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charge iron

with 16
different
quick change
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QUICK CHARGE
Cordless
Soldering Iron
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recharges in
3%2-4 hours.
Low voltage,
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design.
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Computer Bits

ADVANCING the |
state of the art

in automatic _
percussion units... the

FPRUGRANIABLE DRUN SET
features: score editing, bridges, intros,
external sync. to sequencers foot controls,
memory save switch & much more.
Enter scores in seconds -
NO PROGRAMMI NG KNOWLEDGE IS
REQUIRED!
High Fidelii:zv describes the 3750 as
"'an easy project. . . funtodo and yields
delightful results.... an excellent
educational tool and versatile aid to the
musician who can't afford a live
rhythm section, "
#3750 ....... $84.95. .. (+$3 shipping)

Another GreatKit from: RS

8 1020 WEST WILSHIRE BLUD. OKLAHOMA CITY, 0K73116

[Jsend Programmable Drum Set Kit
($84. 95+ shipping enclosed)
[ Factory assembled programmable Drum Set
($149.95 + shipping enclosed)

: name:

i address:

State: _ Zip
[1 SEND FREE CATALOG

By Hal Chamberlin

COMPUTER ARITHMETIC—FLOATING POINT

N OUR September 1978 column, we

discussed multiple precision comput-
er arithmetic in which two or more bytes
were used to hold a single number. But
why would one want to go to the trouble
of using multiple precision arithmetic?

Many applications may involve num-
bers that are larger than the —128 to
+127 range of a single byte. For ap-
plications using binary fractions, accura-
cy better than the 0.4% of full-scale fig-
ure attainable in a single byte is re-
quired. However many, if not most, ap-
plications requiring computation may in-
clude mixed numbers of widely varying
magnitude as well.

Scale Factor. One method of han-
dling mixed numbers involves the con-
cept of a scale factor. Most of us have
used this concept without realizing it.
For example, one does not ask a sales
person in an electronics shop for a
0.0000001-farad capacitor. Instead, a
"point one microfarad” capacitor would
be requested. The term micro implies a
scaling factor of 1/1,000,000. When us-
ing scaling factors, the real number
(0.0000001) is equal to the scaled num-
ber (0.1) multipled by the scaling factor
(1,000,000). When people use scale
factors, it is in an attempt to make the
scaled number close to unity. Thus
100,000 picofarads would also be an un-
natural expression. In a computer, the
scale-factor concept can be used to re-
duce numbers, no matter how large or
small, to a range around unity. If they
are kept less than 1.0, fractional arith-
metic can be used for all computations.

The arithmetic routines given earlier
of course do not recognize scale factors.
It is the responsibility of the programmer
to keep track of scale factors. The situa-
tion is much like having a calculator with
no decimal point logic. The machine cal-
culates the digits and it is up to the user
to figure out where the decimal point
should be. For example, if two scaled
numbers are multipled together, the
scale factor of their product is the prod-

uct of the scale factors. For division it is
the quotient of the scale factors. This
means that if both dividend and divisor
scale factors are the same, the quotient
scale factor is one.

When performing addition or subtrac-
tion, the scale factors of the operands
must be equal and the scale factor of the
answer will be the same as the op-
erands. If the operands do not have the
same scale factor, one of them must be
rescaled. For example the series com-
bination of 3.3k ohms and 51 ohms can
either be 3300 ohms plus 51 ohms or
3.3k ohms plus 0.051k ohms. Rescaling
in either case is usually accomplished
by shifting the decimal point.

A good programmer may be able to sit
down with a definition of the problem to
be solved and select scale factors for
the variables that simultaneously pre-
vent overflow and maintain the max-
imum number of significant bits through-
out the computation. To do this how-
ever, a good knowledge of the magni-
tude of the numbers in the intermediate
results is required. This usually means
that the problem must be solved before

programming it. If the calculation is well -

defined and highly repetitive, this may
not be much of a limitation, but it is un-
suitable for experimental computation.

Floating-point arithmetic is an ingeni-
ous way of having the computer keep
track of scaling factors as well. In addi-
tion, it provides for automatically rescal-
ing intermediate results based on the
size of the numbers at the time. Thus the
programmer can become less con-
cerned about the magnitude of inter-
mediate results. The floating point meth-
od of doing computer arithmetic is so
powerful and popular that it is an expect-
ed feature of any high-level computer
language. In assembly language pro-
gramming however, it is only used as a
last resort because of the memory re-
quirements and execution time of float-
ing point arithmetic subroutines.

Number Format. Floating-point num-
POPULAR ELECTRONICS

bers are represented in a computer
much like scientific notation. Basically
the number is split into two parts usually
called the mantissa and the characteris-
tic. These are actually rather poor, mis-
applied names derived from logarithm
theory so the term fraction will be used
instead of mantissa and exponent will
replace characteristic. The fraction part
of a floating-point number is just what its
name implies; a number above 0 and
just shy of 1.0 in magnitude. The expo-
nent is simply a signed integer. The val-
ue of the entire floating-point number is
the fraction multiplied by the base raised
to the exponent power. The base is a
constant integer chosen by the person
who wrote the floating-point arithmetic
routines being used and never changes.
A floating-point number is said to be nor-
malized when the fraction is greater than
the reciprocal of the base but less than
unity.

Perhaps an example will clear things
up a bit. Using decimal numbers, con-
sider the floating-point  number
0.454x104. The 0.454 is the fraction,
the 10 is the base, and the 4 is the expo-

" nent. Since 10 to the fourth power is

10,000, this number is equal to 4540 in
conventional notation. Other floating
point numbers might be 0.789x10—2
which is the same as 0.00789 and
0.065x102, which is equal to 6.5. Note
that the preceeding number is not nor-
malized since the fraction is less than
1/10; in normalized form it would be
0.65x101. Note also that normalization
simply amounted to moving the decimal
point right one position which multiplied
the fraction by 10 and then reducing the
exponent by 1, which divided the num-
ber by 10 leaving the overall number un-
changed in value.

When writing a floating-point arithme-
tic package for a computer, the choice of
the base is very important. When people
do calculations they naturally choose 10
for the base because of familiarity with
decimal numbers. Computers on the
other hand are more at home with 2 as a
base because of their binary nature.
Other popular bases are 8 and 16 which,
because they are powers of two, are as
easily handled by a computer as 2.
When using a microcomputer, the only
advantage of 8 or 16 as a base is exact
emulation of the floating-point arithmetic
of large machines which use these
bases to make their hardware floating-
point instructions faster.

A typical binary (base=2) floating-
point number format is shown in Fig. 1.
Four bytes are used to represent the
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HOBBYISTS! ENGINEERS! TECHNICIANS! STUDENTS!

:-‘l % E; E

Write and run machine language programs at home, display video

Sl graphics on your TV set and design microprocessor circuits—the

ELF Il by
METRONICS

As featured
in POPULAR
ELECTRONICS

Shown with .
optional 4k Mamory Boards,
GIANT BOARD™ & Kluge Board.

Stop reading aboul computers and get your hands on one! With
ELF 11 and our new Short Course by Tom Pittman, you can
master computers in no time at all! ELF 11 demonstrates all 91
commands an RCA 1802 can execute and the Short Course
quickly teaches you how to use each of the 1802's capabilities.
ELF II's video output lets you display an alphanumeric
readout or graphics on any TV screen or video monitor plus
enjoy the latest video games, including an exciting new
targcl{:risuile gun game that was specifically developed for
LFII.

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 IEEE
chapters plus hundreds of universities and major corporations
have chosen the ELF 11 to introduce their students and per-
sonnel to microprocessor computing!

Learn The Skill That May Soon Be Far

More Important Than Your College Degree!
The abi]ily to use a computer may soon be more important to
your earning power than a college degree. Without a knowl-
edge of computers, you are always at the mercy of others when
it comes to solving highly complex business, engineering, in-
dustrial and scientific problems. People who understand com-
puters can command MONEY and to get in on the action, you
must learn computers. Otherwise you'll be left behind.

ELF Il 1s The F-A-S-T Way To L'earn
Co ter Fund s

Regardless of how minimal your computer background is now,
you can learn to program a computer in almost no time at all.
That’s because Netronics has developed a special Short
Course 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 Il cando...and how to get ELF 11 to do it!

Arl’l’ 91 commands that an 1802 can execute are explained to
you, step-by-step. The text, written for Netronics by Tom
Pittman, is a tremendous advance over every other program-
ming book in print.

Keyed specifically to the ELF 11, it's loaded with “hands
on" illustrations. When you're finished, ELF I1 and the 1802
will no longer hold any mysteries to you.

In fact, not only will you be able to use a personal computer
creatively, you'll also be able to read magazines such as

E...INTERFACE AGE...POPULAR ELEC-
TRONICS and PERSONAL COMPUTING and under-
stand the articles,

If you work with large computers, ELF 11 and our short
Course will help you to understand what makes them tick.

A Dynamite Package For Just $99.95!

With ELF 11, you learn to use machine language—the funda-
mental language of all computers. Higher level [anguages such

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

ELF Il.....,RCA COSMAC
meereon. GOMPUTER $99%

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

£ Video output also makes ELF II unique among computers
selling for such a low price. Attached to your TV set, ELF I1
becomes a fabulous home entertainment center. It's capable of
providing endless hours of fun for both adults and children of
all ages! ELF Il can create graphics, alphanumeric displays
and fantastic video games.

No additional hardware is required to connect ELF 1I to
your TV’s video input. If you prefer to connect ELF I to your
antenna terminals instead, simply use a low cost RF modulator
(to order one, see coupon below).

ELF 1I's 5-card expansion bus (connectors not included)
allows you to expand ELF 11 as your needs for power grows. If
you're an engineer or hobbiest, you can also use ELF Il as a
counter, alarm, lock, thermostat, timer or telephone dialer, or
for countless other applications.

ELF Il Explodes Into A Giant!

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

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

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 microprocessor and, instead of single stepping
through your program, the ELF-BUG"™ Monitor, ufilizing
break points, lets you display the entire contents of the regis-
ters on your TV screen at any point in your program. You find
out immediately what's going on and can make any necessary
changes. Programming is further simplified by displaying 24
bytes of RAM with full address, blinking cursor and auto
serolling. A must for serious programmers!

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 |l Even Easier!
Like all computers, ELF 11 understands only *“machine
language " —the language computers use to talk to each other.
But, to make life easier for you, we've developed an ELF IT
Tiny BASIC. It talks to ELF 11 in machine language for you so
that you can program ELF 11 with simple words that can be
typed out on a keyboard such as PRINT, RUN and LOAD.

“Ask Now What Your Computer Can Do...
But What Can It Do For YOU!”
Don't be trapped into buying a dinosaur simply because you
can afford it and it's big. EL% 11 is more use u{and more fun
than "big name " computers that cost a lot more money.

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

No matter what your specialty is, owning a computer which
you really 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
the coupon below!

—— —— — i . . e . e SEND TODAY! = e e e e e e e e e

NOW AVAILABLE FOR ELF Il—

O Tom Pittman's Shert Course On Mi-
croprocessor & Computer Programm-
ing teaches you just about everything
there is to know about ELF 11 or any
RCA 1802 computer. Written in non-
technical language, it's a learning
breakthrough for engineers and laymen
alike. $5.00 postpaid!

O Deluxe metal cabinet with plexiglas
dust cover for ELF 11, $29.95 plus
$2.50 p&h.

O ELF 11 connects to the video input
of your TV set. If you prefer to use
your antenna terminals, order RF
Modulator, $8.95 postpaid.

0O GIANT BOARD™ kit with cassette
1/0, RS 232-C/TTY /0, 8-bit P 1/O,
decoders for 14 separate 1/O instruc-
tions and a system monitor/editor,
$39.95 plus $2 p&h.

0O Kluge (Prototype) Board accepts up
to 36 IC's. $17.00 plus 31 p&h.

O 4k Static RAM kit. Addressable to
any 4k page to 64k. $89.95 plus $3 p&h.
O Gold plated 86-pin connectors (one
required for each plug-in board). $5.70
postpaid,

O Professional ASCII Keyboard kit
with 128 ASCII upper/lower case set,
96 printable characters, onboard regu-
lator, parity, logic selection and choice
of 4 handshaking signals to mate with
al‘!lﬂ;)sl any computer. $64.95 plus $2
p

O Deluxe metal cabinet for ASCII
Keyboard, $19.95 plus $2.50 p&h.
O ELF Il Tiny BASIC on cassette
tape. Commands include SAVE,
LOAD, =, %, +,( ), 26 variables A-Z,
LET, IF/THEN, INPUT, PRINT,
GO TO, GO SUB, RETURN, END,
REM, CLEAR, LIST, RUN, PLOT,
PEEK, POKE. Comes fully docu-
mented and includes alphanumeric
generator required to display al-
phanumeric characters directly on your
TV screen without additional hard-
ware. Also plays tick-tack-toe plus a
drawing pame that uses ELF II's hex
heyboard as a joystick. 4k memory re-
quired. $14.95 postpaid.
O Tom Pittman’s Short Course on Tiny
BASIC for ELF 11, $5 postpaid.
0 Expansion Power Supply (required
when adding 4k RAM). $34.95 plus $2
p&h.
0 ELF-BUG™ Deluxe System Monitor
on cassette tape. Allows displaying the
contents of all registers on your TV at
any point in your program. Also dis-
plays 24 bytes of memory with full ad-
dresses, blinking cursor and auto scroll-
ing. A must for the serious program-
mer! $14.95 postpaid.
Coming Seon; A-D, D-A Converter,
Light Pen, Controller Board, Color
Graphics & Music System...and
more!

Call or write for wired prices!

Netronics R&D Ltd., Dept, PE-11. _I
333 Litchfield Road, Phone
New Milford, CT 06776 (203) 354-9375 l

Yes! | want to run programs at home and
have enclosed: ] $99.95 plus $3 postage I
& handling for RCA COSMAC ELF Il kit,
O §4.95 for power supply (requiredg, I
O $5 for RCA 1802 User's Manual, O §
for Short Course on Microprocessor & I
Compuler Programming.

| want mine wired and tested with I
power supply, RCA 1802 User's Manual
and Short Course included for just $149.95 I

plus $3 p&hl
O | am also enclosing payment (including
postage & handling) for the items checked
at the left. |
Total Enclosed (Conn. res. add tax)
$__________ DOlCheck here it |
you are enclosing Money Order or Cashier’s
Check to expedite shipment. I
USE YOUR O VISA D Master Charge
{snterbank # ) [
Account # l
5]

Signature________ Exp. Date
PHONE ORDERS ACCEPTED (203) 354-937

Print
Name

Address
City
State Zip

I

I

I

e Celorwdtstorwledpriced] | DEALERINQUIRIES INVITED. -
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AMAZING EARADIO
THIS IS PROBABLY THE WORLD'S SMALLEST ﬁ;,jU
RADIO. IT WEIGHS ONLY 1/2 oUNCE AND 1S 2
WORN BEHIND THE EAR. CONTAINS &N IC AND $5 95
SEVERAL DISCRETE DEVICES TO GIVE AN EQUI- =°
VALENT OF 12 .TRANSISTORS. THE RADIO HAS A T.R.F,
DESIGN OPERATING FRoM 1 sTanpDamo SI13E 1.5V
HEARING AID SATTERY (INGLUDED). |1 PROVIDES
GOOD VOLUME TO EARPHONE ON SEVERAL STATIONS IN
METROPOLITAN AREAS, DOESN'T REQUIRE ANY ANTENNA,
GROUND OR OTHER ADDITIONAL WIRES - FULLY SELF
CONTAINED & TUNABLE. SizE: 1 1/8%x1 1/4#x3/8",

e

Crystal - GHY Green Neon
Oscillator 0 cinae scr,200v | rpcaen Pamane
14.04 Mhz ] 2 tor 51} GAEER. 0p-

1T elock oscillator ! 8for $1.00 Tare:

i etatat on 120V, ]
Czazes 9198 ena et

6o 3100

-JAMP.

MICROANIATURE LASCR
ROTARY SWITCH
1POLE | E) ﬁ} 200 Voly

100IVI PHOTOFLA/H Kit

SIMPLE TD ASSEMBLE KIT

INCLUDES PRE-ASSEMBLED

CIRCUIT BOARD, GAPACITOR,
FLASHTUBE, REFLECTOR,

SWITCH AND HOOKUP DIAGRAM. o
LESS CASE, BATTERY HoLDER, C23485
AND BATTERIES (OPERATES OV 295
2 AA ceLis). Guipe #28 a1

ASA 25.

Fh
=7IROBE JHUTTER CORD /

Electron Wammg Flasher Kit
cs co iy
¥

ash ich
when bateries
nuously fer 1

n 2 alkaline "C" batteries. You
i supply ihe batieries and, il C23707 *6.95
a.tiattery holdec & case

CALCULATOR | Bmmy
BOARDS o = f

350 mf 330V 100 (EB

WITH DI SPLAY
720 mf 360V 150 i LESS ReveoaRo !
1600 mf 360v $2.25 L_LJ| {10 A3 I Tws

STROBE TUBE ASST. MINIATURE

Branlnewitooe oo oo i REFLECTOR
Shrane tubes Appx. size: 1-7/16"L x
Assortmentof  C23280 7/8"W x 3/4"D.

5 strobe tubes, s 3.00 C23227 $1.00

wi schematics
& Minimum order $5.00
® Pleass include $1 for postage
8 Visa, MC and COD accepted.
® Phone ordars are welcome.
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Includes
Functional
Tilt Stand!

Introductory Offer—-FREE AC ADAPTOR

The first and only lab accuracy por-
table DMM Kit featuring MOS/LSI
IC economy and reliability. Mea-
sures DC/AC Volts, Kilohms, DC/
AC milliamps in 21 ranges. Polarity
indicators and overload protection
are provided, and 0.5 inch LED dlis-
plays give easiest-to-read digital
readout to 1999. The 270 features a
basic 0.5% DC accuracy, 10 Meg-
ohm input impedance, low voltage
drop in ali current ranges and auto-
matically-flashing overrange indi-
cator. Assembled $109.95

FREE '78 EICO CATALOG

Check reader service card or send 50¢
for first class mail. See your local EICO
Dealer or call (516) 681-9300, 9:00
a.m.-5:00 p.m. EST. Major credit cards

accepted. ®
EICOD—‘IOB New South Rd.

Hicksville, N.Y. 11801
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number. The first byte is devoted to the
exponent which can range between
—128 and +127. This means that the
scale factor applied to the fraction (base
to exponent power) can range between
2—128 and 2127which is equivalent to
about 10—38 to 1037. The fraction is a
simple triple precision binary fraction
ranging between, but not including, —1
and +1. This format gives an accuracy
equivalent to 6 to 7 decimal places.
Another popular format requires 8 bytes

plies the fractions together using a frac-
tional multiply routine and adds the ex-
ponents together. Since the product of
the fractions may be less than 1/2, nor-
malization of the result might be neces-
sary. In fact, only normlize leftis ever re-
quired since the product will always be
between 1/4 and 1.

Overflow is also possible. An overflow
condition exists if the exponent ever ex-
ceeds 127 either as the result of the mul-
tiplication or during the normalization

FRACTION
AN

EXPONENT /

\

EXPONENT
SIGN

FLACTlUN MOST SIGNIFICANT
SIGN

FRACTION BIT

Fig. 1. Typical four-byte floating-point format.

and simply extends the fraction to 56
bits which is equivalent to about 17 deci-
mal digits. Note that the fraction of a nor-
malized base-2 floating-point number
must be between 1/2 and 1 which
means that the most significant fraction
bit will always be a one. Some floating-
point software packages take advantage
of this fact and omit this bit. The fraction
can then be shifted left one bit making
room for an additional bit of accuracy at
the right end with no increase in storage
space.

Normalization is a very important op-
eration in floating-point arithmetic. As
previously stated, a normalized binary
floating-point number has a fraction be-
tween 1/2 and 1. An arithmetic opera-
tion however can produce an un-normal-
ized result or even a “fraction” greater
than 1. Normalization is accomplished
by shifting the fraction in the appropriate
direction and then either incrementing or
decrementing the exponent to compen-
sate, thus leaving the value of the num-
ber unchanged. For example, if an addi-
tion operation left the result 0.0813x29
(decimal representation of binary float-
ing point) one would want to shift the
fraction left which multiplies it by two for
each shift. To compensate, the expo-
nent must be decremented by one for
each shift. After three shifts, the fraction
becomes 0.6504 and the exponent be-
comes 6 which leaves the equivalent
number, 41.6256, unchanged.

Arithmetic Operations. Floating-
point number representation makes
arithmetic on such numbers more dif-
ficult since now both the fraction and the
exponent enter the arithmetic. Multi-
plication is probably the simplest float-
ing-point operation. One simply multi-

process. Overflow is a serious error
which renders any results useless. If the
exponent should ever become more
negative than —128, then underflow is
said to have occurred. This means that
the number has become so small that it
cannot be distinguished from zero. This
is a much less serious error and is usu-
ally handled by setting the result equal
to zero and continuing.

Division is nearly as simple. One di-
vides the fractions and subtracts the di-
visor exponent from the dividend expo-
nent. Unnormalized results are again
possible but this time they may range
between 1/2 and 2 which means that a
right shifting normalize may be required.

Floating add and subtract are more
difficult and in fact may be nearly as
slow as multiply and divide on a mi-
crocomputer.

Conversion Binary and Decimal.
Even though base-2 floating point is
most efficient for the computer, people
demand the use of decimal numbers.
The conversion process, while relatively
straightforward, is too complex to ex-
plain in detail here. One difficulty with
the conversion is that round decimal
fractions, such as 0.1, cannot be repre-
sented exactly in binary floating-point
form. Likewise, round binary fractions
such as 1/32,768 cannot be represent-
ed exactly by fewer than 14 decimal dig-
its. Integers smaller than about
8,000,000 for the 4-byte format dis-
cussed earlier are however converted
exactly in both directions. The important
point to remember is that the conver-
sions are as accurate as the number of
bits or digits allow, and that real-world
data seldom involves “exact fractions”
such as 0.1. <&
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s SOUTCES

Data File for 8080/Z80 and 6800.
The DATA FILE, which runs in 1K, is a data
entry and search system, available for all
6800 and 8080/Z80 systems. Cross-
referencing provisions allow- such retrieval
methods as finding phone numbers or ad-
dresses by entering the initials of the person
desired. Other features include editing, for
updating files, automatic top-of-memory
check, continuous display of memory ad-
dresses (for saving data on tape or disk). Pro-
gram comes with hex/assembly listing, and
patches for most popular 1/O boards. Listing
only (specify 6800 or 8080) is $10. Tapes
(6800 KC-Std, 8080 Tarbell or National Multi-
plex cassettes or 8080 Intel format paper
tapes) are $15. SWTP or North Star disk ver-
sions are $16. Practical Programming Co.,
Box 3069, North Brunswick, NJ 08902.

6800 Extended BASIC Compiler.
Not an interpreter (like most BASIC’s) but a
compiler, this program generates compact
application programs (about 60% of source
size) which run with increased speed. The
code can be stored in ROM, and can also be
distributed without revealing the source code.

Other features include formatted output,
strings, file 1/0, 10-digit decimal arithmetic,
floating point, PEEK/POKE and long variable
names. The compiler (used only to generate
code, not used at run time) requires 16K; the
runtime package requires 10K, plus approxi-
mately 2K for an I/0O package. A 16K ma-
chine can run a 225-line BASIC program, a
32K machine can run an 1100-line. On
Smoke Signal floppy disk, $325, with manual
and assembler, BASIC and Assembler ma-
nuals only, $10. Smoke Signal Broadcasting,
Box 2017, Hollywood, CA 90028.

BASIC Programs for Pet. Nineteen
tapes of BASIC programs for the Com-
modore Pet computer are now available from
Don Alan enterprises. Most of the cassettes
(which are priced from $4.95 to $19.95) are
game programs, but the series also includes
biorhythm, loan amortization, sketch-pad
plotting, and a checkbook program. Don Alan
Enterprises, Box 401, Marlton, NJ 08053.

Heathkit H8 Utilities and Games.
This series of 10 programs for the H8 in-
cludes 2 cassettes of games in BH BASIC, 3
cassettes of machine-language games using
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Incredible! but True i

Fast = Rellable « Economical

Precut wire is Cheaper than cutting your own!

MNo more cutting & stripping by hand
Good, clean, uniform strip

Gheaper than using bulk wire $ 34.95
HOBEY WRAP
WIRE KITS Madel BW 630

#1  56.85 #2 $18.95

250 3w" 100 5" 500 3° 100 5%"
100 4" 100 &"

Choose One Golor
or Assortment

250 4%" 100 7
1-2501t. Roll

135 E Chestnut 5t #5  Monrovia, CA 81016 (213) 357-5005

WIRE KIT#1

with
250 3" 100 4% | ‘250 2%" 250 5" fREE ($6.95 Value)
500 3% 250 8" |t 5 etting it
S0 & 100 o ° Lik@ for ;5.2800

Balleries & Charger $11.00

P DOEITAL ELECTRONIES

\
We also have:;

3 x PRECUT WIRE BY SIZE

: WIRE WRAP SOCKETS

WIRE WRAP TOOLS
INTERCONNECT CABLES
PROTOTYPING BOARDS
SOLDERLESS BREADBOARDS
AND MORE!

’%\ Catalog available on request.
Ordering Information:

® Orders under $25 and COD's add $2
s All others, shipped Ppd in U.S. via UPS

CIRCLE NO. 50 ON FREE INFORMATION CARD

e For Blue Label (Air) or 1st Class, add $1
= We accept Visa & Mastercharge
Dealer Inquiries Invited

CALIFORNIA

Rainbow Computing
Complete Apple Il Line
10723 White Oak Avenue

Granada Hills, CA 91344
(213) 360-2171

COLORADO

Byte Shop

Complete Apple Il Line
3664 South Acomo Street
Englewood, CO 80110
(303) 761-6232

ILLINOIS

American Microprocessors
Equipment and Supply Corporation
6934 North University

Peoria, IL 61614

(309) 692-5852

American Microprocessors
Equipment and Supply Corporation
At The Chicagoland Airport

20 North Michigan Avenue

Half Day, IL 60069

(312) 234-0076

Lillipute Computer Mart, Inc. i
Complete Microcomputers and Peripherals
4446 Oakton Street

Skokie, IL 60076

(312) 674-1383

MARYLAND

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

Towson, MD 21204

(301) 321-1553

MICHIGAN

United Microsystems Corporation
The Professional Computer Store
2601 South State Street

Ann Arbor, Ml 48104

(313) 668-6806

The Computer Mart

We Will Not Be Undersold
1800 West 14 Mile Road
Royal Oak, MI 48073
(313) 576-0900

NEW JERSEY

Computer Mart of New Jersey
The Microcomputer People™
501 Route 27

Iselin, NJ 08830

(201) 283-0600

COMPUTER RETAIL STORES

NEW YORK
Computer Mart of New York
First In The East

118 Madison Avenue

(30th Street Entrance)

New York, NY 10016

(212) 360-686-7923

Byte Shop Of New York

The Affordable Computer Store
130 East 40th Street

New York, NY 10016

(212) 889-4204

OKLAHOMA

Microlithics, Inc.

Medical Systems-Differential Diagnosis
2918 North MacArthur Boulevard
Oklahoma City, OK 73127

(405) 947-5646

OHIO

Digital Design

Cincinnati's First Computer Store
7694 Camargo Road, Madeira
Cincinnati, OH 45243

(513) 561-673

Ohio Microcomputer Specialists, Inc.
IMSAI Personal and Business Systems
1265 Grandview Avenue

Columbus, OH 43212

(614) 488-1849

PENNSYLVANIA

Personal Computer Corporation
First In Pennsylvania

Frazer Mall

Lancaster Avenue & Route 352
Frazer, PA 19355

(213) 647-8463

SOUTH CAROLINA

Byte Shop #32

The Affordable Computer Store
1920 Blossom Street
Columbia, SC 29205

(803) 771-7824

VIRGINIA

The Computer Hardware Store
Alpha-Micro, Apple 11, §-100
818 Franklin Street
Alexandria, VA 22314

(703) 584-8085

CANADA

TJB Microsystems LTD

Your Commodore PET Headquarters
10991-124th Street

Edmonton, Alberta, Canada

T5M OH9

(403) 455-5298

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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