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Abstract:

There are two parts to this experiment – firstly, the Townsend-Townsend effect is going to be observed for which the scattering cross section for electrons on xenon atoms is a minimum. Secondly, the contact potential difference is going to be determined as well as the mean energy of the emitted electrons.

Intro:

PART 1:

The scattering cross section for electrons on noble gas atoms varies with electron energy and exhibits a minimum near 1eV. This is the Townsend-Townsend effect which can only be explained in terms of the wave nature of the electron.

In this experiment, the variation in collision cross-section for elastic collisions of low energy electrons (0 to 10 eV ) with Xenon atoms. The EM91 thyratron, or gas-filled relay, supplied is a thermionic tetrode which contains xenon gas at a pressure of about 0.05 torr. The circuit to be used is shown in figure 1. The geometry of the electrodes is show in figure 2; the shield (5,7) is a box like structure which in this experiment is strapped to the grid (pin 1). The electrons are emitted by the cathode and go either to the shield or to the plate. The region beyond the first aperture is approximately field free so that in this region the electron energy remains constant.

WARNING – the heater voltage must not be less than 4 volts



The interelectrode voltage must be kept below 10 volts

In order to estimate the electron scattering we will determine the currents to the shield (Is) and the plate (Ip) with the tube operating in the normal fashion, and also the currents to the shield. (Is*) and plate (Ip*) with the gas effectively removed. This latter can be achieved by inverting the thyratron in liquid nitrogen and thus freezing out the xenon gas.

We write the ratio of the currents to plate and shield (in the absence of gas) as 
.

f(V) = Ip* / Is*
to show that this ratio will depend on the voltage applied to the tube (i.e. on the electron velocity). Ip* therefore equals Is* f(V). With gas present we have 
.


Ip = Is f(V) ( 1 – P )
where P is the probability of scattering of the electron. (P in turn equals 1 – e – ( ( / ( ) where ( is the distance between the plate and the aperture and ( the mean free path of the electron).

Hence

P = 1 – Ip       1          =    1   -    Ip Is*

                                        

                                     Is     f(V)                        Ip* Is
Method:

Set up the circuit as shown in figure 1.

Measure Ip, Is as a function of the applied voltage V (V < 10 Volts ) with gas present. Take readings at 0.1 Volt intervals up to 2 Volts and at 1 Volt intervals thereafter. The gas pressure may now be considerably reduced by inverting the tube and inserting it in liquid nitrogen ( melting point of xenon = -122 (C, boiling point of nitrogen = - 196( C. )

It is essential that the tube is in contact with the liquid!

CAUTION:  Do not allow liquid nitrogen (or any object just removed from it) to come into contact with your skin. A serious ‘burn’ could be the result.

Re-measure the plate and shield currents as a function of V (it will facilitate your calculations of P if you make the measurements at the same values of V as before).

To show the large effect of the presence of xenon, plot graphs of Ip and Ip* against V. Also plot a graph of P against V and hence find the value of V when P is a minimum. Note the maximum and minimum values of  P and hence find the maximum and minimum values of electron mean free path (  ( ( = 0.7 cm )

PART 2:
As was stated in part 1, the aim of this experiment is to show that the scattering cross section for electrons on noble gas atoms varies with electron energy and, in particular, is a minimum when the total electron energy is near 1 eV. So far it should have been established that P does vary with electron energy and is a minimum at some particular value, Vm, say, of the applied accelerating voltage V. The total electron energy is then however not eVm. There are two other contributions to the total electron energy. Firstly as a result of the cathode being heated they acquire energy and are emitted with a mean energy, eVbar, say. Secondly, even when V = 0 there is a p.d. – the contact potential difference Vc – between the plate and cathode which, in the present case, accelerates the electrons towards the first aperture.

Since the plate and first aperture are very nearly at the same potential, the total energy of the electrons on entering the first aperture is e( V + Vc + Vbar ). To know this total you must determine Vbar  and Vc.
Both Vc and Vbar may be determined by reversing the polarity of the power supply in Fig.1 immersing the end of the tube in liquid nitrogen and plotting the resulting values of log Is* against V.

For thermionic electrons, the energy distribution is approximately Maxwellain i.e. the number of electrons N(() with energy ( is proportional to e -( /  k T where 3kT / 2 is the mean energy of the electrons

.

i.e. N(() ( e-3V / 2 Vbar
where ( = eV.

When such a group of electrons is collected by an electrode at a retarding potential Vr with respect to the electron source, the electron current collected is given by

…


I = I0 e-3 Vr /  2 Vbar
A plot of log I vs. Vr should therefore give a straight line from the slope of which V can be determined.

It should be found that the plot of log I*S against V yields a result as shown in Fig 3.

The slope of the left hand part of the curve is used to determine Vbar. The break in the curve is assumed to coincide with the removal of any potential barrier between the cathode and the shield. This does not occur when the measured P.D. is zero, but a value which represents the contact P.D. Vc between cathode and shield. V​c is determined as indicated in Fig 3.

Using the values of Vbar, Vc and the value of V when P is a minimum, calculate the energy and the wavelength of the electron when P is a minimum.

Results:

Before inversion

	Is mA   
	Ip (A 
	V volts

	0.0368 +/- 0.0001
	0.04 +/- 0.01
	0.1 +/- 0.001

	0.0473 +/- 0.0001
	0.09 +/- 0.01
	0.2 +/- 0.001

	0.0602 +/- 0.0001
	0.16 +/- 0.01
	0.3 +/- 0.001

	0.0737 +/- 0.0001
	0.28 +/- 0.01
	0.4 +/- 0.001

	0.0883 +/- 0.0001
	0.41 +/- 0.01
	0.5 +/- 0.001

	0.10377 +/- 0.0001
	0.58 +/- 0.01
	0.6 +/- 0.001

	0.1199 +/- 0.0001
	0.78 +/- 0.01
	0.7 +/- 0.001

	0.1374 +/- 0.0001
	1.01 +/- 0.01
	0.8 +/- 0.001

	0.154 +/- 0.0001
	1.23 +/- 0.01
	0.9 +/- 0.001

	0.1724 +/- 0.0001
	1.44 +/- 0.01
	1 +/- 0.001

	0.1908 +/- 0.0001
	1.65 +/- 0.01
	1.1 +/- 0.001

	0.251 +/- 0.001
	1.99 +/- 0.01
	1.2 +/- 0.001

	0.274 +/- 0.001
	2.11 +/- 0.01
	1.3 +/- 0.001

	0.297 +/- 0.001
	2.2 +/- 0.01
	1.4 +/- 0.001

	0.32 +/- 0.001
	2.28 +/- 0.01
	1.5 +/- 0.001

	0.344 +/- 0.001
	2.33 +/- 0.01
	1.6 +/- 0.001

	0.369 +/- 0.001
	2.36 +/- 0.01
	1.7 +/- 0.001

	0.392 +/- 0.001
	2.4 +/- 0.01
	1.8 +/- 0.001 

	0.417 +/- 0.001
	2.42 +/- 0.01
	1.9 +/- 0.001

	0.441 +/- 0.001
	2.43 +/- 0.01
	2 +/- 0.01

	0.68 +/- 0.001
	2.3 +/- 0.01
	3 +/- 0.01

	0.93 +/- 0.001
	2.12 +/- 0.01
	4 +/- 0.01 

	1.164 +/- 0.001
	1.92 +/- 0.01
	5 +/- 0.01

	1.407 +/- 0.001
	1.75 +/- 0.01
	6 +/- 0.01

	1.649 +/- 0.001
	1.82 +/- 0.01
	7 +/- 0.01

	1.897 +/- 0.001
	2.22 +/- 0.01
	8 +/- 0.01

	2.17 +/- 0.001
	2.89 +/- 0.01
	9 +/- 0.01

	
	 
	

	
	
	


After inversion:

	Is* mA
	Ip* (A
	V volts

	0.0627 +/- 0.0001
	0.04 +/- 0.01
	0.1 +/- 0.001

	0.0775 +/- 0.0001
	0.09 +/- 0.01
	0.2 +/- 0.001

	0.083 +/- 0.0001
	0.12 +/- 0.01
	0.3 +/- 0.001

	0.1195 +/- 0.0001
	0.3 +/- 0.01
	0.4 +/- 0.001

	0.137 +/- 0.0001
	0.44 +/- 0.01
	0.5 +/- 0.001

	0.1502 +/- 0.0001
	0.58 +/- 0.01
	0.6 +/- 0.001

	0.1883 +/- 0.0001
	0.96 +/- 0.01
	0.8 +/- 0.001

	0.313 +/- 0.001
	2.34 +/- 0.01
	1 +/- 0.001

	0.373 +/- 0.001
	2.96 +/- 0.01
	1.2 +/- 0.001

	0.438 +/- 0.001
	3.69 +/- 0.01
	1.4 +/- 0.001

	0.502 +/- 0.001
	4.38 +/- 0.01
	1.6 +/- 0.001

	0.568 +/- 0.001
	5.06 +/- 0.01
	1.8 +/- 0.001

	0.635 +/- 0.001
	5.71 +/- 0.01
	2 +/- 0.01

	0.966 +/- 0.001
	8.68 +/- 0.01
	3 +/- 0.01

	1.3 +/- 0.001
	11.87 +/- 0.01
	4 +/- 0.01

	1.636 +/- 0.001
	15.43 +/- 0.01
	5 +/- 0.01

	2.1 +/- 0.01
	19.94 +/- 0.01
	6 +/- 0.01

	2.5 +/- 0.01
	25.33 +/- 0.01
	7 +/- 0.01

	2.97 +/- 0.01
	31.06 +/- 0.01
	8 +/- 0.01

	3.42 +/- 0.01
	36.97 +/- 0.01
	9 +/- 0.01
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	Voltage Volts
	P
	

	0.1 +/- 0.001
	-0.7038
	

	0.2 +/- 0.001
	-0.63848
	

	0.3 +/- 0.001
	-0.83832
	

	0.4 +/- 0.001
	-0.51334
	

	0.5 +/- 0.001
	-0.44574
	

	0.6 +/- 0.001
	-0.44743
	

	0.8 +/- 0.001
	-0.44183
	

	1 +/- 0.001
	-0.11726
	

	1.2 +/- 0.001
	0.000929
	

	1.4 +/- 0.001
	0.120747
	

	1.6 +/- 0.001
	0.223704
	

	1.8 +/- 0.001
	0.312737
	

	2 +/- 0.01
	0.387219
	

	3 +/- 0.01
	0.623577
	

	4 +/- 0.01
	0.750342
	

	5 +/- 0.01
	0.82511
	

	6 +/- 0.01
	0.86901
	

	7 +/- 0.01
	0.891068
	

	8 +/- 0.01
	0.888097
	

	9 +/- 0.01
	0.876799
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PART 2:

	Is*
	Voltage  -V
	Log Is* +/- 0.001

	62.7 +/- 0.1 (A
	-0.06 +/- 0.001
	1.797268

	59.8 +/- 0.1 (A
	-0.071 +/- 0.001
	1.776701

	58 +/- 0.1 (A
	-0.087 +/- 0.001
	1.763428

	55.1 +/- 0.1 (A
	-0.106 +/- 0.001
	1.741152

	51.3 +/- 0.1 (A
	-0.133 +/- 0.001
	1.710117

	50 +/- 0.1 (A
	-0.143 +/- 0.001
	1.69897

	47.5 +/- 0.1 (A
	-0.16 +/- 0.001
	1.676694

	46.3 +/- 0.1 (A
	-0.17 +/- 0.001
	1.665581

	41.7 +/- 0.1 (A
	-0.206 +/- 0.001
	1.620136

	36.2 +/- 0.1 (A
	-0.251 +/- 0.001
	1.558709

	30.2 +/- 0.1 (A
	-0.306 +/- 0.001
	1.480007

	26.5 +/- 0.1 (A
	-0.343 +/- 0.001
	1.423246

	21.4 +/- 0.1 (A
	-0.397 +/- 0.001
	1.330414

	17 +/- 0.1 (A
	-0.451 +/- 0.001
	1.230449

	13.3 +/- 0.1 (A
	-0.502 +/- 0.001
	1.123852

	10.4 +/- 0.1 (A
	-0.549 +/- 0.001
	1.017033

	7.6 +/- 0.1 (A
	-0.602 +/- 0.001
	0.880814

	5.6 +/- 0.1 (A
	-0.646 +/- 0.001
	0.748188

	3.5 +/- 0.1 (A
	-0.708 +/- 0.001
	0.544068

	2.4 +/- 0.1 (A
	-0.752 +/- 0.001
	0.380211

	1.5 +/- 0.1 (A
	-0.804 +/- 0.001
	0.176091

	1 +/- 0.1 (A
	-0.842 +/- 0.001
	0
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| Vc | = 0.487 V +/- 0.002

The slope of the left hand part of the curve is used to determine Vbar.

Vbar = 3.48 V +/- 0.05.

Value of V when P is a minimum is 1.200 V +/- 0.001.

Therefore the total energy of the electron on entering the first aperture is e( V + Vc Vbar )
which is e ( 5.2 V +/- 0.05 V )

As the electron volt is the energy gained or lost by an electron when it moves through a potential difference of one volt is 1.6 x 10-19 J, the energy the electron has when P is a minimum is (8.3 x 10-19 J) +/- (0.08 x 10-19 J )

Using Planck’s constant:

Hence its frequency is = 1.25 x 1015 s-1 +/- 1.2 x 1017.

Hence its wavelength = 2.4 x 10-7 m +/- 4 x 10-10

The intensity of the beam reaching the plate might depend on the electron wavelength because the intensirt is proportional to the number of photons leaving the source per second (i.e. the frequency ). There is a threshold frequency, called the work function below which electrons with a lower frequency will not reach the plate.

                                             






---------------------------

Paul Walsh – 2000

pwalsht@maths.tcd.ie
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