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XXII. A Second Paper on Hygrometry.
By J. A. De Luc, Ef. F. R. S.

Read July 14, 1791.

P ART 1L

"N the firft parz of this Paper * I have treated of the funda-
mental principles of hygrometry, and of fome hygrofcopic
phenomena; and this will relate to a particular application of
thofe premifes. |
62. Since the publication of my firft hygrometer, many
others have been invented, two of which are now principally
in ufe; the hair hygrometer of M. DE SAUsSURE, and my

bygromcter made of a flip of whalebone. 1f the comparative

points of thofe inftruments could be determined in the whole
extent of their fcales, the only inconvenience of their being
both ufed would be, the neceffity of reducing to one of them,
the obfervations made with the other; but from 70 to 100 of
mine, which f{pace includes the moft important period of mzo1/-
ture, their correfpondent indications are as different from one
another, and as variable, as if they were the effe@s of two very
different caufes. Therefore it is important to decide which of
them fhould remain our only meafure of moiffure, till, if pof-
fible, a better one is found. The following pages, I hope,
will lead to that decifion.
* See Page 1, of this Volume.
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63. The fundamental procefs of M. pE SAUssUrRE, with the
view of difcovering the effetts of moifture on the bair bygro-
meter, was this, He repeatedly caufed fucceflive known quan-
tities of water to evaporate into a clofe glafs veflel, previoufly
reduced to extreme drynefs, and containing that hygrometer and a
manometer; he obferved the correfpondent changes of thofe in-
{truments, and, by combining the refults of his experiments,
he reduced to regular feries the correfpondent motions of the
two inftruments by equal quantities of evaporated water.
Having confined himfelf to that only clafs of experiments,
which, from caufes that I fhall explain, could not difcover to
him the difficulties of his attempt, he thought himfelf war-
ranted to draw from them the following conclufions. 1t,
‘That the degrees of moifture in the inclofed medium, were nearly
proportional to the quantities of wafer evaporated in the veflel 5
and that, confequently, the rat/io obferved between thofe quan-
tities and the march of his bygrometer, could be confidered as
giving immediately the march of the inftrument correfpondent
to moiflure itfelf 3 which, according to our common opinion,
is a certain quantity of agueous wvapours {pread in the medium,
2dly, That when no more water could evaporate in the veflel,
the inclofed medium was arrived at extreme moifiure ; and that,
confequently, the point indicated at that time on his Aygrs-
meter, was to be the limit of its fcale on that fide. 3dly, That
having, from thofe experiments, a probable determination of
the expanfions of the hair by {ucceflive equal quantities of mai/=
ture, in beginning from the point were this is null, and ending
at its extreme, his inftrament could not differ effentially from an
abfolute hygrometer.

64. Thefe conclufions were very natural in the ftate of M.

DE SAUSSURE’s experiments 3 but before their publication I had
gone
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gone over a great field of Aygrofcopic phaenomena, in which
the hair, and a clofe vefjel, had a fhare; and thereby, feeing
the objeéts in another light than M. pE Saussurg, I doubted
of his conclufions, and I procured three of bis hygrometers, in
order to examine them on fome particular points. It was after
that immediate verification of my conjé&ures concerning his
“inftrument, that 1 fettled the following conclufions, very dif-
ferent from thofe above. 1ft, That morsturE, or the quan-
tity of vapour {pread in the medium itlelf, does not increafe in
an inclofed {pace in proportion to the quantity of water eva-
perated in it; becaufe of an increafing, but undetermined, part
of that water being depofited on the fides of the veflel; and
that, confequently, Mr. DE SAussurE’s experiments could not
afford the determination of a real bygrofcopic-feale.  2dly, That
the circumftance confidered by him as a fure fign of exsreme
moifture exifting in the inclofed medium, namely, the maximum
of evaporation in the {pace, hasonly that effe@ when the fem-
perature 1s very little above 32°; but that, by fucceflive in-
creafes of bear from that point, moiffure recedes farther and
farther from 1its extreme; or from the point where no more
vapour can be introduced in the medium without an immediate
precipitation ; though at the {fame time, there are fucceffive in-
creafes in the quantity of wvapour, and thereby a conftant maxi-
mum of evaporation correfpondent with the acual remperature.
3dly, That, in approaching to extreme moifture, the bair hygro-
meter becomes fationary, and afterwards a little retrograde, in
which march the unavoidable irregularities of every hygroftopic
{ubftance produce frequent anomalies; from which .caufe it
was very difficult for M. pE SAussurg, confidering the form
of his experiments, to difcover the hygrofcopic law exprefied by
the fecond conclufion ; and with the unknown exiftence of that
laww,
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law, to {ufpe& the march of his hygromefer : which accidental
complication I fhall explain hereafter.

65. When I publifhed thofe refults of my experiments and
obfervations, M. e SAUssURE rejeCted them ; not from having
made new experiments that had confirmed his opinions; but
becaufe he conjeftured inverfely, that my theory refulted from a
fallacious march of my bhygrometer: and the well-earned
reputation of that celebrated philofopher engaged me to
undertake every experiment that could help me to detet on
which fide was the error. 1 have related, in the firft pars of
this Paper, fome of thofe experiments; and now, for their
application, as well as for giving an account of fome others, 1
thall follow more particularly M. DE SAUSSURE’s procefs.

66. In a large glafs veflel, containing (as I have mentioned
above) .a manometer and his hair-hygrometer, which veflel he
had previoufly reduced to a known f{mall diftance from extreme
drynefi, M. DE SAUsSURE introduced from time to time a piece

“of awet cloth, which he weighed both before he put it into the
veflel, and when he took it out. The fucceflive increafes in
the quantity of vapour refulting from that procefs were indi-
cated ; on the manameter, by fucceflive increafes in the quantity
of the inclofed elaftic fluids, which caufed the quickfilver to
afcend more and more in that inftrument; and on the Aygro-
" meter, by fucceflive expanfions of the bair. The maximum of
evapcration Was clearly indicated by the manometer ; for, during
every lafting remperature, the quickfilver, after having afcended
to a certain point, remained fixed at that point, notwith-
ftanding a longer ftay of the wet cloth; and by repeating that
operation at different femperatures, M. DE SAUssURE determined
the quantities of evaporated water that, in a given {pace, and
by a given lemperature, produced the maximum of evaporation.

That
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That fingle determination, from its great confequences not
yet generally attended to, would be fufficient to fix the cele-
brity of its author, as I have already exprefled many times in
other works. _

67. But with refpect to a different conclufion from the fame
experiments, no lefs important to natural philofophy, I have
alfo faid, that M. pE SaussurE’s Aygrometer may have mifled
him. We have feen, that the manometer indicated, by an
indubitable {ymptom, the mawimum of evaporation; for here
the immediate caufe is clearly known, namely, the guantity of
elaflic fluids 3 and it is evident, that the quickfilver muft afcend
in the inftrument in proportion to that guanzity, and ftop when
it ceafes to increafe. But it is not the fame as to the indica-
tions of the hygrometer in refpe@ of moiflure: M. DE Saus-
surRE found himfelf that they were far from proportional to
the intenfities of their caufc; and in the laft ftage of his ex-
periments, though thefe indications did not vary much by the
different maxima of evaporation, they however varied in the
{pace of 1 or 2 degrees. But as thofe fmall differences on the
point where the hygrometer {topped in different experiments, did
not follow apparently any law conformable to the temperature,
M. pe Saussure confidered them as {mall anomalies, una-
voidable in hygrofcopic fubftances, and of little confequence
on a fcale of 100 degrees; therefore, laying afide that circum-
ftance, he could have no doubt, that, in every zemperature,
the maximum of evaporation in a clofe fpace was {ynonymous
with the maximum of moifture in that {pace; while, from my
experiments, thefe two fuppofed identical expreflions may differ
2, and fometimes %, of the real fcale of mojffure, which is the
cafe in the temperature of only 75° or 80° |

Vor. LXXXI. Fff 68. Let
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68. Let us now fuppofe for a moment, that the above Aygrofco-
pic law, and the march that I attribute to the bair hygrometer,
are real. In that cafe, if, during a conftant maximum of evapora-
tion, the temperature varies from 32° to 80°, mozffure will dimi-
nith £ and even % of the whole; or, in other words, the ftate
of the medium will be diftant by {o much from that in which a
new introdudtion of wapour would be followed by a precipita-
tion.  But at the fame time, in the whole of that period of
moifture, the bair hygrometer is fuppofed to move only 1 or 2
degrees backwards and forwards, with frequent irregularities.
Therefore, in the hypothefis, fuch a great change of moiflure
would be hardly fufpe@ted from thofe fmall deviations of the
hair hygrometer, in which at firft nothing appears to be regu-
lar; and thereby it 1s evident, that, by confining himfelf to
thofe experiments, M. pE SAussurE could not difcover thofe
two important laws of Aygrology and hygrometry, of which
I have here only fuppofed the exiftence.

69. Let us {uppofe again, that the basr hygrometer had not
exifted before a certain number of other experiments; and that
M. pe Saussurg, 1 his attempt to produce an inftrument of
that kind, had fixed on any of the flips made of fbrous vege-
table or animal fubftances cut acrofi the fibres, of which many
hygroftopes had been made before in a coarfer manner; and
that, in every other refpet, he had proceeded as he has done
with the ba/r.  In that cale, having placed his Aygrometer and
the manometer in the fame veflel, with a quantity of warer
fufficient for preducing the mawimum of evaporation in every
common femperature, and obferved alfo the points where
both inftruments ftopped in different lafting zemperatures, he
then would have found ; that the Aygrometer indicated lefs and
lefs moyflure, at the fame time that the manometer, by afcending

more
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more and more as the evaporation increafed by more beat, indi-
cated that increafe in the quantity of vapour, diftinét from the
expanflons of the jluids; and that each of thofe infiruments
remained alfo fixed in that flate of oppofite changes, by every
fufficiently durable change of femperature. The firlt obferva-
tion of that phaenomenon would have furprized him, as it
did me, and it would have induced him alfo to try fome other
of thofe Jfips; and by finding the fame phznomenon with
every one of them, he would have been convinced, that it was
a real Jaw of moiffure.  Laftly, if he had known Mr. JamEs
Watt’s obfervations on the great drynefi of the fleam of borl-
ing water, as long as it remains in a fpace as warm asthe
water that produces it (a condition always underftood when the
general laws of evaporation are the objet of inquiry); admit-
ting with me, as it follows from his own theory, that {uch fleam
is no other than the fame kind of vapour thus far mentioned,
only rendered capable of a greater denfity by more beat; he
would then have feen the importance of that hygrofcopic law
from its great extent. I have hardly any doubt, that extreme
drynefs would reign in a clofe place fimilar to Parin’s digeflor,
if there were a fufficient fpace above the water and a red
heat ; though that fpace would be filled with vapour to the
maximum. ‘This relates only to the hygroftopic law here in
view, on which, in the fuppofed cafe, I do not think we could
have had any controverfy.

so. Laftly, let us fuppofe, ‘that in order to try the effelt of
moifture on the fubftance he had firft chofen, or on fome other
of the fame kind of fubftances, but taken /engthwife, M. pE
Savssure had happened to try firft one of thofe which,
ufed in that manner, have a great refrogradation, as goofe-quill
and deal; and that, after having previoufly obferved it in the
Fffaz open
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open air, he had inclofed it in the moiff veffel, at a time when
the place where it ftood before had the degree of moifiure cor=
refponding with the flationary f{tate of that hbygrofcope, he
would then have obferved a phaenomenon as little expeéted as
the former : for after that inftrument had been inclofed in the
moift veffel, it would have moved, by that increafe of moiffure,
in the fame dire&tion as it had done in the open 7y air when there
was on the contrary an increafe of drynefs, Surprifed no doubt
at that phanomenon, M. bz Saussure would have fubmitted
his new inftrument to more experiments; he would alfo have
tried other #hreads, in which he would have found the fame fort
of march, only at various degrees ; and if, in the courfe of thofe
trials, he had fubmitted the Aair to the fame experiments, the
{mallnefs of its motions backwards and forwards, and their irre-
gularities, would not have prevented him from difcovering in it
the fame fort of march as he had then been ufed to fee in other
threads ; and thereby, he would have abandoned the whole
tribe of threads as unfit for the bygrometer.

»1. The whole of that {fuppofed courfe of experiments with
Jips and zhreads, 1s that which I have followed from the time I
had abandoned the conftruction of my firlt Aygrometer ; which I
did efpecially with the view of being able to try many fubftances.
‘Therefore my theory was formed in confequence of the two
above conclufions, which appear to me immediate, and fuch as
M. pE 5aUssurE could not have drawn differently, if he had
followed the fame neceflary {teps : and now I will prove, more-
over, that if it had not been for accidental circumftances in his
own procefs, the bair alone would have engaged him by degrees
to undertake the fame experiments.

72. M. DE Savussure’s firft hygrometers, having their index at

the top of the frame, could be plunged into warer ; and he
tried
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tried that method for fixing their point of exireme moifture, as 1
had done for my firft bygrometers. But in thofe trials he obferved,
that while his inftruments ftood in water, their indications re-
mained undetermined within a {pace of four or five degrees ; and
attributing that irregularity to a friction of the hair with water,
he thought it neceflary to change my method, to that of placing
the infirwment in a moiff medium, which he produced by means
of a glafs jar, wes on the infide, and inverted over warer. In
this method, the fituation of the index became indifferent ;
and, for fome particular reafon, he placed it at the bottom of
his new hygrometers, which then could not be plunged into
water. 'This laft circumftance was merely accidental ; how-
ever, we fhall fee how much it has influenced his opinions
in refpe&t of extreme moifure.

73. In the firlt account of his experiments, M. pE SAvs-
surE did not enter into thofe particulars; but they are in his
an{wer to me: and when 1 there faw, ‘that he gave as a reafon
for having abandoned the immerfion in water, that a firong ad-
befion of the bair to that liquid impeded the freenefs of its
motions, I found it more natural to aflign to the inftrument
itfelf the unfteadinefs of its 7zdex which he attributed to that
caufe. Indeed, in thofe firflt hygrometers, one end of the axis
pafled through a hole for the purpofe of carrying the /ndex outa
wards, which was a caufe of much frition ; that awis befides
was loaded with the weight of pretty large pincers, holding
the hair, and that weight was counterpoifed on the other fide.
Laftly, the connexion of the bair with the index was produced
by a fifver lamina, which, though very thin, oppofed fome re-
fiftance in bending round the axis. Thofe are defects that M.
pE Savussure correted afterwards; but they exifted in the
inftruments which he plunged into awater, and a weight of

5 only
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only 3 grains was not fufficient to keep their ndex {teady, either
in water or any where; and this he obferved himfelf.

74. Notwithftanding that natural explanation of the unftea-
dinefs of M. DE SAUsSURE’s firfk Aygrometer when in water, I
thought it neceflary to try, in the fame circumftance, fome
well-conftruted hair . bygrometer ; therefore 1 made two, fimi-
lar to the laft of M. pE SAUssURE’s in every refped, except
that of having their index at the top; and for the conne&ion
of the hair with the awis, 1 ufed a kind of pincers, not above
half a grain in weight, with a hair-like bit of Aemp, which I
know does not alter in any fenfible manner the march of the
inftrument. Now, thefe bair hygrometers, with their weight
of only 3 grains, being put into water, follow in it their own
laws, arrive and remain fixed at their once fettled point, as
well as any of my other hygrometers. This M. pE Saus=-
surE would have alfo found, if in the improvement of his
inftrument the axzs had remained at the top.

75. Before I explain the influence which that accidental cir.
cumftance of the place of his i#dex has had on his opinions with
refpe& to extreme moiffure, 1 muft mention another of the
{fame kind which has contributed to the fame effe@. It is evie
~dent, both from theory and from M. DE SAUSSURE’s own expe-

riments related above (§ 66.), that a fufficient quantity of wa-
zer n any part of a clofe veflel is the only requifite for pro-
ducing in it the maximum of evaporation; but, with a view of
accelerating that effec for the common purpofe of fixing the
point of exireme moiflure on his bygrometer, he prefcribes
aetting the infide of the veflel, befides mvertmg it over
water. He did not (and indeed he could not) forefee the
confequence of that alteration in his firft procefs; but in

fat it was fuch as to prevent him from difcovering, even with
time,
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time, in thofe operations, what he would have feen immediately
if his laft hygrometers could have been plunged into water. .

76. After the improvement of his Aygrometers, their index
was no more {ubjeé to that unfteadinefs obferved in the firft;
confequently they remained fived under the moiff veffel; but
they did not fix at the fame point every time; and it happened
accidentally, from caufes of irregularity in the vefe/ itlelf, that
in fome of the cafes, when the bair was the longefl, a precipi-
tation of water happened (by fome partial cooling) on fome
part of that veflel; and he took that appearance for a {ure fign
that there was a fuperfluous quantity of water in the inclofed
air. From that accidental connexion of circumfitances he con~
cluded, that his Aygrometer indicated two different ftates of the
medium in relpeCt of extreme moifture; one, correfpondent to
about 98 on that inftrument, which he confidered as real ex-
¢reme moiflure, or that {ltate of the medium in which no more
vapour could be introduced into it without a precipitation; the
other, when fuch a precipitaiion took place, which he made
correfpondent to 100, or to the greateft /length of the hair.
Prepofiefled afterwards with that opinion, when I publithed my
comparative experiments of his hygromeser and mine, in which
the latter {tood {ometimes at 8o when the former was at 98,
he concluded from that circumftance, that while his Aygrome-
ter moved only 2 degrees by the utmolt effelt of a fuper-
Saturation of the medium, mine had zo of thole mfignificant
degrees. In this centers the whole of our difagreement, and I
am now going to trace its caufe in the accidental/ circumftances
above defcribed. ,

77. When Iplunge my hair hygrometers into water, where,
as 1 have faid, they come to a fixed point, that peint does not
indicate the greatefi length of the hair; for, on the contrary,

that
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that zhread is then fhorter than it is moft times under the moif
veffel.  This M. pE Savussure would have feen, if he had not
been prevented, by the fituation of the 7zdex in his improved
hygromeier, from trying again the effet of warer on the hair;
and that phenomenon alone would furely have given a different
courde to his ideas ; efpecially he would not have fuppofed, that
the hair lengthens 2 degrees more, by a fuper-faturation of the me=
dium, or by the immediate contact of concrete warer. ‘
28, If, alfo, when he fettled the manner of determining
~ the point of extreme mojflure on his hygrometers, M. pE Saus-
surE had retained the fimplicity of the procefs he had ufed for
his fundamental experiments, in which a piece of wez cloth
had been fufficient for producing the maximum of evaporation
in his large veflel 5 and, in confequence, had contented himfelf
with inverting his glafs jar over water, without westing it
on the infide, he would have avoided a great caufe of decep
tion which I am going to explain. In my firft experiments on
the comparative marches of our hygrometers, in which I fol-
lowed M. pE Saussurg’s prefcription for the moiff weffel, 1
found fome anomalies which puzzled me. M. pE SAUSSURE
himfelf took notice of them in the account I gave of thofe
experiments, and attributed them to my inftrument. I did not
agree with him in that refpec; but it was long before I could
difcover the real caufe of thofe anomalies. The firft flep
towards that difcovery, was the refle€ting on the ufeleffnefs of
wetting the veflel on the infide, for the only purpofe of pro-
ducing in it the maximum of evaporation. That confideration
engaged me to undertake a new courfe of the fame experi-
ments, with a glafs jar merely inverted over warer; and by
that means, the greatelt part of the real amomalies being re-

moved, 1 obferved clearly in the march of the hair, the
contbined
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combined effe®s of its own property, and of the hbygrofeopic
law relpeéyng evaporation which was known to me from other
phznomena. ‘

79. As for the caufe of thofe amomalies which had been
removed by the change of the procefs, the following phenome-
non led me to difcover it. I obferved frequently, at times when
my hygrometer, piaced under the jar, ftood at a confiderable dif-
tance from its point of ewireme moiflure, that a very {mall dimi-
nution of heat was fufficient to caufe, on thelower part of the
veflel, the formation of a farnifbed rim, extending one or two
inches above the furface of the water, with a thin vanithing
edge. Having refleCted on that phznomenon, from the me-
chanifm I affign to the operation of fire in the very alt of
evaporation 1 concluded, that in {uch a flagnant air every eva-
porating furface had an atmofpbere of extreme moiffure, which
extended as indicated by the zarwmifbed rim; and that it was
only beyond that limit that reigned the other /zw, of a de-
creafing moifture, correfpondent to the increaling maxima of
evaporation by an increafing beat. ‘That new law of evapora-
tion offered evidently an adequate caufe for explaining the ano-
malies obferved in the awes veflel; for glafs retains concrete
awater very imperfely, and it runs down very foon from
many of the places which had retained it. Confequently,
under fuch a partially wes veflel, and differently fo at different
times, the inftruments muft be varioufly affected by .{cattered
atmofpheres of extreme moijiure.

8o. However, before I could truft that explanation, I
wanted to {ubmit it to fome dire&t experiment; and I fuc-
ceeded by a means which at the fame time realized what M.
DE SAUssURE thought he had obtained, namely, to produce ex-
treme moifture in a clofe {pace, during any common femperature,

Vor. LXXXL. Ggg without
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without any precipitation of water from the medium. 'This 1
have produced by means of a wire cage, 4 inches in diameter,
covered with cotton cloth, having at the top a refervoir, by
which the cloth 1s kept thoroughly wef for a long time ; which
cage befides is inclofed in the glafs jar inverted over water. In
that apparatus, though in fummer-time, every hygrometer,
cither thread or flip, moves and fixes itfelf, not fo {peedily, but
elfe exallly as if it was plunged into water, without any fuper-
Jaturation of the inclofed medium, or precipitation of water on
the bygrofcopic {ubftance.

81, We may fee now that the idea of two forts of extreme
moiflure 1s without any foundation. In order to enforce the
neceflity of taking the point of ewtreme moiflure in the air
brought to that ftate, and not in wazer, M. DE Saussure fays,
¢« That the hygromeier 1s not to meafure the moiflure of water,
¢ but that of the @ir.” This at firflt appears plaufible; how-
ever, in reality, zoiffure s no more to be confidered in water
it{elf, than Aeat in the fluid called fire. Water is the caufe of
motflure, as ﬁrve‘ is the caufe of beat; but thofe ¢ffeéts are not
produced oz their caufes; it is oz other fubftances. Therefore,
if fome Aygrofcopic fubftances are placed in a medium which has
attained exfreme moiffure, and, in proportion as they take
water from it, the lofs of that awater be conftantly repaired
by a new evaporation, they will receive by degrees in fuch a
medium, without any precipitation, as much awater as if they
were plunged in water itfelf; for the limitis their capacity,
which I have explained in § 19. This 1s the fame theory that
1 had expreffed in my firft Paper on Hygrometry 5 and it is com-~
pletely confirmed by the above experiment, with the difcovery
of this new hygrofcopic law: ¢ That in a fagnant air, every
“ evaporating {urface has an atmofphere of extreme moifture,

¢ which
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¢ which extends in a fpace of few inches, diminithes rapidly,
¢ and does not interfere beyond that limit with the other Jzws
¢ of moifture.” ’

82. I fhall now explain, by an example, what is the funda-
mental deviation of an hair bygrohzﬁer, introducing in 1t, for
a moment, thofe two. fingular points 98 and 100, which, in
M. pE SaussurE’s experiments, were a very natural caufe of
miftake, A bair hygrometef and mine, being in a clofe vef-
fel, at a time when the temperature, {fenfibly conftant, fhall be
but little above 32 3 if moffture is firft introduced into that veflel,
fo as to bring the air hygrometer, by a very flow dire& motion,
to 98, my Aygrometer will ftop between 70 and 7535 and both
inftruments will be fixed, if moiffure and beat remain the fame.
Let moifture then be madé to increafe very flowly, till the hair
hygrometer has attained its point 100 ; mine will have arrived
at 803 and they again will remain at thofe points as long as,
with the fame remperarure, the fame quantity of vapour fhall
remain in the veflel. Laftly, let a fufficient or fuperfluous
quantity of water be introduced into the veflel, the bair hy-
grometer will retrograde to 98, and mine proceed to 100, at
which points they will ftop, whatever be the quantity of wa-
ter ; and they will remain fixed, as long as the beat thall not
increafe. This explains the riddle of the fingular point 98, or
of a certain point, various in different bair hygrometers, various
even, at different times, in the fame individual, at which that
inftrument ftands with very diffcrent degrees of moifiure; confe-
quently, its little motions round that point may create great
deception, efpecially from the nature of organized {ubftances,
on which now I fhall add a few words.

83. The above is the fundamental march of the hair hygro-
meter, fuch as it is on the whole, and as it would be con-

Ggga ftantly,
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ftantly, if no other caufe interfered ; but it is fubje& to dif-
turbing anonralies, which become worthy of attention within
that fmall critical {pace which I have defcribed. The texture
of organized hygrofcopic fubftances occafions a friction between
their parts, when, by the changes of moiffure and heat com-
bined with their elafficity, they undergo changes in their refpec-
tive pafitions ;‘bwhereby they Vhardly can completely return to
the very fame. arrangement, though with the fame external
circumftances; even at extreme maﬁu)‘e, when, there being
lefs friciion between their particles, the greateft part of the
difturbances produced in their former motions are reftored. To
that general caufe of irregularity is added a particular caufe,
when thofe fubftances are in the ftate of hygrometers; this is
the influence of two oppofite forces ading conftantly on them ;
one, the tendency of their component parts to remain united ;
the other, a weight or fpring which tends to feparate them.
Certain accidental arrangements of their component parts give
them more power to refift the aftion which tends to feparate
them; and thofe arrangements are very changeable, by the
alternate introdution and espulfion of moifure, by a long ftay
within a {mall compafs of variations, and by more or lefs
heat.  This isa large field of fa&ts and f{peculations, not un-
interefting in itfelf, but on which T muft not dwell: what I
have faid or thofe caufes is fufficient to account for the anoma-
lies to which, more or lefs, every bygrometer is {ubje. But
whereas in the /lips, thofe anomalies create only fome irregulari-
ties in the obfervations, without any deceiving confequence in
refpect of the laws of moifture, they may deceive when they hap-
pen tointerfere in the critical part of the march of fome threads ;
for inftance, if, by a certain accidental arrangement of the con-
ftituent parts in a fip of whalebone, there happens to be fome

2 renths
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ientbs of a degree difference, from one experxment to another,
on its point of extreme mojfiure, that anomaly cannot be of any
confequence on the determination of what muft be confidered as
that ftate in the medium; but if it happens to the bair, which,
in approaching extreme moifture, has but very {mall motions,
it may reverfe thofe which 1t had had naturally (as I have ob-
ferved it fometimes) and become a caufe of deception.

84. 1 have now explained, how mere accidental circum-
ftances have been the caufe of a difference in the ideas that M.
pE Saussurk and I had formed on what is to be under-
ftood by extreme moiflure n every cafe; and I am going to:
illuftrate the whole of that fubjet by a fingular fa&. An
hygrometer made with a box thread, or a thin fafticle of
the fibres of that wood, being placed in open “air, next to a
“hair hygrometer, or to moft of the other inftruments of that
fort, moves in a contrary way from them; but we may lay
afide that circumftance, by fuppofing, that the #umbers, marked
on the dial of the firft, are increafing in the oppofite direction
from thofe of the other inftruments. Let us then fuppofe, that
fome experimental philofopher had chofen the box thread. for
his hygrometer ; with him I fhould have fallen into no contro-
verfy on the point of extreme moifiure; for, either under the
moift veffel, or in any other cafe approaching extreme moifture,
his Aygrometer would have moved like mine. But the box
thread, at approaching extreme drynefs, firlt relents much its
pace, then becomes ffationary, and afterwards retrograde ; by
which property, with the concourfe of fome accidental circum-
ftances as have happened in M. DE SAUssURE’s experiments,
the very \fame queftions that I have examined with {fo much
labour in refpe& of extreme moifture, only becaufe of the bair
hygrometer, would have been tranfported to the point of ecx-

treme
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treme drynefs; which, however, till now, has created no
«doubt.

85. That fingular thread illuftrates alfo another point, clofely
connected with the retrogradation of its tribe, but not to be
confounded with it; I mean the recoi/. The common caufe of
both phanomena is, two oppofite ¢ffeéts produced by chmiges
of moiffure, on the length of threads. ‘The retrogiradaiion in
the march, comparatively to that of moifiure, is produced by
one of the ¢fects, which before was furpafled by the other,
Tbecommg predominant ; and the recos/, or a returning back a
part of a firlt ftride when mozfture changes fuddenly, is pro-
duced, by one of the ¢ffeéts, that on the fibres themielves, being
performed fooner than that on the fort of rezicle formed by the
Sibres. Now, the dox thread having its retrogradation at ap-
proaching extreme drynefs, there alfo the recoi/ becomes fenfi-
ble: it appears in the firft modifications of that #bread when
placed in my dry weffel, by motions backwards and forwards,
as it happens to fome other threads, when taken out of warzer,
or expofed to any other fudden change of moiffure. The box
thread having a {low motion, no recoi/ is clearly diftinguithable
in its common march ; whereas the hbair and the guill-thread,
which, in appearance, are very quick, have generally a very
difturbed motion when moiflure changes fuddenly. I have feen
them, when in a free air, and happening to be in their fa-
zionary flate, moving quickly one way in a {pace of 1 or 2 de-
grees, and then recor/ing flower, fometimes to the fame point
where they were before, while my Aygrometer underwent a fteady
change, which was in the firft direftion of theirs.” This phe-
nomenon, of a complete recoi in the flationary fate of quick
tbreads, is fimilar to the recorl of the sndex in thofe glafs frames
that 1 have defcribed in § 59. of this Paper, which have a

Cog=-
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compenfation for the changes of heat by a thin 51’@6 lamina &
this being fooner affected than the g/afi rods, by fudden changes:
of beat, the index moves firlt one way; then it recoils comw
pletely, by the change being operated later in the glafs rods.

86. The experiments briefly related in this Paper will, I
hope, be fufficient to anfwer the following queftion, which:
has been made to me by fome obfervers of the two principal
hygrometers here compared : ¢ Why does the bair hygrometer,,
¢t when expofed to the open air in day time, come fo often:
“¢ near its point of extreme mojfture, while the whalebone hygro-
¢ meter almoft never comes within 3o degrees diftance of that
¢ point in fummer, and very feldom within 20 in winter, even:
¢ in ramy weather (if preferved from rain) #> The anfwer,
according to the refults of thefe experiments, is this: # The
¢ general march of the bair hygrometer is much decreafing,
“ comparatively to equal increafes of moiflure ; that march for-
“ wards, ends in a ftationary {tate, and is followed by a {mall
‘¢ retrogradation s while the wbhalecbone hygrometer has con~
¢« ftantly a march, if not proportional, atleaft conftantly fimilar
¢ to that of moifture itfelt.”

8. There remains an object of inquiry, which is, a deter=
mination of thofe ratios here generally exprefled. Iihave ex-
plained, in the firft parz of this Paper, the difficulties of that
objet, and what help may be found in comparing the mczrc/aes
of bhygrometers with-the acquifitions of weight of their fub-
ftances, of which procefs 1 gave fome evamples; and here I
thall relate fimilar experiments on hair, whalebone, box, and
aloes-pitta.  But as I have already defcribed the whole procefs,
and the manner of calculation of that clafs of experiments, 1
fhall only give here the refults of thefe laft.

83. 1
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88, I muft, however, firft explain another reduifion that I
have added to the former., In the firft TABLE which I have
given of thofe experiments, 1 followed the immediate divifion
of my inftruments, in which o corréfponds to extreme drynefs,
and 100 to extreme moifture.  But firlt, under that form, the
point called 100 by M. pE SAaussure would not appear in its
true light, as it means the greatelt length of the hair ; while
the point 100 of my {cale defigns the ftate of that zbread in
npater, where it has a little retrogradation, Under that form
alfo moft part of the terms in the obfervation on the box thread
would be #egative, fince it moves very long in a contrary direc-
tion to the othier hygrofcopes. For thqfe reafons, inftead of
calling o the point of extreme drynefs, and that of extreme moif~
ture 100, I have, in the following T ABLEs, applied the firft of
thofe denominations to the fmalleft 'length of each fubftance,
and the laft to their greateft length. That reduction produces
qo difference in the proporzions between the ferms, and none in
the zerms themf{elves in refpet to flips; as in thefe, the greateft
Jength is always obferved by extreme moifture, and the finalleft

by extreme drynefs.,

1. Tasre
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1. TaBLE of comparative changes in the weight and in the
length of the fame fubftances, by the Jame increafes of moif-
ture, correfpondent to the march of the flip of whalebone
Jrom 5 to § of its degrees.

WHALEBONE. HAIR. ALOES-PITTA.
Increafes of March of Increafes of ~ March of Increafes of . March
the weight the flip. the weight  the hajr. the weight  of the
in thavings. in a mafs of in a mafs of thread

hair. pitta. of pitta.

Lxtr, drynefs 0.0 o) 0.0 0.0 0.0 0.0
6.0 5 4.8 15.9 6.0 20.6,
11.8 10 8.8 29.0 11.8 35.1
19.3 I 12.5 40.0 17:3 51.6
22.2 20 15.9 50.4 22.2 57.6
26.8 2§ 19.1 59.9 26.8 756
312 30 22.2 67.5 31.2 571.9
352 35 26.6 744 352 76.3
397 40 29.0  79:3 39-7 830
44.0 45 32.0 83.3 44.0 86.6
48.1 50 35.0 88.0 48.1 93.6
52.1 55 38.2 90.0 52.1 96.5
57.1 6o 43.3 92.8 57.1- Q4.7
61.7 65 49.8 94.1 61.y g8.2
66.3 70 55-3 95.4 66.3 100.0
71.9 75 61.9 97.0 71.9 99.2
77.6 8o 68.7 10C.0 77.6 98.2

* 83.2 85 % 6.0 99.5 * 83.2 96.8

* 888 90 * 84.0 99.2 *.88.8 94.1

* 94,4 9§ * g2.0 98.6 * 94,4 91.9

in water *100.0 100 *100.0 97.9 *100.0 88.3

89. In the above, and in the following experiments, the
operation of fucceflively introducing moiffure into the veflel was
ftopped, when the /lip of whalebone was at 80, as beyond that
term the {malleft difference in the temperature between the parts
of the apparatus creates great anomalies; therefore the fol-

Vor. LXXXI. Hhh ~ lowing
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lowing terms in the three columns of wesgbts, which are
marked with an *, have only been added (as I have explained
for the former Table) with the view of having a common o~
dulum between the changes of weight and the murches of the
other inftruments. But the obferved ferms remain in their
ofiginal proportions, and from thefe we may fee, that the march
of the flip of whalebone does not differ much from the fuccef-
five increafe of weight in its own fubftance; and that when
taken out of the apparatus, and immediately plunged into
aater, it proceeds in the {fame dire@ion as before, till it has
attained its fixed point, while the Aair takes, comparatively
with the increafe of aweight of its own fubftance, great firides
in the beginning of its march, and very {mall fteps in the latter
part of it, before roo; and then refrogrades a little, when
taken out of the apparatus, and plunged into water. We fee
befides in that TABLE, that the zhread of ales-pitta, which at
firft takes ftill greater {trides than the Aasr, has, after a longer
Mationary or undetermined fate, a determined beginning of
retrogradation at the fame time that its own {aubftance conti-
nues to acquire’ wesght in the apparatus, and continues that
retrograde march when, being taken out of the veflel, it is
plunged into water.

go. The following TABLE will farther illuftrate thefe cha-
ra&teriftic differences of flips and threads, the afcertammg of
which was fo eflential to hygromeiry.

III. TaBLE
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III. TABLE of experiments on the comparative changes in the
weight and the length of the fame fubftance by increafe of
moifture.

B o X,
Slip of March of Increafes of March of
whalebone. the flip. the weight the thread,
in fhavings,

Butr, drynefi 0 0.0 0.0 2.8
5 4.5 7.3 87.2
10 9.5 12.8 932
15 14.5 17.8 9.8
20 20.0 22.6 100.0
25 257 297.3 95.9
30 31§ 31.8 92.7
35 38.0 38.5 88.6
40 45+S 44-5 79:9
45 5L.5 49-7 70-3
50 56.5 54.8 ‘63.’
55 61.2 - 59.1 573
6o 65.9 63.1 510
65 69:7 66.4 475
70 737 69.6 40.9
75 777 76.6 314

8o 81.3 8o.0 21.7
83 85.9 % 85.0 16.0
9o 90.5 * 0.0 10.4
95 95-5 * 950 51
In Water 100 100.0 #100.0 0.0

We fee in this TABLE the Jfiip of dox following, in its ine
creafes of length, the increafe of weight in the fbavings of the
{ame wood, nearly in the fame manner as the [lips of whale
bone, quill, and deal, follow thofe of their own fhavings;
while the #hread of box, after having gained fome length by

Hhha decreafing
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decreafing fteps, begins foon to fborien, at the fame time that its
fubftance continues to imbibe water; being thus the fhorteft,
when it cannot receive any. more water in its pores. That excefs
of the bygroféopic phenomenon of threads cannot but throw a
full light on the nature of thofe hygrofcopes.

g1. I am now going to aflemble, in two TABLESs, the com-
parative marches of all the threads, and of all the fips, which
I have hitherto fubmitted to that regular courfe of experi-
ments, laying afide many more of each clafs, the marches of
which I only know from common obfervations. The next
TABLE fhall contain the experiments on #breads; in the num-
ber of which are two thin natural bodies, which in that refpect
are fimilar to the bair; one, an animal fubftance, is a very
thin porcupine quill ; the other, a vegetable, is a thin ftem of
gramen.

TABLE



THREADS or wvegetable and animal fubftances taken lengthwife.

on
-
Poreupine  Whale-
quill, bone.
Ext.drgnefs 0.0 0.0
18.0 12.0
34.0 299
48.8  39.9
62.3 50.8
, 73:3 58.8
N., 810  65.3
N 86.8 70.8
m 9o.8  76.1
Wm 93-0 81.4
S 950 854
94-5 88.4
97.0 go.8
96.5 92.8
96.5  95.1
9s5-0 97.1
7.0 98.1
98.0 99.1
98.6  + 99.6
99.1  *100.0
In water  100,0 ° 9Q.5

Hair.

0.0
15.6
29.4
40.9
50.5
59.2
68.8
73-.0
78.3
82.1
86.1
88.8

91.6-
93.8:

95.6
Q7.2

-+ 98.0
100.0
#100.0

99-3

98.3.

Gut,

0.0

9.7

19.2
26.8
37.0
47.1
57-3
67.4
75.6
82.9

87.8
+ 91.6

94.7
96.3
97.8
98.7
*¥100.0
98.7
96.8
94.5
gr.8

Aloes-
pitta,

0.0
20.6
35.1
51.6
57.6
756
719
76.3
83.0

+ 86.6
93.6
96.5
94.7
98.2

#100.0
99.2
98.2
96.8
94.1

. gL§

.mm.m

Goofe-
quill,
0.0
370
66.6
78.7
-88.0
1t 934
97.2
99:0
94.4
96.2
99.0
95:3
97.2
98.2
#100.0
99.0
98.2
97.2
95.8
94.4
92.5

Deal.

O.‘o
332
54.8

¥ 749
84.6

89.8
93.8
96.9
94.3
97-7

*¥100.0
94.6
ow.o
94.6
93.0
91.4
89.0

86.9 -

84.6
81.9

190

Gramen,

‘0.0
26.8
48.4
67.1
+ 76.6
839
9.5
951
98.6
#100.0
98.8
98.0
97-2
96.2
94.8
92.6
wc..w
86.5
84.0
80.9
770

Box.

2.8
87.4
932
97.8

*100.0
959
92.7
88.6
799

+ 703
63.9
57-3
51.0
45.9
40.9
314
Nn.w
16.0
10.4

.m.n
Q.0

T avLE of the correfpondent marches, by the Jame increafes of moifture, of mm%mxmﬁ

Slip of
wh.bone.

0
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
8o
85
9o
95
100

92. There
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g92. There the porcupine quill thews no retrogradation; how=
ever, coufiftent with its tribe, it had fome in other experi-
ments. Its laft fteps have the unfteadinefs of the ffationary
{tate, and thereby are fubje& to anomalies. From the fame
caufe, none of the other zéreads have exaltly the fame ftepsin
any two experiments, though on the whole their march
remains effentially the fame. The march here given of the
hair hygrometer comparatively with mine, 1s the mean refult
of three experiments, with three different fets of inftruments ;
one of the hair hygrometers that I have employed was fent
to me by Mr. Pavr, of Geneva, and its point of extreme
mojfture was determined in a fog. The {mall and change-
able retrogradation of the thread of whalebone and of bair
might have been overlooked, were it not for other zhreads in
which the retrogradation begins before that period where the
ftate of moiflureis difficult to afcertain ; but from thefe #breads,
that phenomenon 1s placed in a clear light, which is refleted
on the others. I have marked with an * the greatelt elonga-
zion of each of them, and witha 4 a point near which their
¢longation begins, and to which they return at laft. Thefe figns
will guide the eye in the above TABLE, which fhews clearly,
that no sbread can be trufted to for the HYGROMETER.

TazLe
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T ABLE of 1he correfpondent qunwam;m\ sLIBs, or of fibrous vegetable and animal
Subflances taken acrofs the fibres; and of fuch as bave no fenfible fibres.

- Goofe Porcupine Slip of "Box. Deal Ivory. Ivory Tortoife- Horn Horn
quill, quill.  wh.bone; breadthwife, ~lengthwife. fhell. breadihwife, lengthwife.
Ext, drynefs 0.0 co o 00 00 o0 00 0.0 0.0 00

4.8 4.8 5 4.8 5.4 6.1 8.3 11.0 9.5 13.8
9.7 8.8 10 9.5 1.2 12.7 16.6 213 18.5 26.8
14.4 120 15 145 165 - 187 246  3n.5  27.5  38.8
19.2 17.0 20 20,0  21.9  24.9 31.5 38.5 37.0  48.8
239 234 25 257 272 304 376 454 465 580
28.5 294 30 315 327 354 436 519 545 646
33.3 - 36,0 35 38,0 38.3 41.9 49.7 58.3 62.1 71.0
383 414 40 455 437 474 563 638  68.7 755
42.9 - 454 45  §1.4 492 53§ 624 690  y2.3 785
47.4 498 30 56.5  54.6 58.5 67.4 72.8 74.0 82.2
52.4 548 55  61.2 59.9  63.5 71.6 76.4 79.7 86.2
56.9 59.7 6o 657 649 680  j6u1 794  84.3  89.6
61.9 64.4 bj 69.7 69.7 72.1 79.1 82.4 864 92,4
67.2 68.5 %0 73.7 74.5 76.1 82.9 84.9 88.4 - 93.4
72.2 ¥3.5 75 771 79.0 8o.1 86,7  88.2 90.2  94.4
77.8 78.9 8o 81.5 83.5 84.5 90.4 91.2 92.0 95.4
82.8 83.9 85 85.9 87.5 87.8 92-4 93.8 94.0  96.6
88.2 889 g0 go.5 0920 920 945 962  9gbir * 97.8
940 944 95 953 ¢bo 960 975 986 981  ggo
In water 1000 1000 100 1000 100.0 1000 100.0 1000 100.0 . 10G.0

93. This.



416 Mr. pE Luc on

3. This laft TABLE is the moft important, as it containsa
«clafs of Aygrofcopes which poflefs in common the following
firlt requifites for an hygrometer ; 1{t, that they may indicate,
without any illufion, both extreme drynefs and extreme moifture ;
2dly, that they move conftantly in the fame diretion as moif~
ture itfelf; 3dly, that they move always when mojffure changes.
- 1t thould feem as if the march of the flip of horn taken length-
wife, from its very decreafing progreflion, came very near that
of the thin porcupine quill; but, as I have faid, among the
{teps of the latter there are accidental reirogradations, and it
{fometimes has a final one; and I have never obferved that dif-
pofition in the former, which, in its laft {fmall fteps; follows
conftantly the motions of every other /ip.

94. The agreement of all the /ips in this laft refpet is a
very effential circumftance in hygrometry, as it affures us,
that we cannot miftake the cafes when mosffure is extreme in the
atmofphere 5 a very important point for difcovering the nature
of mauny meteorological phenomena. No fip will create decep-
tion in that refpect; while, on the contrary, every thread
may -deccive in dubious cafes, and even create great error, if,
unknown to the obferver, it happened to be in the beginning
of its elongation. There was, however, a queftion to be de-
<ided in that refpet, namely, whether or not a great moiffure
in the medium was a caufe of alteration in the march of any
bygrofeope, by producing in its fubftance a fudden irregular
lengthening.  That accidental queftion is anfwered in the nega-
tive by all the hygrofcopes of both clafles : for, in refpe& of the
¢hreads, inftead of fengthenmg {uddenly in that period of moif-
ture, they have then a refrograde motion, either continuing
or only beginning ; and as for the fips, they, by lngthening
in the fame period, only follow their former /Jaws: the flips

2 which
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which, comparatively to that of whalebone, have at firft {mall
Jteps, and which confequently move in an increafing progref-
fion, continue only to follow that progreffion ; and thofe which
at firft have greater f7eps, and confequently a decreafing march,
have then {mall fieps conformable to their individual /o ;
therefore, none of thofe Aygrofcopes of both claffes have any
fudden flart, produced by any degree of moifiure in the medium,
or by the application of concrete awarer 3 each of them fol-
lows, from one end to the other of its {cale, itown progreffion 3
and in refpe@ of Jfips, moifture is never extreme in the ambient
medium, as long as, in their refpeltive progreffions, they have not
attained thaiv greatefi lengih,

95. Our coramon bygrometer muft then be made of one of
the flzps; but with that great diffimilarity obferved in their
marches, which of thew thall we choofe as indicating the real
march of moifture? Noue as yet from that confideration,
which 1 do not even thiuk a primary one. It is true, thatif
we truft to the increafes of fwengz‘ in thofe fubftances, as being:
a means of afcertaining the real progrefs of moifiure in the.
ambient medium, the mean rate of fixexperiments of that kind
related in this Paper, give the preference to the fip of whale-
‘bone; but this I do not yet confider as decifive, farther than in.
what relates to the comparative marches of flips and threadss.
however, as my reafons of doubt onamore abfolute conclufion
cannot be exprefled in a tranfitory mapner, I muft lay them:
afide for the prefent.

6. But, as I have faid before, this is not what ought to-
determine our choice on the fubfiance of a common. hygrometer,
fince the obfervations themfelves are diftinét from the confe-
quences to be drawn from them. Let us fuppofe the cafe
(which I do not give up) that, with time and refearchies, {fome

Vor. LXXXI. ' Iii procefs
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procefs be found by which krown quantities of moiffure may
be fucceflively produced in the medium itfelf. The ufe of that
procefs for hygrometry will be, as M. bE SAUssurRE has begun
to do it, to obferve, on {fome bygrometer, the fucceflive effets
of thofe known quantities of woifture, from which may be
formed a fable of the correfpondence between the equal degrees
of the {cale of the chofen inftrument, and the real quantities
of moifture in the medium ; and that zable will ferve to corre
as well paft as future obfervations made with that inftru-
ment. Therefore it matters not what that Aygrometer fhall be,
previded it is convenient in other refpeéts. Let us then exa-
mine which of the fiips poflefles the moft effential properties of
an hygrometer, {uch as fhould be in common ufe for compara-
tive obfervations, and to which confequently future difcoveries
in refpect of the real proportions between the quantities of
moifture itfelf would be applied.

97 Steadingfs 1s {urely a firft requifite for fuch an inftru-
ment; and in that refpe® no fip comes in competition
with that of wbhalebone. That property was the firft motive
of my choice; and as an inflance of it I fhall only mention,
that I have juft now plunged into water an infirument of that
fort, of above ten years ftanding, which is come to its point
of extreme moifiure as if it had been fixed yefterday 3 for,
without regard to the diftance of obfervations, there may be
between them a difference of fome zemths of a degree.  Some
other flips may be brought to a certain degree of freadinef; by
ftudying what is'the degree of firetch which they may bear;
but that attention i1s not neceflary for the Jlip of whalebone :
if; for inftance, when its point of extreme moifture has been
fixed while it was Slretched to a certain degree, that Sreteh is

5 much
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much increafed, it will acquire fome abfolute /ength; but it
will be fieady again for a new point taken then in water.

93. Another property of the flip of whalebone, which at firlk
fhould feem contradi®ory to the former, is its great expanfi-
bility, in which alfo it {urpaffes all the {ubftances which I have
tried. Such a fip lengthens above one-eighth of itfelf from
extreme drynefs to exireme moifiure, which produces many ad-
vantages in the conftrution and obfervation of that inftru-
ment. In refpe& to oblervation, when it is expofed to the
wind, the difference between the chords of the arches of its
bends and its real Zngth is fo {mall, comparatively with its
hygrofecopic variations, that the indetermination of its 7ndes
will remain confined in a fpace of one or two degrees, when it
becomes impoflible to obferve hygrometers whofe fubftance has
but little expanfion. Laftly, of all the {ubftances which I have
‘reduced to fips, none is fo eafily made thin and narrow as
whalebone. 1 have found means for producing eafily. fuch /lips
of it as, with a length of eight inches, weigh only about % th
of a grain, and are thereby as guick as is convenient in other
- refpe@s.  All thofe diftin&ive propertics of the flip of whale-
bone {eem to point out an bygrofcaprc {ubftance fit for our com-
mon bygromeier.

Defeription of the whalebone hygrometer,

99.1 have now only to defcribe the conftruction of that inftru~
ment as [ have fixed it after along experience. The fig. 1. (Tab.
IX.) thews its form for common ufe. Someof thofe inftruments
are of the fame fize as the figure, and they may eafily be made
fmaller, but commonly they are half as large again in every di-
menfien. Their frame will fufficiently be known from the figure,

Iii2 therefore.
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therefore I thall confine myfelf to the defcription of fome par-
ticalars, The fip of whalebone is reprefented by g, 65 and at
its end a is {een a fort of pincers, made only of a flattened
bent wire, tapering in the part that holds the fip, and prefled
by a fliding ring. The end & is fixed to a moveable bar ¢,
which is moved by a {crew for adjufting at fir(t the 7ndex. The
end a of the /lip is hooked to a thin brafs wire ; to the other
end of which is alfo hooked a very thin filver gilt lamina, that
has at that end piucers fimilar to thofe of the f#lip, and which
1s fixed by the other end to the axss by a pin in a proper hole.
The fpring d, by which the fiip is {tretched, is made of filver
gilt wire ; 1t afts on the fip as a weight of about 12 grains,
and with this advantage over a weighs (befides the avoiding
fome other inconveniencies of this) that, in proportion as the
Jlip is weakened, in its lengthening by the penetration of
moifture, the fpring, by unbending at the {ame time, lofes a
part of its power.. The axis has very fmall pivors, the
Sfhoulders of which are prevented from coming againft the frame,
by their ends being confined, though freely, between the flat
bearing of the heads of two fcrews, the front one of which is
feen near . The fetion of that awxss, of the fize that belongs
to a flip of about 8 inches, is reprefented in fig. 2.5 the fip
adls on the diameter a, ¢, and the fpring on the {maller dia-
meter b, &,

100. Another conftrudion of the fame inftrument is repre-
{ented, of half its dimenfions, by fig. 3. (Tab. X.) The eflential
parts of that bygrometer are the fame as in the other ; therefore I
thall only mention the differences adapted to the ufe of fixing it
out of a window. The figure reprefents the manner in which
it is fixed, with its d7a/ turned half-way towards the obferver,
by a proper head of the hooks which hold it at the top and the

bottom.



Hygrometry, 421
bottom. ‘The fteady part of the inftrument is reprefented by
fig. 4.3 it is partly an half tube, cut longitudinally through
the axis, and having fidewife two vertical rows of large holes.
A whole tube goes over that half one; for which purpofe the
piece a, a, is taken off by unfcrewing the female {crew & which
belongs to the part &; this laft is a {mall open tube, cut out-
{ide in {crew. The large external tube has alfo two vertical
rows of holes, at {uch a diftance from one another, that, when
one of them correfponds to one of the rows of the half tube,
the other is in front. 'The two oppofite pofitions that tube can
be brought to are in order that the inftrument may be placed
~either fide of a window, and each of thofe pofitions is deter-
mined by one end of a cut at the bottom of the tube in 4, fig.
3. which then holds againft the fteady pin ¢, fig. 4. The rows
of holes of the tube are to be turned towards the room, to
prevent the rain from falling on the flip; and the dia! being
inclofed in a box with a glafs in front, no rain can get into the
inftrument. It muft alfo be fixed in-a place not much expofed
to the fun, or be fcreened from it without preventing the circu-
lation of the air. ‘The communication of the fip with the
external air through the rows of holes and the open bottom 4,
fig. 4. is fufficient for that clafs of obfervations. By the man-
ner of its being hooked, it may be eafily taken off for carrying
elfewhere; and, if a quick obfervation is wanted, the tube alfe
may eafily be taken off. :
I have the honour of prefenting one of thofe inftruments te
the Royal Society ; and, as it is very defirable that fome hygro-
meter be added to the other meteorological inftruments ufually
obferved, 1 with this may deferve a place in their Obfervatory
for that purpofe.
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