ASSOCIATED LIE ALGEBRAS OF GROUP ALGEBRAS

REETU SIWACH

DEPARTMENT OF MATHEMATICS
INDIAN INSTITUTE OF TECHNOLOGY DELHI
JANUARY 2018



©Indian Institute of Technology Delhi (IITD), New Delhi, 2018



ASSOCIATED LIE ALGEBRAS OF GROUP
ALGEBRAS

by
Reetu Siwach

Department of Mathematics

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

to the

Indian Institute of Technology Delhi
January 2018



Dedicated to

My Family



Certificate

This is to certify that the thesis entitled “Associated Lie Algebras of Group
Algebras” submitted by Ms Reetu Siwach to the Indian Institute of Technology
Delhi, for the award of the degree of Doctor of Philosophy, is a record of the orig-
inal bona fide research work carried out by her 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

First of all, I thank god, the almighty, for providing me this opportunity and granting me the
capability to proceed successfully. Without his blessings, this achievement would have not been possi-
bleThe thesis appears in its current form due to the assistance and guidance of several people.l would

like to offer my sincere thanks to all of them.

I would like to express my deepest sense of gratitude to my supervisor Prof. R. K. Sharma for
his thoughtful guidance, support, valuable comments, suggestions and for pushing me farther than I
thought I could go. Apart from the subject of my research, I learnt a lot from him, which I am sure

will be useful in different stages of my life.

I submit my heartiest gratitude and give my special thanks to Dr. Meena Sahai (Lucknow Univer-
sity, Lucknow) for providing me valuable encouragement and support in various ways.I had fruitful

discussion with her of the subject. Interaction with her helped me alot.

I am also thanKful to my SRC (Student Research Committee) members Dr. R, Sarma, Dr. A.
Priyadarshi and Prof. P. S. Pandey for their valuable time and suggestions. I am greatly indebted to

all faculty members of Department of Mathematics 117 Delhi, for their co-operation and support.

The co-operation, moral support and constant encouragements, I have always received from my
friends can not be expressed in words and I feel lucky to be blessed with such wonderful peoples. T
immensely express my heartiest thanks to my all close friends- Vishal, Meenu, Seema and Swati for

helping me survive all the stress and not letting me give up.

1l



iv ACKNOWLEDGEMENTS

I would like to thank my friend Anju, for her untiring support throughout this journey.

My acknowledgement would be incomplete without thanKing the biggest source of my strength,
my family.I owe thanKk to my family- my parents, my in-laws, my husband Parvesh and my loving son
Aarav, for their extreme patience, love and support. They all Kept me going and this work would not

have been possible without their support.

There are so many others whom I may have inadvertently left out and I sincerely thank all of them

for their help.

New Delhi Reetu Siwach



Abstract

This thesis is a study of associated Lie algebras of group algebras. We are par-
ticularly interested in Lie nilpotent and Lie solvable group algebras. Passi, Passman
and Sehgal obtained necessary and sufficient conditions for a group algebra to be
Lie nilpotent and Lie solvable. Chandra and Sahai classified Lie nilpotent group
algebras with nilpotency index atmost 8. Motivated by this, we have given a clas-
sification of Lie nilpotent group algebras with nilpotency index 9,10,11,12 and 13.
This study is distributed over two chapters namely Chapter 2 and Chapter 3. In
Chapter 2, we have classified Lie nilpotent group algebras with upper Lie nilpotency
index 9,10 and 11. In Chapter 3, Lie nilpotent group algebras with upper Lie nilpo-
tency index 12 and 13 are investigated.

Let KG be the group algebra of a group G over a field K. For a Lie nilpotent
group algebra KG, upper bound for the Lie nilpotency index t*(KG) was given by
Sharma and Bist. In the last 10 years many authors like Bovdi, Juhasz, Spinelli
and Srivastava have worked on the maximal, almost maximal and next possible
Lie nilpotency indices of group algebras. Thus the characterization of group alge-
bras KG with t*(KG) = |G'|+ 1, |G| = p+ 2, |G| — 2p+ 3, |G'] — 3p + 4 and
|G'| — 4p + 5 is well known. Continuing this study, we have obtained classification
for Lie nilpotent group algebras KG with t{/(KG) = |G| — 5p + 6, |G'| — 6p + 7,
|G'| —Tp+38, |G| —8 +9, |G'| —9 + 10, |G'| — 10p + 11, |G| — 11p + 12,
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|G'| — 12p + 13 and |G’| — 13p + 14. This classification extends in two chapters
namely Chapter 4 and Chapter 5. In Chapter 4, we have classified Lie nilpo-
tent group algebras with t/(KG) = |G'| — 5p + 6,|G'| — 6p + 7,|G'| — Tp + 8.
In Chapter 5, we have given a classification of Lie nilpotent group algebras with
tH(KG) =|G'|—8p+9,|G'| —9p+10, |G| — 10p+11,|G'| — 11p+ 12, |G| — 12p+ 13
and |G'| — 13p + 14.

In this thesis, we have also focused on the derived length of Lie solvable group al-
gebras. After the classification of Lie solvable group algebras by Passi, Passman
and Sehgal; Levin and Rosenberger characterized Lie metabelian group algebras.
Further Lie centrally metabelian group algebras have been studied by Kiilshammer,
Sharma, Rossmanith, Sahai and Srivastava. After this Sahai and Chandra studied
Lie solvable group algebras of derived length 3 for odd characteristic. Motivated
by this we have classified strongly Lie solvable group algebras of derived length 4

whenever characteristic of the field K is p > 7.
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