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o 1-Claim,
“ This invention relates to radio transmission
. systems in which one of the stations in communi-
cation-is designed to be portable, or is otherwise
8o located as to render ifs' operation from com-
mercidal power supplies not feasible, or undesir-
able.
“Walkie - talkie” radio transmitter - receiver
combinations have already come into extensive
use in ‘connection with military applications.
Existing ‘portable stations of this type all share
the ‘disadvantage that they are powered by dry
batteries. The necessity for periodically replac-
-ing- these. batteries increases maintenance ex-
penses and-renders the equipment unreliable on.
account of the possibility of battery failure. The
additional weight and bulk-caused by the bat-
teries is also a-disadvantage.
If portable stations of this type were. to be_op-
. erated in large numbers,-as, for example,-exten~
sion statmns connected to telephone main sta-
tions, or if similar stations were used at a fixed
location to serve as regular subscriber telephone
stations connected by radio to a central office, the
maintenance expense occasmned by the necessary
periodical battery replacements would result in
uneconomical operation except where spemahzed
applications Justlfymg a high charge for the
equlpment were 1nvolved In the case of the
portable extension station apphcat;on, the addi-
tional Welght and bulk ‘of the- battenes would
‘cause 1nconven1ence ‘tothe: subscnber
The preseént invention obviates these disad-~
vantages by prov1d1ng means whereby the port-
able station receives its transmission power by
radio from the fixed station. No power source
in the portable statlon is therefore required, and
‘the batteries are elnmna,ted ‘As a result the size
of the portable statlon isso reduced that for com-
. mumca,tlon over short d1stances, the entire appa-
ratus can be accomodated inside-the handle of
an ordinary telephone handset. This. handset
handle is a complete self- contained radioc trans-
. mitter and receiver, has no-external connections,
and can be carried about the room; or-down the
street during a conversation: )
- Five methods -of operation -are’ disclosed. In
the first, the remotely located station consists of
an antenna, tuning circuits or-cavities, a rectifier
or detector, a conventional telephone receiver,
and & telephone transmitter of the dynamic or
crystal type adapted to generate its own voice
frequency power without the a,pphcatlon of power
_from-an external source. Slgna:ls froin the cen-
i trally located station of the’ system; whieh miay e
Tocated at a central office or in a permanent loca-
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ti6n on the subscriber’s premises are “beamed”
by méans of & parabohc orlens antenna to the re-
motely located station, which receives them on a

“dipolé antenna, After passing through the tun-

ing system in the remote station the signal, which
¢consists of the carrier and both sidebands, ampli-
tide ‘modulated, is impressed on the detector,
rectified, and delivered to the telephone receiver.
Tyansmission in the other diréction is ac¢com-
plished by amplitude modulating at the remote
station the carrier received from the central sta-
tion, and retransmitting it back to the central
station, where it is received by another direc-
tlonal antenna connected to a conventional AM
réceéiver. A% the central station, connection is
made to the telephone line through a hybrid coil,
or if feedback directly from the fixed trans-

‘mitter to the fixed receiver can be reduced suffi-

ciently, through a bridging pad.
This method of operation is successful only

when the gains in the central transmitter and re~

ceiver are sufficiently low ds to be less than the
losses in the propagation path between the two
central antennas. These losses can be increased
by employing antennas of high directivity, and
locating them 'as far apart as possible. The
transmitter and receiver gains are functions of
the distance between the central and remote sta-
tions. When this distance becomes too great, the
transmitter and receiver gains become greater

-than the transmission losses between the central

transmitter and receiver-and singing results.

For greater separations between central and re-
mote ‘stations, the second method of operation
is  employed. The central transmitier emits a
frequency modildted signal, which is demodu-
1ated in the remote receiver by means of a dis-
criminator and impressed on the telephone re-
ceiver. Transmission from the remote to the
central station is acconmiplished by amplitude
modulating, at the remote station, the carrier
received from the central station, and retrans-
mitting it to the central station; where it is re-
ceived by an AM receiver, and impressed on the

‘telephone line through & hybrid coil or bridging

pad. - As FM is used for transmitting and AM for
reéeiving at the central station, the loss in the
transmission path between the central trans-
initter and réceiver is gréatly increased, permit-
ting greater separations between the ‘cenitral and
remote stations. This distance is further in-
creased by employing highly directional antennas
at the central station.

As ‘a variant of the second method, tle third
method employs amplitude modulation for trans-
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mission from the cenfral station to the remote
station, and frequency modulation for transmis=
sion from the remote station to the central sta-
tion. -

The fourth method employs pulsed techniques.
The central station is arranged in a manner simi-
lar to a radar set, and is provided with a trans-~

mitter adapted to emit modulated pulses of radio.

frequency energy at an appropriate: supersonic
pulse repetition frequency. The central station
also is equipped with a sensitive receiver, which
by means of a “TR” bogx, is disabled during the

interval when a pulse is being sent by the central .

transmitter. At the end of each pulse, the TR
box opens the path from the antenna to the re-
ceiver, placing the central station in position to
listen for echoes returning from the remote sta-

tion.. The arrangement of the remote station is -

similar to that employed in .the first method of
operation, an antenna, tuning circuit or cavities-
detector, telephone receiver and dynamic tele-
phone transmitter being provided. When trans-
mitting from the central station to the remote
station, the remote station picks up the modu-
lated pulses emitted by the central transmitter,
rectifies them and impresses the resulting audic-
frequency on the telephone receiver. : Transmis-
sion in the other direction is effected by modu-
lating, at the remote station, the pulsed carrier
received from the central transmitter, and re-
radiating it back to the central receiver.

This method of operation has the advantage
that singing problems are greatly simplified be-
cause the transmitter and receiver at the central
station are never in operation at the same time,
theoretically increasing the direct feed-back loss
between them to infinity. It has the disadvan-
tage that it is inoperable at very short separa-
tions between the. central and remote stations,
unless special arrangements are used, due to the
very greab propagation velocity of the radio wave.

The fifth method of operation employs.ampli-
tude modulation in both-directions as in the case
of the first method, but increases the loss in the
feedback path between the central transmitter
and central receiver by employing a harmonic of
the wave emitted by the central station, for trans-
mission from the remote station to the central
station.

In connection with all five methods, additional
feedback suppression may be obtained if needed
by transmitting in one direction with horizontal
polarization, and in the other direction with ver-
tical polarization. Further improvement in sing-
ing may be afforded by feeding back to the cen-
tral receiver, through a coaxial cable or wave-
guide, some of the output of the central trans-
mitter in phase opposition to-the signal received
through the transmission medium. These ex-
pedients are illustrated in connection with the
first and third methods of operation.

It is an object of my invention to provide a
radio transmission system in which one station
furnishes, by radio, the transmission power for
the other station.

It is another object of my inventicn to provide
a radio transmission system in which a portable,
or remotely located station requires no local
power source, receiving and demodulating signals
from a centrally located station through circuits
not requiring local energization, and transmitting
signals back to the centrally located station by
reradiating a catrier received from the centrally
located station.

It is another object of the invention to provide
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a method of transmission between two stations
in which one centrally located station furnishes
the radio-frequency power to operate hoth sta-
tions.

It is another object of my invention to provide
a method of operating a remotely located station
in which the station receives signals from a cen-
trally located station by means of rectifier cir-
cuits not requiring local energization, and trans-
Imits signals to the centrally located station by
modulating and reradiating a carrier wave re-
ceived from the fized station.

It is a further object of the invention to pro-
vide means whereby, in a transmission system
transmitting on the same frequency in two direc-
_tiomns, energy received at one station from the
transmitter of the same station, is prevented from
reaching a telephone line connected to that sta=
tion af a level sufficiently high as to cause singing
or oscillation, through the employment of various
expedients, including: the use of amplitude mod-
ulation in one direction and frequency modula-
tion in the other direction; the use of high gain
antennas at the centrally located station; the use
of horizontal polarization in one direction and
vertical polarization in the other direction; the
employment of pulsed techniques, in which the
receiver at the centrally located station is dis-
abled during the intervals when a pulse is being
emitted by the centrally located transmitter; and
the use of circuits in which g portion of the emis-
sion of the centrally located transmitter is fed
back to the centrally located receiver in phase
opposition to the signal received by the centrally
located receiver from the centrally located trans-
mitter through the transmission medium.

It is another object of the invention to provide,
in a remotely located radio transmitting and re-
ceiving station a method, whereby, by means of
2 common circuit element, an amplitude modu-
lated signal received from a centrally located sta-
tion is demodulated, and the carrier wave re-
ceived from the -centrally located station is lo-
cally amplitude modulated, for retransmission
back to the centrally located station, )

It is another object of the invention to pro-
vide, in a remotely located radio station, 3 method
whereby a modulated pulsed signal received from
a centrally located station is demodulated, and a
pulsed carrier received from the centrally located
station is amplitude modulated, for retransmis-
sion back to the centrally located station.

It is another object of the invention to pro-
vide, in a remotely located station, a method
whereby a modulated carrier received from g cen-
trally located station is demodulated, and a har-
monic of that carrier is modulated, for retrans-
mission back to the centrally located station.

The foregoing and other objects of the inven-
tion can best be understood from the following
description of exemplifications thereof illustrated
in the accompanying drawings, in which:

Figure 1 is a schematic diagram indicating the
first method of operation, in which transmission
in both directions employs amplitude modulation.,

Figure 2 is a schematic diagram of the second
method of operation, in which frequency modu-
lation is employed for transmission from the cen-
trally located station to the remotely located sta-
tion, while amplitude modulation is employed in
the reverse direction. . ’
" Figure 3 exemplifies in schematic form the
third method of operation, which employs am-
plitude modulation for transmission from the
centrally located station to the remotely located



5-
station and frequency modulation in thereverse
direction” ‘

Tigure 4 covers the fourth method of opera-
tion, which employs a pulsed'carrier in both di-
rections.of transmission.

PFigure 5 demonstrates; as the fifth method of
operation; circuits adapted to transmit from the
centrally-located station to’ the remotely located
station by means of a modulated carrier, and to
transmit in the reverse direction by employing
a harmonic of the same carrier wave.

Figs: 6A, 6B, 6C ‘and 6D show the vectorial re-
lationships existing in" that portion of the circuit
of " Figure~ 3" which 'discloses’ a means for pro-
ducing frequericy modulation of the carrier trans-
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mgitted fronr the remotely located station to the '

centrally~located “station. .

In-Figure 1, illustrating the use of amplitude
modulation in both directions, the equipment at
tHe centrslly located station is of conventional
type and is accordingly shown in block form only.
It comprises the amplitude modulated transmit-
teri; the amplitude modulated receiver 2, the
hybrid coil & and the feedback network 5. In
transmitting from- the centrally located station to
the remiote station, alternating cutrents on the
line ‘4, afer passing through the hybrid coil, are
impressed on the transmitter 1, and modulate it
in’ the usual manner. Transmitter | emits an
amplitude modulated wave, which is radiated by
transmitting antenna 5, This antenna is shown
as ‘2. conventional dipole antenna, but is provided
with a parabolic reflector, or with other means for
creating a highly directional pattern, directed to-
ward the remotely located station: A portion of
the transmitter output is fed back to the receiver
through line and phase network 5, in phase op-
position to the signal received through the trans-
mission” medium.

At the remotely located station, the signal is
picked up by dibole antenna 7, and impressed
on’ transformer 9, which is tuhed to the fre-
quency of the carrier by means of condensers 8
and~10. Where extremely high frequencies are
employed, as for  example, in the microwave
region, elements 8; 9 and 16 will actually take the
form- of a resomant cavity, but they are here
shiown as individual circuit elemients for-clarity.

The received signdl is now impressed on de-
modulator 11, which consists of a numniber of non-
linegy eléments disposed in an appropriate con-
figuration: A “bridge” configuration is shown,
but other-arrangements may be employed, and it
is not~necessary “that four. elements be used; a
single elémernit connected as a conventional “erys-
tal detector” is adequate. The elements of the de-~
modulator, indicated by the arrows and perpen-
dicular bars may be any type of non-linear device
capable of responding to the frequencies em-
ployed; such as, for example, a silicon crystal with
a, cat-whisker in contact.

Demodulator il rectifies, or demodulates the
received signal in the conventional manner, and
the resultant audio voltage is impressed on tele-
phone receiver i3, which thus reproduces for the
listener at the remotely located station, the origi-
mal-modulation received from the line at the cen-
trally located station. Condenser 12 bypasses the
high freguency components” which have passed
through the demodulator.

When transmitting from the remotely located
station; the modulation originating at theline is
of ‘course absent;, because.the individual .at the

far end of the-line -is listening~for "a response

from the remotely located station, and is not
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talkifie. Under these-conditions,-asteady, ufn-
modilated carrier is received at the remotely lo-
catéd station, and is-impressed on demodulator
{1. When the individual at the remotely located
station now talks -into microphone 14, demodu-
1ator- 14-becomes: a- modulator. Microphone 14
is’ of ‘the “dynamic?” type, in the -sense that it
generates'its own voltages without requiring an
external powei supply:’ These voltages, which are
proportional to the variations in the speech of
the talker are impressed on modulator-demodu-
lator: 1§, which, in the well known manner of
modulators, imparts amplitude modulation to the
carrier; The modulated carrier is now- trans-
rtitted back- through cavities-8; 9, 10 and im-
pressed on antenna-1, where it is rerediated.

&t the cenitrally located-station, the reradiated
carrier; now modulated by the talker at the re-
motely located station, is picked up by receiving
dipole antenna - which, like antenna §, is pro-

‘vided with refiectors or lenses and is highly direc-

tional. Tha- signal is impressed on receiver 2,
which-amplifies it; demodulates it, and delivers it
to hybrid coil 3: This-hybrid coil functions as a
“bridge™ device in the-well known manner of hy-
brid-coils-and prevents the-signal from setting up
a'singing path by passing-through to transmitter
{,; but impresses the audio-output of the receiver
with very litile attenuation on the line 4, which
transmits it to the listener at the far end of the
line: Transmission*in the reverse direction is
thus accomplished.

The-method of Figure 1'is effective over dis-
tances between the-centrally located station and
the remotely located station of the-order of 100
yards; using-a-centrally located transmitter with
a-power output of approximately 25 watts, at a
frequency oi 3000 megacycles: In order to obtain
this-result, parabolic antennas-having gains of
approximately 40 db in the-major lobe are used
at the centrally located transmitter i, and re-
ceiver 2. and these antennas are so located with
respect to each other-that the loss between them
throughthe transmission medium is approxi-
mately 100 db:  An additional 20 db of feedback
suppression is realized through negative feedback,
producing a-net loss of 120 db ketween the cen-
trally located transmitter |, and receiver 2. At a
separation of 100 yards between the-centrally lo-
cated and remotely located stations, there is a
loss-of “about 50 db-between’ the stations, from
the output of transmitter 1 to the telephone re-
ceiver 13, in the remotely located station, includ-
ing the antenna gains and the conversion losses
in the -demodulator. As the transmitting level of
thecentrally located station is about +45 db with
respect to 1 milliwatt, the signal arrives at the
telephone -receiver at a level of about —5 dbm,
adequate -for satisfactory' conversation. When
transmitting in the reverse direction, a similar
1loss -of 50 db exists between the dynamic micro-
phone 14 in the remotely located station and the
input’ to the receiver 3, at the centrally located
station. The “round trip” loss from the centrally
located transmitting antenna 5°to the remotely
loeated station and return is thus about 100 db,
requiring- that the sum of the gains in the cen-~
trally located tranmitter and receiver also be ap-
proximately 100 db, The loss through the trans-
mission medium-to that part of the radiated en-
ergy transmitted directly between them is, how-
ever; as has already beén pointeéd--out, 120 dh.
Sinece the sumi-of-the' frahsmitter and receiver

‘gains is less than-this fisure, singing does nof

result.
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When the distance between the centrally lo-
eated station and the remotely located station ex-
-ceeds g few hundred yards, the loss in the trans-
mission path becomes greater than 60 db in each
direction. If the gains in the transmitter | and
receiver 2 are increased to offset this loss their
sum kecomes greater than the loss, 120 db, in the
direct path between transmitter | and receiver
2, and singing ensues. In order to operate atb
greater distances it is therefore necessary to in-
crease the loss in the direct transmission path
between 1 and 2. In some installations it is
possible to accomplish this result by increasing
the separation between antennas 5 and 8§, but in
-general this is not a satisfactory solution, and
.other means of increasing the loss must be found.

Figure 2 shows a method of operation in which
the direct loss between the centrally located
transmitter and receiver is increased through the
use of frequency modulation for transmission
from the central to the remote station, and am-
piitude modulation for transmission in the re-
verse direction. In the figure, audio voltages on
line 18 -are impressed on FM transmitter (8

through hybrid coil 1. Transmitting dipole an- .

tenna 29, which is provided with reflectors or
lenses as required radiates an ¥M signal to an-
tenng 22 at the remotely located station, which
impresses it on the primary of transformer 23,
tunied to the frequency of the carrier by means
of condenser 24. Transformer 23, together with
tuning condensers 24, 25, coupling condenser 28,
non-linear elements 29 and 31 of the bridge cir-
cuit, resistance 32 and radio-frequency choke 37,
functions as a .conventional FM discriminator.
Demodulation is therefore carried out in the well
known manner of discriminators; and the voltage
which appears across resistor 32 follows the orig-
inal modulation on line 6. Bypass condensers
32 and 34 remove the residual radio-frequency
which has passed through the discriminator, and
the audio voltage is impressed on receiver 35.
When fransmitting in the reverse direction,
nonlinear elements 28, 29, 30 and 31! act as an

AM modulator. The unmodulated carrier stand- .

ing on the terminals of the bridge is thus ampli-
tude modulated by the voltages generated by dy-
.namic microphone 28§, and the resultant modu-
lated wave is transmitted back through trans-
former 23 and radiated by antenna 22 back to
the centrally located station where it is picked up
by directional receiving antenna 21, amplified and
demodulated by AM receiver {9, and impressed on
line {6 through hybrid coil 7.

Since transmitter 18 emits an FM signal and
receiver 1§ receives only amplitude modulation
the loss in the direct transmission path between
them is theoretically infinity. Actually, due to
imperfections in the FM signal, a certain amount
of amplitude modulation is present, so that only
about 60 db of suppression may be realized from

~the FM-AM arrangement. The total loss in the
direct path between transmitter 18 and receiver
{9 .is thus about 160 db, permitting operation of
the remotely located station at distances giving a,
loss of about 80 db between the output of trans-
mitter 13 and receiver 35 in the remotely located
‘station. Such losses are obtained at distances of
about 2.5 miles, taking into account a conversion
1oss-0f 10 db in the modulator-demodulator of the
remotely located station, and an antenna gain of
49 db in each antenna of the centrally located
station. The operation of method 2 is therefore
. satisfactory up o about 2.5 miles.
Operation at still greater distances may be ef-
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fected by employing the method of Figure 38, in
which amplitude modulation is used for transmis-
sion from the centrally located station, and fre-
quency modulation for transmission in the reverse
direction. In addition to retaining the 60 db sup-
pression available from the use of the FM-AM
combination, this method realizes further sup-
pression from the use of horizontal polarization
in one direction, and vertical polarization in the
other direction. Operation is in accordance with
the following outline:

Audio voltages on line 38 are impressed on con-
ventional AM transmitter 39 through hybrid coil
41 and radio-frequency chokes 14 and 75. Trans-
mitter 39 emits an AM signal which is radiated by
directional antenna, 42, picked up at the remotely
located station by antenny 44, and impressed on
‘transformer 48, tuned to the frequency of the car-
rier by condensers 47 and 48. At the output of
the transformer, the AM wave passes in series
through condenser 54, which has a, very low im-
pedance at the carrier frequency, and elements
‘50 and 51, in parallel with elements 49 and 52 of
the bridge network. Elements 49 and 51 are non-
linear resistors, and elements 50 and §2 are in-
ductances having nominal reactances at carrier
frequencies but negligible reactances at audio
frequencies. The bridge network therefore acts
as an AM demodulator with respect to currents
passing through the circuit in series, with the
result that audio voltages identical with the
original modulation on line 38 are set Uup across
resistance B3. . These audio voltages are im-
pressed on receiver 51, through radio frequency
chokes 55 and 53, which serve to prevent radio
frequency currents from passing into the receiver,
Transmission from the centrally located station
to the remotely located station is thus effected.

Considering transmission in the other direc-
tion, it is necessary to return for a moment to the
centrally located station. In addition to the
modulation received from line 38, transmitter 39
s continuously modulated by a wave of relatively
low radio frequenecy, derived from low-frequency
R. F. oscillator 74, and impressed on transmitter
38 through coupling condensers 12 and 13. These
coupling condensers have a relatively low imped-

-ance at radio frequencies, and accordingly pass

the low frequency R. F, wave with relatively little
attenuation. On the other hand, they have a
high impedance at audio frequencies, and there-
fore prevent audio voltages coming from line 33
from passing into oscillator 11, thereby eliminat-
ing any shunting effect on the audio-voltages
which might ctherwise result from oscillator 74.
R. . chokes 74 and 75 prevent the low frequency
R. F. wave from being shunted out by the hybrid
coil.

The low frequency R. F. modulation, which may
have a frequency of about 1 megacycle if the
carrier has a frequency of 3000 megacycles, thus
modulates transmitter 88, emission from which is
radiated by antenna 42, picked up by antenna 44,
resonated by transformer 46, condenser 47 and
condenser 48, and rectified by demodulator 49, 59,
54, 62. The 1 megacycle wave therefore also
‘stands across resistor 53, together with the audio

“frequency voltages already described. Negligible
attenuation is caused by condenser 54, which has
a relatively high impedance at 1 megacycle.

R. F. chokes 55 and 56 prevent the receiver 57
from shunting out the 1 megacycle wave and con-
densers 58 and 8, having a high impedance at
audio frequencies, prevent transformer 6! from

.shunting out the audio-frequency. »
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The 1 megacycle wave passes through con-
densers 58 and 59, which-have a low impedance
at -1 ‘megacycle, -and -is-impressed on modulator
63, 64, 65-and:-66- through -transformer: 6 {, which
is-tuned to 1 megaeycle by-condensers:60.and 62.
The 1 megacycle wave thus-stands.on the hori~-
zontal terminals of the modulator at all times.
When, now the talkerat the remotely located sta~
tion talks into dynamic transmitter 61, the audio
voltages generated by the transmitter, and-im-
pressed on the vertical terminals-of -the -modu-
lator, amplitude modulate the 1-megacycle wave
in the conventional manner. The resultant am-
plitude modulated wave now travels back through
transformer 81, condensers 58 and 59 and is im-
pressed on the vertical terminals CD of modu-
lator 49, 50, 51.and 52 in series with the secondary
winding of transformer 48, which has a low im-
pedance at .1 megacycle.

Tt is to'be noted that at-this same-time, the 3000
megacycle wave received from-the- centrally Jo-
cated station is also standing on the vertical ter-
minals CD of modulator 43, 50, 51 and 52. Modu-
lator 48, 59, 51 and 52 now brings about fre-
quency modulation of the 3000 megacycle wave by
the amplitude modulated 1.megacycle wave, in
accordance with the following analysis: )

Assume that the R.-M. S. voltage of the 3000
megacyele wave.standing across the vertical ter-
‘minals.CB of anodulator .49, 88, 51 and.52 is Eo.
Then the-voltage-on-terminal A-with. respect to
terminal D is

gl dX_

B[ pix B ()
:R-is the resistance of element 49 and X
:the-reactance: of -inductance. 52. :
“Tnductence 50 also-has a-reactance, X, and.ele-
ment 5[ a resistance, R. Then the voltage on
terminal B with respect to terminal D is

.and:the voltage-at terminals AB-across. the line
ransmitting- antenna, .45 is

Ep=Ep—E4 T
wl BTl 3
| e [R_HXE | (3)
‘Eyxpressing’ both :numeratorsand denominator
of the expression:in polar:form, we obtain:

where

» VRE o tan“—-_%’
= IR
VR

=2

=Fj

I z [P0
tan~l—=

___——R —t

(ténﬂ —Z tan-1 —;% A ]E 0

% (4)

-1 Z
2.4an- B
The -fundamental nature of the principle ex-
- pressed-by Equations3.and- 4 is illustrated in Figs.
“8A,-6B;6C-and-6D. ~These figures show. four sets
. of vectors-representing the individual components
ofEquation 3-together:with the resutant vector
- at-the-output of the moduator, for various values
-of“R. ‘In-each -case, vector OA represents the
numerator, (R—jx), vector OB .the denominator,
(R-+jr) -and-vector OC-the. resultant

(75
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dition when R=~0 and X=14, it is seen that, since
0OA and OB are equal in length the modulus or
length of their quotient vector OC is unity. ‘The
angle or argument of ©OC is, -however equal to
the difference between the angle of OA and the
angle of OB, or in this case (—90°—90°) =—180°.

As the .value.of R increases somewhat, we ob-
tain &  condition .similar to that illustrated by
Figure6B, where R=.4 and X=:4. Here it is seen
that as in.the former case the:length of the-re-
sultant vector is still unity, OA and OB still being
equal in length, but the angle of OC is now
(—45°—45°) =—50°,

When R becomes equal to 1.0, X remaining

_constant at .4, the condition of Figure 6C prevails.

The length -of OC is-still:1, but its angle is now
(—21° 48’ —21°-48") =—43°-36".

The scale of Figure 6D has been exaggerated in
order to show the condition when R becomes large
with respect to X. Here R is 10.0, X retaining its
constant value of 0.4. It is seen that, as OA and
OB are still equal in length, the magnitude of
QC continues to be unity, but its angle is now
(—32° 18°—2° 18’)=—4° 36’. If R -becomes In-
finitely large, it is evident that the value of OC
will be 13/0. ' :

Tt is to be observed that although Equations 3
and 4 assume equal values:for the resistances
and equal.values-for. the reactances in, the oppo-
site arms.of the bridge,.a.more general require-
ment is-merely that they e proportional. For, if
e represent-the resistance of element 49 as R,
the resistance.of element 51-as Res1, the inductance
of -element-58 as Xso and the inductance of ele-

‘ment 52 as X, it is seen that the resultant vector

delivered at the output of the modulator will
have a constant length-or:modulus, if:

Ri_ Xn

B X (5)

or

Bw B _
Xso__',st (6)

It is- also noted -that-the resistance elements
49 and 51 need not necessarily be silicon crystals

_or-other -non-linear devices. The only require-

ment is that their»va_lue_,must.be capable of being
varied in proportion to the modulating voltage.

‘In other applications, they-might, therefore be

the plate circuits of a pair of vacuum tubes, in

-which -the grid.is -connected. to the modulating

voltage;-orsome-similar-device.
It is-thus-seen that the magnitude-of the velt-

-age-delivered . to transmitting_antenna,\ﬂ is-at
.all times equal to-the impressed carrier .voltage,
-but- its phase angle is displaced with respect to

the carrier voltage by an amount,

X
_ 14
2 tan 5]

varying from —180° t0-0 degrees as R varies from
zero to infinity. It is also seen that this result
is brought about through dividing two vectors of
equal length having angles of equal numerieal

‘yalue but opposite in-sign,. to .give, for the out-

put of the modulator, a vector of unib constant
length, . but having a negative angle .equal .in
value to twice the value of the-angle of either
of the component vectors. ’

Now the resistance, R, of non-linear elements
89 and 51, is a function of the modulating volt-
age derived from - the, amplitude modulation of
the 1 me.. wave by fransmitter 1. If we repre-
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sent the instantaneous value of this modulating
voltage as em, we may say that

R=f(em) N

The exact nature of this function may be some-
what complex in the case of available non-linear
elements. We may, however, idealize the rela-
tionship for the sake of discussion, to assume
that:

R=aq cob %" (8)
where «a is a constant.
Then, substituting (6) in (4) we obtain:
Ep=E,2 tant —=
a cot &m
2
- —1%,.6m '
o EOIZ tan ata.n 5 (9)
And if g=z,
l2 tan—! tan —5
=FElem (10)

Under these idealized conditions it is seen that
perfect phase modulation is obtained: in other
words, the voltage delivered to transmitting an-
tenna 45 remains constant in magnitude, but
has a phase angle which is a linear funection of
the modulating " voltage, em. Expressing the
transmitted voltage in instantaneous form, we
have:

er=Eolsin (wf—em) 1 an

where ey, is the instantaneous value of the volt-
age across terminals AB, w=2r times the fre-
quency of the carrier, and ¢ is time.

In practice, it is possible, by properly choos-
ing circuit constants and operating points, to
approximate the requirements of Equation 8

over a limited operating range, such that the.

maximum phase deviation obtainable is of the
order of +90.2t0.20.5 radians.

Now the value of em, by definition of the value
of an amphtude modulated wave, is

em_Ep[1+mf(t)] sin pt (12)

Where Ep is the maximum amplitude of the low
frequency R. F. wave, unmodulated, m is the
modulation index, 7(#) is the instantaneous value
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of the modulating audio voltage, and p=2+ times

the frequency of the low frequency R. F. wave,
1 megacyele.. Substituting (12) -in (11), we ob-

tain, for the complete expression representing °

the transmitted wave,
er=FEo{sin [wt—Ep[1-mf(t) 1 sin p£1} (13)

Analyzing this expression, if we assume that
the 1 megacycle wave is completely modulated,
mi(t) being unity when f(¢) is a maximum, we
find that the value of the wave for maximum
values of f(£) is:

er=FEo{sin [wt—2E, sin ptl} 14

Now in order to satisfy the conditions of Equa-
tion 8, 2Ep sin pt must never exceed 0.5 radians
in value. Therefore, we have:

2Ep<05
Ep<025

and the maximum values of f(£) (12) becomes
er=FEo{sin [wt—0.50 sin »tl} (15)
It is now required to determine the amount

60
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of frequency deviation which will result from a
phase deviation of this magnitude. It is well
known that phase deviation and frequency devi-
ation are related by the expression:

d
Dw—-%aq%

where %0 is 27 times the instanfaneous frequency
deviation, and ©°¢ is the instantaneous phase
deviation. In this case,

(16)

0¢=0.50 sin p¢ (17
Therefore
d .
a¢_%(o.5o sin pt)
=0.50 p cos pt (18)

and the maximum frequency deviation, that is,
the deviation when both f(f) and sin pt¢ are at
maximum, is:

) Aw_0.50p

o 2x

_0.50(27+p)
- 27

=0.50f, (19)

where fp is the frequency of the low frequency
R. F. wave, 1 megacycle. Eguation 17 shows that
the maximum frequency deviation under the con-
ditions chosen is

Afe=0.50X 106=500,000 C. P. S. 20y

This deviation is, of course, the greatest pos-
sible deviation from the condition when the car-
rier is unmodulated, and may be either positive
or negative. We may therefore say that, in this
case,

Afo=

Afe=:+500,000 C. P. S. 21»

and the total swing from one extreme to the
other is 1 megacycle. A deviation of this mag-
nitude is ample to produce effective frequency
modulation of the 3000 megacycle carrier and
override noise due to oscillator instability, etc.
It is to be observed that this result is obtained
only through premodulation of the 1.megacycle
wave on an amplitude basis; if the audio voltage
were to be impressed directly on the modulator
49, 59, 51, 52, a deviation of approximately ’

3000%.5=1500 cycles

would be obtained, entirely inadequate for the
purpese.

Returning to Figure 3 the frequency modulated
wave is now impressed on transformer 69, which
is tuned to the frequency of the carrier by con-
densers 68 and 78, and is then radiated, with
horizontal polarization, by antenna 5. At the
centrally located station, the signal is picked up
by directional antenna 43, and amplified and de-
modulated by receiver 40. This receiver is an
FM receiver of conventional design, except that
its output circuits are designed to pass video fre-
quencies as high as 1 megacycle. The output of
this receiver is therefore identical with the am-
plitude modulated 1 megacycle wave generated
in the remotely located station by modulator 63,
G4, 65, 66. This output is now impressed on AM
recejver 15, which amplifies the signal, demodu-
lates it, and transmits the resulting audio voitage
to line 88 through hybrid coil 41.

Due to additional suppression in the amount of
about 40 db realized through the use of different
polarizations in the two directions of transmis-
sion, the direct loss between transmitter 29 and
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receiver- 48 in Figure 3 is. about 200, db. Gains of
approximately 100 db in each-direction of trans-
mission may therefore be employed, giving a
maximum distance of about 25 miles hetween the
centrally located station and the remotely lo-
cated station, taking into account antenna gains
of 40. db and conversion losses of 10 db in each
direction. .

Pigure 4 demonstrates another method of ob-
taining greater ranges, by means of pulsed tech-
niques. -In this figure, audio voltages on line: 11
are -impressed -through hybrid coil -0 on -AM
modulator 81,-which, together-with pulsed trans-
mitter 78, comprises a conventional amplitude
modulated pulsed transmitter. Pulses emitted by
transmitter 18, the amplitude of which are there-
fore proportional to the audio voltages on line
11, are impressed on “pR” or “Transmit-Re-
ceiver” box-82, which, in the well known man-
ner of TR boxzes, blocks the path to receiver: 19,
during intervals when a pulse is being emitted,
but transmits these pulses to directional antenna

-83 with very little attenuation. Antenna 83
radiates the amplitude-modulated pulsed wave to
the .remotely located station, where it is picked
up by -antenna 84, -and transmitted. to "AM de-
.modulator £8,:89,:80, 8{ through transformer 885,
tuned to the frequency of the carrier by con-
densers 86 and 87. “Demodulator 88,83, 890,81,
-rectifies the wave in the usual manner, and im-
presses the resultant.audio voltage on recevier 93,
in series.with transmitter 94. Condenser .92 hy-
passes high frequency components delivered by
the demodulator, but has a high impedance 1o
audio frequencies.

When transmitting in the opposite direction,
audio voltages generated by dynamic transmitter
94 are impressed, in series with receiver 93, on
the horizontal terminals of demodulator &8, &9,
90, 94, which now acts as a modulator, ampli~
tude modulating the pulsed carrier standing on
its vertical terminals. Condenser $2, having a
high .impedance . at .audio frequencies, -has a
negligible shunting effect. on the modulating
voltages. The. resultant amplitude modulated
.pulsed carrier is transmitted through transformer
85 to antenna. 84, where it is radiated back o the
- centrally located station. :

“Due to the.finite propagation velocity of 2

: vadio wave, the path to the receiver is open by
the time the wave reaches the. cenirally.located
station, the TR box having ‘functioned in- .the
usual manner to reestablish the circuit-at the end
of.the transmitted pulse. The wave is therefore

- picked up by antenna 83, amplified and demodu-~
lated by AM receiver T8, and delivered to line 11
through hybrid coil 88.

Thig method of operation is theoretically ef-
fective-at maximum distances limited only by the
possible length of the line of sight transmission
- path, since the TR box increases the loss in the
feedback path between transmitter 18 and re-
ceiver 19, to infinity, permitting the theoretical
employment of infinite gains in transmitter 78
and receiver 19. There is, however, a minimum
distance under which two way transmission can-
not be carried on, due to the finite length of time
required for the TR box to open the path to the
receiver following the emission of a pulse. At
such short distances, the “reflected”
traveling back from the remotely located station,
reaches the centrally located station before the
TR box has opened the path to the receiver, and
ig therefore ineffectively dissipated in the TR
box. These minimum distances are of the order
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of a few hundred yards; depending upon the pulse
length and the-construction-of the TR.box. This
limitation may therefore not be important where
the - principal requirements-is for- transmission
over. considerable distances. ~Where- operation
below the minimum distance-is-required, it may
be effected by employing the-expedient of delay
line 85, indicated as optional in‘Figure 4 by-the
dotted lines. ‘'This delay:line, -inserted in the

‘transmitting and receiving path;=retards the pulse

sufficiently to -effect its arrival at the -centrally
located station after the path to'the receiver has
been opened, even-where short distances: are-in-

-volved. -A<delay line having-a delay of the order
-of 1 microsecond will in-general make- it; possible
‘to carry - on- transmission-over-a-distance-of only
-a fewyards. )

—» Another method of obtaining -transmission-at <—

distances up to about 25 miles-is illustrated by

“Figure 5. In-this‘figure, audio-voltages on: line
-86_are delivered-by-hybrid-ceil-89- to transmitter
'91; ‘which emits-an- amplitude-modulated signal
-radiated-by -directional antenna- 8. - At-the-re-
‘motely located station this signal is picked: up
-by-antenna 102, -and transmitted-to. demodulator

{27, 108, 199, 110 by transformer 104, which-is

“tuned to-the frequency of the-carrier -by--con-
-densers (05 and- (06. “Demodulator- 107, 188;-103,

{10 rectifies the signal-in-the Usual-manner and
delivers the audio output-to receiver 112 in series
with- radio-frequency “chokes I41-and -3, and
dynamic transmitter 114. .
“When - transmitting - in -the - other direction,
voltages generated by -dynamic {ransmitter- 4
are applied to the horizontal terminals of de-

_modulator 07, 108, 109, ~110 -through -R. ‘F.

chokes 111 and 1(3 and receiver: 12. Condensers

{15 and (16, which have-a high-impedance-at

low frequencies prevent the-audio -frequencies

~from being shunted out by transformer: {18.-De-

modulator 181, 108; 189, F18 now acts as a-modu-

_lator. “Due to the non-linear ‘characteristic of its

element, it generates. harmonics: of the -carrier
wave standing on its vertical terminals. -Har-

_monic voltages therefore exist.across its-horizon-

tal terminals. “The audic frequency voltages gen-

~erated” by transmitter {14 amplitude-modulate

these harmonics and the resultant amplitude-

“modulated wave_is delivered through condensers

115 and ‘116, which have a"low impedance-at
radio-frequencies, to _transformer {§i8. Trans-

former 118 is tuned to one of the harmonic fre-

quencies by condensers {11 and (8. ~This res-
onant circuit passes the modulated harmonic on
to antenna {03, where it is radiated back to the
centrally ~located station, -but suppresses the
fundamental, and all other harmonics.

At the centrally located -station, the wave is
picked up by antenna, (01, amplified and demodu-
1ated by AM receiver 98; which istuned to the har-
monie, and delivered to line 96 by hybrid coil 99.

Since receiver 98 is tuned to a harmonic of
the frequency emitted by transmitter 81, the di-
rect loss between them is very high, and the use
of method 5 affords operation over considerable
distance. In addition to attenuations of the order
of 100 db due to the directional characteristics
of antennas 160 and 161, the selectivity of receiver
98 contributes another 100 db to the direct loss.
The total loss between transmitter 81 and re-
ceiver 98 is therefore of the order of 200 db, per-
mitting the employment of gains of 100 db in
each direction, and effecting operation at dis-
tances up to 25 miles, as in the case of methods
3and4.

i
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In general, it should be observed that in the
case of all five methods of operation, the carrier
wave emitted by the central station or its har-
monic is reradiated by the distant station, and
is therefore received by the receiver at the cen-
tral station, whether or not modulation is applied
at the distant station. Where methods @€ @
(4) or (5) are employed; modulation epplied at
the central station is also received back at the
central station. via the distant station. These
effects are useful in providing an indication that
the distant station is in proper operating condi-
tion, and in other ways; they do, however, impose
a requirement that the modulation level applied at
the distant- station - shall be greater than the
demodulated audio frequency level received at
that same point from the central station, in order
to avoid singing. ] i
The various instrumentalities utilized in the
structure of Figures 1 to 5 for the purpose of ef-
fecting transmission between the stations and im-
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proving the singing characteristics of the system -

may, of course, be used in combinations other
than these specifically disclosed. - For example, a
negative feed back line between the central trans-
mitter and receiver may be used in any of the
methods. of operation to neutralize the effect of
waves transmitted directly from the central trans-
mitter fo the central receiver through the trans-
mission medium. The hybrid coil, another means
of reducing feedback, is shown in ali five embodi-
ments of the invention, but may be dispensed with
if the gains in the central transmitter and re-
ceiver are much lower than the losses in the trans-
mission path between them. In Figure 3, ref-
erence has been made to the use of horizontal
polarization for transmission in one direction and
vertical polarization for transmission in the cther
“direction. ‘These polarizations are, however, not
necessarily vertical and horizontal, but may be
any polarizations mutually at right angles: and
this expedient may be employed in connection
with any of the methods of operation. Itis there-
fore not intended that the disclosure of any given

specific expedient in connection wtih any one 4

particular method of operation shall be construed
to restrict the use of that expedient to that
method only; and in general various combinations
of the instrumentalities disclosed, departing far

from the specific examples illustrated, may be 5

made without, however, departing from the broad
principles of the invention, which I hereby claim,
as follows: ' :

A radio transmission system comprising a cen-

tral station provided with a line, a hybrid coil, o

a low radio frequency oscillator, a transmitter
adapted to generate a signal carrier wave ampli-
tude modulated by frequencies received from said
line and from said oscillator, and with an an-
tenna for radiating said amplitude modulated sig-
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nal, with vertical polarization; a distant station
provided with a receiving antenna, tuning ele-
ments and a demodulator-moduletor for receiv-
ing, selecting and demodulating said vertically
polarized amplituds-modulated signal ecarrier
wave to resolve it into the modulation and the
carrier wave to restore said line and oscillator
frequencies, with a telephone receiver, a dynamic
micrephone, and an amplitude modulator, with
circult means for impressing said line frequencies
on said telephone receiver and said oscillator fre-
quency and the frequencies generated by said
microphone on said amplitude modulator to pro-
duce a low radio frequency wave amplitude modu-
lated by the frequencies of said dynamic micro-
phone, and for impressing said low radio fre-
quency amplitude modulated wave and the
carrier wave of said sighal on said demodulator-
modulator to produce = freguency modulated
carrier wave, and with tuning elements and a
horizontally polarized transmitting antenns for
selecting and radiating said frequency-modu-
lated wave; and at said central station, a

' horizontally polarized receiving antenna, and g

40

69

frequency modulated receiver for receiving and
demodulating said frequency-modulated wave to
restore said low frequency amplitude-modulated
wave, a second amplitude-modulated receiver for
demodulating said low frequency amplitude-
modulated wave to restore the frequencies of said
dynamic microphone, and circuit means for de-
livering said frequencies to said line through said
hybrid coil. )
DONALD B. HARRIS.
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