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Computer Bits

MIGBOCOMPUTGR POWER SUPPLIES

EXT TO the cabinet enclosure, the

dc power supply is probably the
most mundane component.of a mi-
crocomputer system. As a result, it is
often overlooked by the prospective
purchaser of such a system.

One should know that the power sup-
ply has a great deal of influence over
the reliabiity and expandability of the
system, as well as size and weight.
While a weli-designed and constructed
power-supply system is usually ignored
by the user, a marginal power supply
constantly calls attention to itself
through unexplained system crashes,
overheating or outright failures.

Changing Power Requirements, Be-
fore discussing the various power sup-
ply philosophies and technologies, we
will examine the actual power require-
ments of today’s systems,

Early personal computers such as the
Altair-8800 and other S-100 bus ma-
chines required three or four different
power supply voltages (+12, +5, —
and — 12 volts after regulation) at fairly
high current ievels. These requirements
were a result of the micropracessor and
memory |C's used by these machines. in
particular, the early 1K static semicon-
ductor memory IC's reguired as much
as 1.5 amperes of +5 volts for each 4K,
With full memory (64K} installed, up to
24 amperes of current was needed for
the memory. The CPU and other peri-
pherals could easily swell this figure
beyond 30 amperes! With that kind of
current consumption, power distribution
and cooling became major design con-
siderations. ’

Modern microcomputer circuitry re-
quires far less power than the earlier
units. The biggest improvement is in
memories, where a full 64K of modern
dynamic RAM actually consumes less
than 1 ampere and fits entirely on a sin-
gle printed-circuit board,

power-supply voltages used by mi-

By Hal Chamberlin

The introduction of low-power
Schottky TTL logic reduced the con-
sumption of other parts of the system to
about a quarter of their former levels. In
addition, some systems now require
only one voltage level (+6 volts) to op-
erate the microprocessor, memory, and
miscellaneous logic. Consequently,
power supply design and cooling is
much less of a problem for them.

Central vs Local Regulation. Al

crocomputer circuitry must be carefully
regulated for safe and reliable opera-
tion, of course. Two distinctly different
approaches to doing this have evolved
over the history of microcomputers. The
first and most obvious method used one
high-current central regulator for each
voltage in the system. This was the
method used exclusively in the past.
However, some problems arose with
power distribution. When dealing with
low voltages, such as 5 volts, at high-
current levels, even short lengths of
heavy wire or a slightly oxidized electri-
cal contact could develop a substantial
voltage drop. For example, at 30 am-
peres a resistance of 0.0018 ohms will
create a drop of about 50 millivolts, a
i-percent loss at 6 volts. Keep in mind

that TTL logic can only tolerate a 5%

loss before maltunctioning!
Another problem with central regula-

tion is that the heavy power supply wir- .

ing from board to board also transmits
digital noise generated on one board to
all other boards in the system. Elabo-
rate systems of chokes and bypass ca-
pacitors on each board were needed to
prevent such noise coupling.

Many microcomputer systems today, '

notably S-100 systems, use local regu-
lation on each board. The main power

supply in such systems provides recti=

fied and filtered (but unregulated) volt-

ages that are about 50% higher than
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whose smergoncy calls for help on the highway

were answered by REACT.

For 17 years now, REACT volunteers—ordinary fclks just
like you and me with CB radios and a powerful desire to
help their neighbors—have been helping motorists in
frouble on the highway. Now they need your help. | ask
every r_esponsib!e citizen to read this appeal carefully and
then give your support to this great American Institution.

In tess than the time it will take you to |

read this appeal, REACT teams all over
ihe U.8. and Ganada will have answered
abou? 80 such calls for help with their
CB radios—one emergency every 72
saconds, 24 hours a day, seven days a
week, an average of more than 4.4 mil-
lion emergencies per yaar!

What is REACT?

Most of the 25 milion Amerlcans who
own CB radios, and a great many who
don't, have heard of REACT and know
something abeut the fremendous free
emergency services these velunteers
perform, for the American public. Very
few know the extent to which REACT has
been instrumental in saving lives, helping
their neighbors save valuable time in a
thousand ways, and saving America's
precious fuel. Here's what you shnuld
know about REACT.

. REACTY is a tax exempt non-
profit organization whose only mission
is to bring help immediately when there
is trouble through the use of CB radios.

REACT International's Board of
Directors is a distinguished group of
Amerlcan citizens, alse serving on a vol-
unteer basis, each with special back-
ground and experience in areas that
contribute to the strength and stature of
REACT—a former head of the Federal
Communications Commission , ., an ex-
ecutive of the American National Red

Cross . . . a staff member of the Inter-
natlonai Assocuatlon of Chiefs cf Police.
nnnnnnn Hhlvd ~f dhn At

REACT wvolunteers are from all
walks of life, every race and religion,
every frade or profession—truckers, doc-
tors, firemen, housewives, businessmen,
students.

] ] SAVANNAH]

REACT volunteers are thor-
oughly trained. They know the best, most
efficient communications procedures—
just like a police radio dispatcher. They
keep complete monilor records, lists of
authorities and sennce Drganlzallons

Thre &

1 YES! Send me one year (12 issues) of
Popular Electronics for just $8.97—40% off
the annual newsstand rate of $15.00.

[J 1 prefer iwo years for $16.97.
[l Make that three years for $22.97.
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scout activities and county fairs. Allf in
the spirit of public service thal is sc
uniquely American.

How is REACT tinanced?

Funds to operate and administer REACT
Internationat have come to us in the
seifid, traditional American way-—700%
from private contributions and the dues
from the members themselves.

Through the years, about 30% of REACT
International's cperating budget has
been provided by * contributions and
grants from a variety of public spirited
corparations, and the balance by REACT
members themselves through annual
dues of $5.00 per member.

These funds are used enliraly to
provide vital trathing programs; identifi-
cation malerials; a guarterly newspager
that communicates ideas and experi-
ences to improve REACT team opera-
tions; inter-team communications; a
Junior REACT program to train future
REACTers in both citizenship and emer-

. Qur combined income for 1979
is below our minimum operating forecast
by nearly 20%. Some vital services al-
ready have been curlailed. Internaticnal
Headquarters staff and facilities have
been cut fo the bone. But it’s not enough.

Without your direct tax deducti-
ble support , . . unless the-public now
comes to the aid of REACT . . . the effec-
tivenass of the program will be further
and seriousiy jeopardized.

We cannct, and will ned, ask our
REACT members for additicnal duas or
assessments, They should not be forced
to pay additionally for the privilege of
serving the public! In fact . . . we have
pledged to our membership that any pub-
lic funds generated by this appeal in ex-
cess of owr immediate budgeting needs

[0 YES! Send me one year (12 issues) of
Popular Elecironics for just $8.97-40% off
the annual newsstand rate of $15.00.

[ 1prefer two years for $16.97.
[ make that three years for $22.97.
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the final regulated voitages required by
the boards. For example, 8 volts is usu-
ally supplied for the 5-volt line and 16
volts for the t2-volt line.

Each board contains an IC regulator
tor each different voltage required by
that board. Although the cost of 30 am-
peres worth of 1-ampere regulators may
be more than a single 30-ampere cen-
tral regulator, the small regulators can
be purchased one at a time, along with
the expansion boards.

Local voltage regulation overcomes
many of the problems asscciated with
centrally regulated power distribution.

‘I Voltage drops in the main power distri-

bution are of little consequence as long
as it is not so great as to exceed regu-
lation capability of the local regulators.
Ground wiring, though, mist remain
heavy because voltage drops along
ground leads either add to or subtract
from the logic signal voltages. This
might lead to the possibility of a zero
being interpreted as a one or vice-ver-
sa. Local regutators also prevent noise

through them, thus reducing the need
for  noise-filiering components. Again,
this does not help ground noise, which
must still be controlled through the use
of heavy ground wiring and multiple
ground connections to the boards.

Local regulation is not without its
problems, however. The most severe of
these is that the local regulators dissi-
pate a lot of heat, in many cases as
much as the board logic itself. This
causes a considerably greater buildup
of heat around sensitive logic compo-
nents than would occur in an equivalent
centrally regulated system. Here, all of
the regulator heat is in the power supply
area. As a result, locally regulated
boards shouid not draw much more than
1 ampere from the unregulated supply
unless a fan is present in the system to
remove the 10 or more watts of heat
that this represents. The 1-ampere re-
striction, however, is much less of a
problem now than it was in the past.

Another prablem with local regulation
that concerns some people is fail-safe
operation. All local and most central
regulators are series elements which
control the output voltage by acting as
a variable series resistance. It the regu-
fator element should fail as a short cir-
cuit', the twice-as-high unregulated volt-
age directly enters the logic circuitry,
perhaps causing severe damage. A
large centrally regulated power supply
can ahsorb the cost of elaborate crow-
bar overvoltage protection circuitry, but

CIRCLE NO.54 ON FREE INFORMATION CARD

coupling both forward and backward ’

‘the cost of adding such circuitry to

each board in a locally regulated sys-
tem would be prohibitive. Although inte-
grated-circuit regulators have only mod-
est overvoliage protection circuitry
built-in (usually a zener diode across
the output), other internal protection
makes short-circuit failures very rare.

Perhaps the most insidious probiem
with local regulators is over-reliance on
their regutation capabilities. For proper
operation, most IC reguiators require an
unregulated input at least 2 volts higher
than the regulated output voltage. With
any less input, the device simply stops
regutating and passes ripple and noise
directly to the logic circuitry. The prob-
lem is insidious because, although a
voltmeter may indicale sufficient un-
regulated voltage (such as +7.5 volts
into a 5-volt regulator), the superim-
posed ripple voltage may mementarily
drop below the critical 7-voit fevel. Use
a dc-coupled oscilloscope to ¢heck
this probiem.

Power Conversion Systems. lgnoring
the exact method of regulation, most of
the bulk and cost of a microcomputer
power supply is in the power conversion
system, which takes 117-volt ac power
and produces rectified and filtered low-
voltage dc for the regulators. Three
methods of power conversion are used.
The first, which is probably the most
common, is the classic iron-core trans-
former and bridge or center-tapped rec-
tifier systemn, with a bulk capagcitor filter.
While conceptually simple and inexpen-
sive, this methed has many pitfalls for
the inexperienced designer. The most
sarious ¢f these is the extremely poor
voltage regulation which must be over-
come by the regulator. It is not unusual
for the low-load/high-line output volt-
age to be double that of the full-load/
low-line cutput voltage. If the reguiator
is to function under the latter condition,
normal conditions will mean a very high
unregulated input voltage and, conse-
quently, a lot of heat dissipation in the
regulators. Marginally designed power
supplies of this type will drop out of reg-
ulation during momentary low-line condi-

tions , and possibly cause maifunction of .

the microcomputer.
The second, although more expen-

sive, approach is to use a constant volt- -

age transformer (CVT). This type of
transformer has two winding "'windows”
in the core, with the primary in one win-:
dow and the secondary in the other. A
large ac capacitor is connected across’
one of ihe secondaries that resonates:

POPULAR ELEcraomc.f»

‘controls its frequency or waveform. It

the winding with the 60-Hz mput _
thus provides a good déal of regulation
Such transformers are also called. fer-

roresonant because of the resonating

capacitor. When combined with a con-
ventional rectifier and filter, such .a
transformer can hold unregulated volt-
age variations to less than 10%, which
reduces regulator dissipation and in-
creases immunity to line-voltage varia-
tion. Also, since the transformer puts
out an approximately square waveform,
a smaller-valued filter capacitor can be
used to partially counteract the higher
cost and hulk of the CVT. Some of the
better 5- 100 mainframes use CVTs.
There is yet a third power-conversion
method that is finding increased ac-
ceptance as costs decline. This is the
direct off-the-line switching power sup-
ply. Such a unit first rectifies and filters
line voltage directly without a transform-
er to provide about 150 volts dc. This
“high voltage then operates a power os-
cillator in the 15-t0-30-kHz range. The
resulting high-voltage, high-frequency
ac is stepped down to lower output volit-
ages with a lightweight ferrite-core
transformer. The lower-voltage,
frequency ac is then rectified and fil-
tered again to provide the final output
voitages. Usually the oscillator is con-
structed so that feedback from one of
the output voltages, typicaily +5 volts,

therefore provides sufficient reguiation
for direct operation of logic. The pri-
mary advantages of switching power
supplies are small size and light weight
for their output capability and a high
regulation efficiency, lower heat dissi-
pa‘tion. and inherent central regulation.

Safety Approval. Safety testing of a
microcomputer’'s power supply can be a
iong and expensive process for its man-
ufacturer. When 117 volts is present in
the cabinet of a computer, the whole
unit must be subjected to a number of
stringent tests, some of which are de-
structive. One soclution to this problem
is to provide the step-down transformer
as a separate unit, much likg a calcula-
tor battery eliminator, ard otily have Jow
voltages in the microcomputer. If this is
done, only the transformer must be test-
ed, which is a much simpler process.
Although limited to smaller machines
with low-power consumption, modern
low-power ICs make viable.

In sum, one should be aware of the
importance of power supplies in mi-
crocomputers and add this considera-
tion when making buying judgments. ¢
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Dwa a powerfyl hame computer system, starting for just $39.95—a price that
gets you ug and ruaning the very First night. . . with your owna TV for a vides
display, $39.95 ELF fl includes ACA 1842 8-bit micraprocessor addressable to Gak
liytes with DMA, interrupt, 18 registers, ALY, 256 byte RAM, full hex keyhoard,
two digit hex outpud disnlay, stable crystal cloek for timing purpeses, ROA 1861
video IC to display your programs on any video monitor or TV screen aad 5-sip!
pltgin expansion bus fless cannectors) to expand ELF If into & glant!

ELF I Explodes Into A Giant!

Master ELF |I's $39.95 capahilities, then expand wilh GIANT BOARD .
#LUGE BOARD...4k RAM BOARDS...TINY BASIC.__ASEIl XEYADARD...
LIGHT PEN. . ELFBUG MOMITAR. . COLOR GRAPHICS B MUSIC SYSTEM. ..
TEXT EDITOR.. ASSEMBLER. . 0ISASSEMBLER...VIDEO DISPLAY BOARD

... and, snother geeat reason for gettiag your ELF now-

BREAKTHROUGH!

Netronics proudly announced the release of
the first 1802 FULL BASIC, written by L.
Sandlin, with a hardware floating peint RPN
math package (requires 8k RAM plus ASCIl and
video display boards), $79.95 plus $2 p&h. Also
available for RCA VIP and other 1802 systems
Board includes area for a ROM version.

first night—even if
never used a computer

© then'use law cost add-ons lo creale your own pers
~ that rivals home computers sold for 5-times ELF I

up and running with video graphics for just $09° 05

pre-recozded 1ape cassettes. I
ELF Il Gives You The Fower To Make Things Happ
Expanded, ELF 1) cen give you more power 1o make things fiappen is the'real
world than heavily advertised hame camputers that sefl lor & lot more money; - -
Thanks Lo an ongoing committment to develog the RCA 1802 for kame computer”
use, the FLF || preducts—being imroduced by Netranics—kaep vou Tight on’ the
ouer [ringe af foday’s small p hnolegy. s a perfect putér fay’ '
enginerring, business, industrial, scientific and persona! applicatians, L

Fiug in the GIANT BOARD 1n record and play hack programs, adil ang
defiug programs, communizate with remote devices and make things happen in
tha cutside world. Add Kiuge {prototyping! Boosd and you can use ELF Il o
solve special prabiems such as operating a camplex alarm system or cantrolling
a prinfing press. Adé 4k RAM Buoards to write longer programs, store more
inlormation and solve mare sophisticated problems,

ELF I} add-ons already include the ELF 11 Light Pen and the amazing ELF-BUG
Menitor~twe extremely recant breakibraughs that have ot yet been duplicated
By any ather manufactorer.

The ELFBUG  Manitar lets you debuyg programs with lightening speed because
1he key 18 debugging is (o knaw what's inside the regisiers of lhe micraproces-
sar. And, with the ELFBUG  Maniter, instead of single stepping thraugh your
programs, you car now disptay the entire contents of the registers on your TV
sereen. You lind cut immediately whal's gaing on ang tan make any netessary
changes.

The incredible ELF il Light Pen lets yau write br draw anything you want gn a
TV screen with just & wave of the “magic wand.” Nelronics has alsn intreduced
the £LF |l Color Graphics & Music System-mare hreakthroughs that ELF Il
owners wete Lhe dirst to enjoy!

ELF H Tiny BASIC

Master This Computer In A Flash!

Regardiess of how minimal your compoter background is now, you can learn
ta gragram an ELF I} in almast no time at all. Qur Short Covrse On Micropro-
cessor & Computer Pragramming—written in nen-techaical language—guides you
throagh each af ke BCA COSMAC 1882's capabilities, so you'll understand
everything ELF ) can do. .. and how to ge! ELF if to 4o 7tf Don't worry il you'va
bean stumaed by compuler books before. The Short Cosrse reprasents a majer
advance in filerary clarity in the competer field. You don't have 1 be a eomputer
enginees in order to understand il. Keyed to ELF 11, it's loaded with "hands on”
illustratiens, When you're Fnished with the Shart Course, neither ELF If nar the
RCA 1802 will hold any mysteries for you.

In fact, not only will you now be able te use a perscnal computer creatively,
you'lf elso he ahie ta read magarinas such as BYTE__INTERFACE AGE. . . POPU-
LAR ELECTROMCS and PERSONAL COMPUTING -znd fully waderstand the
articles. And, you'll enderistand how to expand ELF Il 1o give you the exact
capahflities yeu need!

# yoa work wilh farge computers, ELF Il and 1he Shorr Course wilt help you
undersiand what they're doing.

Get Started For Just $99.95, Complote!

$99.95 ELF 1l ineludes all the hardware and saftware you need to starl writing
and rusning programs at home, displaying videe graphics an your TV screen and
desigaing circuits using 2 micreprocessos —the very first night—even if you've
never used a compater befare.

ELF H connpets directly 1o the video input of yoar TV set, without any addi-
tional hardwgre, Qr, with an $8.55 RF modulater {see coupos below), you can
tonaect ELF 1 to your TV's antenna terminals instead.

ELF & has been cesigned to piay il the video games you wani, including 2
fascinating new targermissile un game that was developed specilizally for ELF
IF. Bul games are only the icing on the cake. The real valae of ELF (I is that it

gives you a chance to write machise language programs—and machine language
is the fund: | language of alt p 1 eeurse, machine language is
only a stasling peind. You tan atso program ELF Il with assembly languagi and
tiny BASIC. Bt ELF I's machine language capabifity gives you a chance to
devetap a working knewledge of computers that yeu can't gat Irom running enly

. r— . — oy — — — — —— —at

Netronics R&D Lid., Dept PE-1

w2l $98 95 plus $3 poslage and  atke 5 postpad
hangbng {requres 63 to B voll AG power

uppiyy 529 95 phus 32 50
[ Powar Supphy (required). $4 95 postpaid

17 RCA 1802 User s Manuval $5 postpaxd
£ Tom Pilman = Short Boursa On Micrepracessor & Computer €73 1 want my ELF

| Programming lcaches you jus) abvul ewerylieng there 15 1o know 3802 User's Manual zrd Shoerl Course—al fof just $349 95 pius

anowl ELF Hoor any RCA 1802 compuler Wrillen in non-techmical  $3 p&h.
ALSO AVAILABLE FORELF I

333 Litchfield Road, New Milford, CT 08776 | PHONE ORDERS ACCEPTED! l

Yes! 1 wani my own computer! Please rush me—
C3 RCA COSMAC ELF M fanguage. i's a learmng breakfhrough lor engneers ond iayman

[} Defuxe Metal Cabing! wilh plexiglas dust cover for ELF 1L {Conn. res adg 1ax)

O 1 ane atso enclosim ment {Including postage & handhng) lor G
the items checked m&‘i?” ! 1 posias 9 B visz 3 Master Charge

Uitimately, ELF Il understands enly machine languaga-the fundamental coding
required by alf compulers. But, to simplify your relatinaship with ELF II, we've
introduced an ELF il Tiny BASIC that mekes commuricating with ELF 1) a
freeze.

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

The Texi Editar gives you word procassing ability and the abifily Lo edit
programs or Yexl while it is displayed on your video monitor. Lines and charac-
leys may b quickly insertad, deleted wr changed. Add = printer apd ELF Il can
type letlers for you—erer free—plus print aames and addiesses from your
mailing list!

ELF Ii's Assembler translates assembly language programs into hexidezimai
machine code far ELF Il use. The A bler lealures ic abbreviati
rather (han namerics 59 that the instrucsions on your programs are easier to
read—this is a big help in catching errars.

ELF Ir's Disassembler takes machine code programs and produces assembiy
tanguage sowrce listings. This helps yoe understand the programs you are
werking with. . . and improve them when required,

The new ELF 1§ Midao Bisglay Board lets you generate & sharp, prefessionat
32 ar 64 character by 18 line upper and lowar case display an your TV screen ar
vidao monitar—dramalically tmproving your ded $59.95 ELF I1. When you
(el tata longer programs, the Video Display Board is a real blessing!

[ Now Availablet

L A.D/D-A Board Kit includes 1 channel (expandable to
4) D-A, A-D coaverters, $39.95 plus $2 pestage & hand-
ling. .

O PILOT Language—A rew text-oriented language that
allows you to write educational programs on ELF Il with
speed and casel Write programs for games. . .unseram-
bling sentences. ., spelling drills. ., *fill in the missing
word™ tesls, etc.! PILOT is 2 must for any ELF 1T owner
with children, PILOT Language on cassette tape, only
$19.95 postpaid!

[ Game Package on cassette tape (requires 4k RAM),
$9.95 plus $2 postage & bandling.

Clip Here and Aitach to Your Order Relow!

Call (203) 364-9375

TotaiEnclosed §

p&h

HARGE IT! Exp. Date ____

It wirad and tested with power supply. RCA (Bank# . .. )

|
I
|
i
I

Aocounl ¥

[ GIANT BOARD™™ Kt wilh casselie 170 RS 73p. 2B veriables A-Z. LET. IF/THEN. INPUT. PRINT, GOTO,  programs and produces assembly language source ksl-
casselte &

0 SUB. RETUAN. £EHO. REM. CLEAR. LIST. AN,  1npsS 1o heks you understand and snprave your programs

MSANGHENS AN A system momilorfeditor $30.85 plus  PLOT. PEEK. POXE Comes fully rocumented and - $18.95 on casseile lape I
$2 p&n ciudes aiphanumenc generaler requied fo thisplay  SAVE $8.90— Tex! Leor. Assembler & Disassembler
[2 Kiuga (Profolype) Board accepts up 1o 86 IC s aiphanumenc charactess diectly on your v screen with-  purchased togelher. only $49.95! {Requee Vides Dis-

[1 4k Slatic RAM kil Addiessabie 1p any 4k pags lo
B4k £89.95 plus $3 p&h

) Gald plated B6-pin conneclors (one requased for each
[ug-in boacd) $5.70 €2 | posipand

] Expansion Power Supply (1equied when adding 4k
RAM I 534.9% plus $2 p&h

55 postpad

1 £LF-BUBT™ Detuxe Syslem Menilor on cassefle
lape Adows displaying the contents of all registers on
your v al any powl tn your progeam Also displays 24

oul addionat hartiware Alse plays fick-lack-loe phus a play Board plus 4k memary | !
drawing game 1hat uses ELF 11's hex keyboard as a joy-

shick 4k memary required  $14.95 postpaig

{1 Tom: Patman s Shorl Course on Tiay Basis lor ELF 42,

O1 ELF I Ligh! Pan, assemiler & teste, $7.95 pius §1
p&h |

3 ELF Il Goler Graphics & Music System Board kil
§49.95 pius $7 pgh l
3 ELF I} connects directly 1o the vicies npul of your v

sef withoul adeiional hardware To connect ELF H 1o i

O Prolessionzl ASCN Keyboard %l valh 128 ASCI byles of memory with ful acdresses. bhsking cursor b geccha \ermnals instead. rder AR Modulater,

uppes Aower case sel. 96 prinlable characters. enboard  ang aulo scrofing. A musl Jm
requiator. panty. luyic selection and choice of 4 hand-  §14 95 posipad

shakmg signals Lo mate wilh aimost any compliter
$B4 95 plus §2 pih

O Texl Edilor on casselte tape gives you the abiity to

£0.95 postoaid

Coming Soan: A-D. D-A Converler. Conlrofier Boarg |
and mose'

the senaus programmer!

! mserl, defete or gl Lnes and words fram your programs !
L Deluxe matzl cabirol for ASCH Keyboard, $19.95  whulc they are displayed on your video maonder. tAdd  Font

olvs $2 50 pkh prnter and you can use ELE I} 1o lype enor-lrec lellers  Name .

[ Video Display 3oard ke lets you generale a sharp,  plus nsert names and addresses (rom yous maitng bist, } |
professignal 32 or 64 character by 16 ine upper and  $18.95 postpad Address

Hiveer £dse display 1 yous Iv screen of vgdeo Momlr— () Assembler on cassene tape hansides assembly e s ——- l
deamalicatly mproving your unexpanded $9 95 ELF 1| janguage programs inip hexadecsmal machine code fos g

(Pils wside ASCH Keyboard cabnel )} $89.95  ELF )i use. Moemonic abbreviatans for mskuctons Gty _
{ralker Lhan numencs) make programs easier 1o fead

[ ELF # Tiay BASIC 0n casselle lape Com-  and hetp prevent eirors §19.95 postpaid

mands inciudz SAVE. LOAD. £ X. = {}._ () Diszssembler on casselle lape lakes maching code Site ...

s §2 péi
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s~ DEALER INQUIRIES INVITED —— _.l
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