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5 Claims. (Cl. 201—55) 

The present invention relates to continuously adjust 
able voltage dividers, and, more particularly, to voltage 
dividers developed for use with polyphase alternating 
current systems, whereby smooth transitions between the 
instantaneous voltages of the respective conductors may 
be attained. 

Heretofore there has been no satisfactory simple ap 
paratus for accomplishing this result, for ordinarily a 
usable device for this purpose would ‘require a large 
number of series-connected resistors of the voltage di 
vider type to give the required continuous variation 
through the multiple phases over and over again in 
proper order of succession. 
A principal object of this invention, therefore, is to 

provide a simple and reliable polyphase voltage divider. 
Another object is to provide a polyphase voltage di 

vider that can be made very compact without losing its 
smoothness of voltage control. 
To provide a polyphase voltage control whereby vari 

ous rates of variation may be secured by radially shift 
ing the location of a contact element that slidingly con 
tacts the resistor of the voltage divider, is another main 
object of this invention. 
A still further object of the invention is to provide 

a polyphase voltage divider having a plurality of inde 
pendent voltage divider sections, each having an indi 
vidual contact element that is likewise adjustable inde 
pendently of any other contact element. 

Other objects and many of the attendant advantages 
of this invention will be appreciated readily as the same 
becomes understood by reference to the following de 
tailed description, when considered in connection with 
the accompanying drawings, wherein: 

Fig. 1 is a face view of the multiple resistor of an ad 
justable voltage divider, embodying the invention; 

Fig. 2 is a cross-section taken along line 2—2 of 
Fig. 1; 

Fig. 3 illustrates a multi-tap resistance potentiometer 
equivalent to the arrangement shown in Fig. 1; 

Fig. 4illustrates the potentiometer of Fig, 3 connected 
in a three-wire delta arrangement; 

Fig. 5 illustrates a vector diagram for the arrange 
ments shown in Figs. 3 and 4; 

Fig. 6 illustrates graphical representations of theoreti 
cal phase error angle versus mechanical motion in equiva 
lent electrical degrees of the pick-off for three and four 
phase excitations; 

Fig. 7 illustrates the graphical representation of elec 
trical phase angle versus mechanical angle for a typical 
segment of section 12 of the potentiometer arrangement 
shown in Fig. 1; 

Fig. 8 shows the graphical representation of theoreti~ 
cal output voltage versus electrical phase angle for an 
arbitrary selected value of maximum pick-off voltage 
measured with respect to ground of two (2) volts; 

Fig. 9 shows a graphical representation of output volt 
age versus electrical phase angle for a typical segment 
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of section 12 of the potentiometer arrangement illustrated 
in Fig. 1; 

Fig. 10 illustrates a graphical representation of output 
voltage versus electrical phase angle for another typical 
segment of section 12 of the potentiometer arrangement 
in Fig. 1; 

Fig. 11 illustrates a graphical representation of lobe 
pattern as a function of mechanical motion of section 12 
of the potentiometer arrangement of Fig. 1; and 

Fig. 12 illustrates a graphical representation of a lobe 
pattern as a function of mechanical motion for sec 
tion 16 of the potentiometer arrangement of Fig. l. 
The device is designed to be used with a star-con 

nected polyphase power system, having a neutral return 
conductor. The voltage divider has a characteristic 
repetition pattern of conducting lines, each interval of 
which has the same number of lines as the number of 
phases of the power system. Thus in the present case, 
designed for use with a three-phase power source, there 
are three lines in each interval. Consequently the fourth, 
?fth and sixth lines are electrically connected with the 
?rst, second and third line, respectively, and so on, the 
third line following any given line thus representing the 
same conductor of the three-phase power supply mains. 
As the voltage divider is to be used in apparatus where 

in space is extremely limited, it must be made as small as 
is consistent with adequate performance, and hence the 
lines must be spaced closely, which in turn requires that 
the width of each line should be as small as is readily 
feasible, and that the lines he placed as nearly uniformly 
as possible. For example, in one type of voltage di 
vider wherein the conductors are carried by a Bakelite 
disk having a diameter of three inches, the lines do not 
exceed 0.002" in width and are positioned within a maxi 
mum tolerance of 0.0005". 
The conducting lines mentioned above are preferably 

metallic and advantageously may consist of silver. They 
may be applied to the surface of the Bakelite disk in 
any suitable way, for example, by printing, of the kind 
used in printed radio circuits. The lines, however, form 
merely the underlying network which is covered by a 
uniform coating of resistance material. This is prefer 
ably of a relatively high-resistance type, having a value 
exceeding 50,000 ohms per square. Such high value is 
chosen because of the close spacing of the conductive 
lines, which otherwise would produce undesirably low 
resistances between consecutive lines. 

Referring now to Fig. 1 for a detailed description of 
the invention, there is shown a circular disk 10 made of 
insulating material having suitable mechanical character 
istics. It has been found, for example, that Bakelite 
and certain other synthetic resins are satisfactory for the 
purpose. In section 12 of the disk 10 there are several 
sets of parallel conducting lines, while sections 14 and 
16 have sets of convergent conducting lines. 

In section 12, the ?rst conducting line 18 at the left is 
connected through a heavier conductor 20 to a projection 
22 of an innermost bus bar 24 which is shown as circular 
with projections 22 and 26 extending therefrom to facili 
tate making connections thereto. Counting to the right 
and in the clockwise direction in section 12, the fourth 
conducting line 27 is, likewise, electrically connected to 
projection 22 through the conductor 28, and so on pro 
gressively, with the result that every third line after 
conducting line 27 of the parallel series is connected to 
the bus bar 24. An enlargement of bus bar 24, shown 
at 29, connects through to the other face 30 of the disk 
10 to a preferably silver slip ring 31 which will be de 
scribed presently. The connection is made through a 
hole 32 ?lled with silver paste. 
The second of the parallel conducting lines of section 12 

is designated as 33 and it is connected electrically through 
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a heavier conductor 34 to the outermost bus bar 36 
which is, likewise, of general circular shape, and has a 
tab 37 extending inwardly for connection to a second 
silver slip ring 38 on the other face 30 of disk 10. This 
connection to slip ring 38 is made through a silver paste 
?lled post 39. The line 33, like line 18, is also the ?rst 
member of a series of parallel lines, comprising this line 
33 and every third line to the right therefrom so that 
beginning with line 33 every third line therefrom is con 
nected electrically to the bus bar 36. 

Finally, the third conducting line 40 at the left of 
section 12 is connected by a heavier conductor 42 toa 
third bus bar 44 which includes a series of projections 46 
between the successive conductors of the series 34 that 
connects to bus bar 36. The projections or lugs 46 are 
insulated from bus bar 36, but are all individually con 
nected to a third slip ring 48 on face 30 by silver paste 
?lled posts in the form of a pin, such as indicated by 50. 
As in the other series, starting with line 40 every third 
line therefrom and counting to the right, is connected to 
the adjacent lug 46, and these lugs 46, in turn, are all 
connected to a third silver slip ring 48 on the other face 
30 of the disk 10. 

It will be seen that section 12 has now been described 
as comprising a series of parallel conductors, connected in 
regular order to the three bus bars 24, 36, and 44. 
The ?rst conducting line 54 in the converging series of 

conducting lines in section 14 at the left is connected 
through a heavier conductor 56 to the outermost bus bar 
36. Counting to the right, that is in the counterclock 
wise direction, in section 14, the fourth conducting line 
58, likewise, is electrically connected to bus bar 36 through 
a heavier conductor of the type indicated by 56, and so 
on progressively, with the result that every third con 
ducting line to the right from line 58 of the converging 
series is connected to the bus bar 36. 
The second conducting line 60 of the converging series 

of lines of section 14 is electrically connected through a 
heavier conductor 62 to bus bar 24. Beginning with 
line 60, every third line thereafter, moving to the right, 
is connected through a heavier conductor to bus bar 24. 

In section 14, the third conducting line 64 of the series 
of converging lines, and every third line thereafter, is 
electrically connected to the third bus bar 44 through lugs 
or projections 65 and heavy conductors, such as 66. 

All three sets of conducting lines, as previously indi 
cated for the conducting series in section 12, are connected 
to their respective slip rings 38, 31, and 48 on face 30 
of the circular disk 10. 
The conducting lines 67, 68, and 70 in section 16 are 

connected in the same manner as the lines 54, 60 and 64, 
in section 14. Each third line thereafter from lines 67, 
68, and 7t) (counting to the right) is connected like 
in section 14. It is to be pointed out that the number 
of contacts and lines in section 16 does not necessarily 
have to be of the same number as the contacts and lines 
in section 14. 

It is to be noted further that the lines of section 14, 
such as 54, 60, and 64, as well as the lines 67, 68, and 
70, do not converge at the center 72 of the circular disk 
10, but at different off-center points, such as indicated 
by 74 and 76. As will be presently pointed out, this is 
done so that a contactor located a greater radial distance 
from the center 72 of the circular disk 10, will contact a 
smaller number of lines, such as 54, 60, and 64, than 
a contactor located at a shorter radial distance from 
the center 72 of the circular disk 10, for the same angular 
movement of the contactors. 

In each section, namely sections 12, 14, and 16, a suit 
able resistance material, such as carbon in graphite form, 
is deposited or printed in uniform thickness on the sur 
faces 78, 80, and 82 of disk 10 so as to embed all the 
conducting lines, such as 18, 33, 40, and 27 in section 
12, lines 54, 60, and 64 in section 14, and lines 67, 68, 
and 70 in section 16, and so forth in each section, and 
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also to offer the necessary resistance between the sets of 
conducting lines. 

There is one major difference between the arrangement 
of the conducting lines in section 14, and the conducting 
lines of section 16. In sections 14 and 16, it is to be 
observed that the angular spacings between conducting 
lines, such as 54 and 60, or 60 and 64, and so on, in 
section 14, are greater than the angular spacings between 
conducting lines, for example, 67 and 68 or 68 and 70, 
and so on, in section 16. The conducting lines of these 
sections 14 and 16 have been arranged in this manner 
so as to give a difference in the proportionality constant 
(that is a variable gyro compensation factor of angular 
rate to phase). Thus, with the wider angular spacings in 
section 14, a smaller phase change is obtained with a ?xed 
angular rate than is obtained for section 16 which con 
tains the closer angular spacings of conducting lines. 

Scales 84, 86, and 88, corresponding to various values 
of a gyro compensation factor, are provided as indicated. 

In section 12, the parallel conducting lines have been 
arranged so that the gyro compensation factor (or pro 
portionality constant) varies as the cosine of the angle 
measured between a vertical line passing through the 
center of the section 12 and the center 72 of circular disk 
10, and the instantaneous position or location of a con 
tactor or pointer, that is, a line passing through the loca 
tion of the contactor and the center 72 of circular disk 10. 

In the converging sections 14 and 16, the change in 
phase angle is linear with the change in angle. Thus, 
for example, in section 14, the phase angle at conducting 
line 54 would correspond to 0° phase angle, at conduct 
ing line 60 to 120° phase angle, at conducting line 64 to 
240° phase angle, and at conducting line 58 to 360° or 0° 
phase angle, and will thus repeat thereafter as previously 
indicated. Thus between conducting lines 54 and 60, 
the phase angle changes 120°. Half way between these 
two conducting lines 54 and 60, the phase angle would be 
60°. By means of this arrangement in sections 14 and 
16, the phase that the signal is deviated from the reference 
signal will, therefore, be directly proportional to the 
rate of change of angular position. 
The multi-tap, phase shifting potentiometer thus de~ 

scribed can be utilized for possible use as the free gyro 
take-off element in the phase follow-up scanning inter 
ferometer system. It is one of the properties of such a 
take-off element that a small angular motion of the gyro 
will produce a 360° phase shift in output signal. An 
other property is that the angular rnotion-output phase 
relationship will be a continuous and essentially linear 
function over discrete regions of the potentiometer. An 
other important advantage of the system described so 
far is that certain non-linear compensation factors can 
be introduced over a relatively broad region of the po 
tentiometer. 

Brie?y reviewing the potentiometer described in detail 
above, it comprises a gridwork of ?ne silver ?laments, 
such as 18, 33, and 40, and the like applied to a Bakelite 
disk 10 and overlaid with a thin coating of resistance ma 
terial, such as graphite. The pick-off for the potentiom 
eter is merely a contact button which slides over the re 
sistance material, and is constrained radially at a point 
corresponding to the center 72 of disk 10. 
The various ?laments or conducting lines, such as 18, 

33 and 40, are energized by a three phase A. C. source so 
that, as previously pointed out, adjacent conducting lines 
carry voltages which differ in phase by 120", that is, in 
sequence: 0°, 120°, 240°, 0°, 120°, and 240°. ’ 
With the resistance material overlay, such as deposited 

in the areas 78, 80, and 82, on the conducting lines or 
?laments, this assembly becomes equivalent to a multi 
tap, resistance potentiometer as shown in Fig. 3. It is 
at once apparent that each set of four (4) ?laments or 
conducting lines 94, 96, 98, and 100 constitutes a delta 
connected resistance load. Since the conducting lines 
94 and 100 are energized by identical phase voltage, it 



2,717,942 
55 

is obvious that these two points coincide electrically and 
thus close the delta. The equivalent circuit of Fig. 3 is 
shown in Fig. 4. The value of resistance in each leg 
104, 106, or 108 of the delta 102 is the paralleled sum of 
all ?lament to ?lament or conducting line to conducting 
line resistances representing that particular leg. 
The pick-off 109 is used to measure the pick-off phase 

and voltage with respect to ground 110, thus the A. C. 
voltage source or transformer secondary which feeds the 
potentiometer should be connected center grounded Y. 

In Fig. 5, there is shown a vector diagram 112 for the 
potentiometer and pick-01f voltages and their respective 
phase angles. As mentioned above, the variation of ¢ 
or phase angle is essentially linear with variation of 13 
or mechanical angular motion of the pick-off, at least 
over small areas of the potentiometer. 

Theoretically, this is not strictly possible with three 
phase excitation. From the vector diagram in Fig. 5, it 
can be shown that 

Jan“ #55’ 

where 
¢=electrical phase angle of voltage E’, degrees. 
?’zmechanical angular motion of pick-off in equivalent 

electrical degrees. 
?zmechanical angular motion of pick-off in mechanical 

degrees. 
E=phase to phase voltage of potentiometer. 
E'=pick-o? voltage with respect to ground. 

It is of interest to examine the quantity ¢—?’, which 
is called the phase error, e, since its value will indicate 
any deviation from the desired linearity. The phase 
error is thus: 

V35, ) / __ -1 H _ E _ 6 tan 2400 36,’ 5 q (2) 

This function repeats every 120° in [3’. Fig. 6 shows 
graphical representations 114 and 116 of e versus p3’, as 
given in Equation 2 above for three (3) phase and four 
(4) phase excitations. It will be noted that an error in 
electrical phase up to 111° will exist for certain values 
of ,8’. (As an average value for the potentiometer, an 
error of 11° in electrical phase corresponds to about 
‘A; ° in mechanical angle ,8). 
The curve 120 in Fig. 7, showing 45 versus ,8, was 

plotted from experimental data taken from a typical 
segment of the potentiometer. The deviation from 
linearity which is apparent from the curve 120 is in good 
agreement, at least within the limits of accuracy inherent 
in the measuring technique employed, with the theoreti 
cal deviation which could be expected. 
From the same vector diagram 112 of Fig. 5, it is pos 

sible to show that the amplitude of the pick-off voltage 
with respect to ground 110 is given by the relation 

El ,_ max 

E *2 sin (150_¢) Eq' (3) 

a function which repeats every 120° in 4b. Curve 124 of 
E’ vs. ¢ is shown plotted in Fig. 8 for an arbitrarily se 
lected value of E’max. Actual pick-off voltage as a func 
tion of phase shift for two typical segments of the poten 
tiometer is shown by curves 126 and 128 of Figs. 9 and 
10. 

It is well to point out that four phase excitation reduces 
the theoretical maximum phase errors by a factor of 
nearly three and also reduces the magnitude of the volt 
age amplitude ?uctuations. The theoretical phase error 
that might be expected with four phase excitation is 
shown by curve 116 of Fig. 6 for comparison with three 
phase excitation. 
As mentioned previously, it is desirable to introduce 

certain compensation factors into the 45, [3 relationship. 
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Referring now to section 12, Fig. 1, the potentiometer 
was so designed that 

(it) 36% 
_ This relation describes the interferometer lobe pattern 
in space, where )t is the radiation wave length and d the 
antenna horn spacing. By varying the pick-off radius, 
it is possible to change the A/ d ratio through certain limits. 
Fig. 11, showing a curve 132 of 6 versus iq?/ 360, was 
plotted from experimental data and agrees closely with 
Equation 4. 

Sections 14 and 16 of the potentiometer were designed 
to produce a nearly linear ¢, {3 relationship, and still 
provide for Md alteration through a variable pick-off 
radius arm. Experimental results plotted for section 16, 
Fig. 12, show a curve 138 such that the relation is linear 
out to the region 5::30“. Almost similar results could 
be expected from section 14 of the potentiometer as pre 
viously described. 

Obviously many modi?cations and variations of the 
present invention are possible in the light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims the invention may be 
practiced otherwise than as speci?cally described. 
What is claimed is: 
1. A continuously adjustable polyphase voltage di 

vider resistor, comprising, a base having at least two 
faces, a plurality of sets of conductive elements lo 
cated on the ?rst of said two faces, the conductive 
elements of respective sets being arranged in regular 
recurrent sequence with respect to each other, each 
set including elements connected electrically to each 
other, resistance material distributed over the ?rst face 
of said disk and in contact with said conductive elements, 
a plurality of slip rings corresponding in number to said 
plurality of sets of conductive elements, said slip rings 
being located on the second face of said two faces, means 
for connecting each set of conductive elements to a sep 
arate slip ring, and contact means bearing on said re 
sistance material, said contact means being arranged to 
be shifted toward and away from the center of said base. 

2. A continuously adjustable polyphase voltage divider 
resistor, comprising a base having at least two faces, a 
plurality of sets of conductive elements located on the 
?rst of said two faces, the conductive elements of respec 
tive sets being arranged in regular recurrent sequence 
with respect to each other, said conductive elements in 
each set being substantially parallel and evenly spaced, 
each set including elements connected electrically to each 
other, resistance material distributed over said ?rst face 
of said disk and in contact with said conductive elements, 
a plurality of slip rings corresponding in number to said 
plurality of sets of conductive elements, said slip rings 
being located on the second face of said two faces, and 
means for connecting each set of conductive elements to 
a separate slip ring. 

3. A continuously adjustable polyphase voltage divider 
resistor, comprising, a base having at least two faces, a 
plurality of sets of conductive elements located on the 
?rst of said two faces, the conductive elements of respec 
tive sets being arranged in regular recurrent sequence 
with respect to each other, with the conductive elements 
in each set being angularly arranged and substantially 
evenly spaced with respect to each other so as to con 
verge to a common center, each set having elements 
connected electrically to each other, resistance material 
distributed over said second face of said two faces of 
said disk in contact with said conductive elements, a 
plurality of slip rings corresponding in number to said 
plurality of sets of conductive elements, said slip rings 
being located on the second face of said two faces, means 
for connecting each set of conductive elements to a sep 
arate slip ring, and contact means bearing on said re 
sistance material, said contact means being arranged to 

B= isin-l Eq. (4) 
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be shifted toward and away from the center of said base. 
4. An arrangement as set forth in claim 3, wherein the 

conductive elements of each set converge to a center other 
than the center of said base. 

5. An arrangement as set forth in claim 3, wherein said 
contacts can be moved in a curved path in addition to 
being shifted toward or away from the center of the base 
of said resistor. 
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