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Unit-IV 
1. Define conductivity of a material. Find out expressions for electrical conductivity of metal, intrinsic and 

extrinsic semiconductors. 
Ans:  
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OR 

 
Mobilities of electrons and holes in a sample of intrinsic germanium at 300K are 0.36 m2V-1s-1 and 0.17 
m2V-1s-1, respectively. If the conductivity of the specimen is 2.12 mho/m, calculate the forbidden energy 
gap. 

Ans:  
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Unit-V 
2. What are the de Broglie matter waves? Explain in brief Davisson and Germar experiment and show that 

it provides direct evidence of de-Broglie’s hypothesis. 
Ans: The de Broglie Waves or Matter Waves 

According to de Broglle, a matter particle having a mass in moving with a velocity v must possess a 
matter wavelength equivalent to 

휆 =
ℎ
푚푣

 -------------------(1) 

where h is the universal Pianck's constant. Louis de Broglie was led to this hypothesis by considering the 
special theory of relativity and quantum theory. Evidence for the matter waves was found in 1927 in two 
different laboratories. CJ. Davisson and L.H. Germer using a metal crystal as a reflection grating and G. 
P. Thomson employing a metal foil as a transmission grating showed that the electrons could be 
diffracted and thereby established both their wave particle nature and the quantitative validity of the de 
Broglie’s hypothesis.  
Since 1927 it has been shown that material particles other than electrons have wave properties: thus 
diffraction effects have been observed with hydrogen and helium nuclei and also with neutrons. There is 
a little doubt that the wave particle duality is a property of all forms of matter. However, it can be seen 
from Eq. (1) that with increasing mass, the wavelengths become shorter for a given velocity and so are 
increasingly difficult to detect  
The major advantage of diffraction of electrons and neutrons have been utilized in the study of molecular 
and crystal structure. Further with the electron microscope, wherein de Broglie‘s concept of electron 
waves are involved, it has been possible to resolve objects as small as 10Å  in size compared with a 
minimtrm of about 300 nm in an ordinary microscope. 
 
de Broglle Wavelength:  
We have for electrontagnetic radiation, 

퐸 =  푚푐  and 퐸 = ℎ휈 

 푚푐 = ℎ휈 =
ℎ푐
휆

  

휆 =
ℎ
푚푐

 -------------------(2) 

 
Equation (1) gives the expression for the wavelength of a photon wave that moves through a medium 
when photon travels with a velocity equal to velocity of light, 
 
Similarly, any material particle having a mass nr and moving with a velocity v must possess a de Broglie 
wavelength given by 

휆 =
ℎ
푚푣

  

 
de-Broglie wavelength in terms of kinetic energy 
As de-Broglie waves are associated with particles that are moving with a measurable velocity v, 

휆 =
ℎ
푚푣

=
ℎ

√2푚퐸
  

 
Characteristics of Matter Waves: 
[i] From Eq. [1], 휆 ∝  
Thus the wavelength of matter wave is inversely proportional to the mass of the particle. The larger the 
mass of the particle, the shorter will be the wavelength and vice versa. 
(ii) From Eq. [1], 휆 ∝  
Thus the matter wavelength varies inversely with the velocity of the particle. The greater the velocity of 
the particle, the smaller will be the matter wavelength and vice versa. 
(iii) This is totally a new wave and cannot be equated to electromagnetic wave. 
(iv) The velocity of matter wave depends on the velocity of matter particle, hence its velocity is not a 
constant whereas the velocity of electromagnetic wave is. 
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In 1927, Davisson and Germer predicted experimentally the electron waves predicted by de Broglie. 
Davisson and Germer were studying the scattering of electrons from a nickel target using an apparatus 
like that sketched in Fig.1. The energy of the electrons in the primary beam, the angle at which they are 
incident upon the target and the position of the detector could all be varied. The nickel target was 
subjected to such a high temperature treatment that the crystal was transformed into a group of crystals. 
In this case the reflection became anomalous and the reflected intensity showed striking maxima and 
minima instead of a continuous variation of scattered electron intensity with angle. The position of the 
maxima and minima observed depended upon the electron energy. Then, they suspected that the beam of 
electron might be diffracted from the crystals like X-rays. This shows that electrons behave like waves 
under certain circumstances. Typical polar graphs of electron intensity after the heat treatment are shown 
in Fig. 2. 

 
 

Fig. 1:  
 

Fig. 2:  
 
To verify whether de Broglie waves are responsible for the findings of 
Davisson and Germer, an analysis of the observation should be made. 
For the beam of electrons falling normally on the surface of the 
crystal, the current observed in detector is a measure of the intensity 
of the diffracted beam. Several curves were obtained for different 
voltage electrons when graphs were plotted between the colatitudes 
(angle between the incident beam and the beam entering the detector) 
which are shown in Fig. 3. It is observed that a bump begins to appear 
in the curve at 44 volt electrons. This bump moves upward for 54 
volts at colatitudes of 50°. Above 54 volts the bump again diminishes. 
The bump at 54 volts offers the evidence for the existence of electron 
waves. The angles of incidence and scattering relative to the family of 
Bragg plane shown in Fig. 3 are both 65°. The spacing of the planes 
in this family, which can be measured by X-ray diffraction is 0.091 nm. The Bragg equation for maxima 
in the diffraction pattern is  

푛휆 = 2푑 푠푖푛휃 
Here d = 0.091 nm, 휆 =  65°. For n = 1, the de Broglie wavelength 휆of the diffracted electrons is  
휆 = 2 (0.091)푠푖푛65° =  0.165 nm, 
We use de Broglie formula to calculate the expected wavelength of the electrons. The electron kinetic 
energy of 54 eV is small compared with its rest energy 푚 푐  of 0.51 MeV, so we can ignore relativistic 
considerations. 
Since 

퐾 =
1
2
푚푣  

The electron momentum mv is 
푚푣 = √2푚퐾 = 4.0 × 10  푘푔.푚/푠 

The electron wavelength is therefore 

휆 =
ℎ
푚푣

= 1.66 × 10  푚 = 0.166 푛푚 
is in excellent agreement with the observed wavelength. The Davisson-Germer experiment thus provides 
direct verification of de Broglie’s hypothesis of the wave nature of moving bodies. 

 
 

Fig. 3 
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OR 

Calculate the de Broglie wavelength, if an electron is accelerated from rest through a potential difference 
V = 50 Volt. 

Ans:  
The de-Broglie wavelength given by  

휆 =
ℎ
푚푣

=
ℎ
푝

 

where h = 6.6210-34 J.s, m =  mass of particle and v = velocity of particle. 
The de-Broglie wavelength for accelerated charged particle through a potential volt is given by, 
Kinetic energy is  

퐾 =
1
2
푚푣 = 푒푉 

⟹    푒푉 =
푝
2푚

 
 

⟹     푝 = √2푚푒푉 
Here, 
푒 = 1.6 × 10  퐶 
푚 = 9.1 × 10  푘푔 
V = 50 volt 
 

λ =
h

√2meV
=

12.28
√V

A° 

 

λ =
12.28
√50

Å = 1.7366Å  

 




