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ÿoˆÁTˆEı YÁPˆy‘] (B.D.P.) 
◊`l˘Á[˝bÔÁ‹ô̂  YÃ[˝›l˘Á ( Term End Examination ) :  

◊Qˆ„a∂ë̂ Ã[˝, 2014 C L«X, 2015  

YVÁUÔ◊[˝VÓÁ ( Physics ) 
B◊¨K˜Eı YÁPˆy‘] ( Elective ) 

AEıÁV` Yy ( 11th Paper : Relativity and  
Advanced Mechanics ) 

a]Ã^  f V«c˜O H≥RÙOÁ  Y…SÔ]ÁX  f 50 
Time : 2 Hours  Full Marks : 50 

  ]Á„XÃ[˝ mÃ[˝”±ºˆ  f 70% 
  Weightage of Marks : 70% 
 

Y◊Ã[˝◊]Tˆ C ^UÁ^U =w¯„Ã[˝Ã[˝ LXÓ ◊[˝„`b ]…_Ó ÂVCÃ^Á c˜„[˝* 
%£à˘ [˝ÁXÁX, %Y◊Ã[˝¨K˜~TˆÁ A[˝e %Y◊Ã[˝õıÁÃ[˝ c˜ÿôˆÁl˘„Ã[˝Ã[˝ Âl˘‰y X∂ë̂ Ã[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 

Special credit will be given for accuracy and relevance 
in the answer. Marks will be deducted for incorrect 

spelling, untidy work and illegible handwriting. 
The weightage for each question has been 

indicated in the margin. 

1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰ ¬̀Ã[˝ =w Ã̄[˝ ◊VX  f 10 × 2 = 20 

Eı) %Á„_Á„EıÃ[˝ È•TˆÃ[˝÷Y [˝_„Tˆ Eı› Â[˝Á„MıX ? a]G◊Tˆa+~ 

ÊY“ÁªRÙOX C c˜O„_EıÆœÙ„XÃ[˝ ]„W˝Ó EıÁÃ[˝ ◊Qˆ [˝–G_› TˆÃ[˝ÜÍVHÔÓ 

Â[˝`› A[˝e ÂEıX ? ÂQˆ◊\ˆaX-LÁ]ÔÁ„Ã[˝Ã[˝ YÃ[˝›l˘Á◊ªRÙO [˝SÔXÁ 

Eı„Ã[˝ Zı_ÁZı_ ◊_F«X * 2 + 2 + 6 

F) LQÕˆ±ºˆ›Ã^ ÊZ–ı] EıÁ„Eı [˝„_ ? ÂVFÁX Â^ ÂEıÁX LQÕ̂±º̂ ›Ã̂  

ÊZ–ı„]Ã[˝ aÁ„Y„l˘ a]„[˝„G ªJÙ_]ÁX ÊZ–ı]C LQÕˆ±ºˆ›Ã^ c˜„[˝ * 

◊Zı„LÁÃ[˝ YÃ[˝›l˘ÁÃ[˝ [˝SÔXÁ ◊VX A[˝e Ac˜O YÃ[˝›l˘ÁÃ[˝ Zı_ÁZı_ 

[˝SÔXÁ EıÃ[˝”X * 2 + 3 + 5 

G) TˆÃ[˝Ü %„Yl˘„EıÃ[˝ "Y“]ÁS›EıÃ[˝S' Eı› ? V ªRÕÙ ÂVCÃ^Á_^«N˛ 

AEı]Á◊≈yEı %a›] ◊[˝\ˆ„[˝Ã[˝ E…ı„YÃ[˝ ]„W˝Ó %[˝◊ÿöˆTˆ 

[˝ÿô«ˆEıSÁÃ[˝ TˆÃ[˝Ü %„Yl˘Eı ◊XSÔÃ^ C Y“]ÁS›EıÃ[˝S EıÃ[˝”X * 

AÃ[˝ `◊N˛Ã[˝ Ã[˝Á◊`]Á_Á ◊XSÔÃ̂  EıÃ[˝”X * 1 + 6 + 3 

H) i) EıSÁÃ[˝ Â[˝„GÃ[˝ =YÃ[˝ \ˆ„Ã[˝Ã[˝ ◊X\ˆ¤Ã[˝`›_TˆÁÃ[˝ a…y◊ªRÙO 

◊XÃ[˝÷YS EıÃ[˝”X * 

 ii) _„Ã[˝Xda›Ã̂  Ã[˝÷YÁ‹ôˆÃ[˝ a]›EıÃ[˝Sm◊_ ◊_F«X A[˝e 

AÃ[˝ aÁc˜Á„^Ó a]„Ã^Ã[˝ V›HÔÁÃ̂ X [˝ÓÁYÁÃ[˝◊ªRÙOÃ[˝ %Á„_ÁªJÙXÁ 

EıÃ[˝”X * 5 + 5 

2* Â^-ÂEıÁ„XÁ ◊TˆX◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 6 × 3 = 18 

Eı) Eı+ªRÙO„XÃ[˝ YÃ[˝›l˘ÁÃ^ ÂZıÁªRÙO„XÃ[˝ EıSÁTˆ√º¯ Eı›\ˆÁ„[˝ Y“]Á◊STˆ 

c Ã̃̂  TˆÁ ae„l˘„Y ◊_F«X * 6 

F) `◊N˛Ã[˝ LQÕˆ±ºˆ Y“Á◊ä [˝_„Tˆ Eı› Â[˝Á„MıX ? c˜O„_EıÆœÙX-

Y◊LÆœÙX «̂G_ GPˆ„X GÁ]Á Ã[˝◊`ΩÃ[˝ X…ÓXTˆ] `◊N˛ EıTˆ UÁEıÁ 

=◊ªJÙTˆ ? 2 + 4 
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G) %Ác˜OX∫RÙOÁc˜OX Eı›\ˆÁ„[˝ %Á„_ÁEıTˆ◊QÕˆd ◊y‘Ã^ÁÃ[˝ ◊[˝◊\ˆ~ 

È[˝◊`rÙÓm◊_ [˝ÓÁFÓÁ Eı„Ã[˝X TˆÁ %Á„_ÁªJÙXÁ EıÃ[˝”X * 6 

H) aÃ[˝_ ÂVÁ_„EıÃ[˝ _ÁG–Át›Ã^ %„Yl˘Eı◊ªRÙO GPˆX EıÃ[˝”X A[˝e 

ÂVÁ_„EıÃ[˝ GTˆ›Ã^ a]›EıÃ[˝S ◊XSÔÃ̂  EıÃ[˝”X * 6 

I¯) Ê “̀ÁÃ^◊QˆeGÁ„Ã[˝Ã[˝ a]Ã^ ◊X\ˆ¤Ã[˝ TˆÃ[˝Ü a]›EıÃ[˝S◊ªRÙO Y“◊TˆúˆÁ 

EıÃ[˝”X * 6 

ªJÙ) [˝Ó[˝Tˆ¤X YÃ[˝›l˘ÁÃ^ AEı◊ªRÙO c Õ„_EıÆœÙ„XÃ[˝ %[˝ÿöˆÁX C \ˆÃ[˝„[˝„GÃ[˝ 

Y◊Ã[˝]Á„YÃ[˝ Â^ %◊X∏JÙÃ̂ TˆÁ c˜Ã̂  TˆÁ ◊XSÔÃ̂  EıÃ[˝”X A[˝e 

A•ÁÃ[˝Á %◊X∏JÙÃ^TˆÁÃ[˝ a+EÔı Y“◊TˆúˆÁ EıÃ[˝”X * 6 

3* Â^-ÂEıÁ„XÁ ªJÙÁÃ[˝◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 3 × 4 = 12 

Eı) ◊Qˆ [˝–G_› Y“Eıî◊ªRÙO A[˝e ◊Qˆ [˝–G_› TˆÃ[˝ÜÍV„HÔÓÃ[˝ Ã[˝Á◊`]Á_Á 

◊_F«X * 3 

F) ^◊V ÿöˆÁXÁ·¯ C \ˆÃ[˝„[˝G aeEıÁÃ[˝Eı ^UÁy‘„] q  A[˝e p c Ã̃̂  

Tˆ„[˝ Y“]ÁS EıÃ[˝”X Â^ 

  pq – qp =  – hi  3 

G) TˆÃ[˝„ÜÃ[˝ m¨K˜„[˝G C V`Á„[˝„GÃ[˝ ]„W˝Ó a+EÔı ◊XSÔÃ^ 

EıÃ[˝”X * 3 

H) %Ác ÕX∫RÙOÁc˜OX \ˆÃ[˝ aeÃ[˝l˘„SÃ[˝ a…y C \ˆÃ[˝„[˝G aeÃ[˝l˘„SÃ[˝ 

a…‰yÃ[˝ ]„W˝Ó ÂEıÁXÀ◊ªRÙO G–c˜S Eı„Ã[˝X A[˝e ÂEıX ? 3 

I¯) Â\ˆÏTˆÃ[˝Á◊`Ã[˝ "Y“TˆÓÁ◊`Tˆ ]ÁX' [˝_„Tˆ Eı› Â[˝ÁMıÁÃ^ ? AÃ[˝ 

GÁ◊S◊TˆEı Ã[˝÷Y◊ªRÙO ◊_F«X * 3 

ªJÙ) %Á„_ÁEı C `„åÃ[˝ QˆY_ÁÃ[˝ ◊y‘Ã^ÁÃ[˝ ]„W˝Ó YÁUÔEıÓm◊_ 

ae„l˘„Y ◊_F«X * 3 

ªK˜) AEı◊ªRÙO ÈÃ[˝◊FEı aÃ[˝_ ÂVÁ_„EıÃ[˝ Âl˘‰y `…XÓÁ·¯ `◊N˛ EıÁ„Eı 

[˝„_ ? aÃ[˝_ ÂVÁ_„EıÃ[˝ Ac˜O %[˝ÿöˆÁ◊ªRÙO„Eı %◊X∏JÙÃ^TˆÁÃ[˝ 

AEı◊ªRÙO l«˘V–Tˆ] %[˝ÿöˆÁ ÂEıX [˝_Á c˜Ã^ ? 3 

L) ÂEıÁX YÃ[˝]ÁS«Ã[˝ Â\ˆÏ] %[˝ÿöˆÁ A[˝e Y“U] =„w¯◊LTˆ TˆÃ[˝Ü 

%„Yl˘Eı ^UÁy‘„] 0ψ  A[˝e 1ψ  A[˝e A„VÃ[˝ `◊N˛ 

^UÁy‘„] 0E  C 1E  * ^◊V YÃ[˝]ÁS«Ã[˝ Â\ˆÏ] %[˝ÿö̂ ÁÃ^ 

UÁEıÁÃ[˝ aïˆÁ[˝ÓTˆÁ 40% A[˝e Y“U] =„w¯◊LTˆ %[˝ÿöˆÁÃ^ 

UÁEıÁÃ[˝ aïˆÁ[˝ÓTˆÁ 60% c Ã̃̂  TˆÁc˜„_  (i)  YÃ[˝]ÁS«Ã[˝ TˆÃ[˝Ü 

%„Yl˘Eı ◊XSÔÃ^ EıÃ[˝”X * (ii)  AÃ[˝ GQÕˆ `◊N˛ EıTˆ ? 

   2 + 1 
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( English Version ) 

 

 

1. Answer any two questions : 10 × 2 = 20 

a) What do you mean by dual nature of light ? 

Among a proton and an electron having the 

same velocity, whose de Broglie wavelength 

is higher and why ? Describe Davisson-

Germer’s experiment and write down the 

results. 2 + 2 + 6 

b) What is an inertial frame ? Show that any 

frame moving with the uniform velocity 

with respect to an inertial frame will also be 

inertial. Describe Fizeau’s experiment and 

its results. 2 + 3 + 5 

c) What do you mean by ‘normalisation’ of a 

wave function ? A particle is placed inside a 

one dimensional infinite potential well. Find 

out and normalise the wavefunction 

associated with it. Find the energy 

eigenvalues for the afore-said problem. 

   1 + 6 + 3 

d) i) Deduce an expression for the mass as 

a function of velocity of a particle. 

 ii) Write down the Lorentz 

transformation equations and with 

their help discuss ‘time dilation’. 5 + 5 

2. Answer any three questions : 6 × 3 = 18 

a) Discuss how Compton’s experiment 

establishes the particle nature of photon. 6 

b) What do you mean by materialisation of 

energy ? What should be the minimum 

energy needed by γ-ray for the formation of 

an electron-positron pair ? 2 + 4 

c) Discuss the explanation of different aspects 

of photoelectric effect given by Einstein. 6 

d) Construct the Lagrangian of a Simple 

Pendulum and deduce the equation of 

motion of the pendulum. 6 

e) Set up the time dependent Schrödinger 

wave equation. 6 

f) Determine the uncertainty involved in the 

simultaneous determination of position and 

momentum of an electron in the diffraction 

experiment and establish the uncertainty 

principle from the result obtained. 4 + 2 
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3. Answer any four questions : 3 × 4 = 12 

a) Write down the de Broglie hypothesis and 

write the expression for de Broglie 

wavelength. 3 

b) Prove the relation  

  pq – qp =  – hi , 

 where  p  =  momentum operator 

  q  =  position operator. 3 

c) Deduce the relation between the phase 

velocity and group velocity associated with 

a wave. 3 

d) Among the laws of conservation of mass 

and conservation of momentum, which one 

was accepted by Einstein and why ? 3 

e) Define ‘expectation value’ of a physical 

quantity and write down its mathematical 

expression. 3 

f) Write down in brief, the differences between 

the Doppler effect of sound and that of 

light.  3 

g) What do we mean by ‘zero point’ energy in 

the case of a Linear harmonic oscillator ? 

Why is this state called the minimum 

uncertainty state of the oscillator ? 3 

h) The wave functions of an atom in its 
ground state and first excited state are 0ψ

and 1ψ respectively and the corresponding 

energies are 0E  and 1E . The probability of 

the atom to be at the ground state is 40% 

and that at the first excited state is 60%. 

i) Find out the wave function of the 

atom. 

ii) What will be the value of its average 

energy ? 2 + 1 

    
 


