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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits
mory refresh cycles. Each board A allow you to match the interface to al-
holds 4,096 words of this . M‘ most any possible combination of
proven reliable and trouble — ; polarity and control signal ar-
free memory. Cost— rangements. Baud rate selec-
only $125.00 for k&s tion can be made on each
each full 4K [} 1 individual interface. All

memory. ~J.. this at a sensible cost

of only $35.00 for
either serial, or
parallel type

PROCESSOR—

""Motorola” M6800 processor
with l\/likbug® ROM operating

system. Automatic reset and load-
ing, plus full compatability with
Motorola evaluation set software. Crystal

controlled oscillator provides the clock signal
for the processor and is divided down by the

. POWER
N SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a
fully expanded system of memory

MC14411 to provide the various Baud rate outputs - and interface boards. Note 25 Amp
for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures ““glitch”’ free operation with grade filter capacitor.

full expansion of memory and interfaces.

Mfkbug® is a registered trademark of

DOCUMENTAT'ON— Motorola Inc.

Probably the most extensive and complete set of data available for any

microprocessor system is supplied with our 6800 computer. This includes rﬂé @@@
the Motorola programming manual, our own very complete assembly in- Computer System
structions, plus a notebook full of information that we have compiled on

the system hardware and programming. This includes diagnostic programs,
sample programs and even a Tic Tac Toe listing. of memory. . ... ... ... .. $395.00

with serial interface and 4,096 words

[J Enclosed is $395 for my SwTPC Computer Kit [7] Send Data

(J or BAC #

[J ormc Ex Date

NAME

ADDRESS

CiTY STATE ZIP

Southwest Technical Products Corp., Box 32040, San Antonio, Texas 78284

CIRCLE 1 ON READER SERVICE CARD
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by Anthony R. Curtis
Editor, Modern Electronics

Test setup. Work bench. Home laboratory. Whatever you call it, any
electronics experimenter worth his salt has one in some form or another.
Maybe it’s a $7 pocket meter in your desk drawer. A fishing tackle box of
pliers, screwdrivers and a soldering iron in your closet. Or a first-class
Formica-covered bench built into your basement with racks of meters,
scopes, digital testers and assorted gear.

Whatever you have, I'll bet you need more. It usually seems to turn out
that, whatever you're repairing, you could use just one other piece of
equipment to do the job right. To help you know test gear better, we’ve
dedicated a major portion of Modern Electronics this month to the complete
story of home workbench equipment for electronics: what is available, what
it does, how you use it.

Our giant roundup, page 22, covers everything of interest to beginners in
electronics. One manufacturer, Heath Company, offers a complete outfit of
low-priced instruments in kit form. We check them out on page 38.
Oscilloscopes are explained on page 54.

Want to build your own test gear? Try the easy capacitor meter project,
page 78.

One kind of component which can provide hours of experimenting fun is
an integrated-circuit timer. What they are, how they work, how you can use
them is on page 88.

Specialized test equipment for radio work is explained in detail, starting
on page 40.

Here are some other goodies we’ve included this month:
B How to understand computer languages, page 58.

B How to install stereo in your car, boat, van, page 61.
B World’s smallest ham radio, page 86.

B How we know what time it is, page 64.

B How to improve your stereo listening room, page 76.
B How radio receiver AGC works, page 80.

B CB accessories you need, page 10.

Coming for September: 10 projects under $10; how to build a recording
studio in your home; how to computerize the ignition of your car; making a
computer keyboard from the Radio Shack ASCII set; plus lots of other
exciting reading. Stay tuned!
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Whenl ie‘lll‘r.ou that you can
i

learnTVand a

o servicing at home,

u don’t have to believe me.
lieve 60,000 professionals!

Almost half of America’s
professional TV technicians
have had home training.
And among them, NRI is first
choice by more than 3 to 1!
I'm proud of a record like that.
Because it means we're doing the
job. . . helping thousands of ambitious
people start rewarding new careers in a
field that constantly needs new talent.
And we're doing it in a way that works,
with NRI's practical, power-on training!

Learn by Doing with Exclusive

25” Diagonal Color TV

Only NRI training gives you the
solid bench experience of constructing a
100% solid-state color TV from the ground
up. In our Master Course, your theory
lessons are reinforced with over 25
power-on experiments you perform as

you build your own TV. And you get even

more experience as you build and test
circuits in our Discovery Lah™ and assem-
ble your own professional working tools,
including a 5" triggered sweep oscilloscope,
TV pattern generator, transistorized volt-
ohm meter, and more. It all adds up to
extra experience and confidence.

S oy T

In addition to NRI's exclusive TV,
you also get a designed-for-learning
4-channel audio center, complete with
enclosed speakers. Only NRI includes this
modern equipment as part of its course.
Other schools charge extra or even sell
audio training as a separate course.

Learn at Home,
At Your Own Pace

In the past 63 years, NRI has taught
over a million students in their own
homes. Specially designed bite-size lessons
concentrate on a single subject at a time to
cover it completely and clearly. Our own
engineer/instructors back you up with per-
sonal counseling and help when and if
vou need it. You decide how fast you want
10 progress, learn in your spare time with-
out quitting your present job or going to
night school.

The NRI way is the practical way,
the professional way because it works.
That's why two documented national sur-
veys * have shown NRI training to be the

wwaaL americanradiohistorv.com.

*Summary of survey results on request.

overwhelming choice of the pros. And
that's why NRI should be your choice, too.

Send for Free Catalog,

No Salesman Will Call

If you're interested in this kind of a
future for you and your family, send the
postage-paid card for a free catalog
describing each course and showing the
equipment you get. See the opportunities
available in TV and audio servicing, CB
servicing, aircraft or marine electronics,
communications, and other fields. See for
yourself why you can believe the pros
when they pick NRI 3 to 1! If card has been
removed, write to:

John E Thompson, NRI President
N Rl NRI Schools
- McGraw-Hill Center for
Continuing Education

I Tﬂ
AJO 3939 Wisconsin Avertue
Hill

Washington, D.C. 20016

®rademark McGraw-Hill
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HAM, CB, SHORTWAVE LISTENING, MARINE RADIO, SCANNERS, MONITORS

The world’s smallest ham radio
gets the New York City torture track test

and comes up smelling like

Radio advertisements say New York
City is the toughest proving ground for
new cars. Potholes pound suspensions
to death. Dodging mad drivers tests a
car’s handling. Picking your way through
the city maze hones your navigating
skills.

Similarly, it seems to me, New York
City is an rf jungle where you can put any
two-way radio through a torture test
unlike anything available elsewhere in
the real world.

Take a CB set, for instance. Where else
could you find wall-to-wall sounds 50
miles deep on each of the 40 channels,
plus untold thousands of other signals
below, above and stuck in between the
legitimate channels? Try any channel
and you’ll know whether or not your
radio can coagulate bleed over. Or
whether it can survive being stepped on.

Ferry your marine radio onto Long
Island Sound this month. You'll soon
find out if it's receiver is sensitive
enough to hear weak signals struggling
through the smog.

It's the same with ham radio. Look at
the super-popular two-meter repeaters.
There are 100 in the metropolitan area
alone. It makes a great place to see just
how selective your receiver is. The ce-
ment canyons punt, pass and kick your
signal around so much it makes a great
place to see how sensitive your set is.
And jammers and other jerks on the air
make for a great test of how powerful
your transmitter is. All in all, New York
City is a great torture track for a two-
meter ham rig.

Talking simplex

A repeater, by the way, is a sensitive
receiver coupled to a high-power trans-
mitter atop a tall building or high hill.
There aren’t any high hills along the
coast so skyscrapers make do in New
York. In operation, repeaters hear weak
signals from mobile and portable ham
radios. They retransmit what they hear
over a very wide area. Such a system
makes possible mobiles and portables

6 MODERN ELECTRONICS
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BY JUDY CURTIS, WB3AIQ

talking with other mobile and portable
operators up to 50 miles away. And base
stations communicating over a 100 mile
range (see Ham Repeaters in February
1978 Modern Electronics and this Radio
column in March 1978).

Two meter ham radios are not limited
to talking through repeaters. They can
be used for direct radio-to-radio com-
munication without the benefit of
amplification by a repeater. Hams call
such direct contact simplex.

Considering both direct and repeater
frequencies, you can count 800 channels
in the two-meter band (144-148 MHz)
alone.

With 3000 repeaters on the air across
the country, there’s lots of interesting
two-way ham gear on the market. In-

please turn to page 87

\

\\\ i\\"“ﬂ\ W

Wilson Mark |l handheld portable for the two-meter amateur radio band has a selective,
sensitive receiver and a transmitter putting out 2.5 watts. The optional Touch Tone pad,
used for making autcpatch telephone calls, is installed on the front of the tiny,
battery-powered two-way radio.
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READERS WRITE FOR HELP WITH TECH PROBLEMS

Attention please
I'm doing research on attention spans for
my master’s thesis. The project involves
seating subjects in four isolation booths
positioned at 90-degree intervals around
a small stage. The subjects watch a per-
formance on the stage from their posi-
tion inside the booth, filling out a
critique. They are instructed to leave the
booth when they loose interest in the
performance, depositing the critiquein a
box provided for the purpose. I need to
know the exact time the subjects leave
their seats. Do you have a circuit I can
use to signal their standing? I am using
metal folding chairs so a simple pressure
switch will not work.

C.T., New Britain, CT

1 think you'll find this circuit to your liking.
Capacitance is the key to the circuit’s opera-
tion, so there are no moving parts involved.
Two small metal disks insulated from, but

P

)
D LD
: O1aF 100KR]

/ookﬂi;f’M.ﬂ, 0-9% ¢
man e
{_MI\N\,- lo + DELAYED
ovTPYT
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'I +ty 7 Pt
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mounted on the chair form a capacitor when a
subject is seated on the chair. A low power
square wave is coupled through the body
capacitor and converted into a dc level, which
holds an NPN transitor in its off state. When
the subjects rise, the signal path is broken,
and after a few seconds, determined by the 10
mfd capacitor and 470K resistor, the transis-
tor turns on, closing a relay. You can use the
relay contacts to activate a signal or disable a

binary counter. The delay prevents false
alarms from subjects shifting their positions
in the chairs. The plates should be about six
square inches in area. Do not use shielded
cable between the plates and your alarm
circuit. The 100K to 10M resistor connected
to the gate input sets the sensitivity of the
circuit. You can substiute a variable resistor if
you'd like.

Pins and needles
I’'m just getting started in electronics so
I'm not ready to printed circuit boards
quite yet. Perfboard works well for sim-
ple circuits, but I get into trouble with
more complicated circuitry. I usually end
up with a few wires that have td be
added. I'd like to push them through the
perforations, but they just bend and jam.
Any suggestions?

R.U., Buffalo, NY

Here's a trick I came across quite by accident.
You can use common pins or needles to make
probes that will easily slip through even the
smallest board perforation. As it happens,
most pins and needles take solder quite well.
So, you should have no problem soldering
yourwire lead onto the pin once you've gotten
it into place. You can also use pins and
needles to add connections to PC boards. The
nicest thing about them is that that they're
rediculously cheap. You can buy a hundred or
more pins in most variety stores for less than
a dollar.

Downcounter update
[ was about to congratulate you on the
forthright simplicity of your projects
when I came across the Downcounter in
the June issue. Where can I get 4543 ICs?
They’re not available from any source I
know. What about pin numbers for IC
connections? Where does the Vc supply
come from? And finally, are the LED
readouts common anode or common
cathode?

R.E.G., Garden City, NY

The Downcounter was the most complex
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BY JEFF SANDLER

circuit to appear in Modern Electronics,
and we did make a few goofs in the diagram.
First, the 4543 ICs are manufactured by
Motorla and Solid State Sicentific, so you
should be able to get them through a local
distributor. As far as pinouts go, here’s the
data on the three types of IC used in the

= F R
—v T Il PE Voo |46 Lo W /6
Y e\ 2\ cLis zle3  flis
23 7 o espr slez gln
3 tilz 4|77 TS|z 4|94 e |3
4 o s\ J2|77 Sl d |72
.T% 10 elor @i ln  é|rh eln
¢ E9 71co vieln 7la bl
')Krs 8 aé.,/i.9 8| ¥s ajg
4081 4029 4543

project. The Ve supply rail is taken from the
positive terminal of the 220 mfd capacitor at
the output of the bridge rectifier. The LED
readouts are common cathode. Sorry about
the confusion.

Timer is cheaper
My wife has become interested in Afri-
can Violets and wants to raise them to
sell to friends and neighbors. She needs
to keep the plants under fluorescent
plant-grow bulbs for between 12 and 14
hours a day. Is there a simple electronic
timer I can build to control a pair of
40-watt fluorescent bulbs?

R.S., Redford, MI

Although huge strides have been made in
electronics during the last few years, thereare
times when old fashion mechanical devices
work better. And this is one of those times.
While you can build a nifty timer using an
oscillator and divider, or even a clock chip, a
simple electric timer will do the job better, and
at less cost. A 24-hour timer to do the job you
want done can be purchased in almost any
hardware or department store for less than
$10. The Radio Shack 63-862 timer plugs
right into the wall socket and has a recepticle
into which you can plug the lamp fixture. It
costs about $7.
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- HOW YOU USE THEM, WHAT THEY CAN DO FOR YOU

BY PETE STARK

Looking around for a computer for your home?

Hard to choose from the rigs on the market?

Here’s the story on what one expert plays with at home.

Ah, more letters from readers. One
question which has come up several
times is, ““Do you have your own computer?
If so, what kind is it, why did you choose that
particular one, and what do you use it for?”
All right, here are some answers.

Yes, I do have my own computer.
Actually, I have two different ones. One
is in the category of a trainer, while the
other is a full-fledged system.

The trainer

The first system I purchased was a
single-board computer made by Intersil,
called the Intercept Jr. It is a complete,
though small system on a single printed
circuit board about a foot square. It is
made with extremely low-power CMOS
integrated circuits which take so little
power that the entire computer is pow-
ered by four D cells. I have had it over a
year, and am now on my second set of
batteries.

On the printed circuit board is the
central processor intergrated circuit (the
Intersil IM6100), 256-werds of memory,-a
twelve-key keyboard, eight seven-
segment light-emitting diode displays,
and a read-only-memory which contains
a monitor program which controls the
entire system. The keyboard and dis-
play, under the control of the monitor,
allow me to enter a program, start and
run it, and also observe the results.

This small system is very similar to a
number of other single-board systems in
the same price range ($200-300), which
include the Imsai 8048, the KIM-1, and
the Heathkit ET-3400 trainer. A number
of manufacturers make similar computer
trainers which are cheaper (such as the
Cosmac ELF) or more expensive (such as
the E&L Instruments’ MMD-1).

By comparison with the more
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advanced—and more expensive—home
computers such as the Altair, Imsai, or
SWTP systems, these single-board sys-
tems are quite limited. For instance, my
unit can add and subtract, but doing any
calculation whose answer is smaller than
1 or larger than 4095 is difficult. Pro-
gramming is in machine language, which
is the most tedious of all the Common
languages. So why did I choose it?

My main reason was one of necessity.
I teach electronics and computers. If you
are going to teach about micro-
computers, you must become extremely
familiar with them first. The only way to
become an expert on something is to use
it, so this trainer was an educational
investment. As it turns out, the simpler,
the less powerful a computer is, the
more you must learn about it to use it.
Hence, from an educational point of
view a simple trainer may be more useful
than a large system.

My specific reason for choosing the
Intersil system, over a KIM or other

. system, was the fact that it uses a lan-

guage I was already familiar with—that
of the popular PDP-8 computer. Though
this may not apply to others, it was an
important consideration for me.

Third, even though such a small com-
puter may be weak at high-powered
math, it still makes a very capable con-
troller. With the addition of about $2 of
parts, I added an output interface with
which I could generate two outputs and
control them with a computer program.
In my case I had to add a small plug-in
circuit board, but other single-board
computers are more adaptable to this
use. The Imsai 8048, for example, has
several built-in input and output circuits
for just such a purpose. The Heathkit
ET-3400 trainer has a breadboarding

www americanradiohistorv com

socket into which you can install fairly
complex control circuits for a variety of
tasks. I used these outputs for demon-
strating the computer in class (connected
to a small loudspeaker, the computer did
a fairly good imitation of a bugle call to
wake everybody up), and also for
generating test signals and teleprinter
data for various other experiments.

At this point, this trainer is lying un-
used. I have gotten about all of the
educational value out of it that I ex-
pected, and am temporarily devoting my
time to other tasks. Eventually, how-
ever, it will return to duty, this timeas an
intelligent controller connected between
my other computer system and an IBM
Selectric typewriter.

Full-fledged system

My other computer system is a
Southwest Technical Products Corp.
system based on the Motorola 6800 mic-
roprocessor. Connected to it is a variety of
equipment, all of it obtained used. This
includes a surplus keyboard, a HAL
video converter which generates a tv
signal which is fed to a 9-inch tv monitor,
an old and somewhat tempermental
Teletype printer, and a Dura model 1041
word processing system. The computer
itself has 16K of memory, and a cassette
interface made by Personal Computing
Corp.

My choice of the SWTPC computer
was a highly personal one which was
based more on intuition than any sound
analysis, but I think it has worked out
well for me. The Motorola 6800 microp-
rocessor which it uses is not one of the
fastest or most powerful. It is generally
agreed that the Z-80 from Zilog is faster
and more versatile. Hence, in terms of
pure computing power  knew thatI was
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accepting less than was available at the
time. Moreover, the 6800 is not as popu-
lar, and the bus structure of the SWTPC
system is also not as popular as the more
common S5-100 bus which is used by
Altair, Imsai, and many others. Hence |
knew that I would have a more limited
variety of add-on equipment and pro-
grams to choose from than if I went to
some other system.

On the other hand, there were some
good reasons for going the route of the
SWTPC/6800. First, the 6800 is simple.
As far as the structure and programming
is concerned, it is much more
straightforward than most of its com-
petitors. It used a more traditional ap-
proach which will make many people
familiar with older computers im-
mediately feel at home.

In my instance, I knew that I did not
want to limit myself to using other
peoples programs; some of my proposed
projects required that I write my own
programs in assembly language, and so
simplicity was a virtue even if it did
possibly mean the computer would be
slower or not as versatile.

Hand in hand with simplicity is cost.
Unlike the 8080 or Z-80 processors, the
6800 requires fewer additional inte-
grated circuits to make a complete sys-
tem. This implies lower cost for the en-
tire system. Most computers based on
the 6800 integrated circuit turn out to be
quite reasonably priced.

In the case of the SWTPC system, 1
would estimate that the price may be as
much as 50 percent cheaper than some
other similar systems; the only area
where this is not true is in the price of
add-on memory, which costs slightly
more for my system than it might for
others.

Another choice I had to make was
which bus to use. The bus structure of a
computer involves the interconnections
between various parts. A standard bus
allows the plugging in of a variety of
add-on modules without having to re-
wire the system. The most popular busis
the so-called 5-100 bus originally intro-
duced by Altair.

Dozens of companies make computers
and add-on components which use this
bus structure; having an S-100 based
computer allows you to add memory or
other products made by other com-
panies and introduces a tremendous
versatility of choice. This is an important
advantage of 5-100 systems.

But I decided to go in another direc-
tion; instead of buying an 5-100 system, 1
chose the SWTPC computer which uses
another bus structure; this is the $5-50
bus introduced by SWTPC and used by a
fairly small number of other companies.

Though this does reduce my expan-
sion possibilities, it does have an advan-
tage. The S-100 bus is so very popular
that dozens of companies make products
for it, but the problem is that many of

these introduce their own variations
both in hardware and software.

As a result, some of the supposedly
compatible modules are not really com-
patible without some minor changes.
More important, various companies
have different ideas of just how to or-
ganize memory addressing, and so a
program written for one system may
require drastic changes to run on
another, even though both may use the
same bus and even the same microp-
rocessor.

This is a much smaller problem in
55-50 bus systems, since SWTPC is the
major user of that bus, and also the
major user of the 6800 microprocessor.
Hence most other companies that make
products for the bus remain compatible
with each other and with SWTPC. The
programming compatibility was even
more important to me than hardware
compatibility.

I liked the idea that almost every 6800
program ever published in any of the
hobby magazines would run on my sys-
tem without major changes. The upshot
is that, although I might have a smaller
variety of hardware and software prod-
ucts to choose from, the ones available
would be easier to use without any kind
of modifications.

Related to the availability of software
is its price. I found that for some systems
software—that is, programs like a Basic
translator or assembler—was quite ex-
pensive. Though many hobbyists solve
that problem by sharing programs, [ was
not sure that [ wanted to do it that way; it
seemed better to choose a system for
which software was available and cheap.
Here again, SWTPC seemed a good buy,
since language translators and other
programs are available for $10-15.

How well does it work?

In one word—superbly. I have had
the system for the better part of a year,
and have had no problems. During this
time I have installed additional memory,
additional input-output equipment,
changed the main processor board to a
newer model, and made a few minor
changes. After each change, the system
worked just as expected. To a large ex-
tent I have been surprised by its reliabil-
ity. During the time I have had this
system, each of the large computers we
have in the college where I teach has
required some repairs; mine has not.

What is it used for?

Unlike the typical home computer sys-
tem, mine is not used for playing games.
I am attempting to use it only for more
serious purposes. It is presently being
used for four major tasks:

B Scientific and engineering computa-
tions. I have developed several small
programs for doing circuit design, but
this is hardly a major use. A programm-
able calculator could do most of this just
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as well. I am also using it for various
scientific calculations involved in revis-
ing a textbook on numerical methods.
B Financial computations. This is
primarily a set of programs which bal-
ances the checkbook and prepares in-
come tax returns from the checkbook
data. I did part of my 1977 tax returns on
the system, and expect to use it for all of
my 1978 taxes.

B Education. We have six similar sys-
tems at the school where I teach, and 1
find it very handy to have a system at
home which I can use to prepare exams,
lab experiments, and homework as-
signments. The system is also useful in
preparing material for this column and
other articles.

B Most important, I am expanding the
system into a text editing system. As
mentioned earlier, I have a Dura text
processing system connected to the
computer. The Dura system is about 15
years old, and is an IBM Selectric type-
writer which is connected to a paper tape
punch and reader, as well as some other
control circuitry. It was originally used
for writing form letters and for light
secretarial work. My system was purch-
ased used from the government, which
had used it for some kind of bookkeep-
ing applicationin a hospital. As orginally
designed, a typist would type a letter on
the typewriter, which would then be
punched into paper tape. This tape
could then be read back and edited to
remove mistakes; when all corrections
were made, the tape would then be read
back and a final copy typed on the same
typewriter. Because of the large amounts
of paper tape used, and the general
awkwardness of the system, this was
obviously only useful for short doc-
uments such as letters.

I intend to use the system to write
articles and books. This means I have to
bypass the paper tape in favor of compu-
ter memory storage and cassettes. I pre-
sently have the Dura typewriter con-
nected to the SWTPC computer, and can
enter data into the computer from the
typewriter keyboard, or print on the
typewriter under program control, but
more than this is needed.

The major job at this point is to write a
good set of programs which will allow
writing an article or book chapter using
the separate computer keyboard, editing
it on the tv screen and then storing the
edited text on cassette as well as produc-
ing a neat, typed copy. At some later
point, I want to be able to read the
cassette back in, do more editing, and
produce a new typed copy.

At this point, the system is not yet
complete. This column is being typed on
a standard portable typewriter under
human, not computer control. But
perhaps in a few months you will be
reading a column edited by the compu-
ter. When I get that far, I will mention it
again and perhapsinclude photos.
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CAR, BOAT, PLANE, RV: ELECTRONICS IN THE GREAT OUTDOORS

4

Buying a CB radio is only the beginning.
Here’s a host of accessories
to make operating easier and more rewarding.

Once you lay your hands on a good
two-way rig and an antenna, you're
ready for the airwaves, right? Perhaps.
More often than not, however, CBers
find that a doodad here and gadget there
will add even more zip to their system
and more life to their conversations.

Citizens band manufacturers capital-
ized on this need some time agoand, as a
result, we find an ever-increasing as-
sortment of CB accessories finding their
way to the marketplace and into the
hands of ardent CBers.

Some of the more popular accessories
such as antennas and power micro-

phones can be found in numbers that
would boggle the mind, as CB fans
search out those components that will
help ‘em punch out a stronger signal.
Like to modulate but hate the hassle of
grabbing a mic? No problem; just shell
out the bucks for a headset and you're
home free. You can even choose differ-
ent models that offer a power mic, light-
weight headset, remote switch, or VAC
(voice-actuated switch that operates at
the sound of your voice)—it’s all up to
your individual preference.

Those who would like a better shot at
listening in on distant stations may opt

Kamel hump-mount auxiliary speaker from AFS Kriket fits over the transmission tunnel in
most automobiles and offers surface for mounting a transceiver, t0o.

Circle number 101 on our reader service card.

10 MODERN ELECTRONICS
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BY RON COGAN

South Shore Trading Corporation offers a
102" whip that folds to a compact 15%" in
seconds. The SST Whie-A-Way antenna
consists of a series of hollow, interlocking
steel sections that are “strung’ on a spring-
loaded cable.

Circle number 102 on our reader service card.
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Automatic Radio’s model PAS-2103 PA
horn is a valuable component for those
CBers who wish to utilize their set’s public
address capability. All weather horn can be
mounted underneath the vehicle or in the
engine compartment.

Circle number 103 on our reader service card.

Sparkomatic Corporation’s model SA-105
is a magnet-mount antenna designed for
both 23 and 40 channel use. The large,
heavy magnet holds the base-load antenna
securely to any flat metallic surface at all
legal highway speeds.

! Circle number 104 on our reader service card.

Clear Case microphone from Telex boasts a battery powered amplifier with variable gain
and voice shaping—all housed in a clear Tenite housing.

Circle number 105 on our reader service card.
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CB MOoBIL

CB Monitor, Inc. offers their CB Mobile Monitor for those who wish to monitor CB
conversations on any of the available 40 channels without having to purchase a trans-
ceiver. Compact receiver clips to sunvisor and antenna offers gutter-mount attachment for

portability.

Circle number 106 on our reader service card.

AFS Kriket model KC-3065 is a flush-mount
auxiliary CB speaker that can be mounted
in car doors, sun visor, dashboard, and
more. Speaker features Kriket's “working
wall” enclosure for maximum clarity and
intelligibility across the entire voice range.

Circle number 107 on our reader service card.

Universal Machine Company offers aline of
slide brackets, replacement mounting
knobs, hump mounts, and other compo-
nents that allow easy removal of CB radios
from an automobile. Universal’s computer-
type connector has a built-in housing
alignment that eliminates poor connec-
tions.

Circle number 108 on our reader service card.

= 4

The Telex CB-1200 “over-the-ear’” boom
mic headset offers sharp, clear CB recep-
tion even in a noisy environment. The unit
boasts a power microphone, pivoting
boom, and a push-to-talk switch mounted
on a clothing clip.

Circle number 109 on our reader service card.

1

Mini auxiliary CB speaker fram Audiovox
measures 4''x4''x2%2" and mounts to a
microphone-type clip to offer portable op-
eration.

Circle number 110 on our reader service card.

Radio Shack’s dynamic base station mic
offers a touch-bar transmit/lock switch,
gain control, and a handsome housing.

Circle number 111 on our reader service card.

12 MODERN ELECTRONICS
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Compact pocket SWR meter by Automatic
Radio is a valuable aid in the proper trim-
ming of CB antennas. Unit measures the
ratio of reflected power to transmitted
power for an accurate check of CB in-
stallations.

Circle number 112 on our reader service card.

Micronta 3-range power/SWR tester from Radio Shack enables a CB enthusiast to check a
transmitter and antenna for top efficiency.

Circle number 113 on our r=2ader service card.

REGULATED
12 vOLT POWER
SUPPLY

(&

Micronta regulated power supply from
Radio Shack allows the use of a mobile CB
radio indoors.

Circle number 114 on our reader service card.

Mike-Minder Company markets a mic-
rophone attachment device that utilizes two
peel-and-stick velcro strips. This handy

This floor-mount bracket from Radio Shack
is just one of a fine line that allows easy
removal of CB radio to avoid theft.

Circle number 115 on our reader service card.

component eliminates the need to drill
hcles in a car’s dash for mounting a
conventional-type mic clip.

Circle number 116 on our reader service card.

2=

Archer two-position coax switch allows a
CBer to change antenna usage without
switching leads. Available from Radio
Shack nation-wide.

Circle number 117 on our reader service card.

16 MODERN ELECTRONICS
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Suppres®

Sparkomatic Corporation offers their NFS-1000 noise filtration system to eliminate
interference from all vehicular sources including ignition spark, alternator/generator,
metal to metal contact, and other sources.

Circle number 118 on our reader service card.
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Mura Corporation’s PRX-300Z base microphone offers high levels of talk power and clarity
while substantially reducing background noise. The mic features lighted transmit and
receive controls, variable gain slide control, AC power, and more.

Circle number 119 on our reader service card.

for a receiving amplifier, accessory
speaker, or perhaps a combination of
filters to eliminate static and interference
dealt by a car’s electrical system. A
number of manufacturers produce auxil-
iary CB speakers specifically designed to
increase voice intelligibility and clarity so
converstaions can be monitored more
effectively.

Many a CBer has found the tiny
speaker contained inside his trans-
ceiver's smallish housing to offer less
than optimum performance during use.

Want to make your mobile rig do
double-duty as a base station, too? This
can be accomplished easily by powering
it with a 110V ac to 12V dc converter and
hooking it to a standard base station
antenna.

More sophisticated power supplies

offer a regulated 13.8 volts of power to
run a mobile rig in the home—the same
voltage that a car’s electrical system will
provide with the engine running.

Several versions of tunable indoor an-
tennas are also available for those who
live in apartments that restrict the rig-
ging of outdoor antennas.

These are just a handful of samples of
the accessory equipment found in this
field. The list goes on—from inexpen-
sive, tiny components to sophisticated
gear you may well want to finance; it's all
there for the asking and the rightamount
of cash.

The selected accessories pictured in
this article will give you a quick overview
of some of the items you might want to
add to your citizens band system.

APT-3 shoestring antenna from Valcom is
designed for use in apartments, homes,
and business offices where itis impractical
or impossible to put up an outside antenna.
Unit and 33"’ antenna arms attach to win-
dow or wall with suction cups for easy
installation.

Circle number 120 on our reader service card.

Model SA-22 system by Sparkomatic is a
co-phased, twin antenna setup engineered
for three popular mounting applications—
truck mirror mount, gutter mount, and
camper side mount.

Circle number 121 on our reader service card.
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36"

W

Another fine product from AVA Electronics
is the indoor “Rabbit Stix” base antenna.
The antenna is adjustable to 36" and fea-
tures a two-piece construction of fiberglass
and stainless steel.

Circle number 122 on our reader service card.
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AUDIO, VIDEQ, RECORDING, PLAYBACK

Like to fiddle with tone controls on a stereo?

BY HANS FANTEL

Here’s how to get super sound and pinpoint control
with one of the new add-on frequency equalizers.

Back in the early days of audio, they
used to tell about the hi-fi fan going to
his first “’live”” concert at Carnegie Hall.
“Not enough bass,”” he grumbled and
complained because there were.no tone
controls on his seat.

Seems that audio fans always had an
uncontrollable urge to fiddle with the
tone controls. They just can’t get enough
of them and are growing dissatisfied
with the simple treble and bass adjust-
ments that have been standard on audio
equipment for years. So lately more
elaborate tone controls, known as fre-
quency equalizers, have appeared on the
market and are fast gaining in popular-
ity. In fact, dealers tell me that they are
now the fastest-selling of all add-on
items.

Most of these frequency equalizers
come in the form of outboard units to be
connected between the tape-out and
tape-in terminals of an amplifier or re-
ceiver. Unlike the standard treble and
bass controls, these equalizers permit
very accurate, selective adjustments of
frequency response.

Treble trouble

The trouble with ordinary treble and
bass controls is not that they don’t do
enough but that they do too much. Their
action spreads out over several octaves
at once. This makes it impossible, for
example, to raise a certain frequency
region (for example, the mid-bass
around 100Hz, which can add a lot of
thrust in rock music) without at the same
time greatly boosting the extreme bass,
which then would overload the output
stage of the amplifier and possibly the
loudspeaker.

Or, if you've gota room resonance ata
certain frequency, you can’t attenuate
just that troublesome frequency without
spoiling response in adjacent segments
of the range.

With a frequency equalizer, solving
such problems is a snap. For these
equalizers consist of an entire row of

tone controls, each one affecting just a
small slice of the total range. So it’s easy
to boost or cut just those frequencies that
present a problem and leave all the
others untouched.

That way you can correct for dips or
peaks in the response of your speakers
or phono cartridge, room resonance,
hum, or the foibles of old records with
weak bass or shrill treble. In fact, the
possibilities of tonal changes and correc-
tions are almost limitless.

Sometimes I use frequency equalizers
to second-guess the recording en-
gineers. For example, many classical
recordings these days are made with
very close-up mikes, which often results
in shrillness of the basic string sound. In
experimenting with equalizers, I found
that a slight downward adjustment of
midrange frequencies (roughly in the
octave between 6000 and 12,000 Hz)
creates the illusion of the music being
heard from a greater distance, taking the
hard edge of the strings.

Sometimes, when playing old jazz
recordings made before the days of ex-
pert “sound mixing,”” I can bring into
focus musical details lost on the original
disk by slightly stressing the frequency
region around 4000 Hz. It takes a bit of
experimenting with the slide controls on
the equalizer to find the right setting for
a particular record. After reaching what
seems to me the best sound, I usually
mark the equalizer setting on the record
jacket so I can immediately duplicate it
the next time I play the disk.

Equalizers exaggerate

In working with the equalizers, it's
important to remember not to exagger-
ate the many effects you can produce. A
change of 3 to 6 db in any of the several
control ranges can make quite a differ-
ence. Pushing the slides all the way may
produce dramatic results, but it won't
make the music sound natural. There’s
no point in cranking up the bass until it
booms like a barrel or boosting the highs

waanaoenaricanradinhictans cons

until Linda Ronstadt comes on like a
banshee. A light touch is the key to
proper use of the equalizer.

The simplest and cheapest kind of
equalizer divides the audible spectrum
into five parts. A good example of this
type is Radio Shack’s Realistic 31-1986
selling for $60. In the most elaborate
models each of twenty-seven separate
controls covers only one-third octave (or
about 2 25 musical notes).

A highly popular type of equalizer has
about ten controls per channel, each of
which either boosts or attenuates one
octave of the total range from 20 to 20,000
Hz. Most of these are designed as so-
called ““graphic” equalizers. This means
that the position of the sliding controls
from a visual image—a graph—of the
frequency response the equalizer is set
for.

In other words, you can "read” the
positions of the controls just as you
would read a frequency graph. More
than a dozen companies now make such
equalizers for home use, among them
Pioneer, Dynaco, Ace, ADC, Heath,
Lux, MXR, Soundcraftsmen, and
Technics. Prices range all the way from
$200 to $900, depending on complexity
and degree of refinement.

Another type of equalizers works dif-
ferently but with similar results. Known
as a ”parametric”’ equalizer, it lets you
vary the center frequency of each slide
cantrol as well as the width of the band
affected by the slide.

SAE makes a 4-band model of this
kind ($550) and the Technics Model
SH9010 equalizer ($450) combines both
graphic and parametric features, making
it one of the most versatile units now on
the market. It has five graphic controls
per channel, but additional controls be-
neath each slide let you shift the center
frequency of each band and also narrow
or broaden the bandwidth of each con-
trol segment.

The growing popularity of frequency

please turn to page 85
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TRY THIS ON YOUR HOME COMPUTER

Keeping a membership list of your computer,
ham, CB or garden club?

BY CARMINE W. PRESTIA

Here’s how to program your computer for storage

One of the most useful things that
computers can do for us is store large
amounts of information and search for
specific pieces of that information. This
is of particular value when lists of infor-
mation are long and involved, since our
human eyes become weary searching for
that piece of data.

This program takes care of just such a
job. I wrote it in order to keep the mem-
bership list of the local volunteer fire
company, to which I belong. It is often
necessary to sit down and look up mem-
bers’” names, addresses, and control
number. The program does two things at
one. First it stores the membership list
itself, then it does the searching for me.
All of this storage work and programm-
ing are done on my Heathkit H-8 Mic-
rocomputer. I used Extended Benton
Harbor Basic because it allows me to
manipulate character strings, which is
how we store the data.

The program and data are stored on
magnetic cassette tape, and like most of
the other programs we’ve had in this
column it takes less than a minute to load
it into the H-8. You could use the pro-
gram to keep a membership list like I do
or your Christmas card list, or even a
receipt list for your wife.

How it works

OK, how does the program work? I've
included the flowchart again, to help us
visualize the logic. See figure 1. Since we
have already gone into flowcharting
(ME, June 1978) I won't give an explana-
tion, but you can refer to it to clarify the
program.

Now, look at the program itself, see
figure 2. Take a quick glance at the entire
program and you will see that I have
included plenty of the ubiquitous re-
mark (REM) statements to document the
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Program listing

300 SOUTH ST 345"

005 REM ALPHA FIRE LIST, VER 1, 04/05/78, CWP

010 REM

020 REM A PROGRAM CONTAINING THE MEMBERSHIP LISTING
025 REM OF THE ALPHA FIRE CO. OF STATE COLLEGE, PA.
030 REM AND PROVIDING A MEANS OF SEARCHING FOR A

035 REM PARTICULAR INDIVIDUAL'S INFORMATION.

040 REM

045 REM INPUT THE NAME TO BE SEARCHED FOR

046 PRINT TAB(25) "INSTRUCTIONS"

050 PRINT "PLEASE SPECIFY THE NAME OF THE MEMBER WE"
055 PRINT "ARE LOOKING FOR. USE THE FORMAT: LAST NAME,"
060 PRINT '"COMMA, FIRST INITIAL, SPACE, MIDDLE INITIAL."
065 PRINT "CAUTION, ANY OTHER CHARACTERS WILL CAUSE ERRORS."
070 LINE INPUT ""SEARCH NAME, PLEASE? '",;S$

075 REM NEXT LINE SETS LENGTH INDICATOR FOR THAT NAME
080 LET X = LEN(SS$)

085 REM READ A NAME FROM THE LIST

090 READ LS

095 REM SEE IF WE HAVE REACHED THE END OF THE LIST
100 IF LEFT$(L$,3) = "END" GOTO 130

105 REM SEE IF THE NAMES MATCH

110 IF LEFTS$(LS$,X) = S$ GOTO 120

115 GOTO 090

120 PRINT "RECORD IS - ",L$

125 STOP

130 PRINT "THAT NAME NOT IN FILE! '",S$

135 STOP

140 DATA "ROE,R E 100 WEST ST 123","DOE,J J

141 DATA "SMITH,J E 200 EAST DR 234"

142 DATA "END"

143 END

program coding.

Lines 43 through 65 print instructions
for the user, then line 70 asks for the
name we are searching for. Line 80 is a
device to make the program a little easier
for us to use. X"’ is a variable that I use
to contain the number of characters in
the search name that we entered.

“LEN"" is a function built into Basic to
automatically count the number of
characters in the string specified in the
parenthesis, in this instance, the search
name, S$. Now you are probably won-
dering about that dollar sign! In Basic the
dollar sign after the variable name tells
Basic that it is dealing with a string vari-
able, or string of characters.

In line 90 we also have something
new, the READ statement. READ is al-
ways used with a DATA statement. The
DATA statements contain a list of DATA
items that the READ statement reads out
of. A pointer is automatically set by the
program to indicate the next piece of
data to be read.

The next line of coding, 100, looks at
the data read into variable L$, to see if it
says ‘End’. If it does, we have gone
through the list without finding the

name we wanted. “GOTO 130" sends
the program to line 130 where it prints a
message that it did not find the data we
were looking for. It also prints the search
name, for reference.

If this relational test between the two
variables is untrue, or ““falls through’’ we
drop to line 110. Here is where we use
the contents of variable X", that we got
inline 80. Itis also a good place to explain
the next new item, the function, LEFT$.
This is another of those built-in func-
tions. It uses the number stored in X"
and counts that many chaaracters from
the left end of the character string in
variable L$.

Fall through the lines

This part of the string is then com-
pared to the search name S$. If they are
equal, the program has found the data
we want and goes to line 120 to print it.
Because of the way I have structured the
data the name of the member is always
on the left end of the character string so
the program is always looking at the
name section of the string.

If this test fails and we “fall through”’
to the nextline, 115, itsends the program

back to line 90 to read another piece of
data. These comparisons and loopings
go on until we find the data we want or
we run into the end of the list. The
statement, STOP, in lines 125 and 135
halts execution of the program when one
of these conditions occurs.

Lines 140 through 142 are our DATA
statements. Since we are dealing with
character strings each piece of data is
enclosed in quotation marks to tell Basic
it is a string. The different pieces of data
are separated by commas. Line 142 con-
tains the string “"END” that tells the
program we have reached the end of the
list. Line 143 is an END stutement; it
signifies the physical end of the pro-
gram.

If you are going to try this program on
your machine, and I hope you do, you
will probably have to make some
changes depending on the version of
Basic that you use . Most likely, the
changes would have to be made in the
string functions LEN and LEFT$.

Whatever you do, good luck! In the
future we will try a similar program that
can search the data in a couple of differ-
ent ways.
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Test equipment

What is electronics test equipment? How does it work?
What can it do for you? How do you use it? This month,
we take a close look at test gear. First, in this article,
general equipment for the home workbench. On page 40,
radio-frequency test gear. How an oscilloscope works is
on page 54. Test equipment you can build for yourself
includes a capacitor meter on page 78. Dig in! You’ll find
everything you always wanted to know about workshop

electronics in the next pages.

by Bob Margolin
Assistant Editor

It’s a little past midnight and you've
just finished building an egg timer. It's a
simple circuit—just a handful of parts
and an IC. But it doesn’t work. You
recheck the wiring again and again. It
seems to be wired right—why doesn’t it
work? Must be a bad component—but
which one?

Unless you have some test equipment
handy. there’s no way to troubleshoot
the circuit. You're only course of action is
to rebuild the circuit with another set of
parts, and hope all of them are good!

If you're building a really complex
circuit, or trying to fix a circuit that did
work but doesn’t now, you really have to
have test equipment. How much and
what kind depends on the kind of
elecironics you're into.

One piece of test gear that is an
absclute must is a voltmeter. With it,
you’ll be able to spot shorts and opens in
your circuits, and using Ohms Law,

\
X

S

calculate current flow and resistance.
And from that, you'll be able to track
down bad components.

You can save yourself the trouble of
calculating current and resistance by
using an ammeter, which measures
current, and an ohmmeter, which meas-
ures dc resistance. Or, you can use a
single meter that can measure all
three—voltage, resistance and current
—the VOM.

Three-in-one

Some VOMs only measure voltage
and resistance—VOM is short for Volt-
Ohm Meter. But most also measure dc
current, and some ac current as well.
How useful the current measurements
are depends on the sensitivity of the
meter. Some VOMs have only one or
two current ranges, and these may be as
high as 10 amperes full scale. You'll find
measuring a few milliamperes some-
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This Simpson digital multimeter lets you set the range manually, or if you prefer, it will
automatically set the range for you, and position the decimal point.
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what of a challenge on a 10 amp meter.

Many VOMs, however, can measure
currents in the microampere range.
Those that can usually have several
current scales well into the milliamp
range; some even into the amp range.
You’ll find these the most useful.

Although all VOMs measure resist-
ance, some do a better job than others.
With very few exceptions, resistance
scales are not linear. Changes in needle
deflection at the low end of the scale are
much greater than at the high end. A
typical scale will run from zero to 20
ohms on the first half of the scale, and 20
to 2000 on the second half.

If you want good resolution in a resist-
ance reading, you'll want to use only the
first 60% or so of the ohms scale. If the
reading is into the last 40%, just change
the range to the next higher scale. Most
VOMSs have at least four, usually cali-
brated Rx1, Rx10, Rx100 and Rx1000. But
there are some that have six or seven
ranges.

The greater the number of ranges, the
few number of ohms measured per
range. And that means greater resolu-
tion in your measurement. So, as a rule
of thumb, the more resistance ranges a
VOM has, the better it is as an
ohmmeter.

As important as resistance meas-
urements are, they’re probably not the
reason you’'ll buy a VOM. Nor will cur-
rent measurements. Most experimenters
buy VOMs for use as voltmeters.

If you're to use your VOM to measure
voltages in very simple circuits, most
any will do. But if you're into sophisti-
cated circuits using CMOS ICs, FETs or
other high impedance devices, your
choice of VOM can be very important.

To measure voltages, the meter must
be connected across the component
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across which the voltage appears. If the
component has a high resistance, the
current flowing through it will generate
a relatively high voltage.

If your meter has a low resistance and
you connect it across the high resistance
component, the net resistance will
drop—it’s just like connecting two re-
sistances in parallel. The net resistance
will always be less than the lowest resist-
ance in the parallel circuit.

The effect of this lowering of circuit
resistance is a lowering of circuit voltage.
It’s called loading, and it causes inaccu-
rate readings. It can even cause the cir-
cuit to fail. What you need is a meter
with high internal resistance—one that
won't load your circuit.

Ohms/volt

The internal resistance of a VOM de-
pends on how sensitive its meter move-
ment is. The lewer the current required
to move the needle to full scale, the
greater the internal resistance can be,

There’s another factor involved in the
meter resistance, and it’s the full-scale
voltage. The higher the full scale voltage,
the higher the internal resistance. Be-
cause of this, voltmeters are specified in
terms of their ohms/volt.

If your VOM is rated at 20,000 chms/
volt, for example, you can determine
internal resistance by multiplying the
range setting by 20,000. So, if you've set
your meter to the 10 volt range, the
internal resistance will be 200,000 ochms.

But, if you set it to the 1000 volt range,
the resistance increases to 20 megohms.

When you select your VOM, keep the
ohms/volt rating in mind. Some VOMs
have only 5,000 ohms/volt sensitivity;
others as much as 100,000 ohms/volt.
Most provide 20,000 ohms/volt on dc
ranges, 5,000 or 10,000 ohms/volt on ac
ranges.

There is no best VOM. It all depends
on what you need, and how much
money you want to spend. The selection
of VOMs to choose from is immense.
The two largest VOM makers, Simpson
and Triplett, between themselves offer
about 30 different models. And Radio
Shack catalogs seven more. Prices range
from about $10 for a pocket-size mul-
titester to almost $200 for lab-quality
VOM.

Which is best

Choosing a VOM involves more than
comparing key specs and price. The lay-
out of the range switch, the size of meter
and lettering of the scales are important
personal factors. Before buying a VOM,
write the manufacturer or visit a local
dealer and get more information. If you
can, take a look at the unit and see if you
like its design.

As a guide to the market place, a
representative selection of pocket-sized
and standard VOMs offered by the lead-
ing manufacturers follows. You'll find
listed the key measurement specs, the

John Fluke's new hand-held digital multimeter is typical of the new generation of

pocket-size instruments now available. This meter uses liquid crystal display readouts
while most other hand-held multimeters use LEDs.

ohms/volt sensitivity, and suggested list
price. The full name and address of the
manufacturers can be found at the end of
the article.

Pocket-sized VOMs

8 B&K Model 110 Compact VOM—
measures dc volts in five ranges from 2.5
V to 1000 V to within 3% of full scale.
Measures ac volts in five ranges from 10
V to 1000 V to within 4% of full scale.
Measures resistance in three ranges from
Rx1 to Rx1 megohm. Input resistance is
20,000 ohms/volt dc and 10,000 ohms/
volt ac. $30.

B Eico Model 1A1—measures ac and dc
voltages in four ranges from 10 V to 1000
V. Measures current in 0-1 and 0-10Q
ma ranges. Measures resistance on
0-100,000 ohm range. $12.

B Lafayette Model 50957V Super-Mini
VOM—measures ac and dc voltages in
four ranges from 10 V to 1000 V. Meas-
ures dc current on 0-100 ma range.
Measures resistance on 0-150K ohms
range. Measures slightly over 3 x 2 x 1
inches. $10.

B Radio Shack Model 22-027 Pocket
Tester—measures ac and dc voltages in
three ranges from 15 V to 1000 V to
within 4%. Measures dc current from 0
to 150 ma and resistance from 0 to
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100,000 ohms full scale. Input resistance
is 1000 ohms/volt.

B Simpson Model 355 Midgetester—
measures ac and dc voltages in five
ranges from 0.3 V to 1200 V. Measures
resistance in four ranges from Rxl to
Rx1000 ohms. Measures slightly less
than 5 x 3 x 1. Input resistance is 10,000
ohms/volt. $65.

B Triplett Model 310 Hand-size VOM—
measures ac and dc voltages in five
ranges from 3 V to 1200 V to within 4%.
Measures dc current in four ranges from
600 ua to 600 ma to within 3%. Measures
resistance in four ranges from Rx1 to
Rx1000. Has 50 ua microammeter. Input
resistance is 20,000 ohms/volt dc and
5,000 ohms/volt ac. $55.

Standard VOMs

B Eico Model 100A4 VOM—measures dc
voltages in seven ranges from 500 mV to
1000 V. Measures ac voltages in six
ranges from 2.5V to 1000 V. Measures dc
current in six ranges from 10 ua to 10 A.
Measures resistance in four ranges from
Rx1 to Rx1000 chms. Has dB scale. Input
resistance is 100,000 ohms/volt dc and
12,500 ohms{volt ac. $55.

B Heath Model IM-105 General Purpose
VOM—measures dc voltages in eight
ranges from 250 mV to 5000 V to within
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Oscilloscopes are unquestionably the most versatile plece of test gear you can own.
Dual-trace scopes, such as this Simpson Model 452, let you compare amplitude, frequency

and phase of two different waveforms.

3%. Measures ac voltages in seven
ranges from 2.5V to 5000 V to within 4%.
Measures dc current in six ranges from
50 ua to 10 A. Measures resistance in five
ranges from Rx1 to Rx10K ohms. Has dB
scale. Input resistance is 20,000 ohms/
volt dc and 5,000 ohms/volt ac. $75 in kit
form. $95 assembled.

B Lafayette Model 50965 Multitester—
measures dc voltages in 10 ranges from
60 mV to 1200 V. Measures ac voltages in
seven ranges from 3 V to 1200 V. Meas-
ures dc current in five ranges from 30 ua
to 600 ma. Measures resistance in four
ranges from Rx1 to Rx10K ohms. Has dB
scale. Input resistance is 50,000 ohms/
volt. $40.

B Leader Model LT-70A Volt/Ohm Meter
—measures dc voltages in eight ranges
from 0.25 V to 1000 V. Measures ac vol-
tages in four ranges from 2.5V to 250 V.
Measures resistance in five ranges from
Rx1 to Rx10,000 ohms. Meter is pro-
tected against overload and polarity re-
versal. Input resistance is 20,000 ochms/
volt dc and 8,000 ohms/volt ac. Requires
two AA batteries, $35.

B Radio Shack Model 22-207 Multitester
—measures dc voltages in five ranges
from 0.5V to 1000 V to within 3%. Meas-
ures ac voltages in five ranges from 0.5V
to 1000 V to within 4%. Measures dc cur-
rent in seven ranges from 10 ua to 10 a.
Measures resistance in five ranges from
Rx1 to Rx100,000 ohms. Has dB scale.
Input resistance is 100,000 ohms/volt dc
and 10,000 ohms/volt ac. $50.

B Simpson Model 260-6 VOM—measures
dc voltages in eight ranges from 250 mV
to 1000 V. Measures ac voltages in six
ranges from 2.5V to0 1000 V. Measures dc
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current on 0-10 arange. Measures resist-
ance in three ranges from Rx1 to
Rx10,000 ohms. Has dB scale. Input re-
sistance is 20,000 ohms/volt dc and 5,000
ohms/volt ac. Requires one 9-volt battery
and one 1.5-volt battery. $85.

B Triplett Model 630 VOM— measures
dc voltages in six ranges from 0.3 V to 600
V to within 2%. Measures ac voltages in
five ranges from 3 V to 600 V to within
3%. Measures dc current in four ranges
from 60 ua to 120 ma. Measures resist-
ance in five ranges from Rx1 to Rx100,000
ohms. Has dB scale. Requires one 30-
volt and one 1.5-volt battery. Input re-
sistance 20,000 ohms/volt dc and 5,000
ohms/volt ac. $90.

B Triplett Model 60 Rugged VOM—extra
rugged meter can withstand accidental
drop from up to five feet. Measures dc
voltages in eight ranges from 0.3 V to
1000 V to within 2%. Measures ac vol-
tages in six ranges from 3 V to 1000 V to
within 3%. Measures dc current in four
ranges from 100 ua to 1000 ma to within
2%. Measures resistance in five ranges
from Rx1 to Rx10,000 ohms. Has dB
scale. Requires one 9-volt and one 1.5-
volt battery. Input resistance 20,000
ohms/volt dc and 5,000 ohms/volt ac.
$100.

B VIZ Model WV-532A Relay VOM—has
built-in high speed relay and
renewable-link fuse to protect meter cir-
cuit. Measures dc voltages in eight
ranges from 0.5V to 1500 V to within2%.
Measures ac voltagesin six ranges from 5
V to 1500 V to within 3% from 10 Hz to
400 kHz. Measures dc current in four
ranges from 50 ua to 500 ma to within
2%. Measures resistance in five ranges
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from Rx1 to Rx10,000 ohm to within 2%.
Has dB scale. Requires two C batteries.
$105.

@ Weston 661 Drop-Proofed VOM—can
withstand accidental drop of up to five
feet. Measures dc voltages in seven
ranges from 250 mV to 1000 V to within
1%. Measures ac voltages in six ranges
from 2.5 V to 1000 V to within 2%.
Measures dc current in six ranges from
50 ua to 10 A. Measures resistance in five
ranges from Rx1 to Rx10,000 ohms. Has
dB scale. Input resistance is 20,000
ohms/volt dc and 5,000 ohms/volt ac.
$110.

Vacuum tube voltmeter

If you're really into high-impedance
circuitry, none of the VOMs will give
you the accuracy you need. One way
around the problem is to buy a meter
that has the very high internal resistance
needed to keep loading to an acceptable
level—the vacuum tube voltmeter, or
VTVM.

Most VTVMs have an input resistance
of 11 megohms on all ranges. This
should be high enough to provide ac-
ceptable accuracy in all solid-state cir-
cuits. One drawback to the VTVM, how-
ever, is its dependency onac power. But,
if you expect to use the meter only on
your work bench, this shouldn’t be any
problem.

Although the VTVM is slowly loosing

its place in the current scheme of things,
a few VIVMs are still available.
B B&K Model 177—measures dc vol-
tagesin eight ranges from 500 mV to 1500
V to within 3% of full scale. Measures
rms ac volts in seven ranges from 1.5 V to
1500 V, and peak-to-peak ac volts from
4V to 4000 V, to within 5% of full scale,
from 40 Hz to 4 MHz. Measures resist-
ance in seven ranges from Rx1 to Rx10M
ohms. Measures audio signals in six
ranges from -6 dB to +66 dB where 0 dB
=.7775 volts across 600 ohm line. Has
seven-inch mirrored 100 microammeter.
$150.

Sinclair's DPM 35 measures voltage, cur-
rent and resistance with a 32-digit display,
yet costs about $60.
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B&K Precislon’s portable DMM is thls
Model 2800. Except for the 31»-dIgit display,
the 2800 is very simitar in appearance to
any small VOM.

M Eico Model 235 Professional VIVM—
measures dc voltages in eight ranges
from 0.5 V to 1500 V. Measures rms ac
volts in seven ranges from 1.5 V to 1500
V, and peak-to-peak voltages from4 V to
4200 V from 30 Hz to 3 MHz. Measures
resistance in seven ranges from Rx1 to
RxIM ohms. Has six-inch 200 ua mic-
roammeter. Input impedance is 11
megohms dc and 1 megohm shunted by
60 pf ac. $90in kit form. $120 assembled.

B Heath Model IM-5218 VTVM—
measures rms ac and dc voltages in six
ranges from 1.5 V to 1500 V, and peak-
to-peak ac volts from 0.4 V to 4000 V.
Measures resistance in seven ranges
from Rx1 to RxIM ohms. Input impe-
dance is 11 megohm dc and 1 megohm
shunted by 35 pf ac. $45 in kit form. $110
assembled.

Electronic VOMs

The VTVMs replacement is a new
breed of VOMSs. These use solid state
amplifier circuits to isolate the metering
circuits from the circuit being measured.
Usually employing an FET input, these
electronic VOMs for the most part have
input resistances of 10 megohms. Al-
though slightly less than that ofa VIVM,
it should be high enough for almost all of
your measurements.

The big advantage of the FET-input
VOM is the use of battery power. Unlike
the VIVM, which must be plugged into
a wall socket, you can take your FET
VOM anywhere. And since it contains
no vacuum tubes, you won’t have to
wait for the meter to slabilize before
using it.

Most of the VOM makers also have
FET VOMs in their product line. Here’s a
sampling of what’s available.

B B&K Model 277 Electronic Multi-

meter—measures rms ac and dc voltages
in nine ranges from 100 mV to 1000 V to
within 3% of full scale. Also measures
peak-to-peak ac voltages from 280 mV to
2800 V to within 3% of full scale from 50
Hz to 150 kHz. Measures resistance in
seven ranges from Rx1l to Rx1IM ohm.
Has dB scale. Requires one 9-volt and
one 1.5-volt battery. Input impedance 15
megohms on all dc ranges, 10 megohms
shunted by 100 pf on all ac ranges. $130
W Eico Model 242 FET-TVOM—measures
rms ac and dc voltages in seven ranges
from 1V to 1000 V. Measures peak-to-
peak ac volts from 2.8 V to 2800 V.
Measures resistance in seven ranges
from Rx1 and RxIM ohm. Has six-inch
meter. Requires 117 V ac or three 9-volt
batteries and one D battery. $110 in kit
form. $140 assembled.

W Lafayette Model 51211V Solid-State FET
Multitester—measures dc volts in seven
ranges from 300 mV to 600 V to within
3%. Measures rms ac volts in four ranges
from 3 V to 600 V, and peak-to-peak ac
voltages from 8 V to 1600 V. Measures dc
current in five ranges from 120 ua to 120
ma. Measures resistance in five ranges
from Rx1 to RxIM ohms. Has dB scale.
$60.

B Leader Model LE-73 FET Multimeter—
measures ac and dc voltages in eight
ranges from 0.3 V to 1000 V. Measures ac
and dc current in eight ranges from 0.3
ma to 300 ma. Measures resistance in
seven ranges from Rxl to RxIM ohm.
Has mirrored meter with 3% accuracy.
$180. )

B Simpson Model 303-3XL Solid State FET

6 WDATA PRECISION

VCM— measures ac and dc voltages in
eight ranges from 30 mV to 1000 V.
Measures ac and dc current in five
ranges from 30 ua to 10 a. Measures
resistance in seven ranges from Rx1 to
Rx1IM ohms. Has dB scale. $215.

W Triplett Model 310-FET Hand-size Solid
State VOM—very small meter measur-
ing 2% x 1% x 4% inches and weighing
less than onme pound. Measures dc vol-
tages in six ranges from 0.3 V to 600 V to
within 3%. Measures ac volts in five
ranges from 0.3 V to 600 V to within 4%.
Measures dc current in 0-120 ua and
0-1.2 ma ranges. Measures resistance in
four ranges from Rx1 to RxIM ohm.
Requires one 7-volt and one 1.5 volt
battery. Inputimpedance is 10 megohms
an alt dc ranges, and 5,000 ohms/volt on
ac ranges. $90.

B VIS Model WV-534A VoltOhmyst
V—measures ac and dc voltages in 10
ranges from 50 mV to 1500 V to within
3% dc and 4% ac. Measures ac and dc
current in nine ranges from 150 ua to 1.5
a ta within 3% dc and 4% ac. Measures
resistance in seven ranges from Rx1 to
Rx1M ohm to within 3%. Has dB scale.
Has mirrored 50 ua microammeter with
automatic dc polarity selection. Requires
one C battery and eight AA batteries.
$150.

Digital VOMs

It's been more than 25 years since the
first digital voltmeter made its appear-
ance. In the early years of the DVM, the
instruments were physically large and
heavy. Their circuitry consisted of row

This Data Precision Model 248 has a 412-digit display. The additional digit provides better
resclution, and reduces the need to change ranges. The unique pedestal stand converts
the portable multimeter into a stable bench model.
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“If youre going tolearn
electronics, you might
as well learn it right 7

—E '

“Don’t settle for less.
Especially when 1t comes
to career training. . .because
everything else in your life
may depend on it. That’s
why you ought to pick CIE!”
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You’ve probably seen ad-
vertisements from other
electronies schools. Maybe you
think they’re all the same.
They’re not!

CIE is the largestindepen-
dent home study school in the
world that specializes exclu-
sively in electronies.

Meet the Electronics
Specialists.

When you pick an electronics
school, you're getting ready to invest
some time and money. And your
whole future depends on the educa-
tion you get in return.

at’s why it makes so much
sense to go with number one. . .with
the specialists. . .with CIE!

There’s no such thing as
bargain education.

If you talked with some of our

%raduates, chances are you'd find a
ot of them shopped around for their

training. Not for the lowest priced
but for the best. They pretty much
knew what was available when they
picked CIE as number one.

We don’t promise you the moon.
We do promise you a proven way to
build valuable career skills. The CIE
faculty and staff are dedicated to
that. When you graduate, your di-
ploma shows employers you know
what you’re about. Today, it’s pretty
hard to put a price on that.

Because we’re special-
ists, we have to stay
ahead.

At CIE, we've got a position of
leadership to maintain. Here are
some of the ways we hang onto it. . .

Our step-by-step learning
includes “hands-on”
training.

At CIE, we believe theory is
important. And our famous
Auto-Programmed® Lessons teach
you the principles in logical steps.

But professionals need more
than theory. That’s why some of our
courses train you to use tools of the
trade like a 5 MHz triggered-sweep,
solid-state oscilloscope you build
yourself—and use to practice trouble-
shooting. Or a beauty of a 19-inch
diagonal Zenith solid-state color TV
you use to perform actual service
operations.

Qur specialists offer you
personal attention.

Sometimes, you may even have
a question about a specific lesson.
Fine. Write it down and mail it in.
Our experts will answer you
promptly in writing. You may even
get the specialized knowledge of all
the CIE specialists. And the answer
you get becomes a part of your per-
manent reference file. You may find
this even better than having a class-
room teacher.

Pick the pace that’s right
for you.

CIE understands people need
tolearn at their own pace. There’s no
pressure to keep up. . . no slow
learners hold you back. If you're a
beginner, you start with the basics.
Ifyou already know some elec-
tronics, you move ahead to your
own level.

Enjoy the promptness of
CIE’s “same day” grading
cycle.

When we receive your lesson
before noon Monday through Satur-
day, we grade it and mail it back —
the same day. You find out quickly
how well you're doing!

CIE can prepare you for
your FCS License.

For some electronics jobs, you
must have your FCC License. For
others, employers often consider it a
mark in your favor. Either way, it’s
government-certified proof of your
specific knowledge and skills!

More than halfof CIE’s courses
prepare you to pass the government-
administered exam. In continuing
surveys, nearly 4 out of 5 CIE gradu-
ates who take the exam get their
Licenses!

For professionals only.

CIE training is not for the hobby-
ist. It’s for people who are willing to
roll up their sleeves and go to work
... to build a career. The work can be
hard, sure. But the benefits are
worth it.

Send for more details
and a FREE school
catalog.

Mail the card today. If it’s gone,
cut out and mail the coupon. You’ll
get a FREE school catalog plus com-
plete information on independent
home study. For your convenience,
we’ll try to have a CIE representa-
tive contact you to answer any ques-
tions you may have.

Mail the card or the coupon or
write CIE (mentioning name and
date of this magazine ) at: 1776 East
17th Street, Cleveland, Ohio 44114.

Patterns shown on TV and oscilloscope screens are simulated.

Cleveland Institute of Electronics, Inc.

1Cl
d

1776 East 17th Street, Cleveland, Ohio 44114
Accredited Member National Home Study Council

. (] YES...Iwant the best of everything! Send me my FREE CIE school

of home study information.
Print Name

catalog —including details about troubleshooting courses —plus my FREE package

MO-09

Address _

__Apt.

City .

State

Zip

J MAIL TODAY!
n

CIRCLE 33 ON READER SERVICE CARD

waany americancadiohistornnv.com

Age Phone (area code) _ .
Check box for G.I. Bill information: [] Veteran

O Active Duty
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after row of mechanical stepping
switches that automatically switched in
resistance in tiny increments until a sen-
sitive bridge circuit was balanced

Today, DVMs use high-speed compu-
ter switching techniques to digitize and
display the measured voltage—or cur-
rent or resistance. For about twice the
price of a comparable VOM, you can get
a decent 3% digit DVM.

That’s right, three and one-half digit.
That extra half-digit isn’t really half a
digit. It’'s the numeral one, and it gives
you an automatic range extension.

If, for example, you were expecting to
find 0.75 to 0.90 volts in your drcuit,
you'd set your DVM to the one-volt

TYPE 422 OSCILLOSCOPE

range. But, if there were in fact 1.037
volts present, the meter would indicate
an overflow and fail to give you a read-
ing. With the extra half-digit, however,
you get the 1.037 reading. You won't get
a 2.037 reading, though, even if there
were 2.037 volts present. The half-digit
can only give you that one extra step.

There is one exception to this half-
digit rule, the Data Tech Model 30A. The
30A’s half-digit is a true half-digit; it
gives you 50% more range. So, if you set
the 30A to the one volt range, it will give
you a reading of any voltage up to 4.999
volts

Whether this extended range makes
the 30A the instrument of choice de-
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If you really want to know what kind of transistor you have and how it’s working, you need a
curve tracer such as this EC-101 by Lab Science. Just connect to your scope, and plug in

your transistor. You’'ll then see a complete family of curves such as those shown here.
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pends on many other factors. For one
thing, it's a bench model. That means its
relatively large. You might find one of
the hand-held portable DVMs much
more convenient to use, and consid-
erably less expensive to buy.

The input resistance of most DVMs is
10 megohms on all voltage ranges. So,
they load circuits about as much as a FET
VOM will. Most also measure resistance
and current; many give you ac current
measurements too.

The accuracy of a DVM is usually
better than that of the meter-type, or
analog, VOM. And, of course, it’s a lot
easier to read. Although some DVMs are
more accurate than others, all should be
more than accurate enough for your
purposes.

Choosing a DVM is a personal matter.
The size and shape, weight, size of dis-
play, number of ranges and general lay-
out will all influence your decision.

In general, DVMs can be classified as
portable or bench models. The distinc-
tion is one of size since most bench
models are battery powered and can
easily be carried around. Most of the
portable units have LED displays abouta
third of an inch high. A few have liquid
crystal displays of about the same size.
Bench models usually have slightly
larger displays.

The DVM market is growing rapidly,
and your choices are almost as numer-
ous as for VOMs. And, as the price of
DVMS drop. they will soon outnumber
VOMs by a wide margin. Although by
no means complete, here’s a repre-
sentative listing of what’s available.

Portable DVMs

B B&K Model 2800 Portable Multi-
meter—a 3%2-digit DVM that measures ac
and dc voltages in four ranges from 1 volt
to 1000 volts to within 2.5%, =1 digit.
Measures ac and dc current in four
ranges from 1 ma to 1000 ma to within
3%, =1 digit. Measures resistance in five
ranges from 0 to 10 megohms to within
2%, +1 digit. Weighs two pounds and
measures slightly more than 6 x 4 x 2
inches. Runs on four C batteries or 117
volt ac with extra-cost adapter. $100.

@ Eico Model 272 Portable Digital
Multimeter—has three digit0.3-inch LED
display. Measures ac and dc voltages in
four ranges from 1V to 1000 V to within
0.5% dc and 1% ac, =1 digit. Measures
ac and dc current in four ranges from 1
ma to 1000 ma to within 1%, *1 digit.
Measures resistance in four ranges from
1000 ohms to 1 megohm to within 1%,
=1 digit. Weighs 11 ounces and meas-
ures slightly less than 6 x 4 x 2 inches.
Runs on four AA batteries. $70.

8 Data Tech Model 21—has 3% digit
0.27-inch LED display. Measures dc vol-
tages in four ranges from 2 V t0 1000 V to
within 0.1%, *1 digit. Measures ac vol-
tages in four ranges from 2 V to 800 V to
within 0.5%, =1 digit. Measures resist-
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ance in four ranges from 2000 ohms to 2
megohms to within 0.15%, =*1 digit.
Measures capacitance in four ranges
from 2 nf to 2000 nf—.002 mfd to 2 mfd to
within 0.15%, =1 digit. Weighs about
1lounces and measures about 7 x 3 x 2
inches. Runs on four AA batteries. $140.
B Data Precision Model 248 Portable
Multimeter—has 472 digit, 0.33-inch LED
display with overflow indication. Has
automatic polarity switching. Measures
dc voltages in five ranges from 100 mV to
1000 V. Measures ac voltages in five
ranges from 100 mV to 500 V. Measures
ac and dc current in five ranges from 100
ua to 1000 ma. Measures resistance in
five ranges from 1K to 10M ohms.
Weighs 1.3 pounds and measures less
than 6 x 4 x 2 inches. Runs on 6 NiCad
batteries. $345.

B Fluke Model 8020A Multimeter—3Y2
digit liquid crystal display with automa-
tic zero and polarity. Has overflow indi-
cation. Measures dc voltages in five
ranges from 200 mV to 1000 V to within
0.25%, +1 digit. Measures ac voltages in
five ranges from 200 mV to 750 V to
within 1% below 1 kHz, and to within
5% up to 5 KHz, =2 digits. Measures ac
and dc current in four ranges from 2 ma
to 2000 ma to within .75%, *1 digit dc,
and to within 2%, =2 digits ac. Measures
resistance in six ranges from 200 ohms to
20 megohms. Also measures conductiv-
ity in 0-200 nanomho and 0-2 micromho
ranges. Weighs 13 ounces and measures
about 7 x 3 x 2 inches. Runs on one
nine-volt transistor battery. $170.

B NLS Model LM-350 Volksmeter—3Y2
digit liquid crystal display. Measures ac
and dc voltages in four ranges from 1 V
to 1000 V to within 1%, =2 digits.
Maximum ac input is 1000 V peak.
Measures ac and dc current in four
ranges from 1 mato 1a to within 2%, =2
digits. Measures resistance in five ranges
from 1 ohm to 10,000 ohms to within 1%,
+2 digits. Runs on three AA batteries.
Weighs a little over 9 ounces and meas-
ures about 4 x 3 x 2 inches. $125.

B Sencore Model DVM36—3%: digit, 0.3-
inch LED display with automatic deci-
mal, polarity and overflow indication.
Measures ac and dc voltages in four
ranges from 2 V to 1000 V to within 1%,
+2 digits. Measures ac and dc current in
four ranges from 2 ma to 2000 ma to
within 1.5%, +1 digit. Measures resist-
ance in six ranges from 200 ohms to 20M
ohms to within 1%, +2 digits. Weighs
1.1 pounds and measures about 6 x 4 x 1
inches. Runs on six AA batteries. $160.
B Sinclair PDM 35 Digital Multimeter—
3% digit LED display with automatic
polarity selection. Measures dc voltages
in four ranges from 1 V to 1000 V to
within 1%, =1 digit. Measures ac vol-
tages on 1000 V range to within 1%, =1
digit. Measures dc current in six ranges
from 0.1 ua to 100 ma to within 1%, +1
digit. Measures resistance in five ranges
from 1000 ohms to 10 megohms to within
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This Eico Model 685 is typical of the meter-type transistor tester. Although not as versatile
as the curve tracer, most transistor testers can give you an accurate measurement of gain,

and some gain-bandwidth product as well.

2.5%, =1 digit. Weighs 6.5 ounces and
measures 6 x 3 x 1.5 inches. Runs on one
nine-volt transistor battery. $60.

B Triplett Model 3300 Digital VOM—a
3%2-digit DVM that measures dc vol-
tages five ranges from 200 mV to 600 V to
within 0.5%, =1 digit. Measures ac vol-
tages in four ranges from 200 mV to 200 V
to within 1%, +2 digits, and 600 V to
within 1.5%, =2 digits. Measures dc
current in three ranges from 2 ma to 200
ma to within 1.25%, +1 digit. Measures
ac voltage in three ranges from 2 ma to
200 ma within 1.5%, =1 digit at up to 50
kHz. Measures resistance in six ranges
from 200 ohms to 20 megohms to within
1%, =1 digit. Weighs 10 ounces and
measures slightly less than 3 x 5%z x 1%z
inches. Runs on four AA batteries. $175.
B Weston Digital Multimeter 6000—has
3%z digit liquid crystal display. Measures
ac and dc voltages from 0.1 mV to 1000 V
with full autoranging. Measures ac and
dc current from .001 ma to 199.9 ma with
full autoranging, and with lead connec-
tion change from .001 a to 10 a with full
autoranging. Also measures resistance
from 0.1 t0 1.999 ohms, .001K to 199.9K,
and .001M to 19.99M ohms, each with
full autoranging. Weighs 22 ounces-and
measures about 7 x 6 x 2 inches. Runs on
two nine-volt batteries. $200 to 225, de-
pending on display.

B VIZ Model WD-751A Digital DVM—
has a 3%-digit liquid crystal display.
Measures acand dc voltages in 0-2, 0-200
and 0-1000 volt ranges to better than 1%.
Measures ac and dc current in 0-2 and
2-200 ma ranges to better than 1.5%.
Measures resistance in 0-20,000 ohm and
20,000 0hm to 2 megohm ranges. Weighs
about one pound and measures approx-

imately 6 x 3 x 2 inches. Runs on four AA
batteries. $150.

Bench-model DVMs

B B&K Model 283 Digital Multimeter—a
3Y%2-digit meter that measures ac and dc
voltages in four ranges from 1 volt to
1000 volts to within 1.5%, =1 digit. Has
automatic polarity switching on dc
ranges, and reads sine wave rms on ac
ranges. Measures ac and dc current in
four ranges from 1 ma to 1000 ma to
within 2%, =1 digit. Measures resist-
ance in six ranges from 0 to 10 megohms
to within 2%, =1 digit. Runs on 117 volt
ac. $185.

B Data Precision Model 1350—has 3V/-
digit, 0.43-inch LED display with over-
flow indication. Measures ac and d¢ vol-
tages in five ranges from 100 mV to 1000
V to within 0.1%, =1 digit d¢, and to
within 4%, =1 digit ac. Measures ac and
dc current in five ranges from 100 ua to
1000 ma within 0.5%, =1 digitdc, and to
within 1.5%, *1 digit ac. Measures re-
sistance in five ranges from 100 ohms to
10 megohms. Runs on 117 V ac. $170.
B Data Tech Model 30A Digital
Multimeter—has 3Y2 digit .033-inch glow
tube display giving up to 4999 readout.
Measures ac and dc voltages in five
rariges from 500 mVto 1000 V to within
0.15%, +0.4% of full scale setting.
Measures ac and dc current in five
ranges from 500 ua to 5 a to within 0.3%,
+.05% of full scale dc, and to within
1.2%, +0.1% of full scale ac. Measures
resistance in six ranges from 500 ohms to
50 megohms to within 0.15%, +.05% of
full scale. Runs on 4 D batteries. $290.
B Fluke Model 8030A Digital Multimeter
—3% digit LED display. Measures dc
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Picky probes

When you think of test equipment,
you naturally think in terms of meters
and scopes, and lots of money. But
one of the most important kinds of test
equipment you can have costs about a
dollar each. And if youdon’t have a few
on hand when you need them, you'd
probably be willing to pay 10 or 20
times their cost.

What are these marvels? Spring
loaded test probes! That’s right, test
probes. But not the ordinary rod-
tipped probes that come with VOMs
and scopes. These probes have long,
slender, insulated tips that can be
pushed through a maze of bare wires
without shorting out. And at the end, a
small, hook-like spring loaded tip that
locks itself around the lead you want to
investigate.

TR

ITT Pomona calls their probes Grab-
bers. Rye Industries calls their’s Kleps.
But whichever you get, they can save
you a lot of time and frustration. Just
clip the probes onto the wires or com-
ponent leads you want to test, and
forget about the connections. Instead
of holding the test leads in place, or
worrying about a wedged probe slip-
ping out of position and short circuit-
ing, you can worry about taking the
measurement.

Pomona’s Grabbers come in a wide
variety of sizes and with or without test
leads attached. Those without leads
have banana jacks built into their
bases. To use them, you’ll need a test
lead with a banana plug at one end and
the appropriate plug at the other to
mate with your meter or scope. All
have the hook-style tip. Prices range
from 85¢ for a 2V2-inch probe to about
$8 for a pair of probes with cable and
double-pin banana plug.

Rye’s Kleps come in rigid and flexi-
ble styles. These are ideal for working
around obstructions to reach those
almostimpossibleto get totest points.

Kleps come with a variety of tips as
well. Some have the hook-type tips,
others a dual-tip seizure clamp or
three-piece clamp similar to a drill
chuck. There’s even a Klep especially
designed to mate with automotive and
applicance flat-plate connectors. The
prices range from 99¢ to $2.59 each.

You can get more information about
the Grabbers from ITT Pomona Elec-
tronics, 1500 East Ninth Street,
Pomona, CA 91766. For information
about Kleps, write to Rye Industries,
125 Spencer Place, Mamaraneck, NY
10543.
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voltages in five ranges from 199.9 mV to
1100 V to within 0.1%, *1 digit. Meas-
ures ac voltages in five ranges from 199.9
mV to 750 V to within 0.5%, =2 digits
from 45 Hz to 1 kHz, and to within 2%,
+3 digits from 1 kHz to 5 kHz. Measures
ac and dc current in five ranges from
199.9 ua to 1999 ma to within 0.35%, +1
digit dc, and to within 3%, =2 digits.
Measures resistance in five ranges from
199.9 ohms to 1999K ohms. Runs on 117
V ac or battery pack. $250.

B Heath  Model IM-1210 Digital
Multimeter—2%2 digit LED display.
Measures dc voltages in four ranges
from 2V to 1000 V. Measures ac voltages
in four ranges from 2 V to 700 V from 50
Hz to 10 kHz. Measures ac and dc cur-
rent in four ranges from 2 ma to 2000 ma.
Measures resistance in five ranges from
200 ohms to 2M ohms. Runson 117V ac.
$70 in kit form. $110 assembled.

W Leader LDM-851 Digital Multimeter—
312 digit, 0.5inch LED display, with LED
overflow indicator. Measures ac and dc
voltages in four ranges from .001V to
1000 V. Measures dc current in two au-
tomatic decimal-shift ranges up to 199.9
ma. Measures resistance in six ranges
from .001K to 19.99M ohms. Accuracy
for all readings better than 0.5%, =1
digit. Runs on four C batteries. $200.
B Sencore Model DVM38—3%2 digit, 0.4-
inch LED display with automatic polar-
ity, decimal, mV or V, and overflow
indication. Measures dc voltages in five
ranges from 200 mV to 2000 V to within
0.1%, +3 digits. Measures ac voltages in
five ranges from 200 mV to 1000 V to
within 0.5%, =3 digits. Measures ac and
dc current in five ranges from 200 ua to
2000 ma to within 0.3%, =2 digits dc,
and to within 1%, =2 digits ac. Measures
resistance in seven ranges from 20 ohms
to 20M ohms to within 1%, *2 digits.
Runs on 117 V ac. $350.

B Simpson  Model 461  Digital
Multimeter-—3Y2 digit, 0.3-inch LED dis-
play with automatic zero, polarity and
overflow indication. Measures dc vol-
tages in five ranges from 200 mV to 1000
V to within 0.25%, =1 digit. Measures ac
voltages in five ranges from 200 mV to
200 V from 50 Hz to 5 KHz, and 600 V
from 50 Hz to 400 Hz. Accuracy is 1%,
=2 digits to 1 kHz, and 5%, *+2 digits
from 1 kHz to 5kHz. Measures ac and dc
current from 200 ua to 2000 ma to within
1%, +1 digit dc, and to within 2%, =5
digits ac. Measures resistance in six
ranges from 200 ohms to 20M ohms to
within 1%, =1 digit. Runs on four AF
NiCd batteries. $150.

B Sinclair Multimeter DM2—3%2 digit,
8-millimeter LED display with automatic
polarity and overflow indicators. Meas-
ures ac and dc voltages in four ranges
from 1V to 1000 V to within 0.5% dc, +1
digit dc, and to within 2%, *2 digits ac.
Measures dc current in five ranges from
100 ua to 1000 ma to within 2%, +1 digit.
Measures ac current in four ranges from

1 ma to 1000 ma to within 2%, +2 digits.
Measures resistance in five ranges from
1K to 10M ohms to within 2%, +1 digit.
$100.

B Weston  Model 1242  Digital
Multimeter—has 4Y2-digit display with
overflow indicator. Measures dc vol-
tages in five ranges from 0.1V to 1000 V
to within .05%, =1 digit. Measures ac
voltages in five ranges from 0.1 V to 500
V to within 0.2%, *1 digit. Measures ac
and dc currentin five ranges from 100 ma
to 1 a to within 0.2%, *a digit dc, and to
within 0., =1 digit ac. Measures resist-
ancein five ranges from 1K to 10M ohms.
Runs on 117 or 230 V ac. $740.

B VIZ Model WD-705A Digital
VoltOhmyst—a 3% digit meter that
measures ac and dc voltages in five
ranges from 200 mV to 1200 V to within
0.1%, =1 digit dc, and within 0.75%, =1
digit ac. Measures ac and dc current in
five ranges from 200 ua to 2000 ma to
within 0.3%, =1 digit dc, and within
1%, =1 digit ac. Measures resistance in
six ranges from 200 ohms to 20 megohms
to within 0.3%, =1 digit. Runs on 117
volt ac. $270.

How it looks

Of course, knowing how much
current is flowing, or how much voltage
is present is just half the story. You’'ll
also want to know what kind of signal is
flowing from point to point in the
circuit—especially if you're working on
audio circuits. But even if you're strictly
into digital projects, you'll appreciate
being able to see the shape of various
pulses and comparing timing.

To see what’s happening in your
circuits, you’ll need an oscilloscope.
Scopes come in three categories—simple
scopes with recurrent sweep, advanced

This unique logic monitor by Continental
Specialties snaps around 16 pins of any
dual-inline IC and show you the logic state
at each pin.
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scopes with triggered sweep, and dual-
trace scopes that you see two different
signals at the same time.

Dual-trace scopes are very similar to
advanced triggered-sweep models
except for the extra trace. You'll find an
interesting discussion of the differences
between simple and advanced scopes,
and how they operate, in this month’s
How it Works column, elsewhere in the
issue,

The number of scopes available on the
market is considerably less than the
number of VOMs and DVMS, especially
in the lower price range most
experimenters are limited to. But, even
s, there is still enough choice to let you
choose a scope that fits your own special
needs.

Simple scopes

B B&K Model 1403A three-inch oscillo-
scope—has dc to 5 MHz frequency
response. Has recurrent sweep from 10
Hz to 100 kHz selectable in five 1:10
ranges, plus external sweep. Vertical
sensitivity is 10 mV/em with 1/10 and
1/100 attenuation switch selectable. $230.
B Eico Model 435 three-inch oscillo-
scope—has dc to 4.5 MHz frequency
response. Has recurrent sweep from 10
Hz to 100 kHz selectable in four 1:10
ranges plus external. Vertical sensitivity
is 50 mV/em with 1/10, 1/100 and 1/1000
attenuation switch selectable. $180 in kit
form. $240 assembled.

B Heath Model 10-4560 Oscilloscope—has
dc to 5 MHz frequency response.
Recurrent sweep is adjusted with a
single, uncalibrated control from 0.2
us/cm to 20 ms/cm. Vertical sensitivity is
100 mV/em with 1:10, 1:100 and 1:1000
attenuation switch selectable. Available
in kit form only. $130.

B Leader Model LBO-310A three-inch
oscilloscope—has dc to 4 MHz frequency
response. Has recurrent sweep from 10
Hz to 100 kHz in four 1:10 ranges with
vernier. $230.

Triggered-sweep scopes

B B&K Model 1461 five-inch oscillo-
scope—has dc to 10 MHz frequency
response with a 35 ns risetime. Linearity
is better than 3% unmagnified. Sweep
selectable in a 1-2-5 sequence from 1
usfcm to 0.5 s/cm with vernier. Has x5
magnifier. Vertical sensitivity selectable
in 1-2-5 sequence from 10 mV/cm to 20
Viem. $500.

B Eico Model 480 ten-centimeter oscil-
loscope—has 10 x 6 centimeter display
with dc to 10 MHz frequency response.
Rise time is 35 ns. This excellent
instrument has sweep selectable in 1-2-5
sequence from 0.1 us to 0.5 s with
vernier. One of the bestin its class, it has
vertical sensitivity selectable in 1-2-5 se-
quence from 10 mV/em to 20 Viem. A
top-notch scope. $450.

W Heath Model 10-4541 Oscilloscope—has
dc to 5 MHz frequency response with 70

Logic probes such as this Catch-a-Pulse by AVR Electronics lets you determine the logic
state at any point in your circuit, and lets you know if a pulse train is present. A built-in
pulse stretching circuit holds the LED indicator on long enough for you to see it even when
the pulse being detected lasts just a few nanoseconds.

ns rise time. Sweep selectable in x10
steps from 0.2 us/cm to 200 ms/cm with
vernier. Vertical sensitivity selectable in
1-2-5 sequence from 20 mV/em to 10
Viem. $190 in kit form. $330 assembled.
B Leader Model LBO-507 five-inch
oscilloscope—has dc to 20 MHz frequency
response with 17.5 ns rise time. Sweep
selectable in 1-2-5 sequence from 0.5
us/cm to 200 ms/cm with vernier. Vertical
sensitivity selectable in 1-2-5 sequence
from 10 mV/em to 50 mViem. $500.

B NLS Model MS-15 Miniscope—has dc
to 15 MHz frequency response with 23 ns
rise time. Sweep selectable in 1-2-5 se-
quence from 0.1 us/div to 0.5 s/div with
vernier. Vertical sensitivity selectable in
1-2-5 sequence from 10 mV/div to 50
Vidiv. Has 1 x 1.25 inch display. $290.
B Simpson Model 455T (five-inch
oscilloscope—has dc to 12 MHz frequency
response with 30 ns rise time. Sweep
selectable in 1-2-5 sequence from 0.5
us/cm to 0.5 sicm with vernier. Vertical
sensitivity selectable in 1-2-5 sequence
from 10 mV/em to 5 Vicm. $435.

B VIZ Model WO-572A five-inch
oscilloscope—has dc to 15 MHz frequency
response with a 23 ns rise time. Sweep
selectable in 1-2-5 sequence from 0.5
us/cm to 0.5 s/cm with vernier. Has x10
magnifier. Vertical sensitivity selectable
in 1-2-5 sequence from 10 mV/cm to 20
Vicm. Has special pushbutton control
section simplifying television service
work. $525.

Dual-trace scopes

B B&K Model 1471B dual-trace five-inch
oscilloscope—has dc to 10 MHz frequency
response with 35 ns rise time. Linearity
is better than 3% unmagnified. Sweep
selectable is 1-2-5 sequence from 1 us/cm
to 0.5 s/lem with vernier. Has x5 mag-
nifier. Display automatically switches
between chopped and alternate mode as
sweep speed is changed. Vertical sen-
sitivity selectable in 1-2-5 sequence from

10 mV/em to 20 Viem. $600.

B Eico Model 482 dual-trace ten-centimeter
oscilloscope—has 10 x 6 centimeter dis-
play with dc to 10 MHz display. Rise
time is 35 ns. Sweep selectable in 1-2-5
sequence from 0.1 us to 0.5 s with ver-
nier. Display automatically switches be-
tween alternate and chopped mode as
sweep speed is changed. Vertical sen-
sitivity selectable in 1-2-5 sequence from
10 mV/em to 20 Viem. $550.

B Heath Model 4550 dual-trace
oscilloscope—has dc to 10 MHz frequency
response with 35 ns rise time. Sweep
selectable in 1-2-5 sequence from 200
us/cm to 0.2 s/cm. Has x5 magnifier.
Vertical sensitivity selectable in 1-2-5 se-
quence from 10 mV/em to 20 Viem. $400
in kit form. $565 assembled.

B NLS Model MS-215 dual-trace
Miniscope—has dc to 15 MHz frequency
response. Sweep selectable in 1-2-5 se-
quence from 0.1 us/div to 0.5 s/div with
vernier. Manual selection of alternate or
chopped mode. Vertical sensitivity
selectable in 1-2-5 sequence from 10
mV/div to 50 V/div. Has 1 x 1.25 inch
display. $400.

B Simpson Model 452 dual-trace five-inch
oscilloscope—has dc to 15 MHz frequency
response with 24 ns rise time. Sweep
selectable in 1-2-5 sequence from 0.2
us/cm to 0.5 slcm with vernier. Has x5
magnifier. Display automatically
switches between alternate and chopped
mode as sweep speed is changed. Verti-
cal sensitivity selectable in 1-2-5 se-
quence from 5 mV/em to 10 Viem. $675.

If you use a large number of transistors
in your projects, there are bound to be
times when you want to use a set of
matched devices. And if you use really
large numbers of transistors, those 100
and 200 piece assortments can be a real
bargain.

But how do you exactly match a set of
transistors, FETs or zenars? And how to
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determine the characteristics of an un-
marked transistor. The answer is simple,
if you have an oscilloscope.

All you have to do is add a curve
tracer. Just connect to your scope’s in-
put, plug the transistor or diode into the
front panel socket on the tracer, set a few
controls, and presto, you'll see a family
of characteristic curves displayed on
your scope.

By comparing the curves, you can
easily match a set of transistors or di-
odes. And by comparing the curves of
unknown transistors against some trans-
istors you're familiar with, you can easily
sort out an assortment of bargain-
basement transistors.

Curve tracers aren’t inexpensive. A
versatile, sophisticated model will run
well over $200. But, if you use a lot of
semiconductors, a curve tracer can pay
for itself in a year. And, if you can use a
less-sophisticated model, much sooner.
Here’s a list of the more popular curve
tracers on the market.

B B&K Model 501A Semiconductor Curve
Tracer—Sweep voltage variable from 0 to
100 volts dc peak at 100 ma maximum.
Has 130% automatic current limiting.
Step generator selectable in 1-2-5 se-
quence from 1 ua to 2 ma, accurate to
within 3%. $200.

B Heath Model IT-3121 Semiconductor
Curve Tracer—tests all NPN and PNP
bipolar transistors, FETs, diodes and
SCRs. Voltage sweeps from0to40V at 1
a or from 0 to 200 V at 200 ma. Base
current steps increments selectable from
2 ua/div to 10 ma/div in 1-2-5 sequence.
$100 in kit form only.

B Lab Science Model EC-101 Curve
Tracer—tests NPN and PNP bipolar
transistors, FETs and diodes. Collector
voltage swept from 0 to nine volts every
2 ms with the base changing input cur-
rent in eight steps after each sweep.
Total trace time is 16 ms. Built-in current
limiting protects device under test. Uses
CMOS circuitry. $50.

B VIS Model WC-528B Quick Tracer—
tests all NPN and PNP bipolar transis-
tors in or out of circuit. Can be used with
any general-purpose scope. Uses single
test waveform. Has power limiting
built-in to prevent damage to device
under test. Can also be used to test
diodes. Requires 117 volts ac. $20.

Simple testers

Although a curve tracer is the way to
test semiconductor devices, you may not
need such a sophisticated piece of gear.
And if you don’t have a scope, the total
cost of scope and tracer may put it out of
reach. If that’s the case, try a transistor
tester.

Most of the testers are built in cabinets
similar to standard VOMs. They have a
relatively large meter and range
switches, and usually a set of test leads.
The major difference in appearance is
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the set of sockets provided for out-of-
circuit testing of the devices.

Transistor testers aren’t inexpensive
either. Except for a very simple model
from Radio Shack, all sell for more than
$100. But they're completely self-
contained so you won’t need a scope to
use them.

B B&K Model 510 Portable Transistor
Tester—golno go in-circuit tester also
tests out of circuit with good/bad indica-
tion. Also tests FETs and SCRs in or out
of circuit. Identifies FETs as N or P
channel, and the gate lead. Identifies all
SCR and bipolar transistor leads. Base
drive is selectable between 1 ma or 250
ma. Weighs one pound and measures
slightly less than2 x4 x 7 inches. Runs on
AA batteries. $100.

B Eico Model 685 Transistor Analyzer—
tests NPN and PNP bipolar transistors,
FETs, SCRs and triacs, zenar diodes, and
diodes and rectifiers. Measures beta in
and out of circuit in 2-100 and 2-1000 at
collector currents of either 2 ma or 20 ma.
Measures FET transconductance in
0-5000 and 0-50,000 micromho ranges.

gy 1E5TER B

Tests diodes and zener diodes to 20
volts. Measures turn-on voltage for SCR
and triacs. Requires 117 V ac. $130 in kit
form. $180 assembled.

B Leader Model LTC-906 Transistor
Checker—tests NPN and PNP bipolar
transistors, FETs and diodes. Automati-
cally identifies device polarity and leads
in or out of circuit. Gives good/bad indi-
cation by LED readout and audible tone.
Measures beta in three ranges to 10,000
and leakage current out of circuit. Runs
on nine-volt transistor battery. $160.

B Radio Shack Model 22-024 Dynamic
Transistor Checker—indicates current
gain and both opens and shorts. Checks
low, medium and high power NPN and
PNP transistors in and out of circuit. $15.
B Sencore Model TF46 Portable Super
Cricket—makes good/bad in-circuit test.
Tests gain and leakage of bipolar transis-
tors and FETs out of circuit. Has automa-
tic lead and type selection, and polarity
indicator. Has built-in chirper that sig-
nals when transistor is good. $195.

B VIS Model WT-524A Dynamic
Transistor/FET Tester—tests bipolar NPN
and PNP transistors and all FETs in and

gt OF A

This portable transistor tester by Sencore is no larger than a typical VOM, but can give
good-no good indications in-circuit, and can measure transistor gain out-of- circuit.
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out of circuit. Measures ac beta of all
transistors, including Darlintons, in
three ranges to 5000 with collector cur-
rents of up to 200 ma. Measures
collector-to-base leakage up to 100 ua,
and collector-to-emitter up to 200 ma to
within 3%. Measures transconductance
of all FETs up tp 100,000 micromhos to
within 3%. Tests all diodes at 200 ma.
Requires 117 volts ac. $180.

Other equipment

A multimeter of one kind or another, a
scope, and a transistor tester or curve
trace will handle most of your test
equipment needs. But there are some
other gear that you may find very handy
to have around.

If you repair audio amplifiers or am
radios, one of the handiest gadgets you
can have, and inexpensive too, is a signal
injector. It’s a self-contained oscillator-
probe that generates a signal you can
inject into the circuit.

Working from the output end towards
theinput, you simply touch the probe tip
to the input of each stage. When you
reach a stage where there is no output,
you’ve found the location of your trou-
ble.

Most signal injectors produce a 1 kHz
signal that is rich in harmonic content.
These harmonics usually extend into the
rf range, making the injector useful on
circuits up to CB frequencies. Eico makes
a signal injector not much larger than a
scope probe that gives you 50 volts of
peak-to-peak signal. It's their Model
PSI-1, which costs about $11 assembled.

The compliment to a signal injectoris.a
signal tracer. It's nothing more than an
audio amplifier and diode detector con-
tained in a small hand-held probe. You
use it just like a signal injector, except
you work from the input end. If you find
a signal present at the output of a stage,
you know it’s good. When you lose the
signal, you've found the trouble spot.

Both Eico and Radio Shack make sig-
nal tracers. Eico’s Model PST-1 has a
usable bandwidth of 500 Hz to 200 kHz
as-is, and up to 200 MHz with its snap-
on detector tip. It costs $20 in kit form;
$30 assembled. Radio Shack’s Model
22-010 is physically larger, but has a
built-in speaker and volume control. It
costs $14.

Signalinjectors and tracers are used in
audio and radio circuits. If you are more
involved in digital work, they won't be
of much use to you. But there are digital
counterparts.

Continental Specialties makes a digital
pulser, which serves the same purpose
as the signal injector. The pulser, Model
DP-1, can inject a single 100 ma pulse,
or a train of pulses at a 100 Hz rate. A
built-in switch lets you set the pulse for
DTL/TTL or CMOS logic. The DP-1 costs
$75.

The digital counterpart of the signal
tracer is the logic probe. It lets you know

B L
MULTIMETER

If you enjoy building your own gear, both-Heathkit and.Eico-offer a variety of test equipment
in kit form. This 2%-digit multimeter can measure voltage up to 1000 V, current up to 2 a,
and resistance up to two megohms. In kit form, the price is $70; an assembled versior

costs $110.

what the logic state is, orif a pulse train is
present at some pointin the circuit. Most
use LEDs as indicators.

Logic probes usually have built-in
pulse stretchers that keep the LED on
long enough for you to see it, even if the
circuit pulse is in the nanosecond range.
Here’s a sampling of logic probes cur-
rently available.

B AVR Catch-A-Pulse [I—built-in pulse
stretcher flashes LED for 50 ms to indi-
cate pulses as short as 10 ns. Compatible
with RTL, DTL, TTL, MOS and CMOS
logic. Frequency response from dc to
better than 50 MHz. Input protected to
+70 V dc. $40.

B Continental Specialties Model LP-2 Logic
Probe—detects pulses as short as 300 ns,
and flashes at 3 Hz rate to indicate pulse
trains at rates up to 1.5 MHz. Uses three
LEDs to indicate logic states. Has 300,000
ohm input resistance. $25.

B Eico Model DLP-6 Digital Logic
Probe—detects pulses as short as 50 ns.
Uses three LEDs to indicate logic state.
Can be set to hold indication indefinitely
affer detecting short-duration pulse. The
DLP-6 costs $20 in kit form; $30 assem-
bled.

Of course, as handy as a logic probe is,
it can only indicate the logic state at one
point in the circuit at any given time. If
you want to see what's happening to
several of the elements inside a single
dual-in line IC, for example, you’ll need
several probes—or the Continental Spe-
cialties Model LM-2 Logic Monitor.

The LM-2 has a special logic clip that
fits onto any dual-inline IC up to 16-pin.
Each pin is represented by a separate
LED indicator. This lets you see the logic
state of every pin in the IC at the same
time.

The control box has its own power
supply built-in. A front-panel switch lets
you set the threshold voltage of RTL,
DTL, TTL, HTL or CMOS logic. It costs
about 5130 complete.

The test equipment listed here is just a
sampling of what's available today.
And, although it’s not inexpensive, test
equipment is a real must if you expect to
get into electronics. You can get more
information from your local electronics

store, or from the manufacturer. Here’s a
list of the manufacturers whose instru-
ments appear in this article:

AVR Llectronics, Box 19299, San Diego,
CA 92119

B&K Precision, Dynascan Corporation,
6460 West Cortland Avenue, Chicago, IL
60635

Continental Specialties Corporation, 70
Fulton Terrace, New Haven, CT 06509

Data Tech, Penril Corporation, 2700
South Fairview Street, Santa Ana, CA
92704

Data Precision Corporation, Audubon
Road, Wakefield, MA 01880

Eico Electronic Instruments Co., 108
New South Road, Hicksville, NY 11801

Heath Company, Benton Harbor, MI
49022

John Fluke Manufacturing Company,
P.O. Box 43210, Mountlake Terrace, WA
98043

Lafayette Radio Electronics Corporation,
111 Jericho Turnpike, Syosset, NY 11791

Lab Science, P.O. Box 1972, Boulder,
CO 80306

Leader Instrument Corp., 151 Dupont
Street, Plainview, NY 11803

NLS—Non-Linear Systems, Inc., Box N,
Del Mar, CA 92014

Radio Shack, 2617 West 7th Street, Fort
Worth, TX 76107

Sencore, 3200 Sencore Drive, Sioux
Falls, SD 57107

Simpson Electric Company, 853 Dundee
Avenue, Elgin, IL 60120

Sinclair Radionics, Inc., 115 East 57th
Street, New York, NY 10023

Triplett Corporation, Bluffton, OH
45817

VIZ Test Instruments Group, 335 East
Price Street, Philadelphia, PA 19144

Weston Instruments, Inc., 614 Frelin-
ghuysen Avenue, Newark, NJ 07114

Before making a purchase, make sure
you understand what the instrument
can and cannot de. If you have a friend
with the kind of gear you want, ask him
about special features or problem areas.
Talk to dealers. Talk to service people
who use test equipment routinely. Then,
when you have the facts, select the
model that will best fill your needs. . @)
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Complete beginner’s test bench
in easy-to-build kits

Here’'s one good way to cut
costs to the bone and still
start up a top-notch
electronic test bench. Build
this new line of tester kits
today and begin repairing
radios tonight.

by Carmine W. Prestia

Any electronic hobbyist, be he
amateur operator, CBer, swl (shortwave
listener), tinkerer, or whatever has to
have some test equipment in his shop.
You just cannot get along without hav-
ing to do trouble-shooting or making
adjustments on your gear.

For the beginner, this can be a real
dilemma, since it is often easy to spend
s0 much money on test equipment that
there is nothing left for the rest of the
hobby. You can spend as little as $5 for a
simple valt, ohm, milliamp meter
(VOM), or as much as $5000 for the
service monitors that professionals use.
Of course the hobbyist usually spends
somewhere in between those extremes.
In fact, my first piece of test equipment
was one of those inexpensive VOMs.

Since you-will undoubtedly want to
dip into some of this trouble-shooting
you will have to buy a few pieces of test

Signal tracer
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Heathkit’s beginners test bench

gear. Heath Company has long made
many pieces of test equipment to cover
just about all the amateur or professional
needs, unfortunately the prices of this
gear have not always been within reach
of the beginner or amateur. To overcome
this problem Heath has justintroduced a
line of inexpensive test equipment
aimed at the beginner, the 5280 series.

There are six units in the series; an
audio oscillator, an rf oscillator, a mui-
timeter, a signal tracer, an RCL bridge,
and a power supply for the five units.
Each kit is $37.95, except for the power
supply which is $24.95. At first thought
the price was just too good to be true, but
after building all six kits it seems that
Heath had done a good job of designing
some very useful equipment for the
price. Overall the kits were easy to build
and work well, so let’s take a look at each
one.

Power supply

Heath has designed each unit for bat-
tery operation. However if you get the
powersupply, parts are included to con-
vert the units so they can be switched
from battery to power supply operation
as needed. Since I don’t need portability
I got the power supply and wired it up
right away for use as each kit was com-
pleted.

It took only three hours to build the
supply, definitely a one evening kit. The
only problem 1 had was with the as-
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sembly of the case. It is separated into
two pieces and is extremely hard to put
together because of the way the power
leads must snake out between the top
and bottom halves. Heath should take
another look at this and perhaps try a
different design. The supply will power
all five units simultaneously so it is all
you need to get them going.

Multimeter

This is a benich style VOM with ac and
dc voltage ranges to 1000 v, an ohmme-
ter, and a milliampmeter that reads up to
one amp. This should be enough meter-
ing to cover all your needs.

The multimeter took seven hours to
build, the circuit board was very easy,
but the many wires running from the
range and function switches require that
you use time and patience. Calibration
was very easy, and required no addi-
tional instruments. After calibration I
checked the meter out against some
known values here in my shop and
found it well within Heath’s specif-
ications for accuracy. .

If you do buy more than cne kit, follow
Heath’s suggestion and buaild the mul-
timeter first so that you will have it
available for set up and testing of the
other units. A meteris a must for any test
bench, so this would be a good first
choice if you don’t want to buy more
than one umnit.

This kit provides a radio frequency
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signal generator with output from 310
kHz to 110 MHz and 100 MHz to 220
MHz using harmonics from the funda-
mental signal. Part of the generator is a
1000 Hz audio oscillator that will mod-
ulate the rf output or provide a separate
audio output.

RF oscillator

The only real problem with the kits
turned up after I finished construction
on this one. There was no output from
the oscillator, so I started tracing the
circuit board components against the
schematic. Heath forgot to include an
instruction to install R15, a 47K Ohm
resistor, on the circuit board. After in-
stalling the resistor the kit worked fine.

To calibrate the rf output I used the
Heath IM-4130 (see Modern Electronics,
July 1978) frequency counter and

since it can be used to check distortionin
audio amplifiers. Once again, to make
sure the outputs were good 1 hooked up
the oscilloscope and found both waves
clean and symmetrical.

Signal tracer

The signal tracer was another easy kit,
only four hours. The traceris what [ call a
’poor man'’s oscilloscope.” You can use
it to trace a signal through the various
stages of a receiver somewhat like an
oscilloscope. The problem is isolated
when you get to a stage that has no
output. Combined with the rf generator
this is a good way to start trouble-
shooting ailing receivers.

Heath has also designed in some other
features to make the tracer more useful.
The output speaker can be used as a
spare with terminals right on the front

Heathkit rf oscillator

checked the quality of the output waves
on an oscilloscope. The frequency was
quite stable and both the af and rf waves
were clean and symmetrical. The rf out-
put retained its quality even into the
higher frequency ranges.

Of course you can’t get absolute accu-
racy with the analog dial but it should be
close enough for most of your work. If
necessary you can hook it up with a
frequency counter to get the exact fre-
quency you need. The rf oscillator is
what you will need for tuning up re-
ceivers for maximum accuracy and sen-
sitivity.

Audio oscillator

This was the easiest of all the kits to
build, it took only four hours, and there
were no problems at all. Both sine and
square wave outputs are provided from
10 Hz to 100 kHz. This unit should be
particularly attractive to stereo buffs, es-
pecially with the square wave output

panel of the tracer. This saves searching
through the junk box for a spare when
you are working. Also, arough volt-ohm
meter is provided. When the tracer
probe is applied to a voltage point an
audio tone from the speaker increases in
frequency if the voltage increases.

The same thing happens if the probe is
applied across a resistance and the re-
sistance decreases. This is a very course
measurement, but itis handy for making
quick comparisons and continuity
checks. In addition you don’t have to
look up from the circuit to read a meter,
you just listen!

RCL bridge

This kit was the most complex to
build, it took seven hours, and had many
components mounted right on the range
switch. The bridge worked fine, first
time.

It's used to find unknown values of
resistance (R), capacitance (C), and in-
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Multimeter

ductance (L) or to find closely matched
values of components for your experi-
ments. An ac signal is applied acrass an
unknown and a known value compo-
nent, ther: the master dial is tuned for a
null on the meter.

For resistances, a known is not re-
quired and you can read the value right
off the dial. However, if you are trying
capacitances and inductances the known
value and the reading from the dial are
placed in a formula to calculate the un-
known value.

It should be of interest to the experi-
menter or tinkerer, especially if they
have a well stocked “junque’” box. It
eliminates a lot of guesswork and com-
ponent substitution in your projects.

The Kkits are all styled to match, using
the same plastic case with a biege front
panel. They are designed to stack neatly
if space is a problem on your bench.
There is even a convenient snap open
compartment in the top of the case for
test leads or other accessories. Depend-
ing on your needs and interests, one or
all of these kits would be a good addition
to vour test bench, especially for the
beginner. They provide acceptable qual-
ity at an attractive price and still leave
some cash left over for the rest of the
hobby.

Audio oscillator
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rf test equipment

CB radio operators, shortwave listeners, scanners and
monitors, hams, boatmen with two-way radios, lots of
folks need radio-frequency test equipment today. But it’s
hard to tell one piece from another. From an amateur
radio operator who has used it all, here’s the complete
story on rf test gear: where we’ve been, where we are
now, what’s down the road. Read on for everything you
will need to know to check out your own receivers,
transmitters and antennas.

by Karl T. Thurber Jr., W8FX/4

I t's a fact—most of us buy our equip-
ment ready-made these days. But have
you ever wondered if your transceiver
was really working right—was it prop-
erly adjusted, tuned, coupled and

matched into your antenna? If so, you're
not alone, as most of us have at one time
or another wondered a great deal about
this very thing.

There are ways to check on your

equipment’s performance. They range
from using the simplest of field strength
meters to laboratory instruments such as
spectrum analyzers and temperature-
controlled frequency counters.

For most applications, the simpler in-
struments will do just fine, but if you

BT e e e s e w%’ broaden your hobby base into single-
A N -t A sideband (ssb), radio teletype (RTTY),

Y £ g FPR amateur television (ATV), and other exo-
¢ . tic modes, the value of good test equip-
b latd ment becomes very apparent. It's no

secret that one of the best investments
you can make isin good, reliable (though
not necessarily expensive) test equip-
ment.

Why is this? Simply because good test
gear is so useful, and it rarely becomes
outdated or obsolete. Such instruments
as rf ammeters, field strength meters,
swr bridges, grid-dip oscillators, and
signal generators have been with us for
many years, and are not soon to become

B RIDIRECTIONAL AF WAT TMETER

- obsolete.
HEAT HEXI Newer instruments, such as crystal
e calibrators, digital frequency counters,

antenna noise bridges, and other spe-
cialized equipment will be with us for
many years to come. The point is: it’s not
too hard to justify a few dollars for good

OF F - test gear, even if you may not need the
equipment at the moment.
BAT éim ; If you do make the investment, you'll
CHE

at least have what you need when an
ailing rig or antenna needs some help.

While it doesn’t make much sense to
load up on a workbench full of test
equipment if you're just starting out in
radio. It does make sense to be familiar
with the many different types of test gear
that do exist and which you may en-
counter. Let’s first look at some basic test
equipment from the early days of radio.

4INPUT

Heath company has a new wide-band vhf and uhf bi-directional wattmeter, model IM-4190.
It’s a self-contained meter to measure radio transmitter power up to 300 watts and power
reflected back from an antenna up to 300 watts and power refiected back from an antenna
up to 30 watts. IM-4190 covers 100 MHz to one gigahertz frequency. It's good for tuning up
marine antenna systems, general mobile radio service 450 MHz CB radios, ham radio use in
the two-meter, 220 MHz, 450 MHz and higher bands. A single nine-volt battery powers the
meter, which is also available factory wired and tested as model number SM-4190.
So-called “N” type coax cable connectors are built into the meter which comes with
adaptors for rf connectors. As a kit, it’s $115. Wired, it's $195, from Heath Company, Benton
Harbor, Ml 49022.

The early days

In the early days of ham radio, there
was little need for sophisticated test
equipment of any sert. Either one’s rig

40 MODERN ELECTRONICS

waanar amaricanradinhictons cam



www.americanradiohistory.com

and antenna ““got out,” or it didn’t. You
could see and hear its spark, and you
had no trouble detecting the presence of
tf all around the neighborhood, and es-
pecially in your neighbor’s broadcast set!
But times have changed since then.

By the 1940s and 1950s, it became
apparent that one should be able to
measure the guality of his signal and the
characteristics of his antenna. Hams of
these periods developed a lot of test
equipment that is still with us today,
much of which can have a place in your
shack. Let’s look at some of this gear,
including rf ammeters, absorption
wavemeters, twin-lamps, and modula-
tion monitors. We’ll also quickly review
early frequency meters, Lecher wires,
antennascopes, and the like—a great
deal of which is still useful in today’s
solid-state environment, and which you
may still see (and sometimes acquire for
a ’song”) at hamfests and swap meets.

RF ammeters

If there ever was a piece of rf test
equipment that was absolutely basic to
the radio shack, it was the rf ammeter.
While today the most basic instrument
would probably be the swr bridge,
twenty years ago most hams used to rely
almost completely on the ammeter as the
“final guesstimator”” as to how much rf
was really going to the antenna and
being radiated.

The rf ammeter is by no means a
mysterious instrument. It is simply a
device that indicates the radio-frequency
current (amps) in an antenna circuit.
Most of them are really thermocouples
used in conjunction with an ordinary dc
meter. The thermocouple is heated by a
resistance wire through which the rf
current flows; it causes a dc current to be
generated which in turn drives the meter
to indirectly indicate the amount of rf
which is flowing through the circuit.

While the swr bridge has stolen the
action these days, the ammeter is still
popular in tuning up antennas and in
making rf power measurements. For
example, if you feed your transmitter
into a dummy load and read out the cur-
rent on an rf ammeter, you can estimate
the power output of your transmitter (or
transceiver) using Ohm’s Law (P=12R,
or power equals current, squared, times
resistance).

If you use parallel-conductor trans-
mission lines, such as twin-lead or
open-wire line feeding a multi-band di-
pole, you may also find the ammeter
useful in trimming or “’balancing’” each
side of the antenna for proper length
(nearby objects can unbalance your an-
tenna system so that even if it is reson-
ant, it’s not electrically symmetrical. In
doing this, two rf ammeters are usually
used, one in each side of the feedline,
and each leg of the antenna is cut or
pruned until the currents are about equal.

Today, the ammeters would best be

Lunar Electronics has combined a 30 MHz rf
a single unit, their DX-555. Not only does t

enerator and a 220 MHz frequency counter in
is give you a cost savings over a separate

generator and counter, but lets you use the the counter to set the generator frequency.

used in conjunction with an swr bridge
connected in the line between your
transmitter or transceiver and your an-
tenna coupler or balun coil. While the
antenna coupler would be adjusted for
lowest swr (best “match’’), the antenna
would normally be pruned for maximum
(or equal) currents in the two legs of the
transmission line, as read on the ammet-
ers.

There are other uses for the rf amme-
ter, too. For example, you can determine
just how much power is lost in your
transmission line by first taking a current
reading with your dummy load con-
nected directly to your transmitter’s
output connector, and then taking
another reading at the far end of the
transmission line with the dummy load
being connected there. The difference in
readings is the amount of power that is
being lost in your transmission line.

Anammeter having a full-scale deflec-
tion of two amperes will do for ham
transmitters having power inputs up to
about 250 watts, while a five amp meter
will handle all amateur power levels.

The absorption wavemeter was a test
instrument designed to measure or de-
termine frequency by absorption of en-
ergy from the source under test. It had a
tuned circuit which was loosely coupled
to the transmitter or oscillator; maximum
energy was absorbed from the rf source
(as indicated by the meter or a flashlight
bulb) when the circuit was adjusted to
resonance with the rf source. The fre-
quency could then be determined by
referring to a calibrated dial on the meter
face or by using a separate chart.

For the beginner in radio, the absorp-
tion wavemeter was hard to beat,
though it is little-known today. Empha-
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sis has shifted to swr bridges, wattmet-
ers and drip-dip meters (most of the
latter instruments can double as
wavemeters). Most wavemeters were
either bandswitching, or they used a set
of plug-in coils to cover the ham bands
from 160 or 80 meters up to at least the
10-meter band.

Depending on how accurate the dial
calibration was, the wavemeter could do
a number of jobs very well, such as
checking the fundamental frequency of
oscillators and VFOs, detecting har-
monics (useful in tracing out-of-hand
radiations and tvi), checking for parasitic
oscillations, and adjusting final amplifier
neutralization. You could often make the
meter double as a field-strength meter
and am modulation monitor, too.

Probably the best use for the waveme-
ter was in checking for harmonics, espe-
cially since many home-brew circuits
were capable of being tuned over two
frequency bands without bandswitch-
ing. This meant that it was very easy to
accidentally tune up your rig for, say, 40
meters when you intended to tune up on
80—which, of course, invited (and still
does invite) “’pink tickets’’ from the FCC
and a strange lack of replies to one’s
CQs.

A simple field-strength meter or rf
monitor will rarely give an indication
that you're on the wrong band, but the
wavemeter can give you a positive check
on which band you’re actually transmit-
ting on.

You may see a number of older,
commercially-made wavemeters at
swapfests. If you see one in good condi-
tion and at a price you can afford, buy
it—you’ll likely not regret the modest
investment. A real standout among
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If you're into rf, you'll find an rf generator an absolute must. This Heathkit 1G-42 is typical of
most low-cost generators. You get the frequency by a combination of range switch and dial
settings. The output level, which is monitored by an outgut meter, is adjusted with step and

vernier attenuation controls. Another control lets you ¢

carrier with amplitude modulation.

these instruments was the Bud Model
GM-79 “Gimix,” a calibrated band-
switching absorption wavemeter that
covered from 3.5 to 30MHz.

The Bud unit was fairly representa-
tive: it had a pilot-lamp “resonance indi-
cator,” although a milliammeter or mic-
roammeter could be plugged into it for
greater sensitivity, as could a pair of
headphones be inserted for aural
monitoring.

It you use the wavemeter with your
equipment, you should observe two cau-
tions: Be careful in “probing around” a
live transmitter to insure that you don’t
touch any high voltage points in the rig.
Be sure not to “‘overcouple’” the
wavemeter to the rf circuit under test, to
prevent excessively broad, inaccurate
readings caused by overloading the de-
vice. Usually, a short wire “loop probe”’
in the vicinity of the circuit you're inves-
tigating will feed enough signal to the
wavemeter, to do the job.

Twin-lamps

The so-called “twin-lamp” was a very
popular gimmick in the fifties, in the
heyday of parallel (twin-lead) transmis-
sion lines. It was in truth a very inexpen-
sive swr device that would give a rough,
seat of the pants indications of the stand-
ing waves on 300-ohm twin-lead trans-
mission line.

It was nothing more than two
flashlight bulbs, a short piece of twin-
lead, and a bit of Scotch tape, the two
lamps were inductively coupled to the
line in such a way that the forward power
caused the bulb nearest the transmitter
to light, while the reverse power (caused
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oose between apure rf carrierora

by any mismatch) lit the other bulb.

The idea was to tune the transmitter so
that the forward bulb glowed brilliantly,
and to adjust the antenna so that the
reverse bulb was dim or fully extin-
guished. This condition would indicate
that reflected waves were nil—in other
words, swr was at or near 1 to 1. That's
all that there was to this simple, ““prehis-
toric’’ swr indicator, and it cost less than
a dollar to build.

As coax came into favor in the sixties,
the twin-lamp dimmed out as a major
item in the well-equipped ham shack,
although there were several ingenious
designs which appeared in the radio
magazines forcoax twin-lamps (the prob-
lem here was to get inside the coax
without ruining it!). I mention the twin-
lamp mainly as an item of curiosity, but
I'll bet that there are still hundreds of
hams using them with old-style link-
coupled final amplifiers and folded di-
pole antennas who swear by them.

Twin lead

Perhaps you're using twin-lead for
your transmission line. If so, you may
ask, “How, then, dol measure swrifI'm
using twin-lead?”” True, there aren’t
many 300-ohm swr bridges on the mar-
ket. But you canapproximately determine
swr on parallel lines by routing the line
through a balun coil transformer and
measuring the swr on a regular coax
swr bridge. This method is indirect, but
it works fairly well.

Lecher wires

Something of a novelty today, Lecher
wires were parallel conductor wires that
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were coupled to a transmitter or oscil-
lator circuit in order to physically measure
wavelength. The two wires formed a
transmission line that had very pro-
nounced resonance effects on which
standing waves appeared. The
wavelength of the frequency being
measured was equal to two times the
distance between any two consecutive
current loops, or maximums.

This handy device, usually practical
only atvhf and uhf frequencies due to the
dimensions, was normally constructed
on a two-by-four or some kind of
wooden planking. The two wires were
tightly stretched between end-pieces
using turnbuckles. For determining the
transmitter’s frequency, a little wire loop
and flashlight bulb were loosely coupled
to therig’s output “tank” (tuned) circuit.

The Lecher wire apparatus was also
loosely coupled to the tank. A shorting
bar was then moved down the wires
until a pronounced dip was observed in
the lamp brightness, and the position
was marked. The shorting bar was then
run down the wires until a second dip
was observed. Voila!

The distance between the two points
was equal to a half-wavelength, and by
means of a sharp pencil ora slide rule (no
calculators then!), the wavelength could
be converted to frequency.

Although the process was cumber-
some, it was precise—after all, you were
physically measuring the wavelength.
While many vhf and uhf experimenters
undoubtedly use Lecher wires today,
such instruments as the grid-dip oscil-
lator, antenna noise bridge, and fre-
quency counter have pushed this in-
teresting device off center-stage.

Frequency meters

The frequency meter is an instrument
that indicates the frequency of a signal
applied to it. The most common kind is
the heterodyne frequency meter, which
contains a frequency generator or oscil-
lator that is tuned to beat (heterodyne)
with the frequency to be measured. The
two signals are the same at zero beat,
and they canbe read out on ameter orby
using a conversion chart.

Fairly few hams ever built their own
frequency meters, since for them to be
really accurate, they had to be very
stable—both electrically and mechanical-
ly. Most fellows relied on the more easily
constructed absorption wavemeter (de-
scribed earlier) for routine transmitter
checking, and on their receivers for an
indication of the frequency of their sig-
nals and their transmitted quality.

However, many hams did own stable
and well-calibrated vfos, and they used
them to good advantage in adjusting
equipment onto frequency in conjunc-
tion with their regular station receiver
and a band-edge marker (the forerunner to
the modern-day crystal calibrator).

Some hams who saw a good deal in
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the surplus market bought the war-
surplus BC-221 frequency meter (some-
times known as the Navy “LM"). This
little unit could be depended on for
surprisingly accurate frequency meas-
urements, and it could be purchased for

as little as $40 or $50. It had an annoying

tendency to drift, however, and it had to
be used in connection with a compli-
cated calibration book to make actual
frequency readings.

Nevertheless, there are a lot of these
units around today, and they are still fair
investments if you don’t have the money
or inclination to invest in a digital fre-
quency counter.

One point that should be made here is
that hams always have been proud of the
fact that they like to know the frequency
on which they are transmitting. In the
present era of digital-readout dials, crys-
tal calibrators, and frequency counters,
it’s not often remembered that 20 or 30
years ago, it was not nearly as easy asitis
today to know your exact transmitting
frequency with certainty.

Out-of-band operation was a real
problem up until the 60s, and resulted in
much embarrassment and many cita-
tions from the FCC from such transgres-
sions. When incentive ham licensing
came into being, and later when novices
were allowed vfo operation, out-of-sub-
band operation became a minor problem,
but the availability of well-calibrated re-
ceivers and inexpensive crystal cali-
brators (capable of putting out accurate
markers every 25 kHz or less) made this a
lesser problem than it might otherwise
have been.

The point is that there is today little
excuse for out-of-band operation, con-
sidering the many tools we all have to
work with to insure on-frequency
transmission.
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The modulation monitor is a device
used at the transmitter to indicate the
percentage of carrier modulation (in am
transmitters) or the frequency deviation
(in fm transmitters). The monitor itself is
usually a calibrated meter of some kind,
but it can also be an oscilloscope or other
indicator, such as the old "“magic eye”’
tube often used as a tuning device on
broadcast sets.

Most modulation monitors were de-
signed for use in the heyday of am
transmitters, where it was very impor-
tant to check the quality and the quantity
of modulation on the rf carrier wave.
Particularly with home-brew gear and
with surplus equipment, ensuring that
the transmitted signal was of sufficiently
high qulaity was not the easiest thing to
do. Hum, ripple, buzz, and distortion
often crept into the signal to make it a far
cry from the desired broadcast quality.

Most am modulation monitors did two
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Although not strickly test equipment, an antenna tuner is a must if you want to get the last

watt of power into your antenna system. Some tuners, such as this Dentron

T-3000A,

have built-in SWR/power output meters. Others require an external meter.

things—they rectified or detected a por-
tion of the signal in order to make it
capable of being aurally monitored by
plugging in a set of headphones. They
also normally sported a modulation
meter that indicated the relative percent-
age of modulation, so that overmodulation
could be detected, and resultant splatter
eliminated or at least reduced.

Many CBers make good use of this
instrument, since most 11-meter rigs use
am; but with ssb, the modulation meter
isn’t too useful, since there isn’t any
carrier to detect and demodulate, and the
concept of 100 percent modulation
doesn’t have the same meaning because
of the lack of a carrier wave.

On the other hand, fm modulation
meters are handy instruments to have
around the shack, particularly if you
want to adjust and service vfh-fm
equipment. This instrument, more accu-
rately known as a "“deviation meter”,
had been around for many years, it
measures the frequency deviation caused
by modulation of your transmitter or
transceiver, and it is a great deal more
precise than just talking in the deviation
adjustment on your vfhrig for best audio
through a local repeater station. Under-
deviation results in low audio as received
by others listening to your signal, while
overdeviation makes your signal overly
broad and often difficult to copy, espe-
cially when working through narrow-
band repeaters.

peviation meters

Many older deviation meters (long
used in adjusting police and fire fm radio
equipment) are usually available to the
sharp shopper at very reasonable prices,
but for the average ham fm'’er, they
probably don’t justify the investment.
However, a good deviation meter makes
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an excellent club investment project,
since all the members can share in its use
when needed

A club-owned meter would be espe-
cially handy in adjusting members’ gear
to fit the exact bandwidth of their club’s
repeater. This is a particularly good idea
when the repeater is equipped with the
autopatch feature, since badly over- or
under-deviated tone signals usually doa
good job of royally messing up the
patch’s operation!
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In the September 1950 issue of CQ,
Wilfred M. Scherer, W2AEF, described
an instrument that hams had been wait-
ing for many years—a package that
would do a number of tricks, such as
determining antenna resonance and im-
pedance, matching transmission lines
for minimum swr, finding the input im-
pedance of communications receivers,
and a host of other useful operations
around the shack.

This device, about the size of a grid-
dip meter, was later marketed commer-
cially by Eldico and some other firms. It
was actually an rf impedance measuring
meter which was designed to be driven
by a grid-dipper as the signal source.

In its original form, it could measure
antenna impedances from 10 to 1000
ohms, and it could be used up to 200
mHz—not bad for 1950! Some of the
things it did for hams was to enable
them, for the first time, to accurately
adjust the length of dipoles and verti-
cals, prune mobile antenna loading coils,
adjust beams and matching stubs, de-
termine standing wave ratios, tweak up
low-pass filters, and accomplish several
other tasks which either were just not
possible before, or which were crudely
approximated by neon bulbs or rf am-
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meters. A handy instrument indeed!

Antenna bridges

Refinements of the basic antenna-
scope came on the market several years
later in such forms as the antenna bridge,
antenna null detector, and still later, the
Macromatcher (described in QST for Jan-
uary 1972). These designs allowed
amateurs to learn a great deal more
about their antenna systems than just
SWT.

However, you should know that one
of the problems with these units is that
they need an external driving source,
such as a grid-dip meter, signal
generator, or vfo (variable frequency os-
cillator); they don’t have an internal
source of rf. This makes operation a bit
cumbersome, since it takes two instru-
ments to make measurements. And, re-
gardless of how accurate the bridge is as
an impedance-measuring instrument, it
is dependent on the calibration of the
grid-dipper or other signal source for the
overall accuracy of measurement.

And, unfortunately, the dipper and
the signal generator are usually not the
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most accurately calibrated instruments
in the ham shack. However, as we shall
see, a further development—the antenna
noise bridge—takes care of most of these
drawbacks.

Other gear

We’ve covered most of the main rf test
equipment from earlier eras that you're
likely to encounter and want to use in
your shack. And, while we’re talking
mainly about rf test equipment here,
there are a few other simple pieces of
vintage equipment that you might want
to use for routine testing.

For example, the lowly headphone, pre-
ferably of the high-impedance type, can
be used in a number of ways. It can be
used for signal tracing in receivers, in
conjunction with a blocking capacitor. It
can also be used for finding shorted
capacitors, open resistors, and even
dirty relay contacts as a sort of “poor
man’s ohmmeter.”

In addition, you will find that the
ordinary neon bulb is handy for indicating
the presence of rf, and the ac/dc circuit
testers sold in hardware and discount
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stores find many uses around the shack.

Of course, the basic instrument in the
ham shack is the multimeter, in one form
or another: the V-O-M (volt-ohm-
milliammeter), VIVM (vacuum-tube-
voltmeter), or the DMM (digital mul-
timeter). No shack, however humble,
should be without one of these simple
but essential pieces of test equipment—
but more on them later on.

Modern test equipment

So far, we've talked mainly about
older kinds of test gear. Now let’s turn to
more contemporary rf test equipment
that can add considerably to your operat-
ing enjoyment and convenience. And,
while we’ll be talking mainly of
factory-made equipment, much of the
test equipment we’ll discuss is fairly
simple, and can be home-brewed.

If you'd like to try your own hand,
peruse the back issues of CQ, QST, Ham
Radio, and 73 Magazine for construction
articles—just about all of the instru-
ments in the Radio Amateur’s Handbook
should round out any designs you can’t
locate in the magazines.
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Now, let’s take a look at some modern
test gear, beginning with some basic
equipment—and, there’s no more basic
instrument to begin with than the swr
bridge.

Swr bridges

If you entered ham radio through the
CB ranks, you almost certainly have an
idea as to its function. As you probably
know, the swr (standing-wave-ratio)
bridge is a test device that allows you to
determine how good or bad the match is
between your transmitter, transmission
line, and antenna.

Without getting buried in the math,
the swr bridge measures the ratio of
forward voltage to reflected voltage in
your antenna system. These voltage re-
lationships depend on the impedance of
the equipment, the transmission line,
and antenna; a perfectly matched system
is said to have an swr of “1 to 1,”
sometimes written as “'1:1.”

When, for example, you connect your
transmitter to one end of a 75-ohm
transmission line and a load equal to the
transmission line impedance to the other
end, such as a 75-ohm dummy load, you
have a perfect match between the two
and the swr is a nice 1:1.

But, if you mismatch your line and
load or antenna, such as when using a
mistuned or nonresonant aerial, part of
your power is wasted in the mismatch.
The swr bridge helps you to know when
your equipment is properly matched; it
helps you to deliver optimum power to
the antenna so that it can radiate your
signal properly.

There are several kinds of swrbridges.
For example, there are ones which
measure relative swr only, so that you
have to consult a separate chart to come
up with the actual swr of your antenna
system. Fortunately, this kind is rapidly
disappearing. Most meters sold today
allow you to directly measure swron the
meter itself.

Some allow you to observe both for-
ward and reflected power without using
any calibration charts. Also, some early
meters could only handle a few watts, so
they had to be carefully protected
againstregular power levels. This meant
that they had to be removed and re-
installed in your transmission line
whenever you wanted to take swr read-
ings.

Most modern instruments are high-
power units, although not all will handle
full amateur levels, say, 2000 watts PEP
ssb. Surprisingly, many inexpensive CB
swr bridges will handle high powers and
will do a fairly decent job even at two
meters, so don’t assume that you have to
spend a great deal of money for a decent
meter.

I'd suggest looking over the CB mar-
ket, from a price standpoint, carefully
checking the power-handling capacity
and highest usable frequency of the unit

o
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This Millen 90673 antenna bridge is a sophisticated version of the simple R-X noise bridge,
such as the Palomar Engineers unit. While it does require an external rf source, it provides
a meter readout and better calibrated R and X dials.

that strikes your fancy.

A few points in using the swr bridge
are in order. Remember that no matter
what adjustments you make to the
transmitter, they will have no effect on
the match as long as you keep the fre-
quency of your transmitter the same.
And, if you use an antenna coupler, no
matter what adjustments you make to
your coupler you can’t affect the match
at the antenna. Only adjusting the an-
tenna itself, and not the coupler or even
the transmission line length, can change
this.

While it’s convenient to have the swr
bridge connected between coupler and
transmitter, all you're really doing is
making sure the transmitter “sees” the
proper load impedance. Remember that
to affect the swr of your antenna, you
have to make adjustments to the an-
tenna itself.

If you're using a multiband antenna
fed with low-loss open wire line or
twin-lead, or if you're using a single-
wire antenna, it’s a different story—the
swr of the antenna isn’t too important.

One last point about swr meters: if you
own a high-power unit, leave it in your
transmission line at all times in order to
give you a quick indication of any mal-
function in your antenna or a drop in
transmitter output—any such problems
will show up right away on your swr
bridge. (A good match is usually consid-
ered to be 2:1 or better.)

The slight loss of power in the bridge
circuit won’t be noticed. Also, as we'll
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see, it makes sense to combine the swr
bridge with other multi-purpose rf test
instruments, such as directional
wattmeters, dummy loads, and antenna
couplers—more on these interesting
hybrids later on.

The rf wattmeter is a measuring device
that indicates the radio-frequency power
in a transmission line, in terms of watts.
Most of them are, essentially, dc vol-
tmeters connected across a known load
which is the same as the transmitter’s
output impedance.

While the meter itself may actually be
reading voltage, using the Ohm’'s law
relationship between the indicated vol-
tage and the load impedance, usually 50
or 75 ohms, the meter can be calibrated to
read in watts.

The rf wattmeter is an especially
handy instrument since it directly reads
the actual power output of your trans-
mitter without bothersome calculations.
You can easily see if you're getting the
proper efficiency out of your rig by com-
paring your input power readings of the
final amplifier stage (voltage times cur-
rent) with the rf wattmeter readings.

You'll find that output efficiencies are
usuallly around 60-75 percent, depend-
ing on the type of rf power amplifier in
your equipment.

Scouting for a wattmeter

This instrument is usually combined
with some other form of rf test equip-
ment, such as a dummy load or an swr
bridge. In scouting for a wattmeter, look
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This Palomar Engineers R-X noise bridge is used to measure antenna impedance and
resonant frequency. Since it requires no external rf source, it's ideal for the SWL.

for one that will handle at least 1 kw
(they’re not much more expensive than
lower-power units) and which will work
well up to at least 30 MHz with an
accuracy rating of at least plus or minus 5
percent. If you're interested in vhf work,
consider a separate unit—usually power
handling capacity isn’t so important,
whereas accuracy at the higher vhf fre-
quencies is.

Finally, look for one that allows you to
read reverse power also. This is known
as adirectional wattmeter. Now you’'ve got
yourself an swr bridge as well, all in one
package. The most versatile units have
two meters—one to allow you to monitor
forward power, the other to allow you to
monitor reverse power simultaneously.

Following current trends, even the rf
wattmeter has been “’digitized.” If you'd
like to have your measured power out-
put flash in bright leds in front of your
eyes, Swan Electronics has both hf and
vhf versions for you. The hf model digi-
tally displays power up to 1,999 watts
and reverse power, swr, to 19.99 to 1.

The vhf version reads up to 199 watts
forward power and can digitally display
the same swr range as its hf counter-
part. What more could you want?

Grip-dip meters

The grid-dip meter, sometimes
known as the grid-dip oscillator, or ab-
breviated as the “ODO” or “GDM", is a
very versatile instrument that uses a
tuned rf oscillator and meter to indicate
the absorption of energy from the unit's
resonant tank circuit by the circuit under
test.

The frequency at which this indication
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occurs is the resonant frequency. The
meter can be used in either an active
(oscillating) or “passive” mode (like a
wavemeter) depending on whether the
circuit being investigated is active or
passive.

Resonant frequency

Space does not permit cataloguing all
the capabilities of this intriguing instru-
ment. But suffice it to say thatits primary
function is to allow you to determine a
circuit’s resonant frequency—whether
that circuit be a coil-and-condenser
combination, a loading coil, or an an-
tenna system. Its other uses include
checking capacitance, inductance, cir-
cuit ’Q,”” bandwidth, crystals, transmis-
sion lines, and filters.

Besides these main functions, when
used in its ““active” or oscillating role, it
can double as a signal generator or
marker oscillator for receiver alignment.
Some hams, and swls, not owning re-
ceivers with bfo’s, beat-frequency oscil-
lators, necessary for tuning in cw and ssb
transmissions, have even used their
grip-dip meters as an “outboard’’ local
oscillator by coupling it to the antenna to
produce the carrier necessary to receive
cw or ssb.

Others have found unique adap-
tations for their GDOs, such as code-
practice oscillators and even metal detec-
tors! The dipper can also be used to
detect parasitic oscillations in transmit-
ters, and it can be used to ‘neutralize”
the final amplifier tubes of home-built
amplifiers. When used in its “'passive”
role, the grid-dipper has all the features
of the absorption wavemeter. It can be
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used, for example, as a field strength
meter or as a modulation monitor for am
transmitters.

Grid dippers

The one big problem with grid-
dippers is their usually ’so-so” calibra-
tion accuracy, particularly if home-
brewed or constructed from kits. The
calibration of most of them is only ap-
proximate, close enough for most pur-
poses, but not for all split-hair applica-
tions. But they can be used in conjunc-
tion with a calibrated communications
receiver, frequency meter, or frequency
counter to dramatically increase accu-
racy.

For my dollar, the grid-dip meter is
one of the most capable test instruments
you can own—yet few hams who own
them make use of all of their capabilities.
There are many other applications for
this very useful piece of test equipment.

In fact, the GDO is probably the least
expensive single test oscillator you can
buy that covers the rf spectrum all the
way from the low-frequency (LF) band
up to uhf in one package and also offers
both the ““dipper’” and absorption
wavemeter functions in one compact
package.

If you're considering the purchase of a
grip-dipper, bear in mind that the most
useful ones will offer high calibration
accuracy, cover a wide range of frequen-
cies, and be battery-operated so that you
can carry them right to your antenna or
mobile rig where and when they're
needed.

You'll find that the grid-dipper is one
of the most versatile, simple, reliable,
and inexpensive instruments you can
own.

Antenna noise bridge

This unique tool is actually an updated
version of the earlier instrument, known
variously as the Antennascope, antenna
bridge, impedance bridge, or Z-bridge.
The big difference between it and its
predecessors is that it’s not only an
impedance-measuring bridge, but it also
includes a broadband noise signal source.

It does not have to be driven with an
external signal, such as that from a
grid-dip oscillator or your transmitter.
When used with a communications re-
ceiver that tunes the desired frequency,
both antenna resonant frequency and
impedance at resonance can be meas-
ured easily and accurately.

As with the earlier units, any type of
mobile or fixed station antenna can be
rapidly adjusted and tuned for optimum
performance without the use of addi-
tional equipment, other than the re-
ceiver. The fact that no external signal
source is required makes it especially
good for use on your tower near the
antenna, or in checking your mobile unit
on the spot.

In normal use, when adjusting your
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antenna system for a specific impedance
and resonant frequency, your receiver is
set to the operating frequency and the
bridge is set for the desired impedance.
The necessary antenna adjustments are
made that result in a distinct noise
“null,” as indicated either by your ear or
by the receiver’s S-meter; you can also
use the bridge to find the actual impe-
dance and resonant frequency of your
existing antenna.

Other more novel uses for the bridge
are in tuning rf matching networks or
antenna couplers (without having to
apply transmitter power) and measuring
the “'velocity factor” of transmission
lines. The bridge can even be used as a
handy signal source for receiver align-
ment, adjusting bandpass filter circuits,
and making rf gain measurements, since
it puts out several hundred micro-volts
of wideband noise.

Extreme accuracy

Most commercial units work well over
the range of about 1 to 100 MHz. Many
are good up to 300 MHz or more, mean-
ing that they can be used in adjusting
your 2 or 1%4 meter antennas. Their
beauty lies in their high accuracy, which
is limited not by the calibration of a
grid-dip meter or signal generator, but
by the accuracy of your own receiver or
transceiver. Some very competitive
ANB's are offered by MF], Palomar En-
gineers, and Electrospace Systems—the
latter firm makes the popular “Omega-
T” bridge.

One disadvantage is that they are
low-power devices—they’re not in-
tended to be leftin the line. Instead, they
are mainly for one-time use in adjusting
antennas, and once the basic adjust-
ments are made, the in-line swr meter is
the best bet for continuously monitoring
performance.

But for the initial tune-up, the noise
bridge is invaluable, since it tells you a
great deal more about your antenna’s
characteristics than does the swr bridge,
and so can save you the frequently long
and tedious process of cutting and trying
in getting your antenna system properly
adjusted

The field strength meter indicates the
strength or intensity of radio waves from
a particular station or antenna system, in
effect simulating the action of the re-
ceiver. It does this by picking up a small
amount of the actual signal radiated by
the antenna, rectifying it with a crystal
diode, and applying the resultant dc to a
sensitive meter.

While costly laboratory instruments
are usually calibrated in absolute units,
such as “micro-volts per meter,” most
CB and ham FSMs merely indicate “'rela-
tive”” signal strength, quite adequate for
making routine transmitter and antenna
adjustments.

Without doubt, the FSM is one of the
handiest instruments you can own—and

Dentron’s W-2 Watt Meter gives you both forward and reflected power readings simulta-
neously, eliminating the constant switching between the two required of single-meter
units. A remote sensing unit can be connected in the antenna feedline at any convenient

location while the indicator is left in view.

one of the simplest, since in reality it is
little more than a “crystal set” tuned to
your transmitter’s output frequency.

Before the widespread use of swr me-
ters and antenna bridges which allow
you to more accurately “fingerprint”
your antenna’s performance characteris-
tics, hams relied on the FSM to indicate
when maximum power was being
radiated by the antenna. Many use the
FSM even today in preference to the
more sophisticated instruments, particu-
larly when “’pruning’’ long-wire anten-
nas and in accurately adjusting beam
antennas for optimum gain.

It’s fair to say that no ham shack is
complete without the field strength me-
ter, if for no other reason than to give
you some idea that your transmitter is
actually radiating.

By noting the meter’s normal reading
you can quickly detect any deterioration
of performance in your transmitter or
transceiver, as indicated by reducing
meter readings. Besides its use as an
overall monitoring instrument, it can be
used for trouble-shooting rf amplifiers
and oscillators, and in helping to track
down tvi-producing harmonics.

Field strength meters

FSMs can be built from a few inexpen-
sive parts, or they can be purchased for
as little as about $10. Heath sells a nice
kit, the HD-1426, that makes an excellent
first project—there’s little to go wrong in
constructing the field strength meter.
The less-expensive, untuned meters are
fairly insensitive, though, and will have
to be placed near the antenna or trans-
mitter if you're using low power.
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More costly wavemeter-like units use
a small, self-contained solid-state
amplifier circuit and they can be tuned,
much like the wavemeter.

They’re much more sensitive instru-
ments, particularly useful if you're into
QRP (low power) work, orif you want to
bird-dog harmonics and spurious oscil-
lations in your equipment. The more
sensitive ones can be used much farther
from your antenna, so you can even plot
your mobile’s radiated signal pattern if
you like.

In any case, you'll probably find the
FSM an indispensable piece of simple
test equipment both for your fixed sta-
tion and your mobile “shack.” Its light
weight, portability and small size makes
it quite convenient—and it's probably
the most trouble-free instrument you'll
ever possess.

Crystal calibrators

The crystal calibrator is a quartz
crystal-controlled oscillator that pro-
duces a known reference signal that is
used to check or set the tuning of a
transmitter, receiver, or transceiver.

It is more properly known as a secon-
dary frequency standard, since it is usually
calibrated or "set” against a primary
standard, such as station WWV or
WWVH, operated by the National
Bureau of Standards. The search for ac-
curacy in your station equipment is just
about at an end if you use a calibrator.
Modern equipment equipped with crys-
tal calibrators shouldn’t be sneezed at as
“frequency checkers,” and they consti-
tute the next best thing to owning a
frequency counter.
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A relative field strength meter, such as this Heathkit HD-1426, is ideal for casually
monitoring your transmitter and antenna system. Some field strength meters have built-in
telescoping antennas. Others, including this Heath unit, require a length@afhookup wire for

the antenna.

A dozen or more manufacturers make
add-on calibrators, and many include
them as standard equipment. In most
standards, the frequency is controlled by
a precision 100 or 1000 kHz quartz crys-
tal; a switch normally controls the opera-
tion of frequency circuits which are di-
viders driven by the oscillator to give
outputs at 1000, 100, 50, or 25 kHz. Some
devilishly ingenious calibrators even
give outputs down as low as 10, 50 or 1
kHz—sometimes even lower.

Most of the commercial units produce
a rectangular wave, rather than a sine
wave, which is very rich in harmonic
content. Thus the signal can be heard
loudly atevery 100 (or every 50, every 25,
etc.) kHz throughout the rf spectrum,
well up into the vhf bands. A “zero-
adjustment’’ allows you to precisely set
the frequency by comparison to WWYV or
another known standard.

Usually, you can adjust your calibrator
to an accuracy of .0001 percent or better
(this works out to 10 Hz at 10 MHz, or 15
Hz at 15 MHz) which is good enough to
keep your transmitter and receiver ““‘on
frequency’’ regardless of what bands
you work.

Most crystal calibrators are very sim-
ply adjusted. If you own a general-
coverage communications receiver, or a
transceiver with a “WWYV receive posi-
tion”, you simply tune to WWV on
either 2.5, 5, 10, or 15 MHz—the higher
the frequency, the more accurate the
calibration you can attain. When the
station stops transmitting its audio tone,
adjust the zeroing control on the cali-
brator for “zero beat”” (either aurally or
by watching the S-meter on your re-
ceiver).

That’s all there is to it! If your receiver
won't tune to WWV, you can calibrate
against a local standard broadcast station
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using a transistor radio. The accuracy
won’t be as great as if you had used
WWYV, but it should still be within about
.001 percent, still good enough for most
HF ham work.

In searching for a calibrator, look for
one that generates useful harmonics well
into the vhf range, that produces out-
puts down to at least 25 kHz (for check-
ing sub-band edges), and which pro-
duces what is called a gated output. This
latter feature, which is a special modula-
tion applied to the calibrator’s output,
allows you to clearly identify your cali-
brator’s own signal against the backdrop
of a crowded band—since it’s all too easy
to mistake an unmodulated carrier for
your calibrator’s signal.

You'll undoubtedly use your cali-
brator, mainly, to check your receiver
and transmitter. But you'll also find the
little units handy for calibrating your
grid-dip meter, signal generator, and
your oscilloscope, should you acquire
these instruments.

Frequency counters

The quest for frequency accuracy in
your equipment—transceivers, trans-
mitters, and receivers—has been aided
in the past few years by the frequency
counter, which makes possible unprec-
edented frequency readout and calibra-
tion of your equipment, even at vhf and
uhf.

While the crystal calibrator, which
we've already described, will allow you
to calibrate your equipment at certain
“marker intervals,”” it falls short of being
able to give you precise, linear readout of
frequency between the markers where it
really counts—like in adjusting or “net-
ting’” crystals, aligning tricky tuned cir-
cuits, and performing similar chores.

Buying or building a frequency
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counter is the best way to be able to do
such work. It is a far cry from having to
use the complicated, intricate calibration
charts that went with most frequency
meters of just a few years ago.

The most precise frequency measur-
ing instrument in general use is the
counter, which has special circuitry that
“breaks down’” and “‘counts” the signal
applied to its input. While it’s highly
rated “digital accuracy’ is only as good
as its calibration and the stability of its
reference oscillator (which, like the crys-
tal calibrator, is usually "“zeroed” against
WWYV), it’s a top-notch tool that’s hard
to beat for convenience.

A few years ago, the counter was seen
in only the laboratory, and when intro-
duced on the general electronics market,
it was in the $500 and up category. But
their story is much like that of
calculators—every day they seem to be-
come less expensive, and yet boast ex-
panded features.

Today, you can buy a 500 or 600 MHz
counter for about $150 (possibly less),
and a 30-MHz counter .(perfectly good
for 160 to 10-meter work) for under
$100—even factory wired and tested.
Kits can be had for even less. How prices
have tumbled in just a year or two!

The pages of ham magazines and
mail-order catalogues are packed with
descriptions of highly competitive coun-
ters. Discriminating between them is no
easy task. But in looking for a counter,
some things you might want to consider
are the size of its digital display (half-
inch or larger), the number of digits (6 is
about minimum for good resolution), its
frequency accuracy (at least .001 per-
cent), its sensitivity, time base stability,
and many other factors which are too
detailed to go into here.

Some of the more expensive counters
sport such useful features as display hold,
in which you can “freeze’” a reading so it
can be examined at leisure after the sig-
nal is removed; others have blanked dis-
plays which light up only when a signal is
present.

Still others allow for operation from
either 110 vac for home use, internal
rechargeable Nicad batteries for portable
work, or from an exterhal battery or
cigarette lighter cord for mobile or even
maritime use.

If you're buying a counter “on a
budget,” consider purchasing one that
has the features you want but doesn’t
claim extremely tight (and expensively
obtained) frequency tolerance specifi-
cations—accuracy is probably the most
expensive driver of cost in the frequency
counter.

You will find that in HF work, say to
monitor the transmitted frequency of
your transceiver, extremely fine accu-
racy just isn’t needed, since errors are
very small in relation to the frequencies
used.

You will find that for those few occa-
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sions when you need high accuracy, such
as when “netting’’ crystals for your vhf
transceiver or handi-talkie, you can at-
tain a very high degree of “instant”
accuracy with an inexpensive counter
simply by placing it near or on your
communications receiver (thus lightly
coupling the counter’s frequency-
determining oscillator to it), tuning to
WWV, and continuously adjusting your
counter as you use it.

You'd be surprised athow good a job a
moderately-priced counter can do if this
procedure is followed.

Something else: some of the newest
counters aren’t designed to be calibrated
against WWYV at all, but rather against
your tv set! They use the popular tv
“color burst” frequency of 3.58 MHz
(3.579545 MHz to be exact) for a time-
base.

This feature can give you accuracies
even better than you can attain using
WWYV for calibration, since the tv net-
works maintain a high degree of stability
in their color-burst frequencies, and the
frequencies they use are directly derived
from the National Bureau of Standards
(NBS) in Boulder.

Before closing on the subject of fre-
quency counters, I'd like to mention one
accessory you may find quite useful. It's
‘the counter preamp, a wide-band general
purpose amplifier (usually contained in
a small minibox) that boosts your count-
er’s gain by 20 db or more. This is par-
ticularly useful if you use your counter a
great deal at vhf and uhf, since most
counters’ sensitivities drop off quite a bit
on the higher ranges.

The preamp will allow you to do many
things your counter normally can’t do—I
use a preamp to adjust the receive trim-
mer capacitors on my two-meter handi-
talkie, since the counter and preamp are
now sensitive enough to pick up the
“pipsqueak’” local oscillator in the
hand-held.

Other uses are in QRP “milliwatt’”
power meters, rf voltmeters and oscil-
loscopes. I use an inexpensive ($35) unit
made by Pagel Electronics, 6742-C
Tampa Avenue, Reseda, CA 91335, and
find it works wonders with inexpensive
counters.

A spin-off of the counter is the acces-
sory digital frequency display unit. This
accessory usually hooks into a special
socket on your receiver or transceiver,
and allows you to digitally display your
working frequency as read on the regu-
lar analog dial.

They’re nice, and allow you to see ata
glance exactly what your operating fre-
quency is—remember that regular fre-
quency counters, when used to monitor
your transmitter’s signal, will flicker as
you modulate your ssb rig or key your
cw transmitter; the digital display units
won't.

However, as accessories they’re about
as expensive as their close relative, the
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Most frequency counters make use of an rf probe to pick up the signal to be measured. This
Pagel Electronics Model 7 Hertz Meter can be put into the signal path to measure the
frequency of the rf passing through it. The Model 7 can also be used in the conventional
way, and with the Pagel Preamp, can accurately measure the frequency of very low level

signals.

frequency counter, so why not buy a
counter instead and be able to use the
thing as a test instrument as well? Some
farsighted manufacturers now make
dual-function units which can convert
from display units to frequency counters
at the flick of a switch. (Note: Hufco
makes an inexpensive converter that al-
lows you to adapt your present fre-
quency counter for use as a digital dis-
play unit for your receiveror transceiver.
It is compatible with almost all transmit-
ting and receiving equipment and fre-
quency counters.)

Monitor ‘scopes

One of the most versatile tools in the
ham shack is the oscilloscope. You can
make a multitude of measurements
using one, such as frequency, voltage,
and even time.

To the serious ham, the ‘scope is a
must, particularly if he operates ssb
(single-side-band) or RTTY (radio-
teletype), where adjustments can be crit-
ical. The ’scope can also be useful in
detecting nonlinearity in amplifiers, im-
proper drive levels, key clicks, poor
sideband suppression, and parasitics.

Probably the most useful kind of oscil-
loscope to the ham is the specialized in-
strument that is specifically intended to
be used in the shack. Such instruments
are made by several manufacturers, in-
cluding Heath, Yaesu, and Leader In-
struments.
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Typically, they are designed for “on
the air” signal monitoring through at
least 6 meters. Their main function is to
display the transmitted signal pattern, rf
“trapezoid,” or RTTY cross-pattern.
Most of them have provisions for inter-
nally attenuating your transmitter’s sig-
nals, so that you can connect them di-
rectly across the transmitter’s output
without fear of damage to either your
equipment or the “scope.

Most of them can also be used to
display and analyze received signals from
other stations when used in conjunction
with your receiver. Some even have a
two-tone audio generator (usually
around 1500 and 1950 Hz) built into the
unit for ssb adjustment and ““tune-up,”’
and other test purposes; others can be
used as regular oscilloscopes, too.

Most come with a detailed manual that
graphically shows a number of possible
displays and indicates what malfunc-
tions may be causing particular patterns
to appear, much like the familiar "’tv
troubleshooting guides” that show a
variety of “’boob-tube’”” photos and
which point you to the probable source
of the problem.

Most of the units on the market today
are fairly expensive. $160 up, but older
‘scopes such as the Heath HO-10 and
5B-610 are very dependable units which
may be obtained at reasonable prices on
the used-equipment market for under
$100.
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Dummy loads, such as this B&W Model
334A, let you run tests on transmitters
under full operating conditions without
having to worry about causing interference.
Just connect it to the antenna terminal and
it radiates the rf output in the form of harm-
less heat. This load will handie up to 1000
watts and has a built-in watt meter.

Closely related to the monitor oscillo-
scope is the spectrum monitor. This in-
teresting instrument has gone out of
favor to some extent today, but it was
very popular in the late 60’s and early
70’s with sharp operators who wanted a
graphic picture of band activity not just
at their operating frequency but up and
down the band, as well.

The spectrum monitor visually dis-
plays all signals within a selected range
above and below the frequency which is
actually tuned in. This allows the
operator to ""go after” isolated activity on
an otherwise dead band, and so is a
particular favorite of some vhf DX’ers
who want to be able to instantly “scan
the band” for signals.

The disadvantage of most of these
units is that they were designed to work
only with receivers having certain if (in-
termediate frequency) ranges, which
usually limited their use to compatible
equipment made by the same manufac-
turer. Probably the most popular such
unit was Heath’s HO-13 “Ham-Scan,”’
which originally sold for about $83. If
you own a receiver with a 455 kHz if, or
have one which uses one of the Heath’s
standard if frequencies, you may find
such a device fun to use.

Like the HO-10, they’re often seen on
the used equipment dealer’s shelves and
at hamfests. Don’t confuse the spectrum
monitor with spectrum analyzer; the latter
is a very sophisticated and expensive
wide-band device something like an os-
cilloscope which is used in accomplish-
ing complex tuning procedures in
transmitting equipment.

Most hams will not see the need for
this piece of test gear, unless they want
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to work extensively with frequency syn-
thesizers and complicated filter circuitry.

RF signal generators

The rf signal generator is an electronic
instrument which contains oscillators
and associated circuits to produce vari-
able reference signals for transmitter and
receiver calibration, alignment, testing,
and servicing. Many also contain built-in
audio generators for modulating the rf
carrier.

The signal generator is much like the
grid-dip meter, but it is usually a shop-
type instrument rather than being
“hand-held” like most GDOs. It is nor-
mally a bit more stable and fancier, and
includes not only an rf oscillator but a
buffer or isolation stage, an audio oscil-
lator and modulator, as well as an at-
tenuator to allow its rf output level to be
adjusted.

It is useful in aligning, testing and
servicing receivers and transmitters, and
just about any other time you might
need a convenient source of rf.
Commercial-quality units are very ex-
pensive, costing at least $400 or more,
but for most ham applications, relatively
inexpensive, under-$100 kits usually fill
the bill.

Like the grid-dipper, the main prob-
lem is in coaxing sufficientaccuracy out of
inexpensive units. But they can be cali-
brated with the aid of a regular com-
munications receiver, using signals from
WWYV or the receiver’s crystal calibrator.
As with GDOs, accuracy can also be
increased by using it along with a fre-
quency counter as a running check on
the output frequency.

In shopping for a signal generator,
look for one with a high output (at least
100,000 microvolts), decent accuracy
(plus or minus 3 percent or better), and
outputs on fundamental frequencies to
at least 30 MHz and usable harmonics up
to 150 MHz (higher if you plan to use it
for uhf work).

If you want to build your own from a
kit, the Heath 1G-5280 and 1G-42 are
inexpensive units that are not too hard
for the beginner to construct, as are the
Eico 324 and 330 kits. If you're consider-
ing acquiring a ““suite”’ of test equipment
for your workbench, I'd rank the signal
generator next in line after the multime-
ter, power/swr meter, and grid-dipper.

Other equipment

So far, we’ve talked mostly about rf
test equipment. While there are a lot of
other kinds of test gear, we’ll save them
for another time. But because of its im-
portance, let’s discuss one class of test
instrument that is an absolute necessity in
your shack—before you think of swr
bridges, frequency counters, grid-dip
meters, and other very nice-to-have ac-
cessories.

First and foremost on your shopping
list should be a suitable multimeter—
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either a portable volt-ohm-milliameter
(V-O-M), a vacuum-tube-voltmeter
(VIM) or one of the newer digital mul-
timeters (DVMs).

The selection of the proper instrument
for your shack is up to you, of course,
and there are hundreds to choose from.
The point is that you need some sort of
device that will enable you to make sim-
ple measurements of resistance, current,
and voltage in order to perform basic
checks on your equipment, your an-
tenna, and around your shack in gener-
al.

Without such a meter, you cannot
check for shorted or open transmission
lines, detect short circuits in your gear,
or locate components that have gone
bad. In short, you're about helpless
without one of these inexpensive little
gems.

In any case, decide to buy a multime-
ter if you don't already possess one.
Look for one that has a least 15,000 ohms
per dc volt resistance; enough meter
scales to allow good readability; a large
meter face; conveniently positioned con-
trols, portability; and good accuracy.

Of these features, accuracy and a high
input resistance are probably the most
important features. A high-resistance
meter is essential in order to draw little
power from the circuit under test and to
make accurate measurements; a high-
resistance (50,000 ohm) V-O-M or a good
VTVM, with its very high input impe-
dance, will do the best job for you.

There are so many multimeters on the
market that it’s hard to choose from
among them. But, if you want an inex-
pensive, highly portable unit, consider
the straight V-O-M. You can usually buy
a very good one for under $25; a lab-
quality unit will be considerably more
expensive.

If you plan to do mostly bench work,
where you're handy to an ac outlet, then
the VTVM may be your best choice.
These are often seen at hamfests at very
reasonable prices.

If you want the latest in state-of-the-
art convenience, consider the digital mul-
timeter; it gives you an LED-type readout
much like that on your digital watch.
They are definitely the coming thing,
though they’re usually quite expensive.

Recently, however, some kits have
been put on the market for well under
$100 which bring the DVM within reach
of most hams and electronic hobbyists.
Excellent DVM kits are available from
manufacturers such as Heath, Gary
McClellan & Co., and Sabtronics. But
because they are complicated and use
easily damaged components, best not to
construct a digital kit as your very first
electronic undertaking!

Many hams find other uses for their
VTVMs. For example, if you own one
that has a fairly good frequency response
on the ac ranges, you can measure the
power output of your hf transmitter with-


www.americanradiohistory.com

out using a power meter.

For example, if you run your transmit-
ter into a 50-ohm dummy load and
measure the voltage across it, you can
calculate the power using ohm’s law
(power equals voltage squared divided
by resistance, or P = E2 /R). Of course,
you should only make this kind of a
direct measurement with low-power
equipment, for safety reasons.

You can also increase the utility of
your VIVM by using an accessory rf
probe with it. This will enable you to
make direct ac measurements well up
into the vhf bands; the probe is also
handy for signal tracing and troub-
leshooting in receivers.

Before leaving the subject of “other
equipment,”’ suffice it to say that there is
a lot of other test gear that you'll eventu-
ally want to have for your shack—
equipment that may not really fit in our
category of “rf”’ test equipment.

Some such gear would be audio oscil-
lators, function generators, oscillo-
scopes, sweep generators, bench power
supplies, battery chargers, capacitance
bridges and a multitude of other test
equipment and related accessories. But
obtain the basic service and f test equip-
ment first, then add the “peripherals.”
One daywyou’ll have it all!

So far, we've described some of the
most useful rf test equipment, but on an
individual basis. It can, however, be ad-
vantageous to ““marry up’’ some equip-
ment for reasons of convenience and
economy.

For example, the familiar antenna
tuner can house other rf equipment,
such as an swr bridge, rf ammeter, and
dummy load; and so-called "’station con-
soles”” can house a table-full of
convenience-type test gear in one pack-
age. It also makes sense to take advan-
tage of the fact that the same power
supply and LED display may be used to
serve two or more related pieces of
equipment, such as signal generators,
digital clocks, and frequency counters.

And, with modern solid-state
technology reducing the size and in-
creasing the portability of test equip-
ment, it's now possible to have such
“neat” devices as hand-held frequency
counters that can be taken right to the job
at hand—whether indoors or out. Let’s
take a look at some novel ideas in rf test
equipment you may want to consider for
your workbench.

Tuner and bridge combos

The antenna tuner or coupler, of
course, isn’t a piece of test equipment at
all. But it makes sense to mate the tuner
with an rf meter of some sort for an
indication of proper loading and trans-
mitter tuning. While rf ammeters can be
used, particularly for low-power equip-
ment feeding single-wire antennas, the
swr bridge or directional wattmeter is
the ideal test instrument to house in the

same cabinet as your antenna coupler.

The swr bridge, of course, can give
continuous indication of best ‘‘match”
between the antenna tuner and the
transceiver or transmitter. Having the
swr bridge as an integral part of the
antenna coupler is very convenient and
is usually cost-saving.

Probably the “ideal’”” antenna coupler
combo would be one that would match
all kinds of antennas (coax-fed, parallel-
line, and single wires), allow for con-
tinuous monitoring of both forward and
reflected power (requiring two meters,
of course), provide for either straight-
through operation or operation through
the antenna coupler matching circuit,
and have a front-panel selection of sev-
eral antennas.

Some of the newest antenna couplers,
such as the Dentron MT-30004, also
have a built-in dummy load that can be
switched in and out of the circuit for
instant transmitter tune-up and adjust-
ment. Of course, such "’do-everything’’
tuners don’t come cheap; but since it is
the power-handling capacity that has
the greatest impact on price, look for a
medium-power unit that has the most fea-
tures for your dollar. If you run 250 watts,
for example, you don’t necessarily need
a 2 kw tuner!

Clock/frequency counters

As we said, it makes sense to combine
related pieces of gear, such as digital
clocks and frequency counters which can
make use use of common power
supplies and display leds. A good exam-
ple of this technology is the Teknik series
of frequency counters, which are de-
signed for either base or mobile fre-
quency display, with a clock feature
thrown in to boot.

For example, the firm’s model FC-
106B is designed to operate from either
12 volts dc or 110 volts ac (using an
external adapter/charger); it can also op-
erate from self-contained, rechargeable
Nicad batteries. With a six-digit fre-
quency display readable to 100 Hz, the
unit can be used to indicate your actual
transmittted frequency up to 10 meters.

The clock portion can either be set for
12 or 24-hour format, and it can display
either four or six digits. Since it is de-
signed primarily for dc operation, it con-
tains a built-in crystal timebase for the
clock, rather than sampling the 60-cycle
house current for synchronization.

The same timebase doubles as the
oscillator for the frequency counter;
much of the circuitry is shared between
the two functions, and it is designed so
that even when the counter is in use, the
unit ““remembers’’ the correct time
(which can be recalled and displayed by
the flick of a switch).

The unit is distributed by Aldelco,
2281 Babylon Turnpike, Merrick, N.Y.
11566, and sells for about $100 less the ac
adapter and Nicad batteries.
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The same company also markets an
interesting “‘dual digital” clock which
allows you to display, side-by-side in the
same cabinet, both local and Greenwich
(Universal) Time, or to display on one
readout panel 12-hour time and on the
other, 24-hour time format. These fea-
tures reduce or eliminate the “’mental
gymnastics” involved in computing time
differences when working DX, making
log entries, and especially important, in
contest work where time is of the es-
sence.

Another combination frequency
counter/clock is made by Pride Elec-
tronics. Their TF-1000 is very similar in
function to the Teknik unit, but features
automatic switching from clock to fre-
quency counter when transmitting. The
6-digit clock continues to function and
its time display returns automatically
when the transmitter is unkeyed.

The Pride unit is designed for “‘thru-
line” operation. This means that it is
connected in series with the transmitter
or transceiver rf power output line,
much like an swr bridge; it “samples” a
minute portion of your signal for display
purposes. The two-pound unit can han-
dle power levels up to 250 watts to 40
MHez; it is designed for base station use
and is ac-powered.

At least a third combination “’fre-
quency and time machine” is now on the
market. It is a 30 MHz thru-line unit that
has some impressive specs, including a
calibration time-base accuracy of three
parts-per-million. It is manufactured by
Communications Power, Inc., 2407

Dip meters, such as this Waters Model 331A
by Barker & Williamson, let you determine
the resonant frequency of rf circuits and
antennas. You just hoid the dipper next to
the circuit being tested and turn the dial.
When the meter reading deflects down-
ward, or dips, you've found the frequency.
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Although an rf ammeter won’t give you as
much information about your antenna sys-
tem as an SWR/power meter, it will let you
know exactly how much rf current you're
pumping into the line. This End-Tec rf am-
meter is designed for use with low-power
equipment, but ammeters are also available
with much higher ranges.

Charleston Rd., Mountain View, CA
94043, and sells for $200.

Signal generator/counter

Another “hybrid” test insturment has
recently made its appearance: the com-
bination signal generator and frequency
counter. The best way to describe this
unique device is to describe a newly-
marketed unit. The Lunar Electronics
DX-555P signal generator/counter has no
frequency dial, unlike most signal
generators.

Instead, it uses the counter’s LED
read-out to display the actual rf output
frequency of the generator. It is tuned by
a large main tuning knob and a small
bandspread knob, with the frequency
indicated by its 5-digit LED display. The
advantages of accurate frequency read-
out are obvious, and overcome the main
drawback of hobby-style signal genera-
tors—poor calibration.

With goeod calibration accuracy (lim-
ited mainly by the stability of the fre-
quency counter), the unit can be used for
precise alignment of transceivers and
receivers.

The signal generator in the Lunar unit
covers 440 kHz to 30 MHz in three
ranges; the frequency counter covers all
the way up to 220 MHz (using a built-in
"’prescaler,” or range extender). The vhf
coverage makes it suitable for checking
out 6, 2, and 1Va-meter transceivers and
walkie-talkies. The little unit is sold by
Lunar Electronics, Box 82183, San Diego,
CA 92138.

Miniaturized counters

It's a pleasure to be able to take your
test equipment right to the scene, rather
than having to remove mobile equip-
ment and bring it into the shop when
adjustment and calibration is needed.
Until very recently, the frequency
counter was one instrument that just
didn’t lend itself to extreme portability.

However, in recent months, a number
of popular-priced, precision miniature
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counters have appeared on the market
which have tremendous application in
’on-the-spot’’ calibration of mobile and
portable gear, walkie-talkies, and other
equipment that doesn’t readily lend it-
self to bench testing.

The Digitrex 6600 counter, sold by
Digitrex, 4412 Fernlee, Royal Oak, MI
48073, is a factory-assembled miniature
counter housed in a plastic case of the
kind used to hold small digital au-
tomobile clocks. Initially, it was offered
as either a kit or ready-built, but its small
size made construction difficult for the
“average’’ ham, and there were also
some design problems.

The company re-engineered the
counter, and came up with a six-digit
unit that will count to 600 MHz with an
accuracy of .0002 percent and a resolu-
tion of 100 cycles. The sensitive unit is
powered by six penlite cells and a 9-volt
transistor-radio type battery. It sells in
the $120 price class.

Another miniature unit that offers
“bench counter’”” performance in a
hand-held package is the Gary Model
303. The 5 X3 X 1¥4-inch, 2-pound unitis
powered by a-internal 5-volt recharge-
able Nicad battery. It boasts a factory-set
accuracy of .0001 percent, and will count
to 200 MHz with good sensitivity. Its cost
is $129.95 factory assembled, from Gary
McClellan and Co., P.O. Box 2085, 1001
W. Imperial Highway, La Habra, CA
90631.

Another interesting, sensitive 250-
MHz hand-held counter is sold by DSI
Instruments, Inc., 7914 Ronson Road
No. G, San Diego, CA 92111. Its specs
are competitive with those of the Digit-
rex and Gary counters.

These counters are made possible by
using modern LSI (large scale integra-
tion) solid-state circuitry. For example,
in the Gary counter, two ICs do the bulk
of the counting “’chores.” While the pre-
scaler usually limits the portability of
most counters because of high current
consumption, usually around 200 ma or
s0, in this unit a special PCL logic pre-
scaler is used that draws only 20 ma, so
that battery life is conserved.

The hand-held counters probably are
destined to become almost as popular as
the walkie-talkie. They’re a natural for
portable communications work; the
handy size plus wide frequency range
makes them “super” for field day pur-
poses.

In most cases, you can get adequate
signal pickup even from low-power gear
by attaching a short pickup wire to the
counter’s input connectors.

We've only scratched the surface with
our survey of some of the new ideas in rf
test equipment. Thumb through the
pages of your favorite ham magazines
and you’ll find more new and unusual
instruments being introduced each
month—including some sophisticated
""do-everything’’ transceiver testers
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which may represent the wave of the
future in ham test equipment.

Test points

Most test equipment can be bought
either in kit form or ready-made. If
you're a beginner, it's probably best to
limit your home-brewing and kit-
building to such relatively simple pieces
as multimeters (V-O-Ms), vacuum-
tube-voltmeters (VIVM’s), grid-
dippers, swr bridges, and field strength
meters.

All these provide good vehicles for
learning good construction practice and
basic test equipment theory, and there’s
very little expensive damage you can do
if you end up with mistakes in wiring.
Both Heath and EICO make a variety of
good kits that can get you started; as we
suggested, a multimeter is probably the
ideal first kit.

Unless you've had the experience of
building a few simple kits, it's a good
idea to stay away from complex solid-
state “‘black boxes’” such as frequency
counters and the like. They're touchy to
build, their components (such as IC’s
and LED’s are easily damaged, and sol-
dering must be done with extreme care.

If you haven’t already discovered,
they can be hard to build and get work-
ing properly even with good instruc-
tions, such as those by Heath and EICO.
They’re even more difficult and frustrat-
ing to assemble when working with poor
instructions, which, unfortunately, are
too-often furnished by many lesser kit
manufacturers. So beware, and choose
your test equipment kits carefully if you
decide to build.

If you'd like to home-brew, the same
cautions apply. Plus, you're strictly “‘on
your own.”” Again, if you're a beginner,
stick with simple, basic test equipment;
the back issues of QST, 73, CQ and Ham
Radio are chock full of designs for practi-
cally every kind of rf test gear we've
described in this article.

Needless to say, if you build your
own, you will likely become much more
familiar with your equipment and will
understand its functions much better
than if you bought it outright or built it
from a Kkit.

Of course, you can often save a good
deal of money in acquiring basic test gear
by buying used equipment. The usual
cautions apply: know your seller and the
condition of the equipment before you
buy. If you purchase test equipment at a
hamfest or swapmeet, be sure to try it
out for proper operation—at least give it
a good visual check if you can’t actually
plug it in for a “smoke test.”” Beware of
used ""CB-type’’ test gear; it's often mis-
used by its owner, much like CB trans-
ceivers are. Be careful, too, in buying
surplus gear. .

Much of the military surplus equip-
ment available today is far out-of-date
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and is overly-specialized for practical
ham use. In any case, be sure that you
obtain instruction manuals (complete
with schematics) for each piece of test
equipment you own—test gear some-
times needs servicing itself. It's a good
idea to keep the instruction manualsin a
safe place along with the manuals and
schematics for your station equipment,

What should it cost?

Good test equipment costs money—
sometimes more than the gear it is in-
tended to service. Yet, one of the best
investments you can make is in good,
dependable test equipment. As we men-
tioned, it rarely becomes outdated, and
it may save expensive factory servicing
on what may be minor equipment prob-
lems.

Of course, it doesn’t make much sense
to make yourself "‘test equipment poor’”
by buying beyond your needs. Very few
hams, for example, need a spectrum
analyzer or a frequency counter that will
count to 1 Gigahertz! Your decision to
purchase more or less-expensive test
equipment should be based on your
needs and the frequency with which you
anticipate having to use it.

For example, it pays to get a good
precision multimeter, VIVM or swr
bridge, because you’ll probably use
them almost every day, and they’ll likely
never go out of style. But to invest in
frequency counter good to an accuracy of
.05 parts per million would not be wise if
your are but a casual vhf or uhf operator.

After deciding on what kind of test
equipment you need and expect to use
sufficiently to justify its purchase, you
should carefully select it by evaluating
performance, features, and price. Shop
the ham magazines, the electronics dis-
tributors in your area, and send for com-
parative spec sheets. Like anything else
you may buy, comparison-shopping test
equipment really pays off.

It's amazing how the same number of
dollars will buy vastly differing quality
and specs from different manufacturers.
And, while you can usually save a great
deal by buying kits, they’re not always
the best buy; this suggests that you
shouldn’t shop only on price. Check the
specs carefully!

For example, you may find that it's
less expensive to buy a precision wired-
and-tested frequency counter from one
of the newer firms thatspecialize in digital
test equipment, than it is to purchase an
equivalent kit.

A good club project is the purchase of
a high-quality set of rf test equipment for
use by the members—this is not particu-
larly cost-cutting for the more inexpen-
sive items, but when it comes to com-
plex, costly equipment like frequency
counters, deviation meters, and the like,
it's a good way to allow all the members
to share the benefits of the higher-priced

gear on a cooperative check-out basis.

If your club goes this route, buy only
the best, most rugged instruments, as
shared equipment tends to get much
rougher treatment than one-owner gear.

In any case, it’s better to pay a few
dollars more for your test equipment and
get accurate, dependable gear than to try
to use “cheapies” whose accuracy and
reliability is questionable. Too, the day
may come when you'll want to pick up
that second-class FCC ticket and do
some CB and ham repair work on the
side, and that means having a well-
equipped bench.

Power sources

Some rf test equipment you'll buy won't
need power at all, such as wattmeters,
swr bridges, and dummy loads. Most
testequipment, however, is intended for
bench operation and is designed to work
off of 110 to 130 vac house current.

This is changing, however. Most
solid-state gear is designed to operate on
dc voltages of 12 volts or less. This makes
it practical to operate test equipment
from your auto battery for some mobile
repair jobs right in your vehicle; external
ac adapters are used to run the equip-
ment on house current.

Many of the newer frequency counters
and digital multimeters have built-in re-
chargeable Nicad power supplies so that
they can be used indoors or out, and are
simply recharged when the need arises.

While on the subject of power, consider
this: if you own a mobile unit, you may at
some future date have to bring the unit
inside for major repair work or for mod-
ifications. When doing this, you'll need a
source of dc power for operating the
equipment. You can use an old storage
battery in conjunction with a charger.
But it’s a lot more convenient to have a
workbench power supply that will pro-
vide the necessary voltage at the current
rating you need.

Best is a unit that has both a high-
current, variable-voltage output for use
in testing mobile radio equipment, and a
couple of fixed low-voltage, low-current
outputs you can use in powering any
experimental solid-state circuits that you
may build. This kind of power supply is
fairly inexpensive.

Maintenance

In selecting a power supply, good
regulation and filtering are paramount,
sobe wary of cheapie ‘“CB mobile battery
eliminators”’; most of these supplies
have insufficient current output and
regulation under load, and they often
suffer from inadequate hum filtering.
Look for a supply that is specifically
designed to be used for workbench test-
ing and servicing.

Most test equipment needs little main-
tenance. For the most part, your test gear
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will just sit there doing its thing for a
long time without needing any calibra-
tion or servicing of its own.

However, it pays to have a program of
preventive maintenance and calibration
on your test equipment to keep it in
tip-top shape for that time when you
need it. This program needn’t be fancy,
but there is nothing more frustrating
than to have your ham rig go up in
smoke and to set out to fix it, just to
discover that your test equipment itself
needs fixing!

Some things you can and should do is
to periodically inspect your test equip-
ment, both internally and externally.
Check the lubrication of any moving
parts; clean switch contacts and termi-
nals; test any vacuum tubes for perform-
ance; and occasionally “’dust’’ the unit's
innards. It's a good idea to “’spot-check”
the calibration of your equipment, such
as frequency counters and crystal cali-
brators by checking them against WWV.

You can check your swr meter or an-
tenna noise bridge against your dummy
load, and your grid-dip meter dial accu-
racy against your communications re-
ceiver.

Periodically check the batteries in your
multimeter or VTVM, and replace them
when weak—certainly before they be-
come “sour” and make a mess of the
interior of the instrument. Better yet,
replace them with Nicads if possible,
and keep the unit on'continuous “trickle
charge’” when not in use.

If you make an honest effort to care for
and maintain your test equipment, you
can usually keep it up to par and work-
ing to factory specs with ease.

Wrapping it

In this article, we've taken a look at
some early ham test equipment, and
have shown that much of the early rf test
gear is still useful today. We’ve taken a
look at each of the more commonly used
pieces of rf test equipment currently in
use, and have suggested that such in-
struments as the swr bridge, field-
strength meter, and crystal calibrator are
“musts” in the well-equipped ham
shack in addition to the basic V-O-M or
VTVM.

We’ve also mentioned some
“double-duty”’ test gear such as combi-
nation digital clocks, frequency coun-
ters, and signal generators, as well as
integrated swr bridges and antenna tun-
ers. In addition, we’ve presented some
hopefully useful suggestions as to
whether you should build or buy your
test equipment, and have listed some
tips on purchasing and maintaining your
“tools of the trade.”

Any high-quality test equipment you
build or buy will serve you well over
many years, so put some thought into its
purchase and maintain it with care. After
all, the life of your ham gear may depend
on the quality of your workbench!
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novwiitawoilos:

ONE PIECE OF GEAR EXPLAINED

An oscilloscope may be the most useful
piece of test gear you can own. Also the most
complex. Here’s an easy-to-understand explanation.

Everyone knows that the oscilloscope
is one of the most useful of all test
instruments. But the oscilloscope is the
most under used of all test equipment.
Many newcomers to electronics put off
buying a scope because they believe it's
difficult to use. Veterans of the field
resist stepping up to new triggered
models thinking them too hard to mas-
ter.

The fact is, if you can use a meter, you
can use a simple scope. And, once you

Figure 2 The Heath SO-4510 is typical of the sophisticated dual-trace scopes now in use.

different names. Table 1 shows the func-
tions of the controls and how to adjust
them to observe waveforms.

Some simple scopes have an INT/EXT
switch that selects either an internal or
external synchronization signal. Nor-
mally the switch is left in the INT posi-
tion, and the sweep is synced to the
signal applied to the vertical-input ter-
minals. With the switch in the EXT posi-
tion, the sweep is synced to a separate
signal applied to the EXT SYNC termi-

The simple layout and intelligently labeled controls make it easy to operate.

have used a simple scope, you'll have no
trouble using an advanced one. All you
need is a basic understanding of how a
scope works. Then you’ll see how easy it
really is to use an oscilloscope.

The simple recurrent-sweep scope il-
lustrated in figure 1 is not the latest or
hottest thing for the test bench, but there
are still a lot of these around. If a simple
scope will meet your needs, then its low
cost and easy operation may outweigh
its limited functions.

Most simple scopes are remarkably
similar and have the same controls, al-
though the same controls often go by
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nals. Your scope may have an EXT
SYNC AMPLITUDE control.It works
only on external synchronization and
should be set just above the lowest setting
that will give you a stable display.

The Heath Model SO-4510, whose
front-panel controls are shown in figure
2, is an example of a new breed of
sophisticated oscilloscopes that are be-
coming increasingly affordable and
popular. It’s a triggered dual-trace scope
with a frequency response of 15 MHz
and a sensitivity of 1 mVicm. It has just
about all of the features and controls
you'll find on any advanced model.

BY CLAYTON HALLMARK

Examining the front panel, you'll
notice that some of the controls are the
same as those on the simple scope, al-
though renamed. The labels on some
other controls are self-explanatory. The
rest are discussed below.

Vertical controls

In dual-trace operation two signals are
displayed, one above the other. The ver-
tical or Y input connectors are labeled Y1
and Y2, for channel 1 and channel 2. In
some scopes the channels are designated
A and B.

An input switch, labeled AC-GND-
DC, is provided for each channel. In
the DC position the signal is connected
directly to the vertical-deflection ampli-
fiers. In the AC position the signal is
fed through a capacitor first. In the
GND position the input is disconnected,
and the vertical-amplifier input is
grounded. This is useful for positioning
the baseline without disconnecting the
signal source.

Most scopes have a vertical-attenuator
control that lets you observe a wide
range of signals without overloading the
scope. You adjust the attenuator with a
multi-position switch, which adds at-
tenuation in a 1-2-5 or 1-10-100 se-
quence, and a potentiometer, which
provides fine control between the steps.
Each position of the switch is marked as
the amount of voltage required to deflect
the trace a unit distance, such as
VOLTS/CM, or as to the amount of at-
tenuation given to the signal, such as
100, 10, or 1. When the pot is mounted
on the switch, it is usually marked
VARIABLE; when it's mounted sepa-
rately, it is often marked GAIN or FINE
GAIN.

Since it is difficult to accurately cali-
brate a potentiometer, the VARIABLE
control usually has no scale numbers.
The attenuator switch, however, can be
accurately calibrated to the front-panel
designations. To do this, the VARIABLE
control is turned fully clockwise to cut it
out of the attenuator circuit. This posi-
tion is usually marked CAL on the front
panel.

Note that some of the controls are
duplicated on the advanced oscilloscope
shown. Since this is a dual-trace model,
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two sets of vertical controls are
provided—a set for each channel.

Most scopes provide an accurate cali-
bration signal through a front-panel
CAL, LINE, or TEST SIGNAL connec-
tor. You can use it to periodically check
the vertical calibration. Once calibrated,
a lab-grade oscilloscope becomes a volt-
meter, accurate to within 3 percent, in
the case of the Heath SO-4510.

Horizontal controls

In the modern triggered scope the
sweep or time-base control also takes the
form of a multiposition switch and a
potentiometer. The switch is usually
labeled TIME/CM or TIME/DIV and
numbered in a 1-2-5 sequence. Front-
panel markings group the settings into
microseconds (uS), milliseconds (mS),
and seconds (SEC).

The potentiometer is labeled VARI-
ABLE, and an arrow shows the direction
to turn the pot to the CAL position. To
accurately measure the time of one cycle
of a signal, you set the VARIABLE con-
trol to the CAL position and the TIME/
CM switch to select the appropriate
sweep time.

In most scopes, when the TIME/ICM
switch is rotated fully clockwise to the
EXT position, the sweep generator is
disconnected from the horizontal-
deflection amplifiers, and a front-panel
connector marked HORIZ or EXT
HORIZ is connected to the input of the
amplifiers. This lets you compare phase
and frequency of one signal to the
vertical-input signal. The VARIABLE
sweep control becomes a gain control
letting you establish the width of the
display.

Triggering controls

The triggered oscilloscope, in which
the sweep is usually started or triggered
by the signal to be observed, lets you
make accurate time measurements. It
also gives you a more stable presentation
than a simple scope. The triggering con-
trols synchronize the sweep generator
with the input signal.

The TRIGGERING or TRIG SELECT
switch lets you choose the source and
polarity of the triggering signal. When
you select LINE, the 60 Hz power-line
frequency is used for triggering. When
you select INT, internal, the input signal
is used to trigger the sweep. When you
select EXT, a signal from an appropriate
external source is connected through the
front-panel EXT connector to the
sweep-generator circuit.

A TRIGGER SLOPE or +/- switch lets
you determine whether the sweep will
start on the upward, +, or downward,—,
slope of the waveform. On a dual-trace
scope, the switch lets you select either
the signal of channel 1 or channel 2 as the
internal-trigger source.

The LEVEL potentiometer lets you set
the amplitude at which the triggering

signal starts the sweep generator. When
the related STABILITY control, a screw-
driver adjustment on some models, is
misadjusted, or when no triggering sig-
nal is available, the scope screen will be
blank.

When the LEVEL control is fully coun-
terclockwise, in the AUTO position, the
sweep generator will be free running. As
you turn the LEVEL control clockwise,
the trace will disappear. Continue
slowly turning the control until the trace
just reappears. At this point you'll have a
stable presentation.

The TRIG MODE switch on some
scopes controls the trigger-input
bandpass. In the ACF or AC FAST posi-
tion unwanted low-frequency trigger-
ing signals are eliminated. The DC set-
ting allows the sweep to be triggered
from DC level changes or very low fre-
quency AC signals. In the AC position
the DC component of the triggering sig-
nal is blocked.

The DC BALANCE control is a screw-
driver adjustment to keep the trace from
shifting vertically as the VARIABLE
VOLTS/CM control is changed. It's a
service control that need not be adjusted
every time the scope is used.

Other controls

The MAG control, or x5 or x10 on
some models, lets you effectively in-
crease the screen width from 10 cm to 50
or 100 cm. By so doing, the width of the
waveform you see on the scope is mag-
nified five or ten times. The new sweep
speed is then one-fifth or one-tenth the
setting of the TIME/CM switch.

The ILLUM or GRATICULE control
lets you vary the brightness of the grid
lines. Often the oscilloscope’s ON-OFF
switch is associated with this control.

The ASTIGMATISM and GEOME-
TRY controls are frequently screwdriver
adjustments. The ASTIGMATISM con-
trolis adjusted so that the spot produced
on the screen by the electron beam is
round. To adjust the GEOMETRY con-
trol, you set the oscilloscope to produce a
vertical line. Then move the line to the
left and right sides of the screen, in turn,
adjusting the GEOMETRY control for
minimum bowing.

Setting up a simple or advanced scope
for operation is similar. Note that in the
setup procedure given below, the pro-
cedure is the same for both except step 6,
where 6R applies to recurrent sweep
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Figure 1 Front panel layout of a simple
oscilloscope showing typical placement
and markings of the front panel controls.

scopes and 6T applies to triggered sweep
scopes. As you use your scope, always
observe the cardinal rule of oscilloscope
operation—never permit a high-
intensity spot to remain stationary on
the screen for any length of time. If you
do, youmay burn a permanent dark spot
on the screen. The setup procedure is as
follows:

B Initialize the controls as in Table 1 or
2.

B Allow 2 minutes for the scope to
warm up. If your scope has a HORIZ
GAIN control, set it so the baseline
extends across the screen.

B Turn the POSITION controls, one ata
time, to see if -the trace can be moved
to the edges of the screen, and then
center the trace.

B Adjust the INTENSITY and GRAT-
ICULE controls for comfortable view-
ing and the FOCUS control for a thin,
well-defined line.

B Connect the output from the voltage
calibrator to the vertical input.

B Adjust the FREQ VERNIER or FINE
FREQ control for a stable display and

Yertical gain
Horizontal gain
Horizontal frequency
Fine frequency

Table 1 Control functions and initial settings for simple scopes

Control Function Initial setting
Intensity Varies trace brightness Centered
Focus Varies trace sharpness Centered
Vertical position Moves trace up and down Centered
Horizontal position Movas trace left and right Centered

Varles trace height

Varies trace width

Varies display repetition rate
Makes wave stand still

Fully counterclockwisa
Fully counterclockwise
Fully counterclockwise
Centered
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adjust the VERT GAIN control until
the waveform has a height of one
division. Assuming a 1-volt peak-
to-peak standard and assuming that
the VERT GAIN control is not dis-
turbed, one vertical division will
equal 0.1 volt on the x1 range, 1 volt
on the x10 range, and 10 volts on the
x100 range.

B Turn the LEVEL control from the
AUTO position and note that the
trace disappers. Continue turning
until the trace reappears. The display
should be a stable display of several
cycles, 2 cm in height assuming a
1-volt calibration signal.

B Disconnect the lead from the voltage
calibrator.

B Turn the input attenuator to the high-
est attenuation setting.

B Connect the input signal and rotate
the attenuator control until the dis-
play occupies approximately two-
thirds of the screen height.

B Adjust the sweep controls and
LEVEL control, if present, to select
the desired number of cycles of the
input signal and to stabilize the dis-

play.

Triggered operation

Some of the displays you can see with
various trigger-level and trigger-slope
settings appear in figure 3. The useful-
ness of these controls is illustrated in
figure 4. Imagine you wanted to observe

(A) (B)
(c) (D)
(€} (F)

Figure 3 Effects of the trigger controls on
the display of a triggered-sweep scope.
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(A}

(B}

\

(c)

Figure 4 The effect of transients can easily
be seen on an oscilloscope. When set for
normal operation (A), the transients can be
seen at the peaks of the waveform. Adjust-
ing the Trigger Level control (B) shifts the
transients near the beginning of the sweep.
Then, by using the x5 magnifier (C), the
transient can be stretched for a more de-
tailed view.

the glitch on waveform A. To do this,
you'd set the TRIG SELECT switch to the
negative-slope position and adjust the
LEVEL control so the sweep starts just
before the glitch, as in B. Then you'd
decrease the setting of the TIME/CM
switch or pull the x5 switch, or both, to
expand the sweep.

The x5 feature would expand the
sweep around the center 2 centimeters.
This would spread the glitch across a
large area of the screen for closer obser-
vations, as shown in C. To measure time
in the x5 mode, you’d have to divide the
setting of the TIME/CM switch by 5.

Dual-trace operation
Suppose you wished to observe the

outputs of a sine/square generator, the

output of which is in-phase 1 volt rms
sine and square waves at 1 kHz. To do
so, you'd proceed as follows:

B Connect the sine-wave signal to the
channel 1 input and the square-wave
signal to the channel 2 input.

B Set the two input VOLTS/CM
switches to 1 volt and both INPUT
switches to AC.

B Set the TRIG SELECT switch to
Channel 1+ to trigger on the positive
slope of the sine wave. Set the LEVEL
control fully clockwise to the AUTO
position. This triggers the scope at the
zero crossing of the sine wave.

B Set the TRIG MODE. switch to AC
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and the TIME/CM switch to 0.2 mil-

liseconds.

B Adjust the channel 1 and channel 2
POSITION controls so the two
waveforms are separated on the
screen.

Setting the scope in this manner
should give you the display shown in
figure 5. Note that triggering occurs at
the point on the sine wave selected in
step 3. If you were to turn the LEVEL
control clockwise until triggering oc-
curred at the peak of the sine wave, the
entire display would shift to the left, as
shown in B. The positive peak of the sine
wave would still occur at the midpoint of
the positive portion of the square wave,
however.

In the scope of this example, either
channel may be turned off by turning its
POSITION control fully clockwise, to
the OFF position. When both controls
are advanced from the OFF position, the
scope’s circuits automatically switch to
dual-trace operation.

Some scopes have a MODE switch
that lets you select channel 1 only, chan-
nel 2 only, or the chopped, CHOP, or
alternate, ALT, mode of dual-trace oper-
ation. In many advanced scopes, such as
the one shown, the appropriate dual-
trace mode—alternate or chopped—is
automatically selected by the setting of
the TIME/CM control. Handy operating
features like this are things to look for
when you are shopping for a scope.

The circuit ground and case of an

(A)

(B}

Figure 5 Dual-trace scopes let you look at
two different signals at the same time. By
adjusting the level control, you can shiftthe
display from triggering on the zero cross-
ing (A) to triggering at the peak (B) of the
waveform.

oscilloscope are often both connected to
the power-line ground through the line
cord. Because of this, you should con-
nect the scope’s ground test lead to the
chassis ground of the circuit being tested
or measured.

At high gain settings and without a
signal source connected to the oscillos-
cope’s input, stray-field pickup may
produce patterns on the screen. This is
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normal and is equivalent to noise pickup
by a high-gain audio amplifier when its
input is disconnected.

When adjusting the FOCUS control
for minimum spot size, you may see
some deflection of the electron beam,
even with the horizontal and vertical
gain turned all the way down. This is
due to external magnetic fields. To check
for this, rotate the scope around its verti-
cal axis and note whether the shape of
the finely focused spot changes. Likely
sources of the fields include soldering
guns, power transformers, motors, and
ac conductors carrying large currents.

The magnetic fields may also cause a
hum-modulation effect on the display
when the sweep is operating near 60 Hz
or one of its harmonics. To check for this,
vary the sweep speed slightly to display
one cycle more or one cycle less than
before, and note whether the modula-
tion rate changes.

If you set the vertical deflection too
high, part of the pattern may appear on
the curved portion of the screen, causing
the waveform to distort. Some screens
are masked to prevent operation on
curved portion. If your scope isn't
masked, keep the maximum deflection
within the linear portion of the screen.

At sweep rates below 30 Hz the dis-
play on some scopes may flicker. This is
because the phosphor used on the
screen has insufficient persistence to
provide a steady display. This is a design

Table 2

Initial setting
for triggered scopes

Control Initial setting
ltensity Centered

Focus Centerad

Graticle Centered
Horizontal position  Centered

Trigger moda AC

Time/cm 05 millisecond
Variable fully clockwise

x5 multiplier pushed In—aff
Trigger select Channel 1, | slope
Trigger leval fully counterclockwise
Channel 1 position Centered

Channel 1 valtsiom 0.5 valts

Channel 1 variable
Channel 1 input
Channel 2 position

tully clockwise
AC

tully counterclockwise

Channel 2 voltsicm 50 millivolts
Channel 2 variable  fully clockwise
Channel 2 input GND

characteristic, and shouldn’t cause con-
cern.

At very high sweep speeds with high
intensity settings, an indication of the
retrace may appear, usually at the left
side of the screen. Again, this is a design
characteristic of some scopes.

Some fuzziness of the trace may be
observed at signal frequencies above 1
MHz in some scopes. At signal frequen-
cies approaching the response limits of
the scope, the setting of the FINE FREQ
or FREQ VERNIER control may become
critical and require great care,

An overshoot or ringing effect may
oceur with square-wave signals if their
frequency is sufficiently high. The fre-
quency where these effects begin de-
pends on the bandwidth of the scope.
With a 5 MHz scope the effects may
occur at frequencies of 100 kHz and
higher. Before you blame your scope,
remember that square-wave generators
themselves are prone to these problem.

At low intensity settings and low
sweep speeds, you may notice some
intensity modulation of the trace. You
can eliminate this by turing up the
intensity.

When the sweep frequency is in-
creased beyond the flat portion of the
horizontal amplifier's frequency re-
sponse, you may note a reduction in the
attainable sweep amplitude. At the
maximum sweep rate, horizontal deflec-
tion may attain only 80 percent of the
screen width, even with the horizontal
gain turned all the way up.

On some oscilloscopes there may be a
slight defocusing at the extreme right
edge of the trace that is not a fault of the
CRT. This is a design characteristic and
should not cause any problems in opera-
tion.

If a scope is operating with a
horizontal-sweep width nearly equal to
the screen width and the horizontal-gain
setting is increased the intensity of the
trace may be reduced. This is because the
trace intensity decreases as the writing
rate of the electron beam increases to
produce the wider sweep. The oscillos-
cope is operating normally if it provides
adequate intensity under normal room
lighting with the total sweep width equal
to the screen width.

High-performance oscilloscopes with
sensitivities in the millivolt region are
very useful for accurately measuring
small signals. However, there are certain
caveats that apply.

Even with solid-state circuitry, an os-
cilloscope may require a warmup periad
of 15 minutes or so before the trace
stabilizes. This is especially true on the
more sensitive voltage ranges. The trace
may also move slightly on these ranges
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when the input switch is switched to
ground and when measurements are
made at different source impedances.

Placement of a sensitive oscilloscope’s
ground clip may be critical if the signal-
source ground carries an appreciable
current. There may be a difference of
several millivolts from one side of a
chassis or ground foil to the other. Ac-
cordingly, take care to place the ground
clip at the point that gives the least
error—usually nearest the signal source.
You may have to move the ground clip as
you measure different points.

Stray fields are also a problem with
sensitive scopes. Stray 60 Hz pickup
may be hard to eliminate when you are
measuring high-impedance circuits.
Shielded cables will help, and it may be
necessary to shield the signal source as
well. Radio-frequency interference from
a transmitter or other equipment may
also cause problems. And random noise
on the input signal may cause false trig-
gering, particularly on the most sensitive
ranges.

Wideband noise generated by the
input circuits of the scope itself may
cause a widening or defocusing of the
baseline in measurements in the mil-
livolt region. Noise on the baseline that
appears as hash or spikes can be caused
by ignitions, appliances, and other elec-
trical devices. Any kind of noise can
cause false triggering.

The baseline may drift when the
scope’s input is connected across a
semiconductor. This can happen be-
cause the conductivity of the junction
changes as its temperature changes.

The foregoing are some of the many
gremlins that may plague your oscillos-
cope measurements. A knowledge of
them and a thorough understanding of
your oscilloscope will help you to get the
most out of your scope without expect-
ing more than it was designed to deliver.

AUGUST 1978 57



www.americanradiohistory.com

omputer lan

What is a computer program? How would you set out to
write one for your own machine? And what is machine
language? Here’s the complete story on computer
languages and how you can make them work for you.

by Peter A. Stark
Contributing Editor

Half the fun of owning a home com-
puter is having it do something useful—
the other half is playing with it to see
what else it can do. The first half is easy
to do with the many computer programs
available from dealers, manufacturers,
magazines, and other computer owners
you may meet at computer shows or
through your local computer club. But
playing with a computer to discover
what it can do and how to do it requires
some knowledge of programming.

The program is a set of instructions
telling the computer exactly what to do.
Computers are extremely fast, but they
can only do whatever they have been
told to do. That is, to use a computer to
solve a problem, you must tell it exactly
what to do at every step, using instruc-
tions which are both precise and unam-
biguous.

Every single step must be written
down as a specific instruction; the com-
plete set of instructions then becomes
the program.

Since these instructions must be clear
and exact—they can have one and only
one meaning—they cannot, as yet, be
written in English; our language is much
too vague for such an exacting job.

Instead, we use a man-made language
called a computer language, which has
been specially designed to be simple for
the computer to digest, yet powerful
enough to cover all the possible kinds of
instructions we might want to use. Some
computer languages may use English
words but with a special way or order in
using them; other languages may use
abbreviations or just plain numbers.
Computer languages can be grouped in
three types—machine language, assembly
language, and a third group sometimes
called higher-level language, problem-
oriented language, or procedure-oriented
language.

Every computer system has what is
called a machine language. Since compu-
ters work with binary numbers, the ma-
chine language also uses binary. The
circuitry inside the computer is wired to
recognize specific patterns of binary di-
gits, or bits, to mean specific operations;
a table of operation codes tells us which
binary code corresponds to which inter-
nal operation, so that we can translate

58 MODERN ELECTRONICS

the job we want done into the binary
numbers the computer needs to under-
stand what it needs to do.

The machine language of the compu-
ter is wired into it; that is, the circuits
which recognize what each binary code
means and control the resulting action,
are part of the wiring within the control
portion of the computer, and cannot
easily be changed.

Although, tobe exact, we should men-
tion that some machines have an internal
decoding section called a microstore
which does the actual decoding of these
codes, and can be thought of as a second
computer within the larger computer.

But from the point of view of a single
user, this portion of the system is not
usually accessible and so is, for all practi-
cal purposes, unchangeable. Thus as
you might expect, different computers
tend to have different machine languag-
es, although itis possible to intentionally
design one computer to have a machine
language similar to, or even identical to
that of another computer.

So, in general, different computers
have different machine languages. Not
only are the binary operation codes dif-
ferent, but there may be great differ-
ences in what kinds of operations are
possible.

Although internally these operation
codes are handled in binary, externally
we often treat them as octal or hexadec-
imal numbers (see the explanation of
computer numbering systems on page
11 of the June 1978 issue of ME.) As a
result, a machine language program
written in hexadecimal might look like
this:

0017 9601
0019 8B01
001B 19
001C 8160
001E 2601

Since all these instructions are stored in
the computer’s memory, the left column
of such a program lists the address of the
place or location in memory where that
instruction may be found, while the
right column lists the instruction itself.

For instance, in the above machine
language program, the instruction 19 is
found in location 001B of the computer’s
memory. This particular short program
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guages

is written for a Motorola 6800 microp-
rocessor, but programs for other ma-
chines would look similar.

Although it is possible to write pro-
grams directly in machine language, in
practice this is an awkward and time-
consuming job. With a very small com-
puter there may be no other choice, but if
the computer has more than a few
thousand memory locations, it may be
possible to write the program in another
language, and then use the computer
itself to translate from this new language
into machine language. Ultimately,
though, the program must be in machine
language if it is to be understood by the
computer.

The conversion of a program from
some other language into machine lan-
guage is handled by a program loosely
called a translator. Computer people
have different names for these trans-
lators, depending on just how they work
and what kind of language they translate
from.

The translator which converts from
assembly language to machine language
is called an assembler; translators which
convert from higher level languages may
be called compilers or interpreters, de-
pending on the translation procedure.
The translator program itself is in ma-
chine language; it has to be if the compu-
ter is to run it. But that does not mean
that each user has to write his own.

Translators are readily available for
most home computers. All that is re-
quired to use one is to have enough
memory on the computer so that the
entire translator program will fit into it,
and also have the right kind of input and
output devices so that the translator can
be fed the right information.

Assembly language

One step up from machine langauge is
assembly language. Also sometimes
called symbolic language, assembly lan-
guage is actually very similar to machine
language, but it uses letters and abbrevi-
ations instead of the binary operation
codes of machine language. Because of
its similarity to machine language as-
sembling it, that is, translating, into ma-
chine language is a fairly straightforward
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process. As a result, an assembler is
probably the simplest of all the translator
programs.

To understand the idea behind as-
sembly and machine languages, we
need to know a bit about the structure of
a typical computer. The computer con-
sists of three main parts; the memory, a
central processing unit (also called a CPU),
and some input and output equipment,
more commonly just called I/O.

The memory stores instructions as
well as words or numbers being pro-
cessed, the CPU does the processing,
and the VO equipment inputs and out-
puts instructions, results, and data.

The memory is divided into hundreds
or thousands of separate memory loca-
tions, each of which can store one
number or letter. To identify individual
locations and specify where everything
is stored, each location has an address
which is simply a binary number.

The address for a particular location is
different from every other address, so
that referring to a specific number by the
address of the location which holds itis a
simple and unambiguous way of keep-
ing data and programs from being mixed
up,

The CPU’s job is to perform various
kinds of simple operations on the num-
bers in memory. For instance, the CPU
can add two numbers in memory and
store the answer in another memory
location; it can compare two numbers in
memory and perform different steps de-
pending on which is larger; it can modify
the numbers stored in memory in vari-
ous ways.

It can also control the I/O equipment
$0 as to enter information from an input
device such as a keyboard into memory,
or perhaps output results from memory
to a printer or tv screen. All of this is
done under control of a program.

In order for the CPU to be able to
manipulate numbers from memory, it
has a number of internal registers; these
are simply groups of electronic logic
elements called flip-flops, which can store
a binary number.

These registers are not intended for
long-term storage—that is the function
of memory. Instead, these registers are
used for temporary storage of numbers
while they are being worked on by the
CPU, or else they may be designed to act
as helpers—helping the CPU do a par-
ticular job. Registers used for holding
numbers being worked on are usually
called accumulators or general-purpose re-
gisters,

"“Helper”’ registers generally have
names such asindex register, status regis-
ter, stack pointer, program counter, etc. The
main differences between computers are
in the types of registers they have, and
what each can be used for.

As a result, most machine language
and assembly language programs con-
sist mostly of instructions which shuffle

data back and forth between memory
and CPU registers, and do some simple
operations on them in the meantime.

For example, a simple program to add
two numbers and store the sum some-
where in memory might look like this:

Step 1: Bring the first number from
memory into the accumulator.

Step 2, Bring the second number from
memory, and add it to the number al-
ready in the accumulator.

Step 3: Store the result back into mem-
ory.

Step 4: Stop.

Although this would be a feasible pro-
gram, in real life it would not be too
useful. Before the two numbers could be
added, they would have to be somehow
stored in memory; moreover, there
should be some way of printing the
result on paper or at least displaying it on
some kind of display.

As a result, most programs are quite a
bit longer than just four steps. Unfortu-
nately, the steps required to enter data
through a keyboard or output through a
printer are quite a bit harder to write and
understand than those that just do the
addition, but there is a good point to
remember—once you figure out how to
do it on a particular computer, you can
copy those steps into other programs
without having to reprogram them.

As a matter of fact, in many systems
the program steps needed to do input
and output are permanently stored in a
read-only memory in such a way that they
can be used by other programs
whenever needed, and are always avail-
able without having to be repro-
grammed.

How they differ

With this idea of what the computer is
and does, we can tackle the difference
between machine and assembly lan-
guages. In each of the two languages,
the above four-step program would re-
quire four instructions, one for each
step.

Each instruction, except for the stop at
the end, would consist of two parts; an
operation code which specifies the type
of operation to be done, and an operand
which tells the computer what to do the
operation with.

For instance, the first step in the addi-
tion program would have an operation
code to mean “bring from memory”, and
an operand which would specify where
the first number is located. But machine
and assembly languages differ in how
the operation code and operand would
be specified.

In machine language, the operation
code would be a binary number, al-
though as written down by the person
writing the program it might appear as
either octal or hexadecimal. Likewise,
the operand would also be a number.

In assembly language, the operation
code would be written as an abbrevia-
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tion; the most common code for “bring
from memory” is LDA, which means
“LoaD Accumulator.”” The operand
would be another abbreviation such as
NO1 or any other short name which
would apply to that number.

Keep in mind, though, that before the
program can be run by the computer, it
must be translated from assembly lan-
guage into machine language by an as-
sembler.

It is the assembler which translates an
operation code such as LDA into its
numeric code, and also translates an
operand such as NO1 into some numeric
address or other number which the
computer can understand.

This translation could be done by a
human, but having a translator program
to do it is much more convenient and
also less likely to introduce errors.

Most assembler programs can provide
a printout of both the original assembly-
language program as well as its trans-
lated machine-language version; com-
paring the two is usually interesting. A
typical printout looks like this:

Machine

Language Assembly language
0000 BD EOAA START JRS INHEX
0003 B7 0010 STA A NO1
0006 BD EOAA JSR INHEX
0009 BB 0010 ADD A NO1
000C BD EO6B JSR OUTHEX
000F 3E WAI

Such a printout is produced by the
assembler while it is translating from
assembly language into machine lan-
guage. In most programs, each assembly
language instruction translates into one
machine language instruction, and the
assembler printout lists them side by
side.

The machine language portion con-
sists of three columns, which contain the
address of the location where the in-
struction is stored, the operation code,
and the operand.

For instance, the first instruction is
stored at memory location 0000, has the
operation code BD (remember, all of
these numbers are in hexadecimal code,
and so may contain not only the digits 0
through 9 but also the letters A through
F) and the operand EOAA.

The assembly language portion also
contains three columns, which have the
same meanings: in the first instruction,
the word START indicates where that
instruction is stored, JSR is shorthand
for an operation code called ‘jump to
subroutine’, and INHEX refers to the
operand.

Notice that the assembly and machine
languages are related. For instance,
there are three operation codes of JSR,
and all have a BD code in machine lan-
guage. In the same way, each operand of
INHEX is translated into EOAA, and
each NO1 translates into 0010.
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Here is a simple program which allows
you to type in two one-digit numbers from
the keyboard, and prints out their sum; this
is an actual printout made by an assembler
as it was translating from an assembly-
language program into machine language,
for a typical home computer system. Only
the left three columns were generated by
the assembler; everything else is just as it
was written by the programmer.

Let's go through it line by line to show
exactly what it does:

ORG 0000 was written by the pro-
grammer to tell the assembler program that
he wanted the following program to be
stored in computer memory starting at
memory location 0000. In response, the
assembler printed the number 0000 at the
left; you can also see that the actual pro-
gram, along the left edge, starts at 0000 and
continues at 0003, 0006, and so on.

*START OF PROGRAM is called a com-
ment: this is a comment put in by the pro-
grammer just so that anyone reading the
program will have a hint of whatis going on.
This particular assembler allows com-
ments to be put in in two ways-either in a
line all by itselfif it starts with a star (*), or at
the end of another line after the instruction.
Thus the three lines starting with * are all
comments, and all of the explanations at
the right end of the printout are also com-
ments.

START JSR INHEX is the actual begin-
ning of the program. In this particular com-
puter, a Southwest Technical Products sys-
tem which uses the Motorola 6800 microp-
rocessor, a read-only memory (ROM) holds
various programs which can be used for
input and output tasks; these programs are
called subroutines.

The JSR instruction means that we want
the computer to Jump to SubRoutine called
INHEX, which inputs a hexadecimal digit
from the keyboard into one of this compu-
ter’s two accumulators, the A accumulator.

In the machine language program, this
instruction is located at memory location
0000, the JSR operation code had been
translated in to BD, and the location of the

You may wonder at this point how the
assembler ‘knows’ that JSR should trans-
late into BD and so on. In the case of
operation codes, this choice is easy—the
assembler program has been written so
that there is an internal table within the
program which gives all the equivalents
between machine and assembly lan-
guages.

Each time the assembler meets a new
assembly language instruction, it ‘looks
up’ the code in this table much as a
human being might look into a dictio-
nary to find the right word in a foreign
language.

The names for operands are a different
story. Each programmer can define
whatever names he wants to use for his
operands, and specify those names as
part of the program. You might say that
the assembler ‘learns’ new names as it
goes along.

When a name, more properly called a
label by computer experts, is defined as
referring to a particular number, the
assembler will always #translate that
name into that number whenever it oc-
curs in the program. As a result, the
complete assembly language program
must really contain more lines than just
the six shown. See the box on page 00 for
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INHEX program is changed to the number
EOAA, since several lines lower we had told
the assembler that the name INHEX EQUals
the hexadecimal number EOAA.

STA A NO1 means that the contents of
accumulator A -should be stored into a
memory location called NO1. At the very
end of the program NO1 is defined to EQUal
the hexadecimal number 0010, so the trans-
lated instruction becomes B7, which
stands for the STore Accumulator A, fol-
lowed by 0010, which is the address of NO1.

JSR INHEX repeats the same operation
performed earlier—a jump to subroutine
INHEX, this time to enter the second
number. At this point the first. number is in
memory location 0010 and the second
number is in the A accumulator.

ADD A NO1 means ADD to accumulator A
the number in location NO1. The assembler
translates the ADD into the code BB, and
NO1 is again translated as 0010.

JSR OUTHEX calls another subroutine
within the read-only memory, this one print-
ing the number which was in the A ac-
cumulator. Notice that OUTHEX is defined
three lines lower.

WAI stands for WAIT, and in this particu-
lar computer tells the computer to stop.
This is an important part of any program,
since the computer is not intelligent
enough to know when to stop. It would
simply continue looking for more instruc-
tions and use whatever may still be left over
from previous programs for its instruc-
tions. The result, though unpredictable,
would almost certainly not be what we
wanted.

INHEX EQU SEOAA simply tells the as-
sembler that the label INHEX is EQUal to the
hexadecimal number EOAA: the $ is a sig-
nal to this assembler that the number which
follows is a hexadecimal one. Most as-
semblers are ‘smart’ enough that they can
accept as inputs decimal, hexadecimal, bi-
nary, and perhaps even octal numbers.
OUTHEX and NO1 are defined in-exactly the
same way.

END means just that: end of program.
Stop translating.

a complete example of this program.

Now that you have an idea of what
machine and assembly languages look
like, let’s look at some of their features,
good as well as bad.

Machine language is fundamental, to
every computer, no matter how small.
Even if a translator program is not avail-
able, the computer can still be- pro-
grammed in machine language, since
the computer will understand such a
program just as written.

Moreover, anything that the computer
is capable of doing can be programmed
in this language. On the other hand,
machine language is certainly not simple
for us humans. Even a fairly simple
computer may have so many different
instruction codes that it may be hard to
remember them. Moreover, it is difficult
to keep track of where every number in a
program is stored.

Assembly language is very similar to
machine language in that usually eash
assembly instruction translates into just
one machine instruciton. This means
that anything that can be programmed in
machine language can also be done in
assembly language.

Assembly language has a further ad-
vantage that it is easier to write, re-

member, and understand since it uses
easy-to-use symbols instead of num-
bers, and the assembler keeps track of
which name or label stands for which
number. But of course this means thatan
assembler has to be available.

But the biggest disadvantage of both
machine and assembly languages is that
they both require a good knowledge of
the construction of the computer. In
order to program anything, you must
know all about the various registers,
memory locations, possible operations,
and all of the other details of just how the
computer works.

It's not necessary to be familiar with
the actual wiring of the computer, but a
thorough understanding of its basic
functions is an absolute necessity for a
good programmer.

Higher languages

Higher-level languages are often
called problem-oriented because they
are tailored to fit particular kinds of
problems, not particular computers.
That is, program instructions are written
in a way which describes the job that has
to be done, not how the computer is
going to do it.

The job of tailoring the problem to the
particular computer on which it is to be
performed is handled by the translator
program.

There are thousands of higher-level
languages, but only a few of them are
really popular. Probably the best known
of all is Basic, a language developed in
the 1960’s at Dartmouth College (see
ME’s simple prime on Basic on page 46 of
the May 1978 issue).

Basic also has some key words which
describe the operations to be done, but
these are used in a much simpler way.
Instead of a complex series of steps to
add a few numbers, Basic can do the
same task with a simple instruction such
as LET A = B + C; printing the answer
could be done by saying PRINT A.

The tremendous advantage of Basic is
that it does not require any knowledge of
how the computer works. When we say
LET A =B + C, we do not care where in
memory the answer is stored, or just
which register is used to do the addition
in. In fact, the same instruction might be
performed in completely different ways
on different computers.

We leave the details of exactly what
happens to the translator program. But
since the translator program is now
doing much more of a job for us, itis also
going to be more complex than just a
simple assembler so thata larger compu-
ter may now be required than if we used
assembly or machine language.

Translator programs for higher level
languages are called either compilers, or
interpreters, depending on how they
work. A compiler is a true translator,
which takes-an entire program.in a lan-

please turn to page 86
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Super sounds afloat

Here’s a versatile stereo
sound system you can install
in your boat, tow vehicle or
even at home.

by Ron Cogan

There’s nothing quite like the healthy
roar of your boat’s powerplant when
taking in a favorite waterway, or the
sound of churning water as you slice a
wet path with a good ski.

But once you've anchored or beached
the boat and it’s time to catch some sun
and pure relaxation, the absence of
sound can be bothersome, and a porta-
ble radio a valuable asset in the day’s
enjoyment.

Taking this situation just a bit further,
you might consider adding a more
sophisticated stereo system to the boat
itself. Many companies offer automotive
sound systems that work just as wellina
boat as a car, including the gear used in
our sample from Kraco Enterprises, 505
E. Euclid Ave., Compton, California
90224.

The basic components utilized here,

First step is to mount the male slide bracket
haif to the tape deck. This can be attached
with mounting hardware to the deck’s
mounting bracket or, if you choose, the
slide bracket can be bolted directly to the
case. Make sure there is adequate clear-
ance for bolt heads inside the deck before
you proceed. Mark and drill holes through
the case for the bracket half, then attach
with hardware supplied.

N . < 2 ~

Adding a sound system to your boat can provide unt

2

old pleasure on th2 water. The Kraco

stereo gear used here was installed under the bow of this boat and away from potentially

damaging spray.

which include a model KS-960A mini
cassette deck and a pair of MAG IV
surface mount speakers, can be pur-
chased at a nominal cost that will be
justified by the untold hours of listening
pleasure that will be experienced during
your boating excursions.

One valid argument concerning the
addition of stereo gear in a boat involves

its effective value with regard to fre-
quency of use. For the most part, it
would be safe to assume that the boat
will be used primarily during the sum-
mer months, and most likely only on
weekends; therefore, the stereo will ex-
perience intrequent use and possibly
represent a questionable purchase.
Our answer to this is an approach that

A slide bracket is basically a simple component that allows you to instzll and remove your
stereo deck quickly. Once the male half is secured to the deck and the temale half (pictured
on left) mounted in the boat or car, just slip the male half into the female and the deck is

ready to use.
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The deck’s power plug should be inserted
into the receptacle at the rear of the unit,
then joined to the appropriate leads at the
slide bracket. Use insulated connectors or
wire nuts to provide a safe splice.

will suggest setting up a versatile system
that can be utilized in the home during
the week, transferred to your tow vehi-
cle for the trip to your favorite lake, and
then again transferred to your boat for
listening pleasure on the water.

This type of system will enjoy full-
time usage that will represent a sound
investment (excuse the pun) regardless
of how much cash you spend for the
stereo gear.

Along with the basic stereo deck and
at least one pair of speakers for the boat,
you will need a set of speakers for the
house, a set for your tow vehicle, a
110-volt ac to 12-volt dc converter, an
interesting little component known as a
slide bracket, and two accessory (female)
slide bracket halves.

Costs can be cut even furtherif you opt
for surface mount speakers that can be
transferred from home to vehicle to boat.
You'll still have to route speaker wiring
for each system, but the same speakers
can be used in each system by simply
removing four mounting screws, un-
clipping speaker terminal leads, and
then reversing the procedure when
transferring them.

There are no unsightly holes left after

You might also consider the addition of a
graphic equalizer booster to your system if
you need to boost the sound level above
that of your boat's powerplant. Kraco’s
model KE-5 shown gives your system 30
watts per channel power output and allows
you to fine-tune the highs, lows, and mid-
ranges for outstanding stereo reproduc-
tion.
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Find a suitable location for the speakers
inside your boat. Since keeping these out of
the way of water spray is of utmost impor-
tance, the speakers were installed on a
divider panel that lies underneath the deck
(in the bow compartment). Secure the
speakers with four screws and route the
wiring to the location where you’ll be
mounting the female slide bracket half.

the speakers are removed, since surface
mount speakers have their own enclo-
sures and do not require cutting a large
mounting hole.

After purchasing all of the needed
equipment from your local stereo outlet
or department store, you should
familiarize yourself with the gear by
reading the instructions and owner’s
manuals that accompany the packaging.

Male mount

Next, attach the male half of the slide
bracket to the top of the stereo’s housing
with the mounting hardware provided.
Plug the stereo’s wiring plug into the
receptacle at the back of the stereo deck
and splice its color-coded wires to the
appropriate leads at the slide bracket.

Red and black leads are generally
coded at hot and ground, respectively,
while speaker leads are often green,
grey, or brown. More specific wiring
instructions should be included with the
stereo owner’s manual.

And now the bracket is ready to accept the
tape deck. This system is now wired and
ready to go, lacking only the deck—which
you can be utilizing elsewhere until boating
time arrives.
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Align the slide bracket against a handy
surface and install with the hardware pro-
vided. It’s a good idea to keep the bracket
within easy reach of the driver’'s seat for
convenience later.

Your next task will be to locate mount-
ing positions for the female slide bracket
halves in your boat, tow vehicle, and
home. The brackets in the boat and car
should be located close to the driver’s
seat so the stereo will be within easy
reach of the driver. The bracket in the
home can be mounted under a shelf or
desk in a convenient location as you
choose. After each of these bracket
halves have been bolted in position with
four self-topping screws, you should
determine suitable locations for the
speakers and mount them in place.

These are also secured with four self-
tapping screws. Although speakers can
be mounted almost anywhere in a car or
home, it is important to note that they
should be located out of the way of spray
in the boat. Speakers that get wet have a
rather short life expectancy.

Now you're ready for the wiring ph-

For total versatility you might consider ad-
ding a power converter, extra set of speak-
ers, and another female slide bracket halfin
your home. Put this type of system together
and you’ll end up with a very inexpensive
stereo system for your house, too!
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By outfitting your tow vehicle with another
set of speakers and a female slide bracket
half, all you have to do is slide in the deck
and you’ll have instant stereo. Transfer the
deck from tow vehicle to boat when you
reach the lake for some super floatin’
sounds.

ase. In the boat and tow vehicle, find a
suitable hot wire and splice this to the
fuscd hot lead at the female bracket half.
Also, select a ground wire in the boat

AHMECO~

Complete
Package...*6°®

and car’s electrical system and splice this
to the ground lead at the slide bracket.

Hot wire

These connections should be made
with insulated connectors for lasting
safety against short circuits in the future.
Connections for your home system are
made in a similar manner, though you'll
be tying into the hot and ground termi-
nals of a 12-volt converter instead of a
standard 12-volt electrical system.

Speaker connections are also impor-
tant and should be “in phase” for op-
timum sound reproduction. In simple
terms, this means that the color-coded
speaker leads at the female bracket
halves should be connected to the posi-
tive terminal at each speaker.

These terminals are most often desig-
nated with a "+ sign or a red dot near
the terminal. The remaining terminal on
each speaker should be wired to a
ground source, either near the speaker
or at the stereo deck. Again, all neces-
sary wiring and more specific instruc-
tions for this are included in the owner’s
manual.

Extra speakers

Once you have completed the steps
covered the system is ready for use.
During the week, the stereo can be slip-
ped into the slide bracket in either the car
or home in just a moment and be ready
for use. If, however, you choose to

utilize a single set of speakers for all of
the applications, some extra time will be
required to remove and remount each
speaker where desired.

I recommend that a set of speakers be
purchased for each system unless cash is
really tight, as this extra time involved in
transferring speakers could prove to be a
hassle in the long run.

Now the stereo can be pulled from the
home or car and slipped into the boat’s
slide bracket for waterway cruisin’—it’s
that simple.

Stereo fanatics might consider adding
any number of stereo accessories to their
basic system to fit their individual tastes,
two particular accessories that enhance a
boat sound system are a stereo head-
phone setup and a power booster.

Both of these will aid stereo enjoyment
when listening to your favorite tunes,
especially when powering down the lake
with your exhaust producing some
heavy decibels.

The power amplifier will raise the
music’s sound level while earphones
will shut out surrounding noise just
about completely.

And there you have it—a viable, ver-
satile stereo system that stretches your
hard-earned bucks into three separate
systems for the price of one. Making a
triple investment of this type should
help you enjoy those stereo sounds even
more during your next boating excu-
sions and in the years to come. &l

J\I|U} LICENSE THE EASY WAY

CLASS
OURSE

GET YOUR HAM RADIO

The Fun Way, The Quickest Way
with the CQ/S9 learning program

The publishers of S9 and CQ Magazines have
collaborated with Ameco to bring out the best
ham radio training program ever offered. Just a
few minutes a night, for just a few weeks will
bring you the joys and rewards of being a fully
licensed radio amateur.

This complete novice package includes a 1 hour
code cassette course, a 32 page code instruction
book, and an easy-to-use theory book with sample
FCC exam questions.

All for just $6.95.
The best training program on the market at the
very best price. Order today.

Order from Circulation Department
Cowan Publishing Corp.

14 Vanderventer Avenue

Port Washington, N.Y. 11050
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Who knows what time it is?

Man has tracked it for a
very long time. We’ve used
the sun, the moon, the
stars to establish our time
frame. Nowadays we use
super new physics
techniques to know when
we are. Here’s the story
behind the ticks.

by Karl T. Thurber Jr.

The really precise determination of
time is not all that easy, and it’s in fact
possible to come up with many different
measurements of “time,”” each of which
may be perfectly correct and best for a
special purpose. In this article, we will
point out some of the different ways time
is calculated, show how precision time 1s
generated today, and discuss how time
is ““put together” on a world-wide basis
by the International Time Bureau. (BIH)

Evolution of time

The measurement of time has had a
very long history. Man has used various
celestial bodies such as the sun, the
moon, the stars, and nearby planets to
establish ““time frames”’ since the dawn
of history. Ancient civilizations used
these light emitting (or reflecting, as the
case may be) sources to determine sea-
sons, months, and years.

In anceint times, the sun’s position in
the sky was the only truly reliable indi-
cator of the time of day, and this indi-
cator was useful only when the sun was
visible, and of course, it was not very
well “calibrated.” People later devel-
oped sundials to help them determine
with greater accuracy just what time it
was. Sundials gave way to water clocks,
and later, to weight-operated clocks,
and eventually to spring-driven
timepieces (ordinary watches and
clocks), which—at least for precision
purposes—have begun to be replaced in
turn by electrically or electronically regu-
lated devices (such as crystal-controlled
oscillators or tuning forks).

Eventually, very high-precision labo-
ratory and scientific work required even
more accurate standards of time. The
so-called ““atomic clock” is now used for

64 MODERN ELECTRONICS

Station ZUO provides time and frequency signals for South Africa from its main building at
Olifantsfontein. It's operated by the National Physical Research Laboratory on 2.5 MHz and
5MHz. ZUO operates 24 hours a day, 365 days a year, a distinction shared only by WWV and
WWVH of the U.S. and BPV of the People’s Republic of China.

the most exacting purposes. In it, atoms
of the elements cesium or rubidium pro-
vide the oscillation frequency (and there-
fore, time) control for these ultra-stable
and accurate timepieces.

Going back a bit into history, recall
that astronomical observations form the
basis for man’s knowledge of time—
observations of the sun, stars, planets,
and moon. Controlled observations by
astronomical observatories generated
daily and nightly time information, and

were usually considered accurate
enough for such purposes as ship and
aircraft navigation, power and tele-
phone companies, radic stations,
shortwave lisieners, and radio hams.

Star maps

In years past, time measurement was
based on the rotation of the carth, which
was shown to lack uniformity. The time
scale developed was known as Ephemeris
Time, and it formed the basis for most

Accurate time is used throughout the world of science. One source is the control room of
station ATA in New Delhi, India. ATA signals are similar to WWV signals familiar to North
American listeners. ATA provides accurate frequency and tima for the Indian subcontinent
on 10 MHz and 15 MHz. It cross-checks signals with JJY in Japan and RKM and RWM in
Russia as well as with WWVH in Hawaii. ATA transmissions are based on a Hewlett-
Packard cesium clock, originally synchronized by the Smithsonian Astrophysical Obser-
vatory, Cambridge, Mass. ATA is operated by the National Physical Laboratcry of India.
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The QSL card sent to shortwave listeners
by Canadian time and frequency station
CHU shows Sir Sanford Fleming, principal
advocate of standard time zones. CHU is
familiar to listeners around the world.

IR BANDONOD LI MG 1022wy

common astronomical measurements of

time. It was, in fact, originally based on
the period of revolution of our planet
around the sun for the year 1900.

As far back as 1830, however, the U.S.
Naval Observatory provided Sidereal
(star-related) and Universal Time, for the
use of ships which navigate using celes-
tial bodies as “’stellar maps’’ and as refer-
ences for determining local earth time
and position. The universal time scale is
based not on the earth’s orbital motion,
but rather on the earth’s rate of rotation on
its axis. As we have indicated, this rate
does change or fluctuate (by a few mil-
liseconds each day), and since ship and

aircraft navigators must depend on

earth-related time, this time scale must
reflect any changes in the earth’s rota-
tion, or errors will result.

Because of this, the U.S. Naval Obser-
vatory has as one of its major jobs the
publishing of special almanacs that
summarize all the astronomical correc-
tions that must be taken into account in
order to navigate accurately.

In the 1840's, a standard time zone for
all of England, Scotland and Wales was
set up which replaced several “local”
time systems; it was known as
Greenwich Standard Time. In 1884, an

International Meridian Conference was
held in Washington which pegged
“mean solar time” to the 24 standard
meridians that gird the earth, based on
15 degree longitude increments east and
west of Greenwich.

The center of the first time zone was
set so as to run straight through the
Greenwich Observatory—it was located
on the zero-longitude meridian. On the
other side of the earth, 180 degrees and
12 hours away from Greenwich, the In-
ternational Date Line was also set up to
roughly bisect the Pacific Ocean.

Most of the time zones still follow the
same boundaries as originally drawn,
but the lines separating one time zone
from another frequently zig-zag to allow
individual states, small countries or even
islands to have their whole territory con-
veniently in one time zone.

Atomic time

We’ve mentioned that Ephemeris (or
“heavenly”) Time is dependent on the
orbital motion of the earth around the
Sun, while Universal Time is dependent
of the earth’s spin on its axis.

But a newer “time scale” is based on
atomic time, which depends on the fun-
damental properties of atoms. This latter

Figure 1 Standard time zones of the world

D 0Odd numbpered zone

Half hour zone
=
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Countries and areas which have not adopted
zone system, or whare time differs other than
half hour from neighboring zones.
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kind of time is the most precise and
uniform. Atomic time can, with the pre-
sent state-of-the-art, be determined to
within a few billionths of a second in a
minute. Universal time, on the other
hand, can only be determined to a few
thousandths of a second per day, and its
cousin, Ephemeris time can only be held
to about .05 second for a nine-year aver-
age (due to measurement problems as-
sociated with the very slow orbital mo-
tion of the carth- one cycle per year.)

Between 1956 and 1960, joint experi
ments were cenducted by the U.S. Naval
Observatory, the National Physical Lab-
oratory in England, and our own Na-
tional Bureau of Standards, which oper-
ates the time and frequency stations
WWV and WWVH, to establish the
“natural resonance frequency’’ of the
cesium-133 atom for possible use as a
standard of time.

The NBS was successful, and built the
first cesium atomic beamn clock in 1957. In
1960, this “resonance characteristic’’ of
the cesium atom became our national
standard of time.

In 1967, the International Bureau of
Weights and Measures (another
standards-setting organization) pre-
cisely defined the second in atomic
terms. It was agreed to be 9,192,631,770
oscillations or cycles of the cesium atom.
Thus, the resonance characteristic of the
element cesium became the world's stan-
dard for atomic time.

Different times

From 1958 through 1971, the time
broadcast by WWV and WWVH was
based on a time scale kriown as Coordi-
nated Universal T'ime (UTC). This was a
sort of “‘modified” atomic time—it was
controlled by atomic clocks, butits actual
value was offset slightly for special pur-
poses.

The identification and dissemination
of different kinds of time scales became a
knotty problem becausz the carth’s rota-
tional fluctuations affected univeral time
but not atomic time.

By 1972, there weie several of these
time scale farnilies in existerice, each
being essential to certain users of
special-purpose time scales, such as
navigators and satellite tracking sta-
tioris. It was evident that a new, “com-
promise” timie scale was needed, and so
on January 1, 1972, a ncw Coordinated
Universal Timc (UTC) iime scalc was put
into use to allow for better precise tirme
synchronizaticr.

Under this new time scaie, all time
signals (such as those broadcast froin
WWV and WWVH) are kept in syn
chronizationn with carth-derived time
scales. by means of leap sccends: as
changes in the earth’s rotational pattern
occur, leap scconds are inserted (or de
leted) in the time scale to kcep the UIC
time “in synch.”

Thus, it's pessible to kecp clecks in

o8 MODERN ELECTRORICS

FREQUENCY

5 MHz
15 MHz

Important time and frequencgstatlons In the Orient are stations BSF, Talwan, JJY, Tokyo,
and BPV, Shanghai, China. BSF's QSL card Is sent to shortwave listeners who send In
reception reports. BSF Is operated by Talwan’s Telecommunications Laboratories, broad-
casting on 5 MHz and 15 MHz in the shortwave portion of the radio spectrum. The station
uses rubidium and cesium atomic standards to maintain a very high degree of accuracy.

Like most stations, BSF cross-checks its signals with others such as WWV in the U.S. and

very-low frequent}( transmissions from W
Experts from the U.
callbration.

B, JJY and LORAN-C navigation stations.

S. Naval Observatory visit BSF with portabie cesium clocks to assure

step with the sun by the as-needed inser-
tion or deletion of the leap second. There
is the surprising possibility of special
situations occurring in which a “minute”’
contains not 60 seconds, but actually 59
or 61 seconds! This should not occur,
however, more often than once a year.
However, because of the fickle nature
of the variations in the rate of rotation of
the earth it's not possible to accurately
predict far in advance when the leap-
second adjustments are needed.

Keepers of the watch
Just who does the “adjusting” of the

wWWamericanradiohistorv. com

world’s time scales? This responsibility
falls, by international agreement, to the
Bureau International de I’'Heure, the In-
ternational Time Bureau or 'BIH.”
Founded in 1913, the BIH has its head-
quarters in Paris, France.

Our own National Bureau of Stan-
dards and the U.S. Naval Observatory
are two of the seven contributors to the
atomic time scale maintained by the BIH,
the other contributors being government
laboratories and observatories in France,
England, Canada, Switzerland and West
Germany.

Each of the seven ‘‘contributes’ time
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scales to the BIH which smoothes out the
seven inputs it receives to produce a
composite UTC time scale that virtually
the entire world accepts as the basis for
most time measurements. For most
everyday purposes, UTC is synonomous
with the older form, Greenwich Mean
Time, sometimes referred to as “’Zulu”
time in the military. If you place a "’Z”
behind a time given in the 24-hour sys-
tem, e.g., 1600Z, it’s assumed to be GMT
or UTC, rather than local time.

All this doesn’t mean that because
world time is now based on an interna-
tional atomic scale, there is no further
need for astronomically-derived time. A
person doing celestial navigation, as an
example, must know earth position-
related time, such as UTI.

By international accord through the
BIH, UTC is maintained by all the “con-
tributors” to the atomic time scale to be
within 0.9 seconds of the navigator’s
earth-related basic time scale, known as
UT1, a time that is “inferred” from as-
tronomical observations and which ac-
tually “speeds up” and “slows down”’
with the earth’s rotation rate.

We mentioned that the BIH has the job
of putting together all the world’s “"best
estimates” of time to produce a single
time scale. It does this by working
closely with the seven laboratories and
observatories we mentioned, the Inter-
national Telecommunications Union

(ITU) and the International Radio Con-
sultative Committee (CCIR), to ensure
both efficient collection and coordina-
tion of time measurement “input”’ as
well as effective dissemination through
the nearly 50 time-and-frequency sta-
tions scattered throughout the world.

The BIH's job is a very challenging
technical one, and it includes the follow-
ing important tasks:

B Establishing and “supervising” the
International Atomic Time Scale.

8 Determining and publishing the cur-
rent values of Universal Time, the angu-
lar velocity of the earth’s rotation, and
the operational coordinates of the earth’s
poles (they change!) that are used for
time computation purposes.

B Dissemination of the correct UTC
time by helping to coordinate time-
signal transmissions (such as by WWV
and WWVH).

® Providing needed information and
data for scientific users of time.

B Performing scientific research for the
improvement and refinement of meas-
urements of time.

The BIH recommends standards of
time (and frequency, as well) that its
seven “contributing’ labs should follow
to ensure accuracy of the overall time
scale. In addition, the Bureau publishes
standards for the world’s time-and-

frequency stations to follow to ensure
that their transmissions are coordinated
one with another (that is, that they're
broadcasting the same “‘synchronized’”’
time information). For example, the BIH
suggests that time-signal transmissions
shouldn’t be off from UTC by more than
one millisecond, and that the standard
frequencies transmitted (such as the 2.5,
5, 10, and 15 MHz signals of WWV and
WWVH) shouldn’t vary more than 1 part
in 10, or one part in 10,000,000,000.

Thanks to the work of the BIH, we can
be quite sure that our familiar references
of time and frequency are as accurate as
man can make them.

Making better time

The measurement of time has become
more sophisticated with each passing
year, and has become much more so
since the first efforts at standardizing
world time measurements in the early
years of this century. Time meas-
urements will become more complex in
the future, as new techniques of radio
astronomy, laser tracking technology,
Doppler ranging of satellites, and other
techniques afford even more progress in
defining justwhat time is and how to best
measure it.

The next time you make a time check
with WWV, remember that there is
much more behind the sound of the
“tick” than meets the eye! =]

NO MATTER WHAT

SPECIFICATIONS

Dual conversion receiver with squelch
and COR output
Frequency range: Any 4 MHz range
from 30-60 MHz, 140-175 MHz,
200-240 MHz, or 420-480 MHz
Sensitivity: .3uV for 20 db quieting
Squelch threshold: .2uV
Audio output: 2 watts
Spurious rejection: Greater than 60 db
I.F. rejection: 80 db
First I.F: 10.7 MHz, 2nd |.F: 455 KHz
Bandwidth: 15 KHz and 3 db,
60 KHz at 30 db

YOU WANT
TO LISTEN TO

'hf engineering
HAS A RECEIVER FR YOU!

$64.95
74.95
74.95
84.95

RX50C Kit 30-60 MHz

RX144C Kit 140-170 MHz
RX220C Kit 210-240 MHz
RX432C Kit 420-470 MHz

DIVISION OF BROWNIAN ELECTRONICS CORP.

VHF ENGINEERING

has a complete line of receivers,
transmitters, scanners and
accessories.

Send for full line

catalog.

320 WATER STREET / BINGHAMTON, N.Y, 13901 ——=.

Phone 607-723-9574
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. China, Japan, Korea, Vietnam.{ ( ((((“
Exotic music, strange cultures,
news before it reaches your
, hometown paper. They're yours and
you don’t even have to leave home.
L Just tune the short radio bands.
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Why do you tune the shortwave bands? It may be to keep up with world
events, for exotic music and cultural insights, or simply to hear and verify rare
DX stations. Whatever the reason, there’s a section of the globe that can
sugply plenty of good listening and rare catches—Asia.

nfortunately, most of the news out of Asia in the past two decades has
been negative, concentrating on the wars in Korea and Vietnam. Lost in all
this has been the fact that Asia is also home to a large portion of the world’s
population, rich in history and varied cultures. It is a changing continent, one
that promises to be a major factor in world affairs in the years to come.
Through shortwave radio, you can listen in as the nations of Asia speak to the

world!

Nippon Hoso Kyokai is not something you order in
an Oriental restaurant. But you can get it on your
shortwave receiver!

That’s the original Japanese name for the Japan
Broadcasting Corporation, whose Radio Japan is a
listening favorite of SWLs everywhere. Radio Japan
beams programs to North America on 11705 and
15270 kHz daily at 2345-0045 GMT (6:45-7:45 pm
EST).

These English language broadcasts consist of
news, commentaries, and much traditional Japanese
music. Try to tune in these programs from the
beginning so you can catch Radio Japan’s opening
music, a hauntingly beautiful tune called Sakura.

If you're an early riser you can also tune for the
general service of Radio Japan, which transmits
fifteen minute long English newscasts on 5990 kHz
beginning on the hour at 0800 GMT (3:00 am EST)
until 1800 GMT (1:00 pm EST). The transmissions at
1000 and 1400 GMT are extended to a full half hour.

Radio Japan welcomes reports from listeners and
responds with some of the most spectacular QSL
cards found anywhere. Cards are changed several
times each year and are a favorite with QSL
collectors. You can send your reports to Radio Japan,
Nippon Hoso Kyokai, 2-2-1 Jinnan, Shibuya-ku,
Tokyo, Japan. Return postage is not necessary.

The giants

Asia’s other big radio voice is Radio Peking, the
English language service of the Peoples Republic of
China. Those SWLs interested in world affairs have
long been avid listeners to Radio Peking, as the
station mirrored the turmoil of the great Cultural
Revolution and the internal upheavals following the
death of Mao Tse-tung.

Discerning listeners can also gain clues as to the
current status of relations between China and the
United States or Soviet Union from Radio Peking’s
newscasts and commentaries. For those less
interested in politics, Radio Peking offers both
traditional Chinese music and modern revolutionary
works. Tune for their English programs at 0000-0100
GMT (7:00-8:00 pm EST) on 15060 and 15520 kHz
and again on 15060 kHz at 0200-0300 GMT
(9:00-10:00 pm EST).

Some Radio Peking programs are relayed from
Albania over the facilities of Radio Tirana, so be sure
the transmission you hear actually came from China
if you report for a QSL card. All the frequencies we
have given are for broadcasts from China.

Peking is a friendly verifier, and usually sends
numerous magazines and pamphlets along with their
QSL card. Many listeners also have received gifts
such as attractive calendars from Radio Peking. Send
your reports to English Language Section, Radio
Peking, Fu Hsin Men, Peking, Peoples Republic of
China. Be careful to use the full name of the
country, not just “China.” Mail not using the full
name will be returned unopened by the Chinese
postal authorities! This advice applies equally to all
Communist nations in Asia.

The other China

Radio Peking is not the only international
broadcaster which claims to represent China. The
other is the Voice of Free China, transmitting from the

Japan QSL card
AUGUST 1978 73

waaanLamericanradiohistornv.com


www.americanradiohistory.com

island of Taiwan. Their English programs originate
in the capital city of Taipei and can be heard on
15425 kHz at 0100-0200 GMT. Be forewarned,
however, that this station does not have the
powerful signals of Radio Peking or Radio Japan.
The summer months and early autumn is the best
time to hear the Voice of Free China.

Besides the inevitable news and commentaries, the
Voice of Free China features much Chinese music
and Chinese language lessons in a program called
"Let’s Learn Chinese.”” To enroll in the course, or
report reception for a QSL card, write the Voice of
Free China, 53 Jen Ai Road, Section 3, Taipei,
Taiwan, Republic of China.

Countries divided and united

SWLs who have the chance listen to North
Korea and South Korea take verbal potshots at each
other through their shortwave services. Back in 1972
the two nations agreed to cease radio propaganda
against each other as the first step toward eventual
reunification of Korea. That agreement has been
largely forgotten since-then, and it is fascinating to
compare the two nations’ interpretation of the same
news event.

South Korea’s international service is known as
Radio Korea, and it’s on the air in English on 9640
kHz at 1000-1030 GMT and also on 9655 kHz at

North Korea QSL card

74 MODERN ELECTRONICS

1130-1200 GMT. Listeners along the West Coast may
also be able to hear them on 9720 kHz at 1800-1830
GMT (10:00-10:30 am PST). Programming features
many programs on Korean culture and history, with
much Korean music, along with news and
commentaries. You can send for their QSL card by
writing to Radio Korea, 1-Yoido-Dong,
Youngdungpo-Gu, Seoul, Republic of Korea.
There’s one way to know for certian if you've
tuned in North Korea’s Radio Pyongyang—listen for
the name Kim II-Sung every other sentence! Sung is
the leader of North Korea, and is the object of a cult

Japan QSL pennant

(complete with endless praises and quotations from
his “thoughts”) that may be more intense than the
one of Chairman Mao in China. You can hear Radio
Pyongyang on 9977 and 11535 kHz at 2300-0050
GMT in English.

It's often difficult to tell where their news
broadcasts end and their political commentaries start,
although there is much interesting music, especially
the newer revolutionary works. Radio Pyongyang
will send QSL reports, and a package of propaganda

wwWw.americanradiohistorv com
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as well. Address your reports to Radio Pyongyang,
Korean Central Broadcasting Committee, Pyongyang,
Democratic People’s Republic of Korea.

Vietnam no longer occupies the daily newspapers
as it once did years ago. Formerly home to
numerous pro-and anti-Communist radio stations,
all broadcasting today is conducted by the Voice of
Vietnam (not Radio Hanoi as often reported in the
American press).

English is scheduled on 10040 kHz at 1000-1030
GMT and again at 2030-2130 GMT. Besides news
and commentaries, the station carries many
programs on life in Vietnam after the war and plays
traditional Vietnamese folk music.

The Voice of Vietnam deserves particular attention
from the politically aware SWL during periods when
it is engaged in border clashes with neighboring
Cambodia and ideological disputes with China. They
have recently started verifying reports again, which
can be sent to the Voice of Vietnam, 58 Quan Su
Street, Hanoi, Socialist Republic of Vietnam.

Despite their distance from North America, all of
the stations we’ve mentioned can be heard on simple
receivers. Exotic music, news directly from the
source, and insights into how the rest of the world
lives—brought directly into your home from far
away. That’s what shortwave listening is all about!

How good a DXer are you?

A “DXer" is a special type of SWL who seeks
out difficult, rarely-heard stations. Al the sta-
tions in our article are audible throughout
North America on even simple equipment. Yet
not all shortwave stations in Asia can be heard
so easily. Most nations have shortwave out-
lets intended for their home audiences, and
these operate with lower powers than their
international services. All of the following sta-
tions have been heard in North America, but it
takes good equipment, tuning skill, patience,
and even a little luck to catch them. If you think
you're equal to the challenge of this DX, here
they are:

Fregquency (kHz) Station

2510 Taegu, Sputh Korea. Ko-
rean talks and music
around 1445 GMT.

2850 Pyongyang, North Ko-
rea, Male and fermale
talks and martial music
at 1315 GMT.

3230 Talpei, Taiwan, Talks and

Oriental music at 1415

GMT.

Guizhou, China. Talks

and instrumental music

at 1400 GMT.

Manning. China. English

lessons for Chinese stu-

dents at 1345 GMT.

6840 Mei Menggu, China.

Chinese dramatic pro-

gram 1330 GMT.

Tay Nguyen, Vietnam,

Newscast in Vietnamese

1300 GMT.

3260

4915

7512

the PRUGRANMABLE DRUN SET
features: score editing, bridges, introk, external
sync. to sequencers or foot controls, memory save
switch & much more.

PAIA's Programmable Drum Set, with 256 byte memory, allows
you to select percussion sounds and structure pattern and time
signature in any conceivable combination. Touch switches

allow scores to be entered in seconds - NO PROGRAMMING
KNOWLEDGE REQUIRED! High Fidelity describes

the 3750 as ' an easy project. . . todo andyields ,‘3\\?-;
delightful results. . . an excellent educational g“.-"';e&i
tool and versatile aidto the musician *\\'§, o 'oc,\o -
who can't afford a live rhythm A 5

section."
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It's a Shap!

The Ulrimare ConnecTOR

The universal connector for all your power {eads.
Ideal for CB, Ham, Burglar Alarms, Speaker L eads,
A million and one uses.

Installs in less than a minute. Makes a neat con—
nection with absolutely no exposed wires, no dan-
ger of shorts. Cannot be accidentally reversed
on polarity,

Complete Connector Kit, including heavy-duty
crimping tool, inserting tool, and a seiection of red,
black, green and white connectors in both 15 and

30ampsizes. . . .. .. .. ... .. ... . $24.95
-
Packet of 8 connectors (specify color) and choice - -
of 150r30ampsize . . .. . ... ...... $2.49
Crimpingtool . . . ... ............ $9.35
tnsertiontool . . . . ... ........... $1.19 3 3
4polehousing. . . .. ... .......... $2.59 =k

Add $1.00 for shipping on all orders. Merchandise will be shipped

same day order is received. Dealers inquire for special prices

and dealer program with letter head or business card, N.Y. state
residents please add appropriate sales tax.

NCEPTS BOHEMIA, N.Y. 11716
NLIMITED (765891313

DIVISION OF CU ENTERPRISES, INC.

36C CARLOUGH ROAD
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Sound room

customize your den for stereo

How to change your average
size living room or bedroom
into a top-notch listening
environment.

If you have a good ear and a room
that’s shaped like a wind tunnel, you
can change the listening and recording
quality of the room. Or, if you have an
average-sized living or bedroom and
want to make it a better listening
environment you can do it yourself
with ordinary tools and readily
accessible supplies.

First, let’s limit the possibilities by
considering only practical ““do-it
yourself” construction, as opposed to
a professionally designed and built
room.

Generally speaking, an ordinary
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room has three sets of parallel
surfaces: the floor/ceiling and two
opposing walls. An adequately
designed listening room can be
developed from this room by using a
wide variety of materials, limited,
really, only by your imagination.

Basically, the materials used should
be soft and multi-surfaced. The
softness will help ““soak up” the
sound, the exposed surfaces will
“break up’’ the reverberation. The
efficiency of this process, therefore, is
dependent on the degree of softness
and number of surfaces exposed.

wwWwW-americanradiohicstorvy com

In the case of the ordinary room
where three sets of parallel surfaces
exist, you should try to break up these
surfaces by covering all or parts of one
of the opposing surfaces.

Floor vs. ceiling

For obvious reasons, most people
treat the floor instead of the ceiling.
However, you could carpet the ceiling
and get the same acoustical effect as
carpeting the floor. Acoustical tile is
commonly used. Sound experts at 3M
Company recommend rugs and carpet,
rather than tile. The quality of the tile
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is a major consideration and, once the
tile is painted, it loses much of its
sound absorption properties.

Drapes on two of the opposing walls
are effective. Burlap “wallpaper”
works well. Some rooms feature strips
of carpeting on the walls with good
results.

One effective acoustical wall
treatment can be made with foam cups
adhered to plywood shapes. The
shapes are cut from a 4x7 hardboard
panel. They are then affixed to one
wall.

Another treatment along the same
line is to affix painted egg cartons on a
panel or wall. In both cases—foam
cups or egg cartons—the idea is to
break up the wall surface to soften the
sound.

The extent of the surface treatment
does not have to be 100 percent. Only
75 to 80 percent coverage should
provide adequate acoustical control.
Therefore, you can use scatter rugs in
place of wall-to-wall carpeting. The
walls can be covered in strips of
material, soft velvetized wallpaper,
drapes, even a Polar bear hide if you
desire.

Tweed, not vinyl

Again, generally, a highly fibrous
material is better than a smooth, slick
one. Tweed would be better than
vinyl, for instance. The end result
should be a room with ““controlled”’
reverberation. A completely dead room
is undesirable, because the sound
would be unnatural. Remember, on

most recordings, a slight echo is addad
to give the sound a natural tone.

One of the big problems with
“listening rooms’’ in an apartment
building, for instance, is the unwanted
noise entering from the doors and
windows. Therefore, these should be
treated with sound absorbing material
to keep unwanted noise out as well as
containing the music within the room,
s0 it does not distract your neighbors.
Ordinarily, most windows are the
double pane variety, which helps
considerably. Doors should be sealed
as tightly as possible around the
edges.

Good recordings and good listening
can be yours—if you build vour own
sound room and use name-brand
tapes and equipment. —Dick Ziff

Barnwood paneling or non-acoustic wall
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Seating

Foam cup acoustic wall

Plans for Modern Electronics’ huge foam-cup graphic and listening-environment conditioner. Three four-foot by eight-foot by Vsth

inch Masonite panels are needed.
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Build this easy capacitor meter

Are you still passing up those bargain
assortments of capacitors in those well-
filled poly bags because you can’t read
those nearly illegible value markings? Or
maybe you're about to throw out that
box of capacitors that you've accumu-
lated through the years. Caps that are
still good, but a little shopworn and hard
to read because the value marking have
rubbed off.

With the dollar bill still shrinking, it
pays to be a bit more thrifty with elec-
tronic parts—especially capacitors
which are used in just about every elec-
tronic project. Well, now you can deter-
mine capacitor values from 5 pf to 1 mfd
with the Modern Electronics direct reading
capacitance meter.

The meter has five ranges for conven-
ient operation and is battery operated for
portability. The circuit uses two IC’s and
a transistor-with a 100 uA meter, which
doesn’t require any special scales to indi-
cate capacity. Three penlite-batteries
furnish the dc power. A battery saving
push-button circuit gives you long bat-
tery life.

Easy to build

Our model is built in a 6 X 3 X 2-inch
plastic box with a matching plastic top
panel. The exact size is not important,
and can be any convenient size or shape.
A larger meter can be used, and you can
substitute a metal cabinet in place of the
plastic box.
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If you've got a junk box full of
unmarked capacitors, you'll want

this easy to build, direct-reading meter.

by Charles Green
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For best results, follow the component
layout shown in the photos. Keep the
components in the same general orienta-
tion for the shortest wiring lengths. Most
of the components are mounted on a 5 X
2 Ya-inch perfboard section. The controls
are installed on the top panel with the
meter.

Start construction by cutting out the
perfboard section. The perfboard in our
model is supported on one end by the
meter terminal screws, and on the other
end by two solder lugs connected to
solder lugs on the front panel terminals.
Components are held on the board by
soldering to Circuit-Stik conductors
made from adhesive copper foil. But,
you can use push-in clip terminals as
well.

Layout and mount the top panel com-
ponents M1, 51, 52, J1 and J2. Make sure
that you install shakeproof washers on
S1 to prevent it from accidental move-
ment. Install solder lugs on J1 and J2.

Temporarily position the perfboard
section in back of the top panel and
locate the M1 terminals. Then drill holes
in the board to fit the terminal screws.
Drill two more holes at the other end of
the board and mount two solder lugs so
that they will be able to mate with the
solder lugs on J1-]2.

Install the components on the
perfboard section and wire them as
shownin the schematic and photos. IC-1
isinstalled in a DIP socket that fits the 0.1
hole spacing of the board used in our
model, but small holes can be drilled as
required to fit the particular board you're
using.

The three penlite cells that make up B1
are soldered to push-in clips that hold
them mechanically secure to the board.
Make sure that the polarity of the bat-
teries is correct before wiring them in
series.

Mount the components on the board
with short leads to prevent movement of
the parts. After you complete wiring the
perfboard, lay the board alongside the
top panel. Then complete wiring the

meter with the necessary connections to
S1A-B, and S2.

Carefully mount the board on the M1
terminals and complete the connections
to the meter circuit. Solder the two lugs
to their matching lugs on J1 and J2.
Check the perfboard for mechanical sta-
bility and for any wiring shorts or opens.

Press the push-button switch 52 and
rotate S1 through its range positions.
There should be only a very small
movement, less than % division, of the
meter pointer at the bottom end of the
100 pf range. There should be no meter
movement on the other ranges. Recheck
the wiring if there is.

A5 pf capacitor, C8, was added in our
madel to make the lowest capacity range
linear. This may not be necessary in your
model.

Before calibrating the meter, mark the
top panel with rub-on lettering or with
cemented typed paper strips. Install a
knob on S1 and make sure that the knob
has a pointer or mark to identify the
range setting.

Radio

Shack
Part Part
number Description number

B1 3 AA cells in sories (4.5V) —

(03] 100 pf ceramic capacitor 272-123
c2 .01 mid ceramic capecitor 272-131
c3 0.1 mid cecamic capacitor 272-135
Cc4 1 mfd capacitor 272-1055
C5 10 mid @ 18 V tantalum 272-1411

C6, 7 470 pl ceramic capacitor  272-125
IC-1 T406 hex buffer IC 276-1821
1C-2 RCA CA-3019 diode array —
J1,2  Insulated binding posts  274-662
M1 100 uA microammeter —_
Q1 2N2222 NPN transistor —_
R1-3 1K, ¥ watt resistor —_
R4-6, 8 10K trimpot 271-218

R7 25Ktrimpot
*can be made by connecting a 33K
resistor acroas a 271-220 100K trimpot

S1 2-pole, 5-position
rotary switch _

S2 SPST momentary

contact switch 275-1547

You'll aiso need perfboard—.02-inch hoies on a
0.1-inch spacing such as Vectorboard pattern P is
r ded—a pol knob for S1, a 14-pin DIP
socket for {C-1, and miscellaneous hardware and
wire. The prototype was built in an ali-plastic box,
but you can use just about any enciosure you'd iike.
A Radio Shack 270-626 should work well.

WWWamericanradiohistorv. com

How it works

An SN7406N TTL hex inverter
buffer/driver is used as IC-1. Three of
the buffer/drivers are unused. The
other three are connected into a free-
running multivibrator circuit with the
frequency of operation selected by
capacitors switched into the circuit by
S1A. The larger the capacitor, the
lower the frequency of operation. The
approximate frequencies are 23 Hz
with 10 mfd, 330 Hz with 1 mfd, 3 kHz
with 0.1 mfd, 30 kHz with 0.01 mfd, and
250 kHz with 1000 pf.

The square wave output of IC-1 is
coupled through a buffer sta$e, trans-
istor Q1, and through J1 to the
capacitor being measured. The IC-1
signal is fed through the unknown
capacitor to the full-wave bridge cir-
cuit of the diode array CA3019 (IC-2).
Therectified output of IC-2 is fed to the
100 uA meter M1. S1B selects the
meter shunt, R4 to R8, that controls the
sensitivity of M1,

The amount of signal current re-
ctified by IC-1 is dependent upon the
value of the unknown capacitor and
the frequancy of the signal. The meter
integrates these values and indicates
the value of the unknown capacitor.

If your particular meter has an easily
removed bezel, you can cement on a
typed “’Capacitance pf-uf”’ marking as in
our model. The actual meter scale mark-
ings, 0t0 100, don’t have to be changed.

Allow a few hours for the meter com-
ponents to cool to normal room tempera-
ture before calibration. Then connect a
known value capacitor to J1-J2. While
depressing S2, calibrate each range by
adjusting the appropriate trimmer
potentiometer for a current meter indica-
tion.

Operation of the capacitor meter is
straightforward. Start at a much higher
range than you think necessary for
measurement. While depressing S2, ro-
tate S1 downward to the lower ranges
until you get a meter indication. This will
prevent the meter pointer from pinning
at the high end of the scale.

The battery should be checked period-
ically to prevent damage to the circuit
from a leaking, spent battery. Aging of
components may require an occasional
re-calibration of the meter circuits. A
shorted capacitor is indicated by full
scale pointer on all ranges. &=

AUGUST 1978 79



www.americanradiohistory.com

AGC: a little-understood but very important part of your
shortwave, ham, CB or music radio receiver. It makes
listening easy but can seem a mystery in operation. Read
this quick explanation and you’ll know how the unique
system works to keep sound levels smooth. And you’ll know
how it works when you fire up your test equipment to check
out a radio on the bench this weekend.

by George McCarthy, W6SUN

How would you like to be hit right
between the ears with something one
million times stronger than what you
were expecting? In fact, let's make that
right “in the ears” for we are talking
about radio signals. That’s exactly what
could happen if you were listening to a
signal on your radio that was coming in
clearly at an S-3 on your signal strength
meter and a local signal at 30 db over 5-9
came on frequency.

That’s a differential in power level of
60 db, which just happens to be a factor
of one million times! And that’s noteven
an extreme, for many signals will “peg
your meter’” at full scale. Yet, on the
other end of the range of power levels it
is perfectly normal to be able to get good
”Q-5" copy on a signal that is barely
wiggling the needle on your S meter.

We are talking about a ““dynamic”
range of over 80 db on the typical
shortwave receiver. From the weakest
signal that you can copy—depending on
interference levels and the sensitivity
and signal-to-noise ratio or your

receiver—to the strongest signal that will
pin your meter the variation can be as
much as one hundred million times!

Signal differential

A rapid change of CB channels or a
spin of the dial on a ham receiver will
easily bring in just those levels of signal
differential. It would seem that such
violent changes in signal strength would
almost blow your radio out of the water.
But there’s a device in all radios that
prevents that from happening. It's called
AGC for automatic gain control. It used
to be called AVC for automatic volume
control in the earlier days of its use. They
both mean the same thing, so don't
worry if you see “AVC” on some old
radio—it is AGC.

Let’s examine how it works and how it
got started. In the early days of radio,
when the vacuum tube replaced the
crystal as a means of detecting radio
signals, the amplification of the signal
depended on how many stages were
used, each one adding to the signallevel,

Processing Dut Contral Dut Dutput
i dewice cimwit davice
T_ Feedback lnop J
Comparatar
infarmation
slorage

Figure 1 The basic feedback loop. Information from the processor is used to compare with a

standard and signals are sent back to modify the processing function.
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or to the audio level if it took place after
detection.

Although the audio volume could be
controlled by a potentiometer which lim-
ited the signal going into the audio
amplifying stages, there were times
when a very strong local signal would
“overwhelm”” the radio and cause severe
distortion.

To remedy this condition, another
control was added to the receiver called
the 'rf gain” control. This was also usu-
ally a potentiometer. It was used to con-
trol the "‘bias” on one or more of the very
first tubes that handled the signal from
the antenna.

Changing the bias changed the
amplification factor of the tube. It could
be made far less sensitive to signal levels,
thus the rf gain was used to reduce the
“sensitivity’’ of the receiver. This solved
the overload problem to a degree.

Blast of sound

But there was clearly a deficiency in
operation. If the rf gain were “full on”’ in
order to pick up a fairly weak signal and
the dial was changed to pick up a strong
signal it could “‘blast” the speaker or
earphones before the listener had time to
even reach for the gain control.

Something was needed to make the
needed adjustments to receiver sensitiv-
ity automatically—fast enough to re-
spond to very rapid changes in signal
level. Designers reached for a principle
which has been used with increasing
frequency in modern technology, the
feedback loop.

In order to understand how AGC
works we must examine “feedback.”
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The word has lately made its way into
our everyday language in a number of
contexts. Now we hear about “‘bio-
feedback” in which the body can react to
and control some of its own functions.

Or we read about feedback as a device
in personal encounter groups, in which
people are, hopefully, trained to
heighten their ability to be senstive to
what another person is trying to com-
municate and to respond in an appropri-
ate fashion. For those who have ever
held a microphone too close to a speaker
system and generated an awfull ""squeal-
ing” sound the feedback was obvious
and immediate.

One of the first uses of the feedback
principle was in the regenerative detec-
tor, which vastly increased the sensi-
tivity of the vacuum tube by taking a
little of the voltage from the output cir-
cuit and “feeding it back” into the input
circuit; it brought the tube to the point of
oscillation or beyond.

Feedback loop

In our modern industry the feedback
loop is used in the computer, communi-
cation and manufacturing industry on a
very wide scale. Feedback consists, ba-
sically, in taking a sample from a later
stage in some consecutive process and
using it to generate a control which will
be sent back to some prior stage to mod-
ify the way in which it is functioning. It’s
that simple!

In order to have an effective feedback
loop we must have a circuit that will react
to changes in a specified time limit and
generate a control signal which can be
used to change the operating parame-
ters.

Devices called “‘transducers’”’ are
widely used in the process industry to
convert certain mechanical, physical,
chemical or electrical inputs to an electri-
cal output which can be transmitted
rapidly to a device which can analyse
this input, usually against some stan-
dard, and return any corrective elec-
tronic signals which may be required.

Other transducers then convert these
correcting signals into physical or chem-
ical actions. The oil refining, cement
processsing, power distributing, paper
mill, steel mill, and many other indus-
tries base their controls on such feedback
systems, using computers and stored
programs to react to any changes in time
periods as short as millionths of a
second—infinitely faster than any
human could possibly respond. See fig-
ure 1 for the basic feedback loop.

From the foregoing discussion you can
see that ““time’’ is an essential factor in
how any feedback loop will work, de-
pending on the exact requirements of the
circuit involved. In our immediate con-
cern, the AGC system of a receiver, the
time element is controlled by two parts, a
capacitor and a resistor.

A capacitor has the ability, among

Capacitor

Capacitor

s1

— A\ \N\—o0
Resistor
10052

Voltage

Time

(A)

S1

L AM—

Resistor
10,000£2

Voltage

Time

(B)

Figure 2 In **A” when the switch SW-1 is closed, the capacitor will discharge through the
100-ohm resistor very quickly as shown in the decay-rate chart. In “B”’ when the switch is
thrown, the rate of decay will be much slower, as shown on the chart. The values of the
capacitor and resistor determine the time constant of the circuit.

other things, of “storing’” an electrical
charge—much like a battery. The
amount of charge that it will store is
directly dependent on its capacity meas-
ured in microfarads.

Once a capacitor has been ““charged” it
will retain the electric potential until
some path is provided to “discharge” it.
We discharge a battery by causing it to
do work, such as lighting a flashlight
bulb, or running a pocket calculator.

The time that it takes to discharge a
battery or a capacitor is a direct function
of the amount of current that we pull out
of it to do some job. And that depends
directly on the resistance of any circuit
placed across the capacitor.

If a very low resistance is placed across
the terminals of a charged capacitor it
will act almost like a short circuit and
discharge the capacitor almost im-
mediately. See figure 2. If, however, a
high resistance is placed across the ter-
minals the energy in the capacitor will
slowly “bleed” out until there is no
longer any charge left. This will be done
by the current flowing through the resis-
tor.

What we have shown is that the values
of the capacitor and resistor can be cho-
sen to give us a particular “time con-
stant” in which the ““discharge rate’” of
the capacitor is regulated by the value of

the resistance of the circuit into which it
is going to send its energy, “decaying’’
more slowly with the larger resistance.

Charge time

One other factor involved in the con-
trol circuit is the “charge’ time of the
capacitor—how long it takes before a
voltage going into the capacitor will have
it in a fully charged condition.

When we consider the time constants
of control circuits using capacitor and
resistance we are concerned with their
““attack” time (how long to charge fully)
and their “release’ time (how long to
discharge). For it will be these times that
will determine how long it will take for
our feedback loop to perform the func-
tion we want it to do.

Bear in mind that the time element is
one of the most important parts of any
feedback loop, for each requirement
needs a specific time factor—there is
such a thing as reacting too quickly as
well as too slowly, as we shall show.

Now that we’ve got an understanding
of the feedback principle and how the
time factor is developed and controlled,
let’s apply the knowledge directly to our
receiver to see what happens. See figure
3.

Radio signals coming in from the an-
tenna are usually in the micro or millvolt

AUGUST 1978 81


www.americanradiohistory.com

range, a very small value of electrical
energy. One of the functions of our
receiver is to select and amplify a signal
so that it can be processed to eventually
be heard as the audio modulation that
contains the intelligence that had been
transmitted.

We will not concern ourselves with
other aspects of receiver theory at this
time. We do know from our discussion
so far that the variation in signal level of
what will be picked up is enormous.

We also know that we could control
the sensitivity or gain of some of those
early stages in the "“front end” of our
receiver if we could alter the electrical
charge on the transistor’s base or emit-
ter, or on the tube’s control grid.

Steal power

This s just what we are going to do. By
the time a signal has been amplified by a
number of stages operating in series it
has reached a fairly high level of power.
We are simply going to "steal” some of
that power for a sample that we will
rectify with a little diode to turn it into a
direct current charge (dc) that will be
used to charge up a capacitor.

But we don’t run that dc directly into
the capacitor, we make it go through a
resistor (see figure 4) so we can control
the time it will take to charge it (attack
time) and we also use a resistor in the
discharge (release time) part of the cir-
cuit to control the time it will take to
develop the voltage we need for our
control.

Now, by selecting the proper value of
capacitor and resistors we can use our
“sample” to generate a control voltage
that will be in exact conformance with
the amount of signal that is coming in to
that part of the circuit. And the time that
it will take to send the sample back to the
start of the amplifying circuits is also
controlled.

Negative voltage

By using the correct polarity of the
diode in the AGC circuit we can store a
negative voltage—that is, negative with
respect to the ground potential of our
receiver.

il
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% To audio amplitice

Ta “front end” \L

Figure 3 The AGC circuit takes a sample of the voltage from the detector and feeds it back to
the front end to control the gain. Some radios even control the gain of the if stages too. The
feedback is in the form of a negative voltage. The stronger the signal, the more negative the

voltage.

A negative voltage applied to the right
elements of a transistor or vacuum tube
will act to reduce its gain. That’s another
way of saying that it will reduce the
sensitivity of that stage to signals coming
into it.

The more negative voltage that is run
back into the beginning stages the less
they will amplify the signal. This action
can take place in thousandths of a
second—faster than sudden changes can
be manifest in audio changes that we
could detect with our ear.

It's all done automatically. The AGC
circuit simply reacts to any signal level
that has reached its place in the chain of
amplification and sends a control voltage
back up to the front end of the receiver
which acts to keep the signal at a given
level. That's why you rarely hear any
static or other background noises in the
presence of a strong signal.

The signal has caused the AGC circuit
to generate enough feedback voltage to
cut the gain or sensitivity of the frontend
down to the point where it will not even
“hear”” signals of lesser intensity than
the radio signal.

On the other hand, when there are no
strong signals to cause AGC action, you
can literally hear the front end of your
receiver as it becomes “wide open” to its
maximum sensitivity. Then you will

TAmenna

Speaker
‘RF stages’ u IF stages 2nd .ﬂllld.lﬂ
front end detector amplifizs
i e

: |

'

1

1 AGC circuit

Feedtiack loop

Figure 4 A typical AGC system. The signal is taken from the if stage through capacitor C-1
and rectified by diode D-2. The voltage is fed to capacitor C-2 through resistor R-1, which
determines the charge rate. AGC voltage is sent to the front end through R-2 which
determines the discharge rate. Additional resistors will be used for each circuit controlled
by the AGC voitage. If switch S-1 is grounded, the AGC will be cut off.
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hear static and even receiver internal
noise. In this state your receiver is very
susceptible to any sudden signal.
Often you will hear the extreme of a
sideband from a signal thatis 5 or 10 kHz
away, as a “rasping’’ sound as the voice
hits occasional peaks. Splatter from an
overmodulated signal will cause all
kinds of “hash and trash” when your
receiver is in the wide open mode.

Carrier level

Perhaps a question or two may have
occurred to you at this point, such as, if
the AGC is going to react so darn quickly
to changes in signal level—how come it
doesn’t keep the modulation in an am
(amplitude modulated) signal constant,
when we know that the signal level is
going up and down in strength right
along with the speech being transmit-
ted?

Well, if we made the circuit too fast it
would do just that, but we choose the
components so that they will react to
changes in the carrier level, but not so
fast as to distort the modulation.

Fine, you say, but what about single
sideband signals which don’t even have
a carrier to sample? Right. Without a
carrier the AGC circuit must look
elsewhere for its controlling voltage tobe
developed.

There are two basic systems used to do
this. In one the voltage that is needed to
develop AGC action is taken from before
the signal is even detected and turned
into audio. In the other, the audio is
sampled on an averaging basis and the
control voltage developed that way.
Both work quite well.

Time constants

You should know, however, that am
and ssb use different time constants for
AGC action and CW normally doesn’t
use any, though it can be copied with
AGC on. You see, with ssb the signal is
varying over much wider limits than
with am.

There is no carrier without moduvla-
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tion, so the “swings” between no mod-
ulation and peak modulation are much
more extreme and the AGC action must
be slowed so that it doesn’t act to ““clip
off’” the peak modulation and cause dis-
tortion. Many of the better communica-
tion receivers (and transceivers) have a
switch for “fast AGC”, “'slow AGC'* and
AGC off.

If you watch the S meter on a receiver
and have the ability to switch from “fast”’
to “slow” AGC you can see just what is
happening. With fast AGC the meter
will deflect over a wide scale and the
audio will have kind of a “pumping”
sound as it will be unnaturally loud on
some peaks. As soon as you switch to
slow AGC the needle will tend to ““hang
up”’ for longer periods as the circuit
“averages” the signal. If you take the
AGC out entirely the needle will make
wild fluctuations as it attempts, unsuc-
cessfully, to follow every consonant and
vowel.

There can, in fact, be no better demon-
stration of just what the AGC is doing
than that described above. You should
be aware, however, that even with the
tremendous dynamic range of a well-
designed AGC circuit, there will be some
signals that will simply overwhelm the
control capability. In these instances an
rf gain control is very handy.

Any really good communications
grade receiver (or transceiver) should be
equipped with an rf gain control for this
reason. Those of you who have parked
right next to another CBer who was on
the same channel, or those who found
the Ham next door on the same band
know full well what I am talking about.

Compression

There are many other circuits in the
radio field that use the feedback loop
principle to perform some special func-
tion. The ALC circuit in a transmitter is
designed to prevent voice peaks from
overmodulating by sending back a sam-
ple signal to cut the gain of the mic-
rophone amplifying circuit. The circuit
that “compresses” your modulation in a
speech processor also uses feedback vol-
tages to do its job.

Even the smallest and cheapest pocket
transistor radio uses an AGC circuit.
Some of the very expensive radios use an
“amplified AGC"” circuit to effect a wider
range of control, but the principle and
action are the same as for a simple cir-
cuit.

S0, AGC or AVC or whatever you
want to call it does a very important job
in our receiver. It not only can keep a
wide variety of signals at a fairly constant
audio level and save our ears from a
blasting, but it also can work on signals
thatare fadingin and outin strength and
keep them at a constant readable level.
Fora diode and capacitor and a couple of
resistors it’s one of the most valuable
circuits in your receiver.

“YOUDON'T
HAVE T0 CLIMB
AMOUNTAIN
TO GAIN

ENLIGHTENMENT”
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Just send away for the Con-
sumer Information Catalog and a key
to enlightenment will appear in your
mailbox.

The Consumer Information
Catalog 1s put out by the Federal
Government. And it lists over 200 of
their booklets that you can send
away for. Most are free. And they can
help you with things like how to buy
a home, how to grow vegetables, how
to deal with headaches, simple
plumbing repairs and many other
everyday and not-so-everyday
problems.

So if you wish to learn about
the mystic sensibilities of the
wayward ancients, put on your climb-
ing gear.

But, if you wish to know about
how to fix a leaky faucet, send for the
catalog. Write: Consumer Informa-
tion Center, Dept. A, Pueblo, Colo-
rado 81009.

Remember, it’s free. Which is
only right. After all, the first step
towards enlightenment shouldn’t
enlighten your pocketbook.

THE CONSUMER
INFORMATION CATALOG

A catalog of over 200 helpful publications.

Stereo

continued from page 19

equalizers has prompted some manufac-
turers to incorporate them into their reg-
ular receivers and amplifiers. Many of
the JVC’s recievers, for example have a
built-in 5-band equalizer, as does
Harman/Kardon’s Citation 17 preamp
($575). The Marantz Model 3600 ($500)
has a self-contained 3-band equalizer
while JVC’s JP-S7 preamp features a full
10-band octave equalizer for $700.

SAE favors the parametric-type
equalizer and put one of them in their
Model 2100 preamp, which sells for
$750. Incidentally, the figures given here
are official list prices which a) are subject
to frequent change, and b) often are
discounted by local dealers.

Just within the last few months, there
has been so much interest in equalizers
that makers of car stereo amplifiers now
incorporate them in some of the fancier
under-dash models. Nobody expects
you to fiddle with all those controls
while you're driving. The idea is to ad-
just them to get optimum sound balance
in the particular acoustics of your car and
then leave them set. Clarion, Jandy
Car-Fi, Pyramid Industries and Laser
Acoustics are among the firms now offer-
ing automotive equalizers. If you have a
top-quality car cassette player and some
multi-element wide-range car speakers,
you may find that this latest wrinkle in
on-the-go sound helps bring out the best
in the components you already own. [{]
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Computer languages
continued from page 60

guage such as Basic, and translatesitinto
a complete machine language program
which is then performed by the compu-
ter. The important characteristic to
notice is that the compiler translates the
entire program before trying to perform
it.

An interpreter, on the other hand,
never really does a complete translation.
It may translate just one instruction at a
time into some other language, not even
necessarily the machine language, and
then immediately perform that instruc-
tion.

Partial translation in this way may be
easier than going all the way into ma-
chine language, and it may also require
less computer memory. Moreover, in-
terpreting a program is often more fool-
proof, since the translator can catch er-
rors in the program as soon as a single
instruction has been translated and pre-
vent further translation before any harm
is done, while a compiler may not realize
that an instruction has errors which will
show up some time later when the trans-
lated version is finally performed.

In terms of simplicity, then, the in-
terpreter has many advantages over a
compiler. But it has one very important
fault; it is much slower for programs
which have loops.

A loop is a part of a program which is
repeated over and over. A compiler will
translate the instructionsin the loop only
once, and each repetition of the loop will
then require no more translation.

On the other hand, an interpreter will
do a completely new translation each
time the loop is repeated, because it does
only one instruction at a time. Since
translating a program from a higher level
language into machine language and
running it can take considerable time,
this places the interpreter far behind the
compiler on some programs.

We can see this better by using some
typical numbers. Suppose a small por-
tion of a program is to be run 1000 times
in a loop. If the instructions in that loop
take 1 second to translate, but only 0.001
second to perform once translated, and
these are fairly typical numbers, then the
compiler will take 1 second to translate
and another to run, for a total of 2
seconds.

But an interpreter will take 1000 sec-
onds to translate and 1 second to run, for
a total of 1001 seconds. This makes the
compiler 500 times faster. In real life, the
difference may not be as great. Since the
compiler has to do a more thorough job
because it has a harder time catching
mistakes, it generally takes more time for
translating.

Moreover, the interpreter requires less
computer memory and so it can often
run in a small computer without having
to be interrupted, whereas a compiler
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running in the same computer might
require additional time to read addi-
tional instructions from external mem-
ory devices such as rotating disks or
tapes, or might even require continual
swapping of memory contents back and
forth between main memory and exter-
nal devices. So the difference in running
times may not be obvious except for
really large programs.

With all their advantages, higher-level
languages must have some weak points,
and there are a few. Given a particular
program to write, most programmers
will require more time to do the job in
machine or assembly language than in a
higher level language.

But the higher level language will re-
quire a larger computer, with enough
memory so that it can run a translator
program, and will also require more
computer time. Not only is more time
needed because of the need to translate
from the higher level language, but pro-
grams translated by computer tend to be
less efficient than those written by a
good programmer. They require more
memory and more instructions, and sc
take longer to run.

Moreover, most higher level languag-
es, with just one or two exceptions, are
intended for specific kinds of programs.
Basic and Fortran, for example, are de-
signed for mathematical problems,
while Cobol is designed for business.

Although each of these languages can
be used for other kinds of programs, it
may not always be convenient or easy.
It’s like trying to drive a nail with a pair of
pliers—it can be done, but not as fast as
with a hammer.

Difficult tasks

There are some kinds of tasks which
are very difficult or even impossible to
do with a higher level language like
Basic, whereas they might be relatively
easy to do in machine or assembly lan-
guage.

This is why, earlier in this article, we
said that anything that a computer can
do can be programmed in machine or
assembly languge; this is not always true
of high level languages. Nevertheless,
their ease and speed of use, especially
for beginning programmers, makes
them still the best bet for most programs.

Very often the translator program is
much bigger than the program being
translated. If all you need is a small
computer for some particular applica-
tion, then it may not pay to buy a larger
one just so it can be used for translating
as well. It might be much cheaper to do
the translating on some other computer,
and just bring the translated program, in
machine language, from one computer
to the other and feed it into the small
one.

If the same type of computer is used
both for the translation as well as for the
eventual running of the program, thena
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standard translator can be used, either
an assembler or a compiler. An interpre-
ter would not be useful here, because the
interpreter both translates and runs, and
so only one computer is involved. But
there is no reasony why the two compu-
ters must be the same.

It is entirely possible to translate a
program intended for a small Intel mic-
roprocessor on a large IBM computer.
The IBM computer need not be able to
run the program it is translating; all that
is necessary is that it be able to run the
translator.

In the same way, if you want a book
translated from French into German,
you need not hire a German to do it. A
Russian could do the translation assum-
ing he was sufficiently intelligent and
had a good enough dictionary. An as-
sember or compiler intended to translate
for foreign computers is then called a
cross-assembler or cross-compiler.

Many such translators exist, but they
are generally used only by professionals,
rather than by hobbyists, because the
larger computers on which they are used
tend to be expensive to use.

Cross-translators have anotherimpor-
tant use when a computer is first being
built. Even before the prototype of a
computer comes out of the laboratory,
the manufacturer will already know
exactly what its machine language will
be like. He can therefore write a cross-
assembler on an existing computer, and
use it to work on programs for the new
computer even before it exists.

This gives the programming people a
head start with developing important
programs for the new computer. In fact,
itis possible to write asimulator program
which will teach an existing computer
how to understand a machine language
not its own. In this way the pro-
grammers can even test programs for a
new computer before the computer
comes off the production line.

This overview of programming lan-
guages is really just that—an introduc-
tion. There are many variations on the
ideas we have gone over, but many of
them are either not important to the
user, or else become clearer when the
time comes to use them.

How do you learn more about pro-
gramming and home computers? Pro-
gramming is as much an art as it is a
science. Some of it can be learned by
reading books and magazines, or watch-
ing other people program, but much of it
will even then remain mysterious.

In many ways, learning to program a
computer is like learning to drive a car.
Even after reading all the books on it,
you still cannot pass a driver’s license
test until you get behind the steering
wheel and spend a good amount of time
practicing. All of a sudden, all those
difficult jobs you never thought you
could do will seem easy and you will
wonder why others think it hard. (]
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Radio

continued from page 6
cluding what we called the smallest
handheld vhf fm transceiver for amateur

radio operaters (see Gear, page 37, Feb-.

ruary 1978), the Mark Il handheld porta-
ble by Wilson Electronics Corp., 4288
South Polaris, Las Vegas, NV 89103

In the six months since we reported
the Mark II, a couple of interesting
things have happened: we’ve had sev-
eral letters from readers asking for more
info. And I've had a chance for hands-on
experience with the radio. Here’s what [
found:

First, it is the smallest on the market at
this time. Palomar Electronics and Stan-
dard Communications, both well-
known California names in radio com-
munications, were showing tiny two-
meter handhelds at the Dayton, Ohio,
Hamvention this year. But the rigs are
not yet available. When they do become
available, they apparently will be com-
parable in size to the Mark II. With
Wilson’s solid reputation among hams,
the newcomers will have a race on their
hands when they do enter the market-
place.

How small is the Mark II? It’ll fit inside
the back pocket of your jeans with only
the control knobs and rubber-ducky an-
tenna sticking out the top. It’s a chunky
little package in the palm of your hand,
roughly two-thirds the size of earlier
models. It's about the size of a U.S.
greenback—or, rather a stack of silver
certificates.

Belt clip

It’s a lightweight so you feel like carry-
ing it around in your pocket. Or you can
sling it from your belt with an optional
leather case to keep the rain drops off.
And a belt clip, expected soon from
Wilson, can be attached firmly to the
back of the Mark II.

Inside, there’s no radical change. Just
carefully planned shrinkage. Wilson has
built upon their years of experience with
the larger 1402, 1405 and other handheld
models in packaging necessary elec-
tronics and battery pack in a smaller size.
The circuitry is conventional and reli-
able. No cheap tricks have been used to
cut size. Yet it works the same as older
models.

The transmitter is rated at 2.5 watts
output. Anidenticalmodel, the Mark 1V,
expected soon, will deliver four watts.

The receiver has the same sensitivity
as larger models. It’s ability to reject
stations on nearby channeis is as good as
the selectivity of its big brothers.

I gave a Mark II the New York City
road test. In the metro area, two-meter
repeaters are spaced 15 kHz apart in the
radio specfrum. For instance, it’s possi-
ble to hear a repeater on 147.150 MHz,
147.165 MHz, 147.180 MHz, etc. Each
frequency is 15 kHz from its neighbor.

To test selectivity, I drove to a point

geographically located roughly halfway
between a repeater transmitter on 147.15
MHz and another transmitting on
147.165 MHz. I listened for chatter on
both channels. As Q50s (ham lingo for
conversations) were underway on both
machines, [ switched back and forth
looking for bleed over, as CBers refer to
poor selectivity. None was heard. The
radio lived up to performance promised
by Wilson.

By the way, to make the case as thin as
possible, Wilson eliminated sockets for
channel crystals. You seat the crystals in
small holes in the radio’s circuit board
and solder them in place. It’s a delicate
maneuver risking damage from over-
heating to other components on the
printed-circuit board. I would recom-
mend having your dealer or Wilson in-
stall the crystals in the radio. It will hold
up to six sets of transmit and receive
crystals.

The transmitter put out a healthy 3.1
watts, considerably above the minimum
2.5 watts needed to pass muster.

To see if the radio was sensitive in our
field user evaluation, I left the repeater
channels and used the Mark II for
simplex contacts in the city and outside.

Direct communication from the Mark
I to a model 1402, both equipped with
rubber-ducky antennas, resulted in
good copy up to one-quarter mile in the
city, and one mile in open countryside.

From the Mark II portable to a mobile
station in a car with antenna on a trunk-
lip mount, range was doubled. And a
base station with a beam antenna was
contacted five miles away.

Within the two-meter ham band, re-
peaters are operated between 144.5-
145.5 MHz and 146-148 MHz. Of course
the band extends from 144-148 MHz so
there are lots of other channels available
for simplex contacts. In fact, all 800
channels are available for use in the
Mark II. Since it holds crystals only for
six channels at a time, many hams pro-
gram it for four repeater frequencies and
two simplex frequencies.

The Mark II starts at about $219. Add
to that the special tiny $20 NiCad re-
chargeable battery pack, which drops
into a compartment in the back of the
radio, and a wall charger and you are
over $250. With a Touch Tone pad for
making autopatch telephone calls the
price is just over $300. Not bad for a
pocketable portable which can tatk 100
miles.

Of course, the rig has squelch so you
can monitor a silent radio until someone
speaks up on the frequency you are
listening to.

About the only thing it needs is a built
in frequency synthesizer so you can work
all of the 800 channels without changing
crystals. Ohyes, and a scanner on the rig
will tune up and down the band looking
for somebody interesting to talk to. How
about it Wilson?
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How 1o use IC timers

Some of the best fun you’ll have experimenting in
electronics will come when you work with timers. Building
clocks, triggering gadgets, pulsing your test gear, however
you use them, you need to know just exactly how timers

work. Here’s the a complete explanation of the latest

integrated-circuit timers you’ll want to try on your own home

workbench.

by Joseph J. Carr

Ti‘mer circuits using bipolar or uni-
junction transistors tend to be very sen-
sitive to problems such as changing sup-
ply voltage, temperature, and so forth.
Certain infegrated circuit timers, on the
other hand, eliminate these problems
and are a lot easier to tame-when.design-
ing circuits. The IC timers include the
555, 2240, 2250, and 2260 devices.

The 555

Figure 1 shows the insides of a 555
integrated circuit timer. This low cost 1C
has become one of the most popular on
the market. It is widely available from
both industrial sources and mail order
and local supply houses that serve
amateur and electronic hobby markets.

The main reason for the popularity of
the 555 is its flexibility. It is neither TTL
nor CMOS, but is of bipolar design,
meaning that it contains ordinary NPN
and PNP transistors. One.difference be-
tween the 555 and typical TTL chips,
which also are bipolar devices, is that the
555 can be used with a wide range of
power supply voltages.
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Figure 2A Monostable multivibrator built around 555 timer IC.
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being considered optimum.

When the output terminal of a 555 is in
a low state it can sink up to 200 milliam-
peres of current. Alternatively, when the
output terminal is high it will source up
to 200 milliamperes. The wide range of
operating voltages and the ability to re-
strain or pass so much current allows the
555 to be used in lots of circuits without
external components, and even more
applications with external components.
The range of possible applicatons is lim-
ited mostly by the imagination and clev-
erness of the designer.

In the astable mode of operation the 555
will become a source of squarewaves
with the frequency and cycle controlled
by an R-C network. In the monostable, or
““one-shot”” mode the 555 will operate as
a single pulse source, timer, or signal
delay line. The 555 timer is one IC where
an understanding of the internal work-
ings is essential to making you a clever
designer.

Most presentations draw the circuit
diagrams as they would appear in a
schematic. But, in our-approach, we will
use the block diagram of figure 1 in each
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circuit presentation. This will allow you
to analyze each circuit in terms of the
internal block diagram.

Monstable mode

A monostable multivibrator, or ““one
shot”” as it is often called, remains off
(output in low state) until it is triggered
by an external pulse. Afterisis triggered,
the one-shot will produce a single, con-
stant amplitude output pulse of fixed
duration. This means that the output
terminal will snap high, and will remain
high for specified time, after which it
drops low again.

The low state in the 555 is considered
the stable state. The output terminal will
normally remain low, but snaps high
when a trigger pulse is received. The high
state is an unstable state, so the output
remains high for only a fixed time
period, and then drops back to the low
stable state. Since only one of the two
possible states of the 555 are stable, we
call it a monostable multivibrator.

Figure 2 shows the 555 connected inits
monostable circuit. The heart of the 555
is an R-S flip-flop (FF1) thatis controlled
by a pair of voltage comparators. An R-S
flip-flop is a bistable circuit. Thatis to say,
it has fwe stable states. In its initial state,
following power turn-on, the Q output
is low and the not-Q (Q) is high. If a

pulse is applied to the flip-flop’s SET
(i.e. “S”) input the situation will reverse
itself, and the not-Q output drops low
and Q output goes high.

Under the initial conditions the not-Q
output of the flip-flop is high and this
turns transistor Q1 on hard, placing its
collector (IC pin no. 7) effectively at
ground potential. This keeps the exter-
nal capacitor (C1) discharged. Amplifier
Al is an inverter, so a high on its input
(also from the not-Q of the flip-flop)
causes its output to be low. The output of
Al is also the output of the 555, and
comes out on IC pin no. 3.

Voltage comparator

A voltage comparator is basically an op-
erational amplifier with no feedback re-
sistor, so its gain is very high. As long as
the voltages applied to the two inputs
are equal, then there is no output, but if
the voltages are different either a posi-
tive or negative output occurs. In this
case only positive outputs are possible.

Resistors Ra, Rb, and Rc¢ are inside of
the integrated circuit, and are of equal
value, nominally 5000 ohms. These form
a voltage divider that biases the invert-
ing (—) inputs of the voltage com-
parators.

The inverting input of comparator no.
1is biased to a potential of 25-Vc, if you
want to prove that apply the voltage
divider equation. This means that the
output of comparator no. 1 will reset the
flip-flop when the voltage applied to the
threshold terminal (pin no. 6) reaches
%5-Vec.

The same voltage divider applies a
potential of ¥5-Vcc to the inverted input
of comparator no. 2. The flip-flop in the
5551is set when the voltage on the trigger

input (pin no. 2) drops to ¥s-Vcc.

Negative-going pulse

The control voltage in this circuit is the
potential across capacitor C2, which
charges through resistor Ra and will
reach the 25-Vcce level in less than one
millisecond after power is applied.

If a short, negative-going, pulse is
applied to the trigger input, then the
comparator will set as soon as the pulse
amplitude drops to a level of ¥3-Vcc.
This places the flip-flop in the set condi-
tion, with the not-Q outputlow, and the
Q output high.

If the not-Q of the flip-flop goes low,
two things will oeccur simultaneously.
One is that the discharge transistor Q1 1s
turned off, so capacitor C1 will begin to
charge through resistor R1. Secondly,
the output terminal, which is driven by
amplifier Al, snaps high. The voltage
across capacitor C1 is applied to the
noninverting input of comparator no. 1.

When the C1 voltage reaches 24-Vec
(see figure 2B) the comparator will reset
the flip-flop, returning it to its initial
condition, with not-Q high. This condi-
tion turns on Q1, discharging C1, and
causes the output to go low.

The length of time which the output
will remain high is givenby T = 1.1 X R1
X C1 (where T is in seconds, R1 in ohms,
and C1 in farads). The time relationship
between the trigger pulse, output pulse,
and the potential across capacitor C1 is
given in figure 2b.

The reset terminal is used to reset the
flip-flop (hence also the 555 output) to its
initial condition. If a negative-going
pulseis applied to the resetinput and the
trigger input simultaneously, then the
output pulse will terminate, causing the
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flip-flop to return to its stable state. If the
reset terminal is not used it should be
permanently tied to Vcc so that noise
pulses will not interfere with the opera-
tion of the 555.

Figures 2¢ and 2d show methods for
triggering the 555. In figure 2c an NPN
transistor is used as an inverter stage.
When its input is held low, the transistor
is turned off, so its collector is essentially
at Vec; holding the trigger input high.

When a positive-going pulse is
applied to the base of the transistor it will
turn on briefly, causing the collector
voltage to drop suddenly. When the
collector voltage drops to /3-Vcc the 555
output will go high.

Finger the trigger

Figure 2d shows the use of a pushbut-
ton switch to manually trigger the 555.
When the switch is open the capacitor is
not charged, and the trigger terminal of
the 555 (pin no. 2) is held high.

3) to go high. The trigger pulse must
drop to a level of ¥3-Vcc before the
comparator will set.

The voltage across capacitor C1 is
applied to the threshhold input of the
555 (pin 6). When this voltage reaches a
level of #3-Vcc the flip-flop will be reset
by voltage comparator no. 1. In this
condition the flip-flop not-Q output
goes high again, causing the output (pin
3) to drop low, and turningon Q1. When
transistor Q1 is turned on the voltage
across C1 is dropped suddenly to
ground potential.

The time required for the voltage
across C1 to reach the %3-Vcc level that
turns off the output is approximately
1.1R1C1, and this time is the duration of
the output pulse appearing at pin no. 3
of the 555.

The monostable multivibrator will
trigger when a pulse is received at its
input, causing the output to go high fora
specified duration. Subsequent trigger
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Figure 4 Astable multivibrator built around 555 timer IC,

When the switch is closed, however,
one end of the capacitor is grounded,
while the other end is still attached to the
trigger input. For a brief instant set by
the R-C time constant the voltage will
drop, as the capacitor charges. When it
drops to %3-Vcc the 555 will trigger.

To summarize operation of the 555 in
the monostable multivibrator mode, in
the stable condition the control voltage
(pin 5) is at 25-Vcc and the trigger input
is at ¥3-Vcc. The R-S flip-flop is in the
reset condition with its not-Q output
high. This places the output terminal of
the 555 (pin 3) in a low condition, and
turns on transistor Q1, which keeps
capacitor C1 discharged.

When a short negative-going pulse is
applied to the trigger input (pin 2) vol-
tage comparator no. 2 sets the flip-flop,
forcing the not-Q low. This turns off Q1,
allowing C1 to charge through resistor
R1, and causes the output terminal (pin
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pulses that arrive while the output is
high, prior to the expiration of the one-
shot’s period, are ignored. A retriggerable
one-shot, on the other hand, will accept
those subsequent trigger pulses and ex-
tend the output pulse by one period. The
total time the one-shot remains high is
the expired portion of the first period
and one additional period.

The 555 is not normally considered a
retriggerable one-shot. The circuit of
figure 3a, designed by engineer C.E.
McCullough, operator of amateur radio
station WB4DVR, allows such operation
of the 555. The timing waveforms for this
circuit are shown in figure 3b. When a
trigger pulse is received at time to the 555
output will snap high.

Normally, the output would remain
high until its period expires at time tz,
and would then drop low. But in this
case a second trigger pulse is received at
time t1 and this extends the “up’’ time for
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Figure 38 Waveforms for 555 retriggerable one-shot.

one complete period trom ti to ta.

The total time that pin 3 is high will be
one complete period (i.e. 1.1R1C1) from
t1 to ts plus the portion of the first period
(to to t1) that had expired when the
second trigger pulse occurred.

Figure 3a shows the modified 555
one-shot circuit that allows retriggerable
operation (transistors Q2 and Q3 are
added). Transistor Q2 serves as an inver-
ter for the trigger input (as in figure 2c),
while transistor Q3 is connected in paral-
lel across Q1 and C1. When this transis-
tor is turned on, C1 will be discharged.

When the first trigger pulse is received
at time to (figure 3b) the collector voltage
on Q2 drops to ground. When it has
dropped as far as 3-Vcc the 555 will
trigger on in the manner normal for
monostable operation. The collector of
Q3 would also go to ground at this time,
except that Q1 had already discharged
C1 in the initial condition following
power turn-on.

Astable multivibrator mode

As soon as the trigger pulse is finished
the capacitor will begin to charge, and
both Q2 and Q3 are turned off. At time t1
a second trigger pulse is received. Trans-
istor Q3 is turned on and this discharges
capacitor C1, but since the flip-flop is still
in the set condition, the capacitor will
begin to charge again immediately after
the trigger pulse is finished, and the
period begins again.

An astable multivibrator circuit is, in
many respects, very much like the
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F— “f{? Figure 5B Partial internal XR —2240 circuitry.
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monostable, except that it is self-
triggering. The astable muitivibrator,
then, has no stable states, so will gyrate
back and forth between the two possible
unstable states; output high and output
low. This action produces a wavetrain of
squarewave puises.

An example of a 555 astable multivib-
rator is shown in figure 4. As in the
previous cases the inverting input of
comparator no. 1 is biased to 23-Vcc and
the inverting input of comparator no. 2 is
biased to V3-Vce through the action of
the internal voltage divider, Ra - Rc. The
remaining inputs to the two comparators
are strapped together, and are held at a
voltage determined by the time constant
C1(R1 + R2).

Under initial conditions the not-Q
output of the R-S flip-flop is high. This
turns on transistor Q1, keeping the junc-
tion of resistors R1 and R2 at ground
potential. Capacitor C1 has been
charged, but when Q1 is turned on it will
discharge through resistor R2. When the
voltage across capacitor C1 reaches a
level of #3-Vcc, the flip-flop will be reset.

This action turns on transistor Q1, and
allows C1 to discharge to a level of
Y3-Vee, at which point the trigger input
will set the flip-flop. Capacitor C1, then,
alternately charges to 23-Vcc and then
discharges to 3-Vcc.

The time that the output terminal (pin
3) is high is determined by 0.693 X C1 X
(R1 + R2) because the capacitor charges
through both resistors. The low time is
given by 0.693 X C1 X R2 because the
capacitor discharges only through resis-
tor R2. The fotal period of the waveform
is the sum of high time and low time, so
is given by 0.693 X C1 X (R1 + 2R2).

In an electrical circuit, or any physical
system for that matter, the frequency of

an oscillation is the reciprocal of its
period. In this case, then the frequency
of oscillation is given by Frz = 1/0.693(R1
+ 2R2)C1 = 1.44/(R1 + 2R2)C1.

The duty cycle, or duty factor, of the
output waveform is the percentage of
the total period that the output is high.
This is set by manipulation of the values
of resistors R1 and R2, and is given by
R2/(R1 + R2).

The XR-2240

Another useful IC timer, which is also
useful as an eight bit counter, is the EXar
EX-2240, which is also available from
Intersil as their type 8240. Figure 5a
shows the internal block diagram of the
XR-2240 circuitry.

The XR-2240 will operate over the
same +4.5 to +18 volt range as the 555.
The time base section, in fact, is very
similar to the circuitry of the 555, see
figure 5b. One main point of difference,
however, is that the internal com-
parators in the XR-2240 uses difference
reference levels. Recall that the com-
parators in the 555 were biased at %3-Vcc
and Y3-Vcc because the resistors in the
bias divider were all equal valued.

In the XR-2240 the resistors are not all
equal, so the reference levels for com-
parators | and 2 are 0.73-Vcc and 0.27-
Ve, respectively. One result of this
modification of the basic circuit is that
the period is given by a simpler equa-
tion, namely R1x Ct instead of 1.1R1C1.

The binary counter section consists of
a chain of J-K flip-flops connected in the
configuration where each functions as a
divide-by-two counter. The binary
counter chain is connected to the output
of the time base section through an NPN
open collector transistor, which is also
connected to pin no. 14 (time base out) so
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that a 20k ohm pull-up resistor can be
connected to the collector from the out-
put of the internal regulated power sup-
ply (pin no. 15).

The digital outputs from the counter
are, in the usual fashion, given as vol-
tage levels at a set of pins on the IC. Each
output bit is delivered to a specific ter-
minal on the IC package. Each output is
through an open collector transistor, and
requires a 10k ohm pull-up resistor.
Alternatively, all eight outputs may be
wired together through a single pull-up
resistor. As long as one output is low,
the total output is low. The outputs are
weighted in the binary fashion 1, 2, 4,
... 128,

Figure 6a shows the basic operating
circuit for the XR-2240 IC timer. Interest-
ingly enough, the sole difference be-
tween the circuits for astable and
monostable operation is the 51k ohm
feedback resistor (R4) linking the reset
terminal (pin 10) to the wired-OR output
terminals.

The timer is set into operation by the
application ot a positively going pulse to
pin no. 11 (trigger). This turns on the
time base, and begins the counting se-
quence. The process will continue until a
positive-going pulse is received at the
reset terminal (pin no. 10), or the timer
times out.

Each output terminal has a weight
between 1 and 128 in binary. If all termi-
nals are wired together to a single pull-
up resistor, as shown in figure 6a, then
the output will remain low for 256R1C1.
But other delays are possible by connect-
ing only those output terminals that will
sum to the desired period.

For example, let us make a 57 second
timer. In binary weighted notation de-
cimal 57 is a expressed as the sum 32 + 16
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+ 8 + 1 = 57. If we set the timebase
period (R1 X C1) to 1 second, and wire
together the pins on the XR-2240 corre-
sponding to these weights, our 57 sec-
ond timer will be realized. The base
diagram for the XR-2240 shows that the
correct pinsare 1, 4, 5, and 6. If we short
together these pins, and set the time
base to 1 second, the output will remain
low for a total of 57 seconds following
each trigger pulse.

Each output of the XR-2240 must be
wired to Vec through a separate pull-up
resistor, unless the wired-OR configura-
tion is used; in which case a single pull-
up resistor serves all outputs that are
used together. Current through any
given output terminal must be limited to
5 milliamperes, or less, so select pull-up
resistor values that take this limit into
account.

The amplitude of the trigger pulse
must be at least equal to two pn voltage
drops, or 1.4 volts (i.e.2 X 0.7 volts). In
most cases it is wise to use at least
standard TTL levels (i.e. 5 volts).

If it is desired to synchronize the
internal time base to an external refer-
ence source, then connect a series R-C
network (see figure 6b) consisting of a
0.1-uF capacitor and a 5.1k ohm resistor
between the. external reference source
and pin no. 12 of the XR-2240. This forms
a pulse at the time base which should
have an amplitude of at least 3 volts, and
a period that is between 0.3T and 0.8T.
Another way to control the time base
with an external reference oscillator is to
go directly into the tine base out terminal
(pin no. 14).

2250 and 2260

The 2250 integrated circuit timer is
similar to the 2240, except that the inter-
nal counter is designed to produce a
binary coded decimal (BCD) output in-
stead of straight weighted binary. In-
stead of having a 1, 2, 4, . . . 128 se-
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quency for pins 1 - 8 the sequency is 1, 2,
4, 8 for pins 1 - 4, and 10, 20, 40, 80 for
pins 5 - 8. The output times, then, are
1R1C1 to 99R1C1.

The XR-2260 is similar to the XR-2250,
except that the counter is modified for
use as a seconds, minutes, and hours
counter. The low order pins (i.e. 1 - 4)
count in the regular BCD 1, 2, 4, 8
sequence, but the high order pins (i.e. 5-
8) only respond to a maximum count of
50. The times that can be programmed,
then, are 1R1C1 to 59R1C1, which will
become seconds if RIC1 = 1 second.

Intersil second sources these timers
under their part numbers 8240 for the
XR-2240, 8250 for the XR-2250, and 8260
for the XR-2260.

One difference between the XR-2240
on the one hand, and the two BCD
output timers on the other is in the
overflow function. Pin no. 15 on the
XR-2240 is the internal regulator output
terminal, while on the XR-2250 and XR-
2260 it is an overflow carry to the next
stage. This feature allows several timers
to be used in cascade to produce long
duration timers.

Figure 68 Synchronizing to external reference time
base.
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Reward
Offered by
Mad Train
Collector

For the reader who can come
up with the following old
Lionel Electric train for my
fast-growing collection:

Model N¢. 700E Scale Hudson
(No. 5344 appears on the side
’ of the cap). If any reader can
get this set for me together
with either the :scale freight
cars No. 714-717 or the pas-
senger cars No. 792, 793, and
794, 1 will gladly pay up to
$1,000 for the set. Actual price
will be based on condition

There are many other old pre-
WW Il Lionel engines and cars
that | need, both in Standard
Gauge and in "O" Gauge.
Biue Comet sets; state cars, and
Stephen Gerard cars are desir-
able Standard Gauge items.
Hiawatha and others of the
better passenger sets are worth
lots of dollars to me in clean
condition.

Old trains are not just my hob-
by. They're an obsession that |
simply cannot overcome. So, if
you've'got old Lionels around,
don’t be :bashful. Give me a
call or drop me a note. To de-
termine the value of your
trains !‘ll need the numbers
that appear on all the cars, the
colors, and the approximate
condition. Remember, those
old trains that are gathering
dust in the attic could be bring-
ing joy and pleasure to a mad
collector.

Dick Cowan, Mad Train Collector
Publisher, Modern Electronics
14 Vanderventer Avenue
Port Washington, NY 11050
Phone: 516/883-6200
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| SPORTSCASTER, HOWDY
COWSBELL, INTERVIEWS
| THE WORLD HEAVYWEIGHT |

¢ |OUR STORY UNFOLDS AS B

IN THIS REPORTERS OPINION,
THE LONGEVITY OF ALIBABA'S
REIGN AS THE SUPREME
MONAKCRH OF THE PUGILISTIG
DOMAIN :S AN OVERPOWERING
AND O3 005 STATEMENT OF
THE PROZULIVITY OF.. ..

AND THAT '‘POOR SCNOOK'IS AMA-

STOMEY'S TRAINER, BARLEY

I/CLAM UP HOWDY! NOWY WHAT T
GONNA DO HERE TO CELEBRATE

MAK 20™ ANNIVERSARY A3 CHAMP

{S TO GIVE SOME POOR UNKNOWN
SCNOOK A CHANCE TO wiN THE
TITLE. THE FIGHT WilL BE HELD
L TWO WEEKS FRONM TOMNIGHT.

| -;.r . v ‘ﬁ"“‘—

J/ Y'SEE STONEY, I'M GONMA
FEED ALL THE PHVSICAL
INFORMATION ABRDUT THE
CHAMP INTO THE COMPUTER;
PLUS A BLOW BY BLOW DES- |

il CRIPTION OF EVERY BOUT

\ HE'S HAD IN THE LAST

TEUR BOXER STONEY S4LONEN

GEE WHIZ Y GETTING A CHANCE
TO FIGHT ALIBABA FOR THE
TITLE IS A GREAT OPPORTUNITY,
BUT, THERE'S JUST ONE THING!

MANDO, EXPLAINS HIS PLAN.

Y'GONNA GET ALIBABAA SEX
CHANGE OPERATION P

(NO! DUMMY! WE'RE GONNA
USE THIS THINGS

WHAT'S THAT, KIDP
MY JOB IS A FEMALE

IMPERSONATOR AND UP
TiLL NOW I ON,LV

7%* WORRY,

P A

(3

.leOfAPLAm

A EWRR WITH
A TVONTOPOF IT?

" THIS 1S A RADIC SHaCKR
TRS-B0 HOME COMPUTER .

0z

THEN THE COMPUTER WILL
TELL US EXACTLY HOW f
THE CHAMP Wikk HANDL.E
THE FIGHT, AND WHAT

HEY THAT'S
REALLY NEAT! |
NOW=CAN YOU
GET LAVERNE

COUNTER MOVES THAT Led AND SHIRLEY
YCU BOTTA MAKE.,

~ OF MADE IT.
i HERE TONIGHT

TWO YEARS.

THING FDR ME: |
aamﬁg SE,MB&B/
YOUR HEAD

o e R

wWAWAM-americanradiohistorv-com
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ROUND AFTER ROUND, ALIBARA & STONEY BATTLE FURIOUSLY THE CROWD GOES WILD! STOMEY

LIKE TwO ANCIENT GLADIATORS, FIGHTING FCR THEIgRU\.'.‘-:S. HAS STAYED INTRE RING WITH

| - = 7 THE CHAMP LONGER THAN
g o ANY OTHER CONTENDER. .

THIS 15 THE LAST ROUND, KID.
THE COMPUTER SEZ THAT IN
THIS ROUND YOU GOTTA —
PSSST PSSST BUZZ BUZZ..
BARLY, I WJISH YOU'D STOP
PssTING AND BUZZING
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THE CHAMP
HATES TOBE
CALLED AN

INVY EAR. PEOPLE WILL TALE.

"NOW HE TELLS ME.

WELL T LOST THE
FIGHT AND MY
CHANCE AT THE
BIG TIME., T
HOPE 1 DIDN'T
LOSE YOU TOG,
ANNABELLE.

YOULL ALWAYS
HAVE ME, STONEY.
AND GLUESS WHAT.
ELSE YOU HAVE T
A JOB! RADIO
SHACK CALLED
AND THEY WANT
TO BE THEIR
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IF YOU'RE NOT DESIGNING
WITH A CSC PROTO-BOARD,LOOK
_ AT ALLYOU'RE MISSING.

Accessiblity — All parts are
instantly ard easily accessible, for
Utility —Models are available Quick sigmal tracing, circuit
with or without built-in regulated modificabons. etc.
power supplies (fixed or &
adjustable).

Variety — A wide variety of

models are available with
capacities ranging from 630 to
3060 solderless tie-points (6 to 32
14-pin DIP’s), to fit every technical
and budget requirement.

Economy — Eliminate heat and
mechanical damage to expensive
parts. Save money by re-using
components.

Versatility —Use with virtually all
types of parts, including resistors,
capacitors, transistors, DIP's,
TO-5's, LED's, transformers,
relays, pots, etc. Most plug in
directly, in seconds.

Durability — All Proto-Board
models are carefully constructed
of premium materials, designed
and tested for long, trouble-free

‘ service.

Expandability — Proto-Board
units can be instantly inter-
connected for greater capacity.

Visibility —All parts
are instantly and easily

* visible, for quick circuit
analysis and diagramming.

Whatever type of
electronic circuits you
work with, you can do
more in less time with
CSC's solderless Proto-
Board systems. As fast and
easy as pushing in or pulling out
alead, you can design, test and
i1 modify circuits at will. Com-
ponents plug into rugged 5-point
terminals, and jumpers, where
needed, are lengths of #22 AWG
solid wire. In the same time you took
to read this ad, you could be well on
your way to assembling a new circuit.

Speed-—Assemble,
test and modify circuits
as tast as you can push
in or pull out a lead.
Save hours on every
project.

Adaptability— Use in design,
packaging, inspection, QC, etc.
Works with most types of circuits,
in many, many applications.

Flexibility —Use independently,
or in conjunction with other
accessories, such as scopes,
counters, CSC Proto-Clip™

CSC PROTO-BOARD SOLDERLESS BREADBOARDS

connectors, Design Mate ™ test r ———————_—— o
equipment, etc. One Proto-Board NO. OF
unit can serve athousand MODEL ~ SOLDERLESS IC CAPACITY MANUFAC. OTHER
applications. NUMBER TIE-POINTS  (14-PIN DIP'S) SUGG. LIST FEATURES
PB-6 630 6 $15.95 Kit—10-minute assembly
Ordertoday. Call 203-624-3103 (East Coast) or 41 5-421-8872 PB-100 760 10 19.95 Kit—with larger capacity
(WestCoast): 9a.m.-5 p.m.localtime. Major credit cards accepted. PB-101 940 10 22.95 8 distribution buses,
Or see your CSC dealer. Prices slightly higher outside USA. higher capacity
PB-102 1240 12 26.95 Large capacity, moderate
price
CONTINENTAL SPECIALTIES CORPORATION PB-103 2250 2 44.95 Even larger capacity; only
2.7¢ per tie-point
PB-104 3060 32 54.95 Largest capacity; lowest
price per tie-point
70 Fulton Terrace, Box 1942, New Haven, CT 06509 PB-203 2250 24 75.00 Built-in 1%-regulated
203-624-3103 TWX 710-465-1227 5V, 1A low-ripple power
WEST COAST: 351 California St. San Francisco, CA 94104, supply
415-421-8872 TWX 910-372-7992 ) PB-203A 2250 24 124.95 As above plus separate Yz-amp
GREAT BRITAIN: CSC UK LTD. Spur Road, North Feltham Trading Estate, +15V and —15V internally
Feltham, Middlesex, England, 01-890-0782 Int'l Telex: 851-881 -3669 adjustable regulated power
supplies

© 1978 Continental Specialties Corp.
Prices and specifications subject to change without notice.

CIRCLE 99 ON READER'SERVICE CARD
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YAESU’S NEWEST RECEIVER
THE FRG-7000

215453

The FRG-7000—Yaesu’s newest receiver features improved selectivity, wider
frequency coverage, digital readout, with Yaesu’s superb quality of construction.

—— SPECIFICATIONS —

Frequency Range: 0.25-29.9 MHz Selectivity: SSB/CW *£1.5 KHz (-6dB), 4 KHz (—50dB)
Modes of Operation: AM, SSB, CW AM 13 KHz (—6dB), £7 KHz (—50dB)
Stability: Less than 500 Hz drift for any 30 Power Requirements: 100/110/117/200/220/234 VAC,
minute period after warmup. 50/60 Hz
Sensitivity: SSB/CW-Better than 0.7uV for S/N  Power Consumption: 25 VA
10dB AM-better than 2 uV for S/N Size: 360 mm (W) x 125 mm (H) x 295 mm (D)
10dB (400 Hz 30% modulation) Weight: approximately 7 kg.

GOT YOUR HAM TICKET ALREADY?
Then Be Sure To Write Us For Our Complete Catalog
Of Modern Amateur Equipment.
Known WORLD WIDE As “THE RADIO”

Price And Specifications Subject To lv.l &E@@
Change WithoutNotice Or Obligation ’o

YAESU ELECTRONICS CORP., 15954 Downey Ave., Paramount, CA 90723 (213) 633-4007
YAESU ELECTRONICS CORP., Eastern Service Ctr., 613 Redna Ter., Cincinnati, OH 45215 /

CIRCLE 98 ON READER SERVICE CARD
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