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This invention relates to a method and means for automatically switching, and tim 
ing the switching of, electrical currents un 
der high potential and more especially to the switching and timing of such high potential 
circuits as are commonly used in the lighting 
of gas filled tubes, such as neon lighted signs 
and the like. s O be used for switching, and timing the switch 
ing of, other electrical apparatus or machin 
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ery, such as timing and switching compensa 
tion starting controls for electric notors by operating relays, for automatic switching of 
incandescent, signal and other kinds of elec trically controlled lights, for producing spec 
tacular results with electrically lighted signs 
for displays, for providing time regulatedro 
tating electro-magnetic effects and circuit 
interrupting effects common in the practice 
of the electrical arts, and for various other 
purposes. O 

It has been customary, prior to my inven 
tion, to effect switching, and time regulation 
of the same, by means of motors, both elec 
trical and mechanical, and other rotating, 
oscillating and interrupting switching de 
vices. This practice involves the use, in most 
cases, of bulky and expensive apparatus and 
the necessity for considerable repair and 
maintenance. 
The general object of this invention is to 

provide a switching and timing device which 
will function without, or with a minimum of 
moving parts, and which also, in one of its 
phases, provides a spectacular effect tdvan 
tageous for advertising and display purposes, 
Another object is to provide simplified wir 

ing facilities for controlling neon lighted 
signs and other equipment to which similar 
circuits are applicable. 
A further object is to provide a switch 

ing device in which the circuits are closed and 
opened by the establishment of, and the ex 
tinction of, an arc. . 
An additional object is to provide a device 

of this character in which the cycle of opera 
tions repeats itself automatically and at a 
rapid rate, which rate, furthermore, may be 
accelerated or retarded at will. 

Said method and means may 

: depending on the character of the sign. 

A further object is to provide a switching 
device, for the purpose described, which, of 
itself, constitutes a spectacular attraction, in 
addition to the attraction afforded by the 
flashing sign controlled thereby, said device 
having a transparent container to render the 
higo.g. moving arcs visible. ther objects and advantages will be ap 
parent from the following descriptioninconi 
junction with the drawing, wherein several 
embodiments of the invention are illustrated 
somewhat diagrammatically. 
In the drawing: 
Fig. 1 illustrates one form of switch, con 

nected to three tube sections of a neon sign 
and a transformer source of current; 

Fig. 2 is a section on the line 2-2 of Fig.1. 
Figs. 3 and 4 illustrate modified forms of 

switches 
Fig. 5 is a fragmnetary view of an electrode O 

and its support. 
Referring to Fig. 1, there are shown three 

individual neon tubes or a sign describing the 
word eat, arranged vertically in this instance, 
and also an arc switch. Electrodes 1, 2, 3 
and 4 are suitably supported in an insulating 
mounting, 5, which, for example, may be 
made of porcelain, as shown in Fig. 5. Said 
electrodes are connected electrically to one 
side of the secondary of a transformer, 13, 
and also to terminal 17, terminals 18 and 19, 
terminals 20 and 21, and terminal 22 respec 
tively of neon tube letters 14, 15 and 16. 
Any number of electrodes may be employed, 
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Another electrode 6, mounted adjacent to 
said electrodes 1,2,3 and 4, and preferably in 
a vertical position, is connected to the other 
side of the secondary of transformer, 13, and, 
as illustrated, provides are gaps of various 
lengths between itself and said electrodes, which later diverge from said electrode 6. 
The said arc gaps occur in substantially ver 
tical alignment, with the smallest gap,pref erably at the bottom and increasinginl 
to the top, said arc gaps being numbered 8, 
24, 25, 26 and 11 and being adjustable in 
length, as shown in Fig. 5, that is, in the 
spacing or distance from electrode 6, the ado 
justment depending upon the resistance of 
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the various circuits, the apparatus to be con 
nected to them and the effects desired. 
The operation of this apparatus as thus 

far described is as follows: Due to the high potential developed by the secondary of the 
transformer, which is connected to electrodes 
1 and 6, and due to the proper conductivity of 
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arc gap at 8, an arc is formed between elec 
trodes 1 and 6, at the point 8. The arc 23 
then rises along the path formed by con 
ductors 1 and 6 until it arrives at conductor 2 
arc gap 24, where it leaves conductor 1 and 
continues along conductors 2 and 6 (see arc 
23), repeating this operation with electro?es. 
3 and 4, and quickly arriving at gap 11, the 
resistance of which is so great that said arc is 
extinguished, when it is again re-formed at 
gap 8 and repeats the described process. 

It will be seen that the arc at 8 closes the 
circuit to the secondary winding of the trans 
former without including any of the neon 
tubes. The arc at 24 closes the circuit from 
the secondary of the transformer to the neon 
tube 14, i.e., letter E, and back to the other 
side of said secondary winding of the trans 
former, the voltage being sufficient to break 
down the air gap and also to cause said tube 
to glow. The arc at 25 establishes the circuit 
from the secondary of said transformer to the 
terminal 20 of neon tube 15, i.e., letter A 
from the terminal 19 to terminal 18 of letter 
E, and from the other terminal, 17, thereof, 
back to the transformer, thus connecting the 
two letters, E and A, in series and lighting 
both of them. The arc at 26 in like manner 
establishes the circuit from the transformer 
to the terminal 22 of neon tube 16, i.e., letter 
T, and from the terminal 21 thereof to termi 
nal 20 of letter A, and from terminal 19 to 
terminal 18 of letter E, and from terminal 17 
thereof back to the transformer, thus connect 
ing all three letters in series and causing all 
three of them to be illuminated, after which 
they are all extinguished simultaneously. 
When the arc reestablishes itself across the 
gap 8, as it does immediately, there is a brief 
interval of time while it is running upwardl 
to the end of the electrode 1, during whic 
none of the letters is illuminated. his par 
ticular arrangement of letters and circuits is 
selected merely to illustrate one of many pos 
sible commercial uses of the arc switch. 

Electrode 7, fastened in said insulating 
support 5, is an additional or optional fea 
ture, providing further facility of operation, 
as follows: After the arc has arrived at ga 
11, the ionized gas enveloping the closest 
points of electrodes 4 and 7 reduces the re 
sistance of gap 10, so that its resistance, plus 
the resistance of gap 9, with which it is in 
series, is less than the resistance of gap 8 and 
consequently, arcs are formed at gaps 9 and 10. 
The arc formed at gap 10 remains at the point 
indicated, but the arc formed at gap 9, due to thermal action, rises along diverging con 
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ductors 6 and 7 to a point somewhere near 
gap 12, where it breaks, and being in series 
with the arc at point 10, both arcs are conse 
quently broken. An arc is again formed at 
point 8, which is at that moment the lowest 
point of resistance in any of the gaps con 
sidered and the entire operation is again re 
peated. The advantage of electrode 7, in this 
particular illustration, is that it permits the 
word "Eat' to remain entirely lighted, after 
it has been spelled out letter by letter with 
electrodes 2, 3 and 4 until the arc formed at gap 9 breaks at the gapindicated near 
point 12. Terminal 27 of electrode may be 
used for other combinations of circuit effects 
possible through the use of other circuits and 
apparatus and combinations of various arc 
switches. 
The electrodes are surrounded by a con 

tainer, 30, which may be secured to the insu 
lating support, 5, and is made preferably of 
transparent material, wherety E. rapidly as 
cending succession of arcs may be viewed, 
for their spectacular value. While the arc 
switch may be located at a distance from the 
sign, it is preferably closely associated there 
with and, if mounted in such position as to 
be visible to observers of the sign, may be used 
to augment the spectacular effect of the latter. 
Said container 30 is open at its upper 

and lower ends, as shown in Fig. 1, to per 
mit an ascending column of air to flow there 
through. A damper, 29, is shown hinged at 
28 to the top of said container, or otherwise 
adjustably secured thereto, whereby the speed 
of ascent of the arc, and hence of the cycle 
of Rail may be regulated-for exam 
ple, by opening the damper more than in its 
position, shown in Fig.1, the arcs ascend 
at a more rapid rate, causing the sign to flash 
more rapidly, and, by moving the damper in 
the reverse direction, the sequence of opera 
tions is retarded. The damper may be lo 
cated at the lower end, instead of at the upper 
end, or a damper may be provided at each 
end. 
One important advantage of my electrode 

arrangement is that the device operates at 
regular timed intervals. For example, where 
the shorter electrodes are all the same length, 
as in Fig. 1, and cooperate with a common 
electrode, the arc runs rapidly up the path 
provided, becomes extinguished and is re 
established immediately at the bottom, the 
circuits controlled by said shorter electrodes 

p being closed for equal time intervals. If 
instead of providing four electrodes of the 
same length, it is desirable to provide five or 
six or any larger number of electrodes to 
gether with the common electrode, said addi 
tional electrodes of the same length as the 
others are merely added to the combination 
and the various circuits controlled by all of 
said electrodes remain closed for equal inter 
vals of time. Conversely, the removal of any 
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uppermost electrode to provide for one less 
circuit, will not disturb the uniform time in 
tervals referred to, although the cycle as a whole will require less time, assuming other 
conditions remain the same, such for example 
as the adjustment of the damper. 
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Fig. 3 illustrates a ma 
moving arc switch. The electrodes 1,2,3 and 
4 may be similar to those described icon 
nection with Fig. 1 and are arranged adja 
cent to the substantially vertical electrode 6, 
as reviously described. The electrodes are 
surrounded by a container, 47, in this case 
of cylindrical form, and a coil of wire, 48 
is located adjacent said cylinder the ends of 
said coil being connected to terminals 49 and 
50, of the same source of alternating current 
as that by which the device is operated, where 
by a g field may be created tending to move the areformed between the electrodes 
from the point where the arc gap is the small 
est to a point where it approaches a maxi 
mum. After the arc breaks, it again reforms 
between the electrodes 1 and 6, as will be 
apparent. 

Electrodes 1, 2, 3 and 4 may be connected 
to a neon sign and to a source of electrical 
energy, as illustrated in Fig. 1, or any other 
suitable apparatus may be operated by this 
magnetic moving arc switch. The rapidity 
of the switching action may be regulated by 
adjusting the current supplied to the coil, the 
arc movement being faster as the magnetic 
field becomes stronger, and vice versa, or, by holding the magnetic field constant, the speed 
of movement of the arc may be varied by 
varying the current flowing through said arc. 

In the modification shown in Fig. 4, a plu 
rality of electrodes, 52, 53, 54, 55 and 56, are 
arranged, one over the other, in staggered 
and overlapping relation but out of contact 
with each other, each electrode being inclined 
away from the electrode immediate opposite. 
The arc gap between the middle of electrode 
52 and the lower end o electrode 53 is the 
shortest, the remaining arc gaps becoming 
progressingly longer. When the arc is first 
established at the lowermost gap, it closes 
the circuit from the transformer to the two 
lower electrodes without energizing any of 
the neon tubes or other current responsive 
devices connected thereto, but when the arc 
moves upwardly and establishes a circuit 
across electrodes 53, 54, transformer current 
flows through the letter E. The next higher 
arc gap controls the circuit to letter A on 
one side of the circuit and E on the other 
side, thereby illuminating both letters, and 
the uppermost gap in this instance cintrols 
the circuit through the letters'T and E in 
series on one side and the letter A on the 
other side of the circuit, thereby illuminat 
ing the entire word, after which the arc ex 
tinguishes itself and is reestablished at the 
bottom gap. As explained in connection with 

etically operated. 
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Fig.1, the arc gaps need not necessarily in: 
crease in length from the bottom to the top of 
the series. 
The electrodes, which are shown diagran 

matically in this figure may be suitably sup 
se in the wall of the container, 57 as in ig. 5, the mounting in each case being ei. 

ther at the bottom or the top of the electrode. 
In fact, in the other forms of invention illus 
trated in Figs. 1 and 3, also, the electrodes 
may be supported either at the top or bottom 
thereof. Furthermore, the short electrodes 
need not necessarily be mounted in a plane. 
E; through the long electrode but may 

inclined with reference to said plane. 
In the general application of the contain 

er, or enclosure, shown in the several figures 
of the drawing, the same may be sealed, evac 
uated and filed with various inert or other gases, particularly in conjunction with the 
magnetic and electrostatic type of switches. 
Also, said container may be treated with flu 
orescent substances to produce a luminous 
glow, in various colors and degrees, visible 
to the eye, thereby adding to the display val 
ue of the equipment. latter feature is 
particularly applicable to the transparent, 
or partially open, opaque container or enclo 
sure, or such other material used in construct 
ing said container as would pass such rays of 
the arc as to cause the fluorescent material 
to glow. Fluorescent treated objects, designs, 
or the like, may also be placed in or about 
the container to create many novel effects, 
all contributing to the spectacular. and dis 
play value of the equipment. 
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The proper length of the various are gaps 
is dependent on the resistance of the circuits 
with which the electrodes are connected, said 
resistance including, in the forms illustrat 
ed, the resistance of the neon tubes. 

It is an inherent function of neon tubes 
and other gaseous tubes, as is well known, 
that the resistance of the same is relatively 
high and requires a high voltage to break 
down said resistance and establish a circuit. 
During the alternations of an ordinary com 
mercial alternating circuit. the transformer 
voltage has to build up sufficiently to break 
down the resistance of the tube, after which 
a circuit is established and current flows un 
til the voltage decreases below the point suffi 
cient to maintain said current flow. No cur 
rent flows, from this point during the revers 
all of the cycle, until the voltage during the 
succeeding half cycle builds up to a point 
sufficient to breakdown the resistance, after 
which current flows for a short interval of time and the operation is repeated during 
each half cycle. IDuring the operation of the 
arc switching device described herein, the 
arc path switches from one circuit to another 
between the half cycle periods when no cur 
rent is flowing. Said arc first establishes it 
self across a gap between the first electrode 
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and the common electrode after which the 
arc moves to such a position that a path of 
lesser resistance for the operation of the arc 
is created between the common electrode and 
the second circuit electrode. Just as this 
condition is established, the arc discontinues 
the circuit between the common electrode 
and the first electrode directly following the 
interruption of current flow of the last half 
cycle of the alternating current supply. Dur 
ing the next half cycle when sufficient poten 
tial is established, current flows from the 
common electrode to the second circuit elec 
trode. 
The method of switching in this manner, 

by means of an arc, will be claimed in a sepa 
rate application. 

I claim: 
1. An arc switch comprising an insulat 

ing support, a series of electrodes passing 
therethrough at successive points thereon 
and a common electrode also carried by said 
support, arranged adjacent said first elec 
trodes and diverging therefrom, said first 
electrodes being adjustable with respect to 
said common electrode. 

2. An arc switch comprising a substan 
tially vertical electrode having a circuit ter 
minal, a series of shorter electrodes arranged 
substantially in vertical alignment in spaced 
end to end relation but divergent with respect 
to said first electrode, each of said shorter 
electrodes having an independent circuitter 
minal whereby an arc established between 
said first electrode and the nearest point on 
one of said shorter electrodes will travel up 
wardly along said first electrode and close 
the successive independent circuits from the 
common circuit terminal to the circuit ter 
minals of said shorter electrodes, a casing 
enclosing said electrodes and means provid 
ing a variable opening in said casing to reg 
ulate the rate of travel of said arc. 

3. An elongated arc switch comprising an 
insulating support, a series of electrodes 
passing therethrough at successive points 
thereon and each having a portion arranged 
nearly parallel to said support, a common 
electrode also carried by said support and 
arranged adjacent said first electrodes and 
extending along the same at gradually-in 
creasing distances from one end to the other, 
a casing secured to said insulating, support 
and enclosing said electrodes but open at its 
ends, and a hinged closure at one end for 
varying the effective size of the opening. 

4. The combination with an arc switch 
having a long electrode, a series of shorter 
electrodes diverging from said long electrode 
and arranged throughout the length of said 
long electrode at increasingly greater dis 
tances therefrom, of a series of current re 
sponsive devices, circuits therefrom to a 
source of current and to said shorter elec 
trodes, and a circuit from said long electrode 
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to said current source to permit an arc to be 
established between said E. electrode and 
said shorter electrodes seriatim to close and 
open certain of said circuits. 

5. The combination with an arc switch, 
having a long, substantially vertical elec 
trode a series of shorter electrodes diverg: ing from said long electrode and arranged 
throughout the length of said long electrode 
at varying distances therefrom, of a plural 
ity of gaseous discharge tubes such as neon 
tubes connected in series with each other, a 
source of high potential including a trans 
former the end tube of the series being con 
nected to one terminal of the secondary of 
said transformer, the other end tube of the 
series being connected to the end electrode of 
said series of shorter electrodes, the electrode 
at the other end of said shorter electrode se 
ries being connected also to said terminal of 
said transformer secondary, and a circuit 
from said long electrode to another terminal 
of said transformer secondary to permit an 
arc to be established between said long elec 
trode and said short electrodes, one after the 
other, to close and open certain of said cir 
cuits. 

6. The combination with an arc switch, 
having a long, substantially vertical elec 
trode, a series of shorter electrodes diverg 
ing from said long electrode and arranged 
throughout the length of said long electrode 
at increasingly greater distances therefrom, of a plurality of gaseous discharge tubes 
such as neon tubes connected in series with 
each other, the end tube of the series being 
connected to one secondary terminal of a 
transformer, the other end tube of the series 
being connected to the end electrode of said 
series of shorter electrodes, connections from 
points intermediate said tubes to other of said 
shorter electrodes, a circuit from said lon 
electrode to another secondary terminal o 
said transformer to permit an arc to be estab: 
lished between said long electrode and said 
shorter electrodes seriatim to connect said 
tubes in circuit one after the other, a casing 
for said electrodes to exclude disturbing air 
currents, and means permitting a regulated 
flow of air therethrough to control the rate of 
travel of said arc. 

7. An arc switch comprising a plurality of 
electrodes mounted one over the other in 
staggered and overlapping relation, but out 
of contact with each other, and each inclined 
away from the adjacent electrodes, supply cir 
cuit terminals for the two lower electrodes 
and terminals for the remaining electrodes 
permitting connections therefrom to an adja 
cent electrode through a current responsive 
device. 

8. In an arc switch, a series of substantial 
ly aligrfed electrodes, a common electrode ar 
ranged adjacent said series of electrodes and 
extending along the same at varying distances 
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from one end to the other, and another elec and establish a circuit through said tubes trode adjacent said common electrode and 
also diverging therefrom with the one end 
within arcing distance of said common elec 
trode and the other end within arcing dis 
tance of the end electrode of said series of 
electrodes. 

9. A flashing device EE E. of illuminating units, a source of high tension 
current for said units, a circuit connecting 
each unit to said source, a pair of electrodes 
in series in each circuit, and having an ascend 
ing gap between them which widens as it as 
cends, said pairs of electrodes being arranged 
end to end but SE spaced apart with the 
lower ends of each pair above the lowermost 
pair disposed within the field of the s: jumping the gap between the upper ends of 
the next lower R; the gap between the low 
er ends of the lowermost pair of electrodes 
being the smallest of all, whereby a spark will 
jump the gap at the lower ends of the lower 
most pair of electrodes and close the circuit 
of that pair, and then travel upwardly from 
pair to pair and closiny the circuits in suc 
cession. 

10. A flashing device, comnrising a plural 
ity of illuminating units, a source of high 
voltage current, an individual circuit con 
necting each unit to said source, a pair of 
electrodes in series in each circuit, and an 
ascending passage in which said pairs of elec 
trodes are ES end to end with a slight 

ace between adjacent ends of the pairs of 
electrodes, whereby a sparkjumping the gap between the electrodes of thioferiost pair 
will ascend in said passage from pair to pair 
and close said circuits in succession. 

11. A flashing device, comprising a plural 
ity of illuminating units, a source of high 
voltage current, an individual circuit con 
necting each unit to said source, a pair of 
electrodes in series in each circuit, an ascend 
ing passage in which said pairs of electrodes 
are arranged end to end with a slight space 
between adjacent ends of the pairs of elec 
trodes, whereby a sparkjumping the gap be 
tween the electrodes of the lowermost pair 
will ascend in said passage from pair to pair 
and close said circuits in succession, and 
means for regulating the flow of ascendin 
air in said passage to vary the rate of trave 
of said spark. 

12. An arc switch comprising an insulate 
ing support, a series of electrodes carried 
thereby and a common electrode also carried 
by said support and arranged adjacent said 
first electrodes and diverging therefrom, said 
first electrodes being Stable with respect 

8, to said common electro 
13. The combination.with gaseous tubes having an ity high resistance corre 

sponding to that of an open circuit, of a 
source of alternating current having a volt 
age sufficient to break down said resistance 

during each half cycle of said Eig 
current and continuing for a plurality o 
cycles, and means for switching the circuit 
connections from one of said gaseous tubes 
to another concurrently with changes from 
one half cycle to another, said means com 
rising a common electrode, a support there 
O C. E. of electrodes mount 
ed on said support adjacent said common 
electrode and diverging therefrom. 

14. The combination with gaseous tubes 
having an inherently high resistance, of a 
source of EE: having a volt age high enough to breakdown said resist 
ance and establish circuits through said tubes 
during each half cycle of said alternating 
current, and non-contacting electrodes in cir 
cuit with said tubes and said high voltage 
source and located to permit an arc to close 
said circuits, and the arc path to switch the 
circuit connections from one of said tubes 
to another during the period between half cycles when no current is flowing. 
In testimony whereof I hereunto affix my signature. 

WESTEY. P. HEALY. 
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