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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
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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.
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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 -
5 FE7  |ws3E| B P |FE| 4| % |zg|fEo|8EE|8EE F | T | P | EE| By |uE|fE|eb | 55 584588 285
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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



AT NIGHT, FROM THE EARTH, ETC. 135

TasrLe (Continued).

Excess of the reading of the thermometer in air above that placed Clouds. Wind
13
2 12Bl8 |Bglt | g1 PR g 3 g |8 e
y [E5(85 18 (2215 |£ | (3 |8 |8 o (8BS, 8 1 Ssl8slE 8|z g st |2
BG\ 25 |B2|85 85 ob|ib| 5 (28| f oo (as 28|58 %0 | F5 |55 50 L8| B |2 ] 2B 5] £ |3|BEEcE
188 |5 | 56|86 |28 25| 8| § |E°| 2% 25|28 (== 58| 85 | €3 |E3|%5|5°| =2 | 6| &g| 8|95 |8 % |f8&5¢
5°|5B| 2820120120125 & |8 |5 |&8|6° |8 |5 | 2E &% |TE|aE|t | S S % is|a g |EE|% &8
S*18%|s |8°18 |8 | &g |° |° °E|EF|°T 87|78 SE|& <7 e
o o o © ° o ] o ° o ° o o o o [ o o o o =] o =] o o
SO I R vl b e e e e p e e ] e ] e ..je. |...|Vap.
el R P U EUUURN RPUUR PR RO NETURE RUNN DT NN RN ..{c.]...[Vap.
O I R I vl el i 80} 87 ..|Ce ... Mist
RN P A D o f e f e | 47| 52 ... |Thin clouds| 4/H.
U ANVURE RNVORR HETIN ITTIN RUOURN RUUURN RPOORS R I el b | 721 771 ... |Thin clouds| 4
T R T e R RPN UORN EOOR R RS vee ] e | .| 65 68 ... {Clear
RS TR TN IR [TTI IO RUUR RPORR IUUU R e | 44 42 ... |Clear
JUT R B T e L e e e ool o] e | 50 59 ... |Clear
TSN R PO YT RUUURN U RUOUR BURN NP v f e | | 48] 45 ... {Clear ...... N O (N
U R PR TSR EUUURE EUORN PO B el b | 47 58 ... [Clear ...... o]enlee
U U U HETTUN ATTIN ROV RO RPPO RNV B JUURN RN R TR U TR OV RPTOUN IO SRR TN IPOTON B IR TR PRPTOra o 2...|...|...|Haz.
O R D NETRN RNOURS BN R RETTRN I PR O R R UTURN EPUTE N IR (T R IR IR R IETTIR [RTTPIsauspm 2i...}...|...|Haz.
v b e e e e e e e ] e el e b b . .. |Clear ...... vodeed)end]. . [Haz,
VAr/f ATV [PUUUN RS (OON OURS EVUURS EDUURS NUUIN IOV OURN VU RVUPIR RNVORN ANORE N ol . [Clear ...... cfeed]ee]e [ Haz,
1221 ... [114] ... 10:8{ ...} .. |...|84]../114/94|76|58] 74| 76 781 . Clear .eos...|Haz.
122} ... 1 80| ... | 90| .} ..|..|72]..10277])54] 42 65| 62 62 . Clear .le.
98| ... 100| ... 1000} ...} ... [...]|88B|..[100]| 77| 4840} 77| 75 78] . Clear .le.
129 ... 196 ... |94 ... |...|..|89]..(108] .. ]|51}39 81| 69 e U IO IO R TN Clear ..lc.
125 ... |10 1065 ...} ... ...| 85| ...]91102| 75| 52| 80| 74 851 . o e el oo ] 35 ] ... (Clear ...l ... c.
105 ... | 62] ... | 54] ... ... | .. [ 28] .68 ...]|85|43| 55| 47 49 . v | oo | el oo | we | 45 |Clear ... wfennlee
9911051 ... [105| ... | 93| 97| 75| ... {10:3] ... . 6390|4365 45| ... [Clear ...... LN d
10-1] 91 91} ... |81 86|81 99 4161|4161} 31 Clear ...... LN 2
95| 75 85| ..175| 85|65 85 5065|6365 30 Clear ...... N
1301100 ... | 90| ... [I11'5] ... | 90 95 48[ 7532 60) 40 ... |oeeeeerreeninns 2
132 b e | oo | e f e L s 43| 43|23 47| 23 Clear c
1331 ... coo | wee | B8] 70| 88| ... |100 68|70 66| 67| 44 Clear ...... c
114 58| 70090 ...105) .0 .. ... ...} 48160|55] 60| 40 ... |Clear ...... U 8
100} . 80| ... |58 ...|70 ..} ..|..]...]70]60]|70]..]90] 2450 30|46| ... . |{Thin clouds|10

IR . . Clear ...... .G |...[Vap.
. . Clear ...... ..lc.
N . , Clear ..... . .Je.
R A . R .. , |Clear ...... e
R R . .. .. , Clear ..... e
vee | ae R . .- vo | ... |Clear ..... .|e.
. O . . b b bt o ] (Clear L .Je.
vo | ees . v | oo [Clear ..... .je.

B Y S L S LR R R R-ENR R R
ORI H PO WOH OISO

.
.
:
RS ONSRERATONDWDIRDW D
D PONVNPAIO TSI GO SR

981 ... ... | .. [ 93] ... 1221108} ... | ... | 65
26| ... | .| ... 124] L 136 99
36
5

108 . ..|Haz.
136
12-0
10:9
154
10-2
129

T

L
v | e | e 108 L 10°2111-8 11 A
2 e 49 91 44
v | e | 12274 L 13201147
100 L)L (106 L 102
L300 L L | L (1104 L 102

..|Haz

—RSHmBL =
—_ SNy S
[=rRa [SURR =R o}

[ p——)

o 89| o8 - |Haz.

JUORH 12111 OO DSOS OO -8 IO -

12:9
117
12:0

: POTPI—p
o RO O WA
D aNaRuay
T OHOONNNOSD

1

2.

oo | B
. {10
9

9

;

O OO G w®

o

e

-

H
SoeUAN G DDz oDofofololololloiiiiiiiiiiiiiiiy
HENDCEEE R AT A A A T

A 0O NINY P R — O

67| 72| 70| 32| 70| 38| 57

® 3
&

..|Cv

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.
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TasLe (Continued).

g 5 § Excess of the reading of the thermometer in air above that placed
3 EE gy 41 B¢ o o 4 £ = I - B
g %2 gxng| | 4 |= | 4| 3 2 |B5k|sy,lsz5.] 3 " BEFIE BN FRE-PREEREE
2 S2E \ETas)l B | B |Bd| 0| % |5 2eP|suleEd] B\ T | B | < |4, |Gh|ed| 08| 88 |5 50 3 E
s £57  |SERE| o | g |26 5| & | BY|mwh|EZBEiE 5 | B | B |52 | B4 |45\ B 25|50 |94 005 25 k0
5 88 wfegn| £ B |ED 5152 |E52|5eelEee 2| 2| B | %% |58 |Se|Be|se|fe |2REEiv Rt
: BE |E5TE| 2| |s8| 9| 8|57 |Sp|aislEBE B | & | EBE|ET\I3|ws|ad |58 s8N eE
<2 S e o o S | g SET OB SR X BE |3 G CRI 4 g% BElgg
z ‘r‘a% [S) IS 8 :‘5 ) SEE & ° & g & a @ g 5” é" S™&
Sept.13. 15 15| 498 |13 (108 | " [ C.o|uds| L] S | |0 188 |88 |88 (168 |5s) |0 (128|010
19. 720 624 |114 [104| .| | .. | .. 74 |63 |64 | .. | 82]|.. 60| .| ..[117
19. 920 587 [112| 92| ..|..| 92| .. 67 |32 |57 87 37| o | o 105
19. 940/ 593 |11:3 | 98| .. | ... | 93| ... 73 | 43 | 63 9-3 48| ... | ... [123
26. 9 10| 472 |17 (107 | .. | .. [107 | 62 o | e | 57 72 57| o | ... [1837
27. 640 445 (117 | 83| ... | .. [105 | 53 ol | 87 93 54| .| .. 127
27. 780 440 |1177 | 87| ... | .. 101 ]| 50 27 78 78| . | .. 130
27.13 0| 403 |11 | 91 88 | 38 I 7T N 81 43| ... | ... |13
28. 17 25| 381 |117 (101 | .. | ... {101 | 46 ol 78 81 52| ... | .. |126
e |Oct. 18. 10 20/ 368 |11 | 95 |153(15:3|10-8 | 43 63 |63 |63 88 |48 138 |138
= 18.11 o| 355 [115 | 95 150|145 95 | 43 55 | 55 | 55 85 45 |37 |130
18. 11 30| 350 [115 | 97 [150(150[102 | 45 | ... | ... 50 |50 |50 85 47 | 28 138
19. 9 o 345 110 [11:0 (153153100 | 55 | —55|—05 37 |30 | 45 85 35 |28 |12:0 | ...
25. 8 o 398 |117 [100 [15-3 (148 98 | 43 | —5:7|—14| ... |43 |23 |28 88 18 | 118 |11 |103
26 5 40 425 |11'5 | 85 [126(118| 88| 89 | —35|—15| ... |50 |15 |32 70 23 | 119 107 | ...
29, 9 0 406 |114| 79 [I3:8(131| 71| 26 | —2:4|—04| ... | 31 | 26 | 29 75 14 | 146 118
Nov. 1. 430 430 |[111| 90 [145]135| 85 | 50 | —50| 00| ... | 20 |10 | 10 85 25 | 20 130
1. 7 of 4000 {110 | 65 [150(150| 60 | 32| —50[—10| ... | 50 | 30 |30 3-0 40 | 35 |14:0
4, 510, 470 [118 | 85 [145(140| 80| 38 | —3-0| 15 50 | 00 | 28 75 22 |18 |12:8
12. 6 0 375 110 |11:5 137135 95 | 40 | —2:5| 25 23 | 145|114
Sept.21. 830 410 [122 | 95| .. | .. | 70| .. | o | | s Lo 80 45 L | L 148
Oct. 16. 5 20| 384 124 | 94 [12:6]148|102 | 37 | ... el b b A 29| L T
18.12 0 345 |[127 |10:0 [167(160(10:5 | 55 | ... | ... | ... |53 | 47 |57 90 52 | 42 |145
19. 5 of 418 [128 | 99 160/143|11:3 | 33| ... | ... | ... |43 |13 | 40 80 26 | 20 |130
19. 5 30| 404 |1299 |105 {164 [156[105 | 39| ... | ... | ... |41 [ 18 | 36 82 24 | 17 {138
& |Nov. 8.19 0 3143 [123| 93 [163133|11:3 | 58 | —67| 07 33 |23 |48 73 43 | 38 |153
9] 12. 845 336 (124 | .. | ... o e ]
12. 9 20, 330 |12:0 |12-0 [17-0{155| 95 | 60 | —50| 40 . 25 |22 (120 ... | ... 132
12. 10 10{ 323 |12:5 {121 17:3]151{103 | 63 | —52| 12 . 48| .||
13, 5 10| 375 [125 |117 (195 (145|120 | 60 | —1'8| 17 140
13 5300 376 {126 | ... | .o f o] oo | v | oo | e
13. 7 o 360 |12:5 [11:0 [11-4[12:0{11-0 | 54 | —20| 25 9-0
Sept.13. 11 10| 510 [135 |12:0 | ... | .o [12:0 | oo | woo | oo | o | {40 | b |
13012 of 505 {135 (125 [ .. | .. (125 | . | o | on | oo | . |85 |75 | 75120 |75 | 95
13. 14 30 500 [13:0 (120 | ... | .. {105 | .| .o | .. | |30 |85 | 75105 |52 .| .. | .. |11 |100
. 28. 15 15| 402 [132 (103 | ... | ... {112 52| ... | .| .. |60 | .. | ... | ..jr02]. 67| .| 1ol ]
2 loct. 18. 13 0 334 [132 [104 [159(159|104 | ... 41 |34 |52 86| .| .| 40 |31 (141 ] .. | . 136
b 18. 16 0| 300 [132 | 97 [1a0(132| 82| 45 40 |35 |38 89 60 |50 {128 | ... | ... |90
19. 5 50| 403 [139 [121 [16:3(163|116 | 45| ... | ... 67 | 32 | 63 99 47 |87 {150 | .. | ... 108
95. 5 15| 455 |13°0 |103 |16:5[16:1| 115 | 105 | —4'5| 00 23 |01 | 21 93 53 | 47 (134|145 | ... 133
Nov.12. 8 30| 336 |13-1 |124 [168|161|106 | 56 | —49| 06 . 33 |25 (151 ] .. | .| ..
. |Sept.13. 12 30| 50-8 |14:6 [13:3 | ... | ... |158 38 |78 | 83123 | 68 .. |11
5 13. 13 30| 507 (142|127 | | (w2 | o | o o] L 37 o2 897 57| | L | L 718 | |
M 10ct. 19. 6 15| 403 |141 |115 [163(168]128 | 62| ... | ... | ... |75 |48 |71 | ... {108 | .. | .. |45 |38 |1568| ... | ... 115

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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Tasre (Continued).
Excess of the reading of the thermometer in air above that placed Clouds. Wind
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Nov. 1, 4* 25,

An inch of rain had fallen previously, and at this time the sky became suddenly clear ; dry substances were placed, and immediately the above
large differences were exhibited.

Nov. 12, 82 30™. The reading of the thermometer on coarse flax was 18%5 below thatin air (see Table XV.); and Nov. 13, at 5» 10™, the difference between
the readings of the thermometer in air and that on raw wool was as large as 19°5 (see Table XIV.). These differences were greater than any hitherto met with
by any person, and especial care was taken so as to be certain of their correctness.
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t the height of 4 feet, protected from the effects

i air a
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MR. GLAISHER ON THE RADIATION OF HEAT,

perature of the dew-point is from 4° to 5° below that of the air, being about the same as that of the metals which

Excess of the reading of a thermometer placed

of radiation, above the readings of thermometers placed on different substances fully exposed to the
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The sky was overcast with a high and very black cirrostratus. The temperature of the air was 45°; the readings of the thermometers at both

Dew is abundant, yet the tem

covered with dew (see Table XX.).

Dec. 6, 11t 0™,
Dec. 13, 124 0™,

are thickly
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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 between 1843, Nov. 16, and the end of the year 1843.
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‘ 41°5, and those on all metals read 43°; the
gentle motion from the west ; yet there was a small portion of dew on most substances,

long grass, short grass, raw wool and flax were all

5, and the air was in

one and two feet high were 45°; the readings of those placed on
which seems anomalous as the temperature of the dew-point was 40°,

temperature on the surface of the ground was 42°



MR. GLAISHER ON THE RADIATION OF HEAT,
Tasre (Continued).

140

O - SO ... s A = ~
a8urio S A A Y S AR A A A A A B T R AR <
. o Lo
@ T I~ T - T Y WS .. . . . )
£ Snq e [ A T A /O A A A TS A <
Mb — -
S - S [« S P L T TR I N~ T S R =3
= angq 3981 “_““:"n“”“..M,.Oom*“““““”"n..n"”“n“"uwww""““" 1B
W p— et )
. R - < T Lo T WY ... s =
& ue1H O R T A T S S NS SNE SRR R S =
m p— i
= e T [ TR e T T R 0
= E0 7 W B R S > @ Doror oot oror ool s ooy 3
o L S S I T I I T A [ Y Y- S T = LD 4 [0
=] - —
T~ e B e T L T T = S =
PRI L “n“““..“un””men““n““..““n””NHNHW%“““HN @
) HE o ]
semas S SHRRDVRREPS | |, ORI TFVL=PY [@S=why | @eags
SSB15QA0BYSIYJO0F OMT, 1104000000 OO OOONO™ | NN NO D ot ot e G et
| 1
3 CORMPPLIHPRILN | NRBO =G DS S |wow op [ GwBnnd ™~
g *5518 0A0BYSIYI00JOUD | O S miri S S S S mm SO | SSSMNS~ (SSH im U et © | S e e ™
= | | | |
=
3 ssead
= I I L -1 L I I I - s os ootz )
S| aaoqe ySiq seyour XI [ N A I G S S S S S SRS NSRS R B -
° 0qe Yo1( SIYIUL XIg Sad vy -
=3
2 “proow uspres u Dorororororonororo I R - E : :
G| pmowwpniuo | oiF tiiiiiilll SRR R Lt : :
g “g81 Goug ouo ssefD) LIZ XIS % PP Reee | ri i g : :
Bl R e o T < B 10 ~*
8 M ‘sse[n HEOP® NG | oo 1®; HE A i L oW H :
HE AN G AGy e | pPPTorior - H RS Y R B HE :
L5 I T S P S R .. S [ S S R R R R T . - I R R T - .
sl g cag pewsyoRy | o : i i i oiolotoroid S B I R R T T - H F- I - 14
HE powowperg | o i i iiiiiiil MR = I R ¥ :
Sl g8y Drororadmed 1oeeN oo | oropoio:ororo:: ot o: oo R L 1o :
S| 2 |_wouromo up oy Gitadh ‘dres B |ttt o e R R N ‘% :
o un UM PRD A S A A A 5 4 . EREEA A :® :
w8 N dach W o @ < =~ ©
w| o o LR T T R AR A L DorororotoTos .
HE W e iiiiiiili S iiiriiiirryi R R :
g . R Y Y Dot
e ToOM MBIDIYM. | o : I I T ooll o | cotiirrrrrrttol BN R IR
e
= HOAONDOON ot D 10 D O o~
- *s5213 Suo pun P R A PR :
5| punesd jo somns 10 dddiammdid | il RRSN alakr Il B —~ :
@
w
g +ssead 31018 18P FVPPAXFOOPLONN [ FOWOLLNMPON R Y | Smeay (13 1809 .19 e
) e e : :
B | punois jo edeyms uQ DU OHH [ ANHFDD N~ AD 234 YN SdS @ CAaN 1D &
el PO R FHODPEN | NOAIOBAN R 00 [DPPHPN (10 8180 0P ®
31078 opum punoid Jo HFHFONHm @ [ R NOOD MO (NAN [ OCOmOANN | O oMo —
2073IMS MOJAC YOUT AUQ 11 111 | | 111 [ 111 | I |
NOONOPP =P | 13POPOWBBINMPrH O | PR FMD | © 01 HR .0 N
*POOM 9408 SOYPUIAWN | (L dqAN A N RN DR | QAR ONDHOAH (N [10HRHDN®D [N (e 0 W
COmPRENOOFDS [ NSO FOPONNBOOND |NAGON [15 2w ®
+10309Pa4 3O SNI0F UL PO DODRDLBRBD | ISERERERNOROOERH |SRREES | o Rz i~ S
o~ PRV ODNLIBODONS |[NOUWVPEPLONNODRIANF [ HINEQ® [0 NOSDA | SIS <
85813 U0 XeP UQ DD DPERELORND [ROINSCARCRDOEDOD [ OB =D | R NSO Mm— &
- — — p— — — o g ] o o o
- M MY U RONRLOHPROOD | L 0N FODDONLERFIONY [ Odinhkerd |15 0RO | DND D o
85813 WO 100 o PP RINA R DRSO | O2RDETRID NS DERD [OSHHDSH |[D (OAFAM a0 ® o~
- — o p— ) o - o ] g -
“ssead 31008 U CHRDDBP DRSNS | XNV OC ISR NNO=P® [ QPO [P PO oaEF °
S5BL3 JI07S U0 BBERBCOEDORREN [ ORNCRIRNDRNRNENIRND | 0D0SD0H | S (SRRSO D | S 3]
ssseaS Suop w BOLODPOONPND [ PNVRERO-HONOSHBH [ NS NMN® | DB PO DM | 10D i
110 Rt e il ettt | XN H RPN RR VR DROPRRD [ HIRHIHHD 2SS0 S | ATARN @
o el ] ot o] o g ot —
_wopmpE g poRatold T 0t pin 9SS0 S | NN nO0onnanan RO | LADBAT 10000020 | BND L o
08 oY} 24008 19F FJOIUSHY | on oo N O S m B e | AN S OLARNNLFIDNR [ H=0S=S | DR~ Dh SV 10
m»ﬁﬁ.ﬁmﬁhwcwiﬁom RRLISICLILRES [ NTTSEITIISIRIR |SSITIIT SRR T | Iwa =
FEEEERFEEEEREFERNEEEEEEREEE I EEREEEEEFEEEEFEEFEEEER =)
ERCSCERR ) 515 DESCEYZREE | BRECERR | RRBRT AR [ m99R =
SN~ O IR AN | S FIBOHIOSBOFINMMMN [ NRION G [ INHO NI HS [ 1000 ¢ =N
- — -Gy - - - e " -t - — ot
opmurwt pue anoy ‘Aex  f L . o . . . T D . . N I DR PR .. Ve e . .
“gp81 SN NNt [ S LISl —n | S LB | CXLSSHOD LD <
e — - — ] GY OV Y ] [R R - QY G G - -
$ g s B g s |5 g g
D =l D o L =} 5 =3 D o
a Z [=] Z_n = ] Z =) Z
*SO1BY, 9Y3 JO JPUNN TIIXX AIXX ‘AXX TAXX TIIAXX

Nov. 29, 13" 45™; there is a small quantity of cloud over the zenith. Dec. 8, 51 0™ ; there are a few light clouds scattered about the sky. Dec. 8, 12b 15™;

dew is abundant.
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In addition to the tabulated experiments, a variety of others were always in
progress. I may mention the results of a few of these.

I placed a large sheet of pasteboard vertically on the grass plat, and laid a ther-
mometer close to its lower edge on each side of it; the readings of both these ther-
mometers thus placed were found to be identical and intermediate to that placed in
air at the height of four feet and protected from the effects of radiation, and that
placed on grass fully exposed to the sky; the same relation was found to exist in
what azimuth soever the board was placed.

I then placed the pasteboard at an angle of 45° nearly with the horizon, and laid
the thermometers as before. In this situation their readings were found to be inter-
mediate as before, but that which was exposed to three-fourths of the sky, read most
nearly to that on the grass fully exposed to the sky, and the one which was exposed to
one-fourth part of the sky only, read most nearly to that in air. The amount of these
differences of readings was as nearly as could be determined exactly proportional to
the amount of the exposed sky.

Hence, as a general fact it may be considered, that whatever diminishes the view
of the sky as seen from an exposed body, causes its temperature to decrease less
than it would if the exposure to the sky be complete.

Various experiments were made to ascertain the effect of covering plants at night
by matting, or other thin substances; and it was always found that when the protect-
ing substances touched the plant, much beat was conducted away from it, and such
plant was at a lower temperature than when the substance was merely interposed
between it and the sky; the thinnest substance thus interposed, at any distance from
the plant, was found to be effectual in preventing the loss of its heat by radiation.
It was found, however, that when a plant was thus itself protected, but yet was ex-
posed to any body which was exposed to the sky, more heat radiated from the former
to the latter, than from the exposed body to the plant, and thus it lost some heat.

The several thermometers at the different distances from the earth were for some
time read at short intervals during the night and day, and it was found that except
after noon, the reading of the thermometer at twelve feet from the earth was very
nearly identical with the true temperature of the air.

The bulb of the thermometer thus exposed to the full rays of the sun was situated
nine inches west of the plank which carried it, and whose width was three inches ;
and the cause of its readings being about 1° too high during the afternoon, was
owing to the heat reflected from the plank to it.

During the summer of 1844 and the year 1845, the reading of this thermometer
was frequently examined, and found always thus to agree. Hence there is no doubt
that if a thermometer be freely suspended in the air with its bulb at the height of
thirteen feet above the soil, and far from any object to reflect heat to it, its readings
will represent the true temperature of the air at the time, and much more truly than
those of any one placed near the ground, or within a few feet of walls or buildings.
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Excess of the reading of the thermometer in air above that placed

MR. GLAISHER ON THE RADIATION OF HEAT, AT NIGHT, FROM THE EARTH, ETC.
from the effects of radiation, above the readings of thermometers placed on different substances fu

on Long Grass and that in Air, from observations taken between 1844 January 1 and 1844 May.
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nces fully exposed to the sky, arranged according to the difference of the readings of
May.
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ain was falling. Feb. 16, 38 0™ ; the sun is shining brightly, Feb. 22, 18 45™; the sun is high and shining. Feb. 20, 94 10™; the larger stars are visible
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The appearance of trees and shrubs as covered with hoar-frost was very rich, and on examination it appeared that the edges of the leaves of lai
length down each fibre; the intermediate spaces on the leaf itself were covered with small particles. FPrivet : every leaf was covered from the edge fi
branch, by far the greater number, and much larger than the rest springing from the sides ; from part of each branch towards the zenith there were
increased to spikes, becoming longer and longer as the distance from the root increased, terminating at the top in a rich cluster of spikes one-tenth ¢
one inch high was covered with spikes one-sixteenth of an inch in length, with horizontal spikes one-tenth of an inch in length from its edges. Gl
direction of the fibres. Raw wool was richly encrusted in each fibre, and in some parts spikes were piled on spikes, forming a cluster three-fourths «



‘Wood o1

Grass : the lo

Stone was free from hoar-frost.

Tin one inch high was a little white at the edges.

, from its graceful form, had a peculiarly rich appearance.

all round ; the spikes on the blade below the top were nearly horizontal, and in the
ered with white round particles on each fibre.

this shrub

TasrLe (Continued).

Excess of the reading of the thermometer in air, above that placed

On flax there were no spikes, it being cov

MR. GLAISHER ON THE RADIATION Of HEAT, AT NIGHT, FROM THE EARTH, ETC.

Glass on grass was free of hoar-frost, and so were copper, lead, zinc, tin, and iron.
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leaves of laurel were fringed with spikes one-tenth of an inch in length, and inclined to the leaf, both upwards and downwards, at an angle of about 60

1 the edge for one-fourth of an inch within the leaf, with spikes one-fourth of an inch in length; the other parts of the leaf were free from frost; the cruci

one-tenth of an inch in length, and inclined at all angles from 0° to 90°

| there were comparatively but few spikes, and none of them vertical :
5 edges.

section of self-registering thermometers.)

ree-fourths of an inch in length.
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of about 60°; none were in the plane of the leaf continued ; on the surface of the leaf there were spikes one-sixteenth of an inch in
'3 the cruciform end of each branch was very rich with spikes. Broom: this shrub was richly encrusted with spikes all around each
-ass: the lower part of the blade was free from frost; immediately above this the blade was just covered with white particles, which
,and in the plane of the blade. Wooden palings: at all points and angles there were clusters of spikes half an inch in length. Glass
Wood on grass was free from hoar-frost; wood raised from the ground was covered with white particles, and many spikes in the
hoar-frost.
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increased to spikes, becoming longer and longer as the distance from the root increased, terminating at the top in a rich cluster of spikes one-tenth
one inch high was covered with spikes one-sixteenth of an inch in length, with horizontal spikes one-tenth of an inch in length from its edges. G
direction of the fibres. Raw wool was richly encrusted in each fibre, and in some parts spikes were piled on spikes, forming a cluster three-fourths
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one-tenth of an inch in length, and inclined at all angles from 0° to 90° all round; the spikes on the blade below the top were nearly horizontal, and in the
s edges. Glass on grass was free of hoar-frost, and so were copper, lead, zinc, tin, and iron. Tin one inch high was a little white at the edges. Wood o1
ree-fourths of an inch in length. On flax there were no spikes, it being covered with white round particles on each fibre. Stone was free from hoar-frost.
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»and in the plane of the blade. 'Wooden palings: at all points and angles there were clusters of spikes half an inch in length. Glass

Wood on grass was free from hoar-frost; wood raised from the ground was covered with white particles, and many spikes in the
hoar-frost.
144



MR.

U gy ° I~ D i i i T e e e e e
| |
PR I, @ oL .. .
‘unfs axeHy ° T HESEEEIE RS = S N A
| |
. M M —
I E SRR SRR PR et
¥ o WP B BRI Ao\ B
. . : )
s S i i|ESD tii|ginannEs | 8
Ey
B .Sy o i ittt oot :
ﬁ wvnﬁoﬁm un.mw mvdvﬂH .................... .
[} R —
o
N S T ST S S S S N S S S S S
m peI CEIEIRIEEEEEAEN N A A T
™
S| un peuexdRrd FRIEE IR I A AR AR A N A A A
P
=] 100 H D
3y I A S A I O A T hSSS
puowougoay | © G c f s i Pt i
U UM N B A A A AR -
b 0 .. RPN A
“Xelg o il i@ i i = iiiiii|
| |
5 e WONDFPE .
100 MvRX PTG ort IR T L lo;_ul_,llll H
£ |
*sse1d Juop sopun o..lﬁﬂr.O@ﬁ./ QWP B B A N S BN
puno1s 3o oowpms g G o o 1o S B 1S |- 41000_ ®
*sse13 310Ys Iopun N e B M P> PRV N . .
punoas jo soeyms o o I D BN ® o | foNmdIN HE
“sseld YRme ,  lowa B |n oneve |
310Yys Iopun punozd jo P IOOND I |mOO I 1Y | O N N
90BJINS MO[Aq OUI BUQ | | 11
*poom WRDINSOIND | 10WrHPPEY | by NP =G .
ssoqe SoTauT UIN RN DAPROD [ OdID (15 I~boRN :
) CRRPB A (80O = O~ [npRBRN | NS
10309pa1 JO SO0} UY ABHSIERAS [ Sh0DnEdA [amaddSd | A&
— - - gt g g p—
NENPBRS | BROS0D | NRoWw~a [ O
*sseld uo xey uQ MR INRINOIND | Do oints | NAONBo®o | Gid
. DPRRNHBINS | QWO PWON | NP PIH AP0 S~
J00M MBI D3IGM UQ OHOOHINDOIN® | OPRONIIN [ RIS DS — 10
ot pd e o gy e P gt | o] oo ol O] o gt o ot g o
. APPSO [BONRE. [AFRnn=s [ 0o
s5013 31098 UQ O ONAN [NANNSR |mrHdRda | S@
g g p— o - e anBanlonBaniion oy g o oo oy e
ssseis Eo Q=S |IBLEBFHD | NRTwacN [ aP
ssead Suof ug chdmMmddd [¥¥FHww [KLBBBRGL | &S
gy g g gy ol o]y o o o o
‘UOLJRIpE WOIy Pajodagord
243 38 "wioyy, Jo Juipeday S HFHF | FH T | FF0 A 10 =
TR EEEER N EEEEEEREEN R
B3P 83 ERE - E ) ) &
ANt [ O™y |~ono~—~a | ~w®
o o g - o p—
‘ojuurm pue amoy ‘de@ | L . . o4 o . P g ..
“$P8T BRSNS | FFFFFs | S SFFtF | B
5 —_— | NN AN NG ANNN
ey 5 5 o
) 2 2 =
= < < <
"SOIBL 913 30 soquIny TIX TI'TX TIITX AITX




TasLe (Continued).

Excess of the reading of the thermometer in air, above that placed

MR. GLAISHER ON THE RADIATION OF HEAT, AT NIGHT, FROM THE EARTH, ETC.
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AT NIGHT, FROM THE EARTH, ETC. 145

From the preceding tables we learn the following particulars :—Tables I. to VI,
XVII. to XX., and XXIX. to XXXII. contain the results of observations when the
excess of air-temperature above that of long grass was less than 5°; such observa-
tions baving been taken at times when the sky was wholly covered with cirro-
stratus cloud, after having been cloudless, during which state a series of observations
had been taken. By examining the last column of these Tables, it will be seen that
when the excess of air-temperature above that of long grass has amounted to 4° or 5°,
the clouds have been noted as being high, and when the excess was less than 3°, they
have been mentioned as being low, or no mention has been made as to their height.
Tables VII. to X., XXI. to XXIV., and XXXIII. to XXXVI. contain the results of
observations at times when the excess amounted to 5°, 6°, 7°, or 8°; and from the last
columns in those tables, it appears that at such times the sky was frequently cloudy,
and when wholly so, that the clouds were high ; that the air was in frequent motion,
and at timés the wind was blowing with a pressure of 4 lbs. on the square foot ; that
the atmosphere was occasionally thick by haze or vapour, and that dew was seldom
deposited. Tables XI. to XIV., XXV. to XXVII.,, XXXVII. to XL. contain the
results of the observations at times when the excess was 9°, 11°, or 12°; and at those
times the sky bas been generally clear, the air calm, and the atmosphere frequently
hazy, misty, or vapour or fog was prevalent. Dew was also frequently deposited ;
in two cases contained in Tables XI. and XXXVII. occurring 1843, Nov. 124 13h 5w,
and in 1844, Feb. 204 5% the sky was wholly covered by high and thin clouds.
Tables XV. and XVI., XXVIII., XLI. and XLII., exhibit the results when the ex-
cess was 13° and 14°, and at those times the sky was generally clear, and the air was
calm ; haze and vapour were occasionally prevalent. Tables XLIII. and XLIV. con-
tain the results when the air-temperature exceeded that of long grass by quantities
varying from 15° to 19°; and by examining the last column of these Tables, it appears
that at those times the sky was cloudless and bright, the atmosphere was clear
without haze, mist or vapour, and a perfect calm prevailed.

From the above particulars it appears that at times when the sky was entirely
covered with low cirrostratus clouds, the readings of a thermometer placed on long
grass was the same as that in the air; that with the same clouds at a moderate ele-
vation, the reading of the thermometer in air has exceeded that on long grass by 3°;
and on those clouds being high, this excess has amounted frequently to 5°; and if
other clouds than cirrostratus covered the whole sky this excess has been as large as
10°. At times when the sky has been free from clouds but not bright, haze and
vapour being prevalent, the above excess has amounted to 10° 11°, or 12°; and at
times when the sky has been both bright and clear, with the air calm, no mist, haze,
vapour or fog being prevalent, this difference has frequently amounted to 14°, less
frequently to 19°, and sometimes to 20°.

In Tables XLII. to XLIV. are exhibited the great excess of the reading of a ther-
mometer in air above those of thermometers placed on substances whose power for
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conducting heat was bad, such as raw wool, flax, hare-skin and rabbit-skin, and con-
trary to expectation, even on metals, whose power for conducting heat is good.

In Table XLIV. the reading of a thermometer on raw wool was 25° less, whilst
another placed at 8 feet from the ground and fully exposed to the sky, was 3%5
greater than that in air at the height of 4 feet and protected from radiation, and thus
a difference of 28”5 existed between the readings of two thermometers, the one
placed on raw wool, and the other in air at the height of 8 feet. This difference was
the greatest that I have ever seen, and it occurred in 1844, on April 84, at 8h,

The general agreement in the relative radiating powers of the different substances
on different nights, and many other particulars, will be best seen by consulting
Tables I. to XLIV.

I shall now proceed to explain the formation of the following table of the mean
results derived from all the observations. .

The mean of the numbers was taken in every group of results contained in Tables
I. to XLV, for every different substance or different position of the thermometer in
each period of observation, thus forming three large tables; from these a fourth
table was formed by combining the mean results for every substance, according to
the number of observations from which each had been deduced, omitting, however,
all those which had been taken when the excess of air-temperature above that of long
grass temperature was less than 2°*%. From the numbers in this last table the next
table was formed.

The last column but two in the following table contains the mean excess of the
reading of the thermometer in air above those placed as stated in the first column,
derived from all the observations made on each substance, &c. These numbers are
smaller than they would have been had the observations been made in a wide and
open plain (see introductory remarks), and also if the thermometer in the air had been
perfectly protected from the effects of radiation (see remarks following Table XLV.).
The numbers in the last column but one represent the relative radiating power of the
several substances, that of long grass being considered as 1000. It is probable that
these numbers are very accurate, for had the results in the preceding columns been
larger than they are, they would have been relatively so, consequently the numbers
in this column would not have been affected.

In most cases the experiments have been sufficiently numerous to give results
worthy of entire confidence, the numbers in this column having been deduced from
upwards of 10,000 experiments.

* These four Tables are in MSS. and placed with the series of observations.
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The mean excess of the reading of a thermometer placed in air at the height of four
feet above the soil and protected from the effects of radiation, above those of
thermometers placed on different substances, or in different situations, fully exposed

to the sky.

Whole sumfof }:he Relatitv}':a A
excesses of the excess, thal
Whole | readings of the cl;lsiagf(é;; of long
Situation of the thermometer, its bulb, or the substance under which| number of t.hermtime;felr ¢ | reading of grass being Remarks
it was placed, being fully exposed to the sky. compari- :&:::rtfe; :I’)%)ve the ther- lb;‘; 1000. “;)‘; .
sons. those plaéed as [TiOMCterin compaxza-
stated in the first| ar. tive radia-
column. ting power.
On long grass ........... e erree e atar e eaarans crrevre 479 40177 8:39 1000
On SHOTE ZIASS 1ovvuviiiiiniiirieeiiieee e eerneesennns 473 34547 7-30 870
One inch below the surface of ground under grass.... 273 — 4761 |— 1775 |- 209
On surface of ground under long grass ..................... 156 850 0-55 66
On surface of ground under short grass .. e 259 437-3 1-69 200
On long grass covered by white raw wool .. . 66 119 018 22
On long grass covered by flax ................. 61 204 035 42
On long grass covered by white tin...................... 35 1193 341 406
On long grass covered by white tin one inch high..., 42 1263 300 367
On long grass covered by blackened tin ............. 28 1319 471 561
On long grass covered by lead .......ccvvvvevivnnricveneennen. 10 467 4-67 556 } These observations were ge-
On long grass covered by lead six inches high ....... 13 401 3:08 367 nerally simultaneous.
On long grass covered by glass.................. 127 7279 601 716 } "These observations were ge-
On long grass covered by glass one inch high.. 128 5575 335 399 nerally simultaneous.
On long grass covered by hare-skin................ rerenerns 18 136 075 89 These observations were si-
On long grass covered by rabbit-skin ........... 17 101 060 72 multaneous.
One inch high above the top of grass (in air).... 226 1272-9 563 671 |7
Two inches high above the top of grass (in air) .... 9 430 478 570 Thesefactors, multipliedinto
Three inches high above the top of grass (in air) . 89 3361 4:00 477 ﬁ;e et radiatin E power ;\’f
Six inches high above the top of grass (in air) .... 165 394:1 237 282 3o§1i§‘§e?r§§f§’f hat :ul‘;::altlcg
One foot high above the top of grass (in air) ....... 212 229+4 1-08 129 upon the air, at that distance
Two feet high above the top of grass (in air),..............] 199 1433 072 86 >? ove it corresponding to the
Four feet high above the top of grass (in air)............... 87 503 058 69 nctor used,
Six feet high above the top of grass (in air) ....... 18 79 0-44 52
Eight feet high above the top of grass (in air) .... 96 13-4 0-14 17 i .
Ten feet high above the top of grgss (irg air) ) ....... . 9 800 0-89 tioieseafé'?é’elia;‘ffi'ﬁ t(")e‘::t(fwa
Twelve feet high above the top of grass (in air)............ 77 90 012 14 | ]
On black-lead in powder on the raised board............... 138 8081 585 697
On charcoal in powder on the raised board ............... 153 9962 651 776
On whiting in powder on the raised board.. 67 4655 694 827
On chalk in powder on the raised board....... 21 142-1 7:05 840
On lamp-black in powder on the raised board ............ 14 1130 806 961
On unwrought white cotton wool on grass....... TP . 228 20746 910 1085 See simultaneous observa-
On unwrought white cotton wool on the raised board ... 15 1277 8:52 tions.
On white raw W00l 0N 8rass.......cceveverenneesreorierssnraons 357 3655°1 10-24 1222 |
On flax on grass.................. 461 45636 990 | 1186 See simultaneous observa-
On flax on the raised hoard ..............coeeeunes 17 763 694 tions.
On yellow cotton, jeweller’s wool, on grass .. L 18 84:1 646 770 } None of these observations
On yellow cotton, jeweller’s wool, on the raised board... 56 4720 8§43 1005 were simultaneous.
On blue cotton, jeweller’s wool, on grass ............cuu.e. 12 846 705 840 None of these observations
On blue cotton, jeweller’s wool, on the raised board 55 4603 8:37 997 were simultaneous.
On white wadding on grass ...........ccvvvvvveeres 27 223-1 827 986
On black wadding on grass . 20 1666 8:33 993
On flannel on grass ........ . 29 2121 7:31 871 None of these ohservations
On flannel on raised board . 55 4087 743 886 were simultaneous,
On raw silk on grass............ 32 254-0 784 934 None of these observations
On raw silk on the raised board 50 464:3 929 | 1107 were simultaneous.
On silk from the cocoon ............ 24 2081 867 | 1034
On jet black lambs’ wool... 33 20.;'4 g?g :73;}
On white lambs’ wool ...... 33 2275 -8 Th 4
On green lambs’ wool ...... 33 220-2 676 806 alwa;ssgi;})\if:av:::ﬁﬁ were
On light blue lambs’ wool... 33 242+6 735 876
On dark blue lambs’ WoOl.........ocoviiiuieniinreiininiiiiennas 33 230-2 698 832

The observations in air at the height of ten feet above grass

were between those of eight feet and twelve feet.

, were made on one night only, viz. on 1844 April 24, and the readings

No certain difference appeared from many simultaneous observations of fine and coarse flax, and consequently their results have

been combined in the formation of the final values for flax.
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Tarre (Continued).

‘Whole sum of the| Relative
excesses of the Mean |€XCess, that
Whole | X o oo of | g
Situation of the thermometer, its bulb, or the substance under which| number of | * T |the reading )
it was placed, being fully exposed to the sky. 00;;15:1'5' ‘2; th:‘lgte’ gﬁ)gv}: ?xfotxl;l;ttel;eirx; b;' 1000, or Remarks.
* | those placed as air, compara-
stated in the tive radia-
first column. ting power.
On orange lambs’ WoOL.........cc...s e i———— 33 2333 7:07 844 | [ These observations were
On yellow lambs’ wool.... 33 239°5 726 855 l always simultaneous.
On red lambs’ wool .......... 33 223-3 677 807
On crimson lambs’ wool .... 33 2253 683 814 |J
On garden mould ............. ...l 151 5985 3:96 472 |]  These observations were ge-
On gravel ...... 149 3614 2:42 288 | [ merally simultaneous.
On river Sand........cceeveeneenennnnnns 1567 5990 381 454 } _See simultaneous observa-
On river sand on the raised board 25 127-6 510 tions.
On tinfoil ....coovveniiiniiiiiniininnnns 33 129-8 3:94 470
Onlead .....ccovvnvnnens L 224 14217 635 757 } See simultaneous observa-
On lead six inches high.... 13 532 410 tions,
On lead one foot high .... 48 261-3 544
On lead three feet high. 2 105 525
On copper ... 172 1210°5 704 839
On iron ... ...l 161 868-2 539 642 } _ See simultaneous observa-
On zine ..oovvvnvenvinnnnns . 213 12179 571 681 tions,
On zine six inches high.... 29 1752 604
On zinc one foot high .... 6 294 490
On zinc three feet high.... 6 270 450
On zinc four feet high .... 4 13-2 3:30
On white tin .....coeeeiiininnee. 112 6166 551 657
On white tin one inch high .... 75 3780 504 601 } Generally simultaneous ob-
On blackened tin .......ccoovreivvrinnnnn 104 6722 6:46 770 servations.
In focus of metallic parabolic reflector .. 464 33407 720 858
On the raised board ..........ecevvueeeirunenennnnn. 50 3234 649 773
On saw-dust in a box on the raised board .................. 37 189-3 512 610
Nine inches above wood and protected from lateral wind| 394 1236-8 311 371
On brick....... OO P T OPP PP RPTIN 46 1435 312 372
On pantile ... . 111 4372 394 470
On slate ... ..f 100 4811 4-81 573
On glass ..oeeveneennnnnens .. 163 11823 7:25 864 ne’salff;eiobe::ations wege ge-
On glass one inch high.................. .. 156 9541 611 728 sumu taneous, and wi
One quarter of an inch above water... 83 225-7 2:72 324 {ﬂ;‘"‘é’&tifef‘;i?s?.a“m of grass
On paper on the raised board ......... 8 41-2 515 614
On hare-skin ......c.coveeeriiiiinnns 70 7731 1104 1316
On rabbit-skin .. 59 6132 10-40 1240 See simultaneous observa-
O SEOIE...euvuirnirnerunrernniernererrriensareraeenaeeaaenes 1 154 5033 327 390 }tionS-
quber of observations of the thermometer in air, and 487 437
its mean reading ........coociiiii

No certain difference was found from many simultaneous experiments on lead less than the twentieth of an inch in thickness, and
lead a quarter of aninch in thickness; the observations are everywhere used as lead, independently of its thickness.  The same remark
?é)spullifsf ot;) ‘ft;;autlf’x}:e:n(g{:zrg;\g i};isﬂi?if)sre?‘(;ﬁ Ozrilté(s:,”air;dti% tﬁhneu{:l;)e(;(‘:l 1(ti:lﬁ"erent stones used ; and their results have been combined as one

Some of the particulars which we may learn from the preceding table are the fol-
lowing.

The first results contained in it are those relating to grass, whose radiating power
appears to be such, that the reading of a thermometer when placed on it when long,
is less than when it is placed on short by 1°1; the next result relating to grass is
that of the temperature on the surface of the soil under it, which is such that the
reading of a thermometer under long, exceeds that under short by 1°1; being ex-
actly the same amount in excess under as it was in defect on the top; and hence
the cause of the difference of the readings on the top of long and short grass arises
solely from the greater quantity of heat conducted to the surface of the latter from
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the soil, over that conducted to the surface of the former, and not from the greater
quantity of heat radiated into space from the long, over that radiated from the short;
such being the case, it was to be expected that the readings of a thermometer would
vary with every variation of the length of grass upon which it was placed, and such
was found to be the case.

In fact, the readings of thermometers placed on grass were found to differ with
every variation of length, fineness and closeness of its blades. My experiments
have been made on that differing only in the length of its blades, and the differences
arising from this cause were found to vary with every variation of the excess of the
temperature of the air over that of long grass. The following are the mean results
of experiments in this respect :—

‘When the excess of air- ° o [the reading of the ther-) .. .
temperature at the height of 11))23::2?1 f;’o :ﬁg 1(7)0 mometer on short grass was 08 from 125 comparisons.

e 1°-3 from 231 comparisons.
4 feet above that of long between 10° and 19° higher than thatonlong grass 1°9 from 86 comparisons,
ZTass WaS .e.veieeeunernnrenens by

These differences were found to correspond to a mean temperature of the air of 44°,
and that of long grass of 36°, or generally to all temperatures above 30°; but when the
reading of long grass declined below 30° that of short grass was found not to decline
nearly so rapidly : investigating the temperatures at readings below 30°, the following
are the mean results :— *

f25 and 361 90 from 10 @

| 20 and 25 | 2:4 from 31 | &

That when the readmg on long grass 15 and 20 { . 3'3 from 19 { -&
was between . j 10 and 15 (i exceeded that on short grass by ... 48 from 14 '> ‘g;

5 and 10 | 64 from 9| &

L Oand 5 94 from 2 S

From another investigation, it appeared that these differences were connected with the
difference between the readings of the thermometer in air and that on long grass as
follows : —

When the read-)atand above 30° [the excess of the]one -eighth part, (of the excess of the reading

ing of the thermo- at 20°) reading of the thermo- (one-fourth part, ) of the thermometer in air at 4
meter on long grass at 10°| meter on short grass J one-half, feet high, above that on long
WAS vrrerneeenienenen at 0°lwas ....coeevvnvnnes the whole, grass.

Hence it appears that at the reading of 0° of the thermometer on long grass, the reading
of a thermometer on short grass is as much higher than 0° as the reading of the ther-
mometer in air at the height of 4 feet is higher than 0°; or that the readings on short
grass and that in air are alike, and therefore that the heat conducted from the earth
equals in amount the heat lost by radiation ; and that for readings on long grass in-
creasing from 0° in an arithmetical progression with a common difference of 10°,
the difference between the readings on long and on short grass becomes less in geo-
etrical progression with a common ratio of one-half’; till attaining a reading of 30°
the difference equals the fourth term of the series, and this difference continues
very nearly constant till 60° above which temperature I have had but few expe-
riments. If we call the excess of air-temperature above that of long grass tempera-
ture by e, then the excess of the readings on short grass above those on long grass at
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0° 10°, 20° and at 30°, and above 30°, will be respectively e, —;— e, (';')26, <~12—>3e; and
for any intermediate reading the difference can be easily calculated from these terms.
The very singular and unexpected facts now detailed, merit attention and suggest the
necessity of carefully noting the position of a thermometer in any investigation in which
such instrument is needed, as indeed do all the experiments that I have made, though
not in so marked a manner as does this. I now proceed to the results of those expe-
riments in which grass was covered by different substances, which are as follows :—

6 caused the thermo of the difference be-
raw wool. flax. hare- | meter to read hich ; tween the thermo- |orin its mean, caused |,
= . AR ST the whole meter in air at theq the covered grass to ;8'0
| skin or rabbit-skin| than one placed on height of 4 feet and | be warmer b
£ uncovered grass by tha% on long grass Yoo
&0 S . gras
ap | @ sheet of white tin ... ” ... five-eighths 55 een ees » .. 50
& | & sheet of white t"‘}... R ... fiveeighths ... o . . 54
- one inch high ...
:’ 3 asheet of blackened tin » ... three-eighths ... 2 e e 2 .. 36
_SD a sheet of lead...... ... » ... three-eighths ... » cee e » .. 36
@ | a sheet of lead 6 in-} . ‘ .
§ ches high ......... | 5 ... five-eighths ... 3 eee eas » . 54
2 a sheet of colourless » ... one-fourth ... ... 3 e e » e 24
= glass.i:....l.....l....
a sheet of colourless . )
[ glass 1 inch high}"‘ » ... five-eighths ... 35 ere aes 5 .. 50

The following are some of the particulars that we may collect from these results.
The filamentous substances and skins did not allow any heat to escape from the grass
they covered, thus proving them to be very bad conductors of heat. The raising any
substance above the grass caused the thermometer reading to increase, although in
this case it must have been exposed to a portion of the sky: this in the case of tin
was a small quantity ; in the cases of lead and of glass the quantity was large, with
the former amounting to 1°7, and with the latter to 2°7 in their means. The amount
of heat transmitted through a colourless medium, as glass, is remarkable, the mean
amount of radiation from grass thus covered being less by only one-fourth part of
that of uncovered grass.

The next investigation connected with grass was that of placing thermometers at
different distances from it, with the view of determining the cooling effect of a body,
as cooled by radiation, upon the air in contact with it; the results of these experi-
ments as contained in the table, will probably be more clearly seen by arranging
the numbers on the supposition that the reading of a thermometer on long grass was
0°, and combining with them those of 1 inch below and on the surface of the soil as
follows :—

At one inch below the surface of the soil the mean reading would be . . . 10-24
On the surface of the soil under long grass the mean reading wouldbe . . 784
On long grass fully exposed to the sky the mean reading wouldbe . . . . 000
One inch above long grass fully exposed to the sky the mean reading would be 276
Two inches above long grass fully exposed to the sky the mean reading would be 361
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Three inches above long grass fully exposed to the sky the mean reading wouldbe  4-39
Six inches above long grass fully exposed to the sky the mean reading would be 6-02
One foot above long grass fully exposed to. the sky the mean reading would be 731
Two feet above long grass fully exposed to the sky the mean reading would be 767
Four feet above long grass fully exposed to the sky the mean reading would be 781
Six feet above long grass fully exposed to the sky the mean reading would be 7-96
Eight feet above long grass fully exposed to the sky the mean reading would be 826
Twelve feet above long grass fully exposed to the sky the mean reading would be = 827
And the one in air at the height of four feet, protected from six-tenths of the
sky,wouldbe . . . . . . . . . . . . . . . . . . . . . 839

The numbers in the last column of Table XLV., opposite to the respective heights
above long grass, are factors deduced by considering the radiation from long
grass to be represented by unity, and therefore the numbers represent the factors
corresponding to the cooling effect of a body cooled by radiation upon the air at
different heights above it. They may be considered to apply to all bodies whose
radiating powers are known, the cooling effect of which upon the air at any particular
distance above them, less than twelve feet, will be known by multiplying the mean
radiating power into the factor corresponding to that distance.

The greater coldness of grass than that of the air in clear and calm weather, in
places sheltered from the sun but open to a considerable portion of the sky, may
continue all the day as well as night, and from many unrecorded observations, this
appears to occur frequently. On September 229, 1843, this was observed to be the
case ; the day was fine, the sky was nearly cloudless, and the reading of the baro-
meter was high. A thermometer on the grass was placed in the shade, and exposed
to as much of the sky as possible, and the following observations were taken :—

1843. Reading of thermometer |[Excess of reading of
Month, day, and thermometer in air Remarks.
hour. In air.  |On the grass. above that on grass.
h m o o o
Sept. 21. 21 30 628 585 43 Cloudless ; dew abundant.
22 15 600 54-3 57 Cloudless ; dew in globules on grass.
23 20 655 64-0 15 Large clouds to the north; dew abundant.
23 50 665 615 50 Cloudless ; dew abundant.
Sept. 22. 0 0 69:0 620 7°0 A few clouds to the north.
1 0 689 615 7°4 Thin clouds to the north.
140 687 59°0 97 Cloudless.
1 53 687 58-8 99 Cloudless. | The thermometer was frequently
3 30 67:0 584 86 Cloudless. moved so as to keep it in the
4 0 666 594 7°2 Cloudless. shade, and on grass upon which
4 20 66-3 587 76 Cloudless. the sun had not shone for a long
4 35 658 575 83 Cloudless. time.
5 0 652 568 84 Cloudless.
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At noon on this day a thermometer was placed on grass upon which the sun had
been shining till Sept. 214, 23" 45™, and the following observations were taken :—

1843. Reading of thermometer |Excess of reading of
Month, day, and thermometer in air Remarks.

hour. Inair.  |On the grass. above that on grass.

h m o o o
Sept. 22. 0 0 690 67-0 20 A few clouds to tbe north.

1 0 68-9 645 44 Thin clouds to the north.
1 40 687 64-0 4-7 Cloudless.
3 30 67-0 61-7 53 Cloudless.
4 0 666 615 51 Cloudless.
4 20 663 61-0 53 Cloudless.
4 35 658 597 6-1 Cloudless.
5 0 652 590 62 Cloudless.

During the whole of this day the temperature of the grass in the shade was several
degrees below that of the air at four feet above it, and dew remained all day upon
that portion of grass upon which the sun had not shone. Also the temperature of
that upon which the sun had been shining soon began to decline, but it did not de-
scend so low as that of the dew-point, which was about 58°, and therefore no dew
was deposited upon it,

This day followed a long period of hot weather without rain, and the day was
nearly cloudless, with the sun shining brightly.

This closes the experiments connected with grass with mercurial thermometers, and
it will be seen that I have paid very much attention to them, as grass is a substance
upon which many former experiments have been made, the discrepancies between
which are now fully accounted for.

I may here point out one important result of the preceding experiments; viz. the
amount of the corrections dependent upon the portion of clear sky to which the
bulb of a thermometer is exposed, necessary to be applied to its readings to obtain

“from them the true temperature of the air. As a thermometer at the height of four
feet, protected from six-tenths of the sky, was found to read 0°58 higher than
another at the same height fully exposed to the sky, it follows that the effect of pro-
tecting the bulb of a thermometer from the sky, whose height from the ground was
four feet, was to cause the readings to increase 0°1 for every tenth part of the sky
protected : hence, if a thermometer be wholly exposed to the sky, it is necessary to
increase its readings by

01 X number of tenths of cloudless sky ;
and if the bulb be partially protected from the sky, the correction is

(1 0— {quantity of sky in tenths from
L which the bulb is protected
From this it appears that the thermometer, which throughout all the experiments
has been considered to have been protected from the effects of radiation, was yet
subjected to it to the amount of 0°4 on a cloudless sky, or to 04 X number of tenths
of clear sky at times when the sky was partially cloudy.

}) % 0°1 X number of tenths of clear sky.
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If attention be paid to the placing of thermometers, so that their bulbs be in
the shade, protected from rain and from the effects of radiation from walls (by
placing their bulbs at least six inches from them), but in other respects freely
exposed to the air, and correcting their readings by the preceding formulee, it will
ensure the obtaining the true temperature of the air from them at night. To aveid
the effects of reflected heat during the day, the thermometers should be placed
at a greater distance than six inches from walls, &c., and their readings corrected
as before by the preceding formulee. No simple rules have hitherto been given for
placing a thermometer so that from its readings the true temperature of the air could
be deduced.

The readings of thermometers placed on grass being found so variable, the unfit-
ness of it to furnish the means of comparing the degrees of cold at night on the surface
of the earth was evident. A much greater uniformity was observed in the results of
experiments made with other substances, which were bad conductors of heat, and
whose condition was always the same. ‘

Of all the substances experimented upon, those on which the readings of the ther-
mometers have been the lowest were hare-skin and rabbit-skin* ; and upon the fila-
mentous, as raw wool, flax, unwrought cotton wool, and raw silk, the readings upon
all of which were more steadily less, on clear and calm nights, and exhibited a greater
degree of cold, than those on grass. Among bodies of this class, raw wool exhibited
a lower reading at all times than any of the rest ; the circumstance of hare-skin and
rabbit-skin exhibiting a lower mean- in the table is accidental, experiments on these
substances having been made only during the finest nights, and on which nights raw
wool exhibited lower readings than they did. The next in order is flax, both fine and
coarse, and in its mean it exhibits a radiating power very nearly equal to that of
raw wool ; but the last-mentioned substance was much more sensible on the approach
of a cloud than any other substance: on those nights which were clear for many
hours, raw wool obtained its lowest readings long before flax; and the readings
on wool, on the approach of a cloud, increased much sooner than those on flax ; and
in consequence of the latter circumstance, the mean values deduced from raw wool
and flax were nearly the same. In intervals of clear sky, between cloudy states of
it, the difference between the readings of two thermometers, the cne in air and the
other on raw wool, was the greatest of any of the differences. The rapidity of the
decrease of the readings on raw wool from a cloudy to a clear sky was about a degree
per minute, so that a change in the readings of 15° has taken place in a quarter of an
hour. The greatest difference between the temperature of a body at night on the
surface of the earth, and that of air a few feet above the earth, was 28°5 ; this extra-
ordinary difference occurred in 1844, April 84, at 8" (See Table XLIV.). The times

* Thus explaining the fact frequently noticed by sportsmen, that the snow upon which hares have been
lying is never in the slightest degree melted.
MDCCCXLVII. X
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at which other large differences took place, with their amounts, will be seen in
Section II.

The next class of bodies consisted of black and white wadding, flannel, and wool of
different kinds and colours. Of these, black and white wadding exhibited the lowest
readings, and were nearly equal in amount; flannel was the next in order, and the
various-coloured lambs’ wool were the next ; but the differences between those bodies
with respect to their radiating powers were not large; they were all, however, in-
ferior in their radiating powers to bodies of the first class. It will be seen in
Table XLV. that the numbers opposite to flannel, yellow and blue cotton wool, when
those substances were placed on the raised board, are larger than those numbers with
the same substances placed upon grass; these differences most probably arose from
the different quantities of heat which they received from the parts beneath, the several
substances being slow conductors of heat.

The observations upon the coloured wools were too few to indicate positively the
influence of colour, nevertheless they were all good and simultaneous experiments.
The order of their radiating power is black the lowest, then green, white, crimson,
scarlet, orange, yellow, dark blue and light blue successively, the difference between
light blue and black being 1°3. The same parcels of wool were exposed to the direct
rays of the sun many times, and as nearly similarly sitnated as possible. The mean
of fifty-eight simultaneous readings of the thermometers placed on them gave—

Black . . . . . . . . . . 105
Yellow . . . . . . . . . . 105
Scarlet . . . . . . . . . . 107
Orange . . . . . . . . . . 109
White . . . . . . . . . . 110
Green . . . . . . . . . . 110
Crimson. . . . . . . . . . 110
Dark blue . . . . . . . . . 110

Light blue . . . . . . . . . 121

Thus black and light blue are at the extremes of the absorptive powers, and so
far confirm the results obtained by the night observations, as the absorptive power
of substances is proportional to their radiating power. ‘

But as these results with respect to colours may have been affected with the par-
ticular parcels of wool I used, and different results might have been obtained had
other parcels been used, I do not place much confidence in them ; yet, so far as I
could discover, each parcel was equal in thickness, hardness, and in fact in every
respect except that of colour. ‘

Bodies in the state of powder, placed on the raised board, formed a third class of
substances. 'These were black-lead, charcoal, whiting, chalk, lamp-black and river-
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sand. The lowest readings occurred on lamp-black ; the next in order were chalk,
whiting, charcoal, black-lead and sand; a quantity of the last-mentioned substance
was also placed on the ground to the depth of three inches, and to an extent of nine
square feet; the difference between the mean readings of thermometers placed on
sand in these two positions is probably accidental, arising from the observations in
the former case having been taken on very fine nights only.

Building materials formed a fourth class ; these consisted of glass, stone, brick,
pantile, wood and slate. The lowest readings occurred on glass, and therefore this
substance exhibited the greatest radiating power ; the next in order were wood, slate,
pantile, brick and stone successively ; the three last-named substances were nearly
equal.

Metals formed a fifth class; these consisted of tinfoil, lead, zinc, copper, iron,
white tin, blackened tin, and the thermometer placed in the focus of a polished
metallic reflector ; of these lead and zinc of different thicknesses were experimented
upon, and the same results were obtained (see Table XLVIL.), from which circum-
stance it is inferred that the thickness of a metal has no effect on its radiating power.
The metals were all placed on grass, and from the circumstance of the ready passage
of heat from one part of a metal to another, much heat must have passed from the
earth to their upper surface when so placed. The lowest readings of this class were
those of the thermometer in the focus of the reflector ; the next in order, and very
nearly equal to it in amount, was copper, then blackened tin, lead, zinc, iron and
white tin. Two of these metals, viz. lead and zinc, were placed at different distances
from the earth, the plane of each sheet being parallel to the horizon in all cases, and
in every individual experiment the same result was obtained as that exhibited in the
means, viz. that a metal when raised above the ground, though only by one inch,
was always warmer than one on the grass, though in the latter case, from its great
conducting power for heat, some must have been received from the earth, whilst in
the former case, heat only could have been derived from the air flowing past both its
under as well as its upper surface.

The temperature of metals as exhibited in these results, contrary to what was
expected, is much below that of the surrounding air; this is particularly the case
with copper ; this metal radiates heat so freely, that with respect to its amount,
it would be placed in the second class of substances. Many simultaneous expe-
riments were made with copper when placed on one of the angles of the box, within
which was placed the thermometer in the parabolic reflector, with the readings of
the latter thermometer ; thus situated, the thermometer in the box was protected
from lateral wind, whilst that on the copper was subject to the passing air; and thus
situated the readings on the copper were lower than those in the reflector, except at
times when the air was passing quickly.

Whilst speaking of metals, I may remark here that I never found the reading of a
thermometer placed on a metal which had been moved successively from one part of

X2
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the grass plat to another, was lower than when it was placed on a similar piece of
metal which had remained unmoved.

A piece of metal, if so placed that part of it be in contact with grass and the other
part not, that part of it in contact with the grass will be at a lower temperature than
that which is not in contact. :

‘"The thermometer whose bulb is in the focus of the mirror when the clouds are low
remains stationary and frequently reads higher than any other thermometer however
placed ; the reason seems to be, that the heat radiated from the cloud being received
on the reflector and reflected to the bulb in the focus, exceeds that radiated from
the thermometer.

The remaining results in Table XLV. are from experiments on garden mould,
gravel, saw-dust and paper ; also from those made by placing the bulb of a thermo-
meter nine inches above wood, and protected from lateral wind by wood one foot
high, at the distance of nine inches from the bulb all round ; and from those made by
placing the bulb of a thermometer a quarter of an inch above water. Of these, paper
exhibited the greatest cold; and from many unrecorded experiments, it always ex-
hibited a great degree of cold. The next in order were saw-dust, garden mould, nine
inches above wood, a quarter of an inch above water, and lastly gravel ; this last-
mentioned substance apparently exhibited the lowest radiating power of any substance
contained in this class; but the circumstance of thermometers placed on garden
mould and on gravel reading Ligher than when placed on other substances, was
found to be in consequence of the observations having always been made on the
ground, of which they formed a part, and the respective surfaces of which were
readily supplied with heat from beneath, and thus prevented from exhibiting a great
degree of cold from their situation and not from the nature of their substance. This
was proved from the circumstance that small parcels of garden mould and gravel
placed on the raised board, in which situation but little heat passed from the board
to their surface, were found in a few nights to exhibit very low readings of thermo-
meters placed on them. After having found this, I placed a thermometer with its bulb
one inch below the surface of the garden mould, and at the same time another one
inch below the surface of the ground under grass, and I found that the readings of the
latter were usually some degrees higher than those of the former at times when the
sky had been clear for some time, plainly indicating the cause of the higher readings
on the surface of the mould to be the very ready passage of the heat from beneath
to its surface; and, therefore, as before observed, arising from its situation and not
from a property inherent in itself. I made no experiments on the amount of heat
thus conducted to the surface of the mould and of gravel, but it evidently must be
equal, or very nearly so, to the amount radiated from those substances. I made
some experiments on the quantity and on the rapidity of heat conducted upwards
from one inch below the surface of the ground under grass; these were made by
placing thermometers with their bulbs one inch below the ground, on the surface of
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the ground immediately under others placed on the top of long and short grass; all
the observations thus taken have been copied out, and the difference between every
consecutive pair of observations has been consulted with respect to the interval
of time between them. The results of this investigation are contained in the follow-
ing tables :—

TasLe XLVI.

Showing the quantity and the rapidity of heat conducted from one inch below the
surface of the soil, to the surface and to the top of grass.

Number of hours
Long grass. Short grass. d‘;;mdg which t?xc
The decrease per hour in the fr:q\lxyelﬁ:lw?;.
M reading of a thermometer placed |, . ed am{ from
Mean . . . . 'which the results
;e:l?;lgl :-f Amount by which the reading of a thermometer read less when placed wore dedug(j,ii;
Vear, month and | Metex in On the top n | On the top
day. ?llerigﬁttgt? ogftl}:)(:l‘;p of long O;lft;};;:g P On the top shto]rtdge:ass' of short | Op the On the | Oneinch
four feet. | grass than | 8¥ass than | woes than | of short | than that | 87258 than | surface of | surface of | below the
that in air [that on the | tha¢ in air | grass than| one inch | that one ground ground | surface of | Long | Short
at the |surface of | "ot ¢y |that under [beneath the inch below | ynger long under short ground grass. | grass.
height of | 8TWd | pejoht of [short grass.| surface of | the surface| ™ grags, grass, |under short
four feet., [Wnderlong | fouy feet, ground. immedi- grass.
grass. ;atelyunder.
o o o o o o o o o o h h
1843, Dec. 11.| 400 82 10:0 74 72 37 10-9 05 08 06 6 b
14. 44-9 60 34 56 26 15 41 03 04 07 2 2
15.| 457 53 35 52 1-8 1-2 30 03 1-3 07 13 1
15.| 457 v 0-6 04 4
17.] 423 77 72 6-8 49 24 73 02 03 04 10 10
1844, Jan. 6.| 435 51 19 34 53 1-0 1-0 2
22.1 3859 100 75 89 72 1-8 90 11 1-2 06 2 3
26.| 427 98 45 74 15 3-3 48 0-3 0-6 08 2 2
30.1 449 84 55 66 15 14 29 05 111 1 1
Feb. 1.| 317 72 92 55 69 21 90 04 04 04 6 6
15.| 346 10-6 115 77 73 29 102 04 01 0-4 4 4
16.1 396 87 7:0 80 49 1-2 61 07 05 0-8 6 5
20.| 334 = 67 65 30 95 11 03 ‘
22,1 258 75 137 61 10:9 21 130 03 02 0-2 12 12
28.1 350 62 80 03 7
March 20.| 308 84 12-8 03 9
21.| 3876 10-8 92 04 2
23.| 397 12'5 114 03 1
April 1.| 420 9-7 11-1 84 58 54 11-2 06 03 02 10 8
2.1 492 97 84 82 54 3-8 92 1-8 1:0 1-2 4 4
3.| 470 114 88 95 25 33 58 0-4 01 06 11 6
8.| 449 130 8-3 11-2 68 34 10-2 06 04 08 10 7
9.1 526 13-0 9-2 112 36 53 89 0-8 10 1-0 1 1
17.| 465 94 75 90 40 55 95 04 03 04 6 8
18.| 421 119 12-4 0-7. 9
23.| 547 73 55 70 30 27 57 1-2 08 1:6 2 1
24.| 455 15:0 13-7 12-8 54 77 131 1-0 1-2 03 3 -3
25.| 502 100 9-2 91 40 60 100 20 2:0 15 12 10
27.| 470 90 99 63 16-2 2-1 2:2 2
29.1 408 83 58 73 78 19 97 1-2 06 0-2 2 4
May 1.| 460 114 11-0 99 58 61 11-9 1-2 12 1-2 10 9
By taking the mean of the numbers in each column, we find that—
The mean reading of a thermometer placed on long grass was less than that
[o]
inairby . . . . . . . . . . . . .0 . 0 ... . .. 95

The mean reading of a thermometer placed on short grass was less than that
inairhy . . . . . . . o . .. 000000000 80
The mean reading of a thermometer placed on long grass was less than that
under long grassby . . . . . . . . . . . . . . . . .. 87
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The mean reading of a thermometer placed on short grass was less than that
under short grass by . . . . . .. . . 52
The mean reading of a thermometer placed under short grass was less than
that one inch below the surface of the ground under short grassby . . 3%
The mean reading of a thermometer placed on short grass was less than that

one inch below the surface of the ground under short grassby . . . . 87
The mean rate of decrease in the reading of a thermometer placed under long

grass was, per hour . . . . . .o . . 07
The mean rate of decrease in the leadmg of a thermometel placed undel shou:

grass was, per hour . . . . P 0'8
And the mean rate of decrease in the teadmg of a thermometer placed one mch

below the surface under short grass was, perhour . . . . . . . . 075

In this investigation the excess of the reading of a thermometer placed one inch
below the surface of the ground under long grass, above that placed on the surface
of the ground, has not been deduced ; from a few experiments it appeared to be ex-
actly the same as that of short grass; and assuming such to be the case, the mean
difference on clear and calm nights between the reading of two thermometers, the
one placed on long grass and the other placed one inch below the ground immediately
underneath the other, was 13°0 ; and the same difference with respect to short grass
was 11>5. As the results contained in this table were deduced from observations
taken at times when the temperature of the long grass was above 30° generally, and
occasionally a little below 30°; and as it appears from the remarks following Table
XLV. that at temperatures much below 30° very great differences occurred with
grass of different lengths, it was desirable to investigate observations similar to the
above at low temperatures: such observations I took only on one night, viz. that

of March 13, 1845 ; during this night the thermometers were read hourly for eight
hours, and during the time—

The mean reading of the thermometer in air at the height of four feet was . 151

The mean reading of the thermometer on long grasswas . . . . . . . 56
The mean reading of the thermometer on the surface of the soil under long

grasswas . . . . T e e . 269
The mean reading of the thermometer one 1nch beneath the sur face of the

ground under long grasswas . . . . . . . - 1 |
The mean reading of the thermometer on short grass was . . . . .. 1101
The mean reading of the thermometer on the surface of the ground undel

short grass was . . . . . . e e .. 214
The mean reading of the thelmometer one mch beneath the surface of the

ground under short grasswas . . . . . . . . . . . . . . . 282

The results of these experiments exhibit in a marked manner the badness of the
conducting power of grass for heat, the reading on long grass being less than that on
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the surface of the ground immediately beneath it by 21°3, and less than that one
inch below the surface by 27°5; and the reading of that on short grass was less than
that on the ground immediately beneath it by 10°3, and less than that one inch be-
neath the surface of the ground by 17°1. The mean rate of decrease of temperature
at one inch beneath the surface of the ground under long grass was 0°2 per hour, and
under short grass was 0>3 per hour ; and on the surface of the ground under short
grass was 0°4 per hour. The difference between the readings at one inch beneath
the surface under long grass and under short grass was 4°9, the former being the
higher by this amount; the difference between the readings on the surface of the
soil under long grass and under short grass was 54, that under long grass being the
higher of the two; and the difference of readings on long grass and on short grass
was 54, that on long grass being the lower of the two; and thus the reading on
long grass was as much less than that on short grass as that under long exceeded
that under short : this circumstance affords a sufficient reason for the temperature of
short grass being warmer than that of long grass, the heat passing so much more
freely from the earth to it than in the case of long grass.

I shall conclude this part of this section, with remarking that the various amounts
of dew deposited, at the same time, on different bodies at night, were found to be, as
near as could be determined, proportional to the amounts of the depression of their
temperature below that of the dew-point. Hence, it is evident that all hygrometers
formed of any of these substances, or of any animal or vegetable substance, when
exposed to the clear sky at night, will be cooled by the radiation of their heat, and
will cool the air in contact with them ; and thus indicate a greater degree of humidity
than actually exists ; and particularly so, should their temperatures descend below
that of the dew-point, and dew be actually deposited upon-them.

The following table contains the results of special simultaneous observations,
made in some cases in consequence of the results as deduced from the ordinary ob-
servations not agreeing with each other, and in others to determine the amount of
the correction due to the placing of the different substances on the raised board.
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TasLe XLVIIL.  Abstract of Special Simultaneous Observations.

Excesss of
alr-tempe- | Number of|
o rature simulta-
Situation of the thermometer. above the | 1000 oh- Remarks,
reading of |gervations
thermo- :
meter.
3 2 » .
One inch above Grass ....ocovienens 90 9 The observations at the height of two inches were made on
Two inches above grass 50 one night only.
. ON ZTaASS..euvereennn. 94 16 It would seem that the amount of radiation from the raised
On white unwrought cotton WOO]{ on %; e raised board 88 board was less than that from the same substance on the ground.
On flax J OB BLASS.emntieniiiii 90 11 The amount of radiation from flax on the raised board decidedly
on the raised board .............coeeereerinneenn... 69 the smaller.
0 afon the ground........cooveiniiniiniiiiiiiinninn. 56 25 The sand on the hoard was a small quantity, whilst that on the
D san on the raised hoard 51 ground was a large quantity ; the amount of radiation from sand
.............................. S the raised botrd was the smaller.
thin .o 51 31 From these it would appear that the thickness of a metal has
On zinc moderately thick 50 no influence on the amount of its radiating power.
thick...ccoiiviiiiiiiiiiii 51
On fIr€StONE ..c.vvvrirnreniunrinrirnenirenrrirenesrrieeenaannenes 3:3 31 thThghcir:um_stancle) oglPurb_e(i:k itcl)ne having a re§u%‘ttlap;ger thixtn
o € other twols pl'O ably accidental, as onmany nightsits resu S
82 gg::)lz(;llils:t? ;‘nee g g were less than those of the other stones.
On lead on Grass .....coveevrrruviiiiiiririieeiirunneeernnnnes 65 12 The increase in the readings of a thermometer placed ona
On lead six inches above grass placed horizontaliy ...... 45 metal, raised in the air, is decided.
In air at eight feet high ............ccoooiini 0-8 10 lThl?i ;es?xllts are i,de?}tliml, and therefore in Table XLV. such
3 1 o shou! e the case 1n € mean.
§2 :i; :2 :s&lf: :tft?(-‘,ltg}l}llgh """"" gg The observations at ten feet were made on one night only.
On lead one oot high ........coveiiiiiiiiiiniiiinniininn. 55 2 | Theincreasein the readings of a thermometer with height is
On lead three feet high .....cocevviiiiiriiiinninnninninnnnn.. 53 indicated.

The remarks in the last column indicate the results of the experiments ; those rela-
ting to the different readings of a thermometer when placed on the same substance on
the raised board and on the grass, seem to exhibit in a decided manner that more
heat had passed from the board to the surface of the substance than had passed from
the grass to it, causing the reading of the thermometers to be increased ; the amount
of this increase appears to be about half a degree, and this amount should be applied
subtractively to all readings on substances placed on the raised board, or additively
to all differences between their readings and those in air at the height of four feet.

In Table XLV. the results from all substances in powder were deduced from
observations on the raised board, and from this investigation all these results should
be increased by half a degree; in the same table the results from blue and yellow
jeweller’s wool and from raw silk exhibit a greater degree of cold on the raised board
than when they were on grass; but these substances were never observed simulta-
neously in both positions, and they were only placed on the raised board on the finest
and calmest nights, and in this latter position they require the same correction to be
applied to them as it is necessary to apply to the other substances, whose results are
deduced from observations taken on the raised board alone.

MDCCCXLVII. Y
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TasLe XLIX.
Observations connected with Snow.

Excess of the reading of a thermometer placed in air at the height of four feet and protected from the effects of radiation,

b
36
. =1
2 “..3'% above that of a thermometer fully exposed to the sky, and placed .
8 £4 = - §
g . : 5. |k =} B |94 H S ey 2
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8 = =2 | g I i
= 18822 |Els |23|2528 g8 (2f] |8 g | |S|& 8 5 |8 S |88
#5118 |° |6|C |87 |57|Ck |C8 &4 ki S
F ° o o o o o o o o o o o o o o o o o
4 2[5 O RS .198|88| $:3|°. [T (T9| . 48 |50 | Snow
. to the
depth of]
4 51 ... vie fen | |81[80) 871012827 ] oei || a0 (BBTD three
inches
5. —~2064—-27! 1'8|...|=55] ... |...[50{7-0/6:5| 99]...|L:717|...|...102|...]...| 68787897 Wa‘:e"n
ground.
5. -3096—28|—18|...|-53| 42 |...16:8/82/9-2(109|.../120/2:0(6:2]... (60| ... ... {10456 |7-8 88 H.
6. 11159 26| 2601|—-19| 16 [3-6/2:6(7680]| 762110909 ... 513936 26| 5640 56|61

By taking the mean of the numbers in each column, the following results are obtained :—

Tasre L. Experiments connected with Snow.

Mean excess of the
reading of the ther-
Situation of the thermometer, its bulb, or the substance under which it was placed |mometerin air at the

being fully exposed to the sky. height of four feet,
protected from
radiation.
On long grass clear of snow...... et et s eresanaes . 73
On long grass covered by snow ......... —13
On short grass clear of snow ......... 55
On short grass covered DY SNOW ......cevvuveennnnnen.. e —10
On surface of ground under short grass clear of SNOW ....cecuvvevrerenenn. 09
On surface of ground under long grass clear of sNOW .......eveevreeneenn. 0-1
One inch below surface of ground under long grass covered by snow ... —4-2
10n grass cleared of snow covered by glass free from snow one inch high 2:9
On grass clear of snow covered by white tin one inch high ............... 36
On SNOW...ieiiiiiiiii it e e e e e e e e 48
On raw wool on SNOW ..cuuvveernnirennneeinnnneen. e e 82
On flax on SNOW " iiivviiiiniiiiniiiriiieee e . 83
In focus of metallic reflector cleared of snow ........ . 93
Nine inches above wood cleared of snow............... 21

One foot above SNOW......ovvviviiiiirieneeneenennennans
Two feet above SNOW......ccevviviiiiiiirinrinrennnnns
On lead six inches high cleared of snow ............ e
On COPPEr ON SNOW ..vvenieeieiiiieiierieeireicereeeireeeeseessreneeeeenens
On zinC 0N SNOW  ..vvvvveieninnnnnnns
On zinc on grass cleared of snow..........
On Purbeck stone cleared of snow ....... .
On glass 0N SIOW ....viuuuiiuerieineeeuiereiererinereneeeteeneneeseeseeeesensss
On glass one inch high cleared of SNOW ........cuvvvvvnuvuriiieirirreeneenen.
On white tin on snow ......
On blackened tin on snow..
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At the time of two of these five sets of observations the sky was nearly covered with
cloud ; at one other time one-third part of the sky was clouded over and much haze
prevailed ; and at the remaining times the sky was not bright, and there was a per-
ceptible haze. The mean temperature of the air was 30>9; the mean reading of the
thermometer on long grass clear of snow was 18 less than that on short grass, also
clear of snow; and the readings were nearly alike when the two were covered with
snow. The effects of snow on long grass was to cause the thermometers on the grass
to read higher by 86, but this difference does not fully represent the non-conduct-
ing power of snow, as the temperature of the air varied very little whilst these experi-
ments were being made ; had the temperature of the air fallen or risen much whilst the
snow had been on the ground, the temperature of the earth under the snow would
have continued nearly at the same reading, and in that case the effects of the snow
would have been much more decided. The next favourable opportunity I had of
repeating my experiments on snow was 1845, February 12%. Snow had previously
fallen to the depth of three inches, and during the night, which was cloudless, the
reading of a thermometer which was placed on long grass was —6°, whilst that
covered by snow was 28°0; the effect of the snow was therefore to keep the grass
warmer by 34°, and therefore vegetation was kept warmer by this amount than it
would have been had there been no snow. The reading of a thermometer placed on
the snow was —12°, and the difference between the readings of two thermometers, the
one placed on snow and the other under the snow, was 40°. After this time the read-
ing on grass clear of snow rose to 24°, and that on snow increased to 15°, without
causing any variation in the reading of that under the snow, which still read 28°.
Snow would therefore appear to be a very perfect non-conductor of heat. The lowest
reading of a thermometer on flax was —12°%; that on short grass was 5°, being 11°
higher than that on long grass; this heat (see remarks following Table XLV.) repre-
sents the difference between the quantities of heat conducted from beneath the surface
to long and to short grass, and it would represent also the greater quantity of heat
lost from the earth as covered by short grass than that by long grass; and if to this
11° we add the heat conducted beneath the surface to long grass, which did not differ
much from 6° it would appear that heat to the amount of 17° was conducted to the
short grass from the earth beneath it. Snow being so perfect a non-conductor of
heat, evidently prevents to a high degree the loss of heat by radiation from bodies
covered by it ; and it also prevents the loss of heat from such bodies by conduction, at
times when the temperature of the air is lower than they are. Raw wool, flax, straw,
and other bodies which are bad conductors of heat, act in a similar way and prevent
the injurious effects of cold to bodies covered by them, to which injurious effects
vegetation is liable in this climate in every month of the year, as it is liable to a
temperature at night below the freezing-point of water in every month.

* For these observations, see the Greenwich Magnetical and Meteorological volume for the year 1845,
pages 256 and 257.
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SecrioN II.—Results of Observations made by Self-registering Minimum
Thermometers.

These observations extend over a period of time of nearly four years’ duration, viz.
from 1841 February to the end of 1844 *.

The observations consist of the daily reading of a self-registering minimum ther-
mometer with its bulb placed at the height of four feet above the ground, protected
from the effects of radiation and rain, but in other respects freely exposed to the air,
and the daily reading of a similar thermometer placed with its bulb in the focus of a
metallic parabolic reflector, and fully exposed to the sky.

The kind and average amount of cloud by which the sky was covered were also
noted every night. The average direction and strength of the wind were also
determined every night.

From 1843 April and extending to the end of 1844, several similar thermometers
were placed on or near different substances, and their readings were taken daily.

The first process in the reduction of the observations was the taking the difference
between the reading of the thermometer in air and the simultaneous reading of every
other thermometer.

The second process was the forming all those differences into groups, according
to the variable state of the sky, depending only on the kind and amount of cloud,
but independently of its height. The result of this investigation was found to be
that the amount of the difference varied with every variation of the amount of the
clouds. |

The third process was the forming groups of the differences derived from the
same cloudy state of the sky, but with the clouds at different distances from the
earth. The result was found to be that the amount of the numbers was different
according to the variable distance that the clouds were from the earth.

The fourth step was the forming groups of numbers derived from observations on
different nights with the same state of the sky, but with the wind blowing from
different quarters, independently of its strength. The result of this investigation was
that no certain difference existed depending on the quarter from whence the wind blew.

The fifth step was the forming groups of the numbers found from observations on
different nights with the same state of the sky, on calm nights, and on nights when
the wind has been blowing strongly, at times amounting to a gale, independently of its
direction. The result was found to be that no certain difference existed, depending
on the strength or velocity of the wind, showing clearly that on every windy night
a portion of time had been calm of sufficient duration for the instruments to register
the loss of heat by radiation, and to the same amount as would have been shown had
the air been in a calm state during the night. |

Having thus explained the manner in which the preliminary steps in the reduction

* The observations are placed in the Archives of the Royal Society.
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of the observations have been made, I shall proceed with the explanatxon of the
process for the formation of the following tables. -

As the variations of the excess of the readings of the thermometer in the air, above
those otherwise placed, were thus found to depend on the variations in the amount
and in the height of the clouds only, the next operation was dividing the results of
each month’s observations into five groups as follow.

The first group was formed from the observations taken on nights which were
cloudy throughout.

The second group from those taken on nights which were prmmpdlly cloudy, but
the clouds frequently broken.

The third group from those taken on nights which were halt-cleal and half-cloudy.

The fourth group from those taken on nights which were principally cloudless,
but yet clouds were frequent.

The fifth group from those taken on cloudless nights, and in this way Tables LI.
to XCIX. were formed ; the successive resultsin each class being arranged according
to their dates of occurrence. '

The examination of the columns in each month as to the distribution of the
numbers, gives a good knowledge of the distribution of the clouds at night during
the month.
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Excess of the reading of a self-registering minimum thermometer placed in air at
the height of four feet, protected from the effects of radiation, above that of a
similar thermometer placed in the focus of a metallic parabolic reflector fully ex-
posed to the sky on every night, arranged according to the state of the sky with
respect to the quantity of clouds.

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number| ;0,. the reading the reading the reading the reading the reading
of the | . of the ther- of the ther- of the ther- of the ther- of the ther-
Tables, | Month. Day and|mometer inDay and|mometer in|Day and|mometer inDay and|mometer in/Day and mometer in
hour of | air above |hour of | air above |hour of | air above |hour of | air above |hour of | air above
reading. | that placed|reading. [that placed |reading. |that placed |reading.|that placed|reading.|that placed
in the focus in the focus| in the focus in the focus| in the focus
of the re- of the re- of the re- of the re- of the re-
flector. flector. flector. flector. flector.
d h o d h o d h o d h o d h o
Feb. 4 21 48 |24 21 38 |17 2L [ivvvniiiiifevrannnns ceeeennnnan 19 21 58
5 21 30 |28 21 41 |18 21 32
6 21 0-8 :
7 21 2-8
8 21 2:3
9 21 2:8
10 21 57
11 21 19
. 12 21 17
:i 13 21 0-8
14 21| —06
15 21 1-2
16 21 2+9
20 21 23
21 21 2-1
22 21 1-1
23 21 15
25 21 24
27 21 1-3
March |13 21| —05 121 1-8 721 58 2 21 52 6 21 94
4 21 21 9 21 53 3 21 49 8 21 72
30 21 2:0 (20 21 35 |14 21 42 5 21 51 10 21 47
31 21 02 (23 21 40 |22 21 43 17 21 97 11 21 7°0
28 21 44 |26 21 59 18 21 54 12 21 53
= 15 21 88
- 16 21| 134
19 21 67
24 21 7°3
25 21| 69
27 21 57
29 21 2:7
April |10 21 21 121 35 5 21 45 14 21 72 2 21 86
13 21 28 6 21 27 9 21 47 21 21 35 3 21 7'8
— 22 21 0-7 7 21 19 |12 21 66 23 21 65 4 21 116
= 24 21 21 |11 21 13 |19 21 7°9 26 21 56 8 21| 11-8
M 18 21| (—24)|20 21| 47 |28 21| 546 |1521| 76
25 21 6:3 |27 21 54 29 21 6:2 16 21} 10-2
30 21 81
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TasrLe (Continued).

167

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number| yg,4 the reading the reading the reading the reading the reading
of the M ont}'x of the the_r- of the ther- of the ther- of the ther- of the thqr-
Tables. * |Day and|mometer in|Day and mometer in/Day and|mometer in|Day and mometer in Day and|mometer in
hour of | air above | hour of | air above |hour of | air above | hour of | air above |hour of{ air above
reading. |that placed| reading. |that placed| reading.|that placed | reading.|that placed |reading. |that placed
in the focus| in the focus in the focus in the focus in the focus}
of the re- of the re- of the re- |. of the re- of the re-
flector. flector. flector. flector. flector.
d h ° d h o d h o d h o d h o
May 2 21 02 5 21 39 110 21 53 {24 21 66 1 21 77
3 21 01 6 21 32 |16 21 55 |28 21 54 12 21 85
o 4 21| —01 7 21 —04 (17 21 54 |30 21 7°5 13 21 78
— 21 21 0:2 8 21 25 |19 21 37 131 21 84 14 21 75
- 25 21 06 | 9 21 111 |22 21 55 |overeren]on vreeenens 15 21 80
29 21 15 (11 21 35 {23 21 5L S PO P 20 21 59
18 21 05 O S PO P, 26 21 53
27 21 2-1
June 511 —0-7 2 21 2:3 4 21 79 121 59 3 21 92
7 21 —11 6 21 56 |16 21 51 {10 21 78 9 21 94
. 8 21 08 |14 21 37 (19 21 49 (13 21 67 12 21 11-2
A 11 210 —04 feereernsovorennenns 21 21 49 [15 21| 83 |20 21 35
18 21 1.4 |28 21 1.9 {22 21 46 |17 21 94 26 21 (——0'3)
24 21 veene 30 21 35 (25 21 (-—0'3) 23 21 6-2
27 21 06 Joverereedonrrunnnnnn. 29 21 4+5
July 121 —03 4 21 36 (12 21 53 4 21 70 3 21 10°9
2 21 114 |11 21 28 |18 21 52 8 21 21 9 21 38
3 21 13 |14 21 19 |24 21 46 |13 21 49 16 21 80
721 —03 |19 21 31 |28 21 Z 3D N DUURORUN Pt veeeenand| 17 21 6-8
"y 10 21 0:3 [20 21 36 {29 21 4.7
> 15 21 15 |21 21 2:9 |30 21 4-2
M 23 21 177 |22 21 2:3 .
25 21 21
26 21 34
27 21 37
31 21 2:2
August] 1 21 01 4 21 50 6 21 7°9 9 21 33 20 21 70
2 21 —06 5 21 35 [11 21 45 (15 21 6+5 24 21 105
. 3 21 —1:3 7 21 38 (12 21 65 {18 21 6+4 28 21 82
= 10 21 05 8 21 30 |14 21 55 {19 21 52 29 21 14+0
< 17 21| 18 |13 21| 25 |23 21| 51 (2121 62
22 21 03 |16 21 39 (30 21 50 [27 21 6-0
25 21 16 |26 21 32
31 21 2:2
Sept. | 4 21 29 |27 21 40 | 321 84 | 121 6-7 6 21 45
20 21 23 |29 21 45 5 21 56 2 21 61 10 21 10°5
7 21 53 |13 21 3-6 12 21 11-7
8 21 45 16 21 58 15 21 71
9 21 L T O N 17 21 71
11 21 %' N PN OO 18 21 79
- 14 21 55
= 19 21 41
~ 21 21 33
22 21 43
23 21 4-7
24 21 52
25 21 43
26 21 27
28 21 40
30 21 4-1




168 MR. GLAISHER ON THE RADIATION OF HEAT,

TaBLE (Continued).

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. - Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number 1841 the reading the reading the reading the reading the reading
of the . of the ther- of the ther- of the ther-| of the ther- of the ther-
Tables. | MONE- Inay and|mometer in|Day and|mometer in/Day and|mometer inDay and|mometer in[Day and|mometer in
hour of | air above | hour of | air above | hour of | air above |hour of | air above |hour of | air above
reading. |that placed|reading.|that placed|reading.|that placed|reading.|that placed|reading. |that placed
in the focus in the focus in the focus; in the focus in the focus|
of the re- of the re- of the re- of the re- of the re-
flector. flector. flector. flector. flector.
d h o d h o d h o a h| d h|
QOct. . 127 21 06 121 36 6 21 2:4 15 21 70 16 21 8:2
28 21 21 2 21 25 7 21 220 S PO 17 21 129
29 21 2+7 321 1-0 8 21 39 e 19 21 67
30 21 00 4 21 31 9 21 46 oo 20 21 79
. 31 21y 21 5 21 31 (12 21 48 Jifereneinenns 21 21 79
o 10 21 3-8 |14 21| 41
- 11 21 32 118 21 45
13 21 34 |22 21 59
26 21 21 |23 21 47
24 21 42
25 21 35
Nov. 1 21 2:4 3 21 2:2 2 21 8 22 21 70 6 21 90
21 21 2+0 4 21 —1-1 5 21 4-3 23 21 67 8 21 88
27 21 27 7 21 41 110 21 57 26 21 79 11 21 94
. 9 21 32 |24 21 56 fiean. crereneeeen| 12 21 54
ﬁ 13 21 0:9 25 211 57 |oveeorifeorrennnnnn, 14 21 82
15 21 11 |30 21 6-1 crveeesenfeennenienn| 16 21 10:0
20 21 22 S TN P, cererese]ernnennennad] 17 21 92
28 21 55t T PO T IPOres vereeeenne| 18 21 86
29 21 3 21 R PO R FTRRPN cereeenaeaae| 19 21 36
Dee. |19 21 45 2 21 53 121 51 3 21 6-9 6 21 82
28 21 43 7 21 39 4 21 50 8 21 71 10 21 7'8
29 21 42 112 21 40 5 21 59 16 21 80 14 21 89
- 24 21 10 9 21 6-1 21 21 66 17 21 89
" 25 21 37 |11 21 59 23 21 67 18 21 11-8
— 27 21 44 113 21 44 e, 20 21 85
15 21 58 fivrrieifeennernnens 26 21 65
22 21 8:2
30 21 56
1842.
Jan. 8 21 2:1 0 21 50 121 76 6 21 55 7 21 60
9 21 2:5 2 21 27 3 21 87 12 21 7'8 14 21 91
10 21 45 |l 4 21 47 15 21 7:0 23 21 10:7
. 11 21 18 |......... 5 21 45 16 21 49 24 21 107
= 13 21 24 |ieen.ns 17 2i 36 22 21 6-4 25 21 81
ﬁ 18 21 20 |.ee... 28 21 6-6 26 21 55 27 21 12:0
19 21 22 levirennnn . 30 21 53 31 21 6-1
20 21 0-6
21 21 3-8
29 21 15
Feb. 7 21 16 2 21 37 3 21 4-3 1 21 73 13 21 6-0
11 21 10 4 21 33 5 21 50 6 21 57 15 21 89
-, 16 21 2:8 8 21 1.2 112 21 72 14 21 54 17 21 84
;‘é 23 21 14 9 21 25 |20 21 64 18 21 50 25 21 93
= 24 21 23 (10 21 38 |21 21 54 19 21 55
22 21 39 (27 21 54
28 21 56




AT NIGHT, FROM THE EARTH, ETC.

TasrLE (Continued).

169

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number the reading| the reading| the reading the reading| the reading
of the | 1842 of the ther- of the ther-| of the ther- of the ther-| of the ther-
Tables. Month. Day and mometer in{Day and/mometer in|Day and mometer in|Day and/mometer in|Day and/mometer in
hour of | air above | hour of | air above |hour of | air above | hour of | air above | hour of | air above
reading. |that placed |reading. | that placed |reading. |that placed reading. |that placed | reading. |that placed
in the focus in the focus, in the focus in the focus in the focus
of the re- of the re- of the re- of the re- of the re-
flector. flector. flector. flector. flector.
d h o d h o d h R d h o d h o
March| 2 21 32 19 21 16 3 21 41 18 21 7:4 1 21 74
7210 14 e 521 49 (2221 56 4 21 41
9 21 220 S TR FO s 8 21 43 23 21 67 6 21 6°4
14 21 0°0  fievreiiiafeneens veees 11 21 41 e 10 21 82
N 15 21 13 e 16 21 64 |, 12 21 6-8
& 24 21| 25 ... 17 21| 45 |, 13 21| 63
= 29 21 2:5 120 21 38 e 25 21 63
3121 16 .l J21 21 86 | 26 21| 63
27 21 3:3
28 21 32
30 21 42
April |12 21 2:2 11 21 39 1 21 49 3 21 79 5 21 75
13 21 (115 T OO NN 2 21 4-9 4 21 77 8 21 44
14 21 1228 - T OO IR 7 21 48 6 21 38 17 21 81
I~ 18 21 07 fevveeiforeneeninnns 9 21 46 |15 21 37. 119 21 56
< 21 21 06 [ooveinifoneeinnnnns 10 21 43 |16 21 43 |25 21 66
- 22 21 46 20 21 25 26 21 70
23 21 69 24 21 39 27 21 93
29 21 b 2 OO R .. 28 21 76
30 21 77
May | 3 21 23 5 21 57 7 21 59 4 21 6-5 121 81
11 21 1-7 6 21 1-6 14 21 44 8 21 67 2 21 71
27 21 1-7 12 21 6°1 15 21 57 10 21 74 9 21 90
o 20 21 53 18 21 77 16 21 69 13 21 7:6
I~ 21 21 64 |25 21 69 17 21 52 |23 21 95
< 19 21 6-6 28 21 84
= 22 21| 82 |29 21] 92
24 21 6-8 31 21 87
26 21 62
30 21 72
June |25 21 2+4 24 21 58 14 21 52 121 83 2 21 9-7
30 21| —0°1  fieiiifeenrneinnens 16 21 65 4 21 65 3 21 89
17 21 6-2 13 21 58 5 21 91
18 21 6-2 15 21 67 6 21 156
) 19 21 55 21 21 53 7 21 16:0
;‘ 20 21 58 27 21 57 8 21 79
e 23 21 49 28 21 6+0 9 21 73
- 29 21| 70 |10 21| 64
11 21 6-9
12 21 72
22 21 128
26 21 14-2
MDCCCXLVII. VA



0 MR. GLAISHER ON THE RADIATION OF HEAT,

‘TasLe (Continued).

General state of the sky during the night previous to reading the instruments,
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number 1842 the reading the reading the reading| the reading the reading
of the N of the ther-| of the ther- of the ther- of the ther- of the ther-
Tables. Month. Day and/mometer in|Day and/mometer in|Day andmometer in|Day andjmometer in|Day and/mometer in
hour of | air above | hour of | air above | hour of | air above | hour of | air above | hour of | air above
reading. [that placed|reading.|that placed | reading. ithat placed |reading. | that placed | reading. that placed
in the focus| in the focus in the focus in the focus in the focus§-
of the re- of the re- of the re- of the re- of the re-
flector. flector. fiector. flector. flector.
'd h ° d h o d h ° d h o d h °
July 7 21 59 18 21 44 1 21 52 2 21 57 13 21 10-2
22 21 2:6 19 21 46 3 21 4-9 5 21 72 14 21 10-4
27 21, 26 |28 21| 23 421 25 621 80 |[1521| 79
1 821 48 9 21 59 23 21 81
11 21 51 10 21 6°1 24 21 9:0
= 20 21 69 |12 21 58 |25 21 66
; 16 21 50
] 17 21 81
- 21 21 6-7
26 21 4-4
29 21 6-1
30 21 71
31 21 73
August| 10 21 15 19 21 36 4 21 60 2 21 57 121 7°0
24 21 28 eveiieneneen, 5 21 45 12 21 55 3 21 34
25 21 45 e, 6 21 4-4 13 21 55 7 21 6-6
18 21 7'8 26 21 6:2 8 21 74
. 20 21 44 ... 9 21 83
?3 22 21 L5125 T NN P 11 21 6-7
> 23 21 6:8 e 14 21 7:3
= 27 21| 43 ... v 15 21| 702
29 21 04 |......... cirerneenens] 16 21 41
30 21 52 ... cerneenennne] 17 21 33
31 21 (S | T 21 21 7'3
28 21| —06
Sept. | 1 21 11 7 21 36 4 21 6-3 3 21 1-4 2 21 2:5
11 21 32 8 21 48 9 21 52 5 21 80 14 21 6°4
17 21 1-7 25 21 17 13 21 57 6 21 65 15 21 46
. 23 21 23 26 21 05 16 21 10 10 21 6-1
» 24 21 b B A PN U RoN 18 21 39 12 21 66
b 22 21| 01 :
27 21 57 19 21 50
28 21 44 20 21 6°1
30 21 57 21 21 46
29 21 68
Oct. 9 21 34 12 21 50 8 21 49 1 21 40 2 21 70
14 21 30 17 21 41 11 21 58 5 21 80 3 21 87
15 21| 32 |27 21f 48 (1321 97 6 21| 88 421 101
;3' 16 21 1220 S PO IO 26 21 4-4 721 7'1 19 21 9-2
b 18 21 ) K N PO OO UOIN T cerneeenn...| 10 21 78 20 21| 11-1
[ 22 21 220 T RN verrernsferiennenaad 28 21 39 21 21| 114
30 21 228 T O [P I coen 24 21 56 28 21 52
25 21 7°5 29 21 142
31 21 52




AT NIGHT, FROM THE EARTH, ETC. 1

TasLe (Continued).

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Excess of Excess of Excess of Excess of Excess of
Number| ; 849 the reading| the reading the reading the reading the reading
of the . of the ther- of the ther- of the ther-] of the ther- of the ther-
Tables. Month. Day and|mometer in|Day and|mometer in| Day andmometer in/ Day andjmometer in|Day andmometer in
hour of | airabove | hour of | air above | hour of | air above | hour of | air above |hour of | air above
reading. | that placed | reading. | that placed|reading. | that placed | reading. | that placed | reading. [that placed
in the focus in the focus in the focus in the focus in the focus
of the re- of the re- of the re- of the re- of the re-
flector. flector. flector. flector. flector.
d h o d h o d h ° d h o d h N
'Nov. | 7 21| (93) |13 21 44 |11 21 4-2 121 89 | 221 1149
8 21 4:5 23 21 45 21 21 8-7 3 21 91 16 21 80
9 21| (90) |eoriifimnnninnn 24 21| 47 42| 80 |18 21| 119
- 10 21 3L e 28 21 55 521 73
! 14 21 45 e 29 21 67 6 21 93
o 15 21| 10 Lot v 12 21| 49
= 17 21| (94) Lovrreiefooniienc oo 22 21| 590
19 21 20 e, crrereeenend 26 21 7°0
20 21 -1 (N T TR FUTUUUUIIN AT 26 21 84
27 21 6+6
30 21 82
Deec. 121 33 9 21 80 4 21 55 13 21 71 2 21 94
3 21 18 | 16 21 48 15 21 8:2 5 21 4-8
6 21 20 ... cereeeneen] 22 21 51 18 21 2-8 14 21 77
7211 23 e, 23 21{ 46 |17 21| 57
8 21 120 U OO IR OTUTUUPIN PO 28 21 53 24 21 6-5
. 10 21 b5 A T O P P PN PRt 31 21 94 27 21 52
= 1121 12
» 12 21 57
e 19 21| 37
20 21 1-8
21 21 2:3
25 21 30
26 21 1-7
29 21 1-8
30 21 31
1843.
Jan. |......... e 3211 (82) 9 21 84 12 21 69 121 109
11 21 48 6 21 39 |13 21 55 |15 21 91 221 11+
N 19 21 2:0 7 21 1-8 14 21 59 30 21 58 4 21 77
;3 22 21| (6:2) |17 21 38 24 21 L6 J OO T 5 21 95
b 23 21| (99) {18 21| 45 |25 21| 44 |...feeennn 8 21| 100
= 26 21 36 |20 21 54 |28 21 LT (R OO IO 10 21| 67
27 21 3-8 29 21 5L | O O o [ 16 21 85
31 21 220 T N OO I T 1N 21 21| 11-1
Feb. 7 21 2:8 321 (03) 2 21 6+4 121 56 10 21 91
8 21 30 4 21 35 6 21 77 5 21 89 12 21| 141
9 21 4.7 15 21 108 17 21 12 L R OO N 13 21| 114
11 21 31 e 21 21| 129  |iiiiiifieneniinnnns 16 21| 130
. 14 21| (133) |eeveeeirdevnrnninnnns 23 21 L TR 22 21| 78
> 18 21 30 o
> 19 21| 06
e 20 21| 39
24 21 0-8
25 21, (85)
26 21 39
27 21 30
28 21 7'8

Z 2



172 MR. GLAISHER ON THE RADIATION OF HEAT,

TaBLe (Continued).

General state of the sky during the night previous to reading the instruments.
Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
- Excess of Excess of Excess of Excess of Excess of
Number| ;04a the reading the reading the reading the reading the reading
of the Montfx of the ther- of the ther- of the ther- of the ther- of the ther-
Tables. * |Day and/mometer in|Day andimometer inDay andmometer inDay and mometer inDay andimometer in
hour of | air above | hour of | air above | hour of | air above | hour of | air above | hour of | air above
reading. | that placed | reading. | that placed |reading. | that placed | reading. | that placed |reading. [that placed
in the focus in the focus in the focus in the focus in the focus
of the re- of the re- of the re- of the re- of the re-
flector. flector. flector. flector. flector.
d h o d h ° d h o d h o d h o
Mar/ch 10 21| 11+4 30 21] 105 21 21 71 12 21 7°5 121 120
11 21 43 e 22 21 79 16 21 87 2 21| 176
13 21 38 i 26 21 6-8 20 21 80 321 121
14 21 2:0 B O S T 23 21 87 421 112
] 15 21 E2A%5 T PO PN PN PR PPN 24 21 89 5 21| 105
27 21 L1l A RN PO PR PN [N (R PPN 6 21 142
:’;' 31 21 A0 SN PO ISR FUPUORUR OTRUSUUIR AN FTPPURON 7 21 115
e 8 211 105
5 9 21| 127
= 17 21| 11:2
18 21{ 100
19 21 6-0
25 21 9:2
28 21| 123
29 21| 126
April | 1 21 31 2 21 2-8 321 6-4 8 21 52 4 21 83
6 21 L T P PO 5 21 31 10 21 68 9 21 94
14 21 38 fivinineiini 721 4-2 16 21 6'6 11 21 9-4
_ 15 21 AL S R P 12 21 69 19 21 95 13 21 92
’; 20 21 53 21 21 9:0 17 21| 103
w4 25 21 45 29 21 73 18 21 9-0
I« 26 21| 58 |l 22 21| 130
= ‘ 28 21| 66 fivireersfoereeeeiens 23 21| 12:0
24 21| 124
27 21 94
30 21 91
TasLe LXXVIII
1843 Reading of Excess of the reading of a thermometer in air at the height of 4 feet,
A ril: thermo- and protected from the effects of radiation above that placed
a Genera}ll state of the sky P meter in
uring the night previous to ; On lon,
reading theginstruments. ]ﬁgzragf(‘l ;:igltltﬂ;? grass ef— On short | On garden One inch i’fll;;: Ilélfg&‘ilsig f
reading. | 4 feet. | Posedto grass. mould. high. high. | reflector.
4ths of sky.
d h ) ° o [} o o o
Cloudless. 22 21 370 . 11-2 P | B . 130
23 21 3640 68 43 i 12°0
30 21 486 81 7:6 8:6 86 79 91
Principally cloudless. | 19 21 423 Jovieinenns 9-3 (V5 J PO I 93
: 24 21 342 | 127 44 e, 124
Half-cloudy. 20 21 423 Joeiieininns 33 03 |ooeeeiininn. 33
2121 480 fiiieiiee.. 90 53 N I 9-0
26 21 382 47 6-2 44 47 4-2 6-7
Principally cloudy. 27 21 374 11-7 97 11 84 51 94
Cloudy. 28 21 418 40 56 2:3 4-8 30 6-6
i 29 21 46°0 7'3 81 6-2 60 73 73




AT NIGHT, FROM THE EARTH, ETC. 173

TasLe LXXIX.

1843. | Reading of Excess of the reading of a thermometer in air, at the height of 4 feet
May. thermo. and protected from the effects of radiation, above that placed
General state of the sky meter in
during the night previous t0| oy gng | air at the | OR 1008 . Three  |In focus of
reading the instruments. | v e height of | Brass ex- On short | On garden| Oneinch | i ohes metallic
reading. | 4 feet. 2 31(;82% :I?y. grass. | mould. high. high. | reflector.
d h :
Cloudless. 121 | 463 50 84 30 | §1 8 105
10-21 | 399 69 119 4-9 137 10-1 104
Principally clear. 2 21 40°7 29 7-0 17 68 41 i
6 21 | 354 1-4 1-2 144 48 36 64
7 21 373 40 14 37 99 80 9:3
11 21 40-3 44 10-4 44 10-8 91 88
14 21 | 545 70 | 78 5:9 75 78 | 69
25 21 47-3 33 32 30 68 68 58
28 21 | 452 87 40 | .30 65 77 9-0
Half-cloudy. 421 | 471 73 10-9 35 10-1 87 4-8
21 21 444 1-9 1-4 24 54 66 5
22 21 | 481 27 51| 30 | 64 62 52
24 21 485 45 90 80 73 88 53
Principally cloudy. 9 21 42-8 3-8 4-3 2:2 88 69 73
19 21 475 70 4-3 73 | ... 7'3 77
26 21 473 33 43 23 43 33 58
27 21 448 33 46 2:2 46 50 30
29 21 385 35 30 33 95 9:0 92
31 21 55'3 21 141 15 1-9 .21 15
Cloudy. 321 373 —27 1-3 42 1-3 0-2 —02
5 21 502 24 0-9 1+4 27 27 20
8 21 380 1+0 —1-0 0-0 15 1-2 —40
12 21 513 75 55 60 33 7:6 2-1
13 21 450 30 45 —0°5 4+5 35 3-8
15 21 494 54 2°1 2+4 34 32 37
16 21 493 93 63 73 | ... .10:3 50
17 21 440 20 0-0 1-8 40 40 4+5
18 21 44-8 17 —0-9 07 15 29 3-8
20 21 503 7°0 7:0 41 6-7 93 86
23 21 526 46 61 58 89 90 2+8
30 21 503 33 19 2:2 30 31 2:8




174 ~ MR. GLAISHER ON THE RADIATION OF HEAT,

‘TasLe LXXX.

1843. |Reading of Excess of the reading of a thermometer in air, at the height of 4 feet
June. thermo- and protected from the effects of radiation, above that placed
General state of the sky meter in -
during the night previous to} pyy ynq | gir at the | 91 long . Three | In focus of
reading the instruments. hour of | height of | 8ass ex- On short | On garden One inch | jpches metallic
reading. | 4 feet. s triloss?)% stl(c)y. grass. mould. high. high. | reflector.
d h o ] S0 ] o o o

Cloudless. 321 471 4-3 81 3-8 86 89 85

16 21 484 4-9 85 34 11-3 10-5 104

21 21 530 9:0 11-0 80 80 120 130

22 21 44-8 4-8 11-1 46 10-8 11-0 10-2

23 21 50-4 72 66 59 12-9 12:7 12-4

25 21 453 46 111 4-2 11-6 11-3 80

28 21 435 102 117 75 105 125 9:3

Principally clear. 2 21 513 2:3 23 19 30 25 33

4 21 4249 15 4-1 1-7 54 54 56

5 21 434 36 81 31 99 87 7°4

15 21 5146 44 51 30 96 10-4 11-2

18 21 | 505 25 55 | 14| 75 74 54

20 21 441 41 85 36 108 98 109

29 21 | 521 63 79 55 | 120 11-3 95

Half-cloudy. 26 21 470 38 73 40 108 106 80

Principally cloudy. 121 535 69 115 63 6:5 105 44

621 | 452 2+6 36 2:2 6-2 55 60

g 21 | 512 1+7 22 30 32 23 27

921 | 491 2:8 35 2:9 36 31 43

10 21 478 8-3 58 7'8 58 60 63

1121 | 488 42 53 36 | 50 65 67

24 21 498 27 1-2 0-3 11 2:0 2:3

27 21 50-2 34 19 4-2 60 6-9 72

30 21 523 83 83 95 95 11-3 10-1

Cloudy. 7 21 49-9 2°1 11 12 39 18 14

12 21 488 | v | e L e 08 | ... 22

13 21 518 13 —1-7 1-8 0-3 16 0-8

14 21 570 45 59 36 68 7.1 64

17 21 506 06 1-6 —19 340 2-1 20

19 21 503 32 06 14 | ... 32 33
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TasLe LXXXI.

. Excess of the reading of a thermometer in air, at the height of 4 feet
1.1?33 R:ﬁg};:lgo_of and protected from the effects of radiation, above that placed
General state of the sky meter in
dﬁ?:&iﬁgiﬁé%ﬁ&?&?&ss.to ]ﬁflf I;g‘ z;}:ig{l: 1:;- g(gs:ogf- On short | On garden| One inch g}gg It;nf;;l]lﬁ c°f
reading. | 4 feet. %g?:zgstfy. grass. mould. high. high. | reflector.

d h o o 0 o ° o o
Cloudless. 4 21 571 106 136 10:6 113 10°1 89
9 21 513 41 11-8 | ... 12-8 98 113
Principally clear. 2 21 | 586 71 86 76 86 86 | 101
7 21 534 6-6 54 | ... 62 52 6-2
8 21 473 7'3 73 | ... 73 73 71
16 21 584 4-3 4¢3 | ... 54 4-8 6-3
17 21 581 41 41 | ] e 44 6°1
19 21 | 461 61 61 | ... 61 61 71
23 21 | 446 52 52 | ... 74 76 94
24 21 46°1 96 96 | ... 99 99 10-1
25 21 511 45 45 86 83 75
29 21 53+5 40 40 | ... 40 40 59
Half-cloudy. 1 21 531 28 7°1 78 4-9 95 91
3 21 591 2:3 31 11 33 2:6 46
6 21 522 37. 52 | e 59 55 6-8
14 21 554 39 1044 | ...... 54 86 54
15 21 | 572 3:3 72 | . 6-4 540 6-2
30 21 5149 54 54 | ... 7°0 66 79
3121 | 501 51 51 | ... 81 73 61
Principally cloudy. 5 21 558 30 I8 | cveee | eeeens 30 36
10 21 548 1-2 0-8 54 0-8 16
21 21 | 551 47 7 | o 68 64 81
22 21 517 1-7 17 | ... 37 47 11
26 21 573 4-8 48 | ... 51 4-8 68
27 21 566 46 46 | ... 46 44 6-4
Cloudy. 11 21 528 58 12 | L] e 1-8 3-8
12 21 553 1:3 1.1 | ... 11 09 1-8
18 21 52:3 3-8 38 | ... 9:6 51 73
20 21 54-1 40 40 | ... 40 41 51
28 21 531 0-2 02 | ... —0-1 —0-2 11




176 MR. GLAISHER ON THE RADIATION OF HEAT,

TasLe LXXXII.

s, D o P
General state of the sky meter in
Heading ihemstommont. | Doy and aie ot the gras ec. | Onshort | Oneinch | mhree | Tofocusof
reading. | 4feet. |, 5?:‘;% :{:y. grass. high. high. reflector.
d h 3 o Q o o o
Cloudless. 6 21 487 47 6°9 7°2 74 73
10 21 47°2 6+4 12:2 130 130 94
11 21 51-0 62! 90 91 95 90
12 21 497 67 137 129 13-3 99
‘17 21 59'6 6-0 11-0 11-6 11-0 90
18 21 59-0 50 11-0 11-0 11-4 10°0
Principally cloudless. 121 494 28 45 46 46 65
5 21 536 36 46 46 44 6°4
7 21 60-0 70 | 88 90 80 11-8
921 | 575 6-2 68 67 69 50
13 21 586 58 88 8:4 89 10-4
16 21 | 568 48 |. 75 73 74 76
20 21 50-2 40 6-6 6-2 6-8 82
21 21 510 30 68 68 7:6 92
22 21 495 28 45 4+5 447 60
24 21 50°0 56 97 94 10-0 98
26 21 49-2 49 80 81 8-8 75
3121 | 562 54 | 80 84 8'5 82
Half-cloudy. 3 21 56°0 32 90 40 - 8:0 58
4 21 526 45 45 50 50 66
14 21 | 618 6+4 40 6-8 40 58
15 21 61-8 40 70 . 68 70 79
19 21 620 | 39 7'3 7°0 75 81
25 21 584 1-8 6-0 56 6-3 59
27 21 620 40 37 37 37 50
Principally cioudy. 8 21 593 32 56 55 58 6°1
30 21 595 70 84 8:2 8-8 80
Cloudy. 23 21 539 07 1-3 1-4 1-2 39
29 21 61-0 2:3 1-2 17 22 3-8




AT NIGHT, FROM THE EARTH, ETC. 177

TasLe LXXXIII.

. Excess of the reading of a thermometer in air, at the height of 4 feet
1843. | Reading of and protected from the effects of radiation, above that placed
General state of the sky September. Igfllleig;l?;
during the night previous to | o ang | air at On long . Three |In focus of
reading the instruments. hour of | the height | 8'asS €x- On long On‘short Oneinch | i hes metallic
reading. | of 4 feet. %'g;sg? stl?y. grass. grass. high. high. reflector.
d h o o 0 0 0 o
Cloudless. 221 | 568 | 103 | ... 85 85 85 73
5 21 481 61 | ... - 51 71 9-1 7°5
621 | 529 58 | ... 89 89 8-9 10:5
9 21 580 67 | ... 11-8 12-3 12:0 11-0
13 21 5000 | ... 13-8 12:0 85 70 130
19 21 533 | ... 123 133 9'3 58 10-8
20 21 506 | ...... 8-8 7-8 66 36 61
22 21 508 | ...... 108 115 88 52 10-3
23 21 526 | ...l 11-4 95 91 55 78
24 21 474 1 ... 99 106 81 45 81
27 21 388 | ... 130 10-9 98 6-3 84
Principally cloudless. 4 21 443 | ceeeer | e 90 91 98 90
7 21 566 4| .. 12-4 12:8 12+5 116
12 21 51'8 | ..o | .l 10-8 10-8 10-9 95
18 21 60-2 | ... 88 80 57 32 6-7
26 21 395 | ... 87 85 73 33 75
28 21 360 | ceeeer | e e e L e 84
Half-cloudy. 121 586 53 | ... 83 83 88 89
10 21 577 41 | ... 57 . 53 61 8:6
15 21 580 | ...... 10-8 93 6-0 4-0 70
16 21 549 | ... 72 61 39 2+8 37
17 21 | 578 | ... 88 7'3 58 36 3-8
21 21 520 | ... 98 10-3 88 3-8 9:0
29 21 478 | ... 104 97 73 4-8 97
Principally cloudy. 11 21 587 54 | ... 58 52 65 10-0
14 21 610 | ... | e 42 2:0 40 25
28 21 | 434 | ... 62 | 51 47 34 74
Cloudy. 321, 572 57 | .. 37 42 46 72
8 21 616 48 | ... 54 53 56 86
30 21 558 | ... —0°5 —04 —0-2 —09 —04

MDCCCXLVII. ' 2 A
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MR. GLAISHER ON THE RADIATION OF HEAT,

TasrLe LXXXIV,

1843 Reading| Excess of the reading of a thermometer in air, at the height of 4 feet and protected from
General state of the Octobe:r of ther- the effects of radiation, above that placed
sky during the night 'mi(r)in;(;,:er » ) In focus| On On o
Pihe ntruments.” | howt of S ihe {On long0n shortOne inch fnchos | nches | ofme- | white | white | coor | On
reading.| 4 per, | 500> | 8% | BN | high, | high. reigt:c;‘(:)r. cv(v)oo(ifl vl;?)m. flax, |1ne Hax.
d h) o o o o o o ° ° ° o
Cloudless. |16 21| 32-3 78 72 58 | ... 52 86
18 21| 285 | 100 90 85 | ceeee | eenenn 1140 | 123 | 14°0° | 130 | 173
19 21| 289 82 69 52 | .. 540 91 | 11:9 | 116 | 111
121 21| 37°5 73 56 45 | ... R TP 53 70 | 100 80 95
23 21| 479 | 51 37 27 | e cones 47 99 | 137 57 71
25 21| 293 7°5 63 57 | veeer | venens 61 93 | 103 | 103 | 108
26 21| 323 6-8 42 427 | e 46 6-8 85 81 78
29 21| 401 | 112 81 6°3 | coveen | veenn 76 | 113 | 136 | 134 | 134
Principally 3 21| 563 80 6-3 53 | ... 35 41
cloudless. | 5 91| 51.3 | 57 | 59 | 33 | ... 13 | 43
9213901 | 85| 82| 71 |.... 31 | 59
12 21} 349 647 54 37 | ceenen 24 64
14 21| 810 97 93 75 | ... 38 | 103
15 21| 297 99 92 93 | euee 46 | 103
22 21| 463 | 10°1 83 76 | ... resuse 9-5 95 | 10°1 93 | 101 |
28 21345 | 57 | 42 | 32 | .s | veenns 57 | 77 | 75 | 85 | 85
Half-cloudy. | 1 21| 558 | 55 | 53 | 38 | 33 | ... 53
2 21| 500 82 81 59 | ... 3-8 80
4 21| 543 97 89 78 | eee 4+4 73
6 21| 569 6-2 57 59 | ... . 4:3 47
17 21| 365 55 35 30 | ceoees | eeeen 46 62 80 70 65
2421|465 | 29 | 20 | 23 | ... S| 23| 17| 27| 26| 27
Principally 7 21| 580 48 30 30 | ... 30 2:8
cloudy- 113 01| 366 | 81 | 64 | 49 | ... 36 | 60
27 21| 385 7°0 25 20 T R N 50 65 25 25 2:5
Cloudy. 8 21| 485 | cioies | ceeven | sereee | iiien | oeenies 09
1021/ 469 | 07 | 09 | 09 | ...... 17 | 07
11 21| 423 73 50 38 | .. 2:3 6-4
20 21| 383 33 06 [—05 | .ot | verins 38 2-8 63 59 | 58
30 21| 511 69 1-8 16 | ... . 16
31 21| 425 0-3 0-2 00 | wovvin | veeins 1-0




AT NIGHT, FROM THE EARTH, ETC.

TasrLe LXXXYV.

Reading| Excess of the reading of a thermometer in air, at the height of 4 feet
General state of the %\%“:’ ,ﬁf, ;?:tl; and protected from the effects of radiation, above that placed
sll)?e\(liil:){lig%: };garéii%l}g Day and in air . |Infocus|on whitelon white On
the instruments. hour of h:itgg‘lceof Ogt;al,(s):g Ogr:,]slso.rt Oi‘gg‘;]l.ch t:lflil;lf';- raw | cotton Ogai!i{r.le coarse
reading.| 4 feet. fector. wool. | wool. flax.
d hi o o o ° ° > o
Cloudless. 8 21| 298 107 84 63 10-1| 14-8| 13-8| 13:0( 128
11 21| 326 106 84| ... . 96| 153| 116 138| 154
12 21| 27°4 115 84| .uuuus 82| 139 112 129 142
13 21| 323 10-3 81 91| 161 10-8 991 103
16 21| 31+0 89 78| v 62| iis | e 92 89
29 21| 32-9 71 69| ...... 76| 11-4f ...... 10-2
Principally 1 21| 359 73 49| 39 39 89 81| 117 9-3
cloudless. 421|430 | 78| 52| 48| 60| 110/ 74| 92| 108
6 21| 47-4 129 36| 32 39 64 34 56 58
7 21| 415 85| 83| 55 63| 115 95| 105 100
9 21| 316 881 tevven | eeennn 101 121| 116| 116 11:7
18 21| 346 58 54 ... 58 58| ...... 6-2
28 21| 444 10-9 96| .uuuee 94| 11°2] ...... 92
Half-cloudy. 3 21| 478 58 48| 38 53 93 68 86 86
14 21| 308 108 102 ...... 9-8
19 21| 379 06| oo | unnes 49 2:9
20 21| 41-8 47 55 vooue 56 631 ...... 61
24 21| 355 53 481 ... 76 80 ...... 80
25 21| 459 55 53| wueene 55 93| ....en 93
26 21| 516 30 321 venne 29 32 29
Principally 26 21| 516 30| 32 ... 2:9 32| e 34
cloudy. 27 21| 467 470 47| 01| 59| ... 5:2
Cloudy. 2 21| 412 | —1-3| —0:3| 03 | —01 06 —0°1 0-2{ —0°1
’ 5 21| 407 63| 40| 35 37| 77| 47 65| 85
15 21| 316 16 03| ...... 1-8 34 131 —04 0-2
17 21| 377 25 27 veeenn 27 35 2:5 37| 31
21 21| 526 4-1 43| ...... 36 46
22 21| 44+6 24 21 ...l 2'8 35
25 21| 459 | —0:3| —41] ...... 01| —01| ...... | —0°1
30 21| 457 16| oo | eenee 12
Cloudy: cirro-cumulus| 10 21| 326 97 76| ...... 95| 126 12:2| 12:3| 134

242
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MR. GLAISHER ON THE RADIATION OF HEAT,

TasrLe LXXXVI.

1843 Reading | Excess of the reading of athermometer in air, af the height of 4
General state of the | Deo. no]i(“) gftre-r feet and protected from the effects of radiation, above that placed
sky during the night in air . In focus
previous to reading |Day and| ,¢ 10 On long|On short On |Onwhite] On On whitel of me-
the instruménts. | hour of height of) grass. | grass. coarse | raw | black- tin.  ltallic re-
reading. | 4 Feet. flax. | wool. [ened tin. fector.
d o o | e o o o o

Cloudless. Nome. | vevven | vevee | viee | e | | e [ |

Principally 2 21| 365 | 57 43| 6% 67| 42 | 177 | 64

cloudless. | 6 o140 | 59 | 62| 72| 72 54| 42| 72

8 21| 337 49 | ... 42 72 55 47 55

10 21 390 | 10-2 90| 102 10°0 92 80 72

il7 21| 385 87 95| 67 70 | 53 57 41

Half-cloudy. | 521|401 | 71 | 61| 73 | 69| 59 | 59 | 79

Principally | 1 21| 376 | 86 86| 83 | 74| 86 | 68 | 104

cloudy. 721457 | 62 | 47| 57| 69| 42 | 34 | 38

14 21| 393 25 43| 33 35 37 2:3 43

15 21| 431 6-3 49| 63 51 49 | ... 51

|24 21| 484 | 77 | 62| 60 | 62| 44 | 32 | 54

|25 21| 427 | 89 | 83|106 | 107 | 78 | 60 | 75

27 21| 425 29 | 29 27 25 25 25 35

Cloudy. ’ 3 21| 453 2:3 33| 20 220 U IR 33

421455 | 19 | 22| 15| 17| 21| 22| 28

9 21| 351 25 | —1-9| 11 06 0-8 1-1 2:6

11 21| 304 1-1 14| 22 0-3 04 0-2 2:9

12 21| 256 38 34| 53 28 46 43 28

13 21| 393 6:6 7.8 71 83 |. 65 53 2:3

116 21| 447 | 75 | 59| 69 | 56 | .. 32 | 57

18 21| 425 25 32| 31 2°4 2+5 2+7 37

19 21| 42-3 0-6 00| 20 11 1:3 23 36

20 21| 414 39 24! 22 1-9 19 19 32

21 21| 4149 29 27| 23 2:2 1-8 2°1 39

22 21| 425 05 12| 09 |—03 ! 03 09 | 23

23 21| 49-8 56 48| 50 42 40 38 45

26 21| 425 15 25| 15 0-9 15 19 27

28 21| 42'5 1-8 20| 16 1:9 1-2 1:4 2:3

29 21| 385 32 32| 395 33 25 2:6 52

30 21| 39:3 21 25| 28 21 2°1 2:5 37




AT NIGHT, FROM THE EARTH, ETC. 181

TasLe LXXXVII,

1844 Excess of the reading of a thermometer in air, at the height of 4 feet and
General state of the Januax:y. Reading of protected from the effects of radiation, above that placed
sky during the night thermo-
Pt Dot | Tarat | Onlong | On short | g guc, | Onwhite | on | onwhite Pt
reading. the height | grass. grass. raw wool. | blackened tin. reflector.
of 4 feet. tin.
d h o o -] ] o ‘ g o o
Cloudless. 2 21 186 88 | vt | eeeeen | e | v | e 83
15 21 254 10°2 99 10:6 134 96 89 77
Principally 7 21 32:2 80 7°0 72 77 7°0 6-2 32
cloudless. | 09 9y | 332 | 90 | 72 | 90 | 122 | 80 | 62 | 62
21 21 | 392 74 72 92 11-2 74 | 62 36
22 21 314 10-2 87 95 37 94 10-1 54
24 21 305 85 7’5 90 11+5 85 80 6+0
26 21 352 7°0 6-0 72 93 7°0 6-2 22
28 21 373 95 85 94 10-1 84 81 56
Half-cloudy. 6 21 37-8 64 58 4-8 7°4 6-5 51 16
14 21 283 79 57 60 103 73 53 73
16 21 | 276 70 54 6-4 119 | 66 54 46
18 21 39-2 7°0 61 42 69 7°0 54 27
19 21 374 86 66 58 9°2 6-7 57 39
Principally 5 21 458 56 45 36 35 48 28 1-8
cloudy. 10 21 | 364 77 | 64 54 74 84 81 19
11 21 | 377 85 87 79 11-7 95 93 33
25 21 353 47 35 27 30 35 35 16
27 21 40-6 73 56 65 6:2 58 51 21
29 21 397 83 80 71 85 75 74 39
3121 | 277 59 64 57 89 72 77 39
Cloudy. 3 21 224 29 | ... 34 34 | e | e 34
8 21 342 76 6-4 56 7°5 72 72 1-8
9 21 30-7 17 09 0-2 1-7 0-9 05 0-2
12 21 39°2 1-8 1-7 12 2°4 24 19 —0-8
13 21 32+7 16 0-9 0-7 15 17 1-2 —1-8
17 21 365 - 45 42 33 39 45 1-7 05
23 21 362 46 42 46 59 49 39 24
30 21 32:3 33 23 12 27 29 23 —03
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MR. GLAISHER ON THE RADIATION OF HEAT,

TasLe LXXXVIII.

. 1844. |Reading of Excess of the reading of a thermometer in air, at the height of 4 feet and
General state of the Februa;‘y. therma. protected from the effects of radiation, above that placed
sky during the night meter in
D mtramonts.” ?ﬁg\g ﬂ(;;fi%}tlt O;r;g:g Ogrzlsl:’t On flax. | On white On black- | On white IE:%‘EE‘J:E;
d h o 23 o [ o o Q ‘
Cloudless. 121 | 272 86 57 66 90 76 80 B4
15 21 330 116 88 120 9-8 92 109 78
16 21 34-0 77 65 6-9 67 60 50 6-2
22 21 22:2 10-4 75 10:8 98 77 7°0 77
Principally 4 21 29°0 75 60 6:0 10-2 100 10-0 60
cloudless. 621 | 254 8:2 66 | 116 68 84 6:6 71
721 | 322 55 540 97 60 52 47 34
8 21 | 327 71 55 53 87 64 6-5 36
19 21 29+7 84 6-2 78 67 58 7°0 67
20 21 273 85 53 67 90 6-3 61 63
Half-cloudy. | 17 21 | 367 75 53 52 37 47 47 45
18 21 406 54 6-2 40 28 51 15 3-8
24 21 334 82 58 72 8:6 6-9 64 64
25 21 | 395 6-6 52 49 37 55 59 30
27 21 29-2 38 1-0 44 27 31 29 1-2
28 21 322 59 39 42 37 51 56 32
Principally 6 21 320 72 57 9'0 80 62 57 32
cloudy. 921 | 322 28 28 45 36 44 40 1+4
10 21 317 65 45 47 47 52 4+7 39
12 21 245 6-2 35 96 70 4-5 37 43
13 21 20:0 640 20 11-0 12-2 40 52 34
26 21 270 49 1-8 597 54 4-8 45 2:6
Cloudy. 2 21 280 30 20 40 340 65 70 3+0
3 21 280 2-7 4-3 40 30 10°0 60 22
11 21 302 60 60 41 72 52 47 47
14 21 36-8 85 76 138 148 73 68 75
21 21 32:0 0-2 03 0-5 —02 1:4 0-4 —1-5
23 21 312 42 32 48 37 44 4+0 52
29 21 388 30 16 43 15 34 31 18




AT NIGHT, FROM THE EARTH, ETC. 183

TasLe LXXXIX.

Excess of the reading of a thermometer in air, at the height of 4 feet

1844. | Reading of and protected from the effects of radiation, above that placed

General state of the| March. thermo-
sky during the night| meter in

e et ey 20 | e heiehs | Onlong | On short | 0 gog. [ On White | 0 1cad, | metaite.
reading. | of 4 feet. | 8TaSS: grass. raw wool. reflector.
d h o o o o o o o
Cloudless. 5 21 24°1 89 79 145 149 85 121
621 | 306 6'8 41 48 46 59 51
12 21 | 311 741 41 56 68 50 41
20 21 | 27-9 11-4 84 181 189 64 89
21 21 | 320 72 63 12'8 124 47 53
23 21 | 333 83 58 93 83 51 41
28 21 | 349 87 71 134 126 57 59
Principally 25 21 44-0 68 56 6-0 7:0 58 44
cloudless. | 35 9) | 398 6:3 55 90 g7 | 45 504
Half-cloudy. | 121 | 371 54 46 40 21 | 58 31
321 | 386 56 3-4 46 49 42 21
721 | 296 108 68 120 14-2 86 94
10 21 | 317 54 37 77 744 42 27
11 21 | 328 2-8 28 | wvee | e | e 00
13 21 | 337 75 59 76 87 59 55
17 21 | 303 57 40 55 61 48 51
24 21 | 395 76 5'8 58 35 65 2:0
29 21 | 379 79 51 79 66 27 93
Principally 921 | 403 43 3-8 73 73 43 18
cloudy. 15 21 | 360 66 58 68 79 | 65 56
18 21 | 361 81 55 81 91 54 504
19 21 | 395 73 60 65 72 65 45
27 21 | 425 65 46 80 85 37 36
Cloudy. 221 | 353 43 43 43 43 53 2:3
421 | 324 5:9 42 52 56 53 59
821 | 362 46 30 31 38 3:0 35
14 21 | 381 05 111 28 09 17 | —o02
16 21 | 375 01 05 141 05 07 | —10
22 21 | 398 13 11 25 15 111 | —12
26 21 | 4641 81 77 91 91 63 41

31 21 37-3 06 0-2 2:0 2:4 —02 0-7
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MR. GLAISHER ON THE RADIATION OF HEAT,

TasLe XC.
| e g o e, o b
General state of the | April. thermo- ’
s;-};\il;];: %:l:gagij%\}g Day and ﬁei?tihrts Onl On short : On whit In focus of
the instruments. Ii(:(lilinogf' hZi%::t.Of gI:*a:sItg gr:ss?r On flax. rérvlvv:vgoi »‘On lead. r?;:?:lolls
d h o o o o o o
Cloudless. 121 | 364 7.9 84 132 11-2 67 6-s
221 | 416 12°9 134 19-4 17:6 12+9 94
321 | 434 134 | 114 199 189 164 8+4
421 | 444 11-4 11°1 144 144 69 54
521 | 404 114 9-2 146 134 46 73
6 21 344 10-9 89 136 124 64 51
7 21 334 11-3 11-8 154 16-9 79 107
8 21 | 394 10-2 9:9 162 158 84 6:1
921 | 412 11+7 107 134 13-2 87 65
10 21 | 383 131 116 18:0 16+8 95 87
16 21 41-9 107 97 153 15-0 78 55
17 21 | 446 111 106 16+6 15°3 86 53
18 21 | 37-0 12:6 101 153 144 10°0 97
24 21 | 394 149 136 19:9 204 124 12:4
25 21 | 414 134 126 19:2 17-8 104 10:2
28 21 | 357 117 114 18:1 154 95 107
29 21 | 394 104 87 142 126 9:0 94
30 21 | 40+ 125 10°5 144 14:2 10°2 63
Principally | 19 21 | 482 | 110 10-1 151 126 | 122 70
cloudless. 99 91 | 451 | 121 | 109 | 191 165 | 136 83
23 21 | 414 84 64 10-4 115 62 62
27 21 | 371 98 92 13-4 12+0 85 81
Half-cloudy. | 14 21 | 439 57 54 87 86 { 48 31
15 21 | 486 66 61 84 85 | 40 42
2121 | 436 64 66 94 76 56 28
Principally 11 21 | 420 10-0 88 140 14:0 68 78
cloudy. 20 21 | 5141 89 90 | 123 | 105 | 111 68
Cloudy. 12 21 | 464 2:4 245 51 60 2:1 21
13 21 | 487 49 51 84 77 53 31
26 21 | 4641 0-6 0-1 1-3 2+0 04 111




AT NIGHT, FROM THE EARTH, ETC. 185

TasLe XCI.
s, [rung o] Pt e ekt s et i e Mgt of 4 o
General state of the| May. thermo- ’
sky during the night meter in
previous to reading | Day and air at On lon On short On white In focus of
the instruments. hour of |the height g On flax. On lead. | metallic
reading. | of 4 feet. | 87aSS grass. raw wool. reflector.
h h o o o o o o °
Cloudless. 121 409 12:3 12:3 16-1 12:8 10°9 73
2 21 409 14-7 109 176 14:6 10-2 9-3
3 21 480 11-8 97 12:0 13:0 7'8 78
621 | 446 | 116 | 106 | 141 | 131 | ... 91
8 21 496 98 12-4 136 12:4 | ... 86
10 21 452 135 12:2 13-4 1229 | ... 77
15 21 44-6 156 136 16-4 94 93 12:8
23 21 44-2 79 6°1 10-8 103 | ..., 45
25 21 | 406 94 91 1141 114 | .. 71
27 21 42-1 68 9+4 69 91 | ... 6:3
Principally 5 21 446 96 116 119 11+4 9:3 42
cloudles. | 1301 | 468 | 128 | 118 | 140 | 168 | ... 7°8
17 21 | 339 74 61 57 139 | .. 69
19 21 432 13:2 122 1 ceviis | veieee | e 6"_1
20 21 | 438 60 58 59 3:3 1:0 49
Half-cloudy. 72 46-7 11-7 1007 | veeees | e | e 8-2
12 21 44-4 84 /A2 S I OUOU 56
16 21 | 444 | 124 | 104 | 145 | 145 74 8+4
18 21 397 7°1 77 115 11-7 57 75
21 21 374 2+4 1-3 2:3 24 05 —2:0
26 21 420 87 85 | aeeeee | e ] e 7°8
P‘g{;fjg;}ly } 24 21 | 462 52 47 87 87 | e —13
Cloudy. 4 21 484 24 14 | o | e | e —16
9 21 517 10°7 99 94 93 | ... 11-4
11 21 51-4 34 AT S O T TSUTE IR 2:2
14 21 42-4 94 84 | | e | e 54
22 21 474 0-2 (LR O OO 0-4
28 21 46-8 33 43 41 48 | ... 35
29 21 452 52 57T | vveee | v | e 2+4
30 21 459 34 3-8 46 49 | ... 34
31 21 445 11:9 12:5 155 157 | ... 98

MDCCCXLVIT. 2B
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TasrLe XCII.

MR. GLAISHER ON THE RADIATION OF HEAT,

Excess of the reading of a thermometer in air, at the height of 4 feet

General state of the %?ltt R:}?griglgo _Of and protected from the effects of radiation, above that placed
sky Quring the night meter in
Fieina| D | S vt | o | ona |00 igre| ot
d h [ o o o o o
Cloudless. 10 21 | 481 10'8 101 95 9-6 581
13 21 | 530 86 88 7:0 9:0 70
16 21 | 471 109 94 57 56 25
22 21 | 540 11:2 101 | e | 100
23 21 | 631 12:2 71 91 91 66
30 21 | 525 11-4 104 | eeee | e 92
Principally 121 | 441 81 81 10-1 9-3 7:9
cloudless. 421 | 486 96 116 12:9 13-6 91
821 | 528 105 11-2 123 | ... 83
14 21 | 492 79 7:0 72 79 6+0
21 21 | 573 81 72 95 104 74
Half-cloudy. 321 | 488 10-8 1008 | er | e 79
721 | 524 84 76 89 | . 46
921 | 513 65 61 65 | . 48
11 21 | 495 60 55 | veeer | e 35
17 21 | 539 10°7 115 69 88 41
20 21 | 529 3.7 46 42 69 34
29 21 589 79 71 1 o 69
Principally 2 21 445 125 120 | ovin | e 93
cloudy. 521 | 542 66 62 84 64 50
621 | 546 46 54 57 66 30
12 21 | 527 74 63 72 89 0-2
15 21 | 469 123 116 | e | e 95
18 21 | 525 9-7 82 10°3 11-2 73
19 21 | 479 59 59 79 7°9 51
24 21 | 589 68 6-0 79 79 19
27 21 | 5147 127 89 125 127 106
28 21 | 499 81 8-2 121 116 81
Cloudy. 25 21 | 477 14 16 24 147 3'5
26 21 | 529 149 16 2:6 19 3:9




AT NIGHT, FROM THE EARTH, ETC. 187

TasLe XCIII.

1844, Reading Excess of the reading of a thermometer in air, at the heighf of 4 feet
General state of the July. |of thermo- and protected from the effects of radiation, above that placed
sky during the night meter in air
i | DS |t | Onlons | Onr | oy, |on yire It ot
d h o o o o o Q
Cloudless. 13 21 590 80 60 65
14 21 51-2 82 (5 2 IO 67
15 21 545 14-2 12-8 16:8 11-5 129
16 21 | 471 78 68 91 96 49
18 21 47-3 11-8 10-3 16-1 13-3 73
19 21 480 97 10-1 138 14-2 74
20 21 495 10°0 85 120 12:0 75
22 21 573 12-1 10-3 141 14-1 11-3
23 21 60-2 10-2 86 11+4 11-9 77
24 21 57°0 147 10-2 129 131 85
27 21 533 10:3 82 11-3 11-3 73
29 21 493 133 113 | ooor | el 10-0
Principally 1| ) 97 | 538 88 10-0 131 12+9 71
cloudless.
Half-cloudy. 5 21 511 86 6°1 99 10°0 70
721 | 550 80 72 | e | e 37
8 21 571 53 52 35 63 4-8
9 21 5147 92 87 115 79 79
26 21 | 579 173 | v | e | e . 79
Principally 121 | 550 80 70 80 80 34
cloudy. 321 | 546 76 7+0 81 81 50
4 21 555 65 60 | ... werees 35
11 21 562 52 49 52 52 44
12 21 542 72 62 2 72 32
17 21 545 4-5 35 53 45 . 65
25 21 62-0 153 154 12:5 190 55
28 21 581 81 71 1 e | e . 3-8
31 21 | 487 52 77 77 77 77
Cloudy. 2 21 525 39 2-4 35 29 29
6 21 550 2:8 2:0 3-8 38 32
10 21 605 35 20 | eeevee | eenene 15
30 21 568 27 23 35 33 50

2B2



188

MR. GLAISHER ON THE RADIATION OF HEAT,

TasLe XCIV.

1844 Reading Excess of the reading of a thermometer in air, at the height of 4 feet
General state of the Augus‘t. of thermo-|__ and protected from the effects of radiation, above that placed
sky during the ni'ght meter in air
"t | o | b or | Ol | O | onges | Qovie | Ifesl
d h o 0 0 o o q
Cloudless. 121 | 456 79 55 71 68 66
2 21 528 11-3 9-8 11-3 12:6 82
7 21 50+9 4-3 56 6-7 65 73
8 21 49-2 62 6-7 8:6 87 74
13 21 | 528 116 53 66 63 41
14 21 490 80 55 85 80 49
18 21 | 454 86 69 84 11-1 6-7
27 21 428 11-0 100 120 | ...... 80
28 21 446 93 88 125 | ... 7°8
29 21 468 100 10-1 139 | ... 95
30 21 46-2 105 93 11,9 | ... 75
31 21 | 463 85 78 106 | ... 67
Principally 421 | 497 95 53 77 84 94
cloudless. 621 | 523 | 63 | 53 | 53 63 65
15 21 | 503 77 48 74 68 78
17 21 47°3 71 6.1 9:6 7] 69
22 21 482 83 64 94 85 6-7
23 21 475 97 83 105 117 78
Half-cloudy. 3 21 54+2 46 4+5 166 14-0 72
9 21 47-8 7:8 63 7°8 78 86
10 21 453 111 81 12-3 11-3 88
16 21 L5322 SR N I TTTTTINN ORI 54
26 21 | 512 10-0 67 1009 | ... 77
Principally 1| 95 91 | 51.6 64 53 59 58 7:9
cloudy.
Cloudy. 5 21 578 10-8 11:6 11:6 13:6 33
11 21 562 4-2 372 R 37
12 21 545 32 30 4-8 58 54
19 21 577 0-9 07 09 10 11
21 21 52'8 30 26 60 35 3-8
24 21 52:3- 7:6 58 7'3 85 65
25 21 524 44 32 53 eens 91




AT NIGHT, FROM THE EARTH, ETC.
TasLe XCV.
s, | ting [P b rling of s hmonter o o g o
General state of the | September. | of thermo- !
sky during the night meter in air
i | Yoy |t | Onlors | 0ot | onm | Iofemet
d h o o o o o
Cloudless. 121 487 11°9 11-2 14-4 122
4 21 59-4 63 59 81 79
10 21 448 10-8 100 12-8 11-3
18 21 413 11-3 83 11-3 78
19 21 47-3 115 96 136 137
20 21 | 459 111 1109 14:6 101
24 21 41-8 115 96 11-8 96
25 21 408 10°5 84 126 96
26 21 41-1 111 85 14:9 95
27 21 | 40°3 99 61 | e 81
28 21 451 98 81l | 85
29 21 348 98 7°3 12:2 76
Principally 2 21 510 10+5 95 137 84
cloudless. 5 21 5740 100 9+7 124 83
11 21 49-8 96 83 106 10-0
21 21 47-1 10-6 10-1 131 111
22 21 49-1 , 131 1217 | L 51
Half-cloudy. 621 | 626 | ... | . | 16-2
7 21 568 63 56 87 7'8
Principally 12 21 529 75 57 86 82
cloudy. 13 21 | 538 68 64 75 81
16 21 608 54 46 65 50
17 21 | 539 53 52 78 23
23 21 49-3 70 39 74 81
Cloudy. 321 | 596 38 31 42 34
8 21 555 32 15 32 6-0
9 21 | 558 08 11 08 58
14 21 573 4-8 44 49 60
15 21 614 41 46 48 59
30 21 42:2 1-6 2:6 29
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TasLe XCVL
. Excess of the reading of a thermometer in air, at the height of 4 feet
General state of the O(l:i?o%)tr. ofgfl?g;:;go ) and protected from the effects of radiation, above that placed
sky d}\ring the ni.ght meter in air| .
e | | aghtor | Onbns | Onhon | oum | Tt
d h ° ° o o o
Cloudless. 3 21 533 188 17-8 218 137
7 21 33-2 10-2 87 195 42
10 21 47°2 77 72 86 32
18 21 365 6-7 53 75 42
22 21 30'8 65 46 73 53
26 21 432 12+5 90 137 7°4
27 21 362 12+0 97 99 55
30 21 408 110 7:6 106 56
Principally 4 21 53-8 130 120 14-8 85
cloudless. 521 | 440 10-2 90 13:0 35
11 21 46-8 78 73 95 46
14 21 475 64 55 80 70
28 21 39-8 114 94 10-1 10-2
31 21 | 442 82 55 70 6-7
Half-cloudy. 2 21 51-0 9°0 84 12-0 60
6 21 44-1 87 81 81 40
8 21 457 85 77 8-2 57
13 21 49-2 7°9 62 12-2 72
16 21 | 422 62 55 77 47
17 21 398 54 45 78 83
P(f{;‘siip);“.“y} 19 21 | 453 56 58 88 63
Cloudy. 121 576 51 46 56 32
9 21 536 48 4-1 6:6 33
12 21 558 57 60 98 36
15 21 46-7 2:0 1-7 22 29
20 21 44+5 100 6+4 115 79
21 21 432 32 13 1-2 32
23 21 | 355 77 97 13:3 50
24 21 472 11 05 19 2-7
25 21 431 91 55 16°1 79
29 21 42+7 37 24 27 77
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TasLe XCVII.

Excess of the reading of a thermometer in air, at the height of 4 feet

General state of the No}/iﬁ)‘er. oi!{f}?gri;go i and protected from the effects of radiation, above that placed
sky during the night meter in air|
P hoinstmuments.” | hou of | height of | Onlong | Onshort Onflox, | Infoous of
reading. 4 feet. grass. grass. metallic reflector.
d h o o o o o
Cloudless. 15 21 483 99 50 76 601
20 21 34-8 10:3 58 11-8 58
Principally 4 21 34'6 9:0 76 66 96
cloudless. 13 21 | 434 108 89 94 64
21 21 34-3 10'8 7'3 10-9 88
23 21 335 110 88 115 95
26 21 274 81 56 94 72
27 21 295 75 4-8 95 50
30 21 3149 102 84 13-4 105
Half-cloudy. 621 | 383 93 76 83 73
8 21 47°3 83 74 83 7:6
9 21 383 49 46 7°0 6-3
10 21 41-0 7'5 64 7°5 77
24 21 366 94 6-0 107 86
25 21 321 87 6-4 11-4 7'8
Principally 3 21 36°8 7:0 4-0 61 80
cloudy. 11 21 | 403 6:0 30 68 48
16 21 490 50 44 64 42
Cloudy. 121 41+0 04 0-2 03 2:0
2 21 37:0 1:0 0-1 05 25
5 21 39°1 51 2:6 41 2:2
721 439 34 2:6 31 46
12 21 | 488 08 09 —01 1-8
14 21 | 476 52 52 1-8 28
17 21 48+7 0-8 06 06 2+7
18 21 495 20 1-3 1-4 25
19 21 46-4 29 19 11 45
22 21 | 364 10:0 87 11-1 22
28 21 355 3-8 30 35 46
29 21 | 376 35 34 2:6
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TasLe XCVIII.

tout, | Teaing Aol iberadingoatbamonderhanatihelghiortfo
General state of the | December. of thermo- ’
sky during the night meter in air
previgus to reading Day and at the On lon, On short In focu§ of
the instruments. hour of height of g On flax. metallic
) reading. 4 feet. grass. grass. reflector.
d h 9 o o o o
Cloudless. 4 21 26°1 124 85 14-9 73
521 214 13:5 74 17-4 137
6 21 21-1 12:2 87 141 10-6
721 24+5 96 59 10-0 10-1
11 21 229 10°0 6-5 10-4 65
19 21 31-3 - 80 60 6-8 78
%ﬁ(‘lﬁ’e“‘iy 20 21 301 7-2 57 71 82
Half-cloudy. None. | coovee | veveee | s e ] e
Cloudy. 1.21 34-1 1-9 0-8 21 39
2 21 323 3:0 04 23 51
3 21 341 2:2 11 16 36
8 21 251 2:3 0:8 -~ 04 39
9 21 278 17 03 85 33
10 21 277 1-2 —0-2 27 3:0
12 21 232 0-7 —0°8 0-4 2:9
13 21 24-4 —0-3 —09 29 22
14 21 281 2:8 1-4 23 27
15 21 354 51 36 46 4-8
16 21 37°1 11 04 03 29
17 21 381 20 11 11 31
18 21 40°3 0-8 03 0-3 23
22 21 29-1 49 29 4.1 59
23 21 295 24 07 - 15 40
24 21 31-3 2:3 1-8 23 2:3
25 21 311 1-8 08 13 34
26 21 276 88 34 83 04
27 21 29-8 36 09 3-8 2:6
28 21 40'5 17 10 1-3 32
29 21 375 0+5 —11 —0'5 2:2
30 21 34-1 58 34 25 59
31 21 351 49 27 249 3+9
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From Tables LI. to XCVIIIL. we learn the following particulars. As the series of
observations of the thermometer whose bulb was placed in the focus of the parabolic
reflector extends over a much longer period of time than any of the others, it is
desirable to discuss the results derived from it before consulting those deduced from
the observations of the other instruments. Confining ourselves therefore to the
numbers found from the observations of the thermometer in the reflector; first, to those
in that division of every table under cloudy nights, it will be seen that during such
nights its reading has frequently been higher than that in air, but it has generally
been from 0° to 3° lower ; frequently 4°; less frequently from 5° to 8°, and occasion-
ally 9° less than that in air. In Tables LXXII., LXXIV. and LXXYV., quantities
eqlvlal to 9° are exhibited ; and in the last-mentioned table there is one case of 13°3;
in Table XCI. there is one case of 11°4; during the nights that these large differ-
ences have occurred the clouds have been noted as being fleecy, thin and high. In
Table LXXXYV. large differences are exhibited; the sky was noted at the time as
being covered with cirrocumuli.

As the results on those nights during which more or less cloud prevailed are gene-
rally between those on cloudy and on cloudless nights, and nearly proportional to
the amount of cloud; the next division of these tables, which deserves particular
attention, is that containing the results derived from cloudless nights. By examining
the numbers in this division, it will be found that quantities less than 5° have taken
place, even on cloudless nights. The atmosphere, however, on such nights has
been noticed as being thick, and the air as being saturated with moisture. The fol-
lowing is a list of these cases:— 7 v .

(1841, on March 10, at 21.
1841, on March 29, at 21.
1841, on June 20, at 21.
1841, on July 9, at 21.

1841, on September 6, at 21.
1841, on November 19, at 21.
1842, on April 8, at 21.

1842, on August 3, at 21.
The result deduced from the observation | 1842, on August 16, at 21.

taken in the year . . .. ... .. ... ) 1842, on August 17, at 21.
1842, on August 28, at 21.
1842, on December 5, at 21.
1843, on October 26, at 21.
1843, on December 17, at 21.
1844, on March 12, at 21.
1844, on March 23, at 21.
1844, on May 20, at 21.
1844, on June 16, at 21.

MDCCCXLVII. 2¢
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(1844, on July 16, at 21.
1844, on August 13, at 21.
The result deduced from the observation | 1844, on August 14, at 21.
taken in theyear . . . ... ... ... 3 1844, on October 7, 21.
1844, on October 10, at 21.
1844, on October 18, at 21.

In all twenty-five instances out of 331 cloudless nights; on one of these nights,
viz. that preceding 1842, August 28, 21" the result was a reading of 0°6 higher than
that of the thermometer in air, but it is very probable that the reading was in error.

The general amount on cloudless nights is from 7° te 16°; and frequently above 10°.
During the four years’ observations there were thirty-three cases in which the reading
of the thermometer in air exceeded that of the thermometer in the reflector by quan-
tities between 10° and 11°; there were nineteen cases between 11° and 12°; sixteen
between 12° and 13°; eight between 13°and 14°; and there were four instances in
which the excess amounted to 14° and was less than 15°; these cases occurred during
the nights preceding 1842, June 16, 21" and October 29, 21%; 1843, February 12, 21"
and March 6, 21*. (The differences in 1843 March were unusually large.) There
were two cases exceeding 15°, both in 1842 on June 6 and 7 ; and there is one above
17° which occurred during the night preceding 1843 March 2, 21", This is the largest
difference shown during the four years’ observations, between the thermometer in
the air and that in the reflector. I now proceed to speak of the results derived from
the observations of the other instruments.

Those from cloudy nights with all the other thermometers were nearly the same as
those with the thermometer with its bulb placed in the focus of the reflector, except-
ing that their readings were much less frequently higher than those of the thermometer
in air than were those of that instrument.

On partially cloudy, and on cloudless nights, the reading of the thermometers on
grass, those placed one inch above it, those on raw wool and flax, were always much
lower than that in the reflector; and frequently, even on grass, the reading was as
much below that in the reflector as the latter was below that in the air; on wool and
flax it was nearly always so.

The greatest difference between the readings of that in air and that on short grass
was 178 ; and on long grass was 18%8; and they took place during the night pre-
ceding 1844, October 34 21" (see Table XCVI.). The reading of the thermometers
which were placed on wool and flax were frequently from 15° to 18°, and occasionally
from 19° to 21° less than that in air. The greatest difference with raw wool was
20%4 ; and with flax was 21°8, as observed 1844, April 244 at 21", and on October 3¢
at 21P respectively.

The readings of the thermometer placed on garden mould were always (excepting
when the sky was quite cloudy) nearer to that in the air than any of the other
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readings mentioned in this section ; and this reading was nearer and nearer to that
in the air in proportion to the looseness of the mould ; the heat from beneath pass-
ing the more rapidly to the surface in proportion to its looseness. It was also
observed that the temperature about the roots of plants was lower in exact amount.
to the excess of heat conducted to the surface.

It must be borne in mind that the differences exhibited between the minimum
readings of self-registering thermometers placed upon substances and fully exposed
to the sky, and those of a similar thermometer placed in the air, and protected as
much as possible from the sky, are not the maximum differences, unless the two
minima occur at the same time ; this generally is not the case; that of a thermometer
placed on any substance and exposed to the sky usually occurs in the evening, or
before midnight ; whilst that in the air occurs at about the time of the rising of the
sun. The difference between these two minima should be increased by the difference
between the readings of the thermometer in the air at those times ; this may amount
to 10°; and it is highly probable that during a portion of the evening or night, which
precedes the reading of the instruments, at times when 20° are exhibited between the
minima, a difference of 30° has existed.

From the preceding remarks it is evident that the differences between the readings
of the thermometer in air and the others, have varied with every variation of the
amount of cloud ; and by comparing the numbers in one table with those in another,
it will be found that this difference is about the same in amount, with the same
quantity of cloud at all times of the year.

This will be more clearly seen in the next table containing the monthly means of

all the numbers contained in Tables LI. to XCVIII. of the results of the observations
of the thermometer in the reflector.
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Table XCIX.—Mean Monthly excess of the readings of the thermometer in Air above
that in the Reflector.

"The mean monthly excess, according to the state of the sky with respect to the quantity of cloud, of the readings
. of a self-registering thermometer placed in air at the height of 4 feet and protected from radiation, above those
General state of the sky of a similar thermometer placed in the focus of 2 metallic parabolic reflector.
during the night previous Month
to reading the instru- onth, 1841. . 1842, 1843, 1844, 1841 Feb. 10, to 1844 Dec. 31.
ments.
Mean | No.of || Mean | No.of || Mean | No.of || Mean | No.of || No.of | Sum of Mean
excess. | nights. || excess. | nights. || excess. | nights. || excess. |nights. || nights. | excess. excess.
o o o o
Cloudless.  |[Jamuary. | ... | b4 | 6 | 95 8 | 30 | 2| 16 | 1487 | 963
February. 58 1 81 4 11-0 5 70 4 14 1214 87
March. 7°1 12 65 8 102 15 65 7 42 3362 80
April. 9-4 7 71 9 101 11 80 18 45 3849 81
May. 72 7 85 . 8 105 2 81 10 27 2197 81
June. 88 4 10-2 12 103 7 68 6 29 2675 9-2
July. 74 4 87 6 101 2 82 12 24 199-9 83
August. 99 4 62 11 91 6 71 12 33 2476 75
September. | 81 6 45 3 92 11 97 12 32 | 2790 87
October. 87 5 91 9 66 8 68 8 30 2277 76
November. 81 9 10-6 3 85 6 60 2 20 167°7 84
December. | 87 7 66 6 | ...... 0 93 6 19 156°0 82
Principally cloudless.\January. | «..... | ....ie 62 7 73 3 46 7 17 972 57
February. .| ...... 0 58 5 72 2 55 6 13 765 59
March. 61 5 66 3 84 5 49 2 15 101-6 68
April. 58 6 51 7 74 6 74 4 23 1444 6-3
May. 70 4 67 10 78 4 6-0 5 26 1797 69
June. 74 6 64 8 76 6 77 5 26 1876 72
July. 47 3 65 13 84 10 71 1 26 180-9 69
August. 56 6 57 4 81 12 75 6 28 198-2 71
September. | 55 4 57 9 92 11 86 5 24 1691 70
October. 70 1 67 8 66 8 68 6 23 157+7 69
November. 72 2 75 11 71 7 81 7 28 2107 75
December. | 71 5 62 6 61 5 82 1 18 1113 62
Half-cloudy. January. | ... | ceeeen 58 7 60 6 44 5 18 96-8 54
February. 32 1 36 7 84 5 37 6 19 1067 56
March. 51 5 42 11 73 3 44 9 28 1329 47
April. 56 6 4-8 8 53 8 34 3 25 1254 50
May. 51 6 6°1 5 51 4 59 6 21 1173 56
June. 53 6 58 7 55 9 50 7 21 1154 55
July. 47 6 49 6 66 7 63 5 24 1349 56
August. 58 6 52 11 65 7 75 5 29 174-6 6-0
September. | 47 16 42 9 72 7 12-0 2 34 197-6 58
October. 4-1 11 61 4 54 6 60 6 26 137°9 53
November. 61 6 60 5 46 1 76 6 24 153-0 64
December. | 58 9 51 3 79 10 ... 0 13 753 58
Principally cloudy. {January. | ...... | ...... 38 2 46 6 26 7 15. 536 36
February. 39 2 31 6 49 3 31 6 17 597 35
March. 32 5 1:6 1 105 1 42 5 12 488 41
April. 2:2 6 39 1 2-8 1 73 2 10 346 35
May. 2:1 8 50 5 58 6 60 5 20 747 37
June. 30 5 58 1 55 9 -13 1 25 130-8 52
July. 29 11 3-8 3 46 6 48 9 29 1135 39
August. 36 7 36 1 70 2 79 1 11 505 46
September. | 42 2 2-6 4 66 3 63 5 14 707 51
October. 28 9 46 3 4-6 3 63 1 16 595 37
November. 2:5 9 44 2 15 2 57 3 15 51°6 34
December. | 37 6 80 1 57 7 | e 0 14 703 50
Cloudy. January. | ..o | e 28 10 34 5 07 8 20 458 20
February. 21 19 1-8 5 33 11 33 7 42 109-0 2:6
March. 06 3 1-9 8 53 7 18 8 26 681 26
April. 19 4 14 5 28 4 21 3 16 32-3 2:0
May. 04 6 19 3 2:6 12 4-1 9 30 800 27
June. 03 6 12 2 32 6 37 2 16 27-8 17
July. 0-8 7 37 3 38 5 31 4 19 484 26
August. 06 8 2-9 3 39 2 44 7 20 54-0 2:7
September. | 26 2 2:0 5 51 3 54 5 15 577 38
October. 15 5 27 7 24 6 47 10 28 884 32
November. | 24 3 40 6 2:0 8 29 11 28 79'1 28
December. | 4+3 3 2-8 15 33 17 34 23 56 1888 33
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- The numbers contained in this table show very clearly that, under the same state
of the sky, the excess of the reading of the thermometer in air above that in the
reflector is the same at all times of the year, and they as clearly show that the amount
of the excess varies with every variation of the quantity of cloud. - These results are
exhibited in each year; and they are very decidedly shown in the last column of each
division of the table, which contains the mean results for every month derived from
the four years’ observations, excepting in January, which was deduced from three
years only.

Table C.is formed from the numbers in Table XCIX. by taking their yearly values
for each state of the sky. The last column of this table contains the mean result
from all the observations which were spread over 1419 nights; in the year 1841 there
was one observation lost ; in 1842 there were fifteen; in 1843 there were nine, and
in 1844 there were six. These observations were lost chiefly from the instrument
being out of repair, or the having omitted to set the index the previous day. The
result in the last column is therefore deduced from 1389 nights, and include those
from all states of the sky and weather.

TasLe C.—Showing the mean results in each year, with the different states of the
sky, and for the whole time derived from all the self-registering observations of the
thermometer whose bulb was placed in the focus of a metallic parabolic reflector.

The mean yearly excess, according to the state of the sky with respect to the quantity of cloud, of the readings of a self-registering thermometer placed in air at
the height of 4 feet and protected from radiation, above those of a similar thermometer placed in the focus of a metallic parabolic reflector fully exposed to the sky.
1841, 1842, 1843, 1844, 1840 February 10, to 1844 December 31.

State of the sky.

X;OL? thn({}:r Mean ;Xl}:ﬂ:f X}:}({)I:r Mean ‘g{;‘:‘)l:f IXI}I‘]?;:]‘ Mean :X,]:IOIO? x‘l}gt}:l)ol:r Mean ;ﬁx}:&}:r Sum of | Mean mﬁr Sum of e]:fce:;;

excesses,| . g{ts. excesg oxcesses. . golfts. excess. llox cesses, nigo}fxts. excess. [lexcesses. - gohts. excess. ui golfts. lexcesses‘ excess. nig{x . nipge}:t.
Cloudy ...... 973| 66 | 147 | 1778 72 | 347 | 9sf4| 86 | 327 || 32%9| 97 | $33 | 321 | 8794| S74 e
Pric’;‘gf}:fylay' 2039 70 | 291 || 118:8| 30 | 396 | 2582| 49 | 527 | 2374| 49 | 485 || 198 | 8183| 413
Ha.lf-gloudy .. 396:0] 78 508 || 4305 82 525 | 394-9| 62 6:37 || 3364 60 560 || 282 '1557’8 552 | 1389 (78264 | 565
Principally 11 970:8| 43 | 630 | 5784| 81 | 714 | so11| 78 | 758 | 3744| 55 | 681 | 257 18147 | 706
Cloudless ...| 5359 66 812 || 6821 &5 803 || 7681 81 948 || 770-1| 99 778 || 331 12756-2| 833

By considering that the cloudy nights in this table are represented by 10; the

principally cloudy by 8; the half-cloudy by 5 ; the principally clear by 2 ; and the
cloudless by 0, the following particulars may be deduced from this table.

The sum of the products of the above numbers into the number of nights of each
class in each year, divided by the number of nights in the year, gives the mean state
of cloudiness during the nights of that year ; and the yearly sum of the excess of the
reading of the thermometer in air above that placed in the reflector, divided by the
number of nights in the year, gives the excess, corresponding to the mean state of
cloudiness ; and thus we find '
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The mean state of o | and the mean excess of the readmg‘[ o
In the yea.[' ] 841 { cloudiness (lurmg} 58, {of the thermometer in the air above . 47
the nights was that in the reflector was f
In the year 1842 5 .. 44, " N
In the year 1843 it .. 49, 5 ¢ . 64
In the year 1844 " . . 50, " . . 57

And the mean state of cloudiness during the nights of the four years was 5 (or the
sky upon the average had been one-half covered by cloud), and the corresponding
mean excess of the reading of the thermometer in air above that in the reflector was
5°65. | |

In the year 1841 the number of clear and cloudy nights were equal; and they
were nearly the same in number in the year 1844 ; in the year 1842 the number of
clear nights exceeded the number of cloudy nights by thirteen ; and in 1843 the cloudy
exceeded the clear nights by five: from this it appears that during these four years
there were one clear and one cloudy night out of every four nights.

In Table XLV. the relative less reading of a thermometer placed on raw wool and
one in the focus of a parabolic reflector, than that in the air was found to be as
1221 : 888 from 889 simultaneous observations.

In Table CVI. this ratio is found to be as 1280 : 962 from 992 observations, de-
duced from self-registering minimum thermometers. As these results are so nearly
identical, and as they have been deduced by entirely different instruments, there can
be but little doubt of the correctness of their mean, viz. 1251 : 910, or in other words,
the results as derived from the observations of the thermometer in the reflector,
would be converted into results as deduced from placing a thermometer on raw wool
by multiplying the former by 1:375, and in this way we should derive 7°76 (i. e.
565 X 1°375) as the mean deduced from the four years’ observations; and we should
find 11°5 (i. e.8°33 X 1'375) as that deduced from cloudless nights. I have preferred
exhibiting these results in terms of that derived from raw wool in consequence of it
being free from the effects of heat conducted from the earth, and therefore free from
one of the many sources from which the reading of a thermometer placed on the
ground is affected, some of which are as follows :—

From the heat of the earth upon which it is placed.

From the heat radiated to it from lateral objects.

From the heat communicated to the substance from the air in contact with it.

From the heat evolved during the change of the watery vapour in the atmosphere
into dew.

From the heat received from the radiation from clouds.

From the heat received from the upper regions of the atmosphere, and

From the heat received from space.

By placing a thermometer on wool the effect of the first of these causes is evaded,
as appears in a previous section; in a wide and open plain the second would be
evaded, as there would be but few objects to emit heat; I fear, however, that all my
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readings are affected from this cause, and to an unknown amount; the heat of the
air is known, and therefore it can be accounted for; the amount of heat evolved
during the change of vapour into water appears to be about 4° from all the experi-
ments I have made; the heat radiated from dense clouds, near the earth, must be
very nearly the same in amount as that radiated from the earth, as the clouds when
at a low elevation must possess very nearly the same heat as that of the lower atmo-
sphere ; but when such clouds are high their temperature must be less than when at
a low elevation, and they will radiate less heat to the earth than they will receive
from it (see the following experiments upon the different results deduced from high
and low clouds, of the same modification and covering the same extent of sky) ; and
the amount of heat from the other sources is unknown. The whole effect of all
these checks upon the production of a great cold at night, by the radiation of heat
from bodies on the surface of the earth, cannot be estimated, yet, notwithstanding their
operation, the reading of a thermometer placed on the ground has been frequently
very low. The reading of a thermometer thus placed represents the amount of heat
received from all the above sources, diminished by the amount radiated from itself.

The place in which. the observations were taken is not favourably situated for the
production of a great cold, from radiation of heat at night, it being surrounded, at no
great distance, by large trees, and consequently the humidity of the atmosphere is
great.

From the circumstance of low readings always having taken place when the sky
has been cloudless and bright, we may readily infer that the temperature of space
must be very low indeed.

The reading of a thermometer placed on grass is much affected by the heat con-
ducted to it from the earth beneath ; yet, notwithstanding, its readings were always
less than those of the thermometer in the reflector, in the ratio of 1000 : 858 (see
Table XLV.), therefore it is necessary to multiply the results derived from the latter
by 1°17 to reduce them to results that would have been derived from the former.

By examining the numbers in the columns under the lowest thermometrical readings
in Table CVII.,, it appears that long grass, and therefore vegetation is liable to be
affected at night from the influence of radiation by a temperature below the freezing-
point of water every month in the year, for even in July 1844, the only exception in
that year, the thermometer read 355, whilst that in the reflector read 39*3; in the
year 1843, in July, the reading in the reflector was as low as 35°2, and it seems very
probable that long grass temperature at this time was at or below 32°; and as all
the readings would have been lower if the experiments had been made in the open
country, it seems certain that vegetation is always liable to the temperature of 32° in
this country.

The next table is formed by taking the means of all the numbers contained in each
division of the Tables LXXVIII. to XCVIII.
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TapLe CI.—Showing the mean monthly excess of the reading of -a self-
registering minimum thermometer in Air at the height of 4 feet, above the

General state of the

sky during the night

previous to reading
the instruments.

Year.

Month.

The mean excess in each montﬁ, according to the state of the sky with respect to the quantity of cloud, of

the readings of a self-registering minimum thermometer placed in air at the height of 4 feet and protected |,

On long grass |
exposed to §ths
of the sky.

On short grass.

On garden
mould.

In air one inch
high.

In air three

" inches high.

| Mean |Number

of

excess. | .
nights.

Number|

* | nights.

of

Number|

. of
nights.

Mean

excess.

Number|

of
nights.

excess.

Number
of
nights,

Mean

Cloudless.

1843.

1844.

April.
May.
June.
July.
August.

‘| September.

October.
November.
December.
January.
February.
March.
April.
May.

June.

July.
August.
September.
October.
November.
December.
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1843.
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April.
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readings of a similar thermometer placed on different substances, in each
state of the sky.

from the effects of radiation, ahove that of a similar thermometer fully exposed to the sky, placed

T . On white In focus of
In alﬁ;‘}nc}ms On ‘:V}ng' raw On fine flax. | On coarse flax., ““Wr";‘v%lﬁ cotton On lead. On blackened tin.] On white tin. met“l}gffel;:;f"’hc
Mean |Number| prean N\m%ber Mean Nun;ber Mean Nun}ber Mesn Nun}ber Mean Nun}ber Mean Nug}her Mean Nuxox;ber Mean Nux(:lber :
0]
excess. nigohts. excess. ni;h 15, | xCeSS: nights. excess, nigoh 1. | Excoss. ni[;)h s, | CXCESS: nig?h 1. | Excess. nights. excess. nights. excess. nights.
: : U VR IRV :. ol 10
117 7 | 1110 7 (100 7 94 7 66 8
12-3 5 | 115 6 | 123 5 | 119 4 85 6
13-4 1 10-6 1 . 96 1 89 1 80 2
88 4 91 4 . 76 4 77 4 70 4
11-2 7 98 7 59 7 . 65 7
15:3 18 | 162 18 9-2 18 80 18
119 10 13-2 10 96" 4 81 10
83 4 78 4 . 6-8 6
12:3 9 | 131 9 82 12
8:6 12 98 12 71 12
12:6 12 97 12
12-4 8 68 8
97 2 60 2
12-3 6 93 6
31 80 88 2 93 2 89 2 86 2 66 8
95 7 91 7 95 5 80 5 71 7
7:6 5 70 5 59 5 49 5 61 5
10-8 7 86 7 8:0 7 73 7 46 7
79 6 79 6 70 6 68 6 55 6
75 2 78 2 52 2 49 2
131 4 14:5 4 10-1 4 74 4
114 4 91 4 60 5
103 4 | 104 5 77 5
129 1 131 1 71 1
81 6 83 6 75 6
12:5 4 86 5
10-4 6 88 6
10-1 7 81 7
71 1 82 1
42 30 54 2 46 2 4-8 2 40 2 50 54 6
6'5 6 80 4 86 1 48 2 46 1
69 1 73 1 . 59 1 59 1 79 1
91 5 54 5 . . 63 5 54 5 44 5
42 6 50 6 . 51 6 45 6 37 6
67 8 6-9 8 53 8 44 9
82 3 88 3 46 3 34 3
87 4 84 4 59 6
79 2 66 4 50 7
81 3 83 3 63 5
11:0 4 | 119 4 7'5 5
12:6 10 120 2
93 6 60 6
89 6 76 6
0 0

MDCCCXLVII, 2D
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TaBLE (Continued).

MR. GLAISHER ON THE RADIATION OF HEAT,

General state of the sky
during the night previous
to reading the instru-
ments,

Year.

" Month.

The mean excess in each month, according to the state of the sky with respect to the quantity of clouds, of
the readings of a self-registering minimum thermometer placed in air at the height of 4 feet and protected

On long grass
exposed to §ths
of the sky.

On long grass.

On short grass.

On garden
mould.

In air one inch
high.

In ajr three
inches high,

Mean

Number
excess. f

0!
nights.

Mean |Number

of
excess, nights.

Mean |Number

3 of
excess. nights .

Mean
excess.

Number|
of
nights,

Mean |Number,

[
excess. | .
nights.

Mean |Number

ol
excess. | .
nights.

Principally cloudy.
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1844.
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February.
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September.
October.
November.
December.

[P\
W
PR SR U=

s

i PRI
CUWHEMINOON TN WN: I 0

P DTORTLNOSITARPHODD; 1L
ER e = N R N = R

o

D0 YA NN A 0D U1 D T i GINY 8 G0
o

C O ONANOIOHANISS SIS D

N ot
PRl

]

e
S WWN W"

HECMECUE S -

34

56
60
40

36
33

-~
o
P owoooo:

Cloudy.

1843.

1844,

April.
May.

June.

July.
August.
September.
October.
November.
December.
January.
February.
March.
April.
May.

June.

July.
August.
September.
October.
November.
December.

ot

S B
P o aid e
S R L S TR

- . .
(< RN F N URVORUCRC RN X R DA

RO GO QT i G = YD GO Lo Co Co kD O35 2
RO ORNITTH N OTS =

ot

o .
OVNANDWAOANNNNAWNORANN | QW= GINOO= RISV WWOSHOSD:

=t 10 2 10 A 20 = ST RO B0 GO 10 1O i i B0 1 10 20 O
- TN OARNOESAINOCOIN O =100 w

DO ot et
SR SR

e AN
1D = kD

ot

AT oot
C D e e SUEO S N
S O O 0O KO B ST RO O

i G rerpe it
BRI TR R L)
(5]




AT NIGHT, FROM THE EARTH, ETC.

TaBLe (Continued).

203

from the effects of radiation, above that of a similar thermometer fully exposed to the sky, placed

In air six inches | On white raw unw,?,"}g'{,lt‘fﬁmn kened ti On white ti megﬁlﬁ);‘;:a(golic
high. wool. On fine flax, | On coarse flax, ool Onlead. Onblackened tin,| On white tin. Teflestor.
Mean Number| Mean Number| pfean |[Number| pfean |Number| prean {Number| preqn |Number| Mean Number| Mean Number| pean Number]

excess. | . Of lexcess.| .Of lexcess.| .9f |excess.| .Of lexcess.| .of |excess.| ,Of |excess.| .Of |excess.| .of |excess.| .of
nights. nights. nights, nights. nights. nights. nights. nights. nights.

IOV AP (U EUUR (DGR VOV IOV I D N D I T 28 | 1

. o . . . . 55 9

. oee vee v ee . 46 6

. 25 1 25 1 2:5 1 . e . . 46 3

. 45 2 | 43 20 | e R B N A I S 2

. 60 7 o] e} o6l 7 T o | e | O 71 40 6 | 57 7

. 70 7 56 7 v . .- 67 7 63 7 26 7

. 74 6 68 6 e . 49 6 46 6 31 6

. 80 5 73 5 e . . 53 1 o 42 5

123 2 1132 2 e . . 90 2 - .o . 73 2

87 1 87 1 ver . e e . . e e 60 5

91 8 90 8 e . . . . . wee .o vee |=13 1

85 7 77 7 . .s e . e van s 4-8 9

65 5 60 6 aee . . . o .. . . e 79 1

76 5 .e . oeu vee . e sen . 63 5

88 1 . e vee o vee . . .- “ 63 1

66 3 . . . . . . . 57 3

. vee . e . e . . 26 12

vee wes .ee .es . 6

. 33 7 20 5 29 4 2-1 4 . " 22 15 24 16 2:0 8

. 24 17 e e 3:0 17 o 35 7 37 7 33 17

. 36 8 25 8 . o oee . 55 6 46 6 gg 8

. 47 6 51 6 vee o e . o 7

. 35 8 38 8 . .. 29 8 . . . . 1-8 8

52 3 49 3 . 2-6 3 . . . . 21 3

87 4 84 4 . .- .- . 41 9

1-8 2 25 2 . . . . . . 37 2

33 3 26 3 . . . . . 31 4

65 5 60 6 oee . . .. . . . 44 7

35 6 o . e ver . . 54 5

71 10 ) . . . . 47 10

. 25 12 oes . e vor e . 29 11

. 24 23 34 23

The following Table contains the mean of the values in each year,

whole time according to the number of observations.

2p 2

and for the
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TasLe CII.—Showing the excess of reading of the thermometer in Air, above those
placed as stated in the 2nd column, in each of the years 1843 and 1844 and for
both years together.

General state
of the sky

The mean yearly excess, according to the state of the sky, of the reading of a self-
registering minimum thermometer placed in air at the height of 4feet, and protected
from radiation, above that of a similar thermometer placed on different substances.

nig;?ggegilgus Situation of the thermometer. 1843. 1844. 1843 and 1844.
to reading the|. Whol
Instruments. Nur;xfber Sum of | Mean Nui)r}iber Sum of | Mean numb:r S\g‘lo})? Mean
nights. excesses.| excess. nights. eXCesses,| excess. . of excesses. excess.
nights.
Cloudy. |On long grass exposed to 3ths of thesky| 29 956 | 33 s 29 956 | 33
On long grass fully exposed to the sky| 30 859 29 99 |360:2 37 1129 |4461 34
On short grass fully exposed to the sky] 58 |159:5 | 28 98 (2816 | 29 | 156 |[441-1| 28
On garden mould .........ceevvvnnennen. 29 40°2 | 14 R 29 40-2 | 14
One inch above grass.......cccoveeenn.n. 34 11030 30 o] eenene . 34 11030 | 30
Three inches above grass ..... e 31 1115 36 | .. | e 31 1115 | 36
Six inches above grass ........ tenseavane T R IS cee | eeene
On white raw wool ......cuvvereennnensn. 25 706 | 28 40 (1865 | 47 65 [257°1 | 389
On fine flaxX cvovveveevenieniniiernenneninnnn. 6 157 2+6 92 13638 4-0 98 13795 39
On coarse flaX......cvvvveneinienrnnnnnnnnn. 22 | 676 | 31 VR R 22 | 676 31
On white unwrought cotton wool ...... 5 11-2 | 22 JUURE 5 11-.2 | 22
Onlead .oooviviiiiiiriiiiiniiniininnenn, R 11 3100 | 28 11 3140 | 28
On blackened tin......ocoverveerernennnnne. 15 335 | 22 14 627 | 45 29 962 | 33
On white tin .ooveviiiviiiniiiiiireenennnns 16 384 2:4 14 507 36 40 89-1 2:2
In focus of metallic reflector ............ 86 |2814 33 97 |3229 33 | 183 |604'3 33
Principally |On long grass exposed to $ths of thesky] 25 [101-2 | 4-1 ST ST 25 (1012 | 40
cloudy. |On long grass fully exposcd to the sky 13 769 | 59 50 {3547 | 71 63 (4316 | 68
On short grass fully exposed ............] 39 - 11818 | 46 50 |3033 | 61 89 |4851 | 55
On garden mould fully exposed 16 | 597 | 37 | oo | aeeres 16 | 597 | 37
One inch above grass .. cevereneend]. 28 |146°0 | 52 | ... | ... 28 |146:0 | 52
Three inches above gmss cervereeeeeeend] 29 |149°0 | 51 | .. | ... .- 29 1490 | 52
Six inches above grass ...........cc...... R T R
On white raw wool.....ouvevveiniienennnns 10 539 | 54 37 13020 82 47 13559 | 75
On fine flax ..o.vvvevvenveiirineninninnnnenn. 3 1141 | 87 46 8529 | 77 | 49 |3640 | 74
On coarse flax....uuuen e iereeereeeeneennns 8 454 | 57 | .o | e 8 454 | 57
On white unwrought cotton wool ...... 1 65| 635 R RN 1 65| 65
Onlead ..cvvervriiiiiiiiininiinreninnens U 7 | 43| 63 7 | 443 63
On blackened tin......c.covvvvinirnreneennns 7 361 | 51 13 758 | 58 20 [111:9 | 56
On white tin  .oovvvvveriiiiiiiiiiiniennenns 6 24:2 | 40 13 | 7147 | 53 19 | 959 | 50
In focus of metallic reflector ............ 49 2582 | 53 49 (2374 | 49 98 14956 | 51
Half-  |On long grass exposed to 3ths of thesky| 22 886 | 40 S 22 886 | 40
cloudy. |On long grass fully exposed . 19 1207 | 64 58 4384 | 76 77 156591 73
On short raSS..iiiuienuienesnnnans Verreeene 42 (2673 | 64 57 |3536 | 62 99 6209 | 6-3
On garden mould .........covuvvvennenne. 10 3971 40 R R 10 | 397 39
One inch above grass .......cecveueennn.n. 34 (2025 | 59 | o | eeeenn 34 |2025 | 59
Three inches above grass ...............| 28 [1689 | 60 | ... | ..... 28 1689 | 6-0
Six inches above grass ..........cceee... 3 125 | 42 TR 3 125 | 42
On white raw wool.........c.eeeeeeeenn] 9 566 | 63 33 [2507 | 76 42 3073 | 73
On fine flax .. ceerseerancesanroesaanes] 11 41-2 37 49 | 3839 7'8 60 | 4251 71
On coarse fax .......oovron. veeeed| 4| 255 | 64 4 255 | 64
On white unwrou0ht cotton wool ... 4 176 | 44 TR . 4 176 | 44
Onlead ...coocvvviviemniiiiiiieeeenennee. AT 14 70°7 51 14 707 51
On blackened tin....c.ocoivuieniisiennnnns 1 591 59 11 645 | 59 12 7041 59
On white tin .............. cevessesensanans 1 59 59 11 539 4-9 12 598 50
In focus of metallic reflector ............| 62 13949 | 64 | 60 (3364 56 | 122 [731:3| 60
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The mean yearly excess, according to the state of the sky, of the reading’of a self-
| registering minimum thermometer placed in air at the height of 4 feet, and protected
General state from radiation, above that of a similar thermometer placed on different substances.
of t_he sky
nigﬁ?;fe‘t,?:us Situation of the thermometer. 1843. 1844. 1843 and 1844.
to reading the ‘Whole 7
instruments. Nu:)x;‘ber Sum of | Mean Nug}ber Sum of | Mean |number s\Zrlxllogi’ Mean
nichts. excesses.| excess. nights. €XCesses.| excess. . of excesses. excess.
° nights.
Principally [On long grass exposed to $ths of thesky| 37 1785 | 48 o | 37 | 1785| 48
clear.  |On long grass full) exposed to the sky 22 1792 | 81 55 | 1952 90 77 | 3744 49
On short grass.. e 61 |4107 | 67 55 | 427'7| 78 | 116 | 8384| 72
On garden mould R I V) 556 | 33 | . | ... 17 556 33
One inch above grass ...........ceevenn] 52 (3683 | 71 | ... | ...l 52 | 3683 71
Three inches above grass ............... 41 12951 | 71 | ... | ... 41 | 2951 72
Six inches above grass .................. 6 187 32 R T 6 187 31
On white raw wool ....coecvueeerinnenene] 14 [122°6 | 88 | 35 | 2997| 86 | 49 | 422:3| 36
On fine flax .....couveviiiiininnininninnnen, 9 82:6 | 92 54 | 482:2| 89 63 | 564-8| 90
On coarse flax.. e veeed] 12 | 1002 83 | ... | ... . 12 | 1002 | 84
On white unwxought cotton wool ...... 7 572 | 82 ST 7 57-2| 82
Onlead .oocoovvviviiiiiiiiiininninennnen. T 11 611 55 11 61-1| 56
On blackened tin.......cocevvenennnnnnnn.e. 5 296 | 59 13 97:8| 75 18 | 12744 71
On white tin ........ 5 | 243 | 49 13 91-9| 7°1 18 | 116:2| 64
In focus of metallic reflector .. 78 5911 | 76 55 | 374-4| 6'8 | 133" | 9655| 73
Cloudless. {On long grass exposed to $ths of the sky| 22 |143:6 | 65 U 22 | 1436| 65
On long grass f'ull} exposed to the sky 21 2030 9:7 | 100 9202 92 | 121 (11232 93
On short grass.. . ceend| 47 182271 69 98 | 866-1| 89 | 145 |1188-2| &2
On garden mould’ ceeveennd] 18 1 7381 57 SR 13 738 57
One inch above grass .....................| 38 [341:2 | 57 | ... | ... 38 | 341-2) 90
Three inches above grass ............... 29 |2140 | 74 | .. ... 29 | 2140 74
Six inches above grass ............ e 1 52| 52 N R 1 52 52
On white raw wool ....ccevevveinienennnn. 13 |1535 | 11'8 60 726-2| 12°1 73 87971 121
On fine flax .cccoovviiieiininiennenenn| 17 | 1466 | 86 91 [1123:6| 123 | 108 [1270-2| 11-8
On coarse flax ....ovvvvveeieniiiininnnnnnn, 12 1317 | 11-0 O 121 13171 109
On white unwrought cotton wool ...... 11 {1131 | 103 U T 11 113:1| 10°3
Onlead .oovvvvevviiiiiiiiinniiniennnd] e | venenn 29 2458 85 29 245'8| 85
On blackened tin.......cocovvievininnniind oo | einie 5 40-1| 840 5 401 80
On white tin  ...ccvveireiireinnnnnianannne, ST 5 39-8| 80 5 39:'8| 79
In focus of metallic reflector ............ 81 |7681 | 95 99 | 770°1| 78 | 180 |1538-2| 85

An examination of this Table shows, that on cloudy nights the results derived from

every substance, with the single exception of garden mould, are nearly the same;
and on partially cloudy nights they are different ; the greatest differences occurring on
cloudless nights. The reading of the thermometer on garden mould was always the
nearest to the reading of the thermometer in the air; those on raw wool and on flax
departed the most from it ; and those placed, at the distance of one inch to two inches
above the top of grass, on a sheet of lead or tin, were all higher than that on garden
mould and less than that on wool ; and they were all nearly identical with that of the
thermometer in the reflector, notwithstanding much heat during the course of a
whole night must have passed from the earth to the surface of the lead and tin, which
were placed on it.-
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In this respect the results are somewhat different from those obtained from simul-
taneous observations of mercurial thermometers ; but it would certainly seem that a
thermometer placed on a sheet of metal on the ground will read as low as that in the
reflector, although that of the latter would attain its lowest reading in less time than
that of the former.

From the numbers in this table the numbers in the first ten columns of Table CVI.
are formed.

As in a previous part of this paper it has been stated that on cloudy nights a
thermometer read differently according as the cloud was high or low, the following
Table has been formed by collecting all those cases in which the night has been
cloudy throughout.

TasLe CIII.—Showing the results on totally cloudy nights, but the clouds not

cirrostratus.
The sky covered with cloud during the night, the cloud other than cirrostratus.

The excess of the reading of a self-registering minimum therm. placed in air at the height of 4feet

and protected from radiation, above that of a similar thermometer fully exposed to the sky, placed

Year. x(én}t]}(::lg =:.))f,' On o Infocus of|

ing the | On long | On short |On white| On fine |On coarse white un- 1 | On white | metallic
reading the LA ) wrought |blackened N holi
instruments. | STass: grass. |raw wool. ax. ax. cott tin tin. | paraholic
W00°l“ . reflector.
(1 h o o o o b o

1842.Nov. 7 21 .| | e | v | e | e || e | 93
9 21 i | e | i | e | e | v b v e 90 | ...
17 21 covee | vevine | v | v | v | v | e | e 94 | ...
P11 I7) | S N IETYSON R IEETTTTEN (OUUC R NERDET 87 |
1843.Feb. 14 211 ...oo | vevene [ vvvvee | vvevee | veevne | e | veeene | e 133 | ...
P20 | R OO IETTRTON ERTRURE Ot IRTURTOt RO R 85 | ...
Nov. 10 21] 97 7:6 126 12:3 134 122 | | e 95 326
1844.Feb. 14 21] 85 76 14-8 138 | iei | eeene. 73 68 75 368
May 9 21 107 99 93 94 | i | e | e | e 11-4 517
Oct. 10 21| 100 64 | ... 15 | v | i | v | e 79 445

Table CIV. has been formed by collecting all those cases in which the night has
been cloudy throughout, and the clouds have been noted as being high; and Table
CV. has been formed in a similar way from all those marked low. Those cloudy
nights during which the height of the cloud was not noted have not been used.
The means of the results in Tables CIII., CIV. and CV. are contained in Table CVI.
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AT NIGHT, FROM THE EARTH, ETC. 211

The numbers in the column of mean excess exhibit the mean difference between
the reading of a self-registering minimum thermometer placed in air, at the height of
four feet, and protected as much as possible from the effects of radiation, and the
readings of similar thermometers placed as stated in the first column. The first re-
sults are those relating to grass; that deduced from grass exposed to three-fourths of
the sky, is about three-fourths of that deduced from grass exposed to the whole of
the sky; and that from long grass is larger than that from short grass. Of all the
substances upon which experiments have been made with spirit thermometers, those
on which the lowest readings have occurred were the filamentous, viz. wool and flax,
and they were nearly alike.

The next class of bodies consisted of metals; of these lead exhibited the lowest
readings in the mean ; but this must have arisen from the circumstance of its having
been generally used on the clearest nights only, during which there was found to be
a very small difference between its readings and that of the thermometer in the re-
flector; in fact in all simultaneous observations it was found that the readings of
the latter thermometer had no advantage over the readings of one placed on lead.

The thermometers which were placed within a few inches of the top of grass ex-
hibited higher readings than those of the last class, and those which were from one
to three inches from the top of grass, generally read the same as that in the reflector.

The reading which most nearly agreed with that in air was on garden mould,
which was about a mean between that on long grass and that in the air; these ob-
servations were made on ground undisturbed ; the readings would have been still
nearer those in the air, had the ground been frequently disturbed so as to have been
loose, as it was found in this state to admit the heat to pass more readily from beneath
to the surface.

The numbers in the next column represent the relative radiating power of the
several substances deduced by considering the mean result from long grass to be
represented by 1000.

The following columns of the table represent the mean results for each substance
on nights wholly cloudy, but the clouds of different heights. This result is very im-
portant, as it shows that the amount of radiation may be large on a wholly cloudy
night, providing that the clouds be high. The differences between the results on a
cloudy night when the clouds are high and when they are low, are very great; the
numbers in the Table exhibit the mean difference between the results deduced when
the clouds have been high, and when moderately low.

The last column shows that on a cloudy night, providing the kind of cloud be other
than cirrostratus, the amount of radiation may nearly equal that on a cloudless night.

At a very early stage in the investigation it was found that the variation in the
height of the clouds had a very considerable effect on the reading of a thermometer
placed on any substance fully exposed to the sky, during those nights that the sky
was wholly covered with an apparent uniform cirrostratus cloud.

2E2



212 MR. GLAISHER ON THE RADIATION OF HEAT,

At the Royal Observatory at Greenwich, the reflexion of the lights of London on the
clouds is well seen ; at times this appears as a narrow well-defined band of light, at the
elevation of several degrees, and at other times as a broad diffused band; the lower
limit of which is sometimes below the horizon. It was soon found that the difference
between the reading of the thermometer in air and that on grass was greater, the
greater the height of this band of light. On very many nights, and several times in
the course of the same night, the height of the upper and lower edges of this band of
reflected light was measured above the horizon, and from these observations that of
the centre was determined; at the same times the readings of the thermometers in
air and on grass were taken. By these means it was found that when the centre of
the reflected light was above the horizon of Greenwich by—

4°, the excess of reading of the thermometer in air above that on grass was 16
6°, the excess of reading of the thermometer in air above that on grass was 2°5
8°, the excess of reading of the thermometer in air above that on grass was 3°9

And whenever the centre of the band was in height less than 4°, the lower limit was
generally below the horizon, and the height of the centre could not be determined ;
but at these times the differences between the readings of the two thermometers was
seldom so much as a degree, and it was generally less, and frequently there was no
difference.

The Cathedral of St. Paul is very nearly the centre of London, and it may be con-
sidered to be immediately under the centre of the reflected light; its distance from
the Magnetic House is more than 25,700 feet; at this distance one degree subtends
about 450 feet ; the height of the ground where the observations were taken is about
100 feet higher than the ground at London.

From the above data, it appears that when the reflexion of the London lights was
4°, 6°, and 8° high, the distances of the clouds from the earth was 1900, 2800, and
3700 feet respectively.

A similar investigation was made by measuring the distance of the band from the
cross on the cathedral, whose height above the ground is about 400 feet, and results
were obtained differing from the preceding by about fifty feet; a much smaller
number of observations, however, were used in deducing the latter results than were
used in deducing the former.

As a difference of 07 took place in the reading of a thermometer on grass for
every variation of a degree in the height of the reflected lights, it follows that a dif-
ference of 1°in the readings of the thermometer on the grass indicated a difference
of 630 feet in the height of the cloud.
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The power of radiation, as exhibited in this Table, has evidently no tendency to
increase with the heat, and in this respect does not serve even as an approximation to
the law of radiation established by the experiments of MM. DuLonG and PgeTIT, Vviz.
that the velocity of cooling in vacuo (or force of radiation) increases in the terms of
a geometrical progression for excess of temperature in arithmetical progression ; it
is most probable that the effect is masked by too many disturbing causes to enable
us from mere inspection to discover the law of its progression.

TasLe CVIII.—Monthly mean of the minimum temperature of the Air.

The monthly mean reading of the minimum self-registering thermometer placed in air at the height of 4 feet,

according to the state of the sky.

State of the sky.

Year. Month. Cloudy. Broken clouds. Half-cloudy. Principally clear. Cloudless.
Number} Mean of the |Number| Mean of the |Number| Mean of the {Number| Mean of the |Number| Mean of the
of minimum of minimum of minimum of minimum of minimum
nights. | temperatures.} nights. | temperatures. | nights. | temperatures.| nights. | temperatures. | nights. |temperatures.

1843,/ April. 2 439 1 374 3 428 2 383 3 405
May. 12 46°9 6 46-0 4 470 7 430 2 43-1
June. 6 514 9 498 1 47+0 7 480 7 472
July. 5 533 6 552 7 54-1 10 49+7 2 542
August. 2 575 2 594 7 592 12 535 6 52+5
September. 3 58:2 3 54:3 7 552 6 . 48°1 11 508
October. 6 449 3 44°4 6 500 8 40°4 8 346
November.| 9 42:5 2 49-2 7 416 7 398 6 3140
December.| 17 405 7 42-8 1 40-1 5 37:6 S

1844.\January. 8 33:0 7 376 5 341 7 341 2 220
February. 7 323 6 279 6 353 6 29°4 4 29°4
March. 8 378 5 389 9 335 2 419 7 305
April. 3 471 2 466 3 454 4 430 18 39:6
May. 9 47°1 1 462 6 42-4 5 425 10 44-1
June. 2 50-3 10 51+4 7 525 5 504 6 530
July. 4 562 9 554 5 546 1 53-8 12 528
August. 7 548 1 516 b} 511 6 493 12 477
September,| 6 553 5 54+1 2 597 5 50-8 12 44-3
October. 10 470 1 453 6 453 6 460 8 401
November.f 12 426 3 42+0 6 389 7 335 2 416
December.] 23 b0 L O e T 1 30-1 6 246

By taking the mean of these numbers according to the number of nights from which each result is deduced,
we find that the mean of the lowest readings of the temperature of the air during

161 cloudy nights was .......ccoeevuniininninnees 462

89 broken cloudy nights was .................. 469
103 half-cloudy nights was .........ccocvveee. 46°0
119 principally clear nights was ............... 439
144 cloudless nights was .. 424
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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 sky, arranged according to the difference of the readings of
the one on Long Grass and that in Air, from observations taken between 1844 January 1 and 1844 May.
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The apgearames of trees ol sh as covered with hoar.frost was wery rich, and on r:umhlnulnl B sppearsd ihat the edges of the leaves of fared wene fringed with splkes cne-fenth of am inch in keegth, and inclined to the leaf, both wpwards azd dowowards, at an angle of shout 807 pose weee En ke plane of the leaf cemtinued | on the surfece of the leaf tbere wore spikes one.sizteenth of an inch in
length down each fibee ; the rtermediate spaces om e leaf ielf west covestd with sl particles.  Frivet : every bead was covened from the sdge fer one-foorth of an inch within the leaf, with spikes one. h of am inch in lengehp the other parts of the leal wese free from frost 3 the emicifiorss end of esch branch was very rich with spikes, Trocan: thls shneh wes siebdy encrusted with spikes all aroend each

branch, v far the rer nusnber, and much larger than the rest springing from the siden ; fromn part of each lﬂ!.lvlli_l towarnds the renlibs there were tively but few spikes, and none of them vertical s dids shruby from s gracefal form, hed o peeoliarly rich sppearanes,  Grass: e lower part of the bade was free from frost § immedistely above this the hinde wey jost covered with white fcles, which

inEreiand 15 inltl.wh.:.‘#l'h-"lﬂl.‘ Jonger mnd lorger as the distance from the oot inrressnl, bsminsling a8 ihe I:&D iz & rich cluster of spikes ome-tenth of an inch in length, and d ar all angles from 07 1o 907 all pousd ; the spikes on the blade below thi vop wene searly hesizontel, ansd bn tbe plane of the Wlede. “Wooden palinga: at ali points and angles ibere weee cheiters of spiles half an inch inp'ﬁ:l,;fh. (Flees

omt inch high was covered with qt:m. ane-sisteenth of an inch in length, with hosfzonts] sp ks one-testh of an inch s leagih from i tdmd Gilass o grass was free of hoar-freat, sl so were eopper, lead, wine, tin, and drop.  Tin o inch high was 3 linde widte at the sdgrs.  Wood on grass was free from hear-dest | wood froms she ground ws covered with white particles, and many spées in the
ol w

direction of the fbres,  Haw wonl was vichly eserusted in each fAbre, and in some parts spikes wers piled oo splles, forming & cluster theee. 15 of an inch in length. On dax ihere were ne spikes, it belng covered with white round particles on each Shee,  Stone wen froe from hoarrost,
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