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by Mike Bedford

For the last three months.
now, I've presented
examples of the types of

scientific, mathematical, and
engineering tasks that can be
performed using Excel. And, by
now, a few of you are, hopefully,
starting to realise that it's far more
than a tool for accountancy and
business graphics. If so, it's reasonable to
assume that some of you are already using it
for technical applications. Before we go too
far down this path, though, and before
you've created too many Excel masterpieces,
there's a topic I really ought to cover - that
of documenting Excel workbooks. Let me
explain what I mean by this.
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Good Programming Practice
For the moment let's forget about Excel and
turn our attention to a programming
language such as BASIC, C++, or PIC
assembler code. If you've ever written a
computer program you must surely have
had the experience of
returning to one of
your own creations a
few weeks, months or
years later, and not
being able to figure out
how it works. What
was obvious when you
wrote the program is
now as clear as mud.
And if the reason for
returning to the
program is to find a
bug or to add some
new functionality, not
knowing how it works
is a major
disadvantage. What's
more, if even the
author of software has difficulty in
understanding it at a later date, the chances
of a third party being able to get to grips
with it are even more remote. This is why
students on programming courses are
always taught to document their programs.

This involves putting comments into the
programs. These textual messages are
ignored by the compiler or assembler but
explain the purpose of each line or each
section of the code, indicate what each
variable represents and so forth. Admitedly,
understanding an Excel workbook isn't as
difficult as understanding a few thousand
lines of assembler code, in fact it's blatantly
obvious how most work. Even so, the types
of application we're looking at in this series
are not run-of-the-mill and it's quite feasible
that you'll have difficulty in understanding
how your workbooks operate when you
return to them after a break. Adequate
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Simulation of Radioactive Decay
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documentation is, therefore, highly
desirable. And if you intend to share your
work with others it's a must. In fact, I'd go
further than this. A computer program
source file is pure ASCII text so the scope for
doing anything particularly stylish is limited.

Excel, on the other hand, provides lots of
scope for making a workbook look good. My
suggestion is, therefore, that you don't just
do the minimum necessary to explain how a
workbook works but that you format it in a
way that makes it pleasant to read.

Formatting Options
OK, that's enough of the soap box stuff -
now to some practical suggestions. First of
all the obvious ones. Give your workbook a
title that appears at the top of the page. Use
the formatting options such as the font, the
size and the colour to make that title stand
out. Give titles to the row and column
headings, once again using formatting as
appropriate. Include a short textual
description which explains what the
workbook does. As an alternative to
entering the text into a cell, with all the
formatting difficulties this brings, you could
use a text box that is created from the
Drawing toolbar. Text boxes float over the
workbook and can be dragged around and
resized in the usual way. Alternatively, if you
don't want to clutter up the workbook
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unduly you could use Excel's comment
feature, which causes a comment box to
open up, when you move the cursor over
the cell to which the comment is attached.
The commented cell is highlighted with a
red triangle in the corner and typically
you'd enter something like "see here for
further details" in the cell itself. Since we're
dealing with scientific and mathematical
applications, adding equations will be a
common requirement and, fortunately,
Microsoft Office comes with an equation
editor which can be used from within any of
the applications. To add an equation, select
Insert > Object... > Create New and then
pick "Microsoft Equation" from the "Object
type:" list box. If Microsoft Equation doesn't
appear then this option hasn't been
installed on your PC and you'll have to
install it separately. Like text boxes,
equations appear in boxes which float over
the text. The boxes also have black outlines
by default but these can be removed under
Format > Object. And although you can't
embed an equation within a text box, you
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can float an equation over the top of a text
box so that the equation appears to be a
part of the text. Finally, you might also want
to include line diagrams or even
photographs in your workbooks. For simple
line drawings you could use the drawing
facility which is provided in Excel. However,
for more complicated diagrams you might
choose to use a separate fully featured
drawing package and then import the
drawing into Excel.

The documentation we've seen so far is
intended to be read by whoever uses the
workbook. However, it's also appropriate to
add more detailed documentation, perhaps
explaining how it's been implemented, to
help anyone (including yourself) who might
need to modify it in the future. Ideally,
though, this isn't the sort of documentation
you'd want cluttering up your main
worksheet. Fortunately, therefore, Excel
workbooks can include multiple worksheets
and three are provided by default when you
create a new workbook. One option,
therefore, is to include all the behind the
scenes implementation information in a
separate worksheet. If you make use of
multiple worksheets, make sure you give
them sensible names rather than sticking with
the default "Sheetl", "Sheet2" and "Sheet3".

An Example
A picture is worth a thousand words so this
is an appropriate time to show an example
of an Excel workbook that embodies most
of the principles I've discussed here. Like
last month's example, this is a simulation of
a continuous system which is implemented
using the Euler method of numerical
integration to solve the differential
equations. This should all be familiar to you
so you can concentrate on this month's
theme, namely the way in which the
workbook has been documented. All you
need to know about the example, therefore,
is that it's the simulation of radioactive decay
in which radioactive substance A decays to
produce radioactive substance B which, in
turn, decays to give the stable substance C.
The following equations define the model:

dA Ioge2
A

dt HA

dB Ioge2
A

Ioge2
B

dt HA HB

dC Ioge2
B

dt HB

where A is the mass of substance A, B is
the mass of substance B, C is the mass of
substance C, HA is the half life of substance
A and HB is the half life of substance B.

Ultra Violet

SE                           
By Reg Miles

Researchers at the US Department of
Energy's Sandia National
Laboratories working with

colleagues at Brown University have
demonstrated the first ultra violet vertical
cavity surface -emitting laser (VCSEL -
pronounced `vic-sel'). The team leader, Jung
Han, said: "Many groups are racing to create
such lasers in the UV range. It was a dream,
yet distant. Now we have achieved it."

At present the UV VCSELs are powered
by bigger, conventional lasers, using optical
pumping. The next step is electrical
pumping, a more commercially useful way
to power such devices. This will require
developing connectors that will transmit
electricity to the microscopic lasers. Han
expects his group to demonstrate this
capability in one to two years.

So far the project has been running for
three years. And it was only in 1999 that it
advanced significantly - when indium was
added to the VCSEL materials. VCSELs are
made of nanoscopically thin layers of
semiconductor materials that emit photons
when electricity is passed through them
and electrons and holes are combined.
While gallium nitride and aluminium nitride
both emit in the ultraviolet range, the
efficiency with which those materials make
use of input power is only about one
percent. The addition of indium brought
this up to 20 percent; although it had the
disadvantage of pushing the emitted
wavelength further into the near UV range
at 380nm rather than 400nm.

In addition to being efficient light emitting
mediums, some of the layered materials
reflect light from both top and bottom
surfaces back into the photon -generating
area to facilitate the release of still more light,
just as do conventional lasers. The successful
synthesis of highly reflective bottom mirrors
(or distributed Bragg reflectors - DBR) from
aluminium -gallium -nitride was another
important factor. Sandia normally uses
titanium oxide as a top DBR; but because
that absorbs light below 450nm Hafnium

oxide is used instead. Sandia is apparently
one of the leaders in developing and
improving VCSELs - which now exceed 50
percent efficiency in infrared and red.

One of the major applications for UV
VCSELs will be for lighting, using a
phosphor coating like a fluorescent tube.
Such solid-state emitters are predicted to
last five to ten times longer than fluorescent
tubes and be far hardier. And as each chip
containing several hundred VCSELs will
only be the size of a postage stamp, they
can be arranged in any configuration, and
be placed anywhere that electricity can
reach (presumably from a battery, as well as
from AC mains?).

While many possibilities exist to produce
white light from semiconductors, VCSELs
are thought to be a leading contender for
several reasons. Blue LEDs that are already
commercially available produce white light
through phosphors, but it is a cold white;
combinations of red, green and blue LEDs
can produce white light, but may not be
cost effective. VCSELs create a more
monochromatic and directional beam.

Easily portable UV laser light also interests
Sandia researchers because it causes
weapons grade fissionable materials and
dangerous E. coli bacteria to visibly fluoresce.
"No one before this has achieved the
technology to create a compact laser source
for UV excitation,' Han said. `It is important
for national security because many agents
employed in chemical and biological warfare
contain molecules which do not respond to
longer wavelengths of light." Current
detection methods require adding a
chemical 'tag' that responds to longer
wavelength excitation, which is apparently
time consuming and expensive (a case of
paying the price for much of what has been
developed by other US researchers working
in the chemical and biological warfare field!).

For additional information contact:
Neal Singer, <nsinger@sandia.gov>
Tel:(505) 845-7078
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