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This invention relates to electrical resist 
ance devices or media and to the formation 
or manufacture of the same. 
One of the objects of this invention is to 

provide a medium of high electrical resist 
ance which is practical and efficient. An 
other object, is to provide a resistance me 
dium or device having certain desired char 
acteristics in operation and free from certain 
undesirable characteristics. Another object. 
is to provide an electrical resistance medium 
which is of simple construction and inexpen 
sive. Another object is to provide a device of 
the above nature which is durable and capa 

is ble of dependable service. Another object 
is to provide a practical art of producing 
such media or devices which may convenient 
ly be carried on with speed and accuracy of 
results. Another object is to provide simple 

20 and inexpensive apparatus for carrying on 
such an art. Other objects will be in part 
obyious or in part pointed out hereinafter. 
The invention accordingly consists in the 

features of construction, combinations of ele 
25 ments, arrangements of parts and in the 

several steps and relation and order of each 
of the same to one or more of the others, all 
as will be illustratively described herein, and 
the scope of the application of which will be 

30 indicated in the following claims. 
In the accompanying drawing, in which is 

shown one of the various possible embodi 
ments of the mechanical features of this in 
vention, - 

Figure 1 illustrates somewhat diagram 
matically a preferred method of forming a 
part of the resistance device, and - 

Figure 2 shows somewhat diagrammatical 
ly an apparatus for the formation of an 

40 electrical conducting medium of high re 
sistance. 

Similar reference characters refer to simi 
lar parts in both views of the drawing. 

Referring now to the drawing in detail, 
45 there is shown in Figure 2 a roll 10 upon 

which is wound a continuous fiber-like or 
thread-like member of non-conducting ma 
terial shown passing from the roll 10 at 11. 
This non-conducting fiber or threadis prefer 

50 ably of glass, glass having certain advanta 

35 

1925. Serial No. 33,327. 

geous characteristics which will be later 
pointed out, but it is to be understood that 
other non-conducting material might be em 
ployed to advantage. 
This glass fiber 11 is preferably formed as 

is illustrated in Figure 1. A glass rod 12, 
for example, about three-eighths of an inch 
in diameter, is fed endwise through a heating 
medium, in this instance shown as a gas flame 
18. As the rod is fed through the heating 
medium 13 its end is softened, and this 
softened end is grasped, drawn out, and 
Wound upon the roll 10, forming the fiber 11. 
The roll 10 is driven, in the direction indi 
cated by the arrow in Figure 1, at a rate of 
speed which is predetermined with respect to 
the rate of feed of the rod 12, into the heat 
ing medium 13. Preferably the roll or 
Spinning wheel 10 and the mechanism driv 
ing the rod 12 through the heating medium 
18 are both driven from a common source of 
power, so that there is thus maintained a con 
stant ratio between the speed at which the 
filament 11 is pulled out and the speed at 
which the rod is moved into the heating me 
dium. In this manner the glass fiber or 
thread11 is drawn out in a uniform diameter, 
providing the diameter of the glass rod 12 is 
uniform. Preferably the heating element 
13, the speed of movement of the rod 12 and 
the speed of rotation of the roll 10 are so pro 
portioned that the glass fiber 11 is uniformly 
drawn out to a diameter in the neighborhood 
of two-hundredths of an inch. It is to be 
understood however, that any desired diam 
eter of the fiber 11 may be obtained, and that 
the diameter desired may vary with varying 
conditions of use. 

Referring now again to Figure 2, the glass 
fiber 11 is drawn from the roll 10 and, after 
passing through various mechanisms which 
will be described in detail herein, is gripped 
between a pair of driven rollers 14 and 15. 
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The peripheries of these feed rollers 14 and 
15 are preferably covered with a yielding 
material such as leather, and these rollers 
grip the glass fiber 11, drawing it from the 
roll 10 through the various mechanisms which 
will presently be described. 

Referring now to the right-hand side of 
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Figure 2, the glass fiber 11 as it is drawn 
from the roll 10 first passes over a curved 
and trough-shaped guide 16. The guide 16 
at its lower end properly positions the glass 
fiber for passage through a coating device 17. 
This device 17 is preferably in the form of a 
T-tube having a horizontal passage 18 
through which the fiber 11 is drawn and a 
vertical passage 19 communicating at its 
upper end with the first passage. A con 
tainer such as a bottle 20 contains the ma 
terial, in the form of a fluid, with which the 
fiber 11 is to be coated in the coating device 17. 
The lower end of the bottle 20 is connected 
by a flexible tube 21 with the mouth of the 
vertical passage 19 in the coating device. 
The bottle 20 is preferably adjustable in a 
vertical direction, as by means of an adjust 
ing screw 22. 
As was mentioned above, the material with 

which the fiber 10 is coated in the coating de 
vice 17, is contained in the form of a liquid 
or a solution in the bottle 20. This material, 
indicated at 23, comprises preferably minute 
particles of a suitable' electrical conducting 
material suspended in a suitable solution. A 
satisfactorv material is carbon in the form 
of ity minute (almost colloidal) par 
ticles suspended in solution. The character 
of the solutions employed will later be 
pointed out more fully herein. By adjusting 
the height of the bottle 20, the solution fills 
the tube 21 and rises through the passage 
19, filling the passage 18 through which the 
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glass fiber 11 is drawn. Capillary action pre 
vents the solution from flowing out of the 
ends of the horizontal passage 18. As the 
glass fiber is drawn through the passage 18 
it is coated with a thin layer or film of the 
solution of conducting material; the thick 
ness of the film deposited upon the fiber may 
be controlled by adjustments of the height of 
the bottle 20. 
The glass fiber thus emerges from the coat 

ing device 17 covered with a thin moist coat 
ing of the conducting material contained in 
solution in the bottle 20. The fiber now 
passes through a drying device 24 which is 
heated by suitable means illustratively shown 
as an electric light bulb 25. In this drier 24 
the moist conducting coating or film is dried. 
The glass fiber now passes through a heat 

ing device or furnace 26 wherein it is sub 
jected to a more intense heat, wherein all 
moisture is positively driven from the glass 
fiber and from the conducting coating there 
on, and wherein certain other changes take 
place, which will later be described. This 
furnace preferably takes the form of an elon 
gated tube as shown, heated, for example, by 
means of a Bunsen burner 27. Air is prefer 
ably excluded from the furnace 26 as the 
coated glass fiber passes therethrough, and it 

. (55 is found advantageous to 'substitute for the 
air an atmosphere of certain gases. For 
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this purpose hydrogen is found to be par 
ticularly advantageous. A supply of hydro 
gen is connected with the interior of the heat ing tube adjacent its right-hand end at 28, 
and the hydrogen is permitted to escape grad 
ually through the opening 29 at the left 
hand end, through which the glass fiber 
passes from the furnace. In order to pre 
vent exit of hydrogen from the right-hand 
or entering end of the furnace, this end is 
sealed by suitable means such as mercury 
30 which prevents exit of the hydrogen, but 
permits ready drawing of the glass fiber 11 
therethrough. The mercury is introduced 
through an upper, opening 31 and cannot 
flow out through the-restricted passages 32 
and 33 on either side thereof through which 
the glass fiber 11 is drawn. The atmosphere 
of hydrogen, among other advantages at 
tained thereby, prevents oxidation of the con 
ducting film, - 
From the furnace 26 the glass fiberis drawn 

through a second coating device 34. In this 
coating device there is applied to the glass 
fiber, exterior of the conducting coating, a 
coating of a suitable protective material in 
the nature of a binder which is adapted 
to hold the conducting coating in place upon 
the glass fiber, and prevent its accidental 
rubbing off. The device 34 preferably takes 
the form of a T-tube having a funnel-shaped 
upper mouth 35 through which the coating 
solution 36 is introduced. Capillary action 
prevents the solution from running out of 
the two horizontal openings through which 
the glass fiber is drawn. The material 36 
preferably comprises a solution of rosin in 
benzol, and a thin coating of this solution is 
deposited exterior of the conducting film 
as the glass fiber passes through the device 
34. • 

Upon emerging from the coating device 
34 the glass fiber passes through a heating 
device or drier 37 similar to the drier 24. In 
the drier 37 the benzolis driven off and a thin layer or coating of rosin remains over 
the conducting film. By adjusting the con 
centration of the benzol-rosin solution, the 
thickness of the coating given in the device 
34 is made such that it gives ample protec 
tion to the conducting coating, but yet this 
protective coating is so thin that it does not 
materially insulate the conducting coating. 
The glass fiber now preferably passes 

through a device 38 containing two mercury 
contacts 39 and 40 and spread a predeter 
mined distance apart. Across these two con 
tacts is connected a battery 41 and a suitable 
resistance measuring device 42, which may 
be an ordinary “megger'. The megger 42 
thus gives a constant reading of the resist 
ance of the conducting film per given length 
of the glass fiber, and this resistance will re 
main substantially constant and uniform. 
The coated glass fiber now passes through 
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between the feeding rollers 14 and 15 which, 
as was mentioned above, draw the fiber 
through the series of devices just described. 
Emerging from the feed rollers 14 and 15, 
the glass fiber passes through a suitable guide 
43. Adjacent the left-hand end of the guide 5 

43 is a solenoid 44 fed by the battery 45 and 
provided with a plunger 46. The lower feed 
roller 15 is provided on its periphery with a 
projecting contact 47 which, at each rota 
tion of the roller, strikes a spring contact 48, 
completing the circuit of the solenoid 44. 
Thus at each rotation of the roller 15 the 
plunger 46 is drawn upwardly and breaks off 
the glass fiber emerging from the left-hand 
end of the guide 43. The coated glass fiber 
is thus cut into predetermined lengths by the 

) 

plunger 46 and these lengths are received in 
a suitable trough 49. 

Considering now more particularly the na 
ture of the material employed in forming the 
conducting film upon the glass fiber, it has 
been pointed out above that a satisfactory ma 
terialis carbon in the form of minute particles 

, suspended in a solution. Excellent results 
are obtained by employing either a suspen 
sion of carbon in an aqueous solution of glue 
like material or a suspension of carbon in a 
liquid hydrocarbon. As an example of the 

::) latter, a solution of lamp black and linseed 
oil may be employed. As an example of the 
first, a mixture of Le Page's glue and lamp 
black in substantially equal parts mixed into 
a paste and then diluted with water to the 
desired consistency gives satisfactory results. 
Another solution which gives excellent re 
sults is the commercial Higgins carbon draw 
ing ink. This ink is a solution of carbon and 
appears to contain a glue-like constituent. 

In the furnace 26, the temperature em 
ployed is preferably kept within the limits of 
700° and 1350° F. The best results are ob 
tained when a temperature in the neighbor 
hood of 1200° or 1300° F. is employed. An 
effect of this baking in the furnace 26 is to 
drive off the volatile constituents of the glue 
or other material mingled with the earbon, 
leaving practically a pure carbon film. The 
glue is carbonized by the heat and the par 
ticles of carbon resulting therefrom appear 
to fill the interstices between the carbon par 
ticles which were suspended in the solution, 
so that a solid uniform coating of carbon 
results. 
From the above, it will be seen that there is 

provided herein a simple and highly practical 
method and apparatus for constructing a 
resistance medium or device, and that the re sultant product is one embodying practical 
advantages of the greatest importance. The 
glass fiber being non-porous and the conduct 
ing film being thoroughly dried and covered 
with a non-hydroscopic coating, the resist 
ance device is stable in its resistance, being 

65 unaffected by changes in temperature and 

CO 

not susceptible to variations in its moisture 
content, due to weather conditions or other 
conditions of use. The conducting coating 
is deposited upon the glass fiber in such man 
ner that it may be formed in an extremely 
thin film which is of a definite and substan 
tially unvarying thickness throughout. 

3 

These characteristics and others render this 
resistance device of particular advantage 
when used in wireless-receiving apparatus 
and other sound amplifiers, the device being 
particularly well adapted for use in the so 
called “grid leak' circuit of wireless-receiv 
ing apparatus. It is found that this resist 
ance device is non-microphonic, that is, it 
produces no hiss or "frying noise when em 
ployed in a Sound amplifying apparatus. 
Particular advantages are attendant upon the 
use of carbon as the conducting film, although 
this invention in its broadest aspects is not 
limited to the use of carbon. In addition to 
the advantages pointed out above, the tem 
perature coefficients of glass and carbon are 
approximately the same, and therefore the 
glass-supporting fibér and the carbon film 
expand approximately equally under heat, so 
that there is no tendency to crack. 
As many possible embodiments may be 

made of the mechanical features of the above 
invention, and as the art herein described 
might be varied in various parts, all without 
departing from the scope of the invention, 
it is to be understood that all matter herein 
set forth or shown in the accompanying draw 
ings is to beinterpreted as illustrative and not 
in a limiting sense. - 

I claim as my invention: 
1. The herein described art of forming-an 

electrical resistance which consists in apply 
ing to the surface of a non-porous, non-con 
ducting, heat resistant fiber, a fluid film con 
taining minute particles of carbon and a ma 
terial adapted when baked at suitable tem 
peratures to form a conductive substance fill 
ing the interstices between said carbon parti 
cles, and then baking said fiber at said suit 
table temperature to form a conductive coat 
ing of substantially uniform continuity. 
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2. The herein described art of forming an 
electrical resistance, which consists in giving 
to a pliable non-conducting, heat resistant 
fiber a continuous, progressive, endwise 
movement, Flying to the surface of said 
fiber as it moves a film of carbonaceous ma 
terial, and then baking said film to provide a 
carbon coating of substantially uniform con 
tinuity. 

3. The herein described art of forming an 
electrical resistance which consists in giving 
to a pliable non-conducting, heat resistant 
fiber a continuous, progressive, endwise 
movement, applying to the surface of said 
fiber as it moves a film of carbonaceous ma 
terial, and then baking said film at a tem 
perature in excess of 700° F. to provide a 
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carbon coating of substantially uniform con tinuity. 
4. The herein described art of forming an 

electrical resistance which consists in giving 
to a pliable. non-conducting, heat resistant 
fiber a continuous, progressive, endwise 
movement, applying to the surface of said 
fiber as it moves a film of carbonaceous ma 
terial, and then baking said film at a tem 
perature between the limits of 700° F. and 
1350 F. to provide a carbon coating of sub 
stantially uniform continuity. 

5. The herein described art of forming an 
electrical resistance which consists in giving. 
to a pliable non-conducting, heat resistant 
fiber a continuous, progressive, endwise 
movement, applying to the surface of said 
fiber as it moves a film of carbonaceous ma-. 
terial, and then baking said film at a tem 
perature in excess of 700°F. in a non-oxidiz 
ing atmosphere to provide a carbon coating 
of substantially uniform continuity. 

6. The herein described art of forming an 
electrical resistance which consists in giving 
to a pliable non-conducting, heat resistant 
fiber a continuous, progressive, endwise 
movement, applying to the surface of said 
fiber as it moves a film of carbonaceaus ma 
terial, then baking said film to provide a car 
bon coating of substantially uniform con 
tinuity, and then applying to said coating a 
protective non-hydroscopic covering. 

7. The herein described art of forming an 
electrical resistance which consists in giving 
to a pliable, non-conducting, heat resistant 
fibera continuous, progressive, endwise 
movement, applying to the surface of said 
fiber as it moves a film of carbonaceous ma 
terial, then baking said film to provide a car 
bon coating of substantially uniform con 
tinuity, and then applying to said coating a 
protective non-hydroscopic covering of a 
resinous substance. 

8. The herein described art of forming an 
electrical resistance which consists in giving 
to a glass fiber of sufficiently small diameter 
to be pliable, a continuous, progressive, end 
wise movement, applying a fluid film of car 
bonaceous material of controlled thickness to 
said fiber as it moves by one point in its path 
of movement, and baking said film as said 
fiber moves past another point in its path of 
movement. 

9. The herein described art of forming an 
electrical resistance which consists in giving to a glass fiber of sufficiently small diameter 
to be pliable, a continuous, progressive, end 
wise movement, applying a fluid film of car 
bonaceous material of controlled thickness to 
said fiber as it moves by one point in its path 
of movement, and baking said film as said 
fiber moves past another point in its path of 
movement by surrounding said member at 
said last point with a heated gas. 

10. The herein described art of forming an 
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electrical resistance which consists in giving 
to a glass fiber of sufficiently small diameter 
to be pliable, a continuous, progressive, end 
wise movement, applying a fluid film of car 
bonaceous material of controlled thickness to 
said fiber as it moves by one point in its path 
of movement, and baking said film as said 
fiber moves past another point in its path of 
movement by surrounding said member at 
said point with a non-oxidizing gas heated 
to a temperature in excess of 700°F. 

11. The herein described art of forming an 
electrical resistance which consists in draw 
ing a glass fiber from a source of supply past 
a plurality of points for successive stages of 
treatment, applying a carbon coating to said 
fiber at one of said points, and baking said 
coating at a subsequent point. 

12. The herein described art of forming an 
electrical resistance which consists in draw 
ing a glass fiber from a source of supply past 
a plurality of Rits for successive stages of 
treatment, applying a carbon coating to said 
fiber at one of said points, baking said coat 
ing at a subsequent point, and depositing 
a protective covering over said coating after 
said fiber has passed said baking point. 

13. The herein described art of forming 
an electrical resistance which consists in 
drawing a glass fiber from a source of supply 
past a plurality of points for successive 
stages of treatment, applying a carbon coat 
ing of controlled thickness to said fiber at one 
of said points, baking said coating at a subse 
quent point, and depositing a protective 
covering over said coating after said fiber 
has passed said baking point. . 

14. The herein described art of forming 
an electrical resistance which consists in 
applying to the surface of a non-porous, non 
conducting, heat resistant fiber, a fluid film 
containing minute particles of carbon and a 
material adapted when baked at suitable tem 
peratures substantially above 700 F. to 
form a conductive substance filling the inter 
stices between said carbon particles, and then 
baking said fiber at said suitable temperature 
to form a conductive coating of substantially 
uniform continuity. 

15. The herein described art of forming an 
electrical resistance which consists in apply 
ing to the surface of a non-porous, non-con 
ducting, heat resistant fiber, a fluid film con 
taining minute particles of carbon and a ma 
terial adapted when baked at suitable tem 
peratures in the neighborhood of 1000°F. to 
form a conductive substance filling the inter 
stices between said carbon particles, and then 
baking said fiber at said suitable tempera 
ture to form a conductive coating of sub 
stantially uniform conductivity. 

16. The herein described art of forming 
an electrical resistance which consists in ap 
plying to the surface of a non-porous, non 
conducting, heat resistant fiber, a fluid film 
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containing minute particles of carbon and a 
material adapted when baked at suitable 
temperatures to form a conductive substance 
filling the interstices between said carbor 
particles, and then baking said fiber at said 
suitable temperature in a non-oxidizing 
atmosphere to form a conductive coating of 
substantially uniform conductivity. 
In testimony whereof, I have signed my 

name to this specification this fourteenth 
day of May, 1925. 

HAROLD PENDER. 
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