ON THE UNIT GROUP OF CERTAIN FINITE GROUP
ALGEBRAS

YOGESH KUMAR

DEPARTMENT OF MATHEMATICS
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JULY 2019



©Indian Institute of Technology Delhi (IITD), New Delhi, 2019



ON THE UNIT GROUP OF CERTAIN FINITE
GROUP ALGEBRAS

YOGESH KUMAR

Department of Mathematics

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

Indian Institute of Technology Delhi
July 2019



Dedicated to

My Family



Certificate

This is to certify that the thesis entitled “ON THE UNIT GROUP OF
CERTAIN FINITE GROUP ALGEBRAS” submitted by Mr. Yogesh Ku-
mar to the Indian Institute of Technology Delhi, for the award of the degree of
Doctor of Philosophy, is a record of the original bonafide research work car-
ried out by him under my supervision and guidance. The thesis has reached the
standards fulfilling the requirements of the regulations relating to the degree.

The results contained in this thesis have not been submitted in part or full to

any other University or Institute for the award of any degree or diploma.

Dr. R. K. Sharma
Professor
Department of Mathematics

Indian Institute of Technology Delhi
New Delhi 110 016



Acknowledgements

I cannot begin without thanking adequately to people who helped me in the preparation of my
thesis. I have received assistance from many people who Knew about this or that aspect of this research
work, It is not possible for me to thank them all adequately for sharing with me their Knowledge and

vision, and what I can do here is no more than record my gratitude to them.

First and foremost, my deepest gratitude goes to my thesis supervisor Prof. R. K. Sharma
for his proper guidance , encouragement, and sound advice through the planning and development of
this research work, For your willingness to give your precious time, I grateful am beyond measure.
After that i want to thanks late Prof. J. B. Srivastava for his support and guidance in my
research work. I am also thankful to Prof. Pramod Kanwar (Ohio University, USA) for
valuable suggest and guidance.

My special thanKks goes to my SRC(Student Research Committee) members Prof. S. Dharmaraja ,
Dr. R, Sarma and Prof. S. K. gupta for their valuable suggestion whenever I approached then for some
insight and advise. I am immensely indebted to all the faculty members of department of mathemat-
ics, II'T Delhi, for their co-operation and consistent support. My sincere thanks to CSIR-UGC and
IIT Delhi authorities for providing me the research fellowship and necessary research infrastructures

throughout the PhD program.

More people than i can possible name here shaped 'my research work." with their support , vision,
perspective, generosity, and love. So my heartiest thanks to all my friends, juniors and colleagues.

I appreciates my seniors for their invaluable advise, insight and above all for maKing me com-
fortable in the department and consistently standing by me in the initial days of my research work,

My sincere thanks to my colleagues and friends, Reetu, Meenu, Seema, Swati, Swati Sidana, Chiray,

1l



iv ACKNOWLEDGEMENTS

Rohit, Anju Gupta, Shailesh, Vishal Kumar Yadav and D. C. Mishra for providing me with their en-
couragement environment to accomplish my work, It would be injustice to forget my friends, Satish
Narwal, Jitender Sheoran, Jagatveer Singh Sehrawat, Sandeep Hooda, Shikender Beniwal, Amit Se-
hgal, Amit Rathi, Sandeep Puniya, Jaiveer Giot, U. R, Tyagi, Sandep Dahiya, Mhipal Dalal, Vivek
Dahiya and Narender Kumar for their continuous and consistent support.

Finally i am because of my family members who have loved and been there throughout my life. It
is the patience, silence sacrifice and constant encouragement of my parents, and it is because of them
that i am at this point of life to complete this journey. Finally to my dear wife, MuKesh Kumari, you
are my life partner, best friend, coach and confident. Without her support, completion of this thesis

would not have seen possible. Above all, I thank God and my parents for their blessing.

New Delhi (Yogesh Kumar)



Abstract

Let G be a finite group, I, a finite field of ¢ elements and F,G be the group
algebra of G over F,. This thesis is a study of unit groups of certain finite group

algebras. For this, we compute the dimension of the Jacobson radical J(IF,G) and

the Wedderburn decomposition of ﬁF"—fG). In particular, we obtain Wedderburn
decomposition of %, where S5 is the symmetric group of degree 5, and F, is

any finite field. We determined the unit group U (F,GL2(Z3)) of the group algebra
F,G Lo (Zs3) where G Lo(Zs) denotes the multiplicative group of 2 x 2 matrices over the
ring of integers modulo 3. Further we discuss the unit group of the group algebras for
groups Zg X Z3 and (Z3 X Zs) x Z3 where Zg and Z3 denotes the multiplicative cyclic
groups of order 9 and 3 respectively, over any finite field. Finally, we determined
the unit group U(F,Dyo) of the group algebra F Dy, of the dihedral group Dyy of
order 40, over any finite field [F,.
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AT G Teh AT THE ©, Fq, g Teal T Teh HITAT & AR FgG, G HTFq T 7T HcAolsT ¢ |
g DA Fo AT 0 3eeIsT & Ffac THgH 1 7ETTT & | 386 AT, g7 Stehadta
If3her J(FqG) T I0TET T & 3R FqG T d5deT 3T8e ITed i & | [adW & &, g7
FqSs/ (Fq Ss) & JSIas1 TECH ! JTed X &, 518l Ss 33 5 T aAfAT @og 8, 3 Fg 15
ot WAT S &1 §H YT AT FqGLo(Zs) T 3TS HHE U(FqGL(Zs)) T el famam,
ST&T GLo(Zs), 2x2 T AT Nar t gMaT § St Sarer AlSEll 3 WX & | 31191 §H Y 3Telaisl &
e @Hg & v ==t Id §, T8l §HART g 29xZ3 3R (Z3 xZ3) xZ3 § | 3id #, gAY
SehTS HHG U(FqD4o) T ITUTAT T, STET §HRT 3 37Tl Fq Dao @ | Do HIET 3MTST T fegger
qaE |
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