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This invention has to do with the protection 
against lightning of ealth areas, and bodies, 
structures or objects of any description, 
whether or not they may be lipon or in coil 
nection with the group; d. at Sea, in the air, etc. 
The invention characteristically contein 
piates, as will be understood frolin what fol 
lows, the protection of any such area. Or 
body by lightning prevention in a novel lilan 
nerbased upon dissipation or transfer of 
the flash-causing charge; but at the saline tine, 
it contemplates and affoi'ds protection also in 
mannel's that are old and well known. 
The theory of lightning rod protection has 

long been understood to be two-fold; that a 
lightning rod has two functions. One of 
these functions is the dissipation of charge 
energy to atmosphere, thus somewhat to de 
crease the liability of the potential gradient 

20 between the cloud and rod building up to the 
discharge point; the other fiction is to 
attract and carry to ground airly lightning 
flash that may occur within the inlinediate 
neighborhood of the rod. However, lightning 

25 rods have been practically ineffectual for the 
dissipation or transfer of the flash-caising 
charge, for reasons that i will hereirafter 
point oit, and have perhaps been nor'e Sic 
cessful in their function of catching lightning 

30 discharges than they have in their functio; of 
preventing discharge. And it lightning rod 
protection does successfully take a lightning 
discharge and carry it to gi'ound, there is no 
provision in such lightning rod systems for 

33, taking care of what is linown as 

ths 

brids rip the potential difference betwe 
clouds or earth and cloid, and thus ultimately 

; :) causes the lightning fash, is gf no funda 

.. 

inental importance so far as my invention is 
concerned, it is generally understood that 
potential differences between cloud and earth, 
for instance. Inay be the result of causes in 

5 which induction or influence, cloud and at 
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inospheric friction, and transfer by rain inay 
play a part; but, whatever the initial cause, 
the important fact upon which my invention 
is based-the condition which my invention 
is ailed to relieve or obliterate is that the 
inlinediate cause of lightning flashes resides 
in the building up of opposite electrical 
charges in cloud and earth, or cioud and other 
objects, the potential difference in propor 
tion to the distance-the potential gradient- i.) 
electric stress or electric field intensit 
finally becoming high enough to break down 
air resistance and cause the flash. The piti. 
may object of my invention is to remove, 
or 'educe below the danger point, the in 
mediate cause of both the lightning flash and the “secondary effect”. 
When a flash occurs the potential difference 

at the points at opposite ends of the fiash is 
almost instantaneously substantially equai. ; 
ized at those points, the flash forming a pati, 
of low l'esistance between cloud and earth. 
The 'e is coi):equeatly an immediate low 
of charge from surrounding areas or points to 
the point of discharge. Surrounding points 
on an ealth area, for instance, have a charge 
density perhaps nearly as high as that at tic 
point where the dischai'ge occiarieti. Cons: 
quently, at ail. Such surro; inding points there 
is inlinediate iciease, so to speak, of the charge (-- i. 2 

previously bound by the cloud charge; ain: 
that release constitutes the secondary effect 
which often-times causes disastrous results, 
The action of this secondary effect on oil 
tanks, for instance, is well know: for ex- :) 
périence; the current flow set up in different 
parts of an oil tank or reservoir or body of 
oil inay be sufficient, even though the light 
ning stroke be at a considerable dist 
calise ignition of gases if there happens 
he any slight gap in the pa 
therefore been proposed to p 
age by means of some electro-static shiels 
ing Systein that world be adequate to pre 
vent the storage froii) talking a charge aid to 
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also permit a ready flow of the charge 
from or through the shielding systems; but 
such shielding systein must necessarily take 
the charge and therefore does not reduce the 
liability of a lightning flash occurring. Thus, 
such a system deals with conditions occur 
ring during or after a lightning flash, and 
with conditions caused by such flash, whereas 
the present invention deals with conditions 
precedent to the flash for the purpose of 
preventing the flash itself. 

hus, in a typical instance of protecting 
oil storage tanks and reservoirs against the 
infilteices of lightning, it has been proposed 
to set up tail towers, or other structures, 
primarily for the purpose of taking a light 
ining fash; or to provide a series or network 
of conductors over a tank or reservoir, to 
protect in some degree against the Secondary 
effect. Neither of these means, however, pre 
vent the occurrence of lightning flashes Ol' 

v effect: in 
i 

s 

fact, the mere provision of what 
remove the cause of the Seconda 

amounts to 
lightning rods; nay have the effect, under cei 
tain circumstances of causing a lightning 
discharge to take place close to the tank; and 
although lightning iods or towei's may ef 
fectually carry the discharge to ground, the 
secondary effect may cause dainage. And if 
adequate shielding provision can be inade to 
take care of the secondary effect, there is 
always a chance that the lightning discharge 
may strike the tank or reservoir itself, in 
stead of the rods or towers; because, as 
have said, neither the shielding System nor 
the red systein will prevent lightning strokes. 

hiy invention is aimed primarily at the pre 
vention of lightning flashes and secondary ef 
fects by way of removing their causes; by 
way of removing or neutralizing the charges 
wiich litimately cause the lightning fiash, 

it the secondary effect, and removing those 
charges before the potential gradient becomes 
caingerous. Although I shall explain my in 
vention as applied particularly to the protec 
tion of an oil tank or i'eservoir, and the im 
mediately surrounding earth area, it will be 
understood from what I say in the foiiOW 

g detailed description, that inny Systein is ap 
gie as well to the protection of otheir 

id; as for instance, ships, airplanes and 
irigibies. However, the invention perhaps 

can be best inderstood from a description of 
an application directed irimarily to oil reser 
voirs and tanks; the following description is 
therefore drawin along those specific lines, 
iout without thereby limiting the invention to 
such specific application. In the drawings 
accompanying this description: 

Fig.1 is a plan showing diagrammatically 
the application of any system to an oil tank; 

Fig.2 is a diagrammatic Sectional elevation 
of the saile; - 

connected to the earth's sui'iace, Ol' 
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Fig. 3 is a diagrammatic elevational section 
showing the application of the system to an 
of reservoir; 

Fig. 4 is a diagrammatic elevation showing 
the relation between a could and a protected 
area; 

Fig. 5 is a diagrammatic plain showing a 
variant form of charge dissipating element, 
as it may be arranged about the object to be 
protected; 

Fig. 6 is a detail elevation showing the 
charge dissilating element of Fig. 5. 

Generally speaking, my invention charac 
teristically resides in he provision of a charge 
dissipating or charge transferring element of 
some horizontal extent, preferably elevated 
weil above the level of the area of object being 
protected and collaected into that object or 
area in Slich a nanner that the change of the 
object or area is freely transferable to the dis 
sipating Ol' transfer element as fast as the ele 
ment transfers or dissipates the charge. The 
issipating or transferring element is chair 

acteristically one of such relative size, form 
and location as to cause concentration of the 
lines of force aid thus to cause localized in 
crease of the potential gradient, electric 

formation, that it will, in that localized field 
of increased potential gradient, act to dissi 
pate or transfer the charge at a total rate suffi 
cient to keep the charge on the protected area. 
r object from building up to the danger 

point. This last mentioined formation, for 
dissipation or transfer, may be attained by 
using wires preferably of small diameter 
(short radius of curvature) or, better prac 
tically, by using wire for concentration and 
equipping that wire with sharp points for 
dissipation. 
For reasons that hereinafter touch upon 

it may be preferred, wherever the nature of 
the situation permits, to arrange the dissipat 
iing and titansferring element above and pe 
iripherally ai'ound the immediate object, or 
aiea to be protected; but this is not necessa 
lily the case, as will hereinafter appeal. 
The particular manner in which the ele 

vated charge transferring element is connect 
ed into the body or aiea is variable to Suit pai'- 
ticular circumstainces. Such connections, 
for instance, may be effected through ground 
connections of both area or body and the ele 
vated element; or may be effected by direct 
conductor connections between the area oi 
body and the charge-transferring element; or 
by both. 
so made that they are effective to pass the 
charge from the whole of the area or body to 
the charge-transferring element at a rate at 
least equal to the rate of dissipation or trans 
fer which is designed to be great enough, at 
a comparatively low potential gradient, to 
pass of the charge at least as fast as it tenes 
to build up, so as to prevent a charge from 
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reaching any dangerous intensity. In cases. 
where the body or area to be protected is of a 
dielectric or poorly conducting nature, the 
connections may be so inade into it at differ 
ent points as to be effective in carrying away 
its whole charge, or substantially its whole 
charge, to the charge dissipating or transfer 
ring element. 
From what I have said; it will be seen that 

the invention is applicable in various man 
ners to the protection of various specific 
things, and in the following detailed descrip 
tion, in connection with the accoinpanying 

? drawings, I shall attempt to set forth a few 
the invention or its application or use, to such 
specific or mentioned instances. 

In Figs. 1 and 2 I show, for instance, an 
oil tank T, of usual typical form, resting 
upon the earth's surface E. in applying my 
invention to the protection of such a tank, 
I will usually erect a suitable number of 
poles or towers 10 spaced around the tank. 
in case it is desired to string more than one 
charge transferring and dissipating wire, 
these poles may be provided with cross altims 
11, and a plurality of wires 12 may be strung 
upon them in encircling or peripheral form 
ation about the tank, and at a suitable dis 
tance from it. For the purposes of any sys 
tem. I have found that ordinary barbed wire 
such as used for fencing, Will do the Work 
very well, although heavier wire such as used 
for trench entanglements may be used. The 
only requisite is that the wire or other charge 
transferring or dissipating element shall be 
of such form (small diameter or radius of 
curvature) as to cause concentration of the 
lines of force, thus causing ionic discharge 
to readily take place. This ionic discharge 
may be greatly accelerated and increased by 
the placing of frequent properly distributed 
points along the length of the charge trans 
ferring wire or element. As to the number 
and spacing of points and the Spacing of the 
wires, when more than one is used, I shall 
speak later. 
An in portant thing in connection with the 

charge transferring element is that it is suit 
ably and adequately connected into the pro 
tected area or body or object; and this may 
be done in a variety of manners. In addition 
to being connected into the protected area 
or object, it is of course always adviasable 
that the elevated charge transferring element 
will also be grounded to take advantage of 
ground water conductivity. In Some installa 
tions the grounding and the connection into 
the protected area or body or object may be, 
in practice, one and the same thing; it may 
be that the connection into such area, body 
or object may be by way of ground connec 
tions; but it is well to keep in mind the two 
possible distinct functions of such ground 
connections, as the system is capable of ap 

typical instances, without, however, limiting 

plication in Some situations where there is no 
ground connection at all, and it is also ca 
pable of functioning for charge transfer 
without, a ground connection. However, in 
many cases where protected objects or struc 
tures are upon the earth's surface, the con 
nections will involve ground connections 
will involve connections to the earth's sur 
face, and to ground below the surface, to pro 
tect the earth area as well as the structure 
or body, to l'emove the lightning causing 
charge built up in the ealth area as well as in 
the body or structure. 

Thus, in the typical instance of protecting 
an oil body, the poles or towers 10 may all 
be thoroughly grounded, as by providing 
then with grounds G placed below the water 
level W where the ground connection is high 
ly effective. The tank itself may also be 
similarly grounded, as at G'; and thus 
through the several grounds the tank and 
poles will not only be grounded but will be 
interconnected. The poles or tower's may 
typically be of laetal, and wire or wires 12 
may be simply strung upon them in electical 
connection with them; or they may be of wood 
or any other suitable material, and conduc 
toi's may be string up the poles to provide 
the connections. 

In addition to, or in substitution for, the 
grounded interconnections, the poles and 
tank may be interconnected by suitable me 
tallie conductors as indicated at 13 and 13. 
The conductors 13 may run to the tank itself, 
or may, for instance, run to a pipe 14 that 
contacts with the tank. The pipe 14, are the 
Several such pipes which usually communi 
cate. With the tank, may themselves form the 
ground connection for the tank, particularly 
if they are deep enough or extended enough 
to make good grounds. In situations where 
the earth is relatively moist or the water 
level W is close to the surface, the connec 
tions to ground also for in adequate connec 
tions into the earth surface or area, the water 
level being a comparatively good conductor. 
However, where the earth is dry, or the water 
level rather deep, it is well to provide con 
ductors at or near the surface to carry of the 
Surface charge. Thus there may be radiating 
conductors. 30 laid near the surface E. These 
may extend outwardly to any desired extent 
to connect in the earth surface in any desired 
areas; and they may be occasionally ground 
ed as at G' to take advantage of the water 
level conductivity in gathering in the earth 
surface charge. Pipes leading from the 
tank. On or near the Surface, may constitute 
in part, or wholly, the conductors 30. Such 
onductors 30, whatever their nature, typify 

a surface conducting system so spread upon 
or near the surface as to feed in the earth 
Surface charge from substantially the whole 
of the area being protected; so that the charge 
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is fed in even though the surface be a rela 
tively poor conductor. 

It will be seen from what has now been de 
scribed, that the charge transferring or dis 
sipating element is connected into the earth 
area desired to be protected, and also connect 
led into the tank itself. If the substance con 
tained in the tank is of such dielectric 
strength that it will hold a charge and pre 
vent that charge passing sufficiently rapidly 
to the tank and thus to the dissipating ele 
ment, then connections may also be made into 
the body of liquid in the tank in such a man 
ner as to connect intimately into that body of 
liquid at various points and thus take of its 
charge. For instance, spaced floats 15 may 
rest at the surface of the oil and they may 
support conductors 16 which are connected 
to the bottom of the tankin any suitable man 
ner; or are connected in any suitable manner 
to any conductor going to the dissipating ele 
ment or to ground, or both. These conductors 
may preferably be bare wire or rods and the 
floats themselves may also be conductors. 
However, any conductive system that is in 
more or less intimate contact with the body 
of oil or other substance may be used. For 
instance, a screen may be floated on the liquid 
surface or screens may be placed at spaced 
levels in the tank. It is not positively known 
at present whether such conductors to the 
oil itself are necessary for the protection of 
the oil. 
electric strength; but my experimental data 
seems to indicate that most petroleum oils 
are sufficiently mobile under the charges and 
time intervals involved, to pass the charge 
off from the oil at a sufficient rate to keep 
the oil fully protected. However with par 
ticularly viscous oil such conductors may ac 
celerate removal of the charge. Thus, the 
question as to whether it is necessary or de 
sirable to use such intimate connections with 
an oil body depends upon how fast it is nec 
essary to pass the charge off from the oil; and 
that of course depends upon how fast a 
lightning causing charge will, under any cir 
cumstances, build up in the oil. However, 

essary or desirable for the protection of oil, 
such connections are again illustrative of the 
general proposition involved in my invention 
that wherever a body or substance to be pro 
tected is of a nature that can be regarded as 
di-electric or poorly conductive, that body or 
substance may be intimately electrically con 
nected by conductors with the dissipation 
element. - 

In Fig. 3 Ishow a typical application of the 
system to the protection of an oil reservoir 
R. Such reservoirs may be simply earth 
reservoirs, with or without a roof 40; or they 
may have concrete bottom and sidewalls, as 
shown at C, usually reinforced as indicated 
at I. The connections to grounds G may 

Petroleum oils have a certain di 

difference between the cloud and earth, 
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thus run directly to the reinforcement and the 
concrete, as may also the connections 13 that 
go to the towers or poles 10. However, if a 
reservoir has not such a reinforced concrete 
lining, a net work of conductors, or spaced 
conductors, may be placed upon the walls and 
floor to be the conductive equivalent of the 
reinforced concrete lining. - 
The poles or towers 10 in this case are 

shown set on concrete bases 20. There may 
be connections to the ground G and con 
ductors 13 may be connected from the reser 
voir to the towers. Conductors 13 may be 
placed close to the surface and may be, if de 
sired, extended as at 30 to perform the same 
service as before described. The roof 40, if 
it be not in its own structure well connected 
to parts connected to the wires 12, may be es 
pecially so connected; and if the roof is not 
of metal conductor wires 41 may be laid across 
and in contact with it and connected into the 
charge transferring system at any convenient 
point. . . . 

Suppose now that for whatever reason it 
may be opposite charges tend to baild up in 
a cloud overhead and in the earth area in 
which the tank or reservoir is located, and 
therefore tend to build up in the tank or 
reservoir. The charge in the cloud is usually 
negative and the earth charge positive, al 
though frequently these signs will be re 
versed. For the purpose of this illustration 
the cloud will be assumed negative, but the 
argument will be equally strong and identical 
in terms with the cloud positive. A stress ex 
ists between the two opposite charges, and 
the lines of force are comparatively highly 
concentrated on the elevated wire or wires 
of the dissipating system, the surface charge 
density on that wire or those wires being sub 
stantially higher than is the charge density 
elsewhere. Correspondingly, the potential 
gradient or electric field in the immediate 
vicinity of the wire or wires is substantially 
increased. The charge on the cloud is more 
or less uniformly distributed. This condi 
tion is indicated in the drawings in Fig. 4. 
The sharp points on the wire or wires are 
located in what may be termed a Zone of con 
centration of the lines of force, i.e., a high 
electric field, or a Zone of comparatively in 
creased potential gradient; and the silent dis 
charge activity the ionization activity at 
each point, is thus comparatively enhanced 
and inci'eased. It is a characteristic feature 
of my system that the change carrying ele 
ment on which the points are mounted, or with 
which they are associated, is of such a nature 
(for instance, a comparatively small wire 
Father than a broad sheet of metal) that the 
lines of force are so concentrated and the po 
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tential gradient locally so increased as to . . 
cause effective ionization discharge from the 
associated points when the average potential 
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protected body, is well below the flash-over 
point, typically less than say half the flash 
over gradient; and that the number of points 
so associated with such concentrating element 
is sufficient, at such potential gradients, to 
dissipate and transfer by ionization the total 
charge at least as fast as that charge tends 
to build up. - 
The typical utility of having the points 

mounted on comparatively small wires, with 
the points spaced apart far enough to get li 
tle or no interference between them, and with 
the wires spaced far enough apart, so as to get 
little or no intereferince between their concen 
trated effects on the lines of force, will now 
become apparent; and so also the utility of 
having the dissipating system elevated and 
comparatively wide-spread horizontally and 
thoroughly connected into the object or body 
being protected and also, in most cases, thor 
oughly connected into a comparatively wide 
ly extending earth surface area. The charges 
built up on cloud and earth respectively are 
usually spread over a considerable extent 
areas of the order of a circular mile. The 
feeder system which feeds the earth charge 
to the dissipating system as fast as dissipa 
tion takes place; and the wide spread of the 
dissipating system (as for instance, extending 
completely around an earth area, or around 
a large reservoir) makes that dissipating 
system, so to speak, more effectually “cover” 
the charged cloud area. Thus, the ionization 
current, which is dissipated from the dissipat 
ing system is most readily transferred 
through atmosphere as a return flow current 
to the under surface of the cloud, the return 
current being more effectively distributed 
over the under surface of the cloud, causing 
effectual discharge of the cloud as well as 
discharge of the earth. It is apprehended 
that the cloud (that area of cloud that is con 
cerned in a single charge formation) must be 
discharged as well as the earth area or object. 
Consequently it is of importance that any dis 
sipating system be so spread as to effectually 
“cover a charged cloud area with the ionic 
stream that is dissipated from the points and 
that flows back to the cloud along the lines of 
force. The peripheral, encircling arrange 
ment has certain advantages. With that kind 
of arrangement it is relatively easy to have, 
along any one side of a protected body, enough 
points to take care of the total necessary dis 
sipation: so that a cloud drifting over a pro 
tected area from any direction will begin to 
be discharged immediately it begins to ap 
proach, carrying its earth charge along with 
it, so to speak. And also there is, in a periph 
eral arrangement, an action of concentration 
of charge from a surrounded area much as a 
static charge on a disk tends to go to its pe 
riphery. The concentration of charge, and 
the ionic action of the points, on a peripheral 

5 

wire is found to be much higher than on points 
and Wires not so arranged. 

Generally speaking, any operation which 
would transfer this earth charge back to the 
charged cloud will prevent a lightning stroke. 
The theory of lightning causation generally 
accepted is that electrical energy is trans 
ferred from cloud to earth mainly by falling 
rain. Any means or any operation which 
will effectually afford a path for a return cur 
rent to the cloud will equalize, or substantially 
equalize, the potentials of cloud and earth 
or body and prevent a lightning flash. Thus 
any means of conductance between the earth 
or body and cloud will have the desired ef 
fect. For instance, a conductor cable sus 
pended to cloud height by a balloon may have 
£hat effect; but there seems to be practical dif 
ficulties in the Way of such mode of protec 
tion. For instance, wind conditions may 
make such a means inpracticable; and there 
would always be the liability of a charged 
cloud at another elevation discharging 
through a flashover into the suspended bal 
loon, much as flashes take place from cloud to 
cloud or to rods. 
Riy invention fundamentally makes use of 

the atmosphere as the dissipating or trans 
ferring path and dissipation or transfer by 
that path is substantially unaffected by 
weather conditions. In transferring through 
the atmosphere as a path the current flow 
may be looked upon as caused by atmospheric 
ionization caused by the relatively high po 
tential gradient set up at the zone of concen 
tration of the charge. The ionization, how 
ever, may be caused in other manners; or the 
ionization at the discharging points inay be 
assisted by other means. For instance, it is 
Cf course well known that air ionization may 
be set up by flame and chemical action, splash 
ing, etc. This the Fequisite ionization, and 
the consequent establishment of a path for 
dissipation and transfer of the charge may 
be set up by ionization by any suitable means, 
and data to the present time seem to indicate 
that the discharge from the sharp points of 
barbed wire. for instance, takes place at a 
sufficiently high rate at comparatively low 
potential, hence no such help seems at the 
present time to be necessary. While the rate 
of discharge per point increases as the poten 
tial difference between earth and cloud in 
creases-increases as the ionization in 
creases-there seems to be sufficient ionization 
and therefore sufficient dissipation and trans 
fer at comparatively low potentials. How 
eyer, if it be desired to increase the dissipa 
tion and transfer at the lower potentiais, 
ionization may be started or augmented at 
Such lower potentials by some suitable means. 

in the practical use of my system there are 
certain controlling factors that are taken into 
account. Without going into a large amount 
of detail I may say that the most reliable fig 
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lires (G. C. Simpsons, Proc. Roy. Soc. 1909 
1950; Phil. Mag. 30, 1, 1915), as to the rate 
of electrical energy transfer from cloud to 
earth seem to indicate that in heavy thunder 
storins the transfer is at the rate of 12 micro 
a meres per acre of earth area, and the maxi 
milial observed, so far as I am aware, has 
been 40 microamperes per acre. Thus, for 
instance, from a cloud area say one mile in 
diameter, or approximately 500 acres, the 
maximula observed energy transfer would 
be at the rate of about 20,000 microamperes. 
On the assumption that all of that energy 
transfer might linder circumstances be more 
or less concentrated in a small earth area or 
in a single body or structure, the dissipation 
or retransfer rate should be at least as high 
as the last figure and preferably, for safety, 
should be substantially higher. 

Experimental results and data indicate 
that the dissipation and transfer rate from a 
single point, such as the sharp point of a wire 
barb, elevated and isolated from bodies or 
structures that would interfere with its ac 
tion, can be as high as 40 microamperes at a 
potential or potential gradient substantially 
less than that corresponding to the flash-over 
point. Thus 500 points would, on that basis, 
take care of the maximum observed rate of 
ransfer from a circular mile of cloud. But 

it is desirable to have what may be called a 
factor of safety; to provide a sufficient num 
ber of points to take care of even an excep 
tional transfer requirement at a potential gra 
dient always much less than that of the flash 
Over point, say at less than half the flash over 
gradient; consequently in a practical installa 
tion the number of points will be much larger 
than the comparative figures given above. 
For instance, in protecting an oil reservoir 
where the encircling wire system is one-half 
milie in circumference, ordinary barbed wire 
may be used. Provision of an excess of the 
discharge points does not hurt the system as 
a whole, even though the discharge points 
may be so close together that the discharge or 
transfer from each individual point may be 
somewhat less than if the points were spaced 
further apart. For instance, within the po 
tential gradients observed by me the spacing 
between points would seem to be about six 
inches for maximum efficiency at all points; 
and if a number of parallel wires with points 
are used, the Spacing, for maximum eficiency, 
Between the parallel wires should be some 
what larger. However that has only to do 
with the individual efficiency of each point: 
although the individual efficiency at each 
point in ordinary barbed wire where the 
barbs are spaced at about four inches may be 
lower than the maximum attainable point ef 
ficiency, the presence of the excess points 
raises the total efficiency of the system. As 
to the question of the number of parallel 
wires forming the peripheral or encircling 
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concentration and discharge system, however, 
Other factors may come into play. For in 
stance, in Some cases, it may be desirable to 
employ only a single barbed wire, as the po 
tential and therefore the transfer rate of the 
charge concentrated in and discharging from 
a single wire may be greater than if the con 
centration were spread on numbers of par 
allel wires. However, for mechanical rea 
Sons, and because a single wire might by ac 
cident or deterioration fail, it will usually be 
Wise to use two or more such wires. 
The results of investigations indicate that 

the rate of transfer from the concentrating 
and transferring system depends among 
other things upon the height of the system 
above the area or object being protected. 
The greater the elevation of the system, the 
higher the rate of dissipation and transfer, 
other things being equal. Consequently, the 
protective system will ordinarily be placed 
upon towers, or otherwise suitably supported 
at a considerable elevation, or as high as is 
practicable above, the uppermost parts of the 
protected object or area. So as to increase cor 
respondingly the potential gradient in the 
Zone of concentration at the dissipating 
points. Also, to equalize the field concentra 
tion and flux, the outer wires, or Outer parts 
of the wire system, might be relatively lower 
than the inner or central wires or parts; or 
if desired, the outer wire or wires, or any of 
the wires, might be arranged elevated above 
the others to get an earlier discharge from the 
higher wires. 

In Figs. 5 and 6 I show a physical modifi 
cation of the system wherein, instead of using 
continuous encircling wire or wires, I may 
arrange a series of towers 10 each having a 
concentrating and dispersive system of wires 
and points at its top, as shown at 31. Such 
towers may be electrically connected as here 
in before described, and of course electrically 
connected to the tank T in some one of the 
manners hereinbefore described. In Fig. 5 
conductors 32 are shown running from the 
towers to the tank. The towers will be so 
placed and spaced that they form a wide 
spread system that covers the cloud area and 
from which the earth charge will be dissi 
pated and transferred as before explained. 
From what has been said it will now be 

readily gathered that my system involves 
characteristically the transfer or neutraliza 
tion of lightning-causing charges, causing 
the energy of such charges to be dissipated or 
spread over comparatively large space and 
long time period. The actual amount of elec 
trical energy in a lightning flash is not large; 
high concentration in time and space is its 
destructive characteristic. The potential 
energy of Such a flash is spread out both as 
to area and as to time; and the energy is dis 
sipated in frictional resistance of the air to 
ionic movement between earth and cloud. 
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From what has now been said it will be 
seen that my system of protection is essen 
tially different from whatever protection may 
have been afforded by lightning rods and the 
iike. Although it has been recognized that 
dissipation of charge takes place from the 
point or points of a lighting rod, such reds 
have not been capable, on account of their 
Small superficial area presented to the cloud, 
of taking advantage of any practical amount 
of concentration of the lines of force or ma 
terially increasing the potential gradient. 
The horizontally extending wire system, ise 
lated by elevation above the body from which 
it takes its charge, has greater capacity than 
a Small vertical rod-it collects more lines of 
force; and the dissipating points, or other 
formation, then acting in the Zone of concen 
tration of the wire, further increases the con 
centration locally. Furthermore, with a 
given amount of ionic flow between earth 
and cloud, a spreading of that ionic flow ap 
parently increases the effective flash-over 
gradient. And neither is my system to be 
compared to the action that may be supposed 
to take place in a forest or area surrounded 
by trees, which is not self-protective, as has 
been observed in large numbers of instances. 
The trees themselves are not sufficiently good 
conductors to take and transfer the energy of the charge. 

In the following claims the word “body' 
is used in a broad and inclusive sense except 
where otherwise indicated, to include the body 
of the protected earth area as well as a body 
such as an oil tank or other structure upon an 
earth area, or a body not supported upon the 
earth's surface. 

claim: 
1. A lightning prevention system, embody 

ing substantially exclusively an elevated coin 
ductor encircling the earth area to be pro 
tected and connected into that area to receive 
its charge, the size of the encircled area be 
ing such relative to the dissipating capacity 
of the elevated conductor as to keep the earth 
charge within that area from building up 
to the danger point as that charge passes into 
the encircling conductor, the conductor being 
at a substantially uniform elevation through 
out its length and provided with charge dis 
sipating points of substantially uniform ele 
vation spaced along the length of the conduc 
tor at spacings substantially far enough apart 
to avoid dissipation interference with each 
other. 

2. A lightning prevention system, embody 
ing substantially exclusively an elevated con 
ductor encircling the earth area to be pro 
tected and connected into that area to receive 
its charge, the horizontal spread of said en 
circling conductor being proportioned to the 
dissipating capacity of the elevated conduc 
tor for limiting the earth charge within that 
area to a safe maximum, the conductor being 

at a substantially uniform elevation through 
out its length and provided with charge dis 
sipating points of substantially uniform ele 
vation spaced along the length of the con 
ductor at spacings substantially far enough 
apart to avoid dissipation interference with 
each other. 

in witness that I claim the foregoing have 
hereunto subscribed my name this 17th day 
of December 1926. 

JOHN M. CAGE. 
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