EXPERIMENTS

AND

OBSERVATIONS

ELECTRICITY,

PHILADELPHIA In AMERICA,
o BY
Benjamin Frankrin, L.L.D. and F.R.S.

To which are hdded,

LETTERS aad PAPERS 0%
o 506
PuirosorHIcAL SusjrcTs, -

The Whole correfted, methodized, improved, and now firft col-+ / 7 & L7 »
le¢ted into one Volume, o

AND
‘Tuftrated with COPPER PLATES.

LONDON:

Printed for Davio Henry 3 and fold by Francis NEWBERY,
.at the Corner of St. Paul’s Chprch-Yard.

MDCCLXIX,

17769




National Oceanic and Atmospheric Administration

ERRATA NOTICE

One or more conditions of the original document may affect the quality of
the image, such as:

Discolored pages
Faded or light ink
Binding intrudes into the text

This has been co-operative project between the NOAA Central Library and
the Climate Database Modernization Program, National Climate Data Center
(NCDC). To view the original document contact the NOAA Central Library
in Silver Spring, MD at (301) 713-2607 x 124 or
Library.Reference(@noaa.gov.

HOV Services

Imaging Contractor

12200 Kiln Court
Beltsville, MD 20704-1387
January 22, 2008



EXPERIMENT.S

A ND

OBSERVATTIONS

ON

ELECTRICITY,

MADE AT

PHILADELPHIA In AMERICA.



Blank page retained for pagination




PREFACE
To the Firft Edit»ion\.

T-may be neceffary o dequaint the Reader, that the fol-

. lowing obfervations and experiments were not drawn up.

with a view to their being made publick, but were com-

‘municated at different times, and ‘moft of them in letters wrote
on various topicks, as matters only of private amzﬁﬂéent‘ ;

Buf fome perfons to whom they were read, and who had

- themfelves been converfant in electrical difgutfitions, were of

opinion, they contained fo many curious and interefting particu-

dars relative to this affair, that it would be doing a kind of in-

Juftice ‘to the public, to confine them folely to the limits of a
private acquaintance. ]

- The Editor was therefore prevailed upon to commit fuch ex-
traéts of letters, and other detached pieces as were in lis hands
2o the prefs, without waiting for the ingenious author’s per-
miffion fo to do 3 and this was done with the lefs befitation, as

1t was apprebended the author’s engagements in other affairs

would fearce afford him leifure to give the publick bis reflecti-
ons and.experiments on the fubject, finifbed with that care and
prectfions of which the treaiyfe before us (hews be is alike fudi-

ous and capable. o

The experiments which our autbor relates are moft of them
peculiar to bimfelf s they are conduéted with judgment, and the
inferences from them plain and conclufive ; though fometimes
propofed under the terms of fuppofitions and conjectures.

- And indeed the feene be opens, firikes us with a p/egﬁﬂg

tz/‘iom'/bment, while he condutts us by a train of fails and ju-

dicious refleitions, to a probable caufe of thofe phanomenas
which are at once the moff awful, and, bitherto, accounted for
with the leaft wesifimslitude.

He
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He exbibits to our confideration, an invifible, Subtle matter,

diffeminated through all nature in Various proportions, aqually

unobferved, and, whillt all thofe bodies to which i peculiarly
adberes are alike charged with it, ingffenfive. >

He fbews, bowever, that if an unequal diftribution is by any
means brought about ; if there is a coacervation in one part of
ﬁ;acé,'a lefs propa_rtion, vacuity, or want, in anovther 5 by the
near. approach of a body capable of conducting the coacervated
part to the emptier [pace, ‘it becomes perbaps the moft formid-
able and trrefiftible agent in the univerfe.-  Animals are in an:
inflant firuck breathlefs, bodies almof? mpervious by any force-
yet known, are perforated, and metals fufed by it, in a mo-
ment. ,

From the fimilar effects of lightning .and eleciricity, our ay-
thor has been led to make fome probubie conjectures on the caufe
of the former's and, at the fame time, to pPropofe fome rational
experiments: in order to fecure ourfelves, and thofe things on
which its force is often dirested, from its pernicious effelts ;5 @
circumftance of no finall importance to the publick, and there-
Jore worthy of the utmoff artention.

1t has, indeed, been of Jate the fafbion to aferibe every grand
or unufual operation of natype, Juch as lightning and carth~
quakes, to eleiricity s not, as”one would imagine- Srom the
manner Aqf N{Wﬂmg on thefe occafions, that the 4”2‘507‘6‘ qf
thefe [chemes bave diftovered any connettion betwixt the caufp-
and effect, or faw in what manner they were related 5 but, as
it would [eem, merely becaufe they qyere unacquainted with any
other. agent, of which it could not pofitively be faid the connec-.
tion was impyffible. ‘ . ‘

But of thefe, and many other mterefting circumflances, the.
reader will be more Jfatisfaclorily informed in the, following
letters, to which be is thergfore referred by

“The EDILT OR..
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JAGE 13, Line'8, for, at top, redad, -at the top.

; 590, 155- tldd ‘Becaufe the blood and other humotrs
containing fo much water, are more ready
con'du&ofé

b2——10 for wrote, read written.

73,-——-—10, Jeor prevades, read, pervades.

96 — 7, from the bottom : add, (page 54 of this Edit.
12722, Jfor, difcoveries, you read difcoveries, you.
134,—— 3, for Lyden, read Leyden.:

141,20, for give it a fhock, read, give a fhock.
143,——11, for experimen; reads experiment.
158,——22, for they, read, you.

189, = g, for‘infenﬁb]y, read, infenfibly.

199, 15, for fettle, read fettle.

225,—— 3, add, See plate II.

32— 7 Sfor by frequent, read, by the frequent.”

3445 3y [from the bottom, begin a new paragraph at
There.

3455 4; from tbe bottom, begin a new paragraph at
How.

346 20, dele the comma at veproduced, and put one

* at feparation.
34911, Jor has thé fame, read, has nearly the fame.
35452, from the bottom, for 280, read 18o0.
389———11, add See plate VI..
403,——15, for V1. read VIL
475~ 2, for endeabour, read endeavour.
490s———138, dele the femicolon between warmer and fitu-

atxon

In numbering of (he Pages, 112, 113, are repeated ; as are alfo
Pages 465 to 442,



ADVERTISEMENT

Concerning - this Foi/rt'/: Edition.

AL L the Philofophical Letters and Papers of
the fame Author, that have been: inferted

at different Times in ‘the Philofophical Tranfac-
tions ‘of the Royal Society, or in the Magazines,
“or printed’ in' feparate Pamphlets, are colleted
- and added to this Edition ; together with a Num-
ber. of others on various ‘Subjeés, never before:
prmted that have paffed between the Author and
~ his Frlends Many Errors in the preceding Edi-
tions, are now- correfed ; fome of the Letters,.
which had becn tranfpofed, are reftored to their
proper places ; and fundry‘Paﬁ'ages are more ful-

ly explained by Notesi----There is alfo added, a
compleat Index to the whole.



LETTUEIZR L
FROM
BuN]. FRANKLIN, Efy; at Philadelphia,
T O
Peter Coruinson, Efg; F.R.S. London.

$ IR, Philadelphia, March 28, 1747.

ga OUR kind prefent of an elecric tube,
with direions for ufing it, has put fe-
veral of us on making eletrical expe-
riments, in which we have obferved
fome particular phznomena that we
“look upon to be new. I fhall, there~

fﬂfe CQmmumcatc them to you in my next, though pof~
B ﬁbly;,
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fibly they may not be new to you, as among the numbers
dailyemployed- in thofe experiments on your-fide the wa-
ter, tis probable fome one or other has hit on the fame ob-
férvations., For my own part, I never was before engaged
in any ftudy that fo totally engroffed my attention and my
time as this has lately done ; for what with making expe-
riments when I can be alone, and repeating them to my
Friends and Acquaintance, who, from the novelty of ‘the
thing, come continually in crouds to fee them, I have, du-
ring fome months paft, had little leifure for any thing elfe.

Iam, &,

B, FRANKLIN.,

LET-
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LETTER IL
FROM
Mr BEN]. FRANKLIN, in Philadelphia,
TO
Perer Corrinson, Efq; F.R.S. London.

S IR, Fuly 11, 1747
N my laft I informed you that, in purfuing our electri-
cal enquiries, we had obferved fome particular Pheno=
mena, which we looked upon to be new, and of which X
promifed to give you fome account, though I apprehended
they might poffibly not be new to you, as fo many hands
"‘are daily employed in elerical experiments on your fide
the water, fome or other of which would probably hit on
the fame obfervations. ‘
The firft is the wonderful effect of pointed bodies, both in
drawing off and threwing off the ele@rical fire. For example,
Place an iron thot of three or four inches diameter on the
mouth of a clean dry glafs bottle. By a fine filken thread
from the cicling, right over the mouth of the bottle, fuf-

pend a fmall cork-ball, about the bignefs of a marble; the
: B2 thread
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thread of fuch a length, as that the cork-ball may reft
againft the fide of the fhot. Ele&rify the thot, and the
ball will -be repelled to the diftance of four or five inches,
more-or lefs, accordmg to the quantity of Ele@ricity,——
When in this ftate, if you prefent to the fhot the point of
a lopg flender tharp bodkin, at fix or eight inches diftance,
the repellency is inftantly deftroy’d, and the cork flies to
the thot. A blunt body muft be brought within an inch,
and draw a {park, to produce the fame effe@. To prove
that the ele@rical fire is drawn off by the point, if you take
the blade of the bodkin out of the wooden handle, and fix
it in a ftick of fealing-wax, and then prefent it at the dif-
tance aforefaid, or if you bring it very near, no {uch effe®
follows ; but {liding one finger along the wax till you
touch the -blade, and the ball flies to the fhot immediately.
~If you prefent the point in the dark, you will-fee, fome=
times at a foot diftance, and more, a light gather upon it,
like that of a fire-fly, or glow-worm ; the lefs {hatp the
‘point, the nearer you muft bring it to obferve the light ;
and at whatever diftance you fee the light, you may draw
off the ele@rical fire, and deftroy the repellency.—If a
cotk-ball fo fufpended be repelled by the tube, and a. point
be prefented quick to it, tho’ at a confiderable diftance,

’tis furprizing to fee how fuddenly it flies back to the tube,
Points of wood will do near as well as thofe of iron, provx-
“ded the wood is not dry ; for perfely dry wood will no
more conduét Ele@ricity than fealing-wax.

To
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To (hew that points will zhrow off * as well as drew of
the eletrical fire ; lay a long fharp needle upon the thot,
and you cannot electrife the thot, fo as to make it repel the
cork-ball +.—Or fix a needle to the end of a fufpended.gun-
barrel, -or iron-rod, fo as to point beyond it like a_ little:
bayonet ; and while it remains thete, the gun-barrel, or
rod, cannot by applying the tube to the other end be elec-
trifed fo as to give a fpark, the fire fconﬁnually running out
filently at the point. Inthe dark you mdy fee it makethe
fame appearance as it doss in the cafe before-mentioned.

+ The repellency between the cork-ball and the fhot is
likewife deftroy’d. 1. By fifting fine fand on it; this
does it gradually. 2. By breathing onit. 3. By making
a fmoke about it from burning wood 1. 4. By candle light,
even though the candle is at a foot diftance: thefe do it
fuddenly.—The light of a bright coal from a wood fire ; and

* This power of points to throw off the electrical fire, was firft com-
municated to me by my ingenious friend Mr Thomas Hophinfon, fince
deceafed, -whofe virtue and integrity, in every ftation of life, public and.
private, will ever make his Memory dear to thofe who knew him, and

knew how to value him.

+_‘This was Mr Hopkinfon’s Experiment, made with an expedtation of
drawing a more fharp and powerful {park from the peint, as from a kind
of focus, and he was furprized to find little or none. ’

"1 Wefuppofe every particle of fand, moifture, or fmoke, being. firft at-
tracted and then repelied, carries off with it a portion of the ele@rical fire ;
but that the fame fill (ubfifts in thofe particles, till they communicate it
to fomething elfe, and that. it is never really deftroyed.—~—So when
water is thrown on common fire, we do not imagine the element is thereby
deftroyed or annihilated, but only difperfed, each particle of water carrying
pff?l}n vapour its portion of the fire, which it had atcraéted and attached to
atfelf,

the
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the light of red-hot iron do it likewife ; but not at fo great
a diftance. Smoke from dry rofin dropt on hot iron, does
not deftroy the repellency ; but is attracted by both fhot
and cork-ball, forming proportionable atmofpheres round
them, making them look beautifully, fomewhat like fome
of the figures in Burnet's or Whiftow's theory of the earth,

N. B. This experiment fhould be made in a cloet,
where the air is very fill, or it will be apt to fail. '

The light of the fun’thrown ftrongly on both cork and
fhot by a looking-glafs for a long time together, does not
impair the tepellency in the leaft. This difference between
fire-light and. fun-light is another thing that feems new
and extraotdinary to ug %, ,

We'tiad for fome time been of opinion, that the eletri-
cal fite 'was not created by friction, but collected, being
really an element diffus'd among, and attracted by other
matter, pg,rticularly*by water- and metals. We had even
difcovered and demonftrated its afflux to the’ ele@rical
fphere, as twell as its efflux, by means of little light wind-
mill wheels made of Riff paper vanes, fixed obliquely and
turning freely on fine wire axes, Alfo by little wheels of
the fame matter, but formed like water-wheels. Of the

* This different Effe&t probably did not arife from any difference in
the light, but rather from the particles feparated from the candle, being firft
attratted and then repelled, carrying off the eletric matter with them;
and from the rarefying the air, between the glowing coal or red-hot iron,
and the ele€trifed fhot, through which rarified air the eleétric fluid could
_more readily pafs. ~

dif-
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difpofition and application of which wheels, and the various
phenomena refulting, I could, if I had time, fill you a
fheet 4. The impoffibility of elerifing one’s felf (though
ftanding on wax) by rubbing the tube, and drawing the
fire from it ; and the manner of doing it, by pafling the

“tube near a perfon or thing ftanding on the floor, &e. had
alfo occurred to us fome months before Mr Watfon’s inge-
nious Seguel came to hand, and thefe were fome of the
new things I intended to have communicated to- you.—
But now I need only mention fome particulars not hinted
in that piece, with our reafonings thereupon ; though per-
haps the latter might well enough be fpared.

1. A perfon ftanding on wax, and rubbing the tube, and
another perfon on wax drawing the fire, they will both of
them, ¢provided they do not ftand fo as to touch one ano-
ther) appear to be ele@rifed, to a perfon ftanding on the

~ floor 5 that is, he will perceive a fpark on approaching each
of thcm with his knuckle.

2. But if the perfons on wax touch one another during
the exciting of the tube, neither of them will appear totbe
elecirifed.

3. If ‘they touch one another after exciting the tube,
and drawing the fire a$ aforefaid, there will be a ﬁ‘ronger

t “Thefe experiments with the wheels were made and. communicated to
me by my. worthy and ingenious friend Mr Philip Syng ; but we after~
wards difcovered that the motion of thofe wheels was not owing tp any af-
flux or efBux of theele@ric Huid, butito various circumitances of atiradtion
and repulﬁon. 1750.

{park
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fpar_ié between them, than was between either of them and
the perfon on the floor.

4. After fuch f’crong fpark, neither of them difcover
any ele&ncaty
Thefe appearances we attempt to account for thus : We
fuppofe, as aforefuid, that elerical fire isa common ele-
ment, of which every one of the three perfons abovemen-
t1oncd has his equal fhare, before’ any operation is begun
with the tube. 4, who ftands-on wax and rubs the tube,
colle&s the eletrical, ﬁrc from- hunfelf into the glafs and
his communication with the common ftock being cut off
by the wax, his body is not again immediately fupply’ d.
B, (who. fands on wax likewife) paffing his knuckle alon
near the tube, receives the fire which was colle&ed by the
glafs from A3 ‘and his communication wich the common
ftock being hkevvxfc cut off, he retains the additional quan-
tity received.~To C, ﬁ:andmg on the floar, both appear
to be eledtrifed : for he having only the middle quantity -
of eleétrical fire, receives a {park upon approaching B, who
has an over quantity ; but gives one to 4, who has an un-
der quantity. If 4and B approach to touch each other,
the fpark is ftronger, becaufe the difference betwcen them
is greater : ‘After fuch touch there is no fpark betwcen ci~
 ther of them and C, becaufe the eleGrical firé inall s re-
duced to the original equality, If they touch while elec-
;tr‘iﬁng, the equality is never deftroy’d, the fire only citcu~
Jating. Hence have arifen fome new terms among us s
we fay, B, (and bodies like circumftanced) i§ eleGrifed

pofitively ;



- Obfervations on ELECTRICITY. 9

pofitively 3 A, negatively. " O rather, B is ele&nfed plus;
A minus, - And .we daily - in - our experxments ele&n(c
“bodies.pus or minus, as we think proper.—To eletrife
plus or minus, no more needs to be known than this, that -
the parts of the tube or fphere that are rubbed, do; in the
inftant of the friction, attrat-the elc&r:cal fire; and there-
fore tch it-from the thing rubbing : ‘the famc parts imme-
diately, as: the. friGion ‘upoti them céafes, are d1fpofed t0
give the fire they have received, to’ any body that has 1efs.
Thus you may circulate it, as Mr Wmfm lias fhewn you.
may alfo accumulate or fubtraét it upon, or from any Body;
as you conneé that body ‘with the rubber or with the re<
ceiver, the communication thh the common ftock being
cut off.. Wethink that ingenious gentleman was deceived
- when he:imagined - (in" his* Sequel) that the ele@rical
fire' came. down the - wite' from the c1chng to the gun-
barrel; thénce.to the. {phere, and {0 electrifed the machine
and the mah; turning thewheel, &, | We fuppofs it was
driven off; and: not brought on through that wire ;'and that
the machine and man, &¢; were electrifed: minus; i.e. had.
Jefs cleGrical fire in theny than thiags-in‘common.
| As:the, veflel is. juft -upon failing, I-cannot give you fo
large an account of - American Eleétneity as I mtendcd 't
fhall only :mention a- few:particulars inore: ~—We find'grax
nulated lead better to_fill the phial with, than water, bcmg
eafily warmed, and keeping warm and dry in damp aif;—
We fire {pitits with the ‘wire of the phial. — We light
candles,luf’c blown out, by drawmg a fpark among. the
C fmoke
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fmoke -between the  wire and fauffers. - We teprefont
’»1‘%&‘.@& by pafling the wite in the dark, over a china
plate that has gilt ﬂowers, or applying it to gilt framics df
looking-glafles, &c. We ele@rife a perfon twenty or
‘more times running, with a touch. of the finger on the
wire, thus : He flands on wax,  Give him the elecrifed
bottle inhis hand. ~ Touch the wire with your finger, and
then touch his hand or face ; there are fparks every
time *.—We increafe the force of the elecrical kifs vaftly,
thus: Let 4 and B ftand on wax; or 4 on wax, and B
on the floor ; give one of them the ele@rifed phial in
hand ; let the other take hold of the wire ; there will be a
 fmall fpaﬁk ; ‘bui,‘w.hlcn their lips approach, they wiil be

frruck and fhock’d. . The fame if another gentleman and
lady, Cand D, ftanding alfo_on wax, and joining hands
with 4 and B, ﬁlute or fhake hands, We fufpend by
fine filk thread a counterfeit {pidet, made of 4 fmall piece
- of burnt cork, with legs of linnen thread, and a grain or

two of lead ftuck in him, to give him more- weight,  Upon
the table over which he hangs, we ftick a wire upright, ag
high as the phial,,a;,;d wire, two - or three inches from the
fpider s then we gnimate him, by fetting the elecirified
phial at the fame diftance on the other fide of ‘him ; he
will immediately fly to the wice of the phial, bend his legs
..% By taking a fpark from the Wire, the ele&ricity within the bottle is
dimjnifhed ; the outfide of the bottle than draws fome from the perfon

holding it,-and leaves him in the negative ftate, Then when, his hand of

face is touch’d, an equal quantity is reﬁorgd to him from the perfon touch-
ing. ‘
[

in
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in touching it ; then fpring off; and fly to the wire in the
table ; thence again to the wire of the phial, playing with
his legs againtt both, in a very entertaining manner, ap=
pearing perfectly alive to perfons unacquainted. He will
continue this motion an hour or more in dry weather.—We
electrify, upon Wwax in'the dark; a book that has a double
line of gold round. upon the covers, and then apply a
knuckle to the gxldmg ; the fire appears every where upon
the gold like a flath of lightning: not upon the leather,
nor, if you touch the leather inftead of the gold. © We rub
our tubes with buckfkin, and obferve always to keep the
fame fide to the tube, and never to fully the tube by hand-
ling ; thus they work readily and eafily, without the leaft
fatigue, efpecially if kept in tight pafteboard cafes, lined
with flannel, and fitting clofe to the tube *, This I men=
tion becaufe the European papers on Ele¢tricity, frequently
fpeak of rubbmg the tube, as a fatiguing exercife. OQur
fpheres are fixed on iron axes, which pafs through them.
At one end-of the axis there i is a fmall handle, with which.
you turn the fphere like a commion grindftone. ‘This we
ﬁnd very commodious, as- the machine takes up but llttle
room, is portable, and may be enclofed in a tight box, when
not in ufe, 'sz true, the fphere does not turn, fo fwift as
when the great whcel isufed : but fwxftnefs we think of little
importancé, fince a few turns wxll charge the phlal &,
fufficiently +, Iam, &c. B.FRANKLIN.

* Our tubesare
as can be grafped,

4+ This ﬁmple eafily-made machine was a contrivance of Mr Syng's..

made here of green glafs, 27 or 30 inches long, as big
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L ET TER I

FROM

BEN]. FRANKLIN, Efy; at' Philadelphia,
T™ O

Perer CorrinsoN, F.R.S. London.

S IR, Sept. 1, 17477.
TH E neceffary trouble of copying long letters, which,
perhaps, when they come to your hands, may con-
tain nothing new, or worth your reading, (fo quick is the
progrefs made with ~you in Ele&ricity) half difcourages
me from writing any more on that fubject. Yet Icannot
forbear adding a few obfervations on M. Mufchenbroek s
wonderful bottle.

1. The non-eletric contain’d in the bottle differs when
ele&rlfed froma non-ele@cnc eleétrifed out of the bottle, in
this: that the ele@rical fire of the latter is accumulated o
its ﬂa:face, and forms an elecrical atmofphere round it of

con-
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confiderable extent ; but the ele@rical fire is crowded nfo
the fubjtance of the former, the glafs confining it *

2. At the fame time that the wire and top of the bot-
tle, &ec. is ele@rifed’ pg/z'ﬁ'vel_y or ply:,' the bottom of the
bottle is. ele@rifed negatively or minus, in exa propor-
tion : 7, ¢, whatever quantity of elecrical fire is thrown
inf at top, an equal quantity goes out of the bottom 4. o
unde}'rﬁah‘d’ this, fuppofe the common quantity of eleGri-
city in cach part of the bottle, before the operation begins;
is equal to 20 ; and at every ftroke of the tube, fuppofe a
quantity equal to 1 is thrown in; then, after the firft
ftroke, the quantity contain’d in the wire and upper part
of the bottle will be 21, in the bottom 19. After the

fecond, the upper part will have 22, the lower 18, and.
~foon, till, after 20 ftrokes, the upper ’part will have a quan-
tity of electrical fire equal to 40, the lower part none:
and then the operation ends : for no 'more can be thrown
into the upper part, when no more can be driven out of the
lower part. If you attempt to throw more in, it is fpued
back through the wire, or flies out in'loud cracks through
the ﬁdes.\of the bottle.

- 3. The equilibrium cannot be reftored in the bottle by
inward communication or conta&t of the parts ; but it
muft be done by a communication form’d without the

*-See this opinion recified in Letter IV, § 16 and 17. The fire in
the bottle was found by fubfequent experiments ot to be contained in:the
non-eleétric, but in ¢, glafic 1748. _ .

t What is faid here, and after, of the zop and bottom of the bottle, is
twue Of the infide and gutfide furfaces, and fhould have been fo exprefled.

bottle
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bottle between the top and bottom, by fome hon_-cl;&ric,’
touching or approaching both at the fame time 5 in which,
cafe it is reftored with a violence and quicknefs inexpreffi-
ble ; or, touching each alterpately, in which cafe the equi-.
librium is reftored by degrees. '
4. As no more eletrical fire can be thrown into the
top of the bottle, when all is driven out of the bottom,
o in a bottle not yet ele@rifed, none cai) be thrown into
the top, when none can get out at the bottom 3 which
happens either when the bottom is too thick, or when
the bottle is placed on an ele@ric per f2, - Again, when
the bottle is elecrifed, but little of the ele@rical fire can
be drawn “out from the top, by touching the wire, uplefs
an equal quantity can at the fame time get i at the bot-
tom*. Thus, place an ele@rifed bottle op clean glafs or
dry wax, and you willnot, by touchihg the wire, get out
the fire from the top. Place it on g non-eletric, and
touch the wire, you will get it out in a fhort time ; but
fooneft when you form a dire& communication as above, -
So wonderfully are thefe two fates of Ele&ricity, the
plus and minus, combined and balanced in this miraculous
bottle ! fituated and related to each other in a manner that
T can by no means comprehend !  If it were pofiible that a
bottle thould in one part contain a quantity of air ftrongly
compreft, and in another part a perfe& vacuum, we know
the equilibrinm would be inftantly reftored within. But

* Sec the preceding note,. relating to op and ottom,

here
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here we:have a bottle containing; at the fame time a?’l"m
of eleérical fire, and a vacuum of the fame fire; and yet
‘theequilibrivm camnot be reftored between them but by
e.comianication- withoyt ! -though the plenum prefles vio
1ently to expand, and the hungry vacuum feems to attract
a8 Violently in order to be filled.
~'5.-'The fhock 'to the nerves (or convulfion rather) is oc-
cafioned by the fudden pafling of the fire through the
body in its way from the top to the bottom of the bottle.
The fire takes the thorteft courfe, as Mr Wasfon juftly
obferves : But it does not appear from experiment that
in order for a perfon to be fhocked, a cohimuﬁiéé.tidn
‘with the floor is neceffary : for he that holds the bottle
‘with one hand, and touches the wire with the other, will
be thock’d as much, though his fhoss be dry,” or even
ftanding on wax, as otherwife, And on the touch of
A‘the_wire (or of the gun-barrel, which is the fame thing)
the fire does not proceed from- the touching finger to the
wire, as is fuppofed, but from the wire ‘to the finger,
and pafles through-the body to the other hand; and fo.into
the bottom of the bottle.

EXPERIMENTS confirming the above.

EXPERIMENT L

Place an ele@rifed phial o,n' wax ; ‘a fmall-cork-ball

fofpended by a dry filk-thread held in your hand; and
brought
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‘brought near to the wire, will firt be: attra&cd :and then
repelled : - when in - this -ftate of repellency, fink yonr
hand, thatthe ball may ‘be brought: towards the bottom .of

thie bottle ; it will be there inftantly and: ftrongly attracted,
*till it has parted with s fice,

If the bottle had a pofirive ;‘:Ic&ri;al atmofphere, as well

as the wire, an ¢leGrified. cork would be-repelled from-one
as-well as from the other.,

EXPERIMENT II

Fig. 1. From a bent wire () fticking in the table, let
a fmall hncn thread. (%) hang down Wlthm half an inch of
the ele&gxfed phxal (¢). . Touch the wire of the phial re-
peatedly, with your ﬁnger, and at every touch you will fee
the thread inftantly attraéted by the bottle, (This is befk
done by a-vinegar cruet, or fome fuch belly’d bottle.) ~ As
foon as you draW any fire out from the upper part, by

touchmg the wire, the lower part of the bottle draws an
equal quantity in by the thread

EXPERIMENT IL

Frc. 2. Fixa wire in the lead; with which the bdttom
of the bottle is armed (4) fo as that bending upwards, its
ring-end may be level with the top or ring-end ofthe wire
in the cork (¢), and at three or four inchesdiftance. Then
ele@ricife the bottle, and place it on wax. If a cork fuf-
pended by a filk thread ( / ) hang betwéen thefe two wires,
it will play inceffantly from one to the other, ’till the bottle

is
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is no longer. .eletrifed ; that is, .it fetches and carries fire
from the top to the bottom ¥ of the bottle, ’till the equili-
‘brium is reftored,

BEXPERIMENT IV,

. Fre. 3, Place an ele@rifed phial on wax; take a wire

(2) in form ofa C, the ends at fuch a diftance when bent,
as that the tipper miay totich the Wiré.of the bottle, when
the lower touches the bottom : ftick the outer, part on a
ftick of fealing-wax (b), which will ferve as a handle;
then apply the lower end to the :bottom of .the bottle,
and' gradually bring the upper; end. near the wire in the
cork. The confequence is, fpark; follows fpark till ‘the
equilibrium is reftored, Touch:the top firft, and on ap-
proaching the bottom with the other end, you have a con-
ftant fiream of fire from the wire entering ‘the. bottle.
Touch the top and bottom together, and the equilibrium
will‘inftantly be reftored ; the crooked wire forming the
communication.

EXPERIMENT V.

Fre. 4. Let a ring of thin lead, or paper, furround a
bottle (7) even at fome diftance from or above the bottom.
.From that'ring let a wire procéed up, till it touch the
wite of the cork (£). A bottle o fixt cannot by any means
be cle@rifed : the equilibrium is  never deftroyed : for

* i. e from the infide to the outfide.

D  while
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while 'the commumfea*noh Between: the - upper'and’ II&W&'
patts of the! bote ¢ éontinued- ‘by-the outfide ~wite, the
fire only circulates : what is driven ‘out afbottom is-con
fantly fupply’d from tlae«top t. -Hence a-bottle cannot

be eleétrifed that is foul or moift on the outfide, if fuch
moifture contfnue up fo the:cork or wire.

EXPERIMENT VL.

- Plade a manon4-také of wax, 2nd -prefent b the wire
of the ele@rified phial %o: touch, you fanding 'en'the fidor;
and holdmg it in your*ha‘h'd. i Asibften a5 he touchds it, hé
will be eleBrified phis’ Boand any one ﬁ:andmg on the ﬂoor
may. dmw ‘a;fparkvﬁ'omwhxm <The: ﬁre 1t this expenment
pafles Gut'sf the wite'iftfo Him 5 and-at ‘the- fame - time ‘out
of yourhand inte-the bottom of the bottle,

EXPERIMEDNT VI
Give him theelpéitical,phial to hold 5:a8d do, youtotich
the wire ; as often as you touch it he will be gla@nified
minus, and may draw a fpark from any one ftanding on,
the floor. The fite now pafles from*the wire to you, and
from him into-the:bottom of the bottle:

EXPERIMENT VI

Lay two books on two glafles, hack towards back, two
or three inches diffant. Set the eleCrified . .phial -on; ones
and then touch the wire ; that book will be cle@rified

* See the preceding note,
minus
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' mitusy the eléCrical fite being drawn out of it‘bj"tﬁg bot-
* townoof thebottle. 2 Fuke off the Boktle, end holding it in
your hand, touch the other with the ‘wire ; that book will
be elecirifed plus ; the! fite “paffing-into it from the wire,
and the bott!c;:, at ,glg‘e_sf'an;e \tilm_e fgpp}i;d from your hand.
A fufpended fimall cork-ball will play between thefe books
’tilk theequilibrivioy'is réftored,
 EXPERIMENT Ix,

* 'When a body is eleCtrifed plus, it will repel #n. eledirified:
feather or {mall cork-ball. When minus (or when in the
common ftate) it will attrac them, but ftranger when minus
than when in the common flate, the difference being greater.

EXPERIMENT X

Though, as in Experiment V1, a man ftanding on wax
may be ele@rifed 2 number of times by repeatedly touching
the wire of an electrifed bottle (held in the hand of one
ftanding on the floor) he receiving the fire from the wire
each time: yet holding it in his own hand, and touching
the wire, though he draws a ftrong fpark, and is violently
thocked; no Ele@ricity remains in him 5 the fire only paf-
fing ﬂlrougﬁ him, from the upper, to the lower part of thg ;
battle, - Obferve, before the fhock, to let fome one on the
floor touch ‘him to reftore the equilibrium in . his body ;
forin talkling hold of .the bottom of the bottle, he fome-
times becomes alittle electrifed minus, which will continue
after the fhock, as' would ‘alfa any piis -Ele@ricity, Wh’;’;

' D2
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‘he might have given him before the thock, For, reftoring
the equ;hbnum in the bottle, does not at all affe@ the E-

Je@ricity in the.man through whom the fire pafles ; that
Ele&ricity is neither increafed nor diminithed.

EXPERIMENT XI

The paffing of the electrical fire from the upper to the
lower part* of the bottle, to reftore the equilibrium, is ren-
dered ftrongly vifible by the followmg pretty experiment.
Take a book whofe covering is filletted with gold ; bend
a wire of eight or ten inches long, in the form of (m}
Fig. 5. flip it'on the end of the cover of  the book over
the gold line, fo as that the fhoulder of it may prefs upon
one end of the gold line, the ring up, but leaning towards
the other end of the book. Lay the book on a glafs or wax,
and on the other end of the gold lines fet the bottle elec-
trifed ; then bend-the {pringing wire, by prefling it with a
ftick of wax till its ring approaches the ring of the bottle
wire, inftantly there is a ftrong fpark and ftroke, and the
whole line of gold, which completes the communication,
between the top and bottom of the bottle will appear a
vivid flame, like the fharpeft hghtnmg The clofer the
conta&t between the thoulder of the wire, and the gold at
one end of the line, and between the bottom of the bottle
and the gold at the other end, the better the experiment
fucceeds. The room fhould be darkened. If you would

* /. ¢, from the infide to the outfid,
have
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have the whole ﬁllétting' round the cover appear in fire at
onee, let the bottle and wire touch the gold in the diago<

nally oppofite corners,
‘WI‘ am, &,

B. FRANKLIN,

L ET TER IV.
FROM
BEN J. FRANKLIN, Ef7; in P/ai/zm’e@bia,
| To
PETER:COLLINSQN,{ &lg; F.R.S. Lom.z’o}z'.‘

Farther EXPERIMENTS }md;OBSERVA'rIONS in
ELECTRICITY.

SIR, . 1748,
§r.. HERE will be the fame exploﬁon and fhock
if the electrified phial is held in one hand by

the hook,and the coating touch’d with the other, as when ,

held by the coating, and touch’d at the hook. . To};
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2. To take the charg’d phial fafely by the hook, and
not at.the fame time diminith its force, it muft. firft be fet,
down on an eleétric per fe,

3. The phial will be electrified as ftrongly, if held by
the hiook, and the coating apply’d to the globe or tube ;
ds whentield by the coating, and the hook apply’d *.

4. But the diretion of the ele@rical fire being different
in the charging, will alfo be different in the explofion.
The bottle charged through the hook, will be difcharged
through the hook ; the bottle charged through the coat-
ing, W&ll be dlfchargcd ,through the coating, and, not other-
ways 5.for the.fite muftcome out the fame way dt.went-.in,

5. To prove this, take two bottles that were equally
charged through the hooks, one in each hand : bring their
hooks néar each other, aid no fpa.rk or thock will follow ; +
‘becaufe each hook is difpofed to give fire, and neither to
receive it. Set one of the bottles down on glafs, take it up
by the hook, and apply its. coatmg to the hook of the
othér ; then there will be an’ explofion and  fhock, ind -
both bottles will be difcharged.

- 6. Vary theexperirhient, by chatgmg two.phials equally,
one through the hook, the other throtigh the coating : hold
that by the coating which was charged through the. hook ;
and that by the hook which was charged through the
coating : apply the hook of the firlt to the coating of the

~ % This was a Difcovesy:of the very mgemous Mr Kinnerfley'sy and:y:
him communicated¢o me.

other,
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bttier; and ‘there will beno thock'or fpark.- Set-that down
“on glafs whith yolf Kéld 'by the hook, take it up by- the
eoating; -and bring the * two hooks ' togather : a fpark'and
thock will follow, and both phidls be'difeharged.

“ In this Jexper“'iment;thé‘iﬁét’tl'éstéjrc totally difcharged, or
the equilibfium within them fi’q’fﬁ'o‘red.: ‘The abounding of
fire in one-of the'hooks {of ¢dther in the jnternal furface of
one bottle {being exactly equal'to’the wasting of the ather:
and therefore, as each thtl&:'ZBas in it{elf the abounding as
well as the-wanting, the wanting and abounding. mult be
‘equal in each bottle, . See '§.5«8, 9, 10, 11. Butif:aiman
holds in his hands two bettles, one fully cletrified, ‘the
other not'at all, and brirgs their hooks together, he has
but half a thock, and the Bottles will both remain half e
le@rified, the one being half difcharged, and the other half
charged. ' ' ' :
7. Place two phials equally charged-on-a:table :at five oc
fix inches diftance. Iset-a cork:ball, fufpended by'd:fitk
thread, hang between ‘them, ~Tf the phisls wepe both
charged through their hooks, ‘the' cerk, “Wheait"hds keen
Attractéd and repelled by the onie, will ‘hot be attracted, bue
equally repelled by the’ other. Butif the''phials'were
charged, the one through'the hook, and'the-other *through
the coating, the ball, when it is repelled ffom one hook;,
o gl oo e, Sommolioly rough e e 1R

cogting, and another from the ‘hook to the wall or floor, “When _it is
tharged, remove the latter. communication before you take hodd of the

bottle, otherwife great Lizift of thefire will efcape by'it. i
Wi
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be as ftrongly attracted by the other, and play vigoroufly
between them, till both phials are nearly difcharged.
8. When we ufe the terms of charging and difcharging
the phial, it is in compliance with cuftom, and for want of
others more f{uitable. Since we are of opinion that there
is really no more elecrical fire in the phial after what is
“called its charging, than before, nor lefs after its difcharging;
excepting only the fmall fpark that might be given to,
and taken from the non-electric matter, if feparated . from
the bottle, which fpark may not be equal to a five hun-
dredth part of what is called the explofion.
" For if, on the explofion, the elecrical fir¢ came out of
the bottle by one part, and did not enter in again by ano-
ther, then, ifa man, ftanding on wax, and holding the bot-
‘tle in one hand, takes the fpark by touching the wire hook
~ with the other, the bottle being thereby dij'c/:/a}'ged, the .
man would be charged ; or whatever fire was loft by one,
would be found in the other, fince there was no way for
its efcape : But the contrary is true. |
9. Befides, the phial will not faffer what is called a
charging, unlefs as much fire can go out of it one. way, as
is thrown, in by another. | A phial cannot be charged
ﬁariding on wax or glafs, or hanging on the prime con-
dutor, unlefs, a communication be formed between its
coating and the floor. -, -
~ 10. But fufpend two or more phials on the prime con-
dutor, one hanging to the tail of the other; and a wire
from the laft to the floor, an equal number-of turns of the
wheel
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wheel : fhall ‘charge them all equally, and’every one as
much as one alone would. have been. What i is dmven out
vat the tail ‘of the firtt, fervmg to charge the fecond ; what
is driven ‘outof the fecond chargmg the third ; and fo on.
By this means a'great number of bottlés mnght be charged:
.Wlth the fame labour, and equally high, with .one alone,
were it not' that every bottle receives : new ‘fire, and lofes
its old with fome relu@ance, or rather gwes fome fmall re-
fiftance to the charging, which in a number of botttles be-
~ comes more equal to the chargmg power, and fo repels the
fire back again on the globe, fooner than a fingle bottle
would do.

11. When a bottle is charged in the common way, its
~ infide and outfide furfaces ftand ready, the one to give fire
by the "hook, the other to receive it: by the - coating'; the
one is full, ind ready to throw out, the other empty and
extrcmely hungry ; yet as the firft wﬂl not give out, unlefs
the other.can at the fame inftant receive in ; fo neither will
the latter receive in, ‘nlefs the ﬁrﬁ can at the fame inftant
nge ot. - When both can be done at once, it is done with

inconceivable quicknefs and violence.

12. Soa firait fprihg (thoug}h' the. comparifon does not
agree in every particular) when forcibly bent, muft, to re-
ftore itfelf, contract that fide which in the bending was ex-

 tended, and extend that which was contra&ed 3 if either: of
thefe two ‘operations be hindered, ‘the, other cannot. be

done. Bat the fprmg is not faid to be charg’d with. elafti-
E Clt}'
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city when bent, and difchargcd when unbent ; its,i‘qugmi;y
of elafticity is alwaysthe fame,

13. Glafs, in like manner, has, within its fubftance,
always the fame quantity of ele¢trical fire, and that 5 very
' Ereqt' quantity in proportion ta the mafs of glafs, as fhall

e fhewn hereafter, Y
14. This quéqtity? proportioned to the glafs, it firongly
and obftinately retains, and will have neither more nor lefs
though it will fu&'e-r'ﬁchangc to be made in its parts and
ﬁghé._tibn 3 1.8, we ;trhay 'tavl;:e' away -part of it from one
of the fides, provided we throw an equal quantity into the
other. | , |
15. Yet when the fituation of the ele@rical fire is thus
altered in the'glaﬁs s when fom¢ has been ‘ta‘ken from one
fide, and fome added to the other, it wﬂl_ not be at reft or
in its natural flate, till it is reftored go; ivtg ougmal equality.—
And this reftitution cannot be made through the fubftance
of the glafs, but muf} ‘be dong by 2 npn-clc&np communi-~ -
cation formed without, from furface to furface.
~ 16. Thus, the whole force of ‘mtheg,lidttlc,ea@d power of
giving a thock, is in the aLass ITSELF 3 tl‘genon-eleétncg
in conta& with the twq furfdces,f'fcrving Jgglx to give and
receive to and frox}j"glj@‘feyCral Par,té of tﬁc glafs ; that is, to
give on otie fide, and take away from the other.
- 17, This was, difcovered here, in the following manner =
Purpofing to apalyfe the eleCtrified bottle, in order to find
whetein its firength lay, we placed it ‘on glafi, and drew
out the cork and wire which for that purpofe had been

loofe-



Loofely putn: Then taking the botdle.in: one hand, and
briﬁgg?a:ﬁngm‘pﬁtheogher mear ity mouth, a ftrong fpark
came from fhe water,.and the fhock was as violent as if the -
wire bad femained in it, which thewed, that the force did
oot ligdo the wire. .. Then to find if it refided in the ‘water,
Being: crouded into. and: condenfed in. ity as confin’d by the
glafs, which had been;iml&,fogmef wGP“lions we- ekﬁriﬁ'@d-
the bottle again, and placing it on glafs, drew out.the wire
~and ¢ork as before ; then taking up the bottle, we decanted
all its water into an empty bottle, which likewife fioad on
glats; and taking up that other bottle, we expedted, if the
force refided in the water, to find a fhock from it ; but
there wasnone.  We judged then that it muft either be
loft in decanting, or remain in the firft bottle, The latter

- we found to be true; for that bottle on tfial gave the fhock,
though filled up as it ftood with freth. unclegtrified. water
from a tea-pot—To find, then, whether - glafs h@d\this
‘Propesty merely as glafs, or whether the form contribitted
any thing to jt; we took a pane of fath-glafs, and Jaying
it on the hand, placed a plate of lead amits. npper firface ;
then eleirified that plate, and bringing a-finger to it, there
W53 fpark-and fhock, We then took: two. plates of lead
of ¢qual dimenfions, but. lefs than the glafs by two inches
Svery way, and elettrified the glafs between them, by
‘leirifyog the uppermoft lead ; then feparated the ga
from the lead, in doing ‘which, what Jittle fire might
be.in the.lead was taken out, ~and‘~fth¢,:;@?‘ﬁ"b‘?@g"mugwd
in the elettrificd parta with a finger, afforded only Very
\ g ~ fmall
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fimall pricking fparks;*but a great number of- them might
be takefifrom different: places Then* dexterouﬁy placmg
it again ‘between the leaden plates; and compleatmg a
circle ‘between the two furfaces, a- v1olent (hock en-
foed.——="Which" demonftrated the poWer to refide’s ‘in
glafs as'glafs, and that the non- ele@rics i in conta&ferved
only, like the armature of a loadftone, to unite the force
of the *feveral parts, and brmg them at once to any pomt k
defired : it bemg the property of'a- non—el’eét 1c,""that the
whole body mﬂantly rccewcs or nges ‘what c’!cétncal firei is.
given to or taken frofitany one of its parts.

18, Upon this'we' made what - we called an eledrical-
battery, conﬁﬁmg of eleven panes of large fath-glafs, arm’d
with thm leaden plates paf’ced on each fide, placed verti-
cally, and fupported at two inches’ diftance on filk cords,
with' tthk hooks' of “leaden w:re, ‘one from “each - ﬁde,
{’candmg upright; dxf’tant from each’other, and “convenient
commitinicatioris- of wire and chain, from the giving fide of
one pane, to the. recewmg fide of the other ‘that fo the
whole m]ght‘be charged together, and- thh the fame la-
bour as one fingle pane; and anothcr contrxvance to bring
‘the giving fides, after” chargmg, in conta w1th one long

wire; ‘and ‘thé-feceivers with ’ giother, which two long
‘Wtres would gtve the force of aH the plates of g]afs at once
them. The platcs may atfo’ be’ dlfcharged feparately, or
any ‘number together ' that is required. But this machine
“is not. ‘much ufed, as not pcrfc&ly dnfwering our intention

with:
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with regatdito’ the eafe of charging, for the reafon
given, Sev.{v0. . We made alfo.of large glafs panes, magical
picures; ‘and felf-moving animated wheels, prefently to be
daferibed.

19: T perceive:by the i ingenious: Mr. Watfon's laft book,
ldtely received, that:;, Dr:’ “Bevis- had ufed, before we bad,
panes’ of ‘glafs. to give: a fhock * ; though, till that book
camé to hand; I'thought to have communicated. it to you
as a novelty. The excufe for mentioning it here i is, that
we tried the experiment differently, drew different confe-
quences from it (for Mr #atfor ftill {eems to think the fire
accumulated on the non- eleﬁrzc that is in contact with' the
glafs; page 72) and, as far as we hitherto know, have carri-
ed it farther.

" 20, ‘The magical picture + is made thus, . Having a
large metzotinto .with: a frame and glafs, fuppofe of the
‘Kine, (God preferve him) take out the print, and cut a
pannel out of it, near:two. inches dxi’cant from the frame all \
round, " If the éut is through the pk&ure itis not the worfe.
With thin pafte; or gutn-water, fix the border that.is cut
off on'the infide the glafs; prefling: it . fdoth: and clofe 3
then-ill 'p the. vacancy by. gilding the glafs well with leaf
gold, or brafs. Gild likewife. the inner cdge of the back of
the' frame all round except the top part, -and formy a com-
‘munication between that. gilding and the gilding behind

* 1 have fince Keard that Mr Smeaton was the firft who: made ufe of panes:
of glafs for that purp}c\)fe

t Contrived by My Kinnerfisy. the
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the glafs : then put in the board, and that. fide is finifhed.
Turn up the glafs, 'and gild the fore fide exa&ly over-the.
back.gilding, and. when it is dry, cover it, by pafting on .
the pannel of the picture. that hath been cut out, obferying .
to bring the correfpondent parts of thie border and picture
together, by which the picture will.appear of a piece, as at
firft, only part is behind. the glafs, and part before.<-Hold
the picture horizontally by the top, and: place' a: little.
moveable gilt crown on the king’s head. . If now the: pic-
ture be moderately ele@rified, and another-perfon take hold
of the frame with one hand, -fo'that his fingars ‘touch its
infide gilding, and ‘withttie other hand" endeavour to take
off the-crown, he' will. receive a terrible blow, and fil in
the attempt. Ifthe piGure were highly charged, the con-
fequencé might perhaps be as fatal * a5 that of highi:treafon,
for when the fpark is taken through-a quire of paper leidt
" on the pictare, by means of 4 wire commiunieation, it
. makes 2 fair hole through every theet, that is, through, for-
ty-eight leaves, (though a quire of . paper is thought ' geod
armour againft-the puth of a fword, or even againft 2 pif-
tol bullet, and: the crack is exceeding loud. The operator,
who Holds the picture by the upper end, where the infide
of the frame is-not gilt, to prevent it4 falling, feel§ nothing
of the fhock, and may touch the face of the picure with=
out danger, which' he pretends is a teft of his loyalty.—Ifa
# We have fince found it fatal to {mall animals, though nat to lhrgc
ones. Thebiggeflt we haveyetkilledisaben, 1730, ‘
‘ying
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ring of perfans.take the. fhock among them, the experi-
ment iscalled, The Confpirators. |
21.;Qn the pringiple, in Sec. 7, that hooks of bottles, dif-
 ferently charged, will attra@t and repel differently, is wade.
an ele@trical wheel, that turns with confiderable ftrength.
A fmall upright (haft of wood paffes at right angles through
a thinround board, of about twelve inches diameter, and
tusns on a fharp point of iron, fixed in the lower end, while
a ftrong wire in the uppet end, pafling ghro.ugh a, {mall
hole in a thin brafs plate, keeps the fhaft truly vertical.
About thirty 7adsi of equal length, made of fath-glafs, cut
in narrow ftrips, iffue horizontally from the circumference
of the board, the ends moft diftant from the center being a-
bout four inches apart, On theend of every one, a brals
thimble is fixed. If now the wire of a bottle eleftrified in
the common way, be brought near the circumference of
this wheel, it will attract the neareft thimble, and fo put
the wheel in motion ; that thimble, in paffing by, receives
a fpark, and thereby being ele@rified is repelled, and fo dri-
ven forwards's while a fecond being attracted, approaches
the wire, receives a fﬁa‘r_"k“,“ and is driven affer the firft, and
fo on till’the wheet has gone once rofind, when- the thim-
bles before eléfirified-approaching the: wire, inftead of be-
g attraGedas they were at firfh; are repelled, and the mo-
t‘!§‘n prefently ceafes,—But #  another bottle, which had:
bceli,"chal‘gea:thmugh the coating, be placed near the fame
wheel, its wire. will attract the thimble repelled by.the
fiuft, andi thereby double the force that carsies: the gwhzli
' POUBG 5
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round’; and not only taking out the fire that had been
communicated to the thimbles by the firft bottle, but even
robbmg them of their natural quantxty, inftead of being
repcllcd when they come again towards the firft bottle, they
are more ﬁrongly attracted, fo that the wheel mends its
pace, tillit goes with great rapidity twelve or fifteen rounds
ina minute, and with fuch ftrength, as that the wéight of
one hundred Spanifb dollars with which we once loaded
it, did not feem in the leaft to retard its motion.~—This is
called an ele@rical jéck ; and if"ﬁ“lairg;: fowl were fpitted
on the upright fhaft, it would be carried round before a fire
with a motion fit for roafting.

22. But this wheel, like thofe driven by wind, water, or
weights, moves by a foreign force, to wit, that of the bot-
‘tles. The felf-moving wheel, though conftructed on the
fame principles, appears more furprifing. ’Tis madé of a
thin round plate of window-glafs, feventeen inches diame-
ter, wcll gilt on both fides, all but two inches next the
‘edge.  Two fmall hemifpheres of wood are then fixed
with cement to the middle of the upper and under fides,
centrally oppofite, and in each of them a thick ftrong wire
eight or ten inches long, which together make the axis of
the wheel. It turns horizontally on a point: at the lower
end of its axis, which refts on a bit of brafs cemented
within a glafs falt-cellar, ‘The upper end of its axis pafles
through a hole in a thin brafs platé cemented toa long
frong picce of glafs, which keeps it fix or eight inches dif-
tact from any non-eleciric, and has a fmall ball of wax or

metal
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metal 'on’ its top to keep in the fire, In a circle on the
table which fupports the wheel, are fixed twelve fmall pil-
lars of glafs, at about four inches diftance, with a thimble
onthe top of each. On the edge of the wheel is a fmall
Jeaden bullet, communicating by a wire with the gilding of
the upper furface of the wheel ;, and about fix mches from
it is another bullet communicating in like manner with the
under furface.. When the wheel is to be charged by the
upper furface, a communication muft be- made from the
under furface to the table, When it is well charged it be-
gins to move ; the bullet neareft to a pillar moves towards
the thimble on that pillar, and pafling by, electrifies it, and
then puthes itfelf from it; the fucceeding bullet, which
communicates with the other furface of the glafs, more
ftrongly attracts that thimble, on account of its being be-
fore. eletrified by the other bullet;, and thus the wheel en-
creafes its motion till it comes to fuch a height as that the
refiftance of the air regulates it. It will go half an hour,
and make one minute with another twenty turnsin.a mi-
nute, which is fix hundred turnsin the whole; the bul-
let of the upper furface giving in each turn twelve fparks,
to the thimbles, which makes feven thoufand two hun~
dred fparks; and the bullet of the under. furface recexvmg
as many from the thimbles ; thofe bullets moving in the
time near two thoufand five hundred feet.—The. thim-
bles are well fixed, and in fo exa& a circle, that the bul-
lets may ‘pafs within- a very fmall diftance of each of

them.—If inftead of two bullets you put exght, four com=
' F muni-
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mum;;a,tmg with the upper furface, and four with the upe
der, cuxfacc, placed alternately which. eight, atabout fix
mghes:dxﬁance, corppletes the circumference, the force and
fwxfmefs will be greatly increafed, the wheel making fifty
tyrns in a minute-; but then it will not continue: moving,
fo long.—Thefe, wheels may be applied, perhaps; to the
ringing of chimes *; and moving of light-made osteries.

23, A fmall wire bent circularly, with a loop at each

end ; let one end: reft againft: the:under fusficsiof the
Whee} :and bring the:other- ¢nd near the ‘upper-:furface,
'1|: w1l give a t»eﬁrible crack and-! t'he fpvce will be dif-
chargc,d,,, ;
24 Bvery fparkin that manner drawn.from.the furfice
of the wheel, makes:a.round hole in the gilding, tearing
off a part;of it in: coming out ; which thews that the fire
is- not. accumulated on:the gilding, but is in the gla('s
itfelf:, :

25, The g;ldmg. being varnithed:over with - tunpantina
varnifh;.the varnifh, though dry and hard, is burat' by the
fpark dtawn through it, and gives a ftrong fmeH and vifible
{moke. -And when the fpark is drawn' through paper,’ all
round the:hole made by it, the paper will be blacked | by
the fmoke, which fometimes penetrates feveral ofthe leaves,
Part of the gilding torn oﬁ-' is alfo found forcxbly driven:
into.the hole made in the paper: by: the ftroke,

T hism Was aftcrwardé done with fuccefs by Mr Kinner/ley., |
o | 26. It
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26, It is-emazing to obferve in how: {mall a-portion of
glafs a great clectrical force may lie. . A thin glafs bubble
about an inch diameter, weighing only fix. grains, being
half filled with water, partly gilt on the outfide, and fur-
nith’d with.a wire hook, gives, when ele@rified, ‘as great
a.fthock as.a man can well.bear.  As the glafs is thickeft
“near the orifice, I fuppofe the lower half, which being gilt
was eleCrified and  gaye the thock, .did not exceed two:
grains ; for it appeared, when broke, much thinner than
the upper half.—If one of thefe thin bottles be clectrified
by the coating, and the {park taken out through the ouldmg, ;
it will break the glafs inwards, at the fame time that it

breaks the gilding outwards.

27. And allowing (for the reafons before given, § 8 9
10.) that there is no more ele@rical fire in a bottle after
charging, than before, how great muft be the quantity in
this {mall portion of glafs! It feems as if it were of its very
fubftance and eflence; Perhaps if that due quantity of
cle@rical fire {o. obﬁinatel}i retained: by glafs, could be
feparated from it, it would no- lenger be- glafé; it might
lofe its tranfparency, or its brittlenefs, or its elafticity.—
Experiments may poflibly be invented: ‘hereafter, to dif-
cover this:

27. We were furprifed at the aceount given in Mr Was-
for's boolk, of a thock communicated t’hrough a great fpace
of 'dry ground and fufpect there muft be fome metalline

quality in the- gravel of that ground ; having found that
F 2 fimple
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'ﬁmpie dry earth, rammed in a glas tube, open at both
ends, and a wire hook inferted in the earth at each end, the
earth. and wires making part of ‘a circle, would riot ¢on-
dud the leaft perceptible fhock, and indeed ‘when one
wire was elerified, the other hardly thowed any figns of
its béing in’connection with it*." Even a thoroughly
wet pack-thread fometimes fails of condutting a fhock,
“though it otherwife conducts EleGricity very well. A dry
- cake of ice, or an icicle held between two in a circle, like-
wife prevents the fhock, which one would not ‘expet, as
water condu@s it fo “perfedly well.—Gilding on a new
book, theugh at firft it condu@s the (hock extremély well,
yet fails after ten or a dozen experiments, though it ap-
pears otherwife in all refpets the fame, which we
account for . :

- 28. There is one experiment more which furprizes us,
and is not hitherto fatisfattorily accounted for ; it is this :
Place an iron {thot on a glafs ftand, and let a ball of damp
“cork, fufpended by a filk thread, hang in contact with the
thot. . Take a bottle in each hand, one that is eleCrified
through the hook, the other through the coating: Apply‘
the giving wire to the thot, which will electrify it pofitjve-

cannot

* Probably the ground is never fo dry.

"+ We afterwards found that it failed after one ftroke with a larpe bot-
tle; and the continuity of the gold appearing broken, and many of its parts
diffipated, the Electricity could not pafs the remaining parts without leaping
from part to part through the air, which always refifts the motion of this
fuid, and was probably the caufe of the gold’s not condulting fo well as
before.

'{y,
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by, and the cork fhall be répelled : then apply the requiring
wire, ‘which will take out the fpark given by the other;
when the cork will return to the fhot : Apply the fame
again, and’ take out another fpark, fo will the thot be
ele@rified negatively, and the cork in that cafe thall be
r¢pclled equally as before. Then apply the giving wire
to the thot, and give the fpark it wanted, fo will the cork
return : Give it another, which will be én addition to its
natural quantity, fo will the cork be repelled again: And
fo may the experiment be repeated as long as there is any
charge in the bottles, Which {hews that bodies having
lefs than the common quantity of Elericity, repel eacho-
ther, as well as thofe that have more.
| Chagrined a little that we have been hitherto able to
produce nothing in this way of ufe to mankind ;- and the
hot weather coming on, when electrical experiments are
not fo agreeable, it is propofed to put an end to them for
this feafon, fomewhat humoroufly, in a party of pleafure,
on the banks of Skuy/ks! *, Spirits, at the fame time, are.
to be fired bya fpark fent from fide to fide through the

- river, without any other conductor than the water; an
me fince performed, to the
key is to be killed for our

dinner

experiment which we fome ti
ainazement of many . A tur

*® The river that wathes one fide of Philudelphia, 3s the Delaware does
the other ; both are ornamented with the fummer habitations of the citi-
zens, and the agreeable manfions of the principal people of this colony.

ility of this cxpcriment has not been eafily conceived, 1

-+ As tl?c poflib fhalj
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dinner by .the e/ectrical fhock, and raafted by the elefirica ]
Jjack, before a fire kindled by the eleGirified bottle : when
the healths of all the famous elericians in England, Hol-

land, Irance, and Germany, are to be diank in * elgfrified

bumpers, under the difcharge of guns from the eleétrical
battery.

fhall here defcribe it.—Two iron rbdé,

1 lere about three feet long, were planted
juft within the margin of the river,

. on the oppofite fides. A thick piece.of,
wire, with a fmall round knob at its end, was fixed to the top of one of the
rods, bending downwards, fo asto deliver commoedioufly.the fpagk upon the
fyrface of the fpirit.. A fmall wire faftencd by on, end to the.handle of the
fpoon, containing the fpirit, was carried a-crofs the river, and fupported in
the air by the rope’commonly. ufed.to hold. by, in drawing the ferty-boats o-
ver. The other end of this wire was tied round the coating of the bottle 3
which being charged, the fpark was delivered from the hook to the top of the
rod ftanding in the water on thatfide. Atthe fame inftant the.rod,on the
other fide delivered a fpark into the fpoon, and fired the fpirit, . The cle@ric
fire returning to the coating of the bottle, through the handle'of “the fpoon
and the fupported wire copnected with them. *
That the electric fir thus aétually paffes through the water, has fince
“been fatisfactonily demonftrated to mariy by an qxp‘ériment‘of. it Kinner
Jieys, performed ina trough of water abou tepfeetJong. Thehand being
placed under water in the” dire&ion of the fpark (which always. takes theé
fhrait or fhorteft courfe) is ftruck and penetrated by. it as it paffes,
* An elettrificd bum

7 per. is 2 fmall thin glal§ tumbler, near. filled. with
wine, and eleérified as the battle.

; s th e. ""This when brought tq the lips gives
a fhock, if the party be clofe fhaved, and does not breathe on thé liquor. -

April 29,
1749.

LET-



Ozﬁ/erwtiam on BLECTRICITY. ]

L ETTETR V.
CONTAINING

OBSERVATIONS and SUPPOSITFONS;

sowards forming & new HYPOTHESES, fof 2%~
platning the Jeveral Phenomena of Thux-

pErR-GusTS "..

S IR,
§ 1. We TON-rrEerrie bodisy; that: Have elédric- fire
| N thrown: int6 them; will retaivi it 6ill - other
non-eleé’tmcsl that have lefs; approach gfd thén 1 éom-
municated: by a frap; afid' beconies equally divided:
2. Ele®tical fitevloves witer; is frongly attradtéd by-it;
and-they'can {ubfift togiéthier,
3. Air is an ele&ric per ﬁ, and when dry will not con~
dué theele@tical fire; it ‘will neither receive it, nor give.
it to°bther Bodies ; otherwife' no body furrounded’ by air,
could ‘e ele&Fificd pofitively and negatively : for Thould it

~ * Thunder-gufts are fudden ftorms of thunder and : hghtning which!
are frequently of fhort duration, but fometimes produce mifchievous

effects. .
be
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be attempted pofitively: the air would immediately take a-
way the overplus; or negatively, the air would fupply
.what-was wanting.

4. Water being eleCrified, the vapours arifing from it
will be equally ele@rified ; and floating in the air, in'the
form of clouds, ‘or otherwife, will rétain that quantity of
electrical fire, till they meet with other clouds or bodies
not fo much ele@rified, and then will communicate as
before mentioned.

. 5. Every partlcle of - matter elcé'tnﬁed is ‘tepelled by
every other particle cqually eleGrified.  Thus. the ftream
of a fountain, naturally denfe and contmual when eleé’m-
fied, will feparate and fpread in the form of a bruth, every

“drop endeavouring to recede from every other drop But
on taking out the elecrical fire they clofe again.

6. Water being. firongly ele@rified (as well as when
heated by common fire) rifes in vapours more copioufly 5
the attraction of cohefion among its particles being greatly
weakened, by the oppofite power of repulfion introduced
with the ele@rical fire ; and when any. particle is by any
means difengagcd, it is immediately repelled, and fo flies
into the air.

7. Particles happening to be fituated as 4 and B, (F1a.

V1. reprefenting the profile of a wveffel of 'water) are more
cafily difengaged than C and D, as cach is held by conta&

with three only, whereas Cand D are each in contat with’
pine. When the furface of the water has the leaft motion,

parti-
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particles are continually puthed into the fituation repre[cnt-
ed by A and B.

8. :Friction between a non-elecric and-an eletric per /é
will producc elecrical fire 5 not by creating, but col!ec“img
it: for it is equally diffufed in our walls, floors, éatth; and
the whole mafs of common matter. .. Thus the whirling
glafs globe, during- its friGion ,aga,mﬁ,the; cuthiony draws
fire from the cufhion, the cufhion is fupplied from the
frame of the machine, that from the: ﬂobr on: thch it
ftands.  Cutoff the communication by thick glals or wax,

| placed under the cuthion, and no fire can be produced, be-
caufe it cannot be colleéted.

9. The ocean is a compound of . water, a non-electric,
and-falt an eleCtric per fe.

10. When there isa fuéhon among the parts snear. its
It is. then plamly vifible. in the night ; it appears at: the
ﬁem and in the wake of every failing veﬂ‘el _ every dafh
of an oar fhews it, and every furf and {pray ; In ﬂorms thc
whole fea feems on' fire.—The detach’d partlcles of water
then repelled from the ‘ele@rified furfice, continually carry
off the fire as it is colle@ted ; they rife and form' ‘clouds,
and thofe clouds are ‘highly eleérified, and retain the' fire
till they have an opportunity of communicating it

11. The particles of water rifing in vapours, attach them-
felves to particles of air.

"12. The particles of air are faid to be hard, round, fepa-

rate and diftant from each other; every particle ftrongly
G - repelling



repelling every other particle, whereby they recede from
each other, as far as common gravity will permit. - .
_-13. The {pace between any three pasticles equally re-
" pelling each ather, will be an equilateral triangle,

14. Inair compreffed, thefe triangles are fmaller ; in ra-
rified -air they are larger, .

‘15. Common fire' joined with air, increafes the fepul-
fion, ‘enlarges the triangles, and thereby makes the air fpe-
ciﬁcally-'lighter. Such air, among denfer air, will rife.

16,- Common fire, as well as eletrieal fire, gives-repul-
fion to the particles of water, and -deftroys their attraction
of cohefion ; hence common fire, as well as ele@rical fire,
affiftsin faifing:vapours,” _ ‘

17, Particles of water, having no fire in them, mutually
artrack'each other. “Three particles: of water ?then:%eing
attadiéd‘ to the three particles of a‘tr,ian‘glé of air, would by
their';rﬁﬁr;ﬁaia atteadtion operating againft the air's repulfion,
fhorten the fides and leffen the triangle, whereby that
portion of air being made denfer, would fink to the earth
with its water, and not sife to contribute to the formation
-of a cloud. N |
. 18. But if every particle of water attaching itfelf to air,
brings with it a particle of common fire, the repulfion of
the air being affifted and ftrengthened by the fire, more
than obftructed by the mutnal attration of the particles of
water, the triangle dilates, and that portion of air becoming
rarer and {pecifically lighter rifes.

19, If the particles of water bring eleétrical fire when

they
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they attach themfelves to air, the repulfion betweeti the
particles of water ele@rified,- joins with the natural repul-
fion of the air, to force its particles to a greater diftance,
whereby the triangles are dilated, and the air rifes, carrying
up with it the water. ‘ ; '

20. If the particles of water bring with them portions
of both forts of fire, the repulfion of the particles of air is
ftill more ftrengthened and increafed, and the triangles far-.
ther enlarged. ' A

21. One particle of air may be furrounded by twelve
pérticles of water of equal fize with itfelf, all in contact
with it ; and by more added to thofe. |

22. Particles of air thus loaded would be drawn nearer
together by the mutual attraction of the particles of water,
did not the fire, common or eledrical, affit their re-
pulfion. : : |

23. If air thus loaded be compreffed by adverfe winds,
or by being driven againft mountains, &¢. or condenfed
by taking away the fire that affifted it ‘in expanding ; the
triangles contra, . the air with its water will defcend as a
dew; or, if the water furrounding one particle of air comes
in conta@ with the water furrounding another, they coa-
lefce and form a drop, and we have rain. ‘

~ 24. The fun fupplies (or. feems to fupply) common fire
to all vapours, whether raifed from earth or fea,

25. Thofe vapours which have both common and elec-
trical fire in them, are better fuppottéd, than ithOfe;wh’iqh
have only common fire in them, For when vapours rife

’ ‘ G2 ~ into
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inito the coldeft region above the earth, the cold will net
‘dxrmmfh the elerical fire, if it doth the common,

" 26. Hence clouds formed by vapours raifed from frefh
waters within land, from growing vegetables, moift: carth,
&e. more fpeedily and eafily depofite their water, having
‘but little electrical fire to repel and keep the particles fe-

~ parate.  So that the greateft part of the water raifed from
the land, is let fall on the land again ; and winds blowing
from the land to the fea are dry ;. there being little. ufe
for rain on the fea, andto rob the land of- its, moxf’curc, i
‘order to rain on the.fea, would not appear reafonable.

277, But clouds formed by vapours raifed from the fea,
having both. fires,. and particularly a great quantity of - the
ele@rical, fupport their water ftrongly, raife it high, and
being moved by winds, may bring it over the middle of the
broadeft continent from the middle of the wideft ocean.

+ 28. How thefe ocean clouds, {o ftrongly fupportmg their
water, are made to depofite it on the land where it is want-
ed, is next to be confidered, -

29. If they are driven by winds againft mountains,
thofe mountains being lefs elcétnﬁed attra® them, and on
contact take away their ele@rical. fite (and being cold, the
common fire alfo;) hence the pamcles clofe towards the
mountains and towards each other. If the air was not
much loaded, it only falls in dews on the mountain tops
and fides, forms {prings, and defcends to. the vales in rivu-
lets, which united, make larger ftreams and rivers. If
inuch loaded, the elerical. fire is. at once taken from the

WhOle
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whole cloud ; and‘; in iea‘ving it, flathes bri'ghtly. and cracks
loudly ; the particles inftantly coale'fciiig for Want,‘of that
fire, and falling in a heavy thower. :

30. When a ridge of mountains thus dams the clouds,
and draws the ele@rical fire fromthe cloud firft a‘pproach-’
ing it ; that which next follows, when it comes near the
firft cloud,, now deprived of its fire, flafhes into_it, and be-
gins to depofite its own water ; the firft cloud again flafh-
ing into the mountains ; the third approaching cloud, and
a1l the fucceeding ones, ading in the fame manner as far
back as they extend, which may be over many hundred
miles of country.

31, Hence the continual ftorms of rain, thunder, and
lightning on the eaft fide of the Aides, which running
north and fouth, and being vaftly high, intercept all the
clouds brought againft thém from the Atlantic ocean by
the trade winds, and oblige them to depofite their waters,
by which the vaft rivers Amazons, La Plata, and Oroonoko
are formed, which return the water into the fame fea, after
having fertilized a country of very great extent.
~ 32. If a country be plain, having no.mountains to ihter}
~ eept the ele@rified clouds, yet it is not without means’ o

‘make them depofite their water. For if an electrified
cloud coming from the fea, meets in the air a cloud raifed
from the land, and therefore not clc&riﬁéd' ; the firft will
flath its fire into the latter, and thereby both clouds {lall be
.made fuddenly to depofite :wartery...y . o

| 33. The ele@rified parkt-icle‘_" of the firft. cloud clofe

when they lofe their fire ;. the 'par-ti(:les.‘of the other cfil)u'tiv
clote



46 New Experiments and

clofe in receiving it : in both, they have thereby an oppor<
tunity of coalefcing into drops.—The concuffion or jerk
given to the air, contributes alfo to thake down the water,
not only from thofe two clouds, but from others near them,
Hence the fudden fall of rain immediately after flathes of
lightning, . ‘

34. To thew this by an eafy experiment: Take two
round pieces of pafteboard two inches diameter; from the
center and circumference of each of them fufpend by

fine filk threads eighteen inches long, feven fmall balls of-

~ wood, or feven peas equal in bignefs : fo will the balls ap-
‘pending to each  pafteboard, form equal equilateral trian-
gles, one ball being in the center, and fix at equal diftances
from that, and from each other; and thus they reprefent
particles of air.  Dip both fets in water, and fome adhering
to each ball, they will reprefent air loaded. Dexteroufly
ele@rify one fet, and its balls will repel each other to 4
greater diftance, enlarging the triangles, Could the water
fupported by the feven balls come into conta&, it would
form a drop or drops fo heavy as to break the cohefion
it had with the balls, and fo fall. Let the two fets then
reprefent two clouds, the one a fea cloud ele@rified,
the other a land cloud, Bring them within the {phere of
attrattion, and they will draw towards each other,
and you will fee the feparated balls clofe thus; the firft
eletrified ball that comes near an unele@rified ball by
attraltion joins it, and gives it fire ; inftantly they fepa-
rate, and cach flies to another ball of its own party, one to
give
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give, the ofher fo receive fire ; and {o it proceeds through
both fets, but {0 quick as to be in 3 manner inflantaneous.
In the collifion they fhake off and drop their water, which

reprefents rain,
35. Thus when fea and land clouds would pafs at too

great a diftance from the flafh, they are attradted towards
each other till within that diftance ; for the fphers of e-
lectrical attraction is far beyond the diftance of flathing.
- 3b. When a great number of clouds from the fea meet
a number of clouds raifed from the land, the electrical -
flafhes appear to ftrike in different parts ; and as the
clouds are joftled and mixed by the winds, or brought
near by the ele@rical attration, they continue to give and
receive flafh after flafh, till the elefrical fire is equally
diffufed, | |

37. When the gun.barrel (in eledrical experiments)
has but little ele@rical fire in it, you muft approach it very
near with your knuckle, before you ¢an draw a fpark.
Give it more fire, and it will give a fpark at a greater dif-
tance. T'wo gun-barrels united, and as highly electrified,
will givea fpark at a ftill greater, diftance. But if two
gun-barrels eleGrified will firike at two inches diftance,
and make 2 loud fnap, to whata great diftance may 10,000
acres of cleGtrified cloud ftrike-and give its fire, and how
loud muft be that crack ? | -

‘38. It is a common thing to fee clouds at different
heights pafling different ways, which fhews different cur-

rents of air, one under the other, As the ais betw::en‘fhe
tropics
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eropics is rarified by the fun, it rifes, the denfer northern
and fouthern air prefling into its place. The air fo rari-
fied and forced up, pafles northward and fouthward, and
muft defcend “in the polar regions, if it has no opportumty
before, that the circulation may be carried on.

39. As currents of air, with the clouds therein, pafs dif-
ferent ways, ’tis eafy to conceive how the clouds, paffing
over each other, may attrac each other, and fo come near
enough for the cle@rical firoke. ~And alfo How electrical
clouds may be carried within land ‘very far from the fea,
before they have an opportunity to ftrike.

40. When the air, ‘with its vapours raifed from the
ocean between the tropics, comes to defcend in the polar
regions, and to be in conta® with the vapours arifing
there, the electrical fire they brought begins to be com~
municated, and is feen in clear nights, being fieft vifible
where ’tis firft in motion, that is, where the contatt be~
gins, or in the moft northern Iiért; from "thence the
fireams of light feem to thoot foutherly, even up to the
zenith of northern countries. ~But tho’ the light feems to
thoot from the north foutherly, the progl‘efs of the fire is
really from the fouth northerly, its motion begmmng in the«
north being the reafon that *tis there firft feen.

For the ele@rical fire is never vifible but when in mo-
tion, and leaping from body to body, or from particle to
particle thro’ the air. When it paffes thro’ denfe bodies
'tis unfeen. When a wire makes part of the circle, in the
exploﬁon of the ele@rical phial, the fire, though in great

quantity
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quantity, pafies in the wire invifibly :-but in pafling along
a chain, it becomes vifible as it leaps from link to link. In
paffing along leaf gilding *tis vifible: for the leaf-gold is
full of pores; hold a leaf to the light and it appears hke a
net, and the fire is feen in its leaping over the Vacanc::es —
.And as when 2 Iong cqnal filled with. ftill water is opened
at one end, in order to be difcharged, the motion of the

water begins firft near the opened end, and proceeds to-
wards the clofe end, tho’ the water itfelf moves from the
clofe towards the opened end : fo the electrical fire dif-
charged into the polar regions, perhaps from a thoufand
leagues length of vaporifed air, appears firft where ’tis firft
in motion, 7. ¢. in the moft northern part, and the appear-
ance procceds fouthward, tho’ the fire really moves north-
ward, This is fuppofcd to account for the Aurora Bo-
realis,

41. When there is great heat on the Iand in a particu-
Iar region (the fun haying fhone on it perhaps feveral
days, while the [urrounding countries have been fcreen'd
by clouds) the lower air is rarified and rifes, the cooler
denfer air above defcends ; 5 the clouds in that air meet
from all fides, and join over the heated pIace and if fome
are eletrified, others not, lightning and thunder fucceed, -
and fhowers fall. Hence thunder-gufts after heats, and
cool air after gufts; the water and the clouds that bring
it, coming from a lngher and therefore a coolcr region.

42. An ele&rical fpark, drawn from an irregular body

“at fomc diftance i is {carce ever f’craxt, but fhows crookcd
H and
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and Wavmg inthé 4ir, . So do the Rafhesiof lightning ; tha
c‘lbuds being’ Vt‘ry 1&egﬁlar bodies.

© 43. Ab eledtrified clouds pafs over 4 couritey; high hills
ind high trees, lofty towers, fpites; fmafts of thips, ¢him-
neys, &e. as fo many prominencies ahd ‘points, draw ‘the
cleftrical fire, and the twhole cloud: difcharges thére,

44. Dangerous, therefore, is it'to take fhelter ﬁﬂ&cr a

tree, during a thunder-guft. Tt has been fatal to many,
both men and beafts,

45. Tt is fafer to be in the open field for another reafon.
When the cloaths are wet, if a flath iin its way to the
ground fhould firike your head, it may run in the water
over the farface of your body ; whereas, if your cloaths.
were diy, it would go through the body.

Hence a wet rat cannot be killed by the explodmg elec-
trical bottle, when a dry rat may *,

46. Common fire is in all bodles, ‘more br lefs, as well
as electrical fire, Perhaps they may ‘be different modifi-
cations of the fame element ; or they may be different ele-
ments.  The latter is by fome fufpeced. ,

47. If they are different things, yet they may and do
fubfift together in the fame body

48. When elecirical fire firikes thrdugh a body, it aéts
upon the ‘cbmmon fire contained in it, and puts that firs

$n motion ; and if there be a fufficient quantity of each
kmd of fire, the body wﬂi be inflamed.

. % This was tr’led with a botdc, eontammg about a quart. It s fince
thought that one of the large glafs jars, mentioned in thefe papers, might:
$iave killed him, though wet..

49. When
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. 49, When theiguantity.of commpn fire in the body is
{mall, ¥he quantity of the ele@rical fire (or the eleflrical
firoke) thould.be greater:: if the quansity of common fire
be great, lefs eleGrical fick fuffices ta produce the effed..
- 59, Thys {pirits. mauft be heated before we gan fire them
by:the eleGirical {park. : If they are: much'heated; a fmalt
fpark will da 5; if not, the fpark muf be, greater.

- 51, Till lately:we could only. fire svarmy.vapours ;. hu
now, we can burp hard dry rofin. | Apd when we can pros
cure greater ele@rical fparks, we may be.able to: fira ot
only unwarm’d {pirits; as lightning.dogs, but even wood;
by. giving fofficient ‘agitation ito the common fire contained
in it, as friction we. know.will do. - ,‘ c
- "§2.:Sulphureous and inflammable vapours arifing from
the earth, are eafily .kindled by lightning. - Befides. what
arife from the earth, fuch vapours are ferit out by ftacks of
moift hay, corn, or other vegetables, which heat and reek.
Wood “rotting- in old trees or buildings does the fame.
Such are therefore eafily and often fired.

53. Metals are often melted by, lightning, tho’ perhaps
not from heat in the lightning, nor altogether from agi-
tated fire in the metals.—For as whatever body can infi-
nuate itfelf between the particles of metal, arid overcome
the attra&ion by which they cohere (as fundry menftrua

* We have fince fired fpirits without he_ating them, when the ,w,cathex\’ is

warm. A little poured into the palm of the hand, will be warmed fuffi-
mem_:}y by the hand, if the fpirit be well reftified.  Ather takes fire meft

readily.
H 2 can)
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can) will make the folid become a fluid, as well as fire,
yet without heating it : fo the ele@rical fire, or lightning,
creating'a violent repulfion between the particles of the
meta) it paffes through, the metal is fufed. .
~ 54. Ifyou would, by a violent fire, melt off the end of a

nail, which is half driven into a door, the heat given the
whole nail before a part would melt, muft burn the board
it fticks in. And the melted part would burn the floor it
dropp’d on. Butifa fword can be melted in the {cabbiid,
and money in a man’s pocket, by lightning, without burn-
ing either, it muft be a cold fufion *. - -

55. Lightning rends fome bodies. The ele@rical {park
will ftrike a hole through a quire of ftrong paper. ‘

56. If the fource of lightning, affigned in this paper, be
the true one, there fhould be little thunder heard "at fea
far from land.  And accordingly fome old fea-captains, of
whom enquiry has been made, do affirm, that the fa&t a-
grees perfectly with the hypothefis 5 for that in crofling
the great ocean, they feldom meet with thunder till they
come into foundings; and that the iflands far from .the
continent have very little of it. And a curious obferver,
who lived 13 years at Bermudas, fays, there was le(s thun-
der there in that whole time than he has fometimes heard
in a monthat Carolina.

* Thefe falls, though related in feveral accounts, are now doubted ;
fince it has been obferved that the parts of a bell-wire which fell on the floor
being broken and partly melted by li%htnm%, did alually burn into the
boards. (See Philof. Tranf. Vol. LI Partl. and Mr Kinnerfley has found
that a fine iron wire, melted by Eletricity, has had the fame efteét.)

A D-



ADDI TI\‘O’\NAL PAPERS
T O
PrTER COLLINSON,“ Efg; F.R.S. London.

S IR o Philadelphia, Fuly 29, 1750.

S ‘you firft put us on ele&tical experiments, by
fending to our library company a  tube, with' di-
reCtions how to ufe it ; and as our honourable proprietary
enabled us to carry thofe experiments to a greater height,
by his generous prefent of a compleat. electrical appara-

tus; ‘tis fit that both fhould know, from time to time,

what progrefs we make. It was in this view I wrote and

fent you my former papers on this -fubjed, defiring, that
as I had not the honour of a dlreét - correfpondence with
that bountiful benefactor to our library, they might be
communicated to him through your hands. In the fame
view I write and fend you this addltxonal paper JIf e
happens to bring you nothing new (which may well bc,
confidering the number of ingenious men in Europe, con-
tinually engaged in. the fame refezifcheS) at Ieaﬁ"it 'w‘ﬂl’
fhow, that the inftruments put into our hands are not ne-
gleGted ; and, that if no valuable difcoveries are madc by
us, whatever the caufe may be, it is not want of mdufh 4

and- application,
I am, Sir,

Your wuch obliged
Humble Servant,

B. FRANKLIN,
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OPINIONS snd CONJEC TURES,
concerning the - Properries and Effects of the
elefrical Matter, arifing from Experiments
and Oéferwmm, made at Ph1ladelph1a, 1749.

§. I. H E cleé‘tncal matter confifts of - particles ex«

” tremely fubtile, fince' it can permeate com-
mon - mattcr, even' the denfcﬁ metals, with fuch eafe and:
freedom as not to receive any perceptible refiftance:

~z. Ifany one fhiould doubt whether the ele@rical mat.:
ter pafles thro’ the fubftance of bodies, or only over and
along their furf'aces, a thock from an ele@rified large gla(é
jar, takcn through hxs own body, will probably convince
him.

3. Electrical matter differs from common matter in this,
that the parts of the latter mutually attract, thofeof the
former ‘mautually tepel, each other. Hence the appearing
divergency in a fiream of ele@rified cffluvia,

4. But though the particles of ele€rical matter do re-
pel each other, they are ftrongly attracted by all .other
matter *,

* See theingenious effays on Ele&tricity, in the Tranfastions, by Mr

Elligot.
5. From
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5.  From thefe three things, the extreme fubtilty of the
ele@rical matter, the mutual repulfion of its parts, and the
ftrong attraction between them and othér matter; Atife this
effedt, that, when a quantity of cleGrical mattér is ap-
-plied to a mafs of common matter, ofany bignefs.or length,
‘within our ébfervation; (which hath not already got “its
quantity) it ‘is immediately and equally diffufed through
the whole, ‘ ‘

6. Thus common matter is a kind of fpunge to the
ele@rical fluid. And as a fpunge would receive no water
if the parts of water were not {maller than thg pores
of the {pange ; and even then but flowly, if there were
not a mutual attraction between thofe parts and the parts
of the fpunge ; and would ftill imbibe it fafter, if the
mutual attraction among the parts of the water did not
impede, fome force being required to feparate them ; and
fatteft, if, inftead of attra&ion, there were 2 mutual repul-
kﬁon among thofe parts, which would act in conjun&ion
with the attracion of the fpunge. So is the cafe between
the ele@trical and common matter. A ;

7. But in common matter there is (generally) as much
of the ele@rical as it will ‘contain’ within its fubftance. If
mo’re‘is addedi‘ it lies withont upon the furface, and forms’
‘what we callan ele@rical atmofphere ; and then the body
35 faid to be ele@rified. | ,.

8. *Tis fuppofed, that all kinds of common matter do
"ot attractand retain the ele@rical, with equal ftrength.and

“force, for reafons to be given hereafier. And that t};;f;
' ‘ Ca
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called ele€trics per f2, as glafs, &c. attract and retain it
ftrongeft, and contain the greateft quantity. _

9. We know that the ele@rical fluid is 7% -common
matter, becaufe we can pump it out by the globe or tube.
We know that common matter has near as much asit can
contain, becaufe, when we add a little more to any -por-
tion of it, the additional quantity does not enter, but forms
an eletrical atmofphere. And we know that common
matter has not (generally) more than it can contam, other-
wife all loofe portions of it would repel each other, as
they conftantly do when they have eleGric atmofpheres,

10. The beneficial ufes of this ele@ric fluid in the.
creation, we are not yet well acquainted with, though
doubtlefs fuch there are, and thofe very confiderable ; but
we may fee fome pernicious confequences that Would at-
tend 2 much greater proportion of it. For had this globe
we live on, as much of it in proportion as we can give to a
globe of iron, wood, or the like, the particles of duft and
other-light matters that get loofe from it, would, by virtue
of their feparate eletrical atmofpheres, not only repel each
other, but be repelled from the earth, and not eafily be
brought to unite with it again ; whence our air woyld
continually be more and more clagged with foreign mat-
ter, and grow unfit for refpiration. This affords another
occafion of adoring that wifdom which has made all thxﬁgs
by weight and meafure !

11. If a piece of common matter be fuppofed cntxrely |
free from eletrical matter, and a fingle particle of the

latter
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latter be brought nigh, it will be attracted, and enter the
body, and take place in the center, or where the attraction
is every way veqt.iél. If more particles enter, they take
their places where the balance is equal between the at-
traction of the common matter, and their own mutual re-
pulfion. ’Tis fuppofed they form triangles, whofe fides
thorten as their number ,increa(és 5 il _thé common mat-
ter  has drawn in fo many, that its whole po&er of corh-—
prefling thofe triangles by attraction, is equal to their whole
power of expanding themfelves by repulfion 3 and then

will fuch piece of matter receive po mOre. .
12. When pact of this natural proportion of cletrical
fluid is taken out of a piece of common matter, the trian~
gles formed by the remainder, are fuppofed o widen by
the mutual repulfion of the pa'rts, until they occupy the
whole piece. | | -
"13. When the quantity of electrical fluid, taken from 2
piece of common matter, is reftored again, it enters, the
expanded trianglves being again compreﬁ'ed till therejis room

for .the whole. R .
- 14. To explain this: take two apples, or two bal!g.of
wood or other matter, each having its own knatural' quantity

| hem by filk lines from the

of the ele@trical luid.  Bufpend t
cieling. Apply the wire of 3 well-charged vial, held in
your hand, to one of them (A) Fig. 7, and it will recefve
from the wire a quantity of the clectrical fluid ; but vyfll-
not imbibe it, being alrcady full.  The fuid therefore will

flow round its furface, and form an elerical atmofphere.
: - 1 Bring
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Bring A into conta& with B, and half the eletrical fluid
is communicated, fo that each has now an ele@rical at-
mofphere, and therefore they repel each other. Take
away thefe atmofpheres by touching the balls, and leave
them in their natural ftate : then, having fixed a ftick of
fealmg-wax\to the middle of the vial to hold it by, apply
the wire to A, at the fame time the coating touches B.
"Thus will a quantity of the ele@rical fluid be drawn out
of B, and thrown on A, So that A will have aredun-
dance of this fluid, which forms an‘atimofphere round it,
and Ban exadlly equal deﬁcxency Now, bring thefe
balls again “into’ contatt, and the ele@rical atmofphere
will not be divided between A and B, into two fmallet
atmofphcrcs as before ; for B will drink up the whole at-
mofphere of A, and both will be found again in their na-
tural ftate.

15. The form of thé elecrical atmofpherc is that of the
body it furrounds. This fhape may be rendered vifible
in a ftill air, by raifing a {moke from dry rofin, dropt into
a hot tea-fpoon under the ele@rifed body, which will be
attracted, and fpread itfelf equally on all fides, covering
and conccalmg the body And this form it takes, be-
caufe it is attrated by all parts of the furface of the body,
though it cannot enter the fubftance already replete,

Without this attraction, it would notremain round the bo-
dy, butdiffipate in the air.

* Scepa.e 0.

16. The
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16. The atmofphere of ele@rical particles furrounding
an ele@rified fphere, is not more difpofed to leave it, or
more eafily drawn off from any one part of the fphere than
from another, becaufe it is equallyattracted by every part.
But that is not the cafe with bodies of any other figure.
From a cube it is more eafily drawn at the corners than
at the plane fides, -and fo from the angles of a body of any
“other form, and ftill moft eafily from the angle that is moft
acute. Thus if a body fhaped as A,B,C,D,E, in Fig. 8.
be ele@rified, or have an ele@rical atmofphere communi-
cated to it, and we confider every fide as a bafe on which
the particles reft, and by which they are attracted, one
may fee, by imagining a line from A to F, and another
from E to G, that the portion of the atmofphere included
in F,A,E,G, has the line A E for its bafis. So the por-
tion of atmofphere included in H, A, B, I, has the line
A, B, for its bafis. And likewife the portion included
in K,B, C,L, has B, C, to reft on; and fo on the
other fide of the figure. Now if you would draw o.ﬁ"
this atmofphere with any blunt {mooth body, and ap-
proach the middle of the fide A,B, you muft come
very near, before the force of your attracter exceeds the
force or power with which that fide holds its atmofphere.
But there is a fmall portion between 1, B, K, that has lefs of
the {urface to reft on, and to be attracted by, than the neigh-
bouring portions, while at the fame time there isa mutual
repulfion between its particles, and the particles of thofe

portions, therefore here you can get it with more eafe, orat
Iz ‘ a great=
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a greater diftance. - Between F,A,H, there is a larger por-
tion that has yet alefs furface to reft on, and to attract it ;
here therefore you can get it away fill more eafily. But
eafieft of all between L,C,M, where the quantity is largeft,
and the furface to attract and keep it back the leaft.
When you' have drawn away one of thefe.angular portions
of the fluid, another fucceeds in its place, from the na-
ture of fluidity and the mutual repulfion before-mentioned ;
and fo the atmofphere continues flowing off at fuch angle,
like a ftream, till no more is remaining. = The extremities
of the portions of atmofphere over thefe angular parts, are
likewife at a greater diftance from the electrified body, as
may be feen by the infpection of the above figure ; the
point of the atmofphere of the angle C, being much far-
ther from C, than any other part of the atmofphere over
the lines C, B, or B, A: And, befides the diftance arifing
from the nature of the figure, where the attracion is lefs,
the particles will naturally expand to a greater diftance by
their mutuoal repulfion.  On thefe accounts we fuppofe e-
lectrified bodies difcharge their atmofpheres upon unelec-
- trified bodies more eafily, and at a greater diftance from
their angles and points than from their fmooth fides, —
‘Thole points will alfo difcharge into the air, whern the bo-
dy has too great an eleé@rical atmofphere, without bring-
ing any non-ele@ric near, to receive what is thrown off :
For the air, though an ele@ric per fe, yet has always more
or lefs water and other non-electric matters mixed with it :
and thefe attract and receive what is fo difcharged.

17. But
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17. But points have a property, by which they draw on

as well as throw off the ele@rical fluid, at greater diftances
than: blunt bodies can. That is, as the pointed part of an
electrified body will difcharge the atmof] phere of that body,
or communicate it fartheft. to another - b'.ody, fo the point
of an uneleétrified body will draw off the eletrical atmo-
fphere from an electrified body, farther than a blunter;part
of the fame unele&trified body will do. Thus a pin held
by the head, and the point prefented to an electrified body,
‘wiil draw off its atmofphere at a foot diftance; where, if
the head were prefented inftead of the point, no fuch effect
would follow. To underftand this, we may confider,
that if a perfon ftanding on the floor would draw off the
eleCtrical atmofphere from an ele@rified body, an iron
crow and a blunt knitting-needle held alternately in his
hand, and prefented for that purpofe, do not draw with
different forces in proportion to their different maffes.
For the man, and what he holds in his hand, be it large
or fmall, are conneted with the common mafs of un-
eleGrified matter ; and the force with which he draws is
the fame in both cafes, it confifting in the different pro-
portion of ele@ricity in the ele@rified body, and that com-
mon mafs. . But the force with which the clecrified body
retains itska_tl‘nOI'phcre‘ by at'tra&ing it is prop“ovrtiénéd”to
the furface over which the particles are placed ;5 7. ¢. four
fquare inches of that furface retain their atmofphere with
four times the force that one 'fquafé ‘inch rf:_taihs its at-

mofphere. And as in plucking the hairs from the horfe’s
, - ail,
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tail, a degree of ftrength not fufficient to pull away a handful
at once, could yet eafily ftrip it hair by hair ; foa blunt
body prefented cannot draw off a number of particles at
orice, but a pointed one, with no greater force, takes them
away eafily, particle by particle.

18. Thefe explanations of the power and operation of
points, when they firt occurr’d to me, and while they
firft floated in my thind, appeared perfe@ly fatisfactory ;
but now I have wrote them, and confidered them more
clofely in black and white, I muft' own I have fome
doubts about them ; yet, as I have at prefent nothmg bet-
ter to offer in their ftead, I do not crofs them out : for
even a bad folution read, and its faults difcovered, has of-
ten given rife to a good one, in thc mind of an ingenious
reader.

19. Nor is it “of much i Importance to us, to know the
manner " in . which nature executes her laws ; ’tis enough
if we know the laws themfelves, ’T's of real ufe to know
that china left in the air unfupported will fall and break ;
but bow it comes to fall, and why it breaks, are matters of
fpeculation. ’Tis a pleafure indeed to know them, but
we can, preferve our china without it. ~

20, Thus in the prefent cafe, to know this power of
points, may pofiibly be of fome ufe to mankind, though
we fhould never be able to explain it. The following
experiments, as well as thofe in my firft paper, thew this
power. I have a large prime conduor, made of feveral
thin fheets of clothier’s pafteboard, form’d into a tube, near

ten
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ten feet long and a foot diameter. It is cover'd with
Dutch embofs’d paper, almoft totally Kg‘il‘t. This largé
metallic furface fupports a much greater electrical atmo-
fphere than a  rod of iron of 5o times the weight would
do. It is fufpended by filk lines, and when charged will
firike at near two inches diftance, a ,p'ret_ty hard ftroke,
fo as to make ones knuckle ach, Let a perfon ftanding
on the floor prefent the ‘point of a needle at 12 or more
inches diftance from it, and while ‘the needle is fo pre-
fented, 'the conductor cannot be charged, the point draw-
ing off the fire as falt as it is thrown on by the elerical
globe, Let it be charged, and then prefent the point at
the fame diftance, and it will fuddenly be difcharged. In
the dark you may fee a light on the point, when the ex-
periment is made. And if the perfon holding the point
ftands upon wax, he will be electrified by receiving the
fire at that diftance.  Attempt to draw off the elericity
with a blunt body, as a bolt of iren round -at the end, and
fmooth (a ﬁl;rcifrnith’s jrog punch, inch thick, is what I
ufe) and you muft bririg it within the diftance of , three
inches before you can do it, and then it is done with .a
firoke and crack, As the pafteboard tube hangs loofe ore
filk lines, when you approach it with the punch ‘irom, it
likewife will move towards the punch, being attracted
while itis charged ; but if, at the fame inftant, a point
be prefented as before, it retires again; for the poiat dif~
charges it. Take a pair of large brafs fcales, of two of

more feet beam, the cords of the fcales being filk, Suf-
pend
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pend the beam by-a pack-thread from the cxelmg, fo that
the bottom of the fcales may be about a foot from the
ﬂoor ‘The fcales will move round in a circle by the un-
thﬁmg of the packthread, Set the iron punch on the
end upon the floor, in fuch a place as that the fcales may
pafs over it in making their circle : Then elcé’cnfy one
fcale, by appl ying the wire of a.charged phnl to it. As
they move round, , you . fee that feale draw nigher to the
ﬂoor and dip more when it.comes’ over the punch 5 and
' 1f that be placed at a proper dx&ance, the feale wxll fnap
and difcharge its fire into it. . But if a needle. be ftuck on
the end of the punch its point ‘upwards, the fcale, inftead
of drawing nigh to the punch and fnappmg, dxfcharges
its fire filently through the point, and rifes hxghPr from
the punch. Nay, even if the needle be placed upon the
floor near the punth its point upnuuds the end of the
punch, tho’ fo much hxghcr than the neédle, will not at-
trac the fcale and receive its fire, for the needle will get
it and convey it away, before it comes nigh enough for
thelpunch to ac. And this is conftantly obfervable in
thefe experiments, that the greater quantity of electricity
on'the pafteboard tube, the farther it ﬁukes or difcharges
its fire, and the point hkewxfc will draw it oﬁ° at a fhll
greater diftance. ‘

Now if the' fire of cleé’crxcxty and that of hghtmng be
the fame, as I have endeavoured to fhew at large, in a
former paper, this pafteboard tube and thefe fcales may
reprefent eleirified clouds. If a tube of only ten feet

long
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long will ftrike and . difcharge ‘its fire on the puncb at
two or three inches. dxf’cance, an ele@rified cloud of per-
haps 10,000 acres may ftrike and difcharge on the carth
at a proportionably greater diftance, ‘The horizontal mo-,
tion of the fcales over the floor; smay reprefent the mo-
tion of - the clouds over the earth; .and the ered; iron
punch, a- hill or-high buxldmg; and then we, fee how
electrified clouds paﬁing over - hills - ‘or high. buildings at.
too great a height to ftrike, may be attracted lower till
within their firiking diftance, And laftly, if a needle
“fixed on the punch with its point upright, or even on: the
floor below the punch, will draw the fire from the fcale
filently at a much greater than the ftriking diftance, and
fo prevent its defcending towards the punch ; or if in its
courfe it would have come nigh enough to ftrike, yet be-’
ing firt deprived of its fire it cannot, and the punchis’
thereby fecured  from the ftroke. I fay, if thefe things
are {o, may not the knowledge of this power -of points
be of ufe to mankind, in preferving houfes, churches,
thips, &c. from the ftroke of lightning, by directing us :
to fix on the higheft parts of thofe edifices, - upright rods
of iron made fharp. as a needle, and gilt to prevent.ruft-
ing, and from the foot of thofe rods.a wire .down the
outfide of  the building into the ground,. ior down round
one of the {hrouds of -a fhip, :and down her fide:till it
reaches the water } - Would not thefe pointed rods proba- -
bly draw the eleCirical: :ﬁreiilcntly ‘out of acloud: before:
K Cee
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it came nigh enough to ftrike, and thereby fecure us from
that moft fudden and terrible mifchief?

21, To determine the queftion, whether the clouds
that contain lightning are ele@rified or not, I would pro-
pofe an experiment to be try’d where it may be done con-
veniently. On the top of fome high tewer or fteeple, place
a kind of centry-box (as in F1a. ¢.) big enough to contain
a manand an ele@rical ftand. From the middle of the ftand
le an-iron rod rife and pafs bending out of the door, and
then upright 20 or 30 feet, pointed very fharp at the end.
If the ele@rical ftand be kept clean and dry, a man ftand-
ing on it when fuch clouds are paffing low, might be elec-
trified and afford fparks, the rod drawing fire to him from
acloud.. If any danger to the man fhould be apprehended
(though T think there would be none) let him ftand on
the floor of his box, and now and then bring near to the
1od the loop of a wire that has one end faftened to the
leads, he holding it by a wax handle ; f{o'the fparks, if
the rod is ele@rified, will {trike from the rod to the wire,
and not affe® him. ‘

22, Before I leave this fubjec of lightning, I may men-

"tion fome other fimilarities between the effeGs of that,

and thofe of ele@ricity. Lightning has often been known
to ftrike people blind. A pigeon that we ftruck dead to .

appearance by the ele@rical thock, recovering life, drooped .
about the yard feveral days, eat nothing, though crumbs -
were thrown to it, but declined and died. We did not
think of its being deprived of fight; but afterwards a

pullet
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pullet ftruck dead in like manner, being recovered by re-
peatedly blowing. into its lungs, when fet down on the
floor, ran headlong againft the wall, and on examination
appeared perfeétly.blind. . Hence we concludcd that the
pigeon.alfo had been abfolutely, blmded by the (hock
‘The biggeft amma,l we have:yet killed, or tmed to kill,
with the electrical &roke, was a wcll-,grown pullf;t.

23 Reading:in -the ingenious:Dr Miles’s account .of
the thunder ftorm at Stretbam, the effect of the hghtnmg
in ftripping off all the paint; that had covered a gilt
mouldipg of a pannel of wainfcot, without hurtmg the
reft of the paint, I hada mind to lay a coat of pamt over
the filletting of gold on- thc cover of a book, and try the
eft@ of a ftrong cleétrxcal ﬂa,(h fent through that gold
‘from a charged theet of glafs. But havmg no pamt at
hand, T pafted. a narrow ftrip of | paper over it; and when
dry, fent the flah through the gilding, by which the paper
was torn off from end to end, with fuch force, that it was
broke in feveral places, and in others brought away part of .
ithc grain of the Turky-leather in which it was bound ;
and convinced me, that had it been painted, the paint
would have been ftript off’ i in the fame manner w1th that
' on the wainfcot at Stretham.

24. nghtnmg melts metals, and I hmted in my paper
on that fubje&, that I fufpetted it to be a cold fufion ;
I do not mean a fufion by force of cold, but a fufion
without heat *. We have alfo. melted gold, ﬁlve: and

" S,c,e note.in page 49. .
: “copper,



68 New Exiperiminss -and
| ‘cop.per “in" fmall. qnﬁntxtiés, by thc clc&mcal flath. " The
‘manner s éhlsrTake Teaf gold, ‘leaf filver, or leaf gilt
‘coppffr ‘commonly called leaf brafs, “or-—-Dutch gold
‘cut oﬁ' fiom-the léaf’ long ‘fiartow ﬂnps, the ‘breadth of a
frfadh. ﬂaéc orie of thefe ﬁﬁlps betwecn two' ftrips of
firfooth giafs that are-about thé width of your finger.- 1f
one ftrip-of. gold, ‘the length of - the'leaf, be not long e-
nough for'the glafs, add ‘another to-the end of it, fo ‘that
‘you miy have 2 littlé" gﬁxet hangmg ‘ot “loofe 4t each end
‘of the giai’s Blnd t’he"plwzs iof ‘glafs>together frdm end
to end. w1t§1 trohs’ ﬁlk’ ﬁiﬂéad “‘then ‘plice it fo as 'to be
‘part of 4 aa e‘fé@’méal di ‘rchft, (the ends of gold hangmg out
1’oemg of fife 3 jdm wmh the other parts of “the circuit)
*and [en& ’fb‘e ﬁaﬂi t‘nrough it, ﬁ'om a large ele@rified
“ar OF fheef of glafs Then 1f your &nps of glafs Temain
whole “yols “will fee” that The gold i "miffing- in feveral
places qnd inftead of ‘it a metallic’ ftain on both the
glaffes’s the’ {’cams on the upper ‘atid under glafs exally
: ’ﬁmﬂar in tlie mmuteﬁ frioke, as may ‘be-feen by holding
them to. ﬂlc lwht “the mcfal appeared to have been not
only melted but even yitrified, or otherwife fo driven
into the pores ‘of the glafs,as to be protected by it frorx
the a&ion of the ftrongeft Agua Fortis, ot Aqua Regia, 1
fend you. enclofed two little pieces of ‘glafs with thefe
metalhc ftains upon them which cannot be removed with-
out taking part of the glafs with them. Sometimes the
f’tam fpreads a little wider than the breadth of the leaf,
d looks brighter at the edge, as by infpeciing clofely

you

an
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you may obferve in thefe. Sometimes the glafs bl'(‘.‘dl\s
to pieces;; once the upper glafs brokeinto a thoufand pxcces,
looking' like coarfe falt. Thefe pieces I fend you were
ftain'd with Dasch gold.  True gold makes a darker ﬁam, ‘
fornewhat reddifh ; filver, a greenith ftain. We' once took
two pieces of thick Lookmg-glafs as broad as'a- Gtmter iy
Yeale, and fix- ‘inches long'; 5 ‘and placing’ Teat. gold bet‘ween
them, put them between -two. fmoothly- plain’g : ‘piéées 6f
wood, and fix’d them tight'in a book-binde’s fmall prefss,
‘yet though they were {o clofely confined, the force of' the

ele@rical thock fhivered the glafs into many pieces. The
gold was melted, and ftain'd into the glafs, as ufual. Thé
circumftances of the breaking of the glafs’ differ much in
makmg the experiment, ‘and fometlmes it does not bleak
at all s but this is conﬁant thar the ﬁaxns m the upper and
under pieces ‘afe exact counterpa.rts of eéch other. And-
though I have taken up .the pieces of gla{'s between my
fingers immediately- after this melting, I never could pcx-~

ceive the leaft warmth in them.
25, Inane of my former papers, T mentloncd tha.t
gxldmg ‘on a book, though at firft it commumcated the:
fhock: perféé‘cly well, yet failed after a few expcmments
which we could not account for. We have fince found
that one ftrong fhock breaks the continuity of the gold
in the filletting, and makes it look. rather like duﬂ: of"
gold, abundance of its parts being. brokcn and driven off';
and it will feldom condu® above one frong fhock.. Per-
hapsthis may be the reafon : When there is not a perfe&
continuity
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continuity in the circuit, the fire muft leap over the va-
cancies : There is a certain diftance which it is able to
leap over according to its ftrength ; if a number of
fmall vacancies, though each be very minute, .taken to-

gcther exceed that diftance, it cannot leap over them, and
fo the fhock is prevented.

26. From the beforc-mentxoned law of ele&ricity, that
points as they are more or lefs .acute, draw, on and
throw off the eleCtrical fluid. with more or lefs power,
and at greater or lefs diftances; and .in. larger or fmaller

quantities in the fame time, we may fee how to account
for the fituation of the leaf of gold fufpended between

two platCS, the uppcr one continually eletrified, the un-
dc;‘ oneina perfon s-hand ftanding on the floor. When
the upper plate is elecrified, the leafis attracted, and
raifed towards it, and would fly to that plate, were it not
for its own points. The corner that happens to be up-
Permoﬂ: when the leaf is rifing, being a fharp point, from
the extream thinnefs of the gold, draws and receives at
a diftance a fufficient quantity of the ele@ric fluid to
give. itfelf an eletric atmofphere, by which its progrefs
to the upper plate is ftopt, and it begins to be repelled
from that plate, and would be driven back to the
under plate, but that its loweft corner is likewife a
point, and throws off or difcharges the overplus of the
leaf’s atmofphere, as faft as the upper corner draws it
on. Were thefe two points perfeCtly equal in acutenefs,
the leaf would take place exaltly in the middle fpace,

, ' ’ ~ for
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for its weight is a trifle, compared to the power ating
on it : But it is generally neareft the unele@rified plate,
becaufe, when the leaf is offered to the ele@rified plate,
at a diftance, the fharpeft point is commonly firlt affected '
and raifed towards it ; fo sbat point, from its greater
acutenefs, receiving the fluid fafter than its oppofite can
difcharge it at equal diftances, it retires from the ele&ri-
fied plate, and draws nearer to the unele@rified plate,
till it comes to a diftance where the difcharge can be ex-
altly equal to the reccipt, the latter being leflened, and
the forter encreafed ; and there it remains as long as the
globe continues-to fupply freth eleGtrical matter. This
will appear plain, when the difference of acutenefs in
the corners is made very great. Cut a piece of Durch
-gold (which is fitteft for thefe experiments on account of
its greater ftrength) into the form of Fie. 10, the up-
per corner a right angle, the two next obtufe angles,
and the loweft a very acute one; and bring this on your
plate under the elecrified plate, in fuch a manner as
that the rnght-anglcd part' may be firft raifed (whxch is
done By covering the acute part with the hollow of your -
hand) and you will fee this leaf take place much nearer
to the upper than the under plate ; becaufe without
being nearer, it cannot receive fo faft at its right-angled
point, as it can difcharge at its acute one. Turn this
leaf with the acute part uppermoft, and then it takes
place neareft the uneleétrified plate ; becaufe, otherwife,:
it receives fafter at its acute point than it can difcharge
at
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at ité,ri»ght-angled one. Thus the dxﬂ'crence of diftance,
is 2lways proportioned to the difference of acutenefs,
Take care in cutting your leaf, to leave no little ray d\
particles on the cdgcs which fometimes form pc.mts "
where you would not have them. You, may make this
. figure fo acute below, and blunt above, asto need no under
plate, it difcharging faft enough into the air, When it is
made narrower, as the figure between thc pncked lmcs {
we callit the Golden Fifh, from its manner of acipg. For
if you take it by the . tail, and hold it at a. foot or, greatcr |
horizontal diftance from the - ane conduc”cor, ite will,
when let go, ﬂy to it with a brifk but wavcrmg motion,
like that of an eel through the water ; it will then take’
place under the. prime conductor, at perhapsa quarter
or half an inch diftance, and keep a continual {hakmg of
its tail like a fith, fo that it feems animated. Turn its tajl -
towards the prime condu&or, and then it flies to your
finger, and feems to nibble it. And if you hold a platc
under it at fix or eight inches dxﬁance and ceafe turning
 the globe, when the elerical atmofphere of the conduc-
tor grows {mall, it will defcend to the plate and fwim back
again feveral times with the fame fith-like motion, greatly
to the entertainment of fpe@ators. - By a little practice in
blunting or fharpening the heads or tails of thefe figures,
you may make them take place as deﬁred nearer or farther -
from the electrified plate ‘
* 2. Ttis faid in SeGion 8, of this paper, that all kinds of
common matter are fuppofed not to attract the eleétrical:
fluid
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fluid with equal ftrength ; and that thofe called elecirics
per [z, as glafs, &e. attralt and retain it ftrongeft, and con-
tain the greateft quantity, This latter pofition may feem
a paradox to fome, being contrary to the hitherto received
opinion ; and therefore T thall now endeavour to explain it.

28. In order to this, let it firt be confider’d, that we
cannot by any means we are yet acquainted with, Sorce the
cleétrical fluid thro' glafs. 1 know it is commonly thought
that it eafily prevades glafs; and the experiment of a feather
fufpended by a thread, in a bottle hermetically fealed, yet
moved by bringing 2 rubbed tube near the outfide of the
bottle, is alledged to prove it. But, if the elecrical fluid
fo eafily pervades glafs, how does the vial become charged
(as we term it) when we hold it in our hands ?. Would
not the fire thrown in by the wire, pafs through to our
hands, and fo efcape into the floor ! Would not the bot-
tle in that cafe be left juft as we found it, uncharged, as.
we know a metal bottle fo attempted to ‘be charged would-
be? Indeed, if there be the leaft crack, the minuteft
folution of continuity in the glafé, though it ;e’main‘s'\fo
tight that nothing elfe we know of will pafs, yet the ex-
tremely Tfubtile eleétric fluid flies through fuch a crack
with “the greateft freedom, and fuch a bpttlé we “know
can never be charged : What then ‘mékeﬁs ‘the difference
between fucha bottle and one that is found, but this, that
the fluid can pafs through the one, and not through the,
other ¥ ? ’

* See the firlt fixtcen Bections of the formet paper, calléd Farther Ex-

periments, Be.
L 29. It



74 New Experiments and

29. It is true, there is an experiment that at firft ﬁghitt.'
would be apt to fatisfy a {light obferver, that the fire
thrown into the bottle by the wire, does really pafs thro’
the glafs. Ttis this:. place the bottle on a glafs ftand, un-
der the prime conductor ; fufpend a ballet by a chain from
the prime condu@or, txll it comes within a quarter of an
inch right over the wire of the bottle ; place your knuckle
on the glafs ftand, at juft the fame diftance from the
coating of the bottle, as the bullet is from its wire. Now
let the globe be turned, and 'yoq fee a fpark ftrike from
the bullet to the wire of the bottle, and the fame inftant
you fee and feel an exa@ly equal fpark ftriking from the
coating on your knuckle, and fo on, fpark for fpark. This
looks 25 if the whole received by the bottle was again
difcharged from it. And yet the bottle by this means is
charged !* = And therefore the fire that thus leaves the
bottle, though the fame in quantity, cannot be the very
fame fire that entered at the wire, for if i it were, the bottle
would remain uncharged. |

30. If the fire that fo leaves the bottle be not the fame
that is thrown in through the wire, it muft be fire that fub-
fifted in the bottle, (that is, in the glafs of the bottle) be-
fore the operation began.

31. If fo, there muft be a’great quantxty in glafs, be-
caufe 2 great quantity is thus dxfcharged even ﬁ-om very

thin glafs.

# See Set, 30, of Farther Experimentiy 50,
’ 32, That
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32. That this ele@rical fluid or fire is ftrongly attradted
by glafs, we know from the quicknefs and violence with
which it is refumed by the part that had been deprived of
it, when there is an opportunity. And by this, that we
cannot from a mafs of glafs, draw a quantity of eleric
fire, or cletrify the whole mafs minus, as we can a mafs
of metal. We cannot leffen ot increafe its whole quanti-
ty, for the quantity it hasit holds ; and it has as much as
jtcan hold. Its pores are filled with it as full as the mu-
tual repellency of the particles will admit ; and what is al-
ready in, refufes, or ftrongly repels, any additional quantity.
Nor have we any way of moving the ele@rical fluid in
glafs, but one; that is, by covering part of the two fur-
faces of thin glafs with non-clerics, and then throwing
an additional quantity of this fluid on one furface, which
fpreading in the non-elecric, and being bound by’ it to
that furface, aéts by its repelling force on the particles of
the ele@rical fluid contained in the other furface, and drives
them out of the glafs into the non-electric on that fide,
from whence they ar¢ difcharged, and then thofe added
on the charged fide can enter. But when this is done,
there is o more ini the glafs, nor lefs than before, juft as
much having left it on one fide as it received on the other.
33. I feel a want of terms here; and doubt much whe-~
ther I fhall be able to make this part intelligible. By the
word furface, in this cafe, I do not mean mere length and
btcadth without thickncfs 5 but when 1 fpeak'of the up-
per or under furface of a piece of glafs, the outer or .in-
L 2 ner
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ner furface of the vial, I mean length, breadth, and half
. the thicknefs, and beg the favour of being fo underftood.
Now, I fuppofc, that glafs in its firft principles,.and in the |
furnace, has no more of thig ele@rical fluid than other
common matter : That when it is blown, as it cools, and
the particles of common fire leave it, its pores become a
vacuum : That the component parts of glafs are extremely
{fmall and fine, I guefs from its never thowing a rough
face When it breaks, but always a polith ; and from the
fmallnefs of its particles I fuppofe the pores between them
muft be exccedmg {fmall, which is the reafon that aqua-
fortis, nor any other menftruum we have, can enter to fe
parate them and diffolve the fubftance; nor is any fluid
we know of fine cnough to enter, except common fire,
and the ele@ric fluid. Now the departing fire leavmg
a vacuuim, as aforefaid, . between thefe pores, which air
nor water are fine enough to enter and fill, the ele@ric
fluid, (which is every where ready i in what we call the
non-eleCtrics, and in the non-ele@ric mixtures that are in
the air) isattraded in; yct does not become fixed with thg
fubftance of the glafs, but fubfifts there as water in a po-
rous ftone, retained only. by the attraction of the fixed
parts, itfelf ftill loofe and a floid. But I fuppofe farther,
that in the cooling of the glafs, its texture becomes clofeft
in the middle, and forms a kind of partition, in which the
pores are fo narrow, that the particles.of the elecrical
fiuid, which enter both furfaces at the fame time, cannot
go through, or pafs and repafs from one furface to the
other,



Obfervations on ELECTRICITY. 77

other, and fo mix together ; yet, though the particles of
ele@ric fluid, imbibed by each furface, cannot themfelves
pafs through to thofe of the other, their repellency can,
and by this means they a& on one another. The particles
of the electric fluid have a mutual repellency, but by the
power of attraction . in the glafs they are condenfed or
forced nearer to each ot‘hcr.A When the glafs has received,
and, by its attraction, forced clofer together fo much of
this eleric fluid, as that the power of attracting and
‘condenfing in the one, is equal to the power of expanfion
in the other, it can imbibe no more, and that remains its
conftant whole quantity ; but each furface would receive
more, if the repellency of what is in the oppofite furface
did not refift its entrance. 'The quantities of this fluid in
each furface being equal, their repelling action on each
other is equal ; and therefore thofe of. one furface cannot
drive out thofe of the other ; but, if a greater quantity is
forced into one furface than the glafs would naturally
draw in, this increafes the repelling power. on. that fide,

and overpowering the attraction on the other, drives out '
part of the fluid that had been imbibed by that furface, if
there be any non- ele¢tric ready to reccive it : fuch there is
in all cafes where. glafs is electrified to give a fhock. The
furface that has, been thus emptmd by havmg its ele@rical
fluid driven out, refumes again an equal quantity with vio-
“lence, as {oon as the glafs has an opportunity to difcharge
that over quantity more than it could retain by attraction

in itsother furface, by the additional repellency of which
the
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the vacoum had been occafioned, ‘For experiments fa-
vouring (if I may not fay conﬁrming) this hypothefis, 1
‘muft, to dvoid repetition, beg leave to refer you back to
what is faid of the electrical phial in my former pa-
pers. ‘ ’

© 34. Let us now fee how it will account for feveral
other appearances.—Glafs, a body extremely elaftic (and’
perhaps its elafticity may be owing in fome degree to the
fubfifting of fo great a quantity of this repelling fluid
in its pores) muft, when rubbed, have its rubbed fur-
face fomewhat ftretched, or its folid parts drawn a little
farther afunder, fo that the vacancies in which the elec-
trical fluid refides, become larger, affording foom for
more of that fluid, which is immediately attraed into it
from the cuthion or hand rubbing, they being fupplied
from the common ftock.  But the inftant the: parts of the
glafs, fo opened and' filled, have paffed the friction, they
clofe again, and force the additional quantity out upon
the {urface, where it muft reft till that part comes tound
to the cufhion again, unles fome non-cle@ric (as’ the
prime-conduétor) firft prefents to receive it *, But if the
infide of the globe be lined with a non-eletric, the ad-
_ditional repellency of the eletrical fluid, thus colle@ted

* In the dark the eledtric fluid may be feen on the cufhion in two fe-
mi-circles or half-moons, one on the fore part, the other on the back part
of the cufhion, juft where the globe and cufhion feparate. In the fore
crefcent the fire’ is paffing out of the cufhion irito the glafs ; in the other
it is leaving the glafs, and returning into the back part of the cufhion.

When the prime conducor is apply’d to take it off the glafs, the back
crefcent difappears, ,

by
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by friction on the rubb'd part of the globe’s outer fur-
face, drives an equal quantity out of the inner furface into
that non-eleciric lining, which receiving it, and carrying
it away, from the rubb'd part into the common mafs,
through the sxis of the globe, and frame of the ma-
chine, the new collected ele@rical fluid. can enter and re-
main in the outer fyrface, and none of it (or a. very little)
will be received by the prime conductor. - As thischarg’d
part of the globe comes round to the cufhion again, the
outer furface delivers its overplus fire into the cufhion, the
oppofite inner furface receiving at the fame time an equal
quantity from the ﬁo'or, Every elecrician knows that a
globe wet within will afford little or no fire, but the rea-
fon has not before been attcmptcd to be given, that 1
know of, | |

34. So if a tube lined with a * non-¢le@ric, be rubb’ds
little or no fire is obtained from it. What is colleCted
from the hand in the downward rubbing ftroke, entering
the pores of the glafs, and driving an equal quantity out
of the inner furface into.the non-eleéric lining : and the
hand in paffing up to tgke a fecond ,ﬂquc,;,,x‘a1%9§“.,out
again what had been thrown into ‘the outer furface, and
then the inner furface receives back again what it had
given to the non-ele@ric ’lining. “Thus the particles of
eledrical fluid belonging to the infide furface go in and
out of their pores evci'y;ﬁroke given to the tube. Put: a

* Gilt Paper, with the gilt face next the glafs, does well.
’ - wire
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‘wire into the tube, the inward end in conta& with the
non-ele@ric lining, fo it will reprefent the Leyden bottle.
Let a fecond perfon touch the wire while you rub, and
the fire driven out of the inward furface when you give
the ftroke, will pafs through him into the common mafs,
and return through him when the ‘inner furface refumes
its quantity, and “therefore this new kind of Leyden bot-
tle cannot be. fo charged. But thus it may : after every
ftroke, before you pafs your hand up ' to make another,
let the fecond perfon apply his finger to the wire, take

the fpark, and then vthhdraw his finger ; and ‘fo on till
he has drawn 'a- ‘number of fparks ; thus will the inner

{urface ‘be exhaufted, and the outer f{urface charged then
wrap ‘a fheet of gilt ‘paper clofe round the outer furface,
and gra(pmg it in your hand you may receive a thock
by applying the finger of the other hand to the wire ;
for now the vacant ‘pores in the inner furface refume
their quantity, and the overcharg’d pores in the outer fur-
face difcharge that overplus ; the equilibrium being re-
ftored through your body, which could not be reftored
through the glafs *.  If the tube be exhanfted of air, a
non-eleéric lining, in conta& with the wire, is not necef-
fary ; for in wacuo, the ele@rical fire will fy freely from
the inner furface, without a non-ele@ric conduGor : |
byt air refifts in motion 5 for being itfelf an ele@ric per

* Sce Farther Experiments, Set. 15,

S
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j?, it does not attradt it, having already its quantity. So
the air never draws off an electric atmofphere from any
body, but in proportion to the non-electrics mix’d with
it: ity;a"th“cr keeps fuch an atmofphere confin’d, which
from the mutual repulfion of its particles, tends to diffi-
pa"tio‘n,kand would immediately ’diﬂipaté in wvacuo.—And
thus the experiment of the feather inclofed in a glafs
veflel hermetically fealed, but moving on the approach
of the rubbed tube, is explained : When an “additional
quantity of the clectrical fluid is applied to the fide of
the veffel by the atmofphere of the tube, a  quantity is
repelled and driven out of the inner furface of that fide
‘into »the‘veﬁ‘el, and there affects the feather, returning
again into its pdrés,_, when the tube with its atmofphere is -
withdrawn; not that the particles of that atmofphere did
themfelves pafs through the glafs to the feather.—And
every other appearance I have yet feen, in which glafs
and ele@ricity are concerned, are, I think, explained with
the fame hypothefis.  Yet, perhaps, it may

equal eafe by
and I fhall be obliged to him that affords .

not be a true one,

me a better.
-3¢, Thus I take the difference between non electrics,

and glafs, an ele@ric per fe, to confift in thefe two par-
ticolars. 1ft, That a non-eleciric eafily fuffers a change
in the quantity of the electric fluid it contairis, You
may leflen its whole quantity, by drawing out a part,
which the whole body will again refume; but of glafs

you, can only leflen the quantity contained in one of its
\ M {ur=-
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furfaces 3 and not that, but by fupplymg an equal quantity’
‘at the fame time fo the other furface; fo that the whole
glifs, may always have the fame quantity in the two fir-
faces, their two different quantities being’ added ‘together.
And this can only be dons in glafs that is thin; beyond:
a certain thicknefs we have yet no power that can make
this change. And, 2dly, that the_ ele@ric fire freely re~
moves from place to place, in and through the fubﬂ'ancc"
of 2 non-electric, but not fo through the fubftance of
glafs. If you offer a quantity to.one.end of 3 long, f°d~
of metal, it receives. it; and when, it enters, every par=
ticle that was. before in the rod, puthes its. neighbour
quite to the further end, where the ovcrplus is dlfcharged
and this mf’cantancouﬂ,y where the rod is part of the circle
in the experiment of the fhock, But glf, from the
fmallnefs of its pores, or fironger attration of what it:
contains, refufes to, admit fo free. 2 nmtxon kS glaﬁ rod
will not conduct a fhock nor will the thinneft glafs fuffer
any particle entering one of its {urfaces to pafs thzough to-
the other. '

6. Hence we fee the impoffibility of fuccefs in the
experiments prppofed to draw out the-effluvial virtyes of
a non-ele&ric, as cinnamon for: inftance, and mixing them
with the ele@ric. fluid, to convey them with that into
the body, by including it in the globe, and then apply-
ing friction, &c. For though the effluvia of cinnamon,,
and the ele&ric fluid fhould mix within the globe, they
would never come out together through the pores of the

glafs,,
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glafs, and fo go to the prime conductor 5 for the elec-
tric, fluid itfelf cannot come through ; and the prime
condugtor is always fupply’d from the cuthion, and that
from the floor. And befides, when the globe is filled
with cinnamon, or other ,non~,elc£trié, no ele@ric fluid
can be obtained from its outer furface, for the reafon be-
fore-mentioned. I havc tried another way, which I
thought more likely to obtain a ﬁiixturc of the ele@ric
and other effluvia together, if fuch a mixture had been
poffible. I placed a glafs plate under my cuthion, to cut
off the communication between the cuthion and floor ;
then brought a fmall chain from the cufhion into a glafs
of oil of turpentine, and carried another chain from the
oil of turpentine to the floor, taking care that the chain
from the cuthion to the glafs, touch’d no part of the frame
of the machine. Another chain was fiked to the prime
condu@or, and held in the hand of a perfon to be elec-
trifed. The ends of the two chains in the glafs were
near an inch diftant from each other, the oil of turpen-
tine between. Now the globe being turned, could draw
no fire from the floor through the machine, the com-
vmuni;#iidi{ that way being cut off by the thick glafs plate
under. the cufhion : it ‘muft then draw it through the
chains. whofe ends were dipped in the oil of turpentine.
And as the oil of turpentine, being an electric per fo,
would not condu¢t, what came up from the floor was
«obliged to jump from the end of one chain to the end of

the other, through the fubftance of that oil, which we
M2 could
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could fee in large fparks, and (o it had a fa.u' opportumty
' of feizing fome of the fineft partrcles of the oil in its paf-
fage, and carrying them off with it : but no fuch eﬁ"e&
followed, nor could I perceive the {leaft difference in the
fmell of the eledric effluvia thus colleéted, from what
it has when collected otherwife, nor does it otherwife
affe@ the body of a perfon cle@rifed. 1 likewife put
into a phial, inftead of water, a ftrong purgative liquid,
and then charged the phial, and, took repeated fhocks
from it, in which cafe every partxclc of the eleétrical
fluid muft, before it went through my body; have firft
gone through the lxquxd when the phial is charging, and
returned through it when dxfchargmg, yet no other effe&t -
followed than if it had been charged with water, I have -
alfo fmelt the eleCric fire when drawn thro’ gold, filver,
copper, lead, iron, wood, and the human body, and
could perceive no difference ; the odour is always the
fame where the fpark does not burn what it ftrikes ; and
' therefore I imagine it does not take that fmell from any
quality of the bodies it paffes through. And indeed, as
that fmell fo readily leaves the eleéric matter, and ad-
heres to the knuckle receiving the fparks, and to other
things ; T fufpe@ that it never was conne@ed with if,
but arifes inftantaneoufly from. fomcthmg in the air acted
upon by'it.  For if it was fine enough to come with the
electric fluid through the body of one perfon, why (hould
it ftop on the fkin of another? |

o S But
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“ But I thall never have done, if I tell you all my con-
je@utes, thoughts, and. imaginati'ohs' on the nature and
0P3§at§°n5‘9f‘ this eledtric-fluid, and relate the variety of
little experiments we have tried, I have already made
this paper too long, for which I muft crave pardon, not
having now time to make it fhorter. I fhall only add,
that as it has been obferved here that fpirits ‘will fire by
the lele&ric fparl; in thq fummer time, without heating
them, when Fabrenbeit's thermometer is above 70; fo
when colder, if the operator puts a fmall flat bottle
of fpirits in his bofom, or a clofe pocket, with the fpoon,
fome little time before he ufes them, the heat of his body
will communicate warmth more than fufficient for the

_purpofe,

ADDI
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"ADDITIONAL EXPERIMENT‘~

Proving that the Leyden Bottle bas no more clerical Fire
in it when charged, than before 5 nov lofi whet di ifeharg-
ed: That,in diftharging, the Fire does not iffue from thé
Wire and the Coating at the fame Time, as fome have
thought, but that the Coating always receives what is dif-
charged by the PI/zre, or an equal Quantity ; the outer
Surface &emg always in a négative State of Eleé’z’r:czty,
when the inner Smface is in a pofitive Stdt‘e. .

LACE 2 thiek plate of glafs under the rnbbmg
cuthion, to cut off the communication of ele@ri-
cal fire from the floor to the cufhion ; then, if there. be
no fine Tpoints or hairy threads fticking out from the
cufhion, or from the parts of the machine oppofite to
the cufhion, (of which you muft be careful) you can get
but a few {parks from the prime conduétor, whxch are all
the cuthion will part with.
Hang 2 phial then on the prime conduéor, and it will
not charge though you hold it by the coating.—But
Form a communication by a chain from the coatmg to
~ the cuthion, and the phial will charge. «
For the globe then draws the elecric fire out of the
outfide furface of the phial, and forces it through the
prime conductor and wire of the phial, into the infide

furface,
' Thus
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. Thug the botele is charged with its own fire, no other
bemg to"be had while the glafs plate is under the
mp{hm.

. Hang two cork balls by flaxen threads to the prime con-
du&‘?f 5-then touch the, coating of the bottle, and they
will be clcc’mﬁed and geceda from each other.

For JUﬂ‘. as much fire s you give the: coatmg, o much
is difcharged through the wire upon the prime condu@or,
whence the cork balls receive an ele&trical atmofphere
~—DBut,

Take a wire bent in the form of a C, with a ftick of
‘wax fixed to the outfide of the curve, to hold it by; and
apply one end of this wire to the coating, and the other
at the fame time to the prime conduétor, the phial will
be difcharged ; and if the balls are not elecrified before
the difcharge, neither will they appear to be fo after the

dlfcharge, for they will not repel each other.
.. Now if the fire difcharged from the infide furface of

tﬁc bottle through its wire, remained on the prime con-
duor, the balls would be ele&rified, and recede from each:
' other.
If the phial really exploded at both ends, and difchar-
ged fire from both coating and wire, the Balls would be-
more eleérified, and recede farther ; for none of the fire:

can efcape, the wax handle preventing..
But if the fire, with which. the infide furface is furchar--
ged, be o much precifely as is wanted by the outfide fur-:

' face, it will pafs round through. the wire fixed to the wax:
handle,.



g8 New Experzments in ErecrricrTy,

handle, reftore the equlhbmum in the glafs, and make no
alteration in the ftate of the prime conductor. ’

Accopdingly we find, that if the prime condu&or be
cle@rified, and the cork balls in a ftate of repellency be-
fore the bottle is difcharged, they continue fo afterwards
If not, they are not elecirified by that dxfchargc.

LET:
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.FROM |
Beny. Franxu, Efg; of Philadelphia,
T O |

PETER Corrinson, Efg; | F.R.S. at London.

S IR, Suly 27, 1750.‘

\ R W-t[n, 1-believe, wrote his Obfervations on
M my laft paper in hafte, without having firt well
‘M. confidered the Experitnents related §. 17. *
‘which fill appear to me decifive in the- queﬁxon,—-—Wbet/Jer
the accumulation of the eleébrical fire be in the elelirified
glafs, or in the non-eleGtric matter connslied wirh the glaﬁ
-and to demonttrate that ’tis teally in the glafs.

As to the experiment that ingenious Gentleman mcn~
‘tions, and which he thinks conclufive .on the other fide, -
1 perfuade myfelf he will change his opinion of it, when
ihe confiders, that a5 .one . perfon.applying the wite of the
«charged bottle to .wavm fpirits, in.a fpoen held by another

- See tho-Paper-entitled, Farther. Experiments, &, :
N | per=
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perfon, both ftanding on the floor, will fire the {pirits, and
yet fuch firing will not det‘e‘rminé"wh‘ether the accumulg., -
tion was in the glafs or the non-ele@ric ; fo the placing
aother perfon between- them, ftanding on wax, with a
bafon‘in his hand, into which the water from: the phial is
pour'd, while he at the inflant of pouring prefents a finger
~ of his other hand to the {pirits, does not at all alter the
cafe ; the fiream from the. phial, the fide of the bafon,
with the arms and body of the perfon on the wax, being

all together but as one long wire, reaching’ from the in-
ternal furface of the phial to the fpirits. ,

Fune 29, 1751. “In'Capt. szdg{ell;s account of the ef-
feCs of lightning on his thip, I could not but take notice
of the large comazants (as he calls them) that fettled on
the fpintles at the top-maft heads, and burnt like very
large torches (before. the ftroke).- According-to my.o-
pinion, the cle@rical fire was: then drawing off; as:’by.
points, from the cloud; the largenefs of the flame’ be-
tokening the great quantity of electricity in the cloud :
" and had there been a'good wire communication from the
fpintle heads to the fea, that could have conducted more
freely than tarred ropes, or mafts of turpentine wood, I
‘imagine there would either have been no firoke ;. or,if a
troke, the wire would have conduéed it all into the fea
without damage to the fhip. -~ - R

His compaffes loft the virtue of.-the load-ftone,. or the
poles were reverfed 5 the North point turning to the South,
~—By Eletricity we have (here at Philadelpbia) frequently

given
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given polarity- to- needles, and reverfed it at pleafure.
‘Mr Wilfon; at London, tried it on too large maffes, and
‘with toofmall force.. , .

A fhock from four large’ glafs jars, fent through a fine:
fewing needle, gives it polarity, and it will traverfe when
laid .on water.—If the needle when ftruck lies Eaft and
Wett, the end entered by the eletric blaft points North.
~If it lies North and South, the  end that lay towards
the North will continue to point North when placed on
water, whether the fire entered at that end, or at the con-
trary end. | ‘

"The.Polarity given is ftrongeft when the Needle is ftruck
lying North and South, weakeft when lying Eaft and Weft ;
perhaps if the force was ftill greater, the South end, en-
ter’d by the fire, (when the needle lies North and South)
might become the North, otherwife it puzzles us to ac-
count- for the inverting of compaffes by lightning ; fince
their needles muft always be found -in that fituation,- and
by our little \_Experimcnts; whether the blaft entered the
North and went out at the South end of the needle, or
the contrary, ftill the end that lay .to the North thould
continue to point North.

In thefe experiments the ends of the needles are fome-
times finely blued like a watch-fpring by the electric flame.
-——T_his colour given by the flaflh from two jars only,
will wipe off, but four jars fix it, and frequently melt:
the needles. I fend you fome that have had their heads
and points melted off by our mimic lightning ; and a pin

N 2 | that
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that 'had its point melted off, and fome part of its head
~and neck run. Sometimes the furface on the body of the
needle is alfe run, and appears blifter’d when examined by
a magnifying glafs : the jars I make ufe of hold 7 ‘of 8
gallons, and are coated and lined with tin foil ; each of
them takes a thoufand turns* of a globe nine inches diame-
ter to charge it. | '
I fend you two fpecimens of tin-foil melted bétweéen
glafs, by the force of two jars only. - " '
I have not heard thatany of your Europeax elééricians
have ever been able to fire gunpowder by thé eletric
fame.—We. d6 _it: here /in this manner.—A fmall car-
tridge. ié filled with "dry powder, hard rammed, fo as to
bruife fome of the grains; two pointéd wires are then
thfuft in, one at each end, the points approaching éach
other in the middle of the cartridie till within thédiftnce
of half an inch ; then, the cartridge being 'plﬁéé’d in the
circle, when the four jars are difcharged, the - eleétric
flamé leaping from the point of one wire to the poitit of
the other, within the cartridge amongft the powder, fires -
it, and the explofion of the powder is-at the fame inftane
withethe érack of the difcharge. . |
Yours, &e.
B. FRANKLIN.
& The cihion bei‘ngw’aifterwnrd’s cqur‘égl’ywith along flap of buckfkin, -
which might cling to the'globe ; and care being taken to Keep that flap of
a due temperature; between too dry and too moift, we found. fo much mote
of the clectric Auid was obtained, as that 150 tutns were fufficient. 1753

LET-
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FROM
Beny. Frawkuy, Eﬁ; of Philadelphia,
T O

C. C vEfq; at New-York.

8 1R, 17';5'1‘.

Y Inclofe you anfwers, fuch as my prefent hurry of bu-
I finefs will pérmit me to make, to the principal q,ue‘-
ries contained in youits of the 28th Inftant, and beg
leave to refer you to the latter piece-in the printed col-
lection of my paperé; for farther explanation of the dif-
ference betwigen what i ‘called elaiFrics per fe, and non
electrics. 'When you have had time to read and confider
thefe papers, I will endeavour to make any new experi=
ments you thall propofe, that you think may afford far-
ther' light, or fatisfacion to either of us; and fhall be
much obliged to yeu for fuch remarks, objetions, &c. as
may occur to you.—I forget whether I wrote you that I
_have melted brafs pins and fteel needles, inverted the poles

of the magnetic needle, givcn a magnetifm and polarity to
o needles
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needles that had none, and fired dry gunpowder by the
ele@ric fpark. T have five bottles that contain 8 or g gal~
lons each, two of which charg’d, are fufficient for thofe
purpofes : but I can charge and difcﬁarge them altoge-
ther. There are no bounds (but what expence and labour
give) to the force man may raife and ufe in the ele@rical
way :. For bottle may be added to bottle 77 infinitum and
all united and difcharged together as one, the force and
effe&t proportioned to their number and fize. ‘The greateft
known effe@s of common lightning may, I think, -with-
out much difficulty, be exceeded in this way, which a few
years fince could not have been believed, and even now
.may. feem to many 2 little extravagant to fuppofe.—So we
are got beyond the fkill of Rabelais’s devils of two years
old, who, he humoroufly fays, had only learnt to thunder
and lighten a littleround the head of a cabbage,

I am, with fincere refpedt,
Your moft obliged bumble fervant,
B. FRANKLIN,

Que-
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Quencs and Anfwers referr’d to in the forego-
ing  Letter,

| _Q;zery -Wherein con_ﬁﬂs the\ difference between an elec-
tric and a non-eleiric body ?.

- Anfwer. The terms eleCric per fo, and non-ele@ric,
were firft ufed to d'iﬁingui[h bodies, on a miftaken fup-
pofition that thofe called electrics per /e, alone contained
cletric matter in their fubftance, which was capable of

being excited by friction, and of being produced or drawn
from them, and communicated to thofe called non-
eledrics, fuppofed to be deftitute of it : For the glafs, &c.
being rubbed, difcover’d figns of having it, by fnapping
to the finger, attracting, repelling, &c. and could com-
municate thofe figns to metals and water.— Afterwards
it was found, that rubbing of glafs would not produce the
electric matter, unlefs a communication was preferved be-
tween the rubber and the floor ; and fubfequent experi-
ments proved that the eletric matter was, really drawn
from thofe bodics that at firft were thought to have none -
in them, Then it was doubted whether glafs and other
bodies called elec?rics per fe, had really any eleric matter
in them, fince they apparently afforded none but what
they firft extracted from thofe which had been called non-
electrics. But fome. of my experiments thew that glafs
contains it in great quantity, and I now fufpet it to be

pretty equally diffufed inall the matter of this terraqueous
 globe
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gldbe' If fo, the terms eleiric per fe, and non eleé?rzc,
thould ‘be laid afide as improper : And (the only difference
being this, that fome bodies will condu@ elecric matter,
and others will not) the terms conduétor and mon-conduétor
may fupply their place. - If any portion of eleétric matter
is applied to a piece of condulting matter, it penetrates
and flows through it, or fpreads equally on its furface ; if
applied to a piece of non-conduéting matter, it will do
neither. Perfe@ condutors of ele@ric matter are only

metals and water. Other bodies conduéting-only as they
contain a mixture of thofe ; without more or lefs of

which they will not conduc at all ¥, This (by the way)
fthews a new.relation betweenh metals and water heretofore
upnknown. :

To illuftrate this by a comparifon, which, however, can
only give a faint refemblance. Ele@ric matter pafies
through conductors as water pafles through a porous ftone,
or fpreads on their furfaces as water fpreads on a wet
ftone ; but when applied to non-condutors, it is like wa-
ter dropt on a greafy flone, it neither penetrates, pafles
through, nor {preads on the furface, -but remains in-drops
where it falls, See farther on this head in my laft printed
© piece,

Query. What are the effe@s of air in eleétrical experi-
ments ?

_Anfwer. All Thave hitherto obferved, are thefe. Moift

air

* This propofition is fince found to be too general ; Mr #ilfon havmg
difcovered that melted wax and rofin will alfo conduét,
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air receives and conduéts the eleCrical matter in propor-
tion to its moifture, quite dry air not at all : air is there-
fore to be clafs’d with the non-conductors. Dry air af-
Gfts in confining the elerical atmofphere to the body it
furrounds, and . prevents its diffipating : for in vacuo it
quits eafily, and"points operate ftronger, 7. c. they throw
off or attra@ the éle@rical matter more freely, and at
greater diffancés ; fo-that air intetvening obftructs its paf-
fing from body to body, in fome degree. A clean electri-
and wire, containing air ieftead of water, will
more than if it was

cal phial
not be charged nor give a fhock, any
fill'd with powder of glafs ; but exhaufted of air it operates
as well as if filled with water.  Yet, an cle@ric atmofphere
and air do not feem to exclude each other, for we breath
freely in fuch an atmofphere, and dry air will blow through
it without difplacing or driving it away. I queftion whe-
ther the ftrongeft dry N. Wefter would diffipate it. I
once ele@rified alarge cork ball, at the end of a filk
thread three feet long, the other end of which I held inmy
fifigers; and whirl’d it round, likea fling, 100 times in the
air, with the {wifteft motion I could “pofiibly give it, yet
it retained its eleGric atmofphere, though it muft have
pafled ‘through 8oo yards of aif, allowing my arm in
giving the motion to add a foot to the femi-diameter of
the circle.—By quite dry air, I mean the dryeft we have
for perhaps we never have any perfectly free from moifture.
An ele@rical atmofphere raifed round a thick wire, in-
ferted in a phial of air, drives out none of the air, nor
0 . on
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on withdrawing that atmofphere will any air rufh in, as I
have found by a very curions experiment, accurately made,
- whence we concluded that the air's elafticity was not af~
fected thereby.

An Experiment towards difcovering more of the Qualities of
the Eleétric Fluid, o |

From the prime condu@or, hanga bullet by a wire-
hook ; under the ballet at half an inch diftance, place 2
bright piece of filver to receive the fparks s then let the
wheel be tarned, and ina few minutes (if the repeated
fparks continually ftrike in the fame fpot) the filver will
receive a blue flain, near the colour of a watch {pring,

A bright piece of iron will alfo be fpotted, but not with
that colour ; it rather feems corroded. ;

On gold, brafs, or tin, I have not perceived that it
makes any impreffion. . But the {pots on the filver or iron
“will be the fame, whether the bullet be lead, brafs, gold,
or filver,

On a filver bullet there will alfo appear a fmall fpot, ag
well as on the plate below it, .

LET-
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LETTER VIIL
Mr E. ‘K‘INNE:SL(:YMQI Boffon,

Benyamin Frankrin, Efg; at Philadelphia.

o SI R, , Feb. 3, 1752,

Have the following Experiments to communicate : I
I held in one hand a wire, which was faftened at the
* other end to the handle of a pump, in order to try
whether the ftroke from the prime conducor, through
my arms, would be any greater than when conveyed only -
‘to the furface of the earth, but could difcover no dif-
ferérice, - )
- I'placed the needle of a compafs on the point of a long
pin, and holding it in the atmofphere of the prime con-
dudlory at the diftance of about three inches, found it to
whirl round like the fiyers of a jack, with great rapidity.
I fufpended with filk a cork ball, about the bignefs of
@ pea, and prefented to it, rabbed amber, fealing-wax,
and fulphur, by each of which it was frongly repelled ;
02 then
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then I tried rubbed glafs and china, and found that each
of thefe would attra& it, until it became eleérified again,
and then it would be repelled as at firft ; and while thus
repelled by the rubbed glafs or china, either of the others
when rubbed would attract it, Then I cleéh ified the ball,
with the wire of a charged phxal and prefented to it
rubbed glafs (the ftopper of a decanter) and a china tea-
cup, by which it was as ftrongly repelled as by the wire;
but when I prefented either of the other rubbed eletrics,
it would be firongly attrdcted, and when 1 cle@rified it
by either of thefe, till it-became. repelled, it would be at-
tratted by the wire of the ‘phial, but be repelled by its
coatmg

* Thefe experiments furprized me very much, and have
induced me to infer the following paradoxcs

1. If a glafs globe be placed at oné end of a primes
conducor, and a fulphur one at the other end, both . be-
ing equally in good order, and in ‘equal motion; not a
fpark of fire can be obtained from the conduor ; but one
globe will draw out, as fatt as the other gives-in.

2. If a phial be fufpended on the conduor, with a
chain from its coating to the table, and-only one of the
globes be ‘made ufe of at'a time, 20 turns of the Wheel
for inftance, will charge it; after which, fo many turns

of the other wheel will difcharge it; and as many more
will charge it again,

3. The globes being both in motion, each having 2 fc-

parate conductor, with a phial fufpended on one of them,
and
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and the chain of it faftened to the other, the phial will
become charged ; one globe chasging pofitively, the other:

negatxvely
4 The phial being thus charged, hang it in like man-

ner on the other conductor ; fet both wheels‘a going again,
and the fame number of ‘turiis that charged it before, will -
now d1fchargc it ; and the famc number . rcpeatcd will
charge it again,

5. Wheneach globe communicates with the fame prime
condu&or, having a chain hanging from it to the table,
one of them, ‘when in motion, (but which I can’t fay)
will draw fire up through the cufhion, and difcharge it
through the chain ; the other will draw it up through the

cham, and- dlfcharge it through the cuthion. .
I fhould be glad if you would fend to my houfe for

my fulphur globe, and the cu{hmn belonging to it, and
make the trial ; but muft caution you not to ufe chalk on,
the cufhion, fome fine powdcrcd fulphur will do better.
If, as I expe@, you fhould  find the globes to charge the

prxme conductor dlﬁ"erently, I hope you will be able to dif-
cover fome method of determining which it is that charges.

ppﬁthly,
I am, &c.
E. KINNERSLEY.

LET-
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LETTER IX
FROM

BenjamiN Frankuin, Efy; at Pb)z'lade'lj)/n'a,”_
T O

- Mr E. KinNERSLEY, at Boffon.

S IR, March 2, 1752,
. Thank you for the Experiments communicated, 1
I fent 1mmed1atcly for your brimftone globe, in order

to make the trials you defired, but - fonad it wanted
eenters, which I have not thme now to fupply ; but the
firft leifure I will get it fitted for ufe, try the experiménts,,
and acquaint you with the refalt,

In the mean time I fufpe@, that the different attraétions
and repulfions you obferved, proceeded rattier from the
greater or {fmaller quantities of the fire you obtained from
different bodies, than from its being of a different 4/nd, or
having a different direction, 1In hafte,

I am, &ec.
'B. FRANKLIN,
LET.
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L E T T E R X
® FROM
BenjamiN FrankriN, Efg; of Philadelphia,
T O

‘Mr E. Kivnersiey, at Boffom
S IR ~ March 16, 1752.

Aving brought ‘your brimftone globe to work, I
H tried one of the experiments you propofed and
was agreeably furpnf'cd to find that the glafs
glohe being at one end of the conducor, and the fulphur
globe at the other end, both globes in motion, no fpark
could be obtained from the conductor, unlefs when ong:
globe turned flower, or was.not in fo good order as the o~
ther; and then the fpark was only in'proportion to the:
difference, fo.that turning equally, or turning that floweft-
which worked beft, would agam brmg the condu&or to af-
ford no f{park, ‘
I found. alfo, that thc wire of a phial charg’d by the-
glafs globe, attracted a cork ball that had touch’d the wire-

of a phial charged by the brimftone globe, and wice verfa, -
fo
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fo that the cork continued to play between the two phials,
juft as when one phial was charged through the wire, the
other through the coating, by the glats globe alone. And
two phials charged, the one by the brimftone globe, the
other by the glafs globe, would be both difcharged by
bringing their wires together, and fhock the perfon hold-
ing the phials. - .

‘From thef¢ experiments one may be certain that your
2d 3d, and 4th propofed experiments, would fucceed ex-
actly as you fuppofe, thoughT have not tried them, want-~
ing time.~I imagine it is the glafs globe that charges
pofitively, and the fulphur negatively, for thefe reafons,
1. Though the fulphur globe feems to work equally well
with the glafs one, yet it can never ‘occafion fo large and
diﬁant a fpark between my knuckle and the conducor
when the fulpbur one is working, as when the glafs one
is ufed ; which, I fuppofe, is occafioned by this, that bo~
dies of a certain bignefs cannot fo eafily part with a
quantity of electrical fluid they have and hold attracted
awithin their fubflance, as they can receive an additional
quantity upon their furface by way of atmofphere. There-
fore fo much cannot be drawn ox? of the condu&or, as
can be thrown oz it. 2. I obferve that the ftream or
bruth of fire, appearing at the end of a wire, connected.
with the conduéor, is long, ‘lirge;, and much diverging,
when the glafs globe is ufed, and makes a fnapping (or
rattling) noife; but when the fulphur one is wvfed, it is:
{Lort, fmall, and makesa hifling noife ; and juft the re-

verle
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verfe of both happens, when you hold the fame wire in
your hand, and the globes are worked alternately : the
brufh is large long, -diverging and fhapping (61‘ rattling)
when the fU‘Phu" globe is turn’d ; thort, fmall, and hifing
when the glafs globe is turn’d.—When the brufh is long,
large, and much diverging, the body to which it joins,
feems to me to be throwing the fire out ; and when the
contrary appears, it feems to be drinking in. 3. I ob-
ferve, that when I hold my knuckle before the folphur
globe, while turning, the ftream of fire between my
knuckle and the globe, feems to {pread on its furface, as

i it flowed from the finger ; on the glafs globe it is other-
wife, 4. The cool wind (or what was called {o) that
we ufed to feel as coming from an electrified point, is, 1
think, more fenfible when the glafs globe is uled, than
when the fulphur one.—But thefe are hafty thoughts.
As to your fifth paradox, it muft likewife be true, if the
globes are alternately worked ; butif worked together, the
fire will neither come up nor go down by the chain, be-
caufe one globe will drink it as faft as the ather pro-
duces it, k ‘

I thould be glad to know whether the effects would be
contrary if the glafs globe is {olid, and the {ulphur globe is
hollow ; but T have no means at prefent of trying.

In your journeys, your glafs globes meet with ac
and fulphur ones are heavy and inconvenient. Qgery.
Would .pot a thin plane of brim{tone, caft on a board,

ferve on occafion as a cuthion, while a gldbe of leather
P ftuffed

cidents,
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ftuffed ( properly moutited) might receive the fire from the
fulphur, and charge the conductor pofitively ? Sucha globe
would be in no danger of breaking*. I think T can conceive

how it may be done; but have not time to add more

than that T am,
Yours, &e.

B. FRANKLIN,

The preceding LerTrrs having been tranflated into French,
and printed at Paris ; the Abbe Mazeas, /n a Letter to

: Dr Stephen Hales, dated St Germain, May 20, 1 752,
gives the follbowing Account (printed in the Philofophical
Tranfa@ions) of the Experiment made at Marly, in
purfuance of that gropofed by Mr Franklin, Page 66,

SIR,

THE Philadelpkian experiments, that Mr Collinfon,
a Member of the Royal Society, was fo kind as to-
communicate to the public, having been univerfally ad-
mired in France, the King defired to fee them performed.
Wherefore the Duke D’Ayen offered his Majefty his
country-houfe at St Germain, where M. de Lor, matter of
Experimental Philofophy, thould put thofe of Philadelpbia
in execution. His Majefty faw them with great fatisfac-
tion, ahd greatly app]ﬁuded‘MéfﬁcUrs Franklin' and Collin-
Jon.  Thefe applaufes of his Majefty havibg excited in

S Mef-

# The difcoveries of the late ingenious Mr Symmer, on the pofitive and
negative  Eleétricity produced by the mutual friction of white and black
fiik, €¢. afford hints for farther improvements to be made with this view.
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Meflieurs de Buffon, D’ Alibard, and De Lor, a deﬁrc of
verifying the conjeCtures of Mr Frankiin, upon the ana-
logy of thunder and eleétricity, they prepar'd themfelves
for making the experiment. 7

M. D’ Alibard chofe, for this purpofe, a garden ﬁtuated
at Marly, where he placed upon an elerical body a
pomtcd bar of iron, of 40 feet high. "On the tenth of
May, 20 minutes paft two in the afternoon, a ftormy cloud
having pafied over the place where the bar ftood, thofe that
were appointed to obferve it, drew near, and attracted from -
it fparks of fire, perceiving the fame kind of commotions
as in the common ele@rical Experiments.

M. de Lor fenfible of the gaod fuccefs of this experi-
ment refolved to repeat it at his houfe in the Effrapade at
Paris. He raifed a bar of iron g9 feet high, placed upon
a cake of refin, two fect fqu\are, and three inches thick.
On the 18th of May, between four and five in the after-
noon, a ftormy cloud having pafled over the bar, where it
remained half an hour, hc drew fparks from the bar,
like thofe from the gun barrel, when, in. the elec-
trical experiments the globe is-only rubbed by the cuthion,
and they produced the fame noife, the fame fire, and the
fame Cracklmg They drew the firongeft fparks at the
diftance of nine lines, while the rain, mingled with a little
hall fcll from the cloud, thhout cxther thunder or light.
ning ; this cloud being, accordmg to all appearance, only
the confequence of a ftorm, which happened elfewhere.

I am, with a profound refpeét,

Your meft bumble and cbedient fervant.
G. Mazras,
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& Levrer of Mr W. WATSON, F.R.S.
- 2o the Royal Society, concerning the eletri-
cal Experiments in ExoLanD wupon Thunder-
Clouds. Read Dec. 17 ¢2. Tran/. Vol. XLVII.

GENTLEME N,

- FTER the communications, which we have
A received from feveral of our correfpondents in

"  different parts of the continent, acquainting us.
with the fuccefs of their experiments laft fummer, in en-
deavouring to extrad the ele€tricity from the atmofphere
during a thunder-ftorm, in confequence of Mr Frankkin's.
hypothefis, it may be thought extraordinary, that no ac-
counts have been yet-laid Before you, of our fuccefs here
from the fame experiments. That no want of attention;
therefore, may be attributed to thofe here, who have been
hitherto converfant in thefe enquiries, I thought proper to.
apprife you, that, though feveral’ members of the Royal-
Society, as well as myfelf; did, upon the firft-advices from .
France, prepare and fet up the neceffiry apparat’xf‘s.ﬁf'or this .
purpofe, we were defeated in our expetations, from the
uncommon coolnefs and dampnefs of the air here, during
the ‘whole fummer. We had only at Londs one #fn-
der ftorm; viz. on Fuly 205 and then the thunder -was .
accompanied with rain ; ‘fo that; by wetting the apparatus;
the eleGtricity was diffipated too foon to be perceived upon
touching thofe parts of - the apparatus; which ferved to.

condu&.
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condu@ it. ‘This, Ify, in general prevented our verify-
ing Mc PFranklin’s hypothefis: But our worthy brother
Mr Canton. was more fortunate.. Itake the liberty, there-
fore, of laying before you an extra& of aletter, which T’
received from that gentleman, dated from Sgital-fguare,.
Yulyar, 17520 | - .

¢ T had yefterday, about five in.the.afternoon, an op-
< portunity of trying Mr. Franklin’s experiment of extra&t-"
“ ing the elecrical fire from the clouds; and fucceeded,
¢ by means of a tin tube, between three and four feet in -

«« length, fixed to the top of a glafs one, of about eighteen
“ inches. 'To the upper end of the tin tube, which was
“ not {o high as a ftack of chimnies on the fame‘houfe,,
. ¢ I faftened three needles with fome wire; and to the
¢ lower end was folder’d a tin cover to keep the rain frony
“ the glafs tube, which was fet upright in a block of wood.
¢ T'attended this apparatus as foon after the thunder begam
¢ as poffible, but did not find it in the leaft electrified, till
“ bétween the third and fourth clap; when applying my
¢ knuckle to the edge of the cover, 1 felt and heard as
“ eledtrical fpark; and approaching it a fecond time;. I
< received the {park at the diftance of about half an inch,
“ and faw it diftin@&ly. This Irepeated four or ﬁ\(e times
¢ in_the fpace of a minute; but the fparks. grew weaker
«-and weaker ; and " in lefs than two minutes the tin tube
<« did not appear to be ele@tifed at all. The rain cons
¢« tinued during the thunder, but was: confiderably abat¢d
< .at the time of ‘making the experiment.” Thus far Mr
Canton, Mr:
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M Wi lfon likewife of the Society, to whom we are
much obliged for the trouble he has taken in thefe pur-
fuits, bad an oppértunity of verifying Mr Franklin’s hypo--
thefis. He informed me, by a letter from near Chelmsford
in Effex, dated Auguft 12, 1752, that, on that day about
noon, he perceived feveral electrical fnaps, during, or rather
at the end of a thunder ftorm, from no other apparatis than
an iron curtam rod, one end of which he put into the neck
of a glafs phial, and held this phial in his hand. " To the
other end of the iron he faftened three needles with fome
ilk, This phxal fupportmg the rod, he held in one hand,
and. drcw fnaps from the rod with a finger of his other.
This cxpenment was not made upon any eminence, but,
in the. _garden of a gcntleman at whofe houfe he then was,

Dr . Bevis obferved, at Mr Cave's at St Jobn's Ga;e
nearly the fame phzenomena as Mr Canton, of which ap,
account has been already laid before the public.

Trifling as the effets here mentioned are, when com-.
pared with thofe which we have received from Ptﬂ‘zs and
Berlin, they are the only ones, that the laft fummer here
has produced ; and as they were made by pcrfons worthy
of credit, they tend to eftablifh the authenticity of thofe
tranfmitted from our correfpondents

I flatter myfelf, that this hort account of thefe matters
will not be difagrecable to you; and am,

aith the moft profound Rc]]ﬁeé’z’
Your moft obedient bumble Ser vant, |
W, W A T SON.,
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LETTER XL
FROM
"Benj. FRANKLIN, Efg, of Philadelphia.
Oé. 19, 1752,

§ frequent mention is made in public papers
A from Europe of the fuccefs of the Philadelphia
i expcrlment for drawing the electric fire from
clouds by means of pointed rods of i iron erected on high
bualdmgs ¢, it may. be agreeable to the curious to be in-
formed that the fame experiment has fuccécded in Philadel-
phia, though made in a different and more ealy manner,
whichis as follows :

Make a fmall crofs .6f. two light ftrips. of cedar, the
arms f{o long as to reach to the four corners of a gy ge
thin filk handkerchicf when extended § tie-the corners. of
 the handkerchicf to the extremities of the crofs, fo you.
have the body of a kite; which being properly accom-
modated with a tail, 1oop, and firing, will rife in the air, -
like thofe made of paper ; but this being of filk, is fitter
to bear the wet and wind of a thunder-guft without tear-
ing. To the top of the uprnght ftick of the crofs is to

" be fixed a very fharp pointed wue, rifing a foot or ‘more
above
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above the wood. To the end of the twine, next the
~4}§;nd, is to be tied a filk ribbon, and where the filk and
twine join, a key may be faftened.. This. kite is to be
~ raifed when a thunder guﬁ appears to be coming on, and
‘the perfon who holds the ftring muft ftand within a door
or window; or under fome cover, fo that the filk ribbon
may not be wet ; and care muft be taken that the twine
does not touch the frame of the door or wxndow As
foon as any of the thunder clouds come over the kite, the
pointed wire will draw the eleé’tnc fire from them, and
the kite, with all the twine, "will be ele@mﬁed .and the
loofe filaments of the twine will ftand out cvery way, and
‘be attracted by an approachmg finger. Andwhen the rain
‘has wet the kite and twine, -fo that it can conduc the
eleé’tnc fire freely, you will find it ftream out plentlful”ly
from the key on the approach of your knuckle. At this
key the phial may be charged ; and from ¢le@ric fire thus
-obtained, {pirits may be kindled, and all the other ele@ric
experiments be”performed, which are ufually done by the
help of a rubbed glafs globe or tube, and thereby the fame-
‘nefs of the elelric matter with that of llghtcnmg com= -

pletely demonftrated,
B. F,

LET-



LETTER XII

FROM’
BEN]. F RAN KLIN, Ef7; of Philadelphia,
T O

Prrzr Corrinson, Efg; F.R.S. London.

S IR, - Philadelphia, September 175 3

N my former paper on this fubje&; wrote firft in 1747,
I enlarged and fent to England in 1749. 1 confidered
the fea as the grand fource of hghtmng, imagining its
luminous appearance to be owing to electric fire, produc’ d
by friction between the particles of water and thofe of falt.
vamg far from the fea, T had then no opportunity of mak=
ing experiments on the fea water, and fo embraced this o=
‘pinion too haftily.

For in 1750 and 1751, being occaﬁonally on the fea
coaft, T found, by experiments, that fea water in a bottle,
tho at firft it would by agitation appear luminous, yet in -
a few hours it loﬂ' thatvirtue s bence, and from this, that I
could not by agitating a folution of fea falt in-water pro-

Q_ duce
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duce any light, I firft began to doubt of my former hypo-
thefis, and to fufpect that the luminous appearance in fca
water,’ muft be owing to fome other principles.

I then confidered whether it were not pofiible, that the
pa'rtic\es of air, being eletrics per fe, might, in hard gales
of wind, by their friGion againft trees, hills, buildings,
&¢. as fo many minute eleétric globes, rubbing againft non-
eledric cufhions, draw the ele@ric fire from the earth, and
that the rifing vapours might receive that fire from the air,
and, by fuch means, the clouds become ele&rified.

If this were fo, I imagiried that by forcing a conftant
violent ftream of air agamf’c my prime conductor, by bel-
lows, 1 (hould eleé’trxfy it megatively; the rubbing parti-
cles of air, drawing from it part of its natural quantity of
the elecric fluid. I .accordingly made the experiment, but
it did not fuccccd 1

 In September 1752, I ere@ed an iron rod to draw the
lightning down into my houfe, in order to make fome ex-
periments on it, with two bells to give notice when the
50d fhould be ele@rify’d: A contrivance obvious to every
eleGrician, :

I found the bells rang fometimes when there was no
lightning or thunder, but only a dark cloud over the rod ;
that fometimes after a flath of hghtmng they would fud-
denly ftop ; and, at other times, when they had not rang
before, they would, after a flath, {uddenly begin to ring ;
that the eleciricity was fometlmes very faint, fo that when

a fmall
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o fmall fpark was obtain’d, another could not be got for
fome time-after; at other times the fparks would follow
extremely quick, and once I had a continual ftream from
bell to bell, the fize of a crow-quill : Even during the fame
guft there were confiderable variations.

" In the winter following I coneeived an experiment, to
try whether ghe clguds were ele@rify’d pofitively or nega~
tively ;- but my pointed rod, with its apparatus, becoming
out of order, I'did not refit it till towards the {pring, when;
1 expected the warm weather would bring on more fre~
quent thundes-clouds. | B

The experiment was this: To take two phials ; charge

one of them with lightning from the iron rod, and give the
other an equal charge by the electric glafs globe, thro’ the
prime conductor : Whencharg'd, to place them on a table
within three or four inches of each other, a fmalt cork ball
being fufpended by a fine fitk thread from the ceiling, fo as
it might play between the wires, If both bottles thén were
elecrifyed pofitively, the ball being attracted land repelled
by’ bne, muft be alfo repell’d by the other. - If the-one.
Z?Q/?f‘{fl‘{{{y,_and the other zegatively; then the ball would be
attidéted “and repell'd alternately by each, and continue
to play between them aslong as any confiderable charge re-
mained:’ N ~ ‘

' Beingvcry i!‘{tf:ri;tlon‘x'naking this cxpcrinicnt,' it was no
fmall mortification to me, that I happened to be abroad
during two of the greateft thunder-ftorms we had early in
the fpring, and tho’ I had given orders in my famify, “that
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if the bells rang when T was from home, they fhould catch
fome of the lightning for me in eleCrical phials, and they
did fo, yet it was moftly diflipated before my return, and
in fome of the other gufls, the quantity of lightning I was
able to obtain was fo {mall, and the charge fo weak, that
I could not fatisfy myfelf: Yet I fometimes faw what
heighten’d my fufpicions, and inflamed my curiofity. -
At laft, on the 12th of April 1753, there being a.{iart
guft of fome continuance, I charged one %plﬁal;prctW.WﬁlL
withlighining,, and the other equally; as-nedr 4s. I could
judge, with electricity from my glafs-globe ; and, :hg,v;ng‘
placed them properly; I beheld, with great furprize and
pleafure, the cork ball :play britkly between them ; and
was convinced that one bottle was eleGrifed zegatively, |
I repeated this experiment feveral times. during the guft,
and in eight {ucceeding gufts, always with the fame: fuac-
cefs; and being of opinion (for reafons I formerly .géyé in
my letter-to Mr Kinner/ly, fince printed in London) that the
glafs globe electrifes pofitively, 1 concluded that the clouds
are always\elqé‘trifed negatively, or have always in them lefs
than their natural quantity of the elecric fluid. |
Yet notwithftanding fo many experiments, it feems I
concluded too foon; for at laft, Fume the 6th, in a guit
which continued from fiveo’clock, P. M. to feven, I met
with one cloud that was eletrifed pofitively, tho’ feveral
that pafs’d over my rod before, during the fame guft, were

in the negative ftate, 'This was thus difcovered : ,
I had
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I had another concurring experiment, which I often re-.
eated, to prove the negative ftate of the clouds, wzz.
While. the bells were ringing, I took the phial charged
from the glafs globe, and applied its wire to the ereCted
' rod, confidering, that if the clouds were elerifed po/itive-
ly, the rod which reccived its ele@ricity from them, mulft
be o too ; and then the additional pofitive elericity of
the phial would make the .bells ring fafter :—But, if the
clouds were in a negative ftate, they muft exhauft the ¢~
Jecric fluid from my rod, and bring that into the fyme ne-
ate with themfelves, and then he wire of a pofitive~
Iy charg’d phial, fapplying the rod with what it wanted,
(which it was obliged otherwife to draw from the earth by
means of. the pendulous brafs ball playing between the two
bells) the ringing would ceafe till the bottle was difcharg’d.
In this manner I quite difcharged into the rod feveral

' phials that were charged from the glafs globe, the eleftric
fluid freaming from the wire to the rod, ’till the wire
would receive no fpark from the finger ; and during this |
fupply to the rod from- the phial, the bells ftopt ringing ;
but by continuing the application of the phial wire to the
rod, T exhaufted the natural quantity from the infide fur-~
face of the fame phials, or, as I call it, charged them z¢-
gatively.

- At length, while I was charging a phial by my. glafs
globe, to repeat this experiment, my bells, of themfelves,
ftopt ringing, and, after fome paufe, began to ring again.
—But now, when I approached the wire of the charg’d

Q3 phial

gative ft
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ph‘ial to the rod, inftéad of the ufual fiream that I expec-
- ted from the wire to the rod, there was no fpark ; not even

when I brought the wire and the rod to touch ; yet the
bells continued ringing vigoroufly, which proved to me,
that the rod was then pofitively electrify’d, as well as the
“wire of the phial, and equally fo; and, confequently, that
the particular cloud then over the rod, wasin the fame po-
fitive ftate. 'This was near the end of the guft.

But this was a fingle experiment, which, however, de-
firoys my firft too general conclufion, and reduces me to
this: That the clouds of a thunder-guf} are moft’ commonly in
a negatme _/lzzte (f el:é?mczty, but jbmetzmes ina po/' tzfue‘

C fate.
- Fhe latter T~ helxevc is rare ; for tho’ I foon after the

Taft expenment fetout on a Joumey to Boffon, and was
from home moft part of the fummer, which prevented

my ‘making farther trials and obférvations ; yet. Mr Kin-
nerfley. returning from the iflands juft as I left home, pur-
fued the exper:ments during my abfence, and informs me
that he always found the clouds iri the negative fate.

. 8o that, for the moft part, in thunder-ftrokes, 445 the
earth that firikes into the clouds, and not the clouds that
frrike into the earth.

Thofe who are vers'd in eleétric eXperxmcnt will eafily
conceive, that the cffe@s and appearances muft be nearly
the fame in either cafe ; the fame explofion, and the, fame

flafh between one cloud and another, and between the
clonds



"LETTERS o7 ELECTRICITY. 117

clouds and mountains, &, the fame rending of trees, walls,
&¢. which the ele@ric fluid meets with in its paffage, and
the fame fatal fhock to animal bodies ; and that pointed
rods fix’d on buildings, or mafls of ﬂups and communicat-
ing with the earth or fea, muft be of the fame fervice in
reftoring the equilibrium filently between the earth and
clouds, or in conducting a flath or ftroke, if one fhould be,
{o as to fave harmlefs the houfe or veflel : For points have
equal power to throw off, as to draw on the eleciric fire,
and rods will conduc up as wellas down,

But tho’ the light gained from thefe e\perxments makes
no alteration in the pracice, it makes a confiderable one in
the theory. And now we as much need an hypothefis to
explain by . what means the clouds become negatively, as
before to fhew.how they became pofitively eleérified.

1 cannot forbear venturing fome few conjectures on this
occaﬁon They are what occur to me at prefent, and tho’,
future dxfcovcnes thould prove them not wholly right, yet
they may inthe mean time be of fome ufe, by ftirring up
the curious to make more experiments, and occafion more
exact difquifitions.

I conceive then, that this {globe of earth and water,
with its plants, animals, and buildings, have, diffus’d
throughout their fubftance, a quantity of the ele@ric fluid,
juftasmuch as they can contaih, which I call the natural
quantity. :

That this natural quantity is not the fame in all kinds of

common matter under the fame dnnenﬁons, nor in the
fame
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fame kind of common matter in all circumflances ; but
a folid foot, for inftance, of one kind of common mat-
ter, may contain more of the ele@ric fluid than a folid
foot of fome other kind of common matter ; and a'pound
Wcight of the fame kind of common matter may, when
in a rarer ftate, contain more of the ele@ric fluid than wh
in a denfer ftate.

For the electric fluid, being attratted by any portlon of
common matter, the parts of that fluid (which'have among
themfelves a mutual repulﬁon) are brought {o near to' cach
‘other by the attraction of the common matter that abforbs
them, as that their repulﬁon is equal to the condenfi ing
‘power of attraétion in common matter ; and thcn fuch

ortion of common matter will abforb no more.

Bodies of different kinds having thus attraced and ab-
forbed what I call their natural quantity, i. e, Juﬁ as much
of the ele@ric fluid as is fuited to their circumftances of
denfity, rarity, and power of attracting, do not then thow

‘any figns of eleCricity among each other, |

And if more eletric fluid be added to one of thefe bo-
dies, it does not enter, but {preads on the furface, forming
an atmofphere ; and then fuch body fhews ﬁgns of e

-le@ricity. :

I have in a former paper compar’d common matter to
a {ponge, and the eleétric fluid to water : T beg leave once
more to make ufe of the fame comparifon, to illaftrate far- '
ther my meaning in this particular.

When
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‘When a fponge is fomewhat condens’d by being fqueez-
ed between the fingers, it will not receive and retain fo
much water as when in its more loofe and open ftate.
If more {queez’d and condens’d, fome of the water will
come out of itsinner parts, and flow on the furface.
If the preflure of the fingers be entirely removed, the
{Pongc will not only refume what was lately forced cut‘

but attract an additional quantity.
As the fponge in its rarer ftate will naurally attract and

abforb more water, and in its denfer ftate will naturally at-
trac and abforb //s water ; we may call the quantity it at-
tradts and abforbs in either ftate, its matural quantity, the
ftate being confidered.

Now what the fponge is to water, the fame is water to
the ele@ric fluid. '

When a portion of water is in its common denfe ftate,
it can hold no more eletric fluid than it has; if any bead-
ded, it fpreads on the furface. :

When the fame portion of water is rarefy’d into vapour,
and forms 2 cloud, it is then capable of receiving and ab-
forbing a much greater quantity ; there is room for each
particle to have an ele@ric atmofphere.

Thus water, in its rarefy’d ftate, or in the form of a
cloud, will be in a negative ftate of eletricity ; it will have
lefs than its natural quantity ; that is, lefs thaniit is naturally
capable of attracting and abforbing in that ftate.

Such a cloud, then, coming fo near the earth as to be

within the flriking diftance, will receive from the carth 2
R flath



120 Mr B FRANKLINs

fafh of the electric-fluid ; which flath, to fupply a great
extent of cloud, muft. fometimes contain a very great quan-
tity of that flaid.

Or fuch acloud, paﬂ"mg over woods of ta]l trecs, may
from the points-and fharp edges of their moift top: leaves,
receive filently fome fupply.

A cloud being by any means fupply’d from the earth,.
may ftrike into other clouds that have not been fupply d,
or not fo much fupply’d ; and thofe to others, till an equi-
librium is produc'd among all the -Clouds thaf are within
friking diftance of gach other. .

- Thecloud this. {upply’d having parted with much of
what it firfk receiv’d, may require and receive a freth fup-
ply from the earth, or from fome other cloud, ‘which,.by
the wind, is brought into {uch-a ﬁtuatxon as.to re;:mve it
more readily from the earth.

‘Hence repeated and contlnual ﬁrokes and ﬁa(hes till
the clouds have all got nearly their natoral quantity as.
clouds, or till they have defcended-in fthowers, and are u-
nited again with this terraqueous. globc, their original. .

Thus thunder-clouds are generally in a negative ftate of
eleGricity compar’d with the earth, agreeable to moft of
our experiments; yetas by one experiment we found a
clond ele@ris'd pofitively, I conjecture that, in that cafe,
fuch cloud, after having received what was, in its rare
ftate, only its natural quantity, became comprefs'd by the
driving winds, or fome other means, {o that part of what

it had abforb’d was forc’d out, and form’d an eleétric at-
mofphere
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m‘ofphﬁriﬁi’bpnd'it in its degfer'&ate; Hence it was cd-
pable of communicating pofitive clectricity to my rod. -

To fhow 'that a body in different circumftances of dila~
tation and contration is capable of receiving and retain-
ing more or lefs of the ele@tric fluid on its furface, T
would relate the following: experiment. I 'placed a clean
{vinérglafs on the floor, and” gj"n it"a fmall filver can. In
the can I put about three yards of brafs chain; to one
¢nd of which I faf’tencd a filk thread, which went right
up to the cieling, where it pafled over a pulley, and came
dowh again to my hand, that I might at pleafure draw
the chain up out of the can, extending it till within a
foot of the cieling, and let it gradually fink into the can
again.~——From the cieling, by another thread of fine
raw filk, I fofpended a fmall light lock of cotton, fo a8
that when it hung perpendicularly, it came in contac®
with the fide of the can.—Then approaching the wire
of a charged vial tothe cap, I gaveita fPark, which
flow’d round in an ele@ric atmofpliere; and the lock
of cotton was repelled from the fide of the can to the
diftance of about nine or ten inches. The can would
 not then receive another fpark from the wire of the vial;
but as I. gradually drew up the chain, the atmofphere of
the can diminifh’d by flowing over the rifing chain, and
the lock of cofton accordingly drew nearer and nearer to
the'can; and then, if I' again brought the vial wire near
the'can, it would' receive another fpark, and the cotton
fly off again to its firft diftance ; and thus, as the chain

R 2 was
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was drawn higher, the can would receive more fpatks ;
becaufe the can and extended chain were capable of {up.ﬁ
porting a greater atmofphere than the can with the chain
~ gather’d up into its belly.——And that the atmofphere
round the can was diminifhed by raifing the chain, and
increafed again by lowering it, is not only agreeable to
reafon, fince the atmofphere of the chain muft be drawn
from that of the can, when it rofe; and returned to it
again when it fell ; but was alfo evident to the. eye, the
lock of cotton always approaching the can when the
chain was drawn up, and receding when it was. let down
- again. L | o
Thus we fee. that increafe of furface makes a body ca-

pable;‘,_,bf réfcgiving a greater eletric atmofphere:. But
" this experiment does not, I own, fully demonfirate my-
. new hypothefis; for the brafs and filver ftill continue in
their folid ftate, and are not rarefied into vapour, as the
water is in-clouds. Perhaps fome future experiments on
vapodrized water may fet this matter in a clearer light.
One feemingly material obje¢tion arifes to the new hy-
pothefis, and it is this, If water, in its rarefied ftate, as
a cloud, requires, and will abford more of the ele@ric
fluid than when in its denfe ftate as watcr, why does it
not acquire from the earth all it wants at the inftant of its
leaving the furface, while it is yet near, and but juft ri-
fing in vapour ? To this difficulty I own } cannot at pre-
fent give a folution fatisfactory to myfelf: I thought,
' - how-
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however, that I ought to ftate it in its full force, as I have
done, and fubmit the whole to examination.

~ And I would beg leave to recommend it to the curious
in this branch of natural philofophy, to repeat with care
and accurate obfervation, the experiments I have reported
in this and former papers relating to pofitive and negative
elecricity, with fuch other relative ones as fhall occor to
them, that it may be certainly known whether the elec-
tricity communicated by a glafs globe; be really pofitive.
And alfo I would requeft all who may have an opportuni-
ty of obferving the recent cffe@s of lightning on buildings,
trees, &e: that they would confider them particularly

with a view to difcover the dire&tion. But in thefe ex-
“aminations, this one thing is always to be underftood, v/z.
that a fiream of the ele@ric fluid pafling thro’ wood, brick,
' metal, &c.-while fuch finid paffes in fmall guantity, the

mutually repulfive power of its parts is confined and over-
come by the cohefion of the parts of the body it pafies thro’,
fo as to prevent an explofion ; but when the fluid comes
in a quantity too great to be confin’d by fuch cohefion, it
explodes, and rends or fufes the body that endeavour’d to
confine it, If it be wood, brick, ftone, or the like, the
fplinters will flie off on that fide where there is leaft re-
fiftance, And thus, when a holeis firuck thro’ pafteboard
by the elecrify’d jar, if the furfaces of the pafte-board
are not confin’d or comprefs’d, there will be a bur rais’'d
all round the hole on both fides the pafte-board ; but if one

‘fide be confin’d, fo that the bur cannot be rais’d on that
T fide,
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fide, it will be all rais’d on the other, which way foever the
fluid was dire¢ted.  For the bur round the outfide of the’
hole, is the effe of the explofion every way from the cen-
ter of the ftream, and not an effect of the direction.
1In every ftroke’ of lightning, I am of opinion-that the
ftreany of thic ele@rio fluid, moving to reftore the equilibri-
uth between the cloud and the carth, does always previ-
oufly find its paffage, and mark out; as I may. fay, its own
courfe, taking in its way all the condu&tors it can find, fuch:
as metals, damp walls, moift wood; &c. and: willlgo -confi-
derably ‘out of a dire& courfe, for-the fake: ofthe-afliftance
of good ‘dondadors ;and that, in thiy courfe,-it is altually.
mgvihggit}fd’ ﬁi&itlyfaiﬁdfiiﬁi})emépdbly,‘ befote the explos
fion, in and-among'the conductors; - which explofion hap-
pons-only wher the ‘cormducors canmot:difcharge it as fafk
as they receive it, by réafon of their being. incompleat, dif-
anited; too fimall; orimot: of thebeft-materials for condaét~
ing.  Metalline rods, therefore, of fufficient thicknefs, and
exteniding from the higheft patt of an edifice to the ground,
being of the beft materials and compleat conduétors, will,
1 think, fecure the building from dam‘age,'eith’er by reftot-
ing the equilibrium fo faft as to prevent a ftroke, or by con-
du@ing it in the fubftance of the rod as far asthe rod'goes,
fo that there fhall be no explofion but what. is above its
point, between that and'the clouds. , |
If it be afk’d; what thicknefs of a metalline rod may. be
fuppofed fufficient » In anfwer, T would remark, that five
large glafs jars, fuch as I have defcribed in my former pa-
pers,
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ers, difchargea very great quantity of ele@ricity, which
neverthelefs will be all condu@ed round the corner of a
bpok, by the fine filletting of gold on the cover, it follow-
_ing the gold the fartheft way about, rather than take the
thorter courfe through the ‘cover, that not being fo good a
copductor.  Now in this line of gold, the metal is {o.ex-
tremely thinas to- be little more than the colour of gold,
and on an o&tavo book is not in the whole ap inch fquare,
~ and therefore not the 36th part of a grain according to
M. Regumur ; yet 'tis f{ufficient tp conduét the charge of
five large jars, and how many more I know not,. Now, I
fuppofe a wire of a quarter an inch diameter to coptain about
rooo times as much metal asthere is in that gold line, and
if fo, it will conduét the cligrge of 25,000 fuch,.glafs .jarrs,.
‘which is a quantity, I imagine, far beyond what was e-
ver coptain’d in any one firoke of natural lightniag, But
axod of half an inch diameter wonld condugt foyr times s
muchqs one of a quanter. o :

And with regard to condudting, tho™ a certain thick-
nefs of metal be requised fo conduc a great quantity of
eleGricity, and, at the fame time, keep its own fubftance
firm ang unfeparated ; and a lefs quantity, as a very fmall
wire for inftance, will be deftroyed by the explofion ; yet
fuch {mall wire will have an{wemcd.lthc end of condugting
that ftrpke, tho’ it become incapable -of conduéting ano-
ther. '« And confidering fbc extvéagz ,rép_idity with- which
the ele@ric flnid moves without exploding, when it has 2

free paflage,. or compleat metal communication, I fhould
\ ' » think
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think a vaft quantity would be conducted in a fhort time,
either to or from a cloud, to reftore its cqu'ilibrium'with
the earth, by means of a very {mall wire ; and therefore
thick rods fhould feem not fo neceffary.—However, as the
" quantity of lightning difcharg’d in one ftroke, cannot well
be meafured, and, in different ftrokes, is certainly very'va
rious, in fome much greater than others ; and as iron (the
beft metal for the purpofe, being leaftapt to fufe) is cheap,
it may be well enough to provide a larger canal to guide
that impetuous blaft, than we imagine neceflary : For,
though one middling wire may be fufficient, two or thiee’
can do no harm. And ‘time, with ‘carefut obfervations
well bé)xhl’igr’d, will at length: point out the proper fize to
greétér certainty.” < R
Pointed rods erected on edifices may likewife often pre-
vent 4 ftroke, in the following manner. An eye fo fitu-
ated as to view horizontally the under fide of a thunder
cloud, will fee it very ragged, with a number of feparate
fragments, or petty clouds, one under another, the loweft
‘fometimes not far from the earth, Thefe, as fo many
frepping-ftones, affift in condudting a firoke between the
cloud and a building. To reprefent thefe by an experi-
ment, take two or.three locks of fine loofe cotton, con-
ne& one of them ‘with the prime condutor by a fine
“thread of two inches, (which may be fpun out of the
fame lock by the fingers) another to that, and the third
to the fecond, by like threads.—Turn the globe, and you

will
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‘will fee thefe locks extend themfelves towards the table,
(as the Jower fmall clouds do towards the earth) being at-
traced by it: But on prefenting a (harp point ere&t under
th@loweﬁ it will .thrink up to the fecond, the fecond to
the firft,/and all together to the'prime conduor, where
they will continue as long as.the point continues under
them. May not, in like manner, the fmall ele@rifed
clouds, whofe equllxbnum thh the earth is:foon reftor’d
by the pomt rife up to the main body, and by that means
occafion fo large a vacancy, as that the grand cloud cannot
ftrike in that place ? |

Thefe . thoughts, my dear. friend, are many of them
crude and hatty ; and if I were mcrely ambitious of acquir-
ing fome reputation in philofophy, I ought to keep them
by -me, ‘till corrected and improved by time ahd farther
expem&née. But finice even fhorj hints and 1m'perfe& ex=
periments in any new branch of feience, being communi-
cated, have oftentimes a-good effe, in exciting the atten-
tion of the ingenious to the fubjed; and fo becOme the
occafion of more exact dlfqunﬁtlon, and more comp]eat"
difcsveries.. You areat liberty to communicate this paper
to - whom you plcafc, it being- of ‘more 1mp9rtanc§ that
knowledge fhould  increafe, than that your friend fhould
be- thought an aceurate philofopher. “

S LET-
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LETTER XUl

FROM

Ben), Franxuiw, ‘Efy, at Philadelpbia,
T O
Parex Coruinsody Efg; F.R.8. at Londm.

S IR, ; ’A .dj)rzl 18, 1754_.,
NINC E Septeniber: laft, having. been abroad. an two
long j Joumcys, and. otherwife ‘mnch engag’d, I have
made but few obfervations on the pofitive and negative
ftate of cle&rlmty in the clouds,. But Mr Kinnerfley kep;
his rod and bells in good order, and has made many. "
- Once this winter the bells rang - long time; durmg a
fall of fnow, tho’ no thunder was heard, ar lightning feen.
Sometxmes the flathes and cracks of the eleGric matter be-
tween bell and bell were fo large and loud as to be heard
all over the houfe: but by all his obfervations, the
clouds were conftantly in a negative flate, till about fix
weeks ago, when he found them once to change ina few
minutes from the negative to the pofitive, About a fort-
night
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night after that he made another obfervation of the fame
kind ; and laft Mowday afternoon, the wind blowing hard
at S. E. and veering round to N. E. with many thick driv-
ing clouds, there were five or fix* fucceffive changgs from
negative to pofitive, and from pofitive to negative, the
bells ftopping a minute ot ‘two bgtwetn eyery: thange,

Befides the methods mentioned in my paper of September
laft, of difcovering the ele@rical ftate of the clouds, the fol-

lowing may be us’d, When your bells are ungmg, pafs a
rubb’d tube by the edge of the: bell; conne&ted with your
pointed rod: if the cloud is then in a negative flate, the
ringing will ftop ; if in a pofitive flate, it will continue,
and perhaps be quicker, Or, fufpend a very {mnall cork-
ball by a fine filk thread, fo that it may hang clofe to the
edge of the rod-bell then whenever the bell is ele&rlﬁcd
whsthet pofitively or negatively; the little ball will be re-
pell’d; ‘and continwe-at fome diftance from the'bell, - Have
‘m:ady a’ round-headed glafs: fogper ' of a deeanter, rubiit
en your fide “tilk it s eléCuified; then: prefent-it-to the
corkrball,  If the ele@ricity in thebalk/is pofitive; it wiith
be:tepell’dfrom. the glafsiftopperas el as fromytis bell.
If negative, i will fytatheffopper, -

N

s LIZ"‘I‘*



R E°M A R K S
On the Abbe NOLLET?s

Letters on ELECTRICI“’:;I‘Y..

| TO
BeN]. FRANKLIN, Efg; of P Z’ilﬂd;@%"’
BY

Mr Davip CoLDEN of New-Yirk.

S IR, Coldenbam, in N, York, D“‘.‘T 4, 1753,
9w N confidering the Abbe Noller’s letters to Mf:ﬁi‘a’nk.
I lin, T am obliged to pafs by all the experimenta'whxch

are'made with, or in, bottles hermetically* ‘fealed, or
exhaufted of air ; becaufe, not being able: to! repeat the
experiments, I could: not. fecond ‘any thing which occurs
to me thereon, by cxperimental proof. = Wherefore, the
firft point wherein I can dare to give my opinion, is in
the Abbe’s 4th letter, p. 66, where he undertakes to prove,
that the eleGric matter pafies from one furface to another
through the intire thicknefs of the glas: He takes Mr
Franklin’s experiment of the magical pi¢ture, and writes
thus of it.  £¢ When you elc&rxfc e pane of glafs coated

‘( OD
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« on both fides* with metal, it is evident that whatever is
« placed on'the fide oppofite to that which receives the
« eledricity from the conductor, receives alfo an evident
« ele@rical virtue.” 'Which Mr Frankiin fays, is that e-
qual quantity of electric matter, driven out of this fide,
by what is received from the condu&ar on the other fide;
and which will continue to "give an elecrical virtue, to
any thing in contact with it, till it is entirely difcharged
of its ele@rical fire, To which the Abbe thus objects 2
« Tell me, fays he, I pray you, how much time is ne-
« ceffary for this pretended difcharge ? I can affute you,
« that after having maintain’d the ele@rifation for hours,
« this furface, 'which ought, as it feems to me, to be en-
. < tirely difcharged of its cle@rical matter, confidering ei-
¢ ther the vaftnumber of {parks that were drawn from it,
& or the time that this matter had been expofed to the action
“ of the expulfive caufe ; this furface, 1 fay, appeared ra-
¢ ther better ele@rifed thereby, and more proper to pros.
« duce all the effeds of an atual ele@ric body. 2. 68.”
The Abbe does not tell us what thofe ‘effeés were = all
the effe@s I could never obferve, and thofe that are to
be obferved can eafily be accounted for, by fuppofing that
fide 'to be entirely deftitute of electric matter. The moft
fenfible effek of a body charged with ele@ricity  is, that
when you prefent your finger to it, a fpark will iffue from.
it to your finger ;: Now when a phial, prepared for the.

Leyden experiment, is hung to the gun-barrel or prime-~
\ ’ 220[1‘..
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eonductor, and you turn the globe in order to charge it ;
as foon as the ele€iric matter is excited, you can obferve &
fpark to iffue from the external furfice of the phial to
your finger, which, Mr Eranklin {ays, is the natural ele@ric
matter of the glafs driven. out by that received by the in-
ner furface from the condutor. If it be only drawn out
by fparks, a vaft number of them may be drawn; but.if
you take hold of the external furface with your hand, the
phial will foon receive all the eleCiric matter it is capable of,
and the outfide will then be entirely deftitute ofits ele@ric
matter, and no fpark  can be. drawn from. it'by the finger =
hese thon isa waat of that effe@ which all bodies, charg’d
with: ele@ricity, bave.  Some of the effels of an eleric
body, ‘which I {uppofe the Abbe has obferved in the ex-
¢srior furface of a charged phial, are that all light bodies
are attraled by it.  'This is an-effe&t which I have con-
ftantly obferved, but do riot think that it proceeds from
an attractive quality in the exterior furface of the phial,”
but in thofe light bodies themfelves, which feem. to.be at-
tracted- by the phial. It is a conftant obfervation, that
when one body has a greater charge of eleGric matter i
it than another (that is in propostion to the quantity they
will hold) this body- will attrac that which has lefs: Now,
T fuppofe, rand“it is a part of Mr Franklin’s fyftem, that
all thofe light bodies which appear to be attracted, have
more eledric matter in thet than the- external furface of

the phial has, wherefore they endeavour to attract the
phial
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phial 6 ?héﬁs"WhiCh‘is too heavy to be moved by the
fnalt-dégeée of force they exert, and yet being greatér
than their 6Wn weight, moves them to the phial. ‘The
fsllowing- expetiment will help the imagination in con=
ceiving th'is::" Sufpend a cork ball, or a feather by a filk
thread, and ele@rife it ; then bring this ball nigh to any
fized body, and it will appear to be attracted by that bo«
dy; for it will fly to it: Now, by the confent of eletri
¢ians, the attradtive caufe is in the ball - itfelf, and ‘not
in the fixed body to which it flies : This is a firailar caf
' with the apparent attraction of light bodies, to the cxtetnal

furface of a charged phial. | o
The Abbe fays, . 69. ¢ that he ¢an-electtife 2 hundred
mén,‘vﬁan&iﬁgvén wax, ifthey hold hands, and if one ‘of
them touch one of thefe: futfaces (the ‘exterior) with the -
end of hisfinger” : This Tknow he can, whils the plial is
charging, but after the phial is charged I am as ceftain he
cannot : “That is, hang @ phial,” prepared for the Leyden
experiment, to the conduder, and let o tan; fanding on
the floor, touch the coating with his firiger; while the plobe
15 turn’d, till the eleGric matter fpews out of the ’h’ook of
the phial, ot fome part of the conductor, which I take to
be the certaineft fign that the phial has received all the e-
| fectric matter it can : after this appears, Jet the man, who
before’ ftood on the floor, ftep on a cake of wax, where
he may ftand for hours, and the glsbe all that time turn-
ed, and yet have no appearance of being ele@rifed. Af-
‘ ter
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ter: the electric matter was fpewed out as above from- the
hook of a phial prepared for the Lyden experiment, I
hung another phial, in like manner prepared, toa hook fix-
ed in the coating of the firft, and held this other phial in
my hand; now if there was any eleéric matter tran{mits
ted thro’ the glafs of the firt phial, the fecond.one would
ccrtamly receive and colleét it ; but having kept the phlals
in this fituation for 2 confiderable time, daring which the
globe was continually turned,: I could not perceive that the
fecond phial was in the leaft, charged for when I touch-
ed the hook with my: finger, as in the Le_yden .experiment,
T did not feel the leaft commot:on, nor perceive any fpark

ta.iffue from the hook.

. 1..likewife made the following experiment. Havmg
hargcd two ph;als (prepared -for the Leyden experiment)
éhg_gt}gh their hooks ; two perfons took, each one of thefe
Phiaigfin their hand ; one held his phial by the coating, the
.other by the ook, which hecould do by removing the com=
municationfrom the bottom before he took held of the hook.
Thefe perfons placed themfelves one on each fide of me,
“while I ftood on a cake of wax, and took hold of the hook
of . that phial which was held by its coating (upon which
a fpark iffued, but the phial was not difcharged, as I ftood
on wax) keeping hold of the hook, I touched the coat-
ingof the phial that was held by its hook with my other
hand, upon which there was a large fpark to be feen be-
tween my finger and the coating, and both phials were
inftantly
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inftantly difcharged. - If the Abbe’s opinion be right, that
the exterior furface, communicating with the coating, is
charged, -as well as the interior, communicating with the
“hook ; how can I, who ftand on wax, difcharge both thefe
hials, when it is well known I could not difcharge one
of them fingly ? Nay, fuppofe I have drawn the elec-
tric matter from both of them, what becomesofit ? For
1 appear to have no additional quantity in me when the ex-
periment is over, and T have not ftirr’d off the wax : Where-
fore this experiment fully convinces me, that the exterior
furface is not charged ; and not only fo, but that it wants
as much ele@ric mattet as the inner has of excefs: For by
this fappofition, which is a part of Mr Franklin's {yftem,
the above experiment is eafily accounted for, as follows :

\;\(hin I Pcarfﬁd on wax, my body is not capable of receiving
8 ‘t eeleé’mc. matter from the hook of one phial, which
it is ready to give; neither can it give as much to the coating

of the other phial as it is ready to take, when onie is only
T ap-
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applied to me : But when both are applied, the coating
takes from one what the hook gives: Thus I receive the
fire from the firft phial at B, the exterior furface of which
is {fupplied from the hand at A : I give the fire to the fe-
cond phial at C, whofe interior furface is difcharged by
the hand at D, "Thjs difcharge at D may be made evident
by receiving that fire into the hook of a third phial, which
is done thus : In place of taking the hook of the Jecond
phial in your hand, run the wire of a third phial, prepared
as for the Zeyden experiment, thr‘oqgh;it,‘axid hold this third
* phial in your hand, the fecond: one  hanging to it, by the
ends of the hooks run through each other : Whep the ex~-
Pe'rimgnt is performed, this third phial receives ¢l
D, and will be charged. When this experiment
fidered, I think, it muft fully prove that the exterior
of a chaiged phial wants electric matter, while th
furface; hd&;an excefs of it. Oge ‘thing more,

e fire at
is con-
{urface
e inner

gk worthy of
notice 4n this expefiment is, tHa(AI feel no commotion or
fhock inmy arms, tho’ f6"great a quantity of eledric mat-.
ter paffesthrough them inftantaneoufly : I only féel i prick-
ling in the ends of my fingers. This makes.fnie tlm:'n(k_ th@,}
Abbe has miftook, when he fays, that there isno difference
between the thock felt in performing the Leyden experi-
ment, and the prickling felt on drawing fimple fparks, ex-
cept that of greater to lefs. In the laft experiment, asmuch;
clectric matter went through my arms, as would have given,
mea very fenfible thock, had there been an immediate com-

mu--
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munication, by my arms, from the hook to the coating of
the- farﬁe'ph’iél becaufe when it - was taken into a thixd'
phial, -and that phial’ dxfchargcd fingly thro’ my alms it
gave me a fenfible thock.  If thefe expeuments prove that
the ele@ric matter does not pafs through the intire thick-

hefs of the glafé ; it isa neceffary- confequcnce that it muft
always come out where it enter’d,. .

The next thing I meet with is'in the Abbe’s fifth letter

. 88, where he differs from Mr Franklin, who thinks
that the whole power of giving 2 fhock is in the: glafs it-

felf, and not in the non-elecrics in contact with it. The

experiments which- Mr Franklin gave to prove this opini-
on, in his Experrmcm‘s and Odfervations on Elettricity,
Letter 1M, p. 24. convmced me that he was in the right;
and what the Abbe has afferted in contradiction’ thereto,
has not made me think othcrwxfc The Abbe perceiving
as T fappofe, that the experiments, as Mr Franklin had
perform’d” thcm, nmmuft prove his affertion 5 alters them
thhout giving any -reafon for it; and’ makes theim in a
manner that proves nothing. Why will he have the phial,
into which the water is to be decanted from a charged.
phial; held in a man’s hand'? . If the power of giving a
fhock is‘in the water contain’d in the phial, it fhould re-
mainthere tho’ dECanted into another phial, fince no non-
electric body touch’d it to take that powet off. The phial
being placed on wax 1s 1o obje&xon, for it cannot take the

power from the water, if it had any, but it is a neceffary
T 2 means
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means to try the fact ; whereas, that phial’s being charged
when held in a man’s hand, only proves that water will
conduct the electric matter. The Abbe owns, P 94, that
he had heard this remarked, but fays, Why is not a con-
dudtor of cle@ricity an elefric fubje@? This is not the
queftion ; Mr Franklin never faid that water was not an e-
leCtiic {ubjed ; he faid, that the power of giving a fhock
was in the glafs, and not in the water ; and this, his expe-

riments, fully prove ; {o fully, that it may appear imper-
tinent to offer any more : Yet as'I do not know that the
following has been taken: notice of by any body - before,
my inferting of it in this place may be excufed., It s this

Hang a phial, prepared for the Leyden experiment,
to the conductor, by its hook, and charge it, which
done, remove the communication from the bottqm of
the phi‘al‘.y Now the condutor thews. evident ﬁgn‘sr of be-
ing eleCrifed ; for if a thread be tied round it, and its ends:
left about two inches long, they will extend themfelves

out -like a pair of horns ; but if you touch the con.
ductor, a fpark will iffue from it, and the threads will fall,

nor does the conductor thew: the leaft fign of being elec-
trifed after this is done. I think that by this touch, I

have taken out all the charge of ele€tric matter that was
in the conduétor, the hook of the phial, and water or §-
lings of iron contain’d in it ; which is no. more than. we,
fec 2ll non-electric bodies will receive ; yet the glafs of the
phial retains its power of giving a fhock, as any one will

find
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find that pleafes to try. ‘This experiment fully evidences, -
that the water in the phial contains no more eletric mat-
ter than it would do in an open bafon, and has not any
of that great quantity which produces the thock, and is
cnly retain’d by the glafs. If after the fpark is drawn
from the condu&or, you touch the coating of the phial
(which all this while is fuppofed to hang "in the air, free
from any non-ele&ric body) the threads on the conductor
will inftantly ftait up, and fhew that the conduttor is elec-
trifed. It receives this electrifation from the inner furface.of
the phial, which, when the outer furface can receive what it

wants from the hand applied to it, will give as much as
the bodies in contact with it can receive, or, if they be large
enough, all that it has of excefs. It is diverting to fee how
the threads will rife and fall by touching the coating and
condu@or of the phial alternately. May it not be that the
difference between the charged fide of the glafs, and the
outer: or emptied fide, being leflen’d by touching the hook
or the conduor; the outer fide can receive 'from the
hand which touched it, and by its receiving the inner fide -
cannot retain fo much ; and for that reafon fo much as it
cannot contain electrifes the water, or filings and conductor:
For it feems to be a rule, that the one fide muft be emptied
in the fame proportion that the other is fill’'d : Tho’ this
from experiment appears evident, yet it is {till a myftery

pot to be accounted for,
Iam,
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. ¥ am, in many places of the Abbe’s book furpn(ed to
find that experlmcnts have fuceeeded fo dxff‘crently at Pa-
ris from what they did with Mr Franklin,and as I have
always obferv’d them to do. 'The Abbe, in making expe-
riments to find the difference between the two furfaces of'
a charged glafs, will not have the phial placed ‘or. wax:
For, fays he, don’t you know that being placed on a body
originally ele@ric, it quickly lofes its virtue? I cannot i-
magine what {hould have made the Abbe think fo; it
certainly is contradl&ory to the notions commonly received
of ele@rics per- fe's- and by experiment I find it entirely
otherwife : For having feveral times left a charged phial,
for that puxpofe«, ﬁandmg on wax for hours, I found it to
retain as- much of its charge as another that ftood at the-
fame time on a table. Ileft one ftanding on wax from ro:
o'clock at night till 8 next morning, when I found it to
retain 2 fufficient quantity of its charge, to give me a fen-
fible commotion in my arms, though the room in which
the phial ftood had been fwept in that time, which: muft
have rais’d much duft to facilitate the difcharge of the
phial. | |

I find that a cork ball fufpended between two bottles,
‘the one: fully and the other but little charged, will not.
play between them, but is driven into a fituation that
makes a triangle with the hooks of the phials ; though
the Abbe has afferted the contrary of this, p. 101, in or-

der to account for the playing of a cork ball between the
wire
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wire thruft into the phial, and one that rifes up from its
coating. The phial which s leaft charged muft have
mbre eletric matter given to it, in proportion to its bulk,
than the cork ball receives from the hook of  the full
phial. .
. 'The Abbe fays, p. 103, “ that a pisce of metal leaf
< hung to a filk thread and ele@rifed, will be sepell’d by
< the bottom of charged: phial held by its hook in the
« gir:” ‘ThisI find conftantly otherwife, it is with me al- -
ways firft attracted and then repelled : It is neceflary in
charging the leaf to be carcful, that it does not fly off to
fome non-elecric body, and fo difcharge itfelf when you
think itis charged ; it is difficult to keep it from flying to.
your own wrift, or to fome part of your body.

The Abbe, . 108, fays,  that it is not impoffible, as
< Mr Franklin fays it is, to charge a phial while there is a
¢ communication form’d between its coating and its hook.”
I have always found it impofiible to. charge fuch a phial fo
as to giveit a thock : Indeed if. it -hang on the conductor
without 2 communication frem ity:you may draw a fpark
from it as you may from any body that hangs there, but
this is very different from being charged in fuch a manner
astogivea fhock. The Abbe, in order to account for
the little quantity of electric matter that is to be found in.
the phial, fays, “ that it rather follows the metal than the
« glafs,,and that it is f{pewed out into the air from the coating

w of the phial”. I wonder how it comes not to do fo t00,,
‘ when.
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when it fifts through the glafs, and charges the exterior -
furface, according to the Abbe’s fyftem !

The Abbe’s obje@tions againft Mr Franklin’s two laft
experiments, I think, have little weight in them : He feems,
indeed, much at a lofs what to fay, wherefore he taxes
Mr Franklin with having conceal’d a material part of the
experiment ; 2 thing too mean for any gentleman to be
charged with, Who has not {hewn as great a partxahty in
relating experiments, as the Abbe has done.

ELEC-



ELECTRICAL EXPERIMENTS,

With an Attempt to accoﬁnt for their
SEVERAL PHANOMENA:;
Together with

Some Obfervations on Thunder-Clouds,

In further Confirmation of Mr Frankrin’s Ob-
fervations on the pofitive and negative eleétrical

State of the Clouds, by Joun Cantoy, M. A.
and F.R. S,

Dec. 6, 1753,
EXPERIMEN I,
FR O M the cieling, or any convenient part of a

room, let two cork-balls, each about the bignefs

of a fmall pea, be fufpended by linen threads of

eight or nine inches in length, fo as to be in conta@® with
each other. Bring the excited glafs tube under the balls,
U ' "and
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and they wilt be feparated by it, when held at the diftance
of three or four feet ; let it be brought nearer, and they
will ﬁ'&;ﬁd farther apart; intirely withdraw it, and they
will immiediutely come together. 'This experiment may
be made with very fmall brafs balls hung by filver wire;
and will fucceed as well with fealing-wax made electrical,
as with glafs, '

EXPERIMENT IL -
If two cork-balls be fufpended by dry filk threads, the
excited tube muft be brought within eighteen inches be-
fore they will repel each other; which they will continue
to do, forfome time, after the tube is taken away.
" Ag the balls in the firft experiment are, not infulated,
they cannot properly be faid to be eletrified : but when
théy heng within the dtmofphere of the excited tube, they
may attrad and condenfe the electrical fluid round about
them, and be fe,paratcdlbjr the repﬁlﬁbn of its Iv’)m'ti‘clézs., ‘
It is conjectur’d alfo, that the balls at this time contain
lefs than their common fhare of the electrical flaid, on
account of the repelling power of that which furrounds
them ; tho’ fome, perhaps, is continually entering and paf-
fing thro’ the threads: And if that be the cafe, the rea-
fon is plain why the balls hung by filk, in the fecond. ex-~
perimeht,, muft be in a much more denfe part of ‘the at-
mofphere of the tube, before they will repel each other,
At theép}étoach of an excited ftick of wax to the balls,
in the firk experiment, the eletrical fire is fuppofed to
: come:

3
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’come.thfo’ugh the threads into the balls, and be condenfed
there, in is paflage towards the wax ; for, according to
- Mir Franklin, excited glafs emits the ele@rical fluid, but
excited wax receives it,

EXPERIMENT 1L

Let a tin tube, of four or five feet in. length, and abou
¢wo inches in diameter, be infulated by filk ; and from one
end of it let the cork-balls be fufpcndéd by linen threads,
Eledrify it, by bringing the excited glafs tube near the
other end, {o as that the balls may ftand an inch and an
‘half, or two inches, a-part: Then, at the approach of
the excited tube, they will, by degrees, lofe their repelling
power, and come into contact; and as the tube is brought
ftill nearer, they will feparate again to as great a diftance
‘as before : In the return of the tube they will approach
cach other till they touch, and then repel as at firft. If
the tin tube be eleGrified by wax, or the wire of a charg’d
phial, the balls will be affected in the fame manner at the
approach of excited wax, or the wire of the phial.

EXPERIMENT 1V,

Ele@rify the cork-balls as in the laft cxpeumcnt by glafs,
and at the approach of an excited ftick of wax their re-
pulfion will be increafed. The effect will be the fame, if
the excited glafs be brought towards them, when they have
been ele@rified by wax.

The bringing the excited glafs to the cnd ‘or edge of

U2 the
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' the tin-tube, in the third experiment, is fuppos’d to elee-
trify it pofitively, or to add to the electrical fire it before
contained ; and therefore fome will be running off through
the balls, and they will repel each other. But at the ap-
proach of excited glafs, which likewife emits the eleirical
fluid, the difcharge of it from the balls will be diminifh’d ;
or part will be driven back, by a force ating ina contrary
direGtion ; and they will come nearer together. If the
tube be held at fuch a diftance from the balls, that the
excefs of the derfity of the fluid round about them, above
the common quantity in air, be equal to the excefs of the
denfity of that within them, above the common quantity
contain’d in cork ; their repulfion will be quite deftroy’d.
But if the tube be brought nearer ; the fluid wtthout, be-
ing more denfe than that within the balls, it will be at-
tracted by them, and they will recede from each other
agayin. j

When the apparatus has loft part of its natural (hare
of this fluid, by the approach of excited wax to one end
of it, or is cle@rified negatively ; the eleGrical fire is at-
“tracted and imbib’d by the balls to {upply the deficiency ;
and that more i:lcmifuuy at the approach of excited glafs 5
or a body pofitively ele@rified, than before; whence the
diftance betwsen the balls will be increafed, as the fluid
furrounding them is augmented. And in general, whe-
ther by the approach or recefs of any body ; if the diffe-

rence between the denfity of the internal and external fluid
’ ~be
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be increafed, or diminithed ; the repulfion of the balls will
be increafed, or diminithed, accordingly.

EXPERIMENT V.

When the infulated tin tube is not eleétrified, bring the
excited glafs tube towards the middle ofit, o as to be near-
ly at right angles with it, and the balls at the end will re-
pel cach other ; and the more fo, as the excited tube is
brought nearer. “When it has been held a few feconds,
at the diftance of about fix inches, withdraw it, and the
balls will apprmch each other till they touch ; and then
feparatmg again, as the tube is moved farther off, will con-
tinue to repel when it is taken quite away. And this re-
pulfion between the balls will be increafed by the approach
of excited glafs, but diminifhed by excited wax ; juft as
if the apparatus had been elecrified by wax, after the man-
ner defcribed in the third experiment.

EXPERIMENT VL

Infulate two tin tubes,- dxﬁmguxfhed by 4 and B, fo as
to be in a line with each other, and about ‘half an ‘inch
apart ; and at the remote end of each, leta pair of cork
balls be fufpended. Towards the middle of 4, bring the
excited glafs tube, and holding it a fhort time, at the di-
ftance of a few inches, each pair of balls will be obferved
to feparate : withdraw the. tube, and the balls of 4 will
come together, and then repel each other again ; but thofe

of B will hardly be affe€ted. By the approach of the ex-
cited
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cited glafs tube, held under the balls of 4, their repulfion
will be increaled : but ifthe tube be brought, in the fame
manner, towards the balls of B, their repulfion will be di-
minifhed. : ‘ |

In the fifth experiment, the common ftock of electrical
matter in the tin tube, is fuppofed to be attennated about
the middle, and to be condenfed at the ends, by the re-
pelling power of the atmofphere of the excited glafs tube,
when held near it. And perhaps the tin tube may lofe
fome of its natural quantity ofthe ele@rical fluid, before
it receives any from-the glafs; as that fluid will more
readily run off from the ends and edges of it, than enter at
the middle : and accordingly, when the glafs tube is with-
drawn, and the fluid is again equally diffufed through the
apparatus, it is found to be electrified negatively : For ex-
cited glafs, brought undcr the balls will increafe their re-
pulfion.

In the fixth experiment, part of the fluid driven out
of one tin tube enters the other; which is found to be
ele@trified pofitively, by the decreafing of the repulfion of
its balls, at the approach of excited glafs.

EXPERIMENT VIL
Let the tin tube, with a pair of balls at one end, be
placed three feet at leaft from any part of the room, and
the air render’d very dry by means of a fire ; ele&rify the
apparatus to a confiderable degree;.then touch the tin
tube with a finger, or any other condutor, and the balls
will
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will, notwithftanding, continue to repel each other ; 5 tho”
not at fo gréat-a great a diftance as before.

The air (urroundmo the apparatus to the diftance of two
or three feet, is fuppofed to contam more or lefs of the
eleé‘trlcal ﬁrc, than its common fhare as "the tin tube is
ele@rified poﬁtrvcly, or neganvely ;and whcn very dry,:
- may not part with its overplus, or have' 1ts deﬁcxency fup-
lled fo fu‘dd'enly, as the tin ; but rnay contmue to be e-

time.
EXPERI‘MENT VIIIL.

‘Having madc the Tomcelhan vacuum about five feet
long, after the nanner defcribed in the Philofophical Tranf-
agtions, Vol. xlvii. p. 370. if the éxcited tube be brought
within'a fmall diftance of it, a light will be feen through
more than - half its length ; which foon vanithes, if the
tube be not broughitnearer 5 but will appear again, as that 13'

moved farther off, This may be repeated feveral times,
without exciting the tube afefh.

* This experiment may be confider'd as' & kmd of “ocilar”
demonftration of the truth of Mr Frankhin’ ] hypoth@f $;
that when the ele@rical fluid i condenifed on one fide of
thin glafs, it will be repelIed from the other, if it meets
with no refiftance. According to which, at the approach
of the excited tube, the fire'is fuppofed to be repelled ﬁ'om

the infide of the glafs furrounding: the vacuum, and to be
carried
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carried off through the columns of mercury ; but, as the
tube is withdrawn, the fire is fuppofed to return.

"EXPERIMENT IX

“Let an excited ftick of wax, of two feet and an half
in length, and about an inch in diameter, be held near

its midd‘le. Excite the glafs tube, and draw it over one
~ half of it; then, turnmg it a little about its axis, let the
tube be excxtcd again, and drawn over the fame half; and
let this operation be repeated feveral times : then will that
half deftroy the repelling power of ballsele ‘tnﬁcd by glaf's,
and the other half will increafe it.

By this experiment it appears that wax alfo may be e-
le@rified pofitively and negatively. And it is probable,.
that, all bodies whatfoever may have the quantity they
contain of the ele€rical fluid, increafed, or diminifhed, .
The clouds, I havc obferved, by a great number of expe-
riments, to be fome in a pofitive, and others in a negative
ftate of electricity. For the cork balls, eleGirified by them,
will fometimes clofe at the approach of excited glafs ; and
at other times be feparated to a greater diftance. And this
change I have known to "happen five or fix times in lefs
than half ar. hour ; the balls coming together each time
and remaining in conta& a few feconds, before they repel
each other again, It may likewife eafily be difcover’d, by
a charged phial, whether the eletrical fire be drawn out
of the apparatus by a negative cloud, or forced into it by

a pofi-
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‘3 pofitive-0ne: and by which fogver it he ele@rified, thould
that cloud either part with its overplus, or have its defi-
ciency fupplied fuddenly; the apparatus. will lofe. its. eleétri=
-city : which is frequently obferved. to- be the cafe, imme-
diately. after a flath of lighgning.. ¥et when;the air. i very
dry, the apparatus will continue: -to; b, ¢le@rifed, for ten
mmutes, or a quarter of an hour, after’ the clouds have
paffed the zenith ; and fometimes till they appear more
than half-way towards the horizon. Rain, efpecially when
the drops are large, generally brings down the electrical
fire : and hail, in fummer, I believe never fails. When
the apparatus was laft elerified, it was by the fall of thaw-
“ing frow, which happened fo lately, as on the 12th of
November ; that being the twenty-fixth day, and fixty-firft
time, it has been eletrified, fince it was firft fet up ; which
was about the middle of May. And as Fubrenbeit's ther-
motmeter was but feven degrees above freezing, it is fup-
pofed the winter will not intirely« put a ftop to.obfervations
of this fort. At London, no more than two thunder-
ftorms have happened daring the whole fummer ; and the
apparatus was fometimes fo ftrongly eletrified in one of
them, that the bells, which have been frequently rung by
the clouds, fo loud as to be heard in every room of the
houfe (the doors being open) were filenced by the almoft
conftant ftream of denfe ele@rical fire, between each bell
and the brafs ball, which would not fuffer it to ftrike.
I: thall conclude this paper, already too long, with the

following queries :
X 1, May
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- 3. May not air, fuddenly rarefied, give ele&rical fire to,
and air fuddenly condenfed, receive glectrical fire from,
clouds and vapours pafling through it? '

2. Is not the aurora barealis, the flafhing of elecrical
fire from pofitive, towards negative clouds at a great dif

tance, through the upper part of the atmoféhere, where
the refiftance is leaft? =




APPENDIX

S Mr Franklin, in a former letter to Mr Collis-

Jon, mentioned his intending to try the power

of a vety firong electrical fhock upon a turkey,

that gentleman accordingly has been fo very obliging as to
fend an account of it, which is to the following purpofe.

He made firft feveral experiments on fowls, and found,
that two large thin glafs jars gilt, holding each about fix
gallons, were fufficient, when fully. charged, ta kill com-
mon  hens outright; but the turkeys, though thrown
into violent convulfions, and then lying as dead for
fome minutes, would recover in lefs than a quarter of
an hour.. However, having added three other fuch
to ‘the former two, though not fully charged, he killed
a turkey of about ten pounds weight, and believes
that they would have killed a much larger. He con-
ceited, as himfelf fays, that the birds kill’d in'this manner
eatuncommonly tender.

In making thefe experiments, he found, that a man .
could, without great detriment, bear a much greater fhock
than he had imagined : for he inadvertently received the
ftroke of two of thefe jars through his arms and body, when
they were very near fully charged. It feemed to him an

univerfal blow throughout the body from head to foot,'
' and



:and was followed by a violent quick trembling in the trunk,
which went off gradually in a few feconds. It was fome
:minutes before he could recolle& his thoughts, fo as to
know what was the matter; for he did not fee the-flafh,
tho’ his eye was on the fpot'of the prime-conduétor, from
whence it ftruck the back of his hand ; nor did he hear
the crack, though the by-ftanders faid it was a loud one s
nor did he particularly feel the firoke on his hand, tho’
he afterwards found it had raifed a fwelling there, of the
Dignefs of half a piftol-bullet. His arms. and the
back of the neck felt fomewhat numbed the remain-
der of the .evening, and his breaft was fore for a week
after, as if it had been bruifed. From this experiment
smay be feen the danger, even under the greateft caution, to
the operator, when making thefe experiments with large
jars ; for it is not to be doubted; but feveral of thefe fully
.charged would as certainly, by increafing them, in propor-
tion to-the fize, kill a man, as they before did a turkey.

N.B. The original of this letter, which wasread at the
Royal Society, has been miflaid.
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EL EC TRICAL and other PHILOSOPHICAL
PAPERS and LETTERS.

ova——

ELeCTRICAL EXPERIMENTS 7ade in Purfuance of
thofe made by Mr Canton, dated December 6,
1753 3 with Explanations, by Mr Benjamin
Franklin,

Philadelphia, March 14, 1755+

. PrRINCIPLES..
alns%aget;fhgﬁ"ﬁs L LECTRIC atmofpheres, that flow
1755 E round non-ele@ric bodies, being
brought near each other, do not
-readily mix and unite into one atmofphere, but remam fe-
parate, and repel each other.
- This is plainly feen in fufpended cork balls, and other
bodies eleGrified,

IL. An elecric atmofphere not only repels another elec-
tric atmofphere, but will alfo repel the electric matter con-
tained in the fubftance of a body approaching it; and
without joining or mixing with it, force it to other parts of

the body that contained it. .
‘ Y This
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This is thewn by fome of the following experiments.

111, Bodies electrified negatively, or deprived of their
natural quantity of EleGricity, repel each other, (or at
leaft appear to do fo, by a mutual receding) as well as
thofe eleCtrified poﬁtively, or which have ele@ric atmo-
fpheres. _

This is thewn by applying the negatively charged wire
of a plnal to two cork balls, fufpended by filk threads, and
by many other experiments. :

PREPARATION.

Fix a taﬁ‘el of fifteen or twenty threads, three inches
long at one end, of a tin prime condu&or, (mme 1s about
five feet long, and four inches diameter) fupported by filk
lines.

Let the threads be a little damp, but not wet.

EXPERIMENT 1

Pafs an excited glafs Tube near the other end of the prime

conduclor, fo as togive it fome [parks, and the threads will
diverge. : :

Becaufe each thread, as well as the prime-conductor,
has acquired an ele@ric atmofphere, which repelsand is re-
pelled by the atmofpheres of the.other threads : if thofe fe-
veral atmofpheres would readily mix, the threads might

unite, and hang in the middle of one atmofphere, common
to them all.

Rub
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Rub the tube afrefb, and approach the prime-conductor there-

awith, ci(y}fways, near that end, but not m'gb enough to

give fparks s and the threads will diverge a little sore.

Becaufe the atmofphere of the prime-conducor is pref-
fed by the atmofphere of the excited tube, and driven to-
wards the end where the threads are, by which each thread
acquires more atmofphere. . ~
Withdraw the tube, and they will clofe asmuch.

They clofe as much, and no more ; bccafxfe the atmo-
fphere of the glafs tube not having mixed wx.th.the atmo-
{phere of the prime condutor, is withdra.wn intire, having
made no addition to, or diminution from it.

Bring the excited tube under the tuft of threads, and they
will clofe a little. ‘

They clofe, becaufe the atmofphere of the glafs tube re-
pels their atmofpheres, and drives part of them back on the
prime condu&or.

Withdraw it, and they will diverge as much.

For the portion kof | a.tm‘ofphere which they had loft, re-

turns to them again.

EXPERIMENT IL

Excite the glafs tube, and approach the prime condutlor w{fb
it, bolding 1t acrofs, near the end oppofite to that on :wbzcb_ M
the threads bang, at the diffance of five or /ix zn;/Je:.
Kecp it there a few feconds, and the threads of the taf-
Sels il diverge,  Withdraw it, and they will clofe.

Yo o They
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- They diverge, becaufe they have received eleétric atmo-

fpherés from the eleCtric matter before contained in the fub-
ftance of the prime conduor ; but which is now repelled
and driven away, by the atmofphere of the glafs tube,
from the parts of the prime conduor oppofite and neareft
to that atmofphere, and forced out upon the {urface of
the prime conduor at its other end, and.upon the threads
bhanging thereto, Were it any part of the atmofphere of
the glafs tube that flowed ower and along the prime con-
duor to the threads, and gave them atmofpheres, (as is
the cafe when a fpark is given to the prime condu&or from
the glafs tube) fuch part of the tube’s atmofphere would
have remained, and the threads continue to diverge ; but
theyclofe. on withdrawing the tube, becaufe the tube takes
with it all its own atmofphere, and the eleCric matter,
which had been driven out of the fubftance of the prime -
condu&tor, and formed atmofpheres round the threads, is
thereby permitted to return to its place.

Take a [park from the prime condultor near the threads,
when they are diverged as before, and they will clofe.
For by {o doing they take away their atmofpheres, com-

pofed of the eleétric matter driven out of the fubftance of

the prime conduor, as aforefaid, by the repellency of
the atmofphere of the glafs tube. By taking this fpark
you rob the prime conduor of part of its natural quanti-

"ty of the ele@ric matter ; which part fo taken is not fup-
plied by the glafs tube, for when that is aftc;rwards with-
' drawn
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drawn,, it takes with it its whale atmofphere, and leaves
the prxmc condu&or eleé’crzfed negatively, as appears by
the next operation,

Then withdraw the tube, and they will open again.

For now the ele¢tric matter in the prime condu®or, re-
turning to its equilibrium, or equal diffufion, in all parts of
its fubftance, and the prime conducor having loft fome of
its natural quantity, the threads connected with it lofe part
of theirs, and fo are electrifed negatively, and therefore repel

each other, by Pr. IIL
Approach the prime condulor with the tube near the fame
place as at firft, and they will clofe again.

Becaufe the part of their natural quantity of eledric
fluid, which they had loft, is now reftored to them again,
by the repulfion of the glafs tube forcing that fluid to
them from other parts of the prime conductor ; fo they are
now again in their natural ftate.

Withdraw it, and they will open agam

For what had been reftored to them, is now taken from
them again, flowing back into the prime conductor, and
leaving them once more eleérifed negatively.

Bring the excited tube under the threads, and z‘bey will di-

verge more. .

Becaufe more of their nataral quantity is driven from
them into the prime’conduétor, and thereby their negative
Ele&tricity increafed.

E X-
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EXPERIMENT I11.

The primé conduﬂor not being: eleStrified, bring the exczted
tube under the mﬂél and the threads will diverge.

Part of their natural quantity is thereby driven out of
them into the prime conductor, and they become negatively
eleCrifed, and therefore repel each other.

Keepmg the tube in the fame place with one /m;zd attempt
to touch the threads with the finger of the other band, and
they will recede from the finger.

Becaufe the finger being plunged into the atmofphere of
the glafs tube, as well as the threads, part of its natural
quantity is driven back through the hand and body, by
that atmofphere, and the finger becomes, as well as the
threads, negatively ele@rifed, and fo repels, and s repelled

by them. To confirm this, hold'a flender light lock of
cotton, two or three inches long, near a prime condu&or,
that is ele¢trified by a glafs globe, or tube. You will fee
the cotton ftretch itfelf out towards the prime condu@or.

Attempt to touch it with the finger of the other hand, and

it will be repelled by the finger. Approach it with a pofi-

tively charged wire of a bottle, and it will fly to the wire,

Bring it near a negatively charged wire of a bottle, it will

recede from that wire in the fame manner that it did from

the finger ; which demonftrates the finger to be negatively
electrifed, as well as the lock of cotton fo fituated,

Ex/raé?
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Extrac? of @ Letter concerning Electricity, from
Mr B. Franl;lin, 20 Mon/. Dalibard, a Paris,
inclofed in a_ Letter to My Peter Collinfon,
F.R.S. | |

4 - Philadelphia, Fune 29, 1755,

Read at the Royal we ‘
Socicty, Dec, 0 U_d°ﬁre my opinion of Pere Bec-
18, 1755 ~ caria’s Italian book *. 1 have read

it with much pleafure, and think it one of the beft pieces
on the fubje¢t that I have feen in any language. Yetasto
the article of water-fpouts, I am not at prefent of his fenti-
ments ; though I muft own with you, that he has hand-
led it very ingenioufly. Mr Collinfon has my opinion of
whirlwinds and water-fpouts at large, written fome time
fince. Iknow not whether they will be publifhed ; if not,
I will get them tranfcribed for your perufal. It does not
appear to me that Pere Beccaria doubts of the abfolute im-
permeability of glafs in the fenfe I meant it ; for the inftan-
ces he gives of holes made through glafs by the eleétric
~ftroke, are fuch as we have all experienced, and only fhew
that the ele@ric fluid could not pafs without making a hole.
In the fame manner we fay, glafs is impermeable to water,
and yet a ftream from a fire-engine will force through the
ftrongeft panes of a window. Asto the effet of points in

¥ This work is written conformable to Mr Frankiin’s theory, upon
artificial and natural Ele&ricity, which compofe the two parts of it It
was printed in Jtalian at Turin, in 4to. 17533 between the two parts is a
letter to the Abbe Nollet, in defence of Mr Franklin’s fyftem,  J- B..

drawing
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drawing the eleClric matter from clouds, and thereby fe-
curing buildings, &c. which, you fay, he feems to doubt, T
muft own I think he only fpeaks modeftly and judicioufly.
I find T have been but partly underftood in that matter.
I have mentioned it in feveral of my letters, and except
once, always in the alternative, viz. that pointed rods e-
rected on buildings, and communicating with the moilt
carth, would either prevent a ftroke, or, if not prevented,
would condué? it, fo as that the building fhould fuffer no
damage. Yet whenever my- opinion is examined in .Ex- -
rope, nothing is confidered but the probability of thofe rods
preventing a firoke or explofion, which is only a pars of
the ufe 1 propofed for them ; and the other part, their
conduéting a ftroke, which they may happen not to pre-
vent, {eems to be totally forgotten, though of equal impor-
tance and advantage. ,

I thank you for communicating M. de Buffon’s relation
of the effe& of lightning at Dijon, on the 7th of Fune laft.
In return, give me leave to relate an inftance I lately faw
of the fame kind. Being in the town of Newbury in New-
England, in November laft, 1 was thewn the effe@ of
lightning on their church, which had been ftruck a few
months before. The fteeple was a fquare tower of wood,
reaching {eventy feet up from the ground to the place
where the bell hung, over which rofe a taper fpire, of
wood likewife, reaching feventy feet higher, to the vane
of the weather-cock. Near the bell was fixed an iron

hammer to ftrike the hours; and from the tail of the ham-
mer
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mer 2 wiré went down through a fmall gimlet-hole in the
floor that the bell ftood upon, and through a fecond floor
in like manner; then horizontally 'under and near the
plaiftered cieling of that fecond floor, till it came near a

laiftered wall ; then down by the fide of that wall to a
clock, which ftood about twenty feet below the bell. - "The
wire was not bigger than a common knitting neédlc.
The fpire was. {plit all to pieces by the lightning, and the
parts flung in all directions over the {quare in which the
church ftood, fo that nothing remained above the bell.

The lightning paffed between the hammer and the
clock in the above-mentioned wire, without hurting either
of the floors, or having any effeG upon them, (except mak-
ing the gimlet-hoies, through which the wire pafled, little
bigger,) and without hurting the plaiftered wall, or any part
of the building, fo far as the aforefaid wire and the pen-
dulum wire of the clock extended ; which latter
wire was about the thicknefs of a goofe-quill. From the
end of the pendulum, down quite to the ground, the
building was exceedingly rent and damaged, and fome
ftones in the foundation-wall torn out, and thrown to the
diftance of twenty or thirty feet. No part of the afore-
méntioﬁed long fmall wire, between the clock and the
hammer, could be found, except about two inches that
hung to the tail of the hammer, and about as much that
was faftened to the clock ; the reft being exploded, and its
particles diffipated in fmoke and air, as gunpowder is by

common fire, and had only left a black fmutty track on
Z the
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the plaiftering, three or four inches broad, darkeft in the
middle, and fainter toward the edges, all along the cieling,
underwhich it pafled, and down the wall. Thefe were
the effects and appearances ; on which I would only make
the few followmg remarks, vz,

1. That lightning, in its paffage through a building, will
leave wood to pafs as far as it can -in metal, and not enter
the wood again till the condu@er of metal ceafes.

And the fame 1 have obferved in other mftances, as to
walls of brick or flone. .

2. The quantisy-of l«sghtnmg that paffed J:hrough this
freeple muft have been very great, by its effects on the
Yofvy fpire above she bell, and on the fquare tower all be-
' low the end -of the ¢lock pendulum.

3. Great as this quantity was, it was condua;ed by a
Gmall wire and a clock pendulum, without the leaft da-
mage to the building fo far as they extended.

4. The pendulum rod being of a fufficient thicknefs,
conduéted the lightning without damage to itfelf; but the:
fmall wire was utterly deftroyed. |

5. Though the fmall wire was itfelf deftroyed, yet it had
conducted the lightning with fafety to the building.

6. And from the whole it feems probable, that if even
fug}x a fmall wise had been extended from the (’pind]cof
the vane to the earth, before the ftorm, no damage would
have been done to the fteeple by that ftroke of lightning,

though the wire itfelf had been deftroyed,
| LET-
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LETTER XIL

PeTER COLLINSQN, Efz; F.R. S at London,

Dear Friend, . Philadelphia, Nou. 23, 17353,

N my laft, via Virginia, 1 promifed to fend you per
next fhip, a fmall philofophical pacquet: But how
having got the materials (old letters and rongh drafts)
before me, I fear you will find it a great one. Neverthe-
lefs, as I am like to have a few days leifure before this
thip fails, which I may not have again in a long time, I
fhall tranfcribe the whole, and fend it; for you will be
under no neceffity of reading it all at once, but may take
it alitle at a time, now' and then of a winter evening.
When you happen to ‘have nothing elfe to do (if that ever
happens,) it may afford yot fome amafement #. - Bj .

# Thefe Letters and Papers are a Philofophical Correfpondence between
* Mr Franklin and fome of ‘his American Friends. - Mr Collinfon communi-
cated them to the Royal Society, where they were read at different meet-
ings during t:'he year 1756. But Mr Frankiin having particularly requefted
that they might not be printed, nase of them were inferted in the 1 ran{-
adions. Mr F, had at that time an intention of revifing them, and pur-
fuing fome‘of the enquiries fatther; but finding thiat he is not like to have
fufficient leifure, he has at length been induced, imperfect as they are, to

permit their publication, as fome of the hints they contain may poflibly be

ufeful to others in their philofophical refearches, B
Z 2 Ex'-_
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Extraft of a Letter from a Gentleman in
“BosToN, 70 Benjamin Frankrin, Efg; con-
cerning the crooked Dire®ion, and the Source

of nghtnmg

S I R Bofton, Dec. 21, 17571,
THE experiments Mr K. has exhibited here, have
been greatly pleafing to all-forts of people that have
feen them ; and I hope, by the time he retarns to Phila-
delphia; his tour this way ' will tura to good account. His
experiments are Very: curious, and I think prove moft ef-
feCtually your doérine .of Ele&ricity ; that it is a. real ele-
ment, annexed to, and diffufed among all bodxes we are
acquainted with; that it differs in nothing from hghtmng,
the effe&s of both being fimilar, . and their properties, o far
as they are known, the fame, &e.
The remarkablc effe&t of lxghtmncr on iran, lately dxfco-

vered, in gmm it the magnetic virtue, and the fame effect
produced on fmall needles by the ele¢trical fire, is a further
and- convincing proof that they are both the fame element ;

;but, which is very unaccountable, MrK tells me, it is

,,,,,,,

from either to the other, and that Ju{’c o far as thcy devxatc
therefrom, . the magnetic power in the needle is lefs, till
their diretion being at right angles with the North and
South, ‘the effect entirely ceafes, We- made at Faneuil

' Hall,
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Hall, where Mr K~ apparatus is, feveral experiments
to give fome fmall’ ‘needles the madgnetic virtue ; previoufly
examining,{by putting them in.water, on which they will be
fupported, whether or. not they had any of that virtue ; and
I think we found all of them to have fome fmall degx ee of
it, thcu‘ poirits turnmg to the North We had nothm(r to
do then but to invert the poles,’ whxch accordmgly was
g]afs Jals, the eye of the needle turnmg to the No1th as
the point before had done; that end of the needle which
the fire is thrown upon, Mr K. tells me always pomts to

the Nosth,
The ele@rical fire paﬁ’mg thlough air has the fame

crookcd direction as hghtnmg # This appearance I endea-

, vour to account for thus. Air is an eleric pcr Je, there-
fore there muft be a-mutual repulfion betwixt air and the
ele&ncal ‘fire. A column or cylinder of air havmd the
diameter of its bafe equal to the diameter of the clectrical
{park, intervenes that partof the body which the fpark is
taken ﬁorn, and of the bady it aims at. The fpark acts
upon thl:S column, and is acted upon by it, more_ftrongly
than any othcr nmghbouxmg portion of alr.

- The column being thus acted upon, . becomes more denfe,
and bem(r more denfe, repels the {park more ftrongly; it
xepellency being in proportion to its denfity : Having ac-
quired, by being condenfed, a degree of repellency greater
than its natural, it turns the. fpaxk out of its ftrait courfe; the
neighbouring ait which muft be lefs denfe, and therefore

* This is moft eaﬁly obfervcd in large ftrong fj arks taken at fome inches.
diftance,’ b
. as
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has a fmaler degree of repellency, giving it a moré ready
paffage. o |

i;"iT‘hé fpark having taken a new direction, muft now
at on, or moft ﬁl'Oﬂg?'y répel the coldmn of aif which lies
in that dire@ion, and ¢onfequently muft condenfe that co=
lumn in the fame manner as the former, when the fpark
muft agaih change its coutle, which éourfe will be thus re-
peatedly changed, till the fpark reaches the body that ate
tracted it. o o ' :

To this account oné objection océurs 3 that as ?a'irf is vety
fluid and elaftic, aid, fo éndeavours to diffufe itfelf equally,
the fuppofed accci:pn’lgvlzatf:d air wiwth'{n the column aforefaid,
would be iminediately ‘diﬁ"ufed among the contiguous air,
and circulate to fill ‘the fpace it was driven from ; and
confequently that the faid column, on the greater denfity
of which the phenomenon is fuppofed to depend, ‘would
ot repel the fpark more ftrongly than the neighbouring
air. .

This might be an objeion, if the eledtrical fire was as
fluggith and inadive as air.  Air takes a fenfible time to
diffufe itfelf equally, as is manifeft from winds which
often blow for a confiderable time together from the fame
point, and with a velocity even in the greateft ftorms, not
exceeding, as it is faid, fixty miles an hour: But the elec-
tric fire feems propagated inftantaneoufly, taking up no per-
ceptible time in going very great diftances. It muft then
be an inconceivably fhort tiime in its progrefs from an elec-
trified to an unele@rified body, which, in the prefent cafe,
can be but a few inches apart: But this fmall portion of

’ time
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time is not {ufficient for the elafticity of the air to exert
itfelf,  and therefore the .column aforefaid muft be in a
denfer fkate than its neighbouring air.

About the velocity of the ele@ric fire more is faid belo%
which perhaps may more fully obviate this objection. But
let us have recourfe to experiments. Experiments {Nilj
obviate all objecions, or - confound the hypothefis. The
eleéric {park, if the foregoing be true, will pafs fhrbpgh a
vacuum in a right line. To try this, let a wire be fixed
perpendicularly on the plate of an air pump, having a leadeﬁ
ball on its upper end ; letanother wire pafling through kthc
top of a receiver, have on each end a leaden ball 5
the leaden balls within the receiver, when put on thc air
pump, be within two or three inches of each other : The
receiver being exhaufted, the fpark given from a charged
vial to the upper wire, will pafs through rarified air, near-
ly approaching to a vacuum, to the lower wire, and I fup-
pofe in a rxght ling, or nearly fo; the fmall portion of air
remammg in the receiver, which cannot be entirely ex-
haufted, may poflibly caufe it to deviate a little, but per-
haps not fenfibly, from arightline. The fpark alfo might
be made to pafs ;hro}jgh air greatly condenfed, which per-
‘haps would give a il more crooked direction. I have
not had .o?pp«or;;ugity to make.any experiments of this fort,
ot knowing of an air-pump nearer than Cembridge, but
you can eafily make them. If ‘thefe experiments anfier,
I think the crooked direction of lightning will be akfo ac-

countcd for. : v
.W1th
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With refpect to your Letters on Ele@ricity, * * #
. % Uk ROk % % % % % % % Your Hy-
pothefis in particular-for explaining the phznomena of
bghtning is very ingenious,  That fome clouds are highly
charged with eletrical fire, and that their communicating
it to thofe that have lefs, to mountains and other emi-
nencies, makes it vifible and audible, when it is denomina-
ted lightning and thander, is highly probable: But that
the fea, which you fuppofe the grand fource of it, can col-
lect it, I think admits of a doubt: For though the fea be
compofed of falt and water, an elettric per fe and rion-
ele@ric, and though the friction of eletrics per /e and non-
ele@rics, will collect that fire, yet it is only under certain
circumftances, which water will not admit. For it feems
neceflary, that the electrics per [z and non-eleérics rubbing
one another, fhould be of fuch fubftances as will not adhere
to, or incorporate with each other. Thus a glafs or ful-
phur fphere turned in water, and fo a frition between
them, will not collett any fire; nor, I fuppofe, would a
fphere of falt revolving in water; the water adhering to,
or incorporating with thofe ele@rics per fe. But granting
that the frition between falt and water would colle& the
eledrical fire, that fire, being fo extreamly fubtil and active,
would be immediately communicated, either to thofe lower
parts of the fea from which it was drawn, and fo only per-
form quick revolations; or be communicated to the ad-
jacent iflands or continent, and fo be diffufed inftantane~ -
oufly through the general mafs of the earth, I fay inftanta-

neoufly,
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neoufly, for the greateft diftances we can conceive within
the limﬁit&‘inOUf globe; evén that of the two moft oppofite
points, (it will. take no@nfible time 4in"paffing through's
And therefore it feems a little . difficult to conceive: how”
there can_be: any' accumulation of the ele@rical fire upon
the furface: of the fea; or-how' the vapours-arifing from the
fea, fhould have a greater {hare -of that fire' than other:vas
pours.
" That ‘the. progrefs of thé ele@rical:firéis fo amazingly
{wift, feems, evident from an -experiment. you yourfelf
(not out of ,choice) made, -when two ar three large glafs
jars were difcharged through -your body. You. neither
heard the crack, was fenfible of the ftroke; nor, swhich: s
more extraordinary, faw the light; which gave you juft
reafon to conclude, that it was {wifter than found, than
animal fenfation, and even light itfelf. Now light, (as
aftronomers have demonftrated) is about fix minutes paf-
fing’ from the fun to the carth; a diftance, they fay, of
more than eighty millions of miles. The greateft recti-
linear diftance within the compafs of the earth, is about
eight thoufand miles, equal to its diameter. Suppofing
then, that the velocity of the eleétric fire be the fame as
that of light, it will go through a fpace equal to the earth’s
diameter in about < of ane fecond of a minute. It feems
inconceivable then, that it fhould be accumulated upon
the fea, in its prefent frate, which, asitisa non-eleétric,
muft give the fire an inftantaneous paffage to the neigh-
bouring fhores, and they convey it to the general mafs of
Aa the
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the-earth.  But fuch accumulation feems (il more incons
ceivable when the ele@rical fire hias but a few feet depth of
water to.penetrate, to return to the place, fiom whenee it
s {uppofed to be collected,

- Your thoughts upon thefe remarks I {hall receive with
a great deal of pleafure, I take notice that i the printed
copies of your letters feveral things are wanting ‘which are
in the manufcript you fent me. I underftand by your fon,
that 'you had writ, or wds writing, a paperon the effe
of the ele@rical fire .on loadftones; rieedles, &%, “Wwhich
would afle the favour ‘of a copy of; as Wwell as'of any other

papers. on Electricity, writters Bifiee T had the' manufcnp“t |
for fwhmh I repeat my obligations to you,

;I ;4:7”, @C o



on Philofophival Subjests, 173

w
| d——

LET'TER XIV.
ER O M-
Beny. Frawxuw, Efg; of Philadelpbia.

Philadelpbia, Fan. 24, 1752,
SIR Jan. 24, 1752,

Read at the Roy-
al Society May

27, 1756,

the 21ft paft, that Mr Kinnerfley's
leGtures have been acceptable to the
Gentlemen of Byffon, and are like to prove ferviceable to
himfelf,

I thank you for the countenance and encouragement you
have o kindly afforded my fellow-citizen.

I fend you enclofed an extraét of a letter containing thc
fubftance of what I obferved concerning the communicas’
tion of magnetxfm to needles by Ele@ricity. The minutes

-J took at the time of the experiments, are miflaid. Iam
very little ‘acquainted with the nature of magpetifm. Dr
Gawin Knight, inventor of the fteel magnets, has wrote
largely on that fubje&, but I have not yet had leifure to
perufe his writings with the attention neceflary to become.
mafter of his doGrine,

I AM glad to learn, by &our favour of

Aaz Your
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Your explication of ‘the crooked direction of lightning,
appears to me both ingenious and folid. When we can,
account-as fatisfattorily for the ele@rification of clouds, I
think that branch of Natural Philofophy will be neatly
compleat.

The air, undoubtedly, obftruéts the motion of the elec-
tric fluid. Dry air prevents the diffipation of an eleCric.
atmofphere, the denfer the more, as in cold weather. I
queftion whether fuch an atmofphere can' be retained by a
body in vacus., A common ele@rical vial requires a non-
ele€tric commuriication from the wire to every part of the
charged glafs ; otherwife, being dry and clean, and filled
with air only, it charges flowly, and difcharges gradually,
by fparks, without'a fhock : But, exhaufted of air, the
communication is o open and free between the inferted
.wire and furface of the glafs, that it charges as readily, and
fhocks as fmartly as if filled with water : And I doubt not,
- butthat in-the experiment you propofe, the fparks would
not only be nearftrait 7z vacuo, but firike at a greater dif~
tance than in the open air, though perhaps there would not
be a loud explofion. As foon as I have a little leifure, I
will make the experiment, and fend you the refult,

* My fuppofition that the fea might poffibly be the grand
fource of lightning, arofe from the common obfervation of
its lnminous appearance in the night, on the leaft motion;
an appearance never obferved in freth water. Then I
knew that the ele@ric fluid may be pumped up out of the
earth, by the friGtion of a glafs globe, on a non-electric cu-
' thion 5
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fhion ; and-that, notwithfanding the furprizing aghivity and:
fwiftad(s of that fluid,.and the non-ele@ric communication
betweén-alliparts of the.cuthion and the earth; yet/quantls
ﬁes Would, befnatchtd uP by the . rEVOflViﬁg 'furfaceof'thez
globe, thrown on the' prime condutor, :and diffipated in
air. - How this was done; and ‘whiy that fubtile a&ive fpirit
did not immediately return againfrom the globe, into-fome
patt or other of the cuthion;and focintothe earth; was: dif=
ficult to conceive ; but: whether from its being oppofed by
a current fetting upwardsito the cufhion, or from-whatever
other caufe, that it did not {o return was an evident fact,
Then 1 confidered the feparate particlesof water:as {o ma-
ny hard fpherules, capable of’ touching the falt only in
points, and, imaginied a particic of falt could therefore no
more be wet by a particle of water, than a globe by a cu-
fhion ; that there might therefore be fuch a friction. between
thefe originally conftituent particles of falt and water, as in
a fea of globés and cufhions ; that each particle of water on
the furface might obtain from the:common mafs,” fome:
particles of the univerfally diffufed, much finer, and. more:
fubtil elecric fluid, and forming to itfelf an atmofphere of
thofe .particles, ‘be repelled fiom the then genena)l—y ele@ri-
fied furface.of the fea; and fly away with them into the air.
T thought too,; that poffibly the. great mixture of particles:
eleCtric per fe, in the écean-water, might,:in fome degree,
impede the {fwift motion and diffipation,of the ele@ric fluid:
through it to the fhares, &¢.~+But having fince found, that

falt in the water of an.elé@iic vial, does not Jeflen theihoek s
and
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and having endeavoured in vain to produce that luminous
appearance from a mixture of falt and water agitated ; and
obferved, that even the fea-water will not produce it after
fome hours ftanding in a bottle ; I fulpect it to proceed
from fome principle yet unknown to us (which I would
gladly make fome experiments to difcover, if I lived near
the fea) and I grow more doubtful of my former fuppofiti-
on, and more ready to allow weight to that obje@ion
(drawn from the a@ivity of the ele@ric fluid, and the rea-
dinefs of water to condu@) which you have indeed ftated
with great firength and clearnefs,

In the mean time, before we part with this hypothefis,
let us think what to fubftitute in its place. I have fome-
times queried whether the friction of the air, an electric
per fe, In violent winds, among trees, and againft the fur-
face of the earth, might not pump up, as fo many glafs
globes, quantities of the ele@ric fluid, which the rifing va-
pours might receive from the air, and retain in the clouds
they form ? on which ] thould be glad to have your fenti-
ments.  An ingenious friend of mine fuppofes the land-
clouds more likely to be eletrified than the fea-clouds. I
fend his letter for your perufal, which pleafe to return me.

1 have wrote nothing lately on Elegtricity, nor obferved
any thing new that is material, my time being much taken
up with other affairs. Yefterday I difcharged four jars
through a fine wire, tied up between two ftrips of glafs =
The wire was in part melted, and the refl broke into fmall
pieces, from half an inch long, to half a quarter of an inch,

My
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My globe raifes the ele@ric fire with greater eafe, in much
greater-quantities; by the means of a wire extended from -
the cuthion, to the iron pin of a pump handle behind my
houfe, which communicates by the pump {pear-with the
water/in-the well..

By this poft I fend to * * * %, who is curious in that
way, fome meteosological Ubfervntxbns and conjeCures,
and defire him to’ communicate them to you, as they may
afford you fome amufement, and I know you will look o-
ver them witha candid eye. By throwing our occafional
thoughts on paper, ‘we more readily " difcover the defects
of our opinions, or we digeft them better, and find new
arguments to fupport them. This I fometimes pradtice ;
but fuch pieces are fit only to be feen by friends..

f am, &e.

B F.

LET-
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LETTETR XV.

FromJ.B: ‘Eiq, “of 'Boflon,
T 0"

BeygamIN: FRANESIN, Biqs -t Philadelphia.

SiI.R, Bzyian March 2, 17%2.;

Read at the Royat - Have received 'your favour of the24thr
Society T of Fanuary paft, inclofing an extrac
..from your letter to Mr Collinfon, and

% % %5 letter to yourlelf, which I have read with a great
deal of pleafure, and am much obliged to you for. Your
extra& confirms a corre&tion Mr Kinnerfley made a few
days ago, of a miftake I was under refpecting the polarity
given to needles by the elerical fire, * thatthe end which
*“ receives the fire always points North;” and, <« that the
needle being fituated Eaft and Weft, will not have a po-
“ lar direction.”  You find, however, the polarity ftrong-
eft when the needle is fhocked lying North and South ;
weakeft when lying Eaft and Weft ; which makes it pro-
bable that the communicated magnetifm is lefs, as the nee-

dle

bR

e
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dle varies from a North and South fituation. As to the
needle of Capt. #addel’s compafs, if its polarity: was revers
fed by the lxghtmng, the effect of lightning and Electricity,
in regard of that, feems diffimilar ; for a magnetic needle
in a North and South fituation (as the compafs needle was)
inftead of having its power reverfed, or even diminifhed,
‘would have it confirmed or increafed by the cle@ric fire.
But perhaps the lightning communicated to fome nails in
the binnacle (where the compafs is placed) the magnetic
virtue, which might difturb the compafs.

This I have heard was the cafe ; if {o, the feeming diffi-
milarity vanifhes : But this remarkable circumftance (if it
took place) I thould think would not be omitted in Capt.
Waddel's account.

I am very much pleafed that the explication I fent you,
of the crooked direction of lightning, meets with your ap-
probation,

Asto your fuppofition about the fource of lightning, the
luminous appearance of the fea in the night, and the fimi-
litude between the friction of the particles of falt and wa-
ter, as you confidered them in their original feparate ftate,
and the friGtion of the globe and cufhion, very naturally led
you te the ocean, as the grand fource of lightning : But the
activity of lightning, or the eletric element, and the fitnefs
of water to condu it, together with the experiments you
mention of falt and water, feem to make againft it, and to
prepare the way for fome other hypothefis. Accordingly
you propofe anew one, which is very curious, and not fo

B b " liable,
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liable, I think, to objetions as the former, But there is
not as yet, I'believe, a fufficient variety of cxperiments to
eftablith any theory, though this feems the moft hopeful
of any I have heard of,

The effe& which the difcharge of your four glafs jars
had upon a fine wire, tied between two ftrips of glafs, puts
me in mind of a very fimilar one of lightning, that I ob-
ferved at New-York, Odtober 1750, a few days after 1 left
Philadelphia. In company with a aumber of Gentlemen,
Iwent to take a view of the city from the Dutch church
flceple, in which is a clack about twenty or twenty-five
feet below the bell. .. From the clock went a wire through
two floors, to the:clack-hammer near the bell, the holes in
thé floor for the wire being perhaps about a quarter of an
inch diameter. 'We were told, that in the fpring of 1550,
the lightning ftruck the clack-hammer, and defcended 3~
long the wire to the clock, melting in its way feveral fpots
of the wire, from three to nine inches long, through one-
third of its fubftance, till coming within a few feet of the
Jower end, it melted the wire quité through, in feveral pla-
ces, fo that it fell down in feveral‘ picces ; which fpots and
picces we faw. When it got to the end of the wire, it
flew off to the hinge of a door, fhattered the door, and dif-
fipated. In its paflage through the holes of the floors it
did not do. the leaft damage, which evidences that wite is
a good conductor of lightning (as it is of LleGricity) pro-
vided it be. fubftantial enough, and might, in this cafe, had

it .
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it been continued to the earth, have conduded it without
damaging the building *, ' \
Your information about your globe’s raifing the eloric
fire in greater quantities, by means of a wire extended from
the cufhion to the earth, will enable me, I hope, to re-
medy a great inconvenience I have been under, to colleét
¢he fire with the eleétrifying glafs I' ufe, which is fixed in a
very dry room, three ftories from the ground. When you
fend your metcorological obfervations to %% % % T hope

T thall have the pleafure of fecing them.

I am, &ec.
J. B.

* The wire mentioned in this account was re-placed by a fmall brafs
chain. In the fummer of 1763, the lightning again ftruck that fteeple,
and from the clock-hammer near the bell, it purfued the chain as it had be-
fore done the wire, went off to the famc binge, and again ﬂlattere'd the
fame door. In its paffage through the fame holes of the {ame floors, it did
no damage to the floors, nor to the building during the whole extent of the
chain.  But the chain itfelf was deftroyed, being partly fcattered about In
fragments of two or three links melted and ftuck together, and partly blown
up or reduced to fimoke, and diffipated.— [See an account of the fame efﬁ::&
of lightning on a wire at Newbury, p. 163.] - The frecple, when repair d,
was guarded by an iron condudor, or rod,” extending from the footof the
vane-fpindle down the outfide of the building, into the carth®—The news-
papers have mentioned, that in 1765, the lightning fella third time on the
fame fteeple, and was fafcly conduéted by the rod 3 but the particulars are
not come to hand. ;

Bbz Phy-
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Phyfical and Meteorological Obfervations, Con-
Jectures, and Suppofitions ; by B. F.

Read at the Royal HE particles of air are kept ata dif-
50c31::t'y7,5_‘§une tance from each other by their mu-
tual repulfion.

Every three particles, mutually and equally repelling each
other, muft form an equilateral triangle.

All the particles of air gravitate towards the carth, which
gravitation compreffes them, and fhortens the fides of the
triangles, otherwife their- -mutual repellency would force
them to greater, diftances from each other.

Whatever particles of other matter, (not endued with
that repellency) are fupported in air, muft adhere to the
particles of air, and be fupported by them ; for in the va-
cancies there is nothing they can reft on. _

Air and water mutually attracteach other.  Hence water
will diffolve in air, as falt 1n water,

The {pecific gravity of matter is not altered by dividing
the matter, though the fuperficies be increafed. Sixteen
leaden bullets, of an ounce cach, weigh as much in water
as one of a‘pound, whofe fuperficies is lefs.

Therefore the fupporting of falt in water is not owing
to its fuperficies being increafed.

A lump of falt, tho’ laid at reft at the bottom of a vef-
fel of water, will diffolve therein, and its parts move every
way, till equally diffufed in the water ; therefore there is

a mu-
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a mutual attraction bctween water and falt, Every parti-
cle of water affumes as many of falt as can adhere to it ;
when more is added, it precipitates, and will not remain fuf-
pended.

Water, in the fame manner, will diffolve in air, every
particle of air aﬁ'ummg one or more particles of water,
When too much is added, it precipitates in rain.

But there not being the fume contiguity between the
particles of nir as of water, the {olution of water in air is
not carried on without a motion of the air, fo asto caufe a
freth acceflion of dry particles.

Part of a fluid, having more of what it diffolves, will com-
municate to other parts that have lefs. Thus very falt water
coming in conta& with frefh, communicates its fultnefs till
all is equal, and the fooner if there is a little motion of
the water.

Even earth will diffolve, or mix with air. A ftroke
of a horfe’s hoof on the grdund, in a hot dufty road,
will raife a cloud of duft, that thall, if there be alight
breeze, expand every way, till, perhaps, near as big asa
common houfe. It is not by mechanical motion commu-
nicated to the particles of duft by the hoof, that they fly fo
far, nor by the wind that they fpread fo wide : But the air
near the ground, more heated by the hot duft ftruck into it,
is rarified and rifes, and in rifing mixes with the cooler air,
and communicates of its duft to it, and it is at length fo
diffufed as to become invifible. Quantities of duft are thus’

carried up in dry feafons: Showers wath it from the air,
and



184 LerTERs and PAPERS

and bring it down again. For water attrating it ftronger,
it quits the air, and adheres to the water.

Air (uffering continual changes in the degrees of its heat,
from various caufes and circumflances, and, confequently,
changes in its fpecific gravity, muft therefore be in conti-
nual motion,

A fmall qum‘utity of fire mixed with water (or degree of
heat therein) fo weakens the cohefion of its particles, that
thofe on the furface eafily quit it, and adhere to the particles
of air.

A greater degree of heat is required to break the cohefion
between water and air. ‘

Air moderately heated, will fupport a greater quantity
of water invifibly than cold air ; for its particles being by
heat repelled to a greater diftance from each other, thereby
more eafily keep the particles of water that are annexed to
them from running into cohefions that would obftrué, re-
fra&t, or reflect the light.

Hence when we breathe in warm air, though the fame
quantity of moifture may be taken up from the lungs, as
when we breathe in cold air, " yet that moifture is not fo
vifible, _ | .

Water being extremely heated, 7.e. to the degree of
boiling, its particles in quitting it fo repel cach other, as to
take up vaftly more fpace than before, and by that repel-
lency fupport themfelves, expelling the air from the fpace
they occupy. That degree of heat being leflened, they a-
gain mutually attract, and having no air-particles mixed to

ad-
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adhere to, by which they might be fupported and kept at a
diftance, they inftantly fall, coalefce, and become water a-
gain. ‘

The water commonly. diffus’d in our atmofphere, never
 receives fuch a degree of . heat from the fun, or other caufe,
as water has when boiling ;. it is noty: therefore, fupported
by fuch heat, but by adheung to air.

Water being d11Tolv» d.in, and adbering to air, that air
will not readily take upoil; becaufe of the mutual repellency
between water and oil,

Hence cold oils evaporate but {lowly, the air having ge-
nerally a quantity of diffolved water,

Oil being heated extremely, the air that apptoaches its
furface will be alfo heated extremely ; the water then
quitting it, it will attra& and earry off oil, which can now
adhere to it. Hence the quick evaporation of oil heated to
a great degree. ' | |

Oil being diffolved in air, the particles to wlnch it ad-
heres will not take up water.

Hence the fuffocating nature of air impregnated with
burnt greafe, as front fauffs of candles, and the like. A
certain quantity of moxﬁure fhould be every monvent difs
charged and taken away from the lungs ; air that has been
frequently breath’d, is aldeady overloaded, and, for that
reafon, can take no more, fo will not anfwer the ends
Greafy air refufes to touch it. In both eafes fuffocation
for want of the difcharge.

Air will attra® and {opport many other fubftances.
A par-



186 - LETTERS and Parerns

A particle "of air loaded with adhering water, or any
any other matter, is heavier than before, and would defcend.
The atmofphere fuppofed at reft, a loaded defcending
particle muft act with a force on the particles it paffes be-
tween, or meets with, {ufficient to overcome, in fome de-
gree, their mutual repellency, and pufh them nearer to
each other.
o & o Thus, fuppofing the particles A BCI?, and
¥ p c o the others near them, to be at the diftance
O O O Ocaufed by their mutual. repellency (confin'd
O O O by their common gravity) if A would ,de-
) fcend to E, it muft pafs between B and C.
© 0 EO © when it comes between B and C it will bé
nearer to them than before, and muft either have pufh’d
them nearer to F and G, contrary to their mutual repellen-
cy, or pafs through by a force excceding its repellency with
them. It then approaches D, and, to move. it out of the
way, muft a& on it with a force fufficient to overcome its
repellency with the two next lower particles, by which it
is kept in its prcfent‘ﬁtuation.
Every particle of air, therefore, will bear any load infe-
rior to the force of thefe repulfions.
Hence the fupport of fogs, mifts, clouds.
Very warm air, clear, though fupporting a very great
quantity of moifture, will grow turbid and cloudy on the
mixture of a colder air, as foggy turbid air will grow

clear by warming.
Thus
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Thus the fun fhining on a morning fog, diffipates it ;
cloudsare feen to wafte in a fun-thiny day. |

But cold condenfes and rénders vifible the vapour; 2
tankard or decanter filled with cold water, will condenfe
the moifture of warm clear air onits outfide, where it be-
comes vifible as dew, coalefces into drops, defcends in little
ftreams. o ‘

The fun heats the air of our atmofphere moft near the

furface of the earth ; for there, befides the direc tays, there
are many refleCtions, Moreover, the earth itfelf being
heated, communicates of its heat to the neighbouring air.
- The higher regions having only the dire& rays of the
fun pafling through them, are comparatively very cold.
Hence the cold air on the tops of mountains, and fnow on
fome of them all the year, even in the Torrid zone. Hence
hail in fummer.

If the atmofphere were, all of it (both above and below)
always of the fame temper as to cold or heat, then the up-
per air would always be rarer than the lower, becaufe the
preflure on it is lefs ; confequently lighter, and therefore
would keep its place.

But the upper air may be more condenfed by cold thgn
the lower air by preffure ; the lower more expanded by
 heat, than the upper for want of preffure. In fuch cafe the
upper air will become the heavier, the lower the lighter.

The lower region of air being heated and expanded,
heaves up, and fupports for fome time the colder heavier
air above, and will continue to fupport it while the equili-

Cc librium
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brium is kept.  Thus water is fupported in an inverted o-
pen glafs, while the equilibrium is maintained by the equal
preffure upwards of the air below ; but the equilibrium by
any mecans breaking, the water dcfccnds on the heavier fide,
and the air rifes into its place.

-The lifted heavy cold air over a heated country, becom-
ing by any means unequally fupported, or unequal in its
weight, the heavieft part defcends firft, and the reft follows
impetuoufly. Hence gufts after heats, and hurricanes in
hot climates. Hence the air of guftsand hurricanes cold,
though in hot climes and feafons ; it coming from above,

The cold air defcending from above, as it penetrates our
warm region full of watry particles, condenfes them, ren-
ders them vifible, forms a cloud thick and dark, overcaft-
ing fometimes, at once, large and extenfive ; fometimes,
when feen at a diftance, {mall at firft, gradually increafing ;
the cold edge or furface, of the clond, condenfing the va.
pours next it, which form fmaller clouds that join it, in-
creafe its bulk, it defcends with the wind and its acquired
weight, draws nearer the earth, grows denfer with conti-
nual additions of water, and difcharges heavy thowers,

Small black clougds thys appearing in a clear {ky, in hot
climates, portend ftorms, and warn feamen to hand their
fails,

The earth turnmg on its axis in about twenty-fours, the
equatorial parts muft move about fifteen miles in each mi-
nute ; in Northern and Southern latitudes this motion is
gradually lefs to the Poles, and there nothing.

If
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If there was a general calm over the face of the globe, it
muft be by the air’s moving irf every part as faft as the
earth or fea it covers.

He that fails, ot rides, has infenfibly the fame degree of
motion as the thip or coach with which he is conneted,
If the fhip ftrikes the fhore, or thé coach ftobs fuddenly,
the motion continuing in the man, he is thrown forward.
If a man were to jump from the land into a fwift fa‘i]ing‘
thip, he would be thrown backward (or towards the ftern)
not having at firft the motion of the fhip.

He that travels, by fea or land, towards the equino@ial,
gradually acquires motion ; from it, lofes.

But if a man were taken up from latitude 40 (where
fuppofe the earth’s furface to move twelve miles per mi-
nute) and immediately fet down at the equinotial, without
changing the motion he had, his heels would be ftruck up,
he would fall weftward. If taken up from the equinoi-
al, and fet down in latitude 40, he would fall eaftward.

The air under the equator, and between the tropics, be-
ing conftantly heated and rarified by the fun, rifes. Its
place is fupplied by air from Northern and Southern lati-
tudes, which coming from parts where the earth and air
had lefs motion, and not fuddenly acquiring the quicker
motion of the equatorial earth, appears an Eaft wind blow-
ing Weftward ; the earth moving from Weft to Eaft, and
Qlipping under the air. . ~

Thus, when we ride in a calm, it feems 2 wind againft
us : If we ride with the wind, and fafter, even that will

{sem a fmall wind againft us, Cea The
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The air rarified between the T ropics, and rifing, muft
flow in the higher region North and Souith. ' Before it rofe,
it had acquired the greateft motion the earth’s rotation
could give it. It retains fome degrée of this motion, and
defcending in higher latitudes, where the earth’s motion is
lefs, will appear a2 Wefterly wind, yet. tending towards the
equatorial parts, to fupply the vacancy occafioned by the

air of the lower regions flowing thitherwards.

Hence our. general cold winds are about North-Weft,

our fummer cold gufts the fame,

- Theair in fultry weather, though not cloudy, has’a kmd
of hazinefs in it, - Wthh makes obje&s at a diftance ; appear
dull and mdxﬁm& “This hazmefs Is ocmﬁoned by the
great quantlty of moifture equally diffufed in that air,
When, by the cold wind blowing down among it, it1is con..
denfed into clouds, and falls 'in rain, the air becomes purer
and clearer, ~ Hence, after gufts, diftant objects appear dif~
tin&, their figures tharply terminated.

Extream cold winds congeal the furface of the earth j
by carrying off its fire.- Warm winds afterwards blowing
over that frozen furface, will be chilled by it.  Could that
frozen furface be turned under, and a warmer turned up

from beneath it, thofe 'warm winds would not be chilled
{fo much.

The furface of the earth is alfo fometimes much heated
by the fun; and fuch Meated furface- not being changed,
heats the air that moves over it,

Seas, lakes, and great bodies of water, agitated by the
winds, continually change furfaces 3 the cold furface in

win-
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winter is turned under, by the rolling of the waves, and a
warmer turned up ; in fummer, the warm is turned under,
and colder turned up. Hence the more equal temper of
fea-water, and the air over jt, - Hence, in winter, winds from

the fea feem warm, winds from the land cold. In fummer
the contrary,

Therefore the lakes North-Weft of us¥, as they are not
fo much frozen, nor fo apt to freeze as the earth, rather
moderate than increafe the coldnefs of our winter winds.

‘The air over the fea being warmer, and therefore light-
er in winter than the air over the frozen land, may be.ano-
ther caufe of our general N. W. winds, which blow off to
fea at right angles from our North-American coaft. The
warm light fea air rifing, the heavy cold land air prefling
into its place.

Heavy fluids defcending, frequently form eddies, or
whirlpools, as is feen in a funnel, where the water acquires
a circular motion, receding every way from a center, and
leaving a vacancy in the middle, greateft above, and lef-
fening downwards, like a fpeaking trumpet, its big end
upwards. o

Air.defcending, ‘or afcending, may form the fame kind of
eddies, or whirlings, the parts of air acquiring a circular
motion, and receding from the middle of the eircle by a
centrifugal force, and leaving there a vacancy; if defcend-
ing, greateft above, and leffening downwards ; if afcending,
greateft below, and leflening upwards; like a {peaking trunx-

pet ftanding its big end on the ground.
8 . When
* In Penfylvania,



192 LeTTERS and Papers

When the air defcends with violence in fome places, it
may rife with equal violence in others, and form both kinds
of whirlwinds.

The air in its whir}ing motion receding every way from
the center or axis of the trumpet, leaves therea vacuum ;
which cannot be filled through the fides, the whirling air,
asan arch, preventing ;' it muft then prefs in at the open
ends,

The greateft preflure inwards muft be at the lower end,
the greateft weight of the furrounding atmofphere being
there. 'The air entering, rifes within, and carries up duft,
leaves, and even heavier bodies that happen in its way, as
the eddy, or whirl, pafles over land.

If it pafles over water, the weight of the furrounding at-
mofphere forces up the water into the vacuity, part of
which, by degrees, joins with the whirling air, and adding
weight, and receiving accelerated motion, recedes fill fur-
ther from the center or.axis of the trump, as the preflure lef-
fens; and at laft, as the trump widens, is broken into fmall
particles, and fo united with air as to be fupported by it,
and become black clouds at the top of the trump.

Thus thefe eddies may be whirlwinds at land, water-
fpouts at fea, A body of water fo raifed may be fuddenly
let fall, when the motion, &¢. has not ftrength to fupport
it, or the whirling arch is broken fo as to let in the air 5
falling in the fea, it is harmlefs, unlefs thips happen under
it. But if in the progreflive motion of .the whirl, it has
moved from the fea, over the land, and there breaks, -fud-

den, violent, and mifchievous torrents are the confequences.
LET-
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L ETTER XVL
From Dr **%* of Boflon,

T O

Benj. Franxuin, Efg; of Philadelpbia.

SIR, Bofton, Aug. 3, 1752.

AHIS comes to you on account of Dr Douglafs :

He defired me to write to you for what you know

of the number that died of the inoculation in Philadelpbia,

telling me he defigned to write fomething on the fmall-

pox fhortly. We fhall both be obliged to you for a word
on this affair, . "

The chief particulars of our vifitation, you have in the
public prints. But the lefs degree of mortality than ufual
in the common way of infection, feems chiefly owing to
the purging method defigned to prevent the fecondary fe-
ver; a method firft bcguil and carried on in this town, and
with fuccefs beyond expe@ation. Weloftonein 11 3, but
had we been experienced in this way, at the firft coming of

the diftemper, probably the proportion had been but one
in
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in 13 or 14. Intheyear 1730 we loft one in nine, which
is more favourable than ever before with us. . The diftem-

per pretty much the fame then as now, but fome circum-
ftances not fo kind this time,

If there be any particulars which }‘iou want to know,
pleafe to fignify what they are, and I fhall fend them.,

The number of our inhabitants décreafes®.  On a ftri
inquiry, the overfeers of the poor find but 14,190 Whites,
and 1, 44 Blacks, including thofe abfent, on account of the
Amall-pox, many of whom, it is probable, will never return.

I pafs this oppértunity ‘without any - particulars of my
old theme. One thing, however, I muft mention, which
is, that perhaps my Jaft letters contained fomething that
feemed to militate with your VdQ&/rix}‘q Qf_/.thf: Origin, &,
But my defign was only to relate the phznomena as they
appeared to me. T have rcceivcd‘fq,iimc'h light and' plea-
fure from your writings, as to prejudice. me in Tavour of
every thing from your hand, and leave me only liberty to
obferve, and a power of diffenting when fome great proba-
bility might oblige me: And if at any time that be the
cafe, yon will certainly hear of it, -

I am, Sir, &c.

* Boflon is.an old town, -and was formerly the feat of all the ¢rade of the
country, that was carried on by fed. Néw towns, and ports, have, of late,
divided the trade with it, and diminifhed.its inhabitants, though the inhabi~
tants of the country, in general, have greatly increafed. LET
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L ETTER XVIL

Benj. Frankriv, Efz; of Pﬁz’/aa’elpbia.‘

To Doétor of Bofton.

S IR, . Philadelphia, Aug. 13, 1752.

Received your favour of the 3d inftant. Some time
I laft winter I procured from one of our phyficians an

account of the number of perfons inoculated during
the five vifitations of the fmall-pox we have had in 22
years ; which account I fent to Mr #— Ve of your
town, and have no copy. IfI remember right, the num-~
ber exceeded 800, and the deaths were but 4. 1 fuppofe
Mr V——"will fhew you the account, if he ever received
it. Thofe four were all that our doors allow to have
died of the fmall-pox by inoculation, though I think there
were two more of the inoculated who died of the diftem-
per; but the eruptions appearing foon after the operation, it

is fuppofed they had taken the infe@ion before, in the com~
mon way. |

Dd I thall
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I thall be glad to fee what Dr Douglafs may write on
the fubje¢t. I bave a French piece printed at Paris 1724y
entitled, Obfervations fur la Saignée du Pied, et fur Ia
,Pyrngtioiz au commencement de la Petite Verole, & Ruifons
de doubte eontre I Inveulation.— A letter of the do&or’s is
mentioned in it. If he oy you have it not, and ‘defire to
fee it, I'll fend it.—Pleafe to favour me with the particulars
of your purging method, to prevent the fecondary fever.

I am indebted for your preceding letter, but bufinefs
fometimes obliges one to poftpone philofgphical amufe-
ments. Whatever I have wrote of that kind, are really, as
they are entitled, but Conjecfures and Suppofitions ; which
ought always to give place, when careful obfervation mili-
tates againft them. T own I have too firong a penchant
to the building of hypothefes ; they indulge my natural
indolence: I wilh I had more of your patience and accu-
racy in making obfervations, on which, alone, true Philfo-
phy can be founded. ‘And, I affure you, nothing can be
be more obliging to me, than your kind communication of
thofe you make, however they may difagree with my
pre-conceived notions.

§ am forry to hear that the number of your inhabitants
decreafes. I fome time fince, wrote a fmall paper of
Thaughts on the peopling of Countries, which, if I can find,
I will fend you, to obtain your fentiments, The fa-
vourable opinion you exprefs of my writings, may, you fee,
occafion you more trouble than you expeéied from, Sir,

Yours, Se. B. F.
06~
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OBSERVATIONS concerning the Increafe of Man-
kind, peopling of Countries, &c. Written in
Penfilvania, 1751,

1. FJYABLES of the proportion of marriages to births,

of deaths to births, of marriages to the numbers
of inhabitants, &c. formed on obfervations made upon the
bills of mortality, chriftenings, &c. of populous cities, will
not {uit countries; nor will tables formed on ebfervations
made on full fettled old countries, as Europe, fuit new coun-

tries, as America.

2. For people increafe in proportion to the number of
marriages, and that is greater in proportion to the eafe and
convenience of fupporting a family. When families can
be eafily fupported, more perfons marry, and earlier in life.

3. In cities, where all trades, occupations, and offices ar¢
full, many delay marrying, till they can fee how to bear
the charges of a family ; which charges are greater in ci-
ties, as luxury is more common ; many live fingle during
life, and continue fervants to families, journeymen to trades,
&c. Hence cities do not, by natural generation, fupply
themfelves with inhabitants ; the deaths are more than the
births.

4. In countries full fettled, the cafe muft be nearly the
fame; all lands being occupied and improved to the
heighth ; thofe who cannot get land, muft labour for o=
thers that have it ; when labourers are plenty, their wages

Dd2 ‘ Will
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will be low ; by low wages a family is fupported with dif-
ficulty ; this difficulty deters ‘many from marriage, whay
therefore, long continue fervants, and fingle.—Only as the
cities take fupplies of people from the country, and there-
by make a little more room in the country, marriage is a
little more encouraged there, and the births exceed the
deaths, .

5. Great part of Europe is full fettled with hufbandmen,
manufaturers, &c. and therefore cannot now much en-
creafe in people. - America is chiefly occupied by Indians,
who fubfift moftly by hunting——But as the hunter, of all
men, requires the greateft quantity of land from whence to
draw-his fubfiftence, (the hufbandman fubfifting on much
lefs, the'gardcncr on {till lefs, and the manufacturer fe(iuiré
ingleaft of all) the Europeans found America as fully fett-
led as it well could be by hunters ; yet thefe having large
tradls, were eafily prevailed on to part with portions of
territory to the new comers, who did not much interfere
with the natives in hunting, and furnithed them with ma-
ny things they wanted.

6. Land being thus plenty in America, and fo cheap as
that a labouring man that underftands hufbandry, can, in
a thart time, fave maney enough to purchafe a piece of*
new land, fufficient for a plantation, whereon he may fub-
fift a family ; fuch are not afraid to marry ; for if they e-
ven look far enough forward to confider how their chil-
dren, when grown up, are to be provided for, they fee that

more
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more land is to be had at rates equally eafy, all circumftan~
ces confidered. |

». Hence marriages in America are more general, and
more generally early than in Ewrope. And if it is teckon-
ed there, that there is but one marriage per Annum among
100 perfons, perhaps we may here reckon two ; and if in
Europe they have but four births to a marriage, (many of
their marriages being late) we may here reckon eight ; of
which, if one half grow up, and our marriages are made,
reckoning one with another, at twenty years of age; our
people muft at leatt be doubled every twenty years.

8. But notwithflanding this increafe, {o vaft is the terri-
tory of North-America, that it will require many ages to
fettle it fully ; and til] it is fully fettled, labour will never
be cheap here, where no man continues long a labouref
for others, but gets a plantation of hisown; no man con-
tinues long a journeyman to a trade, but goes among thofe
new fettlers, and fets up for himfelf, &. Hence labour
is no cheaper now, in Perfilvania, than it was thirty years
ago, though fo many thoufand labouring people have been
imported from Germany and Treland.

g. The danger, therefore, of thefe colonies mterfcrc-
ing with their mother country in trades that depend on
labour; manufactures, &¢, is too remote to require the at-
tention of Great-Britain,

ro. But in proportion to the increafe of the colonies,
2 vaft demand is growing for Britifb manufatures ; a
glorions market, wholly inrthe power of Britain, in which

foreigners
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foreigness cannot interfere, which will increafe, in a fhort
‘time, ¢ven beyond her power of fupplying, though her
wholg trade thould be to her colonies, % % * %

- 12. "Tis an ill-grounded opinion, .that by the labour of
flaves, America may poflibly vie in cheapnefs of manu-
faCtures with Britain. The labour of flaves can never
be focheap here, as the labour of working men is in Bri-
tain,  Any one may compute it. Intereft of money is
in the colonies from 6 to 10 per Cent. Slaves, one with
another, coft 30/ fterling per head. Reckon then. the
intereft of the firfk purchafe of a flave, the infurance or
rifque on his life, his ¢loathing and diet, expences in his
ficknefs, and lofs of time, lofs by his negle@ of bufinefs,
(neglet is natural to the man who is not to be benefited
by his own care or diligence) expence of a driver to keep
him at work, and his pilfering from time to time, almoft
¢vefy flave being, from the nature of flavery, a thief;
and compare the whole amount with the wages of a ma-
nufalurer of iron or wool in England, you will fee that
labour is much cheaper there, than it ever canbe by ne-
groes here.  Why then will Americans purchafe flaves ?
Becaufe flaves may be kept as long as a man pleafes, or
has occafion for their labour ; while hired men are conti-
nually leaving their mafter (often in the midft of his bu~
finefs) and fetting up for themfelves, § 8.

13. As the increafe of peo_Ple depends on the encou-
ragement of marriages, the following ‘things muft dimi-
nifh a nation, vz, 2. The being conquered ; for the con-
querors
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querars will engrofs as many offices,. and:cexad a8 much
tribute.or 'profit on the:labour of the .copquered, as will
maintain‘them “in their _new eftablithment 3 dnd’ this. di-
minifhing the fubfiftence of the natives, difcourages theic
marriages, and o gradually diminifhes: them, while the
foreigners increafe, 2. Lofs-of tem?i;ony., Thus, the Bri- -

. teus being driven into Wales, and crauded . together Vi 4
batren country, infufficient to fupport fuch great pumbers,
diminithed, till the people bore a proportion to thg px:o?
duce, while the Saxons increafed on their abandoned tands,
*till the ifland became full of Englifb. - And, were:the
Englifh now driven into Hales by fome foreign natian,
there would, in a few years, be no ‘more Englifimen. in
Britain, than there are now people in Wales. 3. Lo
of trade. Manufa&tures exported, draw- fubfiftence -from.
foreign countries for numbers ; who are thereby enabled
to marry and raife families. JIf the nation be depeived of
any branch of trade, and no new employment is found
for the peaple occupicd in that beanch, it will faon be de-
prived of fo many people. 4. Lofs of food. Suppefe. 3
nation has a fithery, which not only employs great numbers,
but makes the food and fubfiftence of the people cheaper :
if another nation becomes mafter of the feas, and prevents
the fifhery, the people will diminifh in proportion as the
lofs of emplay, and dearnefs of provifion makes it more
difficult to fubfift a family. 5. Bad government and ip-
fecure property. People not only leave fuch a cauptey,

and fettling abroad incorporate with other nations,: lofe
their
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their native language,- and become foreigners ; but the in<
daf’cry of thofe that remain being difcouraged, the quan-
tity “of fubfiftence in the country is leflened, and the fup-
port of a family becomes more difficult. So heavy taxes
tend to diminitha people. 6. The introduction of flaves,
The negroes brought into the Englifb fogar iflands, have
greatly diminithed the Whites there; the poor are by this
means deprived. of employment,” while a few families ac-
qmrc va{l' eﬁates, whlch they fpenﬂ on foxe:gn luxurles,‘

ries ; the fime income is needed for the fupport of one,
that rmght have thaintained ‘one hufidred. The whites,

who -have flaveés not-labouring, are enfeebled, and there-
fore not {o generally prolific; the flaves being worked too
hard, “and ill fed, their conftitutions are broken, and the
deaths among them are more than the births; fo that a
contmual fupply is needed from Africa. The northern
colonies havmg few flaves, increafe in whites. Slaves
alfo pejorate the families that ufe them ; the white chil-
dren become proud, difgufted with labour, and being e~
ducated in idlenefs, are rendered unfit to get a living by
induftry.

“14. Hence the prince that acquires new territory, if he
finds ‘it vacant, or removes the natives to give his own
people foom ; the legiflator that makes effetual laws for
promoting of trade, increafing employment, improving
land by more - or “better tillage, providing more food by
fitheries, fecuring property, &, and the maa that invents

new
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new trades, arts, or manufatures, or new improvements
in hufbandry, may be properly called Fatbers of their na-
tion, as they are the caufe of the generation of multi=
tudes, by the encouragement they afford to marriage.

15. As to privileges granted to the married, (fuch as

the jus trium liberorum among the Romans) they may
haften the filling of a country that has been thinned by

war or peftilence, or that has otherwife vacant territory,
but cannot increafe a people beyond the means provided
for their fubfiftence. '

16. Foreign luxuries, and needlefs manufa&ures, im-
ported and ufed in a nation, do, by the fame reafoning,
increafe the people of the nation that furnithes them, and
diminith the people of the nation that ufes them.— Laws,
therefore, that prevent fuch importations, and, on the
contfary, promote the exportation of manufaGures to be
confumed in foreign countries, may be called (with re-
fpect to the people that make them) generative laws, as
by increafing fubfiftence they encourage marriage. Such
laws likewife firengthen a country doubly, by increafing
its own people, and diminithing its neighbours, -

- 17. Some European nations prudently refufe to con-
fume the manufaGtures of Eaff-India :—They fhould
likewife forbid them to their colonies; for the gain to the
merchant i not to be compared with the lofs, by this
means, of people to the nation.
- 18. Home luxury in the -great, increafes the nation’s
manufaéturers employed by it, who are many, and only
Ee tends
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tends to diminith the families that indulge in it, who are
few. The greater the common faflionable cxpence of
any rank of people, the more cautious they are of mar-
riage. Therefore luxury fhould never be fuffered to be-
come common,

19. The great increafe of offspring in rparticular fami-
lies, is not always owing to greater fecundity of nature,
but fometimes to examples of induftry in the heads, and
induftrious education ; by which the children -are enabled
to provide better for themfelves, and their marrying early
is encouraged from the profpet of good fubfiftence,

20, If there be a {e&, therefore, in our nation, that re.
gard fru gality‘ :ah"‘d induftry as religious duties, and. educate
their children therein, more than others commonly do ;3
fuch fect muft confequently increafe more by natural ge-
neration, than any other fe@ in Britain. |
21 The importation of foreigners into a country that
has as many inhabitants as the prefent ‘employments and
provifions for fubfiftence will bear, will be in the end no
increafe of people, unlefs the new-comers have more in-
duftry and frugality than the natives, and then they will
provide more fubfiftence, and increafe in the country ;
but they will gradually eat the natives out.—~Nor is it ne~
ceflary to bring in foreigners to fill up any occafional va-
cancy in a country ; for fuch vacancy (if the laws are good,
§ 14, 16) will foon be filled by natural generation,. Who
can now find the vacancy made in Sweden, France, or o-
ther warlike nations, by the plague of heroifm 40 years

ago ;
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ago; in France, by the expulfion of the Proteftants; in
England, by the fettlement of her colonies ; or in Guinea,
by a hundred years exportation of flaves, that has blackened
!mlf ff’m”' ica 2—The thinnefs of the inhabitants in Spain,
1s owing to national pride, and idlenefs, and other caufes,
rather than to the expulfion of the Moors, or to the mak-
ing of new fettlements. -

22. There is, in fhort, no bound to the prolific nature
of plants or animals, but what is made by their crowd«
ing and interfering with each other’s means of fubfiftence.
Was the face of the earth vacant of other plants, it might
be gradually fowed and overfpread with one kind only 3
as for inftance, with Fennel ; and were it empty of other
inhabitants, it might, in a few ages, be replenithed from
one nation only, as for inftance, with Englifbmen. Thus
there are fuppofed to be now upwards of one million Ez-
&hfb fouls in North-America, (though it is thought {carce
80,000 have been brought over fea) and yet perhaps there
is not one the fewer in Britain, but rather many more,
on account of the employment the colonies afford to ma-
nufaGurers at home, This millierr doubling, fuppofe but
once in 25 years, will, inanother century, be more than
the pedple of England, and the greateft number of En-
glifbmen will be on this fide the water, What an accef-
fion of power to the Brstifh empire by fea as well as land !
‘What increafe of trade and navigation ! ' What numbers of
fhips and feamen! 'We have been here but little more than
a hundred years, and yet the force of our privateers in the

Eez late
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late war, united, was greater, both in men and guns,
than that of the whole Britifb navy in Queen Elizabeth’s
time. How important an affair, then, to Britain, is

- the prefent treaty * for fettling the bounds between her
colonics, and the French ! and how careful thould fhe be
to fecure room enough, fince on the room depends fo
much the increafe of her people ?

23. In fine, a nation well regulated is like a polypus - ;
take away a limb, its place is foon fupplied; cutit in
two, and each deficient part fhall fpeedily grow out of
the part remaining. Thus if you havt room and fubfift-
ence enough, as you may, by dividing, make ten poly-
pufes out of one, you may, of one, make ten nations,.
equally populous and powerful 5 or, rather, increafe a na-
tion ten fold in numbers and ftrength, * * % % %

* In 1751, + A water-infec, well known to Naturalifts,

LET.
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LETTER XVIIL

From Doétor ————, of Boflon,
T O

Benjamin Frankrin, Elq; at Philedelphia,

S IR, Boflon, Oftober 16, 1752,

Read at the Roy- Find, by a word or two in your laft,
l Society June that you are willing to be found fault

1756,

T with ; which authorifes me to let you
know what I am at a lofs about in your papers, which is
only in the article of the water-fpout. I am in doubt,
whether water in bulk, or even broken into drops, ever
afcends into the reglon of the clouds, per worticem, (i.e.):
whether there be, in reality, what I call a diret water-
fpout. I make no "doubt of dire@ and inverted whirl-
winds 5 your defcription of them, and the reafon of the
thing, are fufficient, I am fenfible, too, that they are
very ftrong, and often move confiderable weights. But I
have not met with any hiftorical accounts that feem ex-
a& enough to remove my fcruples concerning the afcent

above faid,
Defcend-
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Defcending fpouts (as I take them to be) are many
times fecn, as I take it, in the calms, between the fea
and land trade-winds, on the coaft of Afiica. Thefe
contrary winds, or diverging, I can conceive may occafion
them, as it were by {uion, making a breach in a large
cloud. But I imagine they have, at the fame time, a
tendency to hinder any dire® or rifing {pour, L; carry-
ing off the lower part of thé atmofphere, as ftf as it be-
gins to rarefy ; and yet {pouts are frequent here; which
ftrengthens my opinion, that all of them defcend.

But however this be, I cannot conceive a force pl odu-
cible by the rarification and condenfation of our atmo-
fphere, in the circumftances of our globe, capable of car-
rying water, in large portions, into the region of the
clouds. Suppofing it to be raifed, it would be too heavy
to continue the afcent beyond a confiderable height, un-
lefs parted into fmall drops ; and, even then, by its cen-
trifugal force, from the manner of conveyance, it would
be flung out of the cxrcle and fall fcattered, like rain.

- But I need not expatiate on thefe matters to you, I
have mentioned my objecions, and, as trath is my pur-
fuit, fhall be glad to be informed. . I have! feen few ace
counts of thefe whirl, or eddy winds, and as-little of the
dpouts ; and thefe, efpecially, lame and poor things to ob-
tain any certainty by, If you know any "thing determi-
nate that has been obferved, I fhall hope to' hear from

you; asal{o of any miftake in my thoughts,
I have
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I have nothing to obje@ to any other part of your.fup-
pofitions ; and as to that of the trade-winds, I believe no-

body can. ’
I am, &ec.

P. 8. The figures in the P/ozlo/?;p/azcal Tranfactions
fhew, by feveral cxrcumﬁancgs, that they all defcended,
though the relators feemed to think they took up water, -

LETTER XX

, of Bofton,

From Doétor
T O
‘Benjamin FrankLIN, Efq; of Pbilade{pl’fa-

SIR,. Baﬁmx, Oélober 23, 1752
Read at the Royal N the mclofcd’ you have all I have to
S°:;°t{»7 53:"8 fay of that matter *, It proved longer

than I expetted, fo that I was forced
to add'a cover to it, I confefs it looks like a difpute; but
that is quite contrary to my intentions. ‘The fincerity of
friendfhip and efteem were my motives ; nor do I doubt

& Water- fpouts.
your
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your fcrupling the goodnefs of the intention. ITowever,
I muft confefs I cannot tell exa@ly how far I was acted
by hopes of better information, in difcovering the whole
foundation of my opinion, which, indced, is but an opi-
nion, as I am very much at a lofs about the validity of
the reafons. I have not been able to differ from you in
fentiment concerning any thing elfe in your Suppofitions.
In the prefent cafe I lie open to convi&tion, and flall be
the gainer when informed. If Iam right, you will know
that, without my adding'any more. Too much fiid on
a mefely {peculative matter, is but a robbery committed
on pracical knowledge. Perhaps Tam too much pleafed
with thefe dry notions: However, by thus yeu will fee
that I think it unreafonable to give you more trouble a-

bout them, than your leifure and inclination may prompt-
you (0.
I am, &ec,

INCE my laft I confidered, that, as I had begun with
the reafons of my diffatisfaction about the afcent of
water in {pouts, you would not be unwilling to hear the
whole I have to fay, and then you will know what I rely

upon. |
What occafioned my thinking all {pouts defcend, is,
that I found fome did certainly do fo. A difficulty ap-
peared concerning the afcent of fo heavy a body as water,
by any force 1 was apprifed of, as probably fufficient.
And,
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And, above all, a view of Mr Stuart’s portraits of {pouts,
in the Philofophical Tranfactions.

Some obfervations on thefe laft, will include the chief
part of my difficulties,

Mr Stuart has given us the figures -of a number ob-
ferved by him inthe Mediterramean: All with fome par-
ticulars which make for my opinion, if well drawn.

The great fpattering which relators mention in. the wa-
ter where the fpout defcends, and “which appears in all
his draughts, T conceive to be occafioned by drops de-
feending very thick and large into the place.

On the place of this {pattering arifes the appearance of
a bufh, into the center of which the {fpout comes down.
This buth I take to be formed by a fpray, made by the
force of thefe drops, which being uncommonly large,
and defcending with unufual force, by a ftream of wind
 defeending from the cloud with them, increafes the height
of thefpray; which wind ~being repulfed by the furface
of the waters, rebounds and Tpreads; by the firft raifing
the fpray higher than otherwife it would go ; and by the
laft making the top of the buth appear to bend outwards

(i. 2.) the cloud of {pray is forc’d oft from the trunk of tbe
fpout, and falls backward. ,

"The bufh does the fame, where there is no appearance
of a fpout reaching it; and is deprefled in the middle,
~where the fpout is expected. This, I imagine, to be
from numerous drops of the fpout falling into it, together

' ’ Ff ~ with
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with the wind T mentioned, by their defcent, which beatr
back the rifing fpray in the center.

* This circumftance, of the buth. bending outwards at
the top, feems not to agree with what I call a dire&
whirlwind, but confiftent with the revers'd ;. for a direct
one would: fweep the bufh inwards; if, in that cafe, any.
thing of a bufh would appear..

The pillar -of water, as they call it, from its likenefs,,
I fuppofe to be only the end of the {fpout immers’d in the:
bufh, a little blacken’d by the additional cloud, ahd, per-.
haps, appears to. the eye beyond its real bignefs, by a
refradtion in the bufh, and- which refraction may be the
caufe of the -appearance of feparation, betwixt the part:
in the bufh, and that above it, The part in the bafh is.
cylmdrlcal as it is above (7. e.):the bignefs the fame from.
the top of the bufh to the water. Inftead of this fhape,.
in cafe of a whirlwind, it muft have been pyramidical,

Another thing remarkable, is, the curve in' fome of:
them : This is eafy to conceive, in cafe of defcending.
parcels of drops through various winds, at leaft till the
cloud condenfes fo faft as to come. down, as it were, uno.
rivo. But it is harder to me to conceive it in the afcent
of water, that it thould be conveyed along, fecure of not-
leaking,. or often dropping through the under fide, in the-
prone part :: And, fhould the water be conveyed fo fwift-
ly, and with fuch force, up into the cloud, as to pre-.
vent this ; it would, by a natural difpofition to move on.

in.
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‘in a prefent direction, prefently ftraiten the curve, raifing
the thoulder very fwifily, till loft in the cloud. |
Over every one of Stuart’s figures, I fee a cloud: I fup-
pofe his clouds were firft, and then the fpout ; I do not
know whether it be fo with all, fpouts, but fuppofe it is.
Now, if whirlwinds carried up the water, I thould ex-
pect them in fair weather, but not under a cloud ; as is
obfervable of whirlwinds ; -they come in fair weather,
not under the fhade of a cloud, nor in the night; fince
fhade cools the air: But, on the contrary, violent winds
often defcend from the clouds ; ftrong gufts which occupy
{mall {paces ; and from the higher regions, extenfive hur-
ricanes, &¢; |
Another thing is, the appearance of the fpout com-
ing from the cloud. This I cannot account for on the
notion of a direét fpout, but, in the real defcending one,
itis eafy. I take it, that thg cloud begins firft of all to
pour out drops at that particular fpot, or jforamen ; and,
when that current of drops increafes, fo as to force down
wind and vapour, the fpout becomes, fo far as that goes,
opaque. Itake it, that no clouds drop fpouts, but fuch
a8 make very faft, and happen to condenfe in a particular
fpot, which, perhaps, is coldeft, and gives a determina-
tion downwards, fo as to make a paflage through the
{ubjacent atmofphere, o t
* If fpouts afcend, it is 'to cairy up the warm rarified ait
below, to let down all and any that is colder aboves
and, if fo, they muft carry it through the' cloud they g0
F fa into,
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jato,” (for that is cold ;and denfe, I imagine) perhaps far-
into the higher region, making a wondérful appearance at
a convenient diftance to obferve it, by the fwift rife of a.
body of vapour, above the region of the clouds. But, as
this has never been obferved in any age, if it be fuppofe:
able that is all; '

I cannot learn, by mariners, that any. wind blows ta-
wards a {pout more. than any other. way ; but it blows to-
wards a whirlwind, for a large diftance round.. ‘

I fupl/)ofc there has been no. inftance of the water of 'a.
fpout being falt, when coming a-crofs. any veflel at fea,
1 fuppofe, too, that there have been no falt rains ; thefe
would make the cafe clear.,

1 fuppofe it is from fome unhappy effecs of thefe dan-
gerous creatures of nature, that failors have an univerfal.
dread on them of breaking in their decks, fhould they.
come acrofs them, T |

I imagine fpouts, in cold feafons, as Gordon’s. in the.
Downs, prove the defcent.

Query. Whether there is not always more. or lefs cloud,

~firft, where a fpout appears ?

Whether they are not, generally, on the borders. of
trade-winds ; and whether this is for, or againft me?

Whether there be any credible account of a whirlwind’s.
carrying up all the water in a pool,. or.fmall pond.: As
when _ fhoal, and . the banks low, a ftrong guft might be.

fuppofed to blow it all out ?. _
| Whether:
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Whether a violent tornado, of a fmall extent, and 0=
ther fudden and- ftrong gufts, be not winds from above,
defcending nearly perpendicular ; and, whether many that
are called whirlwinds at fea, are any other than thefe;
and fo might be <alled aif-fpouts, if they were objeéts. of
fight ?

L:overlooked, in its" proper place, Stwart’s No. 11,
which. is curious for its inequalities, and,. in particular,
the approach to breaking, which, if it would not be too-
tedious,. I would have obferv’d a little upon, in my own
way, as, I think, this would argue againft the afcent, &,
but I muft pafs it, not only for the reafon mentioned, but
want of room befides.

As to Mr Stuart’s ocular demonftration of the afcent
in- his great perpendicular fpout, the only one it appears
in, I fay, as to- this, what I have written fuppofes him
miftaken, which, yet, I am far from afferting..

The force of an airy vortex, having lefs influence on
the folid- drops. of water, than on the interfperfed cloudy
vapours, makes the laft whirl round fwifter, though it de-
{cend flower : And this might eafily deceive, without
great care, the moft unprejudiced perfon,

LET=
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LETTER XX
FROM
Beny. Franxuww, Efy; of Philadelphia.
To Dotor *** of Bofter,

SIR, | Philadelphia, Feb. 4, 1753,
Readatthe Roysl | Ought to have written to you, long
f:it‘?;?:,ﬂ I fince, in anfwer to yours of O&fober
16, concerning the water-fpout ; but
‘bufinefs partly, and partly a defire of procuring further in-
formation, by enquiry among my fea-faring .cquaintance,
induced me to poftpone writing, from time to time, till
I am now almoft athamed to refume the fubject, not
knowing but you may have forgot what has been faid
upon it.

Nothing, certainly, can be more improving to a fearch-
.er into nature, than objeions judicioufly made to his o- .
p'mion, taken up, perhaps, too haftily : For fuch objec-
tions oblige him to re-ftudy the point, confider every cir-
cumftance carefully, compare falls, make experiments,

weigh arguments, and be flow in drawing concluﬁznsgt
| An
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And hence a fure advantage refults ; for he either con-
firms a truth, before too flightly fupported ; or difcovers
an error, and. receives inftrution from, the obje&or.

_ In this view I'confider the obje@ions and remarks you
fent me, and thank you for them fincerely : But, how
much foever my inclinations lead me to Philofophical in-
quiries, I.am. fo. engaged in bufinefs,. pubhc and private,
that thofe more pleafing purfuits are frequently interrupta.
ed, and the chain of thought; neceffary to - be clofely con-
tinued in fuch difquifitions, fo broken and disjointed, that-
it is with difficulty I fatisfy myfelf in any of them : And
I.am now not much nearer-a conclufion, in this matter. of.
the {pout, than when I firft read your letter.

Yet, hoping we may, in time, fift out the truth be-
tween us, I will fend you my prefent thoughts, “with fome
obfervations on your reafons, on the accounts in the
Tranfaitions, and on other relations I have met with. Per-
haps, while I am writing; fome new light may firike me, .
for I fhall now be obliged to confider the fubject. with a.
little more attention.

I agree with you, that, by means of a vacuum in a.
whirlwind, water cannot be fuppofed to rife in large
mafles to the region of the clouds; for the preflure of
the furrounding atmofphere could not force it up in a'con--
tinued body, or column, to a much greater hexght than
thirty feet. But, if there really is a vacuum in the cen-

ter, or near the axis of whirlwinds, then, I think, water
may
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may rife in fuch vacuum-to that height, or to lefs height,
as the vacuum ‘may be lefs perfect,

1 had not read Stuart’s account, in the T ranfactions,
for many years, before the receipt of your letter, and
had quite forgot it ; but now, on viewing his draughts,
and confidering his deferiptions, I think they feem to fa-
vour my hypothefis; for he defcribes and draws columns
of water, of various heights, terminating abruptly at the
top, exactly as water would do, when forced up by the
prefure of the atmofphere, into an exhaufted tube,

I muft, however, no longer call it my bypothefis, fince I
find Stuart had the fame thought, though fomewhat ob-
fcurely exprefied, where he fays  he imagines this phe-
¢« nomenon may be folv’d by fuction (improperly fo call-
« ed) or rather pulfion, as in the application of a cup-
« ping glafs to the flefh, the air being firft voided by the
« kindled flax.”

In my paper, I fuppofed a whirlwind and a fpout to be
the fame thing, and to proceed from the fame caufe ;
the only difference between them being, that the one
pafles over land, the other over water. I find, alfo, in
the Tranfactions, that M. de /a Pryme was of the fame o-
pinion ; for he there defcribes two Ipouts, as he calls
them, which were feen at different times, at Hatfield in
Yorkfbire, whofe appearances in the air were the fame
with thofe of the fpouts at {ea, and effects the fame with

thofe of real whirlwinds,
‘Whirl-
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‘Whirlwinds have, generally, a progreflive, as well as a
tircular motion ; fo had what is called the fpout, at
Topfbam—(See the account of it in the Tranfaitions)—
which alfo appears, by its effects defcribed, to have been

a real whirlwind.  Water-fpouts have, alfo, a progrefiive
~motion ; this is fometimes greater, and fometimes lefs ; in

fome violent, in others barely perceivable. The whirl-
wind at Warrington continued long in Acfement-CIq]é. o

Whirlwinds generally arife after calms and great heats
The fame is obferved of water-fpouts, which are, there
fore, moft frequent in the warm latitudes. The fpout
that happened in cold weather, in the Downs, defcri-
bed by Mr Gordon in the Tranfactions, was, for that rea~
fon, thought extraordinary ; but he remarks withal, that
the weather, though cold when the fpout appeared, was
foon after much colder; as we find it, commonly, lefs
warm after a whirlwind.

You agree, that the wind blows every way towards a
whirlwind, from a large (pace round. An intelligent
whaleman of Nantucket, informed me, that three of their-
veflels, which were out in fearch of whales, happening
to be becalmed, lay in fight of each other, at about a
league diftance, if T remember right, nearly forming a
triangle : After fome time, a water-fpout appeared near the
middle of the triangle, when a brifk breeze of wind fprung
up, and every veflel made fail ; and then it appeared to them
all, by the_fetting of the fails, and the courfe each vefiel
flood, that the fpout was to the leeward of every one ‘Of

Gg them ;
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them ; and they all declared it to have been fo, when
they happened afterwards in company, and came to con-
fer about it. . So that in this particular likewife, whirl-
wmds and water-fpouts agree. .

But, if that which appears a water-fpout at fea, does
fometlmes in its progreffive motion, meet with and pafs
aver land, and there produce all the pheznomena and ef-
fe&s of a Wh1r1w1nd, it thould thence feem fill more evi-
dent, that a whirlwind.and a fpout are the fame. .. I fend

you, hexewuh a letter from an' ingenious phyfician
of my acquamtancc, -which . gives .one inftance of this,

that fell within his obfervation,

A ﬂuxd moving from all points houzontally, towards
a center, mufl, at that center, either afcend or defcend.
Water being in a tub, if a hole be opened in the middle
of the bottom, will flow from all fides to the center, and
there defcend in a whirl. But, air flowing on and neap
the furface of land or water, from all fides, towards a cen-
ter, muft, at that center, afcend ; the land or water hin-
dering its defcent,

If thefe concentring currents of air. be in the upper re-
glon, they may, indeed, defcend in the fpout or whirl-
wind; but then, when the united current reached the
carth or water, it would fpread, and, probably, blow eve-
ry way from the center. There may be whirlwinds of
both kinds, but, from the commonly obfervcd eﬁ'cé’cs, 1
fufpe& the nﬁng one to be the moft common : When the
apper air defcends, it is, perhaps, in a greater body, ex-

tending
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tending wider, as in our thunder-gufts, and without much
whirling ; and, ‘when air defcends in a f{pout, or whirl-
wind, I fhould rather expeé‘c it would prefs the roof of
a houfe inwards, or force in the tiles, fhingles, or thatch,

force a boat down into the water, or a- piece of timber in-

to the earth, than that it would lift them up, and carry-
them away.

It hes fo happened, that T have not met with any ac<
counts of fpouts, that certainly défcended ; I fufpect they
are not frequent. Pleafe to communicate thofe you men-
tion. 'The apparent dropping of a pipe from the clouds-
towards the earth or fea, I will endeavour to explain here-
after,

The augmentation of the cloud which, as I am in-
formed, is generally, if notalways the cafe, during 4 fpout,
feems to fhew an afcent, rather than a defcent of the mat=
ter of which fuch cloud is compofed ; for a defcending
fpout, one' would expe@, fhould diminith a cloud.” I
own, however, that cold air defcending, may, by con-
denfing the vapours in a lower region, form and. increafe
clouds ;- which, I .think, is gcnerally the - cafe ‘in our
common thunder- gufts, and, therefore, do not lay great
Ttrefs on this argument.

- Whirlwinds, and fpouts, are not always, though mo&
commonly, in the day time. The terrible whirlwind
which damaged a great part of Rome, fune 11, 17495
happencd in the night of that day. The fame was fup~

pofed to have been firft a fpout, for it is faid to be beyond
Ggz doubt,
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doubt, that it gathered in the neighbouring fea, as it
could be tracked from Offiz to Rome, 1 find this in Pere
Bofchovich’s account of it, as abridg’d in the Monthly Re-
view for December 1750,

In that account, the whirlwind is faid to have appear-
ed as a very black, long, and lofty cloud, difcoverable,
notwithftanding the darknefs of the night, by its conti-
nually lightning or emitting flathes on all fides, pufhing
along with a furprizing fwiftnefs, and within three or
four feet of the ground. Its general effets on houfes,
were, firipping off the roofs, blowing away chimneys,
breaking doors and windows, forcing up the floors, and
unpaving the rooms, (fome of thefe effedts feem to a-
gree well with a fappofed vacuum in the center of the
whirlwind) and the very rafters of the houfes were broke
and difperfed, and even hurled againft houfes at a confide-
rable diftance, &c.

It feems, by an expreflion of Pere Bofchovick’s, as if
the wind blew from all fides towards the whirlwind ; for,
having carefully obferved its effe@s, he concludes of all
whirlwinds, ¢ that their motion is circular, and their ac-
* tion attrative,”’

He obferves, on a number of hiftories of whirlwinds,
&e, “ that 2 common effeét of them is, to carry up into
“ the air tiles, ftones, and animals themfelves, which hap-
“ pen to be in their courfe, and all kinds of bodies unex-
s ¢eptionably, throwing them to a confiderable diftance,

¢ with
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“ with great impetuofity.” Such effects feem to fhew a
rifing current of air,

I will endeavour to explain my conceptions of this mat-
ter by figures, reprefenting a plan and an elevation of a
fpout or whirlwind. :

.f would only firft beg to be allowed two or three po-
fitions, mentioned in my former paper.

1. That the lower region of air is often more heated,
and fo more rarified, than the upper ; confequently, fpeci-
fically lighter. 'The coldnefs of the upper region is ma-
nifefted by the hail which fometimes falls from it in a hot.
day.

2. That heated air may be very moift, and yet the
moifture fo equally diffus’d and rarified, as not to be vi-
fible, till colder air mixes with it, when it condenfes, and
becomes vifible. Thus our breath, invifible in fummer,

becomes vifible in wiater. .

Now, let us fuppofe a trac of land, or fea, of perhaps
fixty miles fquare, unfcreened by clouds, and unfanned by
winds, during great part of a fummer’s day, or, it may
be, for feveral days fucceffively, till i¢ is violently heated,
together with the lower region of air in conta&t with it,
{o that the faid lower air becomes fpecifically lighter than
the fuperincumbent higher region of the atmofphere, in
which the clouds commonly float: Let us fuppofe, alfo,
that the air furrounding this tract has not been fo much
heated during thofe days, and, therefore, remains heavier.

The confequence of this thould be, as I conceive, that the
heated
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heated lighter air, being ﬁrc[fcd on all fides, muft afcend,,
and the heavier defcend 5 and, as this rifing cannot be in
all parts, or the whole area of the tract at ence, for that
would leave too extenfive a vacuum, the rifing will begin
precifely in that column that happens to be the lighteft,
or moft rarified ; and the warm air will fow horizontally
from all points to this column, where the feveral currents
meeting, and joining to rife, a whirl is naturally formed,
in the fame manner as a whirl is formed in the tub of
water, by the defcending fluid flowing from all fides of
the tub, to the hole in the center.

And, as the feveral currents arrive at this central rifing
column, with a confiderable degree of horizontal motion,
they cannot fuddenly change it to a vertical motion 5
therefore, as they gradually, in approaching the whirl,
decline from right to curve or circular lines, fo, having
joined the whirl, they aféend by a {piral motion; in the
fame manner as the water defcends {pirally through the
hole in the tub before-mentioned,

Laftly, as the lower air, and neareft the furface, is
moft rarified by the heat of the fun, that air is moft acted
on by the preflure of the furrounding cold and heavy air,
which is to take its place ; confequently, its motion to-
wards the whirl is fwifteft, and fo the force of the lower
part of the whirl, or trump, ftrongeft, and the centrifu-
gal force of its particles greateft; and hence the vacuum
round the axis of the whirl thould be greateft near
the earth or fea, and be gradually diminithed as it ap-

proaches
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proaches the region of the clouds, till it ends in a point,
as at A in Fig. II. forming a long and fharp cone.

In Fig. I which is a plan or ground-plat of a whirl-
wind, the circle V, reprefents the central vacuum.

Between e¢aaa and 4644 1 fuppofe a body of air con-
denfed ftrongly by the prefure of the currents moving to-
wards it, from all fides without, and by its centrifugal
force from within; moving round with prodigious {wift-

nefs, (having, as it were, the momenta of all the currents

AN N N AN
Vd el I %

united in itfelf) and with a power equal to its {wiftnefs and
denfity.

It is this whirling body of air between aaaa and 65564
that rifes fpirally ; by its force it tears buildings to pieces,
twilts up great trees by the roots, &, and, by its {piral
motion, raifes the fragments fo high, till the preffure of
the furrounding and approaching currents diminithing,
<an no longer confine them to the circle ; or. their.own
centrifugal force encreafing, grows too {trong for fuch
preflure, when they fly off in tangent lines; as {tones out
of a {ling, and fall on all fides, and at great diftances..

If it happens at fea, the water under and between
aaaa and 6465 will be violently agitated and driven
about, and parts of it raifed with the fpiral current, and
thrown about, {0 as to form a bufh like appearance. -

This circle is of various diameters, {ometimes very large.

If the vacuum pafles over water, the water may: rife in

it in a body, or column, to near the height of thirty-two feet.
If
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If it paffes over houfes, it may burft thelr windows or
walls-outwards, pluck off the roofs, and pluck up the
floors, by the {udden rarefa@ion of the air contained with-
in fuch buildings ; the outward preflure of the atmofphere
‘being fuddenly taken off : So the ftopp’d bottle of air burfls
under the exhaufted receiver of the air-pump.

F1c. II. is to reprefent the elevation of a water-fpout,
wherein, I fuppofe PP P to be the cone, at firft a va-
cuum, till W W, the rifing column of water, has filled
fo much of it. S SSS, the fpiral whirl of air furround-
ing the vacuum, and continued higher in a clofe column
after the vacuum ends in the point P, till it reaches the
cool region of the air. BB, the buth defcribed by Sru-
art, furrounding the foot of the column of water.

Now, I fuppofe this whirl of air will, at fir}, be as
invifible as the air itfelf, though reaching, in reality, from
the water, to the regionof cool air, in which our low
fummer thunder-clouds commonly float ; but prefently
it will become vifible at its extremities. .4¢ i£s lower end,
by the agitation of the water, under the whirling part of
the circle, between P and S, forming Stwart’s bufh, and
by the fwelling and rifing of the water, in the beginning
vacuum, which is, at firft, a fmall, low, broad cone,
‘whofe top gradually rifes and fharpens, as the force of the
whirl encreafes, .4f 7ts upper end it becomes vifible, by
the warm air brought up to the cooler region, where its
moifture begins to be condenfed into thick vapour, by the
cold, and is feen firft at A, the higheft part, which be-

ing
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being now cooled, condenfes what rifes next at B, which

condenfes that at C, and that condenfes what is rifing at

D, the cold operating by the conta® of the vapours faft-
er in a right line downwards, than the vapours themfelves
can climb ina fpiral line upwards ; they climb, however,
and as by continual addition they grow denfer, and, con-
fequently, their centrifugal force greater, and being rifen a-

bove the concentrating currents that compofe the ‘whirl,

they fly off, fpread, and form a cloud,

It feems eafy to conceive, how, by this fucceflive cop-
denfation from above, the fpout appears to drop or de-
fcend from the cloud, though the materials of which it s
compofed are all the while afcending,

The condenfation of the moifture contained in fo great
a quantity of warm air as may be fuppofed to rife in a
fhort time in this prodigioufly rapid whirl, is, perhaps,
fufficient to form a great extent of cloud, though the fpout
fhould be over land, as thofe at Hatfield ; and if the land
happens not to be very dufty, perhaps the lower part of
the fpout will fcarce become vifible at all; though the
upper, or what is commonly called, the defcending. part,
be very diftin&ly feen.

The fame may happen at fea, in cafe the whirl is not
violent enough to make a high vacuum, and raife the co-
lumn, &e. In fuch cafe, the upper part ABCD only
will be vifible, and the bufh, perhaps, below.

But if the whirl be firong, and there be much dutt
on the land, and the column W W be raifed from the wa-

Hh ter,
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ter, then the lower part becomes vifible, and fometimes
even united to the upper part.  For the duft may be car-
ried up in the {piral whirl, till it reach the region where
the vapour is condenfed, and rife with that even to the
clouds : And the friGion of the whirling air, on the fides
of the column W W, may detach great quantities of its
water, break it into drops, and carry them up in the {pi-
ral whirl mixed with the air ; the heavier drops may,.
indeed, fly off, and fall, in a thower, round the fpout ;
but much of it will be broken into vapour, yet vifible;
and thus, in both cafes, by duftat land, and, by water at
fea, the whole tube may bedarkened and rendered vifible.
As the whirl weakens, the tube may (in appearance)
feparate in the middle ; the column of water fubfiding,,
and the fuperior condenfed part drawing up to- the cloud..
Yet fiill the tube, or whirl of air, may remain entive,
the middle only. hecoming invifible, as not containing vi-
fible matter,
Dr Stuart fays, ¢ Tt was obfervable of all the fpouts
he faw, but more perceptible of the great one ; that,
towards the end, ‘it began to appear like 2 hollow canal,
only black in the borders, but white in the middle;
¢ -and though at firft it was altogether black and opaque,
‘ yet, now, one could very diftin&ly perceive the fea-
¢ water to fly up along the middle of this canal, as fmoak
¢ up a chimney.” |
And Dr Matber, defcribing a whirlwind,. fays, ¢ a
¢ thick dark fmall cloud arofe, with a pillar of light in
( : ¢ it,

L

" ~

)
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* It, of about eight or ten fect diameter, and pafled a-
¥ long the  ground in a tra& not wider than a ftreet, hor-
¢ ribly tearing up trees by the roots, blowing them up in
¢ the air like feathers, and throwing wup ftones of great
© weight to a confiderable height in the air, &c¢.’
Thefe accounts, the one of water-{pouts, the other of
3 whirlwind, feem, in this particular, to agree; what one
Gentleman - deferibes as a tube, black in the borders, and
white in the middle, the other calls a black cloud, with
a pillar of light in it; the latter expreffion has only a
little more of the marvellous, but the thing is the fame 5
and it feems not very difficult to underftand. When Dr
Stuart’s fpouts were full charged, that is, when the whirling
pipe of air was filled between azaaand 4444, Fig, L
with quantities of drops, and vapour torn off from the co-
lumn W W, Fig. II. the whole was rendered fo dark, as

that it could not be feen

through, nor the fpiral a-
fcending motion difco-
@

vered ; but when the
o=

quantity afcending leflen-

cd, the pipe became more
tranfparent, and the a-.
{cending motion vifible.
For, by infp&&ion of this
figure in the margin, re- L
prefenting a fe€tion of our fpout, with the vacuum ix_l ﬂ?c
middle, it is plain that if welook at {uch a hollow pipe in

HAh 2 the

.4
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the direQion of the arrows, and fuppofe opaque particles te
be equallymix’d in the {pace between the two circilar lines,
both the part between the arrows 2 and 4, and that between:
the arrows ¢ and 4, will appear much dacker than that
between 4 and ¢, as there muft be many more of thofe
opaque. particles in the line of vifion acrofs the fides, than
acrofs the middle. It is thus that a hair in a microfcope
evidently appears to be a pipe, the fides thewing darker
than the middle. Dr Mather’s whirl was probably filled
with duft, the fides were very dark, but the vacuum
within rendering the middle more. tranfparent, he calls it
a pillar of light.

It- was in this more tranfparent part, between #and ¢,
that Stuar? could fee the fpiral motion of the vapours,
whofe lines on the neareft and fartheft fide of the tran-
fparent part crofling each other, reprefented fmoak af-
cendmg in a chimney ; for the quantity being fill too
great in the line of fight through the fides of the tube,
the motion could not be difcovered there, and fo they re-
prefented the folid fides of the chimney.

When.the vapours reach. in: the pipe from the clouds
near to the earth, it is no wender now to thofe who un-
derftand Eleéricity, that flathes of lightning fhould de-
fcend by the fpout as in that at Rome.

But you objeét, If water may be thus camed into the
clouds, why have we no falt rains» The objection is
ftrong and reafonable, and I know not whether I can an-
fwer it to your fatisfaction, I never heard but of one falt

TaIn,,
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rain, and that was where a fpout paffed pretty near 2
thip, fo I fuppofe it to be only the drops thrown off
from the {pout, by the centrifugal force (as thebirds were
at Hatfield) when they had been carried fo high as to be
above, o to be too ftrongly centrifugal for, the preflure
of the concurring winds furrounding it: And, indeed, I
believe there can be no other kind of falt rain; for it has
_pleafed the goodnefs of God fo to order it, that the parti~‘
cles of air will not attract the particles of falt, though
they ftrongly attrat water.

Hence, though all metals, even gold, may be united
with air, and rendered volatile, falt remains fixt in the
fire, and no heat can force it up to any confiderable
height, or oblige the air to hold it. Hence, when falt
rifes, as it will a little way, into air with water, there is
inftantly a feparation made ; the particles of water adhere
to the air, and the particles of falt fall down again, as if
repelled and forced off from the water by fome power in
the air ; or, as fome metals difiolved in a proper menftru-
um, will quit the folvent when other matter approaches,
and adhere to that, fo the water quits the falt, and em-
braces the air ; but air will not embrace the falt, and
quit the water, otherwife our rains would indeed be falt,
and every tree and plant on the face of the earth be de-
ftroyed, with. all the animals that depend on them for
{ubfiftence. He who hath proportioned and given
proper qualities to all things, was not unmindful of this.
Eet us adore Him with praife and thankfgiving !

By
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By fome accounts of feamen, it feems the column of
water W W, fometimes falls fuddenly ; and if it be, as’
fome fay, fifteen or twenty yards diameter, it muft fall
with great force, and they may well fear for their fhips.
By one account, in the Tranfactions, of a fpout that fell
at Colne in Lancafbire, one would think the column is
fometimes lifted off from the water, and carried over land,
and there let fall ina body ; but this, I fuppofe, happens’
rarely.

Stuart defcribes his {pouts as appcarmg no bigger than
a maft, and fometimes lefs; but they were f{een ata league
and a half diftance.

I think T formerly read in Dampier, or fome other

voyager, that a fpout, in its progreflive motion, went o-
ver a {hip becalm’d, on the coaft of Guinea, and firft threw
her down on one fide, carrying away her fore-maft, then
fuddenly whipp’d her up, and threw her down on the o-
ther fide, carrying away her mizen-maft, and the whole
was over in an inftant. I fuppofe the firft mifchief was
done by the fore-fide of the whirl, the latter by the hin-
der fide, their motion being contrary.
* I fuppofe a whirlwind, or {pout, may be ftationary,
when the concurring winds are equal but if unequal, the
whirl acquires a progreﬁive motnon, in the dire&ion of the
ftrongeft preflure.

When the wind that gives the progreffive motion, be~
comes ftronger below than above, or above than below,
the fpout will be bent, and the caufe ceafing, ftraiten a-
gain,

Your
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Your Queries, towards the end of your paper, appggar
judicious, and worth confidering. At prefent 1 am
not furnithed with fa@s fufficient to make any pertinent

anfwer tothem ; and this paper has already a fufficient
quantity of conjecture.

- Your manner of accommodatmg the accounts to your
hypothefis of defcending fpouts, is, I own, ingenious; and
perhaps that hypothefis may be true. I will confider it
farther, but; as yet, I am not fatisfied with it, though here-

after I may,be.

Here you have my method of accounting for the prin-
cipal phwnomena, which I fubmit to your candid exami-
nation, |

And as T now feem to have almoft written a book, in-
ftead of a letter, you will think it high time I fhould con~
clude ; which I beg leave to do, with affuring you that

I am, Sz'f, &ec.
B. I,

LET-
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LETTER XXL

From Do&or M- ”
T O

BenjaMiN Frankrin, Efq; at Philadelphia.

SIR, New-Bruﬁwick; November IT, 1752,

Read st the Royal I AM' fayourcd with your letter of the
2d inftant, and fhall, with pleafure,
comply with your requeft, in defcrib-.

ing (as well as my memory ferves me) the water-fpout I

faw at Antigua ; and fhall think this, or any other fervice

1 can do, well repaid, if it contributes to your fatisfaction in

{o curious a difquifition,

I had often feen water-fpouts at a diftance, and heard
many ftrange ftories of them, but never knew any thing
fatisfactory of their nature or caufe, until that which I faw
at Antigua 5 which convinced me that a water-fpout is a
whirlwind, which becomes vifible in all its dimepfions by
the water it carries up with it.

There appeared, not far from the mouth of the harbour

of St Sfobn’s, two or three water-fpouts, one of which
v took

Sodiety, .7 une
14, 17 5
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took its courfe up the harbour. Its progreflive motioh
was flow and unequal, not in a firait line, but, as it were,.

by jerks or ftarts. 'When juft by the wharffI ftood about
100 yards from it. 'There appeared in the water a circle
of about twenty yards diameter, which, to me, had a
dreadful, though pleafing appearance. ‘The water in this
circle was violently agitated, being whifked about, and
carried up into the air with great rapidity arid noife, and
refle@ed a luftre, as if the fun fhined bright on that fpot,
which was more confpicuous, as there appeared a dark
circle around it. When it made the fhore, it carried up
with the fame violence fhingles, ftaves *, large pieces of
the roofs of houfes, &¢. and one fmall wooden houfe it
lifted entire from the foundation on which it ftood, and
carried it to the diftance of fourteen feet, where it fettled
without breaking or overfetting ; and, what is remarka-
ble, though the whirlwind moved from Weft to Eaft, the -
houfe moved from Eaft to Weft, Two or three Negroes
and a white woman, were killed by the fall of timber,
which it carried up into the air, and drept again. After
paffing through the town, I believe it was foon diffipated ;
for, except tearing a large limb from a tree, and part of the
cover of a fugar-work near the town, I do not remember
any farther damage done by it. I conclude, wifhing you
fuccefs in your enquiry, and am, &, W. M.

* [ fuppofe thingles, ftaves, timber,. and other lymber, might be lying
ix\ quantities on the wharff, for fale, as brought from the Northern
0

colonies. B. F.
1i LET-
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L ETTER XXIL

From Do&or

, of Boffon,
T 0

Benjamin FRA&KLxN, Efy; of Philadelphia.

S IR Boflon, May 14, 1753,
Read at the Roy- Received your letter of 4pril laft, and
al 508?:‘75; P I thank you for it. Several things in it
make me at a lofs which fide the truth
lies on, and determine me to ‘wait for farther evidence.
As to fhooting flars, as they are called, I know very
little, and: hardly know what to fay. I imagine them to
be pafies of cle@ric fire from place to place in the atmo-
fphere, perhaps occafioned by accidental preffures of a
non-eleétric circumambient fluid, ard fo by propulfion; or
allicited by the circumftance of a diftant: quantity minus
clectrified, which it fhoots to fupply, and becomes appa-
rent by its contraCted paffage through a non-cle@ric me-
dium. Ele&ric fire in our globe is always in action, fome-
times afcending, defeending, or paffing from region to Tew
gion
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gion. I fuppofe it avoids too dry air, and therefore we
never fec thefe fhoots afcend, It always has freedom e-
nough to pafs down unobferved, but, I imagine, not al-
ways {0, to pafs to diftant climes and meridians lefs ffored
with it.

The fhoots are fometim ich. i
laft cafe, they thould be. mes all one way, which, in the

Poflibly there may be collections of particles in our a¢.
mofphere, which gradually form, by attraGion, either
fimilar ones per fe, or diffimilar particles, by the interven-
tion of others, But then, whether they fhoot or explode
of themfelves, or by the approach of fome fuitable foreign
colle@tion, accidentally brought near by the ufual commo-
tions and interchanges of ouratmofphere; efpecially when
the higher and lower regions intermix, before change of

winds and weather, I leave.

. I believe I have now faid enough of what I know no-
thing about. If it thould ferve for your amufement, or
any way oblige you, it is all I aim at, and fhall, at your
defire, be always ready to fay what I think, as I am furs

of your candour, g
Idlﬂ‘_ &'ch

liz A fubs
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A ﬁzéﬁgu‘mt PAPER from the fame.

Readat :;:eyljgyal SPOUTS have been generally believed,
3, 1756. afcents of water from below, to the
‘ ‘ region of the clouds, and whirlwinds
the means of conveyance. The world has been very well
fatisfied with thefe opinions, and prejudiced with refpect
to any pbfervations about them. Men of learning and ca-
pacity have had many opportunities in paffing thofe regi-
ons where thefe phznomena were moft frequent, but feem
induftrioufly to have declined any notice of them, unlefs
to efcape danger, as 4 matter of mere impertinence ina
cafe fo clear and certain as their nature and matiner of
operation dre taken to be, Hence it has been very diffi-
cult to get any tolerable accounts of them. None but:
thofe they fell near can inform us any thing to be depend-
ed on; three or four {uch inftances follow, where the vef-
fels were {o near, that their crews could not avoid know-
ing fomething remarkable with refpe¢t to the matters in
queftion,
Capt. §fobn Wakefield, junior, pafling the Streights of
Gibraltar, had one fall by the fide of his thip; it came
down of a fudden, as they think, and all agree the de-

{cent was certain, -
Capt.
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Capt. Lang flaff; on a voyage to the Wef-Indies, had
one come acrofs the flern of his veffel, and paffed away
from him. The water came down in fuch quantity that
the prefent Capt. Meliing, who was then a common

failor at helm, fays it almoft drowned him, running into
his mouth, nofe, ears, &, and adds, that it tafted per-
fectly freth.

One paffed by the fide of Capt. Howland's thip, fo near
that it appeared pretty plain that the water defcended from
firft to laft,

Mt Robert Spring was fo near one in the Streights of
Mallacca, thathe could perceive it to be a {mall very thiclk
rain. | |

All thefe affure me, that there was no wind drawing to-
wards them, nor have I found any others that have ob-
ferved fuch a wind. ,

It feems plain, by thefe few inftances, that whirlwinds
do not always attend fpouts ; and that the water really de-
fcends in fome of them, But the following confiderati-
on, in confirmation of this opinion, may, perhaps, ren-
der it probable that all fpouts are defcents.

It feems unlikely that there thould be two forts of {pouts,
one afcending and the other defcending. ‘

It has not yet been proved that any one fpout ever a-
fcended. A fpecious appearance is all that can be pro-
duced in favour of this; and thofe who have been moft
pofitive about it, were at more than a league's diftance

when they obferved, as Stuart and others, if I am not
| miftaken
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miftaken. However, I believe it impofiible to be certain
whether water afcends or defcends at half the diftance.

It may not be amifs to confider the places where they
happen moft. Thefe are fuch’ as. are liable to calms from
departing winds on both fides, as on the borders of the
ZEquino&ial trade, calms on the coaft of Guinea, in the
Streights of Malacca, &ec. places where the under region
of the atmofphere is drawn off horizontally. I think
~ they don’t come where the calms are without departing
winds ; and I take the reafon to be, that fuch places, and
places where winds blow towards one another, are liable
to whirlwinds, or other afcents of the lower region, which
1 fuppofe contrary to fpouts. But the former are liable to
defcents, which I take to be neceffary to their production.
Agreable to this, it feems reafonable to believe, that any
Mediterranean fea thould be more fubject to fpouts than
others. 'The fea ufually fo called is fo. The Streights of
Malacea is.  Some large gulphs may probably be fo, in
fuitable latitudes ; fo the Red Sea, &c. and all for this
reafon, that the heated lands on each fide, draw off the
under region of the air, and make the upper defcend,
whence fudden and wonderful condenfations may take
Place, and make thefe defcents.

It feems to me, that the manner of their appearance
and procedure, favour the notion of a defcent.

" More or lefs of a cloud, as Tam informed, always ap-
pears over the place firft; then a fpattering on the {urface
of the water below ; and when this is advanced to a con-

fiderable
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fiderable degree, the fpout emerges from the cloud, and
defcends, and that, if the caufes are fufficient, down to
the places of fpattering, with a roaring in proportion to
the quantity of the difcharge ; then it abates, or ftops,
fomctimes more gradually, fometimes more fuddenly.

I muft obferve a few things on thefe particulars, to thew
how I think they agree with my hypothefis.

The preceding cloud over the place thews condenfati-
on, and, confequently, tendency downwards, which there-
fore muft naturally prevent any afcent. Befides that, fo
far as I can learn, a whirlwind never comes under a

cloud, butina clear {ky.

The fpattering may be eafily conceived to be caufed
by a ftream of drops, falling with great force on the place,
imagining the {pout to begin fo, when a fudden and great
condenfation happens in a contratted fpace, asthe Ox Eye
on the coaft of Guinea. : :

The fpout appearing to defcend from the cloud feems
to be, by the fiream of nearly contiguous drops bringing
the air into confent; o as to carry down a quantity of the
vapour of the cloud ; and the pointed appearance it 'makes
may be from the defcending courfe being fwifteft in the
middle, or center of the fpeut. This naturally drawing
the outer parts inward, and the center to a point; and
that will appear foremoft that moves {fwifteft. The pha-
nomenon of retiring and advancing, I think may be ac-
counted for, by fuppofing the progreflive motion to ex-

ceed or not equal the confumption of the vapour by con-
~ den-
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denfation. Or more plainly thus: The defcending va-
pour which forms the apparent fpout, if it be flow in its
progrefs downwards, is condenfed as faft as it advances,
and fo appears at a fland ; when it is condenfed fafter than
it advances, it appe_aré to retirc ; and vice ver/fa.

Its duration and manner of ending, are as the caufes,
and may vary by feveral accidents. :

The cloud itfelf may be fo circumftanced as to ftop it;
as when, extending wide, it weighs down at a diftance
round about, while a fmall circle at the {pout being exo-
nerated by the difcharge, afcendsand fhuts up the paffage.
A néw determination of wind may, perhaps, ftop it too,
Places liable to thefe appearances are very liable to fre-
quent and fudden alterations of it. :

Such acc1dcnts as a clap of thunder, firing cannon, &e.
may ftop them, and the reafon may be, that any fhock
of this kind may occafion the particles that are'near coher-
ing, immediately to do fo; and then the whole, thus con-
denfed, falls at once (which is what I fuppofe is vulgarly
called the breaking of the fpout) and in the interval, be-
tween this period and that of the next fet of particles
being ready to unite, the fpout fhuts up. So that if this

reafoning is juft, thefe phaenomena. agree with my hypo-
thefis.

The ufual temper of the air, at the time of their ap-~
pearance, if I have a right information, is for me too ;
it being then pretty cool for the feafon and climate 5 and
this is worth remark, becaufe cool air is weighty, and will

not
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not afcend ; befides, when the air grows cool, it. fhews
that the upper region defcends, and conveys this temper
down; and when the tempers are equal, no whirlwind:
can take place. But fpouts have been known, when the.
lower region has been really cold, Gordon’s fpout in the
Downs is an inftance of this—(¥ide: Philofophical Tranf-
actions—) where the upper region was probably not at
all cooler, if fo cold asthe lower : It was a cold ‘day in
the month of March; hail followed, but not fnow ; and -
it is obfervable, that not fo much as hail follows or ac-

companies them in moderate feafons or climes, when and

where they are moft frequent. However, it is not im-

probable, that juft about the_place of defcent may be cool-

er than the neighbouring parts, and fo favour the won-

derful celerity of condenfation. But, after all, fhould we

allow the under region to be ever fo much the hotteft,

and a whirlwind to take place in it: Suppofe then the

fea-water to afcend, it would certainly cool the fpout, and
then, query, whether it would not very much, if not

wholly, obftruct its progrefs.

It commonly rains when fpouts difappear, if it did not
before, which it frequently does not, by the beft accounts.
I have had ; but the cloud encreafes much fafter after
they difappear, and it foon rains. The firft fhews the
fpout to be a contrated rain, inflead of the diffufed one
that follows ; and the latter that the cloud was not formed
by afcending water, for then it would have ceafed grow-
ing when the fpout vanithed.

o K k However
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However, it feems that fpouts have fometimes ap-
peared after it began to rain; but this is one way a proof
of my hypothefis, viz. as whirlwinds don’t come under
a cloud.

I forgot to mention, that the increafe of cloud, while
the fpout fubfifts, is no argument of an afcent of water,
by the fpout. Since thunder-clouds fometimes encreafe
greatly while it rains very hard.

Divers effefts of fpouts feem not fo well accounted for
any other way as by defcent.

The buth round the feet of them feems to be a great
fpray of water made by the violence of defcent, like that
in great falls of water from high precipices. ‘

The great roar, like fome vaft inland falls, is fo differ<
ent from the roar of whirlwinds, by all accounts, as to be
no ways compatible.

The throwing things from it with great force, inftead
of carrying them up into the air, is another difference.

There feems fome probability that the failors traditi-
onary belief that fpouts may break in their decks, and fo
deftroy veflels, might originate from fome fa&ls of that
fort in former times. ‘This danger is apparent on my
hypothefis, but it feems not fo on the other : And my
reafon for it is, that the whole column of a fpout from
the fea to the clouds, cannot, im a natural way, even up-
on the largeft fuppofition, fupport more than about three
feet water, and from truly fuppofeable caufes, not above
one foot, as may appear more plainly by and by. Sup-

pefing
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pofing now the largeft of thefe quantities to rife, it muft
be diffeminated into drops, from the furface of the fea to
the region of the clouds, or higher ; for this reafon it is
quite unlikely to be colle@ted into matfles, or a body, upon
its falling ; but would defcend in progreflion according to
the feveral degrees of altitude the different portions had
arrived at when it received this new determination.

Now that there cannot more rife upon the common
hypothefis than I have mentioned, may appear probable,
if we attend to the only efficient caufe in fuppofed a-
{cending fpouts, viz. whirlwinds,

We know that the rarefaltion of the lower, and the
condenfation of the upper region of air, are the only
natural caufes of whirlwinds. Let us then fuppofe the
former as hot as their greateft fummer heat in England,
and the latter as cold as the extent of their winter.
Thefe extremes have been found there to alter the weight
of the air one-tenth, which is equal to a little more than
three feet water, Were this cafe poffible, and a whirlwind
take place in it, it might a& with a force equal to the
mentioned difference. But as this is the whole ftrength,
fo much water coyld not rife; therefore to allow it due
motion upwards, we muft abate, at leaft, one-fourth part,
perhaps more, to give it fuch a {wift afcenfion. as fome
think ufual. But here feveral difficultics occur, at lealt
they are fo tome.  As, whether this quantity would ren-
der the fpout opaque ? Since it is plain that in drops it
sould not do fo. How, or by what means it may be re-

Kk2 duced
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duced fmall enough ? Or, if the water be not reduced
into vapour, what will fufpend it in the region of the
clouds when exonerated there ? And, if vapourized while
afcending, how it can be dangerous by what they call
the breaking ?  For it is difficult to conceive how a con-
denfative power fhould inftantancoufly take place of a ra-
rifying and diffeminating one.

The fudden fall of the fpout, or, rather, the fudden
ceafing of it, I accounted for, in my way, before. Butit
feems neceflary to mention fomething I then forgot.
Should it be f2id to do fo, (4. ¢.) to fall, becaufe all the
lower rarified air is afcended, whence the whirlwind muft

ceafe, and its burden drop ; I cannot agree to this, unlefs
the air be obferved on a fudden to have grown much

colder, which I can’t learn has been the cafe. Or thould
it be fuppofed that the fpout was, on a fudden, obftrudt-
ed at the top, and this the cavfe of the fall, however
plaufible this might appear, yet no more water would
fall than what was at the fame time contained in the
column, which is often, by many and fatisfaGory ac-
counts to me, again far from being the cafe.

We are, 1 think, fufficiently affured, that not only
tons, but fcores or hundreds of tons defcend in one {pout.
Scores of tons more than can be contained in the trunk
of it, thould we fuppofe water to afcend. |

But, after all, it don’t appear that the above-mention-
ed different degrees of heat and cold concur in any region
where fpouts ufually happen, nor, indeed, in any other.

Ob-
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Ofervations on the METEOROLOGICAL PaPER
by a Gentleman in Conne&icut.

Readat the Royal-“ IR and water mutually aftraét
5°°i“-‘>l"7 51‘6"_’“" + A each other, (faith Mr F.) hence
water will diflolve in air, as falt
in water.” I think that he hath demonftrated, that the
fupporting of falt in water is not owing to its fuperficies
being increafed, becaufe ¢ the fpecific gravity of falt isnot
altered by dividing of it, any more than that of lead,
fixteen bullets of which, of an ounce each, weigh as
much in water as one of a pound.” But yet, when this
-came to be applied to the fupporting of water in air, I
found an objection rifing in my mind.

In the firft place, I have always been loth to feek for
any new hypothefis, or particular law of nature, to ac-
count for any thing that may be accounted for from the
known, general, and univerfal law of nature; it being
an argument of the infinite wifdom of the Author of the
World, to effe fo many things by one general law.
Now I had thought that the rifing and fupport of wa-
ter in air, might be accounted for from the general law

of gravitation, by only fuppofing the fpaces occupied by
the {fame quantity of water increafed,

And
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And, wich refpe& to the lead, I queried thus in my

own mind ; whether if the fuperficies of a bullet of lead
fhould be increafed four or five fold by an internal va-
cuity, ‘it would weigh the fame in water as before. 1
mean, if a3 pound of lead thould be formed into a hollow
globe, empty within, whofe fuperficies thould be four or
five times as big as that of the fame lead when a folid
lump, it would weigh as much in water as before. I
fuppofed it would not. If this concavity was filled with
water, perhaps it might ; if with air, it would weigh at
leaft as much lefs, as this difference between the weight
of that included air, and that of water,
"~ Now although this would do nothing to account for
the diffolution of falt in water, the {fmalleft lumps of falt
being no more hollow fpheres, or any thing of the like
nature than the greateft ; yet, perhaps, it might account
for water’s rifing and being fupported in air. For you
know that fuch hollow globules, or bubbles, abound upon
the furface of the water, which even by the breath of
our mouths, we can caufe to quit the water, and rife in
the air, ‘

Thefe bubbles I ufed to fuppofe to be coats of water,
containing within them air rarified and expapded with
fire, and that, therefore, the more friction and dathing
there is upon the furface of the waters, and the more heat
and fire, the more they abound.

And I ufed to think, that although water be fpecifically
beavier than air, yet fuch a bubble, filled only with fire

and
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and very rarified air, may be lighter than a quantity of
common- air, of the fame cubical dimenfions, and, there-
fore, afcend ; for the rarified air inclofed, may more fau
fhort of the fame bulk of common air, in weight, than
the watery coat exceeds a like bulk of common air in
gravity.

This was the obje@tion in my mind, though, I muft
confefs, I know not how to account for the watery coat’s
encompafiing the air, as above-mentioned, without allow-
ing the attration between air and water, which the Gen-
tleman fuppofes ; fo that Idon’t know but that this obje&ion
examined by that fagacious Genius, will be an additional
confirmation of the hypothefis.

‘The Gentleman obferves, « That a certain quantity of
moifture fhould be every moment difcharged and taken
away from the lungs ; and hence accounts for the fuf-
focating nature of fhuffs of candles, as impregnating the
air with greafe, between which and water there i a na-
tural repellency; and of air that hath been frequently
breathed in, which is overloaded with water, and, for
that reafon, can take no more air. Perhaps the fame ob-

fervation will account for the fuffocating nature of damps
in wells. :

But then if the air can fupport and take off but fuch a
proportion of water, and it is neceflary that water be fo
taken off from the lungs, I queried with myfelf how it is
we can breathe in an air full of vapours, fo full as that
they continually precipitated, Don’t we fee the air o=

VEf=-
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verloaded, and catting forth water plentifully when thers
is no fuffocation ?

The Gentleman again obferves, ¢ That the air under
« the Equator, and between the Tropics, being conftantly
¢ heated and rarified by the fun, rifes ; its place is fup-
¢« plied by air from Northern and Southern latitudes,
“ which coming from parts where the air and earth had
“ lefs motion, and not fuddenly acquiring the quicker mo-
“ tion of thé equatorial earth, appears an Eaft wind blow-
« ing Weftward ; the earth moving from Weft to Eaft,

¢ and {lipping under the air.”
In reading this, two objections occurred to my mind :

Firft, That it is faid, the trade-wind doth not blow in
the forenoon, but only in the afternoon.

Secondly, That either the motion of the Northern and
Southern air towards the Equator is fo flow, as to acquire
almoft the fame motion as the equatorial air when it ar-
rives there, fo that there will be no fenfible difference ;
or elfe the motion of the Northern and Southern air to-
wards the Equator, is quicker, and muft be fenfible ; and
then the trade-wind muft appear either as a South-Eaft
or North-Eaft wind : South of the Equator, a South-Eaft
wind ; North of the Equator a North-Eaft. For the ap-
parent wind muft be compounded of this motion from
North to South, or wice verfa ; and of the difference be-
tween its motion from Weft to Eaft, and that of the equa-

torial air,
0b-
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O’fervations in Af_lffl&é’?"ﬁtdt.bé Soregoing 3 by B. F.

Read at the Royal. ift. . H E fuPPOﬁng a mUtualk at-
Society, Nov. 4, - trattion. between the parti-.

1756,

cles of water and air, Is not
introducing a new law of nature ; fuch attraGions taking
place in many other known inftances.

2dly. Water is. fpecifically 850 times heavier than air,

To render a bubble of water, then, fpecifically lighter
than air, it feems to me that it muft take up more than
850 times the fpace it did before it formed the bubble ;
and within the bubble thould be either a vacuum or air.
rarified more than 850 times.. . JE a vacuum, would not
the bubble be immediately cru(h 'd by the welght of the
atmofphere ? - And no heat, we. know of, will rarify air
any thing near fo much ;' much. lefs the.common heat of
the fun, or that. of frxéhon by the dathing on--the fur-
face. of the. water. Bcﬁdcs ‘water agitated ever fo vio-
lently, plOduCCS no, heat as has been found by accurate

experiments.

3dly.- A hollow fphexe of lead hasa ﬁrmneﬁs and con-
fitency in it, that a hollow fphere.or bubble of fluid un~
frozen water cannot be fuppofed to have. The lead may

fupport the preflure of the water it is immerged in, but.
| L1 the
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the bubble could not fupport the preffure of the air, if
empty within,
afhly, Was ever a vifible bubble feen”to ife in air P
1 have made many, when a boy, with foap-fuds and a
tobacco-pipe ; but they all deéfcended when loofe fromy
the pipe, though flowly, the air impeding their motion.
They may, indecd, be forced up by a wind from below,
bat do not rife of themfelves, though filled with warm
Breath. |
sthly. The obje@ion relating to our breathing moifk
air, feems weighty, and miuft be farther confidered, The
aiv that Tigs Beert Breathied, has, dotbtlefs, icquired an
addition of the perfph‘able matter whieh natafe intends
to fre¢ thé body from, and which would be peraicious
if retaified and returned into the blood ; fuch air then
wiay become unfit for re gi‘at’mn ds welf fo thiat reafon,
25 on acéount of ité ivillure.” Yet I fhould be glad to
learn, By fomée aecutite experiment, whether 4 draft of
i, two or three timies infpired, and expired, perhaps in
a bltddet; has; or has not; acquired more moiftute than
ouf cottirdéh aie it the dattpeft weéather,  As to the pre-
cipitation of watet in the air we breathe, perhapé it is
ot always 4 mark of that air’s béing overloaded. In the
region of the clouds, indeed, the ais muft be overload-
ed if it lets fall its water in'drops, which we call rain;.
but thofe drops may fall through a dryer air near the
arth 5 and accordingly we find that the hygrofcopé fome-
dthies fhews a lefs degree of moiftute, during a thower,
than
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than at gther times when it does not rain at all. The
dewy dampuefs that fettles on the infides of our walls and
wainfcots, {feems more. certainly to denote an air overload-
ed with moifture 5 and yet this is no fure fign: For, af-
ter along continued cold {eafon, if ‘the air grows fud-
denly warm, the walls, &c. continuing longer their cold-
nefs, will, for fome time, condenfe the moifture of {uch
air, ¢ill shey wa»@quﬂJy Wasm,-and-then they condenfe
no more, though the air is not become dryer. And, on
the other hand, after a warm fpell, if the air grows cold,
though moifter than before, the dew is not fo apt to ga-
ther on the walls. A tankard of cold water will, in a
hot and dry fummer’s day, colle& a dew on its outfide;
a tankard of hot water will colle@ noge in the moifteft
weather.

6thly, It js, I think, a miftake that the trade-winds
blow only in the afternoon. They blow all day and all
night, and all the year round, except in, fome par;xcular
places The foutherly fea-breezes on your coafls, indeed,
blow chiefly in the ‘afternoon. In the very, long run,
from the Weft fide of America, to Guam, among the
Phillippine Wfands, fhips feldlom have occafion’ to hand
their faxls, fo equal and fteady is the gale, and yet they
make it in about 6o days, which could not be, if the

wind blew only in the afternoon.
thly. That really is, which -the Gentleman juftly
fuppofes ought to be”on ‘my hypothefis, In failing
Lla South-
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Southward, when you firlt enter the trade-wind, you
find it North-Eaft, or thereabouts, and it gradually grows
more Eaft as you approach the line, The fame obferva-
tion is made of its changing from South-Eaft to Eaft gra-

dually, as you come from the Southern latitudes to the
equator,

Obfervations on the MeTEoROLOGICAL PaArER ;
Jent by a Gentleman in. New-York, 70 B.F.

Read at the ﬁoyax., '~ HAT power by which the air
Socletys oo expands itfelf, you attribute to a
mutual repelling power in the

particles which compofe. the air, by which they are fepa-
rated from each other with fome degree of force : Now
this force, on this fuppofition, muft not only a& when
the particles are in mutual conta@, but likewife whea
they are at fome. diftance from each. other. How can
two bodies, whether they be great or {mall, ac at any
aiﬁance, -whether that diftance be fmall or great, without
fomething intermediate on which.they act ?  For if any
body a& on another, at any diftance from it, however
{mall that diftance be, without fome medium to conti-
pue the a&tion, it muft a&t where it is not, which to me

feems abfurd..
| It
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It feems to me, for the fame reafon, equally abfurd to
give a mutual attractive power between any other parti-
cles fuppofed to be at a diftance from each other, withs
out any thing intermediate to continue their mutual ac-
tion. I can neither attrac nor repel any thing at a dif-
tance, without fomething between my hand and that
thing, like a flring, or a f¥ick; nor can I conceive any
mutual a&tion without fome middle thing, when the ac-
tion is continued to fome diftance.

The encreafe of the furface of any body leffens its
weight, both in air, and water, or any other fluid, asap-
pears by the flow defcent of leaf-gold in the air.

The obfervation of the different denfity of the upper
and lower air, from heat and cold, is good, and I do
not remember it is taken notice of by others; the confe-
quences alfo are well drawn; butas to winds, they feem
principally to arife from fome other caufe. Winds gene-
rally blow from fome large tracs of land, and from moun-
tains. Where T live, on the North fide of the mountains,
we frequently have a ftrong Southerly wind, when they
have as ftrong a Northerly wind, or calm, on the other
fide of thefe mountains. The centinual pafling of veflels
on Hudfon’s River, through thefe mountains, give fre-
‘quent opportunities of obferving this,

In the {pring of the year the fea-wind (by a piercing
cold) is always more uneafy to me, accuftomed to \yihds
which pafs over a trad of land, than the North-Weft

wind,
You
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You have received the common notion of water-fpouts,
which, from my own ocular obfervation, I am perfuaded
is a falfe conception, In a voyage tp the Weft-Indies 1
had an opportunity of obferving many water-fpouts, One
of them pafled nearer than thirty or forty yards to the
veflel I was in, which I viewed with a good deal of at-
tention ; and though it be now forty years fince I faw it,
it made fo ftrong an impreflion on me, that I very dif-
tinCtly remember it. Thefe water-fpouts were in the
calm latitudes, that is, between the trade and the variable
winds, in the month of July. That fpout which pafled
fo near us, was an inverted cone, with the #p or apex to-
wards the fea, and reached within about cight feet of the
furface of the fea, its bafis in a large black cloud. We
were entirely becalmed. It pafled flowly by the veflcl.
T could plainly obferve that a violent fircam of wind if-
fued from the {pout, which made a hollow of about fix
feet diameter in the furface of the water, and raifed the
water in a circular uneven ring round the hollow, in the
fame manner that a ftrong blaft from a pair of bellows
would do when the pipe is placed perpendicular to the
furface of the water; and we plainly heard the fame hif-
fing noife which fuch a blaft of wind muft produce on
the water. 1 am very fure there was nothing like the
fucking of water from the fea into the fpout, unlefs the
fpray which was raifed in a ring to a fmall height, eould
be miftaken for a raifing of water. I could plainly diftin-
guith a diftance of about eight feet between the fea and

the
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the tip of the ¢one, in which nothing interrupted the
fight, which muft have been, had the water been raifed
from the fea.

In the fame voyage I faw feveral other fpouts ata
greater diftance, but none of them whofe tip of the cone
came {o near the furface of the water. In fome of them
the axis of the cone was confiderably inclined from the
perpendicular, but in none of them was there the leaft
appearance of fucking up of water. Others of them
wer¢ bent or arched. ¥ believe that a ftream of wind if-
fued from all of them, and it is from this ream of v.viud"
that veflels are often overfet, or founder at fea fuddenly.
1 have heard of veflels being overfet when it was perfe&-
ly calm, the inftant before the fiream of wind firuck
them, and immediately after they were overfet ; which
could not etherwife be but by fuch a fiream of wind from
a cloud.

That wind is generated in clouds will not admit of a
difpute. Naw if fuch wind be generated within the bo-
dy of the cloud, and iffue in one particular place, while
it finds no paffage in the other parts of the cloud, I think
it may not be difficult to account for all the appearances
in water-fpouts ; and from hence the reafon of breaking
thofe fpouts, by firing a cannon-ball through them, as
thereby a horizontal vent is given to the wind. When
the wind is fpent, which dilated the cloud, or the fer-
mentation ceafes, which generates the air and wind, the

clouds may defcend in a prodigious fall of water or ain.
A re-
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A remarkable inteftine motion, like a violent fermentati-
on, is very obfervable in the cloud from whence the fpout
iffues. No falt water, T am perfuaded, was ever obferved
to fall from the clouds, which muft certainly have hap-
pened if fea-water had been raifed by a f| pout,

ANSWER 7o the foregoing Obfervations; by B. F.

to fuppofe that a body can aé& where it
is not., I have no idea of bodies at a
diftance attracting or repelling one another without the
affiftance of {fome medium, though I know not what that
medium is, or how it operates. When I fpeak of at-
traction or repulfion, I make ufe of thofe words for want
of others more proper, and intend only to exprefs ¢fecs
which I fee, and not canfesof which I am ignorant. When
I prefs a blown bladder between my knees, I find I can-
not bring its fides together, but my knees feel a {pringy
matter, pufhing them back to a greater diftance, or repcl-
ling them. I conclude that the air it contains is the
caufe. And when I operate on the air, and fihd I cannot
by preflure force its particles into contact, but they flill
{pring back againft the preflure, I conceive there muft be
fome medium between its particles that prevents their
clofing, though I cannot tell what it is.—And if I were

. qC~

Saciety, Nowv.

‘ Agree with you, that it feems abfurd
Read at the Royal
4 3756,
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acquainted with that medium, and found its particles to
approach and recede from each other, according to the
preflure they fuffered, I fhould imagine there muft be
fome finer medium between them, by which thefe opera-
tions were performed. .

I allow that increafe of the furface of a body may oc-

cafion it to defcend flower in air, water, or any other
fluid ; but do not conceive, therefore, that it leflens its
weight. . Where the increafed furface is fo difpofed as
that in its falling a greater quantity of the fluid it finks
in muft be moved out of its way, a greater time is re-
quired for fuch removal. Four fquare feet of fheet lead
finking in water broadways, cannot defcend near {o faft
as it would edgeways, yet its weight in the hydroftatic
ballance would, I imagine, be the fame, whether fufpend-
ed by the middle or by the corner.
- T make no doubt but that ridges of high mountains do
often interrupt, ftop, reverberate, or turn the winds that
blow againft them, according to the different degrees of
ftrength of the winds, and the angles of incidence. I fup-
pofe, too, that the cold upper parts of mountains may
condenfe the warmer air that comes near them, and fo
by making it fpccifically heavier, caufe it to defcend on
one or both fides of the ridge into the warmer valleys,
which will feem a wind blowing from the mountain.

Damp winds, though not colder by the thermometer,
give a more uneafy fenfation of cold than dry ones ; be-
caufe (to {peak like an EleCrician) they condué? better;

Mm that
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that is, are better fitted to convey away the heat from our
bodies. The body cannot feel without itfelf; our fenfation
of cold is not in the air without the body, but in thofe
parts of the body which. have been deprived of their
heat by the air. My defk, and its lock, are, I fuppofe,.
of the fame temperament when they have been long ex-
pofed to the fame air ; but now if I lay my hand on the
wood, it does not feem fo cold to me as the lock ; be-
canfe (as I imagine) wood is not fo good a conductor, to
receive and convey away the heat from my dkin, and the
adjacent fleth, as metal is. Take a piece of wood, of the
fize and fhape of a dollar, between the thumb and finger
of one hand, and a dollar, in like manner, withithe other
hand 3 ‘place “the edges of both, at the fame time, in the
flame of a candle ; and though the edge of the wooden
piece takes flame, and the metal piece doés- net, - yet you
will be obliged to drop the latter before the former, it
conduing the heat more fuddenly to your fingers. Thus
we can, without pain, handle glafs and china cups filled
with hot liquors, as tea, &e. but not filver ones. A filver
tea-pot muft have a wooden handle. Perhaps it ‘is" for
the fame reafon that woollen garments keep the body
warmer than linnen ones equally thick ; woollen keep-
ing the natural heat in, or, in other words, not condu&ing
it out to air,

In regard to water-fpouts, having, in a long letter to a
Gentleman of the (ame fentiment with you as to their
direction, faid all that I have to fay in fupport of my o-

pinion ;
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pinion; I need not repeat the arguments therein contain-
ed, as I intend to fend youa copy of it by fome other:
opportunity, for your perufal. I imagine you will find
all the appearances you faw, accounted for by my hypo-
thefis. I thank you for communicating the account of
them. At prefent I would only fay, that the opinion of
winds being generated in clouds by fermentation, is new
to me, and I'am unacquainted with the fa@s on which' i¢
is founded. TIlikewife find it difficult to conceive of winds
confined in the body of clouds, which I i imagine have
little more folidity than the fogs on the earth’s furface.
The objection from the frefhnefs of rain-water is a ftrong
one, but I think I have anfwered it in the letter above-
mentioned, to which I muft beg leave, at prefent, fo
refer you,

Mm 2 LET-
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FROM

Beny. FrankuiN, Efg; of Philadelphia.
To C. C. Elq; at New-York.

S IR, Philadelphia, April 23, 1752,
Read at the Royal N confidering your favour of the 16th
s;’jf‘?;zgf"" I paft, I recollected my having wrote
you anfwers to fome queries concern-
ing the difference between elerics per fz, and non-e-
lecirics, and the effeéts of air in ele@rical experiments,
which, I apprehend, you may not have received. The
date I have forgot.

We have been ufed to call thofe bodies ele@rics per /e,
which would not condu& the ele@ric fluid: We once i-
magined that only fuch bodies contained that fluid ; af-
terwards that they had none of it, and only educ’d it from
other bodies : But further experiments thewed our miftakes,
It is to be found in all matter we know of ; and the dif-
tintions of ele@rics per f¢, and non-eleCrics, thould now
be dropt as improper, and that of conduétors and non-con-
ducfors aflumed in its place, as I mentioned in thofe anfwers,

Ido
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I do not remember any experiment by which it ap-
peared that high re@ified {pirit will not condu& ; perhaps
you have made fuch, This I know, that wax, rofin,
brimftone, and even glafs, commonly reputed elecrics
per fe, will, when in a fluid flate, condu& pretty well.
Glafs will do it when only red hot. So that my former
pofition, that only metals and water were conducors, and
other bodies more or lefs fuch, as they partook of metal
or moifture, was too general.

Your conception of the eleGtric fluid, that it is incom-
parably more fubtle than air, is undoubtedly juft. It per-
vades denfe matter with the greateft cafe; but it does
not feem to mix or incorporate willingly with meer air, as
it does with other matter. It will not quit common mat-
ter to join with air.  Air obftru@s, in fome degree, its
motion. An eleric atmofphere cannot be communicated
at fo great a diftance, through intervening air, by far, as
through a vacuum.—Who knows then, but there may be,
as the Antients thought, a region of this fire above our
atmofphere, prevented by our air, and its own too great
diftance for attra&ion, from joining our earth # Perhaps
where the atmofphere is rareft, this fluid may be denfeft,
and nearer the earth where the atmofphere grows denfer,
this fluid may be rarer; yet fome of it be low enough to
attach itfelf to our higheft clouds, and thence they be-
coming electrified, may be attracted by, and defcend to-
wards the earth, and difcharge their watry contents, to-

gether with that etherial fire.  Perhaps the Aurora Bore-
ales,
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ales are currents of this fluid in its own region, above our
atmofphere, becoming from their motion vifible. There
is no end to conjeCtures. As yet we are but novices in
this branch of natural knowledge.

You mention feveral differences of falts in ele@rical ex-
periments ! Were they all equally dry?  Salt is apt to
acquire moifture from a moift air, and fome forts more
than others. When perfeétly dried by lying before a
fire, or on a ftove, none that I have tried will conduc any
better than fo much glafs.

New flannel, if dry and warm, will draw the ele@ric
fluid from non-ele@rics, as well as that which has been
‘worn. |

I wifth you had the convenience of trying the experi-
ments you feem to have fuch expe@ations from, upon va-
rious kinds of fpirits, falts, earth, &e. Frequently, in a
‘variety of experiments, though we mifs what we expected
to find, yet fomething valuable turns out, fomething fur-
prifing, and inftrucing, though unthought of,

I thank you for communicating the illuftration of the
'theorem concerning light. It is very curious. But I muft
own I am much in the dark about Zght. 1 am not fa-
tisfied with the do&rine that fuppofes particles of matter
called light, continually driven off from the fun’s furface,
with a fwiftnefs fo prodigious ! Muft not the finalleft
particle conceivable, have with fuch a motion, a force
exceeding that of a twenty-four pounder, difcharged
froma cannon?  Mauft not the fun diminith exceedingly

by
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by fuch a wafte of matter; and the planets, inftead of draw-
ing nearer to him, as fome have feared, recede to greater
diftances through the leflened attraction. Yet thefc par-
ticles, with this amazing motion, will' not drive before
them, or remove, the leaft and lighteft duft- they meet
with : And the fun, for aught we know, continues of his.
antient démenfions, and his attendants move in their antj-
ent orbits.. , .

May not all the phenomena of light be more conye-
niently folved, by fuppofing univerfal fpace filled with 2
fubtle elaftic fluid, which, when at reft, is not vifible, but.
whofe vibrations affe® that fine fenfe in the eye, as thofe
of air do the groffer organs of the ear ?  We do not, in
the cafg of found, imagine that any fonorous particles are
thrown off from a Bell, for inftance, and ﬁ’y‘ in ftrait
lines to the ear ;' why muft we believe that luminous par=
ticles leave the fun and proceced to theeye? Some dia-
monds, if rubbed, fhine in the dark, without lofing any
part of their matter. I can make an ele@rical fpark as
big as the flame of a candle, much brighter, and, there-
fore, vifible further; yet this is without fuel ; and, T am
perfuaded, no part of the ele@ric fluid flies off in fuch
cafe, to diftant places, but all goes directly, and is to be
found in the place to which I deftine it. May not dif-
ferent degrees of the vibration of the above-mentioned u-
niverfal medium, occafion the appearances of different co-
lours? 1 think the cleétric fluid is always the fame;

yet I find that weaker and ftronger fparks differ in appa-
rent
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rent colour, fome white, blue, purple, red ; the ftrongeft,
white ; weak ones red. Thus different degrees of vibra-
tion given to the air, produce the feven different founds in
mufic, analagous to the feven colours, yet the medium,
air, is the fame,.

If the fun is not wafted by expence of light, I can
eafily conceive that he thall otherwife always retain the
fame quantity of matter ; though we fhould fuppofe him
made of fulphur conftantly flaming. The altion of fire
only feparates the particles of matter, it does not anuibilate
them. Water, by heat raifed in vapour, returns to the
earth in rain ; and if we could collect all the particles of
burning matter that go off in fmoak, perhaps they might,
with the afhes, weigh as much as the body before it was
fired : And if we could put. them into the fame pofition
with regard to each other, the mafs would be the fame as
before, and might be burnt over again. The chymifts
have analyfed fulphur, and find it compofed, in certain
proportions, of oil, falt, and earth ; and having, by the a-
nalyfis, dilcovered thofe proportions, they can, of thofe in-
gredients, make fulphur, So we have only to fuppofe,
that the parts of the fun’s fulphur, feparated by fire, rife
into his atmofphere, and there being freed from the im-
mediate action of the fire, they colle¢t into cloudy maffes,
and growing, by degrees, too heavy to be longer fupported,
they defcend to the fun, and are burnt over again. Hence
the fpots appearing on his face, which are obferved to di-

minith
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minith daily in fize, their confuming edges being of parti-
cular brightnefs,

It is well we are not, as poor Galilo was, fubjett to
the Inquifition for Philofophical Herefy. My whifpers a-
gainft the orthodox do&rine, in private letters, would be
dangerous ; but your writing and printing would be high-
ly criminal, © As it is, you muft expe&t fome “ccnfu\re, but
one Heretic will furely excufe another. o

I am heartily glad to hear more inftances of the fuccefs
of the Poke-Weed, in the cure of that horrible evil to the
human body, a Cancer., You will deferve highly of man-
kind for the communication. But I find in Boffon they
are at a lofs to know the right plant, fome aflerting it is
what they call Mechoachan, others other things. In one
of their late papers it is publickly requefted that a perfoct
defcription may be given of the plant, its places of growth,
&e. 1 have miflaid the paper, or would fend it to you.
I thought yon had deferibed it pretty fully.

I am, Sir, &c.
‘B, F.
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P

Extralls from DAMPIER’s Voyages, relo-

tifgg' 20 WaTEeER-SPoOUTS.

Readat the Royal - Spout is a fmall ragged piece, of
Soclety, Dec. 16, part of a cloud, hanging down

75 about a yard feemingly, from the
blackeft part thereof. Commonly it hangs down f{loping
from thence, or fometimes appearing with a {mall bend-
g, orelbow, in the middle. I never faw any hang per-
pendicularly down. It is {mall at the Jower end, feeming

no bigger than one’sarm, but fill fuller towards the cloud
from whence it proceeds.

When the furface of the fea begins to work, you fhall
fee the water for about one hundred paces in circumference
foam and move gently round, till the whirling motion in- .
creafes ; and then it flies upward in a pillar, about one
hundred paces in compafs at the bottom, but gradually lef-
fening upwards, to the fmallnefs of the fpout itfelfs
throngh which the rifing fea-water feems to be conveyed
into the clouds. ‘This vifibly appears by the clouds in-
<reafing in bulk and blacknefs. Then you fhall prefently
fee the cloud drive along, though before it feemed to be
without any motion. The fpout alfo keeping the fame
courfe with the cloud, and ftill fucking up the water as
it gocs along, and they make a wind as they go. Thus it

con-
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continues for half an hour, more or lefs, until the fuck-
ing’is fpent, and then breaking off, all the water which
was below the fpout, or pendulous piece of cloud, falls
down again into. the fea, making a great noife with its
fallingand clathing motion in the fea,

It is very dangerous fora (hip to be under a {pout when
it breaks ; therefore we always endeavour to.thun it, by
keeping at a diftance, if poflibly we can. But for want
of wind to carry us away, we are often in great fear and
danger, for it is ufually calm when fpouts are at work, -
except only juft where they are. Therefore men at fea,
when they fee a fpout a coming, and know not how to
avoid it, do fometimes fire fhot out of their great guns in-
to it, to give it air or vent, that fo it may break ; but I
did never hear that it proved to be of any benefit.

And now we are on this fubje@, I think it not amifs
to give you an account of an accident that happened to a
thip once on the coaft of Guinea, fome time in or about
the year 1674. One Capt. Records of London, bound for
the coaft of Guinea, in a (hip of three hundred tons, and
fixteen guns, called the Blgfing, when he came into la-
titude feven or eight degrees North, he faw feveral fpouts,
one of which came directly towards the thip, and he
having no wind to get out of the way of the {pout, made
ready to receive it by furling the fails. It came on very
fwift, and broke a little before it reached the thip, mak-
ing a great noife, and raifing the fea round it, as if a great

houfe, or fome fuch thing, had been caft into the fea.
N n 2 The
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The fury of the wind ftill lafted, and took the thip on the
frar-board-bow with fuch violence, that it {napt off the
boltfprit and foremaft both at once, and blew the thip ail
along, ready to everfet it; but the thip did prefently right
again, and the wind whirling round, took the fhip a fe-
cond time with the like fury as before, but on the contra-
ry fide, and was again like to overfet her the other way:
The mizen-maft felt the fury of this fecond blaft, and was
fnapt thort off, as the foremaft and bolt{prit had been
before. ‘The main-maft and main-top-maft received no
damage, for the fury of the wind (which was prefently
over) did not reach them. Three men were in the fore-
top when the foremaft broke, and one on the boltfprit,
and fell with them into the fea, but all of them were fa-
ved. Ihad this relation from Mr Fobn Canby, who was
then quarter-mafter and fteward of her ; one Abrabam
Wife was chief-mate, and Leonard Jfefferies fecond-mate.

We are ufually much afraid of them, yet this was the
only damage that I ever heard done by them. They feem
terrible enough, the rather becaufe they come  upon you
‘while you lie becalmed, like a log in the fea, and cannot
get out of their Way., But though I have feen and been
befet by them often, yet the fright was always the greateft
of the harm.”’——Dampier, Vol. 1. page 451.

An
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Aﬂ Accaﬂﬂf Of a SI’OUT on z‘be C’oﬂﬁ,qf NCVV"
Guinea,  From the Same.

E had fair clear weather, and a fine moderate gale
- from South-Eaft to Eaft by North ; but at day-
break the clouds began to fly, and it lightened very much
in the Eaft North-Eaft. At fun rifing the fky looked
very red in the Eaft near the horizon; and there were
many black clouds both to the South and North of it. - A-
bout a quarter of an hour after the fun was up, there was
a fquall to the windward of us, when, on a fudden, one
of our men on the fore-caftle, called out that he faw
{fomething a-ftern, but could not tell what. I looked out
for it, and immediately faw a fpout beginning to work
within a quarter of a mile of us, exacly in the wind:
We prefently put right before it. It came very fwiftly,
whirling the water up in a pillar, about fix or feven yards
high. As yet I could not fee any pendulous cloud from
whence it might come ; and was in hopes it would foon
lofe its force. In four or five minutes time it came with-
in a cable’s length of us, and pafled away to leeward;
and then I faw a long pale fiream coming down to the
whirling water. This fiream was about the bignefs of
a rainbow. 'The upper end feemed vaftly high, not de-
fcend-
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fcending from any dark cloud, and, therefore, the more
ftrange to me, I never having feen the like before. It
paft about 2 mile to the leeward of us, and then broke.
This was but a fmall fpout, and not ftrong nor *lafting ; yet
I perceived much wind in it as it paffed by us. Vol IIL
page 223.

Aeccount of another Seout.  From the fame.

« E faw a fpout but a fmall diftance from us ;

it fell . down out of a black cloud that
yielded great ftore of rain, thunder, and lightning, This
cloud hovered to the Southward of us for the fpace of
three hours, and then drew to the Weftward a great pace,
at which time it was that we faw the fpout, which hung
faft to the cloud till it broke, and then the cloud whirled
about to the South-Eaft, then to the North-Eaft, where
roeeting with an ifland, it fpent itfelf, and fo difperfed ;
and immediately we had a little of the tail of it, having
had none before.” Vol. I1I. page 182.

* Probably if it had been lafting, a cloud would have been formed a-
bove it. ‘Thefe extraéts from Dampier, feem, in different inflances, to
favour both opinions, and, therefore, are inferted entire, for the Reader’s
confideration.

Extralt
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Extraltof a Letter from J.B. Efy; in Bofton,
20 B. F. concerning the Light in Sea-t¥ater.

November 12, 1753.

1 HEN I was at®he Eaftward, I
Resa;lc?:ttyl:ebljzya had an opportunity of obferving

15, 1756 the luminous appearance of the

{ea when difturbed : At the head and ftern of the vefiel,
when under way, it appeared very bright. The beft op-
portunity 1 had to obferve it, wasin a boat, in company
with feveral Gentlemen going from Porsfinouth, about
three miles, to our vefel lying at the mouth of Pifrata-
gua River, Soon after we fet off (it being in the even-
ing) we obferved a luminous appearance, where the oars.
dathed the water. Sometimes it was very bright, and af-
terwards as we rowed along, gradually leflened, till almoft
imperceptible, and then re-illumined. This we took no-
tice of feveral times in the paffage. When I got-on board
the veflel, I ordered a pail to be dipped up, full of fea-
water, in which, -on the water’s being moved, a fparkling
light appeared. T took alinnen cloth, and ftrained fome
of the water through it, and there was a like appearance

on the cloth, which foon went off; but on rubbing the
cloth
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cloth with my finger, it was renewed. 1 then carried the
cloth to the light, but could not perceive any thing upon
it which thould caufe that appearance,

Several Gentlemen were of opinion, that the f{eparated
particles of putrid, animal, and other bodies, floating on
the furface of the fea, might caufe that appearance ; for
putrid fith, &k, they faid, will caufe it : And the fea-ani-
mals which have died, and other bodies putrified therein
fince the creatiog, might afford a fufficient quantity of
thefe particles to cover a confiderable portion of the fur-
face of the fea ; which particles being differently difperfed,
might account for the different degrees of light in the ap-
pearance above-mentioned, But this account feems liable.
to this obvious obje@ion, That as putrid fith, &¢, make a
luminous appearance thhout being moved or difturbed,
it might be cxpe&ed that the fuppofed putrid -particles.
on the furface of the fea, thould always appear luminous,
where there is not a greater light ; and, confequently, that,
the whole furface of the fea, covered with thofe particles,
fhould always, in dark nights, appear luminous, without.
being difturbed. ' But this is not fact.

Among the reft, T threw out my conjeure, That the
faid appearance might be caufed by a great number of
little animals, floating on the furface of the fea, which, on
being difturbed, might, by expanding their finns, or other-
wife moving themfelves, expofe fuch a part of their bo-
dies as exhibits a luminous appearance, fomewhat in the
manner of a glow-worm, or fire-fly: That thefe animals

may
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may be more numerous in fome places than others ; and,
therefore, that the appearance above-mentioned being
fainter and ftronger in different places, might be owing to
that : That certain circumftances of weather, &¢. might
invite them to the furface, on which, in a calm, they
might {port themf{elves and glow ; or in ftorms, being for-
ced up, make the fame appearance.

There is no difficulty in conceiving that the fea may be
ftocked with animalcula for this purpofe, as we find all
Nature crowded with life.  But it feems difficult to con-
ceive that fuch fmall portions of matter, even if they were
wholly luminous, thould affect our fight ; much more fo,
when it is fuppofed that only a part of them is luminous.
But, if we confider fome other appearances, we may find
the fame difficulty to conceive of them ; and yet we know
they take place. For inftance, the flame of a candle,
which, it is faid, may be feen four miles round, The
light which fills this circle of eight miles diameter, was
contained when it firft left the candle within a circle of
half an inch diamcter. If the denfity of light, in thefe
circumftances, be as thofe circles to each other, that is,
as the fquares of their diameters, the candle-light, when
come to the eye, will be 1027709337600 times rarer
than when it quitted the half inch circle. Now the aper-
ture of the eye, through which the light pafies, does not
exceed one-tenth of an inch diameter,  and the portion
of the lefler circle, which correfponds to this fmall por~
fion of the greater circle, muft be proportionably, that

0o is,
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is, 1027709337600 times lefs than one-tenth of an inch;,
and yet this infinitely fmall point (if you will allow the
expreffion) affords light enough to make it vifible four
miles ; or, rather, affords light {ufficient to affetthe fight
at that diftance. - ‘

The fmallnefs of the animalcula is no objection then to.
this conjeGure ; for fuppofing them to be ten thoufand:
times lefs than the minimum wifibile, they may, notwith--
ftanding, emit light enough to affe& the eyes, and fo to:
caufe the luminous appearance aforefaid. This conjecture:
I fend you for want of fomething better..

amg—

Farther ReMaRKs by a. Gentleman of New-York..

April 2, 17¢4..

Read at the Royal- . NY knowledge I have of the:
Socmly;sff" 36, winds, and other changes which

hap,pén in the atmofphere,. is fo.
izery defe@ive that it does not deferve the name ; neither
have 1 received any fatisfaction from the attempts of others
on this fubje&. It deferves then your thoughts, as a fub-
ject in which you may diftinguith yourfelf and be ufeful.
Your notion of fome things conduting heat or cold
better than others, pleafes me, and I with you may purfue
the feent. If T remember right, Dr Boerbaave,. in his
Chy.
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chymiftry, thinks that heat is propagated by the vibration
of a fubtle elaftic fluid, difperfed through the atmofphere
and through all bodies.  Sir Jfzac. Newton fays, there are
many phznomena to prove the exiftence of fuch a fluid;

and this opinion has my affent to it. Ifhall only obferve
that it is effentially different from that which I call zther ;

for mther, properly {peaking, is neither a fluid nor elaftic ;
jts power confifts in re-acting any action communicated to
it, with the fame force it receives the action.

I long to fee your explication of water-fpouts, but I
muft tell you before hand, that it will not be eafy for
you to convince me that the principal phznomena were
not occafioned by a fiream of wind iffuing with great
force, my eyes and ears both concurring to give me this
fentiment, I could have no more evidence than to feel the
effeGts, which T had no inclination to do.

It furprifes me a little, that wind, generated by fermen-
tation, is new to you, fince it may be every day obferved
in fermenting liquor. You know with what force fer-
menting liquors will burft the veflels which contain them,
if the generated wind have not vent; and with what
force it iffues on giving it a fmall vent, or'by drawing the
cork of abottle, Dr' Boerbaave fays, that the fteam iffue
ing from fermenting liquors received through a very fmall
vent-hole, into the nofe, will kill as fuddenly and certain-
ly as lightning. That air- is generated by fermentation, I
think you will find fully proved in Dr Hales's Aralyfis of

Qoz the
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the air; inhis Vegetable Statics.  If you have not read the
book, you have a new pleafuré to come,

The folution you give to the objcction I made from the:
contrary winds blowing from the oppofite fides of the
mountains, from their being eddies, does not pleafe me,
becaufe the extent of thefe winds is by far too large to be
occafioned by an eddy. It is forty miles from New-2ork
to our mountains, through which Hudfon's River pafles.
The river runs twelve miles in the mountains, and from
the North fide of the mountains it is about ninety miles
to Albany. 1:-have myfelf been on: board a veflel more
than once, when we have had a ftrong Northerly wind
againtt us, all the way from New-York, for two or three
days. - ‘We have met veflels from Albany, who affured us,
xhat, on the other fide of the mountains, they had, at the
fame time, a ftrong continued Southerly wind againft
them ; and this frequently happens.

I have frequently. feen both, on the river, in places
where there could be no.eddy-winds, and on the open fea,
two veflels failing with contrary winds, within half a mile
_of each other ; but this happens only in eafy winds, and
generally calm in other places near thefe winds.

. You have, no doubt, frequently obferved a fingle cloud
pafs, from which a violent guft of wind iffues, but of no
great extent. I have obferved fuch a guft make a lane
through the woods, of fome miles in length, by laying the
trees flat to the ground, and not.above eight or ten chains
in breadth, Though the violence of the wind be in the
fame.
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fame direGion in which the cloud moves and precedes it,

yet wind iffues from all fides of it ; fo that fuppofing the

cloud move South-Eafterly, thofe on the North-Eaft fide

of it feel a South-Weft wind, and others on the South-

Weft fide, 2 North-Eaft, - And where the cloud paﬁés‘
over, we frequently have a South-Eaft wind from the

hinder part of it, but none violent, except the wind in the
dire@ion in which the cloud moves. To thew what it is

which prevents the wind from iffuing out equally on all

fides, is not an eafy problem to me, and I fhall not at-

tempt to folve it; but when you thall thew what it is

which reftrains the elecrical fluid from fpreading itfelf in-

to the air furrounding it, when it rufhes with great vio- -
lence through the air along; or in the conducor, for 2

great extent in length, then Imay hope to explain the o-

ther problem, and remove the difficulty we have in con=
ceiving it,

Pro-
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e

Propo/&/ of an EXPERIMENT to meafure the
time taken up by an EleSiric Spark, in moving
through any given Space. By J. A. Efz; of
New-York.

Read at the Roy- IF I remember right, the Royal Society

Al Sogiery Dec. made one experiment to difcover the
velocity of the eledtric fire, by a wire
of about four miles in length, f‘upported by filk, and by
turning it forwards and backwards in a field, fo that the
beginping and end of the wire were at only the diftance
of two people, the one holding the Leyden bottle and the
be,gmnmg of the wire, and the otber holding the end of
the wire and touching the ring. of the bottle ; but by this
experiment no difcovery was‘madev,;,exccpt;that the veloci-
ty was extremely quick.

As water is'a condu®or as well as metals, it is to be
confidered whether the velocity of the ele@ric fire might
not be difcovered by means of water ; whether a river, ot
lake, or fea, may not be made part of the circuit through .
which the eleciric fire paffes? inftead of the circuit all of
wire, as in the above experinient.

Whether in a river, lake, or fea, the electric fire will
not diffipate and not return to the bottle ? or, will it pro-
ceed in frait lines through the water the fhorteft courfes
poffible back to the bottle.

If the laft, then fuppofe one brook that falls into Dela-

ware doth head very near to a-brook that falls into Schuy/-
kill,
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kil and let a wire be ftretched and fupported as before,
from the head of the one brook to the head of the other,
and let the one end communicate with the water, and let
one pcrfon ftand in the other brook, holding the Leyden
bottle, and let another perfon hold that end of the wire
not in the water, and touch the ring of the bottle,—If the
ele@ric fire will goas in the laft queftion, then will it go-
down the one brook to Defaware or Schuylkill, and down
one of them to their meeting, and up the other and the o-
ther brook ; the time of its doing this may poffibly be ob-
fervable, and the further upwards the brooks are chofen, the
more obfervable it would be..

Should: this. be not obfervable, then fuppofe the two:
brooks falling into Sefguebana and Delaware, and proceed-
ing as before, the electric fire may, by that means, make a.
aircuit round the North Cape of Virginia, and go rndfiy
hundreds of miles, and in doing that, it would feem it muft:
take fome obfervable time.

If ftill no obfervable time is found in that experiment,.
then fuppofe the brooks falling the one into the Obid, and’
the other into Safguchana, or Potomack, in that the elecric
fire would have a circuit of fome thoufands of miles to go
down Obio.to M;ffifispé, to the Bay of Mexico, round Flori-
da, and round the South Cape of Virginia; which, Ithink,
would give fome obfervable time, and difcover exactly the
velocity.

But if the eleGric fire diffipates, or weakens in the watér,

as I fear it does, thefe experiments will not anfwer.,
An-
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Anfwer to the foregoing 3 by B.F.

Read 2t the Royal. SUppofe a tube of any length open at

S°°ie§y7’5é)f’“ 23 both ends, and containing a movea-
ble wire of juft the fame length,
that fills its bore. If I attempt to introduce the end of
another wire into the fame tube, it muft be done by pufh-
ing forward the wire it already contains ; and the inftant I
prefs and move one end of that wire, the other end is alfo
moved ; and in introducing one inch of the fame wire, I
extrude, at the fame time, an inch of the firft, from the
other end of the tube,

If the tube be filled with water, and I inje& an additio-
nal inch of water at one end, I force out an equal quantity
at the other, in the very fame inftant.

And the water forced out at one end of the tube is not
the very fame water that was forced in at the other end
at the fame time, it was only in motion at the fame time.

The long wire made ufe of in the experiment to difco-
ver the velocity of the eleCric fluid, is itfelf filled with
what we call its natural quantity of that fluid, before the
hook. of the Leyden bottle is applied to one end of it.

The outfide of the bottle being at the time of fuch ap-
plication, in contact with the other end of the wire; the

whole
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whole quantxty of ele@ric fluid contamcd in the wire is;
probably, put in motion at once, . - |

For at the inftant the hook, connetted with the infide
of the bottle, gives out ; the coati,ng, or outfide of the bot-
tle, draws in a portion of that fluid.

If fuch long wire contains precifely the quantity that
the outfide of the bottle demands, the whole ‘will move
out of the wire to the outfide of the bottle, and the over
quantity which the infide of the bottle contam‘ed, being
éXa&ly equal, will flow into the wire, and remain there,
in the place of the quantity the wire had juft. parted ‘with
to the outfide of the bottle.

But if the wire be fo long as -that one- tehth'(fuppofe)
of its natural quantity is fufficient to fupply what the oat-
fide of the bottle dcmands, in fuch cafe the outfide will
only receive what is contained i in one-tenth of the wxre ’s
length, from the end next to it ; though the whole will
move foas to make room at the other end for an equal quan-
t_ity iffuing, at the fame time, from the infide of the bottle.

So that this experiment only fhews the extream faci-
lity with which the ele@ric fluid moves in metal ; it can
never determine the velocity.

And, therefore, the propofed experiment (though well
mngmed and very ingenious) of fending the fpark round
through a vaft length of {pace, by the waters of Sufqueban-
nabh, or Pofowmac/z, and Obio, would not afford the fatis-
faction defired, though we could be fure that the motion
of the ele@ric fluid would be in that tra@, and not under
ground in the wet earth by the fhorteft way.

Pp An
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E—
"

An Account of the new-invented Penfylvanidn
Fire-Praces : 7 herein their 'C’oﬂﬁrzzﬁzo}rz antd
Manner of Operation is particularly explained;
their Advantages above every other Method ‘of
warming Rooms demoyfirated s and ‘all Qbjec-
tions thit bive been raifed againfp the Ufe of
thém, anfiveréd and cbviated. With Diretti-
ons for " putting théis ‘upy, ‘and fir ufing them
2o the beft Advantage. And a Copper-Plate,
in which the feveral Parts of the Machine are
ciattly 1aid doton, from a Scale of equal Parts.

By B.F. firft printed at Philadelphia in 1745.

o N thefe Northein Cofonics the ihhabitafits keep fitcs

1 to fit By, féderally feven ‘months in the Yedr ; that s,
frb‘nyl_yth'.e ‘Bégi-nninfgz‘df Oétober, to the ‘end of April s
and, in fome wintérs, ‘near ‘eight moriths, by taking in patt
of September and May. |
Wood, our common fuel, which within thefe hundred
years might be had at every man’s doer, muft now be
fetched near one hundred miles to fome towns, and makes

a very confiderable article in the expence of families.

As therefore fo much of the comfort and convehiency
of our lives, for fo great a part of the year, depends on
the article of fire ; fince fuel is become fp expenfive, and:
(as the country is' mote cleared and fettled) Will of courfe
grow fcarcer and dearer, ‘any new propofal for faving the

weods,
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wood, and for leflening the charge, and angmenting the
benefit of fire, by fome particular method of making and
managing if, may at leaft be thonght worth confideration.
The new FiRrE- -Praces area late inyention to that pur-
pofe, of which this paper is intended to give a particular

account.
~That the reader may the better judge whether this me~

thod of managing fire has any advantage over thofe here-
tofore in wfe, it may be proper to confider both the old
and new methods feparately and particularly, and after-
wards make the comparifon.
In order to this, ’tis neceffary to nnderftand well, [omc
few of the properties of air and fire, v/2.
1. Air is rarified by feat, and condens'd by ¢old; i .
the fame quantity of air takes up more {pace when warm
.than when cold. . This may be fhown by feveral very
eafly experiments. Take any clear glafs bottle (a Florence
Aafk fiript of the fraw is bett) place it.before the fire, and
-as the air within is warmed and rarified, part of it will be
Adriven out of the bottle; turn it up, place its mouth ina
-veflel .of water, and remove it.from the fire ; then, as the
air within cools and contracts, yon. will fee the water rife
in the.neck.of the bottle, fupplying the place of juft fo
‘much air as. was driven out. Hold a large hot coal near
the fide of the bottle, and as the air within feels the heat,
it will agam diftend and force out the water,——Or, fill
a bladder half full of air, tie the neck tight, and lay it be-
fore a fire as near as may be without fcorchmg the blad-
P P2 der ;,’
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der’; as the air within heats, -you will perceive it to fwell
‘and fill the bladder, till it becomes tight, as if full blown
Remove it to a cool place, and you will fee it fall gradu-
-ally, till it becomes as lank as at firft.,

2. Air rarified and diftended by heat, is *# fpecifically
lighter than it was before, and will rife in other air of greater
-denfity.  As wood, oil, or any other matter f{pecifically
lighter than water, if placed at the bottom of a veffel of
water, will rife till it comes tothe top ; fo rarified air will
rife in common air, till it either comes to air ‘of equal
weight, or is by cold reduc;d:to:its former denfity.

‘A fire then being'made  in any chimney, the air over
the ﬁr¢ is rarified by the heat, becomes lighter, and therc-
fore immediately rifes in the funnel, and goes out; the
‘other air in the room (flowing towards the chimney) fup-
plies its place, is rarified in.its -turd, and sifes likewife
the place of the air thus carried out of the room, is fup-
plied by frefh air coming in through doors and windows,
or, if they be thut, through every crevice with violence, as
may be feen by holding 2 candle to a key-hole : - If the
‘room be fo tight as that all the crevices together will not
fupply fo much air as is continually carried off, then, in a
‘little time, the current up the funnel muft flag, and the

“{fmoke being nolonger driven-up, muft come into the room.

* Body.or matter of any fort, is faid-to be fpecifically heavier or light-

er than other matter,. when it has more or lefs fubftance or weight in the-
fame dimenfions,.

r. Fire,
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1. Fire, (7. e. common fire) throws out light, heat, and
fmoke (or fume.) = The two firft move in right lines, and
with great {wiftnefs, the latter is but juft feparated from
the fuel, and then moves only as it is carried by the ftream
of rarified air : And without a2 continual acceflion and re-
_ceflion of air, to carry off the fmoaky fumes, they would
remain crouded about the fire, and ftifte it. ™

2. Heat may be feparated from the fmoke as well as
from the light, by means of a plate of iron, which will
fuffer heat to pafs through it without the others,

3. Fire fends out its rays of heat, as well as rays of
light, equally every way ; but the greateft fenfible heat is
over the fire, where there is, befides the rays of heat fhot
upwards, a continual rifing ftream of hot air, heated by the

rays fhot round on every fide,

Thefe things being underftood, we proceed to confider
the Fire-places heretofore in ufe, v/.

I. The large open fire-places ufed in the days of our
fathers, and ftill generally in the country, and in kitchens.

2. The newer-fathioned fire-places, with low breafls,
and narrow hearths.

3. Fire;places with hollow backs, hearths and jams of
iron, (defcribed by M. Gauger, in his tralt entitled, La
Mechanique de Fer) for warming the air as it comes into
the room.

4. The Holland froves, with iron doors opening into the

room,

5. The
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5. The German ftoves, which have no opening in the
room where they are ufed, but the fire is put in from fome
other room, or from without,

6. Iron pots, with open charcoal fires, placed in the
middle of a room.

1. The firft of thefe methods has generally the conve-
niency of two warm feats, one in each corner ; ‘but they
are fometimes too hot to abide in, and, at aother
times, incommoded with the fmoke ; there is likewife
good room for t¢he cook to move, to hang .on pots, &e.
Their inconveniences are, -that they almoft always fmoke,
if the .door ibe -not left.open ; that they require a large
funnel, and a large funnel carries off a great quantity of
air, which -occafions what is called a ftrong draft to the
chimney, without which ftrong draft, the {fmoke would
come out of fome part or other of {o large an opening, fo
that the door can feldom be (hut ; and the.cold air fo nips
the backs and heels of thofe that fit before the fire, that
they have no -comfort till either {creens or fettles are pro-
vided (at a confiderable expence) to-keep it off, which-both
cumber the room, and -darken the fire fide. A moderate
quantity of wood on the fire, in fo large a hearth, feemsbut
little ; and, in foftrongand cold a draught, warms but lit-
tle ; fo that people are continually 'laying on more. “In
thort, ’tis next to impoffible to warm a room with fuch a
fire-place: And I fuppofe our anceftors never thought. of
warming rooms-to fit in; all they purpos’d was, to have
a place to make a fire in, by which they might warm

“themfelves when cold.
2. Moft
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2, Moft of thefe old-fathioned chimneys in towns and
cities, have been, of late years, reduced to the fecond fort
mentioned, by building jambs within them, narrowing the
hearth, and making a fow arch or breaft. *Tis ftrange,
methinks, that though chlmheys have been fo long in ufe,
their conftruction thould be fo little underftood till lately,
that no workman pretended to make one which thould
always carry off all the finoke, but a chimney-cloth was
looked upon as effential to a chiminey. 'This improve~
ment, however, by fimall openings and low breafts, has
been made in our days; and fuccefs in the firft experi-
ments has brought it into general ufe in cities, fo that al-
imoft all new chimnies are now made of that fort, and
much fewér bricks will 'make a ftack of chimneys now
than 'formerly. An 'improvement fo litely made, may
give us froom to believe, that fill farther improvements
may be found to remedy thc inconveniencies yet remaining.
For thefe new ‘chimnieys, ‘though théy keep rooms gene~
rally frée from fmoke, and, the opening being contracted,
will allow the door to ‘be'thut, yet the funnel fill requir-
ing a confiderable quantity. df air, it -rufhes .in at every
erévice fo ftrongly, as to inake a ¢ontinual ‘whiftling or
howling, ‘and it is very uncomfortable, as well as danger-
ous, to fit againft any fuch crevice. Many colds are caughe
from this caufe only, it being fafer to fit in the open ftreet,.
for then the pores do all clofe together, and the air does:
not ftrike {o fharply againft any particular part of th‘c‘bo'l;dg..
+% RC
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"The Spaniards have a proverbial faying,
If the wind blows on you through a kole,
Make your will, and take care of your foul.

Women, particularly, from this caufe, as they fit much
in the houfe, get colds in the head, rheums and deflu@i-
ons, which fall into their jaws and gums, and have de-
ftroyed early many a fine fet of teeth in thefe Northcm. co-
lonies. Great and bright fires do alfo very much contri-
bute to damage the eyes, dry and fhrivel the fkin, and
bring on early'the' appearances of old age. In fhort, ma-
ny of the difeafes proceeding from colds, as fevers, pleu-
rifies, &c. fatal to very great numbers of people, may be
afcribed to ftrong drawing chimneys, whereby, in fevere
weather, a man is fcorched before, while he is froze be-
hind #. In the mean time, very little is done by thefe

chimneys

# As the wtiter is neither phyfician nor philofopher, the reader may
expect he fhould juftify thefe his opinions by the authority of {vme that
are fo. M. Clare, F.R.S. in his treatife of The motion of fiuids, fays, pag.
246, &c. ¢ And here it may be remarked, that it is more ‘prejudicial to
¢¢ health, to fit near a window or door, in a room where therc are many
<¢ candles and a fire, than in a room without; for the conlumption of air
< thereby occafioned, will always be very confiderable, and this muft ne-
< ceflarily be replaced by cold air from without. Down the chimney can
s enter none, the fiream of warm air, always arifing therein, ablcluzely
"¢ forbids it; the fupply muft thercfore come in wherever other open-

< ings fhall be found. ~ If thefe Rappen to be fmall, /et thofe who fit near
them beware; the fmaller the floodgate, the fmarter will be the ftream.
€« 'Was a man, evenin a fweat, to leap into a cold bath, or jump from
¢¢.his warm bed, in the intenfeft cold, even in a froft, provided he do not
¢ continue over-long therein, and be in health when he does this, we fee
s by experience that he gets no karm.  If he fits a little while agairft a
“¢¢. window, into which a fucceffive current of cold-zir comes, his pores zr2
s¢ clofed, and he getsa fever, In the firfl cafe, the fhock the body en-
i - dures

-
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chimneys towards warming the room ; for the air round
the fire-place, which is warmed by the diret rays from
the fire, does not continue in the room, but is continually
crouded and gathered into the chimney by the current of
‘cold air coming behind it, and fo is prefently carried off,

# dures is general, uniform, and therefore lefs fierce ; in the other s fingle
¢ part, a neck or ear perchance, is attacked, and that with the. greater
#¢ violence probably, as it is done by'a fucceffive ftream ‘of cold air.. And
«¢ the cannon of a battery, pointed againftafingle part of a baftion; will
¢¢ eafier make a breach than were they direted to play fingly.upon the
s¢ whole face, and will admit the enemy much fooner into the ‘towrr,”
* That warm rooms, and keeping the body warm in winter,. afe ‘means
of preventing fuch difeafes, take the opinion of that learned Iz:almn phyfi-
cian Antonio Porcio, in the preface to his tralt de Militis Sanitate tuenda,
‘where, fpeaking of a particular wet and cold winter, remarkable at /e~
nice for its ficklinefs, he fays, Popularis autem plenritis que Venctiis [viit
menfibus Dec. Jan: Feb. ex caliy aérifgue inclementia facla ¢ff, quod non babe~
-ant bypocaufla [ftove-rooms] & quod non foliciti funt Ttali amnes de anribus,
temparibus, colloy totoque corpore defendendis ab injuriis aérisy et tegmina domo-
rum Veneti difponant parum inclinata, ut nives diutins permaneant fuper
iegmina. E contra, Germani, qui experiuntur cceli inclementiam, perdidi-
cere fefe defendere ab airis injuria. T edia confiruunt multum inclinata, ut de-
cidant nives.  Germani abundant lignis, domufgue hypocauftis ; firis_autem
gncedunt pannisy pellibus, goffipio, bene mebercule loricati atque muniti. ' In
Bavaria raterrogabam (curiofitate motus videndi Germaniam) guot nam elapfis
menfibus pleuritide vel peripneumonia fuiffent abfumti 5 dicebant vix unus aut
alter illis temporibus pleuritide fuit correptus, ST
~ The great Dr Boerbaave, whofe authority alone might be fufficient, in
his‘Aphorifms mentions, a3 oneantecedent caiife-of pleurifies, @ coldair, driven
violently through fome narrow paflage upon th body, overheated by labour or fire,
' The Eaftern phyficians agree with the £uropeans in this point ; witnefs
the Chinefe treatife entitled Tchang feng; i.e. The art of procuring beakh and
long lifes, as tranflated in Pere Du Halde's account of China, which has
. this paffage. = 4s of all the paffions which ruﬂ; us, z{rfgcr does the wnoff mif-
chicf; Jo of all the malignani affeéiions of tbe_ac’ui',.a wind that comes thro’
_any narrow paflage, which is cold and piercing, is mo &t dangerous ;. and
éomming upon us unawares, infinuates z.zﬁ_lf into t/y_e body, Often caufing grievous
difeafes. It fhould therefore be iav‘oxded, according to the advyice of the an-
cient proverb, as carefully as the point of an arrow. Thefe mifchicfs are
avoided by the ufe of the new-invented fire-places, as will be-fhewn here-

Aafter,
Q_q In

~
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In both thefe forts of ﬁre-placcs, the greateft part of the
Heat from the fire is loft ; for as fire naturally darts heat
every way, the back, the two Jambs and the hearth, drink
up almoft all that is given them, very little being refleted
from bodies o dark, porous, and unpolithed ; and the up-
right heat which is by far the greateft, flies direétly up
the chimney. Thus five fixths at leaft of the heat (and
canfequently of the fewel) is wafted, and contributes no-
thing towards warming the room.

3. To remedy this, the Sicur Gauger gwcs, in his book
entitled, La Mechanique de Fea, pubhih:d in 1709, fcvcn,
different conﬁruéhons of the thu;d fort of chimnpeys men-
tioned above, in which there are hollow cavities made by
iron plates i in the back, jambs, and hearth, through which
: platcs the heat pafling, warms the air in thofe cavities,
which is continually co;n;»ng mto the room  freth and
warm. - The invention was very ingenious, and had many
conveniencies : The room was warmed in all parts, by the
air flowing into it through the heated cavities : 'Cold air
was prevented ruthing through the crevices, the funnel
being fufficiently fupplied by thofe cavities : Much lefs
fuel would ferve, &c. But the firft expence, which was
very great ; the intricacy of the defign, and the difficulty -
of the executmn, efpecially in old chimnies, dlfcouragcd:
the propagation of the invention ; fo that there are, I fup-
pofe, very few fuch chimnies now in ufe. [The upright -
heat, too, was almoft all loﬁ in thefe, as in the common.
chimneys.]

4.’ The
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4. The Holland iron ftove; which has a flue proceeding
from the top, and a fmall iron daor opening into the room,
comes next to be confidered. Its conveniencies are, that
it makesa room all ovér warm ; far the chimney being
wholly clofed, except the flue of the ftove, very little air
is required to fupply that, and therefore not much, ruthes
in-at crevices, or at the door when it is opened. Little
fewel ferves, the heat being almoft all faved ; for it rays
out almoft equally from the four fides, the bottom and
the top, into the room, and prefently warms the air around
it, which being’ rarified, rifes to the cieling, and its place
is fupplied by the lower air of the room, which flows gra-
dually towards the ftove, and is there warmed, and rifes in
its turn, fo that there is a continual circulation till all the
air in the room is warmed. The air, too, is gradually
changed, by the ftove-door’s being in the room, through
which part of it is continually paffing, and that makes
thefe floves wholefomer, or at leaft pleafanter than the
German ftoves, next to be fpoke of.~But they have thefe
inconveniences. There is no fight of the. fire, which is
in itfelf a pleafant thing. Qne canuot conveniently make
any other ufe of the fire but that of warming the room,
When the room is warm, peop}e not feeing the fire, are apt
to forget fupplying it with fuel till it is almoft out, then,
growing cold, a great deal of wood is put in, which foon
makes it too hot. The change ‘of air is not carried on
quite quick enough, fo that if any fmoke or ill fmell hap-
pens in the room, it is a long time before it is difcharged.
Qqz For



204 LeTTERS and Parers
For thefé reafons the Holland ftove has not obtained much
among the Englifb (who love the f ight of the fire) unlefs
in" fome workfhops, where people are obliged to'fit near
windows for the light, and in fuch places they have been
found of good ufe, |

5. The German frove is like a box, one fide wanting,
It is compofed of five ifon plates fcrued together, and fixed
fo as that you may put the fuel into it from another room,
or from the outfide of the houfe. It is a kind ’o'f oven re-~
verfed, its mouth being without, and body within' the room
that is to be warmed by it. ‘Thisinvention certainly warms
a room very fpeedxly and thoroughly with little fuel : No
quantity of cold air comes in at any crevice, becaufe there
is no difcharge of air which it might fupply, there being
no paffage into the ftove from the room. Thefe are its
conveniencies.~Its ‘inconveniericies are, That people have
not even fo:much fight or ufe of the fire as in the Ho/lzzzzd'
froves, and are, moreover, obliged to breathe the fime un-
chang’d air continually, mixed with the breath and per{pi-
ration from one another’s bodies, which is very difagree~
able to thofe who have not been accuftomed to it

.~ 6. Charcoal fires in- pots, are ufed chiefly in the thops of’
handlcraftsmen. They warm a room (that is kept clofe,,
and has no- chimney to carry off the warmed air) very
fpeedily ‘and uniformly ; but there being no draught to:
change the air; the fulphurous fumes from the coals [be:
they ever {0 well kindled before they are brought in, there‘
will be fome] mix with it, render it d]fagreeablc, hurtful to:

. fome:
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fome conftitations, and- fometimes, when the -door is long
kept thut, produce fatal confequences

To avgxd the. fevcral nconveniencies, and at the fame
time retain ,all the -adyantages -.of other- fire-places, . was
contrived the PENNSYLVANIA FIRE. PLAC'E, now to be
defcrxbed

"This Machine confifts of

A ‘bottom-plate, (1). [Sce the Plate-annexed.}

A back plate, (ii)

Two mxddle plates, (iv iv) which joined together, form.
a txght box, with winding paffages in it for warming the air..

A front plate, (v)

A top plate, (vi)

Thefe are all caft of iron, with mouldings ‘or ledges
where the plates come together, to hold them faft, and. re~
tain the mortar ufed for pointing to make tight joints,
When the plates are all in their places, a  pair of flender
rods with- fcrews, are fufficient to bind tlke whole very
firmly together, as it appears in Fig. 2.

_There are, moreover, two thin, plates of wrought iron,

iz, the thutter, (vii).and the regifter, (viii) 5 befides the
ferew-rods O P; all which we fhall explam in their order..

(i) The bottom plate or hearth-piece, is round before,
with a rifing moulding that ferves as a fender to keep coals.
and athes from coming ta the floor, &, It thas two ears,
F G, perfoxatcd to receive the ferew-rods O P ; ; along air-
hole, aa, through wh;_ch the frefh outward air paffes up

mto



296 LeETTERS and Parers

into the air-box; and three fmoke-holes B C through
which the {moke defcends and pafles away ; all reprefent-
ed by dark fquares. It has alfo double ledges to receive
between them the bottom edges of the back plate, the
two fide-plates, and the two middle-plates. Thefe ledges
are about an inch afunder, and about halfan inch high ;
a profile of two of them joined to a fragment of plate, ap-
pears in Fig. 3.

(1) The back plate is without holes, having onlya pair
of ledges on each fide, to receive the back edges ofthe two
receive the fide-edges of the front plate, and a little fhoulder
for it to reft on ; alfo two pair of ledges to receive the’
fide edges of the two middle plates which form the air-
box ; and an oblong air-hole near the top, through which
is difcharged into the room the air warmed in the air-box.
Each has alfo a wing or bracket, Hand I, to keep in
falling brands, coals, &, and a fmall hole, Q and R, for the
axis of the regifter to turn in,

(iv iv) The air-box is compofed of the two middle plates
D E and F G, The firft has five thin ledges or partitions
cafton it, two inches deep, the edges of which are receiv-
ed in fo many pair of ledges caft in the other. The tops
of all the cavities formed by thefe thin deep ledges, are
alfo covered by a ledge of the fame form and depth, caft
with them ; fo that when the plates are put together, and
the joints luted, there is no communication between the

Air-
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air-box and the fmoke. In the winding paflages of this
box, freth air is warm’d as ¢ pafies into the room.

(v) The front plate is arched -on- the under fide, and
ornamented with foliages, &¢. it has no ledges.

(vi) The top plate has a pair of ears, M N, anfwerable
to thofe in the bottom plate, and perforated for the fame
pu,rpéfci It has alfo a pair of ledges running round the
under fide, to receive the top edges of the front, back,
and fide-plates. The air-box does not reach up to the top
plate by two inches and half.

(vii) The fhutter is of thin wrought iron and light, of
of fuch a length and breadth as to clofe well the opening -
of the fire-place. It is ufed to blow up the fire, and to
fhut up and fecure it a nights. It has two brals knobs
for handles, 4 d, and commonly flides up and down in 2
groove, left, in putting up the fire-place, between the
foremoft ledge of the fide-plates, and the face of the fropne
plate ; but fome chufe to fet it afide when it is not in ufe,
and apply it on occafion. |

- (viii) The regifter is alfo of thin wrought iron, It is
placed between the back plate and air-box, and can, by
means of the key S, be turned on its axis, fo as to lie in_
any pofition between Jevel and upright.

The fcrew-rods O P are of wrought iron, about a third
of an inch thick, with a button at bottom, and a ferew

and nut at top, and may be ornamented with two {mall
brafles fcrewed on above the nuts,

To
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To put this Machine to work,

1. A falfe back of four inch (or, in fhallow finall chim=
neys, two inch) brick work is to be made in the chim-
ney, four inches or more from the true back : From the
top of this falfe back a clofing is to be made over to the
breaft of the chimney, that noair may pafs into the chim-
ney, but what goes under the falfe back, and up behind it.

2. Some bricks of the hearth arg to be taken up, to form-
a hollow under the, bottom plafc ; acrofs which hollow
runs a thin tight partition, to keep apart the air entering
the hollow and.the finoke s 4nd is therefore placed be-
tween the al‘,r-;h,ol'e,an,dk. fmoke-holes.

3. A paffage is made, communicating with the out-
‘ward air, to introduce that air into the fore part of the
hollovv under the bottom-plate, whence it may rife thro

the air-hole into the air-box..

4. A paffageis ;made from the back part of the hol<
low, communicating with'the flue behind the falfe back :
Through this paffage the fmoke is.to pafs.

The fire-place is to be erected upon thefe hollows, by
putting all the plates in their places, and fcrewing them to=
gether,

Its operation may be conceived by obferving the fol.
lowing

P RO
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ProrILE of the Cuivmney and FIRE-PLACE.
M The m;nnt\le-piece, or breaft of the chimney,
C The funnel, '
B The falfe back and clofing.
£ True back of the chimney,
ﬁ' Top of the fire-place, )
F The front of it,
.4 The place where the fire is made,
D The air-box, k
X The hole in the fide-plate, through which

the warmed air is difcharged out of the
air-box into the room,

H The hollow filled with frefh air, entering at
the paflage I, and afcending into the air-
box through the air-hole in the bottom
plate near

G The partition in the hollow to keep. the air
and fmoke apart. .

2 The paffage under the falfeback and part of
the hearth for the fmoke.

The arrows fhow the courfe of the fmoke,

The fire being made at A, the flame and fmoke will
afcend and ftrike the top T, which will thereby receive a
confiderable heat. The fmoke, finding no paffage up-
wards, turns over the top of the air-box, and defcends be-
tween it and the back plate to the holes at B, in the bot-
tom plate, heating, as it paffes, both plates of the air-box,
and the faid back plate ; the front plate, bottom and fide
plates, are alfo all heated at the fame time. The {moke
proceeds in the paffage that leads it underand behind the
falfe back, and fo rifes into the chimney. The air of the
room, warmed behind the back plate, and by the fides,

Rr front,
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front, and top plates, becoming fpecifically lighter than the
other air in the room, is obliged to rife; but the clofure
over the fire-place hindering it from going up the chim-
ney, it is forced out into the room, rifes by the mantle-
picce to the cieling, and fpreads all over the top of the
room, whence being crouded down gradually by the
ftream of newly-warm’d air that follows and rifes above it,,
the whole room becomes in a thort time equally warmed.

At the fame time the air, warmied under the bottom-

plate, and in the air-box, rifes and comes out of the holes
in the fide-plates, very {wiftly if the door of the room be
fhut, and joins its current with the ftream before mention-

ed, rifing from the fide, back, and top plates,

The air that enters the room through the air-box is fre(h,,
though warm ; and, computing the {wiftnefs of its moti-
on with the areas of the holes, it is found that near ter
barrels of freth air are hourly introduced by the air-box ;,
and by this means the air in the room is continually
changed, and kept, at the fame time, {weet and warm.

It is to be obferved, that the entering air will not be
warm at firft lighting the fire, but heats gradually as the fire
encreafes..

A fquare opening for a trap-door fhould be left in the
clofing of the chimney, for the {weeper to go up: The
door. may be made of flate or tin, and commonly kept
clofe fhut, but fo placed as that turning up againft the
back of the chimney when open,. it clofes the vacancy be-
hind the falfe back, and fhoats the foot, that falls in fweep-

i-ng',‘
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ing, out upon the hearth. This trap-door isa very conve-
nient thing.

In rooms where much fmoking of tobacco is ufed, it is
alfo convenient to have a {mall hole, about five or fix in-
ches fquare, cut near the cieling through into the funnel:
This hole muft have a (hutter, by which it may be clos’'d
or open’d at pleafure. When open, there will be a ftrong
draught of air thro’ it into the chimney, which will prefently
carry off acloud of fmoke, and keep the room clear: If
the room be too hot likewife, it will carry off as much of
the warm air as you pleafe, and then you may ftop it en-
tirely, or in part, as you think fit. DBy this means it is,
that the tobacco fmoke does not defcend among the heads
of the company near the fire, as it muft do before it can
get into common chimneys.

The Manner of ufing this Fire-PrLAcE.

Your cord-wood muft be cut into three lengths; or elfe

a fhort piece, fit for the fire-place, cut off, and the long-
er left for the kitchen or other fires. Dry hickery, or
ath, or any woods that burn with a clear flame are rather
to be chofen, becaufe fuch are lefs apt to foul the fmoke-
paflages with foot ; and flame communicates, with its
light, as well as by conta&, greater heat to the plates
and room. But where more ordinary wood is ufed, half
a dry faggot of bruth-wood, burnt at the firft making of
fire in the morning is very advantageous, as it it immedi-
ately, by its fudden blaze, heats the plates, and warms the
Rra room
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-room (which with bad wood flowly kindling would not
be done fo foon) and at the fame time, by the length of
its flame, turning in the paflages, confumes and cleanfes
away the foot that fuch bad fmoaky wood had produ-
ced therein the preceding day, and fo keeps them always
free and clean.—When you have laid a little back log,
and placed your billets on fmall dogs, as in common chim-
neys, and put fome fire to them, then {lide down your
fhutter as low as the dogs, and the opening being by that
means contracted, the air rufhes in brifkly, and prefently
blows up the flames. When the fire is fufficiently kind-
led, flide it up again *. In fome of thefe fire-places there
is a little fix inch {quare trap-door of thin wrought iron or
brafs, covering a hole of like dimenfions near the fore-part
of the bottom-plate, which being by a ring lifted up to-
wards the fire, about an inch, wherte it will be retained
by two. fpringing fides fixed to it perpendicularly, [See zhe
Plate, Fig. 4,] the air ruthes in from the hollow under
the bottom plate, and blows the fire. 'Where this is ufed,.
the fhutter ferves only to clofe the fire at nights. The
more forward you can make your fire on the hearth-
plate, not to be incommoded by the fmoke, the fooner and
more will the room be warmed., At night when you go

* The fhutter is flid up and down_in this manner, only in thofe fire--
places which are fo made as that the diftance between the top of the arch-
ed opening, and the bottom plate, is the fame as.the diftance between it
and the top-plate. Where the arch is higher, as it is in the draught
annexed; (which is agreeable to the laft improvements) the fhutter is fet:
by, and applied occafionally 5 becaufe if it were made deep enough to-

clofe the whole opening when flid down, it would hide part.of it when up.-
t0o:
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to “bed, cover the coals or brands with afhes ‘as ufual ;
then take away the dogs, and flide down the fhutter clofe
to the boftom-plate, {weeping a little athes againfl it, that
no air may pafs under it; then turn the regifter, fo as very
near to ftop the flue behind, If no fmoke then comes
out -at crevices inte the room, it is right: If any fmoke
is perceived to come out, move the regifter o -as to give
a little draught, and it will.go the right way.—Thus the
room will be kept warm all night; for the chimney being
almoft entirely ftopt, very little eold air,. if any, will enter
the room at any crevice, When you come to re-kindle
the ﬁrc in the morning, turn open the regifter. before you
lift up the flider, otherwife, if there be any {fmoke in the
fire-place, it will come -out into the room. By the fame
ufe-of the fhutter and regifter, a blazing fire may be pre«
fently ftifled, as well as fecured, when you have occafion
to leave it for any time ; and at your return you will find
the brands warm, and ready for a {peedy re-kindling. The
fhutter alone will not ftifle a fire, for it cannot well be
made to fit fo exactly but that air will enter, and that ina
violent fiream, {0 as to blow up and-keep alive the ﬂ‘aknes,
and confume the wood, if the draught be not check’d by
turning the regitter to fhut the flue behind.. The regifter
has alfo two other ufes. If you abferve the draught of
air into your fire-place to be ftronger than 1s neceflary,
(asin extream cold weather it often is) fo that the wood
is confumed fafter than ufual 5 in that cafe, a quarter, half,
or two thirds turn of the regifter, will check the violence of

“the:
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the draught, and let your fire burn with the moderation
you defire: And at the fame time both the fire-place and
the room will be the warmer, becaufe lefs cold air will
enter and pafs through them.—And if the chimney fhould
happen to take fire, (which indeed there is very little dan-
ger of, if the preceding dire@ion be obferved in making
fires, and it be well {wept once a year; for, much lefs
wood being burnt, lefs foot is proportionably made ; and the
fuel being foon blown into flame by the fhutter (or the
trap-door bellows) there is confequently lefs {moke from
the fuel to make foot ; then, though the funnel ‘fhould be
foul, yet the fparks have fuch a crooked up and down
round about way to go, that they are out before they get at
it. Ifay, if everit thould be on fire, a turn of the regifter
fhuts all clofe, and prevents any air going into the chim-
ney, and fo the fire may eafily be ftifled and maftered. "

The Advantages of this Fire-PLACE,

Its advantages above the common fire-places are,

1. That your whole room is equally warmed, fo that
people need not croud fo clofe round the fire, but may fit
near the window, and have the benefit of the light for
reading, writing, needle-work, &c. T hey may fit with
comfort in any part of the room, which is a very confidera-
ble advantage in a large family, where there muft often be
two fires kept, becaufe all cannot conveniently come at one.

2. If you fit near the fire, you have not that cold draught
of uncomfortable air nipping your back and heels, as when

' before
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before common fires. by which many catch cold, being

fcorched before, and., as it were, froze behind.
3. If you fit againft a crevice, there is not that tharp

draught of cold air playing on you as in rooms where there
are fires in the common way ; by which many catch cold,’
whence proceed coughs ¥, catarrhs, tooth-achs, fevers,
pleurifies, and many other difeafes.

4. In cafe of ficknefs they make moft excellent nurfing
rooms ; as they conftantly fupply a fufficiency of freth air,
fo warmed at the fame time as to be no way inconvenjent
or dangerous. A fmall one does well in a chamber ; and,
the chimneys being fitted for it, it may be removed from
one room to another, as occafion requires, and fixed in
half an hour. The equal temper, too, and warmth, of
the air of the room, is thought to be particularly advanta-
geous in fome diftempers; for it was obferved in the win-
ters of 1730 and 1736, when the fmall-pox fpread in
Pennfylvania, that very few children of the Germans died
of that diftemper in proportion to thofe of the Englifs ;
which was afcribed, by fome, to the warmth and equal
temper of air in their flove-rooms, which made the dif-
eafe as favourable as it commonly is in the Wefl-Indjes,
But this conjeGture we fubmit to the judgment of phyficians,

* My Lord Molefeworth, in his account of Denmark, fays, < That
¢ few or none of the people there, arc troubled with coughs, catarrhs,
¢« confumptions, or fuch kike difeafes of the lungs; fo that in the midft
¢« of winter in the churches, which are very much frequented, there is.
$ no noife to interrupt the attention due to the preacher. 1 am perfuad—

s ed (fays he) their warm floves contribute to their freedom from thefe
¢ kind of maladies,”” pag. 9I. :

5 In
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5. In common chimneys, the ftrongeft heat from the
fire, which is upwards, goes direétly vp the chimney, and
is loft ; and thereis fuch a firong draught into the chim-
ney, that not only the upright heat, but alfo the back,
fides, and downward heats, are carried up the chimney
by that draught of air; and the warmth given before the
fire by the rays that ftrike out towards the room, is conti-
nually driven back, crouded into the chimney,and carried up
by the fame draught of air. But here the upright heat firikes
and heats the top plate, which warms the air above it, and
that comes into the room. ‘The heat likewife, which the fire
communicates to the fides, back, bottom, and air-box, is
all brought into the room ; for you will find a conftant
current of warm air coming out of the chimney corner in-
to the room. Hold a candle juft under the mantle-piece,
or breaft of your chimney, and you will fee the flame
bert vutwards: By laying a piece of {moaking paper on
the hearth, on either fide, you may fee how the current
of air moves, and where it tends, for it will turn and
carry the fmoke with it, '
6. Thus as very little of the heat is loft, when this fire=
place is ufed, much lefs wood* will ferve you, which is a

confiderable advantage where wood is dear,
‘ 7. When

% People who have ufed thefe fire-places, differ much in their accounts
of the wood faved by them. Some fay five-fixths, others three-fourths,
and others much lefs. This is owing to the great difference there was in
their former fires; fome (according to the different circumftances of
their rooms and chimnies) having been ufed to. make very large, Od?(ei:is

g
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7.. When you burn-candles near this fire-place, you will

find that the flame burns quite upright, and does not blare

and run /the tallow down, by drawing towards the chim-~
ney, as againft common fires.

8. This fire-place ‘cures moft fmoaky chimneys, and
thereby preferves both the eyesand furniture.

‘9. It prevents the fouling of chimneys; much of the
lint and duft that c'ontributes‘-to foul abhimney beir;g, by
the low arch, obliged to pafs through the flame, where it
is confumed. 'Then, lefs wood being burnt, there is lefs
fmoke made. Again, the fhutter, or trap-bellows, foon
blowing the wood into a flame, the fame wood does not
yield fo much fmoke as if burnt in'a common chimney :
For as foon as ﬁame' begins, fmoke, in proportion, ceafes.

10. And if a chimney fhould. be foul, it is much lefs
likely to take fire, If it thould take fire, it is eafily ftifled
and extinguithed.

11. A fire may be very f{peedily made in this fire-place,
by the help of the fhutter, or trap-bellows, as aforefaid.

© 12. A fire may be foon extinguifhed, by clofing it with
the thutter before, and turning the  regifter behind, which
will ftifle it, and the brands will remain ready torekindle.

13- The room being once warm, the warmth may be
retained in itall night, |
middling, and others, of & more fparing temper, very fmall ones: While
in thefe fire places (their fize and draught heing nearly the fame) the con~
fumption is more equal. I fuppofe, taking a number of families together,
that two thirds, or half the Wwood, at leaft, is faved, . My common room,

1 know, is made twice aswarm asit ufed to'be, witha quarter of the wood
1 formierly confumed there,
S And
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.14. And, laftly, the fire is fo fecured at night, that not:
one. fpark can fly out into the room to do damage.

- With all thete convemenues, you do not lofe the plca-
Afant ﬁght nor ufe of the fire; as in the Dutch foves, but
may boil the tea-kettle, warm the flat-irons, heat heaters,
keep warm a difh of victuals, by fetting it'on the top, &e..

‘OnyiCTIONS ditfwered:

 There aré fofiie objéctions commonly made by peoplc-
thatlare arfdcquainted with thefe fire-places, which it may:
riot 'be amifs to endeavour to remove, as they afile fromi.
prejudices whxq:}i mlght othertwife obftiuct, in fome degree;.
the general u{e ‘of this beneficial machine. We frequently-
hear it faid, They are of the nature of Dutch floves ; /lawsz
bave an zmpieaﬁmz‘ finells. foves aie diivholefone 5 and;.
warm rooms mbke people tender, aid. apt: to carch tdld——j
As | to the firlt; that they dré of the niture of Diizch ftoves,
the defeription of thofe ftoves, in the beginning of thiis:
paper, compared with that of thefe machines, fhows that-
there is a2 moft' material. differérice, and. that thefe have-
vaﬁly the advahtage, if it were only in the fingle article
of the admiffion and circulation of the freth air.. But it muft:
be allowed there may. have been forié caufe to coriplain.
of the offenifive fmell of iron. ftoves. This finell, howe--
‘ver, never: proceeded from thc iron itfelf, which, in its.
nature, whether hot or cold, is-one of the fweeteft of me--
tals, but from the general uncleanly manner of ufing thofe:
ftoves.. IE they, are. kept clean,, they are as fweet as an,

iron..
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jroning-box, which, though ever fo hot, never offends the
fmell of the niceft Lady But it is common to let them |
be grcafed by fettmg candlcﬁlcks on them, or otherwﬂe,
‘to rub greafy hands on them. 3 and abovc all, to {pit upon
thcm to try how hot they . are, thch is an incopfiderate
filthy unmannerly cuf’com for the ﬂlmy mattcr of fpittle
«drying on, burns. and fumes when the ftove is hot as well
as the greafe, : and {mells moft nau{eouﬂy, which makcs fuch y
clofe ftove-rooms, where there is no draught to carry off
‘thofe filthy vapours, almoft mtolerable to. tho{c ‘that are
not from . their infancy accuftomed to them. At the fame
time nothmg is more eafy than to keep them clean; for
when by any accxdcnt they happen to be fouled, a lee
made of athes and wvater with a bm[h wxll {coyr them
perfedly 5 as will alfo a little ﬁrong foft foap and water.
That hot iron of itfelf gives ne offenfive fmell thofe
Know very well who have (as the writer of this has) been
prefent at a furnace when the wokaen were pouring out
ithe flowing metal -to .caft large plates, and not the leaft
4mell of it to be percewed That hot iron does not, like
Aead, brafs, and forie other metals, give out- unwholefome
yapours, is plain from the general health and ﬁrength of
thofe wha. conﬁantly work in iron, as furnace-men, forge~
‘men, and finiths ; that it is in its nature a metal perfedily
wholefome to thc body of man, is known froin the bene-
ficial ufe of chalybqa;e or iron mine-waters ; from the
good done by takmg fteel ﬁlmgs in feveral d1foxdcrs ; and
that even the fimithy water in Wthh hot i irons are.quench-
S{a2 ed,
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ed, is found advantageous to the human conftitution,—
The ingenious and learned’ Dr Dtﬁgumm, to whofe in-
ftrucive writings the contriver of this machine acknow-
ledges himfelf much. indebted, relates an experiment he
made, to try whether heated iron would yield unwhole-
fome vapours ; He took a cube of iron, and having given.
it a very great heat, he fixed it {o to a receiver, exhaufted.
Mby the air-pump, that all the air rufhing in to fill the re-
ceiver, fhould firft pafs through a hole in the hot iron. He
then put a fmall bird into the recelver, who breathed that
air without any inconvenience, or fuffering the leaft dxfor..
der. But the fame experiment being made with a cube’ of
hot brafs; a bird put into that air died in a few minutes.
Brafs, indeed; ftinks even when cold, and’ much more
-when hot; lead, too; when hot, yields a very unwhole-
fome fteam ; but iron is always {weet, and' every way ta-
ken is whol‘efome andfriendly to the human body—except
in weapons.

That warm rooms make people tender, and’apt tv catth:
cold, is'a miftake as great as it is (among the Englf ifh) ge-
neral. We have feen in the preceding pages how the

" common rooms are apt to give colds ;- but the .writer of
this paper may- affifrm: from' his own experience, and" that-
of his family and friends who Have uféd warm rooms for:

‘thefe four winters paft, that By thie ufe of fuch rooms,
peoplb are rendered: lefé liable-to- take cold, and; mdeed .
a&ually bardened.  1f fitting warm ih a room made one
fubject to take:cold on going out; lying:warm in bed fhould, .

' - by
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bya parity of reafon, produce the fame éffe when we rife.
Yet we find we can leap out of the warmeft bed naked, in
the coldeft morning, wiihbl}t'ar;y fuch danger ; and in the
fame manner out of warm cloaths into a cold bed. The
reafon is, that in theié(cafés‘t‘he pores all clofe at.once, the
cold is thut out, and the heat within augmented, as we
foon after feel by the glowing of the fleth and fkin.  Thus
no one was ever known to catch cold by the’ ufe of the cold
‘bath : And are not cold baths allowed to harden’ the bg-
dies of thofe that ufe them ? Are they not therefore fre-
‘quently preferibed to the tendereft * conftitutions? Now
‘every time you go out of a warm room into the cold freez-
ing air, you do as it were plunge into a cold bath, and the
effect is in proportion the fame; for (though perhaps you
nmay feel fomewhat chilly at firft) yotr find in' a. little time
'your bodies hardened and ftrengthened, your blood is dri-
ven round with a brifkcer circulation, and a comfortable”
fteady uniform inward warmth fucceeds that equal outward'
-warmth youfirft received: in the roomi. - Farther to com-
firm this affertion, we inftance the Swedes, the Danes; and
the Ruffians : Thefe nations are faid to live in rooms,
.compared to ours, as hot as ovens *; yet where are the
hardy
* Mr Boyl, in_his experiments and' obfervationsupon cold, Shaw’s
~ Abridgement, Vol. 1. p. 684, fays, « >Tis remarkable, that while the cold
¢ has. ftrange and tragical effefls at Mofcow, and elfewhere, the Rufians
« and Livonians fhould be exempt from them, who accuftom themfelves
« to pafs immediately from a great degree o_f heat, to us great nn one ‘of
< cold, without receiving any vifible prejudice thereby, [ remember bew.

« ing told by a perfon of unqueftionable credit, that' it Was a- cemmon.
' ¢ pradtice:
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hardy foldiers, though bred in their boafted cool houfes,
that can, like thefe people, bear the fa‘tiguc:s of a winter
campaign in fo fevere a climate, march whole days to the
neck in fnow, and at night entrench in ice, as they do ?

The méntioning of thofe Northern nations, puts me in
‘mind of a ‘confiderable public ,qdwantqge‘thaf may arife
from the general ufe of thefe fire-places. It is obfervable,
that though thofe ’cbuntries h‘ave‘be_en well inhabited for
(mah,y,-agcs, wood js till their fael, and yet at po very great
jﬁﬁiée 3 whicih“co:ulld' not have bcen, if they ,hgd not univer-
fally ufed ftoves, but confumed jt:as we, do, in great.quan-
titieé, by i}pcn fires. By the help of this faving invention
-our wood may grow as faft as we confume it, and our pof-
terity may warm themfelves -at a moderate rate, without
bcmg obliged to fetch their fuel over.the Atlantich; as, if
pit-coal (hould not: be here difcovered, (which is an un-
sertainty) they:muft neceflarily do.

We leave it to the political arithmetician to .compute
how much money will be faved to a.country, by its fpend-
iing two-thirds lefs .of fuel; haw much labour faved .in
cutting and carrigge of it ; how ‘mych more. land may be
«cleared by cultivation 5 how.great the profit by the additi~
-ongl quantity of work done, in thofe trades particularly that
“¢;pradtice among them, to go from ahot-ftave, into cold water ; the fame
<€ -wasallo affirmed to me by another-who.refided at Myfeow. This tra-
#¢ dition is likewife abundantly confirmed by Qlearins ¢’ Tisa Jurprizing
¢ thingyfays he, 1o foe how Jar the Ruflians can endure heat ; and how,
ss¢ quhen it-makes'them ready to faint, they tan.go out of their Saves, flavk

<. naked, both men and yomen, and thraw themfelyes into. cold water - and
#6 eyeninginter wallow in the fngro)” ’ '
’ do
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do not exercife the body fo much, but that the workfolks
are obliged to run frequently to the fire to warm them-
felves: And to phyﬁcxans to fay, how much healthxcr
thick-built towns and cities ‘wil] be, now half fuffocated
with (ulphury fmoke, when fo much lefs of that {moke
thall be made, and the air breathed by the mhabxtants be
confequently fo much purer. Thefe things it will fuffice
Jﬂﬁ to have mentioned ; let us proceed to give fome ne-
eeflary directions to the workman who is. to ﬁx or fet up:

thefe fire-places.
DirecTIONs fo the BRICKLAYER.

The chimney being firft well fwept and cleanfed from
foot, &c. lay.the bottom plate down. on the hearth, in the
place where the fire-place is to ftand,. which may be as for-
ward as the hearth will allow. Chalk a line from one of
its back corners round the plate to the other corner, that
you may afterwards know its place when you come to fix
it; and from thofe corners, two parallel lines to the back
~of the chimney : Make marks alfo on each fide, that youw:
may know where the partition is to ftand, which is to pre-.
vent any communication between the air and finoke..
Then removing the plate, make a hollow under it and. be--
~yond it, by taking up as many of the bricks or tiles as you.
can, within. your chalked lines, quite to the chxmney back,
Dig out fix or eight inches deep of the earth or rubbifh,.
all the breadth and length of your hollow ; then make a.
Baﬁ“age of four inches f{quare (if the place. will allow for
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much) leading from the hollow to fome place communica-
ting with the outer air; by outer air we mean air without
the room you intend to warm. 'This paffage may be made
to enter your hollow on either fide, or in the fore part, juft
as you find moft convenient, the circumftances of your
chimney confidered. If the fire-place is to'be put up in
a chamber you may have thxs communication of - outer
air from the I’can‘ cafe; or fometimes more eafily from be-
tween the chamber floof, and the cieling of the lower
room; making. only a fmall hole in the wall of the houfe.
entermg the fpace betwixt thofe two joifts with which
your axr»paﬁ'agc in the hearth communicates. If this air-
paﬂ'age be fo fituated as that mice may enter it, and neftle
in the hollow, a little grate of wire will keep them out.
This paffage being made, and, if it runs under any part
of the earth, tllC‘d over fecurely, you may proceed to raife
your falfe back. ~This may be of four inches or two in-
ches thxcknefs, as you *have room, but let it ftand at leaft
four inches from the true chimney-back. In narrow
chimnies this falfe back runs from jamb to jamb, but in
large old fathioned chimnies, you need not make it wider
than the ‘back of the fire-place. To begin it, you may
form an arch nearly flat, of three bricks end to end, over
the hollow, to leave a paflage the breadth of the iron fire-
place, and five or fix inches deep, rounding at bottom, for
the fmoke to turn and pafs under the falfe back, and fo be-
hind it up the chimney, The falfe back is to rife till it is
as high as the breaft of the chimney, and then to clofc over

to
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to the breaft * ; always obferving, if there isa wooden
mantle-treg, to clofe above it. If thcre i1s no wood in the
breaft, you mayarch over and clofe even with the lower
partof the breaft. By this clofing the chimney is made
tight, that no air or fmoke can pafs up it, without going
under the falfe back. Then from fide to fide of your
hollow, againft the marks you made with chalk, raife a
tight partition, brick-on-edge, to feparate the éir'from the
fmoke, bevelling away to half an inch the brick that comes
juft underthe air-hole, that the air may "have a free paflage
up into the air-box : Laftly, clofe the hearth over that part
of the hollow that is between the falfe back and the place
of the bottom plate, coting about half an inch under the
plate, which piece of hollow hearth may be fupported by
a bit or two of old iron hoop ; then is your chimney fitted
to receive the fire-place,

To fet it, lay firft a little bed of mortar all round the
edges of the hollow, and over the top of the partition :
Then lay down your bottom-plate in its place (with the
rods in it) and tread it till it lies firm. Then put'a little
fine mortar (made of loam and lime with a little hair) into
its joints, and fet in your back plate, leaning it for the pre-
fent agam{’: the falfe back: Then fetin your air-box, with
a little mortar in its joints : Then put in the two fides, clo-
fing them up againft theair-box with mortar intheir grooves,
and fixing at the fame time your regifter : Then bring up

* See pag: 302, where the trap-door s defcribed, that ought to be in this

cluﬁng
T¢ your
y
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your back to its place, with mortar in its grooves, and that

will bind the fides together. Then put in your front plate,
placing it as far back in the groove as you can, to leave

room for the fliding plate : Then lay on your top plate,
with mortar in its grooves alfo, fcrewing the whole firmly

together by means of the rods. The capital letters A B

DE, &&¢. in the annexed cut, thew the correfponding‘ parts"
of the feveral plates. Laftly, the joints being pointed all
round on the outfide, the fire-place is fit for ufe.-

When you make your firft fire in‘it, perhaps if the
chimney be thoréughly cold, it may not draw, the work.
too being all cold and damp. In fuchcafe, put firft a few
thovels of hot coals in the fire-place, then lift up the
chimney-{weeper’s trap-door, and putting in a fheet or
or two of flaming paper, fhut it again, which will fet the
chimney a drawing immediately, and when once it is filled:
with a column of warm air, it will draw ftrongly and con--
tinually. |

The drying of the mortar and work by the firft ﬁre”
may {mell unpleafantly, but that will foon be over.

In fome fhallow chimneys, to make more room for the:
falfe back and its flue, four inches or more of the chimney-
back may be picked away..

Let the room be made as tight as conveniently it- may-
be, fo will the outer air that muft come in to fupply the:
room and draught of the fire, be all obhged to enter thro™
the paflage under the bottom-plate, and up through the:
air-box, by which means it will not come cold to your

backs,.
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‘backs, but'be warmed as it comes in, and mixed with
the warm air round the fire- place before it fpreads in
the room.

But as a great quantity of cold air, in extreme cold wea-
ther efpecially, will prefently enter a room jf the door be
carelefly left open, it is good to have fome contrivance to
thut it, either by means of fcrew hmges, a {pring, or a
pulley.

When the pointing in  the joints is all dry and hard,
get {ome powder of black-lead, (broken bits of black-lead
~c1ucibles from the filver-{miths, pounded fine, will do) and
mixing it with a little rum and water, lay it on, when the
plates are warm, with a hard bruth, over the top and front-
plates, part of the fide and bottom-plates, and over all the
pointing ; and, as it dries, rub it to a glofs with the fame
brufh, fo the joints will not be difcerned, but it will look
all of a piece, and fhine like new iron, And the falfe back
being plaifter’d and white-wafh’d, and the hearth red-
den’d, the whole will make a pretty appearance, - Before
the black-lead is laid on, it would not be amifs to wath the -
plates with ftrong lee and a bruth, or foap and water, to
cleanfe them from any fpots of greafe or filth that may be
on them. If any greafe thould afterwards come on them,
a little wet afhes will get it out.

If it be well fet up, and in a tolerable good clnmney,
fmoke wxll dmw in from as far as the fore part of the bot-

tom plate, as you may try by a bit of burning g paper.
Tte ~ People
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People arc at firft apt to make their rooms too warm,
not imagining how little a fire will be fufficient. When
the plates are no hotter than that one may juft bear the
hand on them, the room will generally be as warm as you
defireit.

Soon after the foregoing piece was publifbed, fome per-
Jons in England, in imitation of Mr Franklin’s invention,
‘made what they call Penfylvania Fire-places, with improve-
ments ; the principal of which pretended improvements is
a contraétion of the paflages. in the air-box originally de-
figned. for admitting a quantity of frefb air, and warming
it as if entered the room.  The contraéling tbcﬁ paffages,
gains indeed more room for the grate, but in a great mea-
fure defeats their intention. For if the paffages in the air-
box do not greatly exceed in dzmeij lons the amount of all the-
crevices by which cold air can enter the room, they will nof
confiderably prevent, as they were intended to do, the em‘ry of
cold air through thefe crevices.

LET-



on Pbi/oﬁpbim[ Subjets, 319

- -

e

L ET TE R XXIV.

FROM

’BENJAMIN FRANKLIN, Efq of Philadelphia,
T O

Dr L , at Charles-Town, South-Carolina.

S IR, Philadelphia, March 18, 1755

Y SEND you enclofed a paper containing {ome new
I experiments I have made, in purfuance of thofe by
Mr Canton that are printed with my laft letters, I

hope thefe, with:my explanation of them, will afford yow
fome entertainment ¥,

In anfwer to your feveral enquiries. The tubes and
globes we ufe here; are chiefly made here. . The glafs has
a greenifh caft, but is clear and hard, and, I think, better
for ele@rical experiménts than the white glafs of London,
which is not fo hard, There are certainly great differen-
ces in glafs. A white globe I had made here fome years
fince, would never, by any means, be excited. Two of
my friends tried it, as well as myfelf, without fuccefs. At

- length
% Sce page 155, for the paper here mentioned, | '
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fength, putting it on an ele@ric ftand, a chain from the
~prime-condudtor being in conta& with it, I found it bad
the properties of a non-ele@ric; for I could draw i{parks
from any part of it, though it was very clean and dry.
AllT know of Domien, is, ‘that by his own account
he was a native of Tranfylvania, of Tartar defcent, but a
Prieft of the Greek church: He fpoke and’ wrote Latin
very readily and corre€tly. He fet out from his own
country with an intention of going round the world, as
-much as poflible by land. He travelled through Germany,
France, and Holland, to Eﬂg/and Refided fome time at
Oxford. From England he came to Maryland ; thence
went to New-England ; returned by land to Philadelphia ;
and from hence travelled through Maryland, Virginia, and
North-Carolina to you. He thought it might be of fervice
to him in his travels to know fomething of Ele&ricity.
I taught him the ufe of the tube; how to charge the Ley-
den phial, and fome other experiments. He wrote to me
from Charles-Town, that he had lived eight hundred miles
upon Eledricity, it had been meat, drink, and cloathing
to him. His laft letter to me was, I think, from jzzmazczz
. defiring me to fend the tubes you mcntAlon, to meet him at
the Havanab, from whence he expelted to get a paflage
to La Vera Cruz ; defigned travelling over land through
Mexico to Acapulco thence to get a paffage to Manilla,
and fo through China, India, Perfia, and Turkey, béme to
his own country ; propofing to fupport himfelf chiefly by
Ele@ricity. A ftrange proje¢t!. But he was, as you ob-
ferve,
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'ferve, a very fingular chara&er. I was ﬁorrv the tubes did
not get to_ the Havanah in time for him: If they are fill
in being, pleafe to fend for them, and accept of them.
‘W hat became of him afterwards I have never heard. He
promifed to write to me as often as he ‘could on his j journey,
and as foonas he (hould get home after ﬁmfhmg his tour,
Itis now feven years fince he was here. If he i 1s fill in
New Spain, as you imagine from' that loofe report, I fap-
pofe it muft be that they confine him there, and prevent his

writing : but I think it more llkcly_ that he may be dead.
The queftions you afk about the pores of glafs, I cannot
anfwer otherwife, than that I know nothing of their na-
ture ; and fuppofitions, however ingenious, are often mere
miftakes. - My hypothefis, that they were {maller near
the middle of the glafs, too fmall to admit the paffage of
Ele@ricity, which could pafs through the furface till it
came near the middle, was certainly wrong = For foon af--
ter Thad written that letter, I did, in order to confirm the
hypothefis, (which indeed I ought-to have done before T
wrote it) make an experiment. I ground away five-fixths
of the thicknefs of the glafs, from the fide of one of my
phials, expecting that the fuppofed denfer part bcmg fo re-
moved, the ele@ric fluid might come through theremain-
der of the glafs, which I had imagined more open ; but I
found myfelf miftaken. The bottle charged as well after
the grinding as before. T am now, as much.as ever, at a
lofs to know how, or where the quantity of eleCric fluid,

on the pofitive fide of the glafs, is difpofed of,.

As
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As to the difference of condu@or:, thereis not only
this, that fome will condu& Ele@ricity int {mall quantities,
and yet do not condu@ it faft enough to produce the
fhock ; "but everi among thofe that will condu& a fhock,
there arc fome that do it better than others. Mr Kin-
nerfley has found, by a very good experiment, that when
the charge of a bottle hath an opportunity of pafling two
ways, i.e. firait through a trough of water ten feet long,
and fix inches fquare; or round about through twenty
feet of wire, it paffes through' the wire, and not through‘
the water, though that is the, fhorteft courfe; the wire be-
ing the better conductor.’ When the wire is taken away,
it paffes through the water, as may be felt by a hand
plunged in the water ; but it cannot be felt in the water
when the wire is ufed at the fame time. Thus, though a
fmall vial containing water will give a fmart fhock, one
containing the fame . quantity of mercury will give one
much ftronger, the mercury being the better conducor;
while one containing oil only, will fcarce give any thock
at all. ,

Your queftion, how I came firft to think of propofing
the experiment of drawing down the lightning, in order to
afcertain its famenefs with the eleétric fluid, I cannot an-
fwer better than by giving you an extra@ from the minutes
T ufed to keep of the experiments I made, with’ memo-
randums of {uch as I purpofed to make, the reafons for
making them, and the obfcrvations that arofe upon them,
from which minutes my “letters were afterwards drawn,

By
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By ‘this extract you Wlll fee that the thought was not fo
much ¢ an out-of-the- -way one,” but that it mxght have
occurred to any ele&nclan

<« Nov. 7, 1749. Ele@rical fluid agrees with lightning
“ in thefe pamcu]ars 1. Giving hght 2. Colour of the
«light. 3. Crooked ‘dire@ion. 4. Swift metxon
« 5.'Being conduted by metals. = 6, Crack or noife in
« explodmg . ‘Subfifting in water or ice. 8. Rend-
“ ing bodies it paffes through 9. Deﬁroymg animals,
¢« 1o, Melting metals. 11, Firing inflammable {ub-
“ ftances. 12! Sulphurcous {fmell.—The eleCric fluid is
« attracted by points.—We do not know whether this
“ property is in lightning.—But fince they agree inall
¢ the particulars wherein we can already compare them,
« s it not probable they agree likewife in thisP—Let the
“ experiment be made.”

I wifh T could nge you any fatlsfaé’cxon in the article of
clouds. lam ftill at a lofs about the' manner in which they
become charged with Eleé‘rrxcxty ; no hypotheﬁs I have
yet formed perfeltly fatisfying me. ~Some time fince, I
heated very hot a brafs plate, two feet fquare, and placed
it on n ele@ric ftand. From the plate a wire extended
houzontally four or ﬁve feet, and, at the end of it, hung,
by linnen threads, a pair of cork balls. * I then repeatedly
fprmkled water over the plate, that it mrght be raifed from
it in vapour, hoping that if the vapour cither carried off the
eleGricity of the plate, or left behind it that of the water,
(one of which 1 fuppofed it muft do, if| like the clouds,

Uu it
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it became ele@rifed itfelf, either pofitively or. negatively)
1 thould perceive and determine it by the feparatlon of the
balls, and by finding whether they were pofitive “or ne-
gat've ; but. no alteration was made at all, nor could T
perceive that the fteam was itfelf ele@rifed, thoubh I have
ftill fome fufpicion that the fteam’ was not fully examined,,
and T think the experiment fhould be repeated. Whether.
the firft ftate of electrifed clouds is pofitive or negative, if I
could find the caufe of that, I thould be at, no lofs about the,
other, for either is eaﬁly deduced from the other, as one:
ftate is eaﬁIy produced by the other.. A ftrongly pofitive
cloud may drive out of a nexghbourmg cloud' much of its
natural quantlty of the eleCtric fluid, and, paffing by it,.
leave it in a negative flate. In the fame way, a ftrongly
negative cloud may occaﬁon a nexghbonrmg cloud to draw
into itfelf from others, an. additional quantity, and, paffing-
by it, l::avc it in.a poﬁuve ftate. - How thefe effects may-
be produced, you will caﬁly conceive, on perufing and:
confidering the experiments in the enclofed paper : And
from them too it appears probable, that every change from.
pofitive to.negative, and frbm: negative to pofitive, that, du--
ring a thunder guft, we fee in the cork-balls annexed to-
the apparatus,. is not owing to-the prefence of clouds in the-
fame ftate, but often to the abfence of pofitive or negative-
clouds,. that, having juft pafled, leave the rod in the oppo--
fite ftate:

"The knocking'down of the ﬁx men was performed with
two of my largejarrs not fully charged, I.laid one end of
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my difcharging rod upon the head of the firft; he laid
his hand.on- the head of the fecond ; the fecond his hand
on the head of the thlrd and fo to the laft, who held, in
his hand, the chain that was conne&ed with the outfide of
the jarrs.. When they were thus placed, I applied the o-
ther end of my rod to the pnme—condué‘cor and they all
dropt together When they got up, they all declared they
had not felt any ftroke, and wondered how they came to
fall ; nor did any of them either hear the crack, or fee the
Iight of it. You fuppofe it a dangerous experiment ; but
1 had once fuffered the fame myfelf, receiving, by accident,
an equal ftroke through my head, that firuck me down,
without hurting me: And I had feen a young woman that
was about to be ele@rified through the feet, (for fome in-
difpofition) receive a greater charge through the head, by
inadvertently tooping forward to look at the placing of
“her feet, till her forehead (as the was very tall) came too
near my prime-condutor : She dropt, but inftantly got
up again, complaining of nothing. A perfon fo ftruck,
finks down doubled, or folded together as it were, the joints
lofing their ftrength and ftiffnefs at once, fo that he drops
onthe fpot where he ftood, inftantly, and there is no pre-
vious ftaggering, nor does he ever fall lengthwife, Too
great a charge might, indeed, kill a man, but I have not
yet feen any hurt done by it. It would certainly, as you
obferve, bethe eaﬁef’c of all deaths.
The experiment you have heard fo imperfe@ an ac-
count of, is merely this.—1 eleGrified a filver pmt cann,
Uuz on
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on an eleGric ffand, and then lowered into it a cork ball}
“of about an inch diameter, hanging by a filk ftring, till the
cork touched the bottom of the cann. The cork was not
attracted to the infide of the cann as it would have been to
the outfide, and though it touched the bottom, yet, whemr
drawn out, it was not found to be eleétrified by that touch,
- as it would have been by touching the outfide. The fact
is fingular. You require the reafon ; I do not know it.
Perhaps you may difcover it, and then you will be fo good
as to communicate it to me *. I find a frank -acknow-
chgment of one’s ignorance is not on]'y the eafieft way to-
gét rid of a difficulty, but the likelieft way to obtain infor-
mation, and therefore I practice it : I think it an honeft
policy. Thofe who affect to be thought to know every-
thing, and fo undertake to explain every thing, often re--
main long ignorant of many things that others could:
and would inftru& them in, if they appeared lefs ‘conceited.

The treatment your friend has met with is fo-common,
that no.man who knows what. the world is, and ever has.
been, fhould expet to efcape it. There arc every where-
a-number of people, who, being totally deftitute of any
inventive faculty themfelves, do not readily conceive that
othersupay poflefs it : They think of inventions as of mi-
racles ; there might be fuch formerly, but they are ceafed..

* Mr F. has fince thought; that, poflibly, the mutual repulfion of the
inper oppofite fides of the eleGrifed cann, may prevent the accumulating’
an electric atmofphere upon them, and occafion it to ftand chiefly on the
outfide,  But recommends.it.to the.farther examination of the curious. .

With;
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With thefe, evéry one who offers a new invention is deem’d
a pretender: He had it from fome other country, or from

fome book : A man of their own acquaintance ; one who
has no more {enfe than themfelves, could not pofiibly, in

their opinion, have been the inventer of any thing. They
are confirmed, too, in thefe fentiments, by frequent in-
ftances of preténfions to invention, Which vanity is daily
producing.  That vanity too, though an incitement to in-
vention, is, at the fame time, the peft of inventors, Jea~
loufy and Envy deny the merit or the novelty of your in-
vention ; but Vanity, when the novelty and merit ‘are e- -
ftablifhed, claims it for its own. The {maller your inven-
tion is, the more mortification you receive in having the
credit of it difputed with you by a rival, whom the jea-
loufy and envy of others are ready to fupport againft you,
at leaft {o far asto make the point doubtful. It is not in
itfelf of importance enough for a difpute ; no one would:
think your proofs and reafons worth their attention: And
yet if you do not difpute the point, and demonftrate your
right, you not only lofe the credit of being in' that inftance:
ingenious, but you f{uffer the difgrace of not being ingens~
ous 5 not only of being a plagiary, but of being a plagiqr‘y'
for trifles. "Had the inventioh been greater it would have
difgrac’d you lefs ; for men have not fo contempnble an:
idea of him that robs for gold on the highway, as of him
that can pick pockets for half-pence and farthings. Thus
through Envy, Jealoufy, and the Vanity of competitors for
Fame, the origin of many of the moft extraordinary inven-
tions,,
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tions, though produced within but a few centuries paft, is
involved in doubt and uncertainty. We fcarce know to
whom we are indebted for the compafs, and for fpectacles,
not have even paper and printing, that record every thing
elfe, been able to preferve with certainty the name and
‘reputation of their inventors. One would not, therefore,
of all faculties, or qualities of the mind, with, for a friend,
or a child, that he fhould have that of invention. For his
attempts to benefit mankind in that way, however well
imagined, if they do not fucceed, expofe him, though very:
unjuftly, to general ridicule and contempt ; and, if they do
fu’cc,eed, to envy, robbery, and abufe.

Iam, &c,
B.F.

LET-
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LETTER XXV.
R. J. Efg; of Lénd’oﬂ;

Beny. Franxui, Efg; of Philadelphia.

DEAR SIR,

4 T is now near three years fince I recewcd your excel-
I lent Obfervations on the Increafe of Mankzrzd &c*, in
which you have with fo much fagacity and accuracy
fhewn in what manner, and by what caufes, that principal
means of political grandeur is beft promoted ; and have
fo well fupported thofe juft inferences you have occafional-
ly drawn, concerning, the general ftate of our .dmerican
colonies, and the viewsand conduft of fome of the inhabi~
tants of Great-Britain,
 You have abundantly proved. that natural fccundlty is
hardly to be confidered, ‘becaufe the wvzs generandz, as far
as we know, is unlimited, and becaufe experience fhews.
that the numbers of nations is altogether governed by col~
Jateral caufes, and among thefe none of fo rauch force as

* See page 197,
quan-
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quantxty of fubfiftence, whether arifing from climate, foil,
improvement of tillage, trade, fitheries, fecure property,
conquett of new countries, or other favourable circum-
{tances.

As I perfectly concurred with you in your fentiments on
thefe heads, I have been very defirous of building fome-
what on the foundation you have there laid ; and was -
duced by your hints in thé twenty-firft feGion, to trouble
you with fome thoughts on the influence manners have al-
ways had, and are always likely to have on the numbers
of a‘ﬁebp‘le, and their political profperity in genei‘ei].

The end of every individual is its own private. good.
The rules it obferves in the purfuit of this good, are a {yf-
tem of propofitions, almoft every one founded in authority,
that is, derive their weight from the credit given to one ' or
more perfons, and not from demonftration.

~And this, in the moft important as well as the other af-
fairs of life, is the cale even of the wifeft and philofophical
part of the human (pec1es, and that it thould be fo is the
lefs firange, when we confider that it is, perhaps, impoffi-
ble to prbve, that deing, or life itfelf, has any other value
than what is fet on it by authority. ‘
 A.confirmation of this may be derived from the obfer-
vation, that in every country in the univerfe, happinefs is
fought upon a different plan ; and, even in the fame coun-
try, we fee it placed by different ages, profeflions, and
ranks of men, in the attainment of enjoyments uttelly un-
like.

Thefe
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Thefe propofitions, as well as others, framed upon
them, become habitual by degrees, and as they govern the
determination of the will, T call them moral babits,

There are another fet of habits that have the dire@ion
of the members of the body, that I call therefore mechan;-
cal babits. Thefe compofc whit we commonly call The
Arts, which are more or lefs liberal or mechanical, as
they more or lefs partake of affiftance from the operations
of the mind.

The sumulus of the moral habits of each individual, i
the manners of that individual ; the cumulus of the manners
of individuals makes up the manners of a nation.

- The happinefs. of -individuals is evidently the ultimate .
end of political foc:lety ; ‘and political welfare, or the
ftrength, fplendour, and opulence of the flate, have been
always admitted, both by political writers, and the valua-
ble part of mankind in general, to conduce to this end, and
are therefore defirable,

The caufes that advance or obftruét any one of thefe
three objects, are external or internal. The latter may be
divided into phyfical, civil, and perfonal, under which laft
head I comprehend the moral and mechanical habits of
mankind. The phyfical caufes are principally climate,
foil, and number of fub_]eﬂ:s the civil are government and-
Jaws ; and polxtlcal welfare is always in a ratio compofed
of the force of thefe particular caufes; a multitude of ex-
ternal caufes, and all thefe internal opes, not only controul
and qualify, but are conflantly a&ting on, and thcreby in-

Xx fenfibly
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fenfibly, as well as fenfibly, altering one another, both for
‘the better and the worfe, and thxs not excepting the cli-
mate itfelf.

The: powerful efficacy of manners in inereafing a people,
is manifeft from the inftance you mention, the Quakers;
among them induftry and frugality multiplies and extends
the ufe of the neceffaries of life ;.to manners of a like kind are
owing the populoufnefs of Holland, Switzerland, China, fa-
pan, moft parts of Indgftan, &c. in every one of which the
force of extent of territory and fertility of foil is multiplied,
or their want compenfated by induftry and frugality.

Neither nature nor art have contributed much to the pro-
du&@ion of {ubfiftence in Switzerland, yet we fee fruga-
hty preferves, and even increafes families that live on their
fortunes, and which, in England, we call the Gentry ;.
and the obfervation we cannot but make in the Southern.
part of this kingdom, that thofe families, including all fu-.
perior ones, are gradually becoming extin&, affords the
cleareft proof that luxury (that is, a greater expence of
fubfiftence than in prudence a man ought to confume) is.
as deftruétive as a proportionable want of it ; but in Seot-
land, as in Switzerland, the Gentry, though one with a-
nother they have not one-fourth of the incofne,, increafe in
number.

And here I cannot help remarking, by the by; how
well founded your diftin&tion is between the increafe of
mankind in old and new fettled countries in general, and:
more partlcularly in the cafe of families of condition, In:

America
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America, where their expences are more confined to ne-
ceflaries, and thofe ncccﬁ"arxes are cheap, it is common to
{ee above one hundred perfons defcended from one living
old man. In Englandit frequently happens, where a man
has feven, elght or more chxldren, there Has not been a
.defcendant in the next generatxon,, occafioned by the diffi-
culties the number of children has brought on the family,
in 2 luxurious dear country, and which have prevented
their marrying.

That this is more owing to luxury than meer want, ap-
pears from what I have faid of Scotland, and more plamly
from parts of England remote from London, in moft of
which the neceffaries of life are nearly as dear, in fome dear~
er than inLondon, yet the peoplc of all ranks marry and
breed up children.

Again ; among the lower ranks of life, none produce fo
few children as fervants. This is, in fome meafure, to be
attributed to their ‘ﬁtuat‘tion, which hinders marriage, but
it is alfo to be attributed to their luxury, and corruption of
manners, which are greater than among any other fet of
people in England, and is the confequence of a nearer view
of the liyes and perfons of a fuperior rank, than any inferi<
or rank, without ‘a proper education, ought to have,

The quantity of fubfiftence in England has unqueftio-
nably become greater for many ages; and yet if the inha-
bitants are more numerous, they ‘certainly are not fo in
proportion to our improvement of the means of {upport.
I am apt to think there are few parts of this kingdom that

Xx2 have.
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have ot been at fome former time more populous than at
prefent. .1 have feveral, cogent reafons for thinking 1o, of
great part,of the counties I am moft intimately acquainted
with ; but as they were probably pot.all moft popglous at
the fame time, and ‘as fome, of our towns are vifibly and
vaftly grown in bulk, I dare not fuppofe, as judicious men
have done, that Eng/éfgdfiélc@ peopledthan hfcj(e‘;bféhe._

This growth of our towns is the effe& of a changé of
manners, and imprdvement of arts, c.ommon to-all Ezirojbe 5
and though it is not-imagined that it hasleflened the coun-
try growth of neceffaries, it has evidently, by intfodu.cing
a greater confumption of them, (an infallible confequence
of a nation’s dwelling in towns) counteracted the effe@s of
our prodigious advances in the arts.

But however frugality may fupply the place of, or prodi-
gality countera& the effeéts of the natural or acquired fub-
fiftence of a country, induftry is, beyond doubt, a more ef~
ficacious caufe of plenty than any natural advantage of ex-
tent or fertility, I have mentioned inftances of frugality
and.induftry united with extent and fertility ; in Spaiz and
HAfia mipor, we fee frugality joined to extent and fertility,
without induftry ; in Jreland we once faw the fame; Scot-
land had then none of them but frugality, The change
in thefe two countries is obvious to. every one, and it is.
owing to induftry not yet very widely diffufed in either..

The effe@s of induftry and frugality: in England are:
furprizing ; both the rent and the value of the inheritance
of land depend. on them greatly more than on nature, and:

' this:
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¢his though'there is.no confiderable differerice in the prices
of our.markets.. . Land.of equal goodnefs. lets for double
the fent of. othér: lanﬁ lying in the-fame’ county, and- there
‘are:many years-putchafe difference bctween different coun-
ties, where rents are equa&ly.yw,cll paid and-fecure,

Thus manners operate upon-the.number of - inhabitants,
but of their filent effeGts:upon a civil conftitution, hiftory
and even':our. ‘own experience, 'yields us abundance of
proofs, though they are not uncommonly attributed to ex-
ternal caufes : Their fupport of a government, againft ex-
ternal force is fo great, that it is a common maxim among
the advocates of liberty, that no free government was ever
diffolved, or overcome, before the manners of its fubjects
were corrupted,.

The fuperiority of Greece over Per/ a, was fingly owing
to their difference of manners ; and that, though all patu-
ral advantages were on the fide of the latter, to which I
might add the civil ones; for though the greateft of all ci-
vil advantages, Liberty, wason the fide of Greece, yet that
added no political ftrength to her, than as it operated on her
manners, and, when they were corrupted, the reftoration
of their liberty by the Romans, overturned the remains of
their power,

Whether the manners of ancient Rome were, at any pe-
riod, calculated to promote the happinefs of individuals, it
is not my defign to examine ; but that their manners, and
the effe@s of thofe manners on their government, and pub-

lick
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lick conduét, founded, enlarged, and fupported, and after=
wards overthrew their empire, is beyond all doubt. - One
of the effe@s of their conqueft furnifhes us with a firong
proof how prevalent manners are, even beyond quantity of
fibfiftence 5 for, when the cuftom of beftowing on the ci=
tizens of Rome corn enough to fupport themfelves and fa-
milies, was become eftablithed, and Egyps and Sicily produ-
ced the grain that fed the inhabitants of J¢aly, this became
1efs populous every day, and the Yus trium liberorum was
but an expedient that could not balance the want of induf«
try and frugality. ‘

But corruption of manners did not only thin the inhabi-
tants of the Roman empire, it rendered the remainder in-
capable of defence, long before its fall, perhaps before the
diflolution of the Republic : fo that without ftanding difci-
plined armies compofed of men, whofe moral habits prin-
cipally,‘and mechanical habits fecondarily, made them dif-
ferent from the body of the people, the Roman empire had
beena prey to the Barbarians many ages before it was.

By the mechanical habits of the foldiery, I mean their
difcipline, and the art of war; and that this is but a fecon-
dary quality, appears from the inequality that has in all ages
been between raw, though well difciplined armies, and ve=
térans, and more from the irrefittible force of a fingle mo-
ral habit, Religion, has conferred on troops frequently nei-
ther difciplined nor experienced.

The military manners of the Noblefle in France, com.
pofe the chief force of that kingdom, and the enterprizing

man-
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manners, and reftlefs difpdfitions of the inhabitants of Cz-
nada have enabled a handful of men to harrafs our'popu-
lous, and, generally, lefs martial colonies yet neither are
of the value they feem at firft fight, becaufe, overbalanced
by the defec they occafion of other habits that would
produce more eligible political good : And militéry man-
ners in a people are not neceflary in an age and cbuntry
where fu‘ch manners may be occafionally formed and. pre-
ferved among men enough to defend the ftate ; and fuch
a country is Great-Britain, where, though the lower clafs
of people are by no means of a military caft, yct they
make better foldiers than even the Noblefle of France.

The inhabitants of this country, a few ages back, were
to the populous and rich provinces of France, what Cana-
da is now to the Britifb colonies. It is true, there was
lefs difproportion between their natural ftrength ; but I
mean that the riches of France werea real weaknefs oppo-
fed to the military manners founded upon poverty and a
rugged difpofition, then the characer of the Englifb 5 but
it muft be remembered, that at this time the manners of a
people were not diftin& from that of their foldiery, for
the ufe of ftanding armies has deprived a military people
of the advantages they before had over others ; and thongh
it has been often faid, that civil Wa_rs give power, becaufe
they- render all men foldiers, Ibelieve this has only been
found trde in internal wars, following civil wars, and not
in external ones ; for now, in foreign wars, a fmall army

with ample means to fupport it, is of greater force than
one
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“one more numerous, with lefs. This laft fa& has often
happened between France and Germany.

The means of fupporting armies, and, confequently, the
power of exerting external ftrength, are beft found in the
induftry and frugality of the body of a people living un-
der a government and laws that encourage commerce, for
commerce is at this day almoft the only fimulus that forces
every one to contribute a fhare of labour for the publick
benefit.

But fuch is the human frame, and the world is fo con
_ftituted, that it is a hard matter to poflefs ones felf of a be-

nefit, without laying ones felf open to a lofs on fome other.
fide ; the improvements of manners of one fort, often de-
prave thofe of another: Thus we fee induftry and fruga~
lity under the influence of commerce, whichI calla coma
mercial {pirit, tend to deftroy, as well as fupport, the go-
vernment it flourithes under. -

Commerce perfets the arts, but more the mechanical
than the liberal, and this for an obvious reafon ; it foftens
and enervates the manners.  Steady virtue, and unbending
‘integrity, are feldom to be found where a fpirit of com-
‘merce pervades every thing ; yet the perfetion of com-
merce is, that every thing fhould have its price.. We eve-
'ry day fee its progre{s,u both to our benefit and detriment
here. 'Things that boni mores ate forbid to be fet to fale,
are become its objes, and there are few things indeed ex-
tra commercium. ‘The legiflative power itfelf has - been
in commerci, and church.livings are feldom given without

cofje
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confideration, even by ﬁnceré_Chriﬁians, -and for confidera-
tion not feldom to very unworthy perfons. ‘The rudenefs
of .ancient military times, and 'the’ fury of more mo=
dern enthufiaftic ones, are worn off ;-even the {pirit of fo<
renfic contcntlon is aftonithingly dxmxmfhed all marks of
manners {oftening ; but Luxury and Corrupnon have taken
their places, and feem the infeparable companions of Com-
merce and the Arts. .

I cannot help obferving, however, that this is much
more the cafe in extenfive countries, efpecially at their me-
tropolis, than in other places. It is an old obfervation of
politicians, and frequently made by hiftorians, that {mall
ftates always beft preferve their manners ; whether this hap-:
pens from the greater room there is for attention in the
legiflature, or from the lefs room there is for Ambition
and Avarice, it isa ftrong argument, among others, againft
an incorporating union of the colonies in 4merica, or even
a federal one, that may tend to the future reducing them
under one government.

Their power, while united, is lefs, but their liberty, as
well as manners, is more fecure ; and, ‘confidering the little
danger of any conqueft to be made upon them, I had ra-
ther they fhould fuffer fomething through difunion, than
fee them under a general adminiftration lefs equitable than
that concerted at Albany.

I take it, the inhabitants of Pennfylvania are both frugal
and induftrious beyond thofe of any province in America.
If luxury thould fpread, it cannot be extirpated by laws,

Yy We
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We are told by Plutarch, that Plato ufed to fay, It wasa
Jazzrd thing to make laws for t/ae Cyrenians, @ people abound-
ing in p/enty and opu/ence

But from what I fet out with, it is evident, if I be not

\mlﬂcaken that education only can ftem the torrent, and
without checking cither true induftry or frugality, prevent
the fordid ﬁugahty and lazinefs of the old Ir7/A, and many
of the modern Scotch, (I mean the inhabitants of that
country, thofe who leave it for another being generally in-
duftrious) or the mduf’cry, rfuxcd with luxury, of this ca-
pital, from getting ground, and by rendering ancient man-
ners familiar, produce a reconciliation between difintereft-
ednefs and commerce ; a thing we often fee, but almoft
always inmen of a liberal education.

To conclude ; when we would form a people, foil and
chmate may be found at leaft fufficiently good: Inhabi-
tants may be. ﬁncouraged to fettle, and even {upported for
a thle ;2 good government and laws may be framed,
and cven arts may be ef’cabhfhed or their produce import--
ed ; but many neceffary moral habits are hardly ever found
among thofe who voluntanly offer themfelves in times of
quiet at home, to people new colonies; befides that the
moral, as well as mechanical habits, adapted to a mother
countfy, are frequently not fo to the new fettled one, and
to external events, many of which are always unforefeen..
Henge it is we have feen fuch fruitlefs attempts to fettle co-
IOHICS» atan immenfe public and private expence, by feve-
ral of the powers of Europe : And it is particularly obfer-

vable
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vable-that none of the Eng/i/h colonies became any way
confiderable; till the neceffary manners were born and grew
up in the county, excepting thofe to which fingular cir-
cumftances at home forced manners fit for the forming a

new ftate. ~
‘ Iam, Sir, &c, R. J.

L ETTZEZR XXVIL
FROM
BENJAMIN F RANKLIN, E/7; of Philadelphia,
T O

Dr L——, at Charles-Town, South-Carolina.

,, ‘ oo il
S I'R, New-Yorky, April 14, 197827,
T is a long time fince T had the pleafure of a line
I from you ; and, indeed, the troubles of our country,
~ with'the hurry of bufinefs I havé been engaged in on
that account, have made me fo bad a correfpondent, that I
ought not to expe& ptin@uality in oth‘ers{.}

But being about to embark for Englond, 1 could not
quit the Continent without paying’ my 'refpeéts to “you,
and, at the fame time, -taking leave to'introduce '*'tb"ydfﬁ‘
acquaintance & Gentleman of learning and: mefit, ‘@alottl

Yya Henry
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"Henry, Bouguet, who does me the favour to prefent you
this letter, and w1th whom I am fure you will be much
p]cafcd
. Profeflor Simpfon, of Glafgow, lately communicated
to me fome curious experiments of a phyfician of “his ac-
quaintance, by which it appeared, that an extraordinary
degree of cold, even to freezing, might be produced by
evaporation. I have not had leifure to repeat and .examine
more than the ﬁrﬂ: a,nd eafieft of them, wrz. —Wet the
ball of a thermometer by a feather dipt in fpirit ‘of wine,
- which has been keptin the fame room;, and has, of courfe,
the fame degree of heator cold.- The mercury finks pre-
fently three or four degrees, and the quicker, if, during
the' evaporation, you blow on the ball with bellows; a fe-
cond wetting and blowing, when the mercury is down,
carries' it yet lower. I think I'did not get it lower than
five or fix degrees - from where it naturally ftood, - which
was, at that time, fixty, But it is faid, that a vefiel of wa-
ter being placed in another fomewhat larger, containing
fpirit, in fuch a manner that the veflel of water is fur-
rounded with the fpirit, and both placed under the re-
.ceiver of an air-pump ; on exhaufting the air, the fpirit,
evaporating, leaves fuch a degree of cold as to freeze the
water, though the thermometer, in the open air, ftands
many degrees above the' freezing point,

- Iknow ‘not how this phenomenon is to.be accounted
for, -but it gives me occafion to ‘mention fome loofe noti-
ons-relating to heat and. cold, which. I have for fome time

enter-
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entertained, but not yet reduced into any form. - Allowing
common fire, as well as ele@rical, to be a fluid capable ‘of
permeating other bodies, and feeking an equilibrium, I i-
magine fome bodi;s are better fitted by nature to be con-
ducorsof that fluid than others; and that, generally, thofe
which are the beft ‘conduéors of the eleétrical fluid, are
alfo the beft conductors of this ; and e contra.

Thus a body which is a good condu&or’ of ﬁre,y readily
receives it into its fubftance, and condu&s it through the
whole to all the parts, as metals and water do ; and if two
bodies, both good conductors, one heated, the other in its "
~ common flate, are brought into conta® with each other,
the body which has moft fire, readily communicates of it
to that which had leaft, and that which had leaft readily
receives it, till an equilibrium is produced. Thus if you
take a dollar between your fingers with one hand, and a

piece of wood, of the fame dimenfions, with the other,
and bring both at the fame time to the flame of a candle,

you will find yourfelf obliged to drop the dollar before
you drop the wood, becaufe it conducts the heat of the
candle fooner to your fleth.. Thus if a filver tea-pot had

a handle of the farhe metal, it would condu& the heat from
" the water to the hand, 'and become too hot to be ufed ;

we therefore give to a metal ‘tea-pot a handle of wood,

which is not {o good-a conducor as metal, Buta china or
ftone tea-pot being in fome degree of the nature of glafs, |
which is not 2 good conductor of heat, may have a handle
of the fame ftuff. Thus, alfo, a damp moift air fhall make
aman
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a man more. fenfible of cold, or chill him more than a dry
air that is colder, becaufe a moift air is fitter to receive and
condu away the heat of his body. This fluid entering
bodiesin great quantity, firft expands them, by feparating
their parts a little, afterwards by farther feparating their
parts, it renders folids fluid, and at length diffipates their
parts in air. 'Take this fluid from melted lead, or from
water, the parts cohere again, the firft grows folid, the lat-
ter becomes ice : And this is fooner done by the means of
good condu&ors. Thus if you take, as I have dene, a
fquare bar of lead, four inches long, and one inch thick,
together with three pieces of wood planed to the fame
- dimenfions, and lay them, as in the margin,
n a fmooth board, fixt foas not to be cafily
2l feparated or moved, and pour into the cavity |
/ |they form, as much melted lead as will fill
t, you will fee the melted lead chill, and
ecome firm, on the fide next the leaden
bar, fome time before it chills on the other three fides
in conta& with thcy wooden bars, though before the lead
was poured in, they might all be fuppofed to have the.
fame degree of heat or coldnefs, as they had been expofed
in the fame room to,thc fame air. You will likewife ob-
ferve, that the leaden bar, as it has cooled the melted lead
more than the wooden bars have done, fo it is itfelf more
heated by the melted lead. There is a certain quantity of
this fluid called fire, in every living human body, which
fluid being in due proportion, keeps the pérts of the fleth .
- and
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and blood, at fuch a juft diftance from each other, as that
the flefh and nerves are fupple, and the blood fit for cir-
culation. If part of this due proportion of fire be con-
ducted away by means of ‘a conta@ with other bodies, as

“air, water, or metals;, the parts of our fkin and flefh that
come into fuch contac, firft draw more near together than
is agreeable, and give that' fenfation which we call cold ;
and if too much be conveyed away, the body ftiffens, the
blood ceafes to flow, and death enfues. On the other
hand, if too much of this fluid be communicated. to the
fleth, the parts are feparated too far, and pain enfues, as
when they are feparated by a pin or lancet.. The fenfation.
that the feparation by fire occafions, we call heat, or burn-
ing. My defk on which I now write; and the lock of my
defk, are both expofed to the fame temperature of the air,,
and have therefore the fame degree of heat or cold. ;. yet if
I lay my hand fucceffively on the wood and on the metal,
the latter feels much the coldeft, not that it is really fo, but
being a-better conductor, it more readily than the. 'wood"
takes away and draws into itfelf the fire that was in my
{kin. ~ Accordingly if Ilay one hand, part on the lock,,
and part on the wood, and after it had lain fo fome time,
I feel both parts with my other hand, I find the part that
has been in conta& with the lock, very fenfibly colder to
the touch, than the part that lay on the wood.. How a
living animal obtains its quantity of this fluid called fire, is
“curious queftion. I have thewn that fome bodies (as me-

tals) have a power of attracting it ftronger than others ; and
I have
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I have fometimes fofpected that a living body had fome
power of attra@ing out of the air, or other bodies, the
heat it wanted. Thus metals hammered, or repeatedly
bent, grow hot in the bent or hammered part. But when
I confider that air, in conta® with the body, cools it ; that
the furrounding air is rather heated by its contact with the
body ; that every breath of cooler air drawn in, carries off
part of the body’s heat when it pafles out again; that
therefore there muft be in the body a fund for producing

it, or otherwife the animal would foon grow cold ; I have
been rather inclined to think that the fluid fire, as well as

the fluid 277, is attracted by plants in their growth, and be-
comes confolidated with the other materials of which they
are formed, and makes a great part of their fubftance :
That when they come to be digefted, and to fuffer in the
veflels a kind of fermentation, part of ‘the fire, as well as
part of the air, recovers its fluid active ftate again, and dif-
fufes itfelf in the body digefting and feparating it : That the
fire fo reproduced, by digeftion and feparation, continually
leaving the body, its place is fupplied by freth quantities,
arifing from the continual feparation. That whatever
- quickens the motion of the fluids in an animal, quickens
the feparation, and reproduces more of the fire ; as exercife.
Thatall the fire emitted by wood, and other combuftibles,
when burning, exifted in them before, in a folid ftate, be-
ing only difcovered when feparating. That fome foffils,
as fulphur, fea-coal, &¢. contain a great deal of folid fire
That fome bodies are ‘almoft wholly folid fire ; and that,

in
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in fhort, what efcapes and is diffipated in the burning of
bodies, befides water and earth, is generally the air and fire
that before made parts of the folid.~—Thus I imagine that
animal heat arifes by or from a kind of fermentation in the
juices of the body, in the fame manner as heat arifes in the
liquors preparing for diftillation, wherein there .is a fepa-
ration of the fpirituous, from the watry and earthy parts.
—And it is remarkable, that the liquor in a diftiller’s vat,
when in its higheft and beft ftate of fermentation, as I have
‘been informed, has the fame degree of heat with the hu-

man body ; that is, about 94 or 96.

Thus, as bya conftant fupply of fuel in a chimney, you
keep a warm room,. fo, by a conftant fupply of food inthe
ftomach, you keep a warm body ; only where little exer-
cife is ufed, the heat may poflibly be conducted away too
faft ; in which cafe fuch materials are to be ufed for cloath-
ing and bedding, againft the effects of animmediate con-
-ta& of the air, asare, in themfelves, bad conduors of heat,
and, confequently, prevent its being communicated thro’
their fubftance to the air. Hence what is called warmsh
in wool, and its preference, on that account, to linnen ;
wool not being fo good a conduétor : And hence all the
natural coverings of animals, to keep them warm, are
{uch as retain and confine the natural heat in the body, by
being bad conduétors, fuch as wool, hair, feathers, and the
ilk by which‘the filk-worm, in its tender embrio flate, is.
firft cloathed. Cloathing, thus confidered, does not make
a man warm by giving warmth, but by preventing the
' Z z  too
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too quick diffipation of the heat producedin his body, and

fo occafioning an a¢cumulation,

There is another curious queftion I will juft venture to
touch upon, viz. Whence arifes the fudden extraordinary
degree of cold, perceptible on mixing fome chemical li-
quors, and even on mixing falt and fnow, where the com-
pofition appears colder than the coldeft of the ingredients ?
1 have never feen the chemical mixtures made, but falt and
fnow T have often mixed myfelf, and am fully fatisfied that
the compofition feels much colder to the touch, and low—
ers the mercury in the thermometer :more than either in-
gredient would do feparately. 1 fuppofe, with others, that
cold is nothing more than the abfence of heat-or fire.
Now if the quantity of fire before contained or diffufed in
the fnow and falt, was expelled in the uniting of the two
maftérs, it muft'be driven away -either:through «the air or
the veffél containing them. If ‘itisdriven off through the
air, it muft warm the air, and a thermometer held: over the
mixture, without touching it, would difcover the heat, by
the rifing of the mercury, as'it muft, and alwaysdoes in
warm air.

“This, indeed, I have not tried, but I fhould guefs it
would rather be driven off through the veflel, efpecially if
the veflel be metal, as being a better conduétor than air;
and fo one fhould find the bafon warmer after fuch mix-
ture.  But, on the contrary, the veflel grows cold,-and even
water in which the veflel is fometimes placed for the ex-

_periment, freezes into hard ice on the bafon. Now I know
| not
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not how to account for this, otherwife than by fuppofing
that the compofition is a better condu&or of fire than the
ingredients 1épargtely, and, like the lock compared with
the wood, has a ftronger power of attracting fire, and does
accordingly attract it fuddenly from the fingers, or a ther-
mometer put into it, from the bafon that contains it, and
from the water in conta&t with the outfide of the bafon ;
fo that the fingers have the fenfation of extreme cold, by
being deprived of much of their natural fire ; the thermo-
meter finks, by having part of its firedrawn out of the mer-
cury ; the bafon grows colder to the touch, as by having its
fire drawn into the mixture, it is become more capable of
drawing and receiving it from the hand ; and through the
bafon, the water lofes its fire that kept it fluid 5 fo it be-
comes ice.—One would expect that from all this attracted
acquifition of fire to the compofition, it fhould become war-
mer ; and, in fa&, the fnow and falt diffolve at the fame
time into water, without freezing.

I am, Sir, &c. B. F.

Zz 2 LET-
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LETTER XXVIL

FROM

Benjamin Franxiin, Efg; of P/Jilddellbbia,
T O

Perer CoLrinson, Efg; at London.

S IR,
CCORDING to your requeft, I now fend you the
Arithmetical Curiofity, of which this is the hiftory.

Being one day in the country, at the houfe of our com-
mon friend, the late learned Mr. Logan, he fhewed me a folio
French book, filled with magic {quares, wrote, if I forget
not, by one M. Frenicle, in which he faid the author had
difcovered great ingenuity and dexterity in the manage-
ment of numbers; and, though feveral other foreigners had
diftinguifhed themfelves in the fame way, he did not re-
colle& that any one Engfifbman had done’any thing of
the kind remarkable. , ,

I faid, it was, perhaps, a mark of the good fenfe of our
Englifh mathematicians, that they would not fpend their
time in things that were merely difficiles nuge, incapable
of any ufeful application. He anfwered, that many of the
arithmetical or mathematical queftions, publickly propofed

' and
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and anfwered in England, were equally friﬂing and ufelefs.
Perhaps the confidering and anfwering fuch queftions,
replied, may not be altogether ufclefs, if it produces by
practice an habitual readinefs and exacnefs in mathemati-
cal difquifitions, which readinefs may, on many occafions,
be of real ufe. In the fame way, fays he, may the making
of thefe fquares be of vfe. I then confefled to him, that
in my younger days, having once fome leifure, (which I
ftil] think.I might have employed more ufefully) I had a-
mufed myfelf in making thefe kind of magic fquares, and,
at length, had acquired fuch a knack at 1t, that I could fill
the cells of any magic fquare, of reafonable fize, witha (e-
ries of numbers as faft as I could write them, difpofed in
fuch a manner, as that the fums of every row, horizontal,
perpendicular, or diagonal, fhould be equal ; but not be-
ing fatisfied with thefe, which I looked on as common and
eafy things, I had impofed on myfelf more difficult tafks,
and fucceeded in making other magic fquares, with a va-
riety of properties, and much more curious. He then
{hewed me feveral in the fame book, of an uncommon and
more curious kind; but as I thought none of them equal
to fome I remembered to have made, he defired me to let
him fee them; and accordingly, the next time I vifited
him, I carried him a {quare of 8, which I found among my
old papers, and which I will now give you, with an ac-

count of its properties,  (See Plate IV.)
The
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The properties are,

1. That every firait row (horizontal or vertical) of 8
numbers added togcther, makes 260, and half each row
half 260.

2. That the bent row of 8 numbers, afcending and de-
fcending diagonally, wiz. from 16 afcending to 1o, and
from 23 defcending to 17; and every one of its parallel
‘bent rows of 8 numbers, make 260.—Alfo the bent row
from 52, defcending to 54, and from 43 afcending to 45
and every one of its parallel bent rows of 8 numbers, make
260.——Alfo the bent row from 4§ to 43 defcending to the
left, and from 23 to 17 defcending to the right, and every
one of its parallel bent rows of 8 numbers make 260.—
Alfo the bent row from 52 to 54 defcending to the right,
and from 10 to 16 defcending to the left, and every one of
its parallel bent rows of 8 numbers make 260.—Alfo the
parallel bent rows next to the above-mentioned, which are
fhortened to 3 numbers afcending, and 3 defcending, &e.
as from §3 to 4 afcending, and from 29 to 44 defcending,
make, with the 2 corner humbers, 260.—Alfo the 2 num-
bers 14, 61 afcending, and 36, 19 defcending, with the
lower 4 numbets fituated like them, iz, 50, 1, defcend-
ing, and 32, 47, afcending, make 260.—And, laftly, the
4 corner numbers, with the 4 middle numbers, make 260.
~So this magical {quare feems perfet in its kind. But
thefe are not all its propérties; there are § other curious

ones, which, at fome other time, I will explain to you.
M.
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‘Mr. Logan then thewed me an old arithmetical book,
in quarto, wrote, I think, by one S¢7je/ius, which contain-~
ed a fquare of 16, that he faid he fhould imagine muft
have heen a work of great labour; but if T forget not, it
bad only the common properties of making the fame fum,
wiz. 2056, in every row, horizontal, vertical, and clia‘gonal-i
Not willing to be ont-done by Mr. Stifelius, even in the fize
of my (quzue I went home, and .made, that evening, the
following maglcal {quare of 16, whlch befides having all
the propertxcs of the foreoomg fqmre of 8, 7.e. it would
make the 2056 in all the fame rows and diagonals, had
this added, that a four fquare hole being cut in a piece of
paper of fuch a fize as to take in and fhew through it
juft 16 ofthe little fquares, when laid on the greater
fguare, the fum of the 16 numbers fo appcarmg through

the hole, wherever it was placed on the greater fquare,
thould likewife make 2o56. This I fent to our friend
the next morning,‘who, after fome days, fent it back in a
letter, with thefe words: ¢¢ I return to thee:thy afto-
¢« nithing:orimioft flupendons. piece of the magical fguare,
 in.which” ~——rbut the _conspliment is t00. GXfEava-
‘gant, and therefore, for his fake, as well as my own,'I
onght not torepeat.it, - Nor is :it neceffary ;.for I make
no queftion but you will readily allow this {quare of 16 to be
the moft:magically. magical of any magic. {quare ever made
by any. magician. - «(Seeithe Plare.) .

1did
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I did not, however, end with fquares, but compofed al--
fo a magick circle, confifting of 8 concentric circles, and
8 radial rows, filled with a feries of numbers, from 12 to
75, inclufive, fo difpofed as that the numbers of each circle,
or each radial row, being added to the central number 12,
they made exactly 360, the numbér of degrees in a circle ;
and this circle had, moreover, all the properties of the
fquare of 8. If you defire it, I will fend it ; but at prefent,
I believe, you have enough on this fubjeé,

' 1 am, &¢. "B.F.

LETTER XXVIL

To the {ame.

SIR

AM glad the perufal of the magical fquares afforded
you any amufement, I now fend you the magical
circle. (See Plate V.)

Its properties, befides thofe mentioned in my former,
are thefe,

Half the number in any radial row, added thh half the
central number, make 280, equal to the number of degrees
in a femi-circle.

Alfo
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Alfo half the numbers in any one of the concentric cir-
cles, taken either above or below the horizontal double
line, with half the central number, make 180,

And if any four adjoining numbers, ftanding nearly ina
{quare, be taken from any part, and added with half the
central-number, they make 180. |

There are, mqreo&'er, included four other fets of circu-
lar {paces, excentric with refpect to the firf}, each of thefe
fets containing five fpaces. - The centers of the circles -
that bound them, are at A, B, C, and D. Each fet, for
the more eafy diftinguithing them from the firft, are drawn
with a different colour’d ink, red, blue, green, and yellow*

Thefe fetsof excetric circular fpaces interfect thofe of
the concentric, and each other ; and yet the numbers con-
tained in each of the twenty excentric fpaces, taken all a-
round, make, with the central number, the fame fum as
thofe in each of the 8 concentric, viz. 360. The halves,
alfo of thofe drawn from the centers A and C, taken above
or below the double horizontal line, and of thofe drawn
from centers Band D, taken to the right or left of the ver-
tical line, do, with half the central number, make juft 180,

It may be obferved, that there is not one of the numbers
‘but what belongs at leaft to two of the different circular
{paces ; fome to three, fome to four, fome to five ; ‘and yet
they are all fo placedas never to break the required num-

* I the plate they are dnfhngudhed by dafhed or dotted lines, as dif-
" ferent as the engraver could well make them,

Aaa ber
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‘ber 360, in any of the 28 circular fpaées within the pri-
mitive circle. ; '

" Thefe interwoven circles make fo perplexed an appear- -
ance, that it is not eafy for the eye to trace every circle of
numbers one would examine, through all the maze of cir-
cles interfected by it ; but if you fix one foot of the com.
pafles in either of the centers, and extend the other to any
number in the circle you would examine belonging to that
center, the moving foot will point the others out, by paf-

{ing round over 2l the numbers of that circle fucceflively.
I am, &c. B.F.

LETTER XXIX.
‘To the fame.

Dear Sir, - Philadelphia, Aug. 25,1758
AS you have my former papers on Whirlwinds, &e..
I now fend you an account of one which I had

lately an opportunity. of feeing and examining myfelf. .~
Being in Maryland, riding with Col. Tafker, and fome

other gentlemen to his country-feat, where I and my fon
were entertained by that amiable and worthy man, with
great hofpitality and kindnefs, we faw in the vale below
us, a fmall whirlwind beginning in the road, and (hewing
itfelf by the duft it raifed and contained. It appeared in
the
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the form of a' fugar-loaf, {pinning on ifs point, moving ufx
thﬁ hill tOW&l‘dS us, and enlarging as it came forward
When it paffed by us, its fmaller part near the ground, ap-
peared not bigger than a common barrel; but widening up-
wards, it feemcd at g4oor 5o feet high, to be 20 or 30
feet in diameter., The reft of the company ftood. looking
after it, but my curiofity being ftronger, I followed it, rid«
ing clofe by its ﬁde, and .obferved its licking up, in. its
progrefs, all the duft that was under its fmaller part. As
it is a common opinion that a fhot, fired through a water~
fpout, will break it, I tried to break this little whirl-
wind, by firiking my whip frequently through it, but
without any effect.- Soon after, it quitted the road and
took into the woods, growing every moment larger and
- ftronger, raifing, inftead of duft, the old dry leaves with
‘which the ground was thick covered, and making a great

“noife with them and the branches of the trees, bending
fome tall trees round in a circle {wiftly and very furpriz-
ingly, though the progreffive motion of the whirl was not
fo fwift but thata man on foot might have kept pace with.
it, but the circular motion was amazingly rapid. By the
leaves it was now filled with, I could plainly perceive that
the current of air they were driven by, moved upwards in
a fpiral line ; and when I faw the trunks and bodies of
large trees invelopd in the paffing whirl, which continued
intire after it had left them, I no longer wondered that
my whip had no effect on it in its fmaller ftate, T accom-

Aaaz - panied
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pzmed it about three quarters of a mile, till fome limbs of
dead trces broken off by the whirl, flying about, and
fqllmg near me, made me more apprehenfive of danger ;
and then I ftopped, looking at the top of it as it went on,
which was vifible, by means of the leaves contained in it,
for a very great height above the trees. Many of the leaves,
as they got loofe from the upper and wideft part, were fcat-
tered in the wind ; but fo great was their height in the air,
that they appeared no bigger than flis. My fon, who
was, by this time, come up with me, followed the _whirl-
wind till it left the woods, and crofled an old tobacco-field,,
whcre, finding neither duft nor leaves to take up, it gradu-
ally became invifible below as it went away over that field.
"The courfe of the general wind then blowing was along,
with us as we travelled, and the progreflive motion of the
Whlerlnd ‘was in a direction nearly oppofite, though it.
did not keep a ftrait line, nor was its ‘progreflive motion
uniform, it making little fallies on either hand as it went,
proceeding fometimes fafter, and fometimes flower, and
feeming fometimes for a few feconds almoft ftationary,
then ftarting forwards pretty faft again. When we re-
joined the company, they were admiring the vaft hexghf
of the leaves, now brought by the common wind, over our
heads.. Thefe leaves accompanied us as we_ travelled,
fome falling now and then round about us, and fome not
reaching the ground 'till we had gone near three miles from
the place where we firft faw the whirlwind begin, Upon.

my
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my afking Col. Tafker if fuch whirlwinds were common

in Maryland, he anfwered pleafantly, No, not at all com-

mon 3 but we gof this on purpofe to z‘rcaz‘ Mr. Franklin.
‘And a very high treat it was, to

Dear Sir,
Your affetionate friend,
and bumble fervant
B.F.

L ETTETR XXX

. T O
Joun PRrRINGLE, M.D. and F.R.S.

SIR, | Craven-fireet, Dec. 21, 1757.

N compliance with your requeft, I fend you the follow-
I ing account of what I can at prefent recollect relating
to the effe@s of ele@ricity in.paralytic cafes, which have
fallen under my obfervation.

Some years fince, when the news-papers made mention
of great cures performed in Jzaly and Germany, by means of
ele@ricity, a number of paralytics were brought to me
from different parts of Penfjlvania, and the neighbouring -
prov1nCCS, to be ele@rifed, which I did for them at their
requeft. My method was, to place the patient firft in 2

chalr,
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chair, on an electric ftool, and draw a number of large
ftrong fparks from all parts of the affeted limb or fide.
Then I fully charged two fix-gallon glafs jars, each of
which had about three fquare feet of furface coated ; and
I fent the united (hock of thefe through the affected limb
or limbs, repeaﬁng the ftroke commonly three times each
day. 'The firft thing obferved, was an immediate great-
er fenfible warmth in the lame limbs that had received the
ftroke, than in the others; and ;the next morning the pa-
‘tients ufually related, that they had in the night felta
pricking fenfation in the fleth of the paralytic limbs ; and
would fometimes fhew a number of fmall red {pots, which
they fuppofed were occafioned by thofe prickings. The
"limbs, too, were found more cépablc of voluntary motion,
and feemed to receive ftrength. A man, for inftance, who
~could not the firft day lift the lame hand from off his knee,
Would the next day raife it four or five inches, the third
day higher ; and on the fifth day was able, but with a
feeble languid motion, to take off his hat. Thefe appear-
ances gave great {pirits to the patients, and made them hope
a perfet cure; but I do not remember that I ever faw a-
ny amendment after the fifth day ; which the patients per-
ceiving, and fzndmg the thocks pretty fevere, they became
dxfcouraged went home, and in a (hort time relapfed;
fo that,T never knew any advantage from eleGricity in
palfies that was permanent. And how far the apparent
- temporary advantage might arife from the exercife in the
| - patients
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patients journey, and coming daily to my houfe, or from
the fpirits given by the hope of fuccefs, enabling them to
exert more “ftrength in moving their limbs, I will not pre-
tend to fay. ’

Perhaps fome permanent advantage might have been ob-
tained, if the elecric fhocks had been-accompanied with
proper: medicine and regimen, under the direcion of a
{kilfal phyﬁcian It may be, too, that a few great ftrokes
as given in my mcthod may not be fo proper as many
{mall ones ; fince, by the account fram Scotland, of a cafe,
in which two hundred fhocks from a phial were given
daily, it feems, that a perfedt cure has been made. As to
any uncommon ﬁrength fuppofed to be in the machine
ufed in that cafe, Iimagine it could have no fhare in the ef-
feGt produced ; fince the firength of the fhock from
charged glafs, is in proportion to the quantity of furface
of the glafs coated; fo that my fhocks from thofe large
jarsy mufl have bccx} much greater than any that could be
received from a phial held in the hand.

I am, with great refpect,
SIR,
Your moft obedient Servant,

B.F.

LET-
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. ET T E R XXXL
To the fame.

S IR, Craven-fireet, fan..6, 1758.
- Return Mr. Mitehell’s paper on the ftrata of the earth®:
-with thanks.. The reading of it, and perufal of the
draft that accompanies it, have reconciled me to-thofe
convulfions which all naturalifts agree this globe has fuf-
fered. Had the different ftrata of clay, gravel, marble,
coals, lime-ftone, fand, minerals, &¢. . continued to lie le~
vel, one under the other, as they may be fuppofed to have
done before thofe convulfions, we fhould have had the
ufe only of a few of the uppermoft of the ftrata, the others
lying too:deep -and too difficult to be'come at 3 but the
{helt of the earth being broke, and the fragments thrown
into - this “oblique pofition, the disjointed ends of a great
number of ftrata of different kinds are brought up to day;
" and a great variety of ufeful materials put into our power,
which would otherwife have remained eternally concealed
from us. So that what has been' ufually looked upon-as
ruin fuffered by this part of the univerfe, was, in reality,
only a preparation, or méans of rendering the earth more
fit for ufe, more capable of being to mankind a conveni-
. ent and comfortable habitation.
I am, Sir, with great efteem, yours, &c. B.F.

* See this Paper afterwards printed in the Philofophical Tranfactions.
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. ETTE R XXXII
To Dr. L. of Charles-Town, South-Carolina.

Dear Sir, . \ London, 711728 17, ”1758'

N a former letter I mentioned the experiment for cool-
ing bodies by evaporation, and that I had, by repeat-
edly wetting the thermometer 'with' common {pirits,
brought the mercury down five or fix degrees. Being
lately at Cambridge, .and mentioning this in converfation
with Dr. Hadley, profefor of chemiftry there, he propofed
repeating the .experiments with ether, inftead of common
{pirits, as the ether is much quicker in evaporation. We
accordingly went to his chamber, where he had both
cther and a thermometer. By dipping firft the ball of the
thermometer into the ether, it appeared that the ether was
precifely of the fame temperament with the thermbmeter, '
which ftood then at 65 ; for it made no alteration in the
height of the little column of mercury. . But when the
thermometer was taken out of the ether, and the ether
with which the ball was wet, began to evaporate, the mer--
cury funk feveral degrees. The wetting was then repeated
by a feather that had been dipped into the ether, when the
mercury funk ftill lower. We continued this operation,
one of us wetting the ball, apdanother of the company
Bbb blowing
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blowing on it with the bellows, to quicken the evaporati-
on, the mercury finking all the time, till it came down to
2, which is 25 degrees below the freezing point, when we
Teft off.—Soon after it paffed the freezing point, a thin coat
of ice began to cover the ball.~ Whéther this was® water
collected and condenfed by the coldnefs of the ball, from.
the moifture in the air, ar from our breith § of whether,
the f‘éather, when dxgpcd into ‘the ether, mlght not fome--
tunes go: through it, and brmg up fome of the water that

was under it, T am not certaitt s per haps all might contri--
bute. The ice contmucd mcreaf ng lf we ‘ended the;

experlmerit ‘when it appearecT near a quarter of an. inch.
thick all over the ball with a number of f{mall {picula,

pointing outwards, From. this expeumcnt one may fee
the poﬁibxhxy of freezmg a man to death on a warm fum--

mer’s day, if he were to Ttand i in, a paﬁhgc ‘thro? which.
the win blew britkly, and to be wet frequently’ with e

thc:rz pmt that is more inflammable than brandy, or
common fpmts of wine.

It is but within. thcfe few years, ‘that the Eiropean phi-
lofophers feem to have known this power in nature, of’
cooling bodies by evaporatxon. But in the caft they have
long been acquainted with it. A friend tells me, there is-
a paflage in Bernier’stravels through Indoftan, written near:
one hundred years ago, that mentions it as a practice [(in:
tl‘aVClhng over dry defarts in that hot climate) to carry Wa~

ter in flafks wrapt in wet woollen cloths, and hung on the
fhady:
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thady fide of the icamel, or carriage, but in' the free air ;
whereby, as the claths gradually grow drier, the water con-
tained in the flafks is . made cool. They have likewife a
kind -of carthon pots, unglaz'd, which letthe water gradu-
ally and flowly coz¢ throngh their peras, fo as to keep the
ontfide a little wet, notwithRanding the continual evapora-
tion, which gives great coldnefs to the weflel, and the wa-
ter confained jin it.. Even qur.common failors feem o
have had fome notion of this propasty s for I remember,
that being at fea, when I was a yauth, T.obferved ane of
the failors, during a calm in the night, often wetting his
firiger in his mouth, and then holding it up in the air, to
difcover; as he faid, if the air had any motion, and from
which fide it .came ;s andithis he expe@ed to dp, by find-
ing one fide of his finger grow fuddenly «cold, and from
that fide he thould ook for the next wind ; which I then -
laughed at.as a fancy. p
May not feveral phznomena, hitherto unconfidered, or
unaccounted :for, be explained by this property ? During
the hot Sunday at Philadelphia, in June 1750, when the
thermometgr was up at 100 in the fhade, I fat in my
chamber without exercife, .only ,:eadiq,g.gp\;wxitiqg, with
no other coaths on than ahist, and 2 pair of long linen
drawers, the windows all open, and a brifk wind blowing
through the houfe, the fweat ran off the backs of my
hands, and ‘my ‘thirt -was-often fo wet, as to induce me to
<all for dry ones to put-on; in this fituation,. one mig'h?
Bbba have



466 LETTERS astd PAPERS
have expe&ed that the natural heat of the body 96; added
1o the heat of, the air 100, fhould jointly have created or
’pxoduced a much greater degree of heatin the body ; but
the £act was, that my body nevet grew. fo hot as the air that
furrounded i it, or the inanimate bodies immers’d in the fame
air. - For T remember well, .that the defk, when I laid my
arm upon it ;. a chair, when I fat down in it; and a dry
thirt out of thg, drawer, when I put it on, all felt exceedmg
‘warm to- me, as_if they had been warmed before a fire.
And I foppofe'a dead body would have acquired, the:tem-
/perature of the: air, though a living ‘one, - by, contmual
‘{weating; and by the .evaporation of that fweat was kept
cold.—May. not this be a reafon why our reapers in-Pen-
fylvamzz, ‘working in the open field, in the clear hot fun-~
fhine common in our harveft-time ¥, find themfelves well
able to go through that labour, without being much incom-
moded by the heat, while = they continue: to-fweat, -and
while they fupply matter for keeping up that fweat, by
drinking frequcntly of a thin ‘evaporable liquor, water
mixed with rum; but if the fweat.ﬁops, they drop, and
fometimes die fuddenly, if a fweating is not again brought
on by drinking that liquor, or, as fome rather chdfe in that
cafe, a kind of hot punch, made with water, mixed with

% “Penfylvania is in about lat. 40, and the fun, of courfe, about 12
degrees higher, and therefore much hotter than in England. Their har-
veft is kab"out the end of Fune, or beginning of Fuly, when the fun is
nearly at the higheft,

honey,
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Honey; and>a: confiderable’ proportion of vinegar P—May
‘there not be in/negroes 4 quicker evaporation of the per{pi-
rable matter from their fkins'and lungs, which, by cool-
ing them more, enables them to bear the fun’s heat better
than whites do? (if that is'a*fact;-as it is faid to be ; for
the alledg’d neceflity of havmg negroes rathér ‘than Whltes
to work in the Wefi-India fields, is founded upon it)
though the-colour of their fkins would otherwife miake
them “more 'fenfible of the' fun’s heat, fince black cloth
heats much. fooner, and more, in- the fun than white cloth.
I .am perfuaded, from feveral inftances happening within
my knowledge, that they do not bear cold weather fo well
as the whites ; “they- will perith when expofed to a lefs de-
gree: of i 1t, "and ate more apt to have theirdimbs froft-bitten ;
and may not this be from the fame caufe ? “Would not the
~earth grow much hotter under the fummer fun, if a con-
ftant evéporation from its furface, greater as the fun thines
fironger, did not, by tending to cool. it; balance, in: fome
degree, the warmer effe@s of the' fun’s rays >—Is itinot
owing to the conftant evaperation ﬁom the {mface of e-
very leaf, ‘that trees, though fhone on by the fun, are al-
ways, even the leaves themfelves, ‘cool to our fenfe ? at leaft
much cooler than they would otherwife be ?—May it not
be owing to this, that fanning ourfelves when warm, does
really cool us, though the air is itfelf warm that we drive
with the fan upon our faces ; for the atmofphere round,
and next to our bodies, having imbibed as much of the.
perfpned.
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perfpired vapour as it can Well contain, receives no more,
and the evaporation is therefore check’d and retarded, till
we drive away that atmofphere, and brmg dryer air in its
place, that will receive the vapour, and thereby facilitate
and inéreafe the evaporation ? Certain it is, that mere
blowing of air on a dry body does not cool it, ‘as any one
may fatisfy himklf, by blowing with a bellows on the dry
ball of a thermometer; the mercury will not fall; if
it moves at all, it rather rifes, as being warmed by the
frition of the air ‘on its furface ¥—To thefe queries of i-
magination, I will enly add one ‘praétical obfervation;
that wherever it is thought proper to ‘give eale, in cafes of
' painful inflammation in the fleth, (as from burnings, or the
like) by-cooling the part ; linen cloths, wet with fpirit, and
‘applied to the part inflamed, will produce the coolnefs re-

quired, better than if wet with water, and ‘will .continue
it longer. For water, though cold wheh firft applied, will

foon acquire warmth from the fleth, as it does not evaporate
faft enough ; but the cloths wet with fpirit, will continue
cold as long as any fpirit is left to keep up the.evaporation,
the parts warmed efcaping as foon as they are warmed, and
<carrying off the heat withthem, | _

I am, Sir, &e, B.F,
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I, ETTE R XXXIIL
T O
J. B. Efq; ar Bofton, iz New-England.

Dear Sir, Ii'oizdbn, Dec. 2, 1758.

HAVE executed here an eafy fimple contrivance, that.

_ T have long fince had in {peculation, for keeping rooms:
warmer in cold weather than they generally are, and with
lefs fire. Ipisthis. ‘Fhe opening of the chimaney is con-
tracted, by bmck-work faced with marble flabs, to about
two feet between the jambs, and the breaft brought down.
to within about three feet of the heasth.—An iron frame is
placed juft under the breaft, and extendmg quite to the
back of the chimney, fo that a plate of the fame metak
may f{lide horizontally' backwards and forwards in the
grooves on ¢ach fide of the frame. . ‘This plate is juft fo
large as to fill the whole fpace, and fhut the chimney en-~
tirely when thruft quite in, which is convenient when there
isno fire ; drawing it out, {o as to leavea fpace between its:
farther edge and the back, of about two inches; this {pace
is fufficient for the fimoke to pafs; and fo large a part of
the:
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the funnel being ftopt by the reft of the plate, the paflage
of wiarm air out of the room, up the chimney, is obftruét-
ed and retarded, and by that means much cold air is pre-
vented from coming in through crevices, to fupply its
place. This effec is made manifeft three ways. Firft,
when the fire burns brifkly in cold weather, the howling
or whiftling noife made by the wind, as it enters the room
through the crevices, when the chimney is open as ufual,
ceafes as foon as the plate is {lid in to its proper diftance.
Secondly, opening the door of the room about half an inch,
and holding your 'hand againft the openmg, near the top
“of the door, you feel the cold air coming in againft your
hand, but weakly, if the plate be in. Let another perfon
fuddenly draw it out, fo as to let the air of the room go up
the chimney, with its ufual freedom where chimneys are
'open, and you, immediately feel the cold ajr rufhing in
ftrongly. Thxrdly, if fomething be fet agamft the door,
juft fofficient, when the plate is in, to keep the door
nearly fhut, by refiting the preffure of the air that would
force it open: Then, when the plate is- drawn out, the
door will be forced open by the increafed preflure of the
outward cold air endeavouring toget in to {upply the place
of the warm air, that now paffes out of the room to go up
the chimney. In our common open chitnneys, half the
fuel is wafted, and its effect loft, the air it has warmed be-
ing immediately drawn off. ~Several ,of my acquaintance
having feen this fimple machine in my room, have imitated
1t
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it at their own houfes, and it feems Tikely to become pretty
common. Idefcribe it thus particularly to you, becaufe I
think it would be ufeful in Bofon, where firing is often dear.
" Mentioning chimneys ° puts me in mind of a property I
formerly had occafion to obferve in them; ‘which I have
not found taken notice of by others ; it is; that in- the fum-
mer time, when no fire is made in the chxmneys there is,
neverthelefs, a regular draft of air through them ; contmu-‘
4lly paffing upwards, from about five or fix o ‘clock in
the afternoon, till eight or nine o rclock the next mommg
when the current begins to flacken and hefitate a little, for
about half an hour, and then fets as ftrongly down again,
which it continues to do till towards five in the afternoon,
then flackens and hefitatés as ‘before; going fometimes a
little up, then 4 little down, till in about half an hour it
gets into a fteady upward current for the night, which con-
tinues till eight or nine the next day ; the hours varying a
little as the days lengthen and fhorten, and fometimes va-
rying from fudden changes in the weather ; as if, after being
long warm, it thould begin to grow cool about noon, while
the -air was coming down the chlmncy, the current will
- then change earlier than the ufual hour, &,
~ This property in chimneys I imagine we might turn to'
fome account, and render improper, for the future, the old-
faying, as ufelefs as a chimney in fummer. 1If the opening
of the chimney, from the breaft down to thé hearth, be’
clofed by a flight moveable frame, or two in the manner’
Ccc : of
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of doors, covered with canvas, that will let the air through,
but keep out the flies ; and another little frame fet within
upon the hearth, with hooks on which to hang joints of
meat, fowls, &c. wrapt well in wet linen cloths, three or
four fold, T am confident that if the linen is kept wet, by
fprinkling it once a day, the meat would be fo cooled by the
evaporation, carried on continually by means of the paffing
air, that it would keep a week or more in the hotteft wea-
ther. Butter and milk might likewife be kept cool, in vef-
fels or bottles covered with wet cloths. - A fhallow tray, or
keeler, fhould be under the frame to receive any water that
mxght drip from the wetted cloths; - I think, too, that this
property of chimneys might, by means of {moak-jack vanes,,
be applied to fome mechanical purpofes, where a fmall but.
pretty conftant power only is wanted..

- If you would hdve my opinion of the caufe of this chan~
ging current. of air.in chlmneys, it is,.-in f{hort, as follows,
In fummer time there is generally a great difference in the
warmth of the air at mid-day and midnight, and, of courfe,
a difference of fpecific gravity in the air, as the more it is
warmed the mare it is rarefied. ‘The funnel of a chimney
bemg for the moft part furrounded by the houfe, is pro-
teted, in a great meafure, from the dire&t a&ion of the
fun’s rays, and alfo from the ‘coldnefs of the night air. It
thence preferves a middle temperature between the heat of
the day, and the coldnefs of the night. This middle tem-

perature it communicates to the air contained in it. - If
the
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the ftate of the outward air be cooler than that in the fun-
nel of the chimney, it will; 