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To all whom it may concern:

Be 1t known that T, MarTiN KALLMANN, engineer, of
Berlin, Germany, Passauerstrasse 1, asubject of the Ger-
man Emperor, have invented new and useful Improve-
ments in Hmns for Signaling Variations of Pressure in
Electric Conductors; 6f which the following is a specili-

cation. .

This invention relates to improvements in methods
for measuring, switching, signaling and regulating elec-
tric current, by means of which the sensitiveness is
rendered many times greater than that obtained by the
old processes with direct switching-in or by anching off
of constant shunts, this result being obtained by ’Lhe usce
of resistances which change to a considerable extent
within given limits and have the tendency to maintain

the current passing through them almost exactly con-

stant, in spite of wide fluctuations in the pressure or in-
tensity in the circuit. This is effected by the use of
metallic resistances of very high temperature coeffi-
cient, more particularly of very thin iron wire, for iron

sistance ten times greater, and according to some,

cven cighteen times greater than the resistance when
cold.

As shown by the presence of the squart, member, the
property of comnsiderably changing the resmtm\f}ev I

on the slightest change of intensity of pressure becomes:

- particularly pronounced at high temperatures, that is
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to say, from the darkest to the brightest red heat; I use
therefore such automatic or, as I call them “variation
resistances” or simply “muqtors” at those tempera-
tures. In order to prevent oxidation and enable even

the finest iron wire to be used at bright red heat, and its

heat capacity, which is of great importance as regards
the load on it, to be exactly regulated, this thin iron

- wvire, pr efer ably 1n the shape of: spn als, as in the addi-

tional resistances for Nernst lamps, is arranged 1n an at-
mosphere of indifferent gases, preferably in hydrogen

on account of its great hewt conductivity. ;Such re-.

sistances, calcuhted say, for a load of 0.15 amp.,

‘__.f:m‘untam that current nearly constant, even when the
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pressure at their ends fluctuates between 10 and 40

volts. This socalled regulation field or limit of regula-
tion of a variation resistance depends on its size, sha.pe
and hpat capacity, for small falls in pressure, for in-
stance, variation resistances of 3-10 volts or the like

. can, be used, for larger, variators, of 20-50 volts and so
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on, the intensities of current used being between about

0.1and about 2 amp. - Forgreaterintensitiesof current,
several resistances are connected in para.llel for larger

Ppressure differences, in series.

As an example, let a comparison of action be insti-
tuted between é.";pnnstant shunt, say, of nickelin, and a
variator. Assuming, for instance, that the pressure in a
circuit is equal to 220 volts, and that a constant resist-
ance of 100 ohm isconnected in series with another con-

per cent (2%).

I stant resmtance of 1122 ohm, then, in accordance with
“these 1222 ohm, the intensity of the current in the cir-

cuit 1s 0.18 amp. and the pressure at the 100 ohm resist-
ance will be 18 volt, which is indicated by means of a
voltmeter or the like. If the pressure changes to the
extent, say, of 4.4 volt, that is to say, of 2%, t0 224.4
volt, then the current in that constant circuit will rise to
0.1836 amp., and the pressure at the ends of the 100 ohm
resistance to 18.36 volts. The sensitiveness is, there-
fore, very small, but it will be increased many times i,
msteqd of a constant resistance of 100 ochm, a variation
resistance according to this invention is introduced into

‘the circuit, which then at 0.18 amp. would he in the

medium incandescent state and would automatically

“maintain the current at that constant intensity by the

changes of itsown resistance for fluctuations of pressurc
between, say 10 and 30 volts. Then when the pres-
sure in the circuit rises to 224.4 volt, this variation
resistance must increase its resistance of 100 ohm, to

‘which corresponds a pressure of 18 volts at its ends, to

124.4 ohm, while the additional resistance remains at
1122 ohm, in accordance with the unaltered 0.18 amp.

The variation resistance reaches accordingly a higher

state of incandescence and increases its resistance to the
extent of 24.4 % ,'so that the pressure at itsends will now
be 124.4X0.18=22.4 volt, while the constant resistance

The full increase of pressure in the circuit by 4.4 volt
(from 220 to 224.4) measured in the absolute has thus
taken place on the variation resistance only, at the ends
of which the change thus produced in per cent even
exceeds many times the total change of pressure viz.
22.4 aganst 18 voltis, or an increase of 24.4 %, that is 4o
say, more than 12 times the total change of pressure in
The calculation shows therefore that,
taken absolutely, the change of pressure produced

nearly to the full extent, in the variation resistance,
although the latter forms only a small fraction of the
total resistance (for instance 100 ohm compared to 1122

ohm), but the change expressed in per cent takes place

with a sensitiveness increased nearly in the same ratio
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-still shows at its ends a pressure of 0.18 X1122=202 volt .
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~takes place, theoretically, to the full extent, practically
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as that existing between the total resistance and the va-

riation resistance. In this way the sensitiveness and
precision of voltmeters, relays and electro-mechanical
apparatus for any signaling, indicating and other pur-
poses, (automatic cutouts, cell-switching devices, recu-
lating resistances etc. and all measuring instruments)
even in simple parallel connection, that is to say, with

the shunt to the variation resmt&nces can be made con-

siderably greater than hitherto. As will be seen from
the example, this advantage is the greater the smallér
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the variation resistance in proportion to the additional -

remstanee thus, for mstance the above mentioned va-
riation resistance of 100 ohms and 10-30 volts regulating

| field, will act af:a hlgher working pressure, tha,t 18 to

110
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say, at 440 volts, much more advantageously than in
installations with 110 volts, or the variation resistance
is selected for a smaller regulating field, for instance, ior
3-10 volts, for such small working pressures. Such a
resistance for 3-10 volts in a 440 volt circuit would, how-

ever, if it normally absorbs a pressure of 4.4 volts at 440

volts, showalready 100 % pressure variation (irom 4.4 to
8.8 volts) at its ends with an increasc of the working
pressure hy4.4 volts that 18 to say by 1% (444.4 volts).
It is, therefore, characteristic for such use of variation
resistances that they merely form a small fraction of the

total resistance. The greater part is constituted by a

constant or “energy consuming” resistance (for in-
stance, 1122 ohm) and it will be seen that at the latter
additional resistance the pressure is always |

.'0.}18><1122=202 volts

in spite of the fluctuations of the circuit pressure,

-while at the lowest pressure of 210 volts, the pressure

ot the variation resistance will be 8 volts, and at the
highest pressure of 230 volts, 28 volts. . |
Tieure 1 is a diagram of the curve of the variation
resistance - the abscissee  representing - the intensity,
and the ordinatcs the pressure. Fig. 21s a diagram of

the curve when. constant shunt resistance 1s intro-

duced in parallel in the circuit, the curved dotted line
showing the variation re sistance, the straight dotted

‘line the current in shunt and the full line the cyrrent

" in the common circuit. Fig. 3 is 2 diagrammatic view
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of one arrangement of the invention to indicate 1nsu-
lation defects. . Fig. 4 1s a diagram of the curve of the
variation resistance when two different. variation re-
sistances are connected in series, onc variation resist-
ance having a regulatory range from point a to b, the

‘other part b to ¢, the abscissa indicating the current,
passing through the series. Tig. 5 is a diagrammatic

view of one manner of cmploying the parallel or series
connections of the constant or variation .Tesistance.
Fig. 6 is a diagrammatic view of the invention emn-

ploying 2 Wheatstone bridge and with the variation re-

sistances in the oppesite branches of the bridee. Iig.
7 is a diagrammatic view of & modified arrangement
employing simultancous differeniial connections for
the control of the pressure and determining insulation
defects. Fig. 8 is a diagrammaltic view of an unsym-
metrical bridge designed to be used instead of that

shown in Fig. 7. Fig. 91s 2 diagrammatic view of one

s I . e . * .
of the numerous applications of the present invention.
Fie. 1 shows a curve of such variation resistances,

the abscissee representing the intensity of the current

I, and the ordinates the pressure E at its ends. - Ac-
cording to this example, the current remains constant,

~or 0.18 amp., between pressures of 10 to 30 volts while

with insufficiently heated resistance it remains below

that figure; in this latter ficld the pressures are 0 to 10|

volt above the regulating 1limit—30 to 40 volts. After
bright red heat has been reached -(at about 30 volt),

the variation resistances show only very little change,
<o that an increase of current takes place 1n them as 1n
other moderately constant resistances. As a rule, the

pressures outside the regulating ficld are not used.

The position is slightly changed, when a constant re-
sistance, such for instance as 2 relay, electro-magnet
and the like, is conneeted to the variation resistance.

65 The shape of the curve will ithen be that shown in Fig.

‘to the extent of the value of the shunt current.

862,740

2 the current incrcasing with the inerease of pressure
If thoe
rosistance of the said shunt in the above mentioned ¢x-

ample be, say, 1500 ohm, then, with a pressure ol 80

volts, the intensity of current in the shunt will be 0.02
and with a pressure of 10 volts, 0.0066 amp. This ex-

ample is shown in Tig. 2, the inclined dotted straight

line showing the eurrent in the shunt, the chain curve
the eurrent in the variation resistance, and the full line
curve the two currents together, as they appear in the
common additional resistance.

As will be scen the current increases within the
regulating ficld (10 to. 30 volts) with the increase oi
pressure, and the sensitiveness is slightly reduced,
for if, for instance, the above mentioned 1500 ohms

represented the resistance of a measuring instrument

(relay and the like), then, in the initial example, the

pressure at the variator would be only 10,3 for the nor--

mal pressure, and for a total increase of pressure of 4.4
volts, about 12.8 volts, that is to say, 2.5 volts inerease

r’

: - : : 2.0 1
in the variator pressure, that 1s to sf-.my':fj 4—"‘—'31)[}111'. H0 %

of the total change. Generally speaking, therefore, in
order 1o avoid excessive reduetion of sensitivencss,
the resistance of relays and the like must-be made as

large as possible.  The reduction of sensitivencss 1s.

due to the change of the intensity of the current, as
the additional resistance now ahsorbs further prossure
corresponding to the change of shunt cwrrent.  The
following formula gives the pressure e al the ends of the
variation resistance: | ﬁ

e=E—W. 1
14+W
'

"¢ being the resulting variation pressure, 1 the total

working pressure (say, 220 volts). W the non-divided
additional resistarice (say 1122 ohms). < the constant
current (say 0.18 amp.) in the variation resistance, and
2 the resistance of the shunt (say, 1500 ochms). This
shunting offers, however, the advantage that the- va-

riatiort resistance is protected against overloading and

destruction even with a narrow regulating ficld, say
3to 12 volis, that is to say, with a small value of the
variation resistance, but even with great fluctuations
of the working pressure, for instance, of over 20 volts,

for the intensity of current rises in accordance with

the pressure of the curve in Iig. 2, and therefore a por-
tion of the fluctuations of the pressure Is taken up by
the additional resistance. Connection of artificial re-
sistances or cven of the ordinary resistances of meas-
uring apparatus and so on, in parallel with the variator,
represents therefore a measire of self-protection. To

a certain extent this self-protection is attained by the

undivided variation resistance arrangement. shown in

Fig. 1, for the curve shows, beyond, for instance, 30

volts, an increase of current nearly to the maximum of
2.1 amp., S0 that pressure absorption thus produced
in the large additional resistance also limits the over-

load on the variation resistance in the cvent of a great

increase of pressure, and represents a seli-protection,
which, expressed in per cent, is the greater, the smaller
the variation resistance compared to the total resist-
ance. - .

The curve in Fig. 2 shows already considerable in-
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and insulation defects, and is very sensitive

regulators, etc.
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fluence even of a high shunt on the deeree of incandes-

cenee assumed by the variation resistance, or on the

amount of pressure appearing on it, so that_such varia-

tion resistances are at the same time very sensitive,

even in case of verylarge shunt resistances such as those
occwrring through insulation defects and earth connee-
tion, If, for mstance, the variation resistance which
normally absorbs 18 volts at o current of 0.18 amp., re-
cerves @ shunt £=1000 ohms, then, in this case, the
pressure at the ends of the variation resistance would
sink from 18 10 8.5 volts, as the additional resistance of
1122 ohms now destroys 211.5 volis, instead of 202 volts,
as before. For indicating insulation faults, the circuit
would generally be ecarthed in the center, as shown in

Fig. 3; this would mean, in the case 1111(101 ((H]Hl(](‘rd-

1122
t1ion, at 611 ohms (== ohms without shunting to

the variation‘resistance). On one half there ig fixed
resistance of, say, 611 ohms, on the other half a varia-

Lion resistance of, on the: average, 100 ohms, which nor-

mally absorbs 18 volts, and in front of it is also switelod
a constant resistance of about 511 ohms. In the event
of an carth connection of, say, 10.000 ohms, taking
place, the pressure at the ends of the variation resist-

ance, (lor instance, at a voltmeter, relay or the like)
m accordance with the above-mentioned for-

would,

mula, fﬂll from the normal value 18 to 11.7, that is to
say, an carth connection of even 10.000 UhIllS insula-
tion resistance would produce a variation of pressure of
about 6.3 volis, or about 35%, since, as experiment, and
calenlation show, this shunt of 10.000 ohms to the cir-
cuit, causes the valve of the varigtion resistance, on ac-*
count ol the decrease in the degree of incandesce nce, to
fall from the former from about 100 ohms to about G5
ohms. With an ordinary constant resistance ol 100
ohms in place of the variator, only about 2%, viz. 0.4

volt pressure fluctuation, would be oblained at its ends:
This

or at the branched-off measuring instrument.
shows the great sensitiveness of the variators even for in-
dieating shunt-insulation or carth-connection.

In Fig. 3 on the one side of the earth conneetion, the
constant resistance 1 is made as great as the sum of the
constant resistance 2 and of the variation resistance 3, Lo

which 18 connected o relay 4. Morcover, as protection

against excesstve pressure al the positive pole, a pro-

teclive resistance 5 of, say, a few Lundred olims, 1s
shunted to carth B. Tnsulation defeets are indieated
by f/and f2. 1In pract; ice this connection can be made

double ended and symmetrical on hoth sides of the
carth connection, by the combination of a constant and
of a variation resistance.
sure fluctuations like a signal voitmeter and the like,
The in-
dicating device 4 can be used to actuate not only meas-
uring apparatus, but also signaling devices, lamps,
automatic cut-outs, automatic cell-switching devices,
In order to protect variation resist-
ances aganst.over-load and destruction without ma-
terially affecting their sensitiveness, in such shunt con-
nection branching off from the variation resistances
and in the case of very great fluctuations of pressure or

- carth connection, the phenomenon shown in Fig. 4 can
‘be advantageously wutilized. This phenomenon is
based on the connection in series of two or more varia-

tion resistances differing very little in their heat ca-

k]

The relay 4 shows both pres-
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pacity and size. If, for instance, a variation resisi-
ance for 0.18 amp., the regulating field ol which ix sit-
uated hetween 3 and 10 volis interval @ -b of the pres-
sure curve Ifig. 4, is switched in series with a second
variation resistance which, at about 0.2 amp., in ac-
cordance with its size, lonrrth etc., has a regulating
ficld of 10—40 volts ( b—c of the curve) then, with normal
pressure fluctuations of, for instance, 3 volis, onl y the
first small resistance would act as a2 buffer and at the
exact intensity of current of 0.18 amyp. would absorh
this fluctuation of 3 volts almost completely and eause
it to act on an apparatus connected (o it in.parallol.
On]}r when the pressure fluctuation hecomes greatoer,
the pressure inereasing say by 20 volts, the h(‘{‘{]]]d
laiger varialion resistance (b to ¢) will hecome opera-
tive, as 1t also will become incandescent. the intens Ly
of the current having increased about 0.2 amp.  With-
in the normal regulation limits, only the smaller varia-
tion resistance used for the indicating deviee, he-
comes therefore incandescent, the second one hecoming

heated only to a very small extent; in the event of .
greater mrregularities which as a rule need not he indi-

caled, the second resistance, by its subsequent inereasc
ol reststance, takes up the fluctuation, and acis as a
protector by prevenling excessive increase ol current.

A simple shunt connection, for which 1he before
mentioned parallel or series connection of constant or

varmation resisitances of a given capacity could be used,

is diagrammatically illustrated in Iie. 5. In this ex-
ample, a variation resistance 1, or an already deseribed
combination of such is connected in series withh an ad-
ditional resistance 2 between the poles; in shunt, cir-
cuit to 1 1s arranged a relay or the like 3, and when
certain limiis are exceeded to either side, for instance,
when the working pressure changes 1o the extent of

1% the armature 4 is atiracted with great foree, and a

signaling device, switching apparatus or the like oper-
ated.  The setting for the normal state, (for instance,
220 volts) is effected by means of the additional POSTST -
ance 2, and the sensitiveness can be regulated by
means of the spring of the armature 4. 11, instead of
the constant resistance 2 in Iftig. 5, we asstine g Toad
on the eircuit, for instance, incandescent Tamps, mo-
tors or the like, then, with a suttably caleulated varia-
tion resistance 1, instead-of a pressure relay, a current
relay will he produced, that is 1o say, an auntomatic
current cut-out which, when a certain intensity of cur-
rent has heen (*xwudvd releases switcehes or reversing
switches, indicating (ILVI(.{‘h or signaling apparatus
(such as signal lamps). In accordance with the pres-
sure curve, when the current excoeds certain lHmits,
the inmmqv of pressure by jumps or jerks at. the ends
of the variationsresistance whiclt is in shunt, on the re-
lay, would operate the latter in an energetic manner.
In place of the siniple shunt connection, i is possible

also to use a differential measuring method on the sys-

tem of a differential galvanometer, that is to say, with
two differentially connected windings on the rele

or measuring apparatus, or on the same system as the

Wheatstone bridge.
As-alrcady stated. the pressure in g constant resist-
ance switched in front of a variation resistance, is al-

most exactly constant within the limits of the uumla-
tion field. A differential method based on the com-

‘parison of this constant pressure with ihe varying va-
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-be the louder, the greater the fault; for instance, 1t

‘of current, as means for operating an alarm 6; in this

. course, instead of this, the signaling itself could

‘switches, 1t being then possible to-distinguish whether

- low pressure or the like.

~ “starting” or for initial exciting. The action is indi-

“higher than the potential at ¢ by 2 volts, and the poten-

m

riator pressure, can be called a ““compensating method” |

of 2 new kind; for the constant pressure in the normal
resistance acts here in the same way as the normal ele-
ment, in the compensator, owing to the current being
automatically maintained constant like the electro-

motive force serving for comparison.
The connection on the Wheatstone bridge system is
shown in Fig. 6. In that figure the variation resist-

ances 1 4+ 5are in the opposite bridge branches, 3 and
4 are constant comparative resistances which, for the
sake of simplicity, are either of the same size as the
variation resistances, or the ratio between them 1s

bridge and 2 is the adjustable additional resistance
which takes up by far the greatest portionof the pres-
sure between + and —, for instance, in installations
with 220 volts, about 200 volts. When the pressure 18
normal, the alarm 6 remains at rest in the bridge 6,
but, in the event of the pressure changing even to the
extent of 1 volt, it would sound the alarm, which will

would be excoedingly loud at 210 or 230 volts, as nearly
the whole amount of the fault, say 10 volts, would be-
cotne operative in it. By such differential connectlon,
faults of pressure are indicated directly in an absolute
measure, and with a sensitiveness that is the greater,
the greater the resistance of the bridge 6, as will easily .
be understood by calculating the  current in the

In the arrangement in Fig. 6 the working pressure is
shown direct, that is to say, without an guxiliary source

way it is rendered: possible to find out the magnitude
of the fault by the loudness of the alarm signal. Of

-!.\_\_-_

be ef-
fected by means of a relay arranged in the bridge,,ﬂig
said relay operating, as shown in Fig. 9, 2 separate
circuit with battery,.signaling or other’ apparatus or

it is a ‘question of an excessively high or excessively

In the event of the. simultanedusn use of differential
connection for the control of the pressure and of the
insulation of the circuit, the arrangement can be sup-
plemented as shown in Fig. 7, in which 4 is the relay

_apparatus arranged in the bridge, 5 a protective re- |

sistance, immaterial for the working, 7 and 8 the com-
parative resistances, 3 and 6 variation resistances in

tional resistance, preferably symmetrically divided
between the two halves of the circuit. 1and 2 in Fig.
7 correspond therefore to the simple additional resist-
ance 2 in Fig. 6. ) I -

Instead of-symmetric bridge—or differential—con-
nection, Fig. 8 shows a disturbed or unsymmetrical
bridge, in which 1 and 5 are variation resistance, and
6 and 7 are now two bridges instead of the former sim-
ple bridge, the bridge 6 being placed between ¢ and a,
and the bridge 7 between ¢ and b; between a-and b 1s
arranged a small resistance 8 which is also used for

cated by the current arrows. When, for instarice, the
pressure is normal, the potential at a is permanently

tial of b is to the same extent lower than phat at . A |

’ .
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weak current will therefore pass through the electro

magnets 6 and 7 even when the pressure in the circult

is in the normal state, the said current overcoming the
inertia and the like of this apparatus, that is to say, pro-
viding a kind of starting momentum for the purpose of
the easier starting, that is to say, of greater sensitive-
ness. If this pressure is increased by, say, only 1 volt,
theén, as the ‘“dead” position has already been over-
come, the alarm device 6 will be operated. and the
pressure on it increased from, say, 2 10 21 volts, while 7
will remain at rest, as its pressure will sink to the ex-
tent of 1 volt, that is to say, to  -volt, for the potential

at b will have risen to the extentof volt; that 1s to say,

in opposition to the inijtial fall of potential betweenc

and b, Conversely, when the pressure falls, the ap-

paratus 7 would give a signal of alarm, and the appara-
tus 6 remain at rest, as then the fall of pressure is sup-

porﬁed, and at 6 reduced. Within certain, sufficiently

wide limits, such an unsymmetric or double bridge

acts, therefore as a means for operating, indicafing, .

switching, measuring and regulating apparatus withany

desired sensitiveness and precision, all moments or in-

ortia which usually oppose the starting of all large ap-
paratus, electro-magnetic relays, motors, etc. being

‘overcome. |

Of the mumerous ways in which the combination of
constant and variation resistances can be used, may be
‘mentioned the application shown in Fig. 9, for indicat-

ing pressure and insulation defects in circuits. For the
sake of simplicity, only one feed line of a three-wire
circuit is indicated by the cable cores 10 and 11, a and b
indicating the positive and the negative poles of the
feeding center; at that point, that 1s to say, mostly in a

70
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distribution box, two generally equal resistances 12and |
13, which, for the sake of simplicity-may be each con~ 100.

stituted by an ,incandescent lamp, are switched at the
corresponding poles into the circuit of the test wires 8
and 9. At the station these testing wires 8 and 9 each

contain oneé varlation resistance 3 and 6, and one addi-

‘tional resistance 1 and 2. The center is earthed

105

through the protective resistance 5 (in the case of three-

wire circuit, also the neutral pole). The remaining test
wires are fitted out in the same way each of them being
connected to one variation resistance and one relay
(4 and 7). | B |

The working is the same as in the cases already de-

scribed, the relays becuming operative.as soon as the
pressure at the respective feeding centers becomes

areater or smaller than a certain definite value. They
act then as a single pressure control; the center of the
relay pressures connected together at a common appa-

110
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ratus, indicating the medium pressure. Each insu- -

lation defect between the test wire and the earth?' a9

well as between the test wire and the cable core is fur-

ther indicated at the corresponding relay. If, for in-
stance, in Fig. 9, a connection to earth is made from the
test wire 8, even if there still be a resistance of several
hundred ohms between it and the earth E, the relay 4
will give a signal, as the pressure in it will fall. This

‘also takes place in the event of an interruption of a test
“wire on account of some disturbance, more particu-

Jarly when, through an injury to the cable, or owing to

the penetration of moisture etc: into the cable cores,

the test wires of which in the distributing circuit are
connected radially to the test wires of the correspond-

120
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- wires are connected only in each district.
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Ing feed circuit, the test wire makes direct contact or
receives only a small insulation resistance compared
to the cable core of the same polarity; for then the
additional resistance 12 or 13 will be entirely or partly
short-circuited by this defect, and the pressure would
In such case rise in the corresponding relay 4 or 7. A
cOntact between test wire and cable core acts ther elore
as.an excessive working pressure. In this way all
kinds of defects in the networks are aulomatically sig-
naled and their position: indicated, hecause the test-

Great dlf—-

- ferences of pressure between the test wire and the cor-
‘responding cable core are at the same time avoided,

15

20

without the intensity of the current in the testing-

wires changing, as the variators absorb these fluctua-

tions, and . all 1r1efrula11t1ea are” Indicated- in a very

sensitive manmner at the relays or mdwatmg dewces
ete. |

Similarly to the former ﬁames instead of the shunt -

method, the method of differential connection prefer-
ably in the manner of Wheatstone bridge can be used,

-the above mentioned resistance being connected to

95

the beginning (at the feeding center) of each test wire,

while to -the end (at the station) are connected two
variation—and two coustant—resistances in opposite
branches, further a relay in the bridge, ag well as the

already mentioned “additional ” realstance in front of

30

3o

the other pole.. |

It will be clear from the fo:tegomg that by the use of
varlation resistances consmtma of metal, more par-
ticularly of iron with such a high temperature coeffi-
clent that within certain “1egulat1ng fields” : a nearly

absolutely constant current is maintained, the said.
resistances absorbing only a small portion of the work-

ing pressure, the sensitiveness, both a$ regards indica-
tions of fluctuations of pressure and of the intensity of

- current and earth connections ete. can be made many
“times greater than that obtained by methods hitherto
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used, owing to the change in the variation resistance
itself. These devices can actuate other apparatus
with great precision and force, nearly the whole of
these variation resistances bemg utilized, owing to the
use of the differential connection which in its cﬁarac-
ter resembles the compensation method for the purposes
of indicating and of operating any desired dtwicea

The property of these variation resistances, to require
a ‘cerfain time for their working dependmg on their

heat capacity, can e utilized as a buff

fer or cushioning

or deadening purposes, or it can be made use of for the
”'purpoae of avoiding notification of merely instantane-
ous.and unithportant defects of insulation..

There is

also the advantage that by this shunt or dif
method only comparatwely small pressures are pro-
duced at the meaaurmg instruments and the like, thus,
for instance, in 500 volt installations, in connection to

the variation resistance, only 10—50 'VOltE s0 that their

maglpulatlon is much easier, .and the “additional ”
resistances Whlch otharwme are reqmred for apparatus

erential -

O

,

for high preasurea for instance, for voltmeters, can be
done away with, as is explained by the pr 1n01ple of the
method deacmbed for these devices.

Having now particularly described and aacertalned
the nature of my said invention and j; what mariner

the same is to be perfmmed I declare that what I
claim is:—

1. In an electrlc controlling dev:ce, aQ conatant resist-

ance, and a variation resistance connected in series with
the constant 1esiatanca, and having a high temperature co-
eflicient, and which becomes incandescent in a variable

| degree by changes of potential absorbing but a compara-

tively small fraction of the working pressure, and an indi-

cating device connected in shunt with the variation re-
sistance. | .

2. In an electrice coﬂtrolling device, a branched cireait,
each branch having a constant resistance, a variation re-
sistance connected in series with constant resistance,
other resistance before the branch alsorbing the greater
portion of the working préssure, the said- variation re-
sistance having a high temperature co-eflicient and adapt-

¢d to hecome ineandescent in a variable degree - by changes

- of potential, and a bridge connecting the Dr anches at the

opposite ends of the variation resistance and containing
an indicating device.

3. In an eleectric controlling device, a branched circuit,
each Draneh having "a constant resistance connected .in
series with a variation resistance, a constant resistance
before the Lranching absorbing the greater portion of the
working pressure,,the varintion resistance having, a high
temperature co-efficient capable of hecoming incandescent
by the passage of a current, and a bhridge connectinig the

- branches at opposite ends of the variation resistance and
contalning indicating means acted upon by all the changes

of potential.
4. An e}pctl'ic controlling device comprising a constant
resistance, a variation resistance connected in series with

the constant resistance, said variation resistance composed
of thin iron-wires contained in a hermetically sealed re-

ceptacle and surrounded by a non-oxidizing gas, and con-
nected in series with the working pressure, and an indi-
ciating device connected in shunt with the variation re-
sistance, and acted upon by the changes of potential.

5. An electric contmllmg device comprising a branched
cnemt each branch provided with a constant resistance
connected in-series with a variation resistance, a variable

a*emafance hefore the branching arranged to absorb the

greater portion of the working pressure, the variation re-
sistance having a high temperature co-efficient capable of

becoming 1:1{3.1ndeaaent by the passage of a current, and a

bridge connecting the branches at opposite ends of the
variation resistance and containing an indicating device

~acted upon by all the changes of potential.

G. An electric controlling device compr ising a branched
cireuit,-each branch provided with a constant resistance, a

. variation resistance connected in series with eich con-

stant resistance, and an adjustable resistance before the
branching positioned to absorb the r:"14E‘-:.11ta1: portion of the
working pressure, the said variation resistance having a
high temperature co-efficient arranged to Decome 1‘}1(31111-
descent in a varying degree by the changes of potential,
a bmdge connecting the branches at opposite ends of the
variation resistances, and an.dndicating device located in
the bridge. '

In test1mony w*hereof I hwe signed my name to this
specification, in the presence of two subscribing witnesses.

MARTIN KALLMANN..

Witnesses :
HENRY HASPER,
WOoOLDEMAR HAUPT.
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