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THE THERMOMETER AND PYROMETER.

The ancients were unacquainted with 
any more certain mode of marking 
the variations of température, than 
the indications of the senses, and the 
limited knowledge derived from ob- 
serving the melting or combustion of 
different substances. In modem times, 
instruments hâve been invented for 
noting variable degrees of heat and 
cold, whieh, under the désignation of 
thermometers, or thermoscopes, py -  
rometers, or pyroscopes, are now in 
o-eneral use in every part of the civi- 
fized world. Their names are derived 
from the Greek terms sig-
nifying heat, fire, and f u r w , exoxo;, a 
measure, an investigator.

The principle on which ail sueh in
struments are constructed, is the change 
qf bulk which every body undergoes by 
alteration of its température.

Ail homogeneous bodies, except wa- 
ter, within a few degrees of its freezing 
point, expand by heat. and contract by 
cold.* Their expansion, then, may 
afford a relative measure of the in- 
crease of température ; and their 
contraction, of its diminution. This 
law holds good in gases, liquids, and 
solids ; and, accordingly, matter in tliose 

ç, three states of existence lias been em- 
ployed in the construction of instru
ments for measuring the intensity of 
heat and cold.

The changes of volume which gases 
or aeriform bodies undergo, were first 
employed for this purpose; liquids, 
such as spivit of wine, oils, or mercury 
were next used ; and lastly, the 
changes in the bulk of solids were ap- 
plied to measure the variations of 
higher températures, which would hâve 
too much expanded gaseous and liquid 
bodies.

The désignation of thermoscope or 
pyroscope might be, with most pro- 
priety, applied to such instruments ; 
but, in conformity to common usage, it 
is proposed in this treatise to apply the

* Clay, aseeming exception, is not a homogeneous 
substance, of which afterwards.

general tenn thermometer to the in
struments depending on the expan
sions of aeriform and liquid bodies, 
and pyrometer to those in which the 
expansion of solids is the measure of 
the élévation of température ; and the 
subject will be treated under the fol- 
lowing heads.
I. Of the common Thermometer.

1. Its history and construction.
2. The précautions necessary in its 

construction and graduation.
II. Of the Pyrometer.
I I I .  Of Register Thermometers.
IV. Of the Differential Thermometer, 

and its modifications.
V. Of some peeuliar applications of 

the Thermometer.
V I. Of the imperfections common to 

ail instruments for the indication of 
heat.

C hapter I.

Of the Common Thermometer.

§ 1 . History and Construction o f the 
Thermometer.

The invention of the thermometer, like 
almost every other discovery of great. 
utility, has been claimed for different 
philosophers ; and national vanity has 
cccasionally been enlisted in sup
port of the pretensions of rival cîaim- 
ants. There seem, however, but two 
whose titles are worthy of notice.

The Italian writers generally give the 
honour to their countryman Santorio 
Santorio, long a physician at Venice, 
and afterwards a professer at Padua, 
who flourished about the beginning of 
the seventeenth eentury ; and who had 
obtained just celebrity by his discovery 
of the insensible perspiration of the 
animal frame : the Dutch philosophers 
as unhesitatingly ascribe it to Cornélius 
Drebbel, a physician of Alkmaar, who 
appears to hâve enjoyed a high réputa
tion as a chemist, a mathematieian, 
and an inventive mechanicâl genius.

B



t h e r m o m e t e r  a n d  p y r o m e t e r .

V i r t u a l  MufeuMorio expressly daim s the inven
tion as his own,* and he is supported 
by Borellit and Malpighi; £ the title 
oï Drebbel is eonsidered as undoubted 
by Boerhaave § and Musschenbroek.|| 
It would now be difficult, perhaps, to 
décidé the eontroversy ; but it is worthy 
of remark, that Santorio, vho vas born 
in 1561, and died in 1636,^[ did not 
publish his claim to the invention till 
1626 ;** and, although thermometers 
are alluded to by Robert Flud, vithin 
the tirst quarter of that century, yet

expelled by the heat. Y  hen a 
heated body is applied to the bail A, 
the air wiÜ again be expanded, and 
depress the liquid in the stem ; and, if 
this stem be a cylinder, a scale of equal 
narts applied to it will enable the ob
server to form some idea of the dif
férence between the relative tempéra
ture of bodies applied to the bail. On 
the removal of the heated body, the 
volume of the included air agam di- 
minishes, and the liquid agam nses in 
the stem by atmospheric pressure, un-the first quarter ot that centuiy, y et . Y  -, T Y wdthin theas he travelled both in Germany and til the elasticity oï the air \yitnm tne 

Italv fw 's ix  years, we can drav no instrument is m eqmlibno v ith  th a to f
inference front that circumstance. Cer
tain it is, that thermometers vere con- 
structed about the same tinte, both in 
Italv, and in Holland, on the same prm

the surrounding atmosphère. Instru
ments constructed on this principle are 
termed air thermometers : because their 
action dépends on the elasticity of air ;T ta  v  a n d i n  i lO lia ilU , u n  un s  s a m e  — i  , , . . - ■ ■

cinle and though the instruments of and front their havmg been origmally
C ip i t  . rf.11 b  m c i r  f  t h P  r*hfm .cres O l a t m O -Drebbel vere well knovn in Holland 
and England, before the famé of San
torio appears to hâve reached the 
North-W est of Europe, the most re
cent writers hâve generally eonsidered 
the latter as the real inventor of the 
thermometer. I t  is, however, by no

employed to mark the changes of atmo
spheric température, they are described 
by the older writers under the name of 
iveather-glasses ; a dénomination also 
given to barometers.

Drebbel appears to hâve devised a 
variety of the instrument more délicate
. - ,  J  • t  i - ____  'T 'H  ~  fV-vTtv»m ea i^ ’improbable that éafch may be in i t .  indications. The gRbular-form 

. > i . _ ,i. _ ___ aie n f fViA cn m m n n  bulb. and îts small size,jüstly entitled to the merit of a dis- 
coverer.

Be this as it may, the instrument 
vas, from its imperfeet construction, 
of little use in the hands of either, and 
required the successive labours of dif
ferent philosophers to render it a tole- 
rably accurate indicator of the varia
tions of température.

The thermometer ascribed to San
torio and to Drebbel, is pre- F)- l 
cisely the same in form and 
principle. It consists of a glass 
tube, v ith  a bail blown on one 
of its extremities A, ( fig ■ 1,) |
and having the other end 
open. A portion of the air in 
the bail is expelled by heat, 
and then the open end of the 
tube is immersed in any liquid 
contained in the cup c. As the 
bail cools, the included air 
diminishes in volume, and the 
liquid is forced into the stem, 
as at b, by the pressure of c q p g  
the atmosphère, until it re- 
places the volume of air whieh vas

s  Comment, in Gaien. et in Avicen.
t  De Motu Animalium. Prop. clxxv.
j  Opuscula Posth. p. 30.
s Elementa i.hemiæ, tom. i. p. Ia2.
ISElem. Phil. N at. § 780.—’len tam  Exp. Acad.

'i f  Tiraboschi Storia, tom. v i ii .P . 1,323.
* * Commentaria in A vicennam.

of the coinmon bulb, and its small size, 
rendered it less susceptible of slight 
changes than a flattened bulb of larger 
diameter ; and Boerhaave describes the 
bulb of Drebbel’s thermometer, as com- 
posed of two shallow segments of large 
spheres, as in fig . 2. A, united at their 
edges, and in fig. 2. B, vhere it is seen 
in profile.

Fig. 2. A. Fig. 2. B.

In  the obscure, and often almost un- 
intelligible, writings of our countryman, 
Dr. Robert Flud, published about the 
beginning of the seventeenth century, 
frequent mention is made of the ther
mometer, or, as he calls it, spéculum
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Calendarium ; and the common air 
thermometer is repeatedly figured in 
his singular work, De Philosophia Moy- 
siaca* with its stem equally divided 
into an ascending and descending sériés, 
eaeh of 7 degrees, respectively appro- 
priated to winter and to summer. It is 
obvious, that the size of an air thermo- 
meter, on sueh principles, is only limited 
by convenience, and the length of the co- 
lumn of liquid whieh the" pressure of 
the atmosphère ean sustain in the tube. 
As originally made, thev were unwieldy, 
they could not be applied to high tem
pératures, and were, besides, liable to 
two very important objections, as indi- 
cators of the atmospheric changes of 
température,—they were liable to be 
affected not only by heat and cold, but 
by the varying pressure of the atmo
sphère ; and the scales adapted to 
them were arbitrary, and without. fixed 
points for the comparison of observa
tions made with different instruments.

The first objection was foreseen and 
obviated by the scientifie members of 
the Florentine academy del Cimento, 
assembled under the auspices and pa
tronage of Fernando II., Grand Duke 
of Tuscany. In the first article in the 
published transactions of that learned 
body.f we find a full description and 
délinéation of a thermometer from 
which the influence of atmospheric 
pressure is excluded. The expansion 
of spirit of wine is employed to ascer- 
tain the température, instead of the 
dilatation of air ; and the instrument is 
sealed hermetically, as it is termed, or 
has its orifice closed by melting the 
glass, after the introduction of as much 
spirit as fills the bulb and a portion of 
the stem. The method employed by 
the Florentine académiciens is nearly 
that still used by the makers of the 
instrument ; namely, by heating the 
bulb in the flame of a lamp, to expel 
the air, and then immersing the open 
end of the tube in the liquid destined to 
fill the thermometer. As the bail cools, 
the atmospheric pressure forces the 
liquid into the stem and bail, to supply 
the vacuum ; and the orifice is closed 
by melting with the blowpipe the end 
of the tube, from which any excess of 
the liquid may be previously expelled 
by again heating the bail. (Fig. 3 .)

The Florentine aeademicians appear 
also to hâve been aware of the neces-

* Folio, Goydæ, 1633. 
f  Saggi di 'Naturali Esperienzê.

sity of adapting some fixed Fig. 3. 
scale to the tube ; but their 
attempts were not very suc- 
cessful. They described the 
thermometer as consisting of 
a bail and tube of such rela
tive size, “ that on filling it 
to a certain mark of its neek 
with spirit, the cold of snow 
and ice will not cause it to fall 
below 20 degrees measured on 
the stem; nor, on the other 
hand, the greatest heat of 
summer expand it more than 
80 degrees.”* This method 15
is undoubtedly eironeous, in- | ' |
asmuch as the last point could |v
be of no determinate tem- | |
perature; and their method r f : 1 
of graduation is in itself fk  
rather rude. The tube is 
direeted to be divided by 
compassés into ten equal parts, these 
divisions are to be marked “ by a little 
button of lohite enamel ; and these may 
be further subdivided by the eye, and 
the intermediate degrees marked by 
buttons of glass, or of black enamel.”

This instrument was variously modi- 
fied by them to suit different purposes. 
The bail was oceasionally enlarged, and 
the tube redueed in thickness to render 
the instrument more sensible ; and in 
the work already quoted, we find a 
figure of a thermometer of this sort, 
with the stem spirally twisted to render 
it more portable, and less liable to 
accident.

Another invention of those philoso- 
phers to indieate changes of tempéra
ture may be here ncticèd. It eonsisted 
of hermetically sealed spherules of glass, 
of different spécifie gravities, introdueed 
into a wide tube filï'ed with pure spirit. 
The degree of the Florentine thermome
ter at which each sank was noted, and by 
hanging this instrument in an apart- 
ment, it somewhat slowly showed the 
variations of the température of the 
surrounding air.f Imperfect as these 
attempts were, they paved the way to 
very important improvements in ther
mometers.

The indefatigable Boyle appears early 
to hâve turned his attention to the im- 
provement of the thermometer, and his 
first attempts were on the air thermo
meter, or the weather-glass, as it was 
then styled. He rendered the instru-

*  Naturali Esperienze, p. 4,
t  S ag g i, p. 10.
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ULTIMHifAY®f ,-nore convenient, bv making one 
RTUALS r v o i r  for the liquid and for the air 

at the bottom of the tube ; and thus the 
therniometer might be conveniently 
dipt in a fluid, or applied to any body 
for ascertaining its température. “ The 
thermometer,”’ he says, “ being made 
by the insertion of a cylindrical pipe of 
glass (open at both ends) into a phial 
or bottle, and by exactly stopping with 
sealing wax, or very close cernent, the 
mouth of the phial, that t’ne included 
air may hâve no communication with 
the external, but by the newly men- 
tioned pipe.”* If ci portion of <inj liquid 
sufficient to cover the lower extremity 
of the pipe, be contained in the bottle, 
it is obvious, that the expansion of the 
enclosed air will elevate the included 
liquid in the cylindrical pipe : and this 
liquid will again descend on the contrac
tion of the enclosed air :Jig. 4 ,5 . Mr.

Fig. 4, Fig. 5.

Boyle likewise showed that no depend- 
ence eould be plaeed on the indications 
of open air thermometer s, under different 
degrees of atmospheric pressure; and 
he states, that on plunging the bulbs of 
different thermometers in liquids of very 
different spécifié gravities, as mercury 
and water, the liquor in the stem stood 
at unequal heights, though both had 
been long exposed to the same tempéra
ture.

The Florentine thermometer was 
about that time introduced into Eng- 
land, and duly appreciated by both 
Boyle and Hooke. The specimen seen 
by ’these philosophers was filled with 
colourless spirit, but they made use of 
spirit of wine, tinged by cochineal, 
“ of a lovely red and, says Boyle, 
“  ’tis pleasant to see how many inches 
a mild degree of beat will make the

* W orks of Hon. Robert Boyle, folio, vol. ii, p. 217.

tincture ascend in the cylindrical stem of 
one of theseuseful instruments.”* Boyle 
was fully aware of the imperfection of 
the scales hitherto applied to the ther- 
moraeter, and sought to discover a re- 
medy. He proposed to obtain a fixed 
point in the scale, by marking the height 
of the liquid in the stem of the instru
ment, when the bail was plaeed in 
thawing oil of aniseeds ; a point 
which he preferred to that of thawing 
iee, because the former could be readily 
obtained at any time of the year. I iis  
method of making two or more com
parable thermometers, however, would 
be found extremely difficult, if not im
possible, in practice ; it is best ex- 
plained in his own words. “ For if you 
put such rectified spirit of wine into a  
glass, the cavity of whose spherical, 
and that of its cylindrical part, are as. 
near, as may be, equal to eorresponding 
cavities in the former glass, you may 
by some heedful trials, made with 
thavved and recongealed oil of aniseeds, 
bring the second weather-glass to be 
somewhat lilce the first ; and if you 
know the quantity of your spirit of 
wine, you may easily enough make an 
estimate, by the place it reaches to in 
the neck of the instrument, whose capa- 
city you also know, whether it expands 
or contracts itself to the 40th, the 30th> 
or the 20th part, &c. of the bulk it was 
of, when the weather-glass was made.”-!'

Boyle mentions that an “ ingénions 
man"% had proposed the freezing of 
distilled water, as a fixed point in the 
scale of thermometers ; but he himself 
evidently gives the preference to the 
congealing point of aniseed oil. Dr. 
Halley proposed to regulatethe scale by 
the uniform température of such a ca- 
vern as that under the Observatory of 
Paris, or the point at which spirit 
boils ; and he also suggests the fixing 
of the scale frora the boiling o f water. 
This point he considered as an invari- 
ably fixed one, not liable to alteration 
from external circumstances ; and the 
same idea was entertained by Amon- 
tons. W ith a single point so fixed, the 
method attempted by Boyle, Halley, 
and Hooke was to calculate the pro
portion of the stem to the bail, and thus 
to détermine the increase in bulk of the 
whole liquid, by a certain température. 
Dr. Hooke deseribes a method of ob- 
taining thisby comparing the expansions

* Works, vol ii. p. 249. 
f  W orks, vol. ii. p. 247. 
j  He imdoubtedly alluded to Hooke.
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of the thermometer to be graduated, 
w ith  those of the liquid in an accurately 
formed cylinder of métal, two inehes in 
diameter and depth, and having cemer.t- 
ed to its top a glass pipe, just T'5 of the 
diameter ofthe cylinder:* measure off 
two inehes of the stem, above the cylin
der of métal, and divide the space be- 
tween them into 10 equal parts, so that 
each division of the stem will = TÿÇî; of 
the capacity of the cylinder. The ther
mometer to be graduated has the com
mencement of its scale, or 0°, fixed by 
marking the point at which the included 
liquid stands in the stem, when the bulb 
is plunged in distilled water just begin- 
ing to fVeeze ; and the rest of the pro- 
cess he details in these words. “ Fill 
this cylindrical vessel with the same 
liquid wherewith the thermometers are 
filled, then place both it and the ther
mometer you are to graduate in water 
that is ready to be frozen, and bring the 
surface of the liquor in the thermo
meter to the first mark, or 0° ; then so 
proportion the liquor in the cylindrical 
vessel, that the surface of it may just be 
at the lower end of the smâll glass 
cylinder ; then very gently and gradu- 
ally warm the water, in which both the 
thermometer and the cylindrical vessel 
stand, and as you perceive the tinged 
liquor to rise in both stems, with the 
point of a diamond give several marks 
on the stem of the thermometer, at 
those places which, by comparing the 
expansion in both stems, are found to 
correspond to the divisions of the cylin
drical vessel ; and having by this means 
marked some few of the divisions on 
the stem, it will be very easy by these 
to mark ail the rest of the stem, and 
aeeordingly to assign to every division 
a proper character.”t  This ingenious 
method is, however, more difficult in 
execution than any one, unacquainted 
with such operations, will readily sup
pose ; and it présupposés, what is not 
easy to accomplis!), a very perfect ad- 
justment of the met allie cylinder and 
the glass stem in the standard instrument.

Dr. Hooke appears invariably to hâve 
used in his thermometers spirit of wine 
“ highly tinged with the lovely colour of 
cochineal, which he deepened bypouring 
in it some drops of common spirit of 
urine.”

Tlie sagacity of our illustrious New
ton saw the importance of improving 
thermometers. He appears to hâve been

* Jlicrographia.
t  Micrographia, p. 39.

early aware of the inconvenience oIùltimheat 
spirit as a thermométrie fluid, and eMBTUAL muséum 
ployed linseed oil to fill his thermo
meter. It has the advantage of being 
able to endure a very considérable tem
pérature, without endangering the burst- 
ing of the tube, and therefore can be 
applied to a higher range of tempéra
ture than a spirit thermometer. It has 
the disadvantage, however, to be more 
sluggish in its movements, and to ad
héré much to the inside of the tube, 
while it differs greatly in- its fiuidity at 
different températures. Newton per- 
ceived the convenienee of having two 
fixed points in the construction of the 
scale ; and he used the freezing and boü- 
ing points of water as the most suitable 
for this purpose.* Plis method of gra- 
duating his oil thermometer is given in 
the Principia. The oil, at the tempe- 
rature of melting snow, was supposed to 
consist of 10,000 equal parts, which, 
when heated to the température of the 
human body, expanded to 10,256 ; at 
the température of water strongly boil- 
ing to 10,725 ; and at that of tin be- 
ginning to eongeal, to 11,516 parts. In 
the first instance the ratio of expansion 
is as 40 to 39 ; in the second as 15 to 
14 ; and in the third as 15 to 13 nearly.
Hence, by taking the température of the 
oil in the ratio of the raréfaction and 
assuming 12 as the heat of the human 
body, the température of water hriskly 
boiling will be 34 degrees, and of con- 
gealing tin 72 degrees.t

Newton continued his scale of tem
pérature farther by observing the rate 
of cooîing of heated bodies, until he 
could apply his thermometer to them, 
on the principle that equal décréments 
of température take place in equal 
times. It was thus he estimated the 
température of iron heated to the utmost 
intensity of a small kitchen fire equal to 
194 degrees, and in a fire of wood"about 
200 or 210 degrees of the same scale.

I t  is perhaps unfortunate for the phi- 
losophy of heat that more sublime 
and dazzling objects drew Newton to 
other pursuits. Though he led the way 
to just views of the subject, neither he, 
nor any of his predeeessors, appear to 
hâve been aware of the influence of the 
varying atmospheric pressure on the 
boiling points of liquids ; nor do any of

* Phil. Traits.
f  •« Por.eudo calons olei ipsins, raréfactions pro

portion et pro calore eorporis ltumani seribendo 
12, prodest calor aquæ ubi veheuieuter ebnllit par- 
tiurn 34, et calor stanni ubi liquescit prodest p istea 
72.” Priucip.
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to hâve considered that the the importance of fixed points in the 
varying expansions of the thermome- thermométrie scale, and proposed to ob- 
tric liquids at different températures, tain them from the boiling Fig. 7. 
and the expansions of the glass of the 
instrument, must hâve materially af- 
fected every attempt to subdivide the 
stem of the thermometer into fractional 
parts of the whole bulk of the con- 
tained liquid.

One of these questions, however, 
seems to hâve about tirât time engaged the température was the 
the attention of philosophers, viz. whe- elasticity of a given por- 
ther equal incréments of température tion of air included in the 
eaused equal expansions of the thermo - bail, and subjected to a 
metric fluid. Dr. Brooke Taylor tried pressure equal to two at- 
the experiment with an oil thermometer, mospheres, by adding to 
by mixing definite portions of hot and the usual atmospheric

tain them from the boiling 
point of water.* His 
thermometer consisted of 
a tube four feet in length, 
ending below in a bail 
bent upwards, as in ftg. 7, 
and open at the other ex- 
tremity. The measure of

/ ‘■ôi,

cold water, and measuring the tempe- 
rature of the mixture. His conclusion 
was in the affirmative, but the delicacy 
of his instruments was unequal to the 
solution of this niee problem, although 
he has the merit of pointing out how the 
problem is to be soîved.

The construction and uses of ther- 
mometers early engaged the attention 
of the French Académie des Sciences ; 
and several were constructed by Mr. 
Hubin for that learned body ; but nei- 
ther these, nor the thermometers placed 
in the observatory of Paris by De La 
Hire, appear to hâve been graduated 
on any fixed principle. The Memoirs 
of the Academy contain several descrip
tions of thermometers, and an aecount 
of many interesting observations, with 
these instruments ; but the first aliera-

pressure that of a column of mercury of 
28 Fi'ench inches. Each half-inch of 
his tube is therefore equal to one inch 
under the usual pressure ; and henee at 
a mean pressure of 28 French inches, 
the volume of the compressed air is 
really equal to 56 inches under the 
usual pressure.

In passing from the mean tempéra
ture of a Parisian spring to the heat of 
boiling water, Mr. Amontons found that 
these 56 inches were increased by one- 
third, or 18 inches 8 lines, and therefore 
he fixed the boiling point of his scale at 
56 +  18,8 = 74 inches 8 lines. To mea
sure this on Amontons’s principle a tube 
of 47 inches is quite sufficient ; for 74 
inches 8 lines minus 28 inches, the at
mospheric pressure which nèed not be 
considered in the length of the tube, is

tion in their construction deserving of equal to 46 inches 8 lines ; and, indeed, 
notice is the air thermometer of Geof- as in Amontons’s process, the compres- 
froy, which from the short description sion at high températures is rather more 
appears to be an improvernent on that than in the duplicate ratio of the air we 
of Boyle, inasmuch as it is not affected breathe, the mercury in boiling water 
by atmospheric pressure. He describes will not rise above 45 of his scale.f
the tube as vvithout any opening, except 
one, which descends almost Fig. 6. 
to the bottom of the bail, 
and there dips into a small 
portion of coloured liquid.-5 
There is no figure given 
in the original, and but a 
very rude one in our Phi- 
losophical Transactions, t  
seemingly from the de
scription. It is not stated 
how the bail was joined to 
the tube, but it was most 
probably by cernent, as re- 
presented in fig. 6.

M. Amontons clearly saw

There is a slight discrepancy betweem 
the original account of Amontons's ther
mometer and that given by Martine, 
who states its boiling point at 73 inches, 
and its freezing point at a l i  inches; 
but, according to the Aeademicians, the 
latter will be at 52 inches and about 8 
lines. The ingenious contrivance of 
the double pressure enabled him to 
apply the instrument to measure the 
température of boiling water, by a tube 
less than four feet in length.j

Although the idea of Amontons was 
a fine approximation to an universal 
standard for a thermométrie scale, the 
instrument is liable to such objections

* Mém. Acad. tom. xiii. p. 120. It was read iu 
M ay, 1700.

f  r t.it. Trans, vol. xxiii, p. 962.

* Mémoires de l’Acad. for 1702. 
f  Mémoires de l ’Acad. des Sciences, tom. xv. 
î  Mém. Acad, des Sciences, tom. xv, for 1702
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that its principle seems scarcely eyer to 
hâve been put in practice, except by its 
inventor and the Marchese Poleni." It 
is dfficult to construct two instru
ments which shall correspond, from the 
varying expansibility of air aecording 
to its moisture or dryness ; the indica
tions are liable to be atfected by the 
fluctuations of atmospheric pressure ; it 
is liable to be deranged by the escape of 
a portion of the incïuded air, when the 
instrument is moved about : it is, more- 
over, too unwieldy, and very liable to be 
broken.

Much about the period when those 
attempts to perfect the thermometer 
were made in France, important im- 
provements on it were effected in the 
north of Germany and in Holland, by 
the introduction of quicksilver as the 
thermométrie fluid.

The objections we hâve stated to the 
use of the spirit thermometers, and to 
the oil thermometer of Newton, led the 
way to the employaient of quicksilver 
in the construction of the instrument. 
Dr. Halley alludes to several advantages 
of quicksilver as a thermométrie fluid, but 
seems to hâve rejected it on the ground 
of its slight expansion by heat.t although 
this objection might hâve so easily been 
obviated by increasing the disproportion 
between the bulb and the diameter of 
the tube. On this account the claim set 
up for his title to priority of invention 
may justly be denied. It is most pro
bable that science is indebted for this 
great improvement to Roemer, the cele- 
brated astronomer of Dantzic, to whom 
the invention is ascribed by Boerhaave, 
as well as the first idea of the scale now 
known as that of Fahrenheit. Boer
haave further adds, that as early as 
1709, Roc-mer observed with tliat in
strument a natural cold so intense as to 
sink the mercury to the beginning of 
the scale.!:.: Thermometers of this con
struction began to be made by Daniel 
Gabriel Fahrenheit, a native of Dantzic, 
who afterwards lived at Amsterdam, in 
so admirable a manner, that he has 
generally been considered the original 
inventor ; they were speedily spread over 
the north of Europe under his name, 
and still maintain tlieir ground in se
veral countries, especiallv in Britain.

I t  has commonly been alleged, that 
at the time when Roemer's or Fahren-

heit's scale was proposée!, its zéro was y | 
derived from the ai’tificial cold pro-
duced by a mixture of sait and snow, 
then supposed to be the lowest possi
ble réduction of température. This, 
however, seems to be inaeeurate : Boer
haave * gives a different account of the 
matter, which is repeated in the Philo- 
sophical Transactions, t  The zéro 
was fixed from “ the lowest cold ob
served in Ysland," (Iceland) ; which 
was supposed to be as low a tempéra
ture as was likely to become the object 
of philosophie investigation : but wrhen 
artificial methocls of reducing the tem
pérature of bodies much lower, and 
oceasional natural colds brought the 
mercury below that point, a scale of 
equal parts was extended below’ the 0° ; 
the ascending sériés of degrees being 
distinguished by sign +  or plus, and 
the descending sériés by the sign — or 
minus.

The principle which dictated the pe- 
culiar division of the scale is as follows. 
When the instx-ument stood at the 
greatest cold of Iceland, or 0 degree, 
it was computed to contain 11,124 
equal parts of quicksilver ; which, 
when plunged in melting snow, ex- 
panded to 11,156 parts; hence the in- 
termediate space w:as divided into 32 
equal portions, and 32° w’as taken 
as the freezing point of water : when 
the thermometer was plunged in 
boiling water, the quicksilver was ex- 
panded to 11,336 parts ; and therefore 
212° was marked as the boiling point 
of that fluid.;:: lu practice, Fahren
heit determined the divisions ot his 
scale from two fixed points, the freez
ing and boiling of water : the theory of 
the division, if ure may so speak, w:as 
derived from the lowrest cold observed 
in Iceland, and the expansions of a given 
portion of mercury.

The mercurial thermometer was used 
by the Italien philosopher Renaldini 
before the end of the seventeenth cen- 
tury : and he proposed, in 1694, an in- 
genious method of graluating it between 
the freezing and boiling points of water, 
by successive mixtures of determinate 
veights of boiling and ice cold water.

The great advantages of Fahrenheit s 
thermometer over every other pre- 
vious invention, consisted in its appli- 
cability to a greater range of tempera-

* Phil. Trans. jSTo. 421. 
t  Phil. Trans. vol. xvii. p. 652. 
t  BoerliaaYii Ckemiw, tom, i. p. 720.

* Chemiæ, tom. i. p. 720.
+ Vol. xliv. p. 680.
i l'or 11156-11124=32, and 11336-112-1=212,
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Ture^frfom the freezing to the boiling 
point of quicksilver, in its not soiling 
the containing tube, and in its receiv- 
ing the impressions of heat and cold 
more readily, while its density rendered 
capiilary tubes fUled with it perfectly 
visible; and thus the instrument be- 
came more portable and délicate. We 
may also remark, that at the period of 
its invention, there was no other scale 
in use that could prétend to vie with it 
in accuracy ; and it still possesses the 
peculiar advantages, that from the low- 
ness cf its 0°, the observer is seldom 
troubled with négative degrees, and 
from the number of its divisions j has 
rarely, in ordinary operations, to use 
fractions of a degree.

We are indebted also to Fahrenheit for 
the knowledge of the fluctuation of the 
boiling point of water, according to the 
différence of atmospheric pressure* 
Le Monnier, in 1739, confirmed this fact, 
bv notihg the température of boiling 
water on the top of Mount Canigou, 
one of the Pyrennees; and in 1744 
it was fully established by Martin 
Folkes, who found that water boiled on 
lhe summit of Pic du Midi 15° of 
Fahrenheit's scale lower than at Bag- 
neres ; and at the latter place 3 i° lower 
than at Bordeaux ; while he proved 
that élévation in the atmosphère had no 
sensible influence on the stabiiity of the 
freezing point.t These facts led to 
an important correction in fixing the 
boiling point of water or other liquids.

i t  would now be a waste of lime to 
describe minutely the various thermo- 
meters which were in use in France and 
England before the time of Fahrenheit. 
They were ail without fixed points in 
the scale; and though they were vaunted 
as constructed after the models in the 
Royal Observatory at Paris, or in the 
apartments of the Royal Society of Lon
don, they gave most discordant results. 
An analysis of the most noted of them 
has been elaborately and ingeniously 
attemptedbyDr. Martine in hisvaluable 
Essays, and the results presented in the 
very convenient form of a tabulai’ view. 
We shall therefore pass at once to notice 
some of the other more accurate ther- 
morneters that hâve been emploved in 
different parts of Europe, although the 
principle in them ail is similar to what 
has been already described.

The thermometer with which the

Dutch philosopher Cruquius made the 
observations published in the Philoso- 
phical Transactions, (vol. xxxiii. No. 
381,) was an air thermometer, on which 
he states the freezing point of water to 
be indicated by 1070°, and boiling 
water by 1510° : the lowest known cold, 
which seems to hâve been the begin- 
ninsr of his scale, he gives = 1000°.

The objections to the thermometer of 
Amontons are clearly stated by Reau- 
mur, * who proposed to adopt the 
freezing and boiling points of water as 
fixed points in the scale, but employed 
spirit as the thermométrie fluid. He 
unquestionably fell into error when he 
stated that 1000 parts of strong spirit 
dilated to 1087.5 parts in passing from 
the freezing to the boiling point of 
water ; for how could strong spirit 
sustain so high a température without 
being partially converted into vapour ? 
His proposai was to use spirit of just 
such strength, that between these two 
températures it should expand from 
1G00 to 1030 ; and, commencing his 
scale or 0° at the freezing point of 
water, he made the boiling point 80°. 
The principle of this construction was 
good ; but Dr. Martine has shown that 
from the large size of the bulbs of his 
thermometer s, which were from 3 to 4 
inches in diameter, and the short time 
they were immersed in the freezing 
mixture, they could not hâve acquired 
an uniform température ; and accord- 
ingly Martine found their freezing point 
too high,t and the error in the boiling 
point from the cause already alluded to, 
must hâve been still greater.

These errors ruight hâve been obviât - 
ed by the use of quicksilver instead of 
spirit. This was accordingly soon done ; 
by whom first is uncertain, although 
there is strong reason to believe by De 
Luc ; and the mercurial thermometer, 
with the 0° at the freezing point of 
water, and 80° as its boiling point, soon 
beeame general in France, and well 
known over Europe under the narne of 
Reaumur's Thermometer. The only 
material objections to such a scale, 
when the instrument is accurately 
made, arise from the largeness of the 
divisions rendering fractional parts of a 
degree of frequent occurrence, and the 
élévation of 0Q often introducing +  and 
— degrees in a sériés of observations, 
even at common natural températures.

The mercurial thermometer of Mons.
Phil. T rans. xxxiii. No. 3S1. 

" t  Phil. ï ra n s . yol. xliii. p. 32.
* Mémoires de l’Acad. des Sciences, for 173(1 
\ Martine’s Essays, Kdin, 1792, p. 23,
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J  De Lisle of St. Petersburg, diffère 
little in principle from the instruments 
just mentioned ; but its graduation is 
inverted. His 0° is at the boiling point 
of water, and he continues the gradua
tion downicards : and conceiving the 
mercury, at that température, to be di- 
vided into 100,000 parts, he determined 
the degrees by the contractions of the 
whole mercury as it cooled, expressed 
in such parts.* The distance between 
the freezing and boiling points of water 
on this scale is 150°, as ascertained by 
Dr. Martine, who examined one of Dr. 
Lisle’s original thermometers : but this 
thermometer seems to possess no advan- 
tage over those just described, and noyer 
came into general use except in Russia, 
where it is still employed.

Our eountryman, Dr. Stephen Haies, 
employed anotner thermometer in his 
experiments on vegetable physiology. 
The 0° was at freezing water, and the 
highest point was ascertained by placmg 
the instrument in hot water, on twhich 
wax was just beginning to congeal ; 
the intervening space was divided into 
100°.+ This near approach to a true 
centésimal scale was defeated by the un- 
certainty of the upper point, arismg 
from his using spirit instead of mercury 
in the tube, and the diffieulty of ascer- 
taining the exact moment of the conge- 
lation of the wax.

I n  the year 1742, the Swedish philo
sopher Celsius, professor at Upsal, 
divided centesimally the thermometer 
known in the north by his naine, and 
which has, since its tâcit adoption by 
the French chemists, obtained additional 
celebrity as the Thermomètre Centi
grade. Celsius commences his scale 
at the freezing point of water, and di- 
vides the space between that point and 
the height of the mercurial column in 
boiling water into 100». This appears 
a more natural and simple division than 
any that had been previously proposed, 
and it possesses several advantages ; 
but it has two inconveniences of some 
importance in many practical  ̂opei a- 
tions. Thus, from the high position of 
the 0°, natural colds are frequently to 
be noted by a descending sériés of fi
gures, and one column of observations 
may be hence embarrassed by +  and — 
degrees ; while from the large space 
intercepted between the degrees, the 
observer is frequen'dy obliged to com- 
pute fractional parts of a degree._____

» Phil. Trans. vol. xxxix. p. 221, for 1733.
t  Vegetable Statics, vol. 1. p. os.

M. de la Lande, in 1804, proposed a ultimheat
newr thermométrie scale, the 0° or meari
point of ivhich he would fix at the mean 
température of the earth ; which he 
gives as =  to 9°.5 of Reaumur’s scale ; 
and his degrees were to be the ten mil- 
lionth part of the volume of the mer
cury in the instrument. Among the 
advantages of such a division, he con
sidère the simplification of expression in 
meteorological observations—thus, 30° 
would express the heat of summer and 
cold of winter ; 40° a hot summer and 
severe winter; while the smallness of 
the degrees would obviate the use of 
fraclions of a degree. The boiling 
point of water would be at +  133, 
and the congélation of mercury at —
74°; ice would melt at — 18°, and the 
zéro of Fahrenheit would be at — 44.*

This proposition has never been 
adopted ; and its advantages seem over- 
rated by the inventor. It only obviâtes 
one of the objections urged against the 
scale of Celsius, and is inferior in sim- 
plicity either to a millesimal division of 
the interval between the freezing and 
boiling point of water, or to the ther
mométrie scale proposed by the late 
Dr. Murray of Edinburgh. That acute 
philosopher proposed to employ the 
freezing and boiling points of mercury 
itself as the extremes of his scale, and 
to divide the intervening space into 
1000°. It is a more natural division 
than any hitherto proposed, inasmuch 
as it is taken from relations of the best 
thermométrie fluid itself to heat : and if 
we suppose these two points to hâve 
been accurately fixed at — 40° and +
655° of Fahrenheit, the freezing point of 
water would be 99», and its boiling 
point 347» on Murray’s scale.

The advantages of this scale, are that 
it wiÛ very seldom, in natural tempéra
tures, render the introduction of — de
grees necessary, and the smallness of 
the divisions supersede the employment 
of fractional parts of a degree, in ordi- 
nary cases ; two circumstances ot con
sidérable importance in a long sériés of 
thermométrie observations.

Magellan informs u s ,f  that M. 
Achard of Berlin invented a thermome
ter for aseertaining high température, 
which is a b-ue Pyrometer, and might 
hâve been introduced in the next sec
tion. I t consists of a bail and tube of 
semitranslucent porcelain, highly baked,

•Jo u rn a l (le Physique, 1804. Nisholson’s Jour
n a l, 8vo. vol. ii. p. 61.

t  Sur la  Théorie du heu Elémentaire, 1,80.
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Virtual rcraftaiminsr’ a fusible alloy of two parts 
0f bismuth, one of lead, and one of tin. 
In the température of the air, it remains 
solid in the tube ; it becomes fluid 
about the boiling point of water ; then, 
as a fluid, expands by inerease of tem
pérature ; and its expansion being seen 
through the semitranslucent tube, 
which is divided into equal parts or de- 
grees, becomes an indication of the 
température applied to the bail.

This invention promises to be of con
sidérable utility, and is capable of ex
tension by the employment of less 
fusible metals. From the simplieity of 
its construction, it is rather surprising 
that it has not been more generally 
known, and employed in pottenes, 
where the instrument could be easily 
made. An instrument on this con
struction would be a better method of 
uniting the scales of the common ther- 
mometer and pyrometer than any here- 
tofore employed.

Of these various thermométrie scales 
there are but three in very general use, 
viz. that of Fahrenheit, Celsius, and 
Reaumur. Fahrenheit’s is chiefly used 
in Britain, North America, and Hol
land : the scale of Celsius was adopted 
by the French, and is now employed in 
most parts of the north and middle 
of Europe: Reaumur's was the only 
one used in France before the Révolu
tion, and is still that best known in 
Spain and in some other continental 
States ; but it is further important, as 
affording the terms in which numerous 
very valuable observations are recorded.

For these reasons it is useful to hâve 
formulæ for readily converting one 
scale into the équivalent degrees of the 
other two. The freezing point of water 
on Fahrenheit’s scale is at 32°, and on 
those of Celsius and Reaumur at 0°, 
while it boils on each respectively at 
180°, 100°, and 80°, above that point. 
Hence the degrees of Fahrenheit are to 
those of Celsius as 180: 100 = 1S:10 
= 9 :5 , and to those of Reaumur as 
180:80 =  1 8 :8  = 9 : 4 —, or 9°of Fah
renheit are equal to 5° of Celsius and 
to 4° of Reaumur. Therefore, when we 
wish to couvert the degrees of Celsius 
into those of Fahrenheit, we hâve to 
multiply the number of the former by 9, 
divide by 5, and add 32 ; to reduce 
the degrees of Fahrenheit into those of 
Celsius, the converse of the proposition 
.will give the required resuit ; that is, 
from the degree of Fahrenheit subtract 
32, then multiply by 5, and divide by 9.

When we wish to couvert the degrees of 
Reaumur into those of Fahrenheit, we 
hâve to multiply by 9, divide by 4, and 
add 32; and subtraetmg 32 from the 
o-iven degree of Fahrenheit, multiplymg 
the remainder by 4, and dividing by 9, 
will give the équivalent degree of Reau
mur's scale. , ...

The followmg short formulæ will 
apply to each case :

1. F = ° - ^  +  32.

C =
(F -  32) X 5

F =  ^  +  32. 4

R  =
( F -  32) x 4

These formulæ ar, P o f 1above the
ply to ail degrees 

* " er ; but
when négative degrees of Celsius are to 
be converted into the équivalents on 
Fahrenheit's scale, multiply the degree 
of Celsius by 9, divide by 5, and the 
différence between the quotient and 32 
is the required degree of Fahrenheit : 
or when négative degrees of Fahrenheit 
are to be reduced to their équivalents 
on the scale of Celsius, add 32 to the 
given degree of Fahrenheit, then multi
ply by 5, and divide by S. By substi- 
tuting 4 for 5, the same formulæ will 
apply to Fahrenheit and Reaumur, ail 
which may be thus expressed :

9 C cr> 32.

(F +  32) X 5

1. — F =

2. - C  =

3. -  F  =

4. — R  =

9 R cr 32.

(F +  32) x  4

The formulæ are concernent for re- 
ducing a few examples from one scale 
to another : but when they perpetually 
oceur in reading or writing it is very 
useful to hâve comparative tables, from 
which, by one glance, the desired infor
mation may be obtained.

§ 2. Précautions necessary to be ob- 
served in constructing accurate Ther- 
mometers.
A general idea has been already 

given of the mode of constructing a



thermometer, but where much accuracy 
is required there are many mceties that 
demand attention.

1. The tube should be of equal 
diameter throughout the whole stem.
As obtained from the glass-house, the 
tubes are in reality trusta of very elon- 
sated hollow cônes, which, by extension, 
become more or less nearly cylindrical ; 
and as the divisions of the scale are 
usually equal, it is very important that 
the tube should not perceptibly differ 
from a true cylinder.

For these purposes, after a tube has 
been chosen by the eye as equal in 
calibre as possible, the best makers 
blow a bulb on it, and introduee a 
short column of mercury into the stem, 
perhaps an inch in length, which is aecu- 
rately measured on a fine scale of equal 
parts, in different portions of the tube, 
as the column is, by the heat of the 
hand, moved from the bulb to the open 
extremity of the tube. Should the mer- 
curial column subtend the same 
number of divisions on the scale in 
every part of the tube, it may be consi- 
dered as a perfect tube for a thermome
ter.

The late Mr. Wilson, of Glasgow, în- 
troduced thermométrie tubes of an 
elliptical bore. The advantage of this 
forai is, that a very sma.ll column of 
mercury is much more visible when it is 
expanded at right angles to the line of 
vision. If due précaution be taken to 
ensure the equality of the tube this 
form answers well, especially for ordi- 
nary purposes ; but where great nicety 
is required, we would recommend the 
cylindrical tube.

2. The form and proportion of the 
bulb may vary according to the purpose 
for which the instrument is to be ap- 
plied. The larger the bulb in propor
tion to the stem, so much more deli- 
cately susceptible of changes of tempe- 
rature will be the thermometer. The 
spherical bulb is to be preferred, for 
this shape is least likely to be affeeted 
by the varying pressure of the air ; but 
■when the bulb is very large this form 
renders the thermometer less susceptible 
of minute changes of température, and 
pyriform or cylindrical bulbs are usually 
adopted. Ail large bulbs are more or less 
sensibly affeeted even by slight pres
sure. An examination of more than fifty 
eommon thermometers, with large sphe
rical bulbs, in the work-shop of an 
excellent artist, afforded the writer of 
this article an opportunity of observing

THERMOMETER AI
that by slightly compressing their bu sultimheat 
between the finger and thumb, the mcto«TUAL muséum 
cury in the stem rose and fell alter- 
nately several degrees, as the pressure 
was increased or diminished. The bulb 
and stem are usually in the same 
straight line, but for various purposes 
the bulb is occasionally placed at 
various angles to tne stem.

In  forming the bulb the mouth must 
not be employed to blow it, otherwise 
moisture will condense in the tube, 
which is expelled with much difficulty, 
and if suffered to remain, will greatly 
impair the value of the thermometer.
Good instrument-makers use a small 
bottle of caoutchouc, or elastic gum, 
fastened by a thread on one end of the 
tube, while the other extremity ïs soft- 
ened by the flame of a tallow lamp, 
urged by a blowpipe. By compressing 
the bottle, after the orifice of the soft- 
ened end of the tube is closed by the 
aid of another rod of glass, a bulb is 
formed of any required size ; but a neat 
workman will rarely consider the first 
blown bulb sufficiently well formed for 
his purpose. I t  is generally dilated till 
it bursts ; the glass, while still soft, is 
compressed into a rounded rnass, and a 
fresh bulb formed of a regular shape, 
and size proportioned to the calibre of 
the tube. Should the artist not intend 
to fill the tube immediately, he usually 
hermelieally seals the other end of the 
tube to prevent the entrance of damp 
air or dust.

3. The précautions necessary in fill- 
ing thermometers with mercury are 
exceedingly well given in Nicholson's 
Chemistry.*

The mercury should be clean, dry, 
and recently boiled, to expel air as 
much as possible. Mercury is often 
cleaned by thermometer - makers by 
agitating it in a phial, for some time, 
with sand, and then straining it through 
leat’ner ; for nice instruments it should 
be distilled from iron filings, or reduced 
from its sulphurets, in clean iron 
vessels, at a moderate heat.

The bulb to be filled is heated in the 
flame of a lamp, and the open extremity 
of the tube is immersed in the mercury ; 
as the bulb cools, the pressure of the 
atmosphère forces the fluid into the 
tube and bail. Mr. Nicholson recom- 
mends, that the bulb should be but 
moderately heated at first ; so as, on 
cooling, to become only half filled. He 
advises the open end of the tube to be 

* Edition 3rd, p. 2i>.
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riearly in the horizontal position as pos
sible, while the flame of anewly snutfed 
candie is applied to the bulb, so as to 
boil the included mercury. Thus the 
remaining air will be expelled ; and on 
removing the candie, the mercury will 
suddenly fill the bail and part of tire 
tube.

4. To ensure a délicate thermometer, 
the mercury is next to be boiled in the 
thermometer. For this purpose a slip 
of clean writing paper is to be rolled 
tightly around the upper part of the 
tube, so as to form, beyond the orifice, 
a cup or cylinder capable of containing 
as much mercury as the bulb : secure 
this round the tube with a thread, put 
a drop o f mercury into the paper cavity, 
and again applv heat to the bulb, hold
ing the tube by the part covered by the 
paper. The mercury will soon boil, and 
about one-half of the contents of the 
bail will rush up into the paper cup. 
On removing the bulb frora the candie, 
the mercury will suddenly return. Re- 
peat this operation again and again, 
until the speedy boiling of the mercury, 
and the diminished noise and agitation, 
show that the whole lias been well 
heated, and air and moisture expelled 
from it.

Should there be the least moisture in 
the tube before this part of the opera
tion, it is very likely to burst the bulb ; 
and the same accident is likely to hap- 
pcn, if the mercury be too strongly 
boiled the first or second time.

An experienced eye will readily judge 
w hat' range of scale the thermometer 
will hâve ; but this point can easily be 
ascertained, before the tube is closed, 
by heating the bulb in the mouth, and 
then immersing it in cold water or 
melting ice. When the latter is used, 
the operator can at pleasure fix liow 
far from the bulb he will hâve the 
freezing point ; for, by keeping the tube 
more or less filled, he can acljust that 
point to any desired height.

5. The tube is now to be hermetically 
sealed, that is, closed by the fusion of 
the glass at the upper extrcmity, wliich 
for this purpose is previously drawn to 
a capillary orifice. When it is intended 
to free the tube entirely from air, wliich 
is the best method with mercurial ther- 
mometers, heat is again to be gently 
applied to the bulb, which at the same 
moment is to be softened by another

■ flame, and closed in the u.sual way, as

soon as the mercury reaehes the exire* 
mity of the tube. When the bail has 
cooled a little the sealing is rendered 
more secure by fusing the glass more 
fully around the top, so as completely 
to obliterate the orifice. If  the vacuum 
be perfect, the mercury will fall to the 
extremity of the tube on inverting the 
thermometer, unless the calibre be ab- 
solutely capillary ; in which case capil
lary attraction will overcome the force 
of gravity, and the mercuiy will retain 
its position in the tube, in every situa
tion of the instrument.

Where there is a complété vacuum 
in the tube, the mercury must be well 
boiled before the sealing, as above di- 
reeted ; and when we choose a thermo
meter, the ready falling of the mercury, 
on inversion of the tube, is the best test 
we can hâve that the mercury has been 
well freed from air and moisture. This 
vacuum is not, however, so essential to 
the true action of the thermometer as 
was once supposed. A thermometer 
with a small dilatation of the tube 
when sealed, containing some eommon 
air, has latelv been recommended as 
préférable to the instrument with a va
cuum on the surface of the mercury.

M. Flaugergues* first called attention 
to the faet, that when old thermometers 
are placed in melting ice, they seldom 
fall quite so low as the mark of freezing 
on their stems, especially when the 
whole air has been expellecl from them. 
This différence he found to amount 
sometimes to 0.9 of a degree. The 
same fact has been confirmed by MM. 
De la Rive and F. Marcet/i- and also by 
Bellani and Arago. § The writer of 
this article possesses three thermome
ters ; one very délicate, made by Rams- 
den, and two well made instruments by 
Lovi of Edinburgh, ail which hâve been 
in his possession upwards of a quarter 
of a century. On lately placing them 
in a vessel filled with pounded ice, in a 
warm apartment, they ail showed a 
slight élévation of the freezing point. 
That made by tî amsden has a capillary 
tube and small spherical bail; the 
other two hâve small pyriform bulbs, 
and the mercury readily falls to the ex- 
tremity of the tube on inverting them : 
yet Ramsden's stood about 0.6 of a 
degree above the freezing point, and the 
other were just pereeptibly above it. * * * §

* Bibliothèque Universelle, tom. xx. 1823.
t  1b. tom. xxii.
? Giornaledi Fisica, tom. v.
§ Annales de Chimie, toxn, xxxii.
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TM Flaugergues attributes this change
to the effect of long contnmed atmo-
spherie pressure on the bull-s of thei- 
xnometers, in which there is no air to 
counteract it. De la Ilive and Marcet 
«rive the same explanation, and remark 
g0w this circumstance must aftect the 
resuit of ail experiments on the cold 
produced in vaeuo.
1 Arago is not inclined to attribute this 
élévation of the zéro to atmospheric 
pressure on the bulb ; since he found it 
equally affecting thermometers with 
very thick and very thin bulbs. He in
clines to ascribe it to the disengagement 
of air, which either adhered to the glass 
or the mercury, and its accumulation m 
the upper part of the bulb, so as to 
affect the column in the stem.

The most complété observations on 
this point are those of Bellani,* who 
aeknowledges two sources ot variation 
in the zéro of thermometers. 1 hatele- 
vation of tho zéro, first noticed by rlau - 
exergues, according to him, goes on 
gradually increasing for a limited pe- 
riod, but ceases after a year or two. He 
âscribes it to the extreme slowness with 
which glass once softened has the equi- 
librium among its particles restored. 
He found, that some months after gya- 
duation, a thermometer did not sink 
cinite to the freezing point when im- 
mersed in melting ice ; il laid h y foi 
some months, and again tried, its zeio 
will be still higher ; but after some time 
this irregularity ceases. He found that 
this effect was not diminished by leav- 
jng the thermometer open at tlie top, 
and it was sensible even in spirit ther
mometers. . . ,

The other irregularity noticed by 
Bellani is detected in the following 
manner.—Let a thermometer, having 
sucli a range that A  of a degree is 
appréciable, after lving by for some 
months, be plunged into melting ice, and 
its height accurately noted, then into 
boiling water, and again into ice, it will 
now stand lower by about A  °f a de- 
oree tlian at its first immersion in the 
liquefying ice. This eftect he âscribes 
to the extreme slowness with which the 
expnnded glass can regain its former 
State of contraction, compared to the 
mercury.

These déductions appear to be per- 
fectly just ; and we are further indebted 
to Bellani for an ingenious method of 
showing that the air, if not wliolly, is

* Bellani, Giornaie di Fisica, tom. v.

cliiefly retained in thermometers and 
harometers by the glass, not by 
mercury. He introduced a portion ot 
unboiled mercury into a bulb, contain
ing mercury which had ceased to give 
out any air, and found that this intro
duction did not renew the agitations 
which the first application of heat to 
the bulb had oceasioned. -

The difficulty of freeing thermometers 
from air is admitted hy Arago, while he 
recommends boiling the mercury in the 
bulb as the best method of effecting the 
expulsion of the air; and he quotes 
some unpublished experiments of Du- 
lomr, to show the tedious manipulations 
winch are necessary for this purpose.

We would recommend the boiling to 
be performed in the manner stated, un- 
til the agitation of the fluid eaused by 
the air ceases ; and after the tube is 
closed, the observations of Bellani 
would incline us to recommend, for 
délicate instruments, that the attempt 
to fix the freezing point sliould be de- 
ferred, until the glass might be supposed 
to hâve contracted to its state of equi- 
librium ; after which, there would pro- 
bably be little change in the dimensions 
of the bulb.

6. We corne now to the last and most 
délicate step of the process, the adapta
tion of the scale to the instrument.

In the manufacture of thermometers 
this is conveniently doue by plunging 
the new instrument, along with a stand
ard thermometer, into two liquids at 
different températures : but the gradua
tion of this standard instrument is a 
work of sucli nicety and importance, 
that a committee of seven members of 
the Royal Society was formed to in- 
vestigate the subject, and their elabo- 
rate report is given in vol. lxvii. part ii., 
where ail the requisite circumstances 
are distinctly noticed, and the best ma
nipulations minutely described.

Two fixed points are sought ; and the 
freezing and boiling points of water are 
most convenient for that purpose. To 
find the first, nothing more is necessary 
than to place the thermometer to be gra- 
duated, after it is filled, in melting snow 
or ice, in such quantity around the bail 
and tube, as to bring it to the desired 
température. When the mercury lias 
become stationary in the tube, a mark 
is to be made on the tube with a file, 
just opposite to the top of die mercurial 
column ; and that mark fixes the freez- 
in°- point of the scale of the instrument. 
The détermination of the boiling point
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uLTif^E/ffitich more difficult, because it is 

v'RTUAL;M5lEH¥l bv atmospherical pressure, and 
even by tlie forrn of the vessel in whieh 
the water is heated.

The Committee of the Royal Society* 
recommend that the boiling point 
ought to be fixed under a barome- 
trical pressure of 29.80 inehes. For 
the graduation of the thermometer they 
recommend that the bulb should not be 
innnersed in the water; because they 
found, that aceording to the depth of 
this immersion the mercury rose to a 
greater height in the tube. They re
commend a vessel of tin plate, pro- 
vided with a cover which lits easily on, 
and rendered steam-tight by a ring of 
woollen cloth between it and the vessel. 
This cover has tvvo apertures—a chim- 
ney, with an area not less than half a 
square inch, and two or three inehes 
high, to carry off the steam of the boil
ing water ; and a hole for a cork, 
through which the thermometer tube 
is inserted in such a manner, that the 
bail does not toueh the surface of the 
water, but may be surrounded with an 
atmosphère of steam ; while no more of 
the tube should be above the cork than 
is sufficient to show the height to which 
the mercury rises wlien the water is 
briskly boiling. When ail things are 
thus adjusted, athin plate of métal is to 
be laid over the ehimney, to prevent the 
escape of the steam as it is formed ; heat 
is to be applied to the bottom of the 
vessel ; and when the mercury has re- 
mained a few minutes stationary in the 
atmosphère of steam, its height is 
carefully to be marked with a file on 
the tube.

The water may be distilled, or any soft 
water, such as clear rain water, be used ; 
for, if there be mucli saline ingrédient 
in the water, this will affect the boiling 
point, and may lead to error.

Various mechanical contrivances hâve 
been proposed for more conveniently 
fixing the tube in the cover, but they are 
oflittle comparative importance. Sonie 
prefer plunging the bail into the water 
to tlie depth of two or three inehes : in 
this case there is no necessity for a plate 
of métal on the ehimney, nor for the 
tightness of the cover : but the adjust- 
ment of the boiling point is to be made 
for the barometer at 29.50 inehes. To 
those unprovided with such a vessel 
the following method is recommended. 
Wrap several foids of linen, or üannel,

‘'K

* Phil. Trans, vol. lxvii. part ii.

round the tube, nearly as high as the 
supposed boiling point, which may bé 
guessed at by previous immersion of 
the bulb in boiling water : hold the ther
mometer in an ascending current of 
boiling rain water about two or three 
inehes below the surface ; pour boiling 
water three or four times on the covering 
ofthe tube, at intervals of some seconds ; 
and waiting a few seconds, after the last 
affusion, to allow the water to be in 
brisk ébullition, mark the height of the 
mercury in the tube, which will be the 
boiling point of the instrument.

Having thus obtained two fixed 
points, the freezing and boiling points 
of water, it is easy to mark off corre- 
sponding divisions on the scale which 
is to be graduated. If  the tube be truly 
cylindrical, nothing more is necessary 
than to divide the intervening space into 
as many equal parts as it is intended to 
hâve degrees between those points. 
Should the tube not be of uniform bore, 
the size of the divisions ought to be ac- 
commodated to the inequalities of the 
tube. This may be done by taking in- 
termediate points in mixtures of water 
at different températures ; and after 
marking them on the tube, proportion- 
ing the size of the degrees, at short in
tervals, to the varying diameter of the 
tube. This method of graduating from 
intermediate points ought, in nice in
struments, to be adopted, however true 
the tube may appear ; but a tube with 
sensible inequalities is in general to be 
avoided.

Although it would be advisable to fix 
the boiling point when the barometer 
is at the height above recommended, 
this may be attended with serious in- 
convenience to artists ; and philosophers 
hâve therefore investigated the correc- 
tion to be made for every ordinary varia
tion of atmospheric pressure.

The first considérable sériés of ex- 
periments on this subjeet are those of 
De Lue, in 1762, published in his in- 
teresting Recherches sur les Modifica
tions de l'Atmosphère,* which were 
extended and verified by Sir George 
Shuckburgf in 1775 and 1778. Em- 
ploying Reaumur's scale, De Luc as- 
certained, that if y  represent the , ,  
height of the barometer, T the height 
the thermometer above the freezing 
point, expressed in hundredths of a 
degree of this scale, when immersed in 
boiling water ; and a the constant number

Vol. i. 332 ; vol. ii. 333.
f  Phil. Trans. vol. lxix. p a rtii.
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10387, the following formula will ex
press the height of such thermometer 
when plunsed m boiling water under 
every variation of barometnc pressure.

. J ^ - l o g 2 / - a  = T ;
200000

or as expressed in the more usual w ay 
of’considering ail the figures after the 
index as décimais, De Lues formula 
would stand thus :

99 x .—° log y -  a = T.

De Luc’s researches and his formula 
are reduced to English meurtres, and 
adapted to Fahrenheit’s thermometer by 
Horsley, in a valuable paper m the 
Philosophical Transactions p  where a 
table is computed for the direction ot 
artists in adjusting the boiling point, i t  
is unnecessary to give his équation oî 
the boiling point, because the later ex- 
periments of Shuckburg, and of the 
Committee of the Royal Society, enable 
us to présent a more complété table lor 
the direction of British artists m cor- 
recting the height of the boiling point in 
every ordinary fluctuation of the baro
meter.

i n
B a r o m e te r  w h e n  th e  uo iim g
p o in t is  fou rn i by im m e rs io n te rv a l b e tw e e n
in f re e z in g  a n d

Steam. Water. b o ilin g  o f  vrat

30-60 10 1
•50 9

30’71 •41 8
•50 •29 7
•48 •18 6
•37 •07 5
•25 •95 4
•14 •84 3
•03 •73 2

29-91 •61 i
•80 •50 0
•69 29‘39 1
•58 •28 2
•47 T7 3
•36 •06 4
•25 28-95 5 HL
•14 •84 6 5
•03 •73 7

28-92 •62 8 I
•81 •51 9 1
•70 1 10 J
•59

The use of this table requires no fur- 
ther explanation : but it is necessary to 
remark, that it présupposés the thermo- 
metric tube to be cylindrical, or ofequal

* Vol. hûv. parti.

dimensions throughout, beforethe indi- 
cations of the taille can be received _9̂ RTUAL 
quite correct ; yet, unless the irregulanty 
of the tube be considérable, a small 
correction will scarcely produce any 
sensible error in the instrument.

In  proportioning the bulb to the 
tube, the eye and experienee of the artist 
are usually judged sufficient for the pur- 
pose ; or they are copied as nearly as 
possible from standard instruments.
M. Durand has, however, thought it 
necessary to propose an algebraic for
mula for determining the proportions 
they ought to bear to each other ; but 
there are practicaldiffieulties in the waÿ 
of its application, which render his for
mula an exercise rather of his oivn 
ingenuity than of utility to the artist.

During the various improvements of 
the common thermometer, the air ther
mometer was almost wholly neglected 
until of late years ; but the attention of 
philosophers' was directed to the changes 
of bulk which solids undergo by altera
tions of température, as a measure of the 
relative degrees of heat.

Chapter II.
His tory and Construction o f Pyro- 

meters.
\ .  T he impractieability of applying 

the known modilications of the thermo
meter to bodies much heated, induced 
the eelebrated Musschenbroek, before 
the middle of the last century, to employ 
the expansions of solid rods of métal to 
indicate the température of such bodies ; 
and he gave the name of pyrometer to 
his invention.

As the expansions of solids are ex- 
tremely minute, it was necessary to 
devise some method of rendering them 
perceptible ; and the meehanism repre- 
sented in jig. 8 was the Dutch philoso
pher^ arrangement for this purpose. 
a is a metaliic prism 5.8 inehes in length 
and 0.3 in thickness, resting in a not ch 
in the upright i, where it is seeured by a 
screw, and heated by the lamp b with 
five wicks. The prism is pinned to the 
end of a  bar c, which has twenty-five 
teeth in one inch of its length, and forms 
a rack sliding smoothly on the table of 
the instrument through the two holdfasts 
seen in the figure, and playing in the 
six-leaved pinion d on the sanie axis as 
the wheel / ,  which is furnished with 
sixty teeth. This wheel plavs in another 
pinion e, of six leaves also, which is on 
the axis earrying the index g, which



moves round the circle h, divided into 
300°. The conséquence of this arrange
ment is, that if the expansion of the 
métal were to push the rack e one ineh 
forward, it would turn the pinion d 4 h 
times round; and the wheel/, moving 
at the same rate, will carry the pinion e, 
and eonsequently the index (10 x 4 |)  
=  41g round. Hence the index would 
hâve moved over (41 § x 300), or 12,500 
divisions of the scale ; or each degree 
of the instrument is équivalent to 731ôïï 
of an inch of the expansion of the prism 
a. Similar prisms of different metals 
applied in like manner to the instru
ment,enabled Musschenbroekto measure 
the different expansibility of steel, iron, 
copper, brass, and lead, with considéra
ble aceuracy :* but there is always some 
uncertainty in the movements of so 
many loosely eonnected teeth and pini- 
ons ; and this pyrometer was improved 
by

2. Desaguliers,t who instead ofpnsms 
substituted cylinders, as wires are 
more easily proeured than prisms of

equal dimensions. For the first pinion 
he employed steel slightly roughened 
by the file in the samc direction as the 
teeth. Thus a more equable motion 
was given to the instrument. The 
toothed wheel and second pinion were 
supplied by a wheel and roller, having 
grooves in their circumference for re- 
ceiving a watch-chain, by which motion 
was communicated to tire index. The 
dial plate was square and movable, in 
order to stretch the watch-chain as 
there might be occasion. A thin plate 
of rough steel inch wide, slightly 
convex towards the first roller, was 
substituted for the rack ; and this last, 
which in Mussehenbroek’s pyrometer 
was made to travel lightly over a small 
bit of fine watch-spring, moved in 
Desaguliers over a weÛ constructed fric
tion wheel, or roller.

These changes improved the delicacy 
of the instrument very considerably ; 
but it soon underwent other modifica
tions.

3. The pyrometer of Mr, .John Ellicot,

of London, is seen in ftg. 9, a a is a 
fiat plate of brass screwed to a thiek

*Tentam Acad, del Cimente, 
f  Desagulier’s Experimental Fbilosophy,!. 421.

mahogany sole, to which the ihree brass 
uprights b b b are firmly attached.

The pyrométrie pièces consist of two 
metallic "bars : the fiat one cc  is of



17THERMOMETER AND PYROMETER.
steel, and is that by which the expan
sions of ail the other metals are to be 
compared together. Its extremity to 
the right passes tlirough a hole in the 
upright, and is fixed to a spring which 
may be tightened by the serew m. Its 
other extremity is free, and presses 
a^ainst a snail on the axis of the lever 
f ?  The other bar e e is a prism of any 
métal, the right end of which rests on 
the end of the serew l, while its other 
bears on a snail on the axis of the lever 
h. When the bars are expanded by the 
heat of the spirit lamp g, they move 
the levers, to each of which is attached 
a slender watch-chain : the chain from 
the lever f  passes round a pulley \  
inch in diameter, fixed on the .axis 
round which the inner graduated cirele 
i  of the dial moves ; the chain from the 
lever h passes round a similar pulley 
on the axis of the index, as seen in the 
figure ; and the expansions of this bar 
are marked by the index on the fixed 
outer circle. Both pulleys hâve a 
thread wrapped round them in a con- 
trary direction on each, and then pass- 
ing over the pulleys at o to the weight 
k, which acts as a counterbalance to 
bring back the index and movable 
circle as the bars cool. The index and 
circle are both adjusted to the be- 
ginning of their scales by means of the 
screws l, m, at the commencement of 
each experiment ; and when the tem
pérature applied expands the standard 
bar to a given degree, as indicated on 
the inner circle, the index will show on 
the outer circle the relative expansi- 
bility of whatever métal is applied to 
the instrument at e e.*

This instrument was chiefly intended 
by its ingenious inventor, a chrono- 
meter-maker by profession, for ascer- 
taining the relative expansion of the 
metals usually employed in the con
struction of pendulums; an important 
object, for which many of the best py- 
rometers hâve been devised.

In this instrument the dial is about 
three inches in diameter ; the levers 
two inches and a half in length, and 
the proportions of the several parts 
such that the expansion of inch in 
the bar will move the index wholly 
round the circle ; or each degree will 
mark the 75'55 of an inch in the length- 
ening of the bar. From the mean of 
numerous experiments, Ellicot ascer-

•  This description is taken from an original in
strument now before the author.

tained the following to be the relative 
expansions of seven metals :— j V,F
Steel. Iron. Gold. Copper. Brass. Silver. I.ead.

56 60 73 89 95 103 149,*
which is more nearly in the ratio of the 
conducting powcr of the different me
tals, than ot any other of their physical 
properties.

4. n the 44th volume of the Philo- 
sophical Transactions is a description 
of another pyrometer by Dr. Cromwell 
Mortimer, which, though less accurate 
and convenient than Ellicot's, is worthy 
of notice, especially as it may be em
ployed to show the alterations of 
atmospherie température.

a, b, fig . 10, is a round rod of brass

* Phil.Trans. vol. xxxix. p. 297.
C
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'N & flong , its upper extremity termi- 

nating in a hardened steel point one 
inch more in length, and entering a 
hole in a steel plate on the under 
side of the lever e, vvhile its lower 
end rests on a point attached to the 
metallic plate at d. c, d are plates of 
iron joined at d, and at different other 
points, as in the figure : at x , x  they 
are turned half round, to allow the 
application of heated bodies, as sand 
or water, to the bar, vvhich is immersed 
in the heated bodies to a certain mark 
as at b. In the original instrument 
this mark was at 1? inch from the 
bottom: e , f  is a lever moving round 
an axis in g. A string fforn the end of 
its longest arm passes twice round the 
pulley h, and is kept tight by a weight 
i  of à lb., while there is another weight 
l, at the short arm of the lever, suffi- 
cient to counterbalanee the weight of 
the longer arm, and to keep the point a 
in close contact with the lever, m, n, 0,

■ a dial, of which the face is seen at B, 
graduated to correspond to Fahren- 
heit’s and Reaumur’s degrees, which 
are indicated by an index fixed on the 
axis of the pulley h. The frame of the 
instrument is of oak. The lever from 
y? to a = 4 inches ; from a to g  =  1.5 
inch; from g  to / =  12 inches; the 
pulley =  0.5 inch ; the dial =  11 inches 
in diameter. In the original the melt- 
ing point of different substances is in
dicated by their Chemical signs in the 
outer circle of the dial.

This instrument appears to hâve been 
of considérable delicaey, and to bave 
marked minute changes of atmospherie 
température very readily : but the size 
is inconvénient ; and it must now be 
regarded rather as an instrument of 
curiosity than utility.

5. The pyrometer, figured 11, the 
invention of Mr. Froteringham, a Lin
coln grazier, combines simplicity with 
considérable delicaey. It was also in- 
tended to indicate the changes of at- 
mospheric température, a, a is a bar 
of iron four feet long and 1J inch wide, 
having a polished brass surface screwecl 
to it with steel screws, which are fitted 
to short slips in the brass that allow the 
expansion of the iron bar, without that 
of the brass ornamental surface, to 
affect the hardened steel apex b. This 
apex moves the lever c, which raises 
the lever d; both turning on well made 
oentral disks. A chain from the ex- 
iremity of the lever d is lapped twice 
round the pulley /  on the axis of the

index, which moves round a graduated 
circle g. The counterpoise i  brings 
back the index as the levers fall. The 
screw h is for adjusting the index to 
the beginning of the scale. It is very 
obvious that such an instrument would 
be capable of showing the expansions 
of the bar in proportion to the différ
ence between the arms of the levers ; 
and, it is said, that the original in
strument, in the library of a philoso- 
phical society at Spalding, indicated 
the changes of the heat of the weather 
with great précision.*

6. Ail these instruments, however, 
yield in accuracy to the invention of the 
celebrated Smeaton, which is described 
in the Philosophical Transactions.+

In  this instrument the expansions of 
the metallic bars, heated by water, are 
measured by means of a micrometer 
screw ; a prineiple which had been 
before employed by the great chrono- 
meter-maker Graham, for the adjust- 
ment of the rods of a pendulum.

From the prineiple of its construc
tion, this instrument is called the Mi- 
crometer-Pyrometer.y?^. 12.

The basis of this instrument a, b, c, d 
is of solid brass, which was chosen as

* Phil. Trans. vol. xlv. p. 125.  ̂
t  Phil, Trans. vol, xlviii. p. 48/.
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of a mean expansibility among the me- 
tals. e f  is the bar to be measured, 
resting oa two notehes, one attaehed to 
the fixed upright a b, and the other to 
the principal lever h i. A is a strong 
arbor fixed to the basis, and intended 
to receive the ends of two screws h, l, 
upon which the principal lever h, i 
tums ; o is a slender steel spring in
tended to press the lever against the 
extremity of the bar ; and p  is a cheek- 
rod to support the lever, when the bar 
is removed. t is called the feeler ; it is 
in the form of the letter T, and is sus- 
pended freely, but without shake, be- 
tween the points of the screws m, n. q 
is the handle of the feeler, which is 
movable on a loose joint, so that the 
feeler may be moved by the handle 
without being irregularly affected by 
the pressure of the hand. The princi
pal part of the instrument is s, the 
micrometer screw, and iv the graduated 
circle or index-plate fixed on the screw, 
which indicates the révolutions of the 
screw on the index v. The micrometer 
screw passes through two solid heads 
perforated by a corresponding screw ; 
the piece y s  is made somewhat springy, 
and tends to draw the micrometer screw 
backward from d;  by which its threads 
press uniformly against the correspond
ing threads in the holes, and keep the 
motion equable and easy.

When the instrument is used, its 
basis and the bar are immersed in a tin 
vessel containing water, as marked by 
the dotted line, which is heated by se- 
ven lamps applied below. The vessel 
is provided with a cover ; and a déli
cate mercurial thermometer is sus- 
pended in the water, for x-egulating and 
ascertaining the température employed,

which is not intended to exceed that of 
boiling water.

The expansion of the bar presses the 
lever and feeler towards the end of the 
micrometer screw, which, as well as the 
extremity of the feeler, is tipt with har
dened steel. The handle q is laid hold 
of, and by it the feeler is moved up and 
down, while the screw is tumed, until 
its steel point cornes in contact with the 
end of the screw. Mr, Smeaton found 
that he could judge of that contact more 
aecurately by the ear, than by the eye 
or the touch.

The turns of the index-plate counted 
by its edge and the divisions of the 
index, show the expansion of the bar ; 
and its length when cool may be found 
in the same manner, either before or 
after the experiment above described. 
In  this instrument the bar acts against 
the centre of a lever of the second order, 
the fulcrum of which is in the basis ; 
and when both are expanded, the free 
extremity of the lever moves through 
a space double of the différence between 
the expansion of the bar and of the 
basis : hence, when we know the length 
of the lever from its axis to the point of 
suspension of the feeler, the distance 
from that axis to the point of contact of 
the bar, the number of threads of the 
micrometer screw in an inch, and the 
number of degrees on the eircumference 
of the index-plate, ive can compute the 
value of these degrees in fractions of an 
inch. In the original pyrometer the 
following were the proportions :
From axis of lever to point of inches.

su spension..........................5.875
------fulcrum to point of contact 2.895
Length of 70 threads of the screw 2.455 
Division of index-plate 100°.

c 2



20
uLTiMHEAÏÏence the value of each division of 

VIRTUAL Hfe^'iMdex-plate will =  ^ ^ d g  of an 
inch ; and as, when the instrument was 
well adjusted, the différence of contact 
was very perceptible when the screw 
was moved through J of a division, the 
îSTïïth of an inch of expansion was dé
terminable by this pyrometer, with which 
Mr. Smeaton ascertained the expansi- 
bility of many solids.

The followmg table is the resuit of 
his experiments, showing in I0,000dths 
of an inch the expansion of rods of 
different kinds of matter, in passing 
from the freezing to the boiling point of 
water.
White glass barometer tube . .1 0 0
Martial regulus of antimony . . 130
Bistered steel .................................. 138
Hard s t e e l .......................................147
I r o n ..................................................151
B i s m u th ............................... ..... . 167
Copper h a m m e r e d ..................... 204
Alloy, 8 copper, and 1 tin . . .2 1 8
Cast b r a s s .................................... 225
Alloy, brass 16, tin 1 .....................229
Brass w i r e .....................................232
Telescope spéculum métal . . . 232 
Alloy, 2 brass, 1 zinc . . . .  247
Fine p e w t e r ....................................274
Grain t i n ......................................... 298
Soft solder, 2 lead, 1 tin . . . .3 0 1  
Alloy, 8 zinc, 1 tin, slightly ham

mered .........................................323
L e a d ............................................... 344
Z i n c ...............................................353
Zinc hammered out 1 inch per foot 373 

These experiments correspond as 
nearly with the results obtained by 
Ellieot, as the différence of the instru
ments admit. They introduced a pré
cision hitherto unknown in the law of 
expansion of solid bodies : and are still 
quoted with approbation in those nice 
disquisitions which hâve paved the way 
to the perfection of horology, and the 
modem refinements in geodesical ope
rations, while they liave extended our 
knowledge of the effects of beat.

7. The metalline thermometer of Mr. 
Keane Fitzgerald cornes next in order 
of time ; but it is chiefly applicable to

THERMOMETER AND PYROMETER.
which bears against the fulcrum z,

Fig. 13.

while its other end rests on a small 
hemisphere of métal on the short arm of 
the lever b. The long arm of this lever 
is 2i times as long as the other; b is 
joined by a pivot to the rod c, 2 feet
2 inches in length, which bears against 
the short arm of d, and the long arm of 
d is times as long as the former. 
The rod e is 2 feet 4 inches long, and 
is jointed to / ,  as in the figure. The 
long arm o f / i s  4 times the length of 
its short arm, and terminâtes in a 
slender arch-head, which is attached to 
the lower end of the rod g  by a watch- 
chain, as in the figure. This last rod is
3 feet long, and is kept perpendicular 
by sliding between two friction rollers

01 „  V  Cn7  P!, CaT  V v, its connection with the arch-head, itsmark the alterations of atmosphenc tem- ' "  ■ - Wov ,, anr\
perature. Its general construction will suspension from the lever y, and xts
be readily learntfrom fig . 13.*

The basis of the instrument is a piece 
of well seasoned deal, on which a System 
of levers is fixed ; a a is the pyrométrie 
bar, 2 feet long, the upper extremity of

friction on the pulley h. The weight of 
the levers, &c. is counterbalaneed by 
the springs m and o, and the spring of 
y  is nearly neutralized by the pressure 
of x. The pulley h is fixed at 2 feet 
6 inches from the lower end of g, and 
is 3 inches in diameter. Two cords 
fixed to the spring q, pass twice round* Phil. Trans. vol. li. p. 523.
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with m uch âelicacy ; for it had athe pulley h in different ways, and thence 
o-q over the pullies at t, respectivel}, 1 
inch and £ inch in diameter. These last 
are put on the common axes of the 
indices k, l, in the same manner as the 
hands of a dock. The face of the dial 
is 12 inches in diameter, and from the 
construction, the index l ranges 48 
times, and the index k 12 times as much 
as the bar g. The dial h as on it three 
circulai- scales ; the inner is divided into 
240°, eorresponding to those of Fahren- 
heit’s thermometer ; the middle is di
vided into 360°; and the outer into 
1080 parts, marking 18 for each degree 
of the thermometer, and 12 for each 
degree of the cirele.

This instrument may be used as a 
pyrometer in low températures ; for the 
bar a is removable ; and from the con
struction, each division of the outer 
circle is équivalent to an expansion of 
73g-a-«th of the bar.

Used in this way, Mr. Fitzgerald in- 
forms us that the dilatations of metallic 
bars 2 feet long, at the same tempéra
ture, were as follows :

Divisions.
Spelter or zinc . . . • =  1570
Zinc IS, copper 2 parts . . =  1550
B r a s s ..................................=  1120
I r o n ..................................=  785
S t e e l ..................................=  695

which agréés pretty well with the ex
periments of Smeaton and Ellicot.

When used as a thermometer the in
dex k marks 74 divisions in passing from 
the usual extremes of température in 
our climate, and 212 divisions from 
freezing to boiling water.

Mr. " Fitzgerald experieneed some 
diffieulty in proportioning the strength 
of the springs to the weight sustained 
by the levers, and he improved the in
strument by the adoption of pulleys and 
counterpoise weights, as in fig . 14, 
which he ingeniously converted into a 
register thermometer, by adapting two 
light index hands a, a, fixed to two 
brass circles moving between friction 
wheels, attached to a fixed circle d. 
They were so nicely fitted as to move 
readily by a weight of 8 grains hung on 
them. These hands are moved in op
posite directions, by a small stud in the 
under surface of the index / ,  which re- 
ceives its motion from a cord passing 
from the pulley h  round a small wheel 
on its axis.

This alteration of the instrument was 
intended only to note the changes of the 
atmosphère, which it seems to hâve done

of 72 inches from the common changes 
of the heat of the weather in London ; 
and it would show an alteration amount- 
ing to 50 or 60 degrees of its scale, 
when the pyrométrie bar of the instru
ment was five or six times breathed 
upon.*'

8. In Ferguson's Lectures two pyro- 
meters, the invention of that great self- 
taught mechanician, are described.

Fig. 15 was merely intended to exhibit 
to his audience the expansions of bodies 
by heat, yet is worthy of notice.

a a, a mahogany board, on which are 
fixed four brass studs ; of these b sup
ports a screw for adjusting the pyro
métrie bar/ ,  which rests in notches in 
the studs c d. The extremity of the bar 
presses against the crooked lever g ,which 
acts on the index i  i  ; the stud e holds 
the spring h, which brings back the in
dex when the bar coolsr The lever g  
(of the second order) has the portion 
between the point of contact of the

* Phi!. Trans. vol. lii. p. 146.



bar, and where it touches the index 20 
times as long as the space between the 
point of the bar and its fulcrum ; and 
the space between the end of the lever 
and the free end of the index is just 20 
times the length of that between the 
point of the lever and the axis of the 
index ; hence, when the bar expands 
7Jïïth of an inch, the point of the index 
will hâve moved over (20 x 20) =  400 
times as much space, or one inch ; or 
if the bar expand 55'ôüth of an inch, the 
index will move j^th.

The scale is divided into inches and

tenths ; and the mere friction of the 
bar / ,  which is removable at pleasure, 
with a piece of flannel till it becomes 
sensibly warm, will be sufficient to show 
variations of the index. Ferguson states 
that it gave the follôwing results :—■ 
with bars of iron and steel, 3 ; copper, 
4 | ; brass, 5 ; tin, 6 ; lead, 7.

9. In  the supplément to his lectures 
there is however a much more délicate 
pyrometer described, (fig . 16,) which 
will show the expansion of a bar of mé
tal to the ^rÆSôth of an inch, or even to 
the 90,00üth.

The frame a b is of mahogany, sup- 
ported on short pillars, so as to admit a 
lamp under it for heating the b a r / ;  one 
end of which lies in a cavity in the piece 
of métal g, and the other, after passing 
on a friction wheel over the cross-bar 
h h, presses against the short lever e e.

The manner in which this short lever 
acts on the index is seen in the adjoining 
diagram A, where h is the short lever 
that moves under the dial d between 
friction wheels. On the side of k are 
15 teetli in the space of one inch, which 
play in the twelve leaves of the pinion



7 on the axis of the wheel m un. This by the ingenious and indefatigablë JIyimheat 
■heel has round its circumference 100 Luc, whose researches on the baroiWftttftL muséum 

which work in the ten leaves of gave this subjeet an inereased in erest 
the pinion n, on the axis of the wheel o to his mind. The object in view was to 

f 100 teeth,' that gives motion to the détermine the relative expansion of so- 
üinion p of ten leaves, on the axis of lids by observation with a microscope 
which the index is fixed. furnished with a mierometer. The

As the wheels m and n hâve each microscopie pyrometer of De Luc is 
100 teeth, and the pinions n and p ten seen in Jig. 17, where a b represents a 
leaves, i t ’is obvious that when the wheel 
m has made one révolution the pinion 
p, and of course the index, will hâve 
made 100 révolutions - as the pinion l 
has tvyelve leaves, and^the bar $ k has 
fifteen teeth to one inch (écrivaient to 
12i) it is obvious that Ahhiip i k m o \|s
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dexwould at the sarne time be carriedîc '
125 times round the circle d d. This 
circle is graduated into 360 degrees, and 
being eleven inches in diameter, it is 
subdivided into haïf degrees. Hence 
each degree of that circle will be équi
valent to an expansion of 125 x 360 
= _ ,i3_th of an inch of expansion in 
the b a r / ;  and as the half degrees can 
readily be distinguished on the dial, the 
instrument will show expansions only 
amounting to part of an inch.
A siik thread is several times wound 
round the axis of n and passes to the 
slender spring s, which keeps the teeth 
of the pinions and wheels in close con
tact, and pulls back the train of wheels 
when the cooling of the bar /  allovvs 
the short bar i  k to recede. strong board of even-grained deal ; to

The inner circle of the dial is divided which the frame c c cc  is firmly joined, 
into eight pai-ts, corresponding to so that when a b is suspended vertically 
many thousandths of an inch in the ex- from a strong post, the front of the in- 
pansion ofthe b a r/, or Tülüûth of an inch strument bearing the microscope d d is 
for each degree of the outer circle over towards the operator. 
which the index has moved. Bars of The microscope is seeurely United to 
different metals laid in g  for a given the frame by the braces e e and the 
time, and exposed to the same lamp, cross-bar / ;  and the whole of this part
afford an indication of their relative ex- 
pansibility ; and to ensure equality in 
the bars it is recommended to hâve 
them wire draim  through the same 
hole. There is, however, in this instru
ment no accurate measure of the tem
pérature applied to each bar ; and, not

of the apparatus can be moved up or 
down by the slides g  g, which fit so 
tightly on their centres as to require 
slight blows with a hammer on the 
frame to cause them to move down, 
and may be further tightened by the 
screws i i i. The microscope is keptp c i  d l UIC (tp p ilb U  LU L tlvii w ai y eviivij n u i  c i v, xnv/ m iu i  n.v.juu

withstanding the delicacy of the move- horizontal by the cross-pieces, and by an 
ment, it seems inferior to Ellicot's inner sliding frame not seen in the 
pyrometer, as it wants a constant and figure. The microscope is so adjusted 
uniform standard by which to compare that an object is distinctly seen when a 
the expansions in each separate experi- full inch from its lens ; and it is furnished 
ment. with a mierometer, movable by k, for

10. A new metliod of ascertaining the ascertaining the expansions of the rods 
expansibility of different substances was subjected to experiment. A piece of 
suggested by the late Mr. Jesse Rams- thick \leal l is seen at the top of the 
den, and on his hint it was attempted frame lying horizontally from a groove



24r THERMOMETER AND PYROMETER.
ULTIMHëûï in the board a b to the front of the

this is movable by means of 
the screw A, and is perforated by a 
piece of cork m firmly driven into it 
until level vvith its lower surface. The 
cork is then pierced vertically to receive 
the glass rod o o o, which is thus sus- 
pended in a thin eylindrical glass jar 
p, 21 inches high, and 4 inches in 
diameter, filled with vvater. The glass 
rod is the standard of coraparison, and 
to it is attached a rod s s, of the métal 
to be tried, by two conneeted rings r  r, 
which are tightened on the rods by two 
screws. Another set of rings v is ap- 
plied higher up; but through this the 
rod s s freely slides, while it firmly clips 
the glass rod by means of a screw. A 
délicate thermometer hangs in lhe centre 
of the jar p  to note the température of 
the water, which is occasionally agitated 
to secure uniformity of température by 
the rod q q. A syphon z to drav off 
the water complétés the apparatus.*

In using this pyrometer, warm water 
is poured into the jar, m order to heat 
the rods ; the rods are adjusted to the 
fôcus of the microscope by the screw 
n ; the thermometer gives the degree 
of heat employed ; and, by means of 
marks on the bars, their relative ex
pansion is given in divisions of the 
micrometer, the value of which is 
known by previous experiments. The 
connection of the rods is more dis- 
tinctly seen at A ; but it is unnecessary 
to give a more minute description of an 
instrument which has been superseded 
by the more aeeurate and more élégant 
contrivance of Ramsden, so elaborately 
detailed by General Roy, to which we 
shall presently advert.

11. From experiments with this instru
ment, De Luc ingeniously applied a cor
rection to the scale of barometers for 
température, by what, in the same 
paper, he calls “ metallic thermome- 
ters." 'ihe scale of the baromeier 
was fixed on a bar of métal of known 
expansibility, so as to raise the scale in 
exact propoition to the expansion of 
the mercury ; and thus the mere in
spection of the barometrie scale will 
give the true height, without the trouble 
of applying the équation or formula of 
correction for température, as in ordi- 
nary observations.

12. We corne no w to certainly the most 
eomplex, but the most perfect. of ail 
contrivances for determining the rela

tive expansions of solids, the micro
scopie pyrometer of Ramsden, contrived 
by that eminent artist, for determining 
with the utmost possible précision, the 
expansibility of the rods employed by 
General Roy, in the geodesical opera
tions that are the foundation of the 
great trigonometrical survey of Britain. 
Fig. 18 contains plans and sections of 
this beautiful contrivance, and although 
we do not propose to enter into a mi
nute detail of the different parts of the 
instrument, a general description will 
show, to those who hâve not consi- 
dered sueh subjects, the nice précau
tions which are necessary to accuracy 
in like operations, while it explains its 
construction. Ramsden’s pyrometer is 
attached to a strong and well joined 
deal' table, or frame 5 feet long, 28 
inches broad, and 42 inches high ; 
of which an end élévation is seen fig. 
18, B ; the plan of its top will be best 
understood from an inspection of A. 
a b and c d are troughs of deal, 
(firmly screwed to the table) 3 inches 
in diameter, and a little longer than the 
frame ; a b projeets a little over the 
table, but c d is in a line with the 
frame, as may be seen at B. Eaeh 
trough contains a cast iron prism, IJ 
inch on each side, firmly fixed in the 
troughs, at the ends a and c, by means 
of brass collars embracing the prisms, 
and tightened by screws as at G, while 
the ends b and d pass Ireely through 
loose collars, without any shake, when 
their dimensions are altered by tempe- 
rature. The prism a A is called the 
eye prism ; because it carries at each 
end the eye-pièces of the microscopes 
l m n, and o p r ; which are figured on 
a larger scale at F and E. The other 
prism c d is called the mark prism ; 
because it carries atone end the mark I, 
and at the other cross wires H; e f is  a cop- 
per boiler 2J inches wide, and 3 | deep, 
rather shorter than the wooden troughs. 
The centre of the boiler, or rather of 
the object lens standing perpendiclilar 
to it, is 5.81 inches from the cross 
wires of the mark in c d, and 20.33 
inches from the wire of the micrometer 
attached to the correspondmg eye-piece. 
The boiler rests on five small rollers, 
seen in the enlarged section D. The 
boiler, like the troughs, has a cock to the 
right hand ; and in the plan A, it is 
represented with a bar in it, to show 
the position of the rods to be tried. 
The water in the boiler is heated by the 
12 spirit lamps g g g g ,  standing on fourPhi). Trar.s. vol. Ixviii. p a r t i ,  p. 137.
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IMHM5^abie shelves, and showing only 

handles h h h h, when under the 
-boiler.

The boiler contams another essential 
part of the apparatus, viz. two brass 
slides, composed of two cheeks, kept 
at equal distances by cross bars as in 
C, where a prism or bar is represented 
as resting in the centre of the slides. 
The long slide reaehes from microscope 
to microscope, and has its cheeks 1| 
inch deep. It is attaehed to the boiler 
only at the point w, and it rolls on the 
small roller x , near the left hand of D. 
The right hand end of the long slide is 
shut up by a piece of strong brass y, y, 
supporting two rings, for the paî t n  of 
the fixed microscope. The short slide 
v, V,  v, v, is only 14£ inehes long ; its 
cheeks are l t  inch deep, kept parallel by 
braces, as seen in D. It moves within 
the long slide ; and its outer end rests 
on the cylindrical surface of the last 
brace of the long slide, fitted to receive 
it, while a narrow longitudinal bar s  
moves freely in the notch of a bridge 
B, framed for it in the long slide. The 
outer end of the short slide is shut up 
by a similar piece of brass to that clos- 
ing the opposite extremity of the long 
one. The bar or rod to be examined 
abuts against the piece of brass y, 
it rests on the three rollers 5 s s, 1 inch 
in diameter, and is kept in the centre of 
the slides by three milled nuts eee, that 
screw up so as not to press too much 
on the sides of the bar. At /  is a tube 
and wire moving through a eollar of 
oiled leather, that by means of a helical 
spring presses a "fiat piece of métal 
attaehed to the wire, against the shut 
end of the short slide and rod to be 
measured, so as to keep the other ex
tremity of the rod in contact with y. 
On the application of heat, the rod ex- 
pands, and overcoming the slight résis
tance of the spring, carries bei'ore it the 
short slide, and with it the tube con- 
taining the object lens of the micro- 
meter microscope o, p, r, a space pro- 
portional to the température applied ; 
and it is this space, measured by the 
micrometer, that déterminés the.nume- 
rical value of the expansion of the rod.

The microscope tubes are divided 
into three pièces, for the convenience of 
applying the instrument to measure 
rôds" shorter than five feet. For this 
purpose the central screening tube of 
the fixed microscope, supported on the 
mahogany prism i k  by a eollar, may 
be movecl and clamped at any part of

that prism ; the eye-piece, in like man- 
ner, may be moved along the eye prism ; 
but the object lens tube was lêft in the 
rings of the slide, and another lens of 
the same focus was clamped to the 
cheeks of the slide at suitable distances.

The standard prisms, during each 
experiment, were kept at the freez- 
ing température, by being sur- 
rounded with pounded ice. The mi
croscopes were then accurately ad- 
justed to the marks, by bringing the 
cross wires to bisect them, and until this 
was accomplished, the rod to be mea
sured was also surrounded with ice. 
The lamps were then applied to the boiler, 
and the élongation of the rod, at the 
boiling heat, was ascertained by the 
micrometer attaehed to the microscope 
o, p, r. In these délicate investiga
tions there were two observers, who si- 
multaneously used both microscopes, 
lest any alteration had taken place in 
the fixed end of the rod ; and to ensure 
accuraey, the experiments were twice at 
least repeated.

The value of the indications of the 
micrometer, on whichso much dépends, 
was previously thus ascertained :

The head of the micrometer screw 
= 0.9 inch in diameter, and was divided 
into fifty equal parts, each of which was 
reekoned two ; and they were therefore 
numbered to 1.00. Fifty-five révo
lutions of the head were found equal 
to 0.77175 of an inch; it follows that 
there are 71.27 threads of the screw in 
one inch ; and seven révolutions and 
nearly Ti |th s  move the micrometer wire 
T'5th of an inch ; consequently rJ^th of 
part of a révolution, or half a division of 
the head, will answer to a motion of 
something more than 0.00014th of an 
inch. Having found 7.13 révolutions 
equal to 0.1 inch at the wires, it is ob- 
vious that the number answering to 0.1 
inch at the mark being also found and 
added to the former, their sum will give 
the measure of 0.1 inch at the object 
lens of the microscope o, p, r, or the 
space through which the free end of the 
rod has moved by the change of tempe- 
rature. This last point was ascertained 
by experiment to be = 24.93 révolutions 
of the micrometer head ; which being 
added io 7.13 =  32.06, “ for the number 
of révolutions measuring a motion of 
0.1 at the object lens, or an expansion 
of T'5th of an inch,” or half a division of 
the micrometer head is équivalent to an 
expansion of the rod under examination 
of of an inch ; and i  of a division,
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which mav readily be seen by the eye, struments required by the refinement%LTIMHEAT 
_  y of modem philosophical investigatio«nruAL muséum

~  Such^'is the microscopie pyrometer of but essential to the perfection of diffe- 
Ramsden • an instrument "not indeed rent kinds of machinery in daily use, 
suitable for ordinary purposes, but ad- and even to a successful investigation 
mirablv adapted for obtaining an accu- of the laws and nature of heat itself. 
rite  estimate of the comparative expan- With this instrument Roy determined 
sibility of different solids ; an object of the expansion of the seven solids in the 
the highest importance, not only in annexed table, 
bringing to perfection the délicate in-

Expansion of
By 130°.

Révolutions. Parts.
By 1». 
Parts.

Inch. 
ou 5 feet.

Inch. 
on 1 foot.

Dutch b r a s s ............................ 35.09 = 19 =  0.111323 =  0.0222646
English plate brass, a rod . 36.41 =  20 t2#ô = 0.11356S — 0.0227136 
Ditto, in the form of a trough 36.45 =  20 =  0.113693 = 0.0227386
Steel r o d ................................ 22.02 =  12 /_?_ = 0.068684 = 0.0137368
Cast iron prism . . . .  21.34 - 11 Ts0'j; = 0.066563 =  0.0133126
Glass rod ............................ 15.54 = 8 ^  = 0.048472 =  0.0096944
Ditto tube ............................ 14.93 =  S-jVg = 0.046569 = 0.0046569

13. The instruments hitherto noticed 
are inapplicable to very high tempéra
tures, or to ascertain the heat of closed 
lire-places : an object, in many processes 
in the arts, of the ûtmost importance. To 
supply this deficiencjr, our celebrated 
Wedgwood took advantage of the pro
perty which clay has ot coïitracting 
by heat, and remaining afterwards in 
that state of contraction. This property 
is not, slrictly speaking, an exception to 
the general law of expansion by increase 
of température : clay is not a homoge-

neous body, but a mechanical mixture 
of argil and silex, which by the influence 
of heat are brought into more intimate 
union, and therefore diminish in bulk ; 
until a température sufficiently high to 
melt them, that is, to couvert them into 
a homogeneous mass, is applied : after 
which the product obeys the general law 
of expansion by heat. Avaihng himself 
of this property, Mr. Wedgwood em- 
ployed as ‘pyrométrie pièces cylinders of 
fine porcelain clay, slightly flattened on 
one side, as seen in À B, fig . 19,*

formed by pressing the clay into an 
iron tube, and baked in a potter s fur- 
nace. I t  was found, after repeated 
trials, that the pièces of clay contracted 
more and more in an uniform ratio 
to the degree of heat communicated to 
them, and permanently retained this 
contraction ; so that by applying them 
when cold to a scale, an indication of 
the degree of heat was ohtained.

The scale employed by Wedgwood 
consisted of two brass rods I inch

square, and two feet in length, fixed on 
a brass plate couvergw gly , so that they 
were distant at one end just 0.5, and at 
the other 0.3 inch. For convemence 
the rods are usually divided and fixed as 
in the figure on the plate, forming two 
nearly parallel grooves- r  With the 
above-stated convergence the whoîe

* Plùl. Trans. vol. Ixxii. lxxîv. lxxvi.
+ T he degree of convergence berap: on ly  one-tenth 

of an  inch iu  a  foot, is no t perceptible m  the figure.
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rv̂ pgoMe is divided into inches and tenths, 
making 240 degrees in the whole scale; 
and the higher the température to which 
the pyrométrie piece has been exposed, 
the further will it slide up the scale.

In order to compare his scale with 
Fahrenheit's mercurial thermometer, 
whieh cannot measure a température 
much beyond 600°, Mr. Wedgwood was 
compelled to make use of the expansions 
of a pyrométrie piece of fine silver, ap- 
plied to a gage on the same principle as 
that abové deseribed. By this, the ex
pansions of the silver for 50° and 212° 
Fahrenheit were first noted ; and then 
the silver and clay pyrométrie pièces 
were compared at 1he same température. 
By such means Wedgwood estimated 
the value of each degree of his scale at 
130° of Fahrenheit ; and he reckoned 
that the 0° of his scale eorresponded 
with the 1077°.5 of the common scale. 
On this principle comparative tables of 
the tvvo thermometers hâve been con- 
structed ; but their aceuracy dépends on 
two eircumstances which hâve not been 
determined to the satisfaction of the 
philosophie world. Clay being a hete- 
rogeneous mixture, it by no means fol- 
lows that its contractions are equable at 
different températures ; and even were 
this ascertained, there is great doubt 
how far the means employed by Wedg
wood did accurately estimate the degree 
of Fahrenheit at which his scale com
mences.

There is still another serious objection 
to the general use of such an instrument. 
I t  occurred to the ingenious invent or, 
that different portions of clay would pos- 
sess different degrees of contractibility; 
and he endeavoured to secure unifor- 
mity, to a certain extent, by laying in a 
large stock of Cornish clay, which he 
hoped would supply innumerable pyro
métrie pièces of the same quality. It 
was found, however, that spontaneous 
changes take place in such clay, which 
render its indications liable to variation 
at distant intervals: or pièces, now 
formed of the same clay, will not give 
the same indication with pièces baked 
se ver al years ago. Attempts were 
made to remedy this inconvenience by 
forming a clay of uniform quality of 
fixed proportions of silex and alumine. 
Fine Cornish clay yielded, on analysis, 
two parts of silex and three of alumine ; 
and such a mixture made into a paste 
with fths their weight of water, has been 
recommended for the fabrication of 
pyrométrie pièces. The method detailed

by Wedgwood should then be followed 
in moulding tliem. The paste is first 
to be rammed into a metallic mould 
0.6 inch wide, 0.4 deep, and 1 inch 
long : they should be dried in the air, 
and when quite desiceated, Wedgwood 
gaged them in another mould exactly 
0.5 of an inch w ide, and of the form 
given in the figure. Before they are 
baked they will, of course, just enter the 
wùdest end of the scale, resting at 0°. 
Wheneontracted by baking to Jth of their 
bulk, they will pass to the 120°; and 
when redueed to §ths, they would passto 
the 240°, or the extremity of the scale ; 
but Mr. Wedgwood never did obtain a 
higher température than 160°. From 
these proportions each degree of Wedg- 
wood's scale is équivalent to a contrac
tion of 5Jôth paît of the pyrométrie 
piece.

The difficulty of obtaining clay of an 
uniform quality, and not liable to spon
taneous change, has lately given rise to 
a suggestion of employing pyrométrie 
pièces"formed of Chinese agalmatolite ; 
a suggestion of Mr. Sivright of Meg- 
getlànd, well worthy of attention.*

A more formidable objection was 
started by some foreign chemists to 
Wedgwood’s scale ; one, indeed, that 
would hâve overturned the theoiy of the 
instrument. I t  was alleged, that the 
effect of a long continued, or often re- 
peated, exposure to even inferior degrees 
o f heat, would cause contraction of the 
clay, after it had undergone the action 
of a higher température. This point 
has been examined with much care by 
Guyton de Morveau, who has shown, 
in his valuable essay,f the inaceuracy of 
this opinion ; although he contends that 
Wedgwood has greatly erred in the at
tempts to convert his scale into degrees 
of Fahrenheit's thermometer, as we shall 
immediately notice.

On the whole, the pyrometer of 
Wedgwood is an instrument well adapt- 
ed to the purposes of the potter, or to 
convev some idea of the relative heat of 
furnaces ; but we cannot regard the dé
termination of the célébrâted invent or 
as givingeven a tolerable approximation 
to relative degrees of high températures 
by other scales. As, however, Mr. 
Wedgwood's tables of température are 
often quoted, we shall here subjoin 
them, with the corresponding degrees 
of Fahrenheit, according to his calcu
lation.

* K dinb. F h ii. Jo u rn a l, vol. vi. p . 179. 
t_ A n n a ie s  de C him ie, vol. lxxiv. lxxv iii. x c r
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w.

Jted heat in  fu ll dav-light (i =
Enam el hea t ■ ............................  _ 21 =

............................. 27 =

Delft” vare baked •
Working heat of plate glass . . . . .  
Flint glass furnace, low heat . . .  
Cream eoloured "'are baked ,

F .
1077° 
1837 
3yt»7 
4587 
4717 
4847 
5237 
fi 407 
8487

that they should be at some little distanceULTIMHEAT 
Fis. 20. VIRTUAL MUSEUM

Crass melto. v /
S wedish copper nielts..........'*.**.* *.’. ’. $o _Fine silver meltŝ  -----/ \'mm ** * * *x> —Settling heat of flmt glass - ..............  —
Fine gold œelp- -..................41 —

’. l  70 = 1 0 ,1 7 7  
. .  86 =  12,2571

Wekiing heat of iron, least . . .......... W =  }2>777Dit» dit» greatest.......... 95 = 3,427
Stone v/are, baked . .......................102 -  14,337Derby China vitrefies..................... 112 =  jo,63/Flint glass furnace, higli heat ........ 114 =  13,837Xnferior Chinese porcelam sofcened— 120 = 16,0/7

=  16,807Bow porcelain vitrified ...........................121 = 1 6 ,8 1
plate glass furnace, g reatest h ea t ---- 124 = 1 7 ,1 9 7
Sm itlvs forge, g reatest h e a t .......... , . . . .1 2 3  =  17,327
Cast iron  begins to  m elt........ .............. , .  130 =  17,977
Bristol porcelain vitrifies .......................135 =  18.627
Ilessian crucible ra e lted  ...............150 = 2 0 ,5 7 7
Cast iron Ihoroughly m elted ...................150 =  20,577
Chinese porcelain, best so rt so ften ed . .  156 =  21,557 
G reatest heat o f  an  air

incites lit d iam eter ; deduct soften
N ankeen  porcelain a t  a i l . . .  /V........ 160 =  21,877

E x tre m ity  o f  W edgwood’s s c a le .......... 240 =  32,277

These results are rendered doubt- 
ful by the causes already noticed; 
and the experiments of Morveau and 
Daniell with pyrometers of platina lead 
to very different results.

14 . The metallic thermometer of 
Régnier is deseribed in a report of the

frorn each other, and so bent that they 
cannot become parallel by any réduction 
of température to which they may be 
exposed. Regnier found, that two such 
bars, of two mètres in length, by a 
change of température equal to 60 cen
tésimal degrees, changed the relative 
position of their centres, or had a play 

FrenchInstitutefor 1798 * The inven- equal to 65 millimètres; but the cor- 
tor had remarked, that when a tliin reetion for the expansion of the iron 
metallic rule, resting on a table, is raised frame reduces this by S ; so that there 
by the middle, it forms a segmentai arc remains about 26 millimètres for the 
of which the versed sine, that is a line real play of the centres of the bars ; 
perpendicular to the chord, drawn to the and if the frames, in public instruments 
centre of the arc, is twelve times longer of this sort, are made of stone, that 
than the space through which the extre- change, by diminishing the expansi- 
mity of the bar has moved ; and, on this bility of the frame, will increase that of 
principle, he proposed to construct an the bars. Regnier gave a radius of 6^9 
instrument for noting variations of atmo- millimètres to his index; «o thut u
spheric température. The small models 
which he exhibited answered perfectly ; 
but his intention was, to apply his 
invention to instruments on a larger 
scale for public use.

The instrument consists of two plates

his index ; so that it 
will traverse over a circlé of 1.298 mè
tres in diameter. The pinion has 8 
leaves in a diameter of 27 millimètres ; 
and these proportions are such, that a 
température of 60 degrees centésimal 
will nearly cause a whole révolution of

of yellow copper, two mètres long, fixed the index round a dial 4. f *  mètres in
in an iron frame, in a bent position, 
with their concave surfaces toward 
each other, as in the sketch, fig . 20. 
On one is fixed a pinion of eight leaves, 
on an axis, the end of which supports 
an index to mark the température. To 
the centre of the other plate is attached 
a toothed rack, in the position of the 
versed sine of the eurve, playing in the 
leaves of the pinion. When "the plates 
are cooled they approaeh each other, 
when heated their centres recede; and the 
only circumstances of conséquence in 
the position of the bars or plates are,

* M ém oires de l’In s titu t. N ationa le , tom. ii. an . 7>

circumference. Henee each degree 
would be about 68 millimètres in size, 
or rather more than 2J inches ; and 
consequently might be distinctly seen at 
some distance.

15. The platina pyrometer of Guyton 
de M orveau,/» . 21, was laid before the 
French Institute in 1804, and was de- 
signed to measure the heat of open fire- 
places and of fumaces.

Its basis is a small, yet solid plate 
a, b of highly baked porcelain, in which 
is a grove capable of containing a fiat 
bar of platina c, 1.75 inch in length, 
0.2 of an inch broad, and about 0.1 of 
an inch in thickness. One end of this

n
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^•csts or abuts againstthe bottom of

Fig. 21.

long arm of which, moving on a pivot, 
becomes the index of the instrument. 
The short arm of this lever is just one 
twentieth of the length of the long 
arm, which in the original instrument 
was equal to 1.8 inch; eonsequently 
the space moved over by the long arm 
will be twenty times as great as the mo
tion caused in the short arm by the ex
pansion of the bar.

A finely graduated arc of a circle, of 
which the index is a radius, is fixed on 
the porcelain ; and each degree of this 
arc is subdivided into ten parts by a 
vernier on the extremity of the index 
itself, and thus the instrument is capable 
of indicating an expansion of j/jg th  
part of the radius. Ail these parts are 
of platina.

' With this instrument Guyton made 
many experiments, the general resuit of 
which proves, that "Wedgwood has 
greatly erred in assigning too high a 
température for the degrees of his scale, 
a resuit confirmed by the later experi
ments of^Daniell. Guyton ascribes 
Wedgwood's error to his estimating the 
fusing point of silver much too high. 
It was by means of a pyrométrie pièce 
of fine silver that Wedgwood eonneeted 
his scale with that of Fahrenheit ; and 
an eiror with respect to that métal must 
viciate ail the results. According to 
Morveau, the fusing point of silver 
ought to hâve been at 22° W. instead of 
28° : and each degree, instead of being 
équivalent to 130° of F., ought to hâve 
been no more than 62°.5 ; while the 
commencement of his scale should hâve 
been at 317° F., instead of at 1077°.5.

There is some reason, however, to 
believe, that Morveau has stated a red 
beat in day rather too low ; for thenno-

meters of mercury and of oil can sustain 
a température of 517° F. without any 
luminousness even in the dark.

Morveau appears to hâve taken great 
pains to connect the scale of his pyro- 
meter with the common thermometer ; 
and he is probably nearer the tm th 
than Wedgwood.*

His corrected table of Wedgwood's 
températures is as follows :—

Mercury boils......................
Wedg.

............  2° —
Fah.
642 .75

Zinc melts............................. 705.26
An timon y  melts..............................  7 - 955 23
Silver m elts ......................... 1822.67
Copper m elts....................... ..........  2 7  = 2*05. 18
Gold m e lts ........................... 2517 .63

6508.83Iron w e ld s ...........................
Cast iron melts..................... 8 6 9 6 .24
Porcelain m elts ................ . 9633 .68
Manganèse m elts..............., ...............160 - 10517.12
Malléable iron melts........... 11454.56
Nickel melts......................... 11454.56
Platina m elts....................... 11451.56

16. In 1803, Mr. James Crighton, of 
Glasgow, published a new “ metallic 
thermometer,” in which the unequal 
expansion of zinc and iron is the moving 
power. A bar is formed by uniting a 
plate of zinc,fig. 22, c, d, 8 inches long, 1

inch broad, and I inch thiek, to a plate of 
iron a, b of the same length. The 
lower extremity of the compound bar 
is firmiy attached to a mahogany board 
at e, e; a pin /  fixed to its upper end 
plays in the forked opening in the short 
arm of the index g, g. When the tem
pérature is raised, the superior expan-

*  Anoales de Chimie* tom, lxxiv. lxxviiit xc.
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sion of the zinc c d will bend the whole 
bar, as in the figure ; and the index g  
■will move along the graduated arc, 
from right to left, in proportion to the 
température. In order to eon\eit ît 
into a register thermometer, Cnghton 
applied two slender hands h, h on the 
axis of the index: these lie below the 
index, and are pushedin opposite direc
tions by the stud a contrivance seem- 
ingly borrowed from the instrument of 
Fitzgerald.

On the whole, the principle of this 
pyrometer is just ; but it does not seem 
to possess any considérable advantages 
over several of those already noticed.

17. We hâve some doubts of the 
propriety of noticing a sort of air p y 
rometer, fig. 23, proposedby M. Schmidt

Fier. 23.

of Jasy in Molcîavia.* It is so evi- 
dently a mere theoretic proposai, and is, 
besides, an expensive, clumsy, and pro- 
bablv not very accurate mode of ascer- 
taining high températures. It consists

of a bottle a, and narrow tube b of pia- LT|M 
tina, the former to receive the imprpr̂ -ruAL 
sion of the heat, and the latter to convev 
the expanded air into c c, an air-tight 
cistern partially filled with water. The 
cover of the cistern is perforated by 
three holes ; in one of which the end of 
the platina tube is eemented ; in the 
second is fixed a glass tube d, contain- 
ing a common thermometer ; and in 
the third, a slender graduated tube e, 
which dips into the water in the cistern. 
The thermometer is for aseertaining 
the température of the included air of 
the cistern before the experiment ; the 
graduated tube for aseertaining the 
température communicated to the pla
tina bottle by the ascent of this water 
raised by the pressure of the expanded 
air on the surface of the fluid in the 
cistern. Any further description would 
be superfluous.

The pyrometer of Mr. Daniell (fig.
24) was first described in Brande’s 
Quarterly Journal.* The moving power 
is a rod or wire of platina 10.2 inehes 
in length, and 0.14 inch in diameter, 
fixed in a tube of blacklead ware a, b, c, 
by a flanch within and a nut and 
screw without the tube at a. This tube 
has a shoulder moulded on it at b, for 
the convenience of always inserting it 
into the furnaee, or muffle, to the same 
depth. From the extremity of the pla-

that part of the platina wire lapped 
round the wheel, and connecting it with 
the spring, has rendered the motions of 
the index more sensible. The axis of 
i  is = 0.062 inch, and the diameter of 
the wheel one inch : its teeth play in 
the teeth of another wheel just one- 
third of its diameter, by which the 
wheel k  has three times the movement 
of i ;  and the index on the axis of k

tina rod at b proeeeds a fine wire of 
the same métal, Tè5 inch in diameter, 
which cornes out of a brass ferrule d, 
and passes two or three times round 
the axis of the wheel i, B, fig . 24. It 
then bends back, and is attached to a 
slender spring m n, which is fixed by 
one end to the pin at n, on the outside 
of the ferrule.

The substitution of a silk string for

•  tSicliolson’s Journal, 8vo, sériés, roi, ii, 141. « Vol, xj. p . 309.
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1 uLTiMHemOvea therefore three times round for 

Virtual MuaBSWV révolution of i. lh e  action of 
the spiral spring m  draws round the 
wheel i  and the index, when the ex
pansion of the platina' rod permits it to 
act. The dial is divided into 360 de- 
grees. By experiment, Daniell aseer- 
tained that each degree of his scale 
= 7 degrees of Falnenheit’s : and he lias 
published an account of some well eon- 
ducted experiments on the fusing points 
of some of the metals with this instru
ment, which very widely ditfer from the 
results obtained by Wedgwood, but 
nearlv agréé with those of Morveau, 
Mr. 'Daniell found, that after being 
exposed to high températures, the py- 
rometer did not fall to the point from 
which it set ont ; a circumstance which 
he attributes, with justice, to changes 
in the form of the tube induced by a 
high température. This is certainly an 
imperfection in the principle of the in
strument ; but if the degrees of heat 
be marked by the ascending sériés, îts 
indications sèem tolerably correct, and, 
although perhaps little to be depended 
on in nice investigations, it may become 
an useful instrument to manufacturers 
who make use of high températures. 
The tube should not be exposed to 
a naked fire, except it be of wood char- 
coal ; beeause the foreign ingrédients 
of fossil coal will adhéré or incorporate 
with the blacklead ware of the tube. 
On these grounds we should feel more 
inclined to recommend the pyrometer 
of Morveau, which, besides, is extremely 
portable ; and, being wholly exposed to 
the heat, is less liable to be affected by 
extrinsic circumstances in its indications.

The following table exhibits some of 
DanielTs comparative results.

18. Messrs. Breguet, the célébrâted 
chronometer-makers, hâve lately con- 
structed a most élégant and délicate 
pyrometer, or metalline thermometer, 
of which we give a figure. (See fig . 
25.)

50° F ahrenheit = 7“ -2'
100 = 14 0
150 — 22 5
200 = 3 0 5
250 = 38.5
300 -- 45.4
350 = 51.5
400 = 58.5
450 = 66.9
500 = 73 5
550 -- 77.0
580 = 84 0

600° by calculation be estimâtes a t 86°.4.
D.

Melting point of t in ..........  63
_______________ bism uth...................... 66
_______________ le a d ............................ 87
Boiling point of mercury....................  92
Melting point of zinc.................. . 9*
Red heat in fulldaylight....................  1*0
Heat of a parlour tire............................ 163
Melting point of b r a s s ...........................  26y
------------------- silver...........................  319
---------------------copper............................  364
---------------------golcl................................ 370
---------------------cast iron........................ 497

441
462
609
644
658
980

1141
1869
2233
2543
2590
3479

I t eonsists of a hélix formed of three 
metals of unequal expansibility. The 
exterior plate of this délicate hélix 
is of silver, the interior of platina, and 
between them is one of gold. Two only 
are necessary to the perfect action of 
the instrument ; but from the différence 
of expansibility between silver and pla
tina, they would be liable to separate by 
sudden changes of température : and a 
thin plate of gold, which is of interme- 
diate expansibility, is interposed. The 
whole form a single fiat plate or wire 
about Ti 5th of an inch in thickness. 
The upper extremity of the hélix is fixed 
to the brass support b, which by its 
form insulates the hélix, and permits its 
coiling and uncoiling freely. To its 
lower extremity is attached a gold needle 
e, kept horizontal by a small counter- 
poise. This needle moves round a gra- 
duated cirele representing degrees of 
the centigrade scale. When the arri- 
bient air is heated, the expansion of the 
metals carries round the needle in the 
direction of the coils of the hélix, and a 
diminution of température moves it in 
the opposite direction by relaxing the 
coils. Experiment has proved that 
equal incréments of température move 
1he needle over equal spaces of the 
scale, so that it is comparable with other 
thermometers.
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The sensibility of the instrument is re- 

presented as very great, when compared 
to a mereurïal thermometer ; and it is 
applicable to such purposes as ascer- 
taining the température of a vacuum, 
which"'the mercurial thermometer is able 
to do less aceurately, because of the di- 
latability of its bulb by the removal of 
pressure.

The height of the instrument, froig^T|MHEAT 
which this description is drawn, ^ ir^ jal muséum 
inches, ineluding the feet,which arehalf 
an inch ; the diameter of the hélix is 
rather less than ; and its length is 
1 è ; the diameter of the graduated circle 
is 2 inches inside, and its breadth ±.

19. The instrument delineated in fig .
26, from one now before us, is a

Fig. 26

beautiful instrument of the same kind, 
the work of the Parisian artist, Fre
derick Houriet, which appears to be 
little known in this country. It is of 
the size of a thin ordinary wateh, with a 
dial A divided according to the centi
grade scale. The mechanism is covered 
by a thin plate of métal, which opens 
like a hunting watch ; and the instru
ment is so délicate as to move, in less 
than a minute, after it is laid on the 
hand, at an ordinary température of 
60° F.

The pyrométrie piece is the bent 
compound bar a, b, a, b, composed of 
a plate of steel on the side a, and of 
another of brass on the side b, united 
together into one bar. The steel plate 
is jU inch in thickness, and the brass 
twice as much, forming a bar 9.5 
inches in length, and about \  inch in 
depth. One extremity is firmly secured 
to the frame at c : "the rest of it is 
free, bent up for the convenience of 
size, and secured against any accidentai 
injury from rude handling by passing 
between two steel studs h, h. Its free 
extremity is terminated by a plate of 
steel d  screwed to it, and projecting 0.3 
inch beyond it, to press against the 
short arm e of the le v e r // .  The long 
arm of the lever ends in an arch-head 
with thirty teeth, that play in the teeth 
of a small wheel g  with twenty-two 
teeth, u'hich is fixed on the axis of the 
slender hand. The lengthening of the 
bar pushes the short arm of the lever,

and the arch-head moves over a space 
proportional to the différence in length 
of the arms of the lever. How this 
motion is communicated in an increased 
ratio to the index is obvious from the 
construction. Under the cock i, which 
supports the common axis of the index, 
and g, is a spiral spring of flattened 
gold wire, intended to bring back the 
index when the contraction of the bar 
allow-s it, and to retain the piece d  in 
contact with the short arm of the le
ver e. The instrument is adjusted by 
means of a steel serew k  working in a 
small tube, which perforâtes the end 
piece d.

The whole instrument is most deli- 
cately made, and it accords in its indi
cations with a mercurial centigrade 
thermometer, with which it has been 
carefully compared ; forming one of the 
most élégant metalline thermometers 
hitherto described.

C h a p t e r  III.
History and Construction o f Register

Thermometers.
T he original suggestion of a thermo
meter which could register its own indi
cations in the absence of the observer, is 
due to the eelebrated John Bernoulli, 
who describes such an instrument in a 
letter to Leibnitz ; * and an instrument

* Leitinitzii et Bernoulli Commercium Philosoph. 
et Mathemat-

D
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ultimheat the same pm ciple was con-

virtualm^ W -  by K ra ft;ï  but thfiir con-
trivances are inferior to several others 
of a later period, and do not require a 
detailed notice. We shall therefore pro- 
ceed to describe the most approved re- 
gister thermometers.

1. Lord Charles Cavendish commu- 
nicated to the Royal Society different 
forms of thermometers, intended to 
register the maximum  and minimum  
température in the absence of the o >  
server.t His lordship's thermometei toi 
showing the maximum is represented in 
ng . 27. Itconsists of acylindncalbulb,

tube and a small part of the cap. When 
_____ vIcps it. drives the spint

THERMOMETER AND PYROMETER.

and a stem terminating in an open 
capillary orifice, covered by a glass cap 
or bail e completely closing the ther- 
mometer. The bulb and part of the 
stem are filled with mercury, the nse 
and fall of which indicate the tempéra
ture in the usual way ; above the mer
cury a portion of alcohol is ratio- 
duced, sufficient to fill the rest of the

»  V an Sw inden , Com paraison des T herm om ètres.
T Phil- Trans. vol. 1. for i/57-

tUDe anu a - s  : .
the mercury rises it drives the spint 
before itin to  the cap e, from which it 
cannot return while the instrument re- 

ns erect • and the deficiency of spint 
r  he tu f e  »n the sutoUta* of the 
mercury, measured by a proper scale, will 
show lïow much the maximum nse of 
the thermometer exceeded îts heignt at 
the time of the observation.

To préparé it for a fresh observation, 
the thermometer is to be heated bj the 
hand nntil the spirit fills the whole 
tube, which is then to be mclined so 
that the spirit in the cap may cover the 
capillary orifice : as the bail cools, the 
spirit will drain into the tube tlius m- 
clined, and fill it as completely as before.

Fis. 28 is a construction of the same 
instrument, intended to obviate the m- 
convenience of so weighty a bulb as that 
filled with mercury must be.

Lord C. adds a correction which 
should be made on account of the 
différence of expansion of mercury and 
spirit, in computing the deficiency, it 
this be measured by the same scale as 
the ascent of the mercury : the degrees 
computed by the column of spirit will 
exceed those of the mercunal column 
by l of a degree for every 10° of Fah
renheit of différence between them.

F is. 29 is his lordship's minimum 
thermometer. Its bulb, f of the bail a, 
and part of the leg b, are to be filled 
with spirit of wine; from b to c is 
occupied by a column of mercury, and 
about j  of d contains a portion of Uns 
fluid ; a little alcohol is likewise mtro- 
duced above the mercury before the 
orifice of the tube at e is closed in the 
usual manner. The mercury at c will, 
when furnished with a proper sca e, 
indicate the présent température m the 
ordinary way : but, when the spint in 
the bull) contracts by cold, the mercury 
will l ise in the short leg of the siphon 
from b into the bail d, from which it 
cannot get back into the tube b. lh is 
will therefore occasion a deficiency ol 
mercury in that leg, which, measured by 
a proper scale attached to the short leg 
of the siphon, and subtracted from the 
présent height of the mercury m the 
long leg, wnL show the lowest point to 
which the thermometer had fallen 
during the absence of the obseiver. 
To prevent the mercury falling m too 
large drops into the bail d, by which the 
delicacy of the instrument w-ould be 
impaired, a solid but fine thread of glass 
passes through the short leg to the
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narrow neck f  of ihe bail d, by which 
the passage is still further contractée!, so 
that the mercury trickles through in 
most minute division. The instrument 
is prepared for a new observation by 
being inelined so as to bring the mer
cury in d  to cover the orifice at f  ; the 
bulb is then heated, and the mercury 
is expelled from the bail into the short 
leg of the siphon, until it be filled with 
that fluid.

Fig. 30 is another form of the last

Fig. 30.

3. The Reeister Thermometer in-uLTiMHEAT 
vented by Mr. James Six, of Colchest^TUAL muséum 
was first deseribed in the Philosophiccd 
Transactions,* and is represented in 

fiS- 31. If is, in fact, a spirit of wine

instrument, which has the advantage of 
being more easily adjusted, and is less 
liable, from slight motion, to hâve the 
mercury which has passed into a 
brought back into the tube.

These instruments are extremely'in- 
genious contrivances ; but there are 
some practical difficulties in their con
struction ; and the minimum thermo- 
meter is rather liable to be broken from 
the size of the bulb, and the several 
bendings of the tube. Henee Lord C. 
Cavendish's thermometers never appear 
to hâve corne into general use, although 
very well adapted for certain purposes, 
as for ascertaining the température of 
the océan at great depths. It is there
fore unnecessary here to notice the cor
rections pointed out by Mr. Cavendish 
in its applications to various purposes.

2. Next in point of time is the con- 
trivance of Fitzgerald ; which has been 
already noticed, as well as that of 
Crighton : for rendering their metallic 
thermometers indicators uf the maxima 
and minima of température during the 
absence of the observer.

thermometer, with a long eylindrieal 
bulb, and a tube bent in the form of a 
siphon with parallel legs, and termi
nating in a small cavity. A  portion 
of the two legs of the siphon from a 
to b is filled with mercury ; the bulb, 
and the remainder of bc-th legs of the 
siphon, as well as a small portion of 
the cavity, are filled with highly recti- 
fied alcohol. The double column of 
mercury is intended to give motion to 
the two indices c, d ;  the form of which 
is better seen at A. Each index con- 
sists of a bit of iron wire inclosed 
in a glass tube, which is capped at each 
extremity by a button of enamel. Their 
dimensions are such, that they would 
move freely in the tube, were it not. for 
a thread of glass drawn from the upper 
cap of each, and inelined so as to press 
against one side of the tube, forming a 
délicate spring of sufficient power to

* Vol. Ixxii.
D 2



Muaateia the attaehed index at any part of 
the tube, to which it is raised by the 
column of mercury. The action of the 
instrument will now be readily under- 
stood. When an increase of tempéra
ture expands the spirit in the bulb, it 
depresses the mercury in the limb a, 
and proportionally raises it in the limb 
b of the siphon : the mercurial column 
in the latter raises the index d before it ; 
and when the mercury sinks in that leg, 
the bottom of the index d, retained at 
that height by the glass spring, will in- 
dicate how high the mercury had risen. 
When the spirit in the bulb contracts 
by cold, the mercury in the limb b de
scends, and the conséquence is a pro- 
portional aseent of the column m the 
side a ; which likewise carrying the in
dex c before it, leaves its lower extre- 
mity at the point to which the column 
of that side had risen. In this manner 
the maximum  and minimum  tempéra
tures ai-e seen at any desired interval of 
time ; and ail that is necessary to pré
paré the instrument for a fresh observa
tion is to bring down both indices to 
the surface of their respective columns 
by means of a magnet, which will 
act on the bit of iron wire included in 
the body of each index. From the 
above description, it is obvious, that 
there must be an ascending seale to 
measure the degrees of expansion in b, 
and a descending scale applied to a to 
mark the contraction of the spirit. Mr. 
Six graduated his thermometers by 
placing them in water at different tem
pératures, and markirig on his scales 
the heights corresponding to every 5° of 
a  standard mercurial thermometer im- 
mersed in the same liquid. This élégant 
invention has become a eommon instru
ment ; and on account of the ease with 
which the glass spring of the index may 
be broken off, many instrument makers 
substitute a slender bristle, tied to the 
upper part of the index, and lapped 
round its body, as at B. This renders 
the spring less easily spoiled by the 
careless shifting of the index ; but the 
hair, by being long steeped in spirit, is 
liable to hâve its elasticity destroyed ; 
and a slender silver or platina wire 
would be préférable. The usual dimen
sions of the instrument are, a bulb 
from 6 to 16 inches in length, and from
0.2 to 0.3 inch in internai diameter ; 
the siphon from the A  to the 5'5 of an 
inch in width, and of a length propor- 
tioned to the size of the bulb ; the in
dices about 1 inch long ; the terminal
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expansion of the tube is, in most of the 
instruments now made, rather too small ; 
in Six's original instrument, this part was 
a cylinder "of 2 inches in length, by half 
an inch in diameter, to a bulb of ig 
inches in length, and T§ inch in internai 
diameter.

The chief defect of Six's thermome
ter arises, as in most other contrivanees 
of this sort, from the unequal expan
sion of the spirit, and the introduction 
of two liquids of very different expansi- 
bility in the instrument ; while, from the 
construction, it would be difficult to ap- 
ply any general correction to its indica
tions. It does not indicate the expan
sion of the spirit only, but also that of the 
mercurial column ; which, where nice 
observation is required, would be of some 
moment : and the necessary friction of 
the indices will also tend to diminish 
the effect of expansion. Yet this in
strument is a valuable addition to me- 
teorology : and is probably the most 
eonvenient for ascertaining the tempe- 
rature of the océan, at great depths, of 
any hitherto given to the publie.

4 . The day and night thermometers 
of Dr. John Rutherford, from the sim- 
plicity of their construction, and low 
price” hâve in some measure super- 
seded the register thermometer of Six. 
This ingenious and élégant device was 
first published in the Transactions of 
the Royal Society of Edinburgh,* and is 
represented in f i  g. 32 ; where A re- 
presents a spirit, and B a mercurial 
thermometer, each provided with its 
own scale, placed horizontally on 
the same piece of box wood or ivory. 
B contains, as an index, a bit of steel 
wire, which is pushed before the mer
cury, and is left in that situation to 
mark how high the température had 
been. A  contains a glass index half an 
inch long, with a small knob at each 
end; it lies in the spirit, which can 
freely pass beyond it when expanded by 
heat ; when contracted by cold, from 
the attraction between spirit and glass, 
the last filin of the column of spirit is 
enabled to overcome the slight friction 
of the index on the inside of the tube, 
and to carry it back towards the bulb. 
This' attraction is so considérable, that 
although the index will move freely up 
and down in the spirit, on inclining the 
instrument, it will rest on the last film, 
and require several Smart concussions 
given to the thermometer, to make it

TO PYROMETER.-

* Edin. Phil, Trans. vol. iii.
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Fig. 32.

escape into the empty part of the tube. 
From the position of both thermometers 
it is obvious, that to bring both indices 
to the surface of the respective fluids, it 
is only necessary to incline the instru
ment toward C : and it is thus prepared 
for a fresh observation.

The accuracy of Rutherford’s thermo
meters dépends on the ease with which 
they are constructed, and the applica
tion of a due correction for the inequa- 
lities of expansion between them ; this 
can be more readily aeeomplished 
than with Six’s thermometer ; because 
the indications of each fluid are inde- 
pendent of each other. The discre- 
pancies between both thermometers 
hâve been carefully examined by De 
Luc,* and more lately by De Wildt, of 
Hanover;f the results will be given in 
the sixth chapter, from which the cor
rection can be applied. Such a correc
tion will render them applicable to the 
nicest meteorological observations of 
maxima and minima. For more ordi- 
nary purposes they are very convenient, 
as not being easily deranged, and being 
adjusted, for each observation, with the 
utmost facility.

5. In  the Transactions of the same 
society,! we find another register ther
mometer, by Mr. Alexander Keith, a 
gentleman of great meehanieal inven
tion, and long an active member of that 
society. It is represented in ourfig . 33 ; 
where a b is a glass tube, 14 inches 
long, and § inch in calibre, sealed at the 
top, and below eommunieating with a 
bent tube b, d, 7 inches long, and 0.4 
inches in diameter, open at the top, 
where it is cemented to a metallie plate 
e, which supports the ivory scale e, e, 
64 inches long. From a to b, the tube 
is filled with highly reetified aleohol, 
and from b to c with mercury. At cis 
a conical float of ivory or glass, resting 
on the surface of the quieksilver, and

* Recherches sur les Mod. de l’Atmosphère.
I  Jameson’s Edin. Phil. Journal for October, 1326. 
$ Edin. Phil, Trans. vol. iv.

supporting a kneed wire h, intended for 
moving two indices of black silk i, k, 
that slide along the fine gold wire g , f ,  
as will be readily seen from the figure.

To préparé the instrument for obser
vation, the indices are drawn, by means 
of a erooked wire prepared for the pur- 

ose, till they touch each side of the 
nee of the float wire. It is obvious 

that, as the heat altei-s the dimensions 
of the column of spirit in a, b, the mer
cury will rise or t'all in the small tube, 
and the float swimming on the surface 
of the mercury will raise or depress the 
knee h, which will move the indices ae- 
cordinglv on the wire g , f  • The instru
ment is defended from wind or rain by 
the glass case l, l, which, by means of 
its métal collar, flts tight on e, and is 
only removed to adjust the indices.

This instrument, it is true, is influ-
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uLTiMHEATéhced by atmospherie pressure, when 
Virtual Musç^cbver is removed; but the effects of 

barometrical variations are scareely 
appréciable except in an air thernio- 
meter : and when made on a large 
scale, is applicable, as Mr. Keith 
has shown, to the important purpose of 
marking the periods of the atmospherie 
changes of température. This he effect- 
ed by making the large tube 40 inches 
long, but retaining the original width : 
whiîe the small tube is increased in 
diameter, but not in length. The float c 
is enlarged, and the. float wire carries, 
instead of the knee, a soft peneil, which 
is made to press lightly against a hollow 
vertical cylinder, Y inches long and 5 
in diameter. moved by clock-work, once 
round in 31 days. This cylinder is 
covered with smôoth paper, ruled lon- 
gitudinaJly into 31 columns, to corre
spond to the days of the month ; and 
every column is subdivided into 6 equal 
parts, each corresponding to 4 hours. 
The cylinder is ruled across into 100 
divisions, intended to correspond to the 
100° of Fahrenheit marked on the or- 
dinary scale of the instrument, which is 
unnecessary when the cylinder is applied. 
Thus, as the cylinder revolves, the 
point of the peneil will trace a line on 
the paper more or less deviating from a 
horizontal line, as the mercury rises and 
falls ; and thus the paper will présent a 
chart of the variations of the thermo- 
meter for a whole month, the value of 
which, in degrees of Fahrenheit, will be 
indicated by the numbers on the margin 
of the paper. Keith recommends the 
observer to hâve a eopper plate for 
giving ruled impressions on smooth 
paper, to be applied monthly to the 
cylinder ; and these, bound up together, 
will présent tabular views of the fluc
tuations of the thermometer for every

month. It is hardly necessary to state 
that a similar contrivanee is applicable 
to the indications of the barometer.

6. We are indebted to Mr. Henry Home 
Black adder, for some very ingenious 
methods of ascertaining the tempéra
ture of the air, at any given hour, by a 
subséquent inspection of a thermo
meter. His first invention resembles 
one of Rutherford's thermometers, sus- 
pended on a pivot. I f  a spirit ther
mometer be preferred, it is to be hung 
vertieally and inverted, so that the index 
may rest on the last film of the liquid. 
Suppose that we desire to know the 
température at 5 c’clock, a . m., a lever 
eonnected with a clock is applied, so as 
to bring the thermometer to a horizontal 
position at that hour ; and, at the same 
time, the motion causes the bulb of the 
thermometer to approach some source 
of heat a little higher than that of the 
air ; as, for instance, a small lamp, by 
which the spirit would lise beyond the 
now horizontal index, leaving it at the 
point to which the spirit had contracted 
before the reclination of the instru
ment. When a mercurial thermometer 
is employed, the instrument is also hung 
vertieally, but with its bulb lowermost ; 
and the index, therefore, resting on the 
mercury. I t is brought to a horizontal 
position by the same means as the other 
thermometer ; and then its bulb, Corn
ing into contact with a eamel-hair pen
eil, kept continually moist with water, 
is cooled so as to cause the mercury to 
shrink, andleave the index at the height 
of the column while the instrument was 
in the upright position.

By a subséquent improvement he 
has contrived to dispense with the index 
altogether. This modification is seen in 

ftg. 34, where two thermometers are 
placed parallel on the same piece of box

Fig. 34.

wood or ivory : a b is a common mer
curial thermometer ; c d is of the same 
size, but is not hermetically sealed. The 
end of its stem is ground fiat, and is in- 
troduced into the neck of a small bail at 
e ; which, as well as the stem, contains

some mercury. The stem is pushed up 
until it just reaches the bail, to which it 
is cemented by colourless varnish.

When these thermometers are in the 
upright position, the globule of mercury 
in e covers the orifice of the tube ; and



i xv A hpat of the hand to d, diminution of température has sun.v o 6 
th^m ercurv  in the stem joins that in to 50°, and has produced a c o n tr je ti^  
îu the stem will remain fi lied of 10° m e d ;  it is évident the suffi "ôï
th'thb<thè mercury while the instrument both numbers will show the degree 
• ti-!ieal • but when it is brought into which the common thermometer stood at 
1Shorizontal position by the machinery the moment of the change of position, 
aKh i  r^entionëd and the bulbs ap- which in this case has been 60°. 
proxhnatedto thepencils e f ,  suspended This idea is most ingénions, and is 
nver tliem for that purpose, and supplied - said in practice to work exceedingly 
with liauid through the channels in well. I t  promises to be useful mmeteo- 
ïhem the mercury m the bail will leave rological investigations, although not so 
îK r i f ic e  of the stem, and that in the complété as the register thermometer of 
K  S  dïïcSfd, asrèpresented in the Keith which “ f  3 e  
figure ; and its subséquent contraction indications for ,,. . for each
is marked by an inverted scale ; which, that requires to j
with the indications of the other ther- observation. . h ter by
mometer, will enable us to ascertain 7. We shall conclude thisicnapteroy 
the température at the moment of the a notice of a ^ t h e i r  segn in j-
reclination of the instrument. Thus, as mvented by D i. , thermometer,
both instruments are equal, if the same 35. I t is a sing 1
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Fis- 35.

in which a column of mercury i  of an 
înch in length is introduced : at each 
end of this column lies an index ot fine 
steel wire, gilded by means of a gal\ anic 
circuit, to prevent oxidation m the 
spirit. An inspection of the figure will 
show how the variations of bulk of the 
spirit in the bulb will move the column 
of mercury ; and by this the indices are 
pushed in opposite directions, but wiü 
remain at the lowest and highest points 
to which they are driven by the mer
cury. The différence between the two 
scales will be the length of the mei cu
rial column. The indices are brought 
in contact with the mercury by a
magnet. , ,, , ,

This thermometer has the advantage 
of giving the maxima and minima by 
the changes in volume of a single fiuid ; 
for the expansion of so short a column 
of mercury is quite inappréciable. The 
defect of this construction is the liability 
of the mercury to separate by sudden 
motions of the instrument. This is 
least likely to happen when the mercu- 
rial column is short and the calibre 
of the tube is minute ; and it is to 
admit of a fine tube that gilded steel 
wire is preferred to an index coated 
with glass.

C h a p t e r  IV.
Differential Thermometers, and their 

Modifications.
T h e r m o m e t e r s  of this kind are not 
affected by general changes of tem- 
perature in the surrounding mediuni ; 
but are délicate indicators of partial 
changes affecting one of their balls. 
Some of the forms of the air ther
mometer described by Van Helmont, 
bear a general resemblance to the in
strument known by the name of differ
ential thermometer: but they were 
rudely constructed, without a fixed 
scale, and unsuseeptible of accuracy, 
or of application to the délicate inves
tigations required by modem experi
mental philosophv. We are indebted 
to the ingenuity of Professor Leslie of 
Edinburgh for“ a perfect differential 
thermometer, and its application to 
some very important purposes.

In January 1800, he published a de
scription of' a new hygrometer and 
photometer* of which the pnneiple dé
pends on the différence in the volume 
of air contained in two equal balls ot 
glass, connected by a tube bent in the

* Nicholson’s Journal, 4to, vol. iii- p. 461.



IHE form of a letter U, when the balls are
MusbiWqually heated. This différence is 

measured by fhe motion of a coloured 
liquid contained in the bent tube. “ In 
ordinary cases,” says Leslie, “ the in- 
termediate liquor would continue sta- 
tionary ; for the air in both balls having 
the sametemperature, and, consequently, 
the same elasticity, the opposite pres
sures would exactly counteract each 
other but if one bail becomes colder 
than the other, “ it is manifest that the 
liquor would be pushed towards it by 
the superior elasticity of the air included 
in the other.” This is the principle 
which suggested to him the

1. Differential Thermometei', used 
with so much skill and ingenuity in those 
délicate investigations on heat, with 
which he was occupied from the above 
period, until the publication of his work 
early in 1804. The differential thermo- 
meter in its most usual form is repre- 
sented in {fig. 36,) where a, b, are two
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Fig 36.

equal glass spherules, eonnected by the 
tube c, d, e ,f ,  slightly dilated just below 
the bail a, and at e, and partially filled 
with a coloured liquid, as represented in 
the figure. The dilatation below a, is 
intended as a réservoir of liquid ; and 
that at e, for the more easy adjustment 
of the liquor to the commencement of 
the scale, by passing bubbles of air from 
one bail to the other. The liquid re- 
commended by Leslie,* after many 
trials, is strong sulphuric acid, tinged

* Experim ental Inquiry, p. 417, 1304.

by carminé. The scale he adopts, is 
millesimal, from the freezing to the 
boiling point of water ; or 10 degrees of 
it are equal to one of the scale of Cel
sius. The instrument is cemented to a 
wooden foot, either immediately, or is 
furnished with a sliding stem to adapt 
it to different heights. Each leg of the 
instrument is usually from 3 to 6 inches 
in length, and the balls are from 2 to 4 
inches apart. The calibre of the stem 
<?./, is from the l-50th to l-60thof an 
inch ; that of the rest of the syphon a 
little larger.

When exposed in a room, or in the 
open air, the differential thermometer 
remains stationary at 0°, whatever may 
be the température of the ambient. air ; 
but if one of its balls be more heated 
than the other, the unequal expansion 
of the included air puts the coloured 
fluid in motion. In employing this in
strument in experiments on the radia
tion of calorie, its principal use, the bail 
a is that to which the heat is applied ; 
or is, as Leslie calls it, the sentient bail ; 
and the mounting of the liquid in the 
other stem indicates the différence of 
elasticity of the air in both "balls, and 
hence the name of the instrument. It 
owes to its insensibility to general 
changes of température, its peculiar fit- 
ness for measuring the influence of ra
diation.

The theory of the instrument sup
poses that gases expand uniformly with 
equal incréments o f température : this 
is, perhaps, not strietly true; yet, as 
Leslie remarks, it is so nearly correct, 
that, in the limited range of tîie instru
ment, the irregularity from that cause is 
quite inappréciable.

It is worthy of remark, that, a few 
weeks after the publication of Mr. Les- 
lie's “ Inquiry,” a part of the “ Philo- 
sophical Transactions” of London ap- 
peared, which contained a set of expe
riments almost similar to many of his, 
and a description of an instrument, in 
principle precisely similar to his differ
ential thermometer. This was

2. Rumford's Thermoscope.
It consisted also of two horizontal balls, 
united by a syphon ; and the only différ
ence from Leslie's thermometer is, that 
the scale is attached to the horizontal 
part of the tube (which is the longest 
portion) ; and the coloured liquid "is a 
bubble moving to and fro, when the 
balls are unequally heated, in the hori
zontal part of the tube. Rumford pro-

AND PYROMETER.



41THERMOMETER AND PYROMETER,
fesses to hâve borrowed the idea of the 
thermoscope from Leslie s hygrometer , 
but the latter has roundly charged him 
with a more direct plagiarism from the 
differential thermometer ; to which ac
cusation we do not recollect that any 
satisfactory answer has been published.

The differential thermometer has un- 
dergone several alterations of form to 
adapt it to particular proposes as an air 
thermometer. One of the most com- 
mon is seen at fig . 37, where the 
bail h is cemented to the tube, after 
the introduction of the liquid, as in the 
old air thermometer, but this form has 
been rendered more élégant and con- 
venient by the modification of Dr. De 
Butts o f Baltimore, (See fig. 38,) in

Fig. 38.

i i p

which no cernent is necessary ; fqpT|M 
the stem and both balls are unitedy^y^L 
the blow-pipe. These instruments are 
to be either fixed perpendicularly on a 
stand, or suspended. The liquid is con
tained in the lower bail, and the heat is 
applied to the upper one ; so that the 
stem is provided with a descending seule.

3. Leslie's, or the Thermométrie 
Iiygrometer.

When the bail of the differential ther
mometer eontaining the supply of co
loured liquid is coated with several folds 
of tissue paper, and kept moist with 
distilled water, the instrument becomes 
an Hygrometer : for the descent of the 
coloured liquid in the other stem will 
mark the diminution of température 
caused by the évaporation of the water 
from the humid surface ; and as this 
effect is proportional to the relative dry- 
ness of the ambient air, it will give an 
indication of the comparative quantity 
of water suspended in the atmosphère, 
at the different times of observation. In 
most cases, two minutes are sufficient to 
produce the full effect on the instru
ment ; and the included liquid then be
comes stationary, until the whole mois- 
ture is exhaled from the bail. The 
drier the ambient air is, the more 
rapidly will the évaporation go on ; 
and the cold produeed will be greater. 
When the air is nearly saturated with 
moisture, the évaporation goes on slow- 
ly ; the cold produeed is moderate, be- 
cause the bail regains a large portion 
of its lost heat from surrounding bodies ; 
and the degree of réfrigération of the 
bail is an index of the dryness of the air. 
Could we aseertain with précision the 
eapacity of air for moisture, at different 
températures, this hygrometer would 
likewise afford a measure of the abso- 
lute quantity of water suspended in the 
air. The most approved form of the 
instrument, according to Leslie, is seen 
in fig . 39. The balls are parallel, and 
bent from each other ; a is covered 
smoothly with several folds of tissue 
paper, which is to be kept continually 
moistened with pure water, drawn from 
the vase d, by the eapillary attraction 
of a few fibres of silk. In order to ob- 
viate any inequality from the disturbing 
effect of light, the bail b is formed of pale 
blue glass ; and the papered bail is co
vered with thin Persian silk of the same 
hue.

Should the water become frozen on 
the bail, this hygrometer will still act ; 
for évaporation goes on from the sur-



Fig. 39. The thermométrie hygrometer is of 
two forms ; the stationary, (fig- 39.) 
and the portable, which resembles the in
strument delineated in ( fig. 41), without 
its glass shade. This last foi m is de- 
fended by a wooden case which screws 
over it, to ht it for the pocket.

4. Leslie's Photometer.
This élégant instrument is the differen- 
tial thermometer, covered by a case of 
transparent glass, and having one of its 
balls either painted black, or, what is 
better, formed of black glass enamel. 

The Stationary Photometer (fig. 40)
Fig. 40
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face of ice, in proportion to the dry- 
ness of the air. Mr. vLeslie estimâtes, 
that when the bail is rnoist, air, at the 
température of the bail, will take up 
moisture equal to the sixteen thou- 
sandth part of its weight, for each de- 
gree of his hygrometer ; and as ice m 
melting, requires l-7th of the calorie 
consumed, in converting water into va- 
pour, when the papered bail is frozen, 
the hygi'ometer will sink more than 
when wet by 1° in 7° ; and hence in the 
frozen state, we must increase the value 
of the degrees 1-7tli : so that each of 
them will correspond to an absorption 
of moisture, equal to one-fourteen thou- 
sandth part of the weight of the air.

When this hygrometer stands at lo , 
the air feels damp ; from 30° to 40°, we 
reckon it dry ; from 5 0° to 6 0°, ver y d ry ; 
and from 70° upwards, we should call 
it intensely dry. A room will feel un- 
comfortable, and would probably be 
unwholesome, if the instrument m it did 
not reacli 30°.* In thick fogs it keeps 
almost at the beginning of the scale. 
In winter, in our climate, it ranges from 
5° to 15° ; in summer often from 15 to 
55° • and sometimes attains to 80° or 90". 
The greatest degree of dryness ever 
noticed by Leslie, was at Paiis in 1he 
mont h of September, when the hygro
meter indicated 120°.

* Leslie “  On the Relations, of Air,_ Heat, and 
Moisture,"  p. 7°. ..

has both its balls at the same height, 
and covered by a spherical shell of the 
most transparent glass ; which, with the 
annexed glass tube, defend the balls 
from the disturbing influence of d u 
rent s of air.

The Portable Photometer (fig. 41) 
has the balls in the same vertical line, 
in order to admit a turned tube of 
wood A, of the same form as its cover 
a, a, to screw on the brass collar d, as 
a defence to the instrument when in the 
pocket; and for further convenience
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Fig. 41.

the socket is made to unscrew from the 
sole of the instrument. The bail, b, is 
of black, or deep reddish-brown enamel, 
while c is as diaphanous as possible. 
The graduation, and other parts of the 
photometer, are on the same scale and 
construction as in the differential ther
mometer.

Dr. Franklin, and others, had re- 
marked the superior power which dark 
colours possessed of absorbing the ca- 
lorific influence of the sun’s rays ; and 
Dr. Watson, afterwards Bishop of Llan- 
daff, had, in 1773, observed, that when 
a thermometer, having its bail black - 
ened, was exposed to the sun’s light, it 
rose 10° higher than it had previously 
done in a similar situation. The re- 
searehes of Mr. Leslie put this faet in a 
more striking point of view, and led to 
the invention of this instrument.

The theory of the photometer hangs 
on the supposition, that the intensity of 
light emitted from any body, is always 
proportional to the température excited 
by its incidence on the blackened bail. 
This is probably true with regard to the 
undecomposed rays of the sun, in which 
the calorie and the light, if different

kinds of matter, are intimately blendqj[tIM 
but there is strong reason to suspec’vl-tri/fc:. 
light emitted by terrestrial bodies is not 
always proportional to the concomitant 
température. Th us the intense splen- 
dour of phosphorus burning in oxy- 
gen gas, gives out far less heat than the 
comparatively dull combustion of hy- 
drogen in the same gas ; and we hâve 
found this photometer often more af- 
fected by the émanations from a fire so 
dull, that not a single letter could be 
discerned in a well-printed page, than 
by the degree of daylight, by which we 
côuld read the same print with plea- 
sure and facility. It is differently af- 
fected too by light of different colours, 
where their illuminating property ap- 
pears the same ; and the experiments of 
Herschel, Englefield, and others, show 
that the maximum of heat in the solar 
beam, decomposed by the prism, by no 
means corresponds with the illumina
tion, but is even altogether beyond the 
margin of the speetrum.*

As a measure, however, of the inten
sity of undecomposed solar light, it ap- 
pears to support the character it re- 
ceives from the in vent or.—“ The pho
tometer,” says he, “ exhibits distinctly 
the progress” of illumination from the 
morning's dawn to the full vigour of 
noon, and thence its graduai décliné 
till evening spreads her sober mantle. 
It marks the growth of light. from the 
winter solstice to the height of sum- 
mer, and its subséquent decay through 
the dusky shades of autumn ; and 
also enables us to compare, with nu- 
merical accuracy, the brigtytness of 
different countries—the bnlliant sky 
of Italy, for instance, with the murky 
air of Holland.”

The direct impression of the sun’s 
rays at noon, about the summer sol
stice, in this country, equals from 90° 
to 100° of this instrument ; and at mid- 
winter, the force of the solar beams is 
from 25° to 28°. The indirect light, 
from a summer's sky, at noon, is from 
30°to40°; in winter, it is from lü°to  
15°. In the most gloomy weather, in 
summer, the photometer rârely indicates 
less than 10° at noon ; but in winter it 
sometimes bareiy exceeds a single de
gree.

The observations on the light of day 
with this instrument should always be 
made in the open air ; and the direct

! * Herschel, Phil. Trans. 1800; Englefield, Journ,
Roy. Institution, vol, i.
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5. Pyroscope.
When one bail of the differential ther
mometer is smoothly covered with thick 
silverleaf, or inclosed inapolishedsphere 
of silvér, and the other bail is naked, 
it forms the pyroscope ; ,  an instrument 
intended by its inventor, Mr. Leslie, to 
measure the intensity of heat radiating 
from a tire into a room, or the frigorifie 
influence from a eold body. A figure 
is unnecessary, as the instrument is 
usually made either like the differential 
thermometer, like that represented m 
(jig, 37,) or the hygrometer, (ftg. 39.) 
The theory of its construction and 
application is, that ail the rays inci
dent on the metallic surface, are re- 
turned from it ; while those that reach 
the transparent bail expand the air 
within it, and depress the coloured li- 
quid in the stem. In tliis way the com
parative radiation from various bodies 
may be ascertained ; and it is so délicate 
an instrument, that in a warm room it 
will be visibly affected by a pitcher of 
cold vvater, at the distance of a few 
inches. . .

6. The Æthrioscope o f Leslie is ano- 
ther modification of the differential ther
mometer which we shall here notice. 
One of its most usual forms is given in 

Jig. 42 ; and is what the inventor calls the 
Pendant Æthrioscope. The bail a ofthe 
thermometer is inclosed within a brass 
sphere, d, d, without touching it ; and 
for the eonvenience of adjustmenf, this 
sphere may be unscrewed in the middle. 
The other bail, b, which is about one half 
the diameter ofthe first, is in the centre 
of an oblong spheroidal cup, c, c, which 
may be covered by a top that fits on at 
f , f .  The coloured liquid in the stem 
is supported by capiilary attraction in 
the dilated extremity of the tube, where 
it joins the bail a. The brass work is 
highly polished, and the inside of the 
spheroidal cup is well gilc.*

This very élégant instrument is in
tended, in the language of Mr. Leslie, 
“ to indicate the cold puises emanating 
from the sky or, in other words, to 
give a comparative idea of the radia
tion proeeeding from the surface of the 
earth toward the région of perpétuai 
congélation in the atmosphère. The 
brass coverings defend bot h balls from 
the influence of the sun's rays, or

Fig. 42.

other adventitious sources of heat ; and 
when the bail b is cooled by radiation 
toward the heavens, the air within it 
contracts, and the elasticity of that 
within a, forces up the liquid in the 
stem, theheight of which marks the in
tensity of the radiation.

When the cover is on, the liquid re- 
mains at 0° ; but when it is removed, 
and the instrument presented to a clear 
sky, either by night or by day, it in- 
stantly begins to rise, and continues 
to mount until the bail b has sustained 
the greatest diminution of température, 
which radiation at that time can pro- 
duce.t

The circumstances which favour ra
diation from the surface ofthe earth to
ward the sky, namely, a clear and ealm 
atmosphère, are admirably pointëd out 
by Dr. Wells, in bis excellent Essay on 
Dew : and this instrument becomes a

T Leslie appears to hâve been led to this invention 
by some of bis own experiments on radiant calorie ; 
but it is proper to State, that Dr. Wollaston had 
shown, that when a délicate thermometer, in the focus 
of a concave m etallic mirror, is presented to the sky, 
cold is indicated,* Edin, Plül. Trans., vol. viii.
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valuable indicator of the state of the 
air  favourable to the déposition of that 
interesting meteor. Such is ns extreme 
delicaev, that, when rising, its progress 
is checked by the smallest cloud saihng 
over it ; andit maybe kept in a state of 
oscillation, by being alternately stretched 
beyond the edge of a parasol, and drawn 
within its shade, when the sky is clear 
and serene. .

Besides the forms given aboyé, Leslie 
deseribes two others, the Standard, and 
the Sectorial. The first lias the stem 
bent up as in the hygrometer, and one 
of the balls covered with silver leaf or 
gilt, near the side of the cup c, c, with 
the naked bail in the centre, as the 
balls a, b, in A. The second lias the 
cup, c, c, formed with a notch in its 
bottom, for admitting a partial vertical 
motion round the bail b. The motion 
is given by means of a toothed sector 
and pinion ; from which the name is 
derived. This form is applicable to 
aseertain the radiation from the earth, 
when we ascend a mountain, or rise in 
a balloon.

7. The differential hygrometer and 
pliotometer would hâve corne into 
more general use had they indicated the 
maximum and minimum between any 
two times of observation. In their pré
sent construction they only show the 
state of the atmosphère at the moment 
of observation, and, therefore, require 
an attention which few hâve leisure or 
inclination to bestow on meteorolo- 
gical observations. To render them 
more extensively useful the following 
alteration is suggested, by which they 
are brought nearly to the thermoscope 
of Rumford in form. The tubes con
necting the balls liave the upright part 
of their stems shortened, and the hori
zontal part extended : instead of a co
loured fluid filling the stems, tliere is a 
short column of mercury introduced 
ir.to the horizontal part of the stem ; 
the motion of which, towards either bail, 
carries before it a piece of steel wire, 
which constitutes the index of maximum 
and of minimum change during the 
absence of the observer. This con
struction will be readily understood from 
the figure 43, which represents the re- 

Fis. 43.

gister hygrometer. A double scale 1 ^ |MHEAT 
along the horizontal part of the in$t#tlmL musei 
ment. When the indices are adjusted 
for a fresli observation, they are brought 
by a magnet to each extremity of the 
little column of mercury.*

Chapter Y.
O f some peculiar Applications o f the

Thermometer.
There are a few applications of the 
thermometer to certain useful pur- 
poses, which ought to find a place in 
the history of the instrument ; I allude 
particularly to the Statical Thermometer 
of Dr. Cumming, the Balance Thermo
meter of Mr. Kewley, the Hygrometri- 
cal Instrument of Mr. Daniell, and the 
Barometrical Thermometer of Mr. 
Wollaston.

1. The Statical Thermometer of Dr. 
Cumming, novv of Chester, was con- 
trived by that gentleman, in 1808, and 
intended by him as a mode of opening 
and closing Windows and ventilators in 
apartments, by the variations in tempé
rature of the induded air. This inge- 
nious application of statical principles 
was shown to numerous friends at dif- 
fei-ent times, in his résidence at Den- 
bigh, and was aftenvards, for a consi
dérable time, exhibited in the Denbigh 
Dispensary. The general form of the 
instrument is represented in f i  g . 44, 
where a b is a glass matrass, or a bail 
and tube of iron ; the globular termi- 
nation of which is capable ofcontaining 
four or five pints of air, and the tube 
is about twenty-five inches in length, 
and from one to two inches in diame- 
ter. A portion of the tube is filled 
with mercury : and in this state it is 
inverted, and its extremity plunged in 
a cylindrieal ja r for contaihing the same 
fiuid. The bail is covered by a net of 
strong cord, or of wire, which forms a 
ring a tthe  top, for the suspension ofthe 
bail and tube. From this ring passes a 
cord over the pullev, d; and it may 
either pass upward under the pulley, e, 
to be attached to the frame of a swing 
window, as shown at g  ; or downwards 
over the pulley / ,  to be fixed to the ven
tilât or h. When the heat of the apart- 
ment expands the air in the bail, it de- 
presses the mercurial column in the 
tube, b ; by which the whole instrument

* This instrument acts rather slowly, and the 
motion of the indices is not quitesmooth; but it  ap
pears capable of supplying a desideratum in me- 
teorological observations—a register hygrometer.
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Fig. 44. in the lise or fall of the mercury is
équivalent to a moving povver of about 
one pound. It is liable to be slightly 
altered also by changes in atmosphe- 
ric pressure.

Dr. Cummings’s attention was drawn 
to the importance of regulated tem
pérature in the treatment of disease, 
whether in publie institutions or in 
private practice, and the contrivance 
above noticed was the method by whieh 
he endeavoured to obtain this important 
object : but he soon perceived that the 
principle was appheable to various mete- 
orological purposes ; and the instrument 
has, in his hands, undergone successive 
modifications and improvements, until 
it has beeome the basis of a thermo- 
meter, hygrometer, and photometer, 
capable of registering their own indi
cations, by the aid of clock-work, at any 
given time. Details of these different 
contrivances would lead us into too 

Fig. 45. 
if.
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and the weight at the top of the win 
dow or of the ventilator, opens theïê 
apertures which were kept shut h l th!

1  « *  «atioal tïb e  a»dybS, Un the other h and whpn v
oi the air i„ ,he chambèr ca„se° Jhf
S 'T b r  ,he a,r i-dudri ta the ban, the pressure of the atmosphère 
foices the mercury mto the tube, which

* 5 » .  ”  '■»">«».. S ^ A r ’0" ’
This simple and very ingenious con

tnvance is applicable^ to hot houses'
l o o r n s ,  and apartments of every de-

Tli,ble cSd£.langes of température; and it
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wide a field ; but it may be proper to 
state, that finished drawings oi them ail 
hâve been in the possession of a dis- 
tino'uished member of the Meteoiolo- 
gical Society of London for upwards of 
four years. The principle of them will 
be readily understood from the pre- 
ceding figure, (figAb,) in which a repre • 
sents an air thermometer ; b abarometer, 
suspended from the opposite side of the 
vrheel c c, to compensate the influence of 
variations in atmospheric pressure on the 
instrument; dd  is a siphon-cistem, in 
both sides of which the mercury will 
always remain on the same level ; /  is 
an index, to which a pencil may be 
fixed, for tracing the variations of the 
instrument on a plate revolving by 
means of clock-work.

Fig

The portions of the tubes which dq|LTIM 
into the mercury should be of efl$$uAL 
substance ; and the tube of the | air- 
thermometer should be a cylinder ca
pable of containing twice as much mer
cury as the corresponding portion of the 
barometer which counterpoises it. A 
small correction may be required for the 
varying immersion of the tubes, pro- 
duced by the oscillations of the instru
ment. This must be determined by ex- 
periment, and allowed for in the gra
duation of the scale.

2. The Balance Thermometer of Mr. 
Kewley is a contrivance for a similar 
purpose, and is represented in fig . 
46, A.

This instrument is the subject of a 
patent, the date of which is 1816. I t

-.46.

eonsists of a tube of glass, a, a, closed 
at c, and terminating at e in a bail, 
which communieates with another tube 
of smaller diameter, which also termi
nâtes in a bail at d, having a communi
cation wdth the external air at / .  The 
tube a, a, and one half of the bail, e, 
are filled with spirit, or any light easily 
expansible fluid. The other tube, from 
e to d, is filled with mercury. The 
whole is suspended in the iron frame, 
h, i, h, m, B, by means of two clamping 
pièces, which are adjusted to the tubes 
by the screws, o, o. The centre of gra- 
vity is suitably adjusted by means of 
the milled nut, sunk in the transverse 
part of the frame, and reeeiving the 
screw, i  ; in order that the whole may 
librate on the knife edges, m, n, des- 
tined to rest on surfaces resembling the 
suspension frame of a common balance. 
A brass scale, p, is moved by the nut, k, 
on the arbor of which is a pinion playing 
in the teeth of the plate, p.

I t is obvious, that by adjusting the

mercury in each arm of this balance, it 
will be in cequilibrio ; but when the 
spirit in a is expanded by heat, it will 
force some more of the mercury into 
the bail, d, and that arm of the instru
ment will preponderate ; w-hen it again 
contracta, the atmospheric pressure will 
cause the mercury to résumé its original 
situation.

The instrument may be used as a 
thermometer, by ascertaining at what 
température it is in equilibrio, and 
when either end preponderates, finding 
how much is necessary to restore the 
balance by the motion of the brass 
plate, p  ; but its chief value arises from 
its applicability to shut and open doors 
or Windows, according to the tempéra
ture of the apartment ; in w hich case, 
a lever, or tooth-wheel, is fixed on 
one of its centres of oscillation. It is 
almost needless to remark, that the 
whole may be constructed of iron, and 
of any convenient size. In point of 
simplicity and cheapness, however, it is
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inferior to that proposed 'by Dr. Cum- 
jjning, which preceded it in date ; al- 
though until now no detailed aecount of 
that invention has been published.

3. The Barometrical Thermometer of 
the Rev. F. Wollaston is seen in fig . 
47, A. I t is a thermometer with a

XX %

large bulb, devised for the measurement 
of altitudes, by observing the tempéra
ture at which liquids boil on different 
élévations ; * on the principle first 
pointed out by Fahrenheit,-!- that the 
boiling of a fluid varies with the pres
sure of the atmosphère. Cavallo first 
applied this principle to the measure
ment of heights,;j; and the instrument 
proposed by Mr. Wollaston is intended 
to facilitate this method.

The bulb of the mercurial thermome
ter he proposed to use, is one inch in dia- 
meter, with a dilatation h, as seen in B, 
and ending in a capillary tube, five inches 
long, which is not closed in the usual

* Phil. Trans. for 1817. 
t  Phil. Trans. vol. xxxii. 
î  Phil. Trans; vol. lxvi..

manner, but, after being broken ofF 
smoothly, is sealed by a little cap of 
glass, as at i, i. The scale is 4.15 
inches long, divided into 100 parts, and 
may be subdivided by a vernier into 1000 
parts ; giving 241 parts to each inch of 
the scale ; and to facilitate observation, 
fhese are read off by a small lens jointed 
to the index, but not represented in our 
figure. The index is moved by a mi- 
crometer screw, d. The thermometer is 
supported by means of stuffing between 
two circular plates of métal, c, c, through 
which it passes, and which are tightened 
by screwing them together. They form 
a metallic collar, that may be screwed 
by either end into the top of the copper 
boiler,/, g, which becomes the case of 
the thermometer on inverting it; and 
then the bulb is protected by a copper 
cap C, which also serves as a measure 
of the due quantity of wTater to be used 
in the experiment. The portion of the 
copper tube below the bottom, g, of the 
boiler, is capable of holding the lamp, e, 
which is attached to it by two sliding 
wires. Thus the instrument becomes 
very portable. The boiler is 5.5 inches 
deep and 1.2 in diameter, with an aper- 
ture at the top to permit the escape of 
the steam, by which the heat is applied 
to the bulb.

When we hâve to détermine an alti
tude, the boiling point is noted at the 
bottom of the eminence, and again when 
we hâve ascended ; and the value of the 
différence between those points on the 
scale having been ascertained by expe
riment, we can estimate the height 
ascended, provided no change has, in the 
mean time, taken place in the barome
trical pressure ; or these points may be 
simultaneously found by two observers. 
The only correction required is, for the 
spécifie gravity of air at different tem
pératures, which may be found by Ge
neral Roy's tables. The use of the di
latation, h, is to receive the expanded 
mercury, before it arrives at the boiling 
point : and the small cap, i, i, is intended 
to receive a globule of mercurv, to be 
detached occasionally from the ‘eolumn 
in the stem, when it is wished to alter 
the range of the scale to suit various 
altitudes. The method of separating 
this globule is, to elevate the mercury, 
by heating the bulb until the thread of 
métal may be shaken over the fiat end 
of the capillary tube ; and when we wish 
to join the globule again to the thread, 
the two portions of mercury are brought 
into contact by heat, and then as the in-
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strument, held in the vertical position, 
cools, the globule will follow the thread
into the stem. .

This instrument is of great delicacy ; 
heing capable of shoving a diffetence 
of altitude of not more than three feet ; 
but, unfortunately, although not very 
bulkv, it is not very portable, from the 
liability of the stem to be broken by the 
weight of the bulb, even from the usual 
jolting of a earriage ; an accident which 
happened thrice to the writer of this, 
within one month. From this cir- 
cumstance, and its price, it is not likely 
to supersede the barometer ingeological 
surveys.

4 . M. Le Roi was the first who sug- 
gested the température at which dew 
begins to be deposited as a method of 
ascertaining the moisture of the air. 
De Luc has the merit of having proved 
that the quantity and force of vapour in 
a vacuum of any given dimensions, are 
equal to its force and quantity, in an 
equal volume of air, at the sarne tem
pérature ; or that the force and quantity 
of vapour in the air are dépendant on 
its température.* This was confirmed 
by Mr. J . Dalton,t who investigated 
the force of vapour, at every tempéra
ture, from 0° to above 212° Fahren
heit, and expressed this force by the 
height of the mercurial eolumn, which 
it could support in a Torricellian 
tube. These results are given in a ta- 
bular form, and are thus easily applied 
to hygrométrie purposes. Dalton finds 
the dew point, like Le Roi, by pouring 
cold water into a glass, and marking the 
température at which it just ceases to 
cause the déposition of dew on the sides 
of the glass, in the open air. This is 
the point at which, in an air of that 
température, dew would just begin to be 
formed. From this fact he is able to 
infer, not only the force exerted by the 
vapour, but its quantity in a perpendi- 
cular eolumn of the whole atmosphère, 
and the force of évaporation at the time 
of observation.

Thus, if the dew point be 45°, the 
force of vapour in Dalton's table=0.316 
of an inch of the mercurial eolumn, or 
the one-ninety fifth of the whole atmos- 
pheric pressure ; or, if the spécifie gra- 
vity of steam be 0.70, the weight of 
the steam or vapour in a given volume 
of air will be the one hundred and thirty- 
sixth part of the whole. Now, as the force 
of a whole atmosphère o f steam, at the

* Recherches sur les Modifications de l’Atmosphère.
t  Manchester Memoirs, vol. v, 535.—vol. 1, new 

sériés, p. 252.

surface of the earth, would be the weightnMHEAT 
of a perpendicular eolumn of it, and'iSBJ*1- muséum 
in a mixed atmosphère of steam and air, 
the force exerted by each is as their re
lative weights, it follows, that when the 
dew point is 45°, the whole superincum- 
bent eolumn of vapour in the atmosphère, 
being equal to the one-ninety-fifth of 
the whole atmospherie pressure, will be 
équivalent to a pressure of 4.30 inches 
of water ; or the vapour, if condensed, 
would afford that depth of water. From 
these data, Dalton has shown how we 
can find the force of évaporation at a 
given time : for the quantity of water 
evaporated from a given surface is 
proportional to the maximum force of 
vapour at the température of that sur
face ; it being understood that the va
pour is still in contact with a surface of 
water. Hence, if we hâve the dew point 
45°, while the température of the air 
is 50°, by subtracting (he force of va
pour at 45° from that of 50°, we shall 
obtain the force of the évaporation at 
that time.—thus, .375—.316 =  .059, the 
force of évaporation.

5. It is on this principle that Daniell’s 
Hygrometer is eonstructed ; the inven
tion of a gentleman distinguished for 
his meritorious labours in meteorology.
It was published in 1820, along with a 
meteorological table, and seems to hâve 
been suggested by the cryophorus of 
Wollaston. ;j: The form of the instru
ment is seen, as last improved by Mr.
Daniell, in i f  g. 48.) The bail a is of

Fig. 48.

t Quarlerly Journal of Science, vol, viii. 299—see 
also vol. ix. &c,
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Virtual muŝ J j jn diameter, and is connected vvith 
a bail d of the same size, by a bent tube 
one-eighth of an inch in diameter. A  
portion of sulphurie æther, sufficient to 
fill three-fourths of the bail a, is intro- 
duced ; a small mercurial thermometer, 
with a pyriform bulb, is fixed in the 
limb a b, the atmospheric air is ex- 
pelled as completely as possible ; and 
the whole is sealed at e. The bail d  is 
covered vvith muslin ; the whole is sup- 
ported on a brass stand / ,  g , on which 
is another délicate mercurial thermo
meter. The tube can be removed from 
the spring tube h ; and the whole, to- 
gether with a phial of æther, packed 
neatly in a box, that goes easily into the 
pocket. The method in which the dew 
point is indicated by this instrument, is 
as foliows :—The æther is ail brought 
into the bail a, by inclining the tube ; 
the balls are placed perpendicularly ; 
the température of the ambient air is 
now noted ; æther is poured from a 
dropping tube that fits the mouth of 
the small phial, on the muslin cover of 
d ; and, the cold produced by its éva
poration, causing a condensation of the 
elastic æthereal vapour within the bail, 
produces a rapid évaporation from a, 
by which the température of the ther
mometer in it sinks ; and when the 
black bail is thus cooled to the dew 
point, a film of condensed vapour, like 
a ring, surrounds the bail. If the ther
mometer be at that instant notieed, we 
obtain the true dew point of air at the 
température indicated by the other ther
mometer.

The observation is made in a very 
short péri od ; and much ofthe labour 
required in the method of Le Roi is 
saved. There seems but one objection 
to this very ingenious instrument, and 
it is one, which, even with much prac
tice, is not easily obviated. The surface 
on which the dew condenses, is small, 
and requires a peculiar light to be well 
seen ; while the attention of the ob
server, distracted between the close in
spection of the surface of the black bail, 
and the included thermometer, is not 
always able to fix vvith absolute préci
sion the dew point.

6. This instrument hasbeen modified 
in

Mr. Thos. Jones's Hygrometer ; 
an instrument on exactly the same 
principler as the original invention of 
Daniell, but simpler in construction, 
more compact, and less expensive. It 
is seen in fig, 49, eonsisting of a deli-

Fig. 49.

cate mercurial thermometer, vvith its 
tube at a, b, bent so as to brmg its cy- 
lindrical bail c, parallel with, and at a 
little distance from, its stem. The bulb 
is one inch long, and is terminated by 
a flattened surface d, of black glass, 
which projects a little beyond the sides 
of the bulb. The bulb below the 
flattened surface is covered vvith black 
silk. The instrument is supported on 
the vvire e f ,  which is attached to the 
scale by a pivot, that allows the black 
surface to be inclined to the light, and 
the whole, with a phial of æther, are 
contained in a small case. *

When used, the température of the 
air is first noted ; then æther is poured 
on the silk cover of the bulb ; and the 
condensation of the dew is seen on the 
black extremity of the bulb.

The difficulty of marking the incipient 
condensation on these instruments is 
the same ; and it has produced various 
modifications of the instrument.

7. Dr. Cumming, of Chester,finds that 
the dew point is most conspicuously 
shovvn, by inclosing the bulb of a déli
cate thermometer, covered by a sponge, 
in a tube of planished tinned iron, silver, 
or platina. When the sponge is moist-

* Pliil, Trans, for 1826, part ii. p. 23,
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ened with any very evaporable fluid, 
such as æther or alcohol, and a stream 
of air blown through the tube, a more 
rapid and more conspicuous déposition 
0f dew takes place on the surface of the 
metallic tube, than we ever recollect to 
hâve observed in similar experiments.

Fig. 50 is Dr. Cumming’s hygrometer 
fitted to a portable air-syringe, by which 
a current of air is produced through 
the tube B B. The bulb of the délicate 
thermometer within it is surrounded 
with fine sponge, to retain the evapo
rable fluid ; the tube B B is of highly 
polished métal, with an aperture in its 
upper part covered with a glass tube, 
for the inspection of the thermometer, 
as represented in the figure.

Fig. 50.

Chapter VI.
On the Imperfections common to ail 

Instruments fo r  the Indication o f  
Heat.

1. The terms thermometer and pyro- 
meter might lead to the supposition, 
that the instruments so designated were 
actual indicators of the quantity of ca

lorie contained in those bodies to whiehLTIMHEAT 
they are applied ; but a single expt'-fi-UAL MUSEUM 
ment is sufficient to show that this \iew 
is erroneous. If  we place equal quan
tifies of water and of snow, both at 
température 32°, in a room at 60°, the 
température of the water will, as indi
cated by the thermometer, after some 
time, rise considerably ; but the effeet 
of the heat on the ice will only be to 
melt it partially, while its température 
remains steadily at 32°. Here we hâve 
calorie received by the ice which does 
not affect the thermometer.

The principle upon which the ther
mometer and the pyrometer act is, the 
tendency which heat or calorie has to 
diffuse itself among contiguous bodies.
When applied to a hot body, they ac- 
quire a portion of the heat from that 
body ; and when applied to a cold one, 
they communicate to that body a por
tion of their own calorie. These changes 
in the quantity of its own calorie are in
dicated by changes in the bulk of the 
thermométrie fluid, or pyrométrie piece ; 
and such instruments, tlierefore, do 
no more than show a certain excess 
of heat given out by the hottest to the 
coldest body. On this ground the 
names of thermoscope and pyroscope 
are more suitable for such instruments 
than their more common désignations.

That different bodies, in equal quan
tifies, whether measured by weight or 
volume, contain unequal quantifies of 
calorie, has been established by the 
investigations of Boerhaave, Black,
Wilcke, Irvine, Crawford, Lavoisier, &c.
It does not belong to this place to enter 
into this subject, but it is sufficient to 
mention the grounds for this important 
conclusion.

I f  we mix one pound of water at 
212°, and as much wrater at 32°, when 
due précautions are employed to mix 
them without loss of heat or the addi
tion of extraneous température, the ther
mometer plunged in the mixture will 
indicate very nearly 122°, or the arith- 
metieal mean between the extremes ; 
which proves that equal quantities of 
the same body contain quantities of calo
rie proportional to their température. If, 
however, we mix a pound of mercury 
with a pound of water, at different tem
pératures, when the mercury is the hot
test, the température of the mixture will 
be greatly below the mean ; and when 
the water is the hottest body, the mix
ture will be greatly above the mean tem
pérature. A sériés of such experi- 

e 2
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W n ts hâve shown that the same quan- 
tity of calorie which can raise the tem
pérature of water only 4°, will raise that 
of mercury 112°. If  this be the case at 
every température, which is most pro
bable, the quantity o f calorie in water is 
to that in an equal weight of mercury, at 
the same température,'as 112:4 = 28:1 .

Besicles this methocl of finding out 
the comparative quantity of calorie in 
bodies, there is another founded on the 
fact, that ice in melting absorbs an uni- 
form quantity of calorie. Professer

a , is the innermost ; and is destined to 
reeeive the heatecl body, the subject of 
experiment. The space between it and 
the second vessel, b, is to be filled with 
pounded ice, or snow, as well as the 
perforatecl cover, / ,  of the cage a. It 
is the melting of this snow which af- 
fords the indication of the comparative 
quantity of calorie in the bodies sub- 
mitted to experiment : it rests on a wire 
sieve, at the bottom of the cvlinder b, and 
is received at the orifice of the pipe d. 
To guard against the effects of external 
température, the cavity between the 
vessei b, and the exterior one, is filled 
also with pounded ice or snow ; the ge
neral lid h, of the wholebeing also covered 
with snow, and its edges resting in a

Wilcke, of Copenhagen, first conceived 
the idea of employing'the melting of ice or 
snow, for the purposeof ascertaining the 
comparative quantity of calorie in dif
ferent bodies ; and this method was im- 
provecl in the hands of Lavoisier and La- 
place, by the invention of the Calori- 
meter.

It consists of two vessels' of tinned 
iron, and a wire cage, which are fitted 
so that one may be inserted within the 
other, leaving a cavity between the sides 
of each. (See Jig. 51.) The wire-cage,

groove e, lined with the same material, 
the interior of the instrument is defended 
from ail direct access of external tem
pérature. The two tubes, g , in the lid, 
are for the introduction of thermome- 
ters; but during experiments those 
tubes are shut. up, to prevent the ac
cess of currents of air through the ca- 
lorimeter. The water collectée! between 
the outer and second vessel may be 
drawn off by the pipe i. Experiments 
of this kind should be made in a room 
at a température of 32°. Before com- 
meneing the experiment, the snow is sa- 
turated with moisture by its melting, to 
obviateasmuch as possible the errorfrom 
not collecting the whole of the water.

The indications of this instrument,
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from the cause just aUuded^to and the
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iruiu uie —; . . . .  ,i ^
impossibility of altogether obviating the 
effects of currents of air through it, 
during experiments, are not susceptible 
of such accuracy as the more simple 
niethocl of mixture ; although this also 
is liable to lead to erroneous conclusions, 
from the difficulty of obtaining the true re
suit ofthe effect of the different mixtures.

2. There is an obvious source of 
eiror in the indications of ail instru
ments employed to measure tempéra
ture, in as much as the apparent changes 
in the volume of the thermométrie sub
stance are not the real augmentation or 
diminution of bulle it undergoes. The 
glass of the thermometer, and the frame 
of the pyrometer, are also expanded 
and contracted by changes of tempéra
ture : so that our instruments only show 
the excess ofthe expansions of the ther
mométrie fiuid, or pyrométrie bar oyer 
those of the glass and frame ; by which 
the true indications are diminished.

From th e . extreme nicetv of some of 
the investigations in which the mercu- 
rial thermometer is employed, a compa
rative ratio of the expansions of mer
cury and glass lias been most diligently 
sought affer by De Luc, Ramsden, Roy, 
and others. From their investigations 
it has been ascertained that ail solids 
and liquids vary in their rate of expan
sion ; but that the expansibility of glass 
dépends so much on the manufacture 
of that article, and varies so much in 
the different kinds, that no general 
équation as a correction for this source 
of eiTor can be of practical utility. Eyen 
the forai of the glass rod is material. 
Roy gives the expansion of a glass 
tube =  0.0046569th ; of a solid glass 
rod =  0.0096944th, inpassingfrom the 
freezing to the boiling point of water.* 

An important sériés of experiments 
by Lavoisier and Laplace hâve been 
published by Biot,t from which it ap- 
pears that of twenty-three solids tned, 
glass was the least expansible ofthemall.

The length of different glass rods, 
which at 32°Fahrenlieit=l.00000000,at 
212° Fahrenheit is augmentedasfollows:
Glass of St. Gobain...... 1.00089089 — xAâ
Glass tube, withoutlead 1.00087572=,

Ditto ..........................1.00089760=TÎ>Tj
Ditto ......................... 1.00091751=ïüVs

French glass, with lead ...1.00087199=:1I,î y 
English flint glass .......... 1,0008116d ~ T3'îg

* Phil. Trans., vol. Ixxv.
t  T ra ité  de Physique, t. ii. 15S.

This will show the impossibility iŜ IIV 
any general correction being apphsdjiv 
and the adoption of any formule  for 
this purpose would be an affectation of 
accuracy, of which, unfortunately, the 
subject is incapable. If, however, such 
formula is considered désirable, it may 
easily be constructed from the experi
ments of De Luc on glass tubes % at 
different températures, which, reduced 
to the scale of Fahrenheit, are,
Temp. Bulle. Tcnvp. Bulle.

3 2 ° 100000 150° = 1 0 0 0 4 4

50 — 100006 167 = : 1 0 0056

70 1 0 0014 190 — 1 0 0069

100
120

100023
1 0 0032

2 12  = 100083

3. Another error of some magnitude 
is produced by the inequalities of the 
expansions of the same substances by 
equal incréments of température.

If we could consider expansion simply 
as the effect of the application of heat, 
equal incréments of température should 
produce equal rates of increase of vo
lume ; but the expansion is the ré
sultant, in solids and in liquids, of two 
opposite forces—of the répulsive energy 
of calorie opposed by the cohésion of 
the partieles of matter ; and, accord- 
ingly, it not only differs in the different 
kinds of solid and liquid matter, but 
in the same body at different tempéra
tures. As might be expected from this 
view, it must be in an increasing ratio 
with the température ; because the force 
of cohésion must diminish with the dis
tance of the partieles of matter.

In  aëriform bodies, the force of cohé
sion does not exist ; and we might in
fer that equal incréments of heat 
would produce equal expansions, in ail 
gases, at ail températures. In gases, 
the ratio might even be expected to de- 
crease, in a minute but inappréciable 
degree, with the température ; because 
the increased distance of the partieles 
will tend to diminish the répulsive 
energy.

Experiment in these particulars ac
cords with theory. The ratio ot expan
sion in solids and liquids is found to be 
an increasing one, as the température 
is augmented, and is very different in 
each substance ; while in the gases, it is 
not only equable in the same gas, but 
equal in ail.

The manner in which an increasing 

% R echerches, t. i.
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uLTiMHEï»tio of expansion must affect thermo- 

virtual M uaM rttrs and pyrometers, graduated on 
the principle of equal degrees between 
two fixed points, is obvious; and it 
early became an object of solicitude. 
Drs. Halley and Brooke Taylor devised 
the method of investigation—namely, 
by mixing together equal weights of 
water at different ascertained tempéra
tures, and ffnding hovv much the ther- 
mometer, plunged in that mixture, dif
férée! from the mean température. 
From not sufficiently attending to the 
various requisites to obviate error, 
they did not arrive at the true conclu
sion. We owe to De Luc the more 
successful investigation of this problem; 
by a train of nice experiments, in which 
hé ëndeavoured to guard against the 
sources of error arising from the cool- 
ing effect of the vessel containing the 
mixture, and of the escape of vapour, 
hê proved that the different thermo
métrie fluids do not expand in a uni- 
form ratio to the quantifies of calorie 
applied; but follow an increasing rate 
as their température is raised. Mer
cury he found to be the most régulai- 
in its expansions ; yet it also showed 
very sensible déviations. When equal 
weights of water at 32° and 212° were 
mixed, the mercurial thermometer did 
not indicate the mean température 122°, 
but only 119°; an oil thermometer, 
in the sâme experiment, stood no higher 
than 117°, and one of spirit of wine at 
108°; while, with a thermometer filled 
with water, the température of the mix
ture appeared only to be 75°. His ex
periments showed the great superiority 
of the mercurial over the alcoholic ther
mometer ; but this superiority, it pro- 
bably owes, as Mr. John Dalton lias 
remarked, in a great measure to the dis
tance of the ordmary range of tempéra
ture, from the freezing and boiling point 
of mercury; for the experiments of 
De Luc show that the irregularities of 
ail tluids are much augmented about 
the points of their consolidation and 
passing into vapour.

From the usual method of graduating 
the mercurial thermometer from two 
fixed points only, the error from inequa- 
lity of expansion will be greatest at the 
mean between the two points ; when, ac- 
cordingtoDe Luc, it amounts to about 3° 
Fahrenheit below the real température. 
In the following table are given the 
resuit of De Luc’s researches, on the 
two fluids ehiefly used for thermometers 
—mercury and alcohol. In  the first

column are the indications of the mer
curial thermometer, according to De 
Luc’s or Reaumur's scale ; in the 
second, the indications of the alcoholic 
thermometer at the corresponding tem
pératures ; and in the third, are, what 
ought to be, the real températures as 
discovered by experiment.
Mercurial Ther. Alcohol Ther. Real Tem.

80 80.0. .80.0

70......... ..........67.8___
05..........
60.......... ........ 56.2.... . . . .  60.96

50..........
45...........
40..........
35.......... ......... 30 ,3 ....
30..........
25........... ......... 21.0___
20...........
15...........
10...........
5...........
0...........

There is reason to believe, however, 
that De Luc states the irregularity of 
the mercurial thermometer too high. 
Dr. Crawford investigated this point 
with great care, and concluded, that 
when the différence of température of 
the two portions of fluid did not exceed 
100° F., the average déviations of the 
mercurial thermometer were not above 
0.25 of a degree. De Luc himself 
allows, that the resuit of the mixtures 
must be inaccurate, if the capacity of 
the water operated on is changed during 
the experiment. In mixing together 
hot and cold water, the probability is, 
that the diminished volume of the mix
ture causes a diminution of capacity ; 
and, consequently, an increase of tem
pérature, beyond what is due to the 
heat of the two portions mixed together. 
By exposing a mercurial thermometer 
in a vessel, in which the included air 
was exposed to the frigorifie influence 
of melting snow, and the heat of watery 
vapour at 212°, he found that it indi- 
cated 121°, or only a single degree less 
than the arithmetical mean.* From 
comparison with air thermometers, Gay 
Lussac inferred that the mercurial ther
mometer was equable in its expansions,

* Experiments on Animal H eat.
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between the freezing and the boiling 
Joint of water.* Petit and Dulong 
hâve investigated the subject, by a com- 
parison with the air thermometer and 
with the expansions of a pyrometei of 
verv infusible metals (platina and cop- 
ner) which appear, by the experiments 
of Lavoisier and Laplace, to be very 
cernable in their expansions, below the 
boiling point of water. They found 
that the irregularity in mercury in- 
creases with the température; and 
would even appear to be greater than 
the rise of the mercurial thermometer 
indicates, were not the increasing ex
pansion of the mercury diminished by 
the increasing ratio of the dilatation of 
the glass itself.f Hence the source of 
error in thermometers arising from the 
expansion of the glass, is rather adv an- 
tageous than detrimental to their accu-
racy. ,, .

The différence between the indica
tions of the alcoholic and mercurial 
thermometers, as lately ascertained by 
Dr. De Wildt, do not materially differ 
from the déterminations of De Luc; 
and having been obtained for every 5° 
of Reaumur’s scale, apparently with 
much care, we give the resuit as a table 
of correction for Rutherford s thermome
ters ; for which purpose they were in- 
tended by the author.
Mercury.
— 4 5 °  =

Spirit.
— 2 8 ° .5 0

Mercurv.
•+ 2 0 ° ..

Spirit 
, +  1 6 ° .4 8

4 0 ............ . . . . 2 5 .92 25  .,, . . . :2 0 .97

3 5 ............ . . . .2 3 .19 30  . ....... 25 .60

3 0 ............ . . . .2 0 .32 35  . ....... 30 .38

2 5 ............ . . . .1 7 .30 4 0  . .......35 .31

2 0 ............ .. ..1 4 .13 4 5  . ....... 40 .38

1 5 ...................10 .82 50 . ....... 45 .60

1 0 ................... 7 .36 55  . . . . . . 5 0 .97

5 ........... .......  3 .75 60 . ....... 56 .48

0 ........... .......  0 .00 65 . ....... 62 .14

+  5 ........... , - f  3 .90 70 . ....... 67 .95

1 0 ........... .......  7 .95 75 . ....... 73 .90

1 5 ........... ....... 12 .14 8 0  . ....... 801 .00

The indications of air thermometers 
were at one time supposed liable to un- 
certainty, from the inequalities of their 
expansion. Guyton and Prieur ima- 
gined that they progressively expanded 
in a greater ratio than the température,§ 
but this lias been proved to be errone- 
ous; and the mistake probably arose

® Annales de Chimie, t. xliii.
f  Annales de Chimie et Physique, t. ii. p. 240.
X Jameson’s Edin. Phil. Journal, Oct, 1826, and 

Kastner Archiv fur die Gesammte N atural, Deeem. 
1825.

§ Journal de l’Ecole Polytechnique.

from their neglecting the effeet pf hy- T|M 
grometric water in the gases. G-ençf$i\jAL 
Roy * found that their expansion fol- 
lowed a ratio, decreasing with the élé
vation of température ; and the saine 
resuit was obtained by Mr. Dalton,f Dr. 
Murray, $ Gay Lussae, § and Petit and 
Dulong ; H but there is reason to con- 
clude that this apparently decreasing 
ratio in the expansion of gases is owing 
to the error caused by the unequable 
expansions of the mercury in the ther
mometer, and the dilatation of the bulb of 
that instrument ; and philosophers now 
agréé to consider the expansions of 
gases equable and equal, as before 
stated; especially as the decreasing 
ratio disappears, if we apply De Luc’s 
correction of the real mean between 
32° and 212°.

From the foregoing observations, we 
may eonclude, that the air thermometer 
reqiiires no correction of its indications ; 
that the accuracy of 1he mercurial 
thermometer is not materially affected 
by the inequalities of the expansions 
of the mercury, in ordinary ranges of 
température ; that the expansion of al
cohol is pretty uniform, until about 30° 
R. or 100° F. : above that point its ex
pansions become more irregular ; but it 
hasthe advantage over every otherliquid, 
of marking the lowest degrees of natural 
or artificial cold hitherto observed.

The irregularities affecting pyrome- 
ters, except from alteration in the size of 
the substances supporting the bars, are 
extremely minute. The experiments of 
De Luc and Roy would lead to the con
clusion, that the expansibility of solids 
is not quite equable. Roy thinks that 
this slight irregularity may be apparent 
rather than real ; but Lavoisier and 
Laplace state, that the expansions of 
solids keep paee with those of the mer
curial thermometer, from the freezing 
to the boiling point of water ; and Petit 
and Dulong assert, that the expansion 
of metals is progressive above 212° F.

These irregularities, if they exist, are 
so minute, as not, in any ordinary prac- 
tical purpose, to affect the indications 
of pyrometers ; and at high tempéra
tures extreme accuracy is seldom of 
much conséquence.

The différences arising from two py
rometers of different materials may be 
corrected by Table IV. in the appendix

s  Phil. Trans. vol. Ixvii.
f  Manchester Memoirs, vol. v. p. 599.
j  Edin. Phil. Trans. § Ann. de Chim, t .  x liii.
|j Annales de Chim, et Phys. t. ü .



ultimhea9® results obtained in 1782, by La- 
Virtual MustËûi&ier and Laplace, lately recovered

_____by Biot. Each substance at 32° F =
ROOOÜOOOO.

There is one précaution in graduating 
thermometers, which vvill render any 
irregularities of little conséquence • thât 
is, in forming the scale, not to rest satis- 
ned with only tvvo fixed points, and

THERMOMETER AND PYROMETER.
eqiiully dividing the intervening space ; 
but to obtain intermediate points by 
means of mixtures, or by eomparison 
v.'ith a standard instrument so formed ; 
and by the shortness of the intervals 
adapting the scale to inequalities in the 
bore of the tube, or to the less impor
tant irregularities just notv considered.
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A P P  E  N D I X.

■ m
ULTIMHEAT®

VIRTUAL MUSEUM

No. I.—TABLES OF CORltESPONDENCE OF THE DIFFERENT 
THERMOMETRICAL SCALES,

(F ro m  D r. M u r r a y ’s System of Chemistrÿ),

T A B L E  F O R  T H E  C E N T IG R A D E  T H E R M O M E T E R .

Centigrade. Rcaum ur’s. Fahrenheits. Centigrade. R caum ur’s. Fahrenheits. Centigrade.' Reaum ur’s. Fahrenheits.

100 8 0 . 2 1 2 . 53 4 2 .4 1 2 7 .4 6 4 .8 4 2 .8
99 7 9 .2 2 1 0 .2 52 4 1 .6 1 2 5 .6 5 4 . 4 1 .
98 7 8 .4  : 2 0 8 .4 51 4 0 .8 1 2 3 .8 4 3 .2 3 9 .2
97 7 7 .6 2 0 6 .6 50 4 0 . 122 . 3 2 .4 3 7 .4
96 7 6 .8 2 0 4 .8 49 3 9 .2 1 2 0 .2 2 1 .6 3 5 .6
95 7 6 . 2 0 3 . 48 3 8 .4 1 1 8 .4 1 0 .8 3 3 .8
94 7 5 .2 2 0 1 .2 47 3 7 .6 1 1 6 .6 0 0 . 3 2 .
93 7 4 .4 1 9 9 .4 46 3 6 .8 1 1 4 .8 -1 - 0 . 8 3 0 .2
92 7 3 .6 1 9 7 .6 45 3 6 . 1 1 3 . —2 - 1 . 6 2 8 .4
91 7 2 .8 1 9 5 .8 44 3 5 .2 1 1 1 .2 - 3 - 2 . 4 2 6 .6
90 7 2 . 194 . 43 3 4 .4 1 0 9 .4 - 1 - 3 . 2 2 1 .8
89 7 1 .2 1 9 2 .2 42 3 3 .6 1 0 7 .6 - 5 - 1 . Qo. i
88 7 0 .4 1 9 0 .4 41 3 2 .8 1 0 5 .8 - 6 - 1 . 8 2 1 .2
87 6 9 .6 1 8 8 .6 40 3 2 . 1 0 4 . - 7 - 5 . 6 1 9 .4
86 6 S .8 1 8 6 .S 39 3 1 .2 1 0 2 .2 - S —6 .4 1 7 .6
85 6 8 . 1 8 5 . 38 3 0 .4 1 0 0 .4 - 9 - 7 . 2 1 5 .8
84 6 7 .2 1 8 3 .2 37 2 9 .6 9 8 .6 - 1 0 - S . 1 4 .
83 6 6 .4 1 8 1 .4 36 2 8 .8 9 6 .8 - 1 1 - 8 . 8 1 2 .2
82 6 5 .6 1 7 9 .6 35 2 8 . 9 5 . - 1 2 9 . 6 1 0 .4
81 6 4 .8 1 7 7 .8 34 2 7 .2 9 3 .2 - 1 3 - 1 0 . 4 8 .6
80 6 4 . 176. 33 2 6 .4 9 1 .4 - 1 4 - 1 1 . 2 6 .8
79 6 3 .2 1 7 4 .2 32 2 5 .6 8 9 .6 — 15 - 1 2 . 5 .
78 6 2 .4 1 7 2 .4 31 2 4 .8 8 7 .8 - 1 6 - 1 2 . 8 3 .2
77 6 1 .6 1 7 0 .6 30 2 4 . 8 6 . -1 7 - 1 3 . 6 1 .4
76 6 0 .8 1 6 8 .8 29 2 3 .2 8 4 .2 - 1 8 - 1 4 . 4 - 9 . 4
75 6 0 . 167. 28 2 2 .4 8 2 .4 - 1 9 - 1 5 . 2 - 2 . 2
74 5 9 .2 1 6 5 .2 27 2 1 .6 8 0 .6 - 2 0 - 1 6 . - 4 .
73 5 8 .4 1 6 3 .4 2 6 2 0 .8 7 8 .8 -2 1 - 1 6 . 8 - 5 . 8
72 5 7 .6 161 .6 25 2 0 . 7 7 . - 2 2 - 1 7 . 6 - 7 . 6
71 5 6 .8 1 5 9 .8 24 1 9 .2 7 5 .2 - 2 3 - 1 8 . 4 - 9 . 4
70 5 6 . 1 5 8 . 23 1 8 .4 7 3 .4 - 2 4 - 1 9 .2 - 1 1 . 2
69 5 5 .2 1 5 6 .2 22 1 7 .6 7 1 .6 - 2 5 - 2 0 . - 1 3 .
68 5 4 .4 1 5 4 .4 21 1 6 .8 6 9 .8 - 2 6 - 2 0 . 8 - 1 4 . 8
67 5 3 .6 1 5 2 .6 20 1 6 . 6 8 . - 2 7 - 2 1 . 6 - 1 6 . 6
66 5 2 .8 1 5 0 .8 19 1 5 .2 6 6 .2 - 2 8 - 2 2 . 4 - 1 8 . 4
65 5 2 . 1 4 9 . 18 1 4 .4 6 4 .4 - 2 9 - 2 3 . 2 - 2 0 . 2
64 5 1 .2 1 4 7 .2 17 1 3 .6 6 2 .6 - 3 0 - 2 4 . - 2 2 .
63 5 0 .4 1 4 5 .4 16 1 2 .8 6 0 .8 -3 1 - 2 4 . 8 - 2 3 . 8
62 4 9 .6 1 4 3 .6 15 12. 5 9 . - 3 2 —2 5 .6 - 2 5 . 6
61 4 8 .8 1 4 1 .8 14 1 1 .2 5 7 .2 - 3 3 - 2 6 . 4 - 2 7 . 4
60 4 8 . 140 . 13 1 0 .4 5 5 .4 —34 - 2 7 . 2 - 2 9 . 2
59 4 7 .2 1 3 8 .2 12 9 .6 5 3 .6 - 3 5 - 2 8 . - 3 1 .
58 4 6 .4 1 3 6 .4 11 8 .8 5 1 .8 - 3 6 - 2 8 . 8 - 3 2 . 8
57 4 5 .6 1 3 4 .6 10 8 . 5 0 . - 3 7 - 2 9 . 6 —3 4 .6
56 4 4 .8 1 3 2 .8 9 7 ,2 4 8 .2 - 3 8 - 3 0 . 4 - 3 6 . 4
55 4 4 . 1 3 1 . 8 6 .4 4 6 .4 - 3 9 - 3 1 . 2 - 3 8 . 2
54 4 3 .2 1 2 9 .2 7 5 .6 4 4 .6 - 1 0 - 3 2 . - 1 0 .



! ? < % 5 8  
ULTIMHEAT® 

VIRTUAL MUSEUM

T H E R M O M E T E R  A N D  P Y R O M E T E R .

T A B L E  F O R  R E A U M U R 'S  T H E R M O M E T E R .

I Ko.Tunv.ir’> Centigrade. Fahrenheits. Reaum ur’s Centigrade. Fahrenheits. R eaum ur’s. Centigrade. Fahrenheits.

80 100 . 2 1 2 . 42 5 2 .5 1 2 6 .5 ; 4 5 . 4 1 .

79 9 8 .7 5 2 0 9 .7 5 41 5 1 .2 5 1 2 4 .2 5 3 3 .7 5 3 8 .7 5

78 9 7 .5 2 0 7 .5 40 50- 1 2 2 . 2 2 .5 3 6 .5

77 9 6 .2 5 2 0 5 .2 5 39 4 8 .7 5 1 1 9 .7 5 1 1 .2 5 3 4 .2 5

76 9 5 . 2 0 3 . 38 4 7 .5 1 1 7 .5 - 0 0 3 2 .

75 93.75 2 0 0 .7 5 37 4 6 .2 5 1 1 5 .2 5 -1 - 1 . 2 5 2 9 .7 5

74 9 2 .5 1 9 8 .5 36 4 5 . 1 1 3 . - 2 —2 .5 2 7 .5

7 3 9 1 .2 5 1 9 6 .2 5 35 4 3 .7 5 1 1 0 .7 5 - 3 - 3 . 7 5 2 5 .2 5

72 9 0 . 1 9 4 . 34 4 2 .5 1 0 8 .5 - 4 —5 . 2 3 .

71 8 8 .7 5 1 9 1 .7 5 33 4 1 .2 5 1 0 6 .2 5 - 5 - 6 . 2 5 2 0 .7 5

70 8 7 .5 1 8 9 .5 32 4 0 . 1 0 4 . - 6 - 7 . 5 1 8 .5

69 8 6 .2 5 1 8 7 .2 5 31 3 8 .7 5 1 0 1 .7 5 - 7 - 8 . 7 5 1 6 -2 5

68 8 5 . 1 8 5 . 30 3 7 .5 9 9 .5 - 8 - 1 0 . 1 4 .

67 8 3 .7 5 1 8 2 .7 5 29 3 6 .2 5 9 7 .2 5 - 9 - 1 1 .2 5 1 1 .7 5

66 8 2 .5 1 8 0 .5 28 3 5 . 9 5 . - 1 0 - 1 2 . 5 9 . 5

65 8 1 .2 5 1 7 8 .2 5 27 3 3 .7 5 9 2 .7 5 - 1 1 - 1 3 .7 5 7 .2 5

64 8 0 . 1 7 6 . 26 3 2 .5 9 0 .5 - 1 2 - 1 5 . 5 .

63 7 8 .7 5 1 7 3 .7 5 25 3 1 .2 5 8 8 .2 5 - 1 3 - 1 6 .2 5 2 .7 5

62 7 7 .5 1 7 1 .5 24 3 0 . 8 6 . - 1 4 - 1 7 . 5 O .o

61 7 6 .2 5 1 6 9 .2 5 2 3 2 8 .7 5 8 3 .7 5 - 1 5 - 1 8 .7 5 - 1 . 7 5

60 7 5 . 1 6 7 . 22 2 7 .5 8 1 .5 - 1 6 - 2 0 . - 4 .

59 7 3 .7 5 1 6 4 .7 5 21 2 6 .2 5 7 9 .2 5 - 1 7 - 2 1 .2 5 —6 .2 5

58 7 2 .5 1 6 2 .5 20 2 5 . 7 7 . - 1 8 - 2 2 . 5 - 8 . 5

57 7 1 .2 5 1 6 0 .2 5 19 2 3 .7 5 7 4 .7 5 - 1 9 - 2 3 .7 5 - 1 0 .7 5

56 7 0 . 1 5 8 . 18 2 2 .5 7 2 .5 - 2 0 - 2 5 . - 1 3 .

55 6 8 .7 5 1 5 5 .7 5 17 2 1 .2 5 7 0 .2 5 -2 1 - 2 6 .2 5 - 1 5 .2 5

54 6 7 .5 1 5 3 .5 16 2 0 . 6 8 . - 2 2 - 2 7 . 5 - 1 7 . 5

53 6 6 .2 5 1 5 1 .2 5 15 1 8 .7 5 6 5 .7 5 - 2 3 - 2 8 .7 5 - 1 9 .7 5

52 6 5 . 1 4 9 . 14 1 7 .5 6 3 .5 - 2 4 - 3 0 - - 2 2 .

51 6 3 .7 5 1 4 6 .7 5 13 1 6 .2 5 6 1 .2 5 - 2 5 - 3 1 .2 5 - 2 4 .2 5

50 6 2 .5 1 4 4 .5 12 1 5 . 5 9 . - 2 6 - 3 2 . 5 - 2 6 . 5

t ' 49 6 1 .2 5 1 4 2 .2 5 11 1 3 .7 5 5 6 .7 5 - 2 7 - 3 3 .7 5 - 2 8 .7 5

48 6 0 . 140 . 10 1 2 .5 5 4 .5 - 2 8 - 3 5 . - 3 1 .

47 5 8 .7 5 1 3 7 .7 5 9 1 1 .2 5 5 2 .2 5 - 2 9 - 3 6 .2 5 —3 3 .2 5

46 5 7 .5 1 3 5 .5 8 1 0 . 5 0 . - 3 0 - 3 7 . 5 - 3 5 . 5

45 5 6 .2 5 1 3 3 .2 5 7 8 .7 5 4 7 .7 5 - 3 1 - 3 8 .7 5 - 3 7 .7 5

44 5 5 . 1 3 1 . 6 7 .5 4 5 .5 - 3 2 - 4 0 . - 4 0 .

43 5 3 .7 5 1 2 8 .7 5 5 6 .2 5 4 3 .2 5 - 3 3 - 4 1 .2 5 - 4 2 .2 5



THERMOMETER AND PYROMETER. —
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VTKIUA. MUSEUM

T A B L E  F O R  F A H R E N H E IT ’S T H E R M O M E T E R *

Fahrcnheit’s. Reaum ur’s. Centigrade. Falirenhcit’s. Rcaum ur’s. Centigrade. Fahrenbeit’s. Rcaum ur’s. Centigrade.

2 12 8 0 .0 0 1 0 0 .0 0 170 6 1 .3 3 7 6 .6 6 128 4 2 .6 6 5 3 .3 3

211 7 9 .5 5 ' 99  .'4 4 169 6 0 .8 8 7 6 .1 1 127 4 2 .2 2 5 2 .7 7

210 7 9 .  i r 9 8 .3 8 168 6 0 .4 4 7 5 .5 5 126 4 1 .7 7 5 2 .2 2

209 7 8 .6 6 9 8 .3 3 167 6 0 .0 0 7 5 .0 0 125 4 1 .3 3 5 1 .6 6

2 08 7 8 .2 2 9 7 .7 7  ! 166 5 9 .5 5 7 4 .4 4 124 4 0 .8 8 5 1 .1 1

2 07 7 7 .7 7 9 7 .2 2 165 5 9 .1 1 7 3 .8 8 123 4 0 .4 4 5 0 .5 5

20 6 7 7 .3 3 9 6 .6 6 164 5 8 .6 6 7 3 .3 3 122 4 0 .0 0 5 0 .0 0

20 5 7 6 .8 8 9 6 .1 1 163 5 8 .2 2 7 2 .2 2 121 3 9 .5 5 4 9 .4 4

2 0 4 7 6 .4 4 9 5 .o 5 162 5 7 .7 7 7 2 .7 7 120 3 9 .1 1 4 8 . 8S

2 0 3 7 6 .0 0 9 5 .0 0 161 5 7 .3 3 7 1 .6 6 119 3 8 .6 6 4 S .3 3

20 2 7 5 .5 5 9 4 .4 4 160 5 6 . 8S 7 1 .1 1 118 3 8 .2 2 4 7 .7 7

201 7 5 .1 1 9 3 .8 8 159 5 6 .4 4 7 0 .5 5 117 3 7 .7 7 4 7 .2 2

20 0 7 4 .6 6 9 3 .3 3 158 5 6 .0 0 7 0 .0 0 116 3 7 .3 3 4 6 .6 6

' 199 7 4 .2 2 9 2 .7 7 1 5 7 5 5 .5 5 6 9 .4 4 115 3 6 .8 8 4 6 .1 1

198 7 3 .7 7 9 2 .2 2 156 5 5 . I l 6 8 .8 8 114 3 6 .4 4 4 5 .5 5

197 7 3 .3 3 9 1 .6 6 155 5 4 .6 6 6 8 .3 3 113 3 6 .0 0 4 5 .0 0

196 7 2 .8 8 9 1 . n 154 5 4 .2 2 6 7 .7 7 112 3 5 .5 5 4 4 .4 4

195 7 2 .4 4 9 0 .5 5 153 5 3 .7 7 6 7 .2 2 111 3 5 .1 1 4 3 .8 8

194 7 2 .0 0 9 0 .0 0 152 5 3 .3 3 6 6 .6 6 110 3 4 .6 6 4 3 .3 3

193 7 1 .5 5 ' 8 9 .4 4 151 5 2 .8 8 6 6 .1 1 109 3 4 .2 2 4 2 .7 7

192 7 1 .1 1 8 8 .8 8 150 5 2 .4 4 6 5 .5 5 108 3 3 .7 7 4 2 .2 2

191 7 0 .6 6 8 8 .3 3 149 5 2 .0 0 6 5 .0 0 107 3 3 .3 3 4 1 .6 6

190 7 0 .2 2 8 7 .7 7 14S 51 .5 5 6 4 .4 4 106 3 2 .8 8 4 1 .1 1

189 6 9 .7 7 8 7 .2 2 147 5 1 .1 1 6 3 .8 8 103 3 2 .4 4 4 0 .5 5

183 6 9 .3 3 8 6 .6 6 146 5 0 .6 6 6 3 .3 3 104 3 2 .0 0 4 0 .0 0

187 6 8 .8 8 8 6 .1 1 145' 5 0 .2 2 6 2 .7 7 103 3 1 .5 5 3 9 .4 4

186 6 8 .4 4 8 5 .5 5 144 4 9 .7 7 6 2 .2 2 102 3 1 .1 1 3 8 .8 8

185 6 8 .0 0 8 5 .0 0 143 4 9 .3 3 6 1 .6 6 101 3 0 .6 6 3 8 .3 3

181 6 7 .5 5 8 4 .4 4 142 4 8 .8 8 6 1 .1 1 100 3 0 .2 2 3 7 .7 7

183 6 7 .1 1 8 3 .8 8 141 4 8 .4 4 6 0 .5 5 99 2 9 .7 7 3 7 .2 2

182 6 6 .6 6 8 3 .3 3 140 4 8 .0 0 6 0 .0 0 98 2 9 .3 3 3 6 .6 6

181 6 6 .2 2 8 2 .7 7 139 4 7 .5 5 5 9 .4 4 97 2 8 .8 8 3 6 .1 1

180 6 5 .7 7 8 2 .2 2 138 4 7 .1 1 5 8 .8 8 9 6 2 8 .4 4 3 5 .5 5

179 6 5 .3 3 81 .6 6 137 4 6 .6 6 5 8 .3 3 95 2 8 .0 0 3 5 .0 0

178 6 4 .8 8 8 1 .1 1 136 4 6 .2 2 5 7 .7 7 9 4 2 7 .5 5 3 4 .4 4

177 6 4 .4 4 8 0 .5 5 135 4 5 .7 7 5 7 .2 2 9 3 2 7 .1 1 3 3 .8 8

176 6 1 .0 0 8 0 .0 0 134 4 5 .3 3 5 6 .6 6 92 2 6 .6 6 3 3 .3 3

175 6 3 .5 5 7 9 .4 4 133 4 4 .4 4 5 6 .1 1 91 2 6 .2 2 3 2 .7 7

174 6 2 .1 1 7 8 .8 8 132 4 4 .5 5 5 5 .5 5 90 2 5 .7 7 3 2 .2 2

173 6 2 .6 6 7 8 .3 3 131 4 4 .0 0 5 5 .0 0 89 2 5 .3 3 3 1 .6 6

172 6 2 .2 2 ' 7 7 .7 7 130 4 3 .5 5 5 4 .4 4 88 2 4 .8 8 31.' i l

171 6 1 .7 7 7 7 .2 2 129 4 3 .1 1 5 3 .8 8 87 2 4 .4 4 3 0 .5 5

* AU the décimais in this Table are circulating décimais.
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T A B L E  F O R  F A H R E N H E I T S  T H E R M O M E T E R  C O N T IN U E D .

Fahrenheits. Reaumui’s. Centigrade. Fahrenheits Rcaumur’s. Centigrade. Fahrenheits. Reauniur’s. Centigrade.

86 2 4 .0 0 3 0 .0 0 43 4 .8 8 6 .1 1 0 - 1 4 .2 2 - 1 7 .7 7

85 2 3 .5 5 2 9 .4 4 42 4 .4 4 5 .5 5 - î - 1 4 . 6 6 - 1 8 .3 3

81 2 3 .1  1 2 8 . 8S 41 4 .0 0 5 .0 0 —2 - 1 5 ,1 1 - 1 8 .8 8

83 2 2 .6 6 2 8 .3 3 40 3 .5 5 4 .4 4 - 3 - 1 5 .5 5 - 1 9 .4 4

82 2 2 .2 2 2 7 .7 7 39 3 .1  1 3 .8 8 - 4 - 1 6 .0 0 - 2 0 .0 0

81 21 .7 7 2 7 .2 2 3 8 2 .6 6 3 .3 3 —5 - 1 6 . 4 4 - 2 0 .5 5

80 2 1 .3 3 2 6 .6 6 37 2 .2 2 2 .7 7 - 6 - 1 6 .8 8 - 2 1 .1 1

79 2 0 .8 8 2 6 .1 1 36 1 .7 7 2 .2 2 - 7 - 1 7 .3 3 - 2 1 .6 6

78 2 0 .4 4 2 5 .5 5  j 35 1 .3 3 1 .6 6 - S - 1 7 .7 7 - 2 2 .2 2

77 2 0 .0 0 2 5 .0 0 34 0 .8 8 1 .1 1 - 9 - 1 8 .2 2 - 2 2 .7 7

76 1 9 .5 5 2 4 .4 4 33 0 .4 4 0 .5 5 - 1 0 - 1 8 .6 6 - 2 3 .3 3

75 1 9 .1 1 2 3 .8 8 32 0 . 0 . -1 1 - 1 9 .1 1 - 2 3 .8 8

74 1 8 .6 6 2 3 .3 3 31 - 0 . 4 4 - 0 . 5 5 - 1 2 - 1 9 .5 5 - 2 4 .4 4

73 1 8 .2 2 2 2 .7 7 30 - 0 . 8 8 - 1 .1 1 - 1 3 - 2 0 .0 0 - 2 5 . 0 0

72 1 7 .7 7 2 2 .2 2 29 - 1 . 3 3 - 1 . 6 6 - 1 4 - 2 0 .4 4 - 2 5 .5 5

71 1 7 .3 3 2 1 .6 6 28 - 1 . 7 7 - 2 . 2 2 - 1 5 - 2 0 .8 8 - 2 6 .1 1

70 1 6 .8 8 2 1 .1 1 27 - 2 . 2 2 - 2 . 7 7 - 1 6 - 2 1 .3 3 - 2 6 .6 6

69 1 6 .4 4 2 0 .5 5 2 6 - 2 . 6 6 - 3 . 3 3 - 1 7 - 2 1 .7 7 - 2 7 .2 2

68 1 6 .0 0 2 0 .0 0 25 - 3 . 1 1 - 3 . 8 8 - 1 8 - 2 2 .2 2 - 2 7 .7 7

67 1 5 .5 5 1 9 .4 4 24 —3 .5 5 - 4 . 4 4 - 1 9 - 2 2 .6 6 - 2 8 . 3 3

66 1 5 .1 1 1 8 .8 8 23 - 4 . 0 0 - 5 . 0 0 - 2 0 - 2 3 .1 1 - 2 8 .8 8

65 1 4 .6 6 1 8 .3 3 22 - 4 . 4 4 —5 .5 5 - 2 1 - 2 3 .5 5 - 2 9 .4 4

64 1 4 .2 2 1 7 .7 7 21 - 4 . 8 8 - 6 .1 1 - 2 2 - 2 4 .0 0 - 3 0 .0 0

63 1 3 .7 7 1 7 .2 2 20 - 5 . 3 3 - 6 . 6 6 - 2 3 - 2 4 .4 4 3 0 .5 5

62 1 3 .3 3 1 6 .6 6 19 - 5 . 7 7 - 7 . 2 2 - 2 4 - 2 4 .8 8 - 3 1 .1 1

61 1 2 .8 8 1 6 .1 1 18 - 6 . 2 2 - 7 . 7 7 - 2 5 - 2 5 .3 3 - 3 1 . 6 6

60 1 2 .4 4 1 5 .5 5 17 - 6 . 6 6 - 8 . 3 3 - 2 6 - 2 5 .7 7 - 3 2 .2 2

59 1 2 .0 0 1 5 .0 0 16 - 7 .1 1 - 8 . 8 8 - 2 7 - 2 6 .2 2 3 2 .7 7

58 1 1 .5 5 1 4 .4 4 15 - 7 . 5 5 - 9 . 4 4 - 2 8 - 2 6 .6 6 3 3 .3 3

57 1 1 .1 1 1 3 .8 8 14 - 8 . 0 0 - 1 0 .0 0 - 2 9 - 2 7 .1 1 - 3 3 .8 8

56 1 0 .6 6 1 3 .3 3 13 - 8 . 4 4 - 1 0 .5 5 - 3 0 —2 7 .5 5 - 3 4 .4 4

55 1 0 .2 2 1 2 .7 7 12 - 8 . 8 8 - 1 1 .1 1 -3 1 - 2 8 .0 0 - 3 5 .0 0

54 9 .7 7 1 2 .2 2 11 - 9 . 3 3 - 1 1 .6 6 - 3 2 - 2 8 .4 4 —3 5 .5 5

53 9 .3 3 1 1 .6 6 10 - 9 . 7 7 - 1 2 .2 2 - 3 3 - 2 8 .8 8 - 3 6 .1 1

52 8 .8 8 1 1 .1 1 9 - 1 0 .2 2 - 1 2 .7 7 - 3  4 - 2 9 .3 3 - 3 6 .6 6

51 8 .4 4 1 0 .5 5 8 - 1 0 .6 6 - 1 3 .3 3 . - 3 5 - 2 9 .7 7 - 3 7 .2 2

50 8 .0 0 1 0 .0 0 7 - 1 1 .1 1 - 1 3 .8 8 - 3 6 - 3 0 .2 2 - 3 7 .7 7

49 7 .5 5 9 .4 4 6 - 1 1 .5 5 - 1 4 .4 4 - 3 7 - 3 0 .6 6 - 3 8 .3 3

48 7 .1  1 8 .8 8 5 - 1 2 .0 0 - 1 5 .0 0 - 3 8 - 3 1 .1 1 - 3 S .8 8

47 6 .6 6 8 .3 3 4 - 1 2 .4 4 - 1 5 .5 5 - 3 9 - 3 1 .5 5 3 9 .4 4

46 6 .2 2 7 .7 7 3 - 1 2 .8 8 - 1 6 .1 1 - 4 0 - 3 2 .0 0 - 4 0 .0 0

45 5 .7 7 7 .2 2 2 - 1 3 .3 3 - 1 6 .6 6

1
44 5 .3 3 6 .6 6 1 - 1 3 .7 7 - 1 7 .2 2



No. I I .— T A B L E S  O F  E X P A N S IO N S  O F  B O D IE S  B Y  B E A T . 
I. TABLE OF EXPANSIONS ACCORDING TO SM EATON.

THERMOMETER AND PYROMETER. © 61

ULTIMHEAT®
VIRTUAL MUSEUM

—  1

SUBSTANCES.
■

DILATATION POR A LBNGTII 
EQUAL TO UNITY.

In  décimal 
fractions.

In  vulgar 
fractions.

B lis te re d  S teel . . . 0 .0 0 1 1 5 0 0 0 îF î o |
T e m p e re d  S tee l 0 .0 0 1 2 2 5 0 0 1 ;» 1 <>
B is m u th  . . . . . 0 .0 0 1 3 9 1 6 7 TTâ
C o p p e r  h a m m e re d  . 0 .0 0 1 7 0 0 0 0 s i l
C o p p e r  8 p a r t s  w i th  1 o f  tin 0 .0 0 1 8 1 6 6 7 5ÎÔ
C a s t b ra ss 0 .0 0 1 8 7 5 0 0 sfiÈ
B ra ss , 16 p a r ts  w ilh  1 o f  tin 0 .0 0 1 9 0 8 3 3 sh 4 ;

F in e  p e w te r 0 .0 0 2 2 8 3 3 3 ? 38

G ra in  tin  . . . . 0 .0 0 2  18333 4 0 3

Iro n  . . . . 0 .0 0 1 2 5 8 3 3

B rass  w ire  . 0 .0 0 1 9 3 3 3 3 3 i  i

S p é c u lu m  m é ta l 0 .0 0 1 9 3 3 3 3 3 î T |

L e a d  . 0 .0 0 2 8 6 6 6 7 M s

A n tim o n v  . . . . 0 .0 0 1 0 8 3 3 3 523
L e a d  2 p a r ts  w ith  1 o f  t in 0 .0 0 2 5 0 5 3 3 3a ü
C o p p e r  2 p a r t s  w ith  1 o f  z in c 0 .0 0 2 0 5 8 3 3 r f l
W h i te  g la s s  (b a r o m e te r  tu b e , )  . 0 .0 0 0 8 3 3 3 3 TT7 3
Z in c  • . . . 0 .0 0 2 9 4 1 6 7

Z in c  l ia m m e re d 0 .0 0 3 1 0 8 3 3 352
Z in c  8 p a r t s  w ith  1 o f  t in 0 .0 0 2 6 9 1 6 7 372

II. TABLE OF EXPANSIONS ACCORDING TO ROY.

SUBSTANCES.

FOR A LENCTI 
UNIT

In décimal 
fractions.

EQUAL TO 
Y.

In  vulgar 
fractions.

S te e l ro d  . 0 .001 14450 8 74

B ra s s  s c a le , H a m b u rg h  . . 0 .0 0 ) 85550 35â

B ra ss  p la te  ro d , E n g l is h  . • 0 .0 0 1 8 9 2 9 6 * i _§5»

B ra s s  p la te  tro u g h , E n g l is h  . 0 .0 0 1 8 9 4 5 0 35s

C a s t  I ro n  p r is m  . 0 .0 0 1 1 1 0 0 0 3ÔT

G la s s  tu b e  . . . . . 0 .0 0 0 7 7 5 5 0 11555

G la ss  ro d  . • • 0 .0 0 0 8 0 8 3 3 i _l'i » • i

I I I .  TABLE OF EXPANSIONS ACCORDING TO TROUGHTON.

SUBSTANCES.

LINEAR DILATATIONS FIÎOM THE 
TEMPERATURE OF FREEZING TO 
BOILING WATER.

In décimal 
fractions.

In vulgar 
fractions.

S te e l . . . . . . 0 .0 0 1 1 8 9 9 548

S ilv e r  . . .  . 0 .0 0 2 0 8 2 6 ï i o

C o p p e r  . . .  : 0 .0 0 1 9 1 8 3 i  ;

I ro n  W i r e  . . . . 0 .0014401 _ i_

P la t in a . . . . . . 0 .0 0 0 9 9 2 1 8 Too3

P a l la d iu m  ( a c c o r d in g  to  W o l la s lo n )  . 0 .0 0 1 0 0 0 0 Toîiü



THERMOMETER AND PYROMETER.
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IV. TABLE OF T H E  LIN EA R  DILA TA TIO N  OF D IF F E R E N T  SUBSTANCES FROM TH E TEM . 
PER A TU R E OF FR EEZIN G  TO T H A T  OF BOILING W A TER, ACCORDING TO THE 
EXPER1M EN TS OF LAVOISIER AND LAPLACE.

S U B ST A N C E S .

DILATATION FOR a  LE N G TH 
EQUAL TO UNITY.

In  décim al * 
fractions.

In  v u lg a r  
fractions.

Glass of S t. G obain  .
A t 212° 

0 .0 0 0 8 9 0 8 9
G lass tu b e  w ith o u t lead 0 .0 0 0 8 7 5 7 2
D itto . . . . . 0 .0 0 0 8 9 7 0 0 __1__

111-4
__l0.00091751

E n g lish  F lin t G lass 0 .00081166
J o y u 
T 54  3

F ren ch  g la ss  w ith  lead 0 .000 8 7 1 9 9
C o p p er . . . . 0 .0 0 1 7 2 2 4 4 3 3 1
D itto  . .  . 0 .0 0 1 7 1 2 2 2 534
B rass . . . . 0 .00 1 8 6 6 7 1
D itto  . . . . 0 .0 0 1 8 8 9 7 1 S i»
H a m m e re d lro n  . 0 .0 0 1 2 2 0 4 5
Iro n  W ire  .  .  . 0 .0 0 1 2 3 5 0 4
H ard  S tee l » . . . 0 .0 0 1 0 7 8 7 5
Soft St e e l . . . . 0 .0 0 1 0 7 9 5 6
T e m p ered  S tee l . . . . 0 .0 0 1 2 3 9 5 6 si?
L ead  . . . . 0 .0 0 2 8 4 8 3 6
M a la c c a T in  . . . . 0 .0 0 1 9 3 7 6 5
C o rn ish  T in 0 .0 0 2 1 7 2 9 8
C u p elled  S ilver 0 .0 0 1 9 2 9 7 4
P aris ian  S tan d a rd  S ilv e r . 0 .0 0 1 9 0 8 6 8 3 k
P u re  G old  . . 0 .0 0 1 4 6 6 0 6
P arisian  S tan d a rd  D itto  n o t softened 0 .0 0 1 5 5 1 5 5 3 Î S
D itto , so ftened  . . . . 0 .0 0 1 5 1 3 6 1 o i ï

V. TA BLE OF T H E  EXPANSIONS OF LIQUIDS.

The expansions in this table were determinedby Mr. Dalton. They are equal 
to what would be produced by an élévation of température from the freezing to 
the boiling point of water ; the volume at the former being 1.

W a t e r .......................................................

W a te r  s a tu ra te d  w ith  s a i t ............. .............050 0  =  jL
S u lp h u r ic  a c id .......................................

M u r ia t ic  a c i d .......................................

O i l  o f  tu r p e n t in e  .............................
Æ th e r  .......................................................

A lc o h o l  ..................................................

N i t r i c  a c i d .................................. .. ......
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T A B L E  O F  R E M A R K A B L E  T E M P E R A T U R E S  A C C O R D IN G  T O  F A H R E N H E IT 'S
S C A L E .

f  5 o f  B is m u th

Iro n  red  h o t  in  th e  tw i l ig h t  . » . »
H e a t  o f  a  c o m m o n  fire  ( I rv in e )  .  .
I ro n  b r ig h t  r e d  in  th e  d a rk  »
Z in c  m e lts  . . . . .
Q u ic k s ilv e r  b o i l s  ( I rv in e )
--------------------------- (D a lto n )
---------------------------( C r ic h to n )
L in se e d  o i l  b o i l s  . . . .
L e a d  m e lts  (G u y to n , I r v in e )  . .
S u lp h u r ic  A c id  b o i l s  (D a lto n )
T h e  s u r fa c e  o f  p o lis h e d  S te e l a c q u ir e s  a  d e e p  b l u e  c o l o u r  
O i l  o f T u r p e n t in e  b o i l s  , .
P h o s p h o ru s  b o i l s  . . . .
B is m u th  m e l ts  ( I rv in e )  . . . .
T h e  s u r fa c e  o f  p o lis h e d  s te e l  a c q u ir e s  a  p a l e  s tra w  c o lo u r  
T i n  m e lts  ( C r ic h to n ,  I rv in e )
A  C o m p o u n d  o f  e q u a l  p a r ts  o f  T i n  a n d  B is m u th  m e lts  
N i tr ie  A c id  b o i l s  . . . .
S u lp h u r  m e l ts  . . . .
A  s a tu r a te d  S o lu t io n  o f  S a it  b o i l s
W a te r  b o ils ,  ( th e  b a r o m e te r  b e in g  a t  30  in c i te s )  ;  a lso  a  C o m p o u n d  

3  o f  T i n ,  a n d  2 o f  L e a d , m e lts
A  C o m p o u n d  o f  3 o f  T in ,  5 o f  L e a d ,  a n d  8 o f  B is m u th , m e lts  
A lc o h o l b o ils  . . . .
B c e s ’ W a x  m e lts
S p e rm a c e ti  m e lts  . . . .
P h o s p h o r u s  m e lts  . . . .
Æ tl t e r  b o i l s  . . . .
M e d iu m  T e m p é r a tu r e  o f  th e  G lo b e  .
I c e  m e lts  . . . .
M ilk  f reez es  . . . . .
V in e g a r  fre e z e s  a t  a b o u t  . .
S tro n g  W in e  fre e z e s  a t  a b o u t
A M ix tu r e  o f  1 p a r t  o f  A lc o h o l ,  a n d  3 p a r ts  o f  W a te r ,  f re e z e s  
A  M ix tu re  o f  A lc o h o l  a n d  W a te r  in  e q u a l  p a r t s ,  fre e z e s  
A  M ix tu r e  o f  2 p a r ts  o f  A lc o h o l a n d  1 o f  W a te r ,  f re e z e s  
M e lt in g  p o in t  o f  Q u ic k s i lv e r  (C a v e n d is h )
L iq u id  A m m o n ia  c ry s ta lliz e s  ( V a u q u e lin )
N itr i c  A c id , sp e c . g r. a b o u t  1 .4 2 , f re e z e s  (C a v e n d is h )
S u lp h u r ic  Æ th e r  c o n g e a ls  ( V a u q u e l in )
N a tu ra l  T e m p é r a tu r e  o b s e rv e d  a t  H u d s o n ’s B a y  
A m m o n ia c a l  G a s  c o n d e n se s  in to  a  l iq u id  (G u y to n )
N it r o u s  A c id  f reez es  ( V a u q u e lin )  . . .
C o ld  p r o d u c e d  f ro m  d ilu te d  S u lp h u r ic  A c id  a n d  S n o w , th e  m a te r ia ls  b e in g  a t  th  

te m p é ra tu re  o f  57 .  .  • «
G re a te s t  A r tif ic ia l C o ld  y e t m e a s u re d  ( W a lk e r )

8 8 4  
7 90  
7 5 2  
7 0 0  
6 72  
660 
6 5 5  
600 
5 9 4  
590 
580 
560 
5 5 4  
4 7 6  
4 60  
4 4 2  
2 8 3  
24 2  
2 2 6  
21 8

212
210
1 74
142
1 33
100

9 8
50
32
30
2 8
20

7
7

11
39
42
45
47
50
54
5 6

78J
91
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Page 6 . The description of the fig. 
1 , in the text, is taken from the Memoirs 
of the Academy of Sciences. It is pro
bable that in the construction of the 
instrument, Amontons employée! a tube 
of narrow calibre, to enable the included 
air to support the mercurial column. 
The proportion between the tube and 
bail maybe inferred from w hatis stated 
of the expansion of the whole, by the 
heat of boiling water.

P . 10. In the beginning of the para- 
graph, ju st after the first set of formulæ, 
there is an en-or which requires correc
tion. Instead of these formulez applying 
to ail degrees above the freezing -point, 
read, “ these formulæ apply to ail de
grees above the zéro of each scale

P . 14. The notation employed by 
De Luc requires some explanation. 
y  dénotés the height of the barometer 
in  sixteenths of a Parisian line ; T the 
height of a thermometer, plunged in 
boiling water, above the melting point 
of iee, in hundredtlis of a degree of 
De Luc’s scale ; and a the constant quan- 
tity 10387, which Horsley thinks, from 
some of De Luc’s experiments, should 
hâve been 103G9 ; but in his investiga
tions he retains the first number, as 
probably adopted on good grounds.

The logarithms used by De Luc are 
the tables of Briggs, in which the seven 
figures of the tables, as well as the 
indices, are reckoned integers ; or he 
considers the eighth figure in the place

of units : but it is most convenient to 
reckon ail the figures after the index 
as décimais, and the formulæ will be

[j _  _
-Log. y ~ a  =  T ; or Lo<

2 ° * ;? ' 99x 50
y - a = T.

P. 15. In the second column of the 
table, 29. should be opposite to .95, 
instead o f .39.

The terms lower and higher, in the 
third column of the same table, are so 

’in the original paper ; but the directions 
will be more plain, if the reader will re-
collect, that where loioer is indicated, 
the correction is “ to be subtracted 
and when higher is used, the correction 
is “ to be added.”

P. 23, Col. I. The action of the pi- 
nions in Ferguson's Pyrometeris ill ex- 
pressed in the text ; and the reader is 
requested to substitute for the member 
of the sentence eommencing vith “ and  
the bar, SçcC in the 14th line, the fol- 
lowing—“ and as the bar k has fifteen 
teeth to one inch, it is obvious that 
when k moves one inch, the pinion l 
will hâve made one révolution and a
quarter, and the pinion p  will hâve 
moved 100 x 1 |, or 125 times round.”

P . 29. In Wedgwmod's table, Col. 1, 
line 27, for deducl, read, “ did not.”

In the same page, Col. 2, the radius 
hf Regnier’s instrument should hâve 
been 649 millimètres, itsdiameter 1.298 
mètres, and its circumference 4.079 
mètres.


