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SPH 313 
 

Computational Physics 

 

Course Instructor:  Nyongesa, F. W., Ph.D 

                  e-mail:  fnyongesa@uonbi.ac.ke 

 

Course Objectives 

 Acquire skills in various computational 

platforms & techniques used in physics 

 

 Apply computational techniques to obtain 

numerical solutions for nonlinear problems 

in physics – classical mechanics, EM, QM or 

statistical mechanics 
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Course Outline 

 Lecture 1: Intro to Computational Physics 
 

 Lecture 2: Intro to Programming 
(C++/Java) 
 

 Lecture 3: Numerical solns to Integration 
and Differentiation 
◦ ODE in Classical Mechanics 
 

 Lecture 4: Partial differential equations 
◦ Maxwell's eqns,  

◦ Diffusion eqns and Schroedinger equation.  

 

Evaluation 

 Cats 15% 

 Projects 15% 

 Exam 70% 

 

 

 NB. Course is practical oriented & students  

are expected to learn by doing.  
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Projects 

 Students can design their own projects 
or select one from the list.  

 

 Project report should be submitted at 
the end of the course consisting of  

◦ The problem 

◦ Algorithm 

◦ Computer program attached.  

 

 

 

List of Projects 

1. Classical Mechanics  

◦ Free Fall motion  

◦ Projectile Motion  
 

2. Electricity and Magnetism  

◦ Laplace's Equation  

◦ Particle in Crossed EM Fields 
 

3. Quantum Physics  

◦ The Square Well Potential 
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 Lecture 1 

Introduction to   

Computational Physics 

 

What is computational physics? 

The study and implementation of 

numerical algorithms (program) to 

solve problems in physics.  
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Why computational physics? 

 Analytical tools such as integral & 

differential calculus are best suited to 

solving linear problems e.g., Newton’s laws 

of motion 

 

 Real world problems are nonlinear 

(complex) and resist analytical solutions. 

They can only be solved using 

computational approaches 

 

Example 1: Newtonian mechanics 

 Analytical solns to Newtonian mechanics 

e.g, free fall motions often neglecting air 

resistance (drag).  
 

 In reality, we need to include the effect of 

drag  complex problem that necessitates 

numerical solutions - computational 

techniques.  
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Example 2: Simultaneous Eqns 

 Consider  

 

 

 

 Analytical soln by method of substitution gives 

 x = 6, y = 2  
 

 However, if number of simultaneous 

equations are many (e.g., > 4), then we need 

numerical methods to find the soln 
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Example 3: Theoretical Models 

 Theoretical models e.g., QM can only be 

solved approximately (i.e., analytical 

solutions are not possible), hence 

necessitating computational methods.  

 

 Computational tools allows us explore  

nonlinear phenomena i.e., model large 

complex systems. 
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1.2 Computing Platforms 

Categorized by the operating system 

(OS) used.  

 

  3 main OS   

 Unix/Linux  

 Mac-OS   

 MS Windows  

 

Unix/Linux 

 Originally developed in 1969 and written in C. 

 

 It supports a multi-user, multi-threaded 
environment, allowing different users to run 
different applications “simultaneously”. 

 

 Its more secure (virus free) 

 

 However, it has remained a tool primarily used in 
the scientific and networking communities due to 
market competition from MS Windows.  
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Macintosh Computers 

 Macintosh (introduced in 1984) was the 

first computer to use a Graphical User 

Interface (GUI) to communicate with the 

user. 

 

 Built around the Motorola 68000 chip 

(which is faster than the equivalent Intel 

chip), so the Macintosh is usually able to 

handle a heavier computational load. 

 

 Unfortunately, Apple’s decision to keep the 

manufacturing process proprietary prevents 

other manufacturers from “cloning” the 

Macintosh. This continues to limit the 

extent in which Apple can compete in the 

computer market.  
 

 Additionally, Macintosh is a single user 

machine making sharing of data between 

collaborators more difficult. 
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Windows-based Computers 

 The most common computer today is the 
personal computer, or PC. Over 90% of 
world PCs run MS Windows OS.  

 

 Originally introduced in 1985, Windows has 
evolved and now provides both single user 
computers through its Windows 95/98/Me 
systems, as well as multi user systems via 
Windows NT/2000/XP/Vista. This allows 
Windows to operate in a wide range of 
computing environments. 

 

 

 Windows is not without its drawbacks. Of 
the three main systems, it is the most 
unstable and prone to system crashes, 
which can devastate long calculations. 
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1.3 Programming Languages 

  5 levels (generations) based on their 
degree of user-friendliness i.e., how 
easily humans can understand them   

 

 

 

 

High Level Languages 

Machine Language 

User 

friendliness 

More 

Less 

Machine 

friendliness 

more 

Less 

IF COUNT = 0 

GOTO DONE 

ELSE 

GOTO AGAIN 

ENDIF 

10010101001

010001010 

10101010010 

Example 
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1ST Generation languages 

 IGL is machine code, with the program 

written in binary code (101010100…) 

 

 Difficult to the programmer 

 

 

2nd Generation (2GL) -The Assembly 

 Uses mnemonics (abbreviations) as symbols 

for machine operations/instructions e.g., LD 

for LOAD, ST for store, A for add etc.  

 

Disadvantages: 

 machine specific i.e., it is limited to use on 

the machine for which it was developed. 

 

 Tideous for programmer 
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Language Translator. 

 Translates all 2nd & higher level languages into 

machine language before processing  

   3 types of translators 
 

(a) The Assembler:- Converts Assembly language 

into machine language.  
 

(b) Compiler:  Means Execute later i.e., it converts 

the entire high level language (source code) into 

machine language (object code) all at once 

before program is executed.  

 

 FORTRAN, Pascal, C++, Java run on the 

compiler. 
 

(b) The interpreter:- Translates and executes 

the program immediately, statement by 

statement.  
 

 BASIC and VBASIC use the interpreter 
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3RD Generation (3GL) –High level 

Language 

 Shifted focus from the machine to the 

problem 
 

 Are procedural i.e., require the programmer 

to spell out exact order of steps 

(procedures) the computer system must 

take to accomplish a task -Disadvantage  
 

 Include C, FORTRAN, BASIC 

 

Advantages 

 Are user friendly 

 

 more efficient in programmers time 

 

 machine independent i.e.,  portable 
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4TH Generation (4GL) – V high-Level 

Language 

 Are nonprocedural i.e., problem oriented  
 

 Are machine independent. 
 

 Example: SQL, INTELLECT, NOMAD, 

(DBMS), DBASE IV, FOCUS. VB, C++ and 

Java  

 

 NB. C++ & Java are OOP and are also can 

also be classified as 4GLs. 

 

5TH Generation –Natural Languages 

 Ordinary human languages e.g., English used 

in artificial intelligence (AI) 
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1.5 Programming Techniques 

 We classify 4 types of programming 

techniques/approaches namely  

 

◦ Procedural programming 

◦ Events driven programming 

◦ Object oriented programming 

(OOP) 

◦ Internet programming 

 

 

(a) Procedural Techniques 

 Based on step by step procedures in 

program execution  

 

 Follow top down approach 

 

 Disadvantage: Does not support re-usability 

of codes 
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Example: Turbo Pascal 

program to Add 2 numbers  

10 USES WINCRT; 

20  BEGIN 

25 VAR 

30 A, B, C: INTEGER; 

35 BEGIN 

41 WRITE LN ("ENTER THE NUMBERS"); 

42 READ A, B; 

43 C = A+B; 

45 WRITELN ("THE SUM IS =" C); 

50 END 

 

(b) Events driven prog - VBasic 

 Uses visual programming tools  

 

Enter TWO numbers and click to ADD 

1ST No 

CLICK TO ADD 

Program Addition 

      SUM is 

2ND No 

X 
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 Based on creating objects, setting their  

properties and behaviours and linking them 

up by adding code that runs in response to 

specific events e.g., key press  

 

(c) OOP 

 Based on creating "model Objects",  
 

 Objects = Block of pre-assembled code that 
encapusulates both data and methods (instructions) 
and forms the basic run time entities in OOP 
 

 OOP provides great flexibility, modularity, re-usability 
of code and clarity in programming through the 
concepts of encapsulation, abstraction, 
inheritance and polymorphism. 
 

 OOP languages: C++, Java, Python, Small talk, 
Object Pascal 
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C++ 

 C++ is an extension of c 
 

 Currently the most popular for most 
commercial software developers 

 

C++  

 Prog to add 2 numbers in C++ 
 

# include <iostream.h>  

void main ( )   

{ 

 int a, b, c;    

 int_Add( );  

 void_Display( );  

   

//Calling the functions  

 c = Add( ); 

 Display( ); 



6/21/2014 

19 

 

//Defining the functions 

Int_Add( )  

 { 

  cout<<“Enter 1ST Number”; 

  cin>>a; 

  cout<<“Enter 2ND Number”; 

  cin>>b; 

  return (a+b); 

 } 

 Void_display( ) 

 { 

  cout<<“ The Sum is "<< c ; 
} 
 } 

 

Java 

 It is a newer OOP language (developed 

1995) and a de-facto standard for cross-

platform applications & programming on 

www 
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(d) Internet Programming 

 Languages used to build linked, multimedia sites on the 
web. They include HTML, VRML and JAVA applets. 

 

 HTML provides an integrated, two-dimensional display of 
text and graphics. Hypertext links enables you to display 
another web document simply by clicking on a link area on 
the current screen. One document may contain links to 
many other related documents.  

 

 Commercial HTML packages (e.g. WebSite Maker, Nescape 
Gold etc.) exist to help people create their own web 
pages. 


