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By Leslie Solomon
Technical Director

Graphic Games. A number of low-cost
software games are now available for the
TRS-80, POLY, and PET computers. Among
them are WWII Bomber, Lunar Lander 5 and
Biorhythm. Requiring only 4K of memory,
these come on a cassette for $9.94. Specify
computer. Software Industries, 902 Pine-
crest, Richardson, TX 75080.

PET Utilities. The Micro-SET | provides
five functions to help PET users. These are:
CREATE TAPE that makes an ASCI! file of a
program, subroutine or collection of lines for
addition to another program; ADD FROM
TAPE that uses an ASClII file tape to add pre-
viously stored lines to the program; DELETE

that removes lines numbered between your
specified limits; PROGRAM INFO that re-
ports the number of lines in a program, identi-
fies the first and last lines and the number of
free bytes; and RENUMBER that changes
line numbers in a specified range. Micro-SET
is used with PET's having at least 8K of RAM.
Price is $15 per copy. Micro Software Sys-
tems, PO Box 1442, Woodbridge, VA 22193.

Video Software. EVIOS—extended vid-
eo input/output system, written for the Vector
Graphic Flashwriter Il video board, can maxi-
mize the capabilities of any video terminal
and is designed to allow complete control
over every facet of software programming.
The program includes cursor motion com-
mands, selective screen erasing and five dif-
ferent fields: reverse video, horizontal line,
vertical line, graphics and reduced intensity.
It also features paging or scrolling, supersed-
ing or overlaying screen fields, printing spe-
cial video characters and a mode that prints
control sequences from BASIC as a normal
character string. In addition, the input has
control sequences to other programs without
causing errors, allowing the screen to be
cleared while in BASIC. Package includes
manual, interfacing and programming exam-
ples, a source listing and a 2708 PROM.
Price is $75. Vector Graphic Inc., 31364 Via
Colinas, Westlake Village, CA 91361 (Tel:

© 213-991-2302).

6800 Language. STRUBAL+ (STRuc-
tured BAsic Language plus), comprised of
elements of BASIC, PL/M, COBOL and as-
sembly language is compatible with existing
BASIC software, provides structured pro-
gramming, business-type record structures
and file accessing methods, and includes as-
sembly language for low-level system opera-
tions. Also available are EDITE8, a line ori-
ented text editor; RA6B0OML a two-pass
macro assembler that generates relocatable
and linkable object code; LNKEDTE8 a link-
age editor utility designed to work with STRU-
BAL+ and RAG800ML; XREF68 a utility de-
signed to produce a cross-reference listing of
an input cross-reference file; and a Cross As-
sembler for the specific microcomputer writ-
ten for use on an M6800. Catalog available
from Hemenway Associates, Inc., 151 Tre-
mont St., Suite 8P, Boston, MA 02111.

Games. For the Exidy Sorcerer, there are
six games; LEM (Lunar lander), Nuclear
Reaction, Pie Lob, Bounce, Checkers (novice
level) and Dodgem. Catalog CS-5001 at
$7.95 plus 75¢ postage. For the Ohio Scien-
tific Superboard II/Challenger 1P, there are
four games; Dodgem, Tank Attack, Free-for-
All, and Hidden Maze. Catalog CS-6001 at
$7.95 plus 75¢ postage. Creative Computing,
Software, Box 789-M, Morristown, NJ 07960
(Tel: 201-540-0445).

CALIFORNIA

Omega Microcomputers

Qualily Personal-Business Systems
Apple 11— Alpha Micro

3535 Torrance Boulevard

Suite 10

Torrance, CA 90503

(213) 370-9456

Rainbow Computing
Complete Apple 11 Line
1073 White Dak Avenue
Granada Hills, CA 91344
(213) 360-2171

Suite 216

Computer Center 0Of The Palm Beaches
The Microcompuler Specialists

2827 Exchange Court

West Palm Beach, FLA 33409

(305) 689-3233

GEORGIA

Graham Business Gomputer
Fealuring Full Line Ohio Scientific
5725 Buford Highway

Atlanta, GA 30340
(404) 457-8450

COMPUTER RETAIL STORES

Advertisement

MICHIGAN

Computer Center

28251 Ford Road
Garden City, M1 48135
(313) 422-2570

The Computer Marl

We will Not Be Undersold
560 W. 14 Mile Road
Clawson, M| 48017

(313) 288-0040

NEW JERSEY

Computer Marl of New Jersey
The Microcomputer People (R)
501 Route 27

COLORADO Iselin, NJ 08830
Byle Shop MARYLAND (201) 283-0600

Complete Apple 11 Line OHIO

3464 South Ancorna Strest Comm. Center, Inc.

Englewood, CO 80110 Exidy Sorcerer Band-Orch, Inc.

(303) 761-6263 Call Toll Free Complete Ohio Scientific Line

FLORIDA

Computer Age, Inc.

Service, Support, Professionalism
AL A Very Affardable Price

1308 North Federal Highway
Pompano Beach, FLA 33062

(305) 689-3233

Dealers: For information about how to have your store listed in THE MICROCOMPUTER MART, please contact:
POPULAR ELECTRONICS, One Park Ave,, New York, N.Y. 10016 - (212) 725-3568.
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Laurel Plaza—Ret. 198
Laurel, MD 20810
(BOO) 638-4486

Computers Unlimited, Inc.
Tomorrow's Technology Today
907 York Road

Towson, MD 21204

(301) 321-1553

337 Easl State Street
Alliance, Ohio 44601

(216) 821-2600
OKLAHOMA
Microlithics, Inc.

2918 Mac Arthur Boulevard

Oklahoma City, OK 73217
(405) 947-5645

Business Systems/Personal Systems

PENNSYLVANIA

Personal Compuler Corp.
Firstin Pennsylvania

Frazer Mall

Lancaster Avenue and Route 352
Frazer, PA 19355

(215) 647-8453

Ripley Computers |
Affordable Computers For |
Business/Churches/Home/Personal |
126 N. Main Street |
Souderton, PA 18964

(215) 723-1509

VIRGINIA |
The Computer Place |
Complete Microcomputer Retail |
For Business And Home
2718 Colonial Avenue, S.W. [
Roanoke, VA 24015 |
(703) 982-3661 [
|
|
|
[

WASHINGTON
P.S.C. - Computer Systems

Medical Systems - Differential Diagnosis  Business And Personal Software Systems

545 North 6th
Walla Walla, WA 99362
(509) 529-9331
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By Hal Chamberlin

AUDIO CASSETTE RECORDING FORMATS

OWADAYS many hobbyists take

the audio-cassette recording for-
mat used by their computer systems for
granted. However, four years ago this
was not at all true since no really good
technique was available and users at
the time were screaming for something
that simply worked. (The first hobbyist
cassette data storage system called
"Hobbyists Interchange Tape System”
or HITS, was introduced in PoPULAR
ELECTRONICS in the “Computer Bits”
column of September, 1975.) Audio and
digital engineers were quick to respond
and now there are over a dozen widely
used formats. Although a standards
conference was held in late 1975 to
stem the tide, deficiencies in that stand-
ard and competitive pressures in the
marketplace continue to produce an
even wider variety of formats. In this col-
umn, we will be looking at some of the
more distinctive recording techniques in
use mostly as a matter of historical inter-
est rather than critical evaluation of their
strengths and weaknesses.

Characteristics of Recorders.
Any viable method of recording digital
data on an audio cassette recorder must
take into account the various signal dis-
tortions inherent in the medium. A typi-
cal design goal is to be able to use virtu-
ally any kind of recorder, including a $30
“cheapie”, since two recorders would be
needed for any real file-handling ap-
plication. Recorders in this price range
are plagued by limited frequency re-
sponse (300-3000 Hz), and very poor
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speed regulation (=10%). Also, most se-
verely distort recorded waveforms be-
cause of the limited frequency response
and phase shifts through low-quality au-
dio amplifiers. To a lesser extent, all
magnetic recording media are subject to
sensitivity variations and even complete
dropouts, although the use of higher
quality and more expensive tape re-
duces this kind of problem.

Thus it is obvious that a straight digital
bit system such as that shown in Fig. 1
cannot be recorded with any degree of
success. To overcome waveform distor-
tion and speed variation it is necessary
instead to modulate the digital informa-
tion onto some sort of carrier wave
which is then recorded. During play-
back, the modulation is separated from
the carrier to recover the original bit
stream intact.

A complete data recording system ac-
tually operates at three levels of encod-
ing. The lowest level, which was just dis-
cussed, addresses the problem of re-
cording and recovering bits. The second
level is concerned with combining these
bits into bytes since blindly grouping
them by eights is usually not satisfacto-
ry. The third level, which is software de-
pendent, handles combined data and
identification bytes in complete tape re-
cords. Even though only a handful of
techniques are popular on each level,
the number of combinations is almost in-
finite and each may have a specific
advantage. In this discussion we will be
concerned with the lowest level of in-
dividual bit-encoding techniques.
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Fig. 1. Lower waveform illustrates typical

distortion of a pure digital signal.
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“A Technological
Masterpiece..."

Mcintosh C 32

“More Than a Preamplifier”

Mcintosh has received peerless ac-
claim from prominent product
testing laboratories and outstand-
ing international recognition! You
can learn why the “more than a
preamplifier” C 32 has been
selected for these unigue honors.

Send us your name and address
and we'll send you the complete
product reviews and data on all
Mcintosh products, copies of the
international awards, and a North
American FM directory. You will
understand why Mcintosh product
research and development always
has the appearance and tech-
nological look to the future.

Keep up to date.
Send now - - -

Mcintosh Laboratory Inc.
Box 96 East Side Station
Binghamton, NY 13904

Name

Address

City State Zip

If you are in a hurry for your catalog please
send the coupon to Mcintosh. For non-rush
service send the Reader Service Card to the
magazine.
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Modulation. When a steady carrier
wave is modulated, something about it
must be changed and that change must
be recognizable at the receiver. Be-
cause of the limited frequency response
of the recorder, only sine-wave carriers
can be seriously considered. A sine
wave has only three properties that can
be modulated; amplitude, frequency and
phase. Looking again at the recorder,
we see that any one of these character-
istics can be distorted by the recording
process. Thus, no modulation process
can be totally immune to recorder defici-
encies. The key to acceptable perfor-
mance is to make the modulation gross
enough so that the “noise” due to the re-
corder is small in comparison.

Frequency Modulation. Frequency
modulation is probably the most popular
type of modulation. When used to en-
code binary data, it becomes frequency
shift keying. Early audio cassette inter-
faces actually copied the frequency-
modulation technique in wide use for
communicating data over voice grade
telephone lines. Unfortunately, the de-
gree of modulation (binary 0 at 2225 Hz
and binary 1 at 2025 Hz) was not suffi-
cient to overcome tape speed variations
in low-cost recorders. Another early in-
terface used the international standard
radio teletype frequencies (0=2975 Hz
and 1=2125 Hz) which, being more
widely separated, worked considerably
better. A serious shortcoming of both
methods was that timing information
about the bits was not recovered. Thus,
if a string of zeroes was encoded there
was no way to tell, except by marking
time, where one bit stopped and the next
began. Marking time was subject to sub-
stantial error because tape speed varia-
lions distorted the timing.

All later methods provide for measur-
ing time using the data itself. This is
called self clocking because there is suf-
ficient redundant information in the sig-
nal to tell where bit boundaries are re-
gardless of speed variations. Because
of the redundant information, however,
the speed of these techniques is less
than that theoretically possible with non-
redundant recording. As a practical mat-
ter, the greater reliability of self-clocking
methods outweighs their slower speed.

One popular self-clocking frequency-
modulated encoding technique is called
the Kansas City standard because it
was designed by a committee that met
in Kansas City in November of 1975.
With this technique, a binary one was
defined as 8 cycles of a 2400-Hz tone
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Fig. 2. “Pulse” modulation is actually another

form of amplitude modulation.

and a zero was 4 cycles of 1200 Hz. Bits
were therefore timed by counting cycles
of the carrier frequency. Because of the
wide separation of frequencies, a simple
single-shot circuit was sufficient to dis-
criminate between them. A nice property
of the standard was that it could be easi-
ly upgraded. The normal data rate of
300 bps (bits per second) could be in-
creased to 600, 1200, or even 2400 bps
by reducing the number of cycles for
each bit. The 2400-bps rate is interest-
ing in that a zero is only one-half a cycle
of 1200 Hz. The resulting modulation is
very similar to the popular “Tarbell” for-
mat which is known for its high-speed
capability. A problem with these formats
is that waveform distortion has to be low
enough to allow accurate cycle count-
ing, which is usually by zero-crossing
detection.

There does exist a self-clocking fre-
quency modulation technique that does
not depend on cycle counting for timing.
The trick is to convert each bit into three
bits which are then recorded with a non-
clocking frequency-modulation tech-
nique. If a zero is to be recorded, it is
converted into 1-0-0 and if a oneiis to be
recorded, it is converted into 1-1-0.
Thus, the bit boundaries can be identi-
fied by noting the transitions from O to 1.
The decision between 0 and 1 for the
entire bit cell is arrived at by comparing
the amount of time within the cell that is
spent at a 1 level to that spentata 0 lev-
el. Since the decision is based on a
comparison rather than absolute timing,
the technique is almost totally immune
to speed variations! This method is also
known as the “Y-24" method or ‘“ralio
recording”. The limit of speed-variation
is reached where the FM detector can
no longer accurately distinguish be-
tween 0 and 1 levels. However, this
could be overcome with an afc (auto-
matic frequency control) circuit similar to
that used in FM radio receivers.

This technique was first used on the
KIM-1 microcomputer and generally
works quite well although it is fairly slow.
Unfortunately, the carrier frequencies
chosen (3700 Hz for 1 and 2400 Hz for
0) are a little high for reliable use with

most low-cost cassette recorders. Like
the Kansas City standard, methods are
available to upgrade the normal 134 bps
by factors of 3 and 6 to a respectable
800 bps without producing any serious
loss in reliability.

Amplitude Meodulation. Although
amplitude modulation is less used than
frequency modulation, it has some im-
portant  technical advantages—and
some disadvantages. The main advan-
tage is that speed variations from one
recorder to the next have no effect on
the data recovery process. The primary
disadvantage is that variations in record-
ing level and tape output may require
the recorder’s volume control to be ad-
justed for accurate data recovery. Some
may see this as an advantage over FM
methods since volume controls are
standard but speed controls are not.

Amplitude modulation with binary data
is often called tone-no-tone recording
since that is the result of 100% modula-
tion. One potential problem with ampli-
tude modulation is that the automatic
level control (alc) feature found in many
cassette recorders tries to counteract
changes in signal amplitude. To prevent
alc problems, the selected format must
avoid long periods of silence. With such
a format, the alc feature (which only
functions during recording) can become
an advantage since it ensures that all
tapes are recorded at the same volume
level.

The basic idea of the HITS format,
mentioned above, is the same as the
1424 method except that a logic 1 is sig-
nified by the presence of a high-frequen-
cy tone while a logic-0 level is the
absence of any tone. Since silence nev-
er lasted longer than %4 of a bit time,
there was no problem with recorders
having alc. Although the 300-bps speed
was modest, it was quite adequate for
interchange purposes. The system was
quite insensitive to recorder variations, a
requirement for interchange. In particu-
lar, since only one tone frequency was
used, it tolerated head alignment errors
(which severely alter the recorder’s fre-
quency response curve) quite well.
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Another widely used recording meth-
od, although termed pulse modulation,
is in reality another form of amplitude
modulation (Fig. 2). The method was
first proposed by the writer in 1975 in
The Computer Hobbyist newsletter as a
local and interchange standard. Al-
though its initial usage was small, it was
quietly adopted by Radio Shack for its
TRS-80 computer and now is probably
the most widely used format to be found.

In the system, a “pulse” is defined as
exactly one cycle of a 4-kHz tone sur-
rounded on both sides by silence. Every
bit on the tape begins with a “mark”
pulse. A zero bit is detected if the mark
pulse is the only pulse seen within a 2-
millisecond period which is the bit cell
time. A one bit is signified by a second
pulse occurring shortly (1 millisecond)
after the first. The method has a speed
variation tolerance of about =+=20%
which is limited by the ratio of the bit cell
time to the spacing between the mark
pulse and the “one” pulse. One interest-
ing property of the method is that the bit
rate need not be constant, although too
big a gap between bits can cause prob-
lems with the alc. The standard speed of
500 bps can be reduced for better reli-
ability (250 bps is used in the Level |
TRS-80) and increased (2000 bps has
been reported on a good-quality record-
er) for faster operation.

Digital Recording. Even the fastest
audio cassette interface is painfully slow
when searching through files of tens or
hundreds of thousands of bytes and
even with all kinds of built-in error detec-
tion schemes still does not have the reli-
ability needed for extensive business
use. Direct digital recording, which
avoids the distortions in audio circuitry,
is the answer for high-speed, highly reli-
able recording on magnetic media. The
recording techniques used in digital cas-
sette systems and floppy disks will be
discussed in a future column. &

“Sorry Bill, | ran you through the computer
last night and you just didn’t make it.”
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ELF 1l by Netronics

Featuring 2
RCA ::
COSMAC CPU

Own a powerful home computer system, starting for just $39.95-a price that
gets you up and running the very first night. .. with your own TV for a video
display. $39.95 ELF Il includes RCA 1802 B-bit micropracessor addressable to 64k
bytes with DMA, interrupt, 18 registers, ALU, 256 byte RAM, full hex keyboard,
twa digit hex output display, stable crystal elock for timing purposes, RCA 1861
videa IC to display your pragrams on any video monitor or TV screen and 5-slot
plug-in expansion bus fless connectors) to expand ELF Il into a giant!

ELF |l Explodes Into A Giant!

Master ELF II's $89.95 capabilities, then expand with GIANT BOARD ...
KLUGE BOARD...4k RAM BOARDS...TINY BASIC...ASCIl KEYBOARD...
LIGHT PEN. . .ELF-BUG MONITOR. ..COLOR GRAPHICS & MUSIC SYSTEM. ..
TEXT EDITOR...ASSEMBLER. .. DISASSEMBLER. ..VIDED DISPLAY BOARD
...and—

More Breakthroughs Coming Soon!

Soon 1o be intraduced: ELF 11 special application kits that give you the hard-
ware and software you need to use ELF Il for specialized purposes such as a
telephone dialer. . .industrial controller. .. hame photography. . .security sys-
tem. . . police alert, .. motor controller. . . station output monitor on a conveyor
belt assembly line. . . and some new, super-fantastic games!

Also coming soon; PROM Programmer. ..A-D, D-A Converter. .. Controller
Board. . .and more! Unlike some heavily advertised habby computers, ELF I
tdoesn't limil you to pre-recarded programs. With ELF Il you learn camputing
fram the ground up. . .from machine language to assembly language to BASIC
-..in quick, clear and easy steps. ELF Il is a pawerful computing tool, but ane
that you can master with the same ease you once mastered & slide rule or
pocket calculator.

Master This Computer In A Flash!

Regardless of how minimal your computer background is now, you can learn
1o program an ELF Il in almast no time at all. Qur Shart Course On Micropro-
cessor & Computer Frogramming—written in non-technical language—guides you
through each of the RCA COSMAC 1802's capabilities, so you'll understand
everything ELF |l can do. .. and how to get ELF Il to do it! Don't warry if you've
been stumped by computer buoks hefare. The Sharf Course represents a major
advance in literary clarity in the computer field. You don't have to be a computer
engineer in order to understand it. Keyed to ELF II, it's loaded with “hands on"
illustrations. When you're finished with the Short Course, neither ELF Il nor the
RCA 1802 will hold any mysteries for you.

In fact, not only will you now be able te use a persanal computer creatively,
you'll also be able to read magezines such as BYTE. . . INTERFACE AGE. . . POPU-
LAR ELECTRONICS and PERSONAL COMPUTING and fully waderstand the
articles, And, you'll understand how ta expand ELF Il to give you the exact
capabilities you need!

I you work with large computers, ELF Il and the Short Caurse will help you
understand what they're doing.

Get Started For Just $99.95, Complete!

$89.95 ELF Ii includes all the hardware and soflware you need to start wriling
and running programs at home, displaying video graphics on your TV screen and
designing circuits using a micropracessor-the very first night—even if you've
never used a computer before,

ELF Il connects directly to the video input of your TV set, without any addi-
tional hardware, Or, with an $8.95 RF modulatar (see coupon below), you can
connect ELF Il to your TV's antenna terminals instead.

ELF Il has been designed to play all the video games you want, including a
fascinaling new targetimissila gun game that was developed specifically for ELF
Il. But games are only the icing on the cake. The real value of ELF Il is that it
gives you a chance to write machine language programs—and machine language
is the fund | language of all s. Of course, machine language is
only a starting point. You can also program ELF Il with assembly language and
tiny BASIC. But ELF II's machine language capability gives you a chance to
develop a working knawledge of compulers that you can't get from running only

Netronics R&D Ltd., Dept PE 7

lil al $99.95 plus $3 poslage and alike. $5 posipaid
- handiing (requires 6.3 lo 8 voll AC power
ﬂﬂpﬂivl

O Power Supply (required). $4 95 postpaid.

I RCA 1802 User's Manual. $5 postpaid

18
abgul ELF 11 or any ACA 1802 compuler Wrilten in non-lechnical 33 p&h.
ALSO AVAILABLE FORELF I}

[very Dt AR e
. irst night-even i ve
- mr used :ig computer b%(f’:)lm!

You're up and running with video graphics for just $99.95 —
then use low cost add-ons to create your own personal system
that rivals home computers sold for 5-times ELF II’s low price!

> .
333 Litchiield Road, New Milford, CT 06776 | PHONE ORDERS ACCEPTED!| |

Yes! | want my own computer! Please rush me—
0 RCA COSMAC ELF Il language. il's a learning breakihrough for engineers and laymen

~the

pre-recorded tape cassettes.
ELF Il Gives You The Power To Make Things Happen!

Expanded, ELF Il can give you more power to make things happen in the real
world than heavily advertised home computers that sell for a lot more money.
Thanks ta an ongaing committment to develop the RCA 1802 for home camputer
use, the ELF Il products—being intraduced by Netronics—keep you right on the
outer fringe of today's small hnology. It's a parfect for
engineering, business, industrial, scientific and personal applications.

Plug in the GIANT BOARD 1o record and play back programs, edit and
debug programs, communicate with remote devices and make things happen in
the outside world. Add Kluge (prototyping) Board and you can use ELF Il to
salve special problems such as operating a camplex alarm system or controlling
a printing press. Add 4k RAM Boards to write longer programs, stare more
infarmation and salve more sophisticated prablems.

ELF Il add-ans already include the ELF Il Light Pen and the amazing ELF-BUG
Monitor—two extremely recent breakthroughs that have nat yet been duplicated
by any other manufacturer,

The ELF-BUG Maonitor lets you debug pragrams with lightening speed because
the key to debugging is to know what's inside the registers of the microproces-
sor. And, with the ELF-BUG Monitor, instead of single stepping through your
pragrams, you can now display the entire contents of the registers on your TV
screen. You find out immediately what's going on and can make any necessary
changes.

The incredible ELF Il Light Pen lets you write or draw anything you want on a
TV screen with just a wave of the “magic wand.” Netranics has also intraduced
the ELF Il Color Graphics & Music System—more breakthroughs that ELF Ii
owners weve the first to enjoy!

ELF Il Tiny BASIC ;

Ultimately, ELF Il understands only machine languaga—the fundamental coding
required by all computers. But, 1o simplify your rel. «anship with ELF II, we've
intraduced an ELF Wl Tiny BASIC that makes communicating with ELF Il a
breeze, .

Tiny BASIC saves yau the time of having 1o code your individual instructions in
machine language for ELF I1. Instead, you simply type instructions on a keyboard
~PRINT, RUN, LOAD, ETC. Your Tiny BASIC pragram automalically translates
them into machine language for ELF II. Then it translates ELF II's output back
into simple words and symbals for you.

Now Available! Text Editor, Assembler, .
Disassembler And A New Video Display Board!

The Text Editor gives you word pracessing ability and the ability to edit
programs or text while it is displayed on your video manitor. Lines and charac-
ters may be quickly inserted, deleted or changed. Add a printer and ELF Il can
type letters for you-error Iree—plus print names and addresses from your
mailing list!

ELF It's A b] | bly language prog
machine code for ELF Il use. The A features
rather than numerics so that the instructions on your programs are easier to
read—this is a hig help in catching errors.

ELF II's Disassambler takes machine code programs and produces assembly
language source listings. This helps you understand the pragrams you are
working with. . . and improve them when required.

The new ELF Il Video Display Board lets you generate  sharp, professional
32 or 64 character by 16 line upper and lower case display on your TV screen or
video monitar—d ically improving your d $99.95 ELF 11 When you
getinto langer programs, the Video Display Board is a real blessing!

Ask Not What Your Computer Can Do. . .
But WHAT CAN IT DO FOR YOU?

Don't be trapped into buying an expensive dinosaur, simply because you
can afford it. ELF Il is more advanced and more fun to use than hig name
computers that cost a lot mare money. With ELF Il you jaarn to write and
Tun your own programs. You're not just a keypunch operator. No matter
what your intarests are, ELF 1 is tha fastest way to get into computars,
Ordar from the coupon balow!

Jinto hexidecimal

—— e e —— e — — ey —

Call (203) 354-9375

Tolzl Enclosed §

0 Deluxe Metal Cabinel wilh plexiglas dust cover for ELF Il (Conn. res. add fax)
$29.95 plus $2 50 p&h.
CJ 1 am also enclosing payment (including poslage & handling) for CH
Ihe ilems checked below!

[ Tom Pittman s Short Course On Microprocessor & Gomputer [ | want my ELF Il wired and tested wilh power supply, RCA
l Programming teaches you just about everylhing there is lo know

O Visa [ Masler Charge

|

I

ARGE IT! Exp. Date _____ '
(Bank¥ _ ) l

Account #

L1 GIANT BOARD™™ ki with cassette 1/0. RS 232

I C/TTY I/0. 8-bil P 1/0. decoders lor 14 Separale 1/0

nstruclions and a system momior/edilor. §39.95 plus
32 p&h

[ Kluge (Prololype) Board accepls up lo 36 ICs
$17.00 plus $1 p&h

[ 4k Stalic RAM kil. Addressable lo any 4k page lo
"Bk $89.95 plus $3 p&h

plug-in board) §5.70 ea.. posipard
L) Expansion Power Supply (required when adding 4k
RAM) §34.95 plus £2 p&h
] Prolessional ASCHI Keyboard kil with 128 ASCII
upper/lower case sel. 96 prinlable characlers. onboard
requlalor, panily. fogic selection and choice ol 4 hand-
shaking signals lo male wilh almosl any computer
$64.95 plus $2 p&h
[ Deluxe metal cabinet for ASCIl Keyboard, $19.95
plus $2 50 p&h
3 Video Display Board kit lels you generale a sharp.
professional 32 or 64 characler by 16 line upper and
lower case display on your lv screen of video manilor—
dramalically improving your unexpanded $99.95 ELF 1l
(Fils inside ASCH Keyboard cabinel.) $89.95
plus $2 p&h
I ELF Ii Tiny BASIC on casselle tape. Com-
mands mclude SAVE. LOAD, =. x,

l 1 Gold plated 86-pin connectors (ane required for each

().

26 vaniables A-Z. LET. IF/THEN, INPUT. PRINT. GO TO.
GO SUB. RETURN. END. REM. CLEAR. LIST. RUN,
PLOT. PEEK. POKE. Comes fully dacumented and in-
cludes alphanumenc generalor required lo display
alphanumeric characlers directly on your v screen with-
oul additional hardware. Also plays lick-lack-toe plus a
drawing game thal uses ELF II's hex keyboard as a joy-
shick. 4k memory required. $14.95 pastpaid

3 Tom Piliman's Short Course on Tiny Basic for ELF 11,
§5 posipaid

O ELF-BUGT™ Deluxe System Manitor on casselle
lape. Allaws displaying Ihe contents ol all regislers on
yaur Iv al any point in your program . Also displays 24
byles of memory wilh full addresses, blinking cursar
and aulo scrolling. A mus! for the serious programmer!
$14.95 posipaid.

I Text Edilor on casselle lape gives you ihe ability to
inserl. delele or edil lines and words Irom your programs.
wihile they are displayed on your video monilor. (Add
printer and you can use ELF Il 1o lype error-Iree leflers
plus insert names and addresses Irom your mailing st )
$19.95 postpaid

[ Assembler on casselle fape lranslates assembly
language programs inlo hexidecimal machine code lor
ELF |I use. Mnemonic abbrevialions for instruclions
(rather Ihan numerics) make programs easier lo read
and help prevenl errars. $19.95 posipaid:
D3 Dispssembler an casselle lape takes machine code

programs and produces assembly language source hist-
ings to help you understand and improve your programs
$19.95 an casselle lape

SAVE $9.90—Tex! Edilor. Assembler & Disassembler
purchased logelher, only $49.95! (Require Video Dis-
play Board plus 4k memory.}

02 User’s Manual and Shorl Course—all for just $149.95 plus I

[ ELF Il Light Pen, assembled & tesled. 57.95 plus §1
p&h

3 ELF Il Color Graphics & Music System Board kil
$49.95 plus $2 p&h

O ELF Il connects directly lo the video inpul of yaur Iv
sel withoul addilional hardware. To connecl ELF 1| lo
your anlenna lerminals instead. order RF Modulator,
$8.95 postpaid

Coming Soon: A-D. D-A Converler, Canlroller Board
and mare!
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