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A

The first part of this paper is
additional to the paper on the
Stenode receiver, published in
the Club Proceedings of Decem-
ber, 1930. Discussion of the main
paper then follows.

v

HE following analysis was ob-
tained in discussions with Dr.
Alexander Russell, F.R.S., princi-
pal of Faraday House, London.

Transmitting Waves

Let us suppose that the carrier wave
has a frequency n and that o,=2mn.
Then the magnetic flux produced at a
point in the receiver may be written
% Sin @; t where ® is a constant which
depends on the kind of transmitter used
and its distance from the receiver, and
t is the time in seconds. In practice &
is modulated in various ways. Let us
suppose that a pure note C Sin w: t is
sounding at the transmitter and is
modulating the amplitude of the current
producing the carrier wave. In this
case the instantaneous value of the flux
at the receiver with the modulated
transmitting current is given by

¢=¢(1+mSinwzt)Sinaut (1)

where m is a constant independent of
the frequency and the time. By trigo-
nometry this may be written

¢=¢Sinw1t+rn<—;;cos (wl—-wz)t—

cos (w1 + wo) t}

Sin w1 4+ w2 t — (w1 — w2) Sinwl—wgts

If the resonating receiver consists
merely of an inductive coil of resistance
r and inductance L and a condenser K
in series with it we have

fiee )

c
where i is the current in the circuit
where [idt=q is the charge on the con-
denser at the time t. Writing for e its
value from (1) and substituting in (2)
and solving the equation we get

- w1 P cos (wlt + ao)'

(el P

+<P (w14 w2) Sind ey + wnt—en }
27T, L 3
%r + ( o s — C(w1+wz)> }

(w1 — we) Sin{wi —wyt — an}

i {r2+(Lw1 or— ___c(wll_wz))’}%@)

e—n+L6t+

I=

Loy— -1
Where tan a, = - cen
1
L (o1 + &) ——/—F——
tan a; = T © (@1 + @)
1
L (w1 — w) — Y pr——
tan ay = ! =

T
The formula (3) gives the complete
solution when the steady oscillating
state is attained. In practice the ratio

“_” %— x is less than one in a hundred.
1

If the resonating receiver is adjusted
to resonance with the carrier wave we

have L w;— — =o. Thus tan a,=o0,
1

and consequently a, = o.
In addition we have L (w1 + w) —

c(wx—wz)sz a+ x)_cm 1+ x)

1
=Lw1 gl +x— 1—_"_:’C$=Lw1‘{1+x—“
l—x+x22—2...)=Lw (2x—2a?)
= L w» (2 — x) very approximately..
Similarly
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tan ay =

=tan ay. Hencea;=—

2w L
T
a; = a say.
Thus substituting in (3) the formula
for the current I in the resonating cir-
cuit is
I=wl¢cosw1t+ m w; @ 3
T Z{E + 4 2w}
% 1—|—xSinw1t-|-wgt—a$‘ @

—1—xSinwmt—wt—a

Now the expression inside the large
bracket equals

Sin (0)1 + wgt—a)—Sin (wlt-—wzt—
a) +x{Sin (wrt—wyt— a) + Sin (w1 t
—wt—a)}
which equals 2 cos "’1+Sln (@ t—a)+
2XSin @ t cos (@ t—a).
If 2 L w, is greater than 25 r the error
made in assuming that (r-44 L* 0.”) ¥4
=2 L o, is less than one in a thousand.

We see that (4) can be written
=% ®coswt

T
+ mow ®{ coswtSin(wt—a)
2Lw; |+ xSinwet cos (et — a

The second term in the bracket being
multiplied by x the ratio of the frequen-
cies can in practice be made negligibly
small compared with the first. Neglect-
ing it we get ﬁnally

I—-{A+ i Sm (we— @)t cosw t (5)

where

_wm? mw 2L w,
A TB L~ tana————l—_——
2L ws .

Since we have supposed that —— is

25 or greater than 25, a=90° very ap-
proximately and thus (5) becomes
i={A—gcoSwgt}cosw;t (6)
Comparing (6) with (1) we see that
the current in the resonant circuit con-
sists of a modulated carrier wave and
would produce an audible note the fre-
quency of which is f..
It is to be noticed, however, that the
amplitude of this audible note is in-



se preportxonai to the frequency,
. vthe higher the note, the smaller the
amplitude: :

-If there are notes of several frequen-
cies f, £ . . . sounding at the transmit-
tmg apparatus, the current would be
given by

'I——'-:v{Al'—V%':C‘OSwzt—’Bf-—:lCOSwat....}
cosar t

where B* B" are constants which depend
" on the amplitude of the pure tone sound-
ing at the transmitter.

Equation (6) can be written

I=A (1——:‘%;cosmt) cos w;t=A

{l—g—lﬂg—gcos wzt}cosantwhere6=§%l—4
Thus the modulation factor which for
the input is m, becomes for the output
d n
R A
and we have the result that a very selec-
tive receiver changes the modulation
factor.

By the factor where 3 is the

d n
27
logarithmic decrement, n is the carrier
frequency and f, the modulation fre-

quency.
A
Discussions on the foregoing

paper follow

ELLSWORTH D. COOK, PH.D*

HE radio profession has heard so

many conflicting reports on the

Stenode that we are indebted to

Dr. Robinson for his explanation
of what it is and how it is supposed to
cperate.

A review of his paper shows that it

does not question the existence of side-
bands. Any suggestion that a differ-
ence would exist between the modu-
lated wave and the three separate fre-
quencies into which it can be resolved
mathematically would be too naive to
warrant discussion. Dr. Robinson,
however, calls in question the need for
such broad circuits in receiving. It
will be essential, therefore, to discuss
both the steady state and transient con-
ditions. In the steady state case, a re-
ceiver designed so that a band lying
(1000) cycles on either side of the car-
rier would be passed without attenua-
tion while all frequencies outside of
this band and extending up to 5000
cycles on either side of the carrier ire-
quency, though still accepted by the re-
ceiver, are greatly attenuated, may be
made to produce a uniform audio-fre-
quency output by compensating the
audio amplifier to properly accentuate
the higher frequencies between (1000)

* United Research Corporation.

and (5000) cycles.

pass through the radio system. "It is
obvious that neglecting detector distof-
tion, no audio frequencies in excess of

5000 cycles can now exist in the output

of the set.

Detection is well understood to re-
quire at least one frequency separated
from the carrier by the audio frequency
in order to provide a beating note with
the carrier which, after detection, yields
the audio signal. Assuming single
sideband transmission in the steady
state, if this side-tone frequency is
supplied from a separate oscillating
system, the same audio output will be
obtained. The manner of generation oi
this side-tone frequency is unknown to
the detector. Thus in the steady state
at least, there is no difference between
the Stenode which is designed with a
compensating audio-frequency- amplifier
and a receiver designed with a flat band-

pass radio frequency characteristic .for

5000 cycles width on either side of the
carrier frequency having a perfect de-
tector and audio-frequency amplifier.
This has been freely granted by Dr.
Robinson in the various discussions.
The flat band-pass radio-frequency
characteristic would seem to be the
more desirable since it does not require
as careful tuning to give good audlo
quality as the Stenode does. Further-

more, the increase in high-frequency

audio gain is contrary to the usual
American design. It is becoming gen-
eral commercial practice to decrease the
amplification at high audio-frequencies
in order to reduce the noise. -

The paper, however, suggests a dif-
ference between a modulated and an un-
modulated wave where the unmodulated
wave existed at the identical. frequency
of one side-tone. This difference is
ascribed to the transient condition, that
is, the energy build up mentioned by
Dr. Robinson. There is, however, no
discernible difference in the radiation
of a modulated wave where the modu-
lation is by a single frequency tone, and
the individual waves called for by the
mathematical resolution of the modu-
lated wave into its components. Phase
difference between these three frequen-
cies is meaningless unless the instant
under consideration is given since all
possible phases are successively taken
on. The solution of the ordinary dif-
ferential equation of a resonant circuit
will show no difference in the results
for the two cases even in the transient
case. The additional phenomena of de-
tection does not alter the situation since
a difference in grid signal applied to the
detector must be discernible before de-
tection in order for the detector to dif-
ferentiate between the two signals. The
only possible conclusion left is that the

4

. Outside of this
range- it is assumed that no signal can

{undamental theory of tran51ents
resonant circuits is faulty and such a
conclusion is untenable.

It then remains to find thé advantage
possessed by the Stenode. If the crystal”
used to provide the high degree of
selectivity claimed, can be made as
selective as claimed, it would seem that
the advance made is in providing a re-
ceiver with this much selectivity with-
out an array of resonant circuits which,
to say the least, would be very imposing
and certainly a trial to one assigned the
problem of maintenance.

J. G. ACEVES*

HERE are several features per-
Ttaining to the “Stenode” which are
worth discussing.

In the first place, it is my belief
that in this type of receiver, the piezo-
electric effect has been utilized for the
first time in order to secure an extreme
degree of selectivity in a broadcast
radio set.

It is well known that no electrical
vibratory system has a decrement as low
as a mechanical system. If the latter
could be employed as means of obtain-
ing a high degree of selectivity, which
is a consequence of low damping factor,
the selectivity of a receiver could be
considerably improved. A mechano-
electric converter has to be secured, and
this is precisely the function of the
quartz crystal used in the Stenode.

A receiver equipped with such a sharp
“filter”—after all, this is the way the
crystal acts—must obviously pass the
side frequencies, or for that matter any
frequency in general departing from the
resonance frequency, with a rapidly in-
creasing attenuation.

It follows that for tolerably good
overall fidelity response in the case of
a broadcast receiver, some means must
be resorted to in order to secure an
adequate compensation. In the case of
the Stenode, the audio-frequency am-
plifier is compensated. How far this
compensation is feasible may be sur-
mised from the following calculations.

Let us consider the effect of the
crystal by analogy to an equivalent
electrical circuit.

Let a constant voltage, variable fre-
quency sine wave generator G, Fig. 1,
impress an electromotive force E into
a circuit formed by an inductance L, a
capacity C and a resistance R. If we
take the voltage drop across the coil,
which may be connected to a valve V
and call this drop e, the ratio between
the impressed voltage E and the re-
ceived electromotive force e will be the
gain, which we shall call H, and it is
given by the expression:

* Chief engineer, Amy, Aceves & King, Inc.
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H=

e pL
E |
G ©
pC,
in which p stands for the frequency in
radians (6.283 times the frequency in
cycles).
Let us use frequency ratios and intro-
duce the “efficiency” of the circuit, each
one defined respectively as follows:

p = np, where p, = or resonance

VvLC
frequency)
1
Let Q= pﬁ—L = pﬁc or ratio of reactance to

resistance at resonance

-
and by dividing both numerator and
denominator of the f{raction in the
second member of expression (1) by R
and substituting, we obtain:

H= =

Ve

@

For values of n so close to unity that

(n-1/n)* may be ignored in comparison
with Q-2,

H=nQ and as n is very close to 1,
H will be constant and equal to the
efficiency of the tuner. In the curve
shown in Fig. 2, this portion lies be-
tween A and B.

As the frequency ratio n departs from
unity, the quantity (n-l/n)?2? increases
very rapidly and soon will be much
larger than 1/Q° and if we ignore the
latter in comparison with the former,
expression (2) will become

n n?
H—:i:——1 —d:n——2+1

n—-—
n

Care should be taken to use the proper
sign so that H will come out always
positive.

For a frequency change within the
range that we are interested in, which
will correspond to values of n between
say .98 and 1.02, (2 per cent away from
resonance) we can write:

@

n=1+An
hence: H= %———w (whenever (n-1/n)?is
large compared to 1/Q?) 4

.and ignoring 2An in comparison with
tnity,
1

H=%& ®

This expression means that the gain is
inversely proportional to the percentage

Q —d
<

U<

<

<
o=

' 2%

Fig. 1.

of frequency deviation from resonance
and this deviation is proportional to the
resultant audio frequency after demodu-
lation. This proportionality holds be-
yond point C in Fig. 2 where the reson-
ance curve approaches a hyperbola.
Hence, for proper compensation, it is
necessary to have an audio amplifier
with a gain directly proportional to the
audio frequency, as Dr. Robinson prop-
erly pointed out. But how far from
unity must n be so that equation (35)
will hold true, even approximately?

If we make (n-I/n)2? at least four
times 1/Q°, the error, committed by
ignoring the second quantity in com-
parison with the first will be about 3
per cent in the calculation of H from
expression (2) which thus simplified
becomes expression (3) or (5).

.Giving numerical values to our data,
let us make QQ = 1000 which is a higher
value than can be obtained electrically

without - regeneration. Let also, by
hypothesis, as previously mentioned:
( l)’ .
n
T »
hence; *= (n-1/n)Q =2 and with

Q = 1000, n-1/n = .002, or n’-.002n—1I
=0 from which n = 1.001 and there-
fore, from a frequency 1/10% away
{rom the carrier, and thereafter, equa-
tion (5) will hold true for values of n
included between .9 and 1.1 at least. If
we choose a value of resonance fre-
quency of 50 kilocycles, then the ex-
pression will hold good for frequencies
50 cycles away from 50,000 and beyond.
These will generate audio frequencies
of 50 cycles and beyond after demodula-
tion. It is clear that the inverse pro-
portionality law in the audio response
will hold for the entire audio frequency
range. The same results that are ob-
tainable with the sharply selective sys-
tem involved in the Stenode with its
highly compensated audio system could
be secured without the crystal to more
or less the same extent by substituting
the “band-pass” type of intermediate
frequency amplifier in a superhetero-
dyne by a very sharply tuned regenera-
tive stage, as has been done by E. V.
Amy. The old fashioned audio-fre-
quency transformers had a response

curve. which was approximately ' pro- .

portional to the audio frequency up to
a value a little higher than 1000 cycles,

after which the decline was very rapid
due to the distributed capacity within
the windings and also that due to in-
ternal capacity between anode and grid
cf the tubes. ‘

I wonder how feasible it is to make
an audio amplifier the gain of which is
proportional to the frequency for a
total range of from 50 to 5000 cycles?

Granted that we lower the gain at 50
cycles to as little as 40 db. or 100 to
one, the amplification at 5000 cycles
would have to be 10,000. '

An alternate method would be to use
a power detector with a gain of about
10 at 50 cycles from there to the loud-
speaker. In that case the upper fre-
quency (5000) would have to be am-
plified 1000 times and unless the detec-
tor was strictly linear at the low sound
intensities the bass notes will be wiped
out and a serious distortion may result
in case of loud signals of very different
frequency components, due to non-
linear relations in the characteristics of
the tubes. A compromise would have
to be secured, and this is precisely the
impression that I gathered from the
flemonstration at the Radio Club meet-
ing. ‘

Being fortunate enough to be able to
play the pipe-organ and the pianoforte,
and being a lover of symphonic music,
I may be able, perhaps, to detect the
presence of all the frequencies present
in a reproduction of music and my ears
tell me—right or wrong (?)—that the
bass notes below 200 cycles and the
treble tones above 2000 were inaudible
during the demonstrations.

There is another novel feature in the
Stenode receiver; the use of an elec-
tronic “reversing switch” for the pur-
pose of bringing the low decrement cir-
cuits or (crystal) to a ' standstill and
cutting short the “tails” due to free vi-
brations. There is nothing*in this that
involves the same principle used in
super-regeneration since the effective
resistance in the latter case alternates
from a positive to a negative value at
every half-cycle of the intermediate
supersonic frequency. In the super-
regenerative circuits the r-f. tuned cir-
cuit having a negative decrement builds
up with or without external impulse
until' the effective circuit resistance
changes sign. The extent to which it
will build up is governed by the ampli-
tude of the signal at the time that the
resistance is negative. Nothing of this
sort happens in the Stenode since the
resistance is always positive. It is
true, however, that the maximum ampli-
tude that the free vibrations will reach
before the input signal is reversed will
depend upon the amplitude of such sig- -
nal at the beginning. Ll



. F. HORLE

% AM pleased that the committee on
- pubhcatlons has given me this oppor-
tumlty to add to the general discus-

¥ ‘sion of Dr. Robinson’s paper since
my rather completely occupied position
~ as mediator at the discussion following
Dr. Robinson’s paper did, quite ob-
viously, preclude the possibility of my
~ contributing any technical discussion

at that time and I feel that some effort

of summarizing the extended and, at

times, highly controversial discussion is -

“well worthwhile.

I am afraid that I must admit that
neither the lengthy analysis of the ac-
tion of the “Stenode” nor the demon-
stration of the device by any means
convinced me of the validity of the
broad claims of its deviser as made
in the delivery of his paper. In
so far as the analysis is concerned

I must admit that my difficulty in
* following his explanation, disclosing
as it did the action of the device only
under transient conditions with the con-
sequent need for constant interpretation
in terms of the more familiar and com-
monly employed “sideband” basis may
have caused me tp miss such points in
support of the alleged characteristics
of the device as were made.

Similarly, I can, by no means accept
the demonstration of the device as being
indicative of the unusual, and to me, as
yet unexplained characteristics claimed
for the device. There was, of course,
evidence of a high degree of selectivity
and it may be assumed, similar evidence
of compensation 6f the speech amplify-
ing equipment to accommodate the fre-
quency distortion of the high frequency
amplifier. But, certainly, by no stretch
of imagination could the quality of re-
production of the device be termed even
“fair.” There was of course, no sug-
gestion of numerical values of any of
the characteristics of the device either
given in the paper or suggested by the
demonstration. In the case of the lat-
ter much doubt was cast on its com-
plete validity by the facts brought out
in the discussion, namely, that, in
addition to there being no actual dem-
onstration of the -frequency difference
between the remote transmitter, and the
local interfering transmitters no effort
was directed at indicating to the mem-
bership the relative magnitude of the
signal voltages induced in the antennas
of the ‘“Stenode” and the comparison
receiver by either the remote or the
local transmitters,

It is, however, to be noted espec1ally
that two significant points were brought
out by the discussion and concurred in
by Dr. Robinson. These were: First,
the fact that the performance of the
“Stenode,” consisting as it does of a
high frequency amplifying system of an
unusually high degree of selectivity in

 connection with a low frequency ampli-

fier properly tompensated to accommo-
date the “sharpness” of the high fre-
quency amplifier, would be duplicated by
a combination of a high frequency
amplifier of the conventional type hav-
ing a selectivity of the order of that
of the “Stenod along with a similarly
compensated'low frequency amplifier.

Second: The only basis on which the
“Stenode” might be expected to differ-
entiate between sidebands of the carrier
to. which it was tuned and such poten-
tially interfering sidebands of another
and possible ‘closely adjacent carrier lay
in the simple and constant phase rela-
tionship between the carrier and the de-
sired sidebands and the lack of this con-
stancy and symmetry in the sidebands
of the undesired signals with respect to
themselves or to the desired carrier.

The significance of this second point
escapes me in my efforts to understand
its application to the circuits of the
“Stenode” but the significance of the
first point seems to me to be all import-
ant in that it brings within the range of
my capacity for consideration the cir-
cuits and operating characteristics of
the “Stenode.” And since, in view of
Dr. Robinson’s repeated acquiescence to
the former proposition, I feel that I
need not concern myself with such
claims as have been made by others for
the Stenode.

I believe that all that was shown in
the demonstration needs no other ex-
planation other than the unquestionably
high selectivity of the piezoelectric
crystal included in the “Stenode” and I
certainly feel that the ingenious inclu-
sion of the extremely “sharply” tuned
piezoelectric crystal within a high fre-
quency amplifier so as to bring into play
the extreme selectivity inherent in such
a crystal with the resultant high degree
of selectivity of the system as a whole
is of utmost importance and must at-
tract to itself further and successful ef-
forts in the adaptation of this scheme to
practical radio apparatus.

The use of the crystal in a brldge

structure balanced for the non-resonant:

condition appeals to me because of its
simplicity and economy but it is to be
borne in mind that there are other ar-
rangements that may be devised for the
employment of the crystal as a selective
coupling means and it is in the investi-
gation of all of these means for the em-
ployment of the crystal and the adapta-
tion of these means to their proper fields
of usefulness that further work must be
done.

It is my conviction, in contradistinc-
tion to the suggestions made by the de-
viser of the “Stenode,” that neither the
crystal coupling nor any even more
markedly selective device—if such exist
—will serve to greatly modify at any
early date the broadcast frequency allo-
cation under which the nation now oper-

"possible might be accomplished in ap- -

ates—and' suffers Even though the im-

paratus design so that closer frequency
assignment might bé made without loss
of fidelity of reproduction, or even
though the audience to radio broadcast-
ing might be further reconciled to the
elimination of.the higher tones in the
reproduction of music and speech, the
large number of radio receivers now in
use and which are, so obviously, con-
sidered satisfactory by their -users,
makes quite impossible within less than
ten to fifteen years any such revolu-

tionary alteration of the broadcast pat-

tern as would allow of materially in-
creasing the number of channel assign-
ments within the broadcasting band
without more than proportionally in-
creasing the resultant interference.

Dr. JAMES ROBINSON

HERE seems to be an impréssion
from the discussion that the demon-

stration of the Stenode receiver

was given in circumstances which
were not accurately specified, and
in consequence it is suggested that the
demonstration was not entirely convinc-
ing to some members of the audience.
It is difficult to understand how such a
public demonstration can be completely
satisfactory to everyone, and all that I
hoped to do was to give a general idea
of the performance of the Stenode.
Had anything further been my inten-
tion, no demonstration whatever could
have been given, it being impossible to
test the apparatus adequately prior to
the lecture as the room was occupied
almost continuously.

My object was to demonstrate the
sharpness of tuning of the receiver and
that all modulation frequencies were re-
ceived without sacrifice. In order to
determine precisely the type of response
with the Stenode careful measurements
which certainly could not be made at
the demonstration are necessary. The
accompanying curves taken by the Cros-
ley Radio Corporation during their in-

“vestigation of the Stenode, and repro-

duced by their kind permission, illus-
trate graphically the achievements of
the invention and answer a number of
questions that have been put to me.
Fig. 1 shows the selectivity of the Sten-
ode and Fig. 2 shows the overall fidel-
ity. These curves show that with the
very great selectivity of the Stenode
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the high modulation {frequencies are
reproduced. )
Another object was to show the
greatly increased freedom from inter-
ference when the selectivity of a re-
ceiver is increased and that when the
apparatus demonstrated is employed it
is possible to receive broadcast stations
five kilocycles apart without appreciable
mutual interference. For this purpose
two local modulated oscillators were em-
ployed with their carrier frequencies set
five kilocycles on either side of W]JZ.
It was shown that the Stenode received
these transmissions individually without
interference whereas a present-day re;
ceiver considered to be of extremely
good selectivity did not do so. Had con-
ditions allowed it would certainly have
been arranged to demonstrate that the
field strengths were as nearly as pos-
sible identical for the two receivers.
During this experiment the variable
balancing condenser in the quartz bridge
circuit was first adjusted so that the
resonance curve was exceedingly sharp.
When the balance position has been cor-
rectly set.the three simultaneous trans-
missions can each be received independ-

ently but by increasing or decreasing

the value of the balancing capacity the
mutual interference increases and the
larger the deviation from the correct
value the greater becomes the mutual
interference.

This experiment demonstrates that
the sharper the resonance curve the
greater is the ability to overcome inter-
ference and with the Stenode in its

present form it is possible to receive
broadcasting stations five instead of ten
kilocycles apart without sacrifice of
fidelity.

In my paper I have indicated certain
reasons which lead to an explanation of
the great advance brought about by the
Stenode—an advance which cannot be
too strongly emphasized. Mr. Cook ex-
amines these reasons of mine and ap-
parently comes to the conclusion that

" they do not yield a satisfactory explana-

tion. He states that the transient nature
of the effects cannot lead to any posi-
tive difference, and further proceeds to
show that we cannot really discuss the
phase difference of various components
of any modulation when we are consid-
ering complicated modulations where
many modulation frequencies may be
present. If this is true the same remark
surely applies to the actual components
or sidebands themselves so that we could
not really discuss sidebands on such con-
ditions. I am sure Mr. Cook does not
wish to draw this deduction. He fur-
ther dismisses the question of rectifica-
tion with a few words as having no pos-
sible influence at all, and apparently he
has overlooked the fact that a strong
carrier actually demodulates a weaker
carrier. This phenomenon has been dis-
cussed in England by Butterworth.

When he has taken these effects into
account he will not so definitely draw
the conclusion that the Stenode does not
give better results against interference
than a band-pass receiver.

Certain other remarks in the discus-
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sion of more detail and less importance
could be taken up, such as the fact that
Mr. Horle states that I advanced the
phase difference explanation as the only
means of explaining distinguishing be-
tween the sidebands of the two stations.
Answers to remarks of this type will
be obvious from a perusal of my paper.

Mr. Horle states that it would be im- .
possible to place broadcasting stations
closer together today because there are
so many million receivers which would
be unable to separate them. This diffi-
culty can be overcome by arranging that
receivers supplied to the public in future
provide such desired separation and in
due course the stations could then be
placed closer together.
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Vice-President Treasurer
Charles E. Maps Joseph J. Stantley
Corresponding Secretary ’Recordiﬁg Secretary
Willis Kingsley Wing Harry W. Houck
DIRECTORS
Ernest V. Amy John F. Grinan
Edwin H. Armstrong Renville H. McMann
George E. Burghard Harry Sadenwater
Lewis M. Clement W. P. Powers
Carl F. Goudy F. A. Klingenschmitt
L. C. F. Horle Fred Muller
Frank King
Editor
D. E. Harnett
Business Manager of Proceedings
R. H. McMann

COMMITTEE CHAIRMEN

F. X. Rettenmeyer—Chairman, Committee on Papers

Frank E. King—Chairman, Membership Committee

Daniel E. Harnett—Chairman, Committee on Publications

Willis K. Wing—Chairman, Publicity Committee

George K. Burghard—Chairman, Club House Committee

Thomas J. Styles—Chairman, Year Book and Archives Committee
Harry Sadenwater—Chairman, Affiliation Committee

Fred Muller—Chairman, Banquet Committee

Rates: Annual subscription to non- .
members, $5.00; single copies,
$.50, except certain out-of-print
copies, specially priced. Special
rates on quantities of single issue.




PROCEEDINGS OF THE RADIO CLUB OF AMERICA, INC.

CONTINENTAL RADIO

CORPORATION

meomoroa: 160 VARICK ST., NEW YORK. N.Y.

OUR SERVICES ARE AT
YOUR COMMAND

Y

The pioneer house of Continental is glad to place its
extensive merchandising facilities at the command of the
buyers, engineers, and other members of the Radio Club
of America. Through this dependable service, built up
during years of steady growth, Continental is able to
recommend members to reliable dealers in their districts

or to arrange for securing such radio materials and mer-
chandise as they need.

The names of dealers in your vicinity and any other
information you may desire will be cheerfully supplied
on request.

Continental Radio Corporation
160 Varick Street ' New York City
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Amy, Aceves & King, Inc.

Consulting Engineers

. Office Laboratory

55 West 42nd Street 91 Seventh Avenue
New York City New York City

Research, development and design in radio,
acoustics, television, talking pictures,
and other arts closely allied to radio

One of our recent developments
s
The Multicoupler Antenna System

for apartment houses

This system comprises a well designed and suitably located
common or group antenna, provided with a downlead to
which as many as thirty radio receivers may be connected
by means of specially designed coupling devices, known as
multicouplers. The reception of each radio set is excellent,
whether one or thirty sets are connected to the common
antenna. It may readily be installed either in a finished
building or one in course of construction.

The Multicoupler Antenna System is the sign of con-
venience, safety and service to the tenant; progress and
prosperity on the part of the owner.
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e TECHNICALLY SPEAKING e

«THESE FEATURES MAKE THE

RECORDOVOX SUPERIOR!”

LIST
PRICE

$25.00

less microphone

y Microphone as illus-
trated, $10 additional
LECTRICALLY and mechanically, the PACENT
RECORDOVOX is as fine an instrument as you
could find even in the professional recording laboratories.
Every possible angle has been taken into consideration
in the design of the RECORDOVOX. Supplied with 3
adjustable weights, it can be used with motors that lack
sufficient torque to operate the turntable when the head
is fully weighted. Like the well-known PHONOVOX,
the RECORDOVOX, as the result of careful design, pos-

sesses excellent frequency characteristics.

ELECTRIC PHONOGRAPH
MOTOR, CATALOG NO. 140

Designed for pre-grooved type of records only. List Meets every requirement. of radio-
Price $25.00. Microphone $10.00 list extra. phonograph use. Has sufﬁ(:le.nt torque
Write for information on special types and models to cut even 10” records. List Price
to meet your specifications $25.00.
Manufacturers

PACENT ELECTRIC CO. INC.,, 91 SEVENTH AVENUE, NEW YORK, N. Y.

Pioneers in Radio and Electric Reproduction for Over 20 Years. Licensee for Canada: White Radio, Ltd., Hamilton, Ont.
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