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1. 

This invention concerns two-way radio com 
munication Systems in which the radio beam 
from a transmitting station (hereinafter called 
the "beam originating station') is received at a 
remotely located radio station, modulated there 
at, and then returned or reflected back to the 
originating station to be received, amplified and 
demodulated. Both radio stations in the system 
are provided with highly directional antennas 
and with modulating and demodulating appara 
tus to enable two-way communication to be 
effected between them. The beam originating 
station is designed to radiate ultra high frequency 
energy in the range of 1000 to 10,000 megacycles. 

In using Systems of this type in which the re 
flected energy sent back from the remote station 
is utilized as an essential element in reception at 
the originating station, I have found that so 
called "ground clutter' caused by the movement 
or Vibration of undesired reflecting objects (such 
as the limbs of trees) often seriously interferes 
With reception at the originating station of the 
desired reflected wave. This 'ground clutter' 
Superimposes low frequency modulations on the 
reflected wave. This interference is overcome in 
accordance With a preferred embodiment of the 
invention by introducing a sub-carrier at the re 
In Otely located (wave reflecting) station of a fre 
quency appreciably higher than the relatively 
low frequency modulations caused by the move 
ment of the undesired reflecting objects. 
A more detailed description of the invention 

follows in conjunction with drawings, in which 
like parts are designated by like reference char 
acters. 
In these drawings: 
Fig. 1 shows, in box form, one embodiment of 

the two-way radio communication System of the 
invention for use with amplitude modulated 
Waves, in which a Superheterodyne receiver is 
employed at the radio beam originating station. 

Figs. 2, 4 and 5 show, in box form preferred 
embodiments of the invention in which a sub 
carrier oscillation is introduced at the radio sta 
tion which is remotely located relative to the 
bean originating station. 

Figs. 3 and 3a illustrate, in box form another 
embodiment of the invention which differs gen 
erally from the other figures of the drawing in 
using no amplifiers or power supply at the re 
motely located wave reflecting station. 

Fig. 6 schematically shows the circuit diagram. 
- of a preferred type of two-way communication 
system in accordance with the invention in which 
a sub-carrier is introduced at the radio station 
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2 
which is remotely located relative to the beam 
Originating station. 

Referring to Fig 1, there is shown a two-way 
Communication System comprising a beam origi 
nating station identified as station #1 and a re 
motely located radio wave reflecting station 
identified as station #2. Beam originating sta 
tion #1 is equipped both with transmitting ap 
paratus designed to radiate a wave in the range 
from 1000 to 10,000 megacycles over a highly 
directional antenna, D and also a superheterodyne 
receiver designed to receive waves over highly 
directional antenna I, from the remotely located 
Wave reflecting station it2. 

Station #1 is provided with a microphone A, 
an audio amplifier B, a modulator X and a trans 
mitter-oscillator C. The transmitter-oscillator 
C at the station #1 of the different figures maw 
be any suitable form of high frequency OSCla. 
tor capable of generating the desired frequency 
in the range of 1000 to 10,000 megacycles. Such 
an oscillator, by way of example, may be a magne 
tron or a reflex klystron, or a lighthouse triode 
tube, or any suitable very high frequency oscilla 
tor. The output from the transmitter-oscillator 
C is fed over a transmission line TL, which may 
be a coaxial line or a wave guide, to the antenna 
D. Antenna D is shown, by way of example only, 
as a dipole at the focus of a parabolic reflector. 
Output from the transmitter-oscillator C is also 
fed to a rectifier R, where this energy combines 
With oscillations from an auxiliary oscillator S 
to produce in the output of R a beat frequency 
which is passed on to the filter T. Filter Tselects 
one side band of a frequency equal to the fre 
quency of the transmitter carrier from C plus or 
minus the frequency from oscillator S, and passes 
this selected frequency to the frequency converter 
M of the superheterodyne receiver at this same 
Station. 
By way of example only, the transmitter-oscil 

lator C may generate a carrier of 1500 megacycles 
while the auxiliary Oscillator S may generate 
oscillations of 100 megacycles. The Output from 
rectifier R, will then have two side bands or mean 

Filter 
T is designed to pass either one of these two 
side bands, usually the lower one of 1400 mega 
cycles. This 1400 megacycle signal from filter T 
acts as the local oscillator of a conventional 
superheterodyne receiver consisting of the fre 
quency converter M, the intermediate frequency 
amplifier N with its frequency selective circuits, 
the diode audio detector O, the audio amplifier P, 
and the transducer Q which may consist of a 
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loudspeaker as shown, or suitable headphoneS. 
The energy received by the Superheterodyne re 
ceiver from the remotely located wave reflecting 
station #2 is collected on directional antenna. I, 
here shown by way of example as a dipole at the 
focus of the parabolic reflector. The line TL' ex 
tending from the antenna L to the frequency con 
verter M may be of the coaxial type or a Wave 
guide. Both antennas D and L are pointed to 
ward the directional antenna E of station #2. 
Station it 2 consists of a highly directional an 

tenna E, here shown by way of example only as 
a dipole at the focus of the parabolic reflector, 
which is connected to a rectifier F. Antenna. E: 
is pointed toward station #1, as shown. Output 
from the rectifier F is passed on to a Switch V 
which in one position passes this output to a 
suitable electro-acoustic transducer Such as an 
amplifier G and thence to a loudspeaker H, and 
in another position connects the rectifier F to 
the output circuit of an audio armplifier K whose 
input circuit is, in turn, connected to an electro 
acoustic transducer microphone J. When the 
blades of switch V are thrown to the upper posi 
tion, the station it2 receives the ultra high fre 
quency carrier energy radiated from station #1 
and passes this energy on to the loudspeaker H. 
The attendant at station #2 is thus able to listen 
to the message transmitted from station #1. 
When the blades of switch W are thrown to the 
lower position, the attendant at station F2 can 
by means of microphone J talk or introduce his 
town local nodulation on the energy received by 
station #2, thus modalating the Wave which is 
received by station if 2, and reradiated or reflected 
back toward Station #1. 

In the operation of the system of Fig. 1, as 
Sunning that station #1 radiates over antenna, D 
a Wave of the order of 1500 megacycles, this wave 
will be received on antenna, E of station F2 and 
reflected back toward Station it. Where it will be 
received on antenna, L. The local modulation 
produced by microphone J at station f2 will be 
impressed upon the Wave reradiated or reflected 
toward station it. The 1500 megacycle reflected 
Wave received ora anterana, f at Station #1 Will 
beat with the 1400 megacycle oscillation passed 
to the frequency converter M from filter T, as 
a result of which there will be a beat frequency 
of 100 mega-cycles passed on to the intermediate 
anglifier M together with the signal modulation 
from Station #2. This signal modulation from 
station F2 will be demodulated in detector O of 
the Superheterodyne receiver, amplified at P and 
heard at loudspeaker Q. Obviously, if the at 
tendants at both stations are talking at the same 
time, there will be experienced the same type of 
interference or reaction in Q which is present in 
an Ordinary telephone conversation circuit when 
two people converse simultaneously. It should 
be noted that amplitude modulation is employed 
at both stations of the system of Fig. 1. It should 
further be noted that the local oscillator S pro 
duces oscillations of a frequency equal to the 
intermediate frequency utilized in a superhetero 
dyne receiver. 

Fig. 2 Shows a System somewhat similar to 
Fig. 1, except for the fact that the auxiliary oscil 
lations are now produced at the remotely lo 
cated station #2 instead of at the beam originat 
ing Station #1. These auxiliary oscillations were 
produced in Fig. 1 by oscillator S, whereas in 
Fig. 2 the auxiliary oscillations are produced at 
station #2 by oscillator U. The purpose of these 
auxiliary OScillations in both Figs. 1 and 2 is to 
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4 
produce energy which can be used in the Super 
heterodyne receiver. The auxiliary oscillations 
produced by oscillator U at station #2 in Fig. 2 
is of substantially lower frequency than the main 
transmitter oscillations produced by the trans 
mitter-oscillator C and its purpose is to ampli 
tude modulate the main transmitter OScillations 
at rectifier F. So as to derive new high frequencies 
differing from the main transmitter oscillator 
frequency by the intermediate frequency. In 
Fig. 1 the intermediate frequency for the Super 
heterodyne receiver is i00 megacycles, whereas 
in Fig. 2 the intermediate frequency for the 
Superheterodyne receiver is 1000 kilocycles (one 
negacycle) which is the frequency of oscillator 
U at station it2. 
Except for the foregoing differences, the opera 

tion of the System of Figs. 1 and 2 is substan 
tially the Same. The audio amplifier B at sta 
tion #1 of Fig. 2 modulates through modulator 
X, the high frequency oscillator C operating at, 
let US say, 10,000 megacycles. The radiated wave 
from directional antenna, D of station it 1 induces 
a Voltage in antenna, E at station #2 which is 
rectified at F and passed on as an audio signal 
to amplifier G and loudspeaker H. Oscillator U, 
Operating by way of example at 1000 kilocycles, 
is modulated from modulator X by voice signals 
from amplifier K and microphone J. The sub 
carrier frequency of 1000 kilocycles produced by 
Oscillator U of Station #2 amplitude modulates 
the received 10,000 megacycle carrier collected 
by antenna E before it is reradiated or reflected 
to antenna L. at station #1. At station #1, the 
local carrier frequency of 10,000 megacycles from 
the transmitter oscillator is passed on to the fre 
quency converter M over leads 0, where it com 
bines with the signal received from station #2 
in order to produce an intermediate frequency 
Signal of 1000 kilocycles in the output of the fre 
qillency Con Verter M. This intermediate fire 
qulency of 1000 kilocycles upon which the modu 
lations from Station #2 are impressed is ampli 
fied by intermediate frequency amplifier N, recti 
fied by audio frequency detector O, and the re 
Sulting audio signal is amplified at P and passed 
On to loudspeaker Q. 
An important advantage of the system of Fig. 

2 over the System of Fig. 1 lies in the use of the 
Sub-carrier wave introduced by oscillator U at 
station #2. This sub-carrier, it should be noted, is of a considerably higher frequency than the 
audio modulation frequency, and also consider 
ably higher in frequency than the low frequency 
modulations caused by movement or vibration of 
undesired reflecting objects; so-called “ground 
Clutter,' which often seriously interfere with the 
reception at station #1 of the wave reflected 
from station #2. This sub-carrier feature at sta 
tion #2 overcomes this “ground clutter." 

Fig. 3 shows an embodiment of a two-way radio 
communication System of the invention in which 
the receiver of the beam Originating station (to 
Wit, station #1) is not of the superheterodyne 
type and merely includes a Crystal detector fol 
lowed by an audio amplifier. It should be noted 
that the transmitting and receiving antennas 
comprise a pair of dipoles located at right angles 
to each other at or near the focus of a parabolic 
reflector. Such a 90° dipole arrangement at 
station #1 eliminates to a large extent possible 
feedback from the transmitting aerial D directly 
into the receiving aerial L at the Same location. 
The reflector in back of the dipoles D and I, in 
Fig. 3 is relatively large, in order to give a power 
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gain for the radiated beam of something of the 
order of 100. The radiated wave from dipole D 
is picked up on the remotely located antenna, E 
at the remote wave reflecting station #2. The 
dipole in the focus of the parabolic reflector at 
station #2 is located either vertically, as shown, 
or horizontally, in order to be able to receive some 
component of the waves radiated from dipole D 
and to be able to reflect or transmit toward dipole 
La, wave which will be picked up by the receiving 
aerial L. It will thus be seen that the dipole of 
antenna, E is rotated 45° with respect to both of 
the dipoles D and Lu. 
At Station F2 in Fig. 3, the antenna E iS con 

nected to a silicon crystal detector F from which 
the rectified voltage is passed through a radio 
frequency filter I to a switch W. When the blades 
W are thrown to the lower terminals, the rectified 
and demodulated wave received by station #2 will 
be passed on to the loudspeaker or phones H. 
When the blades of switch W are thrown to the 
upper terminals, the microphone J” Will be con 
nected through the switch to the elements I, E 
and E, to thereby modulate the amplitude of the 
collected waves. Microphone J" is of the mag 
netic type which generates a voltage used to mod 
ulate the current at detector F. The radio fre 
quency filter I prevents the radio frequency cur 
rents present in the received signal from passing 
through the filter to either J or H, depending 
upon which way the blades of switch W are 
thrown. 
At station #1, the energy which is reflected or 

reradiated by the remotely located station #2 is 
picked up by dipole L, and fed to a crystal detector 
O whose output is coupled to an audio amplifier 
P and to a loudspeaker or headphones Q. 
An advantage of the system of Fig. 3 is that no 

battery power supply or amplifiers are employed 
at the remotely located wave reflecting station #2. 
As an alternative arrangement for station #2, 

a, carbon microphone might be connected directly 
in the circuit of the dipole antenna, E for modul 
lating the reflected signal, instead of using the 
magnetic microphone J’ in the circuit shown in 
Fig. 3. Such an alternative arrangement is shown 
in Fig. 3a, in which the carbon microphone is 
designated J. 

Fig. 4 is another modification of the invention, 
which is substantially identical with the system 
of Fig. 2 except for the fact that the transmitting 
and receiving antennas at station #1 comprise a 
pair of dipoles D and L positioned 90° relative to 
each other at or near the focus of a large para 
bolic reflector, in a manner similar to the an 
tenna, arrangement of station #1 in Fig. 3. The 
directional antenna, E of station it2 of Fig. 4 
comprises a dipole which is either vertical or 
horizontal so as to be rotated 45° with respect 
to both of the dipoles at station #1. The system 
of Fig. 4 functions substantially in the manner as 
does the system of Fig. 2, except for the improve 
ment in the antenna, arrangement which elimi 
nates one parabolic reflector. It should be noted 
that station #1 of Fig. 4 includes a superhetero 
dyne receiver and that the remotely located sta 
tion #2 includes an auxiliary oscillator U'. The 
transmitting oscillator C of station #1 may gen 
erate Oscillations of the Order of 1500 megacycles, 
while the auxiliary Oscillator U' at station #2 
may generate oscillations of the order of 100 
negacycles, in which case the intermediate fre 
quency energy in the superheterodyne receiver of 
Station it. Will also be 100 negacycles. 

Fig. 5 illustrates another modification of the 
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6 
invention in which station #1 is identical in ar 
rangement With station #1 of Fig. 4. Station #2 
of Fig. 5 differs from station #2 of any of the 
other figures generally in these respects: First, 
the receiving antenna. E’ comprises a pair of di 
poles arranged at 90° with respect to each other, 
One dipole L', to wit the receiving dipole, being 
in the same plane as the transmitting dipole D 
at station #1, while the other dipole D'; to wit 
the transmitting dipole at station #2, is in the 
Same plane as the receiving dipole I, at station #1. 
The antenna, arrangement of both stations in 
Fig. 5 includes a large reflector behind the dipoles 
in order to give a power gain for the radiated 
beam of something in the order of 100. Both of 
these antenna, arrangements are highly direc 
tional and pointed toward one another. 

In the operation of the system of Fig. 5, let 
US assume that the transmitter-oscillator C gen 
erates a frequency of 1500 megacycles which is 
modulated by apparatus X by some sort of mes 
Sage impressed on amplifier B by microphone 
A. The signal wave is radiated from horizontal 
dipole D and is picked up at station #2 by hori 
ZOntal dipole I'. From L', the signal is passed 
Over leads to resonant circuit 2, and to con 
Verter F, which may consist of any non-linear 
circuit, Such as, for example, a diode or crystal 
rectifier. The modulation on the signal passed 
by the rectifier F is then fed to an audio alm 
plifier G whose output is conveyed to a suitable 
transducer, such as a loudspeaker H or head 
phones. For modulating the received energy at 
Station #2, there is provided a microphone J 
Which feeds a voice signal to amplifier K caus 
ing the modulator X to frequency or amplitude 
In Odulate the oscillator U'. Oscillator U' func 
tions to produce a sub-carrier of a frequency 
of the order of 100 megacycles. This sub-carrier 
is impressed on the converter F and amplitude 
modulates the received carrier collected on di 
pole I.' So as to create two side band frequencies, 
One approximately 100 megacycles above the 
1500 megacycles, and the other 100 megacycles 
below the 1500 megacycles. Box T' is a resonant 
band pass circuit which selectively passes one 
Side band, let us say 1400 megacycles, from 
converter F to the vertical antenna, JD”. This 
new carrier signal of 1400 megacycles is re 
ceived at station #1 by the vertical dipole I, 
and passed on to the frequency converter M. 
of the Superheterodyne receiver along with some 
of the 1500 megacycles fed directly to this con 
Werter from the transmitter-oscillator C. As a 
result of this, a 100 megacycle intermediate fre 
quency signal is passed through intermediate 
frequency amplifier and selective circuits at N 
and to detecting circuit O. The output from O 
is an audiofrequency which is amplified by 
amplifier P and passes on to loudspeaker Q or 
earphones. 

Fig. 6 schematically illustrates an embodiment 
of the invention which is somewhat like Fig. 2. 
The same antenna, at both the beam originating 
station #1 and the remote radio station #2 is 
used for both receiving and transmitting pur 
poses. The conventional circuit symbols are em 
ployed in Fig. 6 in place of the block diagram. 
designations of Fig. 2. The radio frequency 
circuit Symbols are those usually associated with 
low radio frequency systems, but it should be 
understood that they may refer to resonant cav 
ities or resonant lines when operating at very 
high frequencies of the order of 1000 to 10,000 
megacycleS. 
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Assuming that the transmitter-oscillator C 
generates oscillations of the order of 1500 meg 
acycles, this oscillator in Fig. 6 is amplitude 
modulated by voice signals from microphone A 
operating through amplifier B. The modulated 
carrier of 1500 megacycles is radiated from highly 
directional antenna, D. At the remote location 
(to wit, station it.2), antenna E intercepts or 
collects the signal and passes the 500 mega 
cycle carrier wave on to the diode rectifier F. 
The resulting rectified audio voltage across re 
sistor Y is impressed on audio amplifier G whose 
output is coupled to phones H or a suitable loud 
Speaker. The System so far described is a con 
ventional “one Way” amplitude modulated con 
munication System. 
The “talk back’ feature of Fig. 6 involves 

microphone J Which feeds voice signals to a re 
actance tube modulator X by way of audio am 
plifier K. Oscillator U generates oscillations of 
100 megacycles for example, and the frequency 
of this oscillator is modulated by the reactance 
tube circuit X. The deviation frequency may 
be, for example, up to 100 kilocycles, depending 
On the amplitude of the voice modulated signal. 
The frequency modulated sub-carrier from os 
cillator U is impressed on the diode rectifier F. 
So as to amplitude modulate the received 1500 
megacycle carrier. The high frequency carrier 
With at least one side hand frequency of, let us 
say 1400 megacycles plus and minus 100 kilo 
Cycles, is reflected back and radiated from di 
rective antenna E toward the directive antenna, 
D located at Station F1. This reflected signal 
is picked up by antenna, D at station it 1 and 
the 1400 megacycle signal is passed through the 
selective circuits T to the converter M of the 
superheterodyne receiver. A small part of the 
local OScillator voltage from the transmitter, 
Oscillator C also passes through T to the con 
Verter M. It should be noted that the selective 
circuit T comprises a plurality of coupled tuned 
Circuit.S and this selective System is resonant to 
1400 megacycles plus and minus 100 kilocycles 
and partly attenuates 1500 megacycles so as to 
avoid overloading the converter M. by the trans 
mitter Voltage. The side band of 1600 mega 
Cycles plus and minus 100 kilocycles is not utilized 
and therefore is substantially attenuated by cir 
cuit T. The output of converter M of the super 
heterodyne receiver is a 100 megacycle inter 
mediate frequency carrier which is frequency 
modulated with voice from the remotely located 
microphone J. This signal passes through a con 
Ventional frequency modulation discriminator 
circuit O which converts the intermediate fre 
Cilency carrier to an audio signal which is an 
plified by amplifier P and passed on to phones 
or speaker Q. 
An advantage of Fig. 6, in addition to those 

obtained by using the sub-carrier modulator 
feature at the remote station #2, lies in the use 
of the Same antenna at station #1 for both trans 
mitting and receiving without employing bal 
anced circuits to prevent the transmitter from 
Overloading the receiver. Wide band frequency 
nodulation, which appears possible only with a 
Sub-carrier, may be necessary for many appli 
cations to improve the signal-to-noise ratio. 
Complete avoidance of ground clutter and over 
load of the receiver at station #1 also results 
from employing a sub-carrier modulation at 
station #2. 

It should be noted that in Figs. 2, 4, 5 and 6 
there is generated a new carrier at the remote 
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8 
station it2 by the reaction of the received carrier 
with the local oscillations produced at station #2. 
This new generated carrier is relied upon to pro 
duce the beat frequencies at the superheterodyne 
receiver of station ill. Although the carrier re 
ceived at station #2 is also reradiated back toward 
station #1, it serves no USeful purpose. 
The system of the invention has numerous ap 

plications. For example, a number of Sinall re 
fiector units of the type shown for station #2 
equipped with studio microphones could be en 
ployed for spot pick-up at conventions, football 
games, etc., in which case station #1 would be 
a central control point which would directively 
radiate a beam from a very high frequency trans 
mitter carrier to the desired remote reflector unit. 
This can be done by orienting the antenna, at 
station it to any one of several of the Small re 
flector units, thus eliminating the old problem of 
using microphone cables for ordinary studio 
pick-ups and avoiding interference from several 
remote units transmitting simultaneously. For 
short distances, no power Supply would be em 
ployed at the microphone unit at station #2. 
Other applications to which this system may 
prove practical are: Two-way communication for 
large construction projects, fire fighting, trans 
portation centers, railroads, harbor traffic, ship 
to Small boats and tow planes to gliders. In all 
of these applications, station #1 may be a central 
Control point with a movable directive antenna, 
So as to enable its use with any one of several 
remotely located Wave reflecting or reradiating 
Stations of the type identified above as station #2. 
The system of the invention most generally 

used may employ amplitude modulation at sta 
tion #1 because the signals received at station 
#2 Will generally be very strong and there will be 
no need for employing frequency modulation in 
Order to improve the signal-to-noise ratio of the 
signals received at station #2. In such a system, 
modulator X at station #1 should be an ampli 
tude modulator. As for station #2, the modu 
lator X thereat can be either an amplitude or a 
frequency modulation type of modulator depend 
ing upon the type of modulation effected at sta 
tion F2. If the modulator X at station #2 is of 
the frequency modulation type, then, of course, 
the Superheterodyne receiver at station #1 should 
have a suitable discriminator circuit following 
the intermediate frequency amplifier. 
What is claimed is: 
1. A two-way radio communication system 

Comprising first and second radio stations spaced 
apart from each other, said first station compris 
ing a beam originating station, said second sta 
tion comprising a wave reflecting station, each of 
said stations having highly directional wave radi 
ating structures pointed toward each other, a 
very high frequency transmitter-oscillator at 
Said first station, means at said first station for 
modulating said oscillator in accordance with the 
intelligence to the transmitted over its associated 
Wave radiating structure, a superheterodyne re 
ceiver at Said first station and including a fre 
quency converter and an intermediate frequency 
amplifier, a circuit at said first station coupling 
a portion of the output from said transmitter 
Oscillator to the frequency converter of said su 
perheterodyne receiver, a non-heterodyning re 
ceiver at Said second station composed substan 
tially solely of a rectifier coupled to the wave 
radiating structure thereat for directly reproduc 
ing the original modulations impressed by said 
first station on the wave transmitted toward said 
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second station, an audio amplifier and an electro 
acoustic transducer, there also being a source of 
signal modulation at said second station, and an 
auxiliary source of oscillations at one of Said 
stations producing oscillations of a frequency 
which is of substantially lower frequency th&n 
that of the transmitter-oscillator and Which beats 
with the energy of said transmitter-oscillator in 
said frequency converter so as to cause the pro 
duction of an intermediate frequency Wave in the 
output of said frequency converter, whereby the 
energy sent back from said second station to Said 
first station is utilized as an essential element in 
reception at said first or originating station. 

2. A two-way radio communication system 
comprising first and second radio stations Spaced 
apart from each other, each of said stations hav 
ing highly directional Wave radiating structures 
pointed toward each other, a very high frequency 
transmitter-oscillator at said first station, means 
at said first station for modulating Said OScillator 
in accordance with the intelligence to be trans 
mitted over its associated wave radiating struc 
ture, a superheterodyne receiver at said first sta 
tion including a frequency converter, a circuit 
at said first station coupling a portion of the out 
put from said transmitter-oscillator to the fre 
quency converter of said superheterodyne re 
ceiver, a receiver at said second station compris 
ing a wave demodulating circuit coupled to the 
wave radiating structure thereat for reproducing 
the original modulations impressed by Said first 
station on the Wave transmitted toward said sec 
ond station, said receiver having apparatus ex 
cited by the received waves for detecting at the 
received frequency, a source of oscillations at said 
second station in circuit with the receiver thereat 
for converting the frequency of the carrier wave 
received at said second Station to a carrier Wave 
of a different frequency to be reradiated back 
toward said first station, and a source of signal 
modulation at said second station for modulating 
the energy of said source of oscillations. 

3. A two-way radio communication system 
comprising first and Second radio stations spaced 
apart from each other, each of said stations hav 
ing highly directional wave radiating structures 
pointed toward each other, a very high frequency 
transmitter-oscillator at said first station, means 
at said first Station for modulating Said OScillator 
in accordance With the intelligence to be trans 
mitted over its associated wave radiating struc 
ture, a superheterodyne receiver at said first 
station having a frequency converter and an in 
termediate frequency amplifier, a circuit at said 
first station coupling a portion of the output from 
said transmitter-oscillator to the frequency con 
verter of said superheterodyne receiver, a receiver 
at said Second station comprising a Wave demodul 
lating circuit coupled to the Wave radiating struc 
ture thereat and having apparatus for directly 
reproducing from the received carrier the original 
modulations impressed by said first station on 
the wave transmitted toward said second station, 
a source of Oscillations at said second station in 
circuit with the receiver thereat for converting 
the frequency of the carrier Wave received at 
said second station to a carrier wave of a differ 
ent frequency to be reradiated back toward said 
first station, said Source of OScillations at Said 
Second station having a frequency Substantially 
lower than the frequency of the transmitter-oscil 
lator at said first station and equal to the mid 
frequency to be passed by the intermediate fre 
guency circuit of said superheterodyne receiver 
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10 
at Said first station, and a source of signal modu 
lation of Said Second station for modulating the 
energy of said source of oscillations. 

4. A two-way radio communication system 
comprising first and second radio stations spaced 
apart from each other, a very high frequency 
transmitter-oscillator generating oscillations of 
the order of 1000 to 10,000 megacycles located at 
Said first station, means at said first station for 
modulating said oscillator in accordance with the 
intelligence to be transmitted, a Superheterodyne 
receiver at Said first station having a frequency 
Con Verter and an intermediate frequency ampli 
fier, a circuit at said first station coupling a por 
tion of the output from said transmitter-oscillator 
to the frequency converter of said superhetero 
dyne receiver, a wave radiating structure in cir 
cuit With the output of said transmitter-oscilla 
tor, an energy collecting structure in circuit with 
the input of said Superheterodyne receiver, both 
of said structures being directional in character, 
a directional wave radiating structure at said 
Second Station pointed toward said first station, 
a receiver including a demodulating circuit at 
Said Second station coupled to the wave radiating 
structure of Said second station, said demodulat 
ing circuit including a rectifier for directly re 
producing from the received carrier the original 
modulations impressed by said first station, a 
Source of signal modulation at said second sta 
tion, and an auxiliary source of oscillations at one 
of Said Stations producing oscillations of a fre 
quency which is of Substantially lower frequency 
than that of the transmitter-oscillator and which 
beats With the energy of said transmitter-oscil 
lator in Said frequency converter so as to cause 
the production of an intermediate frequency 
Wave in the output of said frequency converter. 

5. A two-Way radio communication system 
comprising first and second radio stations spaced 
apart from each other, a very high frequency 
transmitter-oscillator generating oscillations of 
the Order of 1000 to 10,000 megacycles located 
at Said first station, means at said first station 
for modulating said oscillator in accordance with 
the intelligence to be transmitted, a superhetero 
dyne receiver at said first station having a fre 
Quency converter and an intermediate frequency 
circuit, a circuit at said first station coupling a 
portion of the output from said transmitter-oscil 
ator to the frequency converter of said super 
heterodyne receiver, a Wave radiating structure 
în circuit With the output of said transmitter 
Oscillator, an energy collecting structure in cir 
cuit With the input of said Superheterodyne re 
ceiver, both of Said structures being directional in 
character, a directional wave radiating structure 
at Said second station pointed toward said first 
station, a receiver including a demodulating cir 
cuit at Said second station for directly reproduc 
ing from the received carrier the original modula 
tions impressed by said first station, a source of 
oscillations at said second station in circuit With 
the receiver thereat for converting the frequency 
of the carrier wave received at said second Station 
to a carrier wave of a different frequency to be 
reradiated back toward said first Station, said 
Source Of OScillations at said second station hav. ing a frequency substantially lower than the fre 
quency of the transmitter-oscillator at said first 
Station and equal to the mid-frequency to be 
passed by the intermediate frequency circuit of 
said Superheterodyne receiver at said first Sta 
tion, and a source of signal modulation at Said 
Second station for modulating the elergy of Said 
Source of OScillations, ???? 
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6. A two-way radio communication system in 
accordance with claim 5, characterized in this 
that the Wave radiating structure and the energy 
collecting structure at said first station comprise 
dipoles arranged at 90° relative to each other and 
located in front of a common reflector. 

7. A two-Way radio communication system in 
accordance with claim 5, characterized in this 
that the Wave radiating structure and the energy 
collecting structure at Said first station comprise 
dipoles arranged at 90° relative to each other and 
located in front of a common reflector, said di 
rectional Wave radiating Structure at said second 
Station comprising a dipole arranged at an angle 
of 45° relative to the Structures at said first sta 
tion, said radiating structure at said second sta 
tion being positioned in front of a reflector. 

8. A tWO-Way radio communication system 
comprising first and Second radio stations spaced 
from each other, a very high frequency transmit 
ter-OScillator generating Oscillations of the order 
of 1000 to 10,000 megacycles, means at said first 
station for modulating Said oscillator in accord 
ance With the intelligence to be transmitted, a 
receiver at Said first Station, a Wave radiating o 
structure coupled to the output of said trans 
mitter-OScillator, an energy collector structure 
coupled to the input of Said receiver, both of said 
Structures having highly directive patterns, a 
directional receiving and wave radiating struc 
ture at Said Second station pointed toward said 
first station, a demodulating circuit at said sec 
ond station for directly reproducing from the 
received Carrier the Original modulations im 
pressed by Said first station, a pair of electro 
acoustic transducers at said second station, one 
Of Said transducers comprising a microphone, and 
a SWitch for alternatively connecting said trans 
ducers to the receiving and wave radiating struc 
ture at Said Second station. 

9. A tWO-Way radio communication Systern 
comprising first and second radio stations spaced 
from each other, a very high frequency transmit 
ter-oscillator generating oscillations of the Order 
of 000 to 10,000 megacycles, means at Said first 
station for modulating said oscillator in accord 
ance with the intelligence to be transmitted, a 
Superheterodyne receiver at Said first station hav 
ing a frequency converter, a local oscillator at 
Said first station producing oscillations of a fre 
quency substantially lower than the frequency of 
said transmitter-oscillator and which beat with 
a portion of the output of said transmitter-os 
cillator, means including a frequency Selective 
circuit for supplying selected beat frequency waves 
to the frequency converter of said super hetero 
dyne receiver, a wave radiating structure coupled 
to the output of Said transmitter-OScillator, an 
energy collector structure coupled to the input 
of Said receiver, both of Said structures having 
highly directive patterns, a directional receiv 
ing and Wave radiating structure at Said Second 
station pointed toward said first station, a de 
modulating circuit at Said Second Station for 
directly reproducing from the received Carrier 
the original modulations impressed by Said first 
station, a pair of electro-acoustic transducers at 
said second station, one of Said transducers com 
prising a microphone, and a switch for alter 
natively connecting said transducers to the re 
ceiving and wave radiating structure at Said 
second station. 

10. A two-way radio communication System. 
comprising first and second radio stations Spaced 
from each other, a very high frequency trans 
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12 
mitter-OScillator generating OScillations of the 
order of 1000 to 10,000 megacycles, means at said 
first station for modulating said oscillator in ac 
cordance with the intelligence to be transmitted, 
a receiver at said first station, a Wave radiating 
structure coupled to the output of Said trans 
mitter-oscillator, an energy collector structure 
coupled to the input of said receiver, both of 
said structures having highly directive patterns, 
a directional receiving and wave radiating struc 
ture at said second station pointed toward Said 
first station, a demodulating circuit including a 
rectifier at said second station, the Waves col 
lected by said directional receiving structure at 
said second station being adapted to paSS through 
said rectifier, a pair of electro-acoustic trans 
ducers at said second station, one of Said trans 
ducers comprising a microphone, and SWitching 
means for alternatively connecting Said trans 
ducers to the receiving and wave radiating struc 
ture at said second Station. 
1. A two-way frequency modulation radio 

communication system comprising first and Sec 
ond radio stations spaced apart from each other, 
each of said stations having highly directional 
wave radiating structures pointed toward each 
other, a very high frequency transmitter-OScil 
lator at said first station, means at Said first sta 
tion for modulating said oscillator in accordance 
with the intelligence to be transmitted over its 
associated wave radiating structure, a frequency 
modulation superheterodyne receiver at Said first 
station including a frequency converter, a circuit 
at said first station coupling a portion of the out 
put from said transmitter-oscillator to the fre 
quency converter of said superheterodyne receiv 
er, a receiver at said Second station, a Source Of OS 
ciliations at said second station in circuit with the 
receiver thereat for converting the frequency of 
the carrier wave received at Said Second station 
to a carrier wave of a different frequency to be 
reradiated back toward Said first station, a re 
actance tube modulator at Said Second Station 
for modulating the frequency of Said Source of 
oscillations, and a source of signal modulation 
comprising a microphone coupled to Said reac 
tance tube modulator. 

12. A radio communication System comprising 
first and second spaced radio stations, Said first 
station having a transmitter and a Superhetero 
dyne receiver, said Superheterodyne receiver in 
cluding a frequency converter and an interme 
diate frequency amplifier, means for transmitting 
a modulated radio carrier from said transmitter 
to the second station, means for directly feeding 
said superheterodyne receiver with a portion of 
said carrier produced at Said first Station, a non 
heterodyne receiver at said Second Station for 
directly reproducing from the received carrier 
the original modulations impressed by Said first 
station, means at Said Second Station for modu 
lating the received carrier by a sub-carrier, Said 
second station also having means for radiating 
back toward said first station at least one of the 
side band frequencies resulting from the modu 
lation of the received carrier by the Sub-carrier, 
said superheterodyne receiver having circuits for 
receiving the side band frequency radiated from 
the second station and for beating the same with 
a portion of the original carrier produced at the 
first station in order to produce an intermediate 
frequency in said superheterodyne receiver. 

13. In a two-way radio communication System 
having a beam originating Station with receiving 
apparatus thereat and a remote Wave reflecting 



2,475,127. 
13 

station, the method of operation which includes 
producing oscillations at said originating station, 
modulating said oscillations With the signal to 
be transmitted, directively transmitting the re 
sultant wave to said remote wave reflecting sta 
tion, beating said oscillations at Said originating 
station with other Oscillations to produce a Wave 
of a different frequency and feeding Said Wave 
of different frequency to the receiving apparatus 
at Said orginating Station, receiving Said trans 
mitted resultant wave at said remote Wave re 
flecting station, reproducing the original modu 
lations at said remote station directly from the 
received wave, and directively reflecting back 
from said remote station toward said originating 
station the wave received by Said remote station, 
receiving said reflected wave at said originating 
station and beating it with said first Wave of 
different frequency. 

14. In a two-way radio communication System 
having a beam originating station With receiving 
apparatus thereat and a remote Wave reflecting 
station, the method of operation which includes 
producing oscillations at Said originating Station, 
modulating said oscillations with the Signal to 
be transmitted, directively transmitting the re 
sultant wave to said remote wave reflecting sta 
tion, beating said oscillations at said originating 
station with other oscillations to produce a wave 
of a different frequency and feeding Said Wave of 
different frequency to the receiving apparatus 
at said originating station, receiving said trans 
mitted resultant Wave at Said remote Wave re 
flecting station, reproducing the original modu 
lations at said remote station directly from the 
received wave, impressing modulation at Said 
remote station upon the wave received from Said 
originating station, and directively reflecting back 
from remote station toward said originating sta 
tion the Wave received by said remote station 
as modulated by the impressed modulation, re 
ceiving said reflected modulated wave at Said 
originating station and beating it with Said first 
wave of different frequency to produce an inter 
mediate frequency wave, and detecting at Said 
originating station said intermedate frequency 
Wave. 

15. In a two-way radio communication System 
having a beam originating station with receiving 
apparatus thereat and a remote Wave reflecting 
station, the method of operation which includes 
producing oscillations at said originating station, 
modulating said oscillations with the signal to 
be transmitted, directively transmitting the re 
sultant wave to said remote wave reflecting sta 
tion, directly feeding the receiving apparatus at 
said originating station with a portion of the pro 
duced oscillations, receiving said transmitted re 
sultant wave at said remote wave reflecting en 
ergy, reproducing the original modulations at 
said remote station directly from the received 
wave, converting said received wave at Said re 
mote station to a wave of different frequency and 
modulating said wave of different frequency With 
a signal at said remote station, directively radiat 
ing back toward the originating station from Said 
remote station said last modulated Wave, re 
ceiving said last wave at said originating station 
and beating it with the oscillations directly fed 
to the receiver at said originating station to pro 
duce waves of intermediate frequency and de 
tecting said waves of intermediate frequency 
at said originating station. 

16. A two-way frequency modulation radio 
communication system comprising first and Sec 
ond radio stations spaced apart from each other, 
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14 
each of said stations having highly directional 
Wave radiating structures pointed toward each 
other, a very high frequency transmitter-oscilla 
tOr at Said first Station, means at said first sta 
tion for modulating Said oscillator in accordance 
With the intelligence to be transmitted over its 
a SSociated Wave radiating structure, a superhet 
erodyne receiver at said first station including a 
frequency converter, a circuit at said first station 
coupling a portion of the output from said trans 
mitter-oscillator to the frequency converter of 
Said Superheterodyne receiver, a non-heterodyn 
ing receiver at Said Second station for directly 
reproducing from the received carrier the modu 
lations impressed thereon by said first station, a 
Source of OScillations at Said Second station in 
circuit With the receiver thereat for converting 
the frequency of the carrier Wave received at 
Said second station to a carrier Wave of a differ 
ent frequency to be reradiated back toward Said 
first station, a reactance tube modulator at Said 
Second Station for modulating the frequency of 
Said source of oscillations, and a source of signal 
modulation comprising a microphone coupled to 
said reactance tube modulator. - 

17. A two-way frequency modulation radio 
communication System comprising first and Sec 
ond radio stations Spaced apart from each other, 
each of said, stations having highly directional 
Wave radiating structures pointed toward each 
other, a very high frequency transmitter-OScil 
lator at said first station, means at said first sta 
tion for modulating Said OScillator in accordance 
with the intelligence to be transmitted over its 
associated wave radiating structure, a Superhet 
erodyne receiver at said first station including 
a frequency converter, a frequency selective cir 
cuit at said first station coupling a portion of the 
output from said transmitter-oscillator to the 
frequency converter of said superheterodyne re 
ceiver, a non-heterodyning receiver at Said Sec 
ond station for directly reproducing from the 
received carrier the modulations impressed there 
on by said first station, a source of oscillations at 
said second station in circuit With the receiver 
thereat for converting the frequency of the car 
rier wave received at said Second station to a 
carrier wave of different frequency to be reradi 
ated back toward said first station, a reactance 
tube modulator at Said Second station for modu 
lating the frequency of said source of oscilla 
tions, and a source of Signal modulation compris 
ing a microphone coupled to said reactance tube 
modulator. 

18. A two-way radio communication System 
comprising first and second radio stations spaced 
apart from each other, each of said stations hav 
ing highly directional wave radiating structures 
pointed toward each other, a very high frequency 
transmitter-oscillator at Said first Station, means 
at said first station for modulating said oscil 
lator in accordance with the intelligence to be 
transmitted over its associated Wave radiating 
structure, a superheterodyne receiver at Said first 
station including a frequency converter, a fre 
quency selective circuit at Said first station cou 
pling a portion of the output from said trans 
mitter-oscillator to the frequency converter of 
said superheterodyne receiver, a non-heterodyn 
ing receiver at said second station for directly re 
producing from the received carrier the modula 
tions impressed thereon by said first station, a 
source of oscillations at said second station in 
circuit with the receiver thereat for converting 
the frequency of the carrier wave received at 
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Said second station to a carrier wave of different 
frequency to be reradiated back toward said first 
Station, a vacuum tube modulator at said Sec 
ond station for modulating said source of oscil 
lations, and a source of signal modulation com 
prising a microphone coupled to said vacuum tube 
modulator. 

19. In a two-Way radio communication Sys 
ten having a bean originating station with re 
ceiving appartus thereat and a remote wave re 
flecting Station, means for producing oscillations 
at Said originating station, means for modulating 
said oscillations with the signal to be transmitted, 
means for directively transmitting the resultant 
wave to said remote wave reflecting station, means 
for beating said oscillations at Said originating 
station with other oscillations to produce a wave 
of a different frequency and feeding said Wave of 
different frequency to the receiving apparatus 
at Said originating Station, means for receiving 
Said transmitted resultant Wave at Said remote 
Wave reflecting station, means for reproducing 
the original modulations at said remote station 
directly from the received Wave, and means for 
directively reflecting back from said remote sta 
tion toward said originating station the Wave re 
ceived by Said remote station, means for receive 
ing said reflected wave at said originating sta 
tion and means for beating it with said first 
wave of different frequency. 

20. In a two-Way radio communication sys 
tem having a beam originating station. With re 
ceiving apparatus thereat and a remote wave 
reflecting station, means for producing oscilla 
tions at said originating Station, means for modu 
lating said oscillations with the signal to be trans 
mitted, means for directively transmitting the re 
sultant wave to said remote wave reflecting sta 
tion, means for directly feeding the receiving 
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tion of the produced oscillations, meanis for re 
ceiving Said transmitted resultant Wave at Said 
remote Wave reflecting energy, means for repro 
ducing the original modulations at said remote 
Station directly from the received wave, means 
for converting Said received wave at said remote 
Station to a Wave of different frequency and 
modulating said Wave of different frequency with 
a signal at said i remote i station, means for di 
rectively radiating back toward the originating 
station from said remote station said last modur 
lated wave, means for receiving said last wave 
at Said originating station and beating it with 
the oscillations directly fed to the receiver at 
Said originating station to produce waves of in 
termediate frequency, and means for detecting 
said waves of intermediate frequency at Said 
originating station. 
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