
Laboratory 3:  Determining the Critical Potentials for Helium: The Franck-Hertz Experiment 

 

The model for the atom was developed over a number of years on the basis of key experiments 

and insights. Niels Bohr introduced his model of the hydrogen atom in 1913 with the energy of 

the states of the atom quantized. He predicted that the electrons in atoms can only exist in certain 

bound states (energy levels). In 1914, J. Franck and G. Hertz confirmed the Bohr model for 

atoms that electrons only occupy discrete quantized energy levels and made the first non-optical 

measurement of the quantum nature of atoms. The experiment involved sending a beam of 

electrons though mercury vapor and observing the loss of kinetic energy when an electron struck 

a mercury atom and excited it from its lowest energy state to a higher one. This occurred at 4.9 

eV and all electrons with at least this amount of energy would lose only 4.9 eV showing the 

quantum nature of atoms. Franck and Hertz were awarded the Nobel Prize in Physics in 1925 for 

“their discovery of the laws governing the impact of an electron upon an atom”. In this version of 

the Franck-Hertz experiment, free electrons are accelerated by a voltage VA, in a tube that has 

been evacuated and then filled with helium, to form a divergent beam passing through a space at 

a constant potential.  A small current IR is measured at the collector ring and is found to depend 

on the accelerating voltage VA. It shows characteristic maxima, which are caused by the fact that 

the electrons can undergo inelastic collisions with helium atoms during their passage through the 

tube and excite the He atom into electronically excites states. If this energy corresponds exactly 

to a critical potential of the helium atom, an excited state, all of the kinetic energy may be 

transferred to the helium atom. In this instance the electron can then be attracted and collected by 

the collector ring, thus contributing to an increased collector current IR. As the accelerating 

voltage is increased, successively higher levels of the helium atom can be excited, until finally 

the kinetic energy of the electron is enough to ionize the helium atom.  

 


