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TRS-80%. . the affordable classroom computer!

Have you considered how
valuable a computer would be in
your classroom —if only it weren't
so expensive? Computers are a
fact of life. Tomorrow'’s adults
must be prepared to accept them,
and you should rake full advantage
of them. Now — today — the
affordable classroom computer
exists, and its name is TRS-80.

“Stand-Alone” Computer

TRS-80 isn't a terminal, tied to a
“host” computer (but it will adapt
to this use if you wish). TRS-80 is
programmed in BASIC, a
plain-English language anyone can
learn easily, should you decide to
teach programming. TRS-80 can
be programmed to give quizzes
and drills in any subject. It will
perform complex calculations in
math, science and lab courses. It
can catalog specimens or lists and
analyze data. TRS-80 will test
students with randomly generated
math problems which almost
never repeat. In addition, TRS-80
can report each student’s score.

Radie fhaek

The biggest name in little computers™

Inexpensive Audio
Cassettes Store Programs
and Data

Build your own library of subject
matter.

A great advantage of the
classroom computer is that it's
fun! It maintains the student’s full
attention long beyond the normal
attention span limit.

TRS-80 provides career
training in computers.

When class is over, TRS-80
becomes a tireless teacher’s aid,
maintaining student records and
parent lists, grading tests,
compiling class statistics and
freeing hours of a teacher’s
valuable time from “pencil
pushing” tasks.

TRS-80 classroom computer
systems start at only $599,
including everything pictured
below plus an outstanding
232-page manual written by an
educator. Cost per student or per
student-hour is astonishingly low.

Send to: Radio Shack, Division of Tandy Corporation
Dept. C-183, 1400 One Tandy Center
Fort Worth, Texas 76102

[] Send me your 20-page Microcomputer Catalog

es. O Send Title Funding Information

TRS-80 can be expanded to
include a more powerful language,
more memory, very fast
Mini-Disk storage, printers and
more. Expand as far as your use
dictates, now or in the future.

Local Availability

Radio Shack’s nationwide network
of stores means one is just around
the corner. We have over 50 repair
centers with another 50 coming
soon. TRS-80, as your classroom
computer, is backed by Radio
Shack’s 58 years of electronics
leadership, where you need it —
locally.

Our New Catalog

Read about all of TRS-80’s
hardware . . . 20 volumes wouldn’t
list all the possible uses. Or better
yet, visit your local Radio Shack
store and try TRS-80 yourself.
Ask to see our pre-programmed
study aids for math, algebra and
TRS-80 programming. Now that
it's available and affordable, isn't it
time low-cost computing was
going to your school?

CIRCLE 45 ON FREE INFORMATION CARD
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JEFFREY MAZUR

IF YOU THINK MICROCOMPUTERS ARE JUST A FAD OR
you’re waiting for them to die out like 4-channel hi-fi,
don’t hold your breath. They are herg to stay and if you
plan to keep up to date in electronics you must s;art
learning to deal with computers. Perhaps one of thcb est
ways to do this is to go out and buy one. If you have cen
thinking about buying a personal computer bu_t ca?t
decide on which one, then the followu}g pages are just orl
you. In this special section we wil! investigate persona
computers and some of the peripherals available fto
expand their capabilities. To help you thrc_mgh the coxi_ u-
sion of choosing a computer system we will review a few
computer basics and outline the factors that should go
into making your decision. el

The first step towards selecting a computer is sx;nplc—
STOP! Before you lay down a single dollar on eq.ulpmel:jt,
stop and think carefully about yvhat you are going to do
with the computer. Make a list of what you thm'k'lla
computer should do for you and how much you are will-
ing to pay for it. With this in 'Il’ll!ld, examine the ve&l}(‘ms
systems that are available within your b‘udget. When
comparing systems, try to normalize their capabilities
whenever possible (i.e., don’t compare one manufactur-
er’s 4K RAM system to another’s 32K RAM system)..

The second rule is to use CAUTION when comparing
specifications. Unfortunately, there is no standard lfo(;
rating computers; if you're not careful, you may be mis ed
by the information you receive from ma.nufacturcrs an
dealers. Also beware of claims for fantgstlc new ’[’nachmcs
or peripherals that are “not quite available yet.” Almost
every personal computer manufacture_r has _had delivery
problems on new products (some are s_tlll having problemls;
keeping their two-year-old products in stock}. Althoug
you will be mainly concerned about the equipment that
you are buying, don’t forget about the programs (soft-
ware) that are needed to make your system work. So_mc
computers come complete with much_ of the operating
software already “inside the box,” that is, in I_{OM (Read
Only Memory); with others you have to buy it separat'aly
and load it into the computer. The amount of qommcrcm!—
ly available applications software may also be important if
you don’t plan on writing your own.

Introduetic

The personal computer is a recent elec-
an active role in our everyday lives. Its appli-
tion. Here is a look at what the personal computer is all about

RADIO SHACK’'S TRS-80 microcomputer system.

Finally, when you have decided upon the system that is
right for you, go to a reputable computer dealer in y01_llli
area. Computer sales are seldom a one-shot deal; you w1d
probably be back to buy addltipnal items or. may ne&l:l
help in getting your system running. The dealer who sells
ydu a computer knows this and will usually bend over
backwards to help you get startgd. If you know exactly
what you want and price is the primary concern, then you
can buy from one of the many rpall-ordcr firms selling
computers. Don’t be afraid of losing your money—espg—
cially when you can charge it to your credit'cards_—but ke
prepared to wait a while if what you wan,t is not in stock.
Remember, however, that if you haven’t received your
order within 30 days, you have the right to ask for your
money back. Also remember that the money saved means
assistance forfeited.

Uses for a computer /
i i or
As a quick guide, some of the more common uses f
personalqcomputcrs are listed below. With each is a brief
description of the factors that will be of most importance
when selecting the type of system you 1l need.

Educational—One of the reasons most people buy a
personal computer is simply to learn abqut comput-
ers. Any computer can be useq asa Iearnlr}g tool, but
your degree of experience will usually dictate how

tronic marvel that is capable of taking

cations are often limited only by ones imagina-

and what you need to know to select the system that’s best for you.

HEATHKIT H9 CRT terminal.

you plan to communicate with the computer. If you
are comfortable programming in binary, hexadeci-
mal, or mnemonics, then you could get by with a
small single-board computer. If you want your com-
puter to communicate in more English-like terms and
let you know when you make a mistake, then you will
require extra hardware and software, Another impor-
tant factor is the documentation and instruction
manuals supplied with the computer. Someone with
no experience might want a manual that explains the
computer’s operation step by step without going into
the details of how the computer works. Another
person might be more interested in detailed docu-
mentation (schematics, software listings, etc.) on the
computer he or she selects. Wherever the manufac-
turer’s information is lacking, there are numerous
books and magazines that may provide a more suit-
able description.
Personal recordkeeping, filing, data processing —
The key words for these applications are memory and
speed. Translated into hardware, that spells a floppy
disc. If you also want printed output, or hard copy,
then you should also investigate what will be required
to connect a printer to the computer. There is soft-
ware available in this area; it might save you days or
weeks from writing your own. For small business use,
the software should be tailored to the specific needs
of the business.

Home security, menu planning, checkbook balanc-

ing, etc.—If your main desire for a computer is to do
things like this—save your money. Unless you have
some extremely complicated system in mind, the
above tasks would be better handled with dedicated
devices that cost less.
Playing games (nongraphic)—All computers can be
programmed to play games (in fact you rarely see a
computer demonstration that doesn’t include one).
Nongraphic games range from the simple question-
and-answer variety to pseudographic displays using
normal ASCII characters. Since all but the simplest
games require some form of alphanumeric input or
readout, this means having a terminal of some type. If
games are your primary concern, then one of the
Prepackaged home computers such as the Apple I,
TRS-80%, PET®, Atari or Challenger II* would be the
least expensive way to get into computing.
Playing games (graphic)—Although many computer
hobbyists hate to admit it, personal computers are
used to play games more than anything else. One of
the reasons is because most of them can display
graphic images on a video screen. This makes the
computer rival (and sometimes exceed) the most
sophisticated TV video games on the market. The
inclusion of graphics commands in many versions of
BASIC ( a high-level programming language that uses
English-like commands) has made writing your own
game programs even easier. Again, the prepackaged
home computers have brought graphics (some in
color tool) to a low-cost computing system.

The complete system

A computer system can be roughly divided into four
parts as shown in Fig. 1. The first choice you will have to
make is the mainframe or actual enclosure that the
computer will sit in. Choosing a mainframe generally
implies selecting a particular bus structure (more on this
later) as well as which microprocessor IC is going to be
used. Mainframes range in complexity from the simplest
one-board computer such as the KIM-15, up through the
Altair-type “box” with its elaborate front panel, to more
conventional turnkey (simple front panel) systems. Pre-
packaged home computers also qualify as mainframes
although they include much more within a single enclo-
sure.

One aspect of the mainframe that deserves special
attention is expandability. Since the mainframe is only
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SOUTHWEST TECHNICAL 6800 system
and options.

SPEECH RECOGNIZER
VOICE SYNTHESIZER
AC CONTROLLER
REALTIME CLOCK
LIGHT PEN

VIDED CAMERA

A/D & D/A

POWER SUPPLY

PERIPHERALS l MAINFRAME
I
PERIPHERAL MEMORY
MASS STORAGE | MAIN MEMORY |
CASSETTE | RAM
DIsK i ROM
PAPER TAPE I
I
1/0 | CPU &
KEYBOARD | ~ SUPPORT CIRCUITS
VIDEQ DISPLAY |
PRINTER |
MODEM |
I

FIG. 1I—COMPUTER SYSTEM broken down into
components contained within mainframe and
peripheral devices.

the beginning of a system, you must allow for the
expected additions that you may want in the future.
Expandability can be measured by the number of slots
available for additional boards, the type and number of
external connectors, and by another important factor,
power supply capabilities. The power supply is something
you want to choose wisely from the beginning, so that you
won’t have problems later as the system grows. Most
large mainframes use standard power supply designs
which tend to make them big and heavy. They can easily
be compared by the amount of current that they can
supply. You can determine what you will need by adding
up what all of your components will draw and adding a
large safety margin. Don’t overlook the possible need for
a fan to cool the power supply and all of the various
boards. At least one manufacturer (Apple Computer)
uses a highly efficient switching power supply in their
prepackaged computer system.

Central processing unit

Although your choice of computer may not be based
upon what CPU it uses, you should be aware of the capa-
bilities of the particular microprocessor IC that you get.
The most important specification of a microprocessor is
its data word length. For most of the computers we are
discussing here, this will be 8 bits. However, there are
many 16-bit CPU’s coming out now as well as older 4- and
12-bit devices. As you might guess, a 16-bit machine has
about twice the computing power of a similar 8-bit unit.
Another important characteristic of a CPU is its address-
ing capabilities. This includes its total range of addresses

(usually 64K) and the various addressing modes sup-
ported by its instruction set. Other factors of concern are
the clock frequency (or more importantly, the average
instruction time) and the CPU’s I/O structure. These
factors are only given for reference; in reality, almost any
CPU can be used for a given task.

If you plan on buying most of your equipment from a
single company, then you may not be too concerned with
the bus structure or CPU type. Everything will be
designed to “plug in and go.” However, if you want to
take advantage of the enormous amount of hardware and
software available from independent suppliers, then you
will definitely be concerned with these two factors. As for
the former, the present king is the S-100 bus. Any
computer designed around this bus can make use of all the
various peripherals manufactured to this standard. There
are many other bus standards (although it seems like
everybody is starting their own lately), and if the periph-
erals you desire are available for any particular computer,
then that’s all that matters. As for CPU selection, the
same thing applies. Here, the 8080 has reigned but other
microprocessors such as the 6800, Z-80, 6502, etc., are
finding their own place. When you go to buy software,
you will run into a similar problem of compatibility with
your CPU. The main point here is that when you go
looking at both hardware and software, remember that
not every add-on you see will work with every computer.
Check out what is available before you decide on your
computer.

Memory

A computer would be worthless without some sort of
memory to hold a program and data. In particular, we can
define internal memory which the processor has direct
access to, and external memory, or mass storage, which
the computer must load into its internal memory before it
can be used. Internal memory consists of RAM (Random
Access Memory) and ROM (Read Only Memory). All of
the data that the computer manipulates is stored in RAM
along with essential information that allows the computer
to keep track of what it is doing. Most of the time, the
actual program is stored here too.

OHIO SCIENTIFIC Superboard II.

F

A major question you might ask is: “How much RAM
do I need?” There is no simple answer to this question as
it depends on the particular computer, program and data
requirements that you have. Most computer dealers can
help you make this decision. Fortunately, RAM can
usually be purchased in blocks of 2, 4, 8, 16 and 32K
bytes at a time (a byte is roughly equal to one character).
Thus, you can start with a small amount of memory and
add more as the need arises.

Of less importance is the type of RAM that you get. It
will either be static or dynamic. Dynamic RAM’s are less
expensive (per bit), are available in higher density pack-
ages (more bits per chip), and consume less power. For
these reasons, they are becoming more popular than static
RAM’s. Their major drawback is that they require peri-
odic “refreshing” or else they lose the information that
was stored .in them. This means that extra circuitry is
usually needed to insure that the memory is refreshed
properly. However, microprocessors like the Z-80 are
eliminating this problem entirely with “invisible refresh”
circuitry already contained within the IC. Static RAM’s
are still widely used, especially in older machines that
were not designed for dynamic memory, Static RAM’s do
not require any refresh.

All RAM’s lose their memory when power is removed
(i.e., they are volatile). Therefore, to keep a program
permanently in the computer requires some sort of non-
volatile memory. For mass-produced programs such as
monitors, BASIC interpreters, etc., a ROM can be used
to store the information. A ROM acts just like a RAM
whose data has been permanently stored at the time of
manufacture. If you wish to store your own programs,
PROM’s (Programmable ROM) or EPROM’s (Erasable
PROM) are used. PROM’s can be programmed only
once—some of them use fuses and are programmed by
burning out the appropriate ones. Thus, if you make a

mistake or want to change data, they usually have to be
thrown out. EPROM’s on the other hand are reusable.
When you want to reprogram them, they are first erased
by exposing the chip to strong ultraviolet light. Newer

ATARI model 800.

devices are just coming out that will make nonvolatile
storage just as easy to use as RAM’s.

When the amount of data exceeds the internal memory
capacity, or for permanent storage of programs and data
when not in use, we turn to mass storage devices such as
magnetic tape, disc, or paper tape. The availability of
ordinary cassette recorders has made them a popular
choice for mass storage. They are inexpensive, easy to
interface, and one cassette can hold millions of bytes.
However, they are very slow in transferring data to and
from the computer and even slower in finding the correct
data on the tape. Some specialized digital cassette systems
are available with higher data transfer rates and searching
capabilities, but a more popular alternative is the flexible,
or floppy, disc drive. This offer is one of the best tradeoffs
between price, speed and capacity. Paper tape is used by
a small percentage of computer hobbyists; its major
advantage is compatibility with larger minicomputer
systems. Other devices such as hard discs, bubble memo-
ries, etc., are beyond the reach (in terms of cost) of most
hobbyists at this time. The increased use of computers,
and thus a large amount of memory devices, has made
memory technology one of the fastest growing areas in
electronics.

Input/output

Getting information to and from the computer is the
job of I/O devices. On the input side, a keyboard or
terminal is usually used that makes talking to the comput-
er as easy as typing. Other forms of input could come
from a modem (telephone linkage), external switches, A /
D converter, etc.

The most common form of output from a personal
computer is via a video display (either a modified televi-
sion set or a special CRT terminal). For hard copy, a
printer and/or plotter can be added. These are described
in greater detail elsewhere in.this section.

Specialty devices

For special requirements, there is a wealth of peripher-
als that can be added to your computer. For instance,
several manufacturers make speech recognition units and
voice synthesizers, making it possible to talk and listen to
your computer. Light pens make data entry easy as do
digitizers, and even video cameras can be used to give
your computer “eyes.” For applications requiring precise
timing or time-of-day information, there are real-time
clocks; and AC controllers allow the computer to turn
appliances on and off. For the true hardware enthusiast,
blank breadboards are also available to build up your own
customized circuits.

Software

So far, we have only discussed the actual equipment
that goes into making a computer system. However, this
is only half of the story. Without a program (software),
the computer would just sit there and do nothing. In
general, there are two kinds of software: system and appli-
cations. As their names imply, system software consists of
programs that allow the computer to function as a
complete system; in particular, to make your job of writ-
ing application software as easy as possible. Some of the
system software that you will want to look for are:

Monitor—A monitor (not to be confused with the
television device used for video display) is any

[4:]
—h
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RCA VIP with monitor.

program that allows you to communicate with your
computer in terms other than binary 1's and 0’s. In
most cases, a monitor will allow you to examine, write
into, or start execution of a machine language
program at any location in memory. Other features
such as debugging aids and cassette tape load and
store routines may also be included. A monitor is an
essential tool when it comes down to seeing exactly
what the computer is doing.
Assembler/Editor—Writing programs in machine
language is tedious and hard to debug. Changing one
instruction in the program can necessitate rewriting
much of the rest of the program. With an assembler,
the program is written into a text file that can easily
be read, documented, altered and debugged. The
text file (source code) is then translated into an actual
machine program (object code) by the assembler. If
there are any errors in the source code, the assem-
bler will identify them, making debugging easier.
I/0, DOS, etc.—These programs are designed for
the particular devices to which the computer is
connected. They provide the software necessary for
transferring data between the computer and the
peripheral.

High-Level Languages—To many people, this
means BASIC. The purpose of any high-level lan-
guage is to make programming faster and easier.

COMPUCOLOR SYSTEM has full color graphics.

Languages like BASIC use English-like statements
(e.g., LET X=5, A=B+C, etc.) that make learning
how to program literally child’s play. High-level lan-
guages must somehow transform the program into
machine language that the computer can under-
stand. This is done with either a compiler or interpret-
er. A compiler takes a program written in the high-
level language and converts the whole program into
its equivalent machine code. An interpreter, on the
other hand, runs simultaneously with the high-level
program interpreting each statement into appropri-
ate machine code one line at a time. Most personal
computers with BASIC use an interpreter. Although
slower than a compiler, it allows the computer to
warn the user immediately when certain mistakes are
made.

Remember that unless the system software is in ROM,
you will have to load it into the computer from either
cassette tape, paper tape, or disc, which will use up some
of the RAM that you have. System software is only useful
in making the computer easier to program. The actual
task that you want the computer to perform must then be
programmed into the computer. This is the application
software.

Application software

Getting a computer to keep track of payroll, calculate
prime numbers, or play chess requires a unique program
for that particular application. These may be programs
that you write yourself or commercial programs that you
can buy and load into your machine.

For doing your own programming, your main concern
will be with the languages in which the computer can be
programmed. When using assembler/editors and high-
level languages, be aware that they are not all equal.
There are many versions of the BASIC language for
instance; some may be very limited (sometimes called
Tiny BASIC) while other versions equal or exceed the
original Dartmouth language.

Another concern is with debugging aids that are some-
times included with the language to help you find out why
a program doesn’t work the way you think it should.
Editing, cursor control, graphics and file structures are
also important to making programming easier.

Although it may take days, months, or even years to
develop a particular program, it takes only minutes to
mass-produce copies of it. Because of this, commercial
software may be extremely valuable if you don’t have the
time, skill, or desire to write your own. Prices for personal
computing software is relatively inexpensive: usually
under $10.00.

Conclusion

Choosing a computer system is not easy. But no matter
what computer you get, it will put a new and exciting
world of electronics at your fingertips. Buying a comput-
er, however, is only the beginning. As your needs (and
budget) grow, you will be interested in adding other
peripherals to the system. To help you understand termi-
nals, printers, etc., read on as the next pages describe
them in detail. R-E

TApple Il is a registered trademark of Apple Computer, Inc.

2TRS-80 Is a registered trademark of Tandy Corp.

3PET is a registered trademark of Commodore Business Machines.
‘Challenger Il is a registered trademark of Ohio Scientific.

SKIM-1 Is a registered trademark of Commodore Business Machines.
SAltair Is a registered trademark of Pertec Corp.

Printers

For Personal

The CRT video display is the most-often-used
read-out for personal computers. If you want hard
copy, you’ll need a printer. Here’s how they work.

JEFFREY G. MAZUR

NOT TOO LONG AGO, THE MOST COMMON
method of interactive communication with a computer
was via a printing terminal (Teletype ASR-33 and Select-
ric terminals). At first glance, watching one of these
machines “type” at 10-15 cps (Characters Per Second, or
120-180 words per minute) was rather impressive. How-
ever, waiting several seconds for the computer to make a
simple reply, or minutes for a small program listing, left
much to be desired. At that time, a CRT or video termi-
nal was considered a luxury; its writing speed of 1000 cps
or more made it an excellent means of communication.
But when you were through working with the computer,
you had no written record of what transpired.

Today the situation is quite different. Advances in
microelectronics have made the video display much less
expensive and almost all personal computers use them as
the primary output device. This leaves most hobbyists
without any way to generate hard copy. Printers have
become the luxury of home computerists, especially when
you consider that the price of a good printer may equal or
exceed the cost of the computer itself. Whether printed
output is your primary goal (generating mailing labels,
invoices, tickets, etc.) or strictly a convenience (listing
long programs to make them easier to read and debug),
the following information should help you choose the
right printer for you.

Printer basics

Printers can be classified as either impact or non-
impact, with either complete or matrix character forma-
tion. Impact printers operate much like an ordinary type-
writer; they rely upon a hard object striking against a
ribbon to transfer ink onto the paper.

Non-impact printers use a variety of other technologies
to convert electrical signals into readable copy. As for
character formation, fully formed characters are printed
with a single stroke of an appropriate die. Matrix printing
divides the character field into a finite number of cells
(dots) in the same way most CRT and video displays do.

These two basic parameters represent many of the
tradeoffs that can help you narrow down your choice of

printers quite rapidly. For example, while offering good
printing speed at low cost, non-impact printers usually
require special paper and cannot generate simultaneous
multiple copies. So if you want to print mailing labels or
multipart forms, you must use an impact printer. For
highest quality printing, fully formed characters are
desirable; but matrix printers allow special characters and
graphics to be printed along with the ordinary text.

Almost all non-impact printers have matrixed charac-
ters. Thus we can divide printers into three categories:
Sully formed impact, matrix impact and matrix non-
impact.

Fully formed impact

This type of printer can range from modified electric
typewriters to high-speed drum and band printers.
Changing fonts (where possible) calls for replacing the
print die. Paper advance can be either friction feed or
tractor feed. Furthermore since this is the oldest printer
technology, there are many of this type of printer avail-
able.

Cheap and dirty

Probably the least expensive approach to making a
printer is to add a bank of solenoids to an electric type-
writer. The solenoids are positioned over each key and
connected to the computer so that they can be actuated at
the proper time. Mechanical limitations keep printing
speed rather slow (less than 10 cps) and the mechanisms
are fairly noisy. But print quality can be very good and the
ability to use almost any kind of paper is a real plus for the
hobbyist. Some newer models have interchangeable char-
acters on one or two keys that can be used for special
applications. If your main desire is to print a large number
of letters on your own stationery, this might be an
economic solution.

Selectric based printers

Along these same lines, the ball-type Selectric (an IBM
trademark) typewriters were made into portable comput-
er terminals. With a top speed of 15 cps, they also double
as an excellent typewriter for standard use. Without
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FIG. 1—CYLINDER BASED PRINTING is used in
many terminals.

modification, Selectrics require a different electrical code
than microcomputers. Additional circuits must be added
to make them work with the standard ASCII code.
Because of this, most Selectrics can be used for printing
only (the keyboard cannot be used as input to the comput-
er). Many suppliers have used or refurbished units for
sale at a reasonable price; some include the ASCII
conversion. Interchangeable type-balls are available and
you can change character fonts easily and quickly.

Teletypes

While on the subject of full-character impact printers,
we should mention the Teletype model 33’s. These are
complete send /receive terminals that were the workhorse
of the computer industry not too many years ago. Because
there are so many used model 33’s available at low cost,
many hobbyists have used them as printers. Painfully
slow (10 cps) and even more painfully loud (they can
make any room sound like a network newsroom), they
offer fine print quality and an extra keyboard if you want
to use it.

Cylinder drum printers

These printers use a character-studded, rotating cylin-
der or drum (see Fig. 1). A series of hammers strike the
paper against an inked ribbon and the drum to transfer
the character onto the paper. The hammers are fired
under electromechanical control so they strike the paper
at the precise time when the appropriate character on the
drum is opposite the hammer. A cylinder printer may
contain one to ten complete sets of characters on its face.
Thus several characters may be printed before the cylin-
der must be moved horizontally to its next position.

A drum printer (see Fig. 2) has up to 132 character sets
(one for each column that it can print). An entire line is
printed at once without any horizontal carriage move-
ment. This type printer consists of a wide range of print-
ers—both in price (from under $400 to over $10,000) and
speed [10 cps to 2000 Ipm (Lines Per Minute)].

Daisy wheel

These devices get their name from the petal-like
construction of their printheads (see Fig 3). A servo-
mechanism controls the position of the character wheel so
when the correct character petal has been spun into place,

ENTIRE CHARACTER REPERTOIRE
SURROUNDS PERIMETER OF DRUM

CHARACTERS REPEATED
ACROSS LENGTH OF DRUM

RIBBON
PAPER

ELECTRICAL

DRIVE SIGNAL
FIG.2—THE BASIC DRUM IMPACT LINE PRINTER compares the
contents of a buffer containing the data to be printed with the
position of the desired characters in each print column. At the
proper time, the appropriate hammers are activated and the line
is printed.

PIN FEED SPROCK :

SPROCKETS ~_

\ —“<Zf PRINTWHEEL -

) TOTAL OF 96 SPOKES 5
WITH CHARACTERS- 2
EMBOSSED ON TIPS

RIBBON

PRINT
HAMMER

PRINTWHEEL
MOTOR

CARRIAGE
MOTOR

ENCODERS

FIG. 3.—A TYPICAL DAISY-WHEEL PRINTER. Many printers use

‘a microprocessor to control the priniwheel and the print

hammer’s impact force.

ONE SECTION OF
56 CHARACTERS

RIBBDN/ //{
{

(INKED OR
CARBON FILM)

132 PRINTING
POSITIONS

COMPLETE
CHAIN SIX 56
STANDARD CHARACTER
PAPER SECTIONS
FIG. 4—BAND OR CHAIN PRINTERS are among the fastest units
available. ‘

a hammer forces the petal into contact with the ribbon

and paper. Their high speed translates into high cost.

($2000 +) making daisy-wheel printers a prize that is
usually beyond the reach of most hobbyists.

7 BIT DOT
PATTERN

READ ONLY
MEMORY =

CHARAGTER SPECIFIED

CODE
COLUMN
(70R BBITS) (INTERNAL TIMING)

FIG. 5—IN A TYPICAL SERIAL DOT-MATRIX PRINTER MECHA-
NISM like this one from Centronics, a ROM contains the charac-
ter codes that command the printhead’s seven print wires. The
ROM’s output, fed through power amplifiers, activates solenoids
that cause the print wires to impact ribbon and paper.

THERMAL PRINTHEAD
{5 X7 MATRIX)
CARRIAGE RAIL

FIG. 6—THE PRINTHEAD OF A THERMAL PRINTER may contain
35 resistive heating elements.

PRINTHEAD

ELECTRONIC
SWITCHES

l ELECTROSENSITIVE
PAPER

==
-
==

FIG. 7—AN ELECTROSENSITIVE PRINTHEAD creates a spark
between the head and the paper. Metal roller completes circuit
by contacting paper surface across its full width.

Band printers

At the high end of the impact printer field are the band
printers (see Fig. 4). Although currently too expensive
for personal computer systems, a brief description of their
operation is included. The major difference with band
printers is that the character elements are mounted on a
continuous band or chain. The band constantly rotates in
front of a bank of hammers, one for each column. Again,
precise timing is needed to strike the hammers when the
appropriate character is in place.

Matrix impact

All printers in this category use a technique similar to
that shown in Fig. 5. Because each character is formed by
several strokes, more sophisticated electronics are needed
to control the printhead. The head itself consists of seven
to nine print “wires.” Each one is activated separately to
print a small dot on the paper. The wires are oriented
vertically and the entire printhead moves horizontally
along the carriage. After five to seven printing steps, an
entire character has been printed and the head moves on
to the next column. The most common matrix dimensions
are 5 X 7 and 7 X 9. Obviously, the greater the number
of printing points, the better the resolution and character
quality.

Although there is no mechanical way to change charac-
ter fonts, different characters can be generated (within
the limitations of the matrix) by simple software changes.
Graphics are easily printed since most computers gener-
ate them in dot-matrix form. Friction or tractor-fed paper
as well as labels, tickets, etc. pose no problems.

Fairly high speeds can be obtained with this method
and at relatively low cost. In general, dot-matrix printers
are much quieter too.

Non-impact printers

The increased need for low-cost, ultra-quiet and ultra-
fast printers has spawned the growth of several new print-
er technologies. Fundamentally, these non-impact tech-
niques prohibit multiple form copying and many require
special paper. However, where each method excels, it
usually makes up for any drawbacks. Because of the need
for special paper, friction feed is used, and the lack of
fan-fold paper makes long listings hard to handle. On the
pro side, these printers are the quietest ones you can
buy.

Thermal printers

Thermal printing requires a specially treated paper.
This heat-sensitive paper changes color when heated to a
temperature of about 200°F. A thermal printhead, there-
fore, consists of a series of heating elements mounted so
that they can create matrixed characters (see Fig. 6).
Speed limitations are imposed by the fact that the
elements must cool down sufficiently (after being acti-
vated) before the printhead can move on to the next posi-
tion.

To lower cost, many models print “on the fly”; that is,
the head is moved at a constant rate from left to right and
the elements are activated while the printhead is moving.
Although this causes the dots to smear a little, it can
actually improve the print quality. Thermal printers boast
high reliability, low cost, nearly silent operation and fairly
good readability.

Electrosensitive printers

As with thermal printers, electrosensitive printers
require special paper and use a matrix printhead to create
hard copy. In this case, a dark paper is coated with a thin
conductive layer that gives it a shiny metal-like appear-
ance. This paper is passed in front of a printhead that
consists of tiny electrodes connected to a switchable volt-
age source (see Fig. 7). A pressure roller contacts the
surface of the paper to complete the circuit. When the
electrodes are switched on, a small spark jumps between
the electrode and the paper. This spark burns away the
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metallized coating at that point leaving the dark paper
showing through. Since the gap between the paper and
printhead is very small, only about 50 volts are needed to
generate a spark.

Most electrosensitive printheads create a column of
dots at a time. Moving left to right, they can easily print
characters on the fly. An alternative approach is to use
one large, stationary printhead, with enough electrodes to
cover the complete width of the paper. In this manner, a
complete row of dots are created (for all the characters on
one line). Several vertical paper motions are needed to
complete the line. To print a line at a time, a buffer is
needed to store all the characters for that line: therefore,
printing cannot start until the entire line has been
received. The biggest disadvantage of electrosensitive
printers is that the metallized paper makes for poor read-
ability. Making a photocopy of the printed output helps.

Ink-jet printers

The latest advances in non-impact printing have been
the ink-jet-type devices. We have included a description
of such printers although their cost prohibits use in a
personal computer system (see Fig. 8). Basically, ink-jet
printers attempt to imitate the operation of a CRT screen.
Charged particles of ink are deflected electrostatically to
land on the paper in the shape of the desired character.

FORMATIO
PIEZOELEGCTRIC DROP CHARGE  DEFLECTION
TRANSDUCER. GENERATOR ELECTRODE PLATES
NOZZLE e

— PAPER
TRANSDUCER
DRIVER
CHARACTER
PUMP DATA
CHARGING CONTROL

INK SUPPLY | 11

Lif

FILTER

UNUSED INK RETURNED TO
RESERVOIR FOR RECYCLING

FIG. B—ONE OF MANY ink-jet printer designs.

Several different schemes have been developed to create
the charged ink drops, deflect them and collect the
unused ink. This technology promises to greatly increase
printing speeds while eliminating all noise except that
generated in moving the paper.

Xerographic printers

Another related, and still too expensive, type of printer
is the xerographic printer: As you might guess, these
devices use an electrostatic/toner design similar to the
way photocopy machines work.

Let’s wind it up

Other things to look for when buying a printer are
paper-feed mechanisms, carriage control and data-han-
dling capabilities. For most applications, friction feed is
fine (you can use tractor-feed paper in a friction-feed
printer). Tractor feed is only needed when precise align-
ment of the paper or special forms are used. Above all, be
sure that the printer will handle the maximum size paper
that you wish to use,

GLOSSARY OF PRINTER TERMS

BAUD RATE—Speed of serial data transmission in
bits-per-second. 7 data bits plus a parity, start and stop
bit make for 10 bits-per-character. Therefore, the baud
rate divided by ten yields characters per second (data
rate, not necessarily printing speed).

BI-DIRECTIONAL PRINTING—Printing characters ei-
ther left to right or right to left. Normally a printhead
travels left to right while printing and then returns to the
left margin to print the next line. Bi-directional printers
will usually check the length of the next line to be printed
and then, depending on its current position, either print
the next line backwards (right to left) or return to the left
margin and print the next line in the normal direction.

CPS—Characters per second. A unit of speed used to
quantify printers.

FONT—Character style and size (gothic, script, etc.).

HANDSHAKING—Signals used to coordinate the op-
eration of a peripheral with the computer. A printer
might require a signal from the computer to tell it when
data is going to be sent and in return might signal the
computer when it is ready to receive the data.

HARD COPY—A slang term used to describe any type
of written output from the computer.

INSTANTANEOUS PRINTING SPEED—The rate that
the printhead can actually print characters. It does not
include the time needed to return the carriage to its

starting position.

LPM—Lines per minute. Another unit of speed for
printers, especially those that print a line at a time.

PARALLEL PRINTER INTERFACE—Connection to the
computer whereby the character data is transferred all
at one time along seven or eight data lines. Handshaking
signals are also used to coordinate printing.

RS-232—A widely used serial interface standard. This
standard specifies the voltage levels (bipolar) and con-
nector wiring so that all RS-232 devices will work prop-
erly with each other.

SERIAL PRINTER INTERFACE—Connection to the
computer whereby all data is transferred over a single
pair of wires. Data from the computer is serialized (bro-
ken up into individual bits), and synchronization infor-
mation is added to allow the receiving device to recon-
struct the original data.

TELETYPE OR CURRENT LOOP—A serial interface
standard which uses a 20 mA (or 60 mA) current to
transmit information. ‘

If precise horizontal or vertical tabbing is required,
then check out these capabilities of each printer.

Finally, be careful when judging a printer’s overall
speed. Don’t confuse a printer’s maximum or instanta-
neous printing speed with its sustained throughput capa-
bilities. Furthermore, serial printers have a baud rate
which may be quite a bit higher than the speed at which it
can actually print. If there is any type of input buffer,
then the printer can accept a large amount of data in a
rapid burst and then print it all out at its own rate.

Not wishing to overlook the obvious, it is imperative
that you have the proper interface between the computer
and the printer. This will be either a serial current loop or
RS-232 standard, or a parallel interface with proper
handshaking. Once connected and operating, a printer can

be the most valuable addition to your computer. R-E

When you need more storage capability for your personal
computer and require faster access speed than a

cassette tape recorder, a floppy disc is for you. Here’s how to select one.

KARL SAVON
SEMICONDUCTOR EDITOR

ABOUT THE TIME YOU'’VE ADDED A SIZABLE CHUNK
of memory to your microcomputer system, your tape
cassette is working fine with an organized index system,
and you spend three-quarters of your waking hours
searching tapes and copying from one to another, you’re
ready for a floppy disc.

Short of a very high capacity hard-disc system, adding
a floppy marks the turning point to a new dimension in
microcomputing. It is at this juncture that you graduate
to professional capabilities. Besides the luxuries of quick
filekeeping that are a giant step up in convenience,
completely new techniques are opened to you.

Now Fortran, BASIC and Pascal compilers replace the
BASIC interpreter you have learned to live with. The
ability to load and overlay versatile operating system
programs rapidly into your computer memory really gets
you cooking with gas. And for those of you with real-
world business and scientific applications, this is the point
where you begin solving those extra complicated prob-
lems you’ve been putting aside.

Regardless of specific discipline, most computer users
are interested in text editing software; we all have the
occasion to write reports and letters. Unfortunately, this
software can eat up as much as 75% of your random-
access-memory space, and leave room for a mere two
pages or less of text.

You may also have a nagging desire to do something
substantial in machine language, but find that your
sophisticated assembler takes up most of your machine’s
memory and only lets you assemble a couple of hundred
words of code. A floppy ends these kinds of limitations by
filling computer memory with only the particular routines
needed at any one time. Once the contained function at
hand is completed, the next program segment is automat-
ically loaded to attack the next sequential task.

During each processing function, the disc provides
convenient addressable storage for numbers or text that
don’t require the ultra-rapid access of semiconductor
memory, but must be close at hand. Business applications
use the disc to store a repertoire of bookkeeping programs
and provides quick retrieval for statistical processing of
the thousands of pieces of information that have been
collected.

A floppy disc is similar in appearance to a phonograph
record, but is more flexible, and in most cases is physi-
cally deformed as the magnetic head and pressure pad
contact the disc surface. There are some notable floating

MECA MODEL DELTA 1 floppy disc system

head exceptions that, despite superior media longevity,
are not going to fit into your long-term compatibility
plans, not to say anything about cost. The disc spins about
360 rpm and stores data on one or both of its surfaces.

A disc is a random-access device much like program
memory. In contrast to the sequential nature of tape, you
can locate anything stored on a disc much faster than on a
tape and without rewinding. The magnetic head is posi-
tioned over circular tracks with a servo-controlled step-
per, or voice-coil head positioner. The magnetic disc
surface has a life expectancy of 106 loaded passes.

Be sure that the disc system has an automatic head
lifter that separates the head from the disc after some
predetermined time following a read or write operation.
Whenever the disc spins, even with the head lifted, there
is a certain amount of unavoidable wear caused by the
friction between the disc and its protective jacket. The
access time to get from one track to another, added to the
settling time to load the head in contact with the disc,
varies between 10 and 100 milliseconds from product to
product. The faster the better.

What size disc for you?

One of the first decisions is to select disc size. Fortu-
nately there are only two: the full size 8-inch disc, and the
5'/s-inch minidisc. Obviously the larger disc holds more
information than the smaller one and has the higher price
tag. The 8-inch disc holds some 3.2 megabits of unfor-
matted data. That is, there are somewhat over three
million binary storage locations. However, to keep every-
thing in its proper place requires an indexing and data
identification system. Cyclic redundancy codes must be
set up to help you know when the data is reliable.

In the widely adopted IBM format, identifiers are writ-
ten in front of each record; and records are separated by
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gaps. Error checking is done by reading the data back just
after it is written (usually on the next disc revolution).
Soft error specifications are between 1 in 10% to 10° bits,
indicating how often a bit is read incorrectly. Soft errors
are caused by noise and are overcome by simply repeating
the read operation. Hard errors, on the other hand, repre-
sent permanent defects on the disc and typically occur
once in 10" to 10'? bits. Seek errors occur about once
every 106 accesses and are the times when the head under-
shoots or overshoots the correct track and must go back to
track 0 and try again.

AN 8-INCH FLOPPY DISC system by Smoke Signal Broadcasting

By the time you're finished, the formatted disc capacity
has been pared down to 1.9 megabits. When this is
divided by 8 bits-per-word, you have some 250,000 words
of storage. Transfer rates for the full size disc are about
250,000 bits-per-second. The standard format consists of
77 concentric tracks, each with 26 sectors, and each sector
containing 128 bytes. Some discs use hard sectoring
where a series of physical holes identify sectors so that
less disc overhead is used. If you foresee the need to be
compatible with hard sectored formats, make sure the
system is expandable to control hard sectored drives.

The 5%-inch floppy

The 5'/-inch disc works out to about one-quarter the
8-inch capacity; about 72K formatted bytes, with a 125
kilobit-per-second transfer rate. A 5'-inch drive costs
roughly 60% the price of an 8-inch drive, but before you
make your size decision let’s make one more observation.
In the course of using your system you will discover that
two disc drives add up to more than just doubled storage
capacity. Once you have a single disc drive set up with
your favorite programs, operating system, or data, and
you finally sit down a moment to think, you will find
yourself beginning to shake. On that one record, you
figure out you've invested about three months of your life.
You realize that it is vulnerable. What should happen if
that disc gives you an unrecoverable load error, or one of
the kids tries to play it on his phonograph?

Yes, it would be nice to have a copy stowed away.
Copying, by loading one program at a time and then
saving it on another disc is a long, tedious, annoying
procedure at best. Two discs give the invaluable flexibility
of copying one automatically to the other, using utility
copy programs in a completely painless manner. Running

THE DYNABYTE DB8/4 disc-drive system

system programs such as assemblers and compilers, two
discs have the advantage of being able to input data from
one disc and storing output on the other. One disc can
hold the operating system elements that are called up as
required, and the other stores the text, data or other
outputs,

A dual disc system that can load both heads at the same
time will carry out copy operations with even higher effi-
ciency. Another alternative to consider is to use a single
disc, but do archival storage on tape. The tape writing and
disc regeneration procedures will be slower than with two
discs but still manageable. So when you list the system
alternatives be sure to consider multiple disc expansion.

If the cost of a dual-drive 8-inch floppy is just too much
of an investment, see if the capacity of a dual minifloppy
is sufficient. There are, of course, exceptional situations
where a restricted application requires only large storage,
and a single-drive is justified.

Several disc systems use double density recording tech-
niques. By using improved, modified FM (MFM) or
group code recording (GCR) encoding methods, they
pack twice the number of bits on the same size disc.
Double density recording methods make room for addi-
tional information by eliminating the clock signal. The
clock, though, can be recovered through clever decoding
algorithms. There seems to be a general feeling that the
present reliability is not quite up to what it is for single-
density recording, but that should soon be at an equal
level.

Check the reliability figure comparisons between single
and double density recording, when available, and don’t
be fooled by reliability claims that cover just the electron-
ics. A couple of clever drives have discovered that the disc
has two sides and access twice normal capacity with two

MODEL EAS-EDDS from Electro Analytical Systems

heads. There are reports, though, of disc damage due to
the loss of the cushioning effects of the single head and
pad combination. Combining double density and double
side recording gives the minifloppy the same capacity as
the full size floppy disc (with slower throughput).

Interfacing to your computer

The disc must get connected to your computer. Many
varieties and degrees of interfacing are available. Unless
you're a glutton for punishment, don’t go out and
purchase a basic disc drive mechanism hoping to save a lot
of cash by doing your own interfacing. Several reasonably
priced systems are on the market that have been designed
by experts, and have been debugged for many, many
hours. You would go a long way to duplicate their perfor-
mance. Many include complete hardware and software
packages. The disc controller carries out the head posi-
tioning, head loading, sector identification and motor
control functions.

Relatively new floppy disc controller IC’s have greatly
reduced controller complexity and price. They eliminate
many IC packages and result in a more reliable, less
densely packed controller board.

Usually some form of read-only-memory bootstrap is
used to get things started. Until some minimum of soft-
ware is loaded into the computer, it and the disc will not
be able to communicate. Once the basic link has been
established, more efficient loaders and operating system
program modules can be transferred from disc to comput-
er memory. Many systems require a large chunk of user
memory, which may still work out to be cost-effective.

Some elemental systems require various machine lan-
guage sequences to control disc operations and may
require substantial machine language programming effort

“on the user’s part. This is not for most of you. You have

the option of obtaining operating system software from
the disc drive manufacturer or from some other source.
Generally; the first choice is more desirable, since it
offers a higher confidence level that the bugs have been
ironed out or that you will be kept informed of corrective
patches as they are developed.

Most operating systems use a monitor that is trans-
ferred into memory. The monitor responds to keyboard
commands by either carrying out the simpler tasks itself
or calling a more complex executing operating system
module from the disc. Know the computer memory
requirements to support the program modules. Twenty-
four kilobytes is not unusual to support disc BASIC, for
example.

The operating system should include utilities for mem-
ory and program listings, Look for an initialization proce-
dure that not only formats a blank disc, but allows you to
later reconfigure the system when other peripherals or
additional discs are added. Usually subtle software
changes have tq be made in the operating system, and it is
highly desirable to be able to go through a documented
procedure without having to scrap the whole thing. It is
very important to recognize that the floppy disc software
not only controls the disc itself, but the entire microcom-
puter system. In effect, the floppy disc operating system
becomes the controller for all other peripherals.

All operating systems should include basic delete,
rename, directory and copy programs to perform the rudi-
mentary day-to-day jobs you're buying the disc for in the
first place. Look for some version of a chain command
that lets one program module call in a second from the
disc, giving large virtual memory appearance. Operating
systems should include methods for keeping track of hard
disc errors. A defective sector table is conventionally
composed to flag those places on the disc found to be
unusable.

Watch the mechanics of the interface. Several disc
varieties include single or double board controllers that
plug into standard S-100 motherboard slots. Others
include the controller as part of the disc system and have a
cable and connector that runs over to the computer. Be
sure you have included the costs of all the interface
components in your estimates. It is not unusual for the
interface electronics to cost as much or more than the disc
drive itself.

Power supplies are another consideration. Some units
may require 30 watts, and some 300 watts, depending on
the number of drives and the extent and efficiency of the
system. Power supplies are often not included as a part of
the disc system and represent additional cost and space.

A couple of floppy systems operate optionally or exclu-
sively through serial RS232C ports. This is OK for some
basic data storage requirements where the disc is replac-
ing an outdated paper tape system, but it is too slow for
general versatility. After all, the system should give its
full performance potential, not just replace paper or
magnetic tape.

At the outset try to access your ultimate goals. Does
the system you've selected have the capability to expand
to 4 or 8 drives for the sophisticated application you have
in mind for the future? Exactly what is required to carry
out that expansion? Try to combine the technical specifi-
cations with the perspectives of experienced floppy users.
Experienced users are in a position to quickly point out
the weaknesses and advantages of specific systems, which
are not mentioned in the data sheets. Talk it over with
several members of a local computer club or a computer
user at a nearby high school or college. Your choice will
rapidly narrow to the two or three systems that are being
universally accepted due to their relative freedom from
problems, and you will enjoy an exciting new dimension
of an already mind-boggling activity. R-E
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KARL SAVON

THE INNER SECRETS OF YOUR MICROCOMPUTER SYSTEM
are best viewed through the eyes of a CRT term_ir_nal.
Input commands, output listings, and program writing
and execution are all supervised from the keyboard gnd
displayed on the screen. The terminal’s ease qf_operatlon
and reliability directly affect the overall utility of the
complete computer system.

Theoretically, a computer system can be controlled
completely with a series of simple switches and some
LED indicators. In fact, that is exactly the way many
early microcomputers were equipped. But you can’t get
much useful work done with such primitive handles. To
address these shortcomings, the CRT terminal has
emerged as the system focal point, with input facility‘at a
conversational rate and with output capability essentially
limited by the calculative speed of the particular program
being executed.

Your present computer input/output device may be an
intermediate combination of a simple keyboard anq an
LED alphanumeric display. You're now ready for a high-
er level of communication. Or you may be in the process
of expanding an elementary learning system, hav_ing just
added memory and maybe a BASIC interpreter in ROM,
and are ready for better computer interaction. In either
case, the display of a full page of information in response
to typed commands announces your arrival out of phase-
one and hopefully into the productive application phase.

The transmitter keyboard unit and the display CRT
receiver are entirely separate entities except for common
power supplies. You can actually purc_hase the _two
elements separately. The display looks peripherally like a
TV receiver, but don’t assume it will have similar perfor-
marnce.

Screen brightness must be high enough for comfortable
viewing under prevalent ambient light conditions. Ideally,
brightness and contrast should be user adjustable. Cplor
is available where graphic complexity warrants it to
emphasize significant display features, or simply .for its
attraction in personal computer applications. Examine the
screen for linearity and resolution. Even though the
CRT’s tend to use standard television deflection methods
and have scan rates close to NTSC standards, many suffer
from linearity deficiencies when compared with your

To many newcomers to the field of
more experienced users, the CRT terminal
discusses the CRT terminal and

living room instrument. Resolution may be greater than
most TV receivers, but large screen sizes are generally
unjustified except for group demonstrations. .

The most common screens measure 12 inches diagonal-
ly and use a P4 white phosphor. Many can be optionally
equipped with P31 green. If possible, as with any expen-
sive product, examine the terminal through a hands-on
trial, preferably connected to a computer similar to your
own. _

Characters are most often displayed as dot matrices. A
character decoder-generator uses a read-only-memory to
convert ASCII or other codes into their equivalent dot
matrix patterns. Even normally nonprinting charaf:tqr
codes are displayed on some terminals. The d_ot matrix is
usually 5 X 7 dots dedicated to the character itself with at
least one additional horizontal and one vertical line sepa-
rating characters and lines. Other common formats are 7
X 10 and 9 X 9 matrices. Larger matrix formats have
room for standard lower-case characters. Others simply
use smaller versions of the format or font used for capitals
as pseudo lower case. i .

Deluxe character generators give more detail and fanci-
er letters and have correspondingly larger matrix siges.
They are available in languages other than English,
including French, German, Swedish and Japanese. If you
are interested in APL (A4 Programmers Language) pro-
gramming, search out the terminals with the nonstanda{d
APL characters. There may be 64, 96 or 128 characters in
the sets, and terminals with graphic capability typically
include 256 characters. Screen format consists of 1000 to
2000 characters arranged in lines that may be 40, 64, 72
or 80 characters long.

Some terminals let you define your own characters on a
dot by dot basis, or by groups of dots. Graphics users
must know the number of controllable dots along both
axes. And if your graphic applications are seriqus and
extensive, you may want to consider vector graph.lc capa-
bility which lets you do things like define end points and
the terminal fills in the rest. Business users will want to
explore the terminals that are specifically designed to
simulate business forms on the screen.

Automatic right-margin wraparound is a fairly stan-
dard feature that permits multiple line entry before a
keyed carriage return terminator signals the true end of
the line. This feature is very important when a relatively

personal computers as well as many
is the most visible component. This article
tells what to look for when selecting one for your system.

wide column printer is used to create hard copy. For
example, using an 80-column printer, it is necessary to
accept two 40-character CRT generated lines without an
embedded carriage return and line feed. In other words, a
carriage-return line feed combination is automatically
generated for the CRT screen but is not transmitted to
the printer interface.

Terminal types

There are three basic terminal classifications: Dumb,
smart and intelligent. Regardless of “intelligence” level,
any of the three types may well be microprocessor
controlled. Integrated circuit video display controllers are
also helping cut component counts roughly in half.

The dumb terminal is the least expensive, little more
than a keyboard and CRT display, appropriately called a
glass teletype. The glass teletype is much, much quieter
than the venerable device it replaces, and for the 80% of
the time that hard copy is not needed, the quiet is a
welcome relief. Fan cooling may be used to increase reli-
ability, but make sure it is quiet. If the fan noise level is
going to be disturbing in a relatively quiet room, you had
better select a fanless terminal. :

The smart terminal has self-contained editing hardware
and firmware usually implemented through a movable
cursor. The cursor may take the form of a blinking square
or blinking or nonblinking undeiline. Editing techniques
include inserting, writing over and deleting on-screen
information, Editing results are displayed immediately
with little chance for misinterpretation. System applica-
tions that do not tie up the CPU processor during editing
sessions offer the alternative of using the computer
processor as a controller to make a dumb terminal look
smart.

The intelligent terminal approaches a complete micro-
computer in function. In addition to the editing facility of
the smart terminal, it is programmable. Intelligent termi-
nals may include built-in peripherals such as floppy discs
and magnetic-tape-cassette drives. The two higher termi-
nal classes may have addressable cursors. Designated
control character codes give left, right, up, down, home
and clear functions as well as direct addressing.

Data is normally entered starting with a clear screen at
the top left and fills the screen downward, line by line.
When the bottom screen perimeter is reached, the entire

page scrolls upward, eliminating the top line leaving room
for a new entry at the bottom. Page-mode is sometimes
supplied as a switch-selectable feature. Page-mode fills
the screen from top to bottom but when the page is filled,
the screen is cleared and entry begins anew at the top.
Memory options for off-screen storage are nearly essen-
tial on a CRT terminal using page mode, which may
explain its relative unpopularity.

About keyboards

The keyboard has 50 or more keys and may include a
separate numeric keypad for voluminous arithmetic
input. Touch typists will find formats that put numbers
only on the separate keypad very annoying. In fact, many
keyboard layouts which may appear similar to a typewrit-
er intermix graphic symbols as upper-case characters and
define normal upper-case typewriter symbols as lower
case. These arrangements will give the experienced typist
headaches as he switches between typewriter and termi-
nal.

Some keyboards have an upper/lower-case switch to
generate letters, graphics and control characters from a
limited number of keys. Nearly standard typewriter key-
boards can be found though. They have a capital lock key
and a separate (5th) row of keys for control characters.

Keyboard layout may resemble a typewriter’s, but, for
example (although unusual), may be simplified by
arranging keys in vertical columns. Keyswitch feel varies
considerably and you certainly want the switch contacts
to be reliable. The quality of the key switches themselves
are vital. Some of the most sophisticated keyboards
include quadruple redundant reed switches that even
operate perfectly if one or more of the contacts become
noisy or fail. Highly reliable noncontacting keyswitches
use capacitive, photoelectric or Hall-effect sensing mech-
anisms. The keyboard should incorporate 2-key or n-key
rollover so data can be entered at high rates with a mini-
mum of errors. Several keytops are often removable for
special application customizing,

Important extra features

Reverse video is a common feature for emphasizing
characters or groups of characters as well as extending
graphic effects. Sophisticated terminals permit protection
of designated screen areas from accidental erasure and
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can selectively blink several characters simultaneously. A
rare feature is the ability to emphasize text by doubling
the character width. Character dimming or brightness
modulation is another fairly common feature.

There are a couple of seemingly unimportant features
that are of interest to specific groups of users. For exam-
ple, when the cursor approaches the end of the line an
audio tone may sound, analogous to the typewriter bell.
Tone trigger position is occasionally programmable.
These terminals invariably can trigger the tone from a
computer instruction, normally the ASCII 7 print com-
mand. Several or all keys may be auto repeating. After a
prescribed time out following key closure, the keyboard
system generates a fixed rate character repetition.

Once in a while problems are caused by the convention
of automatic line feed following carriage return. You
normally expect the CRT display to increment or line
feed once each time the return key is hit in typewriter
fashion. However, some tabbing operations require car-
riage returns without line feeds. If the computer automat-
ically sends out carriage-return line-feed combinations
for either carriage return or line feed, the display format
will alternate blank lines with printout. The terminal
should include a switch or jumper option to disable auto-
matic line feeds. But you may have to add this feature
yourself; it isn’t difficult.

Interface connections

The terminal may interface to the computer through
serial or parallel connections. Serial formats are conven-
tionally RS232C asynchronous sequences of start, data,
parity and stop bits. Word format may be DIP switch or
jumper selectable since universal asynchronous receiver
transmitter IC’s are easily programmed by voltage levels
on specific terminals. Even or odd parity and the number
of stop bits are selected to be compatible with 9, 10 or
11-bit computer formats. The standard RS232C interface
uses bipolar signal levels but the same basic format is used
in TTL-compatible single polarity systems. Another wide-
ly used serial interface is teletype-compatible where series
current loops of 20 or 60 milliamps are established.

Serial communications between the computer and
terminal is half or full duplex. In half duplex, the comput-
er and CRT receive data at nonoverlapping intervals.
While typing the keyboard signal is routed to both the

CRT and the computer so that the input is displayed. If
the connection between terminal and computer were
broken, the CRT would still respond, and it would only be
later due to lack of computer response that you would
know something is wrong. In full duplex, the two direc-
tional paths can operate at the same time. When the
computer receives a character from the keyboard it
responds by echoing the same character which is then
displayed by the CRT. Serial transmission rates are
between 75 and 19,200 bits per second.

Parallel interfaces can handle much higher data rates
and are usually carried out with eight parallel data lines
and a couple of handshaking leads. Parallel interfacing is a
synchronous operation and signals are generated to tell
when data has been accepted, when the receiver is busy
and cannot accept data, and when data is valid. Parallel
outputs are often three state; they have an open state so
several terminals or other peripherals can operate in
parallel on the same data lines.

Terminals can interface directly to the IEEE Bus when
properly equipped or through adapters. The IEEE Bus is
a parallel 8-bit bus that can send device selection address
information over the same leads. Crystal-controlled baud-
rate generators offer the best tolerance to variable envi-
ronmental conditions. Some serial terminal interfaces
have separate transmit and receive baud-rate generators
that allow the two paths to be split or operate at different
data transfer rates.

The 7-bit American Standard Code for Information
Interchange (Ascil) is the nearly universal standard now
in use. Five-level Baudot code is just about extinct for
CRT computer terminal applications. Several graphics
terminals expand ASCII to an 8-bit code that doubles the
character-set boundaries to 256. IBM EBDIC format is an
8-bit encoding format offered by a number of manufac-

turers.

Modems and data transmission

Modem options allow terminals to be connected via the
phone lines to remote computers or other terminals.
Modems use frequency and phase-modulation techniques
that when combined with error detection and correction
techniques give reliable data transfers. While this is the
method overwhelmingly used by time-sharing systems,
more and more private computer users are turning to
modems to access their machines when away from home.
Acoustic couplers provide nonelectrical phone-line con-
nections at limited data transmission rates. Computer
information exchange networks are becoming common
where club members access a disc-based computer system
over phone lines.

Data transmitted from the terminal to the computer is
sent on a character-by-character basis as in the glass tele-
type or may be sent a line or page at a time. Larger block
transmission gives the operator the opportunity to correct
errors before digestion by the computer.

CRT terminals often have parallel or serial hard-copy
adapter interfaces that directly drive printers to create
hard copy of selected pages. This interface is similar to
the computer interface except simpler, being one way.

If you plan to do your own maintenance ask about
serviceability. Are sockets used? Do the printed circuit
boards slide out for easy access? Is there built-in diagnos-
tic software? And most important of all be sure that the
terminal you select will be capable of easily handling the
tasks you intend to set before your computer. R-E

PRICE
$3,840.00
$4,500.00
$4,800.00
$5,300.00
$2,960.00
$2,000.00
$ 799.00
$ 499.00
$1,295.007
$4,395.00
é&ss&au
$2,195.00

TBA
$1,995,00 UP

(Y /N)
N
N
&
N
N
N
y!

NA
N
6
N
N
W
N

BASIC

EXTENDED
(Y/N)
NA
sy

(Y/n)
Y

SYSTEM

(Y/N)

INCL [ AVAIL| INCL | AVAIL | INCL

(Y/N)

Y

BOARD

CONTROLLER | OPERATING
AVAIL
(Y/m)
¥
Y
i
¥
vy
¥
N
N
N

BUSS
ALTOS 50_'
ALTOS 50
ALTOS 50
ALTOS 50

NA

NA

s-100

IEEE

488

TRS-80
PET

$-100
$-100
$-100

fie

["s-100
LSI-11

MAX. CAPACITY
(K Bytesof
Data Per Drive)
500

500
1000
1000

1000
1000
81

170

64

400
1200

630 (SS)
1200 (DS)
1000 (Ss)
2000 (DS)
500

SIDES
(Single/
Double)

D
0
S
S

S, D

S D

S, D

S, D

DENSITY
{Single/
Double)

S, D
S, D
SiliahA
S, D
S.
S, D
S D
S, D
S D
S, D

FLOPPYS

FORMAT
IBM
IBM
1BM
IBM

256

BYTES/

SECTOR
OWN
1BM.

3741
IBM
1BM
18M
3740

NO. OF
TRACKS
76
76
76
76
76
76
35
35
40
40
77
77
17

NO. OF
. SECTORS
(Per Track)
26
26
i
26
26
19
10
26
32
52
26

TYPE
(Hard/
Soft)
S

SECTOR
S

SIZE
(Inches)
B.

8
8
8

8
5%
5%

5%
5%
8
5%
8
8

MODEL
ACS8000-1
ACS8000-2
ACSB000-3
ACS8000-4
ADD-2
ADD-3
CIT TRS-80
DKHB42
DB 8/2
EAS-FDDS

2040
| FD-277/88

{oB g/

MANUFACTURER
COMPUTER INTERFACE
TECHNOLOGY
ELECTRO ANALYTIC

ALTOS COMPUTER
SYSTEMS INC.

SYSTEMS
BUSINESS SYSTEMS

CENTRAL

DATA CORP.
COMMODORE
COMPU/ THINK
DATATRONICS
DYNABYTE INC.




371138VHd1Y 0131v1 001,
0341ND3Y INO YOLSISTY NOILYNINGIL SIANTONI g
NOLLYNISWOI/H 01938 WH 4y

"BNSSY 00°G9Z$ ‘LI 00061,
INIWd013A3@ 3NN,
AT VNG,

01SV8 13d 40 14Vd SV 03AN1INI
40530 08d NZE HLIM,
00'86% W/d3+,

W/d3 HIHY3SIH 1Y.LIDIO SIS, NVHLHO4 ONY,, 00°S6L$ 0av, 1015379000 sa
QHVY09 34V, WYY ¥91 HLIM, JHVYML408 3137dW0I/M 00°SL $ Oav J0ISITONIS 88
: e ) ) . 44N WOY4 O4NION  —
00'9$ 91SVEL ‘00'001$ 2-01SYEI NOVHS-010VY WOH4, HITTOHINOI/MOOSLIS 0OY,  GaonnoNNY 38 0L VL
00°001$ W/dD,, 1503 AHOWIW SNd, 03sv8-097, 319Y917ddY LON WN :S3ILON
VO0'66L $ . , i % i 0zS431NdN03
SoneRe £ A A il e L anls 081 a’'s a’s 15 ol H % a-v-samw S Hit0s
poserzs | N |l oA { oAl oAb Al x| oois mmmﬁ S a’s Wl i | % mmwm s | 8'%s VHATY NYLIX
ik T G G i G e T P R 008 gd's 4 0% wel LL 8/97 S 8 m:umm_m SAOL HINNIHL
- N | gA | N Al A |gqA | 0OL-8 $5952 a’s a’s E] LL 9z S § SJINDELI3TS
ol " gl 2 %g s 11388v1
“mmmmm w P T T SRR o o8 S S Wl s ) g Y 29-41
: "dH03 SLINA0Yd
Chane ] e et s B S A | A | o0sss 00z1 a S 4 LL 28 S 8 v1-40 T¥IINHIIL
1SIMHLNOS
_ 00'GR8°LS | A | N X N A N 5-53 i , 9NILSYIavoud
| il ol 0 00§ g S Wel L 3 3 83-041 S
poEer & | Al = xTA L A= oyl 968 S S NMO gg ol S %5 191197
| ANt Sl i G s L R T SR 9°68 8 g NMO 5¢ ol S UG | 5,001192 MIVHS-01avY
O 008/00¢-8 ) OvLE LL-8 9z-8 )
Q0EZ'IS | N | A s SRS e T T NMO 05Z/5Z1-%5 S a’s Wl so-716 | gless g 8%G |  SdW/406
L 007-8 i - i
g R T TR i T 001-S 57195 S S c_w,_% mmamm wmwm S 8 %5 20408 ‘4409 AVND
331dd (N/A) | (NJA) | (NJAY | (NJAD | (NZA) | (NJA) ssna {3nuq sad eleqg (elgnog | (ajgnog 1YINEDd SHIVHL | (i3RIl 13d) (Mos (sayauy) 71300 HIHNLIVANNYIN
TIND [TIVAY | 1IN | TIYAY| TINI | TIVAY Jo sa1ig y) [31Buisg) VEILIUES) 40 "ON SHO0123S [RIEH) JZIS
91svd WaLSAS a4y og ALIDYdYD XYW | S30IS | ALISN3D 40°0N 3dAL
030NILX3 | 9NILYHILO | HITTOHLINODD 401338
wal AS010NHI3L
oooozes | A | A | A A | A A 00L-S GL¢ S B gL e o g | 11sonaH b i
H0193S
BEREY $ = ek A 05-SS 68 S S /SILAS ge ot H 78 00041
957
H0193S .
00666 $ | — | gh | — | A | — | gA | 08SHL = S S /SALAS g¢ oL 3 %G 00Z-04.1 09 Y1va W0JH3d
95¢
s L G I S ot vk R P B S G 05-SS gig - = NMO = = H 8 g8-04
2 = LNIWNYLSNI
00667 | N | A | N | A | A | A | 05SS 09l S a's NMO L 9l S A V0083 |  i4iLN319S LSIMAIN
g - : - oL H %5 I-¥1130 va3an
J00RL $ [ A | A [ AL A A & 00L-S a’s a gg ;
(sa) 0os :
00069 $ | N N | N[ A N A 00L-8 (sS) 052 a’s S NMD LL 9l H 8 266
: (50} 005 ! 0 L 9l H 8 085 01anY ¥3IHLI
L0860 $ | N | N | N | A N 001-S 8 7 a’'s S NM
00L-S ; : e : 00t
0EEEES | Nk N A [ L1187 68L @Sl 1S wel L S'H 8
: : : 68L ds tias e Lt L8 S'H 8 it
gos0s $ | Mo} A I NJOA LN A lidod . 5y o
00567 % [N b A N ) AN A 8d0d B8L 8 G S wal L 92 S°H 8 0ly| 4403 SIINDHLONNI
V0O'SLe § % A NMO +201 i1 H %5 LLHM ‘03 HLY3H
; - T [ e L A OE  P R R 001-S — a a - - - s 8 -
- FE o Gl e G e Rl 001-S - a a = - — s %G - "INI X30NI4
N/A A N/ A N/A) (N/A) ssnd {ean 134 eleq (e1gneg (algnog LVINHDA SHIVHL | (yoea] 134) {3408 (sayour) 13000 H4IUNLIVANNYIN
e ..__,_hﬁ An_m._av r&z“ d._m___.f ﬁ._”‘__z_ TYAY josakgy) | jabug) | falfug) d0°ON | SHOLI3S | /PeeH) | 3ZIS
ALRIYAYI XVYIN S30IS | ALISN3A ¢ 40 "ON JdAL
JIsva INFLSAS advos H0133s
g3gN3LX3 ONILYH3Id0 |H3TI1041LNDD

S — “




CRT TERMINALS

L—T1
CAN USE
AS STAND VAR-
INCLUDES ALONE IABLE CHAR. PAPER
e TV TYPE- BUFFER-| HALF |PROPORT. HOUSING
BOARD WRITER CHAR. CHAR. FACES LINES ING SPACING | SPACING | MECH- |INCLUDED| ROLL| WIDTH
MANUFACTURER MODEL TYPE TYPE | (Y/N) (Y/N) PER LINE | PERINGCH | (Y/N) | PER MINUTE INTERFACE MANUFACTURER [ENCODED| (V/N) | (Y/N) | (v/N) | ANISM | (v/m) | (Y/N) | (Max. In.) iﬁ? ﬂlﬂm.) OTHER | PAPER PRICE
BOOTSTRAP BOOTSTRAP
ENTERPRISES 9112 THERMAL | MATRIX| N N 12 10 N ] PARALLEL E]G\ITERPRISES ASCIT Y N N NEW % Vi [ - - - | THERMAL | $ 295.00
ING, : INC. L
9120 THERMAL [ maTRIX| N N 20 10 N 60 PARALLEL ASCII % N N NEW Y % 2% = = — | THERMAL | $ 349.00
CENTRONICS  |Pi ELECTRO | yarmix | w N 80 8-10 N = PARALLEL CENTRONICS ASCIT | Y N N | NEW ELECTRO-
STATIC Y = = = - ~  |stanc | $1.245.00 up
ELECTRO
S1 STATIC | MATRIX| N N 80 8-10 N = PARALLEL ASCII Y N N NEW Y = & L 13 2 ETLS%TCHD- $1.245.00 UP
779-1 IMPACT | MATRIX| N N 80 B-10 N s PARALLEL ASCIT Y N N NEW Y Y 8.5 = = = ANY | $1,245.00 UP
779-2 IMPACT | MATRIX| N N 80 8-10 N 2 PARALLEL ASCIT Y N N NEW Y Yol Ap A oL . ANY | $1.245.00 UP
703 IMPACT | MATRIX| N N 80 8-10 N 600 PARALLEL ASCII Y N N NEW Y = £
COMMODORE COMMODORE
BUSINESS 2020 IMPACT | MATRIX| N N 80 10.6 N 70 PARALLEL BUSINESS ASCIT Y N N NEW Y % 8% - = ROLL |$ 695.00
MACHINES MACHINES .
2022 IMPACT |MATRIX| N N 80 10.6 N 70 PARALLEL ASCIT Y N il NEW Y Y 8% = 1 FORMS TBA
2024 IMPACT |MATRIX| N N 80 10.6 N 70 PARALLEL ASCIT Y N N NEW Y Y 8% i o EITHER TBA
ELECTRONIC TRENDATA WHOLE 134 OR 10 0R ELECTRONIC REFUR-
SYSTEMS 1000 IMPALT ) conan il =Y ¥ 155 12 4 5 EHIAL SYSTEMS ARETRY ! LRI R R SR L e e ANY | $1,395.00
DEC
FINDEX INC. Wies IMPACT [MATRIX| Y Y 132 10 N = SERIAL FINDEX INC. ASCIT Y N N NEW ) - - - - - - $2,200.00
GRE DATA PRINTER- GRE DATA
PRODUCTS FACE 11 IMPACT | MATRIX| N N 40/80 5/10 Y = 5-100 PRODUCTS ASCII Y N N NEW N Y B% Y A — | TELETYPE| $ 895.00
HEATH 80, 96 PARALLEL HEATH
COMPANY WH14 IMPACT | MATRIX| N N 122 - N - SER (AT COMPANY ASCII N N NEW Y Y | a5 Y 9.5 - ANY | $ 895.00
LA36
DEC IMPACT | MATRIX| Y Y 132 10 N - SERIAL ASCLI Y N N NEW ¥ Y | 14k | Y 147 TRACTOR | $1.495.00
WRITER o
INTEGRAL DATA 4 S 80 (STD) mﬂf fi 50-80 SERIAL, INTEGRALDATA. | 4 oror y
sysTems Ing, | !P-125 IMPACT | MATR N N 132 (0PT) ?'s's{dpﬂ CPS PARALLEL SYSTEMS INC. N e [SMEW, oy Sy g ey 8.5 ANY | $ 799.00
10 TD
5 80 (STD) 50-80 SERIAL,
IP-225 IMPACT | MATRIX| N i\ 132 (0PT) ?335 1{20 PT) N e bRt ASCIT Y N = NEW Y Y 8.5 Y 8.5 ANY | $ 949.00
INTERNATIONAL | oo INTERNATIONAL
ELECTRONIC A IMPACT | MATRIX N N 80 10 N 708 PARALLEL ELECTRONIC ASCIT y! N N NEW Y y | ITY - = - - $ 650.00
EQUIPMENT corp.| CP110 EQUIPMENT CORP, PAPER -
INTERNATIONAL SERIAL LNTERNATIUNM ASCIT
PERIPHERAL 1622 IMPACT - Y Y UPTO300| 5TO15 \% TO 150 ERIPHERAL Y Y Y | NEW 5 5
SYSTEMS ING. PARALLEL SYSTEMS INC. ERLHIL Ll it Y T 2 T




'DOUBLE WIDTH CHARACTERS
2900 CHARACTERS
31 CHARACTER
YERICTION FEED

STRACTOR FEED
BB |DIRECTIONAL
TFULL LINE (80 CHARACTERS)

BMATRIX (YES), DAISY WHEEL (NO)

CPS (CHARACTERS PER SECOND)
TBA (TO BE ANNOUNCED)

—I""ﬁ
| CAN USE
i AS STAND VAR- PAPER
;‘1 INCLUDES ALONE 1ABLE CHAR.
11 KEY- TYPE- TYPE- BUFFER-| HALF |PROPORT. HOUSING
| BOARD WRITER CHAR. CHAR. FACES LINES ING SPACING | SPACING | MECH- | INCLUDED (ROLL| WIDTH | SHEET | WIDTH
w“ MANUFACTURER MODEL TYPE TYPE (Y/N) (Y /) PER LINE PER INCH (Y/N) PER MINUTE INTERFACE MANUFACTURER |ENCODED| (Y/n) (Y/N) (Y/N) | ANISM (/M) | (v/N) | (Max. In)| (Y/N) | (Max.In)| OTHER PAPER PRICE
| INTERNATIONAL ; [NECERaHINAL s
| PERIPHERAL 1612 IMPACT - Y Y UPTO300| 5T015 Y 70 150 SERIAL PERIPHERAL e Y Y | NEW Y vl 1w | v | s e o s
Jj SYSTEMS INC. SYSTEMC INC. :
|
ML.P.L INC. TP-40 IMPACT |MATRIX | N N 40 12 y! 75 SERIAL M.P.L INC. ASEITE|| % e N N | NEW % Yol i Y 17 - ANY | $ 749.00
|
Ei 1P-40 IMPACT |MATRIX| N N 40 12 y! 75 PARALLEL ASCIL | Y2 N N | NEW | Y Y| 4 N - o ANY | $ 585.00
|
|
( BP-40 IMPACT |MATRIX| N N 40 12 y! 75 PARALLEL ASELT (IS5 N N NEW | Y | ¥ 4 N = 2 ANY | $ 585.00
SSP-40 IMPAGT | MATRIX i i\ 40 12 y! 75 SERIAL ASCII G l N NEW Y ¥ 4 N - - ANY | $ 485.00
MP-40 IMPACT |MATRIX| N N 40 12 y! 75 PARALLEL ASCIL y3 N N | NEW Y Y 4 N = 8 ANY | ¢ 425,00
MICRO WHOLE 13508 | 100R SERIAL MIERG
COMPUTER 9710 IMPACT | cpne Y ¥ 16 2 Y i BARLLLEL COMPUTER ASCII Y N N NEW [ Y Y | 15 Y 15 i ANY | $1,850.00
DEVICES, ING. DEVICES, INC.
MICROMAIL TC10 IMPACT | MATRIX | N N 132 125(UPT) N = SERIAL VICROMAIL ASCIT Y N N | NEW Y 5 = Y 15 = mf\{CTUR $1,695.00
PRINTER PRINTER
TERMINALS 879 IMPACT | MATRIX| N N 80 OR - N 75 SERIAL TERMINALS = l - i = i€ 2 e = e :
o i 132 PARALLEL Soih. v gnae50
PROCESSOR L 170 SERIAL PROCESSOR Ascli | @ % W
ELV[ N i 30 Y L Y | NE Y = = Y 147} < ANY. 3,695.00
TecHnoLoey | 0t IMPART m‘Ermx i 120 PARALLEL TECHNOLOGY | DIRECT ¥ :
RADID noT RADIO 1 LABELS 1
Shiag 261150 IMPACT | prarmix| N N 132 16.5 N . PARALLEL SHADK ASCII Y N N | NEW % v [ =% | ¥ 8% |oamaon| ANY | $1:299.00
Dot LABELS
261152 IMPACT | paceis| N N 132 16.5 N 2. PARALLEL ASCLI Y N No| NEW | Y W2 R 8% |carson| ANY | $1599.00°
ELECTRO- | DOT f
4 9 N - ASCIT ¥ N 0\ NE i ELECTRO
261151 STatic . LmATabc [N N 6 PARALLEL W Y Yol 4 N NA ELECTRO-| s 599.00
261153 ELECTRO-| DOT N N 20-60 3.5-11 N VARIES PARALLEL ASCII ¥i N N NEW Y Y 6 N NA iy ELECTRO-| & 4g9.00
STATIC | MATRIX STATIC
SOUTHWEST i SOUTHWEST
TECHNICAL PR-40 IMPACT | MATRIX | N N 40 12 N 70 PARALLEL | TECHNICAL ASCH Y N N NEW Y. Vel e 3t - - - ANY | $ 250.00
PRODS ‘ PRODS
TELPAR INC. PS-48C THERMAL | MATRIX | Y Y 48 10 N 30 ALL TELPAR INC. ASCIT | Y N N | NEW Y Y | 55 = i} = THERMO | & 700.00
VAP ING IBM 745 impAcT | WHOLE | Y 135 12 Y L PARALLEL VAMP INC ASCIT | Y Y yooRe o Ry 14
3 CHAR. : BISHED = = $ 750.00
NOTES:
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Synthesizer

Part 2— Continuing the discussion of the electronic string music
synthesizer. This unique instrument gives the soloist and
small groups the background needed to enhance performance

MARVIN JONES

BEFORE PRESENTING THE CONSTRUCTION
details, we will conclude the circuit dis-
cussion started last month with a descrip-
tion of the middle-octave mixing and
chorusing circuit and the power supply.

The middle-octave piano keying circuit
is exactly like the high- and low-octave
circuits, but the middle-octave strings
section is slightly different to accommo-
date the switchable split-keyboard fea-
ture. The string keying starts off the
same; C6 charges through R15 and D17,
and the sustain control affects the dis-
charge time of C6 via R16 and DI18.
Resistors R17 and R18 apply the enve-
lope voltage of C6 to two diode keying
networks—one for violins, one for cellos.
Here the differences begin. The two
diode keying circuits are designed to each
provide two identical outputs. The basic
philosophy behind the split keyboard cir-
cuitry is: “Feed an identical signal to both
the upper AND lower mix buses, and
remove the one you DON’T want.”

So where the low-octave strings are
connected to the appropriate low-mix
buses and the high-octave strings are
connected to the high-mix buses, the
middle-octave strings are simultaneously
applied to both. The logic level available
on the split select bus (SPL) is used to
determine which of the two signals will be
grounded out. The voltage levels on the
SPL bus are directly related to the front
panel switch position. Low-octave split
point is represented by a low voltage.

High-octave split point is represented by
+V appearing on the SPL bus. The
single NAND gate (IC3-c) remaining
from the waveshaping circuit is used to
invert the SPL signal. When the front
panel split switch is at position 1, the
keyboard is being split between the low
and middle octaves. Thus, you want the
middle octave to be applied to the high-
mix bus.

So, the ground potential appearing at
the SPL bus is used to forward bjas the
shunt diodes, D31 and D32, causing the
low-string mix signals from the middle
octave to be shunted to ground. The
diodes connected to the high-string mix
buses, D29 and D30, are being driven by
the SPL inversion which is now at a high
level. Thus, the diodes are inactive. When
the SPLIT switch is in the high, or No. 2
position, the SPL bus is at a high level
allowing the signal to pass to the low-mix
bus. The inverter now produces a low
output, shunting the high-mix signals to
ground.

The chorusing circuitry is shown in
Fig. 4. Most of this circuitry is contained
on one PC board, with the exception of
front panel controls, jacks, and so on. The
resultant signal mixes from the front
panel HIGH and LOW mix controls are
applied to string inputs A, B, C and D.
IC10-a serves as a unity-gain mix and
buffer amplifier. Capacitor C20 rolls off
the high-frequency content of the input
signal to avoid any intermodulation with

the clocking frequency of the analog
delay lines. Bias trimmer, R66, sets a DC
level at the output of the buffer (IC10-a)
so the analog delay lines will be biased for
minimum distortion and maximum dy-
namic range. The buffered input signal is
applied to two delay lines (IC8 and IC9)
plus the output amplifier, IC11.

Thus, the composite string signal at the
output consists of one original signal and
two independently delayed and modu-
lated signals. In one path, the signal is
delayed by IC8-a and dropped across the
delay line load, R69. Capacitor C23 elim-
inates the high-frequency clocking signal
that is superimposed on the audio signal
as it passes through the delay line. Op-
amp-IC10-b is a gain stage to make up for
losses encountered in the delay line and
C25 provides additional filtering of high
frequencies to help smooth the audio
signal. The output of IC10-b, which also
rides the bias level determined by R66, is
passed through another stage of analog
delay, IC8-b. The delay line output is
apain filtered and applied to the output
mix amplifier, IC11. Delay time IC9 and
its associated circuitry operates identical-
ly to the delay line circuitry of IC8. This
second independent delay line has its
signal also applied to the output mix
amplifier.

The remaining stage of IC10 is used to
buffer and drive the piano signal outputs.
The signal from the piano mix bus
(MXP) is dropped across R86, and bufi-
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