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Foreword

Probably no segment of amateur radio has moved so rapidly in
recent years as ‘“The World Above 50 Mc” which is this book’s
concern. Though The Radio Amateur’s VHF Manual was introduced in
1965, and completely reworked in 1968, developments in the vhf
realm have come so fast, and in such bewildering variety, that this
third edition is already overdue.

Frequencies above 50 MHz have always been prime experi-
menter territory, but in the Seventies they are increasingly a com-
municator’s world, as well. As such they are attracting an ever-higher
percentage of the world’s users of the radio-frequency spectrum —
military, governmental, and commercial, as well as amateur. Just since
this book was first produced, we have seen amateur communication
via the moon become a worldwide reality on all amateur frequencies
from 144 to 2450 MHz. Amateur satellites have shown ever more
clearly that the days of ‘“DX” (if the term means “distance” of the
conventional variety) are numbered. Who could listen to Apollo
conversations (frequently using channels close to our 2300-MHz band)
and not realize that we are in the midst of nothing less than a
communications revolution?

The more conventional aspects of vhf and uhf hamming have
been moving with equal speed. All-solid-state equipment of remarkable
utility: has made the vest-pocket ham station a reality. Coming soon,
the ““wrist radio””? Vhf and uhf repeaters make commonplace a degree
of ’round-theclock reliability undreamed of even a few years ago.
Extensive use of ssb techniques has extended the range of voice
communication far beyond the best we could manage heretofore. More
occupancy, more effective equipment, bigger antennas, and growing
propagation knowledge are showing new potentials of all our bands,
up through at least 10,000 MHz.

Obviously, it’s time for a new VHF Manual. Edition Three is
full of new material, but it retains the down-to-earth readability of its
widely acclaimed predecessors. Like them, it is mainly the work of
OST’s long-time VHF Editor, Edward P. Tilton, W1HDQ. Ed’s exper-
ience span has seen the bands above 50 MHz all the way, from their
early status as get-lost room for a special breed of ham, to their
now-recognized stature as a major asset for all amateurs.

Assisting Ed with much interesting and practical information on
fm and repeaters is Douglas A. Blakeslee, WI1KLK, for some years now
a fixture on the QST masthead, as Assistant Technical Editor. We
trust that you’ll find them a good team.

JOHN HUNTOON, W1RW
General Manager, ARRL

Newington, Conn.




Ross A. Hull, vhf pioneer, and QST Associate Editor, 1931-1938.

Ross saw the potential of the then-uncharted word above 50 MHz
perhaps more clearly than any other man of his time. The technical
excellence of his equipment designs and his enthusiasm in print and in
person fired the imagination of a whole new generation of radio amateurs,
among them the author of this book. Hull’s discovery and eventual
explanation of tropospheric bending of vhf waves has been called “one of
the truly outstanding examples of scientific achievement by an amateur in
any field of human endeavor.”
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Abbreviations used in Text and Drawings
(Older form shown in parentheses)

A — ampere (amp.)

ac — alternating current

af — audio frequency

afc — automatic frequency control
afsk — audio frequency-shift keying
agc — automatic gain control

a-m — amplitude modulation

ATV — amateur television

avc — automatic volume control

bc - broadcast

bci — broadcast interference

BFO — Beat-frequency oscillator

ccw — counterclockwise

CFM - cubic feet per minute

coax — coaxial cable

COR - carrier-operated relay

CRT - cathode-ray tube

ct — center tap

cw — continuous wave

dB — decibel

dc - direct current

dpdt — double-pole double-throw
dpst — double-pol€é single-throw

dsb — double sideband

DX - long distance

EME — earth-moon-earth, moonbounce
FCC - Federal Communications Commission
FET - field-effect transistor

ft3/min — cubic feet per minute (CFM)
fm — frequency modulation

GDO - grid-dip osciilator

GMT - Greenwich Mean Time

H — Henry (hy.)

hf — high frequency

Hz - hertz (cycle)

IC — integrated circuit

ID - inside diameter

if — intermediate frequency

JFET — junction field-effect transistor

k - kilo
kHz — kilohertz (kc. — kilocycle)
kW — kilowatt

If — low frequency

LO - local oscillator

Isb — lower sideband

luf — lowest usable frequency

mA — milliampere

MARS - Millitary Affiliate Radio System
mH - millihenry

MHz — megahertz (Mc. - megacycle)
mic — microphone

mix — mixer

MOSFET - metal-oxide semiconductor field-effect transistor
ms — millisecond

m.s, — meteor scatter

muf — maximum usable frequency
mV — millivolt

mW — milliwatt

nbfm, nfm — narrow-band frequency modulation
NC - normally closed

NO — normally open

npn — negative-positive-negative
OD - outside diameter

osc — oscillator

oz — ounce

PA - power amplifier

PEP - peak-envelope power

pF - picofarad (MuUF — micromicrofarad)
PIV — peak-inverse voltage

pm — phase modulation

pnp — positive-negative-positive
pot — potentiometer

PRV — peak-reverse voltage

PTT - push-to-talk

1cvr — receiver

if — radio frequency

rfc — radio-frequency choke

RFI - radio-frequency interference
ms — root-mean-square

s.a.s.e. — stamped self-addressed envelope
SNR - signal-to-noise ratio

spdt — single-pole double-throw
spst — single-pole single-throw

ssb — single sideband

SSTV — slow-scan TV

SWR — standing-wave ratio

TE — transequatorial (propagation)
tpi — turns per inch

T-R - transmit-receive

TV — television

TVI — television interference

usb — upper sideband

uhf - ultra-high frequency

V - volt

VCO - voltage-controlled oscillator
VCXO - voltage-controlled crystal oscillator
VFO — Variable-frequency oscillator
vhf — very-high frequency

VOM - volt-ochmmeter

VOX - voice-operated break-in

W - watt

WAC — Worked All Continents
WAS - Worked All States

ww — wire wound

wv — working voltage

xtal — crystal

U — micro (10—6)

MF — microfarad (uf.)

UH — microhenry (uh.)




Chapter 1

How It All Started

Those of us who make the frequencies
above S50 Mc. our principal stamping ground
tend to think of v.h.f. as the ‘“‘new frontier’” of
amateur radio. Actually it is as old as the art of
radio communication itself. While universal use
of the upper reaches of the radio spectrum is a
fairly modern phenomenon, some of the earliest
work with electromagnetic radiation, and per-
haps the first actual communication by radio,
were on wavelengths near our present 2-meter
band.

The resonator of Heinrich Hertz, and the
practical applications of it by Marconi, operated
around 150 Mc. And if you think that the
beam you are using is a recent development,
consider the fact that Hertz used a rudimentary
form of Yagi in 1888, and Marconi employed a
parabolic reflector to extend the range of his
first equipment before the tum of the century.
But Marconi and a generation of radio pioneers
to follow him moved to the longer waves to
achieve greater coverage. The ultra-high frequen-
cies lay dormant for 20 years thereafter.

The Drive for DX

ARRL and QST had been in existence for
nearly ten years before frequencies higher than
15 Mc. were discussed in any detail. Trans-
mitters using vacuum tubes had replaced spark
rigs in the early ’20s, and the unfolding possi-
bilities of DX on wavelengths below 200 meters
caused adventurous amateurs to probe ever high-
er in frequency. Each move upward produced
new miracles of DX, culminating in worldwide
communication with low power — in daylight
when gear was finally made to work in the
14-Mc. region. The next band then open to
amateurs was at 56 Mc. It was widely assumed
that if workable S-meter gear could be built,
this band would be even better for DX than 80,
40, and 20 meters had progressively turned out
to be.

Just getting there was thought to be the
principal problem. Technical Editor R. S. Kruse
pointed the way in the October, 1924, issue of
QST, with “Working At 5 Meters,” perhaps the
first v.h.f. constructional article ever published.l
In the next few years much QST space would
be devoted to S-meter gear, but trying to use it
was a frustrating business, Transmitters were
simple oscillators; stabilization of any kind was
all but unknown, and not even considered for
S-meter rigs. Receivers were regenerative detec-
tors - hard to get going at all, and then in-
credibly cranky to tune. Oscillators using de-
based tubes, mounted bottom-up to reduce lead
inductance, and receivers with foot-long insula-
ted tuning shafts to hold down hand capacity,

The footnotes refer to the bibliography at the
end of the chapter.

were the order of the day. The wonder was
that hams of the middle Twenties made gear
work on 7 or 14 Mc., let alone 56!2.3.4

This was c.w., remember. You had to chase
a wandering signal with a receiver that was
touchy beyond belief, even with stable signals.
But S-meter gear was made, and it worked after
a fashion. When the first pioneers heard one
another across town they were ready for a shot
at Australia, or Europe. This technique had
brought results before on lower frequencies,
why not on 56 Mc.?3 Then came several years
of largely fruitless effort. There were scattered
“heard” reports, some rather dubious in the
light of present knowledge of v.h.f. propagation,
but rarely was there two-way communication
over more than a few miles.

By 1928, interest lagged. There were rumb-
lings of DX on our new band at 28 Mc. The
DX drive tended to move lower in frequency,
and for about two years the world above 50
Mc. was inhabited mainly by experimenters,
rather than communicators.

Working at 5 Meters

By S. Krase, Technical Editor

AST month I said that ordinary cuit 15 shown becauvse it is simple. Series
methocs worked perfectly well down feed is used because this is to be a loose-
to 20 meters but s care was coupled set and therefore no harm will
needed below thet. Since that time Shunt feed can
hundreds of stations have been work- more tronble in

ing at 40 and 80 meters, not very many at

come from series feeding.
be used but there will
meaking the chokes work well.

meters—and very few tndeed at § meters.
Most of the 20 and 5 meter work has failed
because of an unsteacy wave which could
oot be read, altho very strong at the re-
ceiver. The moral is to make a 5-watt tube
work steadily rather than to make a 250-
watt tube work unsteadily.

Gettiog Down

I also advised the use of one tube only.
This was correct at 40 meters, is still more

Now we are down to a very amall helix,
and no capacity except that of the tube—
can we make this thing oscillate?

The Circuit .
The complete circuit is shown in Fig. 2.
A little stody will sbow this to be the same
circuit as in Fig. 1, with the additton of
the radio lrequency chokes needed to make
the tube oscillate.
To tell when the set is oscillating the

$ METER OSCII LLATO&JET COMPLETE

Allh-l-nuth-:" a5d aoxt To it the bassiess C-302 tuhe with 4
Uasslormes, thes n Weston wo--u.
The plats power is Lied
Slamest veitage s contralled Ty the E3t0
Thia rhesatat o consected in the primary

translormes. The circuit is shown ia Fig. Z.

lmportant at 20 meters, and it is almost out
of the question to make séveral American
ttbes work in parallel at 5 meters. The
recson for this 1s the insistence of our tube

ers in bringing all terminals out in a
bunch at one end of the tube. If they
would only bring the plate out somewhere
else would little t:

simplest test 15 to touch the plate coil with a
wood handled screwdriver. Be careful—
the burns from even a S-watt oscillator
are pretty painful.
It th scmdnver does not apark try
nmng lhe plate and filament voltage s bit,
putting the plate and grid turns
It the screwdriver
ny Iy a k

t cour g,

In probabiy the first v.h.f. constructional article
ever published, Technical Editor Kruse described a
5-meter oscillator in QST for October, 1924. The
oscillator tube, barely visible just to the right of
the tank coil, was a debased C-302 resting bottom-
up on its glass envelope.




Short-Range Phone Does It

Up to this time, most amateurs were code
men. Phone was coming in, but it was frowned
on as wasteful of frequency and was often
treated as an unwanted stepchild. Then a few
u.h.f. experimenters began modulating their rigs,

B i
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Autodyne receiver used by WBAZL in pioneering
5-meter work with W8PK and WBABX. V.h.f.
adaptation of the superregenerative detector,
which was to popularize v.h.f. operation in a big
wgy, was still a year away. From September, 1930,
OST.

and unwittingly triggered off a boom that was
to establish the S-meter band as desirable com-
munications territory in the minds of a whole
new generation.

The experience of early 5-meter phone ex-
perimenters John Long, W8ABX, and E. O.
Seiler, W8PK, was typical. They were working
on 80 one night in the summer of 1930, when
a thunderstorm not far away made communica-
tion difficult. W8ABX was running his 5-meter
rig simultaneously, and when W8PK listened on
5 he found, to his amazement, that signals were
far clearer than on 80. Here, for the first time,
the S-meter band was seen to have real worth:
it would work over short paths with voice,
when noise levels, high activity, or other adverse
factors were present on lower frequencies.®

Receivers were still a bottleneck, however.
The regenerative receiver, critical enough on any
frequency, was an operator’s nightmare at 56
Mc. Enter here the superregenerative detector.
Invented years before, the superregen had not
found much favor with amateurs.® It was use-
less for c.w., and its broad frequency response
and raucous audio quality gave it a bad name in
voice work. But on 56 Mc., where there was
band width to bum, broad tuning was almost a
blessing.

In retrospect we can sec scveral factorss
combining to accelerate 5-meter interest as ham
radio moved into the Thirties. The wedding of
the modulated oscillator and the superregen-
erative detector would start things rolling again.
The modulated oscillator sounded awful on sel-
ective receivers now in use on lower frequencies,

HOW IT ALL STARTED

and it used up more than its share of high-
prosity kilocycles. But there was plenty of
room on 5, and the unstable signal didn’t sound
bad at all when received on the broad-tuning
“rush-box.”

Soon it was found that these two castoffs
had something else in their favor: If stations
were not too close together in frequency, their
transmitters and receivers could be operated sim-
ultaneously. This was ‘‘duplex phone,” a wholly
new concept. Two hams could converse as easily
by radio as over the telephone, or face to face.
Duplex was an overnight sensation, with obvious
advantages over c.w., and the monologue voice
technique then used on lower bands.

The ill wind of economic depression blowing
across the land had made thousands of hams idle.
With much time and little money, they were ripe
for a kind of hamming that could be carried on
with makeshift gear, largely made by hand or with
parts robbed from discarded radio receivers. Not
only from junk sets, either; as 5-meter interest
boomed, more than one family’s radio listening
time was rationed, while the ham of the house
reddened the plates of Type 45 or 71A tubes,
lifted from the broadcast set for service in a
5-meter oscillator. Simple low-cost gear; duplex
phone; the thrill of something new, yet within the
reach of nearly everyone — these were magnets
that drew countless newcomers, including the
author of these lines, into amateur radio in the
early Thirties.

As all through the history of the hobby, QST
struck the spark. The July, 1931, issue was fat with
v.h.f. lures. Technical Editor Lamb had 11 pages
on u.h.f. oscillators,” some working as high as 400
Mc., where some farsighted administrator had set
aside a narrow band for amateur experimenters.
Associate Editor Ross A. Hull, who would become
one of the v.h.f. man’s legendary heroes, fanned
the flame with down-to-earth 5-meter receivers,8
adding reports on mobile receiving tests, for good
measure. Hull’s “Duplex Phone on 56 Mc.” in
August? described more simple gear, and set forth

Cover picture from August, 1931, OST shows the
modulated-oscillator transmitter that heiped trigger
the 5-meter boom of that eventful summer. Two
71As in a push-pull oscillator were modulated by
parallel 47s.




Short-Range Phone Does 1t

the operating concept that was to build the fire to
conflagration proportions.

The urge to work around the world was
forgotten; the aim now was to work across town,
reliably, on voice. If S-meter waves traveled only in
straight lines, then we would get up on the hills to
extend our horizons. “Working portable’’ became a
great weekend outdoor sport wherever there were
hams and mountains. Duplex suggested voice relay-
ing, and hilltop stations worked up haywire patch-
ing systems, to hook valley dwellers up with
stations they could not hear direct. Message relay-
ing also boomed, and on weekends, points as far
apart as New York and Boston were connected by
snappy relay circuits, thanks to three or four
hilltop portables along the way.10

Another QST cover shot shows Managing Editor
W1SZ hauling up the 8-element beam that was to
make 5-meter history at Selden Hill in the fail of
1934.

DX Again

Almost from the first widespread S-meter
activity in the summer of 1931, it was seen that
signals did not always travel strictly in straight
lines. Stations not within pure line-of-sight range
could communicate at times, and the degree to
which this was possible was seen to vary. But most
of us were too busy trying to improve our
equipment to pay much attention to propagation.
Then, in the summer of 1934, Ross Hull began
experimenting with beam antennas.11 Hanging a
stick-and-wire system of 4 half waves in phase,
with reflectors, over the porch roof at Selden Hill,
West Hartford, Ross fired up a 200-watt oscillator
and blazed away in the direction of Boston. Selden
Hill was a fine location, with a clear sweep across
the Connecticut Valley, but it was less than 300
féet above sea level. The horizon, 12 to 20 miles
distant, was solid with hills 1000 feet and more in
elevation, for 50 miles or so, before the country-
side sloped down to the coastal plain of Eastern
Massachusetts and Rhode Island.

9

This sort of path had never been bridged on §
meters. The best DX previously worked by Ross
and his associate, W1ANA, and members of the
Headquarters Staff who worked with them at
Selden Hill, had been a portable on a hilltop 35
miles away. All hands were justifiably excited,
therefore, when use of the new directive array
produced two-way contacts with many stations in
Eastern New England, 75 to 125 miles distant.

Operating on a 24-hour basis, the gang soon
found that although signals of some sort were
nearly always receivable over at least 100 miles,
there was a tremendous variation in level. A signal
would all but block the receiver at times, and then
a day, an hour, or even minutes later it would drop
almost into the noise.

Why? At this juncture what had been little
more than a lark to the enthusiastic Hull took on
the aspects of a long-term challenge. He set up
schedules around the clock, and kept them relig-
iously. He scanned reams of data on all kinds of
natural phenomena. Eventually he developed a
photographic recording technique, especially to
compile a running record of the signal variations of
experimental station W1XW, at the Blue Hill
Observatory, near Boston. Records were plotted
against lunar cycles, weather data, temperature and
barometric pressure curves — anything that might
affect S-meter propagation,12

We won’t attempt to retell the story here, for
you can find it all in Ross’s own words in QST.
(See bibliography at the end of this chapter.) Read
Hull’'s account for yourself, and see why his
discovery of air-mass boundary bending of v.h.f.
waves, and eventual development of a theory to
explain it,13 has been called “one of the outstand-
ing achjevements by an amateur in any field of
scientific endeavor.”

DX of a more remarkable variety was noted in
the spring of 1935.14 One day in May, S-meter
men in eastern cities were amazed to hear strangers
in their midst; fellows signing W8 and W9 calls.
Michigan, Ohio, Illinois — on 5 meters? Impossible
- must be bootleggers trying to pull a fast one!
But contacts were made and QSLs exchanged; the
signals were genuine. It happened more often in
1936, and soon everyone was looking for S-meter
DX, as word spread like wildfire whenever the
band opened up. Most contacts were between 500
and 900 miles, with some out to 1200. A pattern
for the propagation was evolved by Harvard Uni-
versity’s J. A. Pierce, W1JFO, in a scholarly
analysis of S-meter DX in September, 1938,
QST.15

In the same issue was the biggest DX news yet:
details of a transcontinental QSO between
WI1EYM, Fairfield, Conn., and W6DNS, San Diego,
Cal., a record that would stand as long as we had
the 5-meter band.16 Dr. Pierce charged this all up
to sporadic ionization in the E region of the
ionosphere, and pointed out some possible causes.
His writings and those of Ross Hull are real
milestones in the amateur’s contribution to radio
propagation knowledge. We can be proud that they
came years in advance of similar work by scientific
and governmental agencies.

-
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HOW IT ALL STARTED

Nathaniel Bishop, W1EYM, Fairfield, Conn., and Harold Hasenbeck, W6DNS, San Diego, Cal., made
the first transcontinental 56-Mc. QSO, July 22, 1938.

Meanwhile, v.h.f. was growing up. Power was
increasing; receivers were getting better; beam
antennas were becoming common, QRM was get-
ting worse steadily, and it became obvious that
something must be done. That “something” was
the elimination of the broad signals radiated by
unstable transmitters, so that selective receivers
could be used effectively. The day of the simple rig
was drawing to a close, and effective December,
1938, FCC required amateurs on the 56-Mc. band
to meet the transmitter stability requirements
imposed -on lower frequencies. This brought a
wonderful era to an end, but it started another.

Simple Gear Moves to 112 and 224 Mc

Some S-meter men saw in the stabilization
regulations the death knell of their favorite band.

NEW U.H.F.0aNDS

Two of the famous “Gil” cartoons in QST for
December, 1938, summed up the v.h.f. aspects of
new FCC regulations then becoming effective.

A few gave up ham radio, rather than convert to
the more complex stabilized transmitters. Others
dropped to lower bands. But a sizeable number
moved higher, and picked up on 112 Mc. where
they had left off on 56. Using largely the same
techniques that had served so well on 5, these
fellows and many newcomers went through a cycle
of activity and development reminiscent of early
S-meter days. Almost anything that had been done
on 5 was repeated on 2 1/2, except for the working
of long distances via ionospheric propagation.
There was even considerable experimentation on
1 1/4, and interest in both bands was still rising at
the time of the World War II close-down, Decem-
ber, 1941. Freed of their severe QRM problem
after 1938, 5-meter workers concentrated on im-
proving receivers, transmitters, antennas, and op-
erating techniques. Reliable operating ranges
stretched out to 200 miles and more, for the better
stations.

One more DX propagation mode would be
brought to light before the wartime close-down.
Who did it first, where, or when, is not precisely
known, but the first rumblings were heard in 1937.
“Rumblings” is the right word, for these weird
signals were characterized by terrific distortion,
rendering modulation of any kind almost unread-
able. Often the signal was little more than a rumble
or roar. At first nobody knew what was up, but
before long it was found that distortion and signal
strength peaked when antennas were aimed north.
Eventually this happened on a clear night, and all
across the northern sky was seen the eerie glow of
aurora borealis! Not much was known about the
nature of the aurora then, but amateur 5-meter
observations were put to good use in studying it.
Until the wartime cessation of activity, and again
after 1945, amateur reports gathered by ARRL
contributed in a significant way to increased
understanding of auroral phenomena.17

The Modern Era

Except for limited use of the 112-Mc. band in
the War Emergency Radio Service, all amateur
activity came to an abrupt end on December 7,
1941. Military communications and radar, mean-
while, expanded all through the spectrum, employ-




Worldwide V.H.F. DX at Last!

ing frequencies and techniques hardly dreamed of
by most hams. Especially in v.h.f. and microwaves
great strides were made during the war period, and
many among us doubted that amateur radio could
ever catch up. But hams were in the thick of it, in
laboratories and in the field, and they learned their
lessons well enough to be off and running when the
war was over in the fall of 1945. A complete
reshuffling of our allocations had been made, and
after a temporary start on the old bands at 56 and
112 Mc., we moved to new assignments at 50, 144,
and 220 Mc. We also now had bands at 420 Mc.
and at intervals all through the assigned portion of
the microwave spectrum. There was work to do!

The change from 56 to 50 Mc. was especially
intriguing, in view of the rising solar activity curve.
Would the new band “open up” when we reached
the top of the sunspot cycle a year or two hence?
By now, scientists were making predictions as to
the maximum usable frequency for Fap-layer propa-
gation, but they were not overly optimistic. The
best guess was that 50 Mc. was a bit too high.

Worldwide V.H.F. DX at Last!

Fortunately, most v.h.f. men did not know
about these predictions. Noting that British TV
signals on 45 Mc. could be heard now and then,
and hearing from keen observers across the Atlan-
tic that American signals and harmonics were
filtering through in Europe on frequencies as high
as 47 Mc. on occasion, amateurs set up test
schedules in the fall of 1946. On mornings when
conditions appeared favorable, American 50-Mc.
men transmitted toward Europe, listening for
replies on 28 Mc., there being no 50-Mc. band in
Europe.

Just before noon on November 24, 1946, a
test transmission by WI1HDQ, West Hartford,
Conn., brought a frantic “7'm hearing you on 50
megacycles!” from G6DH, Clacton-On-Sea, Essex,
England, and the first v.h.f. communication across
the Atlantic was on. GSBY, near Plymouth, heard
the test at the same time, joining G6DH in the
transatlantic cross-band QSO a few minutes later.
Shortly after noon the same day, W4GJO, Orlando,
Fla., worked W6QG, Santa ANA, Cal., for the first
transcontinental 50-Mc. Fy-layer QSO. Pacific DX
came in January, 1947, when KH6DD worked
J9AAK, Okinawa, extending the S0-Mc. DX record
to 4600 miles.

In March, 1947, W4IUJ, West Palm Beach,
Fla., worked OA4AE, Lima, Peru, thereby winning
the Milwaukee Radio Club trophy for the first
two-way intercontinental v.h.f. QSO, the cup
having been resting at ARRL Headquarters for
nearly ten years. Crossband DX of phenomenal
proportions came at about this same time, resulting
from checks made by PAQUN and PAPUM with
ZS1P and ZS1T, 6000 miles to the south. August,
1947, brought a new two-way record, 5300 miles,
between W7ACS/KH6 and VKSKL.

Though not credited as such at the time, this
probably was the first DX QSO via a propagation
medium that was to be exploited later on the
Mexico-to-Argentina path. Around the end of
August, 1947, XE1KE, Mexico City, began work-

11

ing LU6DO, Temperly, Argentina, and other LUs
on 50 Mc. These contacts were made later in the
day than Fa-layer predictions called for. Some-
times propagation lasted well into the evening
hours, an unheard-of thing on frequencies this
high. Eventually labeled transequatorial scatter,
this mode of propagation rates as one of the
outstanding discoveries in amateur v.h.f. history.18

The New Bands Prove Their Worth

Progress on 144 Mc. and higher frequencies
was also notable in the early postwar years. Aided
by the availability of the SCR-522 and other
military communications units on the surplus
market, 2-meter men converted largely to stabil-
ized equipment and selective receivers, and opera-
ting ranges expanded rapidly. Tropospheric propa-
gation was found to be more favorable on 144 than
on 50 Mc., and the record for two-way work was
extended gradually, reaching 1400 miles by 1951.
Auroral communication was found to be possible
on 144, and this mode provided much exciting
144-Mc. DX. Exploitation of the reflecting proper-
ties of ionized trails of meteors opened the way to
more 2-meter DX. Two leaders in this field were
W4HHK, Collierville, Tenn., and W2UK, New

Eileen and Denis Heightman of G6DH, British end
of the first transatiantic v.h.f. QSO, November 24,
1946. Receiving W1HDQ on 50 Mc., Denis replied
on 28 Mc. The following year, operating with
special temporary authorization, G6DH was the
first British station to work two-way across the
Atlantic on 50 Mc.
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Visual record of an historic achievement — the first amateur signals sent to the moon and back. After

three years of work, Ross Bateman, W4AO, and

William L. Smith W3GKP, shown here checking

alignment of the huge stacked—rhombic array at W4AQ, finally received echoes of their 144-Mc. signal
reflected from the moon. The date: January 27, 1953.

Brunswick, N.J., who received the ARRL Merit
Award of 1955, for their outstanding meteor-
scatter work of 1953 and later.

The 220-Mc. and 420-Mc. bands had appeal for
the experimentally inclined, and were soon shown
to have great value for practical communications
purposes as well. Development of efficient equip-
ment and high-gain antennas showed that these
bands were capable of reliable coverage nearly
approximating that of 50 and 144 Mc.

Making use of tubes and components largely
salvaged from war-surplus radar and navigational
equipment, amateurs developed workable com-
munications gear for all our microwave bands
before the end of 1946, and in later years were
able to extend communications distances out to
several hundred miles on nearly all our u.h.f. and
sh.f. bands. Development along these lines con-
tinues to this day.

Intrigued by the possibilities of weak-signal
work, amateurs made notable strides in utilizing
various marginal modes of propagation such as
moon reflection, ionospheric and tropospheric
scatter, and even satellite communication. The first

successful use of the moon for the reflection of
amateur signals was accomplished by W4AO and
W3GKP in January, 1953.19 These two used
advanced techniques on 144 Mc. to demonstrate
that lunar communication was at least a possibility
for amateurs. Two-way communication via the
moon was a long time coming, and was finally
achieved first on 1296 Mc. The work of W1BU and
W6HB in communicating over 2500 miles by way
of the moon in July, 1960, is a notable mile-
stone.20

Propagation know-how paid off markedly for
W6NLZ, Palos Verdes Estates, Cal.,, and KH6UK
(also W2UK, mentioned above), Kahuku, Hawaii,
when they were able to work across 2500 miles of
the Pacific on 144 Mc. in July, 1957.21 This was
the longest path ever covered by tropospheric
means by any communications service, and as such
it achieved worldwide acclaim. Not satisfied,
Chambers and Thomas went on in subsequent
years to bridge the path on 220 and 432 Mc. Their
superb work won for them the Edison Award for
1960, the only instance in which this award was
given for scientific accomplishment.




The New Bands Prove Their Worth

Thus we nave touched lightly on some high-
lights of amateur radio’s long history of pioneering
the use of frequencies once thought to be useless
for any practical purpose. It is well for all of us,
hams of the present and future, that we have this
record of achievement behind us. In the years to
come, the pressure on all frequencies above 50 Mc.
is certain to rise, as if it were not already high
enough. Every kilocycle, even to frequencies only
dreamed of a few years ago, is eyed eagerly by
many users of the radio spectrum. We have shown,
from the earliest times, that it is good for everyone
that amateurs have access to samplings of the
radio-frequency spectrum, from bottom to top,
whatever that may be. To continue to merit the
confidence and support of the people and agencies
who will decide future allocation of frequencies
should forever remain one of our highest aims.

Historical QST References

1 Working at 5 Meters . . .
1924,

2 pioneer Short Wave Work . . .
May, 1925,

3 Experimenter's Section . . . 1925 to 1928.

4 Gear for wavelengths down to 3/4 meter .

. January, 1926; August, 1927.

5 Making Practical Use of the 56-Mc. Band .
. Long, W8ABX, September, 1930.

Kruse, October,

Jones, 6AJF,

6Superregeneratian .+, July through Oct-
ober, 1922,

7 Developments in U.HF. Oscillators .

. Lamb and Hull, July, 1931.

8 Five-Meter Receiving Progress . . . Hull,
July, 1931.

9 Duplex Phone on 56 Mc. . . . Hull, August,
1931

10 progress reports and tests . . . January,

May, July, September, October, November, 1931.
Fundamental Crystal Control . . . April 1932,
Funon 5 Meters . . . June 1932,

John T. Chambers, WEGNLZ, center, and Ralph
Thomas, KHBUK, right, receive Edison Award
trophies from General Electric vice-president L.
Berkley Davis, in Washington ceremony, February
23, 1961. Award was in recognition of the trans-
pacific communication by these outstanding ama-
teurs on 144, 220, and 432 Mc.
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The first amateur microwave station. A. E. Har-
rison, W6BMS/2, and Reuben Merchant, W2LGF,
buiit two of these stations and had them ready for
communication on November 15, 1945, the day
that our microwave bands were opened to amateur
use. Frequency: 5600 Mc.

An All-Purpose 56-Mc. Station . . . December
1932. Summaries of activity appear throughout
1932 issues.

Behavior of U.H.F. Waves . . .

1933.
Graduating to Oscillator-Amplifier Transmitters

Jones, March,

for 56 Mc. . . . Griffin, W2AOE, May, 1933.

Firing Up on the Newly-Opened Ultra-High
Frequencies . Hull, September and Nov-
ember, 1934,

11 pxtending the Range of U.H.F. Stations .

. Hull, October and December, 1934.

12 4ir-Mass Conditions and the Bending of
U.H.F. Waves . . . Hull, June, 1935.

13 4ir-Wave Bending of U.H.F. Waves . .

Hull, May 1937.

14 gjve-Meter Signals Do the Impossible .
. . August, 1935, was first published report of
authenticated 5-meter skip. July issues of 1936 and
1937 contain summaries of reported DX.

15 Interpreting 56-Mc. DX . . . Pierce, Sep-
tember, 1938 (E-layer theory)

16 Further Reports of 50-Mc. DX . . .
tember, 1938,

17 Moore, *‘Aurora and Magnetic Storms,”
June, 1951.

18 Cracknell, ““Transequatorial Propagation of
V.H.F. Signals,” December, 1959.

19 Tiiton, “Lunar DX on 144 Mc.,” March,
1953.

20 geptember, 1960.

21 geptember, 1957, p. 62.

Regular coverage of the v.h.f. ana higher bands,
On the Ultra-Highs , began in December, 1939.
Later called The World Above 50 Mc., it has told

the month-by-month story of amateur v.h.f. pro-
gress ever since. :

Sep-
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Chapter 2

AMATEUR BANDS ABOVE 50 MHz

The? true extent and worth of the frequencies
above 50 MHz that are available to amateurs are
rarely appreciated, even by those who spend most
of their operating time there. The various vhf, uhf,
and microwave bands are listed below, with the
emissions that may be used in each. It will be seen
that there is considerable subdivision of the bands

50 to 54 MHz

50.0 to 50.1 MHz — Al (cw telegraphy) only.
Advanced and Extra Class licensees only.

50.1 to 54 MHz - Al, A2 (tone-modulated
telegraphy), A3 (amplitude modulation and
narrow-band fm), A4 (facsimile). All classes
except Novice.

51.0 to 54 MHz - AQ (unmodulated carrier;
duplex operation), plus above.

§2.5 to 54 MHz — Wide-band fm, plus above.

144 to 148 MHz

144.0 to 144.1 MHz — A1l only. All classes
except Novice and Technician.

144.1 to 148 MHz — AQ=Al, A2, A3, A4.
Wide-band or narrow-band fm. All classes
except Novice and Technician.

145.0 to 147.0 — All license classes. Novice
must use code only, no more than 75 watts
input, and crystal control. No frequency
above 147 MHz may be used by Novices.

220 to 225 MHz*

All above modes. All classes except Novice.

* All amateur frequencies above 220 MHz are
shared with Government Radio-Location Service
which has priority. Operation in the 220-MHz band
is restricted in parts of Texas and New Mexico.
Final-stage m%ut in the 420-MHz band is limited to
50 watts in Florida, Arizona, and parts of Ala-
bama, Texas, New Mecxico, Nevada, and California,
as set forth in Part 97.61 of the US Regulations.
Permission to use 1000 watts may be obtained by
amateurs in restricted areas by individual apph-
cation to FCC.

by modulation methods. There are also restrictions
as to who may use some frequencies, depending on
the class of license held by the operator. This
information is subject to change. Though the table
is accurate for the publication date, early 1972,
readers should consult the latest edition of the Radio
Amateur’s License Manual for current restrictions.

420 to 450 MHz*

All above modes, plus A5 (television, slow or
fast scan).

1215 to 1300 MHz
All above modes.
2300 to 2450 MHz
All above modes, plus pulse.
3300 to 3500 MHz
All modes.
5650 to 5925 MHz
All modes.
10,000 to 10,500 MHz
All modes except pulse.
21,000 to 22,000 MHz**
All modes.
40,000 MHz and all higher
All modes.

144 to’ 146, 24,000 to 24,050
basis) 435 to 438 $

** Subject to change. World Conference on
Space Communication, Summer, 1971 nssisned
24,000 to 24,250 MHz in place of 21,000 to
22,000 MHz. Frequencies were also assigned for
amateur transmitting satellites, as follows: 7.0 to
7.1, 14,0 to 14,25, 21.0 to 21.45, 28.0 to 29,7
and (on shared

438 MHz. Effective date of these
assi, ents not known at publication date. Watch
QST for announcement.

WHAT CAN WE DO HERE?

In terms of band widths and potential occu-
pancy by amateurs, this is a world almost beyond
comprehension. As seen in Fig. 2-1, amateur bands
from 80 through 10 meters, which carry most of
the occupancy load, total 3300 kilohertz — less
than the width of any vhf band. Vhf assignments
include 13 MHz, or almost four times the frequen-
cy sprcad of all lower amatecur bands combined.
The 420-MHz band is wider than the entire
spectrum from dc to the top of the 10-meter band.
Each band above 1000 MHz is wider still. Our
inability to show these figures in scale is worth
remembering when we worry over congestion in
the amateur bands between 3.5 and 30 MHz!

Our historical review, Chapter 1, emphasized
the amateur’s role in uncovering the true worth of
the vhf bands. Our potential in this field is far from
exhausted. Though great scientific strides have
been made, by no means all is known of the ways
by which signals in the vhf and higher frequency
ranges are propagated to distant points. Nature still
surprises cven the best-informed amateur, and
admittedly this is a factor in the appeal of the
world above 50 MHz. Knowing something of
propagation media we can, however, take advan-
tage of the opportunities nature affords us, and we
will enjoy our work more and do it better than if
we merely take what comes our way, without

14




What Can We Do Here?

question or observation. Here are some propaga-
tion tips, band by band.

50 MHz

Perhaps no band is more interestingly placed in
the radio spectrum than this, from the standpoint
of propagation vagaries. Working in borderline
territory between the “DX bands” and those
normally considered useful mainly for local com-
munication, the 50-MHz enthusiast samples both
worlds. Though DX is not his daily lot, he will see,
at one time or another, nearly every known form
of long-distance propagation. His reliable range
with moderate power and relatively simple equip-
ment is likely to equal anyone’s, for the 50-MHz
region is less susceptible than lower frequencies to
adverse effects that tend to break up or impair
communication. Consistent coverage over a radius
of 100 miles or more is not unusual, and this can
be extended considerably by use of optimum
equipment and communications techniques.

Variety is frequently afforded by tropospheric
bending, which extends local coverage by two to
three times the normal. Sporadic-E skip offers DX
in the range of 400 to 1200 miles or so, and
multiple-hop effects may extend this up to 2500
miles or more on occasion. Auroral propagation to
all distances up to 1000 miles is fairly common in
the high latitudes. DX via the Fo Layer may be
possible during the peak years of the sunspot cycle,
providing contacts at distances of 2000 miles and
more. Fa-layer backscatter fills in the shorter
distances at these times. Jonospheric scatter and

[3.5-29.7MHz TOTAL: 3.3MHz |

[ 50-54MHz  4MHz |

[[144-148 MHz 4 MHz |

[ 220-225 MHz 5 MHz |
Total, all VHF Bands:13 MHz

AlL HF Bands

[ 13 MHz | Ail VHF Bands

[ 420-MHz BAND 30 MHz
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reflections from meteor trails afford the proficient
operator chances for work over 600 to 1200 miles
on a regular basis on 50 MHz. Transequatorial
propagation is good for several thousand miles, in
low latitudes and in periods of high solar activity.
More about each of these modes later.

144 MHz

Except that it lacks some of the long-distance
ionospheric possibilities, the 144-MHz band is not
unlike 50 MHz. Tropospheric propagation tends to
improve with frequency, so 144 MHz is superior to
50 in this respect. Whereas tropospherically propa-
gated 50-MHz signals are seldom heard beyond 300
miles, 144-MHz work out to 500 miles or more by
this mode is fairly common. Up to 1400 miles over
land and 2500 miles over water have been covered
by tropospheric bending on 144 MHz.

' Sporadic-E skip is rare on 144 MHz, though
lack of alert observers in the more favorable areas
may have caused us to miss some 144-MHz DX
opportunities of this kind in the past. Auroral
propagation is quite similar to 50 MHz, except that
borderline conditions may show on the lower
frequency and not on 144 MHz. Distances up to
1300 miles have been covered, but 200 to 700
miles is most common. Use of cw is almost a
necessity because of the high degree of distortion
produced by the auroral reflection.

Of the rare modes, meteor scatter and tropo-
spheric scatter have been most exploited by
144-MHz operators. Each requires fairly high trans-
mitter power, skill in the use of cw, and the best
possible receivers and antennas. Communication by
way of the moon is just possible on 144 MHz, and
considerable progress has been made in EME work
in the last decade by W6DNG, K6MYC, VK3ATN,
KPMQS, W2NFA, ZL1AZR, F8DO, SM7BAE, and

(70 times width of 420~ Mrz Band,) other.

Fig. 2-1 — Amateur bands at the upper end of the rf spectrum defy portrayal in scale. At the top are
our hf bands, which total 3300 kHz (3.3 MHz) in width. Next below, on the same scale, are the three
amateur vhf bands, each wider than all hf bands combined.

A new scale is needed to show these bands in relation to our 420-MHz band, and this in turn fails
to indicate the scope of amateur assignments above 1000 MHz. These would require 70 strips the size
of the one shown for the 420-MHz band, which is itself wider than the whole rf spectrum from dc

through 30 MHz!
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220 MHz

This band Is similar to 144 MHz in its tropo-
spheric propagation possibilities. The overland
record is about 900 miles, and the 2500-mile path
from the West Coast to Hawaii has been bridged
with good signals. No ionospheric propagation has
been observed. Auroral conditions are less favor-
able than on 144, but some DX of this kind has
been worked, mostly under 700 miles. Communi-
cation by way of the moon was not accomplished
until 1970, but 220-MHz possibilities appear at
least equal to those on 144 MHz. More universal
activity is needed on this and all higher amateur
bands to assess their real worth for long distances.

420 MHz

Exploitation of this band suffered because of
the power restrictions imposed until a few years
ago, but it is now known that tropospheric
possibilities are excellent. The terrestrial two-way
record, 1210 miles from Kansas to Connecticut, is
an example. The West-Coast-to-Hawaii path has
been covered one way on 432 MHz with strong
signals, Lunar and satellite possibilities appear
better than on lower frequencies, and distances as
great as New England to Hawaii and California to
Europe have been covered, by way of the moon.

1215 MHz and Higher

Though not fully exploited by amateurs thus
far, the frequencies above 1000 MHz offer vast
opportunities for interesting work. Here is the true
“frontier” — a wofld we must explore if the
traditions of amateur pioneering are to be main-
tained. Distances up to 400 miles have been
worked on 1215 MHz with low power under
conditions of tropospheric bending, and much
greater distances certainly are possible. Reflection
from the moon shows great promise. No two
points on the earth’s surface where the moon can
be seen simultaneously are beyond the possible
range of this mode of communication on these
frequencies.

Amateur experience in our microwave bands is
too meager to permit us to assess their true
potential. Distances beyond line of sight have been
covered on all amateur frequencies up through
10,000 MHz, indicating the presence of tropo-
spheric bending. Necessity for use of high antenna
gains with resultant sharp beam patterns, almost
rules out ”}e random operation that characterizes

MORE ACTIVITY
NEEDED
A

==
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A VAST RESOURCE

amateur radio on lower frequencies. Qur micro-
wave assignments have tremendous potential for
point-to-point communication, and they might
well supplement lower frequencies for scheduled
work.

Pulse modulation is one means by which the
microwaves can be put to practical use by ama-
teurs, this being usable on all our frequencies above
2300 MHz except in the 10,000-MHz band.

The existing DX records for each of our bands
above 50 MHz are listed below:

Terrestrial Two-Way Records

50MHz: LU3EX — JA6FR
12,000 Miles — March 24, 1956
144 MHz: W6NLZ —KH6UK
2540 Miles — July 8, 1957
220 MHz: W6NLZ —-KH6UK
2540 Miles — June 22, 1959
420 MHz: WODRL — K1PXE
1210 Miles — August 16, 1971
1215 MHz: W6DQJ/6 — K6AXN/6
400 Miles — June 14, 1959
2300 MHz: WAHHK —WA4HGN/4
249 Miles — July 11, 1970
3300 MHz: W6IFE/6 — K6HEI/6
214 Miles — June 18, 1970
5650 MHz: K6H1J/6 — W6QYJ/6
214 Miles — June 18, 1970
10,000 MHz: W7JIP/7 — W7LHL/7
265 Miles — July 31, 1960
21,000 MHz: W2UKL/2 — WA2VWI1/2
27 Miles — Oct. 24, 1964

EME Two-Way Records

144 MHz: SM7BAE - ZL1AZR
11,055 Miles — March 4, 1969
220 MHz: WB6NMT — K2CBA
2650 Miles — March 16, 1970
420 MHz: WAGLET — G3LTF
5730 Miles — Sept. 25, 1965
1215 MHz: WB6IOM — G3LTF
5492 Miles — April 27, 1969
2300 MHz: W3GKP — W4HHK
840 Miles — Oct. 19, 1970
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PROPAGATION BEYOND THE HORIZON

Radio waves travel in straight lines unless
forced to do otherwise. In some respects, vhf
waves are less easily reflected than waves of lower
frequency, so consistent vhf communication with
low power tends to be essentially local in charac-
ter, covering only slightly more than line-of-sight
distances. There are many ways by which the wave
energy may be reflected, refracted, or scattered,
however, and the vhf man will do well to become
familiar with the principal ones at least. Some are
shown in Fig. 2-2.

Tropospheric Bending is the most common
form of vhf DX.1 Though observable on all radio
frequencies, it is most pronounced in the vhf range
and higher. It is the result of change in refractive
index of the atmosphere at the boundary between
air masses of differing temperature and humidity
characteristics. These boundaries occur in the first
few thousand feet above the earth, so their effect is
most prevalent at distances under about 150 miles,
though it may extend much farther.

Air masses often move on a very large scale,
retaining their original character over considerable
periods of time. A large mass of cold air of polar
origin may be overrun by warm air from the south.
When this happens, an inversion is said to exist, the
normal state of affairs being a 3-degree drop in
temperature for each 1000 feet of altitude. Sucha
boundary may prevail for 1000 miles or more
along a more-or-less stationary weather front,
producing amazing DX in the vhf and uhf ranges.
There is an easily observed tiesin between visible
weather conditions and vhf coverage.2 Daily
weather maps published in many newspapess and
often shown in rudimentary form in television
weather broadcasts may help the vhf enthusiast to
anticipate favorable propagation.3 Detailed
weather maps may be obtained from the U. S.
Weather Bureau on a subscription basis.

Tropospheric bending is most common in fair,
calm weather of the warmer months, though it can
occur at any season. Atmospheric convection in
coastal areas, over the Great Laeks Basin, or in the
valleys of major rivers, produces the required
stratification of air, making these regions some-
what more desirable vhf territory than irregular

/ st L N cation may be world wide in scope.
/s psss = Sporadic ionization of the E region
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Fig. 2-3 — A readily availabie guide to tropospheric
propagation conditions is a weather map, showing
pressure distribution and frontal lines. On the
October day that this map appeared in eastern
newspapers, the 2-meter band was open from Nova
Scotia to at least North Carolina for several hours.

mountainous terrain, far inland. Though the exper-
jenced meteorologist would call the following
advice an over-simplification of a complex picture,
the vhf man should watch for slow-moving areas of
high barometric pressure and concentrate on the
trailing edges of such areas. See Fig. 2-3. Such
favorable conditions are most often observed in the
early fall months.

What is known as the U. S. Standard Atmos-
phere curve4 is shown in Fig. 24, left. The solid
line is the normal decrease in temperature with
height. The broken line shows a relative humidity
of 70 percent, from ground to 12,000 feet. Figures
in parentheses are the ratio of grams of water vapor
to kilograms of air, called the mixing ratio. No
tropospheric bending would be observed under
these conditions. At the right are upper-air readings

Fig. 2-2 — The principal means by which
vhf signals may be returned to earth,
showing the approximate distances over
which they are effective. The Fq layer,
highest of the reflecting layers, may
provide 50-MHz DX at the peak of the
11-year sunspot cycle. Such communi-

occur at any time, and regardless of the
sunspot cycle. Refraction of vhf waves
also takes place at air-mass boundaries,
making possible communication over dis-

/ tances of several hundred miles on all vhf
oy bands. Normally it exhibits no skip zone.
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of an inversion over Toledo, Ohio, on a September
evening some years ago. On this occasion 2-meter
signals were traversing the 750-mile path from
Northern New Jersey to the Chicago area.

Particularly over water in the lower latitudes,
and less often over land areas, something approx-
imating a duct may form, in which vhf waves are
propagated over very long distances, following the
curvature of the earth in the manner of uhf energy
within a waveguide. This ducting has accounted for
much of our extreme vhf and uhf DX. Notable
examples are the spanning of the Pacific from
Southern California to Hawaii on 144, 220, and
420 MHz by W6NLZ and KH6UK,? achievements
which must always rank among the most signifi-
cant in amateur vhf annals.

Tropospheric communication on 144 MHz
along the Atlantic Seaboard over distances as great
as New England to Florida, and overland contacts
up to 1400 miles, are also products of tropospheric
ducting. Scientific investigations over the South
Atlantic have shown ducts capable of propagating
signals on frequencies even below 50 MHz, but true
ducting is rare in amateur experience below 144
MHz. It occurs most often in the uhf region, and
extensive occupancy of the amateur bands above
400 MHz should enable us to exploit its possibil-
ities more fully in years to come.

Sporadic-£ Skip results from reflection of vhf
waves by dense patches of ionization in the E
region of the ionosphere, roughly 50 miles above
the earth. Causes are still not completely under-
stood and its occurrence is predictable only in a
general way, but its effects are well known to
generations of vhf enthusiasts.6 Layer height and
electron density determine the skip distance, but
50-MHz propagation is most common over dis-
tances of 400 to 1200 miles. Often signals are very
strong, though they may vary rapidly over quite
wide ranges. lonization may develop simul-
taneously in several areas, making multiple-hop
propagation possible and extending the working
range to as much as 2500 miles. Signals are usually
heard from intermediate distances at such times.
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E-layer vhf propagation is most common in the
months of May, June, and July. There is a shorter
season in December and January, and the effect
may occur at random times throughout the year.
The long and short seasons are reversed in the
southern hemisphere. Duration and extent of Eg
openings tend to be greater in the long season.
June is the peak month ordinarily, with country-
wide openings lasting for many hours at a time at
this season. The early evening and before-noon
hours are most productive.

The upper-frequency limit for sporadic £ is not
known. It is observed fairly often up to about 100
MHz, and scattered instances occur in the 144-MHz
band. Increased activity on 144 MHz has enabled
amateurs to observe the effect in this band more
often in recent years. Ionization develops rapidly,
with effects showing first on lower frequencies.
Observation of the 28-MHz band, or commercial
frequencies between 30 and 50 MHz7 will usually
give the 50-MHz enthusiast some advance notice of
an impending opening. Similarly, the condition of
the 50-MHz band or the vhf fm or television
frequencies may give clues as to the possibility of
144-MHz propagation.8

As ionization density increases and the maxi-
mum usable frequency rises, the skip distance on a
given frequency shortens. Thus, very short skip on
50 MHz may portend a 144-MHz opening. The
alert observer should watch for short 50-MHz
skip near the midpoint of a potential 1200-to-
1400-mile path, as the best indication of a
144-MHz DX chance. Hearing a 50-MHz station in
Cincinnati working another in St. Louis, for
example, would be a good omen for a 144-MHz
operator in Washington, D.C., indicating the pos-
sibility of 2-meter propagation to Oklahoma City
or Wichita. Plotting observed skip on a map of the
United States will help one to grasp the signifi-
cance of what he hears.9

Like most other vhf DX modes, sporadic-£ skip
was discovered by amateurs (see Chapter 1) and it
quickly became a popular sport among S-meter
men of the 1930s. To commercial users of the vhf
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Fig. 2-4 — Upper-air conditions that produce extended-range communication on the vhf bands. At the
left is shown the U.S. Standard Atmosphere temperature curve, The humidity curve (dotted) is that
which would result 1f the relative humidity were 70 percent from the ground level to 12,000 feet
elevation. There is only slight refraction under this standard condition. At the right is shown a
sounding that is typical of marked refraction of vhf waves. Figures in parentheses are the “‘mixing
ratio”" — grams of water vapor per kilogram of dry air. Note the sharp break in both curves at about

4000 feet.
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spectrum it is known mainly for its nuisance value,
but to 50-MHz men it is the DX mode supreme.
Though the number and quality of openings vary
somewhat from year to year, £ propagation does
not appear to be closely related to sunspot activity.

Auroral Propagation involves reflection of vhf
waves from the auroral curtain in the northern
skies,10 usually at acute angles. It is most common
at 50 and 144 MHz, the number and duration of
openings decreasing markedly at higher frequen-
cies. Some auroral work has been done on 220 and
420 MHz. It may eventually become feasible above
1000 MHz, if very large arrays are used. Scientific
investigations with very high power and large
antenna arrays have shown auroral returns at
frequencies of several thousand Megahertz.

The reflecting properties of the aurora vary
rapidly, with the result that the returned vhf signal
is badly distorted by multipath effects. Voice
modulation is often unintelligible on 50-MHz
signals, and nearly always so at 144 MHz. Keyed
cw is, therefore, the most effective mode of
operation for auroral work. Suppressed-carrier ssb
is a poor second, followed by a-m, nfm, and
wide-band fm, in that order.

The number of auroras seen each year, and the
opportunities for vhf communication via the aur-
ora, vary with geomagnetic latitude. Since the
geomagnetic pole is quite near Thule, Greenland,
geomagnetic latitude lines slope upward with re-
spect to geographical latitude as we look to the
west. Bangor, Maine, sees many more auroras than
does Seattle, though the latter city is farther north.
New York, Philadelphia, and Washington far outdo
Reno and Northern California, which lie along the
same geographical latitude. Aurora DX has been
worked on 144 MHz as far south as 30 degrees in
Southeastern U.S.A., but seldom or never in El
Paso, Phoenix, or Los Angeles, all of which are well
north of latitude 30.

Auroras follow seasonal patterns, being most
common around the equinoxes (March and Sept-
ember). They may occur at any time, however, and
summer and midwinter auroras are not uncommon
in the more northerly states. Aurora effects are
observed most often in the late afternoon or early
evening, lasting for a few minutes to many hours.
The southerly extent also varies greatly. Strong and
widespread disturbances may peak in the early
evening, drop off for about two hours before
midnight, and then return, lasting until dawn or
after.

The optimum heading for a vhf antenna array
varies with the position of the aurora and may
change rapidly, just as the visible display does.
Usually an eastern station will work the greatest
distance to the west by aiming as far west of north
as possible, but this does not always follow.
Constant probing with the antenna is recom-
mended, especially if an array with a really sharp
pattern is being used.

Developing auroral conditions may be observed
by monitoring signals in the region from the
broadcast band up to about 5 MHz or so. If signals
in the 75-meter amateur band, for example, begin
to waver suddenly in the "aftemoon or early
evening hours, taking on a dribbling sound, an
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auroral disturbance may be getting under way. Its
effects will not be long in showing on the bands
higher in frequency, if the disturbance is pro-
nounced. Distortion of voice on 28 or 50 MHz,
when the array is aimed north, is evidence that the
effect has reached these bands, and it is time for
the vhf man to go to work on cw.

On 50 or 144 MHz the buzzing sound charac-
teristic of an auroral return may be heard even on
local signals, when both antennas are aimed north.
The great-circle distance workable via the aurora

extends from local out to more than 1000 miles,
but hops of a few hundred miles are most
common. Range depends to some extent on
transmitter power, antenna gain, and receiver
sensitivity, but patience and operating skill are
important.

There is much to be learned about auroral
propagation. On 50 MHz, for example, an occas-
ional aurora will produce clear voice signals from
distances out to 1200 miles or more, not unlike
those encountered in sporadic-£ skip propagation.
These may be accompanied by the distorted signals
from shorter distances, the degree of distortion
decreasing with frequency. On rare occasions, a
long-haul east-west skip may be observed, per-
mitting work over distances up to 2000 miles or
more, such as between the first and seventh call
areas.

A somewhat similar type of propagation is
observed more often by the few vhf operators of
the far north. They have found 50-MHz communi-
cation possible occasionally with stations in the
northern tier of states and adjacent Canadian areas,
apparently by something approximating an iono-
spheric skip, using the auroral zone as a reflecting
medium,11

The number and geographical distribution of
auroras and auroral propagation on the vhf bands
vary with the solar activity cycle, the maximum
auroral incidence apparently lagging the sunspot
peak by approximately two years. The arctic
effects described immediately above have been
observed on 50 MHz at thec bottom of the solar
cycle, so their relation to solar conditions is by no
means clear.

Fa-Layer DX may be possible in the peak years
of the 1l-year sunspot cycle. This ionospheric
mode, responsible for most DX on lower frequen-
cies, opened the 50-MHz band for world-wide
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communication during solar peaks of 1947 to
1950, 1956 to 1960, and 1968 to 1969. Partic-
ularly in the late 1950s, the 50-MHz band was
excellent for distances of 2000 miles or more, for
many hours at a time, almost daily during the
winter months. The first scattered Fp DX of solar
cycle 20 came 1n 1967, but the peak was far below
those of the two previous cycles.

Frequencies near the maximum usable (muf)
produce the strongest Fa-layer signals, and multi-
ple-hop effects and combinations with other forms
of propagation may provide 50-MHz communi-
cation over very long paths. Africa’ to California,
U.S.A. to Japan, Hawaii to Australia, and even
South America to Japan, were covered frequently
in the late 1950s, with signal strengths rivaling the
best ever experienced on lower frequencies. Only
lack of 50-MHz privileges for amateurs of many
countries prevented 50 MHz from becoming the
prime amateur DX band during this memorable
period.

Whether like conditions will prevail during
future peaks of solar activity is a matter of some
conjecture. Sunspot records dating back to about
1750, Fig. 2-5, show long-term trends indicating
that we may be near the end of an era of generally
high activity. Thus it is possible that peaks of the
magnitude of recorded cycles 18 and 19 may not
recur within the lifetimes of readers of these pages.
Cycle 20, peaking in 1968-69, showed a lower
trend.

The muf can be checked readily with a general-
coverage receiver.12 Since propagation near the
muf is very good, signals will be heard from
somewhere on any frequency that is alive. The
10-meter band provides good clues, for its skip
distance shortens markedly as the muf rises toward
50 MHz. If 10 is open for long periods daily, and
the skip shortens to 1200 miles or less during the
peak hours, the muf is approaching SO MHz. This is
the time to watch the frequencies just below 50
MHz, making note of the highest frequency at
which DX signals can be heard, and the time of day
when they appear. A daily record of these obser-
vations will show if the muf is rising. Enough use
of the vhf range is made, almost everywhere in the
world, so that there will be plenty of evidence of
an imminent 50-MHz opening. Usually there are
many signals, both in the band and near it.
European television made 50-MHz DX work dif-
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ficult for amateurs in Eastern U.S.A. during peak
hours of Cycle 19, and hundreds of other Euro-
pean signals and harmonics were audible whenever
the band was open in that direction.

Ionospheric prediction maps are available from
the U.S. Government Printing Office, Washington,
DC 20402. Ionospheric Predictions, OT-TRER 13,
is in four volumes: Vol. 1 explains the use of the
maps, 30 cents. Vols, 2, 3, and 4, $3.00 each,
contain maps for predicted Zurich smoothed rela-
tive sunspot numbers of 10, 110, and 160, respec-
tively. Interpolation of data from two volumes
must be made for solar-activity periods of inter-
mediate levels. Information on predicted sunspot
numbers in contained periodically in propagation
forecast bulletins, transmitted by W1AW and many
Official Bulletin Stations.

Since the muf is related to the position of the
sun, it is highest at roughly noon at the midpoint
of a given path. It tends to be highest in the low
latitudes, and lowest along paths traversing the
auroral zones. The highest recorded Fp muf was in
the vicinity of 75 MHz.

Back-Scatter signals from amateur stations in-
side the skip zone indicate high muf and also show
the direction in which conditions are most favor-
able for long-distance work. The Fg layer has
almost mirror qualities near the muf. Signals
reflected from it come down at a distant point on
the earth’s surface, from which they scatter in all
directions. Some of the energy comes back to the
ionosphere and is reflected back to earth. Thus a
station in Virginia, for example, will be heard by a
station in Ohio, when both have their antennas
aimed at Europe and that path is open for both of
them.

Signals scattered back to or near to their point
of orgin are weak and have a high degree of
multipath distortion, somewhat like those reflected
from the aurora. Voice may be only partly
readable, and cw is highly effective under such
conditions. Back-scatter is usually strongest for
stations no more than a few hundred miles apart,
but back-scatter QSOs have been made between
points as widely separated as New England and
Mexico City. When this occurred, both stations
were aiming at a common “‘open’’ point in the
South Atlantic. Alaska and California, with a
common opening to Japan, have had similar
experiences. Often the direct path between the two

RELATIVE SUNSPOT NUMBERS, 1749-~1972

23 133 44 54 ®s TS

Fig. 2-5 — Relative sunspot number records dating back to before 1750 show that the last two solar
peaks, known as cycles 18 and 19, were the highest in all of man‘s observation of the sun. Looking at
the long-term curve indicates that we may be moving into an era of generally low solar activity.
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stations will produce no signals, the circuit being
open only via the longer back-scatter route.

A similar condition may be observed during
periods of sporadic-E propagation (see page 18)
though the shorter skip may make E-layer back-
scatter hard to distinguish from other modes of
propagation. .

Transequatorial Propagation during the after-
noon and evening hours is possible for 50-MHz
stations situated at optimum distances from the
geomagnetic equator, roughly 1500 to 2500 miles
above and below. See Fig. 2-6. This mode is
associated with high sunspot periods, but because
it is effective at frequencies up to at least 1.5 times
the observed daytime muf for the Fy layer, it runs
for a longer portion of the solar cycle than does
the normal F-layer propagation described above. It
has been observed over paths that cross the equator
at angles as low as 45 degrees, and at greater
distances than given above, but long paths and
large deviations from the north-south route show
lower muf and shorter openings.

Typical TE paths of high reliability are Puerto
Rico to Argentina, Japan to Australia, and the
Mediterranean area to Southern Rhodesia.13 These
circuits continue to show TE propagation in the
50-MHz band long after Fy-layer DX has expired.
At the peak of Cycle 19 the TE mode was observed
over most of the United States, and in Europe as
far north as the British Isles on isolated occasions.
The spring and fall months show this mode to the
best advantage. Signals may have a high degree of
flutter, but voice readability is seldom seriously
impaired.

Ionospheric Scatter is usable for marginal
50-MHz communication over distances comparable
to those encountered in single-hop Eg, mainly 600
to 1200 miles. Because only a very small part of
the energy scattered in the E region of the
ionosphere returns to earth, such signals are ex-
tremely weak. Large antennas, fairly high trans-
mitter power, and good receivers are essential, and
even with all these only cw emission can be
expected to produce consistent results. Though
ionospheric scatter is now widely used for military
communication over long distances its adaptation
to amateur use is limited.14 Operation on carefully
kept schedules, with the precise frequencies to be
used known in advance, is aimost a necessity, but
amateur experience on many 50-MHz scatter cir-
cuits has shown that the bare essentials of com-
munication can be exchanged, if good equipment
and operating skill are available at both ends of the
path.

When there are aiding factors, such as devel-
oping sporadic-£ ionization, or more than the
average number of meteors near the midpoint,
ionospheric scatter circuits improve markedly, even
though the path may not be considered “‘open’ in
the normal sense.

Tropospheric Scatter is similar to the iono-
spheric form, except that it occurs nearer to the
earth’s surface, and consequently shows mainly as
an extension of the normal working range of vhf
stations. It is effective at all frequencies, S0 MHz
and higher, but has been used by amateurs mainly
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Fig. 2.6 — Main and occasional zones of trans-
equatorial 50-MHz propagation, as described by
Z2E2JV, show Limassol, Cyprus, and Salisbury,
Rhodesia, to be almost ideally positioned with
respect to the curving geomagnetic equator. Wind-
hoek, Southwest Africa, is also in a favorable spot.
Johannesburg somewhat less so.

for 144-MHz work. Experience has shown that
with optimum equipment, signals can be ex-
changed on 144 MHz consistently at distances out
to 450 to 500 miles!® regardless of propagation
conditions. Such signals are very weak and difficult
to copy, and as in all weak-signal work, cw is the
only mode by which communication can be carried
on effectively in tropospheric scatter over the
extreme distances.

Meteor Scatter is one of the more esoteric
forms of vhf DX currently worked by amateurs.
Meteors entering the earth’s atmosphere from
outer space burmn up rapidly in the E region of the
ionosphere due to friction. In the process a
cylinder of dense ionization is formed as a trail
behind the meteor. A 50-MHz signal reflected from
this trail may appear as a few words of readable
voice, from a station up to 1200 miles away. If you
make a habit of tuning the 50-MHz band carefully
for considerable periods, you may have heard these
bursts from time to time. On 144 MHz, the same
meteor would provide a much shorter burst,
perhaps no more than a ‘“ping” heard when the
receiver beat oscillator is on.

Meteors are constantly entering the earth’s
atmosphere, so if a vhf receiver is left tuned to a
distant station its signal pings will be heard at
random intervals at all times. The number and
duration of bursts increase greatly during major
showers listed in Table I, and they may come often
enough to permit communication of sorts between
cooperating stations.16 Meteor bursts are heard
frequently on any SO0-MHz ionospheric-scatter cir-
cuit, rising suddenly far above the weak residual
signal that is characteristic of such communication.
On 144 MHz there is normally no residual signal
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beyond a few hundred miles, so only the meteor
bursts are heard. Occasionally during major meteor
showers, bursts of up to a minute or more of
continuous 144-MHz signal may be received.

Such fortunate breaks are by no means neces-
sary for communication between dedicated en-
thusiasts. Using high keying speeds and precisely
timed transmissions on accurately known frequen-
cies, they often achieve exchanges of information
on a series of bursts of no more than a few
seconds’ duration each.

The usual arrangement is for one station to
transmit for exactly one minute, 30 seconds, or
even 15 seconds, following which the other takes
over for a like period. Detailed procedure is agreed
on in advance. Typically, a signal report (S1, S2, or
$3, indicating duration of bursts, rather than signal
strength) is sent immediately upon identification
of the other station. When the signal report is
received, an R is transmitted repeatedly, signifying
receipt.

Daily schedules kept through a major shower
peak will usually yield enough bursts on at least
one day to complete a contact within an hour or
less of such cooperative effort. A long loud burst is
usually the signal to abandon timed transmissions
abruptly and try for a complete exchange before
signals disappear. Very short sequences, such as 15
seconds each way, have the advantage of making it
likely that any appreciable burst will be usable in
this way.

Information in the meteor shower table should
be used as a guide, and not relied on completely.
Showers may not peak at exactly the same time
from year to year, and those having widely spaced
periodic peaks may be deflected and not appear at
all. The times given are local standard.

After putting on the biggest show in amateur
radio history up to that time, October, 1946,17
the Giacobinids were deflected, and were hardly
discernible 13 years later. On the other hand, the
surprising resurgence of the November Leonids in
1965 and 1966 provided 144-MHz meteor DX of
unprecedented proportions.18 The August Perseids
and December Geminids are dependable year after
year, and are highly favored for vhf scheduling on
that account.

Minor showers listed in the table may offer
little more opportunity for communication than
do the random meteors always entering the earth’s
atmosphere. Scheduled work over the right dis-
tances, especially between 2200 and 0900 local
time, should yield some results practically every
day.

Voice contacts are made occasionally during
meteor showers, and success in this has increased as
voice-controlled ssb has become more widely used.

Lunar Communication has been the dream of
vhf men for a generation, but successful use of the
earth-moon-earth (EME) path is still very difficult.
Pioneering 2-meter men received their own signals
reflected from the moon in 1953,19 and long
distances have been covered two-way in recent
years.20 Marginal communication via the moon has
been carmried out over long distances on the 220-,
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420-., 1215-, and 2300-MHz bands, but only with
very sophisticated equipment. Communication by
reflection from the moon remains a challenge to
the more advanced amateur, and it is a fine project
for clubs having the facilities, ability, and deter-
mination to achieve a measure of success.

The requirements are fairly well established.
They include the maximum legal power, the
ultimate in receiver performance, very large an-
tennas capable of being aimed and controlled
accurately,21 and a willingness to work with very
weak cw signals. Because very high receiver selec-
tivity is often used, to realize the best possible
signal-to-noise ratio, stability requirements in both
transmitter and receiver are critical.

Antenna problems are similarly staggering. At
144 MHz, an antenna gain well in excess of 20 dB
is required. Polarization rotation along the path,
out and back, makes it appear that circular
polarization offers the best chance of success.
Because of the reflection of the signal, the polar-
ization sense should be reversed between trans-
mission and reception, in listening for one’s own
echoes.

The polarization rotation problem is largely
eliminated above 1000 MHz, but the difficulties of
generating sufficient power, and building a good
enough receiver are multiplied. Detailed discussion
of moonbounce problems is beyond the scope of
this book. Study of the references at the end of
this chapter is recommended to the serious would-
be worker in this field.

Progress in amateur communication via the
moon has been steady, though largely unspect-
acular, in recent years. Because the ultimate in
equipment of every kind is required, it is probably
unrealistic to expect that any great “‘break-
through” in this field will suddenly make reliable
communication by moon reflection practical with-
in the framework of the amateur regulations. The
prospect of a lunar repeater is, however, quite
another matter. Man’s progress in the mastery of
space travel being what it is, repeaters on the moon
could revolutionize our whole approach to amateur
radio communication within a decade.

Passive and Active Satellites offer possibilities
for worldwide communication in the vhf range and
higher frequencies. The former consists of a reflec-
tor of some sort, as in the Echo series, presenting
problems even more severe than those involved in
lunar communication. Very good equipment is
required, and antennas designed for tracking must
be used, if this mode of communication is to be
used by amateurs.

Active satellites pick up the transmitted signal
and relay it, usually on another frequency. While
such a device is relatively easy for the amateur to
use, the design and operational problems are
formidable. The number of signals it can accom-
modate at any one time is severely limited. The
active satellite is expected to play a large role in
amateur radic of the future, as are other com-
munications ramifications of the space age. Prob-
lems, possibilities, and results with active satellites
have been discussed extensively in QST. 22
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Meteor Showers

Table |—Meteor Shower Data for V.H.F. Use

1. These streoms are evenly distributed and little year to year variotion is {0 be expected.

Shower Time Visible Optimum Paths and Times Hourly Rate Velocity, Period, Next
and Date Rise  Set N-S NW.SE E-W SW.NE Viwwal Radia km/sec. Years Moximum

* Jonvary 3-5 2300 1800 —_ 0300-0800 0800-0900 0900-14C0 35 45 45 7 Note 1
Quadrantids Sw S SE
Jonuory 17 0230 2130 - 0600-1100 1100-1300 1300-1800 — — - —_ —
Cygnids Sw S SE
February 5-10 1200 0330 —_— 1400-1730 — 2130-0100 — — —_ — —
Avrigids Sw SE
March 10-12 2200 0830 2330-0030 W 0330-0530 0230-0330 0030-0230 — - —_— = =
Bodtids 0530-0630 F NE N Nw
March 20 1800 0630 2130-2300 W 2000-2130 — 03000430 — — —_ — -
Coma Berenices 0100-0300 E Sw SE

* April 19-23 2100 1100 0230 W 2330-0100 — 0700-0830 8 12 51 415 Note 1
Lyrids 0530 E Sw SE

* Moy 1-6 0300 1200 — 0830-1000 0630-0830 0500-0630 12 12 86 76 Note 1
Aquarids NE N NwW
May 11-24 1800 0630 2130-2300 W 2000-2130 - 03000430 — — — — —
Herculids 0100-0300 E SW SE
Moy 30 2300 1200 0300-0430 W 0130-0300 -_ 0800-0930 — — — — —
Pegasids 0630-0800 E Sw SE
June 2-17 2000 0300 — 0100 2300-2400 2200 _ - — — —
Scorpiids NE N NW
June 27-30 Does not set; — 1500-1830 1830-2330 2330-0300 — — — — —_
Pons Winnecke min. ot 0900 Sw S SE
July 14 1800 1000 - 2100-2330 0130 0330-06C0 — — — - —
Cygnids sw S SE
July 18-30 2030 0400 — 0100-0200 2300-0100 2200-2300 — — — — —
Capricarnids NE N NwW

* July 26-31 2200 0600 — 0300-0500 0100-0300 0000-0100 10 22 50 346 Note 1
Aquarids NE N NW

® July 27—August 14 Does not set; — 2330-0300 0300-0800 0800-1130 £f0 SO 61 120 Note 1
Perseids min. ot 1730 SwW S SE
Avgust 10-20 1200 0700 —_ 1700-1930 2130 2330-0200 — — — — —
Cygnids Sw S SE
August 21-23 Does not set; —_ 1500-1830 1830-2330 2330-0300 — —_ —_ -_— —
Draconids min, ot 0900 Sw S SE
August 21-31 Does not set; — 1300-1630 1630-2130 2130-0100 — — — — —_
Draconids min. at 0700 SwW S SE
September 7-15 2130 1200 — 0030-0200 — 07000830 — — -— —_ —
Perseids Sw SE
September 22 2100 1230 — 0030-0200 — 0700-0830 — — —_— —_ —
Avurigids SwW SE
October 2 0500 0000 — 0900-1400 1400-1500 1500-2000 — — — — —_
Quadrantids SwW S SE
October 9 0600 0300 — 1100-14600 1600-1700 1700-2200  Note 2 20 6.6 1972
Giacobinids sw S SE
October 12-23 1900 0700 2130-2330 W — — —_ = — = —_
Arietids 0230-0430E

® October 18-23 2230 0930 0000-0200 W 0430-0600 0330-0430 0200-0330 15 30 68 76 Note 1
Orionids 06000800 E NE N NW

® Oct. 26-Nov. 16 1900 0630 2100-2300 W 0130-0300 0030-0130 2300-0030 10 14 27 3.3 Note 1
Tourids 03000500 E NE N NW

® November 14-18 0000 1230 0300-0500 W — —_ — 12 Note 3 72 33.2 1999
Leonids 08001000 E
November 22-30 1300 0600 — 1600-2000 — 2300-0300 Note 4 22 87 1977
Andromedids sw SE

® December 10~14 1900 0900 0030 W 2130-2300 — 0500-0830 60 70 3s 1.6 Note 1
Geminids 0330 E SwW SE

® Decembar 22 Does not set; — —_ 0130-1530 — 13 13 a8 13.5 1972,
Ursids min. at 2030 S Note 5 1985

® May 19-21 0530 1430 —_ 1100-1230 0900-1100 0730-0900 — — 20 37 —
Cetids NE N Nw

® June 446 0500 1730 0800-1000 W — — - —_ - 40 29 —
Perseids 1300-1500 E

® June 8 0330 1530 0600-0800 W —_ - — Note 6 70 38 —
Arietids 1100-1300 E

* June 30-July 2 0500 1700 0700-0900 W 1130-1300 1030-1130 0900-1030 — — 30 3 —
Tourids 1300-1500 E NE N NW

* Major showers—Last four are daylight showers.

Times given are local standard at path midpoint

NOTES

2. Very concentrated stream. Peak years give up to 400 meteors per minute, but with duration of only 6 hours. 1946 peak wos most
concentrated showar in omateur radio experience up 1o that time (see December, 1946, QST, page 43) but 1959 recurrence was de-
flected and was haordly observable.

3. Peak years give 60 fhour visual. In the peak years of the 1800s, prior ta being deflected by Jupiter and Satumn, this shower gave
1200 per minute, Spectazular results in 1945 ond 1966 are reported in Jan. 1966 QST, page 80, ond Jan. 1967, page 83.

4. Before being deflected by Jupiter this stream gave peak year rates of 100/minute. No notable rates have been observed since,
though the stream could return.

5. Short duration shower. Peak years the rodio rate is 185 /hour.

6. This intense daylight shower begins June 2 and runs to June 14 with radio rates from 25 to 70 /hour.
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RELIABLE VHF COVERAGE

In preceding pages we discussed means by
which our bands above S0 MHz may be used
intermittently for communication far beyond the
visual horizon. In emphasizing DX we should not
neglect a prime asset of the vhf bands: reliable
communication over relatively short distances. The
vhf region is far less subject to disruption of local
communication than are frequencies below about
30 MHz. Since much amateur communication is
essentially local in nature, our vhf assignments
could carry a much greater load then they pres-
ently do, and this would help solve interference
problems on lower frequencies.

Possibly some amateur unwillingness to migrate
to the vhf bands is due to misconceptions about
the coverage obtainable. This reflects the age-old
idea that vhf waves travel only in straight lines,
except when the DX modes enumerated above
happen to be present. Let us survey the picture in
the light of modern wave-propagation knowledge
and see what the bands above 50 MHz are good for
on a day-to<day basis, ignoring the anomalies that
may result in extensions of normal coverage.

It is possible to predict with fair accuracy how
far you should be able to work consistently on any
vhf or uhf band, provided a few simple facts are
known. The factors affecting operating range can
be reduced to graph form, as described by D. W.
Bray, K2LMG.23 To estimate your station’s capa-
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bilities, two basic numbers must be determined:
station gain, and path loss. Station gain is made up
of eight factors: receiver sensitivity, transmitted
power, receiving antenna gain, receiving antenna
height gain, transmitting antenna gain, transmitting
antenna height gain, and required signal-to-noise
ratio. This looks complicated but it really boils
down to an easily made evaluation of receiver,
transmitter, and antenna performance. The other
number, path loss, is readily determined from the
nomogram, Fig. 2-7. This gives path loss over
smooth earth, for 99 percent reliability.

For 50 MHz, lay a straightedge from the
distance between stations (left side) to the appro-
priate distance at the right side. For 1296 MHz, use
the full scale, right center. For 144, 220, and 432,
use the dot in the circle, square, or triangle,
respectively. Example: at 300 miles the path loss
for 144 MHz is 215 dB.

Station Gain

The largest of the eight factors involved in
station gain is receiver sensitivity. This is obtain-
able from Fig. 2-8, if you-know the approximate
receiver noise figure and transmission-line loss. If
you can’t measure noise figure, assume 3 dB for.50
MHz, 5 for 144 or 220, 8 for 432, and 10 for
1296, if you know that your equipment is working
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260  Fig 2-7 — Nomogram for finding the capabilities of stations on amateur
bands from 50 to 1300 MHz. Either the path loss for a given distance or
vice versa may be found if one of the two factors is known.
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Fig. 2-8 — Nomogram for finding effective receiver sensitivity.

moderately well. Line loss can be taken from Table
8-1II for the line in use, if the antenna system is fed
properly. Lay a straightedge between the appro-
priate points on either side of Fig. 2-8, to find
effective receiver sensitivity in dBR below one watt
(dbW). Use the narrowest bandwidth that is prac-
tical for the emission intended, with the receiver
you will be using. For cw, an average value for
effective work is about 500 cycles. Phone band-
width can be taken from the receiver’s instruction
manual.

Antenna gain is next in importance. Gains of
amateur antennas are often exaggerated. For well-
designed Yagis they run close to 10 times the
boom length in wavelengths. (Example: a 24-foot
Yagi on 144 MHz is 3.6 wavelengths long.
3.6 X 10 = 36, or about 15 1/2 dB.) Add 3 dB for
stacking, where used properly. Add 4 dB more for
ground-reflection gain. This varies in amateur
work, but averages out near this figure. We have
one more plus factor: antenna height gain, obtain-
able from Fig. 2-9. Note that this is greatest for
short distances. The left edge of the horizontal
center scale is for 0 to 10 miles, the right edge for
100 to 500 miles. Height gain for 10 to 30 feet is
assumed to be zero. It will be seen that for SO feet
the height gain is 4 dB at 10 miles, 3 dB at 50
miles, and 2 dB at 100 miles. At 80 feet the height
gains are roughly 8, 6, and 4 dB for these distances.
Beyond 100 miles the height gain is nearly uniform
for a given height, regardless of distance.

Transmitter power output must be stated in dB
above 1 watt. If you have 500 watts output, add
500/1, or 27 dB, to your station gain. The
transmission line loss must be subtracted from the
station gain. So must the required signal-to-noise
ratio. The information is based on cw work, so the
additional signal needed for other modes must be
subtracted. Use 3 dB for ssb and 7 dB for a-m. Loss
due to fading must be accounted for. It has been
shown that for distances beyond 100 miles the
signal will vary plus or minus about 7 dB from the
average level, so 7 dB must be subtracted from the
station gain for high reliability. For distances under
100 miles, fading diminishes almost linearly with
distance. For S50 miles, use minus 3.5 dB for
fading.

What It All Means

After adding all the plus-and-minus factors to
get the station gain, use it to find the distance over
which you can expect to work reliably, from the
nomogram, Fig. 2-7. Or work it the other way
around: find the path loss for the distance you
want to cover from the nomogram and then figure
out what station changes will be needed to
overcome it.

The significance of all this becomes more
obvious when we see path loss plotted against
frequency for the various bands, as in Fig. 2-10. At
the left this is done for 50 percent reliability. At
the right is the same information for 99 percent
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Fig. 2-9 — Nomogram for determination of antenna-height gain.

Working out a few typical amateur vhf station
setups with these curves will show why an under-
standing of these factors is important to any user
of the vhf spectrum. Note that path loss rises very
steeply in the first 100 miles or so. This is no news
to vhf men; locals are very strong, but stations 50
or 75 miles away are much weaker. But what
happens beyond 100 miles is not so well known to
some of us.
reliability. For near-perfect reliability, a path loss
of 195 dB (easily countered at 50 or 144 MHz) is
involved in 100-mile communication. But look at
the SO percent reliability curve: the same path loss
takes us out to well over 250 miles. Few amateurs
demand near-perfect reliability. By choosing our
times, and accepting the riecessity for some repeats
or occasional loss of signal, we can maintain
communication out to distances far beyond those
usually worked by vhf men.

From the curves of Fig. 2-10, we see that path
loss levels off markedly at what is the approximate
limit of working range for average vhf stations
using voice. Work out the station gain for a 50-watt
station with an average receiver and moderate-sized
antenna, and you'll find that it will come out
around 180 dB. This means about a 100-mile
working radius in average terrain, for good but not
perfect reliability. Another 10 dB may extend the
range to as much as 250 miles. Just changing from
a-m phone to cw can thus do wonders for you. A
bigger antenna, a higher one if your present beam
is not at least 50 feet up, an increase in power to
500 watts from 50, an improvement in receiver
noise figure if it is presently poor — any of these
things can make a big improvement in reliable

coverage. Achieve all of them, and you will have
very likely tripled your sphere of influence, thanks
to that hump in the path-loss curves. This goes a
long way toward explaining why using a 10-watt
packaged station and a small antenna, fun though
it may be, does not begin to show what the vhf
bands are really good for.

About Terrain

The coverage figures derived from the above are
for average terrain. What of stations in moun-
tainous country? Though an open horizon is
generally desirable for the vhf man, mountain
country should not be given up as hopeless until it
has been proven so. Help for the valley dweller
often lies in the optical phenomenon known as
knife-edge refraction.24 A flashlight beam pointed
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Fig. 2-10 — Path loss vs. distance for amateur frequenceis above 50 MHz. Curves at the left are for 50
percent of the time; those at the right for 99 percent. The former is the more representative of

amateur radio requirements.

at the edge of a partition does not cut off sharply
at the partition edge, but is refracted around it,
partially illuminating the shadow area. A similar
effect is observed with vhf waves passing over
ridges; there is a shadow effect, but not a complete
blackout. If the signal is strong where it strikes the
mountain range, it will be heard well in the bottom
of a valley on the far side.

This is familiar to all users of vhf communica-
tions equipment who operate in hilly terrain.
Where only one ridge lies in the way, signals on the
far side may be almost as good as on the near.
Under ideal conditions (a very high and sharp-
edged obstruction near the midpoint of a path long
enough so that signals would be weak over average
terrain), knife-edge refraction may yield signals
even stronger than would be possible with an open
path.

The obstruction must project into the radiation
patterns of the antennas used. Often mountains
that look formidable to the viewer are not high
enough to have an appreciable effect, one way or
the other. Since the normal radiation from a vhf
array is several degrees above the horizontal,
mountains that are less than three degrees above
the horizon, as seen from the antenna, are missed

paths are common in high-mountain country. Mt.
Rainier, Mt. Hood, and other majestic peaks of the
Northwest are examples, and the mountains of
California provide many others. Mt. McKinley in
Alaska has demonstrated remarkable capabilities
for both knife-edge and reflector service.

Rolling terrain, where obstructions are not
sharp enough to produce knife-edge refraction, still
does not exhibit complete shadow effect. There is
no complete barrier to vhf propagation; only
attenuation, which varies widely as the resuit of
many factors. Thus, even valley locations are
usable for vhf communication. Good antenna
systems, preferably as high as possible, the best
available equipment, and above all, the willingness
and ability to work with weak signals may make
possible outstanding vhf work, even in sites that
show little promise by casual inspection.
by the radiation from the array. Bulldozing them
out of the way would have substantially no effect
on vhf signal strength in such cases.

Mountains that are really high but not situated
or shaped so that they exhibit knife-edge effects
may be useful in another way: as a reflector
visually common to two stations that do not have a
direct open path between them.

OPERATING MODES

Almost every amateur has one mode of opera-
tion that he prefers over all others. Once this was a
simple choice between phone and code, but to-
day’s picture is more complex. The voice operator
on the vhf bands can use amplitude modulation,
suppressed-carrier single-sideband or double-
sideband, or frequency modulation, either wide or
narrow-band. The code man can employ conven-
tional cw, keycd tonc modulation, or frequency-
shift keying. Other modes include television (slow-
scan or wide-band), radio teletype (with either
audio- or radio-frequency shift), facsimile and
pulse. Because some of these are wide-band modes,
taking up more space than would be permissible in
crowded lower bands, the choice open to the

inhabitant of the world above 50 MHz is wider
than for any other amateur.

Though many of us tend to concentrate on one
mode, there is much to be said for versatility. With
foresight in planning his station, the vhf enthusijast
can incorporate several modes of operation with
little difficulty. Though a-m phone is heavily
entrenched in vhf work, other modes have much to
offcr. The most cffective system for long-distance
vhf work is keyed cw, and it is also the simpiest of
all communications systems in its transmitter
requirements. There is no valid reason why cw
capability should not be built into every vhf
station, yet a surprising number of vhf men make
no use of it. This is lamentable, for as shown in
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Fig. 2-10 the improvement gained through intel-
ligent use of cw can double or triple the effective
operating range of any vhf station. Probably by no
other means can vhf coverage be extended so
easily.

An appreciable improvement in consistent
range with voice can be achieved by going to
single-sideband, as compared with a-m phone. Both
cw and sideband are more effective than other
modes mainly because they occupy a narrower
band of frequencies. Cw requires essentially no
space at all, and thus it permits almost infinite
receiver selectivity when suitable techniques are
employed. Sideband requires less than half the
spectrum space of other voice modes. No power is
wasted in transmitting a carrier, this being sup-
plied, in effect, by the receiver’'s beat oscillator.
The bfo is also an important factor in the
effectiveness of cw.

Frequency modulation, all but ignored by a
generation of vhf men, has great potential worth.
With suitable receiving techniques, fm provides
almost totally noise-free communication within its
service area. Either wide-band or narrow-band fm is
easily incorporated in a vhf transmitter, and
because 1t adds nothing to the power that must be
dissipated by the tubes, or to the voltage that
components must be capable of withstanding, the
full cw ratings of all parts of the transmitter apply
to fm as well. Perhaps most important of all, fm
eliminates practically all chance of audio-type
interference in TV receivers, broadcast sets, hearing
aids, and other audio amplifiers, and so is inval-
uable in solving interference problems for the
amateur in densely populated areas. Not widely
appreciated is the fact that, with proper receiving
techniques, fm is at least the equivalent of a-m in
reliable vhf coverage. Only cw and ssb are superior.

Tone modulation (A2) is a simple means of
sending code on the vhf bands with any voice
transmitter. It is only slightly better than a-m
phone for weak-signal work, but it is fine for code
practice, and for use on frequencies where either
the receiver or the transmitter may not be stabie
enough for cw, or where the receiver does not have
a bfo.

Use of frequency-shift keying (fsk) is confined
mainly to radio-teletype work, but it could be
employed for cw. With today’s voltage-variable
capacitors, it is a simple matter to shift the
frequency for fsk.

Slow-scan television has no special vhf con-
notation, Conventional high-quality TV (fast scan)
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requires a very wide band of frequencies, so it is
confined to bands from 420 MHz up. Nearly all
amateur TV is currently on the 420-MHz band,
between 436 and 450 MHz.

Pulse is a very wide mode inherently and is
permitted only on certain bands above 2300 MHz.
Though employed only to a limited extent in
amateur communication, it has interesting possi-
bilities on frequencies where its wide-band nature
can be accommodated 25

Another emission is usable on all amateur
frequencies above 51 MHz: unmodulated carrier,
AQ. It has many uses, not the least being remote
control systems for model aircraft, boats, and the
like. Much neglected by vhf men, an interesting
adaptation of A{ is duplex phone. In using A{ the
operator need identify only once every ten minutes
or less, and he is not required to have any
intelligence on the signal in between identifi-
cations. This permits running the transmitter while
tuning for other signals, either on the same band as
the transmitter, or on another band. The 50- and
144-MHz bands tend to become congested at their
low ends, so it is well to use duplex technique only
in the lessoccupied upper portions. The U.S.
Regulations allow A@ only above 51 MHz for this
reason, and it is well to check the frequencies to be
used for A to see that they are unoccupied,
before embarking on duplex work.

Use of low power, separate antennas for trans-
mission and reception, and earphones in place of
speakers are aids to effective duplex operation.
Especially where signals are reasonably strong, as in
local work, duplex provides a ready give-and-take
exchange that can be far more pleasant and
efficient than the one-way monologue that conven-
tional methods entail.
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Chapter 3

Reception Above 50 MHz

RECEIVER CHARACTERISTICS

Nowhere in amateur radio is optimum recep-
tion so important as on the frequencies above 50
MHz. Selectivity, stability, sensitivity, smooth tun-
ing, ability to reject unwanted signals — important
attributes in any amateur receiver — are even more
desirable in vhf work. Receiver problems are
similar on all amateur frequencies, but ideal solu-
tions vary greatly for different parts of the
spectrum and modes of operation. Whether your
station is a transceiver or a receiver-transmitter
combination, an understanding of basic receiver
principles and consideration of your primary op-
erating objectives are vital to your future as a vhf
enthusiast. We will examine each of the above
qualities as it affects vhf communication.

Selectivity

On lower frequencies selectivity is desirable
mainly to prevent interference between stations in
our crowded bands. 1t serves this end for vhf men,
too, but it is also important in achieving the best
possible signal-to-noise ratio. Receiver noise out-
put, for a given input signal level, is related to
bandwidth; the wider the bandwidth the greater
the noise. This is not important in reception of
strong signals, but for best readability of weak
signals no more bandwidth should be used than is
necessary to pass the intelligence on a signal. This
kind of selectivity is mainly determined by the i-f
system in a superheterodyne receiver, and the
means for achieving it do not change much with
signal frequency.

Stability

As selectivity is increased, the need for good
stability rises, and as we go higher in frequency the
difficulty of achieving satisfactory stability also
rises. Thus it is almost standard procedure to use
crystal-controlled frequency converters in vhf re-
ception, doing the tuning at some lower or
intermediate frequency where stability is more
readily attained. Like selectivity, stability is then
mainly a matter of the design of the lower-frequen-
cy components of the vhf receiving system.

Sensitivity and Noise Figure

Here we reach the parting of the ways with our
hf brethren. Reception of weak vhf signals is
limited by factors quite different from those
affecting bands below 30 MHz. On frequencies up
to the lower portion of the vhf spectrum, reception
is limited almost entirely by noise picked up by the
antenna. This may be man-made (ignition, power-
line noise, electrical noise from motors, neon signs
and the like) or natural, such as galactic or solar
noise and atmospherics. With modern tubes, tran-
sistors, and circuits the noise contribution by the
hf receiver itself is inconsequential. To prove this
for yourself, tune an hf receiver to some spot
below 30 MHz where no signals are heard. Turn off
the agc and advance the gain controls until noise is
heard. Now remove the antenna. If your receiver is
stable and well shielded it should go dead quiet, or
nearly so. The noise was practically all coming in
on the antenna.

Now try the test with a vhf receiver, on 144
MHz or higher frequencies. Chances are that the
noise will change hardly at all, antenna on or off, if
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your location is a quiet one. This demonstrates
where most vhf noise comes from: the receiver
makes it. The amount of noise it makes, over that
of a theoretically perfect receiver whose noise is
entirely external, is called the noise figure. Re-
ducing the noise generated within the hf receiver to
the ultimate would avail you little or nothing in
weak-signal reception on bands up through 30
MHz, but you can improve reception in the vhf
range markedly if you can amplify incoming signals
faster than you build up the noise generfated
internally. Hence the emphasis on low-noise ampli-
fiers in vhf receiver design.

The noise output of a receiver, by itself, is of
no importance at any frequency. How much a
signal stands out above the receiver noise (called
signal-to-noise ratio) is important on any frequen-
cy, and it is compounded of many factors, inclu-
ding selectivity as well as noise figure. Noise figure,
on the other hand, is almost entirely a matter of
the design and adjustment of the first stages of a
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Types of VHF Receivers

vhf receiving system, and it is independent of
bandwidth. We'll look into this complex business
of low-noise reception in more detail later on, but
it is important to keep the above facts in mind.

Mechanical Considerations

The best selectivity, stability, and sensitivity are
of little use if you cannot tune the receiver
effectively. Nothing is more disconcerting than a
receiver that tunes too rapidly, or in sloppy
fashion. Backlash in tuning mechanisms is very
annoying, and the higher the selectivity the more
troublesome it becomes. These are mechanical
problems, but don’t under-estimate their impor-
tance in building or choosing equipment for vhf
work. Few receivers are entirely satisfactory in
these respects, and many low-priced ones are all
but useless. The would-be vhf enthusiast will do
well to check the mechanical qualities of a re-
ceiving system with great care.

Rejection of Unwanted Signals

A vhf receiver could score high in all the above
categories and still be unsatisfactory if it responds
to signals of other services near our bands, or
overloads readily when near neighbors come on the
air in or near the band we’re trying to use. No
receiver is completely free of spurious responses, so
we may have a difficult choice here. In areas of
high population density, where there may be vhf
men in every block, and TV, police, aircraft, fm,
and other vhf services on almost every available
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frequency, ability of a receiver to reject unwanted
signals may have to take precedence over other
desirable characteristics, particularly low-noise
figure. We may have to give the receiver help in the
form of a filter of some sort. See Chapter 15.

It should be obvious from what has been said
thus far that there is no one ‘‘perfect receiver.”
Even with unlimited resources and design skili at
our disposal, we still must examine our own
particular set of operating circumstances and objec-
tives, and select equipment or techniques that offer
the best overall hope for success.

TYPES OF VHF RECEIVERS

From here on we use the term ‘‘vhi™ loosely.
Calling only those frequencies between 30 and 300
MHz by this name is a grouping more semantic
than technical, and we will include the 420-MHz
band and even higher frequencies more often than
not. In the light of present techniques, the logical
dividing line between vhf and uhf methods lies
somewhat above our 420-MHz band, rather than at
300 MHz.
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Reception on 50 through 450 MHz can be
accomplished in many ways, but vhf receivers are
of two principal types: the superregenerator and
the superheterodyne. The first may be very simple
— one tube or transistor and little else other than
an antenna, a tuned circuit, and headphones.
Common additions are one or more audio stages to
operate a speaker, and an rf amplifier stage, to
improve performance and reduce detector radia-
tion. The superheterodyne may be complete in
itself, usually with four or more tubes or transis-
tors, or it may be a combination of a vhf converter
and a communications receiver intended for use on
lower frequencies.

The Superregenerative Detector

Today's newcomer may not be too familiar
with this wonderful device (and probably it’s just
as well!) but it was almost standard equipment in
early vhf work. To give the Devil his due, the
“rushbox’* was a potent factor in popularization of
the vhf bands - and for good reason. Nothing of
compadrable simplicity has been found to egual its
ability to detect weak signals, but like all simple
devices the superregen has serious limitations. ™
provides little selectivity, has a high and rather
unpleasant background noise level, and radiates a
broad interfering signal around its receiving fre-
quency. While various refinements may minimize
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Fig. 3-1 — Circuits of typical superregenerative detectors using a field-effect transistor, A, and a tetrode
tube, B. Regeneration is controlied by varying the drain voltage on the detector in the transistor circuit,
and the screen voltage in the tetrode or pentode. Values of L1 and C1 should be adjusted for the
frequency involved, as should the size of the rf choke, RFC1.

C2, C3 — 0.001-uF disk ceramic. Try different
values up to 0.005 for desired audio quality.
L2 — Small audio or filter choke; not critical.

these objectionable features, the superregenerative
receiver is used today mainly where its small size,
light weight, and low power drain are all impor-
tant, as in short-range portable work.

Most tubes and transistors that do well in other
vhf receiving applications make good superregen-
erative detectors. With tubes, tetrode or pentode
types are favored at 50 or 144 MHz, as variation of
their screen voltage offers smooth control of
regeneration. Triodes are better for higher frequen-
cies. Typical circuits are shown in Fig. 3-1. If no rf
amplifier is used, operating conditions and the
coupling to the antenna should be adjusted so as to
permit superregeneration with the lowest satis-
factory power input, to hold down detector
radiation. An rf amplifier stage ahead of the
detector will reduce or eliminate radiation, and by
isolating the detector from the antenna will make
control of regeneration less critical. It will also add
some gain and selectivity.

Superheterodyne Receivers

Because amplification is more efficient at low
frequencies than high, it is standard vhf practice to
use only as much rf amplification as may be
needed for good noise figure, and then convert the
signal to a lower or intermediate frequency, to be
amplified and detected. This is the basic super-
heterodyne principle, used in nearly all radio
reception today.

The simplest superhet receiver for 50 MHz is
shown in Fig. 3-2A. The antenna feeds a mixer
stage operating at the signal frequency, in this case
50 to 54 MHz. A tunable oscillator, usually at
some lower frequency (though it can be higher)
supplies energy to beat with the signal and
produce an intermediate frequency (i-f) which is
then amplified and detected. In our example the
oscillator is 5 MHz below the signal frequency, and
the if is, of course, 5 MHz. You could build the
simple receiver with as few as two dual-purpose
tubes, but its gain would be low and its sclectivity
poor. You would not be happy with it for long.

Gain can be increased with more i-f amplifier
stages, but a simple 5-MHz amplifier, as in 2A, is
not sufficiently selective, so we go to what is
known as double conversion, Fig. 3-2B. Here a
second oscillator and mixer convert the 5-MHz

R1 - 2 to 10 megohms.
RFC1 — Single-layer rf choke, to suit frequency.
RFC2 — 85-mH rf choke.

signal to 455 kHz, where gain and selectivity come
much easier. Also added here is an 1f amplifier
stage, for improved noise figure and better sensi-
tivity.

You could go right to 455 kHz in the first
conversion, by suitable choice of frequency range
for the tunable oscillator, but this gives rise to a
serious image problem. Suppose we want to listen
to someone on 51 MHz. With an i-f of 455 kHz,
the oscillator would then be on 50.545 MHz, 455
kHz away from the signal frequency. The mixer
responds to signals 455 kHz on either side of the
oscillator frequency, so someone on 50.090 MHz
would interfere with the desired signal on 51 MHz.
All superhets have this problem, but when 2 high
if is used (roughly 10 percent of the signal
frequency is common) the selectivity of the first
tuned circuits of the receiver is sufficient to reject
the unwanted image signal. Thus, for good image
rejection, most vhf receivers employ double- or
triple-conversion circuits.

So far we have used a tunable oscillator and
fixed intermediate-frequency amplifiers. In the vhf
range, however, tunable oscillators may not be
stable enough for narrow-band reception, so we
more often use a crystal-controlled source for the
first conversion, as in Fig. 3-2C. Here the first
intermediate frequéncy is variable, so the if,
detector and audio system (portion to the right of
the vertical broken line) may take the form of a
communications receiver that tunes the desired
frequency range, in this example 14 to 18 MHz.
Our f amplifier, first mixer, and crystal oscillator
are usually built in a single unit called a crystai-
controlled converter. This converter-receiver com-
bination is the most common approach to amateur
vhf reception in use today.

There are uses for the single-conversion recei-
ver, however, especially where simplicity, low cost,
and small size are more important than high
selectivity. Also, by use of advanced i-f design
techniques, particularly involving the crystal-lattice
filter, it is possible to develop excellent selectivity
at high intermediate frequencies. Though fairly
expensive, the high-frequency crystal filter has
much to recommend it. Requiring only a single
conversion for good selectivity, it reduces the
possibility of unwanted signals being heard, and it
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makes possible optimum performance with fewer
stages and circuits than multiple-<conversion sys-
tems.

A promising overall receiving system for the vhf
man is the use of such a single-conversion setup for
the 50-MHz band as the basic receiving unit of the
station. This would have a tunable oscillator;
converters for 144 MHz and higher bands would be

SIGNALS,
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crystalcontrolled, with 50 to 54 MHz as the
tunable first intermediate frequency.

It should be emphasized that the frequencies
given in the above discussion are examples only.
Almost any combination of oscillator and inter-
mediate frequencies can be used and many factors
govern the choice. These will be taken up later.

Fig. 3-2 — Development of the vhf superhet-
erodyne. The simplest receiver of this type, A,
would lack most desirable qualities. B shows a
doubleconversion system, with rf and a second
conversion added. A double conversion system
with crystal-controlled converter, or “front end”’ is
shown at C. Portion at the right of the broken line
can be a communications receiver capable of
tuning the desired frequency range.
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TRANSISTORS OR TUBES?

The proliferation of vhf and uhf transistors in
recent years has tended to give the impression that
anyone still using vacuum tubes in receiving equip-
ment is hopelessly out of date. Is there any
justification today for going other than the solid-
state route? There may be, especially for the fellow
who has been in the game long enough to have
accumulated a considerable inventory of equip-
ment designed around tubes. Many inexpensive and

reliable tubes do an entirely adeqguate job in
receivers for 50 and 144 MHz. Circuits for their use
will be discussed in following pages.

Interest in portable or mobile work may tip the
scales in favor of transistors. They have no com-
petition where power consumption is a factor.
Also, at 220 MHz, and even more so at 420 MHz,
the receiving performance of the better transistors
is unequalled by tubes, at any price.
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The newcomer to the vhf scene probably will
start with solid-state receiving gear, but choosing
the right transistors for the various jobs may not
by easy. Some helpful pointers can be given, and
since the frequency of operation is important in
making the choite, the merits and weaknesses of
various transistor types are given by bands.

Transistor Selection

50 MHz Any small-signal vhf amplifier transis-
tor should give more than adequate gain and noise
figure at 50 MHz. Bipolar types are generally rather
poor as to cross-modulation and other overloading
problems, so the insulated-gate FET (IGFET OR
MOSFET) is a logical choice for rf amplifier and
mixer service. The junction FET (JFET) is nearly
as good, and circuits for its use are somewhat
simpler than for the MOSFET, though the latter is
preferable for mixer use, at least.

144 MHz Similar to 50 MHz, in general, except
that low-noise types rated for use up to at least
200 MHz should be used.
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220 MHz Paying a bit more for transistors
rated for use up to 400 MHz or so may be
worthwhile in the rf amplifier, at least, though
inexpensive FETS still work very well at this
frequency. Expensive uhf bipolar types are capable
of lower noise figure than FETs and may have a
slight edge in rf amplifier stages.

420 MHz Most FETs presently available offer
noise figures around 5 dB above about 250 MHz or
S0, whi,ie_ the better bipolars yield as low as 2 dB,
up to 500 MHz. In a 2-stage rf amplifier, use
the best transistor available for the first stage,
which will then set the noise figure of the system.
A lower-specification transistor will do well enough
in the second stage.

Uhf mixers will be discussed in detail later. The
oscillator in a vhf or uhf converter nearly always
operates at a frequency in the lower vhf range, so
transistor selection is of little importance in this
stage. Any inexpensive vhf transistor will do.

Preferred tube types will be discussed stage by
stage, in the section to follow.

RECEIVER "FRONT-END’” DESIGN

Whether the receiving portion of the vhf station
is a complete receiver, part of a transceiver or
transverter, or a converter ahead of a communica-
tions receiver for lower frequencies, the part of it
that we’ll be concerned with here is described in
connection with Fig. 3-2B or C. Only that portion
on the left side of the broken line in Fig. 3-2C is
important to us at this time, as this front end is a
major factor In the effectiveness of the receiving
system. The hf, i-f, detector, and audio portions
are covered thoroughly in any modern edition of
the Radio Amateur’s Handbook. We concentrate
here on the vhf front-end circuits: the rf amplifier,
mixer, and oscillator. Combined in a single unit to
be used as a communications-receiver accessory,
these comprise a vhf or uhf converter. (The mixer
stage of this unit may be called a “converter’ in
some literature. We will call it a mixer here, and
use the term converter only in connection with the
complete front-end circuitry.)

RF Amplifiers

Each of the three stages of the converter plays
an Important role in achleving the objectives
described in the first paragraphs of this chapter.
The main job of the rf amplifier is to establish the
noise figure of the system. To do this it must
amplify incoming signals, while generating as little
noise as possible on its own. A typical vhf amplifier
using a good transistor may have a gain of 15 dB,
while generating only 2 dB of noise. If the gain
minus the amplifier noise (15 2=13, in this
case) is more than the noise figure of the rest of
the receiving system, the small noise level of the rf
stage will mask the noise generated in all following
stages.

The average good vhf mixer will have a noise
figure of 7 to 10 dB, so the amplifier in the above
example is adequate for the job. This answers a

commonly asked question: “If one stage is that
good, wouldn’t two be better?” As far as ability to
detect weak signals in concerned, nothing would be
gained by adding another rf amplifier stage.

There are legit:mate reasons for having more
than one stage. Some types of amplifiers that are
desirable in other ways may not have enough gain
with one stage. And on frequencies above 200 MHz
or so, adequate single-stage gain is increasingly
difficult to obtain. If more than one stage is
required, only the first one need have the very best
low-noise performance. In the example above, if
the first-stage gain were only 10 dB (as might well
be the case in a 432-MHz converter) a second-stage
noise figure of 4 to 5 dB would be satisfactory, if
the total gain of the two stages is 15 to 20 dB.
Typlcally this could mean a ten-dollar transistor in
the first stage and a two-dollar one in the second.
Much the same situation pertains in vacuum-tube
amplifiers.

If more gain is required in the overall receiving
system than that needed to establish the noise
figure, with a little to spare, it can. be made up in
the i-f stages more readily and at less expense than
in the front end. An i-f amplifier built into the
converter is a useful accessory, since it permits the
gain of the converter to be adjusted to the
optimum for the receiver in use. Examples of
converters with i-f amplifiers built in are given in
the following chapter. A total rf-stage gain of more
than 20 dB ahead of the first mixer is seldom
required.

Low-Noise Transistors and Tubes

Transistor data sheets often list a confusing
array of specifications, most of which need not
concern us here. Usually the noise figure and gain
that can be expected at various frequencies are
given for transistors designed for rf amplifier
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service. It is well to select types that are rated to
well above the frequency you’re going to use.
There is no point in using an expensive 500-MHz
transistor on S0 MHz, but don’t use a cheap one
rated for up to 30 MHz, either.

The ultimate in low-noise figure is not vital in a
50-MHz stage, as external noise is still a limiting
factor at this frequency. Noise from the antenna is
amplified along with the 50-MHz signals. A system
noise figure of 5 or 6 dB is plenty good enough, as
it will permit reception of several dB of ‘‘antenna
noise,” even in the quietest location. Optimum
50-MHz reception is thus possible with dozens of
inexpensive tubes or transistors, and a single
amplifier stage is adequate in most 50-MHz front
ends.

Good tf amplifier performance is still possible
with a single stage at 144, though two may be
needed ‘in grounded-gate (grounded-grid) applica-
tions. Transistor selection becomes somewhat more
critical, and low noise figure is more important.
Still, the ultimate is not required, and a system
noise figure of 3 dB is adequate. Transistors rated
to 200 or 250 MHz should suffice.

At 220 MHz or higher, the better low-noise
types rated to 500 MHz or so begin to pay off,

" R
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Fig. 3-3 — Neutralized vhf amplifier stages. The
JFET amplifier, A, and the triode tube version, C,
will be seen to be very similar. The MOSFET, B,
requires a few more components, but has good
resistance of overloading.

7
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though there are inexpensive transistors that work
well at 220. The best obtainable may be worth
their cost at 420, and two-stage amplifiers are more
often used.

Tubes may not have noise-figure ratings given in
their characteristics sheets. If not, look for the
transconductance, which should be 5000 or more
for a pentode, and 10,000 or more for a triode, for
best results. Pentodes such as the 6AKS and 6CB6
work well at 50 MHz. A pentode rf stage would be
very similar to the mixer circuit, Fig. 3-6C. Triodes
are preferred for 144 and higher frequencies.
Several dual triodes (6BQ7, 6BZ7, 6BC8, 6BS8,
and others) will do for 50 or 144 MHz. Currently
the most-used single triode is the Nuvistor (6CW4,
6DS4). Small in size and well adapted to circuit-
board use, it is probably the best low-cost triode
available for vhf amplifier service.

Amplifier Circuits

Most transistor and triode rf amplifiers require
neutralization. This is done inductively in the
examples of Fig. 3-3, but capacitive methods are
usable, and examples appear in the following
chapter. The JFET (A) MOSFET (B) and the
triode (C) will be seen to be quite similar, except
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for the heater circuit in the tube version. All may
be used effectively from 50 through 225 MHz. Coil
and capacitor values depend on frequency. Opera-
ting conditions and adjustment of neutralization
should be set up for minimum noise figure, rather
than maximum gain.

Interstage coupling in 3-3A is intended for
band-pass effect. The value of Cl should be
adjusted for the desired bandwidth. Similar output-
coupling circuitry could be used with B and C. The
low-impedance coupling shown for these circuits is
for preamplifier service, where a coaxial line is run
between the amplifier and the receiver with which
it is to be used.

Protection of the amplifier, shown in B, can be
applied to any first-stage circuit. The diodes, CR,
are connected in opposite polarity between the
antenna line and ground, to conduct on either
cycle of rf charges built up on the antenna. In
circuit C, the rf choke shown in the 6.3-volt line is
a ferrite bead, placed over the heater lead, close to
the socket.

An alternative to neutralization lies in the
grounded-gate (grounded-base or grounded-grid)
circuit of Fig. 3-4. The “grounded” element may
be connected directly to the chassis, or bypassed
thereto, so long as it is maintained at ground
potential for rf. Bypassing may be critical, and
only the best rf bypass capacitors (button-mica or
ceramic feedthrough types) should be used. Cer-
amics of the disk variety are seldom effective above
about 100 MHz or so. Their use may encourage
oscillation, as the bypassed element must isolate
the input and output circuits.

When a vacuum tube is used, the heater circuit
should be kept above ground potential, along with
the cathode. This is achieved through use of
low-resistance heater chokes, which may be ferrite
beads, as in 34B.

The input impedancetof this type of amplifier is
low, and it is broad-band and relatively low-gain,
by nature. Two stages may be needed to mask
mixer noise, on this account. Where only a small
amount of gain is needed, a simplified version may
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Fig. 34 - Grounded-gate FET pream-
phfier and its grounded-grid triode equiv-
alent tend to have lower gain and broad-
er frequency response than other ampli-
fiers described. Use of ferrite-bead rf
chokes in the heater circuit is shown in
B. Select values of R1 and R2 to suit
tube type. The tuned input circuit,
L1C1, can be eliminated and the antenna
coupled directly to the input element,
for extreme simplicity, as in remote
amplifiers.

OUTPUT

be used wherein a tuned input circuit is eliminated,
and the low-impedance input is direct to the
cathode or corresponding transistor element. If
selectivity is needed in the input circuit, it is
customary to tap the input element down on the
tuned circuit, as in 3-4B. Both the cathode tap and
the point of connection of the antenna line should
be adjusted for minimum noise figure, though
neither will be particularly critical.

The virtues of both types of amplifiers are
combined in the popular cascode circuit, in which
a neutralized first stage works into a grounded-grid
second stage. The latter loads the former heavily,
resulting in a broad-band amplifier that may be
stable, even without neutralization, though the
noise figure of the system is better when the first
stage is neutralized. The cascode is most often used
with dual triodes, but separate triodes and transis-
tors work equally well. Two versions are shown in
Fig. 3-5, the series-cascode, B, being somewhat the
simpler of the two, and most often used with dual
triodes. Optimum use of the cascode may require
heater chokes, as in 3-SA. These must carry the
heater current without voitage drop. Ferrite beads
are ideal, though handwound chokes also are
usable.

Instability may arise in a cascode circuit as a
result of ineffective bypassing of the grid, base, or
gate in the second stage. Such oscillation cannot be
corrected by adjustment of the neutralizing coil,
Ln. Series-resonant bypassing may be helpful when
this is encountered.

Adjusting RF Stages

The first step in adjusting an rf amplifier is to
set the tuned circuits at the approximate frequen-
cy. This can be done with the aid of a dip meter, or
by peaking the circuits for maximum response
while actually receiving. In circuit A, the only
additional step is to adjust the tap position on L1
for best noise figure or signal-to-noise ratio. Noise
figure adjustments are best made with a noise
generator, as detailed in the test equipment chap-
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ter. The work can be done on a weak steady signal,
if care is used to get the greatest margin of signal
over noise, rather than merely maximum gain.

In adjusting antenna_coupling, the best noise
figure may be found as the coupling is increased a
bit bevond the point where maximum signal is
obtained. The gain and signal level may drop
slightly, but the noise falls off faster at this point,
so signal-to-noise ratio actually improves at the
start of overcoupling. Gain can be made up
anywhere in the receiver, but noise figure is set by
the first stage, and predominantly in the first tuned
circuit. This cardinal principle of vhf receiver
design should be borne in mind at all times.

In neutralizing 1f stages other than the series
cascode, the operating voltages can be removed
from the stage to be neutralized, and the coil Ln
adjusted for minimum response on a strong signal.
All other circuits are peaked for maximum re-
sponse. There is interlocking of adjustments, so
repeat these operations several times. Now put the
neutralized stage back into normal operation, and
recheck all adjustments for optimum signal-to-
noise ratio, or lowest noise figure. Merely tuning
for maximum gain can degrade the noise figure by
several dB, even when the amplifier is not actually
oscillating.

In any amplifier that is working properly,
adjustments other than on the input circuit and
neutralization of the first stage affect only gain.
For this reason it is usually practical to stagger-
tune any following circuits, if necessary, to obtain
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reasonably flat response across the desired band-
width. Better bandpass characteristics are obtain-
able with the double-tuned circuit in amplifier A of
Fig. 3-3. Its coupling capacitor, C1, can be varied
to provide different degrees of coupling and
selectivity. Usually values of 1 to 3 pF are used.
These are readily obtained by twisting insulated
leads of hookup wire together for a half inch or so.

Using Rf Preamplifiers

It is important to design the front-end stages of
a vhf receiver for optimum performance, but we
often want to improve reception with equipment
already built. Thousands of fm receivers formerly
in commercial service, now revamped for amateur
work in the 50-, 144-, and 420-MHz bands, were
built before modern low-noise tubes and transistors
were available. Though otherwise useful, these
receivers have excessively high noisc figure. Many
other commercial and home-built vhf converters
and receivers are not as sensitive as they might be.

Though it would be better to replace the rf
stages of such equipment with more modern
devices, the simpler approach is usually to add an
outboard rf amplifier using a low-noise tube or
transistor. In the fm example, the quieting level of
some receivers can be improved by as much as 10
dB by addition of a_simple transistor amplifier.
Similar improvement in noise figure of some
receivers for other modes is also possible; particu-
larly band-switching communications receivers that
have vhf coverage.

Yo
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Fig. 3-5 — Cascode amplifier circuit combines grounded-cathode and grounded-grid stages, for high-gain
and low-noise figure. Though tubes are shown, the cascode principle is usable with transistors as well.
Examples are given in later constructional information. Rf chokes must be able to carry the tube heater

current.
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Any of the basic amplifier circuits of Fig. 3-3,
4, and 5 can be adapted to preamplifier service.
Examples of amplifier construction are given in the
following chapter. Circuits shown in the vhf
converters described can also be used in preampli-
fiers.

Preamplifiers are useful mainly with older
equipment which is deficient in front-end gain or
noise figure. Most vhf gear built in recent years
should be satisfactory in these respects, if it is
operating properly. Checks with a preamplifier
should be made to determine if an improvement in
reception of very weak signals is possible. It is the
margin of signal over noise, with and without the
amplifier, that counts. Any amplifier added to any
receiver will result in higher S-meter readings, but
these are meaningless unless weak-signal reception
actually improves.

When a preamplifier is tried with the receiving
portion of a transceiver or transverter, be sure that
it is connected in the line to the receiving portion
only. An external amplifier connected in the main
line to the antenna will be damaged or ruined if the
transmitter portion of such equipment is accident-
ally tumed on. This has happened to many
transceiver owners who should have known better!
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Front-End Protection

The first amplifier of a receiver is susceptible to
damage or complete bumout through application
of excessive voltage to its input element by way of
the antenna. This can be the result of lightning
discharges (not necessarily in the immediate vicin-
ity), rf leakage from the station transmitter
through a faulty send-receive relay or switch, or rf
power from a nearby transmitter and antenna
system. Bipolar transistors often used in low-noise
uhf amplifiers are particularly sensitive to this
trouble. The degradation may be gradual, going
unnoticed until the receiving sensitivity has be-
come very poor.

No equipment is likely to survive a direct hit
from lightning, but casual damage can be prevented
by connecting diodes across the input circuit as
shown in Fig. 3-3B. Note that these are in opposite
polarity, to protect against damage during either
half of the cycle. Either germanium or silicon vhf
diodes can be used. Both have thresholds of
conduction well above any normal signal level,
about 0.2 volt for germanium and 0.6 volt for
silicon. A check on weak-signal reception should be
made before and after their connection.

MIXERS

Conversion of the received energy to a lower
frequency, where it can be amplified more effic-
jently than at the signal frequency, is a basic
principle of the superheterodyne receiver. The
stage in which this is done may be called a
“converter,” or “frequency converter,” but we will
use the more common term, mixer, to avoid
confusion with converter, as applied to a complete
vhf receiving accessory. Mixers perform similar
functions in both transmitting and receiving cir-
cuits. Transmitting applications will be found in
other portions of this book.

A receiver for 50 MHz or higher usually has at
least two such stages; one in the vhf or uhf
converter, and usually two or more in the com-
munications receiver that follows it. We are con-
cerned with the first mixer. Whether it works into
a communications receiver or the i-f stages of a
complete vhf or uhf receiving unit is not important
here.

The Diode Mixer

There are many types of mixers, the simplest
being merely a diode with the signal and energy on
the heterodyning frequency fed into it, somewhat
in the manner of the 1296-MHz example, Fig.
3-6A. The mixer output includes both the sum and
the diffetence frequencies. Either can be used, but
in this application it is the difference, since we are
interested in going lower in frequency.

With a good ubf diode in a suitable circuit, a
diode mixer can have a fairly low noise figure, and
this is almost independent of frequency, well into
the microwave region. The effectiveness of most rf
amplifiers falls off rapidly above 400 MHz, so the
diode mixer is almost standard practice in amateur
microwave communication. All diode mixers have

some conversion /oss. This must be added to the
noise figure of the i-f amplifier following, to
determine the overall system noise figure. Low-
noise design in the first i-f stage is thus mandatory,
for good weak-signal reception with a diode mixer
having no rf amplifier preceding it. Purity of the
heterodyning energy and the level of injection to
the mixer are other factors in the performance of
diode mixers.

Balanced mixers using hot-carrier diodes are
capable of noise figures 1 to 2 dB lower than the
best pointcontact diodes. Hot-carrier diodes are
normally quite uniform, so tedious selection of
matched pairs (necessary with other types of
diodes) is eliminated. They are also rugged, and
superior in the matter of overloading.

The i-f impedance of a balanced hot-carrier
diode mixer (Fig. 3-6B) is on the order of 90 ohms,
when the oscillator injection is about one milli-
watt. Thus the mixer and a transistorized i-f
amplifier can be separated physically, and con-
nected by means of 93-ohm coax, without an
output transformer.

Conversion. loss, around 7 dB, must be added to
the noise figure of the i-f system to determine the
overall system noise figure. Unless a low-noise
preamplifier is used ahead of it, a communications
receiver may have a noise figure of about 10 dB,
resulting in an overall noise figure of 17 dB or
worse for a vhf system with any diode mixer. A
good i-f preamplifier could bring the receiver noise
figure down to 2 dB or even less, but the system
noise figure would still be about 9 dB; too high for
good reception.

An amplifier at the signal frequency is thus seen
to be required, regardless of mixer design, for
optimum reception above 50 MHz. The if gain, to
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Fig. 3-6 — Vhf and uhf mixer circuits. A diode mixer for 1296 MHz, with a coaxial circuit for the signal
frequency, is shown in A, CR1 is a uhf diode, such as the 1N21 series. A balanced mixer, as in B, gives
improved rejection of the signal and injection frequencies. If hot-carrier diodes are used for CR2, sorting
for matched characteristics is eliminated. The pentode mixer, C, requires low injection and works well
below about 200 MHz. The triode mixer, D, has a simplified (-f output circuit, and bandpass coupling to
the rf stage. C1 and C2 can be insulated wires twisted together for about 1/2 inch, as needed.
Insulated-gate FET mixer, E, is ideal for transistor receivers.

override noise in the rest of the receiver, should be
greater than the sum of noise figures of the mixer
and the i-f system. Since the noise figure of the
better rf amplifiers will be around 3 dB, the gain
should be at least 20 dB for the first example in
the previous paragraph, and 12 dB for the second.

These facts show clearly the worth of building a
low-noise i-f amplifier into any uhf converter. It
makes the job of the rf amplifier, a critical stage at
best, considerably easier.

Transistor and Tube Mixers

Any mixer is prone to overloading and spurious
responses, so a prime design objective should be to
minimize these problems. Several factors enter into
this. Choice of the transistor or tube to pe used,
the selectivity of the circuits preceding it, and the
purity and level of the injection energy are
important. Usually a mixer can be set up for good
noise figure or good resistance to overloading, but
not both. In a very simple receiver having no rf
amplifier, the mixer would be set up for low noise
figure. Where an effective rf amplifier is used ahead
of it, the mixer can be tailored for best overloading
and cross-modulation characteristics. A mixer that
draws appreciable current tends to be noisy; the

more current, the more noise. But it resists
overloading better than one whose current drain is
held low, in the interest of good noise figure. Most
vhf and uhf converters have rf amplifiers, so their
mixers are normally adjusted to reduce overload-
ing, whether the device used is a transistor or a
vacuum tube.

In amateur vhf reception, overloading may
come from near neighbors operating in the same
band, or from strong commercial signals on the
frequencies adjacent to the amateur band. In-band
signals can be prevented from overloading the
mixer only by adjustment of the mixer operating
conditions, and by keeping the rf amplifier gain to
the minimum needed for good noise figure. Out-
of-band signals can be held down by use of
selective circuits in the antenna and rf amplifier.
Double-tuned coupling circuits for this purpose are
shown in some of our rf amplifier and mixer
examples, herewith.

The injection level from the oscillator affects
mixer performance, though it is not critical when a
good rf amplifier precedes the mixer. Until it
affects the mixer adversely in other ways, raising
the injection level raises the mixer conversion gain.
A simple check is made by observing the effect on
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signal-to-noise ratio as the injection is varied. At
preferred injection levels, the gain will vary but the
signal-to-noise ratio will not change. The injection
should then be set for conversion gain a few
decibels above that at which lower injection causes
a drop in signal-to-noise ratio.

Pentode tubes make simple and effective mixers
for 50, 144, or even 220 MHz. Triodes work well
on any frequency up to about 500 MHz or so,
though diode mixers are commonly used in
420-MHz converters and for all higher frequencies.

The pentode mixer of Fig. 3-6C gives good
conversion gain and is readily adjusted for low
noise figure or resistance to overloading, by chan-
ging the value of R1. It may be as high as one
megohm, for low current drain and resultant
low-noise figure, or as low as a few thousand ohms,
for best overload characteristics. Bias and supply
voltage variations have similar effects on triode and
transistor mixers.

The triode mixer, D, is similar to the pentode,
except for the screen circuit in the latter. Various
methods of feeding in the injection voltage, and of
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taking off the i-f output signal are shown in Fig.
3-6 mainly as examples, rather than because of any
advantage of one method or the other.

Oscillation, most commonly found in triode
mixers, may result from inadvertent resonances
near the signal frequency in the output circuit. The
10-pF capacitor shown connected from the output
element to ground in some of our circuits is
connected close to the mixer plate, collector, or
drain and to ground, with the shortest possible
leads, to break up this tendency to resonance, and
prevent oscillation. When such oscillation does
occur it is often mistaken for rf-stage instability,
and much time may be wasted trying to neutralize
it out — in the wrong stage.

The insulated-gate FET (IGFET or MOSFET,
3-6E) is superior to other transistors in resistance
to overloading, though the JFET is also good. An
objection to the former, the ease with which it can
be damaged by inadvertent application of small
voltages in handling, has been taken care of by
building in small protective diodes. Such transistors
work as well as their unprotected predecessors.

INJECTION STAGES

Oscillator and multiplier stages that supply
heterodyning energy to the mixer should be as
stable and free of unwanted frequencies as pos-
sible. They are similar to exciter stages of vhf
transmitters, and their basic principles are dis-
cussed in more detail in Chapters 5 and 6. Stability
is no great problem in crystal-controlled conver-
ters, if the oscillator is run at low input and its
supply voltage is regulated. Simple Zener regula-
tion, as in Fig. 3-7A is adequate for a transistor
overtone oscillator. A higher order of regulation is
desirable for tunable oscillators.

Unwanted frequencies generated in the injec-
tion stages can beat with signals outside the
intended tuning range. In a typical example, Fig.
3-7B, an FET overtone oscillator on 43.333 MHz
feeds a diode tripler to 130 MHz. This frequency
beats with signals between 144 and 148 MHz, to
give desired responses at 14 to 18 MHz. The
multiplier stage also has some output at twice the
crystal frequency, 86.666 MHz. If allowed to reach
the mixer, this can beat with fm broadcast signals
in the 100-MHz region that leak through the rf
circuits of the converter. There are many such
annoying possibilities, as any amateur living near
high-powered fm and TV stations will know.

Spurious frequencies can be kept down by
using the highest practical oscillator frequency, no
multiplier in a 50-MHz converter, and as few as
possible for higher bands. Some unwanted harmon-
ics are unavoidable, so circuit precautions are often
needed to prevent both these harmonics and the
unwanted signals from reaching the mixer. Selec-
tive coaxial or trough-line circuits are practical aids
in uhf receivers. Trap circuits of various kinds may
be needed to ‘“‘suck out™ energy on troublesome
frequencies.

The series trap in Fig. 3-7B reduces the level of
the 86-MHz second harmonic of the crystal fre-
quency. A 58-MHz parallel-tuned trap can be

connected in the antenna line to absorb Channel-2
TV signals that could otherwise beat with the
second harmonic of a 36-MHz oscillator in a
50-MHz converter that works into a 14-MHz i-f
(36 X 2 — 14 = 58).

Unwanted frequencies also increase the noise
output of the mixer. This degrades performance in
a receiver having no rf amplifier, and makes the job
of an amplifier, if used, more difficult.

Frequency muitipliers in vhf receivers generally
follow transmitting practice, except for their low
power level. The simple diode multiplier of Fig.
3-7B will often suffice, Its parallel-tuned 130-MHz
circuit emphasizes the desired third harmonic,
while the series circuit suppresses the unwanted
second harmonic. The trap is tuned by listening to
a spurious fm broadcast signal and tuning the series
capacitor for minimum interference. The 130-MHz
tripler circuit should be peaked for maximum
response to a 2-meter signal. Do not detune this
circuit to lower injection level. This should be
controlled by the voltage on the oscillator, the
coupling between the oscillator and multiplier, or
by the coupling to the mixer from the 130-MHz
circuit.

Tunable Oscillators

Any tunable vhf receiver must have a variable
oscillator somewhere along the line. (See Fig. 3-2.)
At this point the intermediate frequency is fixed,
and the oscillator tunes a range higher or lower
than the signal frequency by the amount of the i-f.
In the interest of stability, it is usually lower. In
Fig. 3-7C a simple JFET oscillator tunes 36 to 40
MHz, for reception of the 50-MHz band with a
fixed 14-MHz i-f. Its stability should be adequate
for a-m or fm reception, but it is unlikely to meet
the requirements for ssb or cw reception fully,
even at SO MHz, and certainly not higher bands.
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Fig. 3-7 — Typical oscillator and muitiplier circuits for vhf converters. A bipolar transistor with

Zener-diode regulation of the collector voitage is shown at A. The indicated frequency is for 144-MHz
converters with 14-MHz output. The FET circuit, B, includes a diode tripler to 130 MHz, with a series
trap to absorb unwanted second-harmonic energy at 86 MHz. A triode tube would require essentially the
same basic circuit. The tunable osciilator, C, would be suitable for a 50-MHz converter with fixed 14-MHz

i-f.

Using a tunable oscillator and a fixed inter-
mediate frequency (Fig. 3-2A or B) does have
merit. It can be used with a crystal-controlled hf
receiver, or with any communications receiver that
has inadequate tuning facilities. Covering entire vhf
bands with communications receivers having limi-
ted tuning range is an example. With the i-f fixed,
the precise frequency to be used can be selected
carefully to prevent interference from signals riding
through in the hf range. Better selectivity at the
intended receiving frequency is also possible, if the
rf and mixer-tuned circuits are gang-tuned with the
oscillator. The front-end stages can then be de-
signed for optimum selectivity across the band, and
no broad-banding of these circuits is required.

Most vhf reception with high selectivity is with
doubleconversion setups, with the tunable oscil-
lator serving the second conversion, as in Fig. 3-2C.
Such hf oscillators are treated in detail in The
Radio Amateur’s Handbook, and in Chapter 6 of
this book. The oscillator should run at the lowest
practical input level, to minimize drift due to
heating. The supply should be well-regulated pure
de. Mechanically rugged components and construc-
tion are mandatory. The circuits should be shielded
from the rest of the receiver, and coupling to the
mixer should be as light as practical, Drift cycling
due to heating can be minimized if the oscillator is
kept running during transmitting periods. Leaving
the entire converter running is even better.

COMMUNICATIONS RECEIVER PROBLEMS

Most of the information in this chapter has to
do with crystal-controlled converters, since this is a
common approach to vhf reception. Unless the hf
receiver with which the converter is to be used is
satisfactory in the qualities discussed in the first
paragraphs of this chapter, the best vhf converter
design will be largely wasted. Let us consider the
communications receiver from the point of view of
the vhf converter user.

Selectivity: If a receiver is satisfactory for the
hf amateur bands, it will be selective enough for
vhf service. Most communications receivers will
satisfy all but the most critical users in this respect.

Several degrees of selectivity are desirable: 500 Hz
or less for cw, 2 to 3 kHz for ssb, and 6 to 8 kHz
for a-m and fm phone are useful.

Stability: Tuning with converters imposes no
special stability problems. Some receivers, particu-
larly older or inexpensive ones, may have pro-
gressively poorer stability on each higher-frequency
band, so this may be a factor in choosing the
converter output frequency range for use with a
given receiver.

Sensitivity: The ability of a vhf receiving setup
to detect weak signals is determined almost en-
tirely by the first stage of the vhf converter. Any
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communications receiver worthy of the name will
have more gain and sensitivity than you’ll ever
need in using a converter with it.

Mechanical Qualities: These probably rate first
in choosing a receiver for vhf converter use. In
general-coverage receivers the tuning rate of the
dial system is very important to the vhf man,
whereas it may be only a minor consideration to
other users. Such receivers ordinarily cover from
the broadcast band through 30 MHz, usually in
four to six ranges. On inexpensive receivers having
four bandswitch positions, each range covers such a
wide frequency spread that the number of kilo-
hertz per rotation of the tuning knob is almost
certain to be excessive. Receivers having five bands
may be better, but usually the tuning rate will be
too high on frequencies above about 10 MHz or so.
This may be a factor in selecting the most desirable
converter output frequency range. Some of the
better general-coverage receivers have six or more
bandswitch positions. Only these give adequate
tuning smoothness for the vhf man, ordinarily.

There are ways around this problem. One is to
mount a vernier mechanism in place of the knob
on the general-coverage dial. Usually a mounting
arrangement can be worked out that will not
disfigure the receiver in any way. Two examples
are shown in Fig.s 3-8 and 9. The first utilizes a
S-to-1 vernier drive, the other a two-speed drive.

An alternative approach with two-dial receivers
is to do the tuning with the bandspread dial,
resetting the general-coverage dial as each addi-
tional swing of the bandspread mechanism is made.
This gives good tuning rate, but after the first
swing the calibration is lost. Because the two are
connected in parallel, changing the setting of the
general-coverage capacitor changes the number of
kilohertz a given number of revolutions of the
other capacitor will cover. A better solution is to
use separate crystals in the converter, for each
desired frequency range.

Rejection of Unwanted Signals

Image rejection is the principal concern here.
Singleconversion receivers with 455-kHz i-f sys-
tems have relatively poor image rejection, so there
is a tendency for strong signals to be repeated 910
KHz away from the desired response. This trouble
is worse at the high end of the receiver’s coverage

Fig, 3-9 — Example of use of a two-speed planetary
mechanism to slow down the tuning rate on the
general-coverage dial of an inexpensive communica-
tions receiver.

RECEPTION ABOVE 50 MHZ

Fig. 3-8 — Typical mounting for a vernier dial to be
used on a general-coverage receiver. Mechanical
arrangements can be worked out to fit most
receivers without the necessity for drilling holes or
otherwise permanently disfiguring the receiver.
Adjacent control shafts and nuts provide conven-
ient anchorages.

than at the low. Up through about 10 MHz, most
receivers are selective enough in their rf circuits so
that the image is not bothersome, so a converter
output frequency range beginning at 7 MHz, for
example, may be preferable to one starting at 14
MHz.

Most receivers made prior to the late 1940s
were single-conversion models. Except for the
image problem, many such older receivers are quite
satisfactory for vhf converter service, so this is an
important factor in selecting the converter output
frequency. An old but good receiver may be a
better value for the money than an inexpensive
newer model, since the vhf man is primarily
concerned with receiver qualities that have not
changed greatly in many years of receiver develop-
ment. Some receivers dating back even to before
World War II still serve the vhf man’s needs quite
well, if the converter output frequency is kept low.

Some receivers may not be completely shielded,
with the result that stations operating in the
converter output frequency range may be heard
along with the desired vhf signals. This is a
converter design problem as well, but corrective
measures may have to be applied at the receiver.
The three-terminal antenna connection plate used
on many communications receivers is shown in Fig.
3-10. Usually Terminal 1 is connected to the
chassis inside the receiver. This connection may act
as a coupling loop for i-f signals. Removing the
internal connection and grounding terminal 1 on
the outside of the chassis may correct this.

A better solution is to install a coaxial fitting
on the rear wall of the chassis. When this is done,
the lead normally connected to Terminal 2 inside
the receiver should be permanently grounded, and
the lead that went to Terminal 3 should be
connected to the inner conductor of the coaxial
fitting.

Receivers may pick up signals through the ac
line to some extent. Bypassing the ac lead inside
the chassis should take care of this source of i-f
leak-through. Some receivers, such as early models
of the HRO, have separate power supplies. Power
cable leads may pick up signals, and also radiate
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harmonics of the receiver oscillator that may show
up in the tuning range of the vhf converter.
Filtering and bypassing power supply leads is
required in these instances, much as would be done
in TVI-prevention work on a transmitter. See
Chapter 15 for examples.

To tell whether signals at the intermediate
frequency are coming through because of receiver
deficiencies or directly through the vhf converter,
try running the receiver alone with its antenna
terminals shorted. If no signals are heard in this
condition it can be assumed that the trouble lies in
the converter. The problem may be one of im-
proper bonding between the receiver and converter
chassis. The outer conductor of the coax inter-
connecting the urilts may not be enough. Place the
converter close to the receiver, and then bond the
two together with a heavy braid or strap of copper.
Often this will eliminate the leak-through trouble.
Effective bypassing of the converter power circuits
is another step If the bonding fails. Use 0.01-uF
disk capacitors for this purpose. Lower values may
not provide complete bypassing at frequencies
under about 10 MHz.

General-Coverage vs. Amateur-Band Receivers

Except for a few models that have a special
tuning range for vhf converters, receivers designed
for amateur-band service exclusively do not meet
the vhf man’s tuning needs fully. The obvious
solution to this problem is to use more than one
crystal in the vhf converter. Two crystals will give
the required 4-megahertz spread with receivers that
tune 28 to 30 MHz, for example. This may not be
entirely satisfactory, however, as the performance
of some receivers is poor in the 28-MHz range
compared to lower frequencies.

Vhf men who want the best reception with a
minimum of crystal changing may decide to forfeit
coverage of some parts of the vhf bands in favor of

43

i 2 3
ﬂ Fh -
Rivet — = Rear Wall
or of Chasdis
Screw
Flg. 3-10 — The 3-terminal antenna connection

plate used on many communications receivers may
be a source of interference from signals picked up
at the converter output frequency. Remove the
loop from Terminal 1 to ground ({inside the
recelver} and connect 1 to ground on the outside
of the chassis. Ground the i-f coax to Terminals 1
and 2, and connect the inner conductor to Ter-
minal 3. Better still, install a coaxial fitting on the
rear wall of the chassis, to replace the terminal
board entirely.

those that can be covered readily on ranges where
their receivers work best. This might mean using a
receiver’s 400-kHz coverage at 14 MHz with two
converter crystals, for example, to give 144.0 to
144 4 MHz and 145.0 to 145.4 MHz, or any other
segments that may happen to fit a local activity
picture.

Some communications receivers themselves use
crystalcontrolled oscillators with a tunable i-f
system. Crystals are usually supplied to cover the
amateur bands from 3.5 to 30 MHz with such
receivers. In some instances (as for example the
Collins S-Line), crystals can be obtained to extend
the continuous coverage. Continuous coverage
from 14 to 15.8 MHz is possible with a 75S-1 or
S-3, for example, by substituting suitable crystals
in the 21- and 28-MHz positions for those supplied
with the receiver.

RECEIVING FREQUENCY MODULATION

Effective transmission and reception of fm
require techniques very different from those used
with other voice modes. Frequency modulating a
transmitter is quite simple, but the i-f and detec-
tion circuits for fm are not readily incorporated
into most communications receivers. The fm' re-
ceiver is specifically designed to reject all forms of
amplitude modulation, and the receiver bandwidth
and the transmitter deviation must be matched
closely. Unless both qualities are provided, fm will
be markedly inferior to any other voice method.
With well-coordinated design, vhf fm systems are
unmatched in their ability to provide reliable
noise-free communication over a local service area.

Techniques that resulted in the current boom in
fm and repeaters are described in detail elsewhere
in this book. We call attention here to a system
that has gone all but unused in amateur work, but
which has great potential for reliable high-quality
voice communication on the higher bands. This is
true wide-band fm, using equipment that is well
within the capabilities of the relative newcomer to
home-building of ham gear.

The bandwidth used in fm broadcast reception
is ideal for bands where there is room for it,
particularly 220 MHz and higher. Suitable fm
tuners for use with 220- or 420-MHz converters are
everywhere, in the form of home-entertainment
units, from pocket portables to expensive hi-fi
tuners. Several communications receivers still
found on the used-equipment market are usable.
The Hallicrafters SX-42, SX-62, and SX-43 are
ideal, as they offer both wide-band fm and
narrow-band a-m and cw in the 27-MHz range, at
the flip of the mode switch. Converters described
in Chapter 4 can be used with such receivers, for
multipurpose work. The S-27 and S-36 cover
similar frequency ranges, but do not have narrow-
band cw or a-m capability. All these receivers are
fine fm broadcast sets, as well. The S-240 is a
modemn fm a-m receiver that should work well if
the amateur-band converter is modified for
88-MHz output.

Very simple transmitting equipment for true
wide-band fm is discussed in Chapter 5.




Chapter 4

V hf Receivers, Converters and

Preamplifiers

This chapter will present practical examples of
principles discussed in detail in Chapter 3. To
conserve space and show a wide variety of projects
for the home-builder of vhf gear, we will lean
heavily on the previous chapter for explanatory
material. It should be stressed here that building
equipment from this book, like working from
nearly all material published by ARRL, bears little
resemblance to building from kit-type instructions.
Our purpose is not merely to provide “plans” for
vhf equipment, but rather to give the builder an
opportunity to learn something about design,
adjustment, and operation of the equipment, be-
yond the usual kit-builder’s skills in the use of a
soldering iron and simple hand tools.

It is possible to build equipment described in
this book without first acquiring some knowledge
of how the circuits work and why they are
designed the way they are, but the better method
is $o0 get your money’s worth from the principles
chapters. If you have not already done it, we
strongly recommend reading Chapter 3 thoroughly,
particularly those portions relevant to any project
you are about to embark on in the vhf receiving
field. This may well save you time and trouble, in
the end. An understanding of principles is basic to
success with projects to be described here.

Though this is termed a “vhf” chapter, some
equipment for the 420-MHz band is included,
where circuit features are not unlike those of
equipment for lower bands. The 420-MHz band
tends to be borderline in nature, so other items for
this band will be found in the UHF and Micro-
waves chapter, where techniques employed are
more characteristic of higher bands.

RECEIVING SYSTEMS

A means of listening is the first requirement of
the vhf newcomer. If he already has an adequate
receiver for the lower frequencies, a vhf converter
is his logical first step into the world above 50
MHz. The stringent requirements for good vhf
reception do not lend themselves to simple sol-
utions otherwise, mainly because of the variety of
modes open to the vhf communicator. Fairly
simple receivers for a-m phone can be built, but
they will not work well for fm reception, and
probably not at all for ssb. The latter two modes
account for a considerable portion of the activity

currently heard in the 50- and 144-MHz bands, and
they are not compatible to any great extent.

The superregenerative tuner covering 14 to 18
or perhaps 26 to 30 MHz, once an accepted
simple-receiver approach for the beginner,1 is
ineffective for these modes. It will work reasonably
well for a-m phone reception, but it is no more
than an annoying makeshift for cw, ssb, or fm. The
direct-conversion receiver, which has had quite a
play in the simple-receiver field,2 does pretty well
on ssb or cw, but it is almost useless for fm, and
not much better for a-m, especially if the frequen-
cy stability of the a-m signal is anything but the
best. A complete solid-state receiving system for all

1 For this and other numbered references, see
bibliography at the end of this chapter.

TABLE 4-1

Crystal and injection frequencies for use with
common intermediate frequencies in vhf converters

Band, Crystal and multiplier frequencies for i-f
MHz beginning at:
7 MHz 14 MHz 28 MHz

Osc Multi Osc Multi Osc  Multi
50 43.0 = 36.0 - 22.0 -
144 45667 137 43.333 86.67 38.667 136
220 53.25 213 51.5 206 48.0 192
432 Undesirable 46.444 418 44 889 404

TABLE 4-1

Nominal inductance of coils required for typical
converter circuits of Chapters 3 and 4. Resonant
frequency is varied by movement of coil slug, or

{in air-wound coils) by changing capacitor value.

7-11
19
22-26
26 - 28
30.5

27
4.

SN®
oo

Freq, MHz Nom. L, UH Freq, MHz

36 - 40
40 - 45
45 - 50
50 - 65
136 -139

Nom. L, uH

1

0.
0.
0.
0.

-0 ~J OO

5
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Simple JFET Converter for 50 MHz

amateur bands up through 148 MHz is described in
general terms in QST for January, 1971, and more
completely in recent editions of the Handbook3 —
but it is far from being a beginner’s project, and it
makes no provision for fm. A tunable converter for
14 MHz, to work into car-radio or home receivers
for the broadcast band4 could be used as a
limited-range tuner for vhf converters having
14-MHz output. It works well with ssb, a-m, and
cw, and not too badly as a slope-detection method
for fm. Probably the closest thing to a universal
system is discussed briefly in a QST article on
integrated circuits.5 It does well on all four modes,
and it is relatively simple to use, considering all the
things it is capable of doing, but it hardly fits the
“A Simple . . . .” mold, so popular in beginner
articles of a bygone era.

Receiving systems and adaptations primarily for
fm appear in our chapters devoted to that mode,
later in this book. What follows in this chapter is
presented in terms of a separate converter used
ahead of a communications receiver, but the same
basic circuits apply to the receiver front-end
portions of transceivers and transverters.

Choosing the Intermediate Frequency

A portion of the preceding chapter goes into
the problems encountered with various types of
communications receivers, when they are used with
vhf converters. There is no one tuning range that is
ideal for all converters or for all receivers. The
converters to follow have different intermediate
frequencies, mainly to show how these can be
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handled, rather than because of any marked
advantage of one i-f with a particular converter.
The choice is more likely to be dictated by the
nature of the receiver the prospective converter-
builder owns.

The 50-MHz converter immediately following
this section shows use of 7 MHz as the low end of
the tuning range. This might be fine with some
receivers, but 14 MHz could be a better choice
with others, or 28 MHz with still others. Our
practical constructional examples show converters
with various intermediate frequencies. Tables I and
II present the basic information needed to build-in
the injection and output circuits to fit your needs.

Receiving with Vacuum Tubes

It will be apparent to the reader that receiving
equipment described in this book is almost entirely
of solid-state design. This is not to imply that vhf
converters using tubes are no longer worth con-
sidering. Rather, it was felt that with an excellent
selection of vacuum-tube designs readily available
from OST, the Handbook, and previous editions of
this Manual, available space could be used to better
advantage by concentrating on equipment built
around transistors.

The bibliography at the end of this chapter lists
several vacuum-tube receiver and converter articles
that are stilk in demand.® Where the publication in
question is not available to the reader, ARRL will
supply photocopies of the original articles for 25
cents per page.

SIMPLE JFET CONVERTER FOR 50 MHz

Field-effect transistors provide freedom from
overloading comparable to the better vacuum-tube
if amplifiers. Inexpensive junction FETs are now
available that give excellent noise figure and gain in
the vhf range. The FET is quite similar in charac-
teristics to a tube amplifier, and it will be seen
from a comparison of the schematic diagrams that
the simple 50-MHz converter of Fig. 4-1 is not
unlike the triode converters previously described.
It should be equal to a tube version in perfor-
mance, and it has a considerable edge in overall
simplicity, since it can operate directly from a 9- or
12-volt battery.

Circuit Details

In the interest of bandpass response and rejec-
tion of out-of-band signals, double-tuned circuits
are used for the input and interstage coupling.
Protective diodes, CR1 and CR2, between the
antenna connection and ground, prevent damage to
the first stage from 1f leakage from the transmitter,
or transicnt voltages such as might result from
nearby lightning discharges.

The rf and mixer transistors may be any of
several vhf FETs. The inexpensive MPF-102 from

Fig. 4-1 — 50-MHz converter with field effect
transistors in the rf and mixer stages.

Motorola, and similar types available from other
sources, rated for rf amplifier service to 100 MHz
or higher should be more than adequate. The rf
transistor is operated grounded-gate, which is the
equivalent of grounded-grid use of a vacuum tube.
Such a stage is relatively low-gain, but it is stable
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Fig. 4-2 — Looking into the under side of the 6-meter converter the mixer is in the center, with the rf

stage at the right and the oscillator at the left.
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Fig. 4-3 — Schematic of the 6-meter FET converter. All resistors are 1/2-watt composition. All

capacitors are disk or tubular ceramic.

CR1, CR2 — Germanium diode (1N34A suitable}.

J1, J2 — Phono connector.

J3, J4 — Insulated banana jack one red, one black.

L1-L4, incl. — 0.68 pH, slug-tuned (Millen
69054-0.68%). L1 has tap added at 2nd turn
from ground end.

L5 — 11 to 24 uH slug-tuned (Miller 4607).

L6 — 5 turns insulated wire over cold end of L5.

L7 — 0.33 uH slug-tuned (Millen 69054-0.33%).

L8 — 1 turn small-gauge insulated wire over cold
end of L7.

Y1 — 43.0-MHz third-overtone crystal
national Crystal Co. Type F-605).

* Available directly from James Millen Mfg.
Co., 150 Exchange Street, Malden, MA.

(inter-




Advanced JFET Converters for 144 and 220 MHz

and does not require neutralization. At 50 MHz, at
least, the gain is adequate for good reception, when
the stage is used with a grounded-source mixer, as
shown.

The oscillator uses a bipolar transistor with a
43-MHz crystal. Any vhf transistor will do here.
The mixer output is 7 to 11 MHz for coverage of
50 to 54 MHz, but the 14-MHz range could be used
equally well. In that case the coil and crystal
information could be taken from Tables I and II.

Construction

The converter case is a 3 X 5-1/4 X 2-1/4-inch
Minibox, with the parts mounted on the cover
portion. Shields are mounted across the chassis to
keep down unwanted interstage coupling. Parts
layout is not particularly critical, though the
approximate relative positions of the principal 1f
components should be followed, for best results.
Phono connectors were used for the input and
output fittings, J1 and J2. These work well
enough, though you may prefer the better quality
of BNC or other coaxial fittings.

Colored tip jacks J3 and J4 on the rear wall are
used to bring in the operating voltage. Small
feedthrough bushings (Johnson Rib-Loc) are
mounted in the interstage shields, for leads be-
tween sections. In Fig. 4-2 the rf amplifier stage is
at the right side of the picture, the mixer at the
center, and the oscillator at the left.
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Adjustment

Check the wiring, to be sure that it is correct
and complete, then connect the converter to the
communications receiver input, and apply dc volt-
age through J3 and J4. The receiver noise level will
increase markedly, if the converter oscillator is
working. Tumning the slug in L7 should bring this
about, if it does not start immediately. Set the slug
at a point where oscillation will occur each time
the voltage is applied.

It should now be possible to hear any reason-
ably strong signal, actually on-the-air or from a vhf
signal generator. Peak all core studs in the rf and
mixer circuits for maximum signal strength, and
the adjustment should be nearly complete. It may
be helpful to stagger-tune L3, L4, and LS for
uniform response across the desired frequency
range. This results in somewhat lower than maxi-
mum gain, but does not affect the noise figure
adversely, as this is determined mainly by the first
tuned circuit. L1 and L2 should be adjusted
carefully for best signal-to-noise ratio on a weak
signal, rather than for maximum gain, if there is a
difference discernible.

In adjusting the coil slugs, be sure that the
circuits actually peak. Occasionally there will
appear to be a peak which is actually the centering
of the slug in the winding. If this happens, you
need more turns in the coil or more capacitance
across it.

ADVANCED JFET CONVERTERS FOR 144 AND 220 MHz

The converters of Figs 4-4 through 4-11 were
designed to provide optimum performance and
flexibility. They show examples of several tech-
niques that can be used to advantage in vhf
converter design generally, as well. Two junction
FETs are used in a transistor version of the familiar
cascode circuit. The JFET mixer has 28-MHz
output, permitting coverage of at least 2 MHz of
the vhf band on most receivers, with a single
converter crystal.

The 28-MHz i-f amplifier, while not absolutely
necessary with the better communications recei-

Fig. 44 — A ook at
the completed 2-
meter etched circuit
FET/IC converter
and its 12-wolt ac-
operated power sup-
ply. Top appearance
of the 220-MHz ver-
sion is almost iden-
tical.

vers, gives enough overall gain for use of the
converter with receivers whose performance at 28
MHz may be questionable. More important, it
permits setting the converter output level at the
optimum point for any receiver. Using an inte-
grated circuit simplifies this stage, as most of the
parts are in the IC itself.

The oscillator and multiplier stages use inexpen-
sive bipolar transistors, with collector-voltage regu-
lation on the oscillator. These stages are isolated
from the rf portion with copper shielding. The
supply voltage is fed in through a “polarity
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Fig. 4-5 — Top surface of the 2-meter converter. The i-f gain controf knob is at the upper right. The
input jack for the 12-volt supply is just to the left of the gain control. The i-f output jack is at the
lower right, and the rf input jack is at the lower left on the board. The IC is located at the far right,

just above the i-f output connector.

insurance” diode, CR1. You can’t hurt the conver-
ter by getting supply polarity wrong. If you're sure
you’ll never do this, the diode can be omitted.

Options

Several JFETs will do for Ql, Q2, and Q3,
some of them more expensive than the MPF-102s
and 107s used. The 2N4416, a top-rated JFET, for
example, showed no measurable advantage in
either the 144- or the 220-MHz converter. A power
supply is shown, for use where operation from ac
power is a convenience, but all-battery power is
attractive for portable work, particularly in con-
nection with an all-transistor communications re-
ceiver. The i-f amplifier, the voltage regulation of
the oscillator, and the polarity-insurance diode can
all be considered optional. You can build a good
converter without them, but optimum perfor-
mance, versatility and safety are assured through
their inclusjon.

Construction

The converters described above are assembled on
4-1/2 X 6-1/2-inch etched circuit boards (Vector
CU65/45-1). A layout drawing, Fig. 4-9, will help
you to make your own layout, or a template can
be obtained if you wish.* Ready-made boards can
be purchased.* Shields of flashing copper isolate

* Full-size template similar to Fig. 4-9 sent
upon_receipt of 25 cents and stamped self-add-
ressed envelope. Address ARRL Technical Dept.,
Newington, CT 06111, and mention figure num-
ber, publication, and edition number.

Readymade boards may be obtained from
ialsqiTgidual suppliers listed from time to time in

the various sections of the converter. Where these
are soldered or bolted to the circuit board it is
necessary to trim away portions to prevent short-
ing out the circuits. The shields do not show
clearly“in Fig. 4-8, so their approximate location
can be checked out by the dashed lines in Fig, 4-6.
Locations of the key components can be deter-
mined from the layout drawing, Fig. 4-9, and from
the top and bottom photographs.

The chassis is a matching Vector assembly made
of two of their Fram-Loc rails 2 X 6-5/8 inches
(Vector SR2-6.6.062), two 2 X 4-1/2 inches
(SR2-4.6/062), and a bottom cover (PL4566). A
standard chassis could be used, if the cover plate is
cut out to fit the circuit board.

Power Supply

The converter requires about 12 volts dc at 45
mA. The ac-operated 12-volt dc supply for fixed-
station use, Figs. 44 and 4-7, is built in a
4 X 5§ X 2-inch aluminum box with bottom plate.
For portable work the converter might be operated
from the same source as a transistorized communi-
cations receiver with which it is to be used, or from
a car battery. A bank of 8 D-celis will provide
many hours of intermittent use.

If mobile operation is planned, it would be
prudent to connect an 18-volt Zener diode across
J3, to protect the transistors from transient peaks
which occur in automotive electrical systems.
Under normal conditions the Zener would not
conduct.
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The inductance of L1 and L4, and the position
of the tap on LI, should be adjusted for best
(lowest) noise figure, if a noise generator is
available. These adjustments can be made on a
weak signal, if careful observation of the margin of
the signal over noise is maintained. There is
interaction between these adjustments, so several
resettings of each may have to be made for
optimum reception. Reasonably flat response
across the desired tuning range can be achieved by
stagger-tuning the rest of the circuits, both rf and
if, as only the input and neutralizing coils will
affect noise figure measurably.

The gain control, R1, should be set so that the
noise level, with no signal, just shows on the

Checkout

Before applying operating voltage, make a
thorough check of the soldering operations on the
circuit board, to be sure that the job is complete
and correct, and that there are no incidental shorts.

With a test signal (generator, or on-the-air,
starting with a high level) on about 145 MHz,
adjust L1, L2, L3, L4, L6, and L8 for maximum
output. If the test signal cannot be heard, it is
likely that the oscillator, Q4, has not started. In
this case, adjust L10 until an increase in noise
occurs, indicating the start of oscillation. Detune
the slug out of the coil stightly, until the oscillator
will start whenever voltage is applied.
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Fig. 46 — Schematic of the 144-MHz converter. Fixedwvalue resistors are 1/2-watt composition.
Fixed-value capacitors are disk or tubular ceramic unless stated otherwise.

AR1 — Motorola MC-1550 integrated circuit. Take
output from L7, if amplifier stage is not used.

C1 — Gimmick capacitor: two 1-inch lengths of
insulated hookup wire, twisted 6 times. A 2-pF
fixed-value ceramic capacitor can be substi-
tuted.

C2 — 10-pF piston-type trimmer
829-10).

CR1 — Silicon diode, 50 PRV or greater, at 200
mA,

J1 — BNCstyle chassis connector.

J2, J3 — Phono jack.

L1 — 6 turns No. 24 enam,, wire to occupy 3/8
inch on slugtuned form, 1/4 in. dia; (Miller
4500-4) tap 1-1/4 turns above ground end.

L2 — 4 turns No. 24 enam. wire to occupy 3/8
inch on same type form as L1.

L-3 — 5 turns No. 24 enam.to occupy 3/8 inch on
same type form as L1,

L4 — 4 turns No. 24 enam. to occupy 3/8 inch on
same style form as L1.

{Centralab

L5 — 2 turns insulated hookup wire over ground
end of L4.

L6, L8 — Slugtuned, 1.6 to 2.8 UH (Miller No.

4503).

L7, L9 — Three-turn link over cold ends of L6 and
L8. Use smali-diameter insulated hookup wire.

L10 — 5 turns No. 24 enam. wire to occupy 3/8
inch on Miller 45004 slug-tuned form,

L11 — 2-turn link of small-diameter wire over cold
end of L10.

L12 — 5 turns No. 20 tinned copper wire {or
enam.), 5/16-inch diameter, 3/8 inch long.

L13 — 2 turns small-dia insulated hookup wire
inserted in cold efid of L12, 1/4-inch dia.

L14 — 9 tums No. 24 enam. wire, close wound on
same style form as L10.

Q1-Q06, incl. — For text reference purposes.

R1 — 500,000-ohm control, linear taper.

RFC1 — 50-uH rf choke (Millen J-300-50).

RFC2 — 22-1iH rf choke (Millen 4-300-22).

Y1 — 58-MHz third-overtone crystal {international
Crystal type F-605).
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CR1-CR4, incl. — Silicon rectifier, 50 PRV,

Vhf RECEIVERS, CONVERTERS, AND PREAMPLIFIERS

Fig. 4-7 — Schematic of the con-
verter power supply. The 2000-uF
capacitor is electrolytic, others
are disk ceramic, 1000-volt units.
The 56-ohm resistor was selected
to give the proper power-supply
voltage when used with the circuit
of Fig. 46 (12 volts dc).

1 ampere.
T1 — 12-volt, 1-ampere filament transformer.
6 11 — 115-voit ac neon iamp assembly.
115V, AC. J4 — Phono jack.

S1 — Spst toggle.

receiver S-meter. In this way the signal readings
will then be more useful than is often the case with
converter-receiver combinations where no i-f gain
control is included. The setting for various recei-
vers may vary markedly, but it should be remem-
bered that the position of this control has no
bearing on the ability of the system to respond to
weak signals, if it is set high enough so that the
noise output of the converter can be heard, or seen
on the meter.

THE 220-MHz MODEL

The superiority of transistors over tubes be-
comes more marked as the upper frequency limit
of the tubes concerned is approached. Thus a
well-designed 220-MHz converter using the better

transistors may outperform one using anything but
the most expensive and hard-to-get vacuum tubes.
The 220-MHz converter of Fig. 4-10 is almost a
duplicate of the 144-MHz model shown earlier in
this chapter. Its weak-signal sensitivity should be
better than has been possible heretoforeat this
frequency, for anything of comparable simplicity
and moderate cost. It was built by Tom McMullen,
WISL.

To save space and avoid duplication, only those
portions of the converter that are different from
the 144-MHz version are discussed here. An iden-
tical circuit board is used. The circuit, Fig. 4-11, is
similar, but not identical to that of the 144-MHz
converter. The same parts designations are used
insofar as possible. Self-supporting coils and cylin-
drical ceramic trimmers are used in the rf circuits.

Fig. 4-8 —Bottom of the circuit board. The i-f gain control and 12-volt power jack are at the lower
right. The input circuit and rf stages are at the upper left. The mixer is at the upper center, and the IC
i-f amplifier is at the upper right, The oscillator chain extends along the lower portion of the board.
The interstage shields are in place, but are difficult to see in this photo.




The 220-MHz Model

Fig. 4-9 — Layout of the /
etched circuit board. The lines DR:L:'?/JZ;E:
show where the key compon- B - "3 J2
ents are mounted and indicate c= Ve
the way the semiconductor D=3
leads are indexed. This is a E = No 33
bottom view of the board Allother PIN 1
{copper side}. The white areas holes use L
indicate the copper that re- No.43drill | —AR1
mains after etching. / —— PIN 4
* Break and bridge with u
100 ohms, 220 MHz only, A -
N b— + ‘5 J;)L
9-VOLT ——
BUS Rt
Y1 —<3

The first rf stage has capacitive neutralization.
Injection at 192 MHz (for 28-MHz i-f) is provided
by a 48-MHz crystal oscillator and a quadrupler.
Oscillator voltage is Zener-regulated at 9 volts.
Almost any silicon vhf transistor will work in
the oscillator and quadrupler stages. The f and
mixer are FETs. Judging from experience with the
preamplifiers described elsewhere in this chapter,
most vhf junction FETs should work well here. A
nojse figure of 3 dB or better should be obtainable
with several different types, in addition to the
Motorola MPF series shown here. Some MPF types
are now available only with 2N numbers. The
MPF-107 is now sold as the 2N5486. The 28-MHz

“L13

i-f amplifier stage is not shown, as it is identical to
that in the 144-MHz converter. It is definitely
recommended, not only to assure adequate gain for
some of the less-effective communications recei-
vers, but also to permit setting the desired con-
verter output level to match the particular receiver
in use.

Fig. 4-10 — Interior of the 220-MHz FET converter. Minor differences from the 144-MHz model, Fig.
46 are dlscyssed in the text. The rf mixer and i-f amplifier circuits, left to right, occupy the upper half
of the circuit board. Board layout is similar to that of Fig. 4-9, except as described.
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Fig. 4-11 — Schematic diagram and parts information for the 220-MHz converter. Only those portions
wherein there are differences from the 144-MHz circuit, Fig. 4-6, are shown. Parts are labelled similar
to those of the 144-MHz converter, wherever possible. The MPF-107 is now sold as 2N5486.

C1 — 2 pF or 2 1-inch lengths of insulated wire,
twisted six times.

C2, C3, C6, C7 — 8-pF cylindrical ceramic trimmer
{Centralab 829-7).

C4 — 9-pF subminiature trimmer (Johnson
189-5034).

CR1 — Silicon diode, 50 PRV or greater, 200 mA
or more.

CR2 — 9-volt Zener diode.

J1 — BNC coaxial fitting.

L1,13,L4,L12 — 3 turns No. 22, 1/4-inch dia,
1/4 inch long. Tap L1 at one turn from ground
end.

One difference between this converter and the
one for 144 MHz might not be readily apparent,
but it is important. Note the resistor, R2, in the
line to the mixer drain circuit. This is not in the
2-meter version. It was put into the 220-MHz
model when a signal-frequency resonance devel-
oped in the circuit board, causing an oscillation
problem that took some chasing down! Looking at
the layout drawing of the circuit board, Fig. 4-9,
pick out the 12-volt bus running from near the
middle of the board horizontally to the right,
before dropping vertically into the lower half. This
should be severed bclow the letter “A” on the
sketch. Trle 100-ohm R2 is bridged across the gap.

Other’ minor mechanical differences resulting
from the slightly modified circuitry in the rf
portion are apparent from the photographs. The
small shield between L1 and L14 in the 2-meter
model is not needed here. The neutralizing capaci-

L2 — 6-1/2 turns No. 22, 1/4-inch dia, 1/2 inch
long. Tap at 2 turns from top end.

L2A — 3 turns insulated wire between turns of L2,

L5 — 1 turn insulated wire between bottom turns
of L4.

L6, L7 — Same as in 144-MHz model.

L10 — 7 turns No. 22 5/16 inch long, on 1/4-inch
iron-slug form (Miller 45004 form).

L11 — 2 turns insulated wire over bottom turns of
L10.

L13 — 1 turn insulated wire between first two
turns of L12.

R2 — See text.

RFC1, RFC2 — 25-UH rf choke {Millen J-300-25).

Y1 — 48-MHz third-overtone crystal.

tor, C4, appears about where L14 was. The
cylindrical trimmers, C3, C5, C6, and C7, are
mounted where the slug coils are seen in the
144-MHz model. Note the mounting positions of
the =f coils. L1, L3, and L4 are similar: their axes
parallel to the chassis. L2 is perpendicular to it.

Adjustment

The first step should be to get the oscillator and
multiplier running. It may be advisible to keep
voltage off the stages other than the ones being
checked, at this point. Make sure that the oscillator
is on 48 MHz, and no other frequency. (In this
type of circuit it 1s possible to get oscillation on
the crystal fundamental, in this case 16 MHz, if the
collector circuit does not resonate at 48 MHz.)
Now fire up the quadrupler and peak C2 for
maximum energy at 192 MHz.

With the converter connected to the receiver,
there should be a marked increase in noise when
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voltage is applied to the rf, mixer, and i-f amplifier
stages. The i-f can be peaked for maximum noise at
28 MHz. It is helpful at this point to have a signal
on 220. A dipper signal will do. It is also desirable
to have a properly matched antenna connected to
J1, unless a good signal generator with 50-ohm
termination is available for alignment purposes. If a
random antenna must be used, put a 50-ohm
resistor across J1 to simulate the eventual load, for
neutralization purposes.

There may be no oscillation in the rf stages,
regardless of tuning, if the converter is operated
with a proper load. If this is the case it is merely
necessary to adjust the neutralizing capacitor, C4,
and the tuning of the input circuit, L1C3, for best
signal-to-noise ratio on a weak signal. All other
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circuits affect only the gain and frequency re-
sponse characteristics, so they can be adjusted for
flat response across the desired frequency range,
and there will be no sacrifice in the ability of the
system to respond to weak signals.

Most realistic operation of the receiver’s S-
meter will be obtained if the meter adjustment is
set so that there is an appreciable reading on noise
only, with no signal. The converter i-f gain control
is then set so that the meter reads S-0 or S-1, with
the antenna on. In this way the relative strength of
signals will be indicated on the meter, within the
usual variations encountered with these none-too-
reliable devices. The receiver’s antenna trimmer, if
there is one, can also be used as an auxilliary gain
control, and it will have no effect whatever on the
sensitivity of the system.

FET PREAMPLIFIERS FOR 50, 144, AND 220 MHz

Fig. 4-12 — Transistor preamplifiers for 50, 144, and 220 MHz, left to right. Appearance is similar,

except for the type of tuned circuit used.

Where a vhf receiver lacks gain, or has a poor
noise figure, an external preamplifier can improve
its ability to detect weak signals. Some multiband
receivers that include the 50-MHz band are not as
good as they might be on 6. Converters for 144
MHz haing pentode rf stages, or using some of the
earlier dual triodes, may also need some help.
Some fm transceivers currently in use were built
before low-noise amplifiers were readily available.
Most 220-MHz converters are marginal performers,
at best. The field-effect transistor preamplifiers of
Fig. 4-12 should improve results with these, and
with any other receivers for these bands that may
not be in optimum working condition.

The circuits of the amplifiers are similar,
though iron-core coils are used in the 50-MHz
model, and air-wound coils in the other two. The
grounded-source circuit requires neutralization.
This is done with capacitive feedback, rather than
with the inductive circuit commonly used. A
tapped input circuit is used in the 50-MHz ampli-
fier, and capacitive input is shown for the other
two, though this was done mainly to show alter-
native circuits. The output circuit is matched to
the receiver input by means of C2.

Many inexpensive transistors will work well in
these amplifiers. Motorola MPF-102, 104, and
106,* all low-priced molded-plastic units and the
more expensive metal-case 2N4416 were tried, and
all were more than adequate. The MPF-102 is the
least expensive, and surprisingly, it was as good as
any, even on 220 MHz. Careful readjustment is
required when changing transistors, so the builder
should not jump to conclusions about the relative
merit of different types.

Construction

The amplifiers were built in small handmade
boxes, aluminum for the 50- and 144-MHz models,
and flashing copper for the 220-MHz one, but any
small metal box should do. Those shown are
1-1/2 X 2 X 3 inches in size. The transistor socket
is in the middle of the top surface, and the BNC
input and output fittings are centered on the ends.
The tuned circuits are roughly 3/4 inch either side
of the transistor socket, but this should be adjusted
for good layout with the parts available. Flat

* Only the MPF-102 is still available. Others

now have 2N numbers. The MPF-107 is now
2N5486.




54

ceramic trimmers are used for tuning the 144-MHz
amplifier, and the cylindrical type in the 220-MHz
one. Sockets were used mainly to permit trying
various transistors; they could be wired directly in
place equally well. Printed-circuit construction
would be fine, if you like this method.

Adjustment

The preamplifier should be connected to the
receiver or converter with which it is to be used,
with any length of coaxial cable, or by hooking J2
directly to the converter input jack with a suitable
adapter. If you have a noise generator or signal
generator, connect it to J1. If not, use a test signal
from a grid-dip oscillator, or some other signal
source known to be in the band for which the
amplifier was designed. Preferably a matched an-
tenna for the band in question should be hooked
to J1, if a signal generator is not used. A 50-ohm
resistor across J1 may be helpful if a random
antenna is used for the adjustment work.

Set the neutralizing capacitor near half capaci-
tance; then, with no voltage yet applied, tune the
input and output circuits roughly for maximum
signal. (The level may be only slightly lower than it
would be with the converter or receiver alone.)
Now apply voltage, and check current drain. It
should be 4 to 7 mA, depending on the voltage.
Probably there will be an increase in noise and
signal when voltage is turned on. If not, the stage
may be oscillating. This will be evident from erratic
tuning and bursts of noise when adjustments are
attempted.

If there is oscillation (and it is likely) move C1
in small increments, retuning the input and output
circuits each time, until a setting of Cl is found
where oscillation ceases, and the signal is amplified.
All adjustments interlock, so this is a see-saw
procedure at first. Increasing the capacitance of C2
tends to stabilize the amplifier through increased
loading, but if carried too far will have an adverse
effect on gain. The best setting is one where the
input and output circuits do not tune too criti-
cally, but the gain is adequate.

The input circuit is first peaked for maximum
signal, but final adjustment should be for best
signal-to-noise ratio. This process is very similar to
that with tube amplifiers, and the best point will
probably be found with the input circuit detuned
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on the low-frequency side of the gain peak. In
listening to a weak modulated signal, the fact that
the noise drops off faster than the signal with a
slight detuning is quite obvious. Typically ‘the
meter reading may drop about one full S-unit,
while the noise level drops two S-units. The exact
setting depends on the neutralization, and on the
loading, both input and output, and can only be
determined by experiment, with a noise generator
or a weak signal.

Results

Because external noise is more of a limiting
factor in 50-MHz reception than on the higher
bands, tuning for best reception is not critical on
this band. Very likely you can set the neutraliza-
tion to prevent oscillation, peak the input and
output circuits roughly, and you’ll be all set. On
144 the job is fussier if the amplifier is to effect a
real improvement, particularly if your receiver is a
fairly good one. This preamplifier should get you
down to the point where external noise limits your
reception, for sure, if you were not there before.
On 220 the preamp is almost certain to help, unless
you already have an exceptional receiving setup,
and optimum performance is worth the trouble
you take to get it. With all three, you should be
certain that, if a given signal can be heard in your
location, on your antenna, you will now be able to
hear it.

Warning: if the preamp is to be used with a
transceiver, be sure to connect it in the line to the
receiver only, not in the main line from the
transceiver to the antenna. It is best to do this
before any work is done on the amplifier; other-
wise you’re sure to throw the send-receive switch
inadvertently and finish off the transistor.

If you’re in doubt about the possibility of rf
coming down the antenna line, connect protective
diodes across the input, as shown with CR1 and
CR2 in one of the circuits. Install these after the
preamplifier tuneup, and check weak-signal recep-
tion with and without them, to be sure that they
are not causing signal loss. Junction-type field-
effect transistors are capable of withstanding much
more 1f voltage than bipolar transistors, so this
kind of protection may not be needed in situations
where it would have been mandatory with earlier
types of transistor front ends.

Fig. 4-13 — Interiors of the FET preamplifiers, in the same order as in Fig. 4-12, The input end is

toward the right in each unit.
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C1 — 1.3- to 6.7-pF subminiature variable {John-
son 189-502-5).

C2 — 3- to 30-pF miniature mica trimmer.

C3 — 0.001-uF feedthrough (Centralab MFT-1000;
FT-1000 in 220-MHz amplfifier).

C4, C5 — 3- to 12-pF ceramic trimmer in 144-MHz
amplifier; 1- to 6-pF cylindrical ceramic in 220.

C6 — 0.001-UF 50-volt mylar. Omitted in 220-MHz
model.,

CR1, CR2 — 1N34A or similar germanium diode.

432-MHz Version

Results with these preamplifiers were so gratify-
ing that a 432-MHz model was tried. This was quite
similar in layout, except that the metal case
2N4416 was used, and it was wired directly in
place instead of using a socket. The transistor was
suspended in a small notch in the bottom edge of a
shield, which was mounted across the middle of
the assembly. The case and source leads were
soldered to the shield, with the gate lead projecting
into the front compartment and the drain lead into
the rear. The trimmers, C4 and CS, were 0.5 to 3
pF and the input and output loading capacitors
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Fig. 4-14 — Circuit diagrams and
parts information for the FET
preampilifiers. Values of capaci-
tors not described are in pico-
farads (pF or yuF).

J1, J2 — Coaxial fitting. BNC type shown.

L1 — 50 MHz; 7 turns No. 24 enamel on 1/4-inch
ironslug ceramic form, tapped at 3 turns from
ground end (Form is Milier 4500). 144 MHz: 3
turns No. 22, 1/4-inch dia, 3/8 inch tong. 220
MHz: same, but with 2-turns 1/8 inch fong.

L2 — 50 MHz: 10 turns like L1, but center-tapped.
144 MHz: 5 turns No. 22, 1/4-inch dia, 1/2
inch fong, center-tapped. 220 MHz: Same but 4
turns.

were 6-pF miniature variables like C1 in the other
units. The coils were No. 20 tinned 3/16-inch
diameter, 1-3/4 turns in L1 and 3 turns, center-
tapped for L2.

After some considerable juggling of adjust-
ments, this stage was stabilized, and then tested
with a poor crystal-mixer converter that serves as a
trial horse in such work. The preamplifier gave
about 10 dB gain, and this was all improvement in
the converter noise figure. But it was not enough;
this test setup requires about 18 dB gain for
optimum performance and complete over-riding of
the mixer and i-f noise. For setups needing only a
few dB gain, such a preamp should do very well.

ALL—FET CONVERTERS FOR 50 AND 144 MHz

The converters of Figs. 4-15 through 4-19 were
designed to be part of a complete receiving setup
for all amateur bands from 1.8 to 148 MHz.3 They
are included here to show matching converters for
S0 and 144 MHz, of relatively simple design and
construction. Because the drawings are those used
in the complete Handbook project,3 the compo-
nent numbering does not start at 1 for each type of
part, in this condensed version. The sensitivity
resulting when these converters are used with any
28-MHz receiver of good performance should be
more than adequate, and the overall noise figure
should be around 2.5 dB. Their MOSFET mixers
provide high conversion gain, and resistance to
overloading and cross-modulation effects. Rejec-
tion of out-of-band signals is improved by the use _
of double-tuned coupling circuits in several places
in each converter.

All essential circuit features and adjustment
procedure have been discussed at length in con-

on =

Fig. 4-15 — The twin vhf converters are housed
in a homemade aluminum box which has
removable top and bottom covers for easy
access to the circuit boards. Each converter has
its own input and output jacks so that simul-
taneous operation is possibte.
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nection with earlier projects in this book, and in
the preceeding chapter, so they will not be given in
full here. Probably the only *‘different™ circuit in
these two converters is the capacitive divider used
to couple the i-f output (at 28 to 30 MHz) into the
associated communications receiver.

3
ANT
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Fig. 4-16 — The darker of the two circuit boards
is the 6-meter converter, shown at the bottom of
the photo in this inside view. Since the circuit
boards are identical in pattern, some of the holes
are left blank on the 6-meter model, as there is
one less stage in its oscillator section. The protec-
tive diodes at the antenna jacks were not installed
when these photos were taken.

The converters are built on identical circuit
boards, though different board materials were used
here to make the separate units stand out photo-
graphically. Full-scale templates for laying out the
boards are available from ARRL.*

The input circuits have protective diodes. Coup-
ling into the first tuned circuit is inductive, in the
50-MHz converter, as adjustment of coupling for
lowest noise figure is not required at this frequen-

* Converters originally described in October,
1969, OST, g 37. Mention in ordering templates
and send 25 cents and stamped self-ad ssed
envelope. Circuit boards made for ARRL construc-
tion projects are available from individual sup-
pliers, listed from time to time in OST.
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Fig. 4-17 — Circuit diagram of the 6-meter converter. Resistors are 1/2-watt composition.
Capacitors are disk ceramic unless specified differently. Numbered components not appearing in
the parts list were so identified for circuit-board layout purposes.

CR3 — 9.1-volt, 1-watt Zener diode (Motorola HEP-
104 or equiv.).

CR4, CR5 — Small signal siticon switching diodes
(1N914).

J2 — BNC or SO-239-type chassis connector.

J3 — Phono connector.

L5 —~ 3 turns of small insulated wire wound over
the ground end of L6.

L6, L8, L9 — 10 turns No. 24 enam. wire, close-
wound, on J. W. Miller 45004 iron-slug form,
L7 — 25 turns No. 30 enam. on 4500-2 form.
L10-L13, incl. 12 turns No. 24 enam,,

close-wound, on J. W. Miller 4500-2 ironsiug
form.

Q4, Q6 Junction FET, Motorola MPF-102
(HEP-802 or 2N4416 suitable).

Q5 ~ Dual-gate MOSFET, Motorola MFE3008
(RCA 3N141 also suitable. Gate-protected ver-
sion: RCA 40673).

RFC3 — 8.2-uH miniature rf choke {(James Millen
34300-8.2).

Y1 — 3rd-overtone crystal (International Crystal
Co. type EX).
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Fig. 4-18 — Circuit of the 2-meter converter. Resistors are 1/2-watt compasition. Capacitors, unless
otherwise noted, are disk ceramic. See Fig. 4-17 and text for explanation of component numbering.

CR6, CR7 — 1N914 or equivalent.

CR8 — 9.1-volt, 1-watt Zener diode (Motorola
HEP-104 or equiv.).

J4 — BNC or SO-239-type chassis connector.

J5 — Phono connector.

L14 — 4 turns No. 24 enam. to occupy 3/8 inch on
J. W. Miller 45004 iron-slug form. Tap 1 turn
from ground end.

L15, L16, L19 — 5 turns No. 24 enam. to occupy
3/8 inch on same-type Milter form as L14.

L17, L18 — 15 turns No. 24 enam. wire, close--
wound, on J. W. Miller 4500-2 iron-slug form.

1.20, L21 — Same as L 14, but no tap.

cy. The point at which the antenna line is tapped
on the input coil in the 144-MHz converter can be
adjusted for lowest noise figure, with the aid of a
noise generator or by listening to a weak test signat
and making comparisons of the margin of signal
over noise.

The injection stages are similar, except for the
addition of a doubler in the 144-MHz model. If
any difficulty arises from unwanted harmonics of
the oscillator or injection frequencies, a suitable
trap can be connected in the lead to Gate 2 of the
mixer. This can be a parallel or a series circuit.
Examples of each will be found in Chapter 3. The
double-tuned circuits in the injection stages should
be tuned carefully for maximum desired-frequency
output, in the process of adjusting any trap circuit
for rejection of spurious signals.

Only the first-stage tuning and the neutraliza-
tion are important in obtaining best noise figure.
Other circuits in the rf and mixer stages can be

L22 — 9 turns No. 30 enam., ciose-wound, on J. W,
Miller 4500-2 iran-slug form {(J. W. Miller Co.,
19070 Reyes Ave., Compton, CA 90221; write
for catalog and prices).

Q7, @9, Q10 — Junction FET, Motorola MPF-102
{2N4416 suitable).

Q8 — Dualgate MOSFET, Motorola MFE3008
(RCA 3N141 also suitable. Gate-protected
version: RCA 40673).

RFC4 — 8.2-uH miniature rf choke (James Mitlen
34300-8.2).

Y2 — 58-MHz 3rd-overtone crystal (Internationat
Crystal Co. type EX).

stagger-tuned for uniform response across the
desired frequency range. This may drop the overall
gain somewhat, but it should have no effect on the
noise figure, if the first stage is working propeily.

Construction

Scale templates for the etched-circuit board are
available from ARRL.* The semiconductors are
available from most of the larger mail-order houses,
or from any Motorola distributor. See October,
1970, QST, p. 14, for ordering restrictions. The
slug-tuned coil forms are made by J. W. Miller and
should be only those numbers specified. It will be
noted that some coil-form numbers have a numecral
2 at the end (4500-2) while others have a 4 at the
end of the number (4500-4). These numbers relate
to the core material used, which is designed for a
particular frequency of operation. The core mater-
ial has a significant effect on the tuning range of
the inductors, and can seriously affect the coil Q if
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of the wrong type. If substitute coil forms are
used, be sure that they’re designed for the frequen-
cy range over which they will be used.

These converters can be packaged in any style
of box the builder prefers. In this instance, both
units are housed in a single homemade enclosure
which measures 6-3/4 X 5 X 2-1/2 inches. The top
and bottom covers are held in place by means of
No. 6 spade bolts which are attached to the side
walls of the box. This style of construction can be
handled with ordinary hand tools, and only four
90-degree bends are required. This box was made
from a large aluminum cookie sheet purchased at a
hardware store. The dull finish results from a
lye-bath treatment given the aluminum after it was
formed.

The converters are mounted on the bottom
plate of the box by means of 1-inch metal standoff
posts. Self-adhesive rubber feet are attached to the
bottom of the box. Black decals are used to
identify the terminals on the outside of the box.

A 4-terminal transistor socket is used for the
6-meter mixer MOSFET. At the time the 2-meter
converter was built a socket was not on hand, but
both converters should use sockets for the MFE-

Vhf RECEIVERS, CONVERTERS, AND PREAMPLIFIERS

Fig. 4-19 — Looking into the bottom of the
converter box, the 6-meter unit is at the top of
the photo. Each converter has four 1-inch
standoff posts which secure the circuit boards
to the bottom plate of the cabinet. Rf shields
of flashing copper are soldered to the ground
foil on the circuit boards. They are notched out
wherever they come in close proximity to the
non-ground elements of the circuit.

3008s to minimize the possibility of transistor
damage when soldering. The sockets are Elco
05-3308. The binding posts used for connecting
the +12 volts to the converters are E. F. Johnson
111-102s.

HEP-56 (Motorola) rectifier diodes are con-
nected from the 12-volt input terminals on the box
to the 12-volt terminals on the circuit boards, their
anodes toward the Johnson binding posts. These
diodes prevent damage to transistors should the
operator mistakenly connect the power supply
leads for the wrong polarity. Positive voltage will
pass through the diodes, but negative voltage will
be opposed.

It is strongly recommended that the converters
be housed in some type of metal enclosure, as was
done here, to prevent oscillator radiation, and to
insure against random pickup of interfering com-
mercial signals by the mixer circuit. This pre-
caution is especially important in areas where
commercial fm and TV transmitters are nearby.

Adjustment procedure for these converters is
essentially the same as for units described earlier in
this chapter, and given in general terms in Chapter
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There is usually great emphasis on the need for
a good low-noise uhf transistor in at least the first
stage of a 432-MHz converter, but the if stage or
stages cannot do the whole job. Good front-end
design is often hampered by deficiencies elsewhere
in the converter. These can include inadequate
injection to the mixer, and poor noise figure in the
stage immediately following the mixer. The conver-
ter of Figs. 4-20 through 27 does well with a single

Fig. 4-20 — The 432-MHz converter 1s buiit on the
cover plate of a standard aluminum chassis. The
‘‘cigar-box effect” results from application of
contact paper with simulated wood-grain finish to
all exposed surfaces.




A Low-Noise 432-MHz Converter

Fig. 4-21 — Interior of the 432-MHz low-noise
converter, showing the rf and i-f amplifier
assemblies. Strip-lines in the rf assembly are, left to
right, L1, L3, and L4. The wire loop coupled to L3
is the neutralizing device, L2, with a capacitor tab
coupling to L1. The small mixer diode is just
visible, close to the right side of the rf assembly.
The 28-MHz i-f amplifier is the square circuit board
at the lower right.

rf amplifier stage, because the mixer has plenty of
injection, and it is folowed by a low-noise i-f
amplifier. The latter is especially important when
the intermediate frequency is in the 28-MHz range,
as some communications receivers have rather poor
noise figure and gain in this region.

Circuit

The rf amplifier (see Fig. 4-23) uses a 2N5032
uhf bipolar transistor, with grounded emitter and
neutralization. This gives more gain than the
commonly used grounded-base circuit, so only one
if stage is needed to override mixer noise and
establish the noise figure of the system. Tuned
lines are used in the input, collector, and mixer-
input circuits, for some selectivity and rejection of
unwanted frequencies. The segment of the band
near 432 MHz used for weak-signal work is so
narrow that 1f selectivity presents no problems.
The amplifier collector current is adjusted for
optimum signal-to-noise ratio by varying the base
bias, by means of R1. The bias source is Zener
regulated by CR1.

The mixer is a Schottky-barrier diode, CR2. It
works into a 28-MHz i-f amplifier stage using an
integrated circuit. The amplifier may not be
needed with communications receivers that work
well in the 10-meter range, but it adds little to the
cost and complexity of the converter, and its gain
control, R2, is handy for setting the converter gain
to the optimum level for any receiver.

The injection system (Fig. 4-24) uses more
transistors and components than most converters
have for this purpose, but the string of doublers is
easy and inexpensive to build, and it produces
injection voltage to spare. Use of a starting
frequency of 50.5 MHz makes checking the oscil-
lator a simple matter if the builder has a S0-MHz
receiver. A tuned-line filter, loosely coupled to the
last doubler, helps to suppress unwanted products
of the multiplier system.

Construction

The converter is built in three principal sub-
assemblies, mounted on an aluminum plate that
fits the top of a 5 X 9-1/2 X 2-inch chassis, thereby
providing complete shielding. An L-shaped bracket

Fig. 4-22 — The oscillator-multiplier assembly is on
a circuit board mounted on a full-length aluminum
bracket that provides both support and shielding.
The crystal oscillator is at the right end. The
stripdine at the left end is L17, the tuned circuit of
a 404-MHz filter in the output of the last doubler
stage.

1-7/8 inches high and 8-1/2 inches long, supports
the oscillator-multiplier assembly. -The injection
circuit board is mounted with 348 screws and
short metal spacers, to provide lead clearance.
Output from the tuned-line filter, C14L17, is taken
off through L18 and small coax to the mixer.

Small screws and spacers are also used to mount
the i-f amplifier to the cover plate. A small pc-type
control, R2, reached through a hole in the side of
the chassis, is used for gain adjustment. If the
converter is to be used with several receivers, a
shaft-type control could be substituted, and
mounted on the cover or chassis to facilitate
readjustment as needed. Lead lengths to R2 are not
critical.

The rf amplifier enclosure and tuned lines are
made of flashing copper. Dimensions are shown in
Fig. 4-25. All holes should be drilled before cutting
the metal and bending it to shape. Corners are
soldered for rigidity and rf shielding. The lines, L1,
L3, and L4, should be laid out and drilled before
cutting the strips apart, as it is difficult to drill a
clean hole in a narrow strip of flashing copper. The
ends of the strips are bent up and soldered to the
inside of the box.

A shield partition .isolates the input line from
the collector line, and also supports the transistor,
Ql, which is mounted in a small hole near one end
of the shield. The emitter lead is connected to the
input side of the shield and the case lead to the
collector side. Both leads are grounded by a 2-56
screw and nut, with no soldering needed. The
entire assembly (the shield, Q1, R1, C2, and L2)
can be completed before it is fastened in place with
small sheetmetal screws. Note the “sense” of the
neutralizing loop, L2. The grounded end is toward
the transistor, and the hot end goes through a hole
in the shield, toward the grounded end of the
tuned lines. Cover the wire with insulating sleeving
where it passes through the hole.
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Fig. 4-23 — Schematic diagram and parts information for the rf and i-f portions of the 432-MHz

converter,

C1 — 7-pF cylindrical trimmer (Centralab 829-7).

C2 - Copper tab 1/4 inch square, about 1/8 inch
over L1, 1-5/8 inches from ground end. Adjust
spacing for neutralization.

C3,C5 - 10-pF cylindrical trimmer (Centralab
829-10).

C4 — 5pF piston trimmer,

C6,C7,C8 — .001-uF feedthrough {Erie

662-003-102K). C7 and a lug on the tie-strip serve

as test points, and should be joined by a jumper

when no meter is connected.

CR1 — 6.2-volt Zener diode.

CR2 — Hot-carrier diode (Hewlett-Packard 2811).

CR3 — 1-A, 100-PRV diode (Int. Rect. 5A1).

J1,J2 — BNC coaxial jack.

J3 — 2-pin polarized power connector.

L1 Copper strip 3/8 X 2-1/4 inches after
bending. Tap at 7/8 and 1-3/4 inches from
ground end.

The coupling capacitor, C4, is supported by its
own leads, between L3 and L4. The mixer diode,
CR2, is tapped on L4, through a hole in the side of
the enclosure, and is supported on a small tie-strip,
outside the assembly. The 3-pF injection-coupling
capacitor, one end of RFC2, and the end of the
small coax from the injection board are also
supported by this strip.

Adjustment

Alignment of the oscillator-multiplier chain
requires a dip meter or calibrated absorption
wavemeter. To protect the amplifier transistor, Q1,
do not apply voltage to it, or the bias-adjusting
network, until all other stages are checked out. The

L2 — No. 24 enamel 1-11/16 inches long, bent as
shown in Figs. 4-21 and 25.

L3, L4 — Copper strip 3/8 X 2-9/16 inches fong
after bending. Tap L4 3/4 inch from ground
end,

L5, L7 — 20 turns No. 30 enamel on .,162-inch
slug-tuned form (Milier 27A013-7), Tap L5 10
turns from ground end.

L6, L8 — 3 turns small enameled wire over cold
ends of L5 and L7.

Low-noise uhf npn transistor, Motorola
2N5032.

R1 — 25K control, pc-type mounting (CTS R2538
— Allied).

R2 — 100K control, pc-type mounting (CTS
R1048 — Allied).

RFC1 — .22-UH rf choke {Milter 4584).

RFC2 — 6 turns No. 26 enamel 1/8-inch dia, 3/8
inch long.

U1 — Motorola MC1550G integrated circuit.

a1

oscillator should be checked to be sure that it is
working only on the marked frequency. Improper
adjustment of the coil L9 may allow oscillation on
the crystal fundamental, about 16.83 MHz, and
output at 50.5 MHz will be much too low to drive
the following stage properly. There should be no
evidence of rf in the 16-MHz region, or on twice
the fundamental frequency. Be sure that the core
tunes L9 through the crystal frequency.

Peak each doubler stage for maximum output
at the desired frequency. If no indicator for 404
MHz is available, a simple Lecher-Wire setup (see
Chapter 14) can be used, with a diode and
milliammeter, to be sure that this circuit peaks
properly. Injection on the proper frequency should
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Fig. 4-25 — Details of the copper parts of the rf
amplifier and mixer assembly. It is suggested that
layout work and drilling be done before the sheet
of flashing copper is cut, as drilling of small pieces
of thin metal is difficult.

also cause a noise increase in the communications
receiver, at 28 MHz. The copper tab, C13, provides
loose coupling to the stator of C12. Adjustment is
not critical, and a spacing of 1/8 inch should be
about right. There is some coupling between the
tuned line and the chassis, causing detuning and
loss of injection, when the converter is assembled
in its case. The circuit can be repeaked through a
small hole drilled in the bottom of the chassis.

Moving the i-f gain control through its range
should cause a smooth change in noise level at 28
MHz. L5 and L7 can be peaked roughly on noise,
or on a 28-MHz signal.

The mixer tuning should result in a small noise
increase as C5 is peaked. This adjustment can be
made by using a harmonic of the dip oscillator, or
the third harmonic of a 2-meter transmitter, for a
test signal.

The rf amplifier can now be adjusted. Before
voltage is applied to this stage, a 50-ohm resistor
should be connected across J1, or a signal genera-
tor with a built-in termination should be used. The

Vhf RECEIVERS, CONVERTERS, AND PREAMPLIFIERS

bias-adjusting control, R1, should be set at maxi-
mum resistance, and a 10-mA meter connected in
place of the jumper across the test points in the
lead to RFC1. Be sure that solid connections are
made, as accidental application of base bias, with
no collector voltage, can ruin the transistor. A safer
arrangement might be to use a lower range meter,
with a suitable permanent shunt connected be-
tween the test points. The meter can then be
removed from the circuit safely.

The collector current should be set to around 2
mA by adjustment of R1. Tune C1, C3, C4, and C5
for maximum response to the test signal, watching
the collector current for any sign of change. Such
fluctuation, or bursts of noise or rough-sounding
notes in the receiver, indicates oscillation in the rf
stage. The positions of the coupling loop, L2, and
the capacitor tab, C2, should be adjusted to stop
oscillation, if any is encountered.

After the converter has been stabilized, adjust
the collector current for best signal-to-noise ratio,
using a weak test signal. The data sheet for the
2N5032 indicates that best noise figure should be
obtained with about 1 mA. Other good uhf
transistors may require different values of collector
current. Usually it will be found that highest gain
will occur with somewhat more collector current
than that giving the best signal-to-noise ratio, so it
is important to make all tuning adjustments and
current setting for the latter quality. Gain can be
made up in the i-f stage.

An additional check can be made to be sure
that the oscillator-multiplier string is giving the
mixer adequate injection voltage. If it is, and if the
of stage is working properly, the injection can be
reduced enough to cause the converter gain to drop
several dB, before the signal-to-noise ratio is
adversely affected. If adequate gain is available
elsewhere in the converter, the best overall perfor-
mance will generally be obtained with the injection
level toward the lowest that will give good signal-
to-noise ratio.

/
PIN1

Fig. 4-26 — Half-scale drawing of the injection
board, foil side.
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Fig. 4-27 — Half-scale drawing

A BLANKER FOR PULSE-TYPE INTERFERENCE

Our frequencies from 220 MHz up are blessed
with a minimum of static, but cursed with a
maximum of pulse-type noise, thanks to the shared
nature of our assignments above 200 MHz. The
“Government Radio Positioning Service” is in
there, too. This means radar interference, and radar
looks like about the worst interference you can
have. The situation could be worse, however, for
elimination of static has yet to be accomplished
while short pulses of the radar variety can be
blanked out very effectively with suitable equip-
ment.

Radar pulses, ignition, and most other noise
encountered in the world above 200 MHz have fast
rise time and thus can be dealt with if eliminated
from the receiver before they get to circuits that
are selective enough to lengthen the pulse. Ideally a
noise blanker should be applied at the antenna
terminals of the receiver. This is not necessarily
impossible, but it is difficult, so customary practice
is to employ a noise blanker in the circuits after
the first mixer, before the selectivity-determining
stages. This type of circuit as described in all
modern editions of the ARRL Handbook for use at
455 kHz is adequate for eliminating auto ignition
and the like, but radar interference is several orders
of magnitude more severe. A noise blanker used in
this manner is too late in the circuit of a vhf
converter-receiver combination to prevent over-
loading of earlier stages.

The blanker of Fig. 4-28 is installed between
the vhf or uhf converter and the receiver used as
the i-f system, allowing the noise pulses to be

Fig. 4-28 — A noise bianker for insertion between 3
vhf or uhf converter and the following communica-
tions receiver. Model shown is set up for 28 to 30
MHz, but other converter output frequencies can
be used by altering circuit constants.

eliminated before they reach the high-gain stages.
One advantage of this approach is that no modi-
fication of existing equipment is required. The
noise blanker is connected in the cable between the
converter and receiver, and requires no other
connections to either.

Circuit Description

The blanker uses two 6 AGSs as amplifiers at
the converter output frequency, in this instance 28
to 30 MHz or 14 to 18 MHz. It could be any other
converter i-f, with suitable modification of the
tuned circuits. The 6AGSs were used mainly
because of their ready ayailability; other pentodes
such as the 6BH6, 6BA6, 6 AKS, and the like
should work equally well. The input circuit of the
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Fig. 4-29 — Schematic diagram and parts information for the noise blanker.

C1 — 1000-pF feedthrough capacitor.

CR1 — 1N64, 1N60, or simitar diode,

CR2 — 1N920 or 1N3730 switching diode,

J1, J2 — BNC connector. J2 has extension wire to
be trimmed in length and adjusted in position
with respect to L3. See text.

J3 — 4-pin male power fitting.

L1 — 28 MHz: 10 turns No. 30 enamel, close-
wound on 3/8-inch slug-tuned form, tapped at

first stage is tapped to match the low-impedance
line from the converter. Single-tuned circuits are
used. A gain control is connected in the cathode
leads of both tubes, and maximum gain is limited
by 150- and 100-ohm series resistors.

The output of the second stage is coupled into
a pair of back-to-back diodes, CR1 and CR2. The
first is an ordinary second-detector diode such as
the 1N64 or 1N60, the other a selected computer
diode such as the IN920 or 1N3730. Output
brought out through C1 can be used to monitor
visually the noise pulses which are being blanked.
With a high-gain audio system connected to C1 all
the signals in the bandwidth of the converter can
be monitored. This is not practical for hearing
weak signals, but it does provide continuous
monitoring on a lightly occupied band.

The i-f output coupling for the following
receiver is merely the very small capacitance of a
wire connected to the center conductor of J2, and
placed near the output coil, L3. No direct connec-
tion is made at this point. The stray capacitive
coupling should be adjusted so that the gain
through the noise blanker is the same as it was
before the blanker was connected.

A word of waming: this is a high-gain lightly
loaded amplifier. The 1f chokes decoupling the
heaters and plate leads are essential if stable
operation is to be obtained. Physical layout like
the original is also necessary, unless the builder is
experienced in such matters.

3 turns. 14 MHz: 30 turns No. 30 enamel,
tapped at 10.

L2 — Like L1, but no tap.

L3 — 13 turns like L2.

R1 — 5000-ohm miniature control.

RFC1-RFC3 — 27-uH rf choke.

RFC4 — 500-uH rf choke.

Layout

The noise blanker is built in a standard
2 X 3 X 5-inch Minibox, with all rf components in
a line down one side. The three coils are 2 inches
apart, and the sockets are centered between them.
The sockets are mounted so that the grid and plate
pins, 1 and 5 respectively, are in a straight line, and
nearest to their respective coil terminals.

A grounding lug is placed under each socket
mounting nut. A wire is run from the one adjacent
to Pin 7 across the socket to the center shield ring
and then to Pin 3. Disk ceramic capacitors are
connected with the shortest possible leads in the
following manner: Pin 2 to Pin 3, Pin 7 to ground,
Pin 4 to adjacent ground lug, and Pin 6 to this
same lug. The bypasses at the bottom of the coils
L2 and L3 are also returned to these lugs, which
are adjacent to the side of the unit. Spare lugs on
the coil form for L3 are used for tiepoints.

Adjustment and Use

After the wiring has been completed and
checked for errors the tubes should be installed
and the coils L1, L2, and L3 adjusted to the
desired intermediate frequency with a grid-dip
meter.

The unit should now be connected between an
operating converter and its i-f receiver. The noise
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Fig. 4-30 — Interior of the
noise blanker. The input
and power connector fit-
tings are at the left end in
this view.

level in the receiver should be adjusted by means of
the stray coupling between L3 and J2, to be the
same as before the blanker was installed.

The gain control in the blanker is not for
purposes of adjusting output level. Its function is
to adjust the input to the blanking diodes for
optimum efficiency. Normally it will be at or near
full gain. While listening to the noise it should be
possible to remove the input cable from the
blanker and observe that the noise drops to
approximately the same level that it would if the
blanker was not tumed on.

It should be possible with a converter con-
nected and the blanker gain control turned full on,
to peak up L1, L2, and L3 for maximum noise
without any evidencg of regeneration. The 3-dB
bandwidth of the blanking amplifier with the coils
all peaked to the same frequency is approximately
500 kHz. Operation over 1500 kHz or more can be
obtained with the coils adjusted in this manner.

In order to make the final adjustments on the
blanker it is necessary to have a source of noise and
a method of switching a blanker in and out of the
circuit. First, tune in a strong pulse-type signal
such as radar or very strong automobile-ignition
noise. With the blanker in the circuit, the power to
the blanker should be tumed off and the rf gain on
the receiver opened wide. At this time there should
be no noise coming from the converter. Turning
the converter power on and off should make no
change in the output noise of the receiver.

Now the blanker should be turned back on and
after warm-up the amount of noise reduction
should be observed. When the blanker is properly
operating there should be no noise pulses, regard-

Fig. 4-31 — Schematic diagram of the blanker

power supply. Filter capacitors are electrolytic.

J1 — 3-pin female power connector.

T1 — Small replacement transformer, 125 volts at
30 mA,6.3voltsat 1 A,

CR1 — 400-volt PRV silicon diode, 500 mA.
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less of their amplitude when the blanker is out. If
the blanker provides a substantial reduction in
noise pulses, but does not completely eliminate
them, it is not working properly. There are only
three reasons for this. The first is feedthrough
around the blanker. The test for this was per-
formed in a previous step and it is assumed that
there was no feedthrough. There may be insuf-
ficient gain in the two amplifying stages. If you are
using a normal vhf or uhf converter having 25 to
30 dB or more of gain, and tubes similar in
characteristics to a 6AGS, the likelihood of low
gain is quite small. The third and most likely
reason for poor operation lies in the selection of
the proper diodes for CR1 and CR2. Some
experimentation with the polarity of the diodes
and the size of the diode load is usually required to
obtain optimum performance. The particular con-
stants given in the circuit were successful in three
different models tested and no difficulty should be
encountered in obtaining optimum operation.

Results

The performance of the noise blanker in on-the-
air operation leaves little to be desired from the
standpoint of external noise elimination in uhf
work. With or without noise, the insertion of the
noise blanker in the circuit has no discernible
effect on the readability of a weak signal. In the
presence of pulse-type noise the signal continues to
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be perfectly readable and the noise is not evident
at all in the output of the receiver.

Like all good things there are some drawbacks
to the use of a noise blanker. The worst of these is
that a very strong local signal will overload the
noise blanker and cross-modulate other signals on
the band. This is an inherent trait of noise-blanker
circuits for which no solution has been found. In
order to obtain sufficiently strong blanking pulses,
high-gain amplifiers are required and high-gain
amplifiers necessarily overload. This disadvantage is
far outweighed by the ability to copy weak signals
in the presence of strong pulse-type interference.
Even when the blanker is overloaded, signals which
could not be heard through radar interference
without it are readable.

Power Supply

Details of a simple power supply for the
blanker are given in Figs. 4-31 and 4-32. This type
of supply is useful for many purposes around a
station where the owner likes to build small units
such as preamplifiers, test equipment, and other
items requiring only a small amount of current,

Fig. 4-32 — Power supply for use with the
blanker or other equipment items requiring
similar current and voltage.
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Chapter 5

Y HF Transmitter Design

Before we discuss transmitting techniques for
the amateur bands above 50 MHz in detail it will
be well for us to see what standards are set for us
in the U.S. Regulations. The two numbered para-
graphs below are not exact quotes, but they
summarize pertinent regulations.

97.71 - Amateur stations operating below 144
MHz must employ adequately filtered dc plate
power for transmitting equipment, to minimize
modulation from this source.

97.73 - Spurious radiations from an amateur
station below 144 MHz shall be reduced or elimina-
ted in accordance with good engineering practice
. . . . In case of A3 emission, the transmitter shail
not be modulated to the extent that spurious
radiation occurs, and in no case shall the carrier
wave be modulated in excess of 100 percent. . . .
Simultaneous amplitude and frequency modulation
is not permitted. . . . The frequency of the
emitted carrier wave shall be as constant as the
state of the art permits.

It will be seen that stability and quality
requirements imposed on all lower amateur fre-
quencies apply equally on the 50-MHz band, but
not to 144 MHz and higher. This is not to say that
we should not strive for excellence on the higher
bands, as well as on 50 MHz, but it is important to
remember that we may be cited by FCC for failing
to meet the required standards in 50-MHz work.

A sideband signal having excessive bandwidth,
an a-m signal whose frequency jumps when modu-
lation is applied, an fm signal that is also ampli-
tude-modulated, a cw signal with excessive keying
chirp or objectionable key clicks - any of these is
undesirable on any band, but they are all illegal on
50 MHz. Any of them could earn the operator an
FCC citation in 50-MHz work. And misinter-
pretation of these points in an FCC examination
could cost the would-be amateur his first ticket.

From the stand-point of the law, there is a vast
relaxation in the technical standards we must meet
above the 50-MHz band. Looking at the question
from the amateur point of view, however, there is
little or none. The desirability of radiating the best
signal that is technically feasible is the same
throughout the vhf region, if the user is interested
in worthwhile results, and in causing 2 minimum of
trouble for his fellow users of the vhf bands.

It should be remembered that the use of
unstable equipment is legal above 144 MHz, so
long as the radiation from the transmitter remains
entirely within the assigned frequency band. There
are some circumstances where very simple and
therefore unstable gear may serve useful ends, and
these will be touched on later in this book, but our

main emphasis will be on transmitters that employ
crystal control or its equivalent in stability and
freedom from spurious emissions. That such con-
cern for clean signals is required by law only on the
50-MHz band will be largely ignored.

The frequencies above 50 MHz were once a
world apart from the rest of amateur radio, in
equipment required, in modes of operation and in
results obtained. Today these worlds blend increas-
ingly. Thus, if the reader does not find what he
needs in these pages to solve a transmitter problem,
it may be covered in the hf transmitting portions
of the ARRL Handbook. This chapter deals mainly
with aspects of transmitter design and operation
that call for different techniques in equipment for
50 MHz and up.

DESIGNING FOR VHF SSB AND CW

Almost universal use of ssb for voice work in
the hf range has had a major impact on equipment
design for the vhf and even uhf bands. Many
amateurs have a considerable investment in hf
sideband gear. This equipment provides accurate
frequency calibration and good mechanical and
electrical stability. It is effective in cw as well as
ssb communication. These qualities being attractive
to the vhf man, it is natural for him to look for
ways to use his hf gear on frequencies above 50
MHz.

Thus increasing use is being made of vhf
accessory devices, both ready-made and homebuilt.
This started years ago with the vhf converter, for
receiving. Rather similar conversion equipment for
transmitting has been widely used since ssb began
taking over the hf bands. Today the hf trend is to
one-package stations, called transceivers. The ob-
vious move for many vhf men is a companion box
to perform both transmitting and receiving con-
version functions. Known as transverters, these are
offered by several manufacturers. They are rela-
tively simple to build, and are thus likely projects
for the home-builder of vhf gear.

Transverter vs. Separate Units

It does not necessarily follow that what is
popular in hf work is ideal for vhf use. Our bands
are wide, and piling-up in a narrow segment of a
band, which the transceiver encourages, is less than
ideal use of a major asset of the vhf bands —
spectrum space. Separate ssb exciters and receivers,
with separate vhf conversion units for transmitting
and receiving, tend to suit our purposes better than
the transceiver-transverter combination, at least in
home-station service.
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Future of Other Modes

It should not be assumed that ssb will mono-
polize voice work in the world above 50 MHz in
the way that it has the amateur voice frequencies
below 29 MHz. Sideband is unquestionably far
superior to other voice modes for weak-signal DX
work, but where there is plenty of room, as there is
in all vhf and higher bands, both amplitude and
frequency modulation have merit. A low-powered
a-m transmitter is a fine construction project for a
vhf beginner, and fm has been gaining in popularity
rapidly in recent years. A reprint of a very popular
4-part QST series describing a complete two-band
a-m and cw station for the vhf beginner is available
from ARRL for 50 cents.1

The decline in use of amplitude modulation has
been mainly in high-powered stations. The heavy-
iron modulator seems destined to become a thing
of the past, but this should not rule out use of a-m
Many ssb transceivers are capable of producing
high-quality a-m, and one linear amplifier stage can
build as little as 2 watts a-m output up to 200
watts or so, with excellent voice quality, if the
equipment is adjusted with care. It should be
remembered that the transmitting converter (or
heterodyne unit as it is often called) is not a
sideband device only. It will serve equally well with
a-m, fm, or cw drive.

THE OSCILLATOR-MULTIPLIER
APPROACH

A basic difference between ssb transmitters and
those for other modes is that the ssb signal, once
generated, cannot be run through frequency multi-
plier stages to get to a higher frequency or band.
Where modes other than ssb are used, generation of
the signal usually involves an oscillator in the hf
range, followed by one or more frequency multi-
plier stages, and at least one amplifier stage
working at the final frequency. A signal of any
kind at any frequency can be heterodyned to
another frequency. but only amplitude-modulated
and sideband signals must be.

The starting frequency of the oscillator-multi-
plier transmitter is usually in the 8-MHz range,
though 6, 12, 18 MHz and other frequencies are
also used. Typically, a 50-MHz transmitter is
controlled at 8.334 to 9 MHz, the frequency then
being tripled to 25 to 27 MHz, and doubled to 50
to 54 MHz, before amplifier stages build up the

1 For this and other numbered references, see
bibliography at the end of this chapter.
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power level. A 144-MHz transmitter may start at 8
to 8.222 MHz, which is then tripled, doubled and
tripled to 144 to 148 MHz. A 220-MHz lineup
would use 8.149 to 8.333 MHz, tripled three times
to 220 to 225 MHz. The portions of the 420- and
1215-MHz bands where stabilized equipment is
usually employed are in third and ninth harmonic
relation to the low end of the 144-MHz band.
From these figures and from the chart, Fig. 5-1, it
may be seen that coverage of 8 to 9 MHz in the
oscillator stage could take care of most of our
requirements through 1300 MHz.

Many other starting frequencies and orders of
multiplication are usable. The oscillator-multiplier
approach is convenient in multiband designs, and it
is widely used in equipment other than the
single-sideband variety. One weak point is that any
instability in the controlling oscillator is multi-
plied: 6 times in the 50-MHz example of the
previous paragraph, 18 times for 144-MHz opera-
tion, 27 times for the 220 MHz band, and so on. An
oscillator that seems quite stable at 8 MHz may
suffer from drift, hum modulation, mechanical
instability or frequency modulation to the extent
that the signal at the 54th harmonic, 432 MHz,
may be unacceptable to the critical worker. This is
particularly true of the conventional vfo. The
crystal oscillator is much superior for frequency
control on 144 MHz and higher bands.

The possibility that harmonics other than the
desired ones will appear in the output should be
considered in designing a vhf exciter. Such un-
wanted frequencies may be a source of interference
to TV, fm, and other vhf reception in the vicinity
of the amateur station. They can be reduced by
taking suitable circuit precautions, but their inter-
ference potential should not be ignored.

The number of frequencies that could cause
trouble can be reduced by using a high starting
frequency in the vhf exciter. A 24-MHz oscillator
instead of one at 6 or 8 MHz eliminates most of
the harmonics that are potential sources of TVI in
the low TV channels. Starting at 48 or 50 MHz is
still better. There are good reasons for using 6 or 8
MHz, however, if precautions are taken to prevent
radiation of unwanted harmonics. A stable oscil-
lator is more readily built in this frequency range
than for 24 MHz or higher. Crystals for 6 to 9 MHz
are inexpensive, reliable and easy to use, while
those for 12 MHz and higher cost more initially
and require more care in application. Vhf crystals
are used mainly where economy in number of
stages and over-all current drain is an important
consideration.
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Fig. 5-1 — Our bands above 50 MHz are nearly harmonically related. The posslblllty of using a single
frequency-control system for all bands from 50 through 1300 MHz is illustrated in this chart. The
example is for oscillators in the 8-MHz region, but other frequency ranges such as 6 or 12 MHz may be

used.




The Oscillator-Multiplier Approach

Fig. 5-2 — Block diagram of a
typical heterodyning process
for producing stable VFO-
controlled signals at 50 and
144 MHz.

Heterodyning

Any two frequencies may be fed into a mixer
stage to produce resultant frequencies equal to the
sum and difference of the two. This process is
inherent in the superheterodyne receiver, but it
was not widely used in transmitters until the
advent of single sideband. If a keyed or modulated
signal is heterodyned properly, the product is an
exact replica of the original signal, with no more
frequency instability or bandwidth than was pre-
sent in the two components mixed. Heterodyning
is thus a good way of obtaining variable frequency
control, since it is relatively easy to build a variable
oscillator for the hf range that is adequately stable
at its fundamental frequency.

The process is shown in block diagram form in
Fig. 5-2. The control signal is generated at some
frequency below about 10 MHz, 8 to 9 MHz in this
example. A 42-MHz signal from a stable source
beats with the control signal in the mixer. Two
main products, one at 34 to 33 MHgz, and the other
at 50 to 51 MHz, result. The unwanted difference
product is rejected by the filter, while the desired
sum at 50 to 51 MHz is passed on to succeeding
amplifier stages.

The vhf man who works 50 MHz and higher
bands may employ heterodyning again to repro-
duce the 50-MHz signal on another band. In the
example the 50-MHz signal is mixed with energy at
94 or 95 MHz, to give coverage of the lower half of
the 144-MHz band. Other crystals can be used in
either crystal oscillator to extend the coverage to
any one-megahertz segment desired.

The chief problem in heterodyning is to prevent
unwanted products from being radiated. In our
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example we use the sum of 42 and 8 to 3 MHz and
50 and 94 MHz but the differences are also
produced. The selectivity of the tuned circuits may
be sufficient to reject the unwanted products but
this should not be assumed. The output of any
transmitter employing heterodyning should be
checked carefully to be sure that frequencies other
than the intended one are not being radiated. A
mixer stage requires only a very small amount of
energy on the mixing frequencies to produce
output, so harmonics and other components of the
signals being mixed may beat with each other and
produce all manner of unwanted frequencies.
Mixing at low level, careful examination of the
spectrum for spurious products, and use of highly
selective circuits for passing on the desired product
and rejecting others are musts for the builder of a
heterodyne exciter.

Crystal Oscillators

Quartz crystals of many kinds and cuts are used
for frequency control but all have one character-
istic in common: when a voltage is applied across
it, the crystal is distorted mechanically. The
converse is also true: mechanical distortion of the
crystal develops a voltage across it. This is the basic
piezoelectric effect, discovered many years ago and
applied to crystal control of oscillators as far back
as the 1920s.

The greatly magnified edge views of crystal
plates in Fig. 5-3 show, in simplified form, what
happens to an oscillating crystal. The quiescent
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Fig. 5-3 — Greatly magnified edge views of quartz crystals, showing the mechanical distortion effect
when voltage is applied across the crystal. At the left is a fundamental crystal, and at the right is one
oscillating on its third overtone. Frequency of oscillation depends on crystal thickness — the thinner

the crystal the higher the frequency.




70

state is at the far left. The next two sketches show
the distortion at the positive and negative peaks of
the oscillation cycle. The crystal is a very high-Q
device. It will oscillate on one frequency only,
determined principally by the thickness of the
crystal. (The thinner the plate, the higher the
frequency.) Connected properly in an oscillatory
circuit, the crystal will control the frequency of
oscillation within very narrow limits.

Crystals and circuits for their use in vhf
transmitters are of two principal types: fundamen-
tal and overtone. It is important for the vhf worker
to understand the basic difference between them.
The fundamental crystal, whose mode of operation
has just been described, is usually supplied for
frequencies up to about 18 MHz. Though funda-
mental crystals can be made for frequencies up to
about 30 MHz, they are very thin and difficult to
handle and process above the normal commercial
limit of 18 MHz. (Overtone crystals can be
supplied for lower frequencies, and 12 MHz was
the dividing line for many years.)

At frequencies above 12 to 18 MHz it is
customary to go to overtone oscillators. Almost
any crystal can be made to oscillate on its third
overtone, which is roughly three times the frequen-
cy for which the crystal was ground. In overtone
operation the crystal in effect breaks up into an
odd number of layers, as shown in the right half of
Fig. 5-3. The oscillation cycle is given in the two
sketches at the right. Because of mechanical
considerations, the overtone may not be an exact
multiple of the fundamental frequency, though it
is always close to it. Only the odd multiples are
available as overtones; there is no such thing as a
second, fourth, or sixth overtone. The fifth,
seventh, and ninth overtones can be obtained quite
readily with suitably processed crystals.

Overtone operation with crystals processed for
fundamental service depends on several factors,
principally the flatness of the crystal and the
method of mounting in the holder. Because the
layers for third-overtone oscillation in an 8-MHz
crystal are less than 0.004 inch thick, and for
higher-order overtones progtessively thinner, it can
be seen that minor variations in flatness or surface
imperfections quickly inhibit overtone oscillation.
Crystals clamped between metal plates, as in the
common FT-243 holder, seldom work well above
the third overtone.

Crystals processed for overtone op’eration usu-
ally can be made to oscillate on higher-order
overtones than the intended frequency.2 A crystal
marked for 24 MHz, normally an 8-MHz funda-
mental, will often work well on 40 MHz, 56 MHz,
or even 72 MHz in suitable circuits. Unless the
purchaser specifies otherwise, crystal companies
customarily supply third-overtone crystals for fre-
quencies from about 18 to 54 MHz, fifth-overtone
for 54 to 70 MHz, and seventh-overtone for
frequencies up to around 100 MHz. Overtone
crystals for frequencies as high as 150 MHz can be
made, but in amateur service frequencies above
about 72 MHz are seldom used for direct control.

For best stability any crystal oscillator should
be run at low power input, and this is increasingly

VHF TRANSMITTER DESIGN

important as one goes to higher frequencies. The
crystal oscillator should always be regarded as a
device for controlling frequency, not as a source
of rf power. Control of feedback is also important.
However control is achieved, feedback should be at
a level that will allow the oscillator to start readily,
but not enough to cause heating or frequency
jumping.

Crystal Oscillator Circuits

An almost infinite variety of crystal oscillator
circuits may be employed in vhf transmitters. Only
a few will be described here, to demonstrate basic
principles. These will satisfy most requirements,
and though the literature contains special claims
for innumerable variations, proper adjustment and
operating conditions are the principal factors in
achieving the desired results.

A simple circuit useful for both fundamental
and overtone oscillators is shown in Fig. 54A., Itis
essentially the same, whether the device used is a
field-effect transistor, as shown, or a triode tube.
An overtone circuit for bipolar transistors is shown
at B. Feedback to sustain oscillation is mainly
through the device capacitance in 54A, and the
feedback frequency is determined by the tuned
circuit, L1C1. With a fundamental crystal in place,
the circuit may oscillate on the crystal frequency,
regardless of the setting of L1Cl, but output will
rise sharply as the circuit is tuned through the
crystal frequency.

An overtone crystal is merely one that has been
processed and mounted in such a way as to
encourage overtone oscillation. With an overtone
crystal in place, if feedback is not concentrated on
the desired overtone frequency by proper design
and adjustment of L1C1, the circuit may oscillate
only on the fundamental frequency, or perhaps not
oscillate at all. The tuned circuit should have fairly
high @, and it should be adjusted with care, to be
sure that oscillation is on the desired overtone
frequency, and that there is no energy at the
fundamental or second-harmonic frequencies. With
a 24-MHz crystal, for example, there should be
energy only on the marked frequency of the
crystal, and none on 8 MHz (the fundamental) or
16 MHz (the second harmonic). If a signal is heard
at 8 or 16 MHz, the oscillator may be loaded too
heavily, or possibly the tuned circuit does not
quite reach the overtone frequency. The latter is
often the case with slug-tuned coils that may
appear to tune, but which are actually only
approaching resonance as the core centers in the
winding.

If overtone oscillation is attempted with crys-
tals made for fundamental use, more feedback is
usually needed at the overtone frequency than is
provided by the circuit just described. Two meth-
ods of supplying this feedback are shown in Fig.
54C and D. In D the crystal is effectively tapped
up the output circuit by the capacitive divider, of
which C3 is the adjustable component. The lower
the capacitance the greater the feedback. Usually a
fixed SO-pF capacitor will do for C3, though lack
of an adjustment for feedback may allow this
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Fig. 54 — Typical crystal osciliator circuits. The FET circuit, A, works with either fundamental or
overtone crystals, up to at least 54 MHz, though circuit Q is more critical for overtone operation. A
comparable bipolar transistor circuit is shown at B. Circuits C and D can be used to make fundamental
crystals oscillate on their third overtone, through control of feedback. Value of R1 depends on the
tube type; 47,000 ohms to 100,000 chms is common. Values of C1 and L1, L2 depend on frequency.
A pentode oscillator-multiplier with double-tuned inductive coupling is shown in E. C2should be the
lowest usable value; about 2 pF in E, 10 pF in others.

circuit to oscillate on the fundamental frequency
of the crystal. In C the crystal is part of an
inductive feedback loop, L2, coupled to the tuned
circuit, L1C1. Though adjustment of the feedback
is not convenient this way, the circuit has the
advantage of oscillating only on the overtone
frequency. In all such circuits it is possible to have
too much feedback, which can result in over-
heating of the crystal, multiple oscillation frequen-
cies, or even free-running oscillation. The use of
fundamental crystals for overtone service is an
economy and a convenience that exacts its price in
careful adjustment for the desired results. .
Multiples of the crystal frequency (not over-
tones) can be obtained with the oscillator of Fig.
S4E. Here the screen of the tetrode or pentode
tube simulates the plate of a triode oscillator. The
plate of the tube serves as a take-off element for
harmonics of the crystal frequency, usually the
second or third, though higher-order harmonics are
present and can be used. The values of L1 and C1
determine which harmonic will be emphasized.
Double-tuned inductive coupling, through the cir-
cuit L2C4, helps to reject unwanted harmonics.
For best sclectivity the capacitor C2 should be the
lowest usable value, and the coupling between L1
and L2 should be the least that will pass the
desired amount of energy at the intended harmonic
frequency. Tighter coupling serves no useful pur-
pose, and may raise the level of unwanted-
harmonic energy passed on to succeeding stages.

In the tetrode oscillator the tube cathode is
above rf ground by virtue of the rf choke and
capacitor combination. Feedback is controlled by
the variable gridcathode capacitor, C3, which can
be replaced with a fixed type once the approxi-
mate value needed is found. In its most common
application in vhf transmitters, the oscillator plate
circuit tunes roughly 24 to 27 MHz, permitting
frequencies in this range to be taken off while
using fundamental crystals at 6 to 6.75, 8 to 9, or
12 to 13.5 MHz. The stage is then an oscillator-
quadrupler, tripler or doubler, respectively. With a
wide-range variable capacitor for Cl, adjacent
harmonics can be tuned if this serves useful design
ends.

This type of oscillator always works on the
crystal fundamental frequency. The tuned plate
circuit merely emphasizes the desired harmonic; it
does not completely eliminate the other harmon-
ics. The circuit is useful with pentode-triode tubes,
with the triode portion doubling to 48 to 54 MHz.

The bipolar transistor oscillator, Fig. 54B,
should have a high value of capacitance across the
collector circuit, compared with other oscillators.
Circuits for bipolar transistors must cope with the
low impedances characteristic of this type of
transistor. It may be necessary to tap the collector
down on its tuned circuit, in order to develop
sufficient Q for the circuit to work properly.

For best stability with any oscillator, crystal or
other, the designer must follow certain rules:
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1. Operating voltages must be constant, and
except for tube heater voltage, pure dc. 2. The
oscillator load should be unvarying, and the stage
should not have to deliver power. 3. The oscillator
should run at very low input, to avoid drift, both
long-term and cyclical, due to heating and cooling.
The ideal arrangement is to build the best oscillator
that is practicable, and follow it with a class-A
amplifier. This is called a buffer, implying effective
isolation from load variations resulting from adjust-
ment, keying or modulation of succeeding stages.

VARIABLE OSCILLATORS —
VXO AND VFO

A variable capacitance or inductance, usually
the former as a matter of convenience, can be
made to vary the frequency of oscillation in a
crystal oscillator circuit to some extent. In free-
running oscillators a variable capacitor is usually
the principal tuning device. Both types of oscilla-
tors will be discussed here, and practical examples
are given in Chapter 6. The potential user should
have a clear idea of the strengthsand weaknesses of
both these means of variable frequency control.

The VXO

If the inherent capacitance (crystal holder plus
circuit strays) is kept low, a crystal oscillator can
be '‘pulled” over a small frequency range by means
of a variable capacitor across the crystal. A crystal
oscillator in which this is done intentionally is
called a VXO. A simple form merely varies the
pressure (and thus the capacitance) on the metal
clamping plates in the pressure-mounted type of
crystal holder. See Chapter 16 for an example.

A better method employs a variable capacitor
across the crystal circuit, which may include a
variable inductor in series with the crystal, as
shown in Fig. 5-5. The coil L1 “rubberizes” the
crystal to a degree depending on the inductance
value. Flexibility is obtained at the expense of
stability, and the crystal oscillator is no better than
the free-running type, if the series-coil idea is
carried too far. With the variable capacitor alone
the frequency pulling is slight, but the oscillator
stability can be excellent if the numbered rules a
few paragraphs back are followed.

With or without the series coil, most of the
frequency change occurs with the first few pF of
capacitance variation, so keeping stray capacitance
to a minimum pays off in increased variable-
frequency coverage. Usable frequency change also
dspends on the quality of the crystal and on the
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mounting methods, both in the crystal holder and
the crystal socket. A rule-of-thumb for crystal
pulling allows a 750Hz change, maximum, for each
megahertz of crystal frequency, without the series
coil . Thus, the 4.5 kHz to be expected with a
6-MHz crystal, and 6 kHz with an 8-MHz one
transiate to roughly 35 kHz per crystal at 50 MHz
and 110 kHz at 144 MHz, without the series coil.
This can be increased to 100 kHz at 50 MHz and
300 at 144 MHz with the coil in the circuit, before
the stability of the oscillator is degraded to that of
the average good VFO.

The VXO principle is widely used in fm
transmitters, where precise “netting” of trans-
mitter frequencies is required in repeater work.
Obviously it also offers a simple approach to
frequency modulation of the transmitter, by con-
necting a varactor diode in place of or in parallel
with C1. The bias on the varactor is varied at an
audio rate, with simple speech circuitry.

The VFO

Variable-frequency oscillators of the free-
running type (VFQO) are in great demand for vhf
transmitter frequency control, but except where
heterodyning to a higher frequency is used, as
opposed to frequency multiplication, the VFO is
generally unsatisfactory. Small instabilities, hardly
noticeable in hf work, are multiplied to unaccept-
able proportions in the oscillator-multiplier type of
transmitter. The fact that many sach unstable VFO
rigs are on the air, particularly on 6 meters, does
not make them desirable, or even legal. Only
careful attention to all the fine points of VFO
design and use can result in satisfactory stability in
vhf transmitters of the oscillator-multiplier type.

FREQUENCY MULTIPLIERS

Circuits for frequency multipliers are quite
similar to those in straight-through smplifiers dis-
cussed in the following section, except that higher
driving power and bias are usually needed in
multiplier stages. It is important to keep in mind
that in multipliers for the vhf bands the probability
is that frequencies other than the desired hai-
monics will be present in the output. These can be
sources of TVI in vhf transmitters. Examples are
the 9th harmonic of 6 MHz and the 7th harmonic
of 8 MHz, both falling in TV Channel 2. The 10th
harmonic of 8-MHz oscillators falling in Channel 6
is a similar problem. These unwanted multiples can
be held down by the use of the highest practical

Fig. 5-5 — Typical variable crystal osciliator {VXO)
uses the basic Pierce circuit. The variable capacitor,
C1, may be connected directly across the crystal
(high stability, small tuning range) or the series
coil, L1, may be added for more frequency
variation. Stability of the oscillator is degraded as
the value of L1 is increased.
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degree of selectivity in interstage coupling circuits
in the vhf transmitter, and by proper shielding and
interstage impedance matching. This last is par-
ticularly important in transistor frequency multi-
pliers and amplifiers. More on avoiding TVI will be
found later in this chapter, and in the chapter on
interference problems.

The varactor multiplier (see UHF and Micro-
waves) is much used for developing power in the
420-MHz band. Requiring no power supply, it uses
only driving power from a previous stage, yet quite
high orders of efficiency are possible. A varactor
tripler to 220 MHz is shown in Chapter 6. A
220-MHz exciter tuned down to 216 MHz makes a
good driver for a 432-MHz varactor doubler. More
commonly used is a tripler with 144-MHz drive.
The output of a varactor multiplier tends to have
appreciable amounts of power at other frequencies
than the desired, so use of a strip-line or coaxial
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filter is recommended, whether the multiplier
drives an amplifier or works into the antenna
directly.

Frequency multipliers are usually single-ended
though other combinations are possible. The
“push-push doubler” (input push-pull, output para-
llel) gives good efficiency and rejection of odd
multiples of the driving frequency. A push-pull
tripler, often used with dual tubes, both tetrodes
and triodes, is fairly efficient and tends to cancel
even multiples of the driving frequency. There is
little tendency to oscillation in frequency multi-
pliers, and neutralization, screen-circuit bypassing
and other stabilization devices of amplifier cir-
cuitry are seldom needed. Some points discussed in
more detail in connection with transistor amplifiers
may also apply to solid-state frequency multipliers
to some extent, but instability problems are not
common in multiplier stages.

POWER AMPLIFIERS

Principles of transmitter design and operation
tend to be similar regardless of frequency. Basic
amplifier theory is covered thoroughly in the
ARRL Handbook, so modes of operation and
circuit design of power amplifiers are discussed
here only insofar as the special aspects of the vhf
field are concerned. We look at the principal
problems the vhf operator faces in thinking about
increasing transmitter power.

Transistors or Tubes?

In receiving, this question has been answered on
a strongly solid-state note. The problem is not
quite the same in transmitting, except where
low-power mobile and portable operation is the
main concern. For more than a few watts of
power, transmitting with transistors may have little
to recommend it. The portable exciter using
transistors, that can serve as a complete rig for
portable work and as a driver for the home station,
has some appeal, but tubes of some sort are almost
inevitable in running appreciable power at the
home base. Special transistor problems in ampli-
fiers will be discussed as they arise in individual
units, leaving tube techniques in amplifiers as our
principal subject here.

Linear or Class C?

Amplifiers in vhf transmitters all once ran Class
C, or as near thereto as available drive levels would
permit. This was mainly for high-efficiency cw, and
quality high-evel amplitude modulation. Class C is
now used mostly for cw or fm, and in either of
these modes the drive level is uncritical, except as
it affects the operating efficiency. The influence of
ssb techniques is seen clearly in current amplifier
trends. Today Class AB; is popular and most
amplifiers are set up for linear amplification, for
ssb and — to a lesser extent — a-m. The latter is
often used in connection with small amplitude-
modulated vhf transmitters, having their own
builtin audio equipment. Where a-m output is

available from the ssb exciter, it is also useful with
the Class ABj linear amplifier, for only a watt or
two of driver output is required. When used with
an a-m phone transmitter, the linear amplifier is
inherently a low-efficiency device, but it has its
virtues, particularly when other modes of opera-
tion are planned.

Various routes to increased power are shown in
Fig. 5-6. Our basic a-m and cw transmitter, A,
requires only the linear amplifier, B, to run up to
full legal power of 1 kilowatt. This can be a
high-efficiency system on cw, delivering up to 750
watts output. As an a-m phone linear, its maximum
power output is 350 watts, and it is likely to be
much less. If the original transmitter includes
provision for ssb, as well as cw and a-m, the linear
becomes more attractive. Setup C can give full
power on cw and ssb, and medium power on a-m,
without auxiliary audio equipment.

Maximum power output on a-m phone requires
a high-level modulator, as in D. A 500-watt audio
system, needed to modulate a kilowatt amplifier, is
an expensive and bulky proposition, and with the
current trend to ssb in amateur voice communica-
tion, more and more vhf men are thinking twice
before making the considerable investment in
terms of money, space and weight that a kilowatt
a-m phone station entails. There will undoubtedly
be considerable use of a-m in vhf work for many
years to come, despite the inroads of ssb, so the
relative merits of linear and high-level modulated
amplifiers deserve careful thought.

If one is to concentrate on a-m, to the
exclusion of other modes, a plate-modulated power
amplifier of no more than 200 to 500 watts input
may be desirable. The cost of both rf and audio
components rises very rapidly above the 500-watt
level, and it may well be that the extra cost could
be better spent in other ways.

For the all-mode operator, the linear approach
is very attractive, since minor modification of the
operating conditions will permit high-efficiency
operation on cw and ssb, while retaining a-m
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HIGH- POWER CW, Fig. 56 — Some ways to
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capability at a somewhat lower power level — all
with a station that can be built compactly and at a
moderate cost for the high-power portions.

A distinct advantage of the linear approach is
the matter of driving power. With a Class AB1
linear (most commonly used with vhf tetrodes), no
driving power is required; only voltage. Kilowatt
amplifiers of the grounded-cathode type can de-
liver over 300 watts output with nothing more
than a 3-watt a-m rig as a driver. A little more drive
will push the cw output to as much as 600 watts.
With a driver output of 7 to 10 watts, the
amplifiers will give up to 750 watts Class C output
on cw, ssb or fm.

Operating conditions for linear service are
critical. The amplifier must be heavily loaded. If it
uses tetrodes, the screen voltage, and preferably
the bias as well, should be regulated. The drive
level must be watched closely, to be certain that
the amplifier is never driven into the grid-current
region, if it is operated Class AB1. An oscilloscope
is practically a necessity, if true linear conditions
are to be achieved and maintained. In all these
respects the linear is more demanding than Class-C
cw or plate-modulated a-m service would be.

Grounded-Cathode or Grounded-Grid?

Nearly all vhf power amplifiers in amateur
service have been of the grounded-cathode type,
mainly because of the high drive requirements of
the grounded-grid amplifier. In the heyday of a-m
communication the typical rig was a transmitter or
transceiver of no more than a few watts output. It
had its own modulator, and the owner was not
ordinarily interested in building additional high-
powered audio equipment. His choices were then
either a high-powered linear amplifier, or a
medijum-powered Class-C stage, the latter requiring
a modulator of modest power to go with it. This

was the day of the 100-watt transmitter, usually an
829B, a pair of 6146s, or some similar setup, with
a companion 50-watt modulator.

When vhf sideband became popular the usual
ssb exciter was also a low-powered device, usually a
low-level mixer and a Class-A amplifier, with no
more than a few watts output on the vhf band in
question. The logical amplifier for getting into the
medium- or high-power brackets with this type of
exciter is the grounded-cathode type, using tet-
rodes. This puts the station capability up to several
hundred watts, with a single stage having very low
driving power requirements.

Meanwhile, hf sideband was growing up around
the 100-watt exciter and the grounded-grid kilo-
watt amplifier. It was only a question of time
before vhf stations would follow the same route.
Today there is an increasing trend to 100-watt
transmitters and transceivers in vhf work, espec-
ially on the 50-MHz band. Thus, in the following
chapter we show 50-MHz examples of both the
low-drive grounded-cathode amplifier and the
grounded-grid type requiring an exciter capable of
delivering 25 watts output or more.

There is merit in both methods. The grounded-
cathode amplifier using external-anode tetrodes is
capable of very high efficiency, even with only a
few watts of driving power. It can be shifted
readily from one operating mode to another, to
suit the type of drive to be used, and it lends itself
nicely table-top style, requiring only a very small
exciter. In return, it exacts a price in the form of
rather critical adjustment for optimum results, and
the need fof neutralization. Its power-supply and
metering requirements are fairly complex.

The grounded-grid amplifier can be quite simple
in regard to circuit, construction and operation.
Triodes work well, simplifying power-supply prob-
lems through elimination of the screen supply
needed with tetrodes. Efficiency tends to be lower,
but some of the driver power appears in the
amplifier output. Neutralization is not ordinarily
required. If the driving power is available, the
grounded-grid amplifier is logical for increasing
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Fig. 5-7 — Loading effect of input and output capacitances in single-ended circuits limits their use at
higher frequencies in the vhf range. In the push-pull cireuit, right, these strays and also the tuning
capacitances are in series across the tuned circuits, permitting use of a given tube type at much higher

frequencies.

power, at least on SO MHz. At 144 MHz and
higher, drive is lidely to be more of a problem, and
tubes designed for grounded-grid service are mostly
types that do not perform well much above 100
MHz.

The tetrode grounded-cathode amplifier is cur-
rently almost standard procedure for 144, 220, and
420 MHz. Above 1000 MHz, the trend reverts to
grounded-grid, mainly because tubes available are
coaxial uhf types designed especially for this
application. The 2C39A, and its later version, the
3CX100AS, are widely used in medium-power
grounded-grid service in the 1215-MHz band.

Single-ended, Parallel or Push-Pull?

On lower bands use of two or more tubes in
parallel is almost standard practice. Often it is less
expensive to use several small tubes in parallel than
one larger one of the same total power capability.
Parallel is preferred to push-pull in hf transmitters
mainly because of its simpler circuitry and ready
adaptability to bandswitching. Where tube and
stray circuit capacitances do not represent a large
percentage of the total, parallel connection of
tubes is entirely satisfactory.

Looking at Fig. 5-7A, we can see readily why
paralle]l operation is not practical for the higher vhf
bands, using conventional tubes and circuits. The
tube input and output capacitances, Cy and Cp,
shown in broken lines, are in parallel with the
tuning capacitors, C1 and C2, across the tuned
circuits. Suppose we select a pair of good vhf tubes
like the 4CX250B. This tube’s input capacitance is
16 pF. Thus, in circuit A we have 32 pF, plus the
minimum of Cl, plus unavoidable circuit capaci-
tances, all in parallel across L1. Output capacitance
is 4.4 pF, so the plate circuit has 8.8 pF in Cp, plus

(a)

the minimum of C2 and circuit stray capacitance,
across L2. Obviously it will not be possible to
resonate conventional tuned grid and plate circuits
at 144 MHz and higher, with tubes connected in
parallel, even when they are types designed for vhf
service.

In the push-pull circuit B, the input capaci-
tances are in series across the tuned circuit. So are
the two halves of the split-stator tuning capacitor,
Cl. The effective total capacitance across the tuned
circuit will be about one fourth that of the paraliel
connection. The same is true in the plate circuit.
It can be seen that our chances for reasonably good
vhf circuit efficiency are vastly better with push-
pull than with parallel.

With single-tube amplifiers the parallel effect of
the tube and circuit capacitance still prevails, but it
is not nearly so bad as with two or more tubes in
parallel. Most single-ended amplifiers for the higher
bands employ tank circuits which permit direct
connection to the tube element or socket tab, with
no leads in the usual sense. Coaxial lines or
flat-strip tank circuits are preferred, especially for
higher-power amplifiers. Even with the lowest
possible capacitance, rf circulating current will run
very high in a vhf amplifier, so low dc and If
resistance is of utmost importancee. Large con-
ductors have the added advantage of helping to
dissipate heat developed in the tube elements.

Because of their compact construction and
short leads, power transistors work well in parallel
up through 150 MHz, at least. It is also possible to
use certain vhf and uhf tubes in parallel, with
properly-designed strip-line circuits. This requires a
complete break with conventional coil-and-
capacitor concepts, as practical examples seen in
later chapters will demonstrate.

& e

(8}

Fig. 5-8 — Basic functions of.tuning and impedance matching are performed equally well in the
pi-network, A, and inductively coupled output circuit, B. Choice in single-band vhf amplifiers is
mainly a matter of convenience in a particular design. *
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Pi-Network or Inductive Coupling?

The pi-network tank circuit, Fig. 5-8A, is
popular for transmitter use, largely because of its
adaptability to band-switching amplifiers. In single-
band vhf designs there may be little choice
between it and the inductively coupled circuit,
5-8B. The output circuit of an amplifier has two
basic functions: to tune the stage to the desired
frequency, and to act as a matching device between
the stages high output impedance and the low-
impedance load. In the pi-network the tuning and
loading capacitors, C1 and C2, serve these pur-
poses. With inductively coupled circuits, either the
single-ended, 5-8B, or push-puli, 5-7B, the coil and
the output coupling loop comprise the matching
transformer. The two circuits work equally well,
and choice between them can be dictated by
adaptability to the particular amplifier being built.

Coils or Lines?

On lower frequencies the fact that any capaci-
tor has some inductance and any coil some
capacitance can be neglected in most circuit-design
work, for these “strays” are too small to have any
significant effect. At frequencies in the upper vhf
range they become all-important. Connecting leads,
which at lower frequencies merely join coils and
capacitors, may, in a vhf circuit, have more
inductance than the “coil™ itself. Similarly, leads
within tubes and sockets may become appreciable
portions of a wavelength. Unavoidable capacitance
in rf circuits also severely restricts the upper limit
of frequency for satisfactory vhf amplifier per-
formance.

At 50 MHz these factors are not insurmount-
able, if care is used in laying out amplifier stages.
Single-ended or push-pull circuits such as Fig.
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59A still work well if tubes and components
designed for vhf service are used. Conventional
circuitry may serve at 144 and even 220 MHz with
suitable tubes, but in general the usefulness of
coil-and-capacitor circuits is limited above 100
MHz.

Transmission-line adaptations of conventional
tuned circuits, 5-9B, extend the range and improve
performance as we reach frequencies where we
“run out of coil” with the circuits at the left. In
the push-pull version, the inductance L1 may take
the form of a U-shaped loop, or it can be a pair of
copper pipes, 1/8 to 1 inch or more in diameter,
with an adjustable shorting device at the end away
from the tubes to adjust the total inductance in the
circuit. The single-ended version below it can be
grounded at the left end, if a blocking capacitor is
used at the grid, and the resistor R1 is connected
from grid to ground. The effective electrical length
of L1 can be made variable by use of a sliding
contact.

With either circuit of B the upper limit of
frequency is reached when C1 is removed and the
ground point is moved up to the grid terminal. In
practice, the limit is reached when there is no
longer enough exposed circuit to permit effective
coupling. We then can go to the circuits of C. The
rf grid voltage Eg, is shown by the curve above
each set of circuits. In A and B the zero-voltage
point is at the center tap or bypassed end of L1, or
at the left end of the line. If minimum rf voltage
occurs close to the tube, the line can be extended a
quarter wavelength to the left, and the tuning
capacitance connected across the left end. The
whole circuit, including tube and tuning capaci-
tance, now becomes an electrical half wavelength
of line, loaded capacitively by the tube at one end
and C1 at the other.
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Fig. 5-9 — Evolution of the tuned circuit in vhf amplifiers. Canventional coil-and-capacitor tuning, A,
becomes a quarter-wave line circuit in B. A half-wave circuit is shown at C. Each has a progressively
higher upper useful frequency limit for a given type of tube, whether single-ended or push-pull design,

is used.
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Multiband Amplifier Circuits
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Fig. 5-10 — Simple tricks for achieving multiband capability in vhf circuits. The 144-MHz tine, L1,
becomes merely a lead or pair of leads when the 50-MHz circuit, L2, is plugged in at the point of

lowest rf voltage.

The bias resistors R1 and R2 should be con-
nected at the point of lowest if voltage in C. This
can be determined by feeding rf power into the
circuit and touching L1 with a lead pencil or
insulated metal object, until the point is found
where there is no reaction on the circuit.

The half-wave line circuit will extend the useful
frequency range well above the maximum obtain-
able with quarter-wave or coil-and-capacitor cir-
cuits. Though a grid circuit is shown in the
examples of Fig. 5-9, the principle is equally
applicable to plate circuits. The next steps after
this, coaxial and cavity circuits, will be discussed in
our uhf chapter.

Muitiband Amplifier Circuits

Though conventional bandswitching and plug-in
coil arrangements are ineffective at 144 Mhz and
higher frequencies, it is possible to build multiband
tank circuits for vhf transmitters. Simple adapt-
ations of the plug-in coil idea are shown in Fig.
5-10A. Here a 144-MHz circuit, L1, is completed
by plugging in a shorting bar at the end of the line.
To use the circuit on 50 MHz or even lower
frequencies, we plug in a suitable coil, L2. This
general idea was used effectively in the plate circuit
of a 4-65A amplifier for 28, 50, and 144 MHz
described some years ago in (ST3and the Hand-
book.4

A similar principle is applied to half-wave lines
in B. Again the 144-MHz half-wave line, L1,
becomes merely the “‘leads™ between the S0-MHz
coil, L2, and the tuning capacitor. Remembering

Fig. 5-11 — Typical neutralization circuits for vhf
amplifiers. The circuit at A is used with triodes and
most other amplifiers, with C1 coupling energy
from the plate circuit back to the grid in the
proper phase to cancel feedback through the tube.
Circuits B and C may be needed with tetrodes,
when the frequency is above that at which the tube
is inherently neutralized. The variable capacitor C1
in circuit C is adjusted to provide a low-impedance
path from screen to ground at the operating
frequency.

that the connection on a half-wave line is made at
the point of lowest rf voltage, where it has no
effect on the operation of the line, we realize that
the 50-MHz circuit of B can even be permanently
connected. This has been done many tines in both

AMP.
144 Mc.

144 Mc.
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Fig. 5-12 — Parasitic
suppression meth-
ods for vhf ampli-
fiers. In circuit A,
for 6-meter opera-
tion, Z1 is 3 or 4
turns of No. 14
wire, wound on a
100-ohm 2-watt

noninductive resis-
tor. Z1 tends to
overheat in other

than low-power cir-
cuits, so circuit B is

(8)

144-148 Mc.
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manufactured and home-built gear for SO and 144
MHz, and it can be adapted to line tank circuits for
still higher frequencies.

Some critical problems are involved in turning
this trick for 50 and 144 MHz, especially when
both the grid and plate circuits of an amplifier are
operated in this way. Because of the nearly
third-harmonic relationship, considerable care must
be exercised in proportioning the tank circuits to
prevent radiation of energy on unwanted frequen-
cies, or oscillation troubles due to unwanted
resonances in the grid and plate circuits. An
example of a design in which these potential
troubles were avoided was shown in an amplifier
by WQIC in QST.5

By thinking in terms of the job to be done,
rather than of the way such tasks have been
handled in the past, it is often possible to come up
with solutions that are unique to the vhf field. A
grid circuit tuning both 144 and 220 MHz made
possible an efficient transmitter for these bands, in
which only the plate circuit was changed. A/

more practical for
high power. The
windings of Z2 are
determined by ex-
periment, usually 2
turns of No. 14, side
by side on a resistor
like thatin A, tuned
to the parasitic fre-
quency by capacitor
C. Parasitics in cir-
cuit C are damped
out with 56-ohm re-
sistors bridged a-
cross portions of the
plate leads, to give
loading at the para-
sitic frequency. The
transistor amplifier,
D, is bypassed for
both If and vhf, to
discourage feedback
in both parts of the
spectrum.

220 Mc.

ouTPUT

v

completely removable plate circuit also brought
432 MHz into the picture, permitting use of the
stage as a doubler or tripler. This design by
WI1VLH appears in Edition 1 of this Manual.6

Stabilization

Most vhf amplifiers, other than the grounded-
grid variety, require neutralization if they are to be
satisfactorily stable. This is particularly true of
AB1 amplifiers, which are characterized by very
high power sensitivity. An example of conventional
neutralization is shown in Fig. 5-11A.

A tetrode tube has some frequency where it is
inherently neutralized. This is likely to be in the
lower part of the vhf region, for tubes designed for
hf service. Neutralization of the opposite sensc
may be required in such amplifiers, as in the
example shown in Fig. 5-11B.

Conventional screen bypassing methods may be
ineffective in the vhf range. Series-tuning the
screen to ground, as in 5-11C, may be useful in this
situation. A critical combination of fixed capaci-
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tance and lead length may accomplish the same
result. Neutralization of transistorized amplifiers is
not generally practical, at least where bipolar
transistors are used.

Parasitic oscillation can occur in vhf amplifiers,
and, as with hf circuits, the oscillation is usually at
a frequency considerably higher than the operating
frequency, and it cannot be neutralized out.
Usually it is damped out by methods illustrated in
Fig. 5-12. Circuits A and B are commonly used in
6-meter transmitters. Circuit A may absorb suffi-
cient fundamental energy to burn up in all but
low-power transmitters. A better approach is to use
the selective circuit illustrated at B. The circuit is
coupled to the plate tank circuit and tuned to the
parasitic frequency. Since a minimum amount of
the fundamental energy will be absorbed by the
trap, heating should no longer be a problem.

At 144 MHz and higher, it is difficult to
construct a parasitic choke that will not be
resonant at or near the operating frequency.
Should uhf parasitics occur, an effective cure can
often be realized by shunting a 56-ohm 1-watt
resistor across a small section of the plate end of
the tuned circuit as shown in Fig. 5-12, at C. The
resistor should be attached as near the plate
connector as practical. Such a trap can often be
constructed by bridging the resistor across a
portion of the flexible strap-connector that is used
in some transmitters to join the anode fitting to
the plate-tank inductor.

Instability in solid-state vhf and uhf amplifiers
can often be traced to oscillations in the if and hf
regions. Because the gain of the transistors is very
high at the lower frequencies, instability is almost
certain to occur unless proper bypassing and
decoupling of stages is carried out. Low-frequency
oscillation can usually be cured by selecting a
bypass-capacitor value that is effective at the
frequency of oscillation and connecting it in
parallel with the vhf bypass capacitor in the same
part of the circuit. It is not unusual, for example,
to employ a 0.1-MF disk ceramic in parallel with'a
.001-uF disk capacitor in such circuits as the
emitter, base, or collector return. The actual values
used will depend upon the frequencies involved.
This technique is shown in Fig. 5-12D.

Wide-Band FM with Simple Gear

Wide-band fm is very easily achieved with any
transmitter that is VFO-controlled, using methods
described in Chapter 6, Fig. 6-13 and associated
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text. Bandwidth comparable to that employed in
entertainment-type fm broadcasting relaxes trans-
mitter stability problems. Even a simple modu-
lated-oscillator transmitter can be made to deliver
good-quality fm, if the power supply is well-
filtered and some provision is made to keep the
deviation within the limits a 100-MHz fm
broadcast receiver will accept. The stability of the
modulated oscillator is not sufficient for use in
heavily-occupied bands, but the simple approach is
logical for the 420-MHz experimenter.

Equipment of elementary simplicity for use in
the 220-MHz band described and demonstrated by
WI1CTW years ago7 is still potentially useful.

The author of this book demonstrated an even
simpler arrangement for 420-MHz work at many
radio clubs and conventions. A little 6J6 oscillator
was modulated by a 6AQ5 audio stage.8 With
speech input held so low that the modulation
percentage was only about S per cent, the signal
could be received with quite satisfactory quality
with a simple tunable converter and an fm broad-
cast receiver. The signals sound more like a
buzz-saw than speech, when picked up on a
selective communications receiver, but with wide-
band fm detection they can be above reproach. We
have plenty of room for them above 220.5 MHz,
and in the low part of our 420-MHz band.
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Chapter 6

Vhf Exciters and Amplifiers

As was done with the subject of receiving in
two previous chapters, we are covering transmitter
design, adjustment and operation in detail in one
chapter, and practical examples in another. In the
descriptive items to follow, explanatory material
and adjustment procedure will be held to the
minimum necessary for adequate coverage of each
unit described. The reader is urged to examine
Chapter 5 thoroughly before embarking on the
construction of equipment to be described here.

This section will deal mainly with the rf
portions of transmitters of the oscillator-multiplier
type. Where items are coordinated in design with
Units that appear elsewhere in the book, the

items will be pointed out. Power
modulation equipment are seldom
these usually follow practice that
changes only slightly over periods of many years.
The reader is referred to appropriate sections of
the ARRL Handbook for details of accessories that
are needed in these fields.

Some mention of the 420-MHz band will be
found herein, despite the designation of 30 to 300
MHz semantically as ‘‘vhf.” Where the design
techniques involved are truly uhf in nature, items
for the 420-MHz band will be found in the chapter
dealing with uhf and microwaves, later in the book.

companion
supplies and
included, as

FREQUENCY CONTROL

Most transmitters of the oscillator-multiplier
type in this book are shown with crystal control.
Though being able to move around at will is
becoming almost as important in vhf work as on
lower bands, the fact remains that many variable
frequency-control Systems presently in use above
50 MHz are far from satisfactory, except when
heterodyning methods replace frequency multipli-
cation. In the case of 50 MHz operation, some are
downright illegal. From 144 MHz up we are not
required by law to transmit stable signals, but self
Tespect and consideration for others dictate that
we keep our signals above reproach, regardiess of
frequency.

This is not easy when continously-variable
frequency control is used, especially at 144 MHz
and higher. A VFO that sounds good enough in the
8-MHz region may be only fair at its 6th harmonic
in the 50-MHz band. At the 18th harmonic, 144
MHz, it very likely will be unacceptable to the

critical ear. By the time we multiply 54 times, to
432 MHz, even average crystal control is not good
enough for narrow-band work.

There are two solutions: heterodyning, which
duplicates the fundamental-frequency stability on
a higher frequency, and very special attention to
the stability problem in oscillators that are to be
followed by one or more frequency multipliers. An
example of the latter approach is detailed below.

A VXO FOR 50 THROUGH 450 MHz

Crystal control has many advantages. By the
very nature of the quartz crystal, the frequency of
a crystal oscillator is maintained very close to the
desired spot. The effects of heating (expansion and
contraction of the oscillating device and its circuit
elements), mechanical vibration and variations in
supply voltages are greatly reduced, in comparison
with these effects in any self-controlled oscillator.

Fig. 61 — A vxo espec-
ially for vhf use. Calibra-
tion on the front panel is
for a favorite crystal used
for cw work on 144 and
432 MHz, Crystal sockets
at the lower Jeft are
mounted on insulating
material, to reduce circuit
Capacitance to the lowest
possible value. Frequency
variation per crystal de-
pends on which socket is
used. Pointer knobs are for
the output plate circuit
and the spotting and power
switches.

The vernier dial is a
National type AM.
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Fig. 6-2 — Schematic diagram and parts information for the VXO and power supply. Unless specified,
resistors are 1/2 watt. Decimal values of capacitance are in UF; others in pF. Capacitors with polarity
marked are electrotytic. Terminal strips J6 and J7 may be omitted and connections made directly
where the power supply is built in. Pin 4 of J7 permits use of the supply for other purposes.

C1 — 100-pF persection splitstator variable
{(Hammarlund HFD100). 50 pF per section also
usable.

C2, C3 — 50-pF miniature variable {Hammarlund
HF-50). Higher =~ maximum  capacitance
{HF-100) may be used. Grounded-rotor type
preferred.

J1 — Crystal socket for 0.05-inch pins, spaced
0.487 inch.

J2, J3 — Crystal socket for 0.095-inch pins, spaced
0.487 inch.

J4 — 2-terminal barrier strip. Omit if fm is not to
be used. Remove jumper when fm is connected.

J5 — Coaxial receptacle.

J6 — 3-terminal barrier strip.

J7 — 4-terminal barrier strip.

L1 — 16-24-uH, iron siug, ceramic form (Miller
4507).

But even with crystal control, the fundamental
requirements must be met if we are to have highly
stable control of frequency. These become more
stringent as the order of frequency multiplication
is increased.

It is possible to ‘‘pull” the frequency of a
crystal oscillator a small amount in several ways. A
mechanical method is described in a later chapter,
but it is adapted to use only with pressure-
mounted crystals. Controlled voltage variation
causes some shift, but is usually associated with
large changes in output. Adding capacitance across
the crystal works well with some crystals, and the
swing with a given amount of capacity change can
be increased by adding inductance in series with
the crystal. (See previous chapter.) The frequency
change with these methods (as with any other) is

L2 — 24-35UuH, iron slug, ceramic form (Miller
4508).

L3 — 3.5-uH, 21 turns No. 24 tinned, 1/2-inch dia,
32 tp.e.

L4 — 3 turns like L3, spaced 1 turn from it. Make
both from single piece of B&W Miniductor No.
3004.

L5 — Same as L3, but tapped at 3 turns. Coax
from L5 to P2 may be any convenient length.

P1 — 300-chm line plug.

P2 — Coaxial cable fitting.

RFC1 — 750-uH rf choke.

RFC2 — 1.0 mH rf choke.

S1 — Spst switch.

S§2 — Spst switch. (See text).

T1 — Power transformer capable of delivering 200
to 250 volts dc at 50 mA through filter, 6.3
volts ac at 1 A, and 5 volts ac at 3 A.

limited by the amount of instability you are willing
to accept.

The variable crystal oscillator (VXO) shown in
Figs. 6-1 through 6-4 allows the operator a choice
of variable capacitance alone, or in conjunction
with a series coil. Furthermore, the amount of
inductance in series with the crystal, and con-
sequently the frequency shift obtained by rotating
the variable capacitor, can be adjusted to suit the
builder’s desires. Since temperature variation is the
principal cause of drift in crystal oscillators, this
one is run at low input, and drift is held to a very
small amount, even from a cold start. The oscilla-
tor runs continously, so there is no heating and
cooling cycle effect in transmitting.

With just variable capacitance (no series coil)
the maximum usable swing is roughly 4.5 kHz at 6
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MHz, or 6 kHz at 8 MHz, for crystals in the small
metal hermetically-sealed holders. FT-243s and
other pressure-mounted crystals having high holder
capacitance may swing quite a bit less. There is a
certain total capacitance at which each crystal goes
out of oscillation, and it varies markedly from one
to another, depending on crystal activity and
mounting methods.

The 6000-kHz crystal shown plugged into the
VXO in Fig. 6-1 covers 432.24 to 432.0 MHz and
144.08 to 144.0, without use of the series coil.
This gives all the coverage usually needed for
weak-signal cw work in these two bands, but the
oscillation frequency goes lower than 6000 kHz,
and if the crystal had been a shade higher
frequency it would have been more useful for
144-MHz service. About 6001 or 6002 would have
been ideal. Available swing is mainly on the low
side of the marked frequency.

With the series coil, L1 in Fig. 6-2, about three
times as much variation is possible without serious
degrading of the stability. A range of 100 kHz at
50 MHz and 300 kHz at 144 is average for 6- or
8-MHz crystals. Rubberiness varies considerably
from one crystal to the next, with the series coil
and without it. One ordinary FT-243 surplus
crystal at 8.38 MHz was adjustable over an
operating-frequency range of 50.34 to nearly 50.0
MHz, but this is exceptional. The need for variable
control is confined mainly to narrow high-activity
segments of the vhf bands, so a few selected
crystals will do the job for most vhf operators.
Random crystals for other parts of the bands need
not be swingers, ordinarily.

Operation on 220 or 420 is almost always
channeled to one narrow segment per band, and
this is handled easily with one crystal per band.
Usually one crystal will serve for both 144 and
432, for use in the parts of these bands where high
stability is most desirable. Use of the series coil is
not recommended above the 144-MHz band.

Circuit Details

The oscillator, V1, is a 6AKS, but almost any
small receiving rf pentode will do. The basic VXO
idea can also be used with transistor oscillators.

VHF EXCITERS AND AMPLIFIERS

The frequency is pulled by the split-stator capaci-
tor, C1, connected between plate and screen. The
oscillator plate voltage is regulated 150. Input is
held to about 3 mA, combined plate and screen, so
this oscillator is not going to move much unless
you move it with Cl. An 1f choke is used in the
plate circuit, instead of a resonant coil, as tuning
here would pull the frequency.

To build up the low oscillator output to a
usable level, and to provide isolation, a buffer
amplifier follows, using the pentode section of a
6U8, V2A. This tube was selected because it has
the lowest grid-plate capacitance of any dual tube
of the pentode-triode class. The triode portion
V2B, is a multiplier, the output frequency depend-
ing on the crystals used. Provision is made for
covering 12 to 26 MHz with C2L3. The plate
circuit of the pentode amplifier is broadly tuned,
and an intermediate setting of the slug in L2 can be
found that will permit use of either 6- or 8-MHz
crystals in the oscillator. The plate circuit of the
multiplier may then be tuned to the second, third,
or fourth harmonic of 6 MHz or to the second or
third of 8 MHz. Which output frequency you use
may depend on the type of circuit into which the
VXO works. More on this later.

Construction

Mechanical layout of the oscillator portion was
dictated by the need to keep circuit capacitance to
a minimum. The lower the total capacitance in the
circuit, the higher the frequency will go with C1 at
minimum, and the wider swing you’ll achieve per
crystal. This rules out crystal switching, though if
convenience outranks crystal economy in your
objectives, switching can be used. Crystal sockets
are mounted on a Plexiglas insert in the front
panel, instead of directly on the metal. The tuning
capacitor is shimmed up an extra quarter inch
above the chassis, to hold down its minimum
capacitance, and 1f leads through the chassis have
half-inch clearance holes. Any one of these steps
yields little, but combined they net quite a bit
more coverage at 432 MHz. This dividend is at the
low-C end of the range of C1, where oscillator
stability is at its best.

' Fig. 6-3 — Interior view of
~ the VXO. The oscillator
tube is at the right. The
power supply, shown here

a8 a separate assembly,
could be built on the same
chassis with the rf circuits,

if the constructor wishes.
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Fig. 64 —
Bottom of
the VXO.
The osciliator
components
are at the
right, the am-
plifier and
multiplier
stages near
the center,
and the pow-
er supply at
the left.

Three crystai sockets, J1, J2, and J3, are wired
so that a crystal may be plugged into the circuit
either with or without the series coil. Two differ-
ent types of sockets in parallel, J1 and J2, permit
small-pin or large-pin crystals to be plugged into
the high-stability low-swing portion of the circuit.
Use a wider variety of sockets if your crystal stock
requires it, though each one adds a little capaci-
tance.

Any crystal you plug into this circuit will
oscillate on its fundamental, including those in-
tended for overtone operation. Most crystals above
12 MHz are overtone types, the third overtone
being used up to about 54 MHz. A crystal marked
for 24 MHz will oscillate near 8 MHz, but not
necessarily at exactly one-third the marked fre-
quency. If you’re ordering crystals especially for
this purpose, we recommend 6 to 6.5 MHz, which
will cover 50 to 52 MHz, 144 to 148, 220 to 225,
and 432 to 450 MHz. The output frequency would
then be, preferably, 12 to 13 MHz, as this will
allow the crystal oscillator stage of most vhf
transmitters to work as a frequency multiplier
when driven by the VXO. Use of 8-MHz crystals
and 24-MHz VXO output is usually satisfactory
where the first stage in the transmitter proper is a
pentode, but triodes may self-oscillate, unless
operated as multipliers.

Coupling to the Transmitter

The coupling system shown in Figs. 6-5 and 66
is not the simplest way of hooking the VXO to a
transmitter, but it has certain advantages. Low-
impedance coupling terminated in the tuned cir-

Fig. 6-5 — Coupling assembly to be used for
plugging into the exciter driven by the VXO.
Components are L5, C3, and P1, of Fig. 6-2. The
tuned circuit covers 12 to 26 MHz. A larger
variable capacitor may be used to make the value
of L5 less critical, if desired.
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cuit, L5C3, permits use of any convenient separa-
tion between the VXO and the transmitter. Rf
from the plug, P1, can be fed into the transmitter
in several ways. Some experimenting may be
needed with your setup, but typical circuits are
shown in Fig. 6-6.

Triode Overtone Oscillators. Don’t try to plug
directly into the crystal socket without modifying
the circuit. Mounting an extra socket, J2 in Fig.
6-6A, allows you to return to direct crystal control
at will, yet gives optimum transfer of power from
the VXO. Remove the -regular crystal from J1
when the VXO is used, of course. With the
capacitive feedback circuit, Fig. 6-6B, the 50-pF
capacitor should be shorted out, and the VXO
output fed to J1.

Pentode Oscillators. The pentode crystal oscilla-
tor circuit used in many vhf transmitters should
have its cathode rf choke shorted by means of a
switch. Plugging into the crystal socket may work
with such circuits, unmodified, but more reliable
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Fig. 6-6 — Modifications of various crystal oscillator circuits for VXO drive. J1 is the original crystal
socket. J2, where required, is an additional socket, for VXO input. A and B are typical triode overtone
oscillators. C is a popular pentode oscillator. Two options are shown for C. To convert the oscillator to
a multiplier stage, close S1 and S2 and feed drive into J1. The oscillator may be disabled by opening

§2, in which case drive is fed to J2.

operation is likely when the cathode is grounded
for rf, as with S1 in Fig. 6-6C.

Another possibility in working into an existing
transmitter is to disable the transmitter crystal
oscillator, and couple into the grid of the second
stage from the VXO. Opening the screen or B-plus
lead of the first stage, as is done with S2 in Fig.
6-6C, is handy for this, and a crystal socket may be
connected to the grid of the second stage, as shown
by J2 in Fig. 6-6C. Here again, reversion to
standard crystal control is easy.

Simplification is possible when the VXO is built
directly into a transmitter designed for it. Here, the
output of the isolation amplifier will be sufficient
to drive a frequency multiplier to 24 MHz, so one
stage is saved compared with the system wherein
the VXO is used to work into the crystal oscillator
stage of a transmitter designed for 6-, 8, or
24-MHz crystals. But don’t skip the buffer ampli-
fier; its functions are vital.

Operation

For maximum stability, particularly in
432-MHz cw work, it is well to leave the VXO on
continously during an operation period, and prefer-
ably warm it up a few minutes before going on the
air. This way there is almost no frequency change,
except those deliberately made by moving C1.

3
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Refinements in the spotting technique can be
made to suit the operator’s preference, though the
circuit is useful as shown. With power applied to
the amplifier and multiplier through S2, the signal
is just plainly audible on 432 MHz, when the
heaters are on in the rest of the transmitter. It is
stronger progressively on each lower band, but the
signal from the oscillator alone is inaudible, even
on 50 MHz. If you make a practice of zeroing the
other fellow’s frequency most of the time you may
want to install a small relay, actuated by your main
transmitter control, in parallel with S2. Then leave
the switch in the open position normally, closing it
only for spotting purposes. A spring-return substi-
tute for S2 may be desirable in this case.

The series coil, L1, is adjusted by the core stud
seen on the front panel, just to the right of the
crystal sockets. Moving the core into the coil raises
its inductance and increases the swing per crystal.
Some practice with various crystals will be needed
before you know just what to expect from each
one. The coil comes into play only when the
crystal is plugged into J3. Instability increases with
inductance, and also with increasing capacitance in
Cl. Listen to the note critically, and check for
mechanical effects when the unit is jarred. Don’t
push your luck, or expect to swish all over the
band with one crystal, even though you’ll find one
now and then that will make this possible.

Generating FM

Frequency modulation of the VXO is easily
done. A small audio voltage applied to the screen
at J4 will give good-quality narrow-band fm on 220
MHz and higher, even with the high-stability
oscillator arrangement. For 50- and 144-MHz work
it may be necessary to use the series-coil circuit to
get enough deviation for good audio recovery at
the receiving end. All that is needed in the way of
audio equipment is a microphone transformer, a
flashlight cell and a carbon microphone. Remove
the jumper shown across J1 in Fig. 6-2, of course.

A topnotch nfm signal can be generated with a
very simple audio amplifier having a limiter, and a

Fig. 6-7 — Transistor VFO for vhf use. Tuning
range is about 8 to 8.42 MHz as described.
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Fig. 6-8 — Interior of the transistor VFO. The
oscillator portion is buiit on a circuit board. The
amplifier stage is close to the rear wali.

good microphone. Swinging the frequency with a
varactor diode across C1 offers interesting possibil-
ities, and somewhat more deviation than is possible
with the screen-modulation method. Varactor-
-diode modulation is shown in the 220-MHz
transmitter later in this chapter. For more on fm,
see Chapters 10-12.

TRANSISTOR VFO FOR THE VHF BANDS

Sources of hum in variable-frequency oscillators
using tubes (ac used on tube heater circuits, and
inadequate filtering of the plate supply) can be
eliminated with a transistor oscillator. Some other
instability problems are more readily solved with
transistors than with tubes. With a battery supply,
frequency changes due to voltage fluctuation are
nil. Drift cycles resulting from heating and cooling
of the oscillator and its circuit components are
greatly reduced in good transistor VFO design.

This is not to say that the transistor is a cure-all
for VFO problems, but with proper attention to
basic principles of oscillator design a reasonably
good VFO using transistors can be made at
moderate cost. An etched circuit board takes care
of most vibration problems. The transistor should
run far below its rated dissipation, to hold down
heat cycling, and preferably run continuously
during an operating period. The VFO should be in
a position as free of external heat changes as
possible. The oscillator should be isolated from the
rest of the transmitter with suitable buffer and
multiplier stages.

These points were considered in the design of
the VFO unit shown in Fig. 6-7. Its transistor
oscillator tunes 8.0 to about 8.42 MHz, or enough
to cover the entire 144- and 220-MHz bands, and
the 50-MHz band from the low end to about 50.5
MHz. More coverage can be included with a larger
capacitor for C6. The oscillator input is less than
40 milliwatts, so there is little heating and warmup

Fig. 69 — Schematic diagram and parts infor-

mation for the 8-MHz VFO unit. Parts not des-

cribed below are numbered for identification in

text. Where not otherwise indicated, capacitor

values are in picofarads {pF or Uuf). Those across

tuned circuits are dipped-mica.

C6 — 15-pF variable {Millen 22015). For more
tuning range use |arger vaiue.

C7 — 8- to 50-pF neg. temp. coef. ceramic trimmer
{Centraiab N-650).

J1, J2 — phono jack.

L1 — 3-uH slug-tuned coil: 13 turns No. 22 on
3/8-inch ironslug form (Miller 42A336CBI,

with 2 turns removed).

L2 — 1.3-uH slug-tuned coil: 14 turns No. 26 on
1/4-inch iron-slug form (Miiler 4502).

L3 — 2 turns No. 26, wound over low end of L2.

CR1 — 9-volt Zener diode.

P1 — Phono plug. Short out if no spotting switch is
used.

S1 — Remote spotting switch, any type.
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drift, and this can be corrected by adjusting the
temperature<ompensating padder across the tuned
circuit. A buffer-amplifier provides some isolation,
and builds up the output up to permit operation
with most vhf transmitters having crystalcon-
trolled oscillators that multiply into the
24-25-MHz range.

Construction
The VFO is built in a box 3 inches square and 5
1/4 inches long. This was made to fit the job, and
is not difficult to duplicate, but standard cases of
something like this shape and size could be
substituted, as there is nothing sacred about the
layout. Tuning is by means of a small imported
vernier dial, the knob of which was replaced with a
larger one, in the interest of smooth control. The
front panel is 3 1/2 by 3 1/4 inches in size,
fastened to the case with bolts passing through
11/16-inch metal sleeves. These were filed down

from their original 3/4-inch length.
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Fig. 6-10 — Bottom of the transistor VFO assem-
bly. The oscillator circuit board assembly mounts
over a 2-3/4-inch round hole. Power feedthrough
bushings are in upper right corner,

Almost any hf or vhf transistors may be used.
The circuit board is designed so that either p-n-p or
n-p-n can be accommodated, and there is no

Case p-n-p types are shown. RCA 2N1177s were
also tried. A zener diode, CR1, shown in the circuit
diagram, does not appear in the photographs. This
is used to regulate the supply voltage if other than

battery the Zener can be omitted, and the pOsitive
voltage applied directly to the junction of R2, R3,
and R4,

Adjustment and Use

Make certain that all circuits are wired correct-
ly, then apply voltage, It would be well to check
the current drawn, which will be about 10 mA at
12 volts and 7 to 8 mA with 9 volts. Of this, about

can be checked roughly with a Wavemeter, or the
signal can be monitored on a receiver. A well-
calibrated recejver tuning the 8-MH; range is
handy, but not Recessary. The signal can be heard
in your 50- or 144-MH2z receiver, if the VFO is

text. A shielded 8-MHz coupling unit is shown in
Fig. 6-12,

To calibrate the oscillator, turn Capacitor C6 to
all-in, and adjust the core slug in L1 so that the
frequency is approximately 8000 kHz. This will
be heard at the low end of the 144-MHz band, if
You are listening there, It may be necessary to run
a link from J1 to the 144-MHz receiver input, if
You are not driving the transmitter at this time.

5
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Frequency Modulating the Transistor VFO

Fig. 612 — Coupling assembly, for plugging into a
transmitter crystal socket. Tuned circuit is similar
to that shown in Fig. 6-2, except L5 has 24 turns.
Interior appearance is similar to Fig. 6-5.

A drift check should next be made. Be sure that
the receiver is not drifting, then turn the VFO on
and note the drift for the next two minutes or so.
If it is appreciable, it can be reduced by proper
setting of the compensating trimmer, C7. Move the
trimmer a few degrees either way, and reset the
core slug so that the signal is again heard at 8 MHz.
Check the drift cycle again. If there is less drift this
time, from a cold start, you moved the trimmer in
the right direction. If there is more, move the
trimmer about as far in the opposite direction,
reset the slug, and try again. A combination will be
found eventually where the temperature-compen-
sating qualities of the trimmer will almost exactly
nullify the effect of the slight transistor warm-up
drift. The temperature compensation, is really just
a refinement. the stability of the oscillator is quite
good without compensation, if you don’t mind
letting it run for 10 minutes or so before using it.
It's not bad, even from a cold start.

A dummy load for the amplifier can be made
with a 2-volt 60-mA pilot lamp, wired to a phono
plug and inserted in J1. It will just glow when the
amplifier output circuit is peaked, indicating an
output of 30 to 40 milliwatts. This is enough
to drive any of the common crystal oscillator
circuits, if the coupling system of Fig. 6-2 is used.
For an 8-MHz circuit, LS in Fig. 6-2 should have
24 turns.

The simple bipolar transistor buffer stage does
not afford a high degree of isolation. There will be
an appreciable frequency change as the coupling
circuit is adjusted, but the stability in actual use is
fairly good. This is not a device for working close
to the band edge, however. Play safe, and be sure
that you know where you are.

This VFO was tested on 50 and 144 MHz with
the “Two-Band Station™ transmitters described in
earlier editions of this Manual.l These were modi-
fied by installing a switch that shorts out the rf
choke in the cathode circuit. See Fig. 6-6. The
VFO works well with the 220-MHz transmitter
described latter in this chapter, if the oscillator
circuit of this unit is modified in a similar manner.
It drove a Clegg 22-er nicely when the coupling

1 “Two-Band Station for the VHF Beginner,”
ST, July thxoug) October 1961. Complete
reprint available om ARRL Newington, CT
06111, price 50 cents. Al components were
described in previous editions of this Manual

Fig. 6-13 — Basic circuit of a varactor diode
modulator for generating fm with the VFO of Fig.
6-9. Values of R1 and R2 can be adjusted to give
the bias required for the varicap diode in use.
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Fig. 6-12, was plugged into the crystal socket. In
each instance the note quality was acceptable, and
there is substantially no frequency modulation.
Drift is no more than some crystal-controlled
transmitters show at comparable frequencies. Sta-
bility does not approach that of the VXO just
described, but it is better than many VFO units
currently heard on the vhf bands.

Frequency Modulating the Transistor VFO

Noting that only about 12 pF of capacitance
change is required to tune the VFO just described
over an operating-frequency range of nearly 500
kHz at 8 MHz, it can be seen that frequency
modulating it enough for present-day vhf fm
communication would require only a tiny capaci-
tance change across the tuned circuit. It was found
by experiment that changing the capacitance across
the buffer circuit, L2, with a varicap diode could
pull the oscillator frequency adequately, and with
reasonable stability and linearity.

A speech amplifier and limiter similar to that
shown with the 220-MHz fm-cw transmitter ot Fig.
6-26 was used, with the varicap diode connected
through a small capacitor to. the VFO amplifier
collector circuit. An RCA Integrated Circuit Kit
audio amplifier and tone oscillator, KC4003, was
also used as an audio voltage source.

As a matter of convenience, the jack J2 in Fig.
6-9 was used for the audio voltage input. The diode

12v

AUDIO 'V‘F TO Ll ORL2
IN >—_I-{ Fig6-9
I
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D SPEECH VFO+ DIODE Fig. 8-14 — Typical example
AMP, Teoa i of a heterodyne-type exciter,
2 CLASS-A TO POWER L &

MOSFET AMP o—=AMRS50-505 Giving 500-kHz tuning ranges
MIXER 100 MW OR52.5-53 in two bands. Stability and
T ose L deviation in the fm signal are
45.0 MHZ established in the VFO, tuning
KEY 7.5 to 8 MHz. The first ampli-
fier can be keyed for cw.
50.0-50.5 OR
I 52.5-53 MHZ
CLASS-A TO POWER AMP,
P:fl‘?(EERT AMP. | 144 -144.5 OR 146.5-147 MHZ
100 mw FHM OR CW
94 MHz
XTAL 0SC-
DOUBLER
47-94 .

and associated components were mounted under
the chassis in the open area visible in Fig. 6-10. The
added circuitry is shown in Fig. 6-13. R1 and R2
can be adjusted to give the bias value recom-
mended for the varactor diode being used. This is
not critical, and anything from 1 to 3 volts worked
satisfactorily with several low-capacitance varicap
diodes tried in this application. Only a fraction of a
volt of audio is needed, when the VFO output
frequency is being multiplied.

If operation is to be attempted in the parts of
the 6- and 2-meter bands where fixed channels are
in vogue, it is recommended that the oscillator be
run continously, so that when the desired frequen-
cy is zeroed the VFO frequency will remain
constant. The stability should be more than ade-
quate to meet the fairly stringent requirements of
this kind of communication, if this is done. (See
Chapter 10.) The deviation should be adjusted so
that the signal is of good quality when slope-
detected on a communications receiver having
average a-m selectivity. (Do not use a broad
receiver such as is common in small a-m trans-
ceivers for this check.)

Heterodyne FM-CW Exciter

The upper portion of the system shown in Fig.
6-14 has been tried in mock-up form, working with
both fm and a-m stations. The VFOQ circuit was
tuned down by means of the core in L1 so that the
coverage is roughly 7.5 to 8 MHz. The deviation
can be adjusted by listening in this range, as there
is no increase in deviation or instability when the
signal is heterodyned to the operating frequency.
The mixer is a MOSFET, with the variable oscilla-

tor fed into Gate 1 and a crystal oscillator of
suitable frequency fed into Gate 2. The sum
frequency is a 500-kHz tunable range, depending
on the crystal selected, 50.0 to 50.5 or 52.5 to
53.0 MHz. A Class-A amplifier using any small-
signal vhf amplifier transistor builds the mixer
output up to usable level.

The 500-kHz ranges in the 50-MHz band thus
produced can be heterodyned to similar ranges in
the 144-MHz band, using another mixer and a
crystal oscillator-multiplier with 94-MHz output.
Additional crystals can be used in either crystal
oscillator for more ranges. Adding crystals is
preferable to increasing the VFO tuning range, for
obvious mechanical and stability reasons.

The voltage applied to the first mixer, or to
either Class-A amplifier, can be keyed for cw
operation. Amplifier keying is probably the better,
as the mixer has some small output, even with
voltage removed, if both oscillators are left run-
ning. Keying of the oscillators results in inevitable
chirp problems. Amplifier keying is excellent; there
is no frequency pulling and no backwave.

The upper poruon of the system has been used
on the air, as shown, for local work, and as a driver
for the tetrode amplifier of Fig, 6-38, which
resulted in about 50 watts output. Results in both
narrow- and wide-band fm work were very good,
and the cw signal is excellent. The setup delivers up
to 100 mW on 50 MHz, with about 100 mA drain
at 12 volts. Many contacts have been made in the
portion of the 50-MHz band where a-m phone is
still widely used. Zeroing any frequency, for
communication with a-m or fm stations, is easily
done if a communications receiver is used. The
key-up condition in the Class-A amplifier leaves

100K 150K
Vka 150
15-8MHZ 40673
82, G2 [}
oy, It % 50 -50.5 OR
(T = 20 525-53Mnz
gt 27 100kS> 33K AMP
425 oR < 180 o1
45 MHz ,I A Tl
Fig. 6-15 — Circuit of the MOS.
4 100 FET mixer used in the hetero-
dyne exciter shown in block-

GATE PROTECTED

diagram form in Fig. 6-14. A
Class-A amplifier is added to bring
output up to usable level,
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just about enough signal for spotting purposes,
ordinarily.

The all-transistor 2-meter portion has not been
tried, but the S0-MHz stages have been used with
the heterodyne exciter described in Chapter 7,
with equally good signal quality and zeroing ability
in the 2-meter band. If we are to have tunable fm
exciters that meet the stability requirements of
channelized fm on the vhf bands, there is little
doubt that the heterodyne approach is the logical
way to do the job. It is good enough for ssb, which
is much more critical as to stability than is fm.
Though fixedchannel fm has many advantages,
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and should be encouraged for mobile and repeater
work, a tunable approach to fm communication is
surely a “must,” if we are to make the most of the
home-station potential of this mode.

Further steps in the direction of versatility
immediately suggest themselves to operators fam-
iliar with ssb transverters. The output of a sideband
exciter in the 7-MHz range could be substituted for
the fm input to the mixer, to develop vhf ssb with
the mixer and crystal oscillators as shown. The
VFO accessory could be eliminated entirely, if a
varactor fm system were added to the tunable
oscillator in the ssb rig.

VHF TRANSMITTER DESIGN AND PACKAGING

The amateur about to begin assembling a vhf
station is frequently confused by the choice of
transistors, tubes, circuits, operating modes and
equipment packaging available to him. Having been
exposed to the “station in a box™ approach now so
common on lower amateur frequencies, he may
feel that he wants a similar one-package station for
his vhf work. This is certainly convenient, espec-
ially if he plans to take ham radio with him on his
travels, but it is by no means the most versatile
way to set up a home station.

Many vhf operators do not build stations for
the sole purpose of talking to people. We like to
try different circuits, methods, and modes. We
look forward to gradual building-up and refine-
ment of our stations, as time, experience and
financial resources permit. With some planning,
today’s low-powered transmitter becomes to-
morrow’s exciter. If it is a separate unit, it can still
serve for portable work.

There is much to be said for subassembly
design, even if the eventual objective is the
containment of the whole station in one unit. Most
equipment described in this book is worked out
along these lines. Even the two complete medium-

powered rf units for 144 and 220 MHz are laid out
so that the exciter and amplifier can be built and
operated separately, if desired, though they go
together in standard 17-inch-wide packages.

Use of circuit boards facilitates design by
subassembly, permitting a compact end result
without sacrificing easy modification. But metal-
plate and chassis methods need not be considered
obsolete, as the continuing popularity of many
“old but good” designs demonstrates. A classic
example of the long-life potential of sound sub-
assembly design is seen in the still-extensive use of
components of the “Two-Band Station for the
VHF Beginner,” featured in QST more than a
decade ago, but still going strong in reprint form,
despite its all-tube format,l Its transmitter units
are still good for the man who wants an effective
a-m and cw rig of simple design and moderate cost.

Another all-tube transmitter set for SO and 144
MHz is available from QST and recent editions of
the ARRL Handbook.2 It provides somewhat more
power than the 10-watters of Reference 1, and is
complete with power and audio equipment.

2 “50-Watt Transmitters for 6 and 2, Radxo
Amateur’s Handbook, Editions 44 thxough

A MEDIUM-POWERED 144-MHz TRANSMITTER

Jhe transmitter of Figs. 6-16 through 6-23 was
built in the ARRL Laboratory, specifically for the
Headquarters Station, W1AW. Some aspects of its
design may be slightly different from those the
average vhf man would build into his station, but
anyone wanting an efficient and reliable 144-MHz
transmitter should find it of interest. The exciter
and final amplifier are built on separate standard-
sized chassis, and either may be used with other
suitable equipment. The exciter makes a fine
low-powered rf unit by itself. and the amplifier will

Fig. 6-16 — The 500-watt 144-MHz transmitter is
built in separate assemblies using standard chassis
sizes, yet it can be mounted on a standard 19-inch
rack panel. The exciter, left, may also be used as a
low-powered transmitter, capable of up to 10 watts
output. Amplifier, right, has built-in bias supply.
Its simple strip-line plate circuit is enclosed in a
removable cover.
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work well with any exciter capable of delivering
over 5 watts output. Combined, the two units
mount on a standard rack panel, making a compact
if section capable of delivering 300 watts output
on ¢w and 200 watts a-m phone.

There is much to be said for a 500-watt level as
the maximum power input for a vhf station.
Overall cost and com®lexity are far lower than
when the full legal power is used, and the
difference in signal at a distant point is no more
than barely noticeable. The economic advantage
gained, in staying below 500 watts input is particu-
larly marked when a-m phone is the most-used
mode of operation.

Exciter Design

The exciter is designed to permit shifting
frequency over most of the band without extensive
retuning. If the stages are peaked near the middle
of a two-megahertz range normally used, very little
readjustment of the exciter will be required. Even
in moving from one end of the band to the other,
only repeaking of the tripler and amplifier tuning
capacitors will be needed. The tubes run at a
conservative level, to assure trouble-free operation
in the continuous nightly service encountered in
bulletin and code-practice transmissions from the
Headquarters station. Double-tuned inductively-
coupled circuits throughout give the desired band-
pass response, but with selectivity sufficient to
attentuate unwanted multiples of the oscillator
frequency that might go through to the amplifier
and be radiated if simpler circuits were used.

There are three dual tubes in the exciter. The
oscillator and multiplier stages are 6AR11 dual
pentodes, and the output stage is a 6360 dual
tetrode. A 6CX8 or similar pentode-triode could be
substituted for the 6AR11 oscillator-tripler-
doubler with only minor circuit changes. A 6360 is
usable for the push-pull tripler, if the Compactrons
are hard to come by. The oscillator, V1A, is set up

VHF EXCITERS AND AMPLIFIERS

for 8-MHz crystals, though fundamental crystals at
6 or 12 MHz will also work. The switch S1 selects
one of five crystals. One position may be used for
VFO input of the switch S2 (not in the original
unit) is incorporated to short out the cathode rf
choke, RFC1.

The oscillator plate circuit multiplies to 24
MHz. Its plate coil, L1, is inductively coupled to
the following grid circuit, L2, and the coupling is
increased by the link, L3. The second pentode of
V1 doubles to 48 MHz. Its plate circuit and the
grid circuit of the push-pull tripler, V2, are also
linkcoupled. The tripler plate circuit and the grid
circuit of the 144-MHz amplifier, V3, are induct-
ively coupled. Amplifier output is taken off
through a series-tuned link to 2 coaxial fitting on
the rear wall of the exciter chassis.

Grid current in the tripler or amplifier stages
can be measured by connecting a low-range milli-
ammeter between the exposed terminal of C3 or
CS5 and the chassis. This is helpful in initial
adjustment, and for trouble shooting, if needed.

The Final Amplifier

It is desirable that a transmitter be capable of
running at moderate power, particularly in vhf
work, where about 50 watts output is adequate for
most communication. The external-anode type of
vhf tetrode fits this need admirably, as it will run
efficiently at inputs of 100 watts or less, yet it can
be pushed up to 500 watts with complete safety.

The 4CX250R shown can be replaced with
any tube of this family. Many builders will want to
use the 4X150A, which can be found on the
surplus market at attractive prices. It will work
equally well, except for slightly reduced ratings.
The socket specified takes the 4X150A, 4X250B,
and 4CX250B and R. With a suitable socket, and
possible modification of the grid circuit to take
care of differing input capacitances, any of the
many tubes of this general type can be used.

Fig. 617 — Rear
view of the com-
plete transmitter,
with amplifier shield
removed.
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Fig. 6-18 — Interior view of the 144-MHz exciter. The oscillator portion is at the left. Note that all
stages are inductively coupled, for maximum protection against spurious frequencies in the output.

The amplifier tank circuits are made from
flashing copper, a readily-available material that
can be cut and bent without special tools. Details
of the grid inductance, L12, and the plate line,
L13, are given in Fig. 6-23. Many plate circuits
were made and tested to derive the shape of L13.
These included copper pipes from 1/8 to 1 inch in
diameter, and copper strips of several widths and
configurations. The plate circuit was operated as a
pi-network, as well as in the inductively coupled
form shown here. When optimum L/C ratio was
achieved (tuning to the desired frequency range
with the lowest usable capacitance) there was no
essential difference in results, so the convenient
and safe grounded tank shown was adopted.

Power Circuits

Only two external power supplies are needed
for the rf portion of the transmitter: one delivering
250 volts dc at about 150 mA, and a high-voltage
supply giving anything up to 2000 volts at 300
mA. Control of the ac voltage input to the
final-stage plate transformer by means of a Variac
or Powerstat is an excellent way of adjusting the
transmitter power level to the needs of the
moment. A bias supply for the amplifier is built in.
The single 250-volt source handles the exciter
stages and final amplifier screen. It should have
good regulation. The oscillator screen voltage
should be regulated if the transmitter is to be used

Fig. 6-19 — The amplifier plate circuit is mainly a
piece of flashing copper. it is grounded for dc,
making for safety in operation and ease of con-
struction. Tuning is by means of a disk capacitor
on a brass leadscrew, right. Plate voltage is
shunt-fed through the rf choke, upper right.

for cw, or if the ultimate in oscillator stability is
wanted. Otherwise Pins 1 and 3 of the power plug,
P2, can be connected together.

The 4-pin fittings on the exciter and amplifier,
J5 and J6, are wired so that meters for the final
grid and screen current can be connected exter-
nally. The meters are not in the photographs, as
they are mounted on a separate panel in the W1AW
setup.

The filament transformers T1 and T2 con-
nected back-to-back give isolation from the ac line
for the bias supply, and take care of the heaters of
the transmitter. The blower motor, Bl, comes on
whenever the primary of T1 is energized. The
switch S4 is connected externally and does not
appear in the photographs.

The exciter heaters should be operated at 6.3
volts, but the amplifier tube should run at 6.0, plus
or minus 5 percent. With today’s line voltages
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Fig. 6-22 — Hoje layout for _[ _ R _ [ ’

the exciter chassis. Hole sizes 2172 \'_F—-"/‘ﬂ‘-"""j —L s 0 N PR
are A—1/8 inch, B-—1/4 inch, B _ _ _ A i A _ ia

C—~3/4 inch, angd D—-1 inch. —-lkﬁf—l'——f—liﬁ A A T z"/“
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doubler plate and tripler grid coils, L4 and LS, are
1ated at 6,3 volts may give as much as 7. This is between V1 and V2. Al are slug-tuned. The

certainly does no harm. Because the choke func- extension shafts ang couplings.
tion is not critical, the wire size and/or number of Liberal use js made of tie-point strips for
turns can be varied to give 6.0 volts at the 4CX250 mounting small parts, where they are not con-

accuracy; vacuum-tube voltmeters are notoriously bypassing in circuits up through 48 My,, The
inaccurate on ac readings. The choke was not in 144-MH2 circuits (except the heater circuit of V3)
place when the pictures were made, It is mounted yse button-mica or ceramic feedthrough Capacitors,
alongside the tube socket, directly in the air stream g disk ceramics are unreliable at this and higher
from the cooling fan, so heating is no problem with frequencies. During initia} testing of the exciter
wire sizes as small 5 No. 28. instability in the output stage was traced to the
Modulation of the transmitter for voice or tone presence of rf in the heater circuits, The heater
(the latter is used in W1AW bulletin and code- bypass on Pins 4 and 5 of V3,a 100-pF ceramic of
practice transmissions) requires an external audio the “dogbone™ variety, with 1/4-inch leads, js
unit of at least 150 Watts output. The audio choke, series-resonant in the 144-MHz region. This turned
L1s, connected in the screen lead, is shorted by S3  out to be a simple and effective way of getting the
when cw of fm is used, Maximum plate voltage is heater down to ground potential for rf, and thus
2000 for cw and 1500 for a-m, but the amplifier ~ stabilizing the 6360 stage.
works well with voltages as low a5 750. High Heater leads are made with shielded wire. All
Voltage is brought in on a separate fitting, J8. A power Jeads can be made this way, though it is not
similar fitting, 17, inverted alongside the amplifier mandatory. Heater voltage for the exciter is
tube, is used to terminate the high-voltage feed to brought through the side wal from the trans-

the shunt plate choke, RFC3, former, T1, in the amplifier compartment on a
. i feed-through capacitor, C20. Plate Power comes in
Building the Exciter via the 4-pin connectors JS and P2, which have

: : ; Separate terminals for the oscillator screen, so that
Layout of Patts in the exciter sh_ou!d be fairly this element can be supplied with regulated voltage

sions for drilling the top surface of the § by 10 by if desired.

3-inch chassis are given in Fig. 6-22, The builder will Adjustment
do well to check his components for minor The exciter should be tested with no more than
variations before going aheaq with the drilling 250 volts from the supply. Less can be used, ang

Controls on the front wall of the chassis at the the builder can play safe by inserting a 5000-0hm
left are the crystal selector, S1, lower, and the  10-wart resistor in series with the voltage source
6360 plate capacitor, C9, above jt. In the middle is temporarily. This wil prevent tube damage in case

The tubes, V1, V2, and V3, are lined up back frequencies s available fox" receiving. The note
to front in that order. The oscillator Plate and  should be a pure crystal tone, and the frequency

doubler grid coils, L1 and L2, are beside vi. The  should vary little or none as .} is tuned. The valug g
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of Cl1 may require change for some inactive
crystals, though ordinarily the 10 pF specified will
be satisfactory.

An If indicator is now needed. This can take
many forms. A 2-volt 60-mA pilot lamp with a
1/2-inch diameter loop soldered across it can be
hung over the end of L1, and the core position
adjusted for maximum lamp brilliance. A grid-dip
meter in the output-indicating position may be
coupled to L1 for this test. The latter is preferred,
since it provides a check on the frequency of the
output, which should be in the 24-MHz region,
three times the crystal frequency.

A high-resistance voitmeter or vtvm can be used
to measure relative grid voltage at the cold end of
L2. A simple wavemeter (see Fig. 14-3) may be
used to check the approximate frequency, as the
grid voltage will dip sharply as the wavemeter is
tuned through the oscillator output frequency.
Tune the cores in L1 and L2 for maximum drive to
V1B.

Now apply plate and screen voltage to V1B,
and check similarly for 48-MHz output. Any of the
above methods may be used, and in addition we
have provision for measuring tripler grid current
built into the exciter. Connect a low-range milli-
ammeter from the exposed terminal of C3 to
ground, and tune all core studs for maximum grid
current. This should be about 1 mA, though more
is fine if you can get it. Check with a wavemeter to
be sure that the energy in L4 and LS is on the 6th
harmonic of the 8-MHz crystal, and on no other
frequency.

Next connect the meter from the exposed
terminal of CS and ground, and apply plate and
screen voltage to V2. Tune C8 for maximum
amplifier grid current, which should be around 2
mA. Check with a wavemeter to be sure that the
drive is on the 18th harmonic of the 8-MHz crystal
frequency. A check on the need for neutralization,
if any, should now be made. Tune the piate circuit
of V3 slowly through resonance while watching the
amplifier grid current. There should be no drop in
grid current as this is done. A downward flicker
would indicate feedback, which would require
neutralization. This is easily done with a 6360 by
soldering 1/2-inch pieces of insulated wire to the
grid terminals, Pins 1 and 3. Bend the ends until

they are adjacent to the plate terminals, 6 and 8,
respectively, adjusting their position until the
change in grid current as the plate circuit is tuned
is eliminated. Normally the 6360 does not require
neutralization, and the exciter shown here was
completely stable without it, after the heater
bypass capacitor, C19, was installed.

Now apply plate and screen voltage to the
6360, and connect a dummy load to J2, preferably
through a power-indicating SWR bridge. Adjust C9
and C10 for maximum power output, which
should be 6 to 8 watts, with a 250-volt supply.
Now, using a crystal frequency near the middle of
the range over which you will normally operate,
tune all adjustments through C8 for maximum
amplifier grid current, and C9 and C10 for best
output.

It will be seen that input to the 6ARI1
pentodes runs only about the rated plate dissi-
pation for the tubes. This makes for long tube life
and trouble-free operation. The 6360 also operates
conservatively, yet its output is adequate to drive
the final amplifier. The exciter may also be used as
a low-powered transmitter, and it is weli-adapted
to portable work, since its total drain is only a
littte over 100 mA at 250 volts. The output stage
can be modulated with 6 to 10 watts of audio, or
keyed in J1 for cw work.

Amplifier Construction

The final stage is built on a 10 by 12 by 3-inch
aluminum chassis, which when fastened to the S by
10-inch exciter makes a complete 10 by 17-inch
assembly that can be rack mounted. Our photo-
graphs were made before the panel was added, in
the interest of clarity. The construction is ex-
tremely simple, and with the drawings of the grid
and plate inductances, Fig. 6-23, the builder should
have little trouble in duplicating the original.
Arrangement of parts, other than in the rf circuits,
is not important,

The Eimac SK-620A socket has a shield ring
enclosing the screen contacts, a feature that may
contribute to the exceptional stability of this
amplifier. Other air-system sockets leave the screen
ring of the tube exposed, and this has been a factor
in neutralizing problems encountered with various
external-anode tubes of the 150-250 series in the
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Fig. 6-23 — Details of the grid and plate induc-
tances. The material is flashing copper, though
brass or copper of heavier gauge may be used.
Silver plating is optional. Approximate positions of
coupling loops are shown in broken lines.
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past. The push-pull amplifier for 144 MHz des-
cribed elsewhere in this chapter required shield
plates alongside the tube sockets, in order to
achieve complete stability. Neutralization of this
amplifier, if needed, is described at the end of this
section.

The grid circuit is a short strap of copper, with
its main portion about one inch away from the
chassis. One end is supported on a button-mica
capacitor, C13, and the other on the grid terminal
of the tube socket. The input coupling loop, L11,
is supported on a tie-point strip adjacent to the
grid line, the loop extending underneath the
copper strip.

The main portion of the plate line and the
stationary plate of C15 are a single piece of
flashing copper. This is fastened directly to the
chassis at the left* end, as viewed in Fig. 6-19. Plate
voltage is shunt-fed through RFC3 to the tube
anode. A copper strap wrapped around the anode
supports the blocking capacitor, C16, which is
bolted to both the plate strap and the plate
inductance, L13. At the grounded end of L13 may
be seen the series capacitor, C17, and the output
coupling loop, L14. The nature of C16 is impor-
tant. It must be a transmitting-ty pe capacitor,
capable of withstanding heat, high rf current, and
high voltage. The TV-type “doorknob” capacitor
often used for this purpose on lower frequencies is
definitely not recommended for 144-MHz service.

When the amplifier was placed in service at
WIAW it was found that vibration of the plate line
caused by the blower motor was a source of
operational difficulties, so a ceramic standoff was
mounted near the middle of L13, to support it
more rigidly on the chassis. We silver-plated all the
plate line components, but measurements made
carefully before and after show only a perceptible
improvement from the plating,

The movable plate of C15§ is a 2 1/4-inch
aluminum disk mounted on a 1/4-20 brass lead
screw. A matching nut soldered to a copper plate is
bolted to an aluminum bracket to provide a
bearing and electrical ground. When the panel is in
place a tension spring can be added extemally, by
slipping it over the brass screw.

The shunt-feed rf choke, RFC3, may be seen in
a horizontal position beside the tube, level with the
top of the anode. Its back end is connected to a
high-voltage feedthrough, J7. Under the chassis the
matching portion of J7 is connected to a similar
fitting, J8, on the back wall of the chassis, by
means of coax used in lieu of high-voltage shielded
wire. Another run of coax connects the output
fitting, J4, with the hot end of the output coupling
loop, L14.

The shield cover for the amplifier is a standard
7 by 12-inch chassis, notched to pass the shafts of
C15 and C17, and held in place by wing nuts atop
six 3 1/2-inch 6-32 threaded brass rods. These are
fastened at the comers, and at the midpoint of
each long side, with hex nuts above and below the
main chassis surface. If you do your own metal-
work you may be able to make a better shielded
plate line than this; the dimensions of ours were
dictated by available chassis sizes. The main chassis
was polished with émery paper and steel wool
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along the surface that makes contact with the
cover. Good electrical contact is important here,
and also at the grounded end of the plate line. The
folded-over end of L13 is clamped to the chassis
with a metal strip and two screws and nuts.

For effective cooling with a smaul blower it
is important that there be very low air leakage out
of the main chassis, except up through the tube
socket. To this end, the holes in the corners of the
chassis, the overlaps at the comers, and all holes
made in mounting the various parts were sealed
with plastic cement, A screened hole in the top
cover allows the warm air to flow out of the plate
compartment directly over the tube. A tight-fitting
bottom cover is important for good cooling,
perhaps more than for shielding,

The built-in bias supply, the audio choke in the
screen lead, and the various components other than
those in the If circuits can be placed almost
anywhere that suits the builder’s fancy.

Firing Up

The first step in placing the amplifier in service
is to check the grid circuit, Input coupling is best
adjusted with a standing-wave bridge connected in
the line between J2 and J3. A milliammeter should
be between terminals 3 and 4 of Pl1, to read
amplifier grid current. The object now is to obtain
optimum coupling into the amplifier,

Apply power to the exciter, which also acti-
vates the amplifier bias supply. Leave the screen
meter disconnected for the present, so that there
will be no voltage on the amplifier screen. Adjust
the exciter tuning and loading for maximum
amplifier grid current. Now adjust C11 and C12 for
minimum reflected power on the SWR bridge. If
this is not zero, try various positions of L11 with
respect to L12, readjusting their capacitors each
time for lowest reflected power. The best power
transfer between exciter and amplifier will occur at
this point.

Adjust the bias control so that the amplifier
grid current is 10 mA or less, and apply plate and
screen voltage to the amplifier. Be sure that the
amplifier is loaded at all times, to prevent excessive
screen current. Satisfactory operation should be
possible with plate voltages as low as 700, with 250
volts on the screen. If lower plate voltage is used
for initial testing, the screen voltage should be
dropped also, to keep screen current below about

adjusted so that power is being delivered to the
load. Tube damage is more likely to develop from
excessive screen dissipation than from anything
that can happen to the plate in normal service, so
keep a close watch on the SCreen meter, and be
sure that dissipation is kept below 10 watts.

Adjust the position of L14 with respect to L13
for maximum output, readjusting the tuning and
loading capacitors, C15 and C1 7, with each change
in coupling. The tuning and the position of the
coupling loop will change with various plate
voltages, so final adjustment should be made with
the plate voltage at the point where maximum
efficiency is desired. If an accurate bridge or
wattmeter is available, it should indicate operating
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efficiency in excess of 65 percent. Power output
well over 300 watts was measured at 2000 volts,
and 200 watts at 1500 volts, with inputs of 500
and 300 watts, respectively.

The amplifier can be run under a wide range of
plate and screen voltages, bias and driving power,
so long as none of the maximum ratings for the
various elements is exceeded. With fixed screen
supply, best efficiency will be obtained by juggling
the grid bias, checking output meanwhile. Keep the
final plate current below 250 mA and the screen
current under 30. Screen current will be progres-
sively lower as the plate voltage is raised, and may
even go negative at plate voltages above 1000 or so,
particularly with low drive. If a separate variable
screen supply is used, there may be some advantage
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in using voltages above 250, so long as the screen
dissipation is kept low.

Neutralization can be added, if necessary, as
follows: A feed-through bushing (National TPB) is
mounted under L13, so that it projects through the
chassis under L12. A loop of wire about 1/2 inch
on a side is connected from the bushing rod to the
chassis, under L12. A brass capacitor plate about
1/2 x 1 inch is soldered to the top, under L13.
Vary the position of the loop with respect to L12,
and the plate with respect to L13, to achieve
minimum rf feedthrough, with the exciter running
and the amplifier having only heater voltage
applied. Check with a sensitive rf indicator coupled
to J3.

A 500-WATT FM AND CW TRANSMITTER FOR 220 MHZ

The 220-MHz transmitter of Fig. 6-24 was
designed and built by R. B. Stevens, WIQW1J, and
was first described in May 1969 QST. It is capable
of 300 watts output, cw or fm, or the exciter
portion can be used alone to deliver approximately
8 watts output.

The RF Circuits

Looking at the schematic diagram, Fig. 6-26, it
will be seen that the first three stages of the
transmitter look very much like any vhf trans-
mitter using vacuum tubes. A conventional 6CL6
crystal oscillator, V1, uses 6-, 8-, or 12-MHz
crystals, multiplying in its plate circuit to 24 MHz
(12-MHz crystals should be the fundamental type.)
A 6BQS, V2, triples to 73 MHz, and drives a 2E26
amplifier, V3, straight-through on this frequency.
A variable capacitor, C6, across the crystal, permits
a small adjustment of the frequency.

A varactor tripler, driven by the 2E26, is used
to get up to 220. Requiring no power supply of its
own, it is capable of more than enough power
output at 220 to drive the 500-watt amplifier.

The output of a varactor multiplier contains
harmonics other than the desired one, so a strip-line
filter is connected between the varactor output and
the final amplifier grid circuit. The filter is a
separate assembly mounted on the end of the
chassis, visible in two of the photographs. Full
details of the filter may be found in any edition of
this Manual.

The final amplifier is a 4CX250 series external-
anode tube, with a coaxial tank circuit. The B
version is used here, but the R and F types have
the same mechanical design.

The coaxial plate circuit follows a standard
design. Such a tank has extremely high Q, and the
heavy copper (or brass) construction offers con-
siderable heat sinking. Probably its only disadvan-
tage is the necessity for feeding the high voltage in

Fig. 6-25 — Rear view of the 220-MHz transmitter.
The exciter stages are on a circuit board in the
foreground. Chassis at the right side houses the
varactor tripler and the amplifier grid circuit. Air
blows into this compartment and out through the
center conductor of the coaxial platecircuit assem-
bly.

Fig. 6-24 — The 220-MHz transmitter is set up for
rack mounting on 8-3/4-inch panel. Meters at the
left can be switched to read driver plate, amplifier
screen and amplifier plate currents, and amplifier
plate voltage.

through some kind of f bypassing device. This and
the other mechanical features of a good coaxial
tank are not readily made with the simpler tools.
Details of the assembly are given in Fig. 6-30.

The final grid circuit, visible in Fig. 6-32 along
with the varactor multiplier and the strip-line filter,
is a half-wave strip-line. The fan blows cooling air
into the grid compartment, up through the
4CX250 socket, and out through the end of the
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Fig. 6-27 — Circuit of the varactor multiplier, 73 to 220 MHz.

C11,C13,C14,C16 — 15-pF miniature variable
(Johnson 160-107). Rotor of C11 must be
insulated from chassis.

C12 — 20-pF miniature
160-110).

C15 — 5-pF ceramic.

L5 — 8 turns No. 16, 1/2-inch dia, 7/8-inch long.

variable (Johnson

tank assembly, by way of the hollow inner
conductor, L10. The coaxial output fitting, J6, the
coupling loop, L11, and its series capacitor, C21,
are mounted on a small detachable plate bent to fit
the curvature of the coaxial assembly, and
mounted near the outer end. The varactor tripler is
built into the top of the amplifier grid assembly, as
seen in Fig. 6-32, above the final grid circuit and
the strip-line filter.

Generating the Frequency Modulation

Where only a small swing at the control
frequency is needed, as in a vhf or uhf transmitter
having a high order of frequency multiplication,
the modulation can be applied very easily. A
voltage-variable capacitor, CR1, changes capaci-
tance in relation to the audio voltage applied across

AMP

L6 — 4 turns No. 16, 1/2-inch dia, 1/2-inch long.

L7 — 3 turns No. 16, 3/8-inch dia, 3/8-inch long.

L8 — 3 turns No. 16, 3/8-inch dia, 3/8-inch long,
tapped at 1 turn from grounded end.

CR8 - Varactor diode (Amperex H4A/1N488S5).

J3, J4 — BNC fitting.

it, and this changing capacitance is used to “pull”
the frequency of the crystal oscillator slightly. A
good 8-MHz crystal can be pulled up to 600 Hz in
this way, depending on the values of C1 and C6 in
Fig. 6-26. With 27 times frequency multiplication
this gives a maximum deviation in excess of 16 kHz
at the operating frequency, close to the optimum
for some of the fm receivers currently in use in
fixed-frequency service on 6 and 2. Lesser devia-
tion, for work with communications receivers,
most of them having about a 3-kHz bandwidth
today, is merely a matter of applying less audio.

Adjustment and Operation

This is not intended to be a beginner’s project,
so detailed discussion of the mechanical layout will
be omitted. The mechanical arrangement of the
components could be altered to suit one’s own

Fig. 6-28 — Schematic diagram and parts informa-
tion for the 220-MHz final amplifier. Decimal val-
ues gf capacitance are in microfarads (UF); others
in pF,

C17 — 20-pF miniature variable
160-110). Stator supports end of L9.

C18 — 15-pF silver-mica.

C19 — Capacitor built into socket assembly {John-
son 124-109-1 socket, with 124-113-1 bypass
ring and 124-111-1 chimney).

C20 — Disk-type tuning capacitor; see Fig. 6-30.

C21 — 15-pF miniature variable (Johnson
160-107).

{Johnson

—0=~30V BIAS

C22 — Builtin bypass capacitor; see Fig. 6-30.

C23 — 500-pF 5-kV or more.

J6 — N-type fitting.

L9 — Brass strip, 1/16 X 3/8 X 6-1/2 inches. Bolts
to grid terminal on socket. Tap C18 7/8 inch
from grid.

L10 — Coaxial line inner conductor; see Fig. 6-30.

L11 — Output coupling locop made from 3-1/4
inches No. 16. Cover with insulating sleeving
and bend to 3/4 inch high and 1-3/4 inch long.
See Fig. 6-30.

RFC4, RFC5 — 0.84-uH rf choke (Ohmite Z-235).

J5 — BNC fitting.




100

requirements, since the complete transmitter is
made up of many subassemblies. Adjustment for
best results may be strange to anyone who has not
had expetience with varactor multipliers.

The first step is to get a good 52-ohm load. For
the present, it will have to handle a maximum of
about 10 watts. A good SWR bridge is also needed
for the tests. The first step is to adjust the exciter.
Procedure here is like that for any similar lineup of
tubes, but the 2E26 must be adjusted for optimum
results when working into a 52-ohm load. Once an
output of 10 to 12 watts is obtained in this way,

WAL

Zoia
i

AL A

€20

g tRASS

VHF EXCITERS AND AMPLIFIERS

=]

Fig. 6-29 — Circuit details of the built-in power
supplies for amplifier bias (lower) and speech
amplifier-modulator (upper} for the 220-MHz
transmitter. Capacitors with polarity marked are
electrolytic. All diodes are 200-volt PRV, 1 A, R1
and R2 are approximate values. Setect for 12 and
minus 50 volts output, respectively. Capacitance is
in microfarads.

leave the tuning of the 2E26 and preceding stages
alone thereafter.

Now connect the SWR bridge output to J3 of
the varactor multiplier, and tune C11 and C12 for
lowest SWR indication. Leave the 2E26 adjust-
ments alone.

Now connect a coaxial cable from J2 to J3, and
connect the bridge or wattmeter in a line from J4
to the dummy load. Adjust C13, C14, and C16 for
maximum output at 220 MHz. Adjustments in the
multiplier interlock, and several passes through all
adjustments may be needed for best output. But
remember that the 2E26 is set for a 52-ohm load.
Leave it alone, and make the multiplier adjust-

Fig. 6-30 — Details of the coaxiai-line plate circuit
of the 220-MHz transmitter.
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Fig. 6-31 — Looking
underneath the
chassis of the
220-MHz  transmit-
ter, we see the
speech amplifier
clipper at the upper
right, the exciter cir-
cuits across the bot-
tom, power supply
components at the

lower right, and
meter switching,
upper left

ments do the job. An indication of some 8 watts or
so of output should result in maximum grid
current in the final amplifier.

It is likely that getting enough grid current for
the 4CX250B will not be difficult, as the lineup
described gives more than ample drive. Up to 20
mA grid current has been obtained, but not this
much is needed. In fact, with fm or cw operation,
only a slight increase in efficiency is noted after
the drive is raised beyond the point where grid cur-
rent begins to flow.

Fig. 6-32 — Looking
into the amplifier
grid compartment.
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Adjustment of the coupling loop, L11, and the
loading capacitor, C21, will be fairly critical when
striving for the absolute maximum output. Follow-
ing the manufacturer’s recommendations as to
maximum plate voltage and current, 2000 volts at
250 mA, resulted in about 320 watts output.
Raising the plate curmrent to 300 mA, by increasing
the screen voltage, netted 400 watts output. Even
at this input the tube seemed to be operating well
and the tank circuit did not indicate excessive
heating.

The varactor tripler
is in the upper left

portion. Below the
compartment is the
220-MHz  strip-iine
filter,
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AN 829B AMPLIFIER FOR 144 MHz

The dual tetrode known variously as the 829,
829B and 3E29 has been a fixture on the vhf scene
for many years. Commonly available on the surplus
market since the end of Word War II, it is still one
of the better vhf amplifier tubes in the 100-watt
class. At surplus prices, it is also the cheapest.
Inclusion of a rather old 2-meter amplifier in the
first edition of this manual showed that there is
still a considerable interest in this tube, so this
modern version by W1CER, Figs. 6-33 to 6-37, is
presented here. It features complete shielding, a
recessed socket with shield ring, for isolation of the
grid and plate circuits, and a metal strap plate
circuit, for improved efficiency.

This amplifier was designed specifically for the
829-series tubes, but there are several other types
that could be used, with minor modification of the
design. The 5894 is a more efficient dual tetrode,
capable of somewhat more power than the 829,
and requiring less drive. Because of lower input and
output capacitances, it will require more induc-
tance in L2 and L3. The 832A, a smaller version of
the 829 taking lower power and less drive, is also
usable.

Construction

The amplifier is built on a 3 by 5 by 10-inch
aluminum chassis, with an aluminum cage on top,
9 1/2 inches long, 4 inches wide and 4 1/2 inches
high. Holes in the sides and rear of the top
compartment, at the tube end, allow for air
circulation. The cover is perforated aluminum,
permitting the heat to rise from the tube, as cool
air moves in from the side holes.

The 829B socket is an E. F. Johnson Type
122-101, designed for recessed mounting. Leads
from the socket terminals 1, 4, and 7 to ground are

3/8-inch wide strips of copper or brass, to reduce
lead inductance. The .001-uF. capacitors at Pins 3
and 5 are returned to Pin 4, using the shortest
possible leads. The grid coil, L2, is mounted
directly on the socket terminals, with the link, L1,
inserted between turns at the center. A 3-lug
terminal strip attached to the rear wall supports C1
and L1. A 5-terminal barrier strip on the outside
rear wall is used for power supply connections.

Coaxial connectors for input and output. are on
opposite sides of the rear of the chassis. A
UG-106/U shield hood covers the back of J2, to
isolate it from J1 and prevent stray coupling
between the input and output. The lead from J2 to
the feed-through terminal and the high-voltage lead
from the barrier strip to its terminal up front are
made with coaxial cable.

Details of the plate circuit assembly and top
enclosure are given in Fig. 6-37. The top edges of
the plate line, L3, are soldered the full length of
the stator posts of C2, for minimum stray induc-
tance at this point. The tuning capacitor is sup-
ported on a plastic mounting block, which has
narrow slots for L3. These can be cut in the plastic
with a keyhole saw, after drilling starting holes at
the top. See detail B. If Teflon of suitable
thickness is available, it would be ideal for this
support, as it is impervious to heat of the order
encountered here. Plexiglas and other clear plastics
are usable.

Teflon shafting would also be best for the rod
that is to run from C2 out through the front panel.
Wood dowelling is also suitable. Do not use metal
stock, as it would be closely-coupled to L3. The
rotor of C2 must be isolated from ground.

The low-impedance end of L3 is supported on a
l-inch ceramic pillar. Mount a No. 6 spade bolt at
the exact center of the U bend in L3, thread the
standoff onto this, and then bolt the bottom of the
insulator in place. The coupling loop, L4, is
supported on the stator post of C3 and the
feed-through bushing to which the coax to J2 is
connected, on the underside of the chassis. C3 is
on the front wall of the shield enclosure, so L4 is
soldered to it after the cover is in place.

The plate line was made of sheet brass, and
then silver plated. Flashing copper will work
equally well. If not plated, it should be polished
thoroughly, and then coated with clear lacquer to
reduce tarnishing. The lacquering should be done
only after the assembly job is complete. It will be
seen from detail C, Fig. 6-37, that there are two
strips of thinner stock bolted to the ends of the
stiff material of L3. Holes for these bolts should be
larger than needed, so that the line, the straps, and
the Fahnstock clips for the plate connections can
be assembled loosely at first, then tightcned in a

Fig. 6-33 — The 829-B amplifier, with its shietd
cover in place. Air circulation is provided by the
screened holes and cover. .
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Fig. 6-34 — Top of the amplifier chassis, as seen from the rear with the shield cage removed. The
output link with its black spaghetti tubing s just below the U-shaped plate tank inductor. The loading

control, C3, is mounted on the shield cage and is not shown here.

Fig. 6-35 — Looking into the bottom of the chassis. The feedthrough bushings for plate power and rf
output are at the left. Coax cable is used for the high voltage dc lead. Wide copper straps ground the
filament and cathode pins of the tube socket. A hood over the back of J2, lower right, helps isolate

the input from the output.
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position such that no strain in placed on the tube
plate pins. Be sure that the tube is seated properly
in the socket before the final tightening of the line
assembly.

Adjustment and Use

The amplifier may be driven in Class-C service
with any exciter delivering 3 to 10 watts output.
Operating conditions and maximum plate voltages
for cw, a-m, and ssb service are given below. The
829B works well at lower plate voltages, and is
often operated at about 400 to 450 volts in vhf
applications. The maximum plate current at 450
volts is 200 mA, and this amplifier delivers about
55 watts output this way. A suitable supply for
this voltage level can be made with a TV receiver
power transformer.

Many amateurs look for a linear amplifier that
can be used with the small a-m transmitters
commonly used in vhf communication. This ampli-
fier will operate as a linear, but unless the exciter is
very low-powered the step-up may not be attrac-
tive. Output in a-m linear service is no more than
half the maximum safe plate dissipation for the
tube used. This means that an 829B linear is
limited to about 15 watts output on a-m which
may be good enough for use with a 1l-watt
transistor rig, but not very attractive at higher
levels of exciter power. For more on linear
amplifiers, their uses and limitations, see the
preceding chapter, and “Tips on Linears” in this
one.

AMPLIFIER

144 ~ 149 Mc.
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u @
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Screen voltage should be regulated, in linear
service, either a-m or ssb. For cw, fm, or high-level
a-m, the screen can be supplied through a dropping
resistor from the plate voltage source. The value
will depend on many factors, but should be about
10,000 ohms at low plate voltages, rising to 35,000
at the high end of the range. Grid bias may also
vary, and it may be obtained from a bias supply, or
from a grid resistor (connected between RFC1 and
Terminal 3 of the barrier strip) or both. In ssb or
a-m linear service, it preferably should be regulated
and adjustable.

Any tetrode amplifier can be run under widely
varying conditions, so it can be adjusted to give
optimum results with the power supplies you may
have available, for modes of emission you are most
interested in. The “typical operating conditions™
listed in tube tables are guidelines, not laws, But
when the tables say ‘‘Maximum Ratings,” they mean
it.

To adjust the 829B amplfier, apply heater
voltage, and then connect the exciter to J1.
Connect a milliammeter between Terminals 3 and
5, and turn on the exciter, noting the grid current.
Adjust the position of L1 with respect to L2, and
the turn spacing of L2, for maximum grid current.
Now tune the plate circuit slowly through its
range, watching the grid current. There may be a
slight rise at resonance, but no downward dip. The
latter would indicate need for neutralization,
which was not required in this version. Grid
current should run 7 to 12 mA for Class-C service.

L; 144 - 148 Me.

T .
RFC,
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Cy=so

RFCy Cq T8,
001
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Fig. 6-36 — Schematic diagram of the 2-meter ampilifier

C1 — 27-pF silver mica.

C2 - 18 pF per section, butterfly variable (E. F.
Johnson 167-22 with 3 stator plates removed
from each side. Aiso, two rotor plates are
removed).

C3 — 50-pF variable {Millen 20050).

C4 — 0.001-uF transmitting ceramic {Centralab
858S).

C5, C6 — 0.001-uF 1000-volt disk.

J1, J2 — SO-239 connector.

L1 — 2 turns No. 22 insulated hookup wire in
center of L2.

L2 — 5 turns No. 20 tinned wire, 5/16-inch
diameter 1/2 inch long {see text).

L3 — Plate inductor. See Fig. 6-37 for dimensions.

L4 — 6-inch length of No. 12 enam. wire bent into
a U with 1-1/4-inch spacing between sides
{cover with spaghetti tubing).

RFC1, RFC2 — 2.7-uH choke (Millen 34300-2.7).

RFC3 — 0.8-uH rf choke (Mitien 34300-.82).

TB1 — 5-terminal barrier strip {Millen 37305).
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Fig. 6-37 — A — General layout of the shield box is shown at A. The box is made from No. 16 gauge
aluminum stock. B — Details of the mounting block which supports C2 and L3. C — Dimensions for

L3 and its connecting strips (see text).

It may be more in the static condition, as it will
drop some when the amplifier is actually running,
and loaded.

If neutralization is needed, run wires from the
grid terminals of the socket up to the top of the
chassis on feed-through bushings, and then bring
wires up alongside the tube envelope adjacent to
each plate. The wires are crossed over under the
chassis, and the desired feedback is obtained by
varying the position of the top wires with respect
to the tube plates.

A lamp load may be connected across J2 for a
rough indication of power output, though a good
dummy load and a power-indicating watt-meter or
SWR bridge is much to be preferred. Apply plate
and screen power, tune C2 and C3 for maximum
indication, and then adjust the position of L4 with
respect to L3 carefully, retuning each time the
loop is moved. Coupling should be the loosest that
will give satisfactory power transfer. The lamp load
will be of no value in the adjustment, as it
represents a load of far different impedance than
will be used ultimately with the transmitter.

Service Ip
(Max.)
Class C — cw 750 V 160 mA
Class C — a-m 600 V 150 mA
Class AB; —ssb 600V 110 mA
no sig. 40 mA

829-B Operating Conditions

Maximum plate input for a-m linear: about 40 watts, Class AB;

Eye Iy
{minus)
200V 17 mA 50 V 7 mA
200V 16 mA 60 V 7 mA
200V 26 mA 8V 0
(reg.) 4 mA
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KILOWATT AMPLIFIERS FOR 50 AND 144 MHZ

The amplifiers shown in Fig. 6-38 were de-
signed for versatility. Though capable of running at
the maximum legal power for amateur stations,
they operate efficiently at much lower levels. They
work well as linears, for use with a-m or ssb, or
they can be modulated or keyed in high-efficiency
Class-C service. Though the tube type shown is
expensive when purchased new, an effective substi-
tute is commonly available on the surplus market
at much lower cost. Operated as a rack-mounted
pair, as pictured, the amplifiers offer convenient
band-changing from 50 to 144 MHz, merely by
snapping on the appropriate heater voltage switch,
and changing the air connection from one to the
other.

The external-anode type of transmitting tube
has many variations. The family originated with
the 4X150A many years ago, and tubes of the
early type are still available, and widely used. A
later version, with improved cooling, is the
4X250B, capable of higher power but otherwise
very similar to the 4X150A. More recently the
insulation was changed from glass to ceramic, and
the prefix became 4CX. All the general types thus
far mentioned were made with variations in basing
and heater voltage that will be apparent to any
reader of tube catalogs. The 4CX250R used here is
a special rugged version, otherwise very similar to
the 4CX250B, and interchangeable with it for
amateur purposes. Similar types are supplied by
other makers as the 7034/4X150A 7203/4CX250B
and 7580. There is another version for linear-
amplifier service only, called the 4CX350A.

If one then goes to other basing arrangements
similar power capabilities may be found in the

Fig. 6-38 — The kilowatt amplifiers
for 50 and 144 MHz in a rack made
from aluminum angle stock. At the
bottom is a meter panel with controls
for meter and mode switching.

4CX300A, 8122 and others, but differences in
tube capacitance might require modification of the
circuit elements described here. The air-system
sockets (required for all external-anode tubes
mentioned) may be the same for all types in the
second paragraph, but those just above require
different sockets.

Both amplifiers take a kilowatt on cw or ssb
with ease. The 144-MHz model must be held to
600 watts input for plate-modulated service to stay
within the manufacturer’s ratings. On 50 MHz the
three tubes in parallel loaf along at 1000 watts in
the low-dutycycle modes. The permissible input
on a-m phone is 900 watts. Class C efficiency is on
the order of 75 per cent, over a wide range of plate
voltages. It is possible to run all the way from 800
to 2000 volts on the amplifier plates without
altering screen voltage or drive levels appreciably.

Mechanical Layout

The amplifiers are similar packages, to mount
together harmoniously, though this is of only
incidental interest to the fellow concerned with
one band or the other. They are built in standard 4
by 10 by 17-inch aluminum chassis, mounted open
side up and fitted with shield covers. In the
author’s station a single blower is used for all
transmitters. This explains the air-intake sleeve
seen on the back of each amplifier. An air hose
from the remote blower is pushed into the ampli-
fier being used.

The transmitters are all hooked up together, to
meters, power circuits, audio equipment and power
supplies common to all. Changing bands involves
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Fig. 6-39 — Schematic diagram and parts information for the 50-MHz amplifier.
C1 — 100-pF miniature trimmer {Hammariund Strip jacket and braid back about 4 inches.
MAPC-100). Insert between center turns of L2.

C2 — 35-pF per section splitstator (Hammarlund
HFD-35X).

C3 — Neutralizing capacitance — see text.

C4, C5, C11 — 500-pF 5000-volt transmitting capa-
citor (Centralab 858S-500).

C6 — Tuning capacitor made from 3-inch alum-
inum disks — see text and Fig. 6-40.

C7 - 200-pF variable, .03-inch spacing (Johnson
167-12 or 200L15).

c8, C9, C10 — .001-UF disk ceramic.

C12,C13,C14 — Bypass built into special air-
system socket. -

11 — Green-jewel pilot lamp holder.

J1, J2 — Coaxial chassis receptacle.

J3 — 8-pin male power fitting.

J4 — High-voitage power connector female (haif of
Millen 37501).

L1 — 1 turn insulated wire about 1-inch dia. Make
from inner conductor of coax running to J1.

mainly the switching on of the desired heater
circuits, and the insertion of the air hose in the
proper intake sleeve. Separate antenna relays are
provided for each final stage, and power switching
and plugging and unplugging are largely eliminated.

Tube sockets are the air-system type, mounted
on 4-inch high partitions with folded-over edges
that are drawn up tightly to the top, bottom, front
and back of the chassis with self-tapping screws.
Air is fed into the grid compartments at the left
side, as viewed from the front. Its only path is
through the sockets and tube anodes, and out
through screened holes in the right side of the
chassis. Panels are standard 5 1/2-inch aluminum.
Controls for the amplifiers are similar, though their

L2 - 8 turns No. 14, 5/8-inch dia, 1-1/4 inches
long, center tapped.

L3 — 3 turns 2 inches dia, 3 inches long, 1/4-inch
copper tubing.

P1 — High-voltage power connector, male (half of
Millen 37501).

P2 — 8-pin cable connector to match J3, female.

R1 — 20-ohm 10-watt slider-type resistor. Set sO
that heater voltage is 6.0 at socket.

R2, R3, R4 — 150-chm 1/2-watt resistor. Connect
at socket screen terminal.

RFC1 — No. 32 enamel wire closewound full
length of 1-watt resistor, 10,000 ohms or
higher.

RFC2 — No. 28 dsc or enamel,wound 1-3/4 inch
on 1/2-inch Tefion rod. Space turns 1 wire dia
for 8.3 pH. For winding information see Chap-
ter 16.

S1 — Spst toggle.

T1 — 6.3-voit 8-A. Adjust R1 to give 6.0 voits.

locations are slightly different. No attempt was
made to achieve symmetry through mechanical
gadgetry, since the unbalance of the front panels is
not unpleasing. The rack shown in Fig. 6-38 was
made up from aluminum angle stock to fit the job.
Several screen and bias control arrangements were
tried before the circuit shown in Fig. 643 was
settled upon. Meters read driver plate current, and
amplifier grid, screcn and plate curments, Switches
enable the operator to check the grid and screen
currents to each tube in the 144-MHz amplifier
separately, and the screen currents in the 50-MHz
amplifier likewise. A mode switch provides proper
screen operating conditions for a-m, linear, or cw
service.
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The 50-MHz Amplifier

The use of three tubes in parallel in the 50-MHz
amplifier was an experiment, tried with the ex-
pectation that parasitics, unbalance, excessive tank
circujt heating and all manner of troubles would
develop. These problems never materialized; use of
paralleled tubes seemed to introduce no problems
on its own, and extensive experience with the
amplifier has confirmed the worth of the idea. This
happy state of affairs involves a few basic consid-
erations that should be stated here.

1) Paralleling straps in the grid and plate
circuits were made “three of a kind.” The two
going to the outer grids were bent identically, and
then the one for the middle tube was bent back on
itself as necessary to use the same total length of
strap. The same was done in the plate circuit.

2) The grid circuit was split-stator tuned, to
get a reasonably-sized grid coil, even with the
combined input capacitance of the three tubes plus
circuit capacitance — some 60 pF or more. This
also provided a means for easy neutralization.

3) The pi-network plate circuit is tuned with a
handmade disk capacitor. This has a far lower
minimum C than the more conventional tuning
capacitor, and it is devoid of the side bars and
multiple ground paths that are so often the cause
of parasitics in vhf amplifiers. No parasitic reson-
ances were found in this amplifier, other than one
around 100 MHz introduced apparently by the rf
choke. This caused a blowup when grid-plate
feedback developed with a similar choke 1n the grid
circuit. The problem was solved easily by use of a
low-Q choke of different inductance in the grid
circuit. Do not use a high-quality 1f choke for
RFC1!

4) All power leads except the high-voltage one
are in the grid compartment, and made with

VHF EXCITERS AND AMPLIFIERS

Fig. 640 — Interior of
the 50-MHz amplifier.
Note method of para-
lleling grid and plate
connections.

shielded wire. Where the high voltage comes into
the plate compartment it is bypassed at the
feed-through fitting.

5) The plate circuit is made entirely of copper
strap and tubing, for highest possible Q and low
resistance losses. It may be of interest that the
entire tank circuit was silver-plated after the
photographs were made. Efficiency measurements
made carefully before and after plating showed
identical results.

Looking at the interior view, Fig. 640, we see
the grid compartment at the left. The coaxial input
fitting, J1 in Fig. 6-39, is in the upper left corner
of the picture. Coax runs from this, out of sight on
the left wall, terminating in a loop, L1, made from
its inner conductor. This is inserted between turns
at the center of the grid coil, L2. The series
capacitor, Cl, is just visible on the left chassis wall.
It is not particularly critical in adjustment, so no
inconvenience results from its location away from
the front panel.

Screen voltage, bias, and 115 volts ac come
through an 8-pin fitting, J3, mounted between the
air intake and the heater transformer, T1. On the
front panel are the heater switch, S1, and the
pilot-lamp holder.

The three air-system sockets (Eimac SK-600,
SK-620, SK-630, Johnson 124-110-1 or 124-115-1,
with chimneys) are centered on the partition,
spaced so that there is about 1/4 inch between
their flanges. The small angle brackets that come
with the sockets should be tightened down with
their inner ends bearing against the ceramic chim-
neys, to hold them in place. Note that the
150-ohm isolating resistors R2, R3, and R4 are
connected right at the screen terminals.

Both grid and plate straps are cut from flashing
copper 5/8-inch wide. Lengths are not critical,
except that all grid straps should be the same
length, and all plate straps identical. The plate
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straps are made in two pieces soldered together in
T shape, to wrap around the anode and join at the
coupling capacitors, C4 and C5. These T-shaped
connections could be cut from a sheet of copper in
one piece, with a little planning.

The copper-tubing plate coil, L3, is mounted on
stand-off insulators not visible in the picture.
Connections to the coupling capacitors, the tuning
capacitor, C6, and the loading capacitor, C7, are
made with copper strap. It will be seen that these
various pieces are bolted together, but the straps
were also soldered. The connection from C7 to the
output fitting, J2, is a single strap of copper,
bolted and soldered to L3.

The disk tuning capacitor can be made in
several ways. Flashing copper is easy to work, and
the 144-MHz capacitor was made of this material.
A more sturdy disk can be made from 1/8-inch
aluminum. Those shown in Fig. 6-40 were 3-inch
meter cutouts from an aluminum panel. Disk-type
neutralizing capacitors (if you can find them;
they're not common catalog items these days)
provide ready-made disks and lead screw for
tuning. For the latter we used 3-inch 1/4-20 brass
screws from a neighborhood hardware store. A
pane! bushing with brass nuts soldered to it
provided the lead-screw sleeve. The stationary disk
is supported on 1/2-inch-diameter Teflon rod, a
material also used for the rf choke form. Teflon
works easily and is unexcelled for insulating
applications where high temperatures are encoun-
tered. We found it reasonably priced, in various
diameters, at a local plastics house.

The plate rf choke, RFC2, is important. You’ll
probably have to make it to get one of sufficiently
good quality. For more on this see information
under Fig. 6-39 and “RF Chokes for the VHF
Bands,” Chapter 16. Two coupling capacitors were
paralleled because we’'ve experienced trouble with
exploding capacitors in pi-network plate circuits in

Fig. 641 — Interior of the
144-MHz amplifier, showing
the plate circuit made from
standard plumbing compon-
ents. Brass pipe junctions
make connection to the an-
odes, and T fittings are modi-
fied to form the short at the
end of the line.
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the past. Maybe one would have handled the job,
but two do for sure.

Some Possible Variations

It is always risky to suggest variations on a
design unless they have been checked out in use, as
bugs may develop in unforeseen ways. The follow-
ing are ideas only, to be used at the builder’s risk,
since they have not been tested by the designer.

You might not care for three tubes in paraliel.
Two should work well, handling a kilowatt except
in a-m linear or plate-modulated service. Many
builders report success with 2 tubes.

For those who can afford it, a vacuum variable
capacitor should be ideal for C6. One with about
10 pF maximum capacitance should do nicely.

For lower tube cost, 4X150As from surplus
should work without mechanical changes. Use
plenty of air, if you intend to push the ratings of
the 150As. A 100-cfm blower is not too much. The
ability of the anode structure to withstand heat is
the main difference between the 150A and later
versions of this tube, and some people have gotten
away with 250 ratings with 150-type tubes. In this
connection, the 50-MHz amplifier will take a
kilowatt at 1200 to 1500 volts, if your power
supply will handle the current. This approach plus
plenty of air, is preferable to using plate voltages
much in excess of the 4X150A ratings.

The 144-MHz Plumber’s Special

Use of 1 5/8-inch copper tubing for a 2-meter
tank circuit is by no means new.* We simply went
one step further and made the entire circuit from
standard plumbing components. All the heavy

metal you see in the plate compartment of Fig.
6-41 came from the plumbing counter of the local
-Efﬁciency 2-Meter Kilowatt,”” QOST,

19 g 0. “Top Efficiency at 144 Me. with
X250Bs," Brey fogle, OST, Dec., 1961, p. 44.

* S0}
Feb
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Fig. 6-42 — Schematic diagram and parts information for the 144-MHz amplifier.

C1 — 5-pF differential trimmer (Johnson 160-303
or 6MA11).

C2 — 15-pF per section split-stator {Hammartund
HFD-15X). Leave rotor ungrounded.

C3 — 30-pF miniature trimmer (Hammariund
MAC-30).

C4 — Tuning capacitor made with 3-inch disks. See
text and Fig. 6-41.

C5 — 3-inch disk movable with respect to L4. See
text and Fig. 6-41.

C6 — 50-pF variable (Hammarlund MC-50).

C7 — 500-pF 5000-voit (Centralab 858S-500).

C8,C9 — Bypass capacitor built into air-system
socket.

11 — Green-jewel pilot lamp holder.

J1, J2 — Coaxial chassis receptacle.

J3 — 8-pin male chassis connector.

J4 — High~oltage power connector, female (half of
Millen 37501).

L1, L2 — 3-1/2 turns No. 14, 5/8-inch dia, turns
spaced 1/2-inch. R2 and R3 tap on about 1
turn in from grid end. See text.

— 1-turn inner conductor of coax from J1,

Sears store. The picture and Fig. 6-41 should be
largely self-explanatory.

At the tube end of the plate line, L4 in Fig.
6-42, we have brass castings normally used to join
sections of the copper pipe. They make a nice
sliding fit over the tube anodes. For tighter fit, cut
thin brass shim stock and insert as much as needed
between the anode and the sleeve. The end of the
fitting can be slotted and then clamped firm on the
anode with a hose clamp, as an alternative. The
short at the B-plus end of the line is made with two
T fittings, with their flanges cut down to 1/2 inch
and slipped over a short section of the pipe that is
not visible. Joints throughout the assembly were
silver-soldered with a torch, but conventional
soldering should do equally well. The flanges at the

about 3/4-inch dia. Remove jacket and braid
about 3 inches. Adjust position with respect to
L1, L2 for maximum grid current.

L4 — Piate line 1-5/8-inch copper pipe, with
junctions and T fittings. Exposed portion of
pipe is 8 inches long. Cut right end of T fittings
to 1/4-inch shoulder, and joined ends to 3/8-
inch shoulders.

L5 — 1/2-inch strap of flashing copper, U portion 4
inches long and 1-1/4 inch wide. Make loop and
connections from single piece. Support L4 and
L5 on standoffs of ceramic or Teflon.

P1 — High-voltage connector, male (half of Millen
37501).

P2 — 8-pin female cable connector to match J3.

R1 — 20-ohm 10-watt slider-type. Adjust for 6.0
volts at socket.

R2, R3, R4, R5 — 150-ohm 1/2-watt resistor.

S1 — Spst toggle.

T1 — 6.3 voit 8 A. Adjust R1 for 6.0 volts.

RFC1 — 2.15 uH rf choke. No. 22 enamel
closewound 1-3/16 inch on 1/4-inch Teflon
rod

open ends of the T fittings are cut down to about
1/4-inch in length.

The last instruction and the information about
the plate line given under Fig. 6-42 apply only if
the fittings are identical to those obtained by the
builder. Since there are several types of fittings
available from plumbing supply houses, the follow-
ing overall dimensions should be heeded: tube end
of the plate line to center-line of short - 10 3/8
inches; spacing of pipes center to center — 3 1/2
inches.

In using tube types other than those specified,
it may be that some change in plate circuit
inductance will be needed. A simple check will
show if this is needed. Slip the castings and pipe
together without soldering, and assemble the plate
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circuit temporarily. Check the tuning range by
means of a grid-dip meter. No plate or heater
voltage is needed for this rough check, but it is well
to have the coupling loop in place, and a 50-ohm
resistor connected across J2.

The coupling loop, LS, is cut from a single
piece of flashing copper 1/2 inch wide. This
delivered slightly more output to the load than was
obtained with loops of wire of various lengths
tried. The loop should be positioned so that the
bottom edge is approximately flush with the
bottom of the pipes. Optimum coupling to a
50-ohm load is achieved when the closed end of
the “U” is about 1/4 inch lower than the open end.
Looking down at the plate-line assembly, the
coupling loop is centered between the pipes.

The loop and plate line are supported on Teflon
rod insulators. The rf choke is also wound on
Teflon. Note its position outside the U of the plate
line. First mounted inside the loop, it went up in a
furious burst of smoke when high power was
applied to the amplifier.

Our tuning disks are 3-inch sheets of flashing
copper. For nicer appearance and better mechan-
ical stability, use 1/8-inch aluminum as in the
50-MHz model. Three-inch brass 1/4-20 screws are
threaded through the pipe fittings. The rear one is
held in place with a lock nut, and the other is
rotated by the tuning knob, a bakelite shaft
coupling, and a length of 1/4-inch Teflon rod
running in a panel bushing.

A third disk is mounted adjacent to the rear
portion of the tank circuit. Its position is adjusted
to achieve perfect balance in the tank circuit, but
in practice this turned out to have no measurable
effect. It is felt that a really good choke at RFC1,
and careful adjustment of Cl, can practically
eliminate the effect of any slight unbalance if the
point of connection of RFC1 to the tank circuit is
not bypassed to ground.

The 144-MHz grid circuit, L1L2, looks like two
coils, but actually is a coiled-up half-wave line. This
is somewhat more compact than a half-wave line
with its conductors out straight, and it seems
equally effective. The grids are connected to the
outer ends and the tuning capacitor to the inner.
The point of connection of the bias-feed resistors
should be determined in the same way as with the
usual half-wave line: by coupling in 144-MHz
energy and touching a pencil lead along the
inductance while watching the grid current. The
correct point for final connection of the resistors is
that at which no reaction on grid current is
observed. Isolating resistors here, and for feeding
screen voltage to the sockets, are preferable to rf
chokes. The inner conductor of the coaxial line is
used to make the coupling loop, L3, which is
placed between the inner ends of the grid circuit.

Balanced drive is maintained by adjustment of
the differential capacitor, C1, connected in parallel
with C2, and mounted on the side of the chassis
adjacent to it. The series capacitor, C3, is out of
sight under the tuning capacitor, which is mounted
on standoff insulators. It is adjusted by inserting a
small screwdriver in a hole in the side of the
chassis, but if we were doing it again we’d mount
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C3 on the side wall, just under C1, to make it more
readily adjustable. Note that the rotor of C2 is
ungrounded.

About Neutralizati