
MILLIKAN’S OIL-DROP EXPERIMENT

The quantization of electric charge



Robert A. Millikan 
(March 22, 1868 – December 19, 1953) 

was an American experimental physicist
 
awarded the Nobel Prize for Physics 

in 1923 for his measurement of 

the elementary electronic charge 

and for his work on the 

photoelectric effect.



Starting in 1906, while a professor at the 
University of Chicago, Millikan worked on 
an oil-drop experiment, over the years.
 
He published his results in 1913. 
Millikan and his then graduate student 
Harvey Fletcher 
performed the oil-drop experiment 
to measure the charge of the electron, 
and, as a result, the electron mass 
and Avogadro’s number. 



The brilliant idea 

of using oil instead 

of water seems to be 

ascribed to Fletcher. 

Oil drops evaporate 

very slowly 

and they can be observed 

during their motion.



    The oil-drop experiment was realized by using 

     a capacitor with two parallel horizontal plates.



   John Joseph Thomson had already
   discovered the charge-to-mass ratio
   (e/m) of the electron, in his famous
   experiment, performed in 1897. 
   He had proved that 
   the so called cathode rays, 
   observed in a vacuum tube, 
   were streams of particles 
   with a negative charge 
   which were named electrons. 



However, the actual charge (e) 
 and mass (m)

values were unknown. 
Therefore, if one 

of these two values 
were to be discovered, 

the other could easily be calculated.



   Oil drops are sprayed into the capacitor
   through a small perforation; 
   most of them are charged by friction 
   with the nozzle of the atomizer.

   The motion of the drops can be observed
   through a microscope with a graduated scale
   that allows the  experimenter to measure
   the velocity of the falling droplets.



https://www.youtube.com/watch?v=UFiPWv03f6g

We can divide the experiment 
into three phases.

The first one enables us 
to calculate the radius of the drops 
and it is performed in the absence 

of an electric field.

          

https://www.youtube.com/watch?v=UFiPWv03f6g


Let’s analyze the experiment from a 
theoretical point of view.

The drops fall through the air between the 
plates of the capacitor.

A single drop is subjected to three forces: 
• Gravity (P)
• Archimedes' force (FA)
• Friction with air (Fv)
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P
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So the equation of motion is:

        

     

  The viscous drag force is described by Stokes’s law:

 

η is the coefficient of friction and 6πr is the geometric 
coefficient used for a spherical object:

where V is the volume of the droplets.

A vma P F F= - -
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  The frictional force grows up with increasing

  velocity till it exactly balances the weight

  force, for a certain value of speed v1.

So acceleration tends to zero, the drop falls

with a constant velocity v1, which can be

measured. It is now possible to calculate 

the radius of the drop.  η and ρ are known

from previous experiments.

16V g rvr ph=



In the second phase, Millikan applied 

an electric field between the plates.

The droplets were randomly charged 

and they were pulled upwards or fell

downwards depending on their charge 

and on the intensity and direction 

of the electric field.

Millikan observed a very high number 

of motions and obtained a lot of data.
   



We now consider 
the case of a drop

 with a positive charge 
and 

an electric potential 
strong enough 
to overcome 

the other forces.



-

The drop is pulled upwards 
     by the electric force.

The equation of motion is:
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    For a given value of the velocity, v2, the total 
force and the acceleration are equal to zero.
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   It is possible to obtain the value of q 

   from this equation.

   But Millikan’s aim was to prove 

   that electric charge is quantized, 

   namely that there is an elementary charge 

   and all charges are multiples of this value.



   

    So he had to find 

    the greatest common divisor for the many 

values of charges he was going to obtain.

   The charge on a single electron is minimal 

   and it would have been impossible to find 

   an accurate value if the charges of oil-drops 

   had contained too many electrons.



   Cosmic rays from atmosphere or 
   X-rays, purposely placed into the air
   in the capacitor, might produce an
   ionization of particles and slightly
   modify the charge of the oil-drops.
   So we can perform a third phase 
   of the experiment and measure the
   difference Δq that will amount to just
   a small number of electronic charges.



   We conduct the same process as before 

   and find a new terminal velocity.

   We calculate the difference v3-v2.

    from this equation it is possible to obtain 
Δq, because all the other quantities are 
known or previously measured.
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   Millikan, working out thousands of measures
   over the years, could draw graphs that showed
   clearly how the charges were all multiples of a
   certain value. 
   Then he calculate the charge of an electron
   with a very high precision. 
   He obtained:
    e = 4.774(5) x 10^−10  statcoulombs,
        that is
     e = 1.5924(17) x 10^−19  coulombs
     with an error less than 1%.



   Nowadays the accepted value for the 
electronic charge is: 

    
   e = 1.60217653(14) x 10^−19 coulomb.
 
   Thereafter, it was also possible to
   calculate the mass of the electron, 
   deriving it from Thomson’s result for e/m
   and to calculate a precise value 
   of Avogadro’s number 
   from Faraday’s constant.









Thomson and Millikan verified that 
atoms contains charged particles 
called electrons and these electrons 
carry the “electricity quantum”.
Rutherford had proved that  electrons 
orbit around a small positive center 
and his model was the best 
description at that time of atomic 
structure but there were some 
unsolved problems...



                                     Neutron will be discovered in 1932



The End
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