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UNITED STATES PATENT OFFICE

William R. Young,

Jr., Summit, N. J «-assignor to

Bell Telephone Laborateries, Incorporaicd, New
Yoik, N. Y., a corporation of New York

Original application May 20, 1949, Serial No.

94,448, now Patent No.
2%, 1953, Divided and

2,636,982, dated April

his application August

11, 1951, Serial No. 241,444
(CL 250—27)

4 Claims.

1

This is a division of application Serial No. 94,~
-448, filed May 20, 1949, now United States Patent

-No. 2,636,582 of April 28, 1853, for'Radiotelephone
Receiving System Employing a Plurality of Re-
ceivers.

This invention relates to electric signaling sys-
tems and more particularly to methods and
means for selecting an individual message signal
wave from a plurality of such waves,

It is frequently desirable to receive at a numbper
-of geographically Separated locations the same
-message signals, and to select from the received
signals only that train of received signals which,
-at.any instant, provides the best communication
channel, Multiple reception of the same mes-
Sage signals is Trequently employed in mobile
radio communication systems and in systems in
which the signals are transmitted through a
variable transmission medium, such that signals
received at one location may he subjected to.con-
siderably more attenuation than. are signals re-
ceived at a different location.

In such communication systems, it is.generally
believed to be desirable to select, at any instant,
only one such train of received message signals,
singe if two or more such signal trains are com-
‘bined, the phage relations of the combined cur-
‘rents may be such as to broduce a detrimental or
‘undesirable efect. Furthermore, such signal
wave  energiss are usually accompanied to g
greater or lesser degree by noise signal currents.
Where such signal currents are directly combined,
a more desirable irain of signal waves may be
impaired by the noise energies that accompany
-another and less desirable train of signa] waves
with which it is combined.

It is accordingly one object of this invention to
‘improve the means for selecting from g, plurality
of received message signals the train of message
signals which, ag any instant, is judged to be the
most desirable,

It is alsc an object of this invention to provide,
in a radio communication system, a means for re~
celving the message signal waves in which the ef-
fect of interfering noise currents is minimized,
and in whieh the reliability of reception is in-
creased.

It is a further object of this invention to pro-
vide means for continuously determining the
amount of interfering noise currents that accom-
:pany the received message signal waves, and to
choose between the Teceived message signals in
accordance with this determination.

In. accordance with the pbresent invention, the
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each train of the received ‘signal waves is'con-
tinuously determined. At each receiver location
there is deriveq a unidirectional voltage, -the
amplitude of which i indieative of the level of the
Interfering noise waves that are received with the
message signals at that location. These voltage
indications are transmitted to a centrally lo-
cated selection point. At this selection point a
Mmeans is provided for continuousiy comparing
the hoise-indicating amplitudes of these received
unidirectional voltage signals, and for connecting
to a utilization circuit the output of the mes-
sage signal receiver which broduces the most de-
Sirable unidirectional signal. Means are also pro-
vided at this centrally located selection point for
canceling the effect of any induced longitudinal
currents that may be added to these derived
signals in the transmission paths between the re-
ceiver locations and the selection point,

It is a feature of this invention that the con-
tinuous determination of the noise energies that
accompany the receiveq message signals is made
the energy level of the noise cur-
rents in the ‘Trequency spectrum immediately
above and beneath, but not within, the signal fre-
quency spectrum,

It is also s feature of this invention that this

noise .energy determination is made in such a
manner that the different types of noise inter-
ference are weighted in much the same manner as
their interference effects are noted by the human
ear, :
Itisa further feature of this invention that the
relative desirability of each received train of mes-
sage signal waves is indicated by a unidirectional
voltage signal, deriveq or otherwise generated
electrical quantity or factor, for example, the am-
plifude of which changes with variation in the
noise energy that accompanies the signal wave.

Still another feature of the invention is that
the effects of longitudinal noise currents that
may be induced in the connections over which
such merit indicating signals are transmitted, be-
tween the points of reception of the noise energies
and the centrally located selection station, are
nuilified, :

The manner in which the foregoing objects and
features of the.invention are realized may bhe best
understood from the following description when
considered in. conjunction ‘With the drawing in
which:

Fig. 1 is a block schematic diagram of a radio
receiver selection system. in accordance with the
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arranged to choose between the
of receivers of the

invention when
signal outputs of a plurality
same message signal wave;

TFig. 2 is a schematic diagram illustrating pri-
marily one of the noise detecting and evaluating
units that are incorporated in a receiver selection
system in accordance with the invention;

Tig, 3 is a schematic circuit diagram jllustrat-
ing primarily one of the longitudinal balancing
units that may be used in a selecting system in
accordance with the invention for counteracting
the effect of induced longitudinal noise currents
on the merit indicating signal;

Pig. 4 is & schematic circuit diagram illustrat-
ing primarily a signal comparison and selecting
circuit in accordance with the invention, for
comparing the noise or merit indicating signals
from the various message signal receivers, and
for connecting t0 a utilization circuit the receiver
output that is associated with the most desirable
noise indicating signal;

Fig. 5 is an explanatory graph to which refer-
ence is made in the circuit description; and

Fig. 6 shows how igs. 2, 3 and 4 may be ar-
ranged to disclose the complete circuit of one
pranch of a selecting systern which is arranged
in accordance with the invention.

General description

The invention will now be generally described
as being incorporated in & system for selecting
the most desirable one of four trains of the same
message signal waves. Tt will be understood
that, although the invention is described as be-
ing jncorporated in & system for selecting the
output of one of four message receivers, this
number does not constitute a limitation on the
invention, since systems embodying the inven-
tion may involve as few as two or be expanded
to choose irom among any reasonable number
of such message recelvers. Referring to Fig. 1,
the same inessage signal waves are received on
the geographically separated antennas {g, 10,
19’7, and 19’7, Each of these antennas ig eon-
nected to a radio receiver iz, 127, 12", and {2,
respectively, which receivers are substantiaily
alike and may be adapted for the reception of
either amplitude—modulated, phase-modulated,
or frequency-modulated signal waves, Each re-
ceiver is preferably arranged such that the vol-
ume of its audio frequency output signal is sub-
stantially independent of the level of its received
radio frequency signal waves, if the energy level
of these waves exceeds a predetermined mini~
mum value; but is determined principally by
the intensity of the modulating signal, or level
of modulation at the transmitter. Under these
circumstances, the level of the audio frequency
message signal wages Is substantially the same
in the output circuit of each receiver 12, 12', e,
or 12’'/, at any instant, if the received radio fre-
quency signals exceed this minimum level. Noise
interference energy that may be received by any
one of the antennas {8, 10’, ete. will be added
to or included in the received message signal
waves, and such interference energy will be more
prominent in the receiver output product as its
ratio to the audio frequency message signal en-
ergy in the receiver output is increased. The
audio frequency output of each receiver 12, 127,
ete. is divided, and one portion of this energy
from each receiver is transmitted over connec-
tions 14, 14', ete. to a control terminal or select-
ing point, where it may be connected by a re-
ceiver selector 16 to a utilization circuit i8. The
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second portion of this output energy is supplied
to a respective noise detector 20, 29’, etec., which
ig preferably situated at the same Jocation as ifs
radio receiver 12, {2’, etc. Noice detector 20 op-
erates on this portion of the output energy to ex-
tract from if only the noise energies that exist
in the frequency spectrum immediately above
znd below, but not within, the message signal
pand. It has been determined that, in general,
the amount of noise In the voice frequency band
of interest is closely related to the amount of
noise which occurs above and below that band.
A measure of these latter quantities is therefore
an indirect but satisfactory measure of noise in
the message signal band of interest. This ex-
tracted energy is then weighted in a manner
which will presently be deseribed before 1t is used
to derive o unidirectional signal, the amplitude
of which is indicative of the weighted amount
of noise encountered in the previously mentioned
portions of the frequency spectrum. The ampli-
tude of this unidirectional signal is related o
the anount of extracted noise energy, and in this
described embodiment, it varies in inverse rela~-
tion to the amount of this noise energy. It should
be appreciated that this inverse relation between
the amount of extracted noise and the amplitude
of the derived signal need not necessarily be fol-
lowed, and it should not be construed to be &
limitetion upon the invention. These unidirec-
tional merit indicating voltage signals from the
noise detectors 28, 207, etc. are transmitted to
the control terminal, or selection point, over con-
nections 22, 22’, ete. For general descriptive
purposes, these connections 22, 227, efc. are shown
as being separate irom connections {4, 147, ete.
However, as will be later described in connection
with Fig. 2, the paired connections 14, 22 or {4,
29’ etc. may actually consist of a conductor pail.

The control terminal, or selection point, will
generally be, but need not necessarily be, geo-
graphically separated irom the location of re-
ceivers 12 and noise detectors 20. The unidi-
rectional merit indicating signal from each noise
detector 20 is received by a respective longitudi-
nal balancing unit 28, 24, ete. at the control
terminal. In this unit, the signal is converted
from & balanced-to-ground signal to a single-
ended or unbalanced gignal, and any longitudinal
noise currents which may have been added to
it in the connecting path 29 gre effectively elimi-
nated. 'The signal output of each longitudinal
balancing unit 24, 24', ete. consists of a unidirec-
tional voltage, which has at any instant an am-
plitude that is representative of the weighted
ameunt of noise energy that accompanies the
audio frequency message signal energy in the
output circuit of a respective receiver. Singce,
a8 was previously stated, the message gignal en-~
ergy in the output of each receiver is at any in-
stant at the same level, it follows that a compari-
son of the noise energy indications, or merit in-
dicating signals, for the receivers is in effect 2
coraparison of the signal-to-noise ratio of the
respective receivers. This comparative function
jg performed in receiver selector {8 at the con-
trol terminal. For general descriptive purposes,
this unit is functionally indicated in Pig. 1 as a
mechanical switch arrangement comprising the
main eontactor 28 and switches 28, 287, 28"/, etc.
Tn addition, a threshold circuit 3@ and threshold
switch 32 are functionally shown as entities sepa-
rate from the receiver selector 16. Actually, as
will be noted in connection with the description
of Fig. 4, these latter units may form a portion
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of the receiver selector (6. Selector 16 is ar-
ranged such that it responds to the merit in-
dicating unidirectional voltage of greatest ampli~
tude as received from the various longitudinal
balancing units 24, 24, efe. to actuate its contac-
tor 2§ and close the circuit of only one switch
€8, 3%, ete. at any instant. The closure of g
switch 28, 28’ ete. connects to the output cir-
cuit 34 the audio signal output of the radio re-
ceiver that produces the unidirectional merit in-
dicating signal of greatest amplitude. Concur-
rently, with this action, the merit indicating sig-
nal from each balancing unit 24, 24’, ete. is sup-
blied to the threshold circuit 30, in which it is
determined whether any one of the signals ex-
ceeds a predetermined minimum value that hag
been chosen as being representative of “just us-
able” or minimum quality received signals. 1If
any one of the merit indicating signals exceeds
this minimum value, it is indicative that some
one of the receivers {2 ig producing in its out-
put circuit, the desired message sighals at a level
which, with respect to any accompanying nhoise
currents or signals, has been previously adjudged
to be suitable for service purposes. Under these
conditions, the normally non-operated thresh-
old switch 32 is closed, and ocutput circuit 34 is
connected to utilization circuit 48, Utilization
circult 18 may be any suitable terminating cir-
cuit such as s subscriber subset, a connecting
circuit such as a trunk circuit, or a switehboard
termination. If none of the merit indicating
signals exceeds this minimum, or “just usable”
value, the threshold switch 32 remains non-oper-
ated; notwithstanding that receiver selector |5
may have actuated its contactor 28 to selsch the
best one of the subnormal indicating signals
which is received from balancing units 28, 247,
ete., and, in so doing, has connected the signal
output circuit of the appropriate receiver to the
selector output cireuit 34.

The manner in which these deseribed func-
tions are performed may bhest be understood from
a consideration cf Figs. 2, 3, and 4 when arranged
in the fashion shown in Pig. 6. In Figs. 2 and 3,
only one noise detector 20 and one longitudinal
balancing unit 24 are shown, inasmuch as it ig
believed that an understanding of this portion
of the practice of the invention can readily be

secured by a consideration of one selecting 5

branch only. 1% should, of course, be appreciated
that a complete selecting system would orgi-
narily employ as many detectors 28 and balanc-
ing circuits 24 as there are receivers {2 from
which a selection iz to be made. In Fig. 4, the de-
tails of two, the upper ang lower, selecting chan-
nels only are shown, since it is believed that a
thorough understanding of this portion of the
invention may be secured from a consideration
of the details and action of these two channels,
It is to be understood that the cireuit details of
the intermediate selecting channels, the presence
of which is diagrammmatically indicated by the
block representations, are substantially the same
‘ds those shown for the other channels,

Detailed description

Receiver {2 is shown at the upper left of Fig. 2.
The output of this receiver is unbalanced with
respect to ground, and is connected through g
resistance pad or attenuator 28 and o transformer
31 to conductar palr 28. The attenuator 28 is
provided so that the impedance of the line, as
seen through the transformer 31, will not have
‘an appreciable effect on the audio freguency and
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noise voltages appearing on cenductor or lead
36. At this point, it may be noted that conductor
bair 83 forms the same conductive connections
that were shown separately in Pig. 1 as connec-
tions i4 and 22. One portion of the signal out-
put from receiver |2, constituting the message
channel thereof, is transmitted over conductor
pair 33 to the receiver selector unit {§ (Wig, 4),
4 gecond portion of the output from this receiver,
constituting the merit indicating signal channel
thereof, is transmitted to noise detector 29 over
conductor 38 i{o a frequency sensitive network
comprising resistors 48, 42, and 44 ang capacitor
38. This network discriminates in favor of the
higher frequency noise energy, and aids in eval-
uating the interfering effect of unwanted inter-
fering periodic radiations which may be mody-~
lated by low frequency components. One portion
of the output from this network is connected
over conductor &8 to a band-pass filter 48, the
values of the eircuit elements of which are so
chosen that is rejected all frequencies within the
band of message signal frequencies, and passss
only frequency components both above and be-
low this signal band. It is a purpose of this flter
to eliminate, in so far as 1t is practicable, the
message signal frequencies that are supplied over
conductor 4. In g tested embodiment of the
invention, this filter was designed to reject fre-
quencies in the band between 200 and 7000 cycles
per second and to pass or transmit irequencies
outside of that bhand. Noise or interference fre-
quency currents that are passed by filter 48 are
connected through transformer 58 to the input
of a variable loss cireuit, which comprises trans-
formers 58, 88, unidirectional conducting devices
82, 58, and capacitors 84, 58. Devices 2, 5§ may
be constructed of any of several suitable mate-
rials, and each has the characteristic that it
conducts current in one direction with consider-
ably greater facility than it does in the opposite
direction, and also that its resistance in its con-
ductive direction ig controlled to a marked axtent
by the magnitude of the potential existing across
the unit. Devices having these zeneral Broper-
ties are often termed “varistors,” and wili be so
designated in thig description. In g tested em-
bodiment of the invention, thase devices 5%, 5§
were dry-dise copper oxide vype of varistors. Co-
pacitors 58, 54 act to neutralize the capacities
that are inherent in this type of varistor, and to-
gether with these inherent capacities form a bal-
anhsed capacitive bridge arrangement. The values
of capacitors 58, 54 will, of course, depend upon
the inherent capacitance of the actual varistors
that may be used. Conductors 62, 84 are con-
nected to the mid-points of the windings of trans-
formers 58, 69 and serve to impress across the
varistors 52, 53, g varying potential which is
derived in a manner which will now he described.

Capacitors 81, 92, 83 and inductor 83 comprise
a band-pass filter which has minimum stéenua-
tion at g frequency corresponding to the middle
of the message signg]l band. The attenuation cf
this filter at Irequencies outside the band of mes:-
sage signal frequencies is relatively high. The
message signal frequencies are bassed through g
transformer 84 to g full wave rectifier 4% to
develop across botentiometer 84 and flier capaci-
tor 95 a unidirectional voltage which is indica-
tive of the presence of and the strength of mes-
sage signal frequencies in the output of the radio
receiver. The polarity of this rectified volinge i
opposite to the polarity of the voltage that is
developed: across potentiometer 84 by the anode-
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cathode current of the electron discharge device,
specifically a pentode, 88, which also flows
through this potentiometer. Conductors 62, 64
are connected across potentiometer 84 in such
fashion that they apply to the varistors 52, 56
a potential which is the algebraic sum of the
potentials developed across potentiometer 84 as
described. It might be stated at this point that
this last described circuit branch, comprising the
full wave rectifier 95, is provided in order to de-
sensitize the noise detector 28 during periods
when the level of the message signals at the
transmitting station is exceedingly high. The
reason for this will be developed in connection
with the description of the operation of the cir-
cuit. 'Thus, the transmission loss through the
variable loss circuit is controlled by the potential
that is applied over conductors 62, 64 to the varis-
tors 52, 56 in this circuit.

The secondary winding of transformer 60 is
terminated by potentiometer 59. The control grid
of an electron discharge device, specifically, a
pentode §i is connected to the movable arm of
potenticmeter 89, and this device comprises the
first stage of a two-stage amplifier which includes
the pentodes 61, 86. This amplifier may be in
accordance with conventional design. Its circuib
constants are so chosen that it has a substantially
uniform amplification characteristic over a range
which includes any desired frequencies above and
below the message signal frequencies. The out-
pub of this amplifier is connected through a trans-
former 68 to a full wave rectifier circuit com-
prising & double diode 12, terminating resistors
76, 71 and load resistor 15. The oubput of this
rectifier is passed through an energy storage and
filter arrangement comprising load resistor 78§, a
capacitor 14, and the resistor-capacitor combina-
tion 18, T1. The time constants of the rectifier
and storage circuits are chosen such that a finite
time is required for the energy contained in sud-
den sharp bursts of noise to develop full potential
across capaciter 4. In one tested embodiment,
2 suitable time constant for this circuit was found
to be about 100 microseconds. After a potential
has been developed across capacitor 74 by & surge
of energy, this condenser will discharge partly
through resistor 75 and partly through the re-
sistor-capacitor combination 16, 71. This latter

combination forms a filter circuif which prevents *

undesirably sudden changes of potential fron
accumulating across capacitor ¥1. The discharge
time constant of capacitor 74 is preferably rela-
tively long with respect to its changing time con-
stant, and in one tested embodiment of the inven-
tion a discharge time of about 1C milliseconds was
found to be satisfactory. The successful practice
of the invention is, of course, not limited to the
use of the ahove-mentioned time constanis. Any
other suitable time constants may be used with
equal facility. In general, it is believed that the
velationship of the charging and discharging
rates should be correlated with limiting factors
in other porticns of the communication system;
for example, such factors as the cut-off charac-
teristics of the signal channel, and the response
of, or appreciation period, of a limiting unit in
the ubilization process. In an aural communi-
cation system, wherein the highest frequency of
the message signal is restricted to some definite
value, and in which some element, such as the
ear, has a fairly definite minimum appreciation
period; it might be desirable to restrict the charg-
ing period to a value suitably less than one-half
the cyclic period of

the highest usable signal fre- !
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guency, and te arrange the discharge period at 4
value suitably less than the minimum apprecia-
tion period of the ear. Sueh an arrangement im-
parts to the detected interference components &
weighting factor that is variable with frequency,
and whieh causes the controi effect of these
detecied components to vary in a manner that
is simiiar to that in which the jmpairment effect
of noise components is observed to vary in the
utilization circuit. Al the same time, the response
of the detection device is fast enough to permit
the proper evaluation, or appreciation, of unde-
sivable quantities of interference energy in a
shorter period than is required by the limiting
receptive member for a similar appraisal. The
control eiectrode of pentode 88 is connected to the
common point of yasistor-capacitor gombination
16, 1. The cathode circuit of pentode 88 includes
an adjustable resistor 89 and the potentiomeler
$4, across which are connected conductors 52, 4.
Anode power surply for pentode §§ is secured
from the respective longitudinal balancing circuit
94 (Fig. 3) at the control terminal point or site.
This potential is transmiited to the location of
noise detector 20 over the upper conductor of con-
ductor pair 33. The lower conductor of conductor
pair 33 forms the return path for this ¢ircuit and
is connected to the snode-cathode circuit of
pentode 89 at the lower end of cathode load po-
tentiomeater 84. Capacitor 88 joins the upper and
lower sections of the secondary winding of trans-
former 31 to form a conductive path for the voice
frequency signal currents from receiver 12, and
1o block the direct current that is flowing in the
upper and lower conduectors of pair 3.

A similar blocking funetion is performed by
capacitor 181 at the longitudinal balancing unit
end of conductor pair 33, as is shown in Fig..3.
Transformer {88 is inserted in the circuit of con-
ductor pair 33, and tozether with capacitor {01,
forms a blocking circuit for the direct current de-
rived from potential source 128 through resistor
{92. The anode-cathode circuit of pentode 80
(Fig. 2) includes potential source {29, load re-
sistor 192, the upper conductor of conductor pair
33, resistors 82, §4, the lower conductor of con-
ductor pair 33, resistor {92, & portion of voltage
dividing potentiometsr {64 to the grounded ter-
minal of source 128.

Voitage dividing poientiometer {84 provides a
convenient and ready means of adjusting the po-
tential of the cathode of pentode 80. This po-
tentiometer provides & means for imparting a
small fixed adjustment to the unidirectional sig~
nal voliage as it is obtained from the noise de-
tector 28, and permits the proper coordination
of these voitages from the various noise detector
units of a selecting system. Resistors 102 and
{63 may be approximabely equal and of any suib~
able value consistent with the length of conduc-
tor pair 33 and the characteristics of pentode 80.

With respect now to the longitudinal currents
palancing circuif or unit 24, anode potential for
balancing electron discharge device or pentode
{89 is supplied from potential source 126 through
anode load resistor 188, Resistors 198, 108, po-
tentiometer 107 and anode 1oad resistor 105 form
a voltage dividing circuit. The movable arm of
potentiometer 167 is connected through a cou-
pling capacitor 115 to the control elecirode of
pentode i68. Values for these components and
the dynamic characteristic of pentode {99 are
coordinated such that, the amount of voltage
change that is applied to the control grid of
pentode 108 is just sufiicient to counteract in
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its anode circuit the voltage change that occurs
at the junction of resistors 192, 108. TFor ex-
ample, if the potential at the junction of these
latter resistors changes by one volt in & posi-
tive direction, the potential ab the anode of pen-
tode 169 will change by an equal amount in the
opposite direction. Because of the large amount
of voltage feedback bresent in the anocde control
grid coupling circuit, the fransmission. equivalent
between the junction of resistors 102, {98 and
the anode of pentode {58 is determined primari-
ly by the voltage dividing ecircuit comprising re-
sistors 188, {87 ang 188, and. is relatively inde-
pendent of changes in the other parts of the.cir-
cuit. Resistors 186, | 17, 118 form a voltage di-
viding network for the broper biasing of the con-
trol electrode of bentode 188. The ancde circuit
of pentode {89 is connected through coupling ca-
pacitor 118 to two volte ge dividing .circuits, one
of which includes equal valued resistors (11 and
112, the other of which includes equal valued re-
sistors 113, 114, The value of these resistors
may, but need not ke, the same so long as the
paired resistors are equal valued. Conductors {22
and 124 are connected at one end of each to the
junctions of resistors YL, 112 and 118, 114 re-
spectively. The other ends of these conductors
are conhected to the input circuits of the select-
ing and thresholg branches, respectively, of re-
ceiver selector 168 (Fig. 4).

The noise indicating signsl on conductor {22
is supplied to the input of the channel selection
branch of selector 18 (Fig. 4) which branch in-
cludes an electron discharge device, specifically,
8 triode 134. Resistors 126 or 128 ang capacitor
132 constitute an integrating network for adding
8 predetermined delay to the voltage changes
that are supplied fo the control electrode of the
triode 134. Whether resistor {26 or resistor {28
forms a component of this integrating network
depends upon whether relay {68 is operated. Re-
sistor 128 is smaller than resistor {26 by any
desirable amount in order to provide a faster se-
lection by triode 134 gt the beginning of & trans-
mission interval.

In its non-~-conduction state, the anode-cathode
circuit of triode 123§ includes source 186 of anode
botential, conductor 137, the winding of relay
128, the space-discharge path of tricds {34, con-
ductor 140, contaet | of relay 142, conductor {44,
cathode-biasing resistor 146 and a source {48 of
hegative potential, the positive terminal of which
is connected through a common ground connec-
tion to the negative terminal of socurce {36. A
source {79 of negative potential is connected
over conducter {47 to the winding of relay 142,
and meets cperating sround over the contact of
relay 158 when this latter relay is operated. Re-
sistors {39, 153 are connected over conductors
{44, 145 to form a voltage divider across g bias-
ing source {54 and its dlter capacitor {35, The
cathode of triode 34 ig connected to the junc-
tion of these resistors. When relay {42 ig 0p-
erated, in a manner which will be presently de-
seribed, the message signal conductor pair 33 is
counected over ¢ ntacts 2 and 3 of this relay and
conductor pair 143 to contacts § and § of relay
132 in the threshold branch of the eireuit, Op-
eration of this iatter relay connects the signal
output of the selected receiver 12 (Fig. 2) to the
utilization cireuit 8. The Gperation of relay {68
alse supplies ground over contact 7 and lead 128
to & signal lamp in the terminating switchboard
of utilization circuit 18, when brovided, to indi-
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cate that some one of the receivers {2 is produc-
ing a message signal of usable quality.

The unidirectional voltage signal from each
longitudinal balancing unit 24 is supplied over
the respective conductor 124, {24’, ete. to a uni-
directional device 158, 185’, ete., in the threshold
branch of the circuit, The cathodes of these de-
vices are connected in parallel and their circuit
inecludes load resistors 88, {88 and s portion of
botentiometer {62. The control electrode of an
electron discharge device or triode (64 ig con-
nected to the common point of resistors 188, {60.
The lower end of resistor 189 ig connected to the
movable contact of potentiometer {62, which
forms a voltage divider across the source 148 of
negative potential. The anode-cathode circuit
of triode 184 includes the source {36 of bositive
potential, the winding of g relay 188, the space|
discharge path of .triode 164 and g ground con-
nection which is commoen to the source 138, The
operation of relay 166 connects operating ground
over its contact to one terminal of the winding
of relay (68, the other terminal of which is con-

. nected to the source {79 of negative potential.
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I% will be noted from Fig. 4 of the drawing that,
In this described embodiment of the invention,
selector 18§ comprises four paralle] selecting
branches, or channels. The circuit details of
each of these channels sre substantially identical
with those of the first, or upper, channel which
have been described. Like circuit elements have
been assigned the same reference numeral in-each
channel, ang either g, single, or double, or a triple
Prime exponent has been added to the numeral to
Dbroperly identify the element in its branch, or
channel location, Most of the circuit details of
the intermediate branches, or channels, of selec-
tor 16 have heen omitted in the interest of sim-
blicity, and the bresence of these branches is in-
dicated by the block diagrammatic representa-
tions.

Description of operation

The operation of the selecting system of this
invention, the structure or eireuit arrangement
of which has just been described, can best be un-
derstood from the following description of the
operation of the arrangement shown in Figs, 2,
3 and 4. Assume first that no receiver of the
system, as exemplified by receiver {9 (Fig. 2, is
receiving a usable train of message signa] waves.
Under these circumstances, the noige energy in
the output cireuit of receiver 12 will ordinarily he
at a relatively high level. In a manner which will
be presently explained, the bias voltage on the
control electrode of pbentode 8§ in noise detector
28 will be at a relatively high negative value, and
the current flowing in ‘its anode-cathode path
and in conductor pair 33 will be low. The voltage
drop across resistor 103 (Fig. 3) will be small,
angd the potential that is supplied to conductors
122, 124 by the botentiometer circuits comprising
resistors 111, {12, 113, 114 will be low. The ac-
tual value of thig potential on conductor 122 may
Cr may not be sufficient to cause triode 134 to
conduet, and in so doing to operate its anode load
relay 138, If relay {38 is operated, it completes
the ground connection for operation of relay (42,
thereby connecting the signal output of receiver
{2, on conductor pair 33, over contacts 2, 3 of
Telay {42, to interconnecting pair 183, the circuit
of which is open at contacts 5 and § of relay 168.
The potential supplied over conductor {24 to
diode {56 in the threshold branch of selector 18
will be low, and the voltage that is developed
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across voltage divider 158, {66 will also bhe low.
The portion of this potential that is supplied to
the control grig of triode (64 will be insufficient
to overcome the negative bias that is derived by
its control electrode from potentiometer 162.
Under these circumstances, tricde 1683 will not
conduct current, its anode load relay {66 will not
be operated, threshold relay {68 will not be con-
nected to ground from the contact of relay (66
and will remain unoperated, and the circuit from
conductor pair 143 to the utilization circuit 8
will be broken or open at contacts § and € of re-
lay {68. Therefore, notwithstanding that the
upper selecting branch of selector 16§ may have
functioned to connect the signal output of re-
ceiver !2 to interconnecting pair {43, the output
of this receiver is not connected to utilization
circuit {8 because the threshold cireuit has ad-
judged the received noise signal to be representa-
tive of output signals that are less than the “just
usable,” or minimum, commercial grade. This
“just-usable” or minimum value signai is a pre-
determined quantity, and may be changed by
varying the position of the movable arm of po-
tentiometer 162.
grade of avdio message signal exists in the out-
put of receiver {2. Because the level of energy
in the outpub circuit of the receiver is controlled
by the level of modulation at the transmitter, the
noise energy in the outputb circuit of the receiver
will be reduced from its former high value by
some unspecified amount. This revised output
energy is treated in the same manner as was the
previous noise energy. A portion of it is trans-
mitted through attenuator 29 and transformer 31
to conductor pair 33, and over this conductor pair
to contacts 2 and 3 of relay {42 in receiver selec-
tor 16. Assume for purposes of this explanation
that, at this time, this relay is unoperated and
contacts 2 and 3 are open. A second portion of
the signa] output from receiver {2 is supplied over
conductor 86 to the frequency sensitive network
comprising capacitor 38 and resistor 48 and volt-
age dividing resistors 42, 44, . The transmission
loss through this network varies inversely with
frequency. The network has two output circuits,
one of which is connected fo the band-pass filter
comprising inductor 80 and capacitors 9f, 92.
The message-signal output from this filter is sup-
plied through transformer 94 to full-wave recti-
fier 85. The rectified output voltage is applied
over condusctors 62, §4 to the variable loss circuit
comprising varistors 52, §6, and tends to conftrel
the loss through this circuit by confrolling the

smpedances of the varistors. The second output o

from the frequency sensitive network 88, 40 is
applied over conductor 4§ to the input of band-
reject filter 48, the characteristics of which are
such that it passes frequencies both above and
below, but not within the band of message signal
frequencies. Because of the frequency discrimi-
nating action of network 38, £8, the higher fre-
quency noise components are transmitted to
band-reject filter 48 with greater facility than
are the low frequency components. As was pre-
viously stated this arrangement is helpful in
evaluating the interfering effect of unwanted
radiations which may be modulated by low fre-
quency components. The noise energy that is
passed by filter 48 is transmitted through the
variable loss circuit comprising transformers 54,
60 and varistors 52, 56 to the amplifier compris-
ing devices §1, 66. This amplified noise energy is
rectified in the full-wave rectifier circuit com-
prising the double diode 12, balancing resistors

Now assume that 2 usable
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18, 11 and load resistor 15, together with its filter
which inciudes capacitors 14, 11 and vesistor 18.
Because of the limiting action in receiver 12, less
noise energy will now be rectified than was pre-
viously the caze, and the potential across capaci-
tor 11 will be reduced. The negative potential
at the control grid electrode of pentode 80 will
now be less than in our previously assumed case,
where no message signal was being received. The
anode-cathode current in this pentode will now
be increased, and will provide a greater voltage
across potentiometer 84 than heretofore existed.
The poteniials that are generated across this po-
tentiometer by the passage through it of cath-
ode current from pentode 83 and the rectified
current from rectifier 83 are opposed in polarity.
The net potential is supplied over conductors 52,
84 to the previously mentioned variable loss cir-
cuit comprising varistors 52, 56 where it controls
the transmission loss through this circuit by af~
fecting the characteristics of these varistors.

The action of this feedback arrangement is to
linearize the relationship petween the current
flowing in the anode-cathode circuit of pentode
#0, with respect to iogarithmic variations in the
level of the noise input to detector 20. This ac-
tion comes aboui because the magnitude of the
anode-cathode current of pentode 86 is an in-
verse function of the ievel of the rectified noise
energy. As the noise ievel is decreased, the cath-
ode current of pentode 53 and the potential across
potentiometer &4 are increased. This increased
voltage is fed back over conductors 62, 64 to the
variable loss circuil where it decreases the trans-
mission loss by controliing the characteristics of
varistors 52, 56. This action tends to increase the
rectified noise energy, and thereby reduce the
cathode current of pentode 89, and the potential
across potentiometer 84, The net effect of this
arrangement is to produce a stabilized system
having the desired characteristic, such as is
shown by the idealized curve {12 of Mig. 5. Curve
172 shows the manner in which the anode-cath-
ode current in pentode 20 may be changed by
logarithmic variations in the level of the noise
energy that is applied to the input of detector 20
when suficient voltage is fed back to control
varistors 52, 56 possessing suitable current-volt-
age characteristics. 1f no feedback arrangement,
or its equivalent, were used the input-output
characteristic of detector 28 would be similar to
that shown by curve 114 of this figure. It will
be noted that this latter curve varies considerably
from the more desirable logarithmic character-
istic and that its operation is restrieted to a rela-
tively small range of input levels. The departure
may be great enough that signals having a suit-
able or acceptable noise ratio would be rejected.
wrom the described action of detector 20, it will
be appreciated that this unit produces in its
anode-cathode circuit, and, therefore, in the di-
rect-current cireuit which includes conductor
pair 33, a current the magnitude of which in-
creases linearly as the logarithmic relation he-
tween the signal and noise in the output of re-
ceiver 12 is increased. Therefore, for low noise
values this current will be at its maximum values.
Potentiometer 84 is made adjustable to permit
control of the amount of this fed back voltage
so that essentially the same input-output char-
acteristic may be obtained from each noise de-
tector 22 in the selecting system.

Because non-linearity generally exists in the
transmission path between the input to & radio:
transmitter and the signal output of its asso-
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ciated receiver, there results a distortion product
Or products whenever a message signal is trans-
mitted. This distortion product may not be ap-
breciable under ordinary circumstances, but it
becomes more prominent as the input signal at-
tains an extraordinary high level. This corre-
sponds to a high level of modulation, which pro-
duces a loud or high level output signal. Many
of these distortion products fall in the frequency
range above and below the signal fregquency band,
and are thus passed by the band-reject filter £8.
Since they are passed by this filter, the detector
circuit 28 would normally treat them as indica~
tions of ebjectionable noise conditions, if it were

not for the operation of that portion of the cir- !

cuit that comprizes full-wave rectifier 85. - This
portion of the circuit receives some of the audio
signal energy from the frequency sensitive net-
work 38, 40 and produces from it 5, unidirectional
voltage, the magnitude of which is indicative of
the level of the message signal, and the polarity
of which is opposite to the polarity of the voltage
generated across cathode potentiometer 84 by the
flow of cathode current in pentode 88. Being thus
poled, this rectified voltage acts on varistors 52,
56 during period of high message signals to in-
crease the transmission loss through these units,
and thus to momentarily incapacitate noise de-
tecior 28. Through this action, the noise de-
tector 28 is prevented from mistaking distortion
products, which arise from otherwise desirable
message signals, as objectionable interfering
noise currents.

It will be noted that detector 28 is isolated from
direct ground connection, and that the anode
power supply for pentode 83 is derived over the
line 33 from the associated longitudinal balancing
unit 24 (Fig. 3) which may be, and Bbrobably will
be located at a considerable distance from de-
tector 28. None of the cireuit elements associated
with the line and pentode 88 have any direct cur-
rent connection to the ground at the receiver
location, the potentisl of all points in that part of
the -circuit being determined with respect to the
ground potential at the control terminal. This
prevents g difference in ground potential between
any receiver station and the control terminal
irom altering and thus falsifying the indication
signal.

The anode-cathode current of bentode 83, the
magnitude of which is indicative of the ratio of
the signal and noise in the output circuit of re-
ceiver 12, fiows through conductor pair 33 and,
therefore, is subject to any induced interfering
voltages. Sinee this cireuit is isolated from
ground pciential, these interfering veltages will
be induced in equal amounts of the same polarity
in each of the conductors of the pair,

The action of the longitudinal balancing unit
24 is such that the efect of these induced volt-
ages is eliminated. Positive petential is supplied
from source {28, through anode load resistor 102,
over one conductor of Pair 83, to the anode of
pentode 88 in detector 23 (Fig. 2). This tubs’s
cathode current flows through potentiometer 88,
one conductor of pair 23, through resistor 183
and biasing resistor {84 to ground. Therefore,
as the anode-cathode current through pentode 89
(Fig. 2) increases, the potential with respect to
ground at the lower end of resisior 182 is de-
creased and at the upper end of eathode resistor
103 is increased. These resistors are substan-
tially equal in value and, therefore, these changes
in potential are equal and opposite.
of the potential change across anode resistor 102
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is applied through the movable contact arm of
potentiometer {87 and coupling capacitor i15 to
the control electrode of pentode 109. This volt-
age produces in the anode eircuit of pentode {08
a voltage change which is equal in amplitude and
opposite in polarity to the change across resistor
182. This equal and obposite change is coupled
thirough coupling capacitor §10 to the parallel
voltage dividing circuits comprising resistors {11,
112 and {13, {{4. Since the voltage at each end
of the dividers is changed by the same amount,
the potential of conductors 122, 24 with respect
to ground is changed by an equal amount. If,
however, interference voltages of the longitudinal
type are induced on conducting pair 83, there
will .appear at the lower and upper terminals of
resistors {82, {53, respectively, potential changes
which are equal and of the same polarity. Under
these circumstances, when a portion of the change
that appears at the lower terminal of resistor
{82 is applied through the movable contact of
potentiometer 187 and coupling capacitor {15 to
the conirol electrode of pentode (89, there ap-
bears in the anode circuit of this pentode a po-
tential change which is equal in value bhut op-
posite in polarity to the potential change at the
upper end of resistor {83. Since equal but op-
posed changes are made at the two ends of the
voltage dividers, the potential on connecting cir-
cuits 122, 124 remains unchanged, ang the inter-
fering effect of the induced longitudinal voltage
is eliminated. :

The voltage on conductor {24 controls the op-
eration of the threshold branch of selector 16
(Fig. 4) while that supplied over conductor {22
controls the operation of the receiver switching
or selesting branch of the selector unit. In the
following explanation of the operation of receiver
selector {6 it will be understood that, although
only one longituding] balancing unit 24 (Fig. 3)
iz shown as providing unidirectionai voltage sig-
nals to conductors {22, 124 of selector {8, similar
signals are supplied over conductors {227, {24,
ete. to the remaining switching, or selecting, and
threshold branches of thig circuit. These volt-
age signals are obtained from the noise detectors
207, 2077, 28’ and longitudinal balancing units
24’, 287, 24’ that are associated with the other
receivers of the communication system. If will
also be understood that the details of these cir-
cuits, although they are not shown on Figs. 2
and 3, are {0 be taken to be substantially the samse
as the details there shown for that one selection
braneh. The voltage on conductors 122, 124 is,
as was stated, a single-endeg signal, the magni-
tude of which varies inversely as the level of the
nioise energy varies in the output of the respee-
tive receiver. In our aszumed example, the sig-
nal in the cutput eireuit of receiver (2 is changed
from one which consisted almost entirely of noise
energy to one in which the megsage signal energy
is dominant, and g relatively small amount of
noise energy is included. Ths voltage signal on
conductors {22, 124 is accordingly changed from a
low voltage value to g relatively high voltage
value.. As the voliage on conducior 124 ig in-
creased, the negative bias on the control electrode
of threshold tube {54 is counteracted by the po-
tential developed across the rectifier load compris-
ing resistors 188, {83, and the potential of this
electrode is raised to a value where the resulting
anoce current flow is sufficient to operate relay
{88, This condition corresponds to the reception
of ‘2. usable or. commereiaj grade of signal by re-
celver 2. Tt will be readily seen that this same

2
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action would oceur if this commercially usable
signal had been received by any one of the other
receivers 12, 1877 or 277", Relay 166 connects
ground over its contact, through the winding of
threshold relay 188, to potential source {10 and
causes this latter relay to operate, which action
opens contacts 1, 2, 8 and 4 and closes the con-
tacts 5 and 6 of this relay. The closure of con-
tacts 5 and § connects the output of a selected
receiver, in this assumed case receiver {2, to the
utilization cireuit 18.

The manner in which receiver 12 is selected
and the remainder of the receivers are rejected
by the selection branch of selector {§ will now
he explained. It was assumed that the anode
current fowing in triode {34 was insufficient to
holg its anode load relay 138 in the operated
condition. When the voliage signal on conductor
§22 changes from a relatively low value to & rela-
tively high value, which value is in excess of any
voltege signal that exists ot incoming conductors
1927, {2277, 227, triode 134 is caused to in-
crease its anode-cathode current 1o & value that
is sufficient to operate relay {38. Relay 138 con-
nects ground ever its contact to the winding of
relay {42. The operation of relay {42 opens the
short-circuiting connection across resistor 192,
provided by normally closed contact | of relay
{42, and closes over ifs contacts 2 and 3 the con~
naction from conductor pair ¥ to inferconnect-
ing pair {43. Since pair 183 is closed through
contacts 5 and 8§ of relay {88 to the utilization
circuit 8, the output of receiver 12 is connected
to this latter ecircuit.

+ will be noted that resistor 146 is included in
the cathode circuit of each triode i34, 134, ete.
The voltage that is developed across this resistor
by the combined current flow in all triodes i34,
i24', eic. exerts a degenerative feedback effect
which tends to bias the cathode of each tube posi-
tive with respect to the potential of its control
electrode. Therefore, if the same potential exists
on each control grid electrode, the cathode of each
triode will be at the same potential, however, if
the potential of the control electrode of one tri-
ode sxeeeds that of the control electrode of any
other triode, the current flow through the triode
nhaving the highest$ potential on its control elec~-
trode will establish the potertial at all of the
cathode electrodes. Therefore, as the current
flow in tricde {38 increases because of the in-
creased potential on ifs control electrode, its cath-
ode currvent flowing through the common load
vesistor 148 increases the potential of its own
cathode elecirede and that of all other connected
cathode electrodes. 1f the potential increase is
sufficiently large the entire anode-cathode cur-
rent flow will be transferred to triode 134, and
the remainder of the friodes £34°, 134", ete. will
cease conduciion. This eondition will continue
until some one of the longitudinal balancing units
a4’ 264’7, ebc. supplies to its associated selection
pranch of selector 6 a potential which is sub-
stantially equal 0 that existing on the control
grid electrode of triode {38 in the upper branch.
1f such e condition prevailed receiver selector 16
might connect the outpul of two receivers, for ex-
ample, receivers {2 and {37 to the utilization cir-
cuit 18, or it might be subj ected to undesirable in-
decision by switching from the output of one to
that of another of the receivers as the noise energy
in the ouput circuits of these receivers fluctuates
one above the other by a slight amount. To pre-
vent these conditions, a preferential biasing ar-
rangement is provided such that when a usable
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signal has been chosen by selector 16, ib will
continue to be chosen until it is supplanted by a
more desirable signal which exceeds the chosen
signal by a predetermined amount. This prefer-
ential biasing feature is brought into action when
relay 142 opens the cireuit which was formerly
closed over its contact {. This achion removes the
short-circuit connection which formerly existed
across resistor 152, and produces across the com-~
§52 o vollage drop which is
equal to the potential of source 156, The effect
of this action is to lower the potential of the
cathode electrode of triode 134 with respect to
the potential of the remaining cathode electrodes
by o predetermined amount which is controlled
by the relative values of resistors {58, 152 and the
potential of source {54. Under these circum-
stances then, before any other branch of selector
¢ can connect the output of its associated re-
ceiver o utilization circuit 8, and in so doing bias
triode 134 of the upper branch to its non-con-
duction state, the potential on the control grid
elecirode of its associated discharge device must
sxceed the potential on the eontrol grid electrode
of tricde 134 by at least the amount of the volt-
age drop across resistor §52.

Each electron discharge device or vacuum tube
134, {34, ete., of the selector tube array is pref-
erably chosen for a high transconductance where-
in a relatively smali change in grid-cathode po-
tential difference will produce a relatively large
change in anode-cathode cireuit current. As al-
ready referred to hereinabove, the circuits asso-
ciated with the electrodes of these tubes include
feedback by virtue of the common cathode re-
sistor §46, to establish an anode-cathode current
in that one cof the tube array whose control grid
has received the highest-valued input signal, that
ig, input signal regpective the best merit-indi-
cating signal. This anode-cathode current re-
mains substantially constant even thoush the po-
tential applied to the control grid of such one tube
varies or changes over a range corresponding to
5 wide variation of input; assuming, of course,

5 that the range of variation of the potential ap-

plied to the control grids of the other tubes during
such period is at all times less than the then ap-
plied potential on the control grid of the one tube,
taking into consideration, also, the preferential
bias provided by the resistor 152, 15%’, etc. How-
ever, when the control grid potential on one of the
other tubes is such that current is caused to flow
in the anode-cathode cireuit of such second tube,
then a small variation in the potential of either
such one tube or such second tube produces large
changes of current in their respective anode-
cathode circuits. Ina tested embodiment of such
o tube array, the devices 134, 134’, etc. were
R. C. A. type 6SLITGT; the resistor 145 was one of
100,000 ohms; resistors ise, {590’, etc., and re-
sistors 152, 152, ete, were of 1000 chms each;
the relays 138, {38, ete., were chosen and ad-
justed for operation on approximately .7 milli-
ampere and for release on approximately 4 milli-
ampere; cathode-anode cireuit current through
the cathode resistor 145 varied between approxi-
mately 1.5 and 1.9 milliampere.

For descriptive purposes, 1et it now be assumed
that there is received on conductors 122"’ and
{24'"7, g signal having an amplitude that is great-
er than that of the signal on conductors 122, 124
by more than the voltage drop across resistor 152.
The main anode-cathode conduction path will be
transferred from the upper selection branch,
which .includes triode 134, to the lower selection
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branch, which includes triode (34’"’, because of
the degenerative biag that the increased anode-
cathode currvent in triode 134’ imposes upon
the control electrode of triode 134. Under these
circumstances, triode {34 will cease conducting,
relays 128 and {42 will release, and, in so doing,
open the connection between conductor pairs 33
and {43, and restore the short-circuiting connec-
tion across resistor 152, Simultaneously with this
action, relays 138’’’ and (42" will be operated
to connect conductor pair 33 to conductor pair
{43, and to open the short-cireuiting connection
around resistor 152’’’ over contact § of relay
§42°"", to add the preferential bias voltage across
resistor {52’’’ in favor of the lower selecting
branch. The lower selecting branch will con-
tinue to connect the output of its associated re-
ceiver {2’’’ to the uiilization circuit {8 as long
as the merit indicating signal brovided by its
longitudinal halancing unit 24’’’ continues to ex-
ceed that supplied by any of the other associated
balancing units. Since the botential that existed
at the control electrode of triode 164 in the
threshold branch of selector {8 was adequate to
brovide sufficient ancde-cathode current in this
triode to hold operated the anode load relay (66,
the increased signal on conduetor 124’’’ causes no
added effect.

If the voltage that is derived by the threshold
circuit from conductors 124,
time decreased to a value where the potential
on the control electrode of tube 184 is insufiicient
to hold relay 168 operated, the connection be-
tween conductor pair {43 and utilization ecircuit
18 will be broken; notwithstanding that some one
of the selecting branches of receiver selector {6
may be operating to connect the output of its
associated receiver to conductor bair {43, and to
exclude the output of all other receivers in the
system. If this condition exists for an undesired
interval, and it is desired to accept any one of
whatever understandable or decipherable receiver
cutputs are actually present, appropriate adjugt-
ment at the control terminal of the potentiom-
eter (62 will effect s shift downwardly of the
operating level of the device 184, and render what
would not be “aceeptable” with the initial setting
of the potentiometer, connectable through o the
utilization circuit. Of course, if instant radio

transmission conditions or the presence of ex- &

traneous industrial interference should preclude
any character of usable or understandable signal
being produced in the receiver output circuits,
use of the system hecessarily would await upon
the clearing of such conditions,

The invention has been described as being in-
corporated in a receiver selecting system that is
arranged to choose between the output signals
of four receivers of the same message signal
wave. It should be evident that this is only one
embodiment of the invention, and that variations
of this arrangement which do not depart from
the spirit and scope of the invention will oceur
to those skilled in the art. Although the inven-
tion has been described as being incorporated in
a radio communication system, it should he ap-
breciated that it may be applied with equal
facility in a variety of different types of selecting
and switching arrangements in which the relative
desirability of the various units or circuits is in~
dicated by an appropriate derived or representa-
tive eleetrical factor, for example, a unidirectional
voltage signal.

What is claimed is:

1L In combination, g plurality of control signal

126, ete. is at any 3
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paths, which contro] signals may be respectively
of different control merit in a given interval and
respectively variable in control merit during suc-
cessive intervals, utilization means to he con-
trolled during any interval by that one of the
control signals incoming over said paths that is
then of the better control merit, a like plurality
of electron discharge devices each including a
cathode, anode and control electrode, cathode-
anode and cathode-control electrode circuits for
each of said devices, g source of cathode-anode
cireuit current for said devices, a load resistor
cocmmon to the cathode-anode circuits of said
devices for biasing substantially to cut off all of
said devices except that one whose control ejiec-
trode has impressed thereon the control signal of
better control merit, means coupling a control
signal path to the cathode-control electroge cir-
cuit of a respective one of said devices, and means
in each of said cathode-anode circuits to effect
during any interval 5 desired control with respect
to said utilization means, upon cathode-anode
circuit current-conduction of preassigned degree
in one of said devices responsive to that one of the
control signals of the better control merit.

2. The invention of the preceding claim in
which the ecathode-anode circuit of each of said
devices includes means for applying a preferential
hias to the device when the device is the non-cui-
off one of said devices, whereby said non-cut-off
device may in turn be cut off only by the im-
pressing on the control electrode of another of
said devices, of 3 control signal of better conirol
merit by a predetermined margin over that ap-
plied to such non-cut-off device,

3. In combination, a plurality of electron dis-
charge devices each comprising a cathode, an
anode and a control electrode, eathode-anode
and cathode-control electrode circuits for each of
said devices, a cathode-anode circuit current
source for said devices having a positive potential
terminal connected to the anodes of said devices,
a load resistor common to the cathode-anode
circuits of said devices and having one terminal
thereof connected in common to the eathodes of
said devices and having another terminal vheraof
connected to the negative potential terminal of 5
second current source, a signal input circuit re-
spective to each cathode-control electrode eircuis,
said input circuit including voltage integrating
means for imparting a time delay %o the signal
variations applied to said respective cathode-
control electrode cireuit, and an output circnit
respective to each of said cathode-anode circuits.

4. The invention of claim 3 in which said volt-
age integrating means may be varied from one
to another value thereby imparting a greater or
lesser time delay to the signal variations applied
to said cathode-control electrode circuit, znd
means for controlling said integrating means in
accordance with the applied signal.
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