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AR, GAP CONSTRUCTION 

Arthur A. Olsen, Pittsfield, Mass., and Wilfred F. 
Skeats, Lansdowne, Pa., assignors to General 
Electric Company, a corporation of New York 

Application September 21, 1950, Serial No. 185,994 
(C. 37-70) 16 Claims. 

1. 
This invention relates to an air gap construc 

tion suitable for incorporation in lightning ar 
resters for the interruption of higher power foll 
low currents than is possible with conventional 
valve type arrester gaps. More particularly, the 
invention is an improvement on the invention 
disclosed and broadly claimed in the copending 
application of John W. Kalb, Serial No. 184,925, 
filed September 15, 1950, now Patent No. 
2,614,232, issued October 14, 1952, and assigned to 
the same assignee as the instant application. 

In valve type lightning arresters comprising a 
fixed gap or gaps in Series with a non-linear 
resistance, a practical combination of a single 
fixed gap of Small spacing for low sparkover value 
and many gaps of larger aggregate spacing for 
high current interrupting ability is most desirable 
to permit the use of a relatively low resistance 
valve element and thereby realize the advantages 
of greater strength and better protection. It is 
also desirable to have a device which breaks an 
initial arc up into a plurality of arcs without 
any appreciable elongation of the arc and with 
out permitting recombination of the plurality of 
arcs into a single arc. Although an embodiment 
of the aforementioned Kalb invention has all of 
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these features plus the additional feature of an 
unusually large number of gaps with aggregate 
spacings larger than the initial gap in a relatively 
Small Space, the embodiment of that invention is 
rather complicated and costly in that the gap 
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electrodes are each mounted on a separate in 
Sulating support which is in turn mounted on 
barriers of insulating material. Moreover, after 
being extinguished, the arc, which is dependent 
upon the current, applied voltage and the main 
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gap Spacing, Sometimes tends to restrike across, 
the main gap electrodes. This is probably caused 
by pent up high temperature or ionized gases 
drifting back into the main gap space. 

It is therefore an object of our invention to pro 
vide an improved air gap construction incor 
porating a gap of Small spacing for low sparkover 
value together with a plurality of gaps of larger 
aggregate spacing for high interrupting ability 
all arranged within a relatively small space con 
sidering the number of gaps. 

It is also an object of our invention to provide 
Such a construction with improved features 
therein whereby its reliability is at all times as 
Sured, 

It is a further object of our invention to pro 
vide an improved air gap construction which is 
relatively simple with a minimum of elements 
and therefore one which can be produced at a 
relatively reasonable cost, 
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It is still a further object of our invention to 

provide a configuration of electrodes together 
with a method of support which in combination 
provide a relatively simple arrangement and at 
the same time presents a relatively long Creepage 
path between adjacently disposed electrodes. 
In accordance with our invention, a pair of 

electrodes defining a surge or impulse spark gap 
is positioned adjacent a plurality of Spaced and 
improved auxiliary electrodes each of which com 
prises a pair of elongated and adjacently posi 
tioned opposed plates of conductive material hav 
ing respectively a longitudinal corrugation there 
in intermediate opposite longitudinally extending 
edges of the plates which are respectively en 
gageable with grooves in the opposing faces of a 
pair of plates of insulating material whereby 
the auxiliary electrodes are maintained in Spaced 
relationship without otherwise being fixed to the 
insulating plates. 
The electrodes defining the Surge gap and the 

auxiliary electrodes defining auxiliary gaps are 
so spaced and positioned relative to each other 
and to a magnetic means that a force is produced 
between the magnetic field of the magnetic 
means and an arc across the urge gap to move 
the arc into the auxiliary gap area, where it is 
broken up into a plurality of arcs which are 
moved to a predetermined region in the auxiliary 
gap area, beyond which further movement is ar 
rested or restrained either by a portion of the 
field produced by the magnetic means reacting in 
a reverse direction or by additional magnetic 
means providing a field acting in the reverse di 
rection. 
As a modification, the pair of plates comprising 

an auxiliary electrode are electrically connected 
together at the outer ends toward which the auxi 
liary arcs are moved but otherwise suitably in 
sulated from each other whereby current will flow 
from a terminal of One arc through one half of 
the electrode to its Outer end then across to the 
other half and flow back in an opposite direction 
through the other half to the terminal of another 
arc. The resulting magnetic field set up by these 
current loops reacts with the reverse field of the 
magnetic means to arrest movement of the auxil 
iary arcs toward the outer ends of the electrodes 
and thus reinforces the effect of the return or 
reverse field in carrying out this function, 
The invention will be better understood from 

the following description. When taken in con 
nection with the accompanying drawings and the 
Scope of the invention will be pointed out in the 
appended claims. In the drawing, Fig. 1 is a sec 
tional view of a lightning arrester embodying 
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improved gap and coil units of the invention: 
Fig. 2 is a plan view of a single gap and coil unit 
embodying the invention; Fig. 3 is a Sectional 
view of the unit taken on the line 3-3 of Fig. 2; 
Fig. 4. is an elevation or side view of the Fig. 2 
unit; Fig. 5 is a plan view of the unit with a top 
plate or slab of insulating material, the coil Wind 
ing and some of the electrodes removed. So as 
better to illustrate the internal structure of the 
device; Fig. 6 is a sectional view taken on the 
lines S-S of Fig. 2; Fig. 7 is a side elevation 
view of the main gap portion of the unit more 
or less stripped of external elements to better 
illustrate the position of the main electrode ter 
minals employed; Fig. 8 is a perspective view 
of one of the auxiliary electrodes of the device; 
Fig. 9 is a diagrammatic arrangement of the elec 
trodes illustrating the progression or movement 
of an arc to be interrupted and Fig. 10 ShoWS a. 
plot of the relative magnetic flux intensities in 
different parts of the gap structure on One side 
of the center line thereof. 

Referring now to the various figures of the 
drawings, we have illustrated an air gap Con 
struction generally comprising a gap unit is and 
a coil unit . The gap unit is comprises a pair 
of Spaced main electrodes 2 and 3 defining a 
main gap and a plurality or group of Spaced 
auxiliary electrodes 4 to 9 inclusive arranged 
side by side parallel with electrode 2 and de 
fining a plurality of auxiliary alrC gaps there 
between transverse or normal to the gap between 
electrodes 2 and 3. Another group of Spaced 
auxiliary electrodes 20 to 25 inclusive positioned 
respectively opposite electrodes 4 through 9 in 
clusive are arranged side by side parallel. With 
electrode 3 and define a plurality of auxiliary 
arc gaps therebetween transverse to the gap be 
tween electrodes 2 and 3 and a plurality of arc 
gaps with oppositely disposed electrodes 4 to 9 
parallel to the gap between electrodes 2 and 
3. All of the electrodes are interposed between 
a pair of plates or slabs 26 and 27 of any suitable 
insulating material. 
The coil unit is removably positioned on the 

outside surface of insulating plate 26 and is SO 
mounted that the area, within the periphery of 
the coil winding is opposite the gap between 
electrodes 2 and 3 and opposite the gaps be 
tween the auxiliary electrodes adjacent the re 
Spectively opposing ends thereof. One end of the 
coil Winding is electrically connected by a clamp 
ing Screw 28 to one end of a conducting bar of 
metal 29 which is mounted on insulating supports 
comprising a pair of ledges constituting part of 
the Spool of insulating material upon which the 
Coil is Wound. A pin 30 of conducting material 
is mounted at the opposite end of bar 29. The 
other end of the coil winding is electrically con. 
nected by a clamping screw 3 to one end of an 
Other bar of metal 32 similarly mounted on ledges 
of the Spool opposite to and spaced from bal 
29 so as to define a gap space 33 therebetween. 
At the opposite end of bar 32 and on the under 
Side thereof is also mounted a pin of conducting 
material 34 similar to pin 30. Main gap elec 
trode 2 is electrically connected, as most clearly 
illustrated by Figs. 6 and 7 with a hexagonal 
shaped terminal 35 of conducting material 
mounted on the outside surface of insulating 
plate 26 while gap electrode 3 is similarly elec 
trically connected to a similar terminal 36 
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mounted on the outside surface of insulating 
plate 2. Terminal 35 is provided with a de 
pressed or hollowed-out portion which accommo 75 

4. 
dates pin 34 of coil unit as illustrated by Fig. 
6 While terminal 36 is also provided With a simi 
lar hollowed-out portion for the accoinnodation 
of a pin Similar to pin 30 or 34 of another coil 
unit, not shown in the interest of simplicity, and 
Which may be positioned on the outside Surface 
of insulating plate 2. On the other hand, pin 
3 of coil unit may be electrically connected 
to another gap unit similar to gap unit ) and 
Other coil and gap units thus alternately stacked 
in Series with each other and with resistances or 
valve elements 37 as illustrated by Fig. 1. For 
good electrical contact between the stack of coil 
and gap units and the resistances 3, circular 
disks 33 of conducting material each having a 
terminal similar to terminals 35 and 36 fixed 
thereto may be interposed respectively between 
the top coil unit and the adjacent waive element 
and between the bottom coil unit, and the valve 
element adjacent thereto with the pin 39 of the 
top coil unit and the pin 34 of the bottom coil 
unit respectively in engagement with the termi 
nals. 
As shown in Fig. 1, the complete assembly may 

be enclosed within a weatherproof housing 39 
of insulating material such as porcelain which 
islay be Sealed by closures or covers of conduct. 
ing material one of which 40 includes a terminal 

for connection of the assembly to a source 
of electrical power to be protected while the 
other 42 includes a terminal 43 for connection 
to ground. Instead of connecting terminal 4 
to a Source of power and terminal 43 to ground, 
it Will be apparent that this arrangement may be 

5 reversed. So that terminal 43 is connected to the 
pOWei' Source While terminal 4 is connected to 
ground. A coil Spring 44 of conducting material 
is interposed between the top valve element and 
housing cover to electrically connect the assem 
bly Wtih the line terminal 4f and maintain the 
Coil, gap and resistance elements in good electri 
cal contact. It will be obvious that good elec 
trical contact pressure is assured between the 
end of a terminal 35 or 36 and the bars of con 
ducting material 29 or 32 since the overall thick 
ness of a coil Spool at the right-hand end as 
Viewed in FigS. 4 and 6 is less than the thickness 
at the left-hand end. 
Thus it will be seen that coil winding is 

electrically connected in series with electrodes 
2 and 3 and the gap therebetween while gap 

33 provides a bypass or shunt around the wind. 
ing for its protection during the passage of a 
transient having components with rapid rates 
of current change. Following the breakdown of 
the gap or establishment of an arc between main 
electrodes 2 and 3 and dissipation of the tran 
Sient, the power follow current path to ground 
Will include Winding so that the magnetic field 
produced thereby and within the periphery of 
the coil will react with the magnetic field pro 
duced by the current in the arc on a motor prin 
ciple to move the initial arc between the main 
electrodes 2 and 3 toward the left, as viewed in 
Fig. 5 into the vicinity of the auxiliary electrodes 
Where it will be broken up into a plurality of 
21CS. 

Both the structure of the device, insofar as the 
relative position of the electrodes is concerned. 
and the partial operation thereof as thus far de. 
Scribed is Substantially identical to an embodi 
Inent of the invention disclosed in the Copending 
application of Kalb referred to hereinbefore and 
thus constitutes no part of this invention. How. 
ever, in order to carry out our invention it should 
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first be observed that each of the auxiliary elec 
trodes 4 to 9 and 20 to 25 is relatively long SO 
that the outer ends thereof opposite to the re 
spectively opposing inner ends as well as a coil." 
siderable portion of the length of the electrodes 
adjacent; the outer ends are positioned outside the 
periphery of winding as better illustrated by 
Figs. 3 and 9. In addition, the auxiliary elec 
trodes are made up of simple and easily made 
punch press parts. To be more specific and refer 
ring particularly to Fig. 8 of the drawings, each. 
auxiliary electrode comprises a pair of identical 
and elongated plates 45 and 46 of conducting ma 
terial each of which has a longitudinally extend 
ing corrugation or furrow & therein positioned 
intermediate opposite longitudinally extending 
flanges or edges 48 and 49 respectively. A pair of 
notches 59 and 5 are oppositely positioned re 
spectively in the opposite edges for a purpose 
which Will be explained hereinafter. 
The inner or opposing faces of plates 2 and 2. 

of insulating material are provided with a plur 
rality of spaced and parallel depressions or 
grooves 52 and a centrally disposed depression 3 
as shown in Fig. 5 which together define a pair of 
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25 
ridges 54 in each of the plates of insulating ma 
terial as more clearly illustrated by Fig. 3, 
Each electrode comprising a pair of plates 45 

and 46 is mounted with the corrugations therein 
opposed so that opposite longitudinally e3tending 
fanges or edges thereof are respectively received 
in oppositely disposed grooves 52 in plates 25 and 
27 and so that oppositely disposed ridges 54 in 
the insulating plates will respectively engage the 
oppositely disposed notches in the electrodes, 
The grooves serve properly to Space and prevent 
lateral displacement of the electrodes while the 
ridges serve to prevent axial displacement thereof. 
Although notches 5 and 5 are illustrated as 
positioned adjacent the inner or opposing ends of 
the auxiliary electrodes, we have found that 
radio noise or interference is reduced as the dis 
tance of these notches from the inner ands of the 
electrodes is increased. . It should be observed 
that the auxiliary electrodes are this very simply 
mounted without the employment of individual 
separate Supports of any kind and since all gap 
Spaces are completely vented to the atmosphere 
the possibility of arcs restriking across the main 
gap due to a buildup of unequal gas pressure is 
eliminated. It should also be noted that because 
of the combination of the particular configura 
tion of the auxiliary electrodes and the slotted 
structure of the insulating plates, the creepage 
distance over the surface of the plates of in 
Sulating material between adjacent electrodes is 
relatively long. 
To better control the auxiliary arcs in the re 

gion of the auxiliary electrodes, a long auxiliary 
electrode 55 having the configuration of half an 
electrode or a single plate thereof but having a 
length approximately twice as long is positioned 
in oppositely disposed grooves in the plates 268 rad 
27 so as to be spaced from oppositely disposed 
electrodes 9 and 2 and so as to span the space. 
between all of the oppositely positioned electrodes 
at the end of the space opposite main electrodes 
2 and 3. Like the other auxiliary electrodes, 

electrode 55 is also provided with notches in the 
flanges thereof which engage the ridges of plates 
26 and 2. 
As previously pointed out, after the establish 

ment of an arc between electrodes 2 and 3, the 
magnetic field produced by winding Within the 
periphery thereof will be effective to move the 
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6 
arc into the region of the auxiliary electrodes. 
The arc will first be broken up into an arc, sub 
stantially transverse to the initial arc, between 
electrodes 3 and 25, a second arc Substantially 
parallel to the initial arc, between opposed auxil 
iary electrodes 25 and 4 and a third arc, also 
Substantially transversed to the initial arc, be 
tween electrodes 4 and f2 as indicated by the 
dotted lines 56 in Fig. 9. Arcs are moved pro 
gressively by the internal magnetic field in some 
what the manner illustrated by Fig. 9 with the 
arcs between opposed electrodes and parallel to 
the initial arc moving away from the main elec 
trodes and the arcs between adjacent auxiliary 
electrodes and substantially transverse to the in 
itial arc moving towards the far or outside ends 
of the auxiliary electrodes where they would ob 
viously tend to reunite or recombine into single 
objectionable long arcs if this were permitted to 
happen. However, since the auxiliary electrodes 
extend for a Substantial distance beyond the per 
riphery of winding , the relative positions of 
which are most clearly illustrated by Fig. 9, the 
return magnetic field traversing the electrodes 
in an opposite direction in this outer region will 
exert a force on the arcs between adjacent, elec 
trodes tending to force them back toward the in 
ner ends of the electrodes. Thus the progression 
of the arcs between adjacent electrodes towards 
the Outer ends thereof will be arrested at points 
Some distance short of the oute ends approxi 
nately as illustrated by dotted arc lines 57 in 
Fig. 9. 
We have illustrated by Fig. 10 a plot of the rela 

tive magnetic flux intensities in different parts of 
the gap structure on one side of the long center 
line of the winding . Since the actual distance 
from the center line 0-0 of the winding to the 
outside edge of the coil is about one inch, it will 
be seen from the curves that the effect of the 
magnetic field tending to move the arcs toward 
the Outer ends of the electrodes is most concen. 
trated at the center region of the winding and 
gradually falls off to zero approximately one 
half inch beyond the outer edge of the winding 
Where the return magnetic field becomes effective 
and increases in intensity until the region ap 
proximately two and one-half inches from the 
center line 0-0 is reached. Curves A, B and C 
illustrate the variation in the flux pattern along 
Section lines A-A, B-B and C-C respectively 
of the gap structure as indicated at Fig. 9. 

In the absence of long electrode 55, it will be 
apparent that the termini of an arc between elec. 
trodes 9 and 20 would not only be forced toward 
the outer ends of these electrodes but the arc 
proper would be elongated and forced outwardly 
beyond the periphery of the winding in a 
direction away from the main pair of electrodes. 
Such a relatively long arc would be difficult to 
deionize or extinguish and might lead to Spark 
Over to other points in the structure which, of 
COl'Se, Cannot be tolerated. 
To reinforce the effect of the return magnetic 

field in arresting the arc movement, we provide, 
as a modification, insulation between the two 
plates 45 and 46 of each auxiliary electrode Which 
may be in the form of mica strips 58, for exam. 
ple, So that these parts will be electrically in 
Sulated from each other with the exception of 
the outer ends thereof which are Spot Welded or 
otherwise Suitably fixed together electrically as 
indicated by the numeral 59 in Fig. 8. This it 
Will be apparent that when the arCS between 
adjacent and parallel aligned electrodes, arene 
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the center of the gap structure, the current in 
each electrode will flow from the terminal of one 
arc through one half of the electrode to its outer 
end and then cross over to the other half and 
flow back through the length of this half to the 
next arc as shown by the arrow headed lines in 
Fig. 9. The resulting magnetic field set up by 
these current loops will react on a motor principle 
with the return field of the winding to force 
the arcs away from the outer ends of the elec 
trodes and thus tends to reinforce the effect of 
the return field outside the periphery of the wind 
ing if in carrying out this function. 
To more positively space insulating plates 26 

and 27 as illustrated and maintain the insulating 
plates and electrodes therebetween Securely fas 
tened together spacers 60 together with bolts f, 
62 and 63 with nuts 64 threaded thereon ale 
employed. When a plurality of gap and coil unit:3 
are employed in series as illustrated by Fig. 1, 
the voltage distribution between successive units 
is controlled by resistors 65 and 66 connected in 
series by conducting bolt 6 together With con 
ducting strips 67 and 68. The resistors are in 
turn connected in shunt across the main gap be 
tween electrodes 2 and 3 by conducting ScreWS 
69 and 70, threaded respectively into electrodes 
2 and 13, together with conducting strips as) 
T2 electrically interconnecting bolts 62 and 63, 
electrically connected at corresponding ends of 
the resistors, to screws 69 and respectively. 
A gap illumination button 3 Spring biased 
against the inner surface of one of the insulating 
plates at a point opposite the main gap by resili 
ent arm 74 upon which it is mounted Serves to 
facilitate sparkover of the main gap. As illus 
trated, arm 74 is mounted between a pair of 
spacers 60 and electrically connected through 
bolt 63 and copper strip 72 to one of the nain 
gap electrodes. - - 

In addition to the improved operation alnd reir 
ability of our device, it will be apparent that the 
improved structure is not only simplified by Virtue 
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of identical and simple plates comprising auxil" 
iary electrodes but is also simplified by virtle of 
the fact that the plates of insulating material 
are also identical. Moreover, because of the era." 
ployment of the return magnetic field to arrest 
outward progress of the auxiliary arcs and the 
use of long electrode 55, it will be apparent that 
the establishment of long arcs has been eliminat 
ed. Furthermore, because of the particular con 
figuration and simple mounting of the auxiliary 
electrodes contact of the arcs with insulation has 
also been eliminated. 
While we have, in accordance with the patent 

statutes, shown and described a particular en 
bodiment of our invention it will be obvious that 
changes and modifications can be made without 
departing from the invention in its broader as 
pects and, we, therefore, aim in the appended 
claims to cover all such changes and modifica 
tions as fall within the true spirit and Scope of 
the invention. 
What we claim as new and desire to Secure 

by Letters Patent of the United States is: 
1. In an air gap construction, the Combination 

of an arcing electrode comprising a pair of elon 
gated and adjacently positioned plates of Con 
ducting material, each of said plates having a 
single corrugation therein positioned intermedi 
ate opposite longitudinally extending edges there 
of and extending longitudinally the entire long 
length of said plates, said plates being disposed 
with the corrugations therein Opposed and mag 
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netic means to move the terminal of an arc 
longitudinally along each of said corrugations. 

2. In an air gap construction, the combination 
of an arcing electrode comprising a pair of elon 
gated plates of conducting material, said plates 
being adjacently positioned in parallel alignment 
and shaped so as to define portions respectively 
protruding transversely in opposite directions 
from the faces of said plates and extending 
longitudinally the entire long length of said 
plates intermediate opposite longitudinally ex 
tending edges thereof and magnetic means to 
move the terminal of an arc longitudinally along 
each of said extending portions. 

3. In an air gap construction, the combination 
of an arcing electrode comprising a pair of elon 
gated and adjacently positioned plates of con 
ducting material, each of said plates having a 
single corrugation therein positioned intermedi 
ate opposite longitudinally extending edges there 
of and extending longitudinally the entire long 
length of Said plates, said plates being electrically 
connected together at one end and disposed with 
the Corrugations therein opposed and magnetic 
11.82ns to move the terminal of an arc longi 
tudinally along each of said corrugations. 

4. In an air gap construction, the combina 
tion of an arcing electrode comprising a pair of 
elongated and spaced plates of conducting ma-. 
terial, each of Said plates having a single corru 
gation therein positioned intermediate opposite 
longitudinally extending edges thereof and ex 
tending longitudinally the entire long length of 
said plates, said plates being electrically con 
nected together at one end and disposed in 
parallel alignment with the corrugations there. 
in Opposed and magnetic means to move the 
terminal of an arc longitudinally along each of 
Said corrugations. 

5. In an air gap construction, the combina 
tion of an electrode support plate of insulating 
material having a groove and a depression spaced 
therefrom and defining a ridge between said 
groove and depression and an arcing electrode 
Cornprising a pair of elongated plates of conduct 
ing material adjacently disposed in parallel 
alignment, each of said plates having a longi. 
tudinally extending corrugation therein inter. 
mediate opposite longitudinally extending edges 
thereof and a notch in at least one of said op 
posite edges, said plates being disposed with the 
corrugations therein opposed and with a pair of 
adjacent longitudinally extending edges disposed 
in Said groove to prevent lateral displacement, 
of Said electrode, said ridge portion of said 
plate of insulating material engaging said notch 
in Said electrode to prevent axial displacement 
thereof. 

6. In an air gap construction comprising a 
pair of Spaced and parallel plates of insulating 
material, an arcing electrode interposed between 
said plates, said electrode comprising a pair of 
elongated plates of conducting material ad 
jacently disposed in parallel alignment, each of 
Said plates having a longitudinally extending 
corrugation therein intermediate opposite lon 
gitudinally extending edges thereof, a notch in 
each of Said Opposite edges, a groove and a de 
pression Spaced therefrom in the face of one of 
Said plates of insulating material, a groove and 
a, Spaced depression respectively opposite said 
first mentioned groove and depression in the 
adjacent face of the other of said plates of in. 
Sulating material, said grooves and depressions 
respectively defining oppositely disposed ridge 
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portions of said plates of insulating material, 
said plates of conducting material being disposed 
with the corrugations therein opposed and with 
opposite corresponding edges respectively dis 
posed in said grooves to prevent lateral dis 
placement of said electrode, said ridge portions 
of said plates of insulating material respectively 
engaging the notches in the opposite edges of said 
electrodes to prevent axial displacement thereof. 

7. In all air gap construction, mounting means 
for positioning electrodes in spaced relation to 
define arc gaps therebetween, a pair of spaced 
main electrodes mounted on said mounting 
means and defining a main arc gap, a first 
group of elongated and spaced auxiliary elec 
trodes mounted on said mounting means and po 
sitioned adjacent one of said pair of main elec 
trodes, said auxiliary electrodes defining a plu 
rality of auxiliary arc gaps therebetween normal 
to said gap between saici pair of main electrodes, 
a second group of elongated and Spaced auxil 
iary electrodes mounted on said mounting means 
adjacent the other of said pair of main electrodes 
and disposed side by side with an end of each 
auxiliary electrode spaced from and disposed op- 2 
posite an end of one of the electrodes of said 
first group of auxiliary electrodes, said second 
group of auxiliary electrodes defining a plu 
rality of auxiliary arc gaps therebetween normal 
to said gap between said pair of main electrodes 
and a plurality of auxiliary arc gaps respectively 
between said ends thereof and said oppositely 
disposed ends of said first group of electrodes 
parallel to said gap between said pair of ?lain. 
electrodes, and magnetic means positioned ad- : 
jacent said electrodes defining a magnetic field 
transversely traversing the gap between said pair 
of main electrodes and the gaps between Said 
oppositely disposed ends of said first and second 
group of electrodes in One direction and trans- 4 
versely traversing in the opposite direction the 
'gaps between said auxiliary electrodes adjacent 
the ends thereof remote from Said oppositely po 
sitioned ends. 

8. In an air 
means for positioning electrodes in spaced rela 
tion to define arc gaps therebetween, a pair of 
spaced electrodes mounted on Said mounting 
(means and defining a main arc gap, a plurality 
i of elongated and spaced ; auxiliary electrodes 
mounted on said mounting means and positioned 
side by side adjacent one of said pair of elec 
trodes, said auxiliary electrodes defining a plu 
rality of auxiliary arc gaps therebetween nor 
mal to said gap between said pair of electrodes, 
a plurality of elongated and Spaced auxiliary 
electrodes mounted On Said mounting means ad 
-jacent the other of said, pair of electrodes and 
disposed side by side with an end of each auxile 
iary electrode spaced from and positioned oppo 

a site an end of one of the electrodes of said first 
mentioned auxiliary electrodes, said second men 
tioned auxiliary electrodes defining: a plurality 
of auxiliary arc gaps therebetween normal to 
said gap between said pair of electrodes and a 
plurality of auxiliary arc gaps respectively be 
tween said ends thereof. and said oppositely po 
sitioned ends of said first mentioned auxiliary 
electrodes parallel to said gap between said pair 
of electrodes, each of said auxiliary: electrodes 

gap construction, mounting 
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: comprising a pair of adjacently positioned and 
spaced plates each of which has a centrally-dis 
posed longitudinally extending corrugation 

rtherein, said pair of plates being disposed with 
the corrugations therein opposed and magnetic 75 
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means positioned adjacent said electrodes defin 
ing a magnetic field transversely traversing in 
One direction the gap between said pair of elec 
trodes and the gaps between said oppositely po 
sitioned ends of said first and second mentioned 
auxiliary electrodes and transversely traversing 
in the Opposite direction the gaps between said 
auxiliary electrodes adjacent the ends thereof 
remote from Said oppositely positioned ends. 

9. In an air gap construction, mounting means 
for positioning electrodes in spaced relation to 
define arc gaps therebetween, a pair of spaced 
electrodes mounted on said mounting means and 
defining a main arc gap, a plurality of elongated 
aid Spaced auxiliary electrodes mounted on said 
mounting means and positioned side by side ad 
jacent One of Said pair of electrodes, said auxil 
iary electrodes defining a plurality of auxiliary 
arc gaps therebetween normal to said gap be 
tween Said pair of electrodes, a plurality of elon 
gated and Spaged auxiliary electrodes mounted 
On Said mounting means adjacent the other of 
Said pair of electrodes and disposed side by side 
With an end of each auxiliary electrode spaced 
from and positioned opposite an end of one of 
the electrodes of said first mentioned auxiliary 
electrodes, Said second mentioned auxiliary elec 
trodes defining a plurality of auxiliary arc gaps 
therebetween normal to said gap between said 
pair of electrodes and a plurality of auxiliary 
are gaps respectively between said ends thereof 
3.11d Said Oppositely positioned ends of said first 
mentioned auxiliary electrodes parallel to said 
gap between said pair of main electrodes, each 
of Said auxiliary electrodes comprising a pair 
of adjacently positioned and spaced plates each 
of which has a centrally disposed longitudinally 
extending corrugation therein, said pair of plates 
being disposed with the corrugation therein op 
posed and with the ends thereof remote from 
Said Oppositely positioned ends being connected 
electrically together and magnetic means posi 
tioned adjacent said electrodes defining a mag 
netic field transversely traversing in one direc 
tion the gap between said pair of electrodes and 
the gaps between said oppositely positioned ends 
of Said first and second mentioned electrodes 
and transversely traversing in the opposite direc 
tion the gaps between said auxiliary electrodes 
adjacent said remote ends thereof. 

10. In an air gap construction, mounting 
means for positioning electrodes in spaced rela 
tion to define arc gaps therebetween, a pair of 
Spaced electrodes mounted on said In Ounting 
means and defining a main arc gap, a plurality 
of elongated and spaced auxiliary electrodes 
mounted On Said mounting means and posi 
tioned side by side adjacent one of said pair 
of electrodes, said auxiliary electrodes defining 
a plurality of auxiliary arc gaps therebetween 
normal to said gap between said pair of elec trodes, a plurality of elongated and spaced auxil 
iary. electrodes mounted on said mounting means 
adjacent the other of said pair of electrodes and 
disposed side by side with an end of each auxil 
liary electrode spaced from and positioned op 
posite, an end of one of the electrodes of said 
first mentioned auxiliary electrodes, said second 

- mentioned auxiliary electrodes defining a plu. 
rality of auxiliary arc gaps therebetween nor 
inal to said gap between said pair of electrodes and a plurality of auxiliary arc gaps respec 
tively between said ends thereof and said op positely positioned ends of said first mentioned 
auxiliary electrodes parallel to said gap between 
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Said pair of electrodes, each of said auxiliary 
electiodes comprising a pair of elongated plates 
each having a longitudinally extending corruga 
tion therein disposed intermediate Opposite 
longitudinally extending edges thereof, Said pair 
of plates being disposed with the corrugation 
therein opposed and Inagnetic means positioned 
adjacent said electrodes defining a magnetic field 
separate portions of which have opposite direc 
tions relative to said gaps, Said portions of Said 
field being transverse to and traversing in One 
direction the gap between Said pair of electrodes 
and the gaps between portions of Said auxiliary 
electrodes adjacent Said oppositely positioned 
ends thereof and traversing in the Opposite di 
rection the gaps between said auxiliary electrodes 
adjacent the ends thereof remote from Said Op 
positely positioned ends. 

11. An air gap construction comprising lilount 
ing means for positioning electrodes in Spaced 
relation to define arc gaps therebetween, a pair 
of spaced electrodes mounted Oil Said Inounting 
ineans and defining a main arc gap, a plurality 
of elongated and Spaced auxiliary electrodes 
mounted on said Iaounting ileans and positioned 
side by side adjacent one of Said pair of elec 
trodes, said auxiliary electrodes defining a plu 
rality of auxiliary arc gaps therebetween normal 
to said gap between said pair of electrodes, a 
plurality of elongated and Spaced auxiliary elec 
trodes mounted on said mounting means adjacent 
the other of said pair of electrodes and disposed 
side by side with an end of each electrode Spaced 
from and positioned opposite an end of One of 
the electrodes of said first inentioned auxiliary 
electrodes, said second mentioned auxiliary elec 
trodes defining a plurality of auxiliary arc gaps 
tnerebetween normal to said gap betweeil Said 
pair of electrodes and a plurality of allxiliary 
are gaps respectively between Said ends thereof 
and said oppositely positioned ends of Said first 
mentioned auxiliary electrodes parallel to said 
gap between said pair of electrodes, and a coil 
winding connected electrically in Series With said 
pair of electrodes and the gap therebetween, the 
axis of said winding being transverse to all of 
said gaps with the area within the periphery of 
said winding being disposed Opposite Said pair 
of electrodes and said oppositely positioned ends 
of said auxiliary electrodes, the 1'emote ends 
thereof being disposed opposite the area outside 
the periphery of Said Winding. 

12. An air gap construction comprising a pair 
of spaced and parallel plates of insulating mar 
terial, a plurality of spaced and parallel grooves 
in the face of one of Said plates, a plurality of 
the spaced and parallel grooves respectively Op 
posite said first mentioned grooves in the adja" 
cent face of the other of Said plates, a pair of 
spaced electrodes positioned between Said plates 
and defining a main arc gap, a plurality of elon 
gated and spaced auxiliary electrodes positioned 
between said plates and defining a plurality of 
auxiliary arc gaps therebetween normal to Said 
gap between said pair of electrodes, a plurality 
of elongated and spaced auxiliary electrodes posi 
tioned between said plates. With an end of each 
spaced from and positioned opposite an end of 
one of the electrodes of Said first mentioned 
auxiliary electrodes, said Second mentioned 
auxiliary electrodes defining a plurality of auxil 
iary arc gaps therebetween normal to Said gap 
between said pair of electrodes and a plurality 
of auxiliary arc gaps respectively between Said 
ends thereof and said oppositely positioned ends 
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of said first mentioned electrodes parallel to said 
gap between said pair of electrodes, each of Said 
auxiliary electrodes comprising a pair of elon 
gated plates each having a longitudinally extend 
ing corrugation therein disposed intermediate 
opposite longitudinally extending edges thereof, 
said pair of plates being disposed with the corru 
gations therein opposed and with a pair of corre 
sponding longitudinal edges disposed in One of 
said grooves in one of Said plates of insulating 
material and the opposite longitudinal edges dis 
posed in an oppositely disposed groove in the 
other of said plates of insulating material and 
magnetic means positioned adjacent said elec 
trodes defining a magnetic field transversely 
traversing in one direction the gap between said 
pair of electrodes and the gaps between portions 
of said auxiliary electrodes adjacent said op 
positely positioned ends thereof and transversely 
traversing in the opposite direction the gaps be 
tween portions of said auxiliary electrodes adja 
cent the ends thereof remote from Said op 
positely positioned ends. 

13. In an air gap construction, mounting 
i, neans for positioning electrodes in spaced rela 

tion to define arc gaps therebetween, a pair of 
main Spaced electrodes mounted on said mount 
ing means and defining a main arc gap, a plu 
rality of elongated and spaced auxiliary elec 
trodes mounted on Said mounting means and 
positioned adjacent one of Said pair of electrodes, 
said auxiliary electrodes defining a plurality of 
auxiliary arc gaps there between transverse to 
Said gap between said pair of electrodes and in 
series circuit relationship with said one electrode, 
a plurality of elongated and Spaced auxiliary 
electrodes mounted on Said mounting means ad 
jacent the other of Said pair of electrodes and 
disposed With One end of each spaced from and 
positioined opposite an end of One of the elec 
trodes of Said first mentioned auxiliary elec 
trode, said second mentioned auxiliary electrode 
defining a plurality of auxiliary arc gaps there 
between tiransverse to said gap between said pair 
of electrodes and in series circuit relationship 
With the other of Said pail of electrodes and a 
plurality of auxiliary arc gaps respectively be 
tween said ends thereof and said oppositely posi 
tioned ends of Said first mentioned electrodes 
parallel to said gap between said pair of elec 
trodes, an elongated electrode spaced respectively 
from a pair of Said Oppositely disposed auxiliary 
electrodes and Spanning the Space between said 
respectively opposed first and Second mentioned 
electrodes at the end thereof opposite said pair 
of main electrodes and magnetic means posi 
tioned adjacent said electrodes defining a mag 
netic field Separate portions of which have op 
posite directions relative to Said gaps, said field 
being tranSverse to and traversing in Oile direct 
tion the gap between Said pair of electrodes and 
the gaps between portions of Said auxiliary elec 
trodes adjacent said Oppositely positioned ends 
thereof and traversing in the opposite direction 
the gaps between portions of Said auxiliary elec 
trodes adjacent the ends thereof remote from 
said oppositely positioned ends. 

14. In an air gap construction, mounting 
means for positioning electrodes in spaced rela 
tion to define arc gaps therebetWeer, a pair of 
rinain Spaced electrodes mounted on said mount 
ing means and defining a main arc gap, a plu 
rality of elongated and Spaced auxiliary elec 
trodes mounted on Said mounting means and 
positioned adjacent one of Said pair of electrodes, 
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Said auxiliary electrodes defining a plurality of 
auxiliary arc gaps therebetween transverse to 
Said gap between said pair of electrodes and in 
Series circuit relationship with said one elec 
trode, a plurality of elongated and Spaced auxi 
iary electrodes mounted on said mounting means 
adjacent the other of said pair of electrodies and 
disposed with one end of each spaced from and 
positioned opposite an end of one of the elec 
trodes of Said first mentioned auxiliary elec 
trodes, said Second mentioned auxiliary elec 
trodes defining a plurality of auxiliary are gaps 
therebetween transverse to said gaps between 
Said pair of electrodes and in series circuit, lea 
tionship with the other of said pair of electrodes 
and a plurality of auxiliary are gaps respectively 
between Said ends thereof and said oppositely 
positioned ends of said first mentioned auxiliary 
electrodes parallel to said gap between said pair 
of electrodes, each of Said auxiliary electrodes 
Comprising a pair of elongated plates each hav. 
ing a longitudinally extending corrugation 
therein disposed intermediate opposite longi 
tudinally extending edges thereof, said pair of 
plates being disposed with the corrigations 2 
therein being opposed, an elongated electrode 
Spaced respectively from a pair of said oppositely 
disposed auxiliary electrodes and spanning the 
Space between Said respectively opposed first and 
Second mentioned electrodes at the end thereof 
Opposite Said pair of main electrodes and mag 
netic means positioned adjacent said electrodes 
defining a magnetic field separate portions of 
Which have opposite directions relative to said 
gaps, Said field being transverse to and traversing 
in One direction the gap between said pair of 
electrodes and the gaps between portions of said 
auxiliary electrodes adjacent said oppositely 
positioned ends thereof and traversing in the 
Opposite direction the gaps between portions of 
Said auxiliary electrodes adjacent the ends 
thereof remote from said oppositely positioned 
ends, 

15. In an air gap construction, mounting 
means for positioning electrodes in spaced rela 
tion to define arc gaps therebetween, a pair of 
Spaced electrodes mounted on said mounting 
means and defining a main arc gap, a plurality 
of elongated and Spaced auxiliary electrodes 
mounted on Said mounting ineans and positioned 
adjacent one of said pair of electrodes, said aux 
iliary electrodes defining a plurality of auxiliary 
arc gaps therebetween transverse to said gap be 
tWeen Said pair of electrodes, a plurality of elon 
gated and Spaced auxiliary electrodes mounted 
on Said mounting means adjacent the other of 
Said pair of electrodes and disposed with an end 
of each electrode spaced from and positioned Op 
posite an end of One of the electrodes of Said 
first mentioned auxiliary electrodes, said Second 
mentioned auxiliary electrodes defining a piu 
rality of auxiliary arc gaps therebetween normal 
to Said gap betWee Said pair of electrodes and a 
plurality of auxiliary arc gaps respectively be 
tWeen said ends thereof and said oppositely po 
Sitioned ends of Said first mentioned auxiliary 
electrodes parallel to said gap between said pair 
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4. 
of electrodes, and a Coil Winding positioned ad 
jacent said electrodes with the axis thereof trans 
verse to all of Said gaps, Said Winding being dis 
posed with the area, within the periphery thereof 
opposite the gap betWeen Said pair of electrodes 
and the gaps betWeen portions of Said auxiliary 
electrodes adjacent Said oppositely positioned 
ends thereof, the gaps adjacent the remote ends 
of said auxiliary electrodes being disposed op 
posite the area, outside the periphery of said 
Winding. 

6. in an air gap Construction coin prising 
mounting means for positioning electrodes in 
Spaced relation to define arc gaps therebetween, 
a pair of Spaced electrodes nounted on said 
mounting neans and defining a main arc gap, 
a coil Winding connected electrically in Series 
With said pair of electrodes and the gap there 
between, a plurality of elongated and spaced aux 
iliary electrodes mounted on Said mounting 
means and positioned adjacent one of Said pair 
of electrodes, Said auxiliary electrodes defining 
a plurality of auxiliary arc gaps therebetween 
nornal to Said gap betWeein Said pair of elec 
trodes, a plurality of elongated and Spaced aux 
iliary electrodes mounted on said mounting 
means adjacent the other of Said pair of elec 
trodes and disposed. With one end of each spaced 
from and positioned opposite an end of one of 
the electrodes of said first inentioned auxiliary 
electrodes, said second Inentioned auxiliary elec 
trodes defining a plurality of auxiliary arc gaps 
therebetween transverse to said gaps between 
Said pair of electirodes and a plurality of auxiliary 
arc gaps respectively between Said ends thereof 
and said oppositely positioned ends of Said first 
mentioned auxiliary electrodes parallel to said 
gap between said pair of electrodes, the axis of 
said Winding being tranSVerse to all of said gaps 
with the area, within the periphery of said Wind 
ing disposed opposite said pair of electrodes and 
said oppositely positioned ends of Said auxiliary 
electrodes, the ends of Said auxiliary electrodes 
I'erote fron said oppositely positioned ends be 
ing disposed opposite the area outside the pe 
riphery of said winding, each of said auxiliary 
electrodes comprising a pair of plates each of 
which has a centrally disposed longitudinally ex 
tending corrugation therein, said plates being ad 
jacently disposed in parallel alignment with the 
corrugations therein opposed and With Said re 
note ends thereof being electrically connected 
together, the balance of Said plates being elec 
trically insulated from each other. 

ARTHUR. A. OSEN. 
WIFRE F. SEEATS. 
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