Introductory experiments

Atomic and nuclear physics

Millikan experiment
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Determining the electrical charge of the electron after Millikan and demonstrating the quantum nature of the charge -

measuring the suspension voltage and the falling speed (P6.1.2.1)

With his famous oil-drop method, R. A. Millikan succeeded in
demonstrating the quantum nature of minute amounts of electri-
city in 1910. He caused charged oil droplets to be suspended in
the vertical electric field of a plate capacitor and, on the basis of
the radius r and the electric field E, determined the charge g of a
suspended droplet:
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p: density of oil

g: gravitational acceleration
He discovered that g only occurs as a whole multiple of an elec-
tron charge e.

His experiments are produced here in two variations. In the first
variation, the electric field
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d: plate spacing
is calculated from the voltage U at the plate capacitor at which
the observed oil droplet just begins to hover. The constant falling
velocity v, of the droplet when the electric field is switched off is
subsequently measured to determine the radius. From the equi-
librium between the force of gravity and Stokes friction, we derive
the equation
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In the second variant, the oil droplets are observed which are not
precisely suspended, but which rise with a low velocity v,. The
following applies for these droplets:
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The histogram reveals the quantum nature of the change
Additionally, the falling speed v, is measured, as in the first vari-
ant. The measuring accuracy for the charge g can be increased
by causing the oil droplet under study to rise and fall over a given
distance several times in succession and measuring the total rise
and fall times.




