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cros are 12 inches or less in their
longest dimensions.

Ultra Max and Max Airwaves are
sold individually, for the sug-
gested retail prices of $80.00 and
$30.00, respectively. Micro
Airwaves are sold in pairs for a sug-
gested retail price of $30.00.—
Hyman Products, Inc., 2392
Grissom Dr., St. Louis, MO 63146;
800-235-1542.

HIGH-RESOLUTION DIGITAL-
STORAGE OSCILLOSCOPE. The
Philips PM 3320A digital-storage
oscilloscope, with 200-MHz band-
width, real-time sampling rate of
250 MS/s, and 10-bit resolution, is
ideally suited to capture single
events. Using random repetitive
sampling, its full 200 MHz can be
used for waveform digitizing and
storage. The dual-channel scope
also offers an on-board Fast
Fourier Transform option that
gives the user an overview of the
frequency spectrum of the incom-
ing signal.

Two powerful acquisition modes
are available to capture signal de-
tails exceeding preset limits: Save-
on-Difference and Stop-on-Dif-
ference. Those features compare
the incoming waveform with one
in memory, and record the new
waveform. The time of capture is
noted as soon as a difference ap-
pears between the two signals due
tojitter, spikes, or amplitude varia-
tions. The Absolute Min/Max func-
tion creates an historical record of
a large number of traces, and can
be used to set the Save/Stop-on
Difference parameters.

Extensive cursor-measurement
capabilities indicate the absolute
level of the input signal to ground,
the voltage difference between
two channels atany given pointsin
time (the PM 3320A automatically
accounts for the attenuator set-
tings), and the time difference be-
tween any points—even between
two channels.
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Other automatic-measurement
functions are RMS voltage, per-
centage overshoot and preshoot
for step functions, and continu-
ously variable rise and fall times—
including the two preset options
of 10-90 percent and 20-80 percent
for ECL applications. The PM
3320A also provides automatic
pulse width, duty-cycle and phase
measurements, division for ratio
measurements, integration, and
differentiation.

For ease of operation, the Auto-
set function automatically selects
amplitude, timebase, and trigger-
ing for instant display of any input
signal at the touch of a button. As
many as 250 front-panel setups can
be stored and instantly recalled—
individually or in sequence—
when needed. Other features in-
clude menu-driven softkey opera-
tion for direct access to over 200
subsidiary functions, an oversized
CRT for enhanced on-screen dis-
play, and |EEE-488 or RS-232 com-
patibility for systems use and for
hard-copy output to plotters and
printers.

The Philips PM 3320A digital
storage oscilloscope has a sug-
gested list price starting at
$8,990.00.—John Fluke Mfg. Co.,
Inc., P. O. Box C9090, Everett, WA
98206; 800-443-5353, ext. 77.

REMOTE ENGINE STARTER.
Clifford Electronics’ Smart Remote
Starter lets the owner start his car’s
engine and accessories from as far
as 400 feet away, with a miniature
remote control. He then has up to
ten minutes to get to the car,
which will have a warmed-up en-
gine, defrosted windows, a com-
fortable interior temperature, and
preset selections on the stereo.

The system—whose artificial-in-
telligence algorithm uses parallel
processing with dual high-speed
microprocessors—starts, super-
vises, and controls the starter, en-
gine, brakes, transmission, and
accessories. As soon as the remote
control’s digital-code signal is re-
ceived (which the system acknowl-
edges by flashing the car’s parking
lights), several safety checks are
automatically performed. Once all
safety checks pass, the engine is
started, and any preset accessories
are activated.

CIRCLE 13 ON FREE INFORMATION CARD

If the engine doesn’t start, or
starts and then stalls, the Auto-
Restart feature will automatically
try to restart the engine three
times. While the engine is idling,
the Smart Remote Sensor protects
it from excessive RPM’s and over-
heating. If anyone other than the
driver tries to open the hood or
drive the vehicle, the system im-
mediately shuts down the engine.
It will even prevent grinding of the
starter if the driver inadvertently
tries to start the engine when it’s
already running.

For safety reasons, the system is
designed to work only on vehicles
with automatic transmissions and
electronic fuel injection. The sys-
tem can recognize if anyone tries
to use it on another type of vehi-
cle, and will turn itself off.

The Smart Remote Starter can
easily be programmed to respond
to as many as three additional
Clifford remote controls, even if
each one uses a different digital
code or is of a different type.

The suggested retail price for
the Smart Remote Sensor, includ-
ing installation, is $550.00.—
Clifford Electronics, Customer Ser-
vice Department, 20750 Lassen St.,
Chatsworth, CA 91311

MATHEMATICAL-TYPESETTING.
Technical Support Software’s
EXACT 3.1 mathematical-typeset-
ting program allows users to add
complex mathematical expres-
sions to documents produced in
WordPerfect 5.0 or Microsoft
Word 4.0.

EXACT is a RAM-resident pro-
gram that cooperates with the
user’s word processor to allow
creation of complex mathematical
expressions. Because it automat-
ically shares the screen and the
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DIRECTORY OF AMERICAN RE-
SEARCH AND TECHNOLOGY
1988; R.R. Bowker Company, Cus-
tomer Service, P. O. Box 766, New
York, NY 10011; 763 pages, includ-
ing indexes; 8% X 11% inches;
hardcover; $199.95.

Over 11,500 organizations at the
forefront of scientific research—
including almost 1,000 new re-
search and development firms—
are profiled in the 1988 edition of
Directory of American Research
and Technology. Detailed informa-
tion is provided on corporate and
university facilities, including par-
ent organizations and their sub-
sidiaries, in over 1,500 fields of sci-
entific research. Listed alpha-
betically by company name, each
entry provides address and phone
number, research-staff size, and
descriptions of all research and
development aciivities. Facilities
are identified as commercial, non-
profit, or privately financed. Three
indexes are organized by person-
nel, geography, and classification.

Aimed at working scientists,
R&D administrators, corporate re-
cruiters, and business or research
libraries, the directory also reflects
the ever-changing world of indus-
trial research by documenting
emerging technologies and new
research functions. Among this
year's new entries are firms inves-
tigating internal hearing aids, ho-
lography, machine vision, satel-
lite-TV systems, radar-warning
devices, and electron sterilization
systems.

SHORTWAVE DIRECTORY, by Bob
Grove; Grove Enterprises, P. O. Box
98, Brasstown, NC 28902; approxi-
mately 500 pages, including glossary
and cross-reference table; 8% x 11
inches; softcover; $17.95 + $2.00
shipping in U.S.; + $7.50 shipping
in Canada; other foreign countries
add $7.50 (surface) or $25.00 (air).

The fourth edition of Shortwave
Directory has been revised and ex-
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panded to include international
broadcasting and Very Low
Frequency (VLF). The book con-
tains accurate, up-to-date fre-
quency listings from 10 kHz to 30
MHz, and includes U.S. and for-
eign Air Force, Navy, Coast Guard,
Army, Energy and State Depart-
ments, FBI networks, aircraft and
ships, scientific installations, pi-
rates and clandestines, space sup-
port, RTTY and FAX, INTERPOL,
and English-language broad-
casters worldwide.

Most stations are cross-refer-
enced by agency and frequency
for rapid identification of un-
knowns. The 1988 edition contains
an exhaustive glossary of terms,
acronyms, and abbreviations com-
monly encountered on the short-
wave-radio bands.

HOW TO TEST ALMOST EVERY-
THING ELECTRONIC, 2nd Edition,
by Jack Darr and Delton T. Horn;
TAB Books Inc., Blue Ridge Summit,
PA 17294-0850; 175 pages, includ-
ing index; 7% X 9% inches; soft-
cover; $8.95.

Radio-Electronics’ service editor,
Jack Darr, teams with professional
technician Delton T. Horn to pro-
duce this updated version of their
20-year-old How to Test Almost
Anything Electronic. Some things
remain the same: the basic princi-
ples of troubleshooting and inter-
preting test results; easy-to-follow
instructions for using electronic
test equipment; examples of typ-
ical circuit types. The descriptive
overview of electronic test equip-
ment, which includes ammeters,
voltmeters, oscilloscopes, logic
probes, analyzers, and more, has
been updated to reflect the latest
equipment. The book has been
expanded to include new circuitry
developments and the basics of
digital electronics.

Most of the book details actual
test procedures—including
power-supply and DC-voltage

tests, VOM and VTVM tests, signal
tracing and alignment, os-
cilloscope and component tests,
and TV tests. Those basic trou-
bleshooting techniques are pre-
sented with the same emphasis on
practical experience and common
sense that has made Jack Darr’s ad-
vice invaluable to technicians and
servicemen for decades.

ENGINEERING EXCELLENCE, edi-
ted by Donald Christiansen; IEEE
Publications Sales Office, 445 Hoes
Lane, Piscataway, NJ 08855-1331;
263 pages, including index; 6 x 9%
inches; hardcover; $24.55 for IEEE
members, $32.75 for nonmembers;
be sure to use code number
PC02188 when ordering.

At an international convocation
in 1986, more than 20 eminent en-
gineers, engineering managers,
and sociologists met to consider
how the varying cultural traditions
in different countries might affect
the quality of engineering and the
way that engineers are managed
and rewarded. The participants
represented Japan, Germany, Hol-
land, and the United States; the
substance of their presentations
forms the major part of
Engineering Exceilence.

The book provides engineering
practitioners and entrepreneurs
with interesting insights into the
forces at work in the global high-
technology marketplace.
Engineering Excellence is divided
into four sections. The first three
cover the importance of the indi-
vidual engineer, a comparison of
engineering cultures, and institu-
tional and organizational struc-
tures. The final section is a selec-
tion of writings comprising first-
hand observations by engineering
leaders who describe how they
built successful technical organi-
zations, and how they deal with
pressures stemming from today’s
highly competitive global business
climate.
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P t 2 IN THE FIRST PART OF
a r this article we showed
the complete set of schematic diagrams
(in Fig. 3-Fig. 6) while we discussed the
decoder’s theory of operation. However,
due to a printing error, a line connecting
R13, R14, and pin 7 of IC4 was deleted
from Fig. 3, the decoder stage schematic.
After you go back to your January issue
and draw the line in, you'll be ready to
start building. But before purchasing any
parts, read the section on interfacing be-
low; you may not need the board-mounted
demodulator and its associated compo-
nents, depending on how you interface the
decoder with your TV or VCR.

To build the decoder, it’s best to use a
PC board. If you wish to etch your own,
the foil pattern is shown in PC Service.
Otherwise you can buy a board from the
source mentioned in the Parts List.

However you obtain a board, before
beginning construction, inspect it care-
fully for shorted and open traces, and
make sure that the copper is clean. If
necessary, rub it with steel wool and then
clean it with soap and water.

When the board is in good shape, start
stuffing it, as shown in Fig. 7 (which
shows all board-mounted components)
and Fig. 8 (which shows all off-board
components and the three jumpers). First
insert the low-profile components, and
then work up to the larger components.
Be sure to observe the polarity of all semi-
conductors and electrolytic capacitors—
one mistake could be deadly!

When the board is stuffed, clean flux
from the foil side and check your work
once more. Then mount the board in a
case, as shown in Fig. 9.

Interfacing
Before building the decoder, you
should determine how you'll interface it

with your TV or VCR. If your TV or VCR
has a MPX audio-output jack, then you
can simply connect the decoder’s MPX
input to that jack. In that case, you won't
need to buy parts for, or build the 4.5-
MHz demodulator. However, few late-
model sets include such a jack, so you'll
probably have to build and connect a spe-
cial interface circuit. Doing so may void
any warranty that is in effect, so don’t
undertake any modifications to your set
unless you’re quite sure you know what
you 're doing—or are willing to accept the
consequences.

We'll present several ideas for interfac-
ing the demodulator; whichever you
chose, be sure you never work on any
device while it is plugged into a 117-volt
AC power outlet, Many TV chassis are
extremely dangerous because they do not
have power transformers to isolate them
from the AC power line. Sets that fack
such a transformer are said to be hot-
chassis types, because there may be a 117
volts between the chassis and ground.

Converted VCR output

This is probably the most difficult op-
tion physically, because you must remove
the case of your VCR and drill a hole in
the rear panel to mount a small SPST
switch. You must also locate the 75-ps
audio de-emphasis capacitor in the tuner
section, and lift the leg that goes to
ground. To find that capacitor, you’ll
probably need a copy of the schematic
diagram for the tuner section of your
VCR. Your dealer’s service department
may have that information, and you may
be able to ask a technician there for help in
locating the capacitor.

The de-emphasis capacitor is always
located close to the audio-demodulator
IC. The capacitor forms part of a series
RC network; one leg goes to ground, and

the other is connected to a resistor that's in
series with the audio path through the
circuit. In some sets one IC may perform
both audio and video demodulation.

After locating the proper capacitor, re-
move the grounded leg. Then prepare a
picce of shiclded cable that is long enough
to reach from the capacitor to the rear
panel switch. As shown in Fig. 10-a, sol-
der the shield to the hole from which the
capacitor’s leg was removed, and the cen-
ter conductor to the free leg. Connect the
other end to the switch.

Now, when the switch is in the sTEREO
position, the capacitor is disconnected
from the circuit. That allows the high-
frequency portion of the audio signal that
contains the pilot and the L — R signals to
pass through the remainder of the circuit-
ry and appear at the VCR's regular audio
output jack. Closing the switch returns
the recorder to normal MONO operation.

Because we tapped the demodulated
audio directly, IC1 and associated compo-
nents can be eliminated from the de-
coder’s PC board. In addition, you can
use that technique with a TV or a
monitor, but only if it is not a hot-chas-
sis type.

IF output jack

Conversely, the following technique
may be used on a TV with a hot chassis.
You'll have to build the 4.5-MHz section
of the decoder. Before beginning con-
version, obtain a copy of the schematic
diagram of your set. What you're looking
for is a place to pick up the 4.5-MHz
audio IF signal before it is demodulated.

Locate the audio-demodulator section
of the TV set; it should look something
like Fig. 10-b. In many cases, the circuit
will look similar to the demodulator cir-
cuit in the decoder. Older sets will proba-
bly use a 4.5-MHz {F transformer
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Add a second-audio-program adapter to your MTS stereo decoder!

IN THE PREVIOUS ARTICLE WE SHOWED YOU
how to build an MTS stereo decoder. An-
other TV-audio signal that’s also worth de-
coding is called the Second Audio Program
or SAP channel.

Besides its primary use as a second-lan-
guage audio channel, the SAP channel is
also being used in some interesting and
novel ways. Some TV stations are transmit-
ting continuous weather and news (unre-
lated to the main visual program), public
service information, and station self-promo-
tional activities. Also, as an aid to the visu-
ally impaired, some programs use the SAP
channel for a narration that describes the
actions, scenery, clothing, and other items
related to the visual aspects of the program.

Although the SAP channel is not being
used by every station in every part of the
country, its use is spreading quickly. That's
because more and more television broad-
casters are beginning to realize the competi-
tive advantage and the commercial potential
of having a second audio program piped into
viewer's homes.

The SAP channel is a 78.670-kHz fre-
quency-modulated subcarrier on the main-
audio carrier. The subcarrier frequency is
phase-locked to exactly five times the hori-
zontal-sync rate. That eliminates beating of
the SAP subcarrier with those of the stereo-
pilot signal, the L — R stereo subcarrier, and
the professional channel (which is used by
the broadcaster for private communication),
all of which are multiples of, and phase
locked to the horizontal sync. SAP modula-
tion is limited to 10 kHz of total deviation
and uses the dbx noise reduction system to
improve weak signal reception.

The SAP decoder is designed to plug di-
rectly into the circuit board of our stereo-TV

decoder. It shares the baseband signal
source, the |5-volt power supply, and half of
the NE570 compander IC with the original
circuit. (The stereo decoder used only half
of that IC, where it was labeled 1C6. The
SAP decoder makes use of the other half of
that IC, which is labeled IC3-b in the SAP
decoder circuit.)

Circuit description

The schematic for the SAP decoder is
shown in Fig. 1. The baseband-audio input
comes from the pole of switch SI in the
stereo decoder, and is coupled to ICI (a
CA3089) via a 78.6 kHz bandpass filter that
consists of capacitors Cl and C2, and induc-
tor LI. ICl is a combination IF amplifier and
quadrature detector normally used for FM-
radio systems opcrating with an IF of 10.7
MHz. However, the device works equally
well at 78.6 KHz, and was chosen over a
PLL device because its three internal stages
of IF limiting amplifiers allow it to operate
over a wide range of input-signal levels
without any need for adjustment. Capacitors
C6 and C7, and inductor L2 tunc the detec-
tor section to 78.6 KHz, while C5 provides
the necessary 90-degree phase shift for
proper quadrature detector operation. Re-
sistor R serves to slightly lower the Q of the
detector circuit to ensure adequate band-
width of the recovered audio. The output
voltage at pin I3 of IC1 is proportional to the
level of the incoming signal. When the volt-
age at the wiper of potentiometer R3 reaches
a predetermined threshold level, Q! con-
ducts, grounding pin 5 of ICI, enabling
ICI’s mute function.

Detected audio output from pin 6 of ICi
goes to IC2-a which is configured as a 12
kHz, —12-dB-per-octave, low-pass filter.

It’s the same circuit that is used in the MTS
stereo decoder design and serves to reduce
noise above 10 kHz. The output of IC2-a
appears across potentiometer RI10, which
provides a means of adjusting the drive level
into IC3-b, the 2:I compander. Again, as in
the main stereo decoder circuit, no attempt
has been made to compensate for the spec-
tral-companding component of the dbx-en-
coded signal. Rather, a straight 2:]
expansion with fixed 390-microsecond de-
emphasis is used.

Audio from the wiper of RI10 is split into
two paths: a high-pass filter (Cl4 and R8)
provides a path to the rectifier input of the
compander, and a bandpass filter (R9, CI6,
and CI5) that feeds the audio input of the
compander. The time constant of the com-
pander circuit is controlled by C17; lowering
its value increases the speed of the circuit’s
attack and decay times. A fixed 390-micro-
second de-emphasis network is formed by
CI8 and Rl in conjunction with 1C3-b.
Corrected audio appears at pin 10 of IC3-b
and is coupled to IC2-b, an output buffer
amplifier.

Audio from pin 6 of ICI is also coupled to
an audio high-pass filter (RS and CI0) and
fed to an audio rectifier (DI, D2, and CII).
When a SAP signal is detected by ICI, it is
rectified by DI and D2; the resultant DC
charges Cll. An increasing positive voltage
at the base of Q2 causes its current flow to
decrease, so the voltage at Q2's collector
also decreases. That in tumn causes the base
voltage of Q3 to drop, which causes Q3 to
conduct, thereby lighting the LED.

The SAP adaptor is built using a 16-pin
wire-wrap IC socket for IC3. To add the
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As you might imagine. even with pho-
tographs billing was cumbersome and did
not reflect the latest technical develop-
ments. A meter didn’t provide any indica-
tion of what the subscriber was doing with
the telephone. nor did it indicate how the
average subscriber made calls or the effi-
ciency of the information service (how
fast the operators could handle requests).
So the meters were replaced by the AMA
machine. One machine handled up to
20,000 subscribers. It produced a
punched tape for a 24-hour period that
showed. among other things. the time a
phone was picked up (went otf-hook), the
number dialed. the time the called party
answered. and the time the originating
phone was hung up (placed on-hook).

One other point. which will answer
some questions that you're certain to
think of as we discuss the Red and Blue
boxes: Ma Bell did not want persons out-
side their system to know about the AMA
machine. The reason? Almost everyone
had complaints—usually unjustified—
about their billing. Had the public been
aware of the AMA machine they would
have asked for a monthly list of their tele-
phone calls. 1t wasn’t that Ma Bell feared
errors in billing: rather, they were fearful
of being buried under an avalanche of
paperwork and customer complaints.
Also. the public belicved their telephone
calls were personal and untraceable. and
Ma Bell didn’t want to admit that they
knew about the who. when. and wherc of
every call. And so Ma Bell always insisted
that billing was based on a meter that
simply “clicked™ for each message unit:
that there was no record, other than for
long-distance calls. as 10 who called
whom. Long distance was handled by.
and the billing information was done by
an operator. so there was a written record
Ma Bell could not deny.

The secrecy surrounding the AMA ma-
chine was so pervasive that local. state.
and even federal police were told that lo-
cal calls made by criminals were un-
traccable, and that people who made
obscene telephone calls could not be
tracked down unless the person receiving
the call could keep the caller on the line
for some 30 to 50 minutes so the connec-
tions could be physically traced by techni-
cians. Imagine asking a woman or child 10
put up with almost an hour’s worth of the
most horrendous obscenities in the hope
someone could trace the linc. Yet in areas
where the AMA machine had replaced the
meters, it would have been a simple.
though perhaps time-consuming task. to
track down the numbers called by any
telephone during a 24-hour period. But
Ma Bell wanted the AMA machine kept as
secret as possible. and so many a criminal
was not caught. and many a woman was
harried by the obscene calls of a potential
rapist. because existence of the AMA ma-
chine was denied.

As a sidelight as 1o the secrecy sur-
rounding the AMA machine. someone at
Ma Bell or the local operating company
decided to put the squeeze on the author
of the article on Blue Boxes. and reported
to the Treasury Department that he was. in
fact. manufacturing them for organized
crime—the going rate in the mid 1960’s
was supposedly $20.000 a box. (Perhaps
Ma Bell figured the author would get the
obvious message: Forget about the Blue
Box and the AMA machine or you’ll
spend lots of time, and much money on
lawyer's fees to get out of the hassles it
will cause.) The author was suddenly vis-
ited at his place of employment by a Trea-
sury agent.

Fortunately. it took just a few minutes to
convince the agent that the author was
really just that. and not atechnical wizard
working for the mob. But one con-
versation led to another. and the Treasury

agent was astounded to learn about the
AMA machine. (Wow! Can an author
whose story is squelched spill his guts.)
According to the Treasury agent. his de-
partment had been told that it was impos-
sible to get a record of local calls made by
gangsters: The Treasury depantment had
never been informed of the existence of
automatic message accounting. Needless
to say. the agent left with his own copy of
the Bell System publication about the
AMA machine. and the author had an
appointment with the local Treasury-Bu-
reau director to fill him in on the AMA
machine. That information eventually
ended up with Senator Dodd. who was
conducting a congressional investigation
into, among other things. telephone com-
pany surwcillance of subscriber lines—
which was a common practice for which
there was detailed instructions. Ma Bell's
own switching equipment (“crossbar™)
manual.

The Blue Box

The Blue Box permitted free telephone
calls because it used Ma Bell's own inter-
nal frequency-sensitive circuits. When di-
rect long-distance dialing was introduced,
the crossbar equipment knew a long-dis-
tance call was being dialed by the three-
digit area code. The crossbar then con-
verted the dial pulses to the CCITT tone
groups. shown in Table 1, that are used for
international and trunkline signaling.
{Note that those do not correspond to
Touch-Tone frequencies.) As you can see
in that table, the tone groups represent
more than just numbers: among other
things there are tone groups identified as
KP (prime) and ST (start}—keep them in
mind.

When a subscriber dialed an area code
and a telephone number on a rotary-dial
telephone, the crossbar automatically
connected the subscriber’s telephone to a
long-distance trunk. converted the dial
pulses to CCITT tones, set up electronic
cross-country signaling equipment, and
recorded the originating number and the
called number on the AMA machine. The
CCITT 1tones sent out on the long-dis-
tance trunk lines activated special equip-
ment that set up or sclected the routing.
and caused electro-mechanical equip-
ment in the target city to dial the called
telephone.

Operator-assisted long-distance calls
worked the same way. The operator sim-
ply logged into a long-distance trunk arid
pushed the appropriate buttons. which
gencrated the same tones as direct-dial
equipment. The button sequence was KP
{which activated the long-distance equip-
ment), then the complete area code and
telephone number. At the target city. the
connection was made to the called
number but ringing did not occur until the
operator there pressed the ST button.

The sequence of events of early Blue
Boxes went like this: The caller dialed
information in a distant city, which caused
his AMA machine to record a free call to
information. When the information oper-
ator disconnected. he pressed the KP key
on the Blue Box. which disconnected the
operator and gave him access to a long-
distance trunk. He then dialed the desired
number and ended with an ST, which
caused the target phone to ring. For as
long as the conversation took place. the
AMA machine indicated a free call to an
information operator. The technique re-
quired a long-distance information oper-
ator because the local operator, not being
on a long distance trunk, was accessed
through local wire switching. not the
CCITT tones.

Call anywhere

Now imagine the possibilities. Assume
the Blue Box user was in Philadelphia. He
would call Chicago information, discon-



nect from the operator with a KP tone.
and then dial anywhere that was on direct-
dial service: Los Angeles. Dallas, or any-
where in the world if the Blue Boxer could
get the international codes.

The legend is often told of one Blue
Boxer who. in the 1960, lived in New
York and had a girl friend at a college near
Boston. Now back in the 1960's, making a
telephone call to a college town on the
weekend was even more difficult than it is
today to make a call from New York to
Florida on a reduced-rate holiday using
one of the cut-rate long-distance carriers.
So our Blue Boxer got on an international
operator’s circuit to Rome. Blue Boxed
through to a Hamburg operator. and asked
Hamburg to patch through to Boston. The
Hamburg operator thought the call ori-
ginated in Rome and inquired as to the
“operator’s” good English, to which the
Blue Boxer replied that he was an expatri-
ate hired to handle calls by American tour-
ists back to their homeland. Every
weckend. while the Northeast was stran-
gled by reduced-rate long-distance calls.
our Blue Boxer had no trouble sending his
voice almost 7.000 miles for free.

Vacuum tubes

Assembly plans for Blue Boxes were
sold through classified advertisements in
the electronic-hobbyist magazines. One
of the carliest designs was a two-tube por-
table model that used a |.5-volt "A"™ bat-
tery for the filaments and a 125-volt “B™
battery for the high-voltage (B + ) power
supply. The portable Blue Box's func-
tional circuit is shown in Fig. 2. It con-
sisted of two phasc-shift oscillators
sharing a common speaker that mixed the
tones from both oscillators. Switches S|
and 82 each represent 12 switching cir-
cuits used to generate the tones. (No, we
will not supply a working circuit, so
please don’t write in and ask—Editor.)
The user placed the speaker over the tele-
phone handset’s transmitter and simply
pressed the buttons that corresponded to
the desired CCITT tones. It was just that
simple.

Actually. it was even easier than it reads
because Blue Boxers discovered they did
not need the operator. If they dialed an
active telephone located in certain nearby.
but different. area codes, they could Blue
Box just as if they had Blue Boxed
through an information operator’s circuit.
The subscriber whose line was Blue
Boxed simply found his phone was dead
when it was picked up. But if the Blue Box
conversation was short, the “dead™ phone
suddenly came to life the next time it was
picked up. Using a list of “distant™ num-
bers. a Blue Boxer would never hassle
anyone enough time to make them com-
plain to the telephone company.

The difference between Blue Boxing
off of a subscriber rather than an informa-
tion operator was that the Blue Boxer’s

AMA tape indicated a real long-distance
telephone call—perhaps costing 15 or 25
cents—instead of a freebie. Of course,
that is the reason why when Ma Bell fi-
nally decided to go public with "assisted™
newspaper articles about the Blue Box
users they had apprehended. it was usu-
ally about some college kid or “phone
phreak.” One never read of a mobster
being caught. Greed and stupidity were
the reasons why the kid's were caught.

It was the transistor that led to Ma Bell
going public with the Blue Box. By using
transistors and RC phase-shift networks
for the oscillators, a portable Blue Box
could be made inexpensively, and small
enough to be to be used unabtrusively
from a public telephone. The college
crowd in many technical schools went
crazy with the portable Blue Box: they
could call the folks back home. their
friends. or get on a free network (the Al-
berta and Carolina connections—which
could be a topic for a whole separate arti-
cle) and never pay a dime 1o Ma Bell.

simply monitored the booth. Ma Bell
might not have known who originated the
call. but she did know who got the call,
and getting that party to spill their guts
was no problem.

The mob and a few Blue Box hobbyists
(maybe even thousands) knew of the
AMA machine. and so they used a real
telephone number for the KP skip. Their
AMA 1apes looked perfectly legitimate.
Even if Ma Bell had told the authorities
they could provide a list of direct-dialed
calls made by local mobsters. the AMA
tapes would never show who was called
through a Blue Box. For example. if a
bookmaker in New York wanted to lay off
some action in Chicago. he could make a
legitimate call to a phone in New Jersey
and then Blue Box to Chicago. His AMA
tape would show a call to New Jersey.
Nowhere would there be a record of the
call to Chicago. Of course. automatic
tone monitoring, computerized billing,
and ESS (Electronic Switching Systems)
now makes that all virtually impossible.

FI1G. 2—A POPULAR BLUE BOX DESIGN used two phase-shift oscillators, vacuum tubes. and a simple
speaker connection that mixed both osciiiators into a single two-tone output.

Unlike the mobsters who were willing 1o
pay a small long-distance charge when
Blue Boxing, the kids wanted it. wanted it
all free. and so they used the information
operator routing, and would often talk
“free-of-charge™ for hours on end.

Ma Bell finally realized that Blue Box-
ing was costing them Big Bucks. and de-
cided a few articles on the criminal
penalties might scare the Blue Boxers
enough to cease and desist. But who did
Ma Bell catch? The college kids and the
greedies. When Ma Bell decided to catch
the Blue Boxers she simply examined the
AMA qapes for calls 10 an information
operator that were excessively long. No
one talked to an operator for 5. 10, 30
minutes. or several hours. Once a long
call to an operator appeared several times
on an AMA tape. Ma Bell simply
monitored the line and the Blue Boxer
was caught. (Now do you understand why
we opened with an explanation of the
AMA machine?) If the Blue Boxer
worked from a telephone booth. Ma Bell

but that's the way it was.

You might wonder how Ma Bell dis-
covered the tricks of the Blue Boxers.
Simple. they hired the perpetrators as
consultants. While the initial newspaper
articles detailed the potential jail penalties
for apprehended Blue Boxers. except for
Ma Bell employees who assisted a Blue
Boxer. it is almost impossible to find an
article on the resolution of the cases be-
cause most hobbyist Blue Boxers got sus-
pended sentences and/or probation if they
assisted Ma Bell in developing anti-Blue
Box techniques. It is asserted. although it
can’t be easily proven. that cooperating
ex-Blue Boxers were paid as consultants.
(If you can’t beat them, hire them to work
for you.)

Should you get any ideas about Blue
Boxing. keep in mind that modern
switching equipment has the capacity to
recognize unauthorized tones. 1Us the rea-
son why a local office can leave their
subscriber Touch-Tone cireuits active. al-
most inviting you to use the Touch-lone
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FIG. 6—STUFF THE MAIN BOARD as shown here, and, after checking both boards for errors, connect
them together with 35 pieces of short bare wire. The solder sides of the board should face each other.

LED’s (LEDI-LEDIO) starting in the
lower left comer. Do not solder them in
yet. Next insert six yellow LED’s and then
four red LED’s. Double-check to be abso-
lutely certain that the LED’s are oriented
properly; the cathode (usually the flat
side) of the LED should face the bottom of
the board.

Next, tumn the board over and lay it
down on a flat surface, being careful not to
allow any LED's to fall out. That’s accom-
plished easily by holding a piece of stiff
cardboard against the LED’s while tum-
ing the board over. Now, to keep the board
parallel to your working surface, apply
pressure to the board where the seven-
segment displays are mounted, and solder
one lead of the end and middle LED’s.
Next, carefully look across the surface
that the board is lying on to see whether
the LED’s are at the same height as the
seven-segment displays. If not, correct
their positions and then continue solder-
ing one lead each of the remaining LED’s.

Tum the board over and align the LED'’s
so that they stand up straight and follow a
smooth curve. When you're satisfied with
their positions, solder the other leg of
each LED.

FIG. 7—MAGNET AND PICKUP-COIL MOUNTING METHODS: For a car with a transmission and
driveshaft, mount the magnets and pickup coil as shown in a and b, respectively. For a car with front-
wheel drive, mount those parts as shown in ¢ and d.

After you have installed and soldered
all components, check your work care-
fully for errors. Fix any errors, and then
complete the assembly by connecting the
boards, mechanically and electrically, to
each other. Mount the boards back to back
(foil side to foil side) with #6 hardware.
The boards must be spaced at least /s-inch
apart using spacers or standoffs. Keep in
mind that the board will be mounted to the
dashboard (or custom-built case) by the
same bolts that hold the boards together.

After the two boards are mechanically
secured to each other, run short pieces of
solid bare hook-up wire between corre-
sponding pads on the two boards. Make
sure that the wires are straight and do not

touch each other. The boards can be
*folded apart” for troubleshooting or re-
pair, if necessary.

Bench testing
The next step is to test the speedometer
to ensure that it is completely operational
before installing it in an automobile. Ap-
ply twelve volts to power connector P2,
which is located on the main board. Note
that the positive pin is the one closest to
five-watt resistor R29. After power is ap-
plied, the two right-hand digits should
display zeros, and none of the LED’s
should be lit.
If your displays differ, check the supply
continued on page 130
















FIG. 4—A PROPERLY-SOLDERED terminal con-
nection looks like this.
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FIG. CoLD JOINT may resemble a
or b. One is as bad as the other.

FIG. BRAID is available
in several widths to accommodate everything
from hairline printed-circuit traces to
oldfashioned terminal lugs.

FIG. 7—A SOLDER-SUCKER removes solder
from a one-surface hole
orsa connection.
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FIG. 8—A SOLDER’'S MELTING POINT is deter mined by its composition. Eutectic solder goes from
solid to liquid without passing through a plastic state.

applying a “flux” to the surfaces or wires
to be soldered either before or during the
application of heat.

Flux is a chemical that is used to re-
move surface oxides from metal before it
is soldered—because oxidation interferes
with the adhesion of solder. It is available
in powder, paste or liquid form. Many
solders contain a core of flux so that the
flux is applied continuously.

Occasionally, you will bridge a solder
gap or make a cold joint. Usually, it’s next
to impossible to salvage the connection,
or even to avoid further damage, unless
the solder is removed first.

Solder removal

There are two ways to remove unwanted
solder so that you can start over. You can
use a product generically called solder-
removal braid—available under several
trade names—which is a resin-flux coated
braid that absorbs molten solder. As
shown in Fig. 6, it comes in different
widths tailored for wicking everything
from hairline PC-board traces to
oldfashioned terminal lugs. Alternately,
you can use a “solder sucker” (Fig. 7), a
device that uses a vacuum to literally suck
solder off a connection.

Conventional solder

As shown in Fig. 8, conventional solder
is an alloy of tin and lead that melts at a
lower temperature than either tin or lead
by itself. The actual temperature at which
solder melts it depends on the relative
percentages of tin and lead in the solder.
Solder with 37% lead and 63% tin yields
the lowest melting point, but you will find
that most solder is 40% lead and 60% tin.

Incidentally, the term ‘“eutectic™ is
sometimes used to describe a particular
solder alloy. Eutectic simply means the
lowest possible melting point of an alloy.
For example, the 37/63 solder previously

mentioned is eutectic tin-lead solder—no
tin-lead solder can melt at a lower tem-
perature.

Plastic solders

Now let’s look at plastic solders. Some
require heating to make them hard;
others, the epoxies, generally do not.
They are hardened not by heat, but by
adding a catalyst or a hardener—a great
advantage when you're working with
heat-sensitive semiconductors.

Many epoxies have excellent strength
and wettability, even with non-metallic
substrates, and they are good conductors
of electricity. Emerson and Cumming’s
Econobond Solder 56C has a resistance of
2 X 10-4 ohms/cm; Aremco-Bond 556
has a resistance of 5 X 10-4 Ohms/cm.
The latter yields bonded shear strength of
3,000 to 4,000 psi within a temperature
range after curing of —60°C to +200°C
(—76°F to + 392°F).

TRA-CON, Inc. 55 North St., Med-
ford, MA 02155, produces 56 different
kinds of premixed resins and hardeners.
Applications range from replacing con-
ventional solder to repair of PC-board de-
laminations or blistering.

Indium solder

One of the most exciting breakthroughs
in soldering technology is the use of indi-
um, a semi-precious, non-ferrous, silv-
ery-white metal having a brilliant luster. It
is softer than lead—you can scratch it
with your fingernail—and it is extremely
malleable and ductile, even at tem-
peratures approaching absolute zero. It
retains its shape when bent, and its soft-
ness and plasticity make it particularly
suitable for gaskets, seals, and solders. In
particular, indium’s ability to work into
the oxide skin of other metals improves
their electrical and thermal conductivity
while inhibiting corrosion.
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Indium is often combined with other
metals to produce a **specialty solder™ for
joining and sealing applications where
conventional solders fail. Indium-based
solders are strong, thermally conductive,
electrically conductive, easily bondable,
resistant to fatigue, resistant.to leaching,
and resistant to acid and alkaline corro-
sion.

Because indium solder’s melting point
is considerably less than that of con-
ventional solder (Indalloy #136 melts at
136°F), it is particularly well-suited for
soldering heat-sensitive components.

Also, indium solder’s low vapor pres-
sure ideally suits it to vacuum-soldering
environments where high-vapor-pressure
solder could accumulate on, and thereby
fuin other components.

Indium solders are non-toxic, and
those with gold, or bismuth and tin are
good candidates to replace poisonous lead
and cadmium solders in toys and cook-
ware.

Epoxy substitute

Because indium solder is easier to re-
move than epoxy and plastics, it is often
substituted when there’s a possibility that
repairs or design changes might have to be
made to joints and fabrications.

When indium is combined in an alloy, it
will wet glass, mica, quartz, glazed ce-
ramics and certain metallic oxides; and it
will form a sub-oxide layer that increases
its adhesion. To avoid interfering with the
sub-oxide layer, flux cannot be used with
indium solder. If you want to solder a
metallic substance to a nonmetallic sub-
stance, precoat the former with solder
containing flux; then completely remove
the flux before soldering the metallic sub-
strate.

Indalloys #1 and #4 have the best wet-
ting qualities on non-metals, while Inda-
lloys #3 and #290 produce stronger
connections. However, because of the sil-
ver they contain, they have slightly less
wettability.

Bond strengths between 300 psi and
700 psi can be attained with non-metallic
substances if they are properly prepared
for soldering. To solder the non-metallic
substrates, clean them thoroughly with a
strong alkaline cleaner, rinse with dis-
tilled water, and again with an electronic
grade acetone or methanol. Heat glass,
quartz, or glazed ceramics to 350°C
(662°F) and cool. Heat one non-metallic
substrate and the solder to 20- to 30°C
higher than the solder’s melting point,
then gently rub the solder into the sub-
strate with a nickel metallic felt, or a sim-
ilar applicator. Cool the coated substrate,
bring it into contact with the second, and
apply heat until the solder flows.

Incidentally, you will find that an ultra-
sonic soldering iron is sometimes effec-
tive in wetting some non-metallic
surfaces.

FIG. 9—THE HEAT FROM A MATCH is enough to
melt a bar of indlum fusible-alioy solder.
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FIG 10—INDIUM SOLDER CREAMS, ring
oxide-free spherical powders, are available in
various alloys that are specifically packaged for
dispensing, screening, and stenciling.

Fusible alloys of indium

A fusible alloy is an alloy of bismuth
that contains tin, lead, cadmium, gal-
lium, or indium, and which expands upon
solidification. Such alloys have low melt-
ing temperatures compared to most indi-
um alloys, but their poor wettability keeps
them from being widely used as solders.
Normal melting temperatures of fusible
alloys range from 40°C to 150°C (104°F to
302°F). This means that you can melt In-
dalloy fusible alloys, and keep them mol-
ten, on an ordinary hotplate. For special
applications, you can even get Indalloys
that melt as low as 10.7°C (51.3°F). Figure
9 shows an ordinary match melting a bar
of Indalloy fusible alloy.

Surface-mounted devices

No discussion of soldering would be
complete without mentioning techniques
for soldering SMD’s (Surface-Mounted
Devices). SMD’s are not only much
smaller than conventional ones—they
don’t have wire leads. Instead, they have
what appears to be a semiconductor sub-
strate with a small metal ridge along the
edges. Suface mounted devices are

mounted to a PC board by precise vacuum
placement, then robotically or vapor-sol-
dered in place.

Solder creams make precision, auto-
mated soldering possible by allowing pre-
cise placement of tiny, predetermined
amounts of solder and flux on the conduc-
tors of PC boards, thick- and thin-film
circuits, and flexible circuits. Or, as
shown in Fig. 10, solder creams can be
dispensed manually from a syringe onto a
substrate. The intended use of soldering
creams determines their viscosity, powder
mesh size, metal content, and packaging.
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FIG. 11—A COMBINED CREAM DISPENSER and
vacuum-operated component-holding device
simplifies the positioning and soldering of SMD
and other micro-miniature components.

An alternative to the manual dispenser
shown in Fig. 10or automated technigues
is the Model 1000 DV manufactured by
EFD Inc., East Providence, R.1. 02914,
that unit is shown in Fig. 11. The instru-
ment provides both a cream dispenser and
a vacuum parts holder. Figure 12 shows
how the vacuum holder and cream dis-
penser are used to install an SMD.

FIG. 12T TAKES TWO HANDS to position an
SMD device on a PC-board: one for the cream
dispenser, the other for the vacuum holder.

Before reflowing solder cream, be sure
to cure it to avoid spattering and solder-
balling. Substrate type, flux type, the
metal content of your solder, and the
amount of solder cream deposited on the
board will determine the appropriate cur-
ing parameters.

Conclusion

Now that you know all the various pos-
sibilities available when soldering, your
only problem will be figuring out which
one is the best to use for a particular ap-
plication. R-E
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FIG. 1—THE GEOMETRY OF TV

With an HDTV image, a viewer can sit closer to the screen to

attain a greater viewing angle, thereby improving the sense of realism. Because the signal has
approximately twice as many scan lines as a conventional system, those lines are not visible at

distances as close as three times the image height.

Another factor adding to the impres-
sion of realism offered by HDTV is a
change in aspect ratio, the ratio of an
image’s width to its height. Conventional
TV has a 4:3 aspect ratio, which means
that the picture is four units wide and three
units high. That aspect ratio was adopted
originally to conform to what was used at
the time for motion-picture photography.
These days, most films are shot using the
Panavision process, which uses a 1.85:1
(5.55:3) aspect ratio. It is expected that
HDTV will use an aspect ratio between
the two, with 1.77:1 (16:9) being endorsed
by many. See Fig. 2.

The NHK system

As we mentioned earlier, the HDTV
system closest to being a practical reality
is the one proposed by Japan's NHK. That
system uses a signal with 1125 scan lines
and a 2:1 interlaced scan rate of 60 ficlds
(30 frames) per second. NHK’s HDTV
system has already been demonstrated
both in Japan and in the U.S.

One problem with all HDTV systems is
that they potentially require enormous
amounts of bandwidth. For instance, in
the system proposed by NHK, a high-
definition TV picture contains about five
times more luminance (brightness) infor-

mation that does a conventional one. thus
requiring a bandwidth at least five times
greater than that specified for the NTSC
system used by U.S. broadcasters today.
That translates to a bandwidth require-
ment of 30 MHz, compared to the 6 MHz
NTSC standard.

To squeeze all of the information re-
quired for a HDTV picture into a more
manageable bandwidth, NHK developed
a system called MUSE (MUltiple Sub-
Nyquist Sampling Encoding). MUSE
converts a wideband analog studio signal
to digital form, compressing it to slightly
more than 8 MHz for transmission. At the
receiver, the signal is re-expanded to its
original form for display. The MUSE
specifications call for:

® Processing of luminance and chromi-
nance information by TCl (Time Com-
pressed /ntegration).

® Time-compressed line-sequential pro-
cessing of chrominance information gen-
erating R — Y (red minus luminance) and
B —Y (blue minus luminance) color-dif-
ference signals.

® Time compressior of the chrominance
signal by a factor of four.

® Bandwidth reduction of the TCl signal
through subsampling.

® A PCM digital audio signal to be multi-
plexed with the video signal.

MUSE is known as a "“motion-com-
pensated subsampling™” system. The
terms subsampling and sub-Nyquist refer
to the fact that when the video information
is processed, fewer samples are extracted
from it than would be the case if it were to
be processed using conventional meth-
ods, where sampling occurs at twice the
highest frequency (i. e., the Nyquist fre-
quency) involved; the lower sampling rate
is the reason why that method is called
sub-Nyquist.

The principal trick used by the MUSE
system is that it sub-samples the video
signal over a four-field sequence prior to
transmission: the sampling pattern used is
shown in Fig. 3. That technique allows for
the 4:1 reduction in required bandwidth.

Reconstruction of the MUSE signal re-
quires an HDTV receiver equipped with a
memory capable of storing the four fields.
For still (non-moving) parts of an image.
the picture can be reconstructed using
samples from all four fields since there
will be no movement from field to field.

But where there is movement, attempt-

PANAVISION-5:55{1.85:1)
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F1G. 3—THE SAMPLING PATTERN used by
NHK's MUSE system. Picture information is
transmitted over four fields rather than the two
of conventionat TV,




ing reconstruction using two or more
fields will yield a picture with unaccepta-
ble blurring. That’s because the picture
content will be changing from field to
field. Therefore, only the information
from one field can be used to form the
image and a 1:4 loss of resolution occurs.

However, a MUSE receiver also incor-
porates a motion detector. That stage en-
ables the receiver to integrate the
stationary and moving parts of a scene
into a single image. (That’s where the
**motion-compensated” part of the
MUSE system comes in.) The result is
that stationary parts have maximum reso-
lution while moving parts appear slightly
blurred. Such blurring is not considered
serious, however, since our perception of
sharpness is not reduced by blur in a mov-
ing image. We simply accept it as an at-
tribute of the motion.

A special case in the MUSE system
occurs when the camera is panned or
tilted, causing the entire image to change.
When the encoding circuitry detects that
type of picture content, a vector represent-
ing the motion of a scene is calculated and
the information is sent during the vertical-
blanking interval. At the receiver, the in-
formation is applied to the field memo-
ries, causing the position of the sampled
picture elements to be shifted as appropri-
ate to the motion. The bottom line is that
the moving pictures are processed as if
they were stationary ones, with conspic-
uous blur in uniformly moving regions of
the image held to 2 minimum, subject to
the accuracy of the motion vectors. Note
however that non-uniform moving regions
will unavoidably suffer a loss of resolu-
tion. In most instances, however, such
loss will be acceptable as a consequence
of motion.

Other systems

Although NHK’s MUSE system is the
one closest to implementation, work on
HDTYV is also continuing in Europe and
the U.S. In this section we will look at
some of the more promising systems.

Most of these systems are based on the
following standard: 1125 lines, 60 frames
per second, 2:l interlace, 16:9 aspect
ratio. The number of lines was chosen as a
compromise between the PAL/SECAM
and the NTSC camps. It is more than 1000
lines, but not exactly equal to twice either
625 or 525 lines. Also, although 50
frames per second is used in Europe and
elsewhere, the NTSC standard of 60
frames per second was accepted because it
substantially reduces flicker and allows a
higher sampling rate. Interlaced scan-
ning, as opposed to a progressive scan-
ning scheme, is used because of the
reduced bandwidth it requires.

Note that those specifications have not
been formally accepted as a worldwide
standard, however. It was hoped that a
standard would be adopted at the Interna-

ti I Radio Consultative Committee's

19 Assembly. Instead, a deci-
si postponed until 1990, at the ear-
1 postponement has added some

to the HDTV world, so there is

tee as to what shape, if any, a
specification will take. It is

ex however, that the 1125/60/2:1
ill become a de facto standard
in Hz HDTV studios.
of the systems are of the MAC
ed Analog Components) type.
in C signal, the luminance, color

and multiple digital sound sig-

are compressed in time and multi-

plexed onto the same signal. In particular,

most European HDTYV systems are based
on some type of MAC system.

For instance, Philips, the Dutch elec-
tronics giant, has proposed a European
HDTYV system called HD-MAC. The sys-
tem is based on the 625-line, 50-Hz PAL
standard. The input signal is 1250 lines,
50 Hz, with 2:] interlace. Vertical filtering
is used to make a wide-bandwidth
625/50/2:1 signal for transmission. The
bandwidth is reduced by transmitting
only alternating horizontal samples; four
fields are required to receive a complete
HD-MAC picture. That, once again of
course, means that the receiver must have
a frame memory to display the
1250/50/2:) picture.

Other MAC systems are similar, except
for the numbers involved. For instance,
B-MAC is a MAC system that’s compati-
ble with the 1125/60/2:1 proposed world-
wide standard.

And things have not been quiet in this
country, either. Bell Laboratories has pro-
posed a two-channel transmission system
in which one channel contains an NTSC
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signal that is derived from an HDTYV sig-
nal of 1050 lines. The second channel
contains the high-frequency luminance
and color-difference information. Ac-
cording to Bell Labs, a normal NTSC
receiver would receive the NTSC channel
with only a slight degradation of picture
quality. An HDTYV receiver would receive
both channels and combine them using a
frame store. The result is then scan-con-
verted to reproduce the original 1050-line
picture.

CBS has proposed another two-channel
system. One channel would contain a
MAC-like time-multiplexed component
signal in a 525-line/60-Hz format. The
second channel would contain another
time-multiplexed component signal.
When the two signals are combined, an
HDTYV image results. The system does
not require a receiver with frame store and
would use Direct-Broadcast Satellite
(DBS) delivery.

William Glenn of the New York In-
stitute of Technology has proposed a sys-
tem that makes use of the properties of
human vision to reduce the bandwidth of
a transmitted HDTV signal. In his pro-
posal, an *“improved” NTSC signal is
transmitted over a standard NTSC chan-
nel. (Those improvements could entail
pre-combing to eliminate interference be-
tween the luminance and color informa-
tion, use of progressive rather than
interleaved scan, etc. Some improve-
ments may require modified NTSC re-
ceiving equipment.) That signal, which
already will offer somewhat better resolu-
tion than standard NTSC, is accompanied
by a 3-MHz wide auxiliary signal that
contains high-frequency, low temporal-
rate information, as well as information
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pixel is broken up into six

sion. Picture information is relayed in a sequence of six fields.
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required to produce a wide aspect-ratio
picture. The two signals would be com-
bined in a frame store to produce an
HDTYV image.

The Del Ray Group of Marina Del Ray,
CA, has proposed a system that uses a
single NTSC channel to transmit a
525/60/2:1 HDTYV signal. They propose a
system in which a single NTSC jumi-
nance sample (pixel) is broken up into 6
samples. One sample is transmitted each
field until after 6 fields the complete
NTSC pixel is sent. The sampling pattern
is shown in Fig. 4. At the receiver, a frame
store is used to recreate the complete pic-
ture. According to the Del Ray Group,
such a signal could be displayed on a non-
HDTYV NTSC receiver with little degrada-
tion when compared with a normal NTSC
signal.

A wider aspect ratio is achieved in this
system by reducing the number of active
video lines transmitted by 69. The Del
Ray Group contends that due to overscan
losses in a typical receiver, the removed
lines would not be missed. Further, those
69 lines could then be used to transmit
digital sound.

After an HDTV specification has been
established and agreed upon, the problem
remains of how to distribute material pro-
duced in that medium to the public wait-
ing for it. So specifications, distribution,
and compatibility are HDTV’s toughest
remaining problems. Let’s look at the dis-
tribution problem in more detail first; later
on we'll delve deeper into compatibility.

As with today’s video programming,
there are two alternatives: broadcast and
pre-recorded material. In the realm of
broadcasting, one possibility is, of
course, DBS. Satellites could provide a
distribution route completely independent
of those used for conventional broadcast-
ing, and the compatibility issue could, in
a sense, be skirted. It has been suggested
that the most economical and practical
system for distributing HDTV is by DBS
in the 22- and 40-GHz bands. (For more
on HDTV and DBS, see Satellite TV
elsewhere in this issue, as well as in the
July issue of Radio-Electronics.)

Until recently, most observers had
ruled out terrestrial broadcasting as a pos-
sible distribution medium. However in a
test conducted this past January in the
Washington, DC area by the NAB (Na-
tional Association of Broadcasters) and
the MST (Association of Maximum Ser-
vice Telecasters), two adjacent UHF
channel slots were used to transmit a
MUSE HDTYV signal. At the same time, a
13-GHz terrestrial-microwave relay signal
was used as a backup, and to demonstrate
the feasibility of using that band in areas
where sufficient UHF spectrum was un-
available. On the UHF band the broadcast
was made using vestigial sideband AM;

FIG. 5—AN HDTYV videotape recorder from Sony
was used this past spring to present one de-
signer’s spring line in New York.

on 13 GHz, FM was used. In general, the
results were satisfactory, although some
problems were encountered with the PCM
digital audio, which was designed for sat-
ellite rather than terrestrial distribution,
when the signal was attenuated. That
problem will have to be solved to make
terrestrial distribution of a MUSE signal
practical.

- The other way in which HDTV pro-
gramming could be provided is in pre-
recorded form—on videotape and vid-
eodiscs. While the wide bandwidths of
HDTYV are beyond the capabilities of con-
ventional broadcast and consumer equip-
ment, Sony and other manufacturers have
developed systems capable of storing
HDTYV images. See Fig. 5.

Compatibility

High-definition television is certainly
practical. Indeed, it already exists. The
problem that concerns many, though, is
how to get program material produced in
that medium to the greatest number of
viewers. .

In the past, virtually all improvements
in broadcasting in the U.S. have been
achieved within the framework of the sys-
tem established in the 1940’s by the
NTSC; other TV systems have also main-
tained compatibility with existing equip-
ment as they were improved. Although
newer receiving equipment has been re-
quired to take full advantage of improve-
ments such as color and stereophonic
broadcasts, program material incorporat-
ing those improvements has generally
been able to be received and enjoyed using
equipment already in use.

The ideal, of course, is to develop a
system in which a current receiver could
accept an HDTYV transmission and display
itin HDTV form. In all likelihood, that is
an unattainable dream. More likely would
be a system in which an NTSC receiver
would be able to receive an HDTYV signal
and display it with the same or slightly
worse quality as it displays an NTSC sig-
nal. Another possibility would be a sys-

tem in which an NTSC receiver could be
modified, perhaps through an outboard
adapter, to receive HDTV signals. Of
course, the cost of such a modification
must be relativelylow to be practical. If it
is too high, most consumers would opt to
forgo modification and simply replace
their equipment when they decide to up-
grade. A final possibility would be that an
NTSC receiver simply could not be used
to receive and display HDTV signals in
any form. In other words, it would be a
completely incompatible system.

Of course, compatibility is a desirable
goal, but you can not overlook the cost at
which it is achieved. At this point in
HDTYV research, it appears that the higher
the compatibility with existing systems,
the poorer the high-definition perfor-
mance. Images will be strikingly better
than those provided by a non-HDTYV sys-
tem, but they will not provide maximum
possible performance.

On the other hand, the highest perfor-
mance HDTV system will likely be
achieved only if the compatibility prob-
lem is completely ignored. In that event, a
separate programming distribution sys-
tem likely will develop that will supply
programming to viewers that possess the
appropriate equipment.

Ignoring compatibility altogether is not
without precedent. When FM radio
broadcasting was introduced, that mode
was incompatible with the existing AM
system. That, however, did not stop peo-
ple from investing in what then was ex-
pensive equipment to take full advantage
of the benefits (superior audio quality)
offered by that medium.

The newer FM system coexisted with
the older AM one, and prospered. Today,
it is commonplace to find AM and FM
tuners in the same piece of equipment—
even small portable receivers. And even
now the same program material is some-
times broadcast by a station in both AM
and FM, so that those with FM equipment
can enjoy the all the benefits of the new
technology, and those who are still AM-
bound will not be left out.

Similarly, television broadcasters could
provide high-quality HDTV program-
ming by satellite or some other means to
those equipped to receive it, while per-
forming scan- and media-conversion at
their own facilities and simultaneously
sending NTSC-format signals containing
the same material on their conventional
VHF and UHF frequencies for viewers
with existing NTSC (or PAL or SECAM)
receivers.

Whatever final form politics, policies,
and technology dictate for HDTYV, it ap-
pears that there’s no holding that tech-
nology back. In just a few short years,
Japanese viewers will be enjoying its ben-
efits; it’s very likely that shortly thereafter
we’ll be getting the *big picture” in this
country, too! R-E
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component, but it is time-compressed
and forms a narrow band on each side
of the picture (which is hidden by the
normal overscan in home receivers.)

The second component of the

ACTV signal contains e high-fre-
quency information ¢ side pan-
els. It is combined the third
component, the ex ntal de-
tail. Those three pro-
cessed and then co nto a

single NTSC-compatible baseband
signal, which is then combined with
the fourth component, the extra ver-
tical detail, on the RF carrier.

NTSC still survives

Today's NTSC standard was de-
veloped in the early 1940’s by the
National Television Standards Com-
mittee. Considering that the standard
was developed for black-and-white
TV, it is truly amazing that the ad-
vances in TV technology we've seen
since that time—such as color, stereo
sound, and teletext—have been de-
veloped within its framework.

With the investment in television

transmitting and receiving equipment
estimated at $100-billion, a compati-
ble system is certainly desirable. But
until the Sarnoff/NBC announce-
ment, most had considered that goal
to be unachievable.

NTSC compatibility is a tremen-
dous benefit to viewers and broad-
casters alike. It gives a consumer the
option of keeping his current TV
set—with no degradation in picture
quality—or of buying a new TV set to
receive the improved picture. And
each broadcaster can decide when he
is ready for the change.

But not all of the players in the
HDTV game are concerned with
compatibility. The cable-TV industry,
for example, does not have the same
spectrum-conservation concerns as
TV broadcasters. It's possible that
they wouldn’t mind having an ex-
clusive HDTV system to call their
own. In fact, the cable industry is
studying a plan to use fiberoptics to
distribute programing —perhaps
high-definition cable programming.
That, in the words of a cable-industry

executive, would give cable “enor-
mous advantages over broadcasting.”

The Sarnoff research center has
spent about $45 million over the last
decade developing ACTV and ex-
pects that another $30 million is
needed to complete development. Be-
cause everyone involved in the TV
industry has so much to gain from a
successful, compatible HDTV sys-
tem, we would expect them to quickly
adopt the new system, and to work on
solving any of the problems that arise.

Despite the promise of the new sys-
tem, it's important to realize that no
broadcast field tests of ACTV have
taken place. However, ACTYV signals
have been computer-simulated at Sar-
noff’s Digital Video Facility and
stored on videotape. The system was
demonstrated publically for the first
time at the HDTV Colloquium in Ot-
tawa in early October, and we hope to
have a first-hand report and more
technical details of the new system in
the near future. If the system lives up
to its promise, perhaps compatible 3-
D TV isn’t too far behind! R-E

USING THE RE-BBS

To access the RE-BBS, youneed a
personal computer and a modem ca-
pable of communicating at 300 or
1200 baud. Set the modem for 8 data
bits, 1 stop bit, and no parity. (Other
formats will work, but you may be un-
able to upload and download files.)
You'll also need a communications
program that runs on your computer
and can control your modem. |f you
have an IBM-PC and a modem, but
no communications program, get a
friend to download the
QMODEM.ARC file for you. It con-
tains a user-supported communica-
tions program and documentation.

The BBS runs 24 hours a day,
seven days a week. To sign on the
first time, dial 516-293-2283. If your
system is working properly, you'll be
presented with an identifying mes-
sage. Type in the requested informa-
tion. At that point you'll be able to
access some, but not all of the BBS.
After the Sysop verifies your account,
you'll be able to access all relevant
areas of the BBS.

You can do several things on the
RE-BBS: send and receive mes-
sages, and upload and download
files. Sending messages is simple,
and only requires you to type at your
keyboard. Receiving messages is
also simple, but to save messages,
your communications program must

allow you to set up a capture buffer.

Uploading and downloading files is
easy after you get the hang of it; just
follow directions, and remember al-
ways to start the transmitter before
starting the receiver- end
is transmitting or receiving.

Because of our background and in-
terests, the RE-BBS will be oriented
toward IBM-PC's and compatibles.
But you can access the RE-BBS with
any computer (or ASCIl terminal) and
modem, so if your interest lies in Ap-
ples, Ataris, , Sinclairs,
etc., feel free to participate. If you
have public-domain software of inter-
est to other owners of your type of
machine, feel free to upload it. The
contents of the BBS will in large part
be determined by what you post
there, so if your machine is being
neglected, do something about it!

On the RE-BBS, any file whose
name ends in the three letters ARC is
an archive file. An archive file is a
group of related files that are col-
lected together and in
order to save space and download
time. Archive files are useful only to
owners of IBM-PC's or compatibles.
You use a program called ARC.EXE
to add to, delete or extract from, list
the contents of, etc., an archive.

Similar to archive files are library
files, which have the file type .LBR (e.
g.. HIDDEN.LBR). Like archive files,
libraries are also composed of com-

pressed, inter-related programs and
data files, but they are incompatible
with .ARC files. So an additional util-
ity is necessary to process library
files; one such utility is LSWEEP, for
Library SWEEP. Library files are
used on both CP/M and |IBM BBS,
and versions of LSWEEP are avail-
able for both types of system. And,
although you can unpack a CP/M li-
brary file on an IBM-PC, you can'trun
the .COM files! Nor can you run
.COM files from a CP/M library on an
IBM!

A method of compressing files is
popular on CP/M and some IBM
B8BSs. On IBM BBS' the file-com-
pression program is usually called
SQ.COM (for squeezing) or some-
thing similar, and the de-compres-
sion program is usually USQ.EXE
(for unsqueezing). SQ and USQ work
only on individual files; a squeezed
file always has a Q in the second
position of the file type (e. g. RID-
DLES.TQT). USQ automatically re-
stores the proper file name.

For maximum flexibility, you'll need
copies of ARC.EXE, SQ.COM,
USQ.EXE, and LSWEEP.EXE. A ver-
sion of each has been posted on the
RE-BBS. If you can't find programs
with those exact names, check the
directory listing carefully; many of
those programs also contain version
numbers in their names (e. g.,
LSWP103.EXE). RE-BBS




ANTIQUE,

DIO CLUBS

THE FOLLOWING IS A LIST OF RADIO CLUBS, COURTESY OF ANTIQUE RaDio CrassiFiep (9511
Sunrise Bivd., J-23, Cleveland, OH 44133), for those interested in the history of radio, or
in the collecting of antique radio or radio-related equipment. Most of the clubs publish
their own bulletins or newsletters, and many sponsor conventions and flea markets in
their areas throughout the year. Those clubs are a good way to meet fellow collectors
who share your antique-radio interests.

Most clubs invite out-of-state membership. Most clubs have some dues or mem-
bership requirments; contact the individual clubs for more information on that. Also,
while the information presented here is as accurate as possible, several of the clubs
have not provided their current status. When writing to any of the clubs, please mention
that you saw its name in Radio-Electronics.

Antique Wireless
Inc.—C/O Bruce Roloson, Box 212
Penn Yan, NY 14527. Publishes The
Old Timer's Bulletin on a quarterly
basis. Sponsors regional con-
ventions as well as an annual con-
ference in September at Canan-
daigua, New York.

Antique Radio Club of America,
Inc.—C/O William Denk, 81 Stee-
plechase Rd., Devon, PA 19333.
Publishes The Antique Radio Ga-
Zette on a quarterly basis. Sponsors
several regional chapters of
A.R.C.A. as well as an annual con-
vention, usually in June, in a dif-
ferent part of the country each year.

Antique Radio Club of lllinois—
C/O Randy Renne, 1020 Idlewild
Dr., Dixon, IL 61021, Publishes ARC/
News on a quarterly basis. Spon-
sors meets throughout the year in
addition to the large “Radio-Fest”
meet in August of each year.

Antique Radio Club of Sche-
nectady—C/O Jack Nelson, 915
Sherman St., Schenectady, NY
12303.

Arizona Antique Radio Club—
C/O Lee Sharpe, 2224 West Desert
Cove Rd., No. 205, Phoenix, AZ
85029. Publishes Radio News on a
quarterly basis.

Arkansas Radio Club—P.O. Box
4403, Little Rock, AR 72214.

British Vintage Wireless So-
ciety—C/O Robert Hawes, 63 Man-
or Rd., Tottenham N17, London
OJH, England. Publishes Vintage
Wireless on a monthly basis.

Buckeye Antique Radio and
Phonograph Club—C/O Steve
Dando, 627 Deering Dr., Akron, OH
44313. Publishes its Soundings
newsletter on a quarterly basis.

Sponsors several informal meets at
collector's homes throughout the
year, plus exhibits at area shopping
malls.

California Historical Radio So-
ciety—CHRS, P.O. Box 1147,
Mountain View, CA 94041. Pub-
lishes the CHRS Official Journal
and the CHRS Newsletter, both ap-
pear four times a year. Sponsors
conventions and flea markets.

Houston Vintage Radio Asso-
ciation—C/O Ron Taylor, 12407
Mullins, Houston, TX 77035. Pub-
lishes the Houston Vintage Radio
News and also the Grid Leak on a
frequent basis. Yearly activities in-
clude a Spring show and public auc-
tion, swapfests, a picnic, and a
banquet.

Indiana Historical Radio So-
ciety—C/O E.E. Taylor, 245 N.
Oakland Ave., Indianapolis, IN
46201. Publishes the /HRS Bulletin
on a quarterly basis. Sponsors at
least four swap meets per year in
various areas of Indiana, including
the well-attended Auburn, Indiana
meet, held in the Fall.

Long Island Antique Radio So-
ciety—160 S. Country Rd., East
Patchogue, NY 11772

Michigan Antique Radio Club—
C/O Jim Clark, 1006 Pendleton Dr.,
Lansing, Ml 48917. Sponsors two
swap meets in the Lansing, Michi-
gan area.

Mid-America Radio Club—C/O
Robert Lane, 1444 E. 8th, Kansas
City, MO 64106.

Mid-Atlantic Antique Radio
Club—C/O Joe Koester, 249 Spring
Gap South, Laurel, MD 20707. Pub-
lishes a newsletter for members.
Sponsors monthly meets.

Niagara Frontier Wireless As-
soclation—C/O Larry Babcock,
8095 Centre Lane, E. Amherst, NY
14051. Publishes the NFWA Chroni-
cle on a quarterly basis. Conducts
swap meets and meetings four
times a year in the Buffalo, New York
area.

Northwest Vintage Radio So-
ciety—Box 02379, Portland, OR
97202

Puget Sound Antique Radio
Association—C/O N.S. Braith-
waite, 4415 Greenwood Ave. N.,
Seattle, WA 98103. Publishes the
Horn of Plenty monthly. Holds swap
meets and meetings in the Seattle,
Washington area.

Rocky Mountain Wireless As-
sociation—16500 W. 12th Dr.,
Golden, CO 80401.

Sacramento Historical Radio

724 Gibbons Dr., Sacra-
mento, CA 95608.

Southern California Antique
Radio Society—C/O Floyd Paul,
1545 Raymond Ave., Glendale, CA
91201. Publishes the California An-
tique Radio Gazette on a quarterly
basis. Holds four swap meets and
meetings at various locations in
Southern California.

Soclety of Wireless Pioneers—
P.O. Box 530, Santa Rosa, CA
95402. Publishes the Sparks Jour-
nal on a quarterly basis.

Vintage Radio and Phonograph
Society—P.O. Box 165345, Irving,
TX 75016. Publishes The Re-
producer approximately six times a
year. Sponsors radio meets in
Dallas, Texas area.

Whippany Vintage Radio
Club—217 Ridge Wale Ave., Flo-
rham Park, NJ 07932, R-E
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External back-up batteries are un-
necessary because data and programs are
stored in a special non-volatile 32K-byte
CMOS RAM IC.

IC’s are tested dynamically: inputs are
cycled high and low as many as forty
times, according to the test routine. That
capability allows thorough testing of diffi-
cult-to-test parts, including counters, flip-
flops, and registers.

Using the tester

Testing an IC out-of-circuit is straight-
forward: Simply attach the test clip and
run the appropriate test routine, which is
selectable by part number. The tester then
writes data to the device and reads back
the results for comparison. (We’ll show
you how to generate the test data later.) An
out-of-circuit IC is not connected to any
other devices, so we needn’t worry about
input pins of the DUT that might be con-
nected to outputs of the same or another
device, or to ground or V.

To test IC’s in-circuit, the tester allows
for inputs that may be connected to out-
puts, ground, or V¢ as follows: The test-
er’s output drivers can be floated (i. e.,
placed in a high-impedance state); in ad-
dition, they have enough current drive
(both sourcing and sinking) to pull an
input high or low (briefly), even if it is
connected to an output. Further, you can
specify that the test routine ignore any
desired pin or pins.

How it works

All circuitry is contained on two PC
boards. which are interconnected by a
short length of ribbon cable. One board
contains the interface circuitry through
which the DUT and the on-board micro-
processor communicate. The other con-
tains the microprocessor, the RAM, and
the support circuitry, including a 5-volt
regulated power supply, an RC reset net-
work, and a 2-MHz crystal-controlled
clock. Crystal control is required for pre-
cise timing of the serial communications
channel. A Z80 microprocessor directs all
tester operations.

A major design goal of the tester was
the ability to store many test routines, so a
large amount of nonvolatile storage is
provided by a DS1230 32K byte non-vol-
atile static RAM. The lower 4K of the
RAM contains the control program.

The tester’s schematic is shown in Fig.
1. It uses several custom CMOS gate ar-
rays for various purposes. Part of IC5 (a
75498) provides the write-enable func-
tion. It decodes address lines Al2-Al4
and disables the processor’s write enable
signal whenever all three address lines are
low, thus preventing corruption of the
control program. The remainder of IC5
decodes the input and output strobes for
the driver board and the display.

Another custom IC (IC6, a 75500) is
the input/output port for the keyboard and

the display. That IC latches the appropri-
ate keyboard row signals and reads the
column signals of the keyboard, and it
latches the digit address lines for the dis-
play.

The third custom IC (IC4, a 75499), is
used in the RS-232 I/O channel. The IC
decodes the port strobes and latches the
serial input and output data and ‘“‘busy”
signals.

The RS-232 driver/receiver is a
MAX-233, which provides the necessary
level conversions to and from TTL (+5
volts) and RS-232 ( * 10 volts) levels. The
MAX 233 has an internal charge pump
that generates the RS-232 voltages from
the single-ended five-volt supply.

The keyboard and display provide the
human interface. Twelve tactile-feedback
keyswitches are arranged in two columns
of six rows; they are scanned by the 75500
(IC6). In order to provide legible operator
prompts, we use a DL1414 intelligent al-
phanumeric display. It contains built-in
storage, decoders, and drivers for its four
red 16-segment LED digits.

The driver board

The IC tester provides for a maximum
of 24 test pins. Each test pin may serve as
an input or output; as an output, each pin
may be forced either high or low. So,
functionally, speaking, each test pin is
connected to three IC’s in the tester: an
input latch, a pull-down driver, and a pull-
up driver. The outputs, of course, can be
three-stated so that the input can be read.

As shown in Fig. 2, that DUT interface
circuit is implemented with nine IC’s
(IC7-IC15) on the driver board, including
three each of the NE590, the NE591, and
the 74L8373. The 74LS373’s are 8-bit
data input latches; the NE590°s and
NES591’s are 8-bit addressable latches
with open-collector and open-emitter
Darlington output transistors, respec-
tively. The NE590’s outputs pull to
ground and the NE591’s pull to V.. Each
of the NE590/! IC’s has three address in-
puts and one data input. The data present
at the latter is routed to the internal latch/
output circuit decoded by the former
when TS and TE are low.

We connect those drivers to the pins of
the DUT through P3 by way of a test cable
and a DIP header clip. There are 24 test
connections, plus power and ground, fora
total of 26 pins. You can wire up different
test cables for IC’s with different sizes and
shapes.

An additional ground wire in the test
cable is terminated with a miniature clip,
which should be connected to ground on
the circuit board being tested. The V(-
pin may be terminated in the same manner
to supply power to an IC for out-of-circuit
testing. The tester’s power supply will not
supply much current for external circuitry,
so the system being tested must have its
own power supply.

Buffer space

Now let’s talk about h
stored in the tester’s non-vol
First, each test routine takes
memory. In addition to the
tines, a separate 256-byte buf
store input data.

Next, corresponding to the
are 24 “slots™ in memory.
sists of five groups; each gro
two bytes. That accounts for 2
X 5 X 2). An additional |
reserved for the part num
number of pins. That makes a
bytes (240 + 16).

The first byte in each grou
the function of the pin: input
determinate, or ignore. The
constitutes test data for tha
group may have a different
(input, output, etc.). That is
you are testing an IC that u
pins for inputs and outpu
times (a 74L.S245 octal bus
for example.)

One bit of test data is u
cycle. Each cycle consists of
of data to each of eight drive
three NES90’s and NE591s,
the lowest pin. The drivers
signals. Then the level on eac
in and stored, one byte at a ti
with the lower eight pins.
repeated seven more times,
in a group; the procedure 1s
each group, for a total of 40
cycles. We’ll present several
amples later.

Assembly

Start assembly by procuring or m
the printed-circuit boards. We will pre
ent foil patterns in “PC S
month.” Etch the boards
drill the 700 holes. Several h
nections are made through ne poarg (via
plated-through holes), so you will have to
make these connections with short pieces
of bare wire soldered on both sides.

As shown in Fig. 3, the display may be
mounted in one of two positions, depend-
ing on whether the boards are mounted in
a case or are allowed to **float.” If you are
using a case, mount it on the foil side of
the PC board in the area outlined with
dashed lines in the diagram. Otherwise,
mount the display on the component side
of the board in the area that is outlined
with solid lines.

Similarly, if you use a case, the push-
buttons must also mount on the foil side of
the board. In that case. the key legends
must be reversed left to right.

If you use a case, install the key-
switches first. Lay the board on a flat
surface, foil side up. Orient each switch so
that the flat sides on each is toward the
Z80. The keyswitches are colored dif-
ferently: the 0-8 switches are white: the
ENTER switch, green: the suier key (7).


































FIG.2—A CELLULARS

region of service a

of small cells, each its

own cell site containing a low-power transmitter and receiving equipment. As a vehicle passes

between cells, the signal is analyzed and any further

able to handie them.

tions channels allocated for cellular ser-
vice, although the phones currently
available can use only 666 of them. (The
other 333 frequencies were allocated in
1986 and equipment manufacturers, as of
this writing, have not yet caught up with
the FCC.) Of those channels, 42 are de-
voted to carrying control signals between
cellular phones and the cell sites, where
the transmitting and receiving equipment
for each cell are located. It is over those
channels—which you never hear, and
rarely hear about—that a cellular system
coordinates its activities,

All kinds of information flows on those
channels, including that for coordinating
frequency changes, identifying phones,
and even adjusting power levels.

Handing off

When a mobile unit leaves the region of
coverage of one cell site and enters that of
the adjoining one, it is said to be handed
off from one cell to the other. There is a lot
of behind-the-scenes activity connected
with that transfer of responsibility, and the
intelligence built into cellular phones
handles a lot of it.

As a vehicle equipped with a cellular
phone traverses a particular cell, it even-
tually reaches a point where its signal is
no longer strong enough for reliable com-
munications. Fortunately, by the time it

are handed off to the cell best

has reached that point, it is well within the
region of coverage of an adjacent cell. The
handing-off process of transferring the re-
sponsibility for a call-in-progress from
one cell site to another requires a lot of
“intelligence” on the part of both the cell
site and the mobile unit.

The first thing that has to be done is to
sense when a signal is approaching the
point where it is about to become too
weak to be usable. That's easy—all you
need is what amounts, more or less, to a
signal-strength detector. More compli-
cated is the task of determining which new
cell site is to receive the hand-off. The cell
sites in the system have to “confer” to see
which of them is receiving the signal in
question the best, and make arrangements
for transferring the call without interrup-
tion. That’s not too difficult, either. The
next part of the process, however, is quite
complex.

Because adjacent cell sites cannot use
the same frequencies, even though others
in the same system can, a new set of
frequencies must be used after the hand-
off. And, since the new cell site will be
using different frequencies, so must the
mobile phone. That is where the control
channels, and the intelligence built into a
cellular phone, come into play. The new
cell site knows which of its frequencies
are in use and which are free, and makes a

decision to allocate one of its frequency
pairs (one channel) to the new con-
versation entering its district. It then
transmits, over the control channel, in-
structions for the cellular phone carrying
the conversation to switch to those new
frequencies. The phone adjusts the volt-
ages of its frequency synthesizer accord-
ingly, and the conversation continues in
the new cell site, on the new frequen-
cies—all of that with only an unnoticea-
ble interruption of a millisecond or two.

Power levels

A cellular system can use the same fre-
quencies for different conversations at the
same time, provided, of course, that the
signals of one cell site do not interfere
with those of another. That non-inter-
ference is accomplished in several ways.

The first is simple coordination of fre-
quencies. While several cells in the same
system may use the same frequencies, no
two adjacent cells do. That puts cells
using the same frequency far enough away
from one another that the signal from one
to a vehicle in its area, and vice versa, will
override another signal from farther away.
That is further ensured by the caprure
effect, which is a characteristic of FM, the
transmission mode used by cellular
phones. If there are two signals on the
same frequency, one stronger than.the
other, the capture effect guarantees that a
receiver will lock onto the stronger one,
and ignore the weaker. Unless the two
signals are nearly identical in strength,
the stronger one will completely capture
the receiver, and no trace at all of the
weaker one will be heard.

All that is the consequence of good
planning, and of the nature of FM equip-
ment. Inside a cellular phone is circuitry
that adds another level of interference pro-
tection. There is a constant dialogue
going on between a cellular mobile unit
and the cell site it is using. One “topic of
conversation™ is signal strength. Cellular
equipment is low powered. Cell-site
transmitters have an output of only 25-35
watts (compared to about 250 watts in
older systems using central transmitters),
and the mobile equipment a maximum
output of three watts—and as low as 600
milliwatts for handie-talkie-size units.

One of the rules of cellular telephony is
*“use only as much power as you need.”
Consequently, a cell site monitors the
strength of the signal it reccives from a
mobile unit. If the strength increases to a
predetermined level, the cell site sends
instructions over the command channel
for the low-powered phone to reduce its
power to an even lower level. Conversely,
if the received signal strength drops, a
mobile phone can be instructed to in-
crease its power. Cellular phones are ca-
pable of between 3 and 8 discrete output
levels. Keeping output power to the mini-
mum required for good communications
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also reduces the risk of interfering with
communications in a nearby cell.

NAM’s

Every cellular phone contains an
“identification” PROM or EPROM. In
cellular terminology, this is called a NAM
(Numeric Assignment Module). A
phone’s NAM is programmed at the time
the phone is purchased; it contains such
information as:
® The telephone number, or ESN (Elec-
tronic Service Number), assigned to the
phone.
® The serial number given to the phone at
the time of its manufacture.
® Personal codes that can be used to lock
and unlock the phone electronically, to
prevent its unauthorized use.

NAM information is more useful than
you might at first imagine. For one thing,
it is the job of the NAM to identify the
phone containing it to the cellular systems
it uses. When a cellular phone is turned
on, it makes an announcement over a con-
trol channel that says, “Here [ am.” The
cell site responds, “And exactly who are
you?” The reply from the phone consists
of information contained in its NAM.

That information tells the cellular sys-
tem several things. First, of course, is that
that particular phone is now on the air and
is ready to receive calls placed to its
number. The cell site is connected to a
computer at the MTSO (Mobile Tele-
phone Switching Office), whichis the link
between the cellular system and the con-
ventional landline phone system, and
which recognizes all the cellular phones
registered in the calling area it is responsi-
ble for. If the phone is a local one, the
process is more or less complete at the
point of recognition.

Because they are mobile, cellular
phones may frequently be used outside of
the area in which they are permanently
registered. That is called roaming, and is
one of the outstanding features of cellular
telephony. You can take your cellular
phone almost anywhere in the country
where there is service, turn it on, and use
it to call anywhere in the world.

In some areas you can roam and use a
foreign system without advance notifica-
tion. Other cellular systems require that
you let them know ahead of time that you
are coming. In either case, the NAM in-
formation transmitted to the system al-
lows you to log on to it, and tells that
system what to do about your billing.

LI ]

NOT JUST FOR CARS, cellular phones come in
portable modeis, like this one from GE, that

keep you constantly in touch.

Cellular phones have a RoAM indicator,
which lights when you have left your local
area and are in the operating area of an-
other system. (The phone realizes that it
has entered a system other than its own,
and lets you know that.)

The serial number contained in the
NAM, incidentally, can serve a second
purpose. Should a phone be stolen and
reported so, it is possible for a system to
recognize that phone when it is next used.
While tracking down the phone would be
rather difficult, it is easy to cut off service
to that number automatically, avoiding the
possibility of your being charged for calls
you never made.

A/B switching

When it established the cellular phone
service, the FCC provided for two cellular
carriers in each region. One, the wireline
service, would be operated by a phone
company engaged in conventional tele-
phony, frequently the one that already
provided landline service to the area. The
other, known as the non-wireline, service
would be operated by a company that was
engaged in other forms of mobile commu-
nications—perhaps paging, or private
two-way radio services. Sometimes a re-
gion of cellular service has both types of
carriers, and sometimes only one, at least
when service is inaugurated. Each service
is assigned a separate set of frequencies.
See Fig. 3.

Regardless of where in the country you
are, the non-wireline service is referred to
as the A service, and the wireline one as
the B service. Normally you subscribe to
only one service or the other (provided
your area offers you a choice), but you
may at times have occasion to use the
other type—when you are roaming, for
example.

To provide for that, cellular phones
have A/B switches to allow you to go from
one type of service (band of frequencies)
to the other. Those switches are generally
not mechanical devices, but are program-
mable from a phone’s keypad. Some of
the switches are more flexible in their ca-
pabilities than are others, and the more
sophisticated of them offer at least the
following modes of operation:
® A (or B) service only—the other is
locked out.
® Give priority to one type of service over
the other.
® Automatic selection of the one active
service in an area.

Again, it is the intelligence a phone
applies to the information coming in over
its control channel that makes it possible
for it to select the appropriate A or B
setting.

When you are roaming, the phone lets
you know you are outside of your normal
area of use by illuminating its rROAM
indicator. Some phones can apply their

continued on page 163
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FiG. 8—FOUR MAJOR SO package outlines.
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FIG. 9—A TO-92 TRANSISTOR dwarts its SOT-23 counterparts.

both manufacturers and individual experimenters can be
high. For manufacturers, automated production equipment is
by far the most expensive investment. Experimenters face the
problem of acquiring new assembly tools and a stock of
surface-mountable resistors, capacitors, LED’s, diodes., tran-
sistors, and integrated circuits. While the cost of an individu-
al SMT project may be only slightly higher than the same
project assembled with through-hole components, acquiring
a sufficient stock of SMT components can easily cost a few
hundred dollars or more. That situation will change when
retail and mail-order electronics dealers begin offering kits of
SMC's.

® Soldering—The components of virtually all manufactured
through-hole circuit boards are wave soldered. A variety of
soldering options, each with various advantages and disad-
vantages, is available to the SMT user. They include single-
and double-wave soldering, and reflow soldering. Wave sol-
dering requires that the SMC'’s be attached to the circuit board
with a droplet of non-conductive adhesive. Reflow soldering
involves the use of solder paste or cream. The paste is
screencd over the SMC footprints or pads, or applied directly
to the pads with cither an automated or a hand operated
syringe. The terminals of the SMC’s, which adhere to the

sticky paste, are soldered to the pads when the board is heated
in a convection oven, in a vapor-phase chamber, or by in-
frared lamps. Some SMC's are connected in place with
conductive adhesives. SMT soldering methods, including
their advantages and drawbacks, will be discussed in detail
elsewhere in this section. Suffice it to say that a careful
understanding of whichever soldering method is selected is
crucial to the production of functioning, reliable SMT cir-
cuits. In the final analysis, nothing replaces practical, hands-
on expericnce.

® Troubleshooting and Repair—The best way to fully ap-
preciate the differences between conventional and SMT cir-
cuitry is to take a peek inside a handheld video camcorder.
The optics, focusing motor, gears, and image sensor of the
typical camcorder are virtually surrounded by thin circuit
boards that are peppered with hundreds of tiny SMC's. The
sight of those boards will provide convincing proof that
servicing SMT circuits requires a completely different set of
tools and skills than those that are required to service con-
ventional through-hole circuits.

Since most SMC''s are very closely spaced and do not have
leads, conventional test instrument probes may not be suit-
able. Fortunately several companies now make a variety of
probes and clips specifically intended for connection to
SMCs. Desoldering and resoldering SMC’s requires spe-
cially shaped soldering iron tips that permit all the terminals
of an SMC to be simultaneously heated. Hot air desoldering
and soldering tools can also be used for that purpose if care is
taken to avoid inadvertent desoldering of nearby SMC’s. In
short, servicing SMT circuits requires new skills and much
more attention to detail than the servicing of conventional
through-hole circuits. The observation about the vital role of
practical, hands-on experience given in the discussion of
soldering surface-mountable components applics equally
well to servicing SMT circuits.
® Other Drawbacks—Some of the pitfalls awaiting new
SMT designers are less obvious than those discussed so far.
Thermal overload is a good example. Since surface-mounta-
ble semiconductors are so small, they dissipate less heat than
their conventional counterparts. That, and the fact many such
devices can be densely packed together on a compact circuit
board, can lead to unanticipated thermal-overload problems
in your designs.

Another drawback is that SMT boards require tighter di-
mensional tolerances than conventional through-hole
boards. In addition. board designers and draftsmen must
become acquainted with the configuration of the many dif-
ferent kinds of SMC’s. Computer-aided drafting software
may have to be updated or even replaced if it doesn’t include
an SMT capability.

Surface-mountable components

Many, but not all, through-hole components have a sur-
face-mountable counterpart. Physical limitations often pre-
vent a conventional component from being manufactured as
an SMC. For example, high-capacity capacitors and power
transtormers are simply too large. And the pinouts and chip
dimensions of some IC’s don’t readily lend themselves to
standard surface-mount packages. Nevertheless, most cir-
cuits can be assembled using SMT, even if some conventional
through-hole components are required.

It’s important for SMT circuit designers, draftsmen, and
service technicians to be aware of the general physical config-
urations and operating parameters of the various families of




FIG. 10—TWO SO INTEGRATED CIRCUITS and a conventional 8-pin mini-
DIP.

FIG. 11—TOP VIEW (a), side view (b), and front view (c) of a Texas Instru-
ments 8-pin SO integrated circuit.

SMC's. What follows is a quick tour of the most important
families of SMC’s. All SMC’s in those families are available
individually or in quantity. SMC's intended for automated
assembly are supplied in reels of paper or embossed plastic
tape. or in magazines. Some automatic assembly equipment
is equipped with vibratory feeders that can be loaded with
non-packaged leadless chip components, such as resistors
and capacitors.

Chip resistors

Chip resistors are the most widely produced of all SMC’s
Originally developed for use in hybrid nicrocireuits, chip-
resistor technology was well established when SMT was
adopted for consumer and industrial products

Figure 3 shows the cross section of a typical leadless chip
resistor. The construction of the device is identical to that of a
thick-film resistor deposited directly on the ceramic substrate
of a hybrid microcircuit. The nickel barrier between the inner
electrode and the solder coating prevents the electrode from
leaching during soldering. Without the nickel barrier, leach-
ing may impair the connection between the chip resistor and
the external circuit.

Figure 4 shows the very small size of chip resistors. The
taped resistors in the photo are classified as 1206, a type
designation indicating a physical size of 1.6 X 3.2 milli-
meters. Other types are the 0805 (1.4 X 2.0 mm) and 1210
(2.6 x 3.2 mm). The resistance range of most chip resistors
is 10 ohms to 2.2 megohms. Some companies offer values up
to 10 megohms and even higher.

Trimmers and potentiometers

Both single- and multi-turn trimming potentiometers are
available in surface-mountable configurations. They are
made from ceramic or high-temperature plastics to protect
them from the heat of immersion soldering. The smallest
single-turn trimmers measure less than 4 X 4 millimeters.
Multi-turn trimmers, which closely resemble their through-
hole counterparts, measure 6.35 X 6.35 mm (0.25 inch) or
8.9 x 8.9 mm (0.35 inch).

Although surface-mountable trimmers are adjustable, it's
important to realize that most of those devices are not de-
signed for repeated adjustments. A typical trimmer, for ex-
ample, might be rated for no more than 10 adjustment cycles.
Another consideration is the adjustment mechanism itself.
Most trimmers are designed to be adjusted by means of a
miniature screwdriver or special tool. The required slot or
slots may not be compatible with all kinds of automated pick-
and-place equipment. Also, trimmers that require a special
adjustment tool can pose a major problem when only a
screwdriver is available.

Chip capacitors

Like chip resistors, leadless chip capacitors were de-
veloped originally for use in hybrid microcircuits. There are
three principle categories of surface-mountable chip capaci-
tors: multilayer ceramic. electrolytic, and tantalum. Four out
of five chip capacitors are ceramic multilayer devices. As
shown in Fig. 5, a ceramic chip capacitor is a sandwich of
interleaved layers of metal film and ceramic dielectric. At
opposite ends of the chip. every other metal layer is intercon-
nected by an external metal electrode. Often a nickel layer is
added to prevent leaching of the internal metal layers.

Ceramic chip capacitors, like the ones in Fig. 6. are
rugged. very stable, and highly reliable. Capacitance values
ranging from | pF to | pF are available. Package styles
identical to those of chip resistors described above (0805 and
1206) are available, as are larger packages. Unlike chip
resistors, the size of a chip capacitor is directly related to its
value.

For high capacity. electrolytic and tantalum chip capacitors
are available. Tantalums are available in values from 0.1 to
100 pF. Aluminum electrolytics. which are larger than tan-
talums, are available in values from around 1.5 to 47 pF
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LL VS. J-LEAD SMC packages. J-lead packages can be
mounted using sockets

FIG. 13—SO0T-23 DUAL-CHIP red LED's and single-chip green LED's are
dwarfed by a penny.

FiG. 14—COMPONENTS SUCH AS CRYSTAL FILTERS, relays, switches,
and crystals are available as SMC's. An SMC crystat is shown here.

Those capacitance ranges continue to be expanded as new
products are added.

Inductors

Many kinds of surface-mountable leadless and formed-
lead inductors, and even toroidal transformers, are available.
Inductance values range from a few tens of nanohenries to
one millihenry. Figure 7 shows several surface-mountable
inductors.

Discrete semiconductors

Many diodes, transistors, and other discrete semiconduc-
tors are available in miniature surface-mountable packages.
Figure 8 shows the outlines of the four major package styles
SOT-23 (Fig. 8-a), SOT-89 (Fig. 8-b), SOT-143 (Fig. 8-c).
and SOD-80 (Fig. 8-d). The SOD (Small Outline Diode)
package is a leadless cylinder used for diodes. The SOT
(Small Outline Transistor) packages are used for transistors,
diodes (1 or 2 chips), and various optoelectronic components.
Figure 9 compares the SOT-23 transistor with its con-
ventional through-hole counterpart.

Referring back to Fig. 8. note the configuration of the leads

of the SOT packages. The SOT-23 and SOT-143 packages are
equipped with formed leads in a gull-wing contiguration.
The SOT-89 leads are not formed since they emerge from the
lower side of the package.

The package configuration determines the power dissipa-
tion of any semiconductor. SOT-23 and SOT-143 devices can
dissipate from 200 to 400 milliwatts. SOT-89 devices can
dissipate from 500 to 1000 mW.

Integrated circuits

Surface-mountable integrated circuits have been available
since Texas Instruments developed the gold-plated flat pack
IC in the early 1960's. Today more than a dozen families of
surface-mountable IC packages are in use.

The most popular surface-mountable IC package. the
Small-Qutline (SO) configuration developed by Philips, re-
sembles a miniature DIP. An SO device occupies around a
fourth the board space of an equivalent DIP. Of even more
importance is the very low profile provided by the SO pack-
age. Figure 10 shows two 8-pin SO devices together with a
conventional 8-pin mini-DIP for a size comparison, and Fig.
11 is an outline view of an 8-pin SO device. Note that the pins
of SO devices are placed on 50-mil centers rather than the
100-mil spacing found on DIP’s.

While the leads of most SO devices have a gull-wing
configuration, a newer design popularized by Texas Instru-
ments has flat pins that bend under the IC package in a J
configuration. The chips mounted on the SIP shown in Fig. 2
are J-lead devices.

Figure 12 compares the gull wing and J-lead formats. Gull-
wing devices are easier to solder and replace. They also
provide sufficient flexibility to prevent the SO package from
fracturing should the board be slightly bent. The J-lead
devices use less space and, unlike gull wing devices, can be
installed in sockets.

Chips that require more than 28 pins are generally installed
in square Plastic Leaded Chip Carriers (PLCC's). The PLCC
uses J-shaped leads and has up to 84 or more leads around its
perimeter. Many new microprocessors and other large-scale
IC’s are offered in PLCC's.

Recently, there has been considerable interest in using
tape- or wire-bonded chips in SMT circuits, particularly
those in which the pin count is high. The wire-bonding
process involves cementing a chip directly to a circuit board
and making connections to the chip by means of gold wire in
the same manner in which connections are made between
chips and pins in packaged IC’s. The bonded chip is then
protected by a small blob of epoxy. The tape bonding process.
also known as TAB (Tape Automated Bonding), is easier to
implement because individual chips are supplied on a tape
with completed electrical connections. The tape is actually a
string of connected lead frames similar or identical to those
used to make packaged IC’s. Epoxy protects the delicate
chips and connection leads from damage. TAB chips can be
used in automated assembly.

Other Surface Mountable Components

In addition to the component families discussed above,
there are many other surface-mountable devices. For exam-
ple, many optoelectronic components are available. includ-
ing phototransistors, optoisolators and many kinds of one-
and two-chip infrared and visible LED's (see Fig. 13). Also
available are ceramic filters, relays, switches and crystals (see
Fig. 14). R-E
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FIG. 1—USING SURFACE-MOUNT this bargraph “dark
meter” can be sssembled on a circult board with an area of just 1.25
inches.

FIG.2—IN the output is low when the input
voitage exceeds the reference voitage; the output is high when the input is
lower than the reference voitage.

collector of phototransistor Ql. When QI is illuminated. its
collector-emitter junction conducts, thereby placing all the inver-
ting inputs within a few millivolts of ground. For most settings of
R]. each of the four refecrence voltages exceeds that value.
Therefore. when QI is illuminated, the output from cach com-
parator is high and its respective indicator LED is off. As the
light level at QI is gradually decreased. the voltage at the invert-
ing inputs rises until it exceeds the first comparator’s reference
voltage (pin 10). The output from that comparator (pin |3) then

swings from high to low and LEDI switches on. Additional
LED's switch on in sequence as the light level continues to fall.

Incidentally, note that the common inverting inputs appear to
be floating when Q1 is fully switched off (dark). Actually, a few
tenths of a volt appear between those inputs when Q1 is dark. The
inputs can be connected to the positive supply through a pull-up
resistor, but leaving them *‘floating™ makes the applications
discussed at the end of this article possible.

Preparing the circuit board
Figure 3-a shows a suggested layout for the circuit board: the
board itself is shown in Fig. 3-b. Also, an etched. silk-screened,
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FIG. 3—USE THIS LAYOUT a when buiiding the circuit. The PC board is
shown in b.

+ I LEDS

and pre-tinned board is available as part of a kit that includes all
necessary components; see the Parts List for more information.
Note that the board in the kit also includes a solder-mask coating
that both simplifies soldering and greatly reduces solder-bridge
problems. The board also includes drilled mounting holes for a
Keystone 107, or equivalent. lithium coin-cell holder.

If you build your own board, follow the tin procedure
given in the LED-flasher project described in this
special section. Also review the SMC soldering procedures
given elsewhere in this special soldering SMC's to
the circuit board.

Begin construction by installing the LM339. Be sure to solder
a corner pin first. If the device stays aligned over the remaining
pads. then continue soldering.

Next. install the chip resistors one at a time. 1f you use the tape
method to hold the chip resistors in place, you can solder one
terminal of each resistor: then you solder the remaining termi-
nals. You can use the same approach when installing the LED's.
No matter which method you use. until you become an experi-

continued from page 106
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Fig. 3—THE COMPONENT LAYOUT is somewhat unusual becsuse the
LED's socket is made from thin tubing, while the battery is secured by four
bumps of solder.

double-sided copper-clad board only 7-mils thick that is ideal
for the project is available from the Edmund Scientific Co.
(101 E. Gloucester Pike, Barrington. NJ 08007). A 12 x I8
inch sheet of the board. catalog number E35.652, seils for
only $2.50.

Although the transmitter is assembled on only one side of
the board. keep in mind that SMC'’s can be mounted on both
sides of a double-sided circuit board. The foil pattern for the
board is shown in Fig. 2: use it as a general guide and apply
the resist by hand using a small brush. which is a somewhat
faster way to make a small board compared to using the
photo-resist technique.

Hand-made board

Use a pair of scissors to cul the board to size. then polish
the foil with fine steel wool. Use a Y-inch hole punch to
create the hole for the keychain, then place the various
components including B1. a 2016 lithium coin cell. on the
board in the approximate locations shown in Fig. 3. Mark
their terminal or pin locations on the board with a pencil.
Then remove the parts and pencil in the required terminal
footprints and * " traces. Be sure to include four
marks around the perimeter of the lithium cell. Later. solder
bumps will be placed on the marks to keep the coin cell in its
proper place.

Finally, use a sharp-pointed resist pen to trace over the
penciled traces and footprints. Use a straightedge for best
results and be careful to avoid smearing the ink.

After the resist dries. cover the back side of the board with
a protective layer of tape. Then immerse the board in an
etchant solution. Etching time can be speeded up by agitating
the solution. After the board is etched. thoroughiy rinse the
board under running water.

Unless you plan to attach the SMC's to their footprints with
conductive adhesive. the footprints of the etched board
should be plated with a thin layer of solder or tin. A dip-and-
dunk tin-plating solution is available from The DATAK Cor-
poration (Guttenberg. NJ 07093). Alternatively, you can melt
a thin layer of standard rosin-core solder over each footprint.
For best results. the solder layer should be thin and flat.

Therefore, after all the footprints are coated. use desoldering
braid to remove excess solder and solder bridges.

installing the SMC's

The SMC''s can be attached to the board with either con-
ductive adhesive or solder. Both methods are described in
detail clsewhere in this special section. If you use solder, the
method of temporarily securing the SMC's in place with tape
works best. Attach the SMC being soldercd to the board with
a bit of masking tape across one of its ends and solder the
exposed terminal or pins with a small amount of solder. If
necessary, make sure the SMC is flat against the board by
pressing it down with a pencil eraser while the solder is still
moiten. Then remove the tape and solder the remaining
terminal or pins.

After the SMC's are soldered in place. prepare a socket for
the LED by cutting two 0.5- 10 0.65-inch lengths of 62.5 mil (
Yo inch) O.D. brass tubing purchased from a hobby shop.
Prepare the tubes for soldering by burnishing them with steel
wool or fine sandpaper. Insert the wire from a bent paper clip
in one end of one tube and melt a line of solder along its entire
length. Repeat the procedure for the second tube. Then usé
the paper clip to hold one of the tubes in place over its
footprint and remelt the solder on both the tube and the
footprint until the tube is bonded in place. If necessary. apply
some additional solder to the side of the tube away from the
second tube's location. Repeat the procedure for the second
tube. Be sure to keep solder from entering the open ends of

Fig. 4—THIS CLOSE-UP SHOWS how really small the components are. The
transistor, labeled U8, is actuaily smaller than the resistor and capacitor
chips. The two “glant” horizontal tubes neer the bottom are the LED
socket.
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Fig. 5—IF YOU NEED A RED-LIGHT RECEIVER, try building this circuit. Most of what's needed is

probably |
voits DC;

reiay's are called “sensitive relays.”

the tube. especially the end closest to the edge of the circuit
board. Fig. 4 shows the tubes. and the Q1/Q2 circuit soldered
10 the board.

Switch S is a squeeze switch made from an L-shaped piece
of circuit board. as shown in Fig. 3. The exact shape of the
switch is unimportant so long as it fits the allowed space.
Solder a short length of wire-wrap wire to the lower side of
the base of the L. With the exception of a narrow strip of
exposed copper along the end of the lower side of the L (the
dashed line in Fig. 3). cover both sides of the L with a clear
tape. Solder the exposed end of the wrapping wire to the
adjacent positive circuit-board foil. Then attach the copper L
to the board with a hinge made from a strip of clear tape.

Testing the circuit

Test the circuit before installing it in an 1D-tag holder.
First, insert the leads of a red AlGaAs super-bright LED into
the LED socket (be sure to observe polarity). Then place Bl
on the board (positive side down) and press the squeeze
switch. The LED should glow. When the LED is pointed
toward a or solar cell connected to the input of
an audio amplifier, a 725-Hz tone shouid be heard from the
amplifier’s speaker.

If the circuit is working properly. remove the LED and slip
the circuit inside the 1D-tag holder. You might want to first
place a sclf-adhesive label on the back side of the board. You
can leave the label blank or record the circuit’s operating
parameters on it. At least two kinds of plastic keychain 1D-1ag
holders are available from office supply companies. The one
used for this project, which has a retail cost of approximately
70 cents. has a 2-mm high slot at one end. opposite the hole
for the keychain.

After the circuit is inside the holder. insert the LED into its
holder through the 2-mm slot. The slot also simplifies re-
moval of the circuit board: Simply push the board out with a

around your shop. Relay RY1 can be any low-current relay rated from S to 9-

small screwdriver or a flat implement passed through the slot.
Adjusting the squeeze switch can be tricky. If the LED stays
on when the board is slipped inside the tag holder, bend the
exposed copper end of the L slightly upward. If excessive
pressure is required to close the switch, expose additional
copper by removing a narrow strip of the tape with a knife.

Suitable trol receivers

The keychain transmitter can be used to trigger various
kinds of ic receivers. The circuit for a suitable
receiver is shown in Fig. 5. The circuit uses a 567 tone
decoder 10 help prevent triggering by any unauthorized trans-
mitters.

In operation, pulsed infrared or visible light is received by
QI and transformed into a pulsed voltage. Any NPN pho-
totransistor can be used for Ql. The signal from QI is ampli-
fied 1.000 times by ICI. an LM308 high-input impedance
operational . and is passed to 1C2. a 567 tone de-
coder. Resistor  and capacitor C4 determine 1C3’s center
frequency. Resistor R4 is a potentiometer rather that a fixed
resistor to permit the receiver to be tuned. 1C3's output drives
RYI. a low- current relay.

The receiver can be assembled on a printed-circuit board
using either conventional or surface-mountable components.
Both ICI and IC2 are available in small outline packages.

Test the receiver by pointing the transmitter at QI while
carefully adjusting the receiver’s R4, With R4’y wiper set
near its midpoint. the relay should pull in when Q1 is receiv-
ing the transmitter’s signal. For best results, bright ambient
light must not be allowed to strike QI: otherwise. QI may
become saturated and fail to respond fully, ar at ail. to
incoming pulses from the transmitter. 1 ambicnt light proves
to be a problem. place one or two picees of developed color
film in front of QI to serve as a near-infrarcd filter, and insert a
near-infrared LED into the transmitter. R-E
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LED FLASHER
continued from page 100

tion. Refer to the component placement diagram in Fig. 3 to
make surc the 555 is oriented properly. Then solder cach
terminal in place.

Continue assembly by installing the resistors and Cl one at
a time and soldering them in place as we’ve described. The
value of the resistors is given by a code in which the last digit
indicates the number of zeros. Thus the code 104 indicates a
resistance of 10 followed by 4 zeros or 100.000 ohms.

Install the LED next. For the utmost in miniaturization,
you can use a chip LED. For high-brightness applications.
use a leaded device. Cut the leads 0.2 inch from the LED.
place them over their respective footprints (be sure 1o observe
polarity). and secure the LED in place with tape. Then solder
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the lcads in place. Repeat that procedure for the leads from a
9-volt battery clip. Figure 4 shows the completed board.

Testing the Circuit

Carcfully inspect the completed circuit to make sure that
all the components are properly positioned. Pay particular
attention (o the orientation of the 555 and the polarity of the
LED and battery clip leads. And be sure to remove any solder
bridges and balls.

The LED should begin to flash as soon as a 9-volt battery is
connected to the circuit. Operation of the circuit will be
identical to that of a flasher made with through-hote compo-
nents. The thinness of the SMC flasher, however. means that
it can be installed in previously unusable locations. And the
relative ease and speed with which it can be assembled should
convince cven the most skeptical builder that surface-mount
technology is an idea whose time has come. R-E

LIGHT METER
continued from page 102

enced of SMC?s, it is essential to carefully inspect
each and every junction with a magnifying lens.

Next. solder trimmer R1 to the board. Since cementing RI to
the board might interferc with its rotor if you are not careful. it's
best to use a bit of masking tape to securc Ri in place for
soldering.

If you want to use the circuit as a light meter. solder Q1 in place
next. However. if you want to use the circuit for one of the
specialized applications that we'll describe luter on in this arti-
cle. you should omit QI and. instead. solder a pair of stranded.
insulated hookup wires to its two mounting holes.

Note that Q! is a conventional through-hole component. The
prototype used a tiny surface-mount phototransistor (Stettner
Electronics CRIOTE!). However, that meant that the phototran-
sistor was aligned in the same direction as the readout. The result
was that someone viewing the readout could cast a shadow over
QL. affecting accuracy.

To overcome that. the surface-mountable version of Q1 was
replaced with a leaded phototransistor that can be installed
facing away from the person viewing the readout.

The leads of the r are installed in two holes
drilled in the circuit board adjacent to the negative battery holder
terminal. The emitter of Ql. which is indicated by a small
protruding tab (sce Fig. 4-u), must be installed in the hole
connected (o the negative battery-holder terminal. Therefore,
bend Ql's leads as shown in Fig. 4-b and insert both leads
through the bottom side of the circuit board so that Q1 points
away from the circuit board as shown in Fig. 4-c. When the

FIG. 4—THE is indiceted by the tab (a)
When instailing the device, bend the leads (b) and mount it so that it is
pointing away from the circuit board (¢).

circuit is complete, Q1’s leads will emerge from the board under
the battery-holder. Therefore, be sure to keep those Icads close to
the board. Solder Q1's leads to their footprints and clip off the
excess lead lengths.

Complete assembly of the board by installing the lithium coin-
cell holder on the underside of the board. Be sure to orient the
holder so that its positive terminal (the uppermost battery con-
tact) is inserted in the hole marked +. Solder the terminals in
place and clip off the protruding pins. Use caution: the clipped
terminals may fly away from your clippers with considerable
force.

Testing the circuit

If you have installed QI, the circuit will function as a light
meter when lithium cell Bi is installed in its holder. LEDI witl
glow 1o indicate the power is on. Use a jeweler’s screwdriver to
adjust trimmer R1 for the desired sensitivity. For best results.
perform the adjustment with the circuit in subdued light. Gener-
ally, LED2-LEDS will switch off when QI is brightly illumi-
nated. Those LED's will then glow in sequence as the light
reaching Q! is progressively reduced.

You can switch the circuit off by removing BL. Or, you cansslip
a small piece of paper or thin plastic under, or a short length of
heat-shrinkable wbing over, the uppermost battery-holder clec-
trode.

Going further

As noted previously, when Q! is omitted the circuit can be
used for other applications. For example. when a discharged
capacitor is connected in the circuit in place of Q1, LED2-LEDS
will glow in sequence as the capacitor is charged by the small
voltage appearing at the common non-inverting inputs. One
application for that configuration is as a timer whose period is
determined both by the size of the capacitor and the setting of
resistor RI.

The timing intervals can be increased by increasing the value
of the capacitor. A new timing cycle can be started at any time by
momentarily shorting the capacitor.

Another interesting application is to use the circuit to indicate
resistance. When the input leads are open, all the LED's will
glow. If a variable resistance is connected to the circuit in place of
Ql. LED2-LEDS will glow in sequence as the resistance is
lowered. We're sure that you have often wished for a visual
continuity checker.

Finally, keep in mind that the circuit as presented here func-
tions as a parallel array of inverting comparators. It can be
revised to function as a parallel array of non-inverting com-
parators simply by reversing the connections to the inputs of the
four comparators. R-E
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INKS AND ADHESIVES are avaliable from & variety

3
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FIG. 2—THIS MIN!ATURE THICK-FILM hybrid microcircuit uses con-
ductive ink for its |

more, silver may migrate from the fired ink over time. Alloys
of platinum and gold or silver are used when it is necessary 10
solder to the fired ink. Copper and nickel are used as inexpen-
sive substitutes for gold and silver. Both, however, have
higher resistance and other less-desirable characteristics.

The resistance of conductive inks is often specified in terms
of sheet resistivity. Sheet resisivity, which is given in terms of
ohms-per-square centemeter, is the electrical resistance
across opposite sides of a square pattern of conductive mate-
rial. Resistance of conductive inks can also be given in terms
of a line of material having specified dimensions. The rcsis-
tances of several common inks used in the hybrid-micro-
electronics industry are shown in Table 1.

Ink
The ideal conductive ink would be an inexpensive material
having zero sheet resistivity, a short curing time, and an

unlimited shelf life. It would be non-corrosive. simple to
apply. odorless, non-flammable. and non-toxic. It would be
available in bulk for screen printing. and in a handheld pen for
the instant preparation of SMC-prototype circuit boards and
for the " of conventional boards.

many different kinds of conductive inks are avail-
able. none possess all of the propenrties of the ideal material
we've outlined. Inks blended with powdered gold or silver
provide the lowest resistance, but they are expensive. Copper-
and nickel-filled inks are inexpensive, but their higher resis-
tance can affect the operation of a circuit if not properly

for.

Another drawback to conductive inks is that shelf life is
relatively short, usually ranging from six months to a year.
Still another disadvantage is that some materials require
special handling since they may be hazardous to health. And
while some conductive inks will dry fairly rapidly in open air,
others require that you select either heat or a considerably
longer drying time.

Applying inks

In an industrial setting, conductive inks are usually applied
by screening or stenciling. Those methods require considera-
ble preparation time and often are impractical when only a
few boards are needed.

Fortunately there are several ways to apply conductive inks
by hand to make relatively simple circuit boards. It’s even
possible to make multiple-layer boards by con-
ductive layers with a layer of insulating material.

Before going on. a few caveats are in order. The best
conductive inks can be very expensive. Also. the physical
properties of various inks, both when liquid and after harden-
ing. can be very different. The metal particles in a conductive
ink generally do not remain in suspension. Instead. they sink
to the bottom of their container under a layer of syrupy carrier
fluid. Therefore, for lowest resistance it is essential that the
particles be thoroughly mixed with the carrier before the ink
is applied. Shaking alone may not be adequate; stirring may
be required. Finally, the carriers of most conductive inks are
volatile and may be flammable. hazardous to health, or both.
Thercfore, it is essential to usc conductive inks in a well
ventilated area and to follow the safety instructions provided
with a specific product.

The ideal way to apply conductive ink by hand would be
with a drawing pen. However, the author has been unable to
find a pen intended for that application. It is possible to load
conventional drawing pens with conductive ink. But, the
viscous nature of most conductive inks means that they must
first be thinned with a suitable solvent or carrier. The draw-
back to that procedure, aside from it being rather messy, is
that thinning increases the resistance of the ink. Furthermore,
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instance. some can actually be soldered-to using con-
ventional tin-lead solder. And some conductive adhesives are

*s that can be reworked merely by reheating the
existing adhesive. In other words, a connection can be heated
until the adhesive softens enough for the SMC to be removed.
A replacement SMC can then be bonded in place with fresh
adhesive or, with some materials, by heating the joint once
again.

Unfortunately, the typical shelf-life of conductive ad-
hesives ranges from two months to a year, with six months
being fairly typical. Another drawback is that some materials
require special handling since they may be hazardous to
health. While those drawbacks are centainly undesirable. they
are not unique to conductive adhesives. Indeed, most ad-
hesives. conductive or otherwise. have limited shelf lives and
some require special handling.

Conducti types

Regardless of their conductive filler, conductive adhesives
can be divided into scveral major classes. The two most
important are:
¢ Thermosetting adhesives.—Those adhesives have proven
their reliability during many years of use in the electronics
industry. adhesives provide a very strong,
inflexible bond. They are cured by means of a chemical
reaction that is initiated by a chemical catalyst, heat, or
ultraviolet radiation. The resulting bond is permanent, and
cannot be reworked unless the adhesive is first shattered or
dissolved with a solvent. Examples of thermosetting ad-
hesives include |- and 2-part epoxies, acrylics, and also, the
polyesters.
° - adhesives.—Those adhesives do not under-
g0 a chemical change when a bond is formed. Therefore, they
can be reworked simply by applying heat until the material
softens enough to remove the bonded component. A second
application of heat permits a replacement component to be
attached. Though thermoplastic adhesives provide a weaker
bond than thermosetting adhesives. the fact they can be
reworked makes them well-suited for many applications in
which they will be subjected to only mild mechanical
stresses. Examples of thermoplastic adhesives include nylon,
polyimide siloxane. and various proprictary materials. Very
flexible adhesives can be formulated by mixing
synthetic or natural polymers (e.g. neoprene or rubber) in a
solvent or other suitable carrier.

Applying adhesives

In an industrial setting, dots of conductive adhesive are
applied to each SMC footprint by screening. an array of pins,
or an automatic syringe dispenser. The SMC's arc then placed
over the footprints and the adhesive or ink is allowed to cure
or dry.

There arc several ways to apply conductive adhesives by
hand. A hand-held automatic dispensing syringe will place a
precisely metered quantity of material over each footprint.
The necessary equipment. however. is expensive. For-
tunately. there are some very simple alternatives,

The simplest method is to dip a toothpick or wire into the
adhesive to pick up a small droplet of material. The droplet is
then touched to the desired footprint. If the material is slow
drying. the conductive material can be applied to all the
footprints before the SMC's arc installed. 1t the material is
fast drying. only the material required for an individual SMC
should be applied.

It’s possibie to apply conductive adhesive to the footprints
using a syringe or similar applicator. However, that applica-
tion method requires some experience to avoid applying too
much material. A toothpick or wire applicator gives the
same-sized droplet each time.

An altemate way to hand-apply conductive adhesive is the
transfer method. In that method, the adhesive is applied to
the terminals or pins of an SMC instead of to its footprints on
the circuit board. An advantage of the transfer method is
speed. since all the terminals or pins on one side of an SMC
can be coated with material in a single operation. To use that
methaod, first place a few drops of material on a flat surface
such as a glass microscope slide or paper card taped securely
to a work surface. Then grasp the SMC with tweezers and
simply dip each terminal or pin into the material as shown in
Fig. 3. With practice. all the pins on one side of a small
outline IC can be dipped at once. The SMC is then placed
over its footprints on the circuit board.

No matter which application method you use, always
remember that conductive adhesives, like many other ad-
hesives. may be lammable or hazardous to health. There-
fore. always work in a well-ventilated area and be sure to
follow the safety precautions provided with the product.

Conductive-ink and -adhesive manufacturers

An acrylic-based. silver-filled ink that is casy to mix and to
apply by hand is made by the Hysol Division of the Dexter
Corporation. The product number is /40-18-Q. That material
adheres well to paper. cardboard. wood. phenolic. poly-
styrene, vinyl and butyrate.

Another silver-filled ink that is easy to mix and to apply is
Amicon’s C-225-3. That ink adheres well to paper. polyester
film. phenolic.-and ceramic.

Dynaloy. Inc. sells an evaluation kit containing four 50-
gram bottles of either epoxy-base or polyester-base silver-
filled conductive ink. Each 200-gram kit costs $100. Those
inks are more viscous than the preceding ones and must be
stirred to mix the silver particles and the casier.

Most inks can be cured by placing a freshly prepared
substrate under a desk lamp. For best results. however. be sure
to refer to the instructions supplied with the product.

If you can’t find the industrial-grade inks described above,
don’tdespair. GC Electronics sells conductive inks for repair-
ing etched circuit boards that are also suitable for bonding
SMCs to a circuit board. Their highly conductive Silver
Print (Cat. No. 22-201) is $21.62 for half a troy ounce (price
subject to change with the price of silver). GC's Nickel Print
(Cat. No. 22-207). has a higher resistance than Silver Prin:,
but the two-ounce bottle shown in Fig. 4 costs only $3.83.
Both of those products can be ordered from GC Electronics or
purchased at many electronics dealers.

if those GC products arcn’t readily available. you can
obtain satisfactory results with a silver-tilled conductive lac-
quer available from some automotive parts stores that sell
NAPA parts. The product. which is dyed to resemble copper,
is Loctite Quick Grid Window-Defogger Repair Kit. The kit.
which sells for around $7.25. includes a small bottle con-
taining 0.05 fluid ounces of silver-tilled lacquer. 1t is also
shown in Fig. 4.

Dynaloy. Inc. sells various one-part conductive-cpoxy pas-
tes that are well-suited for conductive bonds. An evaluation
kit containing 50 grams cach of one purc-silver and two
silver-alloy adhesives costs $100. Conductive adhesives are
also available from Amicon. R-E
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A show here, the entire circuit can be
mounted on a plece of paper or cardboard, like 8 business card.

backed copper foil. Many kinds of conductive inks can be
used. Silver-filled inks. however. will work best. Adhesive-
backed copper foil is available from The Datak Corporation
(3117 Patterson Plank Road. North Bergen. NJ 07047).

Begin assembly of the circuit by using conductive ink and
a suitable applicator (a wire or a sharp toothpick) to intercon-
nect pins 4 and 8 on the back side of the 555. Set the 555 aside
to allow the ink to dry.

Next. follow the layout in Fig. 2 and apply adhesive-
backed copper strips to a business card. Note that a single
strip is placed along the upper left side of the back of the card.

Cut an I8-finger section from a length of the cylindrical-
radius contacts to form the switch strip. Clip off the left-most
flexible finger from the switch strip and slip the strip over the
lower side of the card. Use a pencil to make a small mark
directly below each contact finger. and then remove the
switch strip.

Use a multimeter to measure the resistance of lines drawn
on paper with various kinds of pencils. While some pencils
produce non-conductive lines. others produce lines having an
easily measured resistance. Select a sharp pencil that pro-
duces lines having relatively low resistance to draw |7 paral-
lel lines between the marks under the contact fingers and the
copper strip that runs diagonally across the lower center of the
business card.

When the silver-filled ink on the lower side of the 555 is
dry, attach the device to the card with a small piece of
reusable adhesive or wax. Then use very small pieces of the
same adhesive material to attach Cl and R18 to the card at the
locations shown in Fig. 2. Note that C1 is mounted between
two thin copper strips while R18 is simply attached to the card

PARTS LIST
R1-R17—graphite pencil lines, see text
R18-—1000 ohms, 1206 package
C1—.01 uF, 1206 package
IC1—555 timer, SO-8 package
: Lithium coin cells (2 each, 2016 or 2020 type),
piezoelectric buzzer (Murata-Erie MSJ-70383, or equivalent),
swilch strip (see text). battery terminal (see text), adhesive-
backed copper foil, conductive ink, graphite pencil, business
card, etc.

below the 555. After the three SMC's are in place. clip the
connection leads of the - -buzzer element to a
maximum length of 1.5 inches and remove 0.1 inch of insula-
tion from the end of each lead. Attach the element to the
upper right corner of the card with transparent tape.

Next. connect the pins of the 555 to the copper-
foil conductors with small droplets of silver- ink. Apply
the ink with a sharp toothpick or piece of wire. Also apply
droplets of ink between the terminals of Cl and the copper-
foil strips on which CI rests. Then form traces of conductive
ink between the terminals of RI8 and pins 6 and 7 of the 555.

Use care when applying conductive ink. Too much ink will
result in a short circuit should some of the ink run under the
components. Be sure to follow any precautions supplied with
the ink you select.

Next. form a path of conductive ink across the top of the
555 to interconnect pins 2 and 6. Then apply small droplets of
conductive ink at the junction of each graphite resistor
(RI-RI17) and the diagonal copper conductor. Also apply
conductive ink at the junctions of the various copper foil
traces.

Fasten the leads from the piezoelectric-buzzer element to
the card with clear tape so that the exposed ends of its leads
are positioned over the copper foil traces connected to pins |
and 3 of the 555. Secure the leads to the foil with droplets of
conductive ink.
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FIG. 3—THE AUTHOR'S PROTOTYPE. Pressing different contacts will
cause different pitched tones to be produced.

After the conductive ink has dried, slip the switch strip
over the bottom side of the card as shown in Fig. 2. Crimp the
ends of the strip slightly to secure the switch strip in place.
Crimping will also insure that the switch strip makes good
clectrical contact with the copper trace applied to the left
border of the card.

Cut a single finger from a length of cylindrical-radius
contacts to form the upper battery terminal. Place a layer of
tape under all but the end of the flexible-finger portion of the
terminal. The tape is necessary to prevent a possible short
should the edge of one or both ¢~ cells make contact with
the terminal. Crimp the clip-on of that terminal to the
upper-left corner of the card n Fig. 2.

Figure 3 is a photograph of d circuit. Figure 4
is a highly magnified view of & conductive ink over
the junction of one of the sistors and the diagonal
copper strip. Figure § is a highl§f magnified view of Cl. Note
that Fig. § also shows a droplet of conductive ink bonding one






























FIG 9—~ZERO-CROSSING synchronous line switch. The Triac turns on when $1 is closed.

LOAD
FG synchronous Hne switch. The Triac turns on when S1 is open.
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FIG 11—

(Ry). which should have a value of 12K at
SW for 117-wolt use. Diodes DI and D2
w function as back-to-back zeners that limit
o the potential on pin 5 10 =8 volts. On
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internal circuit and necessary externsl components.

positive half-cycles. D7 and DI3 rectify
that voltage and gencrate 6.5 volts across
external capacitor Cl. That capacitor
stores enough energy to drive all internal

circuitry. It also provides adequate drive
to the gate of the Triac, and a few mA of
current are available for powering external
circuitry.

Bridge rectifier D3-D6 and transistor
QI function as a zero-crossing detector,
with QI being driven to saturation when-
ever the pin-S voltage exceeds -3V. Gate
drive to an external Triac can be provided
(via pin 4) from the emitter of the Q8/QY
Darlington pair; that current is available
only when Q7 is off. WhenQlisondi. e..
the voltage at pin S exceeds -3V). Q6
turns ofT through lack of base drive, so Q7
is driven to saturation via R7, so no cur-
rent is available at pin 4.

The overall effect is that gate drive is
available only when pin § is close to zero
volts. When gate drive is available. it is
delivered as a narrow pulse centered on
the crossover point: the gate-drive current
is supplied via Cl.

The CA3059 incorporates several tran-
sistors (Q2-QS5) that may be configured as
a differential amplifier or a voltage com-
parator. Resistors R4 and RS are exter-
nally available for biasing the amplifier.
Q4’s emitter current flows via the base of
Ql: the ' ©is such that gate
drive can be disabled by making pin 9
positive relative to pin 13. The drive can
also be disabled by connecting external
signals to pin |, pin 14, or both.

Figures 12 and 13 show how the
CA3059 can provide lled
zero-voltage ow/off Triac switching. Each
circuit uses a switch (S1) to enable and
disable the Triac's drive via the IC's
differential In the Fig. 12 cir-
cuit, pin 9 is biased at V /2 and pin 13 is
biased via R2. R3, and S1. The Triac turns
on only when S1 is closed.

In Fig. 13, pin 13 is biased at V(-v2 and
pin9 is biased via R2, R3. and Si. Again,
the Triac turns on only when S1 is closed.
In both circuits, S! handles maximums of
6 volts and | mA. In both circuits C2 is
used to apply a slight phase delay to pin 5
(the zero-voltage detecting terminal): that
delay causes gate pulses to be delivered
after the zero-voltage point, rather than
straddling it.

Note that, in the Fig. 13 circuit, the
Triac can be tumed on by pulling R3 low,
and that it can be turned off by letting that
resistor float. The circuits shown in Fig.
14 and Fig. 15 illustrate how that ability
can increase the versatility of the basic
circuit. In Fig. 14, the Triac can be tumed
on and off by transistor QI. which in tum
can be activated by any low-voltage cir-
cuit, even CMOS devices. And Fig. 15
shows how to use the circuit with an op-
tocoupler.

Figure 16 shows how the Signetics
TDA1024 can be used in a similar circuit
to provide optically coupled zero-voltage
Triac control.

To complete this section, Fig. 17 and
Fig. 18 show several ways of using the
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THERMOSTAT

FiG 19—

FG 20—

ER with ther-
2ero-voitage switching.

Because of the high power require-
ments of an electric heater. the circuit
must be carefully designed to minimize
RFIl gencration. The designer’s two main
options arc to use cither continuous DC
gating or synchronous pulsed gating. The
advantage of DC gaung is that. i basic
on/ofl switching applications. the Triac
gencrates zcro RFT under normal running
conditions; the is that the
Triac may gencrate very powerful RFl as it
is turned on. The advantage of syn-
chronous gating is that no high-tevel RFI
is generated as the Triac turns on: the

15 that the Triac generates
continuous low-level RFI under normal
running conditions.

Figures 19 and 20 show several DC-
gated circuits. In both
cases the DC supply is derived via T, DI.
and Cl. and the heater can be controlled
either manually or automatically via Si.
The Fig. 19 circuit is turned on and off by
the thermostat. depending on its tem-
perature.

HEATER

HEATER

The Fig. 20 circuit. on the other hand.
is controlled by Negative Temperature
Coefficeim (NTC) thermistor R7 and
transistors Q} and Q2. The network com-
posed of R2. R3. R6. and R7 is used as a
thermal bridge. and Q2 acts as the bridge-
balance detector. R6 is ad-
justed so that Q2 just starts (o lurn on as
the temperature falls to the desired level.
Below that level. Q2. Q3. and the Triac
are all fully on: above that level all three
components are cut off.

Because the gate-drive polarity is al-
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ways positive. but the Triac’s main-termi-
nal current alternates. the Triac is gated
alternately in the + | and + |1l quadrants.
and gate sensitivity varies tremendously
between them. (See our discussion of gate
sensitivity in the September issue.) Con-
sequently, when the e is well
below the preset level, Q is driven fully
on. Therefore. the Triac is gated on in
both quadrants. so it provides full power
to the heater. However. when the tem-
perature is very close to the preset value.
Q1 is driven on “gently.” so the Triuc is

gated in the + | mode only. and the heater
operates at hall maximum power drive.
The circuit thus provides fine temperature
control.

circuits

Figure 21 shows how a CA30SY can be
used to build a synchronous thermistor-
regulated electric-heater controller. The
circuit is similar to that of the dark-acti-
vated power switch of Fig. 17. except that
the thermistor (R3) is used as the sensing
element. The circuit is capable of main-
taining room temperature within a degree
or so of the value set by R2.

To complete our discussion of heater
controllers. Fig. 22 shows the circuit of a
proportional heater controller that is capa-
ble of matntaining room lemperature
within 0.5°C. In that circuit a thermistor-
controlled voltage is applied to the pin-13
side of the CA3059's comparator. and a
repetitive 300-mS ramp signal. centered
on V2. is applied to the pin-9 side of
the comparator from astable multivibrator
ICI1.

The action of the circuit is such that the
Triac is synchronously turmed fully on if
the ambicnt iecmperature is more than a
couple of degrees below the preset level.
or is cut fully ofT if the temperature 1s
more than a couple of degrees above the
presct level. When the temperature is
within a couple of degrees of the preset
value. however. the ramp waveform
comes intocffectand s turns
the Triac on and off once every 300 mS.
with a Mark/Space (M/S) ratio that is pro-
portional to the temperature differential.

For example. if the M/S ratio is I:1. the
heater generates only half of maximum

HEATER

temperature
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With nothing more than an
of the

WHEN A NLWLY DESIGNED PIECE OF E1LEC
tronics equipment or an existing piece of
equipment that has gone bad is being de-
bugged. it's common practice (o trace sig-
nal paths by using an oscilloscope. With
digital cquipment, logic analyzers are
often used to check timing and even store
the waveforms on floppy disk for future
evaluation. Such equipment is very con-
venient (o use, but very expensive.

When professional designers do a thor-
ough job of evaluating a new design. they
record the wavetorms at cach major node
in the system. Traditonally, that has been
done by taking Polaroid photographs of
oscilloscope traces. The process requires
fastening the scope probe to a circuit trace
on a printed circunt board long enough to
take the photograph. developing the print.
recording the appropriate oscitloscope
scales. and then moviag on to the next
location to repeat the process. Things pro-
ceed in an orderly manner when docu-
menting a new design that is working
properly. though it surely helps to have an
assistant. However, when either a new de-
sign or an existing system is faulty. circuit
tracing usually becomes less orderly. with
the scope probe stuck here and there look-
ing for suspect signals

Life gets even more interesting when
the system works perfectly 99% of the
time. but has a glitch that causes an error
every few hours or so. In industry. trou-
bleshoating such a glitch generally calls

of fancy logic

, a video camera, and a VCR,

DUKE BERNARD

can have many

and digital storage scopes.

for powerful logic analyzers that can be
triggered by the fault condition and then
recall the signals that preceded the error.
Unfortunately, the hobbyist and the small-
business electronics professional gener-
ally cannot afford the tens of thousands of
dollars that such equipment costs.

With a little ingenuity, however, com-
mercially available video cquipment can
be made to do many of the tasks of much
more expensive equipment. and in some
cases do it better. Unlike most commer-
cial logic analyzers. which record only
one’s and zero's, the technique described
in this article works well for cither digital
or analog signals. It was first used by the
author to find an intcrmittent failure in an
asynchronous coupled multi-CPU digital
system. It has been used for
debugging simpler systems. It can also be
used to turn a simple oscilloscope into a
storage scope for reviewing transient
waveforms.

The concept is simple and rather
straightforward. All that is required is a
VCR with top-quality special effects: that
is. clean. jitter-free stop frame. fast for-
ward and reverse. and slow motion such as
that provided by the top-of-the-line four-
head units or the new digital VCR's that
feature digital frame storage. A video
camera and a video monitor complete the
list of required equipment.

A word about the video camera: A
high-end unit is not required: a simple

black-and-white surveillance camera will
do fine. However. if an expensive color
camera is used. to prevent bumning the
image tube care should be taken not 10
leave the camera pointed at a very bright
trace on the scope for long periods of
time. That is less of a concern if the cam-
cra uses a solid-state imager.

More savings

in addition to the obvious savings in
cyuipment cost. it's interesting to com-
pare the number of oscilloscope traces
that cun be recorded on a two hour roll of
VCR tape versus the cost of trying to
capture the same amount of information
on film. Assume that for recording the
waveforms of a new system. each point in
the system is recorded for 1) seconds.
That is generally cnough time to record
the scope scttings and what point in the
circuit is being monitored on the voice
track. ‘That yields six traces recorded per
minute. or 720 in two hours. At about 50
cents a print for instant tilm, to record as
many traces the cost would be $360.
Compare that to the cost of even the high-
est yuality T120 tape. At even (aster re-
cording speeds an even grealer savings
can be realized.

While hard copies are often desired in
addition to the tape recordings. the taped
waveforms can be reviewed at leisure and
the most important ones of
the TV monitor. although with some lim-
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2 found
wavetorm with a timing shift during alternate
leading edges.

itations. Meanwhile. a very extensive set
of waveforms have been captured. which
can be reviewed later if the system de-
velops a problem.

A typical

The problem that initiated the effort to
record oscilloscope traces with a VCR
was one of those periodic, hard-to-trace
glitches that had cropped up during the
testing of a new design. In frustration, we
decided to record various oscilloscope
waveforms with a VCR until one was
found that changed appreciably just be-
fore the system being tested recorded an
emror (since the sysiem being tested had a
real ume clock. it was possible to let it run
to give an indication of when an error
occurred).

Once an error was noted. the VCR tape
was advanced to the approximate time of
the error and the waveforms were exam-
ined. Finally, a glitch was found on the
system's clock waveform: that is shown in
Hg. 1. At first, the glitch was thought to
be the direct cause of the error, but it
wasn’t. However, by knowing what to
look for, the same conditions that created
the glitch in the clock waveform (several
high-current devices switching simulta-
neously) were . and more
waveforms were recorded.

The waveform shown in Fig. 2. a sub-
clock signal, was found to be the culprit.
As shown by the dual-trace leading edge.
the signal’s timing changed on alternate
leading edges during the time that the
system clock had the disturbance . causing
a synchronization problem. That timing
change was further traced to ringing on
the waveform. as shown in Fig. 3.

Budget storage scope
Having found the VCR so useful in

recording occasionally occurring wave-
form disturbances for future review, we
looked nto using a VCR as a *"poor-
man’s” storage oscilloscope. Events that
happen as a transient rather than a -
petitive are hard to capture on
an ordinary . One example is
speech. With so much interest in speech
synthesis and speech recognition, it’s
oflen necessary to observe the patterns
created by different words and compare
their similaritics and differences. But
since specch waveforms are transient in
nature, it's hard to do comparative work
using only a standard scope.

Fia. ON THE WAVEFORM was fi-
nally found be the cause of the problem.

FIG. 4—THE WORD as captured by 8
video camera and 8 The varying intensity
of the trace is caused by using a time base
longer than a single TV field (sbout 18 miilise-
conds).

Recording a waveform on a VCR and
then playing it back a frame at a time
allows the repetitious patterns in certain
speech sounds to be observed. Part of the
word “hello™ as captured by a VCR is
shown in Fig. 4. Note the non-uniform
appearance of the trace. That is caused by
using a time base that is longer than the
TV field rate of 16 milliseconds (Yo
second). Then, the camera can not capture
a trace in a single field: instead it does so
over two or more fields, causing a
st 1. The fainter parts of
the image are seen only because of image
persistence on the CRT screen and/or in
the camera pickup. That does not prevent
you from examining the waveform. since
you can use the frame advance to examine
the event one frame at a time. but it does
make it difficult to obtain a good hard

Is ides! for

transients, such as a

volitage imerruption caused by a relay's contact
bounce.

copy (photograph) from the monitor, as

evide kg. 4.
T results when usinga VCR's
rame- e feature as a poor-man’s

requires some experiment-
ing to obtain the proper trace intensity.
Since most video cameras can accomo-
date fairly low light levels. a trace barely
visible when viewed directly may show up
quite well when viewed on a TV monitor.
To set intensity. then. repeatedly trigger
the scope. adjusting the trace intensity
until it looks right on the monitor.

Let’s close out our discussion by look-
ingata application. One problem
that circuit designers is that of
contact bounce. a mechanical problem
that all mechanical switches and relays
are subject to,

Figure S shows the output waveform
from a relay. When the contacts close, the
voltage goes high. triggering the scope. A
few milliseconds later. however. the con-
tacts bounce open and closed. creating a
momentary voltage interruption.

The transient caused by the bounce can
disrupt the proper operation of a circuit
and is often difficult to eliminate. But by
using 2 VCR to record the scope trace,
you can study the waveform at leisure,
allowing you to be certain that your fix is

working properly.

Other uses

As you can see, @ VCR can make col-
lecting and analyzing data over long peri-
ods of time much easier. especially if you
can’t afford an expensive logic analyzer
or a storage scope. And a VCR can be
used to record any instrument’s readings
over time.

For example. the author has used a
VCR to record changes in an oscillator’s
frequency versus tlemperature. After con-
necting them to the circuit under investi-
gation. a frequency meter and an
electronic thermometer were placed side-
by-side and their readings were recorded
by a VCR as the circuit was warmed. Fast-
forward scanning was later used to find
appropriate temperature intervals. allow-
ing the oscillator frequency-versus-tem-
perature data points to be recorded very
quickly. R-E



BLUE BOX

WIDEBAND AMPLIFIER

GRAVITY

continued from page 32

continued from page 34

continued from page 119

office to silence the ringing signal. When
Pop released S4. the folks can talk to
Junior without Junior getting charged be-
cause his AMA tape did not show his call
was answered—the DC loop must be
closed for at least three-seconds for the
AMA tape to show Junior’s call was an-
swered. All the AMA tape showed is that
Junior let the phone ring at the old home-
stead for almost 30 minutes: a length of
time that no Bell Operating Company is
likely to believe twice!

A modern Red Box is simply a con-
ventional telephone that's been modified
to emulate the vintage 1940 military field
telephone. Aside from the fuct that the
operating companies can now nail every
Red Box user because all modern billing
equipment shows the AMA information
concerning the length of time a caller let
the target telephone ring, it’s use has often
put severe | strain on the
users.

Does getting electronics mixed up with
psychology sound strange? Well it isn'1
because it's what helped Ma Bell put an
end to indiscriminate use of the Red Box.
The heyday of the Red Box was the 1950
and 1960's. Mom and Pop were lucky to
have finished high school. and almost
without exception, both elementary and
high schools taught honesty and cthics.
Mom and Pop didn"1t have the chance to
take college courses in Srealing 101 that

under quaint names such as
Business Management. Marketing. or Ar-
bitrage. When Junior tried to get the old
folks to use his **free telephone™ they just
wouldn’t go along. So Junior installed the
Red Box at his end. He gave one ring to
notify the family to call back. When Pop
called Junior, it was Junior who was using
the Red Box. Problem was. Junior didn’t
know that the AMA tape for Mom and
Pop’s phone showed a 20- or 30-minute
ringing. When Ma Bell's investigators
showed up it was at the old homestead:
and it was only then that the folks dis-
covered their pride and joy had heen
taught to steal.

There are no hard facts concerning how
many Red Boxes were in use. or how
much money Ma Bell lost, but one thing is
known: she had little difficulty is closing
down Red Boxes in virtually all instances
where the old folks were involved because
Mom and Pop usually would not tolerate
what to them was stealing. If you as a
reader have any ideas about using a Red
Box. bear in mind that the AMA (or its
equivalent) will get you every time, even
if you use a phone booth, because the
record will show the number being called.,
and as with the Blue Box. the people on
the receiving end will spill their guts to
the cops. R-E

tween the NES20S case and the
groundplane. If you prefer, electrically-
conductive epoxy may be used for that.
Capacitors Cl, C2, and C3 are 0.1-pF
high-frequency ceramic
chips. A small drop of quick-drying ad-
hesive such as Crazy Glue will hold them
stationary during soldering. Solder coup-
ling capacitors Cl and C2 to their respec-
tive pads on the input and output signal
traces. Bridge the gap between V- and
the small ground plane with decoupling
capacitor C3 and solder it into place.
The last step in the assembly portion of
the project is to strap the top and bottom
ground planes together. Don’t run long
wires to do that. A better. and a far easier
way to accomplish the task is with inex-
pensive, self sticking Y4-inch copper tape:
the kind used in making stained-glass
windows. (The tape can be purchased at
most craft centers.) Wrap the tape around
the edge of the board to the top and bot-
tom ground planes and then flow-solder
the tape to the copper foils.

FIG. 7—THE AMPLIFIER CAN BE BUILY into ex-
Isting squipment, or made part of a stand-alone
device, such as this CATV amplifier.

The amplifier can be used in a wide
variety of applications, such as o CATV
line amplifier. a 70-MHz satellitc ampli-
fier. or a composite video amplifier. The
circuit can also improve the operation of
2- to 160-meter amateur radio equipment;
AM. FM, CB. and shortwave radios: 50-
ohm test equipment; frequency counters:
and . By using a phantom
power source on the signal lead. it can
even be used as a rooftop antenna pre-
amplifier, such as shown in Fig. 6. Your
application will determine whether or not
a case is needed. The board either can be
incorporated in a piece of existing equip-
ment or mounted in an RF-tight case (see
Fg. 7) for stand-alone use. R-E

ponent arriving from other directions such
as vectons a and b will be largely canceled
because those vector components are not
parallel with the electric ficld in the capaci-
tor; leading 10 reduced gravity components
« and b’. Only the gravity components ar-
riving along a line through the obscrver’s
meridian and the center of the carth will be
most effective in exciting the capacitor cle-
ment of the gravity detector.

Gravity telescope

The gravity-signal detector “sees” the
zenith of the observer’s celestial sphere
through a very small aperture. That small
aperturce “"beam’’ sweeps across the celestial
sphere (at the observer™s latitude) at the rate
of the earth’s rotation. In thal respect. the
earth’s rotation has a period of 23 hours, 56
minutes, and 4.1 seconds of civil (ordinary)
time. and that period is called a sidereal
day.

As shown in Fig. 9, the Milky-Way galaxy
center as observed on the author’s meridian
appears predictably about four minutes car-
lier each day with respect to standard (civil)
times. Also note that another gravity cvent
occurs approximately 35 seconds before the
galaxy-center appears, which was used by
the author as a marker. The suthor suggests
that the chart recordings are gravity signals
emitted from the Milky-Way galaxy center.
and nor random clectrical Ruxuations that
traditionalists call noise.

To locate astronomical objects, use a cir-
cular-type-chart star finder, which s more
generally known as a planisphere. The
charts are calibrated for different Earth lati-
tudes i standard (civil) times for each day
of the year.

The sky chants, or planispheres, are also
calibrated in terms of right ascension and
declination, so that objects may be located
in terms of those parameters if they are
known. For example. the galaxy center is
known to be located in the Sagittarius con-
stellation region in the southern hemisphere
at about 17.7 hours nght ascension and
about -29° declination. Laocating that spot
on the meridian of the observer’s celestial
sphere will enable the experimenter to use
the planisphere 1o determine the day and
time of day when the Milky-Way galaxy
center will appear there.

The gravity detection process is shown in
Fg. 10 for two common galactic gravity
events. A Supernova implosion will gener-
ate an oscillatory modulation of the g-ficld
to an observer at position “A™. A Black
Hole. on the other hand. will actually
reduce the g-field for an observer at posi-
tion *B". The effects of those cosmic
events, and others, will now be consid-
ered in more detail.

comtinued on page 162
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COMMERCIAL ZAPPER

DIGITAL SPEDOMETER

continued from puge 40

continuwed from page 52

sure that the buffer amps (ICl-a-IC1-d)
are not in the same physical pachage as
the processing amps (1C2-a-1C2-d). Also,
good decoupling capucitor should be used
with high-frequency op-amps such as
TLO74. Use a 1-pF tantalum or a 10-pF
electrolytic (C15) for decoupling.

and

align the commercial killer, adjust
the detector-gain potentiometer (R4l) to
maximize the number of comparator tran-
sitions duning commercials. Begin by
connecting the commercial killer to the
stereo receiver’s lape-monitor loop. Set
the receiver 1o FM and select the tape-
monitor mode. Because the audio level
may vary from station to station. tune to
the station of greatest intended use. And
remember, the commercial killer works
best with casy-listening formats. During
commercials. adjust R4 to maximize at-
tenuation by watching the rape. LED.
Slight readjustment may be necessary to
provide the fewest zapping errors without
performance degradation.

If the commercial killer fails to work.
make sure that the power supply is provid-
ing the correct voltage. and thut Vi, is
about 13.5 volts.

If the voltages are correct. then venity
that you can obtain waveforms like those
shown in Fig. 3-Fig. § If the peak signal
level at the inverting input of 1C2-b cannot
be adjusted (via R41) to exceed 2.5 wolts,
the signal level out of the receiver may be
unusually low, so the value of R4l may
need to be increased.

If the rate of transitions at TP4 is low
during music and high dunng commer-
cials (but attenuation is not proportional
1o the rate of transitions). verify the fol-
lowing.
® When there is no signal present. the
voltage at TPS should be within 0.2 volts
of the voltage at the non-inverting input of
ICl-c.
® During a commercial. the voltage at
TPS should be at least three volts less than
the voltage at the non-inverting input of
ICl-c.

If the first condition is not met. there
will be attenuation during music. Diode
D4 should be reverse-biased with no sig-
nal present. If it is not. and if the voltage at
TP4 is about eight volts. it may be neces-
sary o reduce RI8.

It the second condition is not met. there
will be insufficient attenuation during
commercials. If TP4 is approximately
eight volts with no signal present. it may
be necessary (o decrease R19 or R20.

Last, if fading occurs. but the LED
does not light. it may be connected to the
circuit backwards. R-E

voltage at the appropriate pins of each 1C
After debugging any problems. apply
test signal 10 the speedometer. Connect o
sinewave generator o P1and apply 1 one-
volt peak-to-peak signal. For test pur-
poses. set S1 o that the tirst three switch-
¢s are off, the next three are on. and the
fast two are oft (00U11100). Also, set the
gencrator's Irequency to 138 Hz. 1 every-
thing 1» working correctly. the seven-seg-
ment LEDS should display a value ol 60,
and at least some of the diserete LED'S
should be lit.

instaliation

The most ditiicult part of construction
is nstalling the speedometer in an auto-
mobhile. The two main tasks are installing
the PC-boasd assembly and installing the
magnetic sensor and magnets.

To install the boards. first choose a suit-
able mounting location for the unit. one
that provides a pood view of the device,
but does not obstruct the driver's field of
vision. Alter choosing your mounting lo-
cation, prepare it to receive the speed-
ometer. Whether you are building a
custom enclosure or planning to install
the assembly in the dash. use a front panel
that will both protect the display and make
it readable in bright sunlight.

Smoked Plexiglass makes an excellent
front panel. especially if it is lettered und
masked. Masking is accomplished by

arca not occupied by displays
or The casiest method is to mask
all areas that are occupied by displays and
LED's on the hack side of the front pancl
and then paint the back side of the pancl
with black spray paint. Apply several
coats to ensure @ uniform covering. After
the paint drics. peel ofT the masking tape
and install the front pancl.

The next step is to secure the magnets to
the driveshaft (or output shaft) and mount
the pick-up coil to the body or chassis of
the automobile. To do that. you'll proba-
bly have to drive your car up on ramps |If
you do not have a set of ramps. borrow or
buv a set. Never get under a car that i
supported only by jacks. It's alyo a good
idea not to work under a car alone.

After raising the car. find a suntable
location for mounting the magnets On
rerr-wheel-drive vehicles. the best locu
tien is at the front of the driveshaft. near
the transmission. At that place the dnive
shaft has the least vertical movement. so
the magnets will maintain a constant dis-
tance (rom the pick-up coil. To mount the
magacts. locate them around the driv-
cshaft st 90° intervals and secure them n
some way. The magnets we used in our
prototype come with g strap that sim-
plities wstallation: you can purchuse the

set at a local auto-parts store ur from the
source mentioned 1n the Parts List.

On a tront-wheel-drive sehicle. the
magnets can be mounted reliably to the
outer ring of the constant-velocity jont’s
dust boot near the transaxle. In that 1y pe of
nstallation. there should be a metal strap
on ¢ach side ot the dust boot Mount the
magnets (o the strap that is located nearest
the transaxle. and secure the pich-up coil
and its metal strip 11 the boot 18 not easily
accessible. the magnets may be mounted
directly to the output shatt or one of the
dnive shafts. but be sure to place them
where the least amount of vertical move-
ment takes place.

Next mount the pick-up coil to the un-
derside of the automobile using a stnip of
inch-wide metal. Of course. the length of
the strip and the locations of the mounting
holes will depend on your installation.
But you'll probably want to bend the strip
0 that the front of the mounting coil and
its bolt are about ¥: inch from the magne-
ts. Figures 7-a-7-d indicate scveral
mounting schemes for drniveshaft and
transaxie installations

After the magnets and pick-up coil are
installed. run the signal wires from the
pick-up coil through the fire wall to where
the PC boards are located. Use plenty of
wire ties or plastic tape. If you purchase
the pick-up coil mentioned in the Pans
List. you must replace its connector witha
Molex-style connector.

Run a power wire from the mounting
location to the fuse box and connect ittoa
circuit that is active only when the igni-
tion key is in the on position. Remember
to hook the ground wire to the chassis
ground of the automobile.

Calibration

To calibrate the . first de-
cide whether you want the readout to be in
miles or kilometers per hour. The next
step can be accomplished in several ways.
You can cither calculate the speed of your
driveshaft as discussed in the text box. or
you can use the trial-and-error method.

To use the trial and error method, have
a friend drive on an open stretch of high-
way. and. while watching your old speed-
omeler. try setting St in different
positions until the speedometer displays
the correct value. Make sure your friend
waltches the road and his speed while you
calibrate the ! Next, have
your friend drive at the “"red line™ speed.
and set R34 so the first red LED lights up.

If the digital speedometer reads er-
ratically while the vehicle is standing still.
reduce the value of R6 from 470 ohms o
330 ohms or less. That reduces input sen-
sitivity and prevents the unit from picking
up electrical noise.

After calibration i1s complete. it's tine
for tinal installation. Mount the unit in its
permanent housing. then secure and con-
ceal ull cables. R-E















processing and testing nctwork that ties
together all design and cen-
ters. Even key suppliers  tied into se-
lected parts of this network.

The film presents an overview of the
manufacturing complex. You learn that
the central Vehicle Final Assembly facili-
ty is responsible for assembling com-
pleted modules and sub-assemblies into a
finished automobile. Those modules are
supplicd on a just-in-time basis from a
ring of surrounding plants which use
highly automated but flexible processes to
manufacture, and remanufacture. a vari-
ety of components. Those factories are
operated by a highly trained staff.

Not all operations are
represented at the complex you will tour.
Engine blocks, stecl structural pre-forms
and major glass components are all sup-
plied to the module-fabrication plants
from central facilities. The film concludes
by presenting those operations.

You see one-piece aluminum engine
block/cylinder head/transmission case
casting with ceramic inserts being pro-
cessed by evaporative-casting techniques.
You watch large pieces of thin glass being
laminated to transparent plastic and mold-
ed into complex shapes which are light-
weight but shatterproof.

The film’s concluding sequence shows
steelmaking in which plasma melting
techniques are used to produce carefully
controlled, high-purity alloy steel, which
is cast into a thin minimum
hot rolling before it is cold-rolled into a
finished sheet. Some of the sheet steel is

coated with a nickel alloy
for outstanding corrosion resistance and is
supplied in that form to other Ford man-
ufacturing locations. Other sheet material
is roll-formed into a structural preform
which is cut to length, stretch-formed and
selectively heat-treated by lasers.

The real tour stasts in the Powertrain
Module Factory. There you watch as
robots that, in your guide’s words. can
“see,” leam” and “think for them-
selves,” perform the complex task of as-
sembling a high specific output. high

THE ALL-GLASS TOP OF FORD'S 2001 MODEL is flush with the body, giving the car execelient

serodynamic performance.

RPM. internal combustion engine within
a "“monoblock’ casting which also
houses the integral Continuously Variable
Ratio transmission.

The highly automated assembly pro-
cess makes it difficult for you to see all of
the operations. but you are able to visually
confirm your tour guide s claim that many
of the engine’s internal components are
fabricated from high performance plastic
composite materials.

The guide also points out that the en-
gine's various covers and “‘pans’” are in-
stalled with structural adhesives and are
not removable in the field.

As you study the finished powertrain
modules at the end of the assembly line,
you notice that they ase all fully integrated
units. devoid of any “*hung-on™ accesso-
ries. For control purposes, a single elec-
trical umbilical is provided to plug into
the vehicle’s central control-system.

Your next stop is the Greenhouse Fab-
rication Factory where you watch large
formed-glass pieces being unloaded from
trucks onto a line for Magnetic Vacuum
Sputter Deposition. That process, your
guide explains, is used to deposit multiple
thin films of exotic materials to insulate
the car’s interior from the sun.

That, you are told, allows smalier/
lighter air conditioning systems and pre-
vents degradation of the car’s interior ma-

THE INTERIOR OF FORD'S FUTURISTIC sutomoblie is revealed in this photo by the removal of the

glass top.

terials from uliraviolet radiation. The
coatings also impart cosmetic color to the
glass, control glare, and reduce the tend-
ency to fog. In other operations. various
sensors and antennas required for features
such as keyless entry, intrusion detection
and satellite communication are inte-
grated into the greenhouse structure.

You next visit the Exterior Panel Fab-
rication Factory where large panels are
injection-molded from high performance

or formed from reinforced
thermoset plastic composites with
finished color gel coats in large presses.

Your tour also includes stops ai the Sus-
pension Module Assembly plant and the
various structural module fabrication
plants where you watch robots apply fast-
curing structural adhesives to bond ele-
ments into an integral structure.

All modules leave their various assem-
bly plants complete with all sensors, actu-
ators and control electronics and a single
electrical power-distribution bus.

Your tour ends at the Final Vehicle As-
sembly plant where all modules arrive on
a coordinated. just-in-time basis and are
assembled by robots, with minimum
human assistance. into a completed vehi-
cle. A comprehensive ¢
final checkout procedure completes the
manufacturing process.

On your drive home from the plant tour,
you think about the seven days remaining
until you take delivery. You can hardly
wait! R-E

Well, there you have it. A look at 21st
century tr. * technology. mate-
rials, and manufacturing processes as we
at Ford Motor Company now anticipate
them to be. To me. it's a fascinating pros-
peci. But getting from here to there will be
even more fascinating. While | expect to
be happily retired and playing golf in
Palm Springs when 2001 comes around,
what we do for the remainder of this de-
cade and into the 1990's will determine
whether or not this scenario comes any-
where near reality. And, as | noted at the
outset, how we treat our customers and
how we treat our own people will make all
the difference.—Donald E. Petersen
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ACID RAIN

continued from page 42

points. Connect the circuitto a VOM, and
adjust the potentiometer for a reading of
94 pA. Then disconnect the sensor as-
sembly from the main circuit and connect
the battery- combination in
its place. Adjust R1 until the meter reads
exactly 100 pA, which comesponds to a
pH of 2.5.

The other pH points are established by

FIG. 5—THE ELECTRONIC COMPONENTS
mount on a piece of perfboard; they are con-

nected by wiring. The terminal
strip connections to the remote-
mounted sensor and solenoid.

feeding a known current to the circuit and
noting the position of the needle. Those
positions correspond to the pH's shown in
Table 1. If you want to interpolate in-
between values, keep in mind the fact that
the scale is not linear.

Installation and use

The best location for the sensor assem-
bly is on a post, as shown in Fig. 6. away
from trees and buildings. If it's mounted
on the side of a house, be sure that the
bracket you use is long enough to place
the funnel beyond roof or eave run-off.

Don’t be alarmed if the meter indicates
some acidity. A pH 0f 6.010 6.5 is normal
and unharmful. However,
talists warn of dire consequences for con-
tinuously higher readings.

For example. at continuous pH levels of
5.0 10 5.5, lawns and garden plants will

6—THE EN LY should be
mounted on a long bracket that is screwed to a
post. The post should be mountsd awsy from
overhanging eaves; and don't mount it under 8
tree.

begin to turn brown, and soil will need
added lime. A pH of 4.5 in ponds and
lakes will start killing fish. and, when pH
reaches a level of 4.0, a clear blue ap-
pearance, although beautiful, will indi-
cate a “*dead” body of water. A pH of 3.5
will cause rapid of painted
surfaces. A continuous pH of 3.0 will
result in erosion of structural limestone,
and entire forests will die. Last, if the
meter indicates 2.5 or less, you may be
living near an active volcano!

After taking readings from accumu-
lated rainfall, the funnel should be
drained. leaving S! in the DRAIN position
only long enough to drain the funnel, as
most inexpensive solenoid valves are not
designed for continuous duty. Inspect the
electrodes several times a year, and if any
corrosion forms, swab it off with a weak
ammonia-water solution. and then flush
the electrodes with distilled water.

For studying the long-term effects of
acidity. the output of the meter could be
connected to a chart recorder. And the
meter may also be used to test your local
tap, pond, and stream water by pounng a
sample into the funnel. R-E

BURGLAR ALARM

continued from page 26

battery holder to the panel using RTV
adhesive: the holder should be located just
below the holes for the LED's. Then
mount the key switch in the appropriate
hole. Wire the switch and the battery
holder to the appropriate points on the
board, keeping lead lengths as short as
possible. Bend the LED's 90° so that they
are parallel with the board. Position the
LED's in the holes you previously drilled
for that purpose so that they protrude
about % inch. Finish up by securing the
board to the top of the battery holder with
a piece of double sided tape. Fig. 3 shows
how it should look.

The unit can be installed just about any-
where. We suggest mounting it in your
door frame for a professional look.

Although the circuit doesn’t actually
do anything. you should make it a habit to
“arm™ and “disarm” it as appropriate.
That little bit of theater will help convince
a burglar who is “casing” your home that
it is indeed protected as advertised. R-E

DIGITAL DASHBOARD FOLLOW-UP

As a | to
Digital
and “I|
ometer
to note
that may nyr
building those projec

First, in the digital-tachometer
article, D2 and D4 on the parts-
placement diagram should be in-
terchanged, and so should D5 and
D6. The 10-uF capacitor labeled
C14 on the schematic is C4.

In the digital-speedometer arti-
cle, the schematic reference to IC5
should be labeled 4001 instead of
4011. The pick-up coil input should
read Pt not P2. Also on the sche-
matic, C12, a 0.1-uF bypass capaci-
tor, was omitted. Getting on to the
parts-placement diagram, the set
of pads between $1and IC6 should
be labeled C7.

After several units were built
using IC’s from different manufac-
turers, a problem developed that
caused the digital readout to occa-
sionally jump to a reading of “000”
during normal opertion. That tim-
ing problem can be corrected by
soldering a .001-uF capacitor
across pins 8 and 10 of IC7 on the
tachometer; across pins 11 and 13
of IC5 on the ter.

Id Th’

The cause of the problem is that
the MC14553 needs a minimum
amount of time between the latch
and reset pulses. If the CD4001
NOR gate used to build the projects
is too fast—has too little propaga-
tion delay—the reset pulse will ar-
rive before the internal latches
have stabilized and locked in the
current reading.

Because of the exceptional re-
sponse to the digital tachometer
and digital speedometer, and a sig-
nificant number of requests for
kits, Dakota Digital (R.R. 5, Box
179-E, Sioux Falls, SD 57107) has ex-
panded its product line as follows:

For the digital tachometer: Dis-
play board (#430103), $6.95; main
board (#430104), $12.95; parts kit
(#2002-KIT), $75.00; Assembled
and tested (#3002-UNIT), $99.95.

For the digital speedometer:
display board (#430105), $6.95;
main board (#430106), $12.95;
pick-up coil (#2701278), $11.95;
magnet set (4) (#2701279), $4.95;
parts kit (#2004-KIT), $75.00; as-
sembled and tested unit (#3004-
UNIT), $99.95.

Add 5% shipping and handling
to all orders. South Dakota resi-
dents must add 5% sales tax.

ROSS ORTMAN R-E
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Broadcast-band RF amplifier

AG. 1

UNLESS YOU OWN A TOP-OF-THE-LINE
receiver or car radio, your AM re-
ception may not be as good as it
should be. The reason is that few
low- to mid-price receivers and ra-
dios include RF amplifiers. By
adding one yourself, however, you
can improve reception at minimal
cost. The RF amp shown here uses
readily available parts, has wide
bandwidth, and is very stable. In
addition, by varying the values of
several resistors, you can match
the amplifier’s input impedance to
your antenna, and its output im-
pedance to your radio.

How it works

The complete schematic is
shown in Fig. 1. The circuit has a
frequency response ranging from
100 Hz to 3 MHz; gain is about 30
dB.

Field-effect transistor Q1 is con-
figured in the common-source

self-biased mode; optional re-
sistor R1 allows you to set the input
impedance to any desired value.
Commonly, it will be 50 ohms.

The signal is then direct-cou-
pled to Q2, acommon-base circuit
that isolates the input and output
stages and provides the amplifier’s
exceptional stability.

Last, Q3 functions as an emitter-
follower, to provide low outputim-
pedance (about 50 ohms). If you
need higher output impedance,
include resistor R8. It will affect
impedance according to this for-
mula: R8 = R,y —50. Otherwise,
connect output capacitor C4 di-
rectly to the emitter of Q3.

Construction

The circuit can be wired upon a
piece of perfboard; a PC board is
not necessary, although one can
be used. However you build the
circuit, keep lead lengths short

and direct, and separate the input
and output stages. You may have
space to install the amplifier in
your receiver. Otherwise, install-
ing it in a metal case will reduce
stray-signal pickup. You'll have to
provide appropriate connectors
on the case. Connect the amplifier
to the antenna and radio using
short lengths of coax.

The circuit has only one adjust-
ment. Connect a source of 12-volt
DC power to the circuit, and adjust
R3 so that there is a 1.6-volt drop
across R2.

If you're not sure of the imped-
ance of your antenna, connect a
500-ohm potentiometer for R1,
and adjust it for best reception.
Then substitute a fixed-value re-
sistor for the potentiometer.

You may want to follow the same
procedure with the output circuit
(R8), if you're not sure of your re-
ceiver’s input impedance. Com-
mon impedances are 50, 75, and
300 ohms, so the same 500-ohm
potentiometer can be used.

You can connect an external an-
tenna through the amplifier to a
receiver that has only a ferrite rod
antenna. Connect the amplifier's
output to a coil composed of 10-~15
turns of #30 hookup wire wound
around the existing ferrite core,
near the existing winding. To ob-
tain best reception, experiment
with the number of turns and their
placement. You may need to re-
verse the connections to the coil if
output is weak.—D. J. Housley

Audible logic tester

A LOGIC TESTER WITH AN AUDIBLE IN-
dicator can be handy when trou-
bleshooting or testing a crowded
circuit board. It allows you to keep
your eyes on the circuit, rather
than on an LED on the tester. The
project described in this article is
just such a tester. It provides an
audible indication of the logic
level of the signal presented to its
input. Alogic high is indicated by a
high tone, a logic low is indicated
by a low tone, and oscillation is
indicated by an alternating tone.
The input is high impedance, so it
will not load down the circuit un-
der test. It can be used to trou-
bleshoot TTL or CMOS logic.

FIG. 1



Outdoor light
controller

MOST AUTOMATIC YARD LIGHTS ARE
controlled using just a simple pho-
tocell. However, since the ambient
light levels at dawn and dusk
change rather slowly, that ap-
proach usually results in some
flickering just before the light fully
locks on or off, which can signifi-
cantly shorten bulb life. That can
be avoided by using the controller
shown in Fig. 1. That circuit snaps
the light on or off, depending on
whether ambient light levels are
rising or falling.

How it works

The key to the circuit’s operation
is an optocoupler made up of a
neon bulb (NE2 type) and a CdS
photocell whose resistance varies
inversely with light from 10K to
100K; those components are en-
closed in a light-tight housing. A
Diac/Triac combination is used to
provide the snap-switch effect. A
second CdS photocell acts as the
main sensor.

As evening approaches the re-
sistance of R6 begins to increase.
When it reaches a threshold level,
which is set by adjusting R1, the
Diac triggers the Triac and causes
the neon bulb to light. Even a mo-
mentary flicker of the bulb is suffi-
cient to reduce the resistance of
R5, causing the Diac to trigger the
Triac, which lights the neon bulb,
and so on.

po=-
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FIG.1

As morning approaches, the
process is reversed. The resistance
of R6 begins to decrease until it
drops below the threshold level.
That causes the Diac to cease trig-
gering the Triac, which ex-
tinguishes the bulb, which causes
the resistance of R5 to increase,
and so on.

Most of the components can be
mounted on a piece of perforated
construction board and placed
within a small experimenters box.
Parts placement is not at all critical.
All resistors, except the potenti-
ometer and the photocelis are %-
watt units. Once the threshold
level for the circuit has been estab-
lished, the potentiometer can be
replaced by a fixed resistor of the
appropriate value. Before mount-

ing R5 and NE1, place them in a
light-tight enclosure. For my unit,
the two were simply wrapped to-
gether using some black electrical
tape.

Mount R6 so that it can be illumi-
nated by the ambient light.
However, take care to shield it
from any artificial lighting. In my
installation, the unit was mounted
inside the lamp post, with the sen-
sor looking out through a conve-
niently placed plastic lens.

To set up the unit, simply adjust
the setting of R1 at dusk until the
Triac is triggered. Remember that
you are working with line voltages
in this circuit, so take the appro-
priate precautions to protect your-
self and others from potentially
dangerous shocks.—E.J. Holtke

The circuit

A schematic of the circuit is
shown in Fig. 1. The input section
determines whether the logic
level is high or low, and enables
the appropriate tone generator; it
consists of two sections of an
LM339 quad comparator. One of
the rs (1C1-a) goes high
when the input voltage exceeds
67% of the supply voltage. The
other comparator goes high when
the input drops below 33% of the
supply. Resistors R1 and R2 ensure
that neither comparator goes high
when the input is floating or be-
tween the threshold levels.

The tone generators consist of
two gated astable multivibrators.
The generator built around 1C2-a
and IC2-b produces the high tone.

The one built around 1C2-c and
IC2-d produces the low tone.

Two diodes, D1 and D2, isolate
the tone-generator outputs. Tran-
sistor Q1 is used to drive a low-
impedance speaker.

The tester can be built on a smali
piece of perforated construction
board; a PC board could also be
used, if desired. Layout is not crit-
ical. The completed board shouid
be mounted in a case. The size of
its case will most likely be deter-
mined by speaker’s size.

Two notes on the IC's: The 4011 is
a CMOS device. As with all other
CMOS devices, extra care should
be exercised in handling to avoid
subjecting the IC to damaging stat-
ic electricity. Also, ground all un-
used inputs on the LM339.

The tester is designed to draw its
power from the circuit under test.
Therefore, the power and ground
leads should be terminated by
small alligator clips. Connect a
spare multimeter probe to the
tester’s input and you are all set.

Connect the power-supply lead
to the positive supply rail of the
circuit under test. Connect the
ground lead to the circuit-under-
test’s ground rail. At this point, the
tester should be silent. Now,
touch the probe tip to the circuit's
positive supply rail. The tester
should produce a high-pitched
tone. Next, touch the probe to the
ground rail. The tester should pro-
duce a low-pitched tone. If all is
well, your tester is ready for use.
—Philip L. Kane
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Headlight alarm

1IT's 5:00 pP.m., AND YOU'VE JuST
finished a long day at the office.
You climb into your car, turn the
ignition switch on, and nothing
happens. That’s when you sud-
denly realize the problem: You left
your headlights on this morning.
Unfortunately, the realization has
come about eight hours too late
and now your battery is dead.

The preceding incident has
probably happened to you at least
once; in my case it has happened
more often than | care to re-
member. Or at least it used to.
Now, | have installed the simple
circuit shown in Fig. 1in my car. Of
course, the circuit is a headlight
alarm. It has saved me from embar-
rassment and aggravation on sev-
eral occasions.

The circuit

While many cars are equipped
with a headlight alarm, many
more, unfortunately are not. For
those cars, the circuit in Fig. 1 of-
fers a low-cost way to add that val-
uable feature. Let’s see how it
works.

The base of Q1 is connected to
the car’s ignition circuit; the easi-
est point to make that connection

FIG.1

is at the ignition switch fuse in the
car’s fuse panel. Also, one side of
the piezoelectric buzzer is con-
nected to to the instrument-panel
light fuse; remember that when
the headlights or parking lights are
on, the instrument panel is lit too.
When the headlights are off, no
current reaches the buzzer and
therefore nothing happens. What
happens when the headlights are
on depends on the state of the ig-
nition switch. When the ignition
switchis on, transistors Q1and Q2
are biased on, effectively remov-
ing the buzzer and the LED from
the circuit.

When the ignition switch is
turned off but the headlight switch
remains on, transistor Q1 is turned
off, but transistor Q2 continues to
be biased on. The result is that the
voltage across the piezoelectric
buzzer and the LED is sufficient to
cause the buzzer to sound loudly
and the LED to light. Turning off
the headlight switch will end the
commotion quickly.

Construction

The circuit can be wired to-
gether on a piece of perforated
construction board. The buzzer |
used was a Radio-Shack 273-065
PC-board mounting type, but al-
most any similar buzzer will do.
Circuit parameters are not critical,
so feel free to make appropriate
substitutions from your junk box
to further reduce the cost.

When you are finished, house
the circuit in a small, plastic ex-
perimenter’s box and locate the
unit on or under the dash of your
car. You could also locate most of
the unit behind the dash were it
will be out of the way and mount
only the LED where it can be seen
easily. One good place would be
next to the headlight switch on
your dash; that will provide more
of a custom look.—Charlie Lowell

Use an FM radio as a transmitter

SEVERAL YEARS AGO | NOTICED THAT AN
FM radio generates an inter-
ference signal that can be picked
up on another FM radio turned
10.7 MHz above the first one. Out
of curiosity, | tried injecting an au-
dio signal into the RF-oscillator
section, and found that | now had
a small transmitter.

Now that | have a VCR, | use the
same technique to broadcast the
TV’s sound on the FM band using a
portable FM radio. The circuit |
use is shown in Fig. 1. The 50K po-

’ r allows you to adjust
the level to maximum
without distortion. The RC net-
work improves the fidelity of the
transmitted signal and provides
DC isolation. The component val-
ues shown are provided as a start-
ing point. They are the ones | used
for my setup but may vary some-
what for different radios. Note that
if you can’t get the signal at 10.7
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FIG. 1

MHz above the frequency setting
of the first radio, try tuning at 10.7
MHz below. Also, note that both
tuned frequencies must be un-
used, otherwise you will hear your
audio on top of the audio that is
already there. You might have to
play with both frequencies until
vou find two blank spots that are
10.7 MHz apart.

When building the circuit, you

can mount the components on a
piece of perforated construction
board or on a terminal strip; you
can mount the board or terminal
strip inside the radio if there is suf-
ficient space. The 4.7-uF capacitor
can be a tantalum, electrolytic, or
non-polarized unit if you can find
one, and the 0.01-uF capacitor is a
ceramic disc. Use an RCA plug for
PL1so that you can plug itinto your
VCR’s audio output jack or any
other audio source you wish.

The circuit allows using a per-
sonal stereo as wireless head-
phones. To use it, | just tune my
personal stereo to a blank spot in
the upper half of the FM band and
tune the FM radio until
the sou comes through on the
headphones. Just think; you can
put a tape in the VCR, putthe TVin
the window, go out to the car and
tune in the sound.

drive-in!'—John E. Boser. R-E
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Fingertip Olympics

THIS MONTH'S CIRCUIT IS A GREAT LIT-
tle game that’s ideal for developing
hand coordination, or for putting
couch potatoes in the mood for
the upcoming Olympic games.
The heart of the circuit, which is
shown in Fig. 1, is an LM2907 (Na-
tional) frequency-to-voltage con-
verter. That low-cost IC, which is
available from several of the com-
panies that advertise in the back
pages of Radio-Electronics, pro-

zZc/
LmaBo7

vides a voltage output that's di-
rectly proportional to the frequen-
cy at its input. That frequency is
“set” by alternately closing S1 and
$2, two normally-open, momen-
tary-contact pushbuttons. The
faster they’re closed in sequence,
the higher the frequency.

The “skill level” of the game is
set by R1. The smaller the value of
that resistor, the faster you'll have
to hit the switches to get a mea-
surable output. As a rule of thumb,
start with a value of about 510K; if

you find that’s too easy, or as you
get better, substitute lower-valued
units. You can also use multiple
resistors and a rotary switch to set
up multiple skill levels.

Setup and use

Any construction technique can
be used to build the unit, But
point-to-point wiring on a piece of
perforated construction board is
probably the simplest. For best
play, the switches should be
mounted about six inches or so
apart, so be sure that you use a big
enough piece of board.

To test, set R2 fully coun-
terclockwise (minimum resis-
tance) and tap the switches to
make sure that there’s an output,
as indicated by M1. if there is, you
are ready to go.

To play the game, set R2 at about
mid-range, then place the unit in
your lap or on a table top and be-
gin tapping. Use two hands and go
as fast as you can. The faster you
tap the switches in sequence, the
higher the output current. When
you are tapping away at about your
personal limit, readjust R2 so that
M1 reads about % scale (a friend is
very helpful for that). Then start
tapping away to see if you can get
the meter to go even higher. The
game can get very addicting!—
Phil Blake. R-E

Simple sine-wave generator

FOR PEOPLE WHOSE NEEDS DON'T WAR-
rant buying an expensive feature-
filled sine-wave generator, a sim-
ple, low-cost one might often be
useful. The circuit shown here is
just that. It features amplitude and
frequency controls, is made from
low-cost components that are easy
to obtain, and is powered from a 9-
volt battery.

At the heart of the sine-wave
generator circuit shown in Fig. 1is
an MF-10 iC made by National
Semiconductor. It is part of a new
§eneration of switched-capacitor
ilters that use an ingenious tech-
nique of switching internal capaci-
tors to determine the cutoff

frequency. The output frequency
of the MF-10 follows the frequency
of an external clock. A square-
wave input signal is fed into the
device, and only the frequency of
the clock signal is allowed to pass
through. All other components of
the input signal are filtered out.
Because both the clock signal and
the input signal must be square
waves, a dual-output square-wave
oscillator is used to simulta-
neously drive the clock and signal
inputs. Therefore, the clock signal
and the input signal are corre-
spondingly shifted so that the
MF-10 always filters out all but the
fundamental frequency of the in-
put signal. The result is a nice
clean sine wave at the output.

A 555 timer operating inthe  ta-
ble mode generates th ng
pulses and two 4518 d CcDh
(Binary Coded Decimal) ers
provide the square waves. A TLO81
op-amp serves as an output buffer-
amplifier, and potentiometers R1
and R2 are used in order to control
the pulse’s frequency and ampli-
tude respectively.

The output-frequency range can
be varied by changing C,. For ex-
ample, a value of 0.1 uF gives a
range from about 0.1-30 Hz, and a
value of 470 pF gives a range from
about 10 Hz to 1.5 kHz. The max-
imum output frequency is 30 kHz.

The circuit can be built on a
piece of perforated construction
board using point-to-point wiring



Simple multi-tone
generator

SOMETIMES YOU NEED) A WAVEFORM
having a particular shape, fre-
quency, or amplitude that’s not
provided by your signal generator;
or maybe you just don’t own asig-
nal generator. If you don’t mind
spending a bit of time experiment-
ing with parts values, the multi-
tone generator circuit described
here might give you just the wave-
form that’s needed.

The circuit shown in Fig. 1 can
actually be built from parts you
probably have lying around on the
workbench. A bi-polar power sup-
ply is required; two 9-volt batteries
wired in series, with their junction
used as the “ground” will do.

How it works

Op-amp IC1 is used as a sen-
sitive voltage comparator, whose
trip level—the value at which the
output changes state—is deter-
mined by potentiometer R2. The
resistance of R1 in series with the
resistance of phototransistor Q1
provides the feedback divider for
IC1's inverting input. Since Q1's
“dark” resistance—the resistance
when there is no light—is very
high. Very little voltage appears
across R1; therefore, ICl1’s output
will normally be high.

When power is first turned on,
IC1 goes high, causing the LED to
glow. However, the instant it glows
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FIG. 1

it shines on Q1, causing a decrease
in Q1's collector-emitter resis-
tance, which causes a large voltage
drop across R1. The comparator
immediately switches to a low out-
put, thereby turning the LED off,
which restores Q1’s dark resis-
tance. The increase in Q1's resis-
tance causes the cycle to repeat,
thereby producing an oscillating
output voltage.

Logically, the circuit should
“lock up” because the LED and
phototransistor would be compet-
ing with each other for control of
the circuit, and IC1 would get
stuck at some equilibrium state.
Capacitor C2 prevents that from
happening by keeping the LED lit
slightly longer that the normal
turn-off time. (C1 also helps avoid
lock up, butits use isn’t critical and
it can often be eliminated.)

The output frequency can be
changed by varying the values of
C1-C3, but keep in mind that mak-
ing their values too small will de-

feat their primary purpose, which
is avoiding circuit lock-up.

The frequency, amplitude, and
the shape of the waveform are de-
termined by R2. Three of the typ-
ical waveforms that can be
obtained by adjusting R2 are also
shown in Fig. 1.

LED1 can be any red light-emit-
ting diode. Q1 can be any pho-
totransistor—try whatever you
have lying around or can get
cheaply. The only critical part of
the assembly is the positioning of
LED1 and Q1. They must be facing
and close, and shielded from am-
bient light—perhaps by placing
them inside a small cardboard or
opaque plastic tube. Alternately,
you could try substituting an opto-
isolator for LED1 and Q1. However,
bear in mind that the spacing be-
tween LED1 and Q1 provides some
control over the output waveform;
an opto-isolator would eliminate
that degree of control.—Mohd
Amijad Khan. R-E

Ic/s
555

techniques. Further, it is inexpen-
sive to build, and therefore prac-
tical for use in dedicated applica-
tions where the sine-wave gener-

Ic2 7c3
#5/8 45/8
FIG. 1

ator is permanently incorporated
into another circuit or device.

For more information on the
MEF-10 switched capacitor filter IC,

IC %

Ya MPI0 1cs

.08

write to National Semiconductor
Corporation, 2900 Semiconductor
Drive, Santa Clara, California
95051.—Dale Nassar. R-E
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XMAS TREE

continued from puge 28

Construction

The PC board can be made pho-
tographically using the foil pattemn shown
in PC Service. or the pattern can be used
as a guide for applying liquid and tape
resist by hand. Although the foil pattern
itself is only S-inches high, the PC board
material must be 6% inches high because
the tree’s | Ys-inch trunk is part of the PC
board. Since etching large copper areas
not only takes excessive time but also
shortens the life of the etchant, we suggest
you trim away the unwanted PC board
material before you etch the board. Or, if
you prefer to cut the tree to size after the
pattern is etched. protect the foil of the
large unused trunk area with resist and
simply let the copper remain. As long as
the trunk’s foil doesn’t come in contact
with any of the circuit traces it makes no
difference whether it's there or not.

If you want to decorate the front of the
tree, do it before the holes for the compo-
nents are drilled. For example. the author
sprayed the component side with a bright
automotive metallic-green paint. To pre-
vent a defined line. a cardboard mask was
held about ¥:-inch above the board. Then,

the edge of the PC board was “dusted™
with a fine mist of white paint to simulate
snow. After allowing for adequate drying.
again using a cardboard mask, the trunk
portion of the board was painted with a
metallic-brown paint.

Allow the decorative paint to dry over-
night before drilling the component
mounting holes, Then install and solder
the cight jumpers, the resistors. the IC’s,
and the capacitors. Then insert all the
LED’s, observing the polarities shown in
Fig. 2. Position the LED's so that they arc
raised approximately % inch off the
board. To do that, turn the board over and
lay it down on a flat surface. being careful
not to allow any LED's to fall out; that can
be done easily by holding a piece of stiff
cardboard against the LED's while tum-
ing the board over. Keeping the board
parallel to your work surface. solder one
lead of each LED. Tumn the board over and
carefully look across the surface to see
whether the LED's are straight and at the
same height. If not, correct as needed.
When you're satisfied with their align-
ment, solder the other lead of each LED.

Adding the base

Prepare the surfaces of the battery hold-
ers and the PC board for gluing by sanding
the back of each holder and a Y4-inch strip
on both sides of the circuit board at the

bottom of the trunk. Mix a small amount
of a 5-minute cpoxy and apply some to the
Y-inch strip en both sides of the circuit
board. With the battery polarities opposite
cach other, sandwich the PC board be-
tween the holders. Hold the assembly
firmly on a flat surface that’s covered with
a piece of wax paper. You will have a few
minutes working time before the epoxy
sets 1o ensure proper alignment. Make
certain that the holders are even and that
the circuit board is centered and upright
between the holders. In about S minutes
the glue will have set up sufficiently. and
the tree can be lifted from the wax paper.
Use acetone or flux remover to clean ex-
cess glue from the bottom of the battery
holders. As with most other cleaners, be
careful not to touch the painted surface.

After allowing at least one hour for the
epoxy to cure, solder a jumper wire at one
end of the battery holders. across the ad-
jacenet positive and negative terminal
fugs. From the battery source ends. solder
the positive and negative leads directly to
the foil traces—as shown in Fig. 2. The
LED's will start to flash as soon as the
batteries are installed. Any LED that fails
is most likely defective, or installed with
reversed polarity.

You can add a final “dress up™ by glui-
ing a colorful felt material over foil traces
on the back of the board. R-E

GRAVITY

continued from page 129

Galactic events

A few of the more prominent
events will be briefly described 0 the ex-
perimenter in recognizing their signatures.

Nova: A Nova is believed to be a star that
ejects its outer layers in a violent explosion.
As shown in Fig. 11, the large trunsit move-
ment of mass creates two prominent features
(or signatures) for that explosive cvent: the
*blast™ itsclf is then followed by the “tail-
ing™ of the blasted material as the gravity
detector moves away due to the rotation of
the earth. A Nova gencrally does not leave a
lasting gravitational trace because the
amount and density of the expelled material
is not that great: although new Nova explo-
sions arc commonly observed.

Supernova: A Supemnova is believed to be
a star that exceeds a vertain critical muss and
then collapses to a small dense Neutron Star.
or a Black Hole structure and. in that pro-
cess, expels much of its gascous materiul.
The entire collapsing process, which occurs
only in a few hundred milliseconds, is obser-
vable with the author’s gravity detector. As
shown in Fig. 12. a plot of a Supernova has
certain prominent features. First. there is the
actual collapse of the core of the star that
generally appears as a sharp dip. The expul-
sion of the gascous mass layer is now much

more pronounced. which again gives rise to
the tailing effect like the one of an ordinary
Nova. Supernova. however, also shows a
mass build-up due to shock-wave action,
and that might appear as a bump in the
tailing response.

Black Hole: A Black Hole-type structure
is generally developed by a very massive
Supernova cvent, and is usually developed
24 1o 48 hours after the event. An ancient
Black Hole. as shown in Fig. 13, appcan as
a rather deep gravity shadow of very narrow
width (time of response) since it is rather
small in size—being only a few miles in
diameter.

Galaxy Center: The Milky-Way center
collectively generates a massive and pre-
dictable gravity response. as shown in
Fig. 14.

Solar system events

Those who possess a strip chart recorder
may wish to observe the planets that make
up our solar system. The outer planets while
massive are of low density and thus difficult
to obscrve unless their exact time of transit
on the observer’s meridian is know: and even
then the results are often difficult to plot.
The inner planets. while denser. must be
observed in a background relatively free of
other cosmic events. It is unfortunate. but
the gravitational background of cosmic
cvents tend to mask solar system gravity
sources.

Probably the casiest local astronomical

body 10 observe will be our sun. It is located
on the observer's meridian at noon and at
midnight, Using a low system gain, a typical
scan of the Sun is shown in Fig. 15. The twin
peaks of the scan seen in the center of the
scan arc belicved to represent the nuclear
core. The body of the sun is gaseous (low
density), and, thus. gravitationally trans-
parent. The sun’s mass shows little differen-
tial from the averaged background level.
except for the core, which shows an increase
in density that measures about 50 mV above
the averaged background level of about 1.5
volts.

The Moon is nof an interesting object for
gravitational observation because it's diffi-
cult to detect against a background of gravity
events that tend to mask the moon’s transit.

To catch the planet Venus you must know
the right ascension location for the day you
want to scan. A scan for Venus is shown in
Fig. 16. ltappearstoindi  that Venus has
a dense core,

ol

I'm fixing vour father's repar job on this radio.


















