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Introduction

The electrons in the atoms have discrete stationary states. Franck and Hertz in 1914 described the rst
observation of quantized excitation from one quantized state to another one year after N. Bohr published
his theory of hydrogen atom. His method depends on detecting the on-set of inelastic collisions between
electrons and atoms of the gas under study. The experimental tube in this measurement is essentially a
triode lled with the vapour of the experimental substance. The electrons emitted by the heatedlament of
the tube are accelerated by the positive potential V, between the cathode and the grid. The grid is a wire
mesh which allows the electrons to pass through. The anode A is maintained at axed potential V., slightly
negative with respect to the grid. In the experiment the electron current is measured as a function of the
voltage V.. As V. increases, the energy of the electrons increases, and more and more electrons reach
the anode. The anode current increases. The collisions between the electrons and the atoms are elastic.
As V. furtherincreases, the energy of the electrons reaches the threshold for the excitation of the atomic
electrons from the ground state to therst excited state, and the collisions between the electrons and the
atoms become inelastic. The colliding electrons lose energy and are not able to overcome the negative
potential V., and the anode current decreases. The potential V. at the decrease is equal to the rst
excitation potential of the atom.

Operating Principle

In the present ionization potential measurement, the traditional Franck-Hertz set-up as described above
has been altered to detect the threshold for ionizing inelastic collisions. The experimental tube is a
tetrodelled with argon, the experimental substance. Figure 1 shows the basic circuit diagram. The
electrons emitted by the heated lament are accelerated by the potential V,, between the cathode and the
grid G,. The grid G, helps in minimizing space charge effects. Both the grids consist of wire mesh and
allow the electrons to pass through. The anode A is maintained at a potential slightly negative with
respect to the cathode. The electrons are never able to reach it. It is ready to receive positive ions if they
have been created in the tube. The on-set of anode current therefore signifies the creation of positive
ions, i.e. the on-set of ionizing inelastic collisions between the electrons and the argon atoms. In the
experiment the electron current is measured as a function of the voltage V.. As this voltage increases,
the electron energy goes up. But as long as this energy is less than what is required to ionize the atom,
the ions are not created, and the anode current remains equal to zero. The inelastic collisions leading to
the excitation of argon atoms are immaterial because no ions are created there in and the anode current
remains unaffected. The potential VG2K at the on-set of the anode current is equal to the ionization
potential. As VG2K further increases, more and more electrons undergo ionizing collisions and the anode
current increases. When VG2K reaches a value twice that of the ionization potential, it is possible for an
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electron to ionize an atom half way between the grid and the cathode, lose all its energy, and then gain
anew enough energy to ionize another argon atom. The anode current beginning at this value of VG2K
shows a faster increase with VG2K as now there is a larger number of ions reaching the anode.

Ionization Potential Set-up, Model IP-001, consists of the following:
a) Argon lled tetrode
b) Filament Power Supply
c) Power Supply tor Vg,
d) Power Supply for V,,
e) Power Supply for Vg,
f) Saw tooth wave form for CRO display
g) Multirange Voltmeter
h) Multirange Ammeter

All this is housed in a cabinet with meters and adjustment knobs on the front panel. The set-up can also
directly display the anode current variation with V on the oscilloscope screen. It V., can thus be used as a
laboratory experiment as well as for demonstration to a group of students.

Analysis of the Data

Point by point data for the anode current with V., changing in steps of 1 V at V., equal to 1.5V and V,,
equal to 3.0V are shown in Figure 2. The on-set of the anode current and the point where the slope of the
current changes can be determined by locating the points of intersection of the lines as shown in Figure 2.
These pointsareat 16 Vand 31 V respectively. The former corresponds to the ionization potential and the
later for the ionization again. The average value of the ionization potential thus found is 15.5 eV
compared with the accepted value of 15.6 eV.
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Fig.2 plot of anode current vs VG2K in the Ionization Potential Set-Up
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