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2,073,948 
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ELECTRICAL TELEMETRY 

William R. Schofield, Jr., Philadelphia, Pa., as 
signor to Leeds & Northrup Company, Philan 

- delphia, Pa., a corporation of Pennsylvania 

Application June 14, 1933, Serial No. 675,705 
18 Claims. 

My invention relates to electrical systems for 
determining or recording at a receiving station, 
the magnitude or changes of a condition at a 
more Or less remote transmitting station. 

5. In Systems of this character, it has not here 
tofore been possible to ascertain all positions of 
the transmitting element when that element was 
capable of at least 360° of movement, or more 
Specifically, of making unlimited number of revo 

() lutions in one or both directions. 
In accordance with my invention, the trans 

mitting slide-wire is greater than 360° in extent, 
and preferably is comprised of sections less than 
360° in extent with their ends staggered or over 

15 lapping, and the cooperating contact structure is 
divided into elements selectively connected to 
the transmission line between stations by switch 
ing mechanism which is preferably controlled 
by the transmitting element. 

20 My invention also resides in the features of 
construction, combination and arrangement here 
inafter described and claimed. 

For an understanding of my invention and for 
illustration of various modifications thereof, ref 

25 erence is to be had to the accompanying draw 
ingS in which: 

Fig. i. illustrates diagrammatically an electrical 
measuring Systern. 

Fig. 2, in perspective, illustrates apparatus 
30 adapted to be included in the system of Fig. 1. 

Fig. 3 diagrammatically illustrates a Wheat 
Stone bridge System utilizing the invention. 

Fig. 4, partly in perspective, illustrates indi 
cating and recording mechanism. 

Fig. 5 diagrammatically illustrates another type 
of indicator. 

Fig. 6 diagrammatically illustrates apparatus 
for transmitting indication of a liquid level. 

Fig. 6a illustrates a modification affording tem 
40 perature compensation. 

Fig. 7 illustrates a system utilizing the inven 
tion for determination of integrated and frac 
tional revolutions. 

Fig. 8 illustrates another modification 

5 

for re 
15 cording integrated and fractional revolutions and . 

which provide for automatic recalibration of the 
system. 

Fig. 9 illustrates diagrammatically a System 
utilizing a single section slide wire. 

Fig. 10 illustrates in perspective the slide wire 
and contact structure of Fig. 9. 

Fig. 11 is a modification utilizing overlapping 
slide wire sections in series. 

Fig. 12 is a modification utilizing an inductive 
55 slide-wire. 

(C. 177-351). 
Referring to Fig. 1 the transmitting slide wire 

S comprises two sections S, S2, each less than 
360 in extent, but staggered so that each Sec 
tion bridges or overlaps the discontinuity or gap 
of the other. By way of example, the slide wire 
sections may each enclose 90% of a circle and 
may be displaced 30%, as shown by Fig. 1. The 
cooperating contact structure C consists of the 
contact elements C and C2 which engage the 
slide wires S, S2 respectively. The resistance 
R connected between the low potential end of 
the section S2 and the point N of the network, 
and the resistance R, connected between the 
high potential end of the slide-wire section S 
and the point P of the network are of Such value 
that from 30 to 90, the contact elements Ci, C2. 
are simultaneously at the same potential. 

0. 

5 

The change of magnitude of the condition to 
be measured, for example temperature, wind di 
rection, pressure, etc., effects in any known man 
ner relative movement between the slide wire 
and its contact structure, i. e., the slide wire may 
move with respect to the contact structure C, 
C2 or vice versa. In either case, the range of 
relative rotation may be more than one revolu 
tion, or in fact an unlimited number of revolu 
tions in some instances. ASSunning for, purposes 
of explanation that the contacts are movable 
with respect to the slide wire, the two contact 
elements C, C2 are movable as a unit about the 
axis A, the contacts remaining in fixed position 
relative to each other. 
Between the points P and N are connected a 

Suitable source of current B and a resistance R2 
adjustable to regulate the current flowing through 
the slide wire as indicated by meter M. So that 
it corresponds to the value for which the slide 
Wire is calibrated. The receiving station may 
comprise a receiving slide wire S3 connected 
across a suitable source of current Bl, in series 
with a resistance R3 for adjusting the slide wire 
current as indicated by the meter Mf to the 
value for which the slide wire scale f is cali 
brated. 
The operation of the system is as follows: 
Assume that the magnitude of temperature, 

pressure or other condition under measurement 
is such that the contact C engages slide-wire 
section S at zero, and is connected by contact 2 
of the double throw switch 3 to conductor 4 of 
the transmission line 4, 4' which extends between 
the transmitting and receiving stationS. For 
this position of the contact structure of the 
transmitting slide wire, the galvanometer G 
gives zero deflection indicating balance of the 
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2 
system when the contact C3 is adjusted to zero 
of the scale of the receiving slide wire. 
Assuming that the contact structure is now 

rotated in counter-clockwise direction because 
of change of the condition under measurement, 
the potential of contact C increases, and to re 
balance the system so that the galvanometer G 
gives null indication, contact C3 is moved up 
wardly, as shown in Fig. 1, the scale indicating 
the new magnitude of the measured condition. 

It is apparent that if the contact 2 of the 
switch 3 remains in the position indicated in 
Fig. 1, that when contact C is moved beyond 
point 90 of slide wire S any position of contact 
C3 of the receiving slide wire would indicate a 
false balance due to an opening in the galvanom 
eter circuit G. Therefore, suitably before the 
contact C reaches this point, say, for example, 
at about 85% of a revolution from the zero point, 
switch 3 is operated, manually at the receiving 
station, or preferably automatically at the trans 
mitting station as hereinafter described, to dis 
connect the conductor 4 from contact C and to 
connect it to the contact C2. As the two contacts 
C and C2 at this time are at points of the same, 
potential on the different slide wires S and S2, 
the transition from one to the other effected by 
operation of switch, 3 does not require change 
in position of the contact C3 for balance, Or if 
an automatic recorder is used, the transition 
causes no disturbance of the record. 
ASSuming that the contact structure continues 

to rotate in counter-clockwise direction, the slide 
wire S2 continues in circuit until switch 3 is again 
operated to connect conductor 4 to contact Cl 
which is effected suitably before the contact 
structure reaches point 20 of slide wire S2, for . 
example at about 5. This transition requires 
a change in position of contact C3, i. e., for the 
Specific example given, the contact would need 
to be moved down 100 units on scale . Further 
rotation in the same direction repeats this cycle; 
rotation in reverse direction, simply reverses the 
order of the transitions. 

Therefore the position of the contact struc 
ture C, which corresponds to the position of an 
element following or responsive to the changes 
of a condition, can be determined throughout 
its full 360 degrees of movement for either direc 
tion of movement, and for unlimited angular 
movement in either direction. For each position 
of contacts C and C2 within the sector of over 
lap of the high potential and low potential ends 
of the transmitting slide-wire, there are two pos 
sible positions of balance of contact C3 of the 
receiving slide-wire depending upon which of 
contacts C, C2 is connected to the link circuit. 

Fig. 2 illustrates an arrangement in which the 
contact structure is moved by a weather vane 5, 
which is illustrative of an instrument in which 
the primary transmitting element may rotate in 
either direction for an unlimited number of revo 
lutions. An anti-aircraft gun turret is another 
example of such an element. The arm 6 which 
carries the contact structure of the transmitting 
slide wire rotates with the shaft 7 of the vane. 
The disk 8 carries contact rings, as shown, en 
gaged by the contacts C, C2 for connecting them 
to the stationary contacts of switch 3. As an al 
ternative the contact structure may be fixed to 
a suitable stationary support, and the slide wire 
disk 8 Secured to shaft T. The movable contact 
2 of the Switch 3 is adapted to be operated from 
the shaft 7, automatically to effect the transi 
tion from one slide wire section to the other to 

2,078,948 
ensure continuity of the circuit between the transmitting and receiving slide-wires, and pref 
erably there is interposed a lost motion device 
so that if the switch is operated for movement of 
the shaft 7 in one direction, it will not be oper 
ated at the same position of the shaft for move 
ment of the shaft in a reverse direction, thus 
avoiding unnecessary operation of switch 3. Fur 
thermore, the provision of this lost motion has 
the advantage that when the slide contact struc 
ture C is swinging within the range of about 100 
to 120 the contact C3 of the receiving slide wire 
need not so often be shifted from one end to the 
other of the slide wire, or in the case of an auto 
matic recorder, unnecessary oSeillations of the 

O 

5 

recorder needle and the automatic rebalancing 
mechanism are avoided. 

Specifically, upon the shaft 9 which carries the 
contact 2 of switch 3 is mounted a notched disk 
O which receives the pawl biased by spring 
2 to resist rotation of shaft 9. The upper end of 

the shaft 9 is connected through a spring 3 to a 
shaft 4 upon which is mounted a star wheel 5 
Or equivalent, having arms which extend into 
the path of the pins 6, 7 carried by the arm 
8, secured to and rotatable with shaft 7. As 
Suming that the shaft is rotated in clockwise 

20 

direction as viewed in Fig. 2, the pin f6 engages 
One of the projections of the star wheel 5 and 
tensions the spring f3. When the torque of 
spring 3 is increased by movement of shaft 
sufficiently to overcome the spring 2, pawl 
is forced from the notch and allows contact 2 
quickly to move through a quarter revolution, 
whereupon the pawl i? drops into the next notch 
to arrest further movement. The actuation of 
the movable contact effects disconnection of con 
tact C2 from conductor 4 and effects connection 
of contact C. Assuming that the shaft con 
tinues movement in clockwise direction, the sec 
ond pin f engages projection of the star wheel 
5 and effects another operation of switch 2. The 

spacing between the pins 6 and f is so related 
to the extent of displacement or staggering of 
the slide wire section, that the switch 2 is oper 
ated to ensure continuity of the circuit between 
galvanometer G and the slide wire, i. e., as the 
contact in circuit approaches the discontinuity 
of its slide wire, the switch is operated to connect 
the other slide wire in circuit as previously de 
Scribed. 

It is therefore possible at all times accurately 
to determine the wind direction at the receiving 
station. 

Since the star wheel 5 in the construction il 
lustrated must be rotated through a considerable 
angle before effecting operation of switch 2, the 
switch 2 will not repeatedly operate if the shaft 

Oscillates back and forth within a narrow range, 
i. e., the mechanism described shifts the points 
at which the switch 2 is operated for opposite di 
rections of rotation of shaft 7; for example, the 
Switch may operate at 85% and 1.15% of a revo 
lution for clockwise movement of the shaft 7, 
whereas for counter-clockwise movement the 
Switch will operate at, for example, 75% and 
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105%; that is to say, the transfer point from 
slide wire S to slide wire S2 below 100% when 
rotating in one direction may be 10% higher 
than the transfer point of slide wire S2 to slide 
wire S in the decreasing direction; similarly, the 
transfer point from S2 to S in the increasing 
direction may be 10% higher above 100% of a 
revolution, than the return transfer from S to 
S2, when decreasing. 

70 

75 



2,078,948 . 3 
While the provision of this lost motion is de 

sirable, it is not essential to the determination of 
the position of arm 8 for more than 360°. 

For the example given the recording slide wire 
5 S3 may be calibrated zero to 120% revolution, or 

in degrees, radians, etc., or for wind direction the 
Scale may be calibrated with north, for example, 
at the low end of the scale, followed by east, South, 
west, north, and ending with east, or south, de 

10 pending upon the extent of overlap of slide wire 
sections Sf, S2. 

Referring to Fig. 3, there is illustrated a modi 
fication using the device of Fig.2 in a Wheatstone 
bridge type of balanced network. The selected 

15 slide-wire section Sf-S2 is included in two arms 
of the bridge, the position of the slide wire con 
tact c determining the proportion included in 
each arm. A second slide wire S3 is included in 
the other two arms of the bridge, adjustment of 
its contact C3 permitting balance of the gal 
vanometer G. In order that the measurements 
shall be substantially independent of the resist 
ance of the leads, the bridge is preferably of the 
type shown in Leeds Patent 1,097,651, and ac 
cordingly there is provided the resistance S4 
whose contact C4 is adjustable in unison with the 
contact C3 of the slide wire S3. The network 
may be energized by current from battery B, or 
other direct current source, or by alternating 
Current. In the latter case, galvanometer G is 
an alternating current instrument and its field 
is excited by current from the same source. 
The two slide wire sections S, S2 are in paral 

lel between the conjugate points N', P' of the 
network and resistances R., R1 connected as in 
Fig. 1 are also of such magnitude that within 
the range 30-90 of the particular arrangement 
illustrated, the contacts C, C2 are at the same 
potential. 

40 The mode of operation of the transmitting 
slide wire is the same as in Fig. 1, i.e., as the con 
tact in C or C2 circuit approaches the discon 
tinuity of the slide wire section with which it is 
in engagement, the Switch 3 is operated to change 

45 over to the other contact whose associated slide 
wire bridges the discontinuity or gap. 

Fig. 4 illustrates a known type of self-balanc 
ing mechanism suitable for use at the receiving 
station; specifically, it is of the type described in 

50 Leeds Patent 1,125,699. 
Briefly, upon the controlled shaft 9 there is 

mounted the slide wire S3, of Fig.1, or the slide 
wires S3 and S4 of Fig. 3. The needle 20 of the 
galvanometer G in response to unbalance of the 

i55 network, including the transmitting and receiv 
ing slide wires and the link or transmission circuit 
between them, deflects in one direction or the 
other to effect corresponding displacement of the 
driving clutch member 2 f while free of the driven 

60 clutch member 22 secured to shaft f 9. There 
after, in the cycle of Operation, the driving clutch 
member 2 while in engagement with the driven 
clutch member 22 is returned by one or the other 
of the cams 23 secured to shaft 24 driven by mo 

65 tor 25, to its horizontal or neutral position effect 
ing movement of the slide wire relative to its 
contact to rebalance the network. 
The marker or recorder pen 26 is driven from 

the controlled shaft 9 through the pulley 27 
70 and cord 28 to trace upon the record sheet a, the 

variations or changes in magnitude of the condi 
tion determining or controlling the position of the 

- contact structure C of the transmitting slide wire. 
For many uses, it is desirable to integrate the 

75 number of revolutions of shaft 7 of the trans 

20 

30 

. Such recorder would travel across the scale only 

mitting slide wire; for example, referring to 
Fig. 6, the shaft may be driven through suit 
able mechanism diagrammatically illustrated by 
the float 30 for measuring the level of liquid in 
the tank 3 which generically represents a tank, 5 
Well, stream, or the like. In moving from its 
maximum to minimum position, the float 30 may 
effect several revolutions of the shaft T. To as 
Sume a Specific instance for purposes of explan 
ation, the foat 30 may move through a distance l() 
of 100 feet, and the connections to shaft 7 may be 
Such that the shaft 7 is rotated through ten revo 
lutions. With the apparatus of Fig. 4, as thus 
far described, used with the transmitting system 
of Fig. 1, or of Fig. 2, the pen 26 will indicate 5 
the position of shaft 7 but will not distinguish 
between the revolutions, i.e., it will give the in 
dication 6, for example, for 6 feet, 16 feet, 26 feet, 
etc. Accordingly it is desirable to add an at 
tachment which will distinguish between such 20 
values. As shown in Fig. 4, the pen 26, or some 
other part of the actuating system, is provided 
with a contact 3 a which when the pen reaches . 
a position corresponding to one transition point 
of the transmitting slide wire, say 11.5% revolu-. 25. 
tion, closes the circuit of a solenoid 32, or equiva 
lent, to effect movement of armature 33 to ad 
vance the star wheel 34, or equivalent, one tooth, 
to shift the indicating or printing wheel 35 to the 
next highest number. Accordingly, as the float 
rises, each time the pen contact 3 a bridges the 
contacts 36, -37, the wheel 35 is stepped to the 
next higher number, 10, 20, 30, etc. Similarly 
When the pen, in following the balancing of the 
network, reaches a position at which the other 
transition of the transmitting slide wire is ef 
fected, for example 5% revolution, the contact 
3a of the pen engages the contacts 38, 39 to en 
ergize the solenoid 40 which attracts armature 

5 

4 to effect reverse movement of the indicating 40 
Wheel 35, by one step, for falling movement of 
the float. Accordingly, the step by step mecha 
nism integrates the number of complete revolu 
tions of shaft 7, and pen 26 accurately indicates 
the position of shaft T for indication of fraction- 45 
all parts of a complete revolution. 
The same end may be accomplished, by using 

instead of the step by step mechanism described, 
a second transmitting slide wire S5 suitably 
driven from shaft so that its contact CT moves 5? 
from one end of the slide wire S5 to the other 
for the total range of movement of float 30; and 
this slide wire may be connected to a separate re 
corder of the type shown in Fig. 4. The pen of 

5 5 
Once for movement of the float 30 from maximum 
to minimum position, and the recorder connected 
to the slide wire S would serve as a vernier. 
Another integrating arrangement is shown in 

Fig. 5. The step by step mechanism in this in- 60 
stance is actuated by movement of the contact of 
the transmitting slide wire, rather than by re 
sponse of the receiving slide-wire apparatus. 
The recorder of Fig. 4, or equivalent, may be used 
for determining the position of the shaft 7 with- 65 
in the limits of a revolution, and the mechanism 
now described is for indicating the number of 
revolutions, adding for movement of shaft 7 in 
one direction, and subtracting for movement of 
shaft in reverse direction. ( ) 
The shaft 43 is connected to a Suitable revolu 

tion counter 44, the hand 45 making for example 
one revolution for each ten revolutions of shaft 
43 in one direction, and the hand 46 moving for - 
example, one graduation for each complete rev 



10 

5 

20 

4. 
olution of hand 45. This relation can be effected 
in any known manner common to counting 
trains, for example, by use of Geneva, wheels, or 
gearing of suitable ratio. 
The polarized relays 47, 48 are connected to the 

conductors 49, flow of current in one direction 
effecting movement of the armature 50 of relay 
48 to advance the star wheel 5 one step, and 
flow of current in reverse direction effecting 
movement of armature 52 of relay 47 to move the 
star wheel 53 one step in the reverse direction. 
The relays are controlled by a current revers 

ing switch 54 consisting of the contacts 55, 56 
having extensions projecting in the path of. 
movement of the pin 7', and contacts 58, 59 hav 
ing extensions disposed in the path of move 
ment of the pin 60. The pins 7 and 60 are car 
ried by the contact arm 8, and therefore the 
positions of these pins in space are definitely re 
lated to the position of the contact structure of 
the transmitting slide wire. All of the contacts 
55, 56,58, 59 are normally open. Each time the 
shaft 7 completes a revolution in a clockwise di 

30 

3 5 

40 

rection, for example in the direction indicated by 
the arrow, Fig. 5, the pin 7' momentarily closes 
the contacts 55 and 56 so that an impulse of cur 
rent flows from the battery B2 in the proper di 
rection to effect energization of the relay 48 to 
effect rotation of shaft 43 one step in a corre 
sponding or positive direction. For movement of 
shaft 7 in counter-clockwise direction, the pin 60 
effects momentary closure of the Switches 58, 59 
Which effects flow of current from battery B2 
'through conductors 49 in reverse direction to ef 

5 fect energization of the relay 47 which notches 
the shaft 43 one step in reverse or negative di 
rection. The contacts are so located that 55, 
56 are closed by pin 7' as pen 26 or equivalent 
reaches for example, point ?o of the recorder 
scale, and contacts 58, 59 are closed by pin 60 
as the pen in reverse direction passes point 99 
of the Scale. 
The combination of the recorder of Fig. 4 and 

an indicating device such as shown in Fig. 5, 
5 permits the position of the float to be determined 
with great nicety throughout very large range of 
total float movement; for example, the position 
of the float may be accurately determined to 
within a small fraction of an inch throughout a 
range of movement of many feet. Accuracy of 
high order is of prime importance when, for ex 
ample, the tank 3 is a storage tank for large 
bodies of gasoline or other valuable liquid, as it 
is necessary that the metering of addition or 

:55 removal of fluid be very precise. 
When the float cable 6 is of considerable 

length, substantial error may be introduced be 
cause of variation in length of the cable with 

60 
change of temperature; i. e., increase in length 
of the cable due to increase of temperature has 
the same effect upon the position of shaft as 
an increase in height of the liquid level and vice 

65 

versa. This error may be compensated by the 
arrangement shown in Fig. 6d. So that the accuracy 
of the readings is independent of temperature. 
The Wheatstone bridge W includes in one arm 
thereof the resistance R6 of material having a 
suitably high temperature coefficient, for example, 

75 

copper or nickel, and the other resistances 
R-R-9, of maganin or other metal of negligible 
temperature coefficient, are preferably so propor 
tioned, that the bridge is balanced for the lowest 
temperature to which the cable is subjected. For 
that temperature there is no flow of current 
through the resistance RO which is in One con 
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jugate arm of the bridge. However, as the ten 
perature increases the bridge becomes unbalanced 
and more and more current flows through re 
sistance Rio. The contact CO adjustable along 
this resistance is suitably mechanically connected, 
as generically indicated by the dotted line, to the 
float system so that the contact is moved from 
one end of the resistance to the other for move 
ment of the float from one extreme of its range 
to the other. Therefore the position of the con 
tact from the point N is proportional to the active 
length of cable between the float and the pulley 
62, and the drop of potential between the point N 
and contact CO is proportional to the unbalance 
of the bridge, or temperature, the conductor 4 
of the link circuit, instead of being connected 
directly to the point N as in Fig. 1, is connected 
to the contact CO of resistance Re so that the 
potential difference between the conductors 4 
and 4', which is impressed upon the receiving slide 
Wire, is the algebraic Sum of the voltages between 
the point N and contact CO, and between point 
N and contact C or C2 depending upon which of 
the latter two is in circuit; i.e., the total voltage 
impressed on the transmitting end of the link 
circuit includes as a component a voltage pro 
portional to temperature and the active length of 
cable. 

Referring to Fig. 7, which illustrates another 
system utilizing the invention, when the contacts 
63, 64 are in the position indicated, in engage 
ment with contacts 65, 65, the circuit is sub 
stantially the same as in Fig. 3 and the same 
reference characters are used to identify like 
elements of the system; when contacts 63, 64 are 
in their upper position in engagement with con 
tacts 6, 68, the slide wire S5 is substituted for 
the slide wire S, i. e., the two arms of the bridge 
at the transmitting end are then comprised of 

This system is adapted for use with the arrange 
ment shown in Fig. 6 in which slide wire S5 makes 
One revolution for the total travel of float 30 and 
shaft of slide wire S makes several revolutions. 
With contacts 63, 64 in their upper position the 
bridge is balanced roughly to determine the posi 
tion of float 30; i. e., to ascertain whether it is 
between say the limits 30 and 40 feet or between 
10 and 20 feet; and with the contacts 63, 64 
in the lower position, the location of the float 
within those limits is precisely determinable. 

Preferably, to minimize the number of wires 
between the transmitting and receiving stations, 
contacts 63, 64 are located at the transmitting 
station and their change Over is effected from or 
at the receiving station by utilizing the link cir 
cuit conductors. Specifically, the polarized relay 
69 is included in the conjugate lead 4, and its 
armature 70 is suitably mechanically connected 
to contacts 63, 64 to move them into engagement 
with contacts 65, 66 when energized by current of 
one polarity and to return to engagement with 
contacts 67,68 when energized by current of oppo 
site polarity. 
The arrangement at the receiving station for 

effecting operation of the relay may be similar 
to that described and claimed in Wunsch appli 
cation Serial No. 560,152. Specifically, when the 
reversing switch 7 operable by handle - is in 
the position shown with its contact 72 bridging 
the contacts 73, 4 and its contact 72'bridging 
the contacts 76 and 77, current from battery B3 
flows through relay 69 in one direction, and when 
the handle is operated so that the contact 73 
is connected to contact 76 and contact 74 to 
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contact 77, current flows from battery B3 through 
the relay in opposite direction. Therefore by 
manipulation of handle 7 at the receiving 
station, either slide wire S5, or slide wire S may 
be included in circuit at will; a suitable legend 
associated with handle' indicating the signifi 
cant positions. To protect the galvanometer G 
from the relatively heavy relay-energizing cur 
rent from battery B3, it is shunted or cut out of 

l0 circuit by contact structure 75 operable by knob 
' concurrently with operation of the reversing 

switch T. when contacts 72, 72 are in their neutral or 
non-bridging positions, the galvanometer is in 
circuit for determination of the position of con 
tact CT or of the contact structure of slide 
Wire. S, 
With an automatic recorder, such as shown 

in Fig. 4 the operation of switches 7 and 75 may 
20 be effected intermittently by cams, or other suit 

able structure, driven from the shaft 24. For 
: this type of system, the recorder may be of the 
two point type, such as disclosed in the afore 
said Leeds patent, to distinguish the readings 
due to slide wire S5 from those of slide wire S. 
. The system of Fig. 8 is also suited for use with 
the arrangement of Fig. 6, or equivalent, to deter 
mine, the position of a float or of any member 
or structure capable of controlling the slide wires 

89 s5 and s in response to changes of condition 
under measurement. When the contacts 8, 9 
are in the position indicated, in engagement With 
contacts 80 and 8, the system in general is 
similar to Fig. 1, i. e., it is a potentiometer sys 
tem in which the transmitting slide wire is of 
extent greater than 360 to measure with pre 
cision fractions of a revolution of a member ca 
pable of more than 360° of movement, such as 
shaft of Fig. 6. When the contacts 8, 9 are 

40 in engagement with contacts 82,83 the side wire 
S5 is connected with the link circuit 4, 4', for 
determination of the integrated revolutions of 
shaft . a 
The movement of contacts 8, 7.9 may be ef 

45 fected by their mechanical connection to the 
star wheel 84 or equivalent, of the electromag 
netic step-by-step device 85 having coil 86 and 
armature 87. The coil 85 as indicated is in 
cluded in one of the conductors of the link cir 

50 cuit 4, 4' but, the feeble unbalance current of 
the network is insufficient to effect movement of 
the armature 87. 

For measuring, the contact 88 is in engage 
ment with contact 89; to effect actuation of the 

55 step-by-step device 85 to shift from slide wire 
S5 for measurement of integrated revolutions to 
slide wire S for measurement of the fractional 
revolution, or vice versa, contact 88 is mo 
mentarily moved into engagement with contact 

60 90 to connect battery B3 in circuit. Preferably 
contact 88 is mechanically connected to contact 
9 for closing a shunt circuit around galvanom 
eter G to protect it from the relatively heavy 
current from battery B3. In an automatic re 

65 corder, such as shown in Fig. 4 for example, con 
tact 88 may be actuated periodically as by a 
cam 92 driven from the shaft 24. 

For measuring either the position of contact 
C, or C1, Ca, the contact C3 of the receiving slide 

70 wire is connected to the link circuit through 
the movable contact 93 and contact sector 94 of a 
step-by-step device 95 whose coil 96 effects move 
ment of armature 97 when contact 88 is actuated 
to include battery B3 in circuit. Y 

75 The step-by-step devices 85 and 95 are syn 

chronized so that when contact 93 has moved 
into engagement with sector 98, the contacts 
8 and 19 are in engagement with contacts 99, 
90 which are connected across the terminals of the transmitting slide wires S and S5. There 

fore, the galvanometer G deflects if there is 
unbalance between the total available Voltages 
across the receiving and transmitting slide wires. 
Resistance R3 is adjusted, preferably automat 
ically by mechanism similar to that described in 
the aforesaid Leeds Patent 1,125,699, until bal 
ance is obtained. The receiving slide-wire is in 
effect recalibrated and there is no need of an 
operator or service man travelling to the trans 
mitting station for readjustment of resistance 
R2 to recalibrate because of variation in Voltage 
of battery B due to aging, etc. 

It is not necessary that the transmitting slide 
Wire S be divided into two sections in order to 
obtain measurements throughout a complete 
revolution or more. Referring to Figs. 9 and 10, 

O 

5 

20 

the slide wire S is comprised of a single con- . 
tinuous section, Suitably greater than 360° with 
its overlapping ends Se and SE suitably spaced. 
The contact structure therefor is divided into 
contact elements C and C2. Within the angle 
or Sector of overlap, the upper contact C, Fig. 
10, engages only the end sportion SE and the 
lower contact C2 engages only the lower end 
portion Se and preferably for substantially the 
remaining angle, both of the contacts engage the 
Wire which preferably, as shown, is helically 
WOlind on disk 8. 
The Switch 3, not shown in Fig. 10 for clarity, 

but constructed and operated as above described 
in connection with Fig. 2, transfers the connec 
tion to the link circuit from Ci to C2 before 
contact C passes beyond the end of overlapping 
Section SE for counter-clockwise movement of 
arm 8, and transfers from C2 to C before C2 
passes beyond overlapping section Se for clock 
wise movement of the arm. 
Operation of this modification can best be 

understood by consideration of the diagram of 
Fig. 9. It is first assumed that the contacts C, 
C2 are in the dotted line position, both in contact 
With the slide wire. The resistor R, in series 
with the slide wire is equal in magnitude to the 
resistance of the slide wire between contacts C, 
C2 so that the voltage drop between the point 
X and contact C is equal to the voltage drop 
between point Y and contact C2. (The con 
ductor between Y and the end Se of the slide 
Wire is of negligible resistance). 

Therefore within the region for which both 
contacts C and C2 are in engagement with the 
slide wire, the voltage impressed on the link cir 
cuit is the same regardless of which of the con 
tacts is connected by switch 3, since the transition 
from one to the other is accompanied by concur 
rent shift from point Xto point Y; i.e., when con 
tact 2 of Switch 3 is in upper position to connect 
Slide Wire contact C to conductor 4, contact. 2A of 
the Switch is in position to connect conductor 4 to 
point X to include the voltage drop across resistor 
Rf and when contact 2 of switch 3 is in its lower 
position to connect slide wire contact C2 to con 
ductor 4, contact 2A of switch. 3 is in position to 
connect conductor 4 to the point Y to exclude 
the voltage drop across resistor R. 
There is no position of arm B which cannot 

be determined at the receiving station, regardless 
of the number of revolutions of shaft 7 in either 
direction. The slide wire construction of Fig. 10 
can be substituted for the two section slide wire 
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6 
of any of the preceding modifications. It is of 
Course immaterial whether the contact structure 
C, C2 is rotatable and the slide wire disc 8 sta 
tionary Or vice versa. 
In all modifications, the transmitting slide wire 

is more than 360° in angular extent; the receiv 
ing slide wire if arcuate may be more or less than 
360, or it may be a straight wire or on a straight 
form; for automatic recording, the receiving slide 
Wire as indicated is usually circular and less than 
360°. 

For simplicity of explanation, batteries have 
been shown in Figs. 1, 3, 6a, 7, 8, and 9 as sources 
of current for the measuring network. It is to 
be understood however, that other sources of cur 
rent, direct or alternating, may be used. In the 
modifications using polarized relays batteries B2, 
(Fig. 5) B3 (Fig. 7) are generically illustrative of 
any direct current source, 
In the potentiometer system shown in Fig. 11, 

the two overlapping sections S, S2 of slide wire 
S are connected in series, as by conductor Cs of 
negligible resistance, instead of in shunt to each 
other, as in FigS. 1 and 2 for example. The resist 
ance R3 is included and excluded from circuit 
insofar as impression of its voltage drop upon the 
link circuit is concerned concurrently with 
changeover from contact C2 to C and vice versa. 
The resistances R3 and R2 are of such magni 
tude that the drop of potential across each of 
them is equal to difference in potential between 
points 30 and 90 of either side Wire Section. The 
changeover from contact C to C2 or vice versa. 
within the range 30-90 does not therefore require 
Or effect movement of contact C3 since the con 
current inclusion or exclusion of fesistance R3 
by contact 2a of switch 3 produces a voltage 
change equal and opposite to that produced by 
the changeover. In general, the resistance R3 
has the same purpose as resistance R. of Fig. 9. 
The movement of contact structure C relative 

to slide wire S is effected by changes in the condi 
tion under measurement, and as in all other modi 
fications, there is no position of the contact struc 
ture which does not permit balance of the net 
Work regardless of the direction or number of 
revolutions. 
The modifications shown in Fig. 12 is for use 

with alternating current. The slide wire SS or 
voltage-dividing impedance is comprised of two 
coils SS and SS2, shown for simplicity as wound 
On Separate cores of magnetic material, which 
coils are the equivalent of the slide wire sections 
S1, S2 of Fig. 1 and other modifications. The 
discontinuities between the terminals of the coils 
are staggered so that at least one or the other of 
the contacts C, C2 of the movable contact struc-, 
ture is at all times in engagement with the slide 
wire. As in the other modifications switch 3 is 
operated to ensure connection to the receiving 
slidewire S3 for all settings of the transmitting 
Wire, P 

The energizing current for the receiving side 
wire is supplied by transformer BBf for example. 
Current for the transmitting slide wire is sup 
plied by transformer BB. The proper potentials 
for the terminal 90 of coll SS and terminal 30 of 
coil SS2 may be obtained from the taps t, it? of 
the secondary of transformer BB. 
Although the coils are shown in parallel, they 

may be connected in series as in Fig. 10. The . 
responsive structure selectively to connect one or inductive type of slide-wire may also be used in 

the Wheatstone bridge circuit of Fig. 2. 
The mode of operation for any of these ar 

2,078,948 
rangements will be understood from the detailed 
description of the operation of the preceding ar 
rangements. 
While I have disclosed specific modifications of 

my device and illustrated and described certain 
uses thereof, it is to be understood that my in 
vention is not limited thereto but is co-extensive 
in scope with the appended claims. 

For brevity, the term slide-wire as used in the 
claims is generic to a voltage-dividing impedance 
consisting substantially entirely of resistance or 
of reactance, or having any desired ratio of re 
actance to resistance. 
What I claim is: 
1. An electrical measuring System comprising 

a transmitting station, a receiving station, a link 
circuit between said stations, a slide wire at said 
transmitting station extending more than 360° 
and having a low potential portion overlapping 
a higher potential portion, contact structure hav 
ing contact elements for engaging said slide wire, 
One of Said elements engaging said low potential 

tial portion, structure responsive to changes of 
a condition for effecting relative rotation of said 
slide wire and contact structure of more than 360°, 
and Switching means for selectively connecting 
One or the other of Said contact elements to said 
link circuit. 

2. An electrical measuring system comprising 
a transmitting station, a receiving station, a link 
circuit between said stations, a slide wire at said 
transmitting station extending more than 360° 
and having a low potential portion overlapping 
a higher potential portion, contact structure hav 

10 

portion while the other engages said high poten 

30 

ing contact elements for engaging said slide wire, 
One of Said elements engaging said low potential 
portion while the other engages said high poten 
tial portion, structure responsive to changes of 
a condition for effecting relative rotation of said 
slide wire and contact structure of more than 
360, and Switching means operated by said re 
sponsive structure selectively to connect one or 
the other of Said contact elements to said link 
circuit. 

3. An electrical system for determining all po 
sitions of a member capable of more than 360° 
of movement comprising a slide wire having an 
angular extent of more than 360, contact struc 
ture therefor mechanically coupled to said mem 
ber and having contact elements constructed and 
arranged individually to engage the overlapping 
portions of said slide wire, a receiving slide wire 
less than 360 in angular extent, a transmis 
sign circuit between said slide wires, and switch 
ing means for selectively connecting one or the 
other of said contact elements to said transmis 
Sion circuit. 

4. An electrical measuring system comprising 
a transmitting station, a receiving station, a link 
circuit between said stations, a slide wire at said 
transmitting station extending more than 360° 
and having a low potential portion Overlapping 
a higher potential portion, contact structure hav 
ing contact elements for engaging said slide wire, 
One of said elements engaging said low potential 
portion while the other engages said high po 
tential portion, structure responsive to changes 
of a condition for effecting relative rotation of 
said slide wire and contact structure of more 
than 360°, switching means operated by said 

the other of said contact elements to said link 
circuit, including a lost motion connection to 
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avoid repeated operation of said switching means 
for Oscillation of said responsive structure within 
a narrow range of movement. 

5. An electrical measuring system comprising 
a receiving potentiometer, a transmitting poten 
tiometer, a link circuit between said potenti 
ometers, said transmitting potentiometer com 
prising a slide-wire of more than 360° in angular 
extent, and having overlapping end portions, 
contract structure therefor having contact ele 
ments constructed and arranged individually to 
engage said end portions, structure for moving 
said contact structure for more than 360°, and 
switching means for selectively connecting One 
or the other of Said contact elements to said link 
circuit. 

6. A electrical measuring system comprising 
a Wheatstone bridge having two arms at a trans 
mitting station and two arms at a receiving sta 
tion, said transmitting arms comprising a slide 
wire of more than 360 in angular extent and 
having overlapping end portions, contact struc 
ture therefor having contact elements con 
structed and arranged individually to engage said 
end portions, structure for moving said contact 
structure for more than 360°, and Switching 
means for selectively connecting one or the other 
of Said contact elements to a conjugate conductor 
of the bridge extending between said stations. 

7. An electrical measuring system comprising 
a slide-Wire having arcuate sections of less than 
360 staggered to complete more than 360°, con 
tact structure therefor comprising contact ele 
ments Constructed and arranged individually 
to engage said different sections to effect contin 
uous contact between said slide wire and said con 
tact structure, a transmission circuit, and switch 
ing means for Selectively connecting One or the 
Other of said contact elements to said trans 
mission circuit. 

8. An electrical measuring System comprising 
a slide-wire having arcuate sections of less than 
360 staggered to complete more than 360°, con 
tact structure therefor comprising contact ele 
ments constructed and arranged individually to 
engage said different sections to effect continuous 
contact between said slide wire and said contact 
structure, a transmission circuit, means for effect 
ing relative movement of said slide wire to said 
contact structure of more than 360°, and means 
for effecting connection of said slide wire to said 
transmission circuit for all relative positions of 
said contact structure comprising Switching 
means, Operated by said first means for trans 
ferring connection of said transmission circuit 
from a contact approaching a gap of its slide-wire 
section to a contact engaging a slide wire section 
bridging said gap. 
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9. An electrical measuring system comprising 
a slide wire having sections of less than 360' 
staggered and overlapping to complete more than 
360°, contact structure therefor comprising con 
tact elements constructed and arranged individ 
ually to engage said different Sections, means for 
effecting rotation of said contact structure for 
more than 360, external circuit Connections di 
rect to the high potential end of One section and 
to the low potential end of the other section, an 
impedance between the high potential ends of 
said sections, an impedance between the low po 
tential ends of said sections, said impedances be 
ing of such magnitude that within the region be 
tween the low potential end of said second sec 
tion and the high potential end of Said first Sec 

7 
tion, said contact elements are at the same po 
tential. 

10. An electrical measuring System comprising 
a potentiometer slide wire having sections of less 
than 360° staggered and overlapping to complete 
more than 360°, contact structure therefor com 
prising contact elements constructed and ar 
ranged individually to engage said Sections, . 
means for effecting rotation of said slide wire 
relative to said contact structure of more than 
360°, a source of current, connections for con 
necting said sections in parallel across Said 
Source, and resistances connected respectively 
between the high potential end of One section 
and one terminal of Said Source and between the 
low potential end of the other section and the 
other terminal of said source, said resistances 
being of such magnitude that said contact ele 
ments for a substantial part of 360° are at the 
same potential. 

11. An electrical measuring System comprising 
a Wheatstone bridge slide-wire having Sections 
of less than 360° staggered and overlapping to 
complete more than 360°, contact structure there 
for comprising contact elements constructed and 
arranged individually to engage said sections, 
means for effecting rotation of Said side wire rel 
ative to said contact structure of more than 360, 
connections for connecting Said Sections in par 
allel between conjugate points of Said bridge, and 
impedances included respectively in the connec 
tion from the high end of one section to one of 
said conjugate points and in the connection from 
the low end of the other section to the other of 
said conjugate points, and of such magnitude 
that said contact elements are at the same po 
tential for a substantial part of 360°. 

12. An electrical measuring system compris 
ing a transmitting System including a slide wire 
at said transmitting station of angular extent 
greater than 360°, contact structure therefor, ro 
tatable structure for effecting relative rotation 
of said slide Wire and contact structure of more 
than 360, a receiving system comprising a slide 
wire at said receiving station connected to said 
first slide wire for determining at Said receiving 
station the position of said rotatable structure 
within a complete revolution, and means at said 
receiving station operated by means included in 
one of said systems to integrate the revolutions 
of said rotatable structure. 

13. An electrical measuring System comprising 
a transmitting station, a receiving station, a link 
circuit between Said stations, a slide ire at Said 
transmitting station having an angular extent in 
excess of 360°, contact structure therefor includ 
ing contact elements one or the other of which 
engages said slide wire depending upon the rel 
ative position of said slide wire and contact struc 
ture, rotatable structure for effecting relative 
movement of said slide wire and contact struc 
ture of more than 360°, switching means oper 
ated by said rotatable structure to effect transfer 
of a link circuit connection from one of said con 
tact elements to the other at predetermined po 
sitions of said contact structure, a self-balanc 
ing recorder at Said receiving station, a reversible 
step-by-step device at Said receiving station, and 
means for controlling said device to integrate the 
revolutions of said rotatable structure. 

14. An electrical measuring system comprising 
a transmitting station, a receiving station, a link 
circuit between said stations, a slide wire at Said 
transmitting station having an angular extent 
in excess of 360, contact structure therefor in 
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8 
cluding contact elements One Or the other of 
which engages said slide wire depending upon 
the relative position of said slide wire and con 
tact structure, rotatable structure for effecting 

5 relative movement of said slide wire and con 
tact structure of more than 360, switching means 
operated by said rotatable structure to effect 
transfer of a link circuit connection from one of 
Said contact elements to the other at predeter 

10 mined positions of said contact structure, a self 
balancing recorder at said receiving station, a 
reversible step-by-step device at said receiving 
station, and Switching devices operated selec 
tively by said rotatable structure in accordance 

5 with its direction of rotation and for each com 
plete revolution to control said step-by-step de 
vice for integration of the revolutions of said 
rotatable structure. 

15. An electrical measuring system comprising 
20 a slide-wire having arcuate Sections of less than 

360° staggered to complete more than 360°, con 
tact structure therefor comprising contact ele 
ments adapted to engage said different sections, 
a source of current, means for connecting said 

25 Sections in series to Said Source of current, a 
transmission circuit, and switching means for 
selectively connecting one or the other of said 
contact elements to said transmission circuit. 

16. An electrical telemetric system comprising 
30 a transmitting system including a transmitting 

element capable of unlimited revolutions in either 
direction, and means controlled thereby to pro 
duce an electrical effect whose magnitude is 
uniquely. representative of the displacement of 

8 said structure for more than 360°, a receiving sys 

8,078,948 
tem including means responsive to said effect for 
determination of the displacement of said mem 
ber, and a link circuit of not more than three 
conductors for connecting said transmitting Sys 
tem to said receiving system. 

17. An electrical telemetric System comprising 
a transmitting system including a transmitting 
element capable of unlimited revolutions in either 
direction, and means controlled thereby to pro 
duce an electrical effect whose magnitude is 
uniquely representative of the displacement of 
said structure for more than 360°, a receiving Sys 
tem including means responsive to said effect, 
structure controlled by said responsive means to 
indicate the position of Said element and having 
a limited range of movement, and a link circuit of 
not more than three conductors for connecting 
said transmitting system to said receiving system. 

18. An electrical telemetric system Comprising 
a transmitting system including a transmitting 
element capable of unlimited revolutions in either 
direction, and means controlled thereby to pro 
duce an electrical effect whose magnitude is 
uniquely representative of the displacement of 
said structure for more than 360, a receiving sys 
tem including means responsive to said effect, 
structure controlled by said responsive means to 
indicate the position of said element and having 
a limited range of movement, a link circuit of 
not more than three conductors for connecting 
Said transmitting system to said receiving system 
and integrating means controlled by said struc 
ture to integrate the revolutions of said element. 

WILLIAM R. SCHOFTELD, JR. 
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