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1. 

This invention relates to pulse communication 
systems, especially multi-channel Systems, incor 
porating relay and in and out branching stations. 

In communication by means of pulses many 
methods of modulating the pulses to convey in 
telligence have been proposed, for example, Wari 
ous types of pulse time modulation (hereinafter 
abbreviated as “P. T. M.') have been proposed. 
Pulse amplitude modulation (hereinafter abbre 
viated as P. A. M.) has also been proposed. 
In the co-pending application of Emile Tabin 

and myself for “Multi-channel communicating 
systems,' filed April 7, 1944, bearing Serial Num 
ber 529,933, now Patent No. 2,428,118, granted 
September 30, 1947, it has been suggested that 
the same pulses may be time modulated to con 
vey inteligence and amplitude modulated to con 
vey additional intelligence. 

In order to satisfactorily communicate by P. 
A. M., it is essential that substantial deteriora 
tion of signal to noise ratio and distortion of the 
pulses be avoided. This requirement limits the 
use of P. A. M. to comparatively short distances 
or entails the use of relatively expensive linear 
relay stations. On the other hand, P.T. M. pulses 
may be substantially distorted and attenuated as 
regards amplitude and yet serve to adequately 
convey the intelligence represented by that type 
of modulation. Therefore P. T. M. may be used 
OVer much longer distances than P. A. M. with 
out adverse effects. Moreover if the distances are 
so great as to require amplification of the P. i. M. 
pulses, then relatively inexpensive non-linear re 
lay equipment may be employed. 

It Will, therefore, be seen that while P. T. M. 
is suitable for long distance transmission, P. A. M. 
is not, unless expensive linear relay stations are 
employed. This statement applies whether the 
communication is carried on by common line 
transmission, carrier Wave line transmission, 
through a radio link, or otherwise. In using the 
term 'short distance,' I am using it in a special 
Sense to refer to a distance Which Will not pro 
duce substantial distortion and attenuation of 
P. A. M. pulses, while a “long distance” will pro 
duce such distortion and attenuation. The actu 
all physical distance implied by these terms de 
pends upon the communication medium and other 
factors such as the frequency, power, and equip 
ment employed. 
An object of the present invention is the pro 

vision of a communication System which makes 
eficient use of the combination of P. A. M. and 
P. T. M. In One form this is accomplished by 
using P. T.M., for long distance transmission and 
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Superimposing P.A.M. on the P. T. M. pulses to 
provide additional channels for communication 
over lesser intermediate distances, which lesser 
distances may be 'short distances' in the special 
Sense hereinabove defined, or may be greater than 
Said short distances. Where the amount of traffic 
warrants the use of linear repeaters. 

. Another object of the present invention is the 
provision of...a... communication system including 
tWO, stations between Which communication is 
held by P. T. M., said system including a relay 
Station for: Said P. T. M. communication, which 
relay station is adapted to have additional com 
munication. With either another similar relay sta 
tion or with one of said P.T. M. stations by means 
of P. A. M. carried on the P.T. M. pulses. 
Another object of the present invention is the 

provision of a multi-channel pulse communication 
System in which communication is carried on be 
tween two main stations by P. T. M. pulses, and 
additional communication is carried on between 
one or more...intermediate relay and in and out 
branching ... stations and any other station by 
means of P. A. M. carried by the P. T. M. pulses. 

Other. and further, objects of the present in 
vention. Will become apparent and the foregoing 
Will be best understood from the following de 
scription of embodiments thereof, reference being 
had to the drawings, in which: 

Fig. 1 is a Schematic diagram of: a communi 
cation system embodying my invention; 
Fig.2 is a Schematic and block diagram of a 

relay unit for use with a single channel of pulses 
in accordance With my invention; 

Fig. 3 is a Schematic...and block diagram of a 
relay unit for use With multi-channel pulses; and 

Fig. 4 is a Set, of... curves...to, which reference is 
made in the following...description. It is to be 
understood that, these curves and others shown 
in the drawings are not drawn to scale and only 
have significance to the extent pointed out herein. 

. In the embodiment illustrated in Fig. 1, com 
munication is to be carried on between two sta 
tions which are designated as West station , and 
east Station 2. The communication medium may 
be. by common line transmission, carrier. Wave 
line transmission or...by means of radio links or 
any other Suitable form of communication. In 
the embodiment shown in Fig. 1, the communica 
tion medium is illustrated, for example, as being 
common line transmission and consists of a line 
generally, designated by the numeral 3 for traffic 
in an easterly, direction, and a line 4 for traffic 
in a westerly direction. 
Assuming that West station and east station 
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2 are a relatively long distance apart, in accord 
ance with my invention communication between 
said stations is carried on by means of P. T. M. 
pulses such as those designated by the numeral 5. 
Any suitable known type of P. T. M. modulator 

maybe used, it being considered suficient to point 
out that pulses 5 may be displaced in time Within 
the limits indicated by the dotted lines 6. 
The P. T. M. pulses transmitted from West 

station which are modulated with intelligence 
at said station may be transmitted over long dis 
tances and if the distances are sufficiently long, 
non-linear repeaters may be inserted in the 
sections 3 of the line covering Said long dis 
tances. The fact that repeaters are non-linear 
will not materially affect the communication by 
P. T. M. pulses. The pulses 5 arrive at a sta 
tion 9 which, for purposes of conciseness, Shall 
be termed “a relay station.’ At relay station 
9, the P. T. M. pulses 5 are amplified and trans- : 
mitted over a short distance line Section is to 
another relay station . 

It may be desired to carry on local Communi 
cation between relay stations 9 and í í and for 
this purpose the P. T. M. pulses which are relayed : 
as station 9 may be pulse amplitude modulated 
by means such as described hereinafter to carry 
additional intelligence to station as illustrated 
by pulses 2. At station the pulses 2 are 
treated so as to remove the P. A. M. and derive 3. 
the information represented thereby. The 
F. T. M. pulses are sent on towards east sta 
tion 2. 

It may be desired to carry On additional local 
communication between station f l and Station 2 3 
and for this purpose the P. T. M. pulses trans 
mitted from station to Station 2 may again 
be amplitude modulated with additional intelli 
gence as represented by pulses 3. 

If Section 4 of the lines between station 
and station 2 is greater than a 'short distance,' 
repeaters may be necessary. Since sections 4 are 
to carry P. A. M. as well as P. T. M., it will be 
necessary to use linear repeaters 5 for this 
purpose. At east station 2 the intelligence car 
ried by the P. A. M. and the Separate intelligence 
carried by the P.T.M. of pulses 3 may be derived 
from said pulses by any known forms of P. T. M. 
gard P. A. M. demodulatOrS. 
In the pulses travelling from east station 2 to 

the West station f by line 4, local P. A. M. com 
munication may be carried on in a similar man 
ner between station 2 and Station as well as 
between station and Station 9. However, 
P. A. M. is not carried on between station 9 and 
West station because of the length of the lines 
involved and the non-linear repeaters 7. 
From the foregoing description it Will be seen 

that communication is carried on by P. T. M. be 
tween the east station and west station while 
local communication is carried on between relay 
station and either the east station or relay 
station 9 by P. A. M. carried by the P. T. M. 
pulSeS. 
While have described the foregoing connu 

nication System With reference to a single chan 
nel of P. T. M., it may also be used as a multi 
channel system and the relay stations 9 and 
may also serve as in and out branching stations 
not only for P. A. M. but also for P. T. M. Fur 
thermore, although I have shown a given number 
of stations, it will be apparent that many more 
relay stations may be incorporated in the Systern 
in accordance With the foregoing description. 

Referring now to Fig. 2, I have there illustrat 
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4. 
ed a relay and in and out branching unit 6 for 
a single channel which unit may be employed 
in any one of the stations. This unit is designed 
to receive pulses 7 having both P. A. M. and 
P. T. M. Pulses 7 are fed through a decoupling 
animplifier 8 and a low-paSS filter 9 to an indi 
cating device such as a receiver 20. In the low 
pass filter 9, the pulses are integrated So as to 
yield a resultant wave 2 representing the in 
telligence with which pulses 7 were annplitude 
modulated. Pulses are also Sent through a 
limit clipper amplifier 22 where they are clipped 
along the level 23 and amplified and inverted to 
produce pulses 24. Pulses 26 still carry the in 
telligence represented by their time modulation 
but they have no amplitude modulation, 

If unit I8 is also used as a P. T. Mí. 'out'' 
branching station then switch 25 is closed and 
pulses 24 are sent through a pulse time de 
modulator 26 of any known type, such for ex 
ample as disclosed in U. S. patent to Reeves No. 
2,266,401, and a low-pass filter 2 to a reproduc 
ing device 28. The domodulator 25 serves to 
translate the time displacement of pulses into 
amplitude displacements. The low-pass filter 2 
serves to eliminate any high frequency compo 
nents. 

If unit 6 is also used as a P. T. M. “in branch 
ing' Station, then SWitch 29 is also closed and 
pulses 39, produced by a P. T. M. modulator 3 í 
Such for example as disclosed in the aforemen 
tioned Patent No. 2,266,401, and time-modulat 
ed by a signal from a Source 32, are fed through 
the circuit including Switch 29 to an amplitude 
inodulating circuit 33. The wave generator 3 for 
producing a control Wave for modulator 32 may 
be synchronized by means of pulses 24 so that 
the pulses 30 Will have the Same tinning as the 
pulses in the absence of time modulation. 

If unit 6 is not to be used aS a P. T. MAI. “in 
branching' and “out branching' station then 
SWitch 35 is closed. While SWitches 25 to 29 re 
main open. In this case pulses 24 are relayed. 
When switch 29 is closed and switch 35 open, then 
pulses 30 are transmitted. 

Either pulses 24 or the pulses 3 are fed 
through an amplitude modulating circuit 33 hav 
ing a tube 36 Where the pulses are amplitude 
modulated With a signal 37 from a source 38 
Which may be a microphone or the like to there 
by produce pulses 39 which carry both P. T.Mi. 
and P. A. M. The pulses 24 or 39 are fed to grid 
40 of tube 33 While signal 37 is fed to Screen 
grid 4 of tube 36. The pulses 24 and signal 
37 combine to produce pulses 39 in the anode cir. 
Cuit 36. 
The unit of Fig. 2 thus, not only amplifies and 

relays the P. T. M. pulses, but also removes 
P. A. M. from received pulses and adds by ampli 
tude modulation further intelligence to the out 
put pulses. The unit may also be used to de 
modulate the P. T. M. of the pulses, if desired, 
and to introduce a new series of P. T. M. pulses. 
Since the unit is intended to handle only one 
Way traffic, two of Such units may be employed 
in relay station to handle two way traffic. 

If the System illustrated in Fig. i is to be used 
for multi-channel P.T. M. communication, multi 
channel units Such as unit 43 illustrated in Fig. 
3 and described in connection with the curves 
of Fig. 4 may be employed. One Such unit suf 
fices Where one Way traffic is handled and two 
of Such units are used for two way traffic. Relay 
station of Fig. 1, for example, if used for multi 
channel communication, would include two Such 
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station. For example, in relay station 9 for 
traffic moving from the west station towards the 
east station, it is unnecessary to have the de 
coupling amplifier 8, low-pass filter 9 and in 
dicating device 20 showin in Fig. 2 Since the pulses 
transmitted by west station carry no P. A. M. 
Again in 1elay station 9 for the unit which is 
used for traffic going in a westerly direction, it 
it unnecessary to have the amplitude modulating 
unit 33 of Fig. 2 since the pulses which are Sent 
from relay station 9 to west station are only to 
carry P. T. M. and no P. A. M. 

It will therefore be seen that rinany changes 
can be made in the number of elements of each 
unit selected for each station. Numerous other 
changes such as in the particular type of ele 
ment employed may be made without departing 
from the teaching of this invention. Accordingly 
while I have described the principles of my in 
vention in connection with Specific embodiments, 
it is to be clearly understood that this descrip 
tion is made only by way of example and not 
as a limitation on the scope of my invention as 
set forth in the objects and the accompanying 
claims. 

I claim: 
1. In a communication System including a pill 

rality of stations, means for coilinunicating in 
telligence between two of said stations by the 
use of discrete time modulated pulses, Said means 
including a relay station for amplifying and re 
laying said time modulated pulses, and means at 
said relay station for communicating additional 
intelligence between said relay station and one 
of said stations by superimposed amplitude modul 
lation of said time modulated pulses comprising 
a source of intelligence signals and fileans for 
amplitude modulating said pulses with Said sig 
nalS. 

2. In a communication systein including a pair 
of communicating stations, means including two 
relay stations spaced from said communicating 
stations for relaying intelligence between Said 
communicating stations by the use of time modu 
lated pulses, and means for communicating ad 
ditional intelligence between said relay stations 
by superimposed amplitude modulation of Said 
time modulated pulses. 

3. In a communication system including a pill 
rality of stations, ineans for communicating in 
telligence between two of said stations by the 
use of time modulated pulses, Said means in 
cluding a relay station for relaying said time 
modulated pulses, one of said two stations includ 
ing means for amplitude modulating said time 
modulated pulses superimposed in accordance 
with additional intelligence, said relay station 
including means for removing and demodulating 
the amplitude modulation of said time modulated 
pulses to derive the additional intelligence rep 
resented thereby. 

4. In a communication system a relay station 
adapted to receive pulses time modulated in ac 
cordance with intelligence and amplitude modu 
lated in accordance with additional Superimposed 
intelligence, means for removing the amplitude 
modulation of said pulses and deriving the addi 
tional intelligence represented in said amplitude 
modulation, means for amplitude modulating the 
time modulated pulses in accordance with other 
intelligence, and means for relaying the resulti 
ing doubly modulated pulses. 

5. In a multi-channel pulse communication 
system, a relay station adapted to receive a pill 
rality of pulses representing more than One chan 
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8 
nel, the pulses of at least one channel being time 
modulated with intelligence, means for separat 
ing the pulses of said one channel from the pulses 
of other channels, means for amplitude modulat 
ing the pulses of said one channel with additional 
Superimposed intelligence, means for l'einserting 
the pulses of said one channel among the pulses 
of the other channels, and means for relaying the 
plulses of the Warious channels, 

6. In a multi-channel pulse communication 
System, a relay station adapted to receive a plu 
rality of pulses representing more than one chan 
nel, the pulses of at least one channel being time 
modulated with intelligence and amplitude modul 
lated with additional superimposed intelligence, 
In eans for separating the pulses of said one chan 
nel from the pulses of other channels, means for 
removing the amplitude modulation of the sepa 
rated pulses, and means for reinserting the pulses 
representing said one channel among the other 
channels and relaying the pulses of the various 
ChaínnelS. 

7. In a multi-channel pulse communication 
System, a relay station as set forth in claim 6, 
including in addition means for amplitude modu 
lating with other intelligence the separated pulses 
of said one channel before reinsertion of said 
pulses among the pulses of the other channels. 

8. In a multi-channel pulse communication 
System, a relay station adapted to receive a plu 
rality of pulses representing more than one chan 
nel, the pulses of at least one channel being time 
modulated With intelligence, means for sepa 
rating said one channel for out branching pur 
poses, means time controlled by the pulses of said 
out branching channel for generating pulses and 
time modulating said generated pulses in accord 
ance with other intelligence, means to amplitude 
modulate said last-mentioned pulses in accord 
ance With additional Superimposed intelligence, 
means to reinsert Said last-mentioned pulses 
amongst the pulses of other channels in place 
of the Separated pulses, and means for relaying 
pulses of various channels. 

9. In a multi-channel pulse communication 
System, a relay station adapted to receive a plu 
rality of pulses representing more than one chan 
nel, the pulses of at least one channel being time 
modulated with intelligence and amplitude modu 
lated with additional superimposed intelligence, 
means for separating the pulses of said one chan 
nel for out branching purposes, means time con 
trolled by the pulses of said out branching chan 
nel for generating pulses and time modulating 
Said pulses in accordance with intelligence, means 
for inserting said last-mentioned pulses among 
the pulses of other channels in place of the sepa 
rated pulses, and means for relaying the pulses 
Of Vall'iOUS channes. 

10. In a multi-channel pulse communication 
System, a relay station according to claim 9, in 
cluding in addition means for also amplitude 
modulating the generated pulses in accordance 
With other intelligence superimposed before in 
Sertion of said pulses among the pulses of other 
Channes. 

11. In a multi-channel pulse communication 
System including a plurality of stations, means 
for communicating intelligence between two of 
said Stations by multi-channel time modulated 
pulses, said means including two relay stations 
for relaying Said multi-channel time modulated 
pulses, means for communicating additional in 
telligence between said relay stations, said last 
mentioned means including means for separating 
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the pulses of one of said channels from the pulses 
of other of said channels, and means for Super 
imposedly amplitude-modulating the pulses of 
the separated channel. 

i2. In a multi-channel communication SyS 
tem including a plurality of stations, means for 
communicating intelligence between two of Said 
stations by the use of multi-channel time modu 
lated pulses, said means including a relay station 
for relaying said time modulated pulses, and 
means for communicating additional intelligence 
between said relay station and another of the sta 
tions of the communication System, said last 
mentioned means including means for separting 
the pulses of one of said channels from the pulses 
of other of said channels, and means for Super 
imposedly amplitude-modulating the separated 
pulses. 

DONALD D. GRIEG. 
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