If G is an infinite cyclic group, then Aut(G) is a
− − − group of order 2.
a. cyclic b. abelian
c. both a and b d. neither a nor b

17. An element − − − in a group is a commutator of
the group.
a. aba−1 b. aba−1b−1

c. both a and b d. neither a nor b

18. The equation x4 = 1 has − − − solutions in R∗
a. 0 b. 1
c. 4 d. 6

19. If G is − − −, then G and have exactly the same
number of elements of every order.

a. infinite b. finite
c. both a and b d. neither a nor b

20. The number of elements in the left regular repre-
sentation of U(12) is − − −

a. 1 b. 2
c. 3 d. 4

Part B-(3 × 2 = 6 marks)

21. Write any two properties of isomorphism

22. Define an automorphism

23. Find an isomorphism from the group of integers
under addition to the group of even integers under
addition

Part C-(3 × 8 = 24 marks)

24. a) State and prove Cayley’s theorem

OR

b) Show that U(8) is isomorphic to U(12).

25. a) Suppose that φ : Z20 → Z20 is an automor-
phism and φ(5) = 5. What are the possibili-
ties for φ(x)?

OR

b) Find Z10

26. a) Find Z

OR

b) Let φ be an isomorphism from a group G to
a group G and let a belong to G. Prove that
φ(C(a)) = C(φ(a)).

2
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