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My invention relates to insulators and 
dielectrics and aims to make them resistant 
to extreme potentials. An object of my in 
vention is to accomplish the above with a 
minimum of insulating or dielectric material. 
My new and improved insulator or dielec 

tric can withstand such extreme potentials 
for such a little thickness of material, that 
enormous quantities of energy may be stored 
therein. Thus, if used as a dielectric.in an electric condenser, the energy stored in the 
condenser as a whole, which is a function of the potential applied and the capacity of the 
condenser, may be many times what is now 
possible for the same size. Furthermore, if 
in a condenser, the plates are allowed to come 
close together or separate, the attractive forces 
due to a variation of the electrostatic field, 
will vibrate the plates in accordance with the 
fluctuation of the field. This phenomenon is 
well known and has been taken advantage of 
to design electrostatic voltmeters, telephone. 
receivers, etc. My new and improved dielec 
tric, by greatly increasing the potentials that 

es may be used, and increasing the capacity of 
the condensers, allows the generation of 
enormous attractive and repulsive forces in 
this manner. 
A further desirable result secured by my in 

so vention is the possibility of having compara 
tively little and cheap insulation do the 
work-and in a better way-of the very 
complicated and highly expensive insulation 
now used in cables for high voltage transmis 
sion of electricity. The very wasteful and 
extremely undesirable silent discharge is en 
tirely eliminted. 

Inasmuch as the design and manufacture 
of my improved insulation and dielectric, 
though extremely simple, depends in a great 

85 

theory upon which it works, I shall first state 
what I consider to be the drawbacks and 
causes of failure of present day insulation. 
Then I shall state mytheory for such failure 
and disclose my new and improved insulation 
and methods of making it. g have 
based much of my work upon the lines de 
lineated by my theory and have obtained re 

50 sults in accord with the same theory, yet it is 
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measure upon a proper appreciation of the 

only a theory, subject to future changes and 
possible rejection, and therefore, I donot wish 
to be bound by it. Imerely offerit as an aid 
to a proper understanding of my invention. 
What I offer as a disclosure in return for the 
patent protection desired is the results ob 
tained thereunder. 
My researches in the field of insulators 

and dielectrics convinced me that the real 
underlying cause of their breakdown, is the generation of many ions by impact with the 
consequent conduction of an electric current 
therethrough. Thus we will consider a con 
ductor with a coat of ordinary insulation. 
It is well known that there exist a number of free ions in the air and in most substances un 
der ordinary conditions. How they are gen 
erated is not generally known. The sun 
with its radiant energy of various wave 
lengths, X-rays, and radioactive substances 
in the earth, and other similar causes, is un 
doubtedly responsible for the existence of 
many of these free ions. The number is 
variable and depends upon such factors as 
time of day, season, weather, etc. If such a 
free ion happens to wander into an electric 
field, such as might be produced by the po 
tential which is impressed on our conductor, 
this ion will be drawn so that it tends to ap 
proach an oppositely charged pole. Thus, so 
if the ion is a positively charged one, and 
the conductor is charged positively, the ion 
will be repelled from it and drawn toward 
the negatively charged pole which may be 
either another conductor or ground. As is 85 
well known, a charged particle which is in 
a potential field, starts from a position of 
rest, at which position, its potential energy is 
a maximum and kinetic energy is a minimum, 
and is gradually accelerate toward the op- go 
posite pole. When this particle has fallen 
through the entire potential, its potential 
energy is now zero, while its kinetic energy 
is a maximum. In the case at hand, however, 
such a particle could hardly fall through 95 
the entire potential uninterruptedly. In our 
case there will undoubtedly be some free ions 
in the insulation material adjacent the con 
ductor. Many of these, due to the polarity of 
the conductor will be repelled from it. Such 100 
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a particle will have its acceleration always 
perpendicular to equipotential surfaces. As 
may be understood, the steeper the potential 
gradient, the greater the acceleration on the 
article. Such a particle will, therefore, be 

travelling at a high speed in a comparative 
ly short distance. The course of this par 
ticle under ordinary conditions is beset with 
the molecules composing the substance or 
medium in which it happens to be; here the 
medium would be the insulation. The result 
is that this accelerated ions, instead of pur 
Suing a straight and direct course, probably 
pursues a very tortuous course, bumping into 
molecules, rebounding, getting up speed 
again, bumping again and so on. Above a 
certain critical potential gradient, called the 
ionizing potential gradient, such an ion 
would be accelerated sufficiently within a 
distance of between 1 and 5 microns, so that 
if it collided with a molecule, the force would 
be sufficient to break up the molecule into 
separate and opositely charged ions. Each 
of these ions would, of course, be attracted 
towards the pole having an unlike charge. 
Furthermore such ions would act the same 
way as the original free ion and would cre 
ate other ions. 
This state of affairs may be shown by a 

very simple equation. If D is the actual 
thickness of the insulator on our conductor, 
and if X is the distance within which the ion 
gets up Sufficient speed to cause an ionizing 
impact with a molecule, then Z, the number 
of collisions of one originally free ion, will 
be equal to 

D 
X 

after which collision, the number of free or 
detached ions present is doubled. It is read 
ily apparent, therefore, that the number of 
ions increases exponentially. Thus the num 
ber of ions, N, formed from one original ion, 
equals 2 raised to the Zith power, where Z 
is the number of collisions as above. 

N=22. 
As was stated above, X is a very small num 

ber as a rule, and since D is usually very much 
greater than X, Z will be very large, while 
N will be enormous. To take a concrete case, 
imagine that the insulation on our conductor 
is about one quarter of an inch thick. This 
corresponds to about 64 mm. Assuming 
5 microns or .005 mm. as X, which is a prob 
able maximum under ordinary conditions, 
then Z would come out about 1300. N would 
therefore, be equal to 2 raised to the 1300th 
power. This number is almost inconceivable, 
there being between four and five hundred 
figures. Our Ordinary numbers, even to bil 
lions, form but a very small fraction of such 
a number. When it is considered that this 
number of ions is formed by only one free ion 

1,885,698 
in the first place, it will be readily apparent 
that the grand total will be still greater when 
multiplied by the number of free ions. Such 
a flow of ions is equivalent to a heavy flow 
of current, and as a matter of fact, a short 
circuit occurs when such a state of affairs is 
reached. 
With present types of insulation, the po 

tential gradient must be kept below the ioniz 
ing gradient to avoid the above effects. This 
imposes a maximum stress on such insulation 
beyond which it is impossible to go, if the 
insulation is to last any length of time. Since 
the gradient is merely the fall of potential 
through a unit distance, it can readily be 
seen that if very great potentials are to be 
insulated properly, the thickness of insula 
tion must be greatly increased in order that 
the potential gradient remain below the ion 
izing point. In my new and improved insula 
tion, the entire fall of potential is taken up 
by a verythin polarized layer. I have ex 
perimentally proven that the gradient or drop 
of potential per unit distance was the same 
at all parts of the polarized layer. The gra 
dient, therefore, depends upon the thickness 
of this layer. Between the limits of a little 
less than 1 micron and about 5 microns of 
thickness, the potential that can be safely in 
Sulated by this layer, is practically independ 
ent of the thickness of the layer. This latter 
fact is not true of present day insulation. 

It is to be distinctly understood that it is 
only the polarized layer that really performs 
the function of an insulator. If such a layer 
be formed on glass of mica, the rest of the 
glass or mica, which is not polarized, has very 
little potential drop across it, and may be 
considered as a means of support for the po 
larized layer. Fence such support may be 
as thick or as thin as desired. It is possible 
to have this layer on each side of the insulator 
or dielectric, or a series of these layers may 
be obtained by superposing laminations of 
insulating material, each one having polar 
ized layers thereon. In such a case it is es 
Sential that no continuous ionic path be pro 
vided whereby substantial impact ionization 
Enight occur. A composite insulator of this 
kind may be produced by having several 
laminae of linseed oil varnish, each lamina 
treated to obtain a polarized layer. It seems 
that the linseed oil varnish proper is suffi. ciently conducting so that any ions that come 
to it are conducted away and thus no very 
great amount of cumulative ionization is 
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possible on the other side of the linseed oil 
yarnish proper is sufficiently conducting so 
that any ions that come to it are conducted 
away and thus no very great amount of cumu 
lative ionization is possible on the other side 
of the linseed oil varnish. With a linseed oil 
laminated insulator, each lamina treated to 
obtain a polarized layer, and the entire in 
sulator being but 200 microns thick, I have 
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impressed 60,000 volts across it without caus 
ing a breakdown. Such a potential corre 
sponds to 3 x 10 to the 6th power volts per 
cm., whereas the maximum potential gra 

5 dient for ordinary insulation is about 2 x 10 
to the 5th volts per cm., and at that potential 
gradient it is dangerously close to the ioniz 
ing point. - 
Using the above insulator in a condenser 

10 through which high frequency current was 
passed, the condenser conducted 10 amperes 
at 10,000 volts. The loss angle of the in 
sulator under these conditions was only 2. 
As is well known, an ideal dielectric has no 

15 loss angle at all, and in an ideal condenser, the current leads the potential by exactly 
90°. In the condenser that I use, with the 
loss angle mentioned, the lead angle was cut 
down to 88, which is much better than can 

20 be obtained in condensers where the dielectric 
is a solid or a liquid. 
My improved insulator may be used 
(1) As an insulating material for all kinds 

of cables applied either in the form of a band 
25 or with an intermediate layer of paper, wood, 

fabric directly on the conductor, 
(2) As insulation for high potential con 

ductors, and as a protection against corona 
and other silent discharge, 

30 (3). As insulating material for all kinds of 
electric machines, as motors, dynamos, mag 
netos, and transformers, 

(4) As a dielectric material for all kinds 
of condensers, either for high voltages or high 

85 frequency, 
. (5) As a means to enable a large amount of energy to be accumulated in high powered 
condensers, 

(6) As a means for obtaining great me 
40 chanical forces in a condenser with moyable plates. 

As was stated, I obtained a polarized layer 
on an ordinary insulator, this polarized layer 
taking practically the entire potential drop 

45 across it. An examination of this polarized 
layer showed that it was extremely poor in 
free ions. Furthermore, the thickness of this 
layer is such that the few free ions which are 
accelerated can only collide a very small 

50 number of times and thus only a few ions are 
created. This means that only an infinitesi 
mal current passes. Hence, an almost perfect 
insulating medium is thus created. r 
One method of creating such a layer is to 

55 heat the insulator to a high temperature, 
though not high enough to permanently dam 
age it, and at the same time pass a direct cur 
rent of electricity through it. It has been 
found that when a direct potential is applied 

60 to the opposite sides of an insulator by means 
of electrodes of appreciable area, there is in 
itially a fairly large surge of current which 
is the so-called charging current. The value 
of current then drops down to a fairly low 

5 value which cortinues to pass for a consider 

able length of time. It has been found, how 
ever, that this residual E. decreases more 
and more until finally a very low value is 
reached. This action has been found to exist 
in insulators entirely free of any extraneous 70 
current carriers, such as moisture or metallic 
particles. After a current has passed 
through it for some time under these condi 
tions, the amount of current grows smaller 
and smaller, finally dropping to a very low 5 
value. When this stage is reached, the cur 
rentis stopped and the substance is allowed to 
cool. This method results in the produc 
tion of a polarized layer. As stated above, this polarized layer is extremely poor in free 80 
ions. Thus it will be noted that this process 
consists essentially in the removal of these 
free ions from the surface layer. Inasmuch 
as the current which passes must result in the 
removal of the free ions, it is obvious that it 85 
must be these free ions which conduct the cur 
rent through the layer, and therefore the re 
moval of these ions is what produces the de 
crease in the conductivity of said layer after - 
the current has been passing for a consider-90 
able length of time. It should be noted at 
this point that the potential applied must be 
in one direction in order that the ions have an 
opportunity to gradually progress to the sur 
face of the insulator where they may escape 95 
into the external circuit. In order to accom 
plish the removal of these ions, it is further 
obvious that the layer must be free of extran 
eous matter which would conduct the current, 
and therefore prevent this current from re- 00 
moving the free ions. Such extraneous mat 
termaybe, for exampde, moisture or metallic 
particles and the like. I have treated pieces 
of glass, mica, colophony, thin layers of oil, 
benzol, finseed oil varnish, calcite, mother of 105 
pearl, colloidal carbonic salts, aluminium ox: ides, phosphates and cements, etc. In all 
these cases, a polarized layer was formed and 
it was observed that with the thickness of this 
layer within the limits mentioned above, the li0 
breakdown potential was practically inde 
pendent of the thickness of the insulator. 
The polarized layer, moveover, will persist 
even when the substance has cooled. 
Another method of producing such a layer 15 

is by the action of air oxidizing the surface of 
the dielectric to be treated. Thus linseed oil 
is polymerized,and purified at about 250° C. 
and then provided with a cobalt or manganese 
siccative. This product is then superficially 20 
oxidized at about 200° C. In such a case, 
there appears to form a superficial layer of 
oxidized substance, which is permanent, and 
which has the property of being polarized 
without the necessity of passing a current of 
electricity through it. I all such cases, thin 
layers in the neighborhood of .001 mm. were 
obtained-it is the polarized layer in all such 
cases that is of this dimension, and not nec 
essarily the entire insulating medium-which 39. 
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successfully withstood a potential gradient 
of 108 volts per cm. 
I claim: 
1. An insulating body having its insulat 

5 ing strength concentrated in one or more thin 
layers of a thickness of the order of about 
five microns or less. 

2. An insulating body comprising a plu 
rality of layers, each of said layers compris 

i0 ing an insulating body having a thin layer of 
increased dielectric strength thereon, said 
thin layer being of a thickness of the order of 
between 1 and 5 microns. 

3. The method of making an insulator re 
5 sistant to high potential which consists in pre 
paring a layer of material of very low con 
ductivity, said conductivity depending prac 
tically solely on the presence of free ions in 
said layer, heating said layer, and causing a 

20 current of electricity to go through it in one 
direction until the free ions are removed from 
a thin layer on the surface of said first-named 
layer, said removal being observed by the de 
crease of said current to a value considerably 

25 less than its initial value. 
In witness whereof I affix my signature. 

ABRAHAM JOFFE. 
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