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From time immemorial people must have been curious to know tthe sun shining. The first scientific attempt
at an explanation was by Helmholtz about one hundred years ago, and was based on the force most familiar to physicists
at the time, gravitation. When a gram of matter falls to the sun’s surfta potential energy

Epot = -GM/R = -1.91x 10" erg(g, @)

whereM = 1.99 x 102 g is the sun’s masR = 6.96 x 10'° cm its radius, ands = 6.67 x 108 the gravitational

constant. A similar energy was set free when the sun was assenbled from interstellar gas or dust in the dim past; actually
somewhat more, because most of the sun’s material is localted closer to its center, and therefore has a numerically larger
potential energy. One-half of the energy set fre into kinetic energy according to the well-known virial theorem

of mechanics. This will permit us alter to estimate the temperature in the sun. The other half of the potential energy is
radiated away. We have known that at present the sun radiates

€ = 1.96 ergg sec - (2)

Therefore, if gravitation supplies the energy, there is enought energy available to supply the radiation for Rsmd 10
which is about 30 million years.

This was long enough for nineteenth century physicists, and certainly a great deal longer than man’s recorded history.
It was not long enough for the biologists of the time. Darwin’s theory of evolution had just become popular, and biologists
argued with Helmholtz that evolution would require a longer time than 30 million years, and that therefore his energy
source for the sun was inficient. They were right.

@At the end of the 19th century, radioactivity was discovered by Becquerel and the two Curie's who received one
of the first Nobel prizes for this discovery. Radioactivity permitted a determination of the age of the earth, and more rece
ntly, of meteorites which indiate the time at which matter in the solar system solidified. On the bases of such measureme
nts the age of the sun is estimated to be 5 milliards of years, within about 10 %. So gravitation is not sufficient to supply
its energy over the ages.

Eddington, in the 1920’s, investigated very thorougly the interior constitution of the sun and other stars, and was
much concerned about the sources of stellar energy. His favorite hypothesis was the complete annihilation of matter,
changing nuclei and electrons into radiation. The energy which was to be set free by sucha process, io'u;ld
given the by the Einstein relation between mass and energy and is

¢ = 9x 10%%rgg - (3)

This would be enough t the sun’s radiation for 1500 milliards of years. However nobody has ever observed the
complete annihilation of matter. From experiments on earth we know that protons and electrons do not annihilated each
other in 1§° years. Itis hard to believe that the situation would bedént aa a temperature of some 10 million degrees
such a in the stars, and Eddington appreciated thifidilty quite well.

3)From the early 1930's it was generally assumed that the stellar energy is produced by nuclear reactions. Already i
n 1929, Atkinson and Houtermans concluded that at the high temperatures in the interior of a star, the nuclei in the star ¢
ould penetrate into other neclel and cause nuclear reactions, releasing energy. In 1933, particle accel erators began to ope
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rate in which such nulcear reactions were actually observed. They were found to obey very closely the theory of Gamow,

Condon and Gurney, on the penetration of charged particles throug potential barrirers. In early 1938, Gamow and Teller
revised the theory of Atkinson and Houtermans on the rate ifemonuclears reations, i.e. nuclear reactions occurring
at high temperature. At the same time, von Wadr speculated on the reactions which actually might take place in the
stars.
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The most direct and unambiguous proof of the existence of the electron will probably be generally admitted to be
found in an experiment which for convenience | will call the oil-drop experiment. But before discussing the significance
of that advance | must ask you to bear with me while | give the experimentalist's answer to the very fundamental but bery
familiar query: < What is electricity?> His answer is naive, but simple and definite. He admits at once that as to the
ultimate nature of electricity he knows nothing.

He begins rather with a few simple and familiar experiments and then sets up some definitions which are only
descriptions of the experiments and therefore involve no hypothetical elements at all.

He first notes the fact that a pith ball, after contact with a glass rod that has been rubbed with silk, is found to be
endowed with the new and striking property that it tends to move away from the rod with a surprisingly strong and easily
measurable force. He describes that facet, dhdhes at the same time his ignorance of all save the existence of this
force, by inventing a new word and saying that the pith ball bas been put into a positively electrified state, or simplly has
received a charge of positive electricity. He then measures the amount of its charge by the strength of the observed force.

Similarly he finds that the pith ball, after contact with an ebonite rod that has been rubbed with cat’s fur is attracted,
and he proceeds to describe this experiment by sayign that it has now received a charge of negative electriciy. Whenever
the pith ball is found to have been put, by contact with any body or by any other process, into a condition to behave in
either of the foregoing ways, it has, by definitions, received a charge of either positive of negative electricity. The whole
of our thinking about electrical matters starts with these two simple experiments and those two definitions.

In order now to get the most crucial possible test of the correctness of incorrectness of Franklin’s conception of a
particle, or an atom, of electricity it was clearly necessary to reduce the charge on the pith ball to the smallest possible
amount, to change that charge by the most minute possible steps, and then to se whether the forces acting upon it at a
given distance from the glass rod (i.e. in a constant field) had any tendency to increase or decrease by unitary steps.

The success of the experiments first performed in 1909, was wholly due to the design of the apparatus, i.e. to the
relation of the parts.

The pith ball itself which was to take on the smallest possible charge had of course to be the smallest spherical
body which could be found and yet which would remain of constant mass; for a continuously changing gravitational
force would be indistinguishable, in itéfect upon the motion of the charged body, from a continously chaning electrical
charge.

A non-homogeneous or no-spherical body also could not be tolerated; for the force acting on the pith ball had to
be measured by the speed of mation imparted to it by the field, and this force could not be computed from the speed
unless the shape ws spherical and the density absolutely constant. This is why the body chosen to replace the pith ball
was an individual oil-droplet about a thousandth of a milimeter in diamter blown out of an ordinary atomizer and kept in
an atmosphere from which convection currents had been completely removed by suitable thermostatic arrangements. The
glass rod, the purpose of which as to produce a constant electrical field, was of course replaced by the two metal plates C
and D (Dif.1) of an air condenser, one of the plates (D) being attached to the positive, the other (C) to the negative termial
of a battery, and aswitch beging added, as shown in the figure, so as to make it possible to throw the fiefflaamalt.o
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(iii)
O The Einstein relation between mass and energy contends that mass and energy are equivalent. Their relation is given
by the equationé? = mé®” , wheree represents the energythe mass, and the speed of the light.
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