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To all whom t& may concern:

Beitknownthat I, THOMAS BULLITT DIXON,
acitizen of the United States, residing at Hen-
derson, in the county of Ilenderson and State
of Kentueky, have invented certain new and
useful Improvements in Polar Instruments;
and I do hereby declare the following to bea
full, clear, and exact description of the in-
Vention, such as will enable others skilled in
the art to which it appertains to make and
use the same.

My invention relates generally to polar in-
struments, such as polar relays, employed in
systems of signaling, such as telegraphy, and
operated by reversals of current or polarity
in the circuits to which they are connected;
and my invention relates particularly to
means for preventing such polar instruments
from being influenced by false currents in the
line.

In systems of signaling which operate by
the reversal or change of polarity of the cir-
cuit there sometimes ocecur times when the
current in the circuif is weak or ceases en-
tirely, and it is well known that at such times
of no current the polar instruments are liable
to be falsely operated by false currents, such
as may be induced by eurrents in neighbor-
ing lines, thus giving rise to false operations
of the polar instruments.

My present invention is particularly appli-
cable to the system of multiple telegraphy for
which Letters Patent were granted to me on
November 12, 1895, No. 549,709. In thissys-
tem there are employed one or more current-
varying transmitting instruments arranged
to vary the current strength in the line or to
stop the flow of current through the line al-
together and a current-reversing or pole-
changing transmitter arranged to reverse the
current in the line, together with suitable re-
ceiving instruments which are operated by
the variations in current strength or direc-
tion produced by said transmitting instru-
ments. In_this system means are provided,

when the pole-changing transmitter is oper-

ated at a time when no current is flowing
through the line, for producing a brief pul-
sation of current at the instant when the po-

larity of the line is reversed, so that by this.
means the receiving instrument correspond-: |.
ing to the pole-changing transmitter may be

operated; but in this system there is some lia-
bility that during the period of no current in
the line false induced currents set up in the
line by induction from neighboringlines may
cause false operation or mutilation of the sig-
nals of the polar receiving instrument.

My invention consistsin the means whereby
false operation of polar instruments by false
orinduced currents, weaker or of shorter du-
ration than the current by which the polar
instruments are normally operated, may be

_preverited.

The objects of my present invention are to
provide means for so controlling polar instru-
ments that they may not be operated or in any
manner affected by false currents in the lines
and to make the means for preventing such
false operation as simple as possible. These
objects are attained in the invention herein
described and illustrated in the drawings
which accompany and form a part of this ap-
plication, in which the same reference letters
and numerals indicate the same or corre-
sponding parts, and in which—

Figure 1 is a diagram illustrating the ap- .

plication of the polar instrument operating
in accordance with my invention to a multi-
ple-telegraph system, the particular system
illustrated being that described in my above-
mentioned patent.

mitting two messages -simultaneously in one
direction, one by variation of currentstrength
in the line and the other by reversal of po-
larity in the line. Figs. 2 and 3 are similar
diagrams of the polar instruments and con-
nections, showing different circuits for con-
trolling the 1nst1ument

In the drawings, A is the tr ansmlttlno-sta-

The figure shows, dia-
_grammatically, telegraphic eircuits for trans-
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tion of the teleoxaph-hne, and B the receiv---

ing-station, the two stations being connected
by a line-wire L.

T is the pole-changing tr ansmitter, and T
the current - varying tlansmltter both of

which are electrically operated and are con- _

trolled by finger-keys K and XK', respectively,
in the ordinary manner.
b is the line-battery, which transmitter T'

_is arranged to throw into and out of the line-

circuit, and R is the usual resistance for
maintaining the resistance of the line con-
stant when battery b is cut out of the line-
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circuit. Transmitter T is arranged when op-

‘erated to reverse the polarity of the line.

At station B, 1 is the polar relay respond-
ing to transmitter TV. 2 is the line polar re-
lay responding to transmitter IV. 3isa local
polar relay controlling and controlled by the
line polar relay 1in the manner to be herein-
inafter described.

4 isadead-beat relay controlled by line neu-
tral relay 2, such as is deseribed in Letters
Patent No. 543,894, granted to me on August
6, 1895, for a system of multiplex telegraphy,
and which is controlled by line neutral relay
2 in the manner deseribed in said patent and

‘in Patent No. 549,709, above mentioned.

S is the sounder or receiving instrument
operated by polar relay 1, and S’ a sounder
operated by neutral relay 2. Polar relay 1is
wound with three independent series of coils
¢ ¢ ¢, termed ““main,” “secondary,” and
“tertiary” coils, respectively.

5 and 6 are loeal batteries, each connected
to one contact-point of polar relay 1, the nega-
tive pole of battery 5 being connected to the
contact-point of relay 1 and the positive pole
of battery 6 being connected to the opposite
contact-point of relay 1 through the sounderS.

7 and 8 are rheostats in the circuits of bat-
teries 5 and 6. Their function is to equalize
and regulate the currents of the two batteries.

9 and 10 are local batteries connected to op-
posite contact-points of local polar relay 3, the
negative pole of battery 9 and the positive
pole of battery 10 being connected each to one
of these contact-points.

In the drawings the instruments and cir-
cuits areshown innormal positions. Thenor-
mal divection of current is from ', where the
line is grounded at station B, through main
coils ¢’ of relay 1, relay 2, and the line con-
ductor L, through lever 12 and contact-point
13 of transmitter T, conductor 14, contuct-
tongue 15 of transmitter 1", contact-levers 16
and 17, conductor 18, battery b, conductor 19,
contact-points 20 and 21 of transmitter T, and
conductor 22 to earth at E. The normal di-
rection of current in the line is indicated by
an arrow a-at station B. The effect of the
operation of the currernt-varying transmitter
TV, due to the depression of key K’, is to throw
battery b out of cireuit, so as to stop the flow
of currentin theline,theline-circuit,however,
remaining complete through resistance R.
The effect of the operation of pole-changing
transmitter T is to reverse the line polarity,
and if this takes place at a time when battery
b is out of the line the operation of transmit-

ter T, due to the depression of key I, breaks'

the circuit of magnet 23 of transmitter 17,
causinglever 16 to fall and make contact with
tongue 15, thus throwing battery & into cir-
cuit, and an instant thereafter causing the
contact-lever 17 to break contact with lever
16, thus again throwing battery b out of cir-
cuit, the effect of the fall of lever 16 being to
produce in the line conductor L a brief pul-
sation of current, which passes through the

560,313

line an instant after the contact-points of
transmitter T reverse the polarity of the line.
This operation of the transmitting instru-
ment is more fully deseribed in my Patent
No. 549,709, above mentioned.

The effect of the reversal of polarity in the
line, as above described, is to move the arma-
ture of relay 1 from the left-hand contact-
point, as shown in the drawings, to the right-
hand contact-point. When key Kisreleased,
a corresponding reversal of line polarity takes
place, together with a second production of a
pulsatory current in the line, if transmitter-
key K'is still depressed, and the armature of
relay 1 is again deflected, this time against
its left-hand contact-point.

The current of battery 5, when the arma-
ture of relay 1 is in normal position, passes
through rheostat 7, conductor 24, secondary
coils ¢”, conduetor 25, the coils of local polar
relay 3, conductor 26, and the armature of re-

‘lay 1,to the left-hand contact-point of the po-

lar relay, and back to battery 5. ‘When the
armature of relay 1 is deflected to the right,
the circuit of battery 5 is broken, and the cir-
cuit of battery 6is completed asfollows: from
the positive pole of battery 6 through conduc-
tor 27, sounder S, conductor 28, to the right
contact-point of relay 1, through the arma-
ture of relay 1, conductor 26, coils of relay 3,
conductor 25, coils ¢ of relay 1, conductor 24,
rheostat 8, and so back to battery. This cur-
rent, as will be noted, passes through the coils
of relays 1 and 3 in the reverse direction to the
current of battery 5. The current of battery
5 passes through the coils ¢"” in the same di-
rection that the line-current passes through
the coils ¢’ when the direction of current in
the line is normal-——that is, the direction in-
dicated by the arrow a—and the current of
battery 6 passes through the eoils ¢ only when
the line-current has been reversed. There-
fore the direction of the currentin secondary
coils ¢” is always the same as that of the cur-
rent in the main coils ¢, or of the last current
which flowed through coils ¢’ in case the main
current is interrupted. Therefore the sec-
ondary coils ¢"” tend to hold the armature in
the position in which it is placed by the main
coils¢’. The effect of the substitution of bat-
tery 6 for battery 5 upon the local circuits of
the polar receiving instruments therefore is
but to reverse the direction of the current in
the circuit of the secondary coils ¢’ but this
reversalmoves the armature of relay 3 fromits
left-hand contact-point to.its right-hand con-
tact-point. In the normal position of the ar-
mature of relay 3 a current passes from the
positive pole of battery 9 through conductor
29, tertiary coils ¢'”, conductor 30, and the ar-
mature, and the left-hand contact-pointof re-
lay 3back tobattery. Thedirectionof current
of battery 9 through thecoils ¢’ is the reverse
therefore of that of battery 5 through coils¢”,
and the influence of coils ¢’’’ upon the arma-
ture of relay 1is opposed tothat of coils ¢’ but
hattery 9 is weaker than battery 5. Therefore
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the magnetizing influence of coils ¢ upon the
armature is not entirely neutralized by that
of coils ¢'’. When the armature of relay 3
is deflected to the right, the current of bat-
tery 10 passes through the coils ¢”’ in the re-
verse (lirection to that of the current of bat-
tery 9; but the armature of relay 3is only de-
flected to the right when the armature of re-
lay 1 is also deflected to the right. There-
fore when the armatures of these relays are
to the right the influence of coils ¢’ upon the
armature of relay 1 is still opposed to that of
coils ¢”, but does not completely neutralize
the same, since battery 10 is weaker than bat-
tery 6.

The effect of the substitution of battery 10
for battery 9, as with the substitution of bat-
tery 6 for battery 5, is merely to reverse the
direction of the current in the circuit.

Tosimplify the explanation of the operation
of this invention, definite values of current
strength will be as follows: batteries b, 5, and
6, one hundred units each, and batteries 9 and
10 fifty units each, it being assumed that the
coils ¢, ¢”, and ¢ are so constructed and so
placed that if their currents were of equal
strength they would affect the armature
equally. = It is obvious that the same effect
on the armature may be obtained by using
batteries of equal strength and by employing
coils ¢/, ¢”, and ¢’ of different length or re-
sistance, or by placing the coils at different
distances from the armature, so as to affect
it unequally.

With the values of current strength as-
sumed there exists normally in the coils of
the relay 1 a total influence upon the arma-
ture of relay 1 equal to that of the current
of battery 0, one hundred units, plus that of
battery 5, one hundred units, minus that of
battery 9, fifty units—in all, one hundred and
fifty units. If now key K is depressed, thus
reversing the polarity of theline and causing
the line-current to flow through the coils ¢’ of
relay 1in the opposite direction to that indi-
cated by the arrow a, then the influence upon
the armature of the main coils ¢’, one hundred
units strength, is added to that of the tertiary
coils ¢"”', fifty units strength, thus overbal-
ancing the influence of secondary. coils ¢”,
one hundred units, by a margin of fifty units,
causing the armature of relay 1 to be deflected
to theright. Theinstant the armature leaves
its left-hand contact-point the circuit of sec-
ondary coils ¢” is broken, so that the full cur-
rent strength of coils ¢’ and ¢’ tends to move
the armature of relay 1 to the right, and even
if battery b should be thrown out of cirenit
at the instant when the armature of relay 1
is moving to the right, as by the breaking of
contact between tongue 15 and lever 16 of
transmitter 1, or between levers 16 and 17,
there would still remain the influence of coils
¢’’to move the armature of relay 1 to theright.
The instant the armature of relay 1 reaches
its right-hand contact the cireuit of coils ¢ is
completed, the current being from battery 6

and in the opposite direction to the former
current and in a direction parallel to the new
direction of current of battery b through coils
¢', while the armature of relay 3 is deflected
to the right, throwing battery 9 out of the
circuit of tertiary coils ¢’ and throwing bat-
tery 10 into the circuit of coil ¢/, thus revers-
ing the direction of the current in the ter-
tiary coils. When key K is released, trans-
mitter T'restores theline toits normal polarity
and a similar but reverse operation takes
place, the armature of relay 1 being moved
to the left by the combined influence of coils
¢ and ¢'’, opposed to the influence of coils ¢”,
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the influence of coils ¢'’ ceasing, however, the

instantthe armature of relay 1leavesits right-
hand contact-point.

The operation of the receiving instruments
is the same as above described when key IX
is depressed or released while key K’ is de-
pressed, battery b, although out of circuit at
the time when key KX begins to be depressed or
released, being thrown into the line-circuit
momentarily by the operation of the contact-
points of transmitter TV at the instant of or
immediately after the reversal of line polarity
by transmitter T and being kept in the line
long enough to at least start the armature of
relay 1 to moving. It will be seen, therefore,
that for the operation of the polar receiving
instruments it is only necessary that the cur-
rent of battery b shall continue for a period
long enough to permit the armature of relay
1 to break contact with the stop against which

itisresting when the reversal of line polarity.

takes place. The instant the armature has
leffithis stop the circuit of the secondary coils
¢' is broken, and after that the armature is
ormay be moved by the tertiary coils¢’” alone.
This is important, as it is this feature which
makes it possible to operate the receivingin-
struments by a pulsatory current over along
line. If transmitter-key K’ is already de-
pressed at the time when key K is depressed,
so that battery b is out of the line, then bat-
tery b-is thrown into the line for a brief in-
stant by the operation of levers 16 and 17 and
magnet 23 at the instant when the reversal
of line polarity takes place, and the current

flowing through the line in the brief instant

of reversal of line polarity has but to be con-
tinued for a sufficient period of time to per-
mit the armature of relay 1 to break contact
with the contact-point against which it is rest-
ing at the instant of reversal of line polarity,
after which the movement of the armature
continues, owing to the influence of the ter-
tiary coils ¢'’’. It is therefore possible to op-
erate relay 1 by a very brief pulsatory cur-
rent, such as will be obtained even on very
long lines.

It will be observed that at no time when
there is no current flowing through the main
coils ¢’ is the armature of relay 1 free to move.
The secondary coils ¢”, the influence of which
is only partly counteracted by the tertiary
coils ¢, always act to hold the armature in
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that extreme position in which it was placed

by the coils ¢’ when those coils were last en-
ergized. False currents induced in the line
conductor by currents in neighboring lines
can never have sufficient strength to over-
come the influence of the secondary coils ¢”
on the armature. The influence of the coils
¢" can only be overcome by the coils ¢’ suffi-
ciently to permit the armature to move.

The transmitters T and T' (shown in the

.drawings) are arranged to keep the line-cir-

cuit normally closed; but the polar relay 1
and the circuits by which it is controlled op-
erate equally well in normally open circuits,
the relay being as free from disturbance
while the line-batteries are cut out for con-
siderable intervals of time as when cut out
only momentarily.

All of the three sets of magnet-coils of relay
1 need not be wound upon the same cores.
Instead, one or all sets may be wound upon
separate cores, all acting upon the same ar-
mature-lever. This is illustrated in Fig. 2,
in which the tertiary coils are wound upon
separate cores.

As already pointed out, the batteries 5 and
G of the secondary coils and the batteries 9
and 10 of the tertiary coils serve merely as
convenient means for reversing the direction
of the current in these coils when the arma-
ture of relays 1 and 3 are moved. Instead of
using two batteries to effect the reversal of
the current in each of said circuits, other well-
known circuit-reversing devices may be used,
or the secondary and the tertiary coils, one or
both, may be divided and placed upon oppo-
site sides of the armature, the current being
passed through the coils on one side of the
armature when the armatureisto be attracted
toward that side, and vice versa. Thisisillus-
trated in Figs. 2 and 3, in which the tertiary
coils are so divided. Thus when the arma-
ture of relay 3is againstits left-hand contact-
point the current of battery 9 passes through
the coils ¢’ on the right-hand side of relay 1,
and when the armature of relay 3 is against
its right-hand contact-point the current from
battery 9 passes through the coils ¢’ on the
left-hand side of relay 1.

Instead of dividing up the secondary or ter-
tiary coils in the mannershownin IFig. 2, these
coils may be divided in the manner shown in
Fig. 8, in which the magnets of the polar re-
lay 1 are provided with two independent sets
of secondary coils ¢,” each similar to the coils
¢" of Fig. 1. The contact-points of relay 1
are arranged to send the current of battery 5
through the coils ¢, when the armature is
against the left-hand contact-point and to
send the current of battery 5 through the coils
¢, in the opposite direction when the arma-
ture is against the right-hand contact-point.
This it will be seen is merely another method
of reversing the polarity of the secondary coils
equivalent to the reversal of current accom-
plished by the circuits of Ifig. 1.

Having thus completely described my in-

‘4 560,313

vention, what I claim, and desire to secure
by Letters Patent, is—

1. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary, and tertiary magnet-
coils each arranged when energized to tend
to deflect the armature in one direetion or the
other according to the polarity of said coils,
of circuit-controlling devices operated by the
movement of said armature and controlling
the eircuit of said secondary coils, arranged
when the armature is in either extreme posi-
tion to cause said circuit to energize said sec-
ondary coils so as to tend to hold the arma-
ture in that position, and electrically-con-
trolled circuit-controlling devices controlled
by the circuit of said secondary coils and con-
trolling the circuit of said tertiary coils and
arranged when the armature is in either ex-
treme position to cause said circuit to ener-
gize said tertiary coils to tend to move thé
armature to the opposite position, substan-
tially as described.

2. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary, and tertiary magnet-
coils each arranged when energized to tend
to deflect the armature in one direction or the
other according to the polarity of said coils,
the influence of the tertiary coils on said arma-
ture being weaker than that of the main or
secondary coils and the influence of the sec-
ondary coils on said armature being weaker
than that of the combined influence of the
main and tertiary coils, of cireuit-controlling
devices operated by the movement of said
armature and controlling the cireuit of said
secondary coils, arranged when the armature
isin either extreme position to cause said cir-
cuit to energize said secondary coils to tend
to hold the armature in that position, and
electrically-controlled circuit-controlling de-
vices controlled by the circuit of said second-
ary coils and controlling the circuit of said
tertiary coils and arranged when the arma-
ture is in either extreme position to cause
said circuit to energize said tertiary coils to
tend to move the armature to the opposite
position, substantially as described.

3. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary, and tertiary magnet-
coils each arranged when energized to tend to
deflect the armature in one direction or the
other according to the polarity of said coils,
of cireuit-controlling devices operated by the

movement of said armature and controlling.

the cireuit of said secondary coils, arranged
when the armature is in either extreme posi-
tion to cause said circuit to energize said sec-
ondary coils to tend to hold the armature in
that position, electrically-controlled circuit-
controlling devices controlled by the eircuit
of said secondary coils and controlling the
circuit of said tertiary coils, and arranged
when the armature is in either extreme po-
sition to cause said circuit to energize said
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tertiary coils totend to move the armature in
the opposite position, and means for supply-
ing current to said secondary and tertiary
coils, arranged to make the strength of the
tertiary coils less than that of the main or
secondary coils and to make the strength of
the secondary coils less than the combined
strength of the main and tertiary coils, sub-
stantially as described.

4. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary and tertiary magnet-
coils each arranged when energized to tend to
deflect the armature in one direction or the
other according to the polarity of said coils,
of circuit-controlling devices arranged to re-
verse the currents in said secondary and ter-
tiary coils successively when the direction of
the current in the main coils is reversed, and
to give the secondary coils the same polarity
as the main coils and the tertiary coils the
opposite polarity, substantially as described.

5. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary, and tertiary magnet-
coils each arranged when energized to tend to
deflect the armature in one direction or the
other according to the polarity of said coils,
of circuit-controlling devices arranged to re-
verse the current in said secondary coils when
the direction of the current in the main coils
is reversed and to give said coils the same po-
larity as the main coils, and a polar relay,
operated by the circuit of said secondary

coils and controlling the circuit of said ter-
tiary coils and arranged to reverse the cur-
rent in said tertiary coils when the direction
of current in the secondary coils is reversed,
and to give the tertiary coils the opposite po-
larity to the main coils, substantially as de-
seribed.

6. In a polar instrument, the combination,
with a polarized armature movably mounted,
and main, secondary, and tertiary magnet-
coils each arranged to deflect the armature
in one direction or the other according to the
polarity of said coils, of circuit-controlling
devices, operated by the said armature and
controlling the circuit of said secondary coils,
and arranged to give said secondary coils the
same polarity as the main coils, to deénergize
the secondary coils when the said armature
moves, and to reverse the polarity of said
secondary coils when the polarity of the main
coils is reversed, and circuit-controlling de-
vices operated by the circuit of the secondary
coils and controlling the circuit of the ter-
tiary coils, and arranged to reverse the po-
larity of the tertiary coils when the polarity
of the secondary coils is reversed, and togive
the tertiary coils the opposite polarity to the
main coils, substantially as deseribed.

In testimony whereof I affix my signature
in presence of two witnesses.

THOMAS BULLITT DIXON.

Witnesses:

HARRY M. MARBLE,
U. B. JENKINS.
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