
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 3.145.152.95

This content was downloaded on 05/05/2024 at 18:33

Please note that terms and conditions apply.

You may also like:

Full Field Optical Metrology and Applications

Adsorption Applications for Environmental Sustainability

A Raman Spectroscopic Study of Radiation-Grafted Anion-Exchange Membranes Containing Different

Anions

Rachida Bance-Soualhi, Carol Crean, Henryk Herman et al.

Special issue on applied neurodynamics: from neural dynamics to neural engineering

Hillel J Chiel and Peter J Thomas

Gas-Selective Semiconducting Oxide Nanowires from Novel Processing Methods

Anthony Annerino and Perena Gouma

https://iopscience.iop.org/page/terms
https://iopscience.iop.org/book/edit/978-0-7503-3027-5
https://iopscience.iop.org/book/edit/978-0-7503-5598-8
https://iopscience.iop.org/article/10.1149/MA2020-01381641mtgabs
https://iopscience.iop.org/article/10.1149/MA2020-01381641mtgabs
https://iopscience.iop.org/article/10.1088/1741-2552/8/6/060201
https://iopscience.iop.org/article/10.1149/MA2022-01522132mtgabs


Introduction to Computational
Physics for Undergraduates





Introduction to Computational
Physics for Undergraduates

Omair Zubairi
Wentworth Institute of Technology

Fridolin Weber
San Diego State University and University of California at San Diego

Morgan & Claypool Publishers



Copyright ª 2018 Morgan & Claypool Publishers

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 the prior permission of the publisher, or as expressly permitted by law or
under terms agreed with the appropriate rights organization. Multiple copying is permitted in
accordance with the terms of licences issued by the Copyright Licensing Agency, the Copyright
Clearance Centre and other reproduction rights organisations.

Rights & Permissions
To obtain permission to re-use copyrighted material from Morgan & Claypool Publishers, please
contact info@morganclaypool.com.

ISBN 978-1-6817-4896-2 (ebook)
ISBN 978-1-6817-4893-1 (print)
ISBN 978-1-6817-4894-8 (mobi)

DOI 10.1088/978-1-6817-4896-2

Version: 20180301

IOP Concise Physics
ISSN 2053-2571 (online)
ISSN 2054-7307 (print)

A Morgan & Claypool publication as part of IOP Concise Physics
Published by Morgan & Claypool Publishers, 1210 Fifth Avenue, Suite 250, San Rafael, CA,
94901, USA

IOP Publishing, Temple Circus, Temple Way, Bristol BS1 6HG, UK



Contents

Preface ix

Acknowledgments x

Author biographies xi

1 The Linux/Unix operating system 1-1

1.1 Introduction 1-1

1.2 Files and directories 1-2

1.2.1 Pathnames and working directories 1-2

1.2.2 Filenames 1-5

1.3 Overview of Unix/Linux commands 1-6

1.3.1 Executables and paths 1-8

1.3.2 Special files 1-10

1.4 Basic commands 1-12

1.4.1 Getting help and information 1-12

1.4.2 Communicating with other computers 1-13

1.4.3 Creating, manipulating, and viewing files and directories 1-15

1.5 More on the C-shell 1-23

1.5.1 Shell variables 1-23

1.5.2 Environment variables 1-25

1.5.3 C-shell pattern matching 1-26

1.5.4 Using the C-shell history and event mechanisms 1-28

1.5.5 Standard input, standard output, and standard error 1-28

1.5.6 Redirecting input and output 1-29

1.5.7 Pipelines 1-31

1.5.8 Usage of quotes 1-33

2 Text editors 2-1

2.1 Vi 2-1

2.2 Emacs 2-3

3 The Fortran 90 programming language 3-1

3.1 Compilers 3-1

3.1.1 File extensions and compiling commands 3-2

3.2 Program layout 3-3

v



3.3 Variable declaration 3-5

3.3.1 Naming conventions 3-6

3.3.2 Data types 3-6

3.4 Basic expressions 3-8

3.4.1 Arithmetic operators and expressions 3-8

3.4.2 Relational operators 3-8

3.4.3 Logical expressions 3-9

3.5 Input and output 3-10

3.5.1 The READ statement 3-10

3.5.2 The WRITE statement 3-10

3.5.3 The FORMAT specification 3-11

3.5.4 File input and output (I/O) 3-12

3.6 Control structures 3-12

3.6.1 IF-blocks 3-12

3.6.2 DO loops 3-14

3.6.3 Nested loops 3-16

3.7 Modular programming 3-17

3.7.1 Intrinsic functions 3-17

3.7.2 Intrinsic subroutines 3-17

3.7.3 External functions 3-18

3.7.4 External subroutines 3-19

3.7.5 Program units 3-20

3.7.6 Internal procedures 3-21

3.7.7 External procedures 3-21

3.7.8 Modules 3-22

3.8 Arrays 3-23

3.8.1 Declaration of arrays 3-23

3.8.2 Vectors 3-23

3.8.3 Using arrays 3-24

3.8.4 Array operations 3-24

3.8.5 Elemental functions 3-25

3.8.6 The WHERE statement 3-25

3.8.7 FORALL (Fortran 95) 3-27

3.8.8 Array intrinsic functions 3-28

3.8.9 Allocatable arrays 3-28

3.8.10 Pointers 3-29

References 3-30

Introduction to Computational Physics for Undergraduates

vi



4 Numerical techniques 4-1

4.1 Curve fitting—method of least squares 4-1

4.1.1 The linear least-squares approximation 4-1

4.1.2 The quadratic least-squares approximation 4-3

4.2 Numerical differentiation 4-3

4.3 Numerical integration 4-4

4.3.1 The trapezoidal rule 4-5

4.3.2 Simpson’s rule 4-6

4.4 Matrix operations 4-8

4.5 Finding roots 4-9

4.6 Solving ordinary differential equations 4-10

4.6.1 The Euler method 4-11

4.6.2 The midpoint method 4-12

4.6.3 The Runge–Kutta method 4-12

4.6.4 Boundary value problems 4-15

5 Problem solving methodologies 5-1

5.1 General guidelines 5-2

5.2 Projectile motion example 5-2

6 Worksheet assignments 6-1

6.1 Coding a mathematical expression 6-1

6.2 Comparing two functions 6-1

6.3 Bessel functions of the first kind 6-2

6.4 Logical IF statements 6-3

6.5 Lead concentration in humans (data analytics) 6-3

6.6 Nested DO loops and double summations 6-5

6.7 Ionic crystals 6-6

6.8 Least-squares fit 6-8

6.9 Numerical derivatives 6-9

6.10 Numerical integration 6-10

6.11 Finding roots of a nonlinear equation 6-10

6.12 Ordinary differential equations 6-11

6.13 Projectile in a viscous medium 6-11

6.14 Damped harmonic oscillator 6-13

6.15 RLC circuit 6-14

Introduction to Computational Physics for Undergraduates

vii



7 Homework assignments 7-1

7.1 Fresnel coefficients 7-1

7.2 Earth atmosphere model 7-2

7.3 Magnetic permeability 7-3

7.4 Maxwell–Boltzmann distribution 7-4

7.5 Kinetic friction 7-5

7.6 Compton scattering 7-6

7.7 Radioactive decay 7-6

7.8 Halley’s comet 7-7

7.9 Rocket equation 7-8

7.10 Hydrostatic equilibrium and relativistic stars 7-9

7.11 Massive stars 7-11

7.12 Isothermal gas spheres 7-11

7.13 Proton in constant electric and magnetic fields 7-12

7.14 Square voltage pulse applied to a RC circuit 7-13

7.15 Mutual inductance of two coils 7-14

Appendices

A Summary of Fortran features A-1

B Plotting using Python B-1

C Fortran 90 sample program illustrating good programming C-1

Introduction to Computational Physics for Undergraduates

viii



Preface

This introductory textbook on computational physics intended for undergraduates
at the sophomore or junior level who have taken the introductory freshman series of
physics courses to include: introductory classical mechanics, electricity and magnet-
ism, and modern physics. A good understanding of multivariable calculus and linear
algebra is highly encouraged. This text provides an introduction to programming
languages such as FORTRAN 90/95 and covers numerical techniques such as
differentiation, integration, root finding, and data fitting. The textbook also entails
the use of the Linux/Unix operating system, text editors, and python for plotting
data.

This textbook will allow the reader to become a proficient user of the Linux/Unix
operating system. The reader will able to write, compile, and debug computer code
in the FORTRAN programming language. The reader will also be able to apply
computational techniques such as iterative processes, logical conditions, and
memory allocation in addition to applying numerical methods to solve problems
involving differentiation, integration, matrix theory, and root finding. The reader
will able to use the contents of this text and apply them to a variety of science and
engineering applications.
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