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1 :

This application relates to telegraphy,ahd the

like signalling systems and more in particular to
frequency shift telegraphy or facsimile receivers
“in space diversity. :

Telegraphy and facsimile systems making use -.

“of the frequency shift type of modulation-are

known in the arf. In these systems alternating
current has its frequency shifted from a first
value which might represent “mark” in ‘teleg-
raphy or “white” in facsimile to a second value .

10

‘which might represent “space” in telegraphy or

“plack” in facsimile. At the receivers, this
“current is subject to a demodulation process to
derive other current; for example, current hav-

ing a -strong direct current component “which ]

shifts in magnitude between two values one of
which represents “mark” or “white” and the other
of which represents “space” or “black.” These
currents then are used to operate directly or in-

directly (in many cases by way of tone keyers)

recording apparatus of some type; for example,
teletypewriters. Arrangements of this nature are
shown in Schock et al. U. S. application #632,978
filed December 5, 1945 and in Schock U. S. appli-

cation Serial #630,429 filed November -23, 1945,

‘now abandoned. In these disclosures, two re-
ceivers are included in the diversity systems.
Two receivers in diversity usually provide better
signals for recording purposes than a single re-
ceiver.
still better results and an object of the present
invention is to provide triple diversity in fre-
quency shift systems of the type outlined briefly
. hereinbefore. )

In the diversity systems referred to heréin-,,:

Three receivers in space diversity give, d

2
locking circuit arrangements with their inputs
controlled by the potentials derived by the three-
way comparison of the quality of the three signal
versions and their outputs interconnected in such
5 manner as to accomplish threeway summation
of the locking circuit outputs to derive three
resultant potentials the magnitude of one of

which is distinctive as compared to the magni-

tudes of the others thereof and indicates which
of the three versions of the signal is best. This
summation of the locking circuit outputs takes

place in what I have designated coincidence tube

pairs which in turn control the gating tubes.
.Since the common output of the gating tubes
is connected directly, or by way of auxiliary equip-
ment which may include a tone keyer, to record-
ing apparatus, it is essential that only that gating

" tube be opened which will allow the best signal

to pass. A gating tube bias clamping arrange-

‘ment is provided wherein diodes are connected

in shunt to 2 portion of the control grid to cathode
impedance of each gating tube and so poled as

‘to drain off or eliminate all potentials applied

thereto which exceed a critical value.
In describing my invention in detail reference

" will be made to the attached drawings wherein

30
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the single figure illustrates by ecircuit element
and circuit element connections a frequency shift
system including receivers in triple diversity ar-

‘ranged in accordance with my invention.

In the drawing, I have shown three receivers

“labeled set A, set B, and set C connected by leads

35

" pefore, the transmitted currents are compared as

to strength or signal quality and are subject-to
" 5 sensing operation wherein the best of the two
signals is sensed and used for recording purposes.

A further object of the present invention is to, -

2, 4, and 6 to pairs of signal quality sensing am-
plifiers and detectors labeled generally S8, 8'S
and S8''S.

The receiver sets A, B, and C may each com-

_ prise radio frequency amplifiers 8, 8’ and 8’ and

* provide an improved method of and means for

- comparing three versions of the transmitted
‘signals and sensing the best thereof to use for
recording purposes. :

 In the receiver of U. S. application Serial. -
#632,978 gating tubes are used to make available

for recording the best signal only and for block~
ing off the remaining signals. In the said ap-
“'plication, the gating stages are in a sense differ-
‘ential and are differentially controlled by a lock-,,
“ing circuit arrangement set into operation by a
potential which represents the difference in
. magnitude of the two versions of the signals. "‘An
_ object of the present invention is an improved

50

if desired a first heterodyne detector and local
oscillator. Output of intermediate frequency is
fed to intermediate frequency amplifiers 10, 10’
and 10’’. In these amplifiers a second hetero-

- dyning process' may be carried out if desired so

45

_gating tube controlling circuit including three. 58

“cycles to 50.4 kilocycles.
- here my assignee’s standard radio frequency am-
plifier and converter and intermediate frequency

that at the output I derive frequency shifted
oscillatory energy of low intermediate frequency.
The oscillatory energy may be of say about 50 kilo-

- cycles mean frequency and may be shifted sev-

eral hundred cycles, for example from 49.6 kilo-~
I may use as receivers

amplifier ete. or.any other type receiver having
the desired characteristics. The receivers include
common automatic gain control circuits. The
AGC circuits per se are not shown or described
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3
herein but may be conventional in make up and
operation.

The receivers A, B and C have two outputs one
of which goes to the signal sensing amplifiers
and detectors S8, 8’S, 8’’S and the other of which
goes by leads 2’, 4’ and &’ to intermediate fre-
quency amplifiers, limiters, frequency disecrimina-
tors and detectors and so forth in units 20, 20’,
20’’. In these units 20, 20’, and 20’’ the fre-
quency shifted signals are amplified and the fre-

quency shifts due to modulation thereon con- .

verted to corresponding variations in amplitude
or magnitude and these variations are detected

to derive at the discriminator detector outputs '

demodulation currents having a strong direct
current component which changes in polarity, the
polarity of the direct current component repre-
senting different signalling conditions. The out-
put is filtered in units 20, 20’, 20’’ to remove the
intermediate frequency and is then coupled
“through condensers D, I’ and D’ so that on
the leads 24, 24’, and 24’’ I provide an alter-
nating current signal potential which appears
across resistors 26, 26’ and 26’’ and on the in-
jector grids 28, 28’ and 28’’ of three tubes of the
pentagrid type designated gate A, gate B, and
gate C; the letters of the said designations cor-
respond to the set letter applied to the three re-
ceivers, Moreover these potentials appearing
across the resistors 26, 26’ and 26’ are of a
polarity which varies in accordance with the sig-~
nal modulations. These potentials might vary
between a potential which produces about zero
potential on the grid of the gate tube (with
respect to its cathode) represenfing one signal-
ling condition and say a potential which pro-
duces a high negative value on the grid of the
gate tube (with respect to its cathode) repre-
senting another signalling condition so that the
tubes gate A, gate B or gate C being supplied
with this potential act as amplifiers when the
signal swings from zero potential to the said
negative potential. In this respect note that the
cathodes of the gate tubes are held positive rela-
tive to ground by their connections to a positive
point on potentiometer resistance PR but the
grids are still negative with respect to the cath-
odes because they are connected by resistors 26,
28’ and 26’ to a less positive point on the poten-
tiometer PR. The biases on the grids 29, 29’
and 29’ are modified by gating tube control
potentials supplied from the coincidence tube
pairs 120, 120’ and 120’’, described hereinafter,

in such a manner as to make that gate tube oper-.

ative which is supplied with the best version of
the signal.

In order to continue the description of the
manner of using the useful signal, assume that
one of the tubes gate A, gate B or gate C is made
conductive by the control bias on its first grid
so that it amplifies the signal supplied to its
second control grid. The anodes of the tubes

- gate A, gate B and gate C are tied in parallel and
-connected by load impedance 32 to the positive
“termingl of a direct current source -the negative
terminal of which is grounded. The high signal
-potential end of this load impedance 32 is con-
nected to an amplifying coupling tube in unit
‘44 which feeds the signal modulations passed -by
‘the conductive gate tube through a low pass filter
in unit 45 and through a-double friggering cir-
cuit in unit 48 to a tone keyer in unit 471 from
which the output may be supplied to recording
means such as a teletypewriter. The limiter,
discriminator and detector in each of the units

10

- of three receivers having the best signal.
‘means: for sensing which signal is best and for

4
20, 20’ and 29’ per se are not claimed in this
application as being novel and in order not to
unnecessarily lengthen this disclosure, will not
be described in detail herein. The tone keyer
may be conventional and no description thereof
will be given here.

As brought out hereinbefore one of the purposes
of my invention is to take advantage of space
diversity effects and for these reasons I have pro-
vided means for selecting signal from that one
This

supplying a control potential for opening the

- ‘appropriate gate tube will now be described. Sig-
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‘nals at intermediate frequency from the amplifier

19 are supplied by lead 2 in parallel to the grids
of - two. amplifiers 60 and 82. The cathodes of
these amplifiers are grounded through self bias
resistors bypassed for the intermediate frequency
and the other side of the output of amplifier 90
is grounded so that intermediate frequency energy
inodulated in frequency by the signals is im-
pressed on the input electrodes of tubes 60 and 62.
The anodes of these tubes are connected to the
primary windings of output transformers 64 and
66. ‘The secondary winding of transformer 64 is
connected to diode rectifier 68 while the second-
ary winding of transformer 66 is connected to a
diode rectifier 70. The rectifier 68 circuit has as

-a-load impedance- a load resistor T4 between the
“anode and the secondary winding of transformer

64. The rectifier 7 has as a load impedance a

resistor 76 connccted between the cathode and

the end of the secondary winding of transformer
‘88. Note that the polarities of the rectifiers in
each of the signal strength sensing units SS ete.
arereversed. Signal strength sensing unit 8'S is
similarly connected by transformers 64’ and 66’
in the output circuits of amplifier tubes 60’ and
62’. The secondary windings of these trans-
formers are similarly connected to rectifier §8’
in a circuit including load resistors 14’, and to

“rectifier 10’ in a circuit including a load imped-

ance 76”. Tubes 60’" and 62’ with transformers
84"" and §6'" are similarly connected with recti-

“fiers 68’7 and 70’’ in circuits ineluding load im-

pedances 74’ and 76’’. The load impedances
are shunted by bypassing condensers 17, 17, 11",
78, 78’, and 18"’ which filter out or bypass all
potential variations of signal frequency and
higher. Potential variations which represent the

_mean or average carrier strength and lower are
not filtered out.

The problem is to compare the strengths of
three signals and sense which signal is the strong-
est. To do so each signal must be compared with
the other signal. This is accomplished in my sys-
tem by the units SS, S’S and 8”’S and the recti-

-flers associated therewith. A rectifier say 68

excited by the output of receiver set A is .con-
nected in series with .a rectifier say 79"’ excited
by the output of receiver set C. This series eir-

“cuit includes rectifier load impedance 14, lead 80,

grid resistor 86’‘, voltage .dropping resistor 817,

‘rectifier load impedance 76/, lead 89 .and -load
‘impedance 74. The output impedance 16 of rec-

tifier 10, excited by output from set A, is similar-
1y connected in series, by lead 75q, resistor 81, re-
sistor 86 and lead 156, with the output impedance

‘14’-of rectifier 68’, which is excited by output from

the receiver set B. The output impedance 16’ of

- rectifier 707, excited by output from set B, is con-

75

nected in series with the output impedance 14’’

"of rectifier 68’ excited from the output of set C

by lead 1%’a, resistor 81/, resistor 86’ and lead
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15 b. The load 1mpedance and rectifier arrange-
ments are such that the outputs of the rectifiers
having. their loads in series are opposed so that
in eéach of the series ‘rectifier output circuits po-
tentials representing the magnitudes of the sig-
nals from two receiver sets are opposed to leave
a differential resultant potential the polarity of

which depends on which of the two compared

signals is the stronger.

These potentials are across the grld to cathode
input impedances of. trlgger driver tubes 92, 92’
and 92’’. The potentials are supplied over po=
tential dropping resistors 81, 87, and 81"’ and
.appear across grid bias resistors 86, 86, and 86'’.
The grids 99, 90’, and 88’’ have bias voltages due
‘to cathode resrstors 94, 94’, and 94’’ respectively.
"These bias voltages are modlﬁed by the voltages
appearing across resistors 86, 86’, and 86’’ re-
spectively. The latter voltages are in turn the
resultant voltages produced respectively,. across
resistors 14’ and 16 by rectifiers 68’ and 10, and
resistors 74’ and 76’ by rectifiers 68’’ and 107,
:and resistors 74 and 16’’ by rectifiers 68 and 70"’.
"The cathodes of the trigger driver tubes 92, 92,
.and 92"’ are each connected by resistors 94, 94’,
.and 94’ respectively to the control grid of tubes
100, 100" and 100’ of double locking or triggering
«eireuits including second tubes 182, (02’ and 102'",
“The potential at the grid of tube 100 is always

posmve with respect to ground, but is positive or’ |

negative with respect to the cathode of tube 100
dependmg upon whether grid 99 of tube 92 is posi-
tive or negative. The grids of tubes 100’ and
100"’ are bhiased in a like manner. There is-a
triggering or locking circuit for each of the rec-
tifier pairs described above. The tubes 100 and
i02 of each locking stage have their anodes and
control grids cross coupled by impedances and

their grids biased and their anodes connected by

resistances to direct current potential sources in
a well known manner.
stages comprising tubes 100, {02, etc. are coupled
by condensers I8f and 103 to the control grids
of the second locking circuits comprising the ad-
dltlonal tubes 104, 166, 1047, 106" and 104’’, 106"’
in a second locking circuit stage The  arrange-
ment of the double locking circuit is such.that
when tube 100 is conductive tube 102 is"non con-
‘ductive and vice versa. When tube 100 becomes
conductive its anode potential drops and this drop
of potential is’ applied by condenser {0{ to the
«control grid of locking tube 104 so that this tube
becomes non conductive. The electrodes: of

tubes 104 and 106 are cross coupled in a conven-

tional manner so that when tube 104 is non-con-~
«ductive tube 188 is conductive and vice versa.
‘Moreover since when tube 108 became conductive
its anode potential dropped, the anode potential
of the other tube 102 of this locking circuit rises
and this rise in potential is applied by capacitor
103 to the control grid of the tube 106 to make the
same conductive. The application of the poten-
tials through the condensers 101 and 103 operates

The anodes of the first

6
forth driven by drivmg fubes 92’ 'g27 are sup-

- plied’ a.nd the’ lockmg circuits respond-to ‘the re-

10

18

45 °

50

‘60

‘to make the triggering action very abrupt espe-

cially on the ends of the potential variations at
‘the anodes of tubes 160 and {02 so that in the
‘double trigger arrangement quick action is ob-
tained. As a matter of fact the action is so fast
that as. pointed out in application Ser1a1 No.

‘65

‘632,978 the gating tubes may be turned on and off 70

at a rate higher than’ the keying rate so that
‘marks may be accepted from one receiver and
‘spaces from another receiver. ]

. Correspondmg locking circuit arrangements in-
‘luding tubes 100’, 102’ and 100",

sultants derived in ‘umits’ s8,°s'S, and .S”'S by
comparison of the' strength ‘of the s1gnals from
two of the receiver sets, -

The output from the second loeking clrcuit m-
cluding tubes 104 and 106°is supplied by’ resistors
{13 and 115 connected between adJacent termi-
nals of resistors 108 and 109 and adjacent termi=
nals of resistors {10 and 111 respectively and
ground. The differential potential variations at
the said junction points between : re51stors lua
and 109 and 110 and i1f are large as compared
to the variations of the driving potentials at the
grid of tube 92. The voltage say between re-
sistors 108 and 109 is always positive with respect
to ground, but may be positive or negative with
respect to the cathode of tube 104 depending upon
whether tube 104 is conducting or non conduct-~
ing. This is pointed out in detail in Schock et ak
application #632,978 filed December 5, 1945 and
in Atwood U. S. application Serial #618,761 filed
September 26, 1945, now abandoned. These po-
tentials which vary differentially are applied by

“resistors 117 and 119 etc. to the control grids of

coincidence tube pairs 120, 120’ and 120°’. The
pairs of coincidence dlscharge devices are shown
as being included in common envelopes but obvi-
ously separate tube envelopes may be used.  The
control'grid {21 of one of the electron dlscharge
systems of tube 120 is connected to the junction
point between resistors 108 and 109: The control
grid 123 of the other electron discharge-tube sys-

tem in this envelope is coupled to ‘the junction

pomt between resistors 110*’ and 111’ of the
locking or double trigger circuit controlled by
driver tube 82’’. The two electron discharge de-
vices ‘in- tube 120’ are correspondingly excxted
one by the output ‘appearing between res1stors
108" arid 108" the other by output appearing be-
tweenn the resistors 110 and {il. The control
grids- ‘of the electron discharge devices in enve-
lope 120’ are:connected one to the. Junctlon point
between resistors 108°" and 109’ the other to the
Jjunction point between resxstors IIO' and (r,

The tubes (20, 120 and 20’7 ‘each operate
to “compare the state of stability ‘of a different
pair of the dlfferentmlly operating trlggermg
circuits, " The triggering - ‘circuits are in turn
driven” by potentials derived by opposing the
outputs of two of the amplifier and detector
systems in the paired rectifier circuits. The tube
pair (20 is called a coincidence tube pair since
the state of conductivity of each tube depends
on the state of stability of the two locking circuits
connected to each tube and a particular coin-
cidence of the state of stability of.the two lock-
ing circuits is required in order that the coinci=
dence tube pair may make the gate tube controlled
by it conductive. The coincidence tube pairs
have their anodes tied together and connected
by resistors to the control grids 29, 29’ and 29°*
of the gating tubes gate A, gate B and gate C
so that the sum of the potentials at the anodes
of the tubes at 120 is applied by bias limiting
resistor 128 to the control grid 29 of the tube
gate A. The anodes of the tubes at 120" are
tied together and connected by bias limiting
resistor 128’ to the control grid 28’ of the tube
gate B. The anodes of the tube at 120"’ are
tied together and connected by bias limiting
resistor 128’’.to the control grid 29’ of the tube

.gate C. The cathodes of the double triode

‘tubes. 128, I20"and 20" are tied ‘together and

‘102"’ and so ‘T8 connected to a point onk potentiometer PR which




Is, p051tive relative to. ground Th1s puts . the
i f the‘ e

b .
tubes The potentlal or voltage “at the control
grid 29 is always posmve with respect to ground

. The same remarks apply to the blas
Voltages on, “the. grxds 29° and 29” The anodes
of the tubes at 120,
by resxstors 130,

. a posmve point oni the potent1ometer PR
lt}ng the dlrect current source Note that

of the ‘dlodes ‘must’ be overcome by a poten-
t1a1 apphed to the anodes “théreof from the’ com-
cidence tube pairs 120, 120’ and 120" hefore
the, liodes become conductive.” B

In operatlon 1ntermed1ate frequency outputs
from the three recelvers are apphed to “the
hmlters, dlscrnmnators, ‘and’ detectors in’ units
20, 20 and 207 and therefrom the detected
SIgnals are applied ‘to the controlhng electrodes

28 28’ and 28" of the, gating tubes for use of '

one thereqi as selected. The intermediate fre-
quency outputs ‘of “sets A, B and C are also
ed by. amphﬁels 60 €2, etc to the dlﬁfelen—
tial “rectifiers” including tubes 68, 10, 687,30’
and 0 forth The three voltages developed

by these rect1ﬁers appear across res1stors 86 8

10

120' and 26" are connected ‘

16

¢ 20

“"More’ spec1ﬁcally, output of mtermedlate fre-
quency from ui'uts IO 10’ and l(l” is supphed
to couphng tubes GB 63 aud S0 Torth to feed
the TFectifier tubes ,:a "0 and- 50 fo1th Pa1red
rectifier outputs are opposed in series so that
outbut from rectifier 10 is balanced against out-
puf from rectifier 68’ to supply a. control tube op-

50

56

eratmg potent1a1 wh1ch appears. acro S reswtol 86

and‘ on tlie control grid 98 of. Tocking eircuit, driv-
ing tube 92. Assume that s1gnol Ais stronger than
slgnal B which in turn is stronger than SIgnal
C. Then the lead 15¢ to -the grid 90 w111 have

60

a net potent1a1 which is p051t1ve W1th respect )

to lead 156 since the rectlﬁed s1gnal potent1al

tifiers supplymg “the pote'nt1als are of. opposed

66

polanty ThlS p051t1ve voltage appears on the

°r1d 90 of tube 92 and causes ciirrent to flow
the 1e1n and in cathode res1stor 94 and grid re-
,_,‘ or 95 of locklng tube '100. This’ increased
current lncreases the potentlal drop across re-
51stor 95 andasa’ consequence increases or makes
more positive the potential’ on the control grld
of the locking c1rcu1t tube 100. Tube 92 in other
_words operates in a cathode follower type of
u1t ThlS ﬂlps or tnps the lockmg crrcuu,

46

59 that current flows in tube 100 and in tube
lﬂ -and’is cut off in tube 102 and tube 104 This
m kes' the potent1a1 at the anode end of resrstor
{48° fall ‘and the potential at the atiode end
of 1esxstor 110 rise and these falling and rlsmg
ootentlals respectively are fed by resistors” IIT
and 419 to the- control grids 121 and 123" of co-
moldence ‘tube pairs 120 and 120' This pro-
duces a negatlve voltage from the grid IZl to
cathode of coincidence tube pair 120 and a posi-
t1ve voltage from. the grid 123" to ‘the cathode
of coincidence tube pair 120°. In a manner sim-
11ar to that just described, Voltages either plus
or minus with respect to their ‘cathodes ar 3
apphed ‘to the six grids of the coincidence’ tubes
For the -assumed. conditions, the polar1t1es are
as xndmated at the com<:1dence tube ends of
resistors ll'l I|9 Hr and 118’ and Il'l” and
9.

Thls is because driver tube 92’ has its grid
exmted by a nét positive potentlal resultmg from
opposmg rectified signal from set B (stronger
than C) against rectified signal from set C.  This

IBd respect1vely conductive and non .conductive

* to make ‘the potential at 111’ negatlve and at 1. l9’

positive. " However driver tube 82’ has a net nega-
tive potent1al applied to its grid because it is the
resultant of rectified output of rect1ﬁer 68 excxted

by .the stronger s1gna1 from set A and rectxﬁed

: output from 1ect1ﬁer 10" exc1ted by output from

the Weaker set C. This makes the potent1al at
(e posmve and at 179" negatlve beeause tube
92’ and trigger tube {00’ are non- conductwe 50
that the trlgger mrcult is trlpped to 1ts other
condition of stability with tubes (04’ and lﬂS"
respectlvely conductlve and non- conductlve

It will be seen that the comc1dence tube pair
i120. has both of its grids negative, coincidence
tube pair l20' has one grid negative and one. grld
positive and c01nc1dence tube pair 120’ has hoth
gI‘ldS poslt1ve Both tube sections of coincidence
tube pair 1290 being biased negative, it is cut off
and this causes the potential at the plates thereof
to increase to its maximum value since there is
no drop in potent1a1 across resistor 130 which .is
in- the. direct current potential supply circuit.
One tube section of coincidence tube pair 120*
has -a. negatlve potential applied to its grid (21’
the other sectlon having a positive potential
apphed to 1ts grld 123’ so its plate potential is
nearly 2 minimum because of the current in
resistor 130’ and as a consequence g large drop
of potentla therem Both sections of coincidence
tube pair 120°" have p051t1ve potentials a.pphed
to their grids so considerable plate current flows
‘and their anode voltage is reduced to a minimum
by the potent1al drop in resistor 130" due to thls
current flow. ‘The increased voltage on the plates
of the tubes of coincidence tube pair 129 is apphed
1o the first grid 29 of the gate tube A over lead
131.7 "This makes the gate tube A conductive to
let through the signal resulting at the’ dlscr1m1-
nator detector output in unit 20 the 1nput t0
which is supplied by s1gnal from the receiver set
A The other two gating’ tubes are cut off by.the
negatlve potentials developed at the anode ends
of res15tor 130’ and 1807,

In a similar manner, it may be shown that

if the signal supplied by receiver set B 'is tHe

strongest only gate tube B Wwill be’ conductlve,
and if the signal supplied by receiver set C is the
strongest, only gate tube C will be conductive. =

Thuys it is seen that in my 1mproved system I
selecf, the best’ s1gna1 pxcked up by any one of
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three receivers and translate the same for use In
recording apparatus not shown. No matier
which signal of the three is strongest, only the
strongest is passed by the gate tubes.

Since the problem is to select the strongest of
three signals it might be suggested that the three
differential voltages developed by using the six
rectifier tubes could be used. However these
three voltages cannot be used directly to control
the gate tubes because two of them may be posi-
tive at the same time, although one of the two
may be more positive than the other. By using
these three differential voltages to control three
trigeer circuits, six voltages are obtained. Each
of these voltages has two possible magnitudes
(depending upon which way the triggers are
fiipped) each of which is relatively fixed in value.
There are now six voltages which change between
fixed values instead of three voltages which vary
over wide limits in accordance with the signal
strength.: By comparing these six voltages in
pairs with coincidence tube pairs, three voltages
are again obtained. However, of these three
voltages, only one will be of appropriate magni-
tude to turn on the gate tube which corresponds
to the strongest signal.

If the potential at the anode end of resistor 128
becomes too positive. diode tube 140 will be excited
by this potential through bias limiter resistor 128
and will draw current through said resistor when
its anode potential becomes more positive than its
cathode potential as set by adjustment of the
connections to potentiometer PR. In this man-
ner, the bias limiter tube 140 and limiter resist-
ance 128 in combination limits the amount that
the voltage at the grid 29 can go in the positive
direction and sets it to the proper voltage for the
gate A tube bias for the conducting condition.
Adiustment of the direct current bias on the con-
trol grid 29, the magnitude of the signal output
from the detector in 28, ete., determine the mini-
mum control potential on the grid 29 at which
the tube gate A is cuf off. Bias limiting resistors
128’ and 128’ and bias clamp tubes 140’ and
140"’ are connected to the grids 29’ and 29’ of
gate tubes B and C for similar purposes.

‘What is claimed is:

1. The method of translating signals that may
be subiected to fading effects which includes
these steps, deriving from signals picked up at
different - points a- plurality of currents corre-
sponding to said signals to be translated, said
derived currents being of intensities which may
change relatively to each other from time to time,
producing by means of esch derived current two
potentials each having strong direct current com-
ponents the magnitudes of which depend on the
intensities of the derived currents by means of
which they are produced, opposing each produced

potential by a potential produced by means of

another of said derived currents to produce result-
ant potentials corresponding in number to the
number of derived currents and of polarities
depending on the relative magnitudes of the de-
rived currents, two of which potentials may be of
ke sign, derilving from each of the said resultant
potentials pairs of voltages the voltages of which
vary differentially each between two substantially
fixed values, and effectively summing in new pairs
each voltage of each of said pairs with a different
one of the voltages of the remaining of said pairs
to derive resultant control potentials of different
magnitudes, there being a control potential for
each of said derived currents.
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2. The method of translating received signals
that may be subjected to fading effects which in-
cludes these steps, deriving a plurality of cur-
rents corresponding to said signal to be trans-
lated, said derived currents being of magnitudes
which may change relatively to each other from
time to time, producing by means of each de-
rived current two potentials each having strong
direct current components the magnitudes of
which depend on the magnitudes of the derived
currents by means of which they are produced,
opposing each produced potential by a potential
produced by means of another of said derived
currents to produce resultant potentials corre-
sponding in number to the number of derived
currents and of polarities depending on the rela-
tive magnitudes of the derived currents, deriving
from each of the said resultant potentials pairs
of potentials of opposed polarity, the polarities
of which pairs change differentially with changes
in polarity of the said resultant potentials, ef-
fectively summing in new pairs each potential of
each of said pairs with a different one of the
potentials of the remaining of said pairs to de-
rive resultant control potentials of different mag-
nitudes, there being a control potential for each
of said derived currents, and controlling the
translation of each of said derived currents by a
different one of said control potentials.

‘3. In a diversity system, means for deriving a
plurality of voltages varying in accordance with
the same signal, said voltages being of average
magnitudes which may change relatively to each
other from time to time, means for selecting only
the best of said voltages for recording including
an electronic gating device for each of said volt-
ages, each gating device having an input excited
by one only of said voltages, a common output
impedance for all of the gating devices, means
for deriving from each of said voltages two po-
tentials having strong direct current components
the magnitudes of which depend on the strengths
of the voltages from which they are derived,
means for opposing in pairs each derived poten-
tial by a potential derived from another of said
voltages to produce resultant potentials corre-
sponding in number to the number of said volt-
ages and of polarities depending on the relative
magnitudes of the opposed potentials, apparatus
excited by said resultant potentials to produce
for each thereof in pairs other potentials of op-
posite polarities the polarities of which reverse
when the polarities of said resultant potentials
change, apparatus for summing in new pairs each
of said -other potentials with a remaining other
potential to provide a control potential for each
of the summed pairs of potentials, and means for
controlling the conductivities of said gating de-
vices each by one of said control potentials and
in such g manner as fo bias all of said gating
devices to cut off except that gating device ex-
eited by the best of said first mentioned voltages.
' 4. Tn a diversity system, means for deriving a
plurality of versions of a signal to be rescorded,
said versions being of magnitudes which may
change relatively to each other from time to
time, means for selecting only the strongest sig-
nal for recording including an electronic gating
device for each version of said signal, a common
output impedance for all of the gating devices,
means for deriving from each version of the sig-
nal two potentials having strong direct current
components the magnitudes of which depend on
the magnitudes of the signal versions from which
they are derived, means for opposing each de-
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rived potential by a potential derived from an-
other version -of said signal to produce resultant
potentials corresponding in humber to the num-
ber of signal versions:and of absolute magnitudes
and polarities depending on the relgtive magni-
tudes of the-opposed potentials, a locking -circuit
controlled by each of the resultant potentials,
said lecking circuits each -having output imped-
ances ‘wherein -are developed -differentially vary-
ing -potentials, means for producing -control .po-
tentials which are of a magnitude representing
the summation -in:pairs-of -each-of the potentials
developed by each -locking circuit and a potential
developed by -ancther locking circuit, there being
a .control potential for each version-of said signal
and for each gating device, and ‘means for ap-
plying each of said control potentials to the gat-
ing device to be controlled thereby.

5. In a diversity system, at least three signal
receiver, amplifier and detector systems, an-elec-
tronic gating -device for each -of said receivers,
each device having a control electrode coupled
to the output of the detector therefor, said gating
devices each having output electrodes, a common
utilization circuit coupled to all -of -said output
electrodes, means for comparing the strength
of signal energy from -each receiver with the
strength -of signal energy from the others of
said receivers and for deriving a resultant poten-
tial, a tripping circuit for -each receiver, said
tripping circuits having output impedances across
which differentially varying potentials are pro-
duced, ‘a driving .electronic -device for each trip-
ping circuit, means for controlling each 'of the
driving devices by .a different one of said poten-
tials derived by comparing the signal strengths,
a pair of electronic -coincidence devices for each
tripping circuit, each coincidence device having
a control electrode and an -output :electrode, a
coupling between -the output electrodes of reach
of the coincidence device pairs -and g different
one of said gating devices, means for applying
the potential appearing across one output :im-
pedance of each tripping circuit to the controil
electrode of a different one of the coincidence
devices of each pair, and means for applying the
potential appearing across the -other output im-

edance of each tripping cirecuit to the control
electrode of a different one of the remaining coin-
cidence devices of said pairs.

6. In g diversity system, at least three signsi
pick up amplifier and detector systems, an elec-
tronic gating device for each of said detectors,
each gating device having a control eclectrode
coupled to the output of -the detector therefor,
said devices each having output electrodes in 3
common utilization circuit coupled to all of said
output electrodes, a differential detector for com-
paring the strength of -signal energy from each
pick up with the strength of signal energy from
each other of said pick ups and for deriving a
resultant potential, the differential detectors-cor-
responding in number to the signal systems, a
tripping circuit for -each system, said tripping
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eircuits -having output impedances across which
differentially varying potentials -are produced, a
driving -electronic -device for each tripping cir-
cuit, means for controlling each of the -driving
devices by a different one -of said potentials de-
rived by comparing the signal strengths, a .pair
of electronic coincidence devices for each tripping
cirenit, each ceincidence device having a control
electrode -and an output electrode, a coupling be-
tween. the output-electrodes of each.of the coin-
cidence device pairs and a different one of said
gating devices, means for .applying the potential
appearing across .cne output impedance of each
tripoing circuit to the control electrode of a dif-
ferent one of the coincidence devices of each
pair, and means {or .applying the potential .ap-
pearing across -the other oufput impedance of
each tripping <circuit to the control electrode of
a different one of the remaining coincidence de~
vices of said pairs.

7. In a diversity system,-at least three receivers
each .inciuding signal pick up and amplifying
and translating means, an electronic gating de-
vice for each of said receivers, each -device hay-
ing a control electrode coupled to the translating
means, said devices each having output electrodes
connected to a.common output circuit, apparatus
for generating and opposing in pairs potentials
the magnitudes of which represent the strengths
of ‘the several versions of the signals at the pick
up devices, the two potentials of each pair each
representing the. strength of a different version
of ‘the signals, there being two potentials gener-
ated for each signal version, apparatus for deriv-
ing a resultant potential from each pair of op-
posed potentials, there being a resultant for each
version of said signal, said resultants being of
polarities depending on the relative strengths.of
the ‘sighal versions, apparatus for each resultant
actudted by the respective resultants to provide
pairs of potentials of opposed polarities which
change polarity ‘differentially as the polarity of
the resultant changes, apparatus for summing, in
‘mew pairs, one potential of each of said last-
named ‘pairs-of potentials with one of the poten-
‘tials ‘of ‘ahother ‘of said last-named pairs of po-
tentials to -derive a contrel potential for each
of the summed pairs, and means for ‘using each
of 'said 'contrcl potentials to control the opera-
tiveness of an appropriate one of said gating
devices.
. JOHN B. ATWOOD.
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