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PICTURE BROADCASTING SYSTEM 

Allan Weaver, Port Washington, N. Y., assignor 
to American Telephone and Telegraph Com 
pany, a corporation of New York 

Application July 2, 1934, Seria No. 734,152 
Claims. 

This invention relates to signalling systems and 
methods and particularly to a system for broad 
casting pictures. 
An object of the invention is to provide a sys 

tem for broadcasting pictures, particularly over 
telephone lines, which is simple to operate and 
capable of reproducing pictures of high quality. 

In the picture broadcasting system shown and 
described herein for the purpose of illustration, 
a picture may be transmitted from any station 
to each of the other stations of the system or, 
if desired, to a number of other stations less than 
the total number. Each station is provided with 
picture transmitting and receiving apparatus and 
telephone transmitting and receiving apparatus. 
The telephone receiver may be of the loud-speak 
ing type. At each station there is provided a key 
of the non-locking type which, when operated, 
causes the transmission of a direct control cur 
rent which is utilized to control apparatus along 
the transmission path to the other stations so 
that telephone or picture signalling current can 
be transmitted in one direction only from the 
first station to the distant station, Indicating 
lamps are provided at the terminal stations and 
also at repeater Stations remote from the ter 
minal stations for indicating the direction of 
transmission for which the System has been con 
ditioned under control of the direct current Con 
trol Signal. A SWitch associated with the rotat 
able picture scanning and picture reproducing 
cylinders at each station is provided for auto 
matically stopping the rotation of the picture 
cylinders and simultaneously removing the direct 
current control from the System. 
The transmission network Which is used for 

picture transmission between Stations is also 
utilized for transmission by telephone of neces 
sary instructions in connection with the operation 
of the picture transmitting and receiving equip 
ment, thus eliminating the expense of a separate 
Communication channel for this purpose. The 
direct current control circuits are composited on 
the same wires that are used for picture and 
telephone transmission. In certain respects the 
tranSinission requirements are more Severe for 
picture transmission than for telephone trans 
mission. For example, relatively small abrupt 
changes in attenuation or transmission level of 
the transmission system which would have no 
noticeable effect on speech transmission, would 
be So noticeable in a picture reproduction as to 
render it unsatisfactory. In the present System, 
therefore, the direct current control is utilized 
to prevent the operation of automatic gain con 

(CI, 178—6) 
trol apparatus while a picture is being trans 
mitted. Poor quality of a picture reproduction 
is also caused by echo effects on a line due, for 
example, to a slight unbalancing of a two-wire 
line at the two-Way repeaters. For this reason 
the direct current control is also employed for 
controlling the repeater to prevent transmission 
through it in the direction opposite to the direc 
tion in which the picture is being transmitted. 
At bridging points. Where a plurality of transmis 
sion lines may be connected through a bridging 
network, short circuits are applied by means of 
the direct current control to all input circuits 
to the bridge except on the line transmitting the 
picture current into the bridge for the purpose of 
reducing the noise currents applied to the circuits 
and to increase the loSS in the cross-talk paths. 
When a four-wire circuit is connected to a two 
wire circuit, the connecting terminating equip 
ment includes a filiter for preventing singing 
when the circuit is used for two-way telephone 
transmission. This filter introduces Sufficient 
delay distortion as to seriously impair the quality 
of a picture reproduction. Rather than employ 
ing an expensive delay equalizer for correcting 
for this delay distortion, this filter is cut out of 
the circuit under control of the direct control 
current when the circuit is used for picture 
transmission. 
A picture broadcasting system embodying the 

invention will now be described in detail, refer 
ence being made to the accompanying drawings 
in Which: 

Fig. 1 shows the method of arranging the suc 
ceeding figures of the drawings; and 

Figs. 2 to 7, inclusive, When arranged as ShoWn 
in Fig. , illustrate diagrammatically a complete 
picture broadcasting System. 

Each of the terminal Stations is provided with 
picture transmitting apparatus for producing an 
alternating current modulated in accordance with 
the tone values of Successively Scanned elemental 
areas of a picture, and picture receiving appara 
tus for utilizing the picture currents received 
from a distant station to control the exposure 
of the elemental areas in Succession of a light 
sensitive picture reproducing surface in Syncho 
nism with the scanning at the transmitting point. 
Any number of terminal stations may be provided 
and a picture may be transmitted from any sta 
tion to all or any desired number of other sta 
tions. In order to avoid unnecessary repetition in 
the drawings, only three terminal stations are 
shown and the transmitting equipment is shown 
in detail only at station A of Fig. 2 and the 
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receiving equipment is shown in detail only at 
station K of Fig. 7. 
At the station A a picture 9 to be transmitted 

is mounted on the rotatable picture cylinder f. 
Light from source 2, after being interrupted by 
a light valve 3, energized by current from the 
alternating current source 4 of 2400 cycles, for 
example, is directed upon a small spot on the 
picture and the light reflected from this illu 
minated spot is received by the photoelectric cell 
5. The scanning apparatus including the light 
source 2 and the photoelectric cell 5 is moved 
in the direction of the axis of the picture cylinder 
: as the cylinder rotates so that the elemental 
areas of the picture lying along a helical path 
are scanned in Succession. The current set up 
in the circuit of the photoelectric cell is amplified 
in the amplifier 6 transmitted through the band 
paSS filter and equalizer 8 and further am 
plified by the amplifier 9. This portion of the 
apparatus is disclosed in greater detail in U. S. 
Patent No. 2,041,822, granted to A. D. Dowd, May 
26, 1936. The picture cylinder and scanning ap 
paratus may be connected under control of an 
Operator to a driving motor 29 by means of an 
electromagnetically operated clutch 2. This 
clutch mechanism is described in detail in U. S. 
Patent No. 2,105,879, granted to C. C. Towne, Jan. 
18, 1928. The motor 29, when started, operates 
continuously at a speed which is maintained 
accurately at a constant value under control of 
Current from the Source 4 of constant frequency 
alternating current and the Speed control appa 
ratus 22. This speed control apparatus is fully 
described in U. S. Patent No. 2,050,624, granted to 
E. R. Morton, Aug. 11, 1936. The apparatus at 
Station. A for operating the clutch magnet to start 
the picture cylinder and the Scanning appa 
ratus, and for Simultaneously sending out a signal 
for controlling the starting mechanism at the 
distant station is similar to that described in 
U. S. Patent No. 2,059,564, granted to A. D. Dowd, 
Nov. 3, 1936. 
In order to transmit a picture from station A, 

the operator at this station closes the non-lock 
ing line-up key 23. This operation momentarily 
closes a circuit from ground through the adjust 
able stop switch 24, auxiliary stop key 25, through 
line-up key 23 through the winding of relay 26 
to grounded battery 27, thus causing the oper 
ation of the relay. The relay locks up through 
its contact 28. The operation of this relay opens 
at its contact 29 the short circuit across the out 
put of the picture terminal amplifier 9, thus 
permitting the picture carrier to be transmitted 
Over the transmitting loop ef which connects the 
local station. With a central office B. The oper 
ation of the relay opens at contact 30 the ener 
gizing circuit for a receiving control relay 3, 
thus preventing the energization of the receiving 
lamp 32, and closes at contact 33 a circuit from 
ground at 34 to the line h for the purpose of send 
ing Cult a direct control current from the central 
office to control apparatus along the transmission 
path to the distant stations and at the distant 
stations, thereby conditioning the system for pic 
tire transmission from station A only to the dis 
tant stations. The operation of relay 26 also 
COInpletes a circuit at contact 35 for energizing a 
Sending lamp 36 by current from battery 87, 
tihei'eby indicating to the operator at station A 
that the System has been conditioned for picture 
transmission from station A. The operation of 
relay 26 also places a short circuit across the 
line-up SWitch 23 so that the transmission of a 

2,142,339 
picture may be started when the non-locking 
start key 3 is operated. The operation of key 
3 completes a circuit from grounded battery 38 
through the winding of clutch magnet 39 through 
contact 28 of relay 26 through auxiliary stop key 
25 and the adjustable stop switch 24 to ground, 
thus operating the clutch magnet to start the 
movement of the picture cylinder f f and its as 
Sociated Scanning apparatus. The magnet 39 
locks up through its contact 4). When the start 
key 37 is operated and the clutch magnet, 39 en 
e'gized, the circuit which Supplies current from 
the alternating current source f4 to the light 
interrupting valve 3 is short-circuited through 
contact 4 of key 3 and contact 42 of clutch 
magnet 39, thus interrupting the transmission of 
carrier current over the line ef. This interrup 
tion in the transmission of carrier current exists 
only for a brief period while the key 37 is closed 
since the short circuit is removed due to opening 
of contact 4 when the key 3 is released. This 
brief interruption of the carrier current causes 
the Starting of the picture receiving apparatus 
at the distant station and the picture which is 
Scanned at Station A is thus reproduced at the 
distant station. The auxiliary stop key 25 is 
provided to permit the operator to stop the pic 
ture transmitting machine and to remove the 
direct current control from the systein at any 
time. When the picture f O has been transmitted, 
the Switch 24 mounted on the base of the picture 
transmitting machine is automatically opened 
thus stopping the machine by opening the ener 
gizing circuit for clutch magnet 39 and removing 
the direct current control from the system by 
opening the energizing circuit for relay 26. 
When it is desired to reproduce a picture lo 

cally at the terminal station A the connector 43 
terminated in plugs 44 and 45 is used to connect 
the local picture transmitting apparatus with the 
local picture receiving apparatus 46, this appa 
ratUS being terminated for this purpose in the 
jacks 4 and 48 respectively. The insertion of 
he plugs A4 and 45 in the jacks 47 and 48 dis 
connects the picture transmitting and receiving 
apparatus from the lines ef and cd, respectively, 
to the central office and also opens the circuit 
to ground 34 so that ground will not be con 
nected to line h when the relay 26 operates. For 
transmitting a picture locally, it is necessary to 
operate first the line-up key 23 so that the short 
circuit at the output of amplifier f3 will be opened 
at contact 29 and subsequently the start key 37 
for Starting the picture cylinder and scanning ap 
paratus and interrupting the carrier current, for 
starting the picture cylinder and scanning appa 
ratus of the picture receiving equipment. 
Each terminal station is also provided with tele 

phone transmitting apparatus 49 and telephone 
receiving apparatus 50. The keys 5 and 52 
may be operated to connect the telephone trans 
mitter and receiver to the lines ef and cd respec 
tively and to disconnect the picture transmitting 
and receiving apparatus from the line. The 
telephone receiver may be of the loud-speaking 
type which is connected to the line by the oper 
ator as soon as a picture has been transmitted 
So that each station may be called in by an oper 
ator at any other Station. The operator may then 
Operate key 5 to connect in his telephone trans 
mitter So as to carry on two-way telephone com 
munication with any other station. 
At the central office B the transmitting loop 

ef and the receiving loop cd terminate in the re 
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56, hybrid coil, 57 and balancing network 58: 
The repeater equipment is connected to a-com 
posite set 54 comprising repeating coil. 59; con 
densers 60, and 6 and inductance coils 62 and 63. 
The line ab connects the composite set at cen 
tral office B. With the bridging repeater station C. 
When the operator at station A operates the 

line-up key 23 to connect ground to the line h 
the sending relay 64 at the central office is en 

*ergized by current from grounded battery 65 
through a circuit including contact 66 of receiv 
ing relay 67. The operation of relay '64 closes a 
circuit at contact 68 to connect grounded bat 
tery 65 to line b. If the line-up key 23 at station 

15A has not been operated and the system has been 
conditioned at some distant station for trans 
mission from that station to other stations, in 
cluding station A, a direct current transmitted 
over line a energizes the receiving relay 61 to 

20-open contact 66, thus disconnecting line h fron 

2, 

3. 

ing speech. The line ab from central office B is 

40 emplifiers 04 and 85. 

the sending relay 64 to prevent the transmission 
of a control current from station A, and to con 
nect ground to the line h, thus causing the en 
ergization of relay 3 f by current from grounded 
battery 69 at the central station. The opera 
tion of relay 3 closes a circuit to cause the lamp 
32 to be energized by current from battery. 

Station C of Fig. 3 is a bridging or Switching 
station equipped With apparatus to permit an 
operator to connect together any number of two 
wire lines terminating at this station. There is 
also associated with station C a terminal station 
D equipped like station. A for transmitting and re 
ceiving pictures and for transmitting and receiv 

connected to a composite set 00 like the set 54 
at central office B. The cOmpOsite Set is cOn 
nected to a repeater comprising hybrid coil if , 
balancing network 92, potentiometer. 93 and 

When the locking key 
6 is operated, a circuit is completed for energiz 

ing relay 9 by current from grounded battery 
8, thus connecting amplifiers C4 and 5 with 

a bridging network fo9. The bridging network 
45 comprises resistance elements connected in such 

a manner that the attenuation from any input 
terminal to all output terminals of the bridge, ex 
cept on the same branch circuit, is approximately 
30 decibels, whereas the attenuation from any in 

50 put terminal to the output terminal of the same 
branch is very much greater than 30 decibels. 
The impedance at each input and output ter 
minal is about 700 ohms. Such a bridging net 
Work is described in detail in U. S. Patent No. 

552,019,603, granted to C. W. Green, Nov. 5, 1935. 
A terminal station D similar to terminal station 
A comprising picture transmitter , picture re 
ceiver , telephone transmitter 2, and tele 
phone receiver i3 is also connected to the bridg 

60' ing network through the one-way amplifiers ! 4 
and 5. When the relay 6 is energized by 
current from battery due to the operation of 
locking key 24 the two-wire line ik is connected 
to the bridging network 9 through the colm 

65 posite set 9, and a two-way repeater comprising 

70 ing circuit G9 through composite set 26 and a 

the hybrid coil 20, balancing network 2 and 
amplifiers 22 and 23. 
ated to cause the energization of relay 25, two 
Wire line lm is similarly connected to the bridg 

two-way repeater comprising hybrid coil 2, 
balancing network 28 and amplifiers 29 and 
3. 
Assuming for the present that keys 8, f8 

75 and 24 are operated to connect lines ab, lik and 

When key í !8 is oper 

ing of the line-up key 23 at station. A will cause 
the sending-relay 64 at central station B to oper 
ate, thus connecting battery 65 to line b. Cur 
rent from source 65 will thus operate sending re 
lay 3 at station C to open the energizing cir 
cuit for receiving relay 32 at contact 33 and to 
connect grounded battery 34 to the winding of 
relay 35, causing it to operate. With relay 35 
operated, ground is connected through switch 
f24, when operated, to the winding of sending re 
lay 31, thus causing it to be energized by cur 
rent from grounded battery 38. The operation 
of relay 37 completes an energizing circuit for 
sending lamp 39 and connects grounded bat 
tery 38 to line i. The operation of relay 3: 
also applies a short circuit to the input of am 
plifier 23. Similarly, due to the operation of 
relay 35 ground is connected through switch 

8, when operated, to the winding of sending 
relay 36thus causing it to be energized by cur 

lm all to the bridging network fo9, then the clos 

O 

5 

20 

rent from grounded battery 448. The operation 
of relay 36 completes an energizing circuit for 
sending lamp 4 and connects grounded bat 
tery 40 to line l. The operation of relay 33 
also applies a short circuit to the input cir 
cuit of amplifier 30. Thus the operator at sta 
tion A may condition the System for transmitting 
pictures from station A to station D and to the 
stations connected to bridging station C by lines 
ik and lm. If the switch i i8 at bridging sta 
tion C is not operated there will be no transmis 
sion to the station connected to line lim and if 
the switch f 24 is not operated there will be no 
transmission to the station connected to line ic. 
By opening switch 6 and closing Switches 8 
and 24 station A will be disconnected from the 
System and the stations associated with line ik 
will be connected with the station associated 
with line lim and also with station D. Of course, 
a larger number of lines, Such as ab, jikt and lm, 
may be connected to the bridging network 89 if 
desired and an operator at Station C may con 
nect any desired combination of lines into the 
system. 

If an operator at some distant station connected 
to line ik wishes to transmit a picture, grounded 
battery is applied to line ic to cause the operation 
of relay-f42. The operation of relay 42 applies 
grounded battery 43 to relay 35 to cause it to 
operate, Switch 24 being closed. The operation 
of relay 42 opens the energizing circuit for relay 
A 37 so that battery cannot be applied to line i. 
If switch f 8 is closed ground is applied to the 
winding of relay 36 to cause its energization by 
grounded battery 46 and the operation of relay 
36 causes the lamp, 4 to be energized and 

grounded battery 33 to be applied to line l. If 
switch 33 is closed, the operation of relay 35 Will 
also cause ground to be applied to the winding of 
relay 32 to cause it to operate, thus energizing 
lamp 44 and applying grounded battery 45 to 
line d. Grounded battery applied to line a will 
operate relay 6 to apply ground to relay 3 to 
cause it to operate to energize receiving lamp 32 
at station A. In the same Way a station con 
nected to line in may control other stations in the 
system by causing the energization of relay 46 by 
grounded battery applied to line m2. 
The apparatus connected to line lim is not 

shown, but may be similar to that connected to 
line ik which will now be described. The system 
may employ both two-conductor, open-Wire trans 
mission lines such as ab, ik, and lm, and also four 
wire cable circuits such as nopg. Fig. 4 shows a 
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4. 
repeater station E equipped with apparatus for 
connecting two-wire line lik to four-wire cable 
circuits nopg. Line ik is connected to the com 
posite set 200 like the composite set 54. The 
(Composite Set 200 is connected to a two-way re 
peater comprising hybrid coil 20, balancing net 
work 202, attenuation network 203, filter 204 and 
amplifiers 205 and 206. Amplifier 205 is Con 
nected through composite set 20 to the outgoing 
Conductor no and amplifier 206 is connected 
through composite set 208 to the incoming con 
ductor pq. If the operator at station A, for 
example, Operates the line-up key 23, grounded 
battery is Supplied to line, i, as previously de 
Scribed, and relay 209 is operated. The operation 
of relay 29 Supplies ground to relay 20 to cause 
it to be energized by current from grounded bat 
tery 2. 
energization of sending lamp 22, causes the input 
tof amplifier 206 to be short-circuited and connects 
positive battery to line q and ground to line p. 
When positive battery is connected to line in and 
ground to line O by means of a relay similar to 
relay 20 at the distant end of line mopg, relay 23 
Operates to open the energizing circuit of relay 20 
and to Connect ground to relay. 24, causing its 
operation by current from battery 25. Battery 
25 is thus Supplied to line k to control apparatus 
at bridging station C as previously described. The 
operation of relay 24 also causes the energization 
of lamp 26 and causes ground to be applied to 
relays 27, 2f 8 and 29 which are thus operated 
by curent from battery 220. The operation of 
relays 27 and 28 connect amplifier 206 directly 
With the hybrid coil 20, disconnecting filter 204 
from the circuit. The operation of relay 29 
places a short circuit on the input of amplifier 295. 

Fig. 5 shows a repeater station F on the cable 
circuit 120pg equipped with automatic gain con 
trol apparatus or pilot wire regulator 300. A 
simple type of pilot wire regulator is shown for 
illustration, but other types of pilot wire regu 
lators may obviously be employed. For example, 
a regulator of the type shown in U. S. Patent No. 
2,017,654, granted to J. A. Coy and H. I. Romnes, 
Oct. 15, 1935, may be used. For convenience in 
describing the circuit, the four-wire cable is 
labeled nopq where it enters the repeater station 
and "Stat. Where it leaves the repeater station. The 
pilot wire 2 consists of two conductors parallelling 
the four-Wire cable and short-circuited at its 
ends. In practice a plurality of repeater stations 
employing pilot wire regulators are used on a long 
cable. The cable conductors no are connected 
through composite set 30, variable attenuating 
network 394 of the pilot wire regulator 300, ampli 
fier 392, and composite set 303 to the conductors 
rS of the cable. Similarly, the cable conductors 
pq are connected through composite set 305, the 
variable attenuating network 308 of the pilot wire 
regulator 390, one-Way amplifier 306, and com 
posite Set, 30 to the conductors tul of the Cable. 
The pilot Wire 2 Which may extend from sta 

tion E to the repeater station G of Fig. 6, for 
example, forms a loop which is connected into 
One arm of the WheatStone bridge 30. The op 
posite arm of the bridge consists of a variable re 
Sistor 3. l. Battery 32 is connected across two 
opposite Vertices of the bridge and a polarized 
relay 33 is connected across the other vertices 
of the bridge. A motor 3 which drives the 
arm of the variable resistor 3 and the arms of 
variable attenuators 308 and 304 is energized 
in one direction or the other by current from 
source 3 5 depending on the direction of the cur 

The operation of relay 20 causes the 
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rent in the bridge circuit through the winding 
of polar relay 33. When there is a change in 
attenuation of the pairs of the cable no and pq, 
due to temperature changes, for example, there 
is a Corresponding change in resistance of the 
pilot Wire 2 of the cable. As a result the bridge 
30 Will be unbalanced to cause the operation of 
relay 3 E3 and motor 3:4 in one direction or the 
other depending upon whether, the resistance of 
the pilot Wire has increased or decreased. The 
In O&O Will operate to change the Setting of vari 
able resistor 3 until the bridge balance is re 
Stored and the Settings of variable attenuators 
306 and 34 will be changed to add or take out 
attenuation to restore the overall attenuation of 
the cable circuit to the norinal value. However, 
a Sudden change in the attenuation such as is 
produced by changing the setting of variable at 
tenuators 333 and 34 is not desired when a pic 
ture is being transmitted since such a change in 
attenuation would result in one part of the pic 
ture reproduction being noticeably of darker tone 
Value than another portion although no such 
change in tone value is present in the original 
picture. For this reason the energizing circuit 
for motor 34 is opened under control of the 
direct COIntrol current when a picture is about 
to be transmitted. When relay 2 at station E 
Operates to connect positive battery to line q 
and ground to line p, polar relay 36 is oper 
atted to apply ground to one terminal of a wind 
ing of polar relay 3, and the relay 37 will 
coperate to close contact 38 which completes the 
‘energizing circuit for relay 39 and thus causes 
the relay 39 to operate to open the energizing 
circuit for motor 34. If relay 3S should be 
accidentally released for a period less than two 
Seconds, as would occur, for example, due to the 
grOUInding of line g connecting station. A with 
gential office B for a short period, the condens 
er 32 would merely partly charge during this 
interval and the relay 3 Would not release. In 
the sane way when positive battery is applied to 
Conductor r and ground to conductor S, as would 
be the case When a picture is being transmitted 
in the Opposite direction from that assumed 
above, relay 32 will operate to connect ground 
to a terminal of winding of relay 3 to oper 
ate it and thus cause the operation of relay 39 
Which opens the energizing circuit for motor 34. 

Fig. 6 shows a repeater station G. like the re 
peater station E of Fig. 4 for connecting the 
four-Wire cable rStu to the two-conductor Open 
Wire line ty. The apparatus at Station G has 
been numbered to correspond with the number 
ing of the corresponding parts at station E with 
the exception of the first digit. At Station G 
the numerals applied to the apparatus extend 
from á í to á?{} while at station E. the corre 
Sponding apparatus is numbered from 20 to 
23. This apparatus requires no further de 

tailed description. 
There is also shown in Fig. 6 a bridging sta 

tion H like the bridging station C of Fig. 3. The 
tWo-Wire liine viu”) going to station G, cy going to 
central office J of Fig. 7 and lines 459 and 469, 
which go to cither stations not shown, are con 
nected into the bridging Station H. 
The central Office J. of Fig. 7, like central Office 

B of Fig. 2, is connected to the two-wire line acy. 
Line acy is connected through the composite set 
55, like composite set 54 at station A, and a 
two-way repeater comprising hybrid coil 55, 
balancing network 558 and one-way amplifiers 
555 and 556. 
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570 at the terminal station K is connected 
through jack 55 and key 547 to the loop e'f' 
which is connected to the amplifier 555 at the 
central office J. The loop c'd' which connects 
the amplifier 556 with the local station K is 
connected through key 548 and jack 552 to am 
plifier 5, band-pass filter 52, amplifier-rec 
tifier 573, low-pass filter 574 and light valve 
equalizer. 55 to the light valve 56. Light from 
Source 577 is directed through the light Valve to 
a small spot on the light sensitive picture film 
578 mounted on the picture cylinder 579. 
motor 580, When the electromagnetically con 
trolled clutch 58 f is operated, drives the picture 
cylinder 579 to rotate it about its axis and the 
optical apparatus comprising light source 57 
and light valve, 576 to move it in the direction 
of the axis of the cylinder so that the tone 
values of elemental areas of the picture are re 
produced in succession along a helical path in 
synchronism with the scanning of the elemental 
areas of a picture at a transmitting point, sta 
tion. A for example. This portion of the pic 
ture reproducing apparatus is disclosed in great 
er detail in Patent No. 2,041,822 Supra. The 
clutch mechanism is described in detail in Pat 
ent No. 2,105,897 supra. The motor 580, when 
started, operates continuously at a speed which 
is maintained accurately at a constant value un 
der control of current from Source 5 i 4 of con 
stant frequency alternating current, having the 
same frequencies as the Source 4 at station A, 
and the speed control apparatus 522. This Speed 
control apparatus is fully described in the pat 
ent of E. R. MOrtOn, SUpra. 
The arrangement for operating the clutch 58 

so as to start the picture receiving apparatus 
substantially simultaneously with the picture 
transmitting apparatus under control of a trans 
mitting operator at station A, for example, is 
described in detail in Patent No. 2,059,564, re 
ferred to above. When the non-locking start key 
582 is momentarily operated by the attendant , 
at station K, the winding of relay 583 is ener 
gized by current from grounded battery 584. 
The operation of relay 583, which locks up. 
through contact 585, removes a short circuit 
across the lower winding of polarized relay 586 
causing it to operate to close contact 587. Relay 
588 is thus operated by current from battery 589 
and this relay is locked up by current from bat- . 
tery 534. The operation of relay 588 completes 
the circuit from ground through adjustable stop 
524, auxiliary stop key 590, winding of clutch 
magnet 59 f, to contact 592 of relay 586. When a 
distant transmitting operator now operates the 
start key of a picture sending machine, as at sta 
tion A, for example, the carrier current Supplied 
to the lower winding of relay 586 is momentarily . 
interrupted. This causes the relay 586 to oper 
ate to close contact 592 thus completing the cir 
cuit to grounded battery 589 and energizing the 
clutch magnet 59 to start the receiving ma-... 
chiºne. 
When the operator at station A, for example, 

operates the line-up key 23 battery is connected 
to line ac to cause the operation of relay 567 at 
the central office J. 

569. 
gized by current from battery. 
causing the energization of lamp 532, the relay 

The lamp 532 is thus caused to be ener 

53 may obviously perform. Some other function 
which may be desired to condition the receiving 

The 

Ground is thus connected. 
to one terminal of the winding of relay 53 to . 
cause it to be energized by current from battery, 

In addition to 

5 
station for receiving a picture. The connector 
543 may be used to connect the picture transmit 
ting and receiving apparatus at Station K for 
reproducing a picture locally, as at station A. 
Station K, like station A, is also provided with 
telephone transmitting apparatus 549 and tele 
phone receiving apparatus 55. 
"To review the operation of the complete Sys 
tem, assume now that the operator at station A 
wishes to transmit a picture to a number of other 
Stations including station K. He Will first oper 
ate switches 5 and 52 and announce into the 
telephone transmitter 49 that the operators at 
the other station should prepare the apparatus 
at their station to receive a picture. If desired 
the operator at station. A may also operate the 
line-up key 23 at this time so that a visible signal 
is produced at the station K for calling the oper 
ator. In this case the auxiliary Stop key 25 must 
be subsequently operated if it is desired to re 
store the System for two-Way telephone commu 
nication. If the operator at station K is not 
ready to receive a picture, or if, for any other 
reason, he wishes to communicate with station A, 
he will operate his talking key 54 so that he 
may carry on two-Way telephone communication 
with the operator at station A. When operator 
A has given the necessary instructions as to the 
size of the picture to be transmitted, for example, 
the operators will restore keys 5, 52, 547 and 
548 to connect the picture transmitting and re 
ceiving apparatus to the central stations. Oper 
ator K will adjust the adjustable stop contact 
589 on the base of the receiving machine, oper 
ator. A having previously set the adjustable stop 
contact. 24. Operator A will now momentarily 
close the line-up key 23. Sending relay 26 will 
thus be locked up to remove the short circuit 
from the output of picture terminal amplifier 9, 
to energize sending lamp 36, to open the energiz 
ing circuit to receiving relay 3 and to complete 
the energizing circuit for sending relay 64 at the 
central office B. The operation of relay 64 will 
connect grounded battery to line b going to the 
bridging repeater station C where the direct cur 
rent transmitted over line b will operate sending 

| relay !3Í. The switches 186 and í 24 at station C 
having been operated, the operation of relay 3 
Will' cause the energization of relay 35 to place 
ground on one terminal of winding of relay 37, 
causing it to operate. The operation of relay 37 
will cause the lamp 39 to be energized to indi 
cate that the circuit at station C is set up to 
transmit pictures through to line ik. The oper 
ation of relay 37 will short-circuit the input, 
to amplifier 23 to prevent transmission through 
the amplifier 23. A short circuit is thus applied 
to all the lines transmitting into the bridge cir 
cuit, except the line for transmitting picture cur 
rent into the bridge circuit, for the purpose of 
reducing noise currents applied to the circuit and 
to increase the loss of the cross-talk paths. The 
operation of relay 37 will also cause battery to 
be applied to line j. 
At repeater station E the direct current trans 

mitted over lined will operate receiving relay 
209 to open the energizing circuit of sending re 
lay 24 and to apply ground to winding of relay 
2 í 0 ª causing it to be energized. The operation 

gized to indicate that the circuit is conditioned 
for transmitting from line ik to four-wire cable 
circuit topg. Relay 2f ) when operated will also 
place a short circuit on the input of amplifier 
206 to prevent echo efcts. The operation of 

of relay 20 will cause the lamp 2 2 to be ener 
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relay 20 will also place positive battery on line g 
and ground on line p to cause the operation of 
relay 36 at repeater station F. 
The operation of relay 36 will cause the ener 

gizing circuit for motor 34 to be opened by con 
tact of relay 39 to prevent the operation of the 
automatic gain control apparatus including vari 
able attenuators 308 and 304. The current which 
operates relay 35 flows through linest and at to 
cause the operation of relay 43 at repeater sta 
tion G. The operation of relay 43 will Open the 
energizing circuit for relay 40 and connect 
ground to winding of relay 44 to cause its Opera 
tion. The lamp 46 is thus energized to indicate 
that transmission is from the four-wire cable 
circuit rstu to two-wire line w. The operation of 
relay 44 will also cause ground to be connected 
to the circuit including relays 47, 48 and 49 
causing these relays to be energized. The relay 
49 when operated short-circuits the input to 
amplifier 405 to reduce noise currents on the line 
and to prevent singing and the operation of relayS 
4 and 48 will disconnect filter 404 from the 
transmission path. This filter is required in the 
circuit for two-way speech transmission to pre 
vent singing but is not required when a picture is 
being transmitted in one direction on the circuit. 
The filters if allowed to remain in circuit When 
pictures are being transmitted Would introduce 
sufficient delay distortion to lower the quality of a 
picture reproduction considerably. The Operation 
of relay 4 4 will also connect grounded battery 
45 to line v. At bridging station H, relayS COr 
responding to relays 3, 35 and 37 of bridging 
Station D will operate and grounded battery Will 
be connected to outgoing line a thus causing the 
operation of relay 567 at central office J. The 
operation of relay 567 connects ground to the 
winding of relay 53 at terminal station K to 
cause lamp 532 to be energized, thus indicating 
to the operator at station K that the System has 
been conditioned for picture transmission to his 
Station. 
The operator at station K then Operates the 

non-locking start key 582 to condition the start 
ing circuit as previously described. The operator 
at station. A then operates the start key 3. This 
causes the energization of clutch magnet 39 at 
station. A to start, the operation of the picture 
transmitting machine and momentarily inter 
rupts the carrier current transmitted to station 
K. At station K the interruption of the received 
carrier current causes the operation of clutch 
magnet 59 to start the picture receiving ma 
chine. When the OperatOr at Station A releaSeS 
the non-locking start key 37, the carrier current 
is again transmitted and, due to the operation of 
the picture transmitting machine, this carrier 
current is modulated in accordance With the tone 
values of successively scanned elemental areas of 
the picture. At station K the received picture 
current, after being amplified and rectified, actu 
ates the light valve 576 to control, in succession, 
the exposure of the elemental areas of the light 
sensitive surface 578 to reproduce the picture 
thereon. 
When the picture has been transmitted the au 

tomatic stop 24 mounted on the base of the pic 
ture Sending machine at Station A automatically 
opens the energizing circuit for the clutch magnet 
39 to stop the picture Sending machine and opens 
the energizing circuit for relay 26 to remove the 
direct current control from the System, thus re 
storing the System for two-way telephone COm 
munication. The automatic stop 524 at station K 

2,142,339 
will also operate to stop the picture receiving ma" 
chine. An operator at any other station may noW 
condition the system for broadcasting pictures 
from that station. 

In the picture broadcasting system as de 
scribed, the direct control current performs cer 
tain specific operations for conditioning the SyS 
tem for one-way picture broadcasting. Obvious 
ly, however, the direct control current may be 
utilized to perform functions, other than those 
Specifically described, which may be found mec 
essary in any system which may be Set lup. 
What is claimed is: 
1. A signaling System comprising three or more 

stations, signal transmitting and receiving appa 
ratus at each of said stations, an impedance net 
work, connecting lines aSSociating Said impedance 
network with said stations respectively, said net 
work being adapted to receive current from any of 
said lines and distribute it simultaneously to the 
others of said lines, means at each of Said Sta 
tions for controlling the transmission of control 
impulses other than the signaling impulses simul 
taneously to each of the other stations, and meanS 
at each of said stations to condition apparatus 
thereat under control of said impulses transmitted 
under control of any other of Said Stations. 

2. A signaling System comprising three or more 
stations, signal transmitting and receiving appa 
ratUS at each Of Said Stations, an impedance net 
Work, connecting lines a SSociating Said imped 
ance network with said stations respectively, said 
netWork being adapted to receive current from 
any of said lines and distribute it simultaneous 
ly to the others of said lines, circuit control 
means at each of Said stations in addition to said 
Signal transmitting and receiving apparatus for 
controlling the transmission of control impulses 
Simultaneously to each of the otheir stations, and 
means at each of said stations to condition ap 
parat US thereat under contrOl Of Said impulses 
transmitted under control of another of said sta 
tiOnS. 

3. A Signaling System comprising three or more 
stations, signal transmitting and receiving appa 
ratus at each of Said stations, an impedance net 
Work, connecting lines aSSociating Said imped 
ance network with said stations respectively, said 
network being adapted to receive signaling cur 
rent fronn any of Said lines and simultaneously 
distribute it to the others of said lines, two-way 
repeaters in said lines respectively, and means at 
each of said stations for controlling the trans 
mission of control impulses Other thain the Sig 
naling current to simultaneously condition all of 
Said tWO-Way repeaterS. 

4. A signaling Systein comprising three or more 
stations, signal transmitting and receiving ap 
paratus at each of Said stations, an impedance 
netWork, connecting lines associating said im 
pedance network with said stations respectively, 
said network being adapted to receive current 
from any of said lines and simultaneously dis 
tribute it to the others of said lines, a two-way 
repeater in at least one of said lines, circuit con 
trol means at each of Said terriniinal stations for 
controlling the transmission of direct current im 
pulses simultaneously to each of the other sta 
tions, and means at each of said stations to con 
dition apparatus thereat under control of said 
direct current impulses transmitted under con 
trol of another of said stations. 

5. A signaling system comprising three or more 
stations, signal transmitting and receiving appa 
ratus at each of said stations, an impedance net 

O 

5 

4. 

4. 

5 

5. 

( 



O 

?5 

20 

2,142,889 
work, connecting lines associating said imped 
ance network with said stations respectively, said 
network being adapted to receive current from 
any of said lines and simultaneously distribute it 
to the others of said lines, a two-way repeater in 
at least one of said lines, means at each of Said 
stations in addition to said signal transmitting 
and receiving apparatus for controlling the trans 
mission of direct current control impulses simul 
taneously to each of the other stations, direct cur 
rent repeating apparatus associated with each of 
said two-way repeaters for repeating said direct 
current impulses, and means at each of said sta 
tions to condition apparatus thereat under the 
Control of said direct current impulses trans 
mitted under control of another of said stations. 

6. A signaling System comprising three or more 
stations, signal transmitting and receiving appa 
ratus at each of said stations, an impedance net 
Work, connecting lines associating said imped 
ance network with said stations respectively, said 
network being adapted to receive current from 
any of said lines and simultaneously distribute it 
to the others of said lines, two-way repeaters in 

7 
each of said lines adjacent said network, circuit 
control means at each of Said Stations for con 
trolling the transmission of control impulses 
Other than the signaling current simultaneously 
to each of the other stations, means at each of 
said two-way repeaters under control of said 
control impulses for conditioning said repeaters 
for one-way operation, and means at each of said 
stations for conditioning apparatus thereat un 
der control of Said impulses transmitted under 
control of another of said stations. 

7. An image broadcasting system comprising 
three or more stations, signaling means at each 
of said stations for transmitting image current 
to each of the others of Said stations simultane 
ously, image receiving means at each of said sta 
tions, means at each of said stations for con 
trolling the transmission of control impulses 
other than the signaling current to each of the 
other stations simultaneously, and means at each 
of said stations for conditioning the apparatus 
thereat under control of Said impulses transmit 
ted under control of another of said stations. 

ALLAN WEAVER. 
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