
eluding statistics, electrical engineer- 
ing, solutions to four simultaneous 
equations, amplifier gain and phase 
calculations, simple filter designs, con- 
versions from S- parameters to other 
parameters, and so on. 

A good example is an RC timing or 
trigger- circuit design program written 
by one user. This program can calcu- 
late either capacitor value, resistor val- 
ue, critical voltage, or delay time. Giv- 
en any three values, the calculator 
finds the fourth. Then the program al- 
lows the operator to change any of the 
four values and note the effect on any 
of the other three. For example, he can 
change the resistor from the calculated 
value to the next closest standard value 
and note the effect on delay time; or 
can change capacitance value in a simi- 
lar way; or vary the resistance value 
10% to see how resistor tolerance will 
affect delay time. This isn't a compli- 
cated calculation, but does involve manipulation of expo- 
nential functions. It could be done on a slide rule or with a 
book of tables, but on the calculator it is done more quickly. 
And it allows the engineer to optimize the circuit instead of 
just design it, probably in less time than it would have taken 
him to do one calculation by hand. Here we have a problem 
too small for a computer and just a bit too complex to do by 
hand -one that probably wouldn't get done without a cal- 
culator. 

A fully expanded calculator, one with 3000 to 4000 steps, 
almost rivals a small computer in capability. Such a calcula- 
tor can do a problem like an RCL network analysis with 15 
nodes and as many as 45 components, and plot results on a 
Smith chart or log paper; or could fit a 12th order curve to a 
set of data points; or invert a 14 X 14 matrix. Although such 
a calculator, fully expanded, virtually matches a small com- 
puter in capability, it still is as easy to use as a basic calcula- 
tor. 
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The calculator keyboard and display -the "heart" of 8 personal computing system. 

Inputs and Outputs 

There is more to a problem than just getting an answer; 
there's the matter of getting results in a usable form. Basic 
calculators can be expanded to include a wide variety of 
peripherals to generate outputs and accept inputs in about 
any form the user desires. There are printers, fast, quiet, 
reliable, and inexpensive; there are typewriters and tele- 
typewriters for fully formatted outputs, for filling out forms 
and reports; there are X -Y plotters to help provide the in- 
valuable insight that only plots and graphs can give; there 
are tape readers, card readers, and interfaces to measuring 
instruments; and there are large- screen displays, memory 
extenders, and even a new peripheral called the "Digitiz- 
er" that allows graphical data from a plotter or hand -drawn 
graphs to be entered into the calculator. The calculator sys- 
tem can be configured to meet almost any requirement and 
then later expanded and modified to meet different re- 
quirements. Get a calculator now; as your work load in- 
creases replace the printer with a typewriter and keep the 
printer for smaller jobs, or add a plotter. As the need for 
larger programs arises, expand the memory to handle 
them. A fully expanded system with all the peripherals is 
still just as approachable as your slide rule. 

More than a Calculator 

Calculators offer much more than just solutions to prob- 
lems. They make better engineers and technicians by help- 
ing them make better decisions. They help people learn 
about computing, about computers, about mathematics and 
programming, and more about the work they are doing. 
September, 1971 

For example, the programmable calculator encourages 
people to do things they might not otherwise tackle. A per- 
fect example of this is the RC timing circuit program men- 
tioned earlier. Here is a problem that might not have been 
solved without a calculator. But, because the calculator was 
so easy to program, maybe even fun to program, someone 
¿vrote a program to solve a simple but persistent problem 
that had been around for a while. And it turned out to be 
quite valuable. This will, in turn, encourage an engineer to 
try other things -maybe, "I haven't time to mess with that" 
will be replaced by, "Let's try that on the calculator." 

A programmable calculator can also stimulate new 
awareness and insight. Since the calculator is so easy to use 
and program, it is possible to interact more closely with the 
problem. Freed from the leg work of setting up the prob- 
lem, users have time to take a closer look at what they are 
doing. Consider, for example, an engineer designing an an- 
tenna. One of the tools he uses is a pattern plot or plot of 
field -strength versus direction. Although calculations in- 
volved in making such a plot are not especially difficult, 
they are often messy and time consuming; nothing really 
unusual in them, but lots of sines and cosines to look up and 
lots of things to jot down. A plot program is easily prepared 
for a programmable calculator, especially one with built -in 
trig and single -step rectangular -to -polar conversion func- 
tions. With the calculator and a peripheral plotter, a fin- 
ished plot is ready in less time than it would have taken to 
calculate one point by hand. So, instead of making just one 
plot, the designer decides to change a couple of variables 
and make another plot; in fact, several plots -he changes 
the number of turns of this and terminations of that, or 
length of the other. Pretty soon he starts to notice things; 
that back lobe which wouldn't meet Federal specifications 
alternately widens and narrows as he varies the length of 
one of the elements; or those pesky side lobes start to disap- 
pear as the number of turns exceeds a certain figure. He's 
gaining insight into what antennas are all about. Next time 
he designs an antenna, he'll know more about it because he 
learned while doing calculations. 

There are other benefits, too; for example, having calcu- 
lator power available when you need it, as in lab situations 
where it is important to process data as soon as it appears or 
when a production facility must be shut down while some- 
one decides on a course of action. Also, people who have 
never used computers or calculators before will be encour- 
aged to try their hand on a programmable calculator. 

Then, there is the matter of cost. A programmable calcu- 
lator system can be put to work for less than $1 per corn- 
puting hour. One survey conducted by Hewlett- Packard in- 
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