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This book is an introduction to statistical mechanics suitable for readers knowing basic 
measure theory. The mathematical prerequisites are summarized in Chapter 1. It is hoped the 
reader will be ready to tackle research papers after reading the book. The first part of the text 
(Chapters 2-4) is concerned with 1-D Ising model. Some examples are described. The 
second part (Chapter 5) of the text focuses on  Ising  model on the Cayley tree and  2-D 
Ising model. Limit Gibbs measure and problem of phase transition are discussed and the 
proofs of existing of phase transition for these models are also given. The third part 
(Appendix) outlines some applications of Ising model and Islamic aspects of the considered 
subject.

Nasir Ganikhodjaev is a Professor at Department of Computational and Theoretical 
Sciences, Kulliyyah of Science, International Islamic University Malaysia since 2003. He 
has obtained his Bachelor of Science from Tashkent State University, Uzbekistan 1971 and 
Ph.D. in Physics and  Mathematics 1975 from Institute of Mathematics Academy  of 
Sciences of Uzbekistan. He also obtained his Doctor of Sciences in Physics and 
Mathematics 1991 from Institute for Low Temperature Physics and Engineering Academy of 
Sciences of Ukraine, Kharkov.

Mansoor Saburov is an Assistant Professor also at Department of Computational and 
Theoretical Sciences, Kulliyyah of Science, International Islamic University Malaysia since 
2012. He abotained his B.Sc., M.Sc. degrees in Mathematics 2005 and 2007, respectively 
from National University Uzbekistan and Ph.D. in Mathematics 2011 from International 
Islamic University Malaysia.

Torla Hassan is a Professor and Deputy Rector (Academic and Planning) at International 
Islamic University Malaysia, since 2015, Founding Dean of Kulliyyah of Science, IIUM, 
1999-2006; Dean of Institute of Islamic Thought and Civilization (ISTAC), 2006-2007; 
Dean of Centre for Foundation Studies, IIUM, 2012 –2014. He obtained his BSc and MSc in 
Physics 1983 from, University of Kuwait, State of Kuwait, PhD in Physics, 1988 from 
Stirling University, Scotland, UK. 

IIUM Press
Tel : +603 6196 5014 / 6196 5004
Fax : +603 6196 4862 / 6196 6298

Email : iiumbookshop@iium.edu.my
Website : http://iiumpress.iium.edu.my/bookshop

Nasir Ganikhodjaev
Mansoor Saburov

Torla Hassan

IIUM
Press

LATTICE
STATISTICAL
MECHANICS

I n t r o d u c t i o n  t o

LATTICE
STATISTICAL
MECHANICS

I n t r o d u c t i o n  t o

ISBN 978-967-418-427-8

9 789674 184278





Science, Technology & Medicine

Akram M. Z. M. Khedher. 2015. Internet Applications. Gombak: IIUM 
Press. ISBN 978-967-418-313-4.

Akram M. Z. M. Khedher. 2015. Multimedia and Its Applications. Gombak: 
IIUM Press. ISBN 978-967-418-312-7.

Faiz Elfaki, and Zaharah Wahid. 2015. Computational Methods and 
Statistics. Gombak: IIUM Press. ISBN 978-967-418-318-9.

Lukman Hakim Mahamod, and Azila Ahmad Sarkawi. 2015. Islamic 
Urbanism. Gombak: IIUM Press. ISBN 978-967-418-302-8.

Naznin Muhammad. 2014. Multiple True or False Questions in Haematology 
and Pathology For Health Sciences. Gombak: IIUM Press. ISBN 
978-967-418-310-3.

Noor Hasrina Bakar, Noor Azimah Hassan, Mohd Norhaedir Idris, and 
Mahmoud Al-Shawabkeh. 2014. Programming in C for Foundation. 
Gombak: IIUM Press. ISBN 978-967-418-294-6.

Nurhayati Abdul Malek and Zainul Mukrim Baharuddin. 2014. The Process 
of Design Thesis in Landscape Architecture. Gombak: IIUM Press. 
ISBN 978-967-418-307-3.

Siti Fauziah Toha@Tohara, Rini Akmeliawati and Salmiah Ahmad. 2015. 
System Identification, Modelling and Validation: Towards Islamic 
Practical Knowledge. Gombak: IIUM Press. ISBN 978-967-418-301-
1.

Zainul Ibrahim Zainuddin. 2014. Introduction to Medical Imaging. Gombak: 
IIUM Press. ISBN 978-967-418-249-6

IIUM Press Series of Textbook



NASIR GANIKHODJAEV
MANSOOR SABUROV

TORLA HASSAN

Gombak • 2016

IIUM
Press



First Print, 2016
© IIUM Press, IIUM

IIUM Press is a member of the Majlis Penerbitan Ilmiah Malaysia - MAPIM
(Malaysian Scholarly Publishing Council)

All rights reserved. No part of this publication may be reproduced, stored in 
a retrieval system, or transmitted, in any form or by any means, electronic, 

mechanical, photocopying, recording, or otherwise, without any prior written 
permission of the publisher.

Perpustakaan Negara Malaysia		  Cataloguing-in-Publication Data

Ganikhodjaev, Nasir
 	 Introduction to LATTICE STATISTICAL MECHANICS /
	 NASIR GANIKHODJAEV, MANSOOR SABUROV, TORLA HASSAN.
	 Bibliography: page 79
	 ISBN: 978-967-418-427-8
	 1. Lattice dynamics. 2. Statistical mechanics.
	 I. Saburov, Mansoor.  II. Torla, Hassan.  III. Title.
	 530.411

 

Published by
IIUM Press

International Islamic University Malaysia
P.O. Box 10, 50728 Kuala Lumpur, Malaysia

 

Printed in Malaysia by
NAGA GLOBAL PRINT (M) Sdn. Bhd.

No. 1, Jalan Industri Batu Caves 1/3
Taman Perindustrian Batu Caves

68100 Batu Caves, Selangor Darul Ehsan.
Tel : 03-6188 1542



Contents

	 Preface	 xi

Chapter 1
Probability and Markov Chains Review	 1

1.1 Sample Space and Events	 1
1.2 Probability	 6
1.3 Independence and Conditional Probability	 15
1.4 Independence and Conditional Probability	 19 

Chapter 2
The Ising Model on Finite Set	 22

2.1 One-Dimensional Ising Model on Finite Set	 22
2.2 Why We Choose Gibbs Measure	 26
2.3 One Dimensional Two-State Markov Chains	 27
2.4 The Second Characterisation	 32
2.5 Markov Measure as Gibbs State	 33 

Chapter 3
Gibbs States and Markov Random Fields 
on Finite Sets	 34

3.1 Lattice Gas	 34
3.2 Different Definitions of Configuration	 34
3.3 Gibbs States	 38
3.4 Markov Random Field	 43
3.5 Nearest Neighbourhood States	 43 

Chapter 4
Gibbs States on Infinite Countable Sets	 49

4.1 Existence of Limit Gibbs Measures	 51
4.2 Uniqueness of Limit Gibbs Measure and Phase Transition	 51
4.3 What Ising Hoped to Establish	 54



Chapter 5
Ising Models with Phase Transitions	 61

5.1 Ising Model on Cayley Tree of Second Order
	 and Phase Transitions	 61
5.2 Phase Transitions in Two-Dimensional Ising Ferromagnet	 67

Appendix	 73
A.1 Application of Ising Model	 73
A.2 Islamic Aspects of Ising Model	 75
	
	 References	 79
	 Index	 81
	

x




