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This invention relates generally to a method
and apparatus for producing alternate and suc-

cessive pulses of light which may differ from one

another in one or more of the characteristics,
color, intensity, duration, and location of the
sources thereof. More particularly, the inven-
tion provides a method and apparatus for con-
trolling electric lights of different colors to alter-
nately and successively illuminate a surface con-
taining representations or figures in complemen-
tary colors, to create an illusion of motion or ani-
mation of such representations, without the an-
noying accompaniment of color flicker.

The invention may be used to great advantage
in connection with advertising displays, signs,
and the like, for the production of illusions of
motion in fixed pictorial or graphical representa-
tions in complementary colors in a plurality of
positions on a neutral-colored background. By
illuminating such representations alternately and
successively with light pulses of différent colors
chromatically related to the colors of the repre-

sentations, effects may be obtained which are both -

striking and pleasing to the eye.

Heretofore, in the illuminated advertising sign
art employing one or more pairs of complemen-
tary colored light sources to illuminate chromati-

cally related representations on a sign, it has been:

customary to effect complete modulation of each

-source between total extinction and full luminosi-

ty. 'To accomplish this mode of operation with
gas discharge tube light sources, it has been the
universal practice to employ exclusively tubes of
the low-pressure type. Such tubes, although eas-
ily re-started, are known to be of relatively low

efficiency as light sources, as compared with high-

pressure. gas discharge tubes, such as mercury
vapor tubes. High-pressure gas discharge tubes,
however, can be re-started after extinction only
with difficulty. This is due to the fact that
whereas such a tube is initially started as a glow
discharge fube, the mercury within the tube soon
becomes vaporized, and the discharge thereafter
continues as an arc discharge at relatively high
pressure. If the discharge be momentarily extin-
guished, it cannot be restarted as an arc without
the use of a prohibitively high voltage; nor can it

be restarted as a glow discharge, on account of.

the high pressure of the mercury vapor. Such
condition continues until the pressure is once
more reduced by cooling and consequent conden-
sation of the mercury.

The devices heretofore known, therefore, are
far less efficient than they would be were it pos-
sible to employ high-pressure tubes.

(CL 40—130)

It is a well known fact that whereas low-pres-
sure gas discharge tubes having a red color char-
acteristic, such as neon tubes, give the impression
of a substantial amount of rich red light, low-
pressure gas~discharge tubes having a minus-red

or cyan color characteristic give the impression.

of a pale or weak light. Hence when the two
types are used in comb‘nation, the observer re-
ceives an impression of unbalance and color flick-
er, and a paucity of rich purples in the neutral
portions of the representation. 'The strong cyan
light of high-pressure tubes or mercury vapor
tubes, on the other hand, is not open to this
objection.

My invention is based largely on the discovery
that more striking and more pleasing results can
be obtained by controlling a first light source of
one color and of a certain- full ‘luminosity, to
effect periodic or intermittent modulation thereof
from total extinction to full luminosity, and al-
ternately therewith, controlling a second light
source of a different color and of a substantially
greater full luminosity than that of the first, to
effect modulation thereof from partial luminosity
to full luminosity, The intermittent decrease in
luminosity of the second source is preferably so
selected as to be of the order of the full luminosity
of the first source.

Without definitely subscribing to a particular
theory of operation, I believe that the results ob-
tained as described above depend primarily upon
the contrast in luminosity of the representations
between the two phases of the operating cycle,

-and only secondarily upon the absolute value of
the luminosity.

Furthermore, I have observed that when ex-
actly equal quantifies of light of substantially
complementary colors are employed, as produced
by methods heretofore known, a substantial
amount of color flicker is produced from and
upon the portions of the display which are in-
tended to be neutral. This is believed to be due
primarily to the change of the sensation value
of the light with change of color, due to a shifting
of the stimulus from one set of light-sensitive ele-
ments within the human eye to another. And
this phenomenon may occur although the actinic
value of the light on the neutral background is
substantially constant.

As the result of my discovery that one of the
colored light sources may be continuously excited
and illuminated, it becomes possible to use a high-
efficiency, high-pressure gas discharge tube, a
mercury vapor tube, for example, as one of the

sources of colored light in the illumination system
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under discussion, since it is no longer necessary to.
start such tube from a totally extinguished con-
dition. Thus, it is merely necessary to effect
modulation of such high-pressure tube from par-
tial luminosity to full luminosity, preferably sub-
stantially instantaneously.

To practice the invention with a specific em-
bodiment, at least two gas discharge tubes are
provided, including a low-pressure tube and a
high-pressure tube. Suitable sources of electric
energy are provided, and the tubes are arranged
to be energized or excited in associated electric
circuits by appropriate control equipment. The
low-pressure tube is operated to effect modula-
tion thereof from total extinction to full lumi-
nosity, and the high-pressure tube is operated
alternately with the low-pressure tube to effect
modulation of the high-pressure tube from its
full luminosity to substantially less than its full
luminosity. Thus, the high-pressure tube is con-
tinuously excited and never totally extinguished.

The invention will be more fully understood
from the following description, considered with
the accompanying drawings. In these drawings:

Fig. 1 illustrates schematically a pair of tubes
and associated electric control circuits and ap-
paratus, arranged to produce alternate and sue-
cessive pulses of light;

Fig. 2 illustrates scheiwnatically an arrangement
similar to that of Fig. 1, but in which more than
one pair of luminous tubes is employed;

Fig. 3 illustrates schematically an arrangement
employing more than a pair of luminous tubes,
with certain modifications of the control circuits.

Referring to Fig. 1, I have provided the low-
pressure luminous discharge tube 1 connected to
the output terminals 3 and 4 of the transformer
2. The high-pressure luminous discharge tube
5 is connected to the output terminals 7 and 8
of the autotransformer 6.

A mechanical contactor 8 is provided having
two sets of contacts 10, 18 and i, (9, adapted to
be alternately and successively closed by the
operation of the cam 12 driven by the motor 13.
A source of alternating current energy indicated
by the plug {4 has one side connected directly
to the input terminal IT of the transformer 6,
and to the input terminal 15 of the transformer
2. The other side of the plug 14 is connected

through the resistor 20 to the remaining input-

terminal 21 of the autotransformer 6. The lat-
ter side of the plug 14 is also connected through
the contacts 19 and (1 of the contactor 9 to the
input terminal 16 of the transformer 2. The
contacts 10 and 18 are connected respectively
to the terminals 22 and 23 of the resistor 20 in
such fashion that the resistor 20 is effectively
short-circuited at such times as the contacts 10
and 18 are closed.

From the above description of the circuit ar-
rangements and connections, it is evident that
when the cam 12 is driven by the motor 13, the
full voltage of the source 14 is applied through
the contacts {9 and (1 to the primary winding
of the transformer 2 during one half of each
revolution, and that during the other half revolu-
tion, when the contacts If and 9 are open, no
voltage is applied to the transformer 2. It is
further evident that during the first half revolu-
tion of the cam (2, when the contacts 10 .nd 18
are open, the voltage of the source 14 is applied
through the resistor 20 to the terminals T and
21 of the autotransformer 6, the voltage at the
transformer 6 being thus reduced below the
source voltage by the voltage drop in the resistor
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20; and that during the succeeding half revolu-
tion, when the contacts 10 and I8 are closed,
the voltage of the source (4 is applied directly
to the terminals 17T and 21 of the autotransformer
6. Thus, due to the connections of the gas dis-
charge tubes | and 5 to the transformers 2 and
6 respectively, as above described, the tube | is
subjected to successive and intermittent excita-
tion, varying substantially instantaneously from
a zero value to a predetermined value; whereas
the tube 5 is subjected to successive and inter-
mittent excitation varying substantially instan-
taneously from a greater predetermined value to
a lesser predetermined value, the intermittent
decrease being determined by choice of the re-
sistor 20. Since the function of the resistor 20
is to provide a voltage drop, any other form of
impedance, such as a choke coil, may equally
well be employed. :

A display surface or area is shown at 24, hav-
ing a neutral background 27 and having, for
example, a plurality of concentric rings 25 and
26 in complementary colors; for example, the
rings 25 may be cyan, otherwise known as minus
red, and the rings 28, concentric and alternate
with the rings 25, may be red. The tube | in
the embodiment shown may be a conventional
low-pressure luminous gas discharge tube con-
taining a gas having a characteristic red or red-
orange glow; the gas neon, for example. The
luminous discharge tube § is preferably of the
high-pressure high-efficiency type of mercury
vapor tube which may be filled, for example, with
argon at a relatively low pressure, and may con-
tain a measured quantity of mercury such that,
when normal operating temperature has been
reached, the pressure of the mercury vaporized
within the tube may be of the order of, for ex-
ample, one-half atmosphere.

Fig. 2 represents a modification of the appara-
tus of Fig. 1 in that a relatively large display
surface 28 is provided having a length greater
than that which can be illuminated conven-
iently by a single pair of discharge tubes { and
5. Three .imilar luminous discharge tubes I, 29
and 30 are provided, connected to the secondary
windings of the transformers 2, 31 and 32, re-
spectively. The primary windings 35, 33 and 34
of the transformers 2, 31 and 32 are connected
in parallel, and the three primaries 35, 33 and
34 are adapted to be excited intermittently by
energy derived from a source indicated by the
plug 4 through the contacts {{ and {9 of the
contactor 9.

The transformer 6, which supplies the tube 5,
is adapted to receive continuous partial excita-
tion from the plug {4 through the resistor 20
during the time when the contacts 10 and 18 are
open, and full excitation through the contacts 10
and 18 in parallel with the resistor 20 when those
contacts are closed. Energy is supplied to the
luminous discharge tubes 38 and 39 by the trans-
formers 40 and 41, the tubes 38 and 39 being
similarly connected and similar to the tube 5, and
the transformers 40 and 41 being similarly con-
nected sand similar to the iransformer 6. The
transformers 40 and 41 are likewise adapted to
receive continuous partial excitation through the
resistors 36 and 37, respectively, and intermittent
full excitation through the contacts 42, 43 and
44, 45, respectively.

The display surface 28 is provided, for example,
with the neutral background 21, the cyan repre-
sentation 46 and the red representation 471 com-
prising alternate blocks of the respective colors
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disposed in & manner- such that the illusion of
continuous motion is created along their length.

Under certain conditions, it is desirable that
the cyan illumination be intermittently reduced
to as low a value as possible. Such conditions
may arise when, for example, the greater part,
geometrically, of the surface representations are
cyan but it is desired that the dominant color
of the display be red. In the embodiment shown
in the figures, this requires that the mercury
vapor tube 5 of Fig. 1, or.the tubes 5, 38, and 39
of Fig. 2, have their luminosities intermittently
decreased as nearly to the point of extinction as
possible.
control circuits of Fig. 2 are provided, including
particularly the separate contact pairs 10—18,
43--42, and 45-—44; and the separate resistors 20,
36, and 87, connected as shown. This separation
of the control circuits prevents any irregularity

in the operation of any one of the cyan tubes -

from being reflected as an inverse irregularity in
another of those tubes,

When, on the other hand, a substantial con-
tinuous residual cyan light is either unobjection-
able or desirable, it is feasible to maintain the
continuous cyan luminosity, and therefore the
continuous excitation of the mercury vapor tubes,
at a relatively high level. In such case, the effect
of reflection of irregularities in the operation of
one tube into another is relatively small, and the
conitact pairs (0—I8, 43—42, and 45—44 may
safely be replaced by a single contact pair, the
resistors 20, 36, and 37 being similarly replaced
by a single resistor of appropriate value. This

arrangement is shown in Fig. 3, wherein the .

transformers 2, 31 and 32 for the tubes I, 29 and
30, respectively, are excited and controlled by

‘energy from the source 14 through the contacts

t1 and 19. The transformers 6, 40 and 4[ for

‘the tubes 5, 38 and 39 are similarly connected in

parallel and are adapted to receive continuous
partial excitation through the single resistor 48
and intermittent full excitation through the con-
tacts 49 and 50, in parallel with the resistor 48

5 and actuated by the cam 12 of the contactor 9.

By employing the arrangements of my inven-
tion it becomes possible to take advantage of the
relatively low illuminating and atmospheric pene-
trating power of light of the general hue cyan.
Thus, though the tube 5 is at all times excited
to a point safely above the extinction point, its
luminosity, when reduced in intensity by excita-
tion through the resistor 20, may be made of such

low value that the visible illumination of the dis-

play surface 24 is substantially negligible,

On the other hand, it is sometimes desirable to
employ a reduction of the cyan light different
from the amount of added red light in order that,
at a particular distance from the display, the
degree of visibility of the display duringthe two

phases of the cycle shall be equal.

€5

75

One of the uses for which the arrangements
and methods of my invention are well adapted,
is to reduce as far as possible the color flicker
on the neutral portion 27 of the surface 24, and
I have found it possible to reduce the amount of
this color flicker very materially below the level
possible by methods heretofore known. To this
end I employ a relatively large quantity of cyan
light to illuminate the cyan concentric rings 25,
and intermittently reduce the amount of this
cyan light approximately to one-third its value
at full luminosity, providing at, the same time red
light in approximately the amount by which the
cyan light is reduced; that is to say, the maxi-

It is for such case that the separate

3

mum value of the red light is about two-thirds
the maximum. value of the cyan light or about
twice its reduced value. By this choice of light
values I have found that a neutral portion 27,
capable of reflecting substantially equally both
cyan and red light, will present the appearance

~ of substantially constant illumination.

I may still further vary the lighting effects

. obtainable by controlling the illumination from

the two sources, and therefore the luminosity in
the two colors, in other ways. For example, I
may place the cyan source at one distance from
the surface representation and the red source at
a different distance. I may likewise place these
sources at different angles with respect to the
surface. Purthermore, I may alter the duration
of the different-colored pulses. This may most
easily be accomplished by the use of a long-arc
cam for one set of contacts and a short-arc cam
for the other set of contacts.

Though I have described my invention in con-
nection with gas discharge tubes, it is obvious
that certain of its advantages may be achieved by
the use of different-colored light sources of other
types. Furthermore, while I have described the
invention in connection with a display system,
it is, of course, applicable to any system in which
two or more sets of light pulses, differing in any
particular, are alternately and intermittently

- produced.

Having now described my invention, I claim:

1.In a system of illumination utilizing at least
two electrically actuated light sources, one. of
said sources being of the high-pressure discharge-
tube type and the other of said sources being of a
different type, the method of producing alternate
and successive pulses of light which comprises
continuously exciting said high-pressure tube
source to effect continuous illumination thereof
at at least partial luminosity, exciting said high-
pressure tube source to effect periodic modulation
thereof from said partial luminosity to its full
luminosity, and alternately therewith exciting
said other light source to effect periodic modula-
tion thereof from total extinction to its full lumi-
nosity.

2. In a system of illumination utilizing at least
two electrically actuated gas-discharge tube light
sources, one of the high-pressure type and an-

other of the low-pressure type, the high-pres- 5

sure tube source having a substantially greater
intensity. at full luminosity than the low-pressure
tube source at full luminosity, the combination
which comprises means for successively and in-

termittently exciting the low-pressure tube source -

to effect modulation thereof from total extinction
to its full luminosity, means for continuously ex-
citing the high-pressure tube source to effect con-
tinuous illumination thereof at at least partial
luminosity, and means for exciting said high-
pressure tube source, alternately of the excitation
of said low-pressure tube source, to effect modu-
lation of said high-pressure tube. source from
said partial luminosity to its full luminosity.

. 3. In a system of illumination utilizing at least
two electrically actuated gas-discharge tube light
sources, one of the high-pressure type and an-
other of the low-pressure type, the high-pressure
tube source having a substantially greater inten-

- sity at full luminosity than the low-pressure tube

source at full luminosity, the combination which
comprises means for successively- and intermit-
tently exciting the low-pressure tube source to ef-
fect periodic modulation thereof from total ex-
tinction . to its full luminosity, means for con-
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tinuously exciting the high-pressure tube light
source. to effect continuous illumination thereof
at at least partial luminosity, and means for ex«
citing said high-pressure tube source, alternately
of the excitation. of said low-pressure tube source,
to effect periodic modulation of said high-pres-
sure tube source from said partial luminosity to
its full luminosity, the intermittent change in
luminosity of said high~pressure tube source from
said partial luminosity to said full luminosity be-
ing of the order of the full luminosity of said low-
pressure tube source.

4. In a system of illumination utilizing at least
two electrically actuated gas-discharge tube light
sources, one of the high-pressure type and an-
other of the low-pressure type, the high-pressure
tube source having a substantiaily greater in-
tensity at full luminosity than the low-pressure
tube source at full luminosity, the method of
producing alternate and successive pulses of
light, which comprises continuously exciting the
high-pressure tube source to effect continuous il-
lumination thersof at at least partial luminosity,
successively and intermittently exciting the low-
pressure tube source to effect modulation there-
of from total extinction to its full luminosity, and
alternately therewith exciting the high-pressure
tube source to effect modulation thereof from
said partial luminosity to its full luminosity.

5. In a system of illumination utilizing at least
two electrically actuated gas-discharge tube
light sources, one of the high-pressure type and
another of the low-pressure type, the high-pres-
sure tube source having a substantially greater
intensity at full luminocsity than the low-pressure
tube source at full luminosity, the method of

which comprises continuously exciting the high-
pressure tube source to effect continuous illumi-

nation thereof at at least partial luminosity, suc-

cessively and intermittently exciting the low-
pressure tube source to effect periodic modulation
thereof from total extinction to its full luminosity,
alternately therewith exciting the high-pressure
tube light source to effect periodic modulation
thereof from said partial luminosity to its full
luminosity, and limiting the intermittent de-
crease in lumingsity of the high-pressure tube
source to the order of the full luminosity of the
low-pressure tube source.

6. In the art of alternate and successive il-
lumination of objects by at least two light-sources
of different characteristics, the method of uti-
lizing a high-efficiency high-pressure discharge
tube as one of said light-sources and a low-pres-
sure gas-~-discharge tube as another of said light-
sources, which comprises successively exciting
said low-pressure tube to effect modulation of
the light thereof from extinction to full lumi-
nosity thereof, continuously exciting said high-
pressure tube at at least partial luminosity of

-the light thereof, and successively exciting said
high-pressure tube, alternately of the excitation’

of said low-pressure tube, to effect modulation of
the light thereof from said partial luminosity to
the full luminosity thereof.

7. In the art of alternate and successive illum-
ination of objects by at least two light-sources
of complementary colors, the method of utilizing
a high-efficiency high-pressure mercury-vapor
discharge tube of cyan color characteristic as one
of said light sources and a low-pressure neon gas-
discharge tube of red color characteristic as an-
other of said light-sources which comprises suc-
cessively exciting said neon gas-discharge tube to

2,148,007

effect modulation of the red light thereof from
extinction to full luminosity thereof, continuously
exciting said mercury-vapor tube at at least par-
tial luminosity of the cyan light thereot, and suc-
cessively exciting said mercury-vapor tube, al-
ternately of the excitation of said neon gas-dis-
charge tube, to effect modulation of the cyan
light therecf from said partial luminosity to the
full luminosity thereof.

8. In the art of alternate and successive il-
lumination of representations having at least two
different visual characteristics by at least two
light-sources of characteristics corresponding to
the characteristics of said representations, the
method of utilizing a high-efficiency high-pres-
sure discharge tube as one of said light sources
and a low-pressure gas-discharge tube as another
of said light-sources which comprises succes-
sively exciting said low-pressure tube to effect
periodic modulation of the light thereof from
extinction to full luminosity thereof, continuously
exciting said high-pressure tube at at least par-
tial luminosity of the light thereof, successively
exciting said high-pressure tube, alternately of
the excitation of said low-pressure tube, to effect
periodic modulation of the light thereof from
said partial Iuminosity to the full luminosity
thereof, and illuminating said representations
with the light from said light-sources.

9. In the art of alternate and successive il-
lumination of representations in at least two com-
plementary colors by at least two light-sources of
corresponding complementary colors, the method
of utilizing a high-efficiency mercury-vapor dis-
charge tube of cyan color characteristic as one
of said light sources and a low-pressure neon
gas~discharge tube of red color characteristic as
another of said light-sources which comprises
successively exciting said neon gas-discharge tube
to effect periodic modulation of the red light
thereof from extinction to full luminosity thereof,
continuously exciting said mercury-vapor tube
at at least partial luminosity of the cyan light
thereof, successively exciting said mercury-vapor
tube, alternately of the excitation of said low-
pressure tube, to effect periodic modulation of
the cyan light thereof from said partial luminos-
ity to the full luminosity thereof, and illuminating
said representations with the light from said mer-
cury-vapor tube and said neon tube.

10. In an electrical display system having a
surface bearing representations in complemen-
tary red and cyan colors, and illumined by a low-
pressure gas-discharge tube source of light of a

red color and a relatively high-pressure dis- ;

charge tube source of light of a cyan color, the
combination of means for successively exciting
said low-pressure tube to effect modulation of
the red light thereof from extinction to full lum-
inosity of said tube, means for continuously ex-
citing said high-pressure tube to produce con-
tinuous cyan light at at least partial luminosity of
said tube, and means for successively exciting
said high-pressure tube, alternately of the excita-
tion of said low-pressure tube, to effect modula-
tion of the cyan light thereof from said partial
luminosity to full luminosity of said tube, said
full luminosity being substantially greater than
the full luminosity of said low-pressure tube.

11. In an electrical display system having a -

surface bearing representations in complemen-
tary red and cyan colors, and illumined by a
low-pressure gas-discharge tube source of light
of a red color and a relatively high-pressure gas-
discharge tube source of light of a cyan color, the
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_combination of means for successively exciting

sald low-pressure tube to effect modulation of the
red light thereof from extinction to full luminos-
ity of said tube, means for continuously exciting
said high-pressure tube to produce continuous

cyan light at at least partial luminosity of said

tube, and means for successively exciting said
high-pressure tube, alternately of the excitation
of said low-pressure tube, to effect modulation of
the cyan light thereof from said partial luminos-
ity to full luminosity of said tube, said full lumi-
nosity being substantially greater than the full
luminosity of said low-pressure tube, and the in-
termittent change in Iuminosity of said. high-
pressure tube being of the same order as the full
luminosity of said low-pressure tube..

12. In an electrical display system having a
surface bearing representations of different color
characteristics, and illumined by a low-pressure
gas-discharge tube light-source and a relatively
high-pressure discharge tube light-source, said
sources having color characteristics correspond-
ing to those of said representations, the combina-
tion of means for successively exciting said low-
pressure tube to effect periodic modulation of
the light thereof from extinction to full lumi-
nosity of said tube, means for continuously ex-
citing said high-pressure tube to produce con-
tinuous light at at least partial luminosity of said

tube, and means for successively exciting said

high-pressure tube, alternately of the excitation

- of said low-pressure tube, to effect modulation of

the light thereof from said partial luminosity to.

* full luminosity of said tube, said full luminosity

[X]
[ )

being substantially greater than the full luminos-
ity of said low-pressure tube.
13. In an electirical display system having a

. surface bearing representations of different color

40

50

characteristics, and illumined by a low-pressure
gas-discharge tube light-source and a relatively
high-pressure dischdrge tube.light-source, said

sources having color chardcteristics correspond-’

ing to those of said representations, the combina-

tion of means for successively exciting said low- .-

pressure tube to effect periodic modulation of the
light thereof from extinction to full luminosity of
said tube, means for continuously exciting said
high-pressure tube to produce continuous light
at at least partial luminosity of said tube, and
means for successively exciting sald high-pres-
sure tube, alternately of the excitation of said
low-pressure tube, to effect modulation of the
light thereof from said partial luminosity to full
luminosity of said tube, said full luminosity be-

5

ing substé.ntially greater than the full lumindsity
of said low-pressure tube, and the intermittent

:change in luminosity of said high-pressure tube

being of the same order as the full luminosity of
said low-pressure tube.

14..In an electrical system for alternately and
successively operating at least two different gas-
discharge tubes, the combination of a first trans-
former having input and output terminals, a cir-
cuit including said input terminals arranged for
connection to a source of alternating current en-
ergy, a low-pressure gas-discharge tube connected
in a circuit including said output terminals, a sec-
ond transformer having input and output termi-
nals, the second-named input terminals being ar-
ranged for connection to said source of alternat-
ing current energy, an impedance connected in
series with the second-named input terminals and
said source, a high-pressure gas-discharge tube
connected in a circuit including the output ter-
minals of said second transformer, means for pe-
riodically exciting said first transformer and low-
pressure tube at predetermined intervals from
said source, means for exciting said second trans-
former and said high-pressure tube from said
source, and means for periodically short-circuit~
ing said impedance during the periods of extinc-
tion of said low-pressure tube.

15. In an electrical system for alternately and
successively operating gas-discharge tubes of at
least. two different types, the combination of a
first plurality of similar transformers having in-
put and output terminals, circuits including said
input terminals arranged for connection to a
source of alternating current energy, a plurality
of similar low-pressure gas-discharge tubes ar-
ranged in circuits including the output terminals
of said first-named transformers, a second plu-
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rality of similar transformers having input and -

output terminals, circuits including fthe input
terminals of said second-named transformers ar-
ranged for connection to said source, a plurality

- of similar impedances arranged in series with

the input terminals of said second-named trans-
formers and said source, a plurality of similar
high-pressure gas-discharge tubes arranged in
circuits including said output terminals of said
second-named transformers, means for periodi-
cally exciting said first-named transformers and
low-pressure tubes at predetermined intervals
from said source, and means for periodically
short-circuiting said impedances during the pe-
riods of extinction of said low-pressure tubes.
JOHN C. BATCHELOR.
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