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The Franck-Hertz Experiment for Mercury and Neon

Abstract

This experiment was performed to record a Franck-Hertz curve for and estimate the first excitation energy of mercury and neon.
Furthermore, the energy levels which contribute to the Franck-Hertz curve in neon and the relationship between the luminance
bands in the neon tube and the characteristic Franck-Hertz curve of neon was also investigated.

The first excitation energies for mercury and neon were measured to be 4.8 £ 0.1 eV and

Introduction and Theory
This experiment was performed to record a Franck-Hertz curve for and estimate the first excitation energy of mercury and neon.

Furthermore, the energy levels which contribute to the Franck-Hertz curve in neon and the relationship between the luminance
bands in the neon tube and the characteristic Franck-Hertz curve of neon was also investigated.

According to quantum mechanics, an electron may absorb all or none of the energy it requires to jump to its next excitation
state. This energy may be provided in the form of kinetic energy from another, travelling electron. Using this knowledge, we can
plot a Franck-Hertz graph and determine the energies between these states. It is well known that the kinetic energy (Ex) of an
electron is simply the negative of its charge (e) multiplied by the potential difference it has travelled through (V) and can be

expressed by:
Ek = —el

And so a simple discharge tube was used to record the current of electrons that have enough energy to surpass a retarding
potential after traversing the tube. The drop in current should coincide with the number of electrons transferring their kinetic
energy to the electrons in the mercury/neon atoms to reach their next excitation state. The circuit of which is as follows:
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Experimental method
For mercury, the circuit was set up similarly to the above, working on the same principle, except that the anode was cylindrical,

encompassing the cathode and the whole tube was put in an oven and heated to 175°C, to vaporise the mercury.

-Calibrating Acceleration and Stopping Potentials-
Channel 1 of an oscilloscope was placed across the U,/10 channel of the Franck-Hertz supply unit and channel 2 was placed over
the U, channel and operated in the XY mode. The operating switch of the Franck-Hertz unit was set to auto, which ran the
voltage over U, repeatedly between OV and 30V. With the “persist” of the oscilloscope set to infinity, a rough curve could be
traced out. The voltages U, and U; were varied until the maxima and minima of the curve were prominent.

For mercury, U, was varied between 0V and 30V. For neon, U, was varied between 0V and 80V. In each case, the voltage was
only ever increased, and the resultant currant, U, was noted at each increment, with more measurements being taken around
the currents’ maxima.



Results and Analysis

-Mercury-

Franck-Hertz Graph of Mercury
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VU, was obtained by measuring the mean distance between the peaks of the graph. So VU, = max, — max;. Values for VU,
were taken for each peak and the average, VU,, was found, and from there, E - the first exitation energy for mercury.

max,; = 7V; max, = 12V; max; = 16.5V; max, = 21V; maxs = 26V

VUZ,l = SV, VUZ,Z = 45V, VU2’3 = 45, VU2,4 =5

77 2?:1 VUZ.i = Z?:l(vuz,i - V_UZ)Z
Vo==—3—" AV = 12

WU, =48+ 0.1V

~E=48 +0.1eV

The contact potential was estimated by subtracting VU, from U; + U, at the first maximum. Since U; + U, = 4.8, the contact
potential was measured to be 2.8V £ 0.1V.

kT

42ma’p

Here, the diameter of mercury is a = 0.314 x10~°m, the pressure p = 1481Pa, the temperature T=433K, and Boltzmann’s constant
k = 1.281x10723. Therefore, Aypp = 2.14 x107°.

The mean free path of an electron is found by the equation Ayzp =



-Neon-

Franck-Hertz Graph of Neon
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The same procedure was used as before to find the exitation energy for neon, except values were taken at the centre of the
peak rather than the maximum.

max; = 16V; max, = 34V; max; = 54V; max,75V

VU2’1 = 18V, VUZ,Z = 20[/, VU2’3 =, VU2'4 =21

3 3 2
— VU, >_1(VUy; — VU,
VUZ _ 21*1 2.1; AVUZ — \/le( 2,61 2)

“ VU, =19.7 0.9V
~E=19.7 +0.9eV

Luminous bands found at 25V, 40V and 62V.

Conclusions and Discussion

1. The results found for the exitation levels of both elements agree, within reason, with the generally accepted values.

2. An excited mercury atom could lose its energy through inelastic collisions and other diviations from ideal behaviour.

3. The electrons in neon must be excited to the 3p energy levels (18.4 — 19.0 eV) since the measured exitation energies
are much higher than required to reach the 3s levels (16.6 — 19.9eV) and fit within the 3p gap.

4. According to the curve, only the 3p exitation occurs, otherwise there would not be 4 distinct peaks with the distance
between them equal to the exitation energy to 3p. If the jump to 3s did occur, we would see additional peaks on the
graph from combinations of 3p-3s, 3s-3p and 3s-3s absorptions of energies.

5. Each luminous band should occur around each peak on the graph, with the nth band at the nth peak. In this case,
however, the bands seemed to appear at the troughs. Obviously, this experiment was conducted in less than ideal
conditions. Ideally, the bands would be observed in a dark room. From the results above, a fourth band should be seen
ataround U, = 84V
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