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AUDIO TRANSFORMERS & INDUCTORS

TYPE A CASE

Length

Width  ..........
Height .......
Mounting .....

Screws .
Cutout

Unit Wnlght et s ey

Hipermalloy Shield (A-33)

shown slipping
over “"A"-line umt

Write for latest catalog of over 1,300 STOCK ITEMS with UTC top quality

EXPORT DIVISION:

150 VARICK STREET. NEW YORK 13, N.Y.

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF.
13 EAST 40th STREET, NEW YORK 16, N. Y.

\ ULTRA-COMPACT

“A-SERIES”

FOR TRANSISTOR &
TUBE APPLICATION

For over thirty years, UTC has pioneere
in the design, development and productior
of transformers, inductors, electric wave
filters, magamps and high Q coils.

UTC's ULTRA-COMPACT, A-SERIES, are
small lightweight audio units, ideally suitec
to remote amplifier and similar compac
equipment. High fidelity is obtainable in al
individual units, frequency response withir
the series extending from 10 to 50,00C
cycles == 2 db. All units except those carry.
ing DC in primary, employ a true hum
balancing coil structure, which combinec
with high conductivity outei
case, effects good inductive
shielding. The die cast case pro-
vides top and bottom mounting
These units are adaptable for
printed circuit use.

The conservative design anc
manufacturing procedures em-
ployed make these units suitable
for virtually all types of commer-
cial equipment and ideal for
quality amateur service.
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Last call for Kenya

At this writing there are three of us going
on an African Safari this August for three
weeks. The total cost of the trip, including
plane fare, guns, licenses, white hunters, the
works, will run under $2000. There's room for
one or two more. Let me know immediately if
you want to go.

Keeping up

The QST Board of Directors meeting this
May should be fascinating. On top of all their
other insurmountable problems they have to
replace Herb Hoover as president. Many of us
hope that the Directors will take some action
this year toward helping ham radio survive by
insisting that the IARU be given some funds
for communications and promotion. A little
help in our own country would not be wasted
either . . . perhaps if the League could put on
someone in Washington, even if he is a very
part-time man, to speak up for amateur ra-
dio? And how about the information vacuum
caused by the League refusing to do promo-
tion work for ham radio? The Oscar series,
though of international importance, were well-
kept secrets . . . as is just about every other
benefit provided by amateur radio.

Of course the Directors should take some
action to stop the drop in membership. It has
been dropping every year now for four vears,
yvou know. Perhaps if we could all have more
confidence in their choice of emplovees, more
amateurs would join the League. None of us
like to support a dictatorship.

And if the QST Handbook continues to be
the slip-shod book it has for the last few years,
I give you warning that 73 will put one out
that is done right. Fair warning? The Direc-
tors should do something about that inexcus-
able mess!

2

W2NSD/1

never say die

Perhaps, instead of interminable motions for
congratulations, as seem to fill most of the few
hours of the once yearly Board meetings, there
should be some time devoted to Motions for
Censure. Harry Dannals should get some men-
tion for his part in the K2US disgrace. And
Huntoon should get a commendation for his
attempts to strike back at 73 by forcing the
National Convention Committee to exclude 73
from the convention. This monument to small
thinking should not go unrewarded.

While the commendations are being hand-
ed out, perhaps one should go to the Oscar
group for continuing to exist in spite of the

usurping of the limelight at every opportu-
nity by Bill Orr. |

Mysteries

Scientific anomalies interest me. Sure, I
know that most of them turn out to be fakes,
but that doesnt spoil the fun at all. T try to
get together with John Campbell W2ZGU, the
editor of Analog magazine, whenever I can,
because he is just full of these interesting
stories.

I remember John telling me about a chap
out in Colorado who had a power pack of
some sort . . . black box type . . . and he
would take it out for a demonstration any-
where you wanted him to, far away from com-
mercial lines. He would then hook a tremen-
dous load onto his power unit—it was about
the size of a small suitcase—and turn out hun-
dreds of kilowatts of power. You knew it
wasn t batteries because it wasn't that big or
heavy . . . what was it? I understand the chap
was willing to sell the bag for around a mil-
lion dollars.

In the March issue of Popular Electronics
there is a story about a chap in Sarasota that
can send signals through water with a little

(Continued on page 112)
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International’s “FLYING SHOWROOM 66"

will visit your area soon.
Welcome aboard this fabulous electronic flying display.

During 1966, International’s Martin 202 Flying Showroom will tour cities through-
out the United States, bringing with it displays of International electronic equip-
ment and products, plus a technical staff available for consultation. ® A space
age electronic show for Amateur Radio operators, radio experimenters, hobbyists,
Citizens Radio dealers and users, commercial 2-way radio operators and manufac-
turers requiring special electronic products. ® |f you are a manufacturer, radio
equipment dealer, Amateur or Citizens Radio Club, or other interested groups,
we will attempt to schedule a specific time and date to visit your area. Watch
for announcement or write International Crystal Manufacturing Co., Inc. for details.

Discuss your technical and engineering
requirements with International’'s staff.

See how International electronic ",
products can work for you.

a1 X o
¥ - E'._.'u i g
INTERNATIONAL $ .
e o ke bos
aE T =4
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CRYSTAL MFG. CO., INC. | @ il ol LA

18 North Lee
Oklahoma City, Okla. 73102
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CRANK-UP

TOWERS
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TWO CATEGORIES TO CHOOSE FROM

Heavy Duty Self Supporting
and Guyed in Heights of

37 — 54 feet (55)

71 — 88 feet (guyed)

Standard Duty Guyed in
Heights of 37 - 54 - 88 - 105
and 122 feet

ROHN has these 6 IMPORTANT POINTS:

Ease of Operation—roller guides between sections assure
easy, safe, friction-free raising and lowering. Strength—
welded tubular steel sections overlap 3 feet at maxi-
mum height for extra sturdiness and strength. Unique
ROHN raising procedure raises all sections together—uni-
formly with an equal section overlap at ell heights!
Versatility —designed to support the largest antennae
with complete safety and assurance at any height desired!
Simple Installation—install it yourself—use either flat
base or special tilting base (illustrated above) depend-
ing on yvour needs. Rated and Tested—entire line engi-
neered so you can get exactly the right size and properly
rated tower for your antenna, The ROHN line of towers
is complete. Zinc Galvanized—hot dipped galvanizing a
standard—not an extra—with all ROHN towers! Prices
start at less than $100,

Editor’s
Ramblings

Lids
The article “How to Be a First Class Lid on
Phone without Really Trying” in the February

issue apparently stepped on many toes. We
apologize to all the lids we offended.

Questions

People (mostly hams) write us all the time
with questions. Most are fairly straightforward,
and if we had a staff of five EE’s with nothing
else to do, we'd be happy to answer them.
Unfortunately, we don’t have those EE’s. We
don’t have anyone here with the time to an-
swer questions, whether they are reasonable
or not. Please consult our indices each January
or standard handbooks. You may not find vour
answer, but youlll certainly find something
of interest. Please don't send us questions.
And if you simply must, include a self ad-
dressed envelope so we can send back our
form that states that we can't answer vour
question.

Incidentally, please enclose a self addressed
stamped envelope when you write to 73 au-
thors. Many get an awful lot of mail about
articles and are perfectly justified in throwing
away all questions unless you do this,

Hz
For many years the English speaking world

has used cvycles per second (cycles, we usually
say for simplicity) as the unit of frequency.

Continental Europe has used hertz, obviously
from the same source as amperes, volts, gil-
berts (gilberts?), etc. Hertz is simpler and
shorter, but cycles per second has the advan-
tage of reminding us of its meaning, though
this advantage is obviously unimportant after
vouve spent a few days reading radio books
and know what cps means. The big advantage
of cycles is that were used to it, so seeing
455 kHz instead of 455 ke tends to jar us.
(Continued on page 115)

- |
SEND FOR ROHN TOWER HANDBOOKE
—$1.25 Value R e
—ONLY $100 postpaid (special to readers - 1 = ek |
of this magazine). Nearest o A

source of supply sent on request. Repre-
sentatives world-wide to serve you. Write
today to:

ROHN Munufuciuring Co.

P. O. Box 2000 Peoria, lllinois

“World's Largest EXCLUSIVE Manufacturer
of Towers; designers, engineers, and installers
of complete communication tower systems.”

4 73 MAGAZINE



Take 1t from us...

and who the hell hasn't?

We began the manufacturing of ham gear not too many years ago on the simple
premise that there was considerable room for improvement, particularly in the accessory field. It
was our contention then as now, that up-dated equipment engineered right, built right and priced
right would find a waiting market with the amateur. It did and it does!

From the very start we set our sights high, picking up where others had bogged
down in the dogma of “it can’t be done.” Truthfully, improving on the products of some of the
let-well-enough-alone makers was no considerable feat. They were sitting ducks for our kind of think-
ing. By ignoring trends and advanced theories they had continued year after year with the same

antiquated items . . .

Waters developed the Auto-Match mobile antenna be-
cause there was need for it. Need for an antenna that
was structurally strong enough to withstand the rigors
of mobile use. Need for an antenna electrically capa-
ble of pushing out a stronger signal. An antenna capa-
ble of handling the thousand watts PEP of the new
mobile rigs being introduced. We had something too
good to go uncopied for long. Within six months, manu-
facturers who hadn’t incorporated a change in their an-
tennas since initial introductions, latched on to Waters
improvements, heralding their “innovations” to the high
heavens and lauding long-dormant engineering skill.

The erstwhile leading co-axial switch maker had been
turning out the same outmoded product since pro-
verbial Hector was a very young pup. Originally im-
provised around a standard wafer selector switch
(misalignment and all) it was never changed, never
improved. Never, that is, until Waters engineered a
totally new approach in co-axial switches. It took the
old timer about four months to get into the me-too
act with a completely new line based on you know
what! Recently we announced “Protax”, the only
automatic grounding co-axial antenna switch. Right
now we're alone in the field, but we won't be lonely
for long. Want to bet?

We perfected a couple of nifty speech-processing de-
vices at Waters —the Compreamp and Clipreamp.
We're proud of the compact circuitry and theory be-
cause it took considerable doing. Apparently one of
the better kit manufacturers went along with our good

o
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| A MANUFACTURING INC.
4 % WAYLAND, MASSACHUSETTS

never venturing, never daring, never doing.

opinions. You can now buy his version of Clipreamp
in kit form. And, we're nasty enough to add, at a
higher price than for our assembled job.

Most good CW ops are familiar with our now-famous
Codax Automatic Keyer and its rhythm-smooth action.
It seems another kit maker is familiar with it too,
and offers a reasonable facsimile of same in kit form.
You might do better by knocking down a Codax and
ordering duplicate parts but we must warn you,
assembly and adjustment can be very tricky.

There's more — but you get the idea! Some bright
guy once ventured the thought that imitation was
the sincerest form of flattery. If so, we've been
flattered to a fare-thee-well and getting the least bit
fed up. You can even get odds in our Engineering
Department whenever we introduce a new piece of
gear as to how long it will take the Brand X, Y and
Z boys to incorporate Waters advanced thinking into
their own products.

It all adds up to a pretty logical conclusion. Waters
pace-setting ham equipment is engineered for to-
morrow . . . and you can own it today. Or you can
wait until tomorrow and take it from the guy who is
taking it from us today.

gﬂéd xlecs . WIPRI

WATERS QUALITY PRODUCTS ARE SOLD ONLY THROUGH WATERS QUALIFIED DISTRIBUTORS



Frank Jones W6AJF-AF6AJF
850 Donner Avenue

Sonoma, California 95476

New VHF Circuits for Transistors

This article, the first in a series, de-
scribes a simple but effective 50 mc
antenna tuner and low noise 50 mc
converter using three 52¢ transistors.

Some sad experiences with transistor con-
verters and receivers at my station have re-
sulted in the use of several ideas for protection
of transistors which now seem to be satisfac-
tory for most overload conditions. These over-
loads in the past abruptly ended the useful
life of the front end transistor or caused a
gradual deterioration of receiver noise figure
and loss of weak signals. Four general forms
of overload were present at W6AJF. First, a
high powered VHF transmitter connected to a
beam antenna which was too close to another
VHF band antenna and perhaps pointing
across the other antenna at times. This would
produce a damaging voltage across the input
of the first transistor thru the antenna feeder,

coax relay and input circuit (low Q) into the
transistor even though that unit was not in
operation, that is, with no battery connection.
For a long time the only protection was to
disconnect all antenna coax fittings except for
the band in use. A good VHF contest with
all antennas connected usually resulted in a
frantic search for a new transistor or two.

The dual antenna couplers shown in this
article cured this problem since two very high
Q circuits added enough selectivity to the
transistor converter front ends to knock out
this problem. To get very high Q circuits
these units have to be large physically, so a
second benefit results from their use. Trans-
mitter spurious frequencies are greatly attenu-
ated and the rf energy reaching the particular
antenna is confined. to that particular band
with a reduction of TVI problems in the
neighborhood. These dual circuits were built
into standard aluminum chassis and fastened
on the wall for connection between the coax
line of each beam antenna and its coaxial
antenna relay. Very high Q is needed to not
only reduce transmitting power loss but to

Frank Jones is one of the best-known and
most capable of VHF hams and authors. He
has written over 400 articles and radio hand-
books, including “VHF for the Radio Ama-
teur,” a staple on any VHF'er's book shelf.
This is Frank’s furst article in 73; we hope that
it will be followed by many more.
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Dual circuit antenna filter for 50 mc used in both transmitters and receiving.

keep trom losing NF in the receiver. Any loss
here reduces the weak signal capabilities so
the losses should be kept well below one DB
in the two circuits of each coupler.

If each circuit is coupled so as to have a
working Q of perhaps 20 and the unloaded Q
is perhaps 500, the total coupler circuit loss
would be 8% or an efficiency of 92%. The loss
in NF would then be less than % db. Small
circuits cannot be built with high enough Q
for low losses, and as much as 2 db is some-
times lost in NF if these selective circuits are
built into the converter unit.

The second cause of transistor failures is
fairly rare at this location, lightning storms in
the area. These only occur once or twice a
vear here and the best protection is still to
have all antennas disconnected from all re-
ceivers during these storms. Lightning protec-
tors in the antenna feeders to a good outside
ground may save the transmitters except in a
direct hit, but transistors aren’t tough enough
and out they go even though the bolt of light-
ning may hit a few miles away. Low capacity
fast diodes connected back to back across the
first transistor circuit help a little.

The third cause of transistor failure has to
do with improper antenna and power control
relays. No matter how good an antenna relay
is for isolation between transmit and receive
positions, an arc at the points will sure put a
lot of rf voltage across that first transistor. The
answer to this problem is to manually control
the relay switching or to use timed delay se-
quence by electrical means so the antenna re-
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lay will be in transmit position before the
power relays are in transmit position—and
most important, the power relays are “off”
long enough for all transmitter rf energy to
dissipate in the antenna before the antenna
relay is restored to receive position. Some cir-
cuits which accomplish this properly have
been or will soon be published. Antenna relay
switching still seems to be the most effective
way of getting those weak signals into the
receiver in the VHF region.

A fourth cause of trouble is in the antenna
relays because of lack of isolation between the
transmit and receive coax connections. Nearly
all VHF transistors will break down it the
peak input voltage is much over a halt volt.
Some antenna relays only have about 20 db
isolation at 144 me, or a power isolation of
100 to 1. It vou have 100 watts peak trans-
mitter power output, this means 1 watt down

— s —

i

50 SO.n I
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SEE PHOTOGRAPH.

Fig. 1. 50 mc antenna coupler or filter.
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Fig. 2. Low noise 50 mc converter, The transistors are 52¢ TI-XMQ5's.

into the receiver front end or about 7 volts
peak across a 50 ohm circuit. Scratch one
transistor! If your antenna relay has 50 db
isolation in terms of power, then a KW of
peak power would only put .7 volt into the
receiver and the transistor might survive. Buy
expensive coax relays that have good isolation
especially if you operate with high power at
432 mec where antenna relays really lose db’s
of isolation.

About this time someone always asks why
use transistors when tubes will cure this prob-
lem in the receiver front ends. The answer is
that a recent transistor costing about 52 cents
will have a better noise figure than tubes cost-
ing 10 to 100 times as much. A lower NF
always means more readable signals except
perhaps in areas of high man-made noise.
Even in high noise level locations, a low NF
receiver and noise blanker system will help as
compared to the usual NF of a few db higher
in the receiver front end.

Antenna relay lack of good receive-transmit
isolation can be overcome to some extent by
connecting two diodes of low forward resist-
ance, back to back across the input circuit of
a transistor. The two diodes should be of a
fast type, preferably silicon rather than ger-
manium, with low capacitance such as com-
putor diodes. These two diodes will add a
little capacitance to the circuit which can
usually be tuned out. The signal loss at micro-
volt levels is usually quite small and their low
resistance characteristics only become apparent
at high levels when protection is needed
against transmitters or distant thunder storms.
Even good computor diodes can be burned
out but only at levels many times greater than

for a VHF transistor. Occasional checks are
needed to ensure that these diodes in a circuit
are still in operating condition. A soldering
iron, long-nose pliers and an ohmmeter are the
necessary test equipment for this purpose.
Also be sure to isolate the transistor bias cir-
cuits from these two diodes with a small by-
pass coupling condenser. They should always
be connected across a coil only, with one cath-
ode and one anode to each end of the coil in
order to short circuit high amplitude positive
and negative rf pulses.

50 me antenna coupler

The circuits and ideas described previously,
were incorporated into four transistor con-
verters and the dual circuit antenna couplers
for 50, 144, 220 and 432 mec. The 50 mec units
are shown in this article with a follow-up for
the other band units. The antenna circuit was
the result of a number of different dual circuit
units at 50 mec. The system shown had the
least heat loss for transmitting and the least
loss tor receiving of any of the more usual
forms such as tapped coils with variable tun-
ing condensers, ete. The input and output coax
connectors are in series with each coil which
is part of a low C resonant circuit. With the
values of C and L chosen, the loaded Q of
each circuit is between 15 and 20 which is
ample for covering about 2 mc of the 50 me
band. More coil turns and less capacity at
the high impedance ends will increase the Q
for 50 ohm input and output connections, with
a narrower band-width. The tuning condensers
C, and C, of Fig. 1 and the coupling capacitor
C, are made of two small plates of aluminum
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or brass mounted on 1”7 x %" or 1%” x %" ce-
ramic insulators. The grounded plate of C,
and C, consists of a U shaped bracket of
similar metal bolted to the chassis. The in-
sulated plates were each 1%” square with %”
of one side bent at about right angles for
mounting on the ceramic insulators. Bending
these two plates towards each other increases
C,, the coupling capacity between the two
tuned circuits. Bending the grounded U piece
sides towards the insulated plates increases C,
and C,; and vice versa. Working the coil turns
closer together increases L, or L.. All these
adjustments can be made when the mounting
plate cover is in place since it was made of
perforated Reynolds sheet aluminum. A 5 x 10
x 3 inch aluminum chassis (recovered from an-
other project) was used to enclose the circuits.
The circuits were tuned up before the whole
unit was fastened to the chassis with numerous
sheet metal screws.

The tune-up can be done by shorting the
coax fittings with a short piece of wire and
grid dipping the coils to about 53 or 54 mec
with the cover removed, shorting each coil not
being adjusted. The next step consists of
using a SWR power meter with a transmitter
set for 50% or 51 mec and with the chassis
cover in plate. The transmitter is adjusted for
maximum power output (plate circuit reso-
nance, etc.) and the SWR reading noted for
connection of the antenna feeder directly to
the transmitter. The power reading should be
noted also for a given value of plate current.
Connect the dual circuit coupler between the
antenna feeder and the antenna coax relay
with the RG-8U coax. The coil lengths and
C;, Cs, C; plate spacings can then be adjusted
in steps with a thin screw driver thru the
perforated cover plate holes. The SWR meter
on the antenna side of the coupler can be
watched for maximum power reading with the
same SWR reading as before. If you are lucky
enough to have two SWR meters, put one on
the transmitter side of the coupler and make

sure it reads unity SWR by adjusting the final
plate circuit condensers and the antenna
coupler circuits. The final objective is to have
unity SWR between the transmitter and
coupler with nearly identical power readings
into and out of the coupler. The output SWR
will depend on the antenna matching at the
antenna, not on coupler ;1di1|5hm"ut5. An hour's
work or less should result in, for example, 200
watts into the coupler and 185 watts output.
For 90% or so of this time, use a large 50 ohm
dummy antenna since the beam antenna
should only be used for radiating intelligible
signals, not as a general test instrument. Once
the coupler or “filter” is properly adjusted,
mount it in some out of the way place and
forget it. It is intended for use on both trans-
mitting and receiving and will add as much as
50 db of image suppression to the 50 mc
converter and also reduce reception of un-
wanted signals outside of the amateur band.

Six meter converter

The 50 mc converter shown in the photo-
graphs and in Fig. 2 was recently built and
has a lower NF than other 50 mc converters
in use at W6AJF. The new TIXMOS5 transis-
tors presently available from Texas Instru-
ments at about 52 cents apiece are very ex-
cellent for use at any frequency trom 14 to
432 me. The only disadvantage is that the
“plastic” casing cracks easily so either solder
them into the circuit carefully or use the new
TO-18 type transistor sockets which will fit
these tiny transistors. The writer broke several
TIXMOS5 transistors trying out several in the
rf stages of the 50, 144, 220 and 432 con-
verters. In all stages except the input rt stage,
these transistors can be soldered into the cir-
cuit using a very small soldering iron and sup-
porting each lead with long-nosed pliers as
each is soldered to the other circuit com-

ponents. A small transistor socket is advisable
in the first rf stage of any converter since

Top view of 2 x 6 inch board with BNC coax input jack and phono jack output. Unit mounts in é x 17
inch chassis for shielding slong with numerous other converters and switching panel.
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Eaﬂum view; cnpper clud side of converter.

this unit determines the NF and may need
changing in time, after a few thunder storms
in the area. or transmitter overloads. The
input circuit in Fig. 2 should onlv be used
when the matching antenna “filter” is to be
used in order to have good front end selec-
tivity. The loaded Q of the input circuit is
about 5 resulting in optimum NF but very
little selectivity.

The rf stage is nentralized partially and for-
ward gain control on this transistor permits
reduction of rf gain without strong signal
overloading and loss of noise figure. Forward
gain control actually increases the transistor
collector current flow to produce a reduction
of gain. The collector series resistor reduces
the collector de¢ voltage at a rate fast enough
to reduce the stage gain even though the col-
lector current is increasing. Normal gain con-
trol reduces collector current to reduce gain
with fixed de supply voltage. This causes a
fast increase of NF and increases the rf stage
cross-modulation problems on strong signals
many times as compared to forward gain con-
trol.

The 10 volt and gain control leads were
brought out thru 1000 pf solder-in feedthru
capacitors. These same capacitors were used
for other byv-pass condensers with some re-
sistors mounted on the insulated side of the
2 x 6 inch copper clad board. The slug coil
forms were tapped out for a 6-32 brass ma-
chine screw which became the “tuning slug.”
Normally coils of this type come with regular
adjustable brass slugs or with coded ferrite

slugs (white for above 30 mec.) i ferrite slugs
are used, reduce the coil turns about 15% or
to about 12 turns in the same winding space.

The mixer stage with base signal input and
oscillator injection into the emitter, has large
enough coupling and by-pass condensers to
act as fairly low impedance to the if output
frequencies of 14 to 16 mec. The pi network
from collector to 75 ohm output jack tunes
broadly to around 15 or 16 mc with a 7 ph
Ohmite Z500 rf choke and a couple of fixed
ceramic condensers of the values shown in
Fig. 2. This mixer circuit has very high con-
version gain with nearly any good VHF tran-
sistor.

The 36 mc overtone crystal oscillator has a
semi-tuned emitter circuit which is resonant
between the 36 me desired frequency and the
crystal fundamental of 12 mec. This gives re-
generation to the oscillator so it will oscillate
at the 36 mc. frequency only when the collec-
tor circuit is tuned near 36 me.

A noise generator is useful in tuning the
interstage slug coils and the input coil turn
spacing. A reasonably good noise generator
showed a NF of 2.0 db at 50 and 51 mc and
2.3 db at 52 mec. This should be fine for the
really choice dx when the F-2 layer opens up
again or at the present time for double hop
sporadic E openings.

The 144, 220 and 432 mc converters and a
different form of dual circuit low loss antenna
coupler for each band will be described in the
next article.

. « « WBAJF

1 KW P.E.P. Mono-Band Kit..
2 KW P.E.P. Mono-Band Kit. .
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Heathkit' Style . .

e Featuring the SB-100 & HA-14 « Full kilowatt P.E.P.
SSB five band transceiver, 80-10 meters « Fixed or
mobile operation with appropriate power supplies
listed below e Built-in antenna change-over relays
e Built-in SWR meter « Operates PTT & VOX—Upper/
Lower sideband e Built-in 100 kc crystal calibrator
e Transceiver tuning with Heath LMO — 1 kc dial
calibration

Here’s A SSB Combo That Has It All Over The Com-
petition In Power, Performance, And Versatility . . .
Go “barefoot’ with the SB-100 for 180 watts upper or
lower sideband, or 150 watts CW. If the going gets
rough, or you need that extra sock for mobile opera-
tion, add the HA-14 with just a flip of a switch. Either
way vou'll enjoy truly linear tuning with the famous
Heath SB-Series LMO . . . plus all the other many con-
venient operating features of the now-famous Heathkit
SB Series.

Order The SB-100 & HA-14 For The Best Value In
High Power Transceiver Operation. We Invite com-
parison of the complete SB-100 & HA-14 specs. (See
coupon below.) with those of any other make of SSB
transceiver or combo. Compare for the ultimate in
versatilty and value . . . consider circuit design as
related to inherent stability, the use of quality compo-
nents and fine mechanical construction, full five-band
coverage, and resale value. You'll choose the SB-100
& HA-14.,

CAles s ma e SERMIG, S G L e e e T © $360.00
A o s L N e DY Ll o, Tl e $99.95
Kit SBA-100-1, SB-100 Mobile Mtg. Bracket $14.95

Kit HP-13, SB-100 Mobile Power Supply. .. .$59.95
Kit HP-14, HA-14 Mobile Power Supply. .. ... $89.95
Kit HP-23, SB-100 AC Power Supply........ $39.95
Kit HP-24, HA-14 AC Power Supply. .. .. .$49.95
HOP-21, MICTODNONG: .« - o4 s s 276 voote sie w6 ol5re. s $29.40

[ ————— e

' HEATH COMPANY, Dept, 11-5 |

I FREE ISEB HEAT:'“{IT dCATALOGf Benton Harbor, Michigan 45022 |

== See the wide array o . e

| HEATHH_IT 1966 Heathkit Amateur Ryadln [1 Enclosed is $ = , plus shipping. i

| ﬂ Equipment available at Please send model(s) [

| tremendous do-it-yourself § [ please send free 1966 Heathkit Catalog. |
savings! Everything you

| need in ‘‘mobile' or Name =i}
‘“fixed’’ station gear with

| full descriptions and spec- Address LS

| ifications . . . Send for I ¢4, State Zip |

I g j - breRiopyt Prices & Spectfications Subject to change without notice. AM-163 I
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N-Channel FET's:

Jack McKay WASKLY
Box 7487
Stanford, Cal. 94305

RF Applications

Another 73 scoop: low noise, low crossmodulation transistor VHF
RF amplifiers.

Occasional cryptic mention has been made
recently in 73 of the Texas Instruments
2N3823, an N-channel field-effect transistor
capable of excellent RF amplifier and mixer
operation to 500 mec. This article will describe
the advantages, disadvantages, and applica-
tions of this and similar devices for amateur
use.

The operation of the FET has been de-
scribed by WABBSO (73, December 1965).
Electrically it is similar to a vacuum-tube pen-
tode, with high input and output impedances.
The greatest advantage of the FET over tubes
and transistors for RF use is its virtual immu-
nity to cross-modulation—amplitude modulation
of a desired signal by a strong interfering sig-
nal at an unrelated frequency, sometimes
known as “riding in.” Transistors are notor-
iously susceptible to this sort of interference.
As long as the gate of the FET is neither
driven sufficiently positive to conduct nor so
far negative that the FET cuts off, the cross-
modulation will be negligible. In practice the
2N3823 will handle interfering signals up to
several tenths of a volt rms before cross-
modulation of weak signals becomes even
measurable,

The 2N3823 is also a low-noise device, with
a noise figure typically 1.4 db below 100 mec.
The typical noise figure of a 500 me amplifier
using the 2N3823 in grounded-gate, near the

Jack is now a student at Stanford working
on his MSEE; he formerly was with TI, where
he worked on the development of the 2N3823.
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high-frequency limit of the device, is 4.5 db.
However, there are transistors available that
will do as well as this and which cost con-
siderably less.

The FET will not be particularly resistant
to intermodulation interference—the mixing of
two strong signals to cause an interfering sig-
nal at the sum or difference frequency. This
sort of interference is less of a problem be-
cause it occurs at specific frequencies, rather
than everywhere in a band. In this respect the
FET is neither much better nor much worse
than tubes or transistors.

Fig. 1, 2, and 3 show the 2N3823 in the
most common RF amplifier configurations:
grounded source, cascode, and grounded gate,
The grounded source amplifier will provide
good gain and noise figure through 50 mc, but
tends to be unstable with high load imped-
ances; the feedback capacity is about 1.6 pf,
compared to small fractions of a picotarad for
pentodes. Output impedance is around 50K
ohms below 300 me, so high impedance loads
can be used with no degradation of Q. Highest
gain is obtained with high signal-source im-
pedance, up to 10K ohms; best noise figure
is obtained with a 1000 ohm source imped-
ance: cross-modulation can be minimized with
lower source impedance, (lower input voltage

NOTE
VARIABLE CAPACITORS
INDICATE TUNED CIRCUNTS

FIXED CAPACITORS ARE
BYPASSES

I T
577 +9-20¥

Fig. 1. Grounded source RF amplifier.
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NEUTRALIZING INDUCTOR HERE WILL
CEEAEE GAN, DECREASE STABILITY
T
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TZ SHOULD HAVE
HIGHER ltl"ii
THAN TI

Fig. 2. FET cascode RF amplifier.

step-up), limited of course by gain require-
ments. The cascode circuit is more stable, since
the grounded source first stage is driving the
low impedance grounded gate second stage.
It has the obvious disadvantage of using two
of these expensive devices.

Probably the best RF amplifier configuration
for all frequencies is the grounded gate. The
optimum source impedance for both highest
gain and best noise figure is about 100 ohms.
Since cross-modulation is caused by excessive
gate-to-source voltage, the low impedance
level gives better signal-handling capability.
The 2N3823 in this circuit is stable and re-
quires no neutralization through 500 mc.
Power gain is between 15 and 20 db. Output
impedance is above 50K ohms through 500 mc.

For each circuit, highest gain and best noise
figure are obtained at zero gate source bias.
Because of the P-N junction contact potential,
the zero-biased FET will handle signals up to
a few tenths of a volt before gate conduction
becomes appreciable. For best resistance to
cross-modulation, the FET should be biased
so that the gate-source DC voltage is half the
cutoff voltage.

To prevent cross-modulation in later stages
in the receiver. interfering signals must be at-
tenuated by tuned circuits before reaching
stages capable of causing cross-modulation. If
the FET RF amplifier is followed by a mixer
susceptible to cross-modulation, and the inter-
vening tuned circuits are not capable of lower-
ing the interfering-signal amplitude sufficiently
for the mixer to handle the signals, the advan-
tage of the FET will be lost. Hence the desir-
ability of an FET mixer. Any of the usual
vacuum-tube circuits (other than those using
screen-grid injection) can be used; Fig. 4
shows a typical circuit. For maximum conver-
sion gain, the local-oscillator voltage should
be close to one-half the FET cutoff voltage
(peak) with the mixer biased to half the
cutoff voltage. However, for good resistance
to cross-modulation, the instantaneous sum of
oscillator voltage and signal voltage should
neither drive the gate into conduction nor cut
off the FET. Hence it is mandatory that the
local-oscillator voltage be as low as is practical,
at the expense of conversion gain and noise
figure. High-selectivity tuned circuits can then
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Fig. 3. Grounded gate RF amplifier.

cut down interfering signals to minimize cross-
modulation in the IF stages.

While all FET’s will provide the high re-
sistance to cross-modulation of the 2N3823,
there is no other FET capable of equalling the
9IN3823’s low-noise high-gain VHF perform-
ance. The greatest disadvantage of the
IN3823 is the price: $12.90. There is a less-
expensive version, the TIS34, which is a
9N3823 in a plastic capsule and without
guaranteed VHF specifications. A considerable
part of the cost of the 2N3823 is in the testing
of parameters. DC parameters can be tested
very rapidly by machines; RF parameters have
to be laboriously tested by human operators,
an expensive process. The TIS34 sells for
$7.80—still expensive, but a 40% savings. The
IN3823 guarantees a noise figure under 2.5
db at 100 me, and transconductance minimum
3500 umho at 100 mec. The probability that
a TIS34 will provide RF characteristics equal
to those of a 2N3823 is better than 90%.

Most of the competitive N-channel FET's
have lower transconductance than the 2N3823,
which will result in inferior noise figures. For
applications below 50 mc some of these de-
vices may do well enough to be below the
atmospheric noise level. It has been stated that
with respect to noise an FET is approximately
equivalent to a pentode with 3% times the
transconductance of the FET. Devices fabri-
cated at Texas Instruments with very high
transconductance—15.000 pymhos and up—had
inferior high-frequency performance. Appar-
ently the 2N3823 has about the optimum
geometry for RIF applications.

Finally, if you intend to try out a TIS34,
set a data sheet for the 2N3823 as well, since
the latter has data and graphs not on the

TIS34 data sheet.
L WASKILY

Fig. 4. FET mixer.
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Dennis Ardinger K3VMZ
401 Maplewood Drive
McMurray, Pa. 15317

Size 1Is
Impressive

Shakily I sat at the operating position and
gleamed at my months of hard work of serimp-
ing and scrounging. My first construction proj-
ect was completed . . . a code practice oscil-
lator.

With the help of a friend I pushed the cpo
into the corner.

I told myself this was the end. I had proved
to myself I could build something that I
needed in the hamshack. But it was no use,
the bug had bitten. I must now advance to
harder and more classy projects.

Shuffling a 73 out of my precious box of
moldy radio magazines, 1 leafed through it for
something even I could build. I wanted some-
thing that was a challenge, but not impossible.
Something that was impressive, but didn’t
have too many of those little carbon or paper
things.

There it was. My hearts desire. A QRP
transmitter for portable operation. A solid 700
milliwatts! And it had impressive milliamp
meters with it too!

Carefully checking the parts list, I took note
of what T had and what 1 needed. 1 was reallv
going to do a neat job on this one I kept tell-
ing myself.

The rig required a 4x4x6 inch aluminum
box. Ah—this old TV chassis would do the
trick. “Build it breadboard fashion” I thought.
Spread the parts around and give the 2N697
transistors plenty of space to dissipate all that
choking heat they build up. “After all” I
thought, “It has to be open to show friends

14

the te:,hmcal ndvam:ement nf us modern
hams.”

In the weeks that followed my shack was
turned into an anthill of filing, soldering, bolt-
ing, testing and retesting, By now I could even
tell what all the symbols on the schematic
meant without having to look in the Hand-
book. 1 could now identify the emitter, col-
lector and the base on the transistors. I was
in my days of glory!

I was careful to select very stylish venier
dials for the variables, Then I decided to go
highhat and completely enclose my pride and
joy in a metal cabinet. The local radio store
had just the one I needed—a 9x22x15 inch
steel cover that cost me just under $15.

Several weeks later, after I had completed
my “Emily” as I named her, and even made
a contact, I got to wondering if high power
would give me better results. After all, taking
the transmitter with me everywhere 1 went
was silly . . . I didn’t have a portable receiver.
Besides, the XYL complained about no leg
OO,

Once again [ carefully consulted my techni-
cal library of literature and came up with a
10 watt rig for mobile use. Well that almost
brings me up to date. With the car sold to
provide money for the parts and the one wall
of the garage turned into a giant chassis, T am
almost ready to begin another tinkering job.

Now where did I put that article about ad-
vancements in miniaturization?

. K3VMZ
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DAVCO

DR-30

GOMMUNIGATIONS REGEIVER

e T e R G " e

MODEL DR-30 RECEIVER

ANL LEVEL

New, compact, high performance
solid-state receiver for amateur

applications

FEATURES:

*» Complete ham-band coverage 80-10 meters
and portion of 6 meters + Standard-equipment
9.5-10.5 Mc band provides WWV and 31 meter
SWL band+Three position selectivity for optimum
fidelity and QRM rejection * Crystal-controlled
BFO; separate AM and Product detectors; AF
and RF gain controls = Full AGC with selectable
decay time; S-Meter; illuminated dial * Fly-
wheel tuning drive with high-ratio split gears;
direct calibration on all bands = Tunable rejec-
tion notch filter; extremely effective noise
limiter *+ Transmitter type VFO; crystal con-
trolled first oscillator; built in crystal calibrator
« Low power consumption, permitting 12V
battery operation when desired; AC supply
available + Full transistorization, diode selec-
tivity switching, plug-in module construction,
highest quality components « Rugged, stable
extruded aluminum chassis for extreme sta-
bility; textured grey metal cabinet; FULLY

GUARANTEED.

Davco's “"Amateur-Engineered” DR-30 pro-
vides the maximum in communications effec-
tiveness under the most rigorous operating
conditions, all in an exceptionally compact
unit. (Only 4" H x 7% W x 6" D.) The Field-
Effect Transistor is a revolutionary new solid-
state device which combines all the advantages
of both tubes and conventional transistors and
eliminates their disadvantages. The use of the
FET in the DR-30 RF stages provides greater
sensitivity, better image rejection and excep-
tional freedom from cross modulation or over-
loading on strong signals. Engineered to meet
the needs of the most demanding amateurs,
no matter the preference in bands or modes

of operation.
DAVCO DR-30 RECEIVER $3895ﬂ

For further information and illustrated brochure, write:
DAVCO ELECTRONICS, INC.
P.O. Box 2677, 2024 South Monroe Street
Tallahassee, Florida 32304

STOP BY TO SEE US AT THE ARRL CONVENTION IN BOSTON

MAY 1966

13



.....
e S

One of the simplest problems that faces the
new RTTY'er is adapting his transmitter to
FSK. Strangely enough, this job seems to be
a stumbling block for many. This article will
cover the principles of one of the simplest
and most widely used methods for frequency
shift keying. Also, methods for obtaining local
copy while transmitting will be discussed.

Basic principles

In order to transmit RTTY signals, the
transmitter frequency is shifted between two
difterent frequencies. The standard method
for amateur use is to use the higher frequency
for MARK and the lower frequency for
SPACE. Remember; “LSMFT”—Low Space
Means Fine Teletyping! The standard shift for
amateur and MARS use is 850 eps. The FCC
requires the shift to be less than 900 cps and
many amateurs are experimenting with narrow
shifts as low as 100 cps.

The basic idea in shifting a transmitter is

Don is a communications engineer at the Mar-
tin Co. with BSEE and MSEE from U. of
Florida and Prof. Engineer degree from Stan-
ford. He's a great RTTY fan and has written
many articles.
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Don Wiggins W4EHU
7110 Cane Hills Circle
Orlando, Florida

FSK Principles

to cause the kevboard to switch a reactance
in and out of the oscillator circuit in such a
manner as to change its frequency. While this
reactance can be either an inductance or a
capacitance, capacitors are usually used since
they are cheaper and have lower loss. To ob-
tain the space, or lower frequency, the capa-
city is switched across the tuned circuit in a
VFO or the crystal in a crystal oscillator. For
the mark signal, the capacitor is switched out
of the circuit. It would be very difficult to do
this switching mechanically so some type of
electronic switching is generally used. A diode
makes a very simple and effective electronic
switch. By reverse biasing the diode, it looks
like an open circuit and by applying a large
forward bias, it looks like a short circuit, If
the forward bias current is made small, the
diode will look like a resistor instead of a
short circuit. Thus, by varying the bias, we
have an electronically controlled resistance!
The switching from reverse to forward bias

OSC.

C TUNE
-\l+ -
/1
R
+
L=

77
(A) DIOOE NON-CONDUCTING

(B) owoDE conOuUCTING

Fig. 1. Simplified diode FSK circuit.

73 MAGAZINE



BOTH DIODES NON-CONDUCTING

Fig. 2. Simplified diode FSK circuit for ““space-
low’’ condition.

can be done remotely by the teletypewriter
keyboard.

Fig. 1 shows a very simplified version of a
diode FSK circuit which will illustrate how
this can be done. Fig. 1la would be the high
frequency condition and Fig. 1b would be
the low frequency condition.

When the key is open, as in Fig. la, the RF
voltage present at the oscillator tank circuit
is rectified by the diode, causing the capacitor
C to charge up to the polarity shown. This
negative bias on the diode causes it to be re-
versed biased and to look like an open circuit.
Thus, the capacitor C is effectively discon-
nected from the tank circuit and the frequency
is determined by the oscillator tuning capac-
itor. In Fig. 1b, the key is closed and the
diode coducts due to the external battery. The
resistor R controls the current I through the
diode and consequently controls the effective
resistance of the diode. The diode is a non-
linear device: that is, the current through the
diode does not change in proportion to the
voltage across it. Due to this characteristic,
effective resistance of the diode (the ratio of
the incremental voltage across the diode to the
incremental current through the diode) will
change as the dc current through the diode is
varied. If this dc current is large, the diode
resistance will be very small and the full ca-
pacity C is connected across the oscillator
tank, lowering its frequency a maximum
amount. If the dc current is reduced by in-
creasing R, the diode resistance is increased
and a smaller amount of capacitance is ef-
fectively across the tuned circuit and the fre-
quency shift is less.

You may notice one difficulty with the cir-
cuit shown. If the key represents the keyboard,
then the low frequency would be for the key-
board contacts closed (MARK condition).
However, we want the SPACE to be the low
frequency. Also, when the key is open, the
leads from the diode to the keyboard are
“floating” and might cause trouble with hum
pickup. To solve these problems, a circuit
shown in simplified form in Fig. 2 is used. In
this circuit, the key when closed cuts off the
diode current by bypassing it to ground. A sec-
ond diode in series will become reverse biased

MAY 1966

due to a charge built up on C, which com-
pletely isolates the external keying circuit from
the oscillator. If shielded leads are used from
the diodes to the external keyboard, etc., little
trouble with hum or noise pickup should be
encountered. When the key is open, forward
de current can flow through both diodes as
before, producing the desired low space fre-
quency.

Practical FSK circuits

The FSK circuits shown above are quite
simple but there are a few practical problems
which need to be considered. The first prob-
lem involves the choice of diodes. Vacuum
tube diodes are very well suited and are stable
and reliable. The 6ALS and 12AL5 miniature
types are commonly used although the 6HG6
and 12H6 are often used in surplus VFO's
such as the ARC 5 series. Of course, heater
power must be supplied to these diodes. Many
of the point-contact germanium diodes work
very well if simple precautions are taken. One
of the best types is the IN100 (or 1N99)
which has a very high back resistance and is
very small. However, the more common 1NG69,
IN34A, and similar types will do a very good
job. Junction diodes, such as silicon power
rectifiers are not too satisfactory due to their
high junction capacitance when reverse biased.

The second problem is that of eliminating
“key clicks” which can produce excessive in-
terference iust as in CW. The bproblem is
easily solved by using a simple RC network to
soften or slow the transition from MARK to
SPACE.

A simple circuit which fulfills these require-
ments and is easily built is shown in Fig. 3. It
can be added to almost any VFO and provides
smooth, stable frequency shift. In this circuit,
the normallv-closed kevboard removes the
voltage from the diodes and the cavacitance C
is effectively disconnected from the oscillator.
Note that this capacitor which produces the
desired frequency shift is connected to the
VFO cathode, since this is a relatively low im-
pedance point. Most modern oscillator circuits
have their cathodes above ground for RF. If

— G S O ST N S—— —

]
+105 TO 150V |
S | S
" aspf |
_— . FEHEN
SRR . S T T 1 A
. | 008 = € lcaTHODE
KE YBOARD ,_j’., 1, 7~
CONTACTS ; g
[ 2 —- i
i it s S T W o il T =

Fig. 3. Simple, practical FSK circuit.
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Fig. 4. Typical variation in shift with diode circuit.

this isn't the case in vour VFO, vou can tap
the VFO coil a few turns from the ground end.
When the keyboard is opened, the diodes con-
duct partially due to the forward diode cur-
rent which flows, This causes a portion of the
capacity C to appear in the VFO circuit, low-
ering the oscillator frequency for the space
signal. The 47k resistor and .005 uf capacitor
act as the key-click filter since the RC charge
time causes a gradual frequency shift (about 1
ms) rather than an abrupt shift. Similarly,
when the keyboard closes, the gradual dis-
charge of the RC circuit softens the shift back
to MARK.

The part of the circuit shown in dotted lines
should be mounted as close to the VFO tube
as possible. Many VFOs will have room to
mount a tie-point strip with the components
shown right in their shield cans. To avoid a
permanent modification of a VFO, the -cir-
cuit can be built in a small shield box mounted
near the VFO and the connection to the tube
cathode made by wrapping a small piece of
solid hook-up wire around the cathode pin.
The shift adjustment pot may be mounted ex-
ternally from the transmitter if desired. It can
be on the RTTY converter panel or near the
keyboard. A shielded lead to the pot is recom-
mended to prevent noise and hum pickup.

The value of the dropping resistor R will
depend on the value of the regulated voltage
vou have available. This circuit draws only a
milliampere or so from this voltage source so
this can usually be obtained from a VR tube
already in the transmitter or the RTTY con-
verter, or one can be added to anv convenient
power supply. The following initial adjustment
procedure is suggested. Choose R to provide
about 50 volts at the top of the shift pot with
the kevboard “open.” Now with the pot wiper
at the top, adjust trimmer (shift capacitance) C
for slightly more than 850 cps shift on the
lowest frequency band to be used. If insufhi-
cient shift is obtained with maximum C, either
decrease R to get more diode conduction or
parallel C with a small mica capacitor. When
proper shift is obtained on the lowest frequen-
cy band, the shift can be reduced by use of
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the shift adjust pot for higher frequency bands
where the oscillator frequency is multiplied.
To illustrate the effect of varying the diode
current with the pot, Fig. 4 shows the fre-
quency shift vs. diode current for a Heathkit
VFO using this circuit with 1N69 diodes at
3600 kc.

Shifting crvstal oscillators

Many crystals can be successfully shitted
850 cps using diode shifters. However, some
will quit oscillating before sufficient shift can
be obtained. The circuit shown for VFO’s can
be used with slight changes. The shitt capaci-
tor C is connected to the oscillator grid and
the shift pot is eliminated. Sufficient current
is bled through the diodes to cause them to
conduct completely instead of partially. Thus
the diodes are acting as switches instead of
variable resistors. The shift capacitor C is ad-
justed to obtain proper shift. Most existing
crystal oscillators will be found to be unsat-
isfactory for shifting due to high fixed capac-
ity across the crystal circuit. It is better to
build a new oscillator taking great care to
keep strayv capacity down, such as using very
short leads in grid circuit, etc. A high gm tube
such as a 6AKS5 is the best choice. The disad-
vantage of the crystal-FSK circuit is that usu-
ally there is no margin for zeroing-in on a net
frequency since all possible “pulling” needs to
be utilized for shifting. It is possible to adapt
the VO circuit that is popular for mobile SSB
rigs to provide a tunable crystal-FSK circuit.

Obtaining local copy

When transmitting FSK with the circuit of
Fig. 3, the keyboard operates only the FSK
circuit and does not print “local copy.” To
monitor what vou are transmitting, it is neces-
sary to tune vour receiver exactly to your
transmitter and to allow the RTTY converter
to operate the printer. The receiver gain must

yﬁ'- B >
ADJUST FOR
m&'\: = 60 MA, 120 VOC
o e, | ) PRINTER
-
70 RTTY Oy
m'_m. | . 3 SwapwsT FOR
= Xmm
q Jﬁ
WWWL o
OR RELAY 1
KE YBOARD I >
T

Fig. 5. Recommended keying circuit to obtain local
loop copy.
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be reduced to prevent overload. While this
method allows continuous monitoring of the
transmitted signals, there are some drawbacks.
Beside the obvious difficulties in switching re-
ceiver gain and returning in case the other sta-
tion is not right on your frequency, there is a
problem in keeping the keyboard contacts
clean. These contacts are subject to collection
of an oil film along with dust and dirt. In the
FSK circuit, they break only about 1 ma of
current. This is not sufficient to keep this film
“burnt off” as is the case when the 60 ma
magnet current is being interrupted. Also, all
spark-suppression filters must be removed from
the keyboard circuit when driving the FSK di-
rect or these will cause bias distortion. Then
these filters are not available for local loop
operation.

A method which gets rid of these problems
is to operate the keyboard and printer in series
in a local 60 ma loop along with a polar relay.
The relay contacts then repeat the keyboard
pulses to the FSK circuit and the printer pro-
vides direct local copy. A polar relay is used
rather than an ordinary single-coil relay which
would cause pulse distortion due to its differ-
ent pull-in and release currents. The circuit
shown in Fig. 5 is a simple way of using this
method.

A DPDT send-receive switch (or relay op-
erated from transmitter S-R relay) changes the
printer magnets from the converter for receiv-
ing to the local loop for transmitting. With
some converters, the polar relay and keyboard
can be permanently connected into the printer
loop and the kever tube circuit can supply
local loop current for transmitting by means of
a “hold” switch or relay. In mounting a polar
relay, be certain to mount either vertically, or
if horizontally, so that the relay armature
moves in a horizontal plane.

The relay contacts are enclosed and free

from dust and dirt. Clean frequency shift key- |

ing is easy to obtain. Another advantage of
this method is that it allows the shift to be
easily reversed by means of an SPDT switch.
This feature is needed for some transmitters
using heterodyne VFO'’s where the upper beat
frequency is used on some bands and the
lower beat on other bands.

Summary

Adapting a transmitter to FSK is one of the
simplest and easiest jobs in getting on the air
with RTTY. If you see the principles involved,
the construction and adjustment of the FSK

circuit should prove very straightforward.
... WA4EHU
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BlIG-K

high power fy
antenna at a | §
low power price ¥

Now ... BIG-K ... an improved
| Top-sider mobile antenna with
one kilowatt p.e.p. coils.*

Compare these new low prices
for a KW rated mobile antenna!

Manufacturing costs have been
lowered by quantity production,
new techniques. Savings are
passed along to the customer.

BIG-K retains hinged column
with fast release, positive lock-
up—allows coil and top whip
| assembly to fold over. New . ..
lower in price . . . better.

"(KW coils only—except for TW-160

WMW-B KW-80, 1 KW
Fold-over mast SEAESEEEETS 75 meter coil
and adjustable SRS 13.50
; i P F 41 LY
5 R A KW-40, 1 KW
;; colife S, 40 meter coil
. (Bumper mount =%
s wmwlg_ﬁu 8.95
Fold-over mast = parya i 5
. TR 20 meter coil
and adjustable 6.95
1 whip for KW '
| coils. 77”. KW-15, 1 Kw
- meaklrzn%punt,} 15 meter coil
| | 1wt 6.25
| 300 watt, KW-10, 1 KW
160 meter coil 10 meter coil
5.80 4.45

RAYTHEON COMPANY

213 East Grand Avenue,
South San Francisco, California 94080
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E. R. Lamprecht W5NPD
Rt. 3, Box 207
Victoria, Texas

Build this simple adapter for low-cost
panoramic display of the VHF and UHF bands.

Panoramic Reception
for VHF-UHF

The serious VHF-UHF operator is inter-
ested in what's going on over a relatively
large frequency spectrum. A panoramic re-
ceiver of some type can be a great help.

Usually the adapter scans the if of the re-
ceiver and displays what is present in the if
passband on the face of a cathode ray tube.
As the receiver is tuned in this case, the dis-
play moves, with the signal heard in the
speaker being displayed in the center of the
CRT. However, the range of frequencies seen
on the screen at any one time is about 100 ke
or less due to the selectivity of the receiver if
system and/or the front end selectivity. 1f the
receiver is lett tuned to one spot on the VHF
band, only 50 ke each side of that point is
visible on the CRT. That’s not much range
compared to the limits of any VHF or UHF
band.

There are other methods of obtaining pano-
ramic displays and the following is a descrip-
tion of a usable unit. This simple gadget will
allow a standard oscilloscope to be used as the
screen. In addition it will allow a much larger
portion of the band to be observed at one
time, in fact all of the band in some cases. The
amount of band viewed is variable and one
“pip” or signal can be centered and “blown
up~ to check modulation and to be heard in
the receiver speaker. In this case the spectrum
viewed is just the band width of the receiver.

A dual triode is connected as a sawtooth or
sweep generator just like the one in an oscil-
loscope. The output of this is fed thru a level
control to the horizontal input of a regular
oscilloscope. This control varies the width of
the display and doesn't affect the frequency

Ed is a self-employed communications equip-
ment maintenance specialist and he also works
on the family ranch. His main interest is VHF.
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range. This same sawtooth waveform is also
fed thru another level control to a voltage
variable capacitor or varicap, diode. This di-
ode is in the frequency determining circuit of
a triode rf oscillator. This local oscillator is
set up on the same frequency as the oscillator
in the receiver or converter used. When the
sawtooth voltage gets to the varicap, the oscil-
lator changes frequency in step with the spot
going across the scope tube face. Meanwhile
the vertical circuit in the scope is looking at
the receiver if output and when a signal ap-
pears it causes the spot to be deflected verti-
cally. Thus, for each signal, a “pip” appears
on the scope base line to indicate a signal.
the frequency of this signal can be determined
by its relative position from left to right. Since
the sweep for the spot and the local oscillator
are from the same source and “in step” the
pips will remain stationary. The level control
in the varicap circuit becomes the band width
control.

The pip can be if voltage or this voltage can
be detected by a diode. Fig. 1 shows the two
methods and their resultant displays. In the
case of looking at the if directly, the vertical

STEW.
C=JUST LARGE ENOUGH

TO OBTAIN PATTERN- TRY Spf

STFE

LAST LF. TUBE

5 OuT F'I.IT

{ ;I.mm
@

LAST LF. TuBE

X
|

Fig. 1. Vertical scope connections to receiver,
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Fig. 2. Retrace blanking (optional).

amplifiers in the scope have to be capable of
handling the if frequency. Many scopes will
show- up to 5 megacycles.

When the spot on the scope finishes its
relatively slow trip from left to right across
the screen, it has to come back to the starting
place. Due to the rapid fall off of the saw-
tooth voltage from its peak value, this journey
is made in much less time. The result is a dim
line across the scope from right to left. Signals
present in the vertical circuits at this time will
be seen as dim “ghost” images, greatly wid-
ened because of the speed of the retrace. If
the electron beam in the CRT can be cut off
during this period, this retrace can be elim-
inated. If this is desired, a triode grounded
grid circuit is included to feed a pulse from
the cathode of the sawtooth oscillator to the
CRT cathode in such a way as to bias it to
cutoff at the right time. If the scope has a
“Z” axis input connection this probably could
be used. In the RCA WO33A used at this
QTH a coupling capacitor was added in the
scope trom the cathode of the CRT to a
phono socket on the front panel. The retrace
blanking pulse is fed in here and puts a posi-
tive pulse on the CRT cathode at the right
time to cut off the spot. This cathode has
about 650 volts negative and the plate of the
blanker a couple hundred positive, so better
use a good pair of .1 puf at 600 volts in series
or something better for the coupling capacitor.

The other half of the blanker is used as a
bufter for the oscillator to isolate it from the
receiver circuits. This also makes it possible
to “swamp~ the output of the adapter to keep
from overdriving the receiver circuits.

Of course you will use small coax or shield-
ed cable for all interconnections between
scope, receiver and adapter. Parts layout is not
critical, but keep lead lengths down and
mount the RF parts solidly so calibration will
hold.

The RF oscillator in the unit can be almost
any type as long as it is capable of covering
the desired frequency range. Extreme stability
is not needed as a small frequency shift will
not be noticeable if a large portion of the
band is being scanned. With a given circuit,
a high ratio of inductance to capacitance will
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XTaL OSC.

Fig. 3. Panadapter switching.

give the most frequency change with a given
capacity change. A limit to this is reached
when the “Q” of the circuit becomes too low
to allow oscillation. Some types of diodes will
have a lower “Q” and may be the limiting
factor on the frequency range covered.

In the circuit shown, a regular power rec-
tiier diode (silicon) is used as the wvaricap.
One with a 400 to 750 volt peak inverse rat-
ing is adequate. Individual units will have
somewhat different characteristics as to
“Q”, de bias needed for a given capacity and
capacity range available. Almost any will work
but try a few if available and see if one of
them might be better than the rest.

A regular varicap or varactor may be used
but be careful not to exceed the piv rating.
The circuit shown will exceed these ratings
and should be modified at the “X” points in
the high side of the diode bias control and
the band width control. A suitable resistor
may be inserted at these points to limit the
voltage the controls may place across the di-
ode. These resistors may run to several meg-
ohms. Leave out the diode until you have in-
stalled the resistors by trial and then run the
controls all the way up and measure the dc
bias with a VI'VM and the sweep with your
scope and be sure it isnt too much for the
varactor you choose. This is not a problem
with the power diodes used in the circuit as
shown. More frequency range may be ob-
tained with the varactors but other problems
appear. The RF voltage at the grid can over-
ride the small bias used. A 100 pf at 4 volt
diode tapped down on the coil between cath-
ode and ground thru a 250 pf condensor with
de bias of about 4 volts (using 10 meg resistors
in the “X” positions) will cover all of 2 meters

HF
- amc | RECEIVER
i)

ADAPTOR

—-DT —0 T ?
|eaner outeur |
PN § OFSRVERTER XTAL
+ SWEPT OSC OUTPUT
FaEn
¥ i i

Fig. 4. Interconnection block diagram.
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(FIG, 2)
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Fig. 5. Panadapter circuit.

easily when used as shown with a 2 meter
convertor to a 14 me receiver. As more band
is covered it becomes more likely to get a
spurious pip somewhere along the base line.
Actually the power diodes are easier to work
with in tube circuits and give plenty of fre-
quency range. The low voltage high capacity
diodes are ideal for use in transistor circuits.
Those of you who believe the little rascals
are here to stay could convert the circuit to a
transistor operation.

The frequency range of the oscillator will
depend on the receiver or convertor it is to be
used with. The injection may be made into the
crystal socket of most converters and in this
case it may be one half of the crystal operat-
ing frequency. An example is the much used
2 meter converter working into a 14 to 18 mc
receiver. The crystal in these converters is
usually marked 43.33 me. The output of the
crystal oscillator is tripled to 130 mec and the
result of mixing this with 144 to 148 mc is
the 14 to 18 mc you feed into your receiver.
So if a sweep frequency of 21.66 to 22.33 mc
is put in where the crystal was the result is
a 144 to 148 mc sweep which comes out on
14 mec. Tune your receiver to 14 me, connect
up the scope and adapter and vou will be
looking at 144 to 148 on the CRT screen. Of
course in this case you are getting 6 times
multiplication of the sweep range by the mul-
tiplier chain in the converter. Resistor Rl
across the output of the buffer is to keep the
crystal oscillator from generating spurious fre-
quencies due to overdrive. This resistor looks
pretty low but even less can be used. If too
much oscillator voltage gets across the large
resistor in the crystal oscillator grid circuit the
tube becomes a good harmonic generator and
lots of strong “birdies” appear on the screen.

Another place to insert the sweep oscillator
output is the mixer stage in the hf receiver.
In this case not so much range is available
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because of the front end selectivity of the re-
ceiver. However from 14 to 14.5 can be cov-
ered with most receivers. This would give you
500 kc of any VHF band depending on which
converter you switched to. Also coverage of
twenty meters which is rumored to be still in
operation.

In any case the unit should be arranged so
it can be switched in and the regular tuning
oscillator or crystal out and vice versa, with
just the Hick of one switch. The oscillator
should be disabled when normal tuning is
used to keep down any odd birdies that might
appear.

A few things to keep in mind when build-
ing the unit to use with a particular receiving
setup: The more range vou cover, the less dis-
tance between pips and the less you can tell
of their nature. If you put a fairly good dial
on the bandset variable condensor in the oscil-
lator you can center a pip and keep it centered
while you reduce the sweep to zero and look
at that signal alone and hear it in the speaker.
On a dead VHF or UHF band a signal com-
ing on will cause a low frequency note in the
receiver speaker. Vary ave, bfo and volume
settings for best results. If different selectivi-
ties are available on the receiver see which
works best. If noise pulses from a 60 cycle
source stand still on the screen, change the .1
uf condenser or the 180 k resistor in the saw-
tooth oscillator slightly so it will not sync with
the noise. This will make it easier to distin-
guish between signals and power line noise.
Turn the rf gain down so that noise is just
visible on the base line. You can spot check
with your own transmitter or exciter to deter-
mine the frequency range covered. Be sure
and compare your ability to detect weak sig-
nals with the scope to results vou get by listen-
ing to the speaker and manual tuning with the
bfo on.

. W5NPD
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Super-combination for transceiving...

DRAKE

The new
Receiver-
controlled
EXCiteres s

Model T-4 - E 9 9 = sAmateur Net

T-4 Features

Covers all Ham Bands 160 thru 10 meters.

Covers MARS and Other Frequencies between ham
bands.

Upper and Lower Sideband on all frequencies.

Automatic Transmit Receive Switching on CW (semi
break-in).

Controlled Carrier Modulation for AM is completely
compatible with SSB linear amplifiers

VOX or PTT on SSB and AM built-in.
Adjustable Pi-Network Output.

Two Crystal Lattice Filters for sideband selection,
2.4 Kc bandwidth.

Transmitting AGC prevents flat topping.

Shaped Grid Block Keying with side tone output.

200 Watts PEP Input on SSB—180 watts input CW.
Meter indicates plate current and relative output,
Compact size; rugged construction.

Gomplete Transmitter
(LESS POWER SUPPLY)

--------

DRAKE The

ultimate
in

mmmmmmm

2
T

e

Model R-4A == 3 9 9 95 Amateur Net

R-4A Features

Solid State Linear permeability tuned VFO with 1
Kc divisions. Gear driven circular dial.
chanical, electrical, and temperature stability.

Covers ham bands 80, 40, 20, 15 meters completely
and 28.5 to 29.0 Mc of 10 meters with crystals fur-
nished.

Any ten 500 Kc ranges between 1.5 and 30 Mc can be
covered with accessory crystals... (160 meters. MARS,
etc 5.0-6.0 Mc not recommended).

Four bandwidths of selectivity, 0.4 K¢, 12 Kc. 2.4 Kc
and 4.8 Kc.

Passband tuning gives sideband selection without
retuning.

Noise blanker that works on CW, SSB, and AM is
built-in.

Notch filter is built-in.

100 Kc crystal calibrator is built-in.

Product detector for SSB/CW, diode detector for
AM.

Crystal Lattice Filter gives superior cross modulation
and overload characteristics.

Compact size; rugged construction.

All T-4 features plus
e Solid State VFO and
e XTAL Oscillators...

Give:

Separate control of receive and transmit frequencies

Transceiver operation with frequency control by either Rcvr or
xmtr

Coverage on 80, 40, 20, 15 meters completely and 28.5 to 29.0 Mc

of 10 meters with crystals furnished

Four extra 500 Kc ranges can be covered with accessory crystals
(160 meters, other 10 meter ranges, MARS, etc.)

o Wi 5 &) 5 AC-3 Power Supply for
Model T-4X, Amateur Net: 3 9 9 T-4 and T-4X: $99.95

R.L.DRAKE COVIPANY MAMISBURG, OHIO 45342
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transceiving

High me-
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420 mec band,
problem of, “Where am I?”.
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Jim Fisk WAG6BS
1560 Glencrest Court
San Jose, California

Photos by Jim Harvey WAGBIAK

UHF Grid Dipper

In answer to your pleas for complete plans for a good UHF
grid dipper, WA6BSO has written his up. It covers 300-
680 mc and you can even use a precalibrated dial if you
follow his instructions carefully.

When building or testing equipment for the
imateurs invariably run into the
[t becomes a little

will counter that you should be able to figure
close enough, after all the band is 30 mc wide;
but even the experienced old timer will con-

dif

ficult to tell whether you

ell

e actually in the

band or somewhere nearby. The uninitiated
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firm that this just isn’t so.

The 420-450 mc amateur band falls be-
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tween the VHF and UHF television assign-
ments and there is very little to use for a
frequency reference point. It is nearly impos-
sible to tell exactly where vou are without re-
sorting to expensive commercial gear or lecher
wires. Nor is the problem confined to the %
meter band; when building crystal controlled
converters for 432 or 1296, it's nice to know
that the last tripler is really tripling and not
doubling or quadrupling. Even with a 45 or
50 mec crystal, it's quite easy to tune up on
the wrong harmonic. Remember that a 40 mc
change at 400 mec is analogous to a 400 ke
change on 75 meters.

There are several commercial instruments
that fill this requirement nicely, but the cost of
the least expensive of these would buy a pretty
respectable all band receiver. Occasionally
suitable test equipment appears on the surplus
market, but again, the price is prohibitive.
The simple UHF grid-dipper described in this
article was designed specifically to economi-
cally fill this need. It covers the frequencies
from 300 to 680 mc at a total cost that is
comparable to a low-frequency kit-type grid-
dipper. By using junk-box parts and smart
horsetradesmanship this cost may be substan-
tially reduced. I should hasten to point out
that substitution of parts in the tuning head
should be avoided if accurate dial calibration
is desired.

This particular grid-dipper has been dupli-
cated several times and in each case calibra-
tion has been within several percent of the
original unit; at least as accurate as the
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Fig. 1. Schematic of the rf head of the UHF grid
dipper.

familiar kit-type grid-dipper. This is helpful

“to the ham who does not have access to com-

{. INZBEOA (FOUR PLACES)

mercial equipment for calibration purposes. By
using the layout and parts described in this
article, the precalibrated dial illustrated in
Fig. 8 may be used with a minimum of error.

Although an accessory power supply, modu-
lator and indicator are included in this design,
an enterprising ham could use the power sup-
ply and meter presently available in any lower
frequency tube type grid-dipper. Although us-

EXTERNAL
MODULATION

AMPHENOL 91-PCAF

DETECTOR SiA 47K
MODU A 25 mid—— 25 mid—— lxl OW
= Im" =11 iy Im' 2] B 'IEEH m
CARRIER : — SENSITIVITY
/ OFF = 63VAC, 24
( : No 47 77 Vg 77 'K
|
SWITCH: :
MALLORY 31344 |
|
|
1K 10K I
|
| n‘? AA PHONES
|
I 3300 IK
lr o1 ol Ot
| [ Si8
: J_ i { y:
| WORLECTOR - - o0 5600 <5600 470K E 04
, EMITTER )\ BASE T AL ;
: ! X--—02
| eN33s2
| 2N3392 =
| BOTTOM VIEW
' P
|
| Ji
|
!
I

ALL RESISTORS 172 W

M AT RS St M el

I_,i o

=

B o -  — — — o — O —— " T — —— — — T — T — T S S ——

Fig. 2. Power supply and modulator for the UHF grid dipper.
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ing a modified low-frequency dipper is simple
and inexpensive, the power/indicator box spe-
cifically designed for the UHF tuning head
has several features that are not available in
inexpensive kit-type units. These include in-
ternal 1,000 cycle modulation, provision for
external modulation, and voltage regulation

which provides the necessary stability at the
ultra high trequencies.

The rf tuning head

The heart of this instrument lies in the tun-
ing head itself. There is nothing particularly
new or different about the circuit, but at these
frequencies stray inductance and capacitance
in circuit layout and construction will seriously
affect the end result. All the lead lengths must
be as short as humanly possible and physical
circuit layout must follow standard UHF
practice. One of the big problems in building
tunable oscillators at UHF is to obtain an os-
cillator that will tune from one end of the
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Fig. 3. Critical wiring around the 6CW4 socket.
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range to the other with no “holes,” frequency
jumping or instability. The series tuned 6CW4
nuvistor oscillator shown in Fig, 1 fills these
requirements.

Insofar as possible, all the tuning head wir-
ing is done on a point-to-point basis with the
components mounted directly to the 6CW4
tube socket or button capacitor lugs as illus-
trated in Fig. 3. To obtain the desired accu-
racy with the precalibrated dial, this diagram
should be followed as closely as possible.

To keep stray circuit inductance to a mini-
mum, all wiring between the coil and tube
socket is done with one-quarter inch wide
strips of thin copper sheet. In addition, the
rotor of the variable capacitor is connected to
the 6CW4 grid (pin 4) with a short strip of the
same material. The only tricky part of this
wiring is the installation of the series capacitor
C4. This capacitor is a 500 picotarad button
type mounted as shown in Fig. 5. The “S”
shaped bracket (“A”) is made from a one-
quarter inch wide copper strip, one and one
half inches long and soldered to the mounting
stud of the capacitor. Connection to the 6CW4
plate (pin 2) is made with the soldering lug
on top of the button.

Connection to the stator of the variable ca-
pacitor is accomplished with another short
strip of thin copper as shown in Fig. 5 ("B").
This piece of copper is bent so it touches both
stator mounting pins when the unit is assem-
bled; then it is soldered in place.

The oscillator and tuning mechanism are
housed in a standard 2% X 2% X 4 inch chassis
box laid out as shown in Fig. 4. Although the
author’s unit is based on an LMB type 107
chassis box, other manufacturers have simi-
larly sized boxes which are equally suitable.
The layout of the enclosure is straight-forward

and no difficulty should be found in duplicat-
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Fig. 4. Layout of the tuner chassis, chassis cover, dial, connector insulator, oscillator support and oscil-
lator support angle, :

ing
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it. The dial and coil socket cutouts are

made by drilling or punching round holes and
then cutting out the area between them as
shown in the drawing. This is easily done
with an Adel “nibbling” tool. All of the small
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