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Franck-hertz experiment

1. Purpose
The Franck-Hertz experiment, first performed in 1914, verifies that the atomic electron energy states are quantized by observing maxima and minima in the transmission of electrons through mercury vapor.  The variation in electron current is caused by inelastic electron scattering which excites the atomic electrons of mercury.  The Franck-Hertz tube, which contains mercury vapor, together with the electrical connections is shown in Fig. 1.
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Thermionically emitted electrons from the heated cathode are accelerated towards the grid by a variable voltage Vg.  Electrons crossing the grid are then slowed down by a ~ 1.5 V decelerating potential on their way towards the anode.  The anode current (~10-9 A) is amplified before being measured.  When the accelerating voltage, Vg, is increased from zero, a current is first observed when Vg exceeds 1.5 V.  The current then increases with Vg up to a certain threshold voltage, Vth, at which point the current drops sharply.  The reason for this is that the kinetic energy, eVth, acquired by an electron matches the energy difference (4.86 eV) between the ground state (1S0) and an excited state (3P1) of the mercury atom.  If it collides with an atom, it will do so inelastically, losing kinetic energy in the process so that it can no longer overcome the 1.5 V decelerating potential.  At lower kinetic energies, the electron collisions are elastic and no kinetic energy is lost.  As Vg  is increased from Vth, the current again starts to rise until it reaches a value of 2Vth when it drops sharply again.  Now the electron has undergone 2 sequential inelastic collisions.  Thus drops in the current are observed when Vg  = nVth, n = 1,2,3,...

The experiment is performed with the Franck-Hertz tube inside an oven, the purpose being to increase the frequency of collisions between electrons and mercury atoms.  

2. Procedure

DO NOT SWITCH ANYTHING ON UNTIL YOUR CIRCUITS HAVE BEEN CHECKED BY THE INSTRUCTOR.  Connect the Control Unit to the Franck-Hertz tube.  This is straightforward since the various outputs are clearly labelled with the letters M, A, K, and H which also appear on the Franck-Hertz tube oven unit.  (The "control grid" output for a neon tube is not used.)  Connect the "X-sweep out" (+ ground) to the X input of the oscilloscope and the "FH signal out" (+ ground) to the Y input.  The FH signal is a voltage proportional to the anode current.  Connect an AC voltmeter to the filament.  Turn all 4 potentiometers on the Control Unit to zero.  [See Figure 2.]
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Switch on the oven and set the temperature control to 175 oC.  Wait for about 15 minutes for the temperature to stabilize.  Adjust the temperature control as necessary until the thermometer reads about 175 oC.  Switch on the control unit and oscilloscope.  Turn the "adjust" control to give a filament voltage between 5.0 and 5.5 V.  Set the "reverse bias" voltage control halfway between the 2 dots at the 7 o'clock position.  This provides the ~1.5 V decelerating potential between the grid and anode.  Set the toggle switch to "ramp".  This will cause the accelerating voltage, Vg, to sweep repetitively from zero to a maximum value determined by the "acceleration" control.  Set this control at the halfway position.
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Make adjustments to the oscilloscope and Control Unit "gain" control until you obtain a pattern similar to that shown in Figure 3.  Adjust the "acceleration" control to obtain as many peaks as possible.  Take a photograph of the screen and insert it into the lab report here.  [Your professor will supply the digital camera for this.]

3. calculations

What is the number of volts/division in X and separately Y?

From the photograph and the volts/division setting (horizontal direction) determine the difference in energy (and estimate the uncertainty) between the 3P1 and 1S0 levels of mercury.  [To do this, multiply the number of divisions you see by the volts/division and divide by the number of divisions to find the average number of volts/division.  Multiply then by the electron’s charge to get the energy in eV.]  Observe and explain the effects of varying the "acceleration" control and of reducing the oven temperature to 120 oC.  
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