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Miller & COQ

In view of the confession of Miller about
his hoax expedition I was wondering how
CQ would handle this disaster to their Mil-
ler series and their Miller DX Handbook.
They did beautifully. After reading the CQ
editorial I was left with the distinct impres-
sion that Don Miller had been most kind
and gracious to the ARRL in letting them
off the hook on his libel suit. No mention
was made whatever of the hoax or the con-
fession. Nothing was said at all about his
evasions on questions about many other
trips of his. I think CQ should certainly win
the Baron Munchausen award for Forth-
right Reporting for 1968.

Silver Futures

As I find myself wearing out from these
foolish 16 hour work days it is not too un-
natural for my mind to turn to alternate
means for survival in this world. More and
more I've been getting interested in the
stock market. Lot of money there.

In talking with one of our advertisers I
mentioned my interest and he poo-poohed
the market. The real money is in comodities,
he explained. Take silver, for instance . . .
it is in short supply and going to get in
nothing but shorter supply . . . right? So
how do you make money from that simple
bit of information? He explained about how
simple it was to buy a “silver future” . .
that you only had to put up 10% of the
cost and the rest was on margin. You could
make thousands of dollars. That sounded
pretty good. I did like the ring of that.

My local broker quickly bought one silver
future for March 1969 for me. A bargain
at only $27,000! I had to put up only $2700.
My friend was right . . . two days later my
future was up to $27,500 . . . I'd made $500
in two days! Well, if I'd sold out right then
I would have made $500 in two days. But
that future was headed towards $30,000 by
the end of the vear, at the very least, my
friend had explained. In the next five days
it dropped daily, arriving at the $25,000
mark, Oil My friend said not to worry, just
a little fluctuation. Silver is in short supply
and the price has to go up. I nervously
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held tight. Sure enough, for five days it
went up, reaching $27,000 again. Whew!
Four days later it was down to $25,000 and
I was a nervous wretch. A few days more and
it was back to $26,000. I called my broker
to see what he had to say . . . “I'm a bear
on silver,” said he. Hmmm. “Sell,” said I
I got out at $26,000 and watched the March
futures skid down to under $22,000. Perhaps
I should have bought a future down there,
but somehow every time I started to pick
up the phone my arm went numb and I
put it oft.

Publishing may require long hours, but
it isnt so bad.

Post Office

It seems to me that our mail service may
well be headed for extinction. As the rates
go up and the deliveries go down, something
else is bound to take its place. Of course
I feel that the post office could easily auto-
mate if they had the inclination. By stand-
ardizing on an envelope size and authoriz-
ing a simple addressing machine which
could be read by a computer they could get
most of the mail in shape so it could be
sorted and handled entirely by machine. A
special low postage rate would force all com-
merical users and prudent private persons
to use the new service.

The addressing machines could vary from
a $5 Dymo type contraption to regular
typewriters. I'll bet they could turn them
out to sell for $2.

I've wondered why AT&T hasnt taken
advantage of their extensive wire facilities
which go into virtually every home and busi-
ness in the country and put in small Tele-
type-type of printers which would permit
vou to type up a letter and then feed it
into a tape for instant transmission to any
other similar machine. The printers would
cost a little more than a phone, but would
permit almost instant mail. T'll bet they
could turn out a small printer, complete
with built in tape recorder, for under $200.
That’s $20 a year for 10 vears. Youd type
your letter and it would record on tape.
You could play it back on your own print-
er if you wanted or else just push the
button and it would be sent to your local

Please turn to page 118
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UFO

Late in July headlines were made all over
the U.S. when Dr. McDonald, senior phys-
icist at the University of Arizona's Institute
of Atmospheric Physics, indicated a probable
connection between UFO’s and the power
blackouts, This theory is strongly substan-
tiated in Fuller’s book, “Incident at Exeter.”
available in paperback.

Just about everyone involved in studying
the UFO reports is in agreement that now
is the time for a step up in the investigation
of these objects. Russia, despite some con-
flicting reports, is going all out to investi-
gate and photograph UFO’s. Amateur radio
has it in its power to do more to help bring
light to this mystery than any other group
in the world. Only amateur radio reaches
into every community in our country and
makes it possible to provide the fast com-
munications that will be needed to alert
investigation teams along the line of UFO
travel.

If we get to work on this we can set
up the most comprehensive alerting network
the world has ever seen. We can tie in
every other communications system to our
amateur net . . . we can include all users
of mobile radio, marine radio and aircraft

radio . . . all fixed stations . . . military . . .
government services UFO watching
groups . . . fire tower watchers . . radio and

television stations . . . everything. If each of
us sets up a liason in his own area to all
other services and interested parties to re-
ceive and forward any UFO reports we can
achieve this vast system.

Between NICAP and APRO I suspect that
we will all be able to find at least one
person in any area who is interested in help-
ing to solve the UFO mystery. If we ask
him to set up the liason by phone to re-
ceive reports of any sightings in the area
from any source and pass them on to you
and, in turn, to pass along any alerts you
get via amateur radio to those interested.
The net can be set up with a minimum of
responsibility on your shoulders. Of course
if your wife is interested in acting as the
liason then she could handle that aspect
of the net, The liason man should be avail-
able most of the time and have two phones

4

. . one for incoming calls and the other
to pass along messages to you or others who
should get the word.

If you can fire up on 14.3 MHz and can
devote a bit of time to helping to solve
this UFO problem as well as enormously
aiding the radio amateur image in vour com-
munity then get started by checking in at
0200 GMT (10 pm EDT) on any night and
reporting your interest. Next drop a line
with SASE to NICAP, 1536 Connecticut Ave.
NW, Washington 20036 and ask them for
the name of a person interested in UFO’s
in your area that might be able to work
with you on this, If you want to handle it
all yourself then just get to work contact-
ing the local papers and giving them the
story of the net and your service with the
net. Same for radio and television stations.
Promise all of them full cooperation on in-
coming reports if you get immediate re-
ports from them of anything hot.

After you've contacted your local CB
group, police, fire, CAP, road department,
public service, telephone company and doc-
tors with mobile radio then start looking
for other mobile radio users and groups or
individuals that might either be able to re-
port sightings or benefit by knowing of prob-
able sightings. You will certainly get to
know a lot of people in your community.

You dont have to profess any belief or
disbelief in UFQO’s. That is one of the pur-
poses of the net . . . to pin this whole matter
down as quickly as we can and either make
it possible for positive identification of these
things or else to expose them for what they
really are.

The nice part of it is that we can pro-
vide an enormous public service, complete
with great benefit to amateur radio. When
we get this going well we should be getting
a good deal of national promotion . . . and
we may see more fellows getting interested
in amateur radio and find Congress more
interested in helping us. Even the FCC may
begin to realize that we exist.

One other point that you might not have
considered . . . when you are the hub of this

(turn to page 121)
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SPECIFICATIONS: International Type
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CONDITIONS OF SALE: All “EX" Crys-
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each. Shipping and postage (inside U.S.
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Clifford Klinert WB6BIH
520 Division Street
National City, Calif. 92050
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V2 I12AUT
OSCILLATOR

| MHz
XTAL

Fig. 1. Block diagram of the receiver.

The purpose of this article is to outline
some of the difficulties which can be encoun-
tered in home construction of amateur band
receivers. This is not intended to be a con-
struction project and no parts values will
be given, but will deal with the general
problems encountered in a year long receiver
design and construction project. Although
the field of receiver design and homebrew-
ing may seem beyond the grasp of most of
the casual weekend builders, if a real de-
sire or need exists for an individual to
achieve a goal, a little effort and organiza-
tion, and a lot of patience can lead to a
great deal of satisfaction. It is with this spirit
and determination that this article is written.

Prerequisites

There are a few basic preliminary re-
quirements to fulfill in order to complete a
receiver project, or any project. The ones that
have been found to be important are listed
below.

6

MECH FILTER

(2) 6BAB
IF AMPLIFIER

pc
BIAS
~ AUDIO
1 250 kHz
I/2 12AXT . BSNT
AGC BFO
AUDIO |
POWER TO I12AXT/ GAQS ouT
ALL TUBES AUDIO AMP

1. Experience: This is the most important
factor, and is usually dependent on con-
siderable homebrewing and project construc-
tion in the past. However, even with a lim-
ited background of mechanical skills, it is
still possible to do an acceptable job. It is
most important to do a great deal of reading.
Read every magazine article or book that is
available, and search for more. Look for
things that are interesting and have a place
in your project.

2. Organization: Start a folder or note book
of schematics, articles, gadgets, and hints
and kinks that pertain to receiver design.
This folder can be constantly in use, being
revised, added to and reviewed, in order to
keep it current and alive in your mind.

3. Design: This is where you do the sorting.
Here all the ideas, schematics, and methods
that are obtained are integrated into a block
diagram of the future receiver. The objec-
tives here should be a compromise between
your desires, and what is available or prac-
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tical. Singlemindedness should be avoided.
It can happen in engineering projects that
a designer will use certain methods just for
the sake of using them. An example is the
conflict between integrated circuits and indi-
vidual component circuits. Don't feel that
you have to design a project with all inte-
grated circuits when a circuit with ordinary
transistors will be acceptable at a lower cost.
4, Test Equipment and Tools: In many cases
frustration can result from simply a lack of
the proper tools. A simple volt-ohm meter
is a must, and a vacuum tube voltmeter is
handy for measuring voltages without loading
the circuit down, but is not an absolute re-
quirement. Perhaps the most important piece
of equipment for working with radio fre-
quencies is the grid dip oscillator. The avail-
ability of this instrument made this project
possible. One of the most difficult problems
is detecting 7f and telling what frequency it
is. Also along this line, a signal generator is
useful for tuning up and rough calibration.
All the various tools for wiring and metal
working have been mentioned many times in
other articles, but the most used ones de-
serve mention. In chassis working, an elec-
tric drill with a good set of bits up to about
3% inch diameter, a nibbler, and a few handy
sizes of chassis punches are necessary. For
wiring, wire strippers and needle nosed pliers
are constantly in use.

The design

Fig. 1 shows the final block diagram of
the receiver. Starting from the antenna input,
a 7360 beam deflection mixer is used to con-
vert to the 1750 kHz intermediate frequency.
There is only one tuned circuit in the input,
but the Q of the air wound inductor is high
enough to prevent most troublesome images
without a Q multiplier. The most significant
feature is the low cross modulation distor-
tion, and the disadvantage is the high cost
compared to other tube types. This is a very
common circuit and can be found in many
publications., |

The oscillator circuit is taken from the
Highflyer,, and consists of the popular high
C colpitts circuit with the other section of the
12AU7 used as a buffer. A little extra care
here really makes the difference with re-
spect to stability. The oscillator operates on
5250 kHz to provide an if output on 1750
kHz with an input on either 3500 or 7000
kHz. Fig. 2 shows this circuit.
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Fig. 2. Schematic of the oscillator circuit.

The second mixer is a necessary evil when
a low second if is used. It was decided that
a pentagrid mixer circuit would be tried in
this case, and it was found to be adequate.
This was a classical circuit taken from the
handbook.; It was found that double tuned
circuits were necessary in the coupling be-
tween the two mixers to reduce image re-
sponse.

The second conversion oscillator was modi-
fied from a circuit in an old handbook,; and
is a very useful device. A 1000 kHz crystal
provides calibration markers, while the plate
of the oscillator is tuned to 2000 kHz to
provide injection to the second mixer. On
the seven MHz frequency the signal from

" this oscillator is close to the same level as

most incoming signals, and provides a handy
calibration checkpoint. The schematic is indi-
cated in Fig. 3.

Following the mixer is the real reason for
the low if frequency; the Collins mechanical
filter. It was obtained from a friend, and
is really the backbone of the receiver. After
much experience with crystal filters, it was
feared that too high an input level to the
filter would harm its frequency response, but
even with one volt across the input the
response curve is unchanged. The two if
amplifiers were taken from the handbooks,

6SKT \ OUTPUT
* 1|_°
L 2
——
=al
I HHzn_,
+250

Fig. 3. Second conversion oscillator.




and are completely straightforward. 262 kHz
automobile radio if transformers were tuned
down to 250 kHz with no modification. The
if transformers were loaded with 10 K re-
sistors across their windings to prevent oscil-
lation when necessary. Expect the if ampli-
fiers to oscillate, and take steps to prevent
it when they do. The circuits can be de-
tuned or loaded down to reduce the Q
without worrying because the selectivity is
determined by the mechanical filter at the
input. Don’t reduce the voltages to stop oscil-
lation, but run the tubes at the recommended
voltages for best results.

2 = -—ITW“I—OM'"" AuDio
T s M i

0
8FO
Fig. 4. Simple product detector circuit.

There are many types of product detector
circuits which can be used, and Fig. 4 shows
the simplest. The dual diode configuration
was tried with less than the best of results.
The reverse resistance of the diodes is crit-
ical, and it will not work well with just any
type diode. The distortion that resulted may
have been caused by too low an injection
voltage from the BFO, but finally the circuit
shown in Fig. 5 was used. This is similar to
a circuit that has been used by Heathkit,
and is not much more complicated than the
diode circuit. The signal from the BFO is
injected into the cathode, the if signal goes
in at the grid, and audio comes out at the
plate. This will handle the strongest of sig-
nals without distortion. It is unfortunate that
the BFO had to be on the same frequency
as the major if amplification. If the BFO
signal gets around to the input of the if
amplifier it can ride on through and reduce
the effectiveness of the amplifiers. The ideal
solution to this problem is using another con-

Fig. 5. Product detector circuit chosen for this
receiver,

version and putting the BFO and product
detector on another frequency. In this case,
another conversion would not have been de-
sirable, and careful isolation of the BFO from
the first if stage is the only recourse. The
BFO is a typical circuits, and a schematic is
shown in Fig. 6. The only major require-
ments that this circuit must meet are fre-
quency stability and high output voltage.
The output obtained from the 6SN7 was
adequate, but the frequency tends to “pull”,
or change frequency when a strong signal
comes through the if. This is a major prob-
lem in all mixer-oscillator circuits, and the
solution is to isolate the mixer, or in this
case the product detector from the oscillator.
This pulling only results from very strong
signals, and has not been a problem except
when deliberately driven by a signal gener-
ator. This has not been a problem, but if
it were, the other section of the 6SN7 is
available to use as a cathode follower to
isolate the BFO from the product detector
as was done in the first mixer.

An automatic gain control (AGC) is us-
ually included in modern receivers to allow
the receiver to run at maximum gain without
being overloaded by a sudden strong signal.
The AGC circuit used in this project is a
popular one; that sees a great deal of use
in home constructed receivers because of its
simplicity and reliability. The audio voltage
from the product detector is amplified, recti-
fied, and applied to the grids of the if ampli-
fier tubes with a negative polarity, R and C
in the circuit determine the duration of the
hold-in time between the instant that a
signal is removed and the instant that the
AGC voltage returns to its no-signal value.
The higher the product of R times C, the
longer the delay will be. Longer time delays
are usually provided for SSB operation, while
shorter delays are usually desired for CW
operation. Typical values for R and C are
5.6 megohms and 0.1 microfarads. A sche-
matic of this circuit is shown in Fig. 7.
There are more complicated circuits that are
available, but this one will usually prove
very successful for a beginner.

One unusual problem that occurred in
the AGC area was finally found to be caused
by inadequate filtering in the output of the
product detector. The strong BFO signal
was going through the product detector
just like an ampliier and was appearing
at the AGCC amplifier to produce a high
AGC voltage that refused to change value.
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Fig. 6. BFO circuit.

Note the filtering circuit that is used in
the plate of the product detector with the
rf choke and the two .001 microfarad by-
pass capacitors. Increased filtering is neces-
sary at lower frequencies.

The audio amplifier consists of a 12AX7
driving a 6AQ5 output tube. This is a
simple circuit and can be found in many
different versions in many publications. Un-
fortunately, the simplicity can be deceptive,
because in this case the audio amplifier
caused a great deal of trouble that was at-
tributed to other circuits, thus increasing
the problem. The low level voltage amplifi-
cation stages (12AX7) should be isolated
from each other, and from the B6AQ5 to
prevent feedback. This can be simply done
by adding a resistor (47K is typical) in
series between the 12AX7 plate circuit and
the power supply, and bypassing it at the
plate resistor end with a ten or twenty
microfarad electrolytic capacitor. This is al-
most always included in modulator circuits,
but is seldom used in receivers. This pre-
caution was found to be quite necessary in
this case. Also, all the ordinary precautions
should be observed of shielding the low level
audio leads that go to the volume control
and the grids of the voltage amplifiers. Power
leads should be placed so that they are
away from these sensitive leads.

Last and usually least discussed, is the
power supply. The power supplies today are
usually built with solid state rectifiers, and
this receiver is no exception. The problem
encountered here was the assumption that
a small transformer could be used if some
of the tube filaments were on the 5.0 volt
winding of the power transformer. In this
case, this resulted in a degradation of the
overall sensitivity of the receiver, and caused
months of frustrated if amplifier building
and modification where none was needed.
This is a case where a good VOM applied
to the right place can help a great deal. In
a last effort, the tubes were checked in a

OCTOBER 1968

tube tester, and, by chance, one was re-
placed in the receiver while the filament was
still hot. What a difference! The transformer

found its way to the trash can in the same
evening,

Mechanical layout and construction

In starting a project of this magnitude
it is usually a good idea to invest a con-
siderable amount of money to provide a
proper foundation for the receiver. A one-
eighth inch thick aluminum rack panel was
purchased as was a chassis and side braces.
These components along with the dial make
up the major cost of the receiver. The
chassis was selected as large as possible,
and was still too small after several addi-
tions were made. Also, a collection of smaller
chassis would provide better shielding be-
tween circuits and better mechanical rigidity
but it is very difficult to work down inside
the small spaces. The best Eddystone dial
was selected to provide a smooth and me-
chanically stable frequency control. The
price is reasonable when the results are
considered, and can be justified by noting
the feelings that can be involved when
working with a project of this magnitude.
There is also a great incentive involved
when a considerable amount of money has
been spent, and using cheaper components
can result in discouragement.

/2 12AXT

I

GAIN

o
+280 CONTROL

Fig. 7. The AGC circuit.

The objective here is to arrange the com-
ponents so that they physically resemble
the block diagram. This is to provide isola-
tion between circuits that when coupled
may cause annoying feedback, and to pro-
vide close coupling between circuits that are
connected to each other. Also, the mounting
of the first oscillator circuit is considered,
and all possible methods should be employed
to provide a solid mechanical mounting of
this unit. The oscillator is usually constructed
in a separate box to provide thermal insula-
tion with the ambient temperature to pre-
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vent temperature changes from affecting
the frequency. This was considered in this
case, and it is also important that the tube
is mounted outside of the box. The oscillator
compartment was mounted on a three-eighth
inch thick aluminum slab and mounted with
one quarter inch diameter brass bolts through
spacers to align the oscillator variable ca-
pacitor with the dial shaft. A semi-flexible
coupling taken from an old surplus tuning
unit was used to prevent binding in the case
of any misalignment. The large metal base
was used only in the hopes that increasing
the mass of the unit would make it more
resistant to mechanical shocks. The chassis
is depended upon to provide most of the
coupling between the box and the dial. An
improvement here with the addition of more
bracing between the oscillator box and the
dial would be a needed improvement if
the unit were to be subjected to a great deal
of vibration in operation. At this point, as
a reminder, it is always good to use lock
washers in all construction. The bolts that
hold the panel to the chassis have a habit
of working out if the unit is moved around.

The only comment about wiring is: be
patient. Wiring can get quite messy in ex-
perimental work during the excitement of
the chase, and should be gone over after final
decisions have been made, Also, when wiring
it is always a good idea to start from the
output and work forward. This is done to
prevent frustration that can result when a
large device is built with the inevitable
errors which are always present, only to
find a massive trouble shooting project when
it was thought the project was completed.
Each circuit was constructed so it could
be checked in operation before going on
to another circuit. Building a huge receiver
seems like quite a large project, but no
one will balk at building just a power supply,
or just an audio amplifier, or some other
individual circuit. The success of each step
will add encouragement, and success is not
difficult in any given unit,

A few words concerning parts substitution
are in order here. A well stocked junk box
can be a great asset, but it can cause a good
deal of grief if used excessively or un-
wisely. It must be established without any
doubt that a component to be employed is
usable for the intended application. A com-
ponent that is faulty and is assumed to
be good can cause one to suspect some
component that is not the cause of the
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problem. For example, the variable capac-
itor used in the first oscillator was taken
from a surplus ARC-5 command transmitter.
Here was the ideal capacitor with ball bear-
ings at both ends of the rotor shaft, and very
rugged, stable construction. However, the
contact between the rotor and ground was
corroded, and caused an uneven change
in frequency as the dial was turned. A
great deal of effort and worry was involved
in trying to cure the “backlash in the dial.”
The main point is just to avoid using com-
ponents which are not new or in new
condition, and it doesn’t make much sense
to build a new receiver with components
which are not new. It is also a good idea
to buy small components such as resistors
and capacitors new, rather than using old
ones. The old leads which have been bent
can break, and sometimes a distributor will
give a discount when large quantities are
purchased as would be true when building
a receiver.

Results

The sensitivity was measured with a TS
413 A/U signal generator. The rf voltage
was applied to a fifty ohm carbon resistor
across the input at 7200 kHz. With the
output on the ten microvolt scale, the re-
ceiver could still give Q5 copy on the gen-
erator output with the output level control
at zero, This was probably less than one
half microvolt, which was the least scale
count on the output level meter of the
signal generator.

The stability was good. In a test where
the first oscillator was zero beat with WWV
(on 5 MHz) the power had been on only
long enough for the filaments to come up
to operating temperature. During this one
half hour test period, the signal stayed
zero beat as far as could be detected, and
the drift must have been less than 100 Hz.
In actual operation, warm up drift is never
noticed. In a condition like amateur opera-
tion, short term stability is the prime con-
sideration rather that how much drift there
has been after two days. Since transmissions
and QSO’s are usually short, it is the sta-
bility during a short period of time that
is most important. Dropping the receiver
can cause a frequency change of a few
hundred Hertz, depending on the height
from which it is dropped. This is mostly
due to the dial changing, and not being
rigidly referenced to the tuning capacitor.
However, in normal operation, the receiver
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is seldom dropped, and is of no great con-
sequence.

Just indicating that a mechanical filter
is used is sufficient to determine the degree
of selectivity. The selectivity is adequate
in all respects, indicating that care had been
taken to isolate the input of if amplifier
to signals that might have sneaked around
the filter. Image response is not so com-
mendable, and a few weak images from
strong navy teletype stations near this lo-
cation can be heard. This is a result of
the multiple conversions also multiplying
the chances for images. This has not caused
any problems when the receiver is used with
a well tuned antenna, but for weak signal
reception with a poor antenna close to a
strong transmitter, problems could result.
There are plans for increasing the selectivity
for CW by the addition of toroid coil audio
filters. Also the bandpass can be widened by
adding capacitors across the mechanical
filter if the receiver is to be used for AM.

Afterthoughts

Since this receiver covers only eighty and
forty meters, crystal controlled converters
are planned for the higher frequency bands.
The good cross modulation characteristics
of field effect transistors with their low cost
(less than one dollar), their simplicity (only
three leads; no filament or screen), and
compact size make them ideal to meet the
requirements of this receiver. The now
widely available information on thems will
make this an easy addition, and mechanical
layout will be the only chore.

In conclusion, considering the money and
effort that went into this project, it has
given a very good return, not just consider-
ing the performance of the receiver, but
the experience which has been gained from
the errors and corrections leading to the

final success.
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Performance-Plus Features, Top Dollar Value
And Sophisticated, Quality Engineering Have
Made The SB-301 The World’s Largest Selling
Receiver

® B0 through 10 meter coverage on AM, CW and SSB with
all crystals furnished ¢ Famous Heath factory assembled
and aligned Linear Master Oscillator for truly linear, high
stability tuning e Crystal-controlled front end for same
rate tuning on all bands 1 kHz dial calibration — 100
kHz per dial revolution » Less than 50 Hz backlash e Less
than 100 Hz drift per hour after warm-up ¢ Bandspread
equal to ten feet per megahertz ® Tuning dial to knob
ratio approximately 4 to 1 e Three speed AGC

Plus These Extra-Performance Features That
Put The SB-301 In A Class By Itself

e RTTY position on mode switch — SB-301 is a fully
capable RTTY receiver « 15 to 15.3 MHz coverage for
WWYV reception e Buiit-in 100 kHz crystal calibrator e
Built-in switch selected ANL — a real help if your QTH
is in a high noise location ¢ Front panel switching for
control of optional 6 and 2 meter plug-in converters —
enables complete 80 through 2 meter amateur band
coverage ® Front panel switch selection of optional AM
and CW crystal filters e Circuit board, wiring harness
construction make assembly fast and simple

Kit SB-301, Amateur Band Receiver, less speaker,
23 lbs. T T P e T P Y v B A e e $260.00

SBA-301-1, Optional AM crystal filter (3.75 kHz). 1 Ib. $20.95

The HEATHKIT" SB-301 amateur band receiver

SBA-301-2, Optional CW crystal filter (400 Hz), 1 |b...$20.95
Kit SBA-300-3, 6-Meter Plug-in Converter, 2 Ibs.. ... $19.95
Kit SBA-300-4, 2-Meter Plug-in Converter, 2 Ibs.. ... $19.95
Kit SB-600, Communications Speaker, 5 lbs.. ........$18.95

Look over the specs and find out why thou-
sands of hams have chosen the SB-301 for
their shack!

SB-301 PARTIAL SPECIFICATIONS — Frequency range (megahertz):
351t04.0,70107.5, 140 to 14.5, 15.0 to 15.3, 21.0 to 21.5, 28.0 to 28.5,
28.5 to 29.0, 29.0 to 29.5, 295 to 30. Intermediate frequency: 3.395
megahertz. Frequency stability: Less thon 100 Hz per hour after 20
min. _warmup under normal ambient conditions. Less than 100 Hz for
=107 line voltoge variation. Viswal dial accuracy: Within 200 Hz on
all bﬂnds Electric dial accuracy: Within 400 Hz on cll bands after
calibration at nearest 100 kHz point. Backlash: No more than 50 Hz.
Sensitivity: Less than 0.3 microvolt for 10 db signal-plus-noise to noise
ratio for SSB operation. Modes of operation: Switch selected; LSB,
USB, CW, AM, RTTY. Selectivity: RTTY; 2.1 kHz at & db down, 5.0 kHz
ot 60db down [crystal filler supplied). SSB; 2.1 kHz ot é db down, 5.0
kHz ot 60 db down (crystal filter supplied). AM; 3.75 kHz ot 6 db down,
10 kHz at 60 db down (crystal filler ovailable os occessory). CW; 400 Hz
at 6 db down, 2.0 kHz at 60 db down (crystal filter availoble as accessory).
Spurious response: Image and IF rejection better than 50 db. Internal
spurious signals below equivalent antenna input of 1 microvolt. Audie
response: SSB; 350 to 2450 Hz nominal at 6 db. AM; 200 to 3500 Hz
nominal at 6 db. CW; 800 to 1200 Hz nominal at 6 db. Audie output
impedance: Unbalonced nominal 8 ohm speaker and high impedance
headphone. Audio output power: !4 watt with less than B9 distortion.
Antenna input impedance: 50 ohms nominal. Muting: Open external
ground ot Mute sockel. Crystal calibrator: 100 kHz crystal. Power
supply: Tronsformer operated with silicon diode rectifiers. Power re-
quirements: 120/240 V AC, 50/60 Hz, 50 wotts. Dimensions: 147§"
Wx634"Hx133¢" D

The HEATHKIT™ SB-401 5-Band SSB Transmitter

Imaginative Engineering and Rugged, Reliable
Performance Capabilities Have Made The SB-
401 The World's Largest Selling Transmitter

e Ildeal power level for barefoot operation — 180 watts
PEP SSB, 170 watts CW e Makes a perfect driver for any
linear, like the SB-200 e Built-in power supply and small,
compact size make it an excellent self-contained desk
top transmitter # Famous Heath pre-built & aligned
LMO for rock solid frequency control — less than 100 Hz
drift per hour after warm-up e ALC for more talk power
means better DXing through QRM e Crystal filter side-
band generation e Built-in antenna change-over relay
e Operates upper or lower sideband ¢ VOX and PTT
controle 1 kHz dial calibration — 100 kHz per dial revolu-
tion e 500 kHz per band switch position ¢ Maximum TVI
protection from completely shielded and isolated cir-
cuits ® Relative power meter ® Clean signal character-
istics — carrier and unwanted sideband suppression
of 55 dB

The Versatility You Need For DXing, Round
Tables, Nets Or Rag-Chews

e Just a flick of a switch to select transceive or inde-
pendent operation of the SB-401 and SB-301 (or SB-300)
combination — no troublesome, time consuming cable
changing ... ideal for cross band work e Can be operated
as an independent transmitter with any receiver when
the SBA-401-1 crystal group is installed « Fast, clean

FREE 69
CATALOG

HEATHKIT 1969

over 300 other Heath-

—————— —— —— (3% EE3aP e TS

HEATH COMPANY, Dept. 11-10
Benton Harbor, Michigan 49022

O Enclosed is $

break-in CW keying ¢ Meter checks grid current, final
plate current, ALC maximum modulation, final plate
volitage and relative power, all at the flick of a switch.

Kit SB-401, 34 Ibs......... S A e € R e A e S $285.00
SBA-401-1, Crystal Pack, 1 Ib.. . . .civveneinnnnnn..., $29.95

Check the specs and see the many reasons why
you hear the SB-401 on the air more often
than any other transmitter!

SB-401 SPECIFICATIONS — Emission: 55B (upper or loweg sideband)
and CW. Power input: 170 watts CW, 180 watts P.E.P. SS5B. Power out-
put: 100 watts (80-15 meters), 80 watts (10 meters). Output impedance:
50 to 75 ohm — less than 2:1 SWR. Frequency range: (MHz) 3.5 — 4.0;
7.0 —7.5;140 — 14,5; 21.0 — 21.5; 28,0 — 28.5; 28.5 — 29.0; 29.0 —
29.5; 29.5 — 30.0. Frequency stability: Less than 100 Hz per hr, ofter
20 min. warmup. Carrier suppression: 55 db below peak output. Un-
wanted sideband suppression: 55 db (@ 1 kHz. Intermodulation
distortion: 30 db below peak output (two-tone fest). Keying char-
acteristics: Break-in CW provided by operating VOX from o keyed tone
(Grid block keying). CW sidetone: 1000 Hz. ALC characteristics: 10 db
or greater (@ 0.2 ma final grid current. Noise level: 40 db below rated
carrier. Visval dial accuracy: Within 200 Hz (all bands). Electrical
dial accuracy: Within 400 Hz after calibration at nearest 100 kHz point
(all bands). Backlash: Less than 50 Hz. Oscillator feedthrough or
mixer products: 55 db below rated output (except 3910 kHz crossover
which is 45 db). Harmonic radiation: 35 db below rated output. Audie
input: High impedance microphone or phone patch. Avudio frequency
response: 350-2450 Hz =3 db. Power requirements: 80 watts STBY,
260 watis key down @ 120/240 V AC, 50/60 Hz. Dimensions: 1414"
Wx 634" Hx133¢" D

. plus shipping.

Please send model (s)

|
|
|
Describes these and = 1 Please send FREE Heathkit Catalog.
|

(Please Print)

gl kits. Save up to 50% Name

. il by building them your- I
self. Use coupon and
send for your FREE [ City

— e — — — — — — E—

State Zip

copy!

Prices & specifications subject to change without notice.
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3-Tube Superhet
Short-Wave Recerver

Jess W. Speer W6EL]
3059 Austin Avenue
Santa Susana, Calif. 93063

J_’ cI3
5-30
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e L0001
BOOVCT, 90 mA
6.3V, 3.5A L4 BH B5mA
STANCOR PM B423.ETC ¥]] STANCOR CITO9,ETC @
RED INI4S2 R22 RI4
(3 20k, 2W
(ON RIS) co8 - c24 c26
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450V 4 450V Vo) 450V
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INI492

Fig. 1. Complete schematic for the 3 tube superhet receiver.

Here's a 3-tube package of electronic dyna-
mite that carries as big a wallop as many
short-wave receivers costing three times as
much. It is simple enough for a beginner to
construct, performs well enough to please an
old timer, uses readily available parts
throughout, and cost less than fifty dollars to
build—and even this amount can be reduced
by half if you cannibalize an old broadcast
set for some of the parts!

True this receiver doesn’t have all the
fancy bandswitching found in larger, more
expensive sets, but it does have all necessary
circuitry for code and single sideband recep-
tion—plus plenty of gain, and loudspeaker
output. Its very simplicity is one of its sali-
ent features. For here is a receiver which
can be modified, added to on the front end,
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its coils and tuned circuits changed and ex-
perimented with; all resulting in a lot of fun
and self-satisfaction, while at the same time
giving its builder valuable experience and
confidence without pressing too hard on his
pocketbook.

Experience gained from building this re-
ceiver will allow the ham to work on his own
communications receiver without “fear of
messing up a piece of expensive equip-
ment,” as is so often heard. You may want
to make an improved or modified version, but
a note here: The receiver, exactly as shown,
will give a good account of itself, and is a
project well worth undertaking.

The “dynamiter” employs plug-in coils and
one-dial tuning to cover the 80 and 40-meter
amateur radio bands. And with a little ex-
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perimenting (and some sacrifice in perform-
ance), coils for the 20-meter, 15-meter, and
10-meter bands can conceivably be wound.

About the circuit

Essentially, the “dynamiter” is a 2-stage
superhet using three dual-purpose tubes to
deliver 6-tube performance. (See Fig. 1.)
It employs a converter, an if amplifier, a
product detector, a beat frequency oscillator,
and two stages of audio amplification.

Signals from the antenna are fed to the
mixer, the pentode section of VI (6US8),
through coil L1 and coil L2, which are tuned
by the dual-section broadcast capacitor CI.
This adds selectivity and the capacitor is
large enough to all two-band coverage with-
out changing coils L1 or L2, simply by re-
tuning.

The triode section of VI serves as the local
oscillator. The oscillator coil L3 is tuned 455
kHz below the incoming signal with padding
capacitor C4, mounted inside the coilform.
Main tuning (of the local oscillator) is by the
large vernier dial centered on the front panel,
and which is attached to the small band-
spread variable capacitor C3.

After the signal is hetrodyned to 455 kHz
in the mixer, it is fed to the pentode section
of V2 (6U8), which functions as an if am-
plifier. The amplified signal is then applied
to the product detector formed of the two
IN67 diodes D3 and D4. The triode section
of V2 serves as a Beat Frequency Oscillator,

8 _co e

Parts layout for the Dynamiter [ &S 8
receiver. RS oamie
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and a signal from this oscillator is capacity
coupled through CI15 to the product detector
for carrier re-insertion of sideband signal or
to produce a beat note with CW signals. AM
signals may be received by tuning them in
and zero-beating the bfo. The detected signal
is amplified by V3 (6CX8) to a level suf-
ficient to drive the loudspeaker, the triode
section of V3 serving as the first audio ampli-
fier and the pentode section as the second.

Full-wave rectified B+ is furnished by the
power supply, comprised of power trans-
former TS5, two (IN1492) silicone diodes D1
and D2, the smoothing choke L4, and filter
capacitors C24 and C25.

Construction

The receiver is assembled on a 7 x 12 x 3
inch aluminum chassis. (Fig, 2.) The speaker
and operating controls are mounted on a
front panel 7% inches high and 12 inches
wide, cut from scrap aluminum sheetmetal.
The case is also fashioned from scrap alu-
minum sheetmetal.

Mounting dimensions, coil and tube hole
sizes are shown in Fig. 2. And while these
will vary with individual construction (de-
pending upon the size of the speaker, output
transformer, and power transformer used),
adhering to the general layout shown will
result in over-all symmetry, making for a
neat job. Drill sizes are not given, as these
also will vary. All screws that protrude the
front panel are countersunk.

The bandspread tuning capacitor C4 and
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Fig. 2. Mounting dimensions, hole sizes and general chassis layout.

the dial assembly should be mounted first.
The capacitor is centered on the chassis, and
the dial aligned on the front panel to match
the capacitor shaft. (The front panel may be
attached temporarily to the chassis with four
#6 countersunk screws placed % inch from
each chassis corner.) After the main tuning
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capacitor and dial are mounted, mount
power transformer T5. Order of mounting is
important because the rest of the layout
hinges around these components.

This accomplished, mount the speaker, the
output transformer, and bfo coil next, as the
size of the speaker and output transformer
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may vary. You may then juggle the remain-
ing components to be mounted on the top-
side of the chassis as desired; maintaining as
closely as possible the symmetrical layout
shown.

Coil Data

Coilforms are 1%-inch diameter polystyrene
5-pin plug-in (Amphenol 24-5P). Coils L1A,
L1B, and L2 are cut from B&W 3016 Mini-
ductor and fitted down inside coilforms. Coil
LL1A is 8 turns and coil L1B and L2 are 19
turns. Count off 30% turns, clip at 9 turns,
and use % turn for leads, leaving LI1A and
LL1B on same piece of stock and separated
by 1 turn. Coil L3 is wound with #26
enamel wire. All coil windings are in the
same direction. For 80-meter reception, coil
LL3A is 12 turns close wound. Coil L3B
(separated from L3A by % inch) is 30 turns
close wound, then 4 tums space wound over
% inch, then 5 turns close wound, tapped
at 324 turns. C3 is 75 pF. For 40-meter
recef:tinn, coil L3A is 10 turns close wound.
Coil L3B (separated from L3A by % inch)
is 7 turns close wound, then 17 turns spaced
over 1 inch, tapped at 10 turns. C3 is 50 pF.

The shield separating the coils, and the
shield around the bfo tuning capacitor (also
cut from %6 inch thick aluminum scrap and
mounted with spade lugs) are a must. They
permit required electrical separation of the
circuits.

The remaining construction is not too
critical. However, liberal use of terminal
strips for mounting of the components under-
neath the chassis is recommended. So is the
use of fairly stiff (#20) hook-up wire. These
help prevent the receiver from becoming
mircophonic. All wiring except power supply
wiring should, as much as possible, be point-
to-point, and leads kept short.

After the receiver is completed and play-
ing, the front panel may be masked off, spray
painted, and dressed up with decals or trans-
fer lettering. The enclosure (if one is used)
may be removed and painted. And the dial,
once calibrated, also may be marked with
transter numbers.

Adjustment

Although it is possible to align the receiver
without the use of an rf signal generator, it
is a job for an experienced serviceman or an
oldtimer, and takes some time and doing. So
if you don’t own such an instrument, beg,
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Top view showing parts layout

badger, or blackmail a friend into the loan
of one. The job without it is almost a hope-
less chore.

Start adjustment by setting the generator
to deliver an audio signal. Connect the “hot”
lead of the generator to the end of R13
(68K) that feeds the audio. Advancing the
volume control should produce a loud signal
through the speaker.

Next, place the bfo switch to OFF, feed
a 455 kHz modulated signal to the grid (pin
2) of V2. Tune If transformer T2 slugs for
the loudest signal. If transformer T1 is tuned
by removing oscillator coil L3, and coupling
generator lead (thru a blocking capacitor)
to the plate (pin 6) of V1. (Caution: B+
voltage is present at pin 6 of V1.) It will be
necessary to adjust rf gain pot R7 for opti-
mum results.

To adjust the BFO coil T3, leave the gen-
erator connected to pin 6 of V1. Set generat-
or to an unmodulated output and the bfo
tuning capacitor C13 half meshed. Adjust bfo
coil slug for zero beat. (Zero beat is deter-
mined by finding the “valley” of two loud
whistles just each side of 455 kHz.)

To tune the front end, set the generator
for 3.8 MHz modulated output. Connect
generator leads to antenna terminals J1 and
plug in the 80-meter coil L.3. Set bandset
capacitor C1 to about three-fourths (approxi-
mately number 8 on the knob). Set band-
spread capacitor C4 to full mesh and ad-
vance volume to full gain. Turn up the rf
gain to about three-fourths maximum and
tune capacitor C3 (inside coil L3) for maxi-
imum signal output. It may be necessary to
re-louch the slugs at transformers T1 and
T2). The oscillator coil for 40-meter oper-
ation may be tuned in the same manner.
Once an oscillator coil has been set, it may
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PARTS LIST

ClA, C1B—365 pF, dual variable capacitor

C2, C5, C7T—0.001 uF, 600-volt ceramic dise eapacitor

C4—5-20 pF variable capacitor (Hammarlund MC-20-S
or equivalent

C3—Midget “APC" variable capacitor (See Fig. 4)

C6, C14—270 pF, 400-volt miea capacitor

Cs8, C9, C12—0.05 uxF, 600-volt ceramic capacitor

C10,—0.1, 200-volt ceramie dise ecapacitor

C11, C23—0.02 .F, 400-volt ceramic dise capacitor

C13—35 pF midget “APC" variable capacitor

C15—30 pF, 400-volt mica capacitor

C16, C17—500 pF, 150-volt ceramic dise capacitor

C18—0.004uF, 200-volt ceramie disc capacitor

C19, C20—0.01uF 400-volt ceramic dise capacitor

C21—1.0uF, 200-volt paper capacitor

C22—0.005uF, 400-volt ceramic dise capacitor

C24, C25, C26—20uFD, 450-volt electrolytic capacitor

D1, D2—1N1492 diode

D3, D4—1N67 diode

Fl—2-ampere fuse (and fuse holder)

J1—Antenna terminal

Ll—Antenna Coil, B & W 3018 Miniductor coil

L2—B & W 3016 Miniductor eoil

L3—Oscillator coil (See Fig. 4)

R1—47-ohm, 1{-watt resistor

R2, R21—47,000-ohm, l4-watt resistor

R3—1.2K ohm, 1{-watt resistor

R4, R20—150,000-0hm, 1{-watt resistor

R5—100,000-0hm, 1i{-watt resistor

R6, R19—300-0hm, 14-watt resistor

R7—10,000-0hm, 2-watt potentiometer, linear taper

R8, R13—68,000-ohm, 14-watt resistor

RY9, R10—82,000-ohm, ,-watt resistor

R11—1800-0hm, 14-watt resistor

R12—120,000-0hm, l,-watt resistor

R14—20,000-ohm, 2-watt resistor

R15—500,000-ohm potentiometer audio taper

R16—1000-0hm, 1{-watt resistor

R17—250,000-0ohm, 14-watt resistor

R18—470,000-chm, l4-watt resistor

R22—1K 1W resistor

RFC—10 millihenry, 50 mA, radio frequency choke

S1—S8.p.s.t switch (on R15)

S2—8.p.d.t. miniature toggle switch
T1—456 kHz intermediate frequency
(J. W. Miller 12C-30 or equivalent)
L4*—8-Henry, 50 mA filter choke (Stancor C1709 or

equivalent)
T2—4556 kHz intermediate frequency transformer (J. W.
Miller 12C-31 or equivalent)
T3—45656 kHz beat frequency oscillator
(J. W. Miller 1727 or equivalent)
T4—Output transformer: primary 7000 ohms: second-
ary, 4 ohms (Stancor A3878 or equivalent)
T5—Power transformer, 600 VCT @ 90 mA and 6.3

volts @ 3.5 amperes (Stancor PM 8423 or equivalent)
V1, V2—6UR tube

V3—6CXB8 tube

Spkr—3”, 3.2-ohm speaker

Chassis—7" x 12” x 3” aluminum

Coil Form—11", 5-pin (Amphenol
from Allied Radio, Chicago, IIl.

Misc.—Knobs, a.c. line cord, 9-pin tube socket, 5-pin
coil socket, terminal strips, hook-up wire, hardware,
1/16” thick aluminum serap, ete.

transformer

transformer

24-5P ; available

be plugged in and out of the circuit without
re-setting.

Operation

Connect a good antenna system (aerial
and ground both) to antenna terminal ]I,
and turn the receiver on. Set the rf gain con-
trol all the way up. Advance volume con-
trol until a loud oscillation or noise is heard.
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Then back off on the rf gain to just below
the point of oscillation. Manipulate the band-
spread tuning dial. The stations should come
booming in! If the station being received is
a CW or an SSB station, adjust bfo tuning
knob for best results.

Perhaps it should be pointed out here that
this receiver is not the ultimate in selectivity
like the numerous expensive, but good, re-
ceivers found on today’s market. The “dyna-
miter” was not designed to be used as the
sole receiver in the ham shack. However, it
can and will do creditable standby for such
a purpose in case of an emergency. Also re-
member the ham bands are overly crowded
these days.

But with a little practice and experience,
vou will soon be listening to the ringing
dit-dahs of CW, or to the hopeful voice of
the ham calling, “CQ, DX! CQ, DX!” on

your 3-tube package of electronic dynamite.
. . . W6EL]

“Now you're in a helluva QTH”
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AMECO RECEIVERS

R5 $59.00

COLLINS

75A3 3.1 KC Filter $219.00

75A4 (early model) 349.00

7553 (Like New) 495.00

755-1 349.00

DRAKE

2B © Multiplier $ 29.00

DRAKE 2-C $195

L4 (Brand New) Linear (sealed ctn) 595.00

HALLICRAFTERS

SX99 $ 79.00

SX96 129.00

SXI110 99.00

S120 49.00

SX100 129.00

sXiol 1A 139.00

SXI115 369.00

HAMMARLUND

HQ 140X $129.00

HQ 110C 12%.00

HQI70 179.00

HOI7T0A 219.00

HQI170C 189.00

SP&00 199.00

HEATH

HR-20 $ 89.00

MR-l w/p.s. 49.00

NATIONAL

NCI73 $ 79.00

NC270 119.00

NCI183D 129.00

TRANSMITTERS

COLLINS

3253 XMTR (Like New) $569.00

CLEGG

Zeus 2-6 M 185 watls 329.00

GONSET

Gonset Comm. |l 2M $119.00

Comm. Il &M 99.00

GSB 100 179.00

G-50 6M Xceiver $179.00

HALLICRAFTERS

HT 37 229.00

HEATH

HX-11 35.00

DX-60 59.00

HWI2 80 Meter XCVR $69.00

JOHNSON

Yaliant 159.00

NATIONAL

NCX-5 $385.00

NCL-2000 385.00

RME

YVHF-126 Converter $95.00

SWAN

SWI75 xevr 75 meters $129.00

SWI20 xcvr 20 meters 119.00
339.00

400 XCVR
ALL CASH ORDERS SHI

PPED FREE IN THE 48 STATES

MISSION HAM
ELECTRONICS

3316 Main Street, Riverside 3, California 92501

Phone 683-0523 (area code 714)

TP T
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Introduction

Through the vears since becoming inter-
ested in radio, the author has built and
modified many communications receivers;
all the way from crystal sets to multi-tubers-
(no transistors). The purpose of each new
receiver project was, of course, to incorpor-
ate new techniques and ideas in an effort to
improve reception. Many articles and dis-
cussions have been presented in the amateur
journals covering a multitude of improve-
ments to old receivers, construction of new
receivers and some suggested ideas requir-
ing further development. This article de-
scribes a receiver design based on the em-

ployment of a portion of a surplus airborne
communications receiver.

* Midnight Oil
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ANT RF RF = : MIXER S00 kHz
COILS 6567 s 6SG7 IF

IF S00 kHz
6BAG iF
MIXER

—(a)

2-3 MMz
PTO
6547

MULT 455 kM
COILS IF

The MO*

TO0E-2 455 kHz
952 -958

955 kHz
kHz FILTER IeATT n'ffé::s
6SJ7
MIXER
6BAT
\E 500 kHz
6BAS \E

Sy

a

Recerver

Walt Cleland KSWYG
1202 Holly Drive

Richardson, Texas

This is not a step by step “nut and bolt™

type article; but rather, a description of a
receiver that was constructed from junk parts
from old equipments.
It was prepared in the hope that it might
encourage others to attempt more home
construction projects. It obviously requires
access to some machinery, test equipment
and not just a little time. The satisfaction
of building and enjoying homebrew equip-
ment far outweighs that of being an appli-
ance operator (in the authors opinion).

Following are the features which were

considered desirable to be included in the
receiver:
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1. Continuous coverage tfrom 2 MHz to 30
MHz with crystal controlled converters
for 6 and 2 meters.

2. One kHz calibration accuracy through-
out the 2-30 MHz range of the receiver
(when calibrated at closest 100 kHz
point)

3. Stability-for good SSB reception.

4, Several degrees of if selectivity.

5. Band pass tuning.

6. RF or Audio operated avc.

7. Tunable (across if) notch filter.

8. Antenna input T pads (0-40db).

9. Good front end design to minimize
cross modulation and result in reason-
able sensitivity.

10. Separate rf, if, and audio gain controls.

11. Other routine features such as S
meter, ANL, Audio low pass filter, AM
and SSB detectors, 4 and 600Q audio
output, etc.

AAR-15
The AAR-15 is an airborne tunable HF

communication receiver with provision for
remotely controlling a given number of pre-

Bottom
View

OCTQOBER 1968

set frequencies. It covers the frequency range
of 1.5 to 18.5 MHz in six bands as follows:
1.5-2.5, 2.5-3.5, 3.5-5.5, 5.5-8.5, 8.5-12.5
and 12.5-18.5. The if is centered on 500 kHz
and is tunable from 40 kHz to 550 kHz.
Both, the first mixer injection frequency
oscillator and the if tunable bfo oscillator are
of the Collins PTO type. The receiver uses
a 12SG7 rt, a 12SG7 mixer, and a 12SG7
tuned multiplier to multiply the PTO basic
frequency of 2 to 3 MHz up to the desired
injection frequency for the various bands.
[t is only the rf, mixer, PTO and PTO multi-
plier that are of interest to this project. The
rf, mixer, PTO and PTO multiplier tuned
circuits are all mechanically ganged to-
gether through gears and shafts which drive
the slug rack to tune the coils of the various
circuits.

The tront end of the receiver was checked
for tracking, calibration and sensitivity be-
fore it was decided that it would merit be-
coming the basis for building the receiver.
The AAR-15 used on this project had been
junked out as it had seen much “mainte-
nance  and modifications—fortunately the
front end was in fairly good condition.
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Circuits

Fig. 1 is the block diagram of the receiver.
Fig. 2 shows the complete schematic with
the rf, mixer and multiplier circuits. The
only uncommon circuit is the band pass tun-
ing arrangement. This idea was described
in one of the amateur journals some years
ago.

Antenna input is selected by a watfer
switch. A 0-6-10-20-40 db 50 ohm T pad,
is in the antenna circuit to provide attenua-
tion to help reduce cross modulation when
strong local signals are encountered. The
ganged wafer switch selects the desired con-

verter or connects the antenna directly to
the 1.5-18.5 MHz basic receiver.

The basic 1.5-18.5 MHz receiver covers
the frequencies in the following manner:

PTO Mixer
Band Recvd Freq. Freq. Inj. Freq.
A 1.5- 2.5 2-3 2-3
B 2.5- 3.5 2 3 2-3
C 3.5- 5.5 2-3(x2) 4-6
D 5.5- 8.5 2-3(x3) 6-9
E 8.5-12.5 2-3(x4- 8-12
F 12.5-18.5 2-3(x6- 12.18

The basic frequency range is extended
to 30 MHz by a converter in the following
manner:

Conv
OSC Inj.
Recvd Freq. Recvr Band Freq. Freq.
18.5-22.5 E(8.5-12.5) 10 10
92.5-28.5  F(12.5-185) 10 10
28.5-30.0 E(8.5-10.0) 10(x2) 20

This arrangement provides for having the
dial indicating the correct frequency after
mentally adding the 10 or 20 MHz as re-
quired. The converter preselector tunes
rather sharply and must be peaked at the
selected frequency.

Output from the 1.5-18.5 MHz section is
amplified at 500 kHz and fed to the band
pass tuning section. The 500 kHz signal is
converted to 455 kHz by a PTO tunable
952 to 958 kHz; with the same PTO fre-
quency converting the 455 kHz signal back
to the original 500 kHz frequency-after the
if signal has been processed through the
mechanical filters. Any one of several band-
widths may be selected or the band pass
tuning and filters may be by-passed entirely
for broadband AM type reception.

24

The signal from the band pass tuning
circuit is then amplified again at 500 kHz
and fed to a conventional AM diode detector
and a SSB product defector. A crystal os-
cillator is employed for the bfo injection
frequency to the product detector. AM and
SSB Audio may be processed through a 3 kHz
low pass filter if desired. Audio from the
product detector is amplified and rectified
by a diode and then filtered to provide the
audio operated ave voltage. 4 and 600 ohm
audio outputs are provided by the output
transformer.

A separate rf gain control was provided
for the converters. The if stages were also
provided with a separate gain control.

The AVC voltage is applied to the rf stage
(both basic and in the converters) and to
the 500 kHz if’s.

The power supply is conventional with solid
state rectifiers and plenty of filter. Provision
was made for being able to keep the oscilla-
tor filaments on separate from the other fila-
ments if desired.

Construction

The first major step in the construction
of the receiver was to amputate the desired
section of the ARR-15 from the rest of the
machine. All of the autotune drive mechan-
ism, dials, front panel tubes, etc. were first
removed. A hack saw was then used to saw
the cast aluminum base in two; leaving the
rf, mixer, multiplier and PTO intact with
their slug rack tuning mechanism still
coupled to the PTO tuning shatft.

A new aluminum chassis was selected on
which to mount the new if, audio, and power
supply. The front panel is a nominal 8%
inches high by 19 inches wide standard rack
size panel.

The second major step was the design
and construction of two new dials and a new
gear train mechanism to drive the new dials.
See Fig. 3 for a sketch of the new gear
train. The original MHz dial coupled to the
PTO shaft was retained and provides the
MHz indication. The two new dials provide
1 kHz readout on all bands with the second
dial (F) being added in order to provide
larger calibration divisions on Band F where
the PTO frequency is multiplied six times.
Thus, one dial is read on Bands A, B, C,
D, and E: and the other dial on Band F
only.
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TO ORIGINAL TO
BAND CHANGE
SHAFT
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11087
1
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1] FRONT PANEL
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=] Gear train
BAND “F" kHz .
DIAL (4" DIA) ur;n&r} By BANDS "A.B.C.D.E" ﬂ?_lﬂ' drive
KON RO wg  khzDiaL (5 1/2°pia)  dial assembly.
BAND MAIN (510
CHANGE TUNING :
TOP VIEW
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MOUNTED ON FRONT BEARING PLATE

& IS NOT SHOWN
4. REAR PLATE MOUNTED TO ARR-IS CASTING

5. *k = BALL BEARING
* OILITE BEARING

0
SL * SPRING LOADED

The gear train was built up using two
% inch aluminum plates between which all
of the gears and couplings were mounted.
Spring loaded gears were used where needed
which resulted in no backlash. Practically all
gearing shafts run in ball bearings. A Jack-
son Bros. planetary drive was employed be-
tween the gear train and the main tuning
knob for additional gearing reduction and
smoothness of tuning. The gear train and
dial assembly attaches to the front of the
ARR-15 aluminum casting at four places and
is in no way attached to the ftront panel.
Fiducial markers are installed on each of the
two new dials to permit accurate frequency
calibration on any band.

The band pass circuitry, except for the
70E-3 PTO, is all mounted in a separate
shielded compartment beneath the new chas-
is with all leads entering the compartment
through feedthru capacitors with the excep-
tion of the rf leads which are of coax. The
70E-3 PTO frequency range was raised from
the original nominal of 500 kHz to a nominal
955 kHz by replacing the 1700 pF (N530)
capacitor with a 360 pF silver mica. The
955 kHz single pi section tank is mounted in
a small aluminum box on top of the PTO
with coax carrying the PTO signal to the
bandpass tuning mixers. A Jackson Bros.
planetary drive is employed between the
PTO shaft and the bandpass tuning knob.

The product detector and the crystal os-
cillator bfo are mounted in an aluminum
if can with all leads entering thru feedthru

OCTOBER 1968

capacitors except the rf lead from the last
if transformer.

The 18.5-30, 50-54 and 144-148 MHz con-
verters are mounted on a single enclosed
chassis which mounts upright to the right
hand side of the main chassis. All leads
enter thru feedthru capacitors. Only the
18.5-30 MHz converter has been completed.
All of the 50-54 and 144-148 MHz compon-
ents have been mounted. These two con-
verters will employ 6CW4 tubes in circuits
borrowed from the ARRL Handbook and
will be crystal controlled.

The rf mixer and multiplier stages were
completely rewired (external of the coil
boxes) with disc ceramics being used for
the bypass capacitors. The original 12SG7s
and 12S]7s were replaced with the six volt
equivalents.

The 500 kHz if transformers are nominal
455 kHz transformers that were capable of
being tuned to 500 kHz.

The original “cut and try” kHz dials are
hand lettered on bond paper and cemented
to % inch thick pressed wood discs. Final
dials will be made by photographing an ink
lettered vellum and then cementing the neg-
ative to an opaque Plexiglas disc; thus per-
mitting back lighting,

Operation

Operation of the receiver has been most
satisfactory. Stability is very good after a
moderate warm up period. Frequency cali-
bration is well within one kHz when the
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Top View

fiducial marker is set to zero at the nearest
100 kHz point. The selectable if bandwidth/
band pass tuning feature is most rewarding
when tuning SSB on the crowded amateur
bands. Antenna sensitivity in the SSB mode
(for 10 db S/N) is better than - uv from
1.5 to 30 MHz with the average being in
order of .5 uv when measured with a GR No.
1000-P2 series pad and a 3 db pad at the
receiver input terminal). Both the rf and au-
dio operated avc circuits permit an audio
output increase of 6-7 db when the input
signal is increased from 5 wxv to 100 K
wv. The audio operated avc appears to be
more desirable when receiving in the SSB
mode. Although the Q multiplier notch filter
is effective in reducing carrier interference,
some other type of tunable notch filter would
probably produce better results.

Since considerable effort was spent in
parts layout, shielding, by-passing and filter-
ing, few “birdies” have been found. The
only one encountered of any consequence is
the second harmonic of the 18.5-30.0 MHz
converter crystal at 20 MHz. The three sec-
tion, 50 ohm, 18 MHz cutoff high pass filter
at the input to the converter practically
eliminates the frequencies below 18.5 MHz
from “riding through” the converter. When
a 10 M antenna is connected to the converter,
no low frequency signals have been heard in
the 10 M band. Installing the single pi sec-
tion right at the output of the band pass
tuning 70E-3 PTO eliminated several spu-
rious signals in the lower frequency bands.
Care must be taken to prevent the 500 kHz

bfo signal from getting into the front end
of the if.
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The tuning meter is plainly a tuning indi-
cation and useful only in giving comparative
signal reports. It is not calibrated in db over
too, if you would like a receiver with all of
with an input of 100 K wv at 14 MHz.
With the ave characteristics being what they
are, a signal level of several uwv will give
a useful indication on the meter; depending
of course, on the ambient noise level.

The band change control rotates a mask
in the MHz dial window. This mask indi-
cates the band selected ie, BAND C, 3.5-5.5
MHz and exposes the portion of the MHz
dial which is calibrated in MHz. To deter-
mine the frequency to which the receiver is
tuned, merely read the MHz dial and add
to it the indication presented by the appropi-
ately calibrated portion of the kHz dial;
thus providing the tens and hundreds kHz
of the whole frequency number. When the
18.5-30 MHz converter is in use, the number
10 or 20 is added to the kHz and MHz
dial indications.

Since the rf, mixer, PTO and PTO multi-
plier are all ganged together, only the single
tuing control is required in the 1.5-18.5
MHz range. When the converter is in use,
the converter rf tuning control (preselector)
must be peaked to the selected frequency.

Front View

Conclusion

Although the censtruction of a receiver
such as described herein, does require some
cash, a large junk box and a considerable
amount of time, it is most rewarding. And
too, if yvou would like a receiver with all of
the characteristics and features in the re-
ceiver described—where would you obtain
it? If vou could find one, you would most
likely have to re-mortgage the homestead
and car and leave two of the kids as security
to finance the purchase. .. . KSWYG
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RELIABILITY

QUALITY

SWAN 410C
FULL COVERAGE
EXTERNAL VFO

The Model 410C Frequency Control
Unit is designed for full coverage
of 80, 40, 20, 15 and 10 meters. It
Is intended for fixed station opera-
tion and plugs directly into Model
00C. It may also be used with
Model 350C. Eight ranges, 500 kc
each, 5 kc¢ calibration.

$115

DUAL VFO ADAPTOR

Provides for the addition of second
FO for separate control of trans-
It and receive frequencies. Plugs

directly into Model 500C and may

31so be used with Model 350C and
bther Swan transceivers.

ARS OSCILLATOR

ive crystal controlled channels
ith vernier frequency control.
Plugs directly into Model 500C and
ay also be used with Model 350C
nd other Swan transceivers.

ODEL 405X
less crystals) . . $45

Be sure to visit
your Swan dealer soon.

ODEL 22 .. ... $32

SWAN 500C
SSB-AM-CW
TRANSCEIVER

Five band, 520 watts for home
station, mobile and portable
operation.

The new model 500C is the latest
evolutionary development of a basic
well proven design philosophy. It
offers greater power and additional
features for even more operator en-
joyment. Using a pair of the new
heavy duty RCA 6LQ6 tetrodes, the
final amplifier operates with in-
creased efficiency and power output
on all bands. PEP input rating of the
500C is conservatively 520 watts.
Actually an average pair of 6LQ6's
reach a peak input of over 570 watts
before flattopping!

The 500C retains the same superior
selectivity for which Swan trans-
ceivers are noted. The filter is made
especially for us by C-F Networks,
and with a shape factor of 1.7 and
ultimate rejection of more than 100
db, it is the finest filter being of-
fered in any transceiver today.

For the CW operator the 500C in-
cludes a built-in sidetone monitor,
and by installing the Swan VOX Ac-
cessory (VX-2) you will have break in
CW operation.

Voice quality, performance and re-
liability are in the Swan tradition of

being second to none.
$520

S wan

ELECTRONICS
OCEANSIDE, CALIFORNIA
A Subsidiary of Cubic Corp

SWAN 117XC
MATCHING
AC POWER SUPPLY

Complete A.C. supply for 117 volts,
50-60 cycles, in 2 matching cabinet
with speaker, phone jack, and indi-
cator light. Includes power cable
with plug for transceiver, and A.C.
line cord. Ready to plug in and

operate,
$105

SWAN 14-117
12 VOLT DC SUPPLY

Complete D.C. supply for 12 volt
mobile. or portable operation. In-
cludes cables, plugs, and fuses. Will
also operate from 117 volt A.C. by
detaching the D.C. module & plugging
in 117 volt fine cord. Negative
ground standard. Positive ground

available on special order.
$130

SWAN SPEAKS YOUR LANGUAG
ASK THE HAM WHO OWNS ONE




Project Facsimile Antarctic

Ralph Steinberg K6GKX
110 Argonne Ave.
Long Beach, Calif. 90803

BULLETIN . .. Successful transmission of the first fac-
simile picture by the Project Facsimile Group was made
to KC4USV, Mc Murdo Station in the Antarctic on June
18th. The operations, a morale booster for the Navy person-
nel, have completed transmission of sixty more pictures
since then. Project Facsimile Antarctic will continue to
transmit more pictures each week through to October 15th,

on 20 meters.

Project Facsimile Antarctic results may
sound easy but there was lots of work, many
hours and days in the preparation of the
project before the first successful transmis-
sion of a picture was received at McMurdo
Station.

It all began when your author was writing
the article “Operations Deep Freeze . . .
1957-1967" (March issue of 73). With the
successful facsimile operations that Paul
Blum, W2KCR carried on with Little Amer-
ica in 1957, the idea came to repeat the
operations in 1968. Contact was made with
KC4USV, and inquiry was made, “would the
personnel like facsimile pictures of their
loved ones transmitted to them. The answer
was “Yes,”

This all started in November 1967 and
from then on there was a lot of planning
to do. Project Facsimile Antarctic was organ.-
ized with WB6EGH, Ellis Wampler, Sr.
WAG6URW, Earl Darnell and your author
forming the group to work on the project.
The next order of business was to locate
the facsimile equipment and get the per-
mission of the Federal Communications Com-
mission to transmit facsimile on the 20 meter
band. .

With new facsimile equipment not avail-
able, the word was put out on the ham
bands that certain Times Corp. facsimile
equipment was needed. The result was a
surprise, to see the cooperation from ama-
teurs and non-amateurs who loaned the nec-
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essary equipment for our project. In a short
time the equipment was installed and local
tests were made on the UHF band (420
MHz) to be sure of fault free operation. The
results were good pictures at short distances
but the big test was to come later when the
pictures were to travel many thousands of
miles to the Antarctic.

While waiting for special permit from
the Federal Communications Commission,
checks were made by WABURW with
KC4USV to get information as to signal qual-
ity needed to transmit the pictures. Under
favorable band conditions WAGURW had no
problems reaching KC4USV with sufficient
signal strength for facsimile operations. The
equipment at WAGBURW is a Drake T4X
Transmitter, Drake R4B Receiver, Drake L4
Linear and a Drake MN-2000 Matching Net-
work. The antenna is a Mosley TA-36 erected
on a tower 54 feet above ground.

It was now April 1968 and more work
had to be done. Pictures of the families
of the men at McMurdo had to be received
before facsimile operations started. At this
point, the Navy Relief Society at the Long
Beach Naval Station offered aid in writing
letters to the Navymen's families to sent
pictures to their office for later transmission
by the Project Facsimile Antarctic group.
Pictures arrived from all parts of the United
States and one from Rota, Cadiz, Spain.
Some were pictures of new born babies and
others of complete families. The new born
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baby pictures were some the Navy fathers
at McMurdo had not seen before. In the
early part of May, Project Facsimile
Antarctic received special authorization
from the Federal Communications Commis-
sion for WABURW to transmit facsimile
pictures for morale purposes on 20 Meters.
Everything was ready to go on the opera-
tions but we found magnetic storms in the
Antarctic. With these conditions we had to
delay our first facsimile transmission for a
later date. These magnetic storms last from
three days to two weeks and some frequently
last a month. When band conditions did
improve, tests were made with KC4USV on
facsimile but the first picture transmitted
was not pertect, due to ftading. However,
this first test proved we could get pictures
to McMurdo when conditions were favor-
able,

Band conditions again in the early part
of June were still plagued with magnetic
storms but on the evening of June 19th,
the first successful picture was transmitted
and received at Mc Murdo Station. With the
first taste of success, six more pictures were
transmitted during the week June 22nd to
26th. Fortunately all of these were received
satisfactory, and all of the Project Facsimile
Antarctic group were thrilled about the re-
sults of the operation thus far.

Further plans are being made for a week-

L/

oS iy
Ael

ly newspaper (one page) giving sports news.
sports pictures or anything which would be
interesting to the men at Mc Murdo. A local
paper is working on the details and the
Antarctic edition should be ready shortly.
The newspaper is to be called “The Mc
Murdo News.”

For those who are not acquainted with
amateur radio operations at McMurdo Sta-
tion, KC4USV it might be well to explain
that the greater part of the operations is
phone patching. As phone patch calls are
a priority for the personnel, each evening,
there is a limited amount of time for both
tacsimile and phone patch operations. Sched-
ules are arranged with McMurdo Station
for transmissions of facsimile each week to
fit their routine. Although the phone patch-
ing is done on the Navy MARS frequency,
facsimile operations can be going on at the
same time on the 20 meter band. The fac-
simile signals are received at the communi-

cation center at McMurdo Station and
the amateur radio activities are all from
KC4USYV.

Project Facsimile Antarctic has accom-
plished part of what it set out to do, and
through the next few months the project will
have completed many happy hours of boost-
ing the morale of the Navy personnel station-
ed at Mc Murdo Station. . . . K6GKX

,‘Beamed-Power”’ANTENNAS, “BALUNS”
1. V. KITS and ROTATOR SYSTEMS!

Most Technically-Perfected, Finest Communication

Arrays in the World! Precision-Tuned-Matched
and “Balun™ Fed for “Balanced-Pattern” to assure
“TOP-MAN-ON-THE-FREQUENCY" Results

Enjoy World renown TELREX performance,
value and durability! Send for PL68 tech. data
and pricing ecatalog, deseribing -professionally
engineered communication antenna systems,
rotator-selsyn-indicator-systems, “Baluns”, 1.V,
Kits, Towers, “Mono-Pole”, “Big-Berthas”, ac-
cessories, ete. ete.

TS
37178
JJ":»’;L“ 2 L@

Communication

Engineering
re Laboratories

ASBURY PARK, NEW JERSEY 07712, U.S.A.

| T~

COMMUNICATION

SYSTEMS
SINCE 1921

— with a MATERIAL DIFFERENCE!

Use, is one of the most dependable
testimonials of endorsement, and Telrex
products are in use in 139 Lands
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A High Performance Receiver

Donald Lawshe W2HUX
216 Pulis Ave.
Franklin Lakes, N.J. 07417

for Two Meters

Transistor circuitry has much to offer in
the construction of VHF equipment, especi-
ally when trying to cram the highest possible
performance level into the smallest possible
space. The receiver described on the follow-
ing pages was built as an attempt to make
a compact package to be used on vacations
and portable outings such as Field Day. As
the construction and testing proceeded, it
became apparent that the level of perform-
ance of the receiver was going to be at
least on a par with regular station equip-
ment, and perhaps above it. The finished
unit shows a noise figure of 3.5 db measured
on a Kay noise meter, selectivity sufficient
to separate a strong local station from a
weak one only 6 kHz apart, and absolute
freedom from drift and instability.

The circuit uses Motorola MPF-102 field
effect transistors in the rf, mixer and oscilla-
tor stages for low noise figure and excellent
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overload characteristics. The oscillator was
first designed using conventional VHF tran-
sistors such as 2NT706A and ZN3663, but
was found hard to stabilize, especially with
respect to warm-up drift. Using the field
effect transistor completely eliminated these
problems, and proved so stable that stand-by
could have been accomplished by cutting
the supply voltage to the local oscillator,
a technique that would make old die-hard
tube addicts shudder!

One problem encountered with an other-
wise exceptionally stable oscillator was an
extreme sensitivity to voltage changes. Many
attempts were made to regulate the supply
voltage, but the class B audio amplifier still
caused enough change to affect the received
signal. The final solution may not appeal to
the purist, but it does work with a minimum
of trouble. A pair of D flashlight batteries
were mounted inside the case and turned
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They Go hogether. ..
ADS ' SKYLANE

-L WAY TOWERS

Cranks UP & DOWN - TILTS OVER
e You're on the air fast...the E-Z Way
e Best of all — NO GUYS

COMBINATION DEALS
SAVE FROM $10.00 to $100.00

We offer you a 5% discount on any tower plus any quad.
Add price of the tower to price of the quad and deduct 5%
from the total. This is your price. Remember, a combina-
tion deal of tower and quad saves you shipping charges also.
We freight a quad and tower combination deal to anyplace
in the 48 states free of charge.

HOW ABOUT THESE?

HD-40 Tower with building attach kit ......................$159.00
2 Element quad with bamboo spreaders ....................$ 59.95
218.95

LeSS 050/ ..ciesarsersrios 10.95

Shipped PREPAID to your QTH, in 48 states ........ $208.00

g & & & & £ % 4 @

i ra TR

RBS-40 Tower with Wonder Ground Post ................$320.00
g Four Element Quad with Fiberglass

3 Spreaders (See Picture) ......c.ccceeeeaverssssrsscessssnsssssanecs: $199.95

g $519.95

1658 0% .cevereancasenss . 2000

Shipped PREPAID to your QTH in 48 states .......... $493.95

2 ¢ 0 o & © 2 9 o

REMEMBER:

® All our quads may be used with single or multiple feeds.
Either Fiberglass or Bamboo Spreaders.

All quads are complete, unless specified otherwise.

All E Z Way Towers are crank down, tilt over, and are
galvanized both inside and out.

Qur bamboo spreaders.come from a bamboo farm, and are
straighter, stronger, and more uniform than the imported
variety. They are fire hardened and varnished.

@ Our Fiberglass spreaders weigh |34 pounds, are in one
piece, and are blue in color.

All quads are pre-cut, pre-drilled and pre-tuned unless spec-
ified otherwise.

H-Z VWATY

P. 0. Box 17196 / Z00UCES,inc.
AMPA, FLORIDA 33612 il

OCTOBER 1968 31




(A

INIZVOVYWN EL

wWnLFvI(] onpwayag ‘1 "y

Tl
12
T3
T4

T5

ALL RESISTORS I/4W
UNLESS OTHERWISE NOTED

3-12 NPO
CERAMIC

: ; L5k

4Tk
Iw

_ -“)-_
£
z
Y
[o]
5¢ 2
H
§=

Il,;F
vV & GAIN
39k SOuF

5

T5

SPKR

2NB2

10.7 me. FM input IF transformer, J. W.
Miller 2070

10.7 me. FM interstage transformer, J. W.
Miller 2071

455khz input transformer, J. W. Miller
2031

455khz transformer, supplied with IF mod-
ule

driver transformer, 10K to 2K c.t. Midland
250633, Calrad CR75

76 output transformer, 500 ohms c.t. to 3.2 L4
ohms, Midland 25-631
3 6.3V, 6 amp or smaller filament trans-

former, Triad F-13X L5
CH1 2 hy, 15 ma. low resistance choke, Stancor

C2707 Ln
Ll 4t. #20 bare copper 4¢” ID %" long
L2 5t. #20 bare copper %4g"” ID 8" long RFC-1
L3 "3t #wy bare copper %g" ID %" long tap

1t. from ground end X1

13/4t. #14 bare copper 94" ID tap 34
turn from ground end link 1t. #20 bare
copper 4" away from ground end

200 microhenry RF choke, J. W. Miller
9210-90

8t. #26 enamel closewound at one end of
14" dia slug form

Ohmite Z-144 or 18 turns #24 wound on
1 meg 1 watt resistor

crystal, 11.155 me.



‘““Drake 4-Line is the most
satisfying...totally efficient...”

says WPYDB, Minneapolis...

To quote in part from a letter received from W. C. Higgins, W@YDB, Minne-
apolis, Minn., dated May 10, 1968...

“. ..Enclosed are several snapshots of my hamshack and equipment.
Since the Drake 4-Line is so predominant, I thought that you might like to
add to your photo collection of Drake-equipped stations. Granted, the gear
is not the new B series but it is still the most satisfying and totally efficient
that this old-timer has used in 32 years of amateur, military and commercial
electronic experience. I earn my living as a Production Manager of (aero-
space) electronic instrumentation production ... and I think I can recognize
excellence in electronic engineering design and performance when I see if.

‘“Again, congratulations for developing the 4-Line. 73 ...”
(Signed) Bill, W. C. Higgins

Ask any ham who owns a Drake
4-Line Rcur, Xmtr or Linear...

or write for detailed specifications:

Dept. 388 R. L. DRAKE COMPANY 540 Richard St., Miamisburg, Ohio 45342



on and off with the power switch. Absolute
stability now exists, and at 2.5 mA battery
current I expect it will be a long time before
replacement is needed.

The oscillator tuning capacitor, Cl, is
made from a Hammarlund HF-15 with all
but 1 fixed and 1 movable plate removed.
This is easily accomplished by holding the
plates with long-nose pliers and bending
back and forth. Doubtless many other simi-
lar capacitors could be used with minor
changes in coil dimensions.

The oscillator tuning capacitor is mounted
on a piece of copper-coated phenolic board,
2" by 1%” soldered along its entire length
to the chassis board. A similar copper-
phenolic board is mounted in front of the
capacitor to support the dial assembly, leav-
ing enough room for the front panel to clear
the dial, and a flexible, insulated coupling
to drive the oscillator capacitor. An insulated
coupling is needed to eliminate a variable-
length ground path for the oscillator capa-
citor rotor. The remaining oscillator parts
are mounted as solidly as possible with the
transistor socket resting on short, solid leads.
Leaving the socket out would provide even
better mechanical stability at the expense

— "

of easy transistor substitution. Not knowing
much about field effect transistor stability
at the beginning of this project, the socket
was used.

The dial assembly is a Jackson model
4511/DRF, giving two speeds for accurate
tuning: 36 to 1, 6 to 1. The dial drive
mechanism is mounted on a piece of phenolic
board soldered to the main chassis, and
coupled to the oscillator board with a piece
of metal tubing. This coupling reduces the
backlash in the unit to an unnoticeable level,
and allows very smooth tuning over the
band. The dial itself was made from a piece
of cardboard cut to 4 inches in diameter
and mounted on the Jackson assembly.

The rf amplifier stage has protection
diodes connected across the input coil to
provide a path to ground for excessive rf volt-
ages, as might be encountered when operat-
ing a transmitter near the receiver. Follow-
ing the mixer is a single stage of if amplifi-
cation at 10.7 MHz to help control the
undesired images which might otherwise
occur if the only if was 455 kHz, The com-
pleted unit shows 42 db supression of the
primary image, which occurs 21.4 MHz be-
low the desired 2 meter signal. A secondary
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Fig. 2. Chassis Layout with dial drive assembly.
MOD-1 IF amplifier and detector module, J. W. Miller 8903B or Lafayette 99H6254
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Fig. 3. Optional 455 kHz If Strip to replace module.

image is also noted, however, due to the
low selectivity of the 10.7 MHz if trans-
formers used, occurring at 910 kHz above
the desired signal. This image response is
down 36 db, and usually causes no trouble
except when a strong local station is operat-
ing near the bottom edge of the band, the
image then falling in the beginning of the
technician band. An additional stage of if
amplification at 10.7 MHz, or use of an
additional if transformer loosely coupled to
the 10.7 MHz output transformer would re-
duce the image to a negligible level. In
actual use no images have been heard from
outside the amateur band, and the in-band
image only served to provide an additional
spot to listen to strong locals. if gain control
is accomplished by varying the base voltage
on the 10.7 MHz if stage.

Following the 10.7 MHz if stage is a com-
bined mixer-oscillator stage, using a crystal
to beat the frequency. This circuit is an
adaptation of one used in many pieces of
commercial equipment, and provides excel-
lent conversion characteristics without any
tuning adjustment other than the input and
output transformers. In the original model
of this receiver, the 455 kHz if amplifiers
were built on the circuit board. However, in
the final version, a J. W. Miller pre-pack-
aged if module was used as part of the
circuit. Both schematics are provided so the
builder can incorporate whichever design he
prefers. The difference in operation of the
two if amplifier designs are small, but the
pre-packaged if unit provides better ave ac-
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tion than was obtainable with the separate
design. The choice of transistors in the if
amplifiers and converters is not critical.
Both 2N706 and 2N3856 can be used inter-
changeably.

A very low voltage diode is required in
the noise limiter circuit, and the most satis-
factory unit seems to be the collector-base
junction of a 2N107 transistor. Perhaps there
are some separate diodes which have the
required characteristics, but in trying over
twenty types, none worked as well as the
transistor specified. The audio stages need
no special comment other than to note the
power output is sufficient for any normal
use. It higher audio output is needed, the
supply voltage may be raised to 15 volts
with a corresponding increase in output. The
voltages on the remainder of the set should
be held to the specified ones to avoid up-
setting the conditions needed for maximum
gain. This will automatically be accomplish-
ed by the 6.8 volt zener diode, but the
supply resistor of 47 ohms may have to be
increased to keep the zener dissipation
within operating limits.

Power for the receiver is supplied by a
6 volt filament transformer and bridge rec-
tifier assembly feeding a capacitive input
filter to yield an output voltage of 7.5 volts
under load. The transformer and choke
shown are not those specified in the parts
list, but some “junk box” specials. Those
recommended have the same ratings. Re-
ceiver muting is accomplished by breaking
the supply voltage to the entire receiver
with the exception of the local oscillator. Asg
mentioned earlier, stand-by can be accom-
plished by breaking power to the oscillator.
This leaves the rf amplifier and mixer op-
erating, and even with the protection diodes,

Top View of The Receiver.
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Bottom View

the mixer gets a pretty good shot of rf
when a transmitter is operating, if the rf
amplifier is left running. Since breaking
both the rf circuits and the oscillator would
require two contacts on the mute switch,
it was decided to let the oscillator run. The
power transtormer and choke used were
surplus items picked up at a local “junk
store,” and somewhat smaller than those
specified in the parts list. If the specified
ones are used, the next size larger cabinet
may be needed. One possible solution might
be to use the smaller cabinet with the pow-
er transformer mounted on the back: an-
other to mount all power components in a
small mini-box and connect with a short
cable.

In constructing the unit, it is strongly
recommended that some two-sided copper-
phenolic board be purchased and used in-
stead of conventional chassis techniques.
The necessity for soldering to ground many
times, along with the high frequency and
low impedences of the transister circuitry
precludes the usual ground lugs and result-
ing long leads. The actutal copper board
size is 4% by ThK”. A cut-out, 4 by 6%”
was made in the aluminum chassis to re-
ceive the copper sub-chassis.

All transistors were mounted in sockets for
initial testing, and probably  could be lead
mounted in the final model, but care should
be taken to prevent excessive heat from
damaging the plastic encased units. Assem-
bly and testing of the unit can be done in
stages beginning with the rf amp, mixer,
oscillator and 10.7 MHz amplifier. Connec-
tion of the output of this combination to a
communications receiver will enable the set-
up to be accomplished without wondering
about all stages at once. After the front
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end portion of the receiver is wired, a grid-
dip meter is a big help in alignment. The
rf gate and drain coils can be tuned, along
with the mixer gate coil to 145 MHz. The
oscillator coil should tune from 133.3 to
137.3 MHz with perhaps a small overlap
for band-edge monitoring. Adjustment of
the coil length and the trimmer capacitor
on the oscillator should enable this range
to be covered. Injection from the oscillator
to the mixer is adjusted by bending the
coupling link near the oscillator coil, al-
though the amount of injection seems to
make little difference in performance. The
best procedure seems to be to tune in a
signal and adjust the link away from the
coil until the signal drops off, then increase
the coupling somewhat bevond that required
for maximum signal. Too much coupling will
cause no problems, other than excessive in-
teraction between the mixer gate coil and
oscillator frequency.

Neutralization of the rf amplifier is mos
easily accomplished by disconnecting the
drain voltage and tuning in a rather strong
local signal. The coil should be adjusted for
minimum feed—through. It should be pos-
sible to drop all but the very strongest
signals into the noise level by careful ad-
justment. If no strong local stations are on
the air, neutralization may be done by
leaving the drain voltage connected, and
adjusting the coil through its range until
oscillation is noted by strange whistles and
ploops on the receiver. There should be two
settings where oscillation will occur: the
correct setting and midway between. While
building various models of the front end,
it was noticed that the neutralizing coil
dimensions had to be varied somewhat for
each model. Do not be afraid to add (or
subtract) turn to Ln if it seems necessary.
The 10.7 MHz rf amplifier stage can be
peaked for maximum output with the com-
munications receiver connected to the sec-
ondary to T: The second converter stage,
Q5, needs no adjustment other than repeak-
ing of T2 and peaking of T3; the crystal
oscillator portion has no tuning adjustments.

After the front end is set up and work-
ing, the 455 kHz amplifiers can be con-
nected and checked out. A separate audio
amplifier connected to pin 7 on the if
module will assure that if the signal sounds
fishy, at least it isn’t the receiver ampli-
fier doing it! Peaking the if transformers
is a simple job, but be sure to use the
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fibre tools recommended for the purpose.
The use of a metal screwdriver results in
very short transformer life—usually about
one turn of the slug is all you get. The
writer originally tried inexpensive 455 kHz
if transformers, the imported tyvpes sold as
replacements for use in transistor radios,
but settled on the slightly larger J. W,
Miller ones. The selectivity is definitely
better on the larger units, and the space
saved by the ultraminiature units is not
really that wvaluable in this receiver. Once
the complete rf system of the receiver is
working, the audio amplifier can be con-
nected and checked out. The only comment
about it is that the use of voltages higher
than 9 wvolts for supply may require the
changing of the bias resistors in the audio
driver and out put stages. At 15 volts the
39 k driver resistor should be raised to
56 k ohms.

Calibration of the dial is done by using
several known frequencies from a nearby
transmitter and interpolating to find the
points at 144. 145 MHz etc. Dial markings
and panel labels were done using a fine-
line felt-tipped pen, after which a couple
of coats of clear lacquer spray were added
for protection. The completed receiver was
housed in a cabinet made by the LMB Com-
pany-Type W-1A, measuring 7" long by
5” deep by 4%” high. A Bud cowl-type
minibox, 10” long, 7” deep by 6" high
would easily enclose the receiver and poy-
er components sepcified. The entire unit
was completed and checked out on the cop-
per board first, then a hole to receive it
was cut in the chassis and small sheet metal
screws used to hold it down. The power

supply was built on the metal chassis itself
for better mechanical stability. One prob-
lem encountered in the final checking-out
of the finished unit was in the mounting of
the loudspeaker in the top of the cabinet.
It seems that the FET oscillators are very
stable unless shaken at an audio frequency!
The resulting feedback sounds nothing like
the microphonics found in most 2 meter
tube oscillators—it makes everyone appear
to have audio feedback in their transmitter!
The frequency of oscillation is high due to
the mechanical stability of the oscillator,
with the end result of accusing stations
being received of having problems. The so-
lution can be reached by two approaches:
One, place the speaker outside the cabinet.
This works every time, but takes up extra
space. Two, anchor the FET and socket
extra epoxy glue to the edge of the tuning
capacitors, and make the remaining parts
so mechanically stable that they are totally
unaffected by vibration. This method of
attack removes 99% of the problem, but
there is still a bit on very strong stations
at very high audio levels. If desired, the
receiver may be run from batteries, either
a 9 volt source or higher with appropriate
dropping resistors. If resistors are used to
lower the voltage, it is recommended that
the input power be fed through the filter
system to act as a decoupling network in
the absence of a low impedence normally
furnished by the battery.

The completed receiver should truly be
a testimonial to the statement, “a good things

come in small packages.”

... W2HUX

computed to every call sign area in the world

e Great circle bearing to over 500 locations.

e Distance in miles or kilometers (advise which).
e Return bearings — advise your QSO’s of their best

beam setting for working you.

e C(Callsign prefix & time difference for each location.
e On 8 x 11 computer paper mountable in plastic.

® Surface postage paid. Airmail include cost 3 oz.
e |f latitude & longitude not given, describe QTH fully

and add $.50 for location service.
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®eSend $3.95 with your name
and exact location to:

MONTGOMERY
GEODETIC
SERVICES

Box 5707
Bethesda, Md. 20014
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PRESENTING THE ALL NEW

AMECO PT

ALL BAND TRANSCEIVER
PREAMPLIFIER

= 6 THRU 160 METERS
= FEEDS 2nd RECEIVER

Model PT, with built-in power
supply, transfer relay, connecting
cables, wired and tested.

PREAMPLIFIER
MODEL BT

Amateur Net

m A frame grid pentode provides low noise figure with ability to handle strong signals,
greatly improving the sensitivity of the receiver section of a transceiver.

m A unique built-in transfer circuit enables the PT to by-pass itself while the transceiver
is transmitting. The PT also feeds the antenna input of a 2nd receiver as well as

it
muting | AMECO
DIVISION OF AEROTRON, INC. = P. 0. BOX 6527 = RALEIGH, N. C. 27608

The Ham Workshop

The ham workshop can be almost any-
thing from a VOM and screwdriver to one
with a complete set of test instruments and
complete metal working equipment.

Oh! You say you don’t have a workshop,
well fellow hams you maybe missing out on
a lot of fun in ham radio.

You hams who dont have even a VOM,
what happens when your ham gear quits
working properly? Pack it up and send it
back to the factory. Well, I guess this is
ok if you have lots of money, anyway it
makes a lot of jobs for technicians at the
factories.

Maybe you are the kind of ham who likes
to fix his own gear or build something new.
But, you say test gear cost lots of money?
True the better test instruments cost more,
but a Cadillac cost more than a Ford too.
Good test instruments don’'t have to cost a
lot, look around at some of the kits on the
market today. Such as the new Heathkit
IM-17 solid state VOM, with 4%” meter, one
FET, tour other transistors, test leads, carry-
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Bill Hayward WQ@PEM
3408 Monterey
St. Joseph, Missouri 64507

ing case all for $19.95, this would be a nice
VOM for you if you are just starting out.

If vou have a lot of test gear around the
workshop, do you know how to use them?
Using test gear is a subject in itself and
I wouldn’t go into it.

A workshop is also tools to help repair
the trouble after your test instruments told
you what was wrong. Every ham should have
screwdrivers of different sizes, pliers (both
long nose and side cutters). a soldering
iron or gun, and rosin core solder.

A good place to start, for hams who don't
have a workshop would be the above tools,
plus a VOM or VIVM. As you work on
more of your own equipment, you find you
need more items, such as a signal generator,
oscilloscope, VIVM (if you don’t already
have one), grid dip meter, rf probe, dummy
load (you should have this already), an
assortment of test leads, wire strippers, and
a nut driver set. These are but a few of
the items vou can add on, not necessary in
the order listed above.
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If you go in for building your own ham
equipment, you might need in addition to
the above, such items as an electric drill
(a must), drill bits, reamer, chassis punches
(for tube sockets if you use them anymore).
a set of files, a variable voltage power sup-
ply, BC-221 frequency meter, and a big

box for miscellaneous parts carried home |

from a bargain sale for that future project.

Where do you put your workshop? Any- |

where that you might have room. An extra
room (if you are lucky), a corner of the
basement, or in a corner somewhere else
in the house.

When you build, where do you get your
ideas? You need to take as many of the ham
magazines and books as you can. Then.
when you see a circuit, you can go to the
workshop and build it up, add your own
ideas to it, see what it will do and maybe
even write an article about it. A bookshelf
is then needed to hold all the books and
magazines you have.

It doesn’t matter which you have the big
well equiped workshop or the one meter
workshop, you should at least try to repair
or build some of your ham equipment. Who
knows, you might find out what's behind
that panel and help yourself learn something

at the same time. . WOPEM

The following Cryptogram was submitted by Fr.
Robert O, Gardiner K10XK

Defi-Gram

P SPOONLO UPQL UZNSZ NA YALE IM |

KMEYTPIL PXMIZLO SPOONLO MO PX
NXILOKLENPIL AYDSPOONLO.—AYD-

SPOONLO.
(Solution on pg. 57)

Build this magnificent
Schoher Theatre Organ

for only
*$1550!

*Includes

finished walnut
console. Amplifer,
speaker system,
optional accessories
extra, Only
$1150.50 if you
build your own
console.

You couldn’t touch an organ like this in a store for
less than $3500—and there hasn’t been a musical
instrument with this vast variety of genuine Theatre
Organ voices since the days of the silent movies! If
you've dreamed of the grandeur of authentic big-or-
gan sound in your own home, you won't find a more
satisfying instrument anywhere — kit or no kit.

You can learn to plafy t. And you can build it, from
Schober Kits, world famous for ease of assembly
without the slightest knowledge of electronics or
music, for design and parts quality from the ground
up, and—above all—for the highest praise from
musicians everywhere.

Send right now for your copy of the full-color
Schober catalog, containing specifications of the five
Schober Organ models, beginning at $599.50. No
charge, no obligation — but lots of food for a healthy
musical appetite!

Thumnrﬂn Corp., Dept. D-4

43 West 61st Street, New York, N.Y. 10023

Please send me Schober Organ Catalog and
free 7-inch ‘‘sample’” record.

[] Enclosed please find $1.00 for 12-inch L.P.
record of Schober Organ music.

NAME
ADDRESS
CITY

STATE ZIP

RADIO CO

Post Ottice Box29-A

PICKERING

MASTER tape below!

CM-1: For the beginner., A com-
plete course of instruction is on

=/ 5, 7, 9 WPM. Prepares you for
Novice exam. Includes code groups
and punctuation.
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_ , pecially for General Class exam
g% the tape. Practice material at @ :;tudy.vﬂ;r irist#tpcht‘ml;:h:uls: ﬁ?‘ﬁ @ code groups. 1 hour at 20 WPM;

: tice. - ‘
15 hr at 17 WPM. Includes coded
groups and straight text.

twice speed!

YOUR TAPE RECORDER IS READY TO TEACH CODE!

That's right! Your tape recorder is ready to help your code study.
The CODEMASTER tapes give you professional instruction via your own
tape machine. Now generated by digital computer, the CODEMASTER
tapes are unsurpassed for timing accuracy. Whether you're just start-
ing, going for your Amateur Extra, or somewhere in between, the
CODEMASTER tapes are your best code-learning buy! Find your CODE-

CM-135: An intermediate tape, es- CM-2: For Extra-Class license
study, Mostly straight text; some

15 hour each at 25 and 30 WPM.
For real QRQ, play this tape at

CODEMASTER tapes are 2-track monaural; available in two sizes: 7-incn reel (33 IPS) and 3!4-inch reel (17; IPS).
Will play on any but full-track machine. SPECIFY both type and size of tape you want. Any tape, $5.95 postpaid USA
4th class. Any two tapes, $11.00; all three, $15.00 PPD. Immediate delivery, CODEMASTER tapes are made only by
Pickering Radio Company, P. 0. Box 29A,Portsmouth, R. |. 02871, Satisfaction guaranteed. Dealers: inquire.
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New Life

for an Old Circuit

Darrell Thorpe
3110 N. 83 Su.
Scottsdale, Arizona

Sumple inxepensive VFO circuit can supply
stable fundamental drive sources to 50 MHz

and beyond.

The Clapp oscillator circuit has eclipsed
all other circuit configurations when it
comes to buildng a VFO with inherent
stability. However, it is not generally known
that the Clapp circuit (first described by
J. K. Clapp in 1954) is based upon a de-
sign conceived by Jiri Vackar in 1949. Most
naturally, it is called the Vacker circuit. The
Vackar circuit for some unkown reason has
not received much attention in ham radio
publications, so it is hoped that this rein-
troduction of the Vackar configuration to
the ham ranks will breath new life into
an old circuit that has much to offer.

What it offers

The Vackar provides inherent stability
that is superior even to the Clapp circuit or
any of the other common circuit configura-
tions that are often described in VFO ar-
ticles. Moreover, the output of the Vackar
oscillator can be made constant over a wide
frequency range. For purpose of compar-
isons, the basic Vackar, Clapp and Colpitts
circuits are shown in Fig. 1. Note the sim-
ilarity of the Clapp and Vacker circuits
which is as should be because the Clapp
was derived from the Vackar. Also, note
that Vackar is not a Colpitts.

The Vackar circuit is series tuned by CV
and the tank is shunted by a large capacitor
C2. In addition, the tuning capacitor, CV,
can be large in respect to the other capaci-
tors if a wide tuning range is desired, and
a 2.5: 1 frequency range is practical. Or, the
tuning capacitor can be small to cover a
narrow band.

80-Meter YFO

A practical Vackar circuit suitable for op-
eration in the 3.5 to 4 MHz range is shown
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Fig. 1. Basic Colpitts and Clapp circuits are
shown with The Vackar for comparison.

in Fig. 2. However, as will be described,
values can be changed to cover any other
frequency range that is desired. The high Q
toroid inductor together with CV, and Cl1
thru C5 form a resonant circuit at the VFO
frequency. But, for all practical purposes,
the value of CV, trimmer C3 and C4 to-
gether with L1 are the primary components
that determine the frequency range. Note
that C4 is not needed at higher frequencies.
Capacitors C1 and C2 should be as large as
practical, that is, the shunt reactance across
L1 and the transistor should be small for
best stability. To determine Cl1 and C2,
which are the same value, at other fre-
quencies use the following equation
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Fig. 2. Vackar oscillator circuit

C (pF) = 3000
f(MHz)

Values determined from this equation will
provide optimum stability and still remain
consistent with other oscillator requirements.
C5 should be small enough to prevent the
transistor from being driven into saturation
or into cutoft.

So, to get to another frequency, calculate
Cl and C2, select suitable values for CV
and C3 and padder C4 at lower frequen-
cies, and then determine the inductance
needed for L1 to resonate with this amount
of capacitance from charts in the radio
handbooks. One other point of consideration
is the decoupling provided by R4 and C6.
This decoupling prevents spurious oscilla-
tions at audio frequencies and R4 must not
be replaced by a choke because the choke
which gives good rf decoupling would not
give the necessary suppression of these po-
tential audio oscillations.

VFO/Driver

Fig. 3 shows the basic Vackar VFO with
an emitter follower isolation stage and low
power driver stage. If the VFO is to be
used in a stable temperature environment
and not in conjunction with vacuum tube

furnaces it will probably be stable enough
without compensation. However, compen-
sation can be provided by using an N300
trimmer capacitor for C-3.

For low drive power, the MPS 706 does a
fine job in all three sockets, providing an
output of about 3 of a watt. But, if several
watts of output are needed or if it is de-
sired to use this unit as a QRP transmitter
an RCA 2N2270 or 2N3053 (a real bargain
at 75c) can be used in the final stage and
the collector voltage upped to about 20
volts. If two of these devices are paralleled,
vou can put out a pretty healthy signal.
Don't put more than 10 volts or so on the
MPS 706 or you will lose it. The collector
emitter breakdown wvoltage of the 706 is
only 20 volts, and collector voltage should
not exceed 2 of the collector-emitter break-
down voltage. The 2N2270 has a BV... rat-
ing of 45 volts and the 2N3053 is rated at
60 volts.

The same printed circuit layout can be
used to build this VFO/driver at any other
frequency that may suit your fancy. The
circuit board wiring is included for those
who want to make their own board. How-
ever, if you don’t want to fiddle with making
your own circuit board, an etched and drilled
board (type VFO-A) ready to mount the
components to build a stable VFO at any
frequency from 160 thru 6 meters is avail-
able from Circuit Specialists Co., P.O. Box
3047, Scottsdale, Arizona 85251. The price
is $2.00 post paid. Also, toroid coil kits
VFO-80 meter and VFO-6 meter including
the two toroid cores and the specified wire
are available at $1.00 per kit from the
same source. Once youve gathered the few
parts needed to go with vour circuit board
vou can have a unit working in an hour or
less. I've built several units at different fre-
quencies and all worked immediately upon
application of power.

TO COLLECTOR- MODULATE FINAL:

OMIT RS
APPLY MODULATED VOLTAGE AT B

APPLY 9 TO IOV AT A

#C4 NOT USED IN 6M VERSION

COIL DATA
80M &M

COIL

Fig. 3. Basic Vackar VFO

OCTOBER 1968

AT 0% B2
L2 SAME AS LI

SAME AS LI

Ly | 270 4T SAME AS BOM

41




Printed Circuit
Board
foil side

=~r o e el

i
T

: i

&

6-Meter YFO/Transmitter

By simply changing a few of the values
determining the resonant circuits the pre-
viously described circuit can be converted
to a VFO controlled low-power 50 MHz
transmitter or a driver for a higher pow-
ered final.

For stability over a wide temperature range,
N-750 capacitors should be used for Cl1 and
C2., Wth the toroid inductor and N-750
capacitors the drift due to temperature is
negligible except at extreme temperatures.
This unit was built as a test for several pur-
poses, therefore an HF-50 wvariable capa-
citor was used and the tuning range is from
about 40 MHz to 60 MHz. For 50 MHz
only an HF15 would be more desirable.
The turns on the toroid can be compressed
or spread slightly and this together with the
trimmer will set your bandspread. Note that
C4 is not used in this version.

At 50 MHz, transistors became a little
more of a problem. MPS-706’s in all sockets
seem to work, but the power output is low
and VCC is restricted to about 10 volts.
The 2N3053, which in the beginning I had

high hopes for, proved to be a disappoint-

ment at 50 MHz. It worked pretty good at |
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Parts Lavout

for P.C. Board
cI0

40 MHz, and it probably would do a fine
job on 10 meters. The RCA 2N5180 (avail-
able at 48c¢ but not yet listed in the cata-
logs) does a fine job. Although it is a low
power type, it is a VHF device (900 MHz)
and therefore has good efliciency. Two or
more 5180s can be paralleled for a pretty
healthy signal. They are economical enough
to be used in all sockets. The Motorola
2N2219 also does a fine job. In fact, almost
any silicon NPN that has an f. of 200 MHz
or more would probably work. At higher
voltage a small clip-on heat sink should be
used. . . . Thorpe

| | DIODE CIRCUITS HANDBOOK |

An invaluable reference book.
Covers rectifiers, meter circuits,
mixers, detectors, modulators,
products, FM detectors, noise
limiters, squelch, AGC, BFO'/Q- |
multiplier, xstr protection, AFC,
Yaricap tuning, audio clippers, FM
modulator, balanced mods, Varac-
tor multipliers, field-strength

meters. wavemeters, RF probes,
dummy loads, SWR bridge, tach-
ometer, noise generator, square- |
wave gen, zeners, control circuits,
voltage control, etc. |1l different
circuifs,

An absolute steal at $1.
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New 500-Watt 5-Bander from NRCI

only $39995

For $399.95, you can’'t buy a more potent package than the new NRCI NCX-500 trans-
ceiver. This versatile 5-bander is packed with the performance extras that give you the
sharpest signal on the band, plus an enviable collection of QSL’s. Check it out!

® 500-Watt PEP input on SSB, grid-block ® Rugged heavy-duty 6LQ6’s.

keyir;%_g: CW and compatible AM ® Crystal-controlled pre-mixing with single
QpCTasaal, - ot VFO for effective frequency stability, plus
® gﬁfecaigretﬁearnmf'BTlt-iztumng range identical calibration rate on all bands.
e Separate product and AM detection. ® Crystal lattice filter for high sideband

suppression on transmit, and rejection of
adjacent-channel QRM on receive . . .
plus solid-state balanced modulator for
““set-and-forget’’ carrier suppression.

® Sidetone monitor, plus built-in code
practice oscillator.
® Generous overlap for adjacent-channel

MARS coverage.
® Fast-attack slow-release AGC in all modes. @ Universal mobile mount included.

AC-500 Power Supply— $95 Great things are happening at NRCI

i/ NATIONAL RADIO COMPANY, INC.

NR_CI 37 Washington St., Melrose, Mass. 02176
617-662-7700 TWX: 617-665-5032

@1968, National Radio Company, Inc.




Alton E. Glazier, K6ZFV
3154 Jordan Road
Oakland, California 94602

VHF rf Noise Suppression

Probably one of the least understood prob-
lems with VHF mobile is rf noise suppres-
sion. After participating in, and listening
to many conversations, it becomes apparent
that a basic knowledge of the problem is
lacking.

One of the most common complaints is
that the converter or receiver is at fault
because it picks up noise, or the antenna is
at fault for the same reason. If the receiver
and antenna are at all satisfactory, you will
hear noise, for neither has intelligence to
differentiate between the radio station to
which you wish to listen and that being
transmitted by the electrical system. True,
most VHF receivers have some type of noise
clipping which takes place either in the if
section or second detector, or a blanker
between the converter and receiver. It is
also true that a narrow pass band in the
if section will help; however, as most am-
ateurs today are using commercial equip-
ment, little can be done about this. Some-
times the location of the antenna will help,
but these things in themselves will not cure
all evils.

RF noise in mobile operation falls into two
main categories. The first is conducted rf
noise, and the second, radiated rf noise.
Both types are quite broad banded. Con-
ducted rf noise is that which is conducted
along the electrical system of the car, and
may originate from the alternator or gen-
erator, the voltage regulator, the points at
the distributor, the windshield wiper motor,
turn indicator flashers, etc,

The first step in conducted rf noise sup-
pression is to remove the antenna from the
receiver and short out the antenna jack.
Turn the gain up and note the amount of
inherent noise in the receiver (nothing can
be done about this unless you want to re-
work the receiver). Start up the engine with
the antenna jack still shorted. Rev the en-
gine up and down. In most cases, you will
hear alternator whine and distributor noise.
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Shut off the engine and start the windshield
wiper. Increase and decrease speed. Shut
off the wiper motor and start the turn in-
dicator. Follow this through for any elec-
trical device.

Now, for the conducted noise suppression:
In some cars most of the electrical equip-
ment conducted noise cannot be tolerated.
In others, perhaps only two or three areas
will require suppression. A great deal de-
pends on the individual operator. In all con-
ducted noise suppression, mount the sup-
pressor as close to the offending equipment
as possible. The reason for this is that as
noise is being conducted along the electrical
system, it can start radiating, and become
an additional problem.

For alternator or generator suppression,
there are two main types of suppressors.
One is the tuned parallel trap, consisting
of a coil and wvariable capacitor. This is
connected in series with the lead from the
alternator (as closely as possible). Of course
this trap must be able to resonate at the
desired listening frequency.

Now, with the antenna jack still shorted,
and the audio gain well advanced, tune the
trap for minimum noise. The second method,
and my choice, is to install a feedthrough
capacitor as close as possible to the alter-
nator.

Perhaps a word at this time about feed-
through capacitors would not be amiss. A
feedthrough, as its name implies, is one
where the conductor, or lead, goes through
the capacitor. The foil making up the ca-
pacitance is wound around this lead. The
other lead of the capacitor is usually the
metal case. From this it can be seen that
inductive reactance is held at a minimum,
and that any noise present on the line is
forced to take this path. Be sure to scrape
the metal clean in mounting capacitors. Do
not use a wire ground lead, as the inductive
reactance in the lead may defeat the pur-
pose of the capacitor. As to the value of
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the capacitor necessary, this will depend
on the amount of suppression needed.

There are several companies who publish
charts showing current capacity, frequency
and suppression in db, and the necessary
capacitance value together with the types
of mechanical mounts. The current spoken
about here refers to the amount of current
the lead can pass. For example, if your
alternator can produce 30 amperes, a 30-
ampere type capacitor is needed. If the al-
ternator can produce 60 amperes, a 60-
ampere capacitor is needed. I was unable
to acquire this information from the local
wholesalers, but had to go directly to the
manutfacturer.

For those who do not have the time, in-
clination or ambition to follow this course,
there are noise suppression kits available,
consisting primarily of feedthrough capaci-
tors. Instead of the capacitors being selected
for any particular frequency, these kits are
more of a brute force, general coverage
type, and in most cases are satisfactory;
however, for those electrical devices not
covered by the kits, use feedthroughs.

Radiated rf noise. After the conducted
noise is suppressed to your satisfaction, con-
nect the antenna. Tune between stations,
shut off the noise limiter and listen to the
atmospheric and man-made noise. No type
of suppression will affect this noise. The
only thing affective here is previously men-
tioned blanker, clipper, ete. Start the engine
and see how the noise increases. This ra-
diated rf noise is that emanating from your
autoelectrical system, and here is where
radiated suppression counts. If your receiv-
er and antenna are performing their func-
tions well. the noise should increase consider-
ably.

Now for the radiated noise suppression:
First, be sure the receiver or transceiver
is properly grounded. Do not rely on the
Gimble mount for this purpose. Use broad
straps. Two are better than one, and they
should be as short as possible. Be sure the
bolts used are large enough, and the sur-
faces clean. Now we look at the engine
compartment. First, check the ground strap
from the engine block to the frame, Clean
and retighten. Install at least one more
strap from the engine to the frame at some
other point, and perhaps one from the
block to the fire wall.

Remember, what is a satisfactory ground
for vour six or twelve volt system is not
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SPECIAL
TV CAMERA
PARTS KIT

ONLY

$99.95

including vidicon and lens!

To meet the many requests for a low-priced
solid state TV camera kit, we have made avail-
able from our factory stock the following parts
which you can assemble at very little additional
expense into a superb TY camera. Included in
the kit are the following:

1) Completely assembled and tested video
amplifier plug-in circuit board with a 10-
transistor &6 MHz bandwidth amplifier and
keyed clamp with adjustable pedestal and
sync mixer.

2) Completely assembled plug-in sweep cir-
cuit board with 8 transistor and 5 diode
horizontal and vertical sweep generators
and amplifiers featuring excellent linearity
and more than enough drive for 1" vidicons.
3) Excellent quality deflection yoke and
focus coil with beam alignment magnets and
raster positioning adjustment. Also included
is the vidicon tube clamp and target con-
nector.

| 4) Camera tested vidicon excellent for

amateur use and matched to the deflection
assembly above.

5) Good quality F1.9 or better achromatic
lens with matching lens mount.

Note: All items are brand new except vidicons
which we quarantee will work with the parts kit
supplied when assembled according to the sche-
matic and adjusted according to normal pro-
cedure. Since step-by-step instructions are not
available, we recommend this kit only to those
who can follow a schematic.

Due to the low price and limited quantity, we
cannot sell the above components separately.
When our present stock is exhausted, it will cost
at least $160.00 to repeat this offer. Order now
to avoid disappointment.

VANGUARD LABS

Dept. H
196-23 Jamaica Ave., Hollis, NY 11423
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good enough for VHF operation. In some
difficult cases, it is also necessary to ground
the muffler and tail pipe with broad straps,
and sometimes it is even necessary to use
wheel static suppressors. This wheel static
can be detected best if you can find a
road to yourself on a warm, dry day. At
a speed of about sixty miles per hour, shut
off the ignition switch and listen closely to
the noise. As the car loses speed, the static
noise will decrease and disappear as the
car stops.

In some cases, you may have to ground
the hood of the car. If so, use broad straps
on each side. near the hinges. Make sure
the ground connection at the base of the
antenna is tight. Remember that a bumper
or bumper mount is a very poor mount for
VHF. If you must use the bumper, use
broad metal straps from the base of the
antenna to the body of the car, making them
as short as possible.

As vou have gathered by now, any part
of the car that is radiating rf noise must
be grounded. One simple way of detecting
this is to use yvour receiver with a random
length of coax connected to the antenna
jack. At the opposite end of the coax, wind

—

two or three turns of hookup wire, making
a coil one inch in diameter. Tape the coax
with the coil at the end to a vyardstick.
You now have an rf sniffer. By moving the
coil around the car, vou can detect areas
of radiation.

The high voltage portion of the ignition
system is something else again. The most
common approach is to use resistor cable
from the distributor to the spark plugs.
This may he all right for the high frequency
bands, but for VHF it leaves something to
be desired. I prefer the resistive type of
spark plug. The resistor is built right into
the plug. Here we hear cries about poor
gas mileage, etc., etc., etc. Remember, the
purpose of the resistor is to minimize the
jagged peaks found in the electrical wave
form. If your high voltage is so marginal
it must rely on these broad spikes, you have
electrical problems. If you are going all out
for suppression, there are kits available
which will give maximum radiation sup-
pression. Primarily, they consist of shields
for the coil, distributor, high tension cables
and spark plugs. (If you can stand the
tariff) . '

In mobile noise suppression, how far to

 OFFICIAL NOTICE

If you bought this copy of 73 from the newsstand or from the counter of a
radio store then you should subscribe to 73 within the next three months. Frankly
we frown on readers who buy all those stands bare every month, frustrating
thousands of would-be 73 readers who arrive a bit too late. Be considerate,

subscribe.
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Unique opportunity to own
one of the world’s finest
all-band receivers.

900 ke

_________

Limited quantity of famous
R-390A/URR radio receivers . . .
brand new. Original manufacture,
1968 production . . . fully tested
to meet U.S. Government

oy mme 1ES S o ST specifications. Range 500 kc to

G a0 B 32 mc, 30 1-mc bands, digital
alasr T ¥ readouts. Original pack, includes
two instruction books, complete
set running spares. New low
price $1,700% . . . fully
guaranteed.

nnnnn

*A few new, but shelf-worn, units
available at lower prices.

WRITE OR CALL FOR DETAILS

R-390A/URR
Radio Receiver

go is entirely an individual matter. Also
remember, two cars of the same model may
require different measures. Antenna loca-
tion plays some part in the amount of ra-
diated noise pickup. For example, if there
is radiated noise leaking around the hood, |
and the antenna is near this area, vou will |
have noise. However, hiding the antenna
behind the car is not the answer. Suppres-
sion at the hood is.

GET YOUR NEW

ISSUE NOW!

Over 283,000 QTHs
in the U.S. edition

For those of us who must use city streets $6.95
and freeways, how much suppression to Ougr 135,000 QTHs
strive for is a question, for nothing can be | in the DX Eg‘l:lgg

done about those cars in front, behind, to
the right and left of us, except a very good

noise clipper, blanker, etc. For those rare an!IE.r direij% {agg feﬁsii;ﬁ;
times when we get away from it all, and | q4050 yatuable EXTRA features & Canaida, Eisawhere add

See your favorite dealer or

for those living in less crowded areas, use included in both editions! 50¢).
the greatest suppression possible. e QSL Managers Around the e Radio Amateurs’ Prefixes
_KB6Z7ZFV | World! by Countries!

° lt:;nsushufﬁ:in l&nﬁt‘eur! e A.R.R.L. Phonetic Alphabet!
| roughout the world! e Where To Buy!
? . ® Ela;lsi:!hmateurs' License | ¢ eat Circle Bearings!
Does Math scare yout o World Prefix Map! e International Postal

Information!.

"Simplified Math for the Ham Shack” i W et % St ek el
P

One of 73’s books will make it easy.

RADIO AMATEUR
by Order foday, only 50c. WRITE FOR e a“bnnkm

e Dept. B,4844 W. Fullerton Ave.
Chicago, Ill. 60639

BROCHURE!




Hallicrafters SR-400

The Hallicrafters SR-400 arrived the other
day for an evaluation test. This is the first
piece of gear that has turned up with my
name on it, even temporarily, in about three
years, so I got right at the rig to see what
Hallicrafters had come up with and what
improvements had come about since my last
new transceiver.

Once you have become used to a one
kHz per division dial I dont think you
ever are comfortable until you get back to
one. (I may write kHz, but until I pass into
the great DX'pedition in the sky I shall
think kilocycles.) The 400 has just such a
dial and it is light as a feather. It also resets
with absolutely no backlash. With a little
practice I found I could set my dial to
within 100 Hz (cycles) as easily as I can
set some other transceivers to a kHz.

One knob on the front panel that I viewed
with great relief was for the noise blanker. 1
don’t know about you, but when I put my
tower up I managed to find the worst pos-
sible place for it. My twenty meter beam
virtually hangs over route 101, the major
truck route east-west for this whole area.
I'm right at the top of a medium sized hill
so I get a good long shot over a quarter
mile of road where the trucks are struggling
to get up some speed after stopping at the
one and only traffic light in Peterborough.
The ignition noise often is staggering. So 'l
just pulled the blanker knob and removed
all those trucks from my speaker. Halleluja!
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They have another little contraption built
into this transceiver that is very handy. This
is the RIT, the receiver incremental tuning
control. On phone this means that you don't
have to follow someone down the band if
his transceiver doesn't really transceive. And
you don’'t have to move your transmitting
frequency every time someone calls you a
little off the channel. You just move your
receiver off a kHz or two and leave the rig
where it was. This is great for nets on 80
meters where half of the fellows never seem
to be able to hit the net frequency exactly.

The RIT can certainly be useful when you
are working phone DX and vou want to
move off the channel just a little to work
around a pileup. This is absolutely basic for
CW DXing,

The 400 would seem to be ideally suited
to the CW operator. Not only does it have
the RIT arrangement for small QSY, but
it has a 200 Hz filter position with an ad-
justable notch. That isn’'t enough for you?
It has automatic break-in for CW and you
can adjust the delay so you can have almost
instantaneous break-in. What about monitor-
ing your own signal? It has sidetone built
in, Frankly, if Hallicrafters forgot anything
in this package, I can't think what it is.

The 100 kHz calibration oscillator is built
in and not, as on other transceivers, an ac-
cessory.

I found the rig simple to tune. It did
take me a little time to get it on the air
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because I wanted to test it through my
Henry 2K linear and this required a couple
of soldered connections to the power plug
on the 400. I finally found a soldering gun
out in the back of the barn storage area.
Every last inch of solder had been lifted so
I had to go downtown for that. And the
mike used an Amphenol connector which I
couldn’t find around. Evans sent one down
the next day and I was in voice.

My first contact was with Bert, ZL4IA,
who said that not only was I by far the
loudest signal on the band, but that the
audio sounded excellent, every bit as good
as AM. KR6]JK was next, and Dave said
that my signal was by far the loudest on the
band and the audio teriffic. I worked about
thirty other countries during the evening
and in no case was I able to get anything
but excellent reports. I tried turning up the
mike gain to the top and giving the Ampli-
fied Automatic Level Control a workout.
In the midwest, where my signals were
booming in about 50 over nine, the re-
ports were that my signal was about 3 kHz
wide on the lower side and about 10 kHz
on the higher side. That seemed to me to
be remarkably good considering that I had
everything wide open and the meters were
going almost off scale.

In all, Hallicrafters has turned out a
beauty of a transceiver. It is one which will
do everything the hardened phone man
could ask. It doesnt go all to pieces when a
whalloping signal is just off frequency. It
is nice and stable. When vyou calibrate it
you know that you can depend on the dial
telling you exactly where you really are in
the band. _

If you like your CW, as many of us do,
vou may have been frustrated at the short
shrift that many of the present day trans-
ceivers give this half of amateur radio. The
SR-400 obviously has been designed by a
CW man for CW men. With all those fre-
quencies opening up to the Extra Class li-
censees this coming fall I'll bet that a lot
of you will be wishing your transceiver had
some of the abilities of the 400.

Phone men will want the associated HA-
20 remote VFO unit. This permits split fre-
quency operation over a wider range than
the RIT function, letting you work DX sta-
tions down around 14,100 while transmit-
ting above 14,200. Most of the time 1
don’t personally feel that this type of op-
eration is in the best interests of the other
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fellows trying to use the band, but I recog-
nize that it happens and when it does you
don’t want to have to swing your transceiver
down to copy the DX station and then back
up to the U.S. band to talk back to him.
You'll do this about once before you call

vour distributor and get the HA-20.
. . . W2NSD/1

Technical Specifications

Tuning Ranges:
Full frequency coverage of the amateur bands in
eight ranges from 3.5-30 MHz.

Types of Emission:
SSB—selectable USB/LSB with suppressed carrier
either manual, or voice control.
CW-—Keyed RF carrier either manual or break-in.

Dial Calibration:
One kHz inerements, 500 kHz tuning range.

Frequency Stability:
Less than 250 Hz drift in first hour, after a fifteen
minute warm-up, and less than 100 Hz per hour

thereafter,

Fower Supply Requirements: '
Model PS-500-AC for 105-125V 50/60 ecyecle AC base
station operation, or PS-500A-AC for 117-234V
50/60 cycle AC base station operation. -
Model PS-500-DC for 12 VDC mobile operation.

Transmitter
Power Output:
SSB—200 watts PEP
CW—200 watts.

Distortion Produets:
30 db signal to distortion ratio.

Unwanted Sideband Rejection:
50 db below desired output.

Carrier Suppression.
60 db below PEP output.

Receiver

Crystal Lattice Filter:

Six pole, symmetrical passband. Center frequency —=
lﬁﬁlalh kHz. B/W = 2.1 kHz (3db) B/W = 4.2 kHz=z
(50 ).

Sharp CW filter, 200 Hz @ 6 db.

Noteh rejection, up to 30 db.

Antenna Input:
50 ohms nominal.
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13 USEFUL
TRANSISTOR CIRCUITS

If you've been looking for
a transistor circuit to do a
special job, chances are there
is a circuit in this book that
will give you a head start.
It covers circuits for audio,
receivers, transmitters and
test equipment. $1

INDEX TO SURPLUS

Do you have a piece of sur-
plus equipment that you want
to convert but can't find an
article? If so, this is the book
you need. It lists all of the
surplus articles and conver-
sions in popular electronic
and amateur magazines from

1945 to 1966. $1.50

PARAMETRIC AMPLIFIERS

For the ham who wants to
work DX on the bands above
432 MHz, there is nothing
that can beat the gain and
noise figure of a paramp.
This book shows you how they
work and how to build and
use them. Lavishly illustrated
with photographs and draw-
ings. $3

HAM RTTY

More and more hams are
joining the RTTY crowd every
day. This [12-page book
gives you all the basics and
tells you what you need to
know to get started and get
on the air. Written by W2-
NSD and W4RWM. $3

—Transistor Circuits ...
—Index to Surplus ...

—Parametric Amplifiers ...
el RYTY i s
—VHF Antennas ............._....
—Simplified Math ... ..
—ATY Anthology ...
—Military TV

—Cumulative Index ... ..

72 USEFUL 4
TRANSISTOR CIRCUIYS

INDEX TO

SURPLUS

PARAMETRIC
AMPLIFIERS

lim Fisk WIDTY

)

BaVis

(

Address
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BOOKS

VHF ANTENNAS
This handbock by K5JKX is

a complete collection of in-
formation about VHF and
UHF antennas, with design
hints, construction and
theory. If you've been won-
dering what array you need,
this book will give you
enough background to make
the right decision. 53

SIMPLIFIED MATH

Does math scare you? It
shouldn't in this easy-to-
understand book KB8LF| ex-
plains the simple exponent-
ial system of arithmetic, sim-
ple formulas, logarithms, and
their application to the ham
shack. 50¢

HAM TELEVISION

The Amateur Television An-
thology is a collection of the
technical and construction ar-
ticles from the ATV Experi-
menter, edited by WOKYQ.
If you're interested in ATV,
this is the book for you. It
covers the gamut from the
simple to the complex in

amateur television equip-
ment. | $3

DIODE CIRCUIT HANDBOOK by WAICCH.
Will drive you right out of your mind. only $1.

CW by W6SFM explains code and how

to learn it.

MILITARY SURPLUS TV EQUIPMENT
by W4WKM is a necessity to the sur-

plus-scrounging ATY addict.

CUMULATIVE INDEX lists all the ar-
ticles in 73 up throuah December 1966.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii O

MNAPS ossiiecerinnie. £IP
Books shipped prepaid in US and Canada.

73 Magazine
Peterborough, N. H. 03458

ANTENNA
HANDBOOK
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CASETTE TAPE RECORDER

After testing a dozen different makes of cassette
tape recorders we found that the Valiant was by
far the easiest to use. The fidelity is good and the
push button system outstanding. Has battery level
meter, recording level meter, jack for feeding hi-fi
or tv, operates from switch on mike. Great for re-
cording DX contacts, friends, at the movies, parties,
unusual accents and things like that. Once you try
it you will be using it like a camera. Check this
price anywhere, it is a lulu!

SPECIAL, ONLY $44.50 ppd
24 HOUR CALENDAR CLOCK

This clock reads out the day, date and time in
large, easy to read numbers. None of that little
tiny number business for your shack. Set this up
on GMT and never make a mistake again on log-
ging time and date. 8"'x3!/5''x3!/2"", brushed aluminum
case. Synchronous self-starting movement, |10 v 60
cycles. Make your operating desk look outstanding
with this new type of clock.

SPECIAL $49.50 pp
TRAVEL-CLOCK RADIO

Eight transistor clock radio, complete with clock,
radic alarm, and slumber setting! Weighs less than
I!/> pounds. Great gift for a traveling friend or
relative. Or yourself. Earphone for private listen-
ing. if you like. Batteries included.

SPECIAL ONLY $17.95 pp
AM-FM DIGITAL CLOCK RADIO

Here is something entirely new in clock radios-
a digital clock plus a very sensitive AM-FM with
AFC radio. This is the first digital clock radio ever
imported into the U.S. The radio is all solid state,
of course. This makes a wonderful radio for the
bedroom. Price clock AM-FM radios, even in the

bargain fliers, and notice the amazing low price for

this one.
SPECIAL ONLY $49.50 pp
DESK NAME PLATE

Your name and call on a beautiful desk plate might
normally cost you arcund $10. These plates are wal-
nut grained and are available with up to 20 letters
and spaces. You can have your full name or your
first name and call. Immediate delivery on all orders.
10" long by about |'" high. ldentify your station

with one of these plates.
SPECIAL $2 pp

| REDLINE, Jaffrey, N.H. 03452

| Please send postpaid the following;
check enclosed.

tape recorder desk clock
travel clock radio
clock am/fm name plate
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A Low-Noise FE1 Converter
for 50 MH:=

Here is a FET converter which offers the
extremely low noise figure of the new TIS
88 transistor, as well as good cross-modula-
tion performance. This exceptionally low
noise converter should be valuable to any-
one interested in weak-signal 6-meter recep-
tion, The TIS 88 has a noise figure of 0.8
db at 50 MHZ and sells for $1.75 in single
quantities. The ability to get below the at-
mospheric and man-made noise at 50 MHz
to dig out the weak ones will be especially
attractive for receiving skip signals during
the approaching sunspot maximum. In this
converter, the stability of a cascode rf stage,
plus a TIS 34 mixer stage biased near cut-
off insures high rf and mixer gains plus
good overload control. The author also offers
an optional bias circuit for the rf stage
for those confronted with unusual antenna
overload problems. The FET local oscillator
should also be of interest to the ham build-
er, since there have been few FET receiver
oscillators in the current ham literature. In
summary, the clean, crisp reception qualities
of this FET converter should be pleasing to
everyone interested in 6-meter signals. The
builder should be quite happy with the ex-
cellent performance of this unit.

I
Circuit description

The rf stage is a typical cascode circuit
using a TIS 88 input and a TIS 34 output.
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by Robert D. Morrison WB6YVT
623 Sonoma Ave.
Livermore, Calif. 94550

The TIS 88 is a plastic version of the re-
markable 2N4416, while the TIS 34 is a
plastic version of the popular 2N3823. The
cascode does not have a better noise figure
than a single neutralized stage but was se-
lected primarily for its better inherent sta-
bility.

The TIS 34 mixer stage is biased near
cutoff for high local oscillator injection and
conversion gain. This type of bias also pro-
vides good overload control and allows high
rf stage gain. The cross-modulation distortion
of the FET remains low even near cutoff.
A TIS 34 is used in a series-mode local
oscillator circuit. This type of circuit is rec-
ommended for overtone crystals. The oscil-
lator tank output voltage at a 2K load is
about 10 wvolts peak-to-peak. The crystal
frequency of 43.000 MHz produces a con-
verter if output of 7 to 11 MHz. This par-
ticular if frequency range was selected for
the following two reasons. First, the con-
verter should work well in this frequency
range with low price receivers which usually
have limited gain and frequency stability
from 14 to 18 MHz. Secondly, the 58 MHz
carrier of a local channel 2 TV station can
produce an apparent 50.0 MHz image if a
14-18 MHz if frequency is used. In this case
a 58 MHz antenna trap is required at the
converter input. This reduces the sensitivity
of the converter. However a 7-11 MHz if
frequency eliminates the need for such a
trap.

Construction

Two plain aluminum chassis boxes were
used. A 4” x 24” x 24" (LMB No. 107)
box was bolted to the bottom of a 7"x
5"x3” (LMB No. EL 753) box to form
three partitioned compartments. The cen-
ter mixer compartment physically separates
the local oscillator and rf stages. This con-
figuration reduces local oscillator pickup and
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Fig. 1. Schematic diagram of the converter. All resistors are Yi-watt carbon. All bypass capacitors are
disk ceramic. Dipped silver mica capacitors are preferred for capacitance values below 100 pf., but disk
ceramics are acceptable unless otherwise specified. The 1 pf. dipped silver mica capacitors are made by
Cornell-Dubilier. For best sensitivity, connect the TI1S88 source directly to a ground lug as at A. For
better overload control, connect the 1N191 (or 1N192) diodes across J, as at CX, and then connect the
T1S88 source to the 330 ohm (005 mf.) bias network as at B.

amplification through the rf stage.

An electrically continuous circuit ground
from input BNC receptacle to output BNC
receptacle has been provided by size 18 bus
wire. All mechanical connections of wire,
lugs, screws, and even BNC receptacle base
are soldered over to provide this electri-
cally continuous ground circuit. This tech-
nique may seem redundant but, in low noise
circuitry, it is not particularly wise to de-
pend upon mechanical connections for elec-
trical continuity. Ground currents from one
circuit, in general, should not enter the
ground circuits of another circuit. This
ground current isolation is most easily
achieved by using only one grounding point
for each circuit.

Transistor sockets are not used. The tran-
sistor leads are soldered directly to ceram-
ic base standoff insulators (Useco 1460B).
The transistors, barring electrical accidents,
should never require replacing. Since the
converter input is at dc ground, the TIS 88
should be well protected from dc over-
voltages. The builder who is concerned with
rf overvoltages or an unusually strong sig-
nal can protect the input with the op-
tional diode and bias circuit described in
the schematic diagram. These optional cir-
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cuits will produce a very slight decrease in
converter sensitivity,

Ceramic slug tuned coil forms are used
throughout. Coil losses are most important
in the input stage. A slight improvement
in noise figure might be obtained by re-
placing the input coil and fixed capacitor with
an air core coil and ceramic base air ca-
pacitor. The air core coil should be of large
size wire and can be enameled, silver-
coated, or bare. Tinned wire is not rec-
ommended. The coils should be at least
one diameter distant from other objects.
However, air core coils are not actually
necessary since the converter already has
a lower noise figure (2 db or less) than
can ever be used at the fairly low frequency
of 50 MHz with its high atmospheric noise
level.

The %” nut and bolt in the mixer se-
lection is used only to fill a hole in the
chassis. This hole has been used to hold
an rf gain control. A 100 K or 1 Meg
(audio) taper pot had been installed from
mixer gate to ground and it provided several
decades of good gain control. However, the
mixer stage is now biased near cutoff, and
this should provide enough overload control
for all but the most unusual situations. No.
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Inside the converter. rf stage on right; mixer in
center; oscillator on left.

18 wire has been used in many places merely
to obtain high mechanical rigidity. This
rigidity adds frequency stability to critical
regions such as the oscillator and neutrali-
zation circuits.

Finally, the outside of the aluminum chas-
sis can be rubbed with sandpaper or steel
wool to give it a pleasing white satin ap-
pearance.

Alignment

First of all, it is important that the pow-
er supply or battery have the right polarity
when plugged into the converter. A med-
ium current diode, with a P.I.V. of 50 volts
or more has been set in series with the
power input to prevent damaging the tran-
sistors. The converter will operate well for
voltages in the range of 10-25 volts.

Connect the converter output to the re-
ceiver with a shielded cable. Without a
shielded cable, 7-11 MHz atmospheric noise
may mask the converter signals. Next con-
nect a signal generator to the converter in-
put. Set the generator at 52 MHz. Set all
tuning slugs at mid-range. Adjust the os-
cillator coil slug until the signal generator
signal “kicks” in. Then peak the mixer out-
put, mixer input, rf output, and rf input,
in that order. The oscillator coil may need
additional peaking as the other coils are
adjusted. Since the cascode rf stage is de-
signed for high gain, it may be in oscilla-
tion at this point. Careful adjustment of
the neutralization coil L: should stop the
oscillation and bring the desired signal in
loud and clear. Neutralization of triode type
receiver circuits can be difficult especially
for the inexperienced builder. However, once
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Parts Data

SM—Dipped silver mica.

La—81% turns No. 24 enam. wire closewound on 1§ in.
diam. slug tuned form. Tap 1% turns from gnd.
end. (Miller 4500-3).

La—10 uh, molded r.f, choke (Miller 9230-44).

La—S8Slhg-tuned, 9.9 to 15.0 uh. (Miller 4506).

Ly, Lis, La, L5, Le—Slug-tuned, .44 to .76 uh,
4501).

Ls—2% turns No. 22 insulated wire wound around Ls,
Winding direction same as Ls.

RFC;, RFCe—22 uh. molded r.f, choke (Miller 9230-
652).

CRi1—Silicon diode (optional), 50 P.I.V. minimum, 200
ma. min.

J3, Je—Banana jack.

C:;—15 to 130 pf. mica padder (Arco-Elmenco 302).

Ji, J=—BNC receptacles.

XTAL—43.000 MHz, third-overtone, series resonant
erystal,

( Miller

the neutralization technique is learned and
the circuit stabilized, the low noise per-
formance of the triode stage more than com-
pensates for the tedium of neutralization.
Tapping of the bare finger on the rf stage
output coil should produce a loud clunk in
the receiver speaker and a jump in the
S-meter. While so tapping the finger, the
neutralization coil should be adjusted for
smallest clunk in the speaker and smallest
jump in the S-meter. This will be the ap-
proximate neutralization point, and the stage
should be stable. Remove the signal gener-
ator and replace it with an antenna. The
atmospheric noise can be used for the fine
adjustments of all previously peaked cir-
cuits, A 50 ohm noise generator can be
used to obtain the very lowest noise figure.

At VHF frequencies, tuned circuits are
quite sensitive to component geometries.
The geometry of the builder’s circuit may
differ somewhat from that of the author’s
so, to properly cover the 50 to 54 MHz
range, it may be necessary to slightly
change some of the values of the capacitors
in the various tank circuits. It may also be
necessary to change the value of the RFC
L: used in the neutralization circuit.

If a TIS 34 with an extremely small gate-
to-source cutoff voltage is used for the mix-
er, the local oscillator injection level may
be too high. This will cause cross-modula-
tion distortion and a profusion of clunks
and bleeps across the band. This could be
remedied by changing the values of the
coupling capacitors C» and Ci:.. However,
for most cases, it should be enough to
merely try other TIS 34’s until the distor-
tion ceases.

The converter is designed for 50 ohm
and output impedances. If the receiver used
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does not have a 50 ohm input, the number
of turns of Ls should be adjusted for max-
imum gain

The measured converter noise figure is |

about 2 db or less. The measured converter
gain is about 30 db. Further reductions in
noise figure could be obtained by the se-
lection of an especially quiet TIS 88, and
by the use of a very high Q coil-capacitor

combination at the converter input. How- |

ever, a 2 db noise figure is more than ade-
quate for six-meter work.

Since the converter gain is high, an un-
usually strong signal may cause the con-

verter to overload the communications re- |

ceiver used as the if amplifier. This over-
load problem can be avoided by placing an
attenuator between the converter output
and receiver input.

I would like to thank Texas Instruments,
Inc. for the sample TIS 88 transistors used

in the development of this converter.
. . WB6YVT

Hy-Gain Announces New
6-Element Tribander

Hy-CGain Electronics Corporation, Lincoln,
Nebraska 68501 has announced a new 6-
element tribander beam, The Super Thunder-
bird TH6DXX, for 10, 15, and 20 meters.

A new feature is a cast aluminum, uni-
versal tilt-head boom to mast bracket that
accommodate masts from 1%” to 2%” and
allows easy tilting for installation, mainten-
ance and tuning. It also provides mast feed-
thru for beam stacking.

Another exclusive
taper-swaged, slotted

Hy-Gain feature is
seamless aluminum

tubing on all elements which allows easy |

adjustment and re-adjustment. Taper-swag-
ing permits larger diameter tubing where
strength is important and less wind loading
at the tips. Full circumference compression
clamps are mechanically and electrically
superior to self-tapping sheet metal screws.

All Hy-Gain Thunderbird beams incor-
porate the Hy-Gain invented Beta Match
system for balanced input, optimum match-
ing on all 3 bands and dc¢ ground to elimi-
nate precipitation static. And, new, improved
separate HY-Q Traps on each band.

The Super Thunderbird specs include up
to 9.5db forward gain, 25db front-to-back
ratio, SWR less than 1.5:1 on all bands, and
a 24 foot boom (none longer in the indus-
try).

Hams interested in further
should write to Hy-Gain.

information
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Important E & EE Books

&) The VHF Amateur

by Robert M. Brown , K2ZS5Q/
WSHBF. A cnmpletely up-
dated hand book packed with
data on vital vhf subjects
not available elsewhere, The
author formerly published
the famous VHF Magazine
whose back issues are much
in demand. This new hand-
book incorporates the finest
vhf material updated from the former publication.
160 pages. Order EE-65060, only.......... $4.50

Amateur Radio Incentive Licensing
Study Guide

by Robert M. Brown, K2Z5Q/
WO9HBF, and Tom Kneitel,
K2AES. Fully explains the
new incentive licensing which
affects both newcomers and
old-timers. Covers all the new
FCC Regulations and band
allocations. Includes multiple-
choice questions and answers
for the new Advanced-Class, and modified require-
ments for the Extra-Class exams. Also includes
sample exams for Novice, Technician, Conditional,
and General-Class licensing. 160 pages.

B R L W Ll e -, = $2.75

Commercial Radiotelephone License
Q & A Study Guide

by Woodrow Smith and Robert Welborn. An invalu-
able aid in preparing for the exams for the various
grades of radiotelephone license or permit. Ques-
tions cover the first four elements of the radiotele-
phone license exam. Answers are comprehensive

and detailed. 272 pages. Order EE-031, only . $6.95
Single Sideband: Theory and Practice

by Harry D. Hooton, W6TYH. The one-source
reference guide to ssb. Covers the origin and prin-
ciples of ssb, derivation of ssb si , carrier sup-
pression techmques sb selection, ssb equipment,
tests and measurements. Order EE-350, only $6.95

17TH EDITION OF THE FAMOUS

Radio Handbook

Tells how to design, build,
and operate the latest types
of amateur transmitters, re-
ceivers, transceivers, and
amplifiers. Provides exten-
sive, simplified theory on
practmally every phase of
radio. Broadest coverage; all original data, up-to-
date, complete. 848 pg. Order EE-167, only $12.95

Order from your electronic parts
distributor or send coupon below.

EDITORS and ENGINEERS, Ltd.

=

w

P.O. Box 68003, New Augusta, Ind., Dept. 73E-108
Ship me the following books:

l

|
| (1 No. EE-65060 [J No. EE-031 [ EE-350 |
| 1 No. EE-050 1 No. EE-167 |
| Name £2 = = :
: Address o’ o |
| City State Zi;::__I
L ——————— i T NN S S SN E— S ———J
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Neutralization!

“Neutralize: to make of no effect by
some opposite force; counterbalance.!” Ob-
viously, this is of concern in amateur radio
transmitters, to prevent self-oscillation in
amplifier stages. The receivers, using super-
heterodyne circuits and pentode or tetrode
tubes, have not generally required neutrali-
zation on the individual stages. Well, not
until the advent of the triode transistor. In
fact, not since the early 30%.

To obtain oscillation, and substain it, re-
quires a gain of at least one, and feedback
in phase with the input. Let us consider
then, a typical grounded cathode amplifier,
as has been simplified in Fig. 1. Assuming
the grid and plate tank circuits are tuned
to resonance at the operating frequency,
where is the feedback path? Since the tube
reverses the phase by 180°, any feedback
through the grid-to-plate capacitance would
approach 180° if this capacity is large, or
90° if it is small. As it works out, tubes
with the larger grid-to-plate capacity seem
to be the greatest offenders. That is why
tetrode and pentode tubes were developed-
to cut down the interelectrode capacity.
But, this fedback is 180° out, negative feed-
back, is it not? So, we go to the bottom
of the tank circuit, either grid or plate, and
send back a positive feedback signal to
counterbalance it. Or, do we? If the circuits
in grid and plate are tuned to resonance,
they are resistive, hence no phase shift.
The tube reverses the phase 180°, so the
feedback through the grid-plate capacity
can't possibly be zero. Take a grounded
grid configuration, however, and with the
same conditions, the feedback does approach
zero phase shift. Although the grid acts
as a shield between the two tuned circuits in
this case, stray capacitance (or other un-

s

e

Fig. 1. Typical grounded cathode amplifier circuit.
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Roy A. McCarthy, K6EAW
737 W. Maxzim Ave.
Fullerton, Cal. 92632

Fig. 2. Grounded grid circuit.

expected impedances) may create oscilla-
tions.

We certainly do tune the circuits to re-
sonance, so there must be another explana-
tion. There is! The circuits tend to oscillate
at another frequency where the gain and
phase shifts add up to the required specifi-
cations, 1 & 0, respectively. This is why, on
the CW bands in particular, you may hear
harsh broad key clicks, yet no carrier is
present. Tune 50 or 100 kHz away and
you may find the carrier that is being keyed,
with only a trace of clicks. As the tube
is keyed, its gain, and the effective grid-
plate capacity (which are interrelated at rf
frequencies) also vary. At some points they
hit a happy medium and random oscilla-
tions occur. The effective Cg is the product
of the gain and the static Cs. The effective
gain is determined in part by the negative
feedback through C.. Except for the un-
fortunate circumstance where the circuit is
not so heavily loaded that it’'s reactance is
negligible over a broad band. Then phase
shift sets in and oscillations occur. And
people promptly tell you to add a capacitor
from the other end of the plate tank back
to the grid. (C,).

This is positive feedback, at the operating
frequency, but it is compensated for by the
negative feedback through the tubes inter-
electrode capacity. That is, at your operating
frequency. At other frequencies, it is nega-
tive feedback (hopefully). Any filter has
phase shift, and the grid and plate tank
circuits are definitely no exception. The
higher the Q, the greater the phase shift
near the operating frequency. And naturally
the gain is higher closer to the operating
frequency, since the circuit is designed to
match the amplifier, be it tube or transistor.
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With all the possible stray impedances pres-
ent in an amplifier using a high G tube
at the higher frequencies, proper neutrali-
zation is extremely difficult, and may re-
quire a combination of two or more methods.
But few of them use negative feedback at
the intended operating frequency.

By referring to the grounded-grid sche-
matic, it will be noted that this configuration
does not reduce the problem of grid-to-
plate capacity, it eliminates it. The remain-

ing problem is cathode-to-plate capacity,
and, of course, grid lead inductance. In one
recent article®> the author claimed “any
plate-grid capacitance now feeds the signal
back in wrong phase to regenerate.” 1
couldn't agree more. It feeds it straight to
ground.

. . . KBEAW

References: 1. World Book Dictionary:.
2. ham radio, April '68, page 18.

“Yeah, man, like 73"

Defi-Gram Answer

| A carrier wave which is used to modu-
‘ late another carrier or an intermediate sub-
carrier.—subcarrier

DANGER

73 Transistor Circuits has driven
hundreds of amateurs right out of
' their minds with joy. Do not send

$| for this dangerous book. Do not |

send it to: 73 Magazine, Peter-
borough NH 03458.
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< KTOXK. |

DUAL GATE MOSFET

to 175 Mhz. $19.95 p

pd.
to 300 Mhz. $23.95 ppd.
to 400 Mhz. $27.95 ppd.
to 450 Mhz. $31.95 ppd.

@ Available from 5 MHz. to 450 MHz. Bandwidth is
approximately 5% of frequency. _

® Two Dual Gate MOSFET amplifier stages with each
having a tuned input and tuned output. Each Dual
Gate MOSFET is actually an integrated cascode cir-
cuit thus giving you 2 cascode circuits equivalent
to 4 triodes.

® Exceptionally low noise (2.5 DB at 175MHz.), great-
ly reduced cross modulation and |0 times the dy-

‘ namic range (signal handling capability) of the best

bi-polar transistors. Also superior to preamps using
iunction FETs and Single Gate MOSFETs.
ln’rernal connections for high impedance AGC or l

manual gain control if needed.

® Type BNC input and output receptacles for minimum
loss at UHF. Standard impedance is 50-75 ohms.

® Carefully tuned at our laboratory with sweep genera-
tor and oscilloscope for the best bandpass character-

istic.
\ ® Full wave UHF diodes protect input transistor.

® Operates on & to 16 volts DC, 5 to 15 Ma.

VANGUARD LABS

Dept. H I

196-23 Jamaica Ave., Hollis, NY 11423
ELE
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Getting Your
Higher Class License

Part VII — Measurements

In the preceding six installments of this
study course for the Advanced Class license
exams, weve leaned heavily on theory—be-
cause the point of the whole series is to pro-
vide the additional theory you’ll need to pass
the exam!

But all this theory must be tempered some-
what with its practical applications. Any
practical application of any part of the theory
is going to involve some type of measurement
— even though we may not realize that we're
making it.

For example, simply tuning a receiver is
making a measurement of the receiver local
oscillator’s frequency; when a station is tuned
in “on the nose,” the receiver oscillator is
operating at a “measured” frequency. Just
what the measurement may mean is a differ-
ent question.

Most measurements we make are more de-
liberate than that; we may measure time in
order to make our log entries, frequency in
order to stay within the band limits, current
in order to tune our transmitters, and voltage
(via the S-meter) to check received signal
strength.,

The Commission recognizes the importance
of measurements in practical applications of
theory, and several questions dealing directly
with measurement are included on the FCC
study guide. Among them are (numbers are
from the FCC list) :

10. How close to the edges of a certain
amateur band can you safely operate
a VFO-equipped CW transmitter if
you are using a frequency meter which
has a maximum possible error of 0.01
percent?

16. What do oscilloscope patterns showing
25% modulated signals (with no dis-
tortion) look like? 50% 75%?

22, What are Lissajous figures in oscillo-
scope operation? What patterns would
be produced on the oscilloscope if the
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signal applied to the horizontal input
has a frequency equal to 2 times the
frequency of the signal applied to the
vertical input? 3 times? 4 times?

37. Should a voltmeter have high, or low,
internal circuit resistance? Explain.

These four questions, with their many
parts, actually span almost the entire art of
making electrical measurements. As wusual,
we'll re-phrase them to make the basic points
a little more obvious, and move the emphasis
from that of specific answers to specific prob-
lems over to that of the general reasoning
behind typical problems.

The first question, in this phase, must be
“What is ‘measurement’?”’, for most of us
probably think of it as something more than
it actually is.

Directly following from the first is the sec-
ond, “How are measurements made?”. The
third, “How accurate can measurements be?”,
naturally accompanies the second. One of the
remaining key factors is the question, “Can
a measurement affect itself?”, and of vital
practical point is the final question of our
paraphrased group: “What are measurement
‘standards’®”

Ready? Let’s go.

What Is “Measurement ? The word “meas-
urement. means many things to many per-
sons, but most of us tend to think of it as a
process including more than it actually does.

A measurement cannot be anything more
than a comparison of two like quantities, to
determine whether they are equal, and if not,
which is greater. The mythical scales of Jus-
tice are a typical example of measurement at
its most rudimentary level.

One of the two quantities—the one which
we are “measuring’—is unknown. The other,
hopefully, is known, and we call it “standard”
against which we are measuring the unknown.

When our comparison device is able only
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Fig. 1—Comparison of the unknown quantity (such
as the weight of the letter) and a known standard
(the I-ounce weight) forms the basis of all meas-
urements. Any measuring instrument which does
not have the comparison standard within itself is
merely acting as an indirect comparison device.
In this case, the initial comparison to a standard
is known as “calibration” of the instrument.

to indicate exact correspondence and relative
unbalance, we must have not just one but
many " standards”, each of which bears some
relation to the others. Staying with weight
and scales for our example, we would need
not only 1-pound standards but also 1-ounce,
2-ounce, 4-ounce, 8-ounce, 2-pound, 4-pound,
and 8-pound standards in order to be able to
“measure” unknown weights from 1 ounce to
16 pounds within 1-ounce accuracy.

Some comparison devices are able to indi-
cate the amount of unbalance more precisely;
we'll get to them a bit later. The point we're
looking at now is the fact that all measure-
ments are forms of comparison against stand-
ards. Sometimes the measurement includes a
counting action (as in measurement of time
by a clock) but the comparison to a defined
standard is always involved.

In ancient history, the standards were con-
siderably less precise than those we use to-
day. The biblical standard of length, for in-
stance, was the cubit—which was the length
of a man’s forearm. Just how many cubits
long a wall happened to be depended upon
whose arm was used to establish the stand-
ard. As recently as the middle ages, the eng-
lish-standard “foot” (which today is defined
as 12 inches) was defined as the length of the
right pedal extremity of the reigning monarch
—and varied all over the kingdom when a
new King took the throne.
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Our electrical standards are much more
precise, even if they do happen to be phrased
in the language of physics. A volt is defined
as the potential produced by a specified type
of primary-standard cell. An ohm is defined
as the resistance of a particular and highly-
specified conductor. An ampere is defined as
the current required to electroplate a given
quantity of silver out of a solution of speci-
fied strength. Additionally, each of these
standard “units of measurement” is defined
in terms of each of the others by means of
Ohm’s law, and the whole system of physical
units is geared together so that all the equa-
tions of physics hold true.

When we measure a voltage in a circuit,
though, we aren’t performing any such direct
comparison—and what we actually measure is
not voltage, but length! How this can tell us
the voltage in the circuit is what the next
question is all about.

Fig. 2—In olden days, standards were a bit less
precise than those we use today. The standard of
length in England through the Middle Ages, for
instance, was the King's right foot—whence comes
the name of the unit. This was some slight hard-
ship to surveyors when the reign changed, but most
people could live with it and those who couldn’t,
didn’t, courtesy of the royal executioner.

How Are Measurements Made? If measure-
ment means only a comparison of an unknown
quantity against a standard, how can it be
possible for us to measure the voltage in a
circuit by using a voltmeter which does not
contain any standard voltage source against
which the unknown can be compared?

The answer, surprising though it may be,
is that it's not. We speak of measuring volt-
age, but we don’t. What we actually measure
is length—the distance across the meter face
travelled by the needle—and the comparison
standard is the printed scale under the
needle.

How can length indicate voltage? Again, it
doesn’t; what it does indicate is power. In the
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ordinary moving-coil meter movement, the
electrical quantity which is measured is pow-
er. This power forces the meter needle
against a spring in some cases, but in more
sensitive meters the power is only capable of
pushing the needle partway across its scale.
The deflection of the needle is proportional to
the applied power, and since the meter is of
fixed construction, the distance travelled
across the scale by the needle can be used to
indicate the power.

We normally calibrate meters to indicate
either voltage or current, rather than power;
in a circuit of fixed resistance, though, either
voltage or current may control the amount of
power available. If the circuit resistance is
low, then current is usually the controlling
factor. If circuit resistance is high, voltage in-
dications are obtained. One rather unusual
result of this is the fact that a milliammeter,
calibrated for current, can be used without
any modifications for measurement of ex-
tremely low voltages. If the resistance of the
meter movement itself is 100 ohms, for
instance, and full-scale deflection is obtained
with 1 mA of current, then the meter may
also be used as a voltmeter in the range from
0 to 1/10 volt. When 1/10 volt is applied to
a 100-ohm resistance, the resulting current
flow is 1 mA—and that’s full-scale deflection
for the meter. At least one commercial VOM
makes use of this capability to provide a very-
low-voltage range.

Don’t become confused by this approach—
the power used by the meter is not related to
the power consumed by the circuit being
tested. To measure power consumption of the
circuit, two meters are normally required; one
measures the current lowing through the cir-
cuit and the other measures the voltage. Cer-
tain special meter movements have been built
(mostly for ac uses) to combine both these
measurements in a single meter, and indicate
power directly on the scale, but you are not
likely to run into any of these meters in prac-
tice.

The type of measurement we've been ex-
amining thus far in this section can be called
“indirect”, since we are not making a direct
comparison and so are not, in the strictest
sense of the word, measuring what we think
were measuring. Indirect measurement can
be summarized in the idea that we actually
measure something which is related to the
quantity we want to know. The process of
establishing that relation so that we can trust
our instruments is known as “calibration”,

60

UNKNOWN

STANDARD

+10

+10

IOV BATTERY

Fig. 3—W heatstone bridge circuit shows direct
comparison measurements. Figures in drawing are
typical only. lf adjustable ratio arms of bridge
divide the 10-volt source into 6 and 4 volts re-
spectively (3 to 2 resistance ratio) while unknown
and standard together divide it into 7 and 3, the
1-volt difference appears across the meter and
causes the needle to deflect. When the ratio arms
are adjusted to also provide 7-3 voltage division,
no voltage exists across meter and deflection is
zero. At this time, unknown bears same relation
to standard as left-hand ratio arm does to right-
hand ratio arm. This performs direct comparison
of unknown and standard.

and could be the subject of an article in it-
self. Most often, calibration is accomplished
by making a “direct” measurement and an
“indirect” measurement at the same time, and
adjusting the “indirect” instrument as re-
quired to make its reading correspond with
that obtained directly.

“Direct” measurements involve direct com-
parisons between the unknown and the stand-
ard. One of the most widely known examples
of this type of measurement is the Wheat-
stone bridge, used to measure resistances.
Other examples include the Kelvin-Varley po-
tentiometer (not to be confused with the
variable resistor of similar name) for meas-
urement of voltages, capacitance bridges, im-
pedance bridges, and some types of frequen-
cy-measuring devices.

The action of the typical bridge circuit is
shown in Fig. 3. The bridge contains four
“arms”’, one of ;,which is the unknown resis-
tance and one of which is the standard. The
other two arms are also standards, but are
variable so that their ratio to each other can
be changed. A “null indicator” which may be
a sensitive dc meter or some other current-
indicating device is used to detect the “bal-
ance  condition. Current is provided to the
bridge circuit, and the ratio of resistances in
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the adjustable-standard arms is varied until
the indicator shows an absence of current
flow through the center leg of the circuit.
When this condition occurs, the ratio of the
unknown resistance to the fixed standard is
the same as that of the corresponding adjust-
able standard to its mate; a simple calcula-
tion then produces the value of the unknown
resistance.

This works because current will flow be-
tween any two points which are at different
voltages, but cannot flow between two points
at the same voltage. Current flowing through
the two adjustable standards produces a volt-
age drop across each; similar voltage drops
are produced across the unknown and the
fixed standard.

The bridge leg, which contains the null in-
dicator, connects these two path midpoints.
If the voltage drop across the left-hand ad-
justable standard is not the same as that
across the unknown resistance, the two ends
of the null-indicator are at different voltages
and current can flow. When both voltage
drops have the same value, both ends of the
indicator circuit are at the same voltage and
current flow ceases.

The absence value of the unknown resistor
need not be the same as that of the left-hand
adjustable standard, though, because the total
current flow in each of the series-resistance
legs is also affected by the resistance of the
fixed or the right-hand adjustable standard, as

+
STANDARD TOO LOW @

0
STANDARD =UNKNOWN ®

UNKNOWN

O-CENTER METER
-2 ®

Fig. 4—This slide-back voltmeter circuit, while
too simplified for practical use, illustrates another
application of the direct comparison technique.
The resistor to left of meter simply protects meter
against overvoltage; switch is left open until read-
ing approaches zero, then closed to make instru-
ment more sensitive. When the standard is of
lower voltage than the unknown, current flow
through meter is fjrom left to right and needle
deflects to right. When standard is greater than
unknown, current flow reverses and needle goes
to left. When standard and unknown are exactly
equal, no voltage exists across meter and deflection
is zero. Accuracy depends upon precision with
which standard can be adjusted.
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applicable. The factor which establishes the
voltage drops developed is the ratio of left-
hand to right-hand resistance in each leg; an
identical voltage drop means an identical ra-
tio, and since three of the four resistances are
known, the fourth can be easily found.

Voltage measurement can be done in a sim-
ilar manner, and the “slide-back” voltmeter
shown in Fig. 4. does just this. The voltage to
be measured is applied to the circuit, and it
deflects the null-indicating meter. An adjust-
able standard voltage is applied to the other
side of the meter to cancel out the effect of
the voltage being measured. When the two
voltages are equal, the meter indicates no cur-
rent flow. Such a meter takes no power from
the circuit under test—the “no power” indica-
tion is used to signal that the adjustable
standard is equal to the unknown voltage.

One of the most essential instruments for
measurement of modulation quality and per-
formance of linear amplifiers operates in a
direct-measurement mode. This is the oscil-
loscope, which is essentially a gadget de-
signed for the purpose of making direct com-
parisons between two signals and displaying
the resuts upon its CRT screen.

Fig. 5. shows how a scope operates; the
electron gun produces a sharply focused beam
of electrons which strike the phosphor coating
of the screen. Wherever the electron beam
hits, the phosphor glows. Two sets of deflec-
tion plates control the positioning of the
beam. One set, the V plates, move the beam
in the vertical direction, up and down. The
other set, the H plates, move it horizontally
back and forth.

In a general-purpose scope, both the V and
H plates are driven by separate amplifiers so
that small signals may be built up to the
several dozens of volts strength necessary to
produce easily-visible deflections. In some
types of modulation-monitoring hookups,
though, the plates are driven directly by rf

signals,

If two different signals are applied to the
two different sets of plates, the beam traces
a path which is determined by the compari-
son of the two signals. For instance, one of
the main uses of a scope in general service
work is to examine a waveform. To do this, a
sawtooth signal which increases linearly with
time is applied to the horizontal plates. This
moves the beam across the CRT at a con-
stant speed from left to right, and causes the
beam to fly back to the left when it reaches
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CRT PHOSPHOR

Fig. 5—Oscilloscope uses electrostatic (voltage-operated) deflection of focused electron beam to perform
comparison. Beam is moved vertically by voltages on V plates, and horizontally by voltages on H plates.
Phosphor makes beam visible when it strikes screen, and path traced by moving beam provides compari-

son of voltages on the two sets of plates.

the right edge. The signal to be examined is
applied to the vertical plates. The beam then
moves up and down in response to the signal
being examined, and from left to right at a
constant speed—and the result is, as shown in
Fig. 6. a picture of the signal being examined.

If the sawtooth signal’s frequency is exactly
the same as that of the signal being examined,
then one complete cycle of the test signal will
occupy the full screen. If the frequency of
the sawtooth is cut in half so that the beam
moves just half as fast, two cycles of the test
signal will be shown. This is illustrated in
Fig. 7.

Since this is one of the major applications
of a scope, almost all general-purpose scopes

TRACE ON
CRT SCREEN
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VOLTAGE
H-PLATE WAVEFORM

Fig. 6—Application of voltage with sawtooth wave-
form to H plates makes beam move across jrom
left to right at constant speed (except for “flyback’
time, shown exaggerated here). Sine wave ap-
plied to V plates then moves beam up and down,
reproducing waveform visibly on screen. H-plate
waveform is turned on end in all these illustra-
tions to show how it moves beam.

62

include a built-in sawtooth generator to pro-
vide the “internal sweep™ signal for the hori-
zontal plates.

However, there’s no requirement that only
a sawtooth be used. If you want to compare
two frequencies of sine waves, you can apply
one to the V plates and the other to the H
pair. The resulting display is called a “Lis-
sajous figure” and can be used to measure
frequency if one of the two input signals is
a standard of known frequency.

Fig. 8. shows how the pattern is developed
if both signals are of the same frequency. In
this case the pattern may be anything from a
straight line to a circle, depending upon the
phase relationships between the two signals.
If one of the signals is only a fraction of a
cycle displaced in frequency from the other,
the pattern will undergo a slow rolling, and
this can be used to tell how far from the
standard the unknown actually is.

If the unknown signal is twice the frequen-
cy of the known version, a Fig. 8. pattern will
appear; this is illustrated in Fig. 9. Fig. 10
shows the development of the pattern when
the unknown signal is at three times the fre-
quency of the standard, while Fig. 11 shows
only the pattern for the 4-to-1 ratio of un-
known to standard.

If the unknown is half, one-third, or one-
fourth the frequency of the standard, the
same patterns will be displayed but they
will be turned by 90 degrees.

Because of the way in which the pattern is
developed, this technique produces a station-
ary pattern for any frequency ratio x/y it
both x and v are whole numbers. That is, a
ratio such as 8/9 in which the unknown is at
8/9 the frequency of the standard will pro-
duce a stationary pattern. Whenever the pat-
tern is stationary, you can determine what
ratio is represented by counting the loops
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which appear along a vertical edge of the
pattern and those which appear along a
horizontal edge. The ratio of vertical loop
count to horizontal loop count is the ratio of
the frequencies.

When a scope is used to monitor modula-
tion the technique is similar in many ways to
the Lissajous-figure approach, but not iden-
tical. The modulated rf signal is applied to
the V plates, and the modulating audio is
applied to the H plates.

Whenever there is no audio, the carrier is
constant. This produces vertical deflection,
but without audio there is no horizontal
movement of the beam and so the pattern is a
vertical line in the center of the screen.

When audio is applied, the rf output
swings to a maximum at one peak of the
audio cycle, and to a minimum at the other
peak. At the maximum peak, the vertical de-
flection is greater, and at the same time the
horizontal deflection is maximum in the cor-
responding direction. This moves the beam
to a corner of the display—and since the rf
frequency is so much greater than the audio
at this stage, the effect is a taller line at one
side of the screen.

At the minimum peak, the horizontal de-
flection is maximum in the other direction and
the vertical deflection is less because there is
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Fig. 7—Ij H-plate sawtooth frequency is just half
that of the V-plate sine-wave, two complete cycles
of the sine wave will be traced on screen rather
than one. In practice, it’s best to adjust H-plate
signal frequency to 15 that of V-plate signal so
as to display 3 complete cycles, since first and
last cycles are usually slightly distorted by flyback
effects as can be seen here in last part of second
cycle. 1f 3 cycles are displayed, center cycle will
be undistorted and complete waveform can be
examined.
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Fig. 8—When sine waves are applied to both V
and H plates, patterns called “Lissajous figures”
result. If both sine waves are at same frequency
as shown here, pattern may be anything from
straight line to perfect circle depending upon
phase relationships of the two. In-phase signals
produce diagonal line (1) while 90-degree phase
difference produces circle (3), phase differences
between 0 and 90 degrees produce ellipse (2).

minmum rf. The effect is a shorter line at the
other side of the screen.

Since the audio signal is continuous be-
tween these two peaks, the beam also oc-
cupies all positions between these two ex-
tremes, and thus paints a “trapezoid” upon
the screen.

If you haxe exactly 100 percent modula-
tion, without distortion, the minimum peak
will cut oft before the audio signal reaches its
a triangle coming down to a perfect point at
the minimum-peak position,

If you have overmodulation, the rf output
will cut oft betore the audio signal reaches its
negative peak; the display then will be just
like the 100-percent picture except that the
left-over audio will produce a line sticking
out from the point.

If modulation is less than 100 percent, the
tip of the triangle will never be reached.

Fig. 12 shows how these patterns are pro-
duced, and Fig. 13 illustrates the patterns de-
veloped by 25%, 50%, 75%, 100%, and more-
than-100% modulation.

Note that all these patterns assume that
the modulator is operating without distortion,
so that the modulated signal is a faithful re-
production of the original audio. If distortion
is present, the sides of the triangle won't be
straight; instead, they will be curved. What
this display actually amounts to is a picture
of your modulator at work—and that’s why

it'’s so helpful.
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Fig. 9—W hen sine-wave signal of twice frequency
of H-plate signal is applied to V-plates, figure-8
pattern is traced as shown here. Phase differences
will rotate pattern; as pattern is moved, it gives
illusion of being a cylinder with the pattern traced
on the surface of the eylinder, Pattern for 2-1
ratio may resemble a U, if phasing is such that
points D and H coincide on trace while A and
C match. This happens when H-plate signal is
90 degrees out of phase with signal shown here.

The “bowtie” or two-tone-test measurement
of SSB linear amplifier adjustment amounts
to exactly the same thing as the trapezoid
test for AM modulation. The only difference
is that you get two patterns tip-to-tip on the
bow-tie test; it's interpreted in just the same
way.

The oscilloscope can also be used as a
voltmeter, and is one of the best such instru-
ments available for measuring ac since the
comparison is direct and visual. The tech-
nique for using the scope as a voltmeter is
simply to determine how much deflection is
produced by a “standard” voltage, and then
compare this to the deflection produced by
an unknown voltage. The comparison can be
made by measuring the length of the line
produced by the deflection. A voltage which
produces a line twice as long as the standard
is a voltage twice as great as the standard. If
the line is 74/100 as long, the voltage is 74/
100 of standard. By proper choice of standard
and line length, you can get greater accuracy
by this method than by any moving-coil meter
movement. Thus the scope can be used as
either a direct or an indirect measuring in-
strument.

Most measuring instruments, though, are
limited to one or the other of the modes.
How can you tell which is which?

Any measuring instrument which includes
the word “bridge” in its name is likely to be
a direct-measurement device, while those
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which include the word “meter” in their
names are more likely to be indirect devices.

A notable exception to this general rule is
the “SWR Bridge; the instrument which origi-
nally bore this name actually was a bridge,
and thus a direct-measurement instrument,
but the original circuitry has long since been
replaced in popularity by a directional-cou-
pler- based hookup which is more accurately
termed an SWR meter. The measurement is
indirect.

How Accurate Can Measurements Be? The
two points we've established so far about this
business of measurement are (1) that any
measurement is a comparison of an unknown
quantity against a known standard, and (2)
that most measurements we make are made
indirectly rather than directly.

The next natural question is, “How ac-
curate can a measurement be?”

It may not appear obvious that no measure-
ment can be perfectly accurate, and that all
measurements must include at least some
margin for error—but it’s true.

For a measurement to be perfectly ac-
curate, the quantity being measured would
have to be identical to the standard in every
possible respect. If we were measuring
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Fig. 10—At 3-1 ratio pattern is developed in this
manner. Again, many bpatterns are possible at
this ratio due to possible phase relationships; if
either signal is offset in time from that shown
here pattern will change as discussed in caption
of Fig. 9. If pattern is made to rotate by slight
adjustment of frequency to produce tiny difference
from 3-1 ratio, number of cycles can be counted
to determine which standard patitern is being dis-
played.
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Fig. 11—This is one of the many possible 4-1
l.issajous figures. Any offset of either signal [rom
time relationshin shown here will change the
pattern, but in all cases it will be stationary an
will have four points at the top edge and four
at the bottom, as does this one. Frequencv ratio
of vertical signal to horizon signal is same as ratio
of number of top-or-bottom points to number of
“side” points; all patterns shown here have only
one “side” point,

weight, for instance, not only would the two
have to match perfectly in the number of
pounds and ounces represented, but also in
the number of atoms represented, and even
in the number of neutrons in the nucleus of
each atom on either side of the comparison.
What's more, if so much as a single cosmic
ray were to hit one of the two items in com-
parison and not the other, then at least some
part of the mass of the one hit would be
changed to energy and the exact match would
no longer be exact.

When you consider the number of ele-
mentary atomic particles involved in even
the smallest practical standard of weight, and
then hang on the requirement for exact
matching of each and every one of these,
you may not be outside the realms of theoreti-
cal “possibility”—but the probability of ever
achieving such a match is vanishingly small.
It's much more likely, for instance, that a
monkey typing at random would produce the
complete works of Shakespeare—and that is
an event which has been calculated as likely
to happen not more often than once in ten
times the total history of the universe to date!

To continue this line of “unreason” a bit
longer, just consider the practical question:
How would you know you had such a match
it you achieved it?
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All the objections we've raised here to
bxmg out the impossibility of a “perfect” or
zero-error’ measurement of weight apply
equally to any other measurement by com-
parison. The main point is that “zero” error
means just that—no error at all—and an error
by as little as one-fiftieth the diameter of a
single electron is still an error.

While “perfect” measurements are not pos-
sible, it’s rmt only pnsmble but relatively easy
i ke ‘practical” measurements to any de-
gree of accuracy youre willing to afford.

Our ordinary milliammeters and voltmeters,
such as we use in most of our ham-radio
measurements, are usually rated at “5 per-
cent of full scale” accuracy. Many are rated
at “2%° instead of “57.

If we want more accurate measurements
than this though we can go to lab-quality
instruments quaranteed to be within % of 1%
of tull scale.

And if that's not enough and we have
several thousand dollars to lay on the line,
we can use S-place digital voltmeters and
read voltages to a guaranteed accuracy of
five significant figures. In terms of length,
thats more accurate than one inch in one
mile.

The major problem with the use of high-
accuracy instruments such as these, ing¢ident-
ally, is being sure that their original calibra-
tion is accurate. After all, no meéasurement
can be more accurate than the standard
against which it is compared. To use five-
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Fig. 12—Modulation-monitor pattern for checling
guality of AM signal is developed in manner very
similar to Lisajous figures as shown here. Pattern
shown represents about 989 modulation (100%
was not used in order to show how the negative-
peak trace is developed). Audio signal should be
taken from the modulator output, and RF signal
sampled from the antenna [eedline or antenna
tuner, to get proper phase relationship and pro-
duce straight-sided patterns.
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place accuracy, you must have a standard
which is more accurate than five places.

While we're talking about accuracy of volt-
meters and the like, it's a good time to estab-
lish just what that “5% of full scale” rating
really means. Most of us tend to unconscious-
ly assume that it means 5% of the indicated
reading. If we read “100 volts’ from the
scale, we assume that the actual voltage is
somewhere between 95 and 105 volts.

Actually, the 5% is “of full scale,” and trans-
lates to an absolute error. On a 300-volt
scale, the possible error would be 0.05 x 300,
or 15 volts either way. On a 150-volt scale,
it would be just half as much. On a 1000-volt
scale, however, it would be 50 volts either
way.

If were using a general-purpose multi-
meter to make this measurement, most likely
we are able to choose any of these ranges
by simply switching to a new range. In this
case, the same meter will have an absolute
error of from 7.5 to 50 volts, depending upon
the range which we select.

This is the reason for the general rule in
making measurements: always make the
measurement using a scale which brings the
measurement as near to full-scale as possible
without going off-scale with the reading. The
purpose of the rule is to minimize error.

Voltages and currents are not the only
things which we measure, however. Frequen-
cy is another item which we must, by law,
measure rather accurately.

When we use a 100-kHz frequency stand-
ard to make our measurement, were doing
it more or less directly. If we use a beat-
frequency frequency meter, were indirect.
In either case, though, we will always have
some error. In a standard or direct measure-
ment this error is usually discussed as “so
many parts in 10 to the—th” which is engi-
neeringese for mighty small parts of a percent
and can be translated most meaningfully as
“so many cycles per megahertz” or whatever.
For instance, an error rated as “one part in
10" would be one Hz in 1,000,000,000 Hz,
or one Hz in 1,000 megahertz. The stand-
ard frequency station WWV (about which
well say more later) maintains considerably
greater accuracy (less error) than this.

When our measurement is indirect, it’s
more usually specified as to error by a per-
centage rating such as 0.01 percent. This,
too, can be converted rather readily to “x”
Hz per megahertz or some similar approach.
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For instance, the military surplus BC-229 or
LM heterodyne frequency meter is usually
considered to have an accuracy of 0.01 per-
cent when calibrated and operated in the
manner originally intended. If you use this
instrument to measure the frequency of a
signal near the bottom end of the 20-meter
band, around 14.0 megahertz, the 0.01 per-
cent accuracy won't let you be certain that
the reading you get is exactly the frequency
of the signal. |

But 0.01 percent of 10 megahertz is
1/10000 of 10,000,000 Hz or 1000 Hz, which
means that the accuracy of our instrument is
1000 at 10 Hz or 100 Hz per megahertz.
When we use it at 14 megahertz, our possible
error is 1400 Hz.

The practical meaning of this uncertainty
in our measurement is that we should assume
that the band limit (in this case) is 1400 Hz
higher than it really is at the low end, and
1450 Hz lower at the high end. Then if we
measure a signal as being at our pseudolimit
of 14.0014 MHz, it must be inside the band—
because our maximum error would put it only
at the actual bottom edge, not outside!

With the same instrument but in the 28-
MHz band, we could measure band limits
only to within 2800 Hz at the low end and
2970 Hz at the high end. *

The important thing here is to remember
that absolute accuracy in Hertz becomes
less as the operating frequency goes up,
since the percentage of error remains con-
stant.

Can Measurement Affect Itself? Closely
allied to the question of accuracy and error
is the question whether the mere act of mak-
ing a measurement can have an effect upon
the measurement made.

Let’s look first at the everyday variety of
voltmeter. We've already discovered that it
actually measures length instead of wvolts,
and the length is related to the voltage by
way of power which moves the needle across
the scale.

Where does this power come from?

In the ordinary voltmeter, which has no
internal power source of its own, there’s only
one possible place—from the circuit being
measured!

But if were drawing power from the cir-
cuit while we make the measurement, and
not doing so when the meter is removed, then
the mere act of hooking up the meter must
involve a change in the circuit—and theres a
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Fig. 13 Modulation percentage can be measured
by these patterns, but it's easier to estimale it
using these five examples. Overmodulation causes
a ‘tail’ at point of pattern as shown: undermodu-
lation prevents point from being developed. Con-
trolled-carrier transmission will prevent line in
center from being developed; it’s the carrier-only
line traced whenever modulation is absent from
signal.

chance that conditions while we measure are
not the same as those when our meter is
taken away.

If you want to see how much change this
may be, try measuring the AVC voltage of
a receiver, using a 1000-ohm-per-volt volt-
meter. No matter how strong the signal com-
ing in, you will be hard-pressed to find more
than a very small fraction of a volt in most
such circuits.

The reason is that the 1000-ohm-per-volt
meter has a total resistance of only 100,000
ohms if set to a 100-volt scale—but the series
resistor in most AVC circuits is on the order
of 5 megohms. The 100-volt meter acts as
a 100 K resistor to form a voltage divider
and reduce AVC voltage to 1/50 its normal
value—or about %2 volt in most cases.

Using a 20,000-ohm-per-volt meter instead
will help matters somewhat, but the effect is
still rather large. Total resistance of this
meter on a 100-volt scale would be 2 meg-
ohms, which is series with a 5-megohm re-
sistor would reduce the voltage to 2/7 its
normal value. This is still less than half the
voltage present when the metet is removed.

Vacuum-tube voltmeters normadlly have ex-
tremely high input impedance, at least 11
megohms; regardless of the scale to which
they are set. Using one of these on the same
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example AVC line, the voltage-divider effect
would be only 11/1145 or 11/16—but even
with this meter the AVC voltage would be
some 31% less with the meter hooked up
than when the meter is absent.

Apparently, then, connection of any mea-
suring instrument to a circuit will upset that
circuit to some degree. This would mean, if
taken to extremes, that even if perfect in-
struments were available and even if that
impossible perfect measurement could be
made, we would still have inaccuracy when-
ever we attempted to make an in-circuit
measurement due to the effects of the instru-
ments upon the circuit.

That’s true. It's one of the basic principles
of physics, known as the ‘uncertainty’ prin-
ciple. No measurement can be exact, because
the act of measurement in itself disturbs the
quantity being measured and thus introduces
error.

It works both ways, too. While the instru-
ments upset the circuit, the circuit also can
aftect the instruments. A standard voltage
source may be extremely accurate so long as
no current is taken from it—but any load
may ruin its accuracy.

The effect is particularly noticeable when
making measurements of frequency. A fre-
quency meter is not likely to have much
influence upon the crystal or VFO in a good
transmitter—but the transmitter’s output sig-
nal may easily “pull” the frequency meter
by a few cycles, and thus destroy accuracy.

If the instrument and the circuit are not
connected to each other in any way, then
neither can aftect the other—but neither are
you able to perform any measurements. If
they are connected too well, each will affect
the other in so great a manner that any
measurements you make are inaccurate.

The answer to this seeming paradox is to
connect them, in order to make measure-
ments, but no more closely than is neces-
sary to permit the measurement to be made.
A frequency meter is normally coupled to the
circuit under test only by incidental radiation
in the room—this is enough, and any wire
connection would be too much. Voltmeters,
on the other hand, require wire connections.

When close connections must be made, as
with voltmeters, the loading effects can be
minimized by making the meter’s internal
resistance as high as possible so that it looks
as much as possible like an open circuit to
the device being measured. VIVMs, for ex-
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ample, are designed specifically to provide
extra-high resistance—and as we have seen
even this is not always good enough.

But high internal resistance is not always
a good idea for meters. Current meters should
have as little resistance as possible, for ex-
ample, since they should look as much as
possible like a straight piece of wire to the
external circuit.

What Are Measurement Standards?
Throughout this discussion we've been talk-
ing about “standard” quantities and units,
but we haven’t yet seen where the “standard”
comes from.

Actually, for any one type of measurement
such as length, voltage, resistance, etc., the
“standard” is entirely arbitrary. The im-
portant thing about any one standard is sim-
ply that everyone who uses it must agree that
it is the standard, so that measurements made
by one individual can be meaningful to any-
one else. An example of the confusion which
can arise when this factor is ignored is the
“gallon”; in the United States, a gallon is
four quarts, which is equal to 231 cubic
inches of water. In Great Britain, however, a
“gallon” is not the same. There, the “Imperial
gallon” is the standard, and it is equal to
1.2009 U.S. gallons!

Another example of similar confusion is
the “mile” which we use on land, and the
“nautical mile” used at sea. The “pound” in
Russia is only 0.90282 of our “pound”—and
the “Troy pound” used by silversmiths con-
tain only 12 ounces.

Many similar examples can be found in any
good encyclopedia. A standard is “standard”
only to those who accept it.

In radio and electronics, fortunately, the
standard units are almost universally accepted
by everyone, We work with quantities which
are very closely related to the basic standards
of nature, and when we agree upon standards
for measuring those basics—time, and electric
charge—the rest of our standards are com-
pletely fixed by the interdependence of all
our quantities.

For instance, if the “volt” and the “ohm”
are defined, then the “ampere” is also defined

by Ohm’s Law and no additional standard
for it is necessary.

The most basic of all our standards is that
of time. In this country, the time standard is
maintained by the National Bureau of Stand-
ards and is made available to all through the
broadcasts of station WWYV.,
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These broadcasts are on frequencies at ex-
act multiples of 5 MHz throughout the high-
frequency spectrum, as well as one at 2.5
MHz; the ones most generally used are on
5, 10, and 15 MHz. The frequency itself is
the basic time standard; by counting 10 mil-
lion individual cycles of the 10-Mc transmis-
sion you have a “standard” second.

For user convenience, though, WWYV does
the counting and superimposes a “tick” on
the signal at precise 1-second intervals. This
“tick” consists of exactly 5 Hz of a 1000 Hz
tone (also derived directly from the main
standard), and the time standard is from the
beginning of the first cycle of one tick to the
beginning of the first cycle of the next.

For our purposes this is accurate enough,
but for many more scientific uses the error
introduced into the standard by the radio
transmission path from WWV’s transmitters
at Boulder, Colo., to the receiving station is
excessive. For these users, low-frequency
transmissions at 60 kHz are made; at this very
low frequency, transmission-path errors are
minimized and frequency accuracy of one
part in 1,000,000,000,000 are possible. This
amount of error is approximately the amount
represented by the thickness of a cigarette
paper compared to the distance from earth
to the moon. That’s very close—but it’s not
exact!

Since frequency of a signal is simply the
count of the number of cycles within a stated
period of time, the standard for time is simul-,
taneously the standard for frequency. Thus
WWYV provides a frequency standard against
which we can all compare any signal we de-
sire.

Other time standards are maintained by
the Dominion Observatory at Ottawa Can-
ada, through station CHU at 3.330, 7.335,
and 14.670 MHz; by station MSF at Rugby,
England, operating on 2.5, 5, and 10 MHz;
by ZUO at Olifantsfontein, South Africa, 5
MHz; by J]V, Tokyo, Japan, 2.5, 5, 10, and
15 MHz, and a number of other governments.
In addition to WWYV, the NBS operates
WWVH in Honolulu (which is slaved to
WWYV in such a manner that it’s possible for
yvou to receive both at the same time with-
out interference).

In this country, our standards of voltage
and resistance are also maintained by the
NBS. Only one “primary” standard of each
exists. From these, “secondary” standards
are developed and all actual use involves the
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