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                         The wave nature of matter 

 The photoelectric effect provided evidence that electromagnetic waves could be considered as a stream 

of particles called photons. 

 This evidence was reinforced when, in 1922, Arthur Compton discovered that X-ray were colliding 

with electrons and behaving as particles. 

 In 1924, Louis de Broglie suggested that an atom’s electrons, protons and neutrons possess both 

particle and wave properties.  

 This law is known as the wave –particle duality of matter.    

 Particles can also act as waves like the one that we have discussed in chapter three of your text book 

and it is also demonstrated by wave properties such as Interference or Diffraction. 

 It is possible to diffract electrons using electron guns to show the phenomenon of diffraction and 

interference.  

 Electrons from an electron gun are accelerated through a vacuum towards a layer of graphite. The 

atomic spacing in graphite is the right order of magnitude for electrons to be diffracted.  

 As a result of this diffraction a circular pattern will be observed as a figure 8.7 on your text book on 

page 317. 

 We can also calculate the wave length of the electrons by measuring the rings diameters in the 

diffraction pattern. 

 The wave length(λ) is inversely proportional to the speed   of the electron. 

 Mathematically    
 

  
  

 

 
  

 Were m, mass of electron, h- Planck’s constant P- is momentum of the electron. 

 The above equation is known as de Broglie equation.  

The Compton Effect 

 When X-rays pass through matter, the absorbed portion gives rise to a complex phenomenon, 

known as secondary radiations.  

 Then the observed change in frequency or wavelength of the scattered radiation is known as the 

Compton Effect.  
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N.B: the increase in wavelength is:  

i. Independent of the wavelength the incident X-rays 

ii. Independent of the nature of the scattering material and 

iii. Depends on the scattering angle. 

 The increase in the wavelength of the scattered X-ray is given by:           
 

    
   

      

 Where   is the scattered angle.  The quantity 
 

    
 has the dimension of length and is called 

the Compton wavelength. 

 X-rays have a wave nature similar to that of light. Then X-rays are reflected, refracted, 

scattered, polarized, and diffracted as do other waves. 

 X-rays have many applications.  

The variety of application can be classified as: 

a. Purely scientific, such as the analysis of the internal structure of crystals, metals and 

atoms. 

b. Industrial, which comprise the detection and photographing of defects within the body. 

c. Industrial, in analysis and control of alloys and other composite bodies. 

d. Industrial, that studies the structure of cellulose, rubber, fibers, plastics, etc. 

e. Medical, under the double aspect of diagnosis (radiography) and cure (X-ray therapy). 

Examples  

1. To break a chemical bond in the molecules of human skin and this cause sunburn, a photon energy of 

about 3.5 eV is required. To what wave length does this corrosepondes? 

Solution: from photon energy,  E = hf = 
  

 
 then λ = 355 nm, which means that Ultraviolet light cause 

sunburn. 

2. Calculate the change in the wavelength of an X-ray photon, when it is scattered through angle of (i) 60
0
 

(ii) 90
0
, and (iii) 180

0
 by a free electron.(h = 6.62 x10

-34
 J.s, C = 3 x10

8
m/s and mo = 9.1 x10

-31
 kg) 

 Solution: using           
 

    
        , we have  

i. for   = 90
0
,           

 

    
        ,         x 10

-10
 m 

ii.          x 10
-10

 m 

iii.         x 10
-10

 m 
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Attempt all questions given below and submit your answer with full 

information. 

1. Find the de Broglie wavelength of photon having kinetic energy equal to the rest mass energy of an 

electron. Take h = 6.62 x10
-34

 J.s, mass of an electron 9.1 x10
-31

 kg, mass of proton is 1836 times 

the mass of an electron, and C = 3 x 10
8
 m/s. 

2. Compute the momentum and energy of a photon of blue light of wavelength 450 nm. 

3. The threshold frequency of photoelectric emission of a metal is 1.2 x ten rest to fifteen cycles per 

second. If light of frequency 1.6 x ten rest to fifteen cycle/second is incident on the metal surface, 

calculate the maximum energy the emitted photoelectron. 

4. When a monochromatic X-ray beam of wavelength 0.10A falls on a graphite scattered, the scattered 

X-ray were found to be at angle of 56 degree with the direction of incident beam. Find 

A. The wave length of the scattered X-rays 

B. The energy of th scattered X-rays  

C. The angle at which the electron recoils. 

 


