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19 Clalms

'I'h1s mventmn relates to a s1gna1 rece1v1ng sys-
tem employmg a plurahty of spaced antennas for
reducing the effects of fading. Such a receiving
system is known as a.diversity system .In such

diversity. rece1v1ng systems the phases of.the Te-

ceived energies at the different antennas do not
remain -constant but vary relatively with. fading.
The problem of overcoming the variability of the

_quency oscmatory energy which beats w1th one

of the signals: to produce an 1ntermed1ate fre-

quency.

-A more deta11ed descr1pt1on of the 1nvent1on

vfollows in conjunction. with drawings, wherein

- Figs, 1 to 4, inclusive, show four different em-

phase relations between the voltages from the dif- ...

ferent receiving antennas by automatically mam—
taining a predetermined phase.relation, so that
the radio frequency or intermediate frequency
voltages may be combined. before rectification,

10 -

has been dealt with in my United .States Pat- i

ent No. 2,042,831, granted .June 2, 1936.

The present invention provides improvements
and refinements in the method of and apparatus
for automatically. controlling the. Felative phases
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of the energies from the. dlfferent antennas of I

diversity receiving system.. .

_Although I hayve described in my Umted States
Patent No. 2,042,831. a method of mamtalnmg ab
.a constant value the phase relations of the ctir-
rents received from the diversity antenna system
which includes varying the frequency- of the high
frequency - oscillator which , heterodynes. one of
the signals, I have found it to be more. desuable
to control the phase of one of the 1ncom1ng sig-

nal voltages by varying a phase shifter or a re~

versing system. . The reason for this is that when
the frequency is controlled as, descrlbed in' my
United States patent supra, instead. of, the phase
(in accordance with the present 1nvent10n)
proper phase synchronism is not obtained be-

tween the higher modulstion frequencies of the -

signals received over the different. antennas of
the diversity system. That is, when the energy
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received from the phase. detectors is. apphe “to -

the high frequency oseillator in accordance w1th
the disclosure in my United States patent, proper
phase - synchronism is. obtained for the'carrler
frequencies. bt not for the side band . frequen-
cies... To obtain. proper. phase synchromsm be-
,tween ‘both ‘the carriers. and the sideband

the signals recelved over the different . antennas ‘

of the diversity system, the energy received from
the. phase detectors must be. applied to- effe ‘t_a
phase correction of one of the signal waves,

In the preferred embodiment of the 1nvent10n

the receivers. function to control the phase of one *

of the signal voltages obtained, from a. rece1ve1
by .varying a phase shifter or a reversing sys—
‘tem .In another embodiment of ‘my mventl. I
am ‘able to control the phase of one of the s1gna1
voltages by shifting the phase of the high fre-
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fQuency amplifiers.:
Jfrequency amplifier -3 is fed through line 20 di-

through 11ne 21,

Jbodiments of the present invention. In the draw-

ings, the same.parts have been labeled. by the
same reference characters throughout the figures.

F1g 1 shows a diversity receiving. system com-
pnsing a pair of geographically spaced antennas
A.and A’, .respectively feeding identical heter-
odyne receivers 1, 2;3and 1%, 2’,.3’. - A high fre-
quency oscillator 4 fumlshes beatmg energy. to
the detectors 2 and. 2’ of the two receivers so that
the 1ntermed1ate frequencies obtained in inter-

:mediate frequency amplifiers 3 and 3’ are the
same. -

Elements:| and {’ which couple the an-
tennas. . to- the detectors : represent radic fre-
The: output of intermediate

rectly to transformer -8 in circuit with differen-
tial phase detectors. 5 and 6. The output of in-
termediate. frequency. amplifier: 3’ is fed through
line-21 directly to transformer T of the differen-

tial.detectors: 5 and 6. -It should be noted that
‘the.grids-of -detectors 5 -and 6 receive cophasal

energy..impressed -on transformer 1 and out-of-

-phase. (antlphasal) energy- impressed on trans-
former 8;.. ITn. the outputs of the differential phase

detectors 5. and 6 there are load resistors 9 and

18, and in series relation a pair of polar relays

18..and 19, which ‘may .be called reversing relays

.or.a reversing switch, for reasons which appear
‘ heremafter
is such. that the-armature will maintain its po-
._s1t1on in. engagement with one of the contacts un-
il such time as-current.through the winding of
gthe relay in- the opposite: direction -will cause

;The. character .of each polar relay

.the armature o be drawn to the .oppositely dis-

—posed contact Energy from the output of inter-

medlate frequency amplifier 3 is also fed through
line 22 to. coupling. transformer  14- for applica-
‘tion.to the grid. of the coupling tube I 1. Energy
from. 1ntermed1ate frequency amphﬁer 3’ is fed
not only -to the transformer. 1
but also to the armatures of polar relays:18 and
19 for, apphcatlon to line 23 and transformer 13,

in order that this energy can be applied to the

grid of coupling tube 12. Transformers 7, 8, #3,
14 and 5 are band pass tuned ,transformers of
the conventional type, and tuned to pass the sig-
nal frequency range consisting of the carrier and
side bands. It should be noted that when ‘the
armatures of polar relays 18 d@nd 19 are simul-
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taneously drawn in the upward direction, the
energy in line 21 is applied to line 23 in one sense,
whereas if the armatures of polar relays 18 and
13 are simultaneously drawn in a downward di-
rection, the energy in line 21 is applied to line 23
in an opposite sense. In other words, relays {8
and 19 function as reversal relays or as a re-
versing switch for reversing the direction of the
current. applied.from line 21 to.line.23 -and cou-
pling tube 12.  The energy in the-outputs. of cou-
pling tubes 11 and 12 are fed to a common trans-

former I5 and thence to a detector and ampli- -

fier unit 16 to be made available for utilization
in {7 which may consist of headphones:or-a loud-
speaker or a suitable recorder..

In the operation of Fig. 1, the phase detectors ~

5 and 6 supply a voltage across resistors 9 and
10, which is zero when the two, carriers from the
two receivers I, 2, 3 and 1", 2%, 8" are 90° or 270°
out of phase, and is of a finite value with'a
polarity depending upon the phase relatlon when
the two carrlers are zero or 180° out of - phase
Thus, if the signal voltages are in phase at any
instant, a pos1t1ve direct current voltage will ap-
pear #cross the 1es1stors 9 and 10, and. if they
are otit of phase ab any 1nstant a negative direct
currént voltage w111 appear across these re51stors,
but if they are 90° out of phase, the voltage
across one resistor- opposes that across the other,
so that no direct current voltage appears-across

Tem
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cuit composed of polar relays of Fig. 1 has been
replaced by a different form of reversing circuit
composed of a vacuum tube arrangement 27 and
28. In order to simplify the drawings, only that
portion of the system is shown which extends to
the right of lines 20 and 21 which are respectively
coupled to the outputs of the receivers 1, 2, 3
and 1’, 2, 3’. The antennss and receiver ele-

.ments of Fig. 1 which couple to the lines 20 and

10

output of receiver i’,

+in both figures.

24 have not been shown: in Fig. ‘2, because this
portion of the circuit is the same in the systems
In Fig. 2, the energy from the
2’, 3’ (applied to line 21)
is fed to transformer 39 and to the coupling tube

.-26. . The:anode of . tube 2% is joined to the anodes

of the tubes 27-and 28, and the combined ener-
gies fed to transformer 13 and detector {6 for

. subsequent utilization in headphone, loudspeaker

20

or recorder 1. The differential phase detectors
are constituted by diode detectors 22 and 23 in-
stead of the triode vacuum tubes shown in Fig. 1.
Differential energy in the outputs of the-diode
detectors, dependent upon the phase différence

‘between the two signals from the receivers,;.ap-

25

30

the combination of the. two.: -Putting’ it in other e

words When the two 51gnals -from ‘the Teceivers
have a phase relatmn of- 90° the direct current
outputs of the’ dxﬁ'erentlal phase detectms 5 and
‘6 are equal and- oppos1te and there-is no change
-in the position of the armature of the: reversing
switch comprlsed of polar rélays-18 and 19, In
this- condition of 90° phase dlﬁerence between
the two S1gnal voitages;, there is little or no dis-
tortion’ in comblmng the outputs of the receivers

through the couplmg tubes (NE and 12 for utiliza- -

tion in headphones 17, However when the in-
'commg signals ‘are 180" apart the combmed en-
ergies tend to buck -0T 'Oppose ‘one another and
for this reason the reversing ‘switch const1tut1ng
polar relays 18 and 19 assures- that the outputs
of the rece1vers are always addxtlve If it were
not for the reversing relays 18 and {9 operated
by energy from the outputs of- the phase detectors
5 and 6, the comibined- energles ‘in the outputs
-of the- couplmg tubes 11 and 12 would alternately
oppose (. e., buck). and aid, “depending upon the
1nstantaneous phase relatmn between the ener-
gies from thé two antennas It has been found
that this phase relation is very erratlc and can-
‘niot ‘be depended upon’ to maintain a constant
value. The des1red resul}-of obtammg an add1-
tive effect’ from the outputs of the: receivers: is
achieved by causing the phase- detectors 5 and 6
to’ operate both of the ‘polar relays (8-and 19
(whenever the- carriers become out-of- phase) -in
the same dlrectmn so ds to reverse the- phase of
theé energy which' is apphed from line 21 to line
23 and couphng tube 2" In- this way the ener—
Agles ‘received over the antennds A and A’ are
never allowed to oppOSe or buck each other but
can combine when they are elther in, phase or
90° out-of- phase As a consequence of this ‘the
two s1gnals from the spaced antennas ‘are pre-
vented from cancelllng each other and there is
obtained the full benefit of the d1fferent fadlng
character1st1cs of the antennas and a. reductmn
of fading is achieved. .

- The systém; of Fig. 2 is quite similar to the
‘system of Fig. 1, except that, the reversing c1r-
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pears across diode resistors 24 and 25 and is fed
to the suppressor grids of reversing tubes 27 and
28. Vacuum tubes 27 and 28 function as a re-
versing . switch in a manner similar to the polar
Telays 48 and 19 of Fig. 1, except -that the re-
versing: action -is obtained in Fig. 2 by biasing
the suppressor grid of that tube 27 or 28°“which
‘receives a 180° voltage on its control grid from
transforrner 29 so that it does not amplify, and
blasmg the other tube 28, or 27 Teceiving a-zero

‘degree voltage on its control grid from- trans-

former 28 so that it does amplify. The grid of
tube 21 is:fed signal voltage which is 180° out of
phase with that fed to the grid of tube 28 from

“fransformer 29.  Consequently, the phase of the

voltage appearing in the common ‘anode circuit
of the two vacuum tubes 27 and 28 may be re-

-V 1sed by causing one tube to be conductive, that

to do the amplifying, and rendering the other
If the two signal voltages

is,
tube non-conductive.

5 from the receivers are 90° out-of-phase,. both

fvacuum tubes 21 and 28 furnish energy to-the

common anode circuit which is available for uti-
lization in unit 17, because in this condition the

‘balanced voltages from the diode: detectors. do

not ‘affect the suppressor grids of the ‘tubes 21

.and 28’ differently. . At this phase rélation of

90°, there will e no opposing or bucking effect

‘of the energies combined in the detector 16, The

polarity of .the voltage received by the reversing

tubes 27 and 28 from the diode resistors 24 -and

.25 as applied to the suppressor grids, is set so that
the proper tube 27 or 28 is turned on to form

60 .

‘an. in-phase relation between the voltages from

vacuum-tube 26 and either vacuum tube 27 or
2‘ “depending upon which of the. last two tubes
The combined voltages appearing
in t_ransformer 15 are rectified and combined in
the same manner as in Fig. 1. Transformers 28

is. conducting.

.and 30 are band-pass tuned transformers which

are tuned to pass the signal frequency range con-
sisting of the carrier and side bands.

_Figs. 3 .and 4 show different systems for con-
tmuouslv maintaining the phase of the combina-
tion of the signal waves at a constant value. .

" In Fig. 3 the energy from the phase detectors

'5 and_6 is utilized to vary the phase of one .of

the signal waves in. a continuous manner.
Whereas_ the systems of Figs. 1 and 2 merely
reverse the phase of one of the signal. waves
When the two voltages begm to buck (that 1s,
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oppose or cancel), “the system. of F1g 3 ‘main-
tains a’ predetermined phase relation at all
times between the voltages from the two' re-
_ceivers.
from the superheterodyne receiver 1”7, 2’, 3’,"fed
over line 21, is applied to the input terminals
of an art1f1c1a1 line 32 which is terminated by
8 surge impedance or resistor R equal in value
to the surge impedance or resistance of the line
32. By virtue of the termination of line 32 at
the desired intermediate frequency, only’ trav-
ehng waves appear in the inductive portion' of
the ‘line. A pair of electron discharge device
modulators 33 and 34 have thelr control elec-
‘trodes tapped through blockmg condensers C, C
to points P and P’ on the inductance coil of the
line 32, which points supply voltages to the con-
trol grids approximately 90° apart Accord-
ingly, voltages of the same or like frequency as
that supplied from line 21 are fed to the control
grids of the modulator tubes 33 and 34 ninety
degrees apart.. The anode circuits of both mod-
ulator tubes are joined together and to a tuned
circuit foxmmg part of the transformer TR.
Transformer TR is a band-pass tuned trans-
former Wthh is tuned to pass the signal fre-
quency range consisting of the carrier and side-
bands. In accordance with the invention, it is
proposed to oppositely vary the output of the
modulator tubes 33 and 34 in order to vary the
phase of the resultant voltage from the two tubes
between two hmlts ‘This shift in phase of the
‘resultant constltutmg the output of the modu-
lator tubes 33 .and 34 is accomplished by rela-
tlvely decreasmg the a.mphﬁed voltage appear-
ing in the output of one of the modulator tubes
33 or 34 and relatlvely increasing the ampli-
fied voltage from the other. modulator tube 34
or 33 appearmg in  the output. circuit. . In
order to cause, this -opposite vanatmn in . out-
put voltage in modulator tubes 33 and. 34, the
anode circuits of the phase detectors 5 and 8 are
connected to the screen grids of the modulator
tubes to apply to these screen grids the differen-
tial voltage from the phase detectors ‘It will
thus be seen that ‘there is employed a differential
modulatlon of the two phase differentiated volt-
ages taken from phase shifters 32 so that the
resultant varies in phase ‘but only slightly in
amplitude.
the two signal waves obtained from the two
receivers of 'the diversity system varies from
the desired 90° relation, and causes the voltage
across résistor 9 to go up and that across re-
sistor 10 to go' down, the amplitude of the energy
from modulator tube 33 is increased and - that
from 34 decreased, as a consequence of whlch
.the phase of the energy in the common anode cir-
cuit of the two modulator tubes will change.,

The phase shifter 32 and the modulator tubes
33 and 34 with their common output ‘circuit have
been indicated in dotted lines and labeled as unit
A, This unit is identical in- construction with
the apparatus in units B and C, all of whlch it
should be noted, are- connected ‘together to the
same- leads extendmg to ‘the resistors ‘9 and 19
in the outputs of the phase detectors 5 and 6.
The same process previously- descrlbed as taking
place in unit ‘A- will simultaneously take place
in units B and C which - are cascaded’ with unit
A so as toproduce a-greater phase variation than
is obtainable in only one of the" units. This
greater phase variation' occurs because all the
phase changes in units A, B'and C add' up to-
gether to produce a resultant which is fed via

45

When the phase relation between !

The 'intermediate frequency energy :
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s 11 and; 12 of Fig. 1.

.lme 42 to the combining circuit 35 after which

the energies 'are fed to detéctor and audio fre-

quency amplifier {6 for utilization in head-
‘phones, loudspeaker. or recorder 7.

Combin-
ing circuit 3% may comprise coupling tubes such
By using proper con-
nections. with a suitable adjustment of the polar-
ities, the energy from the phase detectors 5 and
6 will cause phase modulator units A, B and C
to'apply 2’ phase correction to the energy from
line 21, so ‘that the voltages fed to detectors 5
’and 6 via transformers 8 and T will be brought

'back to the desired 90° relation. In this way

‘the - voltages fed to the phase detectors will be
continuously . maintained at or near the 90°
désired phase relation position. The energy from
receiver I, 2°and 3 and line 20 is fed to a suit-
able phase shifter 36, in order that it may be
combined by apparatus 85 with the energy from
line 42, the last energy being obtained from re-
ceiver 17, 2’, 3’ and line 2i. Phase shifter 36
may take the form of the artificial line type of
phase shifter 32, or any other suitable. form
such as that described in my United States Pat-
ent No. 2,247,941,  Apparatus 35 constitutes suit-
able vacuum tube apparatus for combining en-
ergies: in known manner. The combined. energy
is then detected: in unit 16 and made available
for utilization. ..

One advantage of the system of PFig. 3 over
known methods of maintaining continuous con-
trol of the phase relation between the voltages
from the two .receivers is that I employ elec-
tmmc control whereas I previously described (in
my’ United States Patent No. 2,042,831, Fig. 1
thereof) 'a .motor. control arrangement The
electronic control scheme of the present inven-
tion is much faster in operation than the motor
control method of accomphshmg a .. similar
result.

. The system of Fig. 4 obta,ms a contmuous and
automaxlc ‘control of the phase relations between
the outputs of the two superheterodyne receiv-
ers of the diversity system by shifting the phase
of the high frequency oscillator energy instead
of that.in the intermediate frequency energy as
shown in Figs, 1, 2 and 3. .In Fig. 4, the energy
from- tne high frequency heterodyne oscillator
4is pnase modulated at a relatively low frequency
by modulator unit 37, which is like apparatus A
of ‘Fig.” 3. More specifically, unit 37 is a phase
modulator employing two vacuum tubes and a
phase shifter of the type shown in Fig. 3. This
phase modulator 37 is controlled from the out-

5 'p_ut of differentid]l phase detectors § and 6 in the

Same manner as’ described hereinabove in con-
nectlon with Tig. 3. The output of the phase
modulator 37 is- frequency multiplied by fre-
quency multlpher unit 38’ so as to increase the
degree of phase modulation effected by unit 21.
A s1m11ar frequency multiplier 38 is located in
the line feedlng high frequency oscillator energy
from unit 4 to the detector 2’ of receiver 1’, 2/, 3’.
“IA ‘the - opelatlon of the system of Fig. 4, the
differentially’ detected ‘output from 5 and 6 is fed
to the phase modulator unit 37 so as to correct
the phase of the high frequency oscillator energy
fed" theréto by unit ‘& dnd +in- turn correct the
phdse relation between the two signal waves in
the two recelvers so as to maintain a 90° phase
relahon between the energizes from the two an-
tennas A and A’ ““'These two energles with con-
stant ‘phase”™ relatlon are then fed to combining
and- detectmg units' 39, one of ‘them being phase
shifted {o the ‘desired: relationship-by meéans of
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phase shifter 35... The coupling tubes of unit 39
are the same as coupling 'tubes (1 and |2 of
Fig, 1. Instead of showing (in Fig. 4) the usual
detectors 16 and 7 as illustrated in Figs. 1, 2
and 3, I show a jack 40 to indicate .that any
suitable ‘utilization circuit may be linked there-
to. " This feature may also be used in any one
‘of the’ "Systemis of the other ﬁgures of the draw-
mgs.

In the diversity. recewmg system. of Fig, 4, the
phase modulator unit can be. arranged, if de-
sired, to correct. the phase of the second inter-
mediate frequency oscillator in a triple detéction
superheterodyne receiver, instead of the high
frequency oscillator as is. shown, By correcting
the second oscillator, there is obtained the advan-
tage of an increase in the flexibility of the re-
ceiver, since the phase modulator and the fre-
quency multipliers would not then have to be
tuned to tune in different signals.

. Although the drawings show only two antennas
in a diversity system, it will be understood that
the circuits are not limited to two antennas and
that if desireéd s third antenna with an associ-
ated third receiver can also be used. If such a
third antenna is employed, the collected energy
from the third antenna can be combined with
the collected energy from the first two antennas
by considering the combined output of the first
two antennas as-a single output and then com-
bining the energy from the third antenns with
the combination of the first two. This is a type
of family tree arrangement which can be ex-
tended to combine the energies. from any num-
ber of antennas in . a deliversity receiving. sys-
tem. Another method of combining the ener-
gies collected from more than two antennas would
be to consider one of the receivers associated with
an antenna as the standard to which the receiv-
ers of the other two antennas are to be com-
bined; thus, such an arrangement would make
two of the antennas in phase with the third one,
50. that they would be in phase with each other.
) What is claimed’ is:

1. The method of operating a diversity receiv-
ing system which includes collecting signal en-
ergy at two spaced points, combining the en-
ergies collected, producing a single voltage re-
sponsive to relative variations in phase of the
two collected energies and utilizing said voltage
to ‘produce fixed changes of 180° in the phase
relatlon of the combined energies.

2. A radio receiving system comprising a pair
of ante_nnas, a differential detector, means for
feeding energy collected upon one antenna co-
phasally to said detector, means for feeding en-
ergy collected upon the other antenna antiphasal-
ly to said detector, an energy combining circuit,
separate paths coupling each of said antennas
to said energy combining circuit, and means re-
sponsive to an unbalance in the output of said
differential detector for reversing the connec-
tions of one of the paths to said combining cir-
cuit, whereby the polarity of the energy in said
one path applied to sald combining circuit is also
reversed ) .

3. A'radio receiving system compmsmg a pair
of spaced antennas, a receiver.for -each .of said
antennas including an oscillator in common to
said receivers for heterodyning with the waves
collected by said antennas to produce an infer-
mediate frequency, a differential phase detector
comprising a pair of vacuum tubes, a connection
between the cathodes of said vacuum tubes, a

first transformer having a pair of tuned circuits ¥

]
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one of which is connected between like electrodes
of said vacuum tubes for applymg out-of- phase
‘potentials thereto and the cther of which is con-
nected to the intermediate frequency output of
one receiver, a secend transformer having a pair
of tuned circuits one of which is connected.be-
tween the cathodes of said vacuum tubes and the
electrical center of said one tuhed circuit of said
first transformer for applying in-phase potentials
to said like electrodes and the other circuit of
which is connected to the intermediate frequency
outpbut of the other receiver, an .energy combin-
ing circuit, separate paths’ from the 1ntermed1—
ate frequency outputs of said receivers to. -said
energy combining circuit, each of said paths in-
cluding a coupling vacuum tube, and a circuit
coupled to said differential phase..detector and
responsive to an unbalance in the output of said
detector for. reversing the connections of one, of
said paths. } ) . -

4. A radio receiving system comprising. a pair
of spaced antennas, a receiver-for each of said
antennas, a differential phase defector compris-
ing.a pair of vacuum tubes, a connection between
the cathodes of said vacuum tubes, a first trans-
former havmg a pair of tuned circuits one. of
which is connected between like electrodes of
said vacuum tubes for applying cut-of-phase.po-
tentials thereto and the other tuned circuit .of
which is connected to one receiver, a second
transformer having a pair of coils one of Whlch
is-connected between the cathodes of said .vac~
uum tubes and the electrical center of the first
tuned circuit of said first transformer for .ap-
plying in-phase potentials to said.like electrodes
and the cther tuned circuit of which is connected
to the other receiver, an energy combining cir-
cuit, separate paths from said receivers to said
energy. combining circuit, each of said paths in-
cluding "a coupling vacuum tube, and a. circuit
coupled to said differential -phase  detector and
responsive to an unbalance in the output of said
detector for reversing the connectlons of one of
said paths. .

5. A system. in accordance with. clalm 6 char-
acterized in this that said circuit coupled to the
differential phase detector and.responsive to an
unbalance in the output of the. detector for re-
versing the connections of one of the paths in-~
cludes a pair of polar relays whose windings are
in series and connected to like electrodes of the
detector, said one path including: the armatures
of said polar relays and certain contacts thereof.

6. A system in accordance with.claim 4, char-
acterized in this that said circuit coupled to the
differential phase detector and responsive to an
unbalance in. the. output of the detector for re-
versing the. polarity of one.of the paths includes
a multi-grid tube whogse suppressor grid is con-
nected to the detector circuit and.whose .control
grid is coupled to said one path.

7. A radio receiving system comprising a pair
of antennas, like receivers for said antennas, a
differential phase detector comprising a pair -of
vacuum tubes, a circuit from one receiver to said
detector to feed energy in out-of-phase relation
to said vacuum. tubes, a circuit from the other
receiver . to said detector to feed energy in co-
phasal relation to said vacuum tubes, whereby
no differential veltage appears in. the output of
said detector when the sighal waves from the two
veceivers applied to said detector are 90° out-of-
phase, an energy -combining circuit, .separate
paths from said receivers to said energy combin-
ing circuit to apply high frequency energy there-



2,349,407,

to, and a polarity reversing circuit located in one

of said paths, said reversing circuit being coupled

to said phase detector’ and responsive to an un-
balance in the ouiput of sa1d detector caused by

a departure of the signal waves from said 90°
relation “for reversmor the -connections of said

one path.
8. In"& radio 1ece1v1ng system & pair of an-
tennas," like ‘receivers for said antennas, a"dif-

ferent1a1 phase detector’ comprising a pair of vac- .
uum tubes, a cireuit from onhe receiver to said de-
tector to feed energy in out-of-phase relation 6"

said vacuum tubes, a.circuit from the other re-

ceiver to said detector t0 feed energy in cophasal

relatmn to sald vacuum “tubes, whereby no dif-

ferent1a1 voltage appears in the output of’ sa1d'
detector when the signal waves from said two re<’
ceivers apphed to “said detector are 90° out-of- .

phagse,” one of “said 01rcu1ts mCIudmg a ‘pair of

thermionic discharge devices, each having anode, j
cathode, control grid and screen grid electrodes,
there being p10v1ded méans, for feeding the en- !

ergy in said one c1rcu1t to said control grids 90°
out- of-phase relative to each other; a direct con—

nection betweeh the gnodes of ‘said devices for |

combining ‘the outputs of said ‘devices 1o obtam

resultant energy .of .like.frequency as the fre--

quency of the waves in said one ecircuit, connec-
tions from the output of said differential phase
detector for applying potentials in phase oppo-
sition to said screen grids whenever there is an
unbalance in the output of said phase detector,
an energy combining circuit, a path from one
receiver to said energy combining circuit, said
path including a phase shifter, a path from the
outputs of said thermionic devices to said energy
combining circuit, and translating means coupled
to the output of said energy combining circuit.

9. In a radio receiving system, a pair of an-
tennas, like receivers for said antennas, a dif-
ferential phase detector comprising a pair of
vacuum tubes, a circuit from one receiver to said
detector to feed energy in out-of-phase relation
to said vacuum tubes, a circuit from the other
receiver to said detector to feed energy in co-
phasal relation to said vacuum tubes, whereby
no differential voltage appears in the output of
said detector when the signal waves from said
two receivers applied to said detector are 90°
out-of-phase, one of said circuits including a pair
of thermionic discharge devices; each having a
plurality of electrodes, a transmission line hav-
ing its input terminals connected to the receiver
associated with said one circuit and its output
terminals terminated by an impedance of such
a value as to cause only traveling waves to ap-
pear in said line, connections between points on
said line which are 90° apart to the control elec-
trodes of said devices, a direct connection be-
tween the output electrodes of said devices, con-
nections from the output of said differential
phase detector for applying potentials in phase
opposition to other like electrodes of said devices
whenever there is an unbalance in the output of
said phase detector, an energy combining cir-
cuit, a path from one receiver to said energy
combining circuit, said path including a phage
shifter, a path from the outputs of said ther-
mionic devices to said energy combining circuit,
and translating means coupled to the output of
said energy combining circuit.

10. Apparatus for reducing the fading of re-
ceived radio waves comprising a pair of antennas
for collecting transmitted waves, a differential
detector, means for feeding energies collected
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upon one antenns cophasally to the differential
detector, means for .feeding energies collected
upon the other” antenna antiphasally to said dif-
ferential “detector, purely électronic means for
maintaining a predetermmed ‘phase dlsplacement :
between the energies respectively fed to said dif--
ferential detector, the last said means being re-
sponsive to an unbalancmg of .the output from
said detector, and means for translating’ and uti-
lizing ‘the outputs of said antennas. .

11 Apparatus for receiving radio waves com-,
pnsmg & pair "of antennae, a receiver for each
antenna, a differential detector, means for feed-
ing energy from one. rece1ver cophasally to said
differential detector, rmeans for feeding energy
from thé other receiver antiphasally .to, said dif-..
fetential detector, means Jincluding a d1ﬁerent1al‘
modulator coupled between the output of said
detector and the output of one receivér for main-
talmng a predetermmed phase displacement be-
tween the energies fed 'to. said differential de-
tector, and means. for combzmnc and translatmg )
the outputs of sa1d receivers. '

12, A receiving . system comprlsmg a palr o;,,

. antennas, 4 receiver for each antenna, a local

heterodyne oscﬂlator havmg 2, connectmn to. one“_
recéiver and ‘a connection to the other recelvel
for caysing .the energies collected by said an-
tennas and impressed on said receivérs to be
converted to an intermediate frequency, a phase
modulator in one of said connections for shift-
ing the phase of the oscillator energy therein,
a differential phase detector, a circuit from one
receiver for feeding intermediate frequency en-
ergy cophasally to said detector, a circuit from

- the other receiver for feeding intermediate fre-

quency energy antiphasally to said detector, and
a circuit from the output of said detector to said
phase modulator, whereby an unbalance in the
outputs of said detector affects said phase modu-
lator to correct the phase of the oscillator energy
supplied to one of the receivers to thereby cor-
rect the phase relation between the energies sup-
plied to said detector to maintain a substantially
30° phase relation therebetween.

13. A receiving system comprising a pair of
antennas, a receiver for each antenna, a local
heterodyne oscillator having a connection to one
receiver and a connection to the other receiver
for causing the energies collected by said an-
tennas and impressed on said receivers to be con-~
verted to an intermediate frequency, a phase
modulator in one of said connections for shifting
the phase of the oscillator energy therein, a dif-
ferential phase detector, a circuit from one re-
ceiver for feeding intermediate frequency energy
cophasally to said detector, a ecircuit from the
other receiver for feeding intermediate frequen-
¢y energy antiphasally to said detector, and a
circuit from the output of said detector to said
phase modulator, whereby an unbalance in the
output of said detector affects said phase modu-
lator to correct the phase of the oscillator en-
ergy supplied to one of the receivers to therehy
correct the phase relation between the energies
supplied to said detector to maintain a substan-
tially 90° phase relation therebetween, and sepa-
rate means for combining and detecting the out-
puts of said receivers.

14. A receiving system in; accordance with
claim 13, including a frequency multiplier con-
nected to the output of said phase modulator in
order to increase the degree of phase modula-
tion affected by said modulator.

15. A receiving system in accordance with




claim 13 1ncludmg a frequency multlpher con-
nected to the output of said phase modulator in

order to increase the degree of phase modulatlon
affected by said modulator, and also mcludlng a
like' frequency mult1pller in the other connectlon
from the local OSCIIIatOI‘ to the other receiver,

16. The method of operating a dlversmy Te-

ce1v1ng system which 1ncludes collectmg sxgnal

energy at two spaced pomts, detectmg in one.

circuit a part. of the s1gna1 energies thus ‘col-
lected, d1vert1ng to another circuit the remammg

part of ‘the energies thus collected producmg a,
voltage whose polanty changes in response to.

relative varlatmns in the phase of the energies

detected ih’ 'said one, mrcult and ut111z1ng saldf

voltage to produce a relatlve change in. the

phase” of the 51gnal energies diverted to ‘said

other circuit.’

117. The " method of reducmg fadlng of radlo?

signals which mcludes ‘collecting the 31gnal en-

ergy at two spaced pomts,,comblnlng the col-:

lected energies, p1oducmg a smgle Voltage re-
sponsive to- relative Varlatmns in phase of the

two collected energies, and. ut111zxng said voltage.
to produce fixed - changes of predetermined ,

amount in the phase relat1on of the combined
energies. .
18 A radio recewmg system compnsmg a pa1r
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of antennas, a. dlfferentlal detector, means for_
feechng energy  coliected, upon one antenna. co-
phasally to said detector, means. for feeding en--
ergy . collected upon, . the other. antenna, anti-.
phasally to said detector, an, £nergy. ‘combining.
circuit, separate paths coupling each of said.
antennas to said energy combining circuit, and
means responsive to. an unbalance in the output-
of said differential detector for changing,the.
relative phase of the energies in said separate
paths, . .
19. Apparatus for reducmg the fadmg of re-.
cen{ed radio waves, comprising .a  pair of an-
tennas for collecting . transmitted. waves, a..dif-.
ferential detector, means for feeding. energies
collected upon, one antenna cophasally to. the
differential detector, means for feeding energies.
collected upon. the other, antenna antiphasally .
to -said  differential detector, purely electronic.
means, for maintaining the phase difference. be=.
tween the. voltages respectively fed .to.said dif- .
ferential detector not greater.than 90°, the.last.
said means being responsive to.an unbalancing .
of the output from said detector, and means for .

.translatmg_ and utilizing the outputs of said

antennas.
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