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The “Stenode”’

By J. ROBINSON, Dsc., PhD.
MIEE, F. Inst. P.

HE Stenode system was conceived

as the result of a desire to use the

most selective circuits for commu-

nication purposes. It has been
the constant endeavor of radio en-
gineers and of communication com-
panies to improve selectivity ever
since Sir Oliver Lodge introduced
the conception of the tuning of cir-
cuits. By making circuits more and
more selective, it has been possible
to increase the number of services
which could operate simultaneously
and as the tuning of circuits was im-
proved, progress has always been very
pronounced as regards freedom from
mutual interference, as well as from
general disturbances such as atmos-
pherics.

Since radio telephony became prom-
inent, however, it has been considered
that no further advantage would be
obtained by increasing the selectivity
and, in fact, opinion has been univer-
sal that it would be incorrect proce-
dure to do so. The application of Fou-
rier’'s principles to modulation has
shown that when continuous waves
were modulated by speech or music,
the complicated waves can be resolved
into a series of continuous waves of
different frequencies, there being thus
apparently a large number of frequen-
cies transmitted. Thus to receive one-
telephony service, it was considered
necessary to receive frequencies over
a comparatively wide band, and in or-
der to be free from distortion, the re-
ceiver should be sufficiently flatly
tuned to receive all these frequencies
uniformly. )

Similar views apply to telegraphy,
and a state of affairs was reached
where wireless services are allocated
by international agreement in such a
way that the Fourier frequencies or
sidebands of neighboring stations
should not overlap. Each telephony
service should have 10 kec. allocated
solely for its own use. A restriction
of this nature obviously places a limit
on .the use to which radio can be put.
Under these conditions the time was
soon reached when it was impossible

+ Presented before the Club, Nov. 12,
1930. :

to find a convenient frequency band
for any new service.

‘When there is a complicated modu-
lated waveform, as in the case of
speech or music, there are many terms
of various frequencies.up to a maxi-
mum of say 5000 cycles per second.
The effect can thus be shown as a

e

AFTER the presentation of
the paper a demonstration
of a Stenode receiver was given.
The demonstration showed how
the Stenode received - station
WJZ free from interference from
two modulated local oscillators.
A commercial superheterodyne
was also used to receive the same
signals and the demonstration
showed the difference in recep-
tion by the two receivers.

The meeting was then thrown
open for discussion and several
members of the Radio Club com-
mented on the paper and the
demonstration. The discussion
lasted about an hour and a half.

A mathematical appendix to
the paper will be published in
the January issue of the Pro-
ceedings together with written
discussions on the paper by
several members of the COlub.

D. E. HArRNETT, Editor.
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series of frequencies extending from
n- 5000 to n-+ 5000. It is to be re-
membered that this band changes con-
stantly during the performance of or-
chestras or during any conversations
which are employed to modulate the
waves of frequency n and thus what
are usually called sidebands change
as regards the distribution of frequen-
cies and of relative energy in these
frequencies, although it can be stated
that they are all included in a band
whose width is 2p,, where p, is the
maximum modulation frequency. It
has been assumed, therefore, that as
‘modulated waves can be considered to
consist of the transmission of a series
of waves extending over a compara-

tively wide band, it is necessary to

receive in ‘an equal manner each of
these various frequencies and thus a

limit has been placed on the selec-
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tivity of receiving circuits. It has been
considered essential to have a receiv-
er with a resonance curve which is
sensibly flat over this wide range of
frequencies, normally 10,000 cycles for
broadcasting.

Fourier Theories Investigated

It appeared to me to be of import-
ance to investigate whether the gener-
ally accepted deductions from the Fou-
rier theories were of universal appli-
cation in radio and the first aspect to
be studied was whether the restriction
on selectivity hitherto regarded as in-
dispensable need necessarily apply.

The universally accepted opinion
was that if we employ a receiver with
a resonance curve whose effective
width is smaller than the frequency
range of the sidebands, we should be,
in popular phraseology, “cutting off
the upper sidebands.” If a receiver
with an effective width less than 100
cycles were employed, the foregoing
common expression obviously implied
that we should eliminate all the side-
bands of music and speech and leave
practically only the pure continuous
wave component.

Something was wrong in this gener-
ally accepted view, because if one con-
sidered a very selective receiver such
as one employing a quartz crystal to
be acted upon by waves of its own fre-
quency, this crystal would build up to
a steady state when the waves were
of continuous waveform. It-is obvious
that if a transmitter were keyed at a
very slow rate, we should obtain the
complete response of the quartz crys-
tal to the transmission, and if the rate
of transmission were one signalg per
second, we should obtain the rise and
fall of the response. If the frequency
of signaling increased there would
still “be change of response, but yet
general radio opinion stated that if
the signaling speed were at the rate
of 5000 signals per second, there would
be no change in the response as the
upper sidebands would be cut off.

There can be no discontinuity in the
nature of the physical response as we
go from a signaling speed of one per
second to 5000 per second, and it is
thus essential to examine the whole
phenomenon from an entirely different
point of view. -

Decrement

Let us consider a resonant circuit
which can be obtained in three differ- -

-ent conditions as regards the logarith-

mic decrement, the remaining condi-
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Figs. 1, 2 and 3. Damping, amplitude and response curves, respectively.

tions being constant. Fig. 1 shows
resonance curves for these three con-
ditions, the resonance curve a relat-
ing to the case of the highest damp-
ing and c to that of the lowest damp-
ing. We shall examine these conditions
by plotting the rate of, rise of the os-
cillations which ‘arrive at the circuits.
This is shown in Fig. 2 where we plot
the amplitude of the oscillations in
the circuit against the time when con-
tinuous waves arrive. We find that
for the curve a the oscillations build
up to a comparatively low. steady
state, whereas in the case of low damp-
ing, ¢, a large steady state is finally
obtained. The amplitude of the steady
state in fact is inversely proportional
to the resistance in the circuit.

Another very important fact emerges
from these curves which is that al-
though the curve c¢ eventually reaches
a higher amplitude than that of curve
a longer time is required for it to
reach its steady state. In each case
here we are considering the waves
which arrive to be in tune with the
receiver. When the incoming waves
cease, the receiver is in a state of os-
cillation and 'these oscillations will
commence to die away at a rate de-
pending on the logarithmic decrement.
In each case we have an exponential
fall of the oscillations and for the case
of high damping the receiver comes
very guickly to rest, whereas for the
case of low damping (curve ¢) a con-
siderable  length of time is required
for the receiver to come to rest.

Suppose that we make a signal at
a transmitter and that we wish the
receiver to respond to its full extent
and to die down to zero again, it is
obvious from these curves that the
length of the signal which we can use
depends on which of the curves a, b
or ¢, we employ. In the case of curve
a, a comparatively short time is re-
quired to build to the maximum value
and a comparatively short time to die
down to rest again, whereas in the

case of curve ¢, a very much longer

time is required for the receiver to

build up to its maximum value and .

to die down to rest again. Hence if
we make the condition that the re-

ceiver must always be allowed to rise -

to a maximum value and must ‘always
come to rest again for any one signal,
we arrive at the conclusion that the
lower the damping of our receiving

circuit, the lower must be the signal-
ing speed of th_‘e transmitter.

High Signaling Speed

Let us now examine what would
happen if we actually do employ very
high signaling speeds for these cir-
cuits of exceedingly low damping. In
Fig. 3 we again plot the amplitude of
response of a very selective ecircuit
against the time, and the actual re-
sponse of such a receiver to telegraph-
ic signals of two different speeds™is
also shown.

First of all, we shall consider sig-
nals as shown at K and we must as-
sume .that these signals are made so
that the transmitter is active and at
rest for equal intervals. For the first
active portion, the amplitude of os-
cillation will build up to the point A.
‘When the incoming waves cease, these
oscillations will tend to die away, and
as a comparatively long time is re-
quired for this process, it is obvious
that we cannot afford to ignore the
exponential effect, which in fact be-
comes of very great importance. In the
period of rest, however, the receiver
will only die away to the point B and
it will still be in a state of oscillation
when the next signal arrives.
will now (provided we arrange for it
to start in the correct phase) build
to the amplitude of oscillation of the
point C, when the signals again cease.
Again, the amplitnde falls to the point

D in the period of rest when the sig- -

nals again arrive.

Thus for the signals K we find that
the receiver continues to build up- ac-
cording to the curve OABCD, finally
reaching a steady state with the am-
plitude varying according to the sig-
nals.

Consider now that the signaling
speed is increased as shown at Q. The
build up curve becomes oabed, again
the amplitude building up to a steady
state with a fluctuation, the rate of
fluctuation corresponding to the sig-
naling speed but the amplitude of the

fluctuation being smaller than in the. .

case where the signaling speed was
lower.

Fig. 3 is suﬁicient to show that no
matter what telegraphic
speed is employed, provided.that. this

“‘i5[ower than the frequency of the éar-

rier waves, we shall-have the ampli-
124

This "

signaling
.sponse is not small
“percentage modulation has been dim-

tude of the receiver fluctuating with
the signals, the amount of fluctuation
depending on the signaling speed.

In place of telegraphic signals as

" shown at K and Q, it is obvious that

we could employ signals of trigono-
metrical form, instead of being square-
topped as shown at K and Q. Similar
reasoning will apply, and this means
that instead of transmitting tele-
graphic signals of square-topped form,

‘we are transmitting signals of trigono-

metrical form which, in fact, are equi-

~ valent to a trigonometrical modulation

of the carrier waves. Thus we find
that when the carrier waves are mod-
ulated by any frequency, we have the
amplitude of oscillation fluctuating at
the same rate as the modulation, but
the amount of the fluctuation depends
on the modulation frequency, being
greater for a lower modulation fre-
quency.

The important deduction to be drawn
is that in this very selective circuit,
all modulation frequencies, or all sig-
naling frequencies are present, al-
though not in their original propor-
tions. We can, in fact, deduce a gen-
eral principle, which is that when
modulated waves impinge on a re-
ceiver, the percentage modulation is
changed after going through the re-
ceiver to an amount which depends
upon the logarithmic decrement and
also on the modulation frequency. Thus
no matter how selective we make a
circuit, all modulation frequencies are
still present, although they are not
necessarily present in their original
relative intensities. For extreme se-
lectivity it was apparent that the re-
sponse of any signaling frequency
would be approximately, if not ex-
actly, inversely proportional to the
signaling frequency.

The Receiver

Having reached this very important
deduction, the way was shown to the
construction of a suitable receiver, by
employing a very selective device and
arranging for the correction of the
modulation frequencies so that they
should appear in their desired propor-
tions. For instance, one method for
bringing this about is to pass the mod-
ulated waves through a highly select-
ive circuit, such as a quartz piezo-
electric crystal, then to rectify the
effects and pass the result through a
low-frequency amplifier which has the
characteristic of amplifying the fre-
quencies so that the amplification fac-
tor is proportlonal to the frequency.

Thus it is seen that there is no
necessity to place a limit on the selec-
tivity of a circuit.

Magnitude of Modulation Reépénse

The conclusion that has just been
arrived at that the percentage modu-
lation is reduced as the selectivity in-
creases, helps us to appreciate that
the magnitude of the modulated re-
Although the

inished, the total response of the cir-
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cuit at resonance has increased as
some resistance has been. cut out of
~ the resonant circuit to produce the
selectivity, Hence although the per-
centage modulation is diminished, the
absolute value of the 'modulation is not
necessarily lowered.

Examining the curves of Fig. 2 it
can be seen that the absolute magni-
tude of the modulations is in fact not
smaller for the highly selective cir-
cuit ¢ than for the damped circuit a.
In-each case the amplitude builds up
to a steady state where the input of
energy into the circuit just balances
the dissipation of energy. -For curve
¢, the rate of input of energy is given
by the tangent of the angle AOT, Fig.
4. This angle gives the rate of loss
of energy-at the peint P, and thus
when the input of energy ceases, the
energy will fall away along a line PQ
where the: angle QPK=AGQT.

The modulated signal is, given by
the ‘amount of fall from the’ point P,
and in a given small interval it will
fall through PK, which equals the
amount .of rise of amphtude which we
would obtam in this ecircuit when
starting from rest.- Obviously -this _is
greater- for the selective than for the
non-selective circuit.

-We thus have the followmg results

1. No matter how selective a cir-
cuit may be, all modulation frequen-
cies are present.

2. From a quantitative point of view
the signals need mnot be weaker than
they are in a highly damped receiver.
. 3. We .can now employ selectivity
as high'as is practically possible and
‘there is no need to place a limit to
progress as regards “selectivity, We
should expect that as the selectivity
is improved, such annoying factors as
spark and atmospheric mterference
‘should be diminished.

4. The percentage modulation  of
waves is changed after they pass
through a very selective device by a
factor which is’ approximately propor-
‘tional to the logarithmic decrement
and approximately inversely propor-
tional to the modulation frequency.

Practical Methods

Having established the fact that no
matter how selective a receiver may
be, it is still possible to receive all
modulation frequencies, we shall con-
sider certain practical methods for
utilizing these principles in radio.

Highly Selective Receiver with
Equalizing Amplifier

It is known that ‘when a quartz
crystal is cut in a special manner it
has a definite frequency and that it
can be employed as a resonater. Pro-
fessor Cady has shown that when
such a quartz crystal is connected in
parallel across a resonating ecircuit,
and when the resonance curve is plot-
ted, the normal curve is obtained with
the exception that at a very definite
frequency a crevasse M appears in the
resonance curve as shown at Fig. 5.
This crevasse M occurs because at or
near this very definite frequency some
of the oscillating energy is constrained
_to pass through the crystal.

Such a resonator is obviously very
selective and our object is to employ
it not in the form of a crevasse in
another resonance curve but merely as
a- resonator of its own accord. We
“thus need to obtain our indications ac-
tually in the quartz crystal circuit it-
‘self and for this purpose the crystal
is ‘connected between one end of the
r‘esonance’jcircuit and the grid of a
tube of Fig. 6. The crystal is shown
as Q Such an entlrely new depar-
ture in radio reception brings forward
.a number of peculiar problems, one of
them being the fact that it is usually
necessary with the crystal to employ
electrodes or plates, thus providing a
‘capacity which is capable of passing
high-frequency energy. It is necessary
to correct any such effect, and one
method of doing so'is to employ a small
condenser C connected to the opposite
-end of the resonating inductance, the
‘filament of the tube being connected
'to -a center point of the inductance.

* Thus in effect we provide a bridge
‘eircuit by means ‘of which undesirable
effects of any capacity of the quartz
mount can be compensated. Effective
reception with such a crystal obviously
only occurs for a mnarrow frequency
band and thus in order to employ one
such crystal for a range of frequen-
cies it is suitable to employ the super-
sonic principle, in order that incom-
ing 'waves can have their frequency
changed to that of the erystal.

It is not essential to describe in de-
tail these ‘supersonic portions of such
a Treceiver, as this principle is well
known. Following the quartz crystal,
rectification is effected, after which a
low frequency amplifier is used which

*. AMPLITUDE

FIG.5
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Figs. 4, 5 and 6. Curves illustrating energy transfer.
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is designed to amplify in proportion
to the frequency.

Certain special features of rectifi- -

cation are introduced because the per-
centage modulation is low, although

the actual amount of modulation may -

be quite normal.

Reversal of Phase Method

Another interesting method of em-
ploying a highly selective device in a
different manner in order to obtain
complete modulation frequencies is as
follows : Referring to Fig. 2 it is seen
that with such a selective device a
considerable - interval of time is re-
quired for the receiver to build up to
its maximum amplitude, and at the
same time this maximum amplitude
is very high.” It is, however, not

i D
+
— I ger

23

FIG.8

Fig. 7. Incoming  signals led to

two tubes. Fig. 8. Selectivity—

does not affect modulation  fre-
’ quencies.

necessary to allow the receiver to reach
its maximum amplitude and after a
short interval of time when the re-
ceiver has built up to a comparatively
small value, it is possible to bring
it to rest again. This can be done by
reversing the phase of the incoming
signal. To show how this can be done
a diagram is given in Fig. 7, a descrip-
tion of which appeared in The Wire-
less World, London, of December 11,
1929. In this case, incoming signals
are led in opposite phase to the grids
g: and g, of two tubes which are made
alternately active at a lower frequen-
cy which would normally be supersonic
when telephony is being received, by
leading an alternating voltage of this

. lower frequency from a source S, Fig.

7 to second grids g, and g: in the two
tubes.

In this way in the combined anode
circuit of the two valves we obtain
trains of waves with opposite high
frequency phases in the successive
trains which are led to the highly se-
lective device D, We thus obtain a
series of pulses as shown in Fig. 8.
OAB, CDE, ete. The amplitudes of
these pulses depend on the instantane-
ous intensity of the incoming waves.
After rectification the envelope of these

pulses corresponds to the form of the

low-frequency waves, so that such a

N



receiver although exceedingly selective
will still indicate all the modulation
frequencies.

Interference with the Stenode

Once it has been appreciated that
all modulation frequencies are present
in a receiver of this nature no matter
how selective it may be, certain deduc-
tions .can be made.

The opinion has been universally
held that the ideal receiver for broad-
casting reception should be able to re-
ceive equally waves over a frequency
band of ten kilocycles and receivers
have been designed employing band-
pass filters to eliminate waves whose
frequencies are outside of such fre-
quency band. Such designs have con-
centrated on methods for obtaining
equal response within the required fre-
quency band of ten kilocycles.

In this connection it is important to
point out that when the high frequency
circuits of a radio receiver are de-
signed to respond to a wide band of
frequencies, such as, 5000 cycles, either
side of the carrier frequency, there is
an inevitable loss of the efficiency
which comes from utilizing the prin-
ciple of resonance to its best advan-
tage.

One important result of the work
on the Stenode system is the advanc-
ing of a definite group of principles
hitherto entirely unrecognized, which
may be employed by the application of
sound engineering to bring about re-
sults considered up to now as entirely
impossible.

Interference

It is now necessary to consider in
what manner interference will be
caused by waves of frequencies differ-
ent from that to which the selective
receiver is tuned.

‘We must consider what will happen
if the interfering frequency is nearer
than ten kilocycles. The general con-
ception of the sideband theory appears
to be that when the carrier frequency
is nearer than ten kilocycles, interfer-
ence should be experienced.

A general discussion on the nature
of sidebands took place in the pages
of Nature early in 1930, and various
scientists, particularly Fortescue and
Glazebrook recalled the fact that sim-
ple modulated waves, i.e., waves of
frequency n modulated at frequency p
do actually give resonant response in
a receiver at the three frequencies n,
n+p and n—p.  Because of this it

. up.

might be considered that if the inter-
fering carrier frequency is 1000 cycles
away and has a modulation of 1000
cycles, one of the sidebands so pro-
duced will fall directly on the reso-
nance curve of our receiver and will
thus produce considerable interference.

‘While there is no doubt that under
such conditions the receiver would be
excited, no interference is actually
produced because this interfering side-
band is purely of continuous wave-form
and it will operate in conjunction with
the desired carrier wave to determine
the maximum amount of build up in
the receiver. The preceding discussion
has shown that the desired signals are
the variations of this maximum build

The probability that we should ob-
tain an interfering station with a pro-
longed note of such frequency that it
produces a sideband accurately on the
resonance curve of the receiver is very
small with the Stenode and this prob-
ability diminishes as the selectivity of
the receiver is increased.

A more general case is that the in-
terfering station will have a modula-
tion frequency of variable intensity
which produces a sideband accurately
on the resonance curve of the receiver
and in this case intensity of this side-
band is very much lower than when
one constant note is being produced.
The variation of intensity in this case
is at a very slow rate being controlled
by the speed of manipulation of musi-
cians and is thus at a rate of the
order of one per second.

‘We must thus look to other causes
for any possible interference and we
shall now consider what interference
is obtained from the carrier wave of
a neighboring station. Fig. 9 may be
taken as a typical resonance curve of
a highly selective circuit, and it is
seen that an adjacent station at X
will produce an effect on the selective
receiver even though this effect is
small. In most of the experiments up
to date, it is found that such a car-
rier does produce a small interference
and, although this does not form part
of the present paper, means can be

employed to remove this interference.

For the moment, however, we shall
discuss the nature of this small inter- -

ference of a _carrier frequency. Let

us consider the build up effects that

are obtained in our selective receiver
by an interfering station at X in a
similar manner to that in Fig. 2.

In the first place, if the interfering
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station is of continuous waveform of
G I frequency n, we have the build up of
E U the SIgl}als as ShOWn at oas:eg, W.hereas
for a signal of the same intensity ac-
c H Fig. 9. Typi-  tually in tune, ie., of frequency n,
§ ] i f::anlrv:e:g ?ﬁgﬁ? the build up for continuous waves is
El a D FIG.10 ly lselge:::tnve OACEG. Let us now consider that we
gz : | ciroult modulate the signals and employ tele-
2 B . ;{gb,}o' s',':r‘l‘;', graphic signals as shown at K Fig.
s ¢ e ¢ 1 impulses. '10. For the interfering station we
0 b d £ " I .havel-ta dlow (?1 axiicllnumthvalue fOI{: :ﬁe
4 fon T e T e T e O e I amplitude. onsider the case a e
FREQUENCY TIME point ¢ when a signal has just ceased.
: We have here the case of forced os-

cillations which have built up a small
amplitude. At the time given by e
the receiver is actually being forced
to oscillate at a frequency n., which is
different from the natural frequency
of the circuit n,, When the input of
energy ceases, the receiver will con-
tinue to oscillate in its own natural
frequency n, and the oscillations will
die away according to an exponential
curve determined by the damping of
the oscillating circuit.

As the initial amplitude of the os-
cillation at e is small and as the damp-
ing is minute, we shall have the re-
ceiver dying away to the point f in
the spacing interval, when theére is no
incoming energy. This exponential
curve is of the same family of expo-
nential curves as that given at EF and
the slope of ef is further, very much

lower than that of EF.

When the next signal arrives at e
the receiver will build up to the point
g (provided that the phase of the in-

‘coming signal is correct) and the total

result is that the incoming signals give
a maximum oscillation which is small,
with a variation of amplitude which
is still smaller. Thus the interfering
station, when of continuous waveform
produces energy given by oaceg and
when this interfering station is modu-
lated, we still have this same energy
with a small variation of amplitude
corresponding to the signals, ie., oab-
cdefg. In fact, qualitatively, it is ap-
parent that the percentage modulation

of the interfering signals is of the same

order as that for the signal which is
in tune with the receiver.
The result has thus been obtained

‘that when we have waves of a fre-

quency n, modulated by speech, music
or the like, and when we employ a
very selective receiver, the modulation
response is a maximum when the re-
ceiver is tuned accurately to the fre-
quency of ‘the incoming waves and

~ that this response rapidly diminishes

as the receiver is progressively de-
tuned from this frequency. By mak-
ing a receiver of the highest possible
selectivity, the modulation response of
a transmission whose frequency is less
than 5,000 cycles away from that of
the receiver can be made negligible.

This result is in accordance with
our earlier conceptions of tuning, but
at first sight, it appears to be a con-
tradiction of the sideband theory. This
latter theory is an application of the
Fourier analysis to radio, and in con-
sequence it has been considered to be
a correct interpretation of all facts
of modulation. :
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It is, however, very significant that
there are certain phases of radio analy-
sis where it is customary to employ
the actual modulated waves instead of
the Fourier components, such as for
instance in problems of rectification,
and it begins to be a case for consid-
eration, whether the sideband theory
as at present formulated, being merely
a statement of Fourier's analysis,
gives a complete statement of the case.

The case has not been completely
analysed so long as problems of recti-
fication and detection have been omit-
ted. Then again it must be remem-

bered that the Fourier components are

changing in amplitude and frequency
for the general case of modulation,
such as for speech, music, telegraphic
signals or television. Another con-
sideration is that the Fourier analysis
gives values for the amplitudes, fre-
quencies and phases of the various
components, and the question of phase
shows that we cannot apply simple
arithmetical addition to these various
components.

This becomes of great importance in -

the case of the Stenode where the re-
ceiver is exceedingly selective. = Still
another factor which must be consid-
ered in the case of the Stenode is
that we must take into account free
oscillations which are given by the ex-
ponential term in the solution of the
basic differential equation for oscillat-
ing circuits. With ordinary receivers,
it is usually unnecessary to consider

the exponential term as it is of small
importance, but with the Stenode it
cannot be ignored.

There is one other very important
consideration in connection with the
exponential term. The effect of this
term is large in the Stenode and it

is not easy to subject it to mathema-

tical computation. Its value at any
instant depends on the actual ampli-
tude of oscillation in the selective cir-
cuit and as this amplitude is changing
for modulated waves the value of the
exponential term is also changing.
When one attempts to apply the side-
band analysis to the Stenode, the ques-
tion arises as to the vectorial addition
of various sideband effects. Such ad-
dition is permissible provided that
each term is entirely independent of
the other terms but when the expo-
nential term is of large importance the
sideband effects are not independent
of each other and thus simple addi-
tion cannot be applied.

These considerations show that the
application of the Fourier analysis to
the complete radio equipment is not
quite simple, and that when new facts
are brought forward as in the present
case of the Stenode, the application of
the Fourier analysis must be made in
a manner to include the whole of the
phenomena.

Summary

The Stenode system is a departure

from hitherto universal practice, where

it was considered necessary to employ
a widely tuned receiver in order to re-
ceive all the sidebands of the trans-
mitting station. In fact, the Stenode
system makes it possible to increase
selectivity to the wutmost practical
limit and still obtain all modula-
tion frequencies. While employing
selectivity of a much higher order
than normal it is possible to obtain
all modulation frequencies and to
apply a low frequency amplifier
which may be designed according
to a clearly defined law that the am-
plification factor is proportional to the
frequency and thus to obtain fidelity.
Another result arrived at is that there
is a large improvement possible in the
ratio of signal to interference whether
the latter may be from natural  or
other causes. From a quantitative
point of view, the signals are at least

" as strong as they are in the normal

highly damped receiver. Some of the
effects of the Stenode system can be ex-
pressed in the form that the percentage
modulation of waves is changed after
the waves pass through a selective de-
vice by a factor which is proportional
to the logarthmic decrement and in-
versely proportional to the modulation
frequency. It further brings out the
possibility that modulated stations can
be placed considerably closer than 10
kilocycles apart without interference
and with perfect fidelity.

SOLAN il C Anienna Insulaio;

IN highly efficient antenna systems when

it is especially desired to minimize ab-

sorption of electrical energy at points of
support, Isolantite insulators are particu-
larly valuable. An unusually low loss factor
and a completely vitrified non-porous body
immediately recommend Isolantite for this
service. Insulators types 752 to 785 meet
these electrical requirements when accom-
panied by moderate mechanical loads and
voltages. For lower voltages and less strain
at snpporting points smaller insulators are
recommended.

A complete assortment of Isolantite an-
tenna insulators for use in insulating trans-
mission lines, for lead-in applications and a
variety of suspension purposes are de-
scribed in bulletin No. 100D. A copy will
be sent upon request.

Comp

SALES OFFICES —~ 551 FIFTH AVENUE, NEW YORK CITY
‘Fat’:toryf Belleville, N. J.
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These three NEW Pick-ups

meetl every engineering requirement

These three new Pacent
Phonovoxes will be wel-
. comed by Engineers. An
electric pick-up with the
name “Pacent” is your guar-

better.
Catalog No. 107 Special : Catalog No. 107
Special HI.OUTPUT Master Phonovox
(ILLUSTRATED ABOVE) the NEW Master Phonovox
Gives the highest output of any electric pick-up Contai.ns .12 features that make it the greatest
on the market, thus providing greatly increased . value in pick-ups today. List price $15.00.

volume on any kind of phonograph records.
List price $20.00.

Catalog No. 108B

The NEW OIL-DAMPED Phonovox
(ILLUSTRATED AT RIGHT)
The 108B Oil-Damped Phonovox was designed to be the finest
instrument that could be made for talking movies and broad-
casting station work. It required the most careful engineering
and the best materials available.
The 108B Oil-Damped Phonovox provides the finest repro-
duction available. Adjustable needle pressure. Absolutely no
rubber. Freezing is impossible. List Price $25.00.

Write for literature of our entire line of Radio and Electric Equipment — be fully posted on Pacent!

All priées slightly highér West of Rockies and in Canada

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.

ACENT
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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
’ is
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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| CONTINENTAL RADIO
___CORPORATION

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

——

OUR SERVICES ARE AT
- YOUR COMMAND

Qv

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 Ngw York City
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