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IL An Accont of [ome Experiments [hown before
the Royal Society 5 wz,'f« an enquiry into the
caufe of the Afcent and Su/ pe’n/zon of Water in
Capil la;y Tubes. By James Jurin, M. D. and
R. Soc. S.

~ Ome Days ago a Method was propofed to me by
\ ¥ an irgenious Friend, for making a perpetual Mo-
tion, which feem’d {o plaufible, and indeed fo cafily
demonitrable from an Obiervation of the late Mr. Huwks-
dee, (aid to be grounded upon Experiment. that, tho’
I am far from having any Opinion of attempts of this
Nature, yet, | confe(s, 1 could not fee why it thould
not fueceed.  Upon tryal indeed [ found my felf difap-
pointed. Bur as f{earches after chings impofiible in
themfelves are frequently -obferv’d to produce other
difcoverics unexpected by the Inventer; f{o this Pro-
pofal has given occafion not only to re&tify fome mi-
ftakes into which we had been led, by that ingenious
and ufeful Member of the Royal Sosicty above named,
but likewife to dete® the real Prmc:ple, by which
Water is raisd and fufpended in Capillary Tubcs,
above the Level.

Aty Friend’s Propsfal was as fol'ows.

Fig 1. Let ABC be a capillar siphon, composd
of two Legs 4 B, BC, unequal both in length and
Diamerer 5 whofe lonoer ad narrower Leg AB ha-
ving its crifice 4 immerlt in Water, the Warter will
ri{c above the Level, il it fills the whole Tube A B,
and will then cont 'n\:c futpended. f the wider and
thoster Leg B C, be in like mannsr immerlt, the Warer
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Hi
A {unk below the Surface of the Water D £, my Friend
reafons thus.

Since the two Columns of Water 4B and FC, by
the Suppolition, will be fufpended by fomeFower alling
within the Tubes they are contain’d in, they cannot de-
termine the Water to move one way, or the other,  Bat
the Column B F, having nothing to fupport it, molk
defcend, and caufe the Water to run our at C. en
the preflure of the Atmofphere driving the Water up-
ward through the Orifice 4, to fupply the Vacuiry,
which would otherwift be left in the upper part of the
Tube BC, this muft necceflarily produce a perpetual
Motion, {ince the Water runs into the fame Veficl,
out of which it rifes. Bur the Fallacy of this realoning
appears upon making the Experiment.

Exp.1. For the Water, inftead of rusnning our at
the Orifice C, rifes upward towards F, and running all
out of the Leg B C, remains {ufpended in the othe
Leg to the height 4 B.

Exp.2. The fame thing f{ucceeds upon taking ths
Siphon out of the Warer, into which its lower Urifice
A had been immer{t. the Warer then falling in drops
cut of the Orifice 4, and flanding art laft at the bheight
A4 B. But in making thele two Experiments it is nc-
ceflary that 4 G the difference of the Legs exceed FC,
otherwife the Water will not run either way.

Exp. 3. Upon inverting the Uiphon fuil of Water, it
continues without Motion either way.

The reafon of all which wiil plainly appear, when
we come to difcover the Principle, by which the Water
is fufpended in Capillary Tubes.

Mr.
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Mr. Eawksbee’s Obfervation is as follows.

Fiz. 2. Let ABF C be a capillary Siphon, inte
the which the Water will rife above the Level to the
height CF, and let B A be the depth of the Orifice
of its lenger Leg below the Sucface of the Water D £.
"Then the Siphon being fill'd with Water, if B 4 be not
greater than C F, the Water will not run out at 4, but
will remain {ufpended.

This feems indeed very plaufible at firlt fight, For
fince the Column of Water FC will be f{ulpended by
fome power within the Tube, why {hould not the Co-
lumn B 4, being equal to, or lefs than the former,
continue fufpended by the fame Power 2

Exp. 4. In fa&, if the orifice C be lifted up out of
the Warer D £, the Water in the Tube will continue
fufpended, unlefs B A exceed FC.

Exp. 5. Bur when C is never {o little immerft in the
Water, immediately the Water in the Tube runs out in
drops at the Orifice 4, tho’ the length 4B be confide-
rably lefs than the height C 7.

Mr. Harksbee in his Book of Experiments hasadvan-
ced another Obfervation, nimely, that the fhorter Leg
of a Capillary Siphon, as 4B FC, muft be immerft in
the Weier to the depth #C, which isequal tothe heighe
of the Column, that would be f{ufpended in it, before
the Water will run out ac the longer Leg.

Fxp. 6. From what miftake this bas proceeded, I
cannot imagine ; for the Warter runs cut ar the longer
Ieg, as foon as thz Orifice of the fhorter leg comes
to touch the Surface of the ftagnant Water, without
being at all immer(t therein.

Baving proceeded thus far in obedience to ths com-
mands of this {luftrious Society, i beg leave to go a
litels farther, and to enquire into the canfe of the aicent
and [uipenlion of Water in capillary Tubes.

Bbbbbb 2 That



(742 )

That this Phanomenon is no way owing to the
preffure of the Atmofphere, bas been, Ithink fuificicnt-
ly prov’d by Mr. Harkstee's Experiments.

And that the caufe affiga’d by the fame ingenious
and inquilitive Perfon, namely the attraltion of the
concave Surface, in which the {ufpended Liquer is con-
tain'd, is likewife infufficient for producing this efle&,
1thus demonfirate.

Since in cvery capillary Tube the height, to which
the Water will {pontaneoufly afcend, is reciprocally as
the Diameter of the Tube, it follows, that the Surface
containing the fulpended Water in every Tube is al-
ways a given Quantity : but the Column of Water {uf:
pended is, as the Diameter of the Tube. Therefore,
if the attraction of the containing Surface be the caufe
of the Waters fulpenfions it will follow, that equal
caufes produce unequal effets, which is abfurd.

To this it may perhaps be objected, that, in two
‘Tubes of unequal Diamecters, the circumflances are di-
flerent, and therefore the two Caufes, tho’thiey be equal
in themfelves, may produce effe@s that are unequal.
For the leffer Tube has not only a greater Curvaiure,
but thofe parts of the Water, which lie in the middle of
the Tube, are ncarer to the attracting Surface, than in
the wider. But from this if any thing follows, it muft
be, that the narrower Tube will {ufpend the greater
quantity of Water, which is contrary to Experiment.
For the Columns fufpended are as the Diameters of
the Tubes.

But as Experiments are generally more fatisfatory
in things of this nature, than Mathematical reafonings,
it may not be amifs to make ufe of the following,
which appcar to-me to contain an Experimentum Cru-

N
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Fiz, 3. The Tube CD is compofed of two Parts; in
the wider of which the Warter will rife {pontaneoufiy
tothe height B F, but the narrower Part, if it were of
a- {ufficient length, would raile the Water to a heighe
equalto C D

Exp. 7. This Tubebeing fill'd with Water, and the
wider end C immerft in the flagmant Water 4 B, the
whole continues fufpended.

Exp. 8. Fiz. 4. The narrower end being immerft,
the Water immediately fubfides, and ftaads at laft ac
tiie height DG equal to B F.

From which it is manife(t, that the {ulpenfion of the
Watcer in the former of thelc Experimenes is not owing
to the artra@lion of the containing Surface: fince, if
that were true, this Surface being the fame, when the
Tube is inverted, would {ufpend the Water at the fame
heighe. .

Having fhown the inlufficiency of this Hypothefis,
I come now to the real caufe of that Phxnomenon,
which is the artraction of the Periphery, or Se@ion of
the Surface of the Tube, to which the upper Surface of
the Water is contiguous and coheres.

For this is the only part of the Tube, from which the
Water muft recede upon its fubfiding, and confequently
the only one, which by the foree of its cohefion, or at-
traltion, oppofes the defcent of the Water.

This likewife is a caufe proportional to the effe@,
which it produces; fince that Periphery, and the Co-
lumn {ufpended, are both in the {ame propoztion as tire
Diameter of the Tube.

Tho’ from either of thefe particulars it were cafy to
drawa juft Demoanftration, yet to put the matter out of
all doubrt, it may be proper to confirm this aflertion,
as- we have done the formar, by aQual Expcnmem;ﬁ_

.Igg.
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Fiz. 5. Let thereiore EDC be a Tube, like
that made ufe of i~ the 7th and 8th Experiments, ex-
cept that the narcower Pare is of a greater length; and
let 4F and BG be the heights, to which the Water
would {heatencoulizrile inthe cwo Tubes £D and DC.

Exp. 3. f tiis Tube have its wider Orifice € im-
merft into the Water 4 £, and be fill'd to any height
lefs than the length of the wider Fart, the Water will
immediately {ubfide to a L cve! with the point G but if
the Surface of the contain'd Water enter never fo little
vichin the {maller Tube £ D, the whole Column D C
will be {ulpended, provided the iength of that Column
do not cxceed the height 4 F.

In this Experiment it is plain that there is nothing
to fuflain the Water at fo great a heighe, except the
contac of the Periphery of the lefler Tube, to which
the upper Surface of the Water is contigucus.  For the
Tube O C, by the Suppolition, is not abie to {Upport the
Water at a greater height than BG.

Exp. 1o Fiz.6. Whenthe fame Tube is inverted,
and the Water is rais'd into the lower cxtremity of the
wider Tube CD. it immediately finks, if the leng:h of
the {ufpended Column D A be greater thanG B; where-
as in the Tube D E it would be {ufpended to the height
AF. From which it manifeltly appears, that the {uft
penfan of the Column D A does sot depend upon the
artradtion of the Tube D £, but upen the Periphery of
the wider Tube, with which its upper Surface is in
contadi. ‘

For the fake of thole, who are pleas’d with {ceing the
fame thing [ucceed in different manners, we {ubjoin the
two following Experiments, which arc in fubflance the
fame with the oth and 10th.

Fiz.7. 4B is a Siphon, in whofe narrower, and
fborter Leg 4 B, if it were of a fuficient length, might
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be fufpended a Column of Water of the height £ F: Lo
the longer and wider Leg B C will fulpend no more
than a Column of thelength G 2.

Exp. 11, ThisSiphon being fili'd with Water, and
haid in che (3me Pofition as in the Figure, the Water
will not run out at Cthe Orifice of the longer Leg, un-
lefsD C, the difference of the Legs 4 B 2ad 8 C, cxceed
the length £ £,

Fiz 8, Exp. 12, If the narrower Leg 5 C be long-
er than A4 B, the Warer will rtun out at C, if DC the
difference of the Legs exceed £ F; otherwife it will
remain fufpended.

In thefe two Experimentsit is plain, that the Columns
D ¢ are {ulpended by the attrattion of the Peripharics at
4, fince their lengths areequalto E F,orto the length of
the Column, which by the fuppofition tho(c Peripherics
are able to fupport; whereas the Tubes B C will {uftain
Columns, whofe lengtlis are equal to G A.

Tho’ thefe Experiments {eem to be conclufive, yer
it may not be improper to prevent an Objeétion, which
naturally prefents it felf, and which at firlt view may
be thought f{ufficieat to overturn our Theory.

Fiz.5. For fince a Periphery of the Tube £ D js
able to fuftain no more than a Column of th:
length A F, contain'd in the fame Tube; how comes
it to {uftain a Column of the {ame length in che wider
Tube D C, which is as much greater than the former,
as the Seclion of the wider Tube exceeds that of the
narrower ?

Fiz. 6. Again, if a Periphery of the wider Tube
D Cbeable to {uflain a Column of Water in the fame
Tube, of the length BG; why will it fuppart no more
than a Column of the fame length in the narrower
Tube E D>

Which
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“Which Queries may likewile bs made with regard
to the rith and 12th Experiments.

The anf{wer is cafy, for the Moments of thofe two
Cciumns of Warer are precifely the fame, as if the fu-
{‘aining Tubes £ D and ¢ D, were.continued down to
the Surizce of the (tagnant Warer 4 B ; fincs the velo-
citics of the Water, where thofe Columns grow wider, or
narrower, are to the velocities ar the att'..\,flm ! wpm-
rics, rec:proca.}iy as the different Sedtions of the o
lumns.

iz 9. Exp.13. From which confidcration arifes
this remarkable Paradox, That a Vel being iven of
whatfoever Form, as 4.8 C, and containing any affigna
ble quantity of Water, how great foever; that whole
quanticy of Water may be {uipended above the Level,
if the upper part of the Veilel C te drawn our into a
capillary Tube of a fufficient finenefs.

But whether this Experiment will {ucceed, when the
height of the Veficl is greater than thar, to which
Water will be rais'd by the prem.n. of the Awumclphere,
and how far.it will be aiterd by a Fuac.mm, | Giay
perhaps have the honour of giving an account to .the
Sociery {onie odher time, not being pc*ﬁ. ny fatisfy'd
with thofe Tryals which [ have hitherro hid the oppor-
tunicy of making.

Having difcovir’d the.caufe of the fufpenlion of Wa
ter in capillary Tubes, it will not be difficule to
acccunt {or the feemmg!y tpanfanenus afcent of it For,
fince thc,‘» ater, that cnters a cagillary Tube as foon
as i’s Urifice is dipt thercin, has if's graviry taken off
by the atrraction of the .'cnohcrv with which it’s ups-
per Surfice is in conrad, it muft nocelfurily rilz high-
cr, paitly by the pref fflure of the flagsant Water, and

artly by the attradtion of the Periphery immediately
4bo"f’ that, which is already contiguzus to it

I
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Tt might now be fhown, how naturally the various,
and feemingly contrary appearances of the above
mention'd Experiments are deducible from this Theory
but this is o cafy, that icis ncedlefs to in(ilt upon it
and our dilcourfc upon this minute Subject has been
alrcady {o tedious, that wecould fcarce hope for Pardon,
unlefs it were direéted to thofe, who are fenfible to
how many of the greater, and more confiderable, Phzx.
nomena of Nature this Doctrine is applicable.

P S. When this Paper was rcading before the So.
ciety, I found that our incomparable Prefident was
already acquainted with the above-mentioned Principle,
and I have fince met with feveral Paffages in the 3:ft
Query fubjoin’'d rto the late Edition of his Opricks
which plainly fhew, that he was Mafter of it, when
they were written,

I muft do the fame Juftice to that excellent Mathema-
tician Mr. John Machin, Profeflor of Aftronomy in
Grefham College.

To thefe two worthy Perfons T am obliged for the
following Obfervation, That, what I call a Periphery,
or Section of the concave furface of the Tube, is really
2 {mall Surface, whofe Bafe is that Periphery, and
whofe height is the diftance, to which the attra&tive
power of the Glafs is extended.

Ccccce I, De
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