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MATLAB for Beginners 

BY CHRISTOPHER R. DOERR 

The MATLAB 5 Handbook, by 
Darren Redfern and Colin 

Campbell, is an introduction to the 
MATLAB (matrix laboratory) pro
gramming language for beginners, 
as well as a reference book for expe
rienced users.1 It is, according to the 
authors, "written for all MATLAB 
users, regardless of their discipline 
or field(s) of interest." MATLAB is 
an interpretive (not compiled) pro
gramming language based on arrays 
and matrices, and has many power
ful, built-in, mathematical, and 
graphing functions. 

The book begins with a "Quick 
Start" section that quickly acquaints 
new users with MATLAB. It pre
sents lessons with program exam
ples that should succeed in getting a 
beginner started despite its limita
tions. In an effort to make the pro
grams more readable, the authors 
use liberal indenting of the code. 
Unfortunately, they indent so much 
that sometimes one line will start at 
the left end of the page and the next 
line will start halfway across the 
page. This inconsistency makes it 
difficult for the reader who is enter
ing the same code into his or her 
computer, because most MATLAB 
text editors already indent, but only 
three spaces each time. Therefore, 
the reader's code will not resemble 
the code in the book, making de
bugging more of a chore. The 

"Quick Start" should be called 
"Overly Quick Start." For example, 
the important distinction in MAT
LAB between "a*b" and "a.*b" is 
mentioned in only one sentence and 
for only one operator, " Λ " . The 
reader should realize that many sub
tle programming errors in MATLAB 
result from forgetting about this 
distinction. 

The MATLAB 5 Handbook ex
plores most of the MATLAB com
mands by dividing them into sec
tions. Although much of what the 
authors present can be found in the 
MATLAB online help (by typing 
"help" in MATLAB), the authors 
provide several gems of wisdom not 
easily found elsewhere. One exam
ple is the section on sparse matrices, 
which are matrices in which most of 
the elements are zero. The MATLAB 
5 Handbook describes why these are 
needed and how to take advantage 
of them. The chapter on sparse ma
trices is one of the longest in the 
book and is one of the areas of ex
pertise of the authors. Therefore, 
users interested in sparse matrices 
may want to buy the book just for 
that chapter. Additionally, the sec
tions on nonlinear equations, opti
mization, and ordinary differential 
equations are particularly enlighten
ing, partially because the authors 
provide good mathematical discus
sions. In addition, the object-
oriented programming section, al
though quite brief, is well done. 

Unfortunately, the book does not 
contain enough information to be a 
complete reference to MATLAB. 
Many experienced MATLAB users 
will undoubtedly be disappointed 
when they finish the book and dis
cover that their favorite topic was 
not discussed. For example, many 

people work with the design of digi
tal filters, one of MATLAB's strong 
points. Unfortunately, filters are not 
covered in the book, and important 
functions such as "fft" (fast-Fourier 
transform) are left to the final "Mis
cellaneous" section of the book. 

It was disappointing to find that 
some very useful, but not well 
known, MATLAB functions relating 
to filters were completely left out, 
such as the function "unwrap." The 
authors also left out a few general 
basic MATLAB functions, such as 
the useful ability to display mathe
matical expressions in plots by in
serting "Tex" commands. For exam
ple, to display α 2 on the y-axis of a 
plot, one can type "ylabel ('\al-
phaΛ2')". 

The MATLAB 5 Handbook keeps 
pace with modern publishing con
veniences by including a Web site 
address (http://www.pracapp.com/ 
matlab/). This Web site contains 
some of the sample programs, so 
users do not have to type them in. 
Finally, The MATLAB 5 Handbook 
does not adequately cover an issue 
important to most serious MATLAB 
users, which is optimizing the exe
cution speed of the program. A dis
cussion on this topic would require 
the authors to know very low-level 
details about MATLAB, and points 
out another important limitation of 
this book. The authors seem to be 
more users than developers of 
MATLAB. Consequently, they lack 
some of the insight essential to 
MATLAB that many expert readers 
need. 

The MATLAB 5 Handbook can be 
very useful to beginning users of 
MATLAB and can teach experienced 
users a few new things, although not 
as many as they might like. This well 
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designed book can serve as a useful 
reference, as long as users realize 
that it is not the complete guide to 
MATLAB. 

Reference 
1. D. Redfern and C. Campbell, The 

MATLAB 5 Handbook (Springer-
Verlag New York Inc., New York, NY) 
1998, ISBN: 0387942009. 

Christopher R. Doerr (crdoerr@lucent.com) works on 
Integrated photonic devices at Lucent Technologies, 
Holmdel, NJ. 

Engineering 

Diffraction Gratings, Part 1 

BY MASUD MANSURIPUR, 
LIFENG LI, AND WEI-HUNG YEH 

Diffraction gratings have been used 
in spectroscopy and other studies 

of electromagnetic phenomena for 
nearly two centuries.1-4 Josef Fraun
hofer (1787-1826), the discoverer of 
the dark lines in the solar spectrum, 
built the first gratings in 1819 by 
winding fine wires around two paral
lel screws.5 Henry Rowland made sig
nificant contributions to the fabrica
tion of precise, large area, high-
frequency ruled gratings in the 
1880s.6 Robert Wood, who succeeded 
Rowland in the chair of experimental 
physics at Johns Hopkins University 
in 1901, used these ruled gratings ex
tensively in his researches, and dis
covered, among other things, the 
"anomalous" behavior of metallic 
gratings, which he first published in 
1902.7 John William Strutt (Lord 
Rayleigh) developed a theoretical 
model of the gratings around 1907, 
and was successful in explaining cer
tain features of Wood's anomalies.8 

However, it is only during the past 30 
years or so that a thorough under
standing of nearly all aspects of be
havior of diffraction gratings has 
been achieved through the consistent 

application of Maxwell's equations 
with the help of advanced analytical 
and numerical techniques.2, 9, 1 0 

Modern gratings having a few 
thousand lines per millimeter with 
near-perfect periodicity are fabricat
ed over fairly large areas (grating di
ameters around one meter or so are 
not unheard of). The groove shapes 
can be controlled to be sinusoidal, 
rectangular, triangular, or trape
zoidal, and one can obtain shallow 
or deep grooves (relative to the 
groove width) by current manufac
turing techniques. These gratings 
can be made on various metal, plas
tic, and glass substrates and, when 
necessary, they can be coated with 
thin-film metal/dielectric stacks. 
Gratings' primary applications are 
still in spectroscopy for analyzing 
the frequency content of electro
magnetic radiation (visible light, ul
traviolet, X-rays, infrared, mi
crowave), but they are also used as 
wavelength selectors in tunable 
lasers, beam-sampling mirrors in 
high-power lasers, band-pass filters, 
pulse compressors, and polariza
tion-sensitive optics, among other 
applications. 

The goal of the present article is 
to describe some of the basic prop
erties of gratings, and to point out 
through several examples the com
plex behavior of these devices. These 
examples are by no means compre
hensive, but they should make it 
amply clear that there is no simple 
way to predict a grating's diffraction 
efficiency. Although the number 
and the propagation direction of 
diffracted orders can be readily ob
tained from simple principles, the 
computation of diffraction efficien

cies requires the complete solution 
of Maxwell's equations in conjunc
tion with the appropriate boundary 
conditions. The results of these cal
culations are often non-intuitive 
and depend strongly on a number of 
factors such as the period of the 
grating, the geometry of the 
grooves, the (complex) refractive in
dex of the material(s) comprising 
the grating, and the wavelength as 
well as the polarization state and the 
propagation direction of the inci
dent beam of light. Fortunately, 
powerful computer programs now 
exist that take all the relevant factors 
into account and provide a reliable 
solution to the electromagnetic 
equations that govern the behavior 
of diffraction gratings. 

Grating theories 
The simplest theory of gratings treats 
them as corrugated structures that 
modulate the amplitude/phase of the 
incident beam in proportion to the 
local reflectivity and the height (or 
depth) of the surface relief features. 
The modulated reflected (or trans
mitted) wavefront is then decom
posed into its Fourier spectrum to 
yield the various diffracted orders. 
Known as the scalar theory of grat
ings, this elementary treatment yields 
the correct number and direction of 
propagation for the diffracted orders, 
but it does not provide an accurate 
estimate of the amplitude, phase, and 
polarization state of each order. 
Rayleigh made a substantial contri
bution to the understanding of grat
ings by representing the diffracted 
field as the superposition of a num
ber of homogeneous (i.e., propagat
ing) and inhomogeneous (i.e., 

Figure 1. Cross-section of a metallized grating. Throughout the paper the side-
wall angle α = 60°, and the duty cycle c, which is the ratio of the land width to 
the grating period, is 60%. At λ0 = 0.633 μm the substrate's refractive index n 
= 1.5, and the metal layer's complex index (n, k) = (2. 7). 
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