
 

 

Physics Without Fear 

www.physicsbeckons.wordpress.com 

Dual Nature of Radiation 
and 

Matter-II 



 
WAVE–PARTICLE DUALITY 
WAVE NATURE OF MATTER 
 de-BROGLIE HYPOTHESIS 
 DAVISSON AND GERMER EXPERIMENT 
 

www.physicsbeckons.wordpress.com 

CONTENTS 



www.physicsbeckons.wordpress.com 

WAVE–PARTICLE DUALITY 

PARTICLE NATURE OF WAVES: As studied earlier, the 
phenomenon of photoelectric effect  can be explained 
only on the basis of particle (photon) nature of 
radiations.  
 
In interaction of radiation with matter, radiation 
behaves as if it is made up of particles called photons. 
 
Compton scattering  experiments of X-rays from 
electrons further confirm the particle nature of 
radiations. 
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WAVE–PARTICLE DUALITY 

 Some characteristics of the photons are s under: 
Each photon has energy E (=hυ) and momentum  
p(= hυ/c) and travels with speed c, the speed of light. 
 
 All photons of light of a particular frequency υ, or 
wavelength λ, have the same energy E (=hυ or hc/λ) and 
momentum p (= E/c= hυ/c = h/λ). 
 
The photon energy is independent of intensity of radiation 
but depends on frequency alone. 
 
An increase in intensity increases the number of  photons 
crossing a given area in a unit time.  
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In a photon-electron collision, the total energy and total 
momentum  are conserved.  
 
 
The number of photons may not be conserved. 
 
 
In a collision, a photon may be absorbed or a new photon 
may be created. 

WAVE–PARTICLE DUALITY 
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WAVE NATURE OF MATTER 

PARTICLE NATURE OF WAVES: The radiations i.e. light 
shows dual character.  
 
The light behaves as wave in the phenomenon of 
interference, diffraction and polarisation.  
 
On the other hand, in photoelectric effect and 
Compton effect, the radiation behaves as if it is made 
up of particles called  the photons. 
 
Hence Light, a form of energy, shows dualistic behavior. 
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de-BROGLIE HYPOTHESIS 

We know that light (A form of energy) shows dual 
character.  
Moreover Energy and matter are inter-convertible 
(E=mc2 ).  
 
So de-Broglie proposed that the particles should also 
show dual character i.e. they should also behave as 
wave.  
 
The waves associated with the particles was called  
de-Broglie waves or Matter waves. 
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De-Broglie Wavelength:  
For a photon           E=mc2=hυ 
  
                               or  mc.c=hυ 
 
                              or   p.c   =hυ 
 
                          or          p   =h υ/c 
 
                          or          λ   = h/p. 
De-Broglie proposed that the same relation should also 
be valid for matter waves also. 

de-BROGLIE HYPOTHESIS 
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Larger the mass  m, smaller will be the de Broglie wavelength. 
 

For m=0.12 kg & v= 20 m s–1 

  
λ= 2.76 × 10–34 m. 

 
This extremely small wavelength is beyond measurement. 
 
 Hence macroscopic objects in our daily life do not show wave-like 
properties. 
 

de-BROGLIE HYPOTHESIS 
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Consider an electron accelerated from rest through a potential V.  
The kinetic energy K of the electron equals the work done (eV ) on 
it by the electric field: 

𝐾 = 𝑒𝑉 
 

Also                                         𝐾 =
1

2
𝑚𝑣2=

𝑝2

2𝑚
 

 

or                                             𝑝 = 2𝑚𝐾= 2𝑚𝑒𝑉 
 
The de Broglie wavelength λ of the electron is then 
 

                                                λ=
ℎ

𝑝
= 

ℎ

2𝑚𝐾
=

ℎ

2𝑚𝑒𝑉
 

 
 

Wave length of an accelerated electron 
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de-BROGLIE HYPOTHESIS 
Substituting the numerical values of h, m, e, we get 
 

λ=
1.227

𝑉
 nm. 

 
For  V= 120 volts, λ= 1.12 A0.  
 
This wavelength is of the order of interatomic spacing between 
the planes in crystals.  
 
Hence the matter waves associated with accelerated electron 
could be verified by crystal diffraction experiments analogous to 
X-ray diffraction. 
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WAVE NATURE OF MATTER 
Davisson and Germer Experiment: The 
wave nature of electrons was verified 
by Davisson and  Germer in 1927 and 
an year later by Thomson with their 
studies of diffraction effects with 
beams of electrons scattered by 
crystals. The experimental arrangement 
used is shown in the diagram.  
The arrangement consists of a tungsten 
filament F, coated with barium oxide 
and heated by a low voltage power 
supply. The electrons emitted by the 
filament are accelerated to a desired 
velocity by using a suitable 
potential/voltage from a high voltage 
power supply H.T. or battery). 
 
 

Davisson-Germer electron diffraction 
arrangement 
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WAVE NATURE OF MATTER 
The accelerated electrons are changed to a 
fine collimated beam as they are made to 
pass through a cylinder with fine holes along 
its axis.  The beam is made to fall on a nickel 
crystal which scatters the electrons in all 
directions due to the atoms in the crystal.  
The entire assembly is enclosed in an 
evacuated chamber. 
 
The intensity of the electron beam, 
scattered in a given direction, is measured 
by the electron collector. The collector is 
rotated on a circular scale and is connected 
to a sensitive galvanometer. The deflection 
in the galvanometer is proportional to the 
no. of the electrons entering the collector.  
 
 

Davisson-Germer Electron 
diffraction arrangement 
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The variation of the intensity (I ) of the 
scattered  electrons with the angle of 
scattering  is obtained for different 
accelerating voltages. The experiment was 
originally performed for accelerating 
voltages between 44 V to 68 V and a strong 
peak observed in intensity of scattered 
beam at  V= 54 volts and  scattering angle 
θ = 500. The peak is formed due to the 
constructive interference of electrons 
scattered from different layers of the 
regularly spaced atoms of the crystals. 
From electron diffraction  measurements 
and Bragg’s law of diffraction  i.e. 
(2d sin θ  =n λ), the wavelength of matter 
waves was found to be 0.165 nm. 

Davisson-Germer Electron 
diffraction arrangement 
 

WAVE NATURE OF MATTER 
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Theoretically, de Broglie wavelength λ associated with electrons is given 
by 

                 λ=
ℎ

𝑝
= 

ℎ

2𝑚𝐾
=

ℎ

2𝑚𝑒𝑉
 

 
Substituting for the constants; we get 
 

                                                             λ=
1.227

54
  nm=0.167 nm                                          

               
 
The theoretical and the experimental values agree confirming de-Broglie’s 
hypothesis of Matter waves. 

Application of matter waves: 
The wave properties of electrons have been used to design  
ELECTRON MICROSCOPE which has a very  high resolution as compared 
to the optical microscope. 
 
 
 

WAVE NATURE OF MATTER 



www.physicsbeckons.wordpress.com 

RECAP 
State any four characteristics of photon. 
Calculate the 

• momentum, and 
• de Broglie wavelength of the electrons accelerated 

through a potential difference of 56 V. 
State the expression for de Broglie wave length of 

electrons accelerated through a potential difference of 
V volts. 

Show that the wave length of electrons accelerated 
through a potential difference v varies inversely as the 
accelerating potential. 

Name the historic experiment which justified  
   de Broglie hypothesis.  
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