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- This invention relates to luminous discharge

tubes utilizing an alternating voltage source of.

electric power. It is an object of the invention
to provide improved circuits for such tubes. It
is a further object of the invention to provide
an improved luminous discharge tube adapted
Other objects and ad-
vantages of the invention will appear hereinafter.

The nature and objects of the invention will
be better understood from the description of
certain illustrative embodiments thereof, and for
the purpose of such description reference should
-be had to the accompanying drawings forming
a part hereof, and in which:

Figs. 1, 2 and 3 are circuit diagrams 111ustrat-
ing how a plurality of luminous discharge tubes
may be supplied with power from a single source
of current;

Fig. 4 is a view of a luminous discharge tube
having substantially unidirectional conductivity
under the circuit conditions described; and

" Figs. 5 and 6 are enlarged sectional views of
the electrodes of the tube shown in Fig. 4.

The resistance of luminous discharge tubes
decreases rapidly as the discharge begins. As a
result it has not heretofore been practical to op-
erate luminous discharge tubes in parallel from
a single source of current except by the use of
ballasting reactors or resistances in series with
each tube. Without such reactance or resist-
ance one tube will discharge before the others,
and thereupon the resistance of the discharging
tube will decrease to such an extent that the other
tubes will not discharge. Because of this fact,
luminous discharge tubes which are to be ener-
gized from a single source of current commonly
are connected in series, thereby necessitating

the use of higher voltages than would be neces- .

sary if the tubes could be operated in parallel:

According to this invention two luminous dis-
charge tubes, or two branches of series-con-
nected tubes, may be operated in parallel from
a single source of alternating current without
employing separate external reactances or re-
sistances in series with each tube or parallel
branch. This is accomplished by causing one of
the parallel branches to have a relatively high
impedance to current flow in one direction com-
pared to the other branch, and a relatively low
impedance to current flow in the opposite dn'ec-
tion compared to said other branch. -

Referring to Fig. 1 of the drawings, the tubes
10 and 11 are connected.in series to form one

branch 27 of a parallel circuit and the tubes 12

and 13 are connected in series to form the other

(C1. 176—124)

branch 28 of the parallel circuit. The two paral-
lel branches 27 and 28 are connected across
the current supply mains 14 and 15, which con-
veniently are supplied with alternating current
of suitable voltage by a high reactance trans-
former 16. Such high reactance. transformers
are commonly used in this art, and, as is well
known, they serve to limit the current flowing
through the load connected thereto. Connected
in the branch 27 in series with the tubes 10 and
11 is means indicated diagrammatically at 17
which offers a higher resistance to the flow of
current in one direction, for example from left
to right, than it does to the flow of current in
the opposite direction. Connected in the branch

28 in series with the tubes 12 and 13 is similar

means 18.

The means 17 and 18 are connected in re-
versed direction so that one of the parallel
branches 27 offers a high resistance to the flow of

current in one direction, while the other parallel
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branch 28 offers a high resistance to the flow of -

eurrent in the opposite direction, and the two
branches of the parallel circuit may be said to
have substantially unidirectional conductivity in
" opposite directions when connected in this man-
ner. By way of example, the means 17 and 18
may take the form of a suitable current rectifier,
or of a source of direct current. As is ordinarily
the case, the rectifier should not limit the cur-
rent of the circuit in which it is placed, but
should be so chosen that its maximum current is
well above the current required by the tubes in
series therewith.

It will be seen that with the arrangement
shown in Fig. 1, as the voltage increases in one
direction during a portion of its cycle it tends to
discharge through both of the parallel branches.
However, one of the branches offers a higher
resistance to discharge than does the other

branch. - When the voltage reaches a certain
value, dependent on the characteristics of the’

‘tubes and the means 17 and 18, the branch having
lower resistance will discharge and as that branch
discharges its resistance will decrease rapidly
relative to the resistance of the other branch,

with the result that the other branch will not -
When the voltage decreases below -

discharge.
that necessary to sustain discharge, discharge will
cease, and as the voltage passes through zero and
increases in the opposite direction there will be
another discharge, but this time through the other
of the parallel branches. It will be seen that the
tubes in the two branches discharge alternately,

IR

25

30

35

40

45

50

one branch discharging when the voltage is ap— 55 '



10

15

20

25 .

30

35

40

45

&0

55

60

65

70

. the same direction, each in series with a suitable
. ballasting reactor or resistance, in parallel across

R

2

pliéd in one direction, and the other branch dis-
charging when the voltage is reversed.

The frequency most commonly used today in
alternating current supply lines is 60 cycles per
second, which will produce 60 discharges per
second in each of the parallel branches. This
frequency is sufficiently high so that there will be
no flickering apparent to the naked eye. Since
each tube discharges only when the voltage is
applied in one direction there will be a reduction

in the brilliancy for any.-one tube as compared

with operation of the same tube when connected
to discharge as the voltage is applied in each
direction. For the purposes of electric sign light-
ing this reduction in brilliancy is in most in-
stances permissible, and does not appear to the
naked eye to amount to or even approach the
figure of 50%. ‘Moreover, it may be compensated
for by an increase in current density, either by
reducing the tube diameter for the same current,
or by increasing the current with the same di-
ameter. By this means an equivalent or greater

- apparent brilliancy may be obtained in each tube

with less power consumption per unit of tube
length than is obtained in the ordinary bi-direc-
tional operation, and with greater total footage
of tube on the same applied voltage. Conse-
quently, by the use of this invention the length
of luminous tubes operated from a single source
of current supply may be greatly increased with
an apparent increase in light output for the same
power input.

" The unidirectional means 17 and 18 shown in
Fig. 1 may be dispensed with by designing one or
more of the luminous discharge tubes so that the
parallel tube branches themselves have substan-
tially unidirectional conductivity, or offer a higher
resistance to the flow of current in one direction
than to the flow of current in the opposite direc-
tion. With two parallel branches of series con-
nected tubes it may suffice if a single tube has
substantially unidirectional current character-
istics. Referring to Fig. 2, the luminous discharge
tubes 20 and 21 are connected in series, anode to
cathode; to provide one branch 38 of a parallel
circuit. The luminous discharge tubes 22 and 23

also are connected in series, anode to cathode,.

to form the other branch 39 of the parallel circuit.
The two branches are connected parallel across
the alternating current supply mains 24 and 25,
which conveniently are supplied with alternating
current of suitable voltage by a high reactance
transformer 26.

The two parallel branches 38 and 39 forming
the tube circuits are connected across the mains
24 and 25 In reverse directions so that one of

the branches offers a relatively low resistance to
‘flow of current in one direction, while the other

branch offers a relatively low resistance to the
flow of current in the opposite direction. ‘It will
be apparent from what has been said regarding
Fig. 1 that normally the tubes in the branch cir-
cuit 38 will discharge only when the voltage is

applied in one direction, and the tubes in the

other branch 39 will discharge only when the
voltage is reversed.

Applicant’s arrangement has distinct advan-
tages over an arrangement in which a single uni-
directional tube is connected to & source of alter-
nating current, and also over an arrangement in
which a plurality of such tubes are connected in

a source of alternating current. With the ar-
rangements shown disgrammatically in Figs. 1

1,088,459

and 2 all of the tubes will discharge unidirection-
ally, but neither branch is required to withstand
the maximum reverse voltage of the current
supply mains, because the lower resistance branch

will discharge before the voltage wave reaches &' .

maximum value,

A further advantage arising from applicant'
invention lies in the greatly increased operating
life of the tubes. The life of the tube operated
will be substantially doubled as compared to the

‘life of a -similar tybe with large electrodes at

either end and connected to discharge in both di-
rections. Also it is possible to operate the tubes
with a higher peak current density with a given
power input because of the reduction of time
during which current flows. Such operation in-
creases the efficiency of the tubes as light pro-
ducers,.and the spectral color range is widened.
Moreover, the power factor of the circuit is im-
proved.

If .itis desired to connect more than two tubes
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or more than two series of tubes in parallel across .

alternating current supply mains, as for example

in low voltage discharge tubes, this may be done.

conveniently as shown in Fig. 3. Two luminous
discharge tubes 30 and 31 are connected in parsl-
lel, and the parallel circuit is connected in series

with a ballasting reactor or resistance 32 across

the alternating current supply mains 33 and 34.

Two other tubes 35 and 36 are connected in par-

allel, and this parallel circuit is connected in se-
ries with a ballasting reactor or resistance 37
across the supply mains 33 and 34. Conveni-
ently, the tubes have substantially unidirectional
conductivity, and the two tubes comprising each

25
30

35

of the parallel circuits. are connected in reverse v

direction.

With the arrangement shown in Fig. 3, the
tubes 30 and 35 will discharge at substantially
the same time only when the voltage is applied
in one direction, and the tubes 31 and 36 will dis-

charge only when the voltage is reversed. The.

arrangement shown in Fig. 3 contemplates the
use of ballasting reactors or resistances, but since
a single reactor or resistance suffices for two
tubes there is a decided advantage over arrange-
ments heretofore known in which each tube has
required a separate reactor or resistance to in-
sure satisfactory parallel operation,

 Fig. 4 shows an improved luminous discharge:
tube having substantially unidirectional conduc-
tivity which when filled with neon, helium or

others of the noble gases, is suitable for use in the
circuits illustrated in Figs. 2 and 3. Ordinarily,

such a tube will be several feet long and may be
formed into suitable letters or figures. The seal-
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ed tube 40 has enlarged ends in which are -

a cathode 41 and an anode 42 separated by a

column of farefled atmosphere contained within - ‘

the tube. - Electrical connection may be made
to the electrodes 41 and 42 by means of the ter-

minals 43 and 44 passing through and sealed.

in the wall of the tubie 40. - A cylindrical shield
47 of insulating material such as mica may be

employed around the cathode 41 on the interior

of the tube.

The tube iliustrated in Pig. 4 has substantially
unidirectional copductivity by reason of ‘the
fact that at the range of gas pressures normally
used, i. e. from 5 to 25 millimeters of mercury,
and within the normal operating current range
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of from 15 to 60 milliamperes, the cathode has - .

& relatively low cathode drop by reason of its

Jarge area, and the anode has a relatively high

cathode drop by reason of iis small area. For
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example, fn such a tube containing one or more
of the noble gases, the exposed area of the an-
ode desirably is less than the area required for
normal cathode drop at an instantaneous cur-
rent of 1.6 milliamperes, and the area of the cold
cathode is desirably more than 30 times as great.

If it is assumed that the relatively small area
tequired to maintain & low anode drop is avail-

able at the anode, it may be said that in general

the lower the drop at the cathode during dis-
charge and the higher the drop at the anode

" during reverse voltage, the stronger the unidi-
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rectional tendency, the more stable the opera-
tion of the tube, and the greater the unbalance
of relative lengths of tube permitted in the two
parallel branches. Applicant has found that
8 good working rule to follow to insure this dif-

ference in drop between the anode and the con--
ventional designs of cathode is to have the ex-

posed area of the anode such that its normal
current density if*used as a cathode would be
exceeded when current in the reverse direction
is less than 2% of the normal discharge peak
current.

The construction of the electrodes 41 and 42
will be better understood by reference to Figs. 5
and 6. In the illustrative embodiment the cath-

. ode comprises a conical metal member having

its open end toward the column of gas contained
in the tube, and its apex connected as by weld-
ing to the terminal 43. 'Conveniently the coni-
cal electrode may be nickel or iron, and its in-
ner surface may be treated to reduce the cathode
fall of potential. By using & conical electrode
of narrow angle the most efficient electrode di-

- ameter is assured for all reasonable variation in

gas pressure within the tube.
. The electrode 42 conveniently comprises a
wire 45, which may be tungsten or nickel, con-

nected to the terminal 44 and extending through

an insulating tube 46, conveniently glass, leaving
the end portion only of the wire exposed beyond
the end of the tube 46. If the manufacturing of
the tube involves the well known internal cur-
rent discharge bombardment process instead of
external heating during evacuation the wire de-
sirably is further insulated, as by means of an
outer tube of lava or isolantite which telescopes
over the end of the glass tube 46 and leaves only

~ the end surface of the wire 45 exposed.

The term “luminous discharge tube” as- used
herein is intended to include tubes, bulbs and

receptacles of various shapes and materials

which are adapted to pass a luminous positive
column electric ' discharge through an atmos-
phere of gases. The term “discharge” is used to
describe the main body of the luminous. dis-
charge, and.not the small or transient discharge
which may occur with the relatively small cur-
rent which may flow in the reverse direction to
the main current in each branch.

It wiil be apparent from the foregoing descrip- .
tion that applicant has provided a novel circuit

for utilizing luminous discharge tubes. A plu-
rality of tubes may be operated from a single

*. source of alternating current with an increase in

70

brilliancy for the same power input, and with
increased life of the tubes. Furthermore, lumi-
nous discharge tubes are operated unidirectional-
ly on alternating current without being required

- to withstand the full reverse voltage of the cur-

75

rent supply.
- The foregoing -description of certain specific

‘embodlments of l;he invention is illustrative

.3

merely, and is not intended as deﬂning the limits -

of the invention.

I claim:

1. Aluminous dlscharge tube system comprising
in combination a branch circuit having substan-
tially unidirectional conductivity and including
at least one luminous discharge tube, a second

_branch circuit having substantially unidirectional

conductivity and including at least one luminous
discharge tube, means for.connecting said two
branch ecircuits in parallel and in opposition to
one another, a current-limiting impedance com-
mon to said parallel branch circuits, and means
for supplying alternating current to said system,
whereby luminous discharge occurs alternately
in the two branch circuits and neither branch
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cireuit is required to withstand the full reverse '

voltage of the alternating current source during

-operation of the other branch.

2. A luminous discharge tube system compris-
ing in combination a branch circuit having sub-
stantially unidirectional conductivity and includ-
ing at least one luminous discharge tube, a second

branch circuit having substantially unidirectional

conductivity and including at least one luminous
discharge tube, means for connecting said.two
branch circuits in parallel and in opposition to
one another, a current-limiting reactance com-
mon to said parallel branch circuits, and means
for supplying alternating current to said system,
whereby luminous discharge occurs alternately in
the two branch circuits and neither branch cifr-
cuit is required to withstand the full reverse
voltage of the alternating current source during
operation of the other branch.

3. A luminous discharge tube system compris-
ing in combination two branch ciréuits each in-
cluding at least one luminous discharge tube and
connected in parallel, means in one of said branch
circuits for permitting the flow of current sub-
stantially only in one direction and means in the
other of said branch circuits for permitting the
flow of current substantially only in the opposite
direction, a current-limiting impedance common
to said parallel branch circuits,-and means for
supplying alternating current to said system,
whereby luminous discharge occurs alternately in
the two branch circuits, and each ‘of said two uni-
directional means having such characteristics

- that the discharge current therethrough is limited

by said impedance.

4. A luminous discharge tube system compris-
ing in combination two branch circuits each in-
cluding at least one luminous discharge tube and

connected in parallel, means in each of said
branch circults for permitting current to pass in .
_one direction and for substantially preventing its

passage in the other direction, said means in one

of said branch circuits being connected in opposi-.

tion to said means in the other of said branch
circuits, a current-limiting reactance common to

said parallel branch circuits and connected.
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in ‘series therewith, and means for supplying .

alternating current to said system, whereby
luminous discharge occurs alternately in the two
branch circuits, and said unidirectional means

‘offering an impedance to the discharge current

less than that of said reactance, whereby
the discharge current through said branch cir-
cuits is limited by said reactance,.

65
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5. A luminous discharge tube system compris-

ing in combination a step-up high reactance
transformer having a primary and a secondary,
a source of alternating current connected to said
primary, two branch circuits each including at

15
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least one luminous discharge tube and connected
in parallel across said secondary, meens in each
_ of said branch circuits for permitting current to
pass in one direction and for substantially pre-
venting its passage in the other direction, said
means in one of said branch circuits being con-
nected in opposition to said means in the other
of said branch circuits, whereby luminous dis-
charge occurs alternately in the two branch cir-
cuits, and said means offering an impedance to
the discharge current less than that of said trans-
former, whereby the current in said system is
limited by said transformer.
6. A luminous discharge tube system compris-
-ing in combination two.branch circuits each in-
cluding at least one luminous discharge tube and
connected in parallel, an impedance in one of said
branch circuits having a high impedance to cur-
rent flow in one direction and a relatively low im-
pedance to current flow in the opposite direction,
an impedance in the other of said branch circuits
"having a high impedance to current flow in the
direction in which said first branch impedance
has its low impedance and having a relatively
low impedance to current flow in the opposite
direction, a current-limiting reactance common
to said parallel branch circuits and connected
in series therewith, and means-for supplying al-
ternating current to said system, whereby lumi-
~hous discharge occurs alternately in ‘the two
branch circuits, and said two branch circuit im-
pedances having such characteristics with respect
to the characteristics of said luminous tubes and
said reactance that the current flow in said system
is limited by said reactance.
7. A luminous discharge tube system compris-
ing in combination two branch circuits each in-
cluding at least one luminous discharge tube

and connected in parallel, a gaseous conduction’

rectifier in one of said branch circuits permitting
the flow of current substantially only in one di-
rection, and a gaseous conduction rectifier in
the other of said branch circuits permitting the
flow of current substantially only in the oppo-

site direction, a curren{-limiting reactance com--

mon to said. parallel branch circuits and con-
nected in series therewith, and means for sup-
plying alternating current to said system, where-
by luminous discharge accurs alternately in the
two branch circuits and the discharge current
therethrough is limited by said reactance, - -

~ 8. A luminous discharge tube system compris-
ing in combination two branch circuits-each in-
cluding at least one substantially unidirectional
luminous discharge tube, means for connecting
said two branch circuits in parallel .and in op-

position to one another, & current-limiting im-.
pedance common to sald parallel branch cir-.

Jcuits and connected in. series therewith, and
means for supplying alternating current to said
system, whereby luminous discharge occurs al-

. ternately in the two branch circuits and the dis-
charge current t.herethrouxh is limited by said
impedance.

*. 9. A luminous discharge tube system eompris-

inz in combination two branch circuits each in-

cluding a plurality of substantially unidirection-
al luminous discharge tubes connected in series
with the anode of one tube connected to the
cathode of -the next, means for connecting said
two branch circuits in parallel and in opposition
to one another, a current-limiting ‘reactance com-
mon to sald parallel branch circuits, and means
for supplying aliernating current to said system,

wherebylummouldischmeoecnndtcmmym _
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the two branch circuits and the discharge current
therethrough is limited by said reactance.
10. A luminous discharge tube system compris-

.ing in combination a step-up high reactance

transformer having a primary and & secondary, a

source of alternating current connected to said

primary, two branch circuits each including a
plurality of subst;a.ntially unidirectional luminous
discharge tubes connected in series with the anode
of one tube connected to the cathode of the

next, and means for connecting said two branch’
eircuits in parallel and in opposition to one an--

other across said secondary, whereby luminous
discharge occurs alternately in the two branch
circuits and the discharge current therethrough
is limited by said transformer.
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11. A luminous discharge tube system compris- '

ing in combination two branch circuits each in-
cluding -at least one substantially unidirectional
luminous discharge tube:having- a cold cathode
and an anode, the exposed area of said cathode
being at least thirty times greater than the ex-
posed area of said anode, means for connecting
said two branch circuits in parallel and in op-
position to one another, a current-limiting im-
pedance common to said parallel branch cir-
cuits and connected in series therewith, and means
for supplying alternating current to sald sys~
tem, whereby luminous discharge occurs alter-
nately in the two.branch circuits and the dis-
charge ' current therethrough is limited by said
impedance. .

12. A luminous discharge tube system compris-

ing in combination a step-up high reactance
transformer having a primary and a secondary, a *

source of alternsting current connected to said
primary, two branch circuits each including a
plurality .of substantially unidirectional lumi-
nous discharge tubes having a cold cathode and
an anode connected in series with the anode of
one tube connected to the cathode of the next,
the exposed area of said cathode being at least
thirty times greater than the exposed area of said
anode, and means for connecting said two branch
circuits in parallel and in opposition to one an-
other across sald secondary, whereby. luminous
discharge occurs alternately in the two branch

30

circuits and the discharge current therethrough

-is limited by said transformer.

13. A luminous discharge tube system compria—

ing in combination two branch circuits each in- -
cluding at-least one substantially unidirectional -

luminous discharge tube, means for connecting

-said two branch circuits in parallel and in op-

position to one another, a current-limiting re-

_sistance common to said parallel branch circuits
‘and connected in series therewith, and means
_for supplying alternating current to said system,

whereby luminous discharge eccurs alternately in
the. two branch circuits and the discharge cur-
rent therethrough is limited by said resistance.
14. A luminous discharge tube system compris-
ing in combination a source of alternating cur-
rent and a plurality of luminous discharge tube

" eircuits connected in perallel across said source, -
each of said circuits consisting of two branch-

circuits each including at least one substantially

unidirectional luminous discharge tube, means

‘for connecting said two branch circuits in paral-

lel and in opposition to one another, and a cur-
rent-limiting impedance common to said paraliel

branch circuits and connected in -series there--
- with, whereby luminous discharge occurs slter-
nately in the two branch circuits and the dis-

0
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charge current therethrough is limited by said
impeda.nce.

15.- A luminous discharge tube system compris-~
ing in combination two branch circuits each in-
cluding at least one luminous discharge tube,
8 discharge tube in at least one of said branch
circuits having substantially unidirectional con-
ductivity, means for connecting said two branch
circuits in parallel, an impedance common to said

5

parallel branch clrcults and connected in series

therewith, and means -for supplying alternating

current. to said system, the electrical character-
istics“of said system being such that luminous
discharge occurs alternately in the two branch:
circuits and the discharge current therethrough
is limited by said impedance. i
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