cjz*“EQﬁIPM

AL et , ; : " ; i sl

fiit

i

it




FReQUENCY RANGE: 1.5 mc to 20 mec.

Circurt: Superheterodyne with 456 ke if.

FrReQUENCY CHANGE: Interchangeable r-f ‘units

each having 2 to 1 tuning range.

FreQuENcY ConNTrOL: Either self controlled or
crystal controlled high frequency oscillator . can
be supplied.

SeLecTivity: Total band width 5 ke at 6 db down
and 18 kc at 60 db down.

SENSITIVITY: 2 microvolts, 30% modulated at
400 c.p.s. for 50 milliwatts output and 6 db sig-
nal to noise ratio. '

Aupio FReQUENCY Response: Uniform within 6
db between 150 and 2500 c.p.s.

AutoMmaTIc GAIN CoNTROL: Audio output varia-
tion less than 10 db with signal input 10 micro-
volts to .5 volts.

75 db at 5000 kc.
500 milliwatts into 500 or 8 ohm

IMAGE REJECTION:

Power OuTPUT:
resistive load.

CW OsciLLator: Either self controlled or crystal
controlled oscillator may be supplied for cw
reception. Both oscillators are designed for low
drift with respect to variation in line voltage
and temperature.

Aupio SquercH Circuit: Either electronic or
relay controlled circuits can be provided to dis-
-able the audio channel in the absence of received
signal.

Hum: 50 db below rated output at any gain con-
trol setting.

Power REQUIREMENTS: 115 volts 50/60 cycles a.c.
with self contained rectifier.

MecHANICAL CONSTRUCTION: Drawer type design-
ed for standard 19” relay rack mounting with
7” panel. Quick accessibility by plug-in con-
nections between receiver chassis and cabinet.
Each stage is assembled on an individual chassis
with its particular terminal strip, thereby per-
mitting a variety of circuit arrangements with-
out excessive re-design cost.

SpeciaL  FEaTures: A.V.C. circuits available at
terminals for use with diversity reception. Test
juck in i-f cathode circuit for convenience of
alignment. Remote control facilities supplied
on special order.

Collins receivers are built with our usual care of

construction and are of the same high quality that

has made Collins equipment world famous.

COLLINS RADIO COMPANY

CkpAR Rarips, Towa
NEw York, N. Y: 11 WEsT 42 STREET
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... of the HT-6

When we announced our 25 watt rig we produced a
reasonable quantity of them and went on to the

development of other communications equipment.
Orders made us produce another quantity immedi-
ately! Then another production! Then a fourth! And
all in three months. Why? We know we did a very
careful job in the design. We worked especially hard

- to make that attractive price of $99.00 possible. We
know it puts out a good signal. Possibly those are
some of the reasons why there has been so much
interest in the HT-6

the La“icra“ers inc.

CHICAGO, U.S.A.
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Section Communications Managers of the A.R.R.L. Communications Department

All appointments in the League’s field organization are made by the proper S.C.M., ¢lected by members in each Section
listed. Mail your S.C.M. (on the 16th of each manth) a postal covering your radio activities tfor the previous 30 days. Tell
him your DX, plans for experimenting, results in phone and tratfic. He is interested, whether you are an A.R.R.L. member

or get your USI‘ at the newsstands; he wants a report from every active ham. If interested and qualified tor O.R.S., O.P.S.
or other appointments he can tell you about them, too.
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QUALITY TELLS ALWAYS! That alone is the se-
cret of Kenyon's phenomenal rise to a place of prefer-
ence with amateurs who strive for efficiency in their
rigs. They take their cue from the leading manufacturers
of amateur equipment such as Temco, Harvey, The
Hallicrafters, Browning, Radio Engineering Laborato-
ries, and many others. They know that if Kenyon
Transformers are specified in this original equipment
they must be good. .

And, too, this is the reason why so many leading job-
bers, who value the good will of the amateur, are *going
Kenyon." For example, four of the country's leading
Ham Suppliers — Montgomery Ward, Newark Elec-
tric, Allied Radio, and Burnstein-Applebee are among
the latest to Swing to Kenyon. If your jobber has not
yet stocked the Kenyon line, urge him to do so — for
your sake and his!

" KENYON
‘ ' 840 BARRY ST., NEW YORK. N. Y.
. Export Déparf.-nenr: 25 Warren St., New York, N. Y.

DAYTON WARNER,
W9IBC

of Allied Radio, Chicago,
who knows that the best
way to make satisfied

customers is to sell
QUALITY.

ELMO MELTON, WSAEQ
of Burnstein-Applebee,
Kansas City, a smart
merchandiser who rides
the crest of Kenyon pop-
ularity in the West.

DAVE ELAM W9FPP

of Montgomery Ward,
Chicago, who pays tribute
te Kenyon by stocking
Kenyon Transformers.

SAM PONCHER
of Newark Electric Co.,
Chicago, whose company
recognizes Kenyon Lead-
ership in quality

WATCH FOR MORE
TO COME

TRANSFORMER CO..
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ryeE AMERICAN Rapro Reray Leacuk, Inc.,

is a non-commercial association of radio
amateurs, bonded for the promotion of interest in
amateur radio communication and experimenta-
tion, for the relaying of messages by radio. for
the advancement of the radio art and of the
public welfare, for the representation of the radio
amateur in legislative matters, and for the main-
tenance of fraternalism and a high standard of
conduct.

It is an incorporated association without capi-
tal stock, chartered under the laws of Connecti-
cut. Its affairs are governed by a Board of
Directors, elected every two years by the general
membership. The officers are elected or ap-
pointed by the Directors. The League is non-
commercial and no one commercially engaged in
the manufacture, sale or rental of radio apparatus
is eligible to membership on its board.

“Qf, by and for the amateur,” it numbers
within its ranks practically every worth-while
amateur in the nation and has a history of glori-
ous achievement as the standard-bearer in
amateur affairs.

Inquiries regarding membership are solicited.
A bona fide interest in amateur radio is the only
essential qualification; ownership of a transmit-
ting station and knowledge of the code are not
prerequisite. Correspondence should be addressed
to the Secretary.

HIRAM PERCY MAXIM, FIRST PRESIDENT

Officers
President............EvceNeE C. Woobprurr, WSCMP
State College, Pa.

Vice-President. . . .........GEorce W. BaiLey, W1IKH
Weston, Mass.

Secretary ... ..ooooii.. Kenverm B. WarNer, W1IEH
‘West Iartford, Connecticut
‘lressurer.................ARTHUR A. HeserT, W1ES
‘West Hartford, Connecticut
Communications Mgr. . . ... F. Epwarp Hanpy, W1BDI
West Hartford, Connecticut

General Counsel. .. ................... PauL M. SecaL
1020 Woodward Blul(hng ‘Washington, D. C.

Address all general correspondence to the wdministrative
headquarters at West Hartford, Connecticut.




“IT SEEMS T0 US—"

- AND SUDDEN DEATH>

Wk are obliged to record in this issue
the death of another amateur by electrocution.
That is to say, it is our unhappy duty to report
that another ham has lost his life through care-
lessness. For that is what it was, carelessness
and haywire.

Why is it, we wonder, that we pay so little
attention to such grave fundamentals as the
preservation of life? Has tamlharlty created so
much contempt as this? No, we’re probably
all well-intentioned and we're more safety-
conscious than ever before. It’s inertia. We
haven’t got around to fixing up these things
vet, or we “haven’t time”’ to do a businesslike
job of fencing in dangerous equipment. Believe
us, we know exactly how it goes, because just
the other evening we caught ourselves using an
improvised pi-network antenna coupler with
no blocking condensers in it. It was a haywire
experiment, trying to make a balky antenna
take power on a new frequency. There we stood
twiddling the condenser knobs with the full
plate voltage on the condensers, our life pro-
tected by a scant eighth inch of moulded bake-
lite. Now if we can write the blistering stuff we
have on the question of safety and still be that
forgetful ourselves, we know just how it goes!

Think about it, fellows. Inspect your rigs
and go over your operating habits. Switch to
safety!

MAYBE IT’S THE HEAT

"Wurs will probably result in many of
our own inconsistencies being dug up and
thrown in our teeth, but it seems to us that
most radio literature, aside from that of ama-
teurs and engineers, is altogether too careless
in its use of basic radio terms.

There are several magazines on the Ameri-
can scene which make use of the words radio
and felevision in their very titles. As if televi-
sion wasn’t radio, as if it were something you
got over a wire or a light beam. The actual dis-
tinction, if one must be made, of course is be-
tween aural and visual broadcasting.

Then there’s a very widely known American
weekly which thinks it has been smart in hatch-
ing its own word, telecast, to refer to television.

August 1939

One can ouly think that the editors of that
weekly believe that the prefix tele- is the dis-
tinctive part of the word television. We have it
ot no less an authority than that of Mr. Nick
Poopoloopolos, the genial host of our favorite
lunchwagon, that tele- simply means “at a
distance.” We have decided to laugh at the in-
plication that telecast means television any more
than it does aural broadcasting.

But we reserve our best sourpuss manner for
the expression the radio and for that most
abominable plural, radios. ‘“ What a beautiful
radio you have, my dear!” Radio set, radio
receiver, or radio tuner, lady. “I heard it on
the radio.”” You did not, dearie; you heard it
broadecast, or you heard 1t by radio. ‘“ All kinds
of radios repaired.”’ Grrrrrrrr!

THE EDUCATION OF A B.C.L.

Oxc of the F.C.C. radio inspectors has
a stock reply for B.C.L.’s who tell him what
wonderful broadcast receivers they have and
how they will bring in positively everything.
He says, ““The mark of a good.receiver isn’t in
wha,t,’ 1t will bring in, but in what it will leave
out.
Which is a fundamental thought well worth
passing on.

FREEDOM

We E WANT to voice a word of warning
about an unwise practice which we see growing
amongst us. We hear some stations — particu-
larly “phone stations — signing off with the
statement that this is Red Cross station so-
and-so, or American Legion station such-and-
such. You know, and we know, that this does
not mean that the station belongs to one of
these outfits but that it is simply the station of
an amateur who has pledged his emergency
services to one particular organization and 1s
rather proudly announcing that fact.

The thing that is wrong about it is that it
implies that amateur stations are owned and
operated by organizations that are not permit-
ted to operate In our bands. The right to oper-
ate a ham station is a personal privilege, con-
fined to individuals who have an interest in the
technique of communications, If we carry this

9



practice to its extreme the air will be filled with
statements that you are hearing Municipal
Station ABC, Western Union station DEF,
Water Works station GHI, and so on. Worthv
as these organizations are of emergency service,
they are not themselves entitled to possess
amateur stations. We are the fellows who have
the stations; we lend our services to them in
time of need. It is amateur radio at work, and
amateur radio for which we want the credit.

Any amateur ought to-be proud to identify
his station as an amateur station and we
should be quick to resent even the implication
that non-amateur stations are operating in our
bands. And while we have no quarrel with the
right of an amateur to pledge his emergency
services to a particular organization if he wants
to, we think we would be wiser to hold our-
selves free to distribute our coéperation where
it is actually most needed when the emergency
comes. Participation in the A.R.R.L. Emer-
gency Corps assures that, and in any local
crisis there will always be adequate facilities
agsigned for each local organization that needs
communication.

K. B. W.

+ SPLATTER ~

g higher we delve into the u.h.f.
spectrum the greater becomes the need for “low-
loss” insulation. Of interest to all amateurs should
be the story on polystyrene (pronounced, polly-
sty-rene) by W1DSK, of Monsanto Chemical Co.
Many readers probably read the biography on
Edgar M. Queeny, president of Monsanto,
which appeared in January, '39 Fortune.

*x % %

Dana Griffin’s kite story in June QST brought
forth several warnings from the gang. We
neglected to point out that using wire for kite
string can be most dangerous when the kite is
flown anywhere near high-tension wires. It
should have been stressed that this form of
antenna should never be used unless the individ-
ual is miles away from any form of power wires.
‘WILBP of the Public Service Co., North Illinois,
reports that several small boys in the Chicago
area have been killed because they used wire
string for kites.

*x *x %

W3EEW says that Gil’s cartoons in 90 Plus,”
June, QST, were s0 realistic that he is sure Gil
must have seen him somewhere!

* * %
A couple of boners in July QST
W6AM’s story as printed said that the Con-
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tender was going to use 500 Mec. for a distress
frequency!

In the group picture, page 30, we transposed
Stewart Ayres, WO6GEA, with Horace Greer,

W6TI.
* kx %

WIFTR and W7HFZ just returned from a
cruise to Bermuda on the Yankee, WCFT. They
report that it is apparent very few amateurs
listen on the 36-meter marine band, for they had
much difficulty in raising 7-Mc. hams from their
8240-ke. frequency. They point out that much
interesting information and items of interest are
sent on this band and are preparing a story for
@QST, giving us the dope on the stations sending
this information.

* X

Qur Cover

This contraption has been gracing (?) the roof
of A.R.R.L. Hq. all summer and has caused much
conjecture among the local natives. It is merely a
structure for holding antenna elements above the
roof while the technical staff carries on experi-
ments. The antenna element is fixed in position
and the various elements are juggled back and
forth from it by ropes.

This shot was taken while W1JPE was un-
snarling one of the lines after a heavy wind.
WI1JEQ is taking a reading along the feed line
to determine that there are no standing waves
along the line. (The meter on his hip is merely
clipped to the belt preparatory to a run aloft to
check currents.)

* k %

‘Replying to your choice paragraph vn page
18, March QST, referring to my setup on the
cover. Points of small danger were listed in the
comment, while the real hazards were overlooked.
It is true that the operator was on the damp
earth, but the headphones and microphone were
grounded to the metal chassis of the receiver and
transmitter, which in turn were solidly connected
to the damp earth on which the operator was
kneeling. All the antenna tuning gear was con-
nected to ground and no high-voltage points were
exposed.

“The real danger to the operator was that of
catching pneumonia or of being struck by
lightning,”

-~ WI1LJT

We might add: Or of the pole falling on top of
the operator!

SWITCH
TO SAFETY!




strong system.

Unattended by the fanfare which usually accompanies a major development, experi-
mental frequency-modulation broadcasting not only is under way but is giving outstanding
results in noise-free high-fidelity reception. Limited, because of the width of the band re-
quired, to the ultra-high frequencies, the prospects for its use by amateurs on frequencies
above 112 Mec. hold promise of extended range and generally improved results. This article
by Prof. Noble, of the faculty of Connecticut State College, designer of the college FM
station, W1XCS, and WDRC’s W1XPW, explains in simple language the basic differences
between amplitude and frequency modulation, and describes the elements of the Arm-

Frequency Modulation Fundamentals

How Frequency Modulation Worlkss Its Advantages in Overcoming
Noise and Interference

BY DANIEL E.

Two 50,000-watt experimental trans-
mitters and several lower-powered transmitters
will be placed in regular operation in the Fall us-
ing the Armstrong frequency-modulation system.
The marked noise suppression which is the im-
portant characteristic of the system will make
possible a new standard of high-fidelity reception.
The writer has been asked to explain the action
of this frequency-modulation system without too
much technical terminology. With all qualifica-
tions aside, the picture looks something like this:

Every amateur knows what frequency modula-
tion is — it’s something in his transmitter opera-~
tion that he doesn’t want! To make the picture a
little more exact, we shall make use of a pure sine
wave alternator. A pure sine wave is a single-
frequency wave; that is, no side bands and no
harmonics will be associated with it. A perfect
frequency meter could locate only one frequency
with such & wave. If our alternator is the usual
motor-driven type with an external field supply,
we can vary the voltage output of the alternator
by varying the field current. Let’s vary the field
current slowly up and down and observe the re-
sult. First, the output voltage of the alternator
will increase and decrease, and we have & condi-
tion commonly referred to as amplitude modula-
tion. See Fig. 1 (4, B, and C). Second, the output
wave is no longer a pure sine wave, and if we
examine the wave with our perfect frequency
meter we shall find several frequencies present,
because only the pure sine wave will be limited
to a single frequency. So much for amplitude
modulation.

Frequency Modulation

Now regulate the field supply so that the am-
plitude of the alternator output will not change
¥ Whitney Road, Storrs, Eagleville, Conn.
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while the driving motor is made to speed up and
slow down. The frequency of the alternator will
be determined by the speed of the motor; if we
speed up the motor the output frequency will in-
crease, and it will decrease when the motor slows
down. Assuming that the amplitude of the output
remains constant, we have produced a frequency-
modulated wave by the simple process of speeding
up and slowing down the motor. What has hap-
pened to the wave? First, obviously the wave is
no longer a pure sine wave, since the frequency is
changing. Second, since the wave is not a pure

MOTOR

ALTERNATOR

D

Fig. 1 — Illustrating amplitude and frequency modu-
lation. A4, the motor-driven alternator used as an ex-
ample; B, output with constant field and constant speed
(sine wave); C, output with constant speed and variable
field (amplitude modulation); D, constant amplitude
and variable speed (frequency modulation).



sine wave, several frequencies will be present
(theoretically, an infinite number). When we
neglect inertia and speed up and slow down the
motor in such a way that the change in speed is at

A’enz/tant

OUTPUT OF BALANCED MODULATOR

Fig. 2 — Vector Diagram of phase modulation. The
modulator vector reverses, producing a resultant ©
degrees ahead or behind the carrier vector. This is equiv-
alent to a sudden change in the time axis, with the result
that the frequency changes. The vector will oscillate
back and forth between A and B at the modulating
frequency. The more rapid the oscillation the faster the
change in the time axis, therefore the greater the fre-
quency deviation produced.

the rate of ten cycles per second, and the cycles
are perfect sine-wave cycles, we will produce a
frequency series for a 1000-cycle generator some-
thing like this: . . . 1000 — 30, 1000 — 20,
1000 — 10, 1000, 1000 + 10, 1000 + 20, 1000

produce a composite wave made up of the carrier,
plus and minus a regular harmonic series of the
modulating-signal frequency and the carrier, we
are fortunate in the fact that the amplitudes of
the side bands decrease rapidly as the signal
harmonic number increases.

To go back to our motor-generator again, the
motor was speeded up and slowed down to pro-
duce our frequency modulation but we didn’t say
how much we speeded it up or how much we
slowed it down. We can change the motor speed
so that the frequency will vary instantaneously
as follows: 1000->1025>1000->975>1000 cycles,
and make the entire excursion in one-tenth of a
second for a modulating frequency of ten cycles
per second. Or we can go 1000->-1050->1000->
95(0->-1000 in one-tenth of a second for a 10-cycle
modulation frequency. The difference is found in
the more extended change in frequency in the
second case. This change is called the “devia-
tion.”” For the first case the deviation is 25 cycles
and for the second, 50 cycles. Deviation is then
the maximum instantaneous change in fre-
quency. Just to increase the confusion, we might
add that we can’t find the deviation with the fre-
quency meter since no continuous spectrum is
produced but, rather, we produce discrete side
bands which may be detected and their physical
existence made evident by means of our frequency
meter. These side bands may be found far beyond

1500-Ke. ST
N

DISCRIMINATOR

4+ 30 . . . and so on to an infinite number of side
bands. Although frequency modulation will
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Fig. 3 — A practicable frequency-modulator circuit, after Weir. The oscillator is ﬁequency-modulated by the
a.f.c. tube (modulator) which causes a frequency deviation in proportion to the amplitude of the audio voltage.
A small part of the output signal is fed to the converter tube, which is heterodyned by a stable crystal oscillator
to give a beat frequency at 1500 ke. The i.f. output operates the rectifier {(discriminator) and by providing the modu-
Iator with a d.c. bias which varies when the meau vscillator frequency tends to chang_e (a.f.c. action) maintains the
carrier frequency constant. Deviations of approximately 30 to 40 kc. may be obtained in the region of 20 Me. uslng
a 6.6 modulator and 6F6 oscillatar. ‘'he stability of the system will be Jetermined by the denmmator circuit

stability,
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the limits of the deviation. We might define the
maximum instantaneous frequency for our special
case as the frequency we .would get from our
alternator if we held the speed constant when the
maximum speed was reached. We do not actually
produce such s maximum frequency because the
speed does not remain constant. All this leads to
conclusion that we can expect the band-width of
the frequency modulated wave to be greater
than twice the deviation.

Producing Frequency Modulation

A frequency-modulated wave may be  pro-
duced much more readily with vacuum tube
equipment than with rotating machinery. Rotat-
ing a condenser back and forth to change the
capacity in an oscillator circuit will produce a
frequency-modulated wave. Placing a condenser
microphone in an oscillator circuit in such a way

Fig. 4 — Essentials of a superhet receiver suitable for
frequency-modulated signals.

that changes in the microphone capacity will
influence the frequency of the oscillator is an
obvious means-of producing a modulated wave.
T'he circuit used in automatic frequency control
systems is an excellent frequency-modulation
system.

The modulation method invented by Major
Edwin Armstrong is very stable since the carrier
is controlled by a quartz crystal oscillator. A
200-ke. oscillator supplies voltage to a phase-
shift network from which two components of the
carrier are extracted, differing only in phase. One
component is 90° out of phase with the other.
Mathematically, the difference bhetween the
amplitude-modulated wave and the frequency-
modulated wave is the difference in the phase re-
lutions between side bands and carrier. If the side
bands of an amplitude-modulated wave could be
extracted from the carrier, shifted in phase 90°,
and then recombined with the carrier, a fre-
quency-modulated wave would result. Major
Armstrong did not extract the side bands but he
did, arrange to produce side bands without a
carrier by means of a balanced modulator work-
ing with one of the 200-ke. components men-
tioned above, and then to combine the side
bands with the second component in such a way
that the side bands were 90° out of phase with the
normal arrangement for carrier and side bands in
the amplitude modulated wave. His result was a
frequency-modulated wave of the special type
sometimes referred to as a ‘‘phase-modulated”
wave. Another way to describe the action of

August 1939
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Fig. 5 — Elementary detector
circuit for frequency-modulated
waves. CD is tuned to the lower
extremity of useful side bands,
AB to the upper extremity. The
voltage appearing across either
circuit is determined by the
amplitude of the audio modulat-
ing voltage. A hybrid wave ap-
pears across each circuit. Recti-
fication recovers the audio o 8
component.

Maujor Armstrong’s modulator is to say that he
combined a carrier voltage with a side-band
voltage which had been rotated through 90°.
This gives us the simple picture of two vectors
00° out of phase combining to give the resultant
voltage. Fig. 2 will assist the reader to visualize
the process. As the side-band voltage is increased
and decreased, the resultant of the two vectors is
caused to shift phase. The shift in phase corre-
sponds to a frequency change, and the amount of
frequency change produced will depend upon the
magnitude of the phase shift and upon how rap-
idly the phase shift is taking place. Since the
magnitude and the speed of the phase shift is
determined by the side-band vector, the deviation
produced will be determined by the magnitude
and the frequency of the modulating signal.
The only difference between pure frequency
modulation ! and phase modulation is the fact
that the deviation is a function of the amplitude
only of the modulating signal for pure frequency
modulation while the frequency of the signal also
determines the deviation for phase modulation.
A network placed in the audio input amplifier
making the output signal voltage inversely pro-
portional to frequency will make the overall
response independent of signal frequency, and
thus the phase modulator will produce a pure
frequency-modulated wave. The actual deviation
produced at 200 ke, is small, something of the
order of 15 to 20 cycles. Therefore, a series of
doublers must be introduced to increase the
maximum deviation to 100 kc. A total of twelve
or thirteen doubler stages is used to reach the
required deviation.

A system of modulation suggested by Murray
C. Crosby and developed by Irving R. Weir
makes use of the automatic frequency control
variable oscillator for modulating the frequency,
and of the a.f.c. discriminator circuit for stabiliz-
ing the oscillator carrier: Fig. 3 illustrates the
type of circuit used. The modulator tube injects
90° out-of-phase current into the oscillator tank
circuit. The effect of changing the modulator

tThe term “phase modulation' is sumething of a pain.
Actually there are as many types of frequency modulation
us there may be functions of X. Phase modulation is one
type. The type referred to as “pure’ frequency modulation
is the unadulterated, holy, sweet, ete. variety in which the
deviation produced is a linear function of the modulating
signal amplitude only. ‘“ Phuse modulation' is still *‘fre-

nquency modulation.”
13

X 0F P9 oF



7o

e Audio
Anp.
£rom J_
durnter =
Fig. 6 — ''he discriminator circuit combines the func-

tions of frcquency detector and rectifier to recover the
andio signal.

injector current is comparable to changing the
tank capacity in the oscillator circuit. The
stabilizing circuit functions in the usual a.f.c.
manner.

Receirvers

‘The receiver requirements are not so comnpli-
cated as one might suspect. The usual super-
heterodyne is used with a few additions and
changes. The pass band must be greater than
twice the transmitter deviation. A limiter pre-
cedes the detector, and this limiter has the very
important function of “wiping off”’ any amplitude
modulation which may have been introduced by
noise voltages. The limiter passes on the fre-
quency-modulated wave with constant amplitude
to the frequency detector, which changes the
frequency-modulated wave into a hybrid wave
with both amplitude and frequency modulation
components. An ordinary detector then recovers
the signal from the amplitude component. Fig. 4
illustrates the line-up. Figs. 5 and 6 show two
frequency detectors.

A simple circuit of the type shown in Fig. 7
also will act as a frequency detector. The carrier
is tuned in on one side of the resonance curve. A
steady-state r.f. voltage will result from the un-
modulated carrier, and modulation will produce
instantaneous frequency changes. Taking 4 as
the operating point, any change corresponding to
an increase in frequency of the signal will increase
the amplitude of the voltage across the parallel-
resonant circuit, and an equivalent decrease in
frequency will decrease the voltage across the
circuit. Therefore, since the modulation produces
magnitudes of frequency change or deviation
corresponding to the amplitude of the audio
modulating signal, and since the rate at which
the changes or deviations take place corresponds
to the frequency of the audio signal, the voltage
appearing across the parallel-resonant circuit will
he amplitude-modulated. Frequency modulation
will also be present but we are no longer inter-
ested in that. Rectification will recover the audio
signal. Any receiver of the usual type can be
made to receive frequency-modulated signals
after a fashion by detuning slightly, but the
reader is assured that the ‘“fashion” is not very
satisfactory.

Noise Suppression
Remarkable results in the suppression of noise

T

and interference are possible with the frequency
modulation system. Since the limiter wipes off all
amplitude variations, noise of this type must
appear as frequency modulation produced by the
phase shift resulting from the combination of the
signal and noise voltages. For the case where the
peak noise amplitude is half the signal amplitude
and the phase relation between signal and noise is
ninety degrees, the maximum phase shift would
be approximately 26.5°. Very little frequency
modulation will be produced if this phase shift is
the result of noise modulated by a low-frequency
audio component, but the frequency modulation
will increase directly with the frequency of the
audio noise component. The receiver will display
greatest susceptibility to noise frequencies above
audibility. Logical design of the receiver would
call for a sharp cut-off of the audio amplifier
response or, better still, a falling high-frequency
characteristic, which will reduce the hiss response.
A simple predistortion network at the transmitter
will present a compensating rising high-frequency
response so that the overall response of the system
is flat. This is the arrangement used in the sta-
tions now on the air.

The very remarkable effect of the limiter
action upon the suppression of interference has
been demonstrated by Weir.2 He reports that
with two stations operating on the same channel
the stronger station would prevail 100 per cent at
the receiver whenever the stronger station’s
signal was more than twice the strength of the
weaker signal. He also reports in the same paper
that no interference area of the usual kind existed
where the signals were of nearly the same ampli-

Fig. 7 — A parallel-resonant circuit will act as a fre-
quency detector when tuned to carrier at points 4 or B.
With the circuit tuned so that the carrier is at A4, the
voltage across the circuit will rise and fall in step with
the deviation produced by the modulating voltage; the
result is an amplitude-modulated wave which is also
frequency-modulated. A rectifier will recover the ampli-
tude audio component.

tude. In this area the movement of the antenna a
few inches would throw one program out and
bring in the other one. The presence of standing
waves accounts for the phenomenon since the
nodes would permit the selection of the required
voltage radio.

Mathematically the action of the limiter is
rather complicated, but the results of the limiter
action are an overall effect of cutting the ampli-
tude of the received voltage in such a way that

2 I, R, Weir, * Field Tests of Frequency and Amplitude
Modulation with Ultra-High-Frequency Waves,” Part I.
General Electric Review, May 1939,




the strong signal component
dominates while the weak signal
is suppressed. In other words,
the strong signal will always
take control of the receiver.
The frequency-modulation sys-
tem permits * as much as 25 db
gain in signal-plus-noise-to-noise
ratio over that possible with an
amplitude system of equal
carrier strength.

While this gain in equivalent
power is due in part to the
limiter action it is also the re-
sult of the very interesting
effect which makes the magni-
tude of the recovered power at
the receiver a function of the
modulation deviation. If a devi-
ation of 50 ke. produces voltage
A at the receiver, then a devia-
tion of 100 ke. will produce a
voltage two times A at the re-
ceiver. Here the received volt-
age has been doubled without
changing the carrier power at
the transmitter. In the ampli-
tude case the peak carrier
power must increase four times

I'ransmitter house and

2. Armstrong, Edwin H. “A Method
of Reducing Disturbances in Radio
Signaling by a System of Frequency
Modulation.” Proc. I.R.E., Val.
24, No. 5, May, 1936. Undoubtedly
the classical paper in the field.
The first published account of the
wide-band frequency modulation
system.

3. Crosby, Murray C. ‘‘Frequency
Modulation Noise Characteristics.”
Proc. I.R.E., Vol, 25, No. 4, April,
1937. Mathematical treatment and
experimental verification of wide-
band frequency modulation vs.
amplitude noise suppreseion.

4. Roder, Hans. ‘ Frequency Modula-
tion.” Electronics, Vol. 10, No. 5,
May, 1937. Mathematical analysis
of validity of noise-suppression
effect in wide-band frequency
modulation.

5. Carson, John R. and Fry, Thornton
C. *“Variable Frequency Electric
Circuit Theory with Application to
the Theory of Frequency Modula-
tion.” Bell System Technical Journal.
Vol. 168, No. 4. Fundamental
formulas for variable frequency
electric circuit theory are developed.
‘Transmission, reception and detec-
tion of frequency modulated waves
are studied analytically,

8. Roder, Hans. “ Tuned Circuits and
a Frequency Modulated Signal.”
Proc. I.R.E., Vol. 25, No. 12,
December, 1937. Mathematical

six-bay

when the modulation changes
from gero to 100 per cent.
Since without the power change
the received voltage increases
for the frequency-modulated

turnstile antenna at W1XPW, a
1000-watt experimental frequency-
modulated transmitter located on top
of West Peak, Meriden Mountain,
near Meriden, Conn. The transmitter
operates on 43.4 megacycles. WDRC,
Inc., is the owner.

. Weir, 1. R.

treatment of tuned circuita.

‘““Field Tests of Fre-
yuency-and Amplitude-Modulation
with Ultra-High-Frequency
Waves.” General Electric Review,
May, 1939, Part [; June, 1939,
Part II. A very important paper of

system with an increase in
deviation, it follows that the
advantage of the system over the amplitude
xystem will increase as the deviation is increased.
The practicable limits must be determined by
available channel width. The Federal Communi-
cations Commission has assigned 200-kc. chan-
nels for the broadcast stations now in operation.
For this channel width the deviation will probably
be restricted to 80 ke. or less. Present standards

seem to point to a modulation index (that is: -

80,000
15,000’

ratio of deviation to audio frequency) of

or approximately 5.3.

Necessarily this is a very sketchy account of
Major Armstrong’s invention. The writer hopes
that it may serve as an introduction to the sub-
ject, and for those who are interested in the more
detailed and technical aspects a carefully selected
bibliography is appended.

* * *
Selected Frequency Modulation
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8. Day, John R. ‘* A Receiver for Frequency Modulation."
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Strays “R

W5CVO says that the aluminum cores of
acetate recording disos for 16-inch transcriptions
make good material for small chassis, such as the
one required for the “Economy Forty ' described
in QST for April. These discs are often obtainable
at b.c. stations. The material coveung the alumi-
num may be removed by boiling in water and
peeling it off.

WSFJL built a 56-Mc. spiral-rod oscillator
using a pair of 35T’s. During the process of shov-
ing different materials in the field of the spiral, it
was found that bakelite boiled, but that hard
rubber and Isolantite reached the same tempera-
ture, warm to the touch. Hard rubber ought to
be as good as Isolantite at high frequencies, so
long as it is not subject to moisture.

- WE8PUF
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The Two-Band Three-Element Rotary

Building a Close-Spaced Array for Two-Band Operation

BY E. E.

THE International DX Contest is really
the ideal proving ground for amateur equipment,
and entering it without something new to try out
is like reading a book or seeing a movie for the
second time.

‘When it came time for the 1939 Contest, » gen-
eral survey disclosed a definite weakness in the
antenna department. With the ornery neighbor-
hood kids continually cutting down my rhombic,
and new neighbors building all around me, it be-
came apparent there was little room left for a
barrage of antennas. Any new antenna, therefore,
had to be something compact, and of course with
some gain. There was no hope for 40 meters. A
rotary for 20 and one for 10 would probably take
care of those bands, but two rotaries would run
into considerable money and be hardly worth it,
since we seldom operate on 10 meters except dur-
ing contests.

A plan was evolved whereby one rotary could
easily be converted from 20 to 10 meters. Accord-
ing to Brown’s data on close-spaced elements,! it

#* The Columbia Broadcasting SBystem, 410 North Michi-
gan Ave., Chicago, Ill.

1