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" lightning. ‘

‘. sion of simple and well-escertained electrical laws. + .,
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" Proceedings of the Madras Government, Public Works Department,

*

N . 19th February 1877. _No. 514. ~

*

- No. 434.‘ . Read the following Circular memorandum from the Officiating

Assistant Secretary to the Govermnfcnt of India, Public Works Department,
. (Civil Works—DMMiscellaneous,) to f;he Governments of Madras, Bombay,
Bengal, North-Western Provinces and the I’upjab, in the Public Works
Department ;. the Chief Commissioners of Oudh, Central Provinces, British
Burmah, Mysore and Coorg, and Assam; the Resident at Hyderabad;
the Agents to the Gévernor-General for Central India and Rajpootana ; the
. Superintendent of Port Blair and Ch.ef Commissioner, Andaman and Nicobar

Islands ; the Inspector-General of Bﬂitary Works ; the Principal, Thomason

College, Roorkee, dated Simla, 30th October 1876, No. 73 :—

"IN continuation of Circular No. 32 P jV, dated the 1st June last, forwarding
a memorandum of the points of hlformatioﬂ"-which the Committee of the British
Association for-the advancement of Scienceconsider important in cases: of accident
from lightning, the undersigned is directed b circin]ate, for general information and

- guidance, a paper by Dr. Mann cn the protec%ion of buildings from lightning, which.

was read before the Society of Arts on the Bth April 1875.. -

\ % (Signed)  G.7. L. MARSHALL, Captein, RE,
e B l;,Offcr. Asst. Secy. to the Govt. of India.

THE PROTECTION OF BUILDNGS FROM LIé'HTNING.
: » By R.J. M.xjx, M.D., | '
President of the Meteoplogical Society, &e.

In bringing the subject alluded to in this communication und«+ the notice of the Society of
- Arts, the author intends to mark the present statenf.sesnct science in regard to the matter, and

to describe as compactly as may be dons, consistent Wwith intelligent and sufficient explamation, -

' the way in which buildings may be most conveniently and certainly secured against danage from

§

As, however, it is the purpose of this paper to deal intelligently, rather than dogmatically
and prescriptively, with the theme, attention must in the first instance be.drawn fo certain
established principles of electrical science which underlie the: explanation that has to be given.
This is essentially necessary in this case, becaus® the most absurcly inefficient, and often
dangerous, attempts to protoct buildings from lightning are continually encountered, and because

- theso constructional blunders can slmost always be directly traced to ignorance or misapprehen-

It is & familiar and at the sarhe time an all-important fact, that the electrie force is trans-
mitted readily through certain kinds of bodies, such’as metals and moist substances, which are

 therefore termed conductors ; and that it is transmitted with comparative difficulty through other

_ substances, such as glass, gutta-percha, and resins, which are called * insulators.”

" It should be, however, understood that the rigilly scientific interpretation of this difference

- .is, that dissimilar bodies, of whatever kind, vary in the Tesistance which they offer to the passage
v of the electrical energy, and that that passage is effccted easily and readily when the resistance
issmall, but slowly and with diffculty when the resistanceis great. In strict accuracy there is

probably no such thing as an absolute electricel insulator. . If a rod of glass and & rod of metal
be presented to an excited electric, the clectrical charge will escape through both, but very
_ mearly the whole will go through the metal and rlmost none will go through the glass, The

- precise proportion that will traverse cach will Le determined by the relative powers of resistance

“inherent in the glass and in the metal. . The matter is spoken of, in looso terms, as if all the
di;charge went ~through the metal and none through the glass; and this answers very well for
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| , alectnca.lly-excxted body. If a charge of electricity ‘were communicated from an excited body
;“LPOMtEf tfa.;nﬂlar expll)almat:on:)gecause the quantity th‘*t escapes through the glass is so very % J? . by a momentary contact, the ‘electrical condition would continue in the insulated conductor after
ng, that it is incapable of producing any perceptible jaechanical effects. . ' ! the exciting body was taken away, instead of instantly disappearing as it would in the case of

) All forms of electrical machines which are constructed for producing artificial ma.mfestatxons
of electrical force are produced by so arrangiag insulators and conductors as that the force may

be generated on the surface of the insulators, and then collected and conveyed by the conductors . | .

in an accumulated form, the conductors that e¥ect the accumulation being in their turn insulated,

so that the gathered force may not escape as ‘immediately_ as_it is engendered, and therexore ™

| induced action. - Also the same kind of electrical force could then be found at both ends and all
over the insulated conductor. o g \

|
Dut here thero arises a. very cunous and again most mportant conmdera.txon Under the |
cu'cumstqnce of electrical excitement being called up in an insulated conductor by the near

Bl ]

V

»

before its mechanical or other obvious effects tan be mamfusted and-examined. - Z approach of an electmca.lly excited body, the opposite ends manifest opposite electrical conditions,
But the action of artificisl electrical maclines is also in a very large degree dependent wpon ! ' and on the removal of the excited body the induced action (hsa.ppears If, however, when the
another fundamental law of electrical action vhich is less easy to explain, but which is of 511:(:‘,11 1 disturbance has been inductively produced,‘ the msula{ ed conductor is momentarily touched at
universal importance that 1t wust bo thormghly o dordtond and mdeed,be kept constantly in 2 the far end by another conducting body in contact Mth the earth, as the finger of an operator,
mind, as the great ruling power in most of ths phenomena that have next to be considered. The 3 the inductively eeparated force belonging to the msulated conductor, which is of the same kind
influential law which is here'alluded to is tie one which is involved in all that is reco gnised as ;-v as that of the exciting body, rushes off to the earth ; aid then when the exciting body is removed

«¢ glectrical induction.” Whnnf:ver an msuhted conducting body is brought near to another ! , the insulated conductor does not return, as it would ptherwise have done, to-its natural and

' eloctri cally excited b ody, but in such & vny as that it is not in actusl contact with it, the f : quiescent state, but manifests an electrically excited condition all over its surface of a kind
> b opposite to thaf of the exciting body. It behaves, indeed, in all particulars as it would have

insulated conductor immediately shows signsof being as it were sympathetically affected by the
mere presence of the excited body. When tie excited body is withdrawn, the sympathetically-
aroused excitement in the insulated conducto subsides ; when it is brought back into close neigh-
bourhood, the excitement mmedlately returm Tlus is wha... is called «“ mdueed electrical action,”
or “ induced electricity.”
The effect is very easily shown, in a mtably dry a mocphere, by placing an insulated
“eonductor near to, and not in contact with, th excited prime conductor of an electrifying machine,
* _and then taking the induced electricity from _the separate conductor by means of a small carrier

¥ done if an actaal charge of that opposite kind of electrcal force had been communicated to it by *

‘ oontact with a similarly excited body.. . 4
% ‘When the glass cylmder or disc of an electncal m'tchme is posmvely excited by friction - -
; aga.mst the rubber, the metal points, which are in metaho communication with the insulated

: pnme conductor, and therefore the conductor itsell, bet rome inductively electrical. The negative

! % electricity of the inductively disturbed conductor flows bff from the poiuts to the glass to saturate

3 Z’ its povitive disturbance, and the prime conductor is cénsequen’dy left overcharged with "its own-

! otwbnper foil, fixed upon the end of a glass ¢ ebonite handle, and communicating the charge to "a} | ebandoned positive force. That is the explanation cf the way in which streams of positive
the cap o1%e gold-leaf electrometer. The leses of the electrometer immediately diverge, mani- =~ v , electricity are generated in the prime conductor of a ﬂmchme by oontmuously m'bbmo its glass .
festing the presence vat the e'ectric force tha. is communicated to them. The experiment may : f’ { cylmder, or plata, against a mercurialised cushion. ‘ : ) o
be very pleasingly varied by~ making o hvmghuman body tae seat of the inductive disturbance, : "1t will be understood that the kind of electrical fo:'-e which is mamfested when a glass rod . -
if an operator stands upon a 31“‘183' ge- ystol with the finger of one hand touching the cap of or surface is rubbed is called positive or vitreous electriity, and that the opposite kind which is . ‘

-

produced when sealing-wax or other resinous substancs is rubbed is called nevatlve, or resinous
electricity. These names were first used by the early: discoverers in electrical science, and no

- more convenisat or expressive designations for the cohditions which they represent have since L
: i ‘ ;

the gold-leaf electrometer, and with the other arm stretched out so that an assistant can bring a
long well-warmed glass jar that has ‘been Tubbed with silk and amalgam, and in that way
electrically excited, over the extended arm and about & quarter of an inch away from it. Elec-
trical disturbance is immediately produced inductively in the body of the operator, and made
manifest by the divergence’ of the gold leaves of the electrometer ; and the divergence is
. produced and subsides over and over again as the excited glass jar'is brought mear to the arm,
or is taken away. The explanation which scence offers of the very remarkable phenomenon is
to the eﬁect that the insulated conductor has mtnnsma_ﬂy mlxed up with its own molecules two -
" distinet kinds of electrical influence, be that what it may, whether essentially a specific molecular
condition, as is most pmbable, or some Bupemdded and, so called, imponderable agency, and that -
tHese two kinds of electnca.I force are quiescent and mappremable 50 long as they are equally -
. balanced, and as it were united t.hroughout the entire superficial mass of the conductor, but that it
they become operative and apprecmble whenever the two kinds are torn apart and held asunder.
The mere approach of the excited body effects this dlsturbance of the natural quiescent state,
and this tearing asunder, and one of the kinds is then accumulated at one end or side of the
conductor, and the other kind ‘is collected at £ro opposite end or side. - There is a neutral point
- nearly midway between, but nearer to the en}, that is towaxds the excxtmg body, at which no
electrical influence of either kind is manifested. If the exciting body is itself positively or
vitreously electrified, the end “of the excited Eody which is nearest to it is negatively excited,
#& and the opposite end is posxtlvely excifed ; the terms posmve and negatxve being here under-
& stood simply as convenient terms mvented tO (hs\‘.mgmsh the two dxﬁerent kinds of electrical .
! Y} state or force. - : : -
The, test of mduced electnclty, wewed i oontradxstmctmn to a communicated cha.rge, o
ally that the state is called up and remQVed merely 'by the nearness and vnthdrawal of an ’g

' boen found. : 7
- It has been shown, from the long-eont:mued and most ca.refully conducted observations of

-De Saussure, Ronalds, Quetelet, and Lamont, that in dull fine whothg- the surface of the earth - -
is always in a negative state of electrical excitement, and that the surrounding air is commonly -
in a positive state. M. Peltier attributes this posxtme tension of the air to the state of inter-
' planetary space. He considers that the vacant spaces bf the universe are in a constantly positive
g ate, and that the surface of the planetary spheres 1‘: kept in the opposite state of negative
F chtoment by the influence of induction. In the a’bsenee of any more definite evidence on this R
point, it is, however, perhaps more philosophieal anil satisfactory to consider, as many other
F authorities do, that the positive state manifested by thly air is effectively seated in the particles of - .
moisture contained in the atmosphere, and that it has _I)een carried, up with them from the earth .
when they rose through evapomtxon M. Becquerel has shown that the surface of the cea, and : )
the air lying immediately overit, is as constantly in 'a state of positive electrical excitement a8 ’
the land is in a state of negative excitement. The ﬁne weather posxtxvely electrical state of the
air only appears over the land at some ~on31dera.ble elevation. This also, it must be added, is
influenced in some materizl way by the varying positions of the sun. It is strongest in the
- geason of short days, and weakest in the season of long ones; and there are also in every day
two periods of comparatively strong, add two of oompuratlvely weak, electrical exoitement, which
recur approximately at the same honrs of tho day and night. The positive electrical state of the
t‘ higher regions of the atmo«phere is a.lao consuderably dmumshed by deposxta of mmsturg in -
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the air, and with very coplous and rapid d=posits sometxmes dlsappea.m altogether, and becomes
even replaced by the opposite negative state.

" -

It may, perbaps, be well hers to ~emark mm«lantally that the (hstmmushed electrician
_Auguste de la Rive inclined to attribute the electrical - states, which ascend to the clouds upon _
" the aerial vapours, to chemical changes, brought about by the reactions of the inner surface of

the earth’s solid shell and the subjacent molten Touk with probable infiltrations of the waters of

the sea into that subterranean alembic. Chemical changes of the surface-material of the earth ,

and the composition and decomposition cf complex surfaces no doubt have to do with electrical
manifestations and disturbances. Dut it must also be added thet human science has not yet
penetmted very far into this region of researeh It s, perhaps the one field thfut is most imme-
dmtely open to further investigation.

- We sare, nevertheless, after this brief «lanca ‘that hes been glven to prehmmary considera-

tions, now fairly in a position to understard that there m1e present in the cloud-sustaining air
all the conditions which are essential to convert it intn a mighty machine for the production
and accumulation of electric farce. The lroad masses of insulated cloud are conductors ready
to receive large charoes of the developel energy; "thess are the prime conductors and the
. Leyden jars of the appa.ratns The surroinding spaces ¢f clearer and drier air are the insula-
tors that imprison the accumnlating charge. And the vapours that ascend from the earth and
drift in with the winds from, side regions are the earriers and feeders of the charge; they play-

~ the part of the revolving cylmder or p]ate All that is !1“0638&!‘5’ for the production of a thunder- -
storm under these arrangements is the ransid a'mlomcrahon in one spot of very dense clouds— .
" a result which can more easily be brought about in summer thzm in winter, because then the air

is more abundantly charged with water’ and because then a very slight degree of chill suffices

to throw down copious deposits of the aqueous load, When & strong current of very abundant |
_ vapour ascends from a tract of moist and heated land into the higher regions of still calm air,
where there is no ‘moving ‘wind to scatier the condensing vapours as they form, a powerful
electrised mass of dense thunder-cloud is.as sure to ‘be formed as the prime conductor of an
eloctrical machine is sure to becomo charged with sparks when its cylinder or plate is rubbed

" against the cushion. Tt will be here understood, however, that the real function of the cloud
- 18 sxmp]y the bringing into continuous lectrical communication a wide stretch of electrically-

charged air. It is the air-substance which receives the electrical force, and the condensed and
closely-packed moisture of the cloud “merely enables large tracts of it to come simultaneously
into play as a continuous and connected clarge. Sir William Thomson especially jinsists upon
_the fact that clouds are not indispensi™e to aerial cha.rges and disruptive discharges of ,
They properly act to the aerial charge exactly as the metallic coating of the Leyden"

electnmty.
jé.r acts to the charged glass. They faclhta*‘e the concentratmn of the full force of the entire
1oy s

" connected charge upon one spot. "~ - | , )

- When & charged thundcr-doud is thus oenerated in"the upper regions , of the air and
hemmed round by its circumseribing insu'ation, all the complicated phenomena of induction.
_immediately appear. Other nei ighbouring masees of insulated and conducting cloud have their
quiescent state sympathetically or inductively disturbed, nod the primary mass of the storm- -
_cloud being positively charged, their nearer pa.rfs mamfest negative energy, and their further
parts the opposite positive sfate.” If an mtervemng layer of other cloud floats between the storm-

- aloud and the earth, its bottam becomes pcsmve towards the nega.tlve earth, and its top negative

“towards the storm-cloud. ‘The inductive irfluence of a bwlﬂy-cha.rged thunder-cloud is extended
. in this way to almost mcredlble distances, smounting even ' to several leagues. - Very’ commonly
the inductive power of clouds quite on the far horizon is indicated by delicate instruments, hke
the atmospherio electrometer of Peltrier, or. Gourjon, in which two or three thousand turns of a-
-wire bronght from a metal globe “or.a tuft of fine pla.tmum ‘wires, raised high in the air
and oontmued to the ground ‘are wound o the way round a sensitive and delicately-poised

. magnetlc peedle. "The' m-gpaee Surroundmg a positively charged storm-cloud is always in a
sba.be of negatxve excltement from the mﬁuance of mductlon. : When 8 storm-oloud dnfts over a -
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fired station a_delicate electrometer first indicates the presence of negative electricity as this
epproaches ; it then shows positive electricity while actually engaged with the cloud, and then
azain manifests negative excitement s the cloud passes away, When a storm-cloud hangs low
over the earth, the negative reaction of that part of the ground is very largely intensified by
induction, and the positive charge of the lowest portion of the cloud is in its turn also sfrength-
ened by the same agency. Storm-clouds are for the most part positive in their actual communi-
eated and accumulated charge. But it sometimes happens that negative vapours are poured out
suddenly from the moist heated ground for some uniscertained reason, and then negatively active

When a charged thunder-cloud hanvs low over the earth, all prOJectm"' bodies rising"

- from the ground are most powerfully influenced by the inductive action, and conducting bodies,
such as rods, tubes, and sheets of metal, more powerfully than bodies that have less conducting -

capacity. All such promment bodies become highly charged with electrical force of an oppesite

_ character to that which is concentrated in the cloud, and which strains to escape to the cloud at
. the same time that the electricity of the cloud in itsturn tends to ~scape to them. If no passagd o

of the ‘electrical force takes place between the prominent objects and the cloud, it is sxmp;
because for the tune being the intervening layer of insulating air affords a sufficient resistay
to prevent such ocourrence.

It has been found that hail-storms are generally connected with these

The cloud is then drawn nearer to the earth by the influence of S

" Jutually tending forces, and, perhaps, is at the same time driven into closer propinquity by the/‘

“wind, until at length the narrowed resistance of 1he air is overcome by the mmulta.nemi
heightened tension of the accumulated electricities. The lightning stroke then flashes betwe!’
and the tension is lessened. . In this lightning stioke some positive electricity passed from th -

cloud to the earth, and some negative eleef'ncxty fiom the earth to the cloud. The pos1t1ve ’
~ escape releases the negative induction of the ob]etts placed on the ground and the negativd
~escape saturates and satisfies the positive charge 'of the cloud. In some circumstances the

lightning stroke may take place through very laige dlsta;mes—-acoordmg to Delisle and Petit
as large as even nine and ten miles—especially if a kind of interrupted trail of partial

_ oonductmg material is laid along i's course. But for ordinary eircumstances t..e striking distance
- varies between 650 and 6,500 feet ) ‘

When the lightning stroke* finally takes place it of necesmty oocurs through fhe lme of
It invariably falls upon the most prominent conucting
substances that are oﬁ'ered and this constitutes the provision upon which all proceedings for
protection against lightning are primarily based ; ard it should here be understood that there is

" "mno doubt or uncertainty .of any kind involved in this part of the coi.exderatlon ‘An electrician

- will present a metal rod and a glass rod to the charged eonductor of a.n eloctrical machine in the .

- positive certainty that the spark will dart out upon the metal, and not upon the glass; and he
will perform the experiment a thousand times vv]thout any variation in thé result, That the -

lightning will strike upon a good eenducting surfa.ce'm preference to a bad one, provided the

entire course of the discharge through the good sonductor is an open and an easy one, is as

certain as that a ball of metal will be struck by the 3parL of the electnca.l machme in preference

" to a lump of resin or glass - C |

_ But there is a second consideration of searcely less consequence in the arrangements for
" defence against injury from lightning, namely, the vell-proved fact that even the most powerful
* electrical discharge passes through substances nﬁordu ig an easy way and offering small resistance

. without disturbing the molecular conditicn of thos ¥ substances in the slightest degrce. It is
-~ only when it has to. foree its wey through Ledly couduntm@ hodies, which afferd consideralle

‘resistance {0 the | pasea"e, that it eflects_ destructive mmhxef which it then brings about by

~ severing their component molecules, so as to split up and dicintegrate the mass. When good

eonductors are of very small dimensions, they, in the'r turn, also afford considerable resistance to
But in their case the resistance tells, not in shattering the
A very fine vire is rendered red hot by the passage of a
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-and seemingly widened into straps or ’oahds. having an appreciable breadth. The broad sheets !
* of 'lightning-illumination, which are commonly olserved during the prevalence of a storm, are,

* taking place beyond the visible pari n{ ‘tLe arih's curvature.
_ and which is characterised by prolonged exdurtnce and slow movement. 'This form has the

- along the ground, and finally exploic:s lite & bomb-shell, with a loud detonation, scattering

- of lightning, when the spokes of the rotating wheel 2re seen distinctly, and the wheel itself looks

‘which lasts only long enough not to alow tle onward movement of a spoke to be discovered.s
L]

o

! -

.~ 19th Fetruury 1877. No. 544.

powerful electrical discharge, and it may, if the discharge is energetio enough, be melted, and so
disintegrated by the passage. But it is never explesvely shattered, as bad conductors are, under
eny circumstances. oo T s - o
The lightning which is seen in a dark sky flash'ng between a storm-cloud and the earth, or
between two storm-clouds, is & trail of infense sharply-defined light, often appearing to move
along a zig-zag course, and occasionally dividing irto two, or possibly into three, branches. - The
duration of the light does not exceed the thousandth part of a second. This has been very‘
ingeniously demonstrated by Professor Wheatstens, by causing' a wheel with a number of
spokes to rotate so rapidly that the spokes disappear, unless when the wheel is lit up by a flash
as if standing still, because the illwmination is for so brief a time that it has ceased before the
advancing spokes have materially changed their position. Professor Tyndall shows this result
very prettily in his lectures at the Koyal Institution, by lightning up the rotating dise by the
successive discharges of a small Leyden jar, so placed that the spark ocoupies the focal point of
a concave mirror looking towards the dise. The disc is rotated rapidly by a multiplying wheel,
and the electrical machine is worked vontinuously, so that the Leyden jar keeps on discharging
itgelf by overflow at repeated intervals. - With each discharge the radient spokes of the dis-
“esent themselves to the eye as if they constituted for that instant a stationary object. The
act rate of the rotation of a wheel being known, it is easy to calculate the duration of a lighf ?

!
1
he lightning flash is most probably often formed of numerous successive discharges followin j
ph other in the most rapid succession, and when this is the case the duration of the light . may 1
14

be somewhat prolonged. The suthor of this comm‘.lhicatiou has distinetly seen the lightning in ., )
the subtropical districts of Southern Africa quiveriag for quite notable instants from this cause, |

?
i
i
2
P
|
?
s.
!
)

however, quite distinct from these lines of Juminous discharge. They appear to be due to the
leaping of electric discharges of much lowe:, intensi*y, from cloudlet to cloudlet, as the re-distri- .
bution and re-adjustment of the electric farcn 1a¥es place within the constituent masses of the
cloud, exactly as happens in the * spangled pans  of the electrician when the electric discharge
is made through the diamond-shaped wmizsee. of tis, oil distribited upon glass. The sheet light-
ning of the horizon is merely the rficeton bf“' e light propagated from discharges that are |

S

There is yet another form of 2ightuisg wlich is of exceeding interest fo the eleotrician

I
?
{
j
)
aspect of a ball of fire, often as largs as a child’s head, which travels slowly and perceptibly }

zig-zag rays in all directions. These ball lightnings have been watched in their slow march .
through the air, even as long as eight and {on seconds, and they constitute the kind of lightning §

. that has been most -commonly noticed in the interior of houses.  They ‘are essentially the 1

"lightning stroke. They are not electrical discharges pure and simple

" fissure made by the escape of an overintenss charge through a weak point in the ‘glass, the only:

suggested the very ingenious probability that the ball is really a luminous brush discharge from |
- with the charged mass, of which it is the escaping terminal.

| : in the resisting substance of the air when the pent-up and accumulated force finally - breaks & :

lightnings that *disappear up the chimsey!™ Their true characfer is, perhaps, yet but 1
jmperfectly understood. They certainly differ in essential particulars from: _the.ordina.i'y %
Auguste de la Rive,’g
inclined to consider them of the Tature of compact balloons of explosive gas generated by»%
electrical agency, end shining by inkerent I"minosty before being finally exploded. Mr. Varley ! :

a negatively charged cloud, leading gradually up tothe final burst, and rboying slowly forward
The liminous line marking the course ¢f a lightning discharge is really a.“ crac » prodﬁoed .

way through the resistance. Sir William Thomson speaks of it as being as much a crack as the
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difference in the two cases being that the crack remains in the glass, but is immediately effaced
in the substance of thie air. ¢ The path is prepared beforehand by induction.”” Mr. W. H.
Proece has very graphically and admirably expressed the actual state of the case in an excellent
paper read in 1872 to the Society of Telegraph Engineers in which he says: “The particles of
" air or other matter in the path are raised to such a high state of polarisation, that they are in a
itatefof *tottering equilibrium,’ and the slightest acquisition of foree or diminution of resistance,
either by the approach of the conductor or increase of quantity, destroys this condition, and we
have a discharge with all the effects of light, heat, and mechanical energy. A ship sailing
calmly over the ocean, 8 moving railway-train, e horseman galloping home for shelter from the
approaching storm, may prove the last straw to break this camel’s back.”
The light which is seen along the course of & discharge of lightning is unquestionably
incandescent mattér distributed along the track. This is mow definitely proved by the

- employment of the gpectroscope. M. Fusinieri, who gave much attention to this bearing of the
* subject, had, however, arrived at this couclusion long before the spectroscope was known, . He

satisfied himself that-lightning always contains material substances, and super-eminently iron,
sulphur, and carbon in & state of great fusion, and also of ignition and combustion. M.

Fusinieri ‘conceived fhat the lightning derived this substantial pabalum of its fires from the

molecules of these substances that are always floating about as impalpable imprégnations in the
“air. But it is most probable that particles are faken up by the electric discharge from the
“cpnducting bodies that form part of its course, and carried along with it. Numerous very
curious instances of this absorbing and transporting action are on record. The remarkable case
spoken of by M. do la Rive, in which a gold bracelet was taken up from the arm of a lady \
closing & windew during the flash of lightning, without doing any mauterial harm, is well known.
There are instances in which particles of gold seemed to have been transported through the

- actual substance of thick plates of silver. The removing of the gilding from the frames of

pictures by lightning is of frequent occurrence. The author of this paper remembers one case in
which the particles of gold had been stripped away from the picture-frames in a room that was
damaged by lightning, and attached to the walls in spangles at different places. One very
curious instance of the influence of the electrical‘discharge upon metallic masses was brought
under the author’s notice by his friend Mr. Shepstorte, the Secretary for Native Affairs in the
Colony of Natal. A settler’s homestead, known as the * German House,” on the road leading
from the seaport to the capital, was struck by lightning, and burnt down. In the situation of &
box which had contained money there were found afterwards lumps of metals formed by the
fusion of gold and ‘silver coins. But near to these were a sixpence and & half-sovereign lying

" face to face, which had been both drilled with a large hole, and at the same time firmly

~soldered together round the circumferance of the hole. The stamp mars in the sixpence was
entirely effaced. It is only, however, when metallic substance is in comparatively small mass,

" or when it forms the termination of a conducting track, upon which s concentrated charge is
received, that this disintegration and absorption of metallic bodies occurs. The electrio discharge '

passes through & sufficiently large metallic mass without producing any molecular disturbance,

ot manifesting aay mechanical effect at all.  * = - - o ‘

. 'We are now in a position to return advantageously to the consideration that when a

* lightning discharge falls from & charged cloud to the earth, it of necessity takes the line of least
resistance thet is open to it, whatever that may be, and if that line lies along sufficiently lurge .

and absolutely continues metallic substance, the, effective resistance to its passage isso small,

that no mechanical violence or heating effect of any consequence ensues. This, therefore, at once

indicates what the first expedient in providing artificial protection from mechanical injury must
be. A continuous rod of gopd conducting metal must be carried from the top of the building to

" the ground. Then when the stroke of lightning chances to fall upon the building, it goes by the

. easy way, and flows harmlessly and silently through the metallic rod to the earth, and the less
Tperfec’c, conducting materials of thel house, such as bricks, mortar, cement, and wood, are not

touched.” In orfler, however, that this desirable result may be brought about, it is essential that
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', of conveyance and adaptatiow to ’apglgsz and' irregulssities of a building, and on account of the

“a . - .
1 . . .

Proceedings of the Madras Government, Public Works Department,-
19th February 1877, - No. 514." )

5

the metallic rod shall be large enough to carry quietly and harmlessly the largest discharge that
may have, under any circumstance, to pass through it. As a rain-water pipe must be made
large-enough to carry safely away the largest rainfall that can occur if flooding is to be avoided,

10 the lightning conductor raust be made large enough to carry the heaviest lightning that can '

strike. And it is even more important that this should be secured in the case of lightning than |
in the case of rain, because an overflow of fire is & more serious matter than an overflow of water.
Some electricians consider that an insufficient lightning conductor is better than none at all,
because there have been instances again and agaip? where buildings have been saved. from
* mischief on the discharge of lightning, although the lightning conductor that has effected their
protection has been burnt up and destroyed. - As in such cases, however, ‘a new lightning rod

has to be immediately supplied, it would have been cbviously better that the conductor of double
capacity should have been erected in the first instance, The author of this paper must also add’
that he has some reason to look upon the conclusion itself with doubt. There is always danger}
from fire if & lightning conductor of insufficient dimensions happens to_be carried along near]
combustible materials. The lightning stroke is certainly more likely to fall where a lightning
conductor, of whatever kind, is placed, than it would be if there were no such appliance.%
The lightning conductor, in such circumstances, may be * the slight acquisition of power which

destroys the tottering equilibrium ; the last straw which breaks the camel’s back,” alluded to byi
Mr. Preeco.” There certainly is as much danger in the interpolation of a lightning rod in such;
tottering equilibrium as there would bé ina “a borseman galloping along over the grouhdi’
What the damage is that a conductor of insuficient size may effect is well iilustrated in the
practice of firing charges of gunpowder in mines by the platinum fuse. ~A fine wire of platinum
is made part of a current cf elsotrical communication in the midst of a charge of gunpowder.
YWhen a current of electricity is passed through the wire it becomes red hot, on account of not
harving sufficient size to convey the electricity without: derangement of its molecules, and)thlg red)
hot wire fires the gunpowder. If the platinum wire tad had the thickness of a pencil, instead of!
& hair, the same charge of electricity would have passad without the explosion of the gunpowder.'
Another very telling illustx ation is supplied by the nct uncommon occurrence, wWhere a small soft:
metal gas-pipe is attacked by a powerful discharge of lightning, and the gas-pipe is fused, and/

the gas set light to. What the dimensiossin a lightning conductor are that would fulfil this)
{

e

essential condition of givirg sufficient capacity for the safe traflsmission of the largest possible
discharge is yet an unsettled question. In his exesllent monograph alreaay alluded to, Mr%
Preece argues that & No. 4 telegraph wire of galvanised iron, which is & quarter of sn inch in

diameter, is sufficient for tle protection of most dwelling-houses, because No. 8 wires, of iny;’

__ half this capacity, are found " practically to protect telegraph posts from damage by lightning.}

It is, however, most’ probeble that in the case of ‘telegraph wires a lightning discharge is}

distributed among several of these protectors, as soveral are brought into the system by thej
conducting telegraph wires above, Mr. PreeceAalludeé to two No. 8 wires having been fused and
destroyed by lightning in one season. ' M. Arago gives the case of a chain 128 feet long, formed |

of successive rods of iron one quartei of an inch in diameter, which was fused through its whole S

_length by a lightning disi;harge. On the other hand, rods of iron three-quarters of an inch
in diameter have been knowu to convey very powerfcl lightning strokes to the ground harmlessly
“and safely. In the instructonsof the “ Academie des Sciences,” drawn up by Gay-Lussac nndé

Pouillet, 1823 and 1824, a rquare iron bar thres-quarters of an inch in diameter was adopted &s;

ensuring ample capacity fo} all practical pm;ibses.j\ An iron pipe, having the same sectional)

_ mass of metal, is better than a solid xod, because the electrical force is transmitted by the surface

of, the conductor, and a pips obviously has more sitrface than a solid rod of the same relative

" mass.” Galvanised iron is” better then uncoated iron in the first place, because its surface is

. prolected against rusting ;’and in the second place_because the zinc conducts with threg times}
- greater facility than iron. . ‘A rope of galvanised iron consisting of 42 strands of sixteenth.of, an‘

inch wire is a very convenient form of eonductor, on account of its ready flexibility, for purposes
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* long stretch that can be made in continuous lengths, If a conductor is made of several pieces,

it is indispensable that those pieces should be joined together by absolutely perfect metallio
union, or there will be greatly increased resistance to the passage of the electric force in

" consequence of the gaps. In strands of galvanised iron the galvanio surface affords a very

easy path for the electricity, and the iron core isa stubborn metal - in reference to heat, and not
readily destroyed. _A 42-strand wire rope of the character that has been described affords as
much surface, and is i;i all respects as good a conductor as a strip of stout galvanised iron
four inches broad. Copper is & five times better conduetor than uaked iron, A rope of copper
wire one-sixteenth of an inch thick and with 28 strands would be as efficient as a galvanised.

" jron wire rope of 42 strands. Dimensions of this value are recommended, because they are

unquestiona.b‘.y equal to'any demand that can be made upon them, and because there is yet -

" mome measure of uncertainty in regard to the possible intensity of the electrical . discharge in

exceptional enses. It may ;Sgrhaps be *necessary to point out, in fegard to this particular
bearing of the subject, that the sole reason why telegraph engineers incline towards conductors

_ of smaller capacity is that reduction in cost virtnally increases the number of lightning

eonductors that are used. This is & very important practical consideration. But in the face

- 'of it, and after patient and Jong-continued weighing of the whole subject, the author of this

eommunication, in his experience as a lightning engineer in Soutk Africa, notoriously a favorite
haunt of the thunder-storm, ‘adopted the 42-strand rope of sixteenth of an inch galvanised iron

" wire, and never found any reason yet to regret his ;imctiee on this point. 'The provision is ample

for buildings of o_onsiderable clogation. The mistake of employing too small a conductor iz a
verj' common one. Within the last fow weeks the author of this paper himself, in company with

" his excellent friend, the Secretary of the Society of Arts, came upen & lightning conductor

attached to a very haudsome recently restoredvchu;“dl in the vicinity of London, in which a
single very small galvanised iron wire was used, where a lofty spire was part of the structure, and
whera appm'ently the thin wire passed down the face of this spire along a casing of wood shingles.

The author submits that if this is not one of the * last straws that might break the camel’s back
in the circumstance of a tottering equilibrium,” it onght to be. The advantage of copper, in

contrast with iron, for employment as & lightning conductor, is ‘ simply that it heats less easily

under an eloctric discharge, is very stubborn to meit, and that it is the best of all conducting '

substances. Ifs disadvanisges are that it is much more costly than the galvaniead iron eonductor

- which furnishes an equal facility of ‘passage, and that, as a metal, it undergoes 8 molecular
" change, from the frequent passage of strong currénts of electrical force, which materialfy affects -

" its conducting pgwer. It must also be remarked that copperis a very mush better conductor than
* Lrass. ~ Copper costs about one-third more than brass, but it transmits electrical . currents eight

times as well. Messrs. Sanderson and Proctor, of ITuddersfield, and of 18, Quesn Victoria Street,

hve recently contrived a copper tape, or strap, fof lightuing conducters, which eosts about one

shilling the foot, and which is so flexible that it possesses in a very eonsiderable degree the
advantageous properties of rope. It can be bent round the inequslities.of a building with the
utmost facility, can be manufactured in continuous lengths to any extent, and can even be coiled

for convenience of transport. This copper tape is three-quarters of an inch wide, and an eighth

* of an inch thick, and therefore contains a sectional a:rea of a little more than a tenth of & square
inch of solid metal. This will most probably be found to be ample for all ordinary purposes, and

" it can, of course, be readily doubled in any case whore lofty buildings have to be protected.
. The French electricians, who are unquestionubly very high suthorities in matters of this |

olnss, commonly employ metallic ropes, in preforence to bars, for the main stretch of the
‘conductor, because they posseés a larger sectional ares than solid rods of the same diameter, are
‘more easily pluéod, and adapt themselves to irregularities of structure without the trouble of
forging, because they can be readily made of any continuous lengths that can be required, and,
in the case of iron, can be easily galvanised, und Uecause they are so supple and more manageable

They consider that an iron cable should have a diameter rather more than twice and a half thab

" of & copper cable (27°3 millimetres agoinst 1 contimetre) to have the same efliciency. M. Qanaud\'
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an emment French electrical engméer, who has very recently prmted an excellent - book on the
“ Paratonnerre,” records that a yope of copper, four-tenths of an inch (one. centimetre) in
_diameter, employed as a lightning :xmd\mtor at the Church of Sainte Croix at Nantes, and which
was made of seven strands, having each seven threads of wire of a gauge of 0-039 of an inch
(one millimetre) in diameter, had cortainly transmitted several very heavy electrical discharges
without suffering any injury in its own substance, and that a similar rope of one-fifth smaller
diameter (eight millimetres) previously employed had been injured by lightning discharges.

Copper bars a fifth of an inch {exactly five millimetres) have been known to be as much injured
by a single storm as by ten years of expoe.ure and rust. M. Viollet Leduo, on the other hand,

states that copper ropes seven-tenths of an inch (eighteen millimetres) in thickness were burned
at Carcassone. From a consideration of these facts and some others of a similar character, the
French electricians of the present day employ ropes of ccpper of from four-tenths to eight-tenths
of an inch (one to two centimetres) for each 82 feet of height. Mons. R. Francisque Michel, who
has printed an interesting notice of the faulty state of the lightning defence of the publio
monuments of Paris, with some allusion to the views of M. Callaud, in Less Mondes of October
1874, considers that a rope of galvanised iron wire should have a.diameter of eight-tenths of an
inch, to afford efficient protection under ordinary circumstances.” M. Callaud prefers that
metallic ropes should be constructed upon hempen cores, on account of the greater pliability which
this contrivance gives. It has beon already observed that lightning conductors require to be- of
larger size in proportlon to their longth, The law which rules this proportion is simply that the
facility of.electrical transmission in any conductor is” in the exact ratio of the co-efficient of the
conductibility of the metal of whih it is composed, multiplied by the number representing the
section of the rod, and then divided by the: number representing its length. The durability of
any rod is, in general terms, in proportion to the square of its diameter. M. Melsens, a high
French authority, prefers that there should be several conductors of small size rather than one
large one; and it is at any rate gonerally agreed that a large building should be furnished with
several conductors, and that when several conductors are combined into one stem, that stem must

be of a size sufficient, for the safe transmassmn of a]l the electrical force that can be furnished to -

it by the contributory branches. ;. -*

I & § it 50 happens that metallio cables have to be 3omed, the individual wires of the connected
ends must be untwisted, and spliced or mingled together, and then be bound tightly round with
wire in such & way that the whole can be dipped into melted solder, or solder be carefully run in

over a fire. - Cables may be satisfactorily connected with rods by turning a spliced loop upon

their ends in this way, and by thun binding this loop in upon the rod by means of strong screw

nuts, Mons, Michel, in speaking of the need of renevnng the efficiency of the public hghtnmg.
conductors of Paris, makes the excellent practical suggestion, that the ends of rods requiring to
be spliced in continuous electrical communication should have plates of soft lead firmly nipped in
" by screw power betwedn the ends that are to make aontact the entire joint bemg afterwards
enclosed in a sufficient investmen? of solder. e .
The disintegrating energy of an electrial dischar ge is mainly expended upon the extre-
" mities of a conductor. -
first falls, where most probably the first meeting of the two antagonistio forces occurs, and where
the terms of the new alliance have to be arranged; and also on the part by which it has to issue
from the conductor to the ground—the great nutural reservoir of the reserve of the energy. On

L]

this secount lightning conductors require to be expanded and amplified both at their summits -

and at their roots or base. The French Academic des Sciences directed that the top of the
conductor should be a bar of iron two and & quarter inches in diameter, whether square or round,’
tapering up to a blunt conical copper point, shaped to an angle of thirty degrees. " The pointed

termination of the conductor is & matter of some prw’aoal consequence, because it establishes a
“glow and gentle discharge of an ‘accumulation of “electrical force at high tension, as is illustrated

in the ordinary experiment where the charged conductor of an electrical machme is quietly dis-

charged by the presentation of a shm'p needle to Lt De la Rive held thata metalhc ball was qmte K

o

1t effects the most marked ‘mcleclar disturbance on the part where it
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; it of its sting before it comes within striking distance.
"Natal had been largely supplied with pointed lightning sondugtors, under the author’s fostering,
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as efficient for.an upper termms.l as a pomt But whe? a great nﬁmber of lhrrhtnmg conductors
are brought near together, as in protecting the buildingg of an extended town, there is no doubt

that if they are pointed at the top, they serve to suturaje an approaching cloud, and to deprive

influence, the actual discharge of violent lightning str¢kes within the area of the town became
almost unknown. . During several years the only caws that came under the author’s notice
were the tops of two ehmney btacks gomewhat da,naged, and a few loity blue gum-trees
shattered. -, - q

_On account of the fa.cxhty mth wmch it could be su}')phed by ordma,ry workmen, the a.uthor
adopted a terminal for the upper end of the conductor in the colony of Natal, which proved
_very effective and satisfactory. In this arrangementthe top of a galvanised iron rope was

After the city of Pietermaritzburg in ; ..

-

enclosed inl a tube of stout sheet zine, finished =t the stmmit, for the sake of ornament, by a ‘

. gilded ball of turned wood, above which the strands of éle wire were opened into the form of a

sort of brush. Each conductor, in this way, had 42 pomts of its own, and the augmentation of .
terminal capacity was secured by the addition of tho external zino tabe, The tube also supplied
"8 ready and convehient means of a.ttaclnng the conduetcr to einmney staoks or to other protrud-

. ing parts "of the building:

The especial function a.nd- power of pomts is very *sleasmoly and eompletelv illustrated by
a series of three experiments devised by M. Gavarret, Professor of Natural Philosophy tothe
Faculty of Medicine at Paris. He first charges the prime conductor of an electrical machive

. to the highest point of tension that it can contain ; he tfen places mear to it an earth-connected

rod, furnished with a point directed towards the conducbr, and he shows that the tension which
can be produced in the conductor diminishes constantly hs the augle of the neighbouring point
is made less. - He next_ provides a Leyden jar that disciarges itself by spark through a given

- neighbouring point, and unscrewmg this point and replicing it by a crown of points he shows

that thenceforth the same jar will only discharge itself glently and without a spark. -He then -

s0 arranges the jar that it discharges by sparks below the plans of a neighbouring terminal point,
and on fixing latefal points below that plane the apa.rL-d.sch‘Lroes xmmedm.tely cease, .

Perhaps, however, the most telling proof of the binefioial influence of points in relieving -
the tension of an excited electric is that which is given by a very simple and pretty experiment

I most easily performed. If a living man stands upon a ttool with glass legs, and is placed in

eloctrical communication with the prime eonductor of an electrifying machine at work, with a
'gold leaf electromoter on the table three or four yards n‘my from him, and holds in his hand

a sewing neodle, with one finger pressed over the point, the gold leaves of the electrometer show

1o manifestation of the eloctricity in the operator, until 1e unmasks the needle by withdrawing"
the finger from its point, when the gold leaves immediatly start asunder, ynder the influence of
the stream of electricity which is poured out upon them flrough the point, even at that distance.

Or yet, again, if a large tassel of strips of light tissue pager is made to throw its several strips

out info a dlveroent brush, by electrifying the tassel from a machine, the tasselsof the paper
_oollapse together immediately upon unmaking upon themn a needle point held in the operator’s
hand at the distance of two or three feef away. There is one very important result of the
~employment of terminal points to lightning rods which should never be lost sight of. A
| lightning rod with efucient points and in satisfactory operation might be grasped by the hand

of a living maryeven when in action, with entire mpumty, because, on account of the continued:

drain set up by the points, the rod can*never assume any dangerously high tension. A conductor

- acting without a point, on the other hand, is in a state of very considerable tension when it effects

its first discharge, and if it were grasped in the same way by a hand, would, in all probability,

 strike through that hand some very inconvenient and possibly painful proportion of the discharges

Conductors that have been acting silently ‘with point3 hive been seen. to be struck by sinuous
tracks of fire, md.lca.tmg da.ngerous dlscha,rves of lngh tensmn, when they have been d.sarmed
of theu' pomts. U : o ,
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- ! e, the chemical disintegration of eorrnsive metals at moist contact when electric currents sre operas
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* . the Rue Montmartre, exhibits a model of the multiple point which the French electricians most
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" Platinum has very generally been recommended for the construction of the terminal points
of thtning rods, because it is one of }he hgxdgst known metals to inelﬁ, _and because it is a.lso ]
" . not easily oxidised. The points are saaped to an angle of from 7 to 10 degrees at the top,
. and are made a trifle less than 2 inches (5 centimetres by the French) long. 'In this form they
" are screwed firmly into the t_op‘ of a rod of copper, “which is then, in its {urn, cgqnécted with &
cabls or metallio bar below. The termizal rod is usually made of augmenting size as it descends,
*  andis generally projected from 12 to 20 or 30 foet above the building that is to be protected.
" Platioum points are specially, made for lightning conductors in Paris. They are supplied by
‘ ‘Collins, of 118, Rue Montmszrtre ; Be‘ignet, of 96, Rue Montmartre; snd Detouche, of 222,
' Rue St. Martin. The cost of 'a Aplntinnm “point at these houses, grafted on brass, and from 5v
. ' . 1070 centimetres (1°9 to 27 Iinches) long, is from 16 to 22 francs. For better finished work,
" - with larger needles of platinixjm, grafted up{)p copper, the cost is from 60 to 200 francs.
"~ M. Francisque Michel cbi%isideis thal the points may be quite as advantageously made of silver
- ‘a.lloyéd with copper, in the fﬁmme_ way that it is when used for coining silver money, that is
containing 165 parts of copyeer to 833 parts of ‘silver. " Such points have the unquestionable
recommendation that this alliy possesses a very much higher conducting power than platinum,
which has 12 times less conducting pewer than silver and 11 times less than copper» Mesars.
Sanderson and Proctor construct their points very neatly, by simply twisting the copper tape
spirally at the end, after the fashion of in anger, and then filling away the termination of the flat
+ metal into the shape of & sharp angle. ' The entire 4 t_eymina.l is also gilded over the copper to the
" . oxtent of eight inches. - This kind of pcint bxis the very obvious reoommenda.ti?n_tha? it forms a
" continuous portion of the actual rod, anl needs no joining or attachment. R
- The French eledtxiéia:n@; stronglj'i recommend, upon the ground of the experiments of
. Profescor Gavarret, that the lightning 1d should be terminated by & cluster or a erown of points,
instead of by one alone, ani AL Calliud has given twqﬁsketches in his treatise _°£ forn;.s of
. terminal points that have béén adopted in France, it one of which.a ircle f’f ten pO}l}t& radiates
st an angle of 45 degrees round the bas» of the prinsipal terminal, which rises some mcht'as above
" them ; whilst in the other a Xind of plirue of points feathers out from the base. M. Beignet of |
. affect. Mr, Francis, of Southampton Stréet,‘Strh.nd, c&znstructs a very simple and eﬁieient
. multiple point of copper. " 'VDh‘e‘Ho'tal de Villo at Brussels, which is a very large building, and
"which has been furnished with lightning rods upon a very, complete scale by Mr. Melsens, a
. distinguished Belgian electrician, is litally bristling with points.. It has 228 points of copper
" and 36 points of iron in its gystem,~ .. 1 TR o L0 e ‘

Y

. The lower termination of a lightning c&hdﬁétbr requires the exercise of even more care than

its upper end, because it is less constantly and less generally @fler observation, and any short-

: coming or mistake in reference to itis fatal to- the efficiency. of the rest of the arrangements,
_ .+ - however judiciously they may have been carried out. "A faulty termination of the earth connec-
" tion s, of all else, the most. common end frequent blunder, in relation to lightning conductors,
.+ that ismade. As thatis cne of the terminations of the artificially provided conduoting track, it

must be of enlarged dimensions,’ as has been already explained. It must be in very intimate]

. oommunioation, not merely with the ground, but with the freely - conducting portion of it. - If
.- & moist contact can  be secured by insrtion -of ‘the rope or rod into constantly damp soil, the
- %oontact need only be large enough to diffuse what is known as the eleotrolytiemotion—that isy

.+ tive—over a fairly extendel epace.” If theiéénrts;ctt is made with dry earth, the surfaces must b

- ™ very large indeed.” The drier the mat:é‘arib.l\. that is involved—unless it be an extended system of

. % . eontinuous metallic substa'.!jlde,; such as tfxq i iixidgrgfound}iron’ tgbes of water and gas supplies u}
-+ towns, which are among /the most efficient ground terminals that can be adopted—the mory
o + expanded must be t}ip'su;f,g;:es of eSmmumeationand Wn_t?"’f' P ; U
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o It'is worth'while'here to makéE 8 passing allusion. to a few flagrant instances of faulty
eonstruction in the establishment of earth contacts of lightning conductors on account of the -

" strength of the illustration that dwellsin such failures. In a well known case of & lighthouse

" the earth which js essential to the object in view. "Mr. Precce has drawn attenti

at Genoa, which was injured by lightning, and which was presumed to have been furnished with -

i aeeri:\ingly efficient ’protecti»on, it was found that Qhe boitom of the conductor had been plunged
. into the interior of a stone rain-water cistern, p'rima.'rily construsted especially to keep out ;he

" inflltration of the sea, and therefore well adapted to provent that moist contact with the mass of
on to a very

- similar case at Liydney, in North Monmouthshire, where the hollow of an iron gas tube, intended

to protect the church, was inserted into the substance of a loose stone that was itself imbedded on .

* dry pavement. Ono of the most sublime instances of this form, not merely of superfluous but of

-~ sctually dangerous care, came under the author’s own observation a few years ago, when he found

~“in the case of a church in Norfolk, which was injured by lightning, although the tower was
‘furnished with an apparently sufficient conductor, that the metallic rod was ca.:ried through the
“ necks of glass bottles wherever it was attached to the masonry, and that the system of precaution

was finally consummated at the base by putting the bottom of the rod into a glass bottle buried

- in the dry earth.’ But a few months since, the author undertook to see to the protection of the -

residence of a friend in the neighbourhood of Kensington Gardens, in which an exceptionally lofty
house, even for that aspiring neighb_ourhood, had to be defended. A sufficient copper rope was
brought down from an iron balustrade that surrounded the summit of the roof, but it so chanced

. that this was left lying at the lower end on the stone pavement of a sunk basement floor before

‘the permanent ezyrtl} confacts had been éstablished, and that a thunder-storm suddenly burst
over the neighbourhood while the system of protection was left in that unfinisked state, -The
head of the household, in the absence of his scientific adviser, was, however, equal to the emergency.

- - He'had the bottom of the rope carefully coiled aw:aj into the interior of a wooden pail, determined,
. most probably, that if the lightning did come down the rope, it should at any rate be kept in the~

pail until it could be carried away by some competent hand. In one very instructive instanee, a
house in Natal, which had been furnished witk one of the asuthor’s galvanised wire ropes for a

L ; “eonductor, but not under his pgréonal superintondence, was injured by lightning. The house was
- alow-hipped structure, of one storey. The rope had been brought from the top roof ridge which

wa3 of metal, along one of the hip angles, then down. a corner post, and huried in the ground.

The Iightping, however, had perversely preferred to go down an opposite hip, whera there was,
.80 far, a metal road and hed then leaped through the wall, taking some iron sash 'éights ofa -

window by the way, and shattering the brick-work and doing other damage in its course. . The

. . author went down, as soon 'as he had heard of this accident, to investigate its cause; and the
- cause was simply this: thé lightning conductor had been plunged into a tract of dry sand at the

. corner of the house. Dut at the other corner, by which the lightning had effected its own escape

- to the ground, was an old pool of water that had been filled up with earth, but was still saturated
.. with moisture, and still conneected with ramifications of infiltrated soil. * In this case the lightning,
" when it struck the roof of the house, bad divided itself between the two routes which were offered

- to it—tho conductor and the dry sand contact of insufficient area and the wall with its stepping

. stones of sash wéighf;s and its abundant wet contact beneath. The proportion of the discharge
. which had taken these different routes was determined by the specific resistance of each way, and

* in the coufse‘that involved the leap through the mon-conducting wall, the amount which passed

- was sufficient to produce the destructive disruption which ocourred. All competent electrical

" - engineers are now keenly alive to the automatic electrolytic action that is apt to take place jn
» .-the earth contacts of a lightning conductor, and urge that it is not enough merely to construct
- én‘eﬂieient lightning conductorin all its essential particulars, but that the arrangemants must be

- examined from time to time, to make sure that no derangement has taken place. Such examina-

-+ tion may readily be effected by raking short dircaits through the conductor with the wire of & .
galvanometer, 0 as to prove by the movements of the meedle that the eleotric path is efficiontly
welear, 0 L el W S ‘
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X From the instant that an earth conlact is established for a lightning conductor, destructive - -
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change of the surfaces of contact begiis, and, sooner or later, the power of the conductor is
materially impaired from this- cause. * This action, known as the electrolytic disintegration,
requires to be constantly watched, beyend all else, and all the more because it proceeds in &
region where the conductor is removed from observation by the eye, and it is most fortunate

that such watching may be most efficiently and satisfactorily accomplished by so ready and

convenient a means as the employment of the galvanomoter. M Wilfred de Fonviello has )

indeed proposed that every lightning rondustor ghould have an arrangement of a short circuit
wire with the galvanometer attached pemanenﬁy to it, in « form which he terms Le Controleur
des Paratonnerres, ond which is so designed as to be always ready for the eye of the observer.
The aunthor was once very near indeed so furnishing, at his own cost, & proof of the material
need of some test and evidence of this character. e had supplied his own residence in the

capital of Natal with one of his galvanised iron ropes, with the zine tube and brush so

demonstratively displayed above asto b a constant objeot of observation and remark to his
compatriots and neighbours. The finial was placed s0 as to be & sort of advertisement of the
enlightened practice of the owner of the house, and a standing reproof to the negligence of
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" of water or gas, in towns. - -

of an inch) sq re M. Callaud calculates fhat in order to accomplish this purpose his earth-

‘basket must contain one hectolitre (two bushels and eight-tenths) of broken coke. In order that

a Ught{;ing ‘Irod may perform its work perfectly, it is obvious that there must not be any
greater resistance to the passage of the electrical discharge at its earth-outlet than there is in the
rod or main channel of the discharge. Very commonly in badly-arranged lightning rods, it is
found that there is ten thousand times more resistance st the outlet into the earth than there ia
in the ma.mrod of the condllctoxf. When this altogether excellent expedient of M. Callaud’s
cannot be adopted, a bore four or five inches in diameter should be sunk sixteén" or twenty feet
into damp soil, into'which the cable should be inserted, and then the bore should be filled round

. the cable with broken coke, and the whole be firmly rammed down ; or radiat{ng trenches ghould

he cut as deep as possible in the ground, and corresponding branches from the cable be then
pacﬁed into these with an ianstment of broken coke. M. Francisque Michel gives an unquali-
fied approval to the attachments of the lower terminal of the cable to Iron service-pipes, whether .

In Gay-Lussac's report to the French Academy of Sciences, in 1823, it was held that‘ all
large metallio masses contained in any building should be brought into metallic communication

those who would not follow so excellent an example. The earth contact was very efficiently
made, by carrying the rope along the rauddy bottom of ona of the streams of constantly running
water that in the old Dutch settlements of South Adrica are always found fringing the streets ;
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with the main system of conductors, and that there was no meed whatever for the employment
“of insulating supports in attaching the lightning rod to. the str.ctures that it is intended to
defend. - These conclusions of Gay-Lussac’s have been generally acted upon since his time, and
. no very marked case has ever ocourred to stamp the practice that has been adopted in these
" particulars as radically wrong.. In my own practice, in the colony of Natal, I have almost
invariably acted upon them, and no single instance of insuffciency of protection has ever come
under my notice in consequence of the arrangement. ' The point is, however, one upon which

and during many very severe thunder-storms the author sat in his easy chair, priding himself on

, the completeness of his arrangements.. Je subsequently, however, by mere accident, made
‘ _the astounding discovery that for & considerable length of time the tail of his lightning rope had
not been trailed in the wet mud, but was carefully packed away along a stretch of dry ground,

3
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1’ ; \ under the shelter of a thick-set hedge, that served effectuslly to conceal its presence there, On B : . ; ; e ‘ o ATate® 4 ’
Yoo :’ some unhappy occasion, when the suthor was away, the water-courses had been undergding . Eoll: A ,“‘thgre 1s now £ome d{fference of opinion in h{gh' quarters. M. Callaud, for instance, in his -
(I " cleansing and repair by the civio authoriies, and the workmen, finding the metal rope in the mud, : i}_ recently-printed treatise on the Paratonnerre, insists upon the adoption of insulating supports
| ’1 g had takon considerable pains to pack it away in the drier snd cleaner place in which it was L for the rod, and unr{ondltlox.\al}y condemns the electrical communuication of the rod with the .
| o _ ultimately discovered. If any accident from lightning had in the meantime occurred tothé - i s rnme'i;alhe nasses contained Wﬂn?‘ the building; and he states in one part of that work that
}r g ! house, this case would certainly hava lived in the annals. of Natal, for a couple of centuriesat _ - % ‘1 LM ‘.I‘l’_?nuiiaf‘ h.us to - sox0¢ extent 'given in Lis“slhesion to thorg revelntlonsfy wiews, AL
P P ' Jeast, as a remarkable proof of the ineficacy of lightnixig rods, and the great lightning! doctor - R % Frs.,ncnjque Mmhel,ion .the other hand, upon & full review of all M. Callaud’s arguments,
F ,; g himself would have been held to have brought down the vengeance of the clouds upon uisown - . » E?\ ; : maintains the O,Id doctrine that the econductor may safely be attached to ihe masonry of the
4 U ; ’ - ignorance and presumption. - SEY e L . ' A i’ bﬂ{lﬁg by ordinary staples or holdfasts, or any congenient way, and that insulating supports
F i i3 o The French electricians have -contrived a very exoellent expe dGient for making an eficient - - . z’\ Ry ara of no use wl.mtever, and that all masses of metal contained in a building should, as a gomeral .-
i E ’ " earth oontact. They construct a stout harrow of galvanised iron, with recurved teeth, connect . Y R ~ rule, be metallically connected with the main line of the conductor. Professor Melsens, of '

the Royal Academy of Belgium, one of the highest Delgian suthorities, contends, upon

P o

i o

; % this ca.refully thlf the end of tpe cable or. .rod,- and then bul'z;lt, in_lbedded 1n a mas\s of _ gw experimental grounds, that the well-known L ¢ dorived eloctrical ¢
4t broken coke, in moist earth. The cable or rod is conducted to a suitable site for this terminal i forco-to the & e £ olostical £ n ;W}:I oh t.e_rxve e ch ;a currents apply with equal
AL io channels of curved tiles, well filled with broken cuke, or even sealed up in leaden tubes, & oY ransmissions of electrical foros of high tension, and that ecattered masses of metal
i {f thers are ammoniacal vapours o be encountered by the way, M. Callaud has a still more i\ LIn any building should be metallically- connected with the conductor by closed circuits consti- X
' ingenious and admirable plan of effecting this purpose.” He hangs at the bottom of the cablea - j\ 1 - tuted P;zr_qoctxtgcts with t‘.vo distinet points of the rod. This- divergence of view among high
galvanised iron grapnel, with four upturned and four down-curved teeth, and éntangles these - N B authorities is of notable import, because it is virtually the only material difference of practice
5" within a basket of netted wire, and then packs in this basket with fragments of coke; and the . N §\{ i% tﬂﬁgt ifs on cgunter ed in;ille treatment of this subject by well qualified scientifio men, snd it may
{71 . basket, ooko, and grapnelare afteriards sunk into a pit or well, or buried deep in moist sarth. Py LA erefore be very readily admitted te bo an affair that Ivet requires a more searching investi-
] M Callaud profers eoke o charcoal, on sccount ‘of its greater porosity and sccessibility to- “ i: [ . g:ﬁt:?n_andrftm’thgrthsgvere question by. observation and' periment. In the meantime it is of
R moisture ; and he has made some careful experiments to satisfy himself of the size whioh this o 4 - B0 d9 lm ance at‘ the exact bearing of the doctrine edvocated by M. Callaud should be
earth terminal should have. ~According to the experiments of M. Pouillet and M. Ed.Becquerel, i E understood. - . . TR R L :
pure water conducts the electrical force 6,754 million times less froely than copper, and there- " ' ﬂ\ Y j!n illustration of his argument, M., Callaud takes the case of an iron balecony supported in
fore, for free transmission,‘ the earth contact, if effected by pure water, should have 6,754 "2‘\. 'd ‘ .'frpnt of tl.m' window of a housa at some elevation from the ground, and considers the possible
- " ‘million times the area of the main, conducting cable or rod.  This theoretical argument is, ) g N :t : :zf:l;;o ?vmg xgenband women co.ntamed n t}lis baleony st the ?ime of a pevere ?hund.erstorm,
N . _" _ ho.we.ver, very ma.terially 9ﬁected by the fac§ that thp waﬁerén tha' earth‘contaim conducting ;" E %_: é‘ - II; ;rv?lfsy Ai?rt;x:ba;:oqonz 18, or mtn;t’ ‘fi;cml‘;"ny (.mnnected* “:1'0'11 an efficient hghtmg rod,
. principles of considerable power, fdld by other analogous considerations; and an earth contact - ! it or leml:iné, g' inst its xgl’ls. Oonnege c]w% . 1:'5}11 tln m£ ,:()d’ 2 h;lgg persox;l standing upon it .
¥ : of 1,000 square metres (1,198 sqnare yards) has been fixed by the best French authorities as ' i K . : ’ ' roL, 18 very much more MRV D 70 struck by a discharge of lightning, .
j . 7. sufficient for all practical purpos)e{ for a :@n@uetgx p* gopper, that‘ is, one centimetre (four-tenths ) e s :Za;ifd :.he b‘alco?y had nofsuch co.nneet_ion. ; I’_‘ the former case the living body i.é likely to
b ) R o (‘& . R L % A~ . de 8 s,eppmg-gtqu or the lightning on its way to the rod. e Lolds that in the case
N - ) o e e A o
L . . - 7 e / . __. ) . . z . . } o ‘ : g
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Mo of s hgbtmng stroke the chtmces are & hundre‘i bo ono that a8 hghtnmg rod is struck in prefe N
REE to any part of a building, but that if the oonduotor is faulty in eny particular, and sca.tt ;E
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-metallic masses are connectad to it, this is tar. tamount to attaching the hundred chancesi
danger'to the metallio masses and to living pec ple placed near them. , He says, in effea
) satxsfactory and perfect lighning rod should b4 wo placed that it efficiently protects evary g
of the structure it is attachel to, and that if it dnes this no scattered mass of metal within 3
building ean possibly be struck by 8 dmoharge “Therefore, connection of the rod with scatte
masses of metal is superfluots and uselm where the rod is efficient and perfect in itself, z
objectionable and dangerous when the rod ia mt in an efficiently acting condition.
perhaps, the greatest force of this argument falls ..(pon a fact which is very earnestly pressed
* M. Callaud, that a hghtmng rod is a merely poisive piece of mechanism, which does not
visible or palpable signs of its own derangement, Lke a clock, but which may furnish fatal p
* of its imperfection too late bg killing the persou who places unmerited and undue trust in
: eﬂimency and excellence. - M; Collaud remarks ‘with some force. * Lightning cannot strik
structure that is well proteefnd "If the lightoing finds at the side of the Pmtonnerre
- eloctrical conductor that is euperior to itself, the structure is then inefficiently defended.
_ Paratonnerre ought to dommﬂ.te, to cover, to pro‘ect, a building in all its parts, and in alli )
- details, or it is better away.” .The gist of the whole matter, therefore, is, take care that y
conductor 1s perfect and efficient in all its parfs, and that it is in every sense adequate tof;
. work that it is required to do, whatever may be tne size of the building, and then it beeomet
- mstter of small moment wk: sther scaitered masses or metal comprised in the building: Q
" connected with the rod or are not eonnect«,d end whether the rod is connected to the buildi
- by insulating or by non-mmw;tmg supports. . ‘M. Callaud’s conclusion, however (and it is #
~ one upon which he states that M, Pouillet has g ‘van in his adhesion), is substantially—¢ Com\i
. any masses of metal with the Paratonnem thaf are of necesmty removed from the occasio
close presence of living people, bat o1 no ace ount ever connect such masses with the Paratonney,
when they may at any time Lave hvmg people in their close neighbourhood.” . Pending furth
‘investigation of this very m,aresf.mg poirt, tteve can be no doubt that this distinetion "ﬁ
prudent and a safe one tobe ¢ dopted in pz-attme N and that it is more prudent and more req
" in proportion to the insuffic’lency of the arrae g=ments of the conductor.. Conducting m
which are connected with the earth by less readil ' oonductmg substances oecasxona.lly give 17 .
to a curious effect, which is techmcally known a3 the return ‘shock, and which is altogether:
result of inductive action. " s When o powarfdly cha.rged electric comes within a mode
distance of them, an electnca.x charge of an opposte character is drawn into them by inducti
‘but this secondary charge eicapes back ‘towards the earth the instant the inducing tensio
removed. The production axd character of this 2eturn shock, caused by inductive action, &

-

E:-’ ~ of very complete illustration by electrical npyamius An insulted conductor of long cylindrig
i - form, but with its glass supprts only half the ler gth of the glass pillar of a prime conductor
’1 _ an electrical machine, may be placed pmulel wvt’: the prime conductor, but about an inch awa
1 i - The secondary conductor is {hen to be rmsed 1 the same height as the prime eonductor,
; “ - <" fixing its glass pillar upon the top of pzﬂm o%wood a fine wire bemg carried from the m

- - cylinder to the wood A wire_is_ th e.lwo to be carried from the seoonda.ry conductor to
earth, but i is to be 80 arranoel that a sma.ll gep naybe left in some convement part of its co
_~ When the prime conductor in charged pos txvelj by the maehme, the pomtxve electricity of
‘seoondary conductor is mductxvely driven out fhrough the wire and the wooden pillar to
-~ earth, and the conductor it slf fomains npvahvely charged. . But when the workmg of
~ machine is stopped, and the j»nma condnetor is q.apnved of its positive oharge by a touch of :}
. finger, the negative charge j in. the éecondn.ry cunductor is ‘also set free from its condition
" inductively maintained const;: nin, *and positive eue ctnclty leaps back from the earth to_restors
7 proper balance and saturahou, a.nd 8s it does 89 is seen passmg as a spark through the gap
- .°v the earth-wire, because that gu.p aﬁords lcss raglstance to the passage of . electnmty of tensid

o o than the supportmg pxllnr of wood, - If a Lirtls fvun-eotton, or ‘some other smtable mﬂammah,

" o0il similar to the first, which he can place parallel o it and sbout an eighth of an inch away,

. " "demonstrate that all structures lying within & conical space, which had the conductor itself for
_ " its hevght and 'Y breadth for its base equal to four times the height of .the eonductor, were safe.
-+ This estimate gwea a fair arproxxmatmn to a truth, but it is by no means absclute, and must not

| the upper termination, .or terminations, of the rod must be arranged. The terminal point should
. 1} g0 8ome considerable distance above the housetops, and then if any projecting parts of the house

* whick has been named, other subsidiary pomts must be reared up from the line of the conductor

' above such conical slopes. M. Preece, in his paper, considers that¥ the lightning conductor

*"should only be held to afford absolute protection within a conical space n which the base is as

+,largs again as the height of the line. . When, however, the general idea of the limits of this

; lateral protectmn is once clearly conceived, it becomes very easy, indeed, to render the arrange-

, ments of the upper terminals perﬁect for any -individual ecase,

T pmomment masses of metal shall be connected with the gystem of metallic comamunication, and
- -that an ‘additional branch of the system of defence shall be carried out whenever outlying parts -
- *.'of the structure get near to the conical limit of protection. . This is virtually what has been done

s m the ease of the Hotel de Ville at Brussels, with its termmal of 264 points.

S tmn of ships from lightning, he devised a plan of making the lightning conductor a part of

S . ' the original design and eesentml construction of the: shlp = Now all large and well-contrived
.7 vessels are o.lwuyu ‘built with the lightning rod mcluded in - their- structure. It is almost

SR ob;ect; of dxuly need and tho mors 80 when rain’ pxpes themselves can be 80 easﬂy turaed by a
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substance is plaoed in the gap, it ia ﬁred by the spark at the instant of the dischargs. Pro- .
- fessor Tyndall, in his lectures at the Royal Imstitution, shows the production of this sym-
p;thetm inductive dxscha.rge in a very magnificent form. IIe has & flat coil of copper-wire
 imbedded in & mass of insulating resin, through which he can pass the discharge of the power-
“'ful battery of the institution, consisting of fifteen Leyden jars; and he has also & second flat

“the two ends of the second coil | being connected with a wire presenting a small gap of continuity,
Wken the dwcharge of the bLattery is passed through the first coil, a powerful sympathetio
dm,ha.rge sushes at the same instant through the seconda.ry coil, and makes itself manifest by
a bright flash and & loud snap in the gap of the connecting wire. The dlsnlm.rge of an electrio
“eloud in this way not uncommonly produces a number of sympathetic minor disvharges from
" neighbouring bodies. The induced discharge is sometlmes quite strong enough to produce
_mechanical mischief in resisting bodies that Lie in its path. The shocks experienced by living
people on the instant of a dischargs of lightning without fatal results are generally of this
character. It was to meet the case of these incidental induced charges, and the consequent

AN

o “return shocks," that the expedient of connecting scattered masses of metal with the conductor, ;nlfi
" was originally devwerl The return shock resulting from a limited inductive disturbance may !i
be strong enough in some circumstances to cause death by the mnre arrest of the vital action of {:"‘3
tlxe nerve structures through which it passes, without leaving behind it any, trace of mecharical E"S"ﬁ

i Y. PR
nolence, such 23 is generally produced by the true hghtmng stroke. LB

The old practice of protecting buildings from lightning consisted in erechn" rods of :
metal upon wooden frames, near to, but not in actual contact with, the walls of the house,
When the author of this article first visited Natal in 1857, the houses in the two principal towns,
‘that were defended at all had independent conductors of this class, of the rudest possible kind,

* erected by the side of the one-storeyed houses upon ungainly wooden frames. The conductor

. was aomposed of an iren rod, ]ouied in three lcngths, and rudely pointed above, and it was
" made of three different pieces—a comparatively thick one below and a comparatively thin one *

&t the top. This practice was primarily based upen ap investigation which was conceived to

. be empmcally relied wpon. ' If, however, furnishes a very good indicaiion of the way 1 - which
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It is only necessasy that all

" 'When Sir Willism Snow Harris, now some years ago, turned his attention - ‘to the protec-

moredxble that up to . this time . the sama course’ has nct been taken with houses. It is hard to -
undarstand why hghtmno' conductors should be ob]ects of exceptional luxury, and rain pipes
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little forethought e.nd meohamonl 1ngenu1fy mto hghtmng conductors of the most efficient
character ; they only need that their joints shall be made mechanically continuous, that their .
earth contacts shall be perfected,. that all masses of metal, wmh perbaps the limitation that is
ocontended for by M. Calland, shall be brought into metallic communication W1th them, and

" that metal terminals shall be distributed - from theny, to the ‘roofs above, upon the principle 3

that has been explained. = Mr. Preoce has thrown out one very- -excellent suggestion which well
deserves further thought; it is to the effect that metal ventilating pipes carried up from the
gewers over the roof of the house may udvanfaoeously be made part of the arrangements for

protection against lightning. ‘The familiar case of the Monument of London is continually |
adduced as a proof of the readmess with which the a.cmdental features of a building may be |

are continuously connected with the ground by means of a very thick balustrade of iron that
runs as a hand-rail down the stairs; the structure is 200 feet high, and towers above ll |

neighbouring buildings, and yet it bas now stoed within three years of two centuries mthout .

ever having been injuriously tonched by the lwhtmng. a4 .
It was conceived, until recently, that St. Paul’s Cathedral had been efﬁcxently proteoted
in some similar way by the arrangement of water-pipes, and some. supplementmo of them by

metallic rods, added by a Committee of the Royal Society some 120 years ago. Mr. Faulkner," -

of Manchester, however, found, in s careful exmmnatzon ‘made subsequently to 1872, that the -

eystem had become entirely ineffivient for the purpose for mhmh it was intended, by the forma-
tion of thick incrustation of rust on tho contact surfaco of the rods and by the interpolation of

blocks of dry granite, some nine mches thick, in places mto the actual line of electrical conduc- - }

tion. The entire building has now been most efficiently protected under the skilful direction

" of Mr. Faulkner, by ¢arrying eight octagonal half-inch ropes of common wire from the Cross,
. Ball, and Golden-gallery through the metal-work of the roof of the dome, and through the

metal-work and rainfalls of the lower parts of the bmldmg to the sewers, where the conduotmg
stands terminate in copper plates pegged into the moist earth. In carrying out this work
every important metallic portion of the bpxldmo' was separately tested by the galvanometer to
make sure that the electrical communication with the earth was virtually and substantmlly clear.

The galvanometer was first- ‘mada into a circuit with a. inetallio gas-pipe; and then the circuit

was opened out, s0 that earth was made in one direction through the ‘gas-pipe and in the other
through the metallic portion of the building for the time under examination ; and the test was
not considered satisfactory until the deflections of the gaovanometer were the same under both

alternatives. ' In arranging methodical arohlteetural plans "of this kind, it must always be
. carefully borne in mind that emall gas-pipes of easily fusible "metal must on no account form

part of the connecting lines of oonductmg clrcmt Gas-pipes are most easily fused by a “stroke

, of lightning, and when they are 50 fused the gas mlneh esoapes from the extemponsed onﬁce u: )
", invarisbly set lightto. - U0 T e n T oes tae e e

One point which was exprossly urged by lfr. Preece and by Captam Douglas Galton in -
- the discussion of Mr. Preece’s paper at the Soviety of Telegraph Engineers, should be most
carefully kept in view in any ‘structaral plan matured' for the protection of building, namely,
the including of all fire-places or stoves and soot-blaclsenod chimneys in the system of connected -
construction. .To adopt Mr. Proece’s own statement of this need—* It must not be forgotten

that a chimney lined with & thick layer’ ‘of soot up ‘which a current of heated air and volumes

of smoke are ascending, and terminated by a'mass of metal (the grate) 1s sl excellent but
' de.ngerous conductor, for it ends in the room, and not in the earth.”. . -
. Bince-the first preparatloa of this paper-two pamphlets by “Messrs." G'rray and Son, of‘

: I.nmehouse, have ‘come mto t)e hands of the author, ‘which are valuable and mterestmg on
T sccount of the details which thay contam of & considerable’ series of instances of damage from "

SR hghtmng Mr. W. J. Gray, ‘if this firm,’ was ongmally concerned - with' 8ir William Snow

.~ -Harrisin- perfecting his plan” {or protectmo shrps, end obwously possesses 8 large amount of
e f yrachcal mformatmn m regard to' aoudents that have occurred. Space now only serves to ssy ‘s

35
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turned to account for this purpose. ‘The metallio emblems of flame at the top of the column %
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that the Messrs. Gray endorse the practice of eonneotq}g all metallic masses in a structure with |
the main line of conduction, and especially urge the. surroutzdmg of all prominent objects such
as the tops of tall chimneys and church towers, with u antinuous bands of copper . brought down
into direct connection with the discharging rod . g

The great length to which this paper bas alreid y extended xtself alone prevents some
allusion being here made to the views of. Professor ﬁenoer, of Prague, who advocates the use
of circular zone-like or rmg-shaped conductors embra ing mthm theu' span the objects which
are to be defended from injury. : § 4

There is no sufficient ground for the popular 1deo; that accldents from lightning are of such .
rare occurrence that it is scarcely worthwhile to incur }no trouble and cost wlnch artificial pro-
tection involves. . The ﬁgures of the statistician provc that accidents are- very frequent indeed.
The Escurial in Spain has been set fire to four tn.‘eslby lightning in less than three centuries.
As many as 1,308 persons were ascertained to be Lpled by lightning in France between 1835
and 1852. Some time ago the mean nuraber of deaths from lightning in each yéar was marked
at 3in Belgium, 9 in Sweden, 22 in Englaud, 50 in the United States of America, and 95 in
France. M. D’Abbadie records the destruction of t?vo thousand sheep by a single discharge

~ of lightning. Mr. Preece tells of 897 telegraph mstrpments injured by lightning in the first

six months of 1872 in a staff of 9, 475 m%ruments ¥r. G. J. Symons, one of the Secretaries of
the Meteorological Society, has glven 35 the list of 2ecxdents ‘hat he had ascertained to have
happened during two severe storms ip Jare 1872, 1§ deaths aud 13 ca.ees of injury to human
beings ; 60 houses struck and 15 bvtned down s a.nd,ﬁ horses or, cattle and 99 sheep killed.
It neod scarcely be said that many ‘accidents also oocur every. year from lightning, over and
above those which get publicly spoken of or placedt on record. In large towns damageto .
property is more frequent than destruchon of human:life, but in the open country destruction
of life is the more frequent oceurrence. In the face of figures like these, and of the fact of
the slowness of man to avail himse!f of the ready defence which science places at his ‘command,
unfortunate humanity certamly gfands very much in ‘:need of the oconsolation which the
physiologist affords when he tells us_that all danger fron lightning is passed when the flash
of the electncal discharge is seen, and when he further states that when men are killed by
lightning they are dead before they have time to know anything about the fact, or indeed to be
conscious of the fatal blow—a. conclusion, by the way, ‘which 1s stnkmgly eorrobora.ted by an
unintentional experience of Professor Tyndall’s, who upon one occasion passed the full charge of
the powerful Leyden jar battery of the Royal Institution, by accident, through him, and was
perfectly unconscious of any shock. It is something, at any Tate, to have this comfortable
assurance when the sense of neglected opportunity comes over the mind in an exposed situation
and in an unprotected house during a severe thunderstorm. But it is humbly submitted, as an
sppropriate last word of this paper, that to men of vell-regulated minds a good lightning

conductor may, in such emergency, be found to be an even grea.ter s’msfaohon and comfort
) : N “ -
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Coe T DISCUSSIOV
T'he Chau'man caid there was no txme for the dmcussxon of the subject which had been so
ably brought before them, but 1£ any one had any question to ask, he was quite sure Dr. Mann
would be very happy to answer it. If there were no questions, he would propose a cordial vote
of thanks to Dr. Mann, = o L - to. T
The motion having been ca.med, ' _— ‘
Dr. Mann said hé was quite sm'ethe Councﬂ of the Somety wonld be glad to afford a an

opportnmty for discussion on a future occasion, if it was desired. There were one or two points
_ which might well be discussed, and if any one, felt desirous of entenng upon them, he should be
‘ glad if they would ecommunicate with him before the next session, and he would then endeavour
. - 40 make arrangements for the subject being again brought forward, ‘ oo
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The copper &pe and spiral terminhl'cf Messrs. 'Sande}son and Proctor the copper multiple |
pomts and copper earth-plates of Mr. Francis; and the octagonal ccopper rops used in thos‘ ]

- protaction of 8t. Paul’s, with specimens of broad and solid copper bands used in the protection -
of large buildings, and of the screw contacts adopted with these large flat conductors, of Mr.. 3

- Fsulkner, of Manchester, were exhxbxtedto the mcetmo through the kmdness of these gez..lemon. : 1
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