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UNTED STATES 

2,042,831 

PATENT OFFICE 
2,042,83. 

RE8E-WENG SYSTER 

Sirray G. Crosby, Riverhead, N. Y., assignor to 
Eagio Coloration of America, a corporation of 
Beiaware 

Application May 28, 1934, Serial No. 727,931 
17 Claims. 

My present invention relates to a radio receiv 
ing SyStein and haS as itS principal object the pro 
Vision of a System wherein energy received from 
the antennae of a diversity array is combined in 
phase at all times. 
A further and more specific object is to provide 

a System wherein the phase relation of currents 
derived from a diversity antenna System are 
Inaintained at a constant value so that currents 
derived from the antennae may be combined as 
though the phase of each antenna, remained con 
Stant. 
More fully, in the prior art of diversity recep 

tion there are two well known methods of com 
bining the energies received from antennas hav 
ing different fading characteristics. The first is 
rectifying the antennae energies and then com 
bining the rectified energies; and the second is by 
reans of an automatic Volume control arrange 
ment which automatically shuts of the amplifiers 
from all the antennas but the one having the 
Strongest signal. 
The first of these two systems of combination, 

namely, the combination of the rectified energies, 
is limited mostly to CW telegraphy circuits where 
the rate of modulation is not too high. Under 
certain atmospheric conditions and upon certain 
radiation frequencies (those in the vicinity of 20 
inegacycles and higher) direct combination of 
the rectified outputs of Voice and music modula- . 
tion is feasible; however, the tendency is toward 
the Second method of combination for these types 
Clf modulation. In fact, at the present time prac 
tically all the voice and music diversity systems 
tilize the automatic volume control “antenna, 

choosing' systern. 
Thus, prior diversity Systems have combined 

the energies from the antennas by the addition 
of rectified outputS or by a choosing device where 
by Only a Single antenina, Was made operative at 
One time. Hence, the antennas do not combine to 
in prove directivity as would be the case if the 
radio or intermediate frequency energies were 
combined as they are in a broadside array. Such 
a combination of antennas giving a diversity 
cifect has been in possible due to the fact that the 
phase of the energies from the various antennas 
does not remain constant, at the value which the 
Spacing and Cornbination circuits determine, but 
vary relatively with fading. Consequently, a 
combination which might be effective at one in 
Stance of time Inight be ineffective at another as 
the fading progressed. 
In the invention herein described means are 

provided for combining the R. F. or I. F. ener 

(C. 250-20) 
gies in a diversity System so that the system, in 
Stead of having a directivity equivalent to that 
of a Single antenna, has a directivity equivalent 
to a Combination of all of the antennas. The 
phases of the energies from each antenna are - 
automatically controlled so that the phase of 
Combination is always proper. Hence, a super 
directive System is obtained which has all the ad 
Vantages of the prior diversity systems. 
A further advantage of the system herein de 

Scribed is that it may be utilized to effect a direc 
tive System which automatically changes its di 
rectivity in accordance with the changes in the 
bearing Of the Signal. Thus, as the signal comes in 
from different directions the antenna system auto 
natically 'follows' it. Such a System would be 
valuable where atmospheric conditions change the 
apparent direction of the source of signal and 
Wihere communication is with mobile conveyances 
wherein the direction of the signal source is actu 
ally changing. 
Other objects, features and advantages of my 

present invention will become self-evident as the 
more detailed description thereof proceeds. 
In the accompanying drawings, 
IFigures 1, la, 2, 3, 4 and 5 show Schematic dia 

grams of Various modifications of the funda 
mental idea. That is, Figure 1 shows an arrange 
ment Whereby the two antennae are held in phase 
by means of a motor operated phase shifter. Fig 
ure iCl, gives an auxiliary combining arrangement 
to be used on the circuits of Figures 1, 2, 3 and 5. 
Figure 2 portrays a method of phasing whereby 
the frequency of one of the high frequency oscil 
latorS is Varied to maintain phase synchronism 
of the two signals. Figure 3 shows a three re 
ceiver diversity system wherein the various signal 
I. F. energies are held in phase With an I. F. Os 

With combined I. F. energy. The arrangement 
may be adjusted for the reception of amplitude, 
phase, or frequency modulation. Figure 4 shows 
a triple detection Superheterodyne System having 
the automatic phase control applied to one of the 
Second I. F. Oscillators. Figure 5 also illustrates 
the use of triple detection superheterodyne re 
ceivers. The phase of one signal I. F. energy is 
varied by inserting an artificial line or wave filter 
in the circuit for one of the energies, and applying 
the differential detector energy to vary the fre 
quency of the common Second I. F. Oscillator. 
Figure 6 and the vector diagrams of Figures 7, 
8, 9 and 10 are used in the explanation of the op 
eration of the differential detectors. 

In Figure 1 the two heterodyne receivers 2, 3 
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and 5 and 2',3' and 5' are fed by diversity an 
tennae í and Í ''. The high frequency OScillatOr 
4 furnishes, beating energy for both receivers SO 
that the intermediate frequency of both receives 
will be the same. The output of one I. F. ampli 
fier is fed directly to anti-phasal transformer 6 of 
differential detectors 8 and 9. The Output of the 
other I. F. amplifier is fed to copha Saltransformer 
7 of the differential detectors via the automatic 
phase shifting unit in the dotted line enclosure 

The energy fron I. F. arnpifier 3 is fed via 
Transformer S feeds 

3. 
lire i 15 to transformer í 6. 
coupling tubes and 8 having tuned circuit.S. 
9 and 23 in their plate circuits. The tunings of 
9 and 23 are adjusted so that their voltages, in 
duced in coupling coil 2, are 96 degrees out of 
phase, thus effecting a phase Shifter. 

Coil 2, which feeds transformer T, is mounted 
on Shaft 22 in bearing 23. On the other end of 
shaft 22 is a friction drive wheel 24, circularly 
slotted so that flexible drive shaft 3, driven 
by motor 26, rotates Wheel 24 in a forward di 
rection when drive shaft 3 engages. One side 
of the slot, and in - a reverse direction on the 
other side of the slot. (For a more complete 
description of this type of drive see D. R. Goddard 
application Serial Number 11,915, filed March 20, 
1935.) 

Rectified I. F. energy from detectors 8 and 9. 
operate Solenoids 2 and 28 to novel armature. 25. 
Arm 25 is pivoted at one end and is provided 
With a forked bearing at the other end for en 
gament With the Shaft. 3. So as to reversibly 
operate a clutch mechanism associated there 
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"With. An un balance Of CurrentS in ; SOlenoids 27 
and 28 causes armature 25 to shift shaft. 38 to 
the forward or reverse engagement with wheel 24. 

Rectified audio frequency energy is obtained 
fron detectors 8 and 9 via blocking condensers 
f) and is to coupling or amplifier tubes 2 and 
3. The combined A.F. output is obtained from 

jack 29 and transformer 4. 
The automatic phase control of Figure 1, and 

in general of my present invention, obtains its 
controlling energy from the differential detec 
tors such as 8 and 9 of Figure 1. These differ 
ential detectors are fed cophaSally by one of the 
signal or signal intermediate frequencies and 
antiphaSally by the other. As long as the two 
Signals are 90 degrees out of phase the plate 
currents of the detectors 8 and 9 are balanced 
aid no differential Voltage is passed on to operate 
the controlling circuits. As soon as the relative 
phase of the two signals deviates from 90 degrees, 
the detector plate currents are unbalanced and a 
differential voltage operates the controlling cir 
cuits to correct the phase relation to 90 degrees. 
More specifically, and referring to the differ 

ential detector diagram of Figure 6 the two 
Signal I. F.'s are fed in at S1 and S2 to trans 
formers 6 and 7 respectively. Figures 7 and 8 
show how the voltages from transformers 8 and 
7 combine when the two signals are 90 degrees 
Out of phase. “a”, “b', ??9 ?« and ??A??, 'B', “R?” 
represent the Vectors for tubes 8 and 9 respective 
ly. Woltage 'b' is Supplied from transformer 
and voltage 'a' from transformer 6 to form the 
resultant “r' to be fed to tube 8. Voltage “B” 
is supplied from transformer 7 and voltage 'A' 
from transformer 6 to form resultant "R’’ to be 
fed to tube 9. Thus, when the two signals are 
90 degrees out of phase the resultants 'R' and 
“r' are equal and the detected outputs across 
resistors or equal impedances 8x and 9x would 

2,042,831 
cancel to form zero voltage between leads By and 
9y. 

Figures 9 and 10 show the vector relations. When 
one signal has shifted in phase so that the two 
signals are no longer 90 degrees out of phase. 
The resultant r" fed to tube 8 is greater, than the 
R" fed to tube. 9. Consequently, the drops acr'CSS 
resistors, 8x and 9x will no longer balance and 
a voltage will be applied to leads 3y, and sy. 
When the phase is shifted in the opposite direc 
tion this differential voltage is reversed. Con 
sequently, a voltage is produced having a nagni 
tude and direction dependent upon the relative 
phases of the two signals. 

Referring again to Fig. 1, the operation of my 
invention as therein shown will be fairly well 
understood from the foregoing descriptica. 
When the signals from the two antennae and 
** deviate from a 90° phase relationship the un 
balance resulting in the differential detectors 8 
and 9 becomes effective in controlling one of the 
clutch Solenoids; 2 or 23 of the phase shifter 
so as to cause the motor 26 to rotate the coil 
2 in the proper direction and through a suit 
able angle to restore the desired 90° relationship 
between the currents in coils s1 and S2. When 
the balance has been restored, the arnature 25 
is returned to its neutral position, thus disen 
gaging its associated clutch mechanism. 

In Sone cases it may be found desirable to have 
the antennae combined at a phase other than 
90 degrees. To do so the outputs of II. F. ampli 
fier 5 and coil 2 should be fed to coupling tubes, 
their relative phase adjusted, combined, and de 
tected. Such a combining arrangement is shown 
in Figure 1d. The two signals (phase controlled 
to 90 degrees) Would be taken froin leads 9xy, 3xy 
and xy, 2xy of Figure . The signals in these 
leads would then be adjusted to the desired phase 
of combination by phase shifter xy and com 
bined through combining tubes 4xy and 5.xy in 
transformer 6xy. Detector axy detects the con 
bined signals for utilization in jack 8xy. 
The system illustrated in Figure 1 may be used 

- for direction finding by, for example, associating 
With shaft 22 a pointer P movable angularly with 
Shaft 22, and a relatively stationary Scale S. The 
antennae and for this purpose should be 
Spaced or be tWO directional arrays of antennas. 
With such an arrangement, the pointer P would 
indicate on the Scale the phase relation be 
tWeen the waves picked up upon with respect 
to . By having previously calibrated the scale 
When in harbor, say, on known directions of 
Several known transmitting stations, then, when 
at sea, deviation from the calibration would give 
deviation from the course, 

If desired, by means of the Selsyn motors SM, 
whose armature coincides with shaft 22, and SM2 
Operating Steering mechanism, guidance or steer 
ing of a ship may be made automatic, 

Incidentally, the System of Figure 1 is in 
tended for operation with amplitude modulated 
waves. For reception of phase and frequency 
nodulated waves, leads 9xy to 2:sy inclusive 
should be connected to suitable phase or fre 
quency modulation receivers, with, if desired, a 
suitable retardation circuit in either leads 9xy, 8xy 
O xy, l2y. - 

In Figure 2, Separate H. F. OscilatorS XA and 
X4 are employed for the two superheterodyne 
receivers. The combined and detected energy 
is taken from detectors X8 and X9 via trans 
former Xi 3. Switch XI 2 adjusts for proper 
phase of audio frequency combination; the nor 
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mal position of this Switch Would be for parallel 
combination of the two detector OutputS. OScil 
lator X4 is held in the proper phase Synchronism 
With X4' to hold the output of I. F. amplifiers 
X5 and X5’ in phase quadrature by means of 
energy furnished from the resistors X?) and 
X in the detector plate circuits. This differ 
ential voltage is applied to oscillator X4 which 
is an oscillator whose frequency is partly depend 
ent upon its tuning and partly upon the Control 
voltage applied to it. A coimplete description 
of Oscillator XE and its frequency controlling 
circuit is given in my copending application, 
Serial Number 616,803, filed June 13, 1932. 
In the operation of receiver of Figure 2 the 

two I. F.'s are held in phase quadrature by ap 
plying the controlling energy to one of the H. F. 
oscillators. This controlling voltage varies the 
frequency of the H. F. oscillator to obtain the 
proper 90 degree phase relation of the two 
I. F.'s. The outputs of X5 and X5’ may also 
be fed through leads 9xy, 9xy, Axy, 2xy to the 
combining circuit of Figure la for other 
than 90 degree combination of the antennae as 
will be apparent from what has been said before. 

Briefly, for varying the frequency of the os 
ciliator 29 within dotted rectangle X4 of Fig 
ure 2, the output of the differential detector is 
fed through conductors X45 to a coupling tube 
282 having a plate coil 296 coupled to the tuned 
circuit 284 controlling the frequency of Opera 
tion of the oscillator 28. With a predetermined 
current flowing through tube 262, the inductance 
of circuit 284 will be a certain value causing a 
predetermined frequency of operation of the local 
oscillator 239. With variations in voltage both 
of value and sign across conductors X5, the 
impedance, that is the impedance of tube 292 
across coil 236 Will vary, thereby changing the 
frequency of operation of the local oscillator 
28 because of the change of effective inductance 
of tuned circuit 294. 
The system of Figure 3 utilizes the same prin 

ciple as the arrangement of Figure 2 except that 
the individual I. F. energies are held in phase 
With: (1) The combined I. F. energy (which 
would be portrayed if unit 4 were a coupling 
tube fed through closed switch 7); (2) A locally 
supplied I. F. oscillator contained in unit 4 
(in which case switch fi would be open); (3) 
The filtered and limited carrier (switch 
closed). With unit 4 acting as a coupling tube 
according to (1) , line 8 may contain an arti 
ficial line or wave filter to act as a retardation 
circuit to allow the reception of frequency modu 
lation in the manner of the receivers described 
in my copending application, Serial Number 
618,154, filed June 20, 1932. With unit 4 con 

i taining either the I. F. oscillator or carrier filter, 
a local carrier is available for the reception of 
phase and amplitude modulation. Automatic 
volume control unit 9 operates on coupling 
tube units 3a, 3b, and 3c, Via, lead 20, to 
maintain the volume of the combined energy 
constant. 

Generally, in connection with Figure 3, differ 
ential detectors id, 8a, b, 8b, c, 8c, act so that 
the outputs of coupling tubes 3d, 3b, and 3c. 

The combined cophasal output of 
3d, 3b, 3c is fed to antiphasal transformer 21, 
and the output of unit 4 is fed to cophaSal 
transformer 22 of detectors 23, 24. Phase shift 
er 28 Serves to adjust the currents fed to 22 and 

3 
2 so as to be of correct phase relationship for 
audio frequency detection. 
The receiver of Figure 3 is an elaboration of 

the fundamental idea, contained in the receiver 
of Figure 2 except that the signals are all held 
in phase quadrature With a standard instead of 
With each other. This standard, as before 
Stated, may be an I. F. Oscillator or the filtered 
and limited carrier; it may also be the combina 
tion of the Signals. With this Sort of an ar 
rangement, Since the Signals would all be com 
bined in phase quadrature with the standard, 
they would be in phase with each other so that 
the combining circuit of Figure 1a would only 
be necessary for other than in phase combina 
tion. Referring in greater detail to the circuit 
of Figure 3, the standard (consisting of an I. F. 
oscillator, the filtered carrier, or the combined 
Signals) is fed to the differential detectors via 
cophaSal transformers 6a, 6b, and 6c. The three 
Signals at I. F. are fed via antiphasal trans 
formers 5a, 5b and 5c. The controlling energy 
from the differential detectors is utilized to au 
tonatic frequency control the H. F. Oscillators 
to maintain the proper frequency and phase, for 
combination, of all of the I. F.'s. The three 
I. F.'s are passed through coupling tubes 3d, 
A3b and 3c to the automatic volume control de 
tector 9 and to the audio detectors 23, 24. The 
automatic volume control may be made to regu 
late the volume of the total combined signal 
Or the Separate coupling tubes as shown in the 
diagram of Figure 3 or the individual radio 
frequency amplifiers in the manner of the “an 
tenna, choosing' diversity system as described in 
U. S. Patent 2,004,128, granted June 11, 1935 to 
H. O. PeterSOn. F'Or phase modulation and rela 
tively increased carrier amplitude modulation re 
ception, unit 4 would be an I. F. Oscillator, or 
a carrier filter and limiter fed by closing SWitch 

. For frequency modulation a phase retarda 
tion circuit whose output phase is linearly pro 
portional to its input frequency would be in 
Serted in line 8 and unit 4 would act as a 
coupling tube to couple the combined energy to 
the differential detectors as a standard, and to 
the audio detectors via line 5. 
When receiving amplitude modulated waves in 

the arrangement shown in Figure 3, unit 4 may 
be a local oscillator, in which case phase shifter 
28 is adjusted so that either tube 23 or 24 is 
excited cophaSally, in which case, too, the outputs 
of 23, 24 are Switched by Switch 25 in push-pull. 
In the alternative, for amplitude modulated 

Waves with unit 4 an oscillator, phase shifter 
28 may be adjusted so that currents in 22 and 
2 are 90 degrees apart and switch 25 thrown 
for parallel feed of the primaries of trans 
former 26. 
The foregoing remarks concerning adjustment 

apply for reception of amplitude modulated Waves 
when unit 4 is made a carrier filter and limiter. 
However, when unit 4 is merely a coupling sys 
tem whose output is the combined signal, only 
line 5 or only line f8 should feed detectors 23 
and 24. Also, in either of the latter instances 
the primaries of transformer 26 should be in 
parallel. 
When receiving frequency modulated waves, 

assume unit 4 has an output equal to the com 
bined signals. Shifter 28 should be adjusted for 
90 degrees phase difference in currents in 2 
and 22 and, moreover, a retardation circuit should 
be placed in line f8. 

10 

15 

20 

3 5 

40 

C) 

75 





1) 

2. 

40 

45 

50 

55 

60 

65 

O 
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nals which includes separately receiving said sig 
nals, producing and maintaining a 90 degree 
phase displacement in the signals received, com 
bining the signals displaced 90 degrees, detecting 
the combined signals and translating the de 
tected Signals. 

5. The method of reducing fading of radio 
Signals Which ComPrises Separately receiving Sig 
nal energies, producing a. 90 degree phase shift 
in the separately received signal energies, main 
taining the 90 degree phase relationship despite 
relative variations in phase of the received Sig 
nal energies, combining the energies displaced 
in phase by 90 degrees, and detecting and trans 
lating the combined energies. 

6. The method of receiving radio signals which 
comprises Separately receiving signals, combin 
ing said received Signals, detecting Said combined 
Signals, and utilizing the voltage Wariations of 
Said combined detected Signals to maintain a 
Substantially constant phase difference between 
the received signals before combination. 

7. The method of receiving radio signals which 
compriseS Separately receiving Said Signals, pro 
ducing a 90 degree phase displacement between 
Said received SignalS, COmbining the phaSe di S 
placed signals, detecting the combined Signals 
and utilizing the Voltage variations of Said de 
tected combined Signals to maintain the 90 de 
gree phase displacement of the Combined Signals. 

8. The method of reducing fading which in 
cludes making a plurality of Signal energy Co 
lections, heterodyning the collected energies to 
a connor different frequency, producing and 
maintaining a predetermined phase shift in the 
different frequency energies, combining the phase 
shifted energies, detecting the combined energies 
and translating the detected energies. 

9. The method of reducing fading of received 
radio Waves. Which includes heterodyning the 
received waves to a different frequency, produc 
ing a 90 degree phase displacement between the 
different frequency energies, combining the en 
ergies displaced 90 degrees, utilizing the com 
bined energies to maintain the 90 degree phase 
displacement of the different frequency energies, 
and translating the combined phase displaced 
energies. 

10. Apparatus for reducing the fading of re 
ceived radio waves comprising a pair of anten 
nae for collecting transmitted waves, a differen 
tial detector, means for feeding energies col 
lected upon one antenna cophaSally to the dif 
ferential detector, means for feeding energies 
collected upon the other antenna, antiphaSally 
to Said differential detector, means for main 
taining a predetermined phase displacement be 
tween the energies respectively fed to Said dif 
ferential detector, the last Said means being re 
sponsive to an unbalancing of the output from 
said detector, and means for translating and 
utilizing the output of said differential detector. 

11. Apparatus for receiving radio Waves com 
prising a pair of antennae, a differential detector, 
means for feeding energy collected upon One 
antenna, cophaSally to said differential detector, 
means for feeding energy collected upon the other 
antenna, antiphaSally to said differential detector, 
means for maintaining a predetermined phase 
displacement between the energies fed to Said 
differential detector, and means for translating 
the output of said differential detector. 

12. A radio receiving System comprising a pair 
of antennae, means for heterodyning the energies 

5 
collected upon the antennae to an intermediate 
frequency, a differential detector, means for feed 
ing the intermediate frequency energy from 
One antenna, antiphaSally to said differential de 
tector, means for producing a phase shift of Sub- 5 
stantially 90 degrees in the intermediate fre 
quency energy from the other antenna, means for 
applying the phase shifted energy cophaSally to 
said differential detector, and means responsive 
to the output of said differential detector for 10 
maintaining the phase quadrature relationship 
between the intermediate frequency energies. 

13. A receiving system comprising a pair of 
antennae, means for beating energies collected 
upon one antenna, down to an intermediate fre- lis 
quency, a local OScillator aSSociated with the 
Other antenna, for beating the Waves collected 
thereon down to the same intermediate frequency, 
means for combining the intermediate frequency 
energies, and means responsive to the combined 20 
energieS for SO Varying the frequency of Said 
Oscillator as to maintain a predetermined phase 
displacement between the intermediate frequency 
energies. 

14. A receiving System comprising a pair of 25 
antennae, a pair Of OScillators for beating the 
energies Collected upon said antennae down to 
a common intermediate frequency, and means for 
So varying the relative frequencies of said local 
Oscillators aS to maintain a predetermined phase 30 
displacement of the intermediate frequency ener 
gies despite Variations in phase of the energies 
Collected upon Said antennae. 

15. A receiving System comprising a pair of 
antennae, a pair of oscillators for beating the S5 
energies Collected upon said antennae down to a 
common intermediate frequency, means for con 
bining the intermediate frequency energies, and 
means responsive to the combined energies for 
Varying the relative frequencies of operation of 40 
Said OScillators for substantially maintaining 
phase quadrature between the intermediate 
frequency energies. 

16. Tn combination, a pair of antennae, a dif 
ferential detector, a pair of oscillators, means for 45 
beating energies collected upon the antennae and 
energies from the OScillators So as to produce 
intermediate frequency energies, means for feed 
ing intermediate frequency energy from energy 
collected upon one of the antennae antiphasally 50 
to said differential detector, means for feeding in 
termediate frequency energy derived from energy 
collected upon the other antenna cophaSally to 
Said differential detector, and means responsive 
to the output of said differential detector to so. 55 
Wary the frequency of oscillation of one of said 
OScillators as to Substantially inaintain phase 
quadrature between the intermediate frequency 
energies fed to said differential detector. 

17. In combination, a plurality of radiant en- 60 
ergy collecting antennae, a receiving network for 
each antenna, means including a differential de 
tector for combining the energies from said net 
Works, a balanced two-way utilization circuit con 
nected to said differential detector, and means in- 65. 
cluding a phase correcting device operative in ac 
COrdance With transient departures from a bal 
anced condition in said utilization circuit for 
maintaining Substantially constant the phase 
relationship between the energies respectively 70 
impressed upon Said differential detector by each 
Of Said receiving networks. ?? 
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