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XL. Olfervations upon the Effelts of Light-
ning, with an Account of the Apparatus pro-
pofed to prevent its Mifchiefs to Buildings,
more particularly to Powder Magazines; be-
ing Anfwers to certain Queftions propofed by
M. Calandrini, of Geneva, #o William Wat-
fon, M. D. F. R. §.

To the Right Honourable the Earl of MoRTON,
Prefident of the Royal Society.

My Lord,

Read June 28, Y Very lately received a letter from the
1764 I learned and ingenious Monfieur Ca-
landrini, of Geneva, who has a confiderable employ-
ment in the Ordnance in that city. In this letter
Monfieur Calandrini tells me, that he had perufed
with attention a letter which I wrote to the late Lord
Anfon, which contained fome fuggeftions tending, as
I hoped, to prevent the mifchiefs occafioned by light-
ning to fhips at fea ; and which likewife might, on the
fame account, be ufeful to powder magazines. This
letter was printed in the Philofophical Tranfa&tions *.
He fays, that he has confidered with fatisfaction -the
real advantages, which may arife from thence to for-
tified towns, where the quantity of gun-powder may,
from any accident, endanger the whole fabric of a city.
This gentleman therefore is defirous of prefenting
a memorial to the Board of ordnance at Geneva; in
which he would be very glad to explain to their fa-
tisfaction the method I propofe, He has therefore
* Phil, Tranf, Vol. LIL. page 629,
Vor. LIV, Dd fent
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fent me the following queftions, which he thinks
tend to throw farther light upon this fubje&, and
has defired my opinion upon them. As thefe may
poflibly hereafter be of public utility, 1 have taken
the liberty of communicating them to your Lordfhip.

I. What fort of apparatus is ufed at Philadelphia?

11, Whether there is not fome improvement to be
made to their methods?

III. In what manner this apparatus may be adapt-
ed to powder magazines ?

IV. Into what place the thunder may be condu@-
ed, where there is no river near, to an{wer the pur-
pofe of the fea about fhips?

V. Whether the apparatus might not ele@rify the
air, fo as to occafion lightning, which was, he be-
lieves, the caufe of the death of Profeflor Richmann
of Peterfburg? This apparatus may not be danger-
ous to dwelling houfes, where the fire may {lip with-
out any manner of rifk ; but may be attended with
the moft dreadful confequences to a powder maga-
zine, where the fmalleft fpark may occafion the ex-

lofion of the whole.

VI. Whether the fquare, or the circular form of
building, will be eafieft adapted to the apparatus?

VII. Whether an iron bar fixed on the top of the
building, to fupport a weather-cock, may not at-
tra& the thunder bolt, and be confequently dangerous
to all buildings; but more efpecially to powder ma-

azines? ~

VIII. Whether there is not fome particular man-
ner of buildings, invented of late, adapted to pow-
der magazines ; either to diminifh the fhock of the
explofion, or to fecure them againft any accident, by

the method ufed at Philadelphia ?
Mr,
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M. Calandrini fays further, that he himfelf has
‘been eye-witnefs of the effects of lightning coming
into a room, which had received much damage from
it. That he looked for the place it went out at, and
after long fearch perceived that it had followed the
wire of the bell, which had condued it through
a very inconfiderable hole into the next room; from
whence it bad opened itfelf a paflage into a back yard.
Thisaccident was at that time thought very extraordi-
nary, being anterior to Dr. Franklin’s experiment.

To M. Calandrini’s queftions I have fent the fol-
lowing anfwers,

I. The apparatus, ufed at Philadelphia, confifts
either of a long iron rod, placed upon the higheft
part of an houfe, or other building ; or, of a fhorter
rod, inferted into a long wooden pole, placed in the
fame manner. The iron rod, mentioned by Mr,
Kinnerfley in the Philofophical * Tranfactions, and
which probably preferved the houfe in Philadelphia
upon which it was placed, extended in height about
nine feet and a half above a ftack of chimnies, to
which it was fixed; but he fuppofes that three or
four would have been fufficient. Thefe rods are
pointed at their upper extremity. It is indifferent,
which of thefe two are ufed, provided that they
are of height enough to reach above the chimnies,
or any other part of the edifice. Connetted to, or
fufpended from, the metal of thefe, a metallic wire,
generally of iron, is conducted, in the eafieft and
moft convenient manner, to the neareft water, viz.
to the well of the houfe, or any other water in the
neighbourhood.

# Vol. LIII. page gs. .
d 2 II, This
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II. This method, wherever it has been employed,
has hitherto perfeétly anfwered the intention; no
houfe in Philadelphia, or in any other place I have
heard of, having fuffered from the effe@ts of light-
ning, where this apparatus has been erected. The
improvements I fhould recommend would be, firft;
. that, as iron wire foon becomes rufty, and when rufty
to the center is unfit for the prefent purpofe; and as
brafs wire is, when long expofed to the weather, ex-
ceedingly brittle and liable to {nap afunder, the wire
fhould be of copper ; and of a fize not lefs than that
of a large goofe quill.  Secondly, I prefer it’s being
condufled, from the rod at the top to the water be-
low, on the outfide of the building, and thereby
prevent the lightning from coming within the build-
ing. On houfes, where there are gutters and {pouts
of lead to carry off the rain, the wire need only be
conducted to the lead of the gutters; and attention
be had that the gutters and the fpouts coming from
them are in their whole length in contad, or very
nearly fo, one with the other. If the leaden {pouts
do not reach to the bottom of the building, a flip
of lead, fuch as is employed for the gutters, and a-
bout an inch wide, fhould be faftened to the bottom
of one or two of the fpouts, and conducted to the
water. If a flip of lead, fuch a one as has juft been
mentioned. was to be conducted from the rod at top
to the gutters, it might with equal advantage be fub-
ftituted for the copper wire; or further, a flip of
lead of this kind may be connected with the rod at
the top of the houfe; and, where there are no leaden
gutters or {pouts, may be conducted on the outfide
of the houfe down to the water, as I before menti-
oned.
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oned. I would recommend likewife an increafe of
their number ; as the effects of one apparatus of this
kind can extend only to a certain diftance, and that
to no great one ; and the fecurity, where mifchiefs
from lightning are frequent, muft arife from their
number, In countries and places {fo circumftanced,
no houfe or other building fhould be without one at
leaft; large edifices ought to have feveral. The
number fhould be in proportion to the fize of the
building.

III. In powder magazines, I fhould recommend the
apparatus to be detached from the building itfelf ;
and to be only placed as near it as might be. Pow-
der magazines fhould never be conftrulted fo, as to
cover a large quantity of ground. If fecurity from
lightning was confidered in their conftruétion as a
confiderable object, I thould recommend a circular
building ; in the periphery of which fhould be placed
ftorehoufes fufficient in their number and -extent to
contain the quantity of powder propofed. In the
centre of this circle (hould be a well, very near which
fhould be erected a pole or maft, high enough to reach
fome feet above the buildings of the powder maga-
zing, or the buildings in it’s neighbourhood. From
this maft there thould rife a brafs rod, five or fix feet
in length, an inch in thicknefs, and ending in a
point; and from this rod a wire of copper of a fize
not lefs than that of a large goofe quill, {hould be con-~
veyed down the maft, and terminate in the water of
the well. If there is no well, the wire fhould be
laid into the neareft water; as the expence even of
fome hundred yards of a wire of this fort can hardly
be confidered as an obje¢t in an affair of this impor-

tance.
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tance. For though I have reafon to believe, that the
wire communicating with the ground would prevent
the mifchiefs of a thunder cloud, which came near
an apparatus of this fort ; yet as water is a more ready
conduéor than the ground, it thould, if poffible, be
infifted upon in this particular cafe, and employed. Mr.
Weft’s apparatus, defcribed by the before-mentioned
Mz, Kinnerfley, terminated in an iron ftake, driven four
or five feet into the ground ; neverthelefs the earth did
not conduct the lightning fo faft but that, in a thunder
ftorm, the lightning was feen to be diffufed near the
ftake two or three yards over the pavement, though at
that time very wet with rain. It is prefumed, that had
this iron ftake been placed in water inftead of earth,
the lightning had not been vifible, on account of the
water’s receiving the eletric matter more readily than
earth. Where this apparatus therefore is applied to
powder magazines, it fhould certainly terminate in
water. At Mr. Hamilton’s at Cobham, about twenty
miles from hence, where an apparatus of this fort
was erected upon an high and greatly-expofed build-
ing, as there was no water but at a great diftance,
the bottom of the wire was placed deep in an hill
of moift fand. If, inftead of one wire, two, three,
or more, were adapted to the brafs rod in this man-
ner, and conduéed to the water, or if the brafs rod
itfelf was continued to the water, I fhould confider
it, in extraordinary cafes, as an additional fecurity.
This will explain my fentiments upon the third,
fourth, and fixth queftions.

V. As the expeation of the utility of this appa-
ratus is prefumed to be the preventing of the accumu-
lation of elecricity in its neighbourhood, by afford-

I ing



[ 207 ]

ing a conftant and eafy paflage to the ele@tricity of
the clouds furcharged therewith, nothing, in my opi-
nion, need be apprehended fromn the apparatus elec-
trifying the air ; as its principal operation is conceiv-
ed to be the reverfe of that, viz. divefting the air of
it’s electricity. Iam well apprized from experiments
made here, that the earth is frequently elerified
plus, and the clouds minus; and that this change of
plus and minus between the clouds and earth are fome-
times feen to vary feveral times in a quarter of an
hour : but in that cafe it is prefumed, that the clouds,
within the fphere of action of the apparatus, have
by it’s operation their eleGricity brought to the fame
ftandard with that of the earth in its neighbourhood,
and wice ver(Z ; and confequently, that the mifchiefs
which might arife from the difference of the denfi-
ties of the eleCtricity in the earth and clouds are pre-
vented, by the equilibrium between them being main-
tained. 'This fubject, in relation to the ele@ricity’s be-
ing plus or minus, 1 many years ago confidered, and
laid my thoughts thereupon before the public, as may
be feen in the Philofophical Tranfa&ions, Vol. XLV,
That the atmofphere at times is very ftrongly elec-
trified, is evident, to fay nothing of lightning, not
only from our apparatus, but from the mafts of fhips,
being befet with Sz, E/mo's fires, which I believe
would fcarce, if ever, happen, were the mafts pro-
vided with an apparatus of this fort; unlefs the caufe
might be fo great, and come on f{o faft, that the
metal employed between the tops of the mafts and
the water might not, on account of the vaftnefs of
the caufe, be large enough for the purpofe. If it
fhould fo happen, Sz, Elmd's fires might ftill appear
at



[ 208 ]

at the tops of the mafts,and thunder clouds might burft
near them, and exert their dreadful effecs *. That
even artificial elericity, when in too great a quan-
tity, and hurried on too faft through a fine iron wire
has a remarkable effe¢t upon the wire, appears from
a very curious experiment of Mr. Kinnerfley of Pen-
fylvania., This gentleman in the prefence of Dr,
Franklin, by bis cafe of bottles being eleCrified ful-
ly, and made to explode at once, after the manner
of the experiment of Leyden, through a fine iron
wire, the wire appeared at firft red hot, and then
fell into drops, which burned themfelves into the fur-
face of his table or floor, Thefe drops cool in a
fpherical figure, like very fmall fhot, of which
Dr. Franklin tranfmitted fome hither to Mr. Can-
ton 4+, who has repeated this experiment. This
proves the fufion to have been very compleat, as
nothing lefs than the moft perfet fluidity could give
this figure to melted iron. Thefe effeCts from artifi-
cial lightning, are exaly fimilar to thofe of the na-
tural; as we have feveral times known iron wires,

- * See more upon this fubje& Phil. Tranf. Vol. XLVIIL
page 215.

+ The diameter of a piece of Mr. Kinnerfley’s wire, which
I received from Doé&or Franklin, was one part in 182 of an
inch. Artificial lightning from a cafe of 35 bottles, I find will
entirely deftroy brafs wire of one part.in 330 of an inch. At the
time of the ftroke, a great number of fparks, like thofe from a
flint and fteel, fly upwards, and laterally from the place where
the wire was laid, and lofe their light in the daytime at the dif-
tance of about two or three inches. After the explofion, a mark
appears on the table the whole length of the wire; and fome
very fmall round particles of brafs may be difcovered, by 2
magnifier, near the mark; but no part of the wire itfelf can
be found. J. CanTon.

nails,
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nails, and other metallic fubftances to have been melt-
ed, and parts of them, while hot, bedding them-
felves in wood, by a thunder ftorm. Of this we
had fome inflances here in a thunder ftorm, which
happened in July 1759, of which the effe@ts were
communicated to the public in the * Philofophical
Tranfa&tions. As metal has been made red hot, and
melted by artificial lightning, how much greater
muft be prefumed to be the effets of the natural ; and
how much larger ought to be the metallic part of the
apparatus, to avert its mifchief ? This requires parti-
cular attention.

VII. I was of opinion, that iron bars to fupport
weather cocks, if they were placed upon the tops of
buildings made of brick or ftone, and in conta@ with.
either of thefe materials, were not dangerous to ordi-
nary buildings on the account you mention, except in
very particular and extraordinary cafes ; as thefe fub-
ftances, when not much heated, condué the eleétric
matter in a very confiderable degree. But what latel
happened to St. Bride’s Steeple, as well as the mifchief
to South-Weald church on the fame day, evinces, to
me at leaft, that the apparatus, ufually applied to wea-
ther cocks, fhould never be trufted in any building,
without a metallic communication from them to
fome water, or at leaft very moift ground. St. Bride’s
Steeple, one of the moft beautiful in London, was, on
Monday, June 18, about ten minutes before three in
the afternoon, very greatly injured, in one of the moft
fevere thunder ftorms, which ever happened here.

From as attentive an examination, as the fteeple
at the prefent will admit of without fcaffolding, it

#* See Volume LI,

Vor. L1V, Ee appears
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appears to me, that the weather-cock and its appa-
ratus had the principal fhare in occafioning the great
mifchief done to the upper part of the fteeple. I
am of opinion, that the lightning firft took the
weather-cock and was conducted, without injuring
the metal or any thing elfe, as low as where the
large iron bar or fpindle, which is inferted into the
top of the fteeple, and comes down feveral feet of
its length, terminates. There the metallic commu~
nicatien cealing, part of the lightning exploded,.
cracked and fhattered the obelifk, which terminates
the fpire of the fteeple, in its whole diameter, and
threw off at this place feveral large peices of Port-
land ftone, of which this fteeple is built. Here it
likewife removed a ftone from its place, but not far
enough to be throwndown. From hence the light-
ning feems to have ruthed upon two horizontal iron
bars, which are placed within the building, crofs each
other,to give addiiionai ftrength to the obelifk, almoft
at the bafe thereof, and not much above the upper
ftory : here, on the North Eaft and Eaft fide,it exploded
again at the end of the iron bar, and threw off a con-
fiderable quantity of ftone. And here, for the fake of
explanation, I muft obferve, that the fpire of this
fteeple, where it rifes above the bell tower, is com-
poled of four fories, befides the obelifk placed over
them. The loweft and fecond are of the Tufcan
order; the third is Ionic; and the fourth or upper-
moft Compofite or Roman. Theitone picrs of thefe
ftories are conneted together and ftrengthened by
iron bars placed horizontally near the height of the
capitals of the pilafters, and each ftory has only one
fet of thefe bars.  From the crofs bars near the baie

. of



[ 211 ]
of the obelifk juft now mentioned, the lightning
broke through the roof above the Compofite flory;
at the ends of another fet of iron bars placed
lower than the former, from which it tore out a large
portion of the flone. It then ftruck the iron bars of
this flory, which are placed immediately under, and
in contact with the ftones, broke one of the iron bars
direttly acrofs, and bent the larger part of it from
its horizontal direCtion to near an angle of 45°. Its
rapid progrefs being here in fome meafure prevented,
at the end of one of the iron bars, it threw off the
upper part of one of the Compofite pillars joft above
its capital and a large portion of the cornice project-
ing over it, andthat with fuch a force, that part of a
ftone which was placed here and formed a portion
of the cornice, and weighed feventy two pounds,
was projected, not only the wholelength of the body
of the church, but beyond it, acrofs St. Bride’s
Lane; where it fell upon the top of an houfe, and
broke through the roof and lodged in the garret.
The horizontal diftance from the fteeple to the place
where it fell, wasatleaft 150 feet; the heigth, from
which it fell, fomewhat more than two hundred.
This piece of ftone was of a very irregular figure,
and muft have required an amazing force to rend it,
detach it from the building, and throw it to fucha
diftance. The fhaft of the pillar, the next to the
Eaft of that whofe upper part had fuffered fo much,
was likewife violently ftruck; and a large portion of
its diameter broke out and thrown down. The Io-
nic ftory has fuffered confiderably, more particularly
the pilafter fronting the North Eaft, and placed di-
rectly under the Compofite column, whofe top was
: Ee 2 thrown
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thrown off. This pilafter is much injured, but the
flory in general has f{uffered lefs than the Compofite,
and that chiefly where the irons are inferted ; the up-
per Tufcan lefs than that, and the lower Tufcan
but little, except in the North Eaft pier, which is con-
fiderably cracked and thaken ; as if in its paflage
part of the force of the lightning was fpent in thefe ex-
plofions, and part abforbed and conducted by the maf-
fes of ftone. The damage done to the fteeple is, ex-
cept near the top, confined almoft to the Eaftand
North Eaft fide, and moft generally where the ends
of theiron bars have been inferted into the ftone or
placed under it; and in fome places, by its violence in
the ftone, its paffage may be traced from one iron bar
to another. And itis very remarkable, that, toleflen
the quantity of ftone in this beautiful fteeple, in fe-
veral parts, cramps of iron have been employed ; and
upon thefe, ftones of no great thicknefs have been
placed, both by way of ornament and to cover the
cramped joint. In feveral places, thefe fquare ftones
have, on account of their covering the iron, been quite
blown off, and thrown away. A great number of
ftones, fome of them large ones, were thrown. from
the fteeple, three of which fell upon the roof of the
church, and did great damage to it; and one of thefe
broke through the large timbers, which form it, and
lodged in the gallery.

In the tower of the fteeple, in the room where
the bells are placed, the lightning took the South-
weft window above the bells and clofe to the window,
not far from an iron bar, which goes round, and
rent out feveral large ftones; fome of which fell into
the bell, which was very near this part of the ﬂeeple&

an
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and was the largeft in the fteeple; and, paffing below
the bell, tore out at another place, in a line with the
former, a great number more. One of the ftones,
torn out above the bell, was thrown to the North-
eaft fide of the tower. Between the two places, in
which the lightning had bere exerted its fury, the
wooden block, which confined the axis of the frame
of the great bell, and was faftened down with two
iron ftaples, was thrown off, and the ftaples torn
out. No damage at prefent feems done to the
bell. '

It is remarkable, that, lefs than twenty years ago,
one of the ftones of the obelifk of this fteeple was
obferved to be moved from its place, and proje&
fome inches over thofe under it. This flone was
about feven feet from the top of the obelifk. Danger
being apprehended from this ftate of the fpire, it was
taken down to the place where the {tone was removed,
aid rebuilt with new ftone. Thisaccident, at that
time, was {uppofed to be owing to the ringing of the
bells; but it is highly probable, from what has lately
happened, that, as that ftone was removed from its
place, very near to that part of the fpire, where it is
now cracked and fhivered. quite a crofs and feveral
pieces of ftone thrown down, it was owing to the
fame caufe as the prefent damage, viz. lightning,
though not at that time adverted to.

The lightning on June 18 came from the Weft
and South- weft ; the damage done both t6 St. Bride’s
church and South Weald was on the Eaft and
North Eaft fides, except that in the bell-loft at St
Bride’y. The ftones both from the fteepe of St.
Bride’s and in its tower were thrown to- the Eaft and
North Eatt, '

Since
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Since the communication of this paper to the Royal
Socicty, the fteeple of St, Bride’s has been furveyed, and
found fo very much damaged in feveral of its parts, that
eigiity five feet have been taken down, in order to reftore
it {ubftantially. 'Within thefe eighty five feet are com-
prehended the obelifk, placed at the top of the fteeple,
the fmzll dorne immediatly under it, the fpace be-
tween that and the uppermoft or Compofite ftory,
the Compofite ftory, and the Ionic ftory. This laft,
cn the Eaft and North fides, was taken down to its
bottom ; buton the other fides, as they were not in-
jured, fome parts were permitted to ftand. Three
picrs were likewife taken down of the fecond Tufcan
ftory, and one pier of the firft, The fcaffolding to
take this down and rebuild it enabied me minutely
to examine, notonly the damages occafioned by the
lightning, bni the manner of its progrefs. This
examination confirmed the opinion of the caufe and
manrer of this accident, whicli I communicated to
the Royal Society, foon after it happened; and be-
fore a near infpection could be obtained. It com-
pleatly indicated the great danger of infulated mafles
of metal to buildings from lightning ; and, on the
contrary, evinced the utility and importance of mafles
of metal continued, and properly conducted, in de-
fending them from its direful effeéts. The iron and
lead employed in this fteeplein order to ftrength-
en and preferve it, did almoft occafion its deftruéion:
though after it was ftruck by the lightening, had it
not been for thefe materials keeping the remain-
ing parts together, a grcat part of the fteeple muft
have fallen,

4

The
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The operation and progrefs of the lightning in the
obelifk -and upper parts of the fteeple deferve more par-
ticular attention. ‘T'o form a more perfectidea of thefe,
the following meafures will in fome degree contribute,

Feet Inches,
The height of the o&togonal
obelitk = = = = = = = = =« 22 = - 3

Thicknefs of the {pindle, where

inferted into the ftone, - - = o0 - - 2 fquare
Its lengthinferted into the ftone g - - 10
From the bottom of the fpindle

to the firft cramped joints. - - 5 =-10
Three courfes of ftones without

Cramps, - = = = = = = « - = --
From the bottom of the fpindle

to the firft concealed chain. - - 11 - - 5
From the firft concealed chain one

foot above the bafe of the obe-

litk to the firftcrofs chain. - = 2 - -« o
From the firft crofs chain to the

fecond, placed in the dome - 8 - - 10

Thevane, the crofs above it, the ball and its focket,
which covered fomuch of the {pindle as arofe above
the ftone, to near ten feet of its length, were of cop-
per gilt.  This length of the fpindle was cylindrical,
but the other part was made {quare, where it began
to be inferted into the flone. To faften this fpindle
more fecurely in the courfes of ftone, melted lead had
been poured. This lead, in the two lower courfes of
ftone through which the {pindle had pafied, not only
filled all the fpace left between the fpindle and the

itones,
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ftones ; but had, as it were, ramified itfelf not only
between the joints of the ftones, but had infinuated
itfelf in its melted ftate into all their fmall clefts and
interftices, The fpindle terminated in one ftone,
which occupied the whole area of the obelifk, and
was three feet and near two inches in diameter, and
one footin thicknefs. Into this ftone the fpindle was
inferted five inches of its depth, and faftened by melted
lead. Under this ftone the obelifk was hollow ; but
above it was folid, cxcepting the fpace left for the
fpindle.

Upon examining thefe feveral particulars, noin-
jury had been done by the lightening to the vane, its
crofs, copper ball, or fpindle. Of the feven courfes
of ftone at the upper part of the obelifk, and which
were above the whole ftone into which the fpindle was
inferted, the five upper courfes, though conrected to-
gether at top and bottom with iron collars fodered
with lead, were not damaged ; but the two ftones,
which formed the fixth courfe, were cracked, fhi-
vered, and fragments thrown from them., The fe-
venth courfe confifted likewife of two folid ftones.
Thefe were burft from the fpindle, which was, by the
intervention of the lead, connected with them, broke
into many parts; each was moved from its place; fome
pieces were thrown down, and one large one project-
ed five inches over the ftone, immediately under it.
The whole ftone, into which the {pindle was inferted,
andupon which it refted, was burft from thecenterinto
agreat many pieces, and every picce removed from its
place. Some of thefe were thrown from the fteeple.
‘Beveral of the larger mafies of this ftone, which ftill co-
hered, were very much (hivered. Thecenter ofthe ftone,

upon
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and near which the fpindle refted, was beaten to
powder, and a hole made through the under part of
the ftone. That this flone in this condition fhould
ftill fupport the feven courfes above it, which weighed
four tuns, exclufive of the fpindle, vane, and their
appertinances ; and that the whole did not fall when
ftruck with the lightning, is in no fmall degree fur-
prizing.

From the bottom of the fpindle to the firft courfe
of ftone, where the workmen had ufed iron cramps,
the diftance was five fect feven inches. 'Thefe cramps
were bedded in the ftone. Part of the lightning,
from the bottom of the fpindle through the hole juft
now mentioned, feized thefe cramps, and threw off
large fcales of ftones at their ends, From thefe there
were three courfes of flone, in which there were no
cramps; thefe fuffered nothing.

In edifices of this kind, for additional ftrength, the
builders employ bars of iron, conne&ed together in
fuch a manner as their exigencies require; and thefe,
though they have no links, are denominated chains.
Thefe are fometimes o adapted to the courfes of
ftone as not to be vifible, and are perfectly concealed :
at other times, they are in part vifible, and in part
concealed.

The firft metal, that occurred after the cramps
before mentioned, was a concealed chain, one foot
above the bafe of the obelifk, and two feet above the
firft crofs chain. Here two ftones were burft and
fhattered. In the courfe of ftone, where the firft
crofs chain was inferted, and the feveral flones con-
nected by iron cramps, many of the flones were
much fhattered,

Vou. L1V. Ff At
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At the bafe of the dome, near nine feet below the
firft crofs chain, was a fecond. This chain was a
double crofs conneted at its ends with a circle of
iron, which was bedded into the whole courfe and
faftened by melted lead. Here the lightning made
great ravage, burft and threw off the ftones in which
the iron circle was bedded, and tore out part of the
roof of the dome, threw off two pieces of the cor-
nice and one of the vafes, which was contiguousto it.
Thefe two pieces of cornice weighed twelve hundred
pounds. ‘The courfes of ftone between the two
chains, except thofe I juft now mentioned, were not
injured:

To what is here faid, I fthallonly add, that in no
part the fteeple was injured, except where the ftones
were in contaé or very near the iron and lead em-
ployed in its building; and the quantity of ftone
burft, fpoiled, orfo much damaged as not fit to be ufed
again, amounts, asl am informed by Mr. Stanes, a
very honeft and ingenious mafon, who has contrated
to repair the damage done by the lightning, to not lefs
than five and twenty tuns. An amazing quantity!

The above mentioned Mr. Stanes was employed, a
few years fince, in the repair of the fteeple of St. Mary
le Bow in Cheapfide, which was injured by a very
rare and uncommon accident. At its erection, the
builders had employed, near the top of the {pire, for
additional fecurity, feveral iron cramps; the ends of
which, by being expofed to the weather, became
rufty, {welled, and fo much enlarged thereby, as to
raife the floves above them, and to deflcé the top of
the fpire fix inches from the perpendicular. Danger

being apprehended from this fituation, the fpire was
taken
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taken down feveral feet of its length, and properly
repaired. 'This ought to be a caution to fucceeding
builders, that if, in edifices of this kind, they find
it expedient to employ cramps, they fhould be either
of copper, which is not liable to {fwell by moifture ;
or, if iron be ufed, fo much fpace thould be left in
the under bed of the ftones, which immediately
cover the cramps, that they may have room to ex-
tend themfelves without danger to the building.
Thisremark, though not immediately relating to our
prefent putpofe, will not, I hope, be thought im-
pertinent in this place.

But toreturn: this thunder ftorm had been preceded
by feveral very warm days. The nights had fcarce fur-
nithed any dew: the air was quite dry, and in a ftate
perfectly unfit to part with its highly-accumulated
electricity without violent efforts.  This great drynefs
made the ftones of St. Bride’s fteeple, and all other
buildings under the like circumftances, farlefs fit than
if they had been in a moift ftate, to condu@ the lightn-
ing, and prevent the mifchief, For though this
thunder ftorm ended in a heavy thower of rain, none
excepta few very large drops fell till after the church
was ftruck; and I have no doubt, but that the fuc-
ceeding rain prevented many accidents of a fimilar
kind, by bringingdown with every drop of it part
- of the eleCric matter; and thereby reftoring the
equilibrium between the earth and clouds. 1t is fre-
quently taken notice of, in attendingto the apparatus
for obferving the clectricity of the clouds, that tho’
the fky is much darkened, and there have been fe-
veral claps of thander at no great diftance, yet the
apparatus will be fcarce affeCted by it; bat as foon

Ff2 as
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as the rain begins, and falls upon fo much of the ap-
paratus, asis placed in the open air, the bells of the
apparatus in the houfe ring, and the elerical fnaps
fucceed each other in a very extraordinary manner,
This demonftrates, that every drop of rain brings
down part of the cleétric matter of a thunder cloud,
and diffipates it in the earth and water; and prevents
thereby the mifchiefs of its violent and fudden ex-
plofion. Hence, when the heavens have a menacing
appearance, a fhower of rain is much to be wifhed for.
From thefe confiderations, I have no doubt, but
that the mifchief done to St. Bride’s fteeple was ow-
ing to the efforts of the lightning, after it had
poflefled the apparatus of the weathercock, en-
deavouring to force itfelf a paffage from thence to
the iron work, employed in the fteeple. As this
muft be done per faltum, there being no regular me-
tallic communication, it is no wonder, when its force
is vehement, that it rendsevery thing which is not
metallic, that obftrulls its eafy paflage; and in this
particular inftance, the ravages increafed as the light-
ning to a certain diftance came down the fteeple,
To procure this eafy paffage and avert the ravage oc-
cafioned by the want of it, in future, as much as our
prefent knowledge in thefe matters will enable us to
do, I cannot f{ufficiently recommend metallic com-
munications between the metal at the top and water,
either as has been before mentioned, or in any
other convenient manner, taking care not to be too
frugal of the metal employed. This was firft {ug-
gefted by that excellent Philofopher Dr. Franklin;
and fince much ufed in Philadelphia, and other parts

of North America.
Near
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Near the fame time, that the mifchief wasdone to
St. Bride’s church, the maft of his Majefty’s thip Ra-
maillies, lying at Chatham, was{plit and torn to pieces
by the lightening. This is the lefs extraordinary,
as, from its height, figure, and conftituent parts, the
matft of a thip ftops the progrefs of lightening much
more thanedifices of the fame height, made of brick
or ftone. This therefore feems to require particular
attention ; but upon this head I fully explained my-
felf in my letter to the late Lord Anfon *; and thall
therefore decline faying any thing further of it in this

lace.
d I flatter myfelf, that what has here lately happened
will tend to occafion the applying of an apparatus of
this fort to all buildings, at leatt, of value and ex-
tent. No fteeple thould certainly be without it ; and
in moft, if the iron work of the weather-cock can
be eafily got at, it may be adapted with very little
trouble or expence. It is only neceflary to make a
metallic communication between this iron work and
the lead, which carries off the water. This fre-
quently reaches to the ground or very nearit. From
the bottom of this, the metallic communication
fhould continue to the neareft water, or at leaft to
very moift ground; though where it can be procured,
water fhould be preferred. Care mutt be taken like-
wife, that merallic communications be added to fuch
parts of the lead, which ferve to convey the water
from the top, as do not already touch or come near
each other.  And thefe may be either of lesd, or of
copper wire, fuch asI have before mentioned. In
thunder ftorms attended with rain, fufficient in quan-

* Philofophicai TranfaQions, Vol. LII. p. 629.
tity
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tity to run off in ftreams, a great portion of the elec-
tric matter runs off in, and is diffipated by, thefe
ftreams ; and buildings are thereby preferved from
damage.

What happened to St. Bride’s cannot but give us
fome apprehenfions for that moit noble edifice in its
ncighbouthood ; I mean St. Paul’s. This is above
an hundred foot higher than St. Bride’s, and there-
fore more in the way of accident from thunder ftorms.
Upon its mangnificent lanthorn is placed a crofs of
metal, which is inferted into the ftone of the lan-
thorn; and this is fupported by a truncated cone of
brickwork, which arifes from the arches of ftone be-
low. The cupola is covered with lead, which is
continued to the fpouts of the fame material. Thefe
bring down the water to the ftone gallery under the
cupola, and end within about a foot of the ftone.
From hence the water is conveyed a confiderable dift-
ance, in a ftone trough or channel, to the leaden
fpouts; and thefe are carried down the building, and
terminate, as I was informed upon inquiry, in the
common fewer, By this arrangement the metallic
communication is interrupted. In thunder ftorms
during rain, the water carries off in its ftreams the
electricity, as perfetly, as the moft compleat me-
tallic communication would ; but when there is no
rain, it is otherwife; and thefe interruptions are the
great caufe of danger. To leflen which, as far as we
can conclude at prefent, it would be expedient to
make, by the means of feveral copper wires, fmall
rods, or pieces of lead, a metallic communication
between the gilded crofs, and the lead of the cupola:
and again, from the leaden fpouts of the flone

, gallery
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gallery to thofe, which bring the water thence; care
being taken that, from the bottom of thefe laft,
there thould be a metallic communication, if there
thould be found to be noneat prefent, with the wa-
terin the common fewer. Thus, without much
expence, a compleat metallic communication may
be made between the top of St. Paul’s church, and
the water ; which had it been done at St. Bride’s, the
ravages fo lately experienced had inall probability
been prevented. ,

From confidering the circumftances of this thun-
der ftorm, I cannot but be of opinion, that the in-
jury done to St. Bride’s prevented mifchief to St.
Paul’s. St, Bride’s is a very high building, and
within a fmall diftance nearly Weft of St. Paul’s.
When this diftance is confidered, and that the light-
ning came in the dire&ion of St. Bride’s to St. Paul’s,
and that when the thunder cloud came near the for-
mer, itexploded there, and parted with much of its
force; what was left did no damage to the latter, tho’
the much higher and more expofed building, and
having a metallic crofs at its top.

I have recommended as metallic conductors copper
wires of the fize of a goofe quill; as, when of that
thicknefs, they may eafily be bent to any direion;
and, where thought neceflary, any number may be
employed. Ilook upon this as a kind of ftandard,
from what Dr. Franklin wrote to Monf. Dalibard of
Paris upon this fubjet *. He obferves; in a church
which fuflered greatly by lightning at Newbury in
New-England, that though a fmall wire was beaten
to pieces by lightning, and diflipated by its force,
the rod of a pendulum condu&ed the whole without

* See Phil, Tranf, Vol, XL1X, p. 305.
being
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being melted or otherwifc injured by it; and that,
great as the quantity was in this inftance, and which
uiterly  deftroyed  the fmall wire, no damage
was done to the building, as far as the fmall wire,
and the pendulum of the clock extended: and in the
remarkable inftance,. mentioned by Mr. Kinnerfley
in his * letter to Dr. Franklin, where a brafs wire of
about two lines thick, ten inches long, and termi-
nating in a very acute point, was inferted into the
iron rod, about two inches and half only of its top
were melted by the lightning; the remaining part of
it tranfmitting the lightning without being fufed by it.

You will obferve in this difquifition, that I
have no where mentioned the apparatus attrating
the lightning. I have avoided introducing the term
attraétion here, operating as an aive principle; as
I confider the apparatus purely paffive, and only af-
fording, from the aptnefs of its parts to that purpofe,
an eafy and uninterrupted paflage to the lightning,
and thereby preventing its violent efforts.

You will pardon, Sir, this long digreflion in relation
to St.Bride’s church ; as it gives fo pofitive and explicit
an anfwer to part of your feventh queftion ; fucha one
as could not, without the late thunder ftorm, have been
furnifhed, at leaft from hence: To wit, that, without
a proper apparatus, weather-cocks placed at the tops of
any buildings are dangerous tothem in thunder ftorms ;
but more efpecially to powder magazines.

The accidents, which have lately happened to St.
Bride’s and SouthWeald churches, if confidered as great
eleCtrical experiments,furnifh very important,and, I flat-
ter myfelf, ufeful conclufions, They are too hazardous

* Philofophical Tranfaions, Vol, LIIL p. g6. 1
an
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and expenfive however, to wilh to fee often re-
peated. .

If the erecting of an apparatus of this fort fhould
become general in countries where thunder ftorms are
frequent and often attended with mifchief, though
damage thould really be averted by it, the operation
of the apparatus would be unfeen, and therefore un-
known, unlefs in fuch rare inftances as that men-
tioned by Mr. Kinnerfly. To make its effects ap-
parent, as has been hinted to me by Dr. Heberden, a
very defervedly eminent phyfician here, if chains are
employed as metallic communications, inftead of wires
or rods, whenever the lightning comes near enough
to affect the apparatus in a confiderable degree, it will
without milchief be vifible in the dark, by its {park-
ling and fnapping in its paflage, at the links of the
chain.

The effelts of the apparatus may be obferved in
another manner. If the metallic communications are
by the means of a wire or fingle rod, there may be,
in fome part of its length, in any place convenient
for obfervation, a fpace left where the metal is difcon-
tinued ; but this fpace thould not exceed two inches.
The twoextremities of the metal at this interruption
thould be furnithed with brafs knobs not lefs than an
inch indiameter. By this method, though the effects
of the apparatus would not be confiderably leffened,
they might be obferved. For at times, when no
lightening was vifible, but when clouds replete with
it came near the apparatus, or rain from them fell
upon it, there would be a fnapping from one of the
brafs knobs to the other. When indeed the light-
ning was near, there would not only be this fnapping ;
but, if the caufe was great, aftream of fire would be

Vor. LIV, Gg feen
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feen, asin M. Romas’s kite ®, to pafs from one of
thefe to the other, as the beft and neareft condu&or.
If danger however is apprehended, 'a piece of chain
- may be always at hand to be hung occafionally upon
the upper knob, fo as readily to fall in conta& with
the lower. Otherwile, if while the metallic com-
munication is divided, though when entire it is ap-
prehended it may be touched with fafety, a perfon
thould touch the rod above the divifion and at the
fame time touch or come very near the rod below
the divifion with any part of his body; and at the
fame inftant if a fmart ftroke of lightning affe@ed the
apparatus, he would certainly be deftroyed, as hap-
pened to profeflor Richmann at Peterfbourg; the
lightning going through his body from one part of
the apparatus to the other, which it is believed it will
not do, while the metallic communication is com-
pleat.

VIII. I have not heard that there has been here of
late any particular mode of buildings, adapted to
powder magazines, to diminifh the thock of the ex-
plofion in cafe of accident: nor do I believe that
any attention has been here given, in conftru@ing
thefe buildings, to prevent, by an apparatus of this
kind, the effe@s of lightning,

. 'Thefe, my Lord, are my anfwers to M. Calan-
drini’s queftions.  If - they are fatisfaCtory to that
ingenious gentleman, or have the leaft tendency to
public utility, I thall be gratified. AsI know your
Lordthip’s zeal for philofophical difcuffions, I have
taken the liberty of fending you thefe queries and

* Philofophical Tranfalions, Vol, LIL, p. 341,
my
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my anfwets to them, as a teftimony of the very
great efteem and regard, with which I am,

My Lord,
Your Lordthip’s
moft obedient,

humble fervant,

Lincoln’s Inn-Fields
June 26th, 17640 W. Watfon.

XLI. An Account of the Effelts of Light-
ning in St. Bride’s Church, Fleet-ftreet,
on the 18th of June 1764: Ina Letter
o Mr. Benjamin Wilfon, F. R. S, from
Edward Delaval Efg; F.R.S.

SIR,
Read June 28, HE inclofed is an account of the
1754 effets of the lightning on the

fteeple and fpire of St. Bride’s church, with draw-
ings [Tas. XIV.XV.] which very accurately ex-
prefs the parts damaged by it. _

I thought it would be of ufe, by defcribing the
feveral circumftances of this accident, to thew more

Gg2 fully



