
THE 

CONSTRUCTION AND USE 

T H E R M 0 M E T  E R, 
FOR SHEWING THE EXTREMES OF 

I 

TEMPERATURE I N  THE ATMOSPHERE, 

During the Observer's Absence. 

TOGETHER WITH 

EXPERIMENTS O N  THE VARIATIONS 

OF j#W?eL 

L O C A L  H E A T ;  v a 71 
s59 AND OTHER 

METEOROLOGICAL OBSERVATIONS. / 79f 
~ 

BY JAMES' SIX, ESQ F. R.S. 

M A  I DIT0 W t  : 

Printed and Sold by 1, BLAKX j dnd Mews. G. k T. WILKIX, L O N D O W .  

1794. 



National Oceanic and Atmospheric Administration 

Rare Books from 1600-1800 

ERRATA NOTICE 

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

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been a co-operative project between the NOAA Central Library, the Climate 
Database Modernization Program, National Climate Data Center (NCDC) and the NOAA 
200* Celebration. To view the original document, please contact the NOAA Central 
Library in Silver Spring, MD at (301) 713-2607 x124 or at Library.Reference@noaa.gov 

HOV Services 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704- 1387 
April 14,2008 



THE 

CONSTRUCTION AND USE 

' O F A  

T H E R M 0 M E T E R, 
WITH EXPERIMENTS, &c. 



Blank page r e t a i n e d  for p a g i n a t i o n  





P R E F A C E. 

HE difadv&ta@ TO wh'ich poithum: T ous publications are liable, give them 
a peculiar claim to indulgence. As the 
hand that iketched them can no more be 
raifed to fuppfy their deficiencies, or to re- 
trench their excefs, their merit, however 
fiaded by imperfeaion, wiII plead in miti- 
gation of critical feverity. When a corn- 
pofition is left not complete for the prefs, 
it mufi want many little touches and addi- 
tions, which the taffe or kill of the original 
writer would have fuggefied for its improve- 
ment. And it can rarely happen that the 
perfon, to whofe care the printing of a work 
devolves, is fo verfed in the fubjeA it dif- 
cufl'es, and fo devoted to it, as to be equally 
competent with the author to its correc- 
tion. 

This 
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This remark will apply with great pro- 
priety to the folIowing publication. , Far 
though no .rearonable doubt can be epter- 
tained of its favourable reception, as a va- 
luable acquifition to the fcience of Meteoro- 
Iogy, which can be advanced only by the 
aid of well authenticated data; yet it is 
certain, that' had Mr. Six lived to fuperin- 
tend its printing, it would have received 
many additions, and h%ve been a more ac- 
curate performance, than &e publiiher's in- 
experience allows him to hope it Will- now 
be found. That it is lefs perfell than it 
might have been, was not deemed a fuffi- 
cieat cauk for withholding it from the 
public. That  it appears fo corteEt as it is, 
muit be attributed to the revii'al of a Re- 
verend Friend of the Author, whore zeal 
and ficcefs in the promotion of philofophi- 
cal enquiries, the learned world has long 
f i n e  acknowledged and approved. 

With refpeEt to the writer of the papers 
here colle&ted, it may juilly be afhmed 
that,hc was a man of bong  natural abili- 
ties, which he cultivated with great care, 

and 
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and diitinguifhed himfelf through life by 
his integrity, fimplicity, and candour. En- 
dued with a capacity for exploring the 
depths of fcience, he had an underflanding 
above the pride and parade of it. Though 
naturally unobtrufive and retired, he was 
not unknown as a phiiol'opher ; and his cor- 
refpondence on fcienti'fic fubjeats procured 
him the honour of being eIeEted a member 
of our Royal Society, and of that eitablifh- 
ed at Philadelphia. He  watched and well 
knew the itate and progrefs of modern dif- 
coveries in every branch of knowledge; 
and his talents were particularly and d e -  
fully employed in the itudy of Aflronomy, 
the Mathematics, and Natural Philofophy 
in general. Of Painting, as a fcience, few 
men underitood more correAly the prin- 
ciples and theory ; and his own perform- 
ances afford no mean proof of his elegant 
taite, 'and proficiency in thc art. 

His memory will long be dear to thofe 
who affociated with him in his private hour, 
the tyitneffes of his moral and religious 
condua. It is this part of his charattcr 

that 
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that conaitutes his highell praife ; a &a- 
raAer in which unaEeAed piety, benevo- 
lence without oflentation, and an engag- 
ing fuavity of manners , were eminently 
confpicuous. So far was he from the fcep- 
ticifrn, which the courtefy of the age is 
too apt to fuppofe the refult ofdeep think- 
ing, that he was earnefi in exerting the in- 
fluence, which fuperior talents always com- 
mand, in maintaining the neceifity, truth 
and certainty of revelation. In whatever he 
was employed, his objea was to be fervice- 
able. From the moit abfiruk fpeculations 
he could turn with fatisfaEtion to the focial 
duties of life, to the difcharge of thofe num- 
berlefs good offices, which neighbourhood 
invites and humanity demands. In fuch 
exercifes his aQivity was infuperable : and 
his folicitous patronage of the Sunday 
School, founded in his parik in Canterbury, 
to the fuperintendance of which he devotcd 
a very confiderable portion of his time and 
attention, will be a laiting monument of 
his piety, beneficence, and patriotifm. 

I .  
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Happy it was that his mind wag open to 
the confolations of religion, when affliaed 
with the lofs of an only ion, whofe virt,ues 
and accomplihments adwered his fondell 
wiihes ; who in his twenty-ninth year died, 
and was interred in Italy, It need not 
therefore be told with what exemplary for- 
titude and refignation' he fupp~rted that 
moft revere infliffion ; nor can the merit 
of his amiable fon derive any additiona1 
luftre from the attempt of a feebIe, and it 
may be faid, a partial encomiait. Suffice 
it to refer to a flight account of him given 
in the * Obituary of the Gentleman's Ma- 

gazine 

* I t  At Rome, JIVES SI x,M. A. Fellow of Trinity College, Cam- 
bridge. He was a young man of great natural abilities, and of extea- 
five learning. He underflood the Hebrew, Greek, Latin, Italian, 
French, and German languages, and in molt, i f  not all of them, had 
a well-grounded and accurate knowledge : of his claffical and mathe- 
maticallearning, the fcseral prizes which he obtained during the courk 
of his academicd fludies, are an eminent and honourable proof. T w o  
beautiful odes (vol. LIV: p ~ 8 5 ,  986,) trannated from tbe German, 
give no mean idea of his poetical powers; and, as a draughtban, his 
dcfignr were executed with woiiderful neatneb and elrgncc. TO 
thck  accompli0menrs, which adorn fociery, he addcd a fweetnela of 
manners, and a benevolence* of dirpofition, that endeared him to his 
family and fiieods, and gained h h ,  whereloever he went, attention 
and &em. I:e was buiied at Rome [fee p. 7'21, ~ I I  a place appro- 

priated 
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gazirfe for January, 1787, which noticcsdin 
refpeAfu1 terms both thefe truly excellent 
chara&ters. . 

4c Animae, quales neqcie candidiores 
Terra tulit, neque queis me fit devin&ior 

alter.” . 

Should the following keets prove an ac- 
ceptable prefent to the public, it will par- 
don the prefumption of the Editor in laying 
before it thefe kor t  and imperfeQ mema- 

priated to the burial of Protcoanfc, and the funeral Fervice was 
Over him bv the Rev. Mr. Waleby, chaplain to his Royal Highneb 
rbe Duhe of Gloucefier : the mournful ceremony was at:ended b y  Sir 
Cecil Bllhop, Sir Thomas Staplcton, bIr. Long, and moR of the 
F.ngIiIh gerrilemen then refident at Rome. H e  war the Ton of M r .  
J A M E S  SIS, of Canterbury, to whole ingenious obfervations allci 

cxpcrimrnts in natural philofoph~~, &. the pubtic have been much 
indebted.” [Gcntfemen’, .Udg. fdt* fanuarj; 1787.) 

A l  a tane for Gcrman literature fecms to be aivancing in  this 
country, it may not be improper to add to this account, that, a 

fhort time hefore his death, he completed a tranfiatioo of the Oberon 
of Mr. W I R L A N D ,  a poetical mmance, in  14 Books. But fome 
doubts of the reception which the t r an f ldon  of a German poem 
mi$t meet v i th  in England, which were increakd bv the opinion of 
hlr .  W I E  L A N  11 himklf (who neverthelefs exprelfed in  handfomc 
terms his apprnbation of fome parts 01 it which he had ken)  as chev 
u a h c d  his rdolution to print it, have likewife fincc his death pia- 
vcntcd its publication. 

rials 
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rials o f a n  eminently worthy perron, and 
indulge him in the melancholy fatisfaAion 
of thus exhibiting his regard to the me- 
mory of the Author, by whore death fo- 
ciety has loit a valuable member, and him- 
k l f a  Friend, a Father." 

Ma'@ont. May, I ,  
'794. 

*. b!r. SIX died Aupuff 95,  1733, aged 60. 
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I N T R 0 D U C T I O  N. 

is not: perhaps, any ph;losophical T HERE instrument more generally in use than the 
Thermometer. The construction and improve- 
ment of i t  has cngaged the attention of hfen of the 
most distinguished abilities, 

To render it, however, complctcly fh for Me- 
teorological observations, to which, from its first 
invention, it has been constantly Zpplied, an es- 
sential propcity was still wanting, namely, to shew 
thc greatest and least degrees of Heat in the nb- 
sence of thc observer. 

The inqonvdnience, as well as ~ I I ~ C C U ~ ~ C ~ ,  at- 
taiding tGe use of the common mcrcuri:il Ther- 
mometer, is very ob\tious. For as the height of 

E the 
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the mercury can only be known while the eye 1s 
on the instrument; and as the precise time when 
the extremes either of Heat or Cold happen, is 
uncertain, it is evident that frequent errors in tho 
observations will be unavoidable. 

To remedy this defect several attempts have 
been made. In 1689, the celebrated J O H N  BER- 
N O U L L I  proposed to Ah. LEIBNITZ the plan 
of a Thermometer’ to shew thegreatest and Ieast 
heights of the mercury in the observer’s absence. 
Mr. K R A F T  in 1 7 4 0 ,  withoutknowing of Mr. 
BERXOULLI’S  invention, constructed one nearly 
like it, wliich he also adapted to the purpose of 
s!wving the temperature of the Sea. In 1757  and 
I 758, Lord CHARLES CAVENDISII presented 
the Royal Society with designs of a Thermometer 
for the same purposes, but on a different p1an.t 
hIr. K E A N  FITZGERALD also in 17&, invented 
one to shew the extreme variation of temperature 
of tile -4ir in the observer’s absence.§ 

The ingenuity which appears in ihe contri- 
r a ~ c  :,i these several instruments may be seen 
in tile descriptioiis that have been published; and 

“3-255. 
* Diss. sur la Coinparaison des Therm. p;y VAN SWSNDPN, p. 

t Phil. Trans. vol. I,. p. 50’. 

5 Phil. Trans. vol. LI. p. 8 2 ~ .  
tQ 



. Ay/. 

4 



I N T R O D L J C T I O H .  3 

to which the author begs to refer his reader, ra- 
ther than to point out what may seem to him 
defective in their construction. 

Apprehending, however, that a Thermometer 
might be contrived more conveniently and with 
greater accuracy to accomplish the purposes be- 
fore mentioned, he applied himself to construct 
one on a principle different from any of the for- 
mer. And although his account of this instru- 
ment (as well as another to shew the tempera- 
ture of the Sea) has been already published in the 
Philosophical Transactions ;* yet, since most of 
those made in imitation of the former are essen- 
tially defective in their construction, and the au- 
thor's account of the latter not so complete as 
he is now able to give, he has judged it necessary 
to pubIish this still more particular description 
of them both, with some experiments and re- 
marks on the general method of making Meteoro- 
logical observations with Thcrmonictcrs. 

Tn the Appendix the reader will find such in- 
formation respecting the manner of constructing 
these Thermometers, and also of repairing any 
damage they may accidentally receive, as may be 
useful either to the Artist or Philosopher. 

Vol.LXXI1. p. 80. 

E 2  CHAP. 
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?he CONSTRUCTION, &c, 

C H A P .  r. 

DESCRIPTION O F  A THERMOMETER TO S H E W  

T H E  E X T R E M E  V A R I A T I O N S  O F  T E M P E R A -  

T U R E  I N  T H E  OBSERVER’S ABSENCE. 

LATE I .  Fig. I .  a. b. is a tube of thin glass P I 6 inches long, and a quarter of an inch in di- 
ameter : c. d .  c.J g. h. a smaller tube, with thc in- 
ner diameter & joined to the larger at theupper 
end b. and after rising about an inch abnw it, 
bent downwards on onc sidc, and from two inches 
below the end a. upwards again 011 the othcr side, 
in the direction t. d. e. f. g. h. i. parallel to, and 
about half an inch distant from it, but not per- 
fectly in the same plane. A t  the end of the small 
tube from h. to i. two inches and a half in length, 
the inner diarncter is enlarged to f ,  and the end is 
closed by a brass cap. This glass is filled with 
highly rcctified spirit of wine, to w i t l h  an inch 

$ 3  aiid 



[ a 1  
and a half of the end, excepting that part of the 
small tube from d.  tog.  which is filled with mer- 
cury. 

From a view of the instrument in this state it 
will evidently appear, that  when the spirit i n  the 
large tube, which scrvcs as the body of the Ther- 
mometer, is expanded by IIent, the surface of the 
mercury at d. will be pressed down, and cofise- 
qucntly the surface at g. will rise ; and when it  is 
condensed by Gold the reverse wi11 haypcn: SQ 

that whenever the spirit is either contracted or di- 
lated by the change of tcrnpmture, the mcrcury, 
on one side or the other, will aIways rise. The 
scab, which is *FARELSHEIT’S, beginning with 
0, on the top of that side w4icrc thc mercury rises 
by increase of CoId, has the degrees rumbered 
downwards j while that on the opposite side, 
where the mercury rises b y  increase of heat, has 
the dcgrccs cumbcred upwards. 

The divisions of the scaIe are ascertained by 
placing thc Thermometer, with a standard mer- 
curial one, in a large vessel of water, heated or 

* Because t h i s  scale is generally used in England. Signor Antonio 
?dattwrri, uhn has made [om? of there Thermometers in Italy, from 
one nf mint., which I sent t o  X l r .  Grinfield of Sienna i n  Tuscan)., ad- 
ded IO the scaie of Fat henheit, that of Reaumur, whkh latter is mostly 
i n  IISC OD the Corrtiuent. 

cooled 



t 7 1  
cooled to whatever degree iiiay be found iieceo 
sary, and marking thein at every five or ten de- 
grees. 

Within the small tube of the Thermometer, 
above the surface of the mercury, immersed in the 
spirit of wine, is placed, on either side, a small in- 
dex, so fitted as to be moved up and down as oc- 
casion may require. The surface of the mercury 
\\Then it rises, carries this index up with it, which 
pot returning with the mercury nhcn  it descends, 
but remaining fixed by means of a spring, accu- 
rately shews how high the mercury had risen, and 
consequently the greatest degrees of heat and 
cold that have happened. Fig. 3. represents one 
of these indexes drawn larger than the real one, 
to rendcr it more distinct. a. is a very small glass 
tube $ of an inch long, hermctically sealed at each 
end, inclosing a picce of fine stcel wire, nearly of 
the same length. The ends b. c. are covered with 
small pieccs of black glass or bugles, of such a di- 
ameter as just to pass freely up and down within 
the small tube of the Thermometer. From the 
end of the index at b .  is drawn i\ spring of glass 
to the finencss of a hair, about an inch and a half 
in length, which being set a little obliquclv, 
presses against the inner surface of the tube, and 
prevents the index from following the iiicrcury 

B S  n lien 



when it descends, or being moved b y  the spirit 
passing up and dolTn, or hy any sudden motion 
-iven to the instrument by the hand or otherwise. 
But at the sanie time the pressure is so adjusted 
as to permit the index to be readily carried up 
by the surface of the rising mercury, and down- 
ward whencvcr the instrument is to be rectified 
for observation. 

b 

Fig. 2 .  reprcscnts the Thernioii~eter on its 
frame. The plates, on which the scale is graven, 
are made to slide out;  and the frame is open at 
the back, by which means thc body of the Thcr, 
momctcr is in a grcnt measure insulated. Tho 
cap u. and the base b. are made to fix on with 
screws, and only cover the end and turnings of 
the small tuL)e. Svall pieces are fixed to thc 
l~ack of thc frame, to prevent the wholc of it 
from coming in contact with the wall, or placc 
against which it is suspended j and the lower end 
of the frame should be so confined when it hangs 
without doors, as to prevent its being shakci\ 
by violent winds. 

When the Thcrmoi;ictcr is to be used for 01:- 
srr.vation a small magnet is to he applied tck 
that part of the tubc against which thc indcxcs 
rest, by which thcy may be immediately brought 

don.;,, 
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t . 9  '1 
down to the surface of the mercury, and-the in. 
s'rument thereby rectified. The indexes, though 
of a tender and delicate nature, are not, when 
once placed in the tube, liable to be broken; 
and the thermometer may be exposed to all 
kinds of weather, without receiving the least 
essential injury, 

*- -I 

PI. 2. Fig. I .  is a Thennometer .of the same 
form, but of smaller dimensions ; the body of it 
being only ten inches in length, and $8 in diam- 
eter ; and the neck or smaller part &. At two in- 

' ches and a half from the end the diameter is en- 
larged to aquarter of an inch. This small tube 
1s cairied iound the body in the same plane at I% of 
an inch from it, and closed at the end with a brass 
cap. The frame of this smaller size is not con- 
?ex in ;the middle, as the large ones; but per- 
fectly flat, with the scale graven upon it, and sa 
far pierced and open in the middle that the 
whole glass is in a great .masure insuIat_ed: 
neither is it covered at the ends like the other, but 
left entirely open. This instrument, when uscd 
for observation, shouId be kept about two inches 
from the \1.311, or place, against which it is sus- 
pendcd, 



PI. 2. Fig 2. is a Thermometer of the same 
kind, with this difference only, that the .body is 
but six inches long, and of such a diameter as to 
contain the same quantity of spirit as fig. I .  and 
placed in a horizontal position, for the conveni- 
ence of applying it very near the ground, or sur- 
face of any other bodies. But as Thermometer 
fig. I .  pl. 2. may be placed to within I O  or 20 
degrees of. the horizon, Z have found it rather 
more convenient for most experimeits on or near 
the ground, than this.* 

These three instruments arc essentially the 
same : the two first differing only in the size, and 
the form of their frames, the other in the horizon, 
tal position of the body. 

*This Thermometer i s  drawn without a h m e ,  that the dispwition 
of the tubes map be more distinctly seen. The frame may & mad9 
u best suits the experiments for which it is intended. 

CHAP. 



CHAP. U. 

R E M A R K S  ON THE CONSTRUCTION OF THIS 
T R E R I K ~ Y E R , - ~  

it evidently appears that this Therms. NO" meter requires a greater quantity of fluid 
than the common ones, to give sufficient niotion 
to a column of mercury large enough to carry 
up indexes on its surface. The body is therefore 
filled with spirit of wine, that h i d  expanding 
much more than mercury, and being also much 
lighter: and that the spirit may be more readily 
affected by change of temperature, the form given 
to the body is that of a slender tube. The smal- 
ler tube or neck of the Thermometer, instead of 
beiug carried upright,.like the common ones, is 
bent down on one side of the body, and up again 
on* the other, which not onlyxnders the instru- 
ment compact, but is also in other respects es- 

xntially 



sentially necessary: for by these means the column 
of :iicrcury from d. to 6. like an inverted syphon, 
has its two ends or surfaces turned upwards, on 
which the iiideses alternately ascend. The cur- 
vature from e. toJ is also necessclw for the co- 
lumn of mercury on each side to rest upon, and 
to prevent it from shifting its place in the spirits, 
which n.ithout i t  xould certaidy happen. For ff 
too grcat a degree of heat should cause all the 
mercury on the side c. d.  e. entirely to pass 
through the curvature e.) into the sidef. g. h. 
the whole column then in a vertical position, 
without any other support than the spirit, would 
gradually sink down to the curwture ; and the 
$pirit passing bctwcen the nicrcu:?' and the glass, 
would rise ahow it: but as long as the mercury 
rcmains in the criwaturc c.J though all the rest 
of the column should be on om si&, and even. 
remain so for 3 considcrahle timc, tlic mcrcury 
would, nevertheless, retitin its place $1 the spirit, 

That part cf the spirit in the small tubc from 
g. to I!. has no e f fk t  on the motion of the mcrcu- 
ry ; a i d  is placed there only to diminish the fric- 
tion of the irides spring, immcrscd in it, and 
render it mort q u a l  to that on the other si&: 
lwt carc should bc takcn to leavc a sutficictit 
qm!:tity of air ;it thc p d  i. for rvbencwr thc. spi- 

sic 
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6 t  in the body of the instrument is contracted by 
cold, the rising of the mercury, as well as the spi- 
rit, in the side c, d. t .  depends on the pressure of 
the air at that end. The pressure of the external 
air would readily accomplish this ; but if the tube 
was left open for that purpose, particles of dust 
would get into it, and obstruct the rising of the 
index, and the spirit would be lost-by evapora- 
tion; the extremity S? 7Ei?f~?oz, is closed by 
means of a’ brass cap to open occasionally ; and 
the elasticity of the illclosed air is found sufticicat 
for the purpose. 

Insulating the body, and keeping the frame 
from touching the place against which it hangs, 
is more necessary than at first sight may ap- 
pear. 

By means of the steel wire within the index, 
the instrument may be rectified in thc most com- 
modious manner, whenever the magnet is ap- 
plied; nor is it liable to bc corroded, being ind 
closed in glass, which on account of its elasticity 
is also extremely proper for the spring, and is not 
in danger of suffering the least alteration from re- 
maining always iinmerscd in the spirit. 

T h e  



The bugles, or small pieces of black glass at 
each end, being of II larger diameter than the bo- 
dy of the index, are necessary for keeping it pa- 
rallel to the sides of the Thermometrical tube; 
and their dark colour and sharp edge shew very 
distinctly on the scale, the degree to which it has 
been elevated. "lie small knobs at each end, 
formed by sea!ing the glass hermetically, have 
likewise their particular use. That at the lower 
end not only keeps the bugle fast on the tube; 
but also by presenting itself first to the convex 
surface of the rising mercury, the index is made 
to float thereon sooner than it  would otherwise 
do, and the mercury is thereby prevented from 
passing by it. The little knob at the estremity 
.of the spring, by its spherical and smooth surface, 
contributes to diminish the friction, as well as 
render it more equal. 

CHAR. 



CHAP. IU. 

E X A M I S A T I O N  OF SOME OBJECTIONS W H I C H  

H A V E  BEEX M A D E  TO THE C O N S T R V C T I O X  

OF T H I S  THERMOMETER 

ND first, because it contains mercury and A spirit of wine*, which different fluids when 
heated, expand in a different ratio, some persons 
have concluded that the regularity and truth of 
the scale must be destroyed, a:id will not, in eve- 
ry part of it, agree with Thermometers made 
with mercury, or one fluid only. But this ob- 
jection will appear groundless, if we attend to 
the method by which the scale is made. It has 
been already observed, that for this purpose, the 
instruincnt is wholly immersed in a large vessel of 

* The quantity of mercury bears a vev fmall proportion to tbat of 
chc spirir. 
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h t c r ,  wit11 a standard mercuria1 one, by which 
every fifth degree is taken. So that however dif- 
ferently the fluids or solid parts, of which the 
Therniometer is compos~d, may be affected by 
change of temperature, they all, according to 
their several kinds, expand and contract uniformly 
in the same degrees of heat, and in itctermiiiing 
the scale i11uttlally combine always to give the 
mercury the same m0tion.t 

On presenting o w  of these Thermometers to 
the Royal Society, they did me the honour to pub- 
lish nix account of it in thck Transactions. The 
Critical Reviewers conclude their remarks on that 
paper, by cayiiig “ the machine is too cmiplica- 
(‘ ted, and the mistance of the index, on one hand, 
“and the necessary bulk. of the spirits on the 
cC other, seem to us very niatcrial objections.” 1 
Agree that simplicity is an exceijcnre in the cbn- 
struction of ;my instrummt; yet there are ma- 
chines mueh more complicated than this Thermo- 
meter, which, nevertheless accomplish the pur- 
poses for which they are made, in the most  coin. 
modious, accurate, and elegant manner. 

t If this ohjcction hnd any wight, i t  would apply more properly tu 
the glass which contains the fluids, and which is comi~ioii IO all Thcr- 
mometers; for rhe expasion of tKe glnsr by hear, dirccttF counter- 

WIS thc riring of the Iluids, 

That  
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That a single instrument which indicates the ex- 

tremes of both heat and cold in the observer's ab- 
sence, should be altogether of as simple a con- 
struction, as one that shews ceither, is more than 
ought, in reason, to be expected; nor is it neces- 
sary that it should, provided the parts of which it 
is composed, be, with regard to matter and form, 
so adapted and combined, as completely to 
answer its design. 

By resistance nJ the indcx is meant, prohbiy, eib 
ther that the rising of the mercury will be, in some 
measure, obstructed ot retarded by i t ;  or, that 
the index, by the pressure of its spring, or other- 
wise, will be prevented from being carried up on 
the surface of the rising mercury, so readily as it 
QU&t to be. But this can never happen; be- 
cause the indexes, independent of-&e spring, are 
so'fitted as to pass freely up and down in the spk 
rit; consequently sufficient space can never be 
wanting for the mercury to pass by them, if th:y 
did not readily float on its surface. The pressure 
of the spring, in this case, acts as a small aclditioq 
to the weight of the index, and is therefore ad- 
justed accordingly ; but will no more obstruct the 
rising of tbe mercury, than vessels, left on the sea- 
shore by the tide, will obstruct the rising of it when 
it returns. And even if it were possible for the 

C motion 



motion of the Auid to be at all retarded by any re. 
sistance of the index, such resistance being uni- 
form, no error could hence arise, the scale being 
made under the influence of every cause, which 
can operate, cither toaccelerate or retard its mw 
tion. 

Lastly, trsc necessary buEk UJ the spirits seems to 
imply that some inconvenience must arise from the 
body of the Therniometer and quantity of spirits 
h i n g  too large ; and since Iarge compact bodies 
are not so soon affected by change of heat and 
cold 3s small ones, it is therefore concluded that 
this Thermometer will i!ot so readily shew any 
change of temperature as it ought to do. 

Kow it is well known that the readiness with 
which bodies are liable to be affected by heat and 
cold, depends more on their relathre surface;than 
thcit quantity, The quantity of spirit necessary 
for one of these largest Thermometers would 
something more than fill a spherical bulb of an inch 
and a quarter in diameter; which form would 
confessedly have too sinall a proportion of surface, 
and be too slowly affected by change of Tempera- 
.ture. To obviate this, I have extended the spirit 
in a very thin glass tube, sixteen inches long, and 
but little more than a quarter of an inch in diarn- 
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tter ; whekeby the surface is so~considerably en- 
larged, as to be immediately sensible of the least 
variation of temperature in the air. 

We may, therefore, I presume, fairly conclude- 
That  the machine is not too complicafcd, since it 
commodiously and accurately accomplishes the 
purposes, for which it w a s  constructed. 

That, the indexes being properly made, will be 
xeadily carried up on the sudace of the mercury, 
and cannot at all retard, or  occasion the least re- 
sistance to the: rising of it. 

And, that any inconvenience which might arise 
from the bulk of the s p i t s ,  is obviated by the ex- 
tension of their surface. , 

Consequently, That the objections, supposed 
to be very material, are founded in misapprehen- 
sion only. 

c 2  CHAP. 



CHAP. 11'. 

?RE M A N N E R  O F  I'SIXG THIS T H E R M O M E T E R ;  
W I T H  R E M A R K S  O N  THE G E N E R A L  ME- 

T A O D  O P  M A K I X G  O B S E R V A T I O N S  ON 
THE T E M P E R A T U R E  O F  T H E  A I R  WITH 

T H E R M O M E T E R S .  

HE better to form a judgment in this mat- T ter, it may not be improper, briefly to con- 
sider the cause of heat, and the variations of it in 
the lower regions of the atmosphere. 

The action of the Sun's rays on the surface of 
the earth, appears to be the principal cause of 
heat ; because those parts which are most expo- 
sed to the Sun, experience in general the greatest 
degrees of it ; and as the several parts of the earth, 
by its annual and diurnal motion, are differently 
exposed to the Sun, s3 is their temperature varied 
accordingly. 

Tu 



Tis true the degree of heat at different places 
does not exactly correspond with their respective 
latitudes; nor the variation of it uniformly foUow 
the astronomical motions of the earth: Variety 
of inferior causes contribute, in a considerable 
degree, to interrupt that regularity. A constant 
direction of winds f m  hotter regions ; the vici- 
nity of seas and opxns, extensive continents, high 
mountains, land more or less cultivated, or co- 
vered with wood ;-these causes affect the general 
temperature of t2w: places where they are found. 
The change of winds, or an upper and lower cur 
rent blowing in different directions; the clearness 
or cloudiness of the sky ; rain j evaporation from 
the surface of the earth j the ascent, descent, rare- 
faction, and condensation of vapours ; the no less 
powerful, though imperceptible, operations of 
electricity; all these, severally or in combination 
with each other, frequently produce p a t  and 
sudden changes of temperature in the ‘air, and 
prevent that regularity which the annual and diurl 
nal revolutions of the earth would produce. In 
these cases, however, it is often difficuIt to dis- 
tinguish the cause from the effect. Upon the 
whole it is evident that a general change of tein- 
perature, however uncertain with respect to the 
precise time and exact degree, must certainly take 
place within the course of twenty-four hours ; con- 
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sequentIy the principal object in keephg a 
thermonietical journal, is to note the greatest. 
and least degrees of heat which happen wi&in 
that period. 

The general method of keeping these journaIs 
is seen by those which are daily pu lhhed .  They 
give for every day the greatest and least heights 
bfthe mercury taken at stated hours; from the 
aggregate of which, either a monthly or annuaI~ 
mean is usually taken, which is called the monthly 
or annual mean temperature of the place. But 
from the uncertain coinbination and irregular ef- 
fects produced by the causes before mentioned, 
the extreme degrees of heat and cold in the twen- 
ty four hours, do not happen always exactlyat the 
same time, especially the greatest dcgrce of cold, 
which is gencrally takcn too late in the day. Such 
observations, thercfore, by not giving the true ex- 
tremes, cannot givc the truc mcan. 

That journals are generally formed from ob- 
servations made in this manner, is certairJy not 
Watter of choice, but necessity ; for the observer 
can never know the height of the mercury in the 
common thermometer, except when his eye is 
hpon it j and as that cannot be for m y  considerable 
time, it is necessary for hiin to confiix his obser- 
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.vations to stated hours, and he must remain totally 
unacquainted with aiiy greater degree of heat or 
cold which may have happened during the night, 
or in his absence. 

TO find the errors which will arise from calcula- 
ting the mean temperature of a place, fiom obser- 
vations taken at the hours which have been usu- 
ally chosen for that purpose, I made a c o m e  of 
observations of nearly the whole month of May at 
Six and seven o’clock in the! morning ; and in Sep- 
tember and October at Seven and eight in the 
morning, and at ten in the evening, A mean ta 
ken from the sum of all the heights, I found to 
differ about three degrees from the mean taken 
from observations made at the same time, and 
with the same instrument, the indexes of which 
gave the true maximum and minimum heights of 
the mercury. A difference which will certainly 
happen, more or less, when the least height of the 
mercury is not taken into the account ; and which 
it cannot be by the common method. 

The general taste for natural science which 
universally prevails, has induced the curious, in 
different parts of the world, to keep meteorologi- 
cal journals; the first and most obvious use of 
which is, by comparing them together, to endea 
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vour to form some general theory of heat and 
cold, with the variations of it, in every latitude, 
and at every season of the year. 

hlr. KIRWAN and the celebrated PERB 
COTTE have published to this purpose 8 great 
number of observations, collected from the me- 
moirs. of different academies. The first of these 
ingenious writers has calculated tables, as well 
of the monthly as of the annual mean tempera- 
ture of eve+ latitude, from IOO to Soo. Not 
that he gives it as a perfect calculation, to he in 

, all respects depended on ; but only as an attempt 
to reduce, as near as possible, to regular theory, 
the general heat and cold of different places and 
latitudes. By these tables, the annual mean tem- 
perature of lat. 5 1 O  is 52.4; and by observati- 
om, which he has given, from the year 1772 to 
1780, made at the house of the Royal Society in 
London, lat. 5x0 32’ the mean temperature of 
London is 51.9 .  or in round numbers 5z0, near- 
ly agreeing with his table. But this, I presume, 
isstated toohigh;forfrom the year 1780, to 1791, 
by observations that can fully be depended on, the 
mean tempcrature has been found to be only 
50. 6 I ,  which is the result of observations taken at 
stated hours. And I have reason to believe that 
if the true minimum rrocturnal height of the mer- 
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cury mere taken into the account, the mean tern- 
perature of London and its environs would be 
found to be nearly three degrees lower. I form 
my conjecture from the temperature of Canterbn- 
ry; which, from its nearer vicinity to the sea, 
with which, at the distance of from six to sixteen 
miles it is nearly surrounded, should be something 
warmer than London. But from a series of ele- 
ven years observations with my own Thennome- 
ter, I find the mean temperature 47. 9. Had I ta- 
ken my observations at stated hours, as those were 
taken in London, it is evident from the experi- 
ments which I have before mentioned, that my 
mean temperature would have been about three 
degrees higher, or 50. 90. nearly what was found 
to be the teinpeiature at London. 

CHAP. 
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CHAP. V. 

HOW F A R  A TRERMOMETER I S  LIABLE T O  BE 
A F F E C T E D ,  B Y  BEING PLACED N E A R  TO, OR 

AT A D I S T A N C E  F R O M  T H E  E A R T H  ; O R ,  

W H A T  D I F F E R E N C E  I S  FOUND I N  THE; 

T E M P E R A T U R E  O F  T H E  A I R  A T  ? I F -  

F E R E N T  A L T I T U D E S .  

information I obtained in this hatter, . THE was by the following means. I took corres- 
ponding observations at different stations, from 
the surface of the earth, to an elevation of more 
tlian two hundred fcet above it. On making this 
csperiment, I was at first very much surprised to 
find the temperature at the upper station, on some 
nights considerably warmer than the lower one ; 
and on searching for the cause of this difference, I 
found it to proceed from a refrigeration, which 
takes place on the surface of the ground ih the even- 
ing and night, and niore particularlj so, when thc 

weather 
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weather is still and clear. For although the earth 
is then more liable to be heated by the sun's rays, 
in the day time, and by its superior density capa- 
ble of retaining a greater degree of it than the air; 
yet a diminution of heat begins to take place on 
its surface, as soon as the sun is near setting, and 
the dew begins to appear; and increases so as 
considerably to cool the lower.strata of the air, ac- 
cording 'as they are nearer to, or farther distant 
from it ; and this nocturnal diminution of heat is 
always greatest in severe frosty weather. 

To see whether this Phenomenan varied with 
the different seasons of the year, I continued for 
above a twelvemonth, to place Thermometers at  
different altitudes,-on Canterbury Cathedral, and 
others nearer to the ground. The most conside- 
rable differences I found during that period, as 
well as at other particular times, when the wea- 
ther was serene, may be seen by the following 
tabIe. 

The Thermometers I made use sf on this occa- 
sion were such as I have already described, and 
when placed together agreed with each other; 
but for the purpose of making this experiment, 
one of them was suspended on the Cathedral 

tower, 



tower, 220 feet, and the other in my garden, 9 
feet only, from the ground ; both in an open sha- 
dy northern aspect. The nocturnal degrees of 
cold, as stated in the table, are those of the night 
immediately preceding the day to which they are 
affixed. 
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Notwithstanding the excess of cold which ap- 
pears to have hzppened on theparthzhr night5, in. 
scrted in this account, when the Gveather was per. 
festly still and serene; yet at other times I have 
found little differe'nce between the two stations; 
and that little insummer, at the upper one in the 
day time, inclined towards excess of heat ; so that 
the monthly mean temperature of the twb stations 
never differed so much as two degrees, and the an- 
nual mean only 0.44 ; the upper station being on 
the whole not half a degree colder than the lower 
one. It is however worthy ntitiee, that from the 
beginning of March to the end of August, the 
monthly mean of the Towet wascoidcr than the 
garden, and ihe other six months it was warmer, 

, 'SO far was the variation in general affected by the 
different seasons of summer and winter. 

And here I shall beg leave to take notice of a 
work published at Geneva in 1790, wherein the 
huthofhf. A. PICTET, has done me the honour 

After speaking of 
his own on the temperature of thc air at different 
heights, he says " Elks ont 2t& repettks d2s-lot-s 
pars un Physicien rlnglois At. Six, et les resultats 
sont confornies ri ceux qu j'avois obtenus." for al- . 
though, as Mr. PICTET truly- observes, an account 
of his experiments had been published some years 

before 

, to mention my experiments. 



€ 3’ 1 
before h a work of Mr. de Luc’s, yet I must 
confess I remained wholly unacquainted with them 
till after most of mine‘were ma’de. 

In respect to the similarity in the result of o ~ f  
observations, it appears by his account that we 
%ere, in the h t  instance, both equally surprised 
to find the temperature at the upper station, fie- 
quently warmer than the Tower one; and upon 
examinition obsqved tu variation tb proceed 
from a diminution of heat, which takes place on 
the surface of‘ the earth, in the night time, under 
the same circumstances an’d disposition of the at- 
mosphere, at Geneva, as m England; and that 
the range bf the Thermometer in clear weather 
w a s  greater at the lower station than’at the upper 
one. Yet in other particulars, as well in the rea 
d t ,  as in the manner of making the experiments, 
w e  seem tb differ. 

Mr. PICTET’S observations were made with 
mercurial Thermometers, placed at 5, at 50, and 

. afterwards at 75 feet from the ground. The u p  
per one was supported in its statio-n by a mast ot 
pole, of sufficient length, erected on a plain, and 
braced to the ground with cords ; to the top of 
this mast the Thermometer w a s  drawriup by 
means of a cord and pulley, and let down as often 

as 
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as 3n observation was to be taken. His upper 
Thermometer was always exposed to the sun; 
the two at 5 feet high, one in the sun and one in 
the shade. The result of the observations, the au- 
thor tells us, was briefly this,t That in all seasons 
of the year, when the weather mas serene, the 
Thermomcter at the lowest station, in the greatest 
heat of the day, rose two degrees higher on the 
'scale of REAUMUR,* than that at  the upper sta- 
tion ; and in the greatest cold of the night, de- 

* Le M A n ,  rnviron deux beores ou deux heores et drmie 
rpres IC lever du fokil, ces deux ThxmomZtres b u t  d'accord, 
et indiqueot une mcme temperature aux pctitcc'ofcillationr 
pres produitcs par des circonfirncc8 8ccidennlles. A mc- 
fore que IC folcil f'6l;ve davnncage IC ThermomZtre 3 5 Ficds 
de terre fcchauffe relativcmcnt & cdui i 75 piedo; e t  lcar 
plua grande diffirencc qui  a lieu danr le moment IC plus chaud 
du jour, eR jd'enviroas z degrZs de divifioa eo 80 partie, 
doni IC Thermomhe infericur eR plus 616~2 que le fuperieur. 
Le maximum de diffkrence u n  foir paFe, ICB deux TherrnomZ- 
t i e s  le rapprodent, et qutlquc tern, avant le coocber do foleil, 
ils r atteigoent de niveaa, pnis ih fc depaffent dins le fcnr 
oppori ; ft Thcrmonrirre inferieur k ticor plus bas que le in- 
perieur, leur difference sugmente rapidemcat 62s que IC foleil 
cR coucbi, et va jufqu' A z dcgrhs, et quelqucfoio davantrp 
rcrs la fin do crcpufcule, Etais  de PbyGque, par M. A, 
Piccet Tome I. chap. 8, $ 1 3 5 .  

Tbc k a l e  of Reaumur coatainr 80 degrees between the bdlirg 
and freezing pointi. 
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scended two degrees below it, and sortlethes 
more.* What degree of excess the word dawntag8 
is here meant to express, I cannot precisely deter- 
mine ; probably nothing considerable ; *as a cele- 
brated writer (M. du Luc) speaking of the differ- 
ence of temperature observed by M. Pictet, be- 
tween j and 50 fe‘et with Thermometers, both 
exposed to the SUR, gives the result in thesame 
words ; and then hmediately draws this conclu- 
sion. tThat in’all seasons the sum of the heights 
of the Thennometer io one station, in the course 
of twenty four hours, is equa€ to the height in the 

4 Tbc Tbermomcttr at 5 feet in the shade, he says, from Dine to 
tbm o’clock, rhc grmtwc beat of the day, agreed i n  i ts  movement 
with- rhwt n 50 and 75 feet i n  the san. The glass, thefore, at p 
k is the shade, did not run sa high as tbat in the run, M the umhc 
rime, by two degrees. 

f Ainsi, d’aprb cer Explriencrc, lo  Couchr d’Air, diitrnte rtult- 
ment de 5 picds do tcrrein, et celle qui ea at 1 50 pied:, mnt li unc 
d m c  Tmp’rotrn durant tout IC court des vingt-qhtrc b, dam 
let teems unifomimcet couvcrts, IC$ gland vents, et luBropillarda 
Ipair; et dans tous Icr autres cas, en toutc uilon. la somme der 
hauteurs do  Thcrrnom2tre dam I’dne dur;int 10 viagt-quatre beure, 
at igak i cclle de CCI bautrpn dans hutre. D o h  il ritulte; qu’cn 
tout, la cwche d’ir  diannte du tcrrtin cculement de 5 piedr, 
n’iprouvc pu rcnriblement plw de Chdcur, que cclk qui en est i 50 
picdr. 

Dc Luc, iiks sur 1a Mttbdqie-Tom, s, p. $3, 
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other j that is, the mean temperature in the course 
of twenty-four hours was alike in both stations.$ 

The rcsuIt of my observations, however, (see the 
foregoing table) will not admit of a similar cow 
clusion. The excess af cold in the night, at the 
lower station, is by themmuch greater than the ex- 
cess of heat in the day, although th-ey were both in 
the shade: and this waq coinmoaly the case, 
when the nocturnal variation at the lower station 
was considerable. And besides this difference 
wich took place between the upper and lower 
stations, in the course of twenty-four hours, I 
foupd a more general change accompahy the an- 
'nual revolutions of the seasons: for the excess of 
heat in the day time, which in the summer was 
found at thc lower station, in the winter dimid 
nished almost to nothing, while the excess of cold 
in the night rather increased. 

Hitherto I have been treating of the di8erence 
of temperature in the air, between 5 and 50 or 
73 fcet, and betwccn 6 or 9 and am feet from 
the ground. But the variation is found to be 

5 It should be observed that Mr. PictePr lower Thermometer, a 
€cw feet from the ground, placed in the.&&, stood s degrees lower 
than that in the sun, and coosequendy agreed witb'tht OA thc top of 
th pole Jn Ibc SUB. 

more 
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&ore constant and regular, as well as mote coria 
siderable, as we approach nearer to the surfice 
of the earth. Here the refrigbration almost CF 

stantly takes place, notwithstanding violent winds,, 
thick fogs, and cloudy sliies; although at juch 

times in a proportionhlly less degree. And I have 
never found the g l w  on tbe ground, in the night, 
tvarmer, or even,@ warm as those above it i ex. 
cept when rain or snow has continued to fall db- 
ring the whale night, be the general t e m p e w e  
of the air either warm or cold or, which I have 
very rarely observed, when the night, though clear, 
has been uncommanly hot, without the least ded 
'bn the surface of the ground. In these very o p p  
site and diffeent sQtes, the surface of the ground 
seems to bve produced similar effects: in the 
%ne it was exceeding wet, and in the other ex- 
ceeding dry. 

To compare the difference af tempetature 
which frequently takes place on the ground, with 
that at an elevation af 7 and 200 feet above it, the 
following 6bservatioiis were taken. The Ther- 
mometers I made use of on this occasion, were of 
the smaller size, described page 9: the upper one 
suspended on the north side of the Towcr of Can& 
terbury Cathedral, in the shade, as before j that at 
7 feet elevation, on a post erected for the purpose 

P 2  ill 



in an open pasture ground ; shaded from the sun 
in the greatest heat of the day, but not inclosed or 
skreened from the open air. The lowest Ther- 
mometer w a s  laid on the same pasture ground, in 
an open place, not shaded; neither are the day 
observations by this instrument entered in the ta- 
ble. "he grass on the spot where it was laid, be- 
mg about 6 or 7 inches h g ,  ws pressed down 
to an angle of about IOO; on this the Thermome- 
ter was laid, being insulated or separatedfrom the 
grass by the space of about half an inch. I have 
been thus particular in noting this circumstance, 
because the refrigeration is found to ditfer, accor- 
ding to the surface on which it is produced. On 
green turf, where the grass is not an inch long, 
the dimhition will be Jess on some nights, by z, 2 

or 3 degrees, than where the grass is longer, and 
according as the cold is inore or less intense. 
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By the observations in the foregoing table, 

the difference between the temperature on the 
ground, and at 7 feet above it, in &em&t, iF 
greater than between 7 feet and zoo ; except in 
one instance, when it was equal : and at the same 
time theexcess ofheat in the day, at 7 feet, above 
that at 200 was inconsiderable. And further tQ 
shew how much the diminution of heat in- the 
night increases as we approach nearer to the earth, 
I have added another sct of observations, .with 
Thermometers placed one on the ground, one 
6 inches only above it, and the third at 7 feet. 

I ' *'jln'lght 
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1792 
lune IO 

12 

18 

23. 
25 
26 

"7 
28 
29 

. 30 
Iuly 1 

2 

3 

2 2  

Night 1 I Difference. 

Gmum 

- 
343 
38 
47 
34 

4' 
41 

46 

54 
45 
404 
39" 

31.i 

47; 

52; 

6 h c b  - 
39 
42 
50 
40 
39 
46 
48 
52 
5' 
56 
5 7  
50 
48 
47 - 

The n~tornr~l  diemnee in tbir Table bttwcur lhc ground and 
7 feet being nther less tban tbc first, is partly owing to tbt latter ob- 
krvations being all taken in summer, aldhough the weather was tben 
remarkably cold for the Bearon; and partly becallre the first arc rckcted 
as the most considerable which happened in a longer period of dme, 
while these Ire included in a ohorter. 

From 



From the whole of these experiments, an idea 
may be formed, not only of the diurnal, but also 
ofthe annual variation of temperature in the air 
at 4fferent altitudes, from the surface of the 
ground, to within the compass of these inquiries. 
This information may be useful, not only in direc- 
ting ushow to placeThermometers for making ob- 
servations; but may also tend to eiqcidate some 
points of natural Philosophy, and to rectify some 
errors, which have inadvertently been introduced 
into it. A n  instance of this, if I mistake not, oc- 
curs in JEFFERSON’S lnoics on the.$totc dJ Virgin&, 
where the author says, ‘( The acctu of post in flic 
Autumn, ord its 7ccu.i in ihe Spring. do not scm to de- 
p a d  mere& on the drgrcc oJcold ; much less OR the air’s 
being at iht fretzing point. WAite frosts are frequent 
whn thc Thcrnzometct is at 4 7 O ,  lune rttUcd young 
plants o j  Indian corn at 4 8 O  a d  have been known a: 
544. Bbck frosts and even ice, h e  bun produccd 
at mhich is 64 above tJu f r e e ~ i n g p o r n t ~ ~  

1 shdl here obserw, from Dr. BLAGDEN’S ex- 
periments, that, uiidcr ccrtajn circumstances, wa- 
ter may bc coolcd scveral degrees below the free- 
zing point, before congelation takes place ; but it 
Fever freezes in ;I less degree, than about the free- 
Zing point of thc Thermometer. 
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That white frosts should be seen on the ground 

when the Thermometer stood at 54O,  is certainly, 
at first sight, a surprising pheriomenon; but I 
flatter myself that, by the help of my Therm+ 
meter, I can fully account for it, without having 
recourse to a supposition that water will freeze 
in a less degree of cold, than that marked by 
the freezing point of the Thermometer. 

At sewn, or betwecn scven and eight o'clock 
in the morning, I have seen the mercury in a 
Thermometer at 7 and g feet from the ground 
stand I IO higher than what the index of the same 
instrument marked as the greatest cold of the 
night : while the index of another at I inch from 
the ground, pointed still I i o  below that at 7 
feet. $0 that at sewn and eight o'clock the 
mercury in a Thermometer at 7 feet from the 
ground, stood ZPO higher than the greatest cold 
of the night on the surface of the earth. It was 
still more common to see the mercury at the 
same hour in the morning at MO, when the noc- 
turnal cold near the ground had been below 
freezing; and I have seen it at 3S0, when the 
index of the Thermometer near the ground mark- 
ed for the cold of the night 27O, or 5O colder than 
i s  sufficient to produce, in one niiht, ice of a con- 
siderable thickness. 

This 



' This author's mistake certainly arises from not 
being aware of the nocturnal refrigeration which 
takes place on the surface of the ground where 
the frost appears; and as the range of the Ther- 
mometer is said to be greater in America than in 
Europe, so likewise this refrigeration may proba- 
bly be greater than in England. 

Again, (( That oilur circmstances must de cm- 
b ind  with the cold to produce frost, is ctn'dentJrm this 
also, dhat on the higherparts ofnwuntains, where it i 3  

absoltdcly colder than i p  tht plaim ~t which ihy stand, 
Jrusls do not appear so ea+ a considerable space o j  
time in autumn, und gb ofsome~ in tk spring, than in 
fAe plains. l h v e  k m  frosts so severe us to kit1 the 
hccory trees round about Monticello, and yet not injure 
the tender frui t  blosmms, then in bbom on the top, a d  
higher parts tf the mountain." 

I I m  again the author's ideas respecting the 
cause of these phcnomena, are erroneous as before, 
from not knowing, or not considering the eRkt  
of thc noctuma1 refrigeration on the ground. 'Tis 
true, on a hill of woderate height, the air in the 
day tiinc is colder than on the plains, and even 
tlic mean temperature in the course of twenty- 
four hours is likewise so: yet the range of the 
'I'hermometer will bc Icss, aiid particularly the 

nocturnal 
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nocturnal cold, which produces the sharp frost so 
(injurious to vegetables. This is priincipally 
owing to the inuch smaller quantity of dew which 
i s  found on the mountains, than in the plains ; and 
Mr. Jefferson is certainly right when he says, this 
privilege against the frost is undoubtedly com- 
bined with the want of dew on the mowtains, ' 
which from long experience he had found to be 
very rare. For it is a well known fact, that frost 
will sometimes destroy vegetables in the plains, 
when on the hills they are unhurt; and uhat, be- 
cause in thi night, it is really warmer;which has 
been proved by thermmetrical observations,when 
the frost in the plains, and its absence w t h e  hills 
have exactly agreed with the temperature marked 
by the Thermometer: and Mr. 3. had he made 
corresponding o b s e r v a k  at the different stations, 
with Thermometer$ placed near the ground, and 
examined them at proper tbnes, would undoubt- 
edly have been convinced that frost appears uni- 
formly in consequence of that certain degree of 
cold, marked by the freezing point of the Ther- 
mometer, and no other. 

CHAP. 



CHAP. V1. 

\ 
H O W  BODIES THAT ARE O F  A D I F F E R E N T  TEM- 
PERATWRE FROM T H E  AIR, A I D  WHICH M A Y  
H A P P E N  TO B E  N E A R  A THERMOMETER,SUS- - 
PENDED A T  A D I S T A N C E  F R O M  T H E  EA'RTH, 

A R E  L I K E L Y  T O  AFFECT IT: WITH SOME 
E X P E R I M E N T S  TO D E T E R M I N E  MClRE AC- 

CURATELY T H E  A N N U A L  MEAN TEMPE-' 
PrZTURE O F  D I F F E R E N T  PLAeE'S, 

T is obvious that walls or buildings heated by 
fire, or other causks from within, or the sun's 

n y s  from without, must sensibly affect a Therrnu- 
rnctcr suspended against them. This circum- 
stance is therefore carefully to be avoided ; espe- 
cially as such large bodies retain the temperature 
thev hcve once acquired, a considerable time af- 
tcr that of the sarrounding air is changed. It is 
best in a!l cases not to let the Tlicrmomcter frame 
CG::IC ir: co-tact with the wall, by the space of an 

iiich 



inch or more, that the air may thereby .have free 
circulation round it, and prevent the instrument 
From being affected by it. I would prefer to ali 
others, an open, shady, northern exposure. Ti 
true diaries are sometimes kept with Thermome- 
ters placed within doors, in some part of a brziid; 
ing, where the temperature is supposed to be 
most equal: but as the temperature within difIkr- 
ent buildings depends on SO great a variety ofb 

' cal circumstances, I must cot&& f think observ;~- 
tions made iu that manner are not so proper to 
shew the general temperature of the air, nor so 
fit to be compared with. those takm at o t k  
places. 

But before I proceed farther, it may be proper 
to consider the method of calculating wbat is cal- 
led the mean temperature of the air, by t heme  
metrical observations. The general pactice I 
believe is from &e aggregate of the diurnal to 
take the monthly mean, and from the aggregate 
of the monthly to take the annual mean : but thr 
diurnal mean, from which both h e  others are de- . 
duced, is not, like them, taken from the aggregate 
of several intermediate observatiois, in the c o r n  
of twenty-four hours j but from the two extremes, 
the greatest and least number 4 of degrees with- 
m that period. A question may hence arise, w h c  

'ihcr 



ther the incan number taken fiom the two ex- 
treme heights of the mercury in the course of 
twenty-four hours, will give the mean tempera= 
ture, in all respects the s a n k ,  as if it had been ta- 
ken from the aggregate of a certain number of 
htermediate observations, made (we will suppose) 
at every hour within that period.* It is certain 
that the two extremes of the diurnal temperature 
within the months swill not give the same monthly 
mean, nor the two extremes of the monthly tem- 
perature within the year, the same annual mean, 
&i ifdeducTd fiom the several intermediate obser- 
vations. The question therefore respecting the 
caIcnlatioii of the diurnal mean from the two ex' 
treme numbers, can be dctetmined by experiment 
w-t  

The most convenient method I could devise 
ofobtaining information in this matter, was by 
pldcing a'rhermometer so as to be slondy, but rea 
gularly affectcd by change of tetiiperature: the 
motion of this glass was conscqueiitly regulated 

On $is principle, I pruumc, oMcrvatjonns arc taken with Tbcm 
rhomewt p:aced wkbio dowr. 

+ The heat docs not incrcalc and dh;ni&, in reTprct to tlmc, h~ 
exact rrithmtticd PWgrgrCmOO, 

as 
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tis well by duration as by the degreeof heat$ 
For this purpose I had one of my Thermometers 
inclosed in a block of Fir, so as to be closely cor 
vered by the wood, by about the thickness of two 
inches ; this I suspended in the shade near to one 
by which my diary was kept. This inclosed Ther- 
mometa though seasibly affected by the diurnal 
v&tian, had nevertheless its range cdnsiderably 
dimioished ; and when the variation by the g b  in 
the  pen air was greatest, the indexes in this did 
not reach ekhq of the extremes by 6 or 7 de. 
Fees. 'On compariig the mean of the diurnat 
obkrvations by the inclosed Thermometer, with 
those taken in the openair, I found them sometime# 
exactly agree, at  other timesdiffer a haifora whok 
degree, inclining first one way, and &en the other, 
accordlng as the weather was in general inclined 
to vary towards heat or cold : but on comparing 
observations made in t h i s  manner, Mth in wintef 
and summer, I found upon the whole a difference 
of one degree only, which in this caw may be 
considered BS nothing. 

' Another experiment of this kind, relating to 
the annual mean temperature, I made in the fob 



Iaitrmg inatiner.< In a spot of ground, almost 
tonstantly shaded, I sunk a tube of wood, three 
feet long, nearly its whole length into the ground. 
The inner diameter was adapted just to receive 
one of my Thermometers ; and observing at what 
depth the diurnal variation ceased to atfect it, I 
fixed it there. This brought the middle of the 
glass two feet below the surfice of fhe p n d .  
Besides a pTi~  of wood made closely to fill the 
upper end of the tubc, about seven icches Iong, a 
%ox of wood likewise covered that part of it 
which rose above the ground. This I observed 
once a day. If the weather happened not to 
change so a; to affect the mean diurnal tcmpend 
ture of the npcn air for R continuruicc, the mer- 
cury in the inclosed glass rcinaincd nwt;+nss ;, 
and in cxscs of continuance, after a considerable 
chanic in thc temperature of the air, it hardlv 
ever followcd the change faster than one degree 
per day. 

With Thcnnomcters placed in thiq manner, I 
kept a regular journal for the space of two years ; 
and the rcsult was m a great measure such as one 
might reasonably expect. For as large bodies 
are slowly affected by a change in the air which 
surrounds them, so I found the temperature of 
the earth following the general change of the 

at musphere, 



ihtriiosphwe, in a gseat m w r e  conespqadw 
ing with i&s own wual wtiq9:  for ‘after the 
ipnth of Mweh, when tbesula gets above the 
qquator, I bwcl the Ilinthly m e h  of the aif 
greatp by a degree or tw~,  thad that of the earth 1, 
imd after the motlth of Sqptdmbet; when @e sun. 

k 4 ~  k, thq heat of &e ewdz was as mugh 
greate~ thxa that of @e. & But notpitbtandipg 
this difference ii+ the mop&ly;, on c&ng ug the 
annuid mew Q€ &e &,. a d  comparing it w i ~  
that in the @;round, it appear& that in the yeat! 
1790 there wq rp diierence at all, and in 1789 
no more &tp 9 9 . 0 2 ;  so rdmarkably did @e 
mean temprqtw t&eo in Dhe ground age with 
that taken is the air, althwgb the statipns of the 
tws Tbermomten were QO weg different. 

By the rosdt of &eseexpe&nc!nts the truth of 
the annutll nleaii tempersture of Canterbury, as 
before given, is farther confirmed j the mean tem- 
perature of the ground agreeing with it. But had 
the former been taken with other Thermometers, 
and in the usual manner, there mmld have been 
a difference of 3 or 4 degrees. 

From the experiments made With the Thenno. 
meter in the ground so nesrly agreeing with those 
made with that inclosed in the case of mood, and 
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both tngether agreeing with those made in the 
Open air, we may conclude, that although a small 
irregularity will sometimes happen [n the diurnal 
observations, which upon the whole correct each 
other ; yet no error of importance will arise from 
calculating the annual and monthly mean tem- 
perature in the usual way; that is, from the two 
estremes of the diurnal variation. I t  is likewise 
ebservable from the foregoing experiment, that 
the mean temperature of the earth is regulated by 
that of the air. Similar experiments may be made 
with common Thennometers in every soil and cli- 
mate, by observing at what depth from the sur- 
face of the ground the diurnal variation ceases to 
operate ; but it is necebary on this Occasion, that 
the bulb of the Thermometer be covered to some 
thickness, to prevent the external air from affect- 
ing it at the time the observations are made. 

CHAP. 



CHAP. Vn. 

SOME E X P E R I M E N T S  Ti). DETERMINE THk 
BFFECT OF PLACING A THERMOMETER 

fN THE SUN, 6 R  IN THE SHADE, 

HE &at which is produced by the sun's T rays on different bodies varies considerably 
according to their size and the figure o€ their sur- 
face, as welf as the direction in which they fall 
upon them : it depends still more on the texture 
of their component parts. HOW far chymical af- 
finity, or other causes still more occult, may opc- 
rate in this case, is not the subject of my present 
inquiry : but this is certain, that all dense bodies, 
especially those of the metdlic kind, are greatly 
disposed to receive and retain the heat of the sun's 
rays 3 and the more so if their surface be not PO- 
lished, gs they are then less capab?e of throwing 
them QE by reflection. The calorific power of the 

s a  sun's 
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sun’s rays is almost imperceptible on such bod;@ 
as being extremely rarefied, as well as transparent, 
freely admit their passing through them. When 
they fall obliquely on the surface of bodies, espe- 
cially such as are highly poiished, their heating 
power decreases with the angles of incidence. 
Hence it should seem that the rays of the sun, 
without meeting with some dense opaque body, 
Will not produce sensible heat. 

I t  is to our present purpose to observe that the 
bulb of (L mercurial Thermometer, although very 
dense, is, on account of its spherical figure and 
polished surface, very little liable to be affected 
by the sun’s rays j which has induced an e- 
miter to conclude that the rays of the sun do not 
sensibly heat the insulated bulb of a mercurid 
Thennometer, 

T o  satisfy myself in this particular, on the 16th 
of July ‘793, I made the following experiment, 
I suspended two mercurial Thermometers, in an 
open pastGe, 7 f e r  from the ground j their bulbs 
and great part of their stems were perfectly insu- 
lated, and not at a11 skreened from the direct rays 
of the sun, or affected by any reflection of heat 
from other bodies. They exactly agreed with each 
ather in their scales, and in their movement. At 
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12 o'clock these glasses, the sun shiniDg hll upop 
them, stood at 8 9 O $  I skreened~qe of them 
from the BUD, by placing before i t  a slip of dea& 
one inch broad, and halfan inch thick. In a b u t  
four minutes time it had fallen four degrees, and 
6 t d  at 86O+, wbilst the other, wihicb remained 
mshaded, had risen half a degree, and stood at 
goo. In this state they both remained some time 
stationary. I then removed the shade to tbe,d-her 
glass, which stood in the sun at goo. and letting it 
remain as before, about 4 minutes, I saw gbbislike- 
wise had sunk, and stwd at 8 6 O  ; whi& $he first 
glass, from which the shade l d  been removed, 
had now risen to 90°. I first made the experi- 
ment placing the deal shade at five inches from 
the Thermometer; E afterwards repeated it at 12 

inches distance, and the mercury sunk just the 
Fame as before. It is a circumstance worthy of 
note, that the wind blew briskly allthe time this 
pxperiment was making. 

When the general temperature of the air w a s  
sibout goo, I have found the glass in the sun to dif- 
fer from that in shade about four degrees; if the 
temperature was 70°. the difference was three de- 
grees, if 6oo-tvFo +grees,or nearly so;for it varied 
p little according as the air was more or lessloaded 
vith vapour. I have for a month together kept 
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b l f  a dozen' Thermometers constantly exposed 
to the sun, and as many shaded, in the manlier 
above described ; which in clear weather always 
differed in the extreme heights of the mercury, in 
about the same proportion as those just mentioned. 
Mr. PICTET also, placing two Thermometers at 
the same height from the ground, one in the sun, 
the other in the shade, found the former in the 
greatest heat- of the day, rise I or 2 degrees higher 
than &e other; which agrees with the result of 
of my experiment, where the difference was from 
e to 4 degreesof FARHENHEIT. 

CHAP. 



r. 55 1 

CHAP. VIII. 

DESCRIPTION O F  A THERMOMETER FOR 

T A K I N G  THE T E M P E R A T U R E  O F  THE 

SEA, OR W A T E R  A T  GREAT DEPTHS. 

EFORE I describe this Thermometer it mav B be proper to give a brief account of the d i -  
ferent methods that have been already made use 
of for the same purpose. 

The best authenticated experiments of thekind 
that I have met with, are those made’ by Captain 
DOUGLAS at sea in 1769. 8 y  Lord MULGRAVE 
in his voyage to the north in 1773.  Those de- 
scribed by Mr. FORSTER in his voyage with 
Captain COOK in 1772 and ‘773. And those 
by Mr. de SAVSSURE in the lake of Geneva itt 
1779. 

E 4  Captai~  
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Captain DOUGLAS made use of a tin cylinder 

&ntSninga large qu;ut,water tight, with a Thm- 
mometer fixed in it j this was let down, and left 
at the greatest depth for half an hour. After 
finding the inconvenience of making the experi- 
ment in this manner, because of the length of time 
it required, he made a small hole in each end of 
the cylinder, and let it down without 6rst filling it 
with water. It sunk 260 fathom in 3%minutes 
and it was hauled up in I 3 t .  

In Lord MULGF.AVE'S vqyage, a bottle properly 
prepwed by Dr. IRVING, for bringing up water 
from the bottom s-ithout changing its tempera9 
ture, was let down, fastened to the line about two 
fathom from the lead. A Thermometer was plunged 
Into the water it contdned as soon as it was drawn 
up. The bottle had a coating of wool three inches 
thick, which was wrapped up in oil skin, and let 
into 8 leather purse, and the whole inclosed in a 
well pitched canvassbag, b l y  tied to the mouth 
of the bottle, so that not a drop of water could 
penetrate to its surface. A bit of lead shaped like 
a cone, with its base downwards, and a cord fixed 
to the small end, was put into the bottle, and a 
piece of valye leather, with half a dozen slips of 

bladder 



bladder were strong .on the cod, which when 
pulled, effectually c o k d  the bottle in the inside. 

A Thermometer by Lard CAVENDISII, con- 
structed to shew the temperature of the itatcr 
a t  the bottom of the sea, was also let down ; but 
the resuit of the observations taken by the two 
different mdhods not perfectly agreeing, rendered 
both in some measure doubtful. 

The Thermometer made use of by Mr. Forts- 

RAMSDEN, and furnished with an ivory scale. It 
was on these occasions put into a cylindrical &e, 
which had at each end a valve, admitting the 
water as long as the instrument was going down, 
F d  shutting w4en it was hauling up again. 

TER OVas Of FARHENHEIT’S cOnstruction,made by 

MF. DE SAUSSURE, in taking the temperature 
of the Lake of Geneva, tried the last mentioned 
method, with a variety of experiments of the same 
kind; but fixed on the following as the most 
likely means of accomplishing his purpose with 
pccuracy. He inclosed a common Thennometer 
in a case of wood three inches thick, and also 
w&pped it several times round with cloth, so that 
it required to be immersed eight hours to bring it 

to 
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to the temperature of water, which diffkred from it 
only I O  de,orees. The Thermometer thus inclosed 
was left in the deepest part of the Lake of Genevq 
fourteen hours, and then drawn up in tbe space 
of ten minutes only. He afterwards fixed a Ther- 
mometer in a glass tube filled with water, in- 
closed in a case of wood and one of koa. With 
this also he made experiments in several other 
lakes, leaving it in the water sometimes a whole 
night for each experiment. 

These observations of Mr. DE SAUSSURE mere 
made with an accuracy, which the %advantage of 
greater leisure had giwarhim, and are undoubt- 
edly correct ; but the length of time required by 
this method, fbr making a single observation, 
~ o u l d  be too considerable ta be generally prac- 
tised a t  sea. 

This ingenious writer, in consequence of his 
own experitncc, as well itt; his knowledge of what 
had been already done, conciudes his account by 
saying, '' Nous repeterons ces exp&riences dans 
d'autres liPux 8r a difkentes profondeurs j nous 
pcnsons tnCme d e r  ies tent& dans la mer ; car 
tclles que I'on a fxit jusqu' B ce jour, sont a5solu- 
merit impariaitcs." Now, if this be the case, the in- 
accuracy o i  the csperimcnts must have arisyn prin- 

cipally 



I 

rt 

, 



c 59  1 
cipally from the defects of the instrumdts made 
use of on these occasions. If, therdore, a Ther- 
mometer can be contrived to ascertain more con- 
veniently and accurately the temperature of the 
sea at a great depth, such an instrument  may^ be 
useful: and with this view the foUowing was 
constructed. 

PI. 3, fig.' I, a 6, is a glass tube, nine inches long; 
the diameter of the bore 4, the glass & of an inch 
thick ; c d e  f g h i, a smaller tube, the diameter 
of which is varied in the following proportions. 
Fr0rn.t to d &, from d to e 4, from c to R &, from 
h to i 8 of an inch. The small tube is joined to the 
large one at b, carried up two inches above it, 
and down again.on one side of it, in the direction 
d cf, and up again on the other side, in the di- 
rectiong h i, in a plane with the center of the 
large tube, and at the distance of +.,of an inch 
from its surface; and at the end i it is closed with 
a brass cap. This glass is filled with rectified 
spirit of wine to about an inch and a half from 
the end (or half the distance from h to i )  except 
the lower part of the sinall tube, which is fined 
with mercury. Within the small tube on each side 
is an index, consisting of a piece of a needle or steel 
wire, an inch long, hermetically sealed in a very 
thin glass tube, just large enough to contain-it. 
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When the instrument is not in use, these indexes 
or needles should, by means of a magnet, be both 
raised up and deposited in the receptacles A i and 
cd. When the instrument is to be used for ob- 
servation, it should first be brought to the tem- 
perature of the air or surface of the water; and 
then both the needles be let down to rest on the 
surface of the mercury on each side. The instru- 
ment being thus rectified, it may be let down in 
the water to any depth that i s  required; and 
whenever it is dected by change of temperature, 
either increase or diminution of heat, the mercury 
on one side or the other will always descend, and 
the needle with it: but when it rise6 again the 
needle will not rise ; but by remaining at the point 
of lowest descent, will shew the greatest degree 
of cold or heat to which it has been exposed after 
being rectified. On the scale on the side e l ,  which 
descends by increase of heat, the degrees are of 
course numbered downwards; and on the side 
g A, which ascends by heat, the degrees are num- 
bered upward5 In forming the scale, they arc 
ascertained by placing the instrument in a cold 
mixture with a mercurial Thermometer. 

111 respect to the construction of this.inrtru- 
ment, it may be ohserved, the shape rcsembles 
that for shewing the tempenturc of the air in the 
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observer’s absence ; excepting the enlarged part 
of the tube from d to e, which is made for the 
purpose of IcJging the index or needle, when the 
Thermometer is not in use, and thereby keeping 
it in a state ready to be rectified for observation. 
The glass also is thicker, to guard against the 
pressure of the mte r  at great depths. The Auirls 
are placed in the same manner as in the other; 
but the needles or indexes, a most essential part, 
act .not only differently, but directly contrary to 
the former ; these accomplishing by descending 
and remaining at their lowest point of descent, 
what the others do by ascending and remaining 
a t  the highest point. This Thermometer will also 
serve to shew the greatest variation of tempe- 
rature in the air in the observer’s absence, the 
same as the other; but being not so readily 
rectified, it is not so commodious for that purpose. 
This circumstance, however, renders it more pro- 
per for the use for which it is intended, i e. shew 
ing the temperature of the sea j because when the 
needles are immersed in the mercury, they are 60 
forcibly pressed against the Thermometrical tube, 
that ncither the most powerful magnet, nor the 
greatest shake of the instrument will remove them. 
To rectify it when the indexes are immersed in the 
mercury, it is necessary to bring it to the same 
temperature it w-as in when the needle took its 

place. 



place. If iiicrcase of heat should be necessary OD 

this occasion, it may readily be done ; but if a 
diminution is requircd, that may not so conveni- 
ently be obtained. But strong spirit of wine, or 
Sp. 1-itr. D. or Ether, applied to the middle 
tube. will soon sink the mercury 18 or 20 de- 
grecs, by which iiieans thc needle may be set 
free, a d  lodged in its receptacle hi.  
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3 f i E  Ilu'&UCSS Of thC _tbllowiag &dblSf07 h 
cmtrudion qf thest Thermometers may perhaps to 

me persons appear ccnsurabk, till they arc rminded 
that tatclvc gcars have c l a p d  since an actrmnt of t h m  
zuasjrst Published in the Philusephical Transadofis : 
during which time imitalion~ $them have bccn made 

in London, but SI csscntkUy dcfcttiw in theit CQILF~YUC- 

tion, as to have broughi disgracc rather than crcdit m 
the invention. This circumstance, together zuith the 
advice OJ many OJ the Arcithm's Philosophical A ie& 
mill, it is presumed, su$cibatEl, just$ lhtir inscrtion, 
and clear them frcm the chargc of insjgn&andg which 
wight o t h m i x  be brought against t h .  
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I, 

How to JCea the tnost propr Tubes. 

H 6 first requisite is, the chqice of the T Tubes, and the proportions they must beat 
to each other. 

It is most convenient that they should be had 
from the glass-house in pieces as long as possible ; 
because thereby a better opportunity is given of 
selecting such parts as are fittest for the purpose ; 
which require to be as strait, round, and mn, as 
can be procured, 

The larger Tube, which is intended for the 
body of the Thermometer, should be very thin ; 
that the spirit which it contains may be the sooner 
affected by any change of temperature. It should 

F likewise 
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likewise be strait : but the inneradiameter, or be, 
in this does not require to be so perfectly equal 
throughout, as in the smaller tubes ; provided it 
contains in the whole, the same quantityof spirit 
as one of a proper size that is perfectly even. 

.I 

In the smaller Tubes, which form the neck of 
the Thermometer, it is proper the glass should be 
thick enough to give them strength and firmness ; 
with the bore truly round, and as even through- 
out as possible: for whetever it is enlarwed or 
diminished the pressure or force of the index- 
spring will be proportionally diminished or in- 
creased; and, if that should happen beyond a 
certain degree, the index in one case might not 
keep its place when the mercury descended ; or 
in the other, it might be too stiff to float on it as 
it ascended. To guard against this inconvenience, 
and allow of a little irrepI3rity in the tubes 
(which can scarcely be avoided) it is best to make 
the index-spring about an inch and a half long. 
It is necessary to observe also, that there be no 
grits in the glass, which appear like small grains 
ofsand; for wherever they appear, the bore of 
the tube is certainly too much contracted to be 
fit for use. 

9 

For measuring or gaging the bore of the smaller 
tubes, 1 have made use of a piece of brass Wire 

three 
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fhrk i d e s  long, & in diameter at one end, and 
.thpering to is at the other; and divided in its 
whole length into ten equtrl parts. For the lafger 
tubes, I have one of a similar' farm ; & of an hcli 
in diameter at  one end, and tapering to k a t  the 
'other; diirided also in Its hgth into ten equ4 
parts. If this be of 3ory and turntd holloh, ft 
way serve as  a case to the other. These I have 
found extremely useful3 for, by putting thetlr 
into the ends of theit espective tubes, the 
meter qf the bore is seen immediately with gretlt 
precision ; as also whether they be round or not ; 
and, since the prcpdrtion I find best to be otil 
serkd-between the diameter of the body hind the 
neck of these Thermometers, is tbat of four to one 
(whether the- instrument be large or small, long 
or short) ; thgse simple tools shew at once, which 
of the tubes w most sllitable to each otiier. 

To ascertain the variadofis In the intermediate 
$arts of the tubes in their first and longest s&, 
'1 have found it convenknt to wrap a slip 6f paper 
two or three &es round the*tube ; whi&, upon 
.being J X I S ~  along &om one end to the othei,she% s 
by fie fkel where the tube increaw or diminkhe 
in its size, and kow far it is nearly equal 1 and 
that with sufficient accuracy to-direct ttrhet.e to 
cut hito shorter lengths such parts as ore fittest 
C '  

P Z  for 
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for use. But the passing of a small quantity of 
mercury through the tube, in the usual way, cer- 
tainly serves to ascertain the .truth of the bore 
itself with greater precision. 

It is extremely necessary that the neck of the ' 

Thermometer on one side should perfectly cor- 
respond with that on the other; which they will 
not do, if they are originally in one piece; and 
what little variation in size there may be at their 
different ends, should be so placed, as for the 
smallest part to be uppermost in both. That 
side of the neck which is to be put on last, must 
have a bason or air-vessel formed, or ready to be 
joined to its upper extremity. 

The rnanntr 0s making the Inrkxcs: 

This is a very essential part of these Ther- 
mometers, which requires great care. 

Provide yourself with some of the finest sewing 
needles ; nip off $ of their length from the end 
which has the eye, and keep' the remainder for 
use. 

Make 
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Make some sinall glass tubes, such as may just 
fit the needles.. This is to be done by taking a 
piece of tube, of that sort of which the body of 
the Thermometer is made (a thicker will not do) 
and bringing it to an even red heat quite round, 
for about the space of &or 9 of an inch : then, 
withdrawing it from the lamp, draw it out, but 
not too suddenly. In this way, small tubes of 
various sizes may be obtained; out of which; 
such as are round and of proper dimensions may 
be selected and cut for use. 

r. 

Provide likewise a parcel of small black bugles. 
Select froin among them, such as are suitable to 
your purpose ; which may be done in the follow- 
ing manner. 

Spreading some of them on a sheet of white 
paper, pick them up singly on a slender piece of 
Bamboo cane; cut very gradually tapering. As 
they are found to go farther or less on the Ram- 
boo, their internal diameters will be knomm. 

For ascertaining their external diameter, it will 
be convenient to cut half a dozen pieces of tube 
(of the sort of which the necks of the Thermome- 
ters are made) of about I 3 inch in length ; whose 
bores are true from end to end, but'gradually 

F 3  c i  i f- 
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diferjngfiom each other in size. These belng 
Set close to each other on a slip of wood, in the 
order of their bore, will serve for camparing the 
size of the bugles; which, while each i s  on the 
point of the bamboo, may be introduced into 
these tubes; when it will be seen to which 
they are best suited. The bugles may then be 
kept in separate little boxes, according to their 
sizes, and distinguished hy dierent ppmbers. 

Having now your mate& properly in order, 
take a fine tube that mill just admit one of the 
needles; and observing which part of the tube 
fits it best, scratch it there with the edge of a 
fine watchmaker's file, or the edge of a kniie 
previously rubbed on a rough stone: for if the 
tube be not first scratched all round with an in- 
qtrument of this sort, it will break obliquely; 'a 
circumstance which ought carefqlly to be avoided. 
Present then the end of the tube just brQken to 
the lower part of the flame of a wax taper, be- 
cause that part bums without wavering. The 
glass will immediately melt ; and the tube will be 
~ a l e d  hermetically, terminating in a small knob ; 
the diamcter of which will not at first be quite 
so lsrge as the tube itself, if' it i s  not put too far 
into the flame. Having nbw Some bugles of the 
proper size on a piece of white paper, take up 

two 
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two of thcm on that end of the tube which is 
sealed, making choice of such as just go freely 
on. Then, removing the bugles to a little dis- 
tance from the end, put that again into the flame 
of the candle a little farther than before; and, 
giving the tube a rotatory motion between the 
fingers, to keep the melted metal from dropping, 
a knob will be formed in a h e  with the tube, 
and a little larger than the tube itself. The USQ 
of the knob is not solely to prevent the bugle 
from slipping off the end; for it is of great ser- 
vice, in causing the index to float readily on the 
surface of the rising mercury. 

I- 

. As soon as this knob is rightly formed, the tube 
must be withdrawn from the flame. The bugles 
may-then both of them be brought down close 
to the knob on the outside, as also the broken 
end of the needle within: after which, the tube 
must be scratched as before, and broken off + 
of an inch beyond the pointed or upper end of 
the needle. Then, holding 'this, which may be 
called the body of the index, between the thumb 
and finger of one hand, take in the other a small 
tube, just large enough to go upon the upper 
end of the body, and pass it so far as to coincide 
with the point of the needle. The end of this 
Outer tube must be perfectly even before it is put 

p 4  0 I1 
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on the other. Then, while the tubes are thus 
connected together, bring the part where they 
are double (but a little short of the end of the 
outer tube) to the flame of the candle ; and, when 
they are melted together,' reaoving them from 
the flame, draw out the spring, which should be 
done with a moderately quick motion. The end 
of the outer tube thus left, will serve as a shoul. 
der to secure the upper bugle from slipping off; 
The spring may be nipped to a proper length 
(about I Q inch I thii the best) and -being pre- 
aented to the flame, will be sealed with a sinal1 
spherical knob, which may best be suffered t a '  
incline to one side. 

Nothing now remains but to confine the 
bugles one to each end of the body, and to set 
+e spring to a proper inclination ; both of which 
must be done with care, suitable to the brittle 
nature of the materials. When the indexes are 
thus far advanced, they are best taken up, and 
handled as far as may be, with a magnet. 

,For confining the bugles, the method I have 
practised, which has scarcely ever failed me, is 
this: after they are put in their proper places, 
twine a single thread of the finest silk thr2e or 
focr times round the body, close to the bugle; 

and, 
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and, tying it fast, clip off the ends with scissaH, 
Then singe them close, by just presenting them to 
the flame of a small taper. In doing this a steady 
hand is required, lest the spring be injured by too 
near an approach’ to the b e .  

fn setting the spring to a proper inclination, 2 
little experience will enable a person to judge 
pretty nearly’what will be required for tubes of a 
certain size. Yet this can never be determined 
with sufficient precision, but by experiment : i. e. 
putting each index into its own tube filled with 
spirit, and trying the force of the spring by a 
magnet, and adjusting it accordingly. This is to 
be done by presenting the lower part of the spring 
near to where it is connected with the body, to- 
wards the flame of a very small taper. The glass 
will soften before it comes quite into contact with 
the lower part of the flame, and in that state it 
may be set to any inclination whatever. In doing 
this, the inclination of the spring should be so 
turned, as for the knob at its end to be directed 
from that side of the tube against which the spring 
i s  intended to press. 

’ 

Before an index is put into its place, i‘t may be 
adviseable to soak it and wash it well in warm 
water, lest it should !lave contracted any foulness 

from 



fiom the flame, or handling, which it would corn 
municate to the spirit. 

m. 
Em lo join the JrJI portion ofthe NGCA io Ik Bo& 

All things being thus prepared, let one end, 
u, fpl. 4, fig. x.) of the body, s br be hermetically 
sealed; and %o the other end, b, let the small 
connecting piece, e d, be jiined. Tie theni now 
an a slipor frame of wood, two &hes shorter 
than the body itself3 so t the body may extend 
about an inch beyond the wood at each end. 

Join then what is intended for the upper end 
ofzhefkst part of the neck, e!, at'c, to the con- 
necting piece at d ;,and, making the connecting 
piece flexible, bend it round so as for the neck-' 
piece to be brought parallel to. the bodp; in do, 
ing which, thc frame on which it is b e d  prill bu 
a guide. It may thcn be taken off the frame; 
being rezdy fcr filing. 

. 

IV. 

H m  t o p  this f i s t  p a d  and put in f i e  h d t x  for Cold. 
Fill il two ounce phial nearly full, with spirit 

of wine, highly rectified, so as to fire gunpowder. 
Let 

0 
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Let the cork of the phial be perforated, so as just 
to adnit the lower endJI fi3 2,of the tube cfinto 
the phial, BS fk as it descends below the .end of 
the body. Let a piece of string be tied about 
the neck of the phial, and 'after slightly twining 
round the tube e), extend a b v ~  it, so as to be 
held in the hand; together with another piece of 
string looped on the upper curvature of the "her- 
mometer. ' IXI this W67 b ~ &  may be supported ta- 
gether by the same hand,. at my canvexkt dis- 
tance above them. 

Suspended thus, let the presented to - 
the front of a stove or coal &e,~ in such a manner, 
as W the phial may hang beIow the fire, or in 
some way bc meened from it "IEe air by i?s ex- 
pansion will be driven by the heat of-the fire from 
the M y  of the Tbermmeter into the phial, and 
will rapidly pass the spirit. in bubbles. When 
the cyrrent of air begins ta c ~ ,  remove.the 
whole from the he. As it .cools, the spirit will 
ascend the neck, and a small part of it will pass 
over into the body. Heat it again in the same 
manner, almost to a degree of boiling ; and re- 
rpoye it to cool as before. After a repetition or 
two the body will b o m e  nearly full. When 
that is effected, it must then be heatdjust enough 

to 
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to make the spirit boil ; which will for a mommt 
drive a great part of it back agak into the phial : 
but upon removing it from the fire,, the spirit will 
suddenly return and fill the whole body j except- 
ing a sinal1 bubble of air which will remain, 
about the size of a pea. If too much air he left, 
it must be heated again till the quantity is di- 
minished. 

Hang it now in as cool a place. as can be 
found ; and when it is quite cold, disengage the 
Thermometer from the phial. 

In this stage warm it again ; and after the air- 
hubbIe which rested at the top of the body, is 
by the expansion of the spirit driven through the 
curvature into the side of the neck, invert the 
whole, and put down into the smaller tube, so 
far as just to reach the air-bubble, nil exceedingly 
slender piece of Bamboo cane, by the side of 
which the air will ascend, and leave the neck 
filled to a certain height with spirit only. 

The body and part of the neck of the Ther- 
mometer being now filled, one of the indexes 
tnust be put in with its spring foremost. 
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Yo 
Hozu to join on the remainder, and J l  the whok; BS 

a$ koa, to frondk t k c  tubes when dctacned from their 
J raw. 

Join on next the remaining parts; i. e. the sed 
cond half of the neck, g h, and the air-vessel, i#> 
at its-extremity. Then, tying the Thermometer 
again OP the Iittle fime above-mentioned, render 
the tubes flexible by the flame of a lamp, an4 
set them perfectly parallel t.o the bodE 
Fig. 3. 

See 
~- ~ 

--. 

While it is still on this frame, it may be ad. 
visable to loop a piece of string round the upper 
curvature, d e ;  and then, detaching the glass 
from the flame while they both lie in a brizonth 
position, to raise them together into a vertical 
one; after whidh, taking the glass carefully off 
the frame by means of the string, it may be ap- 
plied to another frame. 

Another methd of handling tbe tuhes in this 
very tender state, is, to have two pair of common 
cards lying upon each other, md pinned together 
at one end each pair ; by which, after slipping 
one card of each pair between the tubes and the 
frame, at sufficient distances from each other, you 

* may 
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may inclose the three tubes between the cards, 
and then, keeping thcm together, transfer tho 
whole with safety. 

The Thermometer being, in either of these 
ways, or in any other that may be found more con- 
venient, taken off this frame on which it was made, 
must now be put on another, pierced down the 
middle so as to leave the body insulated. Warm 
it now before a fire so as to cause the spirit to pass 
mto that part of the neck, g A, which was last put 
on; and, as soon as it has passed the lower curva- 
ture, filling the air-vessel with spirit, put down the 
slender Bamboo far enough to reach the spirit at 
the bottom. The spirit from above will imme- 
diately descend and join that below ; and &e air, 
ascending in bubbles by the side of the Bamboo, 
will escape, leaving the whole of the tubs mw 
completely filled with spirit. 

How to QJ in the Mercury, snapass to its ply@ 

The Thermometer is now ready to receive the 
mercnry. FQr this purpose, let it be heated ten 

or 

place. 
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m fifteen degrees hotter than the greatest degree 
of heat you intend for your scale. While it is h 
this state, fill the whole side, g 6, with mercury, 
passing down the Bamboo to a certain point neat 
the bottom; hy the side of which the mercury 
will descend through the spirit just to that point 
and no. farther. Remove it then into a cooler 
place; ad, as the spirit contracts, the mercury 
will follow it round the cdrvature, and rise in the 
opposite side, CJ Compare it  now with another 
Thermometer ; and observe, to what points the 
mercury rises on that side by certain degrees of 
cold, as also what space is occupied by my num- 
ber of degrees.. This mill enable you to form a 
judgement of the range ;of your scale, If the 
mercury should not rise high enough, (and it is 
best not to carry the mercury, by the first heating, 
quite so far as may be finally intended) heat it then 
just so many degrees hotter than you did before; 
as you wish to have the mercury adyanced ; then 
passing down tlie Bamboo exactly to the same 
point as ybu did before, the mercury will descend 
thither; and when all is cool, it wi!l rise just 
so much farther on the other side. Thus, by tri31, 
and by comparison with another Thermometer, it 
may Le ascertained to ope degree, how much it 
requires to’be advanced, and may be brought ex- 
,actly to &at. 

when 
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When this end of the.column of mercury is 
acljusted, that on the other side is easily brought 
to what point you please by an addition of mer- 
cury. After which the index for heat must be 
put into its place, the body hrst, with the spring 
upwards ; and the air-vessel be closed.' 

The scale to these Thermometers must be done 
by comparison with a good standard mercurial 
one : immersiing them wholly in a vessel of water, 
heated and cooled to the sevcral degrees that are. 
necessary. 

. Let a cylindrical vessel, of sufficient depth, 
(about two feet deep, and one in diameter) be 
filled with water, heated nearly to the degree first 
required. Let tcvo other vessels be likewise at 
hand ; one with very hot water, the other with 
water as cold as can be procured ; by the addi- 
tion of one or other of which? the water in 
the principal vessel may be brought to any de- 
gree of temperature that is not very cold. These 
hdditions it will. be adviseable to lade by hand 
hi some small vessel ; since the quantity and pro- 

portion 
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portion will bc thereby the better known. A fiat 
circular piece of wood, of about 2 f inches diame- 
ter, fixed like a churn-dash to the end of a small 
rod, will be necessary, to be frequently moved up 
and down in the water, to bring the whole to an 
uniform temperature. There should also be a cock 
near the bottom of the vesse~, to let out super- 
fluous water. 

In this Way the Thermometer should be tried 
successiSely,at eveiy 5 degrees shewn on the mer- 
curial one ; which must temain in the water some 
minutes at each trial before it &e examined, that 
its scale may acpuke*the proper degree of heat. 
If the vessel be large, and the temperature not 
differing too much from that of the room, the 
saani9 degree of heat in'the water will continue 
for a considerable time. 

In marking the degrees above 40 or 55, it win 
be found convenient; that the air be somewhat 
'cooler than the water ; because the index on the 
side for heat, after having been raised to the pro- 
per point in the water, will be lcft there by the 
mercury, on taking the thermometer out of the 
ve5sel into the air, when the exact point at which 
it  stands may be marked at leisure. In doing 
+is, the lower edde of the lower bugle on the in- 

dex 
. .  



dex is the point to be marked (and to be attended 
to in all observations with these instruments) and 
not the end of the knob of glass below it, nor even 
the surface of the mercury itself; whose two ends 
will be a little short of coincidence, in proportion 
to the buoyancy of the indexes. 

In a similar way may those degrees which are 
below 40 or 50 be marked .on the other scale, 
which is to shew the greatest degree of cold, 
provided the external air be warmer than the 
water in the vessel : the mercury, upon taking 
the instrument out of the vessel, leaving that in- 
dex at the place to which it had been driven by 
.the cold of the liquor, the bottom e d s  of whose 
Iontest bugle must be marked on that scale. 

To ascertain the freezing point and the degrees 
below that, it is necessary to provide a cold mix- 
ture. For this purpose, fill a cyiindrical tin ITS- 
W E  (of about two feet high, and six inches in dia 
meter) with pounded ice and sea salt ; or, if ice 
is not to bc had, with snow in its stead. The ice 
being put into a strong bag, should be beaten 
well with a mallet, till no piece of it is larga 
than the tip of one's finger. 

The ice and salt should be dropped into the 
wsscl -by+diffmt kands a t  the same h e ,  in 

the 
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the proportion (by weight) of two of ice to one 
of salt. When the vessel seems full, pour in two 
or three quarts of very cold water ; and stir the 
whole with a stout stick till it becomes fluid 
enough to receive the Thermometers. Great are 
must be taken to keep it often moved; other- 
wise the temperature wili not remain e q d  
throughout: a d  the mercurial Thennometer 
must frequently be shifted to every part, to see. 
that the temperature of &e whole i s  alike. 

"his mixture, when it first becomes Gt to re- 
ceive the Themwte r s ,  does not always produce' 
exactly the same degree of cold. It is cammonly 
about the Zero of FAHRBNHBIT'S scale; but 
sometimes a few degrees below it. As it would 
be extremely difficult to adjust the temperature 
of this mixture exactly to every fifth degree, it is 
best to take at first the greatest degree of cold 
that i s  obtained ; and, as that diminishes (which 
it does not rapidly, especially if the air be as it 
should be below the freezing point) to mark on 
the frame at every three or four degrees, where 
the temperature seems at any time to remain a 
littie while steady. If the mixture does not be- 
come warmer so fast as may bc thought convc- 
nient (w&h is most commonly the case) a little 
addition of water will hasten it, 

6 2  The 
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The depth of the vessels here given, is for the 
For smaller Tlimometers of the largest size. 

ones, they need not be so deep. 

After the principal points of the scale are thus 
Ascertained, and marked on those sides of the in- 
stnimcnt where they will be most usually ob- 
served ; they may respectively be transferred to 
their opposites, andb the intermediate divisions 
may be marked on both sides the deal frame; 
whence the whole may readily be set off at any 
time on another. But before that is done, it %-ill 
be best that the Thermometer be exposed in its 
present state to different temperatures to be satis- 
fied that all is right, before it be considered as 
completed. 

Hoar to repair anj Accident to  which th+ Thcrmomc- 
t e n  may bc liable. 8 .  

I . In the first place, where the air vcsscl at the 
upper end is stopped with cork,.or any other 
method but hermetically sealing, the spirit above 
the surface of the mercury on that side, will, 
after a length of time, diminish by evaporation j 
and the remaindcr Wkoming u-caker, niay be liable 

to 
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to freeze with any great degree of cold. On this 
account, if the spirit is seen to be much diminish- 
ed, it will be adviseable, before the coldest wea- 
ther of the minter comes on, to draw off that 
spirit, and replace it with some in a highly rec- 
tified state. 

To effect this; take off carefully both the c3p 
and base of the larger Thermometer ; and, whe- 
ther to the larger or smaller ones, take the stop- 
per from the mouth of the air vessel; and, with 
a magnet, draw out the index on that side. Let 
clown a slender piece of Bamboo so far intc the 
tube as almost to touch the mercury. Then in- 
vert the tube, and the spirit will run ofit ; espe- 
ciallyif the Bamboo be a little moved with a ro- 
tatory motion to assist it, if that he foynd IICCCS- 

suy. As soon as the spirit is all out, the instru- 
ment must be returned to its erect position, and-. 
fresh spirit poured in, which will run down freely 
by the side of the Bamboo to its praper place. 
Care must be taken not to let the Bamboo touch 
the mercury; because if it did, that would run 
out with the spirit. After this, rcplacc thc in- 
dex, and close the tube as bcfurc. 

2dly. It sometimes happens, cspccially in a 
Thermometer newly made, that a thin film will 
be secn on the surfxe of th:: dxending mercury ; 

which 
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which when that comes to the farthest point of 
its descent, will be left against the side of the 
tube, $while the mercury will rise bright and clear 
above it. This, if it happens on that side which 
descends by increase of heat, is easily removed aut 
of the common range of observation, by bringing 
it down below that range, and leaving it there. 
Jf it be on the other side, open the air-vessel and 
take out that index as before ; then, putting' down 
the Bamboo into the mercury till it reaches the 
film, by giving to the Bamboo a retatory motion, 
the film will be disengaged from the sides of the 
glass, and may be drawn up into the spirit ; 
which, becoming foul thereby, must then be taken 
out and replaced by fresh spirit, as was directed 
above. 

3dly. If some of the mercury should at any time 
pass the index j let as much of it as possible re- 
pass by sinking that surface ; and endeavour ta 
remove what remains, by gently jarring the Ther- 
mometer on the knee, holding it in a vertical 
position. That will probably remove some: but 
if it should not remove all, place the lhemomc- 
ter nearly in a horizontal position; and, with a 
very powerful mape t ,  force the index higher up. 
This will release some more j and tiien, by mov- 
ing thc indcs briskly, the rest Qf the mercury may 

bc 
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be broken into small particles, and thereupon alI 
repass. 

Yet is this but a temporary expedient; for, 
while the Same causes continue to operate, t he  
same e5ects will be apt to ensue. It wil’l there- 
fore be best to try to remove the cause. 

If an index is ever obstructed in rising, it must 
tither be, That there is m e  contraction in the 
tube at that place j or, That the force of .the 
spring is too great ; or, That something being got 
into the spkit, and sink;lg down, is wedged in 
between the bugles and the thermometer tube. 

If it proceeds from the first cause, it is remedi- 
less; the glas must be broken. 

If, ftom the force of the spring, the index must 
be taken out and altered, 

Ifany small particle sf dirt has got into the 
spirit : that cannot well happen, but on that side 
where the indcx can easily 6e taken out and cleam 
ed ; which it should be, otherwise the instrument 
cannot long be kept in order. 

4thly. If at any time it should be found ceces- 
sary to take out all the mercury : first opening the 

air- 
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air-vwel, take out the index; then passing a %am- 
boo down to the bottom of the tube, heat the in- 
strument till all the mercury comes to that side. 
Invert it, and the mercury wiII directIy r u ~  out : 
but its place must immediately be supplied with 
spirit, by returning the instrument, before it .be 
at all cooled ; otherwise the air will pass into the 
other side, a d  require a farther heating of the 
instrument td remove it. The mercury may after- 
wards be introduced as it was at the first. 

Sthly. If’thi Therifiometer should by any ac-, 
cident bk h k e n ,  either at the upper or lower 
curvature, it may be repaired, by putting in a 
short picce of tube, for as long as the body re- 
mains entire and fill&, and the side tubes &*: 
unbroken, they may be put together again,’a# 
&e same scale w i U  remain without error. 


