Aug. 5, 1969 O. E. RITTENBACH 3,460,139

COMMUNICATION BY RADAR BEAMS

Filed Sept. 6, 1967 4 Sheets-Sheet 1

65
l MICROPHONE'

63~

HI. FREQ.
EMPHAS1S

59 ~ ~57
AUDIO PHASE AUDIO PHASE
SHIFTER -45° SHIFTER +45°

62 60
l CLIPPER CLIPPER E
:J 53 55
I SHORT I ! SHORT I
49 b 30° 902 5]
——-@fom l DlOé‘——

FlG. 2

—

45
FIG. 3 Y MATCHED 43~
27~ PHASE LOAD PHASE
SHIFTER 39 SHIFTER
5@%?&2% —-225° 4 +22.8°
T MAGIC 1
37/ | TEE [ 337

I 35 ;‘\ .
29
ANT. AT

REMOTE STATION

RADAR SET
5 FlG. ]
-
MICRO-
PHONE
N 9\ Il 13y
Hi. FREQ. cLIP AMF TRANS-
EMPHASIS |1 PER 1] mop. [ MITTER
25 19,
VELOCITY AMPLIFIER R
INDICATOR MIXER
23

INVENTOR,
OTTO E RITTENBACH.



Aug. 5, 1969 O. E. RITTENBACH 3,460,139

COMMUNICATION BY RADAR BEAMS
Filed Sept. 6, 1967 ‘ 4 Sheets-Shest 2

FlG. 4

INVENTOR,
OTTO E. RITTENBACH.

BY ebsdon W, lo;ﬂr:*

ATTORNEYS.



Aug. 5, 1969 O. E. RITTENBACH 3,460,139 |

COMMUNICATION BY RADAR BEAMS

Filed Sept. 6, 1967 . 4 Sheets-Sheet 3
65 .
FIG. 7 MICROPHONE
63
| Hi. Frea.
FiG. 6 55 EMPHASIS
27~
CRYSTAL
RECEIVER 000
51
k29 ANT. AN 31 ANT.
......REMOTE sTATION =
RADAR SET
5
M1CROPHONE FlG. 5
7~ 17 ANT
HI. FREQ.
EMPHASIS
9 I 13~ 14~
AMP TRANS- DIRECTIONAL
CLIPPER moo. [ miTTer [ coupLER
Ti~ - )9
PHASE | pHasE
SHIFTER SHIFTER
- 450 . +45°
73~y § /89
PHASE PHASE
DETECTOR e DETECTOR
OR MIXER OR MIXER
75
AN
PHASE
SHIFTER
..450
79
25~ : : ADDER
DOPPLER
VELOCITY

INDICATOR | '
INVEN
23/ TOR,

= OTTO E. RITTENBACH. _,



Aug. 5, 1969 O. E. RITTENBACH 3,460,139
' COMMUNICATION BY RADAR BEAMS ‘
Filed Sept. 6, 1967 ' 4 Sheets-Sheet 4

65
l MICROPHONE | :

55 =N

SHORT HI. FREQ
swoeT | EMPHASIS

51 902 60~
\[oaooa]-——{ CLIPPER ]...._.._

52

RECEIVER S{DEBAND
OF FIG. 3 STOP FILTER

REMOTE_STATION ;L(" 31 ANT.

RADAR SET

RADAR SET
OF FIG. |

\~\_,_,,/—’/"‘*F 1G.8 ——\_/

/’—\\«-\—-—F 16. 9_//\

RECEIVER TRANSMITTER
OF FI1G.3 OF FIG. 7

REMOTE STATION
RADAR SET ’

)
| MICROPHONE l

7~ 94 RN 13~
HI. FREQ. CLIP- AMP TRANS-
EMPHASIS: PER MOD MITTER

16\
SIDEBAND
STOP FILTER
251 _ 19~
DOPPLER PHASE
VELOCITY DETECTOR ‘ INVENTOR,
INDICATOR OR MIXER OTTO E. RITTENBACH.

o0t P e a

ATTORNEY



United States Patent O

e ]

3,460,139
Patented Aug. 5, 1969

ice

1

3,460,139
COMMUNICATICN BY RADAR BEAMS

Otto E. Rittenbach, Neptune, N.J., assignor to the United

States of America as represented by the Secretary of

the Army

Filed Sept. 6, 1967, Ser. No. 666,559
Int. CL. GO1s 9/00

U.S. CL 343—6 6 Claims

ABSTRACT OF THE DISCLOSURE

Several systems are shown for communicating via the
beams of Doppler radar sets. In each embodiment the out-
going radar beam is modulated with a voice or other in-
telligence signal and a remote station is adapted to de-
modulate this signal. Each remote station also includes a
transmitter for reflecting the radar beam back toward the
radar set with intelligence originating at the remote station
impressed thereon. In order to provide a fade-free link,
single sideband modulation at the remote transmitter, or
single sideband demodulation at the radar set is provided.
Also, high frequency emphasis plus clipping of the voice
signals at both ends of the system increase the useful
range.

The invention described herein may be manufactured,
used, and licensed by or for the Government for govern-
mental purposes without the payment to me of any royalty
thereon.

The present invention relates to circuitry by means of
which communication may be carried on over a radar
beam. The technique involves modulating the radar trans-
mitter with the intelligence to be conveyed to a remote
station within the range of the radar set. The remote sta-
tion may comprise a simple lightweight receiver adapted
to pick up and demodulate the intelligence on the radar
beam and also a passive or active transmitter which is
adapted to reflect the incident radar beam back toward the
radar set with intelligence originating at the remote sta-
tion impressed thereon. Communication by radar beams
has been known for some time, for example, IFF sys-
tems in which a radar set interrogates a remote station is
a form of communication via radar beams, The communi-
cation system of the present invention is particularly adapt-
ed for use with Doppler radar sets of the type used to
detect moving targets. In this type of radar, the echo sig-
nal is detected by comparing its phase either with that of
the radar transmitter, with the phase of a coho oscillator
which is phase locked to the radar transmitter, or to the
phase of echo signal clutter from stationary targets in the
vicinity of the moving target of interest. If conventional
double sideband amplitude modulation is used for com-
munication with Doppler radar sets of any of these types,
the output of the voice or intelligence demodulator at the
radar set will vary with the distance between the radar
set and the remote station. The reason for this is that the
Doppler detector thereof, which is essentially a phase de-
tector, has a varying sensitivity to double sideband modu-
lated signals, the sensitivity varying with the phase of the
incoming modulated echo signal. The echo phase is de-
termined by the number of carrier frequency wavelengths
between the radar set and the remote station. Thus as the
remote station changes its range from the radar set, the
communication channel from the remote station to the
radar would fade in and out as the remote station traverses
each quarter wavelength of the radar carrier. The present
invention eliminates this fading by the use of single side-
band modulation. The use of such modulation in the link
from the remote station to the radar set results in con-
stant and maximum detection sensitivity at the radar set
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regardless of the range of the remote station. In order to
accomplish this, the remote station may be provided with
a single sideband modulator, or alternatively, the remote
station may be provided with a double sideband ampli-
tude modulator and the demodulator at the radar set
can be arranged to respond only to one of the sidebands
received from the remote station. In order to extend the
range and increase the signal-to-noise ratio of the com-
munications link, speech signals at both ends of the sys-
tem are clipped, after the high frequencies thereof have
been emphasized. This removes the amplitude variations
from the speech signals, leaving only the zero-crossings
thereof and permits a maximum percentage modulation
of the radar wave at all times regardless of the voice
signal amplitude.

It is thus an object of the invention to provide a radar
system with a long range, fade-free communications link.

Another object of the invention is to provide a fade-free
communications capability for Doppler radar sets of both
the coherent and non-coherent types.

These and other objects and advantages of the present
invention will become apparent from the following de-
tailed description and drawings, in which:

FIGURES 1, 2 and 3 are block diagrams of one em-
bodiment of a radar beam communication system com-
prising the coherent Doppler radar set of FIGURE 1 and
a single remote station comprising FIGURES 2 and 3.

FIGURE 4 illustrates waveforms i parts of the cir-
cuitry of the preceding figures.

FIGURES S§, 6 and 7 are an alternate embodiment of
the system of FIGURES 1, 2 and 3.

FIGURE 8 is a modification of the system of FIG-
URES 1,2 and 3 and

FIGURE 9 is a modification of the system of FIG-
URES 5, 6 and 7.

The system of FIGURES 1, 2 and 3 is one in which
a simple continuous wave Doppler radar of the zero inter-
mediate frequency type has its transmitter double-sideband
amplitude modulated by a voice signal. This simple type
of coberent Doppler radar has been illustrated to simplify
the drawing, but any type of Doppler radar, either pulsed
or continuous wave, coherent or noncoherent, may be
utilized in the practice of this invention. If a pulsed radar
set is used, the pulse repetition frequency must be at least
twice that of the voice bandwidth to be transmitted, and
the transmission is by some form of pulse modulation.
In the illustrated system each remote station is provided
with a simple, conventional crystal receiver 27 by mieans
of which the modulation on the radar beam is received
and demodulated. Since the receiver 27 does not utilize
coherent detection and the received signal is of relatively
high level, no problems are involved in demodulating the
incoming radar beam. The transmitter of the remote sta-
tion is shown in FIGURE 2. After a message has been
received by 27 the radar set of FIGURE 1 will no longer
be modulated by voice signals and the transmitter of FIG-
URE 2 is adapted to pick up the energy of the radar
beam, single-sideband modulated it with a voice or other
signal, and retransmit this single sideband signal back
toward the radar set of FIGURE 1. The remote station
transmitter comprises a microwave antenna 31 which is
connected to the shunt or parallel arm 35 of magic T
41. The two collinear or side arms 33 and 37 are con-
nected to microwave phase shifters 43 and 47, respective-
ly. The phase shifter 47 shifts the phase by minus 22.5°
and the other phase shifter 43 by plus 22.5°. A matched
absorbing load 45 is connected to the series arm 39 of
the magic T. The phase shifter 43 has a diode 51 and a
short circuit 55 connected in cascade therewith and similar
elements 49 and 53 are connected to phase shifter 47. All
of the elements of FIGURE 2 described thus far are
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microwave elements and would be interconnected by ap-
propriate microwave “plumbing” such as waveguides,
however the waveguides have not been pictorially illus-
trated to simplify the drawing. Both of the diodes would
be shunted across the center of a waveguide which is con-
nected at one end to the microwave phase shifter and the
short circuits 53 and 55 would comprise the closed end
of the waveguides in which the diodes are mounted. Both
diodes are mounted 90 electrical degrees, or one quarter
wavelength, from the shorted end of their respective wave-
guides. FIGURE 2 further comprises a microphone 65
and a high frequency emphasis circuit 63 in cascade. The
audio signal from the microphone has its high frequencies
raised in amplitude relative to the middle and low fre-
quencies in circuit 63. The output of circuit 63 is applied
in parallel to the two audio phase shifters 57 and 59 which
impart fixed phase shifts of plus 45° and minus 45°, re-
spectively, to the audio signal. The outputs of the audio
phase shifters are then clipped in clipper circuits 60 and
62 to substantially eliminate the amplitude variations
thereof, leaving essentially only the zero-crossings of the
two audio signals. The waveform of FIGURE 4a is a
typical voice waveform as it would appear at the output
of one of the audio phase shifters and waveform 4b
shows the same signal after being clipped. The voice wave-
forms at the outputs of the other audio phase shifter and
clipper would differ in shape from those illustrated be-
cause of the 90° phase difference between the audio sig-
nals at the phase shifter outputs. The output of clipper
62 is applied to diode 49 and that of clipper 60 to diode
51. The clipped signals have only two levels, as seen
in FIGURE 4b. One of these levels is arranged to bias
the diode into conductivity and thus reflect from the di-
odes the incoming microwave energy from the microwave
phase shifters. The other level of the audio signal is ar-
ranged to back bias the diodes, in which case the incoming
energy passes the diodes and is reflected from the short
circuits, 90 electrical degrees away. Thus the outgoing
or reflected energy, as it enters the microwave phase shift-
ers will comprise a signal which reverses phase, or changes
phase by 180°, with each zero-crossing or change in level
of the audio signal applied to the diode of its channel.
This follows from the fact that the round trip phase shift
from each diode to its short circuit is 180°, Thus if a
diode is conducting, indicating one level of the clipped
audio signal, the signal reflected from the diode will have
a certain phase. When the clipped audio signal changes
its level, the outgoing or reflected signal at the microwave
phase shifter will change by 180°, since the signal must
traverse an additional roundtrip electrical length of 180°
when it is reflected from the short circuited waveguides.
A signal of this type which reverses phase at the frequency
of the modulating waveform is a characteristic of an
amplitude modulated signal with the carrier removed.
Thus each diode and short circuit is the equivalent of a
balanced modulator which produces a pair of sidebands
with no carrier. The reflected signal in both channels
passes through both microwave phase shifters 47 and 43,
and thence to the collinear arms 37 and 33, respectively,
of the magic T. As each signal enters the magic T in the
outgoing direction it comprises upper and lower sidebands,
but no carrier, as explained above. The phase relations
of the reflected signals entering the collinear arms of the
magic T are such that the lower sidebands entering the
arm 37 are equal in amplitude and oppositely phased from
the lower sidebands entering the other collinear arm 33
and the upper sidebands are equal in amplitude but with
the same phase. The result is that the lower sidebands
cancel each other and the upper sidebands add to form a
single sideband signal. This single sideband signal then
divides equally between the matched load 45 and the
antenna 31. The portion of the reflected signal which
reaches antenna 31 is radiated to the radar antenna 17 and
is demodulated by the receiving circuitry thereof.
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The vector diagrams of FIGURE 4c¢ through f illus-
trate the mode of operation of the transmitter of FIGURE
2. The signals in these diagrams are represented as vectors,
the direction of which represents the phase of the signals.
Amplitude modulated waves are represented by three vec-
tors, a carrier vector with the sidebands represented as
vectors at the top of the carrier vector and rotating in op-
posite directions. This representation of amplitude modu-
lated signals is conventional, as shown in “Radio Engineer-
ing” by Terman, third edition, at page 491. In FIGURE
4c, the vector A represents the voice signal output of the
microphone 65 and the vector C represents the incoming
radar beam within the magic T 41. In FIGURE 4d the
vector A, represents the output of the phase shifter 57. It
is seen that this vector A, is the microphone output A with
a positive phase shift of 45° due to phase shifter 57. Simi-
larly the vector A, represents the negatively phase shifted
output of phase shifter 59, The subscript , for positive, is
applied to the vectors in the right hand or positive channel
for FIGURE 2 where the phase shifts are positive and the
subscript , for negative, to the vectors of the left hand or
negative channel where the phase shifts are negative, Thus
the audio modulating voltages A, and A,, applied to the
two diodes 60 and 62 differ in phase by 90°. The vector C,

5 of 4d represents the incoming microwave signal at the out-

put of the microwave phase shifter 43 of the positive chan-
nel, and the vector C, the signal at the corresponding
point of the negative channel, Thus the microwave signals
applied to the two diodes differ in phase by 45° As stated
above, the outgoing reflected signals in each channel com-
prise upper and lower sidebands with the carrier removed.
The phases of these sidebands are determined conjointly
by the phase of the incoming microwave signal and the
phase of the audio modulating voltages. FIGURE 4e illus-
trates the phase of the sidebands in each channel as they
enter the two microwave phase shifters in the outgoing
direction. In 4e, the two microwave carriers are shown as
dashed vectors, C,, and C,, since they are not present in
the signal, but their phases determine the phases of the
sidebands. The two counter-rotating vectors L, and U, are
the lower and upper sidebands, respectively, of the posi-
tive channel and are shown arbitrarily at an angle of 30°
with the missing carrier C,. The sidebands rotate in the di-
rection of the curved arrows. At the same instant that the
sidebands of the positive channel are at the position shown,
the sidebands of the negative channel, L, and U,, will lag,
relative to their missing carrier Cy,, by 90° compared to
the sidebands of the positive channel, due to the 90°
phase difference in the modulating voltages. FIGURE 4f
shows the phase relations of the sidebands as they enter
the collinear arms of the magic T. The sidebands L, and
U, are rotated 22.5° clockwise due to the positive phase
shift of the phase shifter 43 and L, and U, are rotated
by the same angle but in the opposite direction, due to the
negative phase shift of phase shifter 47. It can be seen that
L, and L, are now oppositely phased and will therefore
cancel in the magic T, whereas U, and U, are in phase
and will therefore add to form a single upper sideband of
double amplitude.

The circuitry of the radar set of FIGURE 1 includes an
antenna 17, a circulator 15, a continuous wave transmitter
13, a phase detector (or mixer) 19 a Doppler frequency
amplifier 21 and an indicator 25. The circuitry described
thus far is a conventional Doppler CW radar of the zero-
intermediate-frequency type in which the echo signal is
coherently detected in phase detector 19, using the portion
of the transmitter output which leaks around the circula-
tor in the counter-clockwise direction as a phase reference.
When the radar set is being used for moving target detec-
tion, the output of the phase detector will be a Doppler
signal with a frequency proportional to the radial target
velocity. This signal is amplified by 21 and applied to Dop-
pler indicator 25, which may comprise a frequency meter.
When the radar set is receiving the single sideband signal
from the transmitter of FIGURE 2, the detection process
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is the same but the output of the phase detector 19 will
now comprise the demodulated audio signal. This signal,
as well as any Doppler signals, can be monitored by means
of headphones 23. When receiving the single sideband
communication signal, the transmitter leakage to the phase
detector 19 supplies the missing carrier which makes pos-
sible the demodulation of the received signal. The means
for modulating the radar beam of the radar set comprises
the microphone 5, the high frequency emphasis circuit 7,
the clipper 9 and the amplitude modulator 11. The first
three of these cascaded elements serve the same purpose
as the same elements of FIGURE 2. The amplitude modu-
lator 11 varies the amplitude of the transmitter 13 in ac-
cordance with the audio signal to produce double-side-
band amplitude modulation by conventional means.
Although the receiver 27 of FIGURE 3 and the trans-
mitter of FIGURE 2 have been shown separately, in prac-
tice the receiver 27 may be connected to magic T arm 39
in place of the matched load 45, to form a single unit.
In the embodiment of FIGURES 5, 6 and 7, the
transmitter (FIGURE 7) of the remote station reflects
the incoming radar beam with double sideband modula-
tion with no carrier and the receiving circuitry at the
radar set is adapted to respond only to one of the side-
bands received from the remote station, thus providing a
fade-free link. The crystal receiver 27 of the remote
station is the same as that of the previously described
embodiment of FIGURE 3. The transmitter of FIGURE
7 comprises an antenna 31, diode 51, short circuit 55,
microphone 65, high frequency emphasis circuit 63 and
clipper 60. These elements serve the same function as
the correspondingly numbered elements of FIGURE 2.
The energy reflected toward the antenna 31 by the short
circuit or the diode 51 will comprise upper and lower
sidebands with the carrier suppressed, as was explained
in connection with FIGURE 2. The transmitting portion
of the radar set of FIGURE 5 is similar to that of
FIGURE 1 and comprises microphone 5, high frequency
emphasis circuit 7, clipper 9, amplitude modulator 11,
transmitter 13, directional coupler 14, circulator 15 and
antenna 17. This circuitry provides conventional am-
plitude modulation of the outgoing radar beam when
the radar set is being used for communication. The rest
of the circuitry comprises the receiving portion of the
radar set. The incoming double sideband signal from
the remote transmitter travels around the circulator 15
in the clockwise direction and is applied in parallel to a
pair of phase detectors 73 and 89. The coherent reference
inputs to these two phase detectors comprises a portion
of the output of transmitter 13 which is obtained by
means of the directional coupler 14. The reference input
of the phase detector 73 is shifted in phase by minus
45° in microwave phase shifter 71 and that of the other
phase detector by plus 45° in microwave phase shifter
91. Thus the two reference inputs differ in phase by
90°. The two phase detector outputs are amplified by
elements 75 and 87. The phase detector outputs are audio
or voice signals when the radar set is being used for com-
munication and are Doppler signals when being used
as a Doppler radar. The output of amplifier 75 is phase
shifted by minus 45° in phase shifter 77 and that of
amplifier 87 by plus 45° in phase shifter 85. The out-
puts of these two phase shifters 77 and 85 comprise signals
which are 90° out of phase and which may have different
amplitudes depending on the range or distance of the
remote station from the radar set. The two signals are
combined in adder 79 to yield a signal with an amplitude
equal to the vector sum of the adder inputs. The adder
output is applied in parallel to the headphones 23 and
Doppler velocity indicator 25 which serve the same func-
tion as the same elements of FIGURE 1. It can be shown
that this receiving circuitry responds only to the upper
sideband of the incoming signal. The detection process is
one of re-inserting the missing carrier to the incoming
double sideband signal, the directional coupler providing
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the missing carrier. If only a single channel or phase
detector were used, the proper phase of the re-inserted
carrier for maximum seusitivity would vary depending
on the distance of the remote station. With two receiving
phase detectors, and with the re-inserted carrier at each
phase detector differing in phase by 90°, the signal am-
plitude output from each phase detector will fade in
and out alternately, that is, as the output of one phase
detector goes up, the other will go down, and vice versa,
as the incoming signal changes phase. However, the
sum of the two detected signals will remain sensibly con-
stant. If the phase shifters 77 and 85 are interchanged,
the lower sideband will be detected instead of the upper.

Instead of producing or receiving a single sideband by
the electronic means already described, the same result
can be achieved by filtering out one of the sidebands,
either at the remote transmitter or in the receiving cir-
cuitry of the radar set. This means of achieving the de-
sired result appears to result in simpler circuitry, however
in practice it may not be as easy to instrument as the
previousty-described embodiments because of drift in the
radar transmitter frequency which causes the sidebands
to drift by the same amount.

FIGURE 8 shows a system wherein a remote trans-
mitter similar to that of FIGURE 7 is used but with a
band stop filter, 52, inserted between the antenna and
the diode. This filter is tuned to block one of the side-
bands reflected by the diode 51 and short 55, with the
result that only the other sideband is reflected back to-
ward the radar set. Thus the radar set of FIGURE 1
may be used with this system. The filter 52 will not
interfere with the incoming radar carrier frequency, since
this frequency is outside of the stop band of the filter.
In the embodiment of FIGURE 9, the remote transmitter
of FIGURE 7 is used, which produces a double side-
band signal, and one of the received sidebands is filtered
out in the receiving circuitry of the radar set. The band
stop filter 16, tuned to one of the sidebands, accom-
plishes this purpose. The radar set of FIGURE 9 is the
same as that of FIGURE 1 except for the addition of
the filter 16 between the circulator 15 and the phase de-
tector 19.

Obvious modifications can be made to the circuitry il-
lustrated. For example, in FIGURES 2 and 5 phase
shifters have been shown in both channels, however in
practice, the same result could be obtained by using
phase shifters in only one channel of each figure, these
phase shifters having double the amount of phase shift.
Also, while positive and negative phase shifts are referred
to, the same result could be obtained if the phase shifters
of opposite channels had phase shifts of the same sense,
but differing in magnitude by the required amount. For
example, the phase shifter 59 of FIGURE 2 could have
a positive phase shift of 45° and phase shifter 57 a posi-
tive phase shift of 135°, yielding a phase difference
of 90°.

These and other modifications of the disclosed inven-
tion will be apparent to those skilled in the art. Accord-
ingly, the invention should be limited only by the scope
of the appended claims.

What is claimed is:

1. A system for communicating by means of radar
beams, comprising, a Doppler radar set, a means to
modulate the transmitted beam of said radar set, a re-
mote station comprising a receiver adapted to pick up
and demodulate said transmitted beam, said remote sta-
tion further comprising a transmitter for picking up said
transmitted radar beam, said transmitter comprising;
means to impress amplitude modulation on said radar
beam to produce a double sideband signal with no car-
rier, means to remove one of said sidebands from said
signal, and means to reflect the remaining sideband back
toward said radar set, the receiving circuitry of said
radar set comprising means to demodulate said remaining
sideband.
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2. The system of claim 1 in which the transmitter of
said remote station comprises; an antenna, 2 magic T, said
antenna being connected to the parallel arm of said magic
T, a pair of microwave phase shifters connected to the
collinear arms of said magic T, said microwave phase
shifters having phase shifts differing by 45 degrees, a
length of shorted waveguide connected to the other ends
of each of said microwave phase shifters, a diode mounted
in each said waveguide 90 electrical degrees from the
shorted end thereof, and means to apply modulating
signals differing in phase by 90 degrees to each of said
diodes.

3. The system of claim 2 wherein said transmitter of
said remote station further comprises, a microphone and
a high frequency emphasis circuit connected in cascade,
means to apply the output of said high frequency em-
phasis circuit in parallel to a pair of audio phase shifters
with a differential phase shift of 90 degrees, means to
clip the output of each of said audio phase shifters, and
means to apply the resulting clipped signals to a differ-
ent one of said diodes as the modulating signals therefor.

4. The system of claim 1 wherein said transmitter of
said remote station comprises; an antenna, a band stop
filter connected to said antenna, a length of shorted wave-
guide connected to the other end of said filter, a diode
mounted in said waveguide 90 electrical degrees from the
shorted end thereof, means to apply an audio modulating
signal to said diode, said filter being tuned to block one of
the sidebands passing therethrough in the outgoing di-
rection.

5. A system for communicating by means of radar
beams, comprising, a Doppler radar set, means to modu-
late the transmitted beam thereof; a remote station sta-
tion comprising, a transmitter for picking up said trans-
mitted radar beam and impressing double sideband ampli-
tude modulation with no carrier on said radar beam, and
means for reflecting said modulated beam back toward
said radar set; the receiving circuitry of said radar set
comprising detection circuitry for responding to one of
the sidebands received from said remote transmitter, and
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wherein said detection circuitry of said radar set com-
prises a pair of phase detectors, means to apply the in-
coming modulated echo signal to in parallel to said phase
detectors, means to apply a sample of the transmifter out-
put of said radar set to each of said phase detectors as a
reference signal via two paths, means in each of said
paths for differentially shifting said reference signals by
90 degrees, means connected to the outputs of each of
said phase detectors for differentially shifting the phases
the signals at the output thereof by 90 degrees, an adder
connected to said last-named means, and a pair of head-
phones and a Doppler velocity indicator connected in
parallel to the output of said adder.

6. A system for communicating by means of radar
beams, comprising, a Doppler radar set, means to modu-
late the transmitted beam thereof; a remote station com-
prising, a transmitter for picking up said transmitted
radar beam and impressing double sideband amplitude
modulation with no carrier on said radar beam, and
means for reflecting said modulated beam back toward
said radar set; the receiving circuitry of said radar set
comprising detection circuitry for responding to one of
the sidebands received from said remote transmitter, and
wherein said detection circuitry of said radar comprises,
a circulator, a band stop filter connected to said circulator
and a phase detector connected to the output of said band
stop filter, said band stop filter having a stop band adapted
to block one of the two sidebands received from said re-
mote station.
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