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UNITED STATES PATENT OFFICE 
2,520,534 

MULTIPLEXPEJLSE REPEATER, 

James C. Edson, Great Kills, N. Y., assignor to 
Bell Telephone laboratories, incorporated, New 
York, N. Y., a corporation of New York 

Application August 18, 1945, Serial No. 611,283 
(CI. 250—9) 20 Claims. 

This invention relates to repeaters for time di 
vision multiplex radio systems and particularly 
to order wire and emergency circuits therefore. 
One system of radio communication that has 

been found advantageous particularly at ultra 
high frequencies is that of pulse modulation. In 
such systems multiplex operation is achieved by 
interlacing pulses of different communication 
channels. In the operation of repeaters in Sys 
tems of this type, it is often advantageous to in 
terconnect the radio receiver and the radio trans 
mitter without coming down to the voice fre 
quency range; that is to detect the incoming ra 
dio waves, amplify the resulting pulses and mod 
ulate the outgoing radio wave in accordance with 
the amplified pulses. However, in the operation 
of such a repeatered system, it is desirable to be 
able to communicate over the multiplex system 
between any one repeater station and the terini 
nais or other repeater stations. For this purpose 
it is necessary that one channel be detected to 
obtain the signal so that other points in the SyS 
tem can talk with the repeater point. Similarly, 
it is necessary that provisions be made for mod 
ulating an outgoing channel so as to communi 
cate from the repeater station with other points 
in the system. 
In one method of operating such a multiplex 

system, a synchronizing pulse is transmitted in 
each frame of channel pulses. 
breakdown of a repeater link will result in the 
failure of any subsequent link because of the ab 
sence of these synchronizing pulses. 
An object of the invention is to provide con 

munication with an intermediate repeater sta 
tion in a time division multiplex, pulse position 
modulation radio systems in which the radio re 
peaters are operated without bringing the chan 
nels down to voice frequency. 
Another object of the invention is to localize 

the failure of one repeater link so that Subsequent 
links continue to function despite such failure. 

In accordance with this invention, there is pro 
vided in a repeater for a time division multiplex, 
pulse modulation system, circuit facilities for 
producing a gating pulse for selecting out one 
channel pulse so that it may be detected and at 
the same time eliminating that channel pulse 
from the array of pulses repeated. Also, there is 
generated a new channel pulse occurring at the 
same period in each frame as the eliminated 
pulse and provisions are made for modulating 

As a result the 
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this new pulse either with the detected signal 
or with a new voice signal when the operator at 
the repeater desires to communicate with other 55 

2 
Stations. In addition there are provided circuit 
facilities responsive to the absence of a synchro 
nizing pulse output from the radio receiver for 
automatically supplying locally generated syn 
chronizing and channel pulses to the radio trans 
mitter. This later arrangement permits subse 
quent links to continue in operation after the 
failure of one link. 
These and other objects, features and aspects 

of the invention may be more readily understood 
by reference to the following detailed description 
in connection with the drawing in which: 

Fig. 1 is a schematic circuit diagram of a two 
Way radio repeater embodying the invention, all 
portions of the circuit except the voice frequency 
circuit being shown in block schematic; and 

FigS. 2, 3, 4 and 5 are schematic circuit dia 
grams of portions of the repeater of Fig. 1. Fig. 
2 showing the automatic transfer circuit, Fig. 3 
the emergency pulse generator, Fig. 4 the video 
repeater and Fig. 5 the order wire circuit. 
The repeater shown in the drawings is par 

ticularly adapted for operation in the pulse posi 
tion, time division multiplex radio system of the 
type shown in applicant's copending application 
Serial No. 559,354, filed October 19, 1944, to which 
reference is made for a detailed description of 
the terminal equipment. ?º) 

Briefly, in such a system as disclosed in my 
Copending application, there is employed the 
method of pulse position, or pulse phase mod 
ulation, in accordance with which uniform pulses 
of very short duration recurring at a rate at least 
twice the highest signal frequency are modulated 
in time position in accordance with the signal to 
be transmitted. For telephone communication, 
Where the Speech band may be restricted to the 
frequency range below 3500 cycles per second, a 
pulse recurrence rate of about 8000 cycles per sec 
Ond and a pulse length of about 1 microsecond 
is typical. 

For the purpose of multiplex operation, the 
period corresponding to the recurrence rate is 
divided into a number of equal intervals corre 
Sponding to the desired number of channels and 
a, Shorter time for use for Synchronizing. Thus 
for an eight channel system, the recurrence pe 
riod of 125 microseconds (corresponding to 8000 
frames per second) is divided into eight channel 
periods of 15 microSeconds each and a synchro 
nizing period of 5 microseconds. The recurrence 
frequency is determined by a stable control oscil 
lator from whose output there is derived a train 
of short pulses, eight for each cycle, timed to 
occur normally at the midpoint of the channel 

  



2,520,584 
3 

period and a longer pulse occurring in the Syn 
chronizing period and marking the beginning of 
each cycle or frame. This synchronizing or 
marker pulse may be considered as establishing 
a time datum against which the time occurrence 
or position of each channel pulse is compared for 
the purpose of regenerating the modulating sig 
nal at the receiver. At the transmitter, the nod 
ulation of each channel pulse by the respective 
signal varies its time position with respect to 
its normal mid-period time. The degree of mod 
ulation is limited so that the pulse for any par 
ticular channel never moves outside the channel 
period, thus avoiding crosstalk between chan 
nelS. 
At the receiver, the synchronizing pulse is 

readily separated from the channel pulses by 
virtue of its greater length and is employed to 
generate gating puses coincident and coeXtensive 
with the respective channel periods. By means 
of such gating pulses, the various channel pulses 
are separated. The selected position modulated 
channel pulses are converted into length modu 
lated pulses in particular lasting from the tine 
of occurrence of the channel pulse to the end 
of the corresponding gate pulse. Such length 
modulated pulses contain the signal Which na ay 
be obtained by filtering out all components of 
the length modulated pulses outSide of the modul 
lating frequency range. 
For radio transmission, the pulses aire con 

verted into short trains of ultra-high frequiency 
oscillations of corresponding length and tinning. 
At the receiving terminal, these trains are re 
ceived and rectified and the fectified pulseS are 
delivered to the receiving multiplex equipment. 
As described immediately above, the pulses are 
separated by time division and directed into their 
respective channel circuits where they are con 
:verted into varying length pulses from which the 
original modulating signals are derived. 
tEig.1 is a schematic circuit diagram of a two 

Way radio repeater for Such a pulse position modu 
lated, time division multiplex system. In the West 
to east path the radio waves from the terminal 4: 
transmitter or from the transmitter of a previous 
repeater aire : received in the directional ainterana, 
8 and detected in the radio receiver 9 and the re 
sultant video output comprising the pulses is Sup 
plied through the automatic transfer circuit 29 
to the input of the video amplifier 430, where they 
are amplified and reshaped. The output of the 
repeater 488 is supplied to the radio transmitter 

| 0 where the pulses are converted to coresponding 
trains of ultra-high frequency oscillations suit 
able for radiation from the directional antenna, 

. 
The east to west channel comprises similar cir 

cuit facilities which are in fact duplicates of those 
used in the other channel but oppositely directly 
and Will not be described in detail. 

* General description 
In brief the functions of the various circuit 

portions are as follows: - 
The automatic transfer circuit 239 operates. in 

response to the absence of a video output of 
pulses from the receiver S to transfer the input 
of the repeater 5 from the output of receiver 
9 to the output of the emergency pulse supply 
circuit 33. This circuit supplies a locally gen 
erated array of channel pulses and markers. 

Ti'he vid?o repeater å fè operates to reshape and 
amplify the pulses in the video output from the 
receiver 3 to the proper level for supplying the 
radio transmitter G. It also includes connec 
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4. 
tions for tapping off the receiver video output 
to Supply the order wire circuit 500, for receiving 
from order wire circuit 40 blanking pulses to 
blank out one channel in the repeater path, and 
for supplying to that path new pulses modulated 
by the signal it is desired to transmit from the 
repeater station. 
The order iwire circuit 50 provides facilities 

for selecting the channel pulses used for order 
Wire facilities (channel No. 1), conVerting thOSe 
pulses to voice frequency, originating new pulses 
for the same - channel and modulating the new 
pulses either by the voice frequency Signal ob 
tained from the Selected channel pulses or by the 
signal from the repeater operator's telephone set. 
The pulses for blanking out the order wire chan 
nel pulses in the repeater is 80 are also supplied 
by the order wire circuit. 
The voice frequency terminals of the order wire 

circuit 59 are connected to a telephone circuit 
which permits:the repeater operator to listen, and 
talk over either the West to east or east to west 
radio circuits. Eithese telephone circuits" Will be 
described in detail later. 

Automatic transfer circuit (Fig.2) 

As shown in the detailed schematic circuit of 
Fig. 2, the video output of the radio receiver 9 
connected through the coaxial cable 2 is ter 
minated in the automatic transfer circuit in a 
resistor 28 . From this point the circuit branches. 
One branch leads thirough the connection 262 
to the back contact of the lower armature of re 
lay'293. The other branch goes to a potention 
eter 204. ? 
The relay 223 is normally released so that "a 

connection is made through the back contact of 
the lower armature to the coaxial cable 3 lead 
ing to the input to the video repeater. When re 
lay 203 is operated the output from the radio 
receiver is disconneted from the video amplifier 
and the output of the emergency, pulse supplied 
is connected in its place through the connection 
f4 and the front contact of the lower armature. 
However, during this period the ouput of the 
radio receiver remains connected to the potenti 
ornetter 264 in the automatic transfer circuit. 
The part of the positive input pulses from the 

radio receiver appearing across the the potenti 
ometer 294 are applied to the grid of the video 
amplifier tube 225. The positive pulses are re 
peated at the plate of tube 265 as negative pulses 
of increased amplitude. The grid of tube 205 is 
connected to its cathode through a resistor so 
that it has no standing bias. However a small 
negative operating biasis developed as the posi 
tive input pulses cause grid current to flow 
charging the coupling capacitor 26. The nega 
tive, pulses in the output of tube 285 are applied 
to the grid of the marker selector tube 23; 
through the coupling capacitor 268. 
The plate of the marker selector tube 207 is 

fed through a resistor 209 of high resistance 
which is shunted by a capacitor 2 0. This circuit 
produces a triangular shaped voltage pulse whose 
maximum amplitude is directly proportional to 
the duration of time for which the grid voltage is 
sufficiently-negative to cut-off the plate current. 
Thus the output voltage of this stage due to the 
marker pulse - which is longer than the channel 
pulses, attains an amplitude about four times 
greater than the voltage due to the channel 
p?lses. 
The voltage pulses on the capacitor 2 for are 

applied to the grid of tube 2: which is operated 
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as a marker pulse amplifier. By means of the 
voltage divider, 2 2, the cathode of this tube is 
held at a potential Sufficiently positive with re 
'spect to the grid that the channel pulses deliv 
ered by the marker selector do not cause plate 
current to flow. However, the larger pulses from 
the capacitor 20 corresponding to the marker 
pulses, produce instantaneous plate current in the 
tube 2. Thus only the marker pulses will ap 
pear in the output of this tube. . . 

Pulses from the plate of the marker amplifier 
2 are rectified by the varistor rectifier 23 re 
sulting in a direct current voltage which is Sup 
plied to the grid of the marker alarm tube 24 
and is of sufficient amplitude to cut-off the plate 
current of that tube. Accordingly when marker 
pulses are not received Or When they are ob 
scured by noise, the bias on the tube 24 is lost 
and plate current flows causing the Operation of 
the transfer relay 293. Operation of this relay 
opens the connection at the back contact of its 
lower armature to disconnect the radio receiver 
from the input to the video amplifier and closes 
the Connection at the front contact to connect the 
input of the video amplifier to the output of the 
emergency, pulse Supply, as previously described. 
In addition, the relay 203 is provided with an up 
per armature 25 which operates an alarm circuit 
to be described later. When the system returns 
to its normal operation, the received marker 
pulses will again cut off the tube 24 and release 
the relay 203 again connecting the output of the 
radio receiver to the input of the video amplifier 
and opening up the alarm circuit. 

Emergency pulse supply (Fig. 3) 

The vacuum tube 30 is operated as a master 
oscillator for the emergency pulse supply. The 
oscillator is of the simple tuned grid type com 
prising a tuned circuit 302 inductively coupled to 
the plate circuit of the vacuum tube and also 
Coupled through a blocking condenser .303 and 
grid leak resistor 3 to the grid. The circuit is 
proportioned to provide strong feedback so that 
the vacuum tube operates in a class C manner, 
that is, With its plate current flowing in Spurts 
of less than one-half cycle duration. A pulsing 
output voltage corresponding to the plate current 
variation is taken from the Cathode lead resistor 
305 and applied through a coupling condenser 305 
to the grid of a vacuum tube 30. 
This tube is operated as a clipper, its function 

being to amplify and steepen the sides of OScilla 
tor output pulses. For this purpose the grid of 
the tube is caused to Swing alternately between 
positive and negative voltages sufficiently great to 
produce alternate saturation and interruption of 
its plate current. Since the plate current is Sup 
plied through a resistor 308 of high resistance, 
the plate potential drops to a low Value when the 
current is flowing and rises to the full value of 
the Supply voltage when the current is inter 
rupted. The output voltage of the tube 30, thus 
develops a substantially rectangular Wave form 
alternating each period between a low value dur 
ing the plate current spurt in the oscillator tube 
30 f and a high value for the remainder of the 
period. The division of these intervals can be 
controlled by adjusting the ratio of the series 
clipping resistor 309 to the grid leak resistor 304 
of the oscillator. 
The output of the clipper tube 307 is fed 

through a coupling capacitor 30 to the grid of a 
Vacuum tube 3. This tube is operated as a 
marker generator. For this purpose the tube is 
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6 
operated with a low plate voltage so that the am 
plification for positive changes of grid potential 
is Small. The control grid is held positive with 
respect to the cathode by virtue of a connection 
through the resistor 32 to the positive voltage 
Supply. When the oscillator output is positive 
Only a negligible change in plate potential of the 
tube 3 occurs. When the oscillator voltage 
swings abruptly negative, the grid of the tube 3í l 
is driven negative. The capacitor 30 is then 
charged through the resistor 32 until the grid is 
again positive. Since the grid is driven about 40 
Wolts negative as compared with the positive 300 
Volts to which it is connected through the grid 
leak resistor 3:2, the time required for the poten 
tial to become positive is about one-eighth of the 
time constant of the circuit. The result is to give 
an Output which is a train of nearly rectangular 
pulses about 4 microSeconds in length. 
This output is fed through the coupling capaci 

tor 33 to the grid of a tube 34 which is operated 
aS, an amplifier and clipper to further shape this 
marker pulse. The negative Output of the tube 
34 is mixed with the output of the channel pulse 
amplifier tube 35. 

For the purpose of controlling the generation of 
the channel pulses, the output of the marker gen 
erator tube 3 ii i is fed through a, differentiating 
capacitor 36 to the grid of an amplifier tube 37. 
The short negative output pulse from this ampli 
fier is delivered to the junction of the series con 
nected resistors 38 and 3 f9 in the plate circuit of 
the tube 320. 
The tubes 32 and 32 are operated as an un 

Symmetrical multivibrator to generate the chan 
nei pu?SES. The constantS of the circuit are such 
that there are produced a train of eight pulses 
of approximately Seven-tenths of a microSecond 
in length during the approximate 120-microsec 
ond period = fOilio Wing the marker plil,Se. - The 
negative pulsa applied from the tube 3 to the 
plate circuit of the tube 32 paralyzes the multi 
Vibrator during the marker pulse period. The 
variable resistor 322 provides means for regulat 
ing the number of pulSes generated. . . The Wari 
able capacitor. 323 provides a control for the 
length of the pulses. These two controls are not 
independent So that a compensating adjustment 
of each control must be made when the other 
control is adjusted. The train of pulses gen 
erated is taken off the pate of the tube 323 and 
Supplied through the coupling capacitor 324 to 
the grid of the amplifier tube 325 which is op 
erated to annplify and clip the pulses. The out 
put of this amplifier is connected through the 
Couping capacitor 32S to a second amplifier 35. 
In the plate circuit of the amplifier tube 35 

the channel pulses are mixed with the marker 
pulse from the marker amplifier tube 34 and 
Supplied through a coupling capacitor 327 to the 
video amplifier tube 328. 
The output of the amplifier tube 323 Will con 

tain a complete train of pulses comprising a 
marker pulse and eight channel pulses which are 
Supplied through the coupling capacitor 329 and 
the connection 4 to the front contact of the 
lower arrnature of the relay 253. The connec 
tion to this contact is normally open and as pre 
viously described is only closed by the action of 
the automatic transfer circuit in the absence of 
the normal pulse output of the radio receiver. 

Video amplifier (Fig. 4) 

The video output of the radio receiver applied 
through the back contact and lower armature of 

  



520;584 
7 

relay?23 isfisupplied tarog?atke inter?oniectig 
cable 3 to the video annplifier where the Cable 
F3 is iterritated in the resistor Alei. Fhe-grid 
6f the first amplifier, tube A32 is supplied through 
tie coupling capacitor A53. This tube is self 
biased by the Voltage drop-across the cathode're 
sistor, 4.64 so that with no signal-applied: the grid 
bias kis slightly-negative. When püses are : ap 
plied the rectifier action of the grid circuit 
charges the blocking-capacitor-33 and loiases the 
grid-to-aipotential practically equal to the -ain 
LLLLmgLL S SLLL SLLLLL S LLL0MLLLLLLLL S LLLLLLLLSYLLLLLLL SGLLLGLLLLL SLLLLL 
the the E2 is coupled to the second: amplifier 
stage tube:455 through the coupling capacitor 
46. 
A resistor. 58 in the piates' circuit, -gfi tube i42 

aetS as a matched termination for the delayiraet 
work í 38 connected -across : the plate-cathode 
circuit. This detay ifietwork:isi unterminatedi-at 
its Ffar-red. As a result. a 'delayed pse Will be 
acided to the original: pulse at the plate of the 
tUse42. Filiis. added püülse Will beidelayed:With 
respect to the individual pulse by an anourt 
eGUEál tºto ºtWice - the delay ºtime of the raetWe31šk. 
The Sum of the two pulses forms sa, i new ipse : 
whi?h is ºwider than the originál p?lse at the 
bötton. 'Îºlae Succeeding::StageS.0fºthe:Video-am 
lifiercircuitariaplify-angi clip this new combined 

pulse so as to formia, pulse lengthened by twice 
theidelaya of the network:and having a Substan 
tially; fat: top. The function and operation of 
such:a, pulse.forning. circuit is described in de 
tail in the copending application of G.H. Huber, 
Serial No. 577,954 filed February 15, 1945, Patent 
2457,559, of December 28, 1949. 
The grid of the tubes. 5 is held Slightly posi 

tive by the Voltage drop across the resistor 44. 
The.?puilSeS :Supplied fIrO?. the: tübe34€32... are mega 
tive a S-applied to the grid of the tube 45 and 
consequently will drive the grid to cut-off thereby 
producing positive pulses in the plate circuit of 
this, tube. These positive pulses are supplied to 
the third stage amplifier tube, 4.9 through the 
coupling capacitor A. The grid , of the tube 
49;is naintained at a positive voltage obtained 
from the battery 3.4 and supplied through the 
reSiStor 2. **The 3 tube : Si Will Öt . Goduct 
heavily because the grid current foW in resistor 
42 keeps the grid potential only slightly above 
that 6f the cathode. Positive pulses from the 
plate of the tube A5 cause additionai'plate and 
grid current to flow in the tube 9 thereby pro 
ducing a negative pulse-output in the plate. cir 
cit and charging the coupling capacitor is 0 
which further increases the negative bias on the 
grid. A negative blanking pulse from the order 
wire circuit 5 is applied through the intercon 
necting cable f 5 and the resistor'? í g -and capaci 
tor:4 is to the grid of the tube, 39. This pulse, 
the generation Of Which Will be described in de 
tail in connection with the description of the 
order: wire circuit 56, is of the order of .3 micro 
Secords iniength and coincides with the assigned 
time for the channel No. pulse. Its amplitude 
is sufficient to cut off the tuihe 633 during this 
pu Se interva. Finereifore the channée No. 
pulse will be blanked out of the plate circuit out 
pilt of the tuba 39. 

Ti'ihe output of the tube: ) is Supplied through 
a coupling capacitor is to the grid of the am 
plifier tube is 6. A new channel pulse from the 
Order wire circuit;50) is also supplied through 
the interconnecting cable 6 and the coupling 
capacitor:4 to this grid. Tube 46, like...tube 
:409, has its grid maintained at a positive poten 
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tial by the battery 548-connected through: the 
trešistori:49. "The negative puses appliedito: the 
grid of the stube 4 f5 ra?cordingly operate što?cut 
off the plate current producing positive pulses; at 
the piate of the tubei 46. 

ËheSe: positive-pütsesi ini?:the-outpütt döfi tae'; tübe 
*A-6 are Supplied through a coupling feapacitor 
š2 to the routput am?ifier Stage:42 Whichis 
operated .3as a cathode follower amplifier and 
whose output is SEpplied: through; the capacitor 
532 to the interconnecting, cable 6 which sup 
plies the - resnaped and amplified: pulses to the 
radiotrara Smitter i 0. 
Another i Videos amplifier tube .423 has its grid 

'circuit. connected in parallel with the grid cir 
cuit çöf ithe tübe :4Ö2. “The greSülting 'negatiye 
pulses in the platie circuit: Öfäthe, tube 3423:aire 
eoupled through the capacitori 424što the inter 
connecting cable f7 by , which they are supplied 
to theiaput of the order wire circuit 500. 

Orde?".3üire circuit (Fig. 5) 
The function of the Order wire:circuit is to 

demodulate the No.i.pulse in: a manner-similar to 
the pulse derinodulation in the receiving terminal 
equipraent and to::convert the resultantivoice fre 
gluency or Voice: frequency, originating; in the: re 
!98ater: Operaí61:SºtelephOne Setºto3a position mod 
tilated pulse in a manner, Similar to the pulse 
Eccitadation in the transmitting terrainal equip 
iiient. En this Way, channel No. ... ::may be used 
& San. Order. Wire for talking between stations even 
though the other channels are "transmitted 
through the repeater, without being brought down 
to voice frequency. 
The negative pulse outputs of the amplifier 423 

Qf the Video amplifier. Circuitare brought to the 
Order Wire, circuit... through the interconnecting 
cable sandsare: applied tothe.grids of thevideo 
amplifier. tube. iii.;ands the marker.selector, tube 
$2 in paraliel. 
Plateccurrent is supplied to the marker selector 

tae º32. tarough, resistor:53 of higheresistance 
2.Éld the plate is: Shinted to ground through a tim 
iiig: capacitor. 54. During, the intervatibetween 
pulses the grid is held at a slightly positiverpo 
tential and the plate:potentialis...very low. When 
a...negative:puise: is: applied:to the grid, the plate 
circiitiisinterrupted and capacitors 59 begins to 
charge 33rd continues; to charge until the pulse 
ends. Resistor 53;and capacitor;54 are:ch9sen 
iO provideia relatively large, time; constant so that 
theiate of charging remains nearly constant in 
the time interval involved. Accordingly...the volt 
age to Which the capacitor;54 becomes:charged 
is groportional to the puise length. Coasequently 
the:relatively lang marker putises:will produce 
Voltages: Several:times, as great as those produced 
by...the short: channel pulses. 

Fae'võltage püises on capacitoriš54 aire:applied 
to the grid of the maker amplifier tubes"55. 
The cathodes of the tubei:595 is maintained at sa 
potential which is positive."relative to the normal 
value Öf the grid potential by means of the voltage 
dividel : ; comprising resistors 3506, '59 and :58. 
The bias thus produced-is-sufficient to 3 biosk the 
plate circuit and to prevent; the flow of space 
current except in response to the larger voltages 
proculced by the marker pulses. These produce 
Megative pülses-åtë the plater of the tübe555.which 
are coupled through the differentiating circuit 
cGmprising the-capa?itor: 599.and therssistor:519 
to the grid of the differentiated markersaiahplifier 
tube. 5f. The resulti is a small negative prise 
corresponding to the leading edge of the selected 
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to ground is a resistor 52 and a second capacitor 
573. A steady negative voltage is thus main 
tained across the capacitor 573 which Voltage is 
impressed on the grid of the ringing tube 574. 
The net value of the voltage of the grid is suf 
ficient to block space current in the tube 574 and 
is the difference between the negative voltage on 
the capacitor 573 and the voltage obtained from 
the bleeder resistors 575 and 576. A resistor. 57 
across the rectifier 5 is provided for stabilizing 
the rectifier. The positive voltage from this 
bleeder circuit is required when the pulse is re 
noved in the ringing condition at which mo 
ment the plate current of the ringing tube 574 
must rise from Zero to a maximum safe current. 
Since this value of current is inadequate for op 
erating the ringing relay 542, the output of the 
tube 574 is supplemented by the current from the 
tube 540. For this purpose a resistor 578 is pro 
vided in the cathode lead of the tube 574 and the 
potential drop across this resistor is applied to the 
grid of the tube 540 by way of the potentiometer 
53T. Accordingly, When tube 574 becomes con 
ductive, the grid of tube 540 receives additional 
positive bias which increases its plate current. 
Operation of the ringing relay 542 opens the 

circuit from the output transformer 54 of the 
voice frequency amplifier 540 and applies a ring 
ing voltage from the 60-cycle Source 579 to the 
voice frequency circuit, through the front con 
tacts of the relay 542. This 60-cycle current op 
erates a bell on the telephone circuit through the 
armature 565 as will be described in detail later. 
The 60-cycle current is also supplied to the recti 
fier 580 the output of which causes the operation 
of the relay 557. The operation of relay 557 
opens the circuit between the plate of the posi 
tion modulator tube 55 and the grid of the 
clipper tube 559 and shunts a capacitor 58 be 
tween the plate of the tube 550 and ground. This 
removes the new channel No. 1 pulse for the ring 
ing Signal to be tranSinitted over the adjacent 
radio link. 
Operation of a key in the local telephone circuit 

also applies the 60-cycle Voltage to the same point 
in the circuit So that a ring may be operated from 
the radio repeater station. 

Telephone circuits 
As indicated previously a telephone circuit is ; 

provided for permitting either the operator of the 
West-east repeater or the operator of the east 
West repeater or both to communicate in either 
direction over the radio links through the medium 
of the multiplex channel No. 1. 
For this purpose there is provided a four-wire 

telephone circuit interconnecting the voice fre 
quency terminals of the order wire circuits of 
both the West-east and east-west repeaters 
through hybrid coils with a telephone set for each 
Operator. A talk key is also provided for each op 
erator So that he may connect his telephone set 
to this circuit, leaving it, disconnected when not 
in use as the circuit introduces some loss into the 
repeater path for the order wire channel. Each 
Operator is also provided with facilities which per 
mit him to Send ringing signals over the radio 
path in either direction from the repeater point. 

Referring in detail to the telephone circuit, for 
the West-east operator: There is provided a tele 
phone set 40 connected to one terminal of the 
hybrid coil 4 and balanced by means of a net 
work 2. The branches of the hybrid coil 4 are 
Connected to the separate set of contacts of the 
talk key 43, ... The blades for one of these sets of 
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contacts are connected to the voice frequency 
terminals 20 of the Order Wire circuit 500 and in 
parallel to a telephone line S4 leading to a similar 
talk key and circuit for the east-west operator. 
The blades of key 43 for the other set of contacts 
are Connected to a second telephone line 45 also 
leading to the east-West operator's position. 
Thus, when the key 33 is closed the operator's 

telephone set A is connected to the voice fre 
quency terminals of the Order wire-circuits of the 
tWO oppositely directed repeaters permitting two 
Way COInmunication. With either or both radio 
terminals or other intermediate repeater sta 
tions in either direction. Similarly, when the 
east-West operator's key is closed the same com 
munication facilities are available to him, and 
Winen both keys are closed the operators may in 
additi Cn. COmmunicate With each other. 

Ringing circuits 

In Order to permit the West-east operator to 
transmit ringing signals in either direction over 
the radio circuit a ringing key 46 is provided. 
When this key is closed in the E (right-hand) 
position, 60-cycle Current from the source 4 is 
applied to the voice frequency terminals 20. As 
pointed out in detail in connection. With the dis 
cussion of the order wire circuit (Fig. 5) the ap 
plication of Such current to this circuit causes 
the Operation of relay 53 interrupting the path 
for the transmission of pulses over channel No. 1. 
When the key 4 is closed in the W (left 

hand) position, current from the source 47 is 
applied to the telephone line 5 aind accordingly 
to the Voice frequency terminals of the Order wire 
circuit of the east-west, repeater. This causes 
the interruption of the ti'ansmission of pulses in 
channel No. 1, thereby transmitting the ringing 
signal over that chantiel. 
As was described in detail in the description of 

the order wire circuit (Fig. 5) ringing signals in 
channel No. 1 evidenced by the absence of pulses 
in that channel cause the operation of relay 542. 
This in turn applies 60-cycle current to the voice 
frequency terminals 2 which is transmitted over 
the telephone line is causing the bell 48 at the 
east-West operator's position to ring. 
The operation of relay 52 also closes a circuit 

from the terminal 5 of the 60-cycle source 59 
through the armature SS5 of relay 542, lead 54, 
bel 53 and back to terminal 52 of the source 519. 
This causes bell 53 to ring indicating to the west 
east operator that a ringing signal is being trans 
mitted. 
The east-West Operator is also provided with a 

bell 49 Which Will ring when a calling signal is 
being tranSmitted in the east-west direction. It 
is caused to ring by 69-ycle current, applied to 
the line 45 in the same way as beil 48 is operated 
in response to Calling signais over the West-east 
circuit. 

Alarm 

Thé bei 53 in addition to itS function in the 
ringing circuit is also used as an alarn to indicate 
the failure to receive marker pulses and the con 
Sequent operation of the automatic transfer re 
lay 23 (Fig. 2). As stated in the detailed de 
scription of that portion of the circuit this relay 
is provided with an armature 215 for operating 
the alarm circuit. 
When the relay 23 is operated due to the ab 

Sence of received marker pulses a circuit is es 
tablished from terminal of the 60-cycle source 
579 (Fig. 5) through lead 6, armature 25, and 
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its; front contact, leads 63, the normally closed 
contact of key S5 and bell 53 back to the Source 
579, at terminal 52. his causes the bell 53 to 
ring, due to the supply of 60-cycle current from 
source: 579. At the Sanne time the neCn alarm 
lamp. 56, is caused to light by virtue of the fact 
that it, is also connected to the source 379 in 
parallel with the bell 53 and key 55. Thus, the 
alarm condition is distinguishable from the 
ringing condition by virtue of the fact that the 
lamp 56 lights at the same time the bell 53rings, 
while in the ringing condition the bell 53 rings 
while the la?hp 38 remains unlighted. 
The bell may be stopped by throwing the key 

55 to its lower position. Under this condition 
when the circuit returns to normal the lamp 56 
will be extinguished by the interruption of the 
circuit frem source 59 at the arInature 25. 
However, with the key 55 in its lower position the 
bell 53 will ring again, current from Source 5F9 
being supplied thereto through lead 6i, armature 
25 and its back contact, lead 62, lower contact of 
key. 55 and bell 53 back to source 579 at terminal 
52. This time the bell 53 may be silenced by 
throwing the key 55 to its upper or normal posi 
tion. The entire circuit will then be in a normal 
condition in which the bell 53 may again be op 
erated due either to a ringing Signal Or to failure 
of the marker pulse. 
What is claimed is: 
1. A repeater for a time division multiplex Sys 

tem transmitting channel pulses modulated by 
signals to be transmitted comprising means for 
selecting one channel pulse, means for detecting 
the selected channel pulse to obtain the modul 
lating signal, means for blocking the Selected 
channel pulse from the repeated waves, means 
for generating a channel pulse in time relation 
to the other channel pulses corresponding to the 
selected channel pulse, means for nodulating the 
generated channel pulse by a signal, and means 
for transmitting the generated pulse with the 
repeated pulses. 

2. In a repeater for a pulse position modula 
tion, time division multiplex radio communica 
tion system employing recurrent frames of pulses, 
each frame including a marker pulse and a plu 
rality of channel pulses one for each communi 
cation channel and each having an assigned time 
period in each frame and modulated in time po 
Sition within said period in accordance With the 
Signal to be transmitted in the respective chan 
nel, a radio receiver, an amplifier for the output 
of said receiver, a radio transmitter nodulated 
by the output of said amplifier, means for Select 
ing the marker pulse output of said radio receiver, 
means controlled by said selected marker pulses 
for generating a gating pulse coextensive with 
the assigned time period of one channel pulse in 
each frame, means operated by Said gating pulse 
and Said one channel pulse for producing pulses 
modulated in length in accordance with the posi 
tion modulation of Said one channel pulse, means 
for Selecting the modulating signal from said 
length modulated pulses, means for applying said 
gating pulse to said amplifier to block the trans 
mission therethrough of Said one channel pulse, 
means controlled by Said Selected marker pulses 
for generating a channel pulse in the assigned 
time period for Said one channel pulse in each 
frame and modulated in time position in accord 
ance With a signal to be transmitted from the 
repeater, and means for supplying said channel 
pulses to Said amplifier. 

3. In a repeater for a pulse modulation time 
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6 
division multiplex radio Sytem employing, recur 
rent frames of pulses each frame including a 
marker pulse and a plurality of channel pulses; 
a radio receiver for said pulses, a pulse amplifier, 
a radio transmitter modulated by the output of 
said amplifier, means for locally producing recurs 
rent frames of marker and channel pulses, means. 
for selecting the marker pulses in the output, of 
Said, receiver, and means under control of said 
Selected marker pulses for maintaining: the in 
put of said amplifier, connected to the output. of 
Said receiver in the presence of a marker-pulse in 
the output, from said receiver and for supplying: 
Said locally produced frames of pulses- to the 
input of said amplifier in the absence of such 
a marker pulse in the output from: said receiver. 

4. In a repeater for a pulse position modula 
tion, time division multiplex radio communica, 
tion System employing recurrent frames of pulses 
each frame including a marker pulse- and a plu-, 
rality of channel pulses, one for each communi 
Cation channel and each having an assigned, nor 
mal time position in each frame, a radio receiver 
for said pulses, an amplifier for the output of 
Said receiver, a radio transmitter modulated by, 
the output of said amplifier, means, for locally 
producing recurrent frames of marker and chan 
nel pulses with the channel pulses occurring sub 
Stantially at their assigned normal time posi 
tions, means for selecting the marker pulse out 
put of Said receiver, and means under control 
of Said Selected marker pulses for maintaining 
the output of said receiver connected to the input 
of said amplifier and responsive to the failure of 
a marker pulse Output from Said receiver for: 
Supplying Saidi locally produced.recurrent frames 
of marker and channel pulses to the input of said 
amplifier. 

5. In a repeater for a pulse modulation, time 
division multiplex radio communication system, 
a radio receiver for said, pulses, an amplifier for 
the output of Said receiver, a radio transmitter 
modulated by the output of said amplifier, means 
for locally producing pulses similar to those nor 
mally in the output of said radio receiver, and 
meanS under control of the Output of said radio 
receiver for maintaining the output of said radio 
receiver connected to the input to said amplifier 
in the presence of a pulse in the output from said 
receiver and responsive to an absence of a pulse in 
the output from said radio receiver for supply 
ing Said locally produced pulses to the input 
to said amplifier. 

6. In a communication system having a first 
terminal for transmitting a plurality of pulse 
trains, each train comprising a communication 
channel, the pulses of each train being timed 
With respect to the others to provide a resultant 
train of pulses, a second terminal for receiving 
the pulse trains, and a common transmission 
medium interconnecting said terminals, an in 
termediate branch terminal coupled with said 
medium for Selecting one of said channels and 
Supplying a new channel to replace the selected 
channel comprising Selector means for selecting 
the pulses of a train corresponding to said one 
channel, Suppressor means for suppressing the 
pulses corresponding to said selected channel at 
the branch terminal leaving gaps in said resultant 
Wave train, means at the branch terminal for 
producing a train of pulses corresponding with 
the pulses of Said one channel, timing, means for 
timing the produced train of pulses to correspond 
With the Selected pulse train, and means for ap 
plying. Said produced timed pulses to said con 
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mon medium where the intermediate branchi ter 
minal is coupled thereto to supply a new channel 
replacing said selected, channel. 

7. A multiplex communication system of th 
type in which messages are transmitted in Sep-: 
arate channels by pulses of separate trains of 
pulses, each train of a given cadence frequency, 
in accordance : with signal modulations, compris 
ing a first terminai for transmitting Said : pulse 
trains, a second terminal for receiving said pulse: 
trains, a common medium interconnecting said 
first and second terminals, a branch terminal 
intermediate said first and second terminals cou 
pled to said common medium, means at said 
branch terminal for selecting and demodulating 
the pulses corresponding to a given channel, and 
means at said branch terminal for preventing 
access of the pulses corresponding to the selected 
given channel to said second terminal. 

8. A System according to claim 7, further com 
prising means at said branch terminal for pro 
ducing a further train of pulses defining another 
channel, and means for applying said produced 
pulses to said common medium where the branch 
terminal is coupled thereto and in timed relation 
to fill gaps available in Said Selected given chan 
nel - 

9. A system according to claim 7, further com 
prising means at said branch terminal for pro 
ducing a further train of pulses defining another 
channel, and means for applying said produced 
pulses to Said common medium where the branch 
terminal is coupled thereto and in timed relation 
to fill gaps available in said selected channel, a 
further intermediate branch terminal, means at 
Said further branch terminal for selecting said 
produced channel, and means at said further 
branch terminal for suppressing said produced 
pUlSeS. 

10. A system according to claim 7, further 
comprising means at said branch terminal for 
producing a further train of pulses defining 
another channel, and means for applying said 
produced pulses to said common medium where 
the branch terminal is coupled thereto and in 
timed relation to fill gaps available in said se 
lected channels, a further intermediate branch 
terminal coupled to said common medium, means 
at Said further branch terminal for selecting said 
produced channel, and means at said further 
branch terminal for suppressing said produced 
pulses, means at said further branch terminal 
for producing a further train of pulses defining 
a further channel and means for applying said 
further produced pulses to said common medium 
where the further branch terminal is coupled 
thereto and in timed relation. 

11. A communication system of the type in 
which messages are transmitted by time displace 
ment of pulses of a given cadence frequency, in 
accordance With signal modulations, comprising 
a first terminal for transmitting said pulses, a. 
Second terminal for receiving said pulses, a com 
mon medium interconnecting said first and sec 
ond terminals, a branch terminal intermediate 
Said first and second terminals coupled to said 
common medium, means at said branch terminal 
for selecting and demodulating pulses, and means 
at Said branch terminal controllable from one of 
Said first and second terminals for suppressing 
the selected pulses. 

12. A system according to claim 11, further 
comprising means at said branch terminal for 
producing a further train of pulses, and means 
for applying said produced pulses to said common 
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medium where the branch terminal is coupled 
thereto for signaling to said second terminal. 

13. A communication system comprising a first 
terminal, means for transmitting from said first 
terminal a plurality of trains of pulses, means for 
timing the pulses of each said trains with respect 
to the pulses of the other trains to provide a re 
Sultant train of spaced pulses, a Second terminal 
station for receiving said trains of pulses, a com 
mon medium interconnecting said terminals, at 
least one branch terminal intermediate said first 
and Second terminals coupled to Said Common 
medium, means: at said branch terminal for pro 
ducing other trains of pulses, and means at Said 
branch terminal for applying said produced train 
of pulses to said: common medium where the 
branch terminal is coupled thereto and in such 
timed relation with said resultant train of pulses 
that said produced pulses are interleaved in Said 
resultant train. - 

14. A communication. System according to 
claim 13, further comprising means at Said branch 
terminal for selecting one of said trains of pulses, 
and mineans for suppressing: the pulses of Said Se 
lected train, and further timing control means to 
time said produced train of pulses with said 'se 
lected pulses to replace said suppressed selected 
pulse train. 

15. In a communication System comprising a 
first terminal for transmitting a plurality of pulse 
trains, the pulses of each train being timed with 
respect to those of the other trains to provide a, 
resultant train of pulses, a Second terminal for 
receiving the pulse trains from said first terminal 
and a common medium interconnecting said ter 
'minals, an intermediate" terminal coupled with 
said medium-and-comprising means for Selecting 
the pulses corresponding to one of said trains, 
means, at the intermediate terminal for Sup 
pressing said selected pulses leaving gaps in Said 
resultant train, means at the intermediate ter 
minal for producing other pulses, means at the 
intermediate terminal for timing Said produced 
other pulses to correspond in time with Said Se 
lected pulses, and means at the intermediate ter 
minal for applying said produced timed pulses to 
said common medium in Said gaps left by Sup 
pression of said Selected pulses. 

16. In a communication System having a first 
terminal for transmitting a plurality of pulse 
trains, each train comprising a communication 
channel, the pulses of each train being timed 
with respect to the others to provide a resultant 
train of pulses, a second terminal for receiving 
the pulse trains, a common transmission medium 
interconnecting said terminals, and an interme 
diate branch terminal coupled with Said medium 
for selecting one of said channels, the method of 
Supplying a new channel to replace the Selected 
channel comprising selecting at the branch ter 
minal the pulses of a train corresponding to Said 
One channel, suppressing the pulses correspond 
ing to said selected channel at the branch ter 
minal leaving gaps in said resultant wave train, 
producing at the branch terminal a train of 
pulses corresponding with the pulses of Said one 
channel, timing the produced train of pulses to 
correspond with the selected pulse train, and ap 
plying said produced timed pulses to Said con 
mon medium where the branch terminal is cou 
pled there to to supply a new channel replacing 
said selected channel. 

17. In a communication system having a first 
terminal for transmitting on a first carrier fre 
quency and receiving on a Second carrier fre 
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quency a plurality of pulse trains each train 
comprising a communication channel, the pulses 
of each train being timed with respect to the 
others to provide a resultant train of pulses, a 
second terminal for receiving the pulse trains 
from said first terminal and transmitting pulse 
trains to said first terminal, and a common trans 
mission medium interconnecting said terminals, 
an intermediate branch terminal coupled to said 
medium for Selecting one of Said channels and 
Supplying a new channel to replace the selected 
channel comprising filter means for separating 
said carriers, selector means for selecting the 
pulses of a train corresponding to Said one chan 
nel from one of Said separated carriers, sup 
pressor means i for Suppressing the pulses cor 
responding to said selected channel leaving gaps 
in said resultant wave train, means for producing 
a train of pulses corresponding with the pulses 
of said one channel, timing means for timing the 
produced train of pulses to correspond with the 
Selected pulse train, means for modulating a car 
rier frequency corresponding to said one carrier 
with said produced pulse train and means for ap 
plying said modulated carrier frequency to said 
common medium, where the branch terminal is 
coupled thereto to Supply a new channel replac 
ing Said selected channel. 

18. In a communication System comprising a 
first terminal for transmitting a plurality of . 
pulse trains on a first carrier frequency, and re 
ceiving a plurality of pulse trains on a second car 
rier frequency, the pulses of each train being 
timed with respect to those of the other trains 
to provide a resultant train of pulses, a second 
terminal for receiving the pulse trains from said 
first terminal and transmitting trains of pulses 
to Said first terminal and a common medium in 
terconnecting Said terminals, an intermediate 
terminal coupled to said medium comprising 
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means for Separating. Said first and second car 
rier frequencies, means for selecting the pulses 
corresponding to one of Said trains from at least 
One of Said carriers, means for Suppressing said 
Selected pulses leaving gaps in said resultant 
train, means for producing other pulses, means 
for timing Said produced other pulses to corre 
Spond in time with said selected pulses, means for 
modulating Said one carrier with said produced 
other pulses, and means for applying Said modu 
lated one carrier to said common medium where 
the intermediate terminal is coupled thereto and 
in Said gaps left by Suppression of said selected 
pulses. 

19. In a communication System, a plurality of 
terminals, a medium for intercoupling said ter 
minals, means for transmitting time multiplexed 
pulses over the medium in a plurality of chan 
nels, control means at one of Said two terminals 
for providing denial of access to another of said 
terminals of at least one preselected channel of 
Said plurality of channels. 

20. A combination in accordance with claim 19 
Wherein means are provided for reinserting at 
Said another of said terminals a replacement 
channel for Said preselected channel. 

JAIMES O EDSON. 
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