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The invention relates generally to electrica 
resistances and the process of making same and 
in particular has reference to resistances which 
embody a compact mass of resistance material as 
distinguished from resistances utilizing a wire or 
Similar resistance material. 
An object of the invention resides in the pro 

vision of an improved electrical resistance by a 
novel process, which resistance is durable, wear 
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resisting, is not materially affected by tempera 
ture Or humidity variations, which permanently 
retains its original resistance characteristics 
and in Operation does not create electrical noise. 
Another object is to provide a novel process of 

producing resistances whereby uniformity of the 
resistances within a very narrow tolerance limit 
may be obtained. 
A further object is to provide a process which 

embodies the step of combining a strip of re 
Sistance material with a mass of electrically de 
posited resistance material to form a complete 
resistance element having predetermined resist 
ance characteristics. 
Another object is to provide a novel. process 

which embodies the step of electrically produc 
ing a resistance mass having predetermined 
characteristics throughout various portions of 
its area. 

Still another object of the invention is to pro 
vide a novel process of electrically producing a, 
mass of resistance material in such manner that 
the thickness of the mass is tapered from one 
edge to an Opposite edge With a carefully con 
trolled variation in thickness so as to adapt the 
mass of resistance material for use in an electri 
Cal resistor having non-linear resistance chair 
acteristics. 

40 

45 

In conjunction with the foregoing, another 
object is to produce Such a mass by electro-depo 
Sition and thence to transfer Said mass together 
with a layer of graphite impregnated paper to a 
dielectric base. Preferably this aim is attained 
during and by a step of incorporating the mass 
and the impregnated paper Section in a base in 
pregnated with an uncured phenol condensation 
product while curing said product. 
Another object is to provide an improved re 

sistance unit embodying a resistance element 
formed of separate sections which are intimately 

50 combined into a single element in the act Of 
mounting the element on a dielectric base. 
Other objects and advantages Will become ap 

parent in the following description and from the 
accompanying drawings, in Which: 

Figure 1 is a diagrammatic view of an appara 

(CI. 201-76) 
tus for performing certain steps of the invention. 

Fig. 2 is a similar view of apparatus for per 
forming other steps of the invention. 

FigS. 3 and 4 are plan views of resistance 
formed by the apparatus shown in Figs. and 2 
respectively. 

Fig. 5 is a sectional view taken along the line 
5-5 of Fig. 4. 

Fig. 6 is a side elevation of an assembly of 
parts including the resistances shown in Figs. 3 
and 4. 

Fig. 7 is a plan view of a completed resistance 
and illustrates the manner in which separate 
elements are obtained therefron. 

Fig. 8 is a sectional view taken as indicated 
by the line 8-8 of Fig. 7. 
While the invention is susceptible of various 

modifications and alternative constructions, 
have shown in the drawings and will herein de 
scribe in detail the preferred embodiment, but 
it is to be understood that I do not thereby in 
tend to limit the invention to the Specific form 
diSClOSed, bUt intend to cover all modifications 
and alternative constructions falling within the 
spirit and scope of the invention as expressed in 
the appended claims. 
In the production of electrical resistances 

Which are formed from a maSS Of resistance na 
terial, many difficulties are encountered which 
are not met in a resistance embodying a. resist 
ance Wire or the like. It is, for example, exceed 
ingly difficult to form a naSS of resistance na 
terial, and particularly material which is finely 
divided or comminuted, into resistance elements 
which have any degree of uniformity. In quan 
tity production Such unifornity Within quite 
narrow limits of tolerance is necessary. 
By the present process it is possible to produce, 

in large quantities, resistance units which are 
uniform to an unusual degree. Briefly, and more 
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or less particularly stated, the present process 
embodies the production of a resistance element 
in several complete sections, each of which has 
predetermined resistance characteristics. Dur 
ing the formation of each section, the process by 
Which it is produced is accurately controlled SO 
that any part of the section, which may be des 
ignated and measured as a unit, Will be identical 
With every other Similar unit part. After the 

! several sections have been completed they are 
assembled and united to form a single resistance 
unit which has the desired and predetermined 
characteristics. 

Referring more particularly to the process of 
forming a completed resistance unit, one section 
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thereof, which will hereinafter be termed, for 
convenience, the "paper section', comprises a 
sheet of absorbent material which has been 
treated So that the Sheet carries in intinate aS 
Sociation finely divided resistance material. 
Preferably this end is accomplished by innersing 
a sheet of absorbent material in a bath con 
taining finely divided particles of a selected re 
sistance material. A preferred material is graph 
ite suspended, in a colloidal state, in an aqueous 
Solution, and throughout the following particu 
lar description of the invention the resistance 
material will be considered as being graphite. 
Many types of absorbent material may be 

used but it is preferred to employ a fine or good 
grade of absorbent paper. For the sake of uni 
formity, the paper should be of even texture 
throughout as every variation in texture has been 
found to affect the resistance characteristics Of 
the ultimate unit. Moreover the paper should 
be of ample strength to prevent stretching there 
of when wet. After the sheet has been immersed 
in the solution, it is dried to complete formation 
of the section. In quantity production uniform 
ity of texture of the absorbent material becomes 
important in order to avoid variation between 
unit parts of the section. By “unit part' is meant 
the portion of a piece of resistance Which is 
selected for comparative test to ascertain possible 
Variation. 
The preferred manner of forming the paper 

section in quantity comprises passing an endless 
strip of absorpent material through the graphite 
bath, from which the strip is passed through a 
drier and then cut into lengths Suitable for 
handling in Subsequent steps of the process. 

It has been discovered that Several factors 
must be controlled to obtain complete uniformity 
of result. These factors may be set out in the 
order in which they are encountered as the 
strip undergoes treatment. First, as has been 
mentioned, the absorbent material must be of 
regular or even texture. Second, the concentra 
tion of graphite in the bath must be maintained 
constant and this includes agitation of the bath 
to avoid a greater concentration of graphite 
in one part of the bath than in another part. 
Third, the temperature of the bath must be 
maintained constant. Fourth, passage of the 
absorbent material strip through the drier must 
be at a uniform rate of speed. Fifth, the ma 
terial must be dried at a constant temperature. 
If all of these factors are observed and the Con 
trol of each factor maintained constant within 
relatively narrow limits of variation, the re 
sistance characteristics of the resultant stripper 
unit part will be uniform. . 
In Fig. of the drawings, mechanism has 

been diagrammatically illustrated for producing 
the paper section with uniformity. Therein, O 
designates a strip of absorbent material which 
passes from a supply roll about a roller 2 
located in a container 3 for the graphite bath 
4. From the bath, the strip passes through a 
drying chamber 5, thence about another roller 
6 to a final testing and cut-off station designated 

generally at . Any suitable means for feeding 
the strip through the mechanism at a constant 
rate of Speed may be provided and, as herein 
illustrated, the motor 8 drives the roller 6 and 
a presser roll 68 provides traction. The level 
of the bath 4 in the container 3 is, in this 
embodiment, manually maintained at a substan 
tially constant level. 
The temperature control and regulation of 
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the bath may be accomplished by a recirculating 
flow System which also serves to maintain a uni 
form dispersion of the particles in the bath. 
This flow System may also be arranged to facili 
tate testing of the bath in the operation of COn 
trolling the concentration of graphite. As here 
in illustrated, the System includes a duct 2 which 
communicates with the container 3 and is con 
nected with a coil 22 located in a closed heat 
transfer casing 23. The other end of the coil 
is connected to a pipe 24 which leads to a hous 
ing 25 in which a thermally responsive device 
26 is mounted. From the housing another pipe 
27 leads to the intake side of a pump 20. This 
pump may be driven by the motor 8. The outlet 
side of the pump communicates with a conduit 
9 which leads to the container 3. Intermedi 
ately the conduit 9 has a branched section 28 
for a purpose to be presently described. 

It has been found advisable to maintain the 
temperature of the bath 4 below room tempera 
ture and the casing 23 is therefore connected 
with a source of a cooling material. A simple 
cooling System comprises a coil 29 located in a 
suitable refrigerating compartment 30 and con 
nected by conduits 3 ?, 32 with the casing 23 to 
Supply cooling fluid thereto. A pump 33 is inter 
posed in the conduit 32 for delivering cooling 
fluid to the casing 23 whenever it is required, this 
pump being driven by a motor 34. An electrical 
circuit 35 for operating the motor is controlled 
by the thermally responsive device 26. It is 
preferred that the device 26 be of the type which 
is quite sensitive to temperature changes to make 
or break the motor circuit upon relatively small 
variations of temperature. The cooling Systern 
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which has been described is effective to hold the 
temperature of the bath substantially constant, 
The pump 20 is always running, while the ma 
chine is in operation, whereby any variation of 
temperature in the bath is immediately detected 
by the thermally responsive device 26 to correct 
the variation. Moreover, the bath is constantly 
agitated by the recirculating flow, thus produc 
ing uniform dispersion of graphite throughout 
the bath, 
The branching section 28 of the conduit 

forms a part of a testing system for detecting a 
Variation in the concentration of the graphite 
in the bath. Thus, each leg 28 and 28b of the 
branched Section has a contact terminal 3 
mounted thereon and extending into the path 
of fluid flowing therethrough. These terminals 
are a part of an electrical circuit 3 which in 
cludes a power measuring device, such as an am 
meter 38, and a source of power, such as an alter 
nating current generator 39, connected in series. 
The circuit is completed across the terminals 3 
through the resistance material flowing through 
the branched conduit 28. The ammeter , there 
fore, measures the resistance of the material 
flowing through the branched conduit and any 
variation of Such resistance from a predetermined 
value indicates at once that the concentration 
of resistance material in the bath has varied. 
By adding additional fluid containing a greater 
Or lesser concentration of resistance material as 
required, the bath may be held at a predeter 
mined concentration. It is essential that the 
Source of power 39 be an unvarying one and a 
generator is, therefore, preferred. Moreover, it 
is quite desirable to use alternating current to 
avoid plating one of the contact terminals 6 
with an electrical deposit of resistance material. 
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2,138,938 
chamber 5 may be employed as long as the 
temperature within said chamber may be ac 
curately controlled. Electrical heating elements 
40 are used in this instance and are connected 
for energization from a source of current 4 by a 
circuit which includes a relay switch 42. An 
electromagnet 43 for controlling the Switch 42 
is connected in a circuit which includes the source 
of power 44 and an accurate circuit controlling 
thermally responsive device 45 disposed for ac 
tuation by temperature changes within the cham 
ber 5. The temperature within the chamber 5 
may, by the System just described, be held against 
greater variation than a few tenths of one degree. 
As the strip emerges from the drying cham 

ber 5 it is completely dried and passes to the 
test and cut-off station where it is cut into 
even lengths for subsequent use as will be pres 
ently described. These lengths comprise the pa 
per Sections and a fragmentary face view of a 
section may be seen in Fig. 3. Preferably a final 
test to detect possible variation of resistance char 
acteristics within the strip is given at the station 
f7 to unit parts of the resistance strip selected at 
random. To this end, spaced contacts 46 are pro 
Vided at the Station i for mover?tent into er 
gagement with the strip 0. The contacts are 
insulated from each other and are spaced a defi 
nite and unvarying distance apart. The contacts 
are connected in a circuit which includes an un 
Varying source of power 4 and a power measur 
ing device 48. As long as the power from the 
Source 47 does not vary, the resistance across a 
unit part of the strip (which unit part is pre 
determined by the portion thereof extending be 
tween the two contacts 46) may be checked at 
randon and any variation of resistance innedi 
ately ascertained. 
Thus, the paper Sections may be produced in 

quantity. Any variation of the resistance chair 
acteristics thereof may be immediately noted and 
corrective measures taken. 
The other Section of the resistance element 

comprises a mass of substantially pure resistance 
material, such as graphite, so formed that it may 
be incorporated with the paper section to produce 
the completed unit. This Section will, for con 
venience, be termed the graphite section and the 
process by which it is formed is preferably one 
by which a tapered resistance element may be 
formed. Tapered resistance is a term used in 
connection with variable resistance and as used 
herein means generally that the resistance chair 
acteristics Vary irregularly per unit of length of 
the resistor instead of regularly. 

For example, the following specification is of 
a 500,000 ohm tapered variable resistor. 

OhmS 
The starting end of the resistance 0. 500 
% of the overal length --------------- 1200 
*/4 of the Overal length---------------- 2900 
% of the overall length.---------------- 9000 
% of the Overall length.---------------- 16,250 

38,500 --?-------------------?-Of the OVera,}} iength ;%? 
% of the overall length.---------------- 90,000 
% of the Overall length.---------------- 215,000 
The overall resistance----------------- 500,000 

These resistance variations are produced by 
proportioning the mass of graphite in the graph 
ite section properly to increase or decrease the 
resistance of the completed unit at different 
points. The formation of the graphite sections, 
therefore, must be accurately controlled to pro 
duce, not only desired but unvarying results. In 

this embodiment of the invention it is preferred 
to produce the graphite section by the electro 
deposition of graphite and to so control Such 
deposition that varying deposits of graphite oc 
cur throughout the section, thereby producing the , 
desired taper of the resistance. This deposition 
process in which particles of the colloidal dis 
persion of graphite are deposited on one of the 
electrodes by the passage of an electric current 
through the electrolyte may be conveniently 
termed "electrophoresis'. 

Referring particularly to Fig. 2, a suitable ap 
paratus embodying an electrophoresic cell for car 
rying out this step of the process is shown. 49 
indicates a receptacle or pan for the electrolyte 
which contains the resistance material. Finely 
divided graphite is preferred and will be consid 
ered as exemplary of the resistance material. If 
colloidal graphite in acqueous Solution is employed, 
the solution will serve as the electrolyte to deposit 
the graphite therefrom. The pan 49 is of Sub 
Stantial dimensions, is relatively shallow and has 
an encircling trough 50 about its peripheral wall. 
The pan is suitably insulated as by a coating 5 
of enamel or other dielectric material. The pan 
is so Supported upon a base 52 that the upper 
edge 53 thereof is level. A conduit, 54 establishes 
communication between the trough 50 and a cen 
tral portion of the pan 49, and a pump 55 is 
interposed therein to produce a flow from the 
trough to the pan. A suitable flow distributor 
56 is preferably mounted at the pan-end of the 
conduit to cause a flow of fluid uniformly in all 
directions from the conduit. 
In operation the pan is filled to overflowing 

with graphite electrolyte and an excess of the 
electrolyte is provided in the trough whereby Op 
eration of the pump produces a recirculating flow 
from the trough to the pan and thence over the 
upper edge of the pan into the trough. Since the 
pan is level, the overflow is uniform over the en 
tire upper edge. The ultimate aim of this ar 
rangement of parts is to produce an upper surface 
level of electrolyte which is at a definite and con 
stantly maintained point with respect to the rest 
of the apparatuS. 
While only a single set of terminal or electrode 

elements may be employed, quantity production 
demands that the elements be used in series and 
the present apparatus is so constructed. With 
in the pan 49 is a series of terminal elements, 
comprising elongated rectangular metal plates 57, 
definitely and rigidly maintained in uniformly 
spaced relationship by tie rods 58. The entire 
Structure is Supported in Spaced relation from the 
bottom of the pan by suitable legs 59. A set of 
complementary terminal elements 60, likewise in 
the form of elongated rectangular metal plates, 
are carried by a frame 6 and are arranged to be 
detachably connected thereto. 

In this embodiment, the frame includes a num 
ber of Separable elements 62 constituting spacers, 
between adjacent pairs of which an edge of a 
plate 60 may be clamped. Such means as detach 
able tie rods 63 may be employed to Secure the 
parts in assembled relation. When assembled, 
the plates 60 are spaced apart the same distance 
as the complementary plates 57 in the pan so 
that the plates 60 may be inserted into the bath 
in exact staggered relation to the plates 57, thus 
disposing all of the opposing terminals an exact 
distance apart. 
The plates 57 and 60 are included in an ener 

gizing circuit and are connected to effect the de 
posit of resistance material on the plates 60. 
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Where graphite is the resistance element, the 
plates 60 constitute the anodes of the cell and the 
plates 57 the cathodes. The circuit includes a 
lead 64 from the cathodes 5 to the negative side 
of a direct current generator 65 or other suitable 
Source of direct current, a lead 66 from the anode 
plates 60 to the positive side of the generator 65, 
a circuit making and breaking device 67 in the 
lead 66, and a power measuring apparatus 68 
Such as a voltmeter connected across the leads 
G?,66? 
Means is provided for lowering the frame 6 

and the anode plates 60 into the electrolyte by 
controlled stages. Thus, the frame 6 is detach 
ably supported in insulated relation by the up 
Wardly extending arms 69 of a yoke member which 
includes a post 70 mounted on the base 52 for 
Vertical movement. Such means as a rack 7 on 
the post 70 engaged by a pinion 2 on a shaft 
73 may be employed for reciprocating the yoke. 
A lever 74 is provided for rotating the shaft T3 
and a ratchet arrangement 75 provides an ac 
curately controllable means for lowering the 
plates 50 into the electrolyte by stages. 

In operation the anode plates are assembled 
upon the frame and the frame placed upon the 
yoke so that the anode plates may be lowered 
into the electrolyte with each plate 66 disposed 
exactly between an adjacent pair of cathode 
plates 57 and accurately and evenly spaced from 
each. Preferably, at least the anode plates are 
of a highly polished material and should be 
chemically cleaned before they are mounted in 
the frame to insure an even and uniform deposit 
of material thereon. The highly polished plates 
facilitate the ultimate transfer of the graphite 
Section therefrom. 

After the anode plates have been properly lo 
cated with respect to the cathode plates, the op 
erator manipulates the lever 74 to lower the an 
ode plates into the electrolyte bath and by stages 
increaSeS the depth of immersion. The immer 
sion depth at any stage is predetermined to pro 
duce a deposition thereon of desired width and 
the amount of material which is deposited at 
any stage is controlled by the input of energy as 
determined by the duration of current flow. 
Herein the source of power from the generator 
65 is constant and the circuit making and break 
ing device 67 is of any suitable type whereby the 
duration of power input can be controlled. The 
device may be a manually controlled one as 
shown or various automatic types of devices may 
be used. 
To facilitate an understanding of the operation 

of the device the following electroplating sched 
ule is used in the production of a variable tapered 
resistance having the specification previously set 
forth. The plating is done upon anode plates 
four inches wide: 

Depth of Duration of 
immersion plating in sec. 
in inches at 6 volts 

2 % is 
1?% 
1% 
1% 
2% 
2% 
22g 

It will be evident that as plating occurs 
throughout the various stages, additional coats 
of graphite will be deposited over those coats 
which were produced at a previous stage and in 
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addition a single coating is deposited upon the 
newly immersed section of the plate. When the 
final deposition has been performed, the lower 
edge portion of the plate carries a heavy coating 
of graphite providing a low resistance Section, 
which coating diminishes in thickness upwardly 
of the plate with consequent increasing resist 
ance to terminate in a thin, high resistance 
Coating. 
When the deposition of graphite is complete 

the anode plates are withdrawn from the electro 
lyte and, since the graphite coating is wet, there 
is a slight tendency of the coatings, which were 
applied at the various stages, to blend thus elimi 
nating sharp “breaks” or “step-offs” of resist 
ance along the marginal portions of the succes 
Sive coatings. The plates are dried in any suit 
able manner to produce the graphite Section 
shown fragmentarily in Fig. 4. 

It will be seen that this manner of forming : 
the graphite section produces a number of sec 
tions simultaneously and with absolute uni 
formity. As illustrated, twenty Sections are pro 
duced at the same time since a section is formed 
on each side of each anode plate. Fig. 5 is an 
exaggerated illustration of this Section and the 
graphite masses are indicated therein at 60. 
Where an untapered resistance is to be formed 
the anode plates are lowered to a desired depth 
in the bath and a proper quantity of energy ap 
plied to form a uniform deposition of graphite 
thereon. 

In some instances it will be desirable to in 
crease the Speed of production by using double 
Width anode plates and mounting said plates 
on the frame 6 with the Spacers 62 engaging 
the central portions of the plates. The edges 
of the plates on One side of the frame may then 
be coated, the frame reversed and the edges on 
the other side of the frame treated, thus doubling 
the production. Certain, types of tapered resist 
ances may require the formation of a heavy mass 
of graphite along opposite edges of the anode 
plates separated by an intermediate thin mass of 
graphite. This formation may be produced by 
depositing graphite along one edge of the plates 
in the manner described, then reversing the 
plates on the frame by securing the coated edges 
thereto, and depositing graphite on the uncoated 
edges. 
After the paper and graphite sections have 

been produced they are consolidated to form the 
completed unit and it is preferred to accomplish 
this end during the step of incorporating both 
sections with a dielectric base. It is preferred 
to employ as a base laminated sheets which have 
been impregnated with anuncured phenol con 
densation product and to embed the sections in 
the base while curing said product. To avoid 
non-uniformity of the resulting unit, it is neces 
Sary that the impregnation of material with the 
phenol condensation product be quite uniform 
and to this end it is preferred to use part of the 
mechanism shown in Fig. 1 for impregnating the 
material. A strip of paper or the like is passed 
from a roll through the bath f4 which, in this 
instance, comprises a suitable uncured phenol 
condensation product. The material is then 
passed through the drying chamber and the dry 
ing temperature accurately regulated since vari 
ation otherwise results. It is not necessary in 
this step of the process to use the recirculating 
flow nor the refrigerating systems. The mate 
rial after it has been dried is cut into lengths 
Suitable for handling. . . 
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The assembly of the impregnated strips, the 

paper section and the graphite section to form 
the completed unit, is preferably accomplished 
in the following manner, reference being had to 

5 Fig. 6. A sufficient number of strips of the im 
pregnated paper to form a base of predetermined 
thickness are stacked together, as indicated at 
76. A paper section T is placed in abutment 
with the outer impregnated sheet and an anode 

10 plate 60 is placed next to the paper section with 
the graphite Section thereon facing said section. 
A second paper section 78 is placed against the 
graphite section on the other side of the plate 60 
and Several sheets of impregnated paper strips 

1? T9 are placed against the section T8. This as 
Sembly, or a number of such assemblies, is sub 
jected to heat and pressure to cure the phenol 
condensation product, which operation transfers 
each graphite Section from the plate to the ad 

20 jacent paper section and effects an intimate com 
bination of the graphite and paper sections. 
These combined sections are, in effect, embedded 
in the base provided by the stacks of paper strips 
76 or 79. Thus, for each plate 60 two complete 

25 units are obtained. The quantity of phenol con 
densation product with which the base strips, 
and particularly the strip next adjacent to a 
paper section are impregnated should be pre 
determined by experiment so that a slight im 

30 pregnation of the paper and graphite sections 
occurs during curing to bind the sections to the 
base. If too little of the product is used the 
graphite surface will wear, while if too much is 
used the graphite surface will be hard and elec 

35 trical noise in the completed unit will result. . 
The combined strip when completed is, as 

shown in Figs. 7 and 8, an elongated strip com 
prising a dielectric base 80 presenting resistance 
material 8 on one surface thereof. During the 

40 combining operation, the taper of the resistance 
remains substantially unchanged and, conse 
quently, is present in the completed strip. This 
strip may be cut or otherwise suitably formed to 
produce the resistance unit in its final form. 

45 In making resistance units of conventional arcu 
ate form, as indicated at 82 in Fig. 7, the unit 
may be stamped or formed in a punch pressing 
operation. Where the resistance element is 
tapered, the unit is taken from a predetermined 
1portion of the strip to produce the desired taper 
in the unit. By merely adjusting the rotational 
position at which the units are cut from the 
strip, it is possible to obtain units having differ 

O 

ent taper curves and resistance characteristics, 
55 In Fig. 7 the resistance units 82 and 83 are illus 

trative of units which are formed from different 
rotational positions. Or if desired, the strips. 
may be cut into rectangular sections as indicated 
at 4 and then bent into substantially cylindrical 
shape with the exposed surface of the resistor 

... facing either inwardly or outwardly for assem 
bly in a resistance device of the cylindrical type. 

rom the foregoing it will be evident that a 
novel resistance unit of this type may be pro 

sduced by a simple and eficient process. The 
units are impervious to wear, are not affected 
by temperature or humidity changes, the re 
sistance characteristics remain unchanged dur ing use and do not in operation produce elec 
trical noise. Hence the units are especially suit 
able for use in radio apparatus. Moreover the 
present process is particularly adapted for the 
commercial production of resistance units in 
quantity since the accurate control produces uni 

* 6. The process of forming resistance unitas 

formity of result within quite narrow limits of 
tolerance, 

I claim as my invention: 
1. The process of making resistance elements 

which includes the steps of causing adherence 5 
between particles of graphité and an absorbent 
sheet, drying Said sheet, depositing a graphite 
mass on a base by electrophoresis, combining 
Said sheet and mass into a unit by transferring 
said mass from said base to said sheet, and 10 
mounting the combined mass and sheet on a 
dielectric base. V 2. The process of making resistance elements 
which includes the preliminary steps of (a) ap 
plying graphite particles uniformly over the 15 
Surface of a sheet of material and (b) of caus 
ing an electrophoresic deposition of graphite 
On a supporting member, and the final steps 
of first placing the graphite deposit on said sup 
porting member against said sheet in direct 20 
contact therewith, and then transferring said 
graphite from said supporting member to a 
base by imbedding both the mass of graphite on 
said supporting member and said sheet in a 
phenol condensation product impregnated base 25 
while curing said product. 

3. The process of producing electrical resist 
ance units which includes the preliminary step 
of forming a resistance element in several sep 
arate planer sections, at least one of said sec- 3ø 
tions being formed by the electrophoresic deposi 
tion of resistance material on a supporting mem 
ber, and the final steps of placing said sections 
of resistance material in abutment with each 
other and with a surface of a base impregnated 35 
with a phenol condensation product, and curing 
said product under heat and pressure to imbed 
the Sections in said base and transfer the deposit 
ed material from said supporting member. 

4. The process of forming resistance elements 40 
which includes the steps of immersing succes 
sive portions of an anode to increasing predeter 
mined depths in an electrolyte containing sus 
pended finely divided particles of graphite, and 
at each depth passing predetermined quantities 45 
of electrical energy through the cell in order to 
deposit successive layers of graphite on said 
anode of an area equal to the effective area of 
the portion of the anode immersed in said elec 
trolyte, 50 . 

5. The process of forming resistance elements 
which includes the steps of varying the extent 
to which a pole of an electrophorestic cell is in 
serted into an electrolyte containing a resistance 
material, and electrically depositing a predeter 
mined quantity of material at each position in 
order to 'deposit successive layers of resistance 
material on the pole equal in aree to the e?ec 
tive area of the pole immersed in said electro 
lyte. 

which includes the steps of successively immers 
ing an electrode' element to various predeter mined depths in an electrolyte containing sus 
pended. finely divided particles of graphite, pass ing at each depth predetermined quantities of 
electrical energy to produce a known deposition 
of graphite on said electrode, drying said elec 
trode, and transferring the deposited graphite 
from said electrode to a dielectric base contain ing an uncured phenol condensation. product 
while curing said product under heat and pres 
Stre, 


