
FYSA231/K1   ELECTRON DIFFRACTION 

 

1. Introduction 

Electron diffraction is an interference phenomenon showing the wave character of the 
particles. The dual character of particles (matter and wave) acknowledged in the 
beginning of 1900-century is a cornerstone of our understanding of the quantum 
mechanical character of physical phenomena. The basic course literature deals with the 
subject quite meagrely: Young and Freedman [1] (11th and 12th ed., Ch. 39.2), Ohanian 
[2] (page 1064). Alonso and Finn [3] (pages 33-39). The introduction of Gasiorowicz [4] 
deals with the subject more throughout. 

The purpose of this experiment is to become familiar with electron diffraction. When a 
beam of electrons passes through a graphite target, where the crystal layers are 
disordered, it deflects into certain angles depending on the energy of the electrons and on 
the lattice constant of graphite. Due to the rotational symmetry with respect to the beam 
axis the deflected electrons form rings with a common centre on the beam axis. 

In the exercise you’ll measure the deflection angles and determine some lattice constants 
of graphite by the energy of the electrons. 

 

2. Theory 

Equation of de Broglie connects the mass of a particle to the wavelength  
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An electron passing a potential difference U gains a kinetic energy eU. Thus the non 
relativistic, classical mechanics gives  
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Thus the de Broglie wavelength of an electron is classically 
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A more accurate estimate is easily given by relativistic examination. A relativistic 
estimate for the total energy of the electron is 
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For particles with mass m the rest energy 0E  is 

2
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For electrons the total energy can be calculated from 
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Combining equations (4), (5) and (6) and raising to the second power, we get 
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and finally (Show in your report, how!) 
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Eq. (7) can be inserted into the de Broglie equation. Electron diffraction obeys the 
Bragg’s law 

 nd sin2 .         (8) 

When the wavelength  and the scattering angle  are known, the lattice constant d can 
be calculated. Note that in equation (8),  is the entrance and reflection angle in the 
lattice. Hence the diffraction angle with respect to the beam is 

 2          (9) 

 

Figure 1: Electron reflection in a lattice according to the Bragg’s law [5]. 
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3. Equipment and measurements 

The measuring equipment consists of an electron diffraction tube (fig. 2) and power 
sources needed. In the tube there is a ‘gun’ where thermal electrons are created with a hot 
cathode. The cathode is circled with a metal can used to control the electron current. 
Thermal electrons are accelerated and focused with a anode electrode system kept in a 
high, positive potential compared to the cathode. Accelerated electrons then hit a thin 
graphite-membrane target evaporated on a grid of Ni-wires. Electrons are monitored by 
observing fluorescent light created when they hit the wall of the tube. The scattered 
(diffracted) electrons form egocentric rings around the non-scattered beam of electrons. 

 

Figure 2:  The structural principle of the electron diffraction tube. 

 

Note! The thin target may break, if the current (power) of the beam is too high! Take care 
that the extra voltage meter connected to the high voltage power source, telling the 
current supplied by the power source, does not exceed readings of 2V. Moreover the 
fluorescent light of the scattered electrons are seen more clearly, when the glow caused 
by an unnecessary intense beam is not present. The electron beam intensity can be 
controlled with the external bias. 

One aim of the exercise is to study the lattice structure and lattice constants of the 
graphite target. The lattice constants can be calculated from the Bragg’s law with the 
wavelength deduced from the energy of the electrons and with the scattering angles 
observed. The scattering angles should correspond to the mean value of the inner and 
outer edges of each diffraction ring.  

Measure the scattering events with electron energies corresponding to accelerating 
voltages of 2.0 - 5.0 kV with 0.5 kV increments. When the acceleration voltage is 
changed, the bias must be adjusted so that the rings are clearly visible. You should 
observe two bright rings around the beam. Notice that the 2nd order diffraction ring of the 
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inner ring is seen just outside of the outer bright one. How can you claim, that the two 
bright rings correspond to two different, first order diffraction's and not the first and 
second order rings of the one and same diffraction? 

With the energy at 5.0 kV try to search and measure as many as possible diffraction rings. 

 

4. Analyses of results 

Dimensions of the electron tube used in this experiment are shown in figure 3. The 
graphite target is, according to the manufacturer, at a distance of 74 mm from the centre 
of the sphere. The outer radius of the tube R = 66.0 mm + 1.5 mm (where the latter one is 
the thickness of the glass). Both values are assumed to be accurate. Use basic 
trigonometry to define the scattering angles.  

 

Figure 3: Geometry to define the diffraction angle. R is the radius of the sphere, r the 
radius of the diffraction ring and d the distance of the target from the centre.  

 

There are at least two ways to define the lattice constants: a) present your data points in a 
such a graphical way that you can make a linear fit to the data and deduce the lattice 
constants from the slopes of the lines or b) calculate the lattice constant for all the 
individual values measured and calculate the mean and the error of the mean. Compare 
the results of these two methods and argue about the mutual degree of validity of the 
methods. It is possible that the different methods give a bit different results. Why? Which 
one is better in your case? What kind of factors can disturb the results obtained with 
different methods? When might one method be better than the other? 

 

Task: Derive the formula for the angle α with help of Fig. 3 (this should be done 
before the measurement and also included in the final report) 
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Appendix 1. 

This is a brief summary of theoretical estimates and known values for the lattice 
constants of graphite. 

If the graphite lattice would be square type the ratio of the first two lattice constants 

would be 2:1  . For a hexagonal lattice this ratio is 3:1 . Note: the 2nd maximum of 
each diffraction pattern appears with the ratio 1 : 2.  

 

 

 

 

Figure 4: Crystal layers and their distances in graphite. 


