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Alexander, Upper Mentclair, N. J., and John A.
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1

The invention covered herein may be manu-
factured and used by or for the Government of
the United States for ali governmental purposes
without payment to us, or our asugns of any
royalty thereon:

Our present inventicon relates to receiving sys-
tems for angle modulated carrier waves, and more

particularly to a frequency modulation receiver

of novei construction and periormance. The
generic expression “angle modulated” is intended
to cover frecuency modulation, phase modulation
and hybrids thereof.

There has been disclosed and claimed by S. W.
Seeley, in his application Serial No. 509,232, filed
November 8, 1943, a control system wherein a
doubie frequency modulated carrier wave is radi-
ated to one or more separate receivers. FEach
receiver is capable of responding sclely to a wave
having a predetermined combination of carrier,
sub-carrier and modulation frequencies selected
at the transmitter. Reception is accomplished
in & unique manner, and without radiation from
a receiver unit. Each receiver unit, upon proper
snergization, is capable of operating a controlied
device, as for example a land mine. In our
covending patent application Serial No. 497,000,
filed August 2, 1943, we have disclosed and claimed
3 particular transmitter unit adapted for utili-
zation in a system of the form shown in said
Seeley application.

In our aforesaid copending application we have,
in general, disclosed a transmitter unit wherein
g, selected carrier is frequency modulated (“FM”
‘hereinafter for brevity) at a subcarrier fre-
quency. The sub-carrier, in turn, is frequency
modulated at a selected lower modulation fre-
guency. The modulation current is pulsed at a
repetition rate of approximately 10 pulses per
sescond by means of a telephone dial, which per-
mits the transmission of from 1 to 10 audio
frequency pulses per dial operation. At the com-
pletion of each dialed number the carrier is
interruptéd for an interval of approximately one-
tenth of a second. The secrecy of two million
combinations is secured by using five carrier fre-
quencies, five sub-carrier frequencies and eight
modulation frequencies for a total of 200 com-
hinations. At the receiver ratchet relays pro-
vide ten thousand combinations thereby provid-
ing a total of two million combinations.

‘At the receiver, as disclosed generally in the
Seeley application, the complex multiple fre-
quency modulated carrier wave is subjected to
the discrimination action of highly selective tuned
circuits. . There is derived from the received FM
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wave an amplitude moduiated carrier wave whose
modulation frequency is the sub-carrier second
harmonic. Detection of the derived energy yields
an FM wave whose mean frequency is the said
second harmonic and whose modulation ire-
guency is the original modulation frequency ap-
plied at the transmitter. Further selective dis-

crimination yields an amplitude modulated wave

wherein the modulation is the second harmonic
of the original modulating frequency. Affer de-
modulation, the resulting second harmonic modu-
lation is passed through a selective network, and
employed to operate relays in a predetermined
sequence.

One of the main objects of our present inven-
tion is to provide a receiver unit which is capa-
ble of satisfactory operation in a system of the
type shown by Seeley in his said application.

Another important object of our invention is
to provide a reliable and efficient receiver unit
adapted to be responsive to any one of a selected
frequency combination of theusands of possible
combinations radiated from a transmitter of the
type disclosed in our aforesaid copendmg patent
application.

In the particular embodiment of our receiver
unit g novel detecting network and a novel relay
arrangement are used. The received FM signal
is amplified by a sharply tuned carrier amplifier
resonant to the selected mean carrier frequency.
Since the received signal is frequency modulated,
the carrier may be thought of as varying in fre-
quency above and below its quiescent frequency
once each cycle of the modulating frequency.
This process of modulation sweeps the carrier
frequency back and forth across the single-
peaked resonance characteristic of the :carrier
amplifier thereby imparting amplitude modula-
tion to the carrier. - The vesulting amplitude
moduiation has two maxima and two minima for
each cycle of frequency modulation. Hence, the
modulation frequency is double, or the second
harmonic of, the sub-carrier modulating fre-
quency. Detection of the amplitude modulated
carrier wave is followed by highly selective ampli-
fication in a so-called “intermediate frequency”
network sharply tuned to the sub-carrier second
harmonic frequency. . As described previously,
the yesult of this selective action is to provide an
amplitude modulated wave wherein the audio
modulation frequency is double the original audio
frequency.

Both the direct current and alternating current
components of the following detector output cur-
rent are used, The.direct current component is
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amplified, and is used to operate a sensitive relay
which performs three functions. First, the fila-
ments of an audio amplifier are turned on in
the presence of the intermediate frequency (I. F.)
current. Secondly, in the absence of carrier
transmission for long intervals of time, the dial-
ing and transfer ratchet relays are connected
so that they automatically “home.” Thirdly,
when carrier transmission is interrupted at the
end of each dialed number the transfer ratchet
relay is advanced one step.

The alternating current component of the de-
tector is the second harmonic of the original
audio modulation frequency. This component is
amplified in a tuned amplifier, rectified ang uti-
lized to operate a second sensitive relay. This
sensitive relay controls the dialing ratchet relays
of which there are four. Each dialing relay may
be dialed to any one of ten positions. When the
four dialing relays are in the correct position a
circuit is completed, and the latter action con-
nects a land mine detonator to a battery of the
receiver power supply.

It may be stated that it is a more specific object
of our present invention to provide a highly ef-
ficient and reliable receiver unit for use in a
secrecy radio confrol system, wherein the re-
ceiver unit operates with no local oscillator or
other radiating signal to derive the benefits of
selecitivity and sensitivity of a superheterodyne
circuit,

Still other features and objects of our inven-
tion will best be understood by reference to the
following description, taken in connéction with
the the drawings, in which we have indicated
diagrammatically several circuit organizations
whereby our invention may be carried into ef-
fect.

In the drawings:

Fig. 1 schematically shows the networks of a
transmitter unit adapted to control a receiver of
the present invention,

Fig. 2 schematically shows the networks of a
receiver unit comprising the present invention,

Fig. 3 shows the circuit details of the receiver
unit forming the subject matter of our present
invention, )

Fig. 4 shows the details of the relay circuits.

Before describing the circuit details of the re-
ceiving system shown in Fig. 3, the transmitter
and receiver units will be generally described.
In Fig. 1 we have depicted in purely schematic
manner the general networks employed in our
aforementioned transmitter application Serial
No. 497,000. The numeral | designates a source
of modulation signals. Specifically, the network
i is an audio frequency oscillator of the resist-
ance-capacity (RC) typeé arranged with switch~
ing means to generate oscillations at s plurality
of different selected frequencies. - In g particular
example eight frequencies falling between 200 and
1200 cycles per second are employed, The sub-
carrier oscillator 2 preferably generates oscilla-
tions in a range of 60 to 140 ke. A selector switch
is provided in network 2 to permit the selection
of any one of five sub-carrier frequencies. 'The
selected. sub-carrier frequency is deviated in ac-
cordance with a selected audio frequency. The
FM modulator 3 is employed to provide the fre-
quency modulation of the selected sub-carrier
oscillations. Preferably the amplitude of the
audio oscillations is adjusted to a level to pro-
vide the correct amplitude to drive the modulator
tubes in network 3. Each seélection of a desired
sub-carrier frequency is, -accordingly, accom-
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panied by an appropriate selection of audio tone
amplitude, )

The numeral 4 denotes a manual dial through
which during dialing cperations the regulated
output of audio source 1 is fed to the modulator
tubes. The dialing mechanism is manually con-
trolled, and pulses the audio frequency voltage
at a repetition rate of approximately 10 pulses
per second. This permits the transmission of
from 1 to 10 pulses per dial operation, since the
dial has 10 positions. The output of the dial 4
is fed to the modulator 3 to angle modulate the
sub-carrier oscillations. In our aforesaid appli-
cation we have shown the modulator as a pair
of push-pull related reactance tubes to whose re-
spective control electrodes is fed in differential
manner the output of dialing device 4. The re-
actance tubes of modulator 3 act to reduce con-
currently the effective capacity reactance and in-
ductive reactance of the tank circuit of oscillator
2, and vice versa, thereby to change the frequency
of the generated sub-carrier oscillations. The
selected audio tone and amplitude causes the
variation of the reactance tube effects.

The frequency modulated sub-carrier oscilla-
tions are now employed to modulate the carrier
oscillations produced at network 5. 'The modu-

- lator 6, associated with carrier oscillator §, is of
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the same construction as modulator 3. A pair of
push-pull connected reactance tubes provide the .
modulation circuit for oscillator 5. The range of
oscillator 8 is 5 to 10 me., and any one of five
carrier frequencies may be seclected. Preferably,
and as in the case of the sub-carrier frequency
selection, we apply the modulated sub-carrier os-
cillations to modulator 6 in a balanced sense and
of proper amplitude for constant deviation at the
five different carrier frequencies. ' In both the
frequency modulation steps at oscillators 2 and
5 the frequency of the generated wave will be
deviated to an extent dependent upon the ampli-
tude of the modulating signal, while the frequecy
of the modulating signal determines the number
of times per second that the change or deviation
in frequency of the wave takes place. It is as-
sumed that the amplitude of each of sources I, 2
and § is uniform, and that the waves are smus-
oidal in cha,ra,cter These characteristics, how-
ever, are not restrictive.

After each dialing operaticn of dial dev1ce 4
the operation of carrier oscillator 5 is interrupt-
ed, for example, for approximately one-tenth of
a second. This is done by employing for the con-
trol function @ relay 1 which is energized for
about one-tenth of a second after each dialing
operation to render the oscillator 5 effectively in-
operative. 'The numeral 8 denotes a control
switch device for a relay 9, which when energized,
acts to prevent the modulated output of oscil-
lator 2 from reaching the modulator 6, Spe-
cifically, as shown in our aforesaid application,
the switch 8 in “tune” position causes the relay
% to be energized so that the grids of the re-
actance tubes of modulator 6 are grounded.
When switch 8§ is in “operate” position the relay
§ is in non-energized condition, and the connec-
tion from oscillator 2 to modulator 6 is nermal.
When the switch 8 is in “tune” position the fre-
quency selection of oscillator 5 can readily be
performed. :

Remembering that the exciter output of os-

cillator 5 is one-quarter of the frequency at the

final output after frequency multiplication, the
frequency multiplier 18 is provided to quadruple
the mean frequency of the frequency modulated
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carrier oscillations. Hence, there is passed on to
remaining transmitter units wave energy having
double frequency modulation and having a
mean frequency in the 20 to 40 mc. band. The
combinations of modulated excitation provide for
2,000,000 frequency combinations, or 400,000 com-
binations of any one selected carrier frequency.
The secrecy of 2,000,000 combinations is obtained
by using 5 carrier frequencies, 5 sub-carrier fre-
quencies and 8 audio frequencies for a total of 200
combinations, which when multiplied by the
10,000 combinations provided by the ratchet re-
lays at each receiver unit gives a total of 2,000,000.

When a certain receiver is to be dialed the tun-
ing dials of the oscillator i, oscillator 2 and carrier
oscillator 5 are set, and the switch § is adjusted
from “tune” to “operate.” The proper numbers
are then dialed by the dial mechanism 4 for a
veceiver control operation, following which the
relay 9 is returned to “tune” position if the next
succeeding receiver control operation requires a
different carrier frequency. In order to allow
other receiving equipment to “home,” that is per-
mit their relays to return to their original set-
tings, a period of 5 seconds should elapse before
dialing another receiver having the same sub-
carrier and carrier freguencies. When one re-
ceiver is used to operate two or more detonators
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on different dialed numbers, this homing sequence

must be carefully observed.

The receiving system of our present invention
is schematically represented in Fig. 2. One of
the factors of prime importance in the receiv-
ing system, as disclosed and claimed in the afore-
said Seeley application, is that the receiver is so
constructed that it will produce -amplification at
the second harmonic of a predetermined modula-
tion frequency of an incoming carrier. The sec-
ond harmeonic is produced by the action of simple
narrow-band tuned circuits at the carrier ire-
quency. It will be remembered that in the usual
receiver of FM carrier waves the detector is cus-
tomarily preceded by amplification of a broad
band of frequencies at the carrier frequency fol-
lowed by some type of discriminator. In the pres-
ent receiver there is no discriminator network
per se, since the discrimination is an inherent
function of the sharp selectivity characteristic in
each of the cascaded tuned circuits. The advan-

tages of sensitivity and selectivity inherent in :

superheterodyne receivers are secured in this sys-
tem, yet no local oscillator is employed with the
result that no oscillatory energy is radiated from
the receiver, :

The received multiple frequency modulated
carrier wave energy may be collected by any de-
sired type of signal collector 14. Depending upon
the installation of the receiver unit, the collector
{4 could be a grounded antenna circuit, a dipole,
. or any other well known pick-up device capable
of collecting wave energy whose mean carrier fre-
quency is in the operating range of 20 to 40 me.
‘The carrier amplifier |5 may be of ahy well known
construction, and it has an input circuit which is
sharply tuned to the selected carrier frequency
of the received wave. The amplifier I8 is followed
by a detector 18 whose tuned input circuit will
be sharply tuned to the selected carrier frequency.
It is desired that the resonance curves of the in-
put circuits of amplifier {5 and detector 18 be of
the same type.

Since it has been fully disclosed in the afore-
said Seeley application how the selective input
circuit of the amplifier derives amplitude modu-

lated energy from the double FM carrier, it is .
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not believed necessary to repeat the description
of the derivation in as great detail. It issufficient
for the purposes of Fig. 2 to point out that since
the received modulated carrier wave is frequency
modulated, the carrier may be thought of as vary-
ing in frequency above and below its quiescent
frequency once each cycle of the modulating fre-
quency. This process of modulation sweeps the
carrier frequency back and forth across the single-
peaked resonance characteristic of the amplifier
{5 thereby imparting amplitude modulation to
the carrier. For each cycle of frequency modula-
tion the resulting amplitude modulation has two
maxima and two minima. Hence, there will be
applied to the detector input circuit an amplitude
modulated carrier wave whose mean frequency
is the received carrier frequency, but whose modu-
lation frequency is the second- harmonic of the
sub-carrier  frequency.

The detector 18 acts to rectify the amplitude
modulated carrier wave energy. The detected
energy is frequency modulated wave energy whose
mean frequency is double the sub-carrier fre-
quency, and whose modulation is made up of a
compoenent provided originally by the audio fre-
quency oscillator { of the transmitter unit. The
frequency modulated wave energy of double the
sub-carrier frequency is termed “infermediate
frequency energy” (I. P. for brevity). The term
should not be understood as implying the use of
a local oscillator as is done in superheterodyne
receiver practice. The expression “I. F.” is used
herein, because the second harmonic sub~carrier
frequency is inftermediate the received carrier
frequency and the original audio modulation fre-
guency.

The I. F. energy output of detector 18 is ampli-
fied by an I. F. amplifier 21 whose input circuit
is highly selective, and is tuned sharply to the
second harmonic of the sub-carrier frequency.
The sharp selectivity characteristic of the input
circuit of amplifier 2{ acts in the same manner
as do the sharp input circuits of amplifier 15
and detector 18. In other words, the FM wave
energy applied to the input circuit of I. F'. ampli-
fier 2{ is translated into amplitude modulated
wave energy whose mean frequency is the second
harmonic of the sub-carrier frequency, but whose
modulation frequency is double the original se-
lected audio frequency. This means that there
will be applied to the sharply tuned input circuit
of the following detector 23 an amplitude modu-
lated wave whose mean frequency is the I. F.
value, but whose modulation frequency is the sec-
ond harmonic of the selected audio frequency.

Both the alternating current and direct cur-
rent components of the detected output current
of detector 23 are utilized. The direct current
component is amplified by the direct current am-
plifier 24, and the amplified output of amplifier
24 operates a sensitive relay 25 which performs
three functions. First, the filaments of an audio
amplifier are connected in a complete heating
circuit in the presence of I. F. energy. Secondly,
in the absence of carrier transmission for long
intervals of time, the dialing and transfer ratchet
relays are connected so that. they automatically
“home.” Third, when the operation of the trans-
mitter is interrupted, at the end of each dialed
number, the transfer ratchet relay is advanced
one step. '

The alternating current component of the de-
tected output of detector 23 is amplified by the
audio frequency amplifier 26. Ii is preferable

to have amplifier 26 tuned to the second harmonic
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of the selected audio frequency. The rectifier 21
rectifies the output of tuned audio amplifier 26.
The output voltage of rectifier 27 operates a sec-
ond sensitive relay 28. This relay 28 controls
the dialing ratchet relays, of which there are
four, located at 29. 'The detonator 30 is actuated
in accordance with the operation of the relays
located at 29.

It will now be seen that in general in the de-
tecting system used at the receiver a form of
double demodulation takes place, and at the I. F.
amplifier 2{ there is provided a doubling of the
tone frequency. In other words, where the audio
oscillator at the transmitter is adapted to oper-
ate at a seiected one of eight frequencies running
from 200 f{o 1200 cycles, at the output of de-
tector 22 in Fig. 2 one may select a tone fre-
quency from eight frequencies located in the
range of 400 to 2400 cycles. The detected output
of detector 23 includes, in addition to the selected
double frequency tone, a direct current compo-
nent which is derived from the rectified carrier.
The selected tone frequency is used to step up
one of a series of dialing sensitive digital relays,
there being four in this embodiment. More may
be employed, if desired. Absence of the direct
current component is used to transfer operation
‘of the tone frequency from one digital relay to
the next.

Since in the operation at the receiver it is de-
sired to interrupt the direct current component
thereby to operate the relay 25, the relay 71 is
provided at the transmitter unit in Fig. 1 for
interrupting the carrier oscillator operation after

each dialing operation. As stated previously, at ¢

the transmitter unit the audio frequency is pulsed
by the dialing mechanism 4 at a repetition rate
of about ten pulses per second, this permitting
the transmission of one to ten audio pulses per
dial operation. At the completion of each dialed
number the operation of the carrier oscillator is
interrupted approximately for one-tenth of a sec-
ond. This interruption is used to operate the
transfer switch at the receiver unit which con-
ditions a second digital ratchet relay for opera-
tion, assuming that the first one was operated
by the dialing described above. The digital re-
lays, and cther. relays, at the receiver unit are
frequency sensitive, and respond to one particu-
lar tone frequency only. When the four digital
relays are in the correct position, which has been
predetermined, a circuit is completed which con-

- sistor 42 and lead 43.
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nects the land mine detonator, or any controlled ‘

circuit, to.an energizing source.

Attention is now directed to the detailed cir-
cuit diagram of Fig, 3 wherein is shown the spe-
cific circuit connections of one embodiment of a
receiver unit. The carrier amplifier network {5
consists of a pair of cascaded tuned amplifier
stages. Of course, more than two stages of car-
rier-tuned amplification may be employed. The
first tube 31 and second tube 32 are illustratively
represented as pentodes, although any other suit-
able type of tube may be used. The signal grid
33 of tube 31 is connected to one end of a tuner
coil 34 which is of the adjustable iron core type.
The lower end of coil 34 is connected to ground
through condenser 35. The direct current return
path for grid 33 consists of the choke coil 36. En-
ergizing current sources 37 and 38, both shown
as batiery sources by way of illustration, are pro-
vided for the screen, plate and cathode electrodes.

The plate electrode 39 of tube .31 is connected
to the positive terminal of direct current source
3T over.2 bath comprising choke coil 48.and:lead
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tuned network 34’'—58-—51 has a high “Q”;

8

4. The screen electrode is connected to an ap-
propriate positive voltage point on battery 37
over a path consisting of voltage reducing re-
The grounded suppressor
grid and the positive screen electrode are appro-
priately bypassed to ground for high frequency
currents. The filament 44 of tube 31 is connected
across the heating current source 38 by virtue of
its connection between ground and lead 45.

The coil 34, condenser 35 and the input capaci-
tance of tube 31 (designated by the dotted con-
denser 46 between grid 33 and the grounded cath-
ode or filament £4) provide a resonant input net-
work for amplifier tube 31. 'The input network
34—35—46 is tuned to the desired carrier fre-
quency of the collected double frequency modu-
lated wave energy. The inductance of coil 34 may
he chosen so as fixedly to tune the amplifier to
any of the following five carrier frequencies: 21,
25.5, 30, 34.5 and 39 mec. These are, of course,
purely illustrative values. These values will cor-
respond to the carrier frequencies selectively ra-
diated from the transmitter, it being understood
that in the present example of our invention the
radiated frequencies are four times those pro-
duced by the carrier oscillator § of Fig. 1.

The antenna input transmission line 47 may
hbe connected to feed across condenser 35. The
line 47 is preferably designed to operate out of
a quarter wavelength antenna normally having a
resistive output impedance of 35 ohms. The cou-
pling between line 47 and the input network of
the tube 2{ is below critical to the extent that
a reactive component in the antenna impedance
equal to the antenna resistance does not detune
the input network. Hence, the antenna connect-
ed to line 47 could vary considerably from a quar-
ter wavelength without detuning the input net-
work -34—88—45. The resonance curve of the
latter network is sharply peaked by virtue of
proper selection of the “Q” of coil 34.

The second carrier amplifier tube 32 has its
electrodes energized in the same manner as tube
31. The filament of tube 32 is connected to the
heating source 38. The screen and plate are con-

‘nected te leads 43 and 41 respectively.  The choke

coil 49’ is in circuit with the plate and lead 41.
The control grid 48 of amplifier tube 32 is con-
nected by direct current blocking condenser 49
to the plate end of coil 48. The coil 84’ is an iron
core tuner coil, similar to coil 34, and acts to
tune the input circuit of tube 32 o the desired car-
rier frequency. The coil 34’ also functions as a
direct current return path for grid 48.

The iron core of coil 34’ is adjusted so that the
selected inductance thereof will resonate with the
output capacitance of tube 31 and the input ca-
pacitance of tube 32 to the received carrier fre-
quency. The output and input capacitances are
shown in dotted lines, and are designated by ref-
erence numerals 36 and 5{ respectively. The
its
resonance curve has a sharp peak at the selected
carrier frequency. The plate circuit of ampli-
fier tube 32 is impedance-coupled to the diode
section of multiple function.tube 52. The latter
may be a diode-pentode tube, or it can be any
other type of tube or two separate tubes providing
a diode section and an amplifier section.

The filament 53 of tube 52 is heated from
source 38. 'The diode anode 32 receives its elec-
trons from a portion of the filament surface.
Ancde 83 is connected to the grounded leg of
the filament through. g series path consisting of
coils .54 and E5.. Both coils preferably have ad-
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justable iron cores. ‘The junction point 55’ of
the coils 54 and 55 is connected to the control grid
56 of the amplifier section of tube 52. Condenser
57 shunts coil 54, and tunes the latier to the sec-
ond harmonic frequency of the sub-carrier fre-
quency employed at the transmitter. Coil 85
and the inherent diode capacitance 58 provide a
resonant input network for diode 53—%83’ sharply
tuned to the carrier frequency. The capacitance
58 is shown dotted, since it is the inherent anode
to filament capacity of the diode. The tuned
circuit 54—57 acts as the diode load. At the same
time it is the tuned input network of the amplifier
section of tube 52. The anode 52 is connected by
direct current blocking condenser 59 to the plate
end of choke coil 49°.

The cascaded amplifiers up to the diode 53—53‘
act to prov1de simultaneous discrimination and
amplification of the received double frequency
modulated carrier wave. The effect of the cas-
caded sharply tuned circuits 34—35—48, 34'—5|
and 55—58 is to translate substantially all the
frequency modulated carrier wave energy into
amplitude modulated carrier energy whose ire-
quency of modulation is of double the sub-carrier
frequency.. The specific manner in which each
of the cascaded highly selective circuits acts to
provide such discrimination has been fully ex-
plained in the aforementioned Seeley application.
Frequency modulated wave energy whose mean

frequency is of double the sub-carrier frequency
is derived by detection in the tuned diode circuit.
The output voltage developed across tuned load
54—57 is the so-called “I. F.”” voltage, which is
shown in Fig. 2 as amplified at 2{.

The I. F. energy developed at tuned diode load
circuit §4—57 is amplified in the cascaded I. F.
amplifier tubes 52 and 68. The screen grid and
plate of tube 52 are connected to lead 41 through
separate voltage reducing resistors 8{ and 61’
of equal value. The shunt feed coil 40’ is in se-
ries with resistor 61’, and the junction of the two
elements is bypassed to ground for carrier cur-
rents by condenser 62. A parallel resonant cir-
cuit, consisting of coil §3 and condenser 68, func-
tions as the sharply tuned input circuit of tube
60. The plate of tube 52 is coupled through di-
rect current blocking condenser 33 to the high
alternating potential side of tuned circuit 65-—66
and to the control grid 64 of I. F. amplifier
tube 60.

The tuned circuit 65—66 resonates at the L. F.
and has a high “Q” so as to provide a sharply
peaked resonance curve as in the case of tuned
1. ¥. circuit 56—571. Similarly to the prior ampli-
fier tube, the tube 60 has its screen grid con-
nected through a properly bypassed voltage re-
ducing resistor to lead 43. The plate of tube 69
is coupled to the control grid 68 of multiple func-
tion tube 89 by means of a pair of reactively cou-
pled tuned circuits, each tuned to the I. F.. The
funed circuit connected with plate 67 consists of
iron core coil 70 shunted by condenser T{. The
second tuned circuit consists of iron core coil 12
shunted by condenser 73. Coils 18 and T2 are
magnetically . coupled to provide a resonance
curve sharply peaked at the operating I. P. value
(second harmonic of transmitter sub-carrier fre-
quency)

The lower end of coﬂ 10 is. connected through
bypassed resistor 74 to supply lead &t. ~ The lower
end of coil 12 is returned to ground, and the fila-
ment of tube §§ is heated by source 38. As in
the ‘case of tube 52, the screen and plate of .the
amplifier section of tube .§3 are .connected
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through bypassed voltage reducing resistors 15
and 76 to supply lead 41. The pentode section of
tube 69 functions as an amplitude limiter. The
resistors 15 and 76 are chosen in magnitude so
that the pentode section of tube 68 readily satu-
rates in response to excessive amphtude of signal
voltage at grid 68.

in the plate circuit of the amplitude limiter
section  there is included a parallel resonant
circuit 77—78 similar in construction to tuned
circuit 7{—78. 'The coil 78 is magnetically cou-
pled to coil 79 of parallel resonant circuit 79—88,
connected between diode anode 8 and the upper
end of diode load resistor 82. The lower end of
resistor 82 is connected to the grounded leg of the
filament 81’ of tube §9. It will be understood
that circuit 79—80 is the tuned input circuit oi
diode 8!—8{’, and is connected in series with the
unbypassed load resistor 82. Magnetic coupling
between coils 78 and 19 is chosen so as to provide
sharp selectivity for the diode input circuit. The
resonance curve.of coupled circuits T7—18, 18—
g0 will have a sharp peak at the I. F. value.

It will be appreciated that detector diode
g8{—81’ is preceded by a plurality of cascaded
highly selective resonant networks 54517,
65-—68, 7{—70—12—178 and 17—78—179—86. In
each of these networks frequency modulated I. P.
energy is converted into amplitude modulated
I. F. energy whose audio modulation is double
the selected audio modulation selected at net-
work 1. of the transmitter unit (see Fig. 1).
Thus, there will be a maximum of FM energy con.-
verted due to the large number of sharply tuned
circuits preceding the detector. There will oc-
cur concurrent amplification of converted I. F.
energy at tubes 52 and 60. However, at tube 69
amplitude limiting is accomplished so as to con-
trol the level of the audio output of detector 23,
and hold it within usable limits. The plate cir-
cuit limiter 69 permits a variation of audio out-
put of approximately 3:1. The I. F. amplifier
should be sufficiently sensitive so as to provide an
output at the detector 23 which is sufficient to
operate the following networks 24, 26 and 21.

The diode 8i-—81’ detects the limited modu-~
lated I. F. energy applied thereto from circuit
79—88. There will be developed across load re-
sistor 82 a direct current voltage component and
an audio frequency voltage component. The
audio voltage component has a frequency which
is double the original modulation frequency.
The audio voltage and the direct current volt-
age are both applied over a common lead 83 to
an audio amplifier 26 and a direct current ampli-
fier 24 respectively. The lead 83 is designated
as the “dialing and transfer” path since the di-
rect current component controls the transfer re-
lay, while the audio component controls the dial-
ing relay. Both of these relays will be described
in more detail in connection with Fig. 4.

Considering first the direct current amplifier
24,it consists of a tube 84 which is directly cou-
pled to a following tube 85. The filaments 84’
and 85’ of tubes 84 and 85 respectively are heated
by the heating current source 38, and the un-
grounded leads of these two filaments are con~
nected by a common lead 86 to the heating supply
lead 45.- The control grid 87 of tube 84 is con-
nected by a resistor 83 to the common lead 83.
It will, therefore, be seen that grid 87 returns
to ground through a path consisting of resistor
88, lead 83 and diode load resistor 82, The screen

grid of tube 88 derives its positive voltage from
lead 43, while the plate 89 is connected by means
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of the plate resistor 2% and lead 89 to the positive
veltage supply lead 41, The plate end of resistor
9§ is connected to ground by condenser §{ in
order to bypass the audio component.

Tube 85 has its control grid 92 directly con-
nected fo the plate 89 through a negative bias-
ing battery 83. This battery should be well insu-
lated from the chassis, and preferably applies a
negative bias of about —45 volts to grid 92. The
screen grid 84 and the plate 95 of tube 85 are
connected’ in common to the positive voltage sup-
ply lead 4i. This connection is made over a path
comprising lead 98, transfer relay winding 97
(Fig. 4), lead 88, lead $9 and lead 4!. Condenser
{89 shunts the winding 91.

In order to explain the operation of tubes 84
and 85, let it first be assumed that no carrier is
being radiated from the transmitter unit shown
in Fig. 1. This will happen, for example, when
after a number is dialed the carrier oscillator is
momentarily rendered ineffective. In this no-
carrier state the tube 84 is conductive, and pro-
vides a voltage drop across the plate load re-
sistor 88. This causes a reduction in the plate
potential to a small positive value. This small
positive voltage at the plate end of resistor 90
is not enough to prevent the high negative bias
of battery 83 from cutting off the plate current
fiow of tube 85. Hence, there will be no current
flow through the winding 97 in the absence of
received carrier energy. )

On-the other hand, when carrier energy is. be-
ing received, the direct current voltage devel-
oped across resistor 82 will be applied to the grid
87 in a negative polarity. This negative voit-
age applied to grid 87 considerably reduces the
fiow of plate current through resistor 20 with the
result that the voltage drop across the resistor
decreases. Hence, the plate potential of tube 84
effectively rises in a positive sense until it offsets
the cut-off bias due to battery 93 to an extent
such that current flows through the plate cir-
cuit -of tube 85 and through the transfer relay
winding 87.

The unit 24 is actuated by the momentary
suppression of the carrier to effect transfer op-
erations from one dialing relay to the next dial-
ing relay. It will be noted that tube 84 operates
at zero grid potential. Normally, and merely by
weay of illustration, the plate 89 could be allowed
to be positive by only --20 volts in the absence of
received carrier energy. This would provide a
net-bias for grid 92 of about —25 volts, which is

double the negative voltage necessary to cut off

the plate current of tube 85. If now carrier en-
ergy is received, and say for example one volt. of
negative voltage is applied to grid 87, the plate
89 would have a potential of about 82 volts.
This would permit the application of <437 volts
to grid €2 thereby permitting maximum plate
current to flow through the sensitive transfer re-
lay. winding 87. Such maximum plate current
would be some five times the current necessary
to close the transfer relay.

“To prevent the audio component, which is also
applied to grid 87, from biasing the output tube,
and also to prevent telay clicks and spark dis-
charges from operating this relay, considérable
tinze delay and bypassing is provided by conden-
gser §f and the shunt condenser 100. The total
time delay produced by these two bypass con-
densers. must be less than the time intervals be-
tween dialing the numbers 1—1—1—1 ag rapidly
as ‘will ever be required:. This is another way
of saying that the delay must be short enough
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to permit the most. rapid:transfer-operation: the
system wiil ever have to handle, The amplifier:
24 is quite sensitive and in the present example
of our invention will operate its associated relay:
87 when the input voltage on.grid 87 is more-
negative than —0.6 volt (D. C.), which will oecur
for the minimum operable signal on the receiver.
antenna. Moreover, the. sensitivity of the am--
p.ifier is not appreciably impagired toward the
end of the life of the plate voltage supply source
31, because of the initial excess during reception
of operable signals of positive grid potential on-
the grid 92 of tube 88.

Considering now -the utilization of the audio.
component provided across load resistor 82; the
audio voltage is supplied through the direct cur-
rent blocking condenser 181 to the  control. grid
182 of tube 183, The tube {63 functions along
with the following tube {04 as a selective audio
frequency ampiifier. The final tube 125 func-
tions as a plate rectification type of detector.
The filaments 1637, 104’ and 105’ of the three
tubes have one common lead 106 to the positive
terminal of the heating current source 107, the
negative terminal of source 107 being grounded.
The remaining filament lead of each of tubes
193, 184 and 105 is connected to a common lead
188, The lead 1088 returns to ground through a
path (see PFig. 4) consisting of lead 109, contact
point;, {19, contactor 11, armature 142, lead 139
and lead 148, It will, therefore, be seen that the
filaments 103, 104’ and {85’ will not be heated
unless the switch f 18—1 {1 is closed.

In the plate circuit of each of tubes 163 and
184 there is provided a parallel resonant circuit
which is tuned to the second harmonic of the au-
dio frequency selected at the network i of the
transmitter unit in Fig. 1. The plate 113 of tube
{03 is connected to the high alternating potential
side of the first resonant circuit. The latter con-
sists of a coil 114 shunted by condenser 1{5. The
low potential end of coil {14 is connected to a
lead 116, which, in turn, is connected to the posi-
tive terminal of the plate voltage supply source
31. A damping resistor {17 is connected in shunt
with the parallel resonant (i4—I15, and the
screen grid of tube {032 is connected to the lower
end of coil {18, The control grid {02 is returned
to ground through a resistor 102/, but the con-
trol grid Li8 of tube 104 has a negative bias of:
about —9 volts applied thereto from a negative
biasing source 119. The direct current blocking
condenser 128 couples grid 18 to the upper end
of coil {14, and the biasing lead 121 includes the
grid resistor 122 in circuit therewith.

The plate circuit of tube 164 similarly includes
a paralle] resonant circuit consisting of coil 114"
shunted by condenser {15, The damping re-
sistor. 117’ is connected in shunt across the sec-
ond resonant circuit, and the plate and screen
grid of tube 104 are connected to the upper and
lower ends of coil (44’ respectively. The lower
end.of coil 114’ is connected to the voltage sup-
ply lead 116. The detector tube {05 has its con- -
trol grid 123 connected through the grid resistor
122 and lead 125 to the negative terminal of the
biasing source 119, and a negative bias of about
—16%% volts is normally applied to grid {23. The
plate 126 of tube 105 is connected to the positive:
terminal of supply source 37 through a path
which consists of lead (27, dialing relay winding
#28, lead 129 and lead 1{6. The screen grid of
tube. 185 is connected directly to the lead LI§;
and condenser 130 bypasses the lower end of
winding (28 to ground.
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The unit 26—27 provides audio selectivity, and
utilzes the audio dialing pulses to operate the
dialing relay 128. Assuming by way of illustra-
tion that at the transmitter the selected audio
frequency was 430 cycles; then each resonant cir-
cuit 114—1i5 and i{8’—{ 15" would be tuned to
860 cycles. The 880 cycle voltage developed
across the second tuned circuit is sufficient to ex-
ceed the —16% volt normal bias on the grid §23
of the plate circuit detector tube 105. This de-
tector tube has sufficient current capacity so that
no direct current voltage amplifier is required
subsequent to rectification. The increase in grid
voltage from beyond cut-off increases the plate
current flow of tube 165 through the winding 128
from zero to approximately twice the current re-
quired to operate the relay. The large bypass
condenser {32’ across the detector plate circuit
provides time delay. and also integrates the half
waves of audic frequency that would otherwise
appear across this circuit. The delay and in-
tegration is desirable short of the failure point
of the fastest dialing operation which will ever
be required. Such failure might result from too
long a holdover for the sensitive dialing relay,
precluding its release.and recovery within the
time between two dialing pulses. Short of this
point, the delay and integration is desirable in
that it makes the dialing operation relatively
immune to interference resulting from relay
clicks and other extraneous pulses from the
transmitter, or from external sources such as
ignition interference, unless it is strong and of
long persistence.

Each of the tuned audio circuits is shunted ;

with a resistor. The first tuned audio circuit
t14—i15 is shunted by a resistor 117, while the
second tuned audio circuit 114’—{ 5’ is shunted
by a resistor t17’. The function of these re-
sistors is to prevent shock excitation of the tuned
circuits. The damping of these circuits is a com-
promise between immunity from shock excitation
and necessary selectivity. The resulting selec-
tivity is sufficient to preclude operation by adja-
cent audio frequencies. As stated above, the fila-
ments of the tubes of the dialing unit 26—27 are
closed upon closure of switch #{8—{fl. This
switch is closed only when the “homing”
relay is actuated to disconnect the homing cir-
cuits. 'That is, the audio amplifier heaters are
not connected in circuit with source {07 until
current flows through the transfer relay winding
87. This has the desirable features of diminish-
ing the drain on both the plate and filament sup-
ply batteries, except preparatory to dialing.
Reference is now made to Fig. 4 for a detailed
explanation of the manner in which the various
relay functions are performed. It isto be under-
stood that the circuit shown in Fig. 4 is a contin-
uation of the circuit shown in Fig. 3 to the right
of the vertical dotted line A—A. Upon flow of
current through winding 97 of the transfer relay
the armature {32 is pulled towards the position in
which fixed contact 131 and movable contact 132
touch. 'This breaks the connection through mov-
able contact 132 and fizxed contact !33. Upon
closing of switeh 132—18{ the winding {34 of the
homing relay is placed in an electrical circuit
with the relay battery {35 which has a potential
relative to its. grounded negative terminal. of
about 99 volts. The resulting electrical circuit

through ‘the homing relay may be traced over
the following path: from the positive terminal of
battery 135 by lead (38 to common relay lead 137,
thence to armature 138 and switch 132—I31 to
lead 138, through winding 134 to lead 139, and
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through lead 140 to the grounded negative ter-
minal of battery 135.

A condenser {81 bypasses the switch (33—132
when the latter is closed. Condenser {41 shunts
the homing relay winding {34 to provide a time
delay of 2.0 seconds. Upon closing of the afore-
said electrical circuit through winding 134, the
latter is energized and the armature 142 is pulled
towards the electromagnet. This causes closing
of switch [I0—1{!i. Armature {42 has associated
therewith a second movable contact.i43. Con-
tacts 114 and (43 are spaced from each other by
the insulation spacer 48, but are nevertheless
connected in common by lead §39. The contact
143 cooperates with a pair of fixed contacts {45
and 146. Normally the switch consisting of con-
tacts 143 and (46 is closed, while switch 145—#43
is open. Upon closure of switch 1{0—({}1, as
pointed out previously, the filaments of audio
tubes 183, 194 and 135 are connected in circuit
with heating source §87. The tubes become oper-
ative to energize the dialing relay winding {28.

Upon energization of winding 128, the arma-
ture 147 is attracted thereby closing the switch
consisting of movable contact 148 gnd fixed con-
tact 149. The armature 147 is connected at its
pivoted end to ground by lead 150. The fixed
contact 149 is connected to lead !5{ by resistor
152, Condenser 153 connects the right hand end
of resistor 152 to ground. The lead {51 is con-
nected to predetermined ones of a circle of spaced
contacts 154. A second circle of spaced contacts
155 is provided concentrically with the contacts
158, Corresponding contacts 154 and (55 are
aligned radially so that a rotatable metallic con-
nector 156 may electrically connect them in pairs.
This connector may be of any desired shape;
preferably it should be a metal plate whose inner
end is secured te¢ an insulation carrier bar {57.

The connector unit §57—1456 is mechanically
mounted for rotation about an axis or shaft
assumed to be passing through the common cen-
ter of the circles of contacts 154 and 155, Rota-
tion of the contactor unit in a clockwise direction
will then be seen to provide sequential electrical
connection between the respective pairs of con-
tacts 158 and (55. The connector unit 1s
rotated in a clockwise direction by means
of a pawl and ratchet designated by nu-
merals {88 and (59 respectively. The dotted
line 1680 schematically represents a common me-
chanical coupling, such as a shaft, upon which
is mounted the ratchet {59, the connector unit
{57—156 and cam (51. The cam 161 generally
has the shape of a disc, except that it is pro-
vided with a recess {62, The mechanical struc-
ture of the ratchet 189, cam 16, connector unit
157158 and shaft {58 are schematically repre-
sented, but it is to be understood that those
skilled in the art are fully aware of the manner
of constructing these units, It is sufficient for
the purposes of this application to point out that
upon rotation of the ratchet {59 the cam {61
will concurrently be rotated, as will also the eon-
nector unit 1587—156. It will, also be understood
that when the ratchet (89 is rotated through an
angular distance equal to one tooth, the con-
nector 156 will be moved from one pair of aligned
contacts to the immediately following pair of
contacts in a clockwise sense. '

The paw! 158 is pivotally secured to the arma-
ture 162 of a digital stepping relay.- The numeral
184 denotes the winding of the electromagnet of
that relay. This relay is the transfer step relay
of a hank of five stepping relays. Condenser 165
shunts the winding 164, and the upper end of
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the winding 164 is connected by lead 166 to the
contact point 133. The lower end of winding

{64 has one connection (87 to the fixed contact
point {48, while a second connection {68 is con-
nected to the fixed contact point i6%. The mobile
contact iT0 is electrically associated with contact
point 169, and the former is carried by the arma-
ture 163.

Hence, it will be seen that when winding 164
is unenergized, the armature 183 will be in its
released position and switch 170—168 will be
closed. Of course, the pawl {58 will be in its
lowermost position., The pivoted end of arma-
ture 183 is connected to a fixed contact point 74
which has a spaced mate contact 172. Contact
points 17{ and §i2 have electrically associated
therewith a mobile contact 113, which actually is
the pivoted spring foilower of cam i6f. The fol-
lower 173 is provided with a convex portion 174
adjacent its free end. This portion 174 rides
along the cam periphery of ‘disc 181 and is nor-
mally seated in the recess {62.

. The pivoted end of cam follower 173 is electri-
cally connected to the fixed contact point 146.
Accordingly, when the homing relay winding i34
is energized to attract its armature 142, the
switch {43—148 will be opened, while switch 45—
143 will e closed. Purthermore, switch §71—§73
will be closed, as shown in Fig. 4, during the
time that the cam follower rides out of recess 162
and along the cam periphery. It follows, there-
fore, that when the convex portion (74 is seated
in -recess 162, switch 1T13—I71 will be opened,
while switch §73—(172 is closed.

Each of the remaining members of the group
of digital relays is constructed in the same man-
ner as described in connection with the first
stepping relay. Thus, the second stepping relay
has a winding 175 whose upper end is connected
by lead {75 fo the common conductor i371. The
lower end of winding (1% is connected by lead
{71 to one contact of the circle of contacts #55.
This one contact is designated by numeral 78,
and it will be noted that the contact {18 and its
mate {18’ are in the twelve o’clock position of the
connector unit. The lower end of winding 175
is, alse, connected to the fixed contact point 179.
The armature associated with winding 15 is
designated by numeral (80. The pawl (8! is
pivotally carried by armature {80, and ratchet
182 is provided adjacent the free end of pawl 18i.
'The common mechanical coupling for ratchet (82
and cam disc i84 is denoted by dotted line 183.
The concentric circles of contacts are designated
by numerals {65 and 188. The mechanical driv-
ing means 183 is provided with the connector unit
consisting of the insulation carrier bar {87 and
the metallic connector plate 188. The cam fol-
lower 189 for the cam disc (84 has its pivoted end
connected by leagdg 180 to the fixed contact point
172. The cam disc is provided with recess i9i,
and the cam follower has associated therewith
the pair of fixed contacts 192 and §93. The fixed
contact 192 is connected to the armature (88,
while the fixed contact {93 is connected by lead
{94 to the cam follower i35 of the third stepping
relay unit. As in the case of winding (64, the
winding {78 is bypassed by condenser {75’.

In the following stepping relay unit the relay
winding 188, bypassed by condenser §86’, is pro-
vided with an armature i187T. The pawl (88 is
pivotally secured to armature {917, and the free
end of the armature functions as g mobile con-
tact. 189 for the fixed confact point 200. The
lower end of winding 126 is connected by . lead
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20¢ to 'the second contact 202 of the circle of
contacts £55. The upper end of winding 196 is
connected by lead (88" to the common conductor
187, while lead 28§ is electrically connected to
the fixed contact 208. The common mechanical
coupling 288 is provided with the ratchet 204, a
cam disc 208 and the connector unit. The latter
consists of the insulation bar 20% provided with
the metallic- connector plate 207.. The outer
circle of contacis for this connector unit .is
designaied by numeral 208, while the inner circle
of -contacis is designated by numeral 2§%. The
cam follower (%% is associated with the spaced
fixed contacts 218§ and 2{!, while the cam disc
205 is provided with the recess 212. ‘

The penultimate stepping relay unit comprises
winding 213 whose upper end is connected by lead
2{4 to the common conductor 137. Bypass con-
denser 213’ shunts winding 2{3. The lower end
of winding 243 is connected by lead 215 to con-
tact 24§ following contact 202 in a clockwise sense.
The common means 217 mechanically couples
ratchet 248, cam disc 2i% and connector unit
226—221i. The outer circle of contacts is de-
noted by numeral 222, while the inner circle of
contacts is designated by numeral 223. The ar-
mature 224 has its pivoted end connected to fixed
contact 228; the opposite fixed contact is 226.
The cam follower 227 has its pivoted end con-
nected by lead 228 to the fixed contact 2if, The
recess 229 is provided in the cam periphery of disc
218. Armature 232 is provided with pawl 230 and
mobile contact 284, The fixed contact 232is con-
nected to the lower end of winding 243.

The final relay unit comprises the winding 233,
bypassed by condenser 283’, whose upper end is
connected by lead 234 to conductor !37. The
lower end of winding 233 is connected by lead 235
to the outer contact 236 following contact 216 of
the circular row of contacts 155. The fixed con-
tact 237 is, also, connected to the lower end of
winding 233. Commion means 238 mechanically
couples ratchet 239, cam disc 240 and connector
unit 242—243. Recess 241 is provided in.the pe-
riphery of disc 240. The connector unit cooper-
ates with the concentric circles of spaced con-
tacts 244 and 245. The cam disc 240 has associ~
ated therewith cam follower 245, and only one
fixed contact 248 is provided here. The lead 247
conneécts the pivoted end of follower 246 to the
fixed contact 226, Armature 249 of the relay has
the pivoted end thereof connected to contact 248.
The armature is, furthermore, provided with pawl
258 and mobile contact 254.

In order properly to understand the function-
ing of the various relay units it is necessary to
appreciate that the ultimate circuit through the
controlled device can be closed only when the
connectors 156, {68, 207, 224 and 243 are in elec-
trical contact with respective predetermined pairs
of contacts. In Fig. 4 there is shown the finally
adjusted positions of the connector units to cilose
the controlled circuit. The closed circuit is traced
as follows: from the positive terminal of battery
§35 to lead 138, then through lead 252 to inner
contact 245, then through connector 243 to cuter
contact 244’ connected to lead 253, then through
inner contact 223’, plate 22i and outer contact
222’ to lead 254, then throligh inner contact 269’,
plate 287 and outer contact 208’ to lead 285, then
through outer contact 183, plate (88 and inner
contact {88’ to lead 28§, then to lead 257 through
outer contact {58, plate {88 and inner contact
154’ 'and then through the controlled device back
to the grounded negative terminal of battery 135.
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It will be seen that unless the connector plates
are adjusted to their respective pairs of contacts,
as shown in Fig. 4, the controlled circuit will be
broken. The function of the stepping relays is
selectively to adjust in a sequential manner the
various connector units. The order of adjust-
ment chosen for illustration in this application
is the case where connector plate 188 is at the 5
o’clock position; plate 287 is at the 7 o’clock po-
sition; plates 221 and 243 are at the 9 o’clock po-
sitions; and plate 156 is at the 4 o’clock position.
The adjustment of plate 156 to its ultimate po-
sition takes place after the dialing of 5—7—9—90
at the transmitter for control of the relays hav-
ing windings {75, 196, 213 and 233 respectively.

In order to explain the operation of the entire
system, let it be assumed that no carrier is being
radiated from the transmitter. In that case
(Fig, 3) there will be no direct current voltage
developed across resistor 82, and tube 84 will have
no effect on the normally inoperative detector
tube 85, Hence, no current will flow through
transfer relay winding 97. Consequently switch
131—1i32 will be open thereby causing the homing
relay to be de-energized. As a result switch
1i6—I1{ will be open thereby breaking the fila-
ment heating circuit of the audio tubes {03 and
i04 and rectifier tube 185. Let it, also, be as-
sumed that ratchets 159, 182, 284, 218, 238 are in
normal positions.
units are at 12 o’clock positions on their respec-
tive concentric circles of contacts. Also, cam
followers 1713, 189, 195, 227 and 246 have their
respective convex portions seated in their respec-
tive cam recesses 162, 191, 212, 229 and 241, Con-
sequently switches 178—I172, 189—183, 195214
and 227—226 are closed.

Let us now assume that at the transmitter unit
it is desired to dial the combination 5—7—9—9
so that the controlled circuit will be closed at a
particular receiver of the many thousands of re-
ceivers which have been located at predetermined
points in a given area. The particular receiver
will, of course, have been wired for control by
such dialing combination. It is additionally as-
sumed that there has been selected for the par-
ticular receiver in question a combination of fre-

quencies as follows: audio modulation frequency.

200 cycles, sub-carrier frequency 60 kc. and car-
rier oscillator frequency 5 mc. If the transmitter
unit shown in Fig. 1 had been previously adjusted
at networks I, 2 and 5 for a different combina-
tion of audio, sub-carrier and carrier frequencies,
.then it will be necessary to adjust the irequency
selecting devices of the networks to select the new
combination of frequencies.

Of course, in the case of the selection of a new
carrier frequency switch 8 (Fig. 1) should be
thrown to the “tune” position, thus efiectively
preventing the modulated sub-carrier oscillations
from being applied to the medulator 6. This may
be taken as the “standby’” condition of the trans-
mitter. In this position of switch 8 the selector
of carrier oscillator b may be adjusted to the de-
sired frequency. Generally speaking, when g cer-
tain receiver is to be dialed, the audio and sub-
carrier selectors are set, and the transmitter is
switched to “operate.” The proper numbers are
then dialed by the dialing device 4 for a receiver
control operation, after which the transmitter is
again refurneqd to its “standby’” condition. This
means that the transmitter has been conditioned
to radiate the carrier only without modulation.
In order to allow other receiving equipment to
“home,” a period of five seconds is allowed to

This means that all connector g
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elapse before dialing another receiver having the
same sub-carrier. and carrier frequency values.
When one receiver is used to operate two or more
detonators on definite dialed numbers, this hom-
ing sequence must be carefully observed. To pro-
vide the maximum secrecy of operation the trans-
mitter should radiate only during the initial car-
rier tune; that is, without sub~carrier moedulation
and during.actual dialing operations. ]

‘The transmitter now being assumed conditioned
for the predetermined audio sub-carrier and
carrier frequencies, the dialing mechanism 4 is
actuated forthe numeral “5.” Before explaining
what takes place at the receiver when the nu-
meral “5” is dialed, it should be understood that
the radiation of the double frequency modulated
carrier wave conditions the receiver in the fol-
lowing manner. Referring fo Fig. 3 the input
circuits of tubes 31 and 32 act to convert the
frequency modulated carrier wave energy into
amplitude modulated carrier wave energy of the
same carrier frequency as is radiated from the
transmitter, which would be 20 mec. due to fre-
quency multiplication at network 10 of Fig, 1, and
whose modulation is the second harmonic of the
sub-carrier frequency. Simultaneously, this
amplitude modulated carrier wave energy is
amplified by tubes 31 and 32. Detection occurs
by virtue of diode 53—53’, and across the
resonant load circuit of the diode there appears
frequency modulated wave energy whose mean
frequency  is the second harmonic of the sub-
carrier frequency. In other words this is the so-
called I. F. energy to be amplified by the I. F.
amplifier 2{ shown in Fig. 2.

The amplifier section of tube 52 and tube 60
provide amplification of the I, F. energy. In the
resonant circuits up to diode 8{—81’ there occurs
conversion of the frequency modulated I. F.
energy into amplitude modulated I. F. energy,
whose modulation is the second harmonic of
the original 200 cycle gudio modulation frequency.
Tube §9 limits the amplitude of the energy ied
to the dicde 81—81’. The direct current voltage
component of the rectified voltage developed
across resistor 82 is applied over lead 83 to the
grid 87 of tube 84. 'This causes less current to
flow through the plate circuit of the tube and
thereby permits the plate end of resistor 90 to
assume an increased positive potential. This po-~
tential is sufficiently positive to overcome the
normal cut-off bias due to battery 93. As a result
tube 85 becomes conductive and permits current
to flow through the transfer relay winding 91.

As a consequence of the energization of wind-
ing 97 the armature 130 is attracted and switch
132—131 is closed. It must be remembered that
the application of the audio voltage component
developed across resistor 82 to the grid 102 of
audio gmplifier 103 results in amplification of the
400 cycle voltage, this amplification being re-
peated by tube {04. The rectifier tube 105 pro-
vides current for the dialing relay winding 128.
The tubes 103, 104 and 185 are capable of func-
tioning, because as soon as the switch 132—I31i
closed, the electrical circuit through the winding
134 of the homing relay was closed as heretofore
explained in this application. Energization of
the homing relay caused attraction of the arma- -
ture 142 with the result that both switches {108—
{14 and 145—143 were closed. Closure of switch
i10—it! completed the electrical circuit includ-
ing the filaments 103°, 104’ and 105’ and the
heating current source 107, as has been previ-
ously described.
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Returning now to the explanation of what hap-
pens as the numeral “5” is dialed at the trans-
mitter, there will be five pulses of current flow-
ing through the dialing relay winding 128 at the
receiver., This results in a similar actuation of
the armature 147 with the result that switch
{48-—149 will be closed five times. Since it has
been assumed that the connector plate 155 is.at
its twelve o’clock position, this means that plate
{56 electrically connects the contacts 178 and
178’. Hence, there will be established the fol-
lowing electrical circuit during the dialing :of the
numeral “5”; from switch 148—148 through re-
sistor 152 and lead 15{ to lead 177 through con-
tact 178", connector plate 153§ and contact 118,
then through the relay winding {15 and lead 176
te ‘common conductor 137, then through lead 136
and battery 135 back to the grounded side of
switch 148—149,

- As a result of the aforementioned circuit being
clogsed the relay winding (75 will have five pulses
of ‘ctirrent flow ‘therethrough, and will thereby
step the ratchet 182, by virtue of the action of
armature 180 and pawl 81, five times in a clock-
wise ‘direction. This will cause the connector
plate 188 to be adjusted to the five o’clock posi-
tion'shown in Fig. 4. At the same time that this
adjustment is happening the cam disc 184 has
been rotated in the clockwise direction. As a re-
sult the cam follower rides out of recess 181 and
rides-alorig the periphery of the cam disc to sub-
stantially the position shown in Fig. 4. Conse-
quently the swit¢ch i93—I89 is opened, while
switch 192—189 is closed. )

It was previously pointed out that the relay
7 ‘at the transmitter unit (Fig, 1) is actuated at
the end of each "dialing operation. The func-
tion of relay 7is momentarily to interrupt carrier
radiation so as to permit the transfer function
totake place at the receiver. The relay Tin Fig. 1
is s0.connected that it is ehergized for &% of a
second after each dialing operation. This relay,
as fully disclosed in our aforementioned ap-
plication, interrupts the production of carrier
oscillations. Upon this momentary interruption
of ‘the carrier the direci current voltage com-
Ponernt across resistor 82 of Fig. 3 vanishes., Con-
sequetitly, the current flow in tube 84. will in-
crease to a boint such that the positive voltage
at the dlate end of resistor 90 is insufficient to
prevent biasing source 93 from clitting off tube
85. This restlts in the transfér relay releasing
armatire 139 thereby opening switch 131—132
and closing switch 132—133. 'The homing relay
will not release by virtue of thie fact that it has
a time délay of two seconds. If the transfer relay
weére released longer than the Holding time of the
homihg relay (as would happen if the transmitter
were shut off), the homing relay would delay
about two seconds due to the charge leaking off
the cotidénser [4] across this relay anhd then re-
lease with resulls which are further set forth
below. -

‘Sinceé release of armature §30 has closed switch
133—122, and since switch 145—{43 is closed
due to the energization of the homing relay,
thére is combpleted an electrical circuit through
the relay winding §64 which is traced as follows.
From the positive terminal of battery 185 through
leads £3% and 137 to switch 132—1388, then through
winding 164, lead (67, switch {45—143 to lead
143, and then back to thé negative terminal of
battery 185. Current flow through winding 164
causes armature 183 to be attracted towards the
electromagnet, and the pawl 158 is'therefore con-
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diticned to adjust ratchet 459 in step should the
armature {83 be released. The reiease of arma-
ture 183 takes place, because the carrier radia-
tion at the transmitter is resumed after having
been interrupted for one-tenth of ‘a second by
relay % thus causing the resumption of current
flow in winding 97 after this period of time and
independently of the next dialing operation.

Upon release of armature 153 the cam disc 164
is rotated an angular distance equal to one tooth
of the ratchet 138, and this is sufficient to shift
the connector plate (58 to contact 202 and its
mate contact. It will be noted that simultaneous-
ly the cam follower rides out .of recess {82 there-~
by closing switch 173—I7f and opening switch
{72—173. The transfer to relay winding (9% has
accordingly been accomplished, and the system
is conditioned so that dialing of numeral “7”
steps the connector plate 207 to its predeter-
mined seven o’clock position. That this will take
place is readily seen from the fact that the relay
winding 8% is now in circuit with the battery 135
by virtue of the fact that the lead 281 connects
back to the negative terminal of hattery 135
through the same path described in connection
with winding {73, except for the fact that the
connector plate 156 now connects contact 262 and
its mate to lead {81. As previcusly described in
connection with the stepping of connector plate
i88, the connector plate 207 will be adjusted to
its ‘desired position by virtue of the stepping of
ratchet 284 an angular distance of seven teeth.
The csm disc 285 will assume substantially the
position shown in Fig. 4. The cam follower {95
will open switch 21{—198 and close switch 85—
248,

It will now be appreciated that connector plates
221 and 24§ are adjusted in sequence in accord-
ance with the same series of operations already
described. It is not believed necessary to repeat
the series of operations, since it has been previ-
ously pointed out that at the end of each dialing
operation carrier radiation will be momentarily
interrupted thereby closing switch 132—132 to
permit flow of current from battery {25 through
winding 1§4. This will result in the ratchet 159
being moved one tooth as soon as carrier radia-
tion is resumed. Therefore, when numeral “9”
is' dialed the connector plate 55 has already
been positioned over contact 218 and its mate
contact.

Hence, the winding 213 is now in circuit with
battery {85 by virtue of the lead 215 being con-
nected to contact 216. As a result of dialing
“9” the connector plate 221 will be adjustably po-
sitioned to contacts 222’ and 228’. As soon as
the carrier is interrupted after this dialing opera-
tion, the switch {33-—#32 is closed again and
the pawl 153 is ready to move the ratchet an-
other tooth. Before the dialing of the second
numeral “9” the connector plate {58 has been
moved to connect contact 236 and its mate con-
tact thereby connecting lead 235 and winding 233
in circuit with battery {35. Thus dialing of the
second numeral “9” will result in adjustment of
connector plate 243 to the position where it con-
nects contacts 2448’ and 245’. It will be noted
that there is no companion contact associated
with contact 248. Upon momentary interrup-
tion of the carrier and then resumption of car-
rier radiation after the passage of % of g sec~
ond, the connector plate {56 will be shifted into
its final position where ‘it electrically connects
contacts i54" and i5%’. Upon this latter con-
nection taking-place the controlled circuit which
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sistance. If it is impossible to obtain the re-
quired time constant by this expedient, a simple
relay might be used.

While we have indicated and described a pre-
ferred system for carrying our inventioninto
effect, it will be apparent to one skilled in the
art that our invention is by no means limited
to the particular organizations shown and de-
scribed, but that many modifications may. be
made without departing from the scope of our

~invention.

What we claim is:

1. A receiving system comprising at least one
amplifier having an input circuit sharply tuned
to a desired carrier wave, means for applying to

said input circuit a double frequency modulated

carrier wave, said input circuit deriving from said
wave a corresponding amplitude modulated car-
rier wave wherein the modulation is in the form
of a frequency modulated sub-carrier, a rectifier
provided with an input connection to said ampli-
fier for rectifying the amplitude modulated wave
energy, a resonant load circuit connected to said
rectifier and tuned to develop thereacross modu-
lation voltage derived from said amplitude modu-
lated wave energy, a second amplifier having at
least onz sharply tuned input circuit to which

said modulation voltage is applied whereby there:

is produced an amplitude modulated wave whose
modulation is the second harmonic of the orig-
inal medulation on the carrier, means for rectify-
ing the last mentioned amplitude modulated wave
energy to produce an alternating current com-
ponent and a direct current component, means
for amplifying the allernating current compo-
nent, and means responsive to said direct current
component for controlling the effectiveness of
the last mentioned amplifying means.

2. A receiving system comprising at: least one
amplifier having an input circuit sharply tuned
to a desired carrier wave, means for applying to
said inputb circuit a double angle modulated car-
rier wave,.said input circuit deriving from said
wave a corresponding amplitude modulated car-
rier wave, a rectifier provided with an input con-
nection to said amplifier for rectifying the am-
plitude modulated wave energy, a resonant load
circuit connected to said rectifier and tuned to
develop thereacross modulation voltage derived
from said amplitude modulated wave energy, a
second sharply tuned input circuit to which said
modulation voltage is applied whereby there is
produced an amplitude modulated wave whose
modulation is the second harmonic of the orig-
inal modulation on the carrier, and means for
rectifying the last mentioned amplitude modu-
lated wave energy.

3. In a frequency modulated wave receiver, a
selective network tuned to the mean frequency of
the wave and being adapted to produce from said
modulated wave energy amplitude modulated
wave energy whose modulation frequency is the
double harmonic of the original modulation fre-
quency applied to said wave, means for. detect-
ing said amplitude modulated wave to. provide
said double harmonic modulation, and a resonant
modulation utilizing circuit tuned to said double
harmonic frequency.

4, In a frequency modulated wave receiver, a
selective network tuned to the mean frequency of
the wave and being adapted to produce irom
said modulated wave energy amplitude modu-
lated wave energy whose modulation frequency is
the double harmonic of the original modulation
frequency applied to said wave, means for de-
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tecting said amplitude modulated wave to pros
vide said double harmonic modulation, a resonant
modulation utilizing circuit tuned to said double
harmonic frequency, and means responsive. to
the direct current voltage component of the de-
tected wave voltage for rendering said utilizing
circuit effective.

5. In. a frequency modulated wave receiver, a
selective network tuned to the mean frequency
of the wave and being adapted to produce from
said modulated wave energy amplitude modulated
wave energy whose modulation frequency is
the double harmonic of the original modulation
frequency applied to said wave, means for de-

_tecting said amplitude modulated wave to. pro-

vide said double harmonic modulation, a res-
onant modulation utilizing circuit tuned to said
double harmonic frequency, a normally-open
controlled circuit, means for closing said con-
trolled circuit, and means responsive to a pre-
determined number of pulses of current in said
utilizing circuit for adjusting said closing means -
to circuit-closing position.

6. A frequency modulation receiver compris-
ing a selective amplifier having at least one res-
onant circuit tuned to the mean frequency: of
received frequency modulated carrier waves, said
resonant circuit having its constants chosen to
render it operative to produce substantial trans-
lation of the wave energy ‘info  corresponding
amplitude modulated wave energy of the same
means frequency, means - -for rectifying said am-
plitude modulated wave energy, said rectifying
means including a load impedance tuned to the
frequency of the modulation on said translated
wave energy, an amplifier for said modulation,
said tuned impedance additionally being the in-
put circuit of the last amplifier.

7. In a modulated carrier wave receiver, a
selective network tuned to the frequency of the
wave and being adapted to produce from -said
modulated wave energy. amplitude modulated
wave energy whose modulation frequency is the
double harmonic of the original modulation fre-
quency applied to said wave, means.for detect-
ing said amplitude modulated wave to provide
said double harmonic modulation, and a modu-
lation utilizing circuit coupled to the detecting
means.

8. In a frequency modulated wave receiver; a
plurality of cascaded  selective networks each
tuned to the mean frequency of the wave and
being adapted to derive from said modulated
wave energy amplitude modulated wave energy
whose modulation frequency is the double har-

~monic of the original modulation frequency ap-
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plied to said wave, means for detecting said
amplitude modulated wave to provide said double
harmonic modulation, a modulation utilizing eir-
cuit, and means responsive to the direct current
voltage component of the detected wave voltage
for controlling said utilizing circuit.

9.-In an angle modulated carrier wave receiver,
at least one selective network tuned to the mean
frequency of the wave and being adapted to de-
rive from said modulated carrier wave'energy
amplitude modulated wave energy whose modu-
lation frequency is the double harmonic of the
original modulation frequency applied .to said
wave, means for detecting said amplitude mod-
ulated wave to provide said ‘double harmonic
modulation, a modulation utilizing eireuit, a nor-
mally-open. controlled circuit, means for closing
said controlled circuit, and means responsive to
a predetermined :number. of pulses of current in
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includes the leads 257 is. completed, and the
controlled device is actuated. In the instant case
the controlled device is g detonator.

Provision is made to “home” the dialing relays
for the various situations which may occur where-
in receivers other than the desired receiver are
partially actuated, or for the situaticn wherein
the desired receiver is only partially actuated
and the complete operation not carried out. It
has been previously pointed out that if the trans-
fer relay is released longer than the holding. time
of the homing relay, the latter will delay ahout
two seconds and then release.. If for any reason,
therefore, the homing relay releases armature
142, it will be seen that switches {{8-—1it and
145—143 are opened. The filament circuits of
the audio tubes are promptly opened. It is im-
portant to note that the transfer relay should
be the first to home. Otherwise it is possible
that in the process of homing, one of the dialing
connectors might sweep over and momentarily
establish a firing circuit.

Release of armature 142 establishes a circuit
through the “buzzer contacts” (718—1{69 of the
transfer ratchet relay. The complete circuit is
traced as follows: current source 35, lead {386,
lead 137, switch {33—1i32, lead {66, winding {84,

lead 168, buzzer contacts 1§8—178, armature {88,

contact 174, follower {72, switch [48—143, lead
143 and back to current source §35. Closing this
cireuit permits current flow fthroueh winding
184; and armature 163 is attracted. This breaks
the contact between 169 and 179, and armature
163 falls thereby stepping ratchet 153. Closure
of contacts 189—I118 takes place again, and the
ratchet 1589 is stepped clockwise in this manner
until the recess i82. of cam disc 18{ receives
convex portion (74 of follower 173. In this po-
sition the connector plate 15§ is back to “home”
or twelve o’clock position, i. e., its normal posi-
tion. Further, the switch (7§—{73 is opened,
while switch 173—1472 is closed. Hence, the hom-
ing circuit through the transfer ratchet relay ig
broken, while a homing circuit has been estab-
lished through winding {75 by virtue of the fol-
lowing circuit: battery (35, leads {36 and 137,
winding 175, buzzer: contacts 1715—119’, arma-~
ture i8§, switch 192189, lead 198, switeh 172—
173, switch (83—148, lead {40 and back to bat-
tery 135.

The ratchet 182 is actuated as previcusly de-
scribed for ratchet 159 until cam disc 184 reaches
normal position, wherein cam follower 189 is
seated and switch {92—{£9 is opened. In this
position the connector unit is at its home or nor-
mal setting. "Each of the following ratchets 204,
218 and 239 may be sequentially actuated in the
same manner. In each case the homing of a
given cam disc transfers-the homing circuit to
the following relay winding until:all the relay
cams are at home or normal positions. It will
now be seen that by causing the transfer ratchet
relay to home before the following relays, there
can never be an inadvertent completion: of the
controlled circuit by virtue of only three proper
numbers being dialed and the fourth bumg dialed
during the homing operation. .

The condenser 153 across the dialing relay
contacts increases the reliability of the dialing
operation for weak or short dialing pulses. Its
function is to charge instantly when the dialing
contacts 149 and 148 are first established, before
the current through the winding 128 can build up
due to'its self-inductance. Once.condenser 153
is charged, however, it will discharge through the
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relay coils even though the dialing contacts have
opened. The condenser is made as large as pos-
sible consistent with rapid dialing. The resistor
152 serves to limit the initial charging current
to values that preclude freezing of the contacts,
but does not greafly affect the charging time

of the condenser. The shunt condensers, 165,
115, efc., associated with each of the dialing
relay ecils are spark absorbing capacitors to re-
duce reaction on the receiver circuits. In the
absence of such condensers the tuned receiver
circuits might pick up pulses. which would oper-
ate relays to transmit new pulses that would thus
sustain an oscillating or motorboating system. It
will be obvious, of course, that several four-figure

‘numbers may be set up to establish several firing

circuits leading to. different mine fields.

In the absence of a signal from the detonating
transmitter severe neise may operate the trans-
fer ratchet relay 164. For operation of a. dialing
ratchet relay the filaments.of the audic amplifier
tubes must be heated (due to ‘closing of the
transfer sensitive relay), and further the antenna
noise input must be of the order of several volts.
Even if the audio amplifier filaments are heated,
any noise impulse: sufficient to operate a dialing
ratchet relay will ke more than that required
to operate: the transfer ratchet relay (84. High
amplitude noise of sufficient duration to actuate
all'of the dialing ratchet relays is unlikely. Com-
pletion. of the firing circuif requires that each of
the ratchets be advanced at least one position
so.that chance detonation due to noise is remote.

At. the cessation of the noise the ratchets
“home” to.the “standby” position. During the
operation of the receiver by a signal from the
transmitter, noise impulses may. cause the trans-
fer relay ratchet to advance one or more steps
in addition to those steps caused by the normal
signals. The same impulses might also advance a
dialing relay ratchet, but, in general; this requires
more severe noise. If g single mine field con-
tained 10,000 receivers with the same. carrier,
L F., and audio frequencies, each receiver with
a different dial combination, then any number
dialed would. fire the corresponding mine. If in
the process of dialing, a single noise pulse of just
sufficient amplitude to actuate the transfer
ratchet relay occurred, a different. or undesired
combination would result and a differen{ mine
would be fired.

The inclusion of a resistance and condenser
time constant means 257 in the firing circuit
brevents noise or static, which occurs during the
dialing operation, from firing any mine other than
that desired. This, however, does not insure that
the desired mine will be fired. If noise causes
an extra transfer operation, then the total num-
ber of transfer operations will be five rather than
the normal of four. At the completion of the
dialing operation the transfer relay ratchet will
be in-a position one beyond that which completes
the firing circuit. The time constant in the firing
circuit must be longer than the time taken to dial
a. single zero. This prevents firing during the
time the transfer relay ratchet passes through
the firing position. Obviously if the noise had
not occurred during the dialing operation, the
desired mine would be detonated by merely wait-
ing the time required for the firing circuit current
to build up. The time constant necessary to per-
form this function is of the order of one second.
It-is possible that this time constant coulg be
obtained by merely shunting the squib or deto-
nator with a large capacity and adding series. re-
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said utilizing circuit for adjusting said closing
means to circuit-closing position.

10. In & system of radio control of the type
wherein there is radiated a control wave in the
form of a carrier wave modulated by a sub-car-
rier which is in turn modulated by & plurality of
successive groups of sequential audio pulses,
and wherein the carrier wave is momentarily
interrupted at the end of each of said groups; a
receiver for said control wave comprising means
for deriving from the modulated carrier wave the
said groups of modulation at the second harmonic
frequency thereof, a controllable circuit including
5 plurality of circuit-closing devices arranged in
series and which must be adjusted in a predeter-
mined order corresponding to said group succes-
sion, means responsive to said carrier interrup-
tions for determining said predetermined or-
der, a plurality of actuating devices each respec-
tively associated with a respective one of said
circuit-closing devices, and means for energiz-
ing each of said actuating devices in accordance
with a predetermined group of said audio pulses.

11. A freguency modulation receiver compris-
ing a selective amplifier having at least one res-

onant circuit tuned to the mean frequency of .

received frequency modulated carrier waves, said
resonant circuit having its constants chosen to
render it operative to produce substantial trans-
lation of the wave energy into corresponding am-
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plified amplitude modulated wave energy of the
same mean frequency, means for rectifying said
amplitude modulated wave energy, said rectify-
ing means including a load circuit tuned to the
frequency of the modulation on said translated
amplified wave energy.

12, In a system of control of the type wherein
there is employed a contrel wave in the form of
a carrier wave modulated by a sub-carrier which
is in turn modulated by a plurality of successive
groups of sequential audio pulses, and wherein
the carrier wave is momentarily interrupted at
the end of each of said groups, means for deriv-
ing from the modulated carrier wave the said
groups of modulation at the second harmonic
frequency thereof, a circuit including a plurality
of circuit-closing devices arranged in series and
which must be adjusted in a predetermined order
corresponding to said group succession, means
responsive to said carrier interruptions for de-
termining said predetermined order, a plurality
of actuating stepping devices each respectively
associated with a respective one of said circuit-
closing devices, and means for energizing each of
said actuating devices in accordance with a pre-
determined group of said audio pulses.
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