AND COMPOMENTS

Whether it's simply our briliant lens,
our hoods, bases, cabinets or screens
..t0 a compiete projection system..,
vou deserve the best. 50, write to the
largest supply house and manufacturer
of quality paris for Projectapix’s big
cataloy on parts, components, acces-
sories, screens and stands. Everything
shipped is quaranteed or your money
refunded. Can we promise any more?

MFR, & DLR, INQUIRIES INVITED

Send $1 For Complete 8-Page Baoklet
On Projeetion Tv Construction Plans.
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 THIS COUPON

No kidding. Speakerlab's catalog took longer

to write than some of our competitors have

been in business. In fact, we created an industry,

by’ bu1ld1ng great kits so you can afford great

speakers,” Our catalog is an invaluable

manual of speaker function

<and design. And, it will

introduce you to the finest

speaker kits made
anywhere... with the

sirongest money-back

¥ guarantee. Find out for

i vourself.. FREE. FREE,
that is. Mwil the coupon now.

Hobby Scene

Have a problem or question on circuitry, compo-
nents, parts availability, etc? Send it to the Hobby
Scene Editor, POPULAR ELECTRONICS, One Park
Ave., New York, N.Y. 10016. Though all letters can't
be answered individually, those with wide interest
will be published.

NO-LICENSE
LOW-FREQUENCY BANDS

Q. P've heard that it is legal fo run up
to 1 watt on the 160-to-190-kHz band.
Pve seen schematics for receiving
equipment for these frequencies, but
have found no information relating to
transmitters and antennas. Help!—
Fabian Lanzy, Redford, MI.

A. Experimenters are permitted to oper-
ate uniicensed transmitters in the
low-frequency region between 10 and
1600 kHz. Operations on the 160-
to-190-kHz band are limited by FCC reg-
ulations to a power level of one watt and
antenna length is restricted to 15 me-
ters. See FCC Rules and Regulations,
Volume M}, Part 15, entitled Radio Fre-
quency Devices. Despite these rather
severe limitations, DX contacts between

By .John McVeigh

stations as much as several hundred
miles from each other have been raport-
ed. A beacon in New Mexico is regularly
monitored in Los Angeles, 700 miles
away. Interestingly, there are no restric-
tions on operating modes—AM, FM,
CW, etc. are all permitted.

For more information, | suggest that
you procure a copy of the Low and Medi-
um Fregquency Scrapbook by Ken Cor-
nell, W2IMB. This 110-page publication
contains a wealth of schematics and
construction details for receiving and
transmitting equipment, as well as an-
tennas. Excerpts from relevant FCC reg-
ulations, information on the design and
winding of low-frequency coils, and data
on the conversion of low-cost military
surplus gear are also included. The
book, which costs $6.95, is available
from some electronics retailers, as well
as from the Ham Radio Communica-
tions Bookstore (catalog No. HR-LF),
Greenville, NH, 03048, Also available is
an Addendum 77/78 designhed to com-
plement the scrapbook ($3.95, catalog
HR-LFA).

Dept 1-PE, 735 N. Northlake Way
Seattle, WA 98103

BATTERY CHARGER = POWER SUPPLY?

Q. | have a 4-ampere automotive bal-
tery charger. Is there any way I can
use it as a base power supply for my
mobile CB transceiver?—Wayne Gii-
bert, Westminster, CO.

A. | have seen battery chargers which |
think are of the same type that you have.
They consist simply of a transformer,
bridge rectifier, and perhaps a limiting
resistor. The dec output is not filtered.
Rather, it is a full-wave rectified pulsat-
ing waveform. At the peaks of the wave-
form, its voltage is greater than that
across the battery, and charging current
pulses flow into the battery.

Such a charger can be used with the
circuit shown in the figure to power a CB

TO
CHARGER
QUTPUT

2000pF
35Y
[£3]

2N4398

transceiver, auto tape player, etc. The
1-uF capacitors should be solid Tan-
talum components rated at 25 volts or
more. The 0.1-uF capacitor should be a
disc ceramic type. Heatsink the pass
transistor using a mica washer and sili-
cone thermal compound. When the
charger is used to power the regulator
circuit and transceiver, the current fimit-
ing resistor in the charger {if any)} should
be bypassed. If room permits, the regu-
tator circuit can be included in the charg-
ar's enclosure and a muli-pole switch
used to select the charge or power-sup-
ply functions. This switch would bypass
the limiting resistor, connect the rectifier
to the filter capacitors (simuitaneously
disconnecting the charger output leads
from the charger circuitry} and apply
voltage to the power supply output ter-
minais.

s
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UPDATE ON GRAPHICS

HEN PERSONAL microcomput-

ars were first infroduced, input/
output facilities were a problem. The
norm was a front panel brimming with
toggle switches, and rows of binary
lights representing memory and register
contents, Some eiperimenters might
have purchased a surplus Teletype for
external communication with the com-
puter system. But a “television type-
writer” with 16 lines of 32 characters
was considered to be sophisticated, in-
deed, while graphics was an unheard of
juxury.

in contrast, many of the present crop
of packaged and modular computers
have CRT disptay provisions, many ca-
pable of displaying as much as 24 lines
of 80 characters on the screen. More-
over, graphics capability of some kind is
common today, implemented in a variety
of ways, and with a wide range of capa-
bilities.

The cbvious reason for incorporating
video provisions: in today’s breed of
computers is to meet computer users'
desires and needs for video. Many com-
puter users, for instance, are interested
in increasingly complex, realistic game
boards; others wish to pursue creative
computer art techniques. Schools form a
large block of potential customers, too,
with growing interest in graphics for
teaching mathematics and physics con-
cepts. Even business applications can
use graphics for billing display, financial
analysis, word processing, etc.

When selecting a system for a graph-
ics application one must be careful to
properly evaluate the capabilities of the
systems being considered. There is a
targe variation in display quality, screen
capacity, image resolution, image re-
strictions, and ease of display program-
ming. For example, photographs of the
display screen can be misleading, par-
ticularly when in color. As we shall see
later, display quality depends heavily on
the display monitor and the interface
method utilized. Sometimes the images
displayed have been painstakingly pro-

JANUARY 1979

By Hal Chambetrlin

grammed a bit at a time solely for pro-
motional reasons. Real software support
for producing or working efficiently with
the image shown may not be available.
Also, many graphics systems have se-
vere limitations on the types of images
that can be displayed. Therefore, even if
the “promotional” video example is pos-
sible, other images of similar complexity
may not be.

The Display Monitor. If the system
being considered does not include its
own display {CRT) monitor, the user will
have to provide one. The method of con-
necting a computer to the display is vitat-
ly important in determining the resulting
image quality.

The least costly and most convenient
method is via an r-f modulator connect-
ed to the antenna terminals of a televi-
sion recelver. The r-f modulator simply
transmits the computer’s video signal on
a locally unused channel, via a coaxial
cable, to the TV. Unfortunately, in this
approach, the display quality is medi-
ocre at best, The sharp cutoff of video
frequencies beyond about 3 MHz pro-
duced by the sound traps, cause hori-
zontal smearing of characters and im-
ages so that 32 characters or 200 dots
across is about its limit.

Even if brightness and contrast con-
trols are carefully adjusted for an ac-
ceptable picture, the absence of dc-res-
toration in virtually all TV receivers
causes the brightness to shift considera-
bly as screen content changes. The re-
sult worsens with systems providing col-
or video.

At this time the r-f modulator needed
to effect this interface method is not sup-
plied with the computer. Thus, the user

must procure one. A recent FCC direc-

tive, however, emphasizes that all such
modulators be type approved when
combined with a computer since they fall
into a Class | device category. Further-
more, the FCC has enjoined r-f modula-
tor makers to desist in selling the de-
vices separately!

The other—and by far preferable
method of interface—is direct video to a
broadband closed-circuit TV monitor.
With this method, r-f  mod-
ulation/demodulation distortions and the
potential for external interference are
bypassed. Video frequency response to
10 MHz and beyond is routine, produc-
ing sharp edges and consistent bright-
ness to video characters and lines.
Broadband monitors are expensive,
however, with monochrome units cost-
ing from $150 to $300 and color starting
at about $500. _

Monitors usually have such features
as excellent voltage regulation, im-
proved sweep linearity, sharper CRT fo-
cus, and dc restoration. When shopping
for a used surplus monitor, be sure that
the model accepts composite video in-
put, since some require separate hori-
zontal, vertical, and video drive signais
at TTL logic levels.

A TV recelver can also beé converted
to a monitor by a knowledgeable hard-
ware person. Although a vast improve-
ment over r-f modulation, the display is
not as “clean” as with' a true monitor.
Usuaily, an Isolation transformer must
be added, which increases expense.

Many of the newer computers include
a color-display capability. To realize the
potential advantages of color, direct
video into a color monitor is required.
Even so, the display appearance is likely
to be visibly worse than that of a mono-
chrome display. Signal degradation is
the result of NTSC encoding of the color
signal necessary for composite color
video. The blues and greens are limited
to 1.5 MHz, while red is good only up to
500 kHz. The consequence is that 16 to
20 characters (about 100 dots) is the
limit of usable color resolution. Also, un-
less the monitor is carefully converged,
the edges of characters in corners of the
screen may be a rainbow of colors, even
when color is not being used. The best
color systems utilize direct red-green-
blue input. Generally, this is only avail-
able on a computer system with an inte-
gral CRT.

Graphic Generator Techniques.
Almost every system or board that does
so offers graphics capability in a differ-
ent way. The wide variety of approaches
used is a result of four difficult problems
faced by graphics interface designers.
The first is memory usage, since the im-
age on the screen must be encoded into
bytes stored in memeory. The second is
the amount of graphic detail or resolu-
tion that it is possible to disptay. The third
is flexibility, or the variety of image types
{Continued on page 92}
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32-pages of test instruments —from the
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that can be displayed. And the fourth is
compatibility with character generators
so that nongraphics applications are
simplified.

These are conflicting requirements.
For example, a high-resolution flexible
display will require considerable memo-
ry to store the image. On the other hand,
maintaining compatibility with character
generators minimizes memory usage
but limits resolution and flexibility.

In most cases, designers have opted
for compatibility with character-oriented
displays. Such a display divides the
screen into rows and columns of charac-
ter cells. The PET computer for exam-
ple, uses 25 rows of 40 characters per
row for a total of 1000 character celis.
Each cell, in tum, is divided into pixels or
dots; the PET uses 8 rows of 8 dots per
row. The characters that make up the
display are therefore displayed centered
in the character cells and are, in turn,
composed of the dots. Each byte of dis-
play in the PET memory corresponds to
a character cell. Hence, 1000 bytes (1
KB8) of memory are used for the display.

Graphic images can be formed from a
special graphics character set used in
addition to the normal ASCIl character
set. Shapes such as horizontal, vertical,
diagonal, and curved lines are provided
and can be pieced together to form
crude line drawings. Special symbols,
such as hearts, clubs, spades, etc., are
also included for a total of 64 graphics
characters. Add the 64-character upper-
case ASCII subset and a bit for inverse
video (black-on-white) and all 256 possi-
ble character codes are used up.

Such a display is very adept at putting
on-screen gameboards, simple line
drawings, and, of course, text. On the
other hand, mathematical curve plotting
resolution is no better than the typicail
character plot with “*” for points. Al-
though one may be able to hand-fit a
curve with the ine segments and other
shapes available, there is no software
support available to do this. Moving im-

ages can also be programmed, but the
movement is quite choppy since it must
be in character cell increments.

A related technique employs a pro-
grammable character generator, such
as one made by Objective Design for
S-100 bus compatible display interface
hoards. Essentially, the usual ROM
character generator is replaced by a
small RAM that can be written into to
provide a changeable character set. In
the Sorcerer from Exidy, for example,
the character to be displayed can be de-
termined by software. Thus, it is now
possible for a user to tailor the graphic
character set to match the application. If
the application is line drawing, the RAM
can be filled with a greater variety of line
segments and curves. if it is chess,
chesspiece symbols can be written.
Whatever graphic set is chosen, it must
be used for the entire display. Even with
the added flexibility, the limitations of
this scheme are basically the same as
with the fixed-graphic character set.

Anather variation attempts to increase
the screen resolution for random-dot
graphics such as required for curve plot-
ting. Radio Shack's Model TRS-80 dis-
play, for example, uses 16 rows of 64
character cells per row with a character
cell being 12 rows of 8 dots each. For
graphics, each character cell is divided
into a two-wide by three-high array of
blocks or pixels and any possible on/off
combination of the six blocks can be
specified. In the graphics mode, there-
fore, the screen becomes an array of 48
rows of 128 blocks per row and any con-
ceivable combination of blocks can be
on and off. While the resoclution for line
drawing and game boards is inferior to
the graphic character generator ap-
proach, arbitrary curves are displayed
with about twice as much resolution.
Display memory in the TRS-80 is only 7
bits wide and comprises 1024 bytes.
Normal ASCII characters take up 64 of
the codes, while the other 64 codes are
used to specify the 64 possible combi-

The Micro
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Unlimited

in action.
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Visible Memory

nations of graphic blocks in a character
cell.

Bit-Mapped Displays. An entirely
different approach to graphics ignores
character generators altogether and
simply divides the screen up into a very
large number of individual dots, with one
bit of display memory for each dot. Such
displays are called pixel or bit-mapped
displays to distinguish them from char-
acter displays. If a sufficient number of
dots are provided, this is by far the most
flexible graphic display technique be-
cause there are no restrictions on image
type or placement.

When using the proper software, even
text can be displayed with complete
freedom as to character shape, size,
and placement. This makes possible
bold headlines, tilted italics, subscript
and superscript for math and chemical
equations, and proportionally spaced
text for clean right-margin justification.
Their main disadvantage is that a large
amount of memory is needed for a high
resolution display. Upwards of 8K bytes
is not uncommon,

The Apple 1l computer, for example,
has a black-and-white pixel display
mode with 192 rows of 240 dots per row,
which is sufficient resolution for well de-
tailed drawings, graphs, and charts. The
120 by 96 full-color mode, which can
display 7 colors at two intensity levels
and black, is less useful for curve plot-
ting but is capable of beautiful computer
art.

Users of KiM-1s can use the Visible
Memory (see photo), which provides a
320-wide by 200-high dot matrix as well
as 8K of refresh memory, all on one
board. Owners of 5-100 bus micros can
utilize a new graphics interface from
Vector Graphics that provides a 256 by
240 image in black'and white or a 128 by
120 image with 16 levels of gray. The
latter mode is useful for half-tone picture
processing and display in applications
such as amateur slow-scan TV.

Software support is important in any
graphics application, particularly if only
BASIC is used. Although the user can
perform any graphic operation by
POKEing data into memory, BASIC is
likely t0 be very slow in manipulating the
large amount of data required. Radio
Shack, on the other hand, provides BA-
SIC statements for setting and resetting
any graphic cell given its X and Y coordi-
nates. The Apple provides statements
for setting the coordinates of endpoints
and will automatically and rapidly draw
the best straight line connecting them. <
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ELF H by
HETRENICS

ks Teatured
in POPULAR
ELECIRONICS

Shownwith | ae
optional &k Memary Boards,
SIANT BOARD™ 3 Kluge Board.

Stop reading abouf tomputers and get your haads on one! With
ELF I and oer new Short Course by Tom Pittman, you can
master computers in no time at all! ELF I1 demonstrates all 91
commands an RCA 1802 can execite and the Short Course
quickly teaches yoit how to use each of the [802’s capabilities,
ELF 1I's video output lets you display an alphanumeric
readout or graphics on any TV screen or videe monitor plus
enjoy the latest video games, including an exciting new
target/missile gun pgame that was specifically developed for
ELFH.
But that's not all. Once you've mastered computer funda-
mentals, ELF 11 can give you POWER with add-ons that are
among the most advanced found anywhere. No wonder [EEE
chapters ptus hundreds of universities and major corporations
have chosen the ELF [ to introduce their students and per-
sonnel to microprocessor computing!

Learn The Skili That May Soon Be Far

More important Than Your College Degreel
The ability to use a computer may soon be more impartant to
your earning power than a college degree. Without a know|-
edge of computers, vau are always at the mercy of others when
it comes to solving highty complex business, engineering, in-
dustrial and scientific problems. People who understand com-
puters can comntand MONEY and to get in on the action, you
must learn computers, Otherwise you'lt be left behind.

ELF Il is The F-A-S-T Way To Learn
Computer Fundamentals?!
Regardiess of how minimal your computer backgraund is aow,
you can learn to program a coemputer in almost no fime at all,
That’s because Netronics has developed a special Short
Conrse on Microprocessor And Computer Programming in
non-technical language that leads you through every one of the
RCA COSMAC 1802°s capabilities so you'll understand
everything ELF 11 can do...and how to get ELF i 1o do it!

All 91 commands that an 1802 can execute are explained o
you, step-by-step. The text, written for Netrenics by Tom
Pittman, is a tremendous advance over every ather program-
ming book In print.

Keyed specificalty to the ELF 11, it's loaded with "*hands
on” illustrations. When you’re finished, ELF 11 and the 1802
will no lenger hold any mysteries to you.

in fact, not only wifl you be able to use a personal computer
creatively, you'll also be able to read mapazines such as
BYTE,., INTERFACE AGE...POPULAR ELEC-
TRONICS aand PERSONAL COMPUTING and under-
stand the articles.

if you work with large computers, ELF I1 and our short
Course will help you to understand what makes them tick.

A Dynamite Package For Just $99.95!
With ELF 1I, you lears to use machine language—the funda-
mental language of all computers, Higher level languages such

[T SRt TR p—— Y ] ] ;]

NOW AVAILABLE FOR ELF H1— O Deluxe metal

I 01 Tom Pittman's Shert Conrse On Mi- Keyboard, §19.95 plus $2.50 p&h, Ph i
L‘rapracel:’sor & Camp::er Prngmr!:l!m- ] ELFC!E ’nnydBASIC] tzln c;)s\s&lée New Milford, CT 06776 (203) 354-9375 [

irg teaches you just about everything tape. Commands include i,

there fs to know about ELF 11 o any LOAD, 2 s 4+( ) 26 variables A7, | 51T #arl fo ron programs at home 37d

RCA 1802 computer. Written in non- LET, IF/THEN, INPUT, PRINT, &ahandlin Tor RCA Ghsl\lﬂlﬁc Eu? 0 “

technical language, it’s a fearning GO TO, GO SUB, RETURN, END, g I i 2

breakthrough for engineers and laymen  REM, CLEAR, LIST, RUN, PLOT |2 $4.95 for power supoly (required)

alike. $5.00 postpaid! PEEK., POKE.

$2.50 p&h.
of your TV set. If you prefer to use Ware., Also plays

Modulator, $8.95 postpaid.

$39.95 plus $2 p&h.
O Kiuge (Prototype) Board accepts up  p&h.
10 36 1C's. $17.00 plus 51 p&h.

T3 Gold plated 86-pin connectors (ane
postpaid. dresses, blinking c
with 128 ASC1l upper/lower case set,

lator, parity, logic selection and choice  Light

almost any computer, $64.95 plus $2 more!

&h. Call or write for wired prices!
LE P

HOBBYISTS! ENGINEERS! TECHNICIANS! STUDE
Write and run machine language programs at home, disptay video

O Deluxe metal cabinet with plexiglas mented and includes alphanumeric

X « generator requirved to display al- -
dust cover for ELF 1, $29.95 plus ghanumcricch?araclersdircct]}ltjonyymll' 03 1 want mine wired and tested wih

O BLF 11 connects to the video input TV screen without additional hard- | power supply, RCA- 1802 User's Manual
P in: drawing game that uses ELF IH's hex - )
jour aalcnns terainals, order RF heybeard as a joystick. 4k memory re- | O | am also enclosing payment (including

decoders for 14 separate /0O instruc- BASIC for ELF 11, $5 postpaid.

tions and a. system monitorfeditor, [J Expansion Power Supply (required — . € |

when adding 4k RAM). $34.95 ples $2 | you are enclosing Money Order or Cashier's
&h

96 printable characters, onhoard regu-  Coming Seom: A-D, D-A Converter, | address

of 4 handshaking signals to mate with Graphics & Music System.,.and City

and design microprocessor circuits—the

vety first night—even if you've never used a computer before!

| .us RCA COSMAC
- COMPUTER $99%

as FORTRAN and BASIC must be translated into machine
language before & computer can understand them. With ELF
11 you build 2 solid foundation in computers so you'lt really
kntow what you're doing, no matter how complicated things
get.

Wideo output also makes ELF 11 unique among computers
selling for such a low price. Attuched to your TV set, ELF 11
becomes a fabulous home entertainment center, it's capable of
providing endless hours of fua for both adults and children of
all ages! ELF 1] can create graphics, alphanurmetic displays
and fantastic video pames.

No additional hardware is required to connect ELF [l to
your TV's videa input. 1f yout prefer to connect ELF I to your
antenna terminals instead, simply use a fow cost R F madulator
“(to order one, see conpon below), oL

ELF H's 5-card expansion bus (connectors not included)
allows you ta expand ELF II as your needs for power grows. If
you're an engiaeer or hobbiest, you can also use ELF 11 as a
counter, alarm, lock, thermostat, timer or telephone dialer, or
for countless other applications.

ELF il Explodes Into A Gilant!

Thanks to ongoing work by RCA and Netronics, ELF 11
add-ons are among the most advanced anywhere. Plug in the
GIANT BOART™ and you can record and piay back programs,
edit and debug programs, communicate with remote devices
und make things happen ia the outside world. Add Kluge Board
to get ELF H to sotve special problems such as operating a
more complex alarm system or controlling a printing press.
Add 4k RAM board and you can write longer programs, stere
more information and solve more sephisticated problems.

. Expanded, ELF H is perfect for engineering, business,
industrial, scientific and personal finance applications.' No
other small computer anywhere near ELF 11's low price is
backed by such an extensive research and development pro-
pram. .

The ELF-BUG® Monitor is an’ extremely recent break-
through that lets you debug programs with lightening speed
because the key to debugging is to know what's inside the
registers of the micreprocessor and, instead of single stepping
through your program, the ELF-BUG™ Monitor, utilizing
break points, lets you display the entire contents of the regis-
ters on your TV screen af any point in your program. You find
oul immediately what's going on and can make any nccessary
changes. Programming is further simplified by displaying 24
bytes of RAM with full address, blinking cursor and auto
scrolling. A mast for serious proprammers'

Netronics will soon be introducing the ELF 11 Color
Graphics & Music System-—more breakthroughs that ELF 11
owners will be the first to enjoy!

Now BASIC Makes Programming ELF H Even Easierl
Like all computers, ELF il understands only “machine
language” —ihe language computers use to falk 1o each other.
But, to make life easier for you, we’ve developed an ELF £
Tiny BASIC. It talks to ELF 1 in machine language for you so
that you can program ELF 11 with simpte words that can be
typed out ¢n a keybourd such as PRINT, RUN and LOAD.

“Ask Now What Your Computer Can Do...
But What Can It Do For YOU!"
Dan’tL be trapped into buying a dinosauz simply because you
can afford it and it's big. L% £l is more usez%(and more fun
than *'big name™ computers that cost a lot more money.

With ELF 1, you learn to write and run your own programs.
You're never reduced lo being a mere keypunch operator,
working blindly with someone else’s predeveloped software.

Mo matier what your specialty is, owning a compitter which
you reafly know how to use is sure to make you a leader. ELF
11 is the fastest way there is to get into computers. Order from
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