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Art. XXX.

—

On the Heat in the Sun's Rays ; by Elisha Foote.

(Read before the Amer. Association for the Advancement of Science, Aug. 23, 185G.)

The experiments here detailed were instituted for the pur-
pose of investigating the heat in the Sun's rays.
Two instruments have been used for this purpose. One was

Leslie's differential thermometer. Both bulbs of it were black-
ened by holding them in the smoke of burning pitch.

' When
experimenting one was shaded, the other was exposed to the
direct action of the sun's rays ; and as both were thus equally
subject to all other influences, the result was not affected by
them.

Generally, however, I have found it more convenient to use two
mercurial thermometers, and note their difference. Two small
and very delicate instruments were procured as nearly alike as
possible. The stems of both were attached to the same plate
about two inches apart, and the scales were marked upon it in

juxtaposition, so that the eye could see the indications of both
at the same time. Both bulbs were blackened as in the other
instrument. It was used in the same manner. The tempera-
tures in the sun and in the shade were noted, and their difference
was taken as equivalent to the indications of the differential

thermometer.

The question that first arises is, does the difference between
the shaded and exposed bulbs afford a correct measure of the
heat in the sun's rays ? To this point I would ask attention be-
fore proceeding to the experiment.
The theory of the differential thermometer was accurately in-

vestigated by Leslie. In one of the foci of two parabolic re-

flectors he placed a tin canister which was heated or cooled by
Putting in liquids of different temperatures or frigorific mixtures,
in the other, the heat was received on one of the bulbs of his

differential thermometer : and under all circumstances, the in-

dications of the instrument were found to be accurately propor-
tional to the differences between the temperatures of the canis-

ter and those of the surrounding air.

I have varied these experiments by keeping the canister at the

uniform heat of boiling water in different temperatures of the

J**,
and by substituting other sources of heat, and have always

found the results to accord with those obtained by the distin-

guished philosopher to whom I have referred.

The principles of radiation lead to the same result ; for while
the differential thermometer receives heat from the canister, it at

*ne same time radiates it to surrounding bodies, and that in pro-
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portion or nearly so to the difference between its temperature

and that of the medium in which it is placed.

I regard it therefore as well established that the differential

thermometer affords a correct measurement of the differences be-

tween the heat of the canister and that of the surrounding air.

These differences may evidently be varied in two ways: by

changing either

—

1st. The heat of the canister ;
or

2dly. . The temperature of the air.

An increase or diminution in the heat of the canister would

directly increase or diminish the differences ; whilst an increase

in the temperature of the air would diminish the difference until

an equality between the two was obtained. If the temperature

of the air were uniform and the changes were those of the canis-

ter alojie, the instrument measuring the differences would cor-

rectly indicate those changes. But if the heat of the canister

were uniform and that of the air were varied, then would the in-

strument equally indicate those changes, but in a contrary direc-

tion. In case the heat of both the canister and the air was varied

at the same time, if we knew the change in one and its effects

upon the instrument, we could easily deduce the changes m
the other. Suppose, for example, an increase of ten degrees on

the scale of the instrument and an elevation of five degrees m
the temperature of the air ; the effect of the latter having been

to depress the thermometer five degrees, and the canister having

not only overcome that effect but increased the indications ten

degrees, the sum of the two or fifteen degrees would be the real

change which had taken place in the heat of the canister. Had
there been a depression in the temperature of the air, it obvi-

ously should be subtracted from the indications of the instru-

ment to obtain the desired measurement.
It is upon these principles that I have applied the differential

thermometer to measure the comparative heat in the sun's rays.

One of its bulbs received their direct action in the same way
that it received the rays proceeding from the canister. The tem-

perature of the air was at the same time obtained by a common
thermometer. An increase was added to, and a diminution sub-

tracted from, the indications of the instrument to obtain the real

changes in the heat of the rays proceeding from the sun.

My first experiment was of the simplest kind. It was a win-

ter's day. The differential thermometer was placed on the out-

side of a window where the temperature was below the freezing

point The effect measured by the scale (which merely divided

the stem into equal parts) was 53°. It was then placed on

the inside of the window where the temperature was about

70°, and to my surprise the effect rose to 115°. The experiment

was many times repeated with similar results, although varying
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some in amount from the different degrees of brightness in the
sun. The change in the temperature of the air was still to be
added, and the conclusion seemed to be irresistible, that the sun's

rays in passing into the heated room acquired a temperature that
they did not derive from the sun.

The experiment was next repeated with different temperatures
of the room, and it was found that the intensity of the rays de-

pended upon the heat of the room. Indeed in the coldest

weather in winter I could impart to them a power which belonged
to a summer's sun.

At a later period when the circumstances were changed and
the heat on the outside had become greatest, the indications of
the instrument were reversed. The high temperature of the
summer rays was in a great measure lost or dissipated on enter-

ing into a cool room. There they had no greater power than
had been found at similar temperatures in the winter.

For the purpose of a more accurate investigation of the sub-

ject, I procured a glass shade or receiver about ten inches in di-

ameter and twenty-two in height. A copper base was adapted
to it with a groove around the outer edge into which the receiver

fitted; and when it was filled with dry ashes the point was
thereby rendered sufficiently air-tight. It was supported by legs

so high that a spirit lamp could be placed under it, and any re-

quired temperature given to the air within.

A second receiver of the same size was sometimes used for the

purpose of simultaneous comparison. The air within it was
cooled by inserting a tin canister filled with frigorific mixtures.

The thermometers were supported within the receivers, and thus

at the same time the same rays could be tested in the opposite

extremes of temperatures.

,
I subjoin, as an example, the following table (p. 380) contain-

ing the results of an experiment made in February last, at eight

o'clock in the morning. It was a clear day and the sun shone

through a window into the room where the instruments were

placed.

The first observation was the temperature of the room and in

the sun upon a mercurial thermometer. The lamp was placed

^der the receiver, and as the temperature of the air was grad-

ually increased, the effect was noted until the heat in the sun had

stained the highest limit of the thermometer. The fourth col-

umn contains °the differences between the thermometer in the

shade and the one in the sun. The fifth column shows the true

relative heat of the sun's ravs at the different temperatures. It

\*s obtained as before explained by adding to the differences

tfae increase in the temperature of the air. Several observations

may be made in regard to the results in the table.
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No. of obs. Temp, of air. Temp, in sun. Diff. 1

Relative heat of
eun'e rays.

1 40 46 6 1 6

2 44 50 6 10

3 48 56 8 16

4 50 60 10 20

5 54 66 12 26

6 58 10 12 80

1

1 63 80 17 40

8 70 90 20 50

9 IS 100 22 60

10 83 106 23 66

11 88 110
*

22 10

12 98 120 22 80

13 102 1
124 22 84

1
I4 1 108 1 130 22 1

90

1st. That the heat in the sun's rays is not uniform, such as

would proceed from a great heated body of uniform intensity,

nor is it such as was received from the canister, when kept at the

same
;ure

2ndly. That the effects of the sun's rays upon the thermometer
degr

temperatures in the op
air. It is easy by changing the heat within the receiver, to imi-

tate the power of the sun's rays that has been observed at any
time or in any place ; indeed at the same time, the same rays may
have in one receiver the burning heat of a summer's sun, and in

the other only the feeble action of winter.
3dly. It appears that heat does not travel along with the rays

of light as has been usually supposed, but that it is received, or

parted with, lost or acquired, according to the temperature of the

place that the rays illuminate. The same rays that within the

receiver have the high intensity belonging to summer, on passing

to the outside, are reduced again to a winter's temperature.
In view of these results it seems to me to accord better with

the facts to attribute to the sun's rays, perhaps to all light, an
action of some kind on such heat as they come in contact with,

producing thereby the effects that we have been accustomed to

attribute to an enormous temperature in the sun. Each planet

may be supposed to possess its own atmosphere of heat : this will

be affected by the sun's light as the heat within the receiver

was affected
; but they need not be frozen by their great dis-

affect

portant

great lum
to ascertain

One of the most obvious is, that the amount of action de-

pends upon the quantity of light. The clearness of the atmos

compare observations taken at diff
btained by reflection or otherwise.

__. diffi-

A strong
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most striking results were obtr

381

effect. But tlie most
trating the rays with a lens. One was placed in the receiver

with its focus directed upon an additional thermometer, the

second and third columns in the following table contain the tem-
peratures of the air and in the sun, and the fourth, the heat in

the focus, while the air in the receiver was heated as before.

The atmosphere at the time was not entirely clear.

JNo. of oba. Temp, of air. Temp, in sun. Heat in focus.

1 76 82 104

2 IS 88 114

3 80 90 120

4 84 96 130

5 90 102 138

6 100 110 148

1 1 104 114 152

The burning glass was then so arranged that being within the

receiver its focus was on the outside. The result was as follows

:

No. of obs. Temp, of air. Temp, in sun. Heat in focus.

1 44 50 60

2 51 60 60

3 58 68 62

4 62 >72 62

5 73 83 60

6 96 106 58

Then the burning glass was placed on the outside of the re-

ceiver and so arranged that its focus should be on the inside, and

the effect was the same as if both glass and focus had been on

the inside.

will
power

upon the temperature of the place at which the light is concen-

trated. That no heat travels with the light is rendered more

manifest. The increased temperature of the rajs on the inside

tad no effect at their focus on the outside.

The power of the burning glass seems therefore to depend on

two considerations : 1st, the amount of light concentrated, 2ndly,

the amount of heat on which it acts.

Those who have heretofore sought its best effects have, it seems

t° me, too much neglected the latter consideration. Its greatest

Power is to be obtained by concentrating the greatest amount ot

%ht on the highest degree of artificial heat. The combination of

the two may perhaps have important practical applications ihe

chemist may possibly produce new results by adding to the

highest resources of artificial heat the powerful agency of con-

centrated light. . A
The subjlct is unfinished, and it is my intention to resume it

°n some future occasion.
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Art. XXXI.

—

Circumstances affecting the Heat of the Sun's Bays;
by Eunice Foote.

(Read before the American Association, August 23d, 1856.)

My investigations have had for their object to determine the

different circumstances that affect the thermal action of the rays

of light that proceed from the sun.

Several results have been obtained.

First. The action increases with the density of the air, and
is diminished as it becomes more rarified.

The experiments were made with an air-pump and two cylin-

drical receivers of the same size, about four inches in diame-

ter and thirty in length. In each w^ere placed two thermometers,
and the air was exhausted from one and condensed in the other.

After both had acquired the same temperature they were placed
in the sun, side by side, and while the action of the sun's rays

rose to 110° in the condensed tube, it attained only 88° in the

other.
^
I had no means at hand of measuring the degree of con-

densation or rarefaction.

The observations taken once in two or three minutes, were as

follows

:

I Exhausted Tube
| Condense

In shade.

d Tube.

In shade. In sun.
|

In sun.

8015
1 a

80 75
76 82 78 95
80 82 80 100
83 86 82 105
84 j 88 85 110

This

different places, and contribute to produce their feeble action on

Secontll

mountai
V «

in moist than in dry air.

greater

t

In one of the receivers the air was saturated with moisture
in the other it was dried by the use of chlorid of calcium.
Both were placed in the sun as before and the result was as

follows

:

Dry Air.
1 Dam]p Air.

In shade.

75
4

In sun. In shade. In sun. __

75 75 75
78 88 78 90
82 102 82 106
82 104 82 i 110
82 105 82 114
88

J 108 92 120
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The high, temperature of moist air has frequently been ob-

served. Who has not experienced the burning heat of the sun
that precedes a summer's shower ? The isothermal lines will, I

think, be found to be much affected by the different degrees of

moisture in different places.

Thirdly. The highest effect of the sun's rays I have found to

be in carbonic acid gas.

One of the receivers was filled with it, the other with com-
mon air, and the result was as follows

:

In Common Air. | In Carbonic Acid Gas.
1

In shade.
| In sun. Id shade. 1 In sun.

80
81 '

80
81

90
94
99
100

80

84
84
85

90

100
110
120

The receiver containing the gas became itself much heated

very sensibly more so than the other—and on being removed, it

was many times as long in cooling.

An atmosphere of that gas would give to our earth a high

temperature ; and if as some suppose, at one period of its his-

tory the air had mixed with it a larger proportion than at pres-

ent, an increased temperature from its own action as well as from

increased weight must have necessarily resulted.

On comparing the sun's heat in different gases, I found it to

be in hydrogen gas, 104°
;

in common air, 106° ; in oxygen

gas, 108° ; and in carbonic acid gas, 125°.

Art. XXXII.—fieview ofa portion of the Geological Map of

Marcou

uam P. Blake..
i — — — -~ ^

Geological maps of the United States published in' Europe
A w;^i_. i ,

r
i . ^T?,,^,.™™ r^rJ^m'Qts are necessarily

w Euro]

by us with no small degr-C^va^va uy ur> Willi nu Oman uv^x^ ^- -

This is more especially true, when such maps embrace regions of

which the geography has only recently been made known and

toe geology hS never before been laid down on a map with

any approach to accuracy. , _,'-•, i • u

L
The recent geological map and profile by M. J. Marcou, which

fcas appeared in the Annales des Mines and m the Bulletin of

Carte Geologique des Etats-ITnis et des Provinces AnglaisesdelWrique^da

Y
rd Par Jules Marcou. Annales des Mines, 5e aerie, T. yu, p. 3.9. rubus&ea

.^tJSSSU carte geologique des Etats-Urus et des provinces an-

gles de lAmerique du Nord, avec un profil geolog^f^l M dies Marcou
Mississippi aux cotes du Pacifique, et une plaucbe de fossdes par M. Jules Marcou

JwleUn de la Societe Geologique de France. Mai, 1855, p. oia.


