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Patented June 26, 1945 2,379,221 

UNITED STATES PATENT OFFICE 
2,379,221 

COMMUNICATION SYSTEM 
Lloyd Espenschied, Kew Gardens, N.Y., assignor 
to Bei Telephone Laboratories, incorporated, 
New York, N.Y., a corporation of New York 
Application October 9, 1942, Seria No. 46,439 

(C. 9-3) 9 Cairns. 

this invention relates to electrical switching 
Traethods and switching devices and particularly 
to these methods and devices when applied to 
Cornnunication Systems and to signaling systems 
is a general. 
The objects of the invention are to simplify the 

devices used to perform the switching of com 
munication lines and other electrical circuits; to 
eliminate to a large extent the moving mecha 
Ensas heretofore used for this purpose; to reduce 
the number of switching stages necessary for the 
establishment of connections between telephone 
or other lines; to increase the speed with which 
Connections may be established; and in other re 
spects to obtain improvements in switching meth 
ods and devices. w 

alieny varieties of automatic switching mech 
anisms have been proposed in the past for inter 
connecting the lines of telephone, telegraph, and 
other communication systems. In most all cases 
these prior mechanisms have depended largely 
upon the use of electromechanical devices in 
which moving parts serve to perform the selective 
aid connecting operations involved in the estab 
lishment of the desired connections. While some 
of these types have been developed to a high de 
gree of reliability, it is true nevertheless that the 
presence of moving mechanical elements imposes 
limitations on the speed of operation and also in 
&roduces other problems. Also there have been a 
number of suggestions heretofore for the use of 
the Cathode beam tube for selecting telephone 
lines and other similar circuits. Furthermore, it 
aas been previously suggested to use cathode 
beam tubes as distributors in systems of the usual 
in ultiplex distribution type. 

in accordiance with the present invention in 
grovements and advantages are obtained over 
these prior devices by means of a switching sys 
tem in which electrica connection may be estab 
iished between any two lines in a group, such as 
the calling and called lines in a telephone office, 

O 
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the medium of the beans once for each scanning 
cycle. The system is provided, however, with 
Sneans for varying the relation of the two scan 
ning beams in accordance with information re 
ceived concerning the connection that is desired. 
When, therefore, it is desired to establish a con 
nection between any calling line and any called 
line, the relation between the two beams is varied 
by an amount corresponding to the identity of 
these lines, So that each time the first beam en 
gages the calling line the second beam simulta 
Aneously engages the called line. Thus the calling 
arid called lines are connected together once per 
cycle, and the scanning rate is so rapid that a 
substantially continuous connection is main 
tained. 
Another and related feature of the invention is 

a syster in which the lines in the incoming scan 
ning field and the lines in the outgoing scanning 
field constitute two separate groups of lines or 
trunks. For example, the outgoing lines may be 
a group of trunk circuits over which calls are 
extended from the incoming lines or trunks. By 
subdividing the outgoing lines into subgroups it is 
possible to choose any one of a number of differ 
ent directions for routing the incoming calls. 
Another feature of the invention is a Scanning 

system in which the elements in the scanning 
fields are variably energized in accordance with 

30 the current variations in the lines produced by 
the speech or communication signals therein, and 
these variable energizations are communicated 
from one line to another by means of the inter 
vening electron beams. 

35 

through the medium of scanning devices. More 
Specifically a group of lines, having an appear 
ance in a scanning field as calling or incoming 
iies, are scanned repeatedly and at high speed 
by an electron beam, such as that produced by a 
cathode beam tube, and at the same time the said 
group of lines, having another appearance in a 
second scanning field as called or outgoing lines, 
are Scanned repeatedly by a second electron 
beam. Normally these two beams are in Syn 
chronism and in phase such that each line in the 
incoming field is electrically connected to the 
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Another feature of the invention is a system in 
which the designations of the lines or other cir 
cuits to be connected for conversation through 
the scanning beams are utilized to introduce a, 
phase displacement between said beans, so that 
said beams engage the calling and called lines 
simultaneously each time they pass through a 
Scaning cycle. 
Another feature of the invention is a system in 

which the scanning devices are driven synchro 
nously from a common source of high frequency 
current and in which the designations of any pair 
of lines or circuits to be interconnected are used 
to produce a corresponding shift in the phase of 
the current supplied to drive one of said beam 
devices, thereby effecting a phase relation be 
tween the synchronously moving beams such that 
they engage simultaneously the desired pair of 
lines or circuits on each scanning cycle, 
Another feature of the invention is a System in 

corresponding line in the outgoing field through 55 which the lines have an appearance in a primary 
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bean scanning device and also have appearances 
in each of a plurality of associated secondary 
beam scanning devices, the beans of all devices 
being driven synchronously over the lines appear 
ing therein, together with means for introducing 
definite and varying phase displacements be 
tween the beams of said secondary scanning de 
vices and the beam of said primary device, so that 
simultaneous communications may take place 
between any desired number of pairs of lines. 
These and other features of the invention will 

be discussed more fully if the following detailed Specification. 
t In the drawings accompanying the specifica 
ion: 
Fig. 1 is a conventional diagram iustrating a 

telephone system incorporating the features of 
the present invention; 

Figs. 2 to , inclusive, where arranged in the 
order illustrated in Fig. 9 disclose the system of Fig. 1 in greater detail; 

Fig. 2 discloses a primary bean switch in which 
the subscribers' lines or other circuits agppear and 
also shows two of these lines; 

Fig. 3 shows two of the secondary team 
switches in which the subscribers ines also ap 
pear as well as other circuits with which it is de 
sired to make connection; 

FigS. 4 and 5 show 2, pair of designatio reg 
isters for registering tile numbers og calling and 
called lines respectively 

Figs. 6 and disclose a, second pair of desig 
snation registers; sins 

Fig. 8 is an enlarged fragmentary view illus 
trating the structure of the beam switches. 
The invention in its broader aspects contern 

plates a multiplex system in withich a plurality of 
communication channels are established concur rently for voice communication, telegraph sig 
naling or transmission of any other desired kind. 
In the present disciosure, however, a telephone 
System has been chosen for the purpose of illus 
trating the invention. It is also assumed that 
there are one hundred lines in this system, all of 
which may be subscribers' lines if desired or a 
part of which ray be trunks, such as those in 
terconnecting one telephone office with another. 
in any eveni, it will be obvious that the invention 
is not limited to any particular capacity nor to 
any particular division of disposition of the cir 
cuits comprising this systery. 

Referring first to Fig. , there is illustrated di 
agrammatically a single primary bean switch 
0 in which the incoming lines of a group have 

individual appearances in a circular row of elec 
trodes. Two of these lines, those having the des 
ignations "30" and '42" are shown in the draw 
ing. The primary beam switch 00 is connected 
Over E. common transmission medium ff to a 
plurality of secondary beam switches 02, 3, etc., 
the number of these secondary switches corre 
sponding to the number of permissible simulta 
neous communications, The switches 02 and 

. O3, are similar in structure to the switch fes, 
and the lines appearing in the switch 00 also 
have the same relative spatial appearance in each 
of the switches iO2, iO3, etc. Two subscribers' 
lines, No. 62 and No. 20, are shown outgoing from 
the secondary switches. If it is assumed that the 
system comprises one hundred subscribers' lines 
and that the switches have a capacity for one 
hundred circuits, then the entire circumferentiai 
row of electrodes in each of these switches is oc 
cupied by the subscribers' lines. In other words, 
lines numbered "0" to "99" would appear in spa 
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tial sequence around the circumference of switch 
00 and would also be multipled to appear in the 

same spatial sequence around the circumference 
of each of the secondary switches 02, 103, etc. 
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However, if it is desired to include trunks or 
other circuits incoming from and Outgoing to dis 
tant points, a portion of the appearances around 
the circumference of the beam switches 00, 62, 
(83, would be devoted to these incoming and out 
going circuits, and the remainder of the appear 
ances in these switches would be devoted to the 
subscribers' lines, which would also have the cor. 
responding spatia appearances in the beam 
switches. One of the incoming circuits j4 and 
one of the outgoing circuits 9 are illustrated 
in the drawirag. 
A plurality of designation registers 85, 66, etc., 

are provided for registering the designations of 
any pair of lines or circuits between which it is 
decided to establish a communication connection 
by way of a pair of beam switches 00, 802. The 
aegister (5 comprises two stepping devices 
and 88 which are essentially the same in struc 
ture as the Well-known two-motion step-by-step 
Syyitch used in automatic telephone systems. The 
stoScribers' lines appear according to their Yat 
merica; designations in the terminal banks of 
the stepping device G7, which operates automat 
ically, like a line finder, to find the terminals of 
any line on which a calling condition is presea. 
Having found the calling line, the vertical and 
rotary movements performel by the stepping de 
vice G are a measure or a registration of the 
tens and units digits of the line. As will be ex 
plained hereinafter, these vertical and rotary 
movements cause the setting of a pair of variable 
condiensers which together comprise a phase 
shifter G 39. The other step-by-step device 68 of 
the register is is similar to the finder , ex 
cept that it responds to the impulses transmitted 
by the calling subscriber to perform vertical and 
rotary movements representing the tens and units 
digits of the called line or circuit and in so doing 
inparts corresponding settings to the condensers 
of the phase shifter 0. 
The purpose of the phase shifters a 99 and G G 

is to impose a phase shift in the voltage taken 
from the beam-driving source which is an ex 
act measure of the spatial separation of the cal 
rag and called lines in the priinary and Second 
airy beam switches. Thus if the beams 2 and 

3, which are driven in synchronism over their 
circumferential rows of electrodes by the corn 

On source , are in phase with each other, 
they encounter simultaneously the two appear 
ances of each of the successive lines over which 
they move. But by setting the phase shifters a 63 
and ( in accordance with the designations of 
the calling and called lines it is possible to shift 
the phase of the beam 3 with respect to the 
phase of beam 2 by an amount which corre 

65 
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Sponds to the spatial distance between the calling 
and called line appearances in the switches a CG 
and 82. Therefore, as the beams rotate in syn 
chronism they encounter the calling and called 
lines simultaneously once per revolution, 
In like manner the register 96 comprises a 

step-by-step line finder device if G having an as 
Sociated phase shifter ffs and a stepping device 
6 having an associated phase shifter a . It 

will be noted that the registers 05 and fos are 
common to all of the subscribers' lines and are as Sociated respectively, with the secondary beam 
Switches O2 and O3. And in like manner for 
each of the remaining secondary beam switches 
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not disclosed in the drawing a corresponding 
register is provided. 

Referring now to Figs, 2 to 7, the subscribers' 
lines, which are assumed to be numbered from 
'0' to '99,' appear in the central office in in 
dividual control and transmission circuits. For 
example, lines 200 and 20 appear in the usual 
controlling circuits 202 and 203 respectively and 
also through suitable condensers and transform 
ers in the transmission circuits 204 and 205 re 
spectively. These lines also appear in the pri 
mary bean switch 206. To this end the switch 
208 comprises a circumferential row of one hun 
dred anodes, and each one of these anodes is con 
nected by a conductor to the transmission circuit 
of one of the subscribers' lines. For example, 
subscribe's line 200, the designation of which is 
"42," is connected by way of conductor 29 to 
the forty-Second anode 268, and line 20, the 
number of which is "30,’ is connected by way of 
conductor 29 to the thirtieth anode 2 in the 
beam switch 26. The beam Switch 206 includes 
a central electron-emitting cathode 2G, a col 
ector grid 22 and a set of driving coils 23, 24, 
25 and 26. The central cathode, the collector 
grid and the circumferential anodes are all en 
closed in a sealed vacuum tube. The driving coils 
are arranged on the exterior of the tube in any 
convenient manner and serve to set up a rotating 
magnetic field which causes the electron beam 
2 (virtual or real) to rotate at a velocity de 
pending on the frequency of the energizing source 
28. For a more complete description of the 
general principles of the rotating radial beam tube 
reference is made to the patent to A, Mi. Skellett 
2,217,774 of October 15, 1940. 
The primary beam switch 206 is paired with 

each of a plurality of secondary beam switches 
368, 3G, etc., over a common transmission con 
ductor 392 which interconnects the collector grid 
22 of the switch 206 and the collector grids 303, 
384, etc., of the secondary bean switches. The 
bean switch 36 is substantially the same as 
switch 266; it has a circular row of one hundred 
sodes spaced and numbered in the same Order, 
a collector grid 33, a central electron-emitting 
cathode 365 and the collector driving coils 306, 
39, 368 and 369. In addition the switch 399 is 
provided with a control grid 36, the purpose of 
Which will be explained hereinafter. Tikewise 
the secondary beam switch 30 comprises a cen 
tral cathode 3, a control grid 32, a collector 
grid 3 3, a circular row of one hundred anodes 
and driving coils, two of which, S4 and 35, are 
iustrated in the drawings. 
When the primary bean switch 206 is paired 

with the secondary beam switch 396 for establish 
ing communication between a pair of subscribers' 
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movable plate 40 of the variable condenser 408 
by an amount corresponding to the vertical move 
ment of the shaft 40; and the pinion 406 serves 
to set the movable plate 409 of the variable con 
denser 40 by an amount corresponding to the 
rotary movement of said shaft. The shaft 40 
takes a number of vertical steps varying from 
One to ten in accordance with the tens digit of 
the calling subscriber's line and in so doing sets 
the novable condenser plate 497 in any one of 
ten positions with respect to the stationary plates 
4, 42, 43 and 44. The gearing between the 
plate and the ratchet 405 is such that the 
plate 407 makes a complete revolution of 360 de 
grees for ten steps of the shaft 40 l. Therefore, 
each of the successive values of the tens digits is 
represented by an angular rotation of the plate 
40 which is a multiple of 36 degrees. . 
The four stationary plates of the condenser 803 

are connected to the corners of an electrical 
bridge comprising resistors 45 and 3 s and the 
condensers 3 and & 8, and the bridge input cir 
cuit is is also bridged by a resistor 620 having 
its mid-point Connected to ground. When an 
alternating voltage is applied to the input circuit 
Af, the bridge applies potentials to the four 
quadrant, plates (3, 32, 43 and 4 to establish 
adjacent these plates an electrostatic field the 
intensity of which varies in synchronism with the . . 
alternating voltage in the circuit 9. Sut the 
phase Of this electrostatic field, relative to the 
phase of the voltage in the circuit. 89, varies by 
four equal steps around the cycle, 90 degrees for 
each of the stationary condenser plates. The 
potential on the movable plate 30, therefore, 
varies in phase by increments of 36 degrees each 
for the ten different rotary positions assumed by 
said movable plate. For a more detailed descrip 
tion of the general principles of phase-shifting 
devices of this character reference is made to 
the patent to L.A. Meacham. 2004,613 of June 11, 
1935. 

In like manner the phase shifter éf has ten 
different positions representing the ten different 
values of the units digit of the calling line, and 
each of these positions of the movable plate 669 
is a corresponding multiple of 36 degrees. The 
stationary plates $22, 423, 324 and 325 are co 
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lines, the relative position or phase of the beams 
2 and 3 is is controlled by the pair of phase 
shifting registers (300 and 500. As above men 
tioned, the register 400 is essentially a two-nilove 
ment, step-by-step finder switch. It has a brush 
carrying shaft 3 which is stepped vertically to 
select any one of ten levels of terminals, and 
which is stepped in a rotary direction to select 
any individual set of terminals in the level. The 
starting, controlling and stepping mechanism 402 
is illustrated conventionally and may be of the 
usual well-known character. In addition to the 
standard vertical and rotary ratchets 403 and 
404 by which the brush shaft 40 is driven ver 
tically and in its rotary directions, the shaft 40 
carries a driving ratchet 405 and a driving pinion 
466. The driving ratchet 405 serves to adjust the 
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nected to the bridge comprising resistors 426 and 
2 and condensers 28 and 329 which, together 
with the grounded resistor 630, is connected 
across the input circuit 3A. The effect of the 
variable condenser 6 and the associated bridge 
circuits is, like condenser 668, to shift the phase 
of the voltage in the input circuit (33 by ten 
equal steps of 36 degrees each through the entire 
cycle of 360 degrees. 

If, therefore, the voltage from the beam-driv 
ing source 28 is applied through the phase shift 
ers 40 and 408 in series, the voltage in the output 
circuit 432 will have a phase relative to that of 
the source 2 8 which has been shifted by a mul 
tiple of 36 degrees which is equal to the numerical 
sum of the tens and units digits. In other words, 
the units phase shifter would, under this assump 
tion, produce a shift of the same magnitude as 
that produced by the tens digit, it is necessary, 
therefore, to reduce the shift effected by the 
units digit to one-tenth of the shift effected by 
the same tens digit. The necessity for doing this 
can best be understood by referring for the no 
ment to the beam connectors. Since there are 
100 lines appearing in ten groups of ten around 
the 360 degrees of the beam switch, each group 
of ten occupies an angular distance of 36 de 
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grees. The phase shift, therefore, of the beam 
S6 over a group of ten lines corresponds to One 
step of the tens digit phase shifter 408, namely, 
a 36-degree shift. However, a shift of the bean 
36 from one line to the next within a group of 
ten corresponds to one-tenth of the shift pro 
duced by a single step of the units phase shifter 
40. Hence in order that the phase shifter 4 
may produce increments of phase shift of 3.6 
degrees each rather than increments of 36 de 
grees, a frequency multiplier 433 is inserted be 
tween the source 28 and the input circuit 43 
of the phase shifter 4. The multiplier 33 
multiplies the frequency of the source 28 ten 
times. Although the shifter 40 shifts the fre 
quency of the input voltage by steps of 36 degrees, 
each one of these steps in reality corresponds to 
only a 3.6-degree shift when compared with the 
original frequency. In the output circuit of the 
phase shifter 40 a frequency divider 434 is in 
serted for the purpose of dividing the frequency 
of the output voltage by ten and thus restoring 
it to the same frequency as the source 28. Thus, 
the voltage taken from the source 2 8 is applied 
to the units shifter and appears in the output 
circuit 489 displaced in phase by a multiple of 
3.6 degrees which is equal to the numerical value 
of the units digit of the line which causes the 
setting of the phase shifter 42. 
with the units phase shift therein is then applied 
to the tens phase shifter 3 as above explained 
and appears in the output circuit 432 with as 
added shift which is equal to the multiple of 36 
degrees corresponding to the numerical value of 
the tens digit that causes the setting of the phase 
shifter 408. We have, therefore, in the output 
circuit 432 a voltage which is displaced in phase, 
relative to the phase of voltage 2 fe, which is an, 
exact measure of the designation of the calling 
subscriber's line. An amplifier 448 is provided 
if desired for increasing the energy in the output 
circuit 432. 
The phase displacement of the beam 36, how 

ever, must taken into account not only the num 
ber of the calling line but also the number of the 
called line. To this end the phase shifting reg 
ister 500, which responds to the number of the 
called line dialed by the calling subscriber, is 
provided with a tens digit phase shifter 5 and 
a units digit phase shifter 592. These phase 
shifters are identical with those shown in Fig. 4; 
the shifter 50 comprises a movable plate 53 
driven through ten successive steps by the ver 
tical movement of the shaft 504, together with 
the stationary plates and associated bridge cir 
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cuits; and the shifter 502 comprises the novable 
plate 505 which is rotated through ten equal 
steps by the rotary movement of the shaft 508, 
together with the four stationary plates and the 
associated bridge circuits. 
Since the resultant phase shift for the bean 

of the secondary switch relative to the phase of 
the beam of the primary switch is the algebraic 
Sum of the phase shifts representing the calling 
and called lines, the calling line phase shifters 
of Fig. 4 are connected in series with the called 
line phase shifters of Fig. 5 before the final volt 
age is applied to the beam-driving coils of the 
secondary Switches. To this end the output cir 
cuit 432 from the phase shifter 408 is connected 
to the input circuit of the phase shifter 502. As 
in the case of the phase shifter 40, a frequency 
multiplier 506 is introduced to multiply the fre 
quency of the voltage in the circuit 432 by ten 
before applying it to the units phase shifter 502. 
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The effects of this multiplication is, as explained, 
to produce a voltage in the output circuit 50 
which is shifted by units of 3.6 degrees each with 
respect to the phase of the voltage in the circuit 
432. The voltage in the output circuit 50 is 
restored to the normal frequency of the Source 
28 by the frequency divider 508. This voltage 
is then applied to the tens phase shifter 50 and 
the resultant voltage in the output circuit 509 
has a phase equal to the algebraic Sun of the 
phases representing the calling and called lines. 
A suitable amplifier 53 serves to increase the 
voltage in the output circuit 509. 

Since it is the difference between the Spatial 
locations of the calling and called lines in the 
beam switches that determines the phase differ 
ence necessary to bring the beams onto these lines 
simultaneously as they sweep through their cycles, 
the phase shifters of the calling and called lines 
are arranged to produce shifts of the Opposite 
sense. More specifically, the phase shifters 48 
and 4G produce a shift of the negative sign in 
the voltage wave, whereas the phase shifters 50t 
and 502 of the called line produce a phase shift 
of the positive sign. This difference of Sense Eley 
be obtained by arranging the driving connections 
of the plates &G and S63 suici. that they rotate 
in opposite directions with respect to the station 
ary condenser plates and by arranging the shafts 
48 and 504 to rotate the movable plates G3 and 
595 in opposite directions. If the number of the 
calling line is numerically greater than the nurn." 
ber of the called line, the negative phase shift of 
the secondary beam caused by the phase-shifting 
register 400 exceeds the positive phase shift of 
the beam caused by the phase-shifting register 
50 by the difference between the two numbers, 
and the negative sign before the resultant phase 
shift applied to the secondary beam indicates that 
this beam lags the primary switch beam by the 
phase angle which equals the Spatial separation 
between the calling and called lines. However, if 
the number of the called line is greater than that 
of the calling line, the positive phase shift pro 
duced by the register 50E exceeds the negative 
phase shift produced by the register 400, and the 
positive sign before the resultant phase shift ap" 
plied to the secondary beam indicates that the 
secondary beam leads the primary bearin by the . 
angular amount representing the Spatial Separa 
tion of the lines. And it will be found that in all 
cases the algebraic sun of the negative phase 
shift produced in accordance with the number of 
a calling line and the positive phase shift pro 
duced in accordance with the number of a called 
line gives a resultant phase shift between the 
primary and secondary beams which is an exact 
angular measure of the spatial separation of the 
lines. 
*It will be noted that one of the advantages of 
multiplying the frequency by ten before and dis 
viding it by ten after applying the voltage to the 
units phase shifters is the uniformity obtained 
in the degree of motion and accuracy required 
for both the tens and units shifters. If desirable, 
however, it would be possible to obtain the neces 
sary shift intervals of 3.6 degrees for the units 
digits without changing the frequency by arrang 
ing the movable plates of the units shifters to 
move through distances which are one tenth of 
the distances traversed by the tens shifters for 
the same digital values. Also it will be under 
stood that where the frequency multipliers and 
dividers are used they are arranged to preserve 
the proper relation between phases of the voltage 
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before and after the multiplication and division. 
It is not considered necessary to show these mul 
tipliers and dividers in detail since devices of this 
character are well known in the art. AS men 
tioned, however, it is recognized that care must 
be taken to prevent the existence of randon 
phase variations particularly in the frequency 
dividers where this tendency is Somewhat more 
pronounced. If desirable this requirement may 
be met by the use of frequency dividers of the 
types disclosed in the article entitled Frequency 
Division without Free OSciliation, by O. G. 
Tucker and H. J. Marchant, Post Office Electrical 
Engineers' Journal, July 1942, volume 35, Part 2, 
page 62. However, it will be understood the free 
quency controlling devices used herein may be 
of any suitable and desirable type. 
When the primary beam switch 205 is paired 

with the secondary beam switch 3 for establish 
ing communication between a pair of Subscribers' 
lines, the relative position or phase of the beams 
282 and 3 is controlled by the pair of phase 
shifting registers 600 and 7. The calling line 
register 66, like the register it, is a line-finding 
mechanism having access to alli of the subscribers' 
lines and includes a tens phase shifter 6 and a 
units phase shifter 692. Likewise, the called line 
register 700 corresponds to register 5 and com 
prises a ten S phase shifter and a units phase 
shifter 82. Woltage from the alternating source 
288 is applied to shifter 662 through a multiplier 
803 which multiplies the frequency by ten and 
the output voltage from the shifter 62, after 
having its frequency divided by ten by the divider 
304, is applied to the phase shifter 688. The out 
put voltage from the shifter 68 is amplified by 
amplifier (5, following which its frequency is 
again inultiplied by ten by the multiplier 703 and 
applied to the shifter 82. The output voltage 
from the shifter 2 is restored to its original 
frequency by the frequency divider 6, and is 
then applied to the phase shifter 75 . The volt 
age output from the shifter 79 is amplified by 
amplifier OS and is then applied over circuit 7 (6 
to the quadrature coils 36, 3:3, etc. of the sec 
ondary beam tube 36. 

In like manner other pairs of phase-shifting 
Registers and secondary bean switches (not 
shown) are provided, the total number being 
Selected in accordance with the maximum nun 
cer of conversations to be permitted. 
From the foregoing it will be seen that any 

pair of lines may be connected for communicae 
tion through the primary and Secondary switch 
beams by utilizing a single source of alternating 
voltage 2 8 to drive the primary beam in phase 
with the voltage from said source and to drive 
the secondary beam with the necessary phase 
displacement introduced. Accordingly, the source 
288 is connected directly to the quadrature cois 
23, 2 4, 25 and 2: 6 of the primary switch 286 
and is connected by way of circuit 29 and the 
Several pairs of phase-shifting registers in par 
allel to the quadrature coils of the corresponding 
Secondary beam switches. For example, the cir 
cuit 2 9 is connected through the phase shifters 
3d, 598, 592 and 59 in series, thence over circuit 
509 to the quadrature coils of the beam switch. 
386. Also the circuit 29 is connected through 
the phase shifters 602, 6, 92 and 70 and 
thence over circuit 706 to the quadrature coils of 
the bean switch 30. And in like manner the 
Supply circuit 29 is connected through the phase 
shifters of succeeding pairs of phase-shifting reg 
isters to the quadrature coils of the correspond 
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ing secondary beam switches. The beam 2 of 
the primary switch 206 is driven in synchronism 
and in phase with the voltage of source 28, which 
may be of any suitable frequency, such as 10,000 
cycles per second. The beam 36, however, when 
paired with the beam 2 for a particular con 
versation, is driven in synchronism with the volt 
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age of the source 2fB and with the beam 2 but 
with a phase displacement which measures the 
difference between the calling and called line 

And the same is true of the b2am 3 
and of the beams of other secondary Switches not 
shown in the drawings. 

It is, of course, desirable in a communication 
system, such as the one here illustrated, that 
the parties be able to carry On a two-Way con 
versation. This facility is made possible in the 
present system, notwithstanding the unilateral 
character of the usual cathode-beam tube, by 
taking advantage of the Well-known phenomenon 
of secondary electron emission. The space be 
tween the collector grid and the ring of anodes 
of the rotary beam tube disclosed herein is capa 
ble of conducting signals in both directions if 
the proper relative voltages are Selected. 
central Cathodes are Connected to the negative 
pole of the battery Which produces the electron 
beam, the positive pole of this battery being 
grounded, the anodes are connected respectively 
through their individual transmission circuits to 
ground, and the common collector grid is con 
nected to the positive pole of a battery of rela 
tively ow voltage, which also has its negative pole 
grounded. For example, the rotary beam switch 
296 has its central cathode 2 connected to the 
negative pole of battery 220, and the positive pole 
Of this battery is connected directly to ground. 
The individual anodes 28, 2A, etc., are con 
nected through their tiransmission circuits 268, 
25, etc., to ground. And the collector grid 2:2 
is connected Over the common transmission con 
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ductor 362 through impedance coil 38 to the 
positive pole of battery 339. The battery 22 
Sets up a voltage, say 50 volts, between the cath 
Ode 2 and each anode, which is sufficient to 
cause & bearin of electroras to flow from the cath 
Ode to the anode through slits or openings in the 
collector grid 262 notwithstanding the positive 
potential impressed upon the collector grid by 
the relatively small battery 39, say i0 volts. If, 
while the electron bean 2 is passing through 
the collector grid 22 to an individual anode, the 
potential of the anode is varied in accordance 
With the Speech signals originated in the line 
connected to said anode, the intensity of the sec 
ondary emission set up by the impingement of the 
bean on the anode varies correspondingly and in 
turn inparts a corresponding variation to the 
potential of the collector grid, to which the elec 
trons of Secondary emission are directed. The 
Variations of grid 22 are impressed over the 
common medium 32 to the collector grid of the 
associated secondary switch, say the grid 303 of . 
SWitch 300. These potential variations on the 
grid 303 in turn cause similar variations in the 
intensity of the electron beam 3 d6 as it passes 
from the cathode 3G5 through the collector grid 
to impinge upon a particular anode, and these 
Variations in the bean are reflected by corre 
Sponding potential variations on the anode, which 
in turn are impressed as speech signals upon the 
called line connected to said anode. On the other . 
hand, if speech signals are originated in the 
called line which is connected to a particular 
anode in the beam switch 300, the potential varia 

The 
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tions of the anode cause corresponding variations 
in the secondary emission resulting from the in 
pingement of beam 3 f6 on said anode, and the 
variations in secondary emission cause in turn 
corresponding variations in the potential of the 
collector grid 303 to which the secondary emis 
sion is directed. The potential variations of the 
grid 303 are transmitted over the medium 302 
to the collector grid 22, and the grid 22 varies 
the intensity of the beam 27 as it passes from the 
cathode 2 through the grid to the particular 
anode with which the calling line is associated. 
Accordingly the potential of the anode is varied 
in accordance with speech signals and results 
in the transmission of these signals Over the call 
ing subscriber's line. Thus the calling and called 
subscribers may talk to each other in either direc 
tion over the established connection, making use 
of the primary and secondary emissions of the 
beam Switches. 
A clearer understanding Inay be had of the 

physical structure of the beam switches by ref 
erence to Fig. 8. This figure shows the central 
cathode 800, the collector grid 80 and the an 
nular series of anodes 832, 803, 866, etc. As shown 
in the Skellett; Patent 2,217,774 referred to here 
in, the cathode 3e may comprise a filamentary 
element, located along the central axis of the cy 
lindrical envelope of the tube, and the anodesrinay 
comprise a series of vertically disposed cylindri 
cai strips arranged concentrically with respect to 
the cathode. The collector grid 888 consists of a 
cylinder having a series of vertical slots 805, 866, 
80, located in line with the central cathode and 
the respective anodes. The collector grid 36 is 
also provided with integral fins 308, 869, 8 which 
act as partitions to form Spaces individual to the 
respective anodes. The purpose of these spaces 
between adjacent fins is to confine the Secondary 
electron emission from the associated anodes to 
prevent interference between circuits connected 
to adjacent anodes. In the figure the primary 
emission from the certral cathode 806 is illus 
trated by the electron beam 8? , which in the 
construction described is in fact in the form of a 
sheet of electrons emerging from the flamentary 
cathode 86. 
through the slots in the collector grid, one after 
the other, as the bean rotates, and, as illustrated, 
after passing through the slot 86 inpinges upon 
the associated anode 803. The inpingerent of 
the beam on the anode 83 causes the secondary 
emission of electrons which are attracted back 
to the collector grid 80 by, reason of the poten 
tial difference between the anode and the col 
lector grid. As above noted and as illustrated 
in the figure, this secondary emission is confined 
to the space formed by the fins 809 and 8C and 
the anode 803. The beam switch shown in Fig. 8 
is also provided with a control grid 82 the pur 
pose of which will be explained presently. 
Inasmuch as the primary beam switch 208 may 

be paired with a plurality of secondary beam. 
switches for concurrent conversations between a 
number of pairs of lines, it is desirable. that the 
rotating beam of each of the secondary switches 
shall remain virtual in all of its angular positions 
around the cycle, except the position correspond 
ing to the called line. In this position the virtual 
beam is transformed into a real beam in order 
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that conversation may take place between the 
lines of the conversational pair. To effect this 
transformation of the secondary switch beams 
these switches are provided with control grids 
30, 32, etc. The control grid 30, for example, s 

2,879,223. 
is biased negatively with respect to the Cathode 
305 by means of a biasing battery 320 which is 
connected to the grid through the coil of high 
frequency transformer 32. The normal bias on 
the grid 3 f6 is sufficient to prevent the flow of 
electrons from the cathode 305 to the anodes in 
response to the voltage of battery 322. There 
fore, as t e magnetic field rotates about the 
switch 36t, a virtual beam rotates therewith until 
the position is reached occupied by the anode to 
which the called line is connected. At this same 
instant the rotating mean 2 of the primary 
switch, which exists always as a real beam, is con 
nected to the anode to which the calling line is 
connected. As the beam 2 rotates through its 
Successive cycles it generates in the transmission 
circuits 286, 25, etc., connected to the respective 
anodes, momentary impulses of high frequency, 
namely, a frequency which is one hundred times 
the frequency of the source 2:8. When, there 
fore, the beam 22 engages the anode of one of 
the lines of 3, pair engaged in conversation the 
high frequency impulse developed in the aSS0 
ciated transmission circuit (206, for example) is 
passed by the high frequency transformer 22 and 
is transmitted through the associated register (33 
through the high frequency transforme: 32 o 
the control grid 3 SC. The polarity of this high 
frequency impulse is such that it overcomes ano 
inentarily the negative bias on the control grid 
3S 6 whereupon the beam 3 6 assumes a real char 
acter and electrons flow from the cathode 3GS to 
the anode of the other line of said pair. An in 
stant; later, as the primary bean 2 moves of 
the anode of the first-mentioned line and passes 
to the next successive anode, the high frequency 
impulse ceases, the negative bias of the grid 3 is 
restored, and the beam 36 resumes its virtual 
character until it has completed another cycle. 
A detailed description will now be given of the 

operation of the system, assuming that a plu 
rality of conversations are taking place concur 
rently. For this purpose it will be assumed that 
the subscriber of line 200 (line No. 42) wishes to 
converse with the subscriber of line 323 (line No. 
20) ared that the subscriber of line 2 (line No. 
30) wishes to converse with the subscriber of line 
325 (line No. 62). When the line 208 calls, a 
Starting condition is applied to conductor 222, 
and, if the registers 400, 50 are the set next al 
lotted for use, the controlling mechanism 463 of 
the finder register 400 starts the register in oper 
ation to hunt for and seize the calling line 289. 
The number of the calling line being “42,' the 
brush shaft 40 takes four vertical steps and two 
rotary steps to bring the brush sets into engage 
ment with the terminals representing the calling 
line. Accordingly, the movable condenser plate 
40 is rotated to its fourth position relative to the 
stationary plates, and the movable plate 409 is 
rotated to its second position relative to the sta 
tionary plates. When the register 400 reaches the 
terminals of the calling line, a test circuit is 
closed over conductor 435, brush 436, terminal 
437 to conductor 438 on which a hunting condi 
tion exists. Closure of this circuit causes the 
cessation of the hunting operation, and ground is 
thereupon applied over conductor 435 to render 
the line 200 busy to other registers. The loop of 
the subscriber's line 2G0 is now extended over con 
ductors 439 and 440 through brushes 44 f and 442, 
conductors 443 and 444 to the operating mecha 
nism 5 of the associated called line register 500. 
The calling subscriber manipulates his dial 223 
to transmit the tens and units digits '2' and '0' 
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of the called line 323. These impulses operate 
the register 500, which takes two vertical steps 
and ten rotary steps to position the movable 
plates 503 and 505 correspondingly. The shift of 
phase, which is negative in sense, imposed by the 5 
register 400 upon the voltage in the circuit 432 is 
equal to 4x36 degrees --2X3.6 degrees or -151.2 
degrees; and the shift, which is positive in sense, 
imposed by the register 500, upon the voltage in 
circuit 509 is equal to 2x36 degrees or --72 de- 0 
grees. Therefore, the resultant shift of phase of 
the voltage appearing in the circuit 509 is -151.2 
degrees --72 degrees or -79.2 degrees. Thus, as 
the beams 2 and 3A rotate in synchronism, 
each time the bean. 2 reaches the anode 28, 15 
which occupies a radial position 151.2 degrees 
from the zero position the beam 36 engages the 
anode 325 which occupies a radial position 72 
degrees from the zero position. In other words, 
the beam 3 is is lagging the beam 2 by the fixed 20. 
angle 79.2 degrees, which is the phase displace 
ment introduced by the phase-shifting registers 
600 and see in accordance with the numbers of 
the calling and called lines. 
When the calling condition appears on the 25 

other calling line 20, the start circuit is closed 
and the next available set of registers 60 and ee 
is taken for use. The operating mechanism 66 
of the finder register responds to the starting 
condition and operates the shaft 6 three steps 30 
in a vertical direction and ten steps in the rotary 
direction to drive the movable plate 603 to its 
third position relative to the stationary plates and 
the movable plate 69 to its tenth position (a ful 
cycle) relative to the stationary condenser plates. 35 
he setting of the register 6 on the terminals 

of the calling line 2 extends the calling line oop 
over the conductors 225 and 226 and brushes 6 
and 6? 8 to the operating mechanism of the 
called line register 769. The calling subscriber 40 
inanipulates his dial 22 to transmit the tens and 
units digits '6' and '2' of the called line 324, and 
the register 7 be positions the movable plates (8 
and 09 correspondingly. The negative phase. 
sihift introduced by the setting of the register 60 45 
is equal to 3X36 degrees or -108 degrees, and the 
gositive phase shift introduced by the register 88 
is equai to 6X36 degrees --2X3.6 degrees or 
--223.2 degrees. Thus the resultant phase shift 
appearing in the circuit is is -108 degrees 
--223.2 degrees or 115.2 degrees. Thus, as the 
beans 2 and 37 rotate in synchronism, each 
tine the beam 27 reaches the anode 2 C, which 
Cccupies a radial position 108 degrees from the 
Zero position, the bean 3 engages the anode 5 
335, which occupies a radial position 223.2 degrees 
from the Zero position. In other words, the beam 
3:2 is leading the beam 2 it by 115.2 degrees which 
is the phase displacement introduced by the 
phase-shifting registers 600 and 789 in accord- 60 
ance with the numbers of the calling and called 
lines. 
The transmission circuits for conversation be-, 

tween the subscribers of the two pairs of lines 
will now be described. As above explained, the 65 
real beam 2 of the primary switch is rotating 
in phase with and in synchronism with the volt 
age of the source 28, the virtual beam 36 of 
the Switch 30 is rotating in synchronism with 
but 79.2 degrees behind the beam 2, and the 70 
Virtual beam of Switch 30 is rotating in synchro 
nism with out 115.2 degrees ahead of beam 2. 
This relation continues as long as the subscribers 
remain in conversation. Assume that at a given 
instant the primary beam 27 has reached the 
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angular position corresponding to the calling line 
200 and is dwelling briefly on the anode 208. At 
this same instant the secondary beam 36 is 
dwelling on the anode 325 individual to the called 
line "20.” If at this instant the calling subscriber 
is speaking, the voice currents in the line 20 
are induced in the audio-frequency transformer 
228, causing corresponding currents to flow in the 
transmission circuit 204 which includes the high 
frequency choke coil 229 and the primary wind 
ing of the high frequency transformer 22 . At 
the instant we have chosen the voice currents 
flowing in the transmission circuit 24 impart 
Over conductor 2 to anode 28 a certain poten 
tial corresponding to the intensity of the voice 
Wave at that instant. This certain potential on 
the anode 28 in parts, through secondary elec 
tron exission, a certain corresponding instan 
taneous potential on the collector grid 2 A2 and in 
the Common transmission medium. 302. Also at 
this Same instant the beam 2, upon striking 
the anode 28, has produced an impulse of high 
frequency which is transmitted over conductor 
29 through the transmission circuit 24 and the 
high frequency transformer 22 thence over con 
ductors 236, brushes 645, conductors 46 to the 
primary Winding of high frequency transformer 
32. This inpuise is induced in the secondary 
winding of the transformer 328, and as above 
explained, opposes the normal bias on the con- . 
trol grid 30, causing the beam 3 8 to strike or 
to change from its virtual to its real character. 
Since at the instant assumed the common me 
diurn 392 has assured a certain potential, in ac 
cordance with the instantaneous value of the 
calling subscriber's speech, the collector grid 383 
likewise takes up a corresponding potential. 
Therefore, the real beam 36 is controlled in its 
intensity in a manner to produce a proportional 
potential on the anode 325 on which it inpinges. 
The anode 325 being connected by way of co 
ductor 32 to the transmission circuit, 328 of the 
called line '20,” the successive potential values 
thus assumed by it in accordance with the rota 
tion of the beam reproduce the audio-frequency 
wave and cause talking current to fow in the 
subscriber's line 323 representing the speech of 
the calling subscriber. 

Conversely, if the called subscriber is Speaking 
at the instant the beans 27 and 36 are engag 
ing the anodes representing the calling and called 
ines 2G and 323 respectively, the current varia 
tions in the line 323 cause potential variations 
to be applied by way of conductor 32 to the anode 
325 on which the real beam 3 S is now inping 
ing. The variations of potential on the anode 325 
cause through the secondary electron emission 
corresponding variations on the collector grid 363 
at the successive instances marked by the strik 
ing of the beam, and this succession of differing 
potentials are applied over the common nediurn 
382 to the collector grid 282 of the beam switch 
206. The appropriate succession of potentials of 
the collector grid 2 2 vary at the corresponding 
instances the intensity of the beam 2, resulting 
in a succession of differing potentials on the anode 
288 which reconstruct the audio-frequency wave 
shape. The resulting voice variations are ini 
parted over conductor 27 to the transmission 
circuit 204 and are induced through the trans 
former 228, causing the flow of talking current 
in the calling subscriber's line 20. Sor each of . 
the rapidly recurring cycles of the beams 2 and 
3, 6, a fragment of the speech is transferred in 
this manner between the calling and called lines 



s 
2G0 and 328, the fragments following so rapidly 
upon each other as to give the impression of con 
tinuity to the speakers in accordance with the 
principles of the time division form of multiplex telephone System. 
In a similar manner the synchronous beams 

217 and 3 it engage the anodes 20 and 326 si 
multaneously and repeatedly; at each Such en 
gagement a high frequency impulse is transmitted 
by way of transmission circuit 205, high frequency 
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0. 
transformer 23, circuit 232, brushes 6A2, circuit . 
63, transformer 329 to the control grid 32, 
causing the beam 3 to strike; and transmission 
takes place in either direction between the call 
ing line 20 and the called line 324. 
When the subscribers have finished their con 

versation they replace their receivers On the 
switchhooks, and the calling condition is removed 
from the line circuits 202 and 203, permitting the 
release in any well-known manner of the register 
sets 400, 500 and 680, OC. These registers may 
now be selected in response to new calls on any 
of the subscribers' lines. 
Thus it will be appreciated that the speech of 

each individual conversation is transmitted 
through this system, over the common connecting 
medium of it, as a rapid succession of sharp im 
pulses, the successive peak values of any One Set 
of which trace out the voice-frequency wave of 
that particular connection. It is this feature 
which enables the single rotating beam switch. 
G (Fig. 1) to accommodate simultaneously calls 

over all of the lines associated with it. This it 
does by transmitting for each such line Over the 
common medium for but a brief interval in ac 
cordance with the superposition principle of the 
time-division multiplex type of system. In that 
type of system two such rotating Switches are emi 
ployed, one at each end, which are operated in 
synchronism and in fixed phase relation, whereby 
a given line at one end is always connected with 
a given line at the other, and generally in the 
same relative position. The departure from this 
prior art in the present System, in respect to this 
time-division multiplex phase of it, is that the 
present system provides for connecting any one 
line at one end of the System with any other 
line at the otheir end. 

It has already been explained that the inven 
tion contemplates the use of virtual as well as 
rea beams of electrons. The controlling field 
which rotates the radial beam may be electrostat 
ic instead of electromagnetic as illustrated. The 
invention also contemplates the use of beams of 
other forms of energy, and it should be under 
stood that whenever the Specification or claims 
speak of these beams either in notion or in their 
instantaneous positions these descriptions are in 
tended to apply to the beams in their virtual na 
ture as well as in their real form. 

It will be understood that other types of phase 
shifters may be used if desired. For example the 
rotating condenser plate may be replaced by a 
succession of fixed networks comprising tapped 
condenser units which are connected to sets of 
contacts Selected by the Settings of the register 
switches. 
What is claimed is: 
i. The combination in a communication sys 

tem of a group of lines, means for causing a beam 
of energy to scan said group of lines repeatedly 
and to establish communicative engagement with 
any desired line in said group, means for causing 
a second beam of energy to scan said group and 
to establish communicative engagement with any 
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desired line in said group, and means for control 
ling the relation between said beams to establish 
communicative engagement simultaneously be 
tween any desired pair of lines in Said group. 

2. The combination of a communication System 
of a group of elements, means for producing two 
separate beams of energy, means for driving said 
beams synchronously to traverse the elements of 
said group repeatedly, circuit means including 
said beams in serial relation for establishing com 
munication channels between elements of said 
group, and means for varying the phase relation 
between said beams for causing them to traverse 
any desired pair of elements simultaneously and 
repeatedly to establish a connection between said 
pair of elements. 

3. The combination in a signaling system of a 
group of lines, each line having a different desig 
nation, means for producing two separate beans 
of energy, means for driving Said beams Synchro 
nously to traverse the lines of Said group repeated 
ly, circuit means including said beams for estab 
lishing signaling channels between pairs of lines: 
of said group, and means controlled in accordance 
with the designation of one of the lines of any 
desired pair to determine the phase relation of 
said beams for causing them to engage the lines 
of said pair simultaneously and repeatedly to es 
tablish a connection between said pair of lines. 

4. The combination in a signaling System of 2. 
group of lines, each line having a different desig 
nation, means for producing two separate beaias 
of energy, means for driving Said beans Synchre 
nously to traverse the lines of Said group re 
peatedly, circuit means including Said beams for 
establishing signaling channels between pairs oš 
lines of said group, and means dependent on the 
designations of both lines of any desired pair for 
adjusting the space relation of said beams to 
cause them to engage the lines of said pair simul 
taneously and repeatedly to establish a connec 
tion between said pair of lines. 

5. The combination in a signaling System of 8, 
group of lines having appearances arranged in a 
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fixed spatial relation, each of said lines having 2. 
definite designation, means for producing two 
movable beams and for driving then synchro 
nously and cyclically over said fixed line appear 
ances, circuit means including said beams for es 
tablishing signaling channels between the lines 
of said group, and means for effecting a time 
displacement between said beams corresponding 
to the Spatial displacement between any desired 
pair of lines in said group. 

6. The combination in a signaling system of a 
group of lines having individual appearances ar 
ranged in a fixed Spatial relation, each of said 
lines having a different designation, means for 
producing two movable beams and for driving 
them Synchronously and cyclically over said fixed 
line appearances, means including said beams for 
establishing signaling channels between the lines 
of Said group, and means dependent on the desig 
nations of the lines of any desired pair for ef. 
fecting a time displacement between said beams 
Corresponding to the Spatial displacement be-, 
tween Said pair of lines. 

7. The combination in a communication sys 
tem of a group of lines having appearances ar 
ranged in a fixed spatial relation, each of said 
lines having a different designation number, 
means for producing two beams of energy and 
for driving said beams in synchronism over the 
fixed appearances of said lines, registers for reg 
istering the designations of any desired pair of 
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lines, and means controlled by said registers for 
effecting a time displacement between said beans 
of energy corresponding to the spatia displace 
ment between the lines of said pair to cause said 
beams to engage the lines of said pair simul 
taneously. 

8. The method of establishing a signaling con 
nection between any pair of lines of a group of 
lines which comprises arranging said lines in a 
fixed spatial order, causing beams of energy to 
traverse said lines synchronously and cyclically, 
and effecting a phase displacement between said 
beams of energy corresponding to the spatiai dis 
placement of the lines of the desired pair. 

9. The method of establishing 8 signaling con 
nection between any pair of lines of a group of 
lines which comprises arranging said liries is a 
fixed spatial order, causing beams of energy to 
traverse said lines synchronously and cyclically, 
and utilizing the designations of said lines for ef 
fecting 8, phase displacement between said beans 
of energy corresponding to the spatia displace 
ment of the lines of the desired pair. 

10. The combination in a signaling system of s. 
group of elements arranged in fixed spatial rela 
tion, means for producing a plurality of beens 
of energy and for driving them synchronously 
and cyclically over said fixed elements, means 
including Said beans for establishing signating 
connections between said elements, means for in 
troducing phase displacements between said 
beans for causing then to engage the elements. 
of a plurality of pairs, each pair comprising any 
element and any desired other element, the era 
gagement of the several pairs occurring cyclicals 
and sequentially and the engagement of the eee 
ment of each pair occurring simultaneously. . 

il. The combination in a communication sygo 
term of a group of lines, a primary bear a site 
in which said lines appear in a fixed spatia res 
tion, a secondary beam switch in which said lines 
appear in the same fixed spatial relation, means 
for driving the beams of said switches in syn 
chronism to scan said lines successively and 
cyclically, means including said beams for estab 
lishing communication connections with said 
lines, and means for introducing phase displaces 
ments between said beams for causing them to 
engage the lines of any desired pair simultane 
Osly. 

12. The combination in a communication syse 
term of a group of lines, two beam-producing dee 
vices, said lines appearing in a fixed spatial rela 
tion in both of said devices, a source of voltage 
of a given frequency, circuit means for apply 
ing voltage from said source to said devices to 
drive both beans at synchronous speed over said 

9 
ten of a group of lines having designations based 

() 

30 

50 

lines in succession and cyciically, and phaseo 
shifting means for shifting the phase of the volt 
age applied to one of said devices to introduce g, 
desired phase displacement between said beams. 

13. The combination in a communication sys 
item of a group of lines arranged in fixed spatia: 
relation, means for producing two separate bearing, 
of energy, means for driving said beams synchro 
nously to traverse the lines of said group repeat 
edly, circuit means including said beams for 
establishing communication connections between 
said lines, and phase shifters for shifting the 
phase of one of said beams in opposite senses to 
introduce a resultant shift in the phase of said 
beam relative to the phase of the other bear 
which corresponds to the spatial displacement of 
any desired pair of lines in said group. 

34, The combination in a communication sys 
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on the decimal system, means for producing 
beams of energy, a source of voltage for driving 
said beams synchronously to scan the lines of 
said group, a pair of phase-shifting registers for. 
registering the digital values of the digits in two 
successive digital places of the designation of any 
particular one of said lines, means for setting said 
registers in accordance with the values of the 
corresponding digits of said particular line, cir 
cuit means for agpplying voltage from said source 
to said registers in series to effect a shift of phase 
which is the sum of the shifts produced by said 
registers, each register serving to shift the phase 
by an amount proportional to the numerical value 
of the digit registered thereo, and means for 
changing the frequency. or the Woltage applied to 
one of said registers with respect to the free 
quency applied to the other register by an 82 out 
which corresponds to the 'diference in decimal 
value between the successive decimal places to 
which said registers correspond. 

i5. The coabination in a COxnal Aication Sys 
tem of a group of lines having designations based 
on the decical systern, means for producing 
beams of energy, a source of voltage for driving 
said beams synchronously to scan the lines of 
said group, a pair of phase-shifting registers for 
registering the digital values of the digits in two 
successive digiti places of the designation of 
any particular one of said lishes, means for setting 
said registers in accordance with the values of 
the corresponding digits of said particular line, 
circuit means for applying voltage from said 
source to sai registers a series to effect & shift 
of phase which is the gua of the shifts produced 
by said registers, each register Serving to shit 
the phase by aXa cataoagné, saxoportional to the 
numerical value of the digit segistered thereon, 
means for multiplying the frequency of the volts 
age applied to a particular one of said registers 
by a factor representing the difference in decimal 
value between the digital place to which said rega 
ister corresponds and the digital place to which 
the other of said registers corresponds, and means 
for dividing by the same factor the frequency of 
the voltage after it has experienced the shift of 
phase imposed by said particular register and 
before it is applied to said other phase-shifting 
register." - 

8. The combination in a communication Syso 
tem of a plurality of lines, a common medium 
having communication channels, one between 
each line of said plurality of lines and each other 
line of said plurality, beam switches in which the 
channels of said common medium appear, means 
for driving the beams of said switches synchro 
nously over said channel appearances, and means 
controlled by any particular one of said lines for 
shifting the phase relation between said beans to 
select the communication channel of said Com 
mon medium which interconnects said particular 
line and any other desired one of said lines. 

17. The combination in a communication sys 
tem of a plurality of lines, a common medium 
having communication channels, one between 
each line of said plurality of lines and each other 
line of said plurality, beam switches in which the 
channels of said common medium appear, means 
for driving the beams of said switches synchro 
nously over said channel appearances, and means 
controlled by any number of said lines as calling 
lines for varying the phase. relation between said 
synchronous, beams to select the communication 
channes which interconnect said calling lines 



6 
respectively with a corresponding number of said 
lines chosen at will as called lines for concurrent 
Communication. 

18. The method of interconnecting any pair of 
lines of a plurality of lines Over a common trans 
mission medium which consists in establishing in 
said medium recurrently and in rapid succession 
time-separated transmission channels individual 
respectively to said lines and shifting the posi 
tion of any one of said channels in time to coin 
cide with the time position of any other One of 
said channels. 

0. 
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19. The method of interconnecting any pair of 

stations of a plurality of stations over a common 
transmission medium which consists in establish 
ing in said medium recurrently and in rapid 
succession time-Spaced transmission charnheis in 
dividual respectively to said stations, and shift 
ing the position of any one of said channels in 
time to coincide with the time position of any 
other one of said channels. 

LLOYD ESPENSCEED, 


