Millikan’s Experiment

One of the first important steps in the development of quantum physics was the discovery of the elementary charge of an electron by Robert Millikan in 1909. His paper The Isolation of an Ion, a Precision Measurement of its Charge, and the Correction of Stokes's Law was published in 1910 and in 1923 he received the Nobel Prize in physics for his work.

The experiment with which he made this discovery was conducted as follows:

Millikan constructed a small chamber, the top and bottom plates of which were connected by a battery so that an electric field of variable voltage could be created between them. Using an atomiser, Millikan sprayed a mist of fine oil droplets over the chamber, some of which fell through a hole in the top plate. He let these droplets fall through the chamber until they reached terminal velocity, then measured this velocity using a microscope in the side of the chamber and used the measured velocity to calculate the oil droplets’ masses. 

Then Millikan ionised the air inside the chamber by illuminating it with x-rays, causing electrons to attach themselves to the oil droplets. Because the oil droplets now possessed an electric charge, Millikan could cause them to become suspended in mid-air by adjusting the voltage of the electric field between the upper and lower plates so that the electric force pulling the oil droplets upwards would be precisely equal to the gravitational force pulling them downwards. By setting the equations for these two forces equal to each other and rearranging the resulting equation, he was able to calculate the droplets’ charges.

When looking at the results of this calculation, he saw that the charge of each individual droplet was a multiple of  –1.6 x 1019 Coulombs. He therefore came to the conclusion that this value must be the electric charge of a single electron.

Now that the elementary charge of the electron was known, it was possible to calculate the mass of the electron using its charge to mass ratio, which had already been determined by John Joseph Thompson. The knowledge of these properties of the electron is vital to modern physics.

