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XV. Sundry Papers relative to an Accident from Light-
ning a¢ Purfleet, May 15, 1777.

1. A4 Letter from Mr. Boddington, Secretary to the Board
of Ordnance, to Dr. Horfley, Sec. R. S. with Two En-
slofures from My. Nickfon, Store-keeper at Purfleet,
gwving an Account of the Accident.

TO DR. HORSLEY, SEC. R. S.
sxr, Of ot
I AM directed by the lieutenant-general and the reft of
the principal officers of the Ordnance, to tranfinit to
you the copies of the reports and plan received from
Purfleet, on occafion of fome damage done by lightning;
which reports and plan they defire you will pleafe to lay
before the Royal Society.

Iam, &c.
JOHN BODDINGTON.
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TO SIR CHARLES FREDERICK, KNT. OF THE BATH.

HONOURABLE SIR, My e,

YESTERDAY afternoon we had much rain and
diftant thunder; but at fix a very heavy cloud, in paffing
over the houfe, prefented us with part of its contents,
which ftruck the North-eaft corner of the houfe on one
of the cramps that held the copeing ftones together,
forced off about a fquare foot of that ftone and one brick,
and has difplaced about a cube foot of brick-work under-
neatl:. It has not been yet difcovered that any of the
condudtors have acted during the paflfage of that cloud,
although the flath and report were both very great. One
of my fervants was out.of doors by the coach-houfe at
the fame time, and narrowly efcaped falling by the
firength of the flafh : the others were.in the houfe, but
were much frightened. My fon {ays, that there is a dent
in the cramp, on which the lightning fell, and I intend
to preferve it as a curiofity. If the condudtor on the
houfe has acted, it is imperceptible as I am informed. I
thought this account would be acceptable to you from,.

Honourable fir, &c.
EDWARD NICKSON.

TO.
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TO THE RIGHT HONOURABLE LORD AMHERST, LIEU=-
TENANT-GENERAL OF HIS MAJESTY’S ORDNANCE, &ec.

Office of Ordrance
MY LORD, Purfleet, May 20, 17:77.

IN obedience to your lordfhip’s commands of the
19th inftant, direéting me to report concerning the acci-
dent that happened to the Board’s houfe by lightning on
the 1 5th, I beg leave to acquaint your lordfhip, that on
that day there had been much rain and diftant thunder;
but, about fix o’clock in the afternoon, a very heavy
cloud hung over the houfe for {fome time, which 1 looked
at from the back-parlour window, and it being quite
calm, made me fufpeét, that fome of our conduétors
might find employment from it. I had not been long at
the window before a violent flath of lightning and clap
-of thunder came together; and, as foon as the rain would
permit any body to move about, one of the labourers
brought me fome pieces of ftone and a brick, which
were ftruck off from the copeing on the parapet-wall of
the building from the North-eaft corner. On my fon’s
coming home, I defired him to go and view the top of
the houfe. On his return he told me, that the lightning
had ftruck one of the cramps that hold the copeing toge-
ther, and had made a dent in the lead of the cramp, and

2 the
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Jrom Lightning at Purfleet, 235
the ftone adjoining to it, as if ftruck by a mufquet-ball;
that the quantity of ftone thrown down might amount
to about a {quare foot; and that it had difturbed about a
cube foot of brick-work underneath: and, according to
your loi‘dlllip’s commands, the diftance from the point
of the condutor on the houfe to the part ftruck has
been meafured by him this day, and amounts to forty-fix
feet.

All the condutors at this place are pointed, and it has
not yet been difcovered that any of them have aéted
on this occafion.

If your lordfhip fthould want any farther explanation,
my {on waits on you with a fmall drawing of the eleva-
tion of the Eaft-front of the houfe, and of the part
ftruck, which I hope will be fatisfactory to your lordfhip
and to the honourable board.

I am, &c.

EDWARD NICKSON.

Vovi. LXVIIL Hh 2. The
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2. The Report of the Committee appointed by the Royal
Society, for examining the Effeli of Lightning, May 1 3,
1777, on the Parapet-wall of the Houfe of the Board of
Ordnance, at Purfleet in Effex.

THE iron cramp on which the lightning fell was
cemented into the copeing ftones on the parapet-wall,
near the North-eaft corner, with lead: and on that lead,
at one end of the cramp, there appeared to have been a
{mall fufion; the end of the lead, and part of the adjoin-
ing ftone, being indented about half an inch in diameter,
and a quarter of an inch deep, as though a mufquet-ball
had been fired againft them.

The iron cramp was fituated over a plate of lead, and
the ends of it, which were inferted in the ftone, came
within feven inches of that plate, which communicated
with the gutter, and ferved as a fillet to it: this gutter
was a part of the main conduétor of the building.

When the lightning had quitted the iron cramp, and
had paffed through feven inches of ftone, brick, and
mortar, it fell upon the corner of the plate of lead above-
mentioned, as appeared by the fufion of a very fmall

portion of it difcovered hy pulling out the hricks, mor-
4 tar,
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tar, &c. on purpofe to examine into this particular.
From this place no farther effect of the lightning could
be traced; the metallic conduétors to the earth having
effectually performed their office. At the diftance of
feven feet and an half from the place ftricken, a large
leaden pipe went down from the gutter to a ciftern of
water in the yard.

The rain, Mr. NicksoN informed us, had fallen plen-
tifully for fome time before the ftroke; fo that the mor-
tar, bricks, 8c. did probably form an imperfect con-
duétor for the diftance of {even inches between the irort
cramp in the copeing ftones and the filleting of lead
above-mentioned.

At the termination of the iron cramp in the copeing
ftone, a piece of the ftone, with one brick, was ftricken
off; and a few other bricks were loofened, and removed
Jefs than half an inch from their places. The damage
done to the parapet of the building is fo inconfiderable,
that it would fcarce deferve notice,l was it not an evident
proof that the metallic communication with the earth
hath, in this cafe, effe€tually prevented any farther injury.

The condu&ting rod on the ridge, near the center of
the houfe, thewed no marks of its having been affected
by the lightning in this cafe: and it is remarkable, that
the furface of one of the hip-rafters, four inches and a

Hh 2 half
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half in diameter, covered with lead (communicating with
the gutter) and reaching within twenty-eight inches of
the place ftricken, feems not to have been at all affected.
The method we would recommend of preventing
fimilar accidents to the parapet of this building for the
future is the following. Let a channel of the fame fize
with the cramps be made from cramp to cramp in the
copeing ftones, quite round the building: let this chan-
nel be filled with lead, and let a metallic communication
by plates about fix inches broad be made from that lead
in four places (one at each fide or corner of the parapet)
to the filleting of lead which is in contaét with the gut-
ter, which gutter is part of the main conductor to the
building.
W. HENLY,
June 19, 1777. TY. LANE.
E. NAIRNE.
J. PLANTA,

3. Mr.
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3. Mr. WILSON’s Diffent from tbe albove report.

WHEN this important fubje¢t was firft debated in
the Purfleet committee of 1772, a paflage was quoted
from Dr. FRANKLIN’s philofophical publications, refpect-
ing the nature of fuch buildings as were {ecure from at-
tacks by lightning.

The paflage alluded to is this: ¢ Buildings that have
¢ their roofs covered with lead or other metal,and {fpouts
¢ of metal continued from the roof into the ground to
¢ carry off the water, are never hurt by lightning; as,
¢ whenever it falls on fuch a building, it pafles in the
¢ metals, and not in the walls.” FRANKLINS Exp.
p. 481.

With this idea the building at Purfleet, called the
Board-houfe, was confidered by that committee to be in
a fimilar fituation, and confequently fecure from fuch
attacks, without having any other conductors than the
leaden gutters, pipes, &c.

As the members of that committee then prefent
feemed to be fully fatisfied with that determination, I
propofed that the magazines themfelves fhould be put
into the fame circumftances; otherwife there would ap-

2 peat
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pear to be an inconfiftency in the different methods of
fecuring thofe buildings.

My argument had no other effet than to occafion, at
the next meeting of the committee, a refolution for fix-
ing pointed conductors to all the buildings.

From this refolution I diffented, and gave in writing
my reafons at large for differing in opinion, which are
printed in your Tranfactions.

What has been the confequence fince the conduétors
were put up?

Behold! this very Board-houfe, which was never at-
tacked before by lightning, hath very lately been ftruck,
and that within a few inches of the conduétor; con-
trary to Dr. FRANKLIN’s aflertion, which pofitively fays,
that in fuch circamftances the lightning paffes in the
metals, and not in the walls.

We may refine in our reafoning upon the philofophy
of this event as much as we pleafe; but let me tell you,
gentlemen, there is no getting rid of the fac: which,
according to my judgement, appears to be truly alarm-
ing. And as, I apprehend, the reputation of this learned
Society is greatly concerned therein, we ought imme-
diately to avail ourfelves of this providential warning,
and reject an apparatus which threatens us every hour

with fome unhappy confequences.
It
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It is with very great concern, that I am obliged to
take notice, in this Society, of a houfe, which is of the
firft confequence in this kingdom, that hath pointed con-
ductors alfo fixed upon it: I mean the KING’S, our moft
gracious Patron and Benefaétor’s. Who were the advifers
of them I know not; but as they are there, I thought it
my duty to mention them. | .

In confidering the propriety of pointed conductors, I
~ think it neceffary to obferve, that increafing the number-
of them in any given fpace does not by‘any means, in.
my opinion, leflen the rifque of accidents by lightning;.
but on the contrary (at leaft in many cafes) a greater
number of fuch conductors will neceflarily invite a.
larger quantity of lightning. At Purfleet there are fe-
veral of thofe conductors; and by the ftorekeeper’s letter:
fent to the Board of Ordnance, which was lately read be~
fore us, it appears, that he himfelf obferved a very heavy
cloud hanging over the houfe for fome time before the
ftroke happened.

According to Dr. FRANKLIN’s idea, this event ought
never to have happened; becaufe he fays, that pointed
conducors will draw all the lightning out of the clouds,
and carry it away into the earth filently.

This philofophy I never had any faith in, unlefs the
quantity of lightning contained in the clouds happens to

be
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be very little, and incapable of producing any fatal con-
{equences.

I have now only to add, that I did not propofe to have
troubled this Society any more, had I not thought, upon.
this great occafion, it was my duty to ftand forth, and
give my opinion againft the prefent report; as I know of
no poflible advantage to be derived from fuch' con-
ductors; at leaft none that are confiftent with true phi-
- lofophy, and a fincere regard to the welfare of fociety.

June 19, 1777. B. WILSON.

4. A Letter from the Board of Ordnance to Sir John
Pringle, Bart. P. R. S. enclofing a Letter from Mr.
Wilfon 20 HIS MAJESTY, and an Account of his Experi=
ments on the Nature and Ufe of Conductors.

TO SIR JOHN PRINGLE, BART. P. R. S.

Office of Ordnance,
81 R’ Nov, 18, 1717.‘

MR. wiLsoN having laid before this Board a copy of
the report made by him to His Majefty upon fome expe-
riments in confequence of the accident by lightning, in
May laft, to one of the buildings belonging to the royal
magazine of gun-powder at Purfleet:

We
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We beg:leave to tranfmit to you a copy thereof, to be

laid before the Royal Society; and, at the {fame time, we

defire the favour of their inftructions, if any thing more

can be done, in order to the prefervation of his Majefty’s
magazines.

We are, &c.

AMHERST.
CHARLES FREDERICK.
CHAS. COCKS.

TO T HE KIN G

S 1R,

YOUR MAJESTY, in confequence of the accident
from lightning that happened to one of the buildings at
Purfleet in May laft, having been gracioufly pleafed to
intimate the propriety of making fome farther experi-
ments, to afcertain the beft method of preventing fuch
accidents for the future; and having alfo condefcended
to be prefent at the exhibition of thofe experiments at the
Pantbeon; 1 have prefumed to addrefs to YOUR MAJESTY

Vor. LXVIL Ti this
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this faithful and circumftantial account of what was
there attempted, together with fome obfervations there-
upon, as an humble teftimony of my duty and gratitude

for the great honour conferred upon me.

How far I may have fucceeded in thefe my zealous
-endeavours to afcertain the moft proper conftruction for
conductors is, with the greateft deference, fubmitted to
¥OUR MAJESTY and the public. And whatever confe-
quences may be derived from thefe experiments, I am
habpy in the thonght.of having done every thing in my
power, with the utmoft candour and impartiality, to in-
veftigate truth, in a queftion of real advantage to fcience,
and of fuch importance to the public, as feems, in my
humble opinion, worthy the attention of the ableft phi~

lofopers.
Iam,
SIR,
YOUR MAJESTY’S
moft faithful and
moft dutiful fubje&,

Nov. 12, 1777. BENJAMIN WILSON.

New
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New Experiments and Obfervations on the Nature and Ufe
of Condulfors, by BENJAMIN WILSON, F. R.S. of tbe
Imperial Academy of Sciences at Peterfburg, of tbe
Royal Society at Uplal, and of the Academy of Inflitutes
at Bolcgna.

THE experiments I propofe to give an account of in
this paper, were made in confequence of the accident
from lightning, which happened to one of the buildings
belonging to his Majefty’s magazine of gun-powder at
Purfleet, on the 1 5th of May laft.

Soon after that event, an official and particular ac-
count having been fent by the Board of Ordnance to the
Royal Society, a committee of the members was imme-
diately appointed, to examine the damage done to that
building, and afterwards to make a report of the {fame.

When that report was laid before the Society, I
thought it my duty, in particular, to ftand forth, and
offer fome objections to the ufing pointed conductors. at
Purfleet, or indeed any where elfe.

This public proceedinig was, I apprehended, the more
neceflary, as I had, upon a former occafion, in the year

1772, declared my diffent from the report then made by
Iia the
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the committee, who had recommended fharp-pointed
conduétors for that magazine, to be fixed ten feet higher
than the refpective buildings.

But notwithftanding I had read the paper alluded to
above, I did not apprehend that my duty was fully dif-
charged, without trying other methods of having fo
~ ferious and interefting a fubject farther inquired into.

I had the fatisfaction, {oon after, to meet with {uffi-
cient encouragement to induce me to confider of fume
experiments, which might make the fubject in difpute
more intelligible.

The plan I conceived to be the moft proper for this
purpofe, was to have a fcene reprefented by art, as nearly
fimilar as might be, to that which was {0 lately exhibited
at Purfleet by nature.

To carry a-defign of that kind into.execution, it was
meceffary that attention fhould be given to the feveral
circamftances concerned in the event at Purfleet.

The moft material of thofe circumftances 1 appre-
hended to confift in having a fubftitute for a zbunder-
cloud, as it is vulgarly called, and large enough, or fuf-
ficiently long, to admit of being charged with a confi-
derable quantity of the matter of lightning by artificial
- means; and likewife, that this fubftitute thould admit of
being eafily moved, and with any velocity the experi-

ment
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ment required: or, at leaft, {fo as to equal the mation of
a thunder-cloud,

An apparatus fufficiently large for thefe purpofes
could not conveniently be put in motion: therefore I
propofed to get rid of this difficulty, by moving the
building itfelf, inftead of the fubftitute; as that would
anfwer the fame end.

In order to obtain a confiderable charge of artificial
lightning, I propofed to have one great cylinder covered
with #in-foil, and a wire joined to one end of it, that
thould, when extended properly, confift of {feveral hun-
dred yards.

This idea leading to an expence.too confiderable for
an individual, I prefumed to hope for other affiftance.

Upon an humble reprefentation of thefe matters, his
Majefty, who is always difpofed to promote every pur-
fuit which tends to the advancement of {cience and the
good of the public, moft gracioufly condefcended to en-
courage the undertaking; and, by the favour of the
right honorable and honorable Board of Ordnance, I
was immediately enabled to carry the intended plan into
execution.

Very foon after this encouragement, I procured cor-
reét drawings of the building called 7%e Board-houfe at
Purfleet: from thefe an.exact model was made, excepting

the



248 Papers relative to an Accident
the windows and doors, which were omitted, becaufe
they were immaterial upon this particular occafion.

In this model, a firi¢t attention was paid to thofe parts
of the building where metal had been introduced; fuch
as the hips and gutters of the roof, and the feveral fpouts
to carry off the water. And a3 the North-eaft corner of
the houfe was the part that fuffered by lightning in May
lait, particular attention was paid to the two cramps at
that corner, and the two {pouts on the North fide. Thefe
cramps, in the model, were made of fmall wire, that bore
nearly an exact proportion to thofe in the building itfelf;
not only in regard to length and thicknefs, but alfo their
diftance from each other, and from the turning up of
the lead appertaining to the gutter.

The two {pouts were reprefented each by a thick wire,
the fhorter of which communicated (at the bottom) with
aciftern. This ciftern refting upon two wooden pillars,
or pofts, about one foot and a half in length at Purfleet,
the fame circumftances and proportions were attended-
to, and made to correfpond exactly in the model.

The other wire, in conformity to, and nearly in pro-
portion with, the other {fpout at the Board-houfe, de-
fcending from the gutter for about feven inches, was
there bent almott at right angles, and then continued on

for twelve inches and three-quarters, in a line nearly
I horizontal,
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horizontal, till it reached within two inches (or little
more) of the fhort wire: after which it was bent again
almoft at a right angle, and then lengthened out to the
bottom of the model, from whence it communicated, by
another wire, with a pump or well, in another part of
the houfe.

This kind of communication was neceflary, becaufe,
confifting of metal, it, in that refpect, was fimilar to the
communication at Purfleet.

Befides the two cramps mentioned above, another pa-
rapet was made to puton occafionally, which containedall
the cramps: thefe were properly fixed therein, and at their
proper diftances from each other. And the Royal Society
~ having thought proper, fince the accident, to order that
a metallic communication fhould be made between the
cramps upon the parapet, quite round the building, as a
better fecurity from fuch accidents for the future, care
was taken to make a fimilar connection with the wire
cramps, by means of fmall {flips of tin-foil that were
pafted upon the parapet of this model.

On the top of the roof in the middle, conductors of
different lengths and terminations were occafionzally put,
juft as the experiments required.

The fcale from which this model was made, when

’ compareéd
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compared with the houfe, was one-third of an inch toa
foot.

In regard to the wood of which the model was made,
I took care that it was well baked, and foaked, whilit hot,
in drying oil, before the feveral parts were joined toge-
ther, that it might be the more fimilar to the bricks and
other materials of the building itfelf, in the power of re-
fifting the paflage of the fluid, whenever any attack
thereof thould be made. For brick, ftone, dry lime, &c.
had been obferved many years ago by Mr. DELAVAL and
others to refift the paffage of this fluid very confi-
derably. |

In order to move this model with the velocity re-
quired, it was neceflary to have a frame of wood, of fuch
a length as would fuffer the model, with the pointed
conductor upon it, to be out of the reach or influence
of the charge contained in the cylinder, both at its fet-
ting off, and when it had arrived at the end of its
journey.

To this frame, two upright pofts of wood, ten feet
and a half long, were fixed at the farther end, and at a
diftance from each other equal to the width of the
frame. Upon the top of thefe pofts, and in the middle
between them, were fixed two wheels of different dia~

meters upon the fame axis. The larger took the line
7 that
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that was propofed to draw the model, and the leffer
another line fufpending two weights which regulated
its motion. For after the heavier weight had defcended
{o far as to bi‘ing the model directly under the {fubftitute,
it was then checked; but the lefler weight continuing to
defcend, the model moved forward with its acquired ve-
locity, joined to the pdwer of the lefler weight. And
that the remaining motion might at laft be overcome,
without ftriking againft the two pofts, fome narrow flips
of cloth feven feet long, were nailed upon the frame,
in thofe parts over which the model was to pafs be-
fore it reached the end.- This model moved like a fledge,
by means of two {lips of wood that were fixed at the
bottom, which ran in two grooves that were cut along
the frame from end to end. And the line which drew
the model along, was fixed very near the center of re-
fiftance.

To conftruét the fubftitute for a cloud, I firft joined
together, in fifteen lengths, the broad rims of one hun-
dred and twenty drums (merely to have them portable)
by means of wood cut into long {lips, which were fixed
on the infides thereof: but, as thofe drums were not accu-
rately of a fize, the feveral joinings were covered over with
cloth, and pafted down, to make the furface throughout
more even. After this, the whole number were properly

Voi. LXVIIL Kk .covered
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covered with tin-foil, excepting eight; for thefe being
brafs, required to be covered only at their joinings. All
thefe drums together formed a cylinder above one hun-
dred and fifty-five feet in length, and above fixteen
inches in diameter.

The whole cylinder was made in four feparate parts;
three of thofe parts could eafily be made to communi-
cate, or not, with each other: the fourth, being brafs,
was referved for a different purpofe. The feveral ends
of thofe four parts were clofed up with beard, rounded
off at the edges in every part, and covered with tin-foil
likewife.

This great cylinder (confifting of the three parts) was
fufpended about five or fix feet from the floor by filk
lines; and formed a curve in the room, fomething like
an horfe-fhoe; oneend of which hung over the middle of
the long frame, on which the model was propofed to
move; the other (which I call the farther end) was joined
accafionally to the end of a long wire, that was.fufpended
through. the whole {pace of the room. And left the fe-
veral atmofpheres round this wire, in.its- charged ftate,
might, in confequence of the unavoidable returns of the
wire, interfere toc much with each other, it was fuf-
pended in fuch a manner (by filk lines alfo) that each
length was. five or fix feet from its neighbour:. and thofe
that were fufpended neareft to the great cylinder hung at

4 the
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the fame diftance from it. The remote end of this long
wire hooked on occafionally at the end of the brafs drums,
which made a feparate cylinder (the fourth part alluded
to above) about ten feet in length: this was fufpended
likewife by filk lines, and about fix feet from the floor;
but in {fuch a manner, that the fartheft end thereof from
the wire was within nine or ten feet of the great
cylinder.

The long wire with the great cylinder and brafs drums
made the whole of the {ubftitute for a thunder-cloud,
when they were properly charged.

The machine, employed to charge this apparatus, con-
fifted at firft of two large glafs cylinders that were turned
by one wheel. But as the friction arifing from the two
together rendered it difficult to work them, and the ad-
vantage gained from both in the charge itfelf was found
to be not {o conliderable as might reafonably be expected,
one of them only was made ufe of in the following ex-
periments. The place where this machine charged the
great cylinder, was about ten or eleven feet from its
neareft end. It “vas found expedient to be provided alfo
with another machine; but this was employed only upon
particular occafions, and was generally placed at the far-
ther end of the great cylinder.

The floor of the room being of baked wood, it was

neceffary to have wires properly conneéted with the
Kk2 cufhions
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cuthions of both machines along the floor, where they
were joined to another wire, which communicated with
the well, in order to condu¢t the fluid more readily than
the baked wood admitted of.

The whole of this apparatus, fo contrived, was dif-
pofed in the great room of the Pantbeon, by the favour
of the proprietors, who, having heard that a large apart-
ment was wanted, in which to fhew before the Board of
Ordnance and the Royal Society thefe experiments, were
pleafed to honour me with a very polite letter, offering
the ufe of that elegant building for the purpofes in~

tended.

EXP. I. The model, with a pointed conductor upon it
(which, in a degree of fharpnefs, was nearly equal to
that of a common darning needle) being placed direétly
under the nearer end of the great cylinder, fo that the
diftance between the point of the conductor and cy-
linder was little more than four inches, the machine
was then put into motion. After two turns of the wheel,
or thereabouts, a fmall ftream of light appeared at a little
interval, between the top of the longeft thick wire which
reprefented the bent fpout, and its little ciftern next to
the gutter, where the metallic communication was pur-

pofely interrupted. This ftream continued to be vifible,
7 though
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though the model was moved along the frame from its
fixed ftation to more than the diftance of forty-three
inches.

ExP. 1I. When a conductor of the fame length with
the former, but rounded at the end, and no more than
three-tenths of an inch in diameter, was put in the place
of the pointed one, every other circumftance continuing
the fame, the {mall ftream of light appeared again; but
upon moving the model a little beyond the diftance of
fixteen inches, it totally difappeared.

FIRST OBSERVATION. By the firft experiment it was
manifeft, that the point acted upon the charge all the
time the model was moving through a {pace equal to
forty-three inches; and confequently was, all that time,
diminifhing the charge in the great cylinder. On the
other hand, the fecond experiment fhewed, that the
rounded end acted upon the'charge only whilft the mo-
del moved through a fpace equal to fixteen inches. And
from the two experiments compared, it appears, that a
charged body is exhaufted of more of the fluid by a
pointed, than by a blunted, conductor.

gxp. 111. If in the place of the rounded conduétor a
fimilar one was put, but about one-fifth of the length,
whilft the model ftood directly under the great cylinder.

as
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as before, the charge contained therein produced no ap-
pearance of light whatfoever.

Exp. 1V. But when a pointed conductor of the fame
length with the laft was put in its place, the {mall ftream
of light appeared, and continued vifible all the time the
model was moved through a fpace equal to eighteen
inches and a half,

SECOND OBSERVATION. Thefe laft experiments, com-
pared with the former two, thew that a rounded con-
ductor, little more than one foot and a half above the
higheft part of a building, receives a far lefs quantity of
the matter of lightning from a cloud fully charged there-
with, than a pointed conductor placed ten feet above a
building, circumftanced- alike in every other refpect.
Nay, a pointed conduétor of the fame length with the
thort one that was rounded, appears, from thefe experi-
ments, to colleét a greater quantity of the fluid, than
even the long conductor with a rounded end.

The difficulty of meafuring exactly the effe&ts, when
the great cylinder was charged, was fo great, that aftera
variety of endeavours to afcertain the quantity of the
charge remaining, when different terminations and dif-
ferent lengths of conductors were employed, I was
obliged at laft to have recourfe to the fenfe of feeling, un-

certain as it is, in many cafes, to determine the different
eftets
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effets occafioned by the inEerpoﬁtion- of thefe different
terminations.

EXP. V. On repeating the firft experiment (that is,
with the long pointed conduétor upon the model) with
ten turns of the wheel only, the charge remaining in the
great cylinder was immediately received on the hand;
the fenfation it occafioned was little more than percep-
tible.

EXP. VI. But upon repeating the fecond experiment
(that is with the long rounded conduétor upon the model)
with ten turns of the wheel alfo, the charge remaining
was takens but the {fenfation in this cafe was increafed
coufiderably.

EXP. VII. When the third experiment was repeated
(that is with a rounded conductor five times fhorter than
the laft) and with the fame number of turns, the fenfa-
tion was obferved to be full as violent, as if no fuch me-
tallic interpofition had been prefented to it.

ExP. viil. Upon repeating the fourth experiment (that
is, with the pointed conductor equal in length to that in
the laft experiment) and with ten turns of the wheel
alfo, the fenfation was not near fo confiderable; for it
feemed fomething lefs than what was experienced with
the long rounded conductor in the fixth experiment.

THIRDy
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THIRD OBSERVATION. The feveral effeéts obferved in
the four laft experiments agreeing fo exactly with thofe
in the four firft, prove, at leaft {o far, that rounded ends,
in thefe cafes, received the fluid lefs readily, and in lefs
quantity, than pdints.

But, before other experiments are related, it may be
proper to take notice of what pafled at the thort {pout
upon the model during the making of the four firft ex-
periments; becaufe the confequences to be drawn from
thence are very material.

EXP. 1X. In the firft experiment (when the long
pointed conductor was put upon the model, and whilft
the wheel was turning) a very {fmall fpark might be
taken from the fhort fpout; but if the hand, or a wire,
was applied, which communicated with the well, and
continued in contac¢t with the fhort fpout, or if it was
connected with the long {pout, the fmall ftream of light
feen before at the top of that {pout now ceafed.

EXP. X. But this was not the cafe when the third ex-
periment was repeated (that is, with the fhort rounded
conductor); for this, by reafon of its greater diftance
from the cylinder, and the nature of its termination, did
not draw a fufficient quantity of the charge from the
great cylinder to caufe the leaft appearance of a ftream

of light, as in the former cafe.
EXP.
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EXP. XI. The effeét, however, was different, when
pointed conductor of the fame length as in the fourtlh
experiment was made ufe of; for then the fhort {pout
was charged nearly in the fame manner as in the firit
experiment, and the ftream of light at the top of the
bent {pout difappeared the inftant a commmunication was
made from ti:e thort {pout to the earth.

FOURTH OBSERVATION. The two pofts of weod upon
the ground, which {fupported the ciftern at the bottem of
the fhort {pout, were thercfore the true caufe of theie
effe&ts taking place in the fhort fpont, by preventing a
communication: with the earth, and hinderiag the fiaid,
that was conftanily charging the fhort {pout, from dif-
charging itfelf properly into the earth.

It may now be proper to take notice of other experi-
ments, and alfo of two othcr circumtances that feem to
be of confiderable confequence in this inquiry.

One of thefe circumitances refpocts the motion of the
model, inftead of that of the clvud; and the other, the
quantity of the fluid contained in the great cylinder
when properly charged.

As to the former of thefe, it appears from obferva-
tions, that clouds, in a very high ftorm, frequently move
at the rate of eighty mitzs in an hour; and, with a mo-

derate wind, about twen'y miles™. Now when the clouds
(a) In the Phil. Tranf. there 1s an account of a florm trat was computed to
move at the rate of threeniles in a minute,

Vor. LXVIIIL. .1 move
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move at the rate of four or five miles an hour, the wind
which occafions that motion is, I apprehend, in general,
little more than what is ufually faid to be fenfible: for it
has been frequently obferved, that a traveller on horfe-
back muft ride with a pretty good {peed, to keep pace
with the thadow from a cloud, when it chances to move
in the direction of his journey, even though the wind at
fuch a time can {carcely be faid to blow.

Now a thunder-cloud, as it is ufually called, moves, as
I apprehend, in many cafes at leaft, with a much greater
velocity; and though there may be a few inftances,
where fuch clouds move with a lefs, I think, if the mo-
tion of them be put, in general, at four or five miles an
hour, it ought to be confidered, in this cafe, as a very
moderate computation. For thefe reafons, the weight to
draw the model was adjufted to that velocity.

In regard to the quantity of the fluid required to
charge the great cylinder, I found, from many experi-
ments, that twenty uniform, and rather brifk, turns of
the wheel, were the moft favourable for the following
experiments; becaufe half a turn in twenty made a far
lefs difference in the charging, than half a turn of the
fame wheel, when cight or ten turns only were required,

and with nearly the fame uniform velocity.
4 In
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In obferving this laft rule, proper allowance was made
for the different ftates of the air, the ftate of the glafs
itfelf, and that of the cufhion or rubber, which excited
the fluid by a proper preflure upon the glafs, joined to
other circumftances. The moft material of thefe circum-
ftances confifted in the cufhion’s having a free communi-
cation with the earth and glafs cylinder, in that part whcre
the fri¢tion was applied ; and alfo a fimilar communication
between the great cylinder and the oppofite {ide of the
glafs. Now, becaufe three pointed wires conducted the
fluid readily from the glafs to the great cylinder, I ap-
prehended it was proper to have three fuch points within
the cufhion itfelf to conduét the fluid as readily from the
earth to the glafs. For thofe points communicated by a
wire with the well. '

It will appear, that the effets produced by this artifi-
cial method of charging the cylinder muft be very dif-
ferent from thofe produced in nature.

Suppofe a thunder-cloud coming already charged, the
lightning from this cloud ftrikes at Purfleet; the {fame
cloud, paffing afterwards over other places, will ftrike
the earth again and again, without any apparent dimi-
nution of the quantity of lightning contained therein, as
hath been frequently obferved. But the cafe is not the
fame with the great artificial apparatus, becaufe we not

Lla only
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only charge it by degrees; but when a firoke is taken
from it, the greateft part of the charge by far is at that
inftant taken out of it: and therefore we are conftantly
under the neceflity of renewing the charge before fuch
another ftroke can be taken..

Befides, thunder-clouds from their nature, and a va-
riety of circumftances accompanying them, never aflume
the fame fhape and fize: neither are they always at the
fame diftance from each other. And yet we are told,
that they have been obferved to firike from one to
another at different diftances, juft as they happen at the
time to be circumftanced.

For all thefe reafons, I thought it was proper to make
particular experiments in different cafes, where fome of
the circumitances varied. And becaufe a finglé cloud,
after it hath ftruck any one obje, fometimes continues
to difcharge vaft quantities of lightning, I propofed to
begin the experiments with the great cylinder only.

EXP. XII. The model (furnithed with the wire cf com-
munication, and with the longeft pointed conductor
upon it} being properly placed upon the long frame, and
held there in readinefs to be drawn forward by the line
and weight at the other end; the great cylinder was
charged by twenty turns of the wheel. On letting go the
model, and almoft at the inftant before the point came

1 under
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under the center of the cylinder, it was fuddenly ftruck
with the matter of lightning, and frequently foonecr.
The leaft diftance of the point from the great cylinder,
when this ftroke happened, meafured nearly five inches.
The quantity of chargé that remained in the cylinder
was very little to the fenfe of fecling, though taken im-
mediately after the ftroke happened.

EXP. X1II. On putting into the place of the pointed
conduétor one of the fame length, that was rounded at
the end, and without any other.change of circumftances,
the wheel having been turned the fame number of times,
I fuffered the model to pafs: the rounded end, in this
cafe, was not ftruck. However, the inftant after it had
paffed, the quantity of the charge that remained in the
cylinder was taken in the fame manner by the hand;
on the doing of which, the fenfation was more violent
than in the laft experiment.

FIFTH OBSERVATION. From the two laft experiments
it appears, that though every circumftance was the fame,
cxcepting the different terminations of the two conduc-
tors, yet the pointed one only was ftruck ; notwithftanding
they were both of the fame length, and pafled at equal
diftances from the cylinder. From whence we collect,
that the quantity of lightning difcharged from the great
cylinder into the point, when an explofion happened,

was
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was confiderably greater than the quantity difcharged
into the rounded end, when there was no explofion.

At the firft rife of a dificrence in opinion, refpecting
the proper termination and length for conduétors, 1 was
prevailed upon by fome learned members of the Royal
Society, in the year 1764,to publith my fentiments upon
that fubject. Accordingly, in a letter addreffed to the
Marquis of Rockingham // (after ftating feveral reafons
againft the ufe of points, as I fuppofe they invited the
lightning) I there recommended that conductors thould
not only be rounded at their ends, but be made confi-
derably fhorter than thofe which Dr. FRANKLIN con-
tended for, and indeed fhould not exceed the higheft
part of the building.

In the following experiment, however, I did not place
the pointed conduétor below, nor upcen a level with, the
higheft part of the building, but above it, even cne~

- third of the length of that in the tweltth and thirtcenth
experiment,

EXP. X1v. The model being thus furnithed, and every
thing elfe put exaétly into the fame circumitances as in
the thirteenth experiment, the great cylinder was
charged by twenty turns of the wheel. Upon letting go
the model, it paffed the cylinder at the diftance of feven
inches, without being ftruck: but the charge that

(a) Phil, Tranf, vol, LIV,
remained
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remained in the cylinder at the inftant after the model
had paffed it, was fo confiderable, that there appeared no
material difference whether the model thus circum-
ftanced was fuffered to pafs or not.

SIXTH OBSERVATION. This laft experiment fhews,
that a thunder-cloud may pafs a conduétor fo circum-
ftanced without the latter being ftruck, or fuffering the
leaftinjury; which it will not do in other circumftances,
that is, when the conduétor is pointed, and raifed ten
feet above the building.

EXP. Xv. On repeating the fourteenth experiment,
but with a rounded conduétor, which was three-fourths
of the whole léngth of that in the twelfth experiment
(all other circumftances remaining the fame) and after
charging the cylinder by an equal number of turns, it
paffed alfo without being ftruck. In this cafe, the re-
maining charge in the cylinder was fomething lefs than
in the laft experirnént.

SEVENTH OBSERVATION. This is a further inftance of
the advantage derived from having rounded terminations
of a given length upon a building, compared with
pointed ones, that are oniy two or three feet longer.

Having fo far experienced the different effeits of dif-
ferent terminations in the preceding experiments, it may

be proper to mention another experiment, where the
rounded
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rounded end was {truck. But as its diftance from the
eylinder, at that inftant, was only one guarter of-an inch
lefs than the diftance at which the point had been ftruck,
I fhall take no farther notice of it in this place; becaufe,
the feveral firiking diftances of thefe different termina-
tions will (in another part of this paper) be correétly af-
certained, in a different manner, by other experiments.

We are now to examine, whether the ftroke by hght-
ning, which happened at Purfleet, fell firft upon the
corner of the building where the «cramps were affected,
as hath been reprefented; -or whether it did not fall upon
the point of the conduétor itfelf? And if it fell upon the
‘point, how cowld it poflibly affect thofe cramps, as they
had ne metallic communication with the main conduéor
which extended from the top to the bottom of the houfe,
and of which the gutter below the parapet, that was
neareft to the cramps, made a part?

It muft be remembered, that though in attempting an
experiment of this kind, we are provided with an appa-
ratus, greater perhaps than was ever conftruéted before;
yet, great as it is, it bears but a very fmall proportion to
that which nature makes ufe of. On this account, we
muft expe& but very faint appearances compared with
thofe which are produced by a thunder-cloud. But, be-
fore we relate thefe appearances, it may be proper firft to-

fee
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fee what effe&t the charge itfelf has upon the model,
without any conduétor upon it.

ExP. XvI. Upon charging the great cylinder as before,
that is, by twenty turns of the wheel, and when the
model, without any conductor upon it, was let go, there
was no explofion in, or on, any part of it, during the time
of its pafling by the cylinder; notwithftanding the model
itfelf was properly connefted with metal from the top of
the roof to the bottom of it, and afterwards to the well.

EXP. xviI. But when the experiment, with the long
pointed conduétor upon the model, was repeated, and
after the wheel had been turned an equal number of
times, the point was ftruck as it pafled the cylinder; and,
at the fame inftant alfo, a very fmall ftream-like explo-
fion appeared between the two cramps at the corner of
the model, darting as it feemed from one to the other,
in a.diretion that was rather particular. This ftream-~
like appearance, I apprehended, was nothing more than
the effeét of a fmall explofion in confequence of the mo-
tion of the model.

Mr. wYATT, who is well acquainted with this part of
Philofophy, and to whom great obligations are due from
me for his very friendly affiftance in the whole of this
undertaking, having obferved this appearance feveral

Vor. LXVIIIL M m times,



268 Papers relative to an Accident
times, was curious to confirm the fact, left the preju~
dices of vifion, &c. might poflibly deceive him.

The method he took upon this occafion, was to ob-
ferve an appearance of light along that hip of the roof
which was next to the corner ftruck; and whether the
direction of that appearance was different from the di-

ection of the other appearance he had obferved at the
corner between the two cramps. Thefe appearances he
endeavoured to afcertain by means of a paper tube;
blacked on the infide, that was laid upon a ftand of a
proper height, fo that, when he looked through it,a pin;
being ftuck upright at the further end thereof, coincided
with the part in the model he was to examine} that is;
when the model ftood directly under the cylinder. Being
- thus circumitanced, and when the corner of the model
(during its motion) paffed the pin, he faw the dire&tion.
of the light along the hip next the corner, and alfo be-
tween the cramps at the fame time; and was pofitive that
the direction of the light appeared to be downward from
the roof, and, as he thought, horizontal between the two
cramps. Thefe appearances were obferved by others
afterwards, exactly as Mr. wyaTT had before defcribed
them.

EIGHTH OBSERVATION. The fifteenth experiment
fhewed, that the corner of the model; where the two

cramps
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cramps were inferted, paffed f{afely by the charged cy-
linder, without affording even the leaft luminous cffect;
and confequently proved, that in {fuch circumftances the
two cramps could not poflibly be ftruck, becaufe the
charge in the cylinder remained the fame, or very nearly
fo, after the model had pafled.

NINTH OBSERVATION. But in thefeventeenth experi-
ment, the pointed conductor was fixed in its placc upon
the modecl, juft like that at Purfleet; when not only the
point was ftruck, as the model paffed the cylinder; but,
at the fame inftant, a fmall explofion was fcen between
the two cramps at the corner.  ‘That this light between
the cramps arofe from a different caufc than what had
been fuggefted by the fecond Purfleet committee, ap-
peared from fome circamftances accompanying that ef-
fet. For example, thefe cramps had no connection with
the gutter or fpouts next them, but were quite feparate,
and at the diftance of {ix or feven inches from any me-
tallic communication. And it is well known to philofo-
phers, that lightning always paffes where it meets with
the leaft refiftance; they alfo know, that the leaft re-
fiftance in the prefent inftance muft have been along the
condu&or at the top to the hips, gutters, and {pout, and
{o on to the wire at the bottom to the well.

Mm 2 According
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According to this law, the cramps themfelves, then,
were not properly circamftanced to receive the fluid as it
paffed to the earth, on account of the metallic communi-
cation, defcribed above, being interrupted more than fix
inches.

Another caufe therefore was neceflary to explain the
appearance; I mean that which is called the Jazeral ef-
fest; a term lately adopted, in confequence of an expe-
riment I made near thirty years ago with the Leyden
phial (which experiment has fince been improved upon
by Dr. PrIESTLEY): and though a charged glafs (for
fuch I call the Leyden phial) is by no means fimilar to
the great cylinder when charged, for reafons that have
been already publifhed’”; yet in the courfe of thefe ex-
periments I apprehended the lateral effet produced with
the charged glafs might be confidered in fome refpeéts
“as an illuftration of the lateral effe¢t which had been ob-
ferved at the cramps.

But, not to reft this very material fact upon any doubt~
ful opinion that may poflibly be entertained refpeding
its exiftence, other experiments will be produced, that
may cxplain this matter more fatisfactorily.

(b) Farther Experiments and Obfervations upon Lightning, by Benyamin
wiLsoN, publithedin 1774,

Before
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Before thefe experiments are related, it is proper to
mention a material circumftahce, which hath hitherto
been unnoticed.

At the time the accident happened at Purfleet, a great
quantity of rain fell, by which the walls of the Board-
houfe, being made very wet, were difpofed to admit
more readily the lightning paffing upon the furface,
though yet not {o readily as a covering of metal would
have done. This particular circumitance of the rain will
be attended to in its place.

But firft it may be proper to thew the eftects of a me-
tallic communication.

To this end, T covered the top of the parapet quite
round with tin-foil; and becaufe the copeing projected a
little over the parapet, under which no rain could poffi-
bly get, I left a fmall interval, proportional to it, unco-
vered with that metal. This interval was on the oppofite
fide of the model, which anfwered to the South-fide of
the building where the other fpouts were fixed. Then
from that interval I pafted a broad flip of tin-foil down
to the bottom of the model, where having fixed a fmall
brafs ftaple to hook a wire upon, I faftened the other end
of it to the wire which communicated with the well. At
the {fame time care was taken to faften another wire in
the fame manner, which communicated with the oppo-

fite
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fite fide of the model. ‘This wire was intended to anfwer
the purpofe of a fpouit in the building at Purfleet towards
the South.

Befides thofe precautions, there remaiied another cir-
cumftance to be attended to, refpecting motion: for fe--
veral gentlemen had obferved, that clouds in a thunder-
ftorm are not always-in motion; or at leaft not in the de-
gree of motion which has been reprefented int the pre--
ceding experiment. To obviate that objection, I propofed
to repeat thofe experiments when the model was at reft.
In order to prepare the whole apparatus in the moft pro-
per manner for this purpofe, it was neceffary to attend to
the circumftances that are obferved in nature.

For when a cloud comes ready charged, and ftrikes
another cloud with the matter of lightning, there muft
be a certain diftance at which that effeét muft take place;
and this we therefore call the greateft, or the ftriking
diftance. Now, to produce fimilar effects, our artificial
apparatus muit confift of two parts at leaft, to reprefent
fuch clouds: and thofe parts muft be o difpofed as not
to exceed the greateft diftance at which they will ftrike,
when the largeft part, or fubftitute; is properly charged:
nor muft the diftance between them be lefs, for reafons
that will appear prefently. And therefore, to make the
experiment correfpond with nature, it will require fome

trouble



Jrom Lightning at Purfleet. 273
grouble to adjuft this diftance between the two fubftitutes.
Now -the diftance between them will depend upon the
quantity of the charge given, and the method to deter-
mine that diftance may be found by removing one fub-
ftitute from the other fo far as not to caufe any previous
or partial explofions before the great ftroke happens;
and when it does happen, it muft not only ftrike between
the fubftitutes, but, at the {fame inftant, between the re-
mote end of the lefs fubftitute and the object oppofed
to-it.

EXP. xviL. To each end of a flender fubftitute made
of wood, about eleven feet in length, and fomething lefs
- than one inch in diameter, was fixed a ball of the {fame
matter. The larger of thefe meafured three inches in
diameter, and the lefler one inch nine-fenths.. The exa&
meafure of thefe balls was attended to-the more, in fome
of the experiments, becaufe Mr. NAIRNE has given a de-
{cription of an apparatus in the Phil. Tran{. vol. LXIV.
part I. p. 87 and 88. to which this is nearly fimilar. Hav--
ing. covered the whole of this {lender fubftitute with tin-
foil, it was then fupported near the center by a flender
frame of wood upon a pillar of glafs, to adjuft it to the
height and diftance required. The larger ball was then
brought within one inch and a quarter (and fometimes
at a greater diftance) of another ball, one inch nine-

tenths
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tenths in diameter, that was covered with the fame metal,
and proje€ted from the center of the nearer end of the
great cylinder by a kind of ftem made of wood, and co-
vered with tin-foil alfo, which was {ix or {even inches
long. Being fo prepared, the model was fet upon a table,
direétly under the ball at the remote end of the lefs
fubftitute, with the pointed condutor upon it: and all
the wires were properly connected, fo as to make a free
communication between the model and the well.
Notbing now remained but to put the machine in mo-
tion; wlen, after ten turns of the wheel, the point upon
the model was ftruck at the diftance of four inches.

“In the twelfth experiment, where the model was in
‘motion, the point was ftruck at the diftance of five inches
nearly from the cylinder. This difference of diftance in
thefe two experiments feemed to arife chiefly from a dif-
ference in the ftates of the air, it being rather unfa-
vourable when the eighteenth experiment was tried.

ExP. X1X. However, fome time after, when the ftate
of the air was very favourable, I repeated the laft expe-
riment, and obferved that the point was ftruck at fix
inches and one quarter.

During this laft experiment, a perfon, ftanding upon
the wire of communication, placed his finger in contaét

with the pointed conductor (near the bottom) at the time
the
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the ftroke happened, when he received a blow, uncom-
monly violent, infomuch that he thought it exceeded
greatly what he had ever experienced from the great
cylinder only.

EXP. XX. I now repeated the eighteenth experiment;
and attending only to the two cram:ps at the corner, there
appeared, at the inftant when the point was ftruck, a
fmall {park or explofion between them: which clearly
fhewed, that the ftream-like explofion, obferved in the
feventeenth experiment, was only this {mall {park ac-
companied with the circumftance of the motion of the
model.

TENTH OBSERVATION. From what we have now ex-
perienced it appears, that thunder-clouds, even at reft,
and that ftrike each other at a given diftance with the
matter of lightning, occafion the fame¢ phznomena
nearly which a fingle cloud produces when motion is
introduced. , v

EXP. xxI. When the diftance between the two fub-
ftitutes was made lefs in any degree than the greateft
ftriking diftance (in proportion to its diminution the cir-
cumftances were lefs fimilar to thofe in nature) it made a
confiderable difference in the effe&s; becaufe the fluid
in thefe cafes pafled more freely from the greater to the
lefs fubftitute: and the freer it paffed into the latter,

Vor. LXVIIL Nn the
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the nearer they approached to be one fubftitute. So that
bringing the two fubftitutes into contact, occafioned the
fame phaenomena that the great cylinder did alone; that
is, thveA rounded end would caufe an explofien at a confi-
derable diftance; and the point little or none, notwith-
ftanding if was brought almeft clofe to the fubftitute.

EXP. XXII. But if motion in this cafe was introduced,
during the contact of the two fubftitutes, the point was
ftruck at nine inches and an half diftance from the ball.
The motion employed upon this occafion was by the
hand only, which held a proper ftand with the point
upon it; and this point communicated by a wire with
the well.

ELEVENTH OBSERVATION. Now the nearer the two
fubftitutes were brought together, the nearer they re-
prefented one cloud; and, confequently, as hath been
obferved before, the matter of lightning would pafs from
one to the other in thefe cafes more readily, and without
permitting fo great an accumulation to take place as was
experienced in the nineteenth experiment, when the fe-
parated fubftitutes ftruck at the greateft diftance.

To occafion fuch a firoke, it is not only neceffary to
have an accumulation of the fluid, but that accumula-
tion muft be kept up, as it were, and increafed fuddenly,
before a ftroke in this cafe can poflibly take place; as

appeared
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appeared manifeftly by the motion introduced in the
twenty-fecond experiment, where the two fubftitutes
were united: for the refiftance at a point being feeble,
when in this experiment a point was fuddenly brought
towards the ball at the end of the great apparatus
in charge, the whole of that charge muft of confe-
quence rufh towards the point in an inftant, to difcharge
itfelf into the earth. ‘This, I apprehend, was the true
reafon why we obtained an explofion at the diftunce of
nine inches and an half.

Having now gone through the experiments where
points were introduced, we fhall next relate the feveral
experiments where other terminations were ufed. By
this method of proceeding, we fhall be able to form a
proper judgement what kind of conductors are the moft
advantageous for fecuring buildings, &c.

EXP. XXHi. On repeating the eighteenth experiment,
but with a rounded conductor upon the medel, every
other circutnftance continuing the fame, and the model

at reft, the greateft diftance at which it was ftruck (in
confequence of ten or eleven turns) was not more than
three quarters of an inch. |

Now if we compare this diftance with that at which
the point was fruck in the eighteenth experiment, the
proportion will he found ¢o be lefs than one ta five.

Nnz But
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But this and the eighteenth experiment were repeated
many times afterwards, for many days together, and
when the ftate of the air at each trial was very different
on which accounts the refults of thofe experiments va-
ried as follows.

Sharp point. Rounded end.
2 inches. 3 of an inch.
4 3
3 ¥
5% i
6; :
2 s

Immediately after relating the nineteenth experiment,
mention was made of the fenfation or blow that was re-
ceived by a perfon who had brought his finger into con-
tact with the pointed condulter at the time the ftroke
happened. The experiment was repeated here with the
rounded end; but the fenfation or blow received (as well
as the explofion) was confiderably weaker in this cafe.

EXP. XX1v. When the twenty-third experiment was
repeated, and the rounded end ftruck at three quarters
of an inch, the fame kind of fpark appeared between
the two cramps as in the twentieth experiment when
the point was ufed; but in this experiment with the

rounded
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rounded end the fpark at the cramps appeared confidera-
bly lefs to every obferver.

ExP. xxv. Upon repeating the twenty-firft experi-
ment where the two fubftitutes were brought into con-
tadt, every other circumftance remaining the fame, the
rounded end was ftruck at the fame diftance nearly as
when a fpark was taken Dy a larger metal ball (fuppofe
three inches in diameter) from any part of the great
cylinder when equally charged: for in this cafe the two
{ubftitutes, being in contat, made in reality but one
great fubftitute. ‘

EXP. XXvI. I now repeated the twenty-fecond experi-
ment, where motion was introduced; and without any
other change of circumftances than putting in the place
of the point the rounded end. Upon this occafion, as
well as upon the former, the fame perfon moved the
ftand with the rounded end upen it, and with the fame
velocity (as near as he and others prefent could judge) but
not before the connected fubftitutes were fully charged
by an equal number of turns. The inftant that the
rounded end approached within a certain diftance of the
ball at the end of the lefs {fubftitute, it ftruck; but the
explofion feemed inferior to that which the point occa-
fioned at the diftance of nine inches and an half. In this
experiment the diftance between the rounded end and

ball
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ball was not more than {ix inches and an half. From which
it appears, that even in thofe circurnftances the point was
{truck at a greater diftance than the rounded end in the
proportion of nine and an half to fix and an half,

EXP, XXVIL. It has been obferved in a former part of
this paper, that a great quantity of rain fell when the
accident happened at Purfleet; as this circumftance
feemed to be material, it was proper to put the model
intoa ﬁrhilar fituation; and therefore, after removing the
tin-foil upon the parapet, I wathed the model all over
with a {ponge; and, whilft it continued in this ftate, the
machine was put into motion: after ten turns of the
wheel, the point was ftruck at five inches diftance, In
confequence of this, a fmall explofion (more vivid
than in the feventeenth c¢xperiment) appeared, not only
between the cramps; but alfo another was feen, till more
vivid, at the inner corner of the parapet, neareft to the
cramps, darting, as it feemed, from the gutter up to the
cramps.

EXP. XXVIIL. Upon pafting tin-foil upon the top of
the parapet quite round the model, as had been done
before, and moiftening the inner part of the parapet
down to the gutter, the firoke was again received by the
point, when the fame appearances were obferved as in
the laft experiment.

I EXP.
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EXP. XX.X. I then made a metallic communication
between the top of the purapet down to the gutter: after
this the experiment was repeated. And though the peint
was ftruck at five inches diftance, there was no {park
whatfoever, either between the cramps or at the inner
corner next to the gutter.

TWELFTH OBSERVATION. From thefe laft experiments
itappeared, that rain contributed to make the /azera/ effe&
greater at the corner, by forming a better communica-
tion between the cramps and the gutter, than the dry
materials of brick and ftone admitted of. But it alfo ap-
peared that, when the communication between the gut-
ter and cramps was rendered more perfet by a {lip of
tin-foil that was interpofed between them, that Jazeral
effect ceafed at the cramps; becaufe a ftill freer pafiage
was made for the fluid te difcharge itfelf through; not
only along the {lip of metal communicating with the.
gutters and the tin-foil quite round the parapet, but alfo
along the tin-foil down the fide of the model, from
whence it was conveyed by the wire to the well.

EXP. XXX. An objeétion having been made, that the
wire communicating from the bottom of the model to
the well, as it confifted of feveral diftint parts, occa-
fioned a refiftance at each of the junétions, and therefore

conftituted only an imperfeét conduétor; in order to try
' the
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the validity of this objection, a new communication was
now made from the model to the well, confifting of one
centire wire, pointed at the end, with which I repeated the
experiment of pafling the model; and finding no fenfi-
ble difference from the former refults, 1 then, in order
to apply a rounded end to this perfect communication,
had the pointed conduétor, which was previoufly made
ufe of, foldered on to the end of the wire inftead of the
other po.int; and to this conductor fo foldered I occa-
fionally applied the fmall ball which was ufed in the for-
mer experiments, and which has hitherto been called the
rounded end. It was made to fit upon the point of the
foldered conductor by means of a focket, o as to render
the communication perfect. With thefe different termi-
nations, and thus circumftanced, all the experiments
were repeated; and it was found, that the refults were
rather more in favour of the doétrine hitherto advanced,
than before the communication was made fo perfect.

It having been farther objected, that the motion of the
model employed in thefe experiments was confiderably
greater than the motion of a thunder-cloud, I made the
following experiment,

EXp. XxXI. The weight which moved the model in
the preceding experiment was gradually reduced till it
was nearly balanced by the fri¢tion; and when the

motion



Sfrom Lightning at Purfleet. 283

motion was rendered fo {flow as {even feet feven inches in
feven feconds, it was very little accelerated; and in this
ftate the great cylinder being charged, the model was
fuffered to pafs: and though the velocity was lefs than
three quarters of a mile in an hour, the point was ftruck.
This experiment was repeated feveral times, with the
fame fuccefs, in the prefence of feveral gentlemen.

Having made two other experiments, refpecting the
different terminations of conductors,and in very different
circumftances from any that have been yet related, I
fhall here give an account of them.

EXP. XXXIL. When the great ball of the lefs fub-
ftitute was placed at the greateft firiking diftance from
the ball at the end of the great cylinder, I fixed a needle
into the under fide of the remote end of the lefs fub-
ftitute, with the point downwards: oppofite to this point,
and upon the fame ftand defcribed in the twenty-fecond
experiment, was fixed another needle; fo that the two
points were oppofed to each other. The fpace between
them was varied from time to time, in order to find the
greateft diftance at which the lower one could be ftruck.
Upon charging the great cylinder it appeared, that the
greateft diftance in this cafe was five inches and a
quarter.

Vovr. LXVIIL Oo EXP.
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£xp. xxx111. Upon repeating this experiment, whilft
every circumftance remained the fame, excepting that,
inftead of the point below, a rounded end was put in its
place, and after charging the cylinder again, it appeared,
that the greateft diftance, at which the lightning (from
the needle) ftruck the rounded end, was not more than
two inches and three quarters. And the largenefs of the
fpark, as likewife the loudnefs of the explofion, appeared
to be lefs confiderable than in the thirty-fecond experi-
ment,

The reafon for fixing the needle at the end of the lefs
fubftitute with the point downward, was to reprefent
a fragment or jagged part of a cloud, which fome-
times hangs down towards the earth; and, as Dr.
FRANKLIN and others have fuppofed, ferves as a kind
of ftepping-ftone for the lightning to pafs more readily,
and in a filent manner, from a charged cloud to a
a pointed conductor underneath it. But we {ee, from the
two laft experiments, the lightning does not pafs in a
filent manner, becaufe the point below, as well as the
rounded end, was always ftruck, and the former at twice
the diftance nearly of that of the latter.

That two points oppofed to each other, in the manner
defcribed above, thould ever occafion a ftroke of light-
ning, may perhaps appear ftrange to thofe who are not

very
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very well a¢quainted with this fubjet. However, I have
related it not only as it is a fact of a very curious kind,
but as the confequences which may be drawn from it
feem to be confiderable.

During the courfe of this inquiry, having occafion to
try fome experiments in the dark, I obferved a curious
circumftance, which feemed to fhew, that a point had a
far greater influence upon the charged f{ubftitute, in cer-
tain circumftances, than a rounded end had when it was
placed in the fame fituation.

ExP. xxx1v. The circumftance alluded to was an ap-
pearance of light upon the brafs ball (for fo I call it, to
be more clear in the defcription) that was fixed at the
end of the great cylinder, when the copper ball (for fo I
call zbat for the fame reafon) of the lefs fubftitute was
oppofed to it at the greateft ftriking diftance, as in the
eighteenth experiment, every other circumftance re-
maing the fame; and whilft the model, with its pointed
conductor, ftood upon the table directly under the tin
ball that was fixed at the remote end of the lefs fubfti-
tute: for foon after feven or eight turns of the wheel, a
light began to appear on the brafs ball, and continued to
increafe in brightnefs till the moment it burft forth in an
explofion towards the copper ball. The part of the brafs

Oo02 on
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on which the light appeared was that next to the copper
ball: and the general appearance of it was round, and
fometimes more than half an inch in diameter. It
did not fend forth rays or ftreams that were luminous;
neither did it extend beyond the furface; or the diftance
to which it did extend was {o inconfiderable, as to feem
incapable of being afcertained, even at the inftant before
the explofion, when it was moft vivid; though at that
time there did appear fomething like a fiall {well
towards the centre, as if it was making an effort to get
out. Whenever the wheel was ftopped fuddenly, or the
motion of it decreafed, the light retired on the inftant,
and totally vanithed: but when the motion of the wheel
was renewed for a little time, the light returned as be-
fore. The whole time that this appearance continued,
was never more than five or fix feconds: reckoning from
the moment it was firft {een, to the inftant when the ex=
plofion happened. The diftance between the point and
the tin ball meafured three inches and a quarter. There
was no fuch appearance on the copper ball; nor is it eafy
to conceive how there ever thould, when all the circum-
ftances are taken into confideration.

EXP. XxxV. Upon repeating this experiment with a
rounded end, inftead of a point, and at the fame diftance
from the tin ball, notwithftanding every other -circum-

ftance
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ftance continued the fame, there was no fuch ap-
pearance.

EXP. XXXVI. But when the rounded end was moved
confiderably nearer, that is, within fix-tenths of an inch,
a light was vifible; but then it was faint, and not more
than one-tenth of an inch in diameter, even at the in-
ftant before the explofion happened.

THIRTEENTH OBSERVATION. By the firft of thefe ex-
periments it ajrpears, that the influence which the point
had upon the whole of the fluid contained in the great
cylinder, was fuch as to caufe a general tendency of it
towards the lefs {ubititute; but, on account of the re-
fiftance which fecemed to operate at the furface of the
brafs ball, it was there ﬁopped, and by degrees accumu-
lated, till fuch time as the accumulation was great
enough to overcome that refiftance. N ow, according to
this manner of reafoning, the point did not draw the fluid
out of the great cylinder filently; but when the accumu-
lation had got to a fufficient degree, a fudden explofion
enfued, more or lefs viulent, according to the circum-
ftances which accompanied the cxpcnment.

FOURTEENTH OBSERVATION. From the other experi-
ment it appears, that the rounded end had not fo great
an influence as the point upon the charge in the cylin-
der; becaufe we were obliged to bring it five times

| nearex
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nearer before any light could be perceived at all; and
even then it was o faint and inconfiderable in its diame~
ter (rather lefs than one tenth of an inch) compared with
the other light produced by the influence of the pointy
that it maﬂifeﬁly confirmed the truth of the laft obfer-
vation.

Thefe facts being in my opinion {o clear and fatisfac-
tory in regard to the great obje¢t we have had in view,
I think that any farther experiments refpecting the na-
ture and ufe of condudtors are unneceflfary. I fhall
therefore proceed to make fome general deductions from
what has been already related.

It feems to be clear, that in all experiments made withk
pointed and rounded conductors (provided the circum-
ftances be the fame in both) the rounded ones are by far
‘the fafer of the two, whether the lightning proeceed
from one or more clouds; that thofe are ftill more fafe,
which (inftead of being, as Dr. FRANKLIN recommends,
ten feet high) are very little, if at all, above the higheft
part of the building itfelf; and that this {afety arifes from
the greater refiftance exerted at the larger furface.

The luminous appearance at the end of the braf ball,
occafioned by the point in the thirty-fourth experiment,
manifeftly fhewed that there was an accumulation of the
fluid within that part of the ball, in confequence of fome

refiftances
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refiftance: for when the refiftance at the furface of the
brafs ball was at laft overcome by the influence the point
had upon the charge, the explofion took place imme-
diately; and that, not only between the two fubftitutes,
but alfo between the end of the lefs fubftitute and the
point.

A cloud, therefore, that happens to be charged, and
within the firiking diftance of another cloud which is
not charged, and alfo equally within the influence of a
pointed conduétor, muft neceflarily produce fimilar ef-
fe@s with thofe mentioned in the thirty- fourth experi
ment.

On the other hand, clouds that are circumftanced like
thofe above, and not within the influence of a rounded
conduétor, will pafs quietly over fuch a termination, and
without any exploﬁ_bn.

Nor can any one, at all acquainted with fubjeéts of
this kind, want to be reminded, how far the effets of
experiments, made within the limited power of fuch arl-
apparatus, muft differ in degree from thofe which are
exhibited in the great and wonderful phznomena of
nature.

If I could grant to thofe- who objeét to the motion
employed in fome of thefe experiments, that a cloud
charged with lightning, and motionlefs, may impend

4 over
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over a building; it muft neverthelefs be allowed, that
clouds are generally obferved to move with confiderable
velocity; fo that when the velocity is from three quar-
ters of a mile or fomething lefs, to four or five miles or
more in an hour, the pointed conductor is always ftruck
by the charge contained in the great cylinder. And the
experiments which have been made by the addition of
the lefs fubftitute thew alfo, that no fecurity can be
expeéted from a pointed conductor when a thunder-
sloud is even entirely at reft.

UPON ACCELERATION, AND ITS EFFECTS.

From confidering ine extraordinary effects which have
fometimes been produced upon grofs matter by light-
ning, and the diftance there frequently is between thun.
der-clouds and the earth, when fuch effects take place, I
{ufpected that thofe effects might in fome degree be
owing to an increafe of the velocity of the fluid which
produced them.

To try whether this was really fo, it feemed neceflary
to have an apparatus of a far greater length than the
great cylinder: I therefore made ufe occafionally of the
long wire which has been already defcribed,

EXP.
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EXP. xXXVII. Upon connecting one end of this long
wire with the farther end of the great cylinder, and the
other with one end of the brafs drums; I found, that
about fix uniform turns of the wheel, with a moderatc
velocity, were required to caufe the appearance of a fmall
ftream of light at the top of the fpout defcribed in the
firft experiment, when the model, with the pointed con-
duor upon it; ftood directly under the gre'xt cylinder,
but at the diftance of five inches.

EXP. XxxvIll. When the great cylinder was uncon-
nected with the leng wire and brafs drums, and whilft the
model, with the fame conduétor upon it, remained in its
place ; about two turns, with the {fame velocity, were fuf-
ficient to charge the great cylinder, fo as to caufe a fimi-
lar appearance at the {pout.

EXP. XXXI1X. On feparating the great cylinder from a
fourteenth part of it (which fourteenth part for the pre-
fent I call the little cylinder) the moslel and machine con-
tinuing in their places, it was found, that half a turn of
the wheel was fufficient to charge the little cylinder, fo
as to caufe the like appearance at the {pout.

FIFTEENTH OBSERVATION. Now thefe differences in
the numbers of turns required for caufing fimilar ap-
pearances, when the feveral charges were given in the
thirty-feventh and thirty-eighth experiments, could not

~ Vor. LXVIIL Pp arife
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arife from a difference in the quantity of metallic matter
contained in the refpective fubftitutes; becaufe the tin-
foil which covered the great cylinder (independent of
the nails and wood it contained) was found to be near
three times heavier than the weight of the whole wire.

Neither could thefe differences be owing to a dif-
ference in the quantity of furface of the refpetive fub-
ftitutes; becaufe the furface of the great cylinder was
found to be ten times greater than the furface of the
wire.

Thofe feveral differences muft therefore depend upon
fome other caufc; and, as a true knowledge of this caufe
may be of fome moment in the prefent inquiry, we muft
endeavour to find it out by experiments and obfervations.

To this end it may be neceflary, that our inquiry
thould begin from an early part of this {ubjeé, fo that
we may proceed regularly, ftep by ftep, as nature direéts.
By purfuing this method (though it is propofed to be
done very gencrally on account of the length of this
paper) we may poffibly arrive at the knowledge of the
caufe in queftion, and fhorten the road to the main ob-
jedtin view; I mean, the effeéts of comparative velocitics.

From the nature of this fubtile and claftic fluid, and
its being diffufed throughout the whole earth as well as

4 the
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the air furrounding it, the leaft violence exerted muft
neceffarily difturb it.

And although experience hath taught us how to vary
the natural quantity of this fluid in many fubftances, in
confequence of violence; yet the fame experience hath
likewife taught us, that we cannot increafe that quantity
in any particular fubftance, without taking it from the
general ftock contained in the earth or air furrounding it :
and therefore, when this fluid is {fo increafed, it may be
properly faid to be in an unnatural ftate; and whilit it
remains fo, muft (from its elaftic principle) be always
endeavouring to recover its natural one.

But experience hath alfo taught us, that metal, for
example, hath a property of receiving the fluid more
readily, whenever it is difturbed, than moft other {ub-
ftances: for which reafon a notion hath prevailed with
many, that this property of metal arifes from a power of
attration, which they fuppofe it poflfefles in a greater
degree than any other fubftance.

If this philofophy were true, it would follow, that the
fame power which attracted the fluid into the metal
ought to keep it there: for it cannot be fuppofed to attract
the fluid at one time, and then let it go at another; this
would be abfurd, and contrary to experience. We muft
therefore try to find a better reafon why metal is poffefled

Ppa2 with
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with the property of receiving this fluid more readily
than other fubftances.

ExP. xL. When the great cylinder, with the wire and
brafs drums, were charged with a very {mall quantity of
this fluid, by the wheel being turned fomething lefs than
a quarter round, there was, the moment after, a vifible
explofion, and a fenfible effet perceived at the remote
end of the wire. When half a turn was given, thefe
effects were greater; and, after a whole turn, the quantity
of the fluid accumulated in this great apparatus was in-
creafed confiderably.

SIXTEENTH OBSERVATION. Now, fomething muft
have hindered the fluid from getting out of the cylinder
and wire all the time they were charging, otherwife we
fhould not have been able to have caufed the leaft accu-
mulation; for, from the nature of this fluid, there can-
not be any accumulation without fome refiftance to occa-
fion it. And whatever the nature of that refiftance may
be, experiments fhew, that there are certain bounds pre~
{cribed to its power of acting, and which in particular
circumftances feem to be very eafily furmounted.

From Sir ISAAC NEWTON’s obfervations’”, and a great
variety of experiments made fince his time, we collect,
that this principle of refiftance is probably exerted at, or

(¢) NEWTON’s Optics, p. 240, 241, and 372,
very
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very near, the furfaces of bodies, and cxtends only to
very {mall diftances from them.

It feems then, that it is by this kind of refiftance at
the furface of bodies, that the fluid is prevented from
efcaping_out of the great cylinder and wire, whilft it is
accumulating within them: and therefore, when wé be-
gin to charge the great apparatus at the nearer end, the
moment any part of the charge arrives at the farther
end of the wire, it is prevented (in fome degree at leaft)
from efcaping, in confequence-of the refiftance it meets
with at that end. And, if we continue to make the
charge greater, the charge itfelf, during its increafe, muft
alfo refift every farther effert which any ways tends to
make it greater, with a force probably proportional ta
the quantity accumulated.

EXP. XLI. When the great cylinder and wire with the
drums were fully charged, and a perfon, ftanding upon
~the wire. which communicated with the well, fuddenly
approached the brafs drums with his hand, an explofion.
enfued, which indeed was neither fo large, nor did it
take place at {o great a diftance, as might have been ex-
pe@ed’; neverthelefs, the perfon received a violent fen-

(d) The circumftances attending the explofion in this experiment were cer-
tain'y owing to the long wire being not entire, but confifting of feveral pieces
twifted together, the ends of which, being very many, muft have caufed a con-

fiderable part of the fluid to efcape, and fo have weakened the gencral eﬂ”ee‘t.
7 fation,
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fation, not unlike that produced by the Leyden phial, as
it affeted his body quite through, from the hand that
took the difcharge to the feet that ftood upon the wire.

Exp. xLII. Upon repeating the above experiment,
with the great cylinder only, and when it was fully
charged, the explofion appeared ftronger, and thediftance
it ftruck at greater, than in the other cafe; and yet the
{enfation received was not near fo violent as when the
long wire was connected with it.

EXP. XLIII. When the little cylinder by itfelf was
fully charged, the effects were very inconfiderable, com-
pared with thofe from the great cylinder: for, in this
cafe, the perfon ftanding upon the wire of communication
was affeéted in his hand only, and that no farther than
the wrift. Thefe three experiments were repeated many
times by different perfons, and the refults were nearly
the {fame. _

SEVENTEENTH OBSERVATION. When all the circum-
ftances in the two laft experiments are confidered, we
may fafely conclude, that the difference in the fenfation,
produced by the two cylinders, could arife from no other
caufe than a difference in their lengths; the one being
fourteen times longer than the other, and both in other
refpects nearly fimilar; and fince the fenfation perceived

in
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in the thirty-eighth experiment, where the long wirc
was employed, was confiderably greater than when the
great cylinder alone was charged, we feem to have fuf-
ficient reafon to apprehend that the effects of everv
charge, as to fenfation, will be proportional to the length
of the body charged; provided the charge (or accumula-
tion) be uniform from end to end in every experiment.

Apprehending that, if fome of the circumftances em-
ployed in producing the charge were varied, we might
poflibly obtain a greater charge than we had yet found,
I.made the following experiments.

Exp. xL1v, Inftead of one machine to charge the
great apparatus I made ufe of two. The glafs cylinders
belonging to each were of the fame length and diameter
nearly. One of thofe machines was continued in its
ufual place, which was not far from the nearer end of
the great cylinder. The other ftood at the farther end of
the brafs drums. After conneéting the long wire with
the great cylinder and brafs drums, in the manner before
defcribed, the wheels of both machines were put into
motion, with equal ‘and uniform velocities: and after
fix turns of each wheel (tor I could not prevail upon .
any one prefent at the time to take a higher charge),
and, after waiting above eight feconds, a perfon. fud-

denly
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aenly approached the brafs drums with his hand; imme-
diately an explofion took place, and a difagreeable fenfa~.
tion was perceived. The difcharge was then made at the
nearer end of the great cylinder, and there feemed to be
no difference in the effect.

£xP. xLV. Upon repeating the experiment with one
machine only, and after the fame number of turns of
the wheel with the fame velocity, and after waiting above
eight feconds alfo, the fame perfon fuddenly caufed an
explofion with the fame hand. But the fenfation in con-
féquence of it was very different from the laft experi-
ment; for he declared it was little more (if that) than
half as violent. Thefe laft experiments were alfo re-
peated feveral times by another perfon, who gave the
fame account of the refults’, -

EXP. XLVI. I now charged the long wire only and
fully, and with one machine: the explofion, in this cafe,
appeared not véry large, but of a reddifh hue; and the dif=
tance it ftruck at was not more than one inch and an half;
however, the fenfation acrofs the bodv was at that inftant

(¢) On re-confidering thefe two laft experiments I find, that inftead of
‘giving fix turns to the wheel, in the laft experiment, I ought to have given
twelve, in order to make any comparifon between the effe@ts of the two expe~
riments : I therefore fimply relate the experiments as they were made, without
making any deduétions from them.

fharp
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fharp (as it was exprefled) and violent, but not quite fo
difagreeable as when the great cylinder was conneéted
with it, and fimilarly charged.

EXP. XLVII. Having procured an equal quantity of
the fame kind of wire, and of the fame diameter, with
that which was fufpended and tried in the laft experi-
ment, it was placed in the form of coils upon a board,
fixed on the top of a long ftand of glafs, without having
any conneétion whatfoever with the great apparatus, or
any part of it. Thefe coils were then fully charged by
the power of one of thofe machines only. The fenfa~
tion they afforded, in confequence of caufing fparks,
was very inconfiderable, compared with what had been
obferved in the laft experiment.

exp. xLviil. The feveral coils of wire employed in
the laft experiment, as likewife feven hundred yards
more in coils alfo, were joined together at their feveral
ends. Thefe coils being then ftrung upon filk lines, were
drawn out into a form refembling that of a {crew, and fe-
parated from each other in fuch a manner 2ll along as
to occupy ene hundred yards of filk line. The feveral
diameters of thefe coils, at a mean, were about fifteen
inches. As I had fo fhort a time in which to prepare
and fufpend them properly, the difadvantage of their
touching and interfe¢ting each other in many places

Voi. LXVIIL Qq could
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could not be prevented; however, 1 found that the fen-
fation caufed, after charging this wire, was. nearly equal
to that which had been experienced from the long wire
in, thelforty-ﬁxth experiment.

exP. XLIX. Upon joining the farther end of thefe
coils to one end of the long wire, {o- that the whole
length was in this experiment about three thoufand nine
hundred yards, and afterwards charging the nearer end
of the coils, and without the great cylinder (it being
at that time taken down) the fenfation complained of,
by two indifferent perfons, was twice as violent as the
fenfation perceived by the fame perfons when the long
wire alone was charged.

It may be now proper to make fome general obferva-~
tions refpecting the explofion itfelf, and the quantity of
the fluid difcharged in confequence thereof,

After many experiments we found, that when the
great apparatus was fully charged, and the motion of
the wheel fuddenly ftopped, it appeared, that a fingle
explofion at either end of it, inftantly (as to /fen/e) dif-
charged the fluid contained thereiny but never fo effec-
tually as to leave no remainder: for the quantity which
did remain (upon a fecond application immediately after-

wards) was generally fufficient to caufe a fecond explo~
fion
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fion perceptible to the fenfe of feeling, as well as to that
of fight.

Now, before the great explofion was caufed, the fluid
accumulated in the apparatus muft have been diffufed
equally through it, in confequence of its €laftic princi-
ple; and, being fo circumftanced, a fudden application of
the hand, or any other {ubftance, which would open a
door for the paffage of the fluid into the earth, was
found to difcharge the greater part of that fluid: and
whatever part thereof was fo difcharged, the moft diftant
particles feemed to have arrived at the point where the
explofion took place, at the {fame time with thofs that
were the neareft to it; becaufe, immediately aiter ti:: ex-
plofion, there was very little of the fluid remaining in
the apparatus.

If then the difcharge of the fluid be, as it {feems to be,
very nearly inftantaneous, the particles of it muft move
with velocities, and confequently with forces, very nearly
;‘propoi‘tional to thofe diftances.

From this confideration I apprehend it will appear,
why the fenfation upon the difcharge from the long wire
in the forty-fixth experiment was more violent: and
upon recollecting the thirty-feventh, thirty-eighth, and
thirty-ninth experiments, and the obfervations I made

upon them, I am inclined to believe, that the effect
Qq2 depends
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depends more upon the length of the metallic body, than
upon the quantity of its matter or furface.

It was upon the idea of the velocity of the fluid being

thus increafed, that 1 apprehended gun-powder might be
fired without the leaft appearance of a fpark. The fuc-
cefs of this experiment was an inducement to try KuN-
KELL's phofphorus, which was made by Dr. Hi6GINS.
The moment this inflammable fubftance was brought
very near the furface of the brafs drums, it burft into a
‘blaze; and common tinder, applied in the fame manner,
was {et on fire the inftant when it was brought {o near as
to touch the metal: but there was not the leaft appear-
ance of a fpark in any of thefe experiments..

The method taken to fire the gun-powder was this:
upon a ftaff of baked wood a ftem of brafs was fixed,
which terminated in an iron point at the top. This point
was put into the end of a {fmall tube of Indian paper, made
fomewhat in the form of a cartridge, about one inch and
a quarter long, and about two-tenths of an inch in diame-
ter. When this cartridge was filled with common gun-
powder (unbruifed) the wire of communication with the
well was then faftened to the bottom of the brafs ftem.
Being fo circumftanced, and whil& the charge in the
great cylinder and wire was continually kept up by the

motion of the wheel, the top of the cartridge was brought
fo
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fo near to the drums as frequently to touch the metal.
In this fituation, a {mall faint luminous ftream was ob-
ferved between the top of the cartridge and the metal
drum..

Sometimes this ftream would fet fire to the gun-pow-
der at the inftant of the application; at others, it would
require half a minute or more before it took effect. But
this difference in time might probably arife from fome
difference in the circumftances, for any the leaft moifture
in the filk lines, the powder, or in the paper itfelf, was
unfavourable to the experiment. ‘

This new method of firing gun-powder by a luminous
ftream of the matter of lightning furely merits the moft
ferious attention; and more efpecially in thofe cafes
where pointed conductors are fixed to {fecure magazines
of gun-powder from fuch accidents.

In repeating the laft experiment, there were one or
two inftances where the powder was fired without
making ufe of the long wire; but never with the great
cylinder alone: for we were obliged to conneét it with
the brafs drums by means of a wire ten or twelve feet
long.

It was, however, a confiderable time (ten minutes or
more) before the experiment fucceeded even with this
laft apparatus. This was not the cafe with tinder; for it

fired
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fired pretty readily, and fometimes with the great cylin-
der alone.

EXP. L. Before the apparatus was taken down in the
Pantheon, attempts were made {everal days to fire gun~-
‘powder, but without fuccefs, except in oneinftance, which
was attended with fome difficulty. This failure feemed
to be owing to a variety of caufes, the chief of which
-appeared to be moifture that affected the filk lines, and
perhaps the powder itfelf. I might add alfo the duft,
‘which in fo long a'time had fettled upon the lines, and
~ rendered them in fome degree incapable of refifting the
paflage of the fluid. However, when the coiled wires
upon the filk lines wete properly joined to the long wire,
as in the forty-ninth experiment, it was found that gun-
powder could be fired very readily. This is another
proof of the increafe of velocity by increafing the length
of the wire.

The explofion of gun-powder, in the particular man-
ner related above, without the affiftance of the Leyden
charge, and even without a fpark, is an effe¢t which
could not eafily be deduced from reafoning upon any
experiments hitherto made; for though gun-pewder has
been frequently fired with the Leyden charge, yet there
is a difference in the two cafes, which makes it neceflary

to take fome farther notice of that experiment.
When
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When the'Leyden phial is charged we find, by expe-
riment, that the charge is confined in a {fmall compafs,
or very much condenfed, near one furface of the glafs.
It is alfo true, that the oppofite furface of the fame glafs
is as much rarified, or (according to Dr. FRANKLIN, who
was the firft that obferved it) in a minus ftate. Now, ac-
cording to this rule,the greater the furface of the glafs is,.
and of an even and limited thicknefs, the greater charge
- may begiven; andthe greater the charge, the greater muft
bethe effeét (whenever the difcharge is properly made)to.
reftore the natural ftate of the glafs on the two oppofite
fides. In order therefore to fire gun-powder with this
kind of apparatus, experience hath. taught us hitherto,
that the. powder fhould be confined, for example, in a
tube or cartridge; and that this cartridge thould be placed
in fuch a - manner as to make part of the circuit neceflary
for the difcharge of the fluid from one furface of the
glafs, and carry it through the cartridge to the other fur-
face. But it is alfo neceflary,. before the powder can be
fired, to have part of the wire which forms the circuit in
contact with the powder; or, to have one end of the wire,
which makes part of the circuit, forced a little way into
one end of the cartridge; and another end of a wire,
which alfo makes part of the circuit, forced a little way
into the other end of the cartridge; but fo as that the
two
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two ends of the wire within the cartridge may be ata
proper diftance from each other; which diftance will
depend upon the ftrength of the charge. When every
thing is thus adjufted, and the circuit properly made, the
gun-powder is generally fired; I {fay generally, becaufe
it fometimes happens, that the charge is not great enough
to produce the effet required. For this effect does not ap-
pear to proceed from the fpark or the explofion produced
by the fluid (becaufe flame of a certain denfity will not fire
gun-powder); but it muft be from the ends of the two
wires, or from one of them at leaft, within the cartridge,
being rendered hot enough to fire the gun-powder, in
confequence of the very great quantity of the fluid, and
the velocity with which it pafled through the wire at that
moment: it being well known that wire, even of a con-
fiderable thicknefs, has been frequently made red-hot,
and even melted, by the Leyden charge.

Dr. LIND, a gentleman who is well acquainted with
this fubject, fzivoured me with a fight of a very :curious
experiment, which feems to fhew more clearly what has
been advanced above, refpecting the immediate caufe of
the gun-powder’s taking fire in the Leyden experiment.
He procured for the purpofe fome extraordinary fine
threadsor fhavings of fteel; one of which was fo difpofed,

-where gun-powder was properly lodged and confined, as
to
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to be in contaét with the powder. After having charged
a fmall phial, which did not exceed a pint in meafure,
‘with only a few turns of the wheel, he made the dif-
charge, and fired the gun-powder. The advantage he
gained by having fo fmall a thread of metal in this ex-
periment was, that it could be made red-hot with a lefs
charge than what is neceflary when a thicker wire is
made ufe of; and the fmallnefs of the charge he em-
ployed to fire the powder was a certain proof that the
fteel thread had been made red-hot.

Upon the whole we find, that this method of firing
gun-powder is totally different from the other, where the
great apparatus was employed; becaufe the faint lumi-
nous ftream, obferved at the brafs drums where the gun-
powder was applied, I found was abfolutely incapable of
making the point of metal within the cartridge red-hot.
Befides, there did not appear to be any explofion what-
foever between the apparatus and the powder at the in-
ftant it was fired. o

Before I conclude this paper, it may not be amifs if I
take notice of certain atmofpheres, which bodies have
round them when they are properly charged with this
elaftic fluid; becaufe the nature of them may not per-
haps be perfedtly underftood by every one who attencs
to enquiries of this kind.

Vor. LXVIIIL Rr Every
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Every charge, from the nature of the fluid which pro-
duces it, muft, while fuch charge remains, continually
act upon the air furrounding it; and of confequence
upon the fluid alfo, which ftands diffufed therein, and in
the intervals between its parts by its repulfive principle.
This appears to be true, not only from theory but expe-
riment.

The ftate of the fluid in the air neareft to the cylinder
that is charged, muft therefore be in an oppofite ftate to
that which is in the cylinder; that is, in the one cafe it
will be condenfed, and in the other rarified.

Now, becaufe the power arifing from the charge
within the cylinder, which caufed the rarefaction beyond
its outward furface, is limited; the diftance to which
that rarefaction extends,muft be limited alfo: and beyond
that diftance the fluid muft be condenfed more or lefs,
according to the power of the charge which caufed the
rarefaction.

Whenever therefore we are difpofed to open a door to
let the charge out of the cylinder, the rarified fluid near
the outfide of the cylinder muft neceffarily promote the
difcharge at that inftant.

As to the diftance to which this rarefaction extends, it

will always depend upon the ftrength of the charge, and
the
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the ftate of the air in the place where the experiment is
made.

When I fufpended the 1600 yards of wire in the Pan-
theon, the feveral lengths thereof were purpofely hung
(as hath been obferved before) at five or fix feet diftance
from each other, entirely upon this idea; left the refpec-
tive atmofpheres might interfere with each other, or
with the charge contained in the wire, and by that means
difturb the experiment.

It is now time to put an end to this inquiry ; in which,
however defective I may have been in ability, neither
attention nor impartiality have been wanting; and al-
though it may be true that, even before thefe experi-
ments were tried, I was inclined more to one fide of the
queftion than the other, it was becaufe I many years ago
grounded my perfuafions upon the philofophy of Sir
ISAAC NEWTON. Without thofe perfuafions, and the
advantage of that moft gracious encouragement which is
never wanting to honeft and candid endeavours in the
purfuit of philofophical truth, I fhould hardly have felt
fufficient zeal to engage in fo confiderable an under-
taking: nor indeed, without powerful affiftance, could
the great object of this inquiry have been in any degree
attained. For my own part, I can boaft of very little
more in this inveftigation than patience and induftry.

Rra I fhall
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I thall only add, that if any one, who may be difpofed
to try the preceding experiments, will ufe an apparatus of
fufficient dimenfions, and faithfully attend to every cir-
cumftance as I have done, I have no doubt they will find
the fame refults; buttheymuitalfoapply theirobfervation
to much {maller circumftances than have been here {pe-
cified, as the intervention of a fingle hair, a fibre of down,,
or even a little vapour arifing from per{piration or other-
wife, will, where great exactnefs is required, fometimes
prevent the fuccefs of an experiment; and by that means
miilead the obferver, or afford a {fubterfuge for a miftaken

hypothefis.

Great Ruffel-fireet, Bloom{bury,
November 12, 1777,

N. B. The different diftances at which the point and
ball were ftruck being exprefled in fra&ions, p. 278. I
thought it would be better to put thefe diftances in
whole numbers, that the ratio between them may more
clearly appear.

Sharp peint. Rounded end.

90 25
160 20
130 35
220 16
260 20

8o 4

Forty of thofe parts are equal to one inch.
Meafure-
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Meafurements, &c. of the great Apparatus and Macbinery.

Feet.  TIn. 1bs.

Length of the wire fufpended, which
confifted of many pieces that werez
connected by tmﬁmg the feveral 480
ends together, X

Weight of the wire, -

Twenty-one pieces of this wire, laid
parallel and clofe to each other,}
meafured exactly,,

Surface of the whole wire in fquare feet,

Length of coiled wire, which was fui-
pendedalfo, butin a form fomevvhatz
refembling a fcrew and of the fame
thicknefs with the wire above, S

Length of great cylinder, including }

30

the brafs drums above, 5

Diameter of this cylinder,

Weight of tin-foil, which covered
112 drums, -

Surface of 112 drums in fquare feet
(including the fix ends) meafured,

87

592

Space
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Feet. In. 1bs.

Space through which the conduétor
upon the model pafled from itsz
beginning to move, to the inﬁant& 7
nearly of its being ftruck, -
Heighth of the frame from the floor, 3 I3
Breadth of the frame, - - I 3
Heighth of the two pofts, on the top
of which were fixed two wheels, }
Diameter of the great wheel, - I II
Diameter of the {fmaller wheel, fixed
upon the fame axis, - }
Length of frame on which the model 8
moved, - - - } I
Diameter of the pulley that was fixed)
between the two pofts, which deli-
vered the line from the model to
the greater wheel, the center of
which pulley was two inches and
an half above the center of refif-
tance in tire model, - J
Greater weight to draw the model, 32
Smaller weight, - - - 4
Weight of the model, - - 12

19,1

Upon
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Duspofiteon of the long ﬂ’z}v,_ﬁ’r%rDm & Great Gylinder, as fuspended v the Pantheon, .
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A.Brafs Drums

The dotted lines represent the lower, the black lines the upper horizoneal parts of the Long Wire .
The perpendicular parts could not bereprefeneed in this plate and miuyt therefore be fupplied by the Readers Imagi

1 Endof the Great Grlinder . ’
2 BrofiBall .
3 The tuminous paré seen- at the end.of the Brofs Ball .
4 (opperBall .
& LgberSubfuente . i
C 6 TthBall .
7 Frameof Wood for the lfer Subflitute. & stede v .
8 6lafePllar .
9 WoodSeand that had a Woe. (icd wiehin te ffom e top to the Bottonr, .
20 Metal Sockee commuonicaling mmpmm the WoodSeand .
wu Potnted Conductor .
‘22 Screw to fiz Printed. (ondi at dyfferene dgk

.Apparatw‘"em,vhjed w the 34 .“ewpen'men& .

D mavn Liln
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Orclriance meetcalldl, /i fhint reason y i/e)/,;_@oa%/ Howser.

1.J22e of pornted (ondeuctor as on the Model.
2.The part Inferted at the top of the Rooy”.
3. fszo/maW end, as on the Model .

4. Shore Spout.

S. Cestern .

6. Two Fofls .

7-Long Spout .

8. Luttle descontinuation of Metal not w the
House but left i the Model for the purpose
of matking Ezperiments .

9. The Gorner damagd by Lightring .

10. Pointed (onductor . 1. Gestern. .

BASIRE,SC,
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Feet. In, 1bs.-

‘Length of the model, ~ I o}
Breadth, - - I z
Heighth to the top of the parapet, I+
Roof above the parapet, - 2
Chimnies exceededthe higheft .

part of the roof, about } ¥
 Pointed conductor when fixed ..

upon the roof, } 33
Length of fhort fpout, - 10
Length of long fpout in its

bent ftate,

' The two pofts or plllars to fup-z

-

foot.

port the ciftern (which cif-
tern was lined with lead)
belonging tothe thort fpout,

Upon a {cale of one-third of an inch to a
ook

5. A Report of the Commmitiee, appoinied by the Royal So-
ciety, to conjider of the moft effectual method of fecuring
the Powder Magazines at Purfleet againft the Effests
of lightnings in compliance with the Requefi of the
Board of Ordnance.

IT being referred to us to confider, whether any
thing more than what was formerly direted by the

committee of the Royal Society in the year 1772 'can be
done,
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done, for the prefervation of His Majefty’s magazines at
Purfleet: we, having attentively examined the experi-
ments and cozfervaticns of Mr. WILsSON, contained in a
paper referred to the Society by the Board of Ordnance;
and having maturely confidered the fubject at large,
fubmit it as our opinion.

1. That it is very improbable, that the powder maga-
zines, guarded in the manner in which they are at pre-
fent, fthould receive any damage from lightning.

2. That they would be ftill lefs liable to be injured if
three cther elevated pointed rods, fimilar to thofe already
ereéted, were to be fixed upon the roof of each of the
five magazines, between the extreme rods, at equal dif-
tances from each other, with three ftrips of lead, about
one foot in breadth, ftrongly conneéted with thém, and
carried down the roof, from the ridge to the eaves, on
each fide of the building; thence two of them to be
continued into the earth, and to terminate at the bottom
of wells; one of which fhould be dug for that purpofe
nearly in the middle of each of the intervals between the
magazines, deep enough to contain at leaft four feet of
water. The middle ftrip fthould be conneéted with the
iron rod over the door, hereafter to be mentioned.

We alfo advife, that other high pointed rods be

erected; one at each of the four corners, and one over
each
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each of the metal doors in the middle of the fides;
which latter fhould be bent, fo as to avoid the doors, in
the fame manner as thofe which are already placed upon
the outward fide of the outermoft magazines. All which
rods fhould be continued into the earth, and be made to
communicate with the bottom of thé water of the neareft
wells, by means of leaden pipes, clofely connected with
thefe iron rods. Likewife, that ftrips of lead be put
upon the copeing of the end walls, and be made to com-
municate with the rods to be placed at the feveral cor-
ners as above directed.

3. But that the greateft degree of fecurity would be
attained by covering the whole roof, and the tops of the
end walls of each of the five magazines, with lead;
erecting all the additional conducting rods above di-
rected; and forming a communication between the
leaden covering of the roof, and the bottom of the wells
as before mentioned.

As to the other buildings belonging to the magazines
we recommend: _

1. That a pointed rod, fimilar to the reft, be erected at
each end of the proof-houfe, and be united with the lead
already there: alfo, that the lead on the roofs of the two
low buildings, deftined for the reception of the empty
powder cafks, &c. be connected with the wells by means

Vor. LXVIIL ST of
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of one {trip of lead in the middle of each building, of
the fame breadth as thofe above mentioned.

2. That a pointed rod of copper, about three quarters
of an inch in diameter, be erected on each of the four
chimnies of the Board-houfe, reaching five feet above
them; and be conneéted, by ftrips of lead, with the other
lead upon the roof of the building.

We do alfo advife in general: 1. That the lead and
rods, upon the feveral buildings, be refpectively con-
nected with the neareft wells, by the fhorteft' metallic
communication that can conveniently be formed; in par-
ticular, that the two leaden fpouts of the Board-houfe,
which do not reach the ground, but terminate in cifterns,
be connected, by firips of lead, with thofe fpouts that do
already communicate with water. 2. That the different
pieces of which the iron rods may be compofed, be
ftrongly fcrewed together in clofe joints, having a thin
plate of lead between them, as directed by the firft com-
mittee. 3. That thefe rods be firmly fixed, and clofely
connected with the lead upon the roofs. 4. That all the
ftrips and pieces of lead be well faftened and foldered
together, {0 as to make a perfe&t metallic communica-
tion with the bottom of the wells. 5. That the iron rods
be painted, except in thofe places where they are to be
in conta& with the lead; that they be all ten feet high;

7 and
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andthatthey be terminated with piecesof coppereighteen
inches long, like thofe already ereted: and, 6. that thefe
copper terminations be very finely tapered, and as acutely
pointed as poffible.

We give thefe diretions, being perfuaded, that ele-
vated rods are preferable to low conductors terminated in
rounded ends, knobs, or balls of métal; and conceiving,
that the experiments and reafons, made and alledged to
the contrary by Mr. WILSON, are inconclufive.

J. PRINGLE, P. R, S.
March 12, 1778. W. WATSON,

H. CAVENDISH.

W. HENLY.

S. HORSLEY,

T. LANE.

MAHON.

EDWP. NAIRNE.

JOSEPH PRIESTLEY.

S{2
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