
Technical Word Processing: 
PROS & CONS 

By Murray Sargent III 

Some people are inter
ested in my work on 
the quantum the

o ry o f m u l t i w a v e 
mixing. It's fascinating, 
real ly! In contrast, most 
people want to talk about 
technical word processing, my 
other love. No wonder, most scien 
tists and engineers know they can 
benefit greatly from technical word pro
cessing; only a few relate to spontaneous 
emission and multiwave mixing. 

This article spills the beans: how you can turn 
out twice as many published words with substan
tially greater polish than you could with the old 
Selectric typewriter cut-and-paste methods. Science 
is competitive. If you're still using the secretary/ 
selectric methods, you have a severe handicap, and 
the IRS should give you two more exemptions. Here's 
why. First the cons, then the pros, and finally the 
bigger picture. 

A favorite expression in today's word processing is, 
"What you see is what you get." Unfortunately for us 
scientists, what we see is generally not what we want. 
We want something resembling the beautiful propor
tionally spaced mathematical text published in scien
tific journals. What we see on a typewriter or usually 
on screen is text with equal character widths, pigeon
holed into 80 columns by 25 lines. 

In principle, computer screens can show facsimiles 
of the typeset text on screen by using bit-mapped 
graphics. This technique allows a program to specify 
the value of each dot on the screen. Different charac
ters can have different widths, built-up formulas can 
be represented by appropriate combinations of dots, 
and facsimiles of the ultimate typeset text are possible, 
even if they lack in resolution. 

Unfortunately, the computer has to work much 
harder to place all those dots where they belong. To 

a c h i e v e i n s t a n t a n e o u s 
screens (and correspond

ingly reduced eye fa
tigue), today's micro

c o m p u t e r s n e e d the 
help of hardware character 

generators, which return us 
to the 80 X 25 p i g e o n h o l e 

screens, unlike the typeset text we 
prefer. Larger computers have the 

raw power to handle bit-mapped text 
but either are very expensive or are stuck 

with terminals operating at inadequate speeds 
like 9600 baud. That's the major con: To have 

speed, you can't work with a facsimile of the type
set page—yet. You have to work with an encoding of 
the ultimate text. As this article shows, the encoding is 
actually remarkably readable. 

Other cons include a need to touch type and the 
cost of a microcomputer l ike the I B M P C . For most of 
us the cost is irrelevant considering the time saved. 
But many active scientists have been duped by the 
society of old that said typing is for secretaries. The 
old society lacked the foresight to predict the com
puter age. For the next 10 years, anyhow, typing wi l l 
remain the most efficient way to enter text into com
puters. Without question, touch typing is the most 
important course I took in high school. If you don't 
touch type, try one of the typing tutor programs. 
You'l l learn fast. 

Text manipulation 
By now everyone is familiar with the marvelous 

speed with which ordinary text can be manipulated on 
screen. You can move text around, insert old files to 
make new versions, send multiple letters as quickly as 
a single letter, reprint a document with changes at a 
moment's notice. By working directly on screen, in
stead of with penci l and paper or dictation, you can go 
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through multiple drafts in the same time you origi
nally needed for the first draft. Subsequent revisions 
do not introduce new typos as retyping can. Word 
processing streamlines the clerical aspects of writing, 
allowing you to concentrate on the ideas. At present, 
at least, you still have to do the thinking. In short, you 
can cater to your perfectionist tendencies as never 
before and still spend less time producing a document. 

The problem for scientists and engineers is in repre
senting mathematical formulas on computers. There 
are three ways used today: 1) the precise but verbose 
typesetter methods used by programs like Knuth's 
T E X and UNIX's EQN/TROFF, 2) the Selectric look-
alike method by which you move the cursor approxi
mately to where a character belongs, and where it'll 
stay, and 3) mine. Having typed numerous manu
scripts and more than half the book Laser Physics on a 
Selectric typewriter, I know how slow method two is. 
Having invented the first language capable of typeset
ting mathematical equations, SCROLL (published in 
1969) , I know how slow and unreadable method one 
is. 

In response, or perhaps in self-defense, I developed 
a linear equation notation that is remarkably efficient 
in representing mathematical formulas. Coupled with 
an instantaneous graphics preview facility revealing 
built-up equation form, this method enables you to 
produce mathematical documents almost as fast as or
dinary text. 

The idea was inspired by arithmetic expressions in 
high-level programming languages, but unlike those 
languages it capitalizes on certain advances in com
puter hardware made over the last 2 0 years. Specifi
cally, to obtain 

you type α 2 / ( β 2

3 + r3). The Greek letters are given by 
typing an appropriate alphabetic key while pressing 
the Alt and maybe the Shift keys. The program auto
matically measures the size of the numerator and de
nominator, centers one over the other, and prints. 
Like the typesetter methods, you don't have to mea
sure anything—the computer automatically prints the 
desired proportionally spaced text. Like the Selectric 
method, formulas are usually readable in edit mode. 
Unlike either, you can type formulas in 1 0 times as 
fast. 

Although very useful as is, the method isn't perfect 
and is still evolving. Hardware character generators 
are typically still limited to 5 1 2 characters if you're 
lucky, 2 5 6 if you're not. Mathematical text requires a 
minimum of 1 0 2 4 characters, not including compos
ites like x. To allow for many possibilities with limited 
resources, we use various kludges like $E for ε and r a 
for ra. As equations get more complicated, they be
come harder to read. For example, the equation [P(α) 
distribution for a photon number state] 

is converted to 

Certainly the built-up form is easier to read; hence 
the importance of the graphics preview facility. Unlike 
T E X and EQN/TROFF, not all mathematical con
structs are represented. Almost all those needed by 
physicists are readily available, but more work is 
clearly needed for the general case. 

The benefits of technical word processing described 
so far make it highly desirable for the scientist and 
engineer. Technical documents can be produced 
faster, better, and more accurately. The ultimate bene
fits transcend this arena. Three important possibilities 
seem apparent: accuracy of journal typesetting, tech
nical documents on optical disks, and the science ma
chine. Accuracy of journal typesetting is virtually 
here. The American Institute of Physics already ac
cepts documents prepared with EQN/TROFF format. 
If you get your document right in-house, it'll be right 
in print. As described above, this is unfortunately no 
easy task, since EQN/TROFF has a cumbersome syn
tax. It should be straightforward to translate the linear 
equation format into either T E X or EQN/TROFF, 
thereby obtaining the advantages of all three. 

Storing technical documents on optical disks easily 
readable by microcomputers will benefit science and 
engineering immeasurably. These little disks can hold 
up to 5 0 0 megabytes, which amounts to about 8 3 , 0 0 0 
standard journal pages if the formulas and figures can 
be appropriately encoded. A shelf-full of such optical 
disks could contain copies of all the physics journals 
published to date. With appropriate indexing, we'd be 
able to have thorough access to the literature in our 
own offices. 

To realize this miracle, formulas and figures have to 
be encoded. Using the precise but verbose syntaxes of 
EQN/TROFF and T E X doesn't make sense. With a bit 
more work, the concise linear equation format can. 
Similarly, figures would have to be reduced to stan
dard line drawing commands wherever possible. In 
this fashion, authors could submit papers on diskettes, 
streamlining the editorial and typesetting processes 
and immediately allowing much wider access to the 
literature through microcomputer retrieval. 

Perhaps the most exciting idea is the science ma
chine. This hypothetical machine streamlines research 
not only in technical word processing, computations, 
and information retrieval, but in a synergetic way by 
integrating all three. The authors of FORTRAN 
named their computer language after FORmula 
TRANslation, but they went only halfway. Arithmetic 
expressions in FORTRAN or any other high-level lan
guage don't look anything like the original formulas 
written in scientific notation. 

Continued on page 37 • 
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New corporate member 
Hoya Optics, Ltd. 

S A R G E N T , Continued from page 12 

Whitehead once said that 9 0 % of mathematics is 
notation and that a perfect notation would be a substi
tute for thought. W i th the linear equation format nota
tion, we come much closer to true formula translation 
on input, and the output is in standard scientific nota
tion. Ca l l that 80% of true formula translation! In 
short, the value of this notation is potentially three
fold: We can write technical documents rapidly and 
accurately, we could retrieve technical documents 
and pieces thereof from literature data bases, and we 
could write computational programs much more eas
ily and accurately. 

Ultimately, it seems totally feasible to do all calcula
tions directly on screen instead of on paper. Paper 
provides a passive memory function that facilitates 
computations and composition. Passive. A screen can 
be active. Enter an integral and on request the screen 
responds with the solution, both analytically (if possi
ble) and/or numerically with a graph. The screen can 
check and do our algebra. The results can be rapidly 
edited into publishable and computable forms. Tech
nical word processing is already a reality and is an 
important part of the science machine. The complete 
science machine is coming soon. Look for it within the 
10 years. • 

MURRAY SARGENT III is with the Optical Sciences Cen
ter at the University of Ar izona, Tucson. 

Current ly the only word processor incorporating 
the linear equation format is the PS Technical 
Word Processor Program coauthored by M . Sar
gent. PS runs on the I B M P C and compatibles 
outfitted with appropriate graphics boards. For 
further information, contact Scrol l Systems, 
6930 E. Acoma Place, Tucson A z . 85715. 
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