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1. 

This invention relates to an electrical apparatus 
and particularly to a sensitive relay. The sensin 
tive relay to which this invention pertains is 
adapted to Work with Sources or generators hav 
ing an extremely low potential direct current 
Output. 
Generators of the type having a search coil 

Operating in the earth's field, as one example, 
provide a direct or slowly varying current of 
minute value at low potential. Such currents 
in extreme cases may be measured in microam 
peres with potentials in microvolts. In connec 
tion with such devices, it is desirable to provide 
a relay which will respond to the output of Such 
a generator and close a second relay circuit for 
Supplying current to a final load. 
Wacuum tube amplifiers for Such purpose are 

not satisfactory. One reason is that a conven 
tional vacuum tube amplifier is inherently un 
Suitable for Operation on slowly varying or direct 
currents. Even elaborate means to balance the 
amplifier and prevent drift still make the opera 
tion of Such amplifiers erratic and unreliable. 
Secondly, is the fact that a vacuum tube ampli 
fier requires a cathode circuit continuously en 
ergized. In certain types of apparatus, Such as 
portable apparatus for field use or apparatus hav 
ing long stand-by periods, the matter of a power 
supply for energizing a cathode circuit is a serious 
problem and renders a vacuum tube amplifier im- : 
practical. 
This invention provides an electromagnetic re 

lay having a part movable in response to a cur 
rent for controlling the relay. While extremely 
sensitive moving coil galvanometers are known, ; 
the application of such devices for relay purposes 
is beset with difficulties. This is particularly true 
if the movable element is to carry a movable Con 
tact cooperating With a fixed contact forming 
part of a relay circuit. Since moving coil gal 
vanometers are Sensitive and have very Weak 
forces normally generated therein, it follows that 
the movable element is unlikely to make good 
contact between the fixed and movable contactS. 
The most sensitive type of galvanometer is the 

nowing coil type having current leads and tor 
sion suspension combined into one structure. The 
movable contact will naturally move With the 
coil and may have a separate lead therefor or 
use the moving coil leads. Having more than 
two leads for the movable part of the galvanom 
eter renders the structure impractical and in 
pairs the sensitivity. If two leads are used in a 
conventional manner, a serious dra:Wback be 
comes apparent. When the relay circuit is estab 
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lished, the IR drop across the galvanometer coil 
System, including suspension, becomes large in 
comparison to the E. M. F. normally developed 
by the Original generator as a search coil. Hence 
the entire movable coil system becomes a source 
of E. M. F. which may exceed the safe value to 
be impreSSed acroSS the original generator as a 
Search coil with disastrous results to the latter. 
This invention provides a construction utilizing 

a novable coil type of galvanometer whereby the 
movable element, when it reaches a predeter 
mined position, is adapted to lock itself closed so 
that firm contact is established between the fixed 
and Inovable relay contacts. The invention fur 
ther provides means whereby relay currents are 
prevented from flowing into the generator, thus 
removing the possibility of damage to the gen 
erator due to excessively large currents. This 
invention further provides means whereby the 
coil Will unlock itSelf when desired and open the 
relay circuit in preparation for a new relay oper 
atting cycle. A galvanoineter embodying the in 
vention utilizes the full Sensitivity of the instru 
ment and, apart from the movable contact arm, 
does not have elements upon the movable coil 
which detract either electrically or mechanically 
from the sensitivity of the galvanometer. 
The invention, in general, is characterized by a 

Combination of a novel galvanometer structure 
and a novel circuit for the galvanoneter. The 
galvanometer is of the moving coil type operating 
in a constant magnetic field. The movable coil 
is preferably, though not necessarily, suspended 
in a torsion type of mounting. The mounting 
also functions to lead currents to the movable 
coil. The nowable coil carries at least one mov 
able contact in the form of a thin wire extending 
therefron. This contact is connected to the mov 
able coil at any place desired between the end 
and center of the coil. Two movable contacts 
may be thus carried and be connected symmetri 
cally on opposite sides of the center point of the 
movable coil. While the movable contact may 
be connected to the terminal of the movable coil, 
it is preferred to make the connection to an in 
termediate eccentric point on the coil proper. 
The amount of eccentricity of the contact tap on 
the coil Will be determined by other considera 
tions which will be apparent in connection with 
a detailed description of the invention. 
The eccentricity of the contact tap on the mov 

able coil is with reference to the electromagnetic 
properties of the coil. Thus the center of the 
movable coil Will be that point which will divide 
the coil electromagnetically into equal and oppo 
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site coil parts. While such a coil center is near 
the geometrical Wire center, it is not necessarily 
coincident, due to departure from theoretically 
perfect winding. Hence the term coil center will 
be used here with reference to the electromag 
netic effects and not the geometrical center Or 
resistance center unless expressly stated. 
An important feature of the invention resides 

in the provision for constructing a winding so that, 
an eccentric tap for a movable contact may be 
substantially at the resistance center of the Wind 
ing so that the direct current resistance of the 
parts of the complete winding on opposite Sides 
of the tap are Substantially equai. This may be 
true even though two movable contacts are pro 
vided. This eifect is obtained by forning that 
part of the movable coil at the electrical or re 
sistance center for equal distances on both Sides 
of the center up to the movabie contact tap or 
taps of wire having lower resistance than the 
remainder of the rinovable coil. In so disposing 
the low resistance section of the movable coil, 
it is assumed that the geometric center and 
ohraic resistance or electrical center of the coil 
are coincident. In practice, these two points are 
close enough so that satisfactory results are ob 
tained. 
By virtue of the above expedient, the galvan 

ometer movable contact (or contacts, if tWo are 
used) is electromagnetically eccentric of the 
winding but electricaily is substantialiy centered. 
Hence the galvanometer coil is substantially Syn 
netrical for ohmic resistance as seen from the 
movable contact or contacts and coil terminals. 
The relay circuit in which the gaivanometer 

operates has a Source of constant potential, Such 
as a battery, and a three Wire type of load. By 
virtue of the arrangement of the relay circuit 
source of potential and three wire load in the 
relay circuit and the inclusion in the circuit of 
suitable balancing means, it is possible to provide 
a substantially perfect electrical balance acroSS 
the terminals of the galvanometer when the load 
relay circuit is closed. As previously pointed out, 
the movable coil may be balanced for IR drop. 4 
The torsion suspension leads, however, may Valry 
from instrument to instrument so that resistance 
balancing means external to the galvanometer are 
preferable. Willen balance at the galvanoineter 
terminals is obtained substantially no current 
iron the load relay circuit will flow through the 
generator. 
Where two fixed relay contacts are provided, it 

is possible to utilize a center Zero type of in 
strument, thus rendering the instrument inde 
pendent of polarity of the generator. Normally, 
the generator must be connected in Such a man 
ner that current of proper polarity actuates the 
galvanoimeter coil in the direction. So that the 
relay contacts approach each Cther. 
In order that the invention may be under 

stood, it will now be explained in connection with 
the drawings wherein Figure 1 is a diagrammatic 
view showing one form of the invention and Fig 
ures 2 to 4 inclusive are diagrammatic WieWS 
showing modified forms of the invention. 

Referring first to iigure 1, generator () of any 
desired type is shown, this generator having ter 
minals and 2 and furnishing, at desired times 
or under predetermined conditions, a current 
whose intensity is normally measured in micro 
amperes at a potential as low as Several micro 
volts. Such a generator, for example, may con 
sist of coil is of wire with or without a suitable 
ferromagnetic core and adapted to function as 
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4. 
an exploring coil. Such a generator Will have an 
internal resistance represented by resistor 5. 
This generator, in addition, may also have in 
ductance and capacitance, these two properties of 
the generator being unitinportant for the purpOSes 
at hand. 

Terrainals and 2 of the generator are con 
nected by wires and 3 to terminals 20 and 2 
of a galvanometer generally indicated by numer 
al. 22. Galvanometer 22 is preferably of the SuS 
pension type although the conventional spiral 
hair spring D'ArSolnval type of galvanometer may 
be used. Inasmugh as both types of galvanom 
eters are well known and highly developed, a 
detailed description of the galvanometer itself is 
not deemed to be necessaly. 
Galvanometer 32 has suitable permanent mag 

net systein 23 having poles 28 and 25 respective 
ly. In practice, the magnet would have Suitable 
pole pieces of soft iron shaped in a particular 
manner to distribute the fux from the magnet 
over a predetermined angular extent, all well 
known in the art. Cooperating with the magnet 
is novable coil winding 23 which may consist of 
any desired number of turns on a Suitable form. 
Coil 28 has terminals 22 and 38 attached to SuS 
pension wires 3 and 32, these wires being aligned 
and consisting of flexible, elastic good conducting 
material such as gold, tungsten, copper, bronze 
or any other material. Wires 3 and 32 may be 
tensioned by Suitable means not ShoWn, in a finan 
ner well known in the art with suitable adjust 
ing means so that moving coil 23 normally has a 
redetermined Zero position. 
Between one of the galvanometer terminals 

and the suspension wire, in this case between 
terminal 2 and wire 33, there is provided elec 
trical balancing means consisting of variable re 
sistor 33 and variable inductor 3: shunted by 
variable resistor 35 and variable capacitor 36 for 
a puirpose which will be apparent later. In Some 
instances, it may be possible to eliminate either 
or both resistors cr the inductor or combine the 
two in one unit. in the case of a D'ArSonval 
type of meter, the conventional spiral Springs 
would replace the Suspension Wires. 

Movable coil 23 carries movable relay contact 
34. This cointact may consist of a fine wire ex 
tending outwardly from the coil so that this wire 
nioves over a predetermined path when coil 28 
moves in response to a current passing through 
the same. Movable contact 3; is connected to 
point, 28b on coil 33 somewhat off electromagnetic 
center 28c. of the coil so that coil 23 is divided 
into two portions. In practice, coil 28 may con 
sist of a number of turns of Wire, as 25 turns for 
example. Between points 28d, and 28b there may 
be part of a turn or a number of turns. 

Coil 38 normally would ke of Sijhe copper Wire 
Such as #40 as an example. However, between 
points 23b and 28c on the winding, these points 
being Symmetrical to center point 23d, it is pre 
ferred to use i.fire having Substaitially leSS 'e- 
sistance per unit, length than is true of the Wind 
ing as a whole. Thus if coil 28 is of ii 40 wire, 
then wire 28 b-2Sc may be of #34 or #36 wire. 
If it 34. Wire is used, the resista. will be / 
that of the ii 4C Wire, the wire Section dubling 
for each two steps in wire gauge. The low re 
sistance part 23b-2:c may be of silver to fur. 
ther reduce the resistance, although the gain 
is ordinarily not vigorth the expense. 
The departure of point 23t from electrical 

center 28d of coil 33 depends in Some measure 
upon the amount of relay current fiowing in the 
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relay circuit when closed, the amount of cur 
rent which the galvanometer winding can safely 
carry, the amount of force necessary for lock 
ing and unlocking the relay contacts and the 
convenience of locating a suitable Spot on the 
Winding to which a connection may be inade. 

Cooperating with movable relay contact 3 
is fixed relay contact 45, connected by wire 
to terminal 2 of double pole double throW re 
versing switch 39. This switch has terminals 
43 and 44 going to suitable movabie CCntacts. 
The movable contacts cooperate with fixed con 
tacts 42 and 45 at one switch position and coin 
tacts 42' and 45' at the other position of the 
switch. Movable contact terminals 43 and 44 
are connected to the terminals of a source of 
potential for the relay circuit, this being Con 
veniently shown as battery 43, terminal 44 be 
ing connected to the positive terminal and ter 
minal 43 being connected to the negative ter 
minal, as an example. Ehe polarity of the con 
nections, as Will be readily apparent, is unin 
portant and is given merely by way of illustra 
tion. 
Terminal 45 of the Switch is connected by 

Wire 50 to intermediate terminal 5 of a three 
Wire load. This load, as shown here, consists 
of windings 52 and 53 having common interme 
diate terminal 5 and outer terrainals 55 and 
55 respectively. Terminal 5 is connected by 
Wire 56 to terminal 2 Whila seniinal 5 is con 
nected by Wire 57 to terminal 2 . Windings 52 
and 53 are the windings of load relay 53, these 
windings being so arranged that when current 
from terminal 5 goes through windingS 52 and 
53 as shown, the magnetic fields created by the 
two Windings Will aid each other. Load relay 
58 is a conventional relay and has contacts 55 
and 6 of usual construgtion going to a utili 
zation circuit of any type whatsoever, contacts 
59 and 60 being adapted to handle cornparatively 
heavy currents. 
The resistances of windings 52 and 53 of re. 

lay 58 are preferably Substantially greater than 
the resistance of winding 23. This has the ef 
fect of preventing excessive loading of genera 
tor f. - 
The Operation of the relay System is as foll 

lows: Assume that double pole double throw 
Switch 39 is in the position shown and the gal 
VanOrnetter coil is at rest. Novy assume that 
generator becomes active and generates cur 
rent with terminal being positive and ter 
iminal 2 being negative. Current will flow 
from terminal along wire to terminal 23 
through the moving goil partion of the galva 
nometer to terminal 2 and back along Wire 
f8 to terminal 2 of the generator. Movable 
coil 28 of the galvanometer begins to respond to 
this current, it being understood that the polar 
ity of the current is Such that in Gyaole con 
tact 37 approaches fixed contact A. ASS line 
that movable contact 3 rea, ches fixed contact 
4. Even though contacts 3 and 4 do not, 
close tightly nevertheless, Some current from re 
lay battery 48 Will flow. A circuit for this cur. 
rent may be traced as follows: From the nega 
tive terminal of battery 23 to terminal 43, ter. 
minal 42, relay contact 49, relay contact 37, tap 
23b of coil 28, terminal 35, wire 32, resistor 33 
and inductor 34 to terminal 2 , wire 5, through 
winding 53 of the load relay, genter terminal 
51, wire 50 to terminal 45 and then to the posi 
tive terminal of the battery. An additional cir 
cuit through which relay current will flow ex 
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6 
tends from the negative terminal of battery 48 
through to movable contact 3 of the galva 
nometer, then tap 28b of coil 28 and up to ter 
minal 20 of the galvanometer and then through 
winding 52 of the load relay and then back to 
the positive terminal of the relay circuit bat 
tery. 
Whether this initial current is strong enough 

to operate load relay 58 is unimportant. The 
initial current from the 'elay battery passing 
along wire 58 is of the same polarity as current 
from generator as far as its effect upon that 
part of the coil between 28b and 29 is concerned. 
The current going along Wire 5 to terminal 39 
and tap 28th opposes the generator current in 
the galvanometer coil. Thus the eccentricity of 
Connection of movable contact 3 causes the cur 
rents from the load relay battery to have un 
equal and opposing effects upon the galvanom 
eter Coil. Thus as shown, current from Wire 56 
passes through more than one-half of coil 28 
and since it aids the current from generator 

0, it will be noted that coil 23 will tend to close 
contactS 3 and 4 tightly against each other. 
As Soon as sufficient current passes through the 
two contacts in the galvanometer, load relay 
58 Will be operated to close its contacts 59 and 69. 

It will be evident that the gavanometer con 
tacts Will remain in locked position now inde 
pendently of the condition of generator O. Now 
assume that it is desired to open the galvanom 
eter contacts and restore the System to the posi 
tion shown. To do this, it is necessary to operate 
double pole double throw Switch 39 So that ter 
minals 43 and 44 are connected to terminals 45 
and 42' respectively. It Will be observed that 
this reverses the polarity of battery 48 with re 
Spect to the coil of the galvanometer and load 
relay 58. AS far as load relay 58 is concerned, 
the direction of current is uninportant but it 
is obvious that the direction of current flowing 
through coil 23 is important. Thus, if the net 
effect of currents flowing through galvanometer 
coil 28 is reversed, coil 28 Will tend to move con 
tact 3; away from fixed contact 4. Hence, suf 
ficient force can be generated to open these con 
tacts even though some sticking may occur. 
Thereafter, the reversing Switch may be returned 
to its original condition and the galvanometer is 
ready to operate anew. 

It will be observed that any difference in po 
tential between terminals 28 and 2 will result 
in current flow through generator . It is de 
Sirable to limit such potential differences as may 
exist to the order of that developed across the 
generator by virtue of generator operation. Dur. 
ing steady state conditions, existing while con 
tacts 3 and 40 are open or closed, a high degree 
of balance acroSS terminals 2 and 2 may be 
readily attained. This is true even if part 
28b-28c of the coil is not of lower resistance 
than the remainder of the coil. Thus any dif 
ference in resistance between tap 23b and ter. 
minal 2 on the one hand and tap 28b and ter. 
minal 2 on the other hand, solely through the 
Winding and suspension, can be compensated for 
by resistor 33. Hence, after steady state condi 
tions have been reached with the galvanoineter 
contacts closed, the potential difference across 29 
and 2 may be made zero or Small enough so 
that generator will not be damaged. 

It is clear that transients will be generated in 
the galvanometer System when the galvanometer 
contacts open or close. An important cause of 
the transients is believed to reside in the mutual 
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inductance between the parts of the movable coil 
considered with reference to a tap Whose contact 
is just closing or opening. Thus if contact 3 
is just closing against fixed contact 49, the en 
tire movable coil may be considered as consist 
ing of one part from terminal 29 to tap 28b and 
the other part from tap 23b to terminal 30. Ob 
viously, the two parts of the entire coil are elec 
tromagnetically coupled and have mutual induct 
ance. Upon initial closure of the contacts, the 
mutual inductance has some effect upon the coil 
tending to move the contacts together more 
closely. At the same time, the transient or tran 
sients generated in the coil result in a potential 
difference at the galvanometer terminals apart 
from the resistance drop in the coil. This tran 
sient may cause a surge in generator coil 8. By 
choosing proper values for resistor 35, capacitor 
36 as Well as inductor 34, a low pass filter may 
be provided to suppress transients. A condenser 
across the generator winding may also help. 
When the reversing switch is opened, the mu 

tual inducta;nce effects have some tendency to 
generate forces to move the coil in a direction 
to open the contacts. While this may be relied 
upon in Sone instances, it is preferred to nove 
the switch to the reversing position. The con 
bination of transient effects and positive actua 
tion of the movable coil Sufige to rove the coil 
quickly into contact opening position. 
The transient effects resulting from opening 

the reversing switch are generally more powerful 
than from contagt closure. Thus after contact 
closure, opening of the reversing SWitch will cause 
the current to decay at a sharper rate than is 
true of the current increase at contact closure. 
However, the rates of current rise and decay 
may be assuinned to be of the saile order so that 
a low pass filter will generally be effective against 
all transients. 

It is clear from the foregoing, that the polarity 
of generator is important when connecting the 
generator to the galvanometer System. For cer 
tain purposes, it may be desirable to have a Sys 
term wherein the polarity of the generator is not 
important. This is shown in Figure 2 wherein 
similar parts carry similar numbers. In this 
rhodification, novable conta42t, 3a is connected as 
before to tap 28b of coil 28. A low resistance 
conductor is between points 23b and 28c. In the 
System shown in Figure 2, the suspension System 
for movable coil 28 is adjusted so that the normal 
Zero position of the winding is the Sarine as in a 
zero center type of instrument. In Such an in 
strument, current in one direction will cauSe the 
coil to move one way while current in reverse 
direction Wii cause the coil to move the other 
Way. 
Cooperating with novable contact 3 are fixed 

contacts 4 and Ed on opposite sides, these two 
contacts being arranged so that the movable 
contact, can close against one or the other, de 
pending upon the direction of coil movement. 
Fixed contact, 8 is connected to contact 2 of 
double pole double throw reversing switch 39 
exactly as in Figure 1. Fixed contact c is con 
nected by wire a to the corresponding contact 
42d of double pole double throw reversing switch 
33d. The two is versing Switches are the same 
and are connected in the same manner, the cor 
responding part carrying the letter a with the 
exception that battery f3d has its positive ter 
minal connected to contact, 43d, whereas in the 
lower reversing switch, contact ?3 is connected to 
the negative terminal of this reversing SWitch. 
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As clearly indicated, the two reversing SWitches 
are tied to be simultaneously operated. 
The operation of the modified system is as 

follows: If the polarity of terminal of the 
generator is positive as in Figure 1, then the ac 
tion of the systern is exactly the same as in Fig 
ure 1, coil 28 moving clockwise as seen in Figure 
2 to close a circuit with contact 43. If, however, 
the polarity of generator it is reversed, coil 28 
will move anti-clockwise and contact 3 will ap 
proach contact 43a. When contacts 37 and 4a. 
touch, current froia battery 48d will act in the 
same manner as fron battery 43 in Figure 1, the 
polarity of 48a being such that coil 23 is driven 
to close contact 3 against contact, Aid more 
tightly. 
The operation of the systein as far as the load 

or secondary relay is concerned, is the same as in 
Figure 1 and needs no explanation. In Order to 
unlock the contacts with the System shown in 
Figure 2, it will be necessary to throw the two 
reversing switches from the position during re 
lay operation, such as shown in Figure 2, for ex 
ample, to the reverse position. 

Referring now to Figure 3, a further in Cdifica 
tion is shown. The galvanoineter is generally 
the same as in Figure 2, having one ovable Con 
tact operating between fixed contacts. However, 
terminals 2 and 2' of the galvanometer are 
connected directly to the coil suspension and do 
not have any resistors, capacitors or inductors as 
in lead 32 of Figure 1. Instead, generator Coil 
4 has condenser la across it and is in Series 
with inductor it across galva:noneter ter:ninals 
2 and 2 '. Terminals 20' and 2 are connected 
to resistors 82 and 33 having co:Yinnon junction 
86. Wire 56' is connected through ConVentional 
relay 85 to junction S4. The galvanometer load 
here is still of the three wire type, consisting of 
resistors 82 and 83 and relay 85. Resistors 82 
and 83 are not necessarily equal and may be pro 
portioned relatively the same as the resistances 
from tap 23b to terminals 28' and 2 '. 
This system may be considered as a bridge with 

galvanometer parts 23b-26' as one arm, 23b-2. ' 
as a second arm, resistor 82 as a third ari and 
resistor 83 as a fourth ar. The diaggi) all & CrOSS 
23' and 2' is fortined by the generator and in 
ductor in series. A difference in potential is in 
pressed across the second diagonal froin novable 
contact 3 and junction 36 when the galva 
nometer contacts are closed. For perfect opera 
tion, the bridge arms should be so related that 
the bridge is substantially balanced agross 2'. 

As has been previously pointed cut, 
this balance may be substantially achieved for 
steady state conditions by choosing proper Values 
for resistors 82 and 33. By proper design of the 
first diagonal containing the generator and in 
ductor, a low pass filter effect is provided. 

It Will be noted that the System illustrated in 
Figure 3 resembles the system of Figure 2 in re 
quiring two sets of batteries in the galvanometer 
relay circuit. This may be undesirable. Re 
ferring now to Figure 4, a modification is ShoWn 
Wherein only one battery is necessary. 
This system has generator Ac connected in 

series With resistor Sol (which resistor may be 
the resistance of id) acroSS galvanometer ter 
minals 20 and 2d. These tel'ninals are COn 
nected directly to suspension elementS 3G, and 
32a, going to terrainals 29a and 3a of coil 28. 
Coil 28 is the same as in Figure 1 except that it 
carries two movable contacts 37 b and 37c at 
points 28b and 28c respectively, The part of the 
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coil between these contact taps preferably has 
a lower resistance than the remainder of the 
coil. Contagts 3b and 3C cooperate With sta 
tionary contact 4d. Contact 4a is connected to 
contact 42d, of a double pole double throw SWitch 
having contacts 42d, 42a', 4.5a, 45a ', movable con 
tactS 43G, and lic. This SWitch is connected as in 
Figure 1 so that battery 3a, may have its polarity 
reversed. Froia contact £5a, wire 50cl goes to re 
lay 35a, the other terminal of this relay going to 
junction. 84G, of resistors 32d, and 8.3a. Resistors 
82d and 83G, are connected to galvanometer ter 
minals 2 and 2d. 

It is clear that the gal/anometer is the center 
Zero type. Coil 28 will move irrespective of the 
polarity of the generator. Normally the one 
fixed contact, id Will be betWeen the two OV 
able contacts. Whichever way the coil Will move, 
contact closure will rest in locking action. By 
simply opening the double pole double throw 
SWitch, contact opening may result due to the 
action of the mutual inductance of the coil parts, 
as previously described. However, throwing the 
switch to the other position to reverse the bat 
tery Will be found generally preferable and more 
reliable. 
In general, where extreme sensitivity is de 

sired, the galvanometer contacts must be fine and 
threaded to remain clean. A rugged but sensi 
tive galvanometer construction is possible, uti 
lizing various constructional details well known 
in the art. Trider certain conditions, the entire 
galvanortheter may be innersed in a liquid, as 
kerosene, so that the contacts will remain clean 
for long periods of time. 
The load must be of the three Wire type and 

the various circuit. branches of the load prefer 
ably should have the same Symmetry when cou 
pled to the galvanometer System and generator 
2s Would be required by an electrical bridge. 
Where a galvanometer coil carries two movable 
contacts, as in Figure 4, the two contacts may 
be considered as one for bridge analysis. Thus 
One an Of the bridge may consist of one coil 
Suspension and the coil part going to the nearest 
movable contact 3 c. The other arm may con 
sist of the other coil part going to the other mov 
able contact, 3b. The part of the coil between 
contacts 3b and 3C may be considered as a con 
nection haying negligible effects on the bridge. 
Actually, precise analysis would demand that 
whichever movable contact is closed against the 
fixed contact, is the bridge point, the temporarily 
ide movable contact being disregarded. 
What is claimed is: 

... A. Sensitive relay comprising a novable coil 
type of galvanometer, the movable coil consist 
ing of a winding of Wire having end terminals, a 
contact novable with Said coil and connected to 
a point on Said coil electronagnetically off 
center, a fixed contact cooperating with said 
movable contact and to Liched by Said movable 
contact when said coil has responded a prede 
termined amount to energization, a three wire 
load having an internediate and end terminals, 
a connection from One termina of the movable 
coil to one end terminal of the load, a connection 
fron the other terminal of the novable coil to the 
other end terminal of the load, a connection in 
cluding at least one source of potential between 
the fixed contact and intermediate terminal of 
the load, a Source of minute Substantially direct 
Current connected to said coii terminals, said 
SOUrces of potential and current being properly 
poled. Whereby When said novable coil responds 
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to current and closes the movable contact against 
the fixed contact, a relay circuit is closed with 
Currents foWing between the movable contact 
and terininals of the movable coil in opposite 
directions generating a net electromagnetic coil 
effect due to the eccentricity of the connection of 
the naovable contact to the movable coil tending 
to move the coil into tighter contact closing posi 
tion. 

2. The System according to claim wherein 
Only ore Source of potential is provided, this 
Source being disposed in the circuit branch hav 
ing the intermediate terminal of the load. 

3. The Systern according to claim 1 wherein 
Only One Source of potential is provided in the 
circuit branch having the intermediate terminal 
Of the load and wherein switching means are 
provided for reversing the polarity of this source 
of direct potential, said reversal serving to gen 
erate a force in the coil for opening the contacts. 

4. The System according to claim 1 wherein 
One of Said coil connections includes impedance 
balancing means whereby upon closure of the 
load circuit, no differenre of potential due to the 
Source of potential Will be present at the ter 
Rinals of the minute current source when con 
nected thereto. 

5. The System according to claim in combi 
nation. With a source of minute potential. 

6. The System according to claim 1 wherein 
Said galvanometer coil has a section symmetri 
cally disposed with respect to the electrical coil 
Center and extending to the movable contact tap, 
Said Section having substantially less resistivity 
than the remainder of the coil. 

7. A Sensitive relay System comprising a gal 
VanOrnetter of the movable coil type, said galva 
noneter having a movable coil with terminals, 
a contact movable with said coil and connected 
to a point On Said coil electromagnetically off 
Center, Said galvanometer being of the Zero cen 
ter type, a pair of fixed contacts, said contacts 
being on Opposite sides of the movable contact 
and Spaced So that Said movable contact must 
move from a Zero position in either direction for 
a predetermined amount of travel to encounter 
One or the other of said fixed contacts, a three 
Wire load having outer terminals and an inter 
mediate terminal, a source of potential connected 
between the load intermediate terminal and one 
fixed contact, a Second source of potential con 
nected between the load intermediate terminal 
and the other fixed contact, the polarity of the 
fixed contacts being opposite to each other, and 
Connections between the outer terminals of the 
load and the terminals of the movable coil, said 
movable coil terminals functioning as terminals 
for Connecting an energizing source of minute 
Current to Said System to move said coil from its 
center Zero position in one direction or the other 
depending upon the polarity of the minute cur 
rent Source, Said innoyable contact when touch 
ing a fixed contact completing a load circuit 
Which tends to lock the contacts, the polarity of 
the potential sources being such that when the 
novable contact touches a fixed contact, the load 
current through the movable coil generates a 
resultant force to lock the contacts together. 

8. The System according to claim 7 wherein 
reVersing means are provided for both sources 
of potential to reverse the polarities whereby un 
locking of the contacts is provided. 

9. The System according to claim 7 wherein 
impedance balancing means are connected in 
the movable coil circuit so that no relay poten 
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tial appears across the minute current Source 
When connected. 

10. The system according to claim " Wherein 
the branch of the system containing the iminute 
current source includes low paSS filter means for 
suppressing transient effectS. 

11. The system according to claim 7 Wherein 
said galvanometer coil has a Section Symmetri 
cally disposed with respect to the electrical coil 
center and extending to the movable contact tap, 
said section having Substantially less resistivity 
than the remainder of the Coil. 

12. A sensitive relay System comprising a gal 
vanometer of the movable coil type, Said gal 
vanometer having a novable coil with terminals, 
a pair of contacts, movabie With Said coil and 
connected to points on said coil electromagneti 
cally off center but generally Syrininetrically With 
respect to the electrical center of the coil, Said 
galvanometer being of the Zero center type, a 
fixed contact, said movable contacts being On 
opposite sides of the fixed contact, and Spaced SO 
that said movable contactS. must nove from a 
Zero position in either direction for a predeter 
mined amount of travel to eincounter the fixed 
contact, a three Wire load having outer terrainals 
and an intermediate terminal, a Source of poten 
tial connected between the load intermediate 
terminal and Said fixed contact, ConnectionS. ber 
tween the outer terminals of the load and the 
terminals of the movable coil, Said in Ovable coil 
terminals functioning aS terminals for Connect 
ing an energizing Source of thinute current to 
said Systern to move Said coil froin its cente Zero 
position in one direction or the other depending 
upon the polarity of the ninute current Source, 
one of Said movable contacts, When touching the 
fixed contact, completing the load circuit, the 
polarity of the potential Source being Such that 
When the load circuit is connipleted, current 
through the novable coil generates a resultant 
force to lock the contacts together. 

13. The Systern according to claiin 12 Wherein 
SWitch means are provided for reversing the 
polarity of the potential source so that after 
contact has been established, reversal of the 
potential source will result in a foice being gen 
erated in the coil tending to unlock the contacts. 
and move the coil away from contact making 
position. 

14. The System according to claim 12 wherein 
Said load consists of a pair of resistors connected 
in Series acroSS the nowable coil and Wherein the 
junction of the resistors is connected to the fixed 
contact through a load relay. 

15. A Sensitive relay galvanometer for use 
With a three Wire type of load, said galvanometer 
being of the movable coil type, said coil having 
end terminals, at least one contact carried by 
Said coil and movable therewith, a connection 
between Said contact and a point on said coil 
electromagnetically off-center from said coil, at 
least One fixed contact cooperating with said 
movable contact, said galvanometer having its 
coil terminals for connection to a source of cur 
rent for moving Said coil toward a contact 
making position, said galvanometer also having 
its coil terminals and fixed contact for connec 
tion to the end and intermediate terminals re 
Spectively of a three wire type load with a source 
of potential included in the internaediate branch 
of the load, with the potential source of polarity 
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being so selected that upon contact closure due 
to galvanometer coil moWeinent, a force is gen 
erated in the galvanometer coil tending to in 
crease the force closing the contactS. 

16. The galvanometer according to claim 15 
wherein the galvanometer coil has a Section 
Symmetrically disposed with respect to the elec 
trical coil center and extending to the nowable 
contact tap, Said Section having Substantially 
less resistivity than the remainder of the coil. 

17. The galvanometer according to claim 15 
Wherein said galvatornetter coil carries tWO now 
able contacts, Said two contacts being connected 
to two points. On Said coii Syngnetically dispOSed 
With respect to the coil center, Said galvanome 
ter being of the Zero center type with one fixed 
contact. 

18. The galvanometer according to claim 17, 
Wherein Said galvanovieter coil has a Section 
Symmetrically disposed with respect to the elec 
trical coil ceinter and extending to the points of 
coniection of the novagle contacts, Said Section 
having Substantially less resistivity than the re 
mainder of the COil. 

19. A galvano eter Systern coxaprising a nOW 
able coil type of galvano (heter having a movable 
coil With end terminals, a pair of inovable con 
tacts carried by Said coil, connections between 
Said contactS and pointS. On Said coil. Symmetri 
cally disposed With respect to the electrical Cen 
ter of the coil, a fixed contact cooperating With 
Said tWO movable contacts, Said galvanometer 
being of the Zero center type, said galvanometer 
including conducting Suspensions for said mov 
able coil, a pair of resistOS Conanected in Series 
With the Outer tertainals Connected to the Sus 
pension eans. So that the Wo resistors are con 
nected acroSS the coil a ind Suspension means, a 
branch circuit between the fixed contact and 
coininon resistol teriniinal, said brainch circuit 
including a Source of potential and a load relay, 
Said resistors having Substantially the same ratio 
of resistance aS One SuSpension means and the 
COrresponding part of the coil up to the electrica 
center has to the remaining suspension means 
and Coil part, a Source of current connected to 
the coil terminals through the suspension means 
for actuating the novable coil toward a contact 
closing position, the polarity of the potential 
SOURCe being Such that When contact is estab 
lished, current fron said potential Source passes 
through the galvanonetter winding to generate 
additional contact closing force. 

20. The galvanoineter Systein according to 
claim. 19, Wherein Said galvanoineter coil has a 
Section SyEnrnetically disposed with respect to 
the electrical coil center and extending to the 
novable contact taps, Said Section having Sub 
Stantially leSS resistivity than the remainder of 
the coil. 
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