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ÿoˆÁTˆEı YÁPˆy‘] ◊`l˘Á[˝bÔÁ‹ôˆ YÃ[˝›l˘Á 

 ( BDP Term End Examination ) 

◊Qˆ„a∂ëˆÃ[˝, 2017 C L«X, 2018 (December-2017 & June-2018) 

B◊¨K˜Eı YÁPˆy‘] ( Elective Course ) 

YVÁUÔ◊[˝VÓÁ ( Physics ) 
AEıÁV` Yy (11th Paper) 

Relativity and Advanced Mechanics : EPH-11 
a]Ã^  f ªV«c˜O H∞RÙOÁ ( Time : 2 Hours ) 

Y…SÔ]ÁX  f 50 (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∂ëˆÃ[˝ 

ÂEı‰ªRÙO ÂXCÃ^Á c˜„[˝* =YÁ„‹ôˆ Y“‰`¬Ã[˝ ]…_Ó]ÁX a…◊ªJÙTˆ %Á‰ªK˜* 
Special credit will be given for precise and correct 

answer. Marks will be deducted for spelling mistakes, 
untidiness and illegible handwriting. The figures in the 

margin indicate full marks. 
 
 
 
1* Â^-ÂEıÁ„XÁ V«◊ªRÙO Y“‰`¬Ã[˝ =w¯Ã[˝ ◊VX  f 10 × 2 = 20 

Eı) LQÕˆTˆÁ }Á]Eı aey‘Á‹ôˆ a]Á‹ôˆÃ[˝Á_ %„l˘Ã[˝ =YYÁVÓ◊ªRÙO ◊[˝[˝ Tˆ 

EıÃ[˝”X C Y“◊TˆúˆÁ EıÃ[˝”X * ªJÙy‘G◊TˆÃ[˝ [˝ÓÁaÁW˝Ô [˝_„Tˆ Eı› 

Â[˝Á„MıX ? 8 + 2 

F) W˝Ã[˝”X AEı◊ªRÙO m \ˆ„Ã[˝Ã[˝ EıSÁ AEı]Á◊≈yEı %a›] G\ˆ›Ã[˝ 

◊[˝\ˆ[˝ E…ı„YÃ[˝ ]„W˝Ó ªJÙ_]ÁX ^ÁÃ[˝ ◊[˝\ˆ[˝  

  V ( x )  =  0 ^FX  0 < x < L  

  V ( x )  =  ∞ ^FX  x < 0  A[˝e  x > L 

 AFX EıSÁ◊ªRÙOÃ[˝ TˆÃ[˝Ü %„Yl˘Eı C `◊N˛Ã[˝ Ã[˝Á◊`]Á_Á Y“◊TˆúˆÁ 

EıÃ[˝”X * 10 

G) ◊[˝„`b %Á„Y◊l˘EıTˆÁ Tˆ„√º¯Ã[˝ •ÁÃ[˝Á QˆY_ÁÃ[˝ ◊y‘Ã^ÁÃ[˝ aÁW˝ÁÃ[˝S 

a]›EıÃ[˝S ◊XSÔÃ^ EıÃ[˝”X * ÂVFÁX Â^ AEı◊ªRÙO EıSÁ %Á„_ÁÃ[˝ 

Â[˝G ◊X„Ã^ ªJÙ_]ÁX c˜„_, TˆÁÃ[˝ ◊ÿöˆÃ[˝ \ˆÃ[˝ `…XÓ c˜Ã^ * 8 + 2 

H) %Á„_ÁEıTˆ◊QÕˆd◊y‘Ã^ÁÃ[˝ Âl˘‰y %Ác˜OX∫RÙOÁc˜O„XÃ[˝ ÿëˆ›EıÁ^Ôm◊_ 

◊_F«X * Â_F◊ªJÙ‰yÃ[˝ ]ÁW˝Ó„] %Á„_ÁEıTˆ◊QÕˆd◊y‘Ã^ÁÃ[˝ Âl˘‰y 

%Ác˜OX∫RÙOÁc˜O„XÃ[˝ a]›EıÃ[˝S Y“EıÁ` EıÃ[˝”X * ◊X[˝ ◊w¯ ◊[˝\ˆ[˝ [˝Á 

ÊªK˜VEı ◊[˝\ˆ[˝ [˝_„Tˆ Eı› Â[˝Á„MıX ? 127°C =b’TˆÁÃ̂  

◊X=ÆœÙ„XÃ[˝ ◊Qˆ-[˝–G◊_Ã[˝ TˆÃ[˝ÜÍVHÔÓ ◊XSÔÃ^ EıÃ[˝”X * 

ÂVCÃ^Á  %Á‰ªK˜, Â[˝Á_LÀ]ÓÁX W˝–”[˝Eı,  

 K = 1·38 × 10 23−  JK 1−  ;   

 Y¿Á·¯ W˝–”[˝Eı,  h = 6·626 × 10 34− Js ;  

 ◊X=ÆœÙ„XÃ[˝ \ˆÃ[˝,  m = 1·66 × 10 27−  kg. 

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

Eı) A„Eı %Y„Ã[˝Ã[˝ ◊V„Eı G◊Tˆ`›_, V«◊ªRÙO ÊY“ÁªRÙOX EıSÁÃ[˝ 

%Á„Y◊l˘Eı Â[˝G EıTˆ ? 0m  ◊ÿöˆÃ[˝ \ˆ„Ã[˝Ã[˝ AEı◊ªRÙO [˝ÿô«ˆ 

ÿëˆTˆfÿˆï«ıTˆ¤\ˆÁ„[˝ 01m C 02m  ◊ÿöˆÃ[˝ \ˆ„Ã[˝Ã[˝ V«◊ªRÙO ªR«ÙOEı„Ã[˝Á„Tˆ 

Â\ˆ„Ü ÂG_, ªR«ÙOEı„Ã[˝Á V«◊ªRÙOÃ[˝ Â[˝G ^UÁy‘„] 1v C 2v , 

TˆÁc˜„_ ÂVFÁX Â^ 0m  > ( 01m + 02m ). 2 + 4 

F) ÂVFÁX Â^ H…SÔX G◊TˆÃ[˝ Âl˘‰y G◊Tˆ`◊N˛Ã[˝ Ã[˝Á◊`]Á_Á 

  ).(
2
1 →→

ω= LTrot   

 Â^FÁ„X 
→
L  c˜_ ÂEıÏ◊SEı \ˆÃ[˝„[˝G Â\ˆkÙÃ[˝ A[˝e 

→
ω  c˜_ 

ÂEıÏ◊SEı Â[˝G Â\ˆkÙÃ[˝ * 6 

G) =VÁc˜Ã[˝Sac˜ atÁ◊Ã^Tˆ EıÃ[˝”X : 4-Â\ˆkÙÃ[˝ * ]Ác˜O„Eı_aX-

]Ã[˝◊_ YÃ[˝›l˘ÁÃ[˝ =„ï`Óm◊_ ◊_F«X * 4 + 2 

H) c˜Ác˜O„aXÀ[˝Á„GÔÃ[˝ %◊X∏JÙÃ^TˆÁÃ[˝ X›◊Tˆ◊ªRÙO ◊_F«X * AEı◊ªRÙO 

c˜O„_EıÆœÙ„XÃ[˝ ◊X=◊zıÃ^Á„a %[˝ÿöˆÁ„XÃ[˝ a„[˝ÔÁ¨JÙ %◊X∏JÙÃ^TˆÁ 

c˜_ 2 × 10 14−  m, TˆÁc˜„_ Âa◊ªRÙOÃ[˝ \ˆÃ[˝„[˝„GÃ[˝ a[˝Ô◊X∂oˆ 

%◊X∏JÙÃ^TˆÁ ◊XSÔÃ^ EıÃ[˝”X * 2 + 4 

I¯) AEı◊ªRÙO EıSÁÃ[˝ TˆÃ[˝Ü %„Yl˘Eı c˜_  

 
22

)( xcex α−=ψ ,  – ∞ < x < ∞  Â^FÁ„X c A[˝e 

α c˜_ W˝–”[˝Eı * TˆÁc˜„_ EıSÁ◊ªRÙOÃ[˝ 0 < x < ∞ Ac˜O %á˚„_ 

Fg«„L YÁCÃ^ÁÃ[˝ aïˆÁ[˝XÁ Â[˝Ã[˝ EıÃ[˝”X * 6 

ªJÙ) AEı◊ªRÙO ÈÃ[˝◊FEı ÂVÁ_G◊TˆÃ[˝ Âl˘‰y Â\ˆÏ]ÿôˆ„Ã[˝Ã[˝ `◊N˛ Â[˝Ã[˝ 

EıÃ[˝”X * 6 

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

Eı) ÂVFÁX Â^  0,, =
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ ∧∧∧∧
yLxL yx . 3 

F) %Ác˜OX∫RÙOÁc˜O„XÃ[˝ ◊[˝„`b %Á„Y◊l˘EıTˆÁ Tˆ„√º¯Ã[˝ ÿëˆ›EıÁ^Ô V«◊ªRÙO 

◊_F«X * 3 

G) 200 eV `◊N˛Ã[˝ AEı◊ªRÙO c˜O„_EıÆœÙX 410−  cm [˝ÓÁaÁ„W˝ÔÃ[˝ 

◊ªK˜V– ◊V„Ã^ ªJÙÁ◊_Tˆ c˜„_ TˆÁÃ[˝ ◊XGÔ] ÂEıÁ„SÃ[˝ %◊X∏JÙÃ^TˆÁ 

EıTˆ ?  3 

H) A„Ã[˝X„Zı‰∫RÙOÃ[˝ =YYÁVÓ◊ªRÙO ◊_F«X * 3 

I¯) AEı◊ªRÙO c˜Ác˜O‰QŒˆÁ„LX YÃ[˝]ÁS«„Eı Â\ˆÏ]ÿôˆÃ[˝ ÂU„Eı %ÁÃ^◊XTˆ 

EıÃ[˝ÁÃ[˝ LXÓ 13·58 eV `◊N˛Ã[˝ Y“„Ã^ÁLX c˜Ã^ * AFX 

Â\ˆÏ]ÿôˆÃ[˝ ÂU„Eı n = 4 ÿôˆ„Ã[˝ =„w¯◊LTˆ EıÃ[˝ÁÃ[˝ LXÓ EıTˆ 

Y◊Ã[˝]ÁS `◊N˛Ã[˝ Y“„Ã^ÁLX c˜„[˝ ? 3 

ªJÙ) c˜Ác˜O‰QŒˆÁ„LX YÃ[˝]ÁS«Ã[˝ Âl˘‰y Â[˝Á„Ã[˝Ã[˝ %Ü›EıÁÃ[˝m◊_ 

◊_F«X * 3 

ªK˜) ÂVFÁX Â^ 2cvv gp = , Â^FÁ„X pv  , gv   c˜_ 

^UÁy‘„] V`Á G◊Tˆ„[˝G C ÂGÁúˆ› G◊Tˆ„[˝G A[˝e c c˜_ 

%Á„_ÁÃ[˝ G◊Tˆ„[˝G * 3 

L) c˜Ác˜O‰QŒˆÁ„LX YÃ[˝]ÁS«Ã[˝ Âl˘‰y ◊[˝◊\ˆ~ ÂÃ[˝FÁ [˝SÔÁ◊_Ã[˝ 

Ê`“◊Sm◊_Ã[˝ TˆÃ[˝ÜÍV„HÔÓÃ[˝ Ã[˝Á◊`]Á_Á ◊_F«X * 3 
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( English Version ) 
 
 

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

a) Write down the parallel axes theorem of 

moment of inertia and establish the 

equation. What do you mean by radius of 

gyration ? 8 + 2 

b) Consider a particle of mass m moving in a 

one dimensional infinitely deep potential 

well of which potential is given by 

  V ( x )  =  0 for  0 < x < L  

  V ( x )  =  ∞ for  x <  0  and  x > L 

 then establish the wave function and 

energy of the particle. 10 

c) Determine the general formula for Doppler 

effect of light by special theory of relativity. 

Show that a particle travels with speed of 

light must have a zero mass. 8 + 2 

d) Write down the postulates of Einstein for 

photoelectric effect. Graphically express the 

photoelectric effect as explained by 

Einstein. Define stopping potential. Find 

out the de Broglie wavelength of neutron at 

temperature 127°C. Given, Boltzmann 

constant  K = 1·38 × 10 23−  JK 1−  ;  

 Planck constant, h = 6·626 × 10 34− Js ; 

Mass of neutron,  m = 1·66 × 10 27−  kg. 

   2 + 3 + 2 + 3 

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

a) What is the relative velocity of two protons 

approaching each other ? A body of mass 

0m  at rest Spontaneously breaks into two 

parts, with rest masses 01m , 02m  and 

speeds 1v , 2v  respectively. Show that 

 0m  > ( 01m + 02m ). 2 + 4 

b) Show that the expression for the kinetic 
energy of rotation rotT  is given by 

 ).(
2
1 →→

ω= LTrot   

 where  
→
L  is the angular momentum vector 

and  
→
ω  is the angular velocity vector. 6 
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c) Define 4-vector with example. What is the 

purpose of the Michelson-Morley 

experiment ? 4 + 2 

d) Write down the Heisenberg’s uncertainty 

principle. The maximum uncertainty in the 

position of an electron in a nucleus is 

2 × 10 14−  m. Find the minimum 

uncertainty in its momentum. 2 + 4 

e) The wave function of a particle is given by  
22

)( xcex α−=ψ ,  – ∞ < x < ∞  where c and 

α are constants. Calculate the probability of 

finding the particle in the region 0 < x < ∞. 

   6 

f) Calculate the ground state energy of a 

Linear Harmonic oscillator. 6 

3. Answer any four questions : 3 × 4 = 12 

a) Show that  0,, =
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡ ∧∧∧∧
yLxL yx . 3 

b) Write down Einstein’s two postulates for 

special theory of relativity. 3 

c) If an electron of 200 eV is passing through 

a hole of radius  410−  cm, find out the 

uncertainty of the emergence angle. 3 

d) Write down Ehrenfest’s theorem. 3 

e) The amount of energy required to ionise a 

hydrogen atom in the ground state is 

13·58 eV. How much energy is needed to 

excite it from the ground state to the 

n = 4 level ? 3 

f) Write down the Bohr’s postulates for the 

theory of hydrogen atom. 3 

g) Show that  2cvv gp = ,  where  pv  and gv  

are phase velocity and group velocity 

respectively and c is the velocity of light. 3 

h) Write down the expressions of wavelength 

of different series of line spectrum for 

hydrogen atom. 3 

    


