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To all whom it may concerry: _
Be it known that we, FELIX BENEDICT

IERZOG and SCHUYLER SKAATS Y HEELER, .
citizens of the United States, and residents

—

of the city of New York, in the county of New

York and State of New York, have invented
certain new and useful Improvementsin Klee-
tric Signaling Apparatus, (Case No. 29,) of
which the following is a specification.

Our invention relates to electric signaling -

apparatus, and has for its prineipal object
the production of a signal-box which shall be
reliable in operation and far simpler and
cheaper than any other heretofore invented.

A further object is to improve generally |

upon various parts and constructionsinappa-
ratus of this general character.

To this end our invention, broadly stated,
consists in combining transmitting mech-
anism of the general character first shown in
Patent No. 292,115 to F. Benedict Herzog,with

‘means for producing a characteristic or loca-

tion signal in addition to the variable or want
signal therein described, and, furthermore, in
combining therewith means for sending a re-
turn, answer-back, or respond signal.
Referring to the drawings, Figure 1 shows
the organization of the apparatus at the re-
ceiving-station; Fig. 2, a front view, with
outer face removed, of the transmitter, of
which theremay bea number in series on the

line, in its normal position of rest; Fig. 3,

a. side section, the magnet and armature
shown in IFigs. 2 and 4 being omitted; IF1g. 4,
a, section as seen from the bottom of Fig. 2.

Referring to Figs. 2, 3, and 4 in detall,
these show the transmitter, in which A 1s a
magnet attracting armature B, mounted on
suitable bearings. The mainshaft P, mounted
in suitable bearings and controlled by the
crank-arm D, has rigidly fixed to it signal-
wheel E and ratchet-wheel E', and in any suit-
able manner, as by a collar bushing in such
manner that it is retained in the proper plane,
but is not locked to the spindle except indi-
rectly by the connection or engagement of
the pawl, next mentioned, with the ratchet I,
which, as stated, is rigidly fixed or locked to
the spindle, there is mounted on the shaft
the step-wheel F, bearing a click aud spring
17, which connect the wheel with the

q

with the armature-pawl M and the retalning-
pawl and spring L and L/, is rotated elec-

ratchet E'. The step-wheel ¥, coGperating

trically in one direction for one step at each 535

retraction of the armature, and then carries
with it the circuit-wheel E, in the manner de-
sceribed hereinafter. These wheels may be ro-
tated manually in either direction.
rotated clockwise, the wheels E and E' will
turn without the wheel F, because the latter

is locked by the thrust of the armature-pawl

M, so that when the tension of spring-click
17 is overcome by the force of the manual ro-
tation the click on the wheel I will 1dle over
the face of the teeth of the ratchet-wheel.
When rotated in the reverse direction, that

‘wheel is earried with them, whether such ro-

tation is manual or the step-by-step rotation
produced by the armature already referred
to. The combination described enables the
operator who sets the apparatus to rotate the
pointer, and hence the signal-wheel, in either

direction at starting or to correct the posi-

tion of the pointer when this has been moved
to some signal other than the one intended,
whereas the electrical operation, due to the
retraction of the armature as controlled from

‘the distant station, carries the parts in one

direction at all times.

When
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The tension of the spring-click 17 and the

‘depth and angle of the click against which

it presses, as well as of the teeth of the
ratchet-wheel, are such that the weight of the
arm of the pointer D and other parts joined
thereto, and the fri¢tion between the signal-
wheel E and the brush J, next to be described,
will not be sufficient to disengage the click
from the tooth with which it connects at any
one instant, except when the operator forces
the pointer, and hence the parts connected
with it, in the clockwise direction, and thus
against the thrust of the impelling-pawl M,
and therefore the various wheels grouped
upon the shaft are all carried around during

90 .

95

the step-by-step motion given to the first -

wheel.

The signal or circuit wheel I bears insu-

lated points @ on its edge or in any other
suitable position, and placed to coOperate
with these during the rotation of the wheel

teeth of ;; is a suitable terminal, as brush J, insulated
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from the rest of the movement by "piost J’.

- This circuit-wheel as constructed is adapted
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necessary for the magnet to be in circuit.

to transmita number of variable signals, and
in addition thereto a box-number or charac-
teristic signal, which in the box chosen for
illustration is the number “23,” and this
wheel, or rather box, as a whole is adapted
for use in combination with a number of
similar boxes codperating in any suitable
mannor with eirceuits. KFor instance, a num-
ber of such boxes may be used and are in
my invention arranged in series on a single
cireuit, through which a current is normally

flowing, although I do not limit myinvention

to this nse of such boxes on such a circuit.
The normal position of the boxes 18 as

shown in Fig. 2, the magnet being shunted

by contact between the fixed contact W and

the spring X of the main spindle, and through

it connecting with the metal base and out to
line, which enters through the insulated post
and branches to the magnet and to the shunt
through W, as described.

At the receiving-station the apparatus re-

quired to control and receive a signal from

a DoX or boxes of this character comprises a

high-resistance bell, operating on the back

stroke, and a short-circuiting key, all ar-

ranged so that the magnet of the bell is cut
out db each closure or depression of the key, |

(or, if preferred, a battery other than the nor-

mal battery, which may be located at any

suitable point, as at the office, may be cut
in by the operation of the key.) The rela-

tions between the resistances of the two mag- |

nets and the respective tensions of their
armatures and of the other parts opposing
the action of the armature are such that the
armature of the transmitter cannot be at-
tracted to its magnet by the current that

suffices to hold the armature to the bell of |
Ia this normal position of rest |
the cut-ont terminals W and X are in con- |

the receiver.

tact and the contact-brush J rests against
the circuit-wheel at a point just in advanee
of all of the insulated spots, so that when
this wheel is rotated manually during the
operation of setting it all of the spots will
be carried around, so as to pass under the
brash in succession.

The manner of operating this transmitter |

is that as the operator begins to turn the
pointer or crank, and with it the wheels, he
instantly separates the cuat-out terminals
which normally shunt the magnet, and the
magnet A is thereuapon cut in cireuit, where
it remains until normally cut out again by the
return to its normal position of the spring X,
when it is carried around by the shaft with
which it moves. The action of the magnet
which produces this motion of the spring is
described later, it being remembered that the

final step of the 0pera,t10n as well as all the |

other steps, is produced on the back stroke of
the armature, and hence when it is no longer

Adl
of these reverse movements are electrically I

|
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! caused and are subject to the control exer-

cised from the dlsta,nt station., As the send-

ing operator turns the wheel still farther in 7o

the clockwise direction all of the insulated
spots as they pass 1n sequenee under the

‘brush J will cause interruptions in the circuit

equal in namber to the spots. When thisro-
tation is continued sufficiently to carry the
pointer opposite the first one of the marks or
lines on the dial or index, all of these spots
mentioned will first have Lo pass under the
brush, because these index lines or locations
are placed relatively so as to necessitate this
effect, although, of course, their actual loca-
tion may be Varled pmwded that the posi-

' tion of the pointer as it is fixed on the shaft

is varied in accordance. Each of the inter-
ruptions of the circuit caused by this passage
of the spots will cause the receiving-station

bell to tap; but the operator at that station

need pay no attention to the number of such
taps, which, in fact, may not be readily dis-
tuwmshable, because the speed with which
this is performed by the setting operator may
be such as to make suach accuracy in count
impossible; but in any event the tap caused
by the first of these spots informs the receiv-
ing operator that a signal is awaiting his ac-

I_twn although he does not as yet know which

box it 1s when a number of such boxes are or-
ganized in one system suitably arranged in
the circuit—as, for instance, in seues——-untﬂ

he performs the following actions: When the

receiving operator is Ieady to control and re-
ceive the signal, he depresses the key, count-
ing each depressmn and at each depression
hatenmn‘ to the effect upon his bell. The
electrical effect of a number of these depres-

sions will be as follows: At each downstroke

of the key the bell-magnet is cut out, where-
upon its armature flies back, thus producing
a tap upon the bell, but producing also in the
transmitter an energization of the transmit-

| ter-magnet, because the resistance of the cir-

cuit is decreased by the cutting out of the re-
ceiver-bell to an extent sufficient to increase
the current to the point required to energize

-the magnet sufficiently to attract its arma-

ture against the tension of its retracting-
spring. Each such retfraction of the arma-
ture of the transmitter produces two effects.

-One effect is the step-by-step advance of

the step-wheel, (carrying with it the other
wheels.) The ‘second effect is the progres-

- sion of the signal wheel or disk, so as to bring

under the contact brush J in succession the
various units of space upon the periphery
of the wheel which are proportionate to the
space of the step-wheel. Some of these

- nnits are unmarked, and others are iden-.

tifiable, because they include the insulated
spots already referred to. Each depression

of the key therefore energizes the transmitter-
- magnet and deénergizesthe receiver-magnet,
thus producing a bell-sbmke while each sub-
sequent or mtervemnn‘ upward motion of the
key and consequent remelusmn of the re
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traction of the transmitter-magnet armature,
thus causing an advance of the wheels and
at the same time reénergizes the recelving-
bell magnet, which does not then produce &
tap, because its armature only strikes in the
The result of the arrangement
described isthat for every complete ‘‘ up-and-
down” movement of the key the wheels are
advanced one step during the down move-
ment of the key and the bell gives one stroke
during the upward motion of the key, thus
enabling the operator by counting his -bell-

strokes (or the number of depressions of the

key) to be informed of the number of steps
made by the transmitter-wheels. Thisis the
only way in which the progression of the sig-
nal-wheel in the transmitter may be noted at
the receiving-station and would of course
suffice merely to show the extent of the mo-
tion of the wheels without, however, indicat-
ing the absolute position at any step, oOr
after any number of steps with reference to
any given starting-point, or, what is equiva-
lentthereto, any indication on the dial. The
funection of the insulated spots on the signal-
wheel, or rather of the first of such spots, is
to produce a distinet effect on the receiver-
bell at the precise instant of the passage of
that spot under the brush J, and as this brush
is fixed with relation to the dial and as the
crank - arm or pointer of the transmitter
moves with the wheels it follows that the
recognition of the step or tooth which wasin
engagement with the transmitter-armature
click at theinstant or step at which this mov-
ing insulated spot passed under the fixed
brush J will also serve to make recognizable
the step or position in which the movable
pointer passesin a contraclockwise direction
beyond the last of the dial indications, and
the recognition of this point makes it simply
a matter of count to deduce therefrom the
position of the pointer, and hence of the
wheels, at the starting-step, and as these po-
sitions vary according to the signal selected
upon the index it follows that the variable
signal chosen can be thus recognized at the
receiving-station. All of the above is prac-
tically equivalent to the manner of operation
of the apparatus described in the before-
mentioned Herzog patent, No. 292,115. The
passage of this insulated spot is recognized
at the receiving-station by the fact that 1t is
only at steps which include such an insulated
point in a unit of progression that the re-
ceiver-bell strikes upon the lifting ot the key,

-all the other bell-strokes having been pro-

duced at the depression of that key. It is
obvious that instead of cutting out the bell-
magnet as the resistance another resistance
may be substituted and the Dbell merely
shunted, in which event the bell may be ad-
justed so that it will not ring at the depres-
sion of the key, because 1ts armature may

ceiver-magnet in the cirecuit produces a re- |

. J-E

oize the transmitter -magnet. Whether or
not the bell does tap during the depression of
the key is quite immaterial for the broad
purposes of thisinvention, because the count-
ing of the steps preceding a step which 1is co-
incident with the break produced by an in-
sulated spot may be easily made in other
ways — a8, for instance, by counting the
strokes of the key. This exceptional effect

of the bell-tap on the upstroke is produced

because it is only at steps which bring an in-
sulated spot under the brush J that the cir-

| cuit is actually broken, as at all other steps

the circuit remains complete, although the

current fiowing in the circuit is varied by the

successivestrengthenings as the resistance of
the bell-magnet is shunted at each depres-
sion. Theinsulated spots are,moreover,made
so small that the break only takes place dar-

ing a fraction of the step, and in this man-

ner provision is made for the automatic res-
toration of the normally-closed condition of
the circuit at the end of each complete oper-
ation. The receiving operator thereupon
counts the number of bell-taps produced dur-
ing the key depressions (or the number of
such depressions) from the first of these until
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the one which is followed by a tap upon the 95

lifting of the key. Inthe example given, in
which the transmitter has been set to, say,
the seventh signal, this tap will be given at
the eichth upstroke of the key.
ator now knows for what signal the transmit-
ter was set, and in order to enable him to
know the box-number (when the boxes are
orouped in a system comprising more than
one such box) a variation and extension of
this procedureare as follows: IHe continuesto
depress his key, at each depression listening
for a succeeding bell-tap on the upstroke.

The oper-

100 -

105

In the case of the box shown, which is set to

send characteristic or box-number “237 at
all . times, a bell-tap will occur. at the up-
stroke following the first downstroke follow-
ing the tap already received and noted as the
one which terminates the variable - signal
agroup. He thus knows that the first number
of the characteristicis *“2,” there having been
two bell-taps in succession. It is to be noted
here that the
he heard thus operates both to mark the end

of the variable signal and the beginning of
120

the invariable signal or box-number. He
then continues his depressions for as many

strokes as may be required to bring the wheel

far enough around to send the first of the
succeeding group of insulated spots under
the brush J, and the number of such depres-
sions will depend upon the number of units

irst of the upstroke taps which

110
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of progression which the wheel has been con-

structed for. Two would practically be sui-
ficient, as the sole object is to make 1t possi-
ble to note the interval which separates.the
two groups composing the  box-number.
When the first of the spots corresponding to

be adjusted to remain attracted even though | the second group of the box-number passes
the current be weakened enough to deéner-

under the contact-brush, he will hear a tap

I30
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on the upstroke of his key, and he will in like
manner hear such a tap for the two succeed-
ing upstrokes for the group ¢ 3.” After the
next downstroke there would be no such tap
for the corresponding upstroke,because these
taps are only coincident with the passage of
the insulated spot.

Summarizing what has happened from the |

- moment when the receiving operator began
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his operation until now, he has given four-
teen downstrokes and has heard a bell-tap on

the upstroke of the seventh, eighth, eleventh,

twelfth, and thirteenth of the upstrokes fol-
lowing these strokes and has interpreted this
result to mean that there were seven units of
progression between the starting-point and

the zero-point, thus that the transmitter had
been set at the seventh possible position at |
-the moment of starting and that the group

numbers were ‘“2-3,” separated by an in-
terval which was predetermined by the con-
struetion of the box. As a modification of
the method of giving group-numbers it 18

evident that units of progression or steps

bearing no insulated marks might have suf-
ficed equally well, because such groupings

would be made recognizable by a back-stroke

tap at the dividing point between the first
and second groups of steps and the termina-
tion of the second group. The grouping of
the two sets of units in a box-number is of
course merely a more convenient form where

the box-number consists of large units. Thus, |

for instance, it is obviously more simple and
requiring a smaller machine to make the box-
number ‘237 consist of two steps for the
tens and three steps for the units, witn two
steps for the pause between them, making
seven steps in all, than it would be to require
twenty -three steps. This arrangement for
controlling groupings is, however, of itself a
notable part of this invention.

It will be seen that what has just been de-
scribed may be considered in part as an am-
plification, both of the method and apparatus
first shown in the above-mentioned patent to
Herzog, but commercially a very great 1m-
provement thereon, asno arrangement of that
apparatus could meet the requirements of a
characteristic signal-sending box. |

The parts thus far described constitute 1n
themselves a very importantimprovement in
the art and relate entirely to the transmis-
sion of the signal, and we shall now describe
the further feature by which an answer-back
signal may be given. The iInsulated spaces
Q are so placed with respect to the normal
resting position of the wheel K that after the

last space of the characteristic a number of .

impulses given by the receiving operator will
cause a number of steps to be made by the
wheel before the brush X on its shaff again
cuts out the box-magnet.
be made anything desired, but it is prefer-
ably made to amount to the sum of the im-
pulses which form the different groupsadded

Thisnumber may

880,550

i the box is constructed to send—as, for exam-

ple, if the box-numberis 23 and the total num-
ber of wants ten then thesesupplemental steps
or teeth should be ten plus two plus three, or
fifteen in all. In order that the sound made
by thearmatureduring the-answer-back steps
may differ from that made during the steps
which control the transmission of the signal,
a bell is added, together with a hammer, 8o ar-
ranged that these will codperate only during
the answer-back period, or rather during the
rotation subsequent to the signal transmis-

sion. A rock-shaft XK', bearing hammer K,

adapted to strike bell C whenever an exten-
sion K", which is fitted to the shaft K'and has
been movedinto the path of the armature mo-
tion and has been lifted by the armature, 18 86
pushed within the range of the armature’s ac-
tion by guide or flange O on wheel E. Theful-
crams of B and of X' are so placed that at the
retracted position of the armature X" will of
itself eravitateoutof the path ofthearmature;
but when it is held in position by the flange
it can only fall so far as to keep the hammer
away from the bell, so that although the bell
is struck at each attraction of the armature

the hammer will fall away (just enough to

ogive a good bell-tap) whenever the armature
drops. The flange O should be so placed
and proportioned that it will push the ham-
mer into its operative position during the en-
tire number of units of time during which
the answer-back is given. The apparatus
being thus organized the recelving operator
can signal back both the characteristic sig-
nals and the variable want-signal above de-
scribed by sending say, first, two taps, then
pausing, then sending three more, then paus-
ing again, (a longer pause would here be pref-
erable,) then giving seven taps in addition,
thus indieating to the sending operator that
the box-number has been correctly received.
To restore the box to the normal position,
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and thus prepare the box for the next opera-

tion, and at the same time to reduce the re-
sistance of the line, the receiving operator
then sends a number of impulses, thus caus-
ing X to be revolved until it again cuts out
the magnet. The receiving operator need
pay no attention as to how many such opera-

tions he pérforms, provided that he periorms

at least enough to cut out the magnet,all sub-
sequent to that being inoperative.

We do not limit ourselves to the specific
form of apparatus shown for impelling or
actuating or for differentiating between the
signals or for operating the return-signal or
for receiving the signal.

We claim— o

1. An electric step-by-step motor, a wheel
driven thereby, circuit connections, normally

115
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125

through the wheel thereof and two or more

insulated points thereon, each arranged and
adapted to control an effect at the receiving-
station, substantially as desecribed.

2. An electric step-by-step motor, a wheel

to the total of possible variable signals which | driven thereby, circuit connections, normally

130
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_ through the wheel thereof, and three or more

10

15

insulated points thereon, each arranged and
adapted to control an effect at the receiving-
station together with a pointer driven by the
wheel and indications on a codperating in-
dex, said indications equaling in number the
number of steps on the wheel between two
of the spots, substantially as desecribed.

3. Aseriesofsignal-transmitters each com-
prising a magnet and a device driven thereby
step by step and bearing insulated points; a
circuit-terminal in position to be passed by
those points during the siep-by-step move-
ment, additional points of contact in aline-
ment with the terminal, the insulated points
and the additional points each corresponding
to a step-by-step unit of motion of the driven

- device, and the said insulated points being
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arranged to form groups of the uninsulated
points by marking the divisions between two
or more of such groups.

4, A signal-transmitter comprising a step-
by- step wheel, circuit - controlling devices
moved thereby and a magnet controlling an
armatureand adjuncts adapted to control the

-operation of the wheel; the whole so adjusted

that the wheel and the circuit are controlled
at the deénergization of the magnet.

5. A signaling instrument comprising a
moving shaft, bearing step-by-step signal-
controlling and step-by-step signal-receiving
elements, substantially as described.

6. A signaling instrument comprising a
bell, 2 hammer normally out of range of the
bell, an armature, and a guide, adapted at
some part of the operation of the instrument
from a distant point to push the hammer into
an operative position with respect to the ar-
mature, substantially as deseribed. .

7. A signal-transmitter comprising & step-
by-step wheel cooperating duringthe manual
act of setting the signal with a click and
ratchet - wheel, and a circuit - interrupting
wheel all on the same shaft.

8. A signal-transmitter comprising a mov-
able device, a magnet controlling the motion

of the same and circuit-controlling parts com- |

elements

o

prising means for interrupting the circuit
conditions several times, the relative adjust-
ment and arrangement of the parts being
such that a separate energization of the mag-
net is required to produce each of the circuib

interruptions and to complete the operation

of the transmitter. a

9. A signal-transmitter including movable
devices, a magnet controlling the same and
being intermittingly controllable from a sec-
ond station: and signal-producing parts
adapted to divide the entire signal into two
or more portions and arranged to be sepa-
rately controllable by way of the magnet.

10. A signal-transmitter adapted to pro-
duce a signal which controls two or more dif-
ferent effects at the receiving-station, a mag-
net controlling the transmitter so that it can-

not operate until the energization of the mag-

net from the receiving-station, and two or
more parts adapted to produce one of the ef-
fects at the receiving-station.

11. A signal-transmitter comprising a mov-
able device, a magnet for controlling 1ts mo-
tion by means of successive energizations
and signal-produacing parts including several
ixed with reference to each other,
and additional signal-producing parts; to-
gether with means for varying their relative
positions.

50
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12. A signal-transmitter comprising a step- |

by-step wheel, a magnet and adjuncts con-
trolling the step-by-step motion through sue-
cessive energizations produced outside of the
transmitter; and signal-controlling parts in-

cluding two or more elements fixed with re-

lation to each other; together with means for
producing a variable signal without the co-
operation of the last-named parts. |
Signed at New York,in the county of New
York and State of New York, this 22d day of
January, A. D. 1886. ‘
I, BENEDICT HERZOG.
SCHUYLER SKAATS WHEELER.
Witnesses: |
Francis B. CROCKER,
PHILIP HERZOG,.
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