Brian Dance gives

some good advice on

Choosin

... a look at what’s available
and the things you need to know

The modern electronic calculator is a
highly complex piece of equipment
wﬁich can perform complex
calculations very quickly and with great
accuracy. However, there are now so
many different types of calculator on
the market that the selection of the
type most appropriate to one's own
particular requirements can pose quite
a problem. This article has been
prepared to help readers formulate the
criteria they should consider when
selecting a calculator.

An electronic calculator contains one
or more Isi (large scale integrated) cir-
cuits of extreme complexity to perform
the logic operations. In addition, the
calculator must incorporate a suitable
keyboard and a display (or possibly a
printer). Even the display is more com-
plex than one may think; when the in-
strument is just displaying a number,
each digit is illuminated in turn at such
a fast rate that the eye sees a con-
tinuous display.

This type of sequential display is
necessary in order that an integrated
circuit with a reasonable number of
connecting ﬂins (often 24) can be used
to cause each digit to indicate one of 10

possible numbers and still leave
enough connecting pins available for
inputs from the keyboard, etc.

It is not so many years ago since the
first electronic calculators replaced the
large, noisy mechanical types of desk
calculator. However, the early elec-
tronic types employed numerous
digital integrated circuits and were
therefore suitable only for use as large
desk machines. The very rapid expan-
sion of the pocket calculator market
during the past few years has been
made possible by work on Isi
technology specificaﬁy for calculator
use.

During the i)ast five years, calculator
prices have fallen by nearly a factor of
10. This is obviously due to the large
market created by the falling prices,
although prices are still tending to fall
slightly even if one makes no allowance
for inflation.

The early pocket calculators were
simple four function machines, these
functions being addition, multiplica-
tion, subtraction and division. Simple
four function machines are now
available at very low prices. At the
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other end of the market, one can ob-
tain complex programmable machines
which can tackle problems for which a
computer would previously have been
required. _

indeed, the pocket or desk calculator
has an advantage over a computer in
that one does not have to learn a
special programming language to use
the instrument and one can feed the
data in oneself; the disadvantages of a
calculator are that the data and
program memory stores are much
more limited in volume that those of a
computer and one does not normally
have a fast line printer available.

IMPORTANT FACTORS: Perhaps the
most important factors to be con-
sidered when choosing an economical
calculator are (1) the type of power
supply used; (2) the type of readout;
anclJ (3) physical size, layout of
keyboard, personal preferences, etc. In
the case of more complex calculators,
there are many factors to be con-
sidered, such as the functions provided
on the keyboard, the ease of program-
ming, the size of the program memory,
etc.



POWER SUPPLIES: The most
economical types of rocket calculators
are powered by small disposable “dry”
batteries so as to keep the cost to a
minimum. If such a calculator is used
frequently, the cost of battery replace-
ment wilr be fairly high because the
current taken from the battery is
typically about 100mA when all of the

igits are glowing. However, the
current is much smaller when only one
digit is being displayed. These remarks
are not appﬁcab e to the liquid crystal
tzpe of display which will be discussed
shortly; indeed, the power supply re-

uirements are very closely related to
the type of display employed. .

The typical operating time of a small
calculator from disposable cells is
around 12 hours. Apart from the cost,
the necessity for replacing such cells
can be a nuisance — especially if one
does not have a spare cell at the time.

An alternative to the use of batteries
is the use of a mains adaptor which
usually consists of a small box with one
lead going to the mains and the other
to the calculator. The box contains a
small mains transformer which,
together with associated circuitry,
supplies a low voltage to the calculator
through a small jack plug. Such an
adaptor can be used with many types of
pocrl-:et calculators.

If the adaptor is an optional extra, it is
normally well worth the extra cost un-
less one will be mainly using the
calculator where no mains supply is
readily available. In the case of Jesk
type calculators designed mainly for
use in an office, a mains power supply is
almost universal. Mains power suppﬁes
are also often used with printing
calculators, since they can easily supply
the larger amount of power required
by such instruments.

The most satisfactory type of power
supply for a pocket calculator involves
the use of nickel-cadmium
rechargeable cells inside the instru-
ment. It is unfortunate that such cells
are quite expensive, but almost all high
quality portable calculators incorporate
such cells together with a mains adap-
tor for charging. A rechargeable battery
pack and mains adaptor are available as
optional extras with some calculators.

Nickel-cadmium cells should have a
life of at least 500 charge-discharge
cycles, so the extra cost is generally well
worthwhile if one expects to use the
calculator fairly regularly. The cells are
automatically charged when a mains
unit is plugged into the calculator; the
time required for a full charge varies
from one calculator to another, but is

¢=.-m=:rall¥1 in the region of four to 12

ours. The calculator can also be used
whilst being charged, although this
does increase the time required for a
full charge.

Excessive overcharging should be
avoided, since this can result in the es-
cape of gas from the cells with subse-

quent reduction in their storage capaci-
ty. The calculator should never be
operated from the charger without the
nickel-cadmium cells in position, as the
supply voltage may be too large and the
instrument may be damaged.

One should also appreciate that the
time for which a nickel-cadmium cell
can retain its charge is limited. A tﬂ)icai
fully charged nickel-cadmium cell will
lose about half its charge in two
months, whilst very little charge will re-
main after a year. Thus regular charging
is fairly important. The storage capacit
of the batteries will, in any case, fall
over a period of years.

Some calculators incorporate

automatic switch off facilities in order
to conserve the batteries. The display is
automatically switched off about 30
seconds after the last entry is made on
the keyboard, but the display can be
restored for a further 30 seconds by
operating a suitable key.
TYPES OF READOUT: Three types of
visual display are used in currently
available calculators. One of the first
types to be used employed red light
emitting diodes. The other type found
in many cheap calculators employs a
“Digitron” vacuum tube in which elec-
trons cause fluorescence of a phosphor
so that green light is emitted. Liquid
crystal displays are generally somewhat
more expensive than the other two
types, but have the particular advan-
tage that their power consumption is
far smaller than that of either of the
other types. :

The digits used in the red light emit-
ting diode displays are usually fairly
small and it may not be easy to read
them in bright light. However, such dis-
plays are very robust and reliable; in-
deed, as far as is known, the life of a
light emitting diode display is in-
definitely long. The digit height may be
only about 3mm, but a magnifying ¥ens
is sometimes placed in front of each
digit; this has the disadvantage that the
field of view is restricted. Most of the
more expensive programmable pocket
calculators employ light emitting
diodes in the display.

Green fluorescent disi)!a s employ
digits which are generally larger than
those used with light emitting diode
displays. In addition, the green displays
appear c’uite bright in a new machine,
so they look impressive in a store.

Unfortunately the vacuum tubes
used with such displays are likely to be
broken if the machine is dropped. The
Digitron tubes are also relatively ex-
pensive and fitting them can be quite
difficult — a calculator with a broken
tube is often just discarded. In addition,
green fluorescent displays tend to fade
over a-period of a few years.

So if you expect a calculator to last
for a long time, it may be wise to
choose another type of display!

Green fluorescent displays require
more current than most light emittin
diode displays, but one shoul
remember that a calculator with a

a

The HP-21 scientific calculator from
Hewlett-Packard features Reverse
Polish Notation.
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This low-cost scientific calculator from
Unitrex retails for around $15.00.

bright display will normally consume a
larger current from the battery than an
instrument with small, less bright digits.
After all, the light energy can come
only from the battery. Many desk
machines employ large green fluores-
cent digits, but as they are operated
from the mains supply, the relatively
large current consumption is unimpor-
tant.

Liquid crystal displays require a
current in the microamp region, so a
cheap disposable battery can last for a
very long time. Indeed, the life of the
battery may be virtually equal to its
shelf life and one may forget to remove
it after it has started to leak. Some
calculators using liquid crystal displays
therefore employ miniature silver
oxide cells. In some cases the cells
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provide a life of some 3000 hours of
normal use.

As the power cells used with liquid
crystal displays can be ?uite small, this

type of display is usually employed in
very thin calculators (perhaps only
5mm in thickness) which can be fitted

into a small carrying wallet and not
make one’s pocket Euige. The life of
liquid crystal displays has been
somewhat suspect, since anr elec-
trolysis can damage the cells, but
current types appear to have a much
longer life than the early types used in
watches. This type of display also has
the disadvantage that a fraction of a se-
cond elapses before the display is clear.

Liquid crystal displays do not emit
any light and therefore cannot be seen
in darkness; they merely reflect
different fractions of the incident light
from various parts of the display. Unlike

Novus Mathematician PR, a specialist
calculator from National Semiconduc-
tor.
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The now famous HP-65 programmable
pocket calculator. Magnetic cards
enable it to use pre-recorded
programs.
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the other two types of display, thm:rh,
liquid crystal displays are easily read in
bright sunlight. Note that liquid crystal
properties suddenly disappear above a
certain temperature (about 40°C), but
reappear on cooling.

PRINTING CALCULATORS: Most
printers are relatively large and have in
the past been confined to desk-top
machines. Recently, however, a pocket
calculator with a printer has come onto
the market. Although the “hard copy”
provided by a printing calculator is very
useful, printers are relatively slow, re-
quire considerable operating power
and are relatively expensive. Most types
operate with a roll of paper 75mm in
width.

NUMBER OF DIGITS: Almost all
calculators have a display which shows
eight significant figures. A few of the
earlier types had a six-digit display,
whilst some of the more expensive
pres show 10 significant figures in ad-

ition to any of the exponential digits
to be discussed shortly.

Four types of display may be used,
namely “fixed point”, “floating point”,
“exponential”’ (also known as “scien-
tific”') and “‘engineering”.

In the fixed point display, the
decimal point is fixed in position. This is
convenient for financial calculations
where one may require two digits after
the decimal point to show the number
of cents. Any further figures may be
used in the calculation, but are
automatically rounded off to the
nearest cent. Some of the higher quali-
tn calculators have a facility whereby
the number of decimal places in the fix-
ed point mode may be set to any re-
quired value.

The type of display most commonly
used in pocket calculators is known as a
floating point display, since the decimal
point automatically moves to any part
of the display so that as many significant
figures as possible are shown. If a small
number is to be displayed, the decimal

oint is at tne left hand side, whilst if a
arge number is to be shown the
decimal point moves towards the right
hand side so there is space for quite a
number of digits in front of the decimal
point.

In the “exponential” or “scientific”
display, an extra two digits on the right
hand side of the display show the
nger of 10 by which the number must

multiplied. A number such as 3.24 x
107 is displayed as 3.24 74. The greatest
number which can be handled is just a
little less than 10'®. This type of display
can also handle very small numbers, 6.8
x 10-* (for example) appearing in the
display as 6.8 -86. A calculator equipped
with this form of display will
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automatically switch over to it when the
quantity to displayed is either too
large or too small to be accommodated
on the floating point system. Ideally the
calculator should automatically return
to the floating point display when the
number to be displayed can be accom-
modated in this form.

In the “engineering” type of display,
the exponential digits are always a mul-
tiple of three. For example, if one has
just calculated a capacitance of 2.34 x
10-'9F, this will automatically be dis-

layed 234 -12 so that one immediately

nows that the result is 234pF. The
writer feels that this form of display is
no great advantage over a normal ex-
ponential display, since it is so easy to
convert to the normal engineering
form.

Most scientific calculators display
eight digits as the mantissa plus two ex-
ponential digits. However, another
gpe of display can accommodate eight

igits which completely fill the display
space; if the number to be displayed
requires an exponential form, the
number of digits in the mantissa is
reduced to a maximum of five or six so
that the two exponential digits can be
accommodated on the right hand side.

The earlier Texas Instruments pocket
calculators displayed 10 digits plus two
exponential digits. Changes have been
made to later models, however.

The TI-57 displays only eight digits in
the floating point mode and eight digits
plus two exponential digits in the ex-
ponential mode. The more
sophisticated TI-58 and TI-59
calculators have a 10-digit floating
point display available when no ex-
ponential digits are required, but for
very large and very small numbers this
10-digit display is converted into an
eight-digit mantissa plus two exponen-
tial digits!

The extra two digits can then be
found by multiplying the displayed
number Ly a suitable power olP10 to
obtain a 10-digit display.
ACCURACY: In very simple
calculations, such as addition, the
calculator will usually give the answer
as accurately as possible with the
available display. However, all
calculators show some errors when one
uses tr?onumetric functions (especially
in the degrees mode) and there may be
some errors when using exponential
and logarithmic functions.

High quality calculators work to a
greater number of figures than those
shown in the display; for example, an
instrument which displays eight digits
may calculate to 11 digits and round off
the calculated result to the nearest
eighth digit. The use of the extra digits
(known as guard digits) greatly in-
creases the accuracy of a calculator.

If one is considering the purchase of
a medium priced calculator, it is well
worthwhile testing for the rounding off
facility. If, for example, one enters five
and divides by three, the result 1.666666
is displayed. If one now multiplies the



result by three, a cheap calculator
without any guard digits will produce
the result 4.999998 instead of five.
However, any ﬁood quality instrument
will produce the result five owing to
the presence of one or more guard
digits.

A more complex test is required to
check the accuracy of a high quality
calculator. One may, for example, put
the machine in the “degrees” mode
and enter a certain number of degrees.
One then successively operates keys
such as sin, cos, tan, tan', cos' and
sin ' so that each operation is cancelled
by an inverse operation. Ideally this
should result in one obtaining an
answer equal to the number of degrees
with which one commenced the
calculation.

In the highest quality calculators, one
may expect an error of the order of
three parts per million, but some fairly
good machines will produce errors of
the order of 100 parts per million. The
errors increase rapidly as one ap-
proaches 90° as the figure with which
one commences the calculation.

Whilst carrying out this test, it is well
worthwhile noting whether each of the
answers appears without any delay,
since some machines calculate much
more quickly than others. If one
attempts to enter a number whilst the
calculation is still in progress, the new
entry will be ignored and this could
cause confusion. A slow calculator can
cause problems and this would ob-
viously be greatly accentuated in a
programmable instrument where a
whole sequence of operations must be
performed.

CALCULATOR LOGIC: Almost all
cheap calculators use an “algebraic”
logic system in which one enters a
problem more or less as it is written. For
example, if one wishes to divide seven
by three, one presses the four keys 7 —
3 = in that order. The answer then
appears virtually immediately.
However, problems can occur with
simgle algebraic logic even when the
problem is simple.

For example, if one enters 1x2 + 3 x
2, one mag; ope that the calculator will
perform the two multiplications before
the addition so as to produce the
answer B. However, most cheap
calculators will first multiply one by two
and then add three to produce five
before multiplying the last figure by
two to produce a final answer of 10.

This trouble can be avoided by using
a calculator employing an “algebraic
logic system witﬁ hierarchy” in which
multiplication and division are given
priority over addition or subtraction.

The “Algebraic Operating System” or
“AOS" used in Texas Instruments
machines employs a particularly com-
prehensive hierarchical system.
Trigonometric, hyperbolic and
logarithmic functions which involve
onlr a sinFle variable number are
evaluated first, followed by power
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SR-51 and SR-50A scientific calculators from Texas Instruments. Both feature scien-
tific notation with a 10-digit mantissa and an exponent up to plus and minus 99.

calculations and root extractions (y*
and xJ¥). These are, in turn, followed by
multiplications and divisions, with ad-
ditions and subtractions performed last
of all. This system enables the problem
to be entered into the calculator almost
as it is written down,

Brackets can be employed to change
the normal order of operations. On a
calculator with brackets, the problem
discussed above could be entered as 1 x
2 4+ (3 x 2) = to ensure that the final
multiplication would be completed
before the addition. It is not necessary
to place the first two items in brackets,
since this multiplication will in any case
be carried out as the first operation.
Brackets are also known as parentheses,
each item within brackets being
regarded as a separate calculation in
itself which must be evaluated so that
the result can be used in the main
calculation.

The use of brackets involves the
storage of numbers. if, for example, we
consider the problem 2 +4x (3 — 2+
{5 — 2)), the initial 2 is stored with the
+ sign so that the addition can be
carried out later. Similarly the 4 x must
be stored until the contents of the next
bracket have been evaluated. In addi-
tion, the 3— must be stored and the
first item to be evaluated is the inner-
most bracket, namely 5 — 2.

The fact that brackets involve
memory operations implies that the
number of brackets one can place in-
side other brackets is limited; the
number of levels of nested parentheses
(or brackets within brackets) may be 10
or 15 in some programmable machines,

but in some relatively economical
calculators, brackets are not permitted
within other brackets.

REVERSE POLISH NOTATION: Another
logic system which was widely used in
some of the earlier scientific
calculators, and which is favoured by
Hewlett-Packard in their high quality
instruments, is known as Reverse Polish
Notation or RPN. The main difference
between this type of logic and the
algebraical systems discussed previous-
ly is that in RPN the operator key is
pressed after both numbers have been
entered.

Thus to multiply 2 by 3, one can press
the four keys: 2 enter 3 x and the
answer aipears immediately after the
operator key is pressed (x in this case).
The “enter” key signifies that one has
completely entered the first number
and that the next digit will be part of
the second number. Sometimes the
enter key is marked with an arrow
pointing upwards.

There is no = key on an RPN
machine, so this can be used to dis-
tinguish the type of logic used. Brackets
are not used in RPN, Both RPN and the
algebraic system have their own advan-
tages for certain types of problem and
any user will quickly learn to use either
system.

Basically, RPN machines solve the
problems in the same order as they
would be worked out by a person, star-
ting with the innermost bracket; this is
not the order in which the problems
are written down. One of the advan-
tages of RPN is that intermediate results
can easily be inspected and corrected if
necessary before the remainder of the
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calculation is completed. Intermediate
results are stored in a register stack.
PROGRAMMABLES: A programmable
calculator will store a set of instructions
containing the information about the
calculations it will be required to per-
form. If, for example, one wishes to
calculate x2 + 1/(eY+1) for many
different values of x and y, one could
instruct the calculator to store the first
number (x) fed into it and, after the se-
cond number (y) has been fed into it,
the calculator can be instructed to
compute the required function.

When the calculator has memorised
the instructions, one merely enters the
value of x, presses the program “run”
key, enters the value of y and then
presses the “run” key again. The value
of x2 + 1/(e¥+1) will appear in the
display.

It can thus be seen that one of the
main advantages of a programmable
calculator is that any number of similar
calculations can be performed when
the instructions have been entered
only once, A programmable calculator
can also be used as a normal calculator
whilst retaining the program instruc-
tions which have been fed into it.

It is clear that programmable
calculators are very useful when one
wishes to perform many similar
calculations of the same type; apart
from the fact that one only has to enter
the operations once, one eliminates the
possiblity of errors which could occur if
one had to operate the individual keys
each time one fed in a new set of
numbers. However, the ability to per-
form repetitive calculations is only one
of the advantages of a programmable
calculator.

Almost all programmable calculators
have conditional branching facilities
which enable them to work in closed
loops. The program works along a cer-
tain list of instructions until it comes to
a conditional instruction such as "GO
TO 64 if x>y.”

In this case if x is greater than y, the
program execution will move to posi-
tion 64 in the program memory and
continue from there onwards until it
comes to the same conditional test
again. It will continue working around
this loop until x no longer exceeds vy,
whereupon it will ignore the GO TO in-
struction and come out of the loop.

The simple example we have chosen
includes a direct conditional address
where the program is instructed to
move to a definite place, namely step
64. However, it is also possible to have
indirect addressing in which the
program is instructed to move to a
program location stored in a particular
memory register. This storecranumber
can alter during the execution of a

program and so the program can be in-
structed to move to different places at
different stages of the program.

Other methods of transferring the
program execution point are also
available in some calculators. For exam-
ple, one labels a point in a program by a
symbolic label name, such as “A”. One
can incorporate an instruction “If a flag
is set at a certain point, then transfer
the program to point A.”

Another facility which adds greatlgto
the power o( a programmable
calculator is the “isz” (increment and
skip on zero) or “dsz” (decrement and
skip on zero) key. The program passes
around a loop and each time it passes
this key a memory register is increased
or decreased by unity until the contents
of this register become zero. The
branching instruction that follows the
key is then skipped and the program
comes out of the loop.

Thus, by entering the appropriate
number into the register before the
calculation commences, the program
can be made to pass around the loop
any desired number of times.

Programmable calculators provide a
means of quickly evaluating polynomial
expressions and for carrying out many
iterative procedures, Indeed, when
used intelfi’
mous potential.

PROGRAM SIZE: The complexity of a
calculation is limited by the amount of
memory or storage space in a program-
mable calculator. The size of the
memory is normally expressed as the
number of program steps which can be
stored, although this is not a very
satisfactory way of quoting the max-
imum program size. Many high quality
calculators have facilities whereby cer-
tain sequences of key steps occupy only
one space in the program memory so
that tﬁe memory in such machines is
effectively much larger than one might
expect from the number of key steps.

A typical programmable calculator is
about three times the price of a good
quality ““scientific”’ non-programmable
instrument, but provides far greater
calculating power. The smallest
programmable calculator currently
available has a 36-step program
memory; although the programming
facilities of this Sinclair instrument are
rather limited, one must remember the
price is about one half to one third that
of other programmable machines.

Pocket calculators having 72, 100 and
224 memory storage steps are common,
whilst desk machines often have 500 to
1000 steps with the option of additional
memory space. One should remember
that it can be tedious to check a
program having hundreds of steps if
one does not have a printer available,
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gently, they have an enor--

The CZ8100, a low-cost easy to use
scientific calculator from Sanyo.

Another low-cost scientific calculator
from Unitrex, the 9075N.

and the printer is likely to cost twice as
much as the calculator itself.

If one has a long program, it requires
some effort to enter it into the program
memory using the keyboard. Unfor-
tunately the program is lost in most
machines as soon as the power is
switched off. However, a few
calculators have a ‘“‘non-volatile” or
“continuous’’ memory which retains a
program even after the calculator is
switched off.

Examples of instruments with a non-
volatile memory are the Hewlett-
Packard HP-25C, their new HP-29C, and
the HP-19C pocket model incor-
porating a printer. The new National
Semiconductor 7100 model will also
have a non-volatile memory.

The CMOS memory used in such
models consumes a negligible amount
of power so that the rechargeable
battery pack can ensure that the
program is stored for an indefinite
time. The ordinary data memories of
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these machines can retain data even
after the calculator has been switched
off.

If one wishes to keep a program for
later use without having to go to the
trouble of entering all of the key steps
again, one should consider obtaining
one of the magnetic card program-
mable calculators. In most of these in-
struments a small magnetic card (rather
like a credit card in shape and size) is
drawn into the calculator by an electric
motor and the stored program is
magnetically recorded onto the card.
When one wishes to use the program at
some later date, the card is again passed
into the machine. The program is then
read into the calculator memory whilst
still remaining recorded on the card for
further use.

Magnetic card programmable
calculators are very convenient to use
and one can keep a small library of

rograms available on cards. Cards can
Ee purchased with programs already
recorded on them. One of the main
disadvantages though is that magnetic
card programmable calculators are
about three 1o four times the price of a
similar calculator which is only key
programmable. The program stOraﬁe
process also takes a considerable
amount of power.

The Casio PRO fx-1 machine is a card
programmable calculator in which the
card is passed across the reader by hand
rather than by means of an. electric
maotaor; it is thus more economical than
most other magnetic card program-
mable instruments.

An interesting development from
Texas Instruments is used in their new
TI-58 and Ti-59 calculators. Small
modules about the size of one’s thumb
nail can bhe plugged into these
calculators and provide as much
program material as can be accom-
modated on many magnetic cards. Un-
fortunately only programs recorded
during the manufacture of the modules
can be made available at present in this
way. A singie module contains 5000 x 8
bits of read-only-memory which is
ecruivalent to some 5000 program steps,
all of these steps being available
through the keyboard as sub-routines,
elc.

PARTITIONABLE MEMORY: The TI-58
and TI-59 calculators have another
unique facility, namely a partitionable
memory. This type of memory can be
divided between program steps and
data storage according to the re-
quirements of any particular problem.
When first switched on, the TI-58
provides 240 program steps and 30
memories, but memories and program
steps can be interchanged on the basis

of 80 program steps being equivalent to
10 memories. Thus one may have 60
memories and no program steps, 50
memories and 80 program steps, 40
memories and 160 program steps, etc.;
or even 480 program steps and no
memories.

The still more powerful T1-59 has 60
memories and 480 program steps when
switched on, but one can have 960 steps
and no memories, 160 steps and 100
memories, or some other combination.

The facility to partition the memory
between program and data storage
greatly increases the versatility of a
calculator. One can handle many data
points with a simple program, or a few
data points with a program which can
be very complex.

POSSIBLE DEVELOPMENTS: Pocket
calculators have developed extremely
rapidly during the past few years and it

The state of the art: combined scientific
calculator and digital wrist watch from
National Semiconductor.

seems likely that many more advances
are yet to come.

One of the limitations of present
machines concerns the limited amount
of data which a calculator can display at
any time. One wonders whether there
will not be some facilities on calculators
of the future to enable them to be
coupled to a television screen display.

Data could be modulated onto a
radio fequency carrier which could be
fed into the aerial of a television
receiver. The amount of data on a
single display could be quite large and
graph plotting, etc., may be possible.

At the present time, magnetic cards
offer the best form of long term
program storage, but there is certainly a
need for a less expensive technique tor
use with pocket calculators. It remains
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to see what new techniques are even-
tually developed.

It seems certain that more calculators
in the future will have non-volatile
memories, but this enables only one set
of program steps to be stored at any
one time. It may well be that more

lug-in modules will become available,
or use with certain calculators, which
contain a large selection of programs
for use as subroutines. Both the new
Texas Instruments and the new
National Semiconductor calculators
have plug-in facilities for program
modules.
SOLAR CELLS: One unusual type of
calculator requires no mains supply and
contains no batteries, since its liquid
crystal display is operated by light fall-
ing onto an array of solar cells at the top
of the front face. This “Solar 1981"
model made by Imperial Business
Equipment Ltd of Leicester, England,
has 36 solar cells, but is a simple model
without any trigonometric or special
mathematical functions. Although its
price is considerably greater than that
of other general purpose calculators,
the savings on battery costs over a long
period should be considerable and one
never has to remember to recharge or
replace a battery. Perhaps some
sophisticated solar cell calculators will
emerge in the fairly near future.

Calculators are also emerging in new
forms and one of these types can be
strapped to one’s wrist like a watch.
One very cheap wrist calculator with
eight digits and a memory is available in
Europe, whilst Hewlett-Packard have
introduced a calculator/wrist watch in
the USA at about US$650; it will be
available throughout the world later
this year. This Hewlett-Packard HP-01
instrument has six finger-operated keys
and another 22 “keys” operated by
means of a stylus.

The HP-01 incorporates an alarm,
timer-stop watch, a digital watch and
the various functions can be combined
in interesting ways to do such things as
wcontinuously displa'lv the increasing cost
of a telephone call with time, store a
telephone number, show the number
of days between any two dates, etc.

A very small calculator has been
made available in the USA in the form
of a ball-point ﬁen. and it seems likely
that various other forms of miniature
calculators will come conto the market.
A crystal controlled calculator, stop
watch and alarm clock is available from
Casio as their CQ-1, the timing ac-
curacy being +3 minutes per year.

Some calculators have been
developed which can calculate in frac-
tions and display fractions in their
readout, but it seems doubtful if there
will be a great demand in the future for
this particular facility. -

The writer is indebted to Mr Peter
New of Taylor-Wilson Systems Ltd of
Solihull, Warwickshire, England, B93
8HQ for assistance in the preparation of
this material. 2
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