
  

ELECTRON DIFFRACTION



  

In 1924 the French noble man 
Louis Victor prince De Broglie 
advanced 
a risky hypothesis.
Matter could have an 
undulatory aspect just like 
electromagnetic waves
have a corpuscular aspect.



  

He combined the relativistic 
expression for the 
photon momentum

with the quantum of action

E cp=
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This generalization
presupposed a complete symmetry

between radiation and matter.
It is easy to find an expression

for the wavelength 
from the previous equations:
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If we apply this equation to a particle
the expression becomes:
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If the ratio V/c is small

the relation is simpler
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De Broglie's hypothesis 
was not initially accepted.

Someone mocked it 
and

called it
“La Comédie Franҫaise” 



  

Actually De Broglie's wavelength 
was in accordance with Bohr's atomic model.

If we hypothesize that 
an electron has undulatory 

behaviour in his orbital motion,
the associated wave must be a standing wave.

Otherwise there would be destructive interference.

 



  

The relation between the wavelength of an 
electron in a standing wave and the orbit 

radius is necessarily

But in Bohr's theory the angular 
momentum is quantized
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If we compare the two equations 
we instantly find:

that is the De Broglie's wavelength
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If we try to calculate this wavelength
for a tennis ball,

with m = 50 g
and V = 40 m/s

we find

that is certainly not observable!

343,3 10 ml -×:



  

But if we consider an electron

with a speed of about

 the wavelegth is 

approximately 1 angstrom,

similar to X-rays wavelength.

710
m

s



  

So if we want to perform an experiment 
to verify the undulatory nature of 

electrons we can use
the same methods used for X-rays.

In particular, we can show
that electrons are subjected to a

typical wave phenomenon
such as DIFFRACTION.

 



  

The brothers 
William Henry and William Lawrence Bragg

discovered that crystalline solids 
produced surprising patterns 

of reflected X-rays.
 They found out that these crystals, at certain 

specific wavelengths and incident angles, 
produced intense peaks of reflected radiation.

They founded the new science of X-ray 
crystallography, the analysis of crystal structure 

using X-ray diffraction.



  

Crystals were an ideal diffraction 
grating for X-rays,

because they have a regular 
microscopic structure and

the distances among atoms are 
comparable

to X-rays wavelength



  

The structure of a crystal lattice
shows many parallel atomic planes

In this case we have three different 
possible distances between the planes.



  

X-rays interact with atoms in crystal

The phase shift causes constructive or 
destructive interference



  

The difference between the paths
 of the incident wave and of the 

scattered wave is 2d sin θ.



  

The relation between the distance d 
of the atomic planes

and the angle  θ of incidence, 
in order to have constructive 

interference, is known as 
Bragg's law:

2d sin θ = n λ
 



  

Bragg's law can be used 
in an experiment of diffraction

to measure the plane separation d, 
if you know the wavelength, 

or conversely
 the wavelength if 

you know d.



  

In 1927 there were two experimental
confirmations of 

De Broglie's hypothesis.
The first one was due

to the American physicists 
Clinton Davisson and Lester Germer,

the second one was obtained
by George Paget Thomson,

J.J. Thomson's son.



  

Davisson's and Germer's results 
were accidentally found.

They were performing experiments 
on electrons scattering 
by a target of nichel. 

The apparatus was similar to
the one used by Rutherford 
in the gold foil experiment.

An accident occured.



  

 The experimental arrangement to 
perform this kind of experiment 

is a crystal spectrometer

https://www.youtube.com/watch?v=Ho7K27B_Uu8


  

Let's read their own words.



  



  



  

In 1926-27 G.P. Thomson 
performed

an experiment 
following a method
similar to the one 

you will use 
in your experiment 
in the Physics Lab



  

Let's read a part of his article



  



  



  

It is interesting to notice that
J.J. Thomson was awarded the Nobel 

prize for the discovery 
of the elementary particle 

called electron.
His son was awarded the Nobel prize 
having proved the undulatory nature 

of electrons.



  

From G.P.Thomson's Nobel lecture
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