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XI. On the Amount of the Radiation of Heat, at night, from the Earth, and from
various bodies placed on or near the surface of the Earth. By JamMEs GLAISHER,
Esq., of the Royal Observatory at Greenwich. Communicated by G. B. Ary,
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IN the Report of the Committee of Physics of this Society in the year 1846, the
measure of the radiation of heat at night from the earth was specially mentioned as
being of importance to meteorology ; and it may be added that it is of the utmost
importance to the economy of nature. :

As soon as the duties of the Magnetical and Meteorological Observatory permitted,
I employed some time in making myself acquainted with all that was known upon
the subject of radiation. The results of my researches were only a few papers in the
Transactions of this Society, and the Treatise on Dew by Dr. WELLs ; and in general
I found a great want of good observations; I therefore determined to pursue the
subject with some degree of steadiness. The instrument recommended to be used in
the report above referred to, was a self-registering minimum thermometer, placed in
the focus of a polished metallic reflector ; and, in consequence of this recommenda-
tion, the instrument has been in very general use; it was, however, mentioned as
being an imperfect instrument.

The instrument being thus confessedly imperfect, it became exceedingly desirable
to ascertain the amount of its errors; and, to this end, to have very many compari-
sons made between it and those instruments or methods which might be found less
imperfect, so as to have a ready and certain means of converting the results derived
from observations by it to other results, if it were found desirable so to do. With
this view the thermometer, whose bulb was placed in the focus of a reflector, has been
read, almost without exception, in every series of experiments.

My first object was the obtaining instruments of the best possible kind, and I con-
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120 MR. GLAISHER ON THE RADIATION OF HEAT,

sidered that the essentials of the thermometers adapted to the investigation were
threefold, viz.—

1st. That the points corresponding to the freezing and boiling of water be exactly
determined.

2nd. That the column of mercury which fills the tube be exactly uniform throughout.

3rd. As bodies exposed to the sky must radiate as much heat to it during the pre-
valence of wind as they would do if the air were still, and as I had always found,
during the continuance of the strongest and most steady winds, that there were
periods of calms of some duration, it was necessary that the thermometers should
be of the most delicate kind, and the most sensitive to the variations of heat, so that
they would mark a superficial or transitory cold, as, if not, the frequent application
of warm air in windy weather would quickly return a heat equal to that lost by
radiation.

With the view of obtaining instruments combining these essentials, I placed myself
in correspondence with Mr. Warkins, optician, in the year 1842, described to
him the kind of instrument I wanted, and the purpose for which I required them,
and after this time I frequently received different thermometers from him for the
purpose of experiment. I was thus occupied during many months in making these
experiments upon thermometers whose stems were varied in their lengths, some em-
bracing an extent of upwards of 212°; others of a less extent, but whose lengths for
a degree were different ; to some of these divided scales were applied, varied in their
kind and form, hinges being furnished to several, so that a part of the stem and the
bulb were free; and others were without any scales affixed to them whatever, the
divisions being cut on their own stems ; other experiments were made upon thermo-
meters whose bulbs were varied with respect to their form, size and colour ; and in
general, the results of the experiments tended to the obtaining of instruments which
would give the most accurate results.

The following are some of the results of these experiments :—

Being desirous of testing the points 32° and 212° myself, so that I could determine
their errors, as also the errors of the other parts of the scale by means of BEessev's
formula (Konigsberg Astronomical Observations for 1821, p. 9)*, I was anxious for
instruments whose extent of division should embrace these points; I soon, however,
abandoned this idea, as it would have required thermometers with very long stems,
a circumstance I found materially to affect their readings, which varied with every
different inclination of the thermometer to the horizon, and were correct only when
placed horizontally. I did this the more readily as I was in possession of an instru-
ment which had been made for me by Messrs. Warkins and HiLL ten years pre-
viously, the point corresponding to 32° of which had been examined every year, and
found to be correct ; the readings of this instrument had also been compared with
the best standard instruments we possess, and found to agree with them at every part

* See a full illustration of this method in Kurrrer, Annuaire Magnétique et Météorologique for the year
1841, pp. 41 to 51.
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of the scale; I therefore determined to use this as a standard with which to
compare every thermometer.

I also found that it was absolutely necessary to have the division marked on
the thermometer stems themselves ; for those to which scales were affixed, even
those furnished with hinges, so that a part of the stem and the bulb were free,
and those whose bulbs projected beyond the scale could not be laid so nicely on
different substances as those without scales ; for that and other reasons all the
thermometers used in the following experiments were without scales affixed to
them, the divisions being engraved and coloured upon the stems themselves.

In the course of the experiments I found that circular bulbs were the more
sensible in proportion to their smallness, but with a bulb sufficiently small to
have the desired sensibility, the column of mercury was so fine that it would
have been impossible to observe accurately with it at night in the position in
which the instruments were necessarily placed in these observations.

The length of the thermometer finally used was thirteen inches, including the
bulb, whose diameter was a quarter of an inch, and length three quarters of an
inch (as shown in the figure) ; therefore, as the instruments were divided from
0°to 130° each degree was about 0°1 inch in length ; these were used during the
night observations, and they were left on their respective substances till about
9 o’clock in the morning, until it was found that many of them were broken ; the
absorptive power of grass and the filamentous substances being such that before
this time a temperature of more than 130° had taken place even in the month of
April; other instruments were afterwards constructed both of the same length
and of the same form, and graduated as far as 160° or 170°. These were occa-
sionally used during the night observations, and always during those of the day
in experiments upon the absorptive powers of different substances.

These instruments were so delicate that on taking them from air of the tempera-
ture of 60° to that of 37°, the latter temperature was indicated in about two mi-
nutes ; and therefore if at any time a lull took place in a gale of wind of two
minutes’ duration, or even less, the amount of heat lost by radiation under the
then state of the sky would be correctly registered by these instruments.

On September 13, 1843, I received twenty-five mercurial thermometers of the
above form, and as many self-registering minimum thermometers, with circular
bulbs, whose divisions were also on their own glass stems ; and at this time I com-
menced the regular series of observations with the mercurial thermometers; that
with the minimum thermometers had been begun long before. A year was con-
sumed in these preliminary experiments, and in ascertaining the precautions
necessary to obtain correct determinations; in consequence of several of these
being neglected before this time, the previous observations must be regarded as
undeserving of confidence; the results from them therefore have been omitted in
the following Tables.

I now proceed to speak of the comparison of the thermometers with the
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122 MR. GLAISHER ON THE RADIATION OF HEAT,

-standard. Among others received in January 1843, were five of the form finally
adopted for use, and the following are the comparisons with the standard, made by
hanging them in the air and near to the latter :—

1843. Reading of Reading of thermometers.
Month, day, standard -
and hour. thermometer. a. b. . d. e.
d' h' o o o o o o
Feb. 5 22 34-8 348 34-8 34-8 34-8 34-7
6 0 357 354 356 356 356 357
6 1 364 362 36+3 36-2 36+3 36-3
13 22 359 358 36-0 358 359 359
13 22% 36-4 359 36°0 36°1 362 36-3
13 23 370 368 37°0 37°0 37°0 374
14 1 39-0 388 39°0 39-2 392 39-2

The following comparisons were made of those received on September 13th by
means of water of different temperatures in the following manner. Water of a higher
temperature than needed was placed in a vessel, and the required temperature was
obtained by the application of cold water, the two being well mixed together till the
standard thermometer read the same at every part of the mixture. The thermo-
meters were then all placed in it and parallel to each other ; they were thus allowed to
remain for one hour, and their readings were taken quickly. Water of a different
temperature was then prepared in a similar way, and so on successively. The com-
parisons occupied an entire night, and during this interval of time the temperature
of the room was kept uniform, in fact it did not vary one degree.

This method was found to be very troublesome, and to ensure accuracy a
long time was required to be devoted to it. The mixing of water of different
temperatures together, so that the whole mixture became of the same temperature,
from the circumstance of its being so bad a conductor of heat, was found to be
difficult. After this time I adopted the following method in all subsequent compa-
risons : —

1st. The water was heated to a temperature above the highest required.

‘2nd. The standard and all the thermometers for comparison were placed, in this
water, parallel to each other, and after some time their readings were taken as
quickly as possible.

3rd. The readings were afterwards taken as the temperature of the water declined
every 2° or 3°% till the temperature of the water was at or near that of the apartment ;
in case the decline of temperature was found to be too rapid, the surface of the water
was covered by flannel.

4th. A quantity of water was cooled to a point lower than the lowest required
temperature, by means of ice, or of ice and salt, and the thermometers were placed
in this as before.

5th, The readings of all the thermometers were taken as this mixture increased
2° or 3° in temperature, till it was at or near the temperature of the apartment, its
surface being covered by flannel if the increase of heat was thought to be too rapid,
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By this means the comparisons were made with ease and certainty, and they readily
indicated every inequality of the thermometer tubes.

1843, Greenwich mean time Oct. 214,

Correction to be added to read-

Name or letter ings of the thermometers.

of reference of | 7b 30™. | 11 30™, | 15h 30™. | 17b 40m
the thermometer., '

Standard. | 451 | 498 | 693 | 96
451 49-8 69-3 90-5
451 498 69-3 90-5
451 498 692 90-5
450 49-8 69-3 90-4
45°1 498 693 90:3
451 498 69-3 90-4
450 498 693 904
451 499 693 90-5
451 498 69-2 90-4
450 49-7 693 904
450 497 69-3 90-4
450 498 69-3 904
450 49-8 69-3 904
45°1 498 69-3 90-5
451 49+9 69+4 905
446 49°4 69-0 900 |Add 0°5 to all readings.
449 49°6 69-2 90°3 |Add 0°2 to all readings.
450 498 693 90-5
44-8 495 690 90:2 |Add 0°3 to all readings.
44-8 495 690 902 |Add 0°3 to all readings.
451 498 69-2 905
451 49-6 69-2 905
451 497 691 90+5
451 498 69-1 905
45°1 496 69-0 904

NMESORREOTEOZRN AN IQERDAR

During the operation of comparing the thermometers, it was found absolutely
necessary to have all of them in the same position with respect to the vertical, for it
sometimes happened that their readings varied with their position ; this variation
with the self-registering minimum thermometers was so great that I could not com-
pare them at this time; afterwards I procured a shallow vessel of sufficient extent
to receive them horizontally ; in this vessel the comparisons were taken, and their
readings were found to agree with those of the standard to 0°1 or 0°2, the same
thermometer being frequently as much in excess at one part of the stem, and as much
in defect at another.

The possession of upwards of fifty instruments whose extreme difference of reading
from the standard was a constant quantity of half a degree in one thermometer, and
a constant quantity of 0°2 or of 0°3 in three others, the remainder being absolutely
free from error, was exceedingly gratifying. I felt that all the time and trouble I
had bestowed on them was well repaid. I had not expected to be so successful in
obtaining so many essentially good thermometers, and I had prepared myself to
ascertain their errors at every division by BessevL’s formula, which, although implying
a long process, gives good results; all this trouble, however, I was saved, and also
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all the work which would have been necessary in applying the correction, had such
been needed.

The construction of such instruments must be considered as highly creditable to
Messrs. Warkins and Hitw, and [ feel that I should be doing an injustice to Mr.
Warkins, did I not here mention my obligations to him for his readiness at all times
to meet my wishes, which I fear were sometimes troublesome.

The observations were made in the grounds attached to the Royal Observatory,
being S.S.E. of the Magnetic Observatory, and distant from it about forty feet.

The form of the piece of ground is nearly square ; its extent about 10,000 square
feet, and its surface nearly level. At one end is the extreme south arm of the Mag-
netic Observatory, whose height is twelve feet and breadth thirteen feet ; at fourteen
feet north of this arm, the two east and west arms project each fourteen feet, and
their height is the same as the south arm. On each of the three remaining sides,
at the distance of about forty-five feet, is a close wooden fence, between five feet
and six feet high. At the distance of ninety feet north-west is a fine and spreading
oak-tree, and a little beyond it are other trees but of a less elevation. On the east
and near the outside of the fence are chestnut-trees. All these circumstances had
influence on the readings, and caused them to be higher (particularly those that were
made on or near the surface of the ground), and therefore the differences of the read-
ings, as compared with those in the air, were less than they would have been if the
surrounding fence and trees had been further removed, or the observations had been
made in a wide and open plain, and I have reason to believe to a much greater
extent than would at first appear to be the case.

A portion of the grass plat containing 210 square feet, whose nearest part was
twenty-eight feet south of the Magnetic Observatory, was enclosed by low and open
palings ; within this enclosure the self-registering minimum thermometers were
placed after April 1843, and some of them continued to be regularly observed till the
present time (1847). At one angle of this enclosure a piece of board six feet long,
four feet wide, and 1% inch thick, was elevated three feet above the grass plat, by
means of four props of equal height ; upon this raised board all experiments upon
substances in the shape of powder were made.

I now proceed to speak of some of the substances upon which experiments have
been made. Those on the temperature of grass were always made both on long and on
short grass, the blades of the former being bent by strong pressure towards the earth,
and overlapping each other so as to completely cover the surface of the ground ; the
blades of the latter, being less than an inch in height, were erect and stiff; in this
respect only did the latter differ from the former, each portion being a part of the
same grass plat, separated from each other by a few feet only, and therefore exposed
to the same portions of the sky. The metallic plates used had generally a surface of
more than 100 square inches. The thermometers for ascertaining the temperature of
the air at distances from one inch to twelve feet irom the earth, were placed with
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their stems passing through a piece of wood planted firmly in the ground, and
whose thickness was two inches and breadth three inches, with the bulbs at least
nine inches from the wood.

Bodies in the state of powder were generally in quantity such that about thirty square
inches of surface were exposed, and their thickness was about half an inch. The
filamentous substances exposed a surface of about 100 square inches, and their thick-
ness was about half an inch. With respect to the other substances, the circumstances
under which the observations have been made are sufficiently explained in the sec-
tion of observations. The thermometer was laid on long grass in such a manner
that the bulb was not covered by a single blade; on short grass it rested on the fork
of two Y’s, so that the bulb was sustained on the top of the grass; on metallic plates
it was so laid that the bulb occupied the centre of the plate ; onsubstances in powder
it was so placed that the bulb occupied the centre of the mass, and just in contact
with it, the stem being supported by pieces of wood ; on filamentous substances the
bulb occupied the centre, and care was taken that it did not sink within, or was
covered by any portion of the substance; and the same plan was adopted throughout
all the experiments.

During a series of observations the thermometers were frequently removed from
one substance to another ; those whose readings were the highest were interchanged
with those which were the lowest, and so on: in the case of observations of the same
kind of metals at different heights, or of different thicknesses, or indeed in any specific
comparison, they were always interchanged among themselves; it is possible that
had the same instrument remained on the same substance, or in the same position, a
more even set of readings in some cases might have been made: but this inter-
change of instruments removed all doubt as to the cause of the differences in the
readings being altogether due to the difference of position, or to the inherent quality
of the body itself upon which the instrument was placed. Some of the other pre-
cautions used in taking the observations were as follows. First, the observer ap-
proached the instrument at that end which was the most distant from the bulb, and
held his breath during the time; and the readings were taken as quickly as possible,
so that no heat should be imparted to them from the observer’s body. In con-
sequence of their divisions being cut on glass, a difficulty was at first experienced in
reading them without placing the reading-lamp too near to the instruments: habit
after some time enabled the observer to place the lamp so that the divisions were in-
stantly perceived. Another and a greater difficulty was that of readily seeing the
top of the mercury, in consequence of the fineness of its column: after various ex-
periments it was found that this became readily seen by slipping a piece of coloured
card under the instrument at about the place where it was known the column termi-
nated: the colours found to answer best were drab and yellow. I may mention here
that attention was paid to every precaution that experience suggested, or reflection
pointed out as desirable.
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Each set of observations may be looked upon as a series of experiments made
for the purpose of ascertaining the different tendencies of various bodies to become
cold upon exposure to a cloudless sky at night. To many persons it must be a new
fact, that a perfectly dry body, placed in contact on all sides with other bodies of
the same temperature with itself when the sky is covered by clouds, shall on the sky
becoming less cloudy or cloudless, become much colder than those bodies, to so great
an amount as is exhibited in the following tables, and that it shall remain so for many
hours; yet these circumstances were exhibited in every series of observations*.

The formation of dew was found to depend solely on the temperature of the bodies
upon which it was deposited, and it never appeared upon them till their temperatures
had descended below that of the dew-point in their locality, as found by observations
of a dry and wet bulb thermometer placed in their vicinity.

The amount of water thus deposited was the greatest upon the substances whose
temperatures were the lowest : among these bodies glass was found to radiate heat
freely, and it very readily became wet with dew. In consequence of this property, the
tube of a naked thermometer, which was lying on a substance entirely free from
moisture, was frequently found covered by dew, and therefore it seemed probable that
the temperature exhibited by the instrument was not that of the body in question.
On such instances occurring an attempt was made to correct the error by enclosing
the thermometer stem in a tube made of gilt paper; the bulb alone, resting on the
substance, remained exposed to the sky. The differences between the readings of a
thermometer thus enclosed, and when naked, were found to be sensible, but small in
amount ; it was observed that when the thermometer was wholly naked, the stem was at
times wet when the bulb itself was dry ; and at all times much less moisture appeared
on the bulb than on the stem, unless the disposition of the substance in question to
become cold was the same, or greater than that of glass. The error arising from
this cause was chiefly confined to the consequent contraction of the mercury in the
stem, and not in the bulb, and which was considered to be avoided by the use of
gilt paper: the error in all cases must have been small. It was found that the dif-
ferences between the temperature of the air and of bodies on the earth, at night, in
equally calm and clear weather, was the same at every period of the year, but it was
found that the amount of dew deposited during such times was much greater in
summer than in winter. This is easily accounted for, from the now well-known re-
lation existing between temperature and moisture. At all seasons of the year, at
night, the depression of the temperature of the dew-point below that of the air is
small, or the air is in a state of saturation nearly, and therefore in summer a certain
diminution of temperature would cause much more vapour to be changed into water,
than an.equal diminution in winter would do.

Radiation of heat from the earth- to the heavens must exist at all times both day
and night, and in all states of the sky. Generally, when the sun is above the

* The whole of these observations are placed in the Archives of the Royal Society.
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horizon, the heat emitted by it to the earth will overbalance that which the earth
radiates upwards; at times however, in places shaded from its direct beams, the
amount of heat radiated exceeds that received from the sun and all other sources,
and dew will be continunally deposited throughout the day. Some instances of this
are exhibited in the following Tables.

In taking these observations I have been much assisted by my then colleagues in
the Magnetical and Meteorological Department of the Royal Observatory, viz.
Messrs. Dunkin, Hinp and PavL: these gentlemen frequently, on my commencing a
series of observations, continued them as long as circumstances required, or they
have begun a series which were continued by myself; and whenever any doubt
attached to the readings from the unexpected lowness of the thermometers or other
causes, they were always confirmed by one or other of these gentlemen, and after-
wards by an interchange of instruments.

I have also to acknowledge my obligations to the Astronomer Royal for his kind-
ness in permitting me to carry on these experiments within the grounds of the Royal
Observatory ; also for providing me with a skeleton form in which the observations
were registered ; and also for inclosing the piece of ground within which the regis-
tering instruments were placed.

The whole of the calculations have been twice performed by myself at different
times, and parts of them, which appeared to be more liable to error than others, have
been examined by another person. I believe, therefore, the whole to be nearly correct.

Skction I.—Results of Simultancous Observations made by Mercurial Thermometers,
not self-registering.

The first process in the reduction of these observations, was to take the difference
between the reading of the thermometer, freely suspended in air, at the height of four
feet, and protected from the effects of radiation, and the simultaneous reading of every
other thermometer.

The next process was to divide these differences into groups, arranged according to
the excess of the reading of the thermometer, suspended in the air, above that placed
on long grass.

The next step was to collect all these differences under the head of their respec-
tive substances for every degree of such excess of air temperature above that of long
grass temperature.

The next step was to arrange these numbers according to the dates of their occur-
reace, and to write out abbreviative remarks which were made at the time of obser-
vation; and in this way the following Tables have been formed.

Tables I.to XVI. contain the results deduced from the observations taken be-
tween 1843, September 13, and 1843, November 15 ; Tables XVII. to XXVIII. con-
tain the results from the observations taken between 1843, November 16, and
December 31; and Tables XXIX. to XLIV. contain those from observations taken
between 1844, January 1, and 1844, May, 1.

MDCCCXLVII. s



128 MR. GLAISHER ON THE RADIATION OF HEAT,

Excess of the reading of a thermometer placed in air at the height of 4 feet, protected from the effects
of radiation, above the readings of thermometers placed on different substances fully exposed to the
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Oct. 16, 14P 50™; rain falling. Sept. 18, 17h 30™; after a heavy rain. Sept. 20, 18" 20m; after the sun had risen, clouds thin in zenith. Oct. 12, 17» 15™
rain, Oct. 18, 211 0™; sun high. Oct. 3, 15 20™; the stars are shining dimly. Oct. 5, 11" 0™; a few stars have been visible occasionally east of zenith. Oct.
13, 20b 40™; the sun had risen more than two hours. Nov. 3, 10" 30™; nocturnal rising temperature of the air, and the reading of the barometer is decreasing.
Sept. 17, 17h 20™; deposition of moisture. Oct. 9, 18" 0™; clouds in every direction. Oct. 12, 152 15™; some rain had fallen.

Oct. 18, 21b 0™, The observations at this time have not been used in subsequent calculations, they were taken after a long series of observations, extending
over the whole night. On examining the state of the different substances at this time, it was found that every fibre of cotton wool was encrusted with a beautiful
fringe of hoar-frost, and there were a few spikes of ice: raw wool was covered with lumps of ice, and there were some clear transparent flakes of ice, resembling
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sky, arranged according to the difference of the readings of the one on Long Grass and that in Air, from
observations taken between 1843 Sept. 13 and Nov. 15.

Excess of the reading of the thermometer in air above that placed Clouds. 'Wind, .
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mica when 2bundant in granite; every fibre of flax was encrusted with ice, mixed with a few small flakes: raw silk was covered with spikes one-sixteenth of an inch
in length, two of which emanated from the same po‘nt, and whose angle of separation was 30°: on blue and yellow wool there were many perpendicular spikes one-
fourth of an inch in length: flannel was covered with spikes one-eighth of an inch in length, all of which were inclined to the horizon at an angle of 60°: saw-dust
was very beautifully covered with spicul fans, formed by several spikes emanating from the same point at all angles greater than 30° with the horizon; these
spikes were connected with each other by lateral spikes or bands; the whole forming the appearance of a fan, whose extent was 120°.

Sept. 23, 5% 15™.  The observations taken at this time have been inadvertently omitted in subsequent calculations.

In the column whose heading is ** Direction of Wind,” N. denotes north; E. east; S. south; W. west; C. calm, and G. gusts.

s 2
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B 5 '§ Excess of the reading of the thermometer in air above that placed
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Oct. 25, 21" 0™ ; the ice in evaporator is 05 in thickness three hours after sun-rise. Nov. 3, 5% 30™; scud and vapour. Nov. 7, 117 10™; dew abundant.
Sept. 16, 11 20™; a great deposition of moisture. Sept. 17, 12 30™; the stars nearly obscured. Sept. 17, 132 20™; a few stars visible in the zenith. Sept.
20, 13h 0™; dew. Sept. 20, 132 50™; dew. Oct. 2, 5 0™; zenith clear. Oct. 12, 18 15™; zenith clear. Oct. 17, 7% 0™; shortly after rain had fallen.
Nov. 8, 98 10™; no dew. Sept. 16, 9" 10™; the stars look small. Sept. 17, 11» 0™; zenith clear. Sept. 20, 11h 20™; dew. Sept. 20, 14» 30™; dew. Sept.
27,188 0™ ; hoar-frost. Sept. 27, 18» 22™; hoar-frost ; the sun up. Sept. 27, 19210™ ; hoar-frost disappearing.

Oct. 25, 201 0™, On’examining the several substances at this time, it was found that cotton wool was covered with spikes of ice one-sixteenth of an inch in thick-
ness: on raw wool there were a few flakes of clear ice, and a few spikes; also each fibre was encrusted with small round particles of ice: on blue and yellow
wool the spikes were abundant, and all were inclined to the horizon at an angle of 30°: on every fibre of raw silk there were two spikes emanating from the same
point and at right angles to the fibre, and inclined to the horizon at an angle of 30°: on black-lead, which substance was white with hoar-frost very early, there
were clusters of spikes one-tenth of an inch in length, and inclined to the horizon at all angles: on charcoal there were clusters of spikes: on whiting there were
spikes at all angles : on flannel the spikes were one-eighth of an inch in length: on saw-dust the spikes were in bunches, many of which were of a fan-like shape:
and on wood there were many spikes.

Oct. 13, 20" 40™.  After this observation, the three substances, raw wool, cotton wool and flax, were frequently examined, for the purpose of ascertaining the
time that each substance became free from dew ; the sun was shining on all of them ; it was noticed at 222 30™ that flax was free; at 149 12 30™ cotton wool was
just free, but on raw wool small drops of water continued throughout the day.
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Excess of the reading of the thermometer in air above that placed Clouds. Wind.
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Oct. 19, 19» 30™. At 21t the whole of the thermometers were read again ; that in air had increased to 38°2, and an increase from 10° to 20° had taken place in
the readings of the other thermometers. ‘

Oct. 16, 118, The thermometer in the reflector is covered with dew: there is hoar-frost on long grass: on raw wool there are many square pieces of ice one-
twentieth of an inch in thickness: at 11» 25™ one piece of ice was removed from raw wool, which was three-fourths of an inch in length, half an inch in breadth,
and one-sixteenth of an inch in thickness: on cotton wool the ice is forming in flakes, and there are some frozen dew drops en the grass.

Oct. 16, 142 50™.  All the thermometers which were on substances, with frozen particles about them, continued to read 32° tili this minute, and now they all
read 39°; the increase of 7° must have been sudden. The circumstance of these readings continuing to read 32° for nearly three hours after the sky was cloudy,
illustrates the effect of sensible heat becoming latent whilst the frozen particles were changing into a liquid state. At 17® 20™ the clouds became broken and the
sky was partially clear, rain having fallen within the interval; the reading of all the instruments decreased, but as the substances were all wet, it is probable that a part
of the decrease was owing to evaporation ; no use was therefore made of these observations.

Sept. 20, 108 50™. At this time a sudden deposition of moisture took place whilst T was looking at the instruments, and they all became wet with dew, except
that which was placed on sand. The readings of those instruments thus bedewed increased between 3° and 4°; the temperature of the air continued to decline as
before, so that the difference between the temperature of the air and those of the bedewed substances became less by the above amounts.
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g - 3 Excess of the reading of the thermometer in air above that placed
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12211 0 371 | 71| 86| ... .. | 51| 28| .. e |31} 23| 26 36 21 .| ..
12.11 23 368 | 70| 48| 78| 88| 53| 28| .. 38 234 ... | 88
12.12 0 365 | 70| 47| 90| 85| 55| 35| .. . 42 23| ... | 90
= 18. 515 435 | 75| 55| ... | ... | 55| 15| .. .o |85 ] 15 15 40 | 530 I B
g 13. 18 55/ 376 | 79| 70 | 78| 99| 82| 36| .. 53 41 ... {106
K 14. 930 368 | 74| 63|78 93| 82| 28| .. 50 31| ... 1| 81
E 16. 720 350 | 78 | 57 | 82120] 72| 26| .. 40 18} ... | 88
&) 16. 11 25| 338 | 7.8 | 58 |103|105| 78 | 28| ... 38 20| ... | 90
=~ 16.12 0 340 | 70| 60| 90100 75| 20| ... | o | | o] ol | 35 12| ... | 80
& 20. 920 421 | 71| 41|78\ 91| 51| 14 |- 199|-01|31 |23 | 24| 29 31 v | 19
20. 11 0| 420 | 70 | 45 |10:8{10-0| 70 | 20 |— 10| 00|30 |30 | 30| 33 30 10| 02] 68| ...
25.19 30 310 | 70| 50| 90|87 50| 80 |—103|—63| 42 | 14 |—02| 06 42 14| 13| 75| 62
26. 11 30| 356 | 72| 49| 58| 84| 56| 81 |— 64|—44|53 |14 | 58| 28 53 14| 09 621 ...
Nov. 7. 730 462 | 76 | 74 [142/119| 90 | 45 |— 16| 52|72 | ... | 34| 36 72 30| 12|122
11. 950 375 | 70| 70 |10:3| 95| 97 | 22 |— 05| 35| ... |45 | 35| 37 31| 17{ 77 75
11.12 0 355 | 75| 65 [109| 95! 78| 35 |— 19| 15 35 | 25| 42 14| 05| 75 75
Sept.13. 15 20| 495 | 87| 85 | ... | ... [110 | .. | .. | .. e | 150 70| 50| 85 | 45] ... ... | ... | 95] 831}
15. 910 6155 | 85| 70| .. | ... 60 ... | . | 50 | 19| 85| 58| 55 ... 125 ... | ... | 85| .. 1|.
18. 8 0 653 | 80| 59| ...|..] 62| .. ... | .. 35 | 53| 88| ... | 61 31 .| .
18.11 200 603 | 80| 61| ... |...| 86| ... | ... | ... e | 01 L 76 41 | L] 94 .
20. 845 576 | 86| 86| ... |...| 88| ... | ... | - 58 | 28] ... | ... |78 43| ... | ... |108 .
20. 955 578 | 85| 88| ... ..l 61| ... .. | . 43| 13| 41| 39| 53 33| . | | . .
20. 11 40 542 | 84| 75| ... |...| 62| ... | ... | . e | 20] L] L | 42 30| .. | ... | 87 .
20,15 200 520 | 85| 76| .| ... ] 60 oo | oo | . e 27 64 40) ... | ... | 92 e
21. 18 45| 518 | 83| 74| .o | . | 58] . | o | . o | | 40 60 31| .. | .. | 81 .
25. 540 626 | 81| 66| ..|..| 62| 16 ... | ... o | o 1 26 44 34| ... | ... | 94 .
23, 730 583 | 83| 68| ... |...| 78| 28| ... | .. S I 5 N B 81 37| o | .. | 95 .
23. 1135 521 | 82| 71| .. |...| 56| 21| ... | - 66 | ... | .. 71 390 ... | .. |72 .
94,1330 525 | 85| 71| ... ..| 68 85| ... | ... 55 . 50 38| .. | .. | 80 .
27. 1180 412 | 87| 74| .| .| 82| 42 ... | ... 7-2 . 62 40| ... | ... [114 .
97.15 15| 3898 | 88| 73| ...|..| 78] 38| ... | .. 60 50 38 ... | ... 103 .
27.17 15 395 | 80| 80| ... | ...| 75| 39| ... | .. 50 . 55 45| .o | ... |100 . .
27.18 48] 404 | 84| 84| ... | ... [ 86| .. | .. | .. 49 54 34| .. | ... [109 .
Oct. 2. 730 574 | 4] 89| ... ...| 85| 48} ... | ... 54 74 46 ... | .| 94 .
¥ 4, 7300 580 | 80| 70| ... | .| 50| 82| ... | .. 30 | ... | .. 55 37| ... | ... | 88 .
o 9. 920 455 | 81| 55 (.. ] ... 63} 29 ... | .. .| 03] 15 63 40 oo ] .
9.15 10 401 | 86| 86| ... | ... | 66| 41| ... | ... 26 | ... | 21 81 390 | L .
12.13 10, 362 | 80| 62122 92| 67| 40| ... | .. 48 320 .. | .. |97 ..
13.18 0 384 | 88| 69| 71|69| 80| 33| ... | ... 54 | 39 | 96 .
13.18 20, 381 | 84| 65 | 68| 65| 77| 36| ... | ... 53 41 ... 91 .
13. 18 40 376 | 81| 71| 88/11-0| 86| 36| ... | ... UV T R 59 42 ... |11'6 .
1. 19 200 372 | 87| 70 (102 92| 84| 81| .. | ... 55 42| .| 97
14. 595 446 | 89| 74 (12011-6| 82| 36| ... | ... 54 39| ... |16 .
14. 710, 895 | 88| 73 108(10:7| 87| 35| ... | ... 56 35 | ... 100
15.17 20, 805 | 87| 87| .. /110107 | 53| ... | ... 93 531 ... {117
20. 520 456 | 89| 46 10-2| 91110 | ... |— 16| 08 20 | 14| 80 31 06 |—02| 74
21. 5 0 482 | 82| 55| 92| 89| 52| 21 |- 10| 00 22 | 22| a2 45 25| 21| 87
25.15 0 329 | 81| 75 11:0[115| 79 | 44 |— 96]—34 28 |—01| 24 22| 13} 89| ..
25. 18 15| 30-3 | 80| 67 |10:6|11-1| 68 | 89 |—11-0|—67 25 | 03] 13 191 14| 90| 88
26. 9 0 383 | 83| 71(100| 98| 78| 30 |— 47|—17 27 | 23| 27 13| 08| 83| ...
Nov. 1. 830/ 380 | 80| 60 ({105[105| 60| 30 |— 6:0[—40 25 |—1-0] 20 20| 15100
11. 530 405 | 83| 54| 85| 83| 60| 25 |— 23|—25 17 | 18| 24 53| 13| 88 83
12. 20 30, 306 | 86| 76 [101] 98| 61| 39 |— 42| 06 e | e 26| 23| 96
13. 9 0 330 | 81| 60|92 86| 84| 35— 40| 20 19 17| 70

Oct. 14, 9% 30™; the stars very dim. Sept. 15, 9» 10™; hovizon thick. Sept. 21, 18" 45™; great deposition of moisture. Sept. 24, 13» 30™; the stars appear
to be dim and small. Sept. 27, 15" 15™; hoar-frost. Sept.27, 17" 15™; hoar-frost. Sept. 27, 18" 48™ ; hoar-frost.

Oct. 12, 11* 0™, The thermometer placed on long grass was thickly encrusted with hoar frost. At the time of the deposition of dew the readings of all the
thermometers increased which became wetted by it; that is, of every instrument whose reading was less than the temperature of the dew-point. The first appear-
ance of dew was in very minute drops on the pointed ends of long grass, which on receiving an increase of water flowed down the blades.

Oct. 21, 5b 0™, At this time 10 grains of wool were placed on grass, and a similar parcel was placed on the raised board ; at 70 30™ the former was found to
weigh 12-1 grains, and the latter 107 grains ; the glass stems of all the thermometers were wet with dew, though the substances upon which they were placed were
not yet wet; at 19h the weight of the parcel which was placed on grass was 17 grains, that placed on the raised hoard had blown away.

Nov. 12, 20% 0™, Wood was covered with spikes of ice one-fourth of an inch in thickness, inclined to the horizon at an angle of 60°, and at all azimuths; on
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charcoal and on black-lead there were spikes in rich clusters ; those forming one cluster all emanated from the same point, and they were inclined at all angles;
on lampblack the spikes were very numerous, being about three-eighths of an inch in thickness, and inclined to the horizon at an angle of about 30°, and at all
azimuths, so that cach cluster formed a circle, in the centre of which there were no spikes: on sand there were spikes one-fourth of an inch in length, inclined at
all angles to the horizon : chalk was covered with a mass of spikes one-fourth of an inch in length: whiting was covered with rich bunches of spikes three-eighths
of an inch in length : flax was covered with small sparkling flakes of ice: raw wool was encrusted on cach fibre so as to be about six times its own size: cotton
wool was completely covered with spikes, and paper was covered with small round particles and a few spikes.

Oct. 13, 178 50™. At this time the sky was overcast and the readings of all the thermometers were nearly alike ; at 18" 0™ the instruments were read exhibiting
the above large differences.



134 MR. GLAISHER ON THE RADIATION OF HEAT,

TasrLe (Continued).

7 = -] Excess of the reading of the thermometer in air above that placed
= 56 1838 .
e g5 B34l | . sl B e | e 5 g |t = cHNE-SNNE -
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35 [G2f| 5| 2 87| S| £ |r |zoE|sEAsES| B S| 5 | Bd |4 (2% \Ee| g7 |9¢|BE |E9FZE|T
Z ot T I S| 2|4 |°%E E SlsTE |ET|ET|E & (g0 &8s
_ L m 9 o 9 o ° o ° ° o ° o 0 o o 9 ° o o o o o ° °
Sept.15. 7 20; 632 | 99 84| .. 77| ... 52 12 32| 22| 621 ..|32| ....|] ... 92 .
15. 11 0] 588 | 99| 88 78 ... 68| 36| 53| 68| 70 36| ... ... 1108
16. 7 400 650 | 91| 90 73 ... 65} 03| 40| 34| 70 421 ...
18. 9 30| 630 | 95| 90 75 .. 60 30| 53 .. 72 45| .. . {100
19. 15 10} 530 | 98| 78 110 | ... 35| ... 75 31 .. 87
20. 10 25| 535 | 95| 90 80 | ... 30 7:0 40 ... vee 1105
20. 15 0] 526 | 97| 83 61 ... 51| ... 69 461 ... e 1 107
21. 6 55| 627 | 97| 92 921 ... 171 .. 70 45 ... 82
21. 730 615 | 95| 85 73| .. 65| ... | ... 78 45 ... | ... 105
21,18 20/ 513 | 90| 90 80 ... e | 59 75 35 ... oo 1100
23. 6 0] 614 | 97| 74 74| 24 50| ... 64 41 ... e | 1144
24. 15 10| 5056 | 90| 70 79| 30 55 6-0 41 .. e 1 10°D
28. 11 35| 4563 | 95| 63 73| 28 39 4-8 341 .. . 100
28.13 25/ 435 | 96| 80| ... | .. 113|390 77 . 55 38 ... .. 125
Oct. 15. 4 50| 410 | 92| 7-1 1}-7(12:8| 76 | 27 50 . | 301 ... 118
. 15, 5 5| 405 | 98| 78 |11'7(132; 91 | 82 62 31 ... |123
o 18. 520 422 | 98| 69129 ... 79128 52| 40} 39 52 30| 21} 94
18. 8 30| 357 | &7 89 |11'6} 82} 87 | 84| .. 57| 45| 47 65 45| 3565|1177
19, 7 40] 356 | 96| 78 (124/12:1} 86 | 39| —69 |—1'1 54| 24} 38 66 26| 181105
19.10 o] 332 | ¢0| 87 117147 74 | 40| —68 |—23 271 17| 27 62 231 1'8 [ 104
19, 12 0} 310 | 95 | 85 (130128 78| 38| ... 118 08| 30 80 19 08 ]11'5
21 9200 421 | 99| 78 |129)11:3| 71 |85|—11|—13 471 29| 49 75 331 29 99
25,13 0 355 | 93| 80 121125 79| 47| —-75 |—05 454 19} 30 65 19| 11| 95 .
26. 7 35| 405 93 26 (101 89 65| 31| =35 |—10 30| 12| 35 55 13| 07 80
Nov. 8. 12 0] 355 95| 83120118 93| 43| —4'5 15 40| 40| 40 65 851 27 {120
8.13 0 351 g1 79 116 116 91 | 41| —4-1 11 41| 41| 36 56 30| 23 |116
8. 17 0; 335 90| 80 (11'2| 95| 85 |85 —45| 10 40| 30| 45 60 271 22 (112
9. 530 330 | 95| 95 (135130115 | 85| —60 |—15 25| 32| 30 321 291130
10. 19 30| 335 93| 75 |1051105| 93 | 25| —4:3 |07 20 12| 20 25 15105 ) .., | ... |..
11, 7 39 388 | 98| 87 (138132 95| 33| —16 1-8 60 | 42| 48 38| 26 (1371 ... | .. 102
11. 10 35 3870 | 92| 95 |108{105] 88| 38| —1-0| 80 50| 40| 40 38| 281000 ... | ... |74
12,13 5] 817 | 95| 72 |I1-0|10:8] 60 | 55| —62 | 00 e 10 10| 72
Sept.15. 10 83| 5956 [10:0 | 79 80 - 55| 23| 50 65 35| ... 4120
18, 9 0] 640 [10:0] 90 70 80| 30 80 7:0 551 ... . 1100
19. 10 0] 592 [10-7 | 95 92 42 - 92 47 ... e (112
©19. 11 10| 555 105 |10+ 10:3 2:5 . 90 53| ... .1l
19. 13 10 537 |107 | 77 117 ] ... 37 . 71 441 .. 67
20. 9 25| 577 {102 92 92 | 42 vee | 37 77 420 .. ... |106
21, 6 10] 636 [101 | 74 45 53 43 ... 99
22. 5 40; 626 [101 | 92 72| ... 411 .. .- 59 38| ... | . (123
22, 7 200 583 |10-6 |10 93 1 ... . | 06 . 81 451 .. e (127
22. 8 10] 562 105 103 740 .. 50 72 43 .. .o 112
22, 11 30{ 520 |109 | 120 95| 36 .- 78 48] ... .. {115
22, 13 30) 50:7 |100 | 85 87 |36 e | 220 . 77 356 ... | ... | 99
23, 8 30 565 (105 93 756 130 I 65 85 41} ... | ..o (115
. 22. 10 50| 528 |108 | 83 78128 . 71 88 48] ... .o 123
= 23. 11 10] 522 [10:7 | 91 72127 750 .. 86 46| ... .o (122
» 26. 11 30| 414 [1011 1100 91| 39 o | |39 86 420 L) L |14 .
27. 9 10] 415 {107 | 93 165 | 52 95| ... 58 551 ... e | 115
27. 11 0] 415 100 | 77 80 | 43 e | e | 67 70 48] ... | ... |11
Oct. 2. 7 25 570 {105 | 95 85 | 48 251 ... 90 451 .. .. |11'8
15. 15 20| 298 [100 | 94| ... 108 | 5:3 94 e | 86 .
18. 7 40| 380 {100 | 80 (133| ... | 76| 24 46| 40| 43 65 28| 171000 ... | ...\
18. 9 30 368 [108 | 88 [128]10:8| 9:8 | 3-8 68| 61| 59 78 48| 34 (138
15. 14 30, 306 [108 | 98 (146/14:7|10-9 | 5:1 44| 36| 51 81 411 33 (128
18. 18 0/ 300 104 | 89 12:0{12:0|12:8 | 5-2 481 29| 58 89 45| 40 [132
19, 430/ 435 [103 | 70 135 11'6| 70| 21| .. 79| 07 28 50 23| 16 115
19. 8 10| 359 |10-7 |10°7 115°9115°9 (114 | 49 —6-1 09 511 37| 61 91 39| 32137 | ...
21, 7 80{ 440 100 | 7-8 125125 75 | 35| —40 |—05 451 28| 40 60 201 25 1102} ...
25. 9 30| 382 |104 | 82 (132(132| 72 | 42| —68 |—02 37| 10| 07 77 12| 07 [130 | 117 ...
25. 11 40, 366 [104 | 84 |12:6(128| 84 | 36| —57 | 09 51} 26| 36 75 18| 144|108 | 11-0] ...
Nov. 7. 580 517 |105 | 97 137|114 97 | 42| 26| 57 41| 41| 54 76 45 | 17 (117 ... ..
12, 19 200 830 {100 | 79 [10411-0} 74 | 58| —6-2 1-2 .s o 271 28| 90 ..
i .

Sept. 15, 118 0™ ; a thin cloud passing zenith. Sept. 18, 9% 30™; the stars seem small.  Sept. 19, 15® 10™; the stars seem small, and they have a waterish
appearance. Sept. 20, 15" 0™ ; deposition of moisture. Sept. 21, 6 55™; the clouds are confined to the zenith and around it. Sept. 21, 78 30™; the clouds
are confined to the zenith and around it. Sept. 21, 18" 20™ ; deposition of moisture. Sept. 24, 15* 10™; the stars are dim and small. Sept. 28, 11» 35™; a few
clouds near S. horizon, and the stars are dim. Sept. 28, 13 25™; stars seem small and shine dimly. Oct. 19, 7 40™; dew just forming. Sept. 19, 10h 0™;
a few clouds. Sept. 19, 11k 10™; stars seem small and watery. Sept. 19, 13" 10™; stars seem small and watery. Sept. 23, 10" 50™; the south portion of sky
very clear. Sept. 23, 11k 10™; the stars have become dim. Oct. 2, 7 25™; dew being deposited. Oct. 19, 82 10™; dew. Oct. 21, 72 30™; dew.

Oct. 19, 70 40™. At 7% 0™ a parcel of 10 grains of wool was placed on grass, and at this time it was found to weigh 11 grains. The temperature of the air at
71 40™ was 3° less than it was 7% 0™, and yet the differences between the readings of the several thermometers and that in air, is less by 2° or 3° than they were
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at the former time (see Table XIV.). It would seem from this circumstance that the heat evolved at the time of the deposit of dew was about 4°, At Oct. 19, 21b
the wool was found to weigh 21 grains, and the thickness of ice in the evaporator was found to be 0'5 inch, ’
Oct. 15, 4b 35™. At this time the thermometers were placed on their different substances, and large differences were almost immediately exhibited.
Oct. 19, 4k 30™, These observations were taken two hours before sun-set; during the whole of this day the temperature of vegetation in the shade was much
below the temperature of the air; at 199 1» the reading of a thermometer an grass was 39°0, whilst that in air was 47%2. .
Oct. 25, 112 40™,  The water which was placed in the evaporating dish expaosed to the whole sky is frozen, whilst that placed in a similar dish exposed to one-
half of the sky only is not frozen.

MDCCCXLVII, T



136 ' MR. GLAISHER ON THE RADIATION OF HEAT,

TasLe (Continued).

g 5 § Excess of the reading of the thermometer in air above that placed
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Sept. 13, 158 15™; the sky is cloudy to 30° high.  Sept. 19, 9 20™; clouds all round to 10° high.  Sept. 19, 92 40™; a few clouds to the north. Nov. 13,
5h 10™ ; dark clouds. Sept. 13, 11" 10™; great deposition of moisture. Sept. 13, 121 0™ ; great deposition of moisture. Sept. 13, 14* 30™ ; great deposition of
moisture. Sept. 28, 158 15™ ; the stars small and dim. Sept. 13, 12" 30™ ; great deposition of moisture. Sept. 13, 13» 30™ ; great deposition of moisture.

- Sept. 27, 13" 0™, Dew had been deposited previous to this observation : the thermometer placed on long grass was covered with hoar-frost, so much so that its
stem had to be scraped before the reading could be taken : that placed on raw wool was similarly circumstanced, and it was firmly frozen to the wool.

Oct. 18, 122 0™, ~The charcoal is white with hoar-frost: wool and flax are each a mass of ice, and the thermometers are firmly frozen to them. The thickness
of ice in the evaporator was 0-82 inch.
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Excess of the reading of the thermometer in air above that placed Clouds. Wind
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