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This invention relates to circuits for gaseous
discharge devices and more particularly to cir-
cuits for operating the gaseous discharge tubes
used in fluorescent fllumination. C

One of the great disadvantages of fluorescent
lighting is the stroboscopic effect which is pro-
duced by the tubes. Since the light produced
'is caused by discharge which depends upon the
voltage across the tube, as the voltage varies in
the ordinary alternating current circuit, so the
illumination varies. . o :

If the tube is being used near moving objects,
.the stroboscopie effect produces eye-strain, dis-
torted vision, and in places where rotating or

- moving machinery is subject to such light the re-
sults may be dangerous. '

I consequently propose to impress an alter-
nating voltage across the gaseous discharge de-
vice which will substantially eliminate the effects
of the stroboscopic phenomenon produced.

The primary object of my invention is to pro-
vide novel and improved means for operating
& gaseous discharge lighting tube with substan-
tially no stroboscopic effects being produced.

A further object of the invention is to provide
& novel oscillator for supplying an operating
voltage for a fluorescent lighting tube.

A further object is to provide means for sup-
plying an audio frequency voltage for operat-
ing a fluorescent lighting tube, the frequency of

accordance with a known pattern, or haphaz-
ardly.

With the foregoing and other objects in view,-

which will appear more fully as the description
proceeds, the invention consists of certain novel
features of construction, arrangement and com-
bination of parts and elements hereinafter fully
described, symbolically illustrated in the accom-

panying drawing and particularly pointed out” 40

" in the appended claims, it being understood that
various changes in the form, proportion, size,

minor details and arrangements of the varfous.
elements of the invention may be made without-

departing from the spirit or sacrificing any of
its advantages. i

For the purpose of facilitating an understand-

ing of my invention, I have illustrated in the
accompanying drawing a preferred embodiment
. thereof, an inspection of which, when consid-
ered in connection with the following descrip-

sembly and operation and many of its advan-

‘tages should be readily understood and appreci- 1
ated. ~ . . o T u'erqlwmmtot'mymmuonisthe'pmducﬂon

s

. Referring ‘to the drawing in which the same
characters of reference are employed to indicate
corresponding or similar parts throughout the
several figures of the drawing: S o
- Fig. 1 is 'a diagram of an arrangement for
operating gaseous discharge devices in accord-
ance with my invention. :
Fig. 2 is a circuit diagram of an audio oscil-
Iantor adapted for use in connection with my new .

10 invention.

Figs. 3 to 7, inclusive are schematic repre- .
sentations of various forms of frequency modu-
lating condenser equipped with a movable plate.

. In accordance with the objects of my inven-
15 tion, I provide an audio oscillator of any known

design for supplying an exciting voltage-to the
fluorescent lighting device. As is well known,
such a device has a low impedance and operates
on & low voltage. The frequency may be of the

20 order of 15,000 cycles per second. At this fre-

quency it is impossible for the eye, which re-
tains an image for about a tenth of a second, to
- follow the light produced while the excitation
voltage goes tnrough consecutive zero and peak

26 points. The effect upon the retina obviously is

as though the illumination were constant.
- - The stroboscopic effect produced by using ‘this -
arrangement for illuminating moving machines,

- however, is not eliminated, since the moving ma-

30 chines which may be subject to the fiuorescent
which voltage will continuously vary, either in -

illumination may have portions thereof moving
at such speeds, rotary or reciprocal, which may

- be such multinles of the fluorescent light fre-

quency that stroboscopic effects upon the ob-

35 server’s eye will be produced.

In order to eliminate this, I, therefore, vary
the frequency of the exciting voltage so that it
is virtually impossible for any moving object to
synchronize with the fluorescent illumination.

This may be accomplished by adjusting the
circuit conditions of the oscillator so that fre-
-quency stability of -the circuit is practically nil.
With this sort of arrangement, which is my pre-
_ ferred embodiment, the frequency pattern is not

45 only distorted, and uneven, but is unpredictable.

Stiil another method of preventing possible Syn~
‘chronism would be to vary the voltage in ac- .

. cordance with & certain pattern. Obviously the

possibility of any mechanical device subject to

50 the light of having a movement capable of gyn-

‘ .- chronizing with flasheés produced according to
tion, my invention, its mode of construction, as- ' -

the frequency changes of such an oscillator is

. : beyond contemplation.

It will be seen from the ab’ové-that the éen-
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of an audio frequency voltage for exciting the
gaseous discharge tube which voltage is fre-
quency modulated in order that moving objects
subject to illumination produced thereby will not
be in synchronism with the light flashes of said
gaseous discharge tube. .

Referring now to Fig. 1, I have shown 8 plu-
rality of gaseous discharge tubes 18, connected
for use as fluorescent lighting devices. These
tubes are coated internally thereof with a mate-
rial which will fluoresce in the well-known man-
ner when subjected to light rays of certain wave-
lengths. The tubes 10 are filled with an ioniz-
able gas adapted to be excited, causing discharge
between the electrodes of said tubes 10 under
influence of- electrical potential.

Means for initiating the electrical discharge
through the fluorescent tubes is not shown or
described although same may be used with my
circuit. Such means are well-known to those
skilled in the art, hence explanatmn thereof has
been dispensed with.

The tubes (0 are shown fed through leads i1
and 12 by an audio oscillator 13 which in turn
is powered in any convenient manner, as for
example the power pack (4.

In Fig. 2, I have shown a circuit diagram of a
Hartley oscillator which may be used in con-
nection with my invention. A simple triode 15
is provided, having the usual grid 16, ‘cathode 11,
and plate 18. The plate lead 19 is connected to
the positive side of a source of high voltage
while the cathode 17 is connected by the cathode
lead 20 to the negative side of the high voltage
source. In accordance with usual practice, a
frequency-determining tank cireuit 21 is pro-
vided, and from which the audio frequency volt-

 age is supplied to the feed leads 11 and 12, The
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assuring an absence of constant frequency should

" immedistely suggest themselves to the person
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tank circuit comprises an inductive reactance 22',

including resistive components 23 and a capaci-
tive reactance 24. The element 25 is also pro-
vided -in the circuit, but this will be described
below.

In order to match the low impedance of the
tubes 10 with the comparatively high impedance
of the tank circuit 21, the leads il and 12 are
connected at points close to the centertap of the
inductance 22. Thus the impedance looking into
the tank circuit 21 may be of the same order as
that looking into tube circuit through leads i1
and 12, thereby providing maximum power trans-
fer.

Oscillators operate by making them provide
their own input, hence a portion of the power
output is fed back to the input circuit. The volt-
age from one end of the inductance 22 is there-
fore ‘fed to the grid 16 through the grid leak 26
and grid condenser 21. The opposite end of the

inductance 22 is connected to the plate lead 19

through the lead 28 and the direct current block-
ing condenser 29. The input voltage is obviously
180° out of phase with the output voltage. Center
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skilled in the art.
below:

(1) The plate supply voltage may be made
variable by any well-known means.

(2) The triode may be arranged to operate
upon the unstable portions of its characteristics.

(3) The circuit elements may be chosen to
vary in characteristics with temperature.

(4) 'The tank circuit 21 may be chosen to have
a very low Q, which will not only result in very
unstable frequency, but also in a high power
output.

(5) The operating conditions of the triode may
be chosen so that same operates with a compar-
atively high power output.

Perhaps as good a method as any Is to operate
upon the elements of the fank circuit 21. This
is shown in the drawing by means of the ele-
ment 25 symbolically represented. For the usual
cireuit the frequency of an oscillator is about
that of resonance of the tank circuit, or

Some of these are outlined

Frequency&‘—-—l-——_.

T 2xyLC

Thu's frequency is inversely proportional to the
square root of the capacitance or the inductance.
Thus, if for example the capacitance C of the
tank circuit is incréased, the frequency will de-
crease as the square, and so on. If we, therefore,
arrange a capacitance in the tank circuit having
an electrode 25 (Fig. 3), say made of a bi-metal,
to move with changes of atmospheric tempera-
ture and thereby cause variations in the capac-
itance, we can produce the desired changes in
frequency.

The element 25 may take the form of a me-
chanically (Fig. 4) or electrically (Fig. 5) vi-
brated diaphragm which diaphragm comprises
one plate of a condenser, Thus the vibrations
of the plate or diaphragm will modulate the fre-
quency produced by the tank circuit in accord-
ance with the cycle of vibration, without disturb-
ing the amplitude. Another scheme would in-
clude an ordinary 60 cycle electromagnetic vi-

_ brator 25 (Fig. 6) to change the capacitance of
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point of the inductance is obviously connected :

‘to the cathode 7. .

The circuit constants of the oscillator are ad-
justed so that the frequency of the voltage pro-
duced by the tank circuit 21 is about 15000 cycles.
These are long waves out of the range of ordi-
nary radio broadcast reception and thus present
no problems on that account.

The frequency at which the oscillator oper-
ates is intended to vary from any given value,
either plus or minus any convenient amount.
- Thus, stability of frequency is an undesirable
feature of my oscillator. Various manners of

65

70

75

the element 25 and thereby alter the frequency
a given amount positive and negative 60 times a
second.

Another possible form which might be taken
might be an air condenser having one plate 25¢
(PFig. T) constantly rotated by a motor 254 or
the like. By making the shapes of the plate in
peculiar configurations the modulation of fre-
quency may be of a pattern insuring impossibility
of synchronism.

Various electronic circuits may be utilized for
supplying the moduilation of the oscillator fre-
quency in manners known to the art.

In all of the above it should be remembered
that it is important to retain the amplitude of
the oscillations produced. Instability may cause
the oscillations to die out or become intermit-
tent at some visible or synchronous freguency
and entirely spoil the effect desired.

It is believed, that my invention, its mode of
construction and assembly, and many of its ad-
vantages should be readily understood from the
foregoing - without further description, and it
should also be manifest that while a preferred
embodiment of the invention has been shown
and described for illustrative purposes, the struc-
tural -details are nevertheless capable of wide
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variation within the purview of my invention
as defined in the appended claims.

Whadt I claim and desire to secure by Letters
Patent of the United States is:

1. In a circuit including gaseous discharge
illuminating means, means supplying an excita-
tion potential thereto comprising an audio fre-
quency oscillator including a tank circuit and
producing an audio frequency potential, and
means including a condenser having a vibrating
diaphragm as one plate thereof in the tank cir-
cuit of said oscillator for varying the frequency
of the output voltage of said oscillator in an un-
stable manner without disturbing the amplitude.

2. In a circuit  including gaseous idischarge
illuminating means, means supplying an excita-
tion potential thereto comprising an audio fre-

quency oscillator including a frequency de--

termining circuit and producing an audio fre-
quency potential, and frequency modulating
means in the frequency determining circuit of
said oscillator for varying the frequency of the
output voltage thereof in an unstable manner
without disturbing the amplitude said last men-
tioned means including a condenser having a
vibrating diaphragm as one plate thereof.

3. In a circuit including gaseous discharge
illuminating means, means supplying an excita-
tion potential thereto comprising an sudio fre-
quency oscillator including a frequency de-
termining circuit and producing an audio fre-
quency potential, and frequency modulating
- means in the frequency determining circuit of
said oscillator for varying the frequency of the
output voltage thereof in an unstable manner in
accordance with a predetermined irregular pat-
tern, without disturbing the amplitude of the
oscillations produced, said last mentioned means
including a condenser having a vibrating dia-
phragm as one plate thereof.

4, In a circuit including gaseous discharge
illuminating means, means supplying an exci-
tation potential thereto comprising an audio
frequency oscillator including a; frequency de-
termining circuit and producing an audio fre-
quency vpotential, and frequency modulating
means in the frequency determining circuit of
said oscillator for varying the frequency of the
output voltage thereof haphazardly, without
disturbing the amplitude, said last mentioned
means including a condenser having a vibrating
diaphragm as one plate thereof.

5. In a system for operating fluorescent
illuminating means, means supplying an excit-
ing voltage to said illuminating means compris-
ing an audio frequency oscillator including a
tank circuit, means including a condenser hav-
ing a movable member as one plate thereof
in the tank circuit of said oscillator for vary-
ing the frequency of the output voltage of
sald oscillator in an unstable manner without
disturbing the amplitude of: the exciting
voltage operating said fluorescent illuminating
means, the instability of the frequency being
such that synchronism with any moving objects
which may be subject to the illumination from
said fluorescent illuminating means is made im-
possible, whereby stroboscopic effects are voided.

6. In combination in an electrical lighting
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system in which the light source comprises a
relatively low voltage gaseous discharge illumi-
nating device productive of stroboscopic phe- .

‘nonenon when operating with alternating cur-

rent of constant frequency; an electrical source
supplying said device with low voltage alternat-
ing current of constant amplitude; and fre-
quency modulating means continually varying
the frequency of the current non-synchronously
and thereby non-stroboscopically relative to
moving objects; sald means being without effect
upon the amplitude of the current; said current
reaching said device and being utilized thereby
in the modulated frequency, constant amplitude
condition and maintaining the device in a non-
stroboscopic running state of substantially un-
varying illuminating brilliance.

7. In combination in an electrical lighting
system in which the light source comprises a
gaseous discharge illuminating device of a type
conventionally productive of stroboscopic® ef-
fects; a source of low voltage audio-frequency
current for said device including an audio-fre-
quency oscillator and a supporting circuit oper-
ating to supply the current to said device at con-
stant amplitude irrespective of frequency varia-
tions to assure unvarying brilliance of illumina-
tion; and fregquency modulating means in said
circuit active continually while the circuift is
energized to vary the frequency of said current
non-synchronously relative to moving objects.

8. In combination in a non-stroboscopic light-
ing system wherein the illumination is produced
by a low impedance gaseous discharge device, a
source of audio-frequency current for said de-

. vice comprising a power oscillator including a
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tank circuit having an inductive reactance,
means in said tank circuit acting during the op-
eration of the circuit to modulate the frequency
produced by the oscillator in the circuit non-
synchronously relative to moving objects said
means being operative without disturbing the
amplitude of the current supplied through the
tank circuit, and leads connecting said gaseous
discharge device to tapped points close to the
center of said induective reactance affording sub-
stantial balance between the low impedance of
the gaseous discharge device and the relatively
higher impedance of the tank circuit. -

9. A lighting system as deflned in claim 8 in
which the power . oscillator is of the Hartley
type, and the tank circuit includes a capacitive
reactance and a resistive component to have a
relatively low Q factor.

-10. In combination in a lighting system
wherein the source of illumination is a low im-
pedance gaseous discharge device; a source of
audio-frequency current for said device compris-
ing a power oscillator including a tank circuit
having an inductive reactance, a capacitive re-
actance and a resistive component to lower the Q
factor substantially; and leads connecting said

-gaseous discharge device to tapped points close

to the center of saild inductive reactance afford-
ing substantial balance between the low im-
pedance of the gaseous discharge device and the
relatively higher impedance of the tank circuit.

DAVID W. ABERNATHY.




