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% Dimension of elements

A=[ft,Sigma2,(fc-Sigma2)];

if (sigma(1)<=ft && sigma(1)>0)

w_nod=C1;

elseif (sigma(1)<=0 && sigma(1)>Sigma2)

for h=1:16

w_nod(h)=C1(h)+M1(h)*sigma(1);

end

elseif (sigma(1)<=Sigma2 && sigma(1)>=fc)

for h=1:16

w_nod(h)=C2(h)+M2(h)*(sigma(1)-Sigma2);

end

else

w_nod=zeros(1,14);

end
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Chapter 1

MATLAB: Basic Introduction

1.1 Background

1.1.1 What is MATLAB?

1 MATLAB is an interactive, matrix-based system for scienti�c and engineering calculations. Contrarily
to programming languages, such as Fortran, C, or Basic you can solve complex numerical problems
without actually writing a program.

2 MATLAB is an abbreviation for MATrix LABoratory.

3 MATLAB is the most widely used software package for interactive numeric computation, graphics,
data analysis1.

1.1.2 Availability

4 MATLAB is available in the CAD lab (PC/Windows version), as well as in the Bechtel Laboratory.

5 A relatively inexpensive Student Edition is available from Prentice Hall and can be purchased from
the Bu�alo Chip.

1.1.3 Accessing MATLAB

6 Once you clicked on the MATLAB icon, the menu shown in Fig. 1.1 will be displayed which may be
accomplished through browsing, Fig. 1.1.3.

7 Fig. 1.1.3 illustrates the content of the default directory containing your source code.

8 Finally, Fig. ?? illustrates a typical working envirnoment, where a �le has been selected for editing in
one window, and program is executed in the other. Note that upon completion of the program, you can
always querry values in the MATLAB main window.

9

1Other similar products include IDL, and MATHEMATICA for symbolic computations.
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Chapter 2

MATLAB: Matrix Algebra

2.1 Syntax

2.1.1 Matrix Operations

2.1.1.1 Matrix De�nition

1 Matrices can be entered in several di�erent ways:

� Entered by an explicit list of elements, or built from blocks. For example,

A=[1 4 6; 2 1 8; -2 7 -9];

B = [A, ones(3,2); zeros(2,3), eye(2)]}

will build a 5-by-5 matrix.

� Generated by built-in statements and functions, Table 2.1. For example, ones(m,n) produces an

eye identity matrix
zeros matrix of zeros
ones matrix of ones
diag see below
triu upper triangular part of a matrix
tril lower triangular part of a matrix
rand randomly generated matrix
hilb Hilbert matrix
magic magic square
toeplitz see help toeplitz

Table 2.1: Built In Matrix De�nition Functions

m-by-n matrix of ones; if A is a matrix, then ones(A) produces a matrix of ones of the same size
as A.

If x is a vector, diag(x) is the diagonal matrix with x down the diagonal; if A is a square matrix,
then diag(A) is a vector consisting of the diagonal of A.
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x(1,:)

ans =

3 -1 5

z=[y(1,:);y(3,:)]

z =

3 -1 5

5 -3 9

v=[0.2 1.4 2.6]

v =

0.2000 1.4000 2.6000

diag(v)

ans =

0.2000 0 0

0 1.4000 0

0 0 2.6000

2.1.1.2 Matrix Operations

4 Matrix operations are listed in Table 2.2.

+ addition
� subtraction
� multiplication
b power
0 transpose
n left division
/ right division

Table 2.2: Matrix Operations

5 The \matrix division" operations deserve special comment. If A is an invertible square matrix and b
is a compatible column, vector, then x = Anb is the solution of A � x = b

>> A=[2 3;1 4];b=[8;9];AInv=inv(A);

>> x=AInv*b

x =

1

2

>> x=A\b

x =

1

2

Victor E. Saouma Computing Literacy for Undergraduate Engineering Students
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0.5000 -0.9167 -6.2917

EDU>> triu(lux)

ans =

4.0000 2.0000 3.0000

0 6.0000 11.5000

0 0 -6.2917

EDU>> tril(lux)

ans =

4.0000 0 0

-0.2500 6.0000 0

0.5000 -0.9167 -6.2917

EDU>> tril(lux,-1)

ans =

0 0 0

-0.2500 0 0

0.5000 -0.9167 0

EDU>> diag(lux)

ans =

4.0000

6.0000

-6.2917

EDU>> eig(x)

ans =

4.4123

12.9438

2.6440

EDU>> x=[0.5 0.25;0.25 0.5]

x =

0.5000 0.2500

0.2500 0.5000

EDU>> [V,D]=eig(x)

V =

0.7071 0.7071

-0.7071 0.7071

D =

0.2500 0

0 0.7500

EDU>> x*V-V*D

ans =

0 0

0 0

2.1.2 Graphics Revisited

2.1.2.1 Polar Plots

theta=0:pi/60:2*pi;r=2*(1-cos(theta));polar(theta,r);axis square

print -deps2 polar.eps

resulting in Fig 2.1

Victor E. Saouma Computing Literacy for Undergraduate Engineering Students
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Figure 2.2: Sample of Surface and Contour Plots

for fac=-5:1:5 % loop

k=k+1;

z=fac*N8;

surf(X,Y,z);

%axis off;

axis([-1 1 -1 1 -5 5]) % freeze the axis to user specified values

M(:,k)=getframe; % grab the frame into M

end

movie(M,10) % play back 10 times

will generate the animation of Fig. 2.3

�1
�0.5

0
0.5

1

�1

�0.5

0

0.5

1
�5

0

5

Figure 2.3: Picture Used for Animation

9 Note that alternatively you may generate the image within a loop, and insert a pause after each one.
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2.2.7 Nonlinear Equation

2.2.7.1 Theory

Considering a beam-column subjected to axial and shear forces as well as a moment, Fig. 2.10, taking
the moment about i for the beam segment and assuming the angle dv

dx between the axis of the beam and

dx
y,u

w(x)

x
PP

i

i

j

dv

dV

dM

dx

dx

dx

w

w

P

P

dx

dx

V+     dx

M+     dx

V

M

P

P

Pqi

qj

Figure 2.10: Simply Supported Beam Column; Di�erential Segment; E�ect of Axial Force P

the horizontal axis is small, leads to

M �
�
M +

dM

dx
dx

�
+ w

(dx)2

2
+

�
V +

dV

dx

�
dx� P

�
dv

dx

�
dx = 0 (2.25)

neglecting the terms in dx2 which are small, and then di�erentiating each term with respect to x, we
obtain

d2M

dx2
� dV

dx
� P

d2v

dx2
= 0 (2.26)

However, considering equilibrium in the y direction gives

dV

dx
= �w (2.27)

From beam theory, neglecting axial and shear deformations, we have

M = �EI d
2v

dx2
(2.28)

Substituting Eq. 2.27 and 2.28 into 2.26, and assuming a beam of uniform cross section, we obtain

EI
d4v

dx4
� P

d2v

dx2
= w (2.29)
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(e) Tolerance

2. Plot the equation for the speci�ed range

3. Solve the equation within the speci�ed tolerance

4. Display the root of the equation and the number of iterations.

Test your program by solving Eq. 2.33 and compare the number of 
ops (
oating point operations) with
the preceding solution.

Victor E. Saouma Computing Literacy for Undergraduate Engineering Students
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Chapter 3

MATLAB: \Advanced" Topics

3.1 Background

3.1.1 Numerical Integration and Di�erentiation

1 The integration of
R b

a
F (x)dx is essentially based on passing a polynomial P (x) through given values

of F (x) and then use
R b

a
P (x)dx as an approximation.

Z b

a

F (x)dx �
Z b

a

P (x)dx (3.1)

2 Using P (x) = F (x) at n points, and recalling the properties of Lagrangian interpolation functions, we
obtain

P (x) = l1(x)F (x1) + l2(x)F (x2) + � � � + ln(x)F (xn) (3.2-a)

=

nX

i=1

li(x)F (xi) (3.2-b)

3.1.1.1 Newton-Cotes Method

3 In Newton-Cotes integration, it is assumed that the sampling points are equally spaced, Fig. 3.6, thus
we de�ne Z b

a

P (x)dx =

Z b

a

nX

i

li(x)dxF (xi) =

nX

i

Z b

a

li(x)dxF (xi) (3.3)

or

Approximation
R b

a
P (x)dx =

Pn
i=1W

(n)
i F (xi)

Weights W
(n)
i =

R b

a
li(x)dx = (b� a)C

(n)
i

(3.4)

where C
(n)
i are the \weights" of the Newton-Cotes quadrature for numerical integration with n equally

spaced sampling points.



Draft3.1 Background 67

R 1

�1
P (x)dx

P (x) =
P3

i=1 li(x)F (xi)

l1(x) = (x�x2)(x�x3)
(x1�x2)(x1�x3)

= 1
2x(x� 1)

l2(x) = (x�x1)(x�x3)
(x2�x1)(x2�x3)

= �(1 + x)(x� 1)

l3(x) = (x�x1)(x�x2)
(x3�x1)(x3�x2)

= 1
2x(1 + x)

W
(3)
1 =

R 1

�1
l1(x)dx = 1

2

R 1

�1
x(x� 1)dx = 1

3

W
(3)
2 =

R 1

�1
l2(x)dx =

R 1

�1
�(1 + x)(x� 1)dx = 4

3

W
(3)
3 =

R 1

�1
l3(x)dx = 1

2

R 1

�1
x(1 + x)dx = 1

3R 1

�1
F (x)dx �

R 1

�1
P (x)dx =

P3
i=1W

(3)
i F (xi) = 1

3 [F (�1) + 4F (0) + F (1)]

which is Simpson’s rule

3.1.1.2 MATLAB Examples

8 MATLAB’s functions for numerical (de�nite) integration and di�erentiation are shown in Table 3.2.

Numerical Integration
trapz trapezoidal numerical integration
quad numerical function integration; Simpson’s rule
quad8 Newton-Cotes 8 panel rule
di� approximate derivatives

Table 3.2: Numerical Integration and Di�erentiation

9 For example, let us recall the expression for the center of gravity

y =

Z
ydA

A
(3.5)

and moment of inertia

Ixx =

Z

A

y2dA Iyy =

Z

A

x2dA (3.6-a)

Ixx = Icg
xx +Ad2

y Iyy = Icg
yy +Ad2

x (3.6-b)

and moment of inertia for a given cross section
for a rectangular cross (width b, height h) section we would have

y =

Z
ydA

A
(3.7-a)

=

b

Z h

0

ydy

bh
(3.7-b)

=
h

2
(3.7-c)
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Chapter 4

MATHEMATICA

4.1 Background

4.1.1 Introduction

4.1.1.1 What is Mathematica ?

1 Mathematica is a program for symbolic mathematics.

2 With Mathematica, you can perform algebraic operations of various complexities. Hence, rather than
numerically solving an Engineering problem, you can solve it algebraically.

3 Because of its power, Mathematica will enable you to easily address problem of such complexities that
it would have been impractical to solve otherwise.

4 Finally, Mathematica has a very powerful set of graphics capabilities.

4.1.1.2 Availability

5 Mathematica is available in the Bechtel Laboratory.

6 A relatively inexpensive Student Edition can be purchased from the Bu�alo Chip, and the University
used to have a site license for it.

4.1.1.3 Front End and Kernel

7 Mathematica consists of two parts: the Kernel which is the computation engine, and the Front End
which is the user interface. The Kernel is identical on all computers, however the Kernel may vary.

8 There are two Front Ends supported in the Bechtel Lab:

Command-Line Interface: where the current input line is displayed on the last line of the screen
(it can be edited by using the arrow, insert and delete keys). This Front End does not support
graphics, and is invoked by the math command. It is a convenient (and only available one) to use if
you connect to the server via a remote terminal which does not support graphics (such as a home
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9 In both cases Mathematica is used interactively

4.1.1.4 Accessing Mathematica

10 In the Bechtel Lab, Mathematica is accessible through by clicking the left mouse button and then
selecting Mathematica. Note that the program is licensed to run only on the server (bechtel).

11 If you want to run the program di�erently, you need to
xhost + on your console
rlogin bechtel To connect you to the server
setenv DISPLAY yourmachine:0.0 To have the graphics displayed on your workstation
Type math for the Command Line Front End. To exit you simply type Exit.

12 Alternatively, you may simply type mathematica for the Notebook Front End.

4.1.1.5 Help

13 For help, simply type ?. For a speci�c function, you can type ?Sqrt or ?P*.

14 Note that after each command, you should hit the following two keys simultaneously<Shift><return>

15 The Notebook Front End also provides extensive help, Fig. 4.2.            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

Figure 4.2: Notebook Front End Help for Mathematica
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(c) Label the x axis \x", and the y axis \y".

5. Plotsin(� sinx+ y) for �3 < x < 3 and �3 < y < 3 using 33 grid points, no display of the axes.

6. Generate a contour plot of the previous equation.

7. Write a function which takes a pair x; y and returns
p
x2 + y2.

4.3 References

1. Wolfram, S. \Mathematica: A System for Doing Mathematics by Computer second edition, Addison-
Wesley, 1991.

2. Maeder, R., Programming in Mathematica, Addison Wesley, 1991

3. Blachman, N., Mathematica a Practical Approach, Prentice Hall, 1991.

4. Gray, T., and Glynn J., The Beginner’s Guide to Mathematica, Addison-Wesley, 1992.

Victor E. Saouma Computing Literacy for Undergraduate Engineering Students




	MATLAB: Basic Introduction
	Background
	What is MATLAB?
	Availability
	Accessing MATLAB
	Help
	Basic Features
	Simple Math
	Common Mathematical Functions
	Statements, Expressions and Variables
	Display Formats
	Printing Text and Matrices
	Variables
	MATLAB Workspace
	Saving and Retrieving Data
	Arrays
	Graphics
	Graphics hardcopy

	Assignment
	Practice
	Work
	Stresses
	Measurement Errors, biran95
	Statistical Analysis; Part I
	Elements of Statistics
	Assignment



	MATLAB: Matrix Algebra
	Syntax
	Matrix Operations
	Matrix Definition
	Matrix Operations
	Matrix functions

	Graphics Revisited
	Polar Plots
	3-D mesh plots.
	Animation

	Data Analysis
	Statistical analysis
	Regression Analysis
	Signal Processing

	Control Flow
	Function Files

	Assignment
	Practice
	Polar Plot
	Animation
	Strain Rosette
	Theory
	Assignment

	Structural Design
	Theory
	Assignment

	Dynamic Response of a Linear Oscillator
	Theory
	Assignment

	Nonlinear Equation
	Theory
	Assignment

	Newton Raphson Method
	Theory
	Assignment



	MATLAB: ``Advanced'' Topics
	Background
	Numerical Integration and Differentiation
	Newton-Cotes Method
	MATLAB Examples

	Nonlinear Equations and Optimization
	Ordinary Differential Equations

	Assignment
	Practice
	Probability
	Moment of Inertias
	Reinforced Concrete Ultimate Stress Distribution
	Mixture Problem, etter93
	Dog-Tracking, biran95
	Ballistic Model, biran95


	MATHEMATICA
	Background
	Introduction
	What is Mathematica ?
	Availability
	Front End and Kernel
	Accessing Mathematica
	Help
	Notebook Front End
	Pointers
	Cell Brackets

	Brackets, Parentheses, and Braces

	Examples
	Basic Arithmetic Operation
	Approximate Numerical Values
	Complex Numbers
	Derivatives
	Integration
	Algebraic Formulae
	Solving equations
	Matrices
	Graphics and Three-Dimensional Plots
	Interfacing with Mathematica
	Input
	Output

	Packages
	Graphics hardcopy
	Input file

	Some Mathematica Commands
	Basic Operations
	Mathematical Functions
	Some Mathematica Constants
	Complex Numbers
	Recall of Previous Expressions
	Assignment of Variables
	Brackets
	Help
	Interrupting Mathematica
	Transformation of Algebraic Expressions
	Differentiation
	Integration
	Summation & Products
	Equations
	Preliminaries
	Solution
	Differential Equations
	Numerical Values

	Functions
	Vectors & Matrices
	Graphics
	Preliminaries
	Plot Options
	3 Dimensional Plots
	Parametric Plots
	File Manipulation
	Generating C, Fortran & TeXFiles


	Programming in Mathematica
	Building a Package
	A Complete Example

	List of All Mathematica Functions

	Assignment
	Practice
	Problems

	References

	SAMPLES of MATLAB PROGRAMS
	arches
	Description
	Listing
	arches.m


	beam1
	Description
	Listing
	BMdemo.m
	M2deflection.m
	P2M.m
	P2V.m
	w2M.m
	w2V.m


	beam2
	Description
	Listing
	beam_under_load.m


	boussinesq
	Description
	Listing
	boussinesq.m


	dodgecity
	Description
	Listing
	wind.m


	effectiveL
	Description
	Listing
	effectiveL.m


	eigenvalues
	Description
	Listing
	eigenvalues.m


	infiltration
	Desctiption
	Listing
	infiltration.m


	montecarlo
	Description
	Listing
	montecarlo.m


	3dplot
	Description
	Listing
	cont.m
	pix.m
	smooth.m


	zec
	Description
	Listing
	linregress.m
	zec.m


	Stress/Strain Programs
	Description
	=Sample Output:
	Example 1:
	Example 2:
	Example 3:



	Fortran 90: INTRODUCTION
	Introduction
	Computer Architecture and Software
	Computer Hardware
	Computer Software

	Fortran Past, Present, and Future

	From Source to Binary
	Sample Example
	Fortran Compilers
	Compilers
	File Extensions
	Workstation Compilers
	Compiling with Microsoft Power Station

	Flow Charts, Macro-Code

	Fortran 90: Basic Operations
	Background
	Preliminaries
	Program Layout
	Characters
	Variable Types
	Labels

	Data Declaration
	Basic Operations
	Assignment Statement
	Arithmetic Statements
	Logical Operators

	Intrinsic Functions
	Character Expression
	Relational Operators

	Control Statements
	Branches
	if Statement
	case 
	do loops

	Input/Output
	Devices
	Formated I/O

	Portability
	Style
	Debugging

	Assignment
	Beam on Elastic FOundation Deflection
	Quadratic Equation
	Statistical Analysis


	Fortran 90: ARRAYS
	Background
	Definition
	Declaration
	Array Initialization
	Array Constructors
	Array Sections
	Dynamic Memory Allocation
	do Loops & Vector Operations
	where Construct
	Intrinsic Functions
	Vector and matrix multiplication
	Array Functions
	Array Inquiry
	Array Construction
	Array reshape
	ARRAY manipulation
	Array location


	Assignment
	Structural Design
	Theory
	Assignment



	Fortran 90; PROGRAM UNITS; POINTERS
	Background
	Program Units
	Main Program
	Functions
	Recursive Subprograms
	Subroutines
	†Modules
	† Interface

	Derived Data Type
	Pointers
	Pointer Variable
	Pointer Assignment
	Dynamic Memory Allocation for Pointers
	Pointers to Arrays
	Pointers as a Tool for Linked Lists


	Assignment
	Mendeleev
	Linked List

	Fortran 90: MAKE, DEBUGGER
	Debugging options
	FORTRAN Preprocessor
	System Calls

	Make
	Debugger
	Introduction to Debugging
	The debugger
	Running the debugger
	Debugger Commands


	INTRODUCTION TO UNIX
	logging In
	Changing Your Password
	Logging Out
	On-Line Help
	man
	Apropos

	UNIX File System
	Directory Structure
	Your User Account
	Absolute Pathnames
	Relative Pathnames

	Shell
	File Management
	Changing Directories
	Changing File Protection
	Copying Files
	Directory Listing
	Make Directory
	Moving Files
	Removing Files
	Linking Files
	Removing Directories
	Wildcards

	Printing Files
	Enscript
	Checking the Print Que
	Laser Printer
	Killing a Print Job
	More
	Print

	Compressing and Archiving Files
	Zipping Files
	Compressing Files
	Archiving Files
	Scratch Directories

	Spooling Files
	Color Laser Printer

	Pipe and Filters
	Multi-Tasking
	Job Control
	Checking on a Process
	Killing Processes
	Prioritizing Processes

	Utilities
	du
	Find
	Script
	Sort
	Spell Checker
	XtoPS
	Whereis
	Who

	Shells and ``dotfiles''
	.cshrc & .login
	.logout
	.rhosts
	.signature
	.mailrc

	Further Reference
	Remote Loggin; Telnet
	Telnet Commands

	File Transfer Protocol (ftp)
	Definitions
	Connecting to an FTP Server
	Basic Commands

	``Standard'' Unix Editors
	vi Editor
	Emacs

	Other Editors


