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PREFACE.

THE difadvantages to which pofthumous publications are liable, give them
a peculiar claim to indulgence.

As the

hand that fketched them can no more be
raifed to fupply their deficiencies, or to re
trench their excels, their merit, however
{haded by imperfection, will plead in miti
gation of critical feverity.

When a com-

pontion is left not complete for the prefs,
it mult want many little touches and addi
tions, which the tafte or (kill of the original
writer would have fuggefted 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 fubjecl it difcuffes, 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 following publication.

For

though no reafonable doubt can be enter
tained of its favourable reception, as a va
luable acquifition to the fcience of Meteoro
logy, which can be advanced only by the
aid of well authenticated data ; yet it is
certain, that had Mr. Six lived to fuperintend its printing, it would have received
many additions, and have been a more ac
curate performance than the publifher's in
experience allows him to hope it will now
be found.

That it is lefs perfect than it

might have been, was not deemed a fufficient caufe for withholding it from the
public.

That it appears fo correct as it is,

muft be attributed to the revifal of a Re
verend Friend of the Author, whofe zeal
and fuccefs in the promotion of philofophical enquiries, the learned world has long
fince acknowledged and approved.

With refpeft to the writer of the papers
here collected, it may juftly be affirmed
that he was a man of ftrong natural abili
ties, which he cultivated with great care,
and

\
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and diftinguifhed himfelf through life by
his integrity, fimplicity, and candour.

En

dued with a capacity for exploring the
depths of fcience, he had an underftanding
above the pride and parade of it.

Though

naturally unobtrufive and retired, he was
not unknown as a philofopher ; and his cor
respondence on fcientific fubjefts procured
him the honour of being elecled a member
of our Royal Society, and of that eftabliflied at Philadelphia.

He watched and well

knew the ftate and progrefs of modern difcoveries ' in every branch of knowledge ;
and his talents were particularly and ufefully employed in the ftudy of Aftronomy,
the Mathematics, and Natural Philofophy
in general.

Of Painting, as a fcience, few

men underftood more correclly the prin
ciples and theory -r and his own perform
ances afford no mean proof of his elegant
tafte, and proficiency in the art.
His memory will long be dear to thofe
who affociated with him in his private hour,
the witnefles of his moral and religious
conduct.

It is this part of his character
that
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that conftitutes his higheft praife ; a cha
racter in which unaffected piety, benevo
lence without orientation, and an engag
ing fuavity

of manners

confpicuous.

were eminently

So. far was he from the fcep-

ticifm, which the courtefy of the age is
too apt to fuppofe the refult of deep think
ing, that he was earnefl in exerting the in
fluence, which fuperior talents always com
mand, in maintaining the neceflity, truth
and certainty of revelation. In whatever he
was employed, his object was to be ferviceable.

From the moll abftrufe fpeculations

he could turn with fatisfaclion to the focial
duties of life, to the difcharge of thofe numberlefs good offices, which neighbourhood
invites and humanity demands.

In fuch

exercifes his activity was infuperable : and
his

folicitous

patronage

of the Sunday

School, founded in his parifh in Canterbury,
to the fuperintendance of which he devoted
a very confiderable portion of his time and
attention, will be a lafting monument of
his piety, beneficence, and patriotifm.
Happy
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Happy it was that his mind was open to
the confolations of religion, when afflifted
with the lofs of an only fon, whofe virtues
and accomplishments anfwered his fondeft
wifhes ; 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 fupported that
moll fevere infliction ;

nor can the merit

of his amiable fon derive any additional
luftre from the attempt of a feeble, and it
may be faid, a partial encomiaft.

Suffice

it to refer to a flight account of him given
in the * Obituary of the Gentleman's Mazine
» " At Rome, James Six.M. A. Fellow of Trinity College, Cam
bridge. He was a young man of great natural abilities, and of cxtenfive learning. He underflood the Hebrew, Greek, Latin, Italian,
French, and German languages, and in mod, if not all of them, had
a well-grounded and accurate knowledge : of his claflical and mathe
matical learning, the feveral prizes which he obtained during the courfe
of his academical fludies, are an eminent and honourable proof. Two
beautiful odes (vol. LIV. p 285, 286,) tranflated from the German,
give no mean idea of his poetical powers ; and, as a draughtfman, hit
deligns were executed with wonderful neatnefs and elegance. To
thefe accompliihments, which adorn fociety, he added a fwcetnefs of
manners, and a benevolence of difpofuion, that endeared him to his
family and friends, and gained him, wherefoever he went, attention
and cftccin. Me was buried at Rome [fee p. 72], in a place appro
priated
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gazine for January, 1787, which notices in
refpectful terras both thefe truly excellent
characters.
" Animae, quales neque candidiores
Terra tulit, neque queis me fit devinflior
alter."
Should the following fheets prove an ac
ceptable prefent to the public, it will par
don the prefumption of-the Editor in laying
before it thefe fhort and imperfect memopriated to the burial of Proteflants, and the funeral fervice was read
over him by the Rev. Mr. Walelby, chaplain to his Royal Highncfs
the Duke of Gloucefler : the mournful ceremony was attended by Sir
Cecil Bilhop, Sir Thomas Stapleton, Mr. Long, and mod of the
F.nglifh gentlemen then refident at Rome. He was the fon of Mr.
James Six, of Canterbury, to whofe ingenious obfetvations and
experiments in natural philofophy, &c. the public have been much,
indebted." [Gentleman's Mag.for January, 1787. J
As a taflc for German literature Teems to be advancing in this
country, it may not be improper to add to this account, that, afhort time before his death, he completed a tranflation of the Obcron
of Mr. Wieland, a poetical romance, in 14 Books. But fome
doubts of the reception which the tranflation of a German poem
mi«ht meet with in England, which were increafed by the opinion of
Mr. Wieland himfelf (who nevenhelefs expieflcd in handfome
terms hi* approbation of fome patts of it which he had fecn) as they
unfirrd his rclolution to print it, have likewifc fince his death pievented its publication.
iials.
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xi

rials of an eminently worthy perfon, and
indulge him in the melancholy fatisfafclion
of thus exhibiting his regard to the me
mory of the Author, by whofe death fociety has loft a valuable member, and himfelf a Friend, a Father.*
Maidfione, May, I,
1794.
* Mr. Six died Augufl

1793, *gcd 6».
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INTRODUCTION.

THERE Is not, perhaps, any philosophical
instrument more generally in use than the
Thermometer. The construction and improve*
ment of it has engaged the attention of Men of the
most distinguished abilities.
To render it, however, completely fit for Me-*
teorological observations, to which, from its first
invention, it has been constantly applied, an es
sential property was still wanting, namely, to shew
the greatest and least degrees of Heat in the ab
sence of the observer.
The inconvenience, as well as inaccuracy, at
tending the use of the common mercurial Ther
mometer, is very obvious. For as the height of
• ,
y
the
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the mercury can only be known while the eye i§
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 the
observations will be unavoidable.
To remedy this defect several attempts have
been made. In 1689, the celebrated John Ber
noulli proposed to Mr. Leibnitz the pJan
of a Thermometer* to shew the greatest and least
heights of the mercury in the observer's absence.
Mr. Kraft in 1740, without knowing of Mr.
Bernoulli's invention, constructed one nearly
like it, which he also adapted to the purpose of
shewing the temperature of the Sea. In 1757 and
1758, Lord Charles Cavendish presented
the Royal Society with designs of a Thermometer
for the same purposes, but on a different plan.f
Mr. Kean Fitzgerald also in 1760, invented
one to shew the extreme variation of temperature
of the Air in the observer's absence.§
The ingenuity which appears in the contri
vance of these several instruments may be seen
in the descriptions that have been published ; and
* Diss- sur la Comparison des Thcim. par Van Swinden, p.
*53—255r Phil- Trans- vol. L. p. 50T.
S Phil. Trans- vol. LI. p. 820-.
fo
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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 publish this still more particular description
of them both, with some experiments and re
marks on the general method of making Meteoro
logical o bservations with Thermometers.
In 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. LXXII- p. 80.
b 2
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I.

Description of a Thermometer to shew
the extreme variations of tempera
ture in the observer's absence.

PLATE i. Fig. i. a. b. is a tube of thin gla§s
1 6 inches long, and a quarter of an inch in di
ameter : e. d, e.f. g. h. a smaller tube, with the in
ner diameter
joined to the larger at the upper
end b. and after rising about an inch above it,
bent downwards on one side, and from two inches
below the end a. upwards again on the other side,
in the direction c. d.e./.g. k. i. parallel to, and
about half an inch distant from it, but not per
fectly in the same plane. At the end of the small
tube from A. to i. two inches and a half in length,
the inner diameter is enlarged to .§■, and the end is
closed by a brass cap. This glass is filled with
highly rectified spirit of wine, to within an inch
9 3

ar4
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and a half of the end, excepting that part of the
small tube from d. to g. which is filled with mer
cury.
From a view of the instrument in this state it
will evidently appear, that when the spirit in the
large tube, which serves as the body of the Ther-<
mometer, is expanded by Heat, the surface of the
mercury at d. will be pressed down, and conse
quently the surface at g. will rise ; and when it is
condensed by Cold the reverse will happen : so.
that whenever the spirit is either contracted or di
lated by the change of temperature, the mercury,
on one side or the other, will always rise. The
seals, which is *Farhenheit's, beginning with
o, on the top of that side where the mercury rises
by increase of Cold, has the degrees numbered
downwards; while that on the opposite side,
where the mercury rises by increase of heat, has
the degrees numbered upwards.
The divisions of the scale are ascertained by
placing the Thermometer, with a standard mer-.
curial one, in a large vessel of water, heated or
* Because this scale is generally used in England. Signor Antonio
Mattcucci, who has made fome of thefe Thermometers in Italy, from
one of mine, which I sent to Mr. Giinfield of Sienna in Tuscany, ad
ded to the scale of Farhenheit, that of Reaumur, which latter is mostly
j» use 0:1 the Continent.
cooled
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cooled to whatever degree may be found neces
sary, and marking them 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
when it rises, carries this index up with it, which
not returning with the mercury when 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 render it more distinct- a. is a very small glass
tube -| of an inch long, hermetically sealed at each
end, inclosing a piece of fine steel wire, nearly of
the same length. The ends b. c. are covered with
small pieces 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 a spring of glass
to the fineness of a hair, about an inch and a half
in length, which being set a little obliquely,
presses against the inner surface of the tube, and
prevents the index from following the mercury
9 4
when
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when it descends, or being moved by the spirit
passing up and down, or by any sudden motion
given to the instrument by the hand or otherwise.
But at the same time the pressure is so adjusted
as to permit the index to be readily carried up
by the surface of the rising mercury, and downT
ward whenever the instrument is to be rectified
for observation.
Fig. 2. represents the Thermometer 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 the body of the Ther
mometer is, in a great measure insulated.
The
cap a. and the base b. are made to fix on with
screws, and only cover the end and turnings of
the small tube.
Small pieces are fixed to the
back pf the frame, to prevent the whole of it
from coming jn contact with the wall, or place
against which it is suspended ; and the lower end
of the frame should be so confined when it hangs
without doors, as to prevent its being shaken
by violent winds.
When the Thermometer is to be used for ob
servation a small magnet is to be applied to
that part of the tube against which the indexes
rest, by which they may be immediately brought
down
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down to the surface of the mercury, and the ln-i
strument thereby rectified. The indexes, though
of a tender and delicate nature, are not, \Aen
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.
Pi. 2. Fig. i. is a Thermometer of the same
form, but of smaller dimensions ; the body of it
being only ten inches in length, and |° in diam
eter ; and the neck or smaller part ^g. At two in
ches and a half from the end the diameter is en
larged to a quarter of an inch. This small tube
is carried round the body in the same plane at t% of
an inch from it, and closed at the end with a brass
cap. The frame of this smaller size is not con
vex in the middle, as the large ones; but per
fectly flat, with the scale grayen upon it, and so
far pierced and open in the middle that the
whole glass is in a great measure insulated :
neither is it covered at the ends like the other, but
left entirely open. This instrument, when used
for observation, should be kept about tv/o inches
from the wall, or place, against which it is sused.
"'
PI. 2.

PI. 2. Fig. 2. is a Thermometer of the same
kind, with this difference only, that the body is
bufcsix 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. pi. 2. may be placed to within 10 or 20
degrees of the horizon, I have found it rather
more convenient for most experiments on or nearthe ground, than this.*
These three instruments are 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 is drawn without a fiame, that the disposition
of the tubes may be more distinctly seen. The fiame may be >na.d$
as b*>: suits the expeiiments for which it is intended.
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down to the surface of the mercury, and the ln-»
strument thereby rectified. The indexes, though
of a tender and delicate nature, are not, vAen
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.
Pi. 2. Fig. i. is a Thermometer of the same
form, but of smaller dimensions ; the body of it
being only ten inches in length, and f§ in diam
eter ; and the neck or smaller part fy. At two in
ches and a half from the end the diameter is en
larged to a quarter of an inch. This small tube
is carried round the body in the same plane at -re of
an inch from it, and closed at the end with a brass
cap. The frame of this smaller size is not con
vex in the middle, as the large ones; but per
fectly flat, with the scale graven upon it, and so
far pierced and open in the middle that the
whole glass is in a great measure insulated :
neither is it covered at the ends like the other, but
left entirely open. This instrument, when used
for observation, should be kept about two inches
from the wall, or place, against which it is sus

Pl. 2.
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sentially necessary: for by these means the column
of mercury from d. to g. like an inverted syphon,
has its two ends or surfaces turned upwards, ort
which the indexes alternately ascend. The cur^
vature from e. to f. 5s also necessary for the co-i
lumn of mercury on each side to rest upon, and
to prevent it from shifting its place in the spirits,
which without it would certainly happen. For if
too great a degree of heat should cause all the
mercury on the side c. d. e. entirely to pass
through the curvature cf. into the side/, g. k.
the whole column then in a vertical position,
without any other support than the spirit, would
gradually sink down to the curvature ; and the
spirit passing between the mercury and the glass,
would rise above it : but as long as the mercury
remains in the curvature t.j. though all the rest
of the column should be on one side, and even
remain so for a considerable time, the mercury
would, nevertheless, retain its place in the spirit.
That part of the spirit in the small tube from
g. to h. has no effect on the motion of the mercu-.
ry ; and is placed there only to diminish the fric
tion of the index spring, immersed in it, and
render it more equal to that on the other side :
but care should be taken to leave a sufficient
quantity of air at the end i. for whenever the spiT
PI
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rit in the body of the instrument is contracted by
cold, the rising of the mercury, as well as the spi
rit, in the side f, d. e. 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 i. therefore, is closed by
means of a brass cap to open occasionally ; and
the elasticity of the inclosed air is found sufficient
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 the most com
modious manner, whenever the magnet is ap
plied; oor is it liable to be corroded, being in
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 immersed in the spirit.
The
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The bugles, or small pieces of black glass at
each end, being of a larger diameter than the bo
dy of the index, are necessary for keeping it pa
rallel to the sides of the Thermometrical tube j
and their dark colour and sharp edge- shew very
distinctly on the scale, the degree to which it has
been elevated. The small knobs at each end,
formed by sealing the glass hermetically, have
likewise their particular use. That at the lower
end not only keeps the bugle fast on the tube j
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 fnereby prevented from
passing by it. The little knob at the extremity
of the spring, by its spherical and smooth surface,
contributes to diminish the friction, as well as
render it more equal.

CHAP-
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CHAP. III.

EXAMINATION OF SOME OBJECTIONS WHICH
HAVE BEEN MADE TO THE CONSTRUCTION
OF THIS THERMOMETER

AND first, because it contains mercury and
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, and will not, in eve
ry part of it, agree with Thermometers made
with mercury, or one fluid only. But this ob
jection wiH appear groundless, if we attend to
the method by which the scale is made. It has
been already observed, that for this purpose, the
-instrument is wholly immersed in a large vessel of
* The quantity of mercury bears a very fmall proportion to that of
the »pirif.
water
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water, with a standard mercurial one, by which
every fifth degree is taken. So that however dif
ferently the fluids or solid part*, of which the
Thermometer is composed, 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 determining
the Scale mutually combine always to give the
mercury the same motion. f
On presenting one of these Thermometers to
the Royal Society, they did mc the honour to pub
lish my account of it in their Transactions. The
Critical Reviewers conclude their remarks on that
paper, by saying " the machine is too complica" ted, and the resistance of the index, on one hand,
"and the necessary bulk of the spirits on the
" other, seem to us very material objections." I
agree that simplicity is an excellence in the con
struction of any instrument; 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 com
modious, accurate, and elegant manner.
.f If this objection had any weight, it would apply more properly to
the glass which contains the fluids, and which is common to all Ther
mometers; for the expansion of the glass by heat, directly counter
acts the HHDg of the fluids.
That

t
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That a sinsle instrument which indicates the e»
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 neither, 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 of the index is meant, probably, ei
ther that the rising of the mercury will be, in some
measure, obstructed, or retarded by it ; 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
ought to be.
But this can never happen ; be
cause the indexes, independent of the spring, are
so fitted as to pass freely up and down in the spi
rit ; consequently sufficient space can never be
wanting' for the mercury to pass by them, if they
did not readily Heat on its surface. The pressure
of the spring, in this case, acts as a small addition
to the weight of the index, and is therefore ad
justed accordingly ; but w 11 no more obstruct the
rising of the 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
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motion of the fluid to be at all retarded by any fc*
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, either to accelerate or retard its mo
tion.
Lastly, the necessary bulk of the spirits seems to
imply that some inconvenience must arise from the
body of the Thermometer and quantity of spirits
being too large ; and since large compact bodies
are not so soon affected by change of heat and
cold -as small ones, it is therefore concluded that
this Thermometer will not so readily shew any
change of temperature as it. ought to do.
Now it is well known that the readiness with
which bodies are liable to be affected by heat and
cold, depends more on their relative surface, than
their 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 small' 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 diam
eter ;

t
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eter ; whereby 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-r*
That the machine is not too> complicated, since it
commodiously and accurately accomplishes the
purposes, for which it was constructed.
That, the indexes being properly made, will be
teadily carried up on the surface 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 spirits, 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 4
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CHAP. IV.

THE MANNER OF USING THIS THERMOMETER;
WITH REMARKS ON THE GENERAL ME
THOD OF MAKING OBSERVATIONS ON
THE TEMPERATURE OF THE AIR WITH
THERMOMETERS.

THE better to form a judgment in this mat
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, so is their temperature varied
accordingly^
Tis
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Tis true the degree of heat at different places
does not exactly correspond with their respective
latitudes ; nor the variation of it uniformly follow
the astronomical motions of the earth. Variety
of inferior causes contribute, in a considerable
degree, to interrupt that regularity. A constant
direction of winds from hotter regions ; the vici
nity of seas and oceans, extensive continents, high
mountains, land more or less cultivated, or co->
vered with wood ; these causes affect the general
temperature of the places where they are found.
The change of winds, or an upper and lower cur
rent blowing in different directions ; the clearness
er cloudiness of the sky ; rain ; evaporation from
the surface of the earth ; 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 great and
sudden changes of temperature in the air, and
prevent that regularity which the annual and diur
nal revolutions of the earth would produce. In
these cases, however, it is often difficult to dis
tinguish the cause from the effect.
Upon the
whole it is evident that a general change of tem
perature, however uncertain with respect to the
precise time and exact degree, must certainly take
place within the course of twenty-four hours ; conC ^
sequcntlv
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sequently the principal object in keeping a
tbermometrical journal, is to note the greatest
and least degrees of heat which happen within
that period.
The general method of keeping these journals
is seen by those which are daily published. They
give for every day the greatest and least heights
of the mercury taken at stated hours ; from the
aggregate of which, either a monthly or annual
mean is usually taken, which is called the monthly
or annual mean temperature of the place. But
from the uncertain combination 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 exactly at the
same time, especially the greatest degree of cold,
which is generally taken too late in the day. Such
observations, therefore, by not giving the true ex
tremes, cannot give the true mean.
That journals are generally formed from ob
servations made in this manner, is certainly not
matter of choice, but necessity j for the observer
can never know the height of the mercury in the
common thermometer, except when his eye is,
Hpon it ; and as that cannot be for any considerable
time, it is necessary for him to confine his obser
vations

t
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rations to stated hours, and he must remain totallyunacquainted with any 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, from obser
vations taken at the hours which have been usu
ally chosen for that purpose, I made a course 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, toendea
c 4
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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.
Mr. Kirwan and the celebrated Pere
Cotte have published to this purpose a 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 every latitude, from io° to 8o°. Not
that he gives it as a perfect calculation, to be 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. 510 is 52.4; and by observati
ons, which he has given, from the year 1772 to
1780, made at the house of the Royal Society in
London, lat. 510 32' the mean temperature of
London is 51. 9. or in round numbers 520, near
ly agreeing with his table. But this, I presume,
is stated too high ; for from the year 1 780, to 1 791,
by observations that can fully be depended on, the
mean temperature has been found to be only
50. 61, which is the result of observations taken at
stated hours. And I have reason to believe that
if the true minimum nocturnal height of the mer
cury
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cury were taken into the account, the mean tem
perature of London and its environs would be
found to be nearly three degrees lower. I form
my conjecture from the temperature of Canterbu
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 Thermome
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 temperature at London.

CHAP.
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CHAP. V.

HOW FAR A THERMOMETER IS LIABLE TO BE
AFFECTED, BY BEING PLACED NEAR TO, OR
AT A DISTANCE FROM THE EARTH; OR,
WHAT DIFFERENCE IS FOUND IN THE
TEMPERATURE OF THE AIR AT DIF
FERENT ALTITUDES.

THE information I obtained in this matter,,
was by the following means. I took corres
ponding observations at different stations, from,
the surface of the earth, to an elevation of more
than two hundred feet above it. On making this
experiment, 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 tor the cause of this difference, I
found it to proceed from a refrigeration, which
takes place on the surface of the ground in the even
ing and night, and mere particularly so, when the
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 Phenomenon 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
table.
The Thermometers I made use of 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 diis experiment,
one of them was suspended on the Cathedral
tower,
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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.

[

I7s4
Jan. 10
11
178;
May 9
10
June 1 3
25
July J3
Oct. 5
6

. .

7
8
16
J7
18
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tn the Garden.
at 7 feet.

On the Tower,
at 220 feet.

Night Day

Night Day

DirrmzNCK
or
or
Night. Day

9
5

21
22

*5
12

20
25

6
7

36
36
41
44
40
43
46
41
41
40
40
281
28
29

70
62
67
69
62
67

45
44
49,
5°i
48
52
52
51
47
46
46!

68
61
64
64
58
62
64
56
55
5*
53
51

38f
38|
3«1

54
53

9
8
8
8
8
9
6
10
6
6
6|
10
i°f
9k

'7
21
34

31
47
37
32
42
46

*7i + 1
0
5
1
7
11 + *
2
Hi
+
1
7

3*

43

"\
57i
56
54*
55
53
54
56

1786
Jan. 4 — ,1
-2 3°
Nov. 2 7 39
47
38
Dec. 12 24
6
31
26
27
44
29 27
45
1787
Feb. 6 31
43

J5
-44
31

I
+ 3

5

z
1
3
5
4
5
3,
1
22
3

0

notwith-

£
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Notwithstanding the excess of cold which ap»
pears to have happened on the particular nights, in
serted in this account, when the Weather was per
fectly still and serene ; yet at other times I have
found little difference between the two stations ;
and that little in summer, at the upper one m the
day time, inclined towards excess of heat ; so that
the monthly mean temperature of the two stations
never differed so much as two degrees, and the an
nual mean only o. 44 ; the upper station being on
the whole not half a degree colder than the lower
one. It is however worthy notice, that from the
beginning of March to the end of August, the
monthly mean of the Tower was colder than the
garden, and the 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 oFa
work published at Geneva in 1790, wherein the
author M. A. Pictet, has done me the honour
to mention my experiments.
After speaking of
his own on the temperature of the air at different
heights, he says " Elles ont ete repctee's des-lors
pars un Physicien Anglois M. Six, et les resultats
sont conformed a ceux qu j'avois obtenus." for al
though, as Mr. Pictet truly observes, an account
of his experiments had been published some years
before
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before in a work of Mr. de Luc's, yet I must
confess I remained wholly unacquainted with them
till after most of mine were made.
In respect to the similarity in the result of our
observations, it appears by his account that we
were, in the first instance, both equally surprised
to find the temperature at the upper station, fre
quently warmer than the lower one ; and upon
examination observed this variation to proceed
from a diminution of heat, which takes place on
the surface of the earth, in the night time, under
the same circumstances and disposition of the at
mosphere, at Geneva, as in England ; and that
the range of the Thermometer in clear weather
was greater at the lower station than at the upper
one. Yet in other particulars, as well in the re
sult, as in the manner of making the experiments,
we seem to differ.
Mr. Pictet's observations were made with
mercurial Thermometers, placed at 5, at 50, and
afterwards at 75 feet from the ground. The up
per one was supported in its station by a mast or
pole, of sufficient length, erected on a plain, and
braced to the ground with cords ; to the top of
this mast the Thermometer was drawn up by
means of a cord and pulley, and let down as often
as
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As an 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,f That in all seasons
of the year, when the weather was serene, the
Thermometer 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, def Le Matin, environ deux heures ou deux heures et demie
après le lever du foleil, ces deux Thermomètres font d'accord,
et indiquent une même temperature aux petites ofcillations
près produites par des circonftances accidentelles. A mefure que le foleil félève davantage le Thermomètre à 5 pieds
de terre P échauffe relativement à celui à 75 pieds; et leur
plus grande différence qui a lieu dans le moment le plus chaud
du jour, eft d'environs z degrés de divifion en 80 partie»,
dont le Thermomètre inférieur eft plus élève que le fuperieur.
Le maximum de différence un fois pafTè, les deux Thermomè
tres fe rapprochent, et quelque tems avant le coucher du foleil,
ils f atteignent de niveau, puis ils fe depaffent dans le fens
oppose ; le Thermomètre inférieur fe tient plus bas que le fu
perieur, leur difference augmente rapidement dès que le foleil
eft couché, et va jofqu' à 2 degrés, et quelquefois davantage
vers la fin du crepufcule, Efsais de Pbyfique, par M. A.
Pictet Tome 1. chap. 8. § 135.
* The foie of Reaumur contain. 80 decrees between the boiling
andiiieczing point».
scended
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scended two degrees below it, and sometimes
mofé.* What degree of excess the word davantage
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 5 and 50 feet with Thermometers, both
exposed to the sun, gives the result in the same
words ; and then immediately draws this conclu
sion. tThat m a^ seasons the sum of the heights
of the Thermometer in one station, in the coursé
of "twenty four hours, is equal to the height in the
* The Thermometer at 5 feet in the shade, he says, from nine to
three o'clock, the greatest heat of the day, agreed in its movement
with those at 50 and 75 feet in the sun. The glass, therefore, at $
feet in the shade, did not run so high as tha; in the sun, a: the same
time, by two degrees.
+ Ainsi, d'aprcs ces Expériences, la couche d'Air, distante seule
ment de 5 pieds du terrein, et celle qui en est à 50 pieds, sont à une
même Température durant tout le cours des vingt-quatre heures, dans
les tems uniformément couverts, Ici giand Vents, et les Brouillards
épais; et dans tous les autres cas, en toute saison, la somme de*
hauteurs du Thetmomctre dans l'une duiant les vingt-quatre heures,
est égale à celle de ces hauteurs dans l'autre. D'où il résulte; qu'en
touf, la couche d'air distante du terrein seulement de 5 piedj,
uYprouve pas sensiblement plus de Chaleur, que celle qui en est à 50
pieds.
1
De Luc, Iic'ei sur la Mctjorologie—«Torn. a, p. g6r.

c
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other; that is, the mean temperature in the course
of twenty-four hours was alike in both stations.§
The result of my observations, however, (see the
foregoing table) will not admit of a similar con
clusion. The excess of cold in the night, at the
lower station, is by them much greater than the ex
cess of heat in the day, although they were both in
the shade: and this was commonly 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
found a more general change accompany the an
nual revolutions of the seasons : for the excess of
heat in the day time, which in the summer was
found at the lower station, in the winter dimi
nished almost to nothing, while the excess of cold
in the night rather increased.
Hitherto I have been treating of the difference
of temperature in the air, between 5 and 50 or
75 feet, and between 6 or 9 and 200 feet from
the ground. But the variation is found to be
. \ It should be observed that Mr. Pictet's lower Thermometer, a
few feet from the ground, placed in the shade, stood 2 degrees lower
than that in the sun, and consequently agreed witb that on the top of
the pole in the tun,
more

[

35

1

triore constant and regular, as well as more con
siderable, as we approach nearer to the surface
of the earth. Here the refrigeration almost con
stantly takes place, notwithstanding violent winds,
thick fogs, and cloudy skies ; although at such
times in a proportionally less degree. And I have
never found the glass on the ground, in the night,
warmer, or even so warm as those above it ; ex
cept when rain or snow has continued to fall du
ring the whole night, be the general temperature
of the air either warm or cold ; of, which I have
very rarely observed, when the night, though clear,
has been uncommonly hot, without the least dew
on the surface of the ground. In these very oppo
site and difFerent states, the surface of the ground
seems to have produced similar effects : in the
tone it was exceeding wet, and in the other ex
ceeding dry.
To compare the difference of temperature
which frequently takes place on the ground, with
that at an elevation of 7 and 200 feet above it, the
following observations 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 Tower of Can
terbury Cathedral, in the shade, as before; that at
7 feet elevation, on a post erected for the purpose
92
in
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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 was 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. The grass on the spot where it was laid, be
ing about 6 or 7 inches long, was pressed down
to an angle of about io°; on this the Thermome
ter was laid, being insulated or separated from 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 differ, accor
ding to the surface on which it is produced. On
green turf, where the grass is not an inch long,
the diminution will be less on some nights, by 1, 2
or 3 degrees, than where the grass is longer, and
according as the cold is more or less intense.

[

Cold
In the Night.

179*
oa.
Nov.
Dec.

>8
25
3°
8
9
»3
10
is
18
•4
•J

Gras

M
CL|a

33
11
32
is
22
28
17
64
17
20
>7
m/
8
0
10
29
26

41
21
4°
21
3°
36
24
154
A8
274
26

1792
Jaq.
I2
»3
>4
■9
March
3
6
12
e3 25
Apiil
7 23
8 »7
9 25
10 29
11 28
>3 35
M 41
>5 34
«S '3-

'5
17
12
22
38
34
2,}
34
38
36
40
88
45
49
45
4'

HU
Tow
43
3°
43
29
38
4»
*6
"74
39
32
3°
17
>9
'74
31
39
36
29
37
35
42
43
464
45
5«
52
46
4<
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Heat
In the Day

*/)
PL,0
56
.41
47
47
54
47
34
39
44*.
46
—
31
—
5»
92
55
58
59
6G4
55
7°
76
67
56
60

D3

Vlm
O
h
55
4»4
46
—
51
5«
37
—
38
44
44
—
31
.—
—1
—
49
35
53
57
57
Cs
61
67
—
64
67
56

Difference of Dirt, ot
Heat in
Cold
In the Night. the Day
3CO.S

*s
Pon Tow
1°
Si
1
lo
8
24
10 9 '9
11
10
1
9 8 17
8 8 16
3
8 5 13 + 4
2
9 + 3
7
2 11
9
22
1 1 11
1
°4
74 44 12
2
9 4 13
8
9
12
IS
'
§8
12J
9
8
11
11
11
10
10
8
11
10 1

0
2
54
9
1
2
4
3
4
4
7
64
7
6
3
1
0

10
11
0
"74
21
IO
2
IO
1 6* + 3
12
2
1
IB
15
2
18
44
'74 + 6
'7
3
16
11
3
12
10
4
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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 the night, is
greater than between 7 feet and 200 ; except in
one instance, when it was equal : and at the same
time the excess of heat in the day, at 7 . feet, above
that at 200 was inconsiderable. And further to
shew how much the diminution of heat in the
night increases as we approach nearer to the- earth,
I have added another set of observations, wjth
Thermometers placed one on the ground, one
6 inches only above it, and the third at 7 feet.
1

, 1793
Jan.
4
7
l9
20
22
26
27
29
Feb.
4
5
()
8
20
21

Wight.

Difference.

Ground 6 Inch. 7 Feet,

Ground Ground[6 Inch.
and
and
and
6 Inch. 7 Feet 7 Feet

12
12%
II
IS
l8
Ma
pi
28
22
i8±
22
24i
«7*
20

18
l7
22'}
22
i8|
32
2 6|
23s
27
28
2.3
'2.5

2'1
23
23
27
26
27
24
34
32
,29
3°?
31
26|
3°

si ™i
si
12
6
4i 9
8
4
8
"3i
5
«<*
6
4
10
4§
1 of
5
5
3f 4
54 9
5 1 10
r—

I

*

5
5
6
4i
4
5i
Si
z
Si
Si
3i
3
2±
s

[

1792
June 10
12
18
22
23
z5
26
. 27
28
29
30
July
1
2
3
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Night

Difference.

Ground 6 Inch. 7 Feet

Ground Ground 6 Inch.
and
and
and
6 Inch. 7 Feet 7 Feet

34f 39
38 42
42
5°
40
3^ 39
41
46
41
48
47i 52
46
51
.56
54
54 57
45
5°
40I 48
39 47

41
43
51
41
41
46
5°
54
52
57
57
5°48

4i
4
3
6

6f
5
4

5
7
4i
5,
si
3
5
8
7i

5
9
5
6
4k
3
5
8
8

2
I
I
I
2
O
2
°*
I
I
O
O
O
oS

The nocturnal difference in this Table between the ground and
7 feet being rather less than the first, is partly owing to the latter ob
servations being all taken in summer, although the weather was then
remarkably cold for the season; and partly because the first are selected
as the most considerable which happened in a, longer period. of time,
while these arc included in a shorter.
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From the whole of these experiments, an idea
may be formed, not only of the diurnal, hut also
of the annual variation of temperature in the air
at different altitudes, from the surface of the
ground, to within the compass of these inquiries.
This information may be useful, not only in direc
ting us how to placeThermorneters for making ob
servations ; but may also tend to elucidate some
points of natural Philosophy, and to rectify some
errors, which have inadvertently been introduced
into it. An instance of this, if I mistake not, oc
curs in Jefferson's voles on the state of Virginia,
where the author says, "The access of frost in the
Autumn, and its recess in the Spring, do not seem to de
pend merely on the degree of cold ; much less 011 the air's
being at the freezing point. Whitefrosts arefrequent
when the Thermometer 'is at 47 °, have killed young
plants of Indian corn at 48° and have been known at
540. Black frosts and even ice, have been produced
fit 38°^-, which is 6j above the freezing point."
I shall here observe, from Dr. Blag den's ex
periments, that, under certain circumstances, wa
ter may be cooled several degrees below the free
zing point, before congelation takes place ; but it
never freezes in a less degree, than about the free
zing point of the Thermometer.

That
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That white frosts should be seen on the ground
when the Thermometer stood at 540, is certainly,
at first sight, a surprising phenomenon ; but I
flatter myself that, by the help of my Thermo
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 seven, or between seven and eight o'clock
in the morning, I have seen the mercury in a
Thermometer at 7 and 9 feet from the ground
stand ii° higher than what the index of the same
instrument marked as the greatest cold of the
night : while the index of another at 1 inch from
the ground, pointed still 1 1 0 below that at 7
feet.
So that at seven and eight o'clock the
mercury in a Thermometer at 7 feet from the
ground, stood 220 higher than the greatest cold
pf 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 440, when the noc
turnal cold near the ground had been below
freezing; and I have seen it at 380, when the
index of the Thermometer near the ground mark
ed for the cold of the night 270, or 50 colder than
is sufficient to produce, in one night, ice of a con
siderable thickness.
This
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This author's mistake certainly arises from riot
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 other circumstances must be coin-'
lined with the cold to producefrost, is evidentJrom this
also, that on the higher farts of maintains, where it is
absolutely colder than in the plains on which they stand,
frosts do not appear so early by a considerable space of
time in autumn, and go off sooner in the spring, than in
the plains. I have known frosts so severe as to kill the
hiccory trees round about Monticello, and yet not injure
the tender fruit blossoms, then in bloom on Ihe lop, and
higher parts of the mountain."
Here again the author's ideas respecting the
cause of these phenomena, are erroneous as before,
from not knowing, or not considering the effect
of the nocturnal refrigeration on the ground. 'Tis
true, on a hill of moderate height, the air in the
day time is colder than on the plains, and even
the mean temperature in the course of twentyfour hours is likewise so: yet the range of the
Thermometer will be less, and particularly the
nocturnal
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nocturnal cold, which produces the sharp frost so
injurious to vegetables.
This is principally
owing to the much smaller quantity of dew which
is 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 mountains,
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 that, be
cause in the night, it is really warmer; which has
been proved by thermometrical observations,when
the frost in the plains, and its absence on the hills
have exactly agreed with the temperature marked
by the Thermometer : and Mr. J. had he made
corresponding observations at the different stations,
with Thermometers placed near the ground, and
examined them at proper times, 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.
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CHAP. VI.

HOW BODIES THAT ARE OF A DIFFERENT TEM
PERATURE FROM THE AIR, AND WHICH MAY
HAPPEN TO BE NEAR A THERMOMETER, SUS
PENDED AT A DISTANCE FROM THE EARTH,
ARE LIKELY TO AFFECT IT: WITH SOME
EXPERIMENTS TO DETERMINE MORE AC
CURATELY THE ANNUAL MEAN TEMPE-j
RATURE OF DIFFERENT PLACES,

IT is obvious that walls or buildings heated by
fire, or other causes from within, or the sun's
rays from without, must sensibly affect a Thermo
meter suspended against them.
This circum
stance is therefore carefully to be avoided ; espe
cially as such large bodies retain the temperature
they have once acquired, a considerable time af
ter that of the surrounding air is changed. It is
best in all cases not to let the Thermometer frame
come in -contact with the wall, by the space of an
inch
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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 all
others, an open, shady, northern exposure. Tis
true diaries are sometimes kept with Thermome
ters placed within doors, in some part of a build
ing, where the temperature is supposed to be
most equal : but as the temperature within differ
ent buildings depends on so great a variety of lo
cal circumstances, I must confess I think observa
tions made in that manner are not so proper to
shew the general temperature of the air, nor so
fit to be compared with those taken at other
places.
But before I proceed farther, it may be proper"
to consider the method of calculating what is cal
led the mean temperature of the air, by thermometrical observations.
The general practice I
believe is from the aggregate of the diurnal to
take the monthly mean, and from the aggregate
of the monthly to take the annual mean : but the
diurnal mean, from which both the others are de
duced, is not, like them, taken from the aggregate
of several intermediate observations, in the course
of twenty-four hours ; but from the two extremes,
the greatest and least number only of degrees with
in that period. A question may hence arise, whe
ther

i
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ther the mean number taken from 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 same, as if it had been ta
ken from the aggregate of a certain number of
intermediate observations, made (we will suppose)
at every hour within that period.* It is certain
that the two extremes of the diurnal temperature
within the month, will not give the same monthly
mean, nor the two extremes of the monthly tem
perature within the year, the same annual mean,
as if deduced from the several intermediate obser
vations. The question therefore respecting the
calculation of the diurnal mean from the two ex
treme numbers, can be determined by experiment
only.f
The most convenient method I could devise
of obtaining information in this matter, was by
placing a Thermometer so as to be slowly, but rej
gularly affected by change of temperature : the
motion of this glass was consequently regulated
• On this principle, I presume, obfervations are taken with Ther
mometers placed within doors.
+ The heat does not increafe and diminish, in rtfpcct to time, in
exact arithmetical progreffion.
as
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fis well by duration as by the degree of heat.J
For this purpose I had one of my Thermometers
inclosed in a block of Fir, so as to be closely co
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
mometer, though sensibly affected by the diurnal
variation, had nevertheless its range considerably
diminished ; and when the variation by the glass in
the open air was greatest, the indexes in this d,id
not reach either of the extremes by 6 or 7 de
grees.
On comparing the mean of the diurnal
observations by the inclosed Thermometer, with
those taken in the open air, I found them sometimes
exactly agree, at other times differ a halfor a whole
degree, inclining first one way, and then the other,
according as the weather was in general inclined
to vary towards heat or cold : but on comparing
observations made in this manner, both in winter
and summer, I found upon the whole a difference
of one degree only, which in this case may be
considered as nothing.
Another experiment of this kind, relating to
the annual mean temperature, I made in the foU
+ And here it Teems neccflary to know how long the temperature
continues a: any certain degree.
lowing
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lowing rrianncr. In a spot of ground, almost
constantly 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 affect it, 1
fixed it there. This brought the middle of the
glass two feet below the surface of the ground.
Besides a plug of wood made closely to fill the1
upper end of the tube, about seven inches long, a
box 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 as to affect the mean diurnal tempera
ture of the open air for a continuance, the mer
cury in the inclosed glass remained motionless ;
and in cases of continuance, after a considerable
change in the temperature of the air, it hardly
ever followed the change faster than one degree
per day.
With Thermometers placed in thfs manner, I
kept a regular journal for the space of two years ;
and the result was in 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
atmosphere,
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atmosphere, and in a great measure correspond
ing with its own annual motion : for after the
month of March, when the sun gets above the
equator, I found the monthly mean of the air
greater by a degree or two, than that of the earth j
and after the month of September, when the sun
is below it, the heat of the earth was as much
greater than that of the air. But notwithstanding
this difference in the monthly, on casting up the
annual mean of the air, and comparing it with
that in the ground, it appeared that in the year
1790 there was no difference at all, and in 1789
no more than ov.oz; so remarkably did the
mean temperature taken in the ground agree with
that taken in the air, although the stations of the
two Thermometers were so very different.
By the result of these experiments the truth of1
the annual mean temperature of Canterbury, as
before given, is farther confirmed; the mean tern-1
perature of the ground agreeing with it. But had
the former been taken with other Thermometers,
and in the usual manner, there would have been
a difference of 3 or 4 degrees.
From the experiments made with the Thermo
meter in the ground so nearly agreeing with those
made with that inclosed in the case of wood, and
a
both
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both together agreeing with those made in the
open air, we may conclude, that although a small
irregularity will sometimes happen in 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
extremes of the diurnal variation. It is likewise
observable 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 Thermometers 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 necessary 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.
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CHAP. VII.

SOME EXPERIMENTS TO DETERMINE THE
EFFECT OF PLACING A THERMOMETER
IN THE SUN, OR IN THE SHADE.

THE heat which is produced by the sun's1
rays on different bodies varies considerably
according to their size ajid the figure of their sur-*
face, as well 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 mote occult, may ope-*
rate in this case, is not the subject of my present
inquiry : but this is certain, that all dense bodies;
especially those of the metallic kind, arc greatly
disposed to receive and retain the heat of the sun's
rays ; and the more so if their surface be not po
lished, as they are then less capable of throwing
them off by reflection. . The calorific power of the
E 2
sun's
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sun's rays is almost imperceptible on such bodieJ
as being extremely rarefied, as well as transparent,**
freely admit tbeir passing through them. When
they fall obliquely on the Surface of bodies, espe
cially such as are highly polished, 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
It is to our present purpose to observe that the
bulb of a 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 ; which has induced an eminent
writer to conclude that the rays of the sun do not
sensibly heat the insulated bulb of a mercurial
Thermometer.
To satisfy myself in this particular, on the 1 6th
of July 1793, I made the following experiment.
I suspended two mercurial Thermometers, in an
open pasture, 7 feet from the ground ; their bulbs
and great part of their stems were perfectly insu
lated, and not at all skreened from the direct rays
of the sun, or affected by any reflection of heat
from other bodies. They exactly agreed with each
ether in their scales, and in their movement. At
12 o'clock
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12 o'clock these glasses, the sun shining full upon
them, stood at 89
I skreened one of them
from the sun, by placing before it a slip of deal;
one inch broad, and halfan inch thick. In about
four minutes time it had fallen four degrees, and
stood at 86°|-, whilst the other, which remained
unshaded, had risen half a degree, and stood at
900. In this state they both remained some time
stationary. I then removed the shade to the other
glass, which stood in the sun at 900. and letting it
remain as before, about 4 minutes, I saw this like
wise had sunk, and stood at 86° ; whilst the first
glass, from which the shade had been removed,
had now risen to 900. I first made the experi
ment placing the deal shade at five inches from
the Thermometer ; I afterwards repeated it at 12
inches distance, and the mercury sunk just the
same as before. It is a circumstance worthy of
note, that the wind blew briskly all the time this
experiment was making,
When the general temperature of the air was
about 8o°, I have found the glass in the sun to dif
fer from that in shade about four degrees ; if the
temperature was 700. the difference was three de
grees, Jf 6o°rtwQ degrees.or nearly so; for it varied
a little according as the air was more or less loaded
with vapour. I have for a month together kept
E 3
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half a dozen Thermometers constantly exposed*
to the sun, and as many shaded, in the manner
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 the other ; which agrees with the result of
of my experiment, where the difference was from
2 to 4 degrees of Farhenheit.

4

CHAP.

[

55

1

CHAP. VIII.

DESCRIPTION OF A THERMOMETER FOR
TAKING THE TEMPERATURE OF THE
SEA, OR WATER AT GREAT DEPTHS.

BEFORE I describe this Thermometer it may
be proper to give a brief account of the dif
ferent methods that have been already made use
of for the same purpose.
The best authenticated experiments of the kind
that I have met with, are those made by Captain
Douglas at sea in 1769. By 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 1773. And those
by Mr. de Saussure in the lake of Geneva in
1779.
Captain

C

56

]

Captain Douglas made use of a tin cylinder
containing a large quart, water tight, with a Ther-.
mometer fixed in it ; 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 first filling it
with water. It sunk 260 fathom in 3^ minute?
and it was hauled up in 13-j.
In Lord Mulgrave's voyage, a fottle properly
prepared by Dr. Irving, for bringing up water
from the bottom without changing its tempera
ture, was let down, fastened to the line about two
fathom from the lead. A Thermometer was plunged
into the water it contained 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 a leather purse, and the whole inclosed in a
well pitched canvass bag, firmly 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 valve leather, with half a dozen slips of
bladder
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bladder were strung on the cord, which when
pulled, effectually corked the bottle in the inside.
A Thermometer by Lord Cavendish, con
structed to shew the temperature of the water
at the bottom of the sea, was also let down ; but
the result of the observations taken by the two
different methods not perfectly agreeing, rendered
both in some measure doubtful.
The Thermometer made use of by Mr. Forster was of Farhenheit's construction, made by
Ramsden, and furnished with an ivory scale. It
was on these occasions put into a cylindrical case,
which had at each end a valve, admitting the
water as long as the instrument was going down,
and shutting when it was hauling up again.
Mr. 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 j but fixed on the following as the most
likely means of accomplishing his purpose with
accuracy. He inclosed a common Thermometer
in a case of wood three inches thick, and also
wrapped 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, wl'ch differed from it
only 10 degrees. The Thermometer thus inclosed
was left in the deepest part of the Lake of Geneva
fourteen hours, and then drawn up in the 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 iron. 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 Sacssure were
made with an accuracy, which the advantage of
greater leisure had given him, and are undoubt
edly correct ; but the length of time required by
this method, tor making a single observation,
would be too considerable to be generally prac
tised at sea.
This ingenious writer, in consequence of his
own experience, as well as his knowledge of what
had been already done, concludes his account by
saying, " Nous repeterons ces .experiences dans
d'autrcs lieux &: a differentcs profqndeurs ; nous
pensons meme aller les tenter dans la mer ; car
celles que Ton a fait jusqu' a ce jour, sont absolument imparfaites." Now, if this be the case, the in
accuracy of the experiments must have arisen prin
cipally
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cipally from the defects of the instruments mad«
use of on these occasions. If, therefore, 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 following was
constructed.
PI. 3,%. 1, a b, is a glass tube, nine inches long;
the diameter of the bore -§, the glass iV of an inch
thick ; cdej g hi, a smaller tube, the diameter
of which is varied in the following proportions.
From c to d
from d to e
from e to h ts, from
h to i \ 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 ef, and up again on the other side, in the di
rection £ hi, in a plane with the center of the
large tube, and at the distance of -g- 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 small tube, which is filled
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.
#
When
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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 h i and
C d. 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 is required ; and
whenever it is affected 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 rises 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 tj, which
descends by increase of heat, the degrees are of
course numbered downwards ; and on the side
g k, which ascends by heat, the degrees are num
bered upwards. In forming the scale, they are
ascertained by placing the instrument in a cold
mixture with a mercurial Thermometer,
In respect to the construction of this instru
ment, it may be observed, the shape resembles
that for shewing the temperature of the air in the
observer'%
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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 lodging 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 water at great depths. The fluids
p.re 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
at 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 ; because when the
needles are immersed in the mercury, they are so
forcibly pressed against the Thermometrical tube,
that neither the most powerful magnet, no§ 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 was in when the needle took its
place.
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plsce. If increase of heat should be necessary oil
this occasion, it may readily be done ; but if a
diminution is required, that may not so conveni
ently be obtained. But strong spirit of wine, or
Sp. Vitr. D. or Ether, applied to the middle
tube, will soon sink the mercury 18 or 20 de
grees, by which means the needle may be set
free, and lodged in its receptacle h i.

THE

THE

APPENDIX,
CONTAINING
Directions for making

Thermometers,

WHICH SHEW THE EXTREME VARIATIONS OF
TEMPERATURE IN THE ATMOSPHERE,
During the Observer's Absence.

HIE minuteness of the following directions for the
construction of these Thermometers may perhaps to
some persons appear censurable, till they are reminded
that twelve years have elapsed since an account of them
wasfirst published in the Philosophical Transactions ;
during which time imitations of them have been made
in London, but so essentially defective in their construc
tion, as to have brought disgrace rather than credit on
the invention.

This circumstance, together with the

advice of viany of the Author's Philosophical F) iendst
will, it is presumed, sufficiently justify their insertion,
and clear them fi om the charge of insignificancy which
might otherwise be brought against them.
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I.
How to /elect the most proper Tubes.
TH E first requisite is, the choice of the
Tubes, and the proportions they must bear
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 even, as
can be procured.
The larger Tube, which is intended for the
body of the Thermometer, should be very thin j
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 inner diameter, or bore,
in this does not require to be so perfectly equal
throughout, as in the smaller tubes ; provided it
contains in the whole, the same quantity of spirit
as one of a proper size that is perfectly even.
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 wherever it is enlarged or
diminished the pressure or force of the indexspring 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 irregularity 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
of sand ; for wherever they appear, the bore of
the tube is certainly too much contracted to be
fit for use.
For measuring or gaging the bore of the smaller
tubes, I have made use of a piece of brass wire
three
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three inches long, t» in diameter at one end, and
-tapering to
at the other ; and divided in its
whole length into ten equal parts. For the larger
tubes, I have one of a similar form ; to of an inch
jn diameter at one end, and tapering to re at the
other ; divided ako in its length into ten equal
parts. If this be of ivory and turned hollow, it
may serve as a case to the other. These I have
found extremely useful; for, by putting them
into the ends of their respective tubes, the dia
meter of the bore is seen immediately with great
precision ; as also whether they be round or not $
and, since the proportion I find best to be ob
served between the diameter of the body and the
neck of these Thermometers, is that of four to one
(whether the instrument be large or small, long
or short) ; these simple tools shew at once, which
of the tubes are most suitable to each other.
To ascertain the variations in the intermediate
parts of the tubes in their first and longest state,
I have found it convenient to wrap a slip of paper
two or three times round the tube ; which, upon
being passed along from one end to the other, shews
by the feel where the tube increases or diminishes
in its size, and how far it is nearly equal ; and
that with sufficient accuracy to direct where to
cut into shorter lengths such parts as are fittest
f 2
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 ope 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.

II.
The manner of making the Indexes:
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 small 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 % 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.
Provide likewise a parcel of small black bugles.
Select from 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 Bam
boo, their internal diameters will be known.
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 \ inch in length ; whose
bores are true from end to end, but gradually
f 3
.
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differing from each other in size. These being
set close to each other on a slip of wood, in the
order of their bore, will serve for comparing the
size of the bugles ; which, while each is 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
cizes, and distinguished by different numbers.
Having now your materials properly in order,
take a fine tube that will 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 knife
previously rubbed on a rough stone : for if the
tube be not first scratched all round with an in
strument of this sort, it will break obliquely ; a
circumstance which ought carefully to be avoided.
Present then the end of the tube just broken to
the lower part of the flame of a wax taper, be
cause that part burns without wavering.
The
glass will immediately melt ; and the tube will be
sealed hermetically, terminating in a small knob;
the diameter of which will not at first be quite
so large as the tube itself, if it is not put too far
into the flame. Having now some bugles of the
proper size on a piece of white paper, take up
two
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two of them 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 line with the tube,
and a little larger than the tube itself. The use
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.
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 j
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
puter tube must be perfectly even before it is put
f 4
on
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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, removing 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 § inch I think the best) and being pre
sented to the flame, will be sealed with a small
spherical knob, which may best be suffered to
incline to one side.
Nothing now remains but to confine the1
bugles one to each end of the body, and to set
the 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 three or
four times round the body, close to the bugle ;
and,
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and, tying it fast, clip off the ends with scissars.
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 flame.
In setting the spring to a proper inclination, a
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
is intended to press,
Before an index is put into its place, it may be
adviseable to soak it and wash it well in warm
water, lest it should have contracted any foulness
from
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from the flame, or handling, which it would communicate to the spirit.

Ill.
How to join the firft portion of the Neck to the Body.
All things being thus prepared, let one end,
a, (pi. 4, fig. i.) of the body, a b, be hermetically
sealed; and to the other end, h, let the small
connecting piece, c d, be joined. Tie them now
on a slip or frame of wood, two inches shorter
than the body itself ; so that the body may extend
about an inch beyond the wood at each end.
Join then what is intended for the upper end
of the first part of the neck, e J, at e, to the con
necting piece at d ; and, making the connecting
piece flexible, ber.d it round so as for the neckjiece to be brought parallel to the body; in do.
ing which, the frame on which it is fixed will ba
a guide. It may then be taken off the frame,
being ready for filing.

IV.
Jlmv toJill thisJiist part and put in the Lidex for Ccid.
Fill a two ounce phial nearly full, with spirit
of wine, highly rectified, so as to fire gunpowder.
Ut
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Let the cork of the phial be perforated, so as just
to admit the lower end J, fig. 2, of the tube e /into
the phial, as far 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 eJ, extend above it, so as to be
held in the hand ; together with another piece of
string looped on the upper curvature of the Ther
mometer. In this way both may be supported to
gether by the same hand, at any convenient dis
tance above them.
Suspended thus, let the body be presented to
the front of a stove or coal fire, in such a manner,
as4hat the phial may hang below the fire, or in
some way be screened from it. The air by its ex
pansion will be driven by the heat of the fire from
the body of the Thermometer into the phial, and
will rapidly pass the spirit in bubbles. When
the current of air begins to cease, remove the
whole from the fire. 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
move it to cool as before. After a repetition or
two the body will become nearly full. When
that is effected, it must then be heatedjust enough
to

xii

APPENDIX.

to make the spirit boil ; which will for a moment
drive a great part of it back again into the phial :
but upon removing it from the fire, the spirit will
suddenly return and fill the whole body ; except
ing a small bubble of air which will remain,
about the size of a pea. If too much air be 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 airbubble 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, an 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
must be put in with its spring foremost.

Hew
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V.
How to join on the remainder, and Jill the whole ; as
alfo how to handle the tubes when detachedfrom their
Jrame.
Join on next the remaining parts ; t. e. the se
cond half of the neck, g h, and the air-vessel, i k,
at its extremity. Then, tying the Thermometer
again on the little frame above-mentioned, render
the tubes flexible by the flame of a lamp, and
set them perfectly parallel to the body.
See
Fig. 3.
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 horizontal
position, to raise them together into a vertical
one ; after which, taking the glass carefully off
the frame by means of the string, it may be ap
plied to another frame.
Another method of handling the tubes in this
very tender state, is, to have two pair of common
cards lying upon each other, and pinned together
atone 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 them together, transfer the
whole with safety.
The Thermometer beingj 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
into that part of the neck, g h, 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 the airf
ascending in bubbles by the side of the Bamboo,
will escape, leaving the whole of the tubes now
completely filled with spirit.

VIHow to put in the Mercury, and pass it to its proper
place.
The Thermometer is now ready to receive the
mercury. For this purpose, let it be heated ten
or
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or fifteen degrees hotter than the greatest degree
of heat you intend for your scale. While it is in
this state, fill the whole side, g k, with mercury,
passing down the Bamboo to a certain point near
the bottom ; by 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 ; anJ, as the spirit contracts, the mercury
will follow it round the curvature, and rise in the
opposite side, ej. Compare it now with anothef
Thermometer ; and observe, to what points the
mercury rises on that side by certain degrees of
cold, as also what space is occupied by any num
ber of degrees. This will 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 advanced ; then
passing down the Bamboo exactly to the same
point as you did before, the mercury will descend
thither ; and when all is cool, it will rise just
so much farther on the other side. Thus, by trial,
and by comparison with another Thermometer, it
may be ascertained to one degree, how much it
requires to be advanced, and may be brought ex
actly to that.
When
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When this end of the column of mercury is
adjusted, 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 first, with the spring
upwards ; and the air-vessel be closed.

VII.
How to make the Scale.
The scale to these Thermometers must be done
by comparison with a good standard mercurial
one : immersing them wholly in a vessel of wat er,
heated and cooled to the several 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' two 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 inthe principal vessel may be brought to any de
gree of temperature that is not very cold. These
additions it will be adviseable to lade by hand
in some small vessel ; since the quantity and pro
portion
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portion will be thereby the better known. A flat
circular piece of wood, of about 2 \ 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 vessel, to let out super
fluous water.
In this way the Thermometer should be tried
successively, at every 5 degrees shewn on the mer
curial one ; which must remain in the water some
minutes at each trial before it be examined, that
its scale may acquire the proper degree of heat.
If the vessel be large, and the temperature not
differing too much from that of the room, the
same degree of heat in the water will continue
for a considerable time.
In marking the degrees above 40 or 50, it will
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 left there by the
mercury, on taking the thermometer out of the
vessel into the air, when the exact point at which
it stands may be marked at leisure. In doing
this, the lower edge of the lower bugle on the in
«
dex
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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 die 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 edge of whose
lowest 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 cylindrical tin ves
sel (of about two feet high, and six inches in dia
meter) with pounded ice and sea salt ; or, if ice
is not to be 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 larger
than the tip of one's finger.
The ice and salt should be dropped into the
vessel by different hands at the same time, 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 care
must be taken to keep it often moved ; other
wise the temperature will not remain equal
throughout : and the mercurial Thermometer
must frequently be shifted to every part, to sec
that the temperature of the whole is alike.
This mixture, when it first becorhes fit to re
ceive the Thermometers, does not always produce
exactly the same degree of cold. It is commonly
about the Zero of Fahrenheit's scale; but
sometimes a few degrees below it. As it would
be extremely difficult to adjust the temperatureof this mixture exactly to every fifth degree, it is
best to take at first the greatest degree of cold
that is 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
little while steady. If the mixture does not be
come warmer so fast as may be thought conve
nient (which is most commonly the case) a little
addition of water will hasten it.
g 2

The
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The depth of the vessels here given, is for the
Thermometers of the largest size. For smaller
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
strument where they will be most usually ob
served ; they may respectively be transferred to
their opposites, and 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 will
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.

VIII.
How to repair any Accident to which theft Thermome
ters may be liable.
i . In the first place, where the air vessel 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 ;
and the remainder becoming weaker, may 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 winter 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 cap
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
down a slender piece of Bamboo so far into the
tube as almost to touch the mercury. Then in
vert the tube, and the spirit will run out ; espe
cially if the Bamboo he a little moved with a ro
tatory motion to assist it, if that be found neces
sary. 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 proper 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, replace the in
dex, and close the tube as before.
2dly. It sometimes happens, especially in a
Thermometer newly made, that a thin film will
be seen on the surface of the descending mercury ;
which
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which when that comes to the farthest point of
Us 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 out
of the common range of observation, by bringing
it down below that range, and leaving it there.
If it be on the other side, open the air-vessel and
take out that index as before ; then, putting down
the Bamboo into the mercurv till it reaches the
film, by giving to the Bamboo a rotatory motion,
the film will be disengaged from the side* of the
glass, and may be drawn up into the spirit -y
which, becoming foul thereby, must then be taken
out and replaced by fresh spirit, as was directed
above.
jdly. If some of the mercury should at any time
pass the index ; let as much of it as possible re
pass by sinking that surface ; and endeavour to
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 Thermome
ter nearly in a horizontal position ; and, with a
very powerful magnet, force the index higher up.
This will release some more ; and then, by. mov
ing the index briskly, the rest of the mercury may
be
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be broken into small particles, and thereupon all
repass.
•
Yet is this but a temporary expedient ; for,
while the same causes continue to operate, the
same effects will be apt to ensue. It will there
fore be best to try to remove the cause.
If an index is ever obstructed in rising, it must
either be, That there is some contraction in the
tube at that place ; or, That the force of the
spring is too great ; or, That something being got
into the spirit, and sinking down, is wedged in
between the bugles and the thermometer tube.
If it proceeds from the first cause, it is remedi
less ; the glass must be broken.
If, from the force of the spring, the index must
be taken out and altered.
If any small particle of dirt has got into the.
spirit : that -cannot well happen, but on that side
where the index can easily be taken out and clean
ed ; which it should be, otherwise the instrument
cannot long be kept in order.
4thly. If at any time it should be found neces
sary to take out all the mercury ; first opening the
air-
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air-vessel, take out the index ; then passing a Bam*
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 will directly run 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, and require a farther heating of the
instrument to remove it. The mercury may after
wards be introduced as it was at the first.
5thly. If the Thermometer should by any ac
cident be broken, either at the upper or . lower
curvature, it may be repaired, by putting in a
short piece of tube, for as long as the body re
mains entire and filled, and the side tubes remain
unbroken, they may be put together again, and
the same scale will remain without error.
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