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Abstract: The objective of the work is to reveal the Association of 
special theory of relativity with De-Broglie wavelength of a 
particle. It shows that wave nature of a particle is always 
associated with it's relativistic properties. The phenomena of 
interference, diffraction and polarization of light can only be 
explained on the basis of wave theory of light. These phenomena 
show that light possesses wave nature. However, certain 
phenomena like photoelectric effect, Compton effect and discrete 
emission and absorption of radiation can only be explained on the 
basis of quantum theory. According to this theory , light 
propagates in a small packets or quanta and behave like  
corpuscles or particle. This shows that light possesses particle 
nature. thus, we can say that light possesses dual nature. The 
matter also possesses the same dual nature. In order to have wave 

nature, the particle must satisfy the equation Where 

m denotes the mass of particle when it is moving with certain 
velocity. h=6.62x10-34is  the plank's constant. C is the velocity of 
light in free space. This shows that wavelength of a material 
Particle depends on mass. When mathematical operation is done 
on above equation, it give complete quantitative properties about 
the wave nature of a particle. 
Keywords: De –Broglie wav length, Dual nature, Quantum theory, 
Relativity 

I. INTRODUCTION 

De-Broglie in 1923-24 , suggested that material particles 

such as electron, proton etc. should also possess dual nature 
like radiation. Consider photon of frequency, Then energy 
of photon is E= h where h=6.62x10-34 is  the plank's 
constant. Let m be the equivalent mass of the photonic  
energy.  Then from Einstein's mass energy relation.  
E=mc2=h 

Or, m=  

Or, mc=  

Put mc=p (momentum of light ) and  
=  then  

P=  

Where  is the wavelength of radiation. 
If m is the mass and v is the velocity of the moving particle, 
then momentum P=mv and the wavelength of waves 
associated with material particle is given by , 
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Which is De- Broglie wavelength for particle. 
Momentum of Photon (mc) is replaced by momentum of 
particle (mv) in above process of deriving De-Broglie wave 
length of a particle, as consequence, converse process 
contradicts Einstein mass energy relation ( ) as follows 

  

mv =  

Multiplying both sides by v, we get 

  =  

 
Where f =  be frequency of moving material particle. 

So, Einstein mass energy associated with particle at certain 
Frequency f is   instead of . Thus, the process of 
deriving  De-Broglie wavelength is completely wrong. 

II.  METHODS 

A. Proof of De-Broglie wavelength 

   let a particle of initial frequency  is moving away from 
gravitational field of star of mass M and the potential energy 
of a particle of mass m at distance R from surface of star is  
Ep=  

Negative sign indicated that the force between two masses is 
attractive.  
Consider a particle is moving at velocity of light c of 
equivalent mass m and frequency f  on the surface of star.  
The potential energy of the particle on the surface is  
-  

=-  

 
Total energy of the particle is  
E= Quantum energy + potential energy  

= hf -  

=hf (1- ) 

 The frequency of particle should be change due to addition 
of potential energy .so f' is the new frequency of particle  
So, E=hf' 

=hf (1-  

 
or,  
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or,  

or,   

Which is relative frequency change. 

If   it is clear no particle leave the star and this star is 

called black hole. 
If for black hole 

 

 
Now, consider initially a particle of mass m move around the 
star at velocity of light (c) due to gravitation force then it's 

centripetal force is  

Where R is distance between center of star and particle. 
Let M amount of mass of star is deleted. Then gravitational 
force on particle is change by  

 
Then, Velocity of particle get change as result mass should 
also varies. and V be new mass and Velocity of 
particle 
New centripetal force  
= initial centripetal force – decrease in gravitation force  

 
Dividing both sides by  

 
Or,      using Equation (1) 

Or,   

Or,   

We have 

 

 
Then 

 
Or,  

Or,  

Or,  

Or,  

=  

This is known as De- Broglie Wavelength 

B. Relativity and wave nature of particle  

De – Broglie wavelength of a particle is  

 
Or,  

According to Special relativity  
M=  

Put v =  

Or, m  

Or, m   

Squaring both sides  
Or, m2(m22c2-h2) =  
Or, m22c2-h2= 22c2 

Or, m22c2- m 2c2=h2 

(c)2(m2-m  

 (c)2=  

 =  

Now, in reverse process  
m=  

Or,  (1--  

Or, -  =  

Or,  

Or,  =  

Or, mv = c  
According to de-Broglie theorem 

 

 
 

=c  

 =   

i.e. wavelength of a particle exist whenever mass variation 
take place.de-Broglie wavelength  exist in only  relativistic 

C. Experimental Section  

   In Division and Germer's experiment the wavelength of 
electron using de-Broglie hypothesis was 1.66 A0at 54v 
Let electric field of potential V is applied to electron of 
charge e and mass m at velocity v. then  
Applied potential Energy to electron = kinetic energy of 
electron 
 
ev         =        

 
Using de – Broglie hypothesis mv =  

 

 
Putting    e=1.6× V=54v        =1.66A°&h 
=6.62×  

V  =  

V   =  
Velocity of electron = 
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uthor-1 
Photo 

if      is true . Then it should give same value of 

wavelength 
rest mass of electron ( )=9.11×  kg 
 
mass of electron at velocity ( v )=  
                                   m=    

                                       =    

                                       =    kg 
 

  =  

 
 =   

=  1.66 A° 

This shows that     is holds good. 

III. RESULT AND DISCUSSION 

A moving particle is associated with a wave and it's 

wavelength is given by =  . It is clear that a matter 

particle will have wavelength associated with it only if the 
term Is non – zero. Since, wave nature of a particle 

exists due to variation of mass with velocity. variation mass 
occurs if and only if relativistic effect happens on nature. 
Wave properties of a particle exist whenever the condition is 
relativistic. So, wavelength of a material particle never exist 
in non-relativistic case. Thus every material particle behave 
wave nature in universe due to change of it's mass with 
velocity.  
Case A :  When a particle is at rest then  = 0 then 

  ,= ∞ it is same result as given by   at 

v =0 
Case B: When a particle is at velocity of light  

 the  =  =  it is same result as given by  

 at v = C 

Also, the experimental values are put in given equation of 
wavelength of particle data obtained from experimental study 
of mater waves: Davisson and Germer's experiment for 
experimental verification. This equation gives accurate value 
of wavelength of electron by calculation. 

IV. CONCLUSION 

De –Broglie wavelength in terms of mass of a particle is 
given by,  

 =                                         

   

It reveals that wavelength of a material particle is inversely 
proportional to square root of difference of square of relative 
mass and square of rest mass. So, wavelength of a particle 
exist whenever  is not equal to zero. This condition 

holds whenever Relativistic Phenomenon happen on nature. 
So wavelength of a particle exists whenever Relativity exist.  
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