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Y. A Second Paper on Hygrometry.
By J. A. De Luc, Efz. F. R. S.

Read December g, 1790.

N a Paper which I had the honour to prefent to the Royal

. Society in the year 1743, I fketched the following propo-
fitions, as fundamental for the conftrucion of an hygrometer.
ift, That fire, confidered as the caufe of heas, was the only
agent by which abfolute drynefs could be immediately produced
(§ 5). 2d, That warer, in its liquid ftate, was the only fure
smmediate means of producing extreme moifture in hygrofcopic
“bodies (§ 8. and feg.). 3d, That there was no reafon, @ priorz,
to exped, from any hygrofcopic fubftance, that the meafurable
Vor. LXXXI, B effects
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2 Mr. v Luc on

effes produced in it by mozffure were proportional to the in-
tenfities of that caufe; and, confequently, that a true bygro-
meirical {cale was to be a particular obje&t of inquiry (§ z.).
ath, laftly, That perhaps the comparative changes, of the
dimenfions of a fubftance, and of the weight of the fame or
other fubftance, by the {ame variations of mosffure, might lead
to fome difcovery in that refpe& (§ 72.). The fame propofis
tions will be the fubjeét of this Paper.

Of abfolute drynefs.

1. An hygroféopic body, which is not brought into conta&
with any other body drier than itfelf, cannot lofe any part of
its moifture but by evaporation ; and if this is intirely produced
by fire, there may be fuch a degree of hear as will caufe the
total evaporation of that mosflure. This is the principle on
which the above firlt propofition was founded; but at the fame
time 1 mentioned, that I had not brought it into pratice, be-
caufe of the 1mpoffibility of fubmitting the fubftance of the
hygrometer to fuch a degree of heat. However, I {foon removed
that difficulty by confidering, that the degree of heat neceflary
to produce extreme drynefs, might be applied to fome fubftance
that could bear it 3 and that drynefs be tranfmitted to the hygra-
meter, by inclofing it with that fubftance in a proper veflel.
The {ubftance T chofe was poza/b ; and I prepared, for this and
fome other hygrometrical purpofes, an apparatus which was
made by Mefl. Nairne and BLunt in 1776. But a new
objection {ftopped me again in that purfuit, and led me for fome
time to a very great and now almoft ufelefs labour. The
degree of drynefs produced by pota/h fo ufed, could be only
proporticnable to the degree of Aear that it had reccived 3 and

3 not



Hygrometry. 3
ot conceiving yet any known limit to the intenfity of heas,
I could not expe any limit to drynefs, nor even a fixed degree
of 1it.

2. I remained at that point, with however a comparable hy-
grometer laborioufly conftruéted, till I came to conceive, that
beat muft be at its max/mum in a body, when it is incan-
defcent 3 which opinion I have explained in my work, Idézs fur
la Météorologie. From that firft idea I foon after concluded ;
that every bygroftopic fubftance, which could retain that pro-
perty after having been brought into incandefecence, would
an{wer my firft purpofe. The following is the theory refult-
ing from the whole of ‘the above confiderations. 1ft, The
bygrofeopic {ubftance which has the moft capacity for moifiure,
and receives it the moft readily, being placed in any quantity in

“a given {pace, cannot bring that {pace to a degree of drynefs
greater than its own; and if that degree is undetermined, it

cannot afford any fived point for the bygrometer. 2d, The

hygrofeopic Tubftance which has the {fmalleft capacity for moif=
ture, and is the floweft in receiving 1t, if it is really reduced to
extreme drynefs, will have the power of producing it ina given
{pace, provided its {mall capacity be compenfated by a greater

quantity, and its flownefs by more time. 3d, Every Aygro~

Jfeopic {ubftance, which may be brought to white heat without
lofing its property, is fit to produce exireme drynefs in a clofe

fpace. 4th, It is indifferent for that purpofe, that the {ub-

ftance ufed be of the clafs which has a chemical gffimizy with

awater, it being fufficient that, after having been reduced to
extreme drynefs, it be fill capable of receiving it from the am-

bient medium, as may every porous fubftance. sth, But for

the practical purpofe of fixing the point of extreme drynefs on
hygrometers, fuch a fubftance muft be chofen as, with a great
B2 capacity
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capacity for moifiure, receives itbut flowly : as by that firft pro-
perty it may be taken in lefs quantity ; and by the laft, it will be
lefs fubject to acquire a fenfible quantity of motfiure 1n the time
neceflary for the operations.

3. Pot-a/b and fome other alkaline fubftances afforded the
firft of thofe properties, but not the laft; and I had not fixed
on any fubftance, when, being at Birmingham in the autumn
of 1782, Mr. JaMEs WaTT informed me, that his friend Dr.
Brack had found in guicklime a great capacity for moiflure,
and much flownefs in retaking it: this he knew, by having
kept a long time the fame Zme in a clofe veflel, for drying falts
and capillary tubes for thermometers. Thefe were the very
properties I wanted for my purpofe, which thereby I executed
as foon as I came home. I made thofe firft operations in fmall
glafs veflels, ufing old /Jime, which I brought again to white
heat every time I ufed it. Thefe firft trials agreed with my
theory in its firft point; that of producing conftantly the fame
degree of drynefs : as for the fecond, namely, whether that
degree was extreme, it depended on other experiments,

4. Being fure then of a fixed degree of drynefs, the number
of experiments I undertook made me with for a means of
avoiding the frequent repetitions of bringing again my Jme to
awbite beat ; and having found one which has fucceeded, I am
going to defcribe the apparatus. The veflel, fig. 1. is of tin,
3 fect high and 1in diameter. A glafs plate 4, 4, 4, 4, is fixed
at the top, forming a vertical feftion of the cylinder at 1
inch diftance forwards from the axis. A woven brafs-wire
cage b, b, b, b, is fixed in the veflel through its diameter, in
order to keep a {pace for the inftruments; for the fame pur-
pofe it is open at the top, and alfo oppofite the glafs, where
the dials of the inftruments are to be feen. For iy experi-

ments,



Hygromeiry. 5
ments, which required inftruments of various fizes, I made
that cage 18 inches ‘high and 2 deep ; but it may be much
fmaller fox common hygrometers. ‘The whole veflel, except
that fpace, has been filled, through the openings ¢, ¢, with
quicklime taken from the kiln, and fuffered only to lofe the
red heat ; after which the openings were covered with heaps of
the {fame lime, which abforbed the moifture of the air entering
the veflel while it was cooling, and then the openings were
thut with tin plates and putty. The top of the veflel has four
{quare openings 4, d, d, d, correfpondent to the wire cage, for
the introduétion of the inftruments, which are hung to hooks.
I ufe a hooked wire for putting in or taking out the inftru-
ments, to avoid bringing my fingers near the openings. Thefe
are kept thut with tin plates and putty : I never open but one
at a time, which I leave open as little as poffible ; and to pre-
vent the introduction of the external air in thofe thort opera-
tions, I make them as nearly as poffible at the fame tempera-
ture, which being 60° of FAHRENHEIT may be obtained in
every feafon. With thefe precautions, and alfo by moift air
being lighter than dry air, there is {carcely any moifture intro-
duced in the veflel except by the inftruments themfelves.

5. This application of my method afforded me a very ftrong
confirmation of the pra&ical fixity of the point of drynefs pro~
duced in that manner by /ime: for the apparatus was different
from the former ones; 1fl, by the quantity of the /Zme; 2d, by
the /ime having been put very hot into the veflel, while, when I
ufed glafs veflels, I had fuffered it {ometimes to cool down to
60°; 3d, by that Jime being of the firft calcination, inftead of
old /Zime brought again to white heat; and all thefe differences
produced no fenfible effet on the point of drynefi. Since that
time Mefl. NaIRNE and Brunrt, Mr. HurTEer, and Mr.

Haas,
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Haas, have made apparatufes of the fame kind, and I have
made myfelf fome others of different fizes and fhapes; and
they all produce fenfibly the fame degree of drynefs.

6. The defcribed apparatus was ready in the month of O&o-
ber, 1787, and I putin itone of my firlt bygrometers ; which,
in a few days, came to its fixed point of drynefs, and there it
has remained ever fince, though I have opened the veflel above
four hundred times. That degree of conftancy, much beyond
my expectation, has enabled me to make a variety of ex-
periments, which elfe had been next to impoffible : it pro-
ceeds partly from the great capacity of gquicklime for moifture,
which I fhall determine hereafter; and partly from its flownefs
in receiving it ; which circumftances, added to the {fmall fize of the
openings, to their being at the top of the veflel, and to the care
of putting in and taking out the inftruments nearly at the fame

‘temperature, prevents the /Jme from acquiring any fenfible
degree of moiflure during, thefe operations.

7. I did not truft at firft the apparent continuance of the
fame degree of drymefs in that veflel. At the end of nine
months of frequent ufe, I began to fear, left the whalebone,
of which the ffandard hygrometer is made, had been impaired ;
and I took it out, to try its point of extreme moiffure (of which

1 fhall fpeak hereafter ;) but it came exa@ly to that point, and
when put again into the lime-veffel it returned where it ftood
before. I have repeated many times that trial, with the fame
refult; the laft time was at the end of three years, when,
inftead of a lofs of expanfibility in the wbhalebone, 1 found a
fmall increafe, but probably accidental ; it went a little farther
than its point of extreme moifture, and came back to its con-

flant point of drynefs.
8. The
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8. The principles of hygrometry being now my only obje&,
it would not be proper to enter into particulars on its praftical
part; but I fhall here mention for once, that the fteadieft hy-
grofeopic {ubftances are fubjet to anomalies : for inftance, after

, an hygrofcope has remained fixed in water for many hours, if it is
taken out, {uffered to dry a little, and then put again into water,
it may fometimes happen to overpafs that point. In the
fame manner, after an hygrofcope has been long fixed in the
lime-veflel, it may happen alfo, that in taking it out only for
a quarter of an hour, and putting it  again, it will move a
Little farther than it was before. Again, if in taking it out of
the lime-veffel, where it had long remained fixed, it is put into
water, and then back into the lime-veffel, it may happen, that
it will fix itfelf a little {hort of its former point, and never move.
thence, except by repeated great variations of heat ; but if; when
it thews that difpofition, it is taken out for a fhort time, and put
in again, it will then attain its ufual point, This was the
cafe in the laft trial of my fandard. Laftly, the fame anoma-
lies may take place at every other point of the fcale of every
hygrofcope, only more or lefs according to the fubftances;
fome of which, for that reafon, cannot be ufed for praftical
hygrometry.

9. Thofe anomalies of the fteadielt bygroftopic {fubftances,
will probably prevent our ever having in the bygrometer an
inftrument nearly {o exact as the thermometer 5 and this I was to
premife, that when 1 mention the refults of particular bygrofcopic
experiments, it may be underftood, that they have only the
degree of exa@inefs that belong to their clafs. Luckily thofe
anomalies are yet of no confequence for the great objetts of 4y-
grology and meteorology; the prefent ftate of sygromezry being {uf-
ficient to excite on thofe objects, queftions of great importance for

natural
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natural philofophy. And in the mean time thofe anomalies
are very interefting in themfelves; as, from their laws, they
feem to point out fome modification of cobefion, as being the
immediate caufe of elafficity in folrds. 1f I can find time to put
in order a number of obfervations and experiments I have
made in that refpect, T intend to make it the fubjé& of a
Paper, in which I fhall examine, from a general refult of
thofe phanomena, the comparative ufe of weights and Jprings
for keeping ftretched the bygrofcopic {ubftance in bygrometers.
10. After fixsty in the degree of drynefs produced by Jime
in the manner I have explained, the next point to be’examined
in refpe&t of my theory, was, if the nature of the fubftance
brought to a white beat, had any influence on the degree of
drynefs thereby produced ; and in order to try at once the effect
of a very great difparity, I chofe fuch a fand-flone as is not
affeted by acids, and firikes fire from fteel, before and after
having been incandefcens. ‘The firft experiment I made was
with a view of finding the comparative capacities for moiffure
between that flone and /lime. For that purpofe I took fuch
pieces of them as might be readily reduced to half an ounce
while 7ncandefcent ; which being done, I put them into brafs
cups, fitted to a {cale, and I inclofed them under a
glafs veflel inverted over water. I weighed thofe fubftances
from time to time; each of them continued to acquire weight
during five weeks; at which time the /and-fione had gained
1 patt of its original wesghs, and the lime 112 ¢ this laft was
at that time all cracked and fallen i {mall fragments, eafily
reduced to powder; the fand-fione ftruck fire as before. 1 next
prepared a cylindrical tin veflel, 1o inches in diamcter and 14
inches high, with a glafs top, which I filled with fragments
of that ftone, treated as the /ime; and when it was cooled, I
4 put
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put into it an Aygromeler, whole fixed point of drynsfs has been
taken in the /ime apparatus : and in five weeks it was fixed to
the fame point. This is a demonftration, that the nature of the
fubftance does not interfere with the degree of drynefs produced,
and that incandefcence is the only caufe of its flvity.

11. Laftly, in refpect of hygromerry, a degree /of'drymﬁ thus
determined might have been {fufficient 5 but for hygrology,
and even for natural philofophy in general, it was defirable to
difcover if that fixed degree of drynefs was alfo abfolute : and the
following are the confiderations which directed me in that en-
quiry : if evaporation is produced by beat only, and if incan-
defcence is the maximum of bheat 5 an bygrofcopic ‘body, which
is brought to incandefcence, cannot contain any evaporable water;
and if that body has fuch a mafs, as to be capable of abforbing
all the water evaporated in a certain fpace, without acquiring any
meafurable moiffure, that {pace may be called abfolutely dry.
Now, if an Aygrofcopsc {ubftance which is inclofed in that {pace,
contains any fenfible quantity of evaporable water, when beat

‘increafes, that fubftance muft lofe a part of its moiflure in the

medium, and take it back by the diminution of heat. Confe-
quently there was a means of difcovering, if hygrofcop:c fubftances,
reduced to the above degree of drynefs, ftill retain a fenfible
quantity of evaporable water; it was that of obferving their
weight, by changes of heat: and from thefe previous confiderations
I made the following experiments.

12. I hung fucceflively to a very fenfible deam, fhewing the
changes of weight by an index, different forts of vegetable and -
animal fubftances, the deam being inclofed in a glazed tin-
veflel, containing a &Jfﬁcient'quantity of gquicklime; and dur-
ing the operations, I produced from tirme to time great changes
in the femperature of the veflel. As long as thefe fubftances

Vor. LXXXI C retained
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retained a fenfible quantity of evaporable water, the increafe of
beat made them lofe fome weight, which they regained partly
when the beat returned to the fame point. But that effe& di-
minifthed by degrees ; and, at laft, a change of 30° of Fabren-
beit did not produce any fenfible change of weight in thofe
fubftances, though they were fuch as had a great capacity for
moifture.  An bygrometer placed near the beam, was then at
the point taken in the Zme-veffel.  "That fingle experiment con-
firms all the previous confiderations from which I had expedted
abfolute drynefs from incandefcence.

Of extreme moifture.

- 13. The fecond propofition I had fketched in my firft paper,
is this ¢ that water, inits liquid ftate, is the only fure immediate
“ means of producing extreme moifture in bygrofiopic bodies.”
 14. Moifture, the nature of which we are firft to determine,
may be confidered in three different cafes.—:ft, In fubftances
which have an affinity with awater ; by which their moleculz
and thofe of water may unite, and form a new compound.—
2dly, In {ubftances which have no affnity with water, but to
which water has a tendency to adhere; by which caufe it
enters their capillary pores—3dly, In the medium, or {pace free
from vifible bodics. T have not undertaken to difcover what,
in the firft of thefe cafes, might properly be called mojfure, and
its degrees 5 as | forefaw great difficulties in that undertaking,
which befides was unneceffary to my principal purfuit :
therefore I come immediately to the fecond cafe.

15. When I wrote my work Idées fur la Météorologie, having
not yet made {fome experiments I had in view to verify the opi-
nion I entertained, that vegetable and animal fubftances, as

well
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well as the porous mineral ones, received warer merely by the
faculty of capillary pores, I ufed {fometimes the expreffion Ay-
grofcopic affinity, in treating of the bygofcropic equilibrium 5 but
before that work was come out of the prefs, having converfed
on that obje&t with Dr. BLAGDEN, and found him inclined to
‘that opinion, I had time and opportunity to exprefs it, in
§ 246, as follows : ¢ There are reafons to doubt, whether fome
¢ of the fubftances, which fhare amongft them the water dif-
¢ feminated in a fpace, do not fuck it, by a faculty fimilar to
< that of capillary tubes, without any chymical affinity with
s« quater.,” ‘That opinion wiil be now confirmed by the fol-
lowing experiments.

16. 1ft. Exp. Sugar has an affinity with water, and no fen-
fible one with alcohol : however, a lump of fugar will imbibe
this laft figuid as readily as the firft. Confequently, water is
not zmbibed by fugar in confequence of their gffmity ;5 fince
alcobol is alfo imbibed : they both afcend in fugar, by the faculty
of its capillary pores, as they do in Jand-flone or in [punge.
But when water has thus entered fugar, it diffolves it ; which
then is a chymical effe® 5 whereas alcobol evaporates, and leaves
the fugar fenfibly as it was before.

17. 2d. Exe.  If water penetrated bygrofcopic {ubftances of
the vegetable and animal kinds, by an affwity with them, it
would not be natural to expe&, that other /Jiguids, which do
not thew an affinity with the fame fubftances as water, thould
penetrate the above-mentioned fubftances. Being led by that
confideration, I made two bygrofeopes of different elaftic animal
fubftances; and after having marked the point where they.
ftood in water, 1 immerfed them fucceffively in aleobol and in
ether 3 by which liguids they were expanded nearly as much as
by water, and they contralted as much in coming out of them.

C-2 In
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In thofe experiments a fingular phznomenon happened in both
hygrofcopes. The firft effect of the immerfion of thofe animal
fubftances in alcobo/ (and T {uppofe it would have been the fame
with vegerable ones) was contraétion, {oon followed by expanfion
and when they came out into the atr, the firft effe was expanfion,
{oon followed by contraction. The caufe of that reciprocal phae-
nomenon -is undoubtedly the affnity of alcobol with water. In
the immerfion, fome of the moiflure came out of the fubftance, to
unite with the furrounding alcobo! ; by which lofs of water, a con-
trattion took place in the fubftance, ’till it came to imbibe the
alcobol 1tfelf. In the immerfion, fome of the moiffure of the
air, uniting immediately with the alcobo/ retained by the fub-
ftance, expanded it to the fame degree as if it had been in water;
after which, the alcohol evaporating, the fubftance contracted.
Thofe phenomena did not happen with ezber 3 this not uniting
readily with water ; but it expanded thofe fubftances as much
as alcobol, and nearly as much as water. From thofe phzno-
mena we may conclude, that the penetration of animal {ub-
ftances by water, and confequently by moiffure, is produced, as
that of fugar, fand.flone, and every other porous fubftance, by
the faculty of capillary pores, without any affinisy between them
and water,

18. 3d. Exp. In that theory, of a mere imbibition of <water
by bygrofcopic fubftances of the elaffic kind, a circumftance,
which feems to point out affinity, was to be explained ; it is that
of the Aygrofcopic equilibrium. In view of that obje&, I made
the following experiments, not newin themfelves, but direGtedto
my purpofe. I took fome glafs tubes, of different {fmall bores,
which I firft bent in the fhape of {yphons; after which I cut
them in the middle of the bent part. ‘This was to enable me,
to bring into exa&t communication the lower end of two tubes,

though
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though held in a vertical pofition, as an inverted fyphon (Fig. 2.)
The following are the experiments.—1{t. Exp. When a column
of the liquid had afcended in one of thefe rubes; if I applied to
it an empty tube of the fame bore, the /guid column divided it-
felf equally between them~—2d. Exp. When the empty tube
was of a {fmaller bore, that column rofe more in it, than it funk
in the other ; and the contrary happened when the empty tube
was of a larger bore—3d. Exp. When fome more liguid was
fupplied to the united tubes, it rofe in both, in proportion to
the fefpe&ive heights of the former columns.—4th. Exp. When
a fuperabundant quantity of /Jguid was fupplied, it rofe to a
maximum in each tube, and the heights of the columns.
increafed in fome proportion with their former heights.

19. Thefe known faés have a clear analogy with: the
hygrofecopic equilibrium in elaftic fubftances,—1ft. Case. When
the quantity of /Jiguid common to capillary tubes is not {uffi-
cient for them to receive their rel(petive maximum, they thare it
between them, and the equiltbrium takes place, when there is,
in each of them, thefame ratio betweenits {pecific capillary power
andtheweight of the raifed column.In the fame manner; when the
quantlty of water diffeminated in a {pace, is not fufficient, for
feveral hygrofcopic fubftances to receive the maximum of water
‘which they can contain in their pores, they thare it amongft them
and the equilibrium is produced, when there is in each of them
the fame ratio, between its {pecific capillary power, and the
refiftance of their pores to be more dilated.—2d. Case. When
there is a fuperabundant quantity of liquid common to fome
«apillary tubes, each of them receives its- maximum ; which is.
determined by an equilibrium, between its total capillary
power, and the weight of the raifed column.  In the fame man-
ner, when there is a fuperabundant quantity of wafer common.

to
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to feveral hygrofcopic {ubftances, each of them receives its
maximum 3 which is determined by the equilibrium, between
their total capillary power, and the refiftance of their pores to be
more dilated. 'That final equslibrium, which, from its very nature,
cannot be overpafled in any elaffic {ubftance properly ufed,
determines the fpecific capacity of thofe fubftances for moifture.
20. Mboifture then, confidered in porous bodies not foluble
by awater, may be defined, ¢ A quantity of water, which is
€ z'n;uﬁély contained in their pores ; without any other connec-
¢ tion with their fubftance, than that which it has with the
s¢ glafs of the capillary tubes into which it has afcended.”
21. We may {ee now whence proceeds the bygrofcopic equils-
brium between elafiic {ubftances inclofed in a {pace, either
filled with air or deprived of it. In this explanation it is
unneceflary to determine, how water is invifibly diffeminated in
{paces free from vifible bodies, therefore I ’_ﬂ'xall not enter here
into this fubjet ; that diflemination is a fadt admitted in every
hypothefis, confequently the medium is only to be confidered as
the ftock and ftandard of moifiure. By the caufe, whatever, of
evaporation, hygroftopic {ubftances lofe or gain water in the
medium, according to its degree of moifture, till they are in
equilibrium with it which implies the equslibrium among(t
‘themfelves according to the laws refulting from their own
nature.
22. Now wmoifture, in a general fenfe, will appear to be, % a
“ quantity of mmvifible water, either evaporable, or evaporated,”
And from that definition, the maximum of moifture will exift,
when, ¢ every circumftance remaining the fame, no more
¢ qater can be admitted in a fpace, without becoming vi/ible ;
¢¢ on_folid bodies, by their furface being wez; and in the medinm,
4 {3 by
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“by a {pontaneous precipization of water.” Laftly, as immerfing
folid Aygrofcopic bodies in water, or expofing them in a medium
where there is an allual precipitation of water (as in a fog) is
an effe€tual means of furnithing their pores with the whole quan-
tity of water they can imbibe ; it is evidently a fure means of
producing extreme moifiure in them : and this point cannot be
overpaffed, neither in awater, nor in fog, fince it depends upon
the refifiance of the pores to further dilatation by the mere intro-
duion of water ; but it muft be attained in an bygrometer, to
fix its point of extreme moifiure.

23. When formerly I had fixed upon that method for pro-
curing to my firlt hygrometer a true point of extreme moifture,
it occurred to me, that the femperature of water might in-
fluence fenfibly the expanfion of its 7vory tube ; and in order to
difcover if it was fo, I made fome experiments, related in
§§ 104 &c. of my former paper, the refult of which was,
that the femperature of water had a fenfible effe&t on the expan-
fion of 7vory. But foon after I diftrufted fome modifications of
hat complicated Aygrometer 5 and efpecially this particular
efult.

24. I'then changed that firft method; which confifted in
meafuring the changes of capacity of hollow cylinders, into
that of meafuring the changes in length of Aygrofcopic {fubftances;
and for fome preliminary experiments on many of them, I
made particular frames, in which, by a combination of g/af5 and
brafs, the effe@s of heat on thofe materials compenfated each
other ; by which means the sudices of thofe inftruments were
only affécted by the modifications of the Aygrofcopic fubftances
tried in them. I have mentioned thefe frames in a paper on
syrometry, printed in the Phil. Tranf. for 1778. - With thefe
‘rames 1 firlk tried svory, in water of different femperatures;

and
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and I found a very little difference in its expanfion, comparatively
with what had appeared from my firft experiment. Then,
continuing the fame trial on various fubftances, I found the
effect of different temperatures of awater very {mall in general ;
and even in fome fubftances, as deal taken lengthwife, and
bemp, 1 could not afcertain any.

25. Thefe experiments led me to think, that the fmall
wvariations produced by beat in hygrofcopic fubftances dipt in
water, were not bygrofcopic modifications, but the mere effe@s
of heat, by the ceflation of all bygrofcopic modifications; thefe
having then attained their maximum: whichis a difcrimination of
effe&ts, that I had vainly attempted to produce by other means.
When afterwards I had found the method of producing extreme
drynefs, I made a lime apparatus, for the purpofe of repeating
in it the fame experiments with my compound frames; and
I found that theory . confirmed, by the effe&s of J4ear in
that apparatus being nearly the fame, on the fame fubftances,
as when they were in water.

26. From the whole of the foregoing experiments there
cannot remain any doubt, that warer, in its liquid ftate, is a
Jure means of fixing the point of extreme moifture on hygrometers.
Particularly, in refpeét of elaftic fubftances, as ivery, quill,
awhalebone, all forts of wood, and a number of others which I
have tried, the laft experiments in water of different tempera-
tures, afford an immediate provof,_ that their faculty of fucking
water has a fixed limit, proceeding from a final r¢fifrance of their
pores, to be more dilated by the introduction of water. Confe-
quently, their utmoft cxpanfion is a true fign, that moifture is
extreme in them; which point cannot be exceeded. But my
propofition extended farther: 1 had faid, that water was the
only -certain means of obtaining immediately the point ot

2 extreme
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extreme mogflure on hygrometers; and this is a moft important
queftion, both of bygrometry and hygrology, which remains
to be examined.

On the maximum of evaporation, and its correfpondence with the
. ‘ [ . .
maximum of moifture 7z 2 medium

27. Since moifiure confifts in invifible water, an exeefs of
awater is the only immediate means of afcertaining that the
maximum exifts ; as, if a refervoir is above our reach, the only
means of knowing if it be fu// of water, is when it overflows.
From that principle, a fog gives the point of extreme moifture
on hygrometers, like awater itfelf; becaufe it covers very
foon the hygrofeopic {ubftance with a coating of water : {ome-
times even it expands it a little more than an immediate appli-
cation of waters but this belongs to an obje@t that I have
waved before, as relating to fome modifications of elaftic fo-
lids (§ 8.). No other means then but an exce/s of water over
the furface of the Aygrofcopic fubftance of the hygrometer, can
afcertain that it is arrived at its point of extreme moifture ; and the
firft immediate demonftration I thall give of it, will be afforded
by dew 3 a very uncertain, though apparently certain fign of
extreme moifture in the air. We fay, that there is dew, when,
fome folids expofed in the open air in a clear evening are wes;
but if that was the effet of a precipitation of water happening
in the air, all the folids thus expofed would be awes; which is
far from being the cafe; confequently, that phznomenon muft
proceed from fome particular caufes, by which, though no
awater 1s yet difpofed to abandon the medium, it gathers on fome
particular folids. It is very long fince the phanomena of dew
have perplexed natural philofophers; and they were the firft

Vor. LXXXI. D which
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which T ftudied in the beginning of my refearches in meteoro-
logy; butall that I concluded from my experiments and ob~
fervations was, that we could not underftand thofe phaznomena
without firft having a fure hygrometer. This is the reafon
why, foon after 1 had made my firft hygrometer, 1 expofed it
‘in the open air 1n the country, {ufpended very little above the
grafs, from the morning of a fine day- to the time of dew in
the evening ; the grafs grew wet, and the hygrometer remained
at a great diftance from the point which had been fixed in wazer.
I have related that experiment in § 91, of my firft Paper.

28, When I had made hygrofcopes of various forts of flips 3
for inftance, of different woods and of whalebone, cut acrofs
the fibres; of swory and born, reduced firft into thin tubes,
and then cut in ferew ; and of guills, by cutting alfo in fcrew
their barrels; I repeated, with thofe inftruments, my obfer-
vations on dew; and to give a fhort, but determinate idea of
the phenomena I obferved, I thall reduce them to {fome gene-
ral cafes, as indicated by one only of thofe hygroftopes, that of
quill, which, like all the others, is divided into 100 parts, from
extreme drynefs to extreme moifture. Thefe hygrofcopes were
fufpended in the open air, three feet above a grafs-plat in the
country. 11t Case. When a clear and calm evening fucceeds
to a clear and warm day, the grafs frequently grows wet,
though the above Aygrofeope ftands many hours, and fometimes
the whole night, between 50 and 55. 2d Case, If the dew
increafes, fo that taller herbaceous plam‘s and fbrubs grow we:
in fucceffion, the hygrofiope moves more and more towards
mojfture ; and when it is come to about 8o, plates of g/a/s and
orl-paint alfo grow awes; but at that period, neither metallis
plates, expofed like the glafs ones, nor fome fbrués and #rees,

are wet ; and this alfo may laft whole nights. 3d Cafe, If the
dew
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dew proceeds to its maxvimum, the hygrofcope moves from 8o to
100 (and fometimes a little farther, § 24.). Then we have
alfo a certain proof that exzreme moiflure exifts in the air 3 for
every folid body expofed to it is wes. But it is only at that
moment that we can depend on exireme moifiure exifting; for,
if in the other defcribed ftages of the phenomenon, the ap-
pearance of water on the furface of fome folids had proceeded
from a {pontaneous precipitation in the air, all the other folids
ought to have been wez; but they only become e in a certain
fucceffion, and in the mean time the flip of guil/, and all the other
above-mentioned Aygrofcapes, move more and more towards theit
point 100, in fign of mojflure increafing in the air. Confe-
quently (as I had concluded from my firft obfervations), in=
ftead of having in dew an bygraj&épic ftandard for the bygrome-
ter, we have in its phaznomena many circumftances which
will only be explained with the affiftance of that inftrument.

29. Some previous obfervations had alfo warned me againit
the general idea, that moiffure was to be extreme in the air,
when there was a fufficient quantity of aser in the fpace,
even though that a/r might be fuppofed to be filled with evapo- -
rated water to its maximum ; and the doubts I entertained in
that refpe@ were the caufe of the difficulties I exprefled in the
beginning of my firft Paper, which I only got over when I
thought of water itfelf, to obtain the point of extreme moifiure
on my hygrometer. This was alfo the reafon why, as {oon as
my firfk hygromeser was finifhed, I placed it ina cellar, the walls
and ground of which were wes, and where it continued two
months, without ever attaining its point of extreme moifture. 1
have related that experiment in § 54. ¢f feg. of my firft Paper.

30. When alfo I had the bygrofcopes mentioned above in
the obfervations on dew, I undertook a very long courfe of
various forts of experiments on that important point of Ay-

D 2 grologys
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grology, of which however 1 fhall only give here the general
and conftant refults, as furnithed by thofe hygrofcopes. ¢ The
¢ maximum of evaporation 1n a mafs of inclofed air is far from
¢¢ being identical with the maximum of moifture ; this being
¢ dependent alfo, even to a very great degree, on the zempera-
¢¢ sure of the fpace, {uppofed to be the fame, or nearly fo, as that
¢« of the water which evaporates in it. Moiffure may arrive to
“¢ its extreme in an inclofed air, if that common temperature
¢¢ is near freezing point; but it becomes lefs and lefs, even to a
“ very dry ftate, as that temperature rifes, though the product
“ of evaporation, thereby increafing, continues to be at its dif-
s¢ ferent maxima, correfpondent to the different temperasures.”
This 1s a very important propofition in hygrolsgy; which, from
my experiments, would not be fubject to any objetion, if there
were no other hygrofcopes than thofe I have mentioned above, of
which I have thirteen different {pecies; but there is another
clafs of fuch inftruments, from which fome doubt might firf:

arife; and I come now to that point.

On two diftinét claffés of hygrofcopes.

51, As I thall now frequently fpeak of fips and zhreads,
which conflitute thofe two c/gffes of hygrofcopes, 1 muft firft
explain what I mean by thofe words. The flips compofe the
clafs of Aygroftopes ufed in the above experiments ; they confift
of very thin and narrow lamine cut acrofs the fibres of vege-
table or animal fubftances, either in their natural or artificial
breadths (as boards), or by reducing natural or artificial thin
tubes of them into belices. By threads 1 mean the fame kinds
of fubltances taken lengrbwife, either from their being natu-
rally 1n thin threads, or by reducing them to that flate, in

3 tearing
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tearing from them thin fafiiculi of fibres; which operation is
ealy in fome, as bemp, whalebone, and gut, but very difficult in
others, as qus/l and {fome {orts of wood.

32. The firft hygrofecopes of the clafs of threads, which I
obferved comparatively to the clafs of Jips, were of hbemp, gut,
awbhalebone, and fome woods, and they exhibited a phenome-
non which at firft I could not underftand: when they were
expofed with the flips in damp air 3 as, for inftance, in open air
during the fecond period of dew above determined, or in a
glafs veflel inverted over water; the threads had only very
{mall motions backwards and forwards round their point deter-
mined in water, while the /ips had confiderable motions within
that point, without coming near it, if the zemperature was fen-
fibly above freezing point. Thence arifes the objeftion againft
the general propofition above ftated: for thefe two clafles of
hygrofcopes contradilting one another on the changes of moiflure,
nothing could be afferted in that refpe, till there were {utfi-
cient reafons to exclude one of thofe clafles of informers, and
to truft the other clafs.

33. Proceeding to multiply the fpecies of thofe two claffes
of hygroftopes, 1 found always the fame fundamental march in
Jips, all of them conftantly moving in the fame diretion ; but
in multiplying the {pecies of threads, 1 found fuch variety
between them, that in their own clafs they created diftruft;
fome of them, as of deai, aloes pitta, liber of lime tree, quill,
and thin flems of gramen, in coming out of water, increafed in
length . they went farther that way, to a certain point, as the
air was dryer : they retrograded then with accelerated fieps,
when drynefs increafed, thereby returning to the point where
they had ftood in water ; and they continued to move in the

fame retrograde way, with great acceleration, by a fhll in-
creafing
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creafing drynefs. Moreover, they did not follow one anothet
in thofe motions contradiory to the evident march of moiffure :
each of them changed dire@ion at different periods, thereby
often contraditing alfo each other, while the fips conftantly
agreed together in-the direCtion of their motion, and alfo with
all the other {ymptoms of meiffure. From thefe comparative
phznomena I firft concluded ; that the motions of the fame
kind, which I had obferved in the firft-mentioned ¢hreads, were
alfo anemalies, proceeding, only to a fmaller degree, from a caufe
of the famenature as that of thefe laft. After which, fimilar
i}’iﬁptoms, which I had formerly obferved in the water thermo-
meter near the freesing point, made me firft conclude, from a
general analogy ; that the perceivable modifications of the
threads, were the compound effes of two contrary operations
of moifture which followed different laws.

34. Another phznomenon led me foon after to a more des
termined theory in refpe&t of thofe two oppofite effe@s of

moiflure.on threads. 1 have faid above, that bemp and gut have
only a very little retrogradation ; their greateft difference from
the /lips confifting in their being fationary, while the Jlips have
ftill great motions. But when thefe fame zhreads are 1wifled,
they acquire a very fenfible elongation beyond their point of
extreme moifiure {ucceeded by retrogradation. From feveral
trials 1 have made in twiffing thefe threads more and more, T
do not confider as impoflible, if fome dzfﬁculnes, which I
only could obviate in part, were completely prevented, that
they might be brought to fuch a flate, as fo have their point of
exireme dr} nefs coincide with thatof exireme mozflure ; by which
means, in the progrefs of mojfture from one extreme to the other,
they would move firft in one dire@tion with decreafing fteps, then
in the oppofite diretion by increafing fteps ; the whole, however,

5 with
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with great irregularities, Here then we fee two oppofize effeds
of moifture ; one which lengthens the fibres; the other which,
by fwelling the twiffed ftrings, fhortens them; and we fece
thofe effe&ts follow different /aws, from which is produced a
retrogradation that we may change ad libitum.

-35. Now, the texture of animal and vegetable fibrous {ub-
ftances muft be a fort of reticle, which exifts in thofe which
are naturally in thin zbreads, and in the moft minute fa/ciculi
that we can {eparate from a mafs; and we fee it in the laft cafe,
for in {ubdividing thofe fafciculr, there are always fibres break-
ing in the points where they were anaftomofed with others;
confequently, the primary fibres of thofe {ubftances form be-
tween them mefbes fimilar to thofe of a ner; and thofe mefbes,
which are widened by the introdu@ion of water, muft produce
in the threads the fame effe@ as the 7wift in the above frings.

36. If then moifture, in alting on vegetable and animal
‘threads, natural and artificial, produces on their /engsh two op-
pofite gffeéts; one of which, {mall at firft but increafing gra-
dually, compenfates at fome period the other which is firft
vifible, and furpaffes it afterwards, fooner or later, according to.
the nature of the threads; it is evident, that they cannot be
proper for the hygrometer ; fince, from the indication of fome
of them it might fometimes be concluded, that mofure
changes in one¢ fenfe, while it really changes in the contrary
fenfe; and from fome others, that moiffure is extreme, long
before it is really fo. As for the flips ; fince moiflure has only
one effe& on their length, that of widening more or lefs the
mefbes of the crofs fibres, I concluded ; that all their hygrofcopic
indications, in every part of their fcale, were #7ue in refpeét of
increafe and decreafe of moifture; and that confequently, that
clafs of Aygrofcopes mlght be depended upon on that important:

point.
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point.  As for the exal ratio between the indications of thofe
laft bygrofcopes, and the cba/z(re.s of moiflure, ihat was.to be the
object of a particular inquiry, to which I now cerae.

Of 1he {cale of the hygrometer between the trvo fixed points,

37. The long attention I had formerly given to the compa-
rative expanfions by beat of various kinds of liguids and folids,
made me expe the variety I afterwards found in “the mo-
difications of Aygrofcepic fubftances by moifure; therefore,
as I exprefled it in § 2. of my firft Paper, my view was only
at that time, to find fome means of producing a fteady compara-
ble hygrometer ; but afterwards I pointed out, in § 72, a means
which had occurred to me, for attempting to find the ratio be-
tween the expanfions of {fome determined Aygrofcopsc {ubftance,
and the correfpandent sncreafes of moifture ; which was, to com-
pare the firft with the correfpondent changes of weight, of the
fame or of any other fubftance; an idea which I did not then
much f{crutinize, not yet thinking of its execution.

38. From what I have faid above, I did not want any other
motive of choice between the /fips and the threads than their
comparative marches ; but though the /fiips agree always in the
direétion of their motions, there are differences in the progref--
fion of their comparative fteps; and that difference led me to
examine mote attentively the above means of finding which of
thofe marches agreed beft with that of moifiure. The refult of
that examination was diftruft, at leaft in refpe of an imme-
diate decifive means. Wit the view of rendering the changes
of weight more eafily meafurable, I had firft thought of fome

fubftance pofiefled of a ftrong affinity with water; but on con-
fidering



Hygrometry. 25
vﬁdering the hygrofeopic phenomena of thofe {ubftances, it ap-
peared to me, that their changes.of weight could not be pro-
portional to the degrees of moiffure in the medium 3 and that
even the fenfe of the word moiffure applied to them was very
difficult to determine (§ 14.). As for the fubftance of the
bygrometer itfelf, 1 'did not find any reafon to think, that its
changes of 2weight could be more proportional to moifiure than
its degrees of expanfion; fince on thefe laft depended in pdrt
the quantity of water that could be admitted into its pores at
each degree of moifture in the air.

39. Being thus difappointed in- my firft fcheme, I thought
of a more direét method, which was to a&t on moiflure itfelf,
by firft producing, in a glafs veflel containing an Aygrofcope, as
much drynefs as 1 could conceive poffible at that time, and
then introducing into it fucceflive equal quantities of water,
for which I had found a fure means without opening the veflel.
But then again fome previous experiments deftroyed my confi-
dence in that method; having found,—i1ft, That the evapo-
rated water had a tendency to depofit itfelf againft the glafs
by the fmalleft difference between the infide and outfide zem-
peratures, even to the degree of becoming vifible on fome part
of the veffel, long before I had any reafon to expett extreme
moiflure—~2d, That by the common femperature of my room,
the Aygrofcope in the veflel remained always at a confiderable
diftance from its point of extreme moifture, though the bottom
of the veflel was covered with water ; and that it varied with
the temperaturé ; which could ‘not have happened if moiffure
had been extreme.~3d, That when I endeavoured to increafe
moifture in the veflel by cooling it, I produced very often the
contrary effe&, at the fame time that a quantity of the diffemi-
nated water gathered over the glafs. *

Vor. LXXXI. E 40. As
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40. As in thofe trials the contradiction between the marches
of the flips and the threads was very evident, I was the more
difappoiilted to find, that the uncertainty of the real degrees
of moifture increafed at that very period ; for inftance, fetting
out from fome dry point, and moifture increafing, the march of
a thread of wbhalebone was evidently in a decreafing progreffion,
comparatively to that of a fip of the {fame fubftance ; and when
at laft there was a fuperfluous quantity of water in the veflel,
and the femperature was made to change, the thread was
almoft fationary, while the flip had confiderable motions,
often contrary to the {mall motions of the other ; while it was
at that very period, that the real degrees of mojffure in the
veflel could not have been afcertained but by an already fettled
hygrometer. 1 had no doubt that thofe anomalies were to be
attributed to the thread of awbalebone, not only becaufe of the
excefs of the fame modification in other #breads; but alfo con-
fidering the analogy between the comparative marches of the
two kinds of Aygrofcopes, and thofe of the thermometers, of
water and guickfilver : but as this was a very important ob-
je& for natural philofophy, I would not decide it from thofe
firft appearances ; and that confideration led me to a very great
number of various forts of experiments, which I made in view
of multiplying at leaft the indire fadts with which my theory
might be compared. However, asat laft I found a more dire&
means of verification, I fhall only mention that laft clafs of
sxperiments,

Expe-
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Experiments on the comparative changes of weight and dimen-
fions of fome hygrofeopic {ubftances.

41. T have faid above, that I could not find any folid reafon
to confider the changes in weight of a fubftance, as being
more proportional, than its changes in dimenfions, to the cor-
refpondent changes of moiffure in the medium ; -which doubt had
prevented me from undertaking that courfe of experiments.
But it occurred to me at laft, that if my theory on the compa-
rative marches of the flips and the threads were true, it might
be rendered certain by comparing thofe marches with the increafe
of weight of the fame fubftance: for inftance, taking a /lip and
a thread of deal, and having fome deal hung to a fcale, I was to
find, that while the /lip continues to lengthen, and the thread
to thorten, the fubftances continue. to receive water; and,
in general, that the march of flips, in every part of their feale
~on which the experiment may be regular, was more proportional,
than that of zhreads, to the correfpondent changes in weight of
every hygrofcopic {ubftance of the elaflic kind.

42. This having ftruck me as a fure means of deciding the
queftion, 1 fet immediately to work; and fince that time 1
have made a great number of experiments of that kind. They
were not at firft very accurate; but fucceffively I have mended
both the inftruments and the apparatus; and, after having fettled
every part that I looked upon as effential, and made in confe-
quence a new apparatus and new inftruments, I have begun a
regular courfe of experiments, of which I thall give here the
firft refults.

43. The apparatus confifts in two tin veflels; the firft of
which, and the moft ufed, is 16 inches high, 153 wide, and
5 deep. The front of this veffel is a plate of glafs, and the
back a tin-plate fider, which, being taken off, leaves that fide

E 2 of
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of the veflel quite open.  The fecond veflel has the fame di«
menfions as the firft; but its back 15 foldered, and its front is
of woven brafs wire. This veflel may be applied to the back
~of the former, in fuch manner as to make of both one fingle
veflel, which, when the Jflider of the fore-part is taken off, is
only divided by a vertical partition of woven brafs wire. The
ufe of that fecond veflel is to produce extreme drymefs in the
other ; for which purpofe it is filled with large pieces of qui.fé-
lime taken from the kiln. When that veflel is not ufed, it is kept
n a tin box which it fills intirely 5 and when it isin, as well as
while it 1s out for ufe, that box is kept thut with putty, by
which means the fame /ime may ferve many times in the fol-
lowing manner.

44. When I want to produce extreme drynefs in the firft
veflel, I apply to it the fecond, faftened with hooks; I then
pull out the flider of the firt, and ftop with putty the chinks
between them. When that firft operation is completed, I put
again the flider to the fore-vellel, and take off the other. In
this laft operation, fome moiffure might be introduced through
the chinks of the flider, before they are again ftopped with putty 3
efpecially as the deftruction of mozfiure in the veflel has made
room for more air to come in; but I prevent it by making firft
the apparatus fenfibly warmer than it was when I put on the
lime-veflel ; by which means, in the little time employed for
the operation, the motion of the air is from the infide to
the outfide, which prevents all accefs of ‘mojffure in the veflel.

45. To that firft operation fucceeds that of a gradual intro-
duétion of moiflure into the apparatus. It would have been
ufelefs to apply to that procefs the means I had imagined, for
ipreading fucceflive equal quantities of water in a clofe veflel ;
for the evaporated water depofiting itfelf in part, more or lefs,

on every furface, and the furfaces, efpecially of glafs, being
very
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very much multiplied in that apparatus when filled with in-
firuments, no real correfpondence could bé expefted between
the quéntity of evaporated water and the motion of the
inftruments ; therefore I again gave up the view of determining
that ratio, and procéeded in the following manner. At the
bottom of the apparatus, on one of its fides, there is an open-
ing, % an inch high, and 2} inches broad, which ufually is
kept thut with a tin plate and putty. The taking off, only
for a moment, that tin plate, is the firft operation by which I
introduce moiffure into the apparatus 3 which being then reduced
to the zemperature at which 1 make all my obfervations, namely,
60° of FAHRENHEIT, permits the external air to enter the veflel,
and come to an equilibrium with it at the fame temperature. By
keeping off the tin plate longer and longer, I admit new quan-
tities of mo flure into the veflel 5 and when that means is become
ineffeCtual, 1 introduce through the fame opening, a brafs
frame, which extends under all the inftruments, on which is
firetched a cloth that 1 wes by degrees more and moré? as long
as 1t may produce fome effeét at the above temperature. 1In
.order to have that temperaiure when 1 want it, I make thofe
experiments in a feafon when I may have fire in a ftove at a
proper diftance from the apparatus. The time when that
equal zemperature is neceflary in many refpeas, is that of the
obfervations, which I make twelve hours after each new intro-
duion of moiffure.

- 46. The inftruments I place in that’apparatus are of two kinds ;
the firlt of which are deams, made on the principle ufed by Mr.
Joun CoveNTRrY in his paper hygrometer, which principle I have
found of great ufe; for, with beams of that fort, as delicate as
mine are, if the total change of weight in an experiment is
not above 1 grain, . % part of it may be diftinctly obferved
on a weight from 3 or 4 to 20 grains ; but in my experiments,

3 in
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in which the total variation was from 5 to 6 grains, the ob-
fervable part 4vas only L% part of a grain. Thefe two &eams
are placed on the fame line through the middle of the depth of
the veflel, and their indices move in that plane; their motions
are in an oppofite fenfe by the fame changes of weight, be-
caufe I wanted the two {fubftances fufpended to the beams, to
hang near one another in the middle of the veflel. The other
inftruments are frames, in which an sndex is moved by the
variations in length of a very thin flip or thread, Thefe frames

are placed before and behind the beams.
47. In the firft experiment that I made with that appa-
ratus, the fubftances fufpended to the beams were deal and
quill, reduced to very thin fbavings, which were fretched
edgewile in thin brafs-wire frames. The weight of each kind
of thefe /havings was 12 grains, at a certain degree of the ther-
mometer and of my hygrometer. The other hygrofcopes were
Sips and 1threads of the fame {ubftances as the Jbavings, and
alfo of whalebone. Thefe ix laft inftruments have their point
of extreme drynefs taken in my Jlime-veffel, and their point of ex-
ireme moiflure in water 3 the interval between thefe points is
divided into 1co parts; and on the feales of the threads the
degrees are prolonged beyond this laft point. The Aygrofiopic
fcale of the fhavings could not be fixed before the operation 3
therefore the fcales of the beams ferved only to indicate the
comparative motions of the index; but afterwards, taking for
o, the point where the mndex ftood by extreme drynefs, and for
100, the point of extreme moifture, which 1 fhall explain, the
interval between thefe two points became a modulum by which
I have alfo reduced into 100 pasts of the who/e the changes
obferved in the weight of the /bavings. 1 fhall not-give here
the abfolute quantities, either of the changes of weight, or
of
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of thofe in length of the other bygrofeopes, having not had
time to make the neceflfary calculations, of which however I
have the data.

48. The neceflary time for a complete diffufion of the newly
introduced mozfture in the veflel renders it impofiible to proceed,
in that introduion, by regular fteps. The method I ufe is,
to obferve the motion of my ufual bygrometer, which is a_flip of
whalebone, and to remove the caufe of increafe of moiflure be-
fore it has moved 5 degrees. In that manner the fteps of the
increafing mosfture have been in general lefs than g degrees of
that inftrument; but, by interpolation, I have reduced them
to what they would have been if the fame inftrument had
been moved fucceflively 5 degrees.

49. T have faid before, that when the maximum of evapora-
tion 1s produced in a clofe veflel by a zemperature {enfibly
above the freezing point, there is no regularity to be expelted in
any farther attempt to increafe moifiure; the difleminated
water ‘being then abundant, the {malleft difference of tempe-
rature between different parts of the apparatus makes it depofit
itfelf on fome furface, and pafs from one to the other (§ 59.) 3
which circumftance is alfo mentioned by Profeffor PicTer of
Geneva, in his late work, Ejais de Phyfigue. For that rea-
fon, when the evaporated water in the veflel was near its maxi-
mum, my laft operation was, to put in again the we# cloth, while:
Tkept the temperature at 60°, and to take it out when the /ndices.
of the beams were fixed. My ufuval bygrometer. was then at
8+°; and as it had fill 13 degrees to move towards its point of
extreme moifiure, and all the others in proportion of their known:
marches, 1 have added to the obferved increafes of werght in
the Jhavings, a quantity proportional to their former marches

2 comparatively
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comparatively to that of their refpe@ive fips; and thus are
completed their bygrofcopic fales. Repeated trials have thewn
me, that the weight of the fhavings increafes as long as their
Jlips increafe in length; but as there is no regularity in their
comparative marches at that period of moiffure in a veflel, nor any
poflibility of making thefe ex}neri‘ments in open air, becaufe of
the beams ; the addition mentioned, which forms the three laft
terms of the columns of the fbavings in the following table, is
to be confidered only as having determined the modulum of the
obferved terms ; fince it has not changed the 7as70 between them,
nor confequently the correfpondent marches of weight and
length o far 3 which were the only object of the experiment.
50. Before I come to the general refult of that experiment,
I fhall place here a comparative view of the two kinds of phz-
nomena, which, by their analogy, led me firft to the -theory I
have expofed : I mean the comparative marches of the flip and
thread of whalebone on one fide, and thofe of the thermofcopes
of quickfilver and water on the other fide. In this table the
correfpondent zerms of the hygroftopes, from o of both to 85 of
the /lip, have been obferved in the above experiment ; the four
following are the refults of obfervations in time of increafing
dew. 'The correfpondent terms of the thermofcopes are deduced
from the zable of their comparative expanfions which I have
given in § 418. m. of my work, Rech. fur les Mod. de I’ Atmo-
Jphére; from which zable this only differs, 1ft, by a change
of, the modulum, in the ratio of 8o to 1003 2d, by an inver-
Jfion, which brings the erms of this table to exprefs compara-
tive condenfations of the two liquids.

HveGro~
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HvYGROSCOPES. THER MOSCOPES.

Whalebone =~ Whalebone Quickfilver; Water.

Slip. Thread.
Extreme o 0,0 drynefs. Boiling o 0,0 point.

5 12,1 5 93

10 30,1 10 18,3

15 41,1 1§ 26,3

20 51,1 20 35,0

25 59,1 25 42,7

30 65,6 30 49,2

35 70,1 35 56,7

40 70,5 40 635 E

45 81,8 45 69,0

50 85,8 50 74,5

55 88,8 55 79>

6o 91,3 6o 83,8

65 9353 65 87,9

70 95,6 20 91,8

75 9756 75 950

8o 98,6 8o 9755

85 99,6 85 989

90 100,1 go 99,9

: 95 100,5 95 100,5

Extreme 100 100, moifture. Freezing 100 100. point.

51, The firft part of that table thews, the great fteps of the
thread of whalebone, comparatively with thofe of the Jlip of the
fame fubftance, at the beginning of their correfpondent increafe
in flength; but the thread relents by degrees, and a nearly fig-
tionary ftate fucceeds, in which, while this Aygrofcope moves
firft 1,9 degree from ¢8,6 to 100,5, then retrogrades o,5

Vor, LXXXI. - F. degree



34 Mr. pE Luc on

degree to come to its point-of extreme maifiure; the jflip, con-
tinuing to move in the former direion, goes over 20 degrees.
The phznomena are the fame in the part of the table relating
to the thermofcopes s that of awater proceeds alfo at firft by great
fteps, comparatively to that of guickfilver 5 after which it relents,
and while it moves only .3 degrees, and retrogrades 0,5 degree
to come to the freexing point, the quickfilver one, continuing to
move in the fame direGtion, goes over 20 degrees. It was
from that phenomenon of the water thermojcope that 1 con=
cluded formerly, that there was in its march a flationary fate,
during which the: bear decreafed nearly as indicated by the
guz'c/%ﬁlvér one; and that conclufion was afterwards confirmed
by direé&t experiments. From that afcertained fa@, I was led
to conclude, with refpe& to moifture, that there was alfo a
Stationary ftate in the march of hygrofcopic threads, even in
thofe which had the {malleft retrogradation, as that of whalee
bone 5 and this theory will be confirmed by the refults of the
above-defcribed experiment.

52. The following table contains thofe refults, namely, the
correfpondent marches of all the mentioned hygrofeopes; the
Shavings increafing in weight, and the flips and threads in length.
The 3 laft comparative zerms do not refult from that particular
experiment ; for the /bavings (as I have faid above) they are
concluded from the former comparative fteps ; for the other in~
ftruments, they have been obtained by obfervations in the
open damp air.

WHALE-
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5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
8o
85
90
95
Extr. moift. 100

Hygrometry. %
WuALEBONE. Qurrr. DeaL.

Slip. Thread. Shavings. Slip, Thread. Shavings, Slip. Thr,
0,0 0,0 0,0 0,0 . 0,0 0,0 0,0
12,1 7,0 4,8 40,0 6,2 54 42,0
30,1 13,0 9,7 * 72,0 9,4 11,2 69,4
41,1 20,0 14,4 85,0 15,6 16,5 94,8
51,1 26,0 19,2 95,0 22,6 21,9 107,0
59,1 31,0 23,9 I0I,0 27,0 27,2 113,6
65,6 36,0 28,5 105,0 33,2 32,7 118,6
71,1 42,0 33,3 107,0 36,0 38,3 122,6
76,5 43,8 38,3 102,0 41,2 43,7 120,6
81,8 48,3 42,9 104,0 46,7 49,2 123,6
85,8 52,3 47,4 107,0 49,7 540 126,0
88,8 56,5 52,4 103,0 56,1 59,9 119,
91,3 60,5 50,9 1050 599 64,9 122,7
93,3 64,4 61,9 106,0 63,7 69,7 119,7
95,6 69,4 69,2 108,0 67,1 74,5 117,6
97,0 740 72,2 107,0 73:4 79,0 I 1536
98,6 78,0 99,8 106,0 78,1 - 83,5 112,6
99,6 ~ 84,0 82,8 1050 83,8 87,5 1100

1oo,1 * 83,0 88,2 1036 * 88,8 g2,0 107,0
100,5 * 94,0 94,0 102,06 * 93,8 96,0 103,06
100. *¥100. 100, 100,  ¥100, ICO. 100.

From the 18 firft zerms of that table, which are the imme-
diate refults of the experiment, we are now to examine my
opinion, that the /lengthening of the flips of whalebone, quill,
and dealy beyond thefe terms 1s a fure fign that, till they have
attained their point 100, moiffure continues to increafe in the

medium where they are placed.

53 There could not be any doubt on that propofition, if it
were not for fome zhreads fimilar to that of wbhalebone ; which
threads, having fenfibly attained their utmoft /length at the

period when the experiment was ftopped, feem to indicate, that
moifture

E 2
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moifture is then at its mavimum. But if the Jengthening of
bygrofcapic threads in general, is the compound effet of two
oppofite caufes which follow different laws; it may be that,
in fome #hreads, thofe caufes happen to compenfate each other
at that very period ; by which means they are fiationary, though
moiflure continues to increafe. This was my opinion, and the
above experiments were undertaken to verify it, firft, by com-
paring the march of the flips with the increafe in weight of their
own {ubftance ; fecondly, by comparing the marches of different
kinds of threads with each other, and alfo with the increafe in
welght of their fubftance: and from that now we are to exa-
mine the above propofition.

54. In refpet of the fips my theory is, that as moifture
cannot a&t on their length but by widening the mefbes of their
tranfverfal fibres, they cannot go on /lengthening but by im-
bibing more and more moifiure, from its increafe in the air;
and this we fee to be the cafe, by comparing the marches of
the three kinds of fips with the correfpondent increafes in
aweight of the gquill and deal {havings, during the whole pro-
grefs of the experiment. There are differences in thofe marches
as I expefted (§ 37.); but they are not fuch as to give the
{malleft reafon to fufpeét, that afterwards, during the period
of the three laft zerms of the table, in which we have no ¢or-
relpondent obfervations of increafes of aweighs in the fhavings
of deal and quill, the fame law does not take place as in the
17 antecedent #erms. If the experiment was only made with
one kind of /ip, it might be objected, that though that Jlip
lengthens regularly during the whole increafe of moifiure from
its minimum to its fuppofed maximum, it is not impoflible but
that immediately after, by fome peculiarity of its nature, it
will /engthen, without any farther increafe of moiffure in the

mediam.
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mediym. But that furmife cannot be admitted when the fiss of
fuch diffimilar fubftances as whalebone, quill, and deal, {enfibly
agree in their motions at that period, and when a number of other
Jlips of the vegetable and animal kinds follow alfo the fame
general march.

55. In refpe& of the threads, which are the only caufe of
the above doubt, my theory, which removes 1t, is alfo con-
firmed by that experiment. That caufe of doubt is exemplified
in the table by the thread of whalebone, which has almoft no
motion, while its /lip moves from 85 to 1oo. At that period
of moifture, no regularity can be expe@ed from experiments
made in, clg;. veffels; by which circumftance, not having the
correfpondent obfervations of weights, 1t cannot be demon-
ftrated by immediate experiments, that the tbread of whale-
bone is then ftationary from its nature; but the threads of
quill and deal, which are in that ftate during the regular courfe
of the experiment, will guide us in that enquiry. The thread
of quill is flationary during that great part of the obferved in-
creafe of moiffure, by which the thread of wbhalebone moves
from 71 to 97,6 : the zbread of deal 1s allo fationary, while
the fame thread moves from %1 to 91,3. They both after~
wards rez‘fogmde; the gusll from 107 to 100, and the dea/
from 122,6 alfo to 100: and it is during the latter part of that
retragradation, correfpondent to a continued dirett motion of
the flips, that the thread of wbhalebone, and fome more of its
clafs, after a very decreaffzo march comparatively with all the
Jlips, are at laft fationary, and then a little retrograde. In that
fationary frate of the threads, while moifture proceeds in the
fame dire&@ion, they move backwards and forwards, more or
lefs, according to the duration of that ftate, and to the quan-~
tity of the reirogradation. ‘This may be feen by the table, in

refpeck
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refpet of the tiread of deal and quill; and T have obferved it
conftantly, in a fmaller proportion, in all the z‘brmds which
have their flationary ftate at the lalt period of mosfure, with
this particular circumftance in all thofe motions backwards and
forwards, that they are never the fame in two different experi-
ments. 'That {ymptom already points out a complication of
caufes s but we fhall foon fee a more diftin& proof of their
exiftence.

56. My theory on the march of hygrofcopic threads is
founded on this general principle, that a retrograde effe®, how
{mall foever it may be, if it is not produced by a correfpons
dent change in the caufe itfelf, is preceded by a_flasionary ftate,
during which, and the retrogradation, the intenfity of the
caufe continues to zzcreafe: and this alfo is exemplified in the
experiment.  The flationary ftate of the thread of deal begins,
when its /bavings have only imbibed from the air a quantity
of water = 36 ; it 1s ftill at the fame point when the quantity of
imbibed weater has increafed to 59,93 and in the part of its
retrogradation, which is fill contained in the regular courfe of
the experiment, that quantity of imbibed water increafes to
88,8. The fame, with only {fome differences in the degree, is
feen in the thread of quill; therefore, as we fee alfo fome,
though a very {mall, retrogradation in the thread of whalehone,
as well as in other threads of the fame c/afs, we have reafon to
conclude, that their apparent immobility before they come to
that point, while the /lips continue to move, is alfo a_fationary
ftate, during which they continue to receive water, by the
increafe of moifture in the air.

57. The experiments I have now analyfed are only one fet
amongft others which, though made with lefs accuracy, have

given the fame general refults. Thefe, relating to various

1 kinds
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kinds of fubftances, I intend to repeat, and to have the honour
of communicating their refults to the Royal Society; and I
thall conclude this Paper, with an immediate demonftration,
that the hygrofeopic motions of the fips are fimple, while thofe
of the zhreads are the combined effects of two oppofite caufes :
which will be a further confirmation of the whole of the
above theory.

On the recoil of hygrofcopic threads.

58. When formerly I concluded from the phwxnomena of
the awater thermofiope, that its condenfations were the combined
effeks of two oppofite caufes, which followed different laws,
it was not for haﬁing diftinguithed thofe two effes; but only
becaufe of a {mall retrogradation near the freezing point, preceded
by a_flationary ftate, comparatively with the march of quickfilver 3
but in the cafe of hygrofcopic threads and flips, in which we
have the fame phznomenon, the two oppofite effe&s are diftin-
guifhable, in the fhreads, by one being operated more rapidly
than the other, If, for inftance, I tranfport from adrier to a
damper place (or inverfely) the two kinds of quill hygrofcopes,
the /lip proceeds in an even courfe to a certain point, where it
remains fixed; but the thread moves in an zuterrupied manner
alfo to a certain point, whence it recoils. If that experiment
is made within the limits of the ffationary ftate of the thread,
it may recoz/ as much as it has gone the other way, and be
fixed at the fame point in both places. The cafe of the fip of
quill is common to every /iip, and that of its thread toall others
which have a quick motion. Here then we have fepararely therwo
effeks of moifture on the threads; that on the fibres themfelves
is the Jooneft produced, and at ficft predominates : the Soweft,

by
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by which afterwards the firft produced is more ot lefs coma
penfated, 1s that operated on the width of the mefbes; and it is
becaufe the laft of thofe effeéts is the only one that can affelt
the length of the flips, that, in every change of meifiure, they
move evenly, without any recosl,

59. To that demonftration of the exiftence of zwo oppofite
¢ffects of mojfture in the threads, 1 fhall now only add an exam-
ple of a fimilar phanomenon, in which the caufes alfo are
vifible, The compound frames, mentioned in § 24. are formed
of two glafi rods 4 feet long, fixed together at the bottom and
the top, A thin {lip of érafs of determined length, fixed to
one of the glafs rods towards the top, comes down from thence,
pafles over a pulley at the bottom, and turns up for half an
inch. To this end of the brafi {lip is fixed the lower end of
the hygrofcopic fubftance, the upper end of which is conneéted
with the 7/udex of the inftrument. It is by that means that,
whatever be the changes of 4eaz, provided they are flow, the
lower end of the hygrofcopic fubftance remains fenfibly at the
fame diftance from the axis. But if I take that inftrument out
of water at a low femperature, and plunge it immediately into
awarmer water, the /ndex inftantly moves as if the hygrofcopic
fubftance had lengthened ; which is the ¢féeé? of the brafs flip
dilating fooner than the glafs rods; then the index recoils, and
this is the gfeé? of a flower dilatation of the g/afs.

Conclufion.

60. T have concentrated in thefe pages an account of twenty
years affiduous labour in hygrometry, moftly occafioned by the
anomalies of the Aygrofiopic threads; and the principal refults

have been, fome determinations of the four principles that
directed



Hygromstry. 41
dire®ed me from the beginning, which now are as follows.
1lt, Fire, as caufe of heat, is a {ure, and the only fure, means
of 'obtaining extreme drynefs: this is produced by white beat in

“every bygrofcopic {ubftance that can bear it; andit may be thus
tranfmitted to-the byammefer. 2d, Water, in its liquid flate,
is a fure, and the only fure, means of determining the point of
extreme moiflure on that inftrument. 3d, It is not to be expeéted,

a prioriy, of any hygrofcopic fubﬁance, that its changes be pro-
portional to thofe of moiffure; but it may be affirmed, that
no fibrous or vafeular fubftance, taken lengthwife, is proper for
the bygrometer.  4th, A means-of throwing light on the march
of a chofen hygrometer, may be, to compare it with the cor-
refpondent changes in 2weight of many hygrofeopic fubftances.

- 61. From thofe determlmtxons in bygrometry {fome great
points are already attained in hygrology, meteorology, and che-
mifiry, of which I fhall only indicate the moft important. 1ft,
In the phaenomenon of dew, the orqz/} often begins to be wez
when ‘the ,air, a little above it, is fll in a middle ftate of
mosfture 5 and extreme moifture 1s only certain in that air, when
every folid expofed to it is wes (§ 28.). 2d, The maximum of
evaporation in a clofe {pace, is far from identical with the maxi-
mum of moiflure ; this depending confiderably, though with the
conftant exiftence of the other, on the zemperature common to
the fpace and to the water that evaporates (§ 30.). 3d, The
¢afe of extreme motflure exifting in the open tranfparent air, in
the day, even in time of rasn, is extremely rare: I have ob-
ferved it only once, the zemperature being 39°. 4th, The air
is dryer and dryer as we afcend in the atmofphere; fo that in
the upper attainable regions, it is conftantly very dry, except in
the clouds. Thisis a fa&k certified by M. DE SAUsSURE’s ob-
fervations and mine. sth, If the whole atmofphere pafled

Vor. LXXXI. G from
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from extreme drynefs to extreme moifture, the quantity of water
thus' evaporated would net raife the baremeter as much as half
an inch. 6th, Laftly, in ¢hemical operations on airs, the
greateft quantity of evaporated water that may be {uppofed in
them at the common temperature of the atmofphere, even if
they were at extreme moiffure, is not fo much as .4, part of
theit mafs. Thefe two laft very important propofitions, hawe
been demonftrated by M. pE SAUSSURE.
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