












How to buy a computer �
by the numbers. �

Cromemco �
Tomorrow's computers today 

Clrcle 119 on Inquiry card. 

Introducing the Cromemco C-10 Per­
sonal Computer. Only $1785, including 
software, and you get more profes­
sional features and performa nee for the 
price than with any other pe rsonal 
computer on the market. We've got the 
numbers to prove it. 

The C·lO starts with a high-resolu­
tion 12" CRT that displays 25 lines with 
a ful l 80 characters on each line. Inside 
is a high-speed Z-80A microprocessor 
and 64K bytes of on-board memory. 
Then there's a detached, easy-to-use 
keyboard and a 5 1A " d isk drive with an 
exceptionally large 390K capacity. 
That's the C-10, and you won't find 
another ready-to-use personal com­
puter that offers you more. 

But hardware can't work alone. 
That's why every C-10 includes software 

word processing, financial spread 
et, investment planning and BASIC. 

rd-working, CP/M R-based software 
t meets your everyday needs. Soft­
e that cou ld cost over $1000 some· 

where else. FREE with the C-10. There's 
really nothing else to buy. 

But the C-lO's numbers tell only 
part of the story. What they don't say 
is that Cromemco is already known 
for some of the most rel iable 
business and scientific 
computers in the industry. 
And now for the first 
time, this technology 
is avai lable in a 
persona I computer. 

One last number. 
Call 800 538-8157 x929 
for the name of your 
nearest Cromemco 
dealer, or to request 
literature. In California 
call 800 672-3470 x929. Or write 
Cromemco, Inc., 280 Bernardo 
Avenue, P.O. Box 7400, Mountain 
View, CA 94039. In Europe, write 
Cromemco A/S, Vesterbrogade lC, 
1620 Copenhagen, Denmark. 

CP/MR Is a resistered trademark of 01g1tal Researcti. Inc. 
All Cromemco products are serviced by TRW. 
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Staff-written highlights of late developments in the microcomputer industry. 

DIGITAL RESEARCH PLANS ALTERNATIVE TD MICROSOFT HARDWARE STANDARD 
The proposed MSX standard announced by Microsoft, Spectravideo , and 14 Japanese computer 
manufacturers won't be the only attempt to define standard hardware and software parameters in the 
low-cost computer market. Digital Research is also backing a proposal to unify software standards and 
is talking with a number of Japanese manufacturers. 

To meet the MSX standard , manufacturers must use a Zilog Z80 microprocessor, a Texas In ­
struments TMS9918A video processor, a General Instrument AY-8910 sound processor, a Nippon 
Electric Co . (NEC) cassette interface chip, an Atari joystick interface, 64K bytes of RAM, and 
Microsoft's 32K-byte ROM-based extended BASIC . Some of the components can be purchased from 
other suppliers. 

NEC, one of the Japanese companies that Microsoft said supported the MSX format, plans to look at 
any and all attempts to standardize hardware and software for low-cost game computers and plans to 
remain neutral until all possibilities are considered . 

Both Microsoft and Spectravideo expect the standard to have the greatest impact in Japan , where 
the lack of a standard has held the home computer market back. 

In addition to NEC, the following companies were reported by Microsoft and Spectravideo to have 
supported the MSX standard: Matsushita (Panasonic). Sony, Sanyo, Hitachi , Canon, Mitsubishi , 
Toshiba, Fujitsu , Kyocera , General, Yamaha , Pioneer. and JVC. 

Specifications for the bus, 1/0 addresses, and game cartridge were not complete at the time of the 
announcement but wi ll be included in the standard . Disk-size and operating -system specifications will 
not be included, but any disk system or auxiliary processors can be added onto the bus. 

This fall, Spectravideo, which began shipments of its two home computers in early June , will offer a 
$50 MSX adapter for its computers, one of which retails for $ 300. Microsoft, Spinnaker , Sierra On­
line, and Sirius have pledged software support for the MSX standard . 

COLECO'S ADAM SHAKES UP THE LOW-COST COMPUTER MARKET 
Coleco's Adam has stirred up the home computer market in more ways than one . The $ 600 machine 
was the talk of the summer Consumer Electron ics Show because of its aggressively low price. Shortly 
afterward, however, Logical Business Machines sued Coleco and insisted that LBM owns the Adam 
name because it sells a much more expensive business computer called Adam . Coleco argues that it 
bought the trademark rights to the name from a firm that registered the name in 1 976 . 

Coleco's Adam includes a 10-character-per-second letter-quality daisywheel printer, two Coleco 
Vision game control lers with numeric keypads, a ROM-based word processor, Applesoft-compatible 
Smart BASIC, and SOK bytes of RAM , all for less than $ 600. The Adam will also be availab le as an ex­
pansion unit for the Coleco Vision game system for less than $400. A " digital data pack" drive, which 
uses cassette-sized cartridges, is included , but Coleco would not discuss its specifications. 

SOFTREND UNVEILS AURA, AN INTEGRA TED SOFTWARE PACKAGE 
Softrend, Wyndham , NH, announced that it will soon offer an integrated software package similar to 
Lotus's 1-2-3 . Designed for the IBM PC and XT , Aura is built around a database manager whose 
various components are scheduled for release over the next few months . 

Aura, the centra l database manager, will be released this month for $250. In November, Aura 3, 
which also includes a Multiplan-like spreadsheet program and a Wang-like word processor, will be avail ­
able for $395 . Aura 4, which has graphics capabilities, will also be introduced in November for $495 . 
Aura 5, which is scheduled for a December release, will add IBM mainframe communications and w ill 
sell for $995 . Aura will not use a mouse, but Softrend is considering voice input. 

SMITH-CORONA UPDATES PRINTER, OFFERS COMPUTER-COMPATIBLE TYPEWRITER 
Smith-Corona has released an updated version of its TP-1 daisywheel printer. The TP-2, a smaller and 
quieter printer, includes both serial and parallel ports and has DIP switches to select various print op­
tions . The TP-2 w ill list for $895. The list price of the TP-1, wh ich has been offered by some dealers 
for less than $500, will drop from $895 to $695 . 

Smith-Corona also announced the Memory Correct ing 3 Messenger , a computer-compatible 
daisywheel typewriter. It wHI include either a serial or parallel interface for $599 . Like the TP-1 and 
TP-2, the typewriter prints 1 2 characters per second . 
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-----il C86 - For Professional Programmers l--- ›
Complele C Tlght Code No Royalties Library Source 

� C •The Language for Professional Programmers: C combines 
full control of the machine with the best productivity features. 
C is used by: 
IBM Bell VlsiCorp Digital Research MicroPro Wang Microsoft 

� A Complete lmplementallon - C86 includes all of the features 
described by Kernigan and Ritchie. C86 delivers portability, 
consistency, FULL C. 

� Extensions include long identifiers and additional data types. 

� �Tight code ls produced by C86. Only needed code is linked 
from the library. The January 1983 Byte benchmark shows 
C86 as the fastest. 

� �No Royalties are payable to us on C programs you sell. 

� Library Source provided includes UNIX 1/0 support, interface 
with and control of the Operating System and of hardware, all 
functions described in K & R, a Mathematics Library, and a 
Trigonometry Library. 

� Overtay Support allows development of large programs. 

� Assembler may be used to write a function. Macro suppor1 can 
increase productivity. Programs are ROMable. 

� �Our Update Polley helps you to keep the Best Personal Com›
puter C Complier for the 8086 as the technology improves. 

See your Dealer for: 

a Free Information: uC86 Product Description" �� ������ . � ��� NC 
a UThe c Programming Language" by K & R ..�...� � ..$ 25.00 
a UThe C86 User Manual". . . . . . � . . � � . . � � � . � � . . � . � . � � . 35.00 
a C86 Compiler Diskette and Manual � � � � � � � � � � . � . � � . . 395.00 

We support all common formats under PC-DOS, CPM-86, MSDOS 
and MPM-86. 
VISA and Master Card accepted. They Say It All... We Do It ALL 

II Computer Innovations 
10 Mechanic Street �
SulteJ•104 �
Redbank, NJ ono1 �
201-530-0995 ... 

C811 l1 a lnld9111�k at Colllpullr lnnovlllOne. Inc. CPM-811 
1nd MPM-111 .,. 119dema’1ul of Dlgllal Ael�ch. �
MSDOS 11 a trademlfk ol Mlcnlloll. PCDOS II a �
lt9Clel’IWll of lnlltlllllonll BUii,,_ MIChlnea. Prl-. Mlbj.al lo change wlthout notice. 
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Letters,---------------­
dent. ln other words, an editor edits ; a 
word-processing program processes a file 
to produce text output. The future does 
not lie along the path of integrating these 
two functions, as with 1-2-3 or MBA. but 
in separating the functions . 

For example, in my editor, when I want 
to end a line, l should be able to press 
Enter. There should be no implication to a 
coupled word processor that Enter signi›
fies the e.nd of a paragraph. If I want to 
signal the end of a paragraph, I’ll signal 
that in the file I’m editing, using a word›
processor command, as a separate step. 

There is no magic in being able to in›
clude spreadsheet output into a memo or 
book chapt.er. I should be able to copy it 
into the file I’m creating with my editor, 
or to point to it, in the fiJe, by means of 
some imbedded command . 

The structure of the editor output, the 
word-processor input, and the spread›
sheet output should not imply among 
them any native relationships or coupling. 
I use such uncoupled software in my job; 
there is no reason that it cannot be devel›
oped for microcomputers. 

In this light, the new advances may 
signal greater sophistication but not nec›
essarily greater ease of use . A desktop 
manager is only a sophisticated analog for 
being able to copy one file into another. 

Robert C. Maegerlein 
218 Watchung Ave. 
Upper Montclair, NJ 07043 

On Structured Programming 

As a professional programmer and a 
structured-programming maven as well as 
tre owner of an S-100, 8-inch CP/ M per›
sonal computer, l have watched the lan›
guage diatribes fly back and forth with 
great interest. Although I realize my 
status as a high priest will leave my opin›
ions open to suspicion, I wish to make a 
few points about programming and lan›
guages in general. 

Despite anyth ing else that may have 
been uttered in haste about structured 
programming, the primary lessons of a 
structured approach are to figure out 
what you want your program to do, what 
type and form of data it is intended to in›
put and output, and how your program 
will interact with its user, before you 
write a single line of code. 

The software designer usually uses 
some kind or combination of hierarchical 
tree chart, Verner-Orr diagram, and/ or 
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If you guessed that a Practical 
Peripheral Microbuffer"' 
printer buffer saves time, 
you're right. For the way it 
works, this inexpensive prod­
uct is the most practical addi­
tion to your microcomputer 
system ever. 

With Microbuffer, you 
don't have to wait for your 
printer to finish before you 
re ume using your computer. 

Data is received and 
tared at fast peeds, then 

released from Microbuffer's 
memory to your printer. 

This is called buffer-
in . The more you print, the 
more productive it makes your 
workflow. 

Depending on the ver­
sion of Microbuffer, these buf­
fering capacities range from a 
useful 8K of random access 
memory - big enough for 

,000 characters of storage ­
up to a very large 256K ­
enough for 256,000 characters 
of storage. 
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Letter•---------------------------------­
viously the index 1 must refer to a unique 
array element to be of use . Perhaps an 
even simpler way to show that the for›
mula is in error is to consider the two›
dimensional problem of a l O(X = 0 to 9) 
by S{Y = 0 to 4) array, for which Cor›
rigan provided a BASIC program. You 
can immediately see that the maximum I 
obtainable from the prescribed formula 
occurs when X and Y are maximum and is 
40, yet there are 50 elements in the array. 
The corresponding correct formula for the 
two-dimensional case is 

I = X x (YM + 1) + Y 

The algori thm can be extended to a 
third dimension, Z. by modifying the pro›
cedure described by Corrigan. You must 
enclose the two-dimensional expression 
for I in parentheses and multiply by 1 plus 
the maximum value of Z, ZM, and add Z 
as 

I = {X x {YM + 1) + Y) X 
(ZM + 1) + Z 

This same algorithm can be used for any 
number of array dimensions just by re›

peating the process. 
In addition , it might be mentioned that 

in many applications, especially in 
statistics, many square two-dimensional 
matrices that are encountered are sym›
metric, that is, the same elements are con›
tained above and below the diagonal. An 
example is an intercorrela tion matrix , 
which expresses the degrees of relation›
ship between all possible pairs of 
variables. Traditional statistical software 
for mainframes has ignored this fact and 
stored the whole redundant array in 
memory; there was plenty of memory to 
spa.re. With matrices of even modest size, 
t his is undesirable with the limited RAM 
available to most microcomputers. An in›
dex similar to that introduced above can 
be created to index only the nonredun›
dant informa tion in such a matrix . Again, 
assuming X as the row dimension and Y as 
the column dimension , the appropriate 
two-dimensional formula is 

I = {X X (X + 1)) I 2 + Y 

Using this formula, the appropriate in›
dices will be created for all the elements of 
the "bottom" nonredundant portion of 

such a square symmetric matrix. 

John D. Morris, Associate Professor 
Box 8143 
Educational Leadership & Research 
Georgia Southern College 
Statesboro, GA 30458 

" A More Powerful Penell" 

In his le tter on "the myth of computer 
li teracy" (March, p. 16), Dr . E. J. 

eiburger hit the n.ail right on the head . 
One of the nails, that is. There are several 
more nails to be hit before we hammer 
down the lid on this argument. 

In one basic sense Dr. Neiburger is 
totally right. If you want to use a com›
puter for certain strictly defined, limited 
applications, you need know nothing 
more than how to tum it on, load the pro›
grams, and follow the prompts on the 
screen, If all you ever intend to use a com›
puter for is these predefined applications, 
then there is no such thing as computer 
literacy. To fill out a form you need to 
know how to read and wri te but not how 

AZTEC C - 'C ' PROGRAM DEVELOPMENT SYSTEM 

PORTABLE SOFTWARE APPLE CPIM IBM 

Shipping: COD, 2nd day clf!l:M>ry. °' Canoda, add S5 C<inoda 2nd day OI US MXI �
d ay delt...,ry, add S20 Oui<ide Nonh Amenca. acid S’20. Md lot 2nd day add $75. �
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Letten________________ 

who implement the clearer design 
strategies. 

Rudy Smith 
4601 Southwest 58 Ave. 
Miami, FL 33155 

M�ss Stor� ge for Apple Writer 

An undocumented feature in the new 
version of Apple Writer for the Apple Ile 
makes it possible to use a Corvus mass›
storage device. Here are the necessary 
steps: 

1. �Place the Corvus controller card in 
Apple lie slot 6. 

2. �Place the Disk II contro!Jer card in slot 
7. 

3. �Turn the Apple Ile on and press the C 
key once while the system is booting 
up. 

4. �A prompt will appear: "E ABLE 
CORVUS IN SLOT 6 (YIN):"; press Y 
and RETURN. 

Steps 3 and 4 are carried out each time 
the system is turned on. These steps allow 
Apple Writer lie to work with a Corvus 
drive that has been formatted with DOS 
3.3 volumes. 

Paul Lutus, President 
Walden Software Inc. 
2021 Placer Rd. 
Sunny Va!Jey, OR 97497� 

BYTE’s Bits 

Electronlc Help-Wanted �
Comes to V � lley �

Connexions, the electronics industry’s 
two-way, online help-wanted publication, 
has expanded its operations from the East 
Coast to California’s Silicon Valley . This 
service lets recruiters post job openings 
and prescreen applicants while offering 
job hunters a comprehensive list of cur›
rent career opportunities that they can re›
spond to electronically with a resume and 
a cover letter. Further details are available 
from Connexions, 20863 Stevens Creek 
Blvd. , Cupertino, CA 95014, (408) 252›
7882. The East Coa.st headquarters for 
Connexions is located at 55 Wheeler St., 
Cambridge, MA 02138, (617) 492-1690.� 
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Ciarcia's Circuit Cellar �

Build a Power--Line �
Carrier --Current Modem �

Communicate using electrical power wiring 

"Jiggle the printer cable, Jeanette." 
My assistant reached through the 

rat's nest of wires behind the com­
puter and grabbed the one connected 
to the printer. As she moved it, I 
identified its other end from my 
cramped vantage point beneath the 
workbench and pulled it through a 
slot to attach it to my latest project. 
I was glad that what we were doing 
would keep us from having to run 
cables around the Circuit CeUar so 
often. 

I have long had video terminals, 
printers, and other data-communicat­
ing equipment located at various 
places in the Circuit Cellar and 
around the upper stories of my home 
(see reference 3). Eventually the pain 
of rero1;1ting cables whenever I moved 
a peripheral device got to me, so 
about a year ago I designed a com­
munication system that would save 
having to string new wires every 
time. My system revolved around a 
carrier-current modem, which operates 
in much the same manner as the 
familiar telephone modem but sends 
its signals over electrical power wir­
ing instead of over a telephone line. 

After I pressed the carrier-current 
modems into service (with a Httle 

Copyright © 1983 Steven A. Clarcia . 
A,, rlghrs reseNed. 
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help), they served faithfully and I 
turned my attention to other projects, 
some of which have appeared in this 
column. But as oflate more and more 
of my readers have written to me ask­
ing for help on how to send data 
through the AC power line. Ap­
parently the widespread use of and 
media attention to the BSR X-10 
Home Control System and similar 
products have given many people the 
idea of using the generally unex­
ploited carrier-current modem for 
communication. Indeed, about five 
years ago I published a project on 
building a remote-control system that 
communicated through the AC 
power wiring of a building (see 
reference 4). It worked very much 
like the BSR X-10 as a carrie.r-current 
remote controUer. 

I hesitated to present the carrier­
current modem as a Circuit CeUar 
project until now because I feel there 
is more to general-purpose carrier­
current communication than meets 
the eye. 

Simple on/off remote control is dif­
ferent. In most control applications, 
the communication is generally half­
duplex or simplex; the transmission 
is limited to an intermittent tone or 
pulse burst that merely triggers a 
specific receiver into a binary control 
state. If the receiver is not activated 
properly by a single transmission 

because of interference, it 's easy to 
send the control burst more than 
once. (Many computer control sys­
tems that use the BSR X-10 receivers 
send the same control code 10 times 
to make sure it is received.) But in 
general-purpose serial data commu­
nication, proper reception of every bit 
may be necessary, and errors in 
reception of the data may negate the 
usefulness of carrier-current 
operation. 

To successfully use a carrier-current 
modem and the AC power wiring for 
data communication, we must either 
tolerate a dropped bit now and then 
or implement an intelligent protocol 
of error checking, redundant trans­
mission, and handshaking. A really 
dependable power-line communica­
tion system has the physical link (AC­
line transmission and reception) as 
only one of its components. 

I was going to wait until I had 
perfected the control and error­
checking protocols for use with the 
carrier-current modem, but the in­
creasing interest indicated by my mail 
suggested that many experimenters 
might benefit from building a simple 
carrier-current modem; at least the 
physical part of the connection could 
be set up, even if the protocols and 
software are not ready. 

This month's project, a modem for 
data communciation using the AC 



Photo 1: Prototype of the Circuit Ce/far CCM-1 carrier-current modem, which tmnsmits serial data over the AC power line at 1200 bits 
per second. When in originate mode, the modem transmits mark signals at 90 kHz and space signals at 95 kHz; the answer mode transmits 
marks at 80 kHz and spaces at 85 kHz. The receive imit, shown here, differs from /he transmit unit only in the freq11enci;-selecti11g passive 
components. 

power line, is mostly an analog cir­
cuit. Successful operation of the 
modem, therefore, depends much 
more on tweaking and tuning the 
components than do digital com­
puter-related projects. 1am present­
ing this two-chip modem chiefly to 
discuss the principles involved, with 
some emphasis on selecting com­
ponents for this application. Because 
the principles are susceptible to 
broad application, this knowledge 
should also be useful in understand­
ing other modem designs as well. 

All Modems Are Not Alike 
The modem, named after a con­

traction of the words "modulator" 
and "demodulator," is a fairly com­
mon piece of computer equipment. 
You've probably seen modems built 
for sending data over telephone lines, 
and you may have read my March 
Circuit Cellar article about a Low-cost 

modem (see reference 2). A modem 
allows two pieces of digital equip­
ment to communicate with each 
other over long distances without 
having a direct hard-wired connec­
tion between them. With a telephone 
modem, the telephone lines form the 
communication path. 

Modems of the usual type translate 
the voltage levels of the digital input 
signal (usually RS-232C levels) to 
tones at two frequencies, one of 
which signifies a logic 0, the other, a 
logic 1. The process of shifting the 
frequency of the output tone as the 
logic Levels change is called frequenci;­
shift keying, and the modems are 
called frequency-shift keyed, or FSK, 
modems. 

To allow communication in two dir­
ections at once (full -duplex mode), 
rather than in only one (half-duplex), 
two pairs of frequencies are used, 
avoiding conflict when both ends of 

the connection talk at the same time. 
{By convention, one pair of tones is 
called the "originate" set, and the 
other is called the "answer" set. The 
two terms merely signify which set 
of frequencies each unit is using; no 
impli cation is intended regarding the 
content or origin of the data itself.) 
For compatibility, modems are built 
to adhere to certain standards of op­
eration; the most common system in 
North America for low-speed 
modems was first used in the Bell 
System's Model 103 modem, so 
Bell-103-type modems abound. 

Carrier-Current Systems 
The AC power line is similar in 

some respects to the telphone line. 
One similarity is clear: we can send 
data through the power line by using 
an FSK modem. 

Obviously, in addition to the data 
we want to transmit, the power lines 
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must continue to carry power or we 
won't be able to operate the computer 
equipment. The carrier-current com­
munkation system superimposes a 
high-frequency signal on the 60-Hz 
power-carrying signal. On an oscillo­
scope, this is viewed as an additional 
small voltage carried on or riding 
atop the 115-V (volt) alternating cur­
rent. At the receiving end, the 
modem filters out the 60-Hz. signal 
and any other noise components on 
the power line, demodulating only 
the transmitted frequency. Unfor­
tunately, the power line sometimes 
has an impedance less than 2 ohms, 
along with thousand-volt noise 
spikes that make it a hazardous en­
vironment and a less-than-optimal 
communication medium. 

There is a price to be paid for the 
simplicity of this communication sys­
tem. Unlike the complex digital car­
rier-current systems, which transmit 
around the zero-crossing interval of 
the power signal, the analog FSK 
carrier-current modems are more 
sensitive to line peculiarities and 
noise. However, the digital species is 
much more complex, and after all, 
my intention was to present a build­
it-yourself project. Leaming a little 
black rt for the sake of simplicity 
can't hurt. 

Carrier- Current Modem Circuit 
�F�i�g�u�r�~� 1 is the block diagram of a 

carrier-current modem, which con­
sists of three basic components: mod­
ulator/driver, ampli.fier/demoduJator, 
and AC-line coupler. The simplest 
usable system consists of two 

modems, one attached to each of two 
pieces of data-communicating equip­
ment. One of the two modems is ar­
bitrarily designated as the originating 
modem and the other as the answer­
ing modem. As in the case of tele­
phone communication, two sets of 
FSK freque.neies are defined, al­
though the power-1ine modems 
operate at much higher frequencies 
than the telephone-line type. The 
connections from the coITUTtunicating 
equipment to the modulator and 
demodulator on each modem are 
through an RS-232C DB-25 connec­
tor. The driver and amplifier sections 
are in turn connected to the AC line 
through the coupler, the crucial 
component. 

In a direct-connect telephone 
modem1 the coupler is usually a 
600-ohm isolation transformer, and 
the characteristics of the line are well 
defined. But in a carrier-current 
modem1 the coupling transformer is 
ve1y often a tuned circuit selected to 
resonate within the passband of the 
FSK tones to improve the signal-to­
noise ratio in this particularly noisy 
environment. While tuned couplers 
are not aways used, most carrier­
current driver circuits do employ 
them to increase the transmission 
range and receiver selectivity. For 
most experimenters, the driver and 
coupler are the hardest sections to 
constructbecause so much depends 
on selecting, balancing, and ad­
justing the components. 

Taming the AC Line 
Figure 2 shows two typical carrier-

current <!,river-coupler circuits. Both 
consist of a transformer capacitively 
isolated from the AC line; 0.22-µ:F 
(microfarad) 600-V capacitors are re.c­
ommended. Any 0.1-mH (millihenry) 
slug-tuned transformer will probably 
work, but I have had best success 
with standard low-Q (low-resonance) 
miniature 1F (intermediate-fre­
quency) transformers used in tran­
sistor radios. Tn practice, the ciJ.'cuit 
of figure 2b is Jess sensitive to com­
ponent se1ection and more easily 
tuned. 

lf you have any doubts about 
whether a particular transformer will 
work1 a few brute-force tests can help 
you tame the AC line and give you 
the confidence to build the test of the 
modem circuit. Just remember that 
working directly with lite AC powet line 
is dangerous if you aren't careful. 

Begin by building two couplers, 
one driver, and one receiver, using 
the component values and circuit 
layout in the schematic diagram of 
figure 3. (I'U get around to discussing 
it shortly.) Temporarily apply power 
to the driver section and attach it 
(carefully!) through its coupler to the 
AC line. The receiver should be 
powered and connected through its 
coupler across the AC line at some 
other nearby location. 

Use an oscilloscope (connected to 
the AC line through an isolation 
transformer for safety) to monitor the 
signal present across the secondary 
coil of the receiver transformer (or 
from the collector of transistor Q2 to 
ground), while you inject a signal for 
�t�r�a�n�s�m�i�s�s�~�o�n� using a sine-wave func­
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Figure 2: Two possible schemes for coupling the 111od11latorldriver portion o !Ir e carrier-current 
modem In fhe AC lin e. Tir e ci rcuit of fi8ure 2b is the more stable. 

tion generator attached to the base of 
the driver transistor, Ql. Sweep the 
frequency between 50 kHz and 150 
kHz until you detect the same fre­
quency (at greater than 10 mV [milli­
volts]) at the receiver. Thke care that 
you are receiving the fundamental 
frequency and not a harmonic. Don't 
be too surprised at the strange elec­
trical noise you'll no doubt observe. 

You can shift the detection band 
somewhat by adjusting the tuning 
slug in and out of the trans armer 
windings or by changing the capaci­
tor across the transformer secondary. 
The objective i to find the frequen­
cy band where the signal level at: the 
receiver is highest. The band should 
be about 20 kHz wide; the frequen­
cy can go as high as 300 kHz (the up­
per frequency limit of the demodu­
lator) if necessary. 

In my case the best results were ob­
tained between80 kHz and 100 kHz, 
so I arbitrarily set two originate and 
answer frequency paits within this 
band. One modem transmits on 90 
and 95 kHz and receives on 80 and 
85 kHz; conversely, the other modem 
transmits on 80 and 85 kHz and re­
ceives on 90 and 95 kHz. ln a simple 
system, any originate and answer fre­
quency pairs that workare acceptable 
because each frequency pair has its 
own tuned coupler. I recommend 
that the frequency separation be­
tween the muk and space tones be 
5 kHz or less to facilitate easy demod­
ulation. ronly caution you not to set 
any frequency that is a multiple (or 
subrrtultiple) of another one used in 

the system. 
Remember that, in an analog FSK 

carrier-current communi ation sys­
tem, success largely depends on your 
peaking the resonance of the coils 
and finding the proper transmission 
bands, I can't provide a parts li st of 
components values that will be guar· 
anteed to work because the behavior 
of parts in the list could be other Utan 
that predicted, due to performance 
and tolerance variati ns. The most 
important "component" in the 
coupler sections i your understand­
ing the objective and knowing how 
to pursue it through testing and 
adjushnent. 

Fortunately, component selection 
in the FSK modulator and demodu­
lator sectjons is much more straight­
forward and follows some basic for­
mulas defined by the frequency and 
application. However, because it is 
possible that you might choose fre­
quency pairs different from those in 
my design, I'll discuss the derivation 
of the component va1ues rather than 
just the results. 

Exar XR-2206 Modulator 
First, let's consider the modulator. 

The XR-2206 is a function-generator 
integrated ciL"cuit , made by Exar fn­
tegraled Systems, which can produce 
sine, square, and triangular output 
waveforms at frequencies ranging 
from 0.01 Hz. to 1 MHz. It is ideally 
suited for FSK applications because 
it can be set for two different time 
bases and digHally switched between 
them. A functional block diagram of 

is hown in figure 4. 
The mark and space frequencies 

can be independently set by the 
choice of timing resistors R2 and R3 
and the capacitorbetween pins 4 and 
5. The FSK input signal is app.lied to 
pin 9. A high logic-input signal to pin 
9 produces the frequency: 

1 
fhi,n = R2xC 

and a low-level input signal produces 
the frequency: 

Where R2 and R3 are in ohms and C 
is in farads. 

R2 and R3 should be betwee11 10 
kilohms and 100 ki1ohms1 and the 
capacitor should be polycarbonate, 
polystyrene, or Mylar for tempera­
ture stability. 1 chose to use a 0.001-f!F 
capacitor, which produce the follow­
ing resistor value for the frequency 
pairs I chose: 

R2: 85 kHz, U.76 kilohms �
95 kHz, 10.53 kilohms �

R3: BO kHz, 12.50 ki1oh.ms �
90 kHz, 11.11 ki lohms �

In the case of R2 and R.3, you can 
use the nearest 1-percent-tolerance 
resistor or use a potentiometer in 
combination with the closest 5 per­
cent fixed value. 

You must also consider the settings 
of resistors Rl and RS, whkh adjust 
for minimum total harmonic distor­
tion. In our case, where a few-tenths­
percent distortion is irrelevant, pins 
15 and 16 may be left open and R1 can 
be replaced by a fixed 200-obm 
resistor. With Rl installed (same ef­
fect as closing swjtch 51), the output 
at pin 2 is a sine wave with an out­
put impedance of 600 ohms and 
amplitude set by R4. The -remaining 
components serve to stabilize opera­
tion and are the same for all �f�r�~� 

quencies. 

XR-22ll Demodulator 
The Exar XR-22ll i a phase-locked­

loop (PLL) integrated circuit especial­
ly designed for data communication 
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and particularly suited for FSK appli­ functional block diagram and typical through a 0.1-µF capacitor. The inter­
cations. It operates over a frequency FSK de.modulator circujt are shown nal impedance is 20 kilohms, and the 
range of 0.01 Hz to 30D_ kHz and can in figure 5. Frequency-shift-keyed in­ minimum recommended input 
accommodate analog input signals put signals fed into pin 2 of the signal is 10 mV. 
between 2 mV and 3 V. An XR-2211 XR-22U must be capacitvely coupled The first order of business is to set 
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the center frequency of the demodu­
lator passband at the center of the fre­
uency band that we wish to detect. 

In my case, the passbands are de­
fi ned by the tone pair at 80/85 kHz 
and the other pair at 90/95 kHz. The 
center frequencies for the two 
demodulators would then be 82.5 
kHz and 92.5 kHz, respectively. The 
component values are computed as 

follows: 

1 
fo = ROxCO 

where RO is in ohms and CO is in 
farads; /0 is the center frequency. 

Generally, RO is in a range of 10 
kilohms to 100 kilohms, but the 
choke ·.s arbitrary. Often it is more 
convenient to choose a value for CO 

and trim the value of RO with an ad­
jacent potentiometer. Using 0.001-µF 
value (Mylar, polycarbonate, or poly­
styrene) for CO, the computed RO 
values are 12.12 kilohms <Jo = 82.5 
kHz.) and 10.81 kilohms (/0 = 92.5 
kHz). With a 5-kilohm trim pot in 
series, more convenient resistors of 10 
and 9.1 kilohms can be used instead. 

Rl sets the system bandwjdth and 
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a sets the loop-filter time constant 
and damping factor. The value of Rl 
is determined by the mark/space fre­
quency difference; 

ROxfo 
Rl = (f, _Ji) 

The deviation is 5 kHz by design, 
and the values for R1 are 170 kiJohms 
{j0 = 82.5 kHz) and 191 kilohms 
<JC} = 92.5 kHz). 

While the equation for computing 
the loop-damping factor associated 
with Cl is complex, there is a conve­
nient rule of thumb. The damping 
factor should be approximately 1/1, 
and a value of Cl = C0/4 will pro­
duce this. With CO equal to 0.001 11F, 
Cl equals 250 pf (picofarads). 

Resistor Rb provides positive feed­
back across the FSKcomparator and 
facilitates rapid transition between 
output logic states. A value of 510 
kilohms is used in most applicati ns. 

Cf and Rf form a single-pole post­
detection filter for the FSK data out­
put. Rf is most often set at 100 
kilohms. Cf smooths the data output; 
it value is roughly calculated: 
Cf = (3/data rate in bits per second) 
where Cf is in microfarads. Because 
this modem is designed for operation 
at 1200 bps (bits per.second), a value 
of 0.0022 µ.F or 0.003.3 µ.F is acceptable. 

The final area requiring calculation 
is the lock-detect section of the 
XR-2211, which is used here in a 
carrier-detect function. The open­
collector lock-detect output, pin 61 is 
connected to the data output, pin 7. 
This will disable any output created 
by noise unless a carrier signal is 
present within the detection pass­
band of the PLL. Presuming a paral­
lel resistance of 470 kilohms, the 
minimum value of the lock-detect 
filter capacitor, Cd, is 16/(f, - f2)/2. 
In this case 0.005 j.t.F is adequate, 

Testing the Completed Unit 
I built the complete Circuit Cellar 

carrier-current modem the way 
hown in figure 3, with component 

values for 80/85 kHz and 90/95 kHz 
tone pairs, but you may substitute 
other values as previously discussed. 
In addition to the three functional 
sections we have looked at, I have 
added a carrier-detect incticator and 

an RS-232C driver (IC3) and receiver 
(lC4). 

To test the compl ted unit you 
need some source of serial data out­
put. (1 used a full-duplex video ter­
minal.) The easiest test is a simple 
loop-back circuit. The terminal is con­
nected to the originate modem and 
plugged into the power line. The 
answer modem i plugged in some 
distance away, with pins 2 and 3 
jumpered together on J1, its RS-232C 
connector. As you type on the ter­
minal, the data is transmitted to the 
answer modem where it i looped 
back through the jumper and rettans­
ntitted to the originate modem where 
it appears on the terminal's screen. 

You should be able to pla e the 
modems anywhere within your 
home or office, or even an adjacent 
home or apartment. The ultimate 
range is limited by the power com­
pany's tep-down transformer and 
the cross-coupling between the tw 
115-V legs of a mulrphase 230-V dis­
tribution system. But you can arrange 
communic tion between the latter by 
attaching a fused c pacitor between 
the two 115-V legs. 

In Conclusion 
Using t11is modem r was able to 

uccessfully communicate at 1200 bps 
for extended periods f time without 
loss of data. I've found FSK car­
rier-current communication to be fair­
ly reliable; it's best at the lower data 
rates. Occasionally a few characters 
have been lost when my air-condi­
tioner compressor or water pump 
turned on. The e are occasions 
where an inte.lligent control system 
might be of significant help. I had in­
tended that the intelligence necessary 
ot' error checking and redundant 
transmissions be part of this project, 
but as I explained, such a contTOl 
system is much more involved than 
the modem itsel f. Given the e ces 
computing power available in most 
per anal computers, 1t would certain­
1y be feasible in most case for error­
checking to be performed by appli­
cations software, perhaps using 
something like the well -known 
file-transfer protocol developed by 
Ward Christensen for use with his 
CP/M-based Modem-7 program. 

Generally speaking, while I have 
detailed the hardware components of 
a complete system that works in the 
Circuit CeUa.i;. it' important to recog· 
nize that AC line conditions differ 
significantly between locations. Com­
plete frequenc bands may be unus­
able due to interference produced by 
machinery, digital docks, micro­
computers, and fluorescent lights. 
For this reason, you should under­
stand how the modem components 
and coupler are de igned. Your abili­
ty to customize a basic modem de­
sign to the patticular electrical en­
vironment of your home or office can_ 
make or break the project. 

Next M onth: 
Build a digital video camera.• 
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or-can be linked in any combination to form a complete, coordinated business system. �

�~�~�V�A�B�L�E�S�"�'� $99.95 
UUl8 If a �~ ""'"1.cfriverl account$ recemble, inuoicins, o.nd 

.tliilllllllu.il*"lllliflll•iliitit-...,lllialll'allnQ �~ It keeps tnicl< ol aD �i�n�!�~�t�i�o�n� related 10 who 
CIWIS �o�r�~ CDftlPll\!I monay, and can pr<Mde automalic bilting for past due ac· 
-*" 8VlllUS" print• all neceuary statement:e, lnvoicu, and �S�l�l�m�m�a�~� 
lll*tl lllld can be llnlctd with \1£11811UOGEll II'" and \/ER$AlrNENTORY'". 

VERSAPAYABLES,. $99.95 -
ViiiiAPAVAILES" ii dai!Jled lo keep traek of �~�U�r�r�e�t�l�l� and aged payabk!s. keeping you
In IDUdl wlh Ill WormUiari regardJlia haw m11eh mooey your company owes, iind 10 
whom. \ll!RSllPAYAll.ES"' maintains a complete record on each vendor, prints c:hed<t•,
check �~ �~�. transaction repom, aged payable1 reports, vendor reports,
and mors. With �~�P�A�V�A�l�!�U�'�.�S�"�,� you can awn lei your compuler automati<:allll select 
which �~ are to be paid, 

V ERSAPAYROLL.. 599.95 
VERsAPAYRou.• II a pclWlrful and SOPhislicated, bu1 easy to �u�~� payroll syslem 1ha1 
kaept fnlck ol 1111 �~�l�·�t�e�q�u�l�r�'�e�d pallfOll information. Complete"'11pill!lee �r�t�t�o�r�~� 
are maintaNd end Ill necessanr palf?Qll �c�a�f�c�u�~ �t �i�o�n�s� .. ,., performed automatically, lllilh 
tot.la dlsplaji;i on tcreen for operator approval. A !lllYroD can be run 1otally, aulormti· 
cally, or the operator can intervene 10 prevent a clwck from being printed, or to alter 
inf0nnado11 on it, If desired, totals may be PoSied lo the VEllsALIDGel II'" 1y1tcm. 

VERSAINVENTORV"' $99.95 

F-
\IERsAINllEHTOR\"" II a cromplete mwntory control �~�t�e�m� that gl11e1 JIDU ln•tant 11<:cess 
lo data on fll1ll ilem. �\�I�E�R�s�A�~�O�t�r�i�'�"� keep• IR(;k of all info:rnation related to what 
ltmll aN ill 1lock. out of stock, on bacl<order, etc., gtore& sales and prii:ins data, alerta 

an it9m fala below a pl'8Mt reorder poinl, nnd allows you to enter and priiit
direcW01tolnlcwilhth&VEitsAREcErvABl.ES"liJ1Slem. VERsAINvENTOAV-prlnts

needed ln\lllnto1Y lill!ral, rep(Jrls of �' �t�~ below reorder point, inventory value re· 
1*11> period end �~�l�e Ales report$, price JI$!$, inventory chacldisto, etc. 

80 N. PASCACK ROAD, SPRING VALLEY, N. Y. 10977 

VERSAl.EDGER II"' $149.95 
VERSAl.£ooER II"' is a complete ;;iccountingsyslem that grows as your bu1>rne$8 
grows. 'v'ERsAl.Et>GER II"' can be used asa simple personal checkbook register, 
expanded to a small business bookkeeping syslem or �d�e�v�e�k�~�p�e�d� into a large 
corporate general ledger system without a ny addit ional sof lware. 

• �VaisAlEDGER II"' gives vou almost unlimited storage capacity
(300 to 10,000 entries per month, depending on the s115tem), 

• stores all check and general ledger information forever, 
• prints tractor-feed checks, 
• handles multiple chl!(:kbook.s and general ledgers, 
• prints 17 customized accounting repor1s including check registers, 

balance sheets, income statements, transaction reports, account 
listings, etc. 

\IERsAl..EooER If" comes with a professionally-written 160 page manual de· 
signed for flr.;t-time users. The \/EJlSAl.EDGER II" manual will help you become 
quickly famUiar with \IERSAl.EooER II"', using eomplete sample datll files 
supplied on diskette and more than 50 pages of sample printouts. 

SATISFACTION GUARANTEED! �
Ew:ry v e_RS.I\ 6USt ESS module i.s �~�a�.�n�t�e�e�d tOOUlpil!!tfiortn It!! 0 1 hera>mpcl itlo.iu �5�Y�l�h�~�m .. 
.>nd i>l t'I fraction of 1hliircost. Ir you are nol SAt.isJlech",Lh nny VERSA BUSINESS' .. module. you 
may re tum it wi1htn lO �d�a�~ &or a refund.. Mb.ru,.1ol; for MY VERSA BU'SINESS... module may bt 
pwch.'?!lsto.d '°' $25 �4�:�~�C�h�,� �c�r�~�1�1�i�e�d� tOWbrd e �L�o�i�~�1�i�r� purcha.se ol 1ha.i module. 

To Order: 
Write or call Toll-free (800) 43 l-2818 
(N .Y. S. re idcnl" enll 914-425- 1535) 

• odd $3 ror "JMpp1ng isl UPS OH'M ' •dd 55 lo CANADA or MEXICO 
• odd S4 lor C.O.D. or non-UPS •1•as • add fKOf"'-t pos1a9< •Js..;\'heoe

...-!'Circle 480 on Inqu iry card. 
D EALER IN Q U LRJ ES WELCOME 
Al pri<.. And 5po(illaloOn• •ubie« 10 oho""' I D•I""'"' oOOic<I to ovo1l•blh1y. -- �~� -• TRSaO lo a .........k o( 1ho lbldb st..ck OWi11oi1 al Tandll Cof1'. · ' APPLE ls a trodemark of 11re11 �~ �.� �·� �' �I�B�M� ii a trademark ol IBM Corp. · ' OSBORNE l• o 1'*m.trh al 0.0...... Corp.�

•CJ>/M h a tndomarh of Dlsital Rowarch • XEROX Is a traclcm6rk of X.rox Corp. 
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We added another head �
so you won't have to buy another disk. �

That's the beauty of a double sided head. A 
floppy disk which allows you to read and write on 
both sides. For more storage, for more information, 

for keeping larger records, 
and for improved perfor­
mance of your system. 
That's what our new Elite 

c [] c:::i Two and Elite Three offers. 
It's the first double headed 
Apple® compatible disk 
drive in the industry. And of 
course, the technology is 

Rana'sdoublesidedheadsgiveApple f·"om Rana. We'"e the com-usuperiot disk performance power 
1

, , , �

lhan second genera1ion personal com· �
puterssuchas1BM's. pany WhO gave YOU 163K 
bytes of storage with our Elite One, a 14% increase 
over Apple's. And now with our high tech double 
sided heads, our Elite Two and Three offers you two 
to four times more storage than Apple 's. That's 
really taking a byte out of the competition. 

We put our heads together �
to give you a superior disk drive. �

We designed the Elite T1"1ree to give you near 
hard disk capacity, with all the advantages of a 
minifloppy system. The double sided head oper­
ates on 80 tracks per side, giving you a capacity of 
652K bytes. It would take 4V2 Apples to give you 
that. And cost you three times our Elite Three's 
reasonable $849 pricetag. 

II takes �4 �~ Appl es to equal the capaeity �
of our superior Elite Three. � -11111 

�1 �~�=�=�- �1� �1 �-�=�= �-�~ �1� 
�~ �-�-�-�~�-�-�~� �~ �-�- ­

The Elite Two offers an impressive 326K bytes 
and 40 tracks on each side. This drive is making a 
real hit with users who need extra storage, but 
don't require top-of-the-line capacity. Costwise, it 
takes 2V2 Apple drives to equal the performance of 
our Elite Two. And twice as many diskettes. Leave it 
to Rana to produce the most cost efficient disk 
drive in the world . 

We've always had the guts to be a leader. 
Our double sided head may be an industry 

first 'or Apple COmputerS, but nobody WaS SUrpr1'sed. 
11 

Apple is a reg1s1ered lradematk ol Apple Compu1er. Inc. 

They 've come to expect it from us. Because Rana 
has always been a leader. We were the first 
with a write protect feature, increased capacity, 

Your word processor slores 5 tunes as many pagtls or 1ex1 on an Ellie Three 
d1 skeU e as the cos I inefloctlve Apple. 

and accurate head positioning. A first with attrac­
tive styling, faster access time, and the conve­
nience of storing a lot more pages on far fewer 
diskettes. We were first to bring high technology to 
a higher level of quality. 

So ask for an Eli te One, Two, or Three. 
Because when it comes to disk drives, nobody 
uses their head like Rana. 

NOW AVAILABLE FOR THE APPLE Il l. . . �
THE ELITE TWO .THREE AND ELITE THREE.THREE �

RanaSystems 

21300 Superior St., Challlworth, CA 9131 1 (213) 709-5484. For d11aler lnformat.lon call toll 
lrae: 14!00-421·2207. In Cellfomla only call: 1.ao6-262·1221. Source Number. TCT-65-4 

Circle 337 on inquiry card. 

Alllltlable at all par11c1paliog Computer land stores and 01he1 line computer dealers 



The C language provides a new standard for portabi lity in a computer 
world characterized by a plethora of processors. Designed to make pro­
grams portable, fast, and compact, C fills a niche between such high­
level languages as BASIC, COBOL, and Pascal and low- level assembly 
languages tied to particu lar processors. Perhaps most aptly described as 
a "medium-level" programming language, C is a powerful tool in the 
hands of professional programmers. 

Most major mi;crocomputer manufacturers and software developers 
use C for writing systems programs- operating systems, utilities, 
languages, and applications. Digital Research is writing all of its new 
products in C, including CP/M-68K for the 68000 microprocessor and 
the new Personal BASIC. Both M icrosoft and Visicorp have used C ex­
tensively in products ranging from Mu ltiplan and Xenix to Visiword and 
Visi On. The computer graphics sequences in Star Trek II were created 
using C, and Lucasfilm Ltd . used C for computer-aided animation in the 
latest Star Wars saga, Return of the Jedi. 

Why is C so popular? The primary reason is that it allows programmers 
to easily transport programs from one computer or operating system to 
another while taking advantage of the specific features of the 
microprocessor in use. And C is at home with systems from 8-bit micro­
computers to the Cray-1, the world's fastest computer . As a result, C 
has been called a "portable assembly language," but it also includes 
many of the advanced structured-programming features found in 
languages like Pascal. 

Our theme artic les in this issue take a close look at the C language. 
Stephen Johnson and Brian Kernighan of Bell Laboratories present an 
overview of C and compare it with other computer languages in ''The C 
Language and Models for Systems Programming." James Joyce offers a 
guided tour of C's key features, along with programs that illustrate C 
programming concepts and style, in the first of a two-part series. "A C 
Language Primer." 

C is a concise language that has a small kernel of 30 reserved words, 
and its input/ output specifics are gathered into a library of standard func­
tions. That means the language can be brought up easily on new micro­
processors , resulting in dozens of vetsions of C. We sampled a few of 
these for the most popular operating systems. 

Most applications programs are becoming large and complex in order 
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that new users perceive them as easy to use. Jason Linhart discusses 
how to choose a suitable computer language for "Managing Software 
Development with C." 

Not surprisingly, the largest number of C languages, and some of the 
most advanced, are available for the highly regarded IBM Personal Com­
puter. Most of the C compilers for the IBM PC are also available for the 
MS-DOS operating system, on which the IBM PC-DOS is based . These 
are reviewed by Ralph Phraner in " Nine C Compilers for the IBM Personal 
Computer.'' 

The CP/M-86 operating system has a wealth of C compilers as well. 
Authors Jerry Houston. Jim Brodrick, and Les Kent take a look at the 
first of those available in "Comparing C Compilers for CP/M-86." 
Christopher Kern reviews "Five C Compilers for CP/M-80 ." Chas been 
available for CP/M-80 for a while, and as a result a strong C users' group 
and several volumes of public-domain software exist. 

No discussion of C is complete w ithout mentioning the Unix operating 
system, which is written in C. Unix and its utilities comprise over 
300,000 lines of C source code, certainly the most ambitious C project 
yet. Developed more than 10 years ago at Bell Laboratories, both Unix 
and Care now coming into widespread use. To round out our coverage 
of C, in this issue we begin "The Unix Tutorial," a series of articles on 
the Unix operating system. Part 1 is an overview of Unix and its features 
along with a short history of how C and Unix were developed. Together, 
C and Unix provide one of the most comfortable working environments 
for professional programmers. A text box by Walter Zintz describes Unix 
and C resources. 

Both the C language and the Unix operating system are based on 
modularity and short, general-purpose routines, a subject Rebecca 
Thomas explores in "What Is a Software Tool?" "The Unix C Compiler 
in a CP/M Environment" by Matthew Halfant looks at some of the issues 
and ambiguities involved in moving C programs between these two 
popular operating sysfems . 

An annotated bibliography of C on page 268 lists the books and ar­
ticles on C that have been published in the past few years . 

C is relatively young for a computer language, but it is appropriate 
that, in its 10th anniversary year, C is being recognized as the powerful 
language for profess ionals that it is. - Bruce Roberts 
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