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11 Claims.
1

This invention relates to radio signaling and,
more particularly, to methods and systems for
obtaining a high degree of accuracy in receiving
and recording radio signals.

Ordinary narrow band telegraph transmission
over radio circuits is subject to two main
troublesome factors which tend to produce errors
in the recording of the received signals. One of
these factors is fading which causes the signals
to vary in level and the other factor is crashing
static which produces extreme variations in the
noise level. When the transmitted signals are
received by a radio telegraph receiving system of
the type in which the received signals effect the
operation of a two-position electromechanical de-
yice, continual adjustments must be made in
order to prevent the above-mentioned factors
from causing errors in the recording of the sig-
nals. These adjustments can be made in either
the sensitivity of the electromechanical device or
in the level of the signals applied to it so that its
operate and release values will lie continuously in
the interval between the signal level and the
noise level when such an interval exists. With
this type of receiving system, completely errorless
operation is impossible when fading carries the
signal level below the noise level or when noise
crashes exceed the signal level.

Errors due to fading can be rendered less fre-
guent by employing some form of diversity re-
ception. Since fading which carries the signal
level below the noise level is due usually to inter-
ference produced by the signaling radiant en-
ergy traveling through the ionosphere over a
multiplicity of space paths, any means for sep-
arating the duplicate signal waves received over
these various space paths and for preventing de-
structive interference between them will reduce
this type of fading. One form of such a separa-
tion of the multiple signal waves is a separation
based on a time standpoint. This is made pos-
sible by the fact that the muliiple space paths
generally possess slightly different travel times
which produce various delays having differences
of a millisecond or more, in the arrival of the
duplicate signal waves.

Heretofore, one way of accomplishing such a
time separation cf the received duplicate signal
waves has been to transmit a short pulse of about

0.3 millisecond duration in place of the 30 milli- ¢

second marking signal commonly employed in
rrinting telegraphy. This resulis in the recep-
tion by the radio receiving system of a succession
of short pulses between which there can be no
interference. Transmission of fhese short pulses
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requires a wider transmission band than is re-
quired for transmission of the longer pulses and
is consequently subject to a higher degree of
noise. However, if the peak pulse power is in-
creased sufficiently to make the average power
the same as that employed in transmitting the
30 millisecond type of pulses, no penalty will re-
sult from the atfendant higher noise.

For example, if the signaling speed of the
transmitter is maintained the same as that used

.during transmission of the 30 millisecond type of

pulses, then, when the duration of each pulse is
shortened to 0.3 millisecond, the peak power can
be increased one hundred fold without increas-
ing the average power used by the transmitter,
Since this requires that the band width of the
receiver be increased one hundred fold, the noise
power will be one hundred-fold greater. . As was
stated above, no penalty will result from .the
higher noise because the pulse signal-to-noise
ratio, which is determined by the values of the
noise and the peak pulse power, will remain the
same as it was in the case of the transmission
and reception of the 30 millisecond pulses. }

Accordingly, it is an object of this invention to
obtain a high degree of accuracy in receiving and
recording radio signals by preventing destructive
interference between signal waves traveling over
different space paths.

‘It is also an cbject of this invention to improve
the transmission characteristics of radio signals.

An additional object of this invention is to pro-
vide a radio communication system with im-
proved means for transmﬂ;tmg and  receiving
radio signals.

Another cbject is to provide a radio commum-
cation system with improved means for separat-
ing from a time standpoint duplicate sighal waves
received over a multiplicity of space paths.

A further object is to provide a radio communi=
cation system with improved means for aveiding
the harmful effects which noise currents tend to
produce in the recording of received signais.

Still another object is to provide a radio com-
munication system with improved means for con~
verting duplicate signal waves having a time di-
versity separation into waves having a frequency
diversity separation.

These and other objects of the invention are
attained by modulating the frequency of a con-
tinuous wave of radiant energy over a wide band
intermittently in a saw-tooth manner in accord-
ance with the signals to be transmitted. For ex-
ample, if the signals to be transmitted are mark-
ing and spacing telegraph signals, then, when

__NW“W—
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the continuous wave is modulated intermittently
in a saw-tooth manner, each tooth would repre-
sent one type of signal, such as a marking signal,
and each interval between the teeth would repre-
sent a different type of signal, such as a spacing
signal. The resulting modulated continuous wave
is then radiated through space. Since the radi-
ated energy travels over multiple space paths
having different travel times, the receiver is con-
sequently provided with duplicate, or multiple,
signal waves having a time diversity character-
istic. A speeies of frequency diversity might also
be considered to be present because not. all of the
wide band of modulated frequencies is suppressed
simultaneously by interference fading.

As each space path is affected by different de-
grees of fading and different types and amounts
of interference, some of the received multiple sig-
nal waves are less suitable than others for use by
the receiver in actuating the recording device.
In order to effect a selection of the more desirable
duplicate signal waves and to insure that the re-
cording device will be operated by sighal waves
of at least a minimum strength, all the received
multiple signal waves are detected at the receiver
by detecting means employing a beating oscillator
having its frequency modulated over a wide band
in g saw-tooth manner similar to the saw-tooth
frequency wave generated at the transmitter with
which it is synchronized. - The audio frequency
autput of the detector is applied, after amplifica-
tion, to a plurality of narrow band-pass filters
connected in parallel. . The limits of each filter
are different from the limits of all the othey filters
and the pass-bands of all the filters are continu-
ously distributed in an overlapping manner over
the frequency range of the signaling energy ap-
plied thereto. For example, in a preferred em-
bodiment of the invention in which the pass-
bands of the signal filters are continuously dis-
tributed over a range of 1140 cycles, forty over-
lapping filters are used, each having a pass-band
of 57 cycles.

The currents passed by the filters are separately
rectified by a plurality of rectifiers which have
their outputs separately connected to a scanning
device which determines whether any of the rec-
tified filter outputs have a magnitude above a
preassigned minimum value desirable for proper
operation of the recorder. If af least one of the
rectified filter outputs has a magnitude in excess
of the preassigned minimum value, then the re-
cording mechanism will be actuated to effect the
recording of a marking signal. Thus, in accord-
ance with the invention, the diversity channels of
the above-described frequency modulation di-
versity radio communication system are scanned
or sampled during the reception of each signal to
insure that, when the recording device is op-
erated by a marking signal, said marking signal
will have at least 2 minimum strength. Continu-
ous wave interference is suppressed because the
pass-bands of the filters are not sufficiently wide
to allow the varying frequency currents, produced
by the continuous wave interference and the var-
iable frequency oscillator, to build up to full am-
plitude.

These and other features of the invention are
more fully described in connection with the fol-
lowing detailed description of the drawings in
which:

Fig. 1 is a diagram of the characteristics of
radio-telegraph signals transmitted in accord-~
ance with this invention;

Fig. 2 illustrates the time diversity separation
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obtained when the signals shown in Fig. 1 are re-
ceived over two space paths having different
travel times;

Figs. 3 and 4 represent detected signal waves
having a frequency separation instead of the
time separation illustrateq in Pig. 2;

Fig. b indicates the duration and occurrence of
scanning operations performed upon the rectified
output of one of the narrow band-pass filters;

Hig. 6 shows a radio transmitting station for
transmitting radio telegraph signals having the
characteristics illustrated in Fig. 1;

Fig, 7 illustrates a radio receiving station for
receiving and recording signals transmitted by
the radio transmitting station shown in Fig, 6;
and

Fig. 8 is a block schematic diagram of a com-
plete radio telegraph system employing the radio
transmitier of Fig. 6 and the radic receiver of
Fig. 1.

In Fig. 6, a tape perforator { forms permutation
code signals, represented by the holes 2, in trans-
mitting tape 3. 'The transmitting tape § is fed in
a well-known manner into a transmitting tele-
typewriter €. 'The tape 3 is fed in the direction
indicated by the arrow and, just before it enters
the teletypewriter 4, it passes under an automatic
stop lever B which normally rests on the upper
arm of a control contact 8 as is described in Pat-
ent 2,055,567 granted September 29, 1936, to E. F.
Watson. The disclosure of this Watson patent is
ineorporated herein by reference ss a part of this
specification.  Control contact & is connected
through a manually aperable switch 7T and through
the winding of a magnet 8 tc a battery 9. The
armature {8 of magnet 8 forms a stop arm for
stopping rotation of a stop cam I1 mounted on a
main qrive shaft 12. This main drive shaft 12 is
driven by means of a gear wheel {3, fixedly
mounted on the shaft {2, in mesh with a worm {4
carried on a shaft {85 driven through a friction
clutch {8 by a motor 17. Motor {7 is supplied
with current from a source 48 and its speed can
be regulated by manually adjusting the rheostat
41. A manual switch 42 is provided for stopping
and starting motor {7,

A rotary distributor brush arm (3 is fixedly
mounted on the main drive shaft {2 for rotation
therewith. The brush arm I8 is equipped with
two brushes adapted to sweep over a solid inner
commutator ring 9 and a segmented outer ring
28. The outer ring 20 is provided with five seg-
ments corresponding to the five units of a permu-
tation code, a “stop” segment, and a “start” seg-
ment, each segment being insulated from the
other segments. The two rings 19 and 20 consti-
tute the face-plate of a transmitting distributor
2| comprising, in addition to this face-plate, the
rotary brush arm (8. Each of the five code seg-
ments of ring 20 are separately connected to one
of the five marking contacts 22 which are adapted
to be selectively coperated by the five contact
tongues 23. These five contact tongues 23 are
selectively operated in the manner described in
the above-mentioned Watson patent in accord-
ance with the permutation code signals & punched
in the transmitting tape 3.

When any of the contact tongues 23 are oper-
ated to their associated marking contacts 22, a
path is closed from battery 24, over the operated
tongues 23 and their associated contacts 22, and
then to the corresponding segments of ring 26.
The brush arm [8, in rotating, electrically con-
nects seriatim the above-mentioned segments of
ring 29 to the solid inner ring #9 which is con-
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nected by conductor 25 to the winding of a relay
26. Thus, the battery 24 is connected through
the operated contact tongues 23 and over the
above-described path to the winding of the relay
26 to hold its armature against its left-hand con-
tact. Asis shown in Pig. 6, the armature of relay
26 is normally in engagement with its left-hand
contact thereby shunting a resistance 271 for a
purpose explained hereinafter. In the case of a
spacing signal, no current will be supplied to the
winding of relay 26 which will accordingly release
its armature which will move to its right-hand
contact thereby opening the shunt across the re-
sistance 21. A battery 34 is connected to both the
“stop” and the “start” segments of ring 20 so that
the shunt across the resistance 271 will always be
closed while the brush arm I8 is sweeping over
the “stop” and the “start” segments.

The radio portion of this transmitting station
includes a variable electronic oscillator 28 of an
appropriate design. A variable condenser 29 is
suitably connected to the oscillator 28 for cycli-
“cally varying the frequency of the current gen-
erated by the oscillator 28. The capacitance of
the capacitor 29 is varied by a sliding member 30
which has one end affixed to the movable plates
of the condenser 29 and which has a cam follower
21 mounted on its other end. The cam follower
31 is adapted to ride along the edge of a rotating
cam 32 and is held in contact therewith by a
coiled spring 33.

Cam 832 is fixedly mounted on the main drive
shaft 12 for rotation therewith. Six risers are
formed in the edge of cam 32 of which five cor-
respond to the five permutation code segments
of ring 20 and the remaining riser corresponds
to the “stop” segment of ring 20. These six risers
each have a periphery designed to vary the ca-
pacitance of capacitor 29 in such a way as to
cause the frequency of the current generated by
the oscillator 28 to vary over a wide range in a
saw-tooth manner. Instead of a “start” riser,
the cam 32 is provided with a portion having an
edge evenly spaced from the center of cam 32 to
hold the cam follower 3f steady while the brush
arm I8 is sweeping over the start segment. Dur-
ing this period, oscillator 28 will generate a wave
of steady frequency which is the “start” signal.
In the position of rest, the cam follower 31 is
shown to be practically at the top of the “stop”
riser so that the oscillator 28 will be generating
waves having approximately the maximum fre-
quency.

The current thus generated by oscillator 28 is
picked up by a coil 35 and is supplied by means
of the transformer 36 to the control grid of an
electronic power amplifier 37 to vary the fre-
quency of its oscillations over a wide range in a
saw-tooth manner. The resulting frequency
modulated wave is supplied through a transformer
38 to the supply circuit for the transmitting an-
tenng 39 which radiates the frequency modulated
wave into space.

In order to “key” the power amplifier 37 for
effecting an intermittent modulation of the con-
tinuous wave in accordance with marking and
spacing signals, the resistance 27 is connected
into the cathode return circuit of tube 37. When
the system is in the condition of rest, as shown
in Fig. 6, a shunt path across resistance 27 is
closed by the armature of relay 26. Under this
condition, the power amplifier 37 will function to
transmit marking energy. However, a spacing
signal effects the operation of the armature of
relay 26 to its right-hand contact thereby opening
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the shunt across resistance 27. This allows re-
sistance 21 to change the current relationships
in the power amplifier 37 to make its grid so much
more negative with respect to its cathode that the
plate current will be reduced to zero and no sig-
naling energy will be supplied to the transmitting
antenng 39. This condition exists until a mark-
ing signal effects the operation of the armature
of relay 26 to its left-hand contact thereby again
closing the shunt path across resistance 27 to
allow the power amplifier 37 to transmit marking
energy. Thus, the relay 26 selectively suppresses
one saw-tooth frequency modulation cycle of the.
wave for each spacing signal. This enables the
radio transmitting station of Fig. 6 to transmit
radio-telegraph signals in the form of a continu-
ous wave of radiant energy which has its fre-
quency modulated over a wide band intermittent-
ly in a saw-tooth manner in accordance with the
signals to be transmitted.

The characteristics of the radio telegraph sig-
nals transmitted by the transmitting system of
Fig. 6 are illustrated in Fig. 1 in which Fo repre-
sents the width of the wide band over which the
frequency of the continuous wave is modulated.
Tt represents the duration of each unit of a per-
mutation code signal, all such units being of equal
duration. As is indicated in Fig. 1, each saw-
tooth modulation of the frequency of the continu-
ous wave represents a marking signal and each
time interval T: between the teeth of the saw-
tooth frequency modulations represents a spac-
ing signal,

The radio receiving and recording station
shown in Fig. 7 is provided with an antenng 5
for receiving the signals, illustrated in Fig. 1, that
are transmitted by the transmitting system of
Pig. 6. The signals received by the antenna 51
are delivered to a radio receiver 63 which in turn
supplies them to a detector 52 where they are
combined with oscillations from an electronic
beating oscillator 53. The frequency of the oscil-
lations generated by the oscillator 53 is varied
over a wide band in a saw-tooth manner similar
to the saw-tooth frequency wave generated in the
transmitting system, of Fig. 6. This is accom-
plished by means of the variable condenser 54
which is electrically connected into the plate cir-
cuit of the oscillator 53. The capacitance of the
capacitor 54 is varied by means of a sliding mem-
ber 58 which has one end attached to the mov-
able plates of condenser 54 and which carries at
its other end a cam follower 56. Cam follower
56 is adapted to ride along the edge of a rotating
cam 57 and is held in physical contact therewith
by means of a coiled spring 58. The periphery
of the cam 57 is designed to vary the capacitance
of condenser 54 in such a way as to cause the fre-
quency of the oscillations generated by oscillator
53 to vary in a saw-tooth manner.

Cam 57 is fixedly mounted on the drive shaft
59 of a rotary distributor 80. The drive shaft
59 is driven by means of a gear box 62 which is
mechanically coupled to the cam barrel 82 in the
teletypewriter T6. This teletypewriter 76 is of the
type described in Patent 1,904,164 granted April
18, 1933, to S. Morton et al., and it is also pro-
vided with a selecting magnet 75. The disclosure
of this Morton et al. patent is incorporated here-
in by reference as a part of this specification. The
rotation of the cam barrel 82 is synchronized with
the rotation of the brush arm i8 of the trans-

Jmitting distributor 21 of Fig. 6 in the manner de-
scribed in the Morton et al. patent.

Since the
gear box 62 is designed to rotate the drive shaft
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59 and the brush arm 79 seven times as fast as
the drive shaft 12 and the brush arm 18 at the
transmitting station of Fig. 6, the saw-tooth fre-
quency variations of oscillator §3 will consequent-
1y be synchronized with those of oscillator 28 at
the transmitting station of Fig. 6. The resulting
synchronized oscillations of oscillator &3, illus-
trated by the saw-toocth wave represented by the
heavy line in Fig. 2, are supplied by a coil 68 to
the detector 52.

The signaling radiant energy transmitted by the
antenna 39 of Fig. 6 travels through the iono-
sphere over g multiplicity of space paths having
slightly different travel times which produce dif-
ferent delays in the arrival of the duplicate sig-
nal waves at the receiving antenns 5! of Fig. 7.
_Consequently, the radio receiver 83 will supply
the detector 52 with a multiplicity of duplicate
signal waves having slight time separations. Two
of these waves are represented by the light lines
in Fig. 2. 'These waves are combined in the de-
tector 52 with oscillations from the oscillator §3.
As is indicated in Fig. 2, the received duplicaie
signal waves, due to their time diversity char-
acteristic, will, in general, be slightly delayed with
respect to the sweep frequency generated by the
beating oscillator 53.

Since the degree of delay is not the same for
all the received duplicate signal waves, the out-
put of the detector 52 will consist of a plurality
of concurrent waves of different audio frequen-
cies. For example, Fig. 3 shows a wave having a
frequency f’ which represents the output of the
detector 52 due to one of the received duplicate

signal waves shown in Fig. 2, and Fig. 4 shows a-+

wave having a frequency /'’ simultaneously pro-
duced by the detector 52 in response to the other
received duplicate signal wave shown in Fig. 2.
The frequencies of the waves of Fligs. 3 and 4
differ by amounts proportional to the differences
in the travel times of the space paths traversed
by their corresponding duplicate signal waves.
Thus, the instantaneous output of the detector
52 will consist of a plurality of concurrent waves
of various audio frequencies extending from fi
to fn in accordance with the instantaneous delay
characteristics of the duplicate signal waves re-
ceived at any one time by the antenna 5i.

The detector 52 has its output connected to an
audio amplifier 67 of any suitable design. It is
desirable to vary the gain of the amplifier §7 by
means of an appropriate automatic volume:con-
trol circuit indicated in Fig. 7 by the reference
designation AVC. The output of the amplifier
87 is connected to a plurality of parallel filters
i, F2, F3, F4, F5 . . . and Fn, each having a nar-
row pass-band, for separating the concurrent
audio frequency waves into a plurality of differ-
ent frequency bands. One advantage resulting
from the use of these narrow pass-bands is that
noise and interfering waves are effectively sup-
pressed because the band widths are insufficient
to allow the varying frequency currents produced
by the noise, or interfering waves, and the vari-
able frequency oscillator to build up to full am-
plitude. As was stated above, each filter has
limits different from all the other filters and the
pass-bands of all the filters are continuously dis-
tributed over the frequency range of the signaling
energy applied thereto. In a preferred embodi-
ment of the invention in which the pass-bands
of the filters are continuously distributed in an
overlapping manner over g range of 1140 cycles,
forty overlapping filters are used, each having a
pass-band of 57 cycles. :
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Each of the filters F1 to Fn, inclusive, has ifs-
output separately connected to a different one of
a plurality of rectifiers Ri, Rs, R3, R, Rs . . . Rn
in the manner iltustrated in Fig, 7 for transform-
ing the filter outputs into unidirectional poten-
tials proportional to the magnitudes of their
corresponding audio frequency waves. The re-
sulting rectified filter outputs are of positive po-
1arity with respect to ground and are individually
supplied to a scanning device represented by the
scanning distributor 60. -

The scanning distributor 63 is shown, by way
of ‘example, as keing a mechanical rotary dis-
tributor. It is to be understood that the inven-
tion is not limited to this type of distributor but

- can employ various other types of distributors,
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such as the electronic distributors disclosed in
Patent 2,185,693 granted January 2, 1940, to P.
Mertz, and Patent 2,217,774 granted October 15,
1940, to A. M, Skellett. The distributor 60 com-
prises a solid commutator ring 68 and a segment-
ed commutator ring 89. ’
The segmented commutator ring 63 comprises
a plurality of segments 71 which are insulated
from each other. The number of the segments
7{ is the same as the number of the filters F1 to
T, inclusive. Each of the rectifiers R1 1o Rn,
inclusive, has its output separately connected to
a different one of the segments Ti in‘the manner

illustrated in Fig. 7. The distributor 60 also in-

cludes a rotary brush arm 70 which is equipped
with two brushes adapted to sweep over the rings
68 and 68. The brush arm 70 is fixedly mounted
on the drive shaft 58 for rotation therewith, the

: period of rotation being Tt.

In accordance with the principles of start-stop
telegraph operation, the brush arm 70 does not
rotate during idle periods since neither the drive
shaft 58 nor the cam barrel 82 are rotating at this
time. Also, during idle periods, the cam follower
58 remains practically at the top of the cam §7
so that the oscillator 53 will be generating con-
stant frequency waves having approximately the
maximum frequency. In order to begin the rota-
tion of the brush arm 70, a “start” signal is trans-
mitted which, as was described above, is a wave
of steady frequency. At the receiving station,
the steady wave constituting the “start” signal is
combined in the detector 52 with the steady waves
from oscillator 53. The resulting output wave of
the detector 52 will have a constant frequency
and is applied, after amplification, to the “start”
filter Fs which is-a narrow band-pass filter de-
signed to pass waves having this particular fre-
quency, fs. The output of filter Fs is rectified
by a rectifier Rs and the resulting output energy
is delivered to the grid of a triode 61 to render
tube 81 conductive. The current which now flows
in the cathode return circuit of tube 61 passes
through the winding of an electric relay 65 there-
by energizing relay 85 and causing it to operate
its armature. 'This opens the circuit extending
from battery 89 to the contact 74 leading to the
selector magnet 75, The removal of current from
selector magnet T8 causes it to start the teletype-
writer 76 in. the manner described in the above-
mentioned Morton et al. patent thereby initiating
rotation of the cam barrel 82, Rotation of cam
barrel 82 causes the drive shaft 9 to rotate, as
was explained above, and this, in turn, causes
the brush arm 70 to rotate and sweep over the
commutator rings 68 and 69 for scanning the rec-
tified filter outputs.

In order that all the rectified filter outputs may
be scanned during the time that their values are
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at, or near, s maximum, the segments 71 are dis-
posed along only four-tenths of the ring 69 as is
indicated in Fig. 7, the remaining portion of the
ring 69 being depressed so as not to contact its
brush. Thus, all the rectified filter outputs are
seanned during a period of time equal to four-
tenths of the period T¢. 'This is indicated in Fig. 5
a5 is explained hereinafter. In a preferred em-
bodiment of the invention, each rectified filter
output is secanned, or sampled, for a period of 0.3
millisecond, .

‘To determine whether any of the scanned recti-
fied filter outputs have a magnitude in excess of
a preassigned minimum value, the common ring
68 is connected to a trigger device, such as the
control grid of a gas discharge tube 73. A nega-
tive biasing voltage from battery 12 is also sup-
plied to the control grid of the tube 73. The value
of the biasing voltage from battery 712 is suffi-
ciently large to bias the tube 73 beyond cut-off.
Tube 73 has its cathode return circuit connectable
over a contact 64 to the selecting magnet 75 of
the receiving teletypewriter 76. Contact 64 is
adapted to be repeatedly opened and closed in
response to the closing and opening of the con-
tact 74 by a cam 11 fixedly mounted on the drive
shaft 59 for rotation therewith. The periphery
of the cam 17 is so designed as to hold the contact
14 open during four-tenths of the period of rota-
tion of the cam 717, this being the same period in
which the brush arm 70 sweeps over the segments
Tl. During this period the contact 64 will be
closed so that the circuit extending from the
cathode of tube 13 to the selecting magnet 15 will
be closed while the brush arm 70 is sweeping over
the segments 7! and will be opened during the
remainder of the period of rotation of the brush
arm 10.

Whenever the brush arm 70 sweeps over one
of the segments Tl which is supplied with a recti-
fied filter output having a value sufficiently large
to overcome the biasing voltage from battery 12,
the tube 73 will break down and become con-
ductive. This will cause current to flow over the
cathode return circuit of tube 713 and over the
contact 64 to energize the selecting magnet 15 in
the teletypewriter 76 thereby effecting the record-
ing of a marking signal by the teletypewriter 18.
After the tube 13 becomes conductive, it remains
conductive until the rotation of cam 717 allows
the contact 74 to close thereby opening contact
€4 and the circuit from the cathode of tube 73 to
the selector magnet 75. Consequently, if several
of the segments 1! are supplied with strong cur-
rents, tube 13 will break down when the brush arm
18 sweeps over the first of these segments and
the currents supplied to the other segments will
perform no useful function. If, during one sweep
cycle of the brush arm 70, none of the rectified
filter outpuls are sufficiently large to overcome
the biasing voltage from the battery 12, then the
gas discharge tube 123 will remain non-conductive
and no current will be sent to the selecting mag-
net 1% which will therefore cause the teletype-
writer 18 to record a spacing signal. Thus, the
rectified filter outputs are scanned in respect to
their magnitudes to determine whether any of
their magnitudes are in excess of a preassigned
value; namely, the value of the biasing voltage
from the battery 12.

This scanning feature is. illustrated in Fig. 5in
which the horizontal . line B—B represents the
value of the steady biasing voltage from the bat-
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tery 12. The rectified output of one of the filters ~

is represented by the curve SW. One complete

%

10

scanning cycle of all the rectified filter outputs
is performed during each of the time intervals
indicated by the short lines fi—t», #3—*%4, ts—is,
and ir—is. As was stated above, the value of all
the rectified filter outputs will be at, or near, a
maximum if marking signals have been received
during these particular time intervals. It can be
seen in Fig. 5 that the value of the particular recti-
fied filter output represented by the curve SW
fails to exceed the value of the bias voltage B—B
during the scanning period indicated by the line
is—ts but that it exceeds the bias voltage B—B
during the other scanning periods. Therefore, the
scanning operations performed during the period
{1—t2 and #3—i%1 will result in the recording by
the teletypewriter 76 of two successive marking
signals, that performed during the period fs—ts
will effect the recording of a spacing signal, and
that during the period t7—ts will cause the record-
ing of a marking signal.

In applying the principles and features of opera..
tion of the invention to any suitable type of radio-
telegraph system, the principal design features
may be obtained as follows:

Let

t=minimum delay difference between the paths
which are to be resolved.

T=spread in delay differences likely to be en-
countered.
A=band width of the band-pass filters T,
Feo PP Fn

B=total audio band covered by the band-pass
filters F1, F2 . . . Fhn.

Fo=width of the band over which the frequency
of the continuous wave is modulated.

Tr=duration of each unit of a permutation code
signal.

In order to separate waves of ¢ delay difference

by means of the band-pass filters F1, Fo . . . Fn,
it is necessary to have, approximately:

t

T,fF,,:zA (4]

In ordef to permit the filter output to build up
to a flat output during the time Ti, it is neces-
sary to have approximately:

@

A=
Ty
From (1) and (2) the following value is obtained:
3.4
F 0='—t"

The total audio band to be provided is:
o T
B=TfFo=f1 to fn

where fi and fn are the values of the peak fre-
quencies, or the mid-band frequencies, of the
waves passed by the filters 1 and Fn,

Typical values might be:

£=0.3 millisecond
T=3.0 milliseconds
T:=30 milliseconds, for printing telegraphy.

Whence:

A=57 cps.
Flo==11400 cps.
) B__1140 cps.

What is claimed is:

1, A radio transmitting and receiving system
including in combination a transmitting station
adapted to transmit a.wave of radiant energy
having its frequency modulated over a wide band
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interniittently in a saw-tooth manner in de-
cordance with signals, a reeeiving station adapted
to receive the transmitted wavé in the form of
a plurality of duplicate waves having different
delays characteristic of the different travel tinies
of the various space. paths. traversed by said
duplicate waves, said receiving station comprising
a ‘beating oscillator having its frequency modu-
lated over & wide barnd in a saw-tooth manner,
o detector for combining said duplicate received
waves with the output of the beating oscillator,
a plurality of narrow band-pass filters, each- of
said filters having limits difféerent from all the
other filters, connecting means for connecting the
cutput of the detector to each of said filters in
paraliel, a plurality of rectifiers, circuit means
for-connecting the output of each of said filters
to a différent one of said rectifiers, a scanning
device, and cornecting means for separately con-
necting the output of each of said rectifiers to the
scanning device, said scanning device being
adapted to scan each of said rectified filter out-
puts in respect to their magnitudes for deter-
mining whether at least one of the rectified filter
outputs has a magnitude in excess of a preas-
signed minimum value.

2. A radio ¢ommuhnication system including in
combination a transmitting statien adapted to
transinit g Wave of radidnf energy having its
frequency modulated over a wide band in g -saw-
tooth mahner intermittently in accordance with
at least two types of signals, each tooth répre-
senting one type of signal and each interval
between the teeth representing a différént type
of signal, an anténna for transSmitbinig said inter-
mittently: meédulatéed wave, a receiving station
having a recdéiving antenha adapted to receive
the transmitted wave in the form of a plurality
of duplieate waves having different arrival times
in' accordance with the different ftravel times of
the various space paths traversed by said dupli-
cate waves, said receiving station comprising a
beating oscillator having its frequency cyclically
modulated over a wide band in a saw-tooth
manrier, a detector for cembining said duplicate
received waves with the output of the Beating
oscillator, a plurality of narrow band-pags filters
each having limits different from all the others,
éonnecting means for corinecting the output of
the detector to each of said filters in parallel,
rectifying means for separately reetifying the
output of each of said filters, a scanning device
adapted to scan each of said rectified filter out-
puts in respect to their magnitudes for deter-
mining whether at least one of the rectified filter
outputs has a magnitude in excess of a preas-
signed minimum vilue, a recording device, and
selective operating means for selectively causing
the recording dévice to record one type of signal
when all of the §tannéd Yéctified filter outputs
have a magnitude léss thah said préassigned
minimum value and to recoid another type of
signal when at least one of the scanned rectified
filter outputs has a magnitude greatér than said
preassigned minimum value:

3. A radio communication system comprising
in combination a radio transmitting station hav-
ing generating means for generatmg a, . wave,
means for modulating the frequenty of said wave
over a wide band in a saw-tooth nianner, radiat-
ing means for radiating said frequericy modulated
wave through space, and receiving means for re-
ceiving said frequency modulated wave. over &
plurality of different space paths having different
travel times; said receiving means including de=
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teéting means for producing a plurality of con=
curreint sudio frequency waves whose frequencies
differ by amounts proportional to the differerices
il the travel times of said different space paths.

4. A radio eommunication system comprising
in combination g radio transmitting station hav-
ing geheratiig medans for  generating a wave,
means for modulating the freguency of said wave
over a wide band in a saw-tooth manner, radiat-
ing means for radiating said frequency modu-
lated wave through space, and receiviiig means
for recexvmg sa1d frequency modulated wave over
ent travel times, sa,1d receiving mears ihcluding
a bedting oscillator for generating a wave, means
for varying the frequeney of the wave generated
by said béating oscillator over a Wwide band in a
saw-tooth manneér, detecting means for combin-
ing the variable freqgtiency wave produced by said
beating oseillator Wwith said reéceived waves for
producing & plurality of concurrent audio fre-
dquency waves whose frequencies differ by amounts
proportionsl to the differenees in the travel times
of said différent space paths, and a plurality of
filters for sépéarating said concurrent audio fre-
qlieney waves into a plurality of different fre-
quéncy bands.

5. A radio commiinication system comprising
in eéembination & radié trarsmitting station hav-
ing generating meéans for generating a wave,
means for modilating the frequency of said wave
over a wide band in a saw-tooth manney, radiat-
ing ieahns for radiating said frequency modu-
lated wave through space, receiving means f6r
receiving §aid frequency modulated wave over
a plurality of differént space paths having differ-
ent fravel times, detecting means for producing
a plurality of concurrent audio frequency waves
whiose frequencies difféer by amounts proportional
to the differenices in the travel times of said dif-
ferent space paths, a plurality of filters for sep-
arating said concurrent audio frequency waves
into a plurality of different freguency bands, a
plurality of rectifiers for separately rectifying the
filter outputs, and scanning means for cyclically
scanning the rectified filter outputbs. »

6. A radio eommunication system comprising
in éombination g radio transmitting station hav-
ing generating means for generating a wave,
mieans for modulating the frequency of said wave
over & wide band i & Saw-tooth manner, radiat-
ing means for radiating said frequency modu-
lated wave through space, receiving means for
réceiving said frequency modulated wave over a
plirality of different space paths having differ-
ent travéel timés, detecting means for producing
a plurality of concurrent audio frequency waves
wliose frequerities différ by amounts proportional
to. the differences in the travel times of said dif-
ferent space paths, a plurality of filters for sep~
arating said concurrent audio frequency waves
into a plurality of different frequency bands, a
plurality of rectifiers for separately rectifying the
filter outputs, scanning means for cyclically scan-
ning the rectified filter outplits, a recording de-
vice, and operating means for: selectively operat-
ing the recording device in accordance with the
seanning .operations performed by said scanmng
means.

7. A radio’ communication - systeii comprising
in combinatioh a radio transmitting station hav-
ing generating means for génerating a wave,
means for modulating the frequenicy of said - wave
over g wide band in a saw-tooth manner, radiat-
ing means for radiating said frequency modulated
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wave through space, receiving means for receiv-
ing said frequency modulated wave over & plu-~
rality of different space paths having different
travel times, detecting means for producing &
plurality of concurrent audio frequency waves
whose frequencies differ by amounts proportional
to the differences in the travel times of said dif-
ferent space paths, a plurality of filters for sep-
arating seid concurrent audio frequency waves
into s plurality of different frequency bands, a
plurality of rectifiers for transforming the filter
outputs into unidirectional potentials proportion-
al to the magnitudes of their corresponding audio
frequency waves, scanning means for sampling
said unidirectional potentials, a trigger device,
and operating means for operating the trigger
device in accordance with the sampling opera-
tions performed by said scanning means.

8. A radio communication system comprising
in combination a radio transmitting station hav-
ing generating means for generating a wave,
means for modulating the frequency of said wave
over g wide band in a saw-tooth manner, radiat-
ing means for radiating saig frequency modu-
lated wave through space, receiving means for
receiving said frequency modulated wave over &
plurality of different space paths having dif-
ferent travel times, detecting means for produc-
ing a plurality of concurrent audioc frequency
waves whose frequencies differ by amounts pro-
portional to the differences in the travel times of
said different space paths, a plurality of filters
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for separating said concurrent audio frequency

waves into a plurality of different frequency
bands, a plurality of rectifiers for transforming
the filter outputs into unidirectional potentials
proportional to the magnitudes of their corre-
sponding audio frequency waves, scanning means
for eyclically scanning said unidirectional poten-
tials in respect to their magnitudes for determin-
ing whether at least one of sald scanned poten~
tials has a magnitude in excess of a preassigned
minimum value, a normally non-conductive trig-
ger tube, operating means for rendering said trig-
ger tube conductive whenever the magnitude of at
Jeast one of said scanned potentials is greater
than said preassigned minimum value, and con-
trol means for rendering said trigger tube non-
conductive after the completion of each of said
secanning cycles.

9. A radio communication system for com-
municating at least two types of signals between
5 transmitting station and a receiving station,
said system comprising in combination a trans-
mitting station having generating means for gen-
erating a wave, means for cyclically modulating
the frequency of said wave over a wide band in
3, saw-tooth manner, control means for selectively
suppressing one saw-tooth frequency modulation
cycle of said wave for each signal of one type,
radiating means for radiating said wave through
space, receiving means for receiving said wave
over a plurality of different space paths having
different delay characteristics, detecting means

40

45

50

55

60

14

for producing a plurality of concurrent audio
frequency waves whose frequencies differ by
amounts proportional to the differences between
said different delay characteristics, a plurality of
filters for separating said concurrent waves into
a plurality of different frequency bands, rectifying
means for separately converting said different
frequency bands into unidirectional potentials,
scanning means for scanning said unidirectional
potentials in respect to their magnitudes for de-
termining whether at least one of said scanned
potentials has a magnitude greater than a pre-
assigned minimum value, a recording device, and
selective operating means for selectively causing
the recording device to record a signal of one
type when all of said scanned potentials have a
magnitude less than said preassigned minimum
value and to record a signal of ancther type when
at least one of said scanned potentials has a mag-
nitude greater than said preassigned minimum
value. :
10. The method of radio communication which
comprises generating a continuous wave of elec-
trical energy, modulating the frequency of said
wave over a wide band in a saw tooth manner,
intermittently suppressing selected saw-tooth fre-
quency modulation cycles of said wave, radiating
the resulting intermittent frequency modulated
wave through space, receiving said wave over a
diversity of space paths having different delay
characteristics, and producing a plurality of con-
current audio frequency waves having frequencies
differing by amounts proportional to the dif~
ferences in said different delay characteristics.
11. The method of radio communication which
comprises generating a continuous wave of elec-
trical energy, modulating the frequency of said
wave over a wide band in a saw-tooth manner,
intermittently suppressing selected saw-tooth fre-
quency modulation cycles of said wave, radiating
the resulting intermittent frequency modulated
wave through space, receiving said wave over a
diversity of space paths having different delay
characteristics, producing a plurality of concur-
rent audio frequency waves having frequencies
differing by amounts proportional to the differ-
ences in said different delay characteristics, con-
verting said audio frequency waves into unidi-
rectional potentials, cyclically scanning said uni-
directional potentials, and selectively operating
a recording device in accordance with said cyclical
scanning operations. -

CARL B. H, FELDMAN.
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