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UNITED STATES PATENT OFFICE 
2,689,194 

RADIOTELEPHONE RECEWING SYSTEM 
William R. Young, Jr., Summit, N.J., assignor to 

Bell Telephone Laboratories, Incorporated, New 
York, N. Y., a corporation of New York 

Original application May 20, 1949, Serial No. 
94,448, now Patent No. 2,636,982, dated Aprili 
27, 1953. Divided and this application August 
11, 1951, Serial No. 241,444 

(C. 250-2) 4. Claims. 
1. 

This is a division of application Serial No. 94,- 
448, filed May 20, 1949, now United States Patent 
No. 2,636,982 of April 28, 1953, for Radiotelephone 
Receiving System Employing a Piurality of Re 
ceiverS. 
This invention relates to electric signaling Sys 

tems and minore 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 number 
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 frequently 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 be 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 tirain of received message signals, 
since if two or more such signal trains are com 
bined, the phase relations of the combined cur 
rents may be such as to produce a detrimental or 
undesirable effect. Furthermore, such signal 
Wave energies are usually accompanied to a 
greater or lesser. degree by noise signal currents. 
Where such siginal currents are directly combined, 
a more desirable train of signal waves may be 
impaired by the noise energies that accompany 
another and less desirable train of signal waves 
With which it is combined. 

It is accordingly One object of this invention to 
improve the means for selecting from a plurality 
of received ninessage signals the train of message 
Signals which, at any instant, is judged to be the 
MOSt desirable. 

It is also an object of this invention to provide, 
in a radio conmunication System, a means for re 
ceiving the message signal waves in which the ef 
fect of interfering noise currents is minimized, 
and in which the reliability of reception is in 
„C'eaSed. 

It is a further object of this invention to pro 
Vide means for i continuously determining the 
amount of interfering noise currents that accom 
pany the received message signal waves, and to 
choose between the received message signals in 
accordance With this determination. 
In accordance With the present invention, the 

Same transmitted message signal wave may be 

() 

15 

2 

30 

40 

50 

55 

2 
received at a number of geographically separated 
points, and the noise energy that accompanies 
each train of the received signal waves is con 
tinuously determined. At each receiver location 
there is derived a unidirectional voltage, the 
amplitude of which is indicative of the level of the 
interfering noise waves that are received with the 
rineSSage Signals at that location. These voltage 
indications are transmitted to a centraliy llo 
cated selection point. At this selection point a 
ineans is provided for continuously comparing 
the noise-indicating amplitudes of these received 
unidirectional voltage Siginals, and for connecting 
to a, utilization circuit the output of the mes 
Sage Signal receiver which produces the most de 
Siirable unidirectional signal. Means are also pro 
Wided 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 received message signals is made 
by determining the energy level of the noise cur 
rents in the frequency Spectrum immediately 
above and beneath, but not within, the signal fre quency spectrum. 

It is also a 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 nanner aS 
their interference effects are noted by the human ea. 

It is a 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, derived or otherwise generated 
electrical quantity or factor, for example, the am 
plitude 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 nUillified. 
The manner in which the foregoing objects and 

features of the invention are realized may be 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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invention when arranged to choose between the 
signal outputs of a plurality of receivers of the 
Same message signal Wave; 

Fig. 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; 

Fig. 3 is a schematic circuit diagram illustrat 
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; 

Fig. 4 is a 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 to 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 Figs. 2, 3 and 4 may be air 
ranged to disclose the complete circuit of One 
branch of a selecting system which is arranged 
in accordance with the invention. 

General descriptio? 
The invention will now be generally described 

as being incorporated in a system for selecting 
the most desirable one of four trains of the same 
message signal waves. It will be understood 
that, although the invention is described as be 
ing incorporated in a 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 from among any reasonable number 
of such message receivers. Referring to Fig. 1, 
the same message signal Waves are received on 
the geographically separated antennas 0, it', 
6’’, and : 9’’’. Each of these antennas is con 

nected to a radio receiver 2, 2', 2', and 2', 
respectively, which receivers are substantially 
alike and may be adapted for the reception of 
either amplitude-modulated, phase-modulated, 
or frequency-ninodulated 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 2, 2', 2', 
or 2', 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 G, 9', etc. 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 2, 2', 
etc. is divided, and one portion of this energy 
from each receiver is transmitted over connec 
tions A, 4', etc. to a control terminal or select 
ing point, where it may be connected by a re 
ceiver Selector 6 to a utilization circuit 8. The 

0 

20 

25 

30 

40 

60 

65 

75 

4. 
second portion of this output energy is supplied 
to a respective noise detector 20, 29', etc., which 
is preferably situated at the Same location as its 
radio receiver 2, i 2", etc. Noice detector 20 Op 
erates on this portion of the output energy to ex 
tract from it only the noise energies that exist, 
in the frequency spectrum immediately above 
and below, but not within, the message signal 
band. 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 bald Of interest. This eK 
tracted energy is then weighted in a manner 
which will presently be described before it is used 
to derive a unidirectional signal, the amplitude 
of which is indicative of the weighted amount 
of inoise encountered in the previously entioned 
portions of the frequency spectrum. The ampli 
tude of this unidirectional signal is related to 
the amount of extracted noise energy, and in this 
described embodiment, it varies in inverse rela 
tion to the amount of this inoise 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 foll 
lowed, and it should not be construed to be a 
limitation upon the invention. These unidirec 
tional merit indicating voltage signals from the 
noise detectors 2, 20', etc. are transmitted to 
the conti'ol terminal, or selection point, Over con 
nections 22, 22', etc. For general descriptive 
purposes, these connections 22, 22', etc. are shown 
as being separate from connections 4, 4', etc. 
However, as will be later described in connection 
with Fig. 2, the paired connections í 4, 22 or í 4', 
22', etc. may actually consist of a conductor pair. 
The control terminal, or selection point, will 

generally be, but need not necessarily be, geo 
graphically separated from the location of re 
ceivers 2 and noise detectors 20. The unidi 
rectional merit indicating signal from each noise 
detector 2 is received by a respective longitudi 
nal balancing unit 24, 2á', etc. at the control 
terminal. In this unit, the signal is converted 
from a balanced-to-ground signal to a single 
ended or unbalanced signal, and any longitudinal 
noise currents which may have been added to 
it in the connecting path 22 are effectively elimi 
nated. The signal output of each longitudinal 
balancing unit 24, 24', etc. consists of a unidirec 
tional voltage, which has at any instant an am 
plitude that is representative of the weighted 
annount of noise energy that accompanies the 
audio frequency innessage signal energy in the 
output circuit of a respective receiver. Since, 
as was previously stated, the message signal en 
ergy in the output of each receiver is at any in 
stant at the Saime level, it follows that a compari 
son of the noise energy indications, or merit in 
dicating signals, for the receivers is in effect a 
comparison of the signal-to-noise ratio of the 
respective receivers. This comparative function 
is performed in receiver selector f6 at the con 
trol terminal. For general descriptive purposes, 
this unit is functionally indicated in Fig. 1 as a 
mechanical Switch arrangement comprising the 
main contactor 26 and switches 28, 28, 28', etc. 
In addition, a threshold circuit 39 and threshold 
Switch 32 are functionally shown as entities sepa 
rate from the receiver selector 6. 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 6 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, 26', etc. to actuate its contac 
tor 26 and close the circuit of only one switch 
28, 28', etc. at any instant. The closure of a 
SWitch 23, 28’, etc. connects to the output cir 
cuit 3 the audio signal output of the radio re 
ceiver that produces the unidirectional merit in 
dicating Siginal of greatest amplitude. Concur 
rentily, With this action, the merit indicating Sig 
nal from each balancing unit 24, 24', etc. is Sup 
plied to the threshold circuit 30, in which it is 
determined whether any one of the signals ex 
ceeds a predetermined minimum value that has 
been chosen as being representative of “just us 
able' or minimum quality received signals. If 
any One of the merit indicating signals exceeds 
this minimum value, it is indicative that some 
one of the receivers 2 is producing in its out 
put circuit, the desired message signals at a level 
which, with respect to any accompanying noise 
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 output circuit 34 is 
Connected to utilization circuit 8. Utilization 
circuit, 8 nay be any suitable terminating cir 
cuit Such as a subscriber subset, a connecting 
circuit Such as a trunk circuit, or a switchboard 
terminatioil, 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 6 
may have actuated its contactor 25 to select, the 
best one of the Subnormal indicating signals 
which is received from balancing units 24, 24', 
etc., and, in So doing, has connected the signal 
output, circuit of the appropriate receiver to the 
Selector output circuit 36. 
The manner in which these described func 

tions are performed may best be understood from 
a consideration of FigS. 2, 3, and 4 when arranged 
in the fashion shown in Fig. 6. In Figs. 2 and 3. 
only one noise detector 20 and one longitudiinal 
balancing unit 2A are shown, inasmuch as it is 
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. IŠ Should, of course, be appreciated 
that a complete selecting system would ordi 
marily employ as many detectors 20 and balanc 
ing circuits 24 as there are receivers 2 from 
which a selection is to be made. In Fig. 4, the de 
tails of two, the upper and 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 circuit details of 
the intermediate selecting channels, the presence 
of which is diagrammatically indicated by the 
block representations, are substantially the same 
as 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 a 
resistance pad or attenuator 29 and a transformer 
3f to conductor pair 33. The attenuator 29 is 
provided So that the impedance of the line, as 
Seen through the transformer 3, will not have 
an appreciable effect on the audio frequency and 
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6 
noise voltages appearing on conductor or lead 
36. At this point, it may be noted that conductor 
pair 33 forms the same conductive connections 
that were shown separately in Fig. 1 as connec 
tions fi 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 S (Fig. 4). 
A Second portion of the output fron this receiver, 
constituting the merit indicating signal channel 
thereof, is transmitted to noise detector 2 over 
conductor 38 to a frequency sensitive network 
comprising resistors 40, 42, and 44 and capacitor 
38. This network discriminates in favor of the 
higher frequency noise energy, and aids in eval 
uating the interfering effect of uinvanted inter 
iering periodic radiations which may be modu 
lated by low frequency components. One portion 
of the output from this network is connected 
Over conductor 6 to a band-pass filter 48, the 
Values of the circuit elements of which are so 
chosen that is rejected all frequencies within the 
band of message signal frequencies, and passes 
Only frequency components both above and be 
low this signal band. It is a purpose of this filter 
to eliminate, in so far as it is practicable, the 
message Signal frequencies that are supplied over 
conductor A6. In a 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 frequencies 
outside of that band. Noise or interference fre 
quency currents that are passed by filter 38 are 
connected through transformer S to the input 
of a variable loss circuit, which comprises trans 
formers 53, 39, unidirectional conducting devices 
52, 55, and capacitors 34, 53. Devices 52, 53 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 is controlled to a marked extent 
by the magnitude of the potential existing across 
the unit. Devices having these general proper 
ties are often termed “varistors,' and will be so 
designated in this description. In a tested em 
bodiment of the invention, these devices 52, 53 
Were dry-disc copper oxide type of varistors. Ca 
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 
anced 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, 34 are con 
nected to the mid-points of the windings of trans 
formers 5, 60 and serve to impress across the 
VaristorS 52, 56, a varying potential winich is 
derived in a manner which will now be described. 
Capacitors 91, 92, 83 and inductor 93 comprise 

a band-paSS filter which has ninimum attenua 
tion at a frequency corresponding to the middle 
of the message signal band. The attenuation of 
this filter at frequencies outside the ioand of mes 
Sage Signal frequencies is relatively high. The 
message Signal frequencies are passed through a 
transformer 94 to a full wave rectifier 35 to 
develop across potentiometer Si3 and filter capaci 
tor 96 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 voltage 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 2) 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, specificaily, a 
pentode 6 is connected to the movable arm of 
potentiometer 59, and this device comprises the 
first stage of a two-stage amplifier which includes 
the pentodes 6, 66. This amplifier may be in 
accordance With conventional design. Its circuit 
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 
put of this amplifier is connected through a trans 
former 68 to a ful Wave lectifier circuit con 
prising a double diode 2, terminating resisto's 
20, if and load resistor 5. The output of this 
rectifier is passed through an eaergy storage and 
filter arrangement comprising load resistor 5, a 
capacitor 74, and the resistor-capacitor combina 
tion 5, 77. ihe 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 capacitor it. In one tested embodiment, 
a Suitable time constant for this circuit was found 
to be about loo imicroSeconds. After a potential 
has been developed across capacitor 4 by a surge 
of energy, this condenser will discharge partly 
through resistor 5 and party through the re 
Sistor-capacitor combination 76, . This latter 
combination forms a filter circuit which prevents 
undesirably Sudden changes of potential froin 
accumulating acroSS capacitor . The discharge 
time constaint of capacitor it 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 10 iniliseconds was 
found to be Satisfactory. The Successful practice 
of the invention is, of course, not limited to the 
use of the above-nentioned time constants. Any 
other Suitable time constants may be used with 
equal facility. In generai, it is believed that the 
relationship of the charging and discharging 
rates should be correlated with limiting factors 
in otheir portions 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 uinit in 
the utilization proceSS. In an aural communi 
cation systern, 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 mininuin 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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8 
quency, and to arrange the discharge period at a 
value Suitably leSS than the minimum apprecia 
tion period of the ear. Such an arrangement im 
parts to the detected interference CO;mponents a 
weighting factor that is variable with frequency, 
and which causes the Control effect of these 
detected components to way in a manner that 
is similiar to that, in which the impairment effect 
of noise componeints is observed to valry in the 
Utilization circuit. Attine Saine tinie, the l'esponse 
of the detection device is fast enough to perimit 
the proper evaltation, or appreciation, of unde 
sirable quantities of interference energy in a 
shorter period than is required by the limiting 
receptive member for a similar appraisal. The 
control eiectrode of peniode 88 is collected to the 
common point of resistor-capacitor colnbination 
6, 27. The cathode circuit of pentode 8 includes 
an adjustabie resistor 8 and the pote?tatiometer 
34, across which are connected conductors 82, 64. 
Anode power supply for pentode 8 is Secured 
from the respective loiagitudinai balancing circuit 
24 (Fig. 3) at the control terminal point or site. 
This potential is transmitted to the location of 
noise detector 25 over the upper conductor oí con 
ductor pair 33. The lower conductor of conductor 
pair 33 forms the return path for this circuit and 
is connected to the anode-cathode circuit of 
pentode 88 at the lower end of cathode loadipo 
tentionneter 84. Capacitor 38 joins the upper and 
lower sections of the secondary Winding of trans 
former 3 to for:r a conductive path for the voice 
frequency signal currents from receiver f2, and 
to block the direct current that is flowing in the 
upper and lower conductors of pair 33. 
A similar blocking function is performed by 

capacitor at the longitudinal balancing unit 
end of conductor paii. 33, as is shown in Fig. 3. 
Transformer is inserted in the circuit of Con 
ductor pair 33, and together with capacitor 0, 
forms a blocking circuit for the direct current de 
rived from potential source 28 through resistor 
f 32. The anode-cathode circuit of pentode 80 
(Fig. 2) includes potential Source i2i, load re 
sistor B2, the upper conductor of conductor pair 
33, resistors 82, S3, the lower conductor of con 
ductor pair 33, resistor i 93, a portion of voltage 
dividing potentioneter i is to the grounded ter 
minal of source 28. Woltage dividing potentionetter 4 provides a 
convenient, and ready means of adjusting the por 
tential of the cathode of pentode 80. This po 
tentiometer provides a means for imparting a 
small fixed adjustment to the unidirectional Sig 
nal voltage as it is obtained from the noise de 
tector 25, and permits the proper COOrdination 
of these voltages from the various noise detector 
units of a selecting system. Resistors 02 and 
i83 may be approximately equal and of any suit 
able value consistent with the length of conduc 
tour pair 33 and the characteristics of pentode 80. 
With respect now to the longitudinal currents 

balancing circuit or unit 23, anode potential for 
balancing electron discharge device or pentode 
A 9 is supplied from potential Source 23 through 
anode load resistor 85. Resistors 96, 08, pon 
tentionineter i and anode load resistor 85 form 
a voltage dividing circuit. The movable arm of 
potentiometer 6 is connected through a cou 
pling capacitor 5 to the control electrode of 
peniode 69. Walues for these components and 
the dynamic characteristic of pentode 99 are 
coordinated Such that, tile amount of voltage 
change that is applied to the control grid of 
pentode 09 is just sufficient to counteract in 
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its anode, circuit the voltage change that occurs 
at the junction of resistors 2, 28. For ex 
ample, if the potential at the junction of these 
latter resistors changes by one volt in a posi 
tive direction, the potential at the anode of pen 
tode G9 will change by an equal amount in the 
opposite direction. EBecause of the large amount 
of voltage feedback present in the anode control 
grid coupling circuit, the transnission equivalent 
between the junction of resistoi's f(2, 8 and 
the anode of pentode 99 is determined primari 
ly by the voltage dividing circuit comprising re 
sistors S, 97 and 3, and is relatively inde 
pendent of changes in the otheir parts of the cir 
cuit. Resistors 6, , 3 form a voltage di 
viding network for the properbiasing of the con 
trol electrode of pentode 9. The anode circuit 
of pentode 39 is connected through coupling ca 
pacitor to two voltage dividing circuits, one 
of which includes equal valued resistors and 
f2, the other of which includes equal valued re 

sistors 3, 3. The value of these resistors 
may, but need not be, the same so long as the 
paired resistors are equal valued. Conductors 22 
and 24 are connected at one end of each to the 
junctions of resistors : i , 2 and f 3, is re 
spectively. The other ends of these conductors 
are connected to the input circuits of the Select 
ing and threshold brainches, respectively, of re 
ceiver selector S (Fig. 4). 
The noise indicating signal on conductor 22 

is supplied to the input of the channel selection 
branch of selector 6 (Fig. 4) which branch in 
cludes an electron discharge device, Specifically, 
a triode 3A. Resistors 26 or 28 and capacitor 
f 32 constitute an integrating network for adding 
a predetermined delay to the Voltage changes 
that are supplied to the control electrode of the 
triode 343. Whether resistor 26 or resistor 28 
forms a component of this integrating network 
depends upon whether relay 68 is operated. Re 
sistor 28 is Smaller than resistor 26 by any 
desirable amount in order to provide a faster Se 
lection by triode 34 at the beginning of a trans 
mission interval. 
In its non-conduction state, the anode-Cathode 

circuit of triode 35 includes source 36 of anode 
potential, conductor 37, the Winding of relay 
38, the Space-discharge path of triode 34, con 

ductor 40, contact I of Irelay 42, conductor 4, 
cathode-biasing resistor 45 and a source 43 of 
negative potential, the positive terminal of which 
is connected through a coinn. On ground Connec 
tion to the negative terminal of source 36. A 
Source it of negative potential is connected 
over conductor to the winding of relay 42, 
and meets operating ground over the contact of 
relay 38 when this latter relay is operated. Re 
sistors 5, 53 are connected over coinductors 
44, 45 to form a voltage divider across a bias 

ing source 4 and its filter capacitor i 5. The 
cathode of triode 35 is connected to the junc 
tion of these resistois. When relay 42 is op 
erated, in a manner which will be presently de 
scribed, the message signal conductor pair 33 is 
connected over contacts 2 and 3 of this relay and 
conductor pair it:3 to contacts 5 and 6 of relay 
63 in the threshcld branch of the circuit. Op 

eration of this iaiter relay connects the signal 
output of the selected receiver 2 (Fig. 2) to the 
utilization circuit 8. The operation of relay 68 
also supplies ground over contact and lead 329 
to a signal lamp in the terminating Switchboard 
of utilization circuit S, when provided, to indi 
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10. 
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 i 24, 24", etc. to a umi 
directional device 56, 56', etc., in the threshold 
branch of the circuit. The cathodes of these de 
vices are connected in parallel and their circuit 
includes load resistors 58, 69 and a portion of 
potentiometer 62. The control electrode of an 
electron discharge device or triode 64 is con 
nected to the cominon point of resistors 58, 60. 
he lower end of resistor 60 is connected to the 
movable contact of potentiometer í 62, which 
forins a voltage divider across the source 48 of 
negative potential. The anode-cathode circuit 
of triode 63 includes the source 36 of positive 
potential, the winding of a relay 66, the space 
discharge path of triode 64 and a ground con 
nection. Which is common to the source 36. The 
operation of relay 66 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. 
It will be noted from Fig. 4 of the drawing that, 

in this described embodiment of the invention, 
Selector is comprises four parallel selecting 
branches, or channels. The circuit details of 
each of these channels are 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, and either a single, or double, or a triple 
prime exponent has been added to the numeral to 
properly identify the element in its branch, or 
channel location. Most of the circuit details of 
the intermediate branches, or channels, of selec 
tor S have been omitted in the interest of Sin 
plicity, and the presence 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 circuit 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. ASSune first that no receiver of the 
Systern, as exemplified by receiver 2 (Fig. 2), is 
receiving a usable train of message signal waves, 
Under these circumstances, the noise energy in 
the output, circuit of receiver 2 will ordinarily be 
at a relatively high level. In a manner which will 
be presently explained, the bias voltage on the 
control electrode of pentode 8 in noise detector 
2: Will be at a relatively high negative value, and 
the current flowing in its anode-cathode path 
and in conductor pair 33 will below. The voltage 
drop across resistor 03 (Fig. 3) will be Small, 
and the potential that is supplied to conductors 
22, 24 by the potentiometer circuits comprising 

resistors , 2, 3, 4 will be low. The ac 
tual value of this potential on conductor 22 may 
or may not be sufficient to cause triode 34 to 
conduct, and in So doing to operate its anode load 
relay 33. 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 

relay 42, to interconnecting pair 43, the circuit 
of which is open at contacts 5 and 6 of relay 68. 
The potential supplied over conductor i24 to 
diode 56 in the threshold branch of selector 6 
Will be low, and the voltage that is developed 



2,680,194 
11 

acroSS voltage divider 58, 60 will also be low. 
The portion of this potential that is supplied to 
the control grid of triode 64 will be insufficient 
to overcome the negative bias that is derived by 
its control electrode from potentiometer 62. 
Under these circumstances, triode 68 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 43 to the utilization circuit 8 
will be broken or open at contacts 5 and 6 of re 
lay 68. Therefore, notwithstanding that the 
upper Selecting branch of selector 6 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 circuit 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 signa is a pre 
determined quantity, and may be changed by 
varying the position of the movable arm of po 
tentiometer 62. Now assume that a usable 
grade of audio message signal exists in the out 
put of receiver f2. Because the level of energy 
in the output circuit of the receiver is controlled 
by the level of modulation at the transmitter, the 
noise energy in the output 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 3 
to conductor pair 33, and over this conductor pair 
to contacts 2 and 3 of relay 42 in receiver selec 
tor 6. 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 signal output from receiver 2 is supplied over 
conductor 36 to the frequency sensitive network 
comprising capacitor 38 and resistor 40 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 to the band-pass filter 
comprising inductor 90 and capacitors 9, 92. 
The message-signal output from this filter is Sup 
plied through transformer 94 to full-wave recti 
fier 95. The rectified output voltage is applied 
over Conductor's 62, S3 to the variable loss circuit 
comprising varistors 52, 56, and tends to control 
the loss through this circuit, by controlling the 
impedances of the varistors. The second output { 
from the frequency sensitive network 38, 40 is 
applied over conductor 46 to the input of band 
reject filter 43, 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, 40, the higher fre 
Cuency noise components are transmitted to 
band-reject filter 43 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 59, 
60 and varistors 52, 56 to the amplifier compris 
ing devices Si, 66. This amplified noise energy is 
rectified in the full-wave rectifier circuit com 
prising the double diode 72, balancing resistors 
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7), 7 and load resistor 75, together with its filter 
which inciudes capacitors 4, 77 and resistor 76. 
Because of the limiting action in receiver 2, less 
inoise energy will now be rectified than was pre 
viousy the case, and the potential across capaci 
tGr : | Will be reduced. The negative potential 
at the control grid electrode of pentode 80 will 
nowy 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 36 than heretofore existed. 
he potentials that are generated across this po 

tentioneter by the passage through it of Cath 
ode current from pentode 83 and the rectified 
current froin rectifier 95 are opposed in polarity. 
The net potential is supplied over conductors S2, 
Si 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 between the current 
flowing in the anode-cathode circuit of pentode 
89, with respect to logarithmic variations in the 
level of the noise input to detector 2. This a C 
tion connes about because the magnitude of the 
anode-cathode current of pentode 8G is an in 
verse function of the level of the rectified noise 
energy. As the noise level is decreased, the cath 
ode current of pentode 9) and the potential across 
potentioneter 84 are increased. This increased 
voltage is fed back over conductor's 62, 64 to the 
variable loss circuit, where it decreases the trans 
mission loss by controlling the characteristics of 
valistors 52, 56. This action tends to increase the 
rectified noise energy, and thereby reduce the 
cathode current of pentode 8), and the potential 
across potentiometer 84. The net effect of this 
airangement is to produce a stabilized system 
having the desired characteristic, such as is 
shown by the idealized curve 2 of Fig. 5. Curve 
if 2 shows the manner in which the anode-Cath 
ode current in pentode 80 may be changed by 
logarithmic variations in the level of the noise 
energy that is applied to the input of detector 20 
when sufficient voltage is fed back to control 
varistors 52, 56 possessing suitable current-volt 
age characteristics. If no feedback arrangement, 
or its equivalent, were used the input-output 
characteristic of detector 28 would be similar to 
that shown by cui ir ve 7 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 restricted to a rela 
tively small range of input levels. The departure 
Inay be great enough that signals having a suit 
able or acaeptable noise ratio Would be rejected. 
From tha described action of detector 29, it will 
be appreciated that this unit produces in its 
anode-cathode circuit, and, therefore, in the di 
rect-current circuit whica includes conductor 
pair 33, a current the magnitude of which in 
creases linearly as the logarithmic relation be 
tween the Signal and noise in the Output of re 
ceiver 2 is increased. Therefore, for low noise 
values this current will be at its maximum values. 
Potentiometer 8? is made adjustable to permit 
control of the amount of this fed back voltage 
So that essentially the same input-output char 
acteristic inay be obtained from each noise de 
tector 2 in the Selecting System. 

Because non-linearity generally exists in the 
transmission path between the input to a 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 
preciable 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 modiulation, which pro 
duces a loud or high level output signal. iiany 
of these distortion products fail in the frequency 
range above aindi below tižne signal frequency bandi, 
and are thus passed by the band-reject filter 48. 
Since they are passed by this filter, the detector 
circuit 2 would normally treat then as indica 
tions of objectionable inoise conditions, if it were 
not for the operation of that portion of the cir 
cuit that comprises full-wave rectifier 95. This 
portion of the circuit receives some of the audio 
signal energy from the frequency sensitive net 
work 38, 40 and produces from it a 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 86. 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 
tector 2. Through this action, the noise de 
tector 2 is prevented from mistaking distortion 
products, which arise from otherwise desirable message signals, as objectionable interfering 
noise currents. 

It will be noted that detector 25 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 (Eig. 3) which may be, and probably will 
be located at a considerable distance from de 
tector 26. NOrie of the circuit elementSassociated 
With the line and pentode 3 have any direct cur 
rent connection to the ground at the receiver 
location, the potential of all points in that part of 
the circuit being determined with respect to the 
ground potential at the control terminal. This 
prevents a difference in ground potential between 
any receiver station and the control terminal 
from altering and thus falsifying the indication Signal. 
The anode-cathode current of pentode 8), the 

magnitude of which is indicative of the ratio of 
the signal and noise in the output circuit of re 
ceiver 2, flows through conductor pair 33 and, 
therefore, is subject to any induced interfering 
voltages. Since this circuit is isolated from 
ground potentiai, these interfering voltages 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 eifect of these induced volt 
ages is eliminated. Fositive potential is supplied 
from source i83, through anode load resistor 02, 
over one conductor of pair 33, to the anode of 
pentode 83 in detector. 23 (Fig. 2). This tube's 
cathode current, flows through potentiometer 8á, 
one conductor of pair 33, through resistor 3 
and biasing resistor 24 to ground, itherefore, 
as the anode-cathode current through pentode 89 
(Fig. 2) increases, the potential with respect to 
ground at the lower end of resistor 32 is de 
creased and at the upper end of cathode resistor 
03 is increased. These resistors are substan 

tially equal in value and, therefore, these changes 
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in potential are equal and opposite. A portion 
of the potential change across anode resistor iO2 

14 
is applied through the movable contact arm of 
"potentiometer is and coupling capacitor 5 to 
the control electrode of pentode 09. This volt 
age produces in the anode circuit of pentode 99 
a voltage change which is equal in anpitude and 
opposite in polarity to the change across resistor 
i2. This equal and opposite change is coupled 
till rough coupling capacitor to the parallel 
voltage dividing circuits comprising resistors , 

2 and 3, ii. Since the voltage at each end 
of the dividers is changed by the Same annount, 
the potential of conductors 22, 24 with respect 
to ground is changed by an equal amount. If, 
however, interference voltages of the longitudinal 
type are induced on conducting pair 33, there 
will appear at the lower and upper terminals of 
resistors 2, 33, 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 
22 is applied through the movable contact of 
potentiometer ) and coUpting capacitor í 5 to 
tine control electrode of pentode 09, there ap 
peal's in the anode circuit of this pentode a po 
tential change which is equal in value but op 
posite in polarity to the potential change at the 
upper end of resistor í 83. Since equal but op 
posed changes are made at the two ends of the 
voltage dividers, the potential on connecting cir 
cuits 22, 24 remains unchanged, and the inter 
fering effect of the induced longitudinal voltage 
is eliminated. 
The voltage on conductor 24 controis the op 

eration of the threshold branch of Selector 6 
(Fig. 4) while that supplied over conductor 22 
controls the operation of the receiver Switching 
or Selecting branch of the Selector unit. In the 
following explanation of the operation of receiver 
Selector 6 it will be understood that, although 
only one longitudinal balancing unit 23 (Fig. 3) 
is Shown as providing unidirectional voltage sig 
as to conductor's 22, 23 of selector 8, similar 

signals are supplied over conductors 22, 24', 
etc. to the remaining Switching, or selecting, and 
threshold branches of this circuit. These volt 
age Signals are obtained from the noise detectors 
28, 20'', 2''' and longitudinal balancing units 
24, 24', 24' that are associated with the other 
receivers of the communication system. It, Will 
also be understood that the details of these cir 
cuits, although they are not shown on Figs. 2 
and 3, are to be taken to be substantially the same 
as the details there shown for that one selection 
branch. The voltage on conductors f 22, 24 is, 
aS Was Statedi, a Single-ended signal, the magni 
tude of which varies inversely as the level of the 
noise energy varies in the output of the respec 
tive receiver. Kn Our assumed example, the sig 
nal in the output circuit of receiver 2 is changed 
from one which consisted almost entirely of noise 
energy to one in which the inessage signal energy 
is dominant, and a relatively small amount of 
noise energy is included. The Voltage signal on 
conductors 22, 24 is a coordingly changed from a 
low voltage value to a relatively high voltage 
value. As the voltage ox) conductor 23 is in 
creased, the negative bias on the control electrode 
of threshold tube 66 is counteracted by the po 
tential developed across the rectifier load compris 
ing resistors 58, 8, and the potential of this 
electrode is raised to a Vale where the resulting 
anode current foW is sufficient to operate relay 
63. This condition corresponds to the reception 

oË a. usable or. commercia grade of Signal by re 
iceiver 2. It will be readily seen that this saine 
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action would occur if this commercially usable 
Signal had been received by any one of the other 
receivers 2', 2' or 2''. Relay 66 connects 
ground over its contact, through the winding of 
threshold relay 68, to potential source 70 and 
causes this latter relay to operate, which action 
opens contacts 1, 2, 3 and 4 and closes the con 
tacts 5 and 6 of this relay. The closure of con 
tactS 5 and 6 connects the output of a selected 
receiver, in this assumed case receiver 2, to the 
utilization circuit 8. 
The manner in which receiver 2 is selected 

and the remainder of the receivers are rejected 
by the Selection branch of selector 6 will now 
be expiained. It was assumed that the anode 
Current flowing in triodie 34 was insufficient, to 
hold its anode load relay 33 in the operated 
Condition. When the voltage signal on conductor 
22 changes from a relatively low value to a rela 

tively high value, which value is in excess of any 
Voltage Signal that exists on incorning conductors 
22, 22, 22''', triode 34 is caused to in 
Crease its anode-cathode current to a value that 
is Sufficient to operate relay i 38. Relay i 38 con 
nects ground over its contact to the winding of 
relay i i2. The Operation of relay 42 opens the 
short-circuiting connection across resistor 52, 
provided by normally closed contact of relay 
f42, and closes over its contacts 2 and 3 the con 
nection from conductor pair 33 to interconnect 
ing pair 43. Since pair í 43 is closed through 
contacts 5 and 6 of relay 58 to the utilization 
circuit , the output of receiver 2 is connected 
to this atter circuit. 

It Will be noted that resistor i 36 is included in 
the cathode circuit of each triode 34, 34, etc. 
The voltage that is developed across this resistor 
by the combined current flow in all triodes 3d, 
38', etc. 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 sane potential exists 
oil &ach control grid electrode, the cathode of each 
triode will ice at the same potential, however, if 
the potential of the control electrode of one tri 
Ode exceeds that of the control electrode of any 
otheir triode, the current flow through the triode 
having the highest potential on its control elec 
tltode will establish the potential at all of the 
cathode electrodes. Therefore, as the current 
foW in tricide Sá increases because of the in 
creased potenitial on its control electrode, its cath 
ode current flowing through the common load. 
'esistor 5 increases the potential of its own 
Cathode electrode and that of all other connected 
cathode electiodes. If the potential increase is 
Sufficiently large the entire anode-cathode cur 
rent flow Will be transferred to triode 34, and 
the remainder of the triodies 34, 34', etc. will 
cease conduction. This condition will continue 
until Sone one of the longitudinal balancing units 
36', als'', etc. Supplies to its associated selection 
branch of selector 5 a potential which is sub 
stantially equal to that existing on the control 
grid electiode of triode 3 in the upper branch. 
if such a condition prevailed receiver selector 6 
night connect the output of two receivers, for ex 
anaple, receivers 2 and 3' to the utilization cir 
cuit 28, or it might be subjected to undesirable in 
decision by Switching from the output of one to 
that of anothier 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 6, it 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 42 opens the circuit which was formerly 
closed over its contact . This action removes the 
short-circuit connection which formerly existed 
acroSS resistor 52, and produces across the com 
bined resistors í59, í 52 a voltage drop which is 
equal to the potential of Source 56. The effect 
of this action is to lower the potential of the 
cathode electrode of triode 34 with respect to 
the potentiai of the remaining Cathode electrodes 
by a predetermined amount which is controlled 
by the relative values of resistors 59, 52 and the 
potential of Source i 34. Under these circum 
stances then, before any other branch of selector 
9 can connect the output of its associated re 
ceiver to utilization circuit 8, and in So doing bias 
triode 34 of the upper branch to its non-con 
duction state, the potential on the control grid 
electrode of its associated discharge device must 
exceed the potential on the control grid electrode 
of triode 34 by at least the amount of the volt 
age drop across resistor 52. 

Each electron discharge device or vacuum tube 
34, 34, etc., of the selector tube array is pref 
erably chosen for a high transconductance where 
in a relatively small change in grid-cathode po 
tential difference will produce a relatively large 
change in anode-cathode circuit 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 of the tube array whose control grid 
has received the highest-valued input signal, that 
is, input Signal respective the best merit-indi 
cating signal. This anode-cathode current re 
mains substantially constant even though the po 
tential applied to the control grid of such one tube 
varies or changes over a range corresponding to 
a wide variation of input; assuming, of course, 
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 í52, í52', 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 circuit of such second tube, 
then a snail variation in the potential of either 
such one tube or such second tube produces large 
changes of current in their respective anode 
cathode circuits. In a tested embodiment of Such 
a tube array, the devices 34, 34", etc. were 
R. C. A. type 6SL7GT; the resistor is was one of 
100,000 ohms; resistors i 30, i 5’, etc., and re 
sistors ! 552, i 52”, etc., were of 1000 ohms each; 
the relays 38, 38', etc., were chosen and ad 
justed for operation on approximately .7 milli 
ampere and for release on approximately 4 milli 
ampere; cathode-anode circuit current tilhrough 
the cathode resistor i4S varied between approxi 
mately 1.5 and 1.9 milliampere. 

For descriptive purposes, let it now be assumed 
that there is received on conductors 22' and 
Í24'', a signal having an amplitude that is great 
er than that of the signal on conductors 22, 24 
by more than the voltage drop across resistor 52. 
The main anode-cathode conduction path Will be 
transferred from the upper selection branch, 
which includes triode 34, to the lower selection 
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branch, which includes triode 34'', because of 
the degenerative bias that the increased anode 
cathode current in triode 34' imposes upon 
the control electrode of triode 34. Under these 
circumstances, triode 34 will cease conducting, 
relays 38 and A2 will release, and, in So doing, 
open the connection between conductor pairs 33 
and 43, and restore the short-circuiting connec 
tion across resistor 52. Simultaneously with this 
action, relays 38'' and 42' will be operated 
to connect conductor pair 33' to conductor pair 
43, and to open the short-circuiting connection 

around resistor 52' 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 utilization circuit 8 as long 
as the merit indicating signal provided by its 
longitudinal balancing unit 24' continues to ex 
ceed that supplied by any of the other associated 
balancing units. Since the potential that existed 
at the control electrode of triode 6 in the 
threshold branch of selector S was adequate to 
provide sufficient anode-cathode current in this 
triode to hold operated the anode load relay 66, 
the increased signal on conductor 24' causes no 
added effect. 

If the voltage that is derived by the threshold 
circuit from conductors 24, 26', etc. is at any 
time decreased to a value where the potential 
on the control electrode of tube 64 is insufficient 
to hold relay 66 operated, the connection ba 
tween conductor pair 43 and utilization circuit 
8 Will be broken; notwithstanding that Sole one 

of the selecting branches of receiver selector 6 
may be operating to connect the output of its 
associated receiver to conductor pair 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 
outputs are actually present, appropriate adjust 
ment at the control terminal of the potention 
eter 62 will effect, a shift downwardly of the 
operating level of the device 64, and render what 
would not be “acceptable' with the initial setting 
of the potentiometer, connectable through to the 
utilization circuit. Of course, if instant radio 
transmission conditions or the presence of ex- 5 
traneous industrial interference should preclude 
any character of usable or understandable signal 
being produced in the receiver output circuits, 
use of the System necessarily 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 occur 
to those skilled in the art. Although the inven 
tion has been described as being incorporated in 
a radio communication system, it should be ap 
preciated 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 electrical factor, for example, a unidirectional Voltage signal. 
What is claimed is: 
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1. In combination, a plurality of control signal 5 

18 
paths, which control signals Inay be respectively 
of different control merit in a given interval and 
respectively variable in control merit during suc 
cessive intervals, utilization means to be coin 
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, a Source Of Cathode-anode 
circuit current for said devices, a load resistor 
cCrinaon to the cathode-anode circuit.S of Said 
devices for biasing Substantially to cut of all of 
Said devices except that one Whose control eiec 
trode has in pressed thereon the control sigial of 
better control merit, means coupling a control 
signal path to the cathode-control electrode cir 
cuit of a respective one of Said devices, and near S 
in each of Said cathode-anode circuits to effect 
during any interval a desired control With respect, 
to Said utilization means, upon Cathode-anofie 
circuit current-conduction of preassigned degree 
in one of said devices responsive to that one of the 
control signals of the better control (28rit. 

2. The invention of the preceding claim in 
which the cathode-anode circuit of each of Said 
devices includes means for applying a preferential 
bias to the device when the device is the non-cut 
off one of said devices, whereby said non-cut-off 
device may in turn be cut off only by the in 
pressing on the control electrode of another of 
said devices, of a control signal of better control 
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, cathode-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 terriinal 
thereof connected in common to the cathodes of 
said devices and having another terminai thereof 
connected to the negative potential ter; inihal of a 
second current source, a signal input circuit re 
spective to each cathode-control electrode circuit, 
said input circuit including Voltage integrating 
means for imparting a time delay to the Signal 
variations applied to said respective cathode 
control electrode circuit, and an output circuit 
respective to each of said cathode-anode circuit.S. 

4. The invention of clairin 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, and 
means for controlling Said integrating Yineans in 
accordance with the applied signal. 
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