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This inventnon relates to method and appa--

ratus for operating positive column discharge
tubes and particularly to the operation of posi-
tive column discharge tubes, which are for illum-
ination and display purposes and have a filling
of one or more gases at relatively low pressure,
for example a filling of helium, neon, argon, etc.,
or a mixture of the same.

The invention has for its object generally an
improved method and apparatus therefor, where-
by positive column discharge tubes may be oper-
ated with the consumption of relatively little
energy and has improved characteristics where-
by the apparatus avoids the necessity for and
the cost of high voltage insulation, and may
be readily and conveniently- installed.

More specifically, the invention has for its ob-
ject to provide a new and improved method of
causing a - positive column discharge tube to
strike an arc discharge and give illumination
when a relatively low voltage is impressed and
when operating to suppress the power component
of the current whereby heating effects are
avoided; the tube, to all intents and purposes,
then operating as a cold light.

Another object is to provide an improved
method and apparatus for producing an alter-
nating current of relatively high frequency which

-cooperates in causing the striking of an arc in
o & positive column discharge tube when a rela-

tively low voltage is impressed. This method
utilizes certain chemical elements such as seleni-
um in a certain state or modification for in-
fluencing normal magnetic fields in supply appa-
ratus of commercial frequencies to give relatively
high frequencies.

Still another object is to provide a process
and improved procedure for producing the de-
sired modification of a chemical element such as
selenium, in substantially any amount and hav-

ing a purity and potency of predetermined value. .

Other objects of the invention will in part be
obvious and will in part appear hereinafter.
The invention accordingly comprises the sev-

5 eral steps and the relation of one or more of

such steps with respect to each of the others,
and the apparatus embodying features of con-
struction, combinations of elements and arrange-
ment of parts which are adapted to effect such
steps, all as exemplified in the following detailed
disclosure, and the scope of the application of
which will be indicated in the claims.

For a fuller understanding of the nature and
objects of the invention, reference should be

had to the following detailed description taken

(CL 176—124)

in connection with the accompanying drawings,
in which:

Fig. 1 shows schematically an arrangement of
apparatus for operating a positive column dis-
charge tube in accordance with the invention;

Fig. 2 is a view mainly in perspective, parts
being broken away showing a transformer such
as is included in the apparatus employed in the
practice of the present invention;

Fig. 3 shows in perspective a core lamination
of a character adapted to be employed in the
transformer shown in Fig. 2;

Fig. 4 is a diagrammatic view showmg typical
voltage and current curves which may be ob-
served in an oscillograph connected to ascertain
the operation of a positive column discharge
tube when arranged as shown in Fig. 1;

Fig. 5 is a flow diagram showing the steps of
a process to be followed in producing selenium
in a modification suitable for the practice of
the present invention; and

Fig. 6 shows schematically an apparatus which
may be employed for producing laminations like
that shown in Fig. 3.

Positive column discharge tubes, as is well
known, require a higher striking voltage than
an operating voltage.
commonly referred to as a negative voltage
characteristic and may be observed in any oscil-
lographic record of the instantaneous voltage
values which are operative across such discharge
tube. An oscillogram for a neon discharge tube.
showing this characteristic is depicted in Fig. 4,
where A depicts a current curve, and B depicts’
a voltage curve. The curve B is seen not to be
in phase with the curve A, but has nodes slightly
ahead of those in curve A and is seen to rise

‘sharply to a certain peak value before the cur-

rent will pass. The curves depicted show the
presence of a high frequency harmonic of small
amplitude. In oscillograms, as ordinarily re-
corded, the actual separation of the high fre-
quency loops of the order here employed is not
discernible to the naked eye, only a broadening
of the curve-portions away from the axis being
seen. In this flgure, however, the separation
has been shown in order that the nature of the
harmonic may appear. When such harmonics
appear, as they do at times in oscillograms of
ordinary commercial tubes operated from 60-
cycle sources of alternating current, they are
deemed to indicate a condition of instability and
is not infrequently accompanied with a tendency
to flicker.

This instability and tendency to ﬂlcker, while

This characteristic is.
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2
in part a property of the pressure in the tube,

the size and length of the same, the size and

condition of the electrodes and the degree to
which occluded gases are removed, has also been
ascertained to be in part due to the character-
istics of the gas molecule. By properly design-
ing a tube, the tube-factors tending toward in-
stability may be substantially eliminated or com-
pensated for, the means to this end being known
to those skilled in the art. The factors depend-
ing upon the characteristics of the gas mole-
cules in the tube, however, cannot be eliminated,
but advantage may be taken of the same to
cause the tube to strike an arc and become
luminous with voltages of relatively low value,
provided a voltage of proper high frequency is

impressed. The nature of this phenomena is .

not entirely clear, but it seems likely to be a
property depending upon a characteristic re-
sembling resonance in a molecule or structure
whereby ionization can be induced to take place
at a lower voltage and with less work than here-
tofore when a voltage of proper high frequency
has been impressed. This phenomena- of strik-
ing a discharge in positive column discharge
tubes has been observed to take place with gases
such as helium, neon and argon over a selected
range of frequencies. The striking in com-

mercial tubes for neon and argon takes place

substantially within a band of frequencies as-
certained to be in the neighborhood of from
5,000,000 cycles per second to 42,000,000 cycles
per second; the tubes so struck being filled with
gas of commercial purity at the pressures com-
-monly employed for such tubes, i, e., a pressure
of about 7.5 mm. of mercury for neon, and a
pressure of about 12 mm of mercury for argon.

In order readily to provide current of the fre-
quencies desired, it is proposed to superimpose
sultable harmonics on the current supplied by
modifying the magnetic fleld of a source of cur-
rent, such as a service transformer, by the
presence of a chemical element that is suitably
sensitive and capable of modifying the normal
magnetic fleld. Selenium markedly exhibits this
characteristic, especially when in a red-crystal-
line form, which has the property of selective-
ly absorbing light energy. In this modification
or form, it seems to be activated, especially after
prolonged exposure to a strong actinic light,
such as sunlight. Crystals of selenium in this
form when placed in the magnetic fleld of a
transformer, for instance between the lamina-
tions of the core, have the property of produc-
ing in the normal current, harmonics which
have high frequencies within the frequency band
desired.

In order to suppress. thg power component of

the current passing in the tube, the servicing -

transformer is made to have high values of its
reactance; accordingly, an open magnetic cir-
cuit core type transformer is preferably em-
ployed, together with an arrangement of wind-
ings and other agencies productive of this end.
Referring now to the drawings, and particu-
larly to PFig. 1, 10 and {1 denote conductors lead-
ing from a commercial source of alternating
current, for example, a 110-volt, 60-cycle source.
Conductor 10 is shown as leading directly to one
terminal of a primary winding of a service
transformer, which 1Is constructed to have a
high reactance characteristic and the ability to
superpose a high frequency current upon that
supplied by the secondary. The other conductor
i1 is grounded and connected to a lamination of
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a core 13, which is shown as of the open mag-
netic-circult type, in order to assist in impart-
ing to the transformer the high reactance cher-
acteristic desired. ¥rom this lamination, the
circuit is continued and is connected to one
terminal of a series condenser or capacitor i4,
that is conveniently made physically small, but
is electrically of relatively high capacitance and
assembled with the core and inserted in the
winding-assembly, as shown. From the other
terminal of the condenser, a conductor 15 leads
to the other terminal of primary winding i2.
By thisarrangement, it is seen that the capacitor
and the primary of the transformer are con-
nected in series.

A secondary winding 18 1s assembled over the
primary winding about the core 13 and has
terminals, connected by conductors, shown re-
spectively at {71 and 18, to the electrodes 19 of
a positive column, discharge tube 20. This sec-
ondary winding may have one or more taps if
desired. The tube 20, while depicted as straight,
is shown merely conventionally and may have

‘substantially any desired length and shape.

Lengths up to 92 feet of ordinary commercial
tubing have been made to strike and give il-
lumination from transformers of the present in-
vention, ‘where the transformer has an output
potential across the secondary of only 98 volts,
the current consumption in such cases being
in the neighborhood of .001 ampere. By the
use of the present invention, tubes may be made
to turn sharp corners and ‘have lateral pro-
Jections away from the normal axis of the tube,
which illuminate fully when a discharge is tak-
ing place within the tube. This enables rela-
tively simple constructions for letters in signs,
such as E, to be employed and does not require
the use of a return lap to get the middle bar
of the letter E illuminated, as is now commonly
practiced. :

The core 13, which is of the open magnetic
circuit type, comprises an assembly of lamina-
tions arranged to incorporate the chemical ele-
ment_depended upon to modify the magnetic
fleld and develop harmonics producing a rela-
tively high frequency. A physical winding as-
sembly is shown In Fig. 2 for the practice of the
invention where the primary. and secondary
windings are nested, but are not necessarily
closely coupled magnetically. The windings, ac-
cordingly, are advantageously separated by in-
sulation such as a cellulosic material that may
be in sheet form and shellacked if desired and

wrapped with an outer wrapping of insulating .

material 21, such as tape or cambric to form a
package having a central opening 22 in which
the core is inserted. As the assembled lamina-
tions generally provide a rectangular assembly,
this opening is shown as rectangular and has a
liner or casing 23 of insulation, of a form which
fits snugly about the walls of the opening, pro-
Jecting therefrom, the assembled core heing in-
dicated as disposed interiorly thereof at 13s. At
each side of the core is preferably disposed por-
tions of the condenser 14, the portions being de-
noted 14* and 14b, respectively; the plates of
the condenser which are adjacent the core be-
ing preferably separated therefrom by one or
more layers of insulation, which may be rela-
tively thick, the same being conventionally de-
picted at 24 in Fig. 1. While any suitable in-
sulation may be employed, the effect of produc-
ing desired harmonics in the output current is
enhanced if this insulating material is impreg-
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nated with the chemical element depended upon
to modify the magnetic fleld. Where impreg-
nation with such element is practiced, the con-
ductor (5§ may advantageou§1y be connected
thereto at one end, as shown.™-One side of the
secondary winding is also advantageously con-
nected-to ground through the core, which is here
shown as accomplished by a conductor 28.
When selenium, in a suitable modification, is
employed to produce the desired harmonics, this
may be incorporated in the core in a number of
different ways. It may, for example, be deposit-

~ed upon an insulating fabric such as a dry

parchment paper and laminations, coriespond-
ing in size and shape to those of iron in the core,
cut from the coated paper and interleaved with
the iron lamination. The dryness of the paper
is essential, since the presence of moisture seems
to be generally deleterious to the deposited
selenium-and causes it to change ifs form and
lose its potency to produce the desired effect.
Paper of the desired quality is not always read-
ily obtainable or sufficiently low in price and re-
sort to other methods of incorporation may be
had, for example, it may-be deposited upon cer-

tain magnetically neutral metals, such as alumi-
num, that are afterwards oxidized on the surface

in a manner such that the oxide envelopes and
protects the deposited selenium.

A preferred method, however, involves the de-
position of selenium directly upon the iron lami-
nations to be employed in the core. A lamina-
tion of this character is depicted in Fig. 3 where
opposite sides are coated with a thin layer of a
red form of selenium, the selenium coated lami-

- nation being thereafter covered with a protective
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coating of moisture-proof non-magnetic material
such as a coating of lacquer containing a pheno-
lie-condensation product; for example, that sold
under the trade-name “Bakelite”.

The laminations thus produced are assembled
as shown at 13¢ to provide the open magnetic-cir-
cuit type of core preferred and are inserted to-
gether with one or more portions of capacitance
as shown at 14¢ and 14* in the insulating or
barrier tube 23. This latter may have selenium
in the desired modification associated with it.

Accordingly, it is preferably wrapped with paper
or parchment having the desired modification of

selenfum upon or impregnated in it. Such paper
is with advantage relatively thin, for example
from .001 to .002 inch thick and may be further
impregnated with wax or paraffine in order to
improve its moisture resisting properties and
thereby increase its protection for and preserva-
tion of the potency of the selenium employed.
The transformer proper, when thus assembled,
is preferably hermetically sealed in a protective
casing, as shown at 26.

In order to provide selenium in the desired red
crystalline modification, ordinary commercial
gray selenium is the raw material employed
which is first preferably purified and finally
precipitated from an acid solution by means of
a suitable alkaline agent. 'The preferred steps
to be followed in achieving this end are indicated
schematically in Fig. 5. Here, the gray modifica-
tion is indicated as first dissolved in a suitable
volatile solvent, for example, carbon bisulphide,
after which the solution is filtered and the fil-
trate then distilled. In this way, the undesirable
impurities are substantially removed. The steps
of filtration and distillation-are preferably prac-
ticed two or three times in succession. The sele-~
nium resulting, which is still in the gray modifi-

3

cation, is now dissolved in nitric acid, for ex-
ample, one-fenth normal. When dissolved, the
alkaline agent which may be sodium bicarbonate,
potassium bicarhonate, or the like, is added. Fine
particles of selenium will now precipitate. If,
however, it is desired to use this selenium for
electrolytic deposition, it may be converted into
a suspension by the addition of a suitable amount
of a suitable gum, for example, gum arabic, gum
tragacanth, etc. Selenium that is either precip-

{tated or in suspension is converfed into the red-

modification by exposing the same to sunlight or
to a light containing strong actinic rays. Ex-
posure for a period of approximately three days

-has been found to yleld a selenium which is almost

100% in the red crystalline form.

Where electrolytic deposition is practiced, a
suspension of selenium in a gum arabic solution,
which has been properly exposed to light, is
placed in an electrolytic cell and the transformer
element on which the selenium is to be deposited
connected as a cathode in the cell. An improved
arrangement for accomplishing -the electrolytic
deposition of selenium on the surfaces of an iron
lamination for the transformer core is shown in

Fig. 6. Here, the iron lamination is suspended

in a gum arabic solution which contains the red

" modification of selenium in a state which is prac-

tically colloidal. This lamination is connected
to a negative pole of a convenient source of di-
rect current, for example, a storage cell, the
electrolytic cell also having an anode connected
to the positive pole of the same source of current.

A lamination of a character suitable for the
transformer core 13 should be of a relatively good
grade of transformer iron and is relatively thin,
for example a lamination whose surface dimen-
sions are 1 x 5% inches, would have a thickness
of approximately .02 inch, and is specially pre-
pared in order that it will receive an even deposit

of selenium in the manner desired. This has’

been found hest accomplished by pickling the
lamination in a weak acid solution, after which
it is dried in a non-oxidizing atmosphere, sand-
papered and finally washed in benzene so as f{o
insure its being substantially free from oily and
fatty material.

In order that the laminatlon may be coated
with selenium, for example with a selenium coat-
ing of from .0005 to. .001 inch thick, and there-
after coated with a protective lacquer, which may
be of substantially the same thickness as the coat-
ing of selenium, all in one operation, it is pre-
ferable that the electrolytic cell in which the
selenium is deposited on the lamination be re-
latively deep, so that there may be superposed
above the plating suspension a suitable dehy-
drating and cleansing solution, for example, one
consisting of alcohol plus benezene or other
hydrocarbon poured into the cell to the desired
depth, care being taken not. to disturb the sepa-
rating surface which normally intervenes be-
tween these two solutions. Superposed above the
cleansing and dehydrating solution is a third
solution or liquid layer, comprising the protec-
tive material, such as a lacquer from a phenol
condensation product.  When sufficient current
has been passed from the source of E. M. F. in
Fig. 6 to deposit a coating of selenium having the
desired thickness on the lamination, the circuit
may be opened and the lamination withdrawn.
It is seen that by drawing the lamination thus
coated slowly up through the two liquids above
the plating suspension, the lamination is first

15

20

25

30

35

40

50

60

65

70

substantially freed from moisture and then coat- 33




10

15

40

45

55

80

65

70

({ ]

4

ed with a desired protective coating, after which
the lamination may be dried and assembled in
the transformer core.

In operation, the tube to be illuminated is
connected to the secondary terminals of a trans-
former constructed as here indicated and cur-
rent turned on in the usual manner,
will light up at once, all parts of the tube being
illuminated without the occurrence of dead
spots, even though there be portions of the tube
projecting out of the central line of discharge.
This illumination will be produced with a very
small consumption of energy, for example, when
a tube 92 feet long was illuminated from a sec-
ondary transformer whose primary was ener-
gized from 110-volt current from a . 60-cycle
source, and the secondary output was in the
neighborhood of 98 volts, 92 feet of commercial
tubing were illuminatzd with an energy con-
sumption of substantially one-tenth watt.

The physical dimensions of a transformer for
accomplishing the illumination of tubing in this
manner is relatively small, for example, the pri-
mary and secondary windings may be wound
separately and nested from No. 10 annealed
copper wire, the windings being wound as layer

built windings until substantially two pounds’

of copper wire are incorporated. The windings
thus assembled may comprise a package that
has dimensions of about 3!, x 3% inches, the
windings being distributed along the winding
axis that is about 5 inches in length.’ The seal-
ing casing which encloses these windings can
be provided to have relatively little clearance.
It is thus seen that the outside dimensions of
the transformer need not greatly exceed that of
the winding package within. Where the ratio
of primary to secondary turns is substantially
0.8, such transformer would have a secondary
impedance value in the neighborhood of 6000
ohms and a straight chmic resistance of a value
in the neighborhood of 80 ohms.

A transformer thus constructed is adapted to
operate tubes and does not require high voltage
insulation and would, therefore, be connected to
illuminate neon and other display tubes in a
convenient and relatively inexpensive manner.
By reason of the low energy consumption, there
is substantially no heating effect. In conse-
quence, all the parts remain at temperatures not
materially different from the temperature of the
atmosphere during the operation of the tube.
The tube, therefore, as previously pointed out,
operates as a substantially cold light when sup-
plied with current from an alternating current

supply system employing a magnetic field modi- .

fying agent in accordance with the present
invention.

Since certaln changes in carrying out the
above process and in the constructions set forth,
which embody the invention may be made with-
out departing from its scope, it is intended that
all matter contained in the above description
or shown in the accompanying drawing shall be
interpreted as illustrative and not in a limiting
sense.

Having described my invention, what I claim
as new and desire to secure by Letters Patent,
is: ‘
1. The method of operating positive column
dicharge tubes which comprises connecting the
tube across a relatively low voltage source of
alternating current of commercial frequency,
and modifying the magnetic fleld of said source

80 as to superpose a relatively high frequency

The tube -
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harmonic upon said commercial frequency by
the introduction of selenium in the magnetic
fleld of said source.

2. The method of operating positive column
discharge tubes which comprises connecting the
tube across a relatively  low voltage source of
alternating current of commercial frequency,
and modifying the magnetic fleld of said source
50 as to superpose a relatively high frequency
harmonic upon said commercial frequency by
the introduction of a red crystalline form of
selenium in the magnetic fleld of said source.

3. The method of operating a positive column
discharge tube which comprises supplying a low
voltage current from a transformer supplied
with commercial frequency, reactively suppress-
ing the power component of the current sup-
plied by said transformer, and inducing a strik-
Ing voltage in the current supplied by super-
posing a harmonic upon tHe secondary current
having a frequency taken from the frequency
band extending from five million cycles to forty-
two million cycles per second.

4. In apparatus for operating positive column
discharge tubes, the combination with a positive
column discharge tube, of a commercial source

- of relatively low voltage alternating current hav-

ing a controlling magnetic field, and a chemical
element incorporated in said field adapted to
modify said fleld and superpose a high fre-
quency harmonic on the current supplied of a
character adapted to induce the striking of an
arc- discharge in said discharge tube at said
relatively low voltage.

5. In apparatus for operating positive column
discharge tubes, the combination with a positive
column discharge tube, of a commercial source
of relatively low voltage alternating current
having a controlling magnetic fleld, and a light
sensitive chemical element incorporated in the
magnetic fleld of said source for modifying the
same In a manner adapted to superpose a high
frequency harmonic on the current supplied of
a character adapted to induce the striking of
an arc discharge in said tube at said relatively
low voltage.

6. In apparatus for operating positive column
discharge tubes, the combination with a positive
column discharge tube, of a commercial source
of relatively low voltage alternating current
having a controlling magnetic field, laminations
of magnetic material in said magnetic fleld, and
& quantity of selenium associated with said lam-
inations for modifying said magnetic field in a
manner whereby an arc discharge may be struck
in sald discharge tube with said relatively low
voltage.

7. In apparatus for operating positive column
discharge tubes, the combination with a posi-
tive column discharge tube, of a commercial
source of relatively low voltage alternating cur-
rent having a controlling magnetic field, lJamina-
tions of magnetic material disposed in said fleld,
and a quantity of selenjum in the red crystal-
line modification dispersed throughout said field

" in association with said laminations in a manner

adapted to superpose a relatively high frequency
harmonic upon the current supplied at said rel-
atively low voltage to said.discharge tube,

8. In apparatus for operating positive column
discharge tubes, the.combination with a positive
column discharge tube, of a commercial source
of relatively low voltage alternating current hav-
ing a controlling magnetic field, laminations of
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layers of red crystalline selenfum interleaved
with said laminations, and means for insuring
the substantially complete exclusion of moisture
from said layers of selenium.

9. In apparatus for operating positive column
discharge tubes, the combination with a positive
column discharge tube, of an alternating cur-
rent transformer having a primary adapted to
be connected to a commercial source of alternat-
ing current and a secondary adapted to supply
current at a relatively low voltage to said dis-
charge tube, a core having means for imparting
a relatively high reactance characteristic, and
a quantity of a chemical' element associated
with said core in a manner adapted to modify
the magnetic field so as to superpose a relatively
high frequency harmonic upon the secondary
current supplied to said discharge tube.

10, In apparatus for operating positive col-
umn discharge tubes, the combination with &
positive column discharge tube, of an alternat-
ing current transformer having a primary
adapted to be connected to a commercial source
of alternating current and a secondary adapted
to supply current at a relatively low voltage to
said discharge tube, a core having means for
imparting a relatively high reactance charac-
teristic, and a quantity of selenium in a form
activated by prolonged exposure to actinic rays
associated with said core and distributed so as
to modify the magnetic fleld thereof whereby
an arc discharge may be struck in said discharge
tube when supplied with current at a relatively
low voltage from said secondary.

11. In apparatus for operating positive column
discharge tubes, the combination with a positive
column’ discharge tube, of an alternating cur-
rent transformer having a primary adapted to
be connected to a commercial source of alter-
nating current and a secondary adapted to sup-
ply current at a relatively low voltage to said
discharge tube, a core having means for im-
parting a relatively high reactance character-
istic, a quantity of selenium in the red crys-

5

talline modification dispersed throughout said
core and between the laminations thereof, and
means for substantially completely excluding
the acquisition of moisture by said selenium,

12. In apparatus for operating positive column
discharge tubes, the combination with a pos-
itive column discharge tube, of an alternating

" cwrrent  transformer having a primary adapted

to be connected to a.commercial source of al-
t=rnating current and a secondary adapted to
supply current . at a relatively low voltage to
said discharge tube, a core of the open mag-
netic circuit type having laminations- of mag-
netic material, relatively thin layers of selenium
in the red modification on said laminations and
interleaved therewith, means_for excluding sub-
stantially completely the acquisition of moisture
from said selenium and capacitances electrically
connected in series with said primary and
physically associated with said core.

13. In apparatus for operating positive column
discharge tubes, the combination comprising a
positive column discharge tube having electrodes
in its ends, of a transformer having a primary
connected to a commercial source-of. alternating
current and a secondary connected to said elec-
trodes for supplying current at a relatively low
voltage, a core for. said transformer of the open
magnetic circuit type, said core being com-
posed of laminations: of magnetic iron having
relatively thin deposits of selenium thereon in
the red modification, said laminations having a
coating of a moisture excluding lacquer thereon,
layers of insulation interposed between said core
and said windings and incorporating a quantity
of selenium in the red modification, a capacitance
electrically connected in series with said primary

- winding and physically associated with said lam-

inations within said layers of insulation, and
a casing enclosing sald windings, core and ca-
pacitance in a manner which excludes substan-
tially completely the acquisition of moisture by
said selenium.

WALDEMAR O. MITSCHERLING.
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