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HE following letter was written in

confequence of a difference in opi-
nion among the members of a committee
(of which I had the honour to be one)
appointed by the Royal Society, at the in-
ftance of the Board of Ordnance, to con-
fider of, and propofe, the beft method of
{fecuring his Majefly’s magazines of gun-
powder at Purfleer from accidents by light-
ning.

’%he fubje& of that difference was this:
whether the metal propofed for Conduétors
to thofe buildings, thould be peinsed at the
top or »et. :

A Queftion, in my judgment, of confi-
derable importance, as the quantity of
powder lodged in thofe magazines, is in
general fo very great, that thould any ac-
cident happen, from an improper conftruc-

tion



PREFAGCE

tion of fuch Conduéors, the moft fatal
confequences might enfue.

I therefore thought it behoved the com-
mittee to be extremely cautious in recom=
mending any apparatus that was expofed to
the leaft hazard. And being myfelf, from
experiments and ﬂbfervatmns, thoroughly
fatisfied of the impropriety of pointed
Conduétors, cither in zhat or any other cafe,
I did not ﬁ:iuple to obje¢t to the method
then propofed ; guflng at the fame time 22y
reafons to the committee for {o doing. But
yet, not without offering another method,
which I believe is far lefs liable to ob-
jections,

The reafons for propofing another me-
thod, and the advantages to be expeéted
from it, are fully explained in the following
letter, which I took the liberty of addref-
fing to Sir Charles Frederick, as a member
of the Royal Society ; who communicated
the fame to Dr. Maty, the Secretary : wherein
he exprefled the with of his majefty’s
Board of Ordnance to obtain every light

relative to the beft method of conftruting
Condu&tors.
Thele
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Thefe letters being read at the Socicty,
part of the commitree, at the next mecting
of that learned body, fignified by a letter,
which was afterwards tran{mitted to Sir
Charles Frederick, their adherence to their
former opinion. But withowr {ummoning
the reft of the committee, for the reconfi-
deration of this matter; withour entering
into any reafons; or withont throwing any
more light upon the {ubjed.

However, apprehending the following
paper will' not appear in the Philofophical
Tranfadtions for fome months, and con-
ceiving the nature of the fubje& to be of
too much confequence, az zhis particular
zime *, to admit of delay, I am defirous to
take the earlieft opportunity of laying it
before the public, together with fome add:-
tiomal notes, &c. which I think are material :
{ubmitting the whole to the judgment of
thofe verfed in this part of philofophy ;
who will, I am perfuaded, beftow on it all

* See the letter from Sir Charles Frederick, which exprefles a
defire to have the letter read as foon as it could be done with conve-

nience ; it being on a fubject very interefting to his majefty’s Board
of Ordnance.

the
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the confideration and attention that fo im-
portant a {ubje& deferves.

It is with regret I find myfelf obliged
to differ from one who has fo much merit
in ele@ric enquiries as Dr. Franklin. But
I truft that no man of candour will be
offended with my entertaining and expref-
fing my own thoughts; efpecially in a
matter of {o much confequence.

I have been favoured with a letter on this
{fubje& from one of the committee, Edward
Delaval, Efq. which he has given me leave
to infert in this publication.

March 21, 1773. B. WiLsonN

To



To Dr. MaTy, Secretary to the
RoYAL-SOCIETY.

i | R, BERKLEY-SQUARE, DEC, 10, 1772,

AVING received the inclofed letter,
I beg the favour of you to lay it
before the Royal Society as foon as you
conveniently can; for as it is on a fubje&
very interefting at prefent to his majefty’s
Board of Ordnance, in regard to powder
magazines, we heartily wifh to obtain every
light relative to the beft method of con-
ftru&ting Conductors.

F am, S IR,
Your obedient humble fervant,

CuarrLEs FREDERICEK.
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CONDUCTORS.

To Sir CHARLES FREDERICK,
&e. &e. e

S IR,

Read at R. Society, OUR ftation as Surveyor-Ge-

2B Fpas: neral of the Ordnance being
fuch, as makes the fubje& of this paper particularly
interefting to you, 1 prefume an apology for this ad-
drefs will be wholly unnecefiary,

Upon an application of the Board of Ordnance
to the Royal Society in July laft, a Committee was
appointed, to confider of the propereft method for
fecuring the Magazine at Purfleer from mifchief by
lightning ; which Committee reported to the Coun-
cil of that learned body what they thought necef-

A fary
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fary to be done upon that occafion, The Council
afterwards tranfmitted to the Board a copy of that
report, together with another paper written by my-
felf in confequence thereof.

For, during the confideration of that bufinefs,
fome doubts having arifen in my mind, with regard
to the propriety of pornts, which were propofed to
terminate the top of each condutor; and thofe
doubts being founded upon experiments and ob-
fervations, I could not confifiently fubfcribe to that
report, nor f{upprefs my opinion on a fubjet of
fuch importance.

Whatever may be the fentiments of others re-
fpefting thofe doubts, yet they being the refult of
my mature confideration, I thought it my duty to
propofe them to the Committee; and further to
‘exprefs my drffent in writing to that particular part
of their report : giving at the fame time fome of
the principal reafons for fuch diffent, and referring
them, for further fatisfaction on this {ubjeét, to a
letter which is already publifhed in the Tranfactions
of the Royal Society.

As that diffent is the origin of this paper, a copy
of it 15 here inferted,

¢« I diffent from the report above, in that part
only which recommends, that each Conduétor
* fhould terminate in a pornt.

¢ My reafon for diffenting is, that fuch Con-
¢ ductors are, in my opinion, lefs fafe than thofe
* which are not pointed.

% Every
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<« Every point, as fuch, I confider as folliciting
the lightning; and, by that means, not only
contributing to zcreafe the quantity of every
actual difcharge, but alfo frequently occafioning a
difcharge where it might not otherwife have hap-
ened,

3 If therefore we invite the lightning, whilft we
are ignorant of what the quantity, or the effetts
of it, may be, we may be promoting the very
mifchief we mean to prevent.

¢ Whereas, if inftead of pointed, we make ufe
of blunted Condultors, thofe will as effetually
anfwer the purpofe of conveying away the light-
ning fafely, without that tendency to znmcreafe or
nvite it.

¢« My further reafons for difapproving of points,
ir all cafes where Conduftors are judged necef-
fary, are contained in a letter alluded to above,
which is addreffed to the Marquis of Rocking-
bam, and is publithed in the Ph. Tr. vol. 54.
Ee aaye

« There are other reafons alfo which I have to
offer, for rejecting points on this particular oc-
cafion, and which were mentioned at the Committee.
Thofe I fhall lay before the Royal Society at
another opportunity, for the benefit of the pub-

lic.”
B. Wilfon.

21 Auguft, 1772.

A2 Agreeable
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Agreeable to the declaration at the end of the
above diffent, I fhall now proceed to offer my fur-
ther reafons for objecting to pointed Conductors.

Experience, which is our beft guide in all phy-
fical inquiries, but particularly in eleétrical ones,
every day convinces me, that we know but little
of that fubtile fluid which operates fo ficretly, and
at the fame time fo powerfully, npon the earth and
its atmofphere. I confefs that I am even now lefs
acquainted with the principle of its action than I
thought I was twenty years ago. The finalleft dif-
Jerences, in the circumftances of our experiments,
frequently caufing very material differences in their
refults. And perhaps no one, who has not applied
his mind clofely to inquiries of this kind, could
conceive how the ponting a ﬂfffﬁf of metal or not
fhould make any material difterence in the experi-
ment.

The electrician has it always in his power to con-
vince any one of the fa®, who through inexperi-
ence, may be inclined to entertain the leaft {cruple
about it. For even_from thefe experiments, to which
it was thought proper to appeal at the Committee,
it appeared, that the difference in the effe&ts upon
this fluid, between pointed and blunted metal, is as
j2.to L. *

A Thunder

* The experiments were contained in a paper, which Dr.
Franklin produced and read at the Committce. There was no
doubt declared hy any one of the Committee, at the Time, of
the difference in the effeéts between pointed and blunted metal
being as 12 to 1. I had myfelf indeed experienced even a greater
difference. And one principal caufe for it, I apprehend, might be a

difference
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A Thunder cloud therefore, according to the
above experiment and inference, the circumftances
of it being fuppofed to be nearly fimilar with
what is called the Prime Condutor in thofe ex-
periments, if it acted at r2oc yards diftance upon
a point, would require a blunted end to be brought
within the diftance of r1oo yards; and beyond thofe
limits would pafs over it without affecting it at all.
On this occafion permit me to obferve, that the
longer the Conductors are above any building, the
more danger is to be apprehended from them ; as they
will in that cafe approximate nearer in their effecs to
thofe that are pointed. And that is one reafon, why I
was not for advifing the propofed Conduéors at
Purfleet to be {o high as fen feet above the maga-
zines ; and more particularly upon that building
called the Board-houfe, which ftands cnnﬁderabl}r
higher than the magazines themfelves.

But before we advance farther into this fubje, it
may be proper to fhew the reafons for introducing a
pointed apparatus, when the experiment upon light-
ning was fir/l propofed: what good confequences
were derived from that experiment: and why, upon

further

difference in the fharpnefs of the point I employed. For it ought
to be underflood in thofe nice experiments, and which I do not
find has hitherto been noticed by any one in thefe refearches, that
a mechanical point is an indeterminate expreffion 3 as fuch points
may differ greatly in the degree of fharpnefs, according to the na-
ture of the material, and the ability of the workman who forms
them. And a very {mall difference in thofe refpeéls will, it is well
known, make a confiderable difference in the effets upon this
ﬂt:éi,d when they are oppofed properly to any body that is eles~
i »
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further experiments and obfervations, fuch pmnts
ought now to be laid afide : when our intention is
not to make elefrical experiments, but by the means
of Conductors, to preferve &mi’dﬁ:gs Jrom the danger=
ous effecis of ;’:rrbfumg

Dr. Franklin, in his conjectures, that lightning
and elericity were one and the fame fluid, confi-
dered how he fhould 7nvite, or bring down and col-
lect the lightning, {0 as to make experiments upon
it.

And he concluded from obfervation, that the
likelieft method would be, to make ufe of fuch an
apparatus for the purpoﬁ:, as was moft fufceptible
nf eleGtric effe@s ; or, in other words, fuch an ap-
paratus as would receive the electric fluid with the
greateft cafe.

Repeated ex;aenm&nts taught him, that metals
had the property of receiving that fluid with more
eafe than other {fubftances.

He alfo learnt, from the like experience, that me-

tals, by being pointed, were rendered ftill more fuf-

cePtiblﬁ of rtcc,iving it

And therefore he propofed an experiment to be
try’d, whether it was not in our power to invite, or
bring down the lightning, by an apparatus confifting
of “an eleélric fland, and an iron rod 20 or 30 feet
“ in length, rifing upright from the middle of the
“ ftand, and at the top terminating in a very fharp
¢« point.” 'This apparatus was recommended to be
put upon fome high building, with the expectation,
that if a thunder cloud fhould happen to pafs near
this apparatus, fome quantity of lightning, dcfoﬁted

therein,



(2]

therein, would probably be colleted in the rod, by

means of the very fbarp point, and the eleérical fland
at the foot of the rod.

That this contrivance an{wered the end he firft
propofed, we have had fufficient evidence.

And it is no wonder, if after this great difcovery,
we find him, and other ele@ricians, purfuing new ex-
periments of this kind, and raifing thofe points higher
into the air, to collect ftill greater quantities of that
fluid which oecafions lightning. Nor need we be
farprized, after knowing that lightning could be
brought down from the heavens by fo fimple an
apparatus, and after experiencing its fubtile effects to
be fimilar to the eleéric fluid, that the Americans
and others, upon Dr. Franklin’s recommendation,
adopted the principle of fecuring their buildings
from its mifchievous effelts, by raifing, above their
houfes, rods of iron very fbarply pointed, and applying
wwires from the lower ends of thofe rods, down the
outfide of their houfes to the ground.

But though there appeared many arguments at
that time in favour of fuch Conductors, yet expe-
riments and obfervations at laft, induced Dr. Franklin
to alter bis opinion in refpect to thofe wires; and to
fubftitute, in their place, rods of iron ; ftill retaining
the principle of having the rods at the top fharply
pointed. And many of the Americans, as well as
Europeans, approved of the alteration, as appeared
afterwards, from conftru@ing their Conductors ac-
cordingly.

About that time great attention was given, and
many new experiments were made, in confequence

of
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of the frequent dangerous effe€ts which lightning
was obferved to produce in fome valuable buildings,
by rending and dathing to pieces very large f{tones,
and timbers, which were connetted together by
cramps and bars of iron ; and at other times, break-
ing and melting part of thofe rods, and fometimes
exploding wires, even of a confiderable thicknefs, like
fo much gunpowder.

From careful obfervations of thefe extraordinary
appearances produced by violent thocks of lightning ;
and upon making other experiments relating to a
certain refifting power 77, or zpon, all bodies, which
appears to act againft the attacks of lightning, as
well as againft the eletric fluid ; philofophers were
enabled to affign the reafon, and it is apprehended
upon a folid foundation, why Conductors fhould be
made of metal, in preference to all other materials: as
the power of refifting fuch attacks is lefs in metals,
than in wood, brick, ftone, or marble.

And that this refiftance might be the more fimple
and uniform, it appeared moft eligible to have the
Conductors made of one continued piece of metal only,
and of an equal diameter throughout. But what that
diameter ought to be, depended upon other circum-
flances, fome of which are taken notice of in a for-
mer paper referred to above, which I laid before
the Royal Society.

By this hiftorical fketch, we fee the propriety of
Dr. Franklin’s introducing points, and the advantage
philofophy has derived from them: by afcertaining

that lightning, and eletricity, are one and the fame
fuid :
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fluid : which appears to be diffufed every where, at
leaft upon this earth and in the atmofphere.

But fince this important fact has been difcovered,
and repeated experiments had taught us, that we
have it in our power to colle¢t that fluid which oc-
cafions lightning ; this manner of invitation, viz.
by ufing points, ought, in my opinion, fo ceafe *,
Becaufe a greater quantity of lightning than we have
yet experienced, may chance to attack us.

For we are fo far from knowing how great the
magazine of lightning may be in the atmofphere,
or in the earth, when it is ready to difcharge itfelf,
either by one, or more explofions, that we are 7gno -
rant even of the quantity aétually difcharged, whenever
any ftroke from lightning vifits us.

Nor can the ableft philofopher fix the limits of the
greateft difcharge that may poffibly happen.

Secing then how vain it is to look for any thing
like abfolute Security in all cafes; it furely behoves
us fo proceed with cantion : and it is for that reafon
I have always confidered pointed Conduétors. as
being unfafe, by their great readinefs to collet the
lightning in too powerful a manner. And left the
Conductors, without fuch points, fhould be too
flender for very violent attacks, in plac::s of great
confequence, I have always recommended the ha-
ving them above four times larger in diameter, than
what are commonly made ufe of.4 To the end that
our fecurity may be the greater, by opening a larger

pafiage

* Unlels where the eletrician, like profeffor Richmann, (who was
killed by it,) at bis swn bazard, chules to make further oblerva-
tions on lightning.

+ This was the cafe with St. Paul’s Church, when Conductors
were recommended for that building,
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{aaﬁ'age for any extraordinary difcharge; and o far
effening the danger to be apprehended from it.

I ought not, in this place, to omit taking notice
of a paper, containing {fome further experiments
and obfervations, which was produced at the Com-
mittee, to thew, among other things, that pointed
metals were more difpofed to receive the lightning,
by virtue of a repelling principle in lightning, as
well as in the electric fluid, which a&ted upon the
natural quantify of the fluid contained within part of
the metal, to a confiderable diftance from the posnt,
caufing, if I may be allowed the expreflion, a kind of
vacuum therein,

So far from difputing this philofophy, I readily
admit the faét.

But I am afraid, ewvery aftempt to prove that
pointed Conductors may be fo difpofed to receive
this fluid more readily, at the point, will not mend
the argument in the leaft ; becaufe the more we
leflen the power of refifting, (even fuppofing the
whole Conduétor in that ftate) the more we increafe
the power of invitation.

In regard to other experiments, with ¢ /Jocks of
cotton *, which are ated wpon in a particular man-
ner by the appofition of points ; and the conclu-
fions drawn from thence, in favour of peinted Con-
dulors, as caufing fimilar effeCts upon the frag-
ments, or [mall ¢louds, which hanging below the
thunder clouds, have been fuppofed a kind of fepping

flones for the lightning to pafs upon towards the earth;
fucly

* See Dr. Franklin’s Experimente.
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fuch pointed Condultors being fuppofed to occafion
thofe fragments to retire up into the cloud from whence
they were fufpended ; and on that account, to prevent
a ftroke from lightning, which might otherwife have
happened. I fhall for the prefent wave entering into
this philofophy, as I could with the conjetture to
be reconfidered ; becaufe I apprehend it is liable to
many objections, which to enumerate would carry
me beyond the proper bounds of fuch a paper as
this. However, if the fame opinion {hould be
again offered, and brought in argument, it may be
worth while to enter more deeply into the enquiry.

If thofe gentlemen, who argued at the Committee
for the neceffity of points, could have made it appear,
that fuch points draw off, and conduct away, the
lightning smperceptibly and by degrees, without caufing
any explofion, during a thunder ftorm, (which feems
to have been once the opinion of Dr. Franklin) I
thould readily have fubfcribed to their report.

But experience fhews us, that the fact is other-
wife, there being many inftances, where violent
explofions of lightning have happened to Conduétors
that were fharply pointed. And three in particular,
the accounts of which are inferted in a publication
of Dr. Franklin’s *, where the points were diffipated,
or defiroyed, and a imall part of an iron rod melted
next the points of one of them ; and alfo at the
feveral crooked ends of the rods below, where they
were hooked on to each other, and formed the Con-
duéfor belonging to Mr. Maine in North America.
But as thofe letters are long, and contain feveral

B2 other

* Dr. Franklin’s Experiments, page 394, 416, 417, &c. Ex-
tracts from which are in the Appendix of this publication,
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other curious faéts, I fhall referve them, together
with fome further obfervations upon the nature and
power of that refifting principle, which is found to
act fo fenfibly againft the attacks of the ele@ric fluid,
or lightning, to fome future diflertation.

There is no building, that I know of, more ex-
pofed to this kind of danger, than the Eddyflone
Lighthoufe, as it ftands upon a rock in the fea, fe-
veral miles from land. The fixing of a Conduétor to
that building was thought highly proper; and the
fixing of a point upon it, as highly improper. It
was therefore refolved upon to put up a Conductor
without a point, that no more lightning might be
unneceffarily folicited to the building ; and that all
the lightning, which accidentally fell on it, might
be conveyed away without injuring it. This Con-
ductor was fixed twelve years ago, and the building
has fince received no injury from lightning *.

There is another edifice of great confequence, I
mean St. Paul's church, which ftands much expofed,
from its height, to accidents by lightning. The
Dean and Chapter, of that cathedral, thought it an
obje¢t deferving the ferious attention of the Royal
Society. A Committee was therefore appointed, in
confequence of their application; and proper Con-
ducors were put up in the feveral places where
they were thought neceflary, from the top of the
Lanthorn to the Sewers under ground. And not-
withftanding particular care was taken to have the
additional metal, either of a confiderable diameter,,

ot

* N. B. A former building, ereCted for the fame purpofe upom
this rock, was fet on fire by lightning.
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or an equal quantity of it formed into other fhapes,
for the conveniency of the feveral places, yet part
of thofe Condutors, confilting of iron, in the Stone
Gallery, {hewed marks of their having been made
confiderably bot, if not abfolutely red, by a ftroke of
lightning, which happened in March laft, as ap-
pears by a letter, which I communicated to the
Royal Society, from one of the Vergers of that church,
Mr. Richard Gould, who had examined the Con-
ductors the morning following, along with Mr. Bur-
ton of the fame cathedral ¥, and that the appear-

ances

* Mr. Gould acquaints us in his letter, that he examined the
four Conductors in the lanthorn and ftone gallery of St. Paul’s
church the morning after the lightning happened. That no marks
whatfoever-appeared upon the Conductor to the Sowth, which was
the firft he attended to. That he examined next the Conduétor
to the /7¢/, and obferved, ¢ A thick ruft lying upon the pave-
ment in the ftone gallery, as if it had been cleaned off, from the
Conduftor, with a tool : that feveral parts of the iron appeared
black—particularly the fcrews or nuts: fomething like the effeéts
left by gunpowder upon iron or fteel ; or a fmoaky fire,

That the Conduétor to the Narith thewed no marks, no more
than to the Sourh, _

But that upon examining the Conduétor to the Eqff, he found’
firenger marks abundantly, than on the Weft Conductor it be-
ing much blacker, particularly on the nuts and fcrews ; the ruft
lying in greater quantities on the pavement. And the extreme part
of the Conduélor that goes into the water trunk, feemed like a piece of
iron, newly taken out of a forge by a fmith, without working it
on the anvil,

N. B. Mr. Gould has fince added to the account in his letter,
fame circumftances which I apprehend ought not to be omitted.
He fays, that where the end of the Conductor on the Eaft fide
points towards the water trunk, a ftone furrounds part of it, leav-
ing an interval half an inch wide between them, and about four
or five inches Jong ; which is a little more than the breadth of the
Condutor. That this interval was filld up with dit, andhhad‘

Sep
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ances were in general as the Verger's letter related
them to me.~ Mr. Delaval and I went there about
a week afterawards to obferve them, and their parti-
cular fituations, with the circumftances attending
them ; when we were very well fatisfied with his
account, notwithftanding it had rained in the 7n-
terim for three Days together.

It is worthy of note, that thofe Conduélors did
not ferminafe in a point 3 nor was any peint put upon
the crgfs at the top - and yet
Dr. Franklin was of that Committee.

If ~oints are fo eflential to our fafety, why was
not the reafon enforced at the Committee, for ha-
ving them on that capital edifice? For my part, I
think it was a happy circumftance, that there was

7o

been fo for fome time, occafioned by frequent fhowers of rain
wafhing the pavement in the ftone gallery. That after the light-
ning happened, he obferved a Jhole was made through the dirt, one
guarter of an inch in diameter, and about fwo inches in length. That
the hole was clofe to the iron.  And that upon flooping down his
head, he perceived a very difagrecable fmell of fulphur from the flone,
dirt, and Condufior 5 particularly the lafl.

Upon hearing this account, Mr. Delaval and myfelf a few days
ago went and examined the Conductors again ; but more careful
than before : for upon caufing the flone to be removed which co-
vered the top of the water trunk, we had an opportunity of exa-
mining near two feet more of the iron Conductor which points to
the water trunk, than we could perceive before this flone was re-
moved. When we obferved that the condufting iron did not
touch the lead. We likewife obferved that there was a very thick
coat of rufl all ever that part of the iron, particularly at the end next
the lead, where the water entered the trunk.

As the neceflity of attending to thefe circumftances will be oh-
vious to any one who is but in the leaft degree acquainted with
thefe refearches, the danger of negleéiing them will be feen in the
Srongeft light by the gentlemen of the Committee, who recommended
the Conduttors for the fecurity of that cathedral.
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no point fixed upon the top of the church, to folicit
a greater quantity of lightning at that moment, than
what fell upon the Conduétors, circumftanced as
they were; as zhat quantify was great enough to
heat fo conﬁdcrabl;, a bar of iron near jfour tnches
broad, and about balf an inch thict.

This powerful effect reminds me of another in-
ftance {till more extraordinary, which happened in
Martinico, and is related by Capt. Dibden, where a
bar of iron, one inch in diameter, was, by a violent
fhock of lightning, reduced in ene part to the thick-
nels only of a flender wire. See Ph. Tr. Vol. 54.

C2FEY,

' Since then we are at all Gimes ignorant of the
quantity of lightning in the earth and its atmof-
phere: and the difference in the effects, between
blunted and pointed ends, in caufing a difcharge in
our electrical experiments, appears to be as 1 to 12.
It is eafy to comprehend the great danger this noble
fabric has probably efcaped, by having no pointed
apparatus upon it.

From the above obfervations, I am naturally led
to confider a part of the proceedings of the Com-
mittee, refpecting the magazines at Purfleet : when
a certain number of Condultors, with tapering points
at the top, were refolved upon as neceflary to pro-
tect the feveral buildings where the powder is depo-
fited. For it was agreed upon, at the fame meeting,
that the Board-houfe, which is a large building for
the ufe of the Board Officers, and which {tands con=
fiderably higher than the magazines, as was obferved

above
* Sce the Appendix,
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above, did not require any point at the top ; becaufe it
was apprehended to be perfectly fecure, by reafon of
the copings on the roof, the gutters and pipes to
carry off the water, being all of lead : and further,
becaufe thofe pipes communicated with two wells,
which always contained water.

I was not a little furprized at this laft refolution,
which appeared to be fo znconfiffent with the for-
mer. Becaufe if points were neceflary in one place,
they ought to be fo in another. And on the other
hand, if the Board-houfe is fecure by the leaden acci-
dental Conductors, which have no points, why ought
not the magazines to be equally fecure, when put
into the fame circumf{tances ?

I therefore enforced the znconfiffency of fuch a re-
folution in the ftrongeft terms. Notwithftanding
which, the gentlemen, at that time, thought pro-
per to confirm their refolution. However, at the
next meeting of the Comtmittee, I obferved that
they had been pleafed, in the mean time, to make
an amendment in favour of points for the Board-
houfe ; which amendment was no fooner propofed,
than approved of. :

Why my obfervation was rejected at the preceding
meeting, I muft leave to the judgment of others,
But it certainly carries an appearance, as if manifeft.
contradiélion, upon further refle€tion, muft have been
the caufe of that alteration,

And I am inclined to believe, from fome gentle-
men of the Committee expreffing their opinion, in
the Committee,  of its being a matter of mere in-
“ difference, whether blunted or pointed Conductors

“ were
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“ ayere made ufe of,” that they have not confidered
this fubjet, with all the attention that fo impor-
tant an object deferves.

For if our experiments fhew, that points, from
the nature of their thape, and other circumitances
attending them, refift the attacks of this fluid lefs
than blunted ends, and that blunted Condu&ors of
proper dimenfions are fufficient to convey away the
lightning fafely, whenever it attacks them, why
thould we have recourfe to a method, which is at
beft uncertain ; and which, fome time or other, may
be produétive of the moft fatal effects ? *

But perhaps no argument can be brought with
more force againft the principle of points, than Dr,
Franklin’s own words, which are publithed in his
experiments, p. 481 : where he declares poffitively—
¢ Buildings, that have their roofs covered with lead,
or other metal, and fpouts of metal pontinued from
the roof into the ground to carry off the water, are
« pever burt by lightning 5 as whenever it falls on
{uch ‘a building, it pafies in the metals and not in
the walls.” '

This is the cafe with the Bris/h Mufeum, a
building alfo of confiderable confequence, where
there are no other Condu&ors than what are formed
by the copings, gutters, and pipes, which are all of
lead, and communicate with the ground. Now it

] 15

* Points expofed for the reception of lightning are likewife ful-
qelt to this marerial objeétion : they are meant to invite, or draw off
the lightning eontinually ; but we find from experience, that thofe
tharp points are extremely fubjecl to be melted down and deflroyed by

it 2, they are thevefore o far rendered ufelefs and vainy as no one can

exallly fay what the duration, or what the effeéts of any ftorm of
lightning may be.
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is from tlie great quantity of metal contained in the
feveral pipes, together with the other circumftances
attending them, that I confidered that building, (in
a former paper laid before the Royal Society) as be-
ing {ufficiently fecured from thofe dangerous effe@s.

But 1f any gentleman fhould be difpefed to enter-
tain a doubt about it, or indeed of any other part
of my reafoning on this fubje&, a declaration of
thofe doubts may be attended with good confe-
quences, as they will neceffarily open the door to a
more minute inveftigation.

I have now gone through the reafons which I
propofed to lay before the Royal Society for the 7e-
jecting of points ; and I am very forry in the courfe
of this letter, to have been under the neceflity of
mentioning any differences in opinion, which pafied
between the members of the Committee, to whom
this important matter was referred ; I think how-
ever, I thall ftand excufed to the Society and the
public, when it appears, as I hope it now fufficiently
does, what my motive has been, namely, to ftate
clearly, and impartially, the objections which I con-
ceived to lie againft pointed Conduétors ; and to
difclofe, without any referve, the principles on which:
fuch objections are grounded.

Iam, Sir,
with the greateft refpect,
Your moft obedient,

8 Dec. 1772 and moft humble fervant,
Great Ruffel-Street,

Rloomfbury. Ber}ja{nin Wi]fﬂ.{?ﬁ._
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Mr. Delaval, who was one of the Committee, has
given me leave to infert his opinion upon this fub-
jet ; which is this, That he concurs with me in
thinking, that fuch Conductors as are elevated higher
than the buildings to which they are applied, or
are pointed at the top, are improper and dan-
gerous.

He was defirous of delivering his opinion at
the Committee ; but as the meetings of it were
held in the Summer only, his abfence from London
prevented his attendance.

Read at the Royal Society the
1oth of December, 1772,

Ca A LETTER
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From Epwarp Hussey Deravar, Efg;
F.R.S. to Mr. WiLson, F.R.S. &c.

gL'

R OM the Report of the Committee appointed

by the Royal Society, it appears that pointed
Conductors were recommended to fecure the maga-
zine at Purfleet, from the effe¢ts of lightning: But
as 1 find, from your Diffent, which accompanies that
Report, that in conformity to what you had for-
merly advanced, you apprehend that fuch Con-
ductors are dangerous; and as my abfence from
town prevented my attendance on the meetings of
the Committee, which were held during the vaca-
tion, I think it incumbent upon me to comply with
your defire of giving my opinion on this {fubje&, and
the reafons on which it is founded.

The queftion feems to amount to no more than
this, Whether it be proper to ufe pointed Con-
ductors, which invite or facilitate the entrance of
lightning into buildings, in preference to blunted.
ones, which have not the like power of foliciting
it?

I believe every one will now admit, that pointed
Conductors are indued with a power of drawing
lightning from the clouds; as it was from this.

theory
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theory that the firft experiments were made, and the
fucceeding ones have conftantly confirmed it.

If it is the opinion of any one, that the invitation
of fo formidable an enemy is defirable, it muft, I
imagine, be founded on a fuppofition, that all the
eleCtrical contents of the impendent cloud, can be
completely and inftantaneoufly carried off through
fo narrow a channel, fo as to be no longer capable
of acting upon the intermediate parts of the build-
ing.
But I believe this fuppofition will not appear
agreeable either to reafon or experience, when we
confider that clouds of a dimenfion equal (as Dr.
Franklin judicioufly fuppofes) to * ten thoufand
acres, are frequently fully charged with the matter
of lightning ; and that although lightning < « ftrikes
“ the higheft and moft pointed objets in its way,
¢ preferably to others, as high hills, and trees,
¢ towers {pires, mafts of fhips, &c”, which there-
fore muft be looked upon as Conductors ; yet in this
city, notwithftanding no place furnithes a greater
number of thefe elevated and pointed objects, the
collective power of all of them, in draining the im-
pendent clouds, is conftantly found infufficient to-
defend even the lowefl parts of the city jfrom being
tnjured.

This appears, not to mention other inftances, from
the effeCts of the lightning in Effex-ftreet on June:
18, 1764, at the fame time that St. Bride’s church:
was fo greatly damaged.

Nee

# Franklin’s Exp. p. 65.
%, Prieftley Hift. Elec. p. 178,
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Nor were the Conduors of St. Paul's church
able to defend the chapel in Tottenham Court Road,
which appears to have been ftruck nearly, if not ex-
altly, at the fame time with that cathedral, on
March 22, 1772.

If the united power of fo many Condutors, as

are contained in and about this large city, are infuf-
ficient to deprive the impending cloud of its con-
tents, how then can we expect f{o great an effet from
{o narrow a channel as one or two {mall Condu&ors
can afford.

If this be rightly ftated, the intention of draining
the contents of fuch immenfe bodies by fuch fmall
conveyances, is entirely fruftrated ; and we can no
}Gngﬂ aflign that, as a reafon for inviting the lightning
from thcm into fuch buildings as we mean to fecure.

It is true, that a blunted Conduéor will receive a
fpark from a body charged with the elecric fluid at
a greater diftance than a pointed one will ; but, on
the other hand, a pointed one will receive thf.': greater
guantity, and wzrﬁ a greater facility : the [park, “which
1s vifible when the blunt body is ufed, is a ﬁgn that
the ele@ric matter finds a diffculty in entering that
Conductor.

No argument can be drawn from hence in favour
of points, the objet in view not being to guard
againft the appearance of the lightning, on it’s enter-
ing the top of the Conductor, but to prevent the da-
mage which will arife from 700 great a quantity afier
2t bas entered the Conductor, or any other part of
¢he building ; and it cannot be denied, that pointed
and elevated rods of metal will receive from the

clouds
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clouds a greater quantity, and with lefs refiftance,
than fuch as are blunted.

When a {fmall wire, with its ends blunted, is in-
terpofed between the infide and the outfide of a large
jar properly charged, without touching either of -
them, a fpark will be feen at each end of it, and it
will, by the paffage of the eleftric fluid through it,
be either melted or become red hot. But if a needle
be joined to the end of the wire, which is neareft
to the infide of the jar, and be brought into contalt
with it, no fpark is feen at the entrance of the fluid
into the wire, yet the fame effeéts are produced, as
when the fpark was vifible.— _

Nor will the pointed Condu&ors have any ad-
vantage over blunted ones, in drawing off the charge
gradually, if they perform that operation /fuddenly,
according to the i ingenious experiment of Dr. Frank-
lin, made with a prime Condudtor ten feet in length,
and one in diameter ; which gave rife to his theory
of drawing the lightning from the clouds. As itis
an experiment very applicable to this queftion, I
fhall here relate it in his words: ¢ Let a perfon,
« ftanding on the floor, prefent the point of a ncedle
«¢ at twelve or more inches diftance from it ; and
¢¢ while the needle is fo prefented, the Conduttor
“ cannot be charged, the point drawing off the fire
« as faft as it is thrown on by the electrical globe.
¢ Iet it be charged, and then prefent the point at
“ the fame diftance, and it will fuddenly be dif-
« charged.”

* Dr. Franklin, in another part, gives us the fol-
lowing experiment: “ -4 An cye fo fituated as to

S yieve
* Franklin’s Exp. p. 63»
+ Ib. p. 126,
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view horizontally the under fide of a thunder-
cloud, will fee it very ragged, with a number of
feparate fragments, or petty clouds, one under
another, the loweft fometimes not far from the
earth. Thefe, as fo many ftepping-ftones, affift
in conducting a ftroke between the cloud and a
building. To reprefent thefe by an experiment ;
take two or three locks of fine loofe cotton, connect
one of them with the prime Conduétor by a fine
thread of two inches, (which may be {fpun out of
the fame lock by the fingers) another to that, and
the third to the fecond by like threads — Turn
the globe, and you will fee thefe locks extend
themfelves towards the table, (as the lower fmall
clouds do towards the earth) being attrated by
it ; but on prefenting a tharp point erect under
the loweft, it will fhrink up to the fecond, the
fecond to the firft, and all together to the prime
Conductor, where they will continue as long as
the point continues under them. May not, in
like manner, the fmall ele@rifed clouds, whofe
equilibrinm with the earth is foon reftored by the
point, rife up to the main body, and by that
means occafion fo large a vacancy, as that the
grand cloud cannot ftrike in that place "

If the clouds ever happen to be circumftanced, as

the locks of cotton and the prime Conduéor are
here defcribed to be, the effe@ts of the pointed Con-
ductors upon them will probably be fimilar to thofe
produced on the cotton in the experiment ; one cir-
cumftance however in the experiment feems mate-
rially to differ from the great procefs of nature, in

imitation
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imitation of which it is made.=The large or princi-
pal cloud is, in this experiment, reprefented by the
prime Condullor, which is a folid body having a
Jixed place in the apparatus, and confequently 7x-
capable of moving towards the point, as the loofe
locks of cotton do: But the clouds are compofed of a
flutd matter, moving with the utmoft facility in another
fluid fubftance, viz. the air, and are fubje& #o change
their forms and fituations in the atmofphere with great
rapidity, accordingly as they are affected by different
caufes : It does not thercfore appear from any part
of the experiment, that when the lower and more
detached clouds have given out their eletric con-
tents to the pointed Conductors, the upper and prin-
cipal clond will not extend itfelf towards them, in
order to difcharge its electric contents into them, ac-
cording to the conftant law, that bodies containing
an excefs of the electric fluid, whenever they are at
liberty to move freely, will accede to other bodies
in which there is a comparative deficiency of the
fame fluid.

And indeed, if we were certain that the effect of
pointed Conductors was fimilar to what is feen in
the experiment, when the clouds happen to impend
over buildings in that detached form ; vet clouds
often are in other forms, f{o that they are differently
circamftanced, and then no fuch advantage can be
{fuppofed to enfue. |

Clouds of an immenfe fize are often in one united
mafs ; buildings, and frequently whole cities are
totally immerged in fuch clouds, whilft they are re-
plete ‘with lightning.  Various inflances of this kind

D are
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are related by the learned Beccaria, and I have my-
felf feen many fuch. On the 22d of March, 1572,
I obferved from my window, which is fituated on
the weft fide of the Thames, a large thunder cloud,.
which extended itfelf over the hills in Surry, fouth:
of London ; the neareft part appearing about fix
miles from thence; at the fame time the fky be-
tween that cloud and London was extremely clear,.
but in a few minutes after my obferving the cloud
at that diftance, it approached the city, which im-
mediately afterwards became immerged in it. At
the fame time there fell a heavy rain, and lightning
appeared to proceed from the fouth-eaft towards the
town. During the time of this ftorm I continued
to obferve, from my window, St. Paul’s church, but
could not perceive that the lightning directed itfelf
particularly towards that building, which, as well
as. the reft of the town, was entirely furrounded by
the cloud. — I fhall hereafter mention the effects-
which were then produced on the Conduétors of
that church. If Condultors were capable of ex-.
haufting clouds charged with lightning of their
contents, zhat would have takep place in the ftorm
I have here mentioned ; but notwithftanding the
numerous Conductors through which part of the
lightning was conftantly paffing, yet the flathes con--
tinued to fucceed each other with undiminithed
force for a confiderable time, as they frequently do-
in thunder-ftorms, fo as to deprive us of all hopes
of exhaufting the lightning either contained in fuch
immenfe maffes, or pafling through them to or from.

the
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the earth and the huildings, ard other objects on its
{urface.

Dr. Prieftley obferves from Beccaria, that he
found ¥, ¢ from his obfervations of the lightning
¢ abroad, and his apparatus within, that the guarn-
¢ tity of eleftric matter, in an ufual ftorm of thun-
“ der, is almofl inconceivably great, confidering how
¢ many pointed bodies, as trees, fpires, 8cc. are per-
«“ petually drawing it of, and what a prodigious
¢ quantity is repeatedly difcharged to or from the
¢ earth.

¢ Confidering the vaf quantity of eleétric fire
¢ that appears in the moff fimple thunder ftorms, he
¢ thinks it impofiible that any cloud, or number of
¢t clouds, fthould ever contain it all, fo as either to
¢ difcharge or receive it.—Befides, during the pro-
«« grefs and increafe of the ftorm, thougb the lightning
« frequently firuck to the earth, the fame cluds were
“ the next moment ready to make a flill greater dif~
¢ charge, and his apparatus continued to be as much
¢ affeCted as ever.”

I think it evidently appears from thefe faéts, that
the quantity of lightning, which can be drawn from
large thunder clouds by means of Conduétors, is fo
very {mall a pait of the whole contained in them,
that any attempt to exhauft them muft be looked
upon as altogether vain.

This being eftablifhed, it will be neceflary, in the
next place, to confider the manner in which light-
ning affects Conduétors, even thofe which are con-
ftructed with the greateft care.

s In
* Prieftley’s Hift, Eleétric, p. 344.
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In anfwer to your paper againft pointed Conduc=
tors, publithed in the Philof. Tranf. Ann. 1764, Dr..
% Prieftley quotes from Beccaria the following paf-
fage; ¢ that no metallic apparatus can attra&t more
“ lightning than it can conduct.” This however
is direCtly contrary to experience, for metallic bodies,
not properly communicating with the earth, are fre-
quently found to receive (or attralt) a fufficient
quantity of lightning to heat, melt, or even dif-
fipate them; thus, fwords, watches, &c. and metal-
lic parts of buildings, are often injured, though they
certainly receive a lefs quantity of lightning than
bodies which communicate with the earth, the re-
fiftance in the latter cafe being lefs. '

Whenever a metallic Conductor is interpofed be-
tween any two bodies, differing greatly from each other
in their quantities of the ele¢tric fluid, it will pafs with
great violence through the Conduétor, in order to
produce an equilibrium : If the metallic rods are
not thick enough to conduét this quantity properly,
they will, according to their proportional deficiency,
either be deftroyed, or will communicate violent
effeéts to fuch bodies as are in conta& with, or
near, them,

The greateft quantity of the fluid hitherto col-
lected in electrical experiments is infinitely lefs than
that which pafles from thunder clouds to the earth,
and yet a quantity, far thort of what may be fo ob-
tained, is {ufficient to melt fmall wires, although as
free a channel is given to it, as the {mallnefs of the,
wire can afford.—When the wire is too large to be

melted.
* Pricltley Hift, Ele&, p. 406..
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melted by the paflage of the fluid through it, but
too {mall to convey it with eafe, very violent effetts
are produced on fuch bodies as are in contat with
it, or placed near it ; for fuch bodies will be torn to
pieces, burnt, or otherwife violently acted upon.

I fhall here quote from Dr. Prieftley fome experi-
ments which he mentions on this occafion, relative
to what he calls, the lateral force of eleéiric explo~
fions,® which fDI'CE was, 1 believe, firft difcovered
by you, and publithed in your Treatife on Eletri-
city, in the year 1750.4 The efelts of this lateral
explofion he thus defcribes: ¢ I laid a green leaf upon
¢ the palm of my hand, intending to make the ex-
‘“ plofion pafs over the leaf; but the leaf was bur/ft
«“ and forn to pieces, and the explofion pafling over
“ my hand, gave it a wioknt jar, the effeCts of
“ which remained in a kind of tingling for fome
o e
¢ Laftly, in order to judge the moft perfeltly of
this force, I laid a chain, communicating with
“ the outfide of the battery, upon my mked arm
« above the wrift, and bringing the difcharging rod
«« near the fleth, within about two inches and a
< half of the chain, I made the explofion pafs over
“ that quantity of the furface of the fkin.”

The effets of this explofion were, ¢ the hairs
¢ upon the fkin were all finged, and curled up along
« the whole path of the explofion, and for the [pace of
« gbout an inch on each fide of it ; allo the papille
« pyramidales of the fkin were raifed as when a-

¢¢ perfon:

[

# Prieftley’s Hift. Elec. addit. p. 44.-
+ Vide p. 89, and the Plate I1l. fig. g,
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« perfon is fhivering with cold. This was alfo the
¢ cafe in every part of the arm which the chain touched,
 and even that part of it which was not i the circuit.
<« Both the path of the explofion, and the place on
<« ywhich the chain had lain, had a rednefs, which
¢« remained till the next day. Sometimes the flefh
¢ has contracted a blacknefs by this experiment,
¢ which has remained a few hours.”

In eleétrical experiments the common, and moft
commodious, method of obtaining a large excefs of
the electric fluid in one place, and a large defect of
it in another, is by the Leyden Experiment ; but an
equal excefs and defet may be obtained in two fepa-
rate non electric bodies if they are fufficiently large,
and one of them be electrified pofitively the other ne-
gatively. And by fuch an experiment we may {ud-
denly convey the contents of the body charged pofi-
tively, into that which is elecrified negatively, and
fo produce, in the Conduétor, &c. effe@s equal to
thofe of the Leyden Experiment.

But tho’ the bulk of the bodies, required to per-
form fuch an experiment, renders it inconvenient to
us, the procefs is {uch as nature frequently performs,
with this difference only, that the quantity often
ready to be difcharged from the clouds into the
earth, through metallic Conductors or parts of build-
ings, is infinitely greater in proportion to thofe Con-
dutors, than the largeft charges of our apparatus
are to the fmall wires which they are capable of
affecting.

Let us fuppofe that feveral large metallic rods
were placed as Conductors, to a magazine of gun-

powder,
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powder, and that the lightning was difcharged from
the clouds to the earth through them, in a quantity
pr-:}pmtlmmblv greater than that which paﬂ’cd thro’
the wire and chain in Dr. Pneﬂ:leys experiment,
which is an imitation in miniature of the infinitely
greater quantities of lightning difcharged from the
clouds through Conductors: would not the effe&ts of
tearing to pieces and burning have been produced by
the Conduétors in the magazine, in the fame man-
ner, and from the fame caufés, that affected the green
leaf, hair, and fkin, in the experiment performed
in miniature ? and would not the lateral force of
this natural difcharge extend itfelf to a proportion-
ably greater diftance from fuch Conduétors, to feve-
ral feet diftance quite round them, if an overcharge
of lightning pafled through them ?

Nor need we rely on reafonings taken from elec~
trical experiments only.

If Conductors, purpofely placed in buildings, were:
with care examined after every thunder ftorm, and
authentic accounts of them given to the public, ftill’
greater lights might probably be thrown upon this
matter.

The effe@ts produced on the Condu&ors of St,
Paul’s, by the i-llarﬁ confiderable ftorm of lightning,-
which happened after they had been placed there,.
with the utmoft care and confideration, by the com-
mittee appointed by the Royal Society, at the defire
of the dean and chapter of that church, afford a
remarkable inftance, that fuch a lateral jforce takes:
place in the Jargeff Conductors which have as yet been-

smployed,.
e The
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The Conductors of St. Paul’s were examined with
great attention by Mr. Richard Gould, one of the
vergers of that cathedral, on the 23d of March 1772,
the day after the lightning had pafied through them :
As the letter he wrote to you contains fome inter-
efting and curious facts, of the truth of which we
were witnefles ; and as this paper, together with
others on the fame fubje&, though laid before the
Royal Society, have not been thought proper to be
publifhed, it is neceflary for me to mention here
fome of thofe facts, as they greatly illuftrate what I
have advanced in regard to the danger from a lateral
force in particular fituations.

Some of thefe Conductors appeared to have un-
dergone a confiderable violence by the paflfage of the
lightning through them, infomuch that a thick ruft,
which was formed on their furface, was, by the la-
teral force, beaten off, and removed to _;’ame diflance
from them : The iron bars themfelves had, for many
JSeet, the appearance of having been beszed vl hot,
refembling 1ron newly taken from a fmith’s forge :
in other parts, the iron, as well as the ftones near it
was blackened by [moke.

Thefe bars feem to have undergone nearly the
fame violence as the wire and chain in Dr. Prieftley’s
experiments, which I have before mentioned, with
this difference only, that as the fize of the Conduc-
tors greatly exceed that of the wire and chain, fo
did the quantity of electric fluid, which paffed
through them. It is probable that a greater thunder
ﬁnrm may at fome future time produce flill more
violent effects on them: thofe already obferved

would
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would have proved fatal, had the bars been placed
in a magazine of gunpawdcr, inftead of being con-
tiguous to ftone or other incombuftible materials,

I have been informed that there are fome curious
particulars, relative to this fubje@, contained in a
paper lately communicated in writing to the Royal
Society, at its defire, by Dr. W. Hunter a refpecta-
ble member of it, but as it i1s not ordered to be
printed, and as on fearching the journals of the So-
ciety, I find that no minute has been made of this
paper, I cannot be fufficiently informed of the parti-
culars to refer to them.

I cannot help regretting that fuch accounts are not
thought worthy of publication, as it is only from a
fufficient number of well attefted facts, that this
part of f{cience, hitherto fo little underftood, can
have fufficient light thrown upon it.

It appears evidently, that lightning produces very
violent effects in pafling through even thofe Con-
ducors, which are conftructed with the greateft
caution, and which are contrived to carry it off
without inviting it.—And it muft be admitted that
fuch conduftors, if pointed at the top or elevated
above the building, would facilitate the entrance of
a much greater qmntxw, and confequently more vio-
lent effects would thereby be produced.

It alfo appears that the largeft metallic rods, even
when pointed, are incapable of exhaufting large
clouds of their eletrical contents.

But although our Conducors are inadequate to
fo great a power, as that which is neceflary to ex-
hauft clouds of an immenfe fize; yet they may be

E applied
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applied with great probability of fuccefs, to carry off
with fafety as much lightning as may at any given
time be contained in the metallic parts of a building,

provided a complete communication be formed be-
tween them and fufficiently large Conductors,

In a building, thofe parts which are capable of
being charged with 11vﬁtnmg, may be meafired or
eftimated, and confequently fuch Conductors may be
applied to them, as, from their fize and confiruclion,
are adapted to carry off that givem quantity : but as
we cannot meafure or ¢ftimate the quantity of light-
ning, which may at any given time be contained
in the clouds; fo it is Impnﬂihle to determine what
quantity will, at any time, pafs through fuch Con-
dutors as are pointed and elevated above buildings,
on purpofe to facilitate its entrance.

I cannot determine what degree of fuccefs has
attended the ufe of pointed and elevated Condu&tors,
during the {mall number of years that they have
been erected ; as the only particular accounts of
them, which I have met with in the publications
of Dr. Franklin, as well as in the papers received
by the Royal Society and others, relate merel
fuch Conductors as have been unﬁ;cm Sful, their pam.fs
baving been melted, and the houfes, &c. to which
they were applied, having been injured : But it
is with great pleafure that I find, from a paflage in
Dr, Franklin’s letters, that he agrees with us in opi-
nion, that Conductors, which are nof pointed at the
top, nor elevated above the rogf, and which are fuffi-
ciently large, and properly conneted with each
other, have without any exception been conftantly

found
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found fuccefsful for many ages paft : The following
is the paffage which I refer to: ¢ Buildings that
¢« have their roofs covered with lead, or other me-
¢ tal, and fpouts of metal continued from the roof
¢ into the ground to carry off the water, are never
“ purt by lightning, as whenever it falls on fuch a
¢ building, it pafles in the metals and not in the
6 sralls” *

I cannot help exprefling my regret, that our con-
clufions differ from thofe of Dr. Franklin, and
others who have wrote on this fubjed, though
drawn principally from the fame experiments. I
have in the courfe of this letter fully explained the
reafons on which my opinion is grounded; but
thall attend with the greateft deference to fuch ar-
guments as may be brought againt it.

I am,
Sir,
Your fincere friend,

and humble fervant,

on Garden,
G’}iiy?m,-,qu Edward Hufley Delaval.

Feb. 20, 1773

* Franklin’s lett. p. 481.
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The very extraordinary effeCts of lightning upon
the 7ron bar in Martinico, (mentioned in page 15.)
being attended with a remarkable circumftance,
it may be worth our while to make fome ob-
fervations upon it.

HIS bar was not only reduced to the thicknefs

of a flender awire at the end next the wall, but,

what deferves more particular attention, there was

a gradual diminution to that part of the bar for more
than one foot, as Captain Dibden informed me.

This fingular effet, 1 apprehend, depended upon a
very great accumulation of the lightning at that in-
ftant in the bar; which was caufed by a certain
Jorce that eppofed its paffage, proceeding from the na-
ture of the wall where the iron terminated, and where
the greateft accumulation of that fluid muft neceffarily

have
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have happened ; as muft rbe leaf? accumulation at the
greateft diffance from that end. Hence we fee the
reafon, why the effett upon the iron ought to be
lefs and lefs, in proportion to the diftance from the
wall.

For wherever there is an accumulation of the
eleCtric fluid, there is always a force alting againft
it, to occafion that effeét ; which is alfo true in regard
to lightning. And that an accumulation does take
place, in confequence of a force which is exerted 72
all bodies, or af their furfaces, may be colle¢ted from
every elelirical experiment : but in none more clearly,
than where a great quantity of this fluid is difcharged
with violence through diftinét pieces of metal in par-
ticular circumftances *,

For if the experiment is made with a chain, pro-
perly fufpended, thofe parts of the links that appear
to be in contact with each other, are inftantly melt-
ed by the violent action of the fluid, in its endea-
vouring to pafs from one link to the other, while the
other parts remain firm and entire.

Similar to the above appearances, are thofe, where
rods, or other {fmall pieces of metal, lie {fo near to
each other, that they are commonly faid to touch.
For at thofe parts, where there is an imperfet con-
tact after the experiment is over, we frequently ob-
ferve appearances of their having been melted : and,
in fome cafes we are able to trace the marks of a

more

* Among many inftances, of this kind, is one which happened in
March laft, at a chapel in Tottenham Csurt road, on the fame day
and heur, (if not exaltly at the fame moment) that St. Paul’s
church was ftruck ; the account of which was given to the Royal
Society by Mr. Henley.
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more violent effect: fuch as a fudden diffipation of
fome part of the metal.

There is one obfervation that perhaps is not
of the leaft importance; it is this, I am very
apprehenfive, that unlefs the wtmoff attention is paid
1o this refiffing principle in all cafes, the conclufions
drawn from our experiments cannot always be de-
pended upon.

What I mean by this refiffing force, that a&ts fo
powerfully againft the attacks of lightning, and the
eleCtric fluid, is explained in the experiments and
obfervations I made many years ago ; and which
were afterwards republithed in a more {yftematical
manner, with additional obfervations by Dr, Hoadly
and myfelf. It may not however be improper, in
this Appendix, to infert fome of them; and like-
wife fome obfervations of the like nature, which I
made, and publifthed in a letter to Epinus, profeflor
at Peterfbourgh : as I hope they will contribute to
make the philofophical part of this publication bet-
ter underftood, by thofe who may have inclination
and leizure to confider them.

The late e¢vent, which happened to the Con-
duftors in St. Paul’s cathedral, affords us a remark-
able inftance of the powerful effects of lightning,
in confequence of the above refifting principle,

I chofe therefore to hang that falt out, as the moft
. extraordinary, and capital experiment produced by
the power of lightning, which has hitherto come
to our knowledge : and I make no doubt, but that
the ableft electricians in Europe will entertain the
fame opinion : when they confider the guantity of

metal
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metal heated in that experiment : the particular
Sfituations of that gﬂmn‘njf compared with fbe na-
ture of the circumftances that app;:ﬁ*d the paffage of the
lightning at thofe parts only, which have been al-
ready defcribed.

What fhall we fay then to papers, containing
fuch extraordinary fads, being rejected, and with-
held from publication, by the influence of any 1—

I cannot account for it any otherwife, than that
it contradifed certain do&rines, which, of late
years, have perhaps been too implicitly fubfcribed
to.

The fa& itfelf indeed, was little attended to
at the time, except by Mr. Delaval and myfelf,
who, on receiving information of thofe effeés
from Mr. Richard Gould, examined into the
particulars within a week after the ftorm hap-

ened.

: Some other gentlemen of the Royal Society,
about three weeks after the event, vifited thofe
Condu&tors alfo. But as, during that interval,
great quantities of rain had fallen for many days
together, and the iron part of the Conductors were
expofed to the weather, the greateft part of the
ruft, which was thrown off, and the black ap-
pearances upon the ftone, &c. muft have been
wathed away : and the furface of the iron itfelf
muft alfo have undergone fome alteration, from
the action of the air and water upon it, by form-
ing afreth another, though thinner, coat of ruft.

This remark is apprehended to be the more ne-
ceflary, becaufe I am informed, that thofe gentle-

men,,
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men, who vifited the church at that period of
time, did not find the appearances fo ftrong as we
did. But however this may be, I can fafcly atfirm,
that even after an interval of nine months at leaft
from the time the ftorm happened, the parts of the
large iron bars, which were affe¢ted by the light-
ning, as hath been defcribed, were conipicuoufly
different from the other parts of the fame bars,
which did not {uffer that violence.

Hoadly and Wilfon, p. 53, &c. *

HUS have we feen, that the variety in the re-
filtances made by different bodies to being
clectrified, have led us into the knowledge why bo-
dies act fo differently in one fituation, from what
they do in another, according to the nature, fhape,
and quantity of the bodies they are contiguous to
# % ok Kk W K % %

This our fuccefs in purfuing this train of reafon-
ing 1s furely fufficient to encourage us to enquire far-
ther, where this refiftance is exerted, and from what
power within the body it arifes.

Now from our knowing by experiment, that every
body more or lefs refifts being electrified ; which is
now allowed to mean, that every body refifts the
paffage of the eleltrical fluid, either 7n0 them, or
out of them, though fome do it with a greater force
than others, we may very reafonably conclude, that

when the fluid is endeavouring to get into any body,
the

* Obfervations on a feries of Elefrical Experiments, printed for
Payne 1756.
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the refiftance it meets with is exerted at that parti-
cular furface, at which the attack is made : and
when this fluid is endeavouring to get out of any
body, the refiftance it meets with is exerted at all
its internal furfaces at once; and if the force with
which this fluid endeavours to get in, or out, is fu-
perior to the force which endeavours to keep it out
or in, at any place, or phyfical point of any of its
furfaces, it muft make its way more eafily there, and
confequently will always pafs that way either in or
out.

And there is an appearance in glafs that is exallly
analogous to this, with regard to the refleCtion of
the rays of light; by which it is evident, that a pane
of glals refifts the entrance of light in at one fur-
face ; and when it has got in, it as {trongly refifts
its going out at the oppofite furface, becaufe at both
thele furfaces it refleéts or drives off great numters
of rays, that without fuch refiftance would have
pafled readily through the pane of glafs, .

It is likewife kl’]ﬂ‘i".'n, that the rays refleCted thus
back into the glafs, upon their endeavour to get out,
and returned again to the firlt furface through
which they had once got, meet again with an equal
refiftance there to their pafling out, and are many of
them refleCted into the glafs again.

It is thewn farther by Sir Ifaac Newton, that this
force begins to exert itfelf on the rays of light Ze-
fore they arrive into contall with either of tﬁ?{j Sfitr=
Jaces. ;
And hence we have reafon to believe, that the

the refiftance we have experimentally fhewn to be
F made
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made by all bodies againft being elettrified either plus
or minus, is of the fame nature with that which
not only prevents the entrance and exit of the rays
of light in glafs, but throws them off with the
fame velocity, great as it is, with which they en-
deavour to get into it, or out of it; and therefore
moft probably arifes from the fame caufe.

And confequently, that this refiftance in bodies
to being eleirified, is exerted as the other is, be-
fore the eleélrical fluid comes altually in contaét with
the furface of any body it endeavours to clectrify.

The experiments therefore in Sir Ifaac’s Optics
ferve greatly to confirm the opinion we have endea-
voured to eftablith by eleétrical experiments, that
every body refifts the entrance and exit of this eleétric
fluid ; and that this refiflance is exerted at fome dif-
tance before the fluid that endeavours either to get in,
or out, arrives at the furface where the endeavour
1s made, -

Our next enquiry 1s, whence this power arifes,
that is thus exerted at the furfaces of bodies.

In order to aniwer this; we have feen, that
whillt any body continues to be fenfibly, or per-
ceptibly, eletrified, whether it be plus or minus, in
any of the experiments made on them by art, there
is an afmofphere of the fame kind of fluid, which na-
turally belongs to, and is formed round them, fuffi-
ciently firong to balance every power that endeavours
to eleclrify them above a certain degree : otherwife
they might be eletrified more and more wrtbout
bimit.

This
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This atmofphere therefore, thus furrcunding the
furface of bodies, when artificial force ele€trifics
them, is what refifts their being ele@rified more ;
and when it abfolutely prevents it, muft be equally
denfe and powerful with that ele@rical fluid that
flows from the excited tube or machine, which en-
deavours to force its way through thefe atmof-
pheres into the bodies, in order to elerify them
more.

In the ordipary and quiet manner in which the
imperceptible works of the author of nature are
carried on among the component particles of the
grofs bodies on or near the furface of the earth ; this
fubtile, active, electrical fluid, which not only fur-
rounds each grofs body, but pervading its pores,
{furrounds every component particle of it, where it
is not in abfolute contadt with its neighbouring
component particle ; this aive fluid, I fay, cannot
be idle, but muit be in action, though that aétion be
imperceptible to our fenfes: and it muft, in an im-
perceptible degree, be varying its condition in all
the parts of bodies whatever, i. e. in our prefent way
of exprefling ourfelves, be electrifying them plus or
minus, though not {o forcibly as to give fenfible
figns of it *.

We may therefore not unreafonably conclude, that
all bodies whatever, in their natural fituation, and

F 2 all

* As thefe terms may not be underftood by every one, it may
be proper to obferve, that there is a certain quantity of this fluid
belonging to all bodies naturally ; and whenever we increafe that
quantity in any fubitance by art, that body is faid to be elecirified

lus. On the contrary, when we reduce the natural quantity of
this fluid in any fubftance by art, that body is faid to be cleftrified
pminus.
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all the component particles, have furrounding their
furfaces, not in sbfvlute conta® with other furfaces,
an imperceptible atmofphere of elaftic particles fuf-
ficient to balance the {maller force with which they
are attacked ; every way fimilar to the perceptible
atmofbheres, at the furfaces of bodies eleCrified
forcibly, cither by art, or the violent explofions in
nature.

In thefe atmofpheres, which furround the fur-
faces of all bodies, is placed the power, which oc-
cafions the refiftance found experimentally to be
made again{t thofe bodies being ¢lectrified to a higher
degree than they are naturally, before we attempt
to eleCrify them perceptibly to our fenfes: and the
power is the elafticity of this fubtile ele¢trical fluid,
every where difperfed indeed, where grofs bodies are
out of the way, but likewife confined within bodies
differently, according to their different fituations
and neighbourhood to other bodies.

And thefe atmofpheres may be encreafed, or di-
minithed, to a certain degree, many ways by art ;
and when this is done with violence, the natural con-
texture of the bodies is altered in proportion to the
violence. |

But to make it ftill plainer that the refiftance to
ele@rification is made at the furfaces of bodies, I
will thew in the following very curious experiments,
that the eleirical fluid, in pafiing from one body to
another will always take that way, in which it meets
with the feweft furfaces to break through.

Let a Leyden bottle, that has a hook in its coat-

ing, be electrified and fct down on glafs, and left to
itfelf,
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itfelf. Let one end of a clean chain (fuch an one as
is commonly ufed for a jack, but rather lighter) be
fixed on to the hook in the coating ; and let a perfon
grafp the coating of thé bottle with one hand, and
with the other hand bring the other end of the
chain, and his finger and thumb that holds it, at the
fame time into contat with the wire of the bottle.
Here then are two ways offered for the elerical
fluid to pafs from the wire to the coating, either
through the perfon or the chain : and if the links of
the chain hang loofely on one another, it paffes
through the perfon, and he is fhocked very nearly
as much as if the chain was not there. But if the
chain be ftretched by any contrivance, fo that its
links are all brought nearer into conta& with each
other, the fluid will pafs through the chain, and the
perfon will feel no fhock atall: and this will be
the cafe, let the chain be ever fo long.

Whence it follows, that the eleric fluid does
not always pafs from one body to another by the
{horteft way, but, on the contrary, it will go about,
and pafs that way in which it meets with laff re-
fiffance.

Now if the chain alone forms the communication
between the wire and the coating of the bottle, and
it is fpread fo on a table, that the links of it fcarce feem
to touch one another, there will not only be a {park
feen on the approach of the end of the chain to the
wire of the bottle ; but a number of them will ap-
pear very vilibly when the experiment is made in
the dark, viz. at every place where the links do not
abfolutely touch one another. But when the chain.

1§
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is ftretched tight enough to have every link brought
nearer into contact with its neighbouring links, there
appears but one fpark on bringing the end of the
chain to the wire of the bottle ; the whole chain
then forming one continued metal nearly.

By the appearance of thefe {parks, or their non-
appearance, we judge whether the ele@rical fluid
pafles through the chain or no.

Now in thefe experiments we have {een, that
when the links of the chain were loofe, the perfon
was fhocked, and the fluid paffed through him ; and
that it did not pafs likewife through the chain, ap-
pears from the experiment, becaufe no fuch fparks
appear between the links.

Whence we may fairly conclude, that the refiftance
made to the paflage of the eletrical fluid through
the chain, arifes from the fum of the refiffances at
the different furfaces of the links, it was to break
it's way through in pafling through the chain. Be-
caufe when the links were forced nearer into con-
ta@ with each other, and fo the whole chain was
made, as it were, one continued metal, this re-
fiftance is entirely taken oft, the perfon is not at all
affected on the difcharge of the bottle, nor do any
{parks appear between the links,

Now if the experiment be repeated in the follow-
ing manner, this confequence will be ftill plainer.
Let one end of a wire, even many times longer than
the chain, be faftened to the hook at the coating of
the bottle, as well as the chain, and let a perfon
gralping the bottle, as before, bring the other ends
of both the wire and the chain into contaé with

the
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the wire of the bottle, and let the links of the
chain lie loofe on the table ; or let the chain not be
ftretched.

Here are plainly three ways the electrical fluid
may pafs on the difcharge of the bottle, through the
perfon, through the chain, or through the wire:
and the event of the experiment fhows, that it does
not pafs through the perfon, becaufe he feels no
thock ; and that it does not pafs through the chain,
becaufe no {parks are feen between the links ; and
therefore that it paffes through the wire, where it
muft meet with but one furface to break through,
viz. the furface at the end that is brought to the wire
of the bottle, the other end of it being fuppofed to
be in conta@ with the hook at the coating of the
bottle.

I fhall obferve by the by, that no one, who had
not made the experiment, would imagine with how
much force the chain muft be ftretched before the
experiment will anfwer, and the eletrical fluid pafs
through it without producing a {park at any of the
links, i.e. before the links can be brought fuffici-
ently ncar in point of contact with each other :
which one would naturally think their weight alone
would be fufficient to do.

But it appears that their weight will net do this,
but that fome additional force, independent of them-
{elves, or their weight, is required to bring them
into a nearer contall. +

THESE

+ Mr. Delaval made an experiment, which is very much to the
prefent purpofe. It is publithed along with many other very curious
ones,
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THESE laft experiments are a ftrong confirmation
of the refifting principle. However, we will endea-
vour to illuftrate it farther by the following argu-
ment, which is founded upon fome obfetvations of
Sir Ifaac Newton’s, r-:fpe&mg the prefiure of con-
vex-glaffes ; and which I have taLen fmm the lettm
to Epinus, mentioned in the 38th p

When a dladder 1s well blown up, *md fecured
properly, it will yield or give way, and change its
form in that part againft which any given preflure
is exerted. And upon removing the preflure, the
bladder will immediately recover its firft form.

This yielding or u‘wmg way of the form, and then
afterwards recovering it, proves an elaftic fubftance
exifting within the bladucz, and between the two
fides where the preffure is employed.

In like manner, when two glafs prifms, or the
object glafles of two long telefcopes prefs upon each
other with their own weight only, philofophers
know, by the pheenomena Df light, that they do not
touch : and that there muft be fomething between
the glaffes to keep them at a diftance, They alfo
know, by the like pheenomena, that more prefling

is
ones, upon the convertability of conducting fubflances into non-
Conduftors of the eleélric fluid, in the’ Phil. Tranf. Vol. Bl
e i Having dried a Piece of Portland ftone, I found it candu&f:d
e pEi‘!—LL’t'}’ u.-n:-H but upon powdering and fealing it up in a glafs
¢ tube, in uhlth was a wire at each end) it became a perfeét re-
¢« {iilter or non-condultor like the metallic calces ; which feems to
fhew, that the refiftance to the paffage of the ele&ric fluid may be
increafed, by increafing the number of furfaces.
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is required to bring them nearer to a contadt; and
that when the preflure is removed, they immediately
recover their fir{t diftance.

Now this yielding, or giving way, and the re-
covery of the diftance between the glafles, proves
the exiftence of fome elaflic fubflance between them
refpectively. Since we find the effects of applying,
and removing the preflure, exactly fimilar to the
cafe with the bladder.

THIS is the medium then which gives rife to the
refiftance found in electric experiments.

For when a quantity of the eleric fluid is forced
into the apparatus, which fupports the two balls,
(mentioned in the preceding experiments) we fhould,
from its elaftic principle, expect it to pafs out again
immediately : whereas the factis, that it pafles out by
flow degrees; and takes a confiderable time in eva-
cuating the apparatus. Some power therefore muft
hinder the fluid, at leaft, in fome meafure, from
efcaping : and that power therefore muft be exerted
at, or near, the furface of the body.

To fay it is forced in, and detained, by an atirac-
tion of the body, will not anfwer the purpofe ; for the
power which is_fuppefed to draw the fluid into it, muit
certainly be fufficient to binder it from paffing out.
Now, by the experiment, the fluid does pafs out,
though flowly : this pswer therefore which refifts its
paffing out, can be no other than what arifes from
the medium we have proved to be {pread upon the
furfaces of bodies.

From all thefe obfervations and experiments we
learn, that to make the fafeft and beft Conductor, there

G is
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is a neceflity tohave it made of oneentire piece of metal.
But as fuch a conftrution may not be obtainable in all
cafes, efpecially when it happens to be of a confidera-
ble length, the feveral jninings of the pieces, which
may be found wanting to complete the fame, ought to
be brought fo clofe to each other, by fcrews or
otherwne, as art can make them; that the refiflance
to the paffage of lightning may be diminifbed as
much as poflible.

Extralls from letters publifbed by Dr. FrRANKLIN,
in his Treatife on Eleélricity, p. 395, 396, and
p. 416 20 419; and which are referred to in
p. 11 of the preceding letter fo Sir CHARLES
FREDERICK.

Letter 1. T Mr. Weft’s houfe, in Philadelphia,
¢ the Conductor, extended in height

«« about nine feet and a half above a ftack of chim-
¢ neys, to which it was fixed, (though Mr. Kinnerfley,
¢¢ the author of thisletter, and of fome curious expe-
« riments in Eleéricity, which are well known, fup-
“ pofes three or four feet would have been fufficient.)
«¢ It was fomewhat more than half an inch in dia-
«« meter in the thickeft part, and tapering to the
“ upper end. The Conductor, from the lower end
« of it . to the earth, confifted of fquare iron nail-
“ rods, not much above a quarter of an inch thick;
““ connected together by interlinking joints. It ex-
«“ tended down the cedar roof to the eaves; and
“ from thence down the wall of the houfe, four
¢ ftory
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ftory and a half to the pavement in Water-ftrect,
being faftened to the wall in feveral places by
fmall iron hooks. 'The lower end was fixed to
a ring, in the top of an iron ftake that was drove
about four or five feet into the ground.

¢ The above-mentioned iron rod had a hole in
the top of it about two inches deep, wherein
was inferted a brafs wire, about two lines thick,
and, when firft put there, about zen Zuches long,
terminating in a very acute point, but now,
(after a flroke of lightning) its whole length was
no more than feven inches and a balf, and the top
very blunt : that fome of the metal appeared to be
mifling, the flendereft part of the wire being, as
he fufpeted, confumed into fmoke. But fome
of it, where the wire was a little thicker, be-
ing only melted by the lightning, funk down, while
in a fluid flate, and formed a rough irregular cap,
lower on one fide than on the other, round the
upper end of what remained, and became ixti-
mately united therewith.” |

II. ¢« TO the outfide of Mr. Raven’s chim-
ney was fixed a large iron rod, feveral feet
in length, reaching above the chimney; and at
the top of this rod the points were fixed. From
the lower end of this rod, a {mall brafs wire was
continued down to the top of another iron rod
driven into the earth. On the ground floor, in
the chimney, ftood a gun, leaning againft the
back wall, nearly oppolite to where the brafs wire
came down on the outfide. * The lightning fell
upon the points; did no damage to the rod they

G 2 “ were
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were fixed to; but the brafs wire, all down till it
came oppofite to the top of the gun-barrel, was de-

ftroyed. There the lightning made a bole through tbe

¢ aall, or back of the fi:rfm:zry, to get to the gun-barrel,

down which it feems to have pafled ; and although
it did not hurt the barrel, it damaged the butt of
the ftock, and blew up fome bricks of the bearth.
The brafs wire below the bole in the wall remained

good.”

- III. Mr. MAINE, of Indian Land, South
Carolina, in a letter, dated Aug. 28, 1760, ac-
quaints us, ¢ that he had a fé¢ of eleélrical points,
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confilting of zhree prongs, of large brafs wire, tipt
with filver, and perfectly fharp, each about feven
inches long : thefe were rivetted into an zron nut,
about three quarters of an inch fguare, and opened
at top equally to the diftance of fix or feven inches,
Jrom point to point, in a regular triangle. 'This
nut was fcrewed very tight to the top of an 7ren
rod, of above balf an inch diameter, or the thick-
nefs of a common curtain rod, compofed of feveral
joints, annexed by hooks turned at the end of
each jomt, and the whole fixed to the chimney
of his houfe by iron ftaples. The peints were
elevated fix or feven inches above the top of the
chimney ; and the lower joint funk three feet in
the earth, in a perpendicular direction. The light-
ning broke with a violent explofion onthe chimney,
cut the rod fquare off, jult under the nut, and, he was
perfuaded, melted the points, nut, and top of the
rod, entirely up; as after the moft diligent fearch,
nothing of either was found, and the top of the

“ remaining
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remaining rod was cafed over with a congealed

folder. The lightning ran down the rod, farting al-

mofl all the flaples, and unhooking the joints, with-
out affecting the rod, except on the infide of each book,
where the joints were coupled, the furface of which was
melted, and left as cafed over with congealed folder. No
part of the chimney was damaged, only at the foun-
dation, where it was fhattered almoft quite round,
and feveral bricks were torn out. Confiderable cavi-
ties were made in the earth quite round the founda-
tion, but moft within eight or nine inches of the rod.
It alfo fthattered the bottom weather-board, at one
corner of the houfe, and made a large bole in the
earth, by the corner poft. On the other fide of
the chimney, it ploughed up fiveral furrows in the
carth fome yards in length. It tore up the bearth in
{everal places. A copper tea-keitle, ftanding in the
chimney, was beat together, as if fome great
weight had fallen upon it; and three kboles, each
about balf an inch in diameter, melted through the
bottom.” 'What feemed the moft furprifing to Mr.

Maine was, that ¢ the hearth, under the tea-kettle,
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was not hurt: yet the bottom of the kettle was
drove inward, as if the lightning proceeded from
under it upwards, and the cover was thrown to
the middle of the floor, &c. &kc. The
kitchen, at minety feet diftance, was full of negroes,
who were all fenfible of the fhock ; and fome of them
told him, that they felt the rod about a minute
after, when it was /0. bot that they could not bear
it in hand.” |

It may not be improper here to obferve, that con-

fidering the very many difficuolties there are in coming

at
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at any fa&s, particularly philofophical ones, when
they happen in remote countries, as in America, and
even in England; it is rather extraordinary to find
three cafes publifhed by Dr., Franklin himfelf, where
the pointed parts of his Cc&ndu@cﬂrs &c. and the
buildings they were applied to, were injured by light-
ning. I make no doubt but that there are many
other inftances, in obfcure places, which have paficd
unnoticed. For all men are not phllofophcrs and
thofe who may delight in obferving curious appear-
ances have not always inclination or opportunity to
make them public. There is indeed one inftance
more from America, where the pointed part of a
Conduétor was alfo melted : the account of which
‘was lately communicated to the Royal Society.

William Lyttelton, Efq; who was Governor of
South Carolina fome years ago, remembers a ftorm of
lightning that fell upon a ftable which belonged to
him, whilft he refided there: though his houfe,
which was provided with one of thofe pointed Con-
dultors, was diftant from the ftable but about
twenty yards; neverthelefs two of the rafters of the
ftable were {plit and thrown down by it. To thefe
accounts I fhall foon have another to add refpecting
a houfe which was greatly damaged by a ftroke of
lightning ; notwithftanding it was alfo provided with
a pointed Condullor,

I fhall now put a few queftions, that may be of
ufe in fome future obfervations, which I propofe to
make at fome convenient time, upon the rhres letters
quoted from Dr. Franklin, as well as upon his re-

marks at the end of Mr. Maine’s letter.
QUESTIONS.
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10.

II.

2.
3 ,
4. Are there any rivers, ponds, or other waters

[ 9% ]

QU ESTIONS, -
Does the houfe of Mr. Maine ftand upon high

or low ground ?
What is the nature of that ground ?
Is it generally dry or moift ?

near it ?

Are there many other. buildings near Mr.
Maine’s houfe ? and what may be the neareft
diftance of any one of them?

What are their heights compared with Mr,
Maine’s ?

Whether any of thofe buildings were provided
with Conduétors at the time the lightning
happened ?

. Were thofe Condu&tors circumftanced as Mr.

Maine’s Condu€tor was, in point of eleva-
tion, &c. and with zhree prongs equally fbarp 2

. Were any obfervations made upon thofe

neighbouring Condudtors, when that of

‘Mr. Maine's was attacked?

Are the perfons, who have pointed Conduc-
tors to their houfes, provided with a fock
of flarp points, for the purpofe of replacing
thofe that may be deftroyed by lightning ?

Whether a Mr. Peroneau, of Charles-Town,
in South Carolina, had not his houfe grearly
damaged by a ftroke of lightning, netwith-
ftanding it was provided with a ponted Con-
duéfor # when did that event happen? and
what were the cigeumitances that attended it ?

12, And
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12. And whether there are not {everal other in-
{tances in America, which are well known to
many, where the lightning has been found to
damage the pointed Conduors, or the build-
ings they were affixed to, or both, at the fame
time !

I SuarLL fum up the whole of this fubje& with a few
general obfervations on the method of fecuring build-
ings from the effects of lightning.

1. Buildings made of Fir entirely, having no metal
for the faftnings, ornaments, or conveniencies,
are the leaft liable to be attacked by lightning.

2. Buildings that have more or lefs metal in their
conftruétion, &c. or in which the metal is more
or lefs connected together, are more or lefs
liable to be attacked. The metal, together with
the difpofition of it in the buildings, being the
inducement for the lightning to enter; and the
obftruction made to its paflage by the other
neighbouring materials being generally the caufe
of its dangerous effecls, in tearing and dafhing
them to pieces.

3. It has therefore been found neceffary, to conne&
thofe metals, by others, from the top of the
building to the bottom, and to moift ground
below it.

4. But as it may be difficult, in many cafes, to
make fuch a connection properly, bars of iron,
or leaden fpouts, extending from the top of the
building to the moift ground, may be fixed with
more eafe, and perhaps with lefs expence. How-

ever, fuch Conductors will have an advantage over
the
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the other method, by anfwering the purpofe of
conveying away the lightning more fafely, when-
ever it chances fo attack them.
. Sharp points fixed upon fuch Conductors are
dangerous: for as the lightning is found to a&
with more power upon them than upon blunted
ends, in the proportion of at leaft twelve to
one, it feems to me, that they are put there
only to inuvife an enemy which otherwife might
not have troubled us ; and of which we can by
no art difcover the whole power: and fhould
any extraordinary accumulation of this altive
matter, be at any time effected in a Conduétor,
by means of fo very eafy a paflage as is furnith-
f.:d by a point, there is no faying what the con-
fequences may be. And that clouds fometimes
are able to furnith fuch extraordinary accumu-
lations of lightning, and for a confiderable time
together, even after many violent explofions, there
are innumerable inftances. Among others 1 re-
member to have feen in Yorkfhire, fome years
, between nine and ten in the evening, a very
large black cloud, which occafioned prodigious
quantities of lightning, and almoft incefiantly, for
a confiderable time together; half an hour at
leaft. But what is more remarkable, the coutfe
of this black cloud was traced from the South-
Weft of England to the North, or North-Eaft,
of Scotland, and even into Sweden; caufing
very great lightnings as it paft over part, if not
the whole land, in that dire¢tion. When it
pafled over Lcmd;m, which was about twelve
1 at
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at noon, the fame day on which it was feen in
Yorkfhire, a darknefs accompanied it, like that
of an eclipfe, for a confiderable time. And
that this cloud was the fame which Profeflor
Bergman obferved in Sweden, was collected
from the different times it was obferved, at
different places, correfponding with its velocity.

N. B. Since the printing of the fals in the pre-
ceding papers, refpecting the Conductors belonging
to St. Paul’s cathedral, the committee have met and
examined them, in all the parts which they could
conveniently come at; when certain defects in the con-
ftruction of them appearing, the committee thought
it highly neceffary they thould be rectified directly,
together with every other defe&, which, upon a
more particular examination, might be difcovered :
and thofe their thoughts were accordingly reported
to the Dean and Chapter.

Extraéls from authentic papers, giving an account of
of two Magazines of Gunpowder that were [uppofed
2o be blowu up by Lightning : one of them being in
Brefcia, @ large City in the Territories of Venice;
the other at Fort Augufta /# Jamaica.

Papers relating to the Magazine at Brefcia.

HAVING read fome extraordinary accounts in our
daily and monthly publications, of a powder
magazine that had been blown up by lightning, at
Brgﬁ*m, in Auguft 1769, I applied to the Venetian

Ambafiador
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Ambaflador to procure me the honour of an anfwer
to fome gueftions which I drew up from the hints
colleéted in the public papers: with a view to come
at the knowledge of fuch facts as I apprehended
were material, and might be depended upon. I

was

the more induced to take this ftep, as I was,

about the time of writing the gueffions, engaged in
drawing up a 7¢port, which required every informa-
tion I could obtain, refpecting accidents by lightning.

1.

e by B

7.
3.

The Queftiens propofed were as follow :

Whether the magazine of powder was lodged
in a baftion? and if fo, what was the height
of that baftion compared with the ground round
about it ?

. What kind of materials covered the magazine ?
. And whether fuch covering was bomb proof ?
. Whether any buildings were in the neighbour-

hood of the baftion? and at what diftance ?

. Whether there was any iron or other metal ;

and what quaantity of it, over, or upon, the
baftion ?

. What was the quantity of powder lodged in

the magazine at the time of the explofion ?
and whether 4/ the powder was exploded at
the time it happened ?

Whether the blowing up was occafioned by a
a flath of lightning ?

To what diftance were the largeft ftones, or
other materials thrown ?

H 2 9. What
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9. What number of houfes in general were de-
droyed by it ? and what number of churches or
other large edifices ?

10. What was the greateft diftance at which houfes
were damaged ?

11. What were the kind of faftenings, faid to be
of the ftrongeft nature, that were forced at
eighteen miles diftance? and if not to that
diftance, to what other diftance were thofe
effeCts obferved to take place ¢

12. Whether any {tone bridges were thrown down
by the explofion ?

13. What was the greateft diftance at which the
effets were perceived ?

14. Whether any cannon were removed from their
places, and to what diftance? and if any were,
how were they circumftanced in point of
fituation, &c.

From VENICE, by the Favour of e,

Reponfe aux queftions relatives a lexplofion de
la tour, &c.

A la premiére. 11 n'eft pas queftion de magazin &
poudre. C’étoit une ancienne tour de 2o toifes
de hauteur fur 6 de largeur; batie et revetue
de pierres de taille fort groffes: dans laquelle
par une grande mégarde on avoit mis 400
livces de poudre. Cette tour étoit placée a la
porte meridionale de la ville au dedans des
remparts ; voici pour la feconde et troifiéme
queftion auffi,

Ala
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A la guatriéme. 11 y avoit des batimens 4 trés peu
de diftance tant au dedans qu'au dehors de la
ville. Les plus proches a quarante pas feule=
ment. 1

A la cinquiéme. Dans la tour il y avoit quelque
barre de fer, quelque grille dans la muraille.
Point d’autre metal. .

A la fixzeme. La quantit¢ eft marquée ci deflus.

A la feptiéme. L’explofion fut occafionée par un

éclair.

A la buitiéme. A deux milles d’Italie les plus
petites : les plus grofifes a un mille, une pierre
de 7co livres de poid tombant a un quart de
mille de diftance fur le comble d’'une maifon
I'écrafa avec la mort de 7 perfonnes.

A la neuvieme. Plus de 100 maifons détruites
avec une petite églife; 200 autres maifons
fort endommaggées,avec plufieurs eglifes. Prefque
toutes les autres maifons, eglifes, et batimens
de la ville ont reflenti le terrible effet de I'ex-
plofion de la tour, du moins pour la quantité
prodigieufe des glaces, et des vitres caflées.

Ala dixiéme. A la diftance d'un demi mille d’
Italie.

A la onfieme. Quelque barte de fer et de bois fut
jettée a la diftance d’un quart de mille d’Italie.

A la douziéme. Rien de cela.

A la treifime. Jufqu'a trente milles d’Italie. I
y eut aufli quelque petit tremblement jufqua
cette diftance dans les murailles des maifons, oc-
cafion¢ par I'explofion. On a amuf€ beaucoup

la
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la credulité du public, avec des pretendus effcts
obfervés d’auffi loin; mais on n'a pas imposé
aux eclairés.
A la quatorfieme. Deux petits canons feulement,
lacés a4 la porte de la ville proche de la tour
a poudre, furent jettés dans le fofi¢ a la diftance

de 60 pas.

A Toccafion de la funefte explofion de la tour on
remarqua des phenomenes tres finguliers, et j'ofe dire
incroyables a tous ceux, qui ne les ont pas obfervés de
leurs propres yeux; quoiqu’ils foient tres certains. Par
exemple il y eut des portes ouvertes d’une fagon tout-
a-fait extraordinaire; comme la grande porte de
Peglife nommée la Pace placée a un tiers de mille de la
tour, laquelle etoit fermée au dedans vers la partie fu-
pericure par une groffe barre de fer, au milieu par un
gros verrouil qui avoit {a ferrure, et vers I'extremité
par un plus petit verrouil avec la ferrure de méme.
Or quand l'explofion arriva, le terrible effort de lair
brisa le bois vers le milieu de la partie fuperieure de
la porte, et detacha la barre: alinftantle petit ver-
rouil & lextremité inferieure fe plia au dedans, et
fortit de deux annaux fans fortir cependant de fa
ferrure. Cela n'a rien d'extraordinaire ; mais le gros
verrouil du milieu fortit pareillement de fes deux
annaux ne fortant pas de la ferrure, et ne fe trouva
nullement plié, ni endommagé en aucune fagon.
On obferva foigneufement l'architrave, et le feuil de
marche, de méme que les murailles de lu porte, et on
ne vit ni elargiffement, ni derangement de porte.,
Le méme accident arriva 2 des autres portes plus

petites,
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petites, et on ne peut abfolument I'expliquer d’une
facon raifonable. Cleft aux fcavants Meflieurs, qui
ont proposé les queftions, a tacher d’eclaircir un fait,
qui n’ett pas moins vrai, qu’incroyable.

The fame Queflions anfwered by another band.

. The magazine which blew up was erected on
the rampart, clofe to the gate of Santo Nazaro,
and was elevated about 4o feet from the level
of the town, - |

. The magazine was built of mafonry, and of a
fquare figure, whofe exterior fide did not ex-
ceed g0 feet; nor the thicknefs of the walls
6 feet; fo that the area within did comprehend
124 fuperficial feet.

. By obfervations made on many other fquare
towers, fimilar to that blown up at the gate of
Santo Nazaro; it may be {fuppofed that although
there was an arch made of mafonry, which
covered it, yet it was not fo thick as to be able
to refift the force of a 13 inch fhell.

. The diftance from the gate of Santo Nazaro,
to the neareft part of the town, was about 120
feet.

. Iron bolts, and various ftraps of iron, ftrength-
cned the door of the magazine; therefore it
naturally attradted to it the flathes of light-
ning.

6. From
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6. From the conftruion of the fquare tower,
(which was only a temporary depofit for gun-
powder) I am fure it could not contain more
than 1000 barrels (viz. 112 pounds in each
barrel) if it had been full; but from what I
could underftand when at Brefcia, there was
not above half the quantity. The whole
quantity of powder was certainly exploded.

=. No other caufe has ever been afligned by the
inhabitants of Brefcia, for the blowing up of
the magazine, than by lightning; as the ex-
plofion immediately fucceeded a violent tem-
peft of thunder and lightning.

8. Various have been the accounts to what diftance
the largeft ftones, and other materials, were
thrown : fome fay to the diftance of two miles ;
but I have feen ftones to the fize of three hun-
dred weight laying at the diftance of one thou-
fand yards from 'the gate of Santo Nazaro,
which have been declared to be part of the
magazine blowed up.

9. At the extremity of a radius of 1coo feet,
forming and comprehending the third part of
a circle; houfes were totally deftroyed, with
all the inhabitants buried in the ruins. With
precifion I cannot tell the number of houfes
that were deftroyed ; but I'fuppofe there were
between two and three hundred. One church
was totally demolithed, and another was {o
effected by the explofion that it was intended to
take it down. The Cardinal’s Palace, at the
diftance of 1000 feet, built with mafonry, was
entirely ruined,

10, By_
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10, By the explofion many large ftones of the ma-
~ gazine were thrown into different parts of the
town, and broke through roofs and floors of
houfes and convents, and did confiderable da~
mage.

11. I never heard that faftenings of any kind, even
within the town, had been fnrced by the ex-
plofion, much lefs at the diftance of 18 miles.

12. No ftone bridges were affected.

13. The explofion was felt at Bergamo, a town
fituated upon high ground ; diftant from Brefcia
about 30 Italian miles.

14. No cannon were moved from their places.

N. B. Without the gate of Sanfo Nazaro, a cir-
cular ravelin is built, which was much lefs affeted
by the explofion than one would imagine ; yet it
clearly thews, by the fituation of the door, that the
line of leaft refiftance was towards the body of the
place, although the whole mifchief was done within
the walls of the town ; and I do verily believe, that
the iron on the door of the magazine greatly contri-
buted to attract the lightning to that part.

Papers relating to the Magazine at Fort Augufta,
2 Jamaica.

S IR,

Greeably to your requeft I have infpected my
papers, and found, that on the 28th of Sep-
tember, 1763, I wrote a letter to Mr. Wellbore
Ellis, then Secretary at War, dated at Spanifh Town
I in
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in Jamaica, by which I informed him that, ¢« on
¢ the 14th of that month an unhappy accident hap-
« pened at Fort Augufta in that ifland; where a
“ magazine, containing 2850 barrels of gunpowder,
¢ was blown up by lightning ; and the explofion,
¢ befides doing much damage to the Fort, killed four
¢ officers, viz. Captain Talbot, Captain Lieutenant
¢ Dunbar, and Enfign Keating, of the 43d regi-
¢ ment; and Lieutenant Monfel of the 74th ; and
¢ eleven private men, and wounded feventy-fix more
belonging to thofe two corps.” I have no other paper
or document relating to this matter, but I remem-
ber that the explofion happened about nine or ten
minutes, as computed, after {ome powder belonging
to one of his majefty’s fhips had been placed in the
magazine ; and it was fuppofed that a train had been
formed by fome of that powder which might have
fallen on the ground, from a flaw or crevice in one
of the barrels which contained it, I am, with great
regard,

(41

S 1R,

Mount-Street, Your moft humble fervant
F‘Ebt Zy t??z' X
W. H, LyTELTON.

Extracl of a letter [rom s— s, (f = cm——
Kingflon in famaica, Sept. 20, 1763.

3

I AM extremely forry to acquaint your e
with a moft furprizing accident which happened
here the 15th inftant. The powder magazine at
Mufquito Point was then blown up (fuppofed by

lightning)
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lightning) wherein was contained all your '$
powder under my charge; a particular account
thereof I have herewith annexed; likewife all the
powder of his majefty’s fhip Valiant was at that
time lodged in the faid magazine, and has fhared
the fame fate,

Extrall of a letter [rom ety , dated
on board the e at famaica, Sept. 21, 1763.

HAVE nothing particular to mention in addition

to what I wrote by the Centaur, but the unlucky
accident of the magazinre at Fort Augufta, in
Mufquito Point, blowing up the 14th inftant, with
three thoufand barrels of powder in it; by which
three officers and about thirty private men were
killed, and three officers and upwards of forty men
wounded, and the fortification near the maga-
zine much fhaken. This accident, by moft people
that were in the Fort, 1s laid te the account of
the lightning, but I cannot pretend to inform their
= to what it was owing. The Valiant’s whole
fea-ftore of powder, near four hundred barrels, had
the fate of the reft in the Fort.

ANOTHER account fays, that when the maga-
zine at Jamaica blew up, the centinel obferved a
large ball of fire in the air, direCting its courfe to-
wards the magazine; upon which he jumped from
the rampart into fome low ground, and was not hurt.
That it was fuppofed the ball fell upon the center
of the arch,. That fome barracks near the maga-

zine
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zine were thrown down, and part of the fortification
deftroyed. — That many of the copper hoops were

found twifted together, and thrown to a great diftance.

That the windows were broke at feventeen miles :
diftance. That the magazine being fituated near the

fea, great part 'of the hoops were {uppofed to have

fallen therein. :
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