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 The American journal of science.

On the Heat in the Sun's Rays.

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.
80151 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.

754

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 11488 J 108 92 120

382 of 460

In a series of experiments conducted in 1856, Eunice Newton Foote — a scientist

and women's rights campaigner from Seneca Falls, New York — became the first

person to discover that altering the proportion of carbon dioxide (then called

"carbonic acid gas") in the atmosphere would change its temperature. This

relationship between carbon dioxide and the earth's climate has since become

one of the key principles of modern meteorology, the greenhouse effect, and

climate science. However, no one acknowledged Foote was the first to make this

discovery for more than a century, in large part because she was a woman.

Entirely because she was a woman, Foote was barred from reading the paper

describing her findings at the 1856 meeting of the American Association for the

Advancement of Science held in Albany, New York. Instead, Professor Joseph

Henry of the Smithsonian had the honor of introducing her, announcing that

science was “of no country and of no sex. The sphere of woman embraces not

only the beautiful and the useful, but the true.” Perhaps this was Henry’s

attempt to shield Foote and her findings from sexist criticism or, worse,

indifference. Unfortunately, “indifference” would be the best word to describe

how her findings were received.

Not only was Foote not permitted to read her groundbreaking paper, she was

passed over for publication in the Association’s annual Proceedings.

“Circumstances Affecting the Heat of Sun’s Rays” was published in its entirety in

The American Journal of Science (September 1856) — but even then it went

unremarked.

The Irish physicist John Tyndall, who is still usually credited with founding

climate science, three years later made a very similar though more detailed

investigation into the effect of gases (and carbon dioxide in particular) on

trapping the sun's heat, but he failed to cite Foote’s work. According to Roland

Jackson, this was probably because he hadn’t read it. “Direct communication

about science across the Atlantic was sparse in the 1850s,” Jackson writes, “and,

as American scientific institutions carried relatively little weight in Europe,

personal relationships were particularly important”.

It was unlikely that an amateur American woman scientist living in the environs

of Albany during the mid-nineteenth century would have connections overseas.

Indeed, Foote’s education was eccentric even for her era. In the words of John

Perlin, who’s been campaigning for years now to reinstate Foote in the history of

climate science:

While in her teens, Foote attended Troy Female Seminary, whose
students were invited to attend science lectures at a school that later
became Rensselaer Technological University. An ex-con named
Amos Eaton, who had been sentenced to life in prison for fraud but
was released after four years so he could pursue his life calling as an
evangelist of scientific education, had started the university.

Eaton believed that men and women should have equal access to education in

the sciences; definitely a wild idea back in the early nineteenth century. To fulfill

his goal, he mentored a teacher at the Female Seminary, who established the

first all- encompassing science curriculum for women, one that was equal to or

better than any offered to men. Eaton also oversaw the construction of

chemistry labs at both schools, the first in the world built solely for students. It

was here where Eunice developed her experimental scientific skills.

Foote’s seminal experiment was ingeniously homemade. Using four

thermometers, two glass cylinders, and an air pump, she isolated the

component gases that make up the atmosphere and exposed them to the sun’s

rays, both in sunlight and in shade. Measuring the change in their

temperatures, she discovered that carbon dioxide and water vapor absorbed

enough heat that this absorption could affect climate:

An atmosphere of [carbon dioxide] would give to our earth a high
temperature; and if as some suppose, at one period of its history the
air had mixed with it a larger proportion than at present, an
increased temperature…must have necessarily resulted.
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