The construction and use of a thermometer for showing the extremes of
temperature in the atmosphere, during the observer's absence. Together
with experiments on the variations of local heat and other meteorological
observations / By James Six.

Contributors
Six, James, 1731-1793.

Publication/Creation
Maidstone : J. Blake; London : G. & T. Wilkie, 1794.

Persistent URL

https://wellcomecollection.org/works/c5Smderxn

License and attribution

This work has been identified as being free of known restrictions under
copyright law, including all related and neighbouring rights and is being made
available under the Creative Commons, Public Domain Mark.

You can copy, modify, distribute and perform the work, even for commercial
purposes, without asking permission.

Wellcome Collection

183 Euston Road

London NW1 2BE UK

T +44 (0)20 7611 8722

E library@wellcomecollection.org
https://wellcomecollection.org



http://creativecommons.org/publicdomain/mark/1.0/




























































































































. 3 I

motion of the fluid to be at all retarded by any re=
sistance of the index, such resistance being uni-
form, no error could hence arise, the scale being
made under the influence of every cause, which
can operate, either toaccelerate 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-
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sequently the principal object in keeping a
thermometical 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 ; for the observer
can never know the height of the mercury in the
common thermometer, except when his eye is
upon it ; and as that cannot be for any considerable
time, it is necessary for him to confine his obser-
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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 foilowing
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 this experiment,
eae of them was suspended on the Cathedral

tower,
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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 serenes yet at other times I have
found little differénce between the two stations }
and that little in summer, at the upper one in 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 thé
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 T shall beg leave to take notice of &
work published at Geéneva in 1790, wherein the
author M. A. PictEeT, 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 été repetées des-lors
pars un Physicien Anglois M. Six, et les resultats
sont conformes 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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more constant and regular, as well as more con-
siderable, as we approach nearer to the surfacé
of the earth. Here the refrigeration almost con-
stantly takes place, notwithstanding violent winds,
thick fogs, and cloudy skies ; although at such
fomes in a proportionally less degree. And Ihave
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 ; or, 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
one 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 g: the upper one
suspended on the north side of the Tower of Can-
terbury Cathedral, in the shade, as before; thatat
7 feet elevation, on a post erected for the purpose
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From the whole of these experiments, an idea
may be formed, not only of the diurnal, but 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 ushow to place Thermometers 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
intoit. An instance of this, if I mistake not, oc-
curs in JEFFERSON’s noles on the stale of Virginia,
where the author says, “The access of frost in the
Auvtumn, and ils recess in the Spring, do not seem to de-
pend merely on the degree of cold ; much less on the air’s
beng at the freezing point. White frosts are frequent
when the Thermometer is at 47°, have hilled young
plants of Indian corn at 48° and have been known at
54% Black frosts and even ice, have been produced
at 38°L, which is 6% above the freezing pont.”

I shall here observe, from Dr. BLAGDEN'S ex-
periments, that, under certain circumstances, wa-
ter may be cooled several degrees below the frec-
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 scen on the ground
when the Thermometer stood at 54°, 1s 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 ¢ feet from the ground
-stand 11° 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 11° 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 22° higher than the greatest cold
of the night on the surface of the earth. It was
still more common to see the mercury at the
same hour in the morning at 44°, when the noc-
turnal cold near the ground had been below
freezing; and I have seen it at 38°, when the
index of the Thermometer near the ground mark-
ed for the cold of the night 257°, or 5° colder than
is sufficient to produce, in one nmight, ice of a con-
siderable thickness,
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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 eircumstances, 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 thermo-
metrical observations. The general practice 1
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 onfy of degrees with-
in that period. A question may hence arise, whe-

ther
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as well by duration as by the degree of heat.f
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, byabout the thickness of twa
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 glassin
the open air was greatest, the indexes in this did
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 openair, I found them sometimes
exactly agree, at othertimes differ a halfor a whole
dr:gree, 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 fol-

T Andhere it feems neceffary to know how long the temperature
continues at any certain degree,
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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. Inabout
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
.90°. In this state they both remained some time
stationary. I then removed the shade to the other
glass, which stood in the sun at go®. 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 go°. 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 justthe
same as before. Itis a circumstance worthy of
note, that the wind blew briskly all the time this
experiment was making, -

L]

When the general temperature of the air was
about 80°, I have found the glass in the sun to dif-
fer from that in shade about four degrees; if the
temperature was 70°. the difference was three de-
grees, if 60%-two degrees,or neaily so; for it varied
a little according as the air was more or lessloaded
with vapour. I have for a month together kept
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APPENDIX. Xyl

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 temain in the water some
minutes at each trial before it be examined, that
1ts 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 5o, 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-

G dex



Kvi APPENDIX.

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, m proportion
to the buoyancy of the indexes.

In a similar way may those degrees which are
below 40 or 50 be marked on the other scale,
which is to shew the greatest degree of cold,
provided the external air be warmer than the
water in the vessel : the mercury, upon taking
the instrument out of the vessel, leaving that in-
dex at the place to which it had been driven by
the cold of the liquor, the bottom 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 eylindrical tin ves-
sel (of about two feet high, and six inches in dia-
meter) with pounded ice and sea salt ; or, if ice
1s 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 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, befor¢ it be considered as
completed. :

VIII.

How to repair any Accident to which thefe Thermome-
ters may be lLiable,

1. In the first place, where the air vessel at the
upper end 1s 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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which when that comes to the farthest point of
its descent, will be left against the side of the
tube, while the mercury will rise bright and clear
above it. This, if 1t 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 mercury till it reaches the
film, by giving to the Bamboo a retatory motion,
the film will be disengaged from the sides of the
glass, and may be drawn up into the spirit ;
which, becoming foul thereby, must then be taken
out and replaced by fresh spirit, as was directed
above,

adly. 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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