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Application filed December 27, 1528, Serial o, 157,058

‘Thisinvention ] has to do with the protection ﬂmsm]wlc fi*ict:tonjr ana transfer bv rain may

aganst lightning of earth areas, and bodies, pla y & part; but, whatever the initial cause,
structures ov {}bgects of any des cviptzﬂﬂj ULG 1mportant fact upon whmh my invention
wiether or not they moy be upon or in con- is JSﬂd—-—-””G condition which my inve ition
- neetion with the pround, at E‘:Lfﬂ?iﬂ the air, etﬂ. 15 aimed to ‘i"eueve or onliterate—is that the
the 1nvention characteristically contem- immediate causs of hﬂ*hf:ning ﬂashes resides
plates, as will be understood from what fol- in the buil “'119 up of opposite electrieal

lows, the protection ot any such area or chargesi m cloud and earth, or cioud and othm'
bods bV lightning prevention in a novel man- ob‘:ewﬂ 1e potential difference in b Opoi-
1;3'“8“ based upon d_._..Sl ation or transier ol %Hion 3ﬂw distance—the notential oradient—
¥

5

the flash-causing charge; but at the same time, electpic stress or electric field 1nters1ﬁ-—

if contemplates and affords nrotection alse in fmalh beconnnf high encugh to break do g
-1 |

manners that are old and 117 nown. a1y ti_,ume and cause the flash. The Piti-

The theory of lightning rod proteciion has nmz'}: nject of my mvenhon 1s to remove
15 iong been Lmdersteoﬂ to be ‘twe fold; that a or

reduce below the cdanger point, the 1
lightning rod has twe functions. O:}.e ol mediate cause of both the Lghtmm: flash and
these functions is the issipation of charge the “Se ndary effect”,
nergy to atmosphere, thus somewhat to de-  When a flash occurs the pmertlal ciiference
rease the liability of the potential 0*1“‘! cient at tLe p oints at opposite ends of the flash is

20 vetween the cloud amr rodt vuilding up to the aln J.os*’ 1'.-_181',& ntaneously substantially eq: mi
discharge point; the other function is to ized at those 'DL%. the flash forming a path
averact and carry to ground any -J,_if:{htning ot lﬁw 1'%5;15"53_"1 e between cloud fml carth,
flash that may occur within the immmediste Therve is =m;f“{w£3,,.w1v an 1mmediate {low
neizhborheod of the rod. hmﬁ.‘:?;i,lwn’;:t'ﬁg of charge from surrounding areas or poinis io

ry

o5 TOs have beexn ]‘ﬂ"'-‘ﬁf E:ﬁﬂ?" nem‘*cthﬂ for the the point of discharge. QLumundm & *'}o"“h;

t:} _.._11.
(LISS1D 1t1m or ’l’i’ isfer of the fingh- calsing  on an ﬂﬂiﬂl Area, fm _h._.ﬁ.mce h‘ue f} o ‘E_‘Q

Y £¥
-y 1 ..r-.-';l ‘i—-l -J- ': o 1 - -ir-‘-'l "
charge, Tor reasons thet T will hereinafte:
1. S e wm weven s -
point out, and ha"ﬂ-ﬂ perhanps been more stic
- o
'l

R st
cassful in their function of catchin o ligbtning quently, at all suech sus Tou nang pomt“ there
- : o ;

I"'
-i-*""

% -1 =T 3 b -]l ) - I"
O Ea—he_ a ‘fﬂb GISCharge ’{}QLL Fred. {_,,-z:m:::r:-

-~ M

30 Gischarges than they have in their Tunetion of 'ES?:II'}I";]!E}EIH te velease, 80 0 ¢ }ﬁeammt ie charee
preventing discharge. And if lightning rod previously bound by the cloud char ne; anil
}J‘:ui':%cition does successfully take a lightnine that release constitutes the Sﬁmnfh‘:ﬂ eiroch

'ge and carrv it to ground, there is no which often-times causes disastrous res: g,
Qro*i*is,' n i suc’ Bghtning vod systems for The action of this Qe«,onrmw effect on oil

35 taking carve of what is T‘”T‘”’“ﬁ.’ ns the “see-  tan l for instance, 1s well known from ex-

ondary eifect” on surrcunding objects, - pér ience: . the current flow set up m Cifferent

|_|I

The exact cause ov agenecy that 1nitintes and  paris 01 411 o1l tanix or Feservolr or b

F"'] “IT Py ".
{ L SR 2 §
L

butidsup the petentia ial difference between two  oil may ve suflicient, even though the lioht-
clouds or earth and c’%@‘-ﬂL enc thug uitimately ning m*okﬂ be at a cons dprmie digtance, to
w0 causes the lighining finsh, is of no funda- cause ignition of gases if there happens to
‘mental importance so far 2s my invention is be any @hnht oap in in the path of flow. 1t has
concerned. [kt is generally understood that *lscruozﬂ been proposec to protect oil stor
1’3{3*’@1 1a] differences between cloud and carth, age by means of some electro-statie shieli-
tor Instance, may be the result of causes in 1113 s*:siem that would Le adequate to preo-
5 which induetion or influence, cloud and at- vent the storage “rom taldng a chavge and
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“infiuences of
to set up t:‘;.,il towers, or other t't“ucm;,us,--

alzso permit a ready flow of the charge
from or through the shielding systems; but
such sh 1e1d1*1c“ system must nec eqsanly take
the cha rge o ond therefore doss not reduce the
hablllty of a lightning flash occurring.

ring during or after a lightning flash, and
with COI]dlthHS caused by stich ﬂasa whereas
the pieseiﬁ' invention deals with COI{ldlulC’“u
prﬁeeuenf to the flash for the purpose of
preventing the flash ifself.

.flur:.r? n 2 uy]_blcal mstance of pmcecuub |

oil sterage Lahlza and resm‘vows against the

_l..bl.

: pmﬂ‘u‘w Tor the purpose ot "”“‘Llub a light-

.20

of cond LCLGLE’: over a tank or
protect in some degree against the secondary
ineans, l‘JLm*'fevela pre-
- vent the occurrenc e 0
- remove the cause 0;..
fact, the mere pr OViSiCIl Of Whﬂb ,;Lmouqtb to

ning flash; or to provide a series or net work
reservolr, 1o

effect. Neither of thege

I
hoo

1&1&11111.::} flashes or
ha seeondary eflect; in
lightning rods may have tha eﬁfe UNGer eer-
tain -circumstances of causing
discharge to taize place
_1it11u11g11 iightning rods or
fectually carry the discharge
secondary effect may cause damage.
adequate shwl@mﬁ provision can be made to

1]1@ care of the S"‘COI’}_ﬂ ry effect, there is
always a chance that the lightning disel arge

towers may et
to ground, The

| ay strike the tank or reservoir itseif, in-
stead of the rods or :.owem? because, as I

have said, neither the shielding system nor

~therods ystem will prevent ligh ‘5111]:1b strokes.

vention of lwﬂtnm

40 3

Biy invention is aimed primarily at the pre-

ieets by way of 1emmmm their causes; by ©

vay of removing or neutralizing the 011“1*0'@,5

Iy ‘11{341
oi the secondary effect,

_111‘,:1131 toly cause the Lb,}_tﬂh o flash,
and 1('5"]510"‘}*1”1b those

~charges before the potential gradient becomes

: 3
_ Lll"'-._-r

bodies o structures whml do 10t

(__L"ms;;‘tlo s.  Although I shall exblaln my in-

cntion as ap ]nmu particularly to the protec-
t,ton of an oil tank or reservolr, and the im-
11i¢:L1&.,._,1y wrrounding earth a}:ba 1t will be

jt

L

understoed from what I say in the follow-

1no Lf.a_,b:—? 11ed des

2 111’\‘51@1131113#"*’?5 stem 1s ap-
as well to the protle

ction of otheyr

ahio

g o e o 3
w3 . 1 ) Y E2 WA
Soarg N ConelLon i

4

dirigibles.

theretore drawn

Tn the drs Wmﬂ's
1pL101" |

fig. 11sa 1:31 an sHOW “*10 diagr fzmmatwalh?
application 67 1 ﬂy system *o an o1l L?Iﬂxa
F* o218 & haul Y I"l'i,ulfj gectional elevation

ha S

1"'":"‘\

_1..1--'- j )

Thus |
such a Svstcm cleals Wlﬂ" condmms occur-.

- lightning, 1t has been proposed

o lightning  a
ciose t LO tne tank; :«:m o

Ald it

fiashes and secondary ef-

stand upon
to the eartn’ scrm'“i ace, Or
ground; as for instance, ships, airplanes and
howe er, the invention perhaps
“can be best “DtLe? stood from a &ﬂSf‘I'lptlf}Il of
an ap i}iwhdo_l cirected primariiy to oil reser-
“voirs and tanks;.the tollowing descr iption is
along those specific lmes,_ _
but without thereby 111111’(11’1? f“!e invention to
such specific application.
accompanying this des

’ b;}T :‘L_.-"Oblli -

Jeast @

1,743,526

Hig. 3 is a diagrammatic elevational section

sLowwe the a pllC‘LﬂOIl ot the sysuem to an -

:011 reser VOIT ;

elewma‘i Jm

Hi1g. 4154 dmﬁfmma atic
t‘?een a cloud and a protecte

the relation |
area |

15t
f-:
-Il.

Flo‘ 5 is a diagrammatic plaﬂ showing a
&rmnf form of char oe dissipating eiement,

as 1t may be arranged about the object to be
PI‘OLE}CLGC]

¥ig. 6 18 o deta:l
eha ge dissipating element of Hig. 5.

eleval

o~k

4 |

tion showl 1o the

Generall y spm_.,al*m:L';.,,j my mvmmoﬂ'charaa- o

teflutl(:ﬂi}v resicies in the provision of a charge

‘dissipating or eh%fﬂe transferring element of |

some horizontal «
well above the level of the area ov cbject being
protected ‘11’1::1 connected into that

aren 1 5

tflnf.,:, pla_,it,l"?le elevated
manner that the chas

Lul el

e zﬁ trmnsfmq OT a:h%mates the clmrﬂe The

r

acteristically one of such relative
3.10(::1&011 as to cause concentration of the
ines of f—ome and thus to cause localized in-
rease oT Lhe pohential cradient,
ize
cormation, that it will, in tha

o1 1n C""eﬂ::;ﬁ poteﬂhai gradie

{a'"(‘*',‘_ml-’“"".lj

froa ey

ﬂ'
-l-.‘--'j

cient to T*‘eep the charge on the protected a

"'-.J Lh

dissipation or trm*:sfux may be attained by

using wires prefer ably oi sn’*aﬂ cliameter
etier Pie 20—
Ucah‘yﬁ by using wire for cmlceuuauoﬁ

{ Sﬂort racius of curvature) or,.
and

sharp pm,:l‘ts 1‘01‘

1t}

equipping that wire with
dlSSlpatlon .

Hor reasons that 1 hereinafter tou ch upon
‘it may be preferred, wherever the nature of
uation ppmmmj to arrange the dissipat-

the s

1110 and tx ansierring element above and pe-

upnﬂhﬂj avound  the 1mmediate Gl\]&{:é or

area to be protected: but th‘g is not necessa
1ily the case, as will hereinafter appear.

The particular manner
pe

ticular. circumstances. Such

b;eﬂt or
noe ot the
object or area is freely transferable to o the dis-
“sipating or transier element as fast as tha ele-

ey
GO

M thluh the ele-
vated chavge transfer ring element is connect-

edinto the R}L.Ciff_(}; area 18 "-;Tm*iﬁblﬁ to suit par- :
onnections,

CH
] |

Ais }gtmg or tra: wfe ring element is char-
1Ze, form

eiectriec
or eicctric fis] c*; 111(1 futhw ot such
t Jocalized field
act to 611551-,
pate or tr ansfer the charge at a total rate suiii-

el
Gt

or object from building up to L]:.E‘} dang%r"
point.  'Fhis last mentioned formation, for

160

105"

’1 16

for ii‘is*ar\ce, aay be effected ihrm"*ﬂh ﬂ'lo._md:___ o

connections of both area or bO‘“ﬁ' and the ele-
ted by direct

vated element; or may be effec
conguctor connecbmﬂ bmween the area o1
body and the charge-ir: ansferring element: or

011‘11 ge from the whole ot the area or body to
the ch“e-transLelmnfr element at a rate at

pass off the charge at least as fast as 1t tends

| --LO bulld 'LTP, SO as to prevent 2 chftrﬂe from -

in any case, tleSb connections "11'6 |
so made that they are euer‘u‘“e to pass the

qual to the rate of dissipation or trans-
fer which is designed to be great enocugh, at -
a comparatwely low potent ml ﬂ‘radlent w0

eat
RN
R g
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reaching any dangerous intensity.  In cases.
where the b body or-area: to be vrotected 1s of:a

crelectric or peorly eonductmo nature, the
connections may be so made in £0 it at dlf?ﬂ‘*‘

ent points as to be effective 1n cm'ymﬂ' AWay
its whole charge; or substantially its whole

charge, to the char ce dissipating or tI ansier-
ring element

T* rom what I have saic; 1t will be seen that

the 1nvention 1s. apphc%ble In variolus man-
ners to the protection of various SF‘%CL.E.C.

things, and:in the fo'llmvmﬂ- cletailed ceserip-
tlon 1. connectiony with the accomps nym ;
dmwmes I Slm I attempt to set forth a

typical msmnees Wlthmu, however, 111111t1n0'

the invention or ¢ts application or use_., to sueh
specific or mentioned nstances.
In Figs. 1 and 2 1 show, for instance, an

oil tank T, of usual ty*ah.,al torm, resting

upon the earth’s surtace K. In ap gl Ving my
invention to the protection oi such a tank,
1 wﬂl nsually erect a suitable number of
poles or towers 10 spaced around the tank.
In case 1t is desired to string more than one
charge transierring and dissipating wire, n
these poles may be provided with cross arms
11, and a piurality of wires 12 may be strung
upon them in encireling or peripheral form-
ation about the tank, and at a suitable dis-
tance from it. For the purposes of my gys-
tem I have 1’01 ind th £ 01"51111%1‘37 barbed wire

such as used for fencing, will do the work

very well, although heavier wire such as used

for trench entanglements may be usec. The

only requisite is that the wire or other cnarge
transferring or dissipating element shall be

of such form (small diameter or radius of

curvature) as to cause cmnentmtiog o*F the
lines of force, thus causing ionic discharge
to readily talce place.
may be G‘le‘lﬂj accelerated and increased by
‘E:he placing of frequent properly dlstrlbuterl
pomts along the length of the charge trans-
Ierring wire or element. As to the number

and spacing oi points and the spacing ot the
{ shall

wn‘es, when more than one 1s used,
spealk later. ~ |
CAni 101POY ant thing 1n f"omlection with the
charge transterring clement is that it is suit-
ably nd ‘"Ldequwielv connected into the pro-
tected area or body or object; and this mhay
e done in a variety of manners. In addition
to being connected immto the protected area
o1 og]ect it 1s of course always adviasable
h it 1 1e elevated charge transferring element
will also be f“mtmded to take adv‘mtawe ot

gro cund water COﬂdUCt;V]t} Tn some installa-

tions the grounding and the connection into
the pmtbcfea srea or body or object may be,
in pmctlceﬁ one and the same thmg; 1t may.

be that the connection into such area, body
or object may be by way of ground connec-

tions: but it 1s well to keep i mind the two

pessﬂ)le distinct functions of such ground
connections, as the system 1s cupﬁble« of ap-

crounded

ThlS; ionic discharce
&=

plication in some situstions *‘“*ﬁei e there is 1o
oround connection at all, and 1t is also ca-
pablﬂ of functioning for charge transfer

~without. a ground: connection. However, In

IMAny cases “where protected objects or struc-

tures are upexn. the earth’s sm ‘face, the con-

nections will involve. ground connections—
will involve connections to the e.;uth S sur
tace, and to ground below the surface, to pro-
tect the earth area as well as the structure
cr body, to remove the lightning causing
ch arge built P 1n the earth avea as well as in
the: L-od" o1 bti neture. |

Thrsj 1n the ty ple il Instance of protecting
an o1l body, the poles or towers 10 may all
be thor 01”}11@ grounded, as by pro V1d1110
them with grounds G p:acea below the water
leve] VW Whﬂle tire.ground connection is high-
ly effective. The tank itself may aiso “he
similarly grounded, as Gy and thus

{f.«é.} ".
through the several Glmmds the tank and
poh,s will not only he. orcunded but will be
interconnected. The polﬂs or towers mu

typically be of metal, and wire or wires 12

may be simply strung upon them in elactrzc 1]

connection with them ; or they may be of wood

or any other suitable material, and condue-
tors may be strung up the poles to provi
the connections.

In-addition to, or in substitution for, the
intercon: nections, the poles

tank m?u;r be interconnecte d Dy ¢11'tab1e me-
talh onductors as indicated at 13° and 13.
The cmducwrg 13 may run to the tank 1tself,
or may, 10?* mstance, run to a pipe 14 that
contacts with the tank.
several such pipes whieh u Suaﬂ COTMIMUNI-
cate with the tank, may themﬂehes torm the

4""] £}

\_t.t._.a

oround connection for the tank, particularly
if they are deep enough or extended enough
- to make good oro ounds.

In situations Whele
the earth is relativel 'y moist or the water
level W 1s close to the surface, the conneec-
tions to ground also form adequate connec-
t1011s 1Nto y the earth suriace or area, the water
level being a comparatively good comlucfor.

However, where the earth is & ry, or the water

level rather cleep, 1t 18 well to provide con-
ductors at or near the surface to carry off the
surtace charge. Thus there mzw be 1 admtuw
condiic tors 30 1aid near the surface B. These
may extend outwardly to any desired extent
to connect in the earth surface in any desired

areas; and they may be GCC&SiG‘l‘lU;‘ oround-

et as at (32 to take advantage of the water
level conductivity in gathering in the earth
surtace charge, pmes leachm* from the
tank, on or near the surface, may constitute
in part, or whelly, the conductors 80. Such
mﬂuciora 30, whatever their nature, typify
a surtace con@ucta.ﬂ: system 0 sprea ad upon
r near the surface as to feed 1
surface charge from substantially the *ﬁ:mﬁ
of thearea bﬂng protected ; so that the chare

ANl

1 the earth

1000

The pipe 14, are the

1057

119,

115

125

130
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- 18 fed 1n even thouﬂ'h the surf&ce be a rela—.

16

20

30

35

40

45

charge.

~the o1l.

tively poor conductor.

Tt will be seen from what has now been de-
scribed, that the charge transferring or dis-
. S}p&i:lnﬂ element 15 connected into the earth

area desired to be protected, and also connect-

ed 1nto the tank itself. - 1 the substance con-
_ta.ined in the tank is of such
strength that i1t 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 off its
For 1nstance, 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 tank 1n any suitable man-

ner; or are con11ec+ec1 in any suitable manner

to any conductor going to the dissipating ele-
ment or to ground, or both. These conductors
may prefembly be bare wire or rods and the

floats themselves may also be conductors.
25

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 liquic
surface or screens may be placed at spaced
levels in the tank, It is not positively known

at present whether such conductors to the

o1l 1tself are necessary for the protection of

seems to indicate that most petroleum oils
are sufficiently mobile under the charges and

time intervals involved, to pass the charoe
off from the o1l at a suf'iment rate to keep_
the oil fully protected. However with par-

ticularly viscous oil such eonductors may ac-
celerate removal of the charge. Thus, the

that of course depends upon how quu a

- lightning causing charge will, under any cir-

' cumstances bmld up in the 011
- and whether or not such connections are nec-

50

However,

essary or desirable for the protection of oil,
such connections are again illustrative of the
ﬂ*e?lﬂT’Eﬂ proposttion involved in my invention

~ that wherever a body or substance to be pro-

55

tected is of a nature that can be regarded as
di-electric or poorly conductive, tlnt body or

substance may be intimately electmcally con-

nected b}?‘ CO’lCl“Ci’OlS Wlbh the dlSSlpatlon

~element.

60

In ¥i1g. 31 show a t}fpmal at)phc“tlon of the
system to the protection of an oil reservoir
R. Such reservoirs may be simply earth

veservoirs, with or without a roof 40; or they

may have concrete bottom and side Walls as
shown at C, usually reinforced as imdicated

65 at I.

dielectric

service as before described.
it be not in its own structure well co*mectedf
to parts connected to the wires 12, may be es- -
pecially so connected ; and 1f Lhe roof is not

| pomt

Petroleum oils have a certain di-
~electric strength; but my experimental data
1 tet mes with the cloud

_mcreased

and iner

Jines of force are so concentrated and ¢ o
tential gradient locally so mcreased as to - .
ective ionization discharge from the

‘associated points when the averag
‘The connectmns to crrounds G may ¢

.cause e

thus run directly to the reinforcement and the .'

concrete, as may also the connections 13* that
20 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 equwalent 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 COﬂHerEd from the reser-
voir to the towers.
placed close to the surface and may be, it de-
sived, extended as at 30* to perform the same

The rooi 40, 3

of metal conductor wires 41 may be laid across

‘and 1n conmct with 1t and connected into thﬂ_

charge tr {Lnslerrmg system at any convenient

Suppose now that for Wha’fever reason it
may be, opposite cha‘r'ﬂ es tend to build up 1n
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 charﬂe in the cloud is usually

negative and the earth charge positive, al-
though frequently these signs will. be re-

Teraed For the purpocse of_ this illustration
the cloud will be assumer‘l negative,
argument will be equa

lly strong and 1dentical
positive. A stressex-
ists between the two op posue charges, and

the lines of force are comparatwely hmhly

concentrated on the elevated wire or wires
of the dzsmpmmcf system, the surface charge
density on that wire or those wires being s11b-

elsewhere. Correspondingly, the potential

oradient or electrlc ﬁeld in the 1mmediate

V“ic:lmf‘v o1 the wire or wires is substantially
or less unitormly dlStIlbdted

The sharp points on the wire or wires

ot

o

charge *'wl.,rmty—-—z,hﬂ ‘-0*11,mu1o*1 ~activity

The charge on the cloud is more
1his condi-
tion 1s indicated 1n the drawings in Iig. 4.
are
located in what may be termed a zoqe of con-
centration of the lines of force, 1. e., a high
electric field, or a zone of compars tn*eLy in-
-cre%ed potentml oraclient; and the silent dis-

Conductors 132 maV be '

20

S I
T

but the

100

- 108
‘stantially higher than is the charge dﬂnSIt‘} o
question as to whether it 1s necessary or de--
sirable to use such intimate connections with

an o1l body depends upon how fast it 1s nec-
essary to pass the charge off from the o1l; and

Yor d
bad
-

N rer
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each point, 1s thus comparatively e*nmmeﬂj

ased. It is a

ment on which the points are mounte d, or - with

which they are associated, is of such a Aatam

(for instance, a compar a*weijr small wire

th ai, the
fe po- -

rather than a broad sheet of metal)

I"I"I

_ characteristic feature
of my system that the change carrying ele-

.i_d._ ..
R
3 B

po_tentml'_ -
difference between the clouﬂ :,md emth or o 13
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the points spaced apart far enough to get lit-
tle or no interference between th rem, and wit

areas of the order of a circular mile.

current, which 1s dissipated

1,748,528

prok_wtef] body, 18 well below the flash-over
point, typically less than say half Lhe fiash
Over ﬂ'mrhem, and that the m‘:mbﬂr ot points
so associated with such concentrating element
18 QUL_ulerjlt at such potential gr‘ldmntsﬂ €0
cdissipate and transfes by 1onization the '0";:}1
charge at least as fast as that charge tends
to buiid up -

1he typical utility of having the points
mounted on com pfimuwehr small wires, with

Puail
i
"
41
1l

the wires spaced far enough apart so asto get
little or no interefernce between their concen-
trated effects on the linas of force, will now
become qpparem ﬁ’ld s0 also the ufility of
having the dissipating system elevated and
compﬁrfmvely wide- ql read ho orizontally and
thoroughly connectad into the ebject or body
beine 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
isually spread over a considerable extent
The
feeder system which feeds the earth clmr}

to the dissipating system as fast as dissipa-
tion takes place, .:..,nd the wide spread of the
dissipating system (as for instance, extending
comnletely around an earth area, or aroun 1
a large reserveoilr) makes that dissipating

system:, so to speak, more effectually “cover 5
the charged cloud area. Thus, the jonization
ircmthe dissipat-
is moest readily transferred

ing system

_thmtwll atmosphere as a return flow current
to the under SUI‘f&Cﬂ ot

the Cl{)h.m the return
current being more effec 1vely rhgtllbrted
over the under surface of the cloud causing

‘eifectual discharge O_L the cToud as well asg

discharge of the earth. I 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 arvea or obmm

Consequentl Y it is of importance that my dis-

sipating svstem be <o 51}1“'ef1d as to ez*ectmhv
“cover” chamﬂa cloud avea with the ionic
stream ﬂ 2at 1s dissipated from the points and
that flews back to the ¢ oud alono the lines of
force.  The hﬂmphe enc'llch*w arrange-
ment has certa: mﬁ?anhfres With that kind
ot arrangement 1t is 1e’dt1vew easy to have,
along anv oneside of a DY otected b pody, enoug h
L_m‘fq to take care of the total necessary dis-
sipation; so that a cloud driftine over a
tected area from any direction will begmn to
be discharged immediately it begins to ap-
proach, carrying its earth charge alonn with

1t s0t0s peak. And also thereis, ina pemph-
er.;.ul arrang ement, an action of concentration
of charge from a surrcunded area much as a
static charﬁ'e on a clisk tends to go to its pe-

riphery. The concentration of charoe, and

5 the lonic-action of the points, on a peripheral

raln.

pro-.

5

wire 1s found to be much higher than on points
and wires not so armnﬂ'ed

Generally ﬁlﬁ)ﬂakmmj any operation which
would transfer this earth charge back to the
charged elou d will prevent a lightning stroke.
The ”1...,,01’“;7 of lig nt'mw causation ﬂenemlly
accepted is that “electrical energy 1s trans-
tferred {rom cloud to earth mainly by falling
Any means or any opemtlon which
wiil eifectually afford a path for a return cur-
rent to tne eloud will equalize, or substantially
equalize, the potentials of cloud and earth
or body and prevent a lightning flash. Thus

ANy means ot conductance between the earth
or body and cloud will have the desired ef-
fect. For instance, a conductor cable sus-
*f)e rlﬁa to cloud hew ht by a balloon may have
that effect; but thers Seems to be practical dif-
ficulties 1 in the way of such mode of protec-
tion. TFor instance, wind conditions may
malke such a means 1mpraeu able; and there
would always be the hability of P charged
cloud at another elevation dischar oing
through a flashover into the suspended bal-
foon, much as flashes take place from cloud to
cloud or to rods. -

My invention fundamentﬂly malzes use of
ihe atmesphere as the dissipating or trans-
ferring path a Ld dissipation or transfer 'by
that path 1s substantially unaffected by
weather conditlonq in transterring through
the atmosphere as a path the cur ent fow
may be looked upon as caused by atinespheric
1onization caused by the relatively high po-
tential gradient set up at the zone of concen-
traticn of the charge. The lonization, how-
ever, may be catsed in other manners: or the
1onizafion at the discl 1‘11*01*10 noints may be

assisted by Ouhel" means. Hor mstance, 1t is
of course well known thm alr 1onization may
133 set up bv dame and chemaical action, m:;lmll—

ng, ote. Thus th requisite 101112{LL10 and
ihe consequent e%uﬂbhshment o 2 patl h for

1ml1)a on and transier of the charge may
be set up by ienization by any suitable mean
and data 10 the present time seem to lndwam
that the discharge from the sharp p0111ts of
barbed wire, for instance, takes J_;I:‘.{‘:e at a
sufficiently hioh rate at comparatively low
potential, hence no suc‘ help seems at the
present time to be ne essary. While the rate
of discharge per ,.,..omt INCreases as the poten-
t1al dlﬁelﬂnce between carth and clond in-
creases—increases as the ionization 11~
c-reases—-—there seems to be suificient 1onization
and therefore sufiicient dissipation and trans-
fer at COll’lDﬂLJ'lT'f’elV low potentials. How-
ever, if 1t be desired to increase the dissi pa-
tion and transfer at the lower potentmm
wnization may be started or augmented af
%uch lower 3 poten tlals by some suitable means.

in the practical use of my system there are
certain con tro_,uLno' tactors that are taken into
account. Without

of detail I 111‘1}7 Say that the most roliable fig-

ﬂ‘omﬂ into a lar oe amount
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storms Lhe tra

beoan ¢

:i“e%* (G C Simpsens Proc. Roy. Soc. 1009

910; Phil Mab 30, 1, 1915), as to the rate
m E'.ieCtl cal energy Lj.ﬁr‘SfeI from cloud to
earth seem to 1dle ate that in heavy thunder-

1":181? 15 at the rate of 12 micro-
amperes per acre of earth area, and the maxi-
mum observed, so far as I am aware, has
40 mi ewampﬂzes per acre. Thus,
instance, from a cloud area say one mile in

4o diameter, or approximately 500 acres, the

maz mum cobserved energy transfer would

be at the rate of about 20,000 mmrmmperee. |
On the assumption that all of that energy
transfer might

inder elrehmstenees be more
or less cencevtrated in a small earth area Or

in a single body or structure, the dissipation

or retra nefu rate should be at least as high

as the last fioure and preferably, for. S‘Lfety

20

should be subs stantially higher.
Experimental results and data indicate

“that the dlefﬂpatlen and transfer rate from a

- single point,such as the sharp point of a wire

ber of points to take care of even an excep-
tional transfer requirement at a potential gra-

o
] |

point.
take care of the maximum ebserved rate of |

barb, elevmed and 1sclated from bodies or

etwetv res that would

rofeﬂtml or pot ential gradient substantially
less than that corresponding to the flash-over

Thus 500 points would, on that basis,

ransfer from a circular mile of cloud. But
t is desirable to have what may be called a
ffzctoi of safety; to promde a suificient num-

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 ot points will be much larger

40

- miie In elreumference, ordinary barbed wire

4.
Ll

than comparative figures given above.
For instance, in p‘*"otectmg an oil reservolr
where the encircling wire system 1is one-half

may be used. Provision of an excess of the

~ discharge points does not hurt the system as

transfer from each individual point may be-

‘a whole, even though the discharge points

may be so close together that the d1 seharﬂe or

somewhat less than if the points were speced

turther apart. For instance, within the po-
tential gradients observed by me the spacing

between points would seem to be about six

inches for m emmum eficiency at all points;

) |
] |

what larger.

and if 2 number of parallel wires with points
ave used, the spacing, for maximum efficiency,
sebween the pm‘aﬂel wires should be some-
However that has only to do

“with the individual eff ciency of each pnoint;

* raiges the total efficienc y of the system.

although the individual e
point 1n erdmary barbed wire where the
barbs are spaced at about four inches may be-

11,1

;(31encv at eaeh

tower than the maximum attainable point ef-
ficiency,

As
to the question of the number of parallel
‘es Torming the peripheral or 6*1011‘(‘1111*0‘

for -

other things being equal.
‘protective eystem will ordinarily be placed
upon towers, or otherwise suitably supported -

interrere with 1ts ac-
‘tion, can be as high as 40 microamperes at a

the presence oif the excess points

1 7“_,,526

concentration and dlscharO‘e evstem however,
other factors may come into play.. For in-
stance, 1n some cases, 1t may be desirable to

-_ emp}_ev only a single ‘barbed wire, as the po-
tential and *‘herefore the tranefer rate of the
charoe concentr ated in and discharging from
a Smnlﬂ wire may be greater than 1f the con-

centration were spreed on numbers of par-
allel wires.

wise to use two or more Sueh wires.

The results of investigations indicate thet'_
the rate of transfer from the concentrating
and transferring system depends among

cther things upon the height of the eystem

‘above the area or ob]ect bemO' prmeeted
The greater the elevation of the s }TSuem the |

hwhel the rate of dissipation and transfer,
Consequently, the

at a con51derable elevation, or as high as is
practicable above, the uppermoet parts of the

'pretected object or area so as to increase cor-
respond mfrlv the potentlel oradient in the

Howaever, for mechanical rea-
sons, and because a emcrle wire might by ac-
cident or deterioration fall 1t will usually be

75

80

39

90

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 relatwely lower
than the inner or centml wires or parts; or

95

if desired, the outer wire or wires, or any of

the wires, mWht be arranged elevated above
the others to G‘et an earlier dlS(}h‘lI“De from. the |

- 100

higher wires.

Tn Figs. 5 and 6 1 ShOW A physmal modifi-
cation of the system wherein, instead of using

continuous encircling wire or wires, I may

arrange a serles of towers 10® each havme a
con centretmo* and dispersive system of wires:

and points af its top, as shown at 31. Such

towers may be electmea,lly connected as here-
inberore described, and of course electmcally-*

ceﬁnected to the tank T in some one of the
manners hereinbefore deserlbed In Fig. 5

eenducte“s 32 are shown running from “the
towers to the tank.
placed and spaced that they form a wide
spread system that covers the cloud area and
from which the earth charge will be dlSSl—.

The towere will be s0

peted and transferred as before explained.

"From what has been said it will now be

readily gathered that my system involves

chars cteristieally'the transter or neutraliza-
tion of lightning-causing charges, causing

the energy of such charges to be d1$51pated or

spread over comparatwely large space and
long time period. The actual amount of elec-

trical energy in a lightning flash is not large; -
high cencentretlon in time and space 1S its

destructive characteristic. ~The potential

energy of such a flash is spread out both as

105
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to area and as to time; and the energy is dis-

sipated in frictional reemtanee of the air to

ionic movement between earth and cloud,

130
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Hrom what has now been said it will be
seenl that my system of nrotection is essen-
t1ally different from whatever protection may
have been afforded by Lightning rods and the
iike.  Although it has been recognized that
aissipation of charge tales place from the
point or points of a lichtning rod, such rods
have not been capable, on account of thoir
small superficial area presented to the cloud,
of taking advantage of any practical amount
ot concentration of the lines of force or ma-
terially increasing the potential gradient.
Ihe horizontally extending wire System, 180-

lated by elevation above the pody from which

1t takes its charge, has greater capacity than
a small vertical rod—it collects more lines of
torce; and the dissipating points, or other
formation, then acting in the zone of concer-
tration of the wire, further increases the con-
centration locally, F urthermore, with a
given amount of ionic flow between earth
and cloud, a spreading of that ionic flow an-
arently 1ncreases the effective fash-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 surronnded
by trees, which is not self-protective, as has
been observed in large numbers of instances.
The trees themselves are not sufliciently good
conductors to take and transfer the energv of
the charge.

In the following cleims 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
carth’s surface.

L claim:

L. A lightning prevention system, embody-

1ng substantially exclusively an elevated comn-
ductor encircling the earth area to he Pro-
tected and connected into that area to receive
its charge, the size of the encircled ares be-
1ng such relative to the dissipating capacity
ot the elevated conductor as to keep the earth
cnarge within that area from building up
to the danger point ag that charge passes into
the encircling conductor, the conductor being
at a suostantially uniform elevation through-
out its length and provided with charge dis-
sipating points of substantially uniform ele-
vation spaced along the lenoth of the condue-
tor at spacings substantially far enough apart
to avold 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 toregoing I have

hereunto subscribed my name this 17th day

of December 19926.
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