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This invention relates to electric signal SyS 
tems and to systems including the McCulloh cir 
cuit, and more particularly to automatic means 
for adjusting the signal System to variations 
from normal in the line condition, though it is 
noted that in Some of the claims the invention is 
not limited to the McCulloh circuit nor to auto 
matic means. 
The main object of the invention is to pro 

wide, in an apparatus or circuit of this kind, 
automatic means for adjusting the circuit to War 
ious line conditions. 
Another object of the invention is to provide 

an adjusting means of this kind which includes 
rotary SWitches for effecting adjustments. 
Another object of the invention is to provide 

an automatic adjusting device which is not re 
sponsive to intermittent signal impulses, but is 
responsive to longer impulses. 
Other objects of the invention are to improve 

generally the simplicity and efficiency of such 
apparatus and to provide an apparatus of this 
kind which is reliable in operation, and economi 
cal to construct. 

Still other objects of the invention will appear 
as the description proceeds; and while herein de 
tails of the invention are described and claimed, 
the invention is not limited to these, since many 
and various changes may be made Without de 
parting from the Scope of the invention as 
claimed in the broader claims. 
The inventive features for the accomplish 

ment of these and other objects are shown here 
in in connection with an automatic McCulloh cir 
cuit which, briefly stated, includes a McCulloh 
signal system including a line loop having trans 
mitters...therein and Connected in Series between 
respective magnets of relays of a receiver hav 
ing a recorder. Each relay is provided with a 
pair of members which, when signals are not 
being transmitted, are respectively continuously 
charged and uncharged during normal line con 
dition, one or both of which pairs may be respec 
tively uncharged and continuously charged dur 
ing abnormal line conditions, the uncharged 
member being always intermittently charged 
during signal sending. 
Motor means, uninfluenced by signal impulses 

and operative by longer impulses operate suit 
able Switch means associated with said relays re 
Spectively and operable for connecting the re 
corder and the motor with One member at a time 
of each relay, for receiving signals and for caus 
ing the motor to operate When a member With 

(C. 177-36) 
which the motor is connected becomes the con 
tinuously charged member. 
Operative connections are provided between 

said Inotor and the Switch means for Operating 
said SWitch to disconnect the motor from a con 
tinuously charged member and connect it with 
luncharged members whenever the motor is oper 
ated. 
In the accompanying drawing showing, by way 

of example, One of many possible embodiments 
of the invention, the figure is a diagrammatic 
View of the automatic system. 

Brief description of principal features 
The principal features Only of the apparatus 

will first be very briefly indicated, and later de 
Scribed in detail. The apparatus is shown in 
connection with a McCulloh System having a line 
loop 0, 1, 2, an “out' relay 8, an “in relay 
i8', a grounded main current source 22, a re 
Corder 30, and normally engaged and disengaged 
contacts 26, 27, 26, 27' for the respective relays. 
The automatic control mechanism includes a 

pilot lamp 29, an out-signal switch 35, an in 
signal switch 36, a pilot switch 37 and a ground 
Switch 38, each including operation contacts N, 
G, GO, O, OG (corresponding to different oper 
ating conditions) and contact arms 35A, 36A, 
37A, 38A respectively. 

Retarded motor means 50, 78 to lof, uninflu 
enced by signal impulses and operative by longer 
inpulses, is disposed in circuit with said lamp 29 
and recorder 30 and is adapted to drive all of 
Said arms in unison successively to positions to 
engage said operation contacts. 
Conductors 52, 53, 54, 55, 58, 59 associated 

with said contacts and arms of the switches 35, 
36 serve for connecting the recorder 30 to relay 
contacts 26, 27, 26, 27 which are normally dis 
engaged during conditions of operation corre 
Sponding to the respective operating positions 
of the switch arms. Conductors 58, 60, 62 associ 
ated with the pilot switch arm and contacts con 
nect the pilot lamp With the normally disengaged 
in-relay contact 27’’ during normal operation; 
and conductors 24, 64, 66 connect the trouble 
lamp 33 with the main source in the remaining 
positions of operation. 
Conductors 68, 69, 70 associated with the 

ground switch 38 connect the in-magnet 20' in 
circuit With the ground or With said source in the 
positions of the arm 35A that correspond to op 
erating conditions that require it. 
Conductors 14, 68 associated with the ground 

SWitch 38 connect the auxiliary source in circuit 
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With relay magnet 20' for certain operations dur 
ing open-circuit condition. 
During signal sending, the relay armatures 25 

or 25 vibrate, and as will be explained, cause in 
termittent current to pass to the recorder 30, and 
the magnet 78; but this intermittent current does 
not influence the operation of the stepping or mo 
tor means 8 to 95. This motor means is only 
operated when changing line conditions causes a 
shifting of the armatures 25 or 25' in a way to 
Cause the passage of continuous current to the 
magnet 78. Then the motor means operates as 
Will be explained to cause the Switch arms to re 
Wolve until the revolving Switches make the re 
quired connection for operation of the line con 
dition, whereupon said continuous current ceases, 
and the apparatus remains in this condition until 
repair or other line condition change, causes an 
other automatic action. This operation will be 
fully explained hereinafter. Now the various 
parts of the apparatus will be described in detail. 

The McCulloh System. 
This invention is shown in combination with 

the well known McCulloh Signal System. This 
system comprises a line loop 10, , 2 having in 
series therein the usual pull boxes or transmitters 
f3, 3’ comprising each a rotary grounded toothed 
code-signal wheel 5, and a normally closed 
Switch 6 interposed in the line and normally Out 
of contact with the wheel S and adapted to be 
engaged by the teeth of the grounded wheel when 
rotating, thereby, once for each tooth, to ground 
both legs f O, f2 of the loop and also to break 
the loop. 
The receiver includes an 'out' relay f8 and 

'in' relay 8, having magnets 20 and 20 re 
spectively. The loop f O, , 2 is connected be 
tween and in series with the magnets 20, 20'. The 
receiver also includes a grounded main source of 
current 22 having an ungrounded terminal 23 
connected by a conductor 24 to the out magnet 
20, the other terminal of the in-magnet 20' being, 
as will be explained, normally grounded and at 
times connected to said ungrounded terminal 23. 
The out-relay 8 comprises a normally attract 

ed armature 25 carrying or comprising a movable 
switch element, and a normally engaged contact 
26 normally engaged by the movable element dur 
ing normally closed circuit line-condition and in 
termittently engaged for signal Sending during 
open circuit in the adjacent leg 0 of the loop, 
and a normally disengaged contact 27 intermit 
tently engaged by the movable member for sig 
nal sending during normally closed circuit work 
ing and constantly engaged (when there is no 
signal) during open circuit condition in the ad 
jacent leg. 
The in-relay 8' comprises corresponding parts 

25, 26, 27', the contact 27' being constantly en 
gaged during open circuit of the adjacent leg 2. 
The switch elements 25, 25' are connected by the 
conductor 24 to the ungrounded terminal 23. 
As is usual, the receiver also includes a pilot 

lamp 29 and a recorder 30 having respective 
terminals 3, 32 adapted for connection with one 
of said contacts 26, 27, 26, 27' as is true of the 
usual McCulloh System, but in the present in 
vention they are connected in a different manner 
as will be explained. 
The usual McCulloh Systems have manual 

switches for connecting the various contacts 26, 
27, 26, 27 with the recorder 30 to suit the vari 
ous line conditions. Such a System is shown in 
the U. S. Patent No. 1,640,325, issued Aug. 23, 
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1927, to G. W. Janson. The main object of the 
present invention is to perform the above opera 
tions automatically by automatic means such as 
a means, now to be described. 

The automatic control mechanism. 

In addition to the usual McCulloh structure 
just described, the present invention provides a 
trouble lamp 33 having one terminal grounded, 
and also provides a grounded retarded stepping or 
motor means 78 to Of uninfluenced by signal im 
pulses but operated by longer inpulses and hav 
ing an ungrounded terminal connected to the 
other terminals 34 of said pilot lamp 29 and re 
corder so that when the recorder or pilot lamp is 
energized continuously the motor means should 
operate. Said motor means drives an automatic 
means for automatically connecting Said lamps 
and recorder to the proper contacts of Said relays 
to meet the various operating conditions for op 
erating during line defects somewhat after the 
manner of the manual operation heretofore usual 
of McCulloh Systems. Said automatic means 
Will now be described. 

The revolving suitches 
Said automatic mechanism comprises revolv 

ing switches 35, 36, 37, 38. These include an out 
signal switch 35, an in-signal switch 36, a pilot 
switch 37 and a ground Switch 38. Each Switch 
comprises a semi-circular bank of contacts equal 
angles apart, each bank including fixed contacts 
N, G, GO, O, OG respectively for normal opera 
tion (as when the loop 10, , 2 is complete) 
grounded closed circuit operation (as when the 
loop f f is unbroken and grounded), grounded 
out-leg of an open circuit (as When the circuit 
is grounded as at 40G and open as at 4), open 
circuit without ground (as when the circuit is 
open at 4), grounded in-leg of an open circuit 
(as when the circuit is open as at 4 and is 
grounded as at 42G), intermediate contacts 43, 
44, 45 between the above named contacts, and 
additional contacts 46, 47, 48 completing the 
Semi-circle. 

Said switches also comprise a rotatable shaft 
50 coaxial with all of said banks carrying insulat 
ed pairs of contact arms 35A, 36A, 37A, 38A, two 
pairs 37A for the signal bank and one pair for 
each other bank, all fast on Said shaft and en 
gageable with the associated fixed contacts re 
spectively. The contact arms 37A are electrical 
ly connected and constitute a bridge, bridging 
adjacent fixed contacts. 

Signal Switch. connections 
Conductors 52, 53 connect the first named ter 

minal 3 of said recorder with the contact arms 
of the signal switches 35, 36. Conductors 54, 
connect the normal operation fixed contact N, the 
grounded closed circuit operation contact G and 
the grounded out-leg open circuit contact GO 
of the out-signal-switch 35 with the normally 
disengaged contact 27, to permit normal signal 
operation when one of Said fixed contacts is en 
gaged by a contact arm 35A, and to permit the 
supplying, to the recorder, of a current of suf 
ficient duration to operate the stepping means, 
should damage to the line cause the movable 
member 25 to come to rest on the normally dis 
engaged contact 27. 

Conductors 55 connect the open circuit con 
tact O and the grounded in-leg open circuit con 
tact OG of the Switch 35 to the normally en 
gaged contact 26, whereby when the condition of 
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2,116,462 
damage to the line requires the armature to rest 
on the normally disengaged contact 27, current 
for signals to be recorded may be received from 
the normally engaged contact 26, and current 
of sufficient duration to operate the stepping 
means, caused by change of Such condition, Will 
cause the stepping means to step the contact 
arm 35A from such contacts O and OG. 
Conductors 24, 5 connect each intermediate 

and final contacts 44, 47 of the in-signal-SWitch 
36 with said ungrounded terminal 23, whereby 
when the contact arm 36A engages. Such contact, 
current passes through the conductor 52 and the 
stepping means will be operated and the contact 
arms stepped to the next contact of the respec 
tive banks. Thus it is seen that the arms 35A, 
36A, and 38A will never remain on contacts 43, 
44, 46, 47. This feature will not be described 
again. 
Conductors 58 connect the grounded closed 

circuit, operation contact G and the grounded in 
leg open circuit contact OG of the in-signal 
switch 36 with the normally disengaged contact 
27', to allow signal operation when one of said 
contacts G or OG is engaged by a contact arm 
36A, and to permit the supplying to the recorder 
a current of sufficient duration to operate the 
stepping means, should damage to the line cause 
the armature to come to rest on the normally 
disengaged contact 27. 
Conductors 59 connect the open circuit contact 

O and the grounded out-leg open circuit contact 
GO to the normally engaged contact 26, where 
by when the condition of damage to the line re 
quires the armature to rest on the normally dis 
engaged contact, current for signals to be re 
corded may be received from the normally en 
gaged contact, and current of sufficient duration 
to operate the stepping means, caused by change 
of such condition, will cause the stepping means 
to step the contact arm from such contact O or 
GO. 

Pilot suitch connections 
Conductor 62 connects the first named termi 

nal 32 of said pilot lamp 29 with the normal Op 
eration contact N of the pilot switch. 37; and 
conductors 58, 60 connect the first intermediate 
contact 6 with the normally disengaged con 
tact 27 of the in-relay, whereby normal closed 
circuit signals cause current in conductor 62 and 
flashes of the pilot lamp, and any continued low 
position of the in-armature Switch element 25' 
causes continued light from the pilot lamp, tO 
indicate that the apparatus is not working as it 
should. 

Conductors 24, 64 connect the remaining. I 
termediate contacts 45 of the pilot SWitch 3. 
with the source of current, while contacts, G, GO, 

to O, OG and 48 are connected by conductors 66 
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with the trouble lamp, whereby When the condi 
tion of damage to the line causes Said arms tO 
move to the abnormal operation contacts, the 
double arm 37A will bridge adjacent contacts 
and current will be supplied to the trouble lamp, 
thus indicating abnormal operation. S. 

Ground switch connections 
A conductor 68 connects the in-magnet 8 to 

the contact arm 38A of the ground switch 38; 
and a conductor 69 connects the normal Opera 
tion contact N of the ground Switch to the ground, 
thus adapting the system for closed circuit Op. 
eration, as is usual with McCulloh Systems. 
Conductors TO connect the grounded closed 

3 
circuit contact G, the grounded out-leg and 
grounded in-leg Open circuit operation contacts 
GO, OG to the ungrounded terminal 43 of said 
Source, whereby when grounded open and closed 
circuits of the line require that the current pass 
out through the in-magnet, the in-magnet will 
be connected to said terminal 23 of the source. 

The Ouaciliary current source 
For a purpose which will be explained, an 

auxiliary source 72 of current is connected by 
Conductors T3, 74 in Series between the main 
Source and the open circuit operation contact 
O of the ground switch 38 for energizing the 
in-magnet during open circuit operation signal 
ling, and for causing the in-armature 25 to rise 
When the open circuit has been repaired, thereby 
to energize open circuit contact O of the in-signal 
SWitch 36, to start the motor to start the switches 
to rotating. 

The automatic stepping or motor means 
Said retarded stepping means includes a pilot 

relay 8, 9, 8, 8 having its magnet coils 78 
interposed between a ground 82 and said recorder 
30 and pilot lamp 29. Said relay comprises a 
normally unattracted armature T9 carrying or 
constituting a movable switch element connected 
by a conductor 83 to the ungrounded terminal 
23 of the main source. The relay also comprises 
normally engaged and disengaged fixed contacts 
88, 8 respectively normally engaged and disen 
gaged by the movable contact 79. 
A tined relay 85, 86, 8 comprises a slow release 

retarded magnet 85 connected by a conductor 88 
between Said normally engaged contact 80 and a 
ground 89, whereby the magnet is normally ener 
gized. 
The release of said magnet is insufficiently rapid 

to release on signal impulses, but is sufficient to 
release on longer impulses. The timed relay in 
cludes a normally open switch 86, 8 normally held 
open by the retarded magnet 85 and having one 
element 87 connected to the normally disengaged 
element, 88 of the pilot relay. 

The motor magnet 
ConductorS 9, 9, connect the coil of a motor 

magnet 92 in Series between the other element 
86 of the timed relay switch and to a switch 
element 93 carried or constituted by a pivoted 
arnature attracted by said magnet, 92 and form 
ing an Operating arm carrying a pivoted pawl 94 
engaging a ratchet 95 carried by the shaft 50, 
whereby said contact arms S.5A, 36A, 37A, 38A 
are moved from One Contact to the next each time 
Said magnet is energized. 
A Switch contact 9 normally engaged by said 

arm is connected by a conductor 98 With the 
ground 93, whereby the armature 93 vibrates With 
an electric bell action and said pawl rotates said 
ratchet and revolves said arms, step by step, so 
long as the timed relay ai'nature 86 is released. 
A condense: ) and an inductance are 

connected in series and With each other between 
the switch elements 93 and 97 to avoid sparking. 

Operation of the Stepping means 
When no current passes through the conduc 

tors 53 or 62 and the magnet 78, the armature 79 
remains lowered, and current paSSes through the 
terminal 23, conductor 83, armature T9, contact 
80, 88 slow release magnet 85, ground 89, 
thus holding the armature 86 from the contact 
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87; and no current can pass from the conductor 
83 to the ground 99. 
When signal current passes through the Con 

ductors 53 or 62, the magnet 78 and ground 82, 
the arnature 79 is vibrated, thus intermittently 
breaking the current through conductor 88, slow 
release magnet 85 and ground 89. But as the 
magnet 85 is a slow release magnet, it does not 
drop the arnature 86, and still no current passes 
through the contact 87, armature 86, motor mag 
net 92 and ground 99. 

However, when continuous current passes 
through conductors 52 or 34 and the magnet 78, 
the almature 79 is continuously raised, and no 
current passes through contact 80, 88, slow re 
lease magnet 85 and ground 89; and the armature 
86 remains in lowered position against the con 
tact 8. 

This permits current to pass through conductor 
83, armature 79, contacts 8, 87, armature 86, 
conductor 90 motor magnet 92, conductor 9?, 
armature 93, contact 97 conductor 98 and a 
ground 99. This attracts the armature 93 against 
the action of the spring 96, which breaks the cir 
cuit at the contact, 9 and allows the Spring 96 to 
retract the armature, thus vibrating the arnature 
93 with an electric bell action, causing the pawl 
94 to vibrate upon the ratchet wheel 95, rotating 
the shaft 50 and stepping the switch arms from 
one contact to the next for each vibration, SO 
long as continuous current is supplied to the mag 
net 8. 

The operation of the apparatus 
In operation the movable contacts 25, 25' re 

spectively rest upon one of the fixed contacts 26, 
27 or 26, 27' to suit the line condition, as in the 
known McCulloh system; and a change of condi 
tion in the line causes the present System to auto 
matically change the receiver with relation to said 
elements to adapt them to the line conditions. 
The operation Will now be described relative to 
line conditions. 

Normal Operation 
The transmitter Switches 6 are normally 

closed, and current normally passes from the main 
source 22 through magnets 20, the Switches 6, 
magnets 20, the conductor 68, the Switch arms 
38A, conductor 69, to ground and then to the 
grounded side of the battery 5. Thus the circuit 
is a closed circuit. When a signal is Sent from a 
station, the wheel 5 of that station rotates and 
opens the switch 6 sending code signal in accord 
ance with the teeth. of that wheel. This inter 
mittently breaks the circuit, intermittently de 
energizing magnets 20 and 20 permitting the 
armatures 25, 25 to drop, intermittently closing 
the local circuit though the source 22, conductor 
24, elements 25, 25, conductors 54, 58, contacts 
N, arms 35A, 36A, conductors 52, 53, the recording 
receiver 30, magnet T8 to ground 82, thus re 
cording the signal. Current also passes from 
conductor 58, through conductor 60, contact 6, 
arms 37A, contact N, conductor 62, and pilot 
lamp 29. 

It will be noted that the wheel 5 is grounded 
but normally does not touch the Spring member 
of the switch 6. 
As the intermittent signal, causes only inter 

mittent current in the magnet coils 78, intermit 
tently breaking the contact between elements 79 
and 80, the slow release magnets 85 do not release 
the armature 86, the motor 92, 93 is not operated 
and the shaft 50 and the arms thereon are not 
moved. 

2,116,462 
When the intermittent signal current is being 

sent to the recorder through the contacts N, in 
termittent current also passes through contacts 
6 and N of switch 37, thus flashing the lamp 29; 
but while the arms 36A, 37A are on contacts N, 
the contact G of Switch 37 is not engaged, and no 
current passes to the trouble lamp 33. 
Automatic suitching for closed circuit grounded 

line 

With the parts still as shown, Suppose a ground 
as at 40G should then occur. Current would pass 
direct from the ground 40G to the ground 22G, 
thus short-circuiting the line leg 2 and magnets 
20', deenergizing the magnet 20 dropping the 
armature 25, causing continuous current to pass 
from the source 22, through conductors 24, 58, 60, 
62, pilot lamp 29 and magnets 78 to the ground 
82, thus deenergizing the slow release magnet 85, 
energizing the magnet 92, rotating the ratchet 
wheel 95 until the arms come into contact with 
the first intermediate contact 44, causing cur 
rent through conductors 24, 57, 52 and movement 
of the arms into contact with the contacts G 
of all of the switches 35, 36, 37, 38. 

If when the elements 25, 25' dropped to the 
contacts 27, 27', the stepping means had, through 
accident or the like, failed to rotate the shaft, 
arms 37A would have remained on the contacts 
6 and N, causing continuous lighting of the 
lamp 29, calling attention to the failure of opera 
tion. 
AS Soon as any arm 37A reaches the contact 

G or Subsequent contacts, the arms bridge ad 
jacent contacts, thus connecting conductors 64 
and 66 and carry current from the source 22 and 
conductor 24 to the trouble lamp 33 indicating line 
trouble. 

Closed-circuit grounded-line operation 
AS SOon as the arms have been as above noted 

moved to contacts G, current may pass from the 
Source 22, through conductors 70, contact G of 
Switch 38, arm 38A, conductor 68, magnet 20', 
leg 2 to ground 40G, thus raising armature 25'. 
At the same time current passes from source 22, 
through the magnet 20 and leg 0 to ground 40G 
thus raising armature 25. 
Now if a wheel 5 on either side of the ground 

40G be rotated in sending the signal, the circuit 
through the adjacent leg 0 or 2 and magnet 20 
or 2' will be broken, the armature 25 or 25' will 
be dropped, and signal current will pass through 
conductors 54 or 58 and arm 35A or 36A and a 
signal recorded at the recorder 30. 

If the signal is sent from the signal box 3 
to the left of the ground 40G, the left hand mag 
net 20 will be operated and vice versa. 

Restoring apparatus after repair 
While the arms are thus resting on contacts 

G, current passes through conductors 24, 64, arms 
37A, conductors 66 and trouble lamp 33, indicating 
that repair men should be sent out to repair the 
line. As Soon as the line is restored to normal, no 
Current Will paSS, since both ends are then con 
nected to the terminal 23, and there is no con 
nection with the ground 69. This will cause the 
dropping of both armatures 25, 25, so that con 
tinuous current will pass through conductor 24 
and 54, 57 or 58 in any abnormal position of the 
arm except at contact O, and therefore through 
conductors 53, 52 or 62 and magnet 78, causing the 
stepping means to step the arms around from 
these positions until the arms again engage the 
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2,116,462 
normal contacts N. In being thus stepped 
around, When the arms reach the contact O, cur 
rent passes through source 72, conductor 74, arm 
38A, conductor 68, magnet 20', the line loop 2, 
0, magnet 20 and conductor 73, thus raising the 

armatures 25, 25 and causing current to pass 
conductors 24, 55, 59, contacts O of switches 35, 
36, arms 35A, 36A, conductors 53, 52 and magnet 
78, thus stepping the arms from contact O, and 
then finally to normal as above noted. 

If there should develop a simple ungrounded 
break, as at 4, in the ungrounded line, the arms 
would be stepped around to engage and stop on 
contacts O. In this position, both legs 0 and 
2 must, for proper operation, be ungrounded and 
connected to the same (the Ungrounded) ter 
minal of the Source 22, as in usual McCulloh Oper 
ation. If in this position (supposing the source 72 
be not provided), the break should be repaired, 
both legs would still be simply connected to the 
same single ungrounded terminal 23 and no cur 
rent would pass, the armatures 25, 25 would not 
rise, and the motor would not operate to step the 
arms to normal. Therefore, the source 72 is pro 
vided, so that when the break is repaired, a cir 
cuit, Will be established from Source 2, through 
conductor 24, magnet 20, line 0, . , 2, magnet 
20', conductor 68, arm 38A, conductor 74 to source 
72, thus energizing the magnets 20, 20, raising 
the armatures, causing the motor to step the arms 
to normal. 
The operation of restoring the apparatus from 

any line position to normal after repair is in 
cluded in the preceding description, and need not 
be repeated hereinafter. 

Ground-open operation 
Should it happen that the circuit operating as 

shown should develop both a ground 40G and an 
open 4 the right hand magnet 20' would be de 
energized, the right hand armature 25' would 
drop. This would cause continuous current to 
find a path through conductors 24, 58, arms 37A, 
conductors 62, 34, causing the stepping means to 
move the arm 36A to charged contact 44 and then 
to contact G of Switch 36, which is charged by 
conductor 58, causing current through the arm 
36A, conductors 52, 34, causing the stepping means 
to rotate the arm to another charged contact 44 
and then to contact GO. During this movement 
the arm 38A passes the contact G of switch 38 
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and reaches contact GO, and in both cases the 
magnet 20 is connected to the main Source 
through conductor 68, arm 38A and conductors 
70; but no current passes because of the open at 
4 and the armature 25 remains lowered. 
In this position, a closed circuit is formed 

through the leg 0 and ground 4G; and if a sta 
tion 3 to the left of the ground-open 4G, 4 
be operated, the leg will be intermittently 
broken, the armature 25 will be intermittently 
dropped, and intermittent current will pass 
through conductors 24, 54, 53, 52, and the recorder 
will operate. 

In this condition, no current can pass the mag 
nets 20' because of the open 4, but the leg 2 is 
charged; and when a station 3' is operated 
current passes through conductor 70, arm 38A, 
conductors 68 and 2 and the ground of station 
3', thus intermittently raising the armature 25, 

sending intermittent current through conductors 
24, 59, arm 36A, conductors 52 and the recorder. 

Open-line Operation 

If when the parts are as in the figure, there 

5 
should occur an accidental break in the line as 
at 4, the circuit through the line O, I, 2 
Would be broken, magnets 20 and 20' would be 
deenergized, armatures. 25 and 25 would drop, 
close the circuit through conductors 54, 58, 60 
and light up the pilot lamp 29 warning the at 
tendant that a break had occurred. Continuous 
Current would then pass through conductors 52, 
53, and the magnet 78 causing the stepping means 
to Step the switch arms from the position N, to 
the intermediate contacts and then to the posi 
tion G and GO. As no current can pass the open 
4, and therefore the magnets 20, 20, the arma 
tures must stay down, and current must pass 
through conductors 24, 54, 58, 53, 52 and magnet 
78 and the stepping means will step the arms to 
the contacts O. 
In this position, the leg 0 is still connected 

to the main source; and the leg 2 is connected 
through magnet 20, conductor 68, arm 38A, con 
ductor 14, Source 72, terminal 23 to the main 
Source thus both legs and both sides of the open 
A will be charged, and if either transmitter 3 
Or 3’ be operated, current would pass from the 
Source 22 through one of the magnets 20 or 27 
to a switch 6. The tooth of the wheel 5 touches 
the Switch 6 before it opens the switch, and 
current would pass through the tooth, the wheel 
15, the ground of the station, the ground 22G to 
the Source 22. This would cause the armatures 
25 or 25 to intermittently rise, and the signal 
current would pass through conductors 55 or 59, 
arms 35A or 36A and conductor 52 and be re 
COrded at 30. Thus it is seen that the circuit 
could operate even with an open as at 4. 

Open-grounded Operation 
Suppose the parts are as in the figure, and a 

break 4 and a ground 42G should develop. 
When this happens, no current can pass through 
the magnet 20 and the armature 25 drops from 
the position of figure into contact with the con 
tact 27, thus causing continuous current to pass 
through conductors 24, 54, arm 35A, conductors 
53, 52 the recorder and magnet 8. This will 
cause the stepping means to move the switch 
arm 36A to the first contact 44, causing steady 
Current to pass through conductors 24, 57, arm 
36A, conductors 52, 34 and magnet 78, causing 
the stepping means to step the arms to the con 
tacts G. 
When the contacts G are thus engaged steady 

current will still pass through conductor 54, and 
the stepping means will step the arms to con 
tacts GO as above described, and past G.O. be. 
cause Current still passes through conductor 54. 

In time the arms reach contacts O, whereupon 
no current will pass through conductors 54; but 
current will pass through sources 22 and 73, con 
ductor 14, arm 38A, conductor 68, magnet 20, leg 
2 and ground 42G, thus raising the armature 
25, causing current through conductors 24, 58, 
contact O of Switch 36, arm. 36A and conductors 
52, 34, thus causing the stepping means to step 
the arms to the next intermediate contacts and 
then to contacts OG. 
In this position with the arms on contacts. OG, 

the armature 25 is down, because. no current 
passes the open 4; but the armature 25 is up, 
because current passes through conductors 70, 
arm 38A, conductor 68, magnet 20, leg 2 and 
ground 42G. Then if a signal be sent from sta 
tion f3, current passes through the magnet 20, 
leg 0 and the ground of station 3, thus inter 
mittently raising the armature 25, Sending cur 
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6 
rent through conductors 55, contact OG, arm 
35A, conductors 53, 52 to the recorder. If sta 
tion f3 be operated, the circuit in leg 2 is 
thereby broken, armature 25' intermittently 
drops, and intermittent current passes through 
conductors 58, arms 36A, conductor 52 and the 
recorder. 

Operation from one abnormal line condition to 
another abnormal line condition. 

Should the apparatus be set for any abnormal 
condition, such as a grounded closed circuit, and 
then the line condition change to a condition 
corresponding to a Subsequent SWitch position, 
such as an open-ground position, the SWitch arms 
would obviously be stepped for Ward from the 
first abnormal position to the Subsequent position 
just as if the first condition had not existed. 
Thus this operation requires no further expla 
nation. 

If however, an abnormal condition such as 
open-ground, having a later Switch position, as 
at the contact OG, Should become changed to a 
condition corresponding to a preceding SWitch 
position, such as the position at contacts G, GO 
or O, the apparatus would take care of this 
operation also. 
Suppose, for instance, that there be the open 

ground condition, with the circuit, broken at 4 
and grounded at 42G, switch arms on contacts 
OG and the armature 25 down and the arma 
ture 25' up. Then if the break 4f should close, 
and there be only a ground, current would pass 
through the magnet 29, the armature 25 would 
rise, and current would pass through conductor 
55, contact OG, arm 35A, and the arm would be 
stepped around. 

If instead, the open-ground condition, the loop 
should lose its ground and become an open posi 
tion, the armature 25' would drop, current would 
pass through conductor 58 and contact OG, and 
the arms would be stepped around. 

If instead, the open-ground condition be 
changed to a ground-open condition, that is, the 
ground pass from 42G to 40G, then the armature 
25 would drop, the armature 25' would rise, and 
current would pass through conductors 55 and 58, 
and the arms would be stepped around. 

Suppose, that there be only the open 4, the 
arms being on contacts O, both armatures 25, 25 
being down. Then if a ground, for instance the 
ground 42G, should develop, current would paSS 
through source 73, conductors 4, 68, magnet 20', 
then the armature 25' would rise current would 
pass through conductors 59, 52, and the arms 
Would be stepped around. 
Thus it is now Seen, that for every operating 

position, the arms 35A, 36A are connected to One 
uncharged associated relay contact, and that 
every line change changes the position of at least 
one armature charging a previously uncharged 
relay contact, causing the arms to be stepped 
around until it finds their proper position. 
We claim as our invention: 
1. In a signal System, for changeable condi 

tions, having a pair of members normally re 
Spectively continuously charged and uncharged 
tduring one condition, and abnormally respectively 
uncharged and continuously charged during 
another condition, the normally uncharged men 
ber being intermittently charged during signal 
sending, the combination of a motive means, un 
influenced by signal impulses and operative by 
Yonger impulses; circuit control means connected 
With said members and motive means and nor 
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mally connecting the motive means to the nor 
mally uncharged member, and operable for con 
necting the notive means With Said inenbers One 
at a time for causing the notive means to Oper 
ate when the member with which the notive 
means is connected is the continuously charged 
member; and operative connections between Said 
notive means and the circuit control means for 
operating said control means to disconnect the 
motive means from a continuously charged mem 
ber and connect it with uncharged member when 
the motive means is operated. 

2. In a McCulloh system having an “out' re 
lay, an "in' relay, a grounded main current 
SOurce, a recorder, and a normally engaged and 
disengaged contact for each relay, control mech 
anism including an out-signal switch, an in-Sig 
nal Switch and a ground Switch each including 
Contacts and a contact arm; a retarded notor 
means, uninfluenced by signal impulses and 
operative by longer impulses, disposed in circuit 
With said recorder, means driven by said motor 
means for driving all of said arms in unison to 
Successive positions engaging contacts corre 
Sponding to different line conditions; conductors 
aSSociated with said contacts and arms of the 
Switches for connecting the recorder to relay con 
tacts which are normally disengaged during con 
ditions of operation corresponding to said coin 
tacts; and conductors associated with the ground 
SWitch for connecting the magnet of the in-relay 
in circuit with the ground or with said source 
in the arm positions that correspond to condi 
tions that require it. 

3. In a System as in claim 2, an auxiliary cur 
rent Source; and conductors cooperating with the 
ground switch, auxiliary source, and relay mag 
nets for connecting the auxiliary source in cir 
Cuit with the relay magnets when the arms are 
in Open circuit operation positions. 

4. In a System as in claim 1, said control means 
comprising a bank of contacts including contacts 
respectively for normal and abnormal operations 
and a contact arm driven by the motive means 
and Successively engageable with adjacent con 
tacts, conductors connecting said motive means 
to the arm of the switch; conductors connecting 
the respective operation contacts of the switch 
With the corresponding relay contacts which are 
normally disengaged during such operation. 

5. In a McCulloh System having a grounded 
main current source, an 'out' relay, an “in' re 
lay, a line loop therebetween and a recorder, each 
relay having a movable switch element connected 
to Said Source, and a normally engaged contact 
and a normally disengaged contact, control mech 
anism including a retarded motor means in cir 
cuit with said recorder; an out-signal switch; an 
in-signal Switch; each Switch including operation 
contacts respectively for normal and abnormal 
conditions, intermediate contacts therebetween, 
and a contact arm engaging one contact only at 
a time; means driven by the motor means when 
energized for causing Said arms to advance and 
Simultaneously engage corresponding contacts; 
conductors connecting said recorder in circuit 
With the arms of the signal switches; conductors 
connecting the respective operation contacts of 
the signal switches with the corresponding relay 
contacts which are normally disengaged during 
conditions corresponding to such contacts; and 
conductors connecting the intermediate contacts 
of one of the signal switches to the main source. 

6. In a McCulloh System having an 'out' re 

O 

20 

25 

30 

40 

45 

5 5 

60 

65 

70 

75 



O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2,116,462 
lay, an 'in' relay, a grounded main current 
source, a recorder, and a normally engaged and 
disengaged contact for each relay, control mech 
anism including an Out-Signal Switch, an in-sig 
nal Switch and a pilot Switch, each including 
contacts and a contact arm; a retarded motor 
means, uninfluenced by Signal impulses, and 
operative by longer impulses, disposed in circuit 
With said recorder and adapted to drive all of Said 
arms in uniSon. Successively to positions engag 
ing contacts corresponding to different line con 
ditions; conductors associated with said contacts 
and arms of the switches for connecting the 
recorder to relay contacts which are normally 
disengaged during conditions of operation corre 
sponding to said contacts; an indicating means; 
the pilot Switch arm being adapted to bridge a.d.- 
jacent contacts and conductors connected With 
the pilot Switch contacts for connecting the in 
dicating means with one or more normally disen 
gaged reiay contacts during one or more positions 
Of Operation of the SWitch arms. 

7. In a McCulloh System having a grounded 
current source, an 'out' relay, an "in' relay, a 
line loop therebetween and a recorder, each relay 
having a movable switch element connected to 
Said source, and a normally engaged contact and 
a normally disengaged contact, control mecha 
nism including a retarded notor means in circuit 
With said recorder; a trouble lamp; an out-signal 
switch; an in-signal switch; a pilot switch; each 
switch including operation contacts respectively 
for normal and abnormal conditions, intermediate 
contacts therebetWeen, and a contact arm, the 
arm of the pilot Switch bridging adjacent con 
tacts, the other arms engaging one contact only 
at a time; means driven by the motor means when 
energized for causing said arms to advance and 
simultaneously engage corresponding contacts; 
conductors connecting said recorder in circuit 
With the arms of the signal switches; conductorS 
connecting the respective operation contacts of 
the signal Switches with the corresponding relay 
contacts. Which are normally disengaged during 
conditions corresponding to such contacts; the 
intermediate contacts of one of the signal 
Switches being connected to the main Source; 
conductors connecting the remaining alternate 
pilot switch contacts with the trouble lamp and 
the Source respectively. 

8. In a McCulloh system having a grounded 
current source, an “out' relay, an “in' relay, a 
line loop therebetween and a recorder, each relay 
having a movable switch element connected to 
said source, and a normally engaged contact and 
a normally disengaged contact, control mecha 
nism including a retarded motor means in circuit 
with said recorder; an out-signal Switch; an in 
signal switch; and a ground switch; each switch 
including Operation contacts respectively for nor 
mal condition, open circuit line condition and 
other abnormal conditions, and a contact arm 
engaging one contact only at a time; means 
driven by the motor means when energized for 
causing said arms to advance and simultaneously 
engage corresponding contacts; conductors con 
necting said recorder in circuit with the arms of 
the signal switches; conductors connecting the 
respective operation contacts of the signal 
switches with the corresponding relay contacts 
which are normally disengaged during conditions 
corresponding to such contacts; conductors Con 
necting the in-magnet in circuit with the contact 
arm of the ground switch and grounding the nor 

7 
mal operation contact of the ground switch; and 
conductors connecting the ground. SWitch con 
tacts with said source at the arm positions that 
are thus Operated. 

9. In a system as in claim 8, an auxiliary cur 
rent source connected in circuit between the 
main source and the open-circuit contact of the 
ground Switch. 

10. In a System as in claim 1, Said notive 
means comprising a notor; a retarded relay in 
cluding a normally energized slow release magnet 
and means released by said magnet to put said 
notor in an electric circuit; and means connected 
to said control means and operated by movement 
Of the control means to deemergize said slow re 
lease magnet. 

11. In combination, an apparatus including a 
line subject to change from one condition to one 
Or more different grounded conditions and back 
to the first named condition, said apparatus being 
Caused by any one of Said changes of condition 
to change the type of signal transmitted; and 
means influenced by each signal change from a 
certain type of signal to automatically adjust the 
apparatus to transmit said certain type after the 
apparatus is thus adjusted; thereby causing said 
means to automatically adjust the apparatus to 
send said certain type of signal after the appara 
tus has been subjected to a succession of said 
changes of condition. 

12. In combination, an apparatus including a 
line. Subject to change from One ungrounded con 
dition to another grounded condition and back 
to the first named condition said apparatus being 
caused by either of said changes to change the 
type of signal transmitted; and means influenced 
by each signal change from said certain type to 
adjust the apparatus to transmit said certain 
type, thereby automatically causing said means 
to adjust the apparatus to transmit said certain 
type of signal whenever the apparatus is sub 
jected to a change back to said first named con 
dition. 

13. In combination, an apparatus including a 
line subject to change from normal condition to 
One or more different grounded conditions of de 
fect, said apparatus being caused by any one of 
Said changes to change the type of signal trans 
mitted from short impulses to a long impulse; 
and means influenced by each and every signal 
change from short to long impulses to automati 
cally adjust the apparatus to transmit said short 
impulses after the apparatus is thus adjusted; 
thereby causing said means to automatically ad 
just the apparatus to transmit said short impulses 
after the apparatus has been subjected to a suc 
cession of Said changes. 

14. In combination, an apparatus Subject to 
change from normal condition to one or more 
different conditions of defect and then back to 
the normal condition, and caused by any one of 
Said changes to change the type of signal trans 
mitted from short impulses to a long impulse; 
and means influenced by each signal change from 
short to long impulses to automatically adjust 
the apparatus to transmit said short impulses 
after the apparatus is thus adjusted; thereby 
causing said means to automatically adjust the 
apparatus to transmit said short inpulses as soon 
as said apparatus has been repaired to said nor 
mal condition. 

15. A signal system, for changeable condi 
tions, comprising a line capable of conducting 
long impulses; means in the line for causing in 
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termittent impulses therein; a pair of conduct 
ing members; means controlled by the line Where 
by the members are normally respectively con 
tinuously charged and luncharged during one line 
condition, and abnormally respectively un 
charged and continuously charged during an 
other line condition, the normally uncharged 
member being intermittently charged during sig 
nal sending; a motive means, uninfluenced by 
Signal impulses and operative by longer impulses; 
circuit control means connected with said mem 
bers and motive means and normally connecting 
the motive means to the normally uncharged 
member, and operable for connecting the motive 
means With said members one at a time for caus 
ing the motive means to operate when the mem 
ber With Which the motive means is connected is 
the continuously charged member; and oper 
ative connections between Said notive means and 
the circuit control means for Operating Said con 
trol means to disconnect the motive means from 
a continuously charged member and connect it 
With uncharged member When the notive means 
is operated. 

16. In a McCulloh System having a grounded 
main current source, an 'out' relay, an “in' re 
lay, a line loop therebetWeen and a recorder, each 
relay having an electrically charged movable 
switch element, and a normally engaged and dis 
engaged contact; control mechanism including 
an out-signal Switch; an in-signal Switch; each 
signal Switch separate from the other SWitch and 
including a bank of Operation contacts respec 
tively for normal and a plurality of abnorinal 
conditions, and a contact arm individual to such 
bank and engaging said contacts; means for si 
multaneously advancing the arms and adapted 
to engage corresponding contacts one at a time; 
conductors permanently connected to said arms 
and connecting said recorder in circuit. With said 
arms; and conductors connecting the respective 
operation contacts. With the corresponding relay 
contacts which are normally disengaged during 
conditions corresponding to such contacts; each 
arm engaging One contact only at a time. 

17. In a McCulloh System having a grounded 
main current source, an 'out' relay an 'in'' 
relay, a line loop therebetween and a recorder, 
each relay having an electrically charged now 
able switch element, and a normally engaged and 
disengaged contact; control mechanism includ 
ing an out-signal switch; an in-signal Switch and 
a ground switch; each signal switch being Sepa 
rate from the other switches and including an 
individual bank of operation contacts respec 
tively for normal and a plurality of abnormal 
broken circuit and grounded conditions, and a 
contact arm individual to Such bank and engage 
able with said contacts one at a time; means 
for simultaneously advancing the arms to en 
gage corresponding contacts one at a time; con 
ductors permanently connected to Said in-Switch 
and out-switch arms and connecting said re 
corder in circuit with said arms; conductors con 
necting the in-leg of the loop to the ground, and 
the other ground Switch contacts to said Source; 
and conductors connecting the respective oper 
ation contacts of the other SWitches to corre 
sponding relay contacts which are normally dis 
engaged during conditions corresponding to such 
contacts; each of the three separate arms en 
gaging one contact only at a time, thereby to 
accommodate itself to individual Wear of each 
contact and uneven height of different individual 
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contacts; said arms and banks being exactly 
alike, thereby reducing manufacturing costS. 

18. In combination, a signalling System sub 
ject to different loop conditions and having con 
Stantly charged and uncharged contacts change 
able by said conditions; a receiver adapted to 
receive code when connected to an uncharged 
contact; a motor means uninfluenced by code sig 
nal current and Operable by constant current; a 
Control SWitch means movable by said motor to 
different positions to connect said receiver to an 
uncharged contact as required by different loop 
Conditions, and to connect Said motor means to a 
continuously charged contact only whenever the 
control means is in a position unsuited for the 
loop Condition at the time, thereby to operate the 
motor to move said control switch means to move 
Said motor means and the receiver until both are 
Connected to uncharged contacts. 

19. In combination, an intermittent-code signal 
System having relays each having front and back 
contacts adapted respectively to be uncharged or 
to be constantly charged pending upon external 
line conditions of the system; a receiver; a motor 
means Operable by constant current and inoper 
able by the intermittent code signal current; and 
Control SWitch means movable by said motor 
means successively to different operative positions 
to connect Said receiver to uncharged contacts 
aS required by different external conditions of the 
line, and to connect said motor means to a con 
tinuously charged contact only whenever the con 
trol means is in a position unsuited for the ex 
ternal condition at the time. 

20. In a McCulloh signalling system having re 
layS, each having front and back contacts each 
adapted to be uncharged or constantly charged 
depending upon loop conditions and a receiver 
adapted to receive code when connected to an 
uncharged contact, a motor means uninfluenced 
by code Signal current and operable by constant 
Current; a control switch means movable by said 
motor means Successively to different positions 
to connect the motor means and receiver to the 
Same contacts and to connect said receiver to 
uncharged contacts as required by different ex 
ternal conditions, and to connect said motor 
means to a continuously charged contact only 
Whenever the control means is in a position un 
Suited for the loop condition at the time, thereby 
to operate the motor to move said control switch 
means to move said motor means and the receiver 
until both are connected to uncharged contacts. 

21. In combination, a current source having 
One terminal grounded; a normally closed line 
loop extending from the ungrounded terminal of 
Said Source and having its other end connected to 
a ground; code signal transmitters in said loop 
having means for intermittently breaking and 
grounding the loop; relays at the ends of said 
loop, each having front and back contacts adapt 
ed respectively to be uncharged or constantly 
charged depending upon loop conditions; a re 
ceiver; a motor means operable by constant cur 
rent and inoperable by code signal current; and 
control Switch means movable by said motor 
means Successively to different operative posi 
tions to connect said outer end to said ground or 
ungrounded terminal and to connect said receiver 
to such of said contacts as is required by different 
conditions of the line, and to connect said motor 
means to a continuously charged contact only 
Whenever the control means is in a position un 
Suited for the loop condition at the time. 

5 

10 

20 

25 

30 

35 

40 

50 

5 5 

60 

70 

75 



O 

15 

20 

25 

30 

2,116,462 
22. In combination, a current source having 

One terminal grounded; a normally closed line 
loop extending from the ungrounded terminal of 
Said Source and having its other end connected 
to a ground; code signal transmitters in said 
loop having means for intermittently breaking 
and grounding the loop; relays at the ends of 
Said loops, each having front and back contacts 
adapted respectively to be uncharged or con 
Stantly charged depending upon loop conditions; 
a receiver adapted to receive code when connect 
ed to an uncharged contact; a control switch 
means movable successively to different positions 
to connect Said outer end to said ground or un 
grounded terminal and to connect said receiver 
to uncharged contacts as required by different 
loop conditions; a motor means adapted to move 
Said control switch means and uninfluenced by 
code signal current and operable by constant cur 
rent and Connected to receive current from the 
receiver, whereby whenever the control means 
connects the receiver to a charged contact, the 
Inotor Will mOWe Said COntrol SWitch means to 
InOWe Said motor means and the receiver until 
they are connected to uncharged contacts. 

23. In a signal system, for changeable condi 
tions, having a recorder, and a pair of relays, 
each relay comprising a pair of members respec 
tively continuously charged and uncharged dur 
ing normal line condition, one or both of which 
pairs of members may be respectively uncharged 
and continuously charged during abnormal line 
condition, the uncharged member being inter 
mittently charged during signal sending, the 
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Combination of a motor means, uninfluenced by 
signal impulses and operative by longer impulses; 
circuit control means connected with said relays 
respectively and the motor means and operable 
for connecting the recorder and the motor means 
with one member at a time of each relay, for 
causing the motor means to operate when the 
member with which the motor means is con 
nected becomes the continuously charged mern 
ber; and operative connections between said mo 
tor means and the circuit control means for op 
erating Said control means to disconnect the 
motor means from a continuously charged mem 
ber and connecting it with uncharged members 
Whenever the motor means is operated; said con 
trol means comprising a pair of switches associ 
ated with said relays respectively, each switch 
comprising a bank of contacts, each bank in 
cluding operation contacts respectively cor 
responding to various line conditions; a rotatable 
'shaft associated with said banks carrying a 
ratchet; insulated contact arms fast on said shaft 
and associated with the banks respectively, and 
movable to Successively engage said contacts; 
conductors connecting said recorder to the arms 
of the signal Switches; conductors connecting 
the respective operation contacts of the signal 
switches with the corresponding relay members 
normally disengaged during operation corre 
Sponding to said contacts; Said motor means in- 3 
cluding a vibratory pawl engaging said ratchet. 

RICHARD M. HOPKINS, 
HERBERT M. LAFORD. 

0. 


